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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




I ntroduction

The SH-3/SH-3E/SH3-DSP is a new generation of RISC microcomputers that integrate a RISC-
type CPU and the peripheral functions required for system configuration onto asingle chip to
achieve high-performance operation. It can operate in a power-down state, which is an essential
feature for portable equipment.

These CPUs have a RISC-type instruction set. Basic instructions can be executed in one clock
cycle, improving instruction execution speed. In addition, the CPU has a 32-bit internal
architecture for enhanced data-processing ability.

In addition, the SH-3E supports single-precision floating point calculations as well as entirely
PCAPI compatible emulation of double-precision floating point calculations. The SH-3E
instructions are a subset of the floating point calculations conforming to the |IEEE754 standard.

This programming manual describesin detail the instructions for the SH-3/SH-3E/SH3-DSP and
isintended as a reference on instruction operation and architecture. It also covers the pipeline
operation, which is afeature of the SH-3/SH-3E/SH3-DSP. For information on the hardware,
please refer to the hardware manua for the product in question.

Please contact a Hitachi sales office for information on development environment systems.
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Organization of This Manual

Table 1 describes how this manual is organized. Table 2 show the relationships between the items
listed and lists the sections within this manual that cover those items.

Tablel Manual Organization

Category Section Title Contents

Introduction 1. Features CPU features

Architecture (1) 2. Programming Types and structure of general registers, control

model

registers and system registers

Data Formats

Data formats for registers and memory

4. Floating Point FPU register configuration, FPU exceptions
Processor Unit
5. DSP Operations Fixed-point operations, integer operations, logic
and Data Transfer operations, multiplication, shift operations,
overview of DSP operations such as saturation
operations, repeat control
Introduction to 6. Instruction Instruction features, addressing modes, and
instructions Features instruction formats
7. Instruction Sets Summary of instructions by category and list in
alphabetic order
Detailed information 8. Description of Operation of each instruction in alphabetical order
on instructions Each Instruction
Architecture (2) 9. Processing States Power-down and other processing states

10. Pipeline Operation

Pipeline operation
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Table2 Subjects and Corresponding Sections

Category

Introduction and
features

Topic Section Title
CPU features 1. Features
Instruction features 6.1 RISC-Type Instruction Set

Pipelines

10.1 Basic Configuration of

Pipelines

10.2 Slot and Pipeline Flow

Architecture Organization of registers 2. Programming model
Data formats 3. Data Formats
Floating point processor unit 4. Floating Point Processor Unit
DSP 5. DSP Operations and Data
Transfer
Processing states, reset state, exception 9. Processing States
processing state, bus release state,
program execution state, power-down
state, sleep mode and standby mode
Pipeline operation 10. Pipeline Operation
Introduction to Instruction features 6. Instruction Features
Instructions Addressing modes 6.2 Addressing Modes
Instruction formats 6.3 Instruction Formats
List of Instruction sets 7.1 Instruction Set by
instructions Classification
7.2 Instruction Set in
Alphabetical Order
Detailed Detailed information of instruction 8. Instruction Description

information on
instructions

operation

10.7 Instruction Pipelines

Number of instruction execution states

10.3 Number of Instruction

Execution Cycles

HITACHI



HITACHI



SECHON 1 FEAIUIES ...ttt 1
11 SH-BCPU FEAUIES........coereeiirieirieieteeeres et 1
1.2 SH3-DSP FEAIUMES ..ottt bbb 3
Section 2 Programming MOEL ... 5
21 Organization Of REQISIEIS ......ccueirieuirieirieierieeri ettt 5
211 Privileged Mode and Banks..........cocoriiriinninninieeeese e 5

2.2 General-PUrpOSE REJISLEIS.......cccvieiiiiirieseseeeeeseeeesesese e stesnesees e seesrense e seeneesesnesnessessm 11
PG T O] 4 11 (0] I L= [ = £SO 13
24 SYSEEM REGISLENS. ....eeitiieiieetete ettt b e st be e et et ne et e et eaeeaenaeere s 15
25 Initial REGISIEr VAIUE ..ottt st et e 16
SECtioN 3 Dal@FOIMELS........cccoovuiieieiieeceis ettt 17
3.1  DataFormat iN REJISLEIS......cccciereiereereeirerie st st e se e e e e e e ese e e eseeressesnesrens 17
3.2  DataFormat iN MEMOIY .......cccceciiiieitisesestesesee e e se e e e srestestesrestestesee s enae e eneeseenm 17
3.3 DataFormat for IMmediate Data..........cccererrerererieireeereee e 18
34 DSP Type Data Formats (SH3-DSP ONIY) ....cceriiiiiriireiiisiese e 18
Section 4 Floating Point Unit (SH-3E ONlY) ... 21
3 A 101 oo (01 o] o ST 21
4.2  FHoating Point Registers and System Registersfor FPU..........ccccoovvievevcvcveececececes 22
421 Floating Point ReGIStEr File........ccooiiiiiiiiiiie e 22

4.2.2 Floating Point Communication Register (FPUL) ...t 22

4.2.3 Floating Point Status/Control Register (FPSCR).........cccooevrenrenneneenieeseeeeee 22

4.3 Floating POINT FOMMIAL .......coiiiiiiiiereeie et st 24
4.3.1  Floating POINt FOrMAL ......c.ccivieriiriereeeeieee s s se e e e s e e e eneesesseene 24

4.3.2  NOt aNUMBEr (NAN) ..coociceceeee e 24

4.3.3 Denormalized VAIUES..........ccooveirei ittt 25

434  Other SPECIal VAIUES ......ceceeieeeeeee et 25

4.4  Floating Point EXCEPtion MOGE! .........cccoiriiiriiirieee s 26
441  Enabled EXCEPLION ....cciiiieieie et e 26

I R B TE="= o = o (= o 1o o 26

443 Exception Event and Code for FPU...........ccccccvviieve s 26

444 Alignment of Floating Point Datain MemOry...........ooereiereieneieeerereseseeniee 27

445 Arithmetic with Special Operands...........ccoceverereierenere e 27

45  SYNCIrONIZAtiON ISSUES .....ccveiiuiiitiiete sttt 27
Section 5 DSP Operation Functions and Data Transfers (SH3-DSP Only)........ 29
5.1 ALU Fixed Decimal Point OpErationsS..........cceeueveeeerereseeresesesreseseessessessessessessessssessensn 30
|

HITACHI



LS 0 950 O Yo 1 o o 30

5.1.2 Instructions and OPErandsS.........cccccueeueveeieeeeeniesese s se e e e e eneens 32
L3N 5 2 TSRS 32
514 CONAItiON BilS...c.eoiiiiiiiiie ettt bbbt 35
5.1.5 Overflow Prevention Function (Saturation Operation) ...........ccccoeeereeereecenieennnne 35
5.2 ALU INEJEr OPEIELIONS .....eoveeeeiietirieiesieirieesiees ettt sttt bbb 35
5.3 ALU LOQiCal OPEratiONS......cceivirieriereereeerieeieesesesiesessessessessesseseesssssessesssssssssssessssessessessens 37
LI 5 A ¥ 0o o o SR 37
5.3.2  Instructions and OPErandsS.........cocoeererereririenesese s 38
LI T O 2 T TSRS 39
Lo S o g [ o I = £ SRS 39
5.4  Fixed Decimal Point MUItIPHCAION. ........cooiiriirieeneeereeererees e 39
TS 01 10O o= = 1 o] 41
55.1  Arithmetic Shift OpPerations.........cccveueeeieeerierieeec e 41
55.2  Logical Shift OpErationS.........ccooirirererierieiiereeeeere sttt se e e e 43
56 The MSB DeteCtion INSLIUCHION ........couiieiieiieieie ettt s 45
L3 00 R U o o T 45
5.6.2 Instructions and OPErandS ..........cccvueererirenirireese e e 47
B5.6.3 DO Bttt et st e be e 48
5.6.4  CONAItION BIlS.....cuiiiiiiieiiieisiesiee ettt et st st ene e 48
5.7 ROUNGING...ccueitiieiteitinteie sttt ettt s b et s a e b e b seesb et e e e se e e e e e e e e eneeaeenesbens 49
5.7.1  Operation FUNCHION ........ccooiiiriiiiiesie ettt st st 49
5.7.2 Instructions and OPErandS ..........cccoeeririrenieenieese e 50
L T 0 2 | 51
5.7.4  CONAItION BIlS.....ciiiiiiiiiirieierierserste sttt et st s 51
5.7.5 Overflow Prevention Function (Saturation Operation) ...........ccccevereereeeereesennenne 51
5.8 Condition Select Bits (CS) and the DSP Condition Bit (DC).......cccooevereieiieieierireeene 52
5.9 Overflow Prevention Function (Saturation Operation)..........c.ccoerereriereeneeieriesiesesesesnens 54
O DT = B = 1415 = £ RSSO 54
510.1 X andY Memory Data Transfer ..o 55
5.10.2 SiNGIE Data TranSfErS.....cceiverieereeieeeeee et se e e e erenns 56
5.11  Operand CONLENTION ......ccccvieeierietesie st sese st e e se e a e e e se s e saesrestesaestesbesteseesenseseensenenam 59
5.12 SP Repeat (LOOP) CONLIOL.......couiiieiereeieeeee ettt s sne s 60
B.12.1 USBOE NOLES.....c.eeiiieiieteeieete ettt ettt sttt b ettt e b e e e sbe e e e sneeneas 64
5.13 Conditional Instructions and Data TranSferS.........coeereireneineseres e 67
Section 6 INSIUCLION FEAIUIES ..ot 69
6.1 RISC-TYPEINSIIUCLION SEL.......ccviieiiiciicie ettt s sttt et et se e ene e 69
6.1.1  16-Bit FIXEd LENGLN....ceiiieiieiiieee e 69
6.1.2  ONeINSIIUCLION/CYCIE... .o 69
6.1.3  Da@aLength ..o s 69
6.1.4  L0Oad-StOre ArChitECLUME.......cueieeeeiereeeeeeee ettt e e 69
6.1.5 Delayed BranCh INSITUCLIONS........c.coveeeeeirecesise st 70
1

HITACHI



6.1.6 Multiplication/Accumulation OPEration..........ccceeeveereeerieresesiereeseeseeseeseeesseseen 70

20 A =T TSR 70

6.1.8  IMMEAIALE DELA.........ceuireiriieieeie e et 71

6.1.9  ADSOIULE AGUIESS......c ittt a e sbe e 71
6.1.10 16-Bit/32-Bit DiSplaCemeNnt........ceeeererieeeererieieene st seeeas 72
6.1.11 Privileged INSITUCLIONS......ccooueirieirieirie e 72

6.2 CPU Instruction Addressing MOOES ........ccvroveerierieresisesestes e seeseessesaeseeeeses e e ssessesnesnens 73
6.3 DSP Data Addressing (SH3-DSP ONlY) .....ccciirirrineneesees s 76
6.3.1 X andY Data AddrESSiNg .......ccocerererereeieeeeieeeetere sttt s 77

6.3.2  SiNGIe Data AQArESSING .. .coveeeeeieeeieriere ettt et e e s sne s 78

6.3.3  MOAUIO AQAIrESSING ....cvieeiiieiirieierieerie e 79

6.3.4 DSP AJAressing OPEration.........cccvuererrerererieereeiesieie st seee st sesse e 81

6.4  Instruction Format of CPU INSIIUCLIONS........ooiiiriiirieereee et 83
6.5 Instruction Formats for DSP Instructions (SH3-DSP ONly).......cccceeeveveiecieieeeeeeeseenens 86
6.5.1 Double and Single Data Transfer INSIrUCLIONS...........cooverererecieieeeeeeeree e 86

6.5.2 Paralel Processing INSLIUCHIONS.........cooertrirereriniesie e 89
SECtiON 7 INSETUCLION SEL.........ovecieeieeeceis et 93
7.1  Instruction Set by ClassifiCation .........cccccueerieeeriesie s 93
7.1.1 DataTransfer INSITUCLIONS .....c.covcivieirieirieere e 98

7.1.2  ArithmeEtic INSLIUCTIONS ......ooviierieieiiesie et 100

7.1.3  Logic Operation INSIIUCHIONS.......ccocrerererieriere et sae e 102

714 Shift INSIPUCLIONS. ..ottt st 103

7.1.5  BranCh INSITUCHION ......ocveiecc e 104

7.1.6  System Control INSIUCLIONS.......ccceveererececese e sre e 105

7.1.7 Floating Point Instructions (SH-3E ONlY) ......cccocvvivieienereseseceee e 109

7.1.8 FPU System Register Related CPU Instructions (SH-3E ONly) .......ccccceeeveeeuenee. 110

7.1.9 CPU Instructions That Support DSP Functions (SH3-DSP Only) .......ccccceeuee 110

7.2 Instruction Set in Alphaletical OFder ..o e 112
7.3 DSP Data Transfer Instruction Set (SH3-DSP ONlY) .....cccoeireiineinenereseeeeeee 123
7.3.1 Double Data Transfer Instructions (X Memory Data)..........ccocevereereereererseerenennn 124

7.3.2 Double Data Transfer Instructions (Y Memory Data).........ccceeeveveereeeeenenenrenn, 124

7.3.3 Single Data Transfer INSITUCLIONS ........cocooveeriireeirere e 125

7.4  DSP Operation Instruction Set (SH3-DSP ONly) ......coooiiiiiineieneee e 126
7.4.1 ALU Arithmetic Operation INSIUCHIONS. ........ccoeireirieirereeereeseese e 130

742 ALU Logical Operation INStrUCLIONS.........ccvvririnieirieinieesieesieesie e 134

7.4.3 Fixed Decimal Point Multiplication INStrUCtiONS..........ccceeeveveciereereeeee e 134

7.4.4  Shift Operation INSITUCHIONS.......ccceiveeeirecece et re e 135

745  System Control INSIIUCLIONS.......ccooviirereeeniere e 137

74.6 NOPX and NOPY INStruction COE........cceerererireieniesie e 137
Section 8  INStruCtion DESCIIPLIONS ... esssneens 139
8.1 Sample Description (Name): ClassifiCation.........ccccueeeierieeeniesesese e seeseese e 139
1

HITACHI



8.2

Instruction Description (Listing and Description of Instructions

Common to the SH-3, SH-3E and SH3-DSP).......ccccoeiriiececere e ste e enens 143
8.21 ADD (Add Binary): Arithmetic INSIrUCLION.........ccooiiririne e 143
8.2.2 ADDC (Add with Carry): Arithmetic INSrUCLION .........ccooereriiieeeeeeeeeee, 144
8.2.3 ADDV (AddwithV Flag Overflow Check): Arithmetic Instruction.................. 145
8.24 AND (AND Logical): Logic Operation INStruction............coceeverererrceneienienennnne 146
8.25 BF (Branchif False): Branch INStrUCtion.........cccovvvvvvenenievereceseeseeeeeee e 148
8.2.6 BF/S(Branchif False with Delay Slot): Branch Instruction...........ccccccvevveeenenee. 149
8.2.7 BRA (Branch): Branch INSIrUCION .........cccouiiiiiiiiienecerere e 151
8.2.8 BRAF (Branch Far): Branch INSIIUCLION .........cceereierinene e 153
8.29 BSR (Branch to Subrouting): Branch INStrUCLiON.........cccoeirererinreneee e 154
8.2.10 BSRF (Branch to Subroutine Far): Branch INstruction ...........ccccveevveenceenecnnn 156
8.2.11 BT (Branchif True): Branch INStrUCLiON.........ccccvvvveresereseseeseeseeeeeee e 158
8.2.12 BT/S (Branch if True with Delay Slot): Branch Instruction............cccccevveveuenen 159
8.2.13 CLRMAC (Clear MAC Register): System Control Instruction ...........cccccceeeeeuee 161
8.2.14 CLRS (Clear SBit): System Control INStrUCtiON..........coerereereeieie e 162
8.2.15 CLRT (Clear T Bit): System Control INSIrUCHION .........cevveerienerinreneee e 163
8.2.16 CMP/cond (Compare Conditionally): Arithmetic Instruction............ccccceeeneennee. 164
8.2.17 DIVOS (Divide Step 0 as Signed): Arithmetic Instruction ..........ccoceveveveeeeenenn 168
8.2.18 DIVOU (Divide Step 0 as Unsigned): Arithmetic Instruction ...........ccccceeeveeennee. 169
8.2.19 DIV1 (Divide Step 1): Arithmetic INSLrUCHION........coeiiririe e 170
8.2.20 DMULS.L (Double-Length Multiply as Signed): Arithmetic Instruction............ 175
8.221 DMULU.L (Double-Length Multiply as Unsigned): Arithmetic Instruction....... 177
8.222 DT (Decrement and Test): Arithmetic INStrUCtioN...........ccoveevennennieneeseeee 179
8.2.23 EXTS (Extend as Signed): Arithmetic INStruction ..........ccoceeeevievvvvreseneeeeeeen 180
8.2.24 EXTU (Extend as Unsigned): Arithmetic INStruction ...........ccceeveveeveeceeceeieceennnne, 181
8.2.25 JIMP (Jump): BranCh INSIFUCLION.......ccuoiuiiiieeeiereeeeenee e 182
8.2.26 JSR (Jump to Subrouting): Branch INSrUCtioN............ccccveriieneninicneneseeeeeee 184
8.2.27 LDC (Load to Control Register): System Control Instruction (Privileged Only) 186
8.2.28 LDRE (Load Effective Address to RE Register): System Control Instruction

(SH3-DSP ONIY) c.veticieiieiieiieries e seesee e e st sse et see e seenaenae e eneenenam 191
8.2.29 LDRS (Load Effective Addressto RS Register): System Control Instruction

(SH3-DSP ONlY) .ttt e 192
8.2.30 LDS (Load to System Register): System Control Instruction ...........ccccceeeeeeruenne. 193
8.2.31 LDTLB (Load PTEH/PTEL to TLB): System Control Instruction

(Privileged ONlY) ..o e 197
8.2.32 MAC.L (Multiply and Accumulate Long): Arithmetic Instruction...................... 198
8.2.33 MAC (Multiply and Accumulate): Arithmetic Instruction..........ccccccceveveeeeeennn 201
8.2.34 MOV (Move Data): Data Transfer INSIrUCLION ........c.ccoeverirenenenieiesee e 204
8.2.35 MOV (Move Immediate Data): Data Transfer INStruction.............cccceveveeeeeenncnn 209
8.2.36 MOV (Move Peripheral Data): Data Transfer Instruction...........ccccceeeeeeveecenenne. 211
8.2.37 MOV (Move Structure Data): Data Transfer INStruction .........c.coceevveenceneeienn 214
8.2.38 MOVA (Move Effective Address): Data Transfer Instruction...........cccceeeveeenee 217

HITACHI



8.3

8.2.39 MOVT (Move T Bit): Data Transfer INStruction............ccccevevereereereeresresesesennens 218
8.240 MUL.L (Multiply Long): Arithmetic INStruction ..........c.ccoceveveveveevieieseceeeeen 219
8.241 MULSW (Multiply as Signed Word): Arithmetic Instruction ...........c.ccoceceenenee. 220
8.242 MULU.W (Multiply as Unsigned Word): Arithmetic Instruction.............c.......... 221
8.2.43 NEG (Negate): Arithmetic INStrUCtION..........cooviirieirieerieeseere e 222
8.2.44 NEGC (Negate with Carry): Arithmetic INStruction ..........coccccvevvenvennenicenen 223
8.2.45 NOP (No Operation): System Control INStruCtion..........cceveveeeeereereereeeneneseeens 224
8.2.46 NOT (NOT—Logica Complement): Logic Operation Instruction...................... 225
8.2.47 OR (OR Logical) Logic Operation INStrUCtioN..........ccoerereriererieneeieeeeseeeeienien 226
8.2.48 PREF (Prefetch Datato the Cache) ..o 228
8.2.49 ROTCL (Rotate with Carry Left): Shift INSIrUCtION ..........coevieiiiiiiecerciee 229
8.250 ROTCR (Rotate with Carry Right): Shift INSruction...........cccvevrennenniennenen 230
8.251 ROTL (Rotate Left): Shift INSIrUCtION.......ccvveiirere e 231
8.252 ROTR (Rotate Right): Shift INSIIUCLION..........ccccoeiiieiireere e 232
8.2.53 RTE (Return from Exception): System Control Instruction (Privileged Only).... 233
8.2.54 RTS (Return from Subrouting): Branch INStruction ...........ccoccoevenereieienccncnenn 235
8.255 SETRC (Set Repeat Count to RC): System Control Instruction

(SHB-DSP ONIY) ..ttt se sttt saesenem 237
8.2.56 SETS (Set SBit): System Control INStruCtion..........cccceeevevereereereereeeeesece e 239
8.257 SETT (Set T Bit): System Control INStruCtion ..........ccccceevvevenieseveesicseeeeeeeen 240
8.2.58 SHAD (Shift Arithmetic Dynamically): Shift Instruction............ccccceeeeniencnene. 241
8.2.59 SHAL (Shift Arithmetic Left): Shift INSIrUCtION .......coooveiiiiieiee, 243
8.2.60 SHAR (Shift Arithmetic Right): Shift INStrUCLION.........ccooviiiiineeee 244
8.2.61 SHLD (Shift Logical Dynamically): Shift INStruction.............coceevenvenrincenen 245
8.2.62 SHLL (Shift Logical Left): Shift INSIrUCtioN.........cccvvvreererereceeeeeecese e 247
8.2.63 SHLLnN (Shift Logical Left n Bits): Shift INStruction..........cccceeeveveeveececenceneeeenn, 248
8.2.64 SHLR (Shift Logical Right): Shift INSIrUCLION........c.oiereiriiieeceeeeeeeeeeiee, 250
8.2.65 SHLRn (Shift Logical Right n Bits): Shift INSruction .............ccoceveieieiniencncnn 251
8.2.66 SLEEP (Sleep): System Control Instruction (Privileged Only).........cccoovvvvennnee 253
8.2.67 STC (Store Control Register): System Control Instruction (Privileged Only)..... 254
8.2.68 STS (Store System Register): System Control InStruction..........cceceeveveveeerernnnn 259
8.2.69 SUB (Subtract Binary): Arithmetic INStruCtion...........cccveeveveeceveereeeeeee e 264
8.2.70 SUBC (Subtract with Carry): Arithmetic INStruction...........ccooeveveveieirienenenn 265
8.2.71 SUBV (Subtract with VV Flag Underflow Check): Arithmetic Instruction ........... 266
8.2.72 SWAP (Swap Register Halves): Data Transfer Instruction...........cccccceeveeeeenenee. 267
8.2.73 TAS(Test and Set): Logic Operation INStrUCHiON.........cccvveereeerererienirenesie e 268
8.2.74 TRAPA (Trap Always): System Control INStruction..........ccceeeeveveereereeieriesesenens 269
8.2.75 TST (Test Logical): Logic Operation INStruCtion..........ccccvevveeeveveevicsieseeeeesnen 270
8.2.76 XOR (Exclusive OR Logical): Logic Operation Instruction............cccceceveereruenne. 272
8.2.77 XTRCT (Extract): Data Transfer INStrUCHION. .........coevirienerierece e 274
Floating Point Instructions and FPU Related CPU Instructions (SH-3E Only)................ 275
8.3.1 FABS (Floating Point Absolute Value): Floating Point Instruction..............c.c.... 277
8.3.2 FADD (Floating Point Add): Floating Point INStruction...........ccccceeveeveievierenenne. 278

HITACHI



84

8.5

vi

8.3.3 FCMP (Floating Point Compare): Floating Point Instruction ...........cccccveeveeeuenee. 281
8.3.4 FDIV (Floating Point Divide): Floating Point Instruction............cccceeveeveveeeennnne. 285
8.3.5 FLDIO (Floating Point Load Immediate 0): Floating Point Instruction ............... 287
8.3.6 FLDI1 (Floating Point Load Immediate 1): Floating Point Instruction................ 288
8.3.7 FLDS (Foating Point Load to System Register): Floating Point Instruction ...... 289
8.3.8 FLOAT (Floating Point Convert from Integer): Floating Point Instruction......... 290
8.3.9 FMAC (Floating Point Multiply Accumulate): Floating Point Instruction.......... 291
8.3.10 FMOV (Floating Point Move): Floating Point Instruction...........ccccccevevveveeenee 294
8.3.11 FMUL (Floating Point Multiply): Floating Point Instruction.............c.cceeeeeenuee 298
8.3.12 FNEG (Floating Point Negate): Floating Point INStruction...........cccccceeeeeeecnene. 300
8.3.13 FSQRT (Floating Point Square Root): Floating Point Instruction........................ 301
8.3.14 FSTS (Floating Point Store From System Register): Floating Point Instruction.. 302
8.3.15 FSUB (Floating Point Subtract): Floating Point Instruction ..........cccccceeveevevenenee. 303
8.3.16 FTRC (Floating Point Truncate And Convert To Integer):

Floating POint INSLIUCHION .......coueiviiiieee ettt 306
8.3.17 LDS (Load to System Register): FPU Related CPU Instruction............c.cccceeuee.e. 308
8.3.18 STS(Store from FPU System Register): FPU Related CPU Instruction ............. 311
DSP Data Transfer Instructions (SH3-DSP ONlY) .......cccecveirennennenseeeseese e 314
84.1 MOVS (Move Single Data between Memory and DSP Register):

DSP Data Transfer INSrUCHION.........cccivveeeirereieseeeseseeee e 321
84.2 MOVX (Move between X Memory and DSP Register):

DSP Data Transfer INSIUCLON..........covereereieeeeeceeee e 323
843 MOVY (Movebetween Y Memory and DSP Register):

DSP Data Transfer INSTUCLION..........eveiuereeeeeeeseee e 324
8.4.4 NOPX (No Access Operation for X Memory): DSP Data Transfer Instruction .. 326
8.4.5 NOPY (No Access Operation for Y Memory): DSP Data Transfer Instruction.. 326
DSP Operation INSLIUCHIONS ........coueiuirieriereeieie ettt s e e 327
8.5.1 PABS (Absolute): DSP Arithmetic Operation INStruction ............cccceveveeceeencnn 340
85.2 [if cc]PADD (Addition with Condition): DSP Arithmetic Operation Instruction 343
853 PADD PMULS (Addition & Multiply Signed by Signed):

DSP Arithmetic Operation INSIIUCHION.......cc.evveveerere e 346
8.5.4 PADDC (Addition with Carry): DSP Arithmetic Operation Instruction.............. 348
8.5.5 [if cc] PAND (Logica AND): DSP Logical Operation Instruction .................... 350
8.5.6 [if cc] PCLR (Clear): DSP Arithmetic Operation Instruction ...........ccccceeeeeeeenne. 353
857 PCMP (Compare Two Data): DSP Arithmetic Operation Instruction.................. 355
8.5.8 [if cc] PCOPY (Copy with Condition): DSP Arithmetic Operation Instruction.. 357
8.5.9 [if cc] PDEC (Decrement by 1): DSP Arithmetic Operation Instruction.............. 360
8.5.10 [if cc] PDMSB (Detect MSB with Condition):

DSP Arithmetic Operation INSIrUCHION..........ooceeririereeere e 363
8.5.11 [if cc] PINC (Increment by 1 with Condition):

DSP Arithmetic Operation INSLUCHION..........cccoeriierneree e 366
85.12 [if cc] PLDS (Load System Register): DSP System Control Instruction............ 369
8.5.13 PMULS (Multiply Signed by Signed): DSP Arithmetic Operation Instruction... 371

HITACHI



8.5.14 [if cc] PNEG (Negate): DSP Arithmetic Operation Instruction ...........ccceeeeeenen 372

8.5.15 [if cc] POR (Logica OR): DSP Logica Operation Instruction.............ccceeeeevnee. 375
8.5.16 PRND (Rounding): DSP Arithmetic Operation Instruction ..............cccceeeeerernen 378
8.5.17 [if cc] PSHA (Shift Arithmetically with Condition):

DSP Arithmetic Shift INStrUCHION. ........ooveiiieeiieee e 381
8.5.18 [if cc] PSHL (Shift Logically with Condition): DSP Logical Shift Instruction... 387
8.5.19 [if cc] PSTS (Store System Register): DSP System Control Instruction.............. 392

8.5.20 [if cc]PSUB (Subtract with Condition): DSP Arithmetic Operation Instruction.. 395
8.5.21 PSUB PMULS (Subtraction & Multiply Signed by Signed):

DSP Arithmetic Operation INSIrUCHION..........occieririerinese e 398

8.5.22 PSUBC (Subtraction with Carry): DSP Arithmetic Operation Instruction........... 400

8.5.23 [if cc] PXOR (Logical Exclusive OR): DSP Logical Operation Instruction........ 402

SeCtioN 9 ProCeSSING SEALES ..........cccevveieiieieeieeee ettt 405

0.1 SHAE TIaANSILIONS.....cveeerereerereete ettt r e e b e s e s sr e r e r e r e e ereneere e 405

.11 RESEL SO ...eeceeererteteeeer ettt bbb et et b b 406

9.1.2 EXCEPLiON ProCeSSING SALE.......cceiirierierieteriete sttt ene e 406

9.1.3  Program EXECULION SEALE .......c.cvueirieirieiriiereieies et 406

9.1.4  POWEr-DOWN SEELE.......coeieeiieceirecircere e 406

.15 BUSREEASE SEALE.......coeieiieiireeee st 406

0.2 POWE-DOWN SEALE ..ot e 406

0.2.1  SIEED IMOUE ...ttt bbbt e et ae e 406

922 SANADY MOUE.......oeceeiiieeeee ettt b e e 407

9.2.3 Hardware Standby MOGE..........cociiiiriiii e 407

9.24 Module Standby FUNCLION........c.cciiieriereereeieeee s e e se e ese e 407

Section 10 PIpelin@ OPEratioN ..ot 409

10.1 Basic Configuration Of PIPEIINES ........coiiiiiriieeeeeree e 409

10.1.1 Five-Stage PiPElINE.. ..o e 409

10.1.2 Slot and PIPeling FIOW.......ccooiiiiiieireere e 410

10.1.3 Number of Cycles Required for Execution of One SIot .........cccevevveveeieriecerernenn 411

10.1.4 Number of Instruction EXecution CYCIES..........ccvvviieieviiiese e 412

10.2  CONENTION....c.eetieerereetereesere ettt r s b e s se s e s e b b e b s e bt e eb e nn s e nnenennenenn s 413

10.2.1 Contention between Instruction Fetch (IF) and Memory Access (MA).............. 413

10.2.2 Effects of Memory Load Instructions on Pipelines...........cccooveneeneienecneccnnnne 417

10.2.3 Contention due to SR Update INSrUCHIONS........c.cveiriiiriirereeeeeeseeeseeenees 418

10.2.4 Multiplier ACCESS CONENION .....c.ccveeeeeeirere s see et e e e e e e esesne e 418

10.25 FPU Contention (SH-3E ONlY) ...c.cceieieirere s seesve e e sse e 420
10.2.6 Contention between DSP Data Operation Instructions and Store I nstructions

(SH3-DSP ONY) ..ttt sttt 422

10.2.7 Relationship between Load and Store Instructions (SH3-DSP Only)................... 423

10.3  Programming GUIEIINES ........coveiiriiiriee sttt sttt 424

10.3.1 Correspondence between Contention and INStructions...........ccccveveeveereereeenerenn 424

VIl

HITACHI



10.3.2 Increasing Instruction EXecution SPEed.........ccccvevveverienesesenieseseeeee e 427

10.3.3 NUMDEr OF CYCIES....ccuiiiiiiieicese et s e e 427
10.4 Operation of INSLrUCtioN PIPEIINES .........coeiiiiiriiieieece e 428
10.4.1 Data Transfer INSLIUCHIONS .......co.eiirierierieieeeieeeeere sttt 445
10.4.2 Arithmetic INSIFUCLIONS .....oeeieiieeee e 450
10.4.3 LOgiC Operation INSIUCLIONS.........coiririirieierieie et sesresesbe s ebe e 456
10.4.4 STt INSLIUCHIONS. .....cveeiiereerereeresie s 461
10.4.5 BranCh INSITUCHIONS........coviveuiririnieieiisesiei st 463
10.4.6 System Control INSIUCHIONS........covirterierieieeeeeeeicre st 469
10.4.7 EXCEPLION PrOCESSING......ciuiiteiteieiriiierieseeee sttt sie sttt se s e e ese e ene 484
10.4.8 Pipelinefor FPU Instructions (SH-3E ONlY)......cccoeiiiiniinenenenereseseee e 488
10.4.9 DSP Data Transfer Instructions (SH3-DSP OnNlY).......cccvevenennenneneseneeieneas 490
10.4.10 DSP Operation Instructions (SH3-DSP ONlY).......cccocevivvivierienierereeeseeseeeesesens 496
AppendiX A INSLIUCLION COUE............ooocvieeeee e 501
A.1 Instruction Set by Addressing MOGE..........coueueirieeiirireee e 501
A.LL NOOPEIANG.......ceitiietieetereete ettt b et se et e e e b b saee 502
A.12 Direct Register AQArESSING ... ..coreueriririeiriieriiesieesreseee s se s see e 503
A.13 Indirect Register AAAreSSING ......cceoveieeererise s s se e s e e e sre e ens 509
A.1.4 Post-Increment Indirect Register AAAreSSiNg ......ccccvveeveresesesieseseseeseeseeseeeenen 510
A.15 Pre-Decrement Indirect Register AdAreSSiNg ........cccceeeverererenienieneseeneeeeeeeenen 512
A.1.6 Indirect Register Addressing with Displacement ...........cocooeviiinineneneienieeieeen 513
A.1.7 Indirect Indexed Register ADAreSSINg .......ccoeoererererireneneneseseee e 514
A.1.8 Indirect GBR Addressing with Displacement ..........cocovvevrieneinsineieneeseeee 514
A.19 Indirect Indexed GBR AQArESSING.....cccoveerireeererrsiesesieseeseeseeseeseesseseesessessesseens 515
A.1.10 PC Relative Addressing with Displacement.........ccccccvevieiieiie s seseeeeeeeene 515
A.111 PCREEiVE ACAIrESSING ... .cveeeieieirieeieeiere sttt sttt sae e 515
ALLL2 TMIMEAIEEE ..ottt sttt b et sttt e e b 516
A.2 Instruction Sets by INSLrUCtiON FOIMEL..........ccovirieirieirieciees e 518
Nt R O o 0 PP 519
A.2.2 NFOMMEL......c it 520
A28 MEFOMEL........coiiiiii s 523
A.24  NMFOMMEL.......ooiiiiiii e e 526
A25 MO FOMMEAL....eeieiiieee ettt sa e s b b bbbt e e e e e e e enen 529
F I 0T 72 o = R 530
A.27 DM FOMMEL.....c.eoieieireeesese s e e seese e e e e e s e see e srestesteseessen e neeneenanneeneenen 530
A28 A FOMAL ..o s 530
A.2.9  dL12 FOMMBL....ceveteeiiirieeeee sttt ettt es 531
A.2.10 NAB FOIMEL........coiiierereetireete sttt r e n e 531
AL2LL T FOMMEL....eiiiiieteieee ettt b bbbttt b b 531
AL2.12 N FOMME@L. ettt e e seesbe s ee e te e st e e e e e e eneenes 532
A3 OpEration COOE MaD........ciieiirieirieerieer ettt sttt st b ettt st seebe e 533
viii

HITACHI



Appendix B Pipeline Operation and Contention

HITACHI



HITACHI



Section 1 Features

11 SH-3 CPU Features

The SH-3/SH-3E/SH3-DSP has RISC-type instruction sets. Basic instructions are executed in one
clock cycle, which dramatically improves instruction execution speed. The CPU also has an

internal

32-hit architecture for enhanced data processing ability. Table 1-1 lists the SH-3/SH-3E/SH3-DSP

CPU features.

Table1l-1 SH-3/SH-3E/SH3-DSP CPU Features

Feature

Description

Architecture

Hitachi original architecture
32-bit internal data bus

General-register machine

Sixteen 32-bit general registers (eight banked registers)
Five 32-bit control registers

Four 32-bit system registers (SH-3)

Six 32-bit system registers (SH-3E)

Instruction set

Instruction length: 16-bit fixed length for improved code efficiency

Load-store architecture (basic arithmetic and logic operations are
executed between registers)

Delayed branch system used for reduced pipeline disruption

Instruction set optimized for C language

Instruction execution time

One instruction/cycle for basic instructions

Address space

Architecture makes 4 Gbytes available

On-chip multiplier

Multiplication operations (32 bits x 32 bits — 64 bits) executed in 2
to 5 cycles, and multiplication/accumulation operations (32 bits x 32
bits + 64 bits — 64 bits) executed in 2 to 5 cycles

Pipeline

Five-stage pipeline

Processing states

Reset state

Exception processing state
Program execution state
Power-down state

Bus release state

Power-down states

Sleep mode
Standby mode
Hardware standby mode
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Table1l-1 SH-3/SH-3E/SH3-DSP CPU Features (cont)

Feature

Description

FPU (SH-3E only)

 Single-precision floating point format
e Subset of IEEE754 standard data types

« Invalid calculation exception and divide-by-zero exception (in
compliance with IEEE754 standard)

* Rounding to zero (in compliance with IEEE754 standard)
» General purpose register file, 16 32-bit floating point registers

« Execution pitch for basic instructions: 1 cycle/latency or 2 cycles
(FADD, FSUB, FMUL)

¢ FMAC (floating point multiply accumulate)
Execution pitch: 1 cycle/latency or 2 cycles

e Support for FDIV and FSQRT

» Support for FLDIO and FLDI1 (load constant 0/1)
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1.2 SH3-DSP Features

The SH3 CPU only has 16-hit instructions. The SH3-DSP basically has the same 16-bit
instructions, but it also has additional 32-bit DSP instructions that it uses for parallel processing of
DSP type instructions. The SH3 CPU use a standard Neumann architecture, but the SH3-DSP has
the DSP data paths of the expanded Harvard architecture. Table 1-2 lists the added features of
SH3-DSP.
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Table1-2 Featuresof SH3-DSP Series Microprocessor CPUs

Feature

Description

DSP unit

Multiplier

Arithmetic logic unit (ALU)
Barrel shifter

DSP registers

MSB detection

Multiplier

16 bits x 16 bits — 32 bits (fixed decimal point)
1 cycle multiplier

DSP registers

Two 40-bit data registers

Six 32-bit data registers

Modulo register (MOD, 32 bhits) added to control registers
Repeat counter (RC) added to status registers (SR)

Repeat start register (RS, 32-bit) and repeat end register (RE, 32-
bit) added to control registers

DSP data bus

Expanded Harvard architecture
Simultaneous access of two data bus and one instruction bus

On-chip memory

16-kbyte RAM

Parallel processing

Maximum of four parallel processes (ALU operation, multiplication,
and two loads or stores)

Address operator

Two address operators
Address operations for accessing two memories

DSP data addressing
modes

Increment decrement and index

Increment decrement and index can have modulo addressing or
not

Repeat control

Zero-overhead repeat control (loop)

Instruction set

16 or 32 bits
— 16 bits (for load or store only)
— 32 bits (including for ALU operations and multiplication)

SuperH microprocessor instructions added for accessing DSP
registers.

Pipeline

Five-stage pipeline
Fifth stage is the DSP stage
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Section 2 Programming Model

21  Organization of Registers

211 Privileged Mode and Banks

Processing M odes: The SH-3/SH-3E/SH3-DSP has two operating modes. user mode and
privileged mode. The SH-3/SH-3E/SH3-DSP operates in user mode under normal conditions and
enters privileged mode in response to an exception or interrupt. There are three types of registers:
general, system, and control. All of these registers are 32 hits. Which registers can be accessed
through software depends on the processing mode.

General-Pur pose Registers: There are 16 general-purpose registers, numbered RO through R15.
General-purpose registers RO to R7 are banked registers that are switched by the processor mode.

In privileged mode, the register bank (RB) hit in the status register (SR) defines which banked
registers can be accessed as general-purpose registers and which cannot. Inaccessible registers can
be accessed through the load control register (LDC) and store control register (STC) instructions.

When the RB bit isone (BANK1 is selected), BANK1 general-purpose registers RO BANK 1
through R7_BANK?1 and non-banked general -purpose registers R8 through R15 (atotal of 16
registers) can be accessed as general-purpose registers RO through R15 and BANKO general -
purpose registers RO_BANKO through R7_BANKO (eight registers) are accessed by the LDC and
STC ingtructions. When the RB bit isazero (BANKO is selected), BANKO general-purpose
registers RO_BANKO through R7_BANKO and nonbanked general-purpose registers R8 through
R15 (16 registers) can be accessed as general-purpose registers RO through R15 and BANK1
genera-purpose registers RO BANK 1 through R7_BANKZ1 (eight registers) are accessed by the
LDC and STC instructions.

In user mode, BANKO general-purpose registers RO_BANKO through R7_BANKO and nonbanked
general-purpose registers R8 through R15 can be accessed as general -purpose registers RO through
R15 (atota of 16 registers) and BANK 1 general-purpose registers RO BANK 1 through
R7_BANKU1 (eight registers) cannot be accessed.

When the DSP extended features of the SH3-DSP are enabled, DSP instructions use X and Y data
memory and L bus data memory (single data) addressing for eight of the 16 general-purpose
registers.

To access X memory, R4 and R5 are used as the X address register [AX] and R8 is used asthe X
index register [I1x]. To accessthe Y memory, R6 and R7 are used asthe Y addressregister [Ay]
and R9 isused asthe Y index register [ly]. To access single data using the L bus, R2, R3, R4, and
R5 are used as the single data address register and R8 as the single data index register [I].
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DSP type instructions can simultaneously access X and Y memory. There are two groups of
address pointers for specifying the X and Y data memory addresses.

Control Registers: The control registersinclude registers that can be accessed in either mode (the
global base register (GBR) and status register (SR)) and registers that can only be accessed in
privileged mode (the saved status register (SSR), saved program counter (SPC), and vector base
register (VBR)). Some bits in the status register (for example, the RB bit) can only be accessed in
privileged mode.

System Registers: There are four system registers that can be accessed in either processing mode:

Multiply and accumulate registers
Multiply and accumulate high (MACH)
Multiply and accumulate low (MACL)

Procedure register (PR)

Program counter (PC)

Theregister configurations are shown in figure 2-1 by processing mode. Switch between user and
privileged modes using the processing operation mode bit in the status register.

Floating Point Registersand System Registers Used by the FPU (SH-3E Only): There are 16
floating point registers: FRO to FR15. These are used as source and destination registers for single-
precision floating point operations.

The system registers used by the FPU are the floating point communication register (FPUL) and
the floating point status/control register (FPSCR). These are used for communication between the
FPU and CPU aswell as exception handling settings.

Theregister configurations for the different processing modes areillustrated in Figure 2-1 and
Figure 2-2. Refer to 4. Floating Point Unit.
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Notes 1.

31 0
RO_BANKOQ*1, *2
R1_BANKO*2
R2_BANKO*2
R3_BANKO*2
R4_BANKO*2
R5_BANKO*2
R6_BANKO*2
R7_BANKO*2
R8
R9
R10
R11
R12
R13
R14
R15
31 0

FRO*3
FR1*3
FR2*3

FR15*3

SR
FPSCR*3

GBR
MACH
MACL

FPUL*3
PR

| PC |

Register RO is used as an index register in the indexed register-indirect addressing
mode and indexed GBR-indirect addressing mode. There are some instructions for
which only RO can be used as the source or destination register.

RO to R7 are banked registers, and BANKO is used in the user mode.

These registers only exist on the SH-3E. They are used for floating point operations.
Refer to 4. Floating Point Unit for details on FRO to FR15, FPSCR, and FPUL.

Figure2-1 User Mode Programming M odel
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Notes 1.

31 0 31 0

RO_BANK1*1, *2 RO_BANKOQ*1, *2
R1_BANK1*2 R1_BANKO0*2
R2_BANK1*2 R2_BANKO0*2
R3_BANK1*2 R3_BANKO0*2
R4_BANK1*2 R4_BANKO*2
R5_BANK1*2 R5_BANKO0*2
R6_BANK1*2 R6_BANKO0*2
R7_BANK1*2 R7_BANKO0*2

R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
FRO*4 FRO*4
FR1*4 FR1*4
FR2*4 FR2*4
FR15*4 FR15
31 0 31 0
SR SR
SSR SSR
FPSCR*4 FPSCR*4
GBR GBR
MACH MACH
MACL MACL
FPUL*4 FPUL*4
PR PR
VBR VBR
[ PC | [ PC |
[ SPC | [ SPC |

RO_BANKO*1, *3 RO_BANK1*1, *3
R1_BANKO*3 R1_BANK1*3
R2_BANKO0*3 R2_BANK1*3
R3_BANKO*3 R3_BANK1*3
R4_BANKO*3 R4_BANK1*3
R5_BANKO*3 R5_BANK1*3
R6_BANKO*3 R6_BANK1*3
R7_BANKO*3 R7_BANK1*3

(b) User Mode Programming Model (c) User Mode Programming Model
(RB=1) (RB= 0)

Register RO is used as an index register in the indexed register-indirect
addressing mode and indexed GBR-indirect addressing mode.

- RO to R7 are banked registers. In privileged mode, the RB bit of register SR

determines which bank is accessed:
BANKO if the RB bit is set to 0
BANK1 if the RB bit is set to 1.

. These banks are accessed by the LDC and STC instructions only. the RB bit of

register SR determines which bank is accessed:

BANKO if the RB bit is set to 0

BANK1 if the RB bit is set to 1.

These registers only exist on the SH-3E. They are used for floating point
operations. Refer to 4. Floating Point Unit for details on FRO to FR15, FPSCR,
and FPUL.

Figure2-2 Structureof Registersin Privileged Mode
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DSP Registers and Registers Used by the DSP (SH3-DSP Only)
The DSP unit has nine DSP registers, divided into eight data registers and one control register.

The DSP data registers include two 40-bit registers (A0 and A1) and six 32-bit registers (M0, M1,
X0, X1, Y0, and Y1). The Al and AO registers each has eight guard bits, AOG and A1G.

The DSP data registers are used in transferring and processing DSP data as the operand for the
DSP instruction. There are three types of instructions that access the DSP data registers: DSP data
processing, X data processing, and Y data processing.

The 32-bit DSP status register (DSR) isthe control register, which indicates the results of
operations. The DSR register has bits to display the results of the operation, which include a
signed greater than bit (GT), azero value bit (Z), a negative value bit (N), an overflow bit (V), a
DSP condition bit (DC), and condition select bits, which control the DC bit settings (CS).

The DC hit is one of the status flags; it is very similar to the SuperH microcomputer CPU core's
T bit. In the case of conditional DSP type instructions, the execution of DSP data processing is
controlled in accordance with the DC bit. This control is related to DSP unit execution only, and
only the DSP registers are updated. It is not related to the execution instructions of the SuperH
microprocessor’s CPU core, such as address calculation and load/store instructions. The control
bits CS (hits 0 to 2) specify the condition that the DC bits set.

DSP instructions include both unconditional DSP instructions and conditioned DSP instructions.
Data processing of unconditional DSP instructions updates the condition bits and DC hits, except
for the PMULS, PWAD, PWSB, MOV X, MOVY, and MOV S instructions. Conditional DSP type
instructions are executed in accordance with the status of the DC bit. DSR registers are not
updated, regardless of whether these instructions are executed or not.

Figure 2-1 shows the DSP registers. Table 2-1 lists the DSR register bit functions.
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32 31

AOG

A0 DSP data registers

Al1G

Al

MO

M1

X0

X1

YO

Y1

8 76 54 3210

IGTI Z1IN |V 1CS[2:0] IDC| DSP status register (DSR)

Figure2-3 Organization of the DSP Registers

Table2-1 DSR Register Bits

Bits

Name

Function

31-8

Reserved

0: Always reads 0. Always write 0.

7

Signed greater than bit
(GT)

Indicates whether the operation result is positive (and
nonzero) or whether operand 1 is larger than operand 2.
1: Operation result is positive or operand 1 is larger.

Zero value bit (2)

Indicates whether the operation result is zero or whether of
operands 1 and 2 are the same.
1: Operation result is zero or operands 1 and 2 are the same.

Negative value bit (N)

Indicates whether the operation result is negative or whether
operand 1 is smaller than operand 2.
1: Operation result is negative or operand 1 is smaller.

Overflow bit (V)

Indicates that the operation result overflowed.
1: Operation result overflowed.

3-1

Condition select bits
(CS)

Specifies the mode for selecting the status of the operation
result set in the DC bit. Do not specify 110 or 111.

000: Carry/borrow mode

001: Negative value mode

010: Zero value mode

011: Overflow mode

100: Signed greater than mode

101: Signed equal or greater than mode

DSP condition bit (DC)

Sets the operation result status in the mode specified by the
CS bits.

0: Specified mode status not achieved

1: Specified mode status achieved.

10
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CPU core instructions use the DSR register as a system register. Data transfer to the DSR register
include the following load store instructions:

STS DSR Rm
SIS L DSR @R
LDS Rn, DSR
LDS.L @+, DSR

CPU coreinstructions also use the A0, A1, X0, X1, YO, and Y1 registers as system registers.
There are three DSP control registers: the repeat start (RS) register, the repeat end (RE) register,
and the modulo (MOD) register.

The RS and RE registers are used to control program repetition (loops). The number of iterations
is specified in the SR register’s repeat counter (RC), the repeat start address is specified in the RS
register, and the repeat end addressis specified in the RE register. The address values stored in the
RS and RE registers are not always the same as the physical starting address and ending address of
the repeat.

The MOD register uses modulo addressing to buffer the repeat data. Modulo addressing is
specified by DMX or DMY in the SR register, the modulo end address (ME) is specified in the top
16 hits of the MOD register, and the modulo start address (M S) is specified in the bottom 16 hits.
The DMX and DMY hits cannot simultaneously specify modulo addressing. Modul o addressing
can be used for X and Y datatransfers (MOV X and MOVY). It cannot be used in single data
transfers (MOV S).

Figure 2-5 shows the control registers.

2.2  General-Purpose Registers

Figure 2-4 shows the structure of the general -purpose registers.

11
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31

0

RO*L: *2

R1*2

R2*2 [As]*4

R3*2 [As]*4

R4*2 [As, AX]*4

R5*2 [As, Ax]*4

R6*2 [Ay]*4

R7*2 [Ay]*4

R8 [IX, Is]*4

R [ly]*4

R10

R11

R12

R13

R14

R15

31

FRO*3

FR1*3

FR2*3

FR3*3

FR4*3

FR5*3

FR6*3

FR7*3

FR8*3

FR9*3

FR10*3

FR11*3

FR12*3

FR13*3

FR14*3

FR15*3

General-purpose registers
Undefined after reset

Floating point data register
The FMAC instruction uses FRO to set the multipli-

cation value.

Notes: 1.

RO functions as an index register in the
indexed register-indirect addressing
mode and indexed GBR-indirect
addressing mode. In some instructions,
only RO can be used as the source or
destination register.

RO to R7 are banked registers. In
privileged mode, the RB bit of register
SR determines which banks
(RO_BANKO to R7_BANKO or
RO_BANK1 to R7_BANK1) are
accessed as general-purpose registers.
These registers only exist on the SH-
3E. They are used for floating point
operations. Refer to 4. Floating Point
Unit for details on FRO to FR15.

When the DSP instruction extended
features of the SH3-DSP are enabled,
DSP instructions use these registers as
memory address registers and index
registers.

12

Figure2-4 Structure of the General-Purpose Registers
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The symbols R2—R9 are used by the assembler. To change a name to something that indicates the

role of the register for DSP instructions, use an alias. The assembler writes as follows:

Ix: .REG (R8)

The name Ix becomes the alias R8. Aliases are also assigned as follows:

AXO:
Ax1:

IX:

AyO:
Ayl

ly:

ASD:
Asl:
AS2:
As3:

Is:

2.3

.REG
.REG
.REG
.REG
.REG
.REG
.REG
.REG
.REG
.REG
.REG

(R4)
(RS
(R9)
(R6)
(R7)
(R9)

(R4); defined when an aliasis needed for a single data transfer.
(R5); defined when an aliasis needed for a single data transfer.
(R2); defined when an alias is needed for a single data transfer.
(R3); defined when an alias is needed for a single data transfer.
(R8); defined when an alias is needed for a single data transfer.

Control Registers

Figure 2-5 shows the organization of the control registers.

HITACHI
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31

0 Saved Status Register (SSR)

SSR Stores current SR value at time of exception to

31

indicate processor status in the return to instruction
stream from exception handler. Undefined after reset.

0 Saved Program Counter (SPC)

SPC Stores current PC value at time of exception to

31

indicate return address at completion of exception
processing. Undefined after reset.

0 Global Base Register (GBR)

GBR Stores the base address of the GBR-indirect addressing

31

mode. The GBR-indirect addressing mode is used to
transfer data to the register areas of the resident
peripheral modules, and for logic operations. The GBR
can be accessed in user mode. Undefined after reset.

0 Vector Base Register (VBR)

VBR Stores the base address of the exception processing

31

vector area. Initialized to H'00000000 after reset.
0

RS | Repeat Start Register (RS)

31

0

RE Repeat End Register (RE)

31

16 15 0

Modulo Register (MOD)

ME: Modulo End Address
MS: Modulo Start Address

31 30 29 28 27 16 15 13 12 11 10 9 8 7 3 10Stt
atus
|O|MD|RB|BL| RC* | 0—0 |DSP* DMY* [ DMX* M|Q|I3 I2I1I0|RF1* RFO* S|T| register (SR)
MD: Processor operation mode bit: Indicates the processor operation mode as follows:

RB:

B

=

DSP bit:

M and Q bits:
RC:

DMY:

DMX:

13-10:

S bit:
RF1, RFO:

T bit:

0 bits:

Notes:

1 = Privileged mode; 0 = User mode. Becomes 1 when an exception or interrupt
occurs. Initialized to 1 reset.

Register bank bit: Defines the general-purpose register used as bank in privileged
mode. A logic 1 designates RO_BANK1-R7_BANK1 and R8-R15 are accessed

as general—purpose registers, and RO_BANKO-R7_BANKO are only accessed by
LDC and STC instructions; a logic zero designates RO_BANKO0-R7_BANKO and
R8-R15 are accessed as general-purpose registers, and RO_BANK1-R7_BANK1
are only accessed by LDC and STC instructions. Becomes 1 when an exception or
interrupt occurs. Initialized to 1 reset.

: Block bit: Masks exceptions and interrupts when 1. For details, see section 5,

Exception Processing. When 0, accepts exceptions and interrupts. Becomes 1
when an exception or interrupt occurs. Initialized to 1 at reset.

DSP operation mode. DSP instructions are enabled when set to 1.

Used by the DIVOS/DIVOU and DIV1 instructions.

Repeat counter. Specifies the number of repeats for repeat (loop) control (2 to 4,095).
Modulo addressing specification for pointer Y. 1: Modulo addressing mode enabled
for Y memory address pointer and Ay (R6 and R7).

Modulo addressing specification for pointer X. 1: Modulo addressing mode enabled
for memory address pointer and Ax (R4 and R5).

Interrupt mask bits: A 4-bit field indicating the interrupt request mask level. The
level of interrupt acceptance does not change when an interrupt occurs. Initialized
to B'1111 at reset.

Used by the MAC instruction.

Repeat flags. Used for zero-overhead repeat (loop) control.

00: 1-step repeat

01: 2-step repeat

11: 3-step repeat

10: 4-step (or more) repeat

The MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and DT instructions use
the T bit to indicate true (logic one) or false (logic zero). The ADDV/ADDC, SUBV/SUBC,
DIVOU/DIVOS, DIV1, NEGC, SHAR/SHAL, SHLR/SHRL, ROTA/ROTL, and
ROTCR/ROTCL instructions also use the T bit to indicate a carry, borrow,

overflow or underflow.

Always read as 0, and should always be written as 0.

Only the M, Q, S, and T can be set or cleared by special instructions from user
mode. Undefined after reset. All other bits are read or written from privileged mode.
* 0 for versions other than the SH3-DSP.
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System Registers

The system registers are accessed by the LDS and STS instructions.

Figure 2-3 shows the system register configuration.

31

MACH

MACL
31 0
| FPUL* |
31 0
| PR |
31 0
| PC |
31 0
| FPSCR* |

Note: * See section 4, Floating Point Unit, for more information on the FPUL and FPSCR.

System registers

Multiply and Accumulate High and Low
Registers (MACHIL)

Store the results of multiply and multiply-and-
accumulate operations. Undefined after reset.

Floating Point Communication Register (FPUL)
Points the communication buffer between
the CPU and the FPU.

Procedure Register (PR)
Stores the return address for existing subroutines.
Undefined after reset.

Program Counter (PC)

Indicates starting address of the current instruction
incremented by four (two instructions). Initialized to
H'A000 0000 after reset.

Floating Point Status/Control Register (FPSCR)
Stores status or controls information for floating
point operations.

Figure2-6 System Register Configuration

HITACHI

15




25

Initial Register Value

Table 2-1 shows the register values after areset.

Table2-1 Initial Register Values

Register Type Register Initial Value*!
General purpose RO-R15 Undefined
FRO-FR15** Undefined
Control SR MD bitis 1, RB bitis 1, BL bitis 1, bits I3—I0 are
1111 (H'F), bits RC, DMY, and DMX are 0 (SH3-
DSP only), reserved bits are 0, and all others are
undefined
GBR, SSR, SPC Undefined
VBR H'00000000
RS*?, RE*? Undefined
MOD*? Undefined
System MACH, MACL, PR, Undefined
FPSCR**, FPUL**
PC H'A0000000
DSP A0, AOG, Al, A1G,
MO, M1, X0, X1, YO,
Y1
DSR H'00000000

Notes: 1. These registers only exist on the SH-3E. They are used for floating point operations.
Refer to 4. Floating Point Unit for details on FRO to FR15, FPSCR, and FPUL.

2. These registers only exist on the SH-3E.

16
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Section 3 Data Formats

3.1 DataFormat in Registers

Register operands are aways longwords (32 bits) (figure 3-1). When the memory operand is only
abyte (8 bits) or aword (16 bits), it is sign-extended into alongword when loaded into aregister.

31 0
| Longword |

Figure3-1 Longword Operand

3.2 DataFormatin Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
bytes (8 bits), words (16 hits), or longwords (32 bits). Memory operands that do not fill out 32 bits
are sign-extended and stored in aregister.

Access word operands from word boundaries (even addresses two bytes apart: 2n addresses) and
longword operands from longword boundaries (even addresses four bytes apart: 4n addresses).
Other accesses cause address errors. Byte operands can be accessed from any address.

Data formats can use either big endian or little endian byte order. Use the external pin (MD5) to
set the endian at power-on reset. When MD5 islow, the processor operates in big endian; when
MD?5 is high, the processor operatesin little endian. Endians cannot be changed dynamically.
Numbers are always assigned to hit positions, from most significant to least significant and from
left to right. For example, in alongword (32 bits), the leftmost bit (31) is the most significant and
the rightmost bit (0) isthe least significant.

Figure 2-6 shows the data format in memory. When little endian is used, data written in bytes (8
bits) should be read in bytes. Data written in words (16 bits) should be read in words.

A A+1 A+2 A+3 A+11A+10A+9 A+8
31 23 15 7 0 31 23 15 7 0

7 0|7 0|7 0|7 Of |7 0|7 07 0f7 O
Address A |ByteO|Bytel|Byte2 |Byte3 Byte3 | Byte2|Bytel|ByteO| Address A +8

Address A + 4 15 Word0 0|15 Word1 o |1° Word1 0|15 WordO 0 Address A + 4
Address A + 8 31 Longword 0 31 Longword 0| Address A
Big endian Little endian

Figure3-2 Data Formatsin Memory
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3.3 Data Format for | mmediate Data

Immediate data bytes are arranged inside instruction codes.

For the MOV, ADD, and CMP/EQ instructions, immediate data is sign-extended and then
processed as registers and longwords. In contrast, for the TST, AND, OR, and XOR instructions,
immediate data is zero-extended and then processed as longwords. Consequently, if immediate
datais used with the AND instruction, the upper 24 bits of the destination register will always be
cleared.

Word and longword immediate data is not arranged inside instruction codes. Instead, it is stored in
memory table. Memory tables can be accessed using the immediate data transfer instruction
(MOV) in the PC relative addressing mode with displacement.

For specific examples, see 6.1.8 Immediate Data in section 6. Instruction Features.

34  DSP TypeData Formats (SH3-DSP Only)

The SH-DSP uses three different data formats for instructions: the fixed decimal point data format,
the integer data format, and the logical data format.

The DSP type of fixed decimal point data format places a binary decimal point between bits 31
and 30. This dataformat can have guard bits, no guard bits, or be multiplication input. The valid
bit lengths and values displayed vary for each.

DSP type integer data formats place a binary decimal point between bits 16 and 15. This data
format can have guard bits, no guard bits, or be a shift amount. The valid bit lengths and values
displayed vary for each. The shift amount for arithmetic shift (PSHA) is a seven-bit area between
—64 and +63, although only values between —32 and +32 are valid. The shift amount for logical
shiftsisasix bit area, although, in the same fashion, only values between —16 and +16 are valid.

The DSP type logical dataformat has no decimal point. The data format and valid data length vary
with the instruction and DSP register.

Figure 3-3 shows the three DSP data formats and the position of the two binary decimal points, as
well asthe SuperH data format (as reference).

18
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DSP fixed decimal
point data

39 32 3130 0
With guard bits |S| | | 2810 +28 - 2-31
A
3130 0
No guard bits s | -1to+1-27%
A
39 3130 16 15 0
Multiplication input | S | —1to+1-2715
7y
DSP integer data
39 3231 16 15 0
With guard bits |s| | | —22310 +223 1
A
31 16 15 0
No guard bits | S | | 21510 +2151
31 22 16 15 0
Arithmetic shift (PSHA) | B | -32t0+32
31 21 16 15 0
Logical shift (PSHL) | |s| | -161t0+16
39 31 16 15 0
DSP logical data | | | (16 bits)
31 0
SuperH integer (word) |S| —231to +2311
(reference) A
S: Sign bit

A : Binary decimal point
|:| : Unrelated to processing (ignored)

Figure3-3 DSP Data Formats

HITACHI
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Section 4 Floating Point Unit (SH-3E only)

Introduction

The SH-3E has a built-in floating point operations unit (FPU). Figure 4-1 shows the FPU registers.

31

Floating point registers
0

FRO

FRO functions as the index register
for FMAC instructions.

FR1

FR2

FR3

FR4

FRS

FR6

FR7

FR8

FR9

FR10

FR11

FR12

FR13

FR14

FR15

31

System registers

0 Floating Point Communication Register (FPUL)

FPUL*

| Indicates the buffer as the communication register

31

between the CPU and the FPU.
0 Floating Point Status/Control Register (FPSCR)

FPSCR*

| Stores status or control information for floating point

operations.

Note: * See section 4.2, Floating Point Registers and FPU Systems Registers, for more

information.

Figure4-1 Register Set Overview: Floating Point Registersand

System Registers Used by the FPU
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4.2  Floating Point Registersand System Registersfor FPU

421 Floating Point Register File

The SH-3E provides sixteen 32-hit single-precision floating point registers. Register designators
are aways 4-bits. In assembly language, the floating point registers are designated as FRO, FR1,
FR2, etc. FRO functions as the index for FMAC instructions.

4.2.2  Floating Point Communication Register (FPUL)

Information is transferred between the FPU and the CPU through a communication register,
FPUL, which is analogous to the MACL and MACH registers of the integer unit. The SH-3E
provides this communication register because of the differences between integer format and FPU
format. FPUL is a 32-bit system register, accessed on the CPU side by LDS and STS instructions.

4.2.3 Floating Point Status/Control Register (FPSCR)

The SH-3E implements a floating point status and control register, FPSCR, as a system register
accessed through the LDS and STS instructions (figure 4-2). FPSCR is available for modification
by user programs. The FPSCR is part of the process context. It must be saved across context
switches and may need to be saved across procedure calls.

The FPSCR is a 32-hit register that controls FPU rounding, handling of denormalized values, and
captures detail s about floating point exceptions.

In the SH-3E, only the following modes are supported for these functions.

* Rounding mode: Rounding toward O.

» Handling of denormalized values: When denormalized values are in the source or destination
operand, they are always treated as 0.

» FPU exceptions: Divide by zero (Z) and invalid (V).
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FZ:

31 19 18 17 16 15 14 12 11 10 9 7 6 5 4 210
Cause Enable Flag
0 -------mmmm - 0 1|0|CvIcZ|0O O O|EVIEZ|O O O|FV|FZ|O 0 0|01
CvV: Invalid-operation cause bit
1: Invalid-operation exception occurred during execution of the current instruction
0: Invalid-operation exception did not occur
CZ: Divide-by-zero cause bit
1: Divide-by-zero exception occurred during the execution of the current instruction
0: Divide-by-zero exception did not occur
EV: Invalid-operation exception enable bit
1: Enable invalid-operation exception
0: Disable invalid-operation exception and return gNaN as a result
EZ: Divide-by-zero exception enable bit
1: Enable divide-by-zero exception
0: Disable divide-by-zero exception and return correctly signed infinity
FV: Invalid-operation exception flag bit

1: Invalid-operation exception occurred during execution of the current instruction
0: Invalid-operation exception did not occur

Divide-by-zero exception flag bit

1: Divide-by-zero exception occurred during the execution of the current instruction
0: Divide-by-zero exception did not occur

Note: With the exception of the above bits, all bits are reserved as shown in the figures and
cannot be modified even by LDS instruction.

Figure4-2 Floating Point Status/Control Register

The bitsin the cause field indicate the cause of exception for the executing of the current
instruction. The cause bits are modified by execution of a floating point instruction. These bits are
set to 0 or 1, depending on occurrence or non-occurrence of exception conditions during the
execution of asingle instruction.

The bitsin the enable field indicate the specific types of exceptions that are enabled to cause an

exception, that is, change of flow to an exception handling procedure. An exception occursif the
enable bit and the corresponding cause bit are set by the execution of the current instruction.

The bitsin the flag field are used to capture the cumulative effect of all exceptions during the
execution of a sequence of instructions. These hits, once set by an instruction, can not be reset by
following instructions. The bitsin thisfield can only be reset by an explicit store operation on

FPSCR.

See section 4.4, Floating Point Exceptions Model, for more information on handling of floating

point exceptions.

HITACHI
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4.3  Floating Point For mat

431 Floating Point Format
The SH-3E supports single-precision floating point operations. It also conforms fully to the
|EEE754 standard.

Floating point numbers are composed of three fields:

Signfield: s
Exponent field : e
Mantissafield : f

The exponent is biased. In other words:
e = E + bias

The range of unbiased exponents E isE,;—1 to E,+1. The two values (E,;~1 and E,, +1) are
distinguished as follows. E,,;,—1 represents zero (sign is both positive and negative) and a
denormalized number while E,,+1 represents positive and negative infinity and a not-a-number
(NaN). In single-precision operations, the bias value is 127, E;, is—126, and E,, is 127.

31 30 23 22 0
S e f

Figure4-3 Floating Point Format
The value v of the floating point number is determined as follows:
If E== E,,+1 and f1=0, then v is not a number (NaN) regardless of sign s
If E== E,,+1 and f==0, then v=(-1)° (infinity) [positive or negative infinity]
If E,;.<=E<= E,.,,, then v =(=1)*2% (1.f) [normalized number]
If E== E,,—1 and f1=0, then v =(-1)*2™" (0.f) [denormalized number]
If E== E,;—1 and f==0, then v =(-1)° 0 [positive or negative zero]

4.3.2 Not aNumber (NaN)

In not-a-number (NaN) expressions in single-precision operations, at least one of the bits 22-0 is
set. Set bit 22 for asignaling NaN (sNaN). When bit 22 is reset, the value is then the quiet NaN
(gNaN).
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The following figure shows the bit pattern of the not-a-number (NaN). Bit N in the figureis set for
sNaN and reset for gNaN. An x indicates a don’t-care bit. At least one of hits 22-0 must be set.

In anot-a-number (NaN), the sign bit is a don’t-care bit.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXKXXXKXX

N =1: sNaN
N =0: gNaN

Figure4-4 NaN Bit Pattern
When anot-a-number (sNaN) is entered in the operation that generates the floating point value:

When the EV hit isreset in the FPSCR, the operation result (output) is gNaN.

When the EV bit is set in the FPSCR, an invalid operation exception occurs. In such cases, the
contents of the register at the destination side of the operation do not change.

When gNaN isinput to the operation that generates the floating point value and sNaN is not input
to the operation, the output will always be gNaN regardless of how the EV bit is set in the FPSCR.
No exception will occur.

4.3.3 Denormalized Values

Denormalized floating point values are expressed by a biased exponent of 0, a nonzero mantissa,
and a hidden bit of 0. In the SH-3E’ sfloating point unit, denormalized val ues (operand source or
operation result) are uniformly flushed with 0 in floating point operations (other than copy) that
generate values.

434 Other Special Values

Other specia values are as stipulated by standard IEEE754. Table 4-1 shows the seven different
types of specia valuesin floating point value expressions.

25
HITACHI



Table4-1 Special Value Expressionsin Single-Precision Stipulated in IEEE754

Value Expression
+0.0 0x00000000
-0.0 0x80000000
Denormalized number See section 4.3.3, Denormalized Values
+INF 0x7F800000
—INF 0xFF800000
gNaN (quiet NaN) See section 4.3.2, Not a Number (NaN)
sNaN (signaling NaN) See section 4.3.2, Not a Number (NaN)

4.4  Floating Point Exception M odel

441  Enabled Exception

Invalid-operation and divide-by-zero exceptions are enabled by setting the enable bit for the
relevant exception (the EV or EZ bit) in FPSCR. All exceptions caused by the FPU are mapped as
FPU exception events. The meaning of an individual exception is determined by software by
reading the FPSCR system register and analyzing the information held there.

4.4.2 Disabled Exception

If enable bit EV isnot set in FPSCR, the result of an invalid operation will be gNaN (with the
exception of FCMP and FTRC). If enable bit EZ is not set, division by zero will return infinity
with the sign of the current expression (+ or -).

The other floating-point exceptions specified in the |IEEE754 standard—inexact, overflow, and
underflow—are not supported by the SH-3E. In these cases, the SH-3E operates as described
below.

» An overflow will produce the number whose absolute value is the largest representable finite
number in the format with the correct sign bit. An underflow will produce a correctly signed
zero. If theresult of an operation isinexact, the destination register will hold the inexact result.

443  Exception Event and Codefor FPU

All FPU exceptions are mapped onto the single general exception event at address H'0x120. Loads
and stores of system registers FPUL and FPSCR cause the norma memory management general
exceptions.
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4.4.4  Alignment of Floating Point Datain Memory

Single precision floating point datais aligned on modulus-4 boundaries, that is, in the same
fashion as SH-3E long integers.

445  Arithmetic with Special Operands
All arithmetic with special operands (QNaN, sNaN, +INF, —INF, +0, —0) follows IEEE754 rules.

45  Synchronization | ssues

Synchronization with CPU: Floating-point and CPU instructions are issued serially in program
order, but may complete out-of-order due to execution cycle differences. A floating point
operation that accesses only FPU resources does not require synchronization with the CPU, and
subsequent CPU operations can compl ete before the completion of the floating point operation.
Therefore an optimized program can hide the execution cycle of along-execution-cycle floating
point operation such as Divide. A floating point operation such as Compare that accesses CPU
resources, however, requires synchronization to ensure program order.

Floating Point I nstructions Requiring Synchronization: Loads, stores, compares/tests, and
instructions accessing FPUL access CPU resources and therefore require synchronization. Loads
and Stores refer to general registers. Post-increment loads and pre-decrement stores modify
general registers. Compares/tests modify the T bit. Instructions accessing FPUL refer to or modify
FPUL. These references and modifications must be synchronized with the CPU.

Maintaining Program Order on Exceptions. Floating point instructions are never completed
until subsequent CPU instructions are completed. If an FPU exception is detected before
subsequent CPU instructions finish and an FPU exception occurs, subsequent CPU instructions are
canceled.

During afloating point instruction execution, if a subsegquent instruction causes an exception, the
floating point instruction is left executing and FPU resources cannot be accessed by other
instructions. The other instructions must await the completion of the floating point operation
before they can access. This ensures program order.
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Section 5 DSP Operation Functions and Data Transfers
(SH3-DSP Only)

DSP operations and data transfers are listed below:

ALU Fixed Decimal Point Operations: These are fixed decimal point operations with either 40-
bit (with guard bits) or 32-bit (with no guard bits) fixed decimal point data. These include
addition, subtraction, and comparison instructions.

ALU Integer Operations: These areinteger arithmetic operations with either 24-bit (with guard
bits) or 16-hit (with no guard bits) integer data. They include increment and decrement
instructions.

ALU Logical Operations. These are logical operations with 16-bit logical data. They include
AND, OR, and exclusive OR.

Fixed Decimal Point Multiplication: Thisisfixed decimal point multiplication (arithmetic
operation) of the top 16 bits of fixed decimal point data. Condition bits such as the DC hit are not
updated.

Shift Operations: These are arithmetic and logical shift operations. Arithmetic shift operations
are arithmetic shifts of 40 bits (with guard bits) or 32 bits (with no guard bits) of fixed decimal
point data. Logical shift operations are logical operations on 16 bits of logical data. The amount of
the arithmetic shift operation is—32 to +32 (negative for right shifts, positive for left shifts); for
logical shifts, the amount is—16 to +16.

M SB Detection I nstruction: This operation finds the amount of the shift to normalize the data. It
finds the position of the MSB bit in either 40-bit (with guard bits) or 32-bit (with no guard bits)
fixed decimal point data as either 24 bits (with guard bits) or 16 bits (with no guard bits) integer
data

Rounding Operation: Rounds 40-bit fixed decimal point data (with guard bits) to 24 bits or 32-
bit (with no guard hits) fixed decimal point data to 16 bits.

Data Transfers. Datatransfers consist of X and Y datatransfers, which load or store 16-bit data
to and from X and Y memory, and single data transfers, which load and store 16- or 32-bit data
from all memories. Two X and Y datatransfers can be processed in parallel. Condition bits such
asthe DC bit are not updated.

The operation instructions include both conditional operation instructions and instructions that are
conditionally executed depending on the DC bit. Condition bits such as the DC bit are not updated
by conditional instructions. Their settings vary for arithmetic operations, logical operations,
arithmetic shifts, and logical shifts. or MSB detection instructions and rounding instructions, set
the condition bits like for arithmetic operations.
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Arithmetic operations include overflow preventing instructions (saturation operations). When
saturation operation is specified with the S bit in the SR register, the maximum (positive) or
minimum (negative) value is stored when the result of operation overflows.

51 ALU Fixed Decimal Point Operations

5.1.1 Function

ALU fixed decimal point operations basically work with a 32-bit unit to which 8 guard bits are
added for atotal of 40 bits. When the source operand is aregister without guard bits, the register’s
sign bit is extended and copied to the guard bits. When the destination operand is a register
without guard bits, the lower 32 bits of the operation result are stored in the destination register.

ALU fixed decimal point operations are performed between registers. The source and destination
operands are selected independently from the DSP register. When there are guard bitsin the
selected register, the operation is also executed on the guard bits. These operations are executed in
the DSP stage (the last stage) of the pipeline.

Whenever an ALU arithmetic operation is executed, the DSR register’sDC, N, Z, V, and GT bits
are updated by the operation result. For conditional instructions, however, condition bits are not
updated even when the specified condition is achieved. For unconditional instructions, the bits are
updated according to the operation result.

The condition reflected in the DC bit is selected with the CS[2:0] bits. The DC bits of the PADDC
and PSUB instructions, however, are updated regardless of the CS bit settings. In the PADDC
instruction, it is updated as a carry flag; in the PSUB instruction, it is updated as a borrow flag.

Figure 5-1 shows the ALU fixed decimal point operation flowchart.
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Guard bits Guard bits

31 0 31 0
L | L
Source 1 Source 2
v v
ALU GT[z|[N]V][DC]|
DSR
Destination
L |
S 0
Guard bits

Figure5-1 ALU Fixed Decimal Point Operation Flowchart

When the memory read destination operand is the same as the ALU operation source operand and
the data transfer instruction program is written on the same line as the ALU operation, data loaded
from memory in the memory access stage (MA) cannot be used as the source operand of the ALU
operation instruction. When this occurs, the result of the instruction executed first is used as the
source operand of the ALU operation and is updated as the destination operand of the dataload
instruction thereafter. Figure 5-2 is a flowchart of the operation.

PADD X0, YO, A0 MOVX.W @ R4+, X0

Slot 1 2 3 4 5 6
EX (ad- | MA DSP
MOVX IF D | Gressing) | (MOVX) |  (nop)
MOVX, EX (ad: MA DSP
ADD IF ID dressing) \(MOVX) (ADD)
\/‘

The result of the previous step is used.

Figure5-2 Sample Processing Flowchart
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512

Instructions and Operands

Table 5-1 shows the types of ALU fixed decimal point arithmetic operations. Table 5-2 shows the
correspondence between the operands and registers.

Table5-1 Typesof ALU Fixed Decimal Point Arithmetic Operations
Mnemonic Function Source 1 Source 2 Destination
PADD Addition SX Sy Dz (Du)
PSUB Subtraction Sx Sy Dz (Du)
PADDC Addition with carry SXx Sy Dz
PSUBC Subtraction with borrow SX Sy Dz
PCMP Compare Sx Sy —
PCOPY Copy data SXx — Dz

— Sy Dz
PABS Absolute value Sx — Dz

— Sy Dz
PNEG Invert sign SX — Dz

— Sy Dz
PCLR Zero clear — — Dz
Table5-2 Correspondence between Operands and Registersfor ALU Fixed Decimal Point

Arithmetic Operations

Operand X0 X1 YO Y1 MO M1 AO Al
Sx Yes* Yes Yes Yes
Sy Yes Yes Yes Yes
Dz Yes Yes Yes Yes Yes Yes Yes Yes
Du*? Yes Yes Yes Yes

Notes: 1. Yes: Register can be used with operand.
2. Du: Operand when used in combination with multiplication.

513 DCBit

The DC bit is set as follows depending on the specification of the CS0-CS2 bits (condition select
bits) of the DSR register.
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Carry/Borrow Mode: CS2—-CS0 = 000: The DC bit indicates whether a carry or borrow has
occurred from the MSB of the operation result. The guard bits have no affect on this. Thismodeis
the default. Figure 5-3 shows examples when carries and borrows occur.

Example 1: Carry
Guard bits

0000 0000 1111 1111 1111 1111
+) 0000 0000 0000 0000 0000 0001

Example 2: Carry

Guard bits

1111 1111 0111 0000 0000 0000
+) 0011 1111 0001 0000 0000 0000

0000 0001 0000 0000 0000 0000

Position where
carry is detected

Example 3: Borrow
Guard bits

0000 0000 0000 0000 0000 0001
—) 0000 0000 0000 0000 0000 0001

(1)0011 1110 1000 0000 0000 0000

Position where
carry is detected

Example 4: Borrow
Guard bits

0000 0000 0001 0000 0000 0001
—) 0000 0000 0001 0000 0000 0010

0000 0000 0000 0000 0000 0000

L Position where

borrow is detected

1111 1111 1111 1111 1111 1111

L Position where

borrow is detected

Figure5-3 Examplesof Carriesand Borrows

Negative Mode: CS2—CS0 = 001: In this mode, the DC bit is the same as the MSB of the
operation result. When aresult is negative, the DC bit is 1. When the result is positive, the DC bit
is0. ALU arithmetic operations are always done in 40 bits. The sign bit indicating positive or
negative is thus the MSB included in the guard bits of the operation result rather than the MSB of
the destination operand. Figure 5-4 shows an example of distinguishing negative from positive. In
this mode, the DC bit has the same value as the condition bit N.

Example 1: Negative

Guard bits

1100 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001

Example 2: Positive
Guard bits

0011 0000 0000 0000 0000 0000
+) 0000 0000 1000 0000 0000 0001

1100 0000 0000 0000 0000 0001

T— Sign bit

0011 0000 1000 0000 0000 0001

L Sign bit

Figure5-4 Distinguishing Negative and Positive
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Zero Mode: CS2—CS0 = 010: The DC hit indicates whether the operation result is zero. When it
is, the DC bit is 1. When the operation result is nonzero, the DC bit is 0. In this mode, the DC bit
has the same value as the condition bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit indicates whether the operation result has caused
an overflow. When the operation result without the guard bits has exceeded the bounds of the
destination register, the DC bit is set to 1. The DC bit considers there to be no guard bits, which
makes it an overflow even when there are guard bits. This means that the DC bit is always set to 1
when large numbers use guard bits. In this mode, the DC bit has the same value as the condition
bit V. Figure 5-5 shows an example of distinguishing overflows.

Example 1: Overflow Example 2: No overflow
Guard bits Guard bits
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111
+) 1111 1111 1000 0000 0000 0000 +) 1111 1111 1000 0000 0000 0001
1111 1111 0111 1111 1111 1111 1111 1111 1000 0000 0000 0000
L Overflow detection range L Overflow detection range

Figure5-5 Distinguishing Overflows

Signed Greater Than Mode: CS2—CS0 = 100: The DC bit indicates whether the source 1 data
(signed) is greater than the source 2 data (signed) in the result of a comparison instruction PCMP.
For that reason, the PCM P instruction is executed before checking the DC bit in this mode. When
the source 1 datais larger than the source 2 data, the result of the comparison is positive, so this
mode becomes similar to the negative mode. When the source 1 datais larger than the source 2
data and the bounds of the destination operand are exceeded, however, the sign of the result of the
comparison becomes negative. The DC hit is updated. In this mode, the DC hit has the same value
as the condition bit GT. The equation shown below defines the DC bit in this mode. However, VR
becomes a positive value when the result including the guard bit area exceeds the display range of
the destination operand.

DC bit = ~ {(N bit A VR)|Z bit}

When the PCMP instruction is executed in this mode, the DC bit becomes the samevalue asthe T
bit that indicates the result of the SH core’s CMP/GT instruction. In this mode, the DC hit is
updated according to the above definition for instructions other than the PCMP instruction as well.

Signed Greater Than or Equal to Mode: CS2—CS0 = 101: The DC bit indicates whether or not
the source 1 data (signed) is greater than or equal to the source 2 data (signed) in the result of the
execution of a comparison instruction PCMP. For that reason, the PCMP instruction is executed
before checking the DC bit in this mode. This modeis similar to the Signed Greater Than mode
except for checking if the operands are the same. The equation shown below definesthe DC hit in
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this mode. However, VR becomes a positive val ue when the result, including the guard bit area,
exceeds the display range of the destination operand.

DC bit = ~ (N bit A VR)

When the PCMP instruction is executed in this mode, the DC bit becomes the same value asthe T
bit that indicates the result of the SuperH core’s CMP/GE instruction. In this mode, the DC bit is
updated according to the above definition for instructions other than the PCMP instruction as well.

5.1.4 Condition Bits

The condition bits are set as follows:

e TheN (negative) bit has the same value as the DC bit when the CS bits specify negative mode.
When the operation result is negative, the N bit is 1. When the operation result is positive, the
N hitisO.

¢ TheZ (zero) bit has the same value as the DC bit when the CS bits specify zero mode. When
the operation result is zero, the Z bit is 1. When the operation result is nonzero, the Z bit is 0.

¢ TheV (overflow) bit has the same value as the DC hit when the CS hits specify overflow
mode. When the operation result exceeds the bounds of the destination register without the
guard bits, the V bit is 1. Otherwise, the V bit isO.

e The GT (greater than) bit has the same value as the DC bit when the CS bits specify Signed
Greater Than mode. When the comparison result indicates the source 1 datais greater than the
source 2 data, the GT bit is 1. Otherwise, the GT bit isO.

5.1.5 Overflow Prevention Function (Saturation Operation)

When the S bit of the SR register is set to 1, the overflow prevention function is engaged for the
ALU fixed decimal point arithmetic operation executed by the DSP unit. When the operation
result overflows, the maximum (positive) or minimum (negative) value is stored.

5.2 ALU Integer Operations

ALU integer operations are basically 24-bit operations on the top word (the top 16 bits, or bits 16
through 31) and 8 guard bits. In ALU integer operations, the bottom word of the source operand
(the bottom 16 bits, or bits 0-15) isignored and the bottom word of the destination operand is
cleared with zeros. When the source operand has no guard bits, the sign bit is extended to fill the
guard bits. When the destination operand has no guard bits, the top word of the operation result
(not including the guard hits) are stored in the top word of the destination register.

Integer operations are basically the same as ALU fixed decimal point arithmetic operations. There
are only two types of integer operation instructions, increment and decrement, which change the
second operand by +1 or —1. 16 bits of integer data (word data) is |oaded to the DSP register and
stored in the top word. The operation is performed using the top word in the DSP register. When
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there are guard bits, they are valid as well. These operations are executed in the DSP stage (the last
stage) of the pipeline.

Whenever an ALU integer arithmetic operation is executed, the DSR register’sDC, N, Z, V, and
GT bits are basically updated by the operation result. Thisisthe same asfor ALU fixed decimal
point operations.

For conditional instructions, condition bits and flags are not updated even when the specified
condition is achieved and the instruction executed. For unconditional instructions, the bits are
always updated according to the operation result. Figure 5-6 shows the ALU integer operation
flowchart.

Guard bits Guard bits

31 0 ) 31 0
L L

Source 1 Source 2

A 4 A 4

ALU —GT| z| N |V |DC]
DSR

A4

31 0

Guard bits :Ignored

- :Cleared to 0

Destination

Figure5-6 ALU Integer Operation Flowchart

Table 5-3 lists the types of ALU integer operations. Table 5-4 shows the correspondence between
the operands and registers.

36
HITACHI




Table5-3 Typesof ALU Integer Operations

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by 1 Sx (+1) Dz

(+1) Sy Dz
PDEC Decrement by 1 SXx (-1) Dz

(-1) Sy Dz

Table5-4 Correspondence between Operands and Registersfor ALU Integer Operations

Operand X0 X1 YO Y1 MO M1 AO Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

When the S bit of the SR register is set to 1, the overflow prevention function (saturation
operation) is engaged. The overflow prevention function can be specified for ALU integer
arithmetic operations executed by the DSP unit. When the operation result overflows, the
maximum (positive) or minimum (negative) value is stored.

5.3 ALU Logical Operations

5.3.1 Function

ALU logical operations are performed between registers. The source and destination operands are
selected independently from the DSP register. These operations use only the top word of the
respective operands. The bottom word of the source operand and the guard bits are ignored and the
bottom word of the destination operand and guard bits are cleared with zeros. These operations are
executed in the DSP stage (the last stage) of the pipeline.

Whenever an ALU arithmetic operation is executed, the DSR register’'sDC, N, Z, V, and GT bits
are basically updated by the operation result. For conditional instructions, condition bits and flags
are not updated even when the specified condition is achieved and the instruction executed. For
unconditional instructions, the bits are always updated according to the operation result. The DC
bit is updated as specified in the CS bits. Figure 5-7 shows the ALU logical operation flowchart.
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Guard bits Guard bits

I 0 | 3 0
| | Source 1 | | | Source 2
Y Y
V
ALU —{cT[ z[ N ]V [DC]
DSR
Destination v
31 0
Guard bits

- Ignored

- :Cleared to O

532

Figure5-7 ALU Logical Operation Flowchart

Instructions and Operands

Table 5-5 lists the types of ALU logical arithmetic operations. Table 5-6 shows the
correspondence between the operands and registers, which is the same asfor ALU fixed decimal
point operations.

Table5-5 Typesof ALU Logical Arithmetic Operations

Mnemonic Function Source 1 Source 2 Destination

PAND AND Sx Sy Dz

POR OR SXx Sy Dz

PXOR Exclusive OR SX Sy Dz

Table5-6 Correspondence between Operands and Registersfor ALU Logical Arithmetic
Operations

Operand X0 X1 YO Y1 MO M1 AO Al

Sx Yes Yes Yes Yes

Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.
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533 DCBit
The DC bitissetinlogical operations as follows:

Carry/Borrow Mode: CS2-CS0 = 000: The DC hit is always 0.

Negative Mode: CS2—CS0 = 001: In this mode, the DC bit is the same as the bit 31 of the
operation result. In this mode, the DC hit has the same value as bit N.

ZeroMode: CS2—-CS0 = 010: The DC bit is 1 when the operation result is zero; otherwise, the
DC bitis0. In this mode, the DC bit has the same value as bit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit isaways 0. In this mode, the DC bit has the same
valueashit V.

Signed Greater Than Mode: CS2—CS0 = 100: The DC bit isaways 0. In this mode, the DC bit
has the same value as bit GT.

Signed Greater Than or Equal to Mode: CS2—-CS0 = 101: The DC bit isaways 0.

5.3.4 Condition Bits

The condition bits are set as follows.

¢ TheN bitisthe value of bit 31 of the operation result.

e TheZ bit is 1 when the operation result is zero; otherwise, the Z bit is 0.
e TheV bitisawaysO.

e TheGT bitisawaysO.

54  Fixed Decimal Point Multiplication

Multiplication in the DSP unit is between signed single-length operands. It is processed in one
cycle. When double-length multiplication is needed, use the SuperH RISC engine' s double-length
multiplication.

Basically, the operation result for multiplication is 32 bits. When aregister that has guard bitsis
specified as the destination operand, it is sign-extended.

In the DSP unit, multiplication is afixed decimal point arithmetic operation, not an integer
operation. This means the top words of the constant and multiplicand are entered into the MAC
operator. In SuperH RISC engine multiplication, the bottom words of the two operands are entered
into the MAC operator. The operation result thus is different from the SuperH RISC engine. The
SuperH RISC engine operation result is matched to the LSB of the destination, while the fixed
decimal point multiplication operation result is matched to the MSB. The LSB of the operation
result in fixed decimal point multiplication is thus always 0.
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Figure 5-8 shows a flowchart of fixed decimal point multiplication.

Guard bits Guard bits
i 31 0 l 31 0
L | |
l Y A 4
V
MAC
Destination
A4

s 0|
t a3 0
Guard bits I:I :Ignored

Figure5-8 Fixed Decimal Point Multiplication Flowchart

Table 5-7 shows the fixed decimal point multiplication instruction. Table 5-8 shows the
correspondence between the operands and registers.

Table5-7 Fixed Decimal Point Multiplication

Mnemonic Function Source 1 Source 2 Destination

PMULS Signed multiplication Se Sf Dg

Table5-8 Correspondence between Operands and Registersfor Fixed Decimal Point
Multiplication

Operand X0 X1 YO Y1 MO M1 AO Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.
DSP unit fixed decimal point multiplication completes asingle-length 16 bit x 16 bit operation in

one cycle. Other multiplication is the same asin the SuperH RISC engines.
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Multiplication instructions do not update the DC, N, Z, V, GT, or any condition bit of the DSR
register.

The overflow prevention function is valid for DSP unit multiplication. Specify it by setting the S
bit of the SR register is set to 1. When an overflow or underflow occurs, the operation result value
is the maximum or minimum value respectively. In DSP unit fixed decimal point multiplication,
overflows only occur for H'8000 x H'8000 ((—1.0) x (—1.0)). When the S hit is 0, the operation
result is H'80000000, which means—1.0 rather than the correct answer of +1.0. When the Shit is
1, the overflow prevention function is engaged and the result is H'007FFFFFFF.

55  Shift Operations

The amount of shift in shift operationsis specified either through aregister or using a direct
immediate value. Other source operands and destination operands are registers. There are two
types of shift operations: arithmetic and logical. Table 5-9 shows the operation types. The
correspondence between operands and registersis the same asfor ALU fixed decimal point
operations, except for immediate operands. The correspondence is shown in table 5-10.

Table5-9 Typesof Shift Operations

Mnemonic Function Source 1 Source 2 Destination

PSHA Sx, Sy, Dz  Arithmetic shift SX Sy Dz

PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz

PSHA #lmm, Dz  Arithmetic shift with Dz Imm1 Dz
immediate data

PSHL #lmm, Dz Logical shift with immediate Dz Imm1 Dz

data

-32<Imml<+32,-16 < Imm2 < +16

Table5-10 Correspondence between Operands and Registersfor Shift Operations

Operand X0 X1 YO Y1 MO M1 AO Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

55.1  Arithmetic Shift Operations

Function: ALU arithmetic shift operations basically work with a 32-bit unit to which 8 guard bits
are added for atotal of 40 bits. ALU fixed decimal point operations are basically performed
between registers. When the source operand has no guard bits, the register’s sign hit is copied to
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the guard bits. When the destination operand has no guard bits, the lower 32 bits of the operation
result are stored in the destination register.

In arithmetic shifts, al bits of the source 1 operand and destination operand are valid. The source 2
operand, which specifies the shift amount, isinteger data. The source 2 operand is specified as a
register or immediate operand. The valid amount of shift is—32 to +32. Negative values are shifts
to the right; positive values are shifts to the left. Between —64 and +63 can be specified for the
source 2 operand, but only —32 to +32 isvalid. When an invalid number is specified, the results
cannot be guaranteed. When an immediate value is specified for the shift amount, the source 1
operand must be the same as the destination operand. The action of the operation is the same as for
fixed decimal point operations and is executed in the DSP stage (the last stage) of the pipeline.

Whenever an arithmetic shift operation is executed, the DSR register’'s DC, N, Z, V, and GT bits
are basically updated by the operation result. Thisisthe same asfor ALU fixed decimal point
operations. For conditional instructions, condition bits are not updated even when the specified
condition is achieved and the instruction executed. For unconditional instructions, the bits are
always updated according to the operation result.

Figure 5-9 shows the arithmetic shift operation flowchart.

Left shift Right shift
7g 0Og 31 16 15 0 7g Og 31 16 15 0
| <‘I( e — |«— 0 [ b —1> \|\
Copy MSB
Shift out 2:\ % (Copy ) Shift out
+32 to -32
, 79 0g31 23221615 0
Shift amount data | I [ Dz | | Update ]GT| Z | N | v | DC|
(source 2) 6 0 DSR

I:I : Ignored

Figure5-9 Arithmetic Shift Operation Flowchart
DC Bit: The DC hit is set as follows depending on the mode specified by the CS bits:

» Carry/Borrow Mode: CS2—CS0 = 000: The DC hit is the operation result, the value of the bit
pushed out by the last shift.

* Negative Mode: CS2-CS0 = 001: Set to 1 for a negative operation result and O for a positive
operation result. In this mode, the DC bit has the same value as bit N.
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e Zero Mode: CS2-CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bit is 0. In this mode, the DC bit has the same value as bit Z.

¢ Overflow Mode: CS2—-CS0 = 011: The DC bit is set to 1 by an overflow. In this mode, the DC
bit has the same value as hit V.

e Signed Greater Than Mode: CS2—CS0 = 100: The DC hit is always 0. In this mode, the DC bit
has the same value as bit GT.

e Signed Greater Than or Equal To Mode: CS2-CS0 = 101: The DC hit is aways 0.
Condition Bits: The condition bits are set as follows:

¢ TheN bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for a negative operation result and O for a positive operation result.

« TheZ bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 when the operation result is zero; otherwise, the Z bit is 0.

¢ TheV bitisthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for an overflow.

e TheGT bitisawaysO.

Overflow Prevention Function (Saturation Operation): When the S bit of the SR register is set
to 1, the overflow prevention function is engaged for the ALU fixed decimal point arithmetic
operation executed by the DSP unit. When the operation result overflows, the maximum (positive)
or minimum (negative) value is stored.

55.2  Logical Shift Operations

Function: Logical shift operations use the top words of the source 1 operand and the destination
operand. Asin ALU logical operations, the guard bits and bottom word of the operands are
ignored. The source 2 operand, which specifies the shift amount, isinteger data. The source 2
operand is specified as aregister or immediate operand. The valid amount of shift is—16 to +16.
Negative values are shifts to the right; positive values are shifts to the left. Between —32 and +31
can be specified for the source 2 operand, but only —16 to +16 is valid. When an invalid number is
specified, the results cannot be guaranteed. When an immediate value is specified for the shift
amount, the source 1 operand must be the same as the destination operand. The action of the
operation is the same as for fixed decimal point operations and is executed in the DSP stage (the
last stage) of the pipeline.

Whenever alogical shift operation is executed, the DSR register’sDC, N, Z, V, and GT bitsare
basically updated by the operation result. Thisisthe same asfor ALU logical operations. For
conditional instructions, condition bits are not updated even when the specified condition is
achieved and the instruction executed. For unconditional instructions, the bits are always updated
according to the operation result.

Figure 5-10 shows the logical shift operation flowchart.
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Left shift Right shift

79 0Og 31 16 15 0 79 0Og 31 16 15 0
. 0 0 ,
Shift out Shift out
2‘0\ %
+16 to —-16
) 79 Og 31 23221615 0
Shift amount data 7 [ Dz | | update [GT][z][N]V][DC|
(source 2) 5 0
DSR

|:| - Ignored
I :clearedto0

Figure5-10 Logical Shift Operation Flowchart
DC Bit: The DC hit is set as follows depending on the mode specified by the CS bits.

» Carry/borrow mode: CS2—CS0 = 000: The DC hit is the operation result, the value of the bit
pushed out by the last shift.

* Negative Mode: CS2-CS0 = 001: In this mode, the DC bit is the same as the bit 31 of the
operation result. In this mode, the DC bit has the same value as bit N.

e Zero Mode: CS2-CS0 = 010: The DC bit is 1 when the operation result is all zeros; otherwise,
the DC bit is 0. In this mode, the DC bit has the same value as bit Z.

*  Overflow Mode: CS2—CS0 = 011: The DC bit is always 0. In this mode, the DC bit has the
samevalue ashit V.

» Signed Greater Than Mode: CS2—CS0 = 100: The DC hit isalways 0. In this mode, the DC bit
has the same value as bit GT.

» Signed Greater Than Or Equal To Mode: CS2—-CS0 = 101: The DC hit isaways 0.
Condition Bits: The condition bits are set as follows.

» TheN bit isthe same as the result of the ALU logical operation. It is set to the value of bit 31
of the operation result.

» TheZ hit isthe same as the result of the ALU logical operation. It is set to 1 when the
operation result is all zeros; otherwise, the Z bit is 0.

e TheV bitisawaysO.
* TheGT bitisawaysO.
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5.6 The M SB Detection I nstruction

5.6.1 Function

The M SB detection instruction (PDM SB: most significant bit detection) finds the amount of shift
for normalizing the data.

The operation result is the same as for ALU integer operations. Basically, the top 16 bitsand 8
guard bits are valid for atotal 24 bits. When the destination operand is aregister that has no guard
bits, it is stored in the top 16 bits of the destination register.

The MSB detection instruction works on all bits of the source operand, but gets its operation result
ininteger data. Thisis because the shift amount for normalization must be integer data for the
arithmetic shift operation. The action of the operation is the same as for fixed decimal point
operations and is executed in the DSP stage (the last stage) of the pipeline.

Whenever a PDM SB instruction is executed, the DSR register’sDC, N, Z, V, and GT bitsare
basically updated by the operation result. For conditional instructions, condition bits are not
updated even when the specified condition is achieved and the instruction executed. For
unconditional instructions, the bits are always updated according to the operation result.

Figure 5-11 shows the MSB detection instruction flowchart. Table 5-11 shows the relationship
between source data and destination data.

Guard bits
31 0
L
Source 1 or 2
v
Priority encoder —>|GT| z | N | \ |DC|
DSR
Destination
A4
L
N

0
Guard bits |:| :Clearedto O

Figure5-11 MSB Detection Flowchart
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Table5-11 Relationship between Source Data and Destination Data

Source Data

Bottom Word

27-4 3

Top Word
29

Guard Bits

27-4

28

6g 5g-2g 1lg Og 31 30

79
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Table5-11 Relationship between Source Data and Destination Data (cont)

Destination Result

Guard Bits Top word
10
79-0g 31-22 21 20 19 18 17 16 Hexadecimal
all o0 all 0 0 1 1 1 1 1 +31
0 1 1 1 1 0 +30
0 1 1 1 0 1 +29
0 1 1 1 0 0 +28
! ! ! !
allo allo 0 0 0 0 1 0 +2
0 0 0 0 0 1 +1
0 0 0 0 0 0 0
all 1 al 1 1 1 1 1 1 1 -1
1 1 1 1 1 0 -2
! ! ! !
all 1 all1 1 1 1 0 0 0 -8
1 1 1 0 0 0 -8
! ! ! !
all 1 al 1 1 1 1 1 1 0 -2
1 1 1 1 1 1 -1
allo allo 0 0 0 0 0 0 0
0 0 0 0 0 1 +1
0 0 0 0 1 0 +2
! ! ! !
allo allo 0 1 1 1 0 0 +28
0 1 1 1 0 1 +29
0 1 1 1 1 0 +30
0 1 1 1 1 1 +31

Note: Don't care bits have no effect.

5.6.2 Instructionsand Operands

Table 5-12 shows the MSB detection instruction. The correspondence between the operands and
registersisthe same asfor ALU fixed decimal point operations. It is shown in table 5-13.
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Table5-12 MSB Detection Instruction

Mnemonic Function Source 1 Source 2 Destination
PDMSB MSB detection Sx — Dz
— Sy Dz

Table5-13 Correspondence between Operands and Registersfor M SB Detection

Instructions
Operand X0 X1 YO Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes
Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.

56.3 DCBit
The DC bit is set as follows depending on the mode specified by the CS bits:

Carry/Borrow Mode: CS2—CS0 = 000: The DC hit is always 0.

Mode: CS2—CS0 = 001: Set to 1 for a negative operation result and O for a positive operation
result. In this mode, the DC bit has the same value as bit N.

Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bit is 0. In this mode, the DC bit has the same value as hit Z.

Overflow Mode: CS2-CS0 = 011: The DC bit is always 0. In this mode, the DC bit has the same
valueashit V.

Signed Greater Than Mode: CS2—CS0 = 100: Set to 1 for a positive operation result and O for a
negative operation result. In this mode, the DC bit has the same value as bit GT.

Signed Greater Than or Equal To Mode: CS2—CS0 = 101: Set to 1 for a positive or zero
operation result and O for a negative operation result.

5.6.4 Condition Bits
The condition bits are set as follows.

e TheN bit isthe same as the result of the ALU integer operation. It is set to 1 for a negative
operation result and O for a positive operation result.
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e TheZ bit isthe same as the result of the ALU integer operation. It is set to 1 when the
operation result is zero; otherwise, the Z bit is 0.

e TheV bitisawaysO.

* The GT hit isthe same as the result of the ALU integer operation. It is set 1 for apositive
operation result and otherwise to O.

5.7 Rounding

5.7.1  Operation Function

The DSP unit has afunction for rounding 32-bit values to 16-bit values. When the value has guard
bits, 40 bits are rounded to 24 bits. When the rounding instruction is executed, H'0000 8000 is
added to the source operand and the bottom word is then cleared to zeros.

Rounding uses all bits of the source and destination operands. The action of the operation isthe
same as for fixed decimal point operations and is executed in the DSP stage (the last stage) of the
pipeline.

The rounding instruction is unconditional. The DSR register’'sDC, N, Z, V, and GT bits are thus
always updated according to the operation result.

Figure 5-12 shows the rounding flowchart. Figure 5-13 shows the rounding process definitions.

Guard bits
v 31 0
[ ] | | H'00008000
Source 1 or 2 Addition
A A
V
ALU et z[ N[V [DC]
DSR
Destination
Y
L
e 0
Guard bits

! Clearedto O

Figure5-12 Rounding Flowchart
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Rounding result &

H'000002 ————4-—————— Analog values

H'000001 ----- -

»
>

Actual value

H'0000018000 ——-T1-—-—-
H'0000020000 -——1-=—==—=-=——==
H'0000028000 ———F-————————O--N--

Figure5-13 Rounding Process Definitions

5.7.2 Instructionsand Operands

Table 5-14 shows the instruction. The correspondence between the operands and registersis the
same asfor ALU fixed decimal point operations. It is shown in table 5-15.

Table5-14 Rounding Instruction

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding SX — Dz
— Sy Dz

Table5-15 Correspondence between Operands and Registersfor Rounding I nstruction

Operand X0 X1 YO0 Y1 MO M1 A0 Al
Sx Yes Yes Yes Yes
Sy Yes Yes Yes Yes

Dz Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes: Register can be used with operand.
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57.3 DCBit

The DC bit is updated as follows depending on the mode specified by the CS bits. Condition bits
are updated as for ALU fixed decimal point arithmetic operations.

Carry/Borrow Mode: CS2—CS0 = 000: The DC hit is set to 1 when acarry or borrow from the
MSB of the operation result occurs; otherwise, it isset to 0.

Negative Mode: CS2—CS0 = 001: Set to 1 for a negative operation result and O for a positive
operation result. In this mode, the DC hit has the same value as bit N.

Zero Mode: CS2—CS0 = 010: The DC hit is 1 when the operation result is zero; otherwise, the
DC bitis 0. In this mode, the DC bit has the same value as bit Z.

Overflow Mode: CS2-CS0 =011: The DC bit is set to 1 by an overflow; otherwise, it isset to 0.
In this mode, the DC bit has the same value as bit V.

Signed Greater Than Mode: CS2—CS0 = 100: Set to 1 for a positive operation result; otherwise,
itisset to 0. In thismode, the DC bit has the same value as bit GT.

Signed Greater Than or Equal To Mode: CS2-CS0 = 101: Set to 1 for a positive or zero
operation result; otherwise, itisset to 0..

5.7.4  Condition Bits

The condition bits are set as follows. They are updated as for ALU fixed decimal point arithmetic
operations.

¢ TheN bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for a negative operation result and O for a positive operation result.

« TheZ bit isthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 when the operation result is zero; otherwise, the Z bit is 0.

¢ TheV bitisthe same as the result of the ALU fixed decimal point arithmetic operation. It is set
to 1 for an overflow; otherwise, the V bit isO.

e The GT hit isthe same as the result of the ALU fixed decimal point arithmetic operation and
the ALU integer operation. It is set 1 for a positive operation result; otherwise, the GT bit isO.

5.75 Overflow Prevention Function (Saturation Operation)

When the S bit of the SR register is set to 1, the overflow prevention function can be specified for
all rounding processing executed by the DSP unit. When the operation result overflows, the
maximum (positive) or minimum (negative) value is stored.
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5.8 Condition Select Bits (CS) and the DSP Condition Bit (DC)

DSP instructions may be either conditional or unconditional. Unconditional instructions are
executed without regard to the DSP condition bit (DC bit), but conditional instructions may
reference the DC bit before they are executed. With unconditional instructions, the DSR register’s
DC bit and condition bits (N, Z, V, and GT) are updated according to the results of the ALU
operation or shift operation. The DC hit and condition bits (N, Z, V, and GT) are not updated
regardless of whether the conditional instruction is executed. The DC hit is updated according to
the specifications of the condition select (CS) bits. Updates differ for arithmetic operations, logical
operations, arithmetic shifts and logical shifts. Table 5-16 shows the relationship between the CS
bits and the DC hit.
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Table5-16 Condition Select Bits (CS) and DSP Condition Bit (DC)

CS Bits
Condition Mode

Description

0 0 0 Carry/borrow

The DC bit is set to 1 when a carry or borrow occurs in the
result of an ALU arithmetic operation. Otherwise, it is cleared to
0.

In logical operations, the DC bit is always cleared to 0.

For shift operations (the PSHA and PSHL instructions), the bit
shifted out last is copied to the DC bit.

0 0 1 Negative

In ALU arithmetic operations or arithmetic shifts (PSHA), the
MSB of the result (including the guard bits) is copied to the DC
bit.

In ALU logical operations and logical shifts (PSHL), the MSB of
the result (not including the guard bits) is copied to the DC bit.

0 1 0 Zero

When the result of an ALU or shift operation is all zeros (0), the
DC bit is set to 1. Otherwise, it is cleared to 0.

0 1 1 Overflow

In ALU arithmetic operations or arithmetic shifts (PSHA), when
the operation result (not including the guard bits) exceeds the
destination register’s value range, the DC bit is set to 1.
Otherwise, it is cleared to 0.

In ALU logical operations and logical shifts (PSHL), the DC bit
is always cleared to O.

1 0 O Signed greater
than

This mode is like the Greater Than Or Equal To mode, but the
DC bit is cleared to 0 when the operation result is zero (0).
When the operation result (including the guard bits) exceeds
the expressible limits, the TRUE condition is VR.

DC bit = ~{(N bit * VR)|Z bit)}; for arithmetic operations
DC bit = 0; for logical operations

1 0 1 Greaterthan or
equal to

In ALU arithmetic operations or arithmetic shifts (PSHA), when
the result does not overflow, the value is the inversion of the
negative mode’s DC bit. When the operation result (including
the guard bits) exceeds the expressible limits, the value is the
same as the negative mode’s DC bit.

In ALU logical operations and logical shifts (PSHL), the DC bit
is always cleared to O.

DC bit = ~(N bit » VRY)); for arithmetic operations

DC bit = O; for logical operations

1 1 0 Reserved
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5.9  Overflow Prevention Function (Saturation Operation)

The overflow prevention function (saturation operation) is specified by the S bit of the SR register.
Thisfunction isvalid for arithmetic operations executed by the DSP unit and multiply and
accumul ate operations executed by the CPU core. An overflow occurs when the operation result
exceeds the bounds that can be expressed as a two’s complement (not including the guard bits).

Table 5-17 shows the overflow definitions for fixed decimal point arithmetic operations. Table 5-
18 shows the overflow definitions for integer arithmetic operations. Multiply/Accumulate
calculation instructions (MAC) supported by previous SuperH RISC engines are performed on 64-
bit registers (MACH and MACL), so the overflow value differs from the maximum and minimum
values. They are defined exactly the same as before.

Table5-17 Overflow Definitionsfor Fixed Decimal Point Arithmetic Operations

Maximum/
Sign Overflow Condition Minimum Hexadecimal Display
Positive Result > 1-2-31 1-2-31 O07FFFFFFF
Negative Result < -1 -1 FF80000000

Table5-18 Overflow Definitionsfor Integer Arithmetic Operations

Maximum/
Sign Overflow Condition Minimum Hexadecimal Display
Positive Result > 2715 1 27151 O07FFF**+*
Negative Result < —2-15 —2-15 FF8000****

Note: Don't care bits have no effect.

When the overflow prevention function is specified, overflows do not occur. Naturally, the
overflow bit (V bit) is not set. When the CS bits specify overflow mode, the DC bit is not set
either.

510 DataTransfers

The SH3-DSP can perform up to two datatransfersin parallel between the DSP register and on-
chip memory with the DSP unit. The SH-DSP has the following types of data transfers:

1. X and Y memory datatransfers: Datatransfer to X and Y memory using the XDB and YDB
buses

» Double datatransfer: Datatransfer only, where transfer in one direction only is permitted
» Parallel datatransfers: Datatransfer that proceedsin parallel to ALU operation processing
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2. Single datatransfers. Datatransfer to on-chip memory using the LDB bus
Note: Datatransfer instructions do not update the DSR register’ s condition bits.
Table 5-19 shows the various functions.

Table5-19 Data Transfer Functions

Parallel
Processing Parallel
with ALU Processing with Instruction
Category Bus Length  Operation Data Transfer Length
Xand Y memory XDB bus 16 bits None (double) None (XDB or 16 bits
data transfer YDB bus YDB bus)
Available (XDB 16 bits
and YDB bus)
Available None (XDB or 32 bits
(parallel) YDB bus)
Available (XDB 32 bits
and YDB bus)
Single data LDB bus 32 bits None None 16 bits

transfer 16 bits

5101 X andY Memory Data Transfer

X and Y memory data transfers allow two data transfers to be executed in parallel and allow data
transfers to be executed in parallel with DSP data operations. 32-bit instruction code is required
for executing DSP data operations and transfersin parallel. Thisis called aparallel datatransfer.
When executing an X and Y memory data transfer by itself, 16-bit instruction codeis used. Thisis
called adouble data transfer.

Data transfers consist of X memory datatransfersand Y memory data transfers. X memory datais
loaded to either the X0 or X1 register; Y memory dataisloaded to the YO or Y 1 register. The X0,
X1, YO, and Y 1 registers become the destination registers. Data can be stored in the X and Y
memory if the AO or Al register isthe source register. All these data transfersinvolve word data
(16 bits). Datais transferred from the top word of the source register. Datais transferred to the top
word of the destination register and the bottom word is automatically cleared with zeros.

Specifying a conditional instruction as the operation instruction executed in parallel has no effect
on the data transfer instructions.

X and Y memory data transfers access only the X and Y memory; they cannot access other
memory areas.
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X pointer (R4, R;)/P Y pointer (R6, R;)/}>

0, +2, +R8 0, +2, +R9
XABJ[15:1] YAB[15:1]
v 4
X memory Y memory
(RAM, ROM) (RAM, ROM)
A A
XDB[15:0] YDB[15:0]
Y Y
X0 YO
X1 Y1

A0 M
Al M1
AOG|| A1GI[DSR

I:I : Not affected for storing; cleared for loading

- : Cannot be set

Figure5-14 Flowchart of X and Y Memory Data Transfers

5.10.2 SingleData Transfers

Single data transfers execute only one datatransfer. They use 16-bit instruction code. Single data
transfers cannot be processed in parallel with ALU operations. The X pointer, which accesses X
memory, and two added pointers are valid; the Y pointer is not valid. Aswith the SuperH RISC
engine, single data transfers can access all memory areas, including external memory. Except for
the DSR register, the DSP registers can be specified as source and destination operands. (The DSR
register is defined as the system register, so it can transfer datawith LDS and STS instructions.)
The guard bit registers AOG and A1G can be specified for operands as independent registers.
Single data transfers use the LAB and LDB busesin place of the XAB, XDB, YAB, and YDB
buses, so contention occurs on the LDB bus between data transfers and instruction fetches.

Single data transfers handle word and longword data. Word data transfers involve only the top
word of the register. When datais loaded to aregister, it goes to the top word and the bottom word
isautomatically filled with zeros. If there are guard bits, the sign bit is extended to fill them. When
storing from aregister, the top word is stored.

When alongword is transferred, 32 bits are valid. When loading aregister that has guard bits, the
sign bit is extended to fill the guard bits.
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When aguard bit register is stored, the top 24 bits become undefined, and the read out is to the

LDB bus. When the guard hit registers AOG and A1G load word data as the destination registers

of the MOV S.W instruction, the bottom byte is written to the register.

Pointer (R2, R3, R4, Rv5)/}>

-2,0,+2, +R8
LAB[31:0]
A 4
All memory areas
A
LDB[15:0]
y
X0 YO0
X1 Y1
A0 MO
Al M1
[AoG | A1G [IDSR

. Not affected for storing; cleared for loading. See
the text for information about AOG and A1G.

- : Cannot be set

Figure5-15 Single Data Transfer Flowchart (Word)
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Pointer (R2, R3, R4, RVS)/}>

-4, 0, +4, +R8
LAB[31:0]
v
All memory areas
A
LDBJ[31:0]
Y
X0 YO
X1 Y1
A0 MO
Al M1
| AOG | A1G [DSR

- : Cannot be set

Figure5-16 Single Data Transfer Flowchart (Longword)

Data transfers are executed in the MA stage of the pipeline while DSP operations are executed in
the DSP stage. Since the next data store instruction starts before the data operation instruction has
finished, a stall cycle isinserted when the store instruction comes on the instruction line after the
data operation instruction. This overhead cycle can be avoided by adding one instruction between
the data operation instruction and the data transfer instruction. Figure 5-17 shows an example.

58
HITACHI



PADD X0, YO, AO

MOVX.W A0, @R4+
MOVX.W @R5, X1 «+—
MOVX.W A0, @R4+

Insert an unrelated step
between data operation

instruction and store instruction.

Slot 1 2 3 4 5 6 7
MOVX, EX (ad-
ADD IF ID dressing) MOVX ADD
MOVX IF ID EX (‘?‘d' MOVX \|{ DSP (nop)
dressing)
R
MOVX IF ID EX ("_"d MOVX | DSP (nop)
dressing)

Figure5-17 Example of the Execution of Operation and Data Store I nstructions

511 Operand Contention

Data contention occurs when the same register is specified as the destination operand for two or
more parallel processing instructions. It occurs in three cases.

1. When the same destination operand is specified for an ALU operation and multiplication (Du,

Dg)

2. When the same destination operand is specified for an X memory load and an ALU operation

(Dx, Du, D2)

3. When the same destination operand is specified for aY memory load and an ALU operation

(Dx, Du, D2)

Results cannot be guaranteed when contention occurs. Table 5-20 shows the operand and register

combinations that cause contention.

Some assemblers can detect these types of contention, so pay attention to assembler functions
when selecting one.

HITACHI
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Table5-20 Operand and Register Combinations That Create Contention

DSP Register

Operation Operand X0 X1 YO Y1 MO M1 A0 Al
X memory AX
load 1X

Dx »2 »2
Y memory Ay
load ly

Dy *3 *3
6-operand ALU Sx xt #1 xt #1
operation Sy *1 *1 *1 *1

Du *2 *3 *4 *4
3-operand Se xt #1 *1 #1
multiplication Sf *1 *1 *1 *1

Dg *l *l *4 *4
3-operand ALU Sx xt #1 xt #1
operation Sy *1 *1 *1 *1

DZ *2 *2 *3 *3 *l *l *l *1

Notes: 1. Register is settable for the operand
2. Dx, Du, and Dz contend
3. Dy, Du, and Dz contend
4. Du and Dg contend

512 DSP Repeat (Loop) Control

The SH3-DSP repeat (loop) control function is a special utility for controlling repetition
efficiently. The SETRC instruction is executed to hold a repeat count in the repeat counter (RC, 12
bits) and set an execution mode in which the repeat (loop) program is repeated until the RC is 1.
Upon completion of the repeat operation, the content of the RC becomes 0.

The repeat start register (RS) holds the start address of the repeated section. The repeat end
register (RE) holds the ending address of the repeated section. (There are some exceptions. Refer
to Note 1, Actual programming, in this section [below figure 5-18].) The repeat counter (RC)
holds the repeat count. The procedure for executing repeat control is shown below:

1. Set therepeat start addressin the RS register.
2. Set therepeat end address in the RE register.
3. Set therepeat count in the RC counter.
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4. Execute the repeated program (loop).
The following instructions are used for executing 1 and 2:

LDRS @di sp, PO ;
LDRE @di sp, PO ;

The SETRC instruction is used to execute 3 and 4. Immediate data or a general register may be
used to specify the repeat count as the operand of the SETRC instruction:

SETRC #i nm #imm - Rc, enable repeat control
SETRC Rm Rm - Rc, enable repeat control

#imm is 8 bits and the RC counter is 12 hits, so to set the RC counter to a value of 256 or greater,
use the Rm register. A sample program is shown below.

LDRS Rot Start;
LDRE  RptEnd;
SETRC #imm RC=#i nm
instroO;
; instrl~5 executes repeatedy
RotStart: instrl;
instr2;
instr3;
i nstr4;
Rpt End: i nstr5;
i nstr6;

There are several restrictions on repeat control:

1. Atleast oneinstruction must come between the SETRC instruction and the first instruction of
the repeat program (loop).

2. Execute the SETRC instruction after executing the LDRS and LDRE instructions.

3. When there are more than four instructions for the repeat program (loop) and thereis no repeat
start address (in the above example, it was address instrl) at the long word boundary, one cycle
stall (cycle awaiting execution) is required for each repeat.

4. When there are three or fewer instructions in the loop, branch instructions (BRA, BSR, BT,
BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, JMP), repeat control instructions (SETRC,
LDRS, LDRE), SR, RS, and RE load instructions, and TRAPA cannot be used. If such an
instruction is used, illegal instruction exception handling starts and the address values shown in
Table 5-21 are stored in SPC.
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Table5-21 PC Values Address Stored in SPC (1)

Conditions Position Address Stored in SPC
RC>=2 Any RptStart
RC=1 Any Program address of illegal instruction

5. If there are four or fewer instructions in the loop, branched instructions (BRA, BSR, BT, BF,
BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP), repeat control instructions (SETRC, LDRS,
LDRE), SR, RS, and RE load instructions, and TRAPA cannot be used for the last three
instructions in the repeat program (loop). If such aninstruction is used, illegal instruction
exception handling starts and the address values shown in Table 5-22 are stored in SPC. In
case of repeat control instruction (SETRC, LDRS, LDRE), and SR, RS, and RE load
instructions, they cannot be described in positions other than the repeat module. If described,
proper operation cannot be guaranteed.

Table5-22 PC Values Address Stored in SPC (2)

Conditions Position Address Stored in SPC

RC>=2 instr3 Program address of illegal instruction
instr4 RptStart-4
instr5 RptStart-2

RC=1 Any Program address of illegal instruction

6. When there are three or fewer instructions in the loop, PC relative instructions (MOV A
(disp,PC), RO, or the like) can only be used at the first instruction (instrl).

7. If there are four or more instructions in the loop, PC relative instructions (MOV A (disp,PC),
RO, or the like) cannot be used in the final two instructions.

8. The SH3-DSP does not have arepeat valid flag; repeats become invalid when the RC counter
becomes 0. When the RC counter is not 0 and the PC counter matches the RE register contents,
repeating begins. When the RC counter is set to 0, the repeat program (loop) isinvalid but the
loop is executed only once and does not return to the starting instruction of the loop as when
RCis 1. When the RC counter is set to 1, the repeat module is executed only once. Though it
does not return to the repeat program (loop) start instruction, the RC counter becomes zero
when the repeat module is executed.

9. If there are four or more instructions in the loop, the branched instructions including the
subroutine call back and return instructions cannot be used for the “inst3” through “inst5”
instructions as branch destination address. If they are executed, the repeat control does not
work correctly. If arepeating portion of a program (aloop) contains three or more instructions
and the branching destination is RptStart or an address ahead of it, repeat control does not
work properly and the content of RC in the SR register is not updated.
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10. While the repeat is being executed, interruption is restricted. Figure 5-18 shows the flow for

each stage of EX. Theinitial EX stage of interruption is usually started immediately after the

EX stage of the instruction is completed (indicated by “A”). "B" in the figure below indicates
locations where no interruption is accepted.

A: Interruption is accepted.
B: No interruption is accepted.

When RC>=1

1-step repeat

2-step repeat

3-step repeat

) <A . A ) <A
instr0 _ g instr0 _ g instr0 _ g
Start(End): instrl _ g Start: instrl _ g Start: instrl _ g
instr2 _ a End: instr2 _ g instr2 _ g
instr3  _ A End: instr3 _ g
instr4 _ a
More than 4 steps repeat
) <A
instr0 ~ A or B (when returning from instr n)
Start: instrl A
A
instrn-3  _ B
instrn-2  _ g
instrn-1  _ g
End: instr n B
instrn+tl _ A
When RC=0: Interruption is accepted.
Figure5-18 Restriction on Acceptance of Interruption by Repeat Module
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5.12.1 Usage Notes

Notel.  Actual programming

The repeat start register (RS) and repeat end register (RE) store the repeat start address
and repeat end address respectively. Addresses stored in these registers are changed
depending on the number of instructions in the repeat program (loop). This rule is
shown below.

Repeat_Start: Address of repeat start instruction
Repeat_Start0: Address of instruction one higher than the repeat start instruction
Repeat_Start3: Address of instruction three higher than the repeat end instruction

Table5-23 RSand RE Setup Rule

Number of Instructions in Repeat Program (Loop)

Register 1 2 3 >=4
RS Repeat_start0+8 Repeat_start0+6 Repeat_start0+4 Repeat_Start
RE Repeat_start0+4 Repeat_start0+4 Repeat_start0+4 Repeat_End3+4

An example of an actual repeat program (loop) assuming various cases based on the above table is
given below:

Case 1: Onerepeat instruction

LDRS Rpt St art 0+8;
LDRE Rpt St ar t 0+4;
SETRC Rpt Count ;
RptStartO: instrO;
RpStart: instrl; Repeat instruction
instr2;

Case 2: Two repeat instructions

LDRS Rpt St ar t 0+6;
LDRE Rpt St art 0+4;
SETRC  Rpt Count ;
Rpt StartO: instroO;
RpStart: instrl; Repeat instruction 1
Rpt End: i nstr 2; Repeat instruction 2
instr3;
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Case 3: Three repeat instructions

LDORS Rpt St ar t 0+4;
LDRE Rpt St ar t 0+4;
SETRC Rpt Count ;
Rot Start0: instrO;
R pStart: instrl; Repeat instruction 1
instr2; Repeat instruction 2
Rpt End: i nstr3; Repeat instruction 3
i nstr4;

Case 4: Four or more instructions

LDRS Rot Start;
LDRE RptStart 3+4;
SETRC  Rpt Count ;
Rpt StartO: instro;
R pStart: instrl; Repeat instruction 1
instr2; Repeat instruction 2
instr3; Repeat instruction 3
Rpt End3: instrN-3; Repeat instruction N
instrN-2; Repeat instruction N2
instrN1; Repeat instruction N1
Rpt End: i nstrN, Repeat instruction N
i nstrN+1

The above example can be used as a template when programming this repeat program (loop)
sequence. Extension instruction “REPEAT” can simplify the problems of such complicated
labeling and offset. Details are described in Note 2 below.

Note 2. Extension instruction REPEAT

The extension instruction REPEAT can simplify the handling of the labeling and offset
described in Table 5-23. Labels used are shown below.

RptStart: RptStart: Address of first instruction of repeat program (loop)
RptEnd: Address of last instruction of repeat program (loop)

PptCount: Repeat count immediate No.

Use thisinstruction as described below.
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Repeat count can be designated as immediate value #lmm or register indirect value Rn.
Case 1: One repeat instruction

REPEAT Rpt Start, Rpt End, Rpt Count

instro;
RpotStart: instrl; Repeat instruction 1

instr2;
Case 2: Two repeat instructions

REPEAT Rot Start, RptEnd, Rt Count

instro;
RotStart: instrl; Repeat instruction 1
Rpt End: i nstr2; Repeat instruction 2

Case 3: Three repeat instructions

REPEAT Rpt Start, Rpt End, Rpt Count

instro;
RpotStart: instrl; Repeat instruction 1
instr2; Repeat instruction 2

Rpt End: i nstr3; Repeat instruction 3
Case 4: Four or more instructions

REPEAT Rot Start, RptEnd, RotCount

nstroO;

RpStart: nstrl; Repeat instruction 1

nstr2; Repeat instruction 2

nstr3; Repeat instruction 3

nstrN-3; Repeat instruction N
nstrN-2; Repeat instruction N2

nstrN-1; Repeat instruction N1
Rpt End: i nstrN Repeat instruction N
i nstrN+1
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Result of extension of each case corresponds to the case 1 in Note 1.

5.13 Conditional Instructions and Data Transfers

Data operation instructions include both unconditional and conditional instructions. Data transfer
instructions that execute both in parallel can be specified, but they will always execute regardless
of whether the condition is met without affecting the data transfer instruction.

The following is an example of a conditional instruction and a data transfer:

DCT PADD X0, YO, A0 MOVX.W @R4+, X0 MOVY.W A0, @R6+R9;

When condition is true:

Before execution:

After execution:

X0=H 33333333, YO0=H 55555555,
R4=H 00008000, R6=H 00008232,
(R4)=H 1111, (R6)=H 2222
X0=H 11110000, YO=H 55555555,
R4=H 00008002, R6=H 00008236,
(R4)=H 1111, (R6)=H 1234

When condition is false:

Before execution:

After execution:

X0=H 33333333, Y0=H 55555555,
R4=H 00008000, R6=H 00008232,
(R4)=H 1111, (R6)=H 2222
X0=H 11110000, YO=H 55555555,
R4=H 00008002, R6=H 00008236,
(R4)=H 1111, (R6)=H 1234

HITACHI

AO0=H 123456789A,
R1=H 00000004

AO0=H 0088888888,
R1=H 00000004

AO=H 123456789A,
R1=H 00000004

AO=H 123456789A,
R1=H 00000004
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Section 6 Instruction Features

6.1 RISC-Typelnstruction Set
All instructions are RISC type. Their features are detailed in this section.

6.1.1  16-Bit Fixed Length
In the SH-3 CPU all instructions have a fixed length of 16 bits. This contributes to increased code
efficiency.

Like SH-3, the SH-3DSP has 16-hit instructions, but additional 32-bit DSP instructions are
provided to allow parallel processing of DSP instructions. For details on the DSP, see 5. DSP
Operations and Data Transfer.

6.1.2 Onelnstruction/Cycle

Basic instructions can be executed in one cycle using the pipeline system.

6.1.3 Datalength

Longword is the standard data length for all operations. Memory can be accessed in bytes, words,
or longwords. Byte or word data accessed from memory is sign-extended and handled as longword
data (table 6-1). Immediate data is sign-extended for arithmetic operations or zero-extended for
logic operations. It aso is handled aslongword data

Table6-1 Sign Extension of Word Data

SH-3/SH-3E/SH3-DSP CPU Description Example for Conventional CPU
MOV. W @di sp, PO, RL Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
--------- operated upon by an ADD
.DATA' W H 1234 instruction.

Note: The address of the immediate data is accessed by @(disp, PC).

6.1.4 Load-StoreArchitecture

Basic operations are executed between registers. For operations that involve memory access, data
isloaded to the registers and executed (load-store architecture). Instructions such as AND that
manipulate bits, however, are executed directly in memory.
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6.1.5 Delayed Branch Instructions

Unconditional branch instructions are delayed. Pipeline disruption during branching is reduced by
first executing the instruction that follows the branch instruction, and then branching (table 6-2).

Table6-2 Delayed Branch Instructions

SH-3/SH-3E/SH3-DSP CPU Description Example for Conventional CPU
BRA TRGET Executes an ADD before ADD. W Rl, RO
ADD RL, RO branching to TRGET. BRA TRGET

6.1.6  Multiplication/Accumulation Operation

Multiplication of two 16-bit values to produce a 32-hit result is executed in one to three cycles
(one to two cycles for the SH3-DSP), and multiplication of two 32-bit values to produce a 64-bit
result is executed in two to five cycles (two to three cycles for the SH3-DSP).
Multiplication/accumulation, in which two 32-bit values are multiplied and one 32-bit value is
added, is executed in two to five cycles (two to four cycles for the SH3-DSP) when the MAC
instruction is used and in one system when the FMAC instruction* is used.

Note: The FMAC instruction is only available on the SH-3E (floating point cal culation
instruction).

6.1.7 T Bit

The T bit in the status register changes according to the result of the comparison, and in turn isthe
condition (true/false) that determines if the program will branch (table 6-3). The number of
instructions after T bit in the status register is kept to a minimum to improve the processing speed.

Table6-3 T Bit

Example for Conventional

SH-3/SH-3E/SH3-DSP CPU Description CPU

OW&E RL,R T bit is set when RO = R1. The awe. W Rl, RO

BT TRGETO program branches to TRGETO BCE TRGETO
when RO = R1 and to TRGET1

BF TRCGET1 when RO < R1. BLT TRCGET1

ADD #-1, RO T bitis not changed by ADD. T SWB. W #1, R0

OW/ EQ #0, RO bit is set when RO = 0. The BEQ TRGET
program branches if RO = 0.

BT TRCGET
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6.1.8 |Immediate Data

Byte immediate datais located in instruction code. Word or longword immediate datais not input
viainstruction codes but is stored in a memory table. The memory table is accessed by an
immediate data transfer instruction (MQOV) using the PC relative addressing mode with
displacement (table 6-4).

Table6-4 Immediate Data Accessing

Classification SH-3/SH-3E/SH3-DSP CPU Example for Conventional CPU
8-bit immediate MOV #H 12, RO MOV.B #H 12, RO
16-bit immediate MOV. W @di sp, PO, RO MOV. W #H 1234, RO

.DATA W H 1234

32-bit immediate MOV. L @disp, PO, RO MOV. L #H 12345678, RO

.DATA L H 12345678

Note: The address of the immediate data is accessed by @(disp, PC).

6.1.9 Absolute Address

When datais accessed by absolute address, the value aready in the absolute addressis placed in
the memory table. Loading the immediate data when the instruction is executed transfers that
value to the register and the datais accessed in the indirect register addressing mode.

Table6-5 Absolute Address

Classification SH-3/SH-3E/SH3-DSP CPU Example for Conventional CPU

Absolute address MOV. L @disp, PO, RL MOV. B @ 12345678, RO
MOV. B @R, R0

.DATA L H 12345678
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6.1.10 16-Bit/32-Bit Displacement

When datais accessed by 16-bit or 32-bit displacement, the pre-existing displacement valueis
placed in the memory table. Loading the immediate data when the instruction is executed transfers
that value to the register and the data is accessed in the indirect indexed register addressing mode.

Table6-6 16-Bit/32-Bit Displacement

Classification SH-3/SH-3E/SH3-DSP CPU Example for Conventional CPU

16-bit displacement MOV. W @di sp, PO, RO MV.W @H 1234, Rl), R2
MOV, W @RO,R1), R

.DATA W H 1234

6.1.11 Privileged Instructions

The processor has two operation modes (user/privileged). If these instructions are used in user
mode, an illegal instruction exception is detected. Privileged instructions are:

 LDC
« STC
* RTE
* LDTLB
* SLEEP
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6.2 CPU Instruction Addressing M odes

Addressing modes and effective address calculation are described in table 6-7.
Table6-7 Addressing Modes and Effective Addresses

Addressing Instruction

Mode Format Effective Addresses Calculation Equation

Direct Rn The effective address is register Rn. (The operand is —

register the contents of register Rn.)

addressing

Indirect @Rn The effective address is the content of register Rn. Rn

dres: __Rn | __Rn |

addressing Rn

Post- @Rn + The effective address is the content of register Rn. A Rn

increment constant is added to the content of Rn after the (After the

indirect instruction is executed. 1 is added for a byte instruction is

register operation, 2 for a word operation, and 4 for a executed)

addressing longword operation.
Byte: Rn + 1
- Rn
Word: Rn + 2
- Rn
Longword:
Rn+4 - Rn

Pre- @-Rn The effective address is the value obtained by Byte: Rn —1

decrement subtracting a constant from Rn. 1 is subtracted fora _ Rn

indirect byte operation, 2 for a word operation, and 4 for a

register longword operation. Word: Rn -2

addressing = RN
Longword:
Rn—-4 - Rn

Rn — 1/2/4 (Instruction

executed
with Rn after
calculation)

I:I . Effective address
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Table6-7 Addressing Modes and Effective Addresses (cont)

Addressing Instruction

Mode Format Effective Addresses Calculation Equation
Indirect @(disp:4,  The effective address is Rn plus a 4-bit displacement Byte: Rn +
register Rn) (disp). The value of disp is zero-extended, and disp
addressing remains the same for a byte operation, is doubled for Word: Rn +
with a word operation, and is quadrupled for a longword disp x 2
displace- operation.
ment Longword:
Rn + disp x 4
- Rn
disp .
(zero-extended) + disp x 1/2/4
Indirect @(RO, Rn)  The effective address is the Rn value plus RO. Rn + RO
indexed
register
addressing
©
Indirect @(disp:8, The effective address is the GBR value plus an 8-bit  Byte: GBR +
GBR GBR) displacement (disp). The value of disp is zero- disp
addressing extended, and remains the same for a byte Word: GBR +
with operation, is doubled for a word operation, and is disp x 2
displace- guadrupled for a longword operation.
ment Longword:
GBR + disp x
4
disp _ GBR
(zero-extended) + disp x 1/2/4
Indirect @(RO, The effective address is the GBR value plus the RO. GBR + RO
indexed GBR)
GBR
addressing
GBR + RO
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Table6-7 Addressing Modes and Effective Addr esses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Indirect PC~ @(disp:8, The effective address is the PC value plus an 8-bit Word: PC +
addressing  PC) displacement (disp). The value of disp is zero- disp x 2
with extended, and remains the same for a byte Longword:
displace- operation, is doubled for a word operation, and is PC &
ment guadrupled for a longword operation. For a longword H'EEEEEEEC
operation, the lowest two bits of the PC are masked. disp x 4
(for longword)
PC + disp x 2
or
. PC&H'FFFFFFFC
disp + disp x 4
(zero-extended)
PC relative  disp:8 The effective address is the PC value sign-extended PC + disp x 2
addressing with an 8-bit displacement (disp), doubled, and
added to the PC.
disp PC + disp x 2
(sign-extended)
disp:12 The effective address is the PC value sign-extended PC + disp x 2

with a 12-bit displacement (disp), doubled, and
added to the PC.

disp
(sign-extended)

PC + disp x 2
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Table6-7 Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
PCrelative Rn The effective address is the register PC plus RO. PC + RO
addressing
(cont)
Immediate #imm:8 The 8-bit immediate data (imm) for the TST, AND, —
addressing OR, and XOR instructions are zero-extended.

#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —

and CMP/EQ instructions are sign-extended.
#imm:8 Immediate data (imm) for the TRAPA instruction is —

zero-extended and is quadrupled.

6.3 DSP Data Addressing (SH3-DSP Only)

The DSP command performs two different types of memory accesses. One usesthe X and Y data
transfer instructions (MOV X.W and MOVY .W) while the other uses the single data transfer
instructions (MOVS.W and MOV S.L). Data addressing for these two types of instructions also
differs. Table 6-8 summarizes the data transfer instructions.
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Table6-8 Summary of Data Transfer Instructions

Item

X and Y Data Transfer
Processing (MOVX.W and
MOVY.W)

Single Data Transfer
Processing (MOVS.W and
MOVS.L)

Address registers

Ax: R4, R5; Ay: R6, R7

As: R2, R3, R4, R5

Index registers

IX: R8; ly: R9

Is: R8

Addressing

Nop/Inc(+2)/Index addition:
Post updating

Nop/Inc(+2, +4)/Index addition:
Post updating

Dec(-2, —4): Pre updating

Modulo addressing Available Not available

Data buses XDB, YDB LDB

Data length 16 bits (word) 16 or 32 bits (word or
longword)

Bus contention None Occurs

Memory

X and Y data memories

All memory spaces

Source registers

Dx, Dy: AO, Al

Ds: AO/A1, MO/M1, X0/X1,
YO0/Y1, AOG, A1G

Destination registers

Dx: X0/X1; Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1,
YO/Y1, AOG, A1G

6.3.1 X andY DataAddressing

The DSP command allows X and Y data memories to be accessed simultaneously using the
MOVX.W and MOVY .W instructions. DSP instructions have two pointers so they can access the
X and'Y data memories simultaneously. DSP instructions have only pointer addressing; immediate
addressing is not available. Address registers are divided in two. The R4 and R5 registers become
the X memory address register (Ax) while the R6 and R7 registers become the Y memory address
register (Ay). The following three types of addressing may be used with X and Y data transfer
instructions.

e Address registers with no update: The Ax and Ay registers are address pointers. They are not
updated.

e Addition index register addressing: The Ax and Ay registers are address pointers. The values
of the Ix and ly registers are added to the Ax and Ay registers respectively after data transfer
(post updating).

* Increment address register addressing: The Ax and Ay registers are address pointers. +2 is
added to them after data transfer (post updating).
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Each of the address pointers has an index register. Register R8 becomes the index register (Ix) for
the X memory address register (AX); register R9 becomes the index register (ly) for the Y memory
address register (Ay).

X and Y datatransfer instructions are processed in words. X and Y data memory is accessed in 16
bit units. Increment processing for that purpose adds two to the address register. To decrement
them, set -2 in the index register and specify addition index register addressing.

Figure 6-1 showsthe X and Y datatransfer addressing.

R8[Ix] R4[AX] RI[ly] R6[AY]

R5[AX] R7[AY]
+2 (INC) +2 (INC)

+0 (No update) —| +0 (No update) —|

V

ALU AU*L

Notes: 1. Adder added for DSP processing
2. All three addressing methods (increment, index register addition (Ix, ly), and
no update) are post-updating methods. To decrement the address pointer, set
the index register to —2 or —4.

Figure6-1 X and Y Data Transfer Addressing

6.3.2 SingleData Addressing

The DSP command has single data transfer instructions (MOVS.W and MOV S.L) that load data
to DSP registers and store data from DSP registers. With these instructions, the R2—R5 registers
are used as address registers (As) for single datatransfers.

There are four types of data addressing for single data transfer instructions.

* Addressregisters with no update: The Asregister is the address pointer. It is not updated.

» Addition index register addressing: The As register isthe address pointer. The value of the ls
register is added to the Asregister after data transfer (post updating).

* Increment address register addressing: The As register is the address pointer. +2 or +4 is added
to it after data transfer (post updating).
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e Decrement address register addressing: The Asregister is the address pointer. —2 or —4 (or +2
or +4) is added to it before data transfer (pre updating).

The address pointer uses the R8 register asitsindex register (Is). Figure 6-2 shows the single data
transfer addressing.

R2[As]
R3[As]
R8[Is] R4[As]
—2/-4 (DEC) R5[As]
+2/+4 (INC)
+0 (No update) —|
vV
ALU
L

Note: There are four addressing methods (no update, index register addition (Is),
increment, and decrement). Index register addition and increment are
post-updating methods. Decrement is a pre-updating method.

Figure6-2 Single Data Transfer Addressing

6.3.3 Modulo Addressing

Like other DSPs, the SH3-DSP has a modulo addressing mode. Address registers are updated in
the same way in this mode. When a modulo end address in which the address pointer valueis
already set is reached, the address pointer becomes the modulo start address.

Modulo addressing is only effective for X and Y datatransfer instructions (MOV X.W and
MOVY.W). When the DM X bit of the SR register is set, the X address register enters modulo
addressing mode; when the DMY hit is set, the Y address register enters modul o addressing mode.
Modulo addressing cannot be used on both X and Y address registers at once. Accordingly, do not
set DMX and DMY at the same time. Should they both be set at once, only DMY will be valid.

The MOD register is provided for specifying the start and end addresses for the modulo address
area. The MOD register storesthe MS (modulo start) and ME (modulo end). The following shows
how to use the modulo register (MS and ME).
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MOV. L ModAddr, Rn; Rh=MbdEnd, MdStart

LDC Rn, MDD, ME=MbdEnd, MS=MbdSt art
ModAddr : . DATA. WhEnd; Lower 8bit of MdENnd
. DATA W nttart; Lower 8bit of MdStart

ModStart: . DATA

MbdENd: . DATA

Set the start and end addressesin MS and ME and then set the DM X or DMY bit to 1. The address
register contents are compared to ME. If they match ME, the start address MSiis stored in the
address register. The bottom 16 bits of the address register are compared to ME. The maximum
modulo size is 64 kbytes. Thisis ample for accessing the X and Y data memory. Figure 6-3 shows
ablock diagram of modulo addressing.

Instruction (MOVX/MOVY)

31 1615 0 PMXDMY . 1615 o

31 0 RA4[AX] R6[AY] 31 0
EC R5[AX] o R7[Ay]I RO[ly]
2 | — |, | 2
— - 15 0| —+0
| MS
L "= 1 \/
ALU AU
| CMP
|
| aex | [ mME | ABy
15 l 1 15 0 15 1
XAB YAB

Figure6-3 Modulo Addressing
The following is an example of modulo addressing.

M5=H 08; ME=H 0C, R4=H Q008;
DWX=1; DW=0; (Sets nodul o addressing for address register Ax (R4, R5))

The above setting changes the R4 register as shown below.
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R4: H Q008
I nc. R4: H CQDOA
I nc. R4: H Q00C
I nc. R4: H Q008 (Becomesthe modulo start address when the modulo end addressis

reached)

Place data so the top 16 bits of the modulo start and end address are the same, since the modulo
start address only swaps the bottom 16 bits of the address register.

Note:  When using addition index as the DSP data addressing, the address pointer may exceed
this value without matching ME. Should this occur, the address pointer will not return to
the modul o start address.

6.3.4 DSP Addressing Operation

The following shows how DSP addressing works in the execution stage (EX) of a pipeline
(including modulo addressing).

if ( Qperation is MOVX WMWVY.W) {
ABX=AX; ABy=Ay’

/* menory access cycle uses Abx and Aby. The addresses to be used have
not been updated */

/* AXx is one of R4,5 */

if ( DVWX==0 || ==1 @@DW==1 )} Ax=Ax+(+2 or R8[Ix} or +0);
/* I nc, | ndex, Not - Updat e */

else if (!not-update) Ax=nodul o( Ax, (+2 or R3[Ix]) );

/* Ay is one of RG,7 */
if ( DW==0 ) Ay=Ay+(+2 or RO[ly] or +0; /* Inc,|ndex, Not-Update */
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[Ily]) );
}
elseif ( Qperationis MOVSWor MWS L) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=ASs;
/* menory access cycle uses MAB. The address to be used has not been
updat ed */
/* As is one of RR-5 */
As=As+(+2 or +4 or RB[Is] or +0); /* Inc.|ndex, Not-Update */
else { /* Decrement, Pre-update */
/* As is one of RR-5 */
As=As+(—-2 or -4);
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MAB=As

/* menory access cycle uses MAB. The address to be used has been updat ed
*/
}

/* The value to be added to the address regi ster depends on addressi ng
oper at i ons.

For exanple, (+2 or R3[Ix] or +0) neans that
+2: if operation is increnent
R3[1x}:if operation is add-index-reg
+0: if operation is not-update

/*

function nodulo ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[ 15: 0] ==M5,
el se Adr Reg=Adr Reg+l ndex
return AddrReg;
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6.4

Instruction Format of CPU Instructions

Theinstruction format table, table 6-8, refers to the source operand and the destination operand.
The meaning of the operand depends on the instruction code. The symbols are used as follows:

e XXXX: Instruction code

e mmmm: Source register
¢ nnnn: Destination register
e iiii: Immediate data

¢ dddd: Displacement

Table6-9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NCP
15 0
XXXX  XXXX  XXXX  XXXX
n format — nnnn: Direct MOVT Rn
register
15 Control register  nnnn: Direct STS MACH R
| XXXX | nnnn | XXXX  XXXX or system register
register
Control register  nnnn: Indirect pre- STC L
or system decrement register SR @Rn
register
m format mmmm: Direct Control register or  LDC Rm SR
register system register
15 mmmm: Indirect Control registeror LDC. L @mt, SR

| XXXX |mmmm| XXXX  XXXX

post-increment
register

system register

mmmm: Direct — JW  @m
register
mmmm: PC — BRAF Rm

relative using
Rm

HITACHI

83



Table 6-9

Instruction Formats (cont)

Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm
register register
15 0 mmmm: Direct nnnn: Direct MV.L Rm @
| XXXX | nnnn |mmmm| XXXX | register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @, @+
register
(multiply/
accumulate)
nnnn: Indirect
post-increment
register
(multiply/
accumulate)*
mmmm: Indirect nnnn: Direct MOV.L @m+ Rn
post-increment  register
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm @Rn
register decrement register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @R, R1)
md format mmmmdddd: RO (Direct register) MDV. B
15 0 indirect register @disp, R, RO
| XXXX XXXX |mmmm| dddd with
displacement
nd4 format RO (Direct nnnndddd: Indirect MOV. B
register) register with RO, @di sp, Rn)

| XXXX  XXXX | nnnn | dddd

displacement

Note: * In multiply/accumulate instructions, nnnn is the source register.
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Table 6-9

Instruction Formats (cont)

Source Destination
Instruction Formats Operand Operand Example
nmd format mmmm: Direct  nnnndddd: Indirect MOV. L
15 register register with Rm @di sp, Rn)
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register  register @di sp, RM, R
with
displacement
d format dddddddd: RO (Direct register) MOV. L
15 0 Indirect GBR @di sp, BR, RO
XXXX  XxXXx | dddd dddd W.Ith
displacement
RO(Direct dddddddd: Indirect MOV. L
register) GBR with RO, @di sp, BR
displacement
dddddddd: PC RO (Direct register) MWVA
relative with @di sp, PO, RO
displacement
dddddddd: PC  — BF | abel
relative
d12 format dddddddddddd: — BRA | abel
15 0 PC relative (label = disp +
| %0 | dddd  dddd  dddd PO
nd8 format dddddddd: PC  nnnn: Direct MOV. L
15 0 relative with register @di sp, PO, R
| XXXX | nnnn | dddd dddd displacement
i format iiiiiiii: Immediate Indirect indexed AND. B
GBR # mm @ R0, BR
15 0 iiiiiiii: Immediate RO (Direct register) AND # mm RO
| XXXX  XXXX | i diii
iiiiiiii: Immediate — TRAPA #imm
ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm R
15 0 register
| XXXX | nnnn| i i
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6.5 Instruction Formatsfor DSP Instructions (SH3-DSP Only)

New instructions have been added to the SH3-DSP for use in digital signal processing. The new
instructions are divided into two groups.

» Double and single data transfer instructions for memory and DSP registers (16 bits)
» Parallel processing instructions processed by the DSP unit (32 bits)

Figure 6-4 shows their instruction formats.

15 0
CPU core 0000
instructions L 1“1 0
Double data r 102 :
transfer instructions | 111100 | A field |
Single data & 109 e
transfer instructions | 111101 | A field |
] 31 26 25 16 15 0
Parallel processing | 111110 | A field | B field

instructions

Figure6-4 Instruction Formatsof DSP Instructions

6.5.1 Doubleand Single Data Transfer Instructions

Table 6-10 shows the instruction formats for double data transfer instructions. Table 6-11 shows
the instruction formats for single data transfer instructions
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Table6-10 Instruction Formatsfor Double Data Transfers

Category Mnemonic 15 14 13 12 11 10 8
X memory NCPX 1 1 1 1 0 0 0
data transfers MOVX W @, Dx AX
MOVX W @x+, Dx
MOVX. W @x+ x, Dx
MOVX W Da, @«
MOVX W Da, @x+
MOVX W Da, @x+l X
Y memory NCPY 1 1 1 1 0 0 0
data transfers MOWY.W @y, Dy Ay
MOVY. W @y+, Dy
MOWY. W @y+ly, Dy
MOWY. W  Da, @y
MOWY. W  Da, @y+
MOVY.W  Da, @y+ly
Table6-10 Instruction Formatsfor Double Data Transfers (cont)
Category Mnemonic 7 6 5 4 3 2 1 0
X memory NCPX 0 0 0
data transfers MOVX W @, Dx Dx 0 1
MOVX W @x+, Dx 1 0
MOVX. W @+ x, Dx 1 1
MOVX W Da, @ Da 1 0 1
MOVX W Da, @x+ 1 0
MOVX. W Da, @%+l X 1 1
Y memory NCPY 0 0 0 0
data transfers MOVY. W @y, Dy Dy 0 0 1
MOW. W  @y+, Dy 1 0
MOWY. W  @y+ly, Dy 1 1
MOVWY. W  Da, @y Da 1 0 1
MOVY. W  Da, @y+ 1 0
MOVY. W  Da, @y+ly 1 1
Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1 Da: 0=A0, 1=Al
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Table6-11 Instruction Formatsfor Single Data Transfers

Category Mnemonic 15 14 13 12 11 10 8
Single data MOVS. W @As, Ds 1 1 1 1 0 1 As
transfer MOVS. W @s, Ds 0: R4
MOVS. W  @s+, Ds 1:R5
MOVS. W @s+l s, Ds 2:R2
MOVS. W Ds, @S 3:R3
MOVS. W Ds, @s
MOVS. W  Ds, @s+
MOVS. W Ds, @s+l s
MOVS.L  @As, Ds
MOVS. L @s, Ds
MOVS. L @s+, Ds
MOVS. L @s+l s, Ds
MOVS. L Ds, @\s
MO/S.L  Ds, @s
MOVS. L Ds, @s+
MOVS. L Ds, @s+l s
Table6-11 Instruction Formatsfor Single Data Transfers (cont)
Category Mnemonic 7 6 5 4 3 2
Single data MWVS. W  @As, Ds Ds 0: (» 0 0
transfer MO/S. W  @s, Ds 1: (% 0 1
MOVS.W  @s+, Ds 2: (% 1 0
MWVS. W @s+ s, Ds 3: (%) 1 1
MWVS. W Ds, @-s 4: (%) 0 0 1
MOVS. W  Ds, @s 5:A1 0 1
MOVS.W  Ds, @s+ 6: (*) 1 0
MOVS. W  Ds, @s+ls 7: AO 1 1
MOVS. L @4As, Ds 8: X0 0 0 0
MOVS. L @s, Ds 9: X1 0 1
MOVS. L @s+, Ds A: YO 1 0
MOVS. L @s+l s, Ds B:Y1l 1 1
MOVS. L Ds, @-s C: MO 0 0 1
MOVS. L Ds, @s D: A1G 0 1
MOVS. L Ds, @s+ E:M1 1 0
MOVS. L Ds, @s+l s F:A0G 1 1

Note: * System reserved code
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6.5.2 Paralld Processing I nstructions

Parallel processing instructions are used by the SH3-DSP to increase the execution efficiency of
digital signal processing using the DSP unit. They are 32 bits long and four can be processed in

parallel (one ALU operation, one multiplication, and two data transfers).

Parallel processing instructions are divided into two fields, A and B. The data transfer instructions
are defined in field A and the ALU operation instruction and multiplication instruction are defined
in field B. These instructions can be defined independently, processed independently, and can be
executed simultaneously in parallel. Table 6-12 liststhe field A parallel datatransfer instructions,
and Table 6-13 shows the field B ALU operation instructions and multiplication instructions. The

field A instructions are identical to the double data transfer instructions shown in Table 6-10.

Table6-12 Field A Parallel Data Transfer I nstructions

Category Mnemonic 31 30 29 28 27 26 25 24 23
X memory NCPX 1 1 1 1 1 0 0 0
data MVX W @x, Dx Ax Dx
transfers MOVX. W @x+, Dx

MOVX. W @+l x, Dx

MOVX. W Da, @x Da

MOVX. W Da, @+

MOVX. W Da, @X+l x
Y memory NCPY 0
data MOWY. W @y, Dy Ay
transfers MOVY. W  @y+, Dy

MOWY. W  @y+ly, Dy

MOWY. W  Da, @y

MOWY. W  Da, @y+

MOVY. W  Da, @y+ly
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Table 6-12

Field A Parallel Data Transfer I nstructions (cont)

Category Mnemonic 22 21 20 19 18 17 16 15-0
X memory NCPX 0 0 Field B
data MVX W @, Dx o 1
transfers MOVX W @x+, DX 1 0
MOVX W @+ x, Dx 1 1
MOVX W Da, @ 1 0 1
MOVX W Da, @x+ 1 0
MOVX W Da, @x+l X 1 1
Y memory NCPY 0 0 0
data MOY. W @y, Dy Dy 0o 1
transfers MOWY. W  @y+, Dy 1 0
MOWY. W  @y+ly, Dy 1 1
MOW. W  Da, @y Da 1 0 1
MOVY. W  Da, @y+ 1 0
MOVY. W  Da, @y+ly 1 1
Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1 Da: 0=A0, 1=Al
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Table6-13 Field B ALU Operation I nstructions and Multiplication Instructions

HITACHI

Category Mnemonic 3127 26 | 25-16 [1514 13]12h11]10] 9] 8]7[6[ 5[4 [3[2]1] 0
_ _ PSHL #imm, Dz 1 0O FieldA |0 O 0|0|0| -16<imm<+16 Dz
imm. shift PSHA #imm, Dz 00 01|0] —32<imm<+32
R q 00O 11]
eserve
001
Si PMULS Se, Sf, Dg 01 00| Se Sf | Sx | Sy | Dg | Du
x L
operand Reserved 01 O 1{0:X0 |0:YO [0:XO|0:YO |0:MO|0:X0
parallel | | 1:X1 [ 1:Y1 |1:X1|1:Y1 |1:M1|1:YO
instruction PSUB Sx, Sy, Du 01 1 0)2:Y0O |[2:X0 [2:A0|2:M0|2:A0 |2:A0
| _PMuLssestbg [ | 3AL |3AL |3:AL|3:M1 [3:AL|3:AL
PADD Sx, Sy, Du 0111
_PMULS Se, Sf,Dg__
Three Reserved 1040 (1) 0000 Dz
operand [-—-——--—-——-—-———-— ===
instructions| _ PSUBC Sx, Sy, Dz_ _ |10 0: (*)
| _PADDC Sx, Sy, Dz __ S 1: (%)
| ___PCMPSx, Sy ___ ____|00j01 2: (*1)
| ____Reserved ____ ____|01 3 (*Y)
| __PWSBSx,Sy Dz _ ____|to0 4: (%)
| __PWADSx, Sy, Dz __ __r1 5. AL
| ___PABSSx,Dz____ ____[090j10 6: (1)
L___PRNDSx,Dz ___ |01 7: AO
| ___PABSSy. Dz ___ ____[to 8: X0
___PRNDSy Dz ___ .11 I 9: X1
0011 A:YO
01 B:Y1
1 .
Reserved 0 C:Mo
11 D: (*1)
E: M1
F: (*1)
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Table6-13 Field B ALU Operation Instructions and Multiplication Instructions (cont)

Category Mnemonic 31-27\ 26 \ 25-16 |15 14 131211 10| 9 \ 8 7\6 5\4 3\2\1\0
Conditional |(f €©)™ PSHL Sx, Sy, Dz| 1 0 FieldA | 1 0|0 0/0 0 | ifcc | Sx | Sy Dz
three | (if cc) PSHA Sx, Sy, Dz 01 0:X0[0:YO | 0:(*1)
operand | (if cc) PSUB Sx, Sy, Dz |10 LXLI L] L(
instructions| (if cc) PADD Sx, Sy, Dz 11 01:%2 2:YO|2:MO|  2:(*D)
fffffffffffffffff e 3Y1[3M1| 3:(*)
| ____Reserved ____ ____|00j01 4:()
| (if cc) PAND Sx, Sy, Dz ___jo1 5AL
| (i cc) PXOR Sx, Sy, Dz 1o 6:4)
if cc) POR Sx, Sy, Dz 11 7:A0
Jaf*c%:jﬁﬁfe*c:éxiyﬁz" ~"[oo[1 o |t0DCT 8:X0
| (if cc) PINC Sx, Dz Jo 9:X1
| (ifcc) PDEC Sy, Dz 10 AYO
|~ (fcc) PINC Sy, Dz 11 Byl
P oS i 11:DCF C:MO
| __(fcc)PCLRDz ___Joof11 DY)
| (if cc) PDMSB Sx, Dz _ S E:M1
,,,,,, Reserved _____ ____|10 Fi(*)
(if cc) PDMSB Sy, Dz 11
| _(if cc) PNEG Sx, Dz _ 11f00[10
(if cc) PCOPY Sx, Dz 01
| (if cc) PNEG Sy, Dz 1o
| (if cc) PCOPY Sy, Dz ~ 11
777777 Reserved N 0 o0
(if cc) PSTS MACH, Dz 00|11 if cc
| (f cc) PSTS MACL, Dz ot
| (if cc) PLDS Dz, MACH 110
(if cc) PLDS Dz, MACL 11
”””” Reserved T 0 0
03
Reserved 1 1
Notes: 1. [if cc]: DCT (DC bit true), DCF (DC bit false), or none (unconditional

instruction)

2. Unconditional
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Section 7 Instruction Set

7.1  Instruction Set by Classification

The SH-3 instruction set includes 68 basic instruction types, and the SH-3E instruction set
includes 84 basic instruction types, divided into seven functiona classifications, as shownin Table
7-1. Tables 7-3 to 7-9 summarize instruction notation, machine mode, execution time, and
function.

93
HITACHI



Table7-1

Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer 39
Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers
connected
PREF Prefetching data to cache
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIVOS Initialization of signed division
DIvouU Initialization of unsigned division
DMULS Signed double-length multiplication
DMULU Unsigned double-length multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply/accumulate, double-length
multiply/accumulate operation
MUL Double-length multiplication (32 x 32 bhits)
MULS Signed multiplication (16 x 16 bits)
MULU Unsigned multiplication (16 x 16 bits)
NEG Negation
NEGC Negation with borrow
SUB Binary subtraction
SUBC Binary subtraction with carry
SUBV Binary subtraction with underflow check
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Table7-1 Classification of Instructions (cont)

Classification Types Operation Code Function :\rllc;.trcgctions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
Branch 9 BF Conditional branch, conditional 11

branch with delay (T = 0)
BT Conditional branch, conditional
branch with delay (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Table7-1 Classification of Instructions (cont)

No. of
Classification Types Operation Code Function Instructions
System 15 CLRT T bit clear 83 (75)*
control CLRMAC MAC register clear
CLRS S bit clear
LDC Load to control register
LDS Load to system register
LDTLB Load PTE to TLB
NOP No operation
RTE Return from exception processing
SETS S bit set
SETT T bit set
SLEEP Shift into power-down mode
STC Storing control register data
STS Storing system register data
TRAPA Trap exception handling
Floating point 16 FABS Floating point absolute value 23
instructions FADD Floating point add
(SH-3E only) FCMP Floating point compare
FDIV Floating point divide
FLDIO Floating point load immediate 0
FLDI1 Floating point load immediate 1
FLDS Floating point load to system register
FPUL
FLOAT Floating point convert from integer
FMAC Floating point multiply accumulate
FMOV Floating point move
FMUL Floating point multiply
FNEG Floating point negate
FSQRT Floating point square root
FSTS Floating point store from system
register FPUL
FSUB Floating point subtract
FTRC Floating point truncate and convert to
integer
Total: 84 219 (188)*

Note: * The LDS and STS instructions include instructions to load/store to the FPU system
register. These instructions can only be used with the SH-3E. The figure in parentheses
() is the total excluding the SH-3E instructions.

96
HITACHI



Instruction codes, operation, and execution states are listed as shown in Table 7-2 in order by
classification.

Tables 7-3 to 7-8 list the minimum number of clock cyclesrequired for execution. In practice, the
number of execution cycles increases when the instruction fetch isin contention with data access
or when the destination register of aload instruction (memory - register) isthe same asthe
register used by the next instruction.

Table7-2 Instruction Code Format

Item Format Explanation
Instruction CP.Sz SRC DEST  OP: Operation code
Sz: Size
SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement

Operation o, e Direction of transfer
(xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each bit
| Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n, >>n n-bit shift
Code MSB -~ LSB mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15

iiii: Immediate data
dddd: Displacement

Privilege Indicates a privileged instruction

Cycles The execution cycles shown in the table are minimums.
The actual number of cycles may be increased:
1. When contention occurs between instruction fetches
and data access, or
2. When the destination register of the load instruction
(memory - register) and the register used by the next
instruction are the same.

T bit Value of T bit after instruction is executed
—: No change

Note: Scaling (x1, x2, x4) is performed according to the instruction operand size. See "8.
Instruction Descriptions” for details.
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7.1.1 DataTransfer Instructions
Table7-3 DataTransfer Instructions
T

Instruction Operation Code Privilege Cycles Bit

MoV #i mm Rn imm - Sign extension - 1110nnnniiiiiiii — 1 —
Rn

MOV. W  @disp,PC),Rn (disp x2+PC) - Sign 1001nnnndddddddd — 1 —
extension — Rn

MOV. L @disp,PC),Rn  (disp x4+ PC) - Rn 1101nnnndddddddd — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmmm©O011 — 1 —

MOV. B Rm @Rn Rm - (Rn) 0010nnnnmMmmMmD000 — 1 —

MOV. W  Rm @n Rm - (Rn) 0010nnnnmMmmMMD001 — 1 —

MOV. L Rm @Rn Rm - (Rn) 0010nnnnmMmmMm™D010 — 1 —

MOV. B @m Rn (Rm) - Sign extension 0110nnnnmMmm®O000 — 1 —
- Rn

MOV. W  @m Rn (Rm) - Sign extension 0110nnnnmMmm®O001 — 1 —
- Rn

MOV. L @Rm Rn (Rm) - Rn 0110nnnnmMmm®O010 — 1 —

MOV. B Rm @-Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmm®D100 — 1 —

MV. W  Rm @Rn Rn-2 - Rn,Rm - (Rn)  0010nnnnmmm?0101 — 1 —

MOV. L Rm @-Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm?0110 — 1 —

MOV. B @Rmt, Rn (Rm) - Sign extension 0110nnnnmMmm®O100 — 1 —
- Rn,Rm+1 - Rm

MOV. W  @m+, Rn (Rm) - Sign extension 0110nnnnmMmm®0101 — 1 —
- RN,Rm+2 - Rm

MOV. L @Rmt, Rn (Rm) - Rn,Rm+4 - 0110nnnnmmm0110 — 1 —
Rm

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd — 1 —

MOV. W RO, @di sp, Rn) RO - (disp x 2 + Rn) 10000001nnnndddd — 1 —

MOV. L Rm @ di sp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmdddd — 1 —

MOV. B @di sp, Rm, R0 (disp + Rm) - Sign 10000100mmmdddd — 1 —
extension - RO

MOV. W  @disp, RmM,R0 (disp x2+ Rm) - Sign 10000101mmmdddd — 1 —
extension — RO

MOV. L @disp,Rm),Rn (disp x4+Rm) - Rn 0101nnnnmmmdddd — 1 —

MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 0000NnNNNMmM®O100 — 1 —

MOV. W  Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnMMMO101 — 1 —
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Table 7-3

Data Transfer Instructions (cont)

T

Instruction Operation Code Privilege Cycles Bit

MOV.L  Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnNnMmM®O110 — 1 —

MOV.B  @RO, Rm), Rn (RO + Rm) - Sign 0000nnNNMMM1100 — 1 —
extension - Rn

MOV. W @RO, RM), Rn (RO + Rm) - Sign 0000nnnnmMmMML101 — 1 —
extension - Rn

MOV.L @RO,RM,Rn (RO+Rm) - Rn 0000nnnnmMmMML110 — 1 —

MOV. B RO, @di sp, GBBR) RO - (disp + GBR) 11000000dddddddd — 1 —

MOV. W RO, @di sp, GBBR) RO - (disp x2 + GBR) 11000001dddddddd — 1 —

MOV.L RO, @disp, GBBR) RO - (disp x4 + GBR) 11000010dddddddd — 1 —

MV. B  @disp, GBBR), R0 (disp + GBR) - Sign 11000100dddddddd — 1 —
extension - RO

MOV. W  @di sp, GBBR), R0 (disp x2+ GBR) - Sign  11000101dddddddd — 1 —
extension — RO

MOV.L @disp, GBBR), R0 (disp x4+ GBR) - RO 11000110dddddddd — 1 —

MOVA @di sp, PO), RO disp x4 + PC - RO 11000111dddddddd — 1 —

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

PREF @n (Rn) - cache 0000nnnn10000011 — 1/2* —

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmmmi1000 — 1 —
two bytes - REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmmmi1001 — 1 —
consecutive words — Rn

XTRCT RmRn Rm: Middle 32 bits of Rn 0010nnnnnmmm1101 — 1 —
- Rn

Note: * Two cycles on the SH3-DSP.
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712

Arithmetic Instructions

Table7-4 Arithmetic Instructions

Instruction Operation Code Privilege Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011lnnnnmmmi100 — 1 —
ADD #imm R Rn+imm - Rn Olllnnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 0011lnnnnnmm1110 — 1 Carry
Carry - T
ADDV Rm Rn Rn+Rm - Rn, 001lnnnnmmmmil11l — 1 Overflow
Overflow —» T
CWP/ EQ #inmm RO IfRO=imm,1 - T 10001000iiiiiiii — 1 Comparison
result
CWP/ EQ Rm Rn fRN=Rm,1 - T 0011nnnnmmO000 — 1 Comparison
result
CwWP/ HS Rm Rn If Rn=Rm with unsigned 0011nnnnmMmmm0010 — 1 Comparison
data,1 - T result
CwWP/ GE Rm Rn If Rn = Rm with signed  0011nnnnmmmm0011 — 1 Comparison
data,1 - T result
CWP/ HI Rm Rn If Rn > Rm with 0011nnnnmMmmm0110 — 1 Comparison
unsigned data, 1 - T result
CwP/ GT Rm Rn If Rn > Rm with signed  0011nnnnmmm0111 — 1 Comparison
data,1 - T result
CwP/ PZ Rn IfRN=20,1 T 0100nnnn00010001 — 1 Comparison
result
CVP/ PL Rn IfRN>0,1-T 0100nnnn00010101 — 1 Comparison
result
CW/ STR Rm Rn If Rn and Rm have an 0010nnnnmm1100 — 1 Comparison
equivalent byte, 1 - T result
DI V1 Rm Rn Single-step division 0011nnnnmMmmm0100 — 1 Calculation
(Rn/Rm) result
DI VOS Rm Rn MSB of Rn - Q, MSB 0010nnnnmm®0111 — 1 Calculation
ofRm - M,M*"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0
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Table7-4  Arithmetic Instructions (cont)

Instruction Operation Code Privilege Cycles T Bit
DMULS. L Rm Rn  Signed operation of 001lnnnnmmmil01 — 2 (to —
Rn x Rm - MACH, MACL 5/4)*
32 x 32 - 64 bits
DMULU. L Rm Rn  Unsigned operation of 0011nnnnmmm0101 — 2 (to —
Rn x Rm - MACH, MACL 5/4)*
32 x 32 - 64 bits
DT Rn Rn-1 - Rn,ifRn=0, 0100nnnn00010000 — 1 Comparison
1-Telse0-T result
EXTS.B Rm Rn A byte in Rmis sign- 0110nnnnmmi110 — 1 —
extended - Rn
EXTS. W Rm Rn A word in Rm is sign- 0110nnnnmmmi11l — 1 —
extended - Rn
EXTU. B Rm Rn A byte in Rmis zero- 0110nnnnmmmi100 — 1 —
extended - Rn
EXTU. W Rm Rn A word in Rm is zero- 0110nnnnmmmi1101 — 1 —
extended - Rn
MAC.L @+, Signed operation of (Rn) x 0000nnnnmmm1111 — 2 (to —
@n+ (Rm) + MAC - MAC 5/4)**
MAC. W @+,  Signed operation of (Rn) x  0100nnnnmmml111 — 2 (to5)*! —
@Rn+ (Rm) + MAC - MAC
16 x 16 + 64 - 64 bits
MUL.L RmRn RnxRm - MACL 0000nnnnMMO111 — 2 (to —
32 x 32 - 32 hits 5/4)**
MIULS. W Rm Rn  Signed operation of Rn x ~ 0010nnnnmmml111 — 1 (to 3)*2
Rm - MAC
16 x 16 — 32 bhits
MJULU. W Rm Rn  Unsigned operation of Rn  0010nnnnmmm1110 — 1(to 3)*2 —
xRm - MAC
16 x 16 — 32 bits
NEG Rm Rn 0-Rm - Rn 0110nnnnmMmm011 — 1 —
NEGC Rm Rn 0-Rm-T - Rn, 0110nnnnmmm1010 — 1 Borrow
Borrow — T
SuUB Rm Rn Rn-Rm - Rn 0011nnnnmmmi000 — 1 —
SUBC Rm Rn Rn—-Rm-T - Rn, 0011nnnnmMmmm1010 — 1 Borrow
Borrow - T
SUBV Rm Rn Rn-Rm - Rn, 001lnnnnmmiOll — 1 Underflow

Underflow - T

Notes: 1. The normal minimum number of execution cycles is 2, but 5 cycles (4 cycles on the
SH3-DSP) are required when the results of an operation are read from the MAC
register immediately after the instruction.

2. The normal minimum number of execution cycles is 1, but 3 cycles are required when
the results of an operation are read from the MAC register immediately after a MUL
instruction.
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7.13

Logic Operation I nstructions

Table7-5 Logic Operation I nstructions
Instruction Operation Code Privilege Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnnmmm1001 — 1 —
AND  #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i mm @ R0, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnnmm®0111 — 1 —
OR Rm Rn Rn|Rm - Rn 0010nnnnmm1011 — 1 —
OoR #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #imm @RO, GBBR) (RO+ GBR)|imm - (RO 1100111liiiiiiii — 3 —
+ GBR)
TAS. B @n If(Rn)is0,1 - T;1 - 0100nnnn00011011 — 3/4* Test
MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result is 0010nnnnmmm1000 — 1 Test
0,1 -T result
TST #i mm RO RO & imm; if the resultis ~ 11001000iiiiiiii — 1 Test
0,1-T result
TST.B #i nm @R0, GBBR) (RO + GBR) & imm; ifthe 11001100iiiiiiii — 3 Test
resultis0,1 - T result
XOR Rm Rn Rn”~"Rm - Rn 0010nnnnmmMm1010 — 1 —
XOR #i mm RO RO~ imm - RO 11001010iiiiiiii — 1 —
XOR B #inm @ R0, GBBR) (RO + GBR)”"imm - (RO 11001110iiiiiiii — 3 —

+ GBR)

Note: * Four cycles on the SH3-DSP.
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7.1.4  Shift Instructions
Table7-6  Shift Instructions

Instruction Operation Code Privilege Cycles T Bit
ROTL Rn T -« Rn - MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — 1 LSB
ROTCL Rn T<Rn T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0; Rn<<Rm - Rn 0100nnnnmmmmml100 — 1 —
Rn <0; Rn>>Rm - [MSB - Rn]
SHAL Rn T<Rn-0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn20; Rn << Rm - Rn 0100nnnnmmml101 — 1 —
Rn <0; Rn>>Rm - [0-RnN]
SHLL Rn T<Rn<0 0100nnnn00000000 — 1 MSB
SHLR Rn 0O-Rn-T 0100nnnn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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7.1.5 Branch Instructions

Table7-7 Branch Instructions

Instruction Operation Code Privilege Cycles T Bit

BF | abel If T=0,dispx2+PC - PC; 10001011dddddddd — 3/1* —
if T=1, nop

BF/' S | abel Delayed branch, if T = 0, 10001111dddddddd — 2/1* —
dispx 2+ PC - PC;if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd — 3/1* —
disp x2+PC - PC;if T=0, nop

BT/S | abel IfT=1,dispx2+PC - PC; 10001101dddddddd — 2/1* —
if T=0, nop

BRA | abel Delayed branch, disp x 2 + PC - 1010dddddddddddd — 2 —
PC

BRAF Rn Rn+PC - PC 0000nnnNn00100011 — 2 —

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd — 2 —
dispx2+PC - PC

BSRF Rn PC - PR,Rn+PC - PC 0000nnnn00000011 — 2 —

JWP @n Delayed branch, Rn - PC 0100nnnn00101011 — 2 —

JSR @rn Delayed branch, PC - PR, 0100nnnn00001011 — 2 —
Rn - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when it does not branch.
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7.1.6
Table7-8 System Control Instructions

System Control I nstructions

Instruction Operation Code Privilege Cycles T Bit
CLRVAC 0 -~ MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100mMmmMmMD0001110 V 5 LSB
LDC Rm GBR Rm - GBR 0100nMMMO0011110 — 1/3*1 —
LDC Rm VBR Rm - VBR 0100mmMmM00101110 V 1/3*1 —
LDC Rm SSR Rm - SSR 0100mMmmm00111110 V 1/3*1 —
LDC Rm SPC Rm - SPC 0100MmmMm01001110 V 1/3*1 —
LDC Rm RO_BANK Rm - RO_BANK 0100MmmmM1 0001110 V 1/3*1 —
LDC Rm R1_BANK Rm - R1_BANK 0100mMmmmML0011110 V 1/3*1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmml0101110 V 1/3*1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmmMl0111110 V 1/3*1 —
LDC Rm R4_BANK Rm - R4_BANK 0100mmml 1001110 V 1/3*1 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmmMl1011110 V 1/3*1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmml 1101110 V 1/3*1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmml1111110 V 1/3*1 —
LDC. L @m+, SR (Rm) - SR, Rm+4 - Rm  0100mmm00000111 v 7 LSB
LDC. L @m+, GBR (Rm) - GBR, Rm+4 - Rm 0100mmm®00010111 — 1/5%2 —
LDC. L @mt+, VBR (Rm) - VBR, Rm+4 -~ Rm 0100nmm00100111 V 1/5%2 —
LDC. L @m+, SSR (Rm) - SSR, Rm+4 -~ Rm 0100nmmmD0110111 V 1/5%2 —
LDC. L @m+, SPC (Rm) -~ SPC, Rm+4 - Rm 0100mmm01000111 v 1/5*2 —
LDC. L @m+, RO_ (Rm) — RO_BANK, 0100Mmmm10000111 T —
BANK Rm+4 - Rm
LDC. L @m+, R1_ (Rm) - R1_BANK, 0100mmmM 0010111 1/5*2 —
BANK Rm+4 - Rm
LDC. L @Rm+, R2_ (Rm) - R2_BANK, 0100mmm10100111 1/5*2 —
BANK Rm+4 - Rm
LDC. L @m+, R3_ (Rm) - R3_BANK, 0100mMmmMmML0110111 v /5%  —
BANK Rm+4 - Rm
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Table7-8 System Control Instructions (cont)

Instruction Operation Code Privilege Cycles T Bit
LDC.L @m R4_  (Rm) — R4_BANK, 0100mmMm11000111 /5% —
BANK Rm+4 - Rm
LDC. L @mt, R5_ (Rm) - R5_BANK, 0100mmml1010111 v 1/5%2 —
BANK Rm+4 - Rm
LDC.L @m, R6_  (Rm) — R6_BANK, 0100nMmmm1100111 (S —
BANK Rm+4 - Rm
LDC.L @m, R7_  (Rm) - R7_BANK, 0100mmmrl1110111 (T —
BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mMmmMmM®D0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmmMm00011010 — 1 —
LDS Rm PR Rm - PR 0100mmMmm©00101010 — 1 —
LDS. L @mt, MACH (Rm) - MACH, Rm+4 -~ Rm 0100mm©D0000110 — 1 —_
LDS. L @m+-, MACL (Rm) - MACL, Rm+4 -~ Rm 0100nmmm®D0010110 — 1 —
LDS. L @mt, PR (Rm) -~ PR,Rm+4 - Rm 0100mMmmMm00100110 — 1 —_
LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —
NOP No operation 0000000000001001 — 1 —
PREF @n (Rn) - cache 0000nnNnn10000011 — 1 —
RTE Delayed branch, 0000000000101011 v 4 —
SSR/SPC - SR/PC
SETS 1-S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 v 4%3 —
STC SR, Rn SR - Rn 0000nnNNN00000010 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nNNN00100010 V 1 —
STC SSR, Rn SSR - Rn 0000nnNnNn00110010 V 1 —
STC SPC, Rn SPC - Rn 0000nNNN01000010 v 1 —
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Table7-8 System Control Instructions (cont)

Instruction Operation Code Privilege Cycles T Bit

STC RO_BANK, Rn RO_BANK - Rn 0000nnNNN10000010 Vv 1 —

STC R1_BANK, Rn  R1_BANK- Rn 0000nnNNn10010010 Vv 1 —

STC R2_BANK, Rn R2_BANK - Rn 0000nnNN10100010 v 1 —

STC R3_BANK, Rn R3_BANK - Rn 0000nnnn10110010 Vv 1 —

STC R4_BANK, Rn R4_BANK - Rn 0000nnNNn11000010 Vv 1 —

STC R5_BANK, Rn R5_BANK - Rn 0000nnnn11010010 V 1 —

STC R6_BANK, Rn R6_BANK - Rn 0000nnnn11100010 Vv 1 —

STC R7_BANK, Rn R7_BANK - Rn 0000nnnn11110010 Vv 1 —

STC.L SR @Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 v 1/2%4 —

STC.L GBR @Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 1/2%4 —

STC.L VBR @-Rn Rn—-4 - Rn, VBR - (Rn) 0100nnnNn00100011 Vv 1/2%4 —

STC.L SSR @Rn Rn-4 - Rn, SSR - (Rn) 0100nnnn00110011 v 1/2%4 —

STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 Vv 1/2%4 —

STC. L RO_BANK, @ Rn—4 - Rn, 0100nnnn10000011 Vv 2 —
Rn RO_BANK - (Rn)

STC.L R1_BANK, @ Rn-4 - Rn, 0100nnnn10010011 Vv 2 —
Rn R1_BANK - (Rn)

STC. L R2_BANK, @ Rn—4 - Rn, 0100nnnn10100011 Vv 2 —
Rn R2_BANK — (Rn)

STC. L R3_BANK, @ Rn-4 - Rn, 0100nnnn10110011 Vv 2 —
Rn R3_BANK - (Rn)

STC. L R4_BANK, @ Rn—4 - Rn, 0100nnnn11000011 Vv 2 —
Rn R4_BANK - (Rn)

STC. L R5_BANK, @ Rn-4 - Rn, 0100nnnn11010011 Vv 2 —
Rn R5_BANK - (Rn)

STC. L R6_BANK, @ Rn—4 - Rn, 0100nnnn11100011 Vv 2 —
Rn R6_BANK - (Rn)

STC. L R7_BANK, @ Rn-4 - Rn, 0100nnnn11110011 Vv 2 —
Rn R7_BANK - (Rn)

STS MACH, Rn MACH - Rn 0000nnNnNN00001010 — 1 —

STS MACL, Rn MACL - Rn 0000nnnNn00011010 — 1 —

STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —
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Table7-8 System Control Instructions (cont)

Instruction Operation Code Privilege Cycles T Bit
STS.L MACH, @Rn Rn-4 - Rn, MACH - (Rn) 0100nnnn00000010 — 1 —
STS.L MACL, @Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —
STS.L PR @Rn Rn-4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —
TRAPA  #i nm PC/SR - SPC/SSR, 1100001%iiiiiiii — 6/8*° —
#imm<<2 - TRA, 0x160 -
EXPEVT VBR + H'0100 - PC
Notes: The number of execution states before the chip enters the sleep state. This table lists the
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minimum execution cycles. In practice, the number of execution cycles increases when the
instruction fetch is in contention with data access or when the destination register of a load
instruction (memory - register) is the same as the register used by the next instruction.

1.

o~ wb

Three cycles on the SH3-DSP.

Five cycles on the SH3-DSP.

Number of cycles before transition to sleep state.
Two cycles on the SH3-DSP.

Eight cycles on the SH3-DSP.
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7.1.7  Floating Point Instructions (SH-3E Only)

Table7-9 Floating Point I nstructions
Instruction Operation Code Privilege Cycles T Bit
FABS FRn |FRn| - FRn 1111nnnn01011101 — 1 —
FADD FRm FRn FRn +FRm - FRn 1111nnnnnmm©0000 — 1 —
FCWP/ EQ FRm FRn FRn == FRm? 1111nnnnmm®0100 — 1 Comparison
1.0-T result
FCW/ GT FRm FRn FRn > FRm? 111innnnmmm0101 — 1 Comparison
10T result
FDI V FRm FRn FRn/FRm - FRn 1111nnnnmm0011 — 13 —
FLDI O FRn H'00000000 - FRn 1111nnnn10001101 — 1 —
FLDI 1 FRn H'3F800000 — FRn 1111nnnn10011101 — 1 —
FLDS FRm FPUL FRm - FPUL 1111nnnn00011101 — 1 —
FLOAT FPUL, FRn (float)FPUL - FRn 1111nnnn00101101 — 1 —
FMAC FRO, FRm FRn  FRO x FRm + 1111nnnnmmmil110 — 1 —
FRn - FRn
FMOV FRm FRn FRm - FRn 1111nnnnmmmm_1100 — 1 —
FMOV.S @RO,Rm,FRn (RO+Rm) -~ FRn 111lnnnnnmmm0110 — 1 —
FMOV.S @Rm+, FRn (Rm) - FRn, 1111nnnnmmmm1001 — 1 —
Rm+4 - Rm
FMOV. S  @m FRn (Rm) - FRn 1111nnnnmmm1000 — 1 —
FMV.S FRm @RO,Rn) FRm - (RO+Rn) 111lnnnnmm0111 — 1 —
FMOV.S FRm @Rn Rn-4 - Rn, 1111nnnnmmm1011 — 1 —
FRm - (Rn)
FMOV. S  FRm @n FRm - (Rn) 111innnnmmmil010 — 1 —
FMUL FRm FRn Fm x FRm - FRn 1111nnnnmm0010 — 1 —
FNEG FRn —FRn - FRn 1111nnnn01001101 — 1 —
FSQRT FRn VFRNn - FRn 1111nnnn01101101 — 13 —
FSTS FPUL, FRn FPUL - FRn 1111nnnn00001101 — 1 —
FSUB FRm FRn FRn-FRm - FRn 1111nnnnmm0001 — 1 —
FTRC FRm FPUL (long)FRm - FPUL 1111nnnn00111101 — 1 —
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7.1.8 FPU System Register Related CPU Instructions (SH-3E Only)
Table7-10 FPU Related CPU Instructions

Instruction Operation Code Privilege Cycles T Bit
LDS Rm FPSCR Rm - FPSCR 0100nnnn01101010 — 1 —
LDS Rm FPUL Rm - FPUL 0100nnnn01011010 — 1 —
LDS.L @m+ , FPSCR @Rm - FPSCR, 0100nnnn01100110 — 1 —
Rm+4 - Rm

LDS. L @m+ , FPUL @Rm - FPUL,Rm+4 -~ Rm 0100nnnn01010110 — —
STS FPSCR, Rn FPSCR - Rn 0000nnnn01101010 — —
STS FPUL, Rn FPUL - Rn 0000nnnn01011010 —

STS.L FPSCR, @ Rn Rn-4 - Rn, FPSCR - @Rn 0100nnnn01100010 —

L
I

STS.L FPUL, @ Rn Rn-4 - Rn, FPUL - @Rn 0100nnnn01010010 —

7.1.9 CPU Instructions That Support DSP Functions (SH3-DSP Only)

Severa system control instructions have been added to the CPU core instructions to support DSP
functions. The RS, RE, and MOD registers (which support modulo addressing) have been added,
and an RC counter has been added to the SR register. LDC and STC instructions have been added
to accessthese. LDS and STS instructions have also been added for accessing the DSP registers
DSR, AQ, X0, X1, YO, and Y 1.

A SETRC instruction has been added for setting the value of the repeat counter (RC) in the SR
register (bits 16—27). When the operand of the SETRC instruction isimmediate, 8 bits of
immediate data are set in bits 16-23 of the SR register and bits 2427 are cleared. When the
operand is aregister, the 12 bits 0-11 of the register are set in bits 16-27 of the SR register.

In addition to the new LDC instructions, the LDRE and L DRS instructions have been added for
setting the repeat start address and repeat end address in the RS and RE registers.

Table 7-11 shows the added instructions.
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Table7-11 Added CPU Instructions

Instruction Operation Code Cycles T Bit
LDC Rm MD Rm - MOD 0100mmM®O1011110 3 —
LDC Rm RE Rm-RE 0100mmMm©O1111110 3 —
LDC Rm RS RmM-RS 0100nmmM©01101110 3 —
LDC L @mt, MDD (Rm) - MOD,Rm+4 -~ Rm 0100mmMO1010111 5 —
LDC L @, RE (Rm) - RE,Rm+4 - Rm 0100mm01110111 5 —
LDC L @m, RS (Rm) - RS,Rm+4 - Rm 0100mmMO1100111 5 —
STC MDD, Rn MOD - Rn 0000nnnNn01010010 1 —
STC RE, R RE - Rn 0000nnnNn01110010 1 —
STC RS, R RS - Rn 0000nnnNn01100010 1 —
STC L MD, @R Rn—4 - Rn,MOD - (Rn) 0100nnnn01010011 2 —
STC L RE @Rn Rn—4 - Rn,RE - (Rn) 0100nnnn01110011 2 —
STCL RS @Rn Rn—4 - Rn,RS - (RN) 0100nnnn01100011 2 —
LDS Rm DSR Rm - DSR 0100mmM®O1101010 1 —
LDS. L @+, DSR (Rm)-DSR,Rm+4 . Rm 0100mmMm©O1100110 1 —
LDS Rm A0 Rm - AO 0100mmM®O1110110 1 —
LDS. L @mt, A0 (Rm) - AO,Rm+4 . Rm 0100mmM®O1100110 1 —
LDS Rm X0 Rm - X0 0100mmMm©O1110110 1 —
LDS. L @mt, X0 (Rm) - X0,Rm+4 - Rm 0100mMmmM®O1100110 1 —
LDS Rm X1 Rm- X1 0100mmM®O1110110 1 —
LDS. L @, X1 (Rm) - X1,Rm+4 -~ Rm 0100mmMm©O1100110 1 —
LDS Rm YO Rm-YO 0100mmM®O1110110 1 —
LDS. L @mt, YO (Rm) - YO,Rm+4 . Rm 0100mmM®O1100110 1 —
LDS Rm Y1l Rm-Y1,Rm+4 - Rm 0100mmm©O1110110 1 —
LDS. L @m, Y1 (Rm)-Y1,Rm+4 - Rm 0100mmM®O1100110 1 —
STS DSR Rn DSR - Rn 0000nnnNn01101010 1 —
STS.L DSR @Rn Rn—4 - Rn,DSR - (Rn) 0100nnnn01100010 1 —
STS A0, Rn A0 - Rn 0000nnnNn01111010 1 —
STS.L A0, @Rn Rn—4 - Rn,A0 - (Rn) 0100nnnn01110010 1 —
STS X0, Rn X0-Rn 0000nnnNn01111010 1 —
STS.L X0, @Rn Rn—4 - Rn,X0 - (Rn) 0100nnnn01110010 1 —
STS X1, R X1-Rn 0000nnnNn01111010 1 —
STS.L X1, @Rn Rn—4 - Rn,X1 - (Rn) 0100nnnn01110010 1 —
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Table7-11 Added CPU Instructions (cont)

Instruction Operation Code Cycles T Bit
STS YO, Rn YO-Rn 0000nnnNn10101010 1 —
STS.L YO, @Rn Rn—4 - Rn,Y0 - (Rn) 0100nnnn10100010 1 —
STS Y1, R Y1-Rn 0000nnnNn10111010 1 —
STS.L Y1, @Rn Rn—4 - Rn,Y1-(Rn) 0100nnnn10110010 1 —
SETRC Rm Rm[11:0] - RC (SR[27:16]) 0100nMmmMD0010100 3 —
SETRC #i nm imm  RC(SR[23:16)), 10000010i iiiiiii 3 —
zeros - SR[27:24]
LDRS @di sp, pc) disp x 2+PC - RS 10001100dddddddd 3 —
LDRE @di sp, pc) disp x 2+PC - RE 10001110dddddddd 3 —

7.2  Instruction Set in Alphabetical Order

Table 7-12 alphabetically lists the instruction codes and number of execution cycles for each
instruction.

Table7-12 Instruction Set Listed Alphabetically

Instruction Operation Code Privilege Cycles T Bit

ADD #i mm Rn Rn +imm - Rn Olllnnnniiiiiiii — 1 —

ADD Rm Rn Rn+Rm - Rn 0011nnnnmmmi1100 — 1 —

ADDC Rm Rn Rn+Rm+T - Rn, 0011nnnnnmm1110 — 1 Carry
Carry - T

ADDV  Rm Rn Rn + Rm - Rn, 001lnnnnmmmillll — 1 Overflow
Overflow - T

AND  #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —

AND Rm Rn Rn & Rm - Rn 0010nnnnmmMM1 001 — 1 —

AND. B #i mm @ RO, GBR) (RO + GBR)&imm -  1100110%iiiiiiii — 3 —
(RO + GBR)

BF | abel IfT=0,disp+PC - 10001011dddddddd — 3/1%2 —
PC; if T=1, nop

BF/'S | abel If T=0,disp +PC - 10001111dddddddd — 2/1%2 —
PC; ifT=1, nop

BRA | abel Delayed branch, disp + 1010dddddddddddd — 2 —
PC - PC

BRAF Rn Delayed branch, Rn+ 0000nnnn00100011 — 2 —
PC - PC
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
BSR | abel Delayed branch, PC - 101l1dddddddddddd — 2 —
PR, disp + PC - PC
BSRF Rn Delayed branch, PC - 0000nnnn00000011 — 2 —
PR,Rn+PC - PC
BT | abel IfT=1,disp+PC - 10001001dddddddd — 3/1*2 —
PC; if T=0, nop
BT/ S | abel IfT=1,disp+PC - 10001101dddddddd — 2/1*2 —
PC; if T=0, nop
CLRVAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
CW/EQ #i mmRO IfRO=imm,1-T 10001000iiiiiiii — 1 Comparison
result
CWP/ EQ Rm Rn fRN=Rm,1 - T 0011nnnnnmmmOD000 — 1 Comparison
result
CWP/ GE Rm Rn If Rn 2 Rm with signed 0011nnnnmmm0011 — 1 Comparison
data,1 - T result
CwP/ GT Rm Rn If Rn > Rm with signed 0011nnnnmmmO0111 — 1 Comparison
data,1 - T result
CWP/ HI Rm Rn If Rn > Rm with 0011nnnnmmm0110 — 1 Comparison
unsigned data, result
CMWP/ HS Rm Rn If Rn = Rm with 0011lnnnnnmmmD010 — 1 Comparison
unsigned data, 1 - T result
CwP/ PL Rn IfRn>0,1 - T 0100nnnn00010101 — 1 Comparison
result
CWP/ PZ Rn IfRN=20,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ STR  Rm Rn If Rnand Rm have an  0010nnnnmmm1100 — 1 Comparison
equivalent byte, 1 - T result
Dl VOS Rm Rn MSB of Rn - Q, MSB  0010nnnnmmm0111 — 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0 -~ M/IQIT 0000000000011001 — 1 0
Dl Vi1 Rm Rn Single-step division 0011lnnnnnmmmOD100 — 1 Calculation
(Rn/Rm) result
DMIULS.L RmRn Signed operation of Rn  0011lnnnnnmmml101 — 2 —
x Rm - MACH, MACL (to 5)**
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
DMULU. L Rm Rn Unsigned operation 0011nnnnmm0101 — 2 —
of Rn x Rm - (to 5)**
MACH, MACL
DT Rn Rn-1 - Rn,when 0100nnnn00010000 — 1 Comparison
Rnis0,1 - T. result
When Rn is
nonzero,0 - T
EXTS.B Rm Rn A byte in Rm is sign- 0110nnnnnmmml110 — 1 —
extended —» Rn
EXTS. W Rm Rn A word in Rm is 0110nnnnmmmmilll — 1 —
sign-extended - Rn
EXTU. B Rm Rn A byte in Rm is 0110nnnnMmmm1100 — 1 —
zero-extended - Rn
EXTU. W Rm Rn A word in Rm is 0110nnnnmMmmmi101 — 1 —
zero-extended - Rn
FABS FRn*3 | FRn| - FRn 1111nnnn01011101 — 1 —
FADD FRm , FRn*3 FRn+FRm - FRn 1111nnnnmmmD000 — 1 —
FCMP/ EQ FRm , FRn*3 (FRn == FRm)? 1112nnnnmm0100 — 1 Comparison
10T result
FCMP/ GT FRm , FRn*3 (FRn > FRm) ? 1111nnnnmMmmm0101 — 1 Comparison
1.0-T result
FDI V FRm , FRn*3 FRn/FRm - FRn  111lnnnnmmm0011 — 13 —
FLDI O FRn*3 H'00000000 —» FRn 1111nnnn10001101 — 1 —
FLDI 1 FRn*3 H'3F800000 - FRn 1111nnnn10011101 — 1 —
FLDS FRm , FPUL*3 FRm - FPUL 1111nnnn00011101 — 1 —
FLOAT FPUL, FRn*3 (float)FPUL - FRn 1111nnnn00101101 — 1 —
FMAC FRO, FRm FRn**  FROxFRm+FRn 111lnnnnnmmill10 — 1 —
- FRn
FMOV FRm , FRn*3 FRm - FRn 1111nnnnmMmmm1100 — 1 —
FMOV. S @RO, RM, FRn*®* (RO+Rm) - FRn  111lnnnnmmmmD110 — 1 —
FMOV. S @Rm+, FRn*3® (Rm) - FRn,Rm +4 111innnnmmm1001 — 1 —
=Rm
FMOV. S @Rm FRn*3 (Rm) - FRn 1111nnnnnmmmmi1l000 — 1 —
FMOV. S FRm @RO, Rn) ** (FRm) - (RO+Rn) 111lnnnnmmmm0111l — 1 —
FMOV. S FRm @ Rn**3 Rn-4 - Rn, FRm - 111lnnnnmmml01l — 1 —
(Rn)
FMOV. S FRm @n*3 FRm - (Rn) 1111nnnnmmm1010 — 1 —
FMUL FRm FRn*3 FRn x FRm - FRn 1111nnnnmmm0010 — 1 —
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
FNEG FRn*3 —FRn -~ FRn 1111nnnn01001101 — 1 —
FSQRT FRn*3 Vv FRn - FRn 1111nnnn01101101 — 13 —
FSTS FPUL, FRn*®  FPUL - FRn 1111nnnn00001101 — 1 —
FSUB FRm FRn*3 FRn - FRmM - FRn 1111nnnnmmm0001 — 1 —
FTRC FRm FPUL*®  (long)FRm - FPUL 1111nnnn00111101 — 1 —
JMP @n Delayed branch, 0100nnnn00101011 — 2 —
Rn - PC
JSR @n Delayed branch, 0100nnnn00001011 — 2 —
PC - PR,Rn - PC
LDC Rm GBR Rm - GBR 0100nMmmMmMD0011110 — U3t —
LDC Rm SR Rm - SR 0100nMmMM00001110 V 5 LSB
LDC Rm VBR Rm - VBR 0100mMmmMM00101110 Vv 134 —
LDC Rm SSR Rm - SSR 0100MmmMM00111110 Vv /3% —
LDC Rm SPC Rm - SPC 0100mmMmD1001110 U3t —
LDC Rm MOD*® Rm - MOD 0100mMmmMM01011110 V 3 —
LDC  Rm RE*® Rm - RE 0100mmmD1101110 v 3 —
LDC Rm RS*® Rm- RS 0100mmMM01101110 V 3 —
LDC RmRO_BANK Rm - RO_BANK 0100mMmmi0001110 v 134 —
LDC Rm R1_BANK Rm - R1_BANK 0100MmmmM 0011110 V /3% —
LDC Rm R2_BANK Rm - R2_BANK 0100mmmM 0101110 V 134 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmmM 0111110 V /3% —
LDC Rm R4_BANK Rm - R4_BANK 0100mmmM 1001110 V 134 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmmMl 1011110 V /3% —
LDC Rm R6_BANK Rm - R6_BANK 0100mmmM 1101110 V 134 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmmMl1111110 V /3% —
LDC. L @m+, GBR (Rm) - GBR,Rm+4 - Rm 0100nMmmM®D0010111 — 15+ —
LDC. L @mt, SR (Rm) - SR,Rm+4 - Rm 0100MmmMM00000111 Vv 7 LSB
LDC. L @m+, VBR (Rm) - VBR,Rm+4 - Rm 0100mmMmMD0100111 15+ —
LDC. L @mt, SSR (Rm) - SSR,Rm+4 - Rm 0100mMmmMM00110111 1/5%% —
LDC. L @m+, SPC (Rm) - SPC,Rm+4 - Rm 0100mmMmD1000111 15+ —
LDC. L @m+, MOD*® (Rm) -~ MOD,Rm +4 - Rm 0100mmMM01010111 V 5 —_
LDC. L @+, RE*® (Rm) - RE,Rm +4 — Rm 0100Mmmm01110111 v 5 —
LDC. L @Rm+, RS*® (Rm) -~ RS,Rm+4 - Rm 0100mMmmMM01100111 5 —_
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit

LDC. L @m+, RO_BANK (Rm) - RO_BANK, 0100nMMM10000111 V 1/5%° —
Rm+4 - Rm

LDC. L @m+, R1_BANK (Rm) - R1_BANK, 0100nMMMM10010111 V 1/5%° —
Rm+4 - Rm

LDC. L @wmt+, R2_BANK (Rm) - R2_BANK, 0100mMmM10100111 V 1/5%° —
Rm+4 - Rm

LDC. L @m+, R3_BANK (Rm) - R3_BANK, 0100mMmML0110111 V 1/5%5 —
Rm+4 - Rm

LDC. L @m+, R4_BANK (Rm) - R4_BANK, 0100mMmmmM1 1000111 v 1/5%° —
Rm+4 - Rm

LDC. L @m+, R5_BANK (Rm) - R5_BANK, 0100mMmMmMML1010111 v 1/5%° —
Rm+4 - Rm

LDC. L @m+, R6_BANK (Rm) - R6_BANK, 0100mMMM11100111 V 1/5%° —
Rm+4 - Rm

LDC. L @m+, R7_BANK (Rm) - R7_BANK, 0100mMMMM11110111 V 1/5%° —
Rm+4 - Rm

LDRE @ di sp, PC) *® dispx2+PC - RE 10001110dddddddd — 3 —

LDRS @ di sp, PC) *° disp x2 + PC - RS 10001100dddddddd — 3 —

LDS Rm FPSCR*® Rm - FPSCR 0100nnnn01101010 — 1 —

LDS Rm FPUL*3 Rm - FPUL 0100nnnn01011010 — 1 —

LDS Rm MACH Rm - MACH 0100nMmMmMD0001010 — 1 —

LDS Rm MACL Rm - MACL 0100mMmMmmMD0011010 — 1 —

LDS Rm PR Rm - PR 0100MmmMmD0101010 — 1 —

LDS Rm AQ*° Rm - DSR 0100mmMmMD1101010 — 1 —

LDS Rm DSR*® Rm - A0 0100MmMmD1111010 — 1 —

LDS Rm X0*° Rm - X0 0100mMmMmM10001010 — 1 —

LDS Rm X1*° Rm - X1 0100nMMmM10011010 — 1 —

LDS Rm YO*° Rm - YO 0100mMmMmM10101010 — 1 —

LDS Rm Y1*° Rm - Y1 0100nMMmM10111010 — 1 —

LDS. L @m+ , FPSCR*3 @Rm - FPSCR, 0100nnnn01100110 — 1 —
Rm+4 - Rn

LDS. L @m+ , FPUL*3 @Rm - FPUL, 0100nnnn01010110 — 1 —
Rm+4 - Rn

LDS. L @m+, MACH (Rm) - MACH, 0100nMMmmMD0000110 — 1 —
Rm+4 - Rm

LDS. L @m+, MACL (Rm) - MACL, 0100MmmMmD0010110 — 1 —
Rm+4 - Rm
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit

LDS. L @mt, PR (Rm) - PR, 0100mmMmD0100110 — 1 —
Rm+4 - Rm

LDS.L  @Rm+, DSR*® (Rm) - DSR, 0100mMmmMm01100110 — 1 —
Rm+4 - Rm

LDS.L  @rRmt+, AO*® (Rm) - A0, 0100mMmmMmD1110110 — 1 —
Rm+4 - Rm

LDS. L  @rRm+, X0*° (Rm) - XO, 0100mMmMML0000110 — 1 —
Rm+4 - Rm

LDS. L  @Rm#, X1*° (Rm) - X1, 0100mMmmMmM10010110 — 1 —
Rm+4 - Rm

LDS. L  @rRm+, YO*° (Rm) - YO, 0100mMmmMmM10100110 — 1 —
Rm+4 - Rm

LDS. L @R, Y1*° (Rm) - Y1, 0100mMmMmM 0110110 — 1 —
Rm+4 - Rm

LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —

MAC. L @Rmt, @R+ Signed operation of 0oooonnnnmmMmM1111l — 2 (to 5)**
(Rn) x (Rm) + MAC -
MAC

MAC. W  @Rm+, @Rn+ Signed operation of 0100nnnnnMmMmM1111 — 2 (to 5)*! —
(Rn) x (Rm) + MAC -
MAC

MoV #i mm Rn #imm - Sign extension 1110nnnniiiiiiii — 1 —
- Rn

MoV Rm Rn Rm - Rn 0110nnnnmmMmMmO011 — 1 —

MOV. B @ di sp, GBR), RO (disp + GBR) - Sign 11000100dddddddd — 1 —
extension - RO

MOV. B @di sp, Rm), R0 (disp + Rm) - Sign 10000100mmmdddd — 1 —
extension — RO

MOV. B @RO, RM), Rn (RO + Rm) - Sign 0000NnnNnNMMML100 — 1 —
extension —» Rn

MOV. B @mt, Rn (Rm) - Sign extension 0110nnnnnmmmD100 — 1 —
- Rn,Rm+1 - Rm

MOV. B @Rm Rn (Rm) - Sign extension 0110nnnnmmmOD000 — 1 —
- Rn

MOV. B RO, @ di sp, GBR) RO - (disp + GBR) 11000000dddddddd  — 1 —

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd — 1 —

MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 0000NNNNMMMO100 — 1 —

MOV. B Rm @-Rn Rn-1 - Rn, Rm - 0010nnnnmMMMMD100 — 1 —
(Rn)

MOV. B Rm @rn Rm - (Rn) 0010nnnnnMMMMD000 — 1 —
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit

MOV. L @di sp, GBBR), R0 (disp + GBR) - RO 11000110dddddddd — 1 —

MOV. L @disp, PC), R (disp + PC) - Rn 1101nnnndddddddd — 1 —

MOV. L @di sp, Rm,Rn (disp+Rm) - Rn 0101nnnnnmmdddd — 1 —

MOV. L @RO, RM), Rn (RO+Rm) - Rn 0000nnnnPMMML110 — 1 —

MOV. L @ mt+, Rn (Rm) - Rn, 0110nnnnnmMm0110 — 1 —
Rm+4 - Rm

MOV. L @Rm Rn (Rm) - Rn 0110nnnnmmm0010 — 1 —

MOV. L RO, @di sp, GBR) RO - (disp + GBR) 11000010dddddddd — 1 —

MOV. L Rm @di sp, Rn) Rm - (disp + Rn) 0001nnnnmmmdddd — 1 —

MOV. L Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnMMMO110 — 1 —

MOV. L Rm @Rn Rn-4 - Rn, Rm - 0010nnnnmMmmM0110 — 1 —
(Rn)

MOV. L Rm @Rn Rm - (Rn) 0010nnnnnMMmMO010 — 1 —

MOV. W @disp, GBBR), RO (disp + GBR) - Sign 11000101dddddddd — 1 —
extension — RO

MOV. W  @disp, PC), Rn (disp + PC) - Sign 1001nnnndddddddd — 1 —
extension — Rn

MOV. W  @disp,Rm,R0 (disp+Rm) - Sign 10000101nmmmdddd — 1 —
extension — RO

MOV. W @RO, R, Rn (RO + Rm) - Sign 0000nnnnAMMML101 — 1 —
extension —» Rn

MOV. W @m+, Rn (Rm) - Sign extension 0110nnnnnmmmD101 — 1 —
- Rn,Rm+2 -~ Rm

MOV. W @m Rn (Rm) - Sign extension 0110nnnnmmm0001 — 1 —
- Rn

MV. W RO, @disp, GBR) RO - (disp + GBR) 11000001dddddddd — 1 —

MOV. W RO, @disp,R1) RO - (disp + Rn) 10000001nnnndddd — 1 —

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000nnNnnMMMO101 — 1 —

MOV. W  Rm @Rn Rn-2 - Rn, Rm - 0010nnnnmMMMMO101 — 1 —
(Rn)

MOV. W Rm @n Rm - (Rn) 0010nnnnnMMmMOO001 — 1 —

MOVA  @di sp, PC), RO disp + PC - RO 11000111dddddddd — 1 —

MVT  Rn T - Rn 0000nnnn00101001 — 1 —

MJL.L Rm Rn Rn xRm - MAC 0000nnnnmMmMMO0111 — 2 (to 5)**

MULS. WRm Rn Signed operation of Rn - 0010nnnnmmmm111 — 1(to3)** —
xRm - MAC
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
MULU. WRm Rn Unsigned operation of Rn x ~ 0010nnnnmmm1110 — 1(to3)*! —
Rm - MAC
NEG Rm Rn 0-Rm - Rn 0110nnnnmMmMmMm1011l — 1 —
NEGC Rm Rn 0-Rm-T - Rn, Borrow -~ T 0110nnnnnmm1010 — 1 Borrow
NOP No operation 0000000000001001 — 1 —
NOT Rm Rn ~Rm - Rn 0110nnnnmMmmMmO111l — 1 —
oR #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OoR Rm Rn Rn|Rm - Rn 0010nnnnmmml011 — 1 —
OR B #imm (RO + GBR) | imm - 1100111%iiiiiiii — 3 —
@ RO, GBR) (RO + GBR)
PREF @ (Rn) - cache 0000nnNnn10000011 — 1/2%6 —
ROTCL Rn T<Rn T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn T 0100nnnn00100101 — 1 LSB
ROTL  Rn T « Rn -« MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — 1 LSB
RTE Delayed branch, 0000000000101011 V 4 —
SSR/SPC - SR/PC
RTS Delayed branch, PR -~ PC ~ 0000000000001011 — 2 —
SETRC Rnt® 12 lower bits of Rm — RC 0100mm®D0010100 — 3 —
(SR bits 27 to 16), repeat
control flag -» RF1, RFO
SETRC #i nmt® imm - RC (SR bits 23to 10000010iiiiiiii — 3 —
16), repeat control flag —
RF1, RFO
SETS 1-5S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SHAD Rm Rn Rn>0; Rn << Rm - Rn 0100nnnnmMmmM1100 — 1 —
Rn <0; Rn>>Rm -
(MSB -)Rn
SHAL Rn T<Rn-0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn=0; Rn<<Rm - Rn 0100nnnnnmMmMM1101 — 1 —
Rn <0; Rn>>Rm - (0-)Rn
SHLL Rn T<Rn-0 0100nnnn00000000 — 1 MSB
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Table7-12 Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
SHLL2 Rn Rn<<2 -~ Rn 0100nnnn00001000 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnn00101000 — 1 —
SHLR Rn 0O-Rn-T 0100nnnn00000001 — 1 LSB
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
SLEEP Sleep 0000000000011011 Vv 4 —
STC GBR, Rn GBR - Rn 0000nnnNn00010010 — 1 —
STC SR, Rn SR - Rn 0000nNNN00000010 V 1 —
STC VBR, Rn VBR - Rn 0000nNNN00100010 V 1 —
STC SSR, Rn SSR - Rn 0000nnNNN00110010 V 1 —
STC SPC, Rn SPC - Rn 0000nnNN01000010 v 1 —
STC MOD, Rn*® MOD - Rn 0000nnNnn01010010 — 1 —
STC RE, Rn*® RE - Rn 0000nnnn01110010 — 1 —
STC RS, Rn*? RS - Rn 0000nnNnn01100010 — 1 —
STC RO_BANK, Rn RO_BANK - Rn 0000nNNN10000010 V 1 —
STC R1_BANK, Rn R1_BANK - Rn 0000nNnNNn10010010 V 1 —
STC R2_BANK, Rn R2_BANK - Rn 0000nnNNN10100010 V 1 —
STC R3_BANK, Rn  R3_BANK- Rn 0000nNNN10110010 V 1 —
STC R4_BANK, Rn R4_BANK - Rn 0000nNNN11000010 V 1 —
STC R5_BANK, Rn R5_BANK - Rn 0000nNNNn11010010 V 1 —
STC R6_BANK, Rn R6_BANK - Rn 0000nNNN11100010 V 1 —
STC R7_BANK, Rn R7_BANK - Rn 0000nNNN11110010 V 1 —
STC.L GBR @Rn Rn-4 - Rn, 0100nnnn00010011 — 1/2%6 —
GBR - (Rn)
STC.L SR @Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 1/2%8 —
STC.L VBR @Rn Rn—4 - Rn, 0100nnnn00100011 v 1/2%© —
VBR - (Rn)
STC.L SSR, @Rn Rn-4 - Rn, 0100nnnn00110011 v 1/2%© —
SSR - (Rn)
STC.L SPC, @Rn Rn—4 - Rn, 0100nnnn01000011 v 1/2%6 —
SPC - (Rn)
STC.L MDD, @ Rn*® Rn—4 - Rn, MOD - (Rn) 0100nnnn01010011 2 —
STC.L RE, @Rn*® Rn-4 - Rn, RE - (Rn) 0100nnnn01110011 v 2 —
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit

STC.L RS, @Rn*° Rn-4 - Rn, RS - (Rn) 0100nnnn01100011 V 2 —

STC.L RO_BANK, @Rn Rn-4 - Rn, 0100nnnn10000011 V 2 —
RO_BANK - (Rn)

STC.L R1_BANK, @Rn Rn—4 - Rn, 0100nnnn10010011 vV 2 —
R1_BANK - (Rn)

STC.L R2_BANK, @Rn Rn—4 - Rn, 0100nnnn10100011 v 2 —
R2_BANK - (Rn)

STC.L R3_BANK, @Rn Rn-4 - Rn, 0100nnnn10110011 V 2 —
R3_BANK - (Rn)

STC.L R4_BANK, @Rn Rn-4 - Rn, 0100nnnn11000011 V 2 —
R4_BANK - (Rn)

STC.L R5_BANK, @Rn Rn-4 - Rn, 0100nnnNn11010011 V 2 —
R5_BANK - (Rn)

STC.L R6_BANK, @Rn Rn-4 - Rn, 0100nnnn11100011 V 2 —
R6_BANK - (Rn)

STC.L R7_BANK, @Rn Rn—4 - Rn, 0100nnnn11110011 v 2 —
R7_BANK - (Rn)

STS FPSCR, Rn*® FPSCR - Rn 0000nnnn01101010 — 1 —

STS FPUL, Rn*3 FPUL - Rn 0000nnnn01011010 — 1 —

STS MACH, Rn MACH - Rn 0000nnnn00001010 — 1 —

STS MACL, Rn MACL - Rn 0000nnNnn00011010 — 1 —

STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —

STS DSR, Rn*® DSR - Rn 0000nnnn01101010 — 1 —

STS A0, Rn*® A0 - Rn 0000nnnn01111010 — 1 —

STS X0, Rn**® X0 - Rn 0000nnNnn10001010 — 1 —

STS X1, Rn*® X1 - Rn 0000nnnn10011010 — 1 —

STS YO0, Rn**® Y0 - Rn 0000nnnn10101010 — 1 —

STS Y1, Rn*® Y1 - Rn 0000nnnn10111010 — 1 —

STS.L FPSCR, @Rn*®* Rn-4 - Rn, 0100nnnn01100010 — 1 —
FPSCR - @Rn

STS.L FPUL, @ Rn*? Rn-4 - Rn, 0100nnnn01010010 — 1 —
FPUL - @Rn

STS.L MACH, @Rn Rn-4 - Rn, MACH - 0100nnnn00000010 — 1 —
(Rn)

STS.L  MACL, @Rn Rn-4 - Rn, MACL - 0100nnnn00010010 — 1 —
(Rn)

STS.L PR, @Rn Rn-4 - Rn, PR - (Rn)  0100nnnn00100010 — 1 —

STS.L DSR, @Rn*° Rn-4 - Rn,DSR - (Rn) 0100nnnn01100010 — 1 —
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Table7-12

Instruction Set Listed Alphabetically (cont)

Instruction Operation Code Privilege Cycles T Bit
STS.L A0, @ Rn*° Rn-4 - Rn, A0 -~ (Rn)  0100nnnn01110010 — 1 —
STS. L X0, @ Rn*® Rn-4 - Rn, X0 - (Rn) 0100nnnn10000010 — 1 —
STS.L X1, @Rn*° Rn-4 - Rn, X1 - (Rn) ~ 0100nnnn10010010 — 1 —
STS.L Y0, @ Rn*® Rn-4 - Rn, YO - (Rn)  0100nnnn10100010 — 1 —
STS.L Y1, @Rn*° Rn-4 - Rn, Y1 - (Rn) 0100nnnn10110010 — 1 —
SuB Rm Rn Rn-Rm - Rn 0011nnnnnmmm1000 — 1 —
SUBC Rm Rn Rn—-RM-T - Rn, 0011nnnnnmm1010 — 1 Borrow
Borrow - T
SuUBV Rm Rn Rn—-Rm - Rn, Underflow 001lnnnnnmmmil011 — 1 Under-
> T flow
SWAP. B Rm Rn Rm - Swap the two 0110nnnnmMmmmi000 — 1 —
lowest-order bytes — Rn
SWAP. W Rm Rn Rm - Swap two 0110nnnnmMmmmi001 — 1 —
consecutive words - Rn
TAS. B @wn If(Rn)is0,1 - T;1 - 0100nnnn00011011 — 3/4%7 Test
MSB of (Rn) result
TRAPA #i mm PC/SR - SPC/SSR, 1100001%iiiiiiii — 6/8*8 —
(#imm) <<2 - TRA
VBR + H'0100 - PC
TST #i mm RO RO & imm; if the resultis ~ 11001000iiiiiiii — 1 Test
0,1-T result
TST Rm Rn Rn & Rm; if the resultis 0, 0010nnnnmmML000 — 1 Test
1-T result
TST. B #i nm (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
@ RO, GBR) iftheresultis0,1 - T result
XOR  #inm RO RO ~imm - RO 11001010iiiiiiii — 1 —
XOR Rm Rn Rn”~Rm - Rn 0010nnnnmmMm1010 — —
XOR. B #i nm (RO +GBR) A imm — (RO 11001110iiiiiiii — 3 —
@ RO, GBR) + GBR)
XTRCT Rm Rn Rm: Middle 32 bits of Rn - 0010nnnnnmmmMmm1101 — 1 —
- Rn
Notes: 1. The normal minimum number of execution cycles. The number in parentheses is the
number of cycles when there is contention with following instructions.
2. One state when it does not branch.
3. Indicates floating point instructions and FPU related CPU instructions. These
instructions can only be used with the SH-3E.
4. Three cycles on the SH3-DSP.
5. Five cycles on the SH3-DSP.
6. Two cycles on the SH3-DSP.
7. Four cycles on the SH3-DSP.
8. Eight cycles on the SH3-DSP.
9. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.
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7.3 DSP Data Transfer Instruction Set (SH3-DSP Only)
Table 7-13 shows the DSP data transfer instructions by category.

Table 7-13 DSP Data Transfer Instruction Categories

Instruction Operation No. of
Category Types Code Function Instructions
Double data transfer 4 NOPX X memory no operation 14
instructions
MOVX X memory data transfer
NOPY Y memory no operation
MOVY Y memory data transfer
Single data transfer 1 MOVS Single data transfer 16
instructions
Total 5 Total 30

The data transfer instructions are divided into two groups, double data transfers and single data
transfers. Double data transfers are combined with DSP operation instructions to create DSP
parallel processing instructions. Parallel processing instructions are 32 bitslong and include a
double data transfer instruction in field A. Double data transfers that are not parallel processing
instructions and single data transfer instructions are 16 bits long.

In double data transfers, X memory and Y memory can be accessed simultaneously in parallel.
Oneinstruction is specified each for the respective X and Y memory data accesses. The Ax
pointer is used for accessing X memory; the Ay pointer is used for accessing Y memory. Double
datatransfers can only access X and Y memory.

Single data transfers can be accessed from any area. In single data transfers, the Ax pointer and
two other pointers are used as the As pointer.
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7.3.1 DoubleData Transfer Instructions (X Memory Data)

Table7-14 Double Data Transfer Instructions (X Memory Data)

Instruction Operation Code Cycles  TBit
NCPX No Operation 1111000* 0* 0* 00* * 1 —
MOVX. W (AX) - MSW of Dx,0 - LSW of 111100A* D*0*01** 1 —
@, Dx Dx

MOVX. W (AX) - MSW of Dx,0 - LSW of 111100A* D*0*10** 1 —
@x+, Ix Dx,Ax+2 - AX

MOVX. W (AX) - MSW of Dx,0 - LSW of 111100A*DF0*11** 1 —
@+ x, Dx Dx,Ax+Ix - AX

MOVX. W MSW of Da - (Ax) 111100A*D*1*01** 1 —
Da, @x

MOVX. W MSW of Da - (Ax),Ax+2 - AX 111100A* D* 1*10** 1 —
Da, @«x+

MOVX. W MSW of Da - (Ax),AX+Ix - AX 111100A*D*1*11** 1 —
Da, @x+l x

7.3.2 Double Data Transfer Instructions (Y Memory Data)

Table7-15 Double Data Transfer Instructions (Y Memory Data)

Instruction Operation Code Cycles  TBit
NCPY No Operation 111100* 0*0*0**00 1 —
MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100* A*D*0**01 1 —
@y, by Dy

MOVY. W (Ay)-~MSW of Dy,0~LSW of  111100*A*D*0**10 1 —
@y+, Dy Dy, Ay+2 - Ay

MOVY. W (Ay) - MSW of Dy,0 - LSW of 111100* A*D*0** 11 1 —
@y+ly, Dy Dy, Ay+ly - Ay

MOVY. W MSW of Da - (Ay) 111100* A*DF1**01 1 —
Da, @y

MOVY. W MSW of Da — (Ay),Ay+2 — Ay 111100* A* D+ 1** 10 1 —
Da, @y+

MOVY. W MSW of Da - (Ay),Ay+ly -~ Ay 111100*A*Dr1**11 1 —
Da, @y+ly
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7.3.3

Single Data Transfer Instructions

Table7-16 Single Data Transfer Instructions

Instruction Operation Code Cycles T Bit

MOVS. W As-2 - As,(As) - MSW of 111101AADDDD0000 1 —

@As, Ds Ds,0 - LSW of Ds

MOVS. W@s,Ds  (As)-MSW of Ds,0-LSW of 111101AADDDD0100 1 —
Ds

MOVS. W @s+, Ds  (As)-MSW of Ds,0-LSW of 111101AADDDD1000 1 —
Ds, As+2 - As

MOVS. W (As) -MSW of Ds,0 - LSW of 111101AADDDD1100 1 —

@s+l x, Ds Ds, As+Ix - As

MOVS. W As—2 -, As,MSW of Ds - (As)* 111101AADDDD0001 1 —

Ds, @As

MOVS. WDs, @s  MSW of Ds - (As)* 111101AADDDD0101 1 —

MOVS. WDs, @s+ MSW of Ds - (As),As+2 - As*  111101AADDDD1001 1 —

MOVS. W MSW of Ds - (As),As+ls - As* 111101AADDDD1101 1 —

Ds, @s+l s

MOVS. L As—4 - As,(As) - Ds 111101AADDDD0010 1 —

@As, Ds

MOWVS.L @s,Ds  (As)-Ds 111101AADDDD0110 1 —

MOVS.L @s+, Ds (As)-Ds,As+4 - As 111101AADDDD1010 1 —

MOVS. L (As) - Ds,As+Is - As 111101AADDDD1110 1 —

@s+l s, Ds

MOVS. L Ds, As—4 -, As,Ds - (As) 111101AADDDD0011 1 —

@As

MOVS.L Ds, @s  Ds-(As) 111101AADDDD0111 1 —

MOVS. L Ds, @s+ Ds- (As),As+4-As 111101AADDDD1011 1 —

MOVS. L Ds - (As),As+Is - As 111101AADDDD1111 1 —

Ds, @s+l s

Note: * When guard bit registers AOG and A1G are specified for the source operand Ds, data is

output to the LDB[7:0] bus and the sign bit is output to the top bits [31:8].
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Table 7-17 lists the correspondence between DSP data transfer operands and registers. CPU core
registers are used as pointer addresses to indicate memory addresses.

Table7-17 Correspondence between DSP Data Transfer Operands and Registers

SuperH (CPU Core) Registers

R4 RS
Oper- R2 R3 (Ax0) (Ax1) R6 R7 RS R9
and RO Rl (As2) (As3) (AsO) (Ax0) (Ay0)  (Ayl) () (ly)

Ax - — — — Yes Yes — — — —

Ix(s) — — — — — — — — Yes —

DX - - - - = = = = = =

Ay - — — — — — Yes Yes — —

oy — - - - - - - = = =

U —

As — — Yes Yes Yes Yes — — — —

Ds - - - - = = = = = =

Oper- DSP Registers

and X0 X1 YO Y1 MO M1 AO Al AO0G AlG

AX = = = = == = = = =

Ix(Is)y — — — — — — — — — —

Dx Yes Yes — — — — — — — —

U —

Y S —

Dy —_ = Yes Yes — — — — — —

Da — — — — — — Yes Yes — —

S —

Ds Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: Yes indicates that the register can be set.

74  DSP Operation Instruction Set (SH3-DSP Only)

DSP operation instructions are digital signal processing instructions that are processed by the DSP
unit. Their instruction code is 32 bitslong. Multiple instructions can be processed in parallel. The
instruction code is divided into two fields, A and B. Field A specifiesaparallel datatransfer
instruction and field B specifies asingle or double data operation instruction. Instructions can be
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specified independently, and their execution isindependent and in parallel. Parallel data transfer
instructions specified in field A are exactly the same as double data transfer instructions.

The data operation instructions of field B are of three types: double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
Table 7-18 shows the format of DSP operation instructions. The operands are sel ected
independently from the DSP register. Table 7-19 shows the correspondence of DSP operation
instruction operands and registers.

Table 7-18 Instruction Formatsfor DSP Operation I nstructions

Classification Instruction Forms Instruction
Double data operation instructions (6 operands) ALUop. Sx, Sy, Du PADD PMLLS,
M.Top. Se, Sf, Dg PSUB PMLS
Conditional single 3 operands ALlop. SXx, Sy, Dz PADD, PAND, PCR
data operation DCT ALUbp. SX, Sy PSHA, PSHL, PSUB,
instructions oy ' ' " PXOR
DCF ALUop. Sx, Sy,
r
2 operands ALUop. Sx, Dz PCCPY, PDEC
DCT ALlop. SX, Dz PDVBB, PI NC, PLDS,
PSTS, PNEG
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALWop. Dz PCLR PSHA #i mm
DCT ALUop. Dz PSHL #i nm
DCF ALUop. Dz
Unconditional single 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC,
data operation MTop. Se, Sf, Dy PWADD, PWEB, PMLLS
instructions ' '
2 operands ALUop. Sx, Dz POWP, PABS, PR\D
ALUop. Sy, Dz

HITACHI
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Table7-19 Correspondence between DSP Operation Instruction Operands and Registers

ALU and BPU Instructions Multiplication Instructions
Register  Sx Sy Dz Du Se Sf Dg
AO Yes — Yes Yes — — Yes
Al Yes — Yes Yes Yes Yes Yes
MO — Yes Yes — — — Yes
M1 — Yes Yes — — — Yes
X0 Yes — Yes Yes Yes Yes —
X1 Yes — Yes — Yes — —
YO — Yes Yes Yes Yes Yes —
Y1 — Yes Yes — — Yes —

When writing parallel instructions, first write the field B instruction, then the field A instruction.
The following is an example of a parallel processing program.

PADD AO, M), AO PMULSXO, YO, M MOVX. W @4+, X0 MOVY. W @6+, YO[ ; ]
DCF PINC X1, Al MOVX. W AQ, @5+R8 MOVY. WaR7+, YO[ ; ]
POW X1, M MOVX. W @4 [NOPY] ;]

Text in brackets ([]) can be omitted. The no operation instructions NOPX and NOPY can be
omitted. Semicolons (;) are used to demarcate instruction lines, but can be omitted. If semicolons
are used, the space after the semicolon can be used for comments.

Theindividual status codes (DC, N, Z, V, GT) of the DSR register is always updated by
unconditional ALU operation instructions and shift operation instructions. Conditional instructions
do not update the status codes, even if the conditions have been met. Multiplication instructions
also do not update the status codes. DC bit definitions are determined by the specifications of the
CSbitsin the DSR register.
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Table 7-20 shows the DSP operation instructions by category.

Table7-20 DSP Operation Instruction Categories

Instruction Operation No. of In-
Classification Types Code Function structions
ALU ALU fixed decimal 11 PABS Absolute value 28
arith- point operation operation
metic instructions PADD Addition
opera- " .
tion PADD Addition and signed
instruc- PMULS multiplication
tions PADDC Addition with carry
PCLR Clear
PCMP Compare
PCOPY Copy
PNEG Invert sign
PSUB Subtraction
PSUB Subtraction and signed
PMULS multiplication
PSUBC Subtraction with borrow
ALU integer 2 PDEC Decrement 12
operation
instructions PINC Increment
MSB detection 1 PDMSB MSB detection 6
instruction
Rounding operation 1 PRND Rounding 2
instruction
ALU logical operation 3 PAND Logical AND
instructions POR Logical OR 9
PXOR Logical exclusive OR
Fixed decimal point 1 PMULS Signed multiplication 1
multiplication instruction
Shift Arithmetic shift 1 PSHA Arithmetic shift 4
operation instruction
Logical shift 1 PSHL Logical shift 4
operation instruction
System control instructions 2 PLDS System register load 12
PSTS Store from system
register
Total 23 Total 78
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74.1

ALU Arithmetic Operation I nstructions

ALU Fixed Decimal Point Operation Instructions

Table7-21 ALU Fixed Decimal Point Operation Instructions

Instruction Operation Code Cycles DC Bit
PABS Sx, Dz If Sx=0,Sx - Dz 111000% ***kxkxskx 1 Update
If Sx<0,0— Sx - Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0,Sy - Dz 111010% ** >k xkxskx 1 Update
If Sy<0,0-Sy Dz 1010100000yyzzzz
PADD Sx, Sy, Dz Sx+Sy - Dz 111100Q%**x*kxwkx 1 Update
10110001xxyyzzzz
DCT PADD if DC=1,Sx+Sy - Dz if O,nop ~ 111110%*********x* 1 —
., Sy, D 10110010xxyyzzzz
DCF PADD if DC=0,Sx+Sy - Dz if 1,nop  111110*****x**x* 1 —
, 9y, bz 10110011xxyyzzzz
PADD Sx, Sy,Du Sx+Sy-Du 111010% ***krkxskx 1 Update
PMLS Se, Sf,Dg MSW of Se x MSW of 0l1leef f xxyygguu
Sf-Dg
PADDC Sx, Sy, Dz Sx+Sy+DC - Dz 111210% ***kkkxskx 1 Update
10110000xxyyzzzz
PCLR Dz H'00000000 - Dz 111000% ** >k xkxskx 1 Update
100011010000zzzz
DCT POLR Dz if DC=1,H'00000000 - Dz 111010% ** >k xkxskx 1 —
if 0,nop 100011100000zzzz
DCF POLR Dz if DC=0,H'00000000 - Dz 111010% ** >k xkxkx 1 —
if 1,nop 100011110000zzzz
PCWP SX, Sy Sx-Sy 111100***x*kxkxx 1 Update
10000100xxyy0000
PCCPY Sx, Dz Sx - Dz 111100***x**xkx* 1 Update
11011001xx00zzzz
PCCPY Sy, Dz Sy -Dz 111000% ***krkxskx 1 Update
1111100100yyzzzz
DCT POCPY if DC=1,Sx - Dz if O,nop 111000% ***kxkxskx 1 —
, e 11011010xx00z222
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Table7-21 ALU Fixed Decimal Point Operation I nstructions (cont)

Instruction Operation Code Cycles DC Bit
DCT POCPY if DC=1,Sy - Dz if O,nop 111210% ****xkxkx 1 —
S, D 1111101000yyzzzz
DCF POCPY if DC=0,Sx - Dz if 1,nop 111210% ****xkxkx 1 —
S, De 11011011xx00zzzz
DCF PCCPY if DC=0,Sy - Dz if 1,nop 111210% **x*xwxkx 1 —
Sy, D 1111101100yyzzzz
PNEG Sx, Dz 0-Sx - Dz 112100*****kxkskx 1 Update
11001001xx00zzzz
PNEG Sy, Dz 0-Sy - Dz 111210% **xkxkxkx 1 Update
1110100100yyzzzz
DCT PNEG Sx, Dz if DC=1,0-Sx - Dz 111210% **x*xkxkx 1 —
if 0,nop 11001010xx00zzzz
DCT PNEG Sy, Dz if DC=1,0-Sy - Dz 111210% ****xkxkx 1 —
if 0,nop 1110101000yyzzzz
DCOF PNEG Sx, Dz if DC=0,0-Sx - Dz 111210% ****xkxkx 1 —
if 1,nop 11001011xx00zzzz
DCF PNEG Sy, Dz if DC=0,0-Sy - Dz 111210% **x*xwxkx 1 —
if 1,nop 1110101100yyzzzz
PSUB Sx, Sy, Dz Sx-Sy - Dz 112170*****kxkkx 1 Update
10100001xxyyzzzz
DCT PSUB if DC=1,SX—Sy - Dz if 0,nop  111110%*****x*xx* 1 —
S, 5y, Dz 10100010xxyyzzzz
DCF PSUB if DC=0,SX—Sy » Dz if 1,nop  111110%*****x*xx* 1 —
S, &y, e 10100011xxyyzzzz
PSUB Sx, Sy,Du  Sx-Sy-Du 111210% ****xkxkx 1 Update
PMLS Se, Sf,Dg MSW of Se x MSW of 0110eef f xxyygguu
Sf-Dg
PSUBC Sx, Sy, Dz Sx-Sy-DC - Dz 111210% ****xkxkx 1 Update
10100000xxyyzzzz
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ALU Integer Operation Instructions

Table7-22 ALU Integer Operation Instructions

Instruction Operation Code Cycles DC Bit

PDEC Sx, Dz MSW Of SXx—1 — MSW of  111110%******xxx ] Update
Dz, clear LSW of Dz 10001001xx002222

PDEC Sy, Dz MSWof Sy —1 — MSW of  111110%******xxx Update
Dz, clear LSW of Dz 10101001xx002222

DCT PDEC Sx, Dz IfDC=1, MSW Of Sx— 1 —  111110%*****xxxx —
’E)"i‘?}’gf r'%zr; clear LSW of 10001010xx002222

DCT PDEC Sy, Dz IfDC=1, MSW of Sy — 1 . 111110%****sxxxx —
'E)Ai\?}/(if r'i)zi; clear LSW of 10101010xx002227

DCF PDEC Sx, Dz IfDC=0, MSW Of Sx — 1 —»  111110%*****xxxx 1 —
gi%¥;f§§;cbarLSVVof 10001011xx00zzzz

DCF PDEC Sy, Dz IfDC=0, MSW of Sy — 1 . 111110%****xxxxx —
gi%¥if£2;(ﬂearLSVVof 10101011xx00zzzz

PINC SX, Dz MSW Of Sx + 1 — MSW of ~ 111110%****sxxx Update
Dz, clear LSW of Dz 10011001xx002227

PINC Sy, Dz MSWof Sy + 1 — MSW of  111110%*******xx 1 Update
Dz, clear LSW of Dz 1011100100yyzzzz

DCT PINC Sx, Dz IfDC=1, MSW Of Sx+ 1 -  111110%*****xxxx 1 —
l\DAzS;Vi:‘/(;),f ri)zr; clearLSWof  10011010xx00zz22

DCT PINC Sy, Dz If DC=1, MSW of Sy + 1 -, 111110*****sssxx 1 —
gi%¥gf£ﬁ;(ﬂearLSVVof 1011101000yyzzzz

DCF PINC S, Dz IfDC=0, MSW Of Sx + 1 - 111110%****sxxxx —
'E)"f‘ﬁ’ ff r'i)zi; clear LSW of 10011011xx002227

DCF PINC Sy, Dz IfDC=0, MSW of Sy + 1 —  111110%*****xxxx 1 —
MSW of Dz, clear LSW of 1011101100yyzz77

Dz; if 1, nop
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M SB Detection I nstructions

Table7-23 M SB Detection I nstructions

Instruction Operation Code Cycles DC Bit
PDVBB Sx, Dz Sx data MSB position - 111210%***xxxkkx 1 Update
II\D/ISW of Dz, clear LSW of 10011101xx00222 2
z
PDVBB Sy, Dz Sy data MSB position - 111210%****xxkkx 1 Update
IE)/ISW of Dz, clear LSW of 1011110100yyzzzz
z
DCT PDVEB If DC=1, Sx data MSB 110100%***xkxxskx 1 —
S, Dz position -» MSW pf Dz, 10011110xx002222
clear LSW of Dz; if 0, nop
DCT PDVSB If DC=1, Sy data MSB 112170******xxkx 1 —
Sy, Dz position -» MSW pf Dz, 1011111000yyzzz2
clear LSW of Dz; if 0, nop
DCF PDVBB If DC=0, Sx data MSB 112100Q****xkxxskx 1 —
X, De position — MSW _Of Dz, 10011111xx00zzzz
clear LSW of Dz; if 1, nop
DCF PDVEB If DC=0, Sy data MSB 112100Q%***xkxxskx 1 —
Sy, Dz position -» MSW pf Dz, 1011111100yyzzzz
clear LSW of Dz; if 1, nop
Rounding Operation I nstructions
Table 7-24 Rounding Operation I nstructions
Instruction Operation Code Cycles DC Bit
PR\D Sx, Dz Sx+H'00008000 - Dz 112170******xxkx 1 Update
clear LSW of Dz 10011000xx00zzzz
PR\D Sy, Dz Sy+H'00008000 - Dz 112110******xxkx 1 Update
clear LSW of Dz 1011100000yyzzzz
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74.2

ALU Logical Operation Instructions

Table7-25 ALU Logical Operation Instructions

Instruction Operation Code Cycles DC Bit

PAND Sx, Sy, Dz Sx & Sy - Dz, clear LSW 111100Q%**x*kxskx 1 Update
of Dz 10010101xxyyzzzz

DCT PAND If DC=1, Sx & Sy - Dz, 11110Q%**x*kxwkx 1 —

X, Sy, Dz clear LSW of Dz; if 0, nop 10010110xxyyzzz7

DCF PAND If DC=0, Sx & Sy - Dz, 111010% ** >k xkxskx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10010111xxyyzzz2

PCR Sx, Sy, Dz Sx | Sy - Dz, clear LSW of = 111110******x*** 1 Update
Dz 10110101xxyyzzzz

DCT PCR If DC=1, Sx | Sy - Dz, 111100***x*kxkkx 1 —

X, Sy, Dz clear LSW of Dz; if 0, nop 10110110xxyyzzz7

DCF PCR If DC=0, Sx | Sy - Dz, 111100Q%**x*kxkkx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzz22

PXCR SXx, Sy, Dz Sx” Sy - Dz, clear LSW 11110Q%**x*kxxkx 1 Update
of Dz 10100101xxyyzzzz

DCT PXCR If DC=1, Sx* Sy - Dz, 111100Q%**x*kxwkx 1 —

X, Sy, Dz clear LSW of Dz; if 0, nop 10100110xxyyzz22

DCF PXCR If DC=0, Sx " Sy - Dz, 111010% ** >k xkxskx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10100111xxyyzzzz

74.3 Fixed Decimal Point Multiplication I nstructions

Table 7-26 Fixed Decimal Point Multiplication Instructions

Instruction Operation Code Cycles DC Bit

PMLLS Se, Sf,Dg MSW of Se x MSW of 111010% ** >k xkxskx 1 —
St-Dg 0100eef f 0000gg00
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7.4.4  Shift Operation Instructions

Arithmetic Shift I nstructions

Table7-27 Arithmetic Shift I nstructions

Instruction Operation Code Cycles DC Bit
PSHA Sx, Sy, Dz if Sy=0,Sx<<Sy Dz 111210%**xkxkxkx 1 Update
if Sy<0,Sx>>Sy - Dz 10010001xxyyzzzz
DCT PSHA if DC=1 & 111210% **x*xkxkx 1 —
S, &y, e Sy=z0,Sx<<Sy-Dz 10010010xxyyzzzz
if DC=1 &
Sy<0,Sx>>Sy - Dz
if DC=0,nop
DCF PSHA if DC=0 & 111210% ****xkxkx 1 —
X, Y, De Sy20,Sx<<Sy - Dz 10010011xxyyzzzz
if DC=0 &
Sy<0,Sx>>Sy - Dz
if DC=1,nop
PSHA #i nm Dz if imm=0,Dz<<imm - Dz 112170*****kxkkx 1 Update
if imm<0,Dz>>imm - Dz 00000iiiiiiizzzz
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Logical Shift Operation Instructions
Table7-28 Logical Shift Operation Instructions

Instruction Operation Code Cycles

DC Bit

PSH. Sx, Sy, Dz if Sy=0,Sx<<Sy - Dz, clear 111120***x**x*xx 1

LSW of Dz 10000001xxyyzzzz
if Sy<0,Sx>>Sy - Dz, clear
LSW of Dz

Update

DCT PSHL if DC=1 & 111100 *****kxxx 1
, Sy, Dz Sy=0,Sx<<Sy - Dz, clear 10000010xxyyzzzz

LSW of Dz

if DC=1 &

Sy<0,Sx>>Sy - Dz, clear

LSW of Dz

if DC=0,nop

DCF PSHL if DC=0 & 111100 *****kxxx 1
, Sy, Dz Sy=0,Sx<<Sy - Dz, clear 10000011xxyyzzzz

LSW of Dz

if DC=0 &

Sy<0,Sx>>Sy - Dz, clear

LSW of Dz

if DC=1,nop

PSH. #inmDz  if imm=0,Dz<<imm - Dz, 111110%***sseknx |
clear LSW of Dz 00010iiiiiiizzzz

if imm<0,Dz>>imm - Dz,
clear LSW of Dz

Update
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745  System Control Instructions
Table 7-29 System Control Instructions

Instruction Operation Code Cycles DC Bit
PLDS Dz MACH 111110 ***xxxxxx ] —
Ce, MACH 111011010000zzzz

PLDS Dz MACL 111100 ***xxkxxx ] —
Dz, MAQL 111111010000zz2z

DCT PLDS if DC=1,Dz — MACH 111110 ***xxkxxs ] —
De, MACH if 0,nop 111011100000zz22

DCT PLDS if DC=1,Dz - MACL 111110 ***xxksxs ] —
D, MAQL if 0,nop 111111100000zz22

DCF PLOS if DC=0,Dz  MACH 111110 ***xxxxxx ] —
Dz, MACH if 1,nop 1110111100002222

DCF PLOS if DC=0,Dz  MACL 111100 ****xxxxx ] —
Ce, ML if 1,nop 111111110000z222

PSTS MACH - Dz 111110 ****xkxxx ] —
MACH De 110011010000z227

PSTS MACL . Dz 111100 ***xxkxxx ] —
MACL, Dz 110111010000z2zz

DCT PSTS if DC=1,MACH — Dz 111110 ***xxkxxs ] —
MACH Ce if 0,nop 110011100000z222

DCT PSTS if DC=1,MACL - Dz 111110 ***xxksxs ] —
MACL, Ce if 0,nop 110111100000zz22

DCF PSTS if DC=0,MACH - Dz 111100 ***xxxxxx ] —
MACH v if 1,nop 1100111100002222

DCF PSTS if DC=0,MACL — Dz 111110 ****xxxxx ] —
MACL, De if 1,nop 110111110000zzz2

746 NOPX and NOPY Instruction Code

When there is no data transfer instruction to be processed in parallel with the DSP operation

instruction, a NOPX or NOPY instruction can be written as the data transfer instruction or the
instruction can be omitted. The operation code is the samein either case. Table 7-30 shows the

NOPX and NOPY instruction code.

HITACHI

137



Table 7-30 Sample NOPX and NOPY Instruction Code

Instruction Code

PADD X0, YO, AD MOVX. W @4+, X0 MOVY. W@R6+R9, YO 1111100010110000
1000000010100000

PADD X0, YO, A0 NCOPX MOVY. W @R6+R9, YO 1111100000110000
1000000010100000

PADD X0, YO, A0 NCPX NCPY 1111100000000000
1000000010100000

PADD X0, YO, AD NCPX

PADD X0, YO, A0

MOVX. W @4+, X0 MOVY. W @R6+R9, YO 1111000010110000
MOVX. W @4+, XO NCPY 1111000010000000
MOVS. W @4+, X0 1111011010000000
NCPX MOVY. W @%6+R9, YO 1111000000110000
MOVY. W @R6+R9, YO
NCPX NCPY 1111000000000000
NCP 0000000000001001
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Section 8 Instruction Descriptions

This section describes instructions in alphabetical order using the format shown below in section
8.1. The actual descriptions begin at section 8.2.

81  SampleDescription (Name): Classification

Class: Indicatesif theinstruction is a delayed branch instruction or interrupt disabled instruction

Format Abstract Code Cycle T Bit

Assembler input format; A brief description  Displayed in Number of  The value of
imm and disp are numbers, of operation order MSB - cycles when T bit after the
expressions, or symbols LSB there isno  instruction is

wait state executed

Note: Section 8.2 contains an description of CPU instructions common to the SH-3, SH-3E, and

SH3-DSP, section 8.3 covers floating point instructions that can only be used with the SH-
3E, and section 8.4 covers DSP data transfer instructions that can only be used with the
SH3-DSP.

The number of execution cycles required for floating point instructions is determined by the
latency and pitch values. "Latency" refers to the number of cycles required to generate the
result value for the operation, and "pitch" indicates the number of wait cycles required
before execution of the next instruction can begin. The latency and pitch values are the
same for most CPU instructions, indicating that they each require one execution cycle.

Description: Description of operation

Notes: Notes on using theinstruction

Operation: Operation written in C language. This part isjust areference to help understanding of
an operation. The following resources should be used.

Reads data of each length from address Addr. An address error will occur if word dataiis read
from an address other than 2n or if longword datais read from an address other than 4n:

unsi gned char Read_Byt e(unsi gned | ong Addr);
unsi gned short Read Wrd(unsigned | ong Addr);
unsi gned | ong Read_Long(unsi gned | ong Addr);

Writes data of each length to address Addr. An address error will occur if word datais written
to an address other than 2n or if longword data is written to an address other than 4n:

unsi gned char Wite_Byte(unsigned | ong Addr, unsigned |ong Data);
unsi gned short Wite Wrd(unsigned | ong Addr, unsigned |ong Data);
unsi gned | ong Wite_Long(unsigned | ong Addr, unsigned |ong Data);
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 Starts execution from the slot instruction located at an address (Addr — 4). For Delay_Slot (4),
execution starts from an instruction at address O rather than address 4. The following
instructions are detected before execution as having illegal slots (they becomeillegal slot
instructions when used as delay slot instructions):

BF, BT, BRA, BSR, IMP, JSR, RTS, RTE, TRAPA, BF/S, BT/S, BRAF, BSRF
Del ay_Sl ot (unsi gned | ong Addr);
o List registers:

unsi gned | ong R 16];

unsi gned | ong SR GBR VBR,
unsi gned | ong MACH MACL, PR,
unsi gned | ong PC

» Definition of SR structures:

struct SRO {
unsigned long  dumyO: 4;
unsi gned | ong RQ0: 12;
unsigned long dumyl: 4
unsi gned | ong DIWO: 1;
unsi gned | ong DVKO: 1
unsi gned | ong MD: 1;
unsi gned | ong Q: 1;
unsi gned | ong 10: 4;
unsi gned | ong RF10: 1
unsi gned | ong RFOO: 1;
unsi gned | ong S0: 1
unsi gned | ong TO: 1;

b
» Definition of bitsin SR:

#define M ((*(struct SRO *)(&SR)). M)
#define Q ((*(struct SRO *)(&SR)). Q)
#define S ((*(struct SRO *)(&SR)). S0)
#define T ((*(struct SRO *)(&SR)). T0)
#define RF1 ((*(struct SRO *)(&SR)). RF10)
#define RFO ((*(struct SRO *)(&SR)). RF00)
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« Error display function:

Error( char *er );

The PC should point to the location four bytes (the second instruction) after the current instruction.
Therefore, PC = 4; meansthe instruction starts execution from address O, not address 4.

Examples: Examples are written in assembler mnemonics and describe status before and after
executing the instruction. Charactersin italics such as .align are assembler control instructions
(listed below). For more information, see the Cross Assembler User Manual.

.org
.data.w
.data.l
.sdat a
.align 2
.align 4
.arepeat 16
.arepeat 32
. aendr

L ocation counter set

Securing integer word data

Securing integer longword data

Securing string data

2-byte boundary alignment

2-byte boundary alignment

16-repeat expansion

32-repeat expansion

End of repeat expansion of specified number

Notes: The SH series cross assembler version 1.0 does not support the conditional assembler

functions.

1. For the following addressing modes involving displacement (disp), the assembler
descriptorsin this manual indicate values before scaling ((1, (2, (3, (4) to match the
operand size. Thisis doneto clarify the operation of the LS| device. Refer to the
applicable assembler notation rules for the actual assembler descriptors.

@(disp: 4, Rn); Register indirect with displacement
@(disp: 8, GBR); GBR indirect with displacement
@(disp: 8, PC); PC relative with displacement

disp: 8, disp: 12; PC relative

2. Of the 16 bits of the instruction code, codes not assigned as instructions or privileged
instructions in the user mode (excluding instructions that access GBR) are treated as
general invalid instructions and invalid instruction exception processing is performed.
Example: H'FFFF [general invalid instruction]

3. If theinstruction following a delayed branching instruction such as BRA and BT/Sisa
general invalid instruction or a PC overwrite instruction (branching instruction, etc.)
(such instructions are referred to as "slot invalid instructions"), slot invalid instruction
exception processing is performed.

4. Inthe SH3-DSP, if ageneral invalid instruction, a PC overwrite instruction (branching
instruction, etc.), or an instruction (SETRC, LDRS, LDRE, LDC) that overwrites the
SR, RS, or RE register is contained within a repeating program (loop) consisting of
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three or fewer instructions or within the final three instructions of a repeating program
(loop) consisting of four or more instructions, invalid instruction exception processing
is performed. For details, refer to 5.12 DSP Repeat (Loop) Control.
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8.2  Instruction Description (Listing and Description of Instructions
Common to the SH-3, SH-3E and SH3-DSP)

821 ADD (Add Binary): Arithmetic I nstruction

Format Abstract Code Cycle T Bit
ADD Rm R Rm + Rn - Rn 0011nnnnmmmrl100 1 —
ADD #i mm Rn Rn +imm - Rn O11dnnnniiiiiiii 1 —

Description: Adds general register Rn datato Rm data, and stores the result in Rn. 8-bit
immediate data can be added instead of Rm data. Since the 8-bit immediate data is sign-extended
to 32 hits, thisinstruction can add and subtract immediate data.

Operation:

ADD(| ong m1ong n) /* ADD RmRn */
{
Rin] +=Rn};
PG+=2;
}
ADDI(long i,long n) /* ADD #i mmRn */
{
if ((i&x80)==0) R n]+=(0x000000FF & (1ong)i);
el se R n] +=(OxFFFFFFOO | (long)i);
PC+=2;
}

Examples:

ADD RO, R1 : Before execution RO = H'7FFFFFFF, R1 = H'00000001
: After execution R1 = H'80000000

ADD #H 01, R2  ; Beforeexecution R2 = H'00000000
: After execution R2 = H'00000001

ADD  #H FE R3 ; Beforeexecution R3=H'00000001
; After execution  R3 = H'FFFFFFFF
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822 ADDC (Add with Carry): Arithmetic I nstruction
Format Abstract Code Cycle T Bit

ADDC RM Rn+Rm+T - Rn,carry - T 0011nnnnmmmill10 1 Carry

Description: Adds general register Rm data and the T bit to Rn data, and stores the result in Rn.
The T bit changes according to the result. This instruction can add data that has more than 32 hits.

Operation:

ADDC (long mlong n) /* ADDC RmRn */

{
unsi gned | ong t npO, t npl;

tnpl=R n] +R n};
tnpO=R{ n] ;
R n] =t np1+T;
if (tnpO>tnpl) T=1;
el se T=0;
if (tnmpl>Rn]) T=1,;
PC+=2;
}
Examples:
QRT ; RO:R1 (64 bits) + R2:R3 (64 bits) = RO:R1 (64 bits)
ADDC R3,RL ; Before execution T =0, R1 =H'00000001, R3 = H'FFFFFFFF
; After execution T =1, R1 = H'0000000
ADDC R, RO ; Before execution T =1, RO = H'00000000, R2 = H'00000000
; After execution T =0, RO = H'00000001
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823 ADDV (Add with V Flag Overflow Check): Arithmetic Instruction
Format Abstract Code Cycle T Bit
ADDV Rm R Rn + Rm - Rn, overflow - T 0011nnnnmmmi1l1l 1 Overflow

Description: Adds general register Rn datato Rm data, and stores the result in Rn. If an overflow
occurs, the T bitisset to 1.

Operation:

ADDV(1 ong m 1 ong n)

{
| ong dest, src, ans;
if ((long) R n]>=0) dest=0;
el se dest=1,;
if ((long) R n]>=0) src=0;
el se src=1;
src+=dest ;
Rn]+=Rnj;
if ((long) R n]>=0) ans=0;
el se ans=1;
ans+=dest ;
if (src==0 || src==2) {
if (ans==1) T=1;
el se T=0;
}
el se T=0;
PC+=2;
}
Examples:
ADDV RO, RL ; Before execution
; After execution
ADDV  RO,RL ; Before execution

: After execution

/*ADDV Rm Rn */

RO = H'00000001, R1 = H'7FFFFFFE, T = 0
R1=H7FFFFFFF, T=0

RO = H'00000002, R1 = H'7FFFFFFE, T =0
R1 = H'80000000, T =1

HITACHI
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8.24 AND (AND Logical): Logic Operation Instruction

Format Abstract Code Cycle T Bit

AND RM Rn& Rm - Rn 0010nnnnnmMmM1001 1 —

AND  # mMmRO RO & imm - RO 1100100%iiiiiiii 1 —

AND. B #i nm @RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii 3 —
(RO + GBR)

Description: Logically ANDs the contents of general registers Rn and Rm, and stores the result in
Rn. The contents of general register RO can be ANDed with zero-extended 8-bit immediate data.
8-bit memory data pointed to by GBR relative addressing can be ANDed with 8-bit immediate
data.

Note: After AND #imm, RO is executed and the upper 24 bits of RO are always cleared to 0.
Operation:

AND(|l ong m1ong n) /[* AND RmRn */

{
Rin] &R nj
PC+=2;

}

ANDI(long i) /* AND #imm RO */

{
R 0] &( 0x000000FF & (long)i);
PC+=2;

}

ANDMlong i) /* AND. B #imm @RO, BR */

{
| ong tenp;
t enp=(1 ong) Read_Byt e( BR+R 0] ) ;
t enp&=( 0XxO00000FF & (I ong)i);
Wite Byte(@BR+R 0], tenp);
PC+=2;

}
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Examples:

AND RO, Rl ; Before execution
: After execution

AND #H OF, RO ; Before execution
: After execution

AND. B #H 80, @R0, GBBR ; Before execution
; After execution

HITACHI

RO = HAAAAAAAA, R1 = H'55555555

R1 = H'00000000

RO = H'FFFFFFFF
RO = H'0000000F

@(RO,GBR) = H'A5
@(RO,GBR) = H'80
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825 BF (Branchif False): Branch Instruction
Format Abstract Code Cycle T Bit

BF label WhenT=0,dispx2+PC - PC; 10001011dddddddd 3/1 —
When T = 1, nop

Description: Readsthe T bit, and conditionally branches. If T = 1, BF executes the next
instruction. If T = 0, it branches. The branch destination is an address specified by PC +
displacement. The PC points to the starting address of the second instruction after the branch
instruction. The 8-bit displacement is sign-extended and doubled. Consequently, the relative
interval from the branch destination is—256 to +254 bytes. If the displacement is too short to reach
the branch destination, use BF with the BRA instruction or the like.

Note: When branching, three cycles; when not branching, one cycle. If thisinstruction islocated
in adelayed slot immediately following a delayed branch instruction, it is acknowledged as an
illegal dlot instruction.

Operation:

BF(long d) /* BF disp */

{
| ong di sp;
i f ((d&x80)==0) di sp=(0x000000FF & (long)d);
el se di sp=(0xFFFFFFOO | (1 ong)d);
if (T==0) PC=PCH(di sp<<1l) +4;
el se PC+=2;
}
Example:
Q.RT ; Tisawaysclearedto O
Br TR&ETT ; Does not branch, because T =0
BF TR&ETF ; Branchesto TRGET_F, because T =0
NCP
NCP ; « The PC location is used to calculate the branch destination
; address of the BF instruction
TRGET_F: ; « Branch destination of the BF instruction
148

HITACHI



8.26 BF/S(Branch if Falsewith Delay Slot): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

BF label WhenT=0,dispx2+PC - PC; 10001111dddddddd 2/1 —
When T =1, nop

Description: Readsthe T bit, and if T = 1, BF executes the next instruction. If T = 0, it branches
after executing the next instruction. The branch destination is an address specified by PC +
displacement. The PC points to the starting address of the second instruction after the branch
instruction. The 8-bit displacement is sign-extended and doubled. Consequently, the relative
interval from the branch destination is—256 to +254 bytes. If the displacement is too short to reach
the branch destination, use BF with the BRA instruction or the like.

Note: The BF/Sinstruction is a conditional delayed branch instruction:

Taken case: The instruction immediately following is executed before the branch. Between the
time thisinstruction and the instruction immediately following are executed, no interrupts are
accepted. When the instruction immediately following is a branch instruction, it is recognized as
anillegal dlot instruction.

Not taken case: Thisinstruction operates as a nop instruction. Between the time thisinstruction
and the instruction immediately following are executed, interrupts are accepted. When the
instruction immediately following is abranch instruction, it is not recognized asan illegal slot
instruction.

149
HITACHI



Operation:

BFS(long d)  /* BFS disp */

{
| ong di sp;
unsi gned | ong tenp;
tenp=PC
i f ((d&x80)==0) di sp=(0x000000FF & (Iong)d);
el se di sp=(OxFFFFFFOO | (1 ong)d);
if (T==0) {
PC=PC+( di sp<<1) +4;
Del ay_Sl ot (tenp+2) ;
}
el se PC+=2;
}
Examples:
SETT ; Tisaways1
BF/ S TARGET_F ; Doesnot branch, because T =1
NCP
BT/S TARGET T ; Branchesto TARGET, because T =1
ADD RO, RL ; Executed before branch.
NCP ; « The PC location is used to calculate the branch destination
; address of the BT/S instruction
TRET T: ; « Branch destination of the BT/S instruction

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.27 BRA (Branch): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

BRA | abel disp x2+PC - PC 1010dddddddddddd 2 —

Description: Branches unconditionally after executing the instruction following this BRA
instruction. The branch destination is an address specified by PC + displacement. The PC pointsto
the starting address of the second instruction after this BRA instruction. The 12-bit displacement is
sign-extended and doubled. Consequently, the relative interval from the branch destination is—
4096 to +4094 bytes. If the displacement istoo short to reach the branch destination, this
instruction must be changed to the IMP instruction. Here, a MOV instruction must be used to
transfer the destination address to aregister.

Note: Sincethisisadelayed branch instruction, the instruction after BRA is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is abranch instruction, it is acknowledged as an illegal slot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as an illegal dot instruction.

Operation:

BRA(| ong d) /* BRA disp */
{

unsi gned | ong tenp;

| ong di sp;

i f ((d&x800)==0) di sp=(0x00000FFF & d);
el se di sp=(0xFFFFFO00 | d);

t enp=PC

PC=PCH+( di sp<<1) +4;

Del ay_9 ot (tenp+2);
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Examples:

BRA TRGET ; Branchesto TRGET

ADD RO, Rl ; Executes ADD before branching

NCP ; « ThePC location is used to calculate the branch destination
: address of the BRA instruction

TRGET: : « Branch destination of the BRA instruction

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.2.8 BRAF (Branch Far): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

BRAF Rm Rm + PC - PC 0000nnnNn00100011 2 —

Description: Branches unconditionally. The branch destination is PC + the 32-bit contents of the
genera register Rn. PC isthe start address of the second instruction after thisinstruction.

Note: Sincethisisadelayed branch instruction, the instruction after BRAF is executed before
branching. No interrupts and address errors are accepted between this instruction and the next
instruction. If the next instruction is a branch instruction, it is acknowledged asanillegal slot
instruction. If thisinstruction is located in adelayed slot immediately following a delayed branch
instruction, it is acknowledged as an illegal dot instruction.

Operation:

BRAF(long M) /* BRAF Rm*/

{
unsi gned | ong tenp;
t enp=PC,
PCGH=Rnj;
Del ay_S ot (t enp+2) ;
}
Examples:
MOV. L #(TARGET-BSRF_PC), R0 ; Setsdisplacement.
BRAF  TRGET ; Branchesto TARGET
ADD RO, R ; Executes ADD before branching
BRAF_PC. ; «— The PC location is used to calculate the
; branch destination address of the BRAF
; instruction
NCP
TARCET: ; « Branch destination of the BRAF instruction

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
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destination address is stored, the contents of the register before updating will be used as
the branching destination address.

829 BSR (Branch to Subroutine): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

BSR | abel PC - PR, dispx2+PC - PC 1011dddddddddddd 2 —

Description: Branches to the subroutine procedure at a specified address after executing the
instruction following this BSR instruction. The PC value is stored in the PR, and the program
branches to an address specified by PC + displacement. The PC points to the starting address of
the second instruction after this BSR instruction. The 12-bit displacement is sign-extended and
doubled. Consequently, the relative interval from the branch destination is—4096 to +4094 bytes.
If the displacement is too short to reach the branch destination, the JSR instruction must be used
instead. With JSR, the destination address must be transferred to a register by using the MOV
instruction. This BSR instruction and the RTS instruction are used for a subroutine procedure call.

Note: Sincethisisadelayed branch instruction, the instruction after BSR is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is abranch instruction, it is acknowledged as an illegal dot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as anillegal dot instruction.

The PR used by the instruction immediately following thisinstruction is updated by this
instruction.

Also, if the instruction immediately following this instruction generates a re-execution exception
other than instruction fetch, the PR is updated by this instruction. Re-execute this instruction to
recover.
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Operation:

BSR(| ong d) /* BSR disp */

{
| ong di sp;
i f ((d&0Ox800)==0) di sp=( 0XO0000FFF & d);
el se di sp=( OxFFFFFO00 | d);
PR=PC,
PC=PCH+( di sp<<1) +4;
Del ay_S ot (PR+2);
}
Examples:
BSR TRGET ; Branchesto TRGET
MV R3, R4 ; Executes the MOV instruction before branching
ADD RL,RL ; « The PC location is used to calculate the branch destination
; address of the BSR instruction (return address for when the
; subroutine procedure is completed (PR data))
TRCGET: ; « Procedure entrance
MOV R2, R3
RTS ; Returns to the above ADD instruction
MV #1,R0 ; Executes MOV before branching
Note: In delayed branching, the branching operation itself takes place after the slot instruction

has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot

instruction. For example, even if adelayed slot updates a register in which the branching
destination addressis stored, the contents of the register before updating will be used as

the branching destination address.
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8.2.10 BSRF (Branch to Subroutine Far): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

BSRF Rn PC - PR,Rm+PC - PC 0000nnNNN00000011 2 —

Description: Branches to the subroutine procedure at a specified address after executing the
instruction following this BSRF instruction. The PC valueis stored in the PR. The branch
destination is PC + the 32-bit contents of the general register Rn. PC is the start address of the
second instruction after this instruction. Used as a subroutine call in combination with RTS.

Note: Sincethisisadelayed branch instruction, the instruction after BSR is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is a branch instruction, it is acknowledged as an illegal dlot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as an illegal dlot instruction.

The PR used by the instruction immediately following thisinstruction is updated by this
instruction.

Also, if the instruction immediately following this instruction generates a re-execution exception
other than instruction fetch, the PR is updated by this instruction. Re-execute this instruction to
recover.

Operation:

BSRF(long m /* BSRF Rn*/

{
PR=PC
PC+=R ] ;
Del ay_Sl ot (PR+2) ;
}
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Examples:

MOV.L #( TARGET- BSRF_PQO), RO ; Sets displacement.
BRSF @0 ; Branchesto TARGET
MV R3, R4 ; Executesthe MOV instruction before
; branching
BSRF_PC. ; « The PC location is used to calculate the
; branch destination with BSRF.
ADD RO, RL
TARGET: ; « Procedure entrance
MOV R2, R3
RTS ; Returns to the above ADD instruction
MV #1,R0 ; Executes MOV before branching

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination addressis stored, the contents of the register before updating will be used as
the branching destination address.
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8.2.11 BT (Branch if True): Branch Instruction
Format Abstract Code Cycle T Bit

BT | abel When T =1, disp x2+PC - PC; 10001001dddddddd 3/1 —
When T =0, nop

Description: Readsthe T bit, and conditionally branches. If T =1, BT branches. If T =0, BT
executes the next instruction. The branch destination is an address specified by PC +
displacement. The PC points to the starting address of the second instruction after the branch
instruction. The 8-bit displacement is sign-extended and doubled. Consequently, the relative
interval from the branch destination is—256 to +254 bytes. If the displacement is too short to reach
the branch destination, use BT with the BRA instruction or the like.

Note: When branching, requires three cycles; when not branching, one cycle. If thisinstruction is
located in a delayed slot immediately following a delayed branch instruction, it is acknowledged
asanillega dot instruction.

Operation:

BT(long d) /* BT disp */

{
| ong di sp;
i f ((d&x80)==0) di sp=(0x000000FF & (long)d);
el se di sp=(0xFFFFFFOO | (1 ong)d);
if (T==1) PC=PCH(di sp<<l) +4;
el se PC+=2;
}
Examples:
SETT ; Tisaways1
BF TRGET_F ; Doesnot branch, because T =1
B TR&ET_T ; Branchesto TRGET T, becauseT =1
NCP
NCP ; « The PC location is used to calculate the branch destination
; address of the BT instruction
TRET_T: ; « Branch destination of the BT instruction
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8.2.12 BT/S(Branch if Truewith Delay Slot): Branch Instruction
Format Abstract Code Cycle T Bit

BT/ S | abel When T =1, dispx2+PC - PC; 10001101dddddddd 2/1 —
When T =0, nop

Description: Readsthe T bit, and if T = 1, BT/S branches after the following instruction executes.
If T =0, BT/S executes the next instruction. The branch destination is an address specified by PC
+ displacement. The PC pointsto the starting address of the second instruction after the branch
instruction. The 8-bit displacement is sign-extended and doubled. Consequently, the relative
interval from the branch destination is—256 to +254 bytes. If the displacement is too short to reach
the branch destination, use BT/S with the BRA instruction or the like.

Note: The BF/Sinstruction is aconditional delayed branch instruction:

Taken case: The instruction immediately following is executed before the branch. Between the
time thisinstruction and the instruction immediately following are executed, no interrupts are
accepted. When the instruction immediately following is a branch instruction, it is recognized as
anillegal slot instruction.

Not taken case: Thisinstruction operates as a nop instruction. Between the time this instruction
and the instruction immediately following are executed, interrupts are accepted. When the
instruction immediately following is a branch instruction, it is not recognized as an illegal slot
instruction.

Operation:

BTS(1 ong d) [* BTS disp */

{
| ong di sp;
unsigned |ong tenp;
tenp=PC
i f ((d&x80)==0) di sp=(0x000000FF & (|ong)d);
el se di sp=(OxFFFFFFO0 | (1 ong)d);
if (T==1) {
PC=PCH+( di sp<<1) +4;
Del ay_S ot (t enp+2);
}
el se PC+=2;
}
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Examples:

SETT ; Tisaways1

BF/ S TARGET_F ; Does not branch, because T = 1

NCP

BT/S TARGET T ; Branchesto TARGET, because T =1

ADD RO, RL ; Executes before branching.

NCP ; « The PC location is used to calculate the branch destination
; address of the BT/S instruction

TARGET T: ; « Branch destination of the BT/S instruction
Note: In delayed branching, the branching operation itself takes place after the slot instruction
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always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.2.13 CLRMAC (Clear MAC Register): System Control Instruction
Abstract Code

Format

Cycle T Bit

CLRVAC

0 - MACH, MACL

0000000000101000

Description: Clearsthe MACH and MACL registers.

Operation:

CLRVAQ()  /* CLRVAC */

CLRVAC
MAC W @0+, @R+
MAC W @R0+, @RL+

; Initializesthe MAC register
; Multiply and accumul ate operation

HITACHI
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8.214 CLRS(Clear SBit): System Control I nstruction

Format Abstract Code

Cycle T Bit

ARS 0-S 0000000001001000

1

Description: Clearsthe S hit.
Operation:

QRY() /* QRS */

{
S=0;
PC+=2;
}
Examples:
RS ; Before execution S=1
: After execution S=0
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8.2.15 CLRT (Clear T Bit): System Control Instruction

Format Abstract Code Cycle  TBit
QLRT 0-T 0000000000001000 1 0
Description: Clearsthe T bit.
Operation:
CLRT() /* CLRT */
{
T=0;
PC+=2;
}
Examples:
QRT ; Beforeexecution T=1
; After execution T =0
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8.2.16 CMP/cond (Compare Conditionally): Arithmetic Instruction

Format Abstract Code Cycle T Bit
W EQ Rm R WhenRn=Rm,1 - T 0011nnnnnmmm®000 1 Comparison
result
OWCE RMR When signed and Rn = 0011nnnnmmmd011 1 Comparison
Rm,1 T result
Qw/ GT Rm Rn When signed and Rn > 0011nnnnmmmoO111 1 Comparison
Rm,1-T result
oW/ H Rm R When unsigned and Rn > 0011nnnnmmm©110 1 Comparison
Rm,1 T result
OWHS Rmkn When unsigned and Rn = 0011nnnnmmm0010 1 Comparison
Rm,1-T result
Ow/ PL R WhenRn>0,1 - T 0100nnnn00010101 1 Comparison
result
QW PZ R WhenRn=0,1 - T 0100nnnn00010001 1 Comparison
result
OW/ STR RmRn When a byte in Rn 0010nnnnmMmmM1100 1 Comparison
equals a bytein Rm, 1 - result
T
QW EQ #immRO WhenRO=imm,1 - T 10001000iiiiiiii 1 Comparison
result

Description: Compares general register Rn data with Rm data, and setsthe T bit to 1 if a specified
condition (cond) is satisfied. The T bit is cleared to O if the condition is not satisfied, and the Rn
data does not change. The nine conditionsin table 8-1 can be specified. Conditions PZ and PL are
the results of comparisons between Rn and 0. Sign-extended 8-bit immediate data can also be
compared with RO by using condition EQ. Here, RO data does not change. Table 8-1 shows the
mnemonics for the conditions.
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Table8-1 CMP Mnemonics

Mnemonics Condition
aw EQ Rm Rn IfRN=Rm, T=1
Qw/ GE Rm R If Rn = Rm with signed data, T=1
oW GT Rm R If Rn > Rm with signed data, T=1
QW H Rm R If Rn > Rm with unsigned data, T =1
QW HS Rm R If Rn = Rm with unsigned data, T=1
Ow/ PL R fRNn>0,T=1
Qw/ Pz R IfRN>0,T=1
OW/ STR RmRn If a byte in Rn equals a byteinRm, T=1
oW EQ #i mm RO IfRO=imm, T=1
Operation:
OWEQ Il ong m | ong n) /* CMP_EQ RmRn */
{
if (Rnj==Rnj) T=1;
el se T=0;
PC+=2;
}
CVMPCE(I ong m 1 ong n) /* OW_CE RmRn */
{
if ((long)Rn]>=(long)Rnj) T=1;
el se T=0;
PC+=2;
}
CMPGT(1 ong m 1 ong n) /* QW_GI' RmRn */
{
if ((long)Rn]>(long)RInj) T=1;
el se T=0;
PC+=2;
}
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OWH (long mlong n) /* CWP_H RmRn */
{
if ((unsigned long) R n]>(unsigned long) Rinj) T=1;

el se T=0;
PC+=2;
}
CWPHS(1 ong m | ong n) /[* OW_HS Rm R */
{
if ((unsigned |long) R n]>=(unsigned long)R nj) T=1,;
el se T=0;
PC+=2;
}
CWPPL(1 ong n) /* OQW_PL Rn */
{
if ((long) R n]>0) T=1;
el se T=0;
PC+=2;
}
OwWPZ(long n) /* OQW_PZ Rn */
{
if ((long) R n]>=0) T=1;
el se T=0;
PC+=2;
}

CWSTR(long mlong n) /* OW_STR Rm Rn */
{

unsi gned | ong t enp;

long HH H,, LH, LL;

temp=R n] "R nj;

HH=(t enp&IxFFO00000) >>12;

H_=(t enp&x00FF0000) >>8;

LH=(t enp&x0000FF00) >>4; LL=t enp&x000000FF;
HH=HHREHL &&L HRAL L ;

if (HE=0) T=1,

el se T=0;
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PC+=2;
}

OWI M long i)

{

long imm

/* OW_EQ #inm RO */

if ((i&x80)==0) i mm=(0x000000FF & (long i));

el se i m¥( OxFFFFFFOO |
if (RO]==imm T=1,

el se T=0;

PC+=2;
}

Examples:

aw G
BT
aQw/ HS
BT
OW/ STR
BT

RO, R1
TREGET_T
RO, R1
TREGET_T
R2, R3
TREGET_T

(long i));

; RO = H'7FFFFFFF, R1 = H'80000000
; Does not branch because T =0

; RO = H'7FFFFFFF, R1 = H'80000000
; Branchesbecause T = 1

i R2=“ABCD", R3="“XYCZ"

; Branchesbecause T = 1

HITACHI
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8.2.17 DIVOS (Divide Step 0 as Signed): Arithmetic I nstruction

Format Abstract Code Cycle T Bit
DWS RmR MSBofRn - Q, 0010nnnnmmm®111 1 Calculation
MSBof Rm - M, M"Q - T result

Description: DIVOSisan initialization instruction for signed division. It finds the quotient by
repeatedly dividing in combination with the DIV 1 or another instruction that divides for each bit
after thisinstruction. See the description given with DIV 1 for more information.

Operation:
D VOS(1ong m!ong n) /* DIVOS Rm R */
{
i f ((R n] &x80000000) ==0) Q=0;
el se Qr1;
if ((R nj&0x80000000) ==0) M=0;
el se Mel;
T= (M=Q;
PC+=2,

}

Examples: See DIV1.
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8.2.18 DIVOU (Divide Step 0 as Unsigned): Arithmetic Instruction
Format Abstract Code Cycle T Bit

D Wou 0 - M/IQ/T 0000000000011001 1 0

Description: DIVOU isaninitiaization instruction for unsigned division. It finds the quotient by
repeatedly dividing in combination with the DIV 1 or another instruction that divides for each bit
after thisinstruction. See the description given with DIV 1 for more information.

Operation:

D VOW() /* DI VOU */
{

MeQET=0;

PC+=2;
}

Example: See DIV1.

169
HITACHI



8.2.19 DIV1 (Divide Step 1): Arithmetic Instruction

Format Abstract Code Cycle T Bit
D Vi Rm R 1 step division (Rn + Rm) 0011nnnnmMmm®©100 1 Calculation
result

Description: Uses single-step division to divide one bit of the 32-bit datain general register Rn
(dividend) by Rm data (divisor). It finds a quotient through repetition either independently or used
in combination with other instructions. During this repetition, do not rewrite the specified register
ortheM, Q, and T hits.

In one-step division, the dividend is shifted one bit |eft, the divisor is subtracted and the quotient
bit reflected in the Q bit according to the status (positive or negative). To find the remainder in a
division, first find the quotient using a DIV 1 instruction, then find the remainder as follows:

(remainder) = (dividend) — (divisor) x (quotient)

Zero division, overflow detection, and remainder operation are not supported. Check for zero
division and overflow division before dividing.

Find the remainder by first finding the sum of the divisor and the quotient obtained and then
subtracting it from the dividend. That is, first initialize with DIVOS or DIVOU. Repeat DIV 1 for
each hit of the divisor to obtain the quotient. When the quotient requires 17 or more bits, place
ROTCL before DIV 1. For the division sequence, see the following examples.
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Operation:

D Vi(long mlong n) /* DVL RmRn */
{

unsi gned | ong t npO;

unsi gned char ol d_g, t npl;

ol d_g=Q
=(unsi gned char) ((0x80000000 & R n])!=0);
R n] <<=1;
R n] | =(unsi gned | ong) T;
swi tch(ol d_qg){
case 0:switch(M{
case 0:tnpO=R n];
Rn]-=Rnj;
t np1=(R n] >t np0) ;
switch(Q{
case 0: =t npl;
br eak;
case 1: @=(unsi gned char) (t npl==0);
br eak;
}
br eak;
case 1:tnpO=R n];
Rn] +=Rnj;
tnp1=(R n] <t np0) ;
switch(Q{
case 0: @=(unsi gned char) (t npl==0);
br eak;
case 1: =t npl;
br eak;

br eak;

br eak;
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case 1:switch(M{
case 0:tnmpO=R n];
REn] +=R{nj;
tnp1=(R n] <t np0) ;
switch(Q{
case 0: <t npl;
br eak;
case 1: @(unsigned char) (tnpl==0);
br eak;
}
br eak;
case 1:tnmpO=R n];

Rn]-=Rnj;
tnp1=(R n] >t np0) ;
switch(Q{
case 0: @(unsigned char) (tnpl==0);
br eak;
case 1. =t npl;
br eak;
}
br eak;
}
br eak;
}
T=(Q=M;
PC+=2;
}
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Example 1

; R1 (32 bits) / RO (16 bits) = R1 (16 bits):Unsigned

SH.L16 RO ; Upper 16 bits = divisor, lower 16 bits=0

TST RO, RO ; Zero division check

BT ZERO D'V

QW HS RO, RL ; Overflow check

BT OVER DI V

D vou ; Flag initialization

. ar epeat 16

D Vi RO, RL ; Repeat 16 times

. aendr

ROTCL RL

EXTU. W RL, R ; R1 = Quotient
Example 2:

; R1:R2 (64 bits)/R0 (32 bits) = R2 (32 bits): Unsigned

TST RO, RO ; Zero division check
BT ZERO DI V

QW HS RO, RL ; Overflow check

BT OVER D'V

D VoU ; Flag initialization

. ar epeat 32

ROTCL 274 ; Repeat 32 times

D Vi RO, RL

. aendr

ROTCL 274 ; R2 = Quotient
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Example 3:

SH L16
EXTS. W
XR
MoV
ROTCL
SUBC

D V0S

. ar epeat
D RVAR

. aendr
EXTS. W
ROTCL
ADDC

EXTS. W

Example 4:

MOV
ROTCL
SUBC
XCR
SUBC

D VOS

. ar epeat
ROTCL

D RVAR

. aendr
ROTCL
ADDC

174

R, R
R2, R2
Rl, R3

R2, RL
RO, RL
16

RO, RL

R, RL

R2, R

R, RL

R2, R3

R, RL
R3, R3
R3, R2

RO, RL
32

RO, RL

; R1 (16 bits)/R0 (16 bits) = R1 (16 bits): Signed
; Upper 16 bits = divisor, lower 16 bits=0

; Sign-extends the dividend to 32 bits

iR2=0

; Decrementsiif the dividend is negative
; Flag initialization

; Repeat 16 times

; R1 = quotient (ones complement)

; Increments and takes the twos complement if the MSB of the
; quotientis 1

; R1 = quotient (two’'s complement)

; R2 (32 bits) / RO (32 hits) = R2 (32 bits): Signed

; Sign-extends the dividend to 64 bits (R1:R2)

;R3=0

; Decrements and takes the ones complement if the dividend is
; hegative

; Flag initialization

; Repeat 32 times

; R2 = Quotient (one’'s complement)

; Increments and takes the two’s complement if the MSB of the
; quotient is 1. R2 = Quotient (two’s complement)
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8220 DMULSL.L (Double-Length Multiply as Signed): Arithmetic I nstruction

Format Abstract Code Cycle TBit
DMLS.L Rm R With sign, Rn x Rm - MACH, 0011nnnnmmmi101 2 —
MACL (to 5)

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the 64-bit resultsin the MACL and MACH register. The operation isasigned arithmetic
operation.

Operation:

DMLS(long mlong n) /* DMLS.L RmRn */

{
unsi gned | ong R1L, RMH R, RH ResO, Res1, Res2;
unsigned |ong tenpO,tenpl,tenp2,tenp3;
| ong tenpmtenpn, f nLn;

tenpn=(1 ong) R n] ;

tenpn(l ong) R nj ;

i f (tenpn<0) tenpn=0-tenpn;

if (tenpnmx0) tenpnr0-tenpm

if ((long)(RRnN]"Rn])<0) fnLni=-1,;
el se fnLnmL=0;

t enpl=(unsi gned | ong)t enpn;
t enp2=(unsi gned | ong) t enpm

RiL=t enp1&0x0000FFFF;
RnH=( t enp1>>16) &0X0000FFFF;
RiL=t enp2&0x0000FFFF;

RH=( t enp2>>16) &0x0000FFFF;

t enpO=RL* RnL;
t enpl=RH RnL;
t enp2=RnL* R
t emp3=RH R
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Res2=0
Res1=t enpl+t enp2;
if (Resl<tenpl) Res2+=0x00010000;

t enpl=( Res1<<16) &xFFFFO000;
ResO=t enpO+t enp1l;
i f (ResO<tenp0) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

if (fnLmi<0) {
Res2=~Res?2;
i f (Res0==0)
Res2++;
el se
ResO=(~Res0) +1;
}

MACH=Res?2;

MACL=ResO0;

PC+=2;
}

Examples:
DMLS RO,R1 ; Before execution RO = H'FFFFFFFE, R1 = H'00005555
; After execution MACH = H'FFFFFFFF, MACL = H'FFFF5556

STS MACH RO ; Operation result (top)
STS MACL, RO ; Operation result (bottom)
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8221 DMULU.L (Double-Length Multiply as Unsigned): Arithmetic Instruction

Format Abstract Code Cycle T Bit
DMLUL RmRn Without sign, Rn x Rm - 0011nnnnnmmm®D101 2 (to 5) —
MACH, MACL

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the 64-bit resultsin the MACL and MACH register. The operation is an unsigned arithmetic
operation.

Operation:

DMLUlong mlong n) /* DMLUL RmRn */

{
unsi gned | ong R1L, RMH R, RH ResO, Res1, Res2;
unsigned |ong tenpO,tenpl,tenp2,tenp3;

RIL=R n] &0x0000FFFF;
RnH=( R n] >>16) &0x0000FFFF;

R1L=R n] &0x0000FFFF;
RH=( R n] >>16) &0X0000FFFF;

t enpO=RL* RnL;
t enpl=RH RnL;
t enp2=RnL* R
t emp3=RH R

Res2=0

Resl1=t enpl+t enp2;

if (Resl<tenpl) Res2+=0x00010000;
t enpl=( Res1<<16) &xFFFF0000;
ResO=t enpO+t enpl;

if (ResO<tenpO) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

MACH=Res?2;
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MACL=ResO0;

PC+=2;
}
Examples:
DMLU RO, R1 ; Beforeexecution RO = H'FFFFFFFE, R1 = H'00005555
; After execution MACH = H'FFFFFFFF, MACL = H'FFFF5556
STS MACH, RO ; Operation result (top)
STS MACL, RO ; Operation result (bottom)
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8.2.22 DT (Decrement and Test): Arithmetic Instruction

Format Abstract Code Cycle T Bit
Dr 4] Rn-1 - Rn; 0100nnnn00010000 1 Comparison
WhenRnis0,1 - T, result

when Rn is nonzero, 0 - T

Description: Decrements the contents of general register Rn by 1 and compares the resultsto 0
(zero). When theresult is O, the T bit is set to 1. When the result is not zero, the T bit isset to O.

Operation:

DTi(long n) /* DI Rn */
{

Rnl--;
if (Rn]==0) T=1;
el se T=0;
PCt+=2;
}
Example:
MOV #4, R
LOCP:
ADD RO, RL
Dr RS
BF LOCP

; Sets the number of loops.

: Decrements the R5 value and checks whether it has become 0.
; Branchesto LOOP is T=0. (In this example, loops 4 times.)
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8.2.23 EXTS (Extend as Signed): Arithmetic Instruction
Format Abstract Code Cycle T Bit

EXTSSB  RmRn Sign-extend Rm from byte -~ Rn  0110nnnnmmm1110 1 —

EXTS W RmRn Sign-extend Rm from word — Rn  0110nnnnmmmi111 1 —

Description: Sign-extends general register Rm data, and storesthe result in Rn. If byte length is
specified, the bit 7 value of Rm is copied into bits 8 to 31 of Rn. If word length is specified, the bit
15 value of Rmis copied into bits 16 to 31 of Rn.

Operation:

EXTSB(1 ong m | ong n) /* EXTS. B RmRn */

{
Rinj=Rn;
i f ((H nj&x00000080) ==0) R n] &0x000000FF;
el se R n] | =0xFFFFFFOO;

PC+=2;
}
EXTSW I ong mlong n) [* EXTS WRm R */
{
Rn]=Rnj;
i f ((R nj&x00008000)==0) R n] &0x0000FFFF;
el se R n] | =0xFFFF0000;
PC+=2;
}
Examples:
EXTS B RO, RL : Before execution RO = H'00000080
; After execution R1 = H'FFFFFF80
EXTS W RO, RL : Before execution RO = H'00008000
; After execution  R1 = H'FFFF8000
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8.224 EXTU (Extend asUnsigned): Arithmetic I nstruction
Format Abstract Code Cycle T Bit

EXTU. B Rm R Zero-extend Rm from byte -~ Rn  0110nnnnmmmi100 1 —

EXTUW RmR Zero-extend Rm from word -~ Rn 0110nnnnnmmmmi101 1 —

Description: Zero-extends general register Rm data, and stores the result in Rn. If byte length is
specified, Os are written in bits 8 to 31 of Rn. If word length is specified, Os are written in bits 16
to 31 of Rn.

Operation:

EXTUB(l ong mlong n) /* EXTU B RmRn */

{
Rin]=Rnj;
R n] &0x000000FF;
PC+=2;

}

EXTUWNlong mlong n) /* EXTUWRmMRn */

{
Rin]=R{nj;
R n] &0x0000FFFF;
PCt+=2;

}

Examples:

EXTUB RO,RL ; Beforeexecution RO=H'FFFFFF80
; After execution  R1 = H'00000080
EXTUW RO,RL ; Beforeexecution RO =H'FFFF8000
; After execution  R1 = H'00008000
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8.2.25 JMP (Jump): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

JWP @m Rm - PC 0100nnnn00101011 2 —

Description: Branches unconditionally after executing the instruction following this IMP
instruction. The branch destination is an address specified by the 32-bit datain general register Rn.

Note: Sincethisisadelayed branch instruction, the instruction after IMP is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is a branch instruction, it is acknowledged as an illegal dot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as an illegal slot instruction.

Operation:

JMP(1 ong M) [* IMP @m*/

{
unsi gned | ong tenp;
tenp=PC
PC=R] n] +4;
Del ay_Sl ot (tenp+2) ;
}
Examples:
MOV. L JMP_TABLE, RO ; Address of RO = TRGET
JWP @0 ; Branchesto TRGET
MV RO, RL ; Executes MOV before branching
.align 4
JMP_TABLE: .data.l  TRGET ; Jump table
TRCGET: ADD #1, RL ; « Branch destination
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Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.2.26 JSR (Jump to Subroutine): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

JSR @M PC - Rm,Rm - PC 0100nnnn00001011 2 —

Description: Branches to the subroutine procedure at a specified address after executing the
instruction following this JSR instruction. The PC value is stored in the PR. The jump destination
isan address specified by the 32-bit datain general register Rn. The PC points to the starting
address of the second instruction after JSR. The JSR instruction and RTS instruction are used for
subroutine procedure calls.

Note: Sincethisisadeayed branch instruction, the instruction after JSR is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is abranch instruction, it is acknowledged as an illegal slot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as anillegal slot instruction.

The PR used by the instruction immediately following thisinstruction is updated by this
instruction.

Also, if the instruction immediately following this instruction generates a re-execution exception
other than instruction fetch, the PR is updated by this instruction. Re-execute this instruction to
recover.

Operation:

JSR(1 ong m) [* JSR @m*/

{
PR=PC
PC=R nj +4;
Del ay_Sl ot (PR+2) ;
}
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Examples:

MDV. L JSR TABLE, RO ; Address of RO = TRGET

JSR @0 ; Branchesto TRGET

XR RL, R ; Executes X OR before branching

ADD RO, RL ; « Return address for when the subroutine

; procedure is completed (PR data)

align 4
JSR TABLE: .data.l TRGET ; Jump table
TRGET: NCP ; « Procedure entrance
MOV R2, R3
RTS ; Returns to the above ADD instruction
MOV #70, RL ; Executes MOV before RTS

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination addressis stored, the contents of the register before updating will be used as
the branching destination address.
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8.2.27 LDC (Load to Control Register): System Control Instruction (Privileged Only)

Format Abstract Code Cycle T Bit
LDC Rm SR Rm - SR 0100mMmmMmM®0001110 5 LSB
LDC Rm GBR Rm - GBR 0100mmMmM©O0011110 1 —
LDC Rm VBR Rm - VBR 0100mmMmM®D0101110 1 —
LDC Rm SSR Rm - SSR 0100mmMmM®0111110 1 —
LDC Rm SPC Rm - SPC 0100mm01001110 1 —
LDC Rm MCD Rm - MOD 0100mmm©01011110 3 —
LDC Rm RE* Rm - RE 0100mmMmM®©1111110 3 —
LDC Rm RS* Rm - RS 0100mm01101110 3 —
LDC Rm RO_BANK Rm - RO_BANK 0100mmMM10001110 1 —
LDC Rm RL_BANK Rm - R1_BANK 0100mmMM10011110 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmmM10101110 1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmM10111110 1 —
LDC Rm R4_BANK Rm - R4_BANK 0100mmM11001110 1 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmMmM11011110 1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmMM11101110 1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmM11111110 1 —
LDC L @, SR (Rm) - SR,Rm+4 - Rm 0100mmMmM®O0000111 7 LSB
LDC L @m, BR (Rm) - GBR,Rm+4 - Rm 0100mmMmM®D0010111 1 —
LDC L @Rm+, VBR (Rm) - VBR,Rm+4 - Rm 0100mmMmM®0100111 1 —
LDC L @, SSR (Rm) - SSR,Rm+4 - Rm 0100mmMmM©O0110111 1 —
LDC L @m, SPC (Rm) - SPC,Rm+4 - Rm 0100mmMmM®D1000111 1 —
LDC L @Rm+, MD* (Rm) - MOD,Rm +4 -~ Rm 0100mmMmM®©1010111 5 —
LDC L @Rm+, RE* (Rm) - RE,Rm+4 - Rm 0100mmMmMO1110111 5 —
LDC L @Rm+, RS* (Rm) - RS,Rm+4 - Rm 0100mmMmM®©1100111 5 —
LDC L @, RO_BANK (Rm) — RO_BANK, 0100mmn10000111 1 —
Rm+4 - Rm
LDC. L @, RL_ BANK (Rm) — R1_BANK, 0100mmM10010111 1 —
Rm+4 -~ Rm
LDC L @, R2_BANK (Rm) — R2_BANK, 0100mmn10100111 1 —
Rm+4 - Rm
LDC. L @, RB_BANK (Rm) — R3_BANK, 0100mmMm10110111 1 —
Rm+4 - Rm

Note: * SH3-DSP only.
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Format Abstract Code Cycle T Bit

LDC L @Rm+, RA_BANK (Rm) - R4_BANK, 0100mMmmM11000111 1 —
Rm+4 - Rm

LDC L @Rm+, RB5_BANK (Rm) - R5_BANK, 0100mMmmM11010111 1 —
Rm+4 - Rm

LDC L @Rm+, R6_BANK (Rm) - R6_BANK, 0100mMmmM11100111 1 —
Rm+4 - Rm

LDC L @Rm+, R7_BANK (Rm) - R7_BANK, 0100mMmmM11110111 1 —
Rm+4 - Rm

Notes: 1. Three cycles on the SH3-DSP.
2. Five cycles on the SH3-DSP.

Description: Stores source operand in control registers SR, GBR, VBR, SSR, SPC, MOD, RE,
and RS, or RO_BANK to R7_BANK. LDC and LDC.L, except for LDC Rm, GBR and LDC.L
@RM+, GBR, are privileged instructions and can be used in privileged mode only. If used in user
mode, they can causeillegal instruction exceptions. Note that LDC Rm, GBR and LDC.L @RM+,
GBR can be used in user mode.

The Rm_BANK operand is designated by the RB bit of the SR register. When the value of the RB
bitis 1, the RO BANK1to R7_BANKZ1 registers and the R8 to R15 registers are used as the Rn
operand, and the RO_BANKO to R7_BANKO registers are used as the Rm_BANK operand. When
the value of the RB bit is 0, the RO_BANKO to R7_BANKO registers and the R8 to R15 registers
are used as the Rn operand, and the RO_BANK1 to R7_BANK1 registers are used as the
Rm_BANK operand.

If the LDC Rm, SR instruction or LDC.L @RM+, SR instruction islocated in adelayed slot
immediately following a delayed branch instruction, it is acknowledged as anillegal slot
instruction.

Operation:

LDCSR(1 ong m /* LDC Rm SR */
{

SR=R] n] &0xOFFFOFFF;

PC+=2;
}

LDOE@BR(long m) /* LDC Rm &BR */
{

GBR=R n};

PC+=2;
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LDCVBR(l1ong m) /* LDC Rm VBR */
{

VBR=R ] ;

PC+=2;
}

LDCSSR(| ong m) /* LDC Rm SSR */
{

SSR=R] n] &0x700003F3;

PC+=2;
}

LDCSPO 1 ong n) /* LDC Rm SPC */
{

SPC=R ] ;

PC+=2;
}

LDORn_BANK(| ong 1) /* LDC Rm Rn_BANK */
{ /* n=0-7, */
Rn_BANK=R n{ ;
PC+=2;

LDOVBR(long m) /* LDC L @Rm+, SR */
{
SR=Read_Long( R nj ) &OxO0FFFOFFF;
R nj +=4;
PC+=2;
}

LDCM3BR( | ong n) /* LDC L @Rm+, GBR */
{

@BR=Read_Long(R nj);

R nj +=4;

PC+=2;
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LDOWBR(long m)  /* LDC L @m, VBR */
{

VBR=Read_Long(R nj);

R nd +=4;

PC+=2;
}

LDAVBSR( | ong nj) /* LDC. L @mt, SSR */
{

SSR=Read_Long( R nj ) &x700003F3;

R nj +=4;

PCt+=2;
}

LDAVBPO | ong m) /* LDC L @m+, SPC */
{

SPC=Read_Long(R nj);

R nj +=4;

PCt+=2;
}

LDOMR_BANK(long m)  /* LDC L @, Rn_BANK */

/* n=0-7 */
{
Rn_BANK=Read Long(R n]);
R nj +=4;
PCt+=2;
}

LDOMC( | ong m) /* LDC Rm MDD */
{
MOD=R{n] ;
PC+=2;
}
LDCRE(long M /* LDC Rm RE */
{

RE=R ] ;
PCG+=2;
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LDORS(long m) /* LDC RmRS */

{
RS=Rnj;
PCH=2;

}

LDAwWED( | ong m)
{

/* LDC. L @m+, MCD */

MD=Read_Long(R n});

R nj +=4;
PC+=2;
}

LDOVRE(l ong n) /* LDC. L @, RE */

{

RE=Read_Long(R n);

R nj +=4;
PC+=2;
}

LDOVRS( ong ) /* LDC. L @, RS */

{

RS=Read_Long(R n);

R nj +=4;
PC+=2;

}
Examples:

LDC RO, SR

LDC L @rl5+, GBR
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8.2.28 LDRE (Load Effective Addressto RE Register): System Control I nstruction
(SH3-DSP Only)

Format Abstract Code Cycle T Bit

LDRE @di sp, PO) disp x 2 + PC - RE 10001110dddddddd 3 —

Description: Stores the effective address of the source operand in the repeat end register RE. The
effective address is an address specified by PC + displacement. The PC is the address four bytes
after thisinstruction. The 8-hit displacement is sign-extended and doubled. Consequently, the
relative interval from the branch destination is—256 to +254 bytes.

Note: The effective address value designated for the RE reregister is different from the actual
repeat end address. Refer to table 8.23, RS and RE Design Rule, for more information.
When thisinstruction is arranged immediately after the delayed branch instruction, PC
becomes the "first address +2" of the branch destination.

Operation:

LDRE(long d) /* LDRE @disp, PO */

{
| ong di sp;
i f ((d&x80)==0) di sp=(0x000000FF & (I ong)d);
el se di sp=(0xFFFFFFO0 | (1 ong)d);
RE=PCH+( di sp<<1);
PC+=2;
}
Example:
LDRS STA ; Set repeat start addressto RS.
LDRE END ; Set repeat end address to RE.
SETRC #32 ; Repeat 32 timesfrominst.A to inst.C.
inst.0 ;
STA inst. A ;
inst.B ;
END. inst.C ;
inst.E ;
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8.229 LDRS(Load Effective Addressto RS Register): System Control Instruction
(SH3-DSP Only)

Format Abstract Code Cycle T Bit

LDRS @di sp, PQ) disp x 2 + PC - RS 10001100dddddddd 3 —

Description: Stores the effective address of the source operand in the repeat start register RS. The
effective address is an address specified by PC + displacement. The PC is the address four bytes
after thisinstruction. The 8-hit displacement is sign-extended and doubled. Consequently, the
relative interval from the branch destination is—256 to +254 bytes.

Note: When the instructions of the repeat (loop) program are below 3, the effective address value
designated for the RS register is different from the actual repeat start address. Refer to
Table 8-23. "RS and RE setting rule”, for more information. If thisinstruction is arranged
immediately after the delayed branch instruction, the PC becomes "the first address +2" of
the branch destination.

Operation:

LDRS(long d) /* LDRS @disp, PQ */

{
| ong di sp;
i f ((d&x80)==0) di sp=(0x000000FF & (| ong)d);
el se di sp=(OxFFFFFFOO | (long)d);
RS=PC+( di sp<<1);
PC+=2;
}
Example:
LDRS STA ; Set repeat start addressto RS.
LDRE END ; Set repeat end address to RE.
SETRC #32 ; Repeat 32 timesfrominst.A to inst.C.
inst.0 ;
STA inst. A :
inst.B ;
END: inst.C ;
inst.D ;
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8.230 LDS(Load to System Register): System Control Instruction

Format Abstract Code Cycle T Bit
LDS Rm MACH Rm - MACH 0100mMmmM®O0001010 1 —
LDS Rm MACL Rm - MACL 0100mmmM©O0011010 1 —
LDS Rm PR Rm - PR 0100mmm©0101010 1 —
LDS Rm DSR* Rm - DSR 0100mmM®O1101010 1 —
LDS Rm AO* Rm - AO 0100mmMm©O1111010 1 —
LDS Rm X0* Rm - X0 0100mmMmM10001010 1 —
LDS Rm X1* Rm - X1 0100mMmmM10011010 1 —
LDS Rm YO* Rm - YO 0100mmMmM10101010 1 —
LDS Rm Y1* Rm - Y1 0100mmMm10111010 1 —
LDS.L  @Rm+, NACH (Rm) - MACH,Rm+4 . Rm 0100mmm00000110 1 —
LDS. L  @m, MACL (Rm) - MACL,Rm+4 - Rm 0100mmm©00010110 1 —
LDS. L @Rm+ PR (Rm) - PR,Rm+4 - Rm 0100mmMm©O0100110 1 —
LDS. L @rmt+, DSR* (Rm) - DSR,Rm +4 - Rm 0100mmM®O1100110 1 —
LDS. L @, AD* (Rm) - AO,Rm+4 - Rm 0100mmMm©O1110110 1 —
LDsS. L @+, X0* (Rm) - X0,Rm+4 - Rm 0100nnnn10000110 1 —
LDS. L @+, X1* (Rm) - X1,Rm+4 —. Rm 0100nnnn10010110 1 —
LDS. L @m+, YO* (Rm) - YO,Rm+4 - Rm 0100nnnn10100110 1 —
LDS. L @+, Y1* (Rm) - Y1,Rm+4 — Rm 0100nnnn10110110 1 —

Note: * SH3-DSP only.

Description: Stores the source operand into the system registers MACH, MACL, PR, DSR, AOQ,

X0, X1, YO, or Y1.
Operation:

LDSMACH I ong m)

{
MAGHR ] ;

/* LDS Rm MACH */

i f ((MACHR0x00000200) ==0) MACH&=0x000003FF;
el se MACH =0xFFFFFQO0;

PCt+=2;

HITACHI

193



LDSMACL(I ong m) /* LDS Rm MACL */
{

MACL=R{ ] ;

PC+=2;
}

LDSPR(| ong m) /* LDS Rm PR */
{

PR=R N ;

PC+=2;
}

LDSMVACH | ong m) /* LDS. L @Rm+, MACH */
{
MACH=Read_Long(R nj);
i f ((MACHR0Ox00000200)==0) MACH&=0x000003FF;
el se MACH =0xFFFFFQOO;
R +=4;
PC+=2;
}
LDSMVACL(I ong m) /* LDS. L @Rm+, MACL */

{
MACL=Read_Long(R nj);
R +=4;
PC+=2;

}

LDSMPR(l1ong m) /* LDS.L @m+, PR */
{
PR=Read_Long(R n});
Rin +=4;
PC+=2;
}
LDSDSR( 1 ong m) /* LDS RmDSR */
{
DSR=R nj &x0000000F;
PC+=2;
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LDSAO(l ong m)
{

i f ((A0&Ox80000000) ==0) A0G=0x00;

AO=R ] ;
el se AOG=0OxFF;
PC+=2;
}
LDSX0(l ong m)
{
X0=Rnj;
PC+=2;
}
LDSX1(l1 ong m
{
X1=Rn};
PCt+=2;
}
LDSYO(l ong m)
{
YO=Rnj;
PC+=2;
}
LDSY1(l ong m)
{
Y1=Rn};
PC+=2;

}

LDSMDSR( | ong )

{

/* LDS Rm AD */

/* LDS Rm

/* LDS Rm

/* LDS Rm

/* LDS Rm

[* LDS. L @m+, DSR */

DSR=Read_Long( R ] ) &0x0000000F;

R n] +=4;
PC+=2;

}

LDSMAO(1 ong 1) /* LDS.L @, AD */

{

AD=Read_Long(R nj);
i f (( A0&Xx80000000)==0) ADG=0x00;
el se AOG=0xFF;
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R nj +=4;
PC+=2;
}
LDSMXO( 1 ong n)
{
X0=Read_Long(R n});
R nj +=4;
PC+=2;
}
LDSMX1(1 ong m)
{
X1=Read_Long(R n});
R +=4;
PC+=2;
}
LDSMYO( 1 ong m)
{
YO=Read_Long(R n});
R +=4;
PC+=2;
}
LDSWY1(1 ong m)
{
Y1=Read_Long(R nj);
R +=4;
PCr=2;
}

Examples:

LDS RO, PR

LDS. L @15+, MACL
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/* LDS. L @, X0

/* LDS. L @, X1

/* LDS. L @+, YO

/* LDS. L @+, Y1

; Before execution
; After execution
; Before execution
; After execution

*/

*/

*/

*/

RO = H'12345678, PR = H'00000000

PR = H'12345678
R15 = H'10000000

R15 = H'10000004, MACL = @H'10000000
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8231 LDTLB (Load PTEH/PTEL to TLB): System Control Instruction (Privileged Only)
Format Abstract Code Cycle T Bit

LDTLB PTEH/PTEL - TLB 0000000000111000 1 —

Description: Loads PTEH/PTEL registersto the translation lookaside buffer (TLB). The TLB is
indexed by the virtual address held in the PTEH register. The loaded set is designated by the
MMUCR.RC (MMUCR isan MMU control register and RC isatwo bit field for a counter).
LDTLB isaprivileged instruction and can be used in privileged mode only. If used in user mode,
it causes anillegal instruction exception.

Note: AsLDTLB isfor loading PTEH and PTEL to the TLB, the instruction should be issued
when MMU is off (MMUCR.AT = 0) or should be placed in the P1 or P2 space with MMU
enabled (see the MMU section of the applicable hardware manual for details). If the instruction is
issued in an exception handler, it should be at least two instructions prior to an RTE instruction
that terminates the handler.

Operation:

LDTLBY() / *LDTLB*/
{

TLB t ag=PTEH
TLB_dat a=PTEL;
PCt+=2;
}
Examples:
MV L @0, RL ; Load upper bits of page table entry to R1
MV L R, @R ; Load R1 to PTEH, R2 is PTEH address (H'FFFFFFFO)
MV L @38, R4 ; Load lower bits of page table entry to R4
MV L R, @5 ; Load R4 to PTEL, R5is PTEL address (H'FFFFFFF4)
LDTLB ; Load PTEH and PTEL registersto TLB
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8.2.32 MAC.L (Multiply and Accumulate Long): Arithmetic Instruction

Format Abstract Code Cycle TBit
MAC L @Rm+, @+ Signed operation, (Rn) x (Rm) + 0000nnnnmmmL111 2(to5) —
MAC - MAC

Rn+4 - Rn,Rm+4 - Rm

Description: Does signed multiplication of 32-bit operands obtained using the contents of general
registers Rm and Rn as addresses. The 64-bit result is added to contents of the MAC register, and
the final result is stored in the MAC register. Every time an operand isread, RM and Rn are
incremented by four.

When the S bit is cleared to O, the 64-bit result is stored in the coupled MACH and MACL
registers. When bit Sis set to 1, addition to the MAC register is a saturation operation of 48 bits
starting from the L SB. For the saturation operation, only the lower 48 bits of the MACL register
are enabled and the result is limited to between H'FFFF800000000000 (minimum) and
H'00007FFFFFFFFFFF (maximum).

Operation:

MACL(long mlong n) /* MAC L @m+, @n+*/

{
unsi gned | ong R1L, RnH R, RH, ResO, Resl, Res2;
unsi gned | ong tenpO, tenpl,tenp2,tenp3;
| ong tenpmtenpn, f nLn;

t enpn=(1 ong) Read_Long(R n] ) ;
R n] +=4;
t enpn¥(1 ong) Read_Long(R[ n}) ;
R +=4;

if ((long)(tempn™tenpn)<0) fnlLmi=-1;
el se fnLnmL=0;

i f (tenpn<0) tenpn=0-tenpn;

if (tenpmx0) tenpn¥0-tenpm

t enpl=(unsi gned | ong)t enpn;
t enp2=(unsi gned | ong) t enpm
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RnL=t enp1&0x0000FFFF;
RiH=( t enp1>>16) &0x0000FFFF;
RmL=t enp2&0x0000FFFF;

RH=( t enp2>>16) &0x0000FFFF;

t enpO=RL* RL;
t empl=RH RnL;
t enp2=RL* RnH
t enp3=RH RH,

Res2=0
Res1=t enpl+t enp2;
if (Resl<tenpl) Res2+=0x00010000;

t enpl=( Res1<<16) &xFFFFO000;
ResO=t enpO+t enpl;
i f (ResO<tenp0) Res2++;

Res2=Res2+( ( Res1>>16) &0x0000FFFF) +t enp3;

i f (fnLnx0){
Res2=~Res2;
i f (Res0==0) Res2++;
el se ResO=(~Res0) +1;
}
i f(S=1){
Res0O=NMACL+ResO0;
if (MACL>Res0) Res2++;
Res2+=( MACH&OX0000FFFF) ;

i f (( (1 ong) Res2<0) &&( Res2<0xFFFF8000) ) {

Res2=0x00008000;
Res0=0x00000000;
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i f (( (I ong) Res2>0) &&( Res2>0x00007FFF) ) {
Res2=0x00007FFF;
Res0=0xFFFFFFFF;

b
MACH={ Res2;
MACL=ResO0;
}
el se {
ResO=MACL+ResO;
i f (MMOL>Res0) Res2++;
Res2+=NACH
MACH=Res?2;
MACL=ResO0;
}
PC+=2;
}
Examples:
MOVA TBLM RO ; Table address
MOV RO, RL
MOVA TBLN, R0 ; Table address
A.RVAC ; MAC register initialization
MAC. L @0+, @+
MAC. L @0+, @R+
STS MACL, RO ; Storeresult into RO
align 2
TBLM .data.l H 1234ABCD
.data.l H 5678EF01
TBLN .data.l H 0123ABCD
.data.l H 4567DEFO
200

HITACHI



8.233 MAC (Multiply and Accumulate): Arithmetic Instruction

Format Abstract Code Cycle T Bit
MAC. W @m+, @+ With sign, (Rn) x (Rm) + MAC - 0100nnnnmmm 1111 2 —
MAC (to 5)

MAC @, @+ Rn+2 - Rn,Rm+2 - Rm

Description: Multiplies with sign 16-bit operands obtained using the contents of general registers
Rm and Rn as addresses. The 32-bit result is added to the contents of the MAC register, and the
final result is stored in the MAC register.

Each time an operand is read, Rm and Rn are each incremented by 2.

When the Shit is cleared to 0, the 64-bit result of the 16-bit ( 16-bit + 64-bit = 64-bit multiply and
accumulate calculation is stored in the coupled MACH and MACL registers.

When the S bhit is set to 1, the 16-bit ( 16-bit + 32-bit = 32-bit multiply and accumulate calculation
involves addition to the MAC register using a saturation operation. For the saturation operation,
only the MACL register is enabled, and the result is limited to between H'80000000 (minimum)
and H'7FFFFFFF (maximum). If an overflow occurs, the LSB of the MACH register isset to 1. If
the overflow isin the negative direction, H'80000000 (the minimum value) is stored in the MACL
register, and if the overflow isin the positive direction, H'7FFFFFFF (the maximum value) is
stored in the MACL register.

Note: The normal number of cycles for execution is 3; however, succeeding instructions can be
executed in two cycles.

Operation:

MACWIong mlong n) /* MAC W @Rm+, @hn+*/
{

| ong tenpmtenpn, dest, src, ans;

unsi gned | ong tenpl ;

t enpn=(1 ong) Read_Wrd(R n]);

R n] +=2;

t enpm=(1 ong) Read_Wrd(R nj);

R nj +=2;

t enpl =MACL;

t enpn¥( (1 ong) (short)tenpn*(long) (short)tenpn;

if ((Iong) MVACL>=0) dest =0;

el se dest=1;

if ((long)tempn=0 {
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src=0;
t enpn=0;
}
el se {
src=1;
t enpn=0x FFFFFFFF;
}
src+=dest ;
MACL+=t enpm
if ((long) MVAOL>=0) ans=0;
el se ans=1;
ans+=dest ;
if (S==1) {
if (ans==1) {
if (src==0 || src==2) MACH =0x00000001;
if (src==0) NMACL=0x7FFFFFFF;
i f (src==2) MACL=0x80000000;

}

el se {
MACH+=t enpn;
if (tenpl >MACL) NACHH=1;
i f ((MACHROX00000200) ==0) MACH&=0x000003FF;
el se MACH =0xFFFFFQOO;

}
PC+=2;
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Examples:

TBLM

TBLN

MOVA

MOVA
CLRVAC

TBLM RO
RO, R1
TBLN RO

@0+, @RL+
@0+, @+

H 1234
H 5678
H 0123
H 4567

: Table address
: Table address

: MAC register initialization

: Storeresult into RO
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8.234 MOV (MoveData): Data Transfer Instruction

Format Abstract Code Cycle T Bit
MOV RM Rm - Rn 0110nnnnnmm®©011 1 —
MV.B Rm @ Rm - (Rn) 0010nnnnMMmmMO000 1 —
MOV. W Rm @n Rm - (Rn) 0010nnnnmmMmm®001 1 —
MOV.L Rm @n Rm - (Rn) 0010nnnnmmm©0010 1 —
MV.B @mRn (Rm) - sign extension - Rn 0110nnnnnmmm®©000 1 —
MOV. W @M R (Rm) - sign extension - Rn 0110nnnnmmm®001 1 —
MOV.L @M (Rm) - Rn 0110nnnnmmm®010 1 —
MV.B Rm @R Rn—-1 - Rn,Rm - (Rn) 0010nnnnnMmm0100 1 —
MOV. W Rm @Rn Rn—-2 - Rn,Rm - (Rn) 0010nnnnmmMmm®101 1 —
MOV.L Rm @R Rn—-4 - Rn, Rm - (Rn) 0010nnnnmmm0110 1 —
MV.B @R+, R (Rm) - sign extension - Rn, 0110nnnnnMmm0100 1 —
Rm+1 - Rm
MOV. W @+, Rn (Rm) - sign extension - Rn, 0110nnnnmmm®101 1 —
Rm+2 - Rm
MV.L @R+ R (Rm) - Rn,Rm+4 - Rm 0110nnnnmmm0110 1 —
MV.B Rm @RO, Rn) Rm - (RO + Rn) 0000NNNNPMMMO100 1 —
MOV. W Rm @RO, Rn) Rm - (RO + Rn) 0000nnnNMM®O101 1 —
MV.L Rm @RO, R) Rm - (RO + Rn) 0000nnNNMMO110 1 —
MV.B @RO, R, Rn (RO + Rm) - sign extension - 0000nnnnmmm1100 1 —
Rn
MV. W @RO, R, R (RO + Rm) - sign extension - 0000nnnnmmm1101 1 —
Rn
MV.L @RO,RY),Rn (RO+Rm) - Rn 0000OnnnnMMML110 1 —

Description: Transfers the source operand to the destination. When the operand is stored in

memory, the transferred data can be a byte, word, or longword. Loaded data from memory is
stored in aregister after it is sign-extended to alongword.

Operation:

MOV(I ong m1ong n)
{
Ronl=Rni;
PC+=2,
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MOVBS(I ong m | ong n) /* MOV.B Rn @n */

{
Wite Byte(Rn],Rn);
PC+=2;
}
MOWE(| ong m | ong n) /* MOV. WRm @n */
{
Wite Word(Rin],Rnj);
PC+=2;
}
MOVLS(| ong m1ong n) /* MOV.L Rm @n */
{
Wite Long(Rn],Rn);
PC+=2;
}
MOVBL(| ong m 1 ong n) /* MOV.B @m Rn */
{
R n] =(1 ong) Read_Byte(Rnj);
i f ((R n] &x80)==0) R n] &x000000FF;
el se R n] | =0xFFFFFFOO;
PCt+=2;
}
MOWAL(| ong m | ong n) /* MOV. W@Rm Rn */
{
R n] =(1 ong) Read_VWrd(R nj);
i f ((R n] &x8000)==0) R n] &x0000FFFF;
el se R n] | =0xFFFFO000;
PC+=2;
}
MOVLL(I ong m1ong n) /[* MOV.L @Rm R */
{
R n] =Read_Long(R n});
PCt+=2;
}
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MOVBM | ong m | ong n) /* MOV.B Rm @Rn */
{
Wite Byte(Rn]-1,Rinj);

Rin]—=1;
PC+=2;
}
MOWN | ong m | ong n) /[* MOV. WRm @Rn */
{
Wite Wrd(Rn]-2,Rnj);
R n]—=2;
PC+=2;
}
MOVLM | ong m | ong n) /* MOV.L Rn @Rn */
{
Wite_Long(Rn]-4,Rnj);
R n] —=4;
PC+=2;
}

MOVBP(l ong mlong n) /* MO/.B @m+, Rn */
{
Rin] =(1 ong) Read_Byte(R(n});
i f ((R n]&x80)==0) R n] &x000000FF;
el se R n] | =0xFFFFFFOO;

if (nt=m) R nj+=1;

PC+=2;
}
MOWAP(1 ong m | ong n) [* MOV. W@Rmt, Rn */
{

R n] =(1 ong) Read_Word(R nj);

if ((R{n]&0x8000)==0) R n] &0x0000FFFF;
el se R n] | =0xFFFF0000;

it (nt=m) Rnj+=2;

PC+=2;
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MOVLP(l ong m | ong n) /[* MOV.L @m, Rn */

{
Rin] =Read_Long(R{nj);
if (nl=m R nj+=4;
PCt=2;

}

MOVBSO(1 ong m 1 ong n) /* MOV.B Rm @RO, R1) */
{

Wite Byte(Rn]+R 0], Rnj);

PCG+=2;
}

MOWEO(| ong m | ong n) [* MOV. WRm @RO, Rh) */
{

Wite Wrd(Rn]+R0],Rn);

PC+=2;
}

MOVLSO(l ong mlong n) /* MOV.L Rm @RO, Rn) */
{

Wite_Long(Rn]+R 0], Rinj);

PC+=2;
}

MOVBLO(l ong mlong n) /* MOV.B @RO, R, R */
{

R n] =(1 ong) Read_Byt e(R{ nj +R{ 0] ) ;

if ((R n]&x80)==0) R n] &x000000FF;

el se R n] | =0xFFFFFFOO;

PG+=2;
}

MOWNLO(l ong mlong n) /* MOV.W@R0, Ry, Rh */
{

R n] =(1 ong) Read_Wrd(R n{ +R 0] ) ;

if ((R n]&x8000)==0) R n] &x0000FFFF;

el se R n] | =0xFFFFO000;

PC+=2;
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MOVLLO(long mlong n) /* MOV.L @RO, R1), R */

{

Rin] =Read_Long(R n] +R 0] ) ;

PC+=2;
}

Examples:

MV RO, RL

MV. W RO, @

MOV.B @0, RL

MV. W RO, @RL

MV.L @0+ RL

MV.B Rl @R, R)

MV.W @R, R),RL
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: Before execution
; After execution

: Before execution
; After execution

: Before execution
: After execution

; Before execution
: After execution

: Before execution
: After execution

: Before execution
: After execution

: Before execution
; After execution

RO = H'FFFFFFFF, R1 = H'00000000
R1 = H'FFFFFFFF

RO = H'FFFF7F80
@R1 = H'7F80

@RO = H'80, R1 = H'00000000
R1 = H'FFFFFF80

RO =HAAAAAAAA, R1 = H'FFFF7F80
R1 = H'FFFF7F7E, @R1 = H'AAAA

RO = H'12345670
RO = H'12345674, R1 = @H'12345670

R2 = H'00000004, RO = H'10000000
R1 = @H'10000004

R2 = H'00000004, RO = H'10000000
R1 = @H'10000004
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8.2.35 MOV (Movelmmediate Data): Data Transfer Instruction

Format Abstract Code Cycle T Bit

MOV #i mm Rn imm - sign 1210nnnniiiiiiii 1 —
extension - Rn

MV. W @disp, PO, R (disp x 2 + PC) - sign 1001nnnndddddddd 1 —
extension - Rn

MOV.L @disp, PO, R (dispx4+PC) - Rn  1101nnnndddddddd 1 —

Description: Storesimmediate data, which has been sign-extended to alongword, into general
register Rn.

If the datais aword or longword, table data stored in the address specified by PC + displacement
is accessed. If the datais aword, the 8-bit displacement is zero-extended and doubl ed.
Consequently, the relative interval from the tableis up to PC + 510 bytes. The PC pointsto the
starting address of the second instruction after this MOV instruction. If the datais alongword, the
8-bit displacement is zero-extended and quadrupled. Consequently, the relative interval from the
tableis up to PC + 1020 bytes. The PC points to the starting address of the second instruction after
thisMQV instruction, but the lowest two bits of the PC are corrected to B’ 00.

Note: The end address of the program area (modul€) or the second address after an unconditional
branch instruction are suitable for the start address of the table. If suitable table assignment is
impossible (for example, if there are no unconditional branch instructions within the area specified
by PC + 510 bytes or PC + 1020 bytes), the BRA instruction must be used to jump past the table.
When this MOV instruction is placed immediately after a delayed branch instruction, the PC
points to an address specified by (the starting address of the branch destination) + 2.

Operation:

MM (long i,long n) [* MOV #inmRn */

{
if ((i&x80)==0) R n]=(0x000000FF & (long)i);
el se R n] =(OxFFFFFFOO | (long)i);
PC+=2;
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MOWN (1 ong d, | ong n) /* MOV.W@di sp, PC), R */

{
| ong di sp;
di sp=(0x000000FF & (1ong)d);
R n] =(| ong) Read_Wér d( PC+( di sp<<1));
i f ((R n] &x8000)==0) R n] &0x0000FFFF;
el se R n] | =0xFFFFO000;
PC+=2;
}
MOWLI (1 ong d, | ong n) /* MOV.L @disp, PO, R */
{
| ong di sp;
di sp=(0x000000FF & (1ong)d);
R n] =Read_Long( ( PC&OXFFFFFFFC) +( di sp<<2));
PC+=2;
}
Examples:
Address
1000 MOV #H 80, RL ; R1=H'FFFFFF80
1002 MOV. W I MV R2 ; R2 = H'FFFF9ABC, IMM means @(H'08,PC)
1004 ADD #-1, R0
1006 TST RO, RO ; « PClocation used for address calculation for
; the MOV.W instruction
1008 MOVT R13
100A BRA NEXT ; Delayed branch instruction
100C MOV. L @4,P0O,R3 ; R3=H'12345678
100E IMM .data.w H 9ABC
1010 .data.w H 1234
1012 NEXT JMWP a3 ; Branch destination of the BRA instruction
1014 QW EQ #0, RO ; « PC location used for address calculation for
; the MOV .L instruction
.align 4
1018 .data.l H 12345678
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8.236 MOV (MovePeripheral Data): Data Transfer Instruction
Format Abstract Code Cycle T Bit

MDV. B @disp, BR), R0 (disp + GBR) - sign 11000100dddddddd 1 —
extension - RO

MV. W @disp, BR,R0 (dispx2+GBR) - 11000101dddddddd 1 —
sign extension - RO

MV.L @disp, @BR),R0 (dispx4+GBR) -~ RO 11000110dddddddd

MV.B RO, @disp, BBR RO - (disp + GBR) 11000000dddddddd

MOV. W RO, @disp, BR RO - (disp x2+ GBR) 11000001dddddddd

RlR PR

MV.L RO, @disp, BR RO — (disp x4 +GBR) 11000010dddddddd

Description: Transfers the source operand to the destination. Thisinstruction is suitable for
accessing data in the peripheral module area. The data can be a byte, word, or longword, but only
the RO register can be used.

A peripheral module base address is set to the GBR. When the peripheral module datais a byte,
the only change made is to zero-extend the 8-bit displacement. Consequently, an address within
+255 bytes can be specified. When the peripheral module datais aword, the 8-bit displacement is
zero-extended and doubled. Consequently, an address within +510 bytes can be specified. When
the peripheral module datais alongword, the 8-bit displacement is zero-extended and is
quadrupled. Consequently, an address within +1020 bytes can be specified. If the displacement is
too short to reach the memory operand, the above @(R0,Rn) mode must be used after the GBR
dataistransferred to a general register. When the source operand isin memory, the loaded datais
stored in the register after it is sign-extended to alongword.

Note: The destination register of adataload is always RO. RO cannot be accessed by the next
instruction until the load instruction is finished. The instruction order shown in figure 8-1 will give
better results.

MOV.B @(12, GBR), RO MOV.B @(12, GBR), RO

AND #80, RO ><: ADD #20, R1
ADD #20, R1 AND #80, RO

Figure8-1 Using RO after MOV
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Operation:

MOVBLE long d) /* MOV. B @di sp, BR, RO */

{
| ong di sp;

di sp=(0x000000FF & (1ong)d);
R 0] =(1 ong) Read_Byt e( GBR+di sp) ;
if ((R 0] &x80)==0) H 0] &0x000000FF;
el se R 0] | =0xFFFFFFOO;
PC+=2;
}

MOWLG long d) /* MOV. W@di sp, BR, RO */

{
| ong di sp;

di sp=(0x000000FF & (1ong)d);
R 0] =(1 ong) Read_Wr d( GBR+( di sp<<1));
i f ((R 0] &x8000)==0) K 0] &0x0000FFFF;
el se R 0] | =0xFFFF0000;
PC+=2;
}

MOVLLE | ong d) /* MOV.L @disp, GBR), RO */

{
| ong di sp;

di sp=(0x000000FF & (1ong)d);
R 0] =Read_Long( BR+( di sp<<2));
PC+=2;
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MOVBSE |1 ong d) /* MOV. B RO, @di sp, GBBR) */
{
| ong di sp;

di sp=(0x000000FF & (1 ong)d);
Wite_ Byte(@Rtdi sp, R 0]);
PG+=2;

}

MOWBE | ong d) /* MOV. WRO, @di sp, BBR) */
{
| ong di sp;

di sp=(0x000000FF & (1 ong)d);
Wite_ Word(GBR+(disp<<l),R0]);
PCt+=2;

}

MOWLSE long d) /* MOV.L RO, @disp, BBR) */

{
| ong di sp;

di sp=(0x000000FF & (1 ong)d);
Wite_Long(GBR+(disp<<2),R0]);

PC+=2;
}
Examples:
MV.L @2, @GBR,R0 ; Beforeexecution ~ @(GBR + 8) = H'12345670
: After execution RO = @H'12345670
MWV.B RO, @1, &BR ; Beforeexecution RO = H'FFFF7F80

; After execution @(GBR + 1) = H'FFFF7F80
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8.2.37 MOV (Move Structure Data): Data Transfer Instruction
Format Abstract Code Cycle T Bit

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd 1 —

MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd

1
MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmdddd 1 —
1

MOV.B @disp, R, R0 (disp + Rm) - sign 10000100mmmrdddd
extension —» RO

MV. W @disp, R, R0 (disp x 2+ Rm) - sign  10000101nmmmdddd 1 —
extension —» RO

MOV.L @disp, R, R (disp x4 + Rm) - Rn 0101nnnnmmmuddd 1 —

Description: Transfers the source operand to the destination. Thisinstruction is suitable for
accessing datain a structure or a stack. The data can be a byte, word, or longword, but when a byte
or word is selected, only the RO register can be used. When the datais a byte, the only change
made is to zero-extend the 4-bit displacement. Consequently, an address within +15 bytes can be
specified. When the data is aword, the 4-bit displacement is zero-extended and doubled.
Consequently, an address within +30 bytes can be specified. When the datais alongword, the
4-bit displacement is zero-extended and quadrupled. Consequently, an address within +60 bytes
can be specified. If the displacement istoo short to reach the memory operand, the aforementioned
@(R0,Rn) mode must be used. When the source operand isin memory, the loaded dataiis stored in
the register after it is sign-extended to alongword.

Note: When byte or word data is loaded, the destination register is always R0O. RO cannot be
accessed by the next instruction until the load instruction is finished. The instruction order in
figure 8-2 will give better results.

MOV.B @(2, R1), RO MOV.B @(2, R1), RO

AND #80, RO ><: ADD #20, R1
ADD #20, R1 AND #80, RO

Figure8-2 Using RO after MOV

214
HITACHI



Operation:

MOVBHA(1ong d,long n) /* MOV. B RO, @di sp, R1) */

{
| ong di sp;
di sp=(0x0000000F & (1 ong)d);
Wite Byte(R n]+disp, R 0]);
PC+=2;
}
MOWEA(1 ong d,long n) /* MOV. WRO, @di sp, Rn) */
{
| ong di sp;
di sp=(0x0000000F & (1 ong)d);
Wite Wrd(R n]+(disp<<l),R0]);
PC+=2;
}

MOVLSA(l ong mlong d, | ong n)
/* MOV.L Rm @disp, R) */

{
| ong di sp;
di sp=(0x0000000F & (1 ong)d);
Wite_Long(R n] +(disp<<2),Rnj);
PCt+=2;
}
MOVBL4(1 ong mlong d) /* MOV. B @di sp, R1), RO */
{
| ong di sp;
di sp=(0x0000000F & (1 ong)d);
R 0] =Read_Byt e(R n] +di sp) ;
if ((R O] &x80)==0) H 0] &0x000000FF;
el se R 0] | =0xFFFFFFOO;
PG+=2;
}
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MOW4(long mlong d) /* MOV. W@di sp, R, RO */

{
| ong di sp;

di sp=(0x0000000F & (1 ong)d);
R 0] =Read_Wér d( R nj +(di sp<<1));
i f ((H 0] &x8000)==0) KR 0] &0x0000FFFF;
el se R 0] | =0xFFFF0000;
PC+=2;
}

MOVLL4(1 ong mlong d, | ong n)
/* MOV.L @disp, Ry, R */

| ong di sp;

di sp=(0x0000000F & (1ong)d);
Rin] =Read_Long(R nf +(di sp<<2));
PC+=2;

}

Examples:

MV.L @2,R0),RL ; Before execution @(RO + 8) = H'12345670
; After execution R1 = @H'12345670

MOV.L RO, @H 3C R1l) ; Before execution RO = H'FFFF7F80
; After execution @(R1 + 60) = H'FFFF7F80
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8.2.38 MOVA (Move Effective Address): Data Transfer Instruction
Format Abstract Code Cycle T Bit

MVA  @di sp, PO, RO disp x 4 + PC - RO 11000111dddddddd 1 —

Description: Stores the effective address of the source operand into general register RO. The 8-bit
displacement is zero-extended and quadrupled. Conseguently, the relative interval from the
operand is PC + 1020 bytes. The PC points to the starting address of the second instruction after
this MOVA instruction, but the lowest two bits of the PC are corrected to B’ 00.

Note: If thisinstruction is placed immediately after a delayed branch instruction, the PC must
point to an address specified by (the starting address of the branch destination) + 2.

Operation:

MOVA(long d) /* MOVA @disp, PO, RO */

{
| ong di sp;
di sp=(0x000000FF & (1 ong)d);
R 0] =( PC&OXFFFFFFFQ) +( di sp<<2);
PCt+=2;
}
Examples:

Address.org H 1006

1006 MOVA STR RO ; Addressof STR - RO

1008 MV.B @O, RL i R1="X" « PClocation after correcting the lowest
; two bits

100A ADD R4, RS ; « Origina PC location for address calculation for

: the MOVA instruction
.align 4
100C STR .sdata “XYzZP12"

2002 BRA TRGET ; Delayed branch instruction
2004 MWVA @O0,PO,R0 ; Addressof TRGET +2 - RO
2006 NCP
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8.239 MOVT (MoveT Bit): Data Transfer Instruction
Format Abstract Code Cycle T Bit

MVT Rn T - Rn 0000nnnn00101001 1 —

Description: Storesthe T bit value into general register Rn. When T = 1, 1isstored in Rn, and
when T =0, Oisstored in Rn.

Operation:

MOVT(long n) /* MOWVT Rn */

{
R n] =(0x00000001 & SR);
PC+=2;
}
Examples:

XR R,R ;R2=0

oW/ PZ R T=1

MOVT RO :RO=1

CLRT :T=0

MOVT RL :R1=0
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8240 MUL.L (Multiply Long): Arithmetic Instruction
Format Abstract Code Cycle T Bit

ML.L RmRn Rn xRm - MACL 0000nNNNMMO111 2 (to 5) —

Description: Performs 32-bit multiplication of the contents of general registers Rn and Rm, and
stores the bottom 32 bits of the result in the MACL register. The MACH register data does not
change.

Operation:

MULL(long mlong n) /* ML.L RnRn */
{

MAQL=R{n] *R{nj ;

PC+=2;
}

Examples:

MLL RO, RL : Before execution RO = H'FFFFFFFE, R1 = H'00005555
: After execution MACL = H'FFFF5556
STS MACL, RO ; Operation result
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8241 MULSW (Multiply as Signed Word): Arithmetic I nstruction
Format Abstract Code Cycle T Bit

MLS. W RmRh  Signed operation, Rn xRm -~ MACL 0010nnnnmmmill1l 1 (o 3) —
MLS Rm R

Description: Performs 16-bit multiplication of the contents of general registers Rn and Rm, and
stores the 32-bit result in the MACL register. The operation is signed and the MACH register data
does not change.

Operation:

MLS(long mlong n) /* MLS RnRn */

{
MACL=( (1 ong) (short) R n] *(l ong) (short)R n);
PC+=2;
}
Examples:
MLS RO, RL ; Before execution RO = H'FFFFFFFE, R1 = H'00005555

; After execution  MACL = H'FFFF5556
STS MACQL, RO ; Operation result
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8.242 MULU.W (Multiply asUnsigned Word): Arithmetic Instruction
Format Abstract Code Cycle TBit

MLU W RmRn Unsigned, Rn xRm - MACL  0010nnnnmmmi110 1(to3) —
MULU Rm R

Description: Performs 16-bit multiplication of the contents of general registers Rn and Rm, and
stores the 32-bit result in the MACL register. The operation is unsigned and the MACH register
data does not change.

Operation:

MLWU long mlong n) /* MLU RmRn */
{
MACL=( (unsi gned | ong) (unsi gned short) R n]
*(unsi gned | ong) (unsi gned short)R nj);
PC+=2;
}

Examples:

MLU RO, RL ; Before execution RO = H'00000002, R1 = H'FFFFAAAA
; After execution MACL = H'00015554
STS MACL, RO ; Operation result
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8.243 NEG (Negate): Arithmetic Instruction
Format Abstract Code Cycle T Bit

NEG Rm O0-Rm - Rn 0110nnnnnmm 011 1 —

Description: Takesthe two's complement of datain genera register Rm, and stores the result in
Rn. This effectively subtracts Rm datafrom 0, and stores the result in Rn.

Operation:

NEE | ong m1ong n) /* NEG RmRn */

{
Rn]=0-Rnj;
PC+=2;
}
Examples:

NEG RO, RL ; Before execution RO = H'00000001
; After execution R1 = H'FFFFFFFF
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8.244 NEGC (Negatewith Carry): Arithmetic Instruction
Format Abstract Code Cycle T Bit

NEGC Rm R O0-RmM-T - Rn, Borrow - T 0110nnnnmmmi010 1 Borrow

Description: Subtracts general register Rm dataand the T bit from 0, and stores the result in Rn.
If aborrow isgenerated, T bit changes accordingly. Thisinstruction is used for inverting the sign
of avaluethat has more than 32 hits.

Operation:

NEG(long mlong n) /* NEGC RmRn */

{
unsi gned | ong tenp;
tenp=0-Rnj;
Rn]=tenp-T,
if (O<tenp) T=1;
el se T=0;
if (tenp<Rn]) T=1;
PC+=2;

}

Examples:
QRT ; Sign inversion of R1 and RO (64 hits)

NEGC R1, Rl ; Beforeexecution R1=H'00000001, T=0
; After execution R1=HFFFFFFFF, T=1

NEQC RO,R0  ; Beforeexecution RO =H'00000000, T =1
; After execution RO=HFFFFFFFF, T =1
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8.245 NOP (No Operation): System Control Instruction

Format Abstract Code

Cycle T Bit

NCP No operation 0000000000001001

1

Description: Increments the PC to execute the next instruction.
Operation:

NCP() /* NOP */
{
PC+=2;

}
Examples:

NCP ; Executesin one cycle
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8.246 NOT (NOT—L ogical Complement): Logic Operation I nstruction
Format Abstract Code Cycle T Bit

NOT Rm Rn Rm = Rn 0110nnnnnmm®©0111 1 —

Description: Takesthe one’s complement of general register Rm data, and stores the result in Rn.
This effectively inverts each bit of Rm data and stores the result in Rn.

Operation:

NOT(1 ong m | ong n) /* NOT RmRn */

{
Rin]=~Rnj;
PC+=2;
}
Examples:

NOT RO, Rl : Beforeexecution RO=HAAAAAAAA
: After execution R1 = H'55555555
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8.247 OR (OR Logical) Logic Operation Instruction

Format Abstract Code Cycle T Bit
R Rm Rn|Rm - Rn 0010nnnnnmmm 011 1 —
R #i mm RO RO |imm - RO 1100101%iiiiiiii 1 —
RB #mm@R0,@BR  (RO+GBR)|imm - (RO+  1100111liiiiiiii 3 —

GBR)

Description: Logically ORs the contents of general registers Rn and Rm, and stores theresult in
Rn. The contents of general register RO can also be ORed with zero-extended 8-bit immediate
data, or 8-bit memory data accessed by using indirect indexed GBR addressing can be ORed with
8-bit immediate data.

Operation:

CR(long mlong n) /* R RM R */

{
REnl[=Rnj;
PC+=2;

}

CRI(long i) /* R # M RO */

{
R 0] | =( 0xO00000FF & (long)i);
PC+=2;

}

CRMlong i) /* OR B # nm @RO, GBR

{
| ong tenp;
t enp=(1 ong) Read_Byt e( BR+R 0] ) ;
t enp| =( 0XxO00000FF & (I ong)i);
Wite Byte(@BR+R 0], tenp);
PC+=2;

}
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Examples:

xR RO, RL ; Before execution
: After execution

R #H FO, RO ; Before execution
: After execution

CRB #H 50, @RO, B3R ; Before execution
; After execution

HITACHI

RO = H'AAAAS555, R1 = H'55550000

R1 = H'FFFF5555

RO = H'00000008
RO = H'000000F8

@(RO,GBR) = H'A5
@(RO,GBR) = H'F5
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8.2.48 PREF (Prefetch Datato the Cache)
Format Abstract Code Cycle T Bit

PREF @ (Rn &Oxfffffff0) — Cache 0000nnnNn10000011 1 —
(Rn &Oxfffffff0+4) — Cache
(Rn &Oxfffffff0+8) — Cache
(Rn &Oxfffffff0+C) — Cache

Description: Loads datato cache on software prefetching. 16-byte data containing the data
pointed by Rn (Cache 1 line) is loaded to the cache. Address Rn should be on longword boundary.

No address related error is detected in thisinstruction. In case of an error, the instruction operates
as NOP.

The destination is on-chip cache, therefore this instruction functions as an NOP instruction in
effect, that is, it never changes registers or processor status.

Operation:

PREF(l1ong n) /*PREF*/

{
PC+=2;
}
Examples:
MOV. L SCFT_PF, RL ; Address of R1is SOFT_PF
PREF (@0 ; Load datafrom SOFT_PF to on-chip cache
.align 4

SCFT_PF: .data. 1 H 12345678
.data. 1 H 9ABCDEFO
.data. 1 H AAAAS555
.data. 1 H 5555AAAA
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8.249 ROTCL (Rotatewith Carry Left): Shift Instruction
Format Abstract Code Cycle T Bit

ROTCL Rn T<Rn T 0100nnnn00100100 1 MSB

Description: Rotates the contents of general register Rn and the T bit to the left by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit
(figure 8-3).

MSB LSB

ROTCL - }‘_‘

Figure8-3 Rotatewith Carry Left
Operation:

ROTCL(long n) /* ROTCL R */

{
| ong tenp;
i f ((H n] &x80000000)==0) t enp=0;
el se tenp=1;
Rin] <<=1;
if (T==1) R n]|=0x00000001;
el se R n] &O0xFFFFFFFE;
if (tenp==1) T=1,
el se T=0;
PCt+=2;

}

Examples:
ROTCL RO ; Before execution RO = H'80000000, T=0

; After execution RO = H'00000000, T=1

HITACHI
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8.250 ROTCR (Rotatewith Carry Right): Shift Instruction
Format Abstract Code Cycle T Bit

ROTCR R T-Rn T 0100nnnn00100101 1 LSB

Description: Rotates the contents of general register Rn and the T bit to the right by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand istransferred to the T hit
(figure 8-4).

MSB LSB

ROTCR ’_’( -

Figure8-4 Rotatewith Carry Right
Operation:

ROTCR(long n) /* ROTCR R */
{
| ong tenp;

i f ((H n] &x00000001) ==0) t enp=0;
el se tenp=1;
Rin] >>=1;
if (T==1) R n]|=0x80000000;
el se R n] &0x7FFFFFFF;
if (tenp==1) T=1,
el se T=0;
PC+=2;
}

Examples:

ROTCR RO : Before execution RO =H'00000001, T=1
: After execution RO =H'80000000, T=1
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8.251 ROTL (Rotate Left): Shift Instruction
Format Abstract Code Cycle T Bit

ROTL R T -« Rn - MSB 0100nnnn00000100 1 MSB

Description: Rotates the contents of general register Rn to the left by one bit, and stores the result
in Rn (figure 8-5). The bit that is shifted out of the operand is transferred to the T bit.

MSB LSB

-

Figure8-5 Rotate Left
Operation:

ROTL(long n) /* ROTL R */
{
i f ((R n] &x80000000)==0) T=0;
el se T=1,;
Rin] <<=1;
if (T==1) R{n]|=0x00000001;
el se R n] &0xFFFFFFFE;
PC+=2;
}

Examples:

ROTL RO : Beforeexecution RO = H'80000000, T =0
: After execution RO =H'00000001, T =1
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8.252 ROTR (Rotate Right): Shift Instruction
Format Abstract Code Cycle T Bit

ROTIR R LSB - Rn - T 0100nnnn00000101 1 LSB

Description: Rotates the contents of general register Rn to the right by one bit, and stores the
result in Rn (figure 8-6). The bit that is shifted out of the operand istransferred to the T bit.

MSB LSB

o T

Figure8-6 Rotate Right
Operation:

ROTR(long n) /* ROTR R */
{
i f ((R n]&x00000001)==0) T=0;
el se T=1;
R n] >>=1;
if (T==1) R n]|=0x80000000;
el se R n] &O0x7FFFFFFF;

PC+=2;
}
Examples:
ROIR R ; Before execution RO =H'00000001, T=0
: After execution RO = H'80000000, T =1
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8.253 RTE (Return from Exception): System Control Instruction (Privileged Only)
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

RTE SSR - SR, SPC - PC 0000000000101011 4 —

Description: Returns from an exception routine. The PC and SR values are loaded from SPC and
SSR. The program continues from the address specified by the loaded PC value. RTE isa
privileged instruction and can be used in privileged mode only. If used in user mode, it causes an
illegal instruction exception.

Note: Sincethisisadelayed branch instruction, the instruction after RTE is executed before
branching.

No interrupts are accepted between thisinstruction and the one immediately following it. If the
instruction immediately following isabranch instruction, it is acknowledged as anillegal slot
instruction.

If thisinstruction is located in adelayed slot immediately following a delayed branch instruction,
it is acknowledged as an illegal dot instruction.

Aninstruction executed in adelayed slot immediately following this instruction uses the SR
restored by this instruction.

Make sure that an instruction executed in a delayed slot immediately following this instruction
does not cause an exception. Also, an instruction that manipulates the MD and BL bits of the SR
register, as well as the instruction following it, should be used with the multiplier disabled or with
fixed physical address space (P1 and P2).

Operation:

RTE() /* RTE */

{
unsi gned | ong tenp;
t enp=PC
PC=SPC,
SR=SSR,
Del ay_S ot (t enp+2);
}
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Examples:

RTE

; Returns to the original routine

ADD #8,R15 ; Executes ADD before branching

Note:

234

In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.254 RTS (Return from Subroutine): Branch Instruction
Class: Delayed branch instruction

Format Abstract Code Cycle T Bit

RTS PR - PC 0000000000001011 2 —

Description: Returns from a subroutine procedure. The PC values are restored from the PR, and
the program continues from the address specified by the restored PC value. Thisinstruction is used
to return to the program from a subroutine program called by a BSR or JSR instruction.

Note: Sincethisisadelayed branch instruction, the instruction after this RTS is executed before
branching. No interrupts are accepted between thisinstruction and the next instruction. If the next
instruction is abranch instruction, it is acknowledged as an illegal slot instruction. If this
instruction is located in a delayed slot immediately following a delayed branch instruction, it is
acknowledged as an illegal slot instruction. An instruction restoring the PR should be prior to an
RTSinstruction. That restoring instruction should not be the delay slot of the RTS.

Operation:

RTS() /* RIS */

{
unsi gned | ong tenp;
t enp=PC
PC=PR+4;
Del ay_S ot (t enp+2) ;
}
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Examples:

MOV.L  TABLE R3 ; R3 = Address of TRGET

JSR @B ; Branchesto TRGET

NCP ; Executes NOP before branching

ADD RO, RL ;. « Return address for when the subroutine

; procedure is completed (PR data)

TABLE: .data.l TRGET ; Jump table
TRGET: MV RL, RO ; « Procedure entrance
RTS : PRdata - PC
MOV #12, RO ; Executes MOV before branching

Note: In delayed branching, the branching operation itself takes place after the slot instruction
has been executed. However, execution of instructions (register updating, etc.) should
always be done in the sequence of delayed branch instruction followed by delayed slot
instruction. For example, even if adelayed slot updates a register in which the branching
destination address is stored, the contents of the register before updating will be used as
the branching destination address.
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8.255 SETRC (Set Repeat Count to RC): System Control Instruction (SH3-DSP Only)

Format Abstract Code Cycle T Bit

SETRC Rm LSW of Rm - RC (MSW of SR), 0100nmmm©90010100 3 —
Repeat control flag - RF1, RFO

SETRC #i mm imm - RC (MSW of SR), 10000010iiiiiiii 3 —

Repeat control flag - RF1, RFO

Description: Setsthe repeat count to the SR register’s RC counter. When the operand is aregister,
the bottom 12 bits are used as the repeat count. When the operand is an immediate data value, 8
bits are used as the repeat count. Set repeat control flags to RF1, RFO bits of the SR register. Use
of the SETRC instruction is subject to any limitations. Refer to section 5.12, DSP Repeat (L oop)
Control, for more information.

Operation:

SETRC(long n) /* SETRC Rm*/

{
| ong tenp;
tenp=(R n] & 0x00000FFF) <<16;
SR&=0x FOOOFFF3;
SR =t enp;
RF1=Repeat _Cont r ol _Fl ag1,
RFO=Repeat _Control _Fl ag0;
PC+=2;

}

SETRA (long i) /* SETRC #i nm */

{
| ong tenp;
tenp=((long)i & O0xOO0000FF) <<16;
SR8=0x FOOOFFFF;
SR =t enp;
RF1=Repeat _Control _Fl agl;
RFO=Repeat _Cont r ol _Fl ago0;
PC+=2;

}
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SETRC #imm SETRC Rn
0 31 12 11 0
imm RN | | 12 bits |
/ Repeat control flag / Repeat control flag
31 27 23 1615 3 ‘20/ 31 27 16 15 3‘20/
SR o | s8bits sR| | 12bis | [ 1]
1<imm <255 1<Rm[11:0] <4095
Figure8-7 SETRC Instruction
Example:
LDRS STA ; Set repeat start addressto RS.
LDRE END ; Set repeat end address to RE.
SETRC #32 ; Repeat 32 times from inst.A to inst.C.
inst.0 ;
STA inst. A ;
inst.B ;
END inst.C ;
inst.D ;
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8.256 SETS(Set SBit): System Control Instruction

Format Abstract Code Cycle T Bit
SETS 1-S 0000000001011000 1 —
Description: Setsthe Shit to 1.
Operation:
SETT() /* SETS */
{
S=1;
PCt+=2;
}
Examples:
SETS  ; Beforeexecution S=0
; After execution S=1
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8.257 SETT (Set T Bit): System Control Instruction

Format Abstract Code

Cycle T Bit

SETT 1-T 0000000000011000

1

1

Description: Setsthe T bit to 1.
Operation:

SETT() /* SETT */

{
T=1;
PC+=2;
}
Examples:

SETT  ; Beforeexecution T=0
: Afterexecution T=1
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8.2.58 SHAD (Shift Arithmetic Dynamically): Shift Instruction
Format Abstract Code Cycle T Bit

SHAD RmRn Rn << Rm - Rn (Rm=0) 0100nnnnmmm1100 2 —
Rn>>Rm - [MSB - Rn]

Description: Arithmetically shifts the contents of general register Rn. General register Rm
indicates the shift direction and the number of bits to be shifted.

« If the value of the Rm register is positive, the shift isto the left, if it is negative the shift isto the
right.

e The number of bitsto be shifted isindicated by the five lower bits (bits 4 to 0) of the Rm
register. If the value is negative (MSB = 1), the Rm register isindicated with a complement of
2. The magnitude of |eft shift may be 0 to 31, and the magnitude of right shift may be 1 to 32.

MSB LSB
Rm=0
- o
MSB LSB
Rm<0 |

Figure8-8 Shift Arithmetic Dynamically
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Operation:

SHAD(l ong mn) /* SHAD Rm Rn */
{

| ong cont, sgn;

sgn = Rin] &0x80000000;

cnt = Rin] &x0000001F;

i f (sgn==0) R n] <<=cnt ;

el se R n] =(signed | ong) R n] >>((~cnt+1) & Ox1F); /*shift
arithrmetic right*/

PC+=2;
}

Examples:

SHAD RL, R2 ; Beforeexecution
: After execution

SHAD R3, R4 ; Beforeexecution
: After execution
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R1 = H'FFFFFFEC, R2 = H'80180000
R1 = H'FFFFFFEC, R2 = H'FFFFF801

R3 = H'00000014, R4 = H'FFFFF801
R3 = H'00000014, R4 = H'80100000
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8.259 SHAL (Shift Arithmetic Left): Shift Instruction
Format Abstract Code Cycle T Bit

SHAL R T~Rn <0 0100nnnn00100000 1 MSB

Description: Arithmetically shifts the contents of general register Rn to the left by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand is transferred to the T bit
(figure 8-9).

MSB LSB

SHAL |<— 0

Figure8-9 Shift Arithmetic L eft
Operation:

SHAL(long n) /* SHAL Rn (Sane as SH.L) */

{
i f ((R n] &x80000000) ==0) T=0;
el se T=1;
Rin] <<=1;
PC+=2;

}

Examples:
SHAL. RO ; Before execution RO = H'80000001, T=0

; After execution RO =H'00000002, T =1
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8.2.60 SHAR (Shift Arithmetic Right): Shift Instruction
Format Abstract Code Cycle T Bit

SHAR R MSB - Rn - T 0100nnnn00100001 1 LSB

Description: Arithmetically shifts the contents of general register Rn to the right by one bit, and
storesthe result in Rn. The bit that is shifted out of the operand istransferred to the T bit
(figure 8-10).

MSB LSB

SHAR Iil

Figure8-10 Shift Arithmetic Right
Operation:

SHAR(long n) /* SHAR Rn */

{
| ong tenp;
i f ((R n]&Xx00000001)==0) T=0;
el se T=1,
i f ((R n] &x80000000) ==0) t enp=0;
el se tenp=1;
R n] >>=1;
if (tenp==1) R n]|=0x80000000;
el se R n] &0x7FFFFFFF;
PC+=2;
}
Examples:
SHAR R ; Before execution RO = H'80000001, T=0
; After execution RO =H'C0000000, T=1
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8.261 SHLD (Shift Logical Dynamically): Shift Instruction

Format Abstract Code Cycle T Bit
SHD RmRn Rn << Rm - Rn (Rm=0) 0100nnnnmmm1101 1 —
Rn>>Rm - [0 - Rn]
(Rm <0)

Description: Arithmetically shifts the contents of general register Rn. General register Rm
indicates the shift direction and the number of bitsto be shifted. The T bit isthe last shifted bit of
Rn. If the value of the Rm register is positive, the shift isto the left, if it is negative the shift isto
the right. If the shift isto the right, atop bit of 0 is added.

The number of bits to be shifted isindicated by the five lower bits (bits 4 to 0) of the Rm register.
If the valueis negative (MSB = 1), the Rm register isindicated with a complement of 2. The
magnitude of left shift may be 0 to 31, and the magnitude of right shift may be 1 to 32.

MSB LSB
Rm=0 |
‘///
— -
MSB LSB
Rm<0 |

Figure8-11 Shift Logical Dynamically
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Operation:

SHD(long mn) /* SHLD Rm R */

| ong cont, sgn;

sgn = R nj &0x80000000;
cnt = R n] &0x0000001F) ;

if (sgn==0) R n] <<=cnt;
el se
PC+=2;
}
Examples:
SHD R, R ; Beforeexecution
: After execution
SHD R3, R4 ; Beforeexecution
: After execution
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R n] =R n] >>((~cnt +1) &0x1F) ;

R1 = H'FFFFFFEC, R2 = H'80180000
R1 = H'FFFFFFEC, R2 = H'00000801

R3 = H'00000014, R4 = H'FFFFF801
R3 = H'00000014, R4 = H'80100000
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8.2.62 SHLL (Shift Logical Left): Shift Instruction
Format Abstract Code Cycle T Bit

SHL R T~Rn <0 0100nnnn00000000 1 MSB

Description: Logically shifts the contents of general register Rn to the left by one bit, and stores
theresult in Rn. The bit that is shifted out of the operand is transferred to the T bit (figure 8-12).

MSB LSB

SHLL |<—0

Figure8-12 Shift Logical L eft
Operation:

SHL(long n) /* SHLL R (Same as SHAL) */

{
i f ((R n] &x80000000) ==0) T=0;
el se T=1;
Rin] <<=1;
PCt+=2;

}

Examples:
SHL RO : Before execution RO = H'80000001, T=0

; After execution RO = H'00000002, T=1
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8.2.63 SHLLn (Shift Logical Left n Bits): Shift Instruction

Format Abstract Code Cycle T Bit
SH L2 R Rn<<2 5 Rn 0100nnnNN00001000 1 —
SH L8 R Rn<<8 - Rn 0100nnnn00011000 1 —
SHL16 R Rn<<16 - Rn 0100nnnNn00101000 1 —

Description: Logically shiftsthe contents of genera register Rn to the left by 2, 8, or 16 bits, and
storesthe result in Rn. Bits that are shifted out of the operand are not stored (figure 8-13).

MSB LSB
SHLL2
-
MSB LSB
SHLLS8 |
/
— -
MSB LSB
SHLL16 | |

Figure8-13 Shift Logical Left n Bits
Operation:

SH.L2(long n) /* SHLL2 R */

{
R n] <<=2;
PC+=2,
}
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SH L8(long n) /* SHL8 Rn */
{

R{n] <<=8;

PC+=2;
}

SHLL16(I ong n) /* SHLL16 Rn */
{

R n] <<=16;
PC+=2;
}
Examples:
SHL2 R ; Before execution RO = H'12345678
: After execution RO = H'48D159E0
SHL8 RO : Before execution RO = H'12345678
: After execution RO = H'34567800
SH L16 RO : Before execution RO = H'12345678
; After execution RO = H'56780000
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8.2.64 SHLR (Shift Logical Right): Shift Instruction
Format Abstract Code Cycle T Bit

SHR R O0-Rn-T 0100nnnn00000001 1 LSB

Description: Logically shiftsthe contents of genera register Rn to the right by one bit, and stores
theresult in Rn. The bit that is shifted out of the operand istransferred to the T bit (figure 8-14).

MSB LSB

SHLR 0—’|

Figure8-14 Shift L ogical Right
Operation:

SHRlong n) /* SHLR R */

{
i f ((R n]&x00000001)==0) T=0;
el se T=1;
Rin] >>=1;
R n] &O0x7FFFFFFF;
PC+=2;
}
Examples:
SHR R : Before execution RO = H'80000001, T=0
: After execution RO = H'40000000, T =1
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8.2.65 SHLRn (Shift Logical Right n Bits): Shift Instruction

Format Abstract Code Cycle T Bit
SH.R2 R Rn>>2 - Rn 0100nnnn00001001 1 —
SH RS R Rn>>8 - Rn 0100nnnn00011001 1 —
SH.R16 R Rn>>16 - Rn 0100nnnn00101001 1 —

Description: Logically shiftsthe contents of general register Rn to theright by 2, 8, or 16 bits,
and stores the result in Rn. Bits that are shifted out of the operand are not stored (figure 8-15).

MSB LSB
SHLR?2 |
o
MSB LSB
SHLRS |
- —
MSB LSB
SHLR16 |
\\

Figure8-15 Shift Logical Right n Bits
Operation:

SHR2(long n) /* SHLR2 R */

{
R n] >>=2;
R n] &0x3FFFFFFF;
PC+=2;

}
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SHR3(long n) /* SHLRB Rn */
{

R n] >>=8;

R n] &0x00FFFFFF;

PC+=2;
}

SH.R16(long n) /* SHLRL6 Rn */
{

R n] >>=16;
R n] &0x0000FFFF;
PC+=2;
}
Examples:
SHRR R ; Before execution
: After execution
SHRB R : Before execution
: After execution
SHRI6 RO : Before execution

; After execution
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8.266 SLEEP (Sleep): System Controal Instruction (Privileged Only)
Format Abstract Code Cycle T Bit

SLEEP Sleep 0000000000011011 4 —

Description: Setsthe CPU into power-down mode. In power-down mode, instruction execution
stops, but the CPU module status is maintained, and the CPU waits for an interrupt request. If an
interrupt is requested, the CPU exits the power-down mode and begins exception processing.

SLEEP isaprivileged instruction and can be used in privileged mode only. If used in user mode, it
causes an illegal instruction exception.

Note: The number of cycles given isfor the transition to sleep mode.
Operation:

SLEEP() / * SLEEP */

{
PG =2;
Error(“Sl eep Mde.”);
}
Examples:
SLEEP ; Enters power-down mode
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8.2.67 STC (Store Control Register): System Control Instruction (Privileged Only)
Format Abstract Code Cycle T Bit
STC SR Rn SR - Rn 0000nnNN00000010 1 —
STC GBR R GBR - Rn 0000nnnNn00010010 1 —
STC VBR R VBR - Rn 0000nnnn00100010 1 —
STC SSR Rn SSR - Rn 0000nnnNn00110010 1 —
STC SPC Rn SPC - Rn 0000nnnNn01000010 1 —
STC MDD, Rn** MOD - Rn 0000nnnn01010010 1 —
STC RE, Rn** RE - Rn 0000nnnNn01110010 1 —
STC RS, R** RS - Rn 0000nnnNn01100010 1 —
STC RO_BANK, Rn RO_BANK - Rn 0000nnnn10000010 1 —
STC RL_BANK, Rn R1_BANK - Rn 0000nnNNN10010010 1 —
STC R2_BANK, Rn R2_BANK - Rn 0000nnnNn10100010 1 —
STC R3_BANK, R R3_BANK - Rn 0000nnnNn10110010 1 —
STC R4_BANK, Rn R4_BANK - Rn 0000nnNNN11000010 1 —
STC R5_BANK, Rn R5_BANK - Rn 0000nnnNn11010010 1 —
STC R6_BANK, Rn R6_BANK - Rn 0000nnNNN11100010 1 —
STC R7_BANK, Rn R7_BANK - Rn 0000nnNNN11110010 1 —
STICL SR @R Rn—-4 - Rn, SR - (Rn) 0100nnnn0O0000011 1/2%* —
STICL GBR @R Rn—-4 - Rn, GBR - (Rn) 0100nnnn00010011 /2% —
STCL VBR @R Rn—-4 - Rn, VBR - (Rn) 0100nnnn00100011 /2% —
STCL SSR @R Rn—-4 - Rn, SSR - (Rn) 0100nnnn00110011 1/2%2  —
STICL SPC @Rn Rn—-4 - Rn, SPC - (Rn) 0100nnnn01000011 /2% —
STC L MD @Rn*! Rn—-4 - Rn, MOD - (Rn) 0100nnnn01010011 2 —
STC L RE @Rn*? Rn-4 - Rn, RE - (Rn) 0100nnnn01110011 2 —
STCL RS @Rn*! Rn—-4 - Rn, RS - (Rn) 0100nnnn01100011 2 —
STCL RO BANK @R Rn—-4 - Rn, RO_BANK - 0100nnnn10000011 2 —
(Rn)
STCL RLBANK @R Rn-4 - Rn, R1_BANK - 0100nnnn10010011 2 —
(Rn)
STCL R2._BANK, @R Rn-4 - Rn, R2_BANK - 0100nnnn10100011 2 —
(Rn)
STCL R3 BANK @R Rn-4 - Rn, R3_BANK - 0100nnnn10110011 2 —
(Rn)
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Format Abstract Code Cycle T Bit

STCL R4 BANK, @R Rn-4 - Rn, R4_BANK - 0100nnnn11000011 2 —
(Rn)

STICL R BANK, @R Rn—-4 - Rn, R5_BANK - 0100nnnn11010011 2 —
(Rn)

STCL R6 BANK, @R Rn-4 - Rn, R6_BANK - 0100nnnn11100011 2 —
(Rn)

STICL R/_BANK, @R Rn—-4 - Rn, R7_BANK - 0100nnnn11110011 2 —
(Rn)

Notes: 1. SH3-DSP only.

2. Two cycles on the SH3-DSP.

Description: Stores datafrom control registers SR, GBR, VBR, SSR, SPC, MOD, RE and RS, or
RO_BANK to R7_BANK to aspecified location. STC and STC.L, except for STC GBR, Rn and
STC.L GBR, @-Rn, are privileged instructions and can be used in privileged mode only. If used in

user mode, they can causeillegal instruction exceptions. Note that STC GBR, Rn and STC.L

GBR, @-Rn can be used in user mode.

The Rm_BANK operand is designated by the RB bit of the SR register. When the value of the RB
bitis 1, the RO BANK1to R7_BANKZ1 registers and the R8 to R15 registers are used as the Rn
operand, and the RO_BANKO to R7_BANKO registers are used as the Rm_BANK operand. When
the value of the RB bit is 0, the RO_BANKO to R7_BANKO registers and the R8 to R15 registers

are used as the Rn operand, and the RO_BANK1 to R7_BANK1 registers are used as the

Rm_BANK operand.

Operation:

STCSR(I ong n)

{

}

Rin] =Sk
PC+=2;

/* STC SR Rn */

STOBR(long n) /* STC BR R */

{

R n] =GBR
PCt+=2;
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STOVBR(long n) /* STC VBR R */
{

R n] =VBR

PC+=2;
}

STCSSR(long n) /* STC SSR Rn */
{

Rn] =SSR

PC+=2;
}

STCSP((long n) /* STC SPC R */
{

R n] =SPC

PC+=2;
}

STORM_BANK(long n)  /* STC Rn_BANK, Rm */

{ I* n=0-7 */

R n] =Rn_BANK;
PC+=2;

STOMBR(long n) /* STC L SR @R */

{
Rin] - =4;
Wite_Long(R n], SR;
PC+=2;

}

STOMEBR(| ong n) /* STCL GBR @Rn */

{
R n] -=4,
Wite_Long(R n], &BR;
PC+=2;

}

STOWBR(long n) /* STC.L VBR @Rn */

{
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Rn]-=4;
Wite_Long(R n], VBR);
PCt=2;
}
STOVBSR(| ong n) /[* STC L SSR @Rn */
{
Rn]-=4;
Wite_Long(R n], SSR);
PC+=2;
}

STOMSPQ(long n)  /* STC.L SPC, @Rn */
{

Rn]-=4;
Wite_Long(R n], SPO;
PC+=2;
}
STOMR(l ong n) /* STC. L Rm BANK @Rn */
[* n=0-7 */
{
Rn]-=4;
Wite_Long(R n], Rm BANK);
PC+=2;
}

STOMCZD(| ong n) [* STC MDD, R */
{

R{n] =MD,
PC+=2;
}
STCRE(long n) /* STC RE, R */
{
R n] =RE,
PC+=2;
}

HITACHI

257



STCRS(long n) /* STC RS, R */
{

RIn] =RS;
PC+=2;
}
STOWBR(| ong n) /* STC L VBR @Rn */
{
R n] - =4,
Wite_Long(R[n], VBR;
PC+=2;
}
STOMMCI( | ong n) /* STC L MD, @Rn */
{
Rin] - =4;
Wite Long(R[ n], MD);
PC+=2;
}

STOMRE(long n) /* STC L RE, @Rn */
{

Rn]-=4;

Wite_Long(R n], RE);

PC+=2;
}

STOMRS(long n) /* STCL RS, @R */
{

RNl -=4;
Wite_Long(R n], SR;
PC+=2;
}
Examples:
STC SR RO ; Before execution

: After execution
STICL GBR @RI5 ; Before execution
: After execution
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8.2.68

STS(Store System Register): System Control I nstruction

Format Abstract Code Cycle T Bit
STS MACH Rn MACH - Rn 0000nnnNn00001010 1 —
STS MACL, Rn MACL - Rn 0000nnNN00011010 1 —
STS PR Rn PR - Rn 0000nnnNn00101010 1 —
STS DSR, Rn* DSR - Rn 0000nnnNn01101010 1 —
STS A0, Rn* A0 - Rn 0000nnnNn01111010 1 —
STS X0, Rn* X0-Rn 0000nnnNn10001010 1 —
STS X1, Rn* X1-Rn 0000nnnNn10011010 1 —
STS Y0, Rn* YO-Rn 0000nnnNn10101010 1 —
STS Y1, Rn* Y1-Rn 0000nnnNn10111010 1 —
SIS L MOH @R Rn-4 - Rn, MACH - (Rn) 0100nnnn00000010 1 —
SIS L MO,@Rm Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 1 —
SIS L PR @R Rn—-4 - Rn, PR > (Rn) 0100nnnn00100010 1 —
SISL DSR @R* Rn-4 - Rn,DSR - (Rn) 0100nnnn01100010 1 —
STS. L A0, @Rn* Rn—-4 - Rn, A0 - (Rn) 0100nnnn01100010 1 —
SIS L X0, @Rn* Rn—4 - Rn, X0 - (Rn) 0100nnnn10000010 1 —
SISL X1, @R* Rn—4 - Rn,X1 - (Rn) 0100nnnNn10010010 1 —
STS. L Y0, @Rn* Rn—4 - Rn,YO - (Rn) 0100nnnn10100010 1 —
SIS L VYl @R* Rn—4 - Rn,Y1- (Rn) 0100nnnn10110010 1 —

Note: * SH3-DSP only.

Description: Stores system registers MACH, MACL, PR, DSP, A0, X0, X1, YO, and Y1 datainto
a specified destination.

Note: In the case of system register MACH, the 32-bit contents is stored unchanged.

Operation:

STSMACH( | ong n) [* STS MACH Rn */

{

R n] =MACH

i f ((H n] &x00000200) ==0)
R n] &0x000003FF;

el se R n] | =0xFFFFFQO0;
PCt=2;
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STSMACL(long n)  /* STS MACL, Rn */
{

R n] =MACL;
PC+=2;
}
STSPR(1 ong n) /* STS PR Rn */
{
Rn] =PR
PC+=2;
}

STSMVACH long n) /* STS. L MMCH @Rn */

{
R n] —=4;
i f ((MACH&Ox00000200) ==0)
Wite_Long(R n], MACH&OXx000003FF) ;
el se Wite_Long (R n], MACH OxFFFFFCOO0)
PC+=2;

}

STSWACL(long n) /* STS.L MAQL, @Rn */
{

R n] —=4;

Wite_Long(R n], MACL);

PC+=2;
}

STSMPR(I ong n) /* STS.L PR @R */
{

R n] —=4;
Wite_Long(R n], PR;
PC+=2;
}
STSDSR(long n) /* STS DSR Rn */
{
R n] =DSR
PC+=2;
}
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STSAO(I ong n)
{
R n] =A0;
PC+=2;
}

STSX0(1 ong n)
{

R n] =X0;
PG+=2;
}
STSX1(1 ong n)
{
R n] =X1;
PC+=2;
}

STSYO(I ong n)
{
R n] =Y0;
PCG+=2;
}

STSY1(l ong n)
{

/*

/*

/*

/*

/*

/*

STS A, Rn

STS X0, Rn

STS X1, R

STS YO, R

STS Y1, Rn

*/

*/

*/

*/

*/

STS. L DSR @Rn */

Wite_Long(R n],DSR);

R n] =1,
PC+=2;
}
STSMDSR(| ong n)
{
R n] —=4;
PC+=2;
}
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STSMAO(long n) /* STS.L AD, @Rn */
{

R n] —=4;

Wite_Long(R n], AQ);

PC+=2;
}

STSMXO(long n) /* STS.L X0, @R */
{

R n] —=4;

Wite_Long(R n], X0);

PC+=2;
}

STSMX1(long n) /* STS.L X1, @R */
{

R n] —=4;

Wite_Long(R n], X1);

PC+=2;
}

STSWO(long n) /* STS.L YO, @R */
{

R n] —=4;

Wite_Long(R n], YO);

PC+=2;
}

STSW1(long n) /* STS.L Y1, @R */
{

R n] —=4;
Wite_Long(R[n], Y1);
PC+=2;
}
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Examples:

STS MACH, RO : Before execution RO = H'FFFFFFFF, MACH = H'00000000
: After execution RO = H'00000000

STS.L PR @RI15 : Before execution  R15 = H'10000004
: After execution R15 = H'10000000, @R15 = PR
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8.2.69 SUB (Subtract Binary): Arithmetic Instruction
Format Abstract Code Cycle T Bit

SUB Rm Rn—-Rm - Rn 0011nnnnnmm 000 1 —

Description: Subtracts general register Rm data from Rn data, and storestheresultin Rn. To
subtract immediate data, use ADD #mm,Rn.

Operation:

SUB(1 ong mlong n) /* SUB RmRn */

{
Rin]-=Rnj;
PC+=2;
}
Examples:

SUB RO,RL  ; Beforeexecution RO =H'00000001, R1 = H'80000000
; After execution R1 = H'7FFFFFFF
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8.2.70 SUBC (Subtract with Carry): Arithmetic Instruction
Format Abstract Code Cycle T Bit

SUBC Rm R Rn—Rm-T - Rn, Borrow - T 0011nnnnmmmi010 1 Borrow

Description: Subtracts Rm data and the T bit value from general register Rn data, and stores the
result in Rn. The T bit changes according to the result. Thisinstruction is used for subtraction of
data that has more than 32 bits.

Operation:

SUBQ(long mlong n) /* SUBC RmRn */

{
unsi gned | ong tnpO, t np1;
tnpl=R{n]-Rnj;
tnmpO=R n] ;
R n] =t npl-T;
if (tnmpO<tmpl) T=1;
el se T=0;
if (tnpl<Rn]) T=1;
PG+=2;
}
Examples:
QRT ; RO:R1(64 bits) — R2:R3(64 bits) = RO:R1(64 bits)
SBC R3,RL ; Beforeexecution T =0, R1 = H'00000000, R3 = H'00000001
; After execution T =1, R1 = H'FFFFFFFF
SBC R,RD ; Beforeexecution T =1, RO = H'00000000, R2 = H'00000000

; After execution T =1, RO = H'FFFFFFFF

265
HITACHI



8.2.71 SUBV (Subtract with V Flag Underflow Check): Arithmetic I nstruction
Format Abstract Code Cycle T Bit

SuBV Rm R Rn—-Rm - Rn, Underflow - T 0011nnnnmmmilO11 1 Underflow

Description: Subtracts Rm data from general register Rn data, and storesthe result in Rn. If an
underflow occurs, the T bit isset to 1.

Operation:

SUBV(long mlong n) /* SUBV RmRn */
{

| ong dest, src, ans;

if ((long) R n]>=0) dest=0;
el se dest=1;
if ((long) R n]>=0) src=0;
el se src=1;
src+=dest ;
Rin]-=Rnj;
if ((long) R n]>=0) ans=0;
el se ans=1;
ans+=dest ;
if (src==1) {
if (ans==1) T=1;
el se T=0;
}
el se T=0;
PC+=2;
}

Examples:

SLBVY RO, RL : Before execution RO = H'00000002, R1 = H'80000001
; After execution R1=H7FFFFFFF, T=1

SUBVY R2, R3 ; Before execution  R2 = H'FFFFFFFE, R3 = H'7FFFFFFE
; After execution R3=H'80000000, T =1

266
HITACHI



8.2.72 SWAP (Swap Register Halves): Data Transfer Instruction
Format Abstract Code Cycle T Bit

SWAP.B RmRn Rm - Swap upper and lower 0110nnnnmmm1000 1 —
halves of lower 2 bytes — Rn

SWAP. W RmRn Rm - Swap upper and lower 0110nnnnmmm1001 1 —
word - Rn

Description: Swaps the upper and lower bytes of the general register Rm data, and stores the
result in Rn. If abyteis specified, bits 0 to 7 of Rm are swapped for bits 8 to 15. The upper 16 bits
of Rm are transferred to the upper 16 bits of Rn. If aword is specified, bits 0 to 15 of Rm are
swapped for bits 16 to 31.

Operation:

SWAPB(long mlong n) /* SWAP.B RmRn */

{
unsi gned | ong tenpO, t enpl;
t enpO=R nj &Oxf f f f 0000;
t enpl=( R n] &0x000000f f) <<8;
R n] =(R nj &x0000f f 00) >>8;
Rn] =R n] | t enpl]| t enpO;
PC+=2;

}

SWAPWIong mlong n) /* SWAP. WRm Rn */

{
unsi gned | ong t enp;
t enp=( R nj >>16) &x0000FFFF;
R n] =R n] <<186;
Rin] | =t enp;
PC+=2;

}

Examples:

SWP.B RO,RL ; Beforeexecution RO = H'12345678
: After execution R1 =H'12347856

SWAP.W RO,RL ; Beforeexecution RO = H'12345678
: After execution R1 =H'56781234
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8.2.73 TAS(Test and Set): Logic Operation Instruction

Format Abstract Code Cycle T Bit
TAS.B @ When(Rn)is0,1 - T,1 - MSB of (Rn) 0100nnnn00011011  3/4*  Test
results

Note: * Four cycles on the SH3-DSP.

Description: Reads byte data from the address specified by general register Rn, and setsthe T bit
to 1if thedataisO, or clearsthe T bit to O if the datais not 0. Then, data bit 7 is set to 1, and the
datais written to the address specified by Rn. During this operation, the busis not released.

Note: The destination of the TAS instruction should be placed in a non-cacheable space when
the cache is enabled.

Operation:

TAS(| ong n) /* TAS.B @n */

{
| ong tenp;
t enp=(1 ong) Read_Byte(R n] ) ; /* Bus Lock enable */
if (tenp==0) T=1;
el se T=0;
t enp| =0x00000080;
Wite_Byte(R n], tenp); /* Bus Lock disable */
PC+=2;
}
Example:
_LocP TAS B @7 ; R7=1000
BF _Loor ; Loops until datain address 1000 is 0
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8.2.74 TRAPA (Trap Always): System Control Instruction

Format Abstract Code Cycle T Bit
TRAPA  #i mm imm - TRA, 1100001%iiiiiiii 6/8* —
PC - SPC,
SR - SSR,

1 - SR.MD/BL/RB
0x160 - EXPEVT
VBR + H'00000100 - PC

Note: * Eight cycles on the SH3-DSP.

Description: Starts the trap exception processing. The PC and SR values are saved in SPC and
SSR. Eight-bit immediate datais stored in the TRA registers (TRA9 to TRA2). The processor
goes into privileged mode (SR.MD = 1) with SR.BL =1 and SR.RB =1, that is, blocking
exceptions and masking interrupts, and selecting BANK 1 registers (RO BANK1to R7_ BANK1).
Exception code 0x160 is stored in the EXPEVT register (EXPEVT11 to EXPEVTO). The program
branches to an address (VBR+H'00000100). TRAPA and RTE are both used together for system
cals.

Note: If thisinstruction islocated in a delayed slot immediately following a delayed branch
instruction, it is acknowledged as an illegal slot instruction.

Operation:

TRAPA(long i) /* TRAPA #imm*/
{
| ong i mm
i ne( OXO00000FF & i);
TRA=I nmx<2;
SSR=SR
SPC=PC,
SR MD=1
SR BL=1
SR RB=1
EXPEVT=0x00000160;
PC=VBR+H 00000100;
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8.2.75 TST (Test Logical): Logic Operation Instruction

Format Abstract Code Cycle T Bit
TST Rm R Rn & Rm, when resultis 0, 0010nnnnnmmmi000 1 Test
1-T results
TST # mmRO RO & imm, when resultis 0, 11001000iiiiiiii 1 Test
1-T results
TST. B #i nm @ R0, BR) (RO + GBR) & imm, 11001100iiiiiiii 3 Test
whenresultis0,1 - T results

Description: Logically ANDs the contents of general registers Rn and Rm, and setsthe T bit to 1
if theresultisO or clearsthe T hit to O if the result is not 0. The Rn data does not change. The
contents of general register RO can also be ANDed with zero-extended 8-bit immediate data, or the
contents of 8-bit memory accessed by indirect indexed GBR addressing can be ANDed with 8-bit
immediate data. The RO and memory data do not change.

Operation:

TST(l ong mlong n) [* TST RmRn */

{
if ((Rn]&Rnj)==0) T=1;
el se T=0;
PC+=2;
}
TSTI(long i) /* TEST #inm RO */
{
| ong tenp;
t enp=R 0] & 0x000000FF & (long)i);
if (tenp==0) T=1;
el se T=0;
PC+=2;
}
270

HITACHI



TSTMlong i) /* TST.B #imm @R0, GBR */

{
| ong tenp;
t enp=(1 ong) Read_Byt e( BR+R 0] ) ;
t enp&=( 0XxO00000FF & (long)i);
if (tenp==0) T=1,
el se T=0;
PC+=2;
}
Examples:
TST RO, RO ; Before execution RO = H'00000000
; After execution T=1
TST #H 80, RO ; Beforeexecution RO = H'FFFFFF7F
; After execution T=1
TST.B #H A5, @ RO, BR ; Before execution  @(R0O,GBR) = H'A5

: After execution T=0

271
HITACHI



8.2.76 XOR (Exclusive OR Logical): Logic Operation I nstruction

Format Abstract Code Cycle T Bit

XCR Rm Rn~"Rm - Rn 0010nnnnmmmM 1010 1 —

XR # mm RO RO~ imm - RO 11001010 iiiiiii 1 —

XCR B #i nm @RO, GBBR) (RO + GBR)Mimm — 11001110iiiiiiiii 3 —
(RO + GBR)

Description: Exclusive ORs the contents of general registers Rn and Rm, and stores the result in
Rn. The contents of general register RO can also be exclusive ORed with zero-extended 8-bit
immediate data, or 8-bit memory accessed by indirect indexed GBR addressing can be exclusive
ORed with 8-bit immediate data.

Operation:

XCR(long mlong n) /* XCR RmRn */

{
Rn]A=Rnj;
PC+=2;

}

XXR(long i) /* XOR #mMmRO */

{
R 0] ~=( 0xO000000FF & (long)i);
PC+=2;

}

XORMlong i) /* XCR B #imm @QRO, GBBR) */

{
| ong tenp;
t enp=(1 ong) Read_Byt e( BR+R 0] ) ;
t enp”=( 0X000000FF & (long)i);
Wite Byte(@BR+R 0], tenp);
PC+=2;

}
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Examples:

XCR RO, RL ; Before execution
;. After execution

XCR #H FO, RO ; Before execution
: After execution

XR B #H A5 @RO, GBBR ; Before execution
; After execution

HITACHI

RO = HAAAAAAAA, R1 = H'55555555

R1 = H'FFFFFFFF

RO = H'FFFFFFFF
RO = H'FFFFFFOF

@(RO,GBR) = H'A5
@(RO,GBR) = H'00
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8.2.77 XTRCT (Extract): Data Transfer Instruction
Format Abstract Code Cycle T Bit

XTRCT Rm R Rm: Center 32 bits of Rn -~ Rn  0010nnnnmmmi101 1 —

Description: Extracts the middle 32 bits from the 64 bits of general registers Rm and Rn, and
stores the 32 bitsin Rn (figure 8-16).

MSB LSB MSB LSB
| Rm | | Rn

Rn

Figure8-16 Extract
Operation:

XTRCT(long mlong n) /* XTRCT RmRn */
{

unsi gned | ong tenp;

t enp=( R nj <<16) &xFFFFO000;
R n] =( R n] >>16) &0x0000FFFF;
R n] | =tenp;
PC+=2;

}

Example:

XTRCT RO, Rl : Beforeexecution RO = H'01234567, R1 = H'S89ABCDEF
;. After execution R1 = H'456789AB
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8.3  Floating Point Instructionsand FPU Related CPU Instructions
(SH-3E Only)

The functions used in the descriptions of the operation of FPU calculations are as follows.

| ong FPSCR
int T,

int load_long(long *adress, *data)

{
/* This function is defined in CPU part */
}
int store_|ong(long *adress, *data)
{
/* This function is defined in CPU part */
}
int sign_of (I ong *src)
{
return(*src >> 31);
}
int data_type_of (long *src)
{
float abs;
abs = *src & Ox7fffffff;
i f (abs < 0x00800000) {
if(sign_of (src) == 0) return(PZERO;
el se ret urn( NZERO) ;
}
el se i f((0x00800000 <= abs) && (abs < 0x7f800000))
return(NCRM) ;

el se if(0x7f800000 == abs) {
if(sign_of (src) == 0) return(PlNF);

el se return(N NF);
}
el se i f(0x00400000 & abs) return(sNaN);
el se return(gNaN) ;
}
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cl ear_cause_VZ(){ FPSCR & (~CAUSE_V & ~CAUSE 2); }
set_V(){ FPSCR Q= (CAUSE .V Q FLAGV); }
set_Z(){ FPSCR Q= (CAUSE Z Q FLAG 2); }

inval id(fl oat *dest)

{

set_M);

i f((FPSCR & ENABLE V) == 0) qgnan(dest);
}

}

dz(fl oat *dest, int sign)

{

set_Z();

i f ((FPSOR & ENABLE Z) == 0) inf (dest,sign);
}

zero(float *dest, int sign)

{
if(sign == 0) *dest = 0x00000000;
el se *dest = 0x80000000;
}
int(float *dest, int sign)
{
if(sign == 0) *dest = Ox7f 800000;
el se *dest = Oxf f 800000;
}
gnan(float *dest)
{
*dest = Ox7fbfffff;
}
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83.1 FABS(Floating Point Absolute Value): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FABS FRn |FRn| - FRn 1111nnnn01011101 2 1 —

Description: Obtains arithmetic absolute value (as a floating point number) of the contents of
floating point register FRn. The calculation result is stored in FRn.

Operation:

FABS(float *Frn) /* FABS FRn */

{
cl ear _cause_VZ();
case(dat a_type_of (FRn)) {
NCRM i f(sign_of (FRh) == 0) *FRn = *FRn;
el se *FRn = -*FRn;
br eak;
PZERO :
NZERO : zer o( FRn, 0); br eak;
Pl NF
N NF i nf (FRn, 0); br eak;
gnan : gnan( FRn) ; br eak;
sNaN i nval i d( FRn) ; br eak;
}
pc += 2;
}
FABS Special Cases
FRh NORM +0 -0 +INF —INF gNaN sNaN
FABS( FRn) ABS +0 +0 +INF +INF gNaN Invalid

Note: Non-normalized values are treated as zero.

Exceptions: Invalid operation
Examples:

FABS FR2 ;  Floating point absolute value
;. Beforeexecution FR2=H 0800000/ * -4 in base 10*/
;. After execution FR2=H 40800000/ * 4 in base 10*/
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8.3.2 FADD (Floating Point Add): Floating Point Instruction
Format Abstract Code Latency Cycles T Bit

FADD FRmM FRn FRn+FRmM - FRn 1111nnnnmmm9000 2 1 —

Description: Arithmetically adds (as floating point numbers) the contents of floating point
registers FRm and FRn. The calculation result is stored in FRn.

Operation:
FADD (fl oat *FRm FRn) /* FADD FRm FRn */
{
cl ear_cause_VZ();
if((data_type of (FR) = = sNaN |
(data_type_of (FR1) = = sNaN)) i nval i d( FRn) ;
el se if((data_type of (FR) = = gNaN ||
(data_type_of (FRn) = = gNaN)) gnan( FRn) ;
el se case(data_type_of (FR1) {
NCRM
case(dat a_type_of (FRn)) {
Pl NF : i nf (FRn, 0); br eak;
N NF : i nf (FRn, 1); br eak;
def aul t : *FRn = *FRn + *FRm br eak;
} br eak;
PZERQ
case(dat a_type_of (FRn)) {
NCRM : *FRn = *FRn + *FRm br eak;
PZERO
NZERO : zero( FRn, 0); br eak;
Pl NF : i nf (FRn, 0); br eak;
N NF : i nf (FRn, 1); br eak;
} br eak;
NZERQ
case(dat a_type_of (FRn)){
NCRM : *FRn = *FRh + *FRm br eak;
PZERO : zero( FRn, 0); br eak;
NZERO : zero(FRn, 1); br eak;
Pl NF : i nf (FRn, 0); br eak;
N NF : i nf (FRn, 1); br eak;
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} br eak;
Pl NF:
case(dat a_t ype_of (FRn)) {
N NF : i nval i d( FRn); br eak;
def aul t : i nf (FRn, 0); br eak;
} br eak;
N NF:
case(dat a_type_of (FRn)){
Pl NF : i nval i d( FRn); br eak;
def aul t : i nf (FRn, 1); br eak;
} br eak;
}
pc += 2;
}
FADD Special Cases
FRm FRn
NORM +0 ‘ -0 +INF —INF gNaN sNaN
NORM ADD —INF
+0 +0
-0 -0
+INF +INF Invalid
~INF —INF | Invalid —INF
gNaN gNaN
sNaN Invalid
Note: Non-normalized values are treated as zero.
Exceptions: Invalid operation
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Examples:

FADD

FADD

280

FR2, FR3

FR5, FR4

Floating point add
Before execution:

After execution:

Before execution:

After execution:
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FR2=H 40400000/ * 3in base 10*/
FR3=H 3F800000/ * 1in base 10*/
FR2=H 40400000

FR3=H 40800000/ * 4 in base 10*/

FR5=H 40400000/ * 3in base 10*/
FR4=H C0000000/ * -2 in base 10*/
FR5=H 40400000

FR4=H 3F800000/ * 1in base 10*/



8.3.3

FCMP (Floating Point Compare): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FOW/ EQ FRm FRh  (FRn==FRm)? 1111nnnnmmm©100 2 1 Comparison
10T result

FCW/ GT FRm FRh (FRn> FRm)? 1111nnnnmmmo101 2 1 Comparison
10T result

Description: Arithmetically compares (as floating point numbers) the contents of floating point
registers FRm and FRn. The calculation result (true/false) iswrittento the T bit.

Operation:

FCW_EQfl oat *FRm FRn) /* FOW/ EQ FRm FRn */

{

}

cl ear _cause_VZ();

if (fecnmp_chk(FRmFRn) = = INVALID) {fcnp_invalid(0); }
el se if(fcnp_chk(FRm FR1) = = EQ T=1,

el se T=0;

pc += 2;

FCWP_GTI(fl oat *FRm FRn) /* FOQW/ GI' FRm FRn */

{

}

cl ear _cause_VZ();

if (fcrp_chk(FRm FRn)==INVALID)| | {fcnp_chk(FRm FR1)==U0 ) {
fenp_inval i d(0):}

el se if(fcnp_chk(FRMmFRn) = = T=1

el se T=0;

pc += 2;

fenp_chk(fl oat *FRm *FRn)

{

el se

el se

i f((data_type of (FRY) == sNaN) ||

(dat a_type_of (FRn) == sNaN)) return(I NVALI D) ;
if((data_type_of (FR) == gNaN ||
(data_type_of (FRn) == gNaN)) return(U0;
case(dat a_t ype_of (FRM)) {
NCRM :case(dat a_t ype_of (FRn)) {
Pl NF creturn(Grl); br eak;
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N NF :return( NOTGT) ;
def aul t :
}
PZERO :
NZERO case(dat a_t ype_of (FRn)) {
PZERO :
NZERO creturn(EQ;
PI NF :return(Gl);
N NF :return( NOTGT) ;
def aul t :
}
PI NF case(dat a_t ype_of (FRn)) {
Pl NF sreturn(EQ
def aul t :return(NOTGT) ;
}
N NF case(dat a_t ype_of (FRn)) {
N NF sreturn(EQ;
def aul t :return(Gl);
}
}
if(*FRh = = *FRm) return(EQ;
else if(*FRh > *FRn) return(Grl);
el se return(NOTGT) ;
}
fenp_invalid(int cnp_flag)
{
set_M);
if((FPSCR & ENABLE V) = =0) T = cnp_flag;
}
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br eak;
br eak;
br eak;

br eak;
br eak;
br eak;
br eak;
br eak;

br eak;
br eak;
br eak;

br eak;
br eak;
br eak;



FCMP Special Cases

FRm FRn
NORM +0 -0 +INF —INF gNaN sNaN

NORM CMP GT IGT

+0 EQ

-0
+INF IGT EQ
—INF GT EQ
gNaN uo
sNaN Invalid

Notes: 1. UO if result is FCMP/EQ, invalid if result is FCMP/GT.

2. Non-normalized values are treated as zero.

Exceptions: Invalid operation

Note: Four comparison operations that are independent of each other are defined in the IEEE

standard, but the SH-3E supports FCMP/EQ and FCMP/GT only. However, all
comparison conditions can be supported by using these two FCMP instructionsin

combination with the BT and BF instructions.

(FRm = = FRn)
(FRm! = FRn)
(FRm < FRn)
(FRm <= FRn)
(FRm > FRn)
(FRm >= FRn)

Unorder FRm FRn

Examples:

FOWP/ EQ

FLDI 1 FR6

FLD 1 FR7
QLRT

FOWP/ EQ FR6, FR7
BF TRCGET_F
NP

BT/ S TRGET T
FADD FR6, FR7

fcnpl/ eq
fcnp/ eq
fenp/ gt
fcnp/ gt
fenp/ gt
fcnp/ gt
fcnpl/ eq

; FR6=H 3F800000/ * 1 in base 10*/

FRm
FRm
FRm
FRn,
FRn,
FRm
FRm

FRh ;
FRn ;
FRh ;
FRm ;
FRm ;
FRn ;
FRm ;

bt
bf
bt
bt
bt
bf
bf

; FR7=H 3F800000
;T Bt =0

; Branch
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; Don't branch (T=1)

; Floating point compare, equal

; Delay dot, FR7=H 40000000/ * 2in base 10*/
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TRCGET_F

TRGET_T

NOP

FOWP/ EQ

BT/S TRET.T
FLD 1

FOVP/ EQ

BF TRGET F
NOP

. END

FQWP/ GT:

TRCGET_T
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FLD 1
FLD 1
FADD
CLRT
FOWP/ GT
BT/ S
FLD 1
FOW/ GT
BT

FR6, FR7

FR7
FR6, FR7

FR2
FR7
FR2, FR7

FR2, FR7
TRGET_T
FR7

FR2, FR7
TRGET_T

; Don't branch ( T=0)

; Delay dot

; Thit=0

; Branch first time only

; FR6=FR7=H 3F800000/ * 1 in base 10*/

; FR2=H 3F800000/ * 1 in base 10*/

; FR7=H 40000000/ * 2 in base 10*/

; Thit=0

; Floating point compare, greater than
; Branch (T=1)

: Thit=0
; Don't branch (T=0)
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8.3.4 FDIV (Floating Point Divide): Floating Point I nstruction
Format Abstract Code Latency Cycles T Bit
FOV FRm FRn FRn/FRm - FRn 1111nnnnmmmo011 14 13 —

Description: Arithmetically divides (as floating point numbers) the contents of floating point
register FRn by the contents of floating point register FRm. The calculation result is stored in FRn.

Operation:

FD V(fl oat *FRm *FRn) /* FD'V FRm FRn */

{

cl ear_cause_VZ();

if((data_type_of (FRp) = = sNaN | |
(data_type_of (FRn) = = sNaN)) i nval i d( FRn) ;
else if((data_type_of (FR) = =gNaN | |
(data_type_of (FRn) = = gNaN)) gnan( FRn) ;
el se case((data_type_of (FRM) {
NCRM
case(dat a_type_of (FRn)) {
Pl NF
N NF :inf(FRn, sign_of (FRM”"sign_of (FRn));
default : *FRh =*FRn / *FRm
}
PZERO :
NZERO :
case(dat a_type_of (FRn)) {
PZERO
NZERO : invalid(FRn);
Pl NF
N NF :inf(Fn, S gn_of (FRM ~si gn_of (FRn));
default : dz(FRn, sign_of (FRM"sign_of (FRn));
}
Pl NF
N NF
case(dat a_type_of (FRn)) {
PI NF
N NF : invalid(FRn);

default :zero (FRn,sign_of (FRM ”sign_of (FRn));
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br eak;
br eak;
br eak;

br eak;

br eak;
br eak;

br eak;

br eak;
br eak
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}
pc += 2;
}

FDIV Special Cases

br eak;

FRm FRn
NORM +0 -0 +INF —INF gNaN sNaN
NORM DIV 0
+0 Dz Invalid INF
-0
+INF 0 +0 -0 Invalid
—INF -0 +0
gNaN gNaN
sNaN Invalid
Note: Non-normalized values are treated as zero.
Exceptions: Invalid operation, divide by zero
Examples:
FD Vv FR6, FRS ;  Floating point divide
;  Before execution: ; FR5=H 40800000/ * 4 in base 10*/
; ; FR6=H 40400000/ * 3in base 10*/
;. After execution: ; FR5=H 3FAAAAAA/ *1.33... in base 10*/

; ; FR6=H 40400000
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8.3.5 FLDIO (Floating Point Load Immediate 0): Floating Point Instruction

Format Abstract Code Latency Cycles T Bit

FLD O FRn H'00000000 - FRn  1111nnnn10001101 2 1 —

Description: Loads the floating point number O (0x00000000) in floating point register FRn.

Operation:
FLDI O(fl oat *FRn) /* FLDIO FRn */
{
*FRn = 0x00000000;
pc += 2;
}

Exceptions: None
Examples:

FLD O FRL ;. Load immediate O
Before execution: FR1=x (don't care)

. After execution: FR1=00000000

287
HITACHI



83.6 FLDI1 (Floating Point Load mmediate 1): Floating Point Instruction

Format Abstract Code

Latency Cycles T Bit

FLD' 1 FRn H'3F800000 - FRn

1111nnnn10011101 2 1

Description: Loads the floating point number 1 (Ox3F800000) in floating point register Frn.

Operation:

FLDI 1(fl oat *FRn)

{
*FRn = 0x3F800000;
pc += 2;

}

Exceptions: None

Examples:
FLO 1 FrR2 ;. Load immediate 1
; Before execution:
;. After execution:
288
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/* FLDI'1 FRn */

FR2=x (don't care)
FR2=H 3F800000/ * 1in base 10*/



8.3.7 FLDS(Floating Point Load to System Register): Floating Point I nstruction
Format Abstract Code Latency Cycles T Bit

FLDS FRmFPWL  FRm - FPUL 1111nnnn00011101 2 1 —

Description: Loads the contents of floating point register FRm to system register FPUL .

Operation:
FLDS(fl oat *FRm *FPUL) /* FLDS FRm FPUL */
{
*FPUL = *FRm
pc += 2;
}

Exceptions: None

Examples:
: Before execution of FLDS and FSTS:
FLD 1 FR6 ; FR6=H 3F800000/ * 1in base 10*/
FLD 0 FR2 ; FR2=0
; After execution of FLDS and FSTS:
FLDS FR6, FPUL ; FPUL=H 3F800000
FSTS FPUL, FR2 ; FR2= H 3F800000
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8.3.8 FLOAT (Floating Point Convert from Integer): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FLOAT FPUW, FRh  (float)FPUL - FRn 1111nnnn00101101 2 1 —

Description: Interprets the contents of FPUL as an integer value and convertsit into afloating
point number. Theresult is stored in floating point register FRn.

Operation:
FLOAT(i nt, *FPUL, f| oat *FRn) /* FLQOAT FRn */
{
cl ear_cause_VZ();
*FRn = (float)*FPUL;
pc += 2;
}

Exceptions: None
Examples:

; Floating Point Convert from Integer
; Before execution of FLOAT instruction:

MOV. L #H 00000003, RL ; R1=H 00000003

FLD O FR2 : FRo=0
: After execution of FLOAT instruction:
LDS R1, FPW ; FPUL=H 00000003
FLQOAT FPUL, FR2 ; FR2=H 40400000/ * 3in base 10*/
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839 FMAC (Floating Point Multiply Accumulate): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FMAC  FRO, FRO x FRm+FRn - FRn 111lnnnnmmmill0 2 1 —
FRm FRn

Description: Arithmetically multiplies (as floating point numbers) the contents of floating point
registers FRO and FRm. To this calculation result is added the contents of floating point register
FRn, and the result is stored in FRn.

Operation:
FMAQ(fl oat *FRO, *FRm *FRn) /* FMAC FRO, FRm FRn */
{
| ong t mp_FPSCR
fl oat *tnp_FML = *FRm
FMUL(FO, t np_FMWL) ;
pc -=2; /* correct pc */
t mp_FPSCR = FPSCR, /* save cause field for FRO*FRm */
FADD( t np_FML, FRn) ;
FPSCR | = t np_FPSCR; /* reflect cause field for FO*FRn */
}
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FMAC Special Cases

FRn FRO FRm
+NORM| -NORM| 40 | -0 +INF | —INF | gNaN | sNaN
NORM | NORM MAC INF
0 Invalid
+INF +INF —INF Invalid +INF —INF
—INF —INF +INF —INF +INF
+0 NORM MAC INF
0 +0 Invalid
+INF +INF —INF Invalid +INF —INF
—INF —INF +INF —INF +INF
-0 +NORM | MAC +0 -0 +INF —INF
—NORM -0 +0 —INF +INF
+0 +0 -0 +0 -0 Invalid
-0 -0 +0 -0 +0
+INF +INF —INF Invalid +INF —INF
—INF —INF +INF —INF +INF
+INF | +NORM | +INF Invalid
—NORM +INF
0 Invalid
+INF Invalid +INF
—INF Invalid +INF +INF
—INF | +NORM | -INF ‘ —INF
—NORM
0
+INF | Invalid | Invalid —INF
—INF —INF —INF Invalid
gNaN 0 Invalid
INF | Invalid
IsNaN
INaN | gNaN gNaN
All types| sNaN
sNaN | All types Invalid

Note: Non-normalized values are treated as zero.
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Exceptions: Invalid operation
Examples:

FMAC FRO, FR3, FRS

: Before execution:

; After execution:

FMAC FRO, FRO, FRS ; FRO* FRO+FR5- >FR5

: Before execution:

; After execution:

FMAC FRO, FR5, FRO ; FRO* FR6+FR0- >FR5

: Before execution:

; After execution:

HITACHI

; Floating point multiply accumulate

FRO* FR3+FR5- >FR5

FRO=H 40000000/ * 2in base 10*/
FR3=H 40800000/ * 4in base 10*/
FRG=H 3F800000/ * 1in base 10*/
FRO=H 40000000/ * 2in base 10*/
FR3=H 40800000/ * 4in base 10*/
FRG=H 41100000/ *9in base 10*/

FRO=H 40000000/ * 2 in base 10*/
FR5=H 3F800000/ * 1in base 10*/
FRO=H 40000000/ * 2 in base 10*/
FR5=H 40A00000/ *5in base 10*/

FRO=H 40000000/ * 2 in base 10*/
FR5=H 40A00000/ *5in base 10*/
FRO=H 41400000/ * 12 in base 10*/
FR5=H 40A00000/ *5in base 10*/
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8.3.10 FMOV (Floating Point Move): Floating Point Instruction

Latency

Format Abstract Code (Wait Time) Cycles T Bit

1. FMOV  FRm FRn FRm - FRn 1111nnnnmmmmi100 2 1 —

2. FMOV. S @m FRn (Rm) - FRn 1111nnnnmmml000 2 1 —

3. FMOV. S FRm @ FRm - (Rn) 1111nnnnmmil010 2 1 —

4. FMOV. S @+, FRn (Rm) - FRn, 1111nnnnmmmm1001 2 1 —

Rm+=4
5.FMOV. S FRm @Rn Rn-=4, 1111nnnnmmmilOl11 2 1 —
FRm - (Rn)
6. FMOV. S (RO+Rm) - FRn 111lpnnnmmm®110 2 1 —
@R0, RY), FR1
7. FMOV. S FRm FRm - (RO+Rn) 111lnnnnmmm®111 2 1 —
@R, R)

Description:

1. Movesthe contents of floating point register FRm to floating point register FRn.

2. Loadsthe contents of the memory addresses specified by general-use register Rm to floating
point register FRn.

3. Storesthe contents of floating point register FRm in the memory address position specified by
genera-use register Rm.

4. Loads the contents of the memory addresses specified by general-use register Rm to floating
point register FRn. After the load completes successfully, increments the value of Rm by 4.

5. Storesthe contents of floating point register FRm in the memory address position specified by
general-use register Rn-4. After the store completes successfully, the decremented value (Rn-
4) becomes the value of Rm.

6. Loads the contents of the memory addresses specified by general-use registers Rm and RO to
floating point register FRn.

7. Storesthe contents of floating point register FRm in the memory address position specified by
general-use registers Rn and RO.
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Operation:

FMOV(fl oat *FRm *FRn) /* FMOV. S FRm FRn */
{
*FRn = *FRm
pc += 2;
}
FMOV_LQAD(I ong *Rmfl oat *FRn) /* FMOV @Rm FRn */
{ if(load_|l ong(RmFRY) !=Address_Error)
| oad_I| ong(Rm FRn) ;
pc += 2;
}
FMOV_STORE(fl oat *FRm 1 ong *Rn) /* FMOV. S FRm @ */
{ if(store_|ong(FRmtnp_address) !=Address_FError)
store_|l ong( FRm Rn) ;
pc += 2;
}
FMOV_RESTCRE(| ong *Rm fl oat *FRn) /* FMOV. S @m+, FRn */
{ if(load_|l ong(RmFRY) !=Address_Error)
*Rm += 4;
pc += 2
}
FMOV_SAVE(fl oat *FRm | ong *Rn) [*FMOV. S FRm @Rn */
{
| ong *tnp_address =*Rn -4;

if(store_|ong(FRmtnp_address) !=Address_FError)
Rn = tnp_address;
pc += 2;
}
FMOV_LQAD i ndex(long *Rm long *RO, float *FRn)/* FMOV. S @RO, RY), FR*/
{
if (load_| ong(& *Rm+*R0), FRn), | = Address_Error);
pc += 2;
}
FMOV_STORE i ndex(float *FRmlong *RO, long *Ri)/* FMOV. S FRm @RO, Rn) */
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}

if (store_|long(FRm & (*R+*R0)),
pc += 2;

Exceptions: Address error

Examples:

FMOV. S

FMOV. S

FMOV. S

FMOV. S

FMOV. S
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FR2 ; Load

: Before execution:

: After execution:

FR2, ; Store

: Before execution:

: After execution:

@3+, FR3 : Restore

: Before execution:

; After execution:

FR4, @©R3 : Save

; Before execution:

: After execution:

@R0, R3), FRA ; Loadwithindex
; Before execution:

HITACHI

= Address_FError);

@r1=H O00ABCDEF
FR2=0

@R1=H O00ABCDEF
FR2=H O0ABCDEF

@s3=0

FR2=H 40800000
@v3=H 40800000
FR2=H 40800000

R3=H 0C700028

@3=H 40800000
FR3=0

R3=H 0C70002C

FR3=H 40800000

R3=H 0C700044
@3=0

FR4=H 01234567
R3=H 0C700040
@B=H 01234567
FR4=H 01234567

RO=H 00000004
R3=H 0C700040



FMOV. S

FMOV. S

FR5, @RO, R3)

FR5,

FR6

; After execution:

Store with index

; Before execution:

; After execution:

Register file contents
Before execution:

; After execution:

HITACHI

@1 0C700044=H 00ABCDEF
FR=4

RO=H 00000004

R3=H 0C700040

FRA=H 00ABCDEF

RO=H 00000028

R3=H 0C700040

@1 0C700068=0

FR5=H 76543210

RO=H 00000028

R3=H 0C700040

@1 0C700068=H 76543210

FR5=H 76543210
FR6=x(don't care)
FR5=H 76543210
FR6=H 76543210
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8.3.11 FMUL (Floating Point Multiply): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FML FRm FRn FRn xFRmM - FRn 111Innnnmm©O010 2 1 —

Description: Arithmetically multiplies (as floating point numbers) the contents of floating point
registers FRm and FRn. The calculation result is stored in FRn.

Operation:

FMUL(fl oat *FRm*FRn) /* FMJL FRm FRn */

{
cl ear _cause_VZ();
if((data_type_of (FR) = = sNaN ||
(data_type_of (FRn) = = sNaN)) i nval i d( FRn) ;
else if((data_type_of (FR) = = g\NaN ||
(data_type_of (FRn) = = gNaN)) gnan( FRn) ;
el se case(data_type_of (FRY) {
NCRM
case(data_type of (FR1)) {
Pl NF
N NF  : inf(FRn, sign_of (FRM”"sign_of (FRn)); break;
default: *FRn=(*FRn)*(*FRmM; br eak;
} br eak;
PZERO
NZERO
case(data_type of (FRn)) {
Pl NF
N NF : invalid(FRn); br eak;
defaul t: zero(FRn, si gn_of (FRM ~si gn_of (FR1)); break;
} br eak;
Pl NF
N NF
case(data_type of (FR1)) {
PZERO
NZERO : invalid(FRn); br eak;
defaul t:inf (FRn,sign_of (FRY)“sign_of (FR1)); break
} br eak;
}
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pc +=2;
}

FMUL Special Cases

FRm FRn
NORM +0 -0 +INF —INF gNaN sNaN
NORM MUL 0 INF
+0 0 +0 -0 Invalid
-0 -0 +0
+INF INF Invalid +INF —INF
—INF —INF +INF
gNaN gNaN
sNaN Invalid
Note: Non-normalized values are treated as zero.
Exceptions: Invalid operation
Examples:
FMUL FR2, FR3 ; Floating point multiply
; Before execution: FR2=H 40000000/ * 2 in base 10*/
; FR3=H 40800000/ * 4 in base 10*/
; After execution: FR2=H 40000000
; FR3=H 41000000/ *8in base 10*/
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8.3.12 FNEG (Floating Point Negate): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit

FNEG FRn -FRn - FRn 1111nnnn01001101 2 1 —

Description: Arithmetically negates (as afloating point number) the contents of floating point
register FRn. The calculation result is stored in FRn.

Operation:
FNEQ fl oat *FRn) /* FNEG FRn */
{
cl ear _cause_VZ();
case(dat a_t ype_of (FRn)) {
gqNaN : gnan( FRn) ; br eak;
sNaN : i nval i d(FRn); br eak;
default : *FRn = -(*Frn); break;
}
pc += 2
}

FNEG Special Cases

FRn NORM +0 -0 +INF —INF gNaN sNaN

FNEG(FRn) NEG -0 +0 —INF +INF gNaN Invalid

Note: Non-normalized values are treated as zero.

Exceptions: Invalid operation

Examples:
FNEG FR2 ; Floating point negate
; Before execution: FR2=H 40800000/ * 4 in base 10*/
: After execution: FR2=H 0800000/ *—4 in base 10*/
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8.3.13 FSQRT (Floating Point Square Root): Floating Point I nstruction

Format Abstract Code Latency Cycles T Bit
FSQRT FRn YFRn - FRn 1111nnnn01101101 14 13 —

Description: Arithmetically obtains (as a floating point number) the square root of the contents of
floating point register FRn. The calculation result is stored in FRn.

Operation:

FSQRT(fl oat *FRn) /* FSQRT FRn */

{
cl ear_cause_VZ();
case(data_type of (FR1)) {
NCRM o if(sign_of (FRn) = = 0)
*FRn = sqrt (*FRn);
el se invalid(FRn); br eak;
PZERO
NZERO
Pl NF : *FRn = *FRn; br eak;
N NF : i nval i d( FRn); br eak;
gN\aN : gnan( FRn) ; br eak;
sNaN : i nval i d( FRn); br eak;
}
pc += 2;
}

FSQRT Special Cases

FRn +NORM | -NORM +0 -0 +INF —INF gNaN sNaN

FSQRT(FRn)| SQRT Invalid +0 -0 +INF Invalid gNaN Invalid

Note: Non-normalized values are treated as zero.

Exceptions: Invalid operation

Examples:
FSQRT FR4 ; Floating point square root
; Before execution: ; FR4A=H 40400000/ * 3in base 10*/
; After execution: : FRA=H 3FDDB3D7/ * 1.7320 in base 10*/
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8.3.14 FSTS(Floating Point Store From System Register): Floating Point I nstruction
Format Abstract Code Latency Cycles T Bit

FSTS FPUL, FRn FPUL - FRn 1111nnnn00001101 2 1 —

Description: Copiesthe contents of system register FPUL to floating point register FRn.

Operation:
FSTS(fl oat *FRn, *FPUL) /* FSTS FPUL, FRn */
{
*FRn = *FPU;
pc += 2;
}

Exceptions: None

Examples:
MOV.L  #H 00000002, R2 ; Before execution of FSTSinstruction: ; R2=H 00000002
FLDIO FR5 : FR5=0
LDS R2, FPUL ; After execution of FSTSinsgtruction:  ; RR=H 00000002
FSTS FPUL, RS ; FR6= H 00000002
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8.3.15 FSUB (Floating Point Subtract): Floating Point I nstruction

Format Abstract

Code Latency Cycles

T Bit

FSUB FRm FRn

FRn-FRm - FRn 1111nnnnmmm9001 2 1

Description: Arithmetically subtracts (as floating point numbers) the contents of floating point
register FRm from contents of floating point register FRn. The calculation result is stored in FRn.

Operation:

FSUB(fl oat *FRm FRn)

{

/* FSUB FRm FRn */

cl ear_cause_VZ();
if((data_type of (FR) = = sNaN | ]
(data_type_ of (FRn) = = sNaN)) i nval i d( FRn) ;
else if((data_type_of (FRY) = =gNaN | |
(data_type_of (FRn) = = gNaN)) gnan( FRn) ;
el se case(data_type_of (FRY) {
NCRM
case(data_tyoe of (FRn)) {
Pl NF i nf (FRn, 0); br eak;
N NF inf(FRn, 1); br eak;
def aul t *FRn = *FRh - *FRm br eak;
} br eak;
PZERO
case(data_type of (FRn)) {
NCRM *FRn = *FRh- *FRm br eak;
PZERO zero( FRn, 0); br eak;
NZERO zero(FRn, 1); br eak;
Pl NF i nf (FRn, 0); br eak;
N NF inf (FRn, 1); br eak;
} br eak;
NZERO
case(data_type of (FRn)) {
NCRM *FRn = *FRn - *FRm break;
PZERO
NZERO zero( FRn, 0); br eak;
Pl NF i nf (FRn, 0); br eak;
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N NF inf(FRn, 1); br eak;
} br eak;
PI NF
case(data type of (FRn)) {
N NF inval i d(FRn); br eak;
def aul t inf(FRn,1); br eak;
} br eak;
N NF
case(data_type of (FRn)) {
Pl NF i nval i d( FRn); br eak;
def aul t i nf (FRn, 0); br eak;
} br eak;
}
pc += 2;
}
FSUB Special Cases
FRm FRn
NORM +0 ‘ -0 +INF —INF gNaN sNaN
NORM SuUB +INF —INF
+0 -0
-0 +0
+INF —INF Invalid
—INF +INF Invalid
gNaN gNaN
sNaN Invalid

Note: Non-normalized values are treated as zero.

Exceptions: Invalid operation
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Examples:

FSUB FRO, FR3
: Before execution:

; After execution:

FSUB FR3, FR2 :
: Before execution:

: After execution:

; Floating point subtract

; FRO=H 3F800000/ * 1 in base 10*/
; FR3=H 40E00000/ * 7 in base 10*/
; FRO=H 3F800000/ * 1 in base 10*/
; FR3=H 40000000/ * 6 in base 10*/

; FR2=H 40800000/ * 4 in base 10*/
; FR3=H 40000000/ * 6 in base 10*/
; FR2=H C0000000/ * -2 in base 10*/
; FR3=H 40000000/ * 6 in base 10*/
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8.3.16 FTRC (Floating Point Truncate And Convert To Integer): Floating Point
Instruction

Format Abstract Code Latency Cycles T Bit

FTRC FRm FPWL  (long)FRm - FPUL  1111nnnn00111101 2 1 —

Description: Interprets the contents of floating point register FRm as a floating point number and
convertsit to an integer by truncating everything after the decimal point. The calculation result is
stored in FRn.

Operation:
#defi ne N_I NT_RANGE OxCF000000 /* 01.000000 * 2716 */
#defi ne P_I NT_RANGE 0x47FFFFFF [* 1.fffffe * 2730 */
FTRQ(fl oat *FRmint *FPUL) /* FTRC FRm FPWL */
{

cl ear_cause VZ();
case(ftrc_type_of (FRY)) {

NCRM : *FPUL = (long) (*FRM); br eak;
Pl NF : ftrc_invalid(0); br eak;
N NF : ftrc_invalid(1); br eak;
}
pc += 2;
}
int ftrc_type_of(long *src)
{
| ong abs;
abs = *src & Ox7FFFFFF;
if(sign_of(src) == 0) {
i f (abs > 0x7F800000) return(N NF); /* NaN+/
else if(abs > P_INT_RANGE) return(PlNF); /* out of range, +INF */
el se return(NORV) ; [* +0, +NCRM */
}
else {
if(*src > NINT_RANGE) return(NINF);/* out of range ,+l NF, NaN+/
el se return(NCRV) ; /* -0, - NORWF/
}
}
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ftrc_invalid(long *dest,int sign)

{
set_\);
if((FPSCR & ENABLE V) = = 0) {
if(sign = =0) *dest = OX7FFFFFFF;
el se *dest = 0x80000000;
}
}
FTRC Special Cases
FRn NORM +0 -0 positive | negative | +INF -INF gNaN sNaN
out of out of
range rarge
FTRC TRC 0 0 |7FFFFFFH80000000| Invalid | —-MAX | —-MAX | —MAX
(FRn) +MAX | Invalid | Invalid | Invalid
Invalid
Note: Non-normalized values are treated as zero.
Exceptions: Invalid operation
Examples:
MOV.L  #H 402EDOEB, R2
LDS R2, FPU
FSTS FPU., FR6 ; FR6=H 402ED9EB/ * 2.7320 in base 10*/
FTRC FR6, FPUL
STS FPUL, R2 ; R2=H 00000002/ * 2 in base 10*/
: Before execution of FTRC and STS:
; R2=H 402EDOEB
; FR6=H 402ED9EB
; After execution of FTRC and STS:
; R2=H 00000002
; FR6=H 402EDOEB
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8.3.17 LDS(Load to System Register): FPU Related CPU Instruction

Format Abstract Code Latency Cycles T Bit

1.LDS Rm FPW Rm - FPUL 0100nnnn01011010 2 1 —

2. LDS. L@+, FPUL (Rm) - FPUL, 0100nnnn01010110 2 1 —
Rm+=4

3.LDS Rm FPSCR Rm - FPSCR 0100nnnn01101010 3 1 —

4. LDS. L @m+, FPSCR (Rm) - FPSCR, 0100nnnn01100110 3 1 —
Rm+=4

Description:

1. Movesthe contents of general-use register Rm to system register FPUL .

2. Loadsthe contents of the memory addresses specified by general-use register Rm to system
register FPUL. After the load completes successfully, increments the value of Rm by 4.

3. Movesthe contents of general-use register Rm to system register FPSCR. Previously defined
bitsin FPSCR are not changed.

4. Loads the contents of the memory addresses specified by general-use register Rm to system
register FPSCR. After the load completes successfully, increments the value of Rm by 4.
Previously defined bitsin FPSCR are not changed.

Operation:

#def i ne FPSCR_MASK 0x00018C50

LDS(I ong *Rm *FPUL) /* LDS Rm FPUL */
{
*FPUL = *Rm
pc += 2;
}
LDS RESTCRE(l ong *Rm *FPUL) /* LDS.L @m+, FPUL */

{
i f(load_l ong(Rm FPW) != Address_Error) *Rm+= 4 ;

pc += 2;
}
LDS(1 ong *Rm *FPSCR) /* LDS Rm FPSCR */
{
*FPSCR = *Rm & FPSCR_MASK;
pc += 2;
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}
LDS_RESTORE(| ong *Rm *FPSCR) /* LDS.L @, FPSCR */
{
I ong *t np_FPSCR,
i f(load_long(Rm tnp_FPSCR) != Address_Error){
*FPSCR =*t np_FPSCR & FPSCR_MASK;

*Rm+= 4 ;
}
pc += 2;
}
Exceptions: Address error
Examples:
« LDS
Example 1
MOV.L  #H 12345678, R2 : Before execution of LDS and FSTS instructions:
: R2=H 12345678
FLD O FR3 ; FR3=0
LDS R2, FPUL ; After execution of LDS and FSTS instructions:
X R2=H 12345678
FSTS FPUL, FR3 ; FR3= H 12345678
Example 2
MOV.L  #H 00040801, R4 : After execution of LDS instruction:
LDS R4, FPSCR ; FPSCR=00040801
e LDSL
Example 1
LD O FRO ; Before execution of LDS.L and FSTS instructions:
MOV. L #H 87654321, R4 ; FRO=0
MOV.L  #H 0C700128, R8 ; R8=0C700128
MOV. L R4, @8 : After execution of LDS.L and FSTS instructions:
LDS. L @B+, FPWL ; FR0O=87654321
FSTS FPUL, FRO ; R8=0C70012C
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Example 2

MOV. L
MOV. L
MOV. L

LDS. L

310

#H 00040001, R4 ; Before execution of LDS.L instruction:
#H 0C700134, R8 ; R8=0C700134
R4, @8 ; After execution of LDS.L instruction:

; R8=0C700138
@8+, FPSCR ; FPSCR=00040001
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8.3.18 STS(Storefrom FPU System Register): FPU Related CPU Instruction

Latency
Format Abstract Code (Wait Time) Cycles T Bit
1.STS FPUL, R FPUL - Rn 0000nnNNn01011010 2 1 —
2.STS. L FPUL, @R Rn -=4, 0100nnnn01010010 2 1 —
FPUL - @(Rn)
3. STS FPSCR R FPSCR - Rn 0000nnNn01101010 3 1 —
4. STS.L FPSCR @Rn Rn -=4, 0100nnnn01100010 3 1 —

FPSCR - @(Rn)

Description:

1. Movesthe contents of system register FPUL to general-use register Rn.

2. Stores contents of system register FPUL at the memory address position specified by general-
useregister Rn-4. After the store completes successfully, the decremented value becomes the
value of Rn.

3. Movesthe contents of system register FPSCR to general-use register Rn.

4. Storescontents of system register FPSCR at the memory address position specified by
general-use register Rn-4. After the store completes successfully, the decremented value
becomes the value of Rn.

Operation:
STS(1 ong *FPUL, *Rn) /* STS.L FPW, R */
{
*Rn = *FPU;
pc += 2;
}
STS SAVE(| ong *FPUL, *Rn) /* STS.L FPUL, @Rn */
{

long *tnp_address = *Rn - 4;
i f(store_long(FPUL,tnp_address) != Address_Error)
Rn = tnp_address;

pc += 2;
}
STS(I ong *FPSCR, * Rn) /* STS FPSCR R */
{

*Rn = *FPSCR,
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pc += 2;

STS STore from FPU Systemregi ster

STS RESTCRE | ong *FPSCR * Rn) /* STS.L FPSCR @R */
{
long *tnp_address = *Rn - 4;
i f(store_l ong(FPSCR tnp_address) != Address_FError)
Rn = tnp_address
pc += 2
}

Exceptions: Address error
Examples:

* STS

Example 1

MOV. L  #H 12ABCDEF, R12

LDS. L @2, FPUL

STS FPUL, R13
; After execution of STSinstruction:
; R13 = 12ABCDEF

Example 2

STS FPSCR R2
; After execution of STSinstruction:
; Contents of FPSCR at that point stored in R2 register

« STSL
Example 1

MOV. L #H 0C700148, Rr

STS FPUL, @R7
; Before execution of STS.L instruction:
; R7 = H 0C700148
; After execution of STS.L instruction:
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Example 2

MOV. L
STS. L

#H 0C700154, R8
FPSCR @R8

; R7 = H 0C700144, contentsof FPUL saved at
address H 0C700144
; | ocati on H 0C700144

; After execution of STS.L instruction:
; Contents of FPSCR saved at address H'0C700150
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84  DSP Data Transfer Instructions (SH3-DSP Only)
Table 8-1 lists the DSP data transfer instructionsin al phabetical order.

Table8-1 DSP Data Transfer Instructionsin Alphabetical Order
DC
Instruction Operation Code Cycles Bit
MOVS. L As—4 -, As,(As) - Ds 111101AADDDD0010 1 —
@As, Ds
MOVS. L @s, Ds (As)-Ds 111101AADDDD0110 —
MWS. L @s+,Ds (As)-Ds,As+4 - As 111101AADDDD1010 —
MOVS. L (As) - Ds,As+Ix - As 111101AADDDD1110 —
@s+l x, Ds
MOVS. L Ds, As—4 - As,Ds - (As) 111101AADDDD0011 1 —
@As
MOVS. L Ds, @s Ds - (As) 111101AADDDD0111 —
MOVS. L Ds, @s+ Ds- (As),As+4-As 111101AADDDD1011 —
MOVS. L Ds - (As),As+Ix - As 111101AADDDD1111 —
Ds, @s+l x
MOVS. W As-2 - As,(As) -MSW of  111101AADDDD0O000 1 —
@As, Ds Ds,0 — LSW of Ds
MOVS. W @s, Ds (As) - MSW of 111101AADDDD0100 1 —
Ds,0 - LSW of Ds
MOVS. W @s+, Ds  (As) -MSW of 111101AADDDD1000 1 —
Ds,0 - LSW of Ds,
As+2 - As
MOVS. W (As) - MSW of 111101AADDDD1100 1 —
@s+l x, Ds Ds,0 - LSW of Ds,
As+Ix - As
MOVS. W As-2 - As,MSW of 111101AADDDD0001 1 —
Ds, @As Ds - (As)
MOVS. W Ds, @s MSW of Ds - (As) 111101AADDDD0101 —
MOVS. WDs, @s+ MSW of 111101AADDDD1001 —
Ds - (As),As+2 - As
MOVS. W MSW of 111101AADDDD1101 1 —
Ds, @s+l x Ds - (As),As+Ix - As
MOVX. W @, Dx (AX) - MSW of 111100A*D*0*01** 1 —
Dx,0 — LSW of Dx
MOVX. W @x+, Dx  (AX) - MSW of 111100A* D 0* 10** 1 —
Dx,0 - LSW of
Dx,Ax+2 - AX
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Table 8-1

DSP Data Transfer Instructionsin Alphabetical Order (cont)

DC
Instruction Operation Code Cycles Bit
MOVX. W (AX) > MSW of 111100A*DF0* 11** 1 —
@x+ x, Dx Dx,0 - LSW of
Dx,AX+Ix - AX
MOVX. W Da, @x MSW of Da - (Ax) 111100A*DF1*01** —
MOVX. W Da, @x+ MSW of 111100A* D 1*10** —
Da - (AX),Ax+2 — AX
MOVX. W MSW of 111100A*Dr1*11** 1 —
Da, @X+l x Da - (AX),Ax+Ix - Ax
MOVY. W @y, Dy (Ay) - MSW of 111100* A*D*0**01 1 —
Dy,0 - LSW of Dy
MOVY. W @y+, Dy  (Ay)-~MSW of 111100* A*D*0** 10 1 —
Dy,0 - LSW of Dy,
Ay+2 - Ay
MOVY. W (Ay) - MSW of 111100* A*D*0**11 1 —
@y+ly, Dy Dy,0 - LSW of Dy,
Ay+ly - Ay
MOVY. W Da, @y MSW of Da - (Ay) 111100* A*D*1**01 —
MOVY. WDa, @y+ MSW of 111100* A*D*1**10 —
Da - (Ay),Ay+2 - Ay
MOVY. W MSW of 111100*A*D*1**11 1 —
Da, @y+ly Da - (Ay),Ay+ly - Ay
NCPx No Operation 1111000* 0* 0* 00* * —
NCPY No Operation 111100*0*0*0**00 —

Note: MSW = High-order word of operand
LSW = Low-order word of operand

X and Y Data Transfers (MOVX.W and MOVY.W)

These instructions use the XDB and Y DB busesto access X and Y memory. Areas other than X
and Y memory cannot be accessed. Memory is accessed in word units. Since independent busis

used, it does not create access contention with instruction fetches (using the LDB bus).

X andY datatransfer instructions are executed regardless of conditions even when the data
operation instruction executed in parallel has conditions.

Figure 8-17 shows the load and store operationsin X and Y data transfers.
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31 0 31 0

Instruction code R4 [AX] R6 [Ay] Instruction code
for X data transfer R5 [AX] R7 [AY] for Y data transfer
operation operation
DSP data v v 15 1 15 1 v v DSP data
register register
XO/X1, AO/AL < ()iontrol for <—| ABX | | ABy |—’ Control for > YO/Y1, AO/AL
input/output memory _,97 {z_ Y memory input/output
control control
XAB 15 bits
YAB 15 bits
X_MEM Y_MEM
»  Xdata Y data |
.|  memory memory |,
X RIW 4 kbytes 4 kbytes Y RW
16 bits
XDB
YDB
16 bits

X_MEM, Y_MEM: Select signals for X and Y data memory

Figure8-17 Load and Store Operationsin X and Y Data Transfers
X memory data transfer operation is shown below. Y memory data transfers are the same.

if (INCP) {
X MEMEL; XAB=ABx; X R/ W1
if ( load operation ) {
DX 31: 16] =XDB;
DX 15: 0] =0x0000; /* Dx is X0 or X1 */
}
el se {XDB=Dx[31:16]; X RRWO0;} /* Dx is A0 or Al */

}
el se { X MEM=O; XAB=Unknown; }
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Single Data Transfers (MOVS.W and MOVS.L)

Single data transfers are instructions that load to and store from the DSP register. They are like
system register load and store instructions. Data transfers between the DSP register and memory
use the LAB and LDB buses. Like CPU core instructions, data accesses can create access
contention with instruction memory accesses.

Single data transfers can use either word or longword data. Figure 8-18 shows the load and store
operationsin single data transfers.

31 0 Instruction code for single
R2 [As] data transfer operation
R3 [As] T T T T
R4 [As | |, wifis] !
R5 [As
31] 0« controlis D
MAB SuperH core
32 bit YyYvy
its < > w
LAB Control .
—— DSP data register
input/output control
Memory
LDB 7;|_
32 bits

Figure8-18 Load and Store Operationsin Single Data Transfers

L oad and store operations in single data transfers are shown below.
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LAB = NAB;
if ( M!I=NLS @WL is word access {/* MWVS W*/
if (LS==load) {
if (DS=A0G @@ Ds! =A1G{
Ds[31:16] = LDB[15:0]; Ds[15:0] = 0x0000;

if (Ds==A0) A0F 7:0] = LDB[15];
if (Ds==Al) A1 7:0] = LDB[15];
}
else Ds[7:0] = LDB 7:0] /* Ds is AOG or ALG */

}
else { /* Store */
if (DSI=AOG @@Ds! =A1G LDB[15:0] = Ds[31:16];
/* Ds is AOG or ALG */
el se LDB[15:0] = Ds[7:0] with 8-bit sign extension

}
}
el se if ( MM=NLS @WL is longword access ) { /* MWS.L */
if (LS==load {
if (Ds!=A0G @Ds!=A1G ({
Ds[31:0] = LDB[31:0];
if (Ds==A0) A0F 7:0] = LDB[31];
if (Ds==Al) ALJ 7:0] = LDB[31];
}
el se Ds[7:0] = LDB[7:0] /* Ds is ADOG or ALG */
}
else { /* Store */
if (DSI=A0G @Ds!=A1G LDB[31:0] = Ds[31:0]
/* Ds is AOG or AlLG */
else LDB[31:0] = Ds[7:0] with 24-bit sign extension
}
}

This section explains the breakdown of instructions, descriptions, etc. given in the rest of this
section.

318
HITACHI



Table8-2 Sample Description (Name): Classification

Format Abstract Code Cycle DC Bit
Assembler input A brief description of Displayed in All DSP The status of
format. operation order MSB o instructions  the DC bit
LSB execute in1 after the
cycle instruction is
executed
Format:

[if cc] OP.Sz SRC1,SRC2,DEST

[if cc]: Condition (unconditional, DCT, or DCF)
OF: Operation code

Sz: Size

SRC1: Source 1 operand

SRC2: Source 2 operand

DEST: Destination

Table8-3 Operation Summary

Operation Description

S, e Direction of transfer

(xx) Memory operand

DC Flag bits in the DSR

& Logical AND of each bit

| Logical OR of each bit

A Exclusive OR of each bit

~ Logical NOT of each bit

<<n, >>n n-bit shift

MSW Most significant word (bits 16-31)
LSW Least significant word (bits 0-15)
[n1:n2] Bits n1 to n2

Instruction Code: Shows the source register and destination register.
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X Data Transfer Instructions:

A(Ax): 0=R4, 1=R5
D(destination, Dx): 0=X0, 1=X1
D (source, Da): 0=A0, 1=A1

Y Data Transfer Instructions:

A(Ay): 0=R6, 1=R7
D(destination, Dy): 0=Y0, 1=Y1
D (source, Da): 0=A0, 1=A1

Single Data Transfer Instructions:

AA(AS): 0=R4, 1=R5, 2=R2, 3=R3
DDDD(Ds): 5=A1, 7=A0, 8=X0, 9=X1, A=Y 0, B=Y 1, C=M0, D=A1G, E=M1
F=A0G

DSP Operation Instructions:

ee(Se): 0=X0, 1=X1, 2=Y0, 3=A1

ff(Sf): 0=Y0, 1=Y 1, 2=X0, 3=A1

XxX(Sx): 0=X0, 1=X1, 2=A0, 3=A1

yy(Sy): 0=Y0, 1=Y1, 2=M0, 3=M1

gg(Dg): 0=M0, 1=M1, 2=A0, 3=A1

uu(Du): 0=X0, 1=Y0, 2=A0, 3=A1

zzzz(Dz): 5=A1, 7=A0, 8=X0, 9=X1, A=YO0, B=Y 1, C=MO0, E=M1

DC Bit:

Update: Updated according to the operation result and the specifications of the CS (condition
select) bits.
—: Not updated.

Description: Description of operation
Notes: Notes on using the instruction
Operation: Operation written in C language.

Examples: Examples are written in assembler mnemonics and describe status before and after
executing the instruction.
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84.1 MOVS(MoveSingle Data between Memory and DSP Register): DSP Data Transfer
Instruction

Format Abstract Code Cycle DC Bit

MOVS. W As-2 - As,(As) - MSW of 111101AADDDDO000 1 —

@As, Ds Ds,0 - LSW of Ds

MOVS. W @s, Ds (As) - MSW of Ds,0 - LSW of Ds 111101AADDDD0100 1 —

MOVS. W @s+, Ds (As) - MSW of Ds,0 - LSW of 111101AADDDD1000 1 —
Ds, As+2 - As

MOVS. W @s+l x, Ds (As) - MSW of Ds,0 - LSW of 111101AADDDD1100 1 —
Ds, As+Ix - As

MOVS. W As—2 - As,MSW of Ds - (As) 111101AADDDD0O001 1 —

Ds, @As

MOVS. W Ds, @s MSW of Ds - (As) 111101AADDDD0101 1 —

MOVS. W Ds, @s+ MSW of Ds - (As),As+2 - As 111101AADDDD1001 1 —

MOVS. W DBs, @s+ x MSW of Ds - (As),As+Ix - As 111101AADDDD1101 1 —

MOVS. L As—4 -, As,(As) - Ds 111101AADDDD0010 1 —

@As, Ds

MOVS. L @s, Ds (As)-Ds 111101AADDDD0110 1 —

MOVS. L @s+, Ds (As) - Ds,As+4 . As 111101AADDDD1010 1 —

MOVS. L @s+l x, Ds (As) - Ds,As+Ix - As 111101AADDDD1110 1 —

MOVS. L Ds, As—4 - As,Ds - (As) 111101AADDDD0011 1 —

@As

MOVS. L Ds, @s Ds - (As) 111101AADDDD0111 1 —

MOVS. L Ds, @s+ Ds - (As),As+4 - As 111101AADDDD1011 1 —

MOVS. L Ds, @s+l x Ds - (As),As+Ix - As 111101AADDDD1111 1 —

Description: Transfers the source operand data to the destination. Transfer can be from memory
to register or register to memory. The transferred data can be aword or longword. When aword is
transferred, the source operand isin memory, and the destination operand is a register, the word
dataisloaded to the top word of the register and the bottom word is cleared with zeros. When the
source operand is aregister and the destination operand is memory, the top word of the register is
stored as the word data . In alongword transfer, the longword data is transferred. When the
destination operand is a register with guard bits, the sign is extended and stored in the guard hits.

Note: When one of the guard bit registers AOG and A1G is the source operand for store

processing, the datais output to the bottom 8 bits (bits 0-7) and the top 24 bits (bits 31-8)
become undefined.
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Operation: Seefigure 8-19.

Word data transfer

Memory to register Register to memory
31 0o —20, 31 0 -2,0,

| As D +2, +Ix | As @ +2, +Ix

A 4 A4
[ Any memory area |POStupdate [~ any memory area | POSt update

) A
' LDBJ[15:0]

Sign extension ¢ Cleared ‘
e—si bs A0 | | | bs [ignored]
31 16 15 0 31 16 15 0

Longword data transfer
Memory to register Register to memory
31 o 40, 31 0 —4,0,

| As @ +4, +Ix | As @ +4, +|x

A 4
[ Any memory area |POStupdate [~ any memory area | POSt update

LDB[31:0] ‘

Sign extension v

[es Ds | L Ds |
31

Figure8-19 TheMOVSInstruction
Examples:

MOVS. W @4+, A0 ; Before execution: R4=H'00000400, @R4=H'8765, A0=H'123456789A
; After execution:  R4=H'00000402, AO=H'FF87650000

MO/S.L Al, @R3 ; Beforeexecution: R3=H'00000800, A1=H'123456789A
; After execution:  R3=H'000007FC, @(H'000007FC)=H'3456789A
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84.2 MOVX (Move between X Memory and DSP Register): DSP Data Transfer
Instruction

Format Abstract Code Cycle DCBit

MOVX. W @, Dx (AX) - MSW of Dx,0 -~ LSW of Dx 111100A* D*0*01** 1 —

MOVX. W @+, Dx (AX) - MSW of Dx,0 -~ LSW of 111100A* D*0* 10** 1 —
Dx,Ax+2 - AX

MOVX. W @x+l x, Dx  (AX) -~ MSW of Dx,0 - LSW of 111100A* D*O* 11** 1 —
Dx,Ax+Ix - Ax

MOVX. W Da, @x MSW of Da - (Ax) 111100A* Dr1*01** 1 —

MOVX. W Da, @%+ MSW of Da - (Ax),Ax+2 - Ax 111100A* D 1*10** 1 —

MOVX. W Da, @x+l x MSW of Da - (AX),Ax+Ix - Ax 111100A*De1*11** 1 —

Note:

"' of the instruction code is MOVY instruction designation area.

Description: Transfers the source operand data to the destination operand. Transfer can be from
memory to register or register to memory. The transferred data can only be word length for X
memory. When the source operand isin memory, and the destination operand is a register, the
word datais loaded to the top word of the register and the bottom word is cleared with zeros.
When the source operand is aregister and the destination operand is memory, the word datais

stored in the top word of the register.

Operation: Seefigure 8-20.

Memory to register

31 0

Register to memory
31 0

0, +2, 0, +2,
| AX \D +Ix | AX \D +Ix
v v
| X memory | Post update | X memory | Post update
XDB[15:0] 4
v Cleared ‘
[Si Dx | Ao | | | Da Ignored |
31 16 15 0 31 16 15 0

Figure8-20 TheMOVX Instruction

Examples:

MOVX. W @4+, X0 ; Before execution:
: After execution:

R4=H'08010000, @R4=H'5555, X0=H"12345678
R4=H'08010002, X 0=H'55550000
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84.3 MOVY (Movebetween Y Memory and DSP Register): DSP Data Transfer
Instruction

Format Abstract Code Cycle DC Bit

MOVY. W @y, Dy (Ay) -MSW of Dy,0.LSWof  111100*A*D*0**01 1 —

Dy

MOVY. W @y+, Dy

(Ay) - MSW of Dy,0 - LSW of
Dy, Ay+2 - Ay

111100* A*D*0** 10 1

MOVY. W @y+l y, Dy

(Ay) -MSW of Dy,0 - LSW of
Dy, Ay+ly - Ay

111100*A*D*0** 11 1

MOVY. W Da, @y

MSW of Da - (Ay)

111100* A*D*1**01 1

MOVY. W Da, @y+

MSW of Da - (Ay),Ay+2 - Ay

111100*A*D*1**10 1

MOVY. W Da, @y+ y

MSW of Da - (Ay),Ay+ly - Ay

111100*A*DF1** 11 1

Note:

"*" of the instruction code is MOVX instruction designation area.

Description: Transfers the source operand data to the destination operand. Transfer can be from
memory to register or register to memory. The transferred data can only be word length for Y
memory. When the source operand isin memory, and the destination operand is aregister, the
word datais loaded to the top word of the register and the bottom word is cleared with zeros.
When the source operand is aregister and the destination operand is memory, the word datais
stored in the top word of the register.

Operation:

Seefigure 8-21.

Memory to register

31

Register to memory
0 31

0

0, +2,
Ay \D +ly |

0, +2,
)

A 4

A
Y memory | Post update |

Y memory | Post update

YDB[15:0]

A

v Cleared

A

Dy | Alo | L

Da Ignored |

16 15 0 31

16 15 0
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Examples:

MOVY. WAD, @R6+, RO : Before execution:  R6=H'08020000, R9=H'00000006,
AO0=H'123456789A

; After execution:  R6=H'08020006, @(H'08020000)=H"3456
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8.4.4 NOPX (No Access Operation for X Memory): DSP Data Transfer Instruction
Format Abstract Code Cycle DC Bit

NCPX No Operation 1111000* 0* 0* 00* * 1 —

Description: No access operation for X memory.

845 NOPY (No Access Operation for Y Memory): DSP Data Transfer Instruction
Format Abstract Code Cycle DC Bit

NCPY No Operation 111100* 0* 0* 0**00 1 —

Description: No access operation for Y memory.
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85  DSP Operation Instructions

The DSP operation instructions are listed below in alphabetical order. See section 8.4, DSP Data
Transfer Instructions: Classification, for an explanation of the format and symbols used in this

description.

Table8-4 Alphabetical Listing of DSP Operation I nstructions

Instruction Operation Code Cycles DCBit
PABS Sx, Dz If Sx=0, Sx - Dz 111110*****Hkkxx 1 Update
If Sx<0, 0—-Sx - Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0, Sy - Dz 111110 * %%k xx k% 1 Update
If Sy<0, 0-Sy - Dz 1010100000yyzzzz
PADD Sx, Sy, Dz Sx+ Sy-Dz 112710****xxkkxx 1 Update
10110001xxyyzzzz
DCT PADD If DC =1, Sx + Sy - Dz; 1121710****xxkkxx 1 —
S, &y, e if 0, nop 10110010xxyyzzzz
DCF PADD If DC =0, SX + Sy-Dz; 111110 *****kkxx 1 —
S, &y, e if 1, nop 10110011xxyyzzzz
PADD Sx, Sy, Du Sx + Sy -Du; 111110 ******xxx 1 Update*
PMLS Se, Sf,Dg MSW of Se x MSW of Sf-Dg 011leef f xxyygguu
PADDC Sx, Sy,Dz Sx+ Sy +DC - Dz 111110 *****kkxx 1 Update
10110000xxyyzzzz
PAND Sx, Sy, Dz SX & Sy Dz; clear LSW of Dz 111110*******x* 1 Update
10010101xxyyzzzz
DCT PAND IfDC=1,SX &SY Dz, clear 111110*****x*%x* 1 —
S, Sy, Dz LSW of Dz; if 0, nop 10010110xxyyzz22
DCF PAND IfDC=0,SX &SY Dz, clear 111110*****x*%x* 1 —
SX, Sy, Dz LSW of Dz; if 1, nop 10010111xxyyzz22
PCLR Dz H'00000000 - Dz 111110 > ****xxx 1 Update
100011010000zzzz
DCT PCLR Dz If DC =1, H'00000000 - Dz; 111110 ******xxx 1 —
i 0, nop 1000111000002227
DCF PALR Dz If DC = 0, H'00000000 - Dz; 111110 *****kkxx 1 —
if 1, nop 1000111100002227
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Table8-4 Alphabetical Listing of DSP Operation I nstructions (cont)

Instruction Operation Code Cycles DC Bit
POWP SX, Sy Sx — Sy 111100Q*****kxrkx 1 Update
10000100xxyy0000
PCCPY Sx, Dz Sx - Dz 11112Q****xkxrskx 1 Update
11011001xx00zzzz
PCCPY Sy, Dz Sy -Dz 111100*****kxkskx 1 Update
1111100100yyzzzz
DCT POCPY Sx, Dz 1If DC =1, Sx-Dz; if 0, nop 111100%**xxkxxskx 1 —
11011010xx00zzzz
DCT POCPY Sy, Dz If DC =1, Sy-Dz;if 0, nop 111100Q*****kxxskx 1 —
1111101000yyzzzz
DCF POCPY Sx, Dz 1f DC =0, Sx-Dz; if 1, nop 111100******xxskx 1 —
11011011xx00zzzz
DCF POCPY Sy, Dz IfDC =0, Sy-Dz;if 1, nop 111100Q*****kxxskx 1 —
1111101100yyzzzz
PDEC Sx, Dz MSW of Sx—1 - MSW of Dz, 11112Q****xkxrskx 1 Update
clear LSW of Dz 10001001xx00zzzz
PDEC Sy, Dz MSW of Sy—-1 - MSW of Dz, 111100*****kxkskx 1 Update
clear LSW of Dz 10101001xx00zzzz
DCT PDEC Sx,Dz If DC =1, MSW of Sx-1 - 111100%**xxkxxskx 1 —
MSW of Dz, clear LSW of Dz; 10001010xx002222
if 0, nop
DCT PDEC Sy,Dz  If DC =1, MSW of Sy-1 - 111100Q*****kxxkx 1 —
MSW of Dz, clear LSW of Dz; 10101010xx002222
if 0, nop
DCF PDEC Sx, Dz If DC =0, MSW of Sx-1 - 11112Q****xkxrskx 1 —
MSW of Dz, clear LSW of Dz; 10001011xx002222
if 1, nop
DCF PDEC Sy,Dz  If DC =0, MSW of Sy-1 111100%**xxkxxskx 1 —
MSW of Dz, clear LSW of Dz; 10101011xx002222
if 1, nop
PDVBB Sx, Dz Sx data MSB position - MSW 111110*******%x* 1 Update
of Dz, clear LSW of Dz 10011101xx002222
PDVBB Sy, Dz Sy data MSB position - MSW 111110*******%x* 1 Update
of Dz, clear LSW of Dz 1011110100yyzz27
328

HITACHI



Table8-4 Alphabetical Listing of DSP Operation Instructions (cont)

Instruction Operation Code Cycles DC Bit

DCT PDVBB Sx, Dz If DC = 1, Sx data MSB 117720* ***xxkkks* 1 —
position — MSW of Dz, 10011110xx00z222
clear LSW of Dz; if 0, nop

DCT PDVBB Sy, Dz 1f DC = 1, Sy data MSB 111LLO* ***xwxknx 1 -
position — MSW _Of Dz, 1011111000yyzzzz
clear LSW of Dz; if 0, nop

DCF PDVBB Sx, Dz If DC = 0, Sx data MSB 1111010%****kkkxx 1 —
position — MSW of Dz, clear 10011111xx002222
LSW of Dz; if 1, nop

DCF PDVBB Sy, Dz If DC = 0, Sy data MSB 117720  **xxxkkks* 1 —
position - MSW of Dz, clear 1011111100yyzz27
LSW of Dz; if 1, nop

PI NC Sx, Dz MSW of Sx + 1 - MSW of Dz, 111110*******xxx* 1 Update
clear LSW of Dz 10011001xx00zzzz

PINC Sy, Dz MSW of Sy + 1 - MSW of Dz, 111110****x***xx 1 Update
clear LSW of Dz 1011100100yyzzz7

DCT PINC Sx,Dz IfDC=1, MSWofSx+1- 111100%****kkkxx 1 —
i'\f"g"xoog Dz, clear LSW of Dz, 10011010xx00z22z

DCT PINC Sy,Dz IfDC=1, MSWofSy+1- 117770  ***xxkkks* 1 —
il\f/livxoo; Dz, clear LSW of Dz; 1011101000yyzz27

DCF PINC Sx,Dz IfDC =0, MSWof Sx+ 1 0 O S 1 —
i':‘/lfvr\:oop: Dz, clear LSW of Dz; 10011011xx00zzzz

DCF PINC Sy,Dz IfDC=0,MSWofSy+1- 111100%****kkkxx 1 —
il}/lfvxoo; Dz, clear LSW of Dz; 1011101100yyzzz7

PLDS Dz, NACH Dz - MACH 117700  **xxxkkks* 1 —

111011010000zzzz
PLDS Dz, NACL Dz - MACL 117000* ***xxkksk* 1 —
111111010000zzzz

DCT PLDS If DC =1, Dz - MACH; 117000* ***xxkkkk 1 —

De, MACH if 0, nop 1110111000002227

DCT PLDS If DC =1, Dz - MACL; 111000 ***xxkkkk 1 —

D, MAQL if 0, nop 1111111000002227

DCF PLDS If DC =0, Dz - MACH; 1111010%*****kkkxx 1 —

Dz, MACH if 1, nop 1110111100002277
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Table8-4 Alphabetical Listing of DSP Operation I nstructions (cont)

Instruction Operation Code Cycles DC Bit
DCF PLDS If DC = 0, Dz - MACL,; 111110****H*Hkxx 1 —
Dz, ML if 1, nop 111111110000zzzz
PMLS Se, Sf,Dg MSW of Se x MSW of Sf.Dg  111110*******x** 1 —
0100eef f 0000gg00
PNEG Sx, Dz 0-Sx - Dz 1121010*****xFkxx 1 Update
11001001xx00zzzz
PNEG Sy, Dz 0-Sy - Dz; 1121010x***xxkkxx 1 Update
1110100100yyzzzz
DCT PNEG Sx, Dz  IfDC =1, 0-Sx-Dz; 1121010****xxkkxx 1 —
if 0, nop 11001010xx00zzzz
DCT PNEG Sy,Dz  IfDC=1,0-Sy-Dz; 112010%***xxkkxx 1 —
if 0, nop 1110101000yyzzzz
DCF PNEG Sx, Dz IfDC =0, 0 — Sx-Dz; 111110****H*Hkxx 1 —
if 1, nop 11001011xx00zzzz
DCF PNEG Sy, Dz IfDC =0, 0-Sy-Dz; 111110 ****HHkxx 1 —
if 1, nop 1110101100yyzzzz
PCR SXx, Sy, Dz SX | Sy-Dz, clear LSW of Dz =~ 111110********x* 1 Update
10110101xxyyzzzz
OCT PCR If DC =1, Sx|Sy - Dz, 111110*****Hkkkx 1 —
X, Sy, Dz clear LSW of Dz; if O, nop 10110110xxyyzzz2
DCF PCR If DC = 0, Sx|Sy - Dz, 1121010****xxkkxx 1 —
S, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzzz2
PRN\D Sx, Dz Sx + H'00008000 - Dz, 1121710****xrkkxx 1 Update
clear LSW of Dz 10011000xx00zzzz
PRN\D Sy, Dz Sy + H'00008000 - Dz, 111110***HxHHkkxx 1 Update
clear LSW of Dz 1011100000yyzzzz
PSHA Sx, Sy, Dz If Sy=0, Sx<<Sy - Dz; 111110 **xkxxk 1 Update
if Sy<0, Sx>>Sy - Dz 10010001xxyyzzzz
DCT PSHA If DC =1 & Sy=0, SX<<Sy - Dz; 111110*********x 1 —
X, Sy, Dz ?f DC =1 & Sy<0, Sx>>Sy - Dz; 10010010xxyyzzz2z
if DC =0, nop
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Table8-4 Alphabetical Listing of DSP Operation Instructions (cont)

Instruction Operation Code Cycles DC Bit
DCF PSHA If DC = 0 & Sy=0, SX<<Sy - Dz; 111110********x* 1 —
S, &y, Dz :; Bg - 2 8;] OSSKOv Sx>>Sy - Dz} 10010011xxyyzz22
PSHA #i mm Dz If imm=0, Dz<<imm - Dz; 111010****xxkkxx 1 Update
if imm<0, Dz>>imm - Dz 0000%iiiiiiizzzz
PSH. Sx, Sy, Dz If Sy=0, Sx<<Sy - Dz, 111110****xxkkxx 1 Update
clear LSW of Dz; if Sy<0, 10000001xxyyzz2Z
Sx>>Sy - Dz,
clear LSW of Dz
DCT PSHL If DC=1 & Sy=0, Sx<<Sy - 111110x*****kkx= 1 —
X, Sy, Dz Dz, clear LSW of Dz; 10000010xxyyzz22
if DC=1 & Sy<0, Sx>>Sy -
Dz, clear LSW of Dz; if DC=0,
nop
DCF PSHL If DC=0 & Sy=0, Sx<<Sy - 111110x*****kkx= 1 —
X, Sy, Dz Dz, clear LSW of Dz; if DC=0 & 10000011xxyyzz22
Sy<0, Sx>>Sy - Dz, clear
LSW of Dz; if DC=1, nop
PSH. #i mm Dz If imm=0, Dz<<imm - Dz, 111110******kkx= 1 Update
clear LSW of Dz; if imm<0, 00000iiiiiiizzzz
Dz>>imm - Dz, clear LSW of
Dz
PSTS MACH, Dz MACH - Dz 111110Q******kkx= 1 —
110011010000zzzz
PSTS MACL, Dz MACL - Dz 111110*****Hkksx 1 —
110111010000zzzz
DCT PSTS If DC=1, MACH — Dz;if 0, nop 111110*****x**xx* 1 —
MACH Ce 1100111000002227
DCT PSTS If DC=1, MACL - Dz;if 0, nop 111110*****x*%x%* 1 —
MACL, Ce 1101111000002227
DCF PSTS If DC =0, MACH - Dz; 111110x*****kkx= 1 —
MACH Dz if 1, nop 1100111100002777
DCF PSTS If DC =0, MACL - Dz; 111110******kkx= 1 —
MACL, Lz if 1, nop 1101111100002277
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Table8-4 Alphabetical Listing of DSP Operation I nstructions (cont)

Instruction Operation Code Cycles DC Bit

PSUB Sx, Sy, Dz Sx-Sy - Dz 111210%***kxkxkx 1 Update
10100001xxyyzzzz

DCT PSUB If DC = 1, Sx — Sy - Dz; 111210% ***kxkxkx 1 —

, 9y, bz if 0, nop 10100010xxyyzzzz

DCF PSUB If DC =0, Sx — Sy - Dz; 111210% ****xkxkx 1 —

, 9y, bz if 1, nop 10100011xxyyzzzz

PSUB Sx, Sy, Du Sx — Sy Du; 111100*****kxkskx 1 Update

PMLS Se, Sf, Dy MSW of Se x MSW of Sf~Dg  g110eef f XXyygguu

PSUBC Sx, Sy, Dz Sx-Sy-DC - Dz 121210% ***kxkxskx 1 Update
10100000xxyyzzzz

PXCR X, Sy, Dz Sx " Sy Dz, clear LSW of Dz = 111110********x* 1 Update
10100101xxyyzzzz

DCT PXCR If DC =1, Sx " Sy - Dz, 111210% ***kxkxkx 1 —

SX, Sy, Dz clear LSW of Dz; if 0, nop 10100110xxyyz2z22

DCF PXCR If DC =0, Sx " Sy - Dz, 111210% ***kxkxkx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10100111xxyyzzz2

Note: Updated based on the PADD operation results

The DC bit in the DSR register is updated in accordance with the result of a DSP instruction and
the specification of the status selection bit (CS). In addition to the DC bit, the DSR register also
contains four statusindication flags (V, N, Z, and GT). The operation of each bit is described
below. Inthelater descriptions of instruction operation for each DSP operation, the following
operation contents are used as subroutine modules.

Operation contents (1) Fix-point borrow DC bit
[* SH DSP: DSP Engine: fixed_pt_dc_al ways_borrow c
Set DSR's DC Bit to borrow bit regardless the status of C§2:0] bits */

{

/* DC update policy: don't care the status of DSPCSBITS */
DSPDCBI T = borrow bit;
DSPGIBI T = ~((negative_bit ~ overflow bit) | zero_bit);
DSPZBI T = zero_hit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;
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Operation contents (2) Fixed-point carry DC bit
/* SH DSP. DSP Engine: fixed_pt_dc_always_carry.c
Set DSRs DC Bit to carry bit regardless the status of C§2:0] bits */

{
/* DC update policy: don't care the status of DSPCSBI TS */
DSPDCBI T = carry_bit;
DSPGIBI T = ~((negative_bit ~ overflowbit) | zero_ bit);
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;

}

Operation contents (3) Fixed-point negative value DC bit
/* SH DSP. DSP Engine: fixed_pt_minus_dc_bit.c
Fi xed Point Mnus(-) Qperation: Set DC Bit in DSR */

switch (DSPCSBITS) {

case 0x0: /* Borrow Mde */
DSPDCBI T = borrow bit;
br eak;

case Ox1: /* Negative Val ue Mode */
DSPDCBI T = negati ve_bit;
br eak;

case 0x2: /* Zero Val ue Mode */
DSPDCBI T = zero_bit;
br eak;

case 0x3: /* CQverflow Mde */
DSPDCBI T = overfl ow bit;
br eak;

case Ox4: /* Signed Qeater Than Mde */
DSPDCBI T = ~((negative_bit ~ overflowbit) | zero_bit);
br eak;

case 0x5: /* Signed Geater Than or Equal Mde */
DSPDCBI T = ~(negative_bit ~ overflowbit);
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br eak;
case 0x6: /* Reserved */
case 0x7: /* Reserved */
br eak;
}
DSPGIBI T = ~((negative_bit ~ overflowbit) | zero_ bit);
DSPZBI T = zero_bit;
DSPNBI T = negative_ bit;
DSPVBIT = overflow bit;

Operation contents (4) Fixed-point over flow prevention function (saturated oper ation)
/* SH DSP: DSP Engine: Set to maxi mum non-overflow value if overl ow
fixed_pt_overfl ow protection.c */

{
if(SBIT & overflow bit) { /* CQverflow Protection Enabl e & overflow */
i f(DSP_ALU DSTG BI T7==0) { /* positive val ue */
i f((DSP_ALU DSTG LSB8!=0x0) || (DSP_ALU DST_MsB! =0)) ({
DSP_ALU DSTG= 0x0;
DSP_ALU DST = Ox7fffffff;
}
}
el se { /* negative val ue */
i f ((DSP_ALU DSTG LSB8! =0xff) || (DSP_ALU DST _MBB! =1)) {
DSP_ALU DSTG= Oxff;
DSP_ALU DST = 0x80000000;
}
}
overflowbit = 0; /* No nore overflow when protected */
}
}

Operation contents (5) Fixed-point positive value DC bit
/* SHDSP. DSP Engine: fixed_pt_plus_dc_bit.c
Fi xed Point Plus(+) Qperation: Set DC Bit in DSR/*

swi tch (DSPCSBITS) {
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case 0x0: /* Carry Mde */
DSPDCBI T = carry_hit;
br eak;
case Ox1: /* Negative Val ue Mde */
DSPDCBI T = negati ve_bit;
br eak;
case 0x2: /* Zero Val ue Mode */
DSPDCBI T = zero_bit;
br eak;
case 0x3: /* CQverflow Mde */
DSPDCBI T = overfl ow bit;
br eak;
case 0x4: /* Signed Geater Than Mde */
DSPDCBI T = ~((negative_bit ~ overflowbit) | zero_ bit);
br eak;
case 0x5: /* Signed Qeater Than or Equal Mde */
DSPDCBI T = ~(negative_bit "~ overflow bit);
br eak;
case 0x6: /* Reserved */
case 0x7: /* Reserved */
br eak;
}
DSPGIBI T = ~((negative_bit ~ overflowbit) | zero_bit);
DSPZBIT = zero bit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;

Operation contents (6) Fixed-point operation unconditional DC bit update
/* SH DSP: DSP Engine: Fixed Point Unconditional Update
fixed_pt _uncondi ti onal _update.c
1. Wite back to the Destination Regi ster
2. update negative_bit and zero_bit. */
/* negative_bit = M5B of ALUs 40-bit result.
zero_bit = if(ALU s 40-bit result==0)
sign-extend to A0/ 1(d 31:8] */

335
HITACHI



DSP_RE(F ex2_dz_no] = DSP_ALU DST;
if (ex2_dz_no==0) {
AODG = DSP_ALU DSTG & MASKOO0OO0OFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NASKFFFFFFOO;
}
else if (ex2_dz_no==1) {
ALG = DSP_ALU DSTG & MASKOO0OO0OFF;
i f (DSP_ALU DSTG BI T7) ALG = A1G | MASKFFFFFFOO;
}
negative bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);

Operation contents (7) Integer negative value DC bit
/* SHDSP. DSP Engine: integer_ninus_dc_bit.c
Integer Mnus(-) Qperation: Set DC Bit in DSR */

#include "fixed_pt_mnus_dc_bit.c"

Operation contents (8) Integer overflow prevention function (saturated oper ation)
/* SH DSP: DSP Engine: Set to maxi mum non-overflow value if overl ow
i nteger_overflow protection.c */

#i nclude "fixed_pt_overfl ow protection.c"

Operation contents (9) Integer positive value DC bit
[* SH DSP. DSP Engine: integer_plus_dc_bit.c
Integer Plus(+) Qperation: Set DCBit in DSR */

#i nclude "fixed_pt_plus_dc_bit.c"

Operation contents (10) Integer unconditional DC bit update
/* SH DSP: DSP Engine: Integer (peration Unconditional Update
i nt eger _uncondi ti onal _update. c
1. Wite back to the Destination Register
2. update negative bit and zero_ bit.
negative_bit = M5B of ALUs 24-bit(g-bit and hw) result.
zero bit = if(ALUs g-bit & hw==0)
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Spec 1.1: Qear ALU Integer operation's LSW */

{
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0xO0; /* clear LSW*/
if (ex2_dz_no==0) {
AOG = DSP_ALU DSTG & NMASKOO000OFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NMASKFFFFFFOO;
}
else if (ex2_dz_no==1) {
ALG = DSP_ALU DSTG & NMASKOO0000OFF;
i f (DSP_ALU DSTG BIT7) ALG = ALG | MASKFFFFFFOO;
}
negative bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST_HW=0) & (DSP_ALU DSTG LSB8==0);
}

Operation contents (11) L ogical operation DC bit
/* SH DSP. DSP Engine: logical _dc_bit.c
Logi cal (peration: Set DC Bit in DSR */

switch (DSPCSBITS) {

case 0x0: /* Carry Mde */
DSPDXBI T = 0;
br eak;

case Ox1: /* Negative Val ue Mde */
DSPDCBI T = negati ve_bit;
br eak;

case 0x2: /* Zero Val ue Mode */
DSPDCBI T = zero_bit;

br eak;
case 0x3: /* CQverflow Mde */
DSPDXBIT = 0;
br eak;
case Ox4: /* Signed Qeater Than Mde */
DSPDXBI T = 0;
br eak;
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case 0x5: /* Signed Geater Than or Equal Mde */
DSPDCBI T = 0;
br eak;

case 0x6: /* Reserved */

case 0x7: /* Reserved */
br eak;

DSPGIBI T = 0;

DSPZBIT = zero_bit;
DSPNBI T = negative bit;
DSPVBIT = 0;

Operation contents (12) Shift operation DC bit
/* SH DSP. DSP Engine: Shift_dc_bit.c
Shift Qperation: Set DCBit in DSR */

{
switch (DSPCSBITS) {

case 0x0: /* Carry Mde */
DSPDCBI T = carry_bit;
br eak;

case Ox1: /* Negative Val ue Mde */
DSPDCBI T = negative_bit;
br eak;

case 0x2: [/* Zero Val ue Mode */
DSPDCBI T = zero_bit;
br eak;

case 0x3: /* CQverflow Mde */
DSPDCBI T = overflow bit;
br eak;

case Ox4: [/* Signed Geater Than Mde */
DSPDCBI T = 0;
br eak;

case 0x5: /* Signed Geater Than or Equal Mde */
DSPDCBI T = 0;
br eak;

case 0x6: /* Reserved */
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case 0x7: /* Reserved */

br eak;
}
DSPGIBI T = 0;
DSPZBIT = zero_bit;
DSPNBI T = negative_bit;
DSPVBIT = overflow bit;

339
HITACHI



85.1 PABS(Absolute): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit

PABS Sx, Dz If Sx=0,Sx - Dz 111110* **xHHHkkx 1 Update
If Sx<0,0-Sx - Dz 10001000xx00zzzz

PABS Sy, Dz If Sy=0,Sy - Dz 111110Q****HxHHk%x 1 Update
If Sy<0,0-Sy - Dz 1010100000yyzzzz

Description: Finds absolute values. When the Sx and Sy operands are positive, the contents of the
operands are transferred to the Dz operand. If the value is negative, the amounts of the Sx and Sy
operand contents are subtracted from 0 and stored in the Dz operand.

The DC bit of the DSR register are updated according to the specifications of the CS bits. The N,
Z,V, and GT bits of the DSR register are updated.

Operation:
{
DSP_ALU SRCL = 0;
DSP_ALU SRCLIG= 0;
if (BEX2_DSP_BI T13==0) { /* 0+ - Sx ->Dz */
switch (BEX2_SX) {
case 0x0: DSP_ALU SRR = X0;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;
br eak;
case Ox1: DSP_ALU SRR = X1;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;
br eak;
case 0x2: DSP_ALU SR®2 = AD;
DSP_ALU SRC2G = A0G
br eak;
case 0x3: DSP_ALU SR®2 = A1,
DSP_ALU SRX2G = ALG
br eak;

else { [* 0 +- Sy -> Dz */
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switch (BEX2_SY) {
case 0x0: DSP_ALU SR®2 = YO,

br eak;
case Ox1: DSP_ALU SR®2 = Y1,
br eak;
case Ox2: DSP_ALU SR®2 = M;
br eak;
case 0x3: DSP_ALU SR®2 = M,;
br eak;
}
if (DSP_ALU SRC2_MBB) DSP_ALU SRX2G = 0xff;
el se DSP_ALU SRX2G = 0x0;
}
i f(DSP_ALU SRC2G Bl T7==0) { /* positive value */
DSP_ALU DST = 0x0 + DSP_ALU SRZ;
carry bit = 0;
DSP_ALU DSTG LSB8= 0x0 + DSP_ALU SRC2G LSB8 + carry_bit;
}
el se { /* negative val ue */
DSP_ALU DST = 0x0 - DSP_ALU SRZ2;
borrow bit = 1;
DSP_ALU DSTG LSB8= 0x0 - DSP_ALU SRX2G LSB8 - borrow bit;
}

overflowbit= PLUS CP. GOV || (PCS_NOT_OV || NEG NOTI_OV);
#incl ude "fixed_pt_overfl ow protection.c"
#incl ude "fixed_pt_unconditional _update.c"

i f (DSP_ALU SR2G BI T7==0) {
#include "fixed_pt_plus_dc_bit.c"
}
el se {
overflowbit= MNUS CP. GOV || (PGB NOT_OV || NEG NOT_OV);
#include "fixed_pt_mnus_dc_bit.c"

}
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br eak;

X0 =H'33333333, MO = H'12345678
X0 =H'33333333, M0 = H'33333333
X1=HDDDDDDDD

X1 =H'22222223

DC hit is updated depending on the state of CS[2:0].

Examples:
PABS X0, MD NCPX NCPY : Before execution:
; After execution:
PABS X1, X1 NCOPX NCPY : Before execution:
; After execution:
342

HITACHI



8.5.2 [if cc]PADD (Addition with Condition): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit

PADD Sx, Sy, Dz Sx+Sy - Dz 111110* **HxHHHkxx 1 Update
10110001xxyyzzzz

DCT PADD Sx, Sy, Dz if DC=1,Sx+Sy - Dz if 0,nop 111110*****H*kxx 1 —
10110010xxyyzzzz

DCF PADD Sx, Sy, Dz if DC=0,Sx+Sy - Dz if 1,nop 111110, ***HxHkkxx 1 —
10110011xxyyzzzz

Description: Adds the contents of the Sx and Sy operands and stores the result in the Dz operand.
When conditions are specified for DCT and DCF, the instruction is executed when those
conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are
TRUE.

Operation:

{
switch (BEX2_SX) {

case 0x0: DSP_ALU SRC1 = XO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0x0;
br eak;

case Ox1l: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0x0;

br eak;

case Ox2: DSP_ALU SRC1 = AO;
DSP_ALU SRCLG = ADG
br eak;

case 0x3: DSP_ALU SRC1 = A1,

DSP_ALU SRCIG = A1G
br eak;

}
switch (BX2_SY) {

343
HITACHI



case 0xO0:
br eak;
case 0x1:
br eak;
case 0x2:
br eak;
case 0x3:
br eak;

}

DSP_ALU SR®2

DSP_ALU SR®2

DSP_ALU SR®2

DSP_ALU SR®2

= YO;

= Y1,

if (DSP_ALU SRC2_MBSB) DSP_ALU SRCX2G = Oxff;
el se DSP_ALU SRX2G = 0x0;

DSP_ALU DST = DSP_ALU SRCL + DSP_ALU SRC2;

carry_bit = ((DSP_ALU SRC1_NMSB |

_DsT_M8B) |

(DSP_ALU SRC1_MSB & DSP_ALU SRC2_MBB);

DSP_ALU SRC2_MSB) & ! DSP_ALU

DSP_ALU DSTG LSBS = DSP_ALU SRCLG LSB8 + DSP_ALU SRC2G LSBS + carry bit;

overflow bit= PLUS CP_ G OV ||

1 (PCB_NOT_OV || NEG NOT_OV);
#i nclude "fixed_pt_overfl ow protection.c"

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "fixed_pt_uncondi tional _update.c"

#include "fixed_pt_plus_dc_bit.c"
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}

el se if(DSP_CONDI TION MATCH) { /* conditional operation and nmatch */
DSP_RE(F ex2_dz_no] = DSP_ALU DST;
i f(ex2_dz_no==0) {

AOG = DSP_ALU DSTG & NASKOOOOOOFF;

i f (DSP_ALU DSTG BI T7) AOG = AOG |

}

el se if(ex2_dz_no==1) {

AlG = DSP_ALU DSTG & NASKOOOOOOFF;

i f(DSP_ALU DSTG BI T7) AlG = AlG |

HITACHI

MASKFFFFFFOO;

MASKFFFFFFOO;



br eak;

Examples:
PADD X0, YO, A0 NOPX NCPY ; Beforeexecution: X0 = H'22222222, Y0 = H'33333333,
A0 = H'123456789A

; After execution: X0 = H'22222222, Y0 = H'33333333,
A0 = H'0055555555

In case of unconditional execution, the DC bit is updated depending on
the state of the CS[2:0] bit immediately before the operation.
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853 PADD PMULS (Addition & Multiply Signed by Signed): DSP Arithmetic Operation
Instruction

Format Abstract Code Cycle DC Bit

PADD Sx, Sy, Du Sx + Sy-Du 111170****xxxxkx 1 Update
PMLLS Se, Sf, Dg MSW of Se x MSW of Sf-Dg 011leeff xxyygguu

Description: Adds the contents of the Sx and Sy operands and stores the result in the Du operand.
The contents of the top word of the Se and Sf operands are multiplied as signed and the result
stored in the Dg operand. These two processes are executed simultaneously in parallel.

The DC bit of the DSR register is updated according to the results of the ALU operation and the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are a so updated
according to the results of the ALU operation.

Note: Sincethe PMULS s fixed decimal point multiplication, the operation result is different
from that of MUL S even though the source datais the same.

Operation:

{
DSP_ALU DST = DSP_ALU SRC1 + DSP_ALU SR®;
carry_bit=((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) & ! DSP_ALU
_DST_M8B) |
(DSP_ALU SRC1_MSB & DSP_ALU SRC2_MBB) ;
DSP_ALU DSTG LSB8=DSP_ALU SRC1G LSB8 + DSP_ALU SRC2G LSB8 + carry
bit;

overflowbit= PLUS CP GOV || !(PCE_NOT_OV || NEG NOTr_OV);
#include "../d_3operand. d/fixed_pt_overfl ow protection.c"
switch (BEX2_DY ({
case 0xO:
X0 = DSP_ALU DST;
negative_bit = DSP_ALU DSTG Bl T7
zero_bit = (DSP_ALU DST==0) & DSP_ALU DSTG LSB8==0);
br eak;
case Ox1:
YO = DSP_ALU DST;
negative_bit = DSP_ALU DSTG Bl T7;
zero_bit = (DSP_ALU DST==0) & DSP_ALU DSTG LSB8==0);
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br eak;

case 0x2:
A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & MASKOO000OFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG

_LSB8==0);

br eak;

case 0x3:

Al = DSP_ALU DST;

ALG = DSP_ALU DSTG & NMASKOO0000OFF;

i f (DSP_ALU DSTG BIT7) ALG = AIG | MASKFFFFFFOO;

negative_bit = DSP_ALU DSTG BI T7;

zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG
_LSB8==0);

br eak;
}
#include "../d_3operand. d/fixed_pt_plus_dc_bit.c"
}

br eak;

Examples:

PADD AO, M), AO PMLS X0, YO MD NOPX NCPY

: Before execution: X0 = H'00020000, Y 0 = H'00030000,
MO = H'22222222, A0 = H'0055555555

; After execution: X0 = H'00020000, Y 0 = H'00030000,
MO = H'0000000C, A0 = H'0077777777

The DC bit is updated based on the result of the PADD operation,
depending on the state of CD [2:0].
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85.4 PADDC (Addition with Carry): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit
PADDC Sx, Sy, Dz Sx+Sy+DC - Dz 11112Q***x*kxsskx 1 Carry
10110000xxyyzzzz

Description: Adds the contents of the Sx and Sy operandsto the DC bit and stores the result in the
Dz operand. The DC bit of the DSR register is updated asthe carry flag. The N, Z, V, and GT bits
of the DSR register are also updated.

Note: The DC hit is updated as the carry flag after execution of the PADDC instruction

regardless of the CS hits.
Operation:
{
switch (BEX2_SX) {
case 0x0: DSP_ALU SRC1 = XO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLIG = 0x0;
br eak;
case Ox1l: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0x0;
br eak;
case 0x2: DSP_ALU SRC1 = AQ;
DSP_ALU SRCIG = A0G
br eak;
case 0x3: DSP_ALU SRC1 = Al;
DSP_ALU SRCIG = ALG
br eak;
}
switch (BEX2_SY) {
case 0x0: DSP_ALU SR®2 = YO0;
br eak;
case Ox1: DSP_ALU SR®2 = Y1,
br eak;
case Ox2: DSP_ALU SR®2 = M;
br eak;
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case 0x3: DSP_ALU SR@2 = M,
br eak;
}
if (DSP_ALU SR2_MSB) DSP_ALU SRC2G = 0Oxff;
el se DSP_ALU SRC2G = 0x0;

DSP_ALU DST = DSP_ALU SRCL + DSP_ALU SRC2 + DSPDCBI T;
carry bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) & !DSP_ALU
_DST_NVSB) |
(DSP_ALU SRC1_MSB & DSP_ALU SRC2_MBB);
DSP_ALU DSTG LSBS = DSP_ALU SRCLG LSB8 + DSP_ALU SRC2G LSBS + carry bit;

overflow bit= PLUS CP_ GOV || !(PCB_NOT_OV || NEG NOT_OV);
#incl ude "fixed_pt_overfl ow protection.c"

#incl ude "fixed_pt_unconditional _update.c"
#include "fixed_pt_dc_al ways_carry. c"

}

br eak;

Example:

CS[2: 0] =***. Always operate as Carry or Borrow node, regardl ess of the status
of the DC bit.

PADDC X0, YO, M NOPX NCPY ; Before execution: X0 = H'B3333333, YO0 = H'55555555
MO = H'12345678, DC =0
; After execution: X0 = H'B3333333, YO0 = H'55555555
MO = H'08888888, DC = 1
PADDC X0, YO, M NOPX NCPY ; Before execution: X0 = H'33333333, Y0 = H'55555555
MO = H'12345678, DC = 1
; After execution: X0 = H'33333333, Y0 = H'55555555
MO = H'88888889, DC =0
DC bit is updated depending on the state of CS[2:0].
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8.5.5 [if cc] PAND (Logical AND): DSP L ogical Operation Instruction

Format Abstract Code Cycle DC Bit
PAND SX, Sy, Dz Sx & Sy Dz; clear LSW of ~ 111110%***x#x*xx 1
bz 10010101xxyyzzzz
DCT PAND If DC =1, SX & SY - Dz, 111110%****kxkkx 1 .
S, &y, Dz clear LSW of Dz; if0,nop  10010110xxyyzz27
DCF PAND IfDC =0, SX & SY - Dz, L111L0%****xkkxx 1 _
, &y, Dz clear LSW of Dz; i 1,n0p  10010111xxyyzz27

Description: Does an AND of the upper word of the Sx operand and the upper word of the Sy
operand, stores the result in the upper word of the Dz operand, and clears the bottom word of the
Dz operand with zeros. When Dz is aregister that has guard bits, the guard bits are also zeroed.
When conditions are specified for DCT and DCF, the instruction is executed when those
conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CShits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bhits are not updated when conditions are specified, even if the conditions are
TRUE.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit
is updated.

Operation:

{
switch (BEX2_SX) {
case 0xO0: DSP_ALU SRC1 = XO;
br eak;
case 0Ox1: DSP_ALU SRC1 = X1;
br eak;
case 0x2: DSP_ALU SRC1 = AQ;
br eak;
case 0x3: DSP_ALU SRC1 = Al;
br eak;
}
switch (BEX2_SY) {
case 0xO0: DSP_ALU SR®2 = Y0;

br eak;
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case Ox1: DSP_ALU SR = V1,
br eak;

case 0x2: DSP_ALU SR2 = M;
br eak;

case 0x3: DSP_ALU SR = M,
br eak;

DSP_ALU DST_HW= DSP_ALU SRC1_HW & DSP_ALU SRC2_HW

i f(DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/

if (ex2_dz_no==0) AOG = 0x0; /* clear Quard
bits */

else if (ex2_dz_no==1) ALG = 0x0;

carry_bit = 0xO0;

negative_bit DSP_ALU DST_NMSB;
(DSP_ALU DST_HW=0) ;

overflow bit = 0xO;

zero_bit

#incl ude "l ogical _dc_bit.c"
}
else if(DSP_CONDI TION MATCH) { /* conditional operation and nmatch */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/

if (ex2_dz_no==0) AO0G = 0xO0; /* clear Quard
bits */
else if (ex2_dz_no==1) AlG = 0xO0;
}
}
br eak;
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Example:

PAND X0, YO, A0 NCOPX NCPY ; Before execution:X0 = H'33333333, Y0 = H'55555555
A0 = H'123456789A

; After execution: X0 = H'33333333, Y0 = H'55555555
AQ = H'0011110000

In case of unconditional execution, the DC bit is updated depending
on the state of the CS [2:0] bit immediately before the operation.
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8.5.6 [if cc] PCLR (Clear): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DCBit
POLR Dz H'00000000 - Dz 111100% ***x*xskkx 1 Update
100011010000zzzz
OCT PCLR Dz if DC =1, H'00000000 - Dz 1111010*****kkkxx 1 —
if 0, nop 100011100000zzzz
DCOF PCLR Dz if DC = 0, H'00000000 - Dz 111100% ***x*xkix 1 —
if 1, nop 100011110000zzzz

Description: Clearsthe Dz operand. When conditions are specified for DCT and DCF, the
instruction is executed when those conditions are TRUE. When they are FALSE, the instruction is
not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS bits. The Z bit of the DSR register issetto 1. The N, V, and GT bitsare
clearedto 0. The DC, N, Z, V, and GT bits are not updated when conditions are specified, even if
the conditions are TRUE.

Operation:

{ I*0+0->Dz */
i f(DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REJ ex2_dz_no] = 0x0;
if (ex2_dz_no==0) AO0G = 0xO0;
else if (ex2_dz_no==1) AlG = 0x0;

carry bhit = 0;

negative bit = 0;
zero_hit = 1;
overflowbit =0;

#include "fixed_pt_plus_dc_bit.c"

}
else if(DSP_CONDI TION MATCH) { /* conditional operation and natch */

DSP_REJ ex2_dz_no] = 0x0;
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br eak;

Example:
PCLR A0 NCPX NCPY ; Before execution: A0 = H'FF87654321
; After execution: A0 = H'0000000000
In case of unconditional execution, the DC bit is updated
depending on the state of the CS[2:0].
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857 PCMP (Compare Two Data): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit
PCMP Sx, Sy Sx-Sy 11110 *****xxxx 1 Update
10000100xxyy0000

Description: Subtracts the contents of the Sy operand from the Sx operand. The DC hit of the
DSR register is updated according to the specifications for the CS bits. The N, Z, V, and GT bits
of the DSR register are also updated.

Operation:

{
swi tch (BEX2_SX) {
case 0x0: DSP_ALU SRC1L = XO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0x0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0xO0;
br eak;
case Ox2: DSP_ALU SRC1 = AO;
DSP_ALU SRCIG = A0G
br eak;
case Ox3: DSP_ALU SRC1 = Al;
DSP_ALU SRCIG = A1G
br eak;
}
swi tch (EX2_SY) {
case 0x0: DSP_ALU SR®2 = YO0,
br eak;
case Ox1: DSP_ALU SR®2 = Y1,
br eak;
case Ox2: DSP_ALU SR®2 = M;
br eak;
case 0x3: DSP_ALU SR®2 = M,;

br eak;
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if (DSP_ALU SR2_MBB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRX2G = 0x0;
DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SR®;
carry_bit =((DSP_ALU SRC1_MSB | !DSP_ALU SR®2_MSB) && ! DSP_ALU DST_MSB) |
(DSP_ALU SRC1_MBB & ! DSP_ALU SR®2_MSB);
borrow bit = !carry_bit;
DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 - DSP_ALU SRC2G LSB8 - borrow bit;

negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG LSB8==0);
overflowbit= MNUS CP. GOV || !'(PCB_NOT_OV || NEG NOT_OV);

#include "fixed_pt_overfl ow protection.c"

#incl ude "fixed_pt_ninus_dc_bit.c"

}
br eak;
Examples:
POWP X0, YO NCPX NCPY ; Before execution: X0 =H'22222222, Y0 = H'33333333
; After execution: X0 = H'22222222, Y0 = H'33333333
N=1,2Z2=0,V=0,GT=0
DC bit is updated depending on the state of CS[2:0].
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85.8 [if cc] PCOPY (Copy with Condition): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit

POCPY Sx,Dz  Sx-Dz 111110%****xxksx 1 Update
11011001xx00zzzz

POCPY Sy,Dz  Sy-Dz 111110% % ***xxkxx 1 Update
1111100100yyzzzz

DCT POCPY if DC = 1, Sx— Dz if 0, nop 1110100%*** %k k%% 1 —

S, De 11011010xx00zzzz

DCT POCPY if DC = 1, Sy~ Dz if 0, nop 111110%****xxkx 1 —

S, e 1111101000yyzzzz

DCF POCPY if DC = 0, Sx— Dz if 1, nop 111110%****xxkx 1 —

S, e 11011011xx002222

DCF POCPY ifDC =0, Sy—Dzif 1, nop 111110% *** % %% k% 1 —

. e 1111101100yyzzzz

Description: Storesthe Sx and Sy operandsin the Dz operand. When conditions are specified for
DCT and DCF, theinstruction is executed when those conditions are TRUE. When they are
FALSE, the instruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits are also updated. The DC, N, Z, V, and
GT bits are not updated when conditions are specified, even if the conditions are TRUE.

Operation:

{ I* X +0->Dz */
i f (EX2_DSP_BIT13==0) { /* X +0 ->Dz */
switch (BEX2_SX) {

case Ox0: DSP_ALU SRC1 = XO;
if (DSP_ALU SRC1_MsSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MsSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox2: DSP_ALU SRC1 = AO;
DSP_ALU SRCLG = A0G
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br eak;

case 0x3: DSP_ALU SRC1 = A1,
DSP_ALU SRCIG = A1G
br eak;
}
DSP_ALU SR = 0;
DSP_ALU SRR2G= 0;

}
else { /* 0+ Sy ->Dz */
DSP_ALU SRC1 = 0;
DSP_ALU SRC1G= 0;
switch (BEX2_SY) {
case 0x0: DSP_ALU SR = YO0,
br eak;
case Ox1: DSP_ALU SR®2 = Y1,
br eak;
case 0x2: DSP_ALU SR®2 = M;
br eak;
case 0x3: DSP_ALU SR®2 = M,
br eak;
}
i f (DSP_ALU SRC2_MSB) DSP_ALU SRX2G = 0xff;
el se DSP_ALU SRX2G = 0x0;
}

DSP_ALU DST = DSP_ALU SRCL + DSP_ALU SRC2;
carry bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MBB) & !DSP_ALU
_DBST_MSB) |
(DSP_ALU SRC1_MBB & DSP_ALU SRC2_MSB);
DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 + DSP_ALU SRC2G LSBS +

overflow bit= PLUS CP_ GOV || !(PCB_NOT_OV || NEG NOT_OV);
#include "fixed_pt_overflow protection.c"

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "fixed_pt_unconditional _update.c"
#include "fixed_pt_plus_dc_bit.c"
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}
el se i f(DSP_CONDI TION MATCH) { /* conditional operation and match */

DSP_REF ex2_dz_no] = DSP_ALU DST;
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & MASKOOO0O0OOFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & MASKOOO0OOOFF;
i f(DSP_ALU DSTG BIT7) ALG = AIG | MASKFFFFFFOO;

br eak;

Examples:

PCCPY X0, A0 NOPX NCPY ; Before execution: X0 = H'55555555, AO = H'FFFFFFFF
; After execution: X0 = H'55555555, A0 = H'0055555555

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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8.5.9 [if cc] PDEC (Decrement by 1): DSP Arithmetic Operation I nstruction

Format Abstract Code Cycle DC Bit

PDEC Sx, Dz MSW of Sx—1 - MSW of Dz, 111110********** 1 Update
clear LSW of Dz 10001001xx00z222

PDEC Sy, Dz MSW of Sy—1 . MSW of Dz, 111110*********x* 1 Update
clear LSW of Dz 1010100100yyzzzz

DCT PDEC Sx, Dz If DC =1, MSW of Sx-1 - 1200 00% % %%k k ks 1 —
'\D"f‘{}’ g’f rg)zr; clear LSWof  14001010xx00zz22

DCT PDEC Sy, Dz If DC =1, MSW of Sy-1 - 111110 **kkkkskskx 1 —
'I\D"ZS‘{‘f’ é’yf rli)zp; clear LSWof  1410101000yyzzzz

DCF PDEC Sx, Dz If DC =0, MSW of Sx-1 - 0 I KO LBl 1 —
I\D/lzsv|\fl f'f r?OZF; clear LSW of 10001011xx00zzzz

DO PDEC Sy, Dz If DC =0, MSW of Sy-1 - 1200 00% % %%k k ks 1 —
MSW of Dz, clear LSW of 1010101100yyzzzz

Dz; if 1, nop

Description: Subtracts 1 from the top word of the Sx and Sy operands, stores the result in the
upper word of the Dz operand, and clears the bottom word of the Dz operand with zeros. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are
TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CShits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bhits are not updated when conditions are specified, even if the conditions are

TRUE.

Note:  The bottom word of the destination register isignored when the DC bit is updated.

Operation:

{
DSP_ALU SRC2 = Ox1;
DSP_ALU SRC2G= 0x0;

if (EX2_DSP BIT13==0) { /* MBWof Sx -1 -> Dz */

switch (BEX2_SX) {
case 0xO0:

DSP_ALU SRCL = XO;
if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff;

el se DSP_ALU SRCLG = 0x0;
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br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MBSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCLG = 0xO0;
br eak;
case Ox2: DSP_ALU SRC1 = AQ;
DSP_ALU SRCLG = A0G
br eak;
case Ox3: DSP_ALU SRC1 = A1,
DSP_ALU SRCIG = A1LG

br eak;
}
}
el se { /* MBWof Sy -1 -> Dz */
switch (BEX2_SY) {
case 0x0: DSP_ALU SRC1L = YO,
br eak;
case Ox1: DSP_ALU SRC1L = Y1,
br eak;
case Ox2: DSP_ALU SRC1 = M;
br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
}
DSP_ALU DST HW= DSP_ALU SRC1 HW- 1;
carry_bit =((DSP_ALU SRC1_MSB | !DSP_ALU SR®2_MSB) && !DSP_ALU
_DST_M8B) |
(DSP_ALU SRC1_MBB & ! DSP_ALU SR®2_MSB);
borrow bit = Icarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 - DSP_ALU SRC2G LSB8 -
borrow bhit;

overflowbit= PLUS CP. GOV || (PCS_NOT_OV || NEG NOTI_OV);
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#i ncl ude "integer_overfl ow protection.c"

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "i nteger _uncondi ti onal _update. c"
#i ncl ude "integer_mnus_dc_bit.c"
}
else if(DSP_OCONDI TION MATCH) { /* conditional operation and natch */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & MASKOO0OO0OFF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & MASKOO0OO0OFF;
i f (DSP_ALU DSTG BI T7) AlLG = A1G | MASKFFFFFFOO;

br eak;

Example:

PDEC X0, M NCPX NOPY ; Beforeexecution: X0 = H'0052330F, MO = H'12345678
; After execution: X0 = H'0052330F, M0 = H'00510000
PDEC X1, X1 NOPX NCPY ; Before execution: X1=H'FC342855
: After execution: X1 = H'FC330000

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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8.5.10 [if cc] PDMSB (Detect M SB with Condition): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit

PDVBB Sx, Dz Sx data MSB position — 112710%***xkkkxx 1 Update
MSW of Dz, clear LSW of Dz 10011101xx002222

PDVBB Sy, Dz Sy data MSB position — 112710%***xxkkxx 1 Update
MSW of Dz, clear LSW of Dz 1011110100yyzz77

DCT PDVBB Sx, Dz If DC =1, Sx data MSB 111110****HxHkkxx 1 —
position — MSW fJf Dz, 10011110xx00zzzz
clear LSW of Dz; if 0, nop

DCT PDVBB Sy, Dz If DC = 1, Sy data MSB 1121010****xxkkxx 1 —
position — MSW of Dz, 1011111000yyzz27
clear LSW of Dz; if 0, nop

DCF PDVBB Sx, Dz If DC = 0, Sx data MSB 111110***HxHHHkxx 1 —
ng/i\ji‘c’)']j 5 ;'\i”fiYVngLDZ' clear 10011111xx00zzzz

DCF PDVBB Sy, Dz If DC =0, Sy data MSB 111110****HxHkkxx 1 —

position —~ MSW of Dz, clear 1417711100yyz222

LSW of Dz; if 1, nop

Description: Finds the first position to change in the lineup of Sx and Sy operand bits and stores

the bit position in the Dz operand. When conditions are specified for DCT and DCF, the

instruction is executed when those conditions are TRUE. When they are FALSE, the instruction is

not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS hits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are

TRUE.
Operation:

{

DSP_ALU SRC2 = OXO;
DSP_ALU SRC2G= OXO;

if (EX2_DSP_BIT13==0) {/*

switch (BEX2_SX) {

case 0xO0:

DSP ALU SRCL =

if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff:

X0;

nsb(Sx) -> Dz */

el se DSP_ALU SRCLG = 0x0;

br eak;
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case Ox1: DSP_ALU SRC1 = X1,
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;

case Ox2: DSP_ALU SRCL
DSP_ALU SRC1G
br eak;

case 0x3: DSP_ALU SRC1 = A1;
DSP_ALU SRCIG = ALG

AD;
AG

br eak;
}
}
el se { /* msb(Sy) -> Dz */
switch (BEX2_SY) {
case 0x0: DSP_ALU SRC1 = YO0;
br eak;
case Ox1: DSP_ALU SRC1 = Y1,
br eak;
case Ox2: DSP_ALU SRC1 = M;
br eak;
case Ox3: DSP_ALU SRC1 = M,
br eak;
}
if (DSP_ALU SRCL MBB) DSP_ALU SRCLIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
}
{
short int i;

unsi gned char nsb, srclg;
unsi gned | ong srcl1=DSP_ALU SRCI;
nmsb= DSP_ALU SRC1G BI T7;
srclg=(DSP_ALU SRCIG LSB8 << 1);
for(i=38; ((nsb==(srclg>>7))&&(i >=32));i--) { srclg <<=1,; }
if(i==31) {
for(i;((nsb==(srcl>>31))&&(i >=0));i--) { srcl <<= 1, }

DSP_ALU DST = OXO;
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DSP_ALU DST_HW= (short int) (30-i);

if (DSP_ALU DST_MSB) DSP_ALU DSTG LSB8 = Oxff;
el se DSP_ALU DSTG LSB8 = 0x0;

}

carry bit = 0;

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* uncondi tional operation */
overflow bit= 0;
#i ncl ude "i nt eger _uncondi ti onal _updat e. c"
#incl ude "integer_plus_dc_bit.c"
}
el se i f(DSP_CONDI TION_MATCH) { /* conditional operation and match */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG W) ex2_dz_no*2+1] = OxO; [* clear LSW*/
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & NMASKOO0000OFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & NMASKOO0000O0FF;
i f (DSP_ALU DSTG BIT7) ALG = A1G | NMASKFFFFFFOO;

br eak;

Example:

PDVBB X0, M NCPX NCPY ; Beforeexecution: X0 = H'0052330F, M0 = H'12345678
; After execution: X0 = H'0052330F, M0 = H'00080000
PDVBB X1, X1 NOPX NCOPY ; Beforeexecution: X1 =H'FC342855
; After execution: X1 = H'00050000

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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85.11 [if cc] PINC (Increment by 1 with Condition): DSP Arithmetic Operation

Instruction

Format Abstract Code Cycle DC Bit

PI NC Sx, Dz MSW of Sx + 1 - MSW of 120000% ***x kKK k* 1 Update
Dz, clear LSW of Dz 10011001xx00zzzz

PINC Sy, Dz MSW of Sy + 1. MSW of 1200 00% % %%k k ko 1 Update
Dz, clear LSW of Dz 1011100100yyzzzz

DCT PINC Sx, Dz IfDC =1, MSWof Sx + 1 - 111110%********x* 1 —
'E)Ai\?}/(if r'i)zi; clear LSWof  10011010xx00z222

DCT PINC Sy, Dz IfDC =1, MSWof Sy + 1  111110Q******xx*x 1 —
“D”f?mf ri)zr; clear LSWof  1011101000yyz222

DCF PINC Sx, Dz IfDC =0, MSW of Sx + 1 > 111110*******%*x* 1 —
'I\DAZS\{:‘I :(L),f rli)zp’ clear LSW of 10011011xx00zzzz

DCF PINC Sy, Dz IfDC =0, MSWof Sy + 1 111110Q******xx*x* 1 —
’E)Ai\?}/f,fri)zﬁ clear LSWof  1011101100yyz222

Description: Adds 1 to the top word of the Sx and Sy operands, stores the result in the upper word
of the Dz operand, and clears the bottom word of the Dz operand with zeros. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FALSE, theinstruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are
TRUE.

Note:  The bottom word of the destination register isignored when the DC bit is updated.

Operation:
{
DSP_ALU SRC2 = 0x1;
DSP_ALU SRC2G= 0x0;
if (EX2_DSP BIT13==0) {/* MBWof Sx +1 -> Dz */
switch (BEX2_SX) {
case 0x0: DSP_ALU SRCL = X0;
if (DSP_ALU SRCL_MSB) DSP_ALU SRCIG = Oxff;
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el se DSP_ALU SRC1G = 0xO0;

br eak;
case Ox1l: DSP_ALU SRCL = X1;
if (DSP_ALU SRC1_MBSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox2: DSP_ALU SRCL = AD;
DSP_ALU SRCIG = ADG
br eak;
case 0x3: DSP_ALU SRCL = Al
DSP_ALU SRCIG = AlIG
br eak;
}
}
el se { /* MBWof Sy +1 -> Dz */
switch (BEX2_SY) {
case 0x0: DSP_ALU SRC1L = YO,
br eak;
case Ox1: DSP_ALU SRC1 = Y1,
br eak;
case Ox2: DSP_ALU SRC1 = M;
br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
i f (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0x0;
}

DSP_ALU DST_HW= DSP_ALU SRC1L_ HW+ 1;
carry_bit = ((DSP_ALU SRC1_MSB | DSP_ALU SRC2_MSB) & ! DSP_ALU
_DST_M8B) |
(DSP_ALU SRC1_MSB & DSP_ALU SRC2_MSB) ;
DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 + DSP_ALU SRX2G LSB8 +
carry bit;

overflowbit= PLUS CP. GOV || (PCS_NOT_OV || NEG NOTI_OV);
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#i ncl ude "integer_overfl ow protection.c"
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "integer_uncondi tional _update. c"

#include "integer_plus_dc_bit.c"

el se i f(DSP_CONDI TION_ MATCH) { /* conditional operation and natch

DSP_REG WY ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0xO0; /* clear LSW*/

AOG = DSP_ALU DSTG & MASKOOOOOOFF;
i f (DSP_ALU DSTG Bl T7) AOG = AOG | MASKFFFFFFOO;

ALG = DSP_ALU DSTG & MASKOOOOOOFF;
i f(DSP_ALU DSTG Bl T7) AlG = ALG | MASKFFFFFFOO;

}
*/
i f(ex2_dz_no==0) {
}
el se if(ex2_dz_no==1) {
}
}
}
br eak;
Example:

PINC X0, M NCPX NCPY

PINC X1, X1 NCPX NCPY

368

; Before execution: X0 = H'0052330F, M0 = H'12345678
; After execution: X0 = H'0052330F, M0 = H'00530000
; Beforeexecution: X1 = H'FC342855
: After execution: X1 = H'FC350000

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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85.12 [if cc] PLDS (Load System Register): DSP System Control Instruction
Format Abstract Code Cycle DC Bit
PLDS Dz, MACH Dz -~ MACH 111110% ***Hxkkksk 1 —
111011010000zzzz
PLDS Dz, MACL Dz - MACL 111110* ***Hrkkkk 1 —
111111010000zzzz
DCT PLDS Dz, MMCH if DC =1, Dz -MACH 111110% ***kkkksk* 1 —
if 0, nop 111011100000zzzz
DCT PLDS Dz, MMCL if DC =1, Dz-MACL T11110Q% **kkkkskkk 1 —
if 0, nop 111111100000zzzz
DCF PLDS Dz, MACH if DC =0, Dz ~MACH 111210* ****xrkkx 1 —
if 1, nop 111011110000zzzz
DCF PLDS Dz, MACL if DC =0, Dz-MACL 111210* ****xkkkx 1 —
if 1, nop 111111110000zzzz

Description: Storesthe Dz operand in the MACH and MACL registers. When conditions are

specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When

they are FAL SE, the instruction is not executed.

TheDC, N, Z, V, and GT hits of the DSR register are not updated.

Note: Though PSTS, MOV X, and MOVY can be designated in paralldl, their execution may

take two cycles.

Operation:

{ /* Dz -> MACH */

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* uncondi ti onal

MACH = DSP_REJ ex2_dz_no]

}

el se i f (DSP_CONDI TION MATCH) { /* condi ti onal

MACH = DSP_REJ ex2_dz_no]

br eak;

/* SH DSP. DSP Engi ne:

Local

Data Move (perati on:
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pl ds_macl . c
rev 1.0 24 May 1995, EY */

{ [I* Dz -> MCL */
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
MACL = DSP_RE{d ex2_dz_no] ;
}
el se if(DSP_CONDI TION MATCH) { /* conditional operation and natch */
MACL = DSP_RE{ ex2_dz_no] ;

br eak;

Example:

PLDS AD, MACH NCPX NCPY ; Beforeexecution: A0 = H'123456789A, MACH = H'66666666
; After execution: A0 = H'123456789A, MACH = H'3456789A
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85.13 PMULS (Multiply Signed by Signed): DSP Arithmetic Operation I nstruction

Format Abstract Code Cycle DC Bit
PMLS MSW of Se x MSW of Sf . Dg ~ 111110%**s*xxx%x 1 _
Se, S, Dg 0100eef f 0000gg00

Description: The contents of the top word of the Se and Sf operands are multiplied as signed and
the result stored in the Dg operand. The DC, N, Z, V, and GT bits of the DSR register are not
updated.

Note:  Since PMULS s fixed decimal point multiplication, the operation result is different from
that of MULS even though the sour ce data isthe same.

Examples:

PMULS X0, YO, M NCPX NCPY ; Before execution: X0 = H'00010000, Y 0 = H'00020000,
MO = H'33333333

; After execution: X0 = H'00010000, Y 0 = H'00020000,
MO = H'00000004

PMLLS X1, Y1, AO NCPX NCPY ; Beforeexecution: X1 =H'FFFE2222, Y1 = H'0001AAAA,
A0 = H'4444444444

. After execution: X1 = H'FFFE2222, Y1 = H'O001AAAA,
A0 = H'FFFFFFFFFC
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85.14 [if cc] PNEG (Negate): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit
PNEG Sx, Dz 0-Sx-Dz 111110* **xHHHkkx 1 Update
11001001xx00zzzz
PNEG Sy, Dz 0-Sy-Dz 111110****HxHkkkx 1 Update
1110100100yyzzzz
DCT PNEG Sx, Dz ifDC=1,0-Sx-Dz 111110* ***kHkkkx 1 —
if 0, nop 11001010xx00zzzz
DCT PNEG Sy, Dz ifDC=1,0-Sy-Dz 111110% **H*KkKkkkx 1 —
if 0, nop 1110101000yyzzzz
DCF PNEG Sx, Dz ifDC=0,0-Sx-Dz 111210*****xkkxx 1 —
if 1, nop 11001011xx00zzzz
DCF PNEG Sy, Dz ifDC=0,0-Sy-Dz 111210****xxkkxx 1 —
if 1, nop 1110101100yyzzzz

Description: Reversesthe sign. Subtracts the Sx and Sy operands from 0 and stores the result in
the Dz operand. When conditions are specified for DCT and DCF, the instruction is executed
when those conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are
TRUE.

Operation:

{

DSP_ALU SRC1 = 0;

DSP_ALU SRC1G= 0;

i f (EX2_DSP_BIT13==0) { /[* 0- S ->Dz */

switch (BEX2_SX) {
case 0x0: DSP_ALU SR®2 = X0;

if (DSP_ALU SRC2_MSB) DSP_ALU SRX2G = Oxff;
el se DSP_ALU SRX2G = 0x0;
br eak;

case Ox1: DSP_ALU SR®2 = X1;
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
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el se DSP_ALU SRC2G = 0x0;
br eak;
case Ox2: DSP_ALU SR®2 = AO;
DSP_ALU SRX2G = ADG
br eak;
case 0x3: DSP_ALU SR®2 = A1,
DSP_ALU SRX2G = A1LG

br eak;
}
}
else { /*0- Sy ->Dz */
switch (BEX2_SY) {
case Ox0: DSP_ALU SR®2 = YO0,
br eak;
case Ox1: DSP_ALU SR®2 = Y1;
br eak;
case Ox2: DSP_ALU SR®2 = M;
br eak;
case 0x3: DSP_ALU SR@2 = M,
br eak;
}
if (DSP_ALU SRC2_MSB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;
}

DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SRZ;
carry_bit =((DSP_ALU SRC1_MSB | ! DSP_ALU SRX2_MSB)
&% | DSP_ALU DST_MSB) |
(DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MBB) ;
borrow bit = Icarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 - DSP_ALU SRC2G LSB8 -
borrow bit;

overflow bit= MNUS_.CP. GOV || !(POS_NOT_OV || NEG NOT_OV);
#incl ude "fixed_pt_overfl ow protection.c"

i f(DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "fixed_pt_uncondi ti onal _update. c"
#include "fixed_pt_mnus_dc_bit.c"
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}
el se if(DSP_CONDI TION_ MATCH) { /* conditional operation and nmatch */

DSP_RE(F ex2_dz_no] = DSP_ALU DST;
i f(ex2_dz_no==0) {
AODG = DSP_ALU DSTG & MASKOO000O0O0FF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & MASKOO000O0O0FF;
i f (DSP_ALU DSTG BI T7) ALG = A1G | MASKFFFFFFOO;

}
}
}
br eak;
Examples:
PNEG X0, AD NCPX NCPY ; Before execution: X0 = H'55555555, AO = H'A987654321
; After execution: X0 = H'55555555, A0 = HFFAAAAAAAB
PNEG X1, Y1 NCOPX NOPY ; Before execution: Y1 =H'99999999
: After execution: Y1 =H'66666667
In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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8.5.15 [if cc] POR (Logical OR): DSP L ogical Operation Instruction

Format Abstract Code Cycle DC Bit

PCR Sx, Sy, Dz Sx | Sy—Dz, clear LSW of Dz 111110********x* 1 Update
10110101xxyyzzzz

DCT PCR IfDC =1, Sx| Sy-Dz, 111010% ** >k xkxkx 1 —

X, Sy, Dz clear LSW of Dz; if 0, nop 10110110xxyyzzz2

DCF PCR IfDC =0, Sx | Sy- Dz, 111010% ** >k xkxskx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzzz2

Description: Takesthe OR of the top word of the Sx operand and the top word of the Sy operand,
stores the result in the top word of the Dz operand, and clears the bottom word of Dz with zeros.
When Dz is aregister that has guard bits, the guard bits are also zeroed. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC hit of the DSR register is updated according to the
specifications for the CS hits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are
TRUE.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit
is updated.

Operation:

{
switch (BEX2_SX) {

case 0x0: DSP_ALU SRC1L = XO;
br eak;

case Ox1: DSP_ALU SRC1 = X1;
br eak;

case Ox2: DSP_ALU SRC1L = AO;
br eak;

case 0x3: DSP_ALU SRC1 = A1,

br eak;

switch (BEX2_SY) {
case 0x0: DSP_ALU SR = YO0,
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br eak;

case Ox1: DSP_ALU SR®2 = Y1,
br eak;

case 0x2: DSP_ALU SR®2 = M;
br eak;

case 0x3: DSP_ALU SR®2 = M,
br eak;

DSP_ALU DST_HW= DSP_ALU SRC1_HW| DSP_ALU SRC2_HW

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REG W ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = OxO0; /* clear LSW*/
if (ex2_dz_no==0) AOG = 0xO0; /* clear Quard

bits */
else if (ex2_dz_no==1) ALG = 0x0;
carry bit = 0x0;
negative bit = DSP_ALU DST_MSB;
zero_bit = (DSP_ALU DST_HW=0) ;
overflow bhit = 0x0;

#include "l ogi cal _dc_bit.c"
}
el se if(DSP_CONDI TION_MATCH) { /* conditional operation and natch */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/

if (ex2_dz_no==0) AOG = 0x0; /* clear Quard
bits */
else if (ex2_dz_no==1) AlLG = 0x0;
}
}
br eak;
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Example;

PCR X0, YO, A0 NCPX NCPY ; Beforeexecution: X0 = H'33333333, Y0 = H'55555555
AQ = H'123456789A

; After execution: X0 =H'33333333, YO0 = H'55555555
AQ = H127777789A

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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85.16 PRND (Rounding): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit

PRN\D Sx, Dz Sx +H'00008000 - Dz 111110 *****%xxx 1 Update
clear LSW of Dz 10011000xx00zzzz

PR\D Sy, Dz Sy +H'00008000 - Dz 111110 *****%kxx 1 Update
clear LSW of Dz 1011100000yyzzzz

Description: Does rounding. Adds the immediate data H'00008000 to the contents of the Sx and
Sy operands, stores the result in the upper word of the Dz operand, and clears the bottom word of

Dz with zeros.

The DC bit of the DSR register is updated according to the specifications for the CS bits. The N,

Z,V, and GT bits of the DSR register are also updated.
Operation:

{
DSP_ALU SRC2 = 0x00008000;

DSP_ALU SRC2G= 0x0;
if (EX2_DSP_BIT13==0) {/* Sx + H 00008000 -> Dz; clr Dz
Lw=/
switch (BEX2_SX) {
case 0x0: DSP_ALU SRC1 = X0;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox2: DSP_ALU SRC1 = AQ;
DSP_ALU SRCIG = AOG
br eak;
case 0x3: DSP_ALU SRC1 = Al;
DSP_ALU SRCIG = ALG
br eak;
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else { /* Sy + H 00008000 -> Dz; clr Dz LW*/
switch (BEX2_SY) {

case 0x0: DSP_ALU SRC1L = YO,
br eak;
case Ox1: DSP_ALU SRC1 = Y1,
br eak;
case Ox2: DSP_ALU SRC1 = M;
br eak;
case 0x3: DSP_ALU SRC1 = M,
br eak;
}
i f (DSP_ALU SRCL_MSB) DSP_ALU SRCIG = 0xff;
el se DSP_ALU SRCIG = 0xO0;

DSP_ALU DST = (DSP_ALU SRCL + DSP_ALU SRC2) & MASKFFFFO000;
carry bit = ((DSP_ALU SRC1_MBB | DSP_ALU SRC2_MBB) & ! DSP_ALU
_DST_NVSB) |
(DSP_ALU_SRC1_MBB & DSP_ALU SRC2_MSB);
DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSBS + DSP_ALU SRC2G LSBS +

carry bit;

overflowbit= PLUS CP. GOV || (PCS_NOT_OV || NEG NOTI_OV);

#include "fixed_pt_overfl ow protection.c"
#i ncl ude "fixed_pt_uncondi tional _update. c"
#include "fixed_pt_plus_dc_bit.c"

}

br eak;
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Example;

PRN\D X0, M0 NOPX NCPY ; Before execution:

: After execution:

PRN\D X1, X1 NOPX NCPY : Before execution:

: After execution:

X0 = H'0052330F, MO = H'12345678
X0 = H'0052330F, MO = H'00520000
X1=H'FC34C087
X1 = H'FC350000

DC bit is updated depending on the state of CS[2:0].
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85.17 [if cc] PSHA (Shift Arithmetically with Condition): DSP Arithmetic Shift

Instruction
Format Abstract Code Cycle DC Bit
PSHA Sx, Sy, Dz if Sy> =0, Sx<<Sy Dz 11112Q%**x*kxskx 1 Update
if Sy<0, Sx>>Sy—>Dz 10010001xxyyzzzz
DCT PSHA if DC =1 & Sy>=0, 111210% ***kxkxkx 1 Update
., Sy, D Sx<<Sy - Dz 10010010xxyyzzzz
if DC =1 & Sy<0,
Sx>>Sy - Dz
if DC =0, nop
DCF PSHA if DC =0 & Sy> =0, 11110Q%**x*kxsskx 1 —
S, &y, e Sx<<Sy->Dz 10010011xxyyzzzz
if DC =0 & Sy<0,
Sx>>Sy - Dz
if DC =1, nop
PSHA #1 mm Dz if Imm> =0, 11110Q%**x*kxkskx 1 —
Dz<<imm Dz 00010iiiiiiizzzz

if Imm<0, Dz>>Imm - Dz

Description: Arithmetically shifts the contents of the Sx or Dz operand and stores the result in the
Dz operand. The amount of the shift is specified by the Sy operand or the immediate value Imm
operand. When the shift amount is positive, it shiftsleft. When the shift amount is negative, it
shifts right. When conditions are specified for DCT and DCF, the instruction is executed when
those conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are

TRUE.
Operation:

< When register operand is used >

{
switch (BEX2_SX) {
case 0x0: DSP_ALU SRCL = X0;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;
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case Ox1: DSP_ALU SRCL = X1,
if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff;

el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox2: DSP_ALU SRCL = AD;
DSP_ALU SRCIG = ADG
br eak;
case 0x3: DSP_ALU SRCL = Al;
DSP_ALU SRCIG = ALG
br eak;
}
switch (BEX2_SY) {
case 0x0: DSP_ALU SR = YO & MASKO07F0000;
br eak;
case Ox1: DSP_ALU SR = Y1 & MASKO07F0000;
br eak;
case Ox2: DSP_ALU SR = M) & MASKO07F0000;
br eak;
case 0x3: DSP_ALU SR = ML & MASKO07F0000;
br eak;
}
if (DSP_ALU SRC2 MBB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;
i f((DSP_ALU SRC2_HW & MASK0040) ==0) { /* Left Shift

O<=cnt <=32 */
char cnt = (DSP_ALU SRC2_HW & MASKOO3F) ;
if(cnt > 32) {
printf("¥nPSHA Sz, Sy, Dz Error! Shift 92X exceed range.
¥n",cnt);
exit();
}
DSP_ALU DST = DSP_ALU SRCL << cnt;
DSP_ALU DSTG = ((DSP_ALU SRCIG << cnt) |
(DSP_ALU SRC1 >> (32-cnt))) & MASKOOOOOOFF;
carry_bit = ((DSP_ALU DSTG & MASKO0000001) ==0x1) ;
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else { /* Rght Shift O< cnt <=32 */

char cnt = ((~DSP_ALU SRR HW & MASKOO3F) +1) ;
if(cnt > 32) {

printf("¥nPSHA Sz, Sy,Dz Error! shift -9%X exceed range. ¥n",cnt);

exit();

}

if((cnt>8) &% DSP_ALU SRCIG BIT7) { /* MBB copy */
DSP_ALU DST=((DSP_ALU SRC1>>8) | (DSP_ALU SRC1G<

(32-9)));
DSP_ALU DST=(1 ong) DSP_ALU DST >> (cnt-8);
}
el se {
DSP_ALU DST=((DSP_ALU SRC1>>cnt) | (DSP_ALU SRC1G:<
(32-cnt)));
}

/* overflowbit = !(PCS_NOT_OV || NEGNOI_OV); /* do overflow detection */

DSP_ALU DSTG LSB8 = (char) DSP_ALU SRCIG LSB8 >> cnt-- ;
carry bit = (((DSP_ALU SRC1 >> cnt) & MASKO0000001)==0x1);

/* #include "fixed_pt_overflow protection.c" /* do overflow protection; V=0

*/

i f(DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "fixed_pt_uncondi ti onal _update. c"
#include "shift_dc_bit.c"

}

else if(DSP_CONDI TION MATCH) { /* conditi onal

DSP_REJ ex2_dz_no] = DSP_ALU DST;
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & MASKOOOOOOFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NMASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
Al1G = DSP_ALU DSTG & MASKOOOOOOFF;
i f(DSP_ALU DSTG BI T7) A1G = A1G | NMASKFFFFFFOO;
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br eak;

<When according to immediate operand>

{
unsi gned short tnp_inm
DSP_ALU SRC1=DSP_RE{ ex2_dz_no] ;
switch (ex2_dz_no) {
case 0x0: DSP_ALU SRCIG = A0G
br eak;
case Ox1: DSP_ALU SRCIG = A1G
br eak;
defaul t: if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G =
0x0;

tnp_imm= ((EX2_LW>> 4) & MASKOO00007F); /* bit[10:4] */

i f((tmp_i nm & MASKO040)==0) { /* Left Shift O<= cnt <=32 */

char cnt = (tnp_i mm & MASKOO3F) ;
if(cnt > 32) {

printf("¥nPSHA Dz, #lmm Dz Error! # nmme%X exceed range

¥n", tnp_i nm;

exit();
}
DSP_ALU DST = DSP_ALU SRC1 << cnt;
DSP_ALU DSTG = ((DSP_ALU SRCIG << cnt) |

(DSP_ALU SRCL >> (32-cnt))) & MASKOOOOOOFF;

carry _bit = ((DSP_ALU DSTG & MASKO0000001) ==0x1) ;

else { /* Rght Shift O0< cnt <=32 */
char cnt = ((~tnp_i mm & NMASKOO3F) +1) ;
if(cnt > 32) {
printf("¥nPSH. Dz, #lmm Dz Error! #l mme%X exceed range
¥n", tnp_i nm;
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exit();

}

i f((cnt>8) & DSP_ALU SRCIG BIT7) { /* NBB copy */

DSP_ALU DST=(( DSP_ALU_SRC1>>8) |

(32-8)));

DSP_ALU DST=(1 ong) DSP_ALU DST >> (cnt-8);

}

el se {

DSP_ALU_DST=((DSP_ALU SRCI>>cnt ) | (DSP_ALU_SRCIG<<

(32-cnt)));
}

DSP_ALU DSTG LSB8 = (char) DSP_ALU SRCIG LSB8 >> cnt-

carry_bit = (((DSP_ALU SRC1 >> cnt) & MASK0O0000001)==0x1);

[* overflowbit = !(PCS_NOT_OV ||
/* #include "fixed_pt_overflow protection.c"

protection; V=0 */

{ /* unconditional operation */

#incl ude "fixed_pt_unconditional _update.c"

#include "shift_dc_bit.c"
}

br eak;
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Examples:

PSHA X0, YO, AO NCOPX NCPY ; Beforeexecution: X0 = H'88888888, Y0 = H'00020000,
A0 =H'123456789A

; After execution: X0 =H'88888888, Y0 = H'00020000,
A0 = H'FE22222222

PSHA X0, YO, X0 NCPX NCPY ; Beforeexecution: X0 = H'33333333, Y0 = H'FFFF0000
; After execution: X0 =H'19999999, Y0 = H'FFFEO000
PSHA #-5, A1 NCPX NCPY : Beforeexecution: Al=HAAAAAAAAAA
; After execution: A1l =H'FD55555555

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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8.5.18 [if cc] PSHL (Shift Logically with Condition): DSP Logical Shift Instruction

Format Abstract Code Cycle DC Bit
PSH. Sx, Sy, Drz If Sy=0, Sx<<Sy - Dz, 111110******kkkx 1 Update
clear LSW of Dz; if Sy<0, 10000001xxyyz2z22
Sx>>Sy - Dz,
clear LSW of Dz
DCT PSH. Sx, Sy, Dz If DC=1 & Sy=0, Sx<<Sy - 111110****HHkkskx 1 —
[_)Z' clear LSW of Dz; 10000010xxyyzzzz
if DC=1 & Sy<0, Sx>>Sy -
Dz, clear LSW of Dz;
if DC=0, nop
DCF PSH. Sx, Sy, Dz If DC=0 & Sy=0, Sx<<Sy - 111110****HHkkskx 1 —
Dz, clear LSW of Dz; if DC=0 10000011xxyyzz22
& Sy<0, Sx>>Sy - Dz, clear
LSW of Dz; if DC=1, nop
PSH. #i mm Dz If imm=0, Dz<<imm - Dz, 111010%***xxHkxx 1 Update
clear LSW of Dz; if imm<0, 00000iiiiiiizzzz

Dz>>imm - Dz,
clear LSW of Dz

Description: Logically shifts the top word contents of the Sx or Dz operand, stores the result in
the top word of the Dz operand, and clears the bottom word of the Dx operand with zeros. When
Dz isaregister that has guard bits, the guard bits are also zeroed. The amount of the shift is
specified by the Sy operand or the immediate value Imm operand. When the shift amount is
positive, it shifts left. When the shift amount is negative, it shifts right. When conditions are
specified for DCT and DCF, the instruction is executed when those conditions are TRUE. When
they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CS bits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are

TRUE.

Operation:

<When register operand is used>

{

switch (BEX2_SX) {

case 0xO0:

case Ox1:

DSP_ALU SRC1 = XO;
br eak;
DSP_ALU SRC1 = Xi;
br eak;
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case Ox2: DSP_ALU SRC1 = AO;
br eak;
case 0x3: DSP_ALU SRC1 = A1,
br eak;
}
switch (BEX2_SY) {
case 0x0: DSP_ALU SRR

YO0 & MASKOO03F0000;

br eak;
case Ox1: DSP_ALU SR = Y1 & MASKO03F0000;
br eak;
case Ox2: DSP_ALU SR = M & MASKO03F0000;
br eak;
case Ox3: DSP_ALU SR®2 = M & MASKO03F0000;
br eak;
}
i f ((DSP_ALU SRC2_HW & MASK0020) ==0) { /* Left Shift

O<=cnt <=16 */
char cnt = (DSP_ALU SRC2_HW & NMASKOO1F) ;
if(ent > 16) {
printf("PSH. Sx,Sy,Dz Error! Shift %X exceed range
¥n",cnt);
exit();
}
DSP_ALU DST HW= DSP_ALU SRCL HW<< cnt--;
carry_bit = (((DSP_ALU SRCL_HW<< cnt) & MASK8000)==
0x8000) ;
}
else { /* Rght Shift O<cnt<=16 */
char cnt = ((~DSP_ALU SRC2_HW & NMASKOOOF) +1) ;
if(cnt > 16) {
printf("PSHL Sx,Sy,Dz Error! Shift -%X exceed range
¥n",cnt);
exit();
}
DSP_ALU DST_HW= DSP_ALU SRCL_ HW>> cnt--;
carry_bit = (((DSP_ALU SRC1L_HW>> cnt) & MASKO0001)==0x1);
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i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/
if (ex2_dz_no==0) AO0G = 0xO0; /* clear Quard bits */
else if (ex2_dz_no==1) AlG = 0xO0;

negative bit = DSP_ALU DST_MSB;

zero_hit = (DSP_ALU DST_HW=0);
overflowbit = 0xO;
#include "shift_dc_bit.c"

}
el se i f(DSP_CONDI TION MATCH) { /* conditional operation and match */

DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW

DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/

if (ex2_dz_no==0) AOG = 0x0; [* clear Quard bits */
else if (ex2_dz_no==1) AlLG = 0x0;

br eak;

<When according to immediate operand>

{
unsi gned short tnp_i mm
DSP_ALU SRC1=DSP_RE({ ex2_dz_no] ;
switch (ex2_dz_no) {
case 0x0: DSP_ALU SRCIG = AOG
br eak;
case Ox1: DSP_ALU SRCIG = A1G
br eak;
defaul t: if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRCIG =
0x0;

tnp_imm= ((EX2_LW>> 4) & MASKOO00003F); /* bit[9:4] */

i f((tnp_i mm & MASK0020)==0) { /* Left Shift O<= cnt <16 */
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char cnt = (tnp_i nm & MASKOO1F);
if(cnt > 16) {
printf("PSH. Dz, # mm Dz Error! # mm¥%X exceed range
¥n", tnp_i mm;
exit();
}
DSP_ALU DST_HW= DSP_ALU SRCL HW<< cnt--;
carry_bit = (((DSP_ALU SRCL HW<< cnt) & MASK8000)==
0x8000) ;
}

else { /* Rght Shift 0O< cnt <=16 */
char cnt = ((~tnp_i mm & NMASKOO1F) +1) ;
if(cnt > 16) {
printf("PSH. Dz, # mm Dz Error! # m¥%X exceed range
¥n", tnp_i mm;
exit();
}
DSP_ALU DST_HW= DSP_ALU SRCL_ HW>> cnt--;
carry_bit = (((DSP_ALU SRC1L_HW>> cnt) & MASK0001)==0x1);

{ /* unconditional operation */
DSP_REG W) ex2_dz_no*2] = DSP_ALU DST_HW

DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/
if (ex2_dz_no==0) A0G = 0x0; /[* clear Quard bits */
else if (ex2_dz_no==1) ALG = 0xO0;

negative bit = DSP_ALU DST _MSB;

zero_hit = (DSP_ALU DST_HwW=0);
overflowbit = 0xO;
#include "shift_dc_bit.c"
}
}
br eak;
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Examples:

PSH_ X0, YO, AO NCPX NCPY ; Before execution:

; After execution:

PSHL X1, Y1, X1 NOPX NCPY ; Before execution:

; After execution:

PSHL #7, A1 NCPX NCPY : Before execution:

; After execution:

X0 = H'22222222, Y 0 = H'00030000,
A0 = H'123456789A

X0 = H'22222222, Y 0 = H'00030000,
A0 =H'0011100000

X1=H'CCCCCCCC, Y1 = H'FFFEO000
X1 =H'33330000, Y1 = H'FFFEOCOQO
Al =H'55555555

Al=HAAB800000

In case of unconditional execution, the DC bit is updated depending on

the state of CS[2:0].
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8.5.19 [if cc] PSTS (Store System Register): DSP System Control Instruction

Format Abstract Code Cycle DC Bit
PSTS MACH,Dz MACH - Dz 11111 Q***kkdx 1 —
110011010000zzzz
PSTS MACL,Dz MACL - Dz 11111 Q%**kkdkx 1 —
110111010000zzzz
DCT PSTS MACH,Dz if DC =1, MACH - Dz 11111 Q***rkkkk 1 —
if 0, nop 110011100000zzzz
DCT PSTS MACL,Dz ifDC =1, MACL-Dz 11111 Q***krkdkk 1 —
if 0, nop 110111100000zzzz
DCF PSTS MACH,Dz if DC =0, MACH Dz 1112 2Q******kkkx 1 —
if 1, nop 110011110000zzzz
DCF PSTS MACL,Dz ifDC =0, MACL Dz 1112 2Q******kkkx 1 —
if 1, nop 110111110000zzzz

Description: Storesthe contents of the MACH and MACL registersin the Dz operand. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are
TRUE. When they are FAL SE, the instruction is not executed. The DC, N, Z, V, and GT bits of
the DSR register are not updated.

Note: Though PSTS, MOV X and MOVY can be designated in parallel, their execution may take
2 cycles.

Operation:

/* MACH -> Dz */

{
i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REF ex2_dz_no] = MACH
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & NASKOOOOOOFF;
i f (DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
AlG = DSP_ALU DSTG & NASKOOOOOOFF;
i f (DSP_ALU DSTG BI T7) ALG = A1G | MASKFFFFFFOO;
}
}
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el se i f(DSP_CONDI TION MATCH) { /* conditional operation and match */
DSP_REJ ex2_dz_no] = MACH
i f (ex2_dz_no==0) {
AOG = DSP_ALU DSTG & NMASKOO0000OFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & NMASKOO0000OFF;
i f (DSP_ALU DSTG BIT7) ALG = AIG | MASKFFFFFFOO;

}
}
}
br eak;
/* MACL -> Dz */
{

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REd ex2_dz_no] = MACL;
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & MASKOO0O0OOFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
A1LG = DSP_ALU DSTG & MASKOOO0O0OOFF;
i f (DSP_ALU DSTG BI T7) AlG = ALG | MASKFFFFFFOO;

}
else i f(DSP_CONDI TION MATCH) { /* conditional operation and match */

DSP_REJ ex2_dz_no] = MACL;
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & NMASKOOOOOOFF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
AlG = DSP_ALU DSTG & MASKOOOOOOFF;
i f(DSP_ALU DSTG BI T7) AlG = ALG | MASKFFFFFFOO;

393
HITACHI



br eak;
Examples:
PSTS NACH A0 NOPX NCPY ; Before execution: A0 = H'123456789A, MACH = H'88888888
; After execution: A0 = H'FF88888888, MACH = H'88838888
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8.5.20 [if cc]PSUB (Subtract with Condition): DSP Arithmetic Operation Instruction
Format Abstract Code Cycle DC Bit
PSUB Sx, Sy, Dz Sx—-Sy-Dz 111110******Hkxx 1 Update
10100001xxyyzzzz
DCT PSUB Sx, Sy, Dz if DC =1, 111110 ***H*Hkxx 1 —
Sx — Sy- Dz if 0, nop 10100010xxyyzzzz
DCF PSWUB Sx, Sy, Dz if DC =0, 111110****HxHkkxx 1 —
Sx — Sy-Dzif 1, nop 10100011xxyyzzzz

Description: Subtracts the contents of the Sy operand from the Sx operand and stores the result in
the Dz operand. When conditions are specified for DCT and DCF, the instruction is executed
when those conditions are TRUE. When they are FAL SE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are updated. The DC,
N, Z, V, and GT bits are not updated when conditions are specified, even if the conditions are

TRUE.
Operation:

{

switch (EX2_SX) {

case Ox0: DSP_ALU SRC1 = XO;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0xO0;
br eak;
case Ox2: DSP_ALU SRC1 = AO;
DSP_ALU SRCLG = ADG
br eak;
case 0x3: DSP_ALU SRC1 = A1,

DSP_ALU SRCIG = ALG

br eak;

}
switch (BX2_SY) {
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case 0x0: DSP_ALU SR = YO0;

br eak;
case Ox1l: DSP_ALU SR®2 = Yi,
br eak;
case 0x2: DSP_ALU SR®2 = M;
br eak;
case 0x3: DSP_ALU SR = M,
br eak;
}
if (DSP_ALU SRC2_MBB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;

DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SR®;

carry_bit =((DSP_ALU SRC1_MSB | ! DSP_ALU SRC2_MSB) && ! DSP_ALU DST_MSB) |
(DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MBB) ;

borrow bit = lcarry_bit;

DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 - DSP_ALU SRQ2G LSB8 - borrow bit;

overflow bit= MNUS_ CP. GOV || !(POS_NOT_OV || NEG NOT_OV);
#i nclude "fixed_pt_overfl ow protection.c"
i f(DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
#i ncl ude "fixed_pt_uncondi tional _update. c"
#incl ude "fixed_pt_ninus_dc_bit.c"
}
else if(DSP_OCONDI TION MATCH) { /* conditional operation and natch */
DSP_REJ ex2_dz_no] = DSP_ALU DST;
i f(ex2_dz_no==0) {
AOG = DSP_ALU DSTG & MASKO00000FF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | NASKFFFFFFOO;
}
el se if(ex2_dz_no==1) {
ALG = DSP_ALU DSTG & MASKO0000O0FF;
i f(DSP_ALU DSTG BI T7) AlLG = A1G | NMASKFFFFFFOO;

br eak;
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Examples:
PSUB X0, YO, AO NCOPX NCPY ; Beforeexecution: X0 = H'55555555, Y0 = H'33333333,
AQ =H'123456789A

; After execution: X0 = H'55555555, Y0 = H'33333333,
A0 = H'0022222222

In case of unconditional execution, the DC bit is updated depending on
the state of CS[2:0].
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8.5.21 PSUB PMULS (Subtraction & Multiply Signed by Signed): DSP Arithmetic
Operation Instruction

Format Abstract Code Cycle DC Bit
PSUB Sx, Sy, Du Sx—-Sy-Du 111110* ***Hxkkkk 1 Update
PMLLS Se, Sf, Dg MSW of Se x MSW of 0110eef f xxyygguu

Sf-Dg

Description: Subtracts the contents of the Sy operand from the Sx operand and stores the result in
the Du operand. The contents of the top word of the Se and Sf operands are multiplied as signed
and the result stored in the Dg operand. These two processes are executed simultaneously in
parallel.

The DC bit of the DSR register is updated according to the results of the ALU operation and the
specifications for the CSbits. The N, Z, V, and GT bits of the DSR register are a so updated
according to the results of the ALU operation.

Operation:

{
DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SRZ2;
carry_bit=((DSP_ALU SRCL_MBSB | ! DSP_ALU SRC2_MBB) &% ! DSP_ALU DST_MEB) |
(DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MSB) ;
borrow bit = !carry_bit;
DSP_ALU DSTG LSB8=DSP_ALU SRC1G LSB8 - DSP_ALU SRCQ2G LSB8 -
borrow bit;

overflowbit= MNUS CP. GOV || !(POS_NOT_OV || NEG NOT_OV);
#include "../d_3operand. d/fixed_pt_overfl ow protection.c"
switch (BEX2_DY ({
case 0x0:
X0 = DSP_ALU DST;
negative_hit = DSP_ALU DST_MSB;
zero_bit = (DSP_ALU DST==0);
br eak;
case Ox1:
YO = DSP_ALU DST;

negative_bit = DSP_ALU DST_MSB;
zero_bit = (DSP_ALU DST==0);
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br eak;
case 0x2:
A0 = DSP_ALU DST;
AOG = DSP_ALU DSTG & NMASKO00000FF;
i f(DSP_ALU DSTG BI T7) AOG = AOG | MASKFFFFFFOO;
negative bit = DSP_ALU DSTG Bl T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG_

LSB8==0);
br eak;
case 0x3:
Al = DSP_ALU DST;
ALG = DSP_ALU DSTG & NMASKO00000FF;
i f (DSP_ALU DSTG BI T7) AlG = ALG | MASKFFFFFFOO;
negative_bit = DSP_ALU DSTG BI T7;
zero_bit = (DSP_ALU DST==0) & (DSP_ALU DSTG
_LSB8==0);
br eak;
}

#include "../d_3operand. d/fixed_pt_mnus_dc_bit.c"
}

br eak;

Examples:

PSUB AQ, MD, AD PMLS X0, YO, MD NCOPX NCPY
: Before execution: X0 = H'00020000, Y 0 = H'FFFEO0Q00,
MO = H'33333333, A0 = H'0022222222

; After execution: X0 = H'00020000, Y0 = H'FFFE0000,
MO = H'FFFFFFF8, AO = H'55555555
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85.22 PSUBC (Subtraction with Carry): DSP Arithmetic Operation Instruction

Format Abstract Code Cycle DC Bit
PSUBC Sx—-Sy-DC-Dz 111010% ***kxkxkx 1 Borrow
S, &y, D 10100000xxyyzzzz

Description: Subtracts the contents of the Sy operand and the DC bit from the Sx operand and
stores the result in the Dz operand. The DC bit of the DSR register is updated as the borrow flag.
TheN, Z, V, and GT bits of the DSR register are also updated.

Note: After the PSUBC instruction is executed, the DC bit is updated as the borrow flag without

regard to the CS bit.
Operation:
{
switch (BEX2_SX) {
case 0x0: DSP_ALU SRC1 = X0;
if (DSP_ALU SRC1_MBB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
if (DSP_ALU SRC1_MSB) DSP_ALU SRCIG = Oxff;
el se DSP_ALU SRC1G = 0x0;
br eak;
case Ox2: DSP_ALU SRCL = AO;
DSP_ALU SRCIG = AOG
br eak;
case 0x3: DSP_ALU SRCL = Al;
DSP_ALU SRCIG = Al1G
br eak;
}
switch (BEX2_SY) {
case 0x0: DSP_ALU SRX2 = Y0,
br eak;
case Ox1l: DSP_ALU SR® = VY1,
br eak;
case Ox2: DSP_ALU SR® = M;
br eak;
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case 0x3: DSP_ALU SR22 = M,

br eak;
}
if (DSP_ALU SR2 _MBB) DSP_ALU SRC2G = Oxff;
el se DSP_ALU SRC2G = 0x0;

DSP_ALU DST = DSP_ALU SRC1 - DSP_ALU SR - DSPDCBIT;
carry bit =((DSP_ALU SRCL MSB | ! DSP_ALU SRC2_MBB) && ! DSP_ALU
_DST_MsB)
| (DSP_ALU SRC1_MSB & ! DSP_ALU SRC2_MSB);
borrow bit = lcarry_bit;
DSP_ALU DSTG LSB8 = DSP_ALU SRCIG LSB8 - DSP_ALU SRC2G LSB8 -
borrow bit;

overflow bit= MNUS_CP.GOV || !(POS_NOT_OV || NEG NOI_OV);
#include "fixed_pt_overfl ow protection.c"
#i ncl ude "fixed_pt_uncondi tional _update. c"
#incl ude "fixed_pt_dc_al ways_borrow. c"

}

br eak;

Example;

CS2:0]=***: Al ways Carry or Borrow Mde
PSUBC X0, YO, M0 NCPX NCPY ; Beforeexecution: X0 = H'33333333, Y0 = H'55555555
MO = H'0012345678, DC = 0
; After execution: X0 =H'33333333, Y0 = H'55555555
MO = H'FFDDDDDDDE, DC =1
PSUBC X0, YO, M0 NCPX NCPY ; Beforeexecution: X0 = H'33333333, Y0 = H'55555555
MO = H'0012345678, DC = 1
; After execution: X0 =H'33333333, Y0 = H'55555555
MO = H'FFDDDDDDDD, DC =1
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85.23 [if cc] PXOR (Logical Exclusive OR): DSP Logical Operation Instruction

Format Abstract Code Cycle DC Bit
PXCR Sx, Sy, Dz Sx N Sy Dz, clear LSW of 111110Q******x*%x 1 Update
Dz 10100101xxyyzzzz
DCT PXCR Sx, Sy, Dz if DC =1, Sx"Sy- Dz, 111120Q%**x*kxskx 1 —

clear LSW of Dz; if 0, nop 10100110xxyyzz22
DCF PXCR Sx, Sy, Dz if DC =0, SX"Sy Dz clear 111110*******%x* 1 —
LSW of Dz; if 1, nop 10100111xxyyzzzz

Description: Takes the exclusive OR of the top word of the Sx operand and the top word of the
Sy operand, stores the result in the top word of the Dz operand, and clears the bottom word of Dz
with zeros. When Dz is aregister that has guard bits, the guard bits are also zeroed. When
conditions are specified for DCT and DCF, the instruction is executed when those conditions are
TRUE. When they are FALSE, the instruction is not executed.

When conditions are not specified, the DC bit of the DSR register is updated according to the
specifications for the CShits. The N, Z, V, and GT bits of the DSR register are also updated. The
DC, N, Z, V, and GT bhits are not updated when conditions are specified, even if the conditions are
TRUE.

Note: The bottom word of the destination register and the guard bits are ignored when the DC bit

is updated.
Operation:
{
switch (BEX2_SX) {
case 0x0: DSP_ALU SRC1 = X0;
br eak;
case Ox1: DSP_ALU SRC1 = X1;
br eak;
case Ox2: DSP_ALU SRC1 = A0;
br eak;
case 0x3: DSP_ALU SRC1 = A1;
br eak;
}
switch (BEX2_SY) {
case 0x0: DSP_ALU SR®2 = YO0;
br eak;
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case Ox1l: DSP_ALU SR = Y1,
br eak;

case Ox2: DSP_ALU SR®2 = M;
br eak;

case 0x3: DSP_ALU SR@2 = M,
br eak;

DSP_ALU DST_HW= DSP_ALU SRC1L_HW" DSP_ALU SRC2_HW

i f (DSP_UNCONDI TI ONAL_UPDATE) { /* unconditional operation */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW
DSP_REG WJ ex2_dz_no*2+1] = 0x0; /* clear LSW*/
if (ex2_dz_no==0) AOG = 0x0; /* clear Quard bits */
else if (ex2_dz_no==1) AlG = 0xO0;

carry bit 0x0;

negative bit = DSP_ALU DST MSB;
(DSP_ALU DST_HW=0) ;
overflowbhit = 0x0;

zero_hit

#incl ude "l ogical _dc_bit.c"
}
el se i f(DSP_CONDI TION MATCH) { /* conditional operation and match */
DSP_REG WJ ex2_dz_no*2] = DSP_ALU DST_HW

DSP_REG WJ ex2_dz_no*2+1] = 0xO0; /* clear LSW*/
if (ex2_dz_no==0) AO0G = 0xO0; [* clear Quard bits */
else if (ex2_dz_no==1) AlG = 0x0;
}
}
br eak;
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Example:

PXCR X0, YO, A0 NOPX NCPY ; Beforeexecution: X0 =H'33333333, Y0 = H'55555555
A0 = H'123456789A

; After execution: X0 = H'33333333, YO0 = H'55555555
AQ = H'0066660000

In case of unconditional execution, the DC bit is updated depending
on the state of CS[2:0].
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Section 9 Processing States

9.1 State Transitions

The CPU has five processing states. reset, exception processing, bus release, program execution
and power-down. The transitions between the states are shown in figure 9-1.

From any state except From any state when
when power-on reset* manual reset*

Manual reset*
Power-on reset e mm— Manual reset
-
state state
Power-on

*
reset Reset state

RESET =1, RESET =1,
or RESETP =1 or RESETM =1

Exception-handling state

End of exception
transition
processing

Interrupt

Exception
interrupt

Interrupt

Bus . SLEEP
reques instruction
request clearance

with STBY
bit set

| |
|

: Sleep mode Standby mode :
| |
| |
| Hardware standby function :
: Power-down state :

Note: SH-3 (SH7702, SH7707, SH7708), SH-3E:
Power-on reset: RESET =0, BREQ =1
Manual reset: RESET =0, BREQ =0
SH-3 (SH7709), SH3-DSP:

Power-on reset: RESETP =0
Manual reset: RESETM = 0

Figure9-1 Transitions between Processing States
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9.1.1 Reset State

In the reset state, the CPU isreset. On the SH-3 (SH7702, SH7707, SH7708) and SH-3E, this
occurs when the RESET pin goes low. When the BREQ pin is high, the result is a power-on reset;
when it islow, amanual reset occurs. On the SH-3 (SH7709) and SH3-DSP, a power-on reset
occurs when the RESETP pin islow, and a manual reset occurs when the RESETM pinis low.

9.1.2  Exception Processing State
The exception processing state is atransient state that occurs when the CPU'’ s processing state
flow is altered by exception processing sources such as resets, general exceptions, or interrupts.

For areset, the CPU branches to H'A0000000 and starts executing the user-created exception
process program.

For ageneral exception or interrupt, the program counter (PC) is saved in the save program
counter (SPC), and the status register (SR) is saved in the save status register (SSR). The CPU
then branches to the starting address of the user-created exception service routine by adding the
content of the vector base address and the vector offset, thereby starting program execution state.

9.1.3 Program Execution State

In the program execution state, the CPU sequentially executes the program.

9.14 Power-Down State

In the power-down state, the CPU operation halts and power consumption declines. The SLEEP
instruction places the CPU in the power-down state. This state has four modes and function: sleep
mode, standby mode, hardware standby mode, and module standby function. See section 9.2 for
more details.

9.1.5 BusRelease State

In the bus rel ease state, the CPU rel eases access rights to the bus to the device that has requested
them.

9.2 Power-Down State

In addition to the ordinary program execution states, the CPU also has a power-down state in
which CPU operation halts and power consumption is lowered (table 9-1). There are four power-
down state modes and function: sleep mode, standby mode, hardware standby mode, and module
standby function.

921 Sleep Mode

When the standby bit (STBY') of the standby control register (STBCR) is cleared to 0 and the
SLEEP instruction executed, the CPU enters the sleep mode. In sleep mode, the CPU halts but the
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contents of the CPU and cache registers are maintained. Operation of the on-chip peripheral
modul es continues.

Returning from the sleep mode is accomplished using areset or an interrupt. The CPU first enters
the exception processing mode and then makes the transition to the normal program execution
mode.

9.22 Standby Mode

When the standby bit (STBY)) of the standby control register (STBCR) is set to 1 and the SLEEP
instruction executed, the CPU enters the standby mode. In standby mode, the functioning of the
CPU, the on-chip peripheral modules, and oscillator halt. However, the contents of the CPU and
cache registers are maintained.

Returning from the standby mode is accomplished using areset or an interrupt. If areset is used,
the CPU enters the exception processing mode after the oscillator stabilization time has elapsed

and then makes the transition to the normal program execution mode. If an interrupt is used, the
CPU enters the exception processing mode after the oscillator stabilization time set in WDT has
elapsed and then makes the transition to the normal program execution mode.

In this mode, power consumption drops markedly, since the oscillator stops.

9.23 Hardware Standby Mode

The CPU enters the hardware standby mode when the CA pinis set to low level. Aswith the
standby modes initiated using the SL EEP command, the hardware standby mode, all modules
other than those which function using the RTC clock halt.

9.24  Module Standby Function

Thetimer (TMU), real-time clock (RTC), and serial communication interface (SCI) each have a
modul e standby function.

When the module stop bit of the standby control register (STBCR) is set to 1, the supply of the
clock to the corresponding modules is halted. This function can be used to reduce power
consumption both in the normal program execution mode and in the sleep mode.

When the module standby function is being used, the status of the external pins of the on-chip
peripheral modules differs depending on the module. The external pins of the TMU maintain their
status prior to standby. The externa pins of the SCI are reset.

To cancel the module standby function, either clear the MSTP bitsto O or perform areset.
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Table 9-1

Power-Down State

State
CPU On-Chip

Entering Oscil- Reg- On-Chip Peripheral External Canceling
Mode Procedure lator CPU ister Memory Modules Pins Memory Procedure
Sleep Execute Run  Halt Held Held Run Held Refresh 1. Interrupt
mode SLEEP 2 Reset

instruction

when STBY bit

of STBCR is

cleared to O
Standby  Execute Halt Halt Held Held Halt* Held Self- 1. Interrupt
mode .SLEEP‘ ‘ refresh 2 Reset

instruction with

STBY bit set

to1in STBCR
Hardware Set CApinto Halt Halt Held Held Halt* Held Self-
standby  low level refresh
mode
Module Set MSTP bit Run Run Held Held Specified Held Refresh 1. Set MSTP
standby of STBCRto 1 module halts bitto 0
function 2 Reset
Note: * Differs depending on the on-chip peripheral module. Refer to the Hardware Manual for

the SH-3, SH-3E, and SH3-DSP for details.
408

HITACHI



Section 10 Pipeline Operation

This section describes the operation of the pipelines for each instruction. Thisinformation is
provided to allow calculation of the required number of CPU instruction execution states (system
clock cycles).

10.1 Basic Configuration of Pipelines

10.1.1 Five-Stage Pipeline

Pipelines are composed of the following five stages:

« |F (Instruction fetch) Fetches instruction from the memory stored in the program.

ID (Instruction decode) Decodes the instruction fetched.

EX (Instruction execution) Does data operations and address cal cul ations according to the
results of decoding.

MA (Memory access) Accesses data in memory in conjunction with instructions that
involve memory access.
For instructions that do not involve memory access, the resulting
datais maintained asis and MA is expressed in lowercase |etters as

ma’.

WB (Write back) Returns the results of the memory access (data) to aregister in
conjunction with instructions that involve memory access.
For instructions that do not involve memory access, the data
maintained in the ma stage is returned to the register.

Instructions are executed using a pipeline consisting of five stages. The various instruction stages
flow with the execution of the instructions and form this pipeline. This means that at any given
moment, five instructions are being executed simultaneously. The basic flow of the pipelineis
shown in Figure 10-1. Each period during which a single stage is executed iscalled aslot and is
indicated using the o " symbol.

All instructions have at least three stages: IF, 1D, and EX. Some a so have stages MA and WB.
Also, the way the pipeline flows varies with the type of instruction, with some containing two MA
stages, some including access to the multiplier (mm), and so on. There can aso be contention, for
example, between IF and MA. If contention occurs, the flow of the pipeline changes.
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Slot 4> 4> 4> 4> > <> <> > > <>

Instruction 1 IF ID EX MA WB Instruction
Instruction 2 IF ID EX MA WB stream
Instruction 3 IF ID EX MA WB
Instruction 4 IF ID EX MA WB
Instruction 5 IF ID EX MA WB
Instruction 6 IF ID EX MA WB

- >

Time

Figure10-1 Basic Structure of Pipeline Flow

10.1.2 Slot and Pipeline Flow

Thetime period in which asingle stage operatesis called a slot. Slots must follow the rules
described below.

Instruction Execution

Each stage (IF, ID, EX, MA, WB) of an instruction must be executed in one slot. Two or more
stages cannot be executed within one slot (figure 10-2), with exception of WB and MA.

Slot 4> 4«—> <> 4> 4> 4> <> > <>
Instruction1 IF ID EX
Instruction 2 IF ID EX MA WB

Note: * ID and EX of instruction 1 are being executed in the same slot.

Figure10-2 Impossible Pipeline Flow 1

Slot Sharing

A maximum of one stage from another instruction may be set per slot, and that stage must be
different from the stage of the first instruction. Identical stages from two different instructions may
never be executed within the same dlot (figure 10-3).
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Slot
Instruction 1
Instruction 2
Instruction 3
Instruction 4

Instruction 5

> 4> > >
IF ID EX MA
IF ID EX MA

IF ID EX
IF ID
IF ID

<>
WB
WB
MA
EX
EX

“r 4> > 4> >

wB
MA WB
MA WB

Note: * Same stage of another instruction is being executed in same slot.

Figure 10-3 Impossible Pipeline Flow 2

10.1.3 Number of CyclesRequired for Execution of One Slot

The number of states (system clock cycles) Sfor the execution of one slot is calculated with the

following conditions:

« S=(the cycles of the stage with the highest number of cycles of all instruction stages contained

in the slot)

This means that the instruction with the longest stage stalls others with shorter stages.

« The number of execution cyclesfor each stage:

— IF The number of memory access cycles for instruction fetch
— ID Always one cycle

— EX Always one cycle

— MA The number of memory access cycles for data access

— WB Always one cycle

As an example, figure 10-4 shows the flow of a pipeline in which the IF (memory access for
instruction fetch) of instructions 1 and 2 are two cycles, the MA (memory access for data access)
of instruction 1 isthree cycles and al others are one cycle. The dashes indicate the instruction is
being stalled. Refer to the Hardware Manual for information on the number of clock cyclesin each

case.

Slot

Number of cycles
Instruction 1

Instruction 2

4+—— > 4> 4> “-——> 4> <>

@ G o @

@) )
IF IF ID —
IF IF

EX MA MA MA WB

ID EX — — MA WB

Figure 10-4 Slots Requiring Multiple Cycles
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10.1.4 Number of Instruction Execution Cycles

The number of instruction execution cyclesis counted based on the interval between execution of
EX stages. The number of cycles between the start of the EX stage for instruction 1 and the start of
the EX stage for the following instruction (instruction 2) is the execution time for instruction 1.
Figure 10-5 shows an example of the way in which the number of instruction execution cyclesis
counted.

In this example, the flow of the pipelineis such that the EX stage interval between instructions 1
and 2 istwo cycles. Therefore, the execution time for instruction 1 istwo cycles. Also, the EX
stage interval between instructions 2 and 3 is three cycles, so the execution time for instruction 2 is
three cycles. If aprogram ends with instruction 3, the execution time for instruction 3 would be
calculated as the interval between the EX stage of instruction 3 and the EX stage of a hypothetical
instruction 4 following instruction 3, using MOV Rm, Rn. In this example, the execution time for
instruction 3 istwo cycles. The execution time for instructions 1 through 3 is therefore seven
cycles(2+3+2=7).

In this example, the MA of instruction 1 and the | F of instruction 4 are in contention. For
information on operation when MA and IF are in contention, refer to section 10.2.1, Contention
between Instruction Fetch (IF) and Memory Access (MA).

Slot +“— > 4“—F 4-—rFr 4“——r 4> 4> <>
Number of cycles (2 2 2 (4) v @O @
Instruction 1 IF IF ID — — MA MA MA WB
Instruction 2 IF IF ID — — — ma WB
Instruction 3 F IF ID — — MA WB
(Instruction 4: MOV Rm, Rn — — — IF D [EX))

Figure10-5 How Instruction Execution Cycles Are Counted
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10.2 Contention

Contention occurs in the following seven situations. When contention occurs in a particular stage,
that stage is stored and the next and subsequent slots are executed.

(1) Contention between instruction fetch (IF) and memory access (MA)

(2) Contention caused by amemory load instruction

(3) Contention caused by an SR update instruction

(4) Contention caused by accessing the multiplier

(5) FPU contention (SH-3E only)

(6) Contention between DSP data operation instruction and store instruction (SH3-DSP only)

(7) Contention between atransfer between DSP registers and a memory load or store operation
(SH3-DSP only)

10.2.1 Contention between Instruction Fetch (IF) and Memory Access (MA)

Basic Operation when IF and MA Arein Contention

The IF and MA stages both access memory, so they cannot operate simultaneoudly. If the IF and
MA stages both try to access memory within the same slot, the | F stage is stored and the next slot
is executed. However, if contention with another MA stage occursin the next slot, the IF stage is
again stored and the next slot is executed. Figure 10-6 illustrates operation when IF and MA arein
contention.
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(a) When there is no subsequent MA stage

A B C D E F
Slot

- - - a w— -
Instruction 1 if  ID EX wB
Instruction 2 IF ID EX ma WB
Instruction 3 if ID EX ma
Instruction 4 ID EX
Instruction 5 if ID

WB
ma
EX

¢ MA of instruction 1 and IF of
instruction 4 contend at D

WB

* : (When MA and IFare in contention, the following occurs:)

A B C D E F
Slot - <> > “—r “—r -
Instrucion1 if  ID  EX ;!
Instruction 2 IF ID EX ma WB
Instruction 3 if ID EX ma
Instruction 4 — ID
Instruction 5 if
(b) When there is a subsequent MA stage
A B C D E F
Slot <> = «» <> > <>
Instrucion1 if 1D EX wB
Instruction 2 IF ID EX wB
Instruction 3 if ID EX ma
Instruction 4 ID EX
Instruction 5 if ID

WB
EX

wWB
ma
EX

* |F stored at D

ma WB

EX

¢ MA of instruction 1 and IF of
instruction 4 contend at D

WB

* : (When MA and IFare in contention, the following occurs:)

A B C D E F G
Slot -» =» «» <> <> > <>
Instrucion1 if 1D EX wB
Instruction 2 IF ID EX wB
Instruction 3 if — ID EX ma
Instruction 4 —_ - 1D

Instruction 5

if

* ID and IF stored at D
* |F stored at E

wB
EX ma WB
ID EX

Figure 10-6 Operation when IF and MA Arein Contention
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The operation when there is contention between |F and MA and no subsequent MA stage is shown
in (a) of Figure 10-6. IF and MA arein contention in slot D. In this case, the IF stageis stored and
the following slot, E, is executed. In slot E maand IF are in contention, but the IF stage is not
stored because the ma stage does not generate a bus cycle.

The operation when there is contention between IF and MA and there is a subsequent MA stageis
shown in (b) of Figure 10-6. There are MA stagesin slots D and E, and MA isin contention with
IFinglot D. Inthis case, the ID and IF of slot D are stored and then executed in slot E. However,
contention between IF and MA occurs again in slot E, so the |F stage is stored again and then
executed in the next slot, F.

Relationship between | F and the L ocation of I nstructionsin Memory

When the instruction is located in memory, the SuperH microcomputer accesses the memory in
32-bit units. The SuperH microcomputer instructions are all fixed at 16 bits, so basically 2
instructions can be fetched in asingle | F stage access. Whether an | F fetches one or two
instructions depends on the memory location (word or longword boundary).

If an instruction islocated on alongword boundary, an | F can get two instructions at each
instruction fetch. The IF of the next instruction does not generate a bus cycle to fetch an
instruction from memory. Since the next instruction IF also fetches two instructions, the
instruction IFs after that do not generate a bus cycle either.

Thismeansthat |Fs of instructions that are located so they start from the longword boundaries
within instructions located in memory (the position when the bottom two bits of the instruction
addressare 00is A1l =0and A0 = 0) also fetch two instructions. The IF of the next instruction
does not generate a bus cycle. IFs that do not generate bus cycles are written in lower case as “if”.
These ifs aways take one cycle.

When branching results in afetch from an instruction located so it starts from the word boundaries
(the position when the bottom two bits of the instruction addressare 10is A1 =1, A0 = 0), the bus
cycle of the I F fetches only the specified instruction more than one of said instructions. The IF of
the next instruction thus generates a bus cycle, and fetches two instructions. Figure 10-7 illustrates
these operations.
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32bits Slot 4> 4> 4> <> <> > > <> > >

Instru-1l Instru- |-+ Instruction 1 ID EX : Bus cycle
ction 1] ction 2 Instruction 2 if D EX generated
Instru-1 Instru- | -+ Instruction 3 ID EX if : No bus cycle
ction 3jiction 4 | |nstruction 4 if ID EX
nstru-1l Instru- | -+ Instruction 5 ID EX
ction 5||ction 6 Instruction 6 if 1D EX

(Memory)

Fetching from an instruction (instruction 1) located on a long word boundary

Slot 4> 4> <4 4> 4> P> > D> > >

Inst : Bus cycle
nstru-
ction 2]| -+ Instruction 2 ID EX generated
-+ Instruction 3 ID EX if : No bus cycle
Instru- || Instru- ) .
ction 3llctiona |  Instruction 4 if ID EX
-+ Instruction 5 ID EX
Instru-|| Instru- . _
ction 5)[ction 6 |  'nstruction 6 if 1D EX

Fetching from an instruction (instruction 2) located on a word boundary

Figure10-7 Relationship between |F and Location of Instructionsin Memory

Relationship between Position of Instructions Located in Memory and Contention between
IFand MA

When an instruction is located in memory, there are instruction fetch stages (“if”, written in lower
case) that do not generate bus cycles as explained in section 10.4.2 above. When an if isin
contention with an MA, the slot will not split, asit doeswhen an IF and an MA are in contention,
because ifs and MAs can be executed simultaneously. Such slots execute in the number of cycles
the MA requires for memory access, asillustrated in figure 10-8.

When programming, avoid contention of MA and |F whenever possible and pair MAswithifsto
increase the instruction execution speed. Instructions that have 4 (5)-stage pipelines of IF, 1D, EX,
MA, (WB) prevent stalls when they are located, so they start from the longword boundariesin
memory (the position when the bottom 2 bits of instruction addressare 00isA1=0and A0 =0)
because the MA of theinstruction fallsin the same slot asifs that follow.
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~—— 32 bits ——» Slot =+ <> <> “> > > >
[instruction 1 | instruction2 | Instruction 1 IF 1D EX | MA | WB : Store

j Instruction 2 if 1D EX wB | if i: Do not store
[instruction 3]} nstruction 4 |~ Instruction 3 IF ID_ EX ma WB

; Instruction 4 L if 1D EX ma WB
E Instruction 6 | Instruction 5 — ID EX ma WB

; Instruction 6 if ID EX

Notes: 1. MA in slot A is in contention with if, so no store occurs; MA in slot B is in contention with IF,
S0 a store occurs.
2. Inslot C ma and IF are in contention, so no store occurs.

Figure10-8 Relationship between the Location of Instructionsin Memory and Contention
between |F and MA

10.2.2 Effectsof Memory Load Instructions on Pipelines

Instructions that involve loading from memory access datain memory at the MA stage of the
pipeline. In the case of aload instruction (instruction 1) and the following instruction (instruction
2), the EX stage of instruction 2 starts before the MA stage of instruction 1 ends.

When instruction 2 uses the same data that instruction 1 isloading, the contents of that register
will not be ready, so any slot containing the MA of instruction and EX of instruction 2 will split.
No split occurs, however, when instruction 2 is MAC @Rm+,@Rn+ and the destinations of Rm
and load instruction 1 were the same.

The number of cyclesin the slot generated by the split isthe number of MA cycles plusthe
number of IF (or if) cycles, asillustrated in figure 10-9. This means the execution speed will be
lowered if the instruction that will use the results of the load instruction is placed immediately
after the load instruction. The instruction that uses the result of the load instruction will not slow
down the program if placed one or more instructions after the load instruction.

Slot -— e w w - a
Load instruction 1 (MOV.W @RO,R1) IF  ID  EX wB

Instruction 2 (ADD R1,R2) IF D — ma WB
Instruction 3 IF — ID EX .
Instruction 4 — IF D

Figure10-9 Effectsof Memory Load I nstructions on the Pipeline
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10.2.3 Contention dueto SR Update I nstructions

Instructions (SR update instructions) that overwritethe M, Q, S, and T bits of the status register
(SR) use the WB stage of the pipdline. If an instruction (instruction 2) that reads SR comes
immediately after such an instruction, the data to be read is not yet ready and the EX stage of
instruction 2 is stalled until the overwriting of the datain SR is complete. However, in the case of
instructions that overwrite all the bits of SR, such asLDC Rm,SR; LDC.L @Rm+,SR; or RTE, no
stall occurs due to the contention. The instructions that reads SR are STC SR,Rn; STC.L SR,@-
Rn; and TRAPA. The status of the pipeline when a stall occursis shown in Figure 10-10.

Asthe above makes clear, writing a program in such away that an instruction that reads SR occurs
immediately after an instruction that updates SR will cause the speed of execution to be reduced.

If the instruction that reads SR occurs at least three instructions after the instruction that updates
SR, no slowdown results.

A B C
Slot 4> 4> 4> <> <> <>

SR update instruction 1 (SETT) IF ID EX ma

Instruction 2 (STC SR, R1) IF ID — — ma WB
Instruction 3 IF — — ID EX
Instruction 4 — — IF ID

Figure 10-10 Affect on Pipdine of SR Update I nstructions

10.2.4 Multiplier Access Contention

A multiplier-type instruction (multiply/accumul ate cal culations, multiplier instructions), an
instruction in which the multiply and accumulate registers (MACH, MACL) are accessed, can
cause a contention in the multiplier access.

In the multiplier instruction, the multiplier takes action regardless of the slots after the ending of
thelast MA. In the double precision (64 bytes) type multiplier instruction and the
multiply/accumul ate cal culations instruction, the multiplier takes action in three states. In the
single precision (32 bytes) type multiplier instruction, the action is taken in two states.

When MA (when there are two, the first MA takes precedence) of the multiplier instruction
(multiply/accumulate cal culations, multiplier instruction) contends with the multiplier access

(mm) of the preceding multiplier instruction, the MA bus cycle is extended until the mm ends. The
extended MA then becomes one dlot.

The MA instruction which accesses the multiply/accumulate register (MACH, MACL) also
accesses the multiplier. Similar to the multiplier instruction, the MA bus cycle is extended until
the mm of the preceding multiplier-type instruction ends, and the extended MA becomes one slot.
In particular, in the instruction (STS, STS.L), which reads out the multiply/accumul ate register
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(MACH, MACL,MA) is extended until one slot has elapsed after the ending of the mm, the
extended MA becomes one slot.

On the other hand, when the instruction has two MAs, the succeeding ID instruction is stalled for a
one-slot period.

Because the multiplier-type instruction and the multiply/accumul ate register access instruction
both have MA cycles, a contention with |F may develop.

Examples of multiplier access contention are shown in figures 10-10 and 10-11. In these cases, the
contention between MA and IF is not taken into consideration.

Slot € 4> 4> 4> 4> “————> <> <> <> <>
MACL IF ID EX MA MA :mm mm mm;

MAC.L IF — ID EX: M

Next instruction F — — — ID EX

Figure10-11 Contention between Two MAC.L Instructions

Slot 4> 4> 4> 4> 4> «—————————p 4> 4> >
MACL IF ID EX MA MA mm mm mm;

STS.L IF — ID EX IiM———— A"

Next instruction IF b — — — EX

Figure10-12 Contention between the MAC.L and STS.L Instructions
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10.25 FPU Contention (SH-3E Only)

In addition to the LDS and STS instructions, which move data between the CPU and FPU, loading
and storing floating point numbers also uses the MA stage of the pipeline. Consequently, such
instructions create contention with the IF stage.

If the register to which the result of afloating point arithmetic cal culation instruction, the FMOV
instruction, or a floating point number load instruction is stored is read by the next instruction, the
execution of thisinstruction (the next instruction) is delayed by one slot cycle (Figure 10-13).

Slot 4> 4> 4> 4> 4> <> <> <> <>

Floating point arithmetic
calculation instruction
(FADD FR1, FR2)

Next floating point instruction IF DF — E1 E2 SF
(FMOV FR2, FR2)

IF ID E1 E2 SF

Figure10-13 FPU Contention 1

If the LDSor LDS.L instruction is used to change the value of FPSCR, the execution of the next
instruction (if it is afloating point instruction) is delayed by one slot cycle (Figure 10-14).

Slot 4> 4> 4> 4> <> <> 4> <> <>

Instruction 1
(LDS R2, FPSCR) IF ID E1 E2 SF

Floating point arithmetic IF DF — — El1 E2 SF
calculation instruction
(FADD FR4, FR5)

Figure10-14 FPU Contention 2

If the preceding instruction was a floating point arithmetic calculation instruction (using the STS
or STS.L instruction), the execution of an instruction that reads the value of FPSCR is delayed by
one slot cycle (Figure 10-15).

Slot 4> 4> 4> 4> 4> <> <> <> <>

Floating point arithmetic
calculation instruction
(FADD FR6, FR9)

Instruction 2 IF DF — — E1 E2 SF
(STS FPSCR, R3)

IF ID E1 E2 SF

Figure10-15 FPU Contention 3
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The FDIV and FSQRT instructions require 13 cyclesin the E1 stage. During this period, no other
floating point instruction may enter the E1 stage. If another floating point instruction is
encountered before the FDIV or FSQRT instruction has finished using the E1 stage, the fixed slot
duration for the execution of that instruction is delayed, and the instruction enters the E1 stage
only after the FDIV or FSQRT instruction has entered the E2 stage (Figure 10-16).

Slot 4> €4»> 4> 4> <> <> 4> <> <>

Instruction 1

Floating point instruction IF DF --- -+ E1 E2 SF
(FMOV FR8, FR10)

Figure10-16 FPU Contention 4

However, if contention arises because the preceding FDIV or FSQRT instruction and the FPU
calculation which follows it use the same register, the FDIV or FSQRT instruction enters the E1
stage after the execution of the SF instruction.

Slot 4> 4> 4> 4> <> <> 4> <> <>

Instruction 1

Floating point instruction IF DF -+ -+ -+ E1 E2 SF
(FADD F1, F3)

Figure10-17 FPU Contention 5
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10.2.6 Contention between DSP Data Operation I nstructions and Store I nstructions (SH3-
DSP Only)

When DSP operations are executed by the DSP unit and the results are stored in memory by the
next instruction, contention occurs just as with memory load instructions. In such cases, the data
store of the MA stage of the following instruction is extended until the data operation of the
WB/DSP stage of the previous instruction ends. Since the operation is executed in the EX stage by
the CPU core, however, no stall cycleis produced. Figure 10-18 shows the relationship between

DSP unit data operation instructions and store instructions; figure 10-19 shows the relationship to
the CPU core.

4> 4> 4> 4“—> 4> 4> 4> <> : Slot
Instruction 1 (PADD X0,Y0,A0) IF ID EX MA

Instruction 2 (MOVX AO,@Ra) IF ID EX — W/D
Instruction 3 IF ID — EX MA W/D
Instruction 4 IF — ID EX MA W/D

Figure10-18 Relationship between DSP Engine Operation Instructions and Store

Instructions
> > > > > > > > > > Sot
Instruction 1 (ADD Ra,Rb) IF ID MA W/D
Instruction 2 (MOV Rb,@Rc) IF 1D MA W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D
Figure10-19 Relationship between CPU Core Operation Instructionsand Store
Instructions
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10.2.7 Reationship between Load and Store Instructions (SH3-DSP Only)

When datais loaded from memory to the destination register and the register is then specified as
the source operand for afollowing store instruction, the preceding instruction’s load is executed in
the WB/DSP stage and the following instruction’s store is executed in the MA stage. These stages
are executed in exactly the same cycle. Nevertheless, they do not contend. The CPU core and DSP
unit use the same data transfer method. In this case, when the data input to the internal busis
stored to the destination register, the same datais simultaneously output again to the internal bus.
In the end, the store instruction’s output operation never actually happens.

“r 4 4> > > > 4> > <> <> Sot
Instruction 1 (MOV.L @Ra,Rn) IF ID EX MA

Instruction 2 (MOV.L Rn,@Rb) IF ID EX W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure 10-20 Relationship between Load and Store I nstructionsin the CPU Core

4> 4> 4> 4> 4> 4> D> > > <> ; Sot
Instruction 1 (MOVS.L @R4,Ds) IF ID EX MA

Instruction 2 (MOVS.L Ds,@R5) IF ID EX W/D
Instruction 3 IF ID EX MA W/D
Instruction 4 IF ID EX MA W/D

Figure 10-21 Relationship between L oad and Store Instructionsin the DSP Unit
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10.3 Programming Guidelines

10.3.1 Correspondence between Contention and I nstructions

The types of correspondence between contention and instructions can be summarized as follows.

(1) Instructionsthat do not cause contention

(2) Instructions where amemory access (MA) causes contention with an instruction fetch (IF)

(3) Instructions where awrite back (WB) to SR causes contention with a SR update

(4) Instructions where amemory access (MA) causes contention with an instruction fetch (IF),
and in addition awrite back (WB) to memory causes contention with a memory load

(5) Instructions where amemory access (MA) causes contention with an instruction fetch (IF),
and in addition awrite back (WB) to SR causes contention with a SR update

(6) Instructions where amemory access (MA) causes contention with an instruction fetch (IF),
and in addition amultiplier access (mm) causes contention with the multiplier.

(7) Instructions where amemory access (MA) causes contention with an instruction fetch (IF), a
multiplier access (mm) causes contention with the multiplier, and in addition a write back
(WB) causes contention with amemory load

(8) Instructionsthat cause contention with the MOV X.W, MOVS.W, or MOV S.L instruction
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Table 10-1 shows the correspondence between types of contention and instructions.
Table10-1 Typesof Contention and Instructions

Contention Cycles Stages Instructions

None 1 5 Inter-register transfer instructions

1 5 Inter-register operations (except
multiplier type instructions)

1 5 Inter-register logic operation
instructions

Shift instructions

3/1
2/1

Conditional branch instructions

Delayed conditional branch instruction

Unconditional branch instructions

Unconditional branch instructions (PR)

System control instructions

NOP instruction
LDC instruction (SR)
LDC.L instruction

RTE instruction
TRAP instruction
SLEEP instruction

g oo 0| o w o w w w o

RN oM ~NjO|R|[R|IN|N

DSP data operation instructions
MOVX.W (load) and MOVY.W (load)
instructions

« MA contends with IF 1 4 Memory store instructions

[EEY
(63}

Memory store instructions (pre-
decrement)

Cache instruction

Memory logic operation instruction
LDTLB instruction
STS.L instruction (PR)

STC.L instruction (excluding bank
registers)

RlR|k Wk
alals|o| s

N
()]

STC.L instruction (bank registers)

1 5 MOVS.W (load) and MOVS.L (load)
instructions

» Causes DSP operation 1 4 MOVX.W (store) and MOVS.L (store)
contention instructions
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Table10-1 Typesof Contention and Instructions (cont)

Contention Cycles Stages Instructions
« Contention caused by SR 1 5 Arithmetic calculation instructions
update between SR updated registers
(excluding instructions involving
multiplication)
1 5 Logical calculation instructions
between SR updated registers
1 5 SR update shift instructions
1 5 SR update system control instructions
* MA contends with IF 1 5 Memory load instructions
» Causes memory load contention 1 5 LDS.L instruction (PR)
1 5 LDC.L instruction
* MA contends with IF 3 7 SR update memory logical calculation
« Contention caused by SR instructions
update 3 7 TAS instruction
* MA contends with IF 2(to5)* 8 Multiply and accumulate calculation
« Causes multiplier contention instructions
2(to5)* 8 Double-length multiply and accumulate
calculation instructions
1(to3)* 6 Multiplication instructions (excluding
PWULS)
2(to5)* 8 Double-length multiplication
instructions
1 4 Register to MAC transfer instructions
1 4 Memory to MAC transfer instructions
1 5 MAC to memory transfer instructions
* MA contends with IF 1 4 MOVS.W (store) and MOVS.L (store)
» Causes DSP operation instructions
contention
« MA contends with IF 1 5 MAC/DSP to register transfer
« Causes multiplier contention instructions
« Causes memory load contention
¢ Causes DSP operation
contention
e Causes MOVX.W, MOVS.W,or 1 5 PLDS and PSTS instructions

MOVS.L instruction

Note:

* |Indicates the normal number of cycles. The figures in parentheses are the cycles when

contention also occurs with the previous instruction.
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10.3.2 Increasing I nstruction Execution Speed

To improve instruction execution speed, consider the following when programming:

¢ To prevent contention between MA and IF, locate instructions that have MA stages so they start
from the longword boundaries of on-chip memory (the position when the bottom two bits of the
instruction address are 00 is A1 = 0 and AO = 0) wherever possible.

e Theinstruction that immediately follows an instruction that loads from memory should not use
the same destination register as the load instruction. Thiswill avoid causing contention with the
memory load triggered by the write back (WB).

¢ Locate two instructions that do not read SR immediately after any instruction that overwrites the
M, Q, S, and T bitsof SR. Thiswill prevent contention with SR update instructions from
occurring.

¢ Locateinstructionsthat use the multiplier nonconsecutively (excluding PWULS).

« Immediately following a data operation using the DSP unit, do not use an instruction that
transfers data to memory or the CPU core from the register where the operation result is stored.
By placing some other instruction in between, contention can be avoided.

¢ Do not use MOVX.W, MOVS.W, or MOVS.L to perform a memory store immediately
following a PLDS or PSTS instruction using the DSP unit. Also, do not specify aPLDS or
PSTS instruction in parallel with a memory store instruction using MOV X.W.

10.3.3 Number of Cycles

These instructions are designed to require only one cycle for execution. Of these one-cycle
instructions, some never cause contention and some can cause contention.

Some instructions may require two or more cycles even if no contention occurs. Instructions that
require two or more cycles include instructions that execute access memory twice or more, such as
branching instructions that update the branching destination address, memory logical calculation
instructions, and certain system control instructions. Further examples include instructions that
access both memory and the multiplier, such as multiplication instructions and accumul ate-and-
add instructions.

Among instructions that require two or more cycles, some never cause contention and some can
cause contention.

In order to create efficient programs, it is essential to keep in mind the need to increase execution
speed by avoiding contention and also to use instructions that require few cycles to execute.
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10.4 Operation of Instruction Pipelines

This section describes the operation of the instruction pipelines. By combining these with the rules
described so far, the way pipelines flow in a program and the number of instruction execution
cycles can be calcul ated.

In the following figures, “Instruction A” refers to the instruction being discussed. When “1F” is
written in the instruction fetch stage, it may refer to either “1F” or “if”. When there is contention
between IF and MA, the slot will split, but the manner of the split is not discussed in the tables,
with afew exceptions. When a dot has split, see section 10.2, Contention between Instruction
Fetch (IF) and Memory Access (MA). Base your response on the rules for pipeline operation given
there.

Table 10-2 shows the number of instruction stages and number of execution cycles as follows:

» Type: Given by function

» Category: Categorized by differencesin instruction operation

* Instructions: Gives amnemonic for the instruction concerned

» Cycles: The number of execution cycles when there is no contention
* Stages: The number of stagesin the instruction

 Contention: Indicates the contention that occurs
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Table10-2 Number of Instruction Stages and Execution Cycles

Type Category Instruction Cycles Stages Contention
Data Register- MOV #i mm Rn 1 5 —
transfer register NOV R R
instructions  transfer )
instructions MVA  @disp, PQ, RO
MOVT R
SWP.B Rm R
SWAP. W RmRn
XTRCT  RmRn
Memory MV. W  @disp, PO, R 1 5 < Contention occurs
load ; if the instruction
MOV. L di sp, , R
instructions @ P.PO placed
M)V.B  Rm@n immediately after
MOV.W Rm @ this one uses the
same destination
MOV L Rm@n register
MV B Gr, Rn * MA contends with
MOV. W @Rm+, Rn IF
MOV.L  @m- R
MV.B @disp,R),R0
MOV. W  @disp, Ry, R0
MWV.L  @disp, R, R
MV.B @RO,R1),Rn
MOV. W @RO,R1), R
MOV.L @RO,R1),Rn
MV.B  @disp, 8BR,R0
MV. W  @disp, 8BR, R0
MV.L  @disp, 8BR,R0
Memory MV.B @mRn 1 4 * MA contends with
store MOV.W @M Rn IF
instructions i
MOV.L @mRn
MOV.B RO, @di sp, Rn)
MOV. W RO, @di sp, R)
MOV.L  Rm @di sp, R)
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
Data Memory MV.B Rm @RO, Rn) 1 4 * MA contends
.transfer. ;tore . MOV. W Rm @ RO, Rn) with IF
instructions instructions

(cont) (cont) MV.L  Rm @R, R)

MV.B RO, @di sp, GBBR
MV. W RO, @di sp, GBBR
MOV.L RO, @disp, GBBR

Memory MOV. B Rm @Rm 1 5 * MA contends
§tore . M. W Rm @Rm with IF
instructions

MOV. L Rm @Rm

(pre-
decrement)

Cache PREF @n 1/2** 4 « MA contends
instruction with IF

Arithmetic  Arithmetic ADD Rm R 1 5 —
instructions _operatic_)n ADD # mm R

instruction

between EXTS B RmRn

registers EXTS W RmRn

(excluding
multiply BEXTUB Rmmn
instructions) EXTU W RmRn

NEG Rm Rn

SUB Rm Rn
SR update  ADDC R R 1 5 » Contention
arithmetic ADDV RM R occurs if the
operation ) instruction
instruction QW EQ #i mm RO following this
between OW EQ RmRn instruction, or
registers the instruction
(excluding QP/HS Rm R after that, reads
multiply W &E Rnkn from SR.
instructions) oW H Rm R

OW/ GI' RmRn

OW PL R

QW PZ R

OW/ STR Rm R
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Table 10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention

Arithmetic SR update D Vi Rm R 1 5 « Contention

instructions arlthmgtlc D \VOS RN R pccurs !f the

(cont) operation instruction
instruction D' VOU following this
between Dr =] instruction, or
registers the instruction

. NEGC R
(excluding Rm after that, reads
multiply SUBC Rm Rn from SR.
instructions) guBv RM RN
Multiply/ MC W  @m, G+ 2 (to5)** 8 » Causes
accumulate multiplier
instruction contention
* MA contends
with IF
Double MAC. L @, B+ 2 (to5)** 8 + Causes
length/ multiplier
multiply contention
accumulate + MA contends
instruction with IE
Multiplic- MLS. W RmRn 1(to3)** 6 + Causes
ation MLU W Rm R multiplier
instruction contention
* MA contends
with IF

Double DMLS. L R R 2 (to5)** 8 » Causes
length DMLU. L RmRn multiplier
multipli- contention
cation « MA contends
instructions with IE
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
Logic Registerto  AND Rm R 1 5 —
operation register AND # mm RO
instructions logic
operation NoT Rm Rn
instructions R Rm R
xR # nm RO
XR Rm R
XR # mm RO
Logical TST Rm R 1 5 » Contention
_calculat_ion TST # mm RO occurs ?f the
instructions instruction
between following this
SR updated instruction, or
registers the instruction
after that, reads
from SR
Memory AND.B  #i nmm @RO, GBBR 3 6 * MA contends
logic R B # mm @R0, GBR) with IF
operations )
instructions XOR B # mMm @RO, GBR)
SRupdate TST.B #i mm @RJ, BR 3 7 » Contention
memory occurs if the
logical instruction
calculation following this
instructions instruction, or

the instruction
after that, reads

from SR
* MA contends
with IF
TAS TAS. B @ 3/4%3 7 * MA contends
instruction with IF
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Table 10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
Shift Shift SH.L2 R 1 5 —
instructions  instructions g4 > R
SHLL8 R
SH.R8 R
SHL16 Rn
SHRI6 R
SHAD RmRn
SHD RMRn
SR update ROTL R 1 5 « Contention
;hift . ROTR R pccurs !f the
instructions instruction
ROTGL  Rn following this
ROTCR R instruction, or
the instruction
al after that, reads
SHAR R from SR
SH L R
SHR R
Branch Conditional BF | abel 3/1*%4 3 —
instructions _branch' BT | abel
instructions
Delayed BF/ S | abel 2/1%4 3 —
conditional BT/ S | abel
branch
instructions
Uncondi- BRA | abel 2 3 —
tional BRAE Rm
branch
instructions  JMP @m
RTS
Uncondi- BSR | abel 2 5 —
tional BSRE Rn
branch
instructions ISR @m

(PR)
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System System LDC Rm GBR 1/3** 5 —
control control ALU LDC Rm VBR

instructions instructions
LDC Rm SSR

LDC Rm SPC
LDC Rm MOD
LDC Rm RE

LDC Rm RS

LDC Rm RO_BANK
LDC Rm R1_BANK
LDC Rm R2_BANK
LDC Rm R3_BANK
LDC Rm RA_BANK
LDC Rm R5_BANK
LDC Rm R6_BANK
LDC Rm R7_BANK
SETRC Rm 3 5
SETRC  #imm

LDRE @di sp, PQ
LDRS @di sp, PO
LDS Rm PR 1 5
STC SR R

STC @&BR R

STC VBR, Rn

STC SSR R

STC SPC Rn

STC MCD, Rn

STC RE, Rn

STC RS, Rn

STC RO_BANK, Rn
STC R1L_BANK, Rn
STC R2_BANK, Rn
STC R3_BANK, Rn
STC R4_BANK, Rn
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Table 10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System System STC R5_BANK, Rn 1 5 —
control control ALU sTC R6 BANK Rn
instructions instructions -
(cont) STC R7_BANK, Rn
STS PR R
SR update COLRS 1 5 « Contention occurs
system OLRT if the instruction
control following this
instructions  SETS instruction, or the
SETT instruction after
that, reads from
SR
LDTLB LDOTLB 1 4 * MA contends with
instruction IF
NOP NCP 1 3 —
instruction
LDC LDC Rm SR 5 5 —
instructions
(SR)
LDC.L LDC L  @Rm SR 7 7 —
instructions
(SR)
LDS.L LDS. L @+, PR 1 5 » Contention occurs
instructions when an
(PR) instruction that
uses the same
destination

register is placed
immediately after
this instruction

* MA contends with

IF
STS.L STS. L PR @R 1 5 * MA contends with
instruction IF

(PR)
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Table 10-2

Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System LDC.L LDC L @R, BR 1/5*° 5 « Contention occurs
.control. instructions LDC L @ VBR yvhen ap
instructions instruction that
(cont) LDC L @, SSR uses the same
LDC L  @Rm+, SPC destination
LG L @, MD mmediately after
LDCL @ RE this instruction
LDC L @, RS « MA contends with
LDC L @, R0_BANK IF
LDC L @ RL_BANK
LDC L @, R2_BANK
LDC L @, R3_BANK
LDC L @, RA_BANK
LDC L @, R5_BANK
LDC L @, R6_BANK
LDC L @, R7_BANK
STC.L STCL SR @R 1/2** 5 « MA contends with
instructions STC L &R @Rn IF
STC L VBR @Rn
STC L SSR @R
STC L SPC @R
STC L MDD, @R
STC L RE, @Rn
STC L RS, @R
STC L RO_BANK @Rn 2 6 ¢ MA contends with
STCL  RL_BANK @Rn IF
STC L R2_BANK @Rn
STC L R3_BANK @Rn
STC L R4_BANK @Rn
STC L R5_BANK @Rn
STC L R6_BANK @Rn
STC L R7/_BANK @Rn
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Table 10-2 Number of Instruction Stages and Execution Cycles (cont)
Type Category Instruction Cycles Stages Contention
System Register -~ CLRVAC 1 4 » Contention occurs
control MAC/DSP | s Rm MACH with multiplier
instructions transfer ;
* MA contends with
(cont) instruction ~ LDS Rm MACL IE
LDS Rm DSR
LDS Rm AD
LDS Rm X0
LDS Rm X1
LDS Rm YO
LDS Rm Y1
Memory - LDS. L @R, MACH 1 4 « Contention occurs
MAC/DSP LDS.L  @m, MACL with multiplier
transfer i ' -
* MA contends with
instructions LDS.L @, DSR I
LDS.L  @m+ AD
LDS.L  @Rmt, X0
LDS.L  @m, X1
LDS.L  @Rm, YO
LDS.L  @m Y1
MAC/DSP  STS MACH, R 1 5 » Contention occurs
- register STS MACL. Rn with multiplier
transfer ’ .
» Contention occurs
; ; STS R
instruction DSR when an
STS A0, Rn instruction that
STS X0, R uses the same
STS XL Rn des_tlnatl_on
register is placed
STS Y0, R immediately after
STS Y1, R this instruction
* MA contends with
IF
MAC/DSP STS. L MACH @Rn 1 5 + Contention occurs
- memory grs | MACL, @R with multiplier
transfer i ' -
* MA contends with
instruction ~ STS.L ~ DSR @Rn IF
STS.L A0, GRn
STS.L X0, @R
STS.L X1, @GR
STS.L YO, @R
STS L Yl @R

HITACHI
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System RTE RTE 4 5 —
control instruction
'“St“t“:“o”s TRAP TRAPA  # nm 6/8*"  6/8*7
(cont) instruction
SLEEP SLEEP 4 6 —
instruction
Register -~ CLRVAC 4 1 « Causes multiplier
1\/IAC§DSP LDS Rm MACH contention
ransfer ;
* MA contends with
instruction LDS Rm MACL IE
LDs Rm DSR
LDS Rm AO
LDs Rm X0
LDS Rm X1
LDs Rm YO
LDS Rm Y1l
Memory - LDS. L @+, MACH 4 1 « Causes multiplier
L\AAC]{DSP LDS. L @, MACL contention
ransfer :
¢ MA contends with
instructions  LDS- L @, DSR I
LDS. L @mr, A0
LDS. L @+, X0
LDS. L @mr, X1
LDS. L @+, YO
LDS. L @R, Y1
MAC/DSP STS MACH Rn 5 1 e Causes multiplier
- register STS MACL. RN contention
transfer ' -
¢ Contention occurs
; ; STS Rn
instruction DSR when an
STS AO, Rn instruction that
STS X0, R uses the same
sTS X1 Rn desltlnatllon
register is placed
STS Y0, Rn immediately after
STS Y1, R this instruction

¢ MA contends with
IF
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Table 10-2

Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System MAC/DSP STS. L MACH @Rn 4 1 e Causes multiplier
O s o™ STSL W @R conenton.
(cont) instruction ~ STS'L ISR @Rn ) :\l/_—lA contends with
STS. L A0, @R
STS. L X0, @R
STS. L X1, @R
STS. L Y0, @R
STS. L Y1, @R
RTE RTE 5 4 —
instruction
TRAP TRAPA# nm 9 8 —
instruction
SLEEP SLEEP 3 3 —
instruction
Register -~ CLRVAC 1 4 e Causes multiplier
S:nPsfer LS Rm MACH contention |
instructions  LDS Rm MACL . :\l/:IA contends with
LDS Rm DSR 1 4 —
LDS Rm AD
LDS Rm X0
LDS Rm X1
LDS Rm YO
LDS Rm Y1
Memory -  LDS. L @m+, MACH 1 4 « Causes multiplier
DSP LDS. L @, MACL contention
j[ransfer_ * MA contends with
instructions IE
bS L @+, DSR 1 4 _
CS. L @+, AD
bS L @+, X0
S L @+, X1
bS L @+, YO
S L @R, Y1

HITACHI
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Table 10-2

Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
System DSP - STS MACH Rn 1 5 » Causes multiplier
control register STS MACL. Rn contention
instructions transfer ' ;
« Contention occurs
; ; STS Rn
(cont) instructions DSR, when an
STS AO, R instruction that
STS X0, R uses the same
STS XL Rn des_tmatl_on
register is placed
STS YO0, R immediately after
STS Y1, R this instruction
* MA contends with
IF
e Causes
contention with
DSP operation.
DSP - STS. LMACH @Rn 1 4 e Causes multiplier
memory STS. LMACL, @Rn contention
transfer « MA contends with
instructions IE
STS.LDSR @Rn 1 4 —
STS. LAD, @R
STS. LX0, @R
STS.LX1, @R
STS.LYO, @R
STS.LYL, @R
RTE RTE 4 5 —
instruction
TRAP TRAPA# mm 8 9 —
instruction
SLEEP SLEEP 3 3 —
instruction
DSP data X memory  NCPX 1 5 —
transfer load MOVX W @, Dx
instructions instructions '
MOVX. W @+, Dx
MOVX. W @+l x, Dx
X memory MOVX W  Da, @x 1 4 * Causes
store MOVX W  Da, @x+ contention with
instructions ' DSP operation.
MOVX. W Da, @+l x
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Table 10-2

Type Category

Instruction

Number of Instruction Stages and Execution Cycles (cont)

Cycles Stages Contention

DSP data
transfer
instructions
(cont)

Y memory
load
instructions

NCPY 1 5

MOVY. W
MOVY. W
MOVY. W

@y, Dy
@y+, Dy
@y+lx, Dy

Y memory
store
instructions

MOVY. W
MOVY. W
MOVY. W

Da, @y 1 4
mv @y+
Da, @y+ly

e Causes
contention with
DSP operation.

Single load
instructions

MOVS. W
MOVS. W
MOVS. W
MOVS. W
MOVS. L
MOVS. L
MOVS. L
MOVS. L

@As, Ds 1 5
@s, Ds

@s+, Ds

@s+l s, Ds

@As, Ds

@s, Ds

@s+, Ds

@s+l s, Ds

* MA contends with
IF

Single store
instructions

MOVS. W
MOVS. W
MOVS. W
MOVS. W
MOVS. L

Ds, @As 1 5
s, @s

Ds, @s+

Ds, @s+l s

Ds, @As

s, @s

Ds, @s+

Ds, @s+l s

¢ MA contends with
IF

e Causes
contention with
DSP operation.

DSP
operation
instructions

PADD SX, Sy, Dz(Du) 1 5
PADD SX, Sy, Dz

PADD SX, Sy, Dz

PSUB SX, Sy, Dz( Du)
PSUB SX, Sy, Dz

PSUB SX, Sy, Dz

POCPY Sx, Dz

POCPY Sx, Dz

POCPY Sx, Dz

HITACHI
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention
DSP POCPY Sy, Dz 1 5 —
operation DCT POCPY Sy, Dz
instructions
(cont) DCF POCPY Sy, Dz

PDVBB Sx, Dz

DIC PDVBB SX, Dz
DCF PDVBB SX, Dz
PDVBB Sy, Dz
PDVBB Sy, Dz
PDVBB Sy, Dz
PINC SX, Dz
PINC SX, Dz
PINC SX, Dz
PINC Sy, Dz
PINC Sy, Dz
PINC Sy, Dz
PNEG X, Dz
PNEG SX, Dz
PNEG SX, Dz
PNEG Sy, Dz
PNEG Sy, Dz
PNEG Sy, Dz
PDEC X, Dz
DIC PDEC X, Dz
DCF PDEC S, Dz
PDEC Sy, Dz
DIC PDEC Sy, Dz
DCF PDEC Sy, Dz
POLR Dz
DCT POLR Dz
DCF POLR DZ

58 g8 4§48

548 §4
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Table 10-2 Number of Instruction Stages and Execution Cycles (cont)

Type

Category

Instruction Cycles Stages Contention

DSP
operation
instructions
(cont)

PADDC SX, Sy, Dz 1 5 _
PSUBC SX, Sy, Dz

POWP S, Sy

PABS Sx, Dz

PABS Sy, Dz

PRN\DSX, Dz

PR\DSY, Dz

88 8§49

g 9

PCR Sx, Sy, Dz 1 5 —
PCR Sx, Sy, Dz
PCR Sx, Sy, Dz
PAND Sx, Sy, Dz
PAND Sx, Sy, Dz
PAND Sx, Sy, Dz
PXCR SX, Sy, Dz
PXCR SX, Sy, Dz
PXCR SX, Sy, Dz

Shift
instructions

g 4

g 4

PSHA Sx, Sy, Dz 1 5 —
PSHA Sx, Sy, Dz
PSHA Sx, Sy, Dz
PSHA #i mm Dz
PSH. Sx, Sy, Dz
PSH. Sx, Sy, Dz
PSH. Sx, Sy, Dz
PSHL #i mm Dz

PMLS Se, Sf, Dg 1 5 —
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Table10-2 Number of Instruction Stages and Execution Cycles (cont)

Type Category Instruction Cycles Stages Contention

DSP PSTS MACH, Dz 1 5 * Contends with

operation DIC PSTS MACH Dz MOVX.W,

instructions MOVS.W, and

(cont) DCGF PSTS MACH Dz MOVS.L
PSTS MACL, Dz

DCT PSTS MACL, Dz
DCF PSTS MACL, Dz

PLDS Dz, NACH
DCT PLDS Dz, MACH
DCF PLDS Dz, NACH

PLDS Dz, MACL
DCT PLDS Dz, NACL
DCF PLDS Dz, MACL

Notes: 1. Two cycles on the SH3-DSP.

2. Indicates the normal minimum number of execution states (the number in parentheses
is the number of cycles when there is contention with following instructions).

Four cycles on the SH3-DSP.

One state when there is no branch.

Three cycles on the SH3-DSP.

Five cycles on the SH3-DSP.

Eight cycles and eight stages on the SH3-DSP.

No g ksw
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10.4.1 Data Transfer Instructions
(1) Register to Register Transfer Instructions

Instruction Types:

MoV #imm Rn

MOV Rm Rn

MOVA @disp, PO, RO
MOVT Rn

SWAP. B Rm Rn

SWAP. W Rm Rn

XTRCT Rm Rn
Pipdine

lInstruction A IF ID EX ma WB
Next instruction IF ID EX e

Third instruction in series IF ID EX -

Figure10-22 Register to Register Transfer Instruction Pipeline
Operation Description:

The pipeline ends after five stages:. IF, ID, Ex, ma, and WB. In the ma stage nothing happens and
the datais retained. The datais written to the register in the WB stage.
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(2) Memory Load Instructions

Instruction Types:

MOV. W @disp, PO, Rn
MOV. L @disp, PO, Rn
MOV. B @m R

MOV, W @m R

MOV. L @m R

MOV. B @, Rn

MOV. W @M+, Rn

MOV. L @, Rn

MOV. B @disp, Ry, RO
MOV. W @disp, Ry, RO
MOV. L @disp, R, Rn
MOV. B @RO, R, Rn
MOV, W @QRO, R1), Rn
MOV. L @RO, R, Rn
MOV. B @disp, GBR, RO
MOV. W @disp, GBR, RO
MOV. L @disp, GBR, RO
Pipeline:

Slot 4> 4> 4> <> <> <>
linstructionA IF__ID EX MB WB]
Next instruction IF ID EX -
Third instruction in series IF ID EX

Figure 10-23 Memory Load I nstruction Pipeline
Operation Description:

The pipeline hasfive stages: IF, ID, EX, MA, and WB (figure 10-23). If an instruction that uses
the same destination register as this instruction is placed immediately after it, contention will
occur (see section 10.2.2, Effects of Memory Load Instructions on Pipelines). Also, see section
10.2.1, Contention between Instruction Fetch (IF) and Memory Access (MA), with reference to
contention between the MA and I F stages of these instructions.
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(3) Memory Storelnstructions

Instruction Types:

MOV. B Rm @
MOV. W Rm @
MOV. L Rm @
MOV. B RO, @disp, Rn)
MOV. W RO, @disp, Rn)
MOV. L Rn @disp, Rn)
MOV. B Rm @RO, Rn)
MOV. W Rm @RO, Rn)
MOV. L Rm @RO, Rn)
MOV. B RO, @disp, GBR
MOV. W RO, @disp, GBR
MOV. L RO, @disp, GBR
Pipeline:
Slot <> 4> <> <> <> <>
[Instruction A IF__ID EX MA]|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-24 Memory Store Instructions Pipeline
Operation Description:

The pipeline has four stages: |IF, ID, EX, and MA (figure 10-24). Datais not returned to the
register so thereis no WB stage. See section 10.2.1, Contention between Instruction Fetch (IF) and
Memory Access (MA), with reference to contention between the MA and | F stages of these
instructions.
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(4) Memory Store Instruction (Pre-decrement)

Instruction Types:

MOV. B Rm @M
MOV. W Rm @R
MOV. L Rm @R
Pipeline:

Slot - - - - -

Instruction A IF ID EX MA WB

Next instruction IF ID EX

Third instruction in series IF ID EX

Figure10-25 Memory Store Instruction (Pre-decrement) Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, MA, and WB. In the WB stage the decremented
value is written to the register. See section 10.2.1, Contention between Instruction Fetch (IF) and
Memory Access (MA), with reference to contention between the MA and | F stages of these
instructions.
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(5) Cachelnstruction

Instruction Types:

PREF @
Pipeline:
SlOt - - - - -
|PREF IF ID EX MA
Next instruction IF ID EX
Third instruction in series IF ID EX

Figure10-26 Cache Instruction Pipeline

Operation Description:

The pipeline ends after four stages: IF, ID, EX, and MA. Thereisno WB stage because no datais
returned to the register. See section 10.2.1, Contention between Instruction Fetch (IF) and

Memory Access (MA), with reference to contention between the MA and | F stages of these
instructions.

On the SH3-DSP, the ID of the next instruction is stored one slot behind.
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10.4.2 Arithmetic Instructions

(1) Arithmetic I nstructions between Registers (Except Multiplication I nstructions)

Instruction Types:

ADD Rm Rn EXTU. B Rm Rn
ADD #inmm Rn EXTU. W Rm Rn
EXTS. B Rm Rn NEG Rm Rn
EXTS. W Rn R SUB Rn R
Pipdine:

Slot - - - - -

Instruction A IF ID EX ma WB

Next instruction IF ID EX -

Third instruction in series IF ID EX o

Figure 10-27 Arithmetic Instructions between Registers (Except Multiplication
Instructions) Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the calculation result is retained. The result is written to the register in the WB stage.
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(2) Arithmetic Calculation I nstructions between SR Updated Registers (Excluding
Instructions I nvolving Multiplication)

Instruction Types:

ADDC Rm Rn QW PZ Rn
ADDV Rm Rn QW STR Rm Rn
oW/ EQ # mm RO D vi Rm Rn
OVPl EQ Rm Rn D VOS Rm Rn
QW HS Rm R D VOU

QW GE Rm Rn Dr Rn
oW/ H Rm Rn NECC Rm Rn
Qw/ GT Rm Rn SUBC Rm Rn
aw/ PL Rn SuBV Rm Rn

Pipeline:

| Instruction A IF ID EX ma WB
Next instruction IF ID EX e
Third instruction in series IF ID EX -

Figure10-28 Pipelinefor Arithmetic Calculation I nstructions between SR Updated
Registers (Excluding I nstructions Involving M ultiplication)

Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the calculation result is retained. The result iswritten to the register in the WB stage. Contention
occursif the instruction immediately following thisinstruction, or the instruction after that, reads
from SR. (See section 10.2.3, Contention due to SR Update Instructions.)
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(3) Multiply/Accumulate I nstruction
Instruction Type:
MAC. W @+, @+

Pipeline:

Slot €»> <> 4> 4> 4> <> <> <>
[MACW IF D EX MA MA mm mm mm]
Next instruction IF — ID EX MA WB
Third instruction in series IF ID EX MA WB

Figure 10-29 Multiply/Accumulate Instruction Pipeline

The pipeline has eight stages*: IF, ID, EX, MA, MA, mm, mm, and mm (figure 10-29). The
second MA reads the memory and accesses the multiplier. The mm indicates that the multiplier is
operating. The mm operates for three cycles after the final MA ends, regardless of slot. The ID of
the instruction after the MAC.W instruction is stalled for one slot. The two MAs of the MAC.W
instruction, when they contend with IF, split the slots as described in section 10.2.1, Contention
between Instruction Fetch (IF) and Memory Access (MA).

When an instruction that does not use the multiplier follows the MAC.W instruction, the MAC.W
instruction may be considered to be afive-stage pipeline instruction of IF, ID, EX, MA, MA. In
such cases, the ID of the next instruction simply stalls one slot and thereafter the pipeline operates
normally. When an instruction that uses the multiplier comes after the MAC instruction,

contention occurs with the multiplier, so operation is not as normal (see 10.2.4 Multiplier Access
Contention).

Note: * On the SH3-DSP there are seven stages: IF, 1D, EX, MA, MA, mm, and mm.
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(4) Double-L ength Multiply/Accumulate Instruction
Instruction Type:
MAC. L @R+, @n+

Pipeline:

Slot € 4> <> 4> > > > D > > >
[MACL IF ID EX MA MA mm mm_ mm]
Next instruction IF — ID EX MA WB
Third instruction IF ID EX MA WB

Figure 10-30 Multiply/Accumulate Instruction Pipeline
Operation Description:

The pipeline has eight stages*: IF, ID, EX, MA, MA, mm, mm, and mm (figure 10-30). The
second MA reads the memory and accesses the multiplier. The mm indicates that the multiplier is
operating. The mm operates for three cycles after the final MA ends, regardliess of slot. The ID of
the instruction after the MAC.L instruction is stalled for one slot. The two MAs of the MAC.L
instruction, when they contend with IF, split the slots as described in section 10.2.1, Contention
between Instruction Fetch (IF) and Memory Access (MA).

When an instruction that does not use the multiplier follows the MAC.L instruction, the MAC.L
instruction may be considered to be afive-stage pipeline instruction of IF, ID, EX, MA, MA. In
such cases, the ID of the next instruction simply stalls one slot and thereafter the pipeline operates
normally. When an instruction that uses the multiplier comes after the MAC.L instruction,
contention occurs with the multiplier, so operation is not as normal (see 10.2.4 Multiplier Access
Contention).

Note: * On the SH3-DSP there are nine stages: IF, ID, EX, MA, MA, mm, mm, mm, and mm.
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(5) Multiplication I nstructions

Instruction Types:

MLS. W Rm Rn
MULU. W Rm Rn
Pipeline:

Slot <> 4> <> <> 4> <> <> <>
[InstructionA IF  ID EX MA mm mm ]
Next instruction IF ID EX MA WB
Third instruction IF ID EX MA WB

Figure10-31 Multiplication Instruction Pipeline
Operation Description:

The pipeline has six stages: IF, ID, EX, MA, mm, and mm (figure 10-31). The MA accesses the
multiplier. The mm indicates that the multiplier is operating. The mm operates for two cycles after
the MA ends, regardless of the slot. The MA of the MULS.W instruction, if it contends with IF,
operates as described in section 10.2.1, Contention between Instruction Fetch (IF) and Memory
Access (MA).

When an instruction that does not use the multiplier comes after the MUL S.W instruction, the
MULS.W instruction may be considered to be a four-stage pipeline instruction of IF, ID, EX, and
MA. In such cases, it operates like a normal pipeline. When an instruction that uses the multiplier
come after the MUL S.W instruction, however, contention occurs with the multiplier, so operation
isnot as normal (see 10.2.4 Multiplier Access Contention).
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(6) Double-Length Multiplication Instructions
Instruction Types:
DMULS. L Rm
DMULU. L Rm
MUL. L Rm

3P

Pipeline:

Slot 4> 4> 4> 4> 4> > 4> <> <>
[InstructionA IF ID EX MA MA mm mm mm |
Next instruction IF — ID EX MA WB
Third instruction IF ID EX MA WB

Figure 10-32 Multiplication Instruction Pipeline
Operation Description:

The pipeline has eight stages*: IF, 1D, EX, MA, MA, mm, mm, and mm (figure 10-32). The MA
accesses the multiplier. The mm indicates that the multiplier is operating. The mm operates for
three cycles after the MA ends, regardless of dot. The ID of the instruction following the
DMULSLL instruction is stalled for 1 slot (see the description of the multiply/accumulate
instruction). The two MA stages of the DMULS.L instruction, when they contend with IF, split the
slot as described in section 10.2.1, Contention between Instruction Fetch (IF) and Memory Access
(MA).

When an instruction that does not use the multiplier comes after the DMULS.L instruction, the
DMULSLL instruction may be considered to be a five-stage pipeline instruction of IF, ID, EX,
MA, and MA. In such cases, it operates like anormal pipeline. When an instruction that uses the
multiplier come after the DMULS.L instruction, however, contention occurs with the multiplier,
so operation is not as normal (see 10.2.4 Multiplier Access Contention).

Note: * On the SH3-DSP there are nine stages: IF, ID, EX, MA, MA, mm, mm, mm, and mm.
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10.4.3 Logic Operation I nstructions

(1) Register to Register Logic Operation Instructions

Instruction Types:

AND Rm Rn
AND #imm RO
NOT Rm Rn
R Rm Rn
R #imm RO
XCR Rm Rn
XCR #imm RO
Pipeline:
Slot == <> <> <=
Instruction A IF ID EX ma WB
Next instruction IF ID EX -
Third instruction in series IF ID EX

Figure 10-33 Register to Register Logic Operation Instruction Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the calculation result is retained. The result is written to the register in the WB stage.
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(2) Logical Calculation Instructions between SR Updated Registers

Instruction Types:

TST Rm R
TST #i mm RO
Pipeline:
Slot 4> 4> <4»> <> <>
[ TST IF _ID EX ma WB |
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure 10-34 Pipelinefor Logical Calculation Instructions between SR Updated Registers
Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the calculation result is retained. The result is written to the register in the WB stage. Contention
occursif the instruction immediately following thisinstruction, or the instruction after that, reads
from SR (see section 10.2.3, Contention due to SR Update I nstructions).
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(3) Memory Logic Operations I nstructions

Instruction Types:

AND. B #mm @RO, GBR
R B #mm @RO, GBR
XCR B #mm @R, GBR

Pipeline:

Slot

4 O O OO OO OO D OO >

[Instruction A

IF _ID EX MA EX

MA|

Next instruction
Third instruction in series

F —

ID
IF

Figure10-35 Memory Logic Operation Instruction Pipeline

Operation Description:

The pipeline has six stages: IF, 1D, EX, MA, EX, and MA (figure 10-35). The ID of the next

instruction stallsfor 2 slots. The MAs of these instructions contend with IF (see 10.2.1 Contention
between Instruction Fetch (IF) and Memory Access (MA).
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(4) SR Update Memory Logical Calculation Instructions
Instruction Type:
TST.B #i mm @ RO, GBR)

Pipeline:

Slot 4> 4> <> <> <> 4> <> >
[TSTB IF ID EX MA EX MA WB]
Next instruction IF — — ID EX -

Third instruction in series IF ID EX -

Figure10-36 SR Updated Memory Logical Calculation Instruction Pipeline
Operation Description:

The pipeline ends after seven stages: |F, ID, EX, MA, EX, MA, and WB. The result is written to
the T bit of SR in the WB stage. The MA of the TST instruction contends with IF. (See section
10.2.1, Contention between Instruction Fetch (IF) and Memory Access (MA).) Also, contention
occursif the instruction immediately following thisinstruction, or the instruction after that, reads
from SR (see section 10.2.3, Contention due to SR Update I nstructions).
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(5) TASInstruction

Instruction Type:

TAS. B @
Pipeline:
Slot 4> 4> 4> 4> 4> 4> 4> > <>
[TASB IF ID EX MA MA MA WB]
Next instruction IF — — ID EX -
Third instruction in series IF ID EX -

Figure 10-37 TASInstruction Pipeline
Operation Description:

The pipeline ends after seven stages. |IF, ID, EX, MA, MA, MA, and WB. The result is written to
the T hit of SR inthe WB stage. The MA of the TST instruction contends with | F (see section
10.2.1, Contention between Instruction Fetch (IF) and Memory Access (MA)). Also, contention
occursif the instruction immediately following thisinstruction, or the instruction after that, reads
from SR (see section 10.2.3, Contention due to SR Update Instructions).

On the SH3-DSP, the ID of the next instruction is stored three dots behind.
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10.4.4  Shift Instructions
(2) shift Instructions

Instruction Types:

SH L2

¢
33333333

33

Pipeline:

Slot <€» 4> <> <> <> <>
[InstructionA IF ID EX ma WB |
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure 10-38 Shift Instruction Pipeline
Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the shift result is retained. The result iswritten to the register in the WB stage.
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(2) SR Update Shift Instructions
Instruction Types:

ROTL
ROTR
ROrcL
ROTCR
SHAL
SHAR
SHL
SHR

3 IIIII

Pipeline:

Slot <«» 4> <> <> <> <>
[ InstructionA IF ID EX ma WB |
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-39 SR Updated Shift Instruction Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the result is retained. The result is written to the register in the WB stage. Contention occursiif the
instruction immediately following thisinstruction, or the instruction after that, reads from SR (see
section 10.2.3, Contention due to SR Update I nstructions).
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10.4.5 Branch Instructions

(1) Conditional Branch Instructions
Instruction Types:

BF | abel
BT | abel

Pipeline/Operation Description:

The pipeline has three stages: IF, ID, and EX. Condition verification is performed in the ID stage.
Conditionally branched instructions are not delay branched.

1. When condition is satisfied

The branch destination address is calculated in the EX stage. The two instructions after the
conditional branch instruction (instruction A) are fetched but discarded. The branch

destination instruction begins its fetch from the slot following the slot which has the EX stage
of instruction A (figure 10-40).

Slot 4> 4> 4P 4> 4> <> <> <> <>
[Instruction A IF_ ID EX]

Next instruction IF — (Fetched but discarded)
Third instruction in series IF — (Fetched but discarded)
Branch destination — IF ID EX -
----- IF ID EX -

Figure 10-40 Branch Instruction when Condition is Satisfied
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2. When condition is not satisfied
If it is determined that conditions are not satisfied at the ID stage, the EX stage proceeds
without doing anything. The next instruction also executes a fetch (figure 10-41).
Slot «4»> <> 4> <> <> <> > > <>
linstruction A IF__ID EX]|
Next instruction IF ID EX -
Third instruction in series IF ID EX -
..... |F 1D EX
Figure10-41 Branch Instruction when Condition is Not Satisfied
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(2) Delayed Conditional Branch Instructions

Instruction Types:

BF/ S | abel
BT/ S | abel

Pipeline/Operation Description:

The pipeline has three stages: IF, ID, and EX. Condition verification is performed in the ID stage.

1. When condition is satisfied

The branch destination address is calculated in the EX stage. The instruction after the
conditional branch instruction (instruction A) is fetched and executed, but the instruction after
that is fetched and discarded. The branch destination instruction begins its fetch from the slot
following the slot which has the EX stage of instruction A (figure 10-42).

Slot

“r 4 4> > > > > D> >

[Instruction A

IF ID EX|

Next instruction
Third instruction in series
Branch destination

IF — ID EX -
IF —  (Fetched but discarded)
IF ID EX -
IF ID EX -

Figure 10-42 Branch Instruction when Condition is Satisfied
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2.

When condition is not satisfied

If it is determined that conditions are not satisfied at the ID stage, the EX stage proceeds
without doing anything. The next instruction also executes a fetch (figure 10-43).

Slot 4> 4> €4> 4> <> <> 4> <> <>
[Instruction A IF ID EX]|

Next instruction IF ID EX -
Third instruction in series IF ID EX -
..... IE ID EX -
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(3) Unconditional Branch Instructions

Instruction Types:

BRA | abel
BRAF Rm
JWP @Rm
RTS

Pipeline:

linstructon A IF ID_EX

Next instruction IF — ID EX ..
Third instruction in series IF — (Fetch but then data is discarded)
Branch destination IF ID EX ...
----- IF ID EX -

Figure 10-44 Unconditional Branch Instruction Pipeline
Operation Description:

The pipeline has three stages: IF, ID, and EX (figure 10-44). Unconditionally branched
instructions are delay branched. The branch destination addressis calculated in the EX stage. The
instruction following the unconditional branch instruction (instruction A), that is, the delay slot
instruction is not fetched and discarded as the conditional branch instructions are, but is then
executed. Note that the ID slot of the delay slot instruction does stall for one cycle. The branch
destination instruction starts its fetch from the slot after the slot that has the EX stage of
instruction A.
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(4) Unconditional Branch Instructions (PR)

Instruction Types:

BSR | abel

BSRF Rm

JSR @Rm
Pipeline:

| Instruction A IF ID EX ma WB]
Next instruction IF — ID EX -

Third instruction in series IF — (Fetch but then data is discarded)
..... IF 1D EX

Figure 10-45 Unconditional Branch Instruction (PR) Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. Unconditionally branched
instructions are delay branching. The instruction following the unconditional branch instruction
(instruction A), that is, the delay slot instruction, is fetched and executed. However, the instruction

after that is fetched and discarded. The branch destination instruction starts its fetch from the slot
after the slot that has the EX stage of instruction A.
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10.4.6 System Control Instructions
(1) System Control ALU Instructions

Instruction Types:

LDC Rm GBR SIC SR Rn LDRE  @di sp, PC) (SH3-DSP only)
LDC Rm WBR STC GBR Rn LDRS @di sp, PC) (SH3-DSP only)
LDC Rm SSR STC VBR Rn SETRC  Rm (SH3-DSPonly)
LDC Rm SPC STC SSR Rn SETRC  #i nm (SH3-DSPonly)
LDC Rm MD STC  SPC Rn
LDC Rm RE STC MD Rn
LDC Rm RS STC RE Rn
LDC Rm RO_BANK STC RS, R
LDC Rmn RL_BANK STC RO_BANK, Rn
LDC Rm R2_BANK STC RL_BANK Rn
LDC Rmn R3_BANK STC R2_BANK, Rn
LDC Rm R4_BANK STC R3_BANK, Rn
LDC Rm R5_BANK STC R4_BANK, Rn
LDC Rm R6_BANK STC R5_BANK Rn
LDC Rm R7_BANK STC R6_BANK, Rn
LDS Rm PR STC R/_BANK Rn
SIS PR Rn
Pipdine

Instruction A IF ID EX ma WB
Next instruction IF ID EX

Third instruction in series IF ID EX

Figure 10-46 System Control ALU Instruction Pipeline
Operation Description:

The pipeline ends after five stages: IF, TD, EX, ma, and WB. Inthe EX stage, the data calculation
iscompleted viaALU. In the ma stage nothing happens and the result isretained. The result is
written to the register in the WB stage.

Onthe SH3-DSP, the ID of the instruction following the LDC, LDRE, LDRS, and SETRC
instruction is stored two slots behind.
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(2) SR Update System Control Instructions
Instruction Types:

CLRS
CLRT
SETS
SETT

Pipeline:

lInstructonA IF ID EX ma WB

Next instruction IF ID EX
Third instruction in series IF ID EX o
..... IF ID EX

Figure 10-47 SR Update System Control Instruction Pipeline
Operation Description:

The pipeline ends after five stages: IF, ID, EX, ma, and WB. In the ma stage nothing happens and
the data to be transferred is retained. The datais written to the register in the WB stage.
Contention occursiif the instruction immediately following thisinstruction, or the instruction after
that, reads from SR (see section 10.2.3, Contention due to SR Update Instructions).
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(3) LDTLB Instruction

Instruction Type:

LDTLB

Pipeline:

Slot +»> <> <« > -
LDTLB IF ID EX MA
Next instruction IF ID EX e
Third instruction in series IF ID EX e

Figure10-48 LDTLB Instruction Pipeline
Operation Description:

The pipeline ends after four stages: IF, ID, EX, and MA. Thereis no WB stage because no datais
returned to the register. See section 10.2.1, Contention between Instruction Fetch (IF) and
Memory Access (MA), with reference to contention between the MA and | F stages of these
instructions.

(4) NOP Instruction
Instruction Type:
NCP

Pipeline:

Slot =« <> <> <«
[NOP IF  ID EX
Next instruction IF ID EX e
Third instruction in series IF ID EX

Figure 10-49 NOP Instruction Pipeline
Operation Description:
The pipeline ends after three stages: IF, 1D, and EX.
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(5) LDC Instruction (SR)

Instruction Type:

LDC Rm SR
Pipeline:
LDC |IF ID EX EX EX
Next instruction IF ID EX o
Third instruction in series IF ID EX

Figure 10-50 LDC Instruction (SR) Pipeline
Operation Description:

The pipeline ends after five stages: IF, ID, EX, EX, and EX. The dataiswritten to SR in the last
EX stage. The IF of the next instruction starts from the slot after the slot that has the EX stage of
instruction A.

(6) LDC.L Instructions (SR)
Instruction Type:
LDC L @Rm+, SR

Pipeline:

Slot 4> <4 <> <> > > > > > >
[LDC.L IF ID EX MA EX EX EX|
Next instruction IF ID EX -
Third instruction in series IF ID -

Figure10-51 LDC.L Instruction (SR) Pipéine
Operation Description:

The pipeline ends after seven stages: IF, ID, EX, MA, EX, EX, and EX. The dataiswritten to SR
inthelast EX stage. The IF of the next instruction starts from the slot after the slot that has the
final EX stage of instruction A.
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(7) LDS.L Instruction (PR)

Instruction Type:

LDS. L @m, PR
Slot 4> 4> 4> <> <> <> <> <> <>
[LDS.L _IF_ID EX MA WB]|
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-52 LDSL Instructions (PR) Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, MA and WB. Contention occurs if thisinstruction
isfollowed by an instruction that uses the same destination register (see section 10.2.2, Effects of
Memory Load Instructions on Pipelines). Also, The MA of thisinstruction contends with IF (see

section 10.2.1, Contention between Instruction Fetch (IF) and Memory Access (MA)).

(8) STS.L Instruction (PR)

Instruction Type:

STS. L PR @R
Slot 4> 4> 4> 4> > <> > > <>
[STSL IF _ID EX MA]
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-53 STS.L Instruction (PR) Pipeline
Operation Description:
The pipeline ends after five stages: IF, ID, EX, MA and WB. The WB stage writes the

decremented value to the register. The MA of this instruction contends with IF (see section 10.2.1,
Contention between Instruction Fetch (IF) and Memory Access (MA)).
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(9) LDC.L Instructions

Instruction Types:

LDC L @, BR LDC L @R+, RO_BANK
LDC L @, VBR LDC L @, R1_BANK
LDC L @, SSR LDC. L @+, R2_BANK
LDC L @, SPC LDC L @, R3_BANK
LDC. L @m+, MDD (SH3-DSP only) LDC L @+, RA_BANK
LDC L @m+, RE(SH3-DSPonly) LDC. L @+, R5_BANK
LDC. L @m+, RS (SH3-DSPonly) LDC L @+, R6_BANK
LDC L @, R7_BANK
Pipdine:
Slot €»> <> 4> <> 4> <>
[LDC.L IF ID EX MA WB|
Next instruction IF ID EX oo oo
Third instruction in series IF ID EX .-

Figure10-54 LDC.L Instruction Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, MA and WB. Contention occurs if thisinstruction
isfollowed by an instruction that uses the same destination register (see section 10.2.2, Effects of
Memory Load Instructions on Pipelines). Also, The MA of thisinstruction contends with IF (see

section 10.2.1, Contention between Instruction Fetch (IF) and Memory Access (MA)).

On the SH3-DSP, the ID of the instruction following the LDC instruction is stored four slots

behind.
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(10) STC.L Instructions (Excluding Bank Registers)

Instruction Types:

STC. L
STC L
STC. L
STC L
STC. L

Pipeline:

SR @Rn STC L
GBR @R STC. L
VBR @Rn STC L
SSR @R
SPC @Rn

MOD, @ Rn (SH3-DSP only)
RE, @ Rn (SH3-DSP only)
RS, @ Rn (SH3-DSP only)

Slot 4> 4> 4> <> <> > 4> > >

[STCL IF ID EX MA WB]

Next instruction IF ID EX
Third instruction in series IF ID

Operation Description:

Figure10-55 STC.L Instruction (Excluding Bank Register) Pipeline

The pipeline ends after five stages: IF, ID, EX, MA and WB. The WB stage writes the
decremented value to the register. The MA of thisinstruction contends with IF (see section 10.2.1,
Contention between Instruction Fetch (IF) and Memory Access (MA)).

On the SH3-DSP, the ID of the instruction following the LDC instruction is stored one slot

behind.
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(11) STC.L Instructions (Bank Registers)

Instruction Types:

STC.L RO_BANK, @Rn
STC. L RL_BANK, @Rn
STC. L R2_BANK, @R
STC.L R3_BANK, @Rn
STC.L R4_BANK, @Rn
STC L R5_BANK, @Rn
STC. L R6_BANK, @Rn
STC. L R7_BANK, @Rn
Pipeline:
Slot <> <> <4»> <> <>
[STC.L IF ID EX EX MA]
Next instruction IF — ID EX -
Third instruction in series IF ID EX -

Figure10-56 STC.L Instruction (Bank Register) Pipeline
Operation Description:

The pipeline ends after six stages: IF, ID, EX, EX, MA and WB. The ID of the next instruction is
stalled one cycle. These instructions cause contention with IF (see section 10.2.1, Contention
between Instruction Fetch (IF) and Memory Access (MA)).
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(12) Register -~ MAC/DSP Transfer Instructions

Instruction Types:

CLRVAC
LDS Rm MACH
LDS Rm NMNACL
LDS Rm DSR(SH3-DSPonly)
LDS Rm A0 (SH3-DSPonly)
LDS Rm X0 (SH3-DSPonly)
LDS Rm X1 (SH3-DSPonly)
LDS Rm YO (SH3-DSPonly)
LDS Rm Y1 (SH3-DSPonly)
Pipeline:
Slot <> <> 4> <> <> <> > > <>
lInstructon A IF__ ID _EX_MA]
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure 10-57 Register -» MAC Transfer Instruction Pipeline

Operation Description:

The pipeline ends after four stages: IF, ID, EX, and MA. The MA stage is used to access the
multiplier. This MA contends with I F (see section 10.2.1, Contention between Instruction Fetch
(IF) and Memory Access (MA)). Also, if one of these instructions is followed by an instruction
that uses the multiplier, multiplier contention will result (see section 10.2.4, Multiplier Access
Contention).
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(13) Memory — MAC Transfer Instructions

Instruction Types:

LDS. L @m+, NMACH

LDS. L @m+, MACL

LDS. L @m+, DSR(SH3-DSPonly)
LDS. L @m+, A0 (SH3-DSPonly)
LDS. L @m+, X0 (SH3-DSPonly)
LDS. L @m+, X1 (SH3-DSPonly)
LDS. L @m+, YO (SH3-DSPonly)
LDS. L @+, Y1 (SH3-DSPonly)

Slot 4> 4> 4> 4> 4> > > > <>
[LDS.L IF _ID EX MA]
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-58 Memory — MAC Transfer Instruction Pipeline

The pipeline ends after four stages: IF, ID, EX, and MA. The MA stage is used to access memory
and the multiplier. This MA contends with IF. (See section 10.2.1, Contention between Instruction
Fetch (IF) and Memory Access (MA).) Also, if one of these instructionsis followed by an
instruction that uses the multiplier, multiplier contention will result (see section 10.2.4, Multiplier
Access Contention).
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(14) MAC/DSP - Register Transfer Instructions

Instruction Types:

STS
STS
STS
STS
STS
STS
STS
STS

Pipeline:

MACH Rn
MACL, Rn
DSR, Rn (SH3-DSPonly)

A0,
X0,
X1,
YO,
Y1,

Rn (SH3-DSP only)
Rn (SH3-DSP only)
Rn (SH3-DSP only)
Rn (SH3-DSP only)
Rn (SH3-DSP only)

Slot €+ €4» <> 4> > > > > >

[STS IF

ID EX MA WB]

Next instruction

Third instruction in series

Operation Description:

Figure10-59 MAC - Register Transfer Instruction Pipeline

The pipeline ends after five stages: IF, ID, EX, MA and WB. The MA stage is used to access the
multiplier. This MA contends with IF (see section 10.2.1, Contention between Instruction Fetch
(IF) and Memory Access (MA)). Also, if one of these instructionsis followed by an instruction
that uses the same destination register or an instruction that uses the multiplier, multiplier
contention will result (see section 10.2.2, Effects of Memory Load Instructions on Pipelines, and
section 10.2.4, Multiplier Access Contention).
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(15) MAC - Memory Transfer Instructions

Instruction Types:

STS. L MACH @R
STS. L MACL, @Rn
STS. L DSR, @Rn (SH3-DSPonly)
STS. L A0, @Rn (SH3-DSPonly)
STS. L X0, @Rn (SH3-DSPonly)
STS. L X1, @Rn (SH3-DSPonly)
STS. L Y0, @Rn (SH3-DSPonly)
STS. L Y1, @Rn (SH3-DSPonly)
Pipeline:
Slot €4 <4 <> <> > > > > >
[STSL IF _ID EX MA WB]
Next instruction IF ID EX -
Third instruction in series IF ID EX -

Figure10-60 MAC - Memory Transfer Instruction Pipeline

Operation Description:

The pipeline ends after five stages: IF, ID, EX, MA and WB. The MA stage is used to access the
multiplier. This MA contends with I F (see section 10.2.1, Contention between Instruction Fetch
(IF) and Memory Access (MA)). Also, if one of these instructions is followed by an instruction
that uses the multiplier, multiplier contention will result (see section 10.2.4, Multiplier Access
Contention).
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(16) RTE Instruction
Instruction Type:
RTE

Pipeline:

Slot € 4> <> <> 4> > <> > >
ID EX EX EX]
F — — —

IF — —

[RTE__IF
Delay slot
Branch destination

ID EX -
(Fetch but then data is discarded)

IF ID EX -

Figure10-61 RTE Instruction Pipeline

Operation Description:
The pipeline ends after five stages: IF, ID, EX, EX, and EX. RTE isadelayed branch instruction
Theinstruction following the RTE instruction, that is, the delay slot instruction, is fetched and
executed. However, the instruction after that is fetched and discarded. The IF of the branch
destination instruction starts from the slot after the slot that has the final EX stage of RTE.
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(17) TRAP Instruction
Instruction Type:

TRAPA #i mm

Slot > 4> 4> > > > > O O D D> > >
[TRAPA IF ID EX EX EX EX]

Next instruction IF (Fetch but then data is discarded)
Third instruction in series IF (Fetch but then data is discarded)
Branch destination IF ID EX «ooor v e
...... IE  ID  oeer ceeer eeeee eeees

Figure10-62 TRAP Instruction Pipeine

The pipeline has six stages*: IF, ID, EX, EX, EX, and EX (figure 10-62). TRAP isnot a delayed
branch instruction. The two instructions after the TRAP instruction are fetched, but they are
discarded without being executed. The IF of the branch destination instruction starts from the next
dlot of thelast EX of the TRAP instruction.

Note: * On the SH3-DSP there are eight stages: IF, ID, EX, EX, EX, EX, EX, and EX.
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(18) SLEEP Instruction
Instruction Type:
SLEEP

Pipeline:

Slot €»> 4> <> 4> <> > <> > <>
[SLEEP IF ID EX EX EX EX|
Next instruction IF

Figure 10-63 SLEEP Instruction Pipeline
Operation Description:

The pipeline has three stages: IF, ID, and EX (figure 10-63). It isissued until the IF of the next
instruction. After the SLEEP instruction is executed, the CPU enters sleep mode or standby mode.
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10.4.7 Exception Processing

(2) Interrupt Exception Processing
Instruction Type:

Interrupt exception processing

Pipeline:
Slot € €4> <> 4> <> 4> > > D> D> D> D> <>
[Interrupt IF ID EX EX EX EX|
Next instruction IF
Branch destination IF ID EX o oos

Figure 10-64 Interrupt Exception Processing Pipeline
Operation Description:

Theinterrupt isreceived during the ID stage of the instruction and everything after the ID stageis
replaced by the interrupt exception processing sequence. The pipeline has six stages: IF, ID, EX,
EX, EX, and EX (figure 10-64). Interrupt exception processing is not a delayed branch. In
interrupt exception processing, an overrun fetch (1F) occurs. In branch destination instructions, the
IF starts from the slot following the final EX in the interrupt exception processing.

Interrupt sources are NMI, IRL, and on-chip peripheral module interrupts. Refer to the Hardware
Manual for details.
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(2) Address Error Exception Processing
Instruction Type:

Address error exception processing

Pipeline:
Slot €> 4> 4> 4> 4> <> > > D> G D> D> >
[Interrupt IF ID EX EX EX EX]
Next instruction IF
Branch destination IF ID EX i s

....... IE D coeee eeee

Figure 10-65 AddressError Exception Processing Pipeline
Operation Description:

The address error is received during the ID stage of the instruction and everything after the ID
stage is replaced by the address error exception processing sequence. The pipeline has six stages:
IF, ID, EX, EX, EX, and EX (figure 10-65). Address error exception processing is not adelayed
branch. In address error exception processing, an overrun fetch (1F) occurs. In branch destination
instructions, the | F starts from the slot following the final EX in the address error exception
processing.

Address errors are caused by instruction fetches and by data reads or writes. Fetching an
instruction from an odd address or fetching an instruction from an on-chip peripheral register
causes an instruction fetch address error. Accessing word data from other than a word boundary,
accessing longword data from other than alongword boundary, and accessing an on-chip
peripheral register 8-hit space by longword cause aread or write address error. Refer to the
Hardware Manual for details.
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(3) TLB Related Exception Processing
Instruction Type:

TLB related exception processing

Pipdline:
Slot == =» <> <> > “—r > “—r >
TLB related exception IF ID EX EX EX EX
Next instruction IF
Branch destination IF ID EX oo
..... IF 1D ID

Figure10-66 TLB Related Exception Processing Pipeline
Operation Description:

If aTLB related exception isreceived in the instruction's ID stage, the portion following the ID
stage isreplaced by the TLB related exception processing sequence.

The pipeline ends after six stages: IF, ID, EX, EX, EX, and EX. TLB related exception processing
isnot adelayed branch. In TLB related exception processing, an overrun fetch (IF) occurs. In
branch destination instructions, the | F starts from the slot after the dot that has the final EX stage
of the TLB related exception processing.

TLB related exceptionsinclude TLB error, TLB invalid, TLB initial write, and TLB protection
exceptions. Refer to the Hardware Manual for details.
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(4) lllegal Instruction Exception Processing
Instruction Type:

[llegal instruction exception processing

Slot 4> 4> 4> 4> 4> <> > <> > > D> > <>
[llegalinstruction IF ID EX EX EX EX]
Next instruction IF
Branch destination IF ID EX ceer veeee oenne
...... IE ID  cooer eeeer veen

Figure 10-67 Illegal Instruction Exception Processing Pipeline

Theillegal instruction is received during the ID stage of the instruction and everything after the ID
stage isreplaced by the illegal instruction exception processing sequence. The pipeline has six
stages: IF, ID, EX, EX, EX, and EX (figure 10-67). lllegal instruction exception processing is not
adelayed branch. Inillegal instruction exception processing, an overrun fetch (IF) occurs.
Whether thereis an IF only in the next instruction or in the one after that as well depends on the
instruction that was to be executed. In branch destination instructions, the IF starts from the slot
following the final EX in theillegal instruction exception processing.

Illegal instruction exception processing is caused by ordinary illegal instructions and by
instructions with illegal slots. When undefined code placed somewhere other than the slot directly
after the delayed branch instruction (called the delay dlot) is decoded, ordinary illegal instruction
exception processing occurs. When undefined code placed in the delay slot is decoded or when an
instruction placed in the delay dlot to rewrite the program counter is decoded, anillegal slot
instruction occurs. Refer to the Hardware Manual for details.
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10.4.8 Pipeinefor FPU Instructions (SH-3E Only)

Slot <€4»> 4> 4> <> <> <> 4> <> <>
[Instruction A IF_DF _E1 E2|
Next instruction IF ID EX -
Subsequent instruction IF ID EX -

Figure 10-68 FPU Pipeline During Data Transfer between Floating Point Register and
Register

Slot 4> 4> 4> <> 4> 4> <> D> <>
[Instruction A IF_DF E1 E2 SF|
Next instruction IF ID EX -
Subsequent instruction IF ID EX -

Figure 10-69 FPU Pipeline During Floating Point L oad

Slot <> <> <> 4> <> P> > <> <>
[Instruction A IF_DF E1 E2|
Next instruction IF ID EX -
Subsequent instruction IF ID EX -

Figure 10-70 FPU Pipeline During Floating Point Store

Slot <> <> <> 4> <> P> > <> <>
[Instruction A IF_DF _E1 |
Next instruction IF ID EX -
Subsequent instruction IF ID EX -

Figure10-71 FPU Pipeline During Floating Point Compare
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Slot 4> 4> 4> <> P> 4> <> <> <>
[Instruction A IF DF E1 E2]
Next instruction IF ID EX -

Subsequent instruction IF ID EX -

Figure 10-72 FPU Pipeline During Floating Point Arithmetic Calculation Instruction
(Excluding FDIV and FSQRT)

Case 1: Next Instruction is FPU Instruction

Slot 4> 4> 4> 4> 4> > <> <> D> D> <>

[Instructon A IF _DF E1 E1 E1 .- El E2 SF |
Next instruction IF DF — — — — E1 E2 SF
Subsequent instruction IF DF E1 E2 SF

Case 2: Next Instruction is CPU Instruction and Subsequent Instruction is FPU Instruction

Slot 4> 4> 4> 4> 4> > 4> > D> > <>

[Instruction A IF _DF E1 E1 E1 - El E2 SF |
Next instruction IF DF
Subsequent instruction IF bDF — — — El1 E2 SF

Notes: 1. FDIV and FSQRT require 13 cycles in the E1 stage.
2. The next instruction enters the CPU pipeline, it is deleted from the FPU pipeline after the DF stage.
3. Even if there are two to twelve CPU instructions between FDIV (or FSQRT) and the next FPU
instructions, the situation is still interpreted in the same way as Case 2.

Figure 10-73 FPU Pipeline During FDIV and FSQRT Instructions

489
HITACHI



10.4.9 DSP Data Transfer Instructions (SH3-DSP Only)
(1) X Memory and Y Memory Load Instructions

Instruction Types:

NCPX

MOVX W @, Dx
MOVX. W @+, Dx
MOVX. W @X+l x, Dx

Pipeline:

Slot Ch e e e e e e e

LInstructionA IF EX___MA WB/DSP]
Next instruction ID ID EX MA WB/DSP
Subsequent instruction IF IF ID EX MA WB/DSP

Figure10-74 X Memory and Y Memory Load Instruction Pipeline
Operation Description:

The pipeline hasfive stages: IF, IF, EX, MA, and WB/DSP. Datais transferred viathe X bus, so
there is no contention with the IF of other instructions.
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(2) Y Memory Load Instructions
Instruction Types:

NOPY

MOVY. W @y, Dy
MOVY. W @y+, Dy
MOVY. W  @y+ly, Dy

Pipeline:

Slot Ch e e e e e e e

[Instruction A IF ID EX _MA WB/DSP]
Next instruction IF ID EX MA WB/DSP
Subsequent instruction IF ID EX MA WB/DSP

Figure10-75 Y Memory Load Instruction Pipeline
Operation Description:

The pipeline hasfive stages: IF, ID, EX, MA, and WB/DSP. Dataistransferred viathe Y bus, so
there is no contention with the IF of other instructions.

(3) X Memory Storelnstructions
Instruction Types:

MOVX. W Da, @
MOVX. W Da, @x+
MOVX. W Da, @x+l x

Pipeline:

Slot Ch e e eh e e e e

LInstruction A IF ID EX__MA]
Next instruction IF ID EX MA
Subsequent instruction IF ID EX MA e

Figure10-76 X Memory Store I nstruction Pipeline
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Operation Description:

The pipeline has four stages: IF, ID, EX, and MA. If thisinstruction attempts to access the DSP
operation result immediately after a DSP operation instruction, contention occurs (see section
10.2.6, Contention between DSP Data Operation Instructions and Store Instructions (SH3-DSP

only)).
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(4) Y Memory Storelnstructions
Instruction Types:

MOVY. W Da, @y
MOYY. W Da, @y+
MOWY. W  Da, @y+ly

Pipeline:

Slot o o o o e

[Instruction A IF ID EX __MA]
Next instruction IF ID EX MA
Subsequent instruction IF ID EX

Figure10-77 Y Memory Store I nstruction Pipeline

Operation Description:

The pipeline has four stages: IF, ID, EX, and MA. If thisinstruction attempts to access the DSP
operation result immediately after a DSP operation instruction, contention occurs (see section
10.2.6, Contention between DSP Data Operation Instructions and Store Instructions (SH3-DSP

only)).
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(5) SingleLoad Instructions

Instruction Types:

MOVS. W @As, Ds
MOVS. W @s, Ds
MOVS. W  @s+, Ds
MOVS. W @s+l s, Ds
MWVS.L @As,Ds
MO/VS. L @s, Ds
MOVS.L @s+ Ds
MO/S.L @s+l s, Ds
Pipeline:

Slot o e o e

— — — — — — — — — —

[Instruction A IF ID EX

Next instruction IF ID

Subsequent instruction IF

MA WB/DSP|
EX MA WB/DSP
ID EX MA WB/DSP

Figure10-78 SingleLoad Instruction Pipeline

Operation Description:

The pipdline has five stages: IF, ID, EX, MA, and WB/DSP. No contention occurs even if another
instruction uses the destination register of thisinstruction.
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(6) Single Storelnstructions
Instruction Types:

MVS. W  Ds, @As
MOVS.W  Ds, @s
MVS. W  Ds, @s+
MOVS. W  Ds, @s+l s
MOVS. L  Ds, @As
MOVS.L  Ds, @s
MOVS. L Ds, @s+
MOVS.L  Ds, @s+l

Pipeline:

Slot DI PG DI I
[InstructonA IF 1D EX MA]

Next instruction IF ID EX MA

Subsequent instruction IF ID EX MA

Figure10-79 Single Storelnstruction Pipeline
Operation Description:

The pipeline has four stages: IF, ID, EX, and MA. If thisinstruction attempts to store the DSP
operation result immediately after a DSP operation instruction, contention occurs (See section
10.2.6, Contention between DSP Data Operation Instructions and Store Instructions (SH3-DSP

Only)).
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10.4.10 DSP Operation Instructions (SH3-DSP Only)

(1) ALU Arithmetic Operation Instructions

Instruction Types:

PADD Sx, Sy, Dz(Du) PNEG Sx, Dz
OCT PADD Sx, Sy, Dz DCT PNEG Sx, Dz
DOF PADD Sx, Sy, Dz DOF PNEG Sx, Dz
PSUB Sx, Sy, Dz(Du) PNEG Sy, Dz
DCT PSUB Sx, Sy, Dz DCT PNEG Sy, Dz
DCF PSUB Sx, Sy, Dz DCF PNEG Sy, Dz
PCCPY Sx, Dz PDEC SXx, Dz
OCT PCCPY Sx, Dz DCT PDEC Sx, Dz
DCF PCCPY Sx, Dz DCF PDEC Sx, Dz
POCPY Sy, Dz PDEC Sy, Dz
DCT PCCPY Sy, Dz DCT PDEC Sy, Dz
DCF PCCPY Sy, Dz DCF PDEC Sy, Dz
PDVBB Sx, Dz PCLR Dz
OCT PDVBB Sx, Dz DCT PCLR Dz
DCF PDVBB Sx, Dz DCF PCLR Dz
PDVBB Sy, Dz PADDC Sx, Sy, Dz
DCT PDVEB Sy, Dz PSUBC Sx, Sy, Dz
DOF PDVBB Sy, Dz POW Sx, Sy
PI NC Sx, Dz PABS Sx, Dz
OCT PI NC Sx, Dz PABS Sy, Dz
DCF PINC Sx, Dz PR\D Sx, Dz
PINC Sy, Dz PR\D Sy, Dz
DCT PINC Sy, Dz
DOF PINC Sy, Dz
Pipeline:
Slot Cco e e e e e e e
[InstructonA IF  ID EX MA WB/DSP|
Next instruction IF ID EX  MA WB/DSP
Subsequent instruction IF ID EX MA WB/DSP
Figure10-80 ALU Arithmetic Operation Instruction Pipeline
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Operation Description:

The pipeline has five stages: IF, ID, EX, MA, and WB/DSP. If the condition of a conditional
operation instruction is not satisfied, the WB/DSP stage is not executed (no operation), but the

pipeline does not change.

(2) ALU Logical Operation Instructions

Instruction Types:

PCR Sx, Sy, Dz
DCT PCR Sx, Sy, Dz
DCF PR Sx, Sy, Dz

PAND Sx, Sy, Dz

DCT PAND Sx, Sy, Dz

DCF PAND Sx, Sy, Dz

PXCR Sx, Sy, Dz

DCT PXCR Sx, Sy, Dz

DCF PXCR Sx, Sy, Dz
Pipeline:

Slot o o o o o o e

[ Instruction A IF ID EX MA WB/DSP]
Next instruction IF ID EX MA WB/DSP
Subsequent instruction IF ID EX MA WB/DSP

Figure10-81 ALU Logical Operation Instruction Pipeline

Operation Description:

The pipeline hasfive stages: IF, ID, EX, MA, and WB/DSP. If the condition of a conditional
operation instruction is not satisfied, the WB/DSP stage is not executed (no operation), but the

pipeline does not change.
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(3) ALU Logical Operation Instructions
Instruction Types:

PSHA SX, Sy, Dz
DCT PSHA SX, Sy, Dz
DCF PSHA SX, Sy, Dz
PSHA #| mm Dz
PSH. SX, Sy, Dz
DCT PSH. SX, Sy, Dz
DCF PSH. SX, Sy, Dz
PSH. #l mm Dz

Pipeline:

Slot Ch e e e e e e e

LInstruction A __IF ID EX ___ MA WB/DSP]
Next instruction IF ID EX MA WB/DSP
Subsequent instruction IF ID EX MA WB/DSP

Figure10-82 ALU Logical Operation Instruction Pipeline
Operation Description:

The pipeline has five stages: IF, ID, EX, MA, and WB/DSP. If the condition of a conditional
operation instruction is not satisfied, the WB/DSP stage is not executed (no operation), but the
pipeline does not change.
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(4) Signed Multiplication Instruction
Instruction Types:
PMLLS Se, Sf, Dy

Pipeline:

Slot e S S U P N
[ Instruction A IF 1D EX MA WB/DSP]

Next instruction IF ID EX MA WB/DSP
Subsequent instruction IF ID EX

MA WB/DSP

Figure 10-83 Signed Multiplication Instruction Pipeline

Operation Description:

The pipeline has five stages: IF, ID, EX, MA, and WB/DSP.
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(5) Register Transfer Instructions
Instruction Types:

PSTS NMACH Dz
PSTS MACH, Dz
PSTS NMACH Dz
PSTS MACL, Dz
PSTS MACL, Dz
PSTS MACL, Dz
PLDS Dz, MACH
PLDS Dz, MACH
PLDS Dz, MACH
PLDS Dz, MACL
PLDS Dz, MACL
PLDS Dz, MACL

g 9

38 &9

g 9

Pipeline:

Slot s e e e e e e e

[Instruction A IF ID EX _MA WB/DSP]
Next instruction IF ID EX MA WB/DSP
Subsequent instruction IF ID EX MA WB/DSP

Figure10-84 Register Transfer Instruction Pipeline
Operation Description:

The pipeline has five stages: IF, ID, EX, MA, and WB/DSP. If the condition of a conditional
operation instruction is not satisfied, the WB/DSP stage is not executed (no operation), but the
pipeline does not change. If amemory load is performed in parallel with thisinstruction using
MOVX.W, MOVS.W, or MOV X.L, contention occurs. Contention also occursif a memory store
is performed immediately after thisinstruction using MOV X.W, MOVS.W, or MOVX.L (see
section 10.2.7, Contention between DSP Register Transfer and Memory L oad/Store Operations
(SH3-DSP Only)).
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Appendix A Instruction Code

A.1 Instruction Set by Addressing M ode
Table A-1 Instruction Set by Addressing M ode

Types
SH3-
Addressing Mode Category Sample Instruction SH-3 SH-3E DSP
No operand — NOP 11 11 11
Direct register Destination operand only MOVT Rn 18 23 18
addressing Source and destination operand ADD Rm Rn 36 44 36
Transfer to control register or system LDC  Rm SR 16 19 26
register
Transfer from control register or STS MACH, Rn 16 19 25
system register
Indirect register Source operand only JWP @un 3 3 3
addressing Destination operand only TAS. B @n 1 1 1
Data transfer direct from register MOV. L Rm @Rn 6 8 6
Post-increment indirect Multiply/accumulate operation MAC. W @m+, @Rn+ 2 2 2
register addressing Data transfer direct from register MOV. L @mt, Rn 3 4 3
Load to control register or system LDC. L @mt+, SR 16 18 25
register
Pre-decrement indirect Data transfer direct from register MOV. L Rm @-Rn 3 4 3
register addressing Store from control register or system STC. L SR, @Rn 16 18 25
register
Indirect register addressing Data transfer direct to register MOV. L Rm 6 6 6
with displacement @ di sp, Rn)
Indirect indexed register Data transfer direct to register MOV.L Rm @RO,Rn) 6 8 6
addressing
Indirect GBR addressing  Data transfer direct to register MOV. L RO, 6 6 6
with displacement @di sp, GBR)
Indirect indexed GBR Immediate data transfer AND. B #i nm 4 4 4
addressing @ RO, GBR)
PC relative addressing with Data transfer direct to register MOV.L @disp,PC), 3 3 5
displacement Rn
PC relative addressing Branch instruction BRAF Rn 2 2 2
with Rn
PC relative addressing Branch instruction BRA  disp 6
Immediate addressing Load to register FLDI O FRn
Arithmetic logical operations direct ADD  #i mm Rn 7 7 7
with register
Specify exception processing vector TRAPA #i nm 1 1 1
Load to control register SETRC #i nm 0 0 1

Total: 189 220 227
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A.1.1 NoOperand
Table A-2 No Operand

Instruction Operation Code Cycles T Bit
QRS 0-5S 0000000001001000 1 —
Q.RT 0-T 0000000000001000 1 0
QLRVAC 0 - MACH, MACL 0000000000101000 1 —
D Vou 0 - M/QIT 0000000000011001 1 0
LDTLB PTEH/PTEL - TLB 0000000000111000 1 —
NCP No operation 0000000000001001 1 —
RTE Delayed branching, 0000000000101011 4 —
SSR/SPC - SR/PC

RTS Delayed branching, PR -~ PC  0000000000001011 2 —
SETS 1-5S 0000000001011000 1 —
SETT 1T 0000000000011000 1 1
SLEEP Sleep 0000000000011011 4 —
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A.1.2 Direct Register Addressing
Table A-3 Destination Operand Only

Instruction Operation Code Cycles T Bit

OW/ PL Rn Rn>0,1-T 0100nnnn00010101 1 Comparison
result

OW/ PZ R Rn=0,1-T 0100nnnn00010001 1 Comparison
result

Dr R Rn-1 - Rn,when Rnis 0,1 0100nnnn00010000 1 Comparison

- T. When Rn is nonzero, 0 result
- T
FABS FRn* abs(FRn - FRn 1111nnnn01011101 1 —
FLOAT FPU., (float)FPUL - FRn 1111nnnn00101101 1 —
FRn*

FNEG  FRn* —-1.0xFRn - FRn 1111nnnn01001101 1 —

FSQRT FRn* sqrt(FRn) - FRn 1111nnnn01101101 13 —

FTRC FRm (long)FRm - FPUL 1112mmm00111101 1 —

FPUL*

MVT  Rn T - Rn 0000nnnn00101001 1 —

ROTL R T « Rn - MSB 0100nnnNN00000100 1 MSB

ROTR R LSB - Rn - T 0100nnnn00000101 1 LSB

ROTCL Rn T<«Rn T 0100nnnNn00100100 1 MSB

ROTCR Rn T-Rn T 0100nnnn00100101 1 LSB

SHAL R T-Rn<0 0100nnnn00100000 1 MSB

SHAR R MSB - Rn - T 0100nnnn00100001 1 LSB

SHL R T<Rn <0 0100nnNN00000000 1 MSB

SHR R 0-Rn-T 0100nnnNn00000001 1 LSB

SHL2 Rn Rn<<2 - Rn 0100nnnn00001000 1 —

SHR2 Rn Rn>>2 5 Rn 0100nnnn00001001 1 —

SHL8 Rn Rn<<8 - Rn 0100nnnn00011000 1 —

SHR8 Rn Rn>>8 - Rn 0100nnnn00011001 1 —

SHL16 R Rn<<16 - Rn 0100nnnNn00101000 1 —

SHR16 R Rn>>16 - Rn 0100nnnn00101001 1 —

Note: * Floating point arithmetic calculation instruction or CPU instruction related to the FPU. These
instructions are available only on the SH-3E.
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Table A-4 Source and Destination Operand

Instruction Operation Code Cycles T Bit

ADD Rm Rn+Rm - Rn 0011nnnnnmmi100 1 —

ADDC Rm R Rn+Rm+T - Rn, 0011nnnnnmmmml110 1 Carry
carry - T

ADDV Rm R Rn+Rm - Rn, 0011nnnnmmmil11l 1 Overflow
overflow - T

AND Rm R Rn & Rm - Rn 0010nnnnMmmL001 1 —

OWEQ RmRn WhenRn=Rm,1 - T 0011nnnnmmm©O000 1 Comparison

result

OWHS RnmR When unsigned and Rn=  0011nnnnmmm©010 1 Comparison
Rm,1 T result

OW/ CGE RmRn When signed and Rn = 0011nnnnmmmoO011 1 Comparison
Rm,1-T result

oW H Rm R When unsigned and Rn > 0011nnnnmmm0110 1 Comparison
Rm,1 T result

OW/ G RmRn When signed and Rn > 0011nnnnmmmoO111 1 Comparison
Rm,1-T result

OW/ STR Rm Rn When a byte in Rn equals  0010nnnnmmmi1100 1 Comparison
abytesinRm,1 - T result

D Vi Rm R 1 step division (Rn + Rm)  0011nnnnnmm©100 1 Calculation

result

D V0SS R R MSB of Rn - Q, MSB of  0010nnnnnmmm®111 1 Calculation
Rm_-MM*"Q T result

DMLS. L RmRn Signed operation of Rn x ~ 0011nnnnmmmi101 2 —
Rm - MACH, MACL (to 5)*?

DMLU L Rn R Unsigned operation of Rn  0011nnnnnmm0101 2 —
x Rm - MACH, MACL (to 5)*?

EXTS. B RmR Sign — extend Rm from 0110nnnnmmmi110 1 —
byte — Rn

EXTS W Rm R Sign — extend Rm from 0110nnnnnmmmil111 1 —
word - Rn

EXTUB RmMR Zero — extend Rm from 0110nnnnmmmil100 1 —
byte — Rn

EXTUW RmR Zero — extend Rm from 0110nnnnnmmm1101 1 —
word - Rn

FADD FRm FRm + FRn - FRn 1111nnnnnmm©000 1 —

FRn*!
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Table A-4 Sourceand Destination Operand (cont)

Instruction Operation Code Cycles T Bit
FOW/ EQ FRm FRn=FRm,1 - T 1111nnnnmmm9100 1 Comparison
FR*! result
FCW/ GI' FRm FRn>FRm,1 - T 1112nnnnmmmm©0101 1 Comparison
FRn*! result
FD Vv FRm FRn/FRm - FRm 1111nnnnnmMmmMm©0011 13 —
FR*!
FIVAC FRO, Frm (FRO xFRm) + FRn - FRn 111lnnnnmmmlll0 1 —
FRn*!
FMOV FRm FRm - FRn 11121nnnnnmmMm1.100 1 —
FR*!
FMLL FRm FRn x FRm - FRn 1111nnnnmmm©010 1 —
FRn*!
FSUB FRmM FRn - FRm - FRn 1111nnnnmmmo0001 1 —
FR*!
MOV Rm R Rm - Rn 0110nnnnmmm®D011 1 —
ML. L Rm R Rn xRm - MAC 0000nnNNMMMM0111 2 —
(to 5)*?
MLS. W RmRn With sign, Rn x Rm - MAC 0010nnnnmmmil11l 1 —
(to 3)*?
MLU W RmR Unsigned, Rn xRm - 0010nnnnmmmd 110 1 _
MAC (to 3)*?
NEG Rm R 0-Rm - Rn 0110nnnnmmmml011 1 —
NEQC Rm R O0-Rm-T - Rn, 0110nnnnmmmil010 1 Borrow
Borrow - T
NOT Rm R ~Rm - Rn 0110nnnnmmm0111 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmmm1011 1 —
SHAD Rm R Rn>=0; Rn<<Rm = Rn 0100nnnNnnMmML100 1 —
Rn<0; Rn>>Rm -
(MSB -)Rn
SHD Rm R Rn=0; Rn<<Rm - Rn 0100nnnnmmmiL101 1 —
Rn<0; Rn>>Rm -
(0-)Rn
SUB Rm R Rn—-—Rm - Rn 0011nnnnmmmi000 1 —
SUBC Rm R Rn—Rm-T - Rn, 0011nnnnmmmil010 1 Borrow
Borrow - T
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Table A-4 Sourceand Destination Operand (cont)

Instruction Operation Code Cycles T Bit
SuBvV Rm R Rn-Rm - Rn, 0011nnnnmmmi011 1 Underflow
Underflow — T
SWAP.B RmRn Rm - Swap upper and 0110nnnnmmmm1000 1 —
lower halves of lower 2
bytes — Rn
SWAP. W RmRn Rm - Swap upper and 0110nnnnmmmi001 1 —
lower word - Rn
TST Rm R Rn & Rm, when resultis 0, 0010nnnnnmMmMML000 1 Test results
1-T
XR Rm R Rn”~"Rm - Rn 0010nnnnmmm1010 1 —
XTRCT Rm Rn Rm: Center 32 bits of Rn - 0010nnnnnmMm 1101 1 —
Rn

Notes: 1. Floating point arithmetic calculation instruction or CPU instruction related to the FPU.
These instructions are available only on the SH-3E.
2. Normal minimum number of execution states (the number in parentheses is the number
of states when there is contention with preceding/following instructions).
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Table A-5 Load and Storewith Control Register or System Register

Instruction Operation Code Cycles T Bit
FLDS FRmFPUL** FRm - FPUL 1111nmm00011101 1 —
LDC RmSR Rm - SR 0100mMmMO0001110 5 LSB
LDC RmCBR Rm - GBR 0100mmMO0011110  1/3*? —
LDC RmVWBR Rm - VBR 0100mmMMO0101110  1/3*? —
LDC RmSSR Rm - SSR 0100mm©O0111110  1/3*? —
LDC RmSPC Rm - SPC 0100mmMM01001110  1/3*? —
LDC  Rm MD*® Rm - MOD 0100mmMoO1011110 3 —
LDC RmRE® Rm - RE 0100mmoO1111110 3 —
LDC RmRS*? Rm - RS 0100mmMoO1101110 3 —
LDC RmRO_BANK Rm - RO_BANK 0100mmn10001110  1/3*? —
LDC RmRL_BANK Rm - R1_BANK 0100mmM10011110  1/3*? —
LDC RmR2_BANK  Rm - R2_BANK 0100mmn10101110  1/3*? —
LDC RmR3_BANK Rm - R3_BANK 0100mmM10111110  1/3*? —
LDC RmRA_BANK  Rm - R4_BANK 0100mmn11001110  1/3*? —
LDC RmR5_BANK  Rm - R5_BANK 0100mmM11011110  1/3*? —
LDC RmR6_BANK Rm - R6_BANK 0100mmn11101110  1/3*? —
LDC RmR7/_BANK  Rm - R7_BANK 0100mmm11111110  1/3*? —
LDS RmMFPSCR*' Rm - FPSCR 0100mmo01101010 1 —
LDS Rm FPUL** Rm - FPUL 0100mmM©1011010 1 —
LDS Rm MACH Rm - MACH 0100mm©O0001010 1 —
LDS Rm MACL Rm - MACL 0100mmM©O0011010 1 —
LDS RmPR Rm - PR 0100mm©00101010 1 —
LDS  Rm DSR*® Rm - DSR 0100mmM©1101010 1 —
LDS Rm A0*® Rm - AO 0100mmo01111010 1 —
LDS Rm X0*® Rm - X0 0100mmM10001010 1 —
LDS Rm Xx1*® Rm - X1 0100mm10011010 1 —
LDS RmYO*® Rm - YO 0100mmM10101010 1 —
LDS RmY1*® Rm - Y1 0100mm10111010 1 —
SETRC Rmt? LSW of Rm - RC (MSW of SR), 0100mm©0010100 3 —
Repeat control flag - RF1, RFO
Notes: 1. Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

These instructions are available only on the SH-3E.

2. Three cycles on the SH3-DSP.

3. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.
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Table A-6 Load and Storefrom Control Register or System Register

Instruction Operation Code Cycles T Bit
FSTS FPUL, FRn** FPUL - FRn 1111nnnn01011010 —
STC SR R SR -~ Rn 0000nnnNN00000010 —
STC @GBR R GBR - Rn 0000nnnn00010010 —
STC VBR R VBR - Rn 0000nnNN00100010 —
STC SSR Rn SSR - Rn 0000nnnn00110010 —
STC SPC Rn SPC -~ Rn 0000nnnn01000010 —
STC MDD, Rn*? MOD - Rn 0000nnNnNn01010010 —
STC RE, Rn*? RE - Rn 0000nNNN01110010 —
STC RS, Rn*? RS - Rn 0000nnnn01100010 —

STC RO_BANK, R RO_BANK - Rn 0000nnnNN10000010

STC RlL_BANK, R R1_BANK- Rn 0000nnNnNn10010010

STC R2_BANK, R1 R2_BANK - Rn 0000nnnNn10100010

STC R3_BANK, R1 R3_BANK- Rn 0000nnnNn10110010

STC RA_BANK, R R4_BANK- Rn 0000nnnNn11000010

STC R5_BANK, R1 R5_BANK - Rn 0000nnnNn11010010

STC R6_BANK, R R6_BANK - Rn 0000nnnNn11100010

STC R7_BANK, R R7_BANK - Rn 0000nnnNNn11110010

N G G R N S R R R R R R R R S R G S S S S

STS FPSCR, Rn** FPSCR - Rn 1111nnnn01101010 —
STS FPUL, Rn*? FPUL - Rn 1111nnnn01011010 —
STS MACH Rn MACH - Rn 0000nnnn00001010 —
STS NMACL, R MACL - Rn 0000nnnn00011010 —
STS PR R PR -~ Rn 0000nNnNn00101010 —
STS DSR, Rn*2 DSR - Rn 0000nNNN01101010 —
STS A0, Rn*? A0 - Rn 0000nnnNn01111010 —
STS X0, Rn*2 X0-Rn 0000nnnNn10001010 —
STS X1, Rn*? X1-Rn 0000nnNNN10011010 —
STS YO, Rn*? YO -Rn 0000nnnNn10101010 —
STS Y1, Rn*? Y1-Rn 0000nnnNn10111010 1 —

Notes: 1. Floating point arithmetic calculation instruction or CPU instruction related to the FPU.
These instructions are available only on the SH-3E.
2. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.
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A.l13
Table A-7 Source Operand Only

Indirect Register Addressing

Instruction Operation Code Cycles T Bit
JWP @ Delayed branching, Rn -~ PC  0100nnnn00101011 2 —
JSR @ Delayed branching, 0100nnnn00001011 2 —
PC -~ Rn,Rn - PC
PREF @ (Rn) - cache 0000nnnNN10000011 1 —
Note: * Two cycles on the SH3-DSP.
Table A-8 Destination Operand Only
Instruction Operation Code Cycles T Bit
TAS.B @ When (Rn)is 0,1 - T, 0100nnnNn00011011 3 Test
1 - MSB of (Rn) results
Note: * Four cycles on the SH3-DSP.
Table A-9 Data Transfer Direct to Register
Instruction Operation Code Cycles  TBit
FMOV. S FRm @n* FRm - (FRn) 1111nnnnmmil010 1 —
FMDV. S @Rm FRn* (Rm) - FRn 1111nnnnmmril000 1 —
MOV.B Rm @ Rm - (Rn) 0010nnnnnMmMmMO000 1 —
MOV. W Rm @n Rm - (Rn) 0010nnnnmmm®001 1 —
MV.L Rm@n Rm - (Rn) 0010nnnnmmm0010 1 —
MV.B @mRn (Rm) - sign extension -» Rn  0110nnnnnmmm©000 1 —
MOV. W @M Rn (Rm) - sign extension - Rn  0110nnnnmmm®©001 1 —
MOV.L @M R (Rm) - Rn 0110nnnnmmm®©010 1 —
Note: * Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

These instructions are available only on the SH-3E.
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A.14 Post-Increment Indirect Register Addressing

Table A-10 Multiply/Accumulate Operation

Instruction Operation Code Cycles T Bit

MC L @m, @+  Signed operation of (Rn) x 0000nnnnMMM1111 2 (to5)* —
(Rm) + MAC - MAC

MC W @m, @+  Signed operation of (Rn) x 0100nnnnmmri111 2 (to5)* —

(Rm) + MAC - MAC

Note:

of states when there is contention with preceding/following instructions).

Table A-11 Data Transfer Direct from Register

* Normal minimum number of execution states (the number in parenthesis is the number

Instruction Operation Code Cycles T Bit

FMOV. S @+, FRn* (Rm) - FRn,Rm+4 - Rm  1111nnnnmmmil001 1 —

MDV. B @+, R (Rm) - sign extension — 0110nnnnmmmm©100 1 —
Rn,Rm+1 - Rm

MOV. W @Rm+, Rn (Rm) - sign extension - 0110nnnnmmmoO101 1 —
Rn,Rm+2 - Rm

MOV.L @R+, Rn (Rm) - Rn, Rm+4 - Rm 0110nnnnmmmm0110 1 —

Note:

These instructions are available only on the SH-3E.

Table A-12 Load to Control Register or System Register

* Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

Instruction Operation Code Cycles T Bit
LDC L @+, SR (Rm) - SR,Rm+4 - Rm 0100mMmmMm00000111 7 LSB
LDC L @m, GBR (Rm) - GBR,Rm+4 - Rm  0100nmmm©00010111 1/5*%2 —
LDC L @m+, VBR (Rm) - VBR,Rm+4 -~ Rm  0100mmm®©0100111 1/5%2 —
LDC L @Rmr, SSR (Rm) - SSR, 0100mMmMmM00110111 1/5%2 —
Rm+4 - Rm
LDC L @+, SPC (Rm) - SPC, Rm+4 - Rm 0100mm®01000111 1/5%2 —
LDC. L @m+, MD+? (Rm) -~ MOD,Rm+4 - Rm 0100mmm01010111 5 —
LDC. L @+, RE*® (Rm) -~ RE,Rm+4 - Rm 0100mMmMmM01110111 5 —
LDC. L @m+, RS*? (Rm) - RS,Rm+4 - Rm 0100mMmMmM01100111 5 —
LDC L @+, RO_ (Rm) - RO_BANK, 0100mmm10000111 1/5%2 —
BANK Rm+4 - Rm
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Table A-12 Load to Control Register or System Register (cont)

Instruction Operation Code Cycles T Bit
LDC L @Rm+, RL_ (Rm) - R1_BANK, 0100mMmm10010111 1/5*2 —
BANK Rm+4 - Rm
LDC L @, R2_ (Rm) - R2_BANK, 0100mMmm10100111 1/5%2 —
BANK Rm+4 - Rm
LDC L @Rm+, R3_ (Rm) - R3_BANK, 0100mMmm10110111 1/5*2 —
BANK Rm+4 - Rm
LDC L @m, R4 (Rm) - R4_BANK, 0100mMmmM11000111 1/5%2 —
BANK Rm+4 - Rm
LDC L @Rm+, RS (Rm) - R5_BANK, 0100mMmm11010111 1/5*2 —
BANK Rm+4 - Rm
LDC L @m+, R6_ (Rm) — R6_BANK, 0100mMmm11100111 1/5%2 —
BANK Rm+4 - Rm
LDC L @Rm+, R7_ (Rm) - R7_BANK, 0100mMmmn11110111 1/5*2 —
BANK Rm+4 - Rm
LDS. L @m+, FPSCR*!  (Rm) - FPSCR, 0100mMmmMm©1100110 1 —
Rm+4 - Rm
LDS. L @R+, FPUL** (Rm) - FPUL, 0100MmmM©1010110 1 —
Rm+4 5 Rm
LDS. L @Rm+, NACH (Rm) - MACH, 0100mMmmM®D0000110 1 —
@RmM+4 - Rm
LDS. L @Rm+, MACL (Rm) - MACL, 0100MmmMM®©0010110 1 —
@Rm+4 -~ Rm
LDS. L @Rm+, PR (Rm) - PR, @Rm +4 - Rm 0100nmmm®©0100110 1 —
LDS. L @Rm+, DSR+® (Rm) - DSR,Rm+4 - Rm  0100mm®01100110 1 —
. , m) — ,Rm+4 - Rm _
LDS. L @Rm#, AD*® (Rm) - A0, R 4 5 R 0100mMmmM©1110110 1
LDS. L @Rm#, X0*3 (Rm) - X0,Rm+4 -, Rm 0100nnnn10000110 1 —
LDS. L @Rm#, X1*3 (Rm) - X1,Rm+4 - Rm 0100nnnNn10010110 1 —
LDS. L @+, YO** (Rm) - YO,Rm+4 - Rm 0100nnnNn10100110 1 —
LDS. L @R+, Y1*3 (Rm) - Y1,Rm+4 -, Rm 0100nnnn10110110 1 —

Notes: 1.

These instructions are available only on the SH-3E.
2. Five cycles on the SH3-DSP.

3. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.
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A.15 Pre-Decrement Indirect Register Addressing
Table A-13 Data Transfer Direct from Register

Instruction Operation Code Cycles T Bit
FMOV. S FRm @-Rn* Rn—-4 - Rn, FRm - (Rn) 1112nnnnnmmm 1011 1 —
MOV.B Rm @R Rn—1 - Rn, Rm - (Rn) 0010nnnnmmmMmM®D100 1 —
MV. W Rn @R Rn—-2 - Rn,Rm - (Rn) 0010nnnnnmmm0101 1 —
MV.L Rm @R Rn—-4 - Rn, Rm - (Rn) 0010nnnnmmmMmM®D110 1 —

Note:

These instructions are available only on the SH-3E.

Table A-14 Storefrom Control Register or System Register

* Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

Instruction Operation Code Cycles T Bit

STICL SR @R Rn—-4 - Rn, SR - (Rn) 0100nnnNN00000011  1/2**

STICL GBR OGRM Rn-4 - Rn, GBR - (Rn) 0100nnnNn00010011  1/2** —

STCL VBR @Rn Rn—-4 - Rn, VBR - (Rn) 0100nnnNn00100011  1/2** —

STCL SSR @R Rn-4 - Rn, SSR - (Rn) 0100nnnNn00110011  1/2** —

STCL SPC @R Rn—4 - Rn, SPC - (Rn) 0100nnnNn01000011  1/2** —

STC L MD @Rn*® Rn-4 - Rn, MOD - (Rn) 0100nnnNn01010011 2 —

STCL RE @Rn*® Rn-4 - Rn, RE - (Rn) 0100nnnn01110011 2 —

STCL RS @R1*® Rn—-4 - Rn,RS - (Rn) 0100nnnNn01100011 2 —

STC L RO_BANK Rn-4 - Rn, 0100nnnNn10000011 2 —
@R RO_BANK - (Rn)

STCL RI_BANK Rn-4 - Rn, 0100nnnNn10010011 2 —
@R R1_BANK - (Rn)

STC L R2_BANK Rn—-4 - Rn, 0100nnnn10100011 2 —
@R R2_BANK - (Rn)

STC L R3_BANK Rn-4 - Rn, 0100nnnNn10110011 2 —
@R R3_BANK - (Rn)

STC L RA_BANK Rn-4 - Rn, 0100nnnNn11000011 2 —
@R R4_BANK - (Rn)

STC L R5_BANK Rn—-4 - Rn, 0100nnnn11010011 2 —
@R R5 BANK - (Rn)

STC L R6_BANK Rn-4 - Rn, 0100nnnn11100011 2 —
@R R6_BANK - (Rn)

STC L R7_BANK Rn-4 - Rn, 0100nnnNn11110011 2 —
@R R7_BANK - (Rn)
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Table A-14 Storefrom Control Register or System Register (cont)

Instruction Operation Code Cycles T Bit
STS. L FPSCR @Rn* Rn-4 - Rn, FPSCR - (Rn) 0100nnnn01100010 1 —
SIS L FPU, @Rn* Rn-4 - Rn, FPUL - (Rn)  0100nnnn01010010 1 —
STS. L MACH @R Rn—-4 - Rn, MACH - (Rn) 0100nnnn00000010 1 —
STS.L  MACL, GRn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 1 —
STS. L PR @R Rn-4 - Rn, PR - (Rn) 0100nnnNn00100010 1 —
STS.L DSR @Rn*? Rn—-4 - Rn, DSR - (Rn) 0100nnnn01100010 1 —
STS.L A0, @R*® Rn-4 - Rn, A0 - (Rn) 0100nnnn01100010 1 —
STS.L X0, @Rn*? Rn—4 - Rn, X0 - (Rn) 0100nnnn10000010 1 —
STS.L X1, @R*® Rn—4 - Rn,X1 - (Rn) 0100nnnn10010010 1 —
STS.L Y0, @Rn*® Rn—4 - Rn,Y0 - (Rn) 0100nnnn10100010 1 —
STS.L Y1, @Rn*? Rn—4 -Rn,Y1 - (Rn) 0100nnnn10110010 1 —
Notes: 1. Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

These instructions are available only on the SH-3E.
2. Two cycles on the SH3-DSP.

3. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.

A.1.6 Indirect Register Addressing with Displacement

Table A-15 Indirect Register Addressing with Displacement

Instruction Operation Code Cycles T Bit

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd 1 —

MOV. W RO, @di sp, Rn) RO - (disp + Rn) 10000001nnnndddd 1 —

MOV.L Rm @di sp, Rn) Rm - (disp + Rn) 0001lnnnnmmmdddd 1 —

MV.B @disp,R),R0 (disp + Rm) - sign 10000100mmmdddd 1 —
extension — RO

MOV. W @di sp, Rm), RO (disp + Rm) - sign 10000101 mmmdddd 1 —
extension - RO

MOV.L  @disp, R, R (disp + Rm) - Rn 0101nnnnmmmdddd 1 —
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A.1.7 Indirect Indexed Register Addressing
Table A-16 Indirect Indexed Register Addressing

Instruction Operation Code Cycles T Bit
MV.B Rm @RO, Rn) Rm - (RO + Rn) 0000nnNNNMMM®100 1 —
MV. W Rm @RO, Rn) Rm - (RO + Rn) 0000nnNNMMO101 1 —
MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmM©O110 1 —
FMOV. S FRm @RO, Rn) * FRm - (RO + Rn) 1111nnnnmmmo0111 1 —
MV.B @RO,RY), Rn (RO + Rm) - sign 0000nnNNMMMM.100 1 —
extension - Rn
MV. W @RO, R, R (RO + Rm) - sign 0000nnnnNMMM 1101 1 —

extension - Rn

MV.L @RO,RY),Rn (RO+Rm) - Rn 0000nnNNMMMM1.110 1 —

FMOV. S @ RO, FRY), FRnt (RO +Rn) - FRn 1111nnnnmmm0110 1 —

Note: * Floating point arithmetic calculation instruction or CPU instruction related to the FPU.
These instructions are available only on the SH-3E.

A.1.8 Indirect GBR Addressing with Displacement

Table A-17 Indirect GBR Addressing with Displacement

Instruction Operation Code Cycles TBit

MOV. B RO, @di sp, GBBR RO - (disp + GBR)  11000000dddddddd 1 —

MOV. W RO, @di sp, GBBR RO - (disp + GBR)  11000001dddddddd 1 —

MOV.L RO, @disp, BBR RO - (disp + GBR)  11000010dddddddd 1 —

MOV.B  @disp, BBR,R0  (disp + GBR) - sign 11000100dddddddd 1 —
extension - RO

MOV. W @disp, BR,R0 (dispx2+GBR) -~  11000101dddddddd 1 —
sign extension — RO

MOV.L @disp,BBR,R0 (dispx4+GBR) -~  11000110dddddddd 1 —
RO
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A.19

Indirect Indexed GBR Addressing

Table A-18 Indirect Indexed GBR Addressing

Instruction Operation Code Cycles T Bit
AND B #inm @R, B3R (RO+GBR)&imm -  1100110%Liiiiiiii 3 —
(RO + GBR)
RB #mm@R),BR  (RO+GBR)|imm - 1100112diiiiiiii 3 —
(RO + GBR)
TST.B #imm @RO, BR (RO + GBR) & imm, 11001100iiiiiiii 3 Test
whenresultis0,1 - T results
XOR B #imm @RO, @R (RO+GBR)”Aimm -  11001110iiiiiiii 3 —
(RO + GBR)
A.1.10 PC Relative Addressing with Displacement
Table A-19 PC Relative Addressing with Displacement
Instruction Operation Code Cycles T Bit
MOV. W @di sp, PO, R (disp x 2 + PC) - sign 1001nnnndddddddd 1 —
extension — Rn
MOV. L  @disp, PO, R (disp x4+ PC) - Rn 1101nnnndddddddd 1 —
MVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd 1 —
LDRS @di sp, pc) * disp x 2+PC - RS 10001100dddddddd 3 —
LDRE @di sp, pc) * disp x 2+PC - RE 10001110dddddddd 3 —
Note: * SH3-DSP instructions.
A.1.11 PC Relative Addressing
Table A-20 PC Relative Addressing with Rm
Instruction  Operation Code Cycles T Bit
BRAF Rm Delayed branch, Rm + PC - PC 0000mMmMM00100011 2 —
BSRF Rm Delayed branch, PC -~ PR,Rm+PC -  0000mmmr00000011 2 —
PC
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Table A-21 PC Relative Addressing

Instruction Operation Code Cycles T Bit

BF | abel When T =0, disp x2 + PC - PC; 10001011dddddddd 3/1 —
when T =1, nop

BF/S | abel If T=0,dispx2+PC - PC; 10001111dddddddd 2/1* —
if T=1, nop

BT | abel When T =1, disp x2 + PC - PC; 10001001dddddddd 3/1 —
when T =1, nop

BT/S | abel IfT=1,dispx2+PC - PC; 10001101dddddddd 2/1* —
if T=0, nop

BRA | abel Delayed branching, disp x 2 + PC - 1010dddddddddddd 2 —
PC

BSR | abel Delayed branching, PC - PR, 1011dddddddddddd 2 —
dispx2+PC - PC

Note: * One state when it does not branch.

A.1.12 Immediate

Table A-22 Load to Register

Instruction Operation Code Cycles T Bit

FLDIO FRn* 0.0 - FRn 1111nnnn10001101 1 —

FLD'1 FRn* 1.0 - FRn 1111nnnn10011101 1 —

Note: * Floating point arithmetic calculation instruction or CPU instruction related to the FPU.
These instructions are available only on the SH-3E.
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Table A-23 Arithmetic Logical Operations Direct with Register

Instruction Operation Code Cycles T Bit

ADD #i mm Rn Rn + #imm - Rn Olllnnnniiiiiiii 1 —

AND #i mm RO RO & imm - RO 11001002iiiiiiii 1 —

OW EQ #imMm RO When RO =imm, 1 - 10001000i iiiiiii 1 Comparison
T result

MOV #i mm R #imm - sign extension 1110nnnniiiiiiii 1 —
- Rn

xR #i mm RO RO | imm - RO 11001012iiiiiiii 1 —

TST #i mm RO RO & imm, when result 11001000iiiiiiii 1 Test results
is0,1 - T

XCR #i mm RO RO~ imm - RO 11001010iiiiiiii 1 —

Table A-24 Specify Exception Processing Vector

Instruction Operation Code Cycles T Bit
TRAPA #imm imm - TRA, PC - SPC, SR - SSR, 1100001%iiiiiiii 6/8* —

1 - SR.MD/BL/RB, 0x160 —

EXPEVT VBR + H'00000100 - PC
Note: * Eight cycles on the SH3-DSP.
Table A-25 Load to Control Register
Instruction Operation Code Cycles T Bit
SETRC #i nm imm - RC(SR[23:16]), 10000010iiiiiiii 3 —

zeros - SR[27:24]
Note: * SH3-DSP instruction.
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A2

Instruction Sets by Instruction Format

Tables A-26 to A-57 list instruction codes and execution cycles by instruction formats.

Table A-26 Instruction Sets by Format

Types
SH3-
Format Category Sample Instruction SH-3 SH-3E DSP
0 — NOP 11 11 11
n Direct register addressing MOVT  Rn 18 18 18
Direct register addressing STS MACH, Rn 18 18 25
(store with control or system registers)
Indirect register addressing TAS @n 1 1 1
Pre-decrement indirect register addressing STC.L SR, @Rn 16 18 25
Floating point instruction FABS FRn — 7 —
m Direct register addressing LDC Rm SR 16 18 26
(load with control or system registers)
PC relative addressing with Rm BRAF Rm 2 2 2
Indirect register addressing JWP @Rm 2 2 2
Post-increment indirect register addressing LDC. L @ mt, SR 16 18 25
Floating point instruction FLDS FRm FPUL — 2 —
nm Direct register addressing ADD Rm Rn 36 36 36
Indirect register addressing MOV.L Rm @un 6 6 6
Post-increment indirect register addressing MAC. W @mt, @in+ 2 2 2
(multiply/accumulate operation)
Post-increment indirect register addressing MOV. L @mt, Rn 3 3 3
Pre-decrement indirect register addressing MOV. L Rm @-Rn 3 3 3
Indirect indexed register addressing MOV.L Rm @ RO, Rn) 6 6 6
Floating point instruction FADD FRm FRn — 14 —
md Indirect register addressing with displacement MOV.B @di sp, R, R0 2 2 2
nd4 Indirect register addressing with displacement MOV. B RO, @di sp, Rn) 2 2 2
nmd Indirect register addressing with displacement MOV. L Rm @ di sp, Rn) 2 2 2
d Indirect GBR addressing with displacement MV.L RO, @disp,GBR) 6 6 6
Indirect PC addressing with displacement MWVA @disp,PC),R0 1 1 3
PC relative addressing BF | abel 4 4 4
di2 PC relative addressing BRA | abel 2 2 2
Note: * The figures in parentheses ( ) are the totals excluding the SH-3E instructions.
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Table A-26 Instruction Sets by Format (cont)

Types
SH3-

Format Category Sample Instruction SH-3 SH-3E DSP
nd8 PC relative addressing with displacement MOV.L @disp,PC),Rn 2 2 2
i Indirect indexed GBR addressing AND. B #inm @R0, GBR) 4 4 4

Immediate addressing (arithmetic and logical ~ AND #i mm RO 5 5 5

operations direct with register)

Immediate addressing TRAPA #i nm 1 1 1

(specify exception processing vector)

Load to control register (SH3-DSP only) SETRC #i nm — — 1
ni Immediate addressing (direct register ADD #i mm Rn 2 2 2

arithmetic operations and data transfers )

189 220 227
A.21 OFormat
Table A-27 0 Format
Instruction Operation Code Cycles T Bit
CGLRS 0-S 0000000001001000 1 —
CLRT 0-T 0000000000001000 1
CLRVAC 0 - MACH, MACL 0000000000101000 1 —
D Wou 0 - M/QIT 0000000000011001 1
LDTLB PTEH/PTEL - TLB 0000000000111000 1 —
NCP No operation 0000000000001001 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
RTS Delayed branching, PR - PC 0000000000001011 2 —
SETS 1-5S 0000000001011000 —
SETT 1T 0000000000011000 1
SLEEP Sleep 0000000000011011 4* —
Note: * This is number of states until a transition is made to the Sleep state.
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A22

n Format

Table A-28 Direct Register

Instruction Operation Code Cycles T Bit

OW/PL R Rn>0,1-T 0100nnnn00010101 1 Comparison
result

OW/ PZ R Rn=0,1-T 0100nnnn00010001 1 Comparison
result

Dr R Rn-1 - Rn,whenRnis0,1 -~ 0100nnnn00010000 1 Comparison

T. When Rn is nonzero,0 - T result

MOVT R T - Rn 0000nnnNn00101001 1 —

ROTL R T « Rn « MSB 0100nnnNN00000100 1 MSB

ROTR R LSB - Rn - T 0100nnnn00000101 1 LSB

ROTCL R T<Rn T 0100nnnNn00100100 1 MSB

ROTCR R T-Rn-T 0100nnnn00100101 1 LSB

SHAL R T<Rn<0 0100nnnn00100000 1 MSB

SHAR R MSB - Rn - T 0100nnnn00100001 1 LSB

SHL R T<Rn~0 0100nnnNN00000000 1 MSB

SHR R O0-Rn-T 0100nnnn00000001 1 LSB

SHL2 R Rn<<2 - Rn 0100nnnn00001000 1 —

SH R R Rn>>2 - Rn 0100nnnn00001001 1 —

SHL8 R Rn<<8 - Rn 0100nnnn00011000 1 —

SH.R8 R Rn>>8 - Rn 0100nnnn00011001 1 —

SHL16 Rn Rn<<16 - Rn 0100nnnNn00101000 1 —

SHRI6 R Rn>>16 - Rn 0100nnnn00101001 1 —
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Table A-29 Direct Register (Storewith Control and System Registers)

Instruction Operation Code Cycles  TBit
STC SR R SR - Rn 0000nnNnNN00000010 1 —
STC @GBR R GBR - Rn 0000nnNn00010010 1 —
STC VBR, Rn VBR - Rn 0000nNnNn00100010 1 —
STC SSR R SSR - Rn 0000nnNNn00110010 1 —
STC SPC R SPC - Rn 0000nnnNN01000010 1 —
STC MDD, Rn*? MOD - Rn 0000nnNn01010010 1 —
STC RE, Rn*? RE - Rn 0000nnNNN01110010 1 —
STC RS, Rn*? RS - Rn 0000nnNn01100010 1 —
STC RO_BANK, 1 RO_BANK - Rn 0000nnnNN10000010 1 —
STC RL_BANK, 1 R1_BANK- Rn 0000nnnNN10010010 1 —
STC R2_BANK, 1 R2_BANK- Rn 0000nnnNN10100010 1 —
STC R3_BANK, Rn  R3_BANK - Rn 0000nnnNN10110010 1 —
STC RA_BANK, R1 R4_BANK- Rn 0000nnnNN11000010 1 —
STC R5_BANK, Rn R5_BANK - Rn 0000nnnNN11010010 1 —
STC R6_BANK, 1 R6_BANK- Rn 0000nnnNN11100010 1 —
STC R7_BANK, Rn R7_BANK- Rn 0000nnnNNn11110010 1 —
STS FPSCR R**  FPSCR- Rn 0000nnnNn01101010 1 —
STS FPUL, Rn** FPUL - Rn 0000nnnNn01011010 1 —
STS MACH, Rn MACH - Rn 0000nnNNN00001010 1 —
STS MACL, Rn MACL - Rn 0000nnNn00011010 1 —
STS PR Rn PR - Rn 0000nnnn00101010 1 —
STS DSR, Rn*? DSR - Rn 0000nnnNn01101010 1 —
STS AO, Rn*? A0 - Rn 0000nnNnNN01111010 1 —
STS X0, Rn*? X0-Rn 0000nnNnNn10001010 1 —
STS X1, Rn*? X1-Rn 0000nnNNN10011010 1 —
STS YO0, Rn*? YO -Rn 0000nnNnNn10101010 1 —
STS Y1, Rn*? Y1-Rn 0000nnnNn10111010 1 —
Notes: 1. SH-3E instructions.

2. SH3-DSP instructions.
Table A-30 Indirect Register
Instruction Operation Code Cycles TBit
TAS.B @ When(Rn)is0,1 - T, 0100nnnn00011011  3/4* Test results

1 - MSB of (Rn)

Note: * Four cycles on the SH3-DSP.
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Table A-31 Indirect Pre-Decrement Register

Instruction Operation Code Cycles T Bit
STICL SR @m Rn—-4 - Rn, SR - (Rn) 0100nnnn00000011 1/2**
STCL GBR @R Rn—-4 - Rn, GBR - (Rn) 0100nnNnN00010011  1/2*?
STCL VBR @Rn Rn—-4 - Rn, VBR - (Rn) 0100nnnn00100011 1/2%*  —
STC L SSR @R Rn—4 - Rn, SSR - (Rn) 0100nnnn00110011 1/2%*

STC L SPC @Rn Rn—4 - Rn, SPC - (Rn) 0100nnnNn01000011  1/2*?

STC L MD @Rn*® Rn—-4 - Rn, MOD - (Rn) 0100nnnn01010011 2 —
STC L RE @Rn*? Rn—-4 - Rn, RE - (Rn) 0100nnnn01110011 2 —
STCL RS @Rn*? Rn—-4 - Rn,RS - (Rn) 0100nnnn01100011 2 —
STCL RO _BANK @R Rn—4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 2 —
STICL RL_BANK @R Rn—4 - Rn,R1_BANK - (Rn) 0100nnnn10010011 2 —
STCL R_BANK @R Rn-4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 2 —
STCL R3_BANK @R Rn—4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 2 —
STCL R BANK @R Rn—4 - Rn,R4_BANK - (Rn) 0100nnnn11000011 2 —
STCL R5_BANK, @Rn  Rn—4 - Rn,R5 BANK - (Rn) 0100nnnn11010011 2 —
STCL R6_BANK @R Rn—4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 2 —
STICL R/_BANK @R Rn—4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 2 —
STS.L FPSCR @Rn*! Rn—4 - Rn, FPSCR - @Rn 0100nnnn01100010 1 —
STS.L  FPUW, @Rn*? Rn—4 - Rn, FPUL - @Rn 0100nnnn01010010 1 —
STS. L MCH @R Rn—-4 - Rn, MACH - (Rn) 0100nnnn00000010 1 —
STS. L M\, @Rn Rn—-4 - Rn, MACL - (Rn) 0100nnnn00010010 1 —
SIS L PR @R Rn—-4 - Rn, PR - (Rn) 0100nnnn00100010 1 —
STS.L DSR @Rn*® Rn—-4 - Rn, DSR - (Rn) 0100nnnn01100010 1 —
STS.L A0, @Rn*? Rn—-4 - Rn, A0 - (Rn) 0100nnnn01100010 1 —
STS.L X0, @Rn*? Rn—4 - Rn,X0 - (Rn) 0100nnnn10000010 1 —
STIS.L X1, @Rn*? Rn—4 - Rn,X1 - (RN) 0100nnnn10010010 1 —
STS.L Y0, @Rn*? Rn—4 - Rn,Y0 - (Rn) 0100nnnn10100010 1 —
STS.L Y1, @Rn*? Rn—4 - Rn,Y1 - (Rn) 0100nnnn10110010 1 —

Notes: 1. SH-3E instructions.
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Table A-32 Floating Point I nstructions (SH-3E Only)

Instruction Operation Code Cycles T Bit
FABS Fmn [FRnO- FRnN 1111nnnn01011101 1 —
FLDIO FRn H'00000000 — FRn 1111nnnn10001101 1 —
FLD'1 Fmn H'3F800000 — FRn 1111nnnn10011101 1 —
FLOAT FPUW, FRn (float)FPUL - FRn 1111nnnn00101101 1 —
FNEG FRn —FRn - FRn 1111nnnn01001101 1 —
FSQRT FRm v FRn - FRn 1111nnnn01101101 13 —
FSTS FPU, FRn FPUL - FRn 1111nnnn00001101 1 —
A.23 mFormat
Table A-33 Direct Register (Load from Control and System Registers)
Instruction Operation Code Cycles T Bit
LDC Rm SR Rm - SR 0100mmm®©0001110 5 LSB
LDC Rm GBR Rm - GBR 0100mmmM®©0011110 1/3*2 —
LDC Rm VBR Rm - VBR 0100mmm®©0101110 1/3*2 —
LDC Rm SSR Rm - SSR 0100mm©0111110 1/3*2 —
LDC Rm SPC Rm - SPC 0100mmmM®©1001110 1/3*2 —
LDC Rm MoD+® Rm - MOD 0100mmm®©1011110 3 —
LDC Rm RE*? Rm - RE 0100mmm®©1111110 3 —
LDC Rm RS*? Rm - RS 0100mmmM®©1101110 3 —
LDC Rm RO_BANK  Rm - RO_BANK 0100mmm10001110 1/3*2 —
LDC Rm RL_BANK  Rm - R1_BANK 0100mmm10011110 1/3*2 —
LDC RmR2_BANK  Rm - R2_BANK 0100mmm10101110 1/3*2 —
LDC Rm R3_BANK  Rm - R3_BANK 0100mmmn10111110 1/3*2 —
LDC RmRA_BANK  Rm - R4 _BANK 0100mmm11001110 1/3*2 —
LDC Rm RS_BANK  Rm - R5_BANK 0100mmm11011110 1/3*2 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmmn11101110 1/3*2 —
LDC Rm R7_BANK  Rm - R7_BANK 0100mmm11111110 1/3*2 —
LDS Rm FPSCR** Rm - FPSCR 0100nnnn01101010 1 —
LDS Rm FPUL*! Rm - FPUL 0100nnnn01011010 1 —
LDS Rm MACH Rm - MACH 0100mmm®©0001010 1 —
LDS Rm MACL Rm - MACL 0100mmmM®©0011010 1 —
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Table A-33 Direct Register (Load from Control and System Register s) (cont)

Instruction Operation Code Cycles T Bit
LDS Rm PR Rm - PR 0100mmmM®©0101010 1 —
LDS Rm DSR*® Rm - DSR 0100mmMm®©1101010 1 —
LDS Rm A0*3 Rm - AO 0100mmm®©1111010 1 —
LDS Rm X0** Rm - XO 0100mMmM10001010 1 —
LDS Rm X1** Rm - X1 0100mmMmM10011010 1 —
LDS Rm YO*? Rm - YO 0100mmM10101010 1 —
LDS Rm Y1*3 Rm - Y1 0100mmM10111010 1 —
SETRC #i mnt® imm - RC(SR[23:16]), 10000010iiiiiiii 3 —
zeros - SR[27:24]
Notes: 1. SH-3E instructions.
2. Three cycles on the SH3-DSP.
3. SH3-DSP instructions.
Table A-34 PC Relative Addressing with Rm
Instruction Operation Code Cycles T Bit
BRAF  Rm Delayed branch, Rm + PC - PC 0000mmMmM®D0100011 2 —
BSRF  Rm Delayed branch, PC - PR, 0000mmMM®O0000011 2 —
Rm + PC - PC
Table A-35 Indirect Register
Instruction Operation Code Cycles T Bit
JWP @ Delayed branch, Rm - PC 0100MmmMm®©00101011 2 —
JSR @M Delayed branch, PC - PR, Rm - PC  0100mmm©00001011 2 —
Table A-36 Indirect Post-l1ncrement Register
Instruction Operation Code Cycles T Bit
LDC L @Rm, SR (Rm) - SR,Rm+4 -~ Rm 0100mmMmM®D0000111 7 LSB
LDC L @m, GBR (Rm) - GBR,Rm+4 - Rm 0100mmm®O0010111 1/5%2 —
LDC L @+, VBR (Rm) - VBR,Rm+4 - Rm 0100mmM®O0100111  1/5** —
LDC. L @Rmt, SSR (Rm) - SSR,Rm+4 - Rm 0100mmmM®©0110111 1/5*%2 —
LDC L @+, SPC (Rm) - SPC,Rm+4 - Rm 0100mmm®©1000111 1/5%2 —
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Table A-36 Indirect Post-l1ncrement Register (cont)

Instruction Operation Code Cycles T Bit
LDC L @Rm+, MOD+® (Rm) - MOD,Rm +4 -~ Rm 0100mMmmMM®©1010111 5 —
LDC. L @Rm+, RE*® (Rm) - RE,Rm+4 - Rm 0100mmMmM®©1110111 5 —
LDC. L @Rmt, RS+ (Rm) - RS,Rm+4 - Rm 0100mmMmM®D1100111 5 —
LDC L @m+, RO (Rm) - RO_BANK, 0100mmMm10000111 1/5*2 —
BANK Rm+4 - Rm
LDC. L @Rm+, RL_ (Rm) - R1_BANK, 0100mmm10010111 1/5%2 —
BANK Rm+4 - Rm
LDC L @m+, R2_ (Rm) - R2_BANK, 0100mmm10100111 1/5*2 —
BANK Rm+4 - Rm
LDC L @Rm+, R3_ (Rm) —» R3_BANK, 0100mmm10110111 1/5%2 —
BANK Rm+4 - Rm
LDC L @Rm+, R4 (Rm) - R4_BANK, 0100mmm11000111 1/5*2 —
BANK Rm+4 - Rm
LDC. L @Rm+, R5_ (Rm) — R5_BANK, 0100mmm11010111 1/5%2 —
BANK Rm+4 - Rm
LDC L @Rm+, R6_ (Rm) - R6_BANK, 0100mmm11100111 1/5*2 —
BANK Rm+4 - Rm
LDC. L @Rm+, R7_ (Rm) - R7_BANK, 0100mmm11110111 1/5%2 —
BANK Rm+4 - Rm
LDS. L @+, FPSCR*!  @Rm - FPSCR, 0100nnnn01100110 1 —
Rm+4 - Rm
LDS. L @mt, FPUL** @Rm - FPUL,Rm+4 -~ Rm 0100nnnn01010110 1 —
LDS. L @Rm+, MACH (Rm) - MACH,Rm +4 - Rm 0100nmmm00000110 1 —
LDS. L @Rm+, MACL (Rm) - MACL,Rm+4 - Rm  0100nmmmm©00010110 1 —
LDS. L @Rm+, PR (Rm) - PR,Rm+4 - Rm 0100mmm®©0100110 1 —
LDS. L @Rm+, DSR+® (Rm) - DSR,Rm+4 - Rm 0100MmmMM®©1100110 1 —
LDS. L @Rmt, AD*® (Rm) - AO,Rm+4 - Rm 0100mmMmM®©1110110 1 —
LDS. L @+, X0*3 (Rm) - X0,Rm+4 - Rm 0100nnnNn10000110 1 —
LDS. L @+, X1*2 (Rm) - X1,Rm+4 - Rm 0100nnnNn10010110 1 —
LDS. L @+, YO** (Rm) - YO,Rm+4 - Rm 0100nnnNn10100110 1 —
LDS. L @+, Y1*3 (Rm) - Y1,Rm+4 - Rm 0100nnnn10110110 1 —
Notes: 1. SH-3E instructions.
2. Five cycles on the SH3-DSP.
3. The instruction of SH3-DSP.
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Table A-37 Floating Point I nstructions (SH-3E Only)

Instruction Operation Code Cycles T Bit

FLOS FRmFPU.  FRm - FPUL 1111nnnn00011101 1 —

FTRC FRmFPUW  (long)FRm - FPUL 1111nnnn00111101 1 —

A.24 nm Format

Table A-38 Direct Register

Instruction Operation Code Cycles T Bit

ADD RMm R Rm + Rn - Rn 0011nnnnmmmmil100 1 —

ADDC Rm R Rn+Rm+T - Rn, 0011nnnnmmmi110 1 Carry
carry » T

ADDV Rm R Rn+Rm - Rn, 0011lnnnnmmmill1ll 1 Overflow
overflow —» T

AND Rm R Rn&Rm - Rn 0010nnnnmmm1001 1 —

OWEQ RmRn WhenRn=Rm,1 - T 0011nnnnnmm®©000 1 Comparison

result

OWHS RmRn When unsigned and Rn>  0011nnnnnmmmm©0010 1 Comparison
Rm,1 - T result

OW/ CE RmRn When signed and Rn = 0011nnnnmmm0011 1 Comparison
Rm,1 - T result

aow/ H Rm R When unsigned and Rn > 0011nnnnnmmm0110 1 Comparison
Rm,1 - T result

OW/ G RmRn When signed and Rn > 0011nnnnmmm0111 1 Comparison
Rm,1 - T result

OW/ STR RmRn When a byte in Rn equals  0010nnnnmmmmi100 1 Comparison
abyteinRm,1 - T result

D Vi Rm R 1 step division (Rn + Rm)  0011nnnnmMm©100 1 Calculation

result

D V0S Rm R MSB of Rn - Q, MSB of 0010nnnnmmm0111 1 Calculation
Rm_-MM*"Q T result

DMLS.L RmRn Signed operation of Rn x 0011lnnnnnmmmmil101 2 —
Rm - MACH, MACL (to 5)*

DMLUL RmRn Unsigned operation of Rn 0011nnnnmmm0101 2 —
x Rm - MACH, MACL (to 5)*

EXTSB RmRn Sign-extend Rm from byte  0110nnnnmmmi110 1 —
- Rn
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Table A-38 Direct Register (cont)

Instruction Operation Code Cycles T Bit
EXTS.W RmR1r Sign-extend Rm from word - Rn  0110nnnnnmmil111 1 —
EXTUB RmR1 Zero-extend Rm from byte -~ Rn 0110nnnnmmmi1100 1 —
EXTUW Rm R Zero-extend Rm fromword - Rn 0110nnnnmmmi101 1 —
MOV RmMRAM Rm - Rn 0110nnnnnmm®©011 1 —
MUL. L RMR1 Rn xRm - MAC 0000nNnnnMMM0111 2 —
(to 5)*
MLS Rm Rh  With sign, Rn x Rm - MAC 0010nnnnnmmmi111 1 —
(to 3)*
MJLU Rm R Unsigned, Rn xRm - MAC 0010nnnnmmmm1110 1 —
(to 3)*
NEG RmMmM O-Rm - Rn 0110nnnnnmmi011 1 —
NEQC RmMRM O-Rm-T - Rn,Borrow - T 0110nnnnnmmm1010 1 Borrow
NOT RMR1  ~Rm - Rn 0110nnnnmmm®111 1 —
R RmMRh  Rn|Rm - Rn 0010nnnnnmm 1011 1 —
SHAD RMR Rn=0;Rn<<Rm - Rn 0100nnnnmmm1.100 1 —
Rn <0; Rn>>Rm - [MSB - Rn]
SHD RMRM Rn=0;Rn<<Rm - Rn 0100nnnnmmm 1101 1 —
Rn<0; Rn>>Rm - [0-Rn]
SUB RMRM Rn—-Rm - Rn 0011nnnnnmmmi000 1 —
SUBC R Rn—-Rm-T - Rn,Borrow - T 0011nnnnmmmi010 1 Borrow
SUBV R Rn-Rm - Rn, Underflow —» T 0011nnnnmmmi011 1 Under-
flow
SWP.B Rm R Rm - Swap upper and lower 0110nnnnmmmi000 1 —
halves of lower 2 bytes - Rn
SWP.W Rm R Rm - Swap upper and lower 0110nnnnmmm1001 1 —
word - Rn
TST RmMRh  Rn&Rm,whenresultis0,1 - T 0010nnnnmmmi000 1 Test
results
XCR RnRM Rn”"Rm - Rn 0010nnNnnnnMm1010 1 —
XTRCT R R Rm: Center 32 bits of Rn - Rn 0010nnnnnMmMm 101 1 —

Note: * Normal minimum number of execution states (the number in parentheses is the number
of states when there is contention with preceding/following instructions).
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Table A-39 Indirect Register

Instruction Operation Code Cycles T Bit
MOV.B Rm @n Rm - (Rn) 0010nnnnmmm©O000 1 —
MV. W Rm @n Rm - (Rn) 0010nnnnmmm®001 1 —
MOV.L Rm @n Rm - (Rn) 0010nnnnnmm®©010 1 —
MV.B @M R (Rm) - sign extension - Rn 0110nnnnmmmm0000 1 —
MV. W @M Rn (Rm) - sign extension - Rn  0110nnnnmmm0001 1 —
MOV.L @mRn (Rm) - Rn 0110nnnnnmmm®©010 1 —
Table A-40 Indirect Post-1ncrement Register (M ultiply/Accumulate Oper ation)
Instruction Operation Code Cycles TBit
MC L @, @+ Signed operation of (Rn) x 0000nnnNMMM1111 2 (to5)* —

(Rm) + MAC - MAC,

Rn+4 - Rn,Rm+4 - Rm
MAC. W  @Rm+, @+ Signed operation of (Rn) x 0100nnnnmmmi111 2 (to5)* —

(Rm) + MAC - MAC,
Rn+2 - RN\, Rm+2 - Rm

Note: * Normal minimum number of execution states (the number in parentheses is the number

of states when there is contention with preceding/following instructions).

Table A-41 Indirect Post-l1ncrement Register

Instruction Operation Code Cycles T Bit

MV.B @m, Rh (Rm) - sign extension - Rn, 0110nnnnnmmm®©0100 1 —
Rm+1 - Rm

MOV. W @+, Rn (Rm) - sign extension - Rn, 0110nnnnmmmO101 1 —
Rm+2 - Rm

MOV.L @m Rn (Rm) - Rn,Rm+4 - Rm 0110nnnnnmmm®110 1 —

Table A-42 Indirect Pre-Decrement Register

Instruction Operation Code Cycles T Bit

MV.B Rm @Rn Rn—-1 - Rn,Rm - (Rn) 0010nnnnNmmMm©100 1 —

MOV. W Rm @Rn Rn-2 - Rn,Rm - (Rn) 0010nnnnmmMmO101 1 —

MOV.L Rm @R Rn—-4 - Rn,Rm - (Rn) 0010nnnnnmmm®110 1 —
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Table A-43 Indirect Indexed Register

Instruction Operation Code Cycles T Bit
MV.B Rm @R0O,R1)  Rm - (RO + Rn) 0000nnNNNMMM©100 1 —
MOV. WRm @RO, Rn)  Rm - (RO + Rn) 0000nnnnmM©O101 1 —
MWV.L Rm @RO,R1)  Rm - (RO +Rn) 0000nnNNMM©110 1 —
MV.B @RO,R), R (RO + Rm) - sign extension » Rn 0000nnnnnmmmmi100 1 —
MV. W@R0, R, R (RO + Rm) - sign extension —» Rn 0000nnnnnmmm 1101 1 —
MV.L @RO,R), R (RO+Rm) - Rn 0000NnNNNMMM1L110 1 —
Table A-44 Floating Point I nstructions (SH-3E Only)
Instruction Operation Code Cycles T Bit
FADD FRm FR FRn+FRmM - FRn 11121nnnnmmmm©000 1 —
FOW/ EQ FRm FRn (FRn=FRm)? 1.0 - T 1111nnnnmmm©0100 1 Comparison
result
FCW/ GT' FRm FRn (FRn>FRm)? 1.0 - T 1111nnnnmmmo101 1 Comparison
result
FD VvV FRMm FR FRn/FRm - FRn 1111nnnnmmm©0011 13 —
FMAC FRO, FRm FRn  FROXFRm+FRn - FRn 111lnnnnnmmil110 1 —
FMOV FRMm FR FRm - FRn 1111nnnnmmmi100 1 —
FMOV.S @RO, Ry, FRn  (RO+Rm) - FRn 1111nnnnmmmo110 1 —
FMOV. S @Rm, FRh (Rm) - FRn,Rm+4 - 1111nnnnmmmm1001 1 —
Rm
FMDV. S @Rm FRn (Rm) - FRn 1111nnnnmmm1000 1 —
FMOV.S Frm @RO,R1) (FRm) - (RO+Rn) 1112nnnnmmmm©0111 1 —
FMOV.S FRnm @R Rn-4 - Rn, FRm - (Rn) 111innnnmmmi011 1 —
FMOV. S FRm @ FRm - (Rn) 1112nnnnmmmm1010 1 —
FMUL FRm FRh FRn x FRm - FRn 1111nnnnmmm©010 1 —
FSUB FRm FR FRn-FRm - FRn 11121nnnnmmmm©001 1 —
A.25 md Format
Table A-45 md Format
Instruction Operation Code Cycles T Bit
MOV. B @di sp, Rm, RO (disp + Rm) - sign 10000100mmmdddd 1 —
extension - RO
MV. W @disp, R, R0 (disp x 2+ Rm) - sign 10000101 mmmdddd 1 —
extension — RO
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A.2.6
Table A-46 nd4 For mat

nd4 Format

Instruction Operation Code Cycles T Bit

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd 1 —

MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn)  10000001nnnndddd 1 —

A.27 nmd Format

Table A-47 nmd Format

Instruction Operation Code Cycles T Bit

MV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmuddd 1 —

MOV.L @disp, R, R (disp x4 + Rm) - Rn 0101nnnnmmmuddd 1 —

A.28 dFormat

Table A-48 Indirect GBR with Displacement

Instruction Operation Code Cycles TBit

MOV. B RO, @di sp, GBR RO - (disp + GBR) 11000000dddddddd 1 —

MOV. W RO, @di sp, BBR RO - (disp x2 + GBR) 11000001dddddddd 1 —

MOV.L RO, @di sp, GBR) RO - (disp x4 + GBR) 11000010dddddddd 1 —

MV.B @disp, BR, R0 (disp + GBR) - sign 11000100dddddddd 1 —
extension - RO

M. W @disp, BR,R0  (dispx2+GBR) - 11000101dddddddd 1 —
sign extension — RO

MOV.L @disp, GBR, RO (disp x4 + GBR) - RO 11000110dddddddd 1 —

Table A-49 PC Relative with Displacement

Instruction Operation Code Cycles T Bit

MOVA  @disp,POQ,R0 dispx4+PC - RO 11000111dddddddd 1 —

LDRS @di sp, pc) * disp x 2+PC - RS 10001100dddddddd 3 —

LDRE @di sp, pc) * disp x 2+PC - RE 10001110dddddddd 3 —

Note: * SH3-DSP instructions.
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Table A-50 PC Rdative

Instruction Operation Code Cycles T Bit
BF | abel When T =0, disp x2+PC - 10001011dddddddd 3/1 —
PC; when T =1, nop
BF/'S | abel If T=0,dispx2+PC - PC; 10001111dddddddd 2/1* —
if T=1, nop
BT | abel WhenT=1,dispx2+PC - 10001001dddddddd 3/1 —
PC; when T =0, nop
BT/S | abel IfT=1,dispx2+PC - PC; 10001101dddddddd 2/1*
if T=0, nop

Note: * One state when it does not branch.

A.29 d12Format
TableA-51 d12 Format

Instruction Operation Code Cycles T Bit
BRA | abel Delayed branching, disp x 2 + PC -~ PC 1010dddddddddddd 2 —
BSR [ abel Delayed branching, PC - PR, 1011dddddddddddd 2 —

dispx2+PC - PC

A.2.10 nd8 Format
Table A-52 nd8 For mat

Instruction Operation Code Cycles T Bit

MOV. W @di sp, PO, R (disp x 2 + PC) - sign 1001nnnndddddddd 1 —
extension - Rn

MOV.L @disp, PO, R (disp x4+ PC) - Rn 1101nnnndddddddd 1 —

A.2.11 i Format
Table A-53 Indirect Indexed GBR

Instruction Operation Code Cycles T Bit
AND. B #i mm @R0, GBR) (RO+GBR) & imm -  1100110%iiiiiiii 3 —

(RO + GBR)
RB #mm @R, BR (RO + GBR) | imm - 1100111%iiiiiiii 3 —

(RO + GBR)
TST.B  #imm @R0, GBR) (RO + GBR) & imm, 11001100iiiiiiii 3 Test

whenresultis0,1 - T results
XCR B #imm @R0, GBR) (RO+GBR)Aimm - 11001110iiiiiiii 3 —

(RO + GBR)
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Table A-54 Immediate (Arithmetic L ogical Operation with Direct Register)

Instruction Operation Code Cycles T Bit

AND #i mm RO RO & imm - RO 1100100%iiiiiiii 1 —

OW/ EQ #imm R0 When RO =imm, 1 - 10001000i iiiiiii 1 Comparison
T results

R #i mm RO RO | imm - RO 11001022iiiiiiii 1 —

TST #i mm RO RO & imm, when result  11001000iiiiiiii 1 Test results
is0,1 T

XCR #i mm RO RO~ imm - RO 11001010iiiiiiii 1 —

Table A-55 Immediate (Specify Exception Processing Vector)

Instruction Operation Code

Cycles  TBit

TRAPA  #i nm imm - TRA, PC - SPC, SR - 1100001Liiiiiiii

SSR, 1 - SR.MD/BL/RB, 0x160 -
EXPEVT, VBR + H'00000100 - PC

6/8* —

Note: * Eight cycles on the SH3-DSP.

Table A-56 Load to Control Register (SH3-DSP Only)

Instruction Operation Code Cycles T Bit

SETRC #i nm imm - RC(SR[23:16]), 10000010iiiiiiii 3 —
zeros - SR[27:24]

A.2.12 ni Format

Table A-57 ni Format

Instruction Operation Code Cycles T Bit

ADD #immRn Rn + #imm - Rn O11lnnnniiiiiiii 1 —

MOV #imm Rn #imm - sign extension - Rn 1110nnnniiiiiiii 1 —
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A3

Operation Code Map

Table A-58 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB | MD: 00 MD: 01 MD: 10 MD: 11
0000 |Rn Fx 0000
0000 |[Rn |Fx |0001
0000 |Rn  |OOMD| 0010 |STC SR Rn STC GBR, Rn STC VBR, Rn STC SSR, Rn
0000 |[Rn  |01MD| 0010 |STC SPC, Rn STC MDD, Rn*2 |STC RS, Rn*? STC RE, Rn*?
0000 |Rn  [10MD| 0010 |STC RO_BANK, Rn |STC R1_BANK, Rn |STC R2_BANK, Rn [STC R3_BANK, Rn
0000 |Rn | 11MD| 0010 [STC R4_BANK, Rn |[STC R5_BANK, Rn |STC R6_BANK, Rn |STC R7_BANK, Rn
0000 |Rn 0O0OMD| 0011 |BSRF Rm BRAF Rm
0000 |Rm |10MD| 0011 |PREF @m
0000 |[Rn |Rm |O1MD|MV.B Rm MOV. W Rm MOV. L Rm MJL. L Rm Rn

@ RO, Rn) @ RO, Rn) @ RO, Rn)
0000 | 0000 |00OMD| 1000 |CLRT SETT CLRVAC LDTLB
0000 | 0000 |01MD| 1000 |CLRS SETS
0000 | 0000 |Fx 1001 |NoP Dl VOU
0000 | 0000 |Fx 1010
0000 | 0000 |Fx 1011 |RTS SLEEP RTE
0000 |[Rn |Fx 1000
0000 |Rn Fx 1001 MOVT Rn
0000 |Rn  |OOMD| 1010 |STS MACH, Rn STS MACL, Rn STS PR Rn
0000 |[Rn |01MD| 1010 STS FPUL, Rn*! |STS FPSCR, Rn*! |STS A0, Rn*2

STS DSR, Rn*?

0000 |Rn  |10MD| 1010 |STS X0, Rn*? STS X1, Rn*2 STS YO, Rn*2 STS Y1, Rn*2
0000 |[Rn  |Fx 1011
0000 |Rn Rm |11MD|MOV. B MOV. W MOV. L MAC. L

@R0, Rm), Rn @R0, Rm), Rn @RO, Rm), Rn @R+, @+
0001 |Rn Rm |disp |MOV.L Rm @di sp: 4, Rn)
0010 |Rn Rm |OOMD/MOV.B Rm @n |[MOV.WRm @n |MOV.L Rm @
0010 |[Rn |[Rm |01MD|MV.B Rm @Rn |MOV. WRm @Rn |MOV.L Rm @Rn |DlVOS Rm Rn
0010 |[Rn |[Rm |10MD|TST Rm Rn AND Rm Rn XOR Rm Rn OR Rm Rn
0010 |[Rn |Rm |11MD|CMP/ STR Rm Rn |XTRCT Rm Rn MULU. WRm Rn |[MULS. WRm Rn
0011 |[Rn  |[Rm |OOMD|CWP/ EQ Rm Rn CWMP/HS Rm Rn  |CMP/ GE Rm Rn
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Table A-58 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB | MD: 00 MD: 01 MD: 10 MD: 11
0011 |Rn Rm 01MD|DI V1 Rm Rn DMULU.L RmRn |[CMP/H Rm Rn CWP/ GT Rm Rn
0011 |Rn Rm 10MD|SUB Rm Rn SUBC Rm Rn SUBV Rm Rn
0011 |Rn Rm 11MD|ADD Rm Rn DVMULU. L Rm Rn  |ADDC Rm Rn ADDV Rm Rn
0100 |Rn Fx 0000 [SHLL Rn DT Rn SHAL Rn
0100 |Rn Fx 0001 |SHLR Rn CWP/ PZ Rn SHAR Rn
0100 |Rn OOMD| 0010 | STS. L NACH, STS. L MACL, STS.L PR
@-Rn @Rn @Rn
0100 |Rn 01MD| 0010 STS. L FPUL, STS. L DSR, STS. L AO,
@Rn*l @Rn*z @Rn*z
STS. L FPSCR,
@_Rn*l
0100 |Rn 10MDJ| 0010 |STS. L Xo, STS. L X1, STS. L YO, STS. L Y1,
@Rn*z @Rn*z @Rn*z @Rn*z
0100 |Rn O0OMD| 0011 |STC. L STC. L STC. L STC. L SSR, A-Rn
SR, @Rn GBR, @-Rn VBR, @-Rn
0100 |Rn 01MD| 0011 |STC.L SPC, @Rn|STS. L MD, STS. L RS, STS. L RE,
@Rn*z @Rn*z @Rn*z
0100 |Rn 10MD| 0011 |STC. L STC. L STC. L STC. L
RO_BANK, @ Rn R1_BANK, @ Rn R2_BANK, @ Rn R3_BANK, @ Rn
0100 |Rn 11MD| 0011 |STC. L STC. L STC. L STC. L
R4_BANK, @ Rn R5_BANK, @ Rn R6_BANK, @ Rn R7_BANK, @ Rn
0100 |Rm/ |Fx 0100 |ROTL Rn SETRC Rm ROTCL Rn
Rn
0100 |Rn Fx 0101 |ROTR Rn CWP/ PL Rn ROTCR Rn
0100 |Rm 0O0OMD| 0110 |LDsS. L LDS. L LDS. L
@Rmt+, MACH @mt+, MACL @mt, PR
0100 |[Rm |01MD|0110 LDS. L LDS. L LDS. L
@rmt, FPUL*! @R+, DSR*?2 @rmi, A0*?
LDS. L
@rRmt+, FPSCR**
0100 |[Rm |10MD|0110 |LDS. L LDS. L LDS. L LDS. L
@R, X0*? @R, X1*2 @Rmt, YO*? @R, Y1*2
0100 |Rm 0O0OMD| 0111 |LDC. L LDC. L LDC. L LDC. L
@mt, SR @m+, GBR @m+, VBR @mt+, SSR
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Table A-58 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB | MD: 00 MD: 01 MD: 10 MD: 11
0100 |Rm |01MD|0111 |LDC.L @Rm#, SPC|LDC. L LDC. L LDC. L
@Rm+, MOD*2 @mt, RS*? @Rm+, RE*?

0100 |Rm |10MD|0111 |LDC. L LDC. L LDC. L LDC. L

@m+, RO_BANK | @m#+, RL_BANK  |@m+, R2_BANK | @R+, R3_BANK
0100 |[Rm |11MD|0111 |LDC. L LDC. L LDC. L LDC. L

@mt+, RA_BANK | @m#+, R5_BANK | @R+, R6_BANK | @+, R7_BANK
0100 |Rn  |Fx 1000 |SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100 |Rn  |Fx 1001 |SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 |Rm |00MD| 1010 |LDS Rm MACH LDS Rm MACL LDS Rm PR
0100 |[Rm |01MD|1010 LDS Rm FPUL*! |LDS Rm DSR*? LDS Rm A0*?

LDS Rm FPSCR*!
0100 |Rm |10MD| 1010 |LDS Rm X0*2 LDS Rm X1*2 LDS Rm YO*2 LDS Rm Y1*2
0100 |Rn Fx 1011 |JSR @m TAS. B @n JMP @Rm
0100 |[Rm |Rm |1100 |SHAD Rm Rn
0100 |[Rm |Rm |1101 |SHLD Rm Rn
0100 |Rm |00MD| 1110 |LDC Rm Sr LDC Rm GBR LDC Rm VBR LDC Rm SSR
0100 |Rm |01MD|1110 | LDC Rm SPC LDC Rm MOD*2 LDC Rm RS*? LDC Rm RE*?
0100 |Rm |10MD|1110 [LDC Rm RO_BANK |LDC Rm R1_BANK|LDC Rm R2_BANK |LDC Rm R3_BANK
0100 |Rm |11MD|1110 [LDC Rm R4_BANK |LDC Rm R5_BANK|LDC Rm R6_BANK |LDC Rm R7_BANK
0100 |Rn Rm 1111 | MAC. W @m#+, @Rn+
0101 |Rn Rm |disp |MOV.L @disp:4, R, Rn
0110 |[Rn |Rm |OOMD|/MV.B @mRn |MV.W@mRn |MN.L @mRn |MOV RmRn
0110 |[Rn |Rm |01MD|MOV.B @m+, Rn | MOV. W @+, Rn | MOV. L @+, Rn | NOT Rm Rn
0110 |Rn |Rm |10MD|SWAP.B Rm Rn |SWAP. WRm Rn | NEGC Rm Rn NEG Rm Rn
0110 |[Rn |Rm |11MD|EXTU.B RmRn |EXTUWRmRn |EXTS.B RmRn |EXTS. WRm Rn
0111 |Rn imm ADD #i nm 8, Rn
1000 |OOMD|Rn |disp |MOV.B RO, MOV. W RO, SETRC #i nmt?
imm @di sp: 4, Rn) @di sp: 4, Rn)

1000 |[0OIMD|Rm |disp |MOV.B MOV. W

@ di sp: 4, @ di sp: 4,

RM) , RO RM) , RO
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Table A-58 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB | MD: 00 MD: 01 MD: 10 MD: 11
1000 |10MD| imm/disp |CVP/EQ BT disp: 8 BF | abel : 8
#imm 8, RO
1000 |10MD| imm/disp |LDRS BT/S disp: 8 LDRE BF/ S | abel : 8
@di sp, PC) *? @di sp, PC) *?
1001 |Rn disp MV. W @ di sp: 8, PC), Rn
1010 disp BRA | abel : 12
1011 disp BSR | abel : 12
1100 |OOMD| imm/disp |MOV.B RO, MOV. W RO, MOV. L RO, TRAPA #i mm 8
@di sp: 8, @di sp: 8, @di sp: 8,
GBR) GBR) GBR)
1100 |01MD disp MOV. B MOV. W MOV. L MOVA
@ di sp: 8, @ di sp: 8, @ di sp: 8, @ di sp: 8,
GBR), RO GBR), RO GBR), RO PC), RO
1100 |10MD imm TST AND XOR oR
#i mm 8, RO #i mm 8, RO #i mm 8, RO #i mm 8, RO
1100 | 11MD imm TST. B AND. B XOR. B OR B
#i mm 8, #i mm 8, #i mm 8, #i mm 8,
@ R0, GBR) @ R0, GBR) @ R0, GBR) @ R0, GBR)
1101 |Rn disp MOV. L @disp:8, PO, Rn
1110 |Rn imm MOV #i nm 8, Rn
1111 |Rn Rm OOMD| FADD FRm FRn*! | FSUB FRm FRn*! | FMUL FRm FRn*! | FDI V FRm FRn*!
1111 |Rn Rm 01MD| FCWP/ EQ FCWP/ GT FMOV. S FMOV. S
FRm FRn*! FRm FRn*! @ R0, Rm), FRt! | FRm @ RO, Rn) *!
1111 |Rn Rm |10MD|FMOV. S FMOV. S FMOV. S FMOV. S
@m FRn*! @, FRt? FRm @n*! FRM @ Rn*?
1111 |Rn Rm 1100 |FMOV FRm FRn*!
1111 |Rn  |0OMD| 1101 |FSTS FLDS FLOAT FTRC
FPUL, FRn*! FRn, FPUL*! FPUL, FRn*! FRn, FPUL*!
1111 |[Rn  |01MD| 1101 |FNEG FRn*! FABS FRn*! FSQRT FRn*!
1111 |Rn 10MD| 1101 |FLDI 0 FRn*! FLDI 1 FRn*!
1111 |Rn Rm 1110 |FMAC
FRO, FRm FRn*!
1111 | 00** *hkx (MOVX.W MOVY. W DPS doubl e data transfer instructions)
(SH3- DSP)
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Table A-58 Operation Code Map (cont)

Instruction Code

Fx: 0000

Fx: 0001

Fx: 0010

Fx: 0011-1111

MSB

LSB

MD: 00

MD: 01

MD: 10

MD: 11

1111 | 01** *rkk (MOVS.W MO/S.L, DPS single data transfer instructions)
(SH3- DSP)

1111 | 10** Frxk (DPS paral l el processing instructions, field A MWX W
MOVY. W DPS doubl e data transfer instructions, field B:
PSH. to PLDS, DPS operation instructions) (SH3-DSP)

1111 11** *kk%k

Notes: 1. Floating point arithmetic calculation instruction or CPU instruction related to the FPU.

These instruction are available only on the SH-3E

2. CPU instructions to provide support for DSP functions. These instructions can only be
used with the SH3-DSP.

Table A-59 Operation Code Map for DSP Operation Instructions (B Field)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB ‘ LSB cc:00 cc:01* cc:10 (DCT) cc:11 (DCF)
0000 imm 272727 PSH. #imm Dz
0000 | 1%**  |*x** -
0001 imm 22727 PSHA #imm Dz
0001 | 1%%*  |*xxx -
001* |***+ - -
0100 | eeff XXYY gguu [PMLLS Se, Sf, Dg
0101 | **** - -
0110 |eeff XXyYy gguu |PSUB Sx, Sy, Du PMLS Se, Sf, Iy
0111 |eeff XXYY gguu |PADD Sx, Sy, Du PMULS Se, Sf, Dy
1000 |00cc  |xxyy 77727 [if cc] PSHL S, Sy, Dz
1000 |0lcc  |xxyy 77727 POWP Sx, Sy
1000 |10cc  |xxyy 77727 PABS Sx, Dz |[if cc] PDEC Sx, Dz
1000 |11lcc  |xxyy 7727 [if cc] PCLR DZ
1001 |00cc  |xxyy 77727 [if cc] PSHA Sx, Sy, Dz
1001 |0lcc  |xxyy 77727 [if cc] PAND Sx, SY, Dz
1001 |10cc  |xxyy 7727 PR\D Sx, Dz |[if cc]PINC Sx, Dz
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Table A-59 Operation Code Map for DSP Operation Instructions (B Field) (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111

MSB LSB cc:00 cc:01* cc:10 (DCT) |cc:11 (DCF)

1001 |11cc  |xxyy 7277 [if cc] PDMSB Sy Dz

1010 |00cc  |xxyy 7777 PSUBC Sx, [if cc] PSUB Sx, Sy, Dz
Sy, Dz

1010 |O0lcc  |xxyy 7777 [if cc] PXOR Sx, Sy, Dz

1010 |10cc  |xxyy 7277 PABS Sy, Dz ||[if cc] PDEC Sy, Dz

1010 |11cc  |xxyy 7777

1011 |00cc  |xxyy 7777 PADDC S, [if cc] PADD Sx, Sy, Dz
Sy, Dz

1011 |Olcc  |xxyy 7777 [if cc] POR Sx, Sy, Dz

1011 |10cc  |xxyy 7777 PR\D Sy, Dz |[if cc] PINC Sy, Dz

1011 |11cc  |xxyy 72727 [if cc] PDMSB Sy, Dz

1100 | Q¥**  |xxxx ——

1100 |10cc  |xxyy 7777 [if cc] PNEG Sx, Dz

1100 |11lcc  |xxyy 7777 [if cc] PSTS MACH, Dz

11071 | O¥**  |xxxx ——

1101 |10cc  |xxyy 7777 [if cc] PCOPY Sx, Dz

1101 |11lcc  |xxyy 7777 [if cc] PSTS MACL, Dz

1110 | QF***  |xxxx ——

1110 |10cc  |xxyy 7777 [if cc] PNEG Sy, Dz

1110 |11lcc  |xxyy 7777 [if cc] PLDS Dz, MACH

11171 | OF**  |xxxx ——

1111 |10cc  |xxyy 7777 [if cc] PCOPY Sy, Dz

1111 |11lcc  |xxyy 7777 [if cc] PLDS DZ, MACL

Note: * Unconditional
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Appendix B Pipeline Operation and Contention

The SH-3/SH-3E/DSP series is designed so that basic instructions are executed in one cycle. Two
or more cycles are required for instructions when, for example, the branch destination addressis
changed by a branch instruction or when the number of cyclesisincreased by contention between
MA and IF. Table B-1 gives the number of execution cycles and stages for different types of
contention and their instructions. Instructions without contention and instructions that require 2 or
more cycles even without contention are also shown.

Instructions contend in the following ways:
« Operations and transfers between registers are executed in one cycle with no contention.
¢ No contention occurs, but the instruction still requires 2 or more cycles.

< Contention occurs, increasing the number of execution cycles. Contention combinations are:
— MA contends with IF
— MA contends with IF and sometimes with memory loads as well
— MA contends with IF and sometimes with the multiplier as well
— MA contends with IF and sometimes with memory loads and sometimes with the multiplier
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TableB-1 Instructionsand Their Contention Patterns

Contention Cycles Stages Instructions
None 1 3 « Transfers between registers
« Operations between registers
(except when a multiplier is involved)
» Logical operations between registers
» Shift and dynamic shift instructions
« System control ALU instructions
2 3 Unconditional branches
3/1 3 Conditional branches
2/1 3 Delayed conditional branch instructions
4 3 SLEEP instruction
4 5 RTE instruction
5 5 LDC instruction (SR), register to SR
6/8** 9 TRAP instruction
* MA contends with IF 1 4 « Memory store instructions
e STS.L instruction (PR)
e Cache instruction
1/2*2 4 « Bank register other than STC.L
instruction
2 5 STC.L instruction (bank register)
3 6 * Memory logic operations
3/4** 6 « TAS instruction
7 7 LDC.L instruction (SR), memory to SR
¢ MA contends with IF. 1 5 * Memory load instructions
« Causes memory load contention. + LDS.L instruction (PR)
1/5** 5 « LDC.L instruction
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TableB-1 Instructionsand Their Contention Patter ns (cont)

Contention Cycles Stages Instructions
* MA contends with IF. 1 4 » Register to MAC transfer instructions
+ Causes multiplier contention. « Memory to MAC transfer instructions

* MAC to memory transfer instructions

1(o3)** 6 Multiplication instructions (excluding
PMULS)
2 (to5)*t 7 Multiply/accumulate instructions
2 (to5)** 9 Double length multiply/accumulate
instructions
2(to5)** 9 Double length multiplication instructions
* MA contends with IF. 1 5 MAC/DSP to register transfer instructions
» Causes memory load,
contention.

¢ Causes multiplier contention.
e Causes DSP operation
contention

Notes: 1. The normal minimum number of execution states. (The number in parentheses is the
number in contention with the preceding/following instructions.)
2. Inthe case of the SH3-DSP, the figures on the right indicate the number of cycles and
stages.
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