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T INTRODUCTION

TIM is the Terminal Interface Monitor program for MOS
Technology's 65XX microprocessors. It is supplied in read-only
memory (ROM) as part of the MCS6530-004 multi-function chip.
Because the TIM code is nonvolatile, it is available at system
power-on and cannot be destroyed inadvertently by user programs.
Furthermore, the user is free to use only those TIM capabilities
which he needs for a particular program. Both interrupt types,
interrupt request (IRQ) and nonmaskable interrupt (NMI) may be
set to transfer control to TIM or directly to the user's program.

TIM communicates with the user via a serial full-duplex
port (using ASCII codes) and automatically adjusts to the speed
of the user's terminal. Any speed--even nonstandard ones--can
be accommodated. If the user's terminal has a long carriage
return time, TIM can be set to perform the proper delay. Com-
mands typed at the terminal can direct TIM to start a program,
display or alter registers and memory locations, set breakpoints,
and load or punch programs. If available in the system configura-
tion, a high~-speed paper tape reader may be used to load programs
through a parallel port on the MCS6530-004 chip. Programs may be
punched in either of two formats--hexadecimal (assembler output)
or BNPF (which is used for programming read-only memories). On
loading or modifying memory, TIM performs automatic read-after-
write verification to insure that addresses memory exists, is
read/write type, and is responding correctly. Operator errors

and certain hardware failures may thus be detected using TIM.
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TIM also provides several subroutines which may be called
by user programs. These include reading and writing characters
on the terminal, typing a byte in hexadecimal, reading from
high-speed paper tape, and typeing a carriage-return, line-feed
sequence with proper delay for the carriage of the terminal
being used. Program tapes loaded by TIM may also specify a
start address so that programs may be started with a minimum of

operator action.



BB SYSTEM CONFIGURATION

Since TIM is a "program" resident in the MCS6530-004 it
must be properly configured in a proper system environment.

Figure 2-1 represents a block diagram of a minimum system
utilizing the TIM program. The MCS6502 is the controlling
microprocessor with two pages of memory (pages 0 and 1) repre-
senting the minimum RAM requirement. These devices, as well as
a representative schematic for the TTY, EIA interfaces, are
shown in Figure 2-2 which is a detailed system schematic utiliz-
ing the MCS6530-004. Note that the TIM function select equa-

tions are found on this schematic.
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ITTI. OPERATIONAL FEATURES OF TIM

A. TIM Commands*

Command Description

3 Set line speed. After RESET, a carriage re-

turn is typed to allow TIM to measure the

line speed.

.R Display user registers. The format is:
PCPAXYS
where:

PC is the program counter

P 1is the processor status

is the A (accumulator) register
is the X (index) register

is the Y (index) register

n <K X P

is the stack pointer low byte (high
byte is always 01)

.G Go. Begin execution at user PC location

(see R command) .

.M addr Memory examine. TIM will display the eight

bytes beginning at address addr.

.: ADDR data Alter registers or memory. TIM allows the

——

user to alter registers (if R command pre-
cedes) or memory (if M command precedes).
Values for registers or memory locations

which are not to be changed need not be typed

* Characters typed by the user are underlined. All other charac-
ters are typed by the computer. 1} means carriage-return.



—these fields may be skipped by typing
spaces instead of data. The remainder of
the fields in a line may be left unchanged
by typing carriage return. The : command
may be repeated to alter subseguent memory
locations without the necessity of typing
intervening M commands. Note that TIM
‘automatically types spaces to separate data

fields.

-LH Load Hexadecimal. TI? responds with car-
riage return, line-feed and loads data in
assemblexr output format from the terminal or
high-speed paper tape reader. The format is:

Zero or more leading characters except

i (usually blank leader)

Any number of records of the form:
; ccaaaadddd. .. .ddssss
wherex

cc is. the number of bytes in the
record in hex

aaaa 1is the hex address to store the
first byte of data

dddd....dd is the data (two hex dicgits
per byte)

ssss 1is the check-sum, which is the
arithmetic sum, to 16 bits, of all
the count,. address and data bytes re--
presentsd by-the record

A terminating record of zero length,

either: ;00 or ;}

- 7 -



.WH addl addh

Y

.WB addl addh

N

W

Note that read-after-write and check-sum
tests are performed. An error will result
in a "?" being typed at the point the error
occurred. Data from records with bad check-
sums is deposited in memory as received,

prior to the error stop.

High-speed/low-speed reader switch. This
command switches the load device from the
user's terminal to the high-speed reader

or vice versa.

Write Hexadecimal. An assembler—format tape
is generated at the user's terminal. Format
is as described above in the LH command des-
cription. Note that the address range must
be specified with the lower address first.
As in the Alter command, TIM types the

space between the address fields.

Write BNPF. A BNPF format tape is generated
at the user's terminal. Format is ons or
more records as follows:

aaaa BAdddddédr Bddadddddr Bddddddddr Bdddddédadr
where:

asaa is the address of the first of the

four bytes specified in the record.

(Note: BNPF conventions require that

thepletteri¥BY never occur in the address

field. Blanks are substituted by TIM.)

s B =



B is the letter "B", meaning begin data.

dddddddd is eight data bit- —P for logical
true, N for logical false.

F is the letter "F", meaning finish.
Note that the BNPF format is output as multiples
of four bytes. Thus, a multiple of four bytes
will always be punched even if a non-multiple

of four bytes 1is specified.

Cancel Command. While typing any command, its
further effect may‘normally be- terminated by
typing one or two carriage returns, as required.
During alter (:), carriage return means that no

further bytes (or registers) are to be altered.

B. TIM Interrupt and Breakpoint Action

BRK

The BRK instruction causes the CPU to interrupt execution,
save PC and P registers on the stack. and branch thxrxough a vec-
tor at locations FFFE and FFFF. TIM initializes this vector
to point to itself on RESET. Unless the user modifies this vec-
tor, TIM will gain control when a BRK instruction is executed,
print an asterisk "*" and the registers (as-in R commnand), and
walt for user commands. Note that after a BRK which vectors to
TIM, the user's PC points to the byte following the BRX; how-

ever, users who choose to handle BRX instructions themselves.

- 9 -



should note that BRX acts as a two-byte instruction, leaving

the PC (on return via RTI) two bytes past the BRK instruction.

IRQ

Interrupt Request is also vectored through location FFFE.
The CPU traps (as with BRX) through this vector when IRQ goes
low, provided interrupts are not inhibited. Since this vector
is the same as for BRK, TIM examines the BRK bit in the P
register after this type of interrupt. If a BRX did not cause
the interrupt, then TIM will pass control through the UINT
vector. Users should normally put the address of their in-
terrupt service routine in the UINT vector location. If an
IRQ occurs and UINT has not been set by the user, TIM reports

the unexpected interrupt in the same way as an NMI (see below).

NMI

Non—Maskable,Interrupts vector through location FFFA. TIM
initializes this vector at RESET to point to itself. If an NMI
occurs, a pound-~sigh” chiatactel">(F)" precedes the asterisk and CPU
registers printout. This action is the same for IRQ's if the

user has not set this vector to point to his own routine.

RESET or POWER-UP?

On RESET or POWER-UP, TIM takes control, initializes itself
and the system, sets defaults for interrupt vectors and waits for
a carriage-return input from the user to determine terminal line

speed. After carriage-return is typed, control is passed to

the user as 1n BRK. 10



Cc. TIM Monitor Calls and Special Locations

Call Address Action Arg. Result Notes

JSR WRT 72Co Type a character A None A,X cleared
Y preserved

JSR RDT 72E9 Read a character None A X cleared
Y not preserved

JSR CRLF 7282  Type CR-LF and delay  None None A,X cleared
Y preserved

JSR SPACE 7377 Type a space None NMone A,X,Y preserved
character
JSR WROB 72B1  Type a byte in hex A None A,X cleared

Y preserved

JSR RDHSR . 733D Read a character from None X—chax Y preserved
high-speed paper tape read
reader A—char
trimmed
to 7 bits
Function Locations Notes
Start Address 00r6,00F7 Set with hex tape on load
CR-LF Delay OO0OE3 Set on load or with user program (in bit

times, minimum of 1. Zerxro means 256 bits-
time delay).

UINT FFF8 User IRQ vector

NMI Vectoxr FFFA Hardware NMI vector
RESET Vector EFFEC Hardware RESET vector
IR) Vector. FEFE Hardware IR{ vector



TIM Memory Usage

TIM uses the top 29 bytes of page zero (locations 00E3

10
through 00FF). The user is advised to avoid these locations,
except as noted above, if return to TIM or use of TIM sub-
routines is required before RESETing the processor. TIM also
uses the hardware stack when it is in control. Provided the
user does not alter the stack pointer during a break, and pro-
vided the stack does not overflow, TIM will restore the stack
to its original status before returning to the user's program.
The user is -advised to use page 1 (the stack page) cautiously,

leaving at least 20lO bytes for TIM use during a break or when

using other TIM functions.



IV. TIM CHECKOUT PROCEDURE

The following step-by-step procedure assumes the user has
built the TIM hardware system and is now ready to verify its
functionality.

() 1. Turn power on, or if the power is on, perform a RESET
operation. Type a carriage-return on the terminal. TIM should
respond with:

* 7052 30 18 FF 01 FF
(Exact values may vary, although the first and last values should
be as shown). If no response or a garbled response occurs, RESET
and try again. In case of continued trouble, refer to the diag-
nostic section of the MOS Hardware Manual.

The "* 7052 30 18 FF 01 FF" printout is TIM's stan-
dard breakpoint message format. It consists of an asterisk "*"
to identify the breakpoint printout, followed by the CPU register
contents in this order: PC, P, A, X, Y, and S, i.e., Program
Counter, Processor Status, Accumulator, X index, Y index and
Stack Pointer. Note that all TIM inputs and outputs are in base
16 which is referred to as hexadecimal, or just hex. In hexadeci-
mal, the "digits" are 0, 1, 2,..., A, B, C, D, F, F. After print-
ing the CPU registers, TIM is ready to receive commands from you,

the operator. TIM indicates this "ready" status by typing the

prompting character "." on a new line.
() 2. TIM's response to RESET is to wait for a carriage-
return and then print the user's registers. TIM uses this car-

riage-return character to measure the terminal line speed.

If you have a settable-rate terminal, change the

~ 13 =



rate (any speed between 10 and 30 cps will work) and repeat

Step 1. TIM should respond at the new terminal spesed.

() 3. The user's CPU registers may also be displayed
with the R command. Type an R. The monitor should respond
as above, but without the asterisk. Presence of the asterisk
indicates that an interrupt or break instruction caused the
printout.

.R 7052 30 18 FF 01 FF
() 4. Displayed values may be modified using the Alter
(:) command. To modify register contents, type a colon (:)
followed by the new values. For example:

.R 7052 30 18 FF 0l FF
.z 0100 00 00 00 00 FF

.R 0100 00 00 00 00 FF

Notice that TIM automatically types spaces to separate
data fields. (Note: Characters typed by you, the user, are
underlined in this document for clarity. Everything else is
typed by the computer.) Examine your registers (R command)
to verify the changes.

Memory may be examined and modified, as above, using
the M and : commands. Try this:

.M 0100 00 66 23 EE 01 A2 41 ©6E

The memory command (M) causes TIM to type the contents of
the first eight bytes of memory. (Memory data will be random

on startup). Alter and verify these bytes using the Alter

command, as above:
- 14 -



M 0100 00 66 23 EE 01 A2 41 ©6E
.1 0100 00 01 02 03 04 05 06 07

If only part of a line is to be altered, items to be left
unchanged can be skipped over by typing blanks, and carriage-

return (}). Try this:

-M 0100 00 01 02 03 04 05 06 07

.: 0100 FF FF FF
.M 0100 FF 01 FF FF 04 05 06 07

() 5. Try to alter a location in TIM ROM:

.M 7000 85 F9 A9 23 DO 58 A9 16
7000 002

TIM verifies all changes to memory. Since locations 7000
through 7007 are in read-only memory, alteration is not pos-—
sible. TIM signals write failure with a question mark.

Similarly, the monitor will notify you of an attempt to alter

a non-existant location:

.M 9000 90 90 90 90 90 90 90 90

.z 9000 002

Note that attempts to read non-existant memory will normally

yield the high-order byte of the address read.

() 6. There are three hardware facilities which may be used
to stop a running (or run-—-away) program without the program
itself calling TIM . These are the hardware inputs RESET,

w 15 =



IRQ, and NMI. To test this feature enter the following

program at location 0000:

location contents instruction
0000 4C LOOP JMP LOOP
0001 00
0002 00

(Use the M and : commands.)
Now, set the program counter (PC) to this location using
the R and : commands. Finally, tell. TIM to start executing

your program using the Go (G) command:

.M 0000 ¥FF 13 3% X} -9k 91- 71 91
.: 0000 4C 00 00 ¥

.M 0000 4C 00 00 11 91 91 71 91
.R 0000 30 00 00 00 FF

.z 0000 ¥

g

The computer should now be executing the program. It will
continue, to run until interrupted. Using the interrupt request
line (IRQ), interrupt the processor. It should respond with:

* 0000 30 00 00 00 FF

Try the same experiment with non-maskable intexrrupt (NMI). The
result should be the same except for a "#" character preceeding,
which identifies the NMI printout. Finally, try it with RESET.
RESET, however, forces @ CPU branch to TIM, losing the old
PC and other register contents. Thus NMMI is the preferred means

for manvally interrupting program execution. IRQ may also ba

-~ 16 =



C Cl\-.;
¢Ccco

3001
C1lc¢C
31C3
E1EE
0107
C1CS
cloe
ClcO
c110
C112
€115

Cl16

used unless it is required for other functions such as periph-

eral interrupts.

() 7. Use M and : to enter the following test program called
CHSET because it prints the character-set on the terminal.
Note that Alter (:) commands may be repeated without intervening

M commands to set sequential.locations:

sCHECKOUT PRCGRAM —-— PRINT THE CHARACTER SET CN USER TERMINAL
CRLF =357284 3ACCRESS CF TIM CRLF ROUTINE
HRT =372C6 sADDRESS CF TIM WRITE RCUTINE
%= sVARIABLE STCRACE IN PAGE ZERQ
CEAR B=3+] sSTORACE FOR CEHARACTER
£=8031C0 sPRCGRAM STARTS CN PAGE CAE
8A 72 CHSET JER CRLF sCC CARRIACE FRETURN & LINE FEEC
20 LCA #3220 sFIRST CHAR:IS A SPACE
ccC STA CFAR SINITIALIZE
00 LCCP LCA CHAR sCET CHARACTER
eC CVP H36C sCHECKX FCR LIMIT
ce BEQ CONE -sDONE IF €0
CEN12 JER WRT sPRINT CEAR
GG INC CHAR SNEXT CHAR CCCE
€7 C1 JMFP LCCP s CONT INUE
CONE BRX ;STOP & RETURN TO TIM  NMCNITCR
CG C1 JMP CHSEH ;0C IT AGAIN

S



.M 0100 20 8D 72 20 EC 72 8D 26
0100 20 8A 72 A9 20 85 00 A5
0108 00 C9 60 FO 08 20 C6 72
0110 E6 00 4C 07 01 00 4C 00

0118 01 13

3

. l.'

M
|
|
|
|
|
|
|
|

I"

Jeo
|
I

Now run the program. Do this by setting the PC to 0100

and using the G command. The listing should look like this:

.R 0000 30 00 00 00 FF
0100 ¥ '

DEST& () ¥k+5,-+/0123456789:5<=>22ABCDEFGHIJKLMNGPBRSTUVWXYZI\]) 1+~
0116 33 60 00 00 FF

¥ -lm] g l

The program may be continued, causing it to execute again, by

typing G:

-G

1P #STL (D%+,5,~./0123456769:3<=>22ABCBEFGHIJXKLMNEPORSTUVWXYZIN] +~
* 0116 33 60 00 00 FF
-G

IM#SZ& ()%+5,-e/0123456789:5<=>?2ABCDEFGHIJKLMNGPARSTUVWXYZI\] s~
* 0116 33 60 00 OO FF
-G

IMASZE T (Ox+5,-./0123456789:5<=>?3ABCDEFGHIJKLMNCPORSTUVWXYZEN] 7+~
* 0116 33 60 00 00 FF

The CHSET program uses two TIM monitor functions: CRLF
is the TIM function which causes a carriage-return and line-
feed to be typed on the terminal. WRT is the routine which
prints the character whose code is in the A register at the

time of the call.
() 8. sSave the CISET program on paper tape (if your

- 18 -



terminal has a punch) as follows: First, punch some leader
tape with the terminal in local mode. Then return to line

mode and enter:

.WH 0100 0118 )}

Turn the punch on after typing the .second address,. but before
typing carriage-return. Then type carriage-return to punch
the tape. When punching stops, turn the terminal back to local
and type:

;00
and some blank trailer. This is a zero-length record which
terminates your tape. See Appendix II for more information on

tape formats.

() 9. Try re-loading your program using the LH command:

Ll
Now start the reader to load the program. The tape will be
read and printed simultaneously. Stop the tape when the end is
reached. (Before loading, you may wish to destroy the program

in memory to verify that loading from tape actually works.)

() 10. Use the M and : commands to load the following program:

- 19 -



CCCC
cCO00
g001

0002

C1CGC
102
LCe
1C8

gice
01ccC

C1CF
g111
6113

0115
c117
Clla
C11C

Ol1lE

AS
Ce
2C

AS
cC
Csé
1C

4C

8A 12
£9 I2
cC

1 1

(48]

Cc8
C1

3C
Co
G2

Lh 2
01
Fl

CO0 01

-

’
-
Y

’

BINARY
CCUNT

9

CRLF
WRT
RDT
SPACE

PBIN

-e

-

?
PBLCGP

.
s

PRINT

CHECKOUT

ReX

A

£
oo

Wodh o
¢+
(R

PROGRAM —— PRIN

»=301G0

=37
=37

28A
2L &

=$72€E9

=31

JER
JER
ST2
JER

LCA
STA

LA
AL
BES
LCA
JER
CeC
BPL

Jpp

L

CRLF
RDT
BEINARY
SPACE

#8
COUNT

#0
BINARY
PRINT
#11
WRT
CCUNT
PBLCCPF

PEIN

o GO -

T BINARY OF TYPED CHARACTER

SVARIABLE STCRACE IN PAGE ZERO
s STCRACE FGR CHAR CURING CISSECTICN
sCOUNT COF BITS REMAINING TC PRINT

sPRGGRAM BEGINS CN PAGE CNE

.mIM CRLF RCUTINE
sTIM  WRITE RCUTIAE
;TIM REAC RCUTINE
;TINM  SPACE RCUTINE

sPRINT CARRIAGE RETURN & LINE FEEL
5GET A CHARACTER

5SAVE FCR LCISSECTIGN

SPRINT & SFACE

s INITIALIZE EIT COUNT

s ASSUME ZERC: LGAC ASCII »on
sC=NEXT BIT

sPRINT ZERO

sLCAD ASCII ®1»

sPRINT BIN2RY CIGIT

sCOUNT 2IT PRINTED

sLQ NEXT BIT

500 1T ALL AGAIN



.M 0100 20 8D 72
.: 0100 20 8A 72
.x 0108 20 77 73
.x 0110 30 06 00
.z 0118 C6 72 C6
.: 0120 01 1}

The purpose of this program

A9 20 85 00 A5
20 B9 72 85 00
A9 08 85 01 A9
BO 02 A9 31 20
01 10 F1 4C 00

is to print the binary rep-

resentation of an ASCII input character on the terminal.

Run the program by starting it at location 0100.

some characters:

.R 0116 33
-x 0100 3
.G

101010101
101111011
110011101

il =

There is obviously something wrong with the program.
which should be printed as 1l's are 0's and vice versa.
to your 6580 reference card for character codes.)

thé program, the problem is that the

the wrong way!
alternatively,
when a one-bit is shifted out of

be printed.

Patch the

60

It should be BCC,
the 1 and 0 loads could be interchanged) .

the character,

Try typing

00 00 FF

Bits
(Refer
Looking at
ranch after PBLOOP go=s
Branch 1f Carry Clear (or

Thus,

a one should

program and try again ( the code for BCC is 90).

e 21



.M 0113 BO 02 A9 31 20 C9 72 C6
0113 90 }

.R 7052 31 FC FF 01l FF
.: 0100 }

U 010101010
B 010000100
1 001100010

There is, alas, still an error--one too many bits is
being printed. The cause of this is a little less obvious.
(Do you see it?) To investigate the problem, set a-breakpoint

at location 0LI1E. Do this by replacing the instruction there

with a BRX (code of 00). Then run the program:
.M 0l11E 4C 00 01 Er 4C 00 01 0O
.: O011E 00 }
.R 7052 31 FC FF 0l FF
-z 0100 }
.G

U 010101010
o 011 BO 00 00 AA FF

Once the break has occurred, you are free to 1nvestigate
the state of the program using TIM. In particular, check the

value in location COUNT:

-M 0000 00 FF 1B 2E 31 EA FO FA

Aha! Although COUNT starts out with a value of 8, it is going
one step too far (FF is minus 1). This is because the test

instruction, BPL PBLOOP is testing to see whether the count is

e A%



greater than or equal to zero. Replace it with BNE (code DO),
replace your breakpoint with the original contents at that
location, and try the program again.

.M 011C 10 F1 00 00 01 EF 4C

.: 01lc DO _ 4Cc Y
R O0L1F BO 00 00 AA FF
-z 0100 Y

-G

U 01010101

B 01000010

1 00110001

I 01001001

W 01010111

0 01001111

R 01010010

K 01001011

's 01010011

- 23 -



€CCC
€CCGCG
0cC1

0002

o &
v1032
C1Ceé
ClCE

G1CE
61lCcE

glcF
c111
G113
0115
117
€114
C11C

Ol1E

2L
20
85
el

AG
Cé¢
SQ

AS
¢C
cé
DC

AL

Ce 12
a1
F1l

CO 01

-
?

‘-
2

.
?

B INARY
CCUNT

-9

CRLF
WRT
RCT
SPACE

3
PBIN

’
PBLCCP

M

R
fonu

C,
]
+1

=Y

#=201C0

=§728A
=3872C¢
=3$72E9
=$7271

JSR CRLF
JSR RDT

ST2 BINARY

JER SPALE

LC2 48
STA CCUNT

LEA #30

ASL BINARY

BCC PRINT

LCA #'1

JER WRT
DEC CCUNT

BENE PELCCP

J¥P PEIN

sVARIPAELE STCRACE

CEECKOUT PROGRAM —- PRINT BINARY CF TYFEL CHARACTER

IN PACE ZEROC

s STCRAGE FCR CEAR CURINC DISSECTION
;COUNT CF BITS RENMAINING TC PRINT

sPRCGRAYM BEGIMNS CN PAGE CNE

s P T
; TII
; P11
: T1I1

SPRINT
35GET A

CRLF RCUTINE
WRITE RCUTINE
REAC RCUTINE
SEACE "RCUT INE

CARRIACE RETURN € LINE FEED
CHARACTER

sSAYE FOR EISSECTICK
PRINT A SFACE

SINITIALIZE EIT CCOUNT

$ ASSUME ZERCG:

LOAD ASCII Qv

sC=NEXT BIT
sPRINT ZERG

sLCAD ASCITI 1™

SPRIMT BINZ2RY CIGIT
sCOUNT BIT PRINTED
sCG NEXT BIT

sCO IT ALL AGAIA

CORRECTED PBIN PROGRAM

2, -



() 11. Save the corrected program using the WH command.
Before punching the terminating record (as above in step 8),
turn off the punch and set the PC to the start address of the
program (0100). Then punch locations 00F6 and 00F7 on the
tape, then the terminator (;00), and finally, some trailer:

-R 7052 30 37 FF 01 FF

.z 0100 3}
.WH O00F6 O00F7 1}
;0200F6000101A2

.;00

The resulting tape can be loaded and then started as follows:
.LH

(program loads in)

Locations 00F6 and 00F7 contain the starting address for pro-
grams. You may assemble and load your starting address into
these locations to make tapes which can be started with a min-
imum of operator action. The carriage-return delay time may

also be set in this manner. See Appendix II.

()12 It is also possible to punch BNPF-format tapes using
TIM. BNPF is the format used by some ROM programmers. The
command is similar to that for writing hex tapes:

.WB 0100 0127 )

This command would punch the corrected PBIN program in BNPF

o5 o



format. Try punching a BNPF tape. (Note that TIM will not

load tapes in this format--use hex format (WH) for saving

programs for later loading into your 65XX.)

() 13. If you have a high-speed paper tape reader attached
to your 65XX system, you can use it to load programs in hex
format. The H command switches the load device to and from
the high speed reader. If you have a high speed reader, try

loading a tape as follows:

Note that control will not return to the user terminal until a

terminator record (;00) is read.

-



APPENDIX A

MEMORY ADDRESS TEST



carc # LCC CCDE CARC

1 $MEMCRY ADDRESS TEST
2 ;FCR EACH LCC IN TEST RANGE
2 s CLEAR WFCLE FRANGE
4 : SET LOC TO 4fFF
< - VERIFY WHCLE RACE 20G EXCEFT (LCC)
& - VERIFY (LCC) TC BE %FF
7 3RREAK TU MCANITGR CN ERRGR WITH LOC IN (C,1)
€ 5PRINT " CN CCMFLETICN CF P2SS & REFEAT
9 -
1C GGGe *=400C0 sPACE C
11 3
12 WRT =472C2
12 Q0G0 LCC Z=A2 3TEST CELL ACECR
14 (0CC2 LC% Herkd 2 sLCWER LIMIT CF TEST
15 0CC4 +ICGH P=%42 sLPPER LIMIY CF TEST+1
16 C{Cé PTR TElD sPOINTER TC CELL UNDER TEST
17 3
18 0CO08 $=%$06C10C sSTART ALDR
16 3
Zz0 00106 A< CC MAD LCA #1CC sTYFE CR
zl} (CC12 2C C2 12 JSR HRT
z2 CGl5 AS CA LDA #3CA & LF
23 0017 2C (€2 72 JSR WRT
24 :
z€ C@ClA 2ZC &8 CC ' JSR RSTLCC S$LGC=1CH
2¢ (CC1D 2¢ 71 CC JSR RSTFTR sPTR=LCY
27 002C A2 GO LCX 40
7 <
29 sCLEAR MEMORY ARFA UNDER TEST
3C CC22 2AS €O MLL LCA 40
21 CCz4 E) Cé¢ STA {(PTR,X) 3STCRE ZERC
22 0C2&6 2C 74 00 JSR INCPTR SINCREMENT & TEST
33 (€C2S CG F7 BANE ML sNEXT LCC
24 :
25 3PUT $FF- IN SELEXTECD CELL
3& CD2B AS Ff TEST LCA #3FF
27 (Qc2Cc 81 c¢ ST2 (LOC,X)
3¢ SVERIFY 2LL CELLS ZERC EXCEPT {LCC)
39 00zF zC 171 0C JER RSTPIR sPTR=LCH
4C s
41 CC32 21 C6 VLCCE LLCA {PTR,X) sCET CELL
42 {C34 FC 17 BEC NEXTC sCK IF ZfRQ
43 G2e 24 ¢ LoY PTR sNCT ZERC—--IS TRIS (LCC)?
44 (QC38 (4 CC CFY LCC
45 CC2A FC C1 PEC CK1
46 002C CC BRK sDNCT (LCC)
47 =
4€ CC2C A4 C7 0K 1 LY PTR+1



CarpC

AU AN AN AT DT AN AN Ut an O
YN M AN SN - O

61
£2
€3
&4
€&
(X!
&7
EE
6S

qc
71
12

i3
T4
15
1¢
i1
78
i
£C
81
g2
£2
84
o
EE
gi
£8
g9
Sa
Gl
92
3
S4
S5
G &
Sl

LccC

€3k
€C4al
00642

CC54
CCs¢
0058
Gcse

cosc

CC&C

CCe2

C0é&5

coes
CCeéA
DC&C
(Cée
CCTC

Lt
GC73
CC75
CCry
CC75

COTA
ccic
CCTE
cC8o

CC8Z
CC384

Ca
FC
eiC

CSs
FG
C €

ASG
81

2C

Lo~

AL
CO
AS
<G
A2

2C
£C
20
4 C
A5
g€
AE

t5
¢C

Eb
cC

E&
£5

C5
Cce

CCCE
Cl
C1

FF
01

co
cc

1A

cc
G7
2A
LE
00

ge
€9
&8
10
02
cC

G2
C1

Cé
s
&

c7

G4
ce
C4

ocC

Gc

0G

o

CARD

-

NCSTAR

v

)

IRESED
RSTLCC

*

SRESET
RSIPIR

3

»

C BY
BEC
BRK

2P
BEQ
2RK

LCA
ST14

JSE
ENE

LCA
BMNE
Lca
J SR
LCX

JME

LCC
LC2
SIA
LCA
ST4
RTS

PTR
LDA
STA
LCA
STA
RTS

s INCREMENT

INCPTR

-

INCY

INC
ENE

INC
LCA

C P
BMNE

LCC+1
CK2
sNCT (LCC)

315 WLECI»~3S LAT2 CK?

[
T
-

0 %
K
(S8

SWRENC LC2T 2

#G SRESET {(LOC)
{LCC,X)

INCPTR SNEXT CELL
vLOOP JIF NCT AT LIWMITY

LCC sPRINT STAR EVERY PAGE ECUNCA!
NCSTAR

g

WRT

40 sFIX X AFTER MON CALL

INCLOC sNEXT LCC

TEST

RSTLCC sPASS LCMPLETE
M2AD S3NERT PASS

70 LG%W
LCW
LCC
LC%+1
LEC+1.

TC LCW
LCh
PTR
LCA2]
PTIR+1

PTR & CHECK FCR LIMIT

PTR s INCREMENT
inC1

FTR+1

HIGH sCEECK

PTR

IPRET sNCT AT LIMIT



CARLC ¥
<&
£iC

1CC
1C%
1L 2
1C3
1C4
1C5
Y1C&
107
168
1CS
11C
110
112
113
114
11E.
116

ENE CF

MLMBER CF ERRCERS

LCC CCCE

ECEs  AS
¢cc88 €5
0085 €C
0088 E¢
CC8C  LC
008F E¢
CCS1 AS
0093 (5
€CS5 DC
C0S7T At
CCSS €5
0098 &0

MCS/TECENOLOGY €501 ASSEMBLY VERSICN
NUMBER CF WARNINCS

SYMBCL TABLE

SYMBOL VALUE

FICH

ILRET

CCC4
COSE

INCLGoC CoER
INCPTR CG1a

INCI CoeC
INCZ CCs1
IFPRET ccen
LGC CCCcC
LCh coc2
hy: 20 CC1C
haun! 0zz
MNeXTLC Co4cC
NCSTAR CCsE
Cx1 CC2C
Cx?2 CC4a4
CK?2 cCc4as
PTk CcQoCce

RSTLOC LCEE
ESTPTR co71

TEST

VLLCCP

WRT

CC2E
COzz
12C2

CG
Cc2

C1l

C4
00
C4
05
01

CARLC
LCA HIGH+1
CPPp PTR+1
IPRET RTS

R4

INCREVMENT LCC

IRCLOC . INE LOC
ENE.

-t

ILRET -

INC

LDA
- cHp
BAE
LDA
CrF

RY:

LINE DEFINED

15
11¢
4

<C

<5
11¢C
102
13

14
2C
24
¢C
€S
LE
£3
£l
16
16
E=
26
41

1z

9t
112
5,
2z
S1
1C¢
97
37
114
TE
132
3c
42
&4
4k
5C
54
A}
25
2¢
7C
&
z1

INC

-~

[

2

LGC+1

HIG
LGC
ILR

HIGH*1

LCC

5S

e¢C

H

Bl

+1

yZ=1 IF AT LIMIT

CHECK FCR LIMIT

3y INCR

>.CHECK

yZ=1 1IF AT LIMITY

oW

CRESS-REFERENCES

1

44

18

1C

49

113

58 63 17 76 105 108

48 84 EE SC

Na]
¥

SE

111

106



APPENDIX B

TIM PROGRAM LISTINGS



TIM VERSICN 1.0 - MEM PAGE C

CAKC # LCC CCCE CARC
2 5
3 5 MGCS TECHNOLOGY 652X TERMINAL INTERFACE MCNITCR (TIM)
4 5 VERSTION 1.0 AUGUST 31, 1875
5 5 CCPYRIGHT 1975 MCS TECKFANCLCGY
6 H ALL RIGHTS RESERVED. UNAUTHORIZEC USE
7 ; CF ALL OP PART STRICTLY PROKIBITED.
8 HE R e I R I
9 g
10 s PROMPTING CHARACTER IS A PERICC (.)
11 P e S e e s S S I
12 H
13 H
14 ; DISPLAY CCMMANDS
15 § mmmmmmmmm e
16 H
17 HEER DISPLAY REGISTERS (PCyFeAyXyY,SP)
18 5 oM ADDR DISPLAY MEMORY ( 8 BYTES BEGINNING AT ADDR )
16 ;
20 H
21 5 ALTER COMMAND (2)
22 } Srissssosecoosooe
23 3« DATA ALTERS PREVICUSLY CISPLAYEC ITEM CR NEXT ITEM
24 5
25 3
26 3 PAPER TAPE I/GC CCMMANCS
27 I e e
28 s
25 7 eLH LCAC HEX TAPE
30 5 «WB ADCR1 ADDR?2 WRITE BNPF TAPE (FROM LCW ADDRLI TC HIGH ADDR2)
31 5 WH ACCR1 ARDR2 WRITE FEX TAPE (FROM LOW ADDR1 T9 HIGH ADDR2)
22 :
33 i CCNTRCL COMMANCS
34 § e ———————
35 ;
36 HE GOy CONTINUE EXECUTICN FRCM CURRENT PC ADCRESS
37 H
38 H oH TCGGLES HIGH-SFEEC-REACER CPTION
39 H (IF ITS ONy, TURNS IT OFF; IF OFF, TURNS ON
4C 5
41 3 BRK ANC NMI ENTRY PCINTS TC TIM
42 § T o i o e e S T i
43 H
44 H TIM IS NOPMALLY ENTERED WHEN A *BRK' INSTRUCTICN IS
45 5 FNCCUNTERED CURING PRCCRAM EXECUTION. AT THAT
46 H TIME CPU REGISTERS ARE CLTPLT: =« PC F A X Y SP
47 5 AND CCNTRCL IS GIVEN TO THE KEYBOARD.
48 H USFR MAY ENTER TIM BY PRCGRAMMEC BRK OR INCUCED NMI. NMI
49 ; ENTRIFS CAULSE A *'4* TC PRECEDE THE *+#' IN THE CPU REGISTER
5C ; PRINTCUT FCRMAT
51 ;
52 3 NON=-BRK INTRQ (EXTERNAL DEVICE) INTERRUPT HANCLING
513 §  mmmmm e e mmme—emmmeoeo



TIM VERSICN 1.0

CARC # LOC
54
95
56
51
58
59
&C
61
62
€3
€4
65
66
&7
68
69
70
71
12
13
14
75
16
17
18
79
gc
81
82
83
84
BS
86
87
€8
89
SC
S
92
53
S4
35
Sé
St
c8
S9
1CO
1C1
132
103
1Ca
165

CODE

NVEM

“s we W6 W ws S ws wb we wb 96 e

e G0 e WE W 6b e B0 Wb we GF we S0 W e @&

..

MO R
DAV
GO
1ce
MPA
MDA
vpp
MDB
MCL
MCL
MCL
UIN
NCW
MP{
MP1
MP 2
ME2
-

CRD
WR A

FAGE C
CARD

A NCN-BRK INTRQ INTERRUPT CAUSES AN INDIRECT JUMP TO THE ADDRESS
LOCATED AT 'UINT' (HEX FFFB8). THIS LCCATICN CAN BE SET
USING THE ALTER CMD, CR LCADED AUTCMATICALLY IN PAFPER TAPE
FORM WITH THE LH CMC IF THE USER ASSICNS FIS INTRQ INTERRUPT
VECTOR TC $¢FFF38 IN THE SCURCE ASSEMRLY PRCGRAM,

IF NCT RESET EY THE USER, UINT IS SET TO CAUSE EXTERNAL
DEVICE INTERRUPTS TC ENTER TIM AS AMI'S., T.E.,
IF A NMT CCCURS WITHOUT AN INCUCED ANMI SIGANAL,
AN EXTERNAL CEVICE INTERRUPT,

IT IS

SETTING AND RESETTING PROGRAM PRREAKPOINTS

BREAKPOINTS ARE SET ANC RESET USING THE MEMORY DISPLAY
AND ALTER CCMMANDS. BRK HAS A *'00' QOPERATION CODE.

TC SET A RREAKPCINT SIMPLY OISPLAY THE MENMORY LCCATION
(FIRST INSTRUCTION BYTE) AT whHICH THE BREAXPOINT IS
TC BE PLACED THEN ALTER THE LCCATICN TC '00'. THERE IS
NC LIMIT TO THE NUMBER OF BREAKPCINTS THAT CAN BE
ACTIVE AT CNE TIME.

TC RESET A BREAKPCINT, RESTCRE THE ALTEREL MEMCRY LCCATION
TO ITS ORIGINAL VALUE.

WHEN AND IF A BREAKPCINT IS ENCCUNTEREC CURINGC EXECTUICN,
THE BREAKPOINT DATA PRECEDEC BY AN *=* IS DISPLAYEC.
THFE PRCGRAM CCUNTER VALUE CISPLAYED IS THE BRK
INSTRLCTICN LCCATICN + 1.

K =%CCC1011C 3 X9XyX9PORyDATA-AVATIL,GCT-CATA,SERIAL-CUT,IN

AIL =%C8

CAT =%C4

ASE =t6F00
=ICBASE+O
=ICBASE+1
=ICRBASE+2
=ICBASE+3

K1T =10BASE+4

KRD =ICRBASE+4

KIF =I0BASE+5

T =$FFF8

BS-+=1
=¢7C0C
=¢7100
=$172CC
=¢73C0

ZLERD PAGE MONITCR RESERVE AREA

Ly =227
P =228

SCELAY FCR CR IN BIT-TIMES
SADDRESS WRAP-ARCUNE FLAG



TIM VERSICN 1.2 - MEM PAGE C

CARLC # LCC CCCE CARD
1C6 CIFF =22§
197 HSPTR =221
1C8 FSRCP =232
1CS PREVC =233
110 MAJORT =234
111 MINCRT =235
112 ACMD =213¢
113 TVPC =228
114 TVMP2 =240C
115 TMP4 =242
116 TMP6 =244
117 PCL =246
118 PCE =247
119 FLGS =248
12¢ ACC =249
121 XR =25%C
122 YR =251
123 Sp =252
124 SAVX =253
125 TVPC =254
126 TMPC2 =255
127 RCNT =TMPC
128 LCNT =TNPC2
129 s
130 3 €4 BYTE RAM MONITER RESERVE AREA
131 s
122 RAME4  =¢FFCC
133 0000 L =RAM6L



MPD TIM PACE O

CARC # LOC

135

136

134

128 EFCO
139

14C 7C00
141 79202
142 7QC4
143

144 1C06
145

146 7CC8
147

148 7CCHB
146 7000
15¢ 7C1¢C
151 7013
152 7014
152

154 7016
125 7C18
156 7C1A
157 181G
158 7C1D
159

16¢C

1€1

162 101E
163 70290
1€4 7C22
1€5 | 1025
1ee T7C26
167

1¢8 7028
166 7C28R
17 7L2F
111 --7€3C
172 1G32
173

174 7C34
175 1C25
176 7038
177  7C3A
178 703C
179 703D
180

181 - T03F
182 7042
183 7044
184 7045
185 7C47
186 7046

€5
AS
DeC

AG

8c

A2
RL
SN
CcA
Do

8¢
86
8¢€
Ca
GA

AC
84
AD
48
SC

8E
AD
12
E6
DC

S8
4t
29

~
“

ea
1C

AC
46
4A
46
qC
s

CODE

il

EA
E7
E8

FA

04
£s
04
EA
Fa

c2
01
EF

EC

EA
02
8¢

6E

¢F

GE
&6F

6E

6E

CARD

NMINT

RESET

R1

.o

e ws we

.o

R5

TIM PAGE C (RELATIVE)

$=MPQ

STA
LCA
ENF

LC2

LCX
LCA
STA
DEX
BNE

STX
STX
STX
CEX
TXS

LDY
STy
LCA
SR
BLC

STX
LCA
BPL
INC
RNE

TYA
ECR
ANC
REC
CEY
RPL

LEA
ECR
LSR
L SR
BCC
ORA

ACC
i
H3

#MDBK
MCB

#38
INTVEC-1,X
UINT-1,X

R1

MAJORT
FSPTR
HSRCP

#1
CRDLY
MPB

A

RO

MCLKI1T
MCLKIF
R4
MAJCRT
R2

MPB
#1
R3

R3

MCLKRD
HEFF

A
MAJORT
R6
#$8C

e we wo

.t we

- s e -e

e ee ws

-

-e .o YT

ot We ag

.o

SAVE 2
SET A=# TO INCICATE NNINT ENTRY
JMP B2

INIT DIR REG, PCR TC 1 RELCCATES

X=0
INITIALIZE INT VECTCRS

INIT MAJCR T COUNT TC ZERQC
CLEAR FSPTR FLACS

X=FF
SP=FF

COMPUTE BIT-TIME CCNSTANT, X=FF
SET TC MEASURE 2 BITS

INIT CR CELAY TIME PARAMETER
WAIT FCR START

START CLOCK INITTALLY WITH FF

CCUNT MAJOR 7
GC RESTART CLCCK WITH X = FF

WAIT FOR Y BIT O AND SERIAL-IN NOT EQU
LOCP UNTIL STARY OF BIT 2

COMPLEMENT RESIDUE

HALF 17

HALF MAJOR

PRCPAGATE HC TC LC



MPO TIM PAGE C

CARC # LCC
187 7C4B
188 7¢4C
18G T04FE
1sC
191 7850
162 7051
193
194 7052
195 7(C54
196 7055
197 7C56
1s8 . 7C58
169
2CC  7C52
2C1 7C5B
202 705¢C
2C3 {05E
204
205
2C&6 ICSF
207 71061
2C8 7C63
2CS  7Cé4
210 17066
211 7Ceév
212 7C6S
213 7068
214 7CéC
215 TC6E
216 107C
217 1C71
218
21 7C73
22C 1C76
221
222 1C78
223 IC7TA
224 1C7D
225 I0IF
226
221 (81
228 10832
229
23( 7C86
2321 7088
232 708A
233 icscC
234 I08F
235 17C91
236, T70S4
237
238 7CS17

c8
FC
85

58
cc

85
68
48
29
FC

ca
85
C8
4 A

8¢
84
68
g5
68
65
85
€8
&9
g5
EA
8¢

2C
A6

AS
2G
AS
DC

AS
6C

AS
85
85
2C
AS
2C
20

A2

CCDE

Fé
ER

1C
21

FE

FA
FB

Fé

FF
Fe

FF
F7

FG

8A
FE

2A
ce
52
16

£9
F8&

(S AY]

12

12

FF

12

12
12

CARD

R6

.o

INTROQ

B3

..

INY
BEG
STA

CLI
BRK

STA
bpLa
PHA
ANC
BEC

ASL
STA
cLp
L SR

STX
STY
PLA
STA
PLA
ACC
STA
PLA
ACC
STA
TSX
STX

JSR
LCX

LCA
JER
LCA
BANE

LCa
JvP

LCA
STA
STA
JSR
LLA
JSR
JSR

LCX

RE
MINGRT

ACC

#%¢10
BX

TVPC

XR
YR

F LGS

H$FF
PCL

HYFF
PCH

SP

CRLF
TVPC

#0
WRTWC
#R
SO

ACC
(UINT)

#Q
HSPTR
WRAP
CRLF
#..
WRCC
ROCC

#NCMDS-1

b ae W0 we e

s a0 we we oy

-

-e

FNABLE INTS
ENTER TIM BY RRK

SAVE ACC

FLAGS TO A

RESTCRE STACK STATUS
TEST BRK FLAG

USER INTERRUPT

SET A=SPACE (10 x 2 = 2QC)
SAVE INT TYPE FLAG

CLEAR DECINAL MCDE

# IS CCC, SPACE IS EVEN

SET CYy FCR PC BRK CCRRECTICN

SAVE X
Y

FLACS

CYy SET 7O PC-1 FOR BRK

SAVE CRIG S°P

SET FOR R DISPLAY .TC ‘PERMIT
IMMECIATE ALTER FOLLOWING BREAKPOINT.

CCNTRCL TC USER INTRG SERVICE RCUTINE

sNEXT C(CMMANC FROM USER
;CLEAR Ko S. PAPER TAPE FLAG
sCLEAR ADDRESS WRAP-ARCULND FLAG

.
’

.
.

v

TYFE FRCNPTING '.?
REAC CvMD, CHAR RETURNEC IN A

LCCK-LP CMC



MPO TIM
CARC # LCC

239 7099
24C - 10sC
241
242 TC9E
243 70AC
244 T1CA2
245 1CA4
246 1CA6
241 71CA8
248 1CAB
245 70AD
258 . 10AF
251 1081
252
283 "1CB4
254
255 TCBY
25¢ 1CB8
257
258 TCRA
258G 1C8BC
2¢6C  70BF
2€1
262 -7FO61
263 T0E2
264 1CC4
2¢5  7(Cé
266 710C8
2¢€71 1CCA
2¢€8 7GCC
2€S 70CC
21C 1CCF
271
212 7CDC
213 71002
274 7CD4
2i%  1CNné
21€ 7C08
211
278 1CDbS
215 70CH
28C 7CDC
281 1CDF
282
283
284
285 T7CEQC
286 10E?2
2817
288 T0ES5
285 1CE7T
290

PAC

cC
ne

A5
85
8é
AS
85
B8C
85
EQ
RrC
2C

6C

cA
1C

AG
2C

¢

28
AS
ES
es
A5
EE
AR
CS
€C

AS
88
AS
8ls
eC

AS
95
95
6C

26
SC

A2
81

E O

CCDE
06
19

FC
ES
FC
71
ED
oC
EC
53
03
14

EC

DF

3F
Cé
CS

FO
EE
FS
Fl

ES

B3

(61¢)
EE

71

71

12

CARD
S1

.

TJvp
S2
ERROPR

-

’
DCMP

PUTP

N e
-
K
°

D oes w¢ e

YTE

-

e

cvp
RNF

LCA
STA
STX
LLA
STA
LCA
STA
CBX
RCS
JER

JMF

DEX
BEL

LCA
JSP
BCC

SEC
LCA
SEC
STA
LCA
SEC
TAY
CRA
RT1S

LCA
S1A
LCA
STA
TS

LCA
STA
STA
RIS

JSR
RCC

LCX
STA

CMD S,y X
S2

SAVX
PREVC
SAVX .
#MP1/25€
ACMD+1
ACRS,y X
ACMD

#3

1JymMp
SPAC2

(ACMD)

S1

#e?
WROC
START

TMP2
TVMPD
DIFF
TMP2+1
TVNPC+1

DARE

TMPO
PCL
TMPC+1
PCH

#C
TMPC, X
TVPC+1,X

REAC ANC STCRE BYTE.L

RCOR
BY3

#C
(TMPC,X)

e as ws

-e

.

-

.e

.
’

SAVE PREVICUS CMD

SAVE CURRENT CNMC INCEX

JMP

INCIRECT 10 CMEC CODE

ALL CMC CCCE BEGINS CN MP1

IF 2y R CR VM

0y 1,

LOCP FOR ALL CMDS

OPERATCR ERR,

TYPE *27,

CrR 2)

SPACE 2

RESTART

JVMP START (WRCC RETURNS CY=0)

TVP2-TMPO CCUBLE SUBTRACT

CR LC FOR ECU TEST

MCVE TvMPO TO PCE,PCL

CLEAR RECS

RETLRN HIGH CRCER PART IN Y

NQ STCRE IF SPACE OR RCNT=C.

.
A
.

.
,

CHAR
SFACE

IN A,

STORE BYTE

Cy=3C

IF. SR



4Py TIM PAGE C

CAKC # LCC
281 1CES
292 TUEB
253 TCED
294 [CEFE
295 ICEF
25 €
2971 T0F2
298 1CFS
266 1CF8
2CC TCFA
2 G
3¢2 1CEB
303 IGFC
3C4  TCFF
265 71C1
3C& 7103
¢t 11CE
208
3¢s  71Cé
31C 7107
311 7108
312 71CS
213 71GA
314 T710¢E
315 t1cC
316 710C
311 {1CE
218 11CF
319 711¢C
32¢ 7111
221 1112
222 7113

cl
Fo
68
¢£8
4ac

G
2C
C &
(%

AS
85
AG
85
AS
€C

3
€2
4r
47
4¢
4C
57
3A
14
1C
5C
6F
14
€2

CCDE
FE
g5

BA TC

C 72
97 73
FE

F8
FE
20
FF
05

CARC

RY?Z2
BY3

A
SETR

H
CNCS

ADRS

CVE (TMPO,X)
BEQ BY2

PLA

PLA

JMP ERROPR

JSR DADC
JSR INCTMP
DEC RCNT
RIS

LCA #FLGS
STA TMPC
LCA #C

STA TMPC+1
LCA 45

RIS

«BEYTE ®2¢

«BYTE *R?

«BYTE *Mt

«BYTE: 26

«~BYIE *HY

<BYTE, ¥LY

«BYTE Wt

«BYTE ALTER-MP1
«FYTE DSPLYR-MP1
+BYTE DSPLYM=-MP]
+RYTE GC-MP1
«BEYTE HSP-MP]
«PYTE LH-MP1
+FEYTE WO-MP]

I

TEST FCR VALIC WRITE (RAM)

ERR,y, CLEAR JSR ADR

INCR CKSUWM
GC INCR TMPC ADR

SET 1C ACCESS REGS

W NMUST BE LAST CMC

IN STACK

IN CHAIN



MP1 TINM PACF 1

CARC # LQC CODE CARD
324 5
225 H
326 s NOTE -- ALL CMD CCDE MUST BECGIMN CN NP1
227 H
328 s CLCISPLAY REG CMC - A,FeXyY, ANC SP
229 ;
330 7114 20 A6 72 CSPLYR JSR WRPC 5 WRITE PC
331 71171 2C BB 70 JSR SETR
232 711Aa ©C Q7 BNE NC 3 USE DSPLYM
233 H
334 711C 2C A4 73 DSPLYM JSR RCCA 5 REAC MEM ACR INTO TMPC
335 7T11F 90 16 BCC ERRS1 5 ERR IF NC ACCR
236 7121 AS 08 LCA #8
237 1122 8% FE MG STA TNPC
338+ 71125 . AG GO LCY #4C
339 7127 2C 77 73 Ml JSR SPACE 7 “TYPE- 8 BYTES CF MEM
34C 712A Bl EE LCA (TMPG),Y 5 (TVMFJ) PRESERVEC FOR POSS ALTER
341 712C 20 Bl 72 JSR WRCB
342 - T112F ' 'C8 INY 3 INCR INCEX
243 7130 Cé¢é FE DEC TMPC
344 7132 D0 F3 BNE_M1
345 7134 4C €€ 7C BEQS1 JMP START
346 5
347 1137 4C BA 7C ERRS1 JMFP ERRCPR
348 H
349 3 ALTER LAST CISPLAYED ITEM (ACR IN TMP(C)
35¢C 3
351 T13A (6 E9 ALTER CEC PREVC 3 R INCEX =1
252 T713C CO OC BNE A3
353 ;
354 T13E 20 A4 73 JSR RCOA 5 Cy=C IF S¢
355 17141 SC 03 BCC A2 5 SPACE
25 7142 2C DC 7C JSR PUTP 5 ALTER PC
257 T146 20 FB 70 A2 JSR SETR 3 ALTER R"'S
358 17149 DC C5 BNE A4 3 JMP A4 (SETR RETURNS ACC = 5)
356 7148 2C SA 7z A3 JSR WROA 5 ALTER M, TYFE ACR
360 T14E AS (8 LCA #8 3 SET CNT=8
3¢l 5
362 T150: 85 FE A4 STA RCNT
3¢3 11152 20 Tl 13 AS JSR SPACE 5 PRESERVES ¥
364 7155 2C EC 1C JSR BYTE
365 7158 CC F8 BNE AS
3¢é¢ T715A FC C8 AS fEC BEGS1
3617 ;
2€¢8 T715C A6 FC GC LCXx SP
3€s - 115 SA TxS 3 CRIC CR NEW SP VALUE TO SP
370 -T15F A5 F1 LCA PCH
3711 7161 48 PHA
372 116z AS FE LTA PCL
373 7164 48 PHA
374 171€¢5 A5 F8 LCA FLGS
2715 7161 48 PHA



MP1

CAFLC #
376
311
378
21S
280
281
382
283
3€4
385
386
3817
388
389
39¢C
191
292
293
294
395
3296
297
368
299
4C0
4C1
402
403
4Ca
405
4C¢
4C1
4C8
4CS
41C
411
412
413
414
415
416
4117
418
419
42C
421
422
423
424
425
426
427

TIM PAGE 1

LccC

11¢8
T16A
716C
T1EE

T16F
L7171

1174
11117
71782
117C
111E
7181
7183

7185
1181
7184
718C

118F
7161
1152

1155
7167
7192
71S0
119F
T1h2
T1A%
7187

T1AA
71AC
T11AF
7182
T1R4
T1RE
7188
T1BA
71180
T1BF

71C2
11C5
¢1CH
71CA
71CC
710C
1163

AS
At
r4
4C

E6
4C

20
2C
A6
8¢
2C
CcS
ce

COCE
FS
FA
FR

E8
8é

ES
€A
E8
E7
ES
3e
FS

04
NG
B2
Ccé

cCe
e7
SF

FE
1C
B3
EF
1C
B3
EE
1€

EC
FB
A4
F2
FC
3
Fl
Ccl
BF
RA

ES
FE
77
A4
a7
77
A4

7C

72
12

12

12

13

72

1C

13

7C

72

12
12
43
73
13

CARD

: |
HSP

™ e
T

LH1

-

’
LH2

= e

ERRP1

WC

LCA
LD X
LLY
RTI

INC
Jrp

JSR
JER
LCX

ACC
XR
YR

FSRCP
START

RCCC
CRLF
HSROP

STX KESPTR

JER
CMP
BANE

LCX
JSR
JSR
BNE

LCX
STX

RDCC
#es
LH1

Ha
ZTvP
RDOB
LE2

#C
FSPTR

BEC BECS1

STA RCNT

JSR

DADD

JSR RDOB
STA TMPO+1

JER

DADD

JSR :RCCB
STA TMPO

JSR

JSR
BNE
JSR
LCA
STA
LCA
S1A

DADD

BYTE
LH3
RCCA
T™MP4
T™P2
TNP4+]
TMP 241

JSR CCMF

BEQ

LH1

JVP ERROPR

J SR

RCOC

STA TMPC

JER
J SR
JSR
JSR
JSR

SPACE *
RDOA -
T27.2"°

SPACE -

RCOA -

:

-

e -

e e -

we we

e wo

-e

s e

.o

.
’

TOCGLE BIT C

REALC SECCNC CMD CHAR

ENABLE PTR CPTICN IF SET

FIND NEXT RCD MARK (3)

CLEAR CKSUM REGS TMP4

CLEAR HS RCR FLAC
FINISFED

RCNT

RCC LANGH TC CKSUW
SA HO TC TM¥PC+1

ADD TC CKSUWV
SA LC TC TMPC

ADC TC CKSULW
BYTE SUB/R CECRS RCNT ON EXIT

CKSUM FRCM FEX RCC TC TMPO
TVMP4 TC TMP2 FOR CCWMP

RC 2NC CMC CHAR

SA TC TMP2
SPACE BEFCRE NEXT ADCRESS



MP1 TIM PAGE 1

CARC # LCC CCDE CARLC
428 171D6 2C 87 13 JSR T272 s SA TC TMPO, EA TC TMP2
429 71CS 20 ES 72 JSR ROOC + DELAY FCR.FINAL CR
43C 710C A5 fE LCA. THPC
431 H
432 TICE (9 48 CMP H'H
433 T71EC DC 59 RNE WB
434 H
435 T1E2 A6 E4 WHC LCX WRAP sIF ADDR HAS WRAPPED ARCUND
43¢ T1€E4 CC £2 BNE BCCST STHEN TERMINATE WRITE QPERATION
427 3
438 T1E6 - 2C 8A-72 JSR-CRLF
439 :T1ES. A2 18 LDX #24
440 T1EP 86 FE STX RCNT 5 RCNT=24
441 T1EC A2 C4 LEX #4 3 CLEAR CKSUM
442 T11EF 20:0S 70 JSR ZTMP
443 5
444 T1F2 AS 2B LLA #4735
445 T1F4 20 C6 12 JSR WROC 3 WR RCD MARK
44¢ 5
447 T1F7 zC C1 7¢C JSR DCMP 3 EA-SA (TNMFO+42-TMPO) CIFF IN LOC DIFF,+1
448 T71FA 98 TYA 3 MS BYTE CF DIFF
445 71FB  DC CA BRNE WH1
45C T1FC A5 ES LBA DIFF
451 T1FEF. €9 °17 CMP #23
452 12C1 BC C4 BCS wH1 s CIFF CT 24
453: 7203  BS-FE STA RCNT 5 INCR LAST RCNT
4%4 - 72C85 “E& FE INC RCANT
455 72C1 A% FE WH1 LCA RCNT
456 .T209* 20 7C 12 JSR DADC 3 ADD 710 CKSUNM
457 720C 2C Bl 72 JSR WRCEB 5 RCC CNT IN A
458 T20F  “ASEF LCA TMPC+1 5 SA HC
459 (211 20 1CH12 JSR CACC
460 7214 2C B1 72 JERKRCR
461 “7211. AL EE LCA TMPC 3 SA LC
462 1219 206 7C 12 JSR CADC
463 121C 2C Bl 92 JSR WRCR
464 H
4€5 7T21F AC GC WH2 LEN 80
466 1221 -81 EE LCA {TMPC),Y
467 H
468 1223 208 1C 12 JSR CADC ;s INC CKSUM, PRESERVES A
469 722¢ 20 Bl 72 JSR WROB
47C 7229 2C 67 73 JSR INCTMP i INC <2
471 722C Cé¢€ FE DEC RCNT
4712 T22E7:0C EF BNE WE2 3 LOCP FCR ULP TC 24 BYTES
473 H
414 123C  ZC SE 712 JSR WRCA4 5 WRITE CKSUW¥
475 H
41¢ 7233 2€ C1 7€ JSR CCMPE
4717 7236 BC AA BCS wWHC s LCCP WHILE EA GT CR = SA
478 7238 4C 86 7C BCCST JMP START
476 ;



MPL TINM PACE 1

CARC # LCC

48C

481 7238
482 7230
483 T23F
484

485 7241
486 1243
4817 7245
488 1248
4E8S

4SC 7248
491  T24¢E
4GSz  125C
492 7252
494 1254
455 125¢
496 7258
4¢<1

4GE  T25A
4G99  T125C
sQC 1725E
SC1 726C
5C2

€C3 7262
5C4 7265
€05 12617
SCe& T26&S
507 T26FR
sce

€CS T26E
510

c11 72171
El2 1212
512

14 121%
S15 7278
E1e 1272
511

€18 .127¢C
519 127C
52C 127E
521 728¢
€22 1282
523 1284
524 1286
5257.°1288
526 1288
527

528 128A
529 7128C
€30 7T28E
531 1291

E6
AS
Ce

AS
85
zC
2C

2C
A2
gé
Al

[
2

AS
ca

2C
BC
SC

4
18
€s
85
AS
€S
85
X
EC

rz

AS
2¢C
A¢

CODE

FD
E4
F7

Ca
EC
A
SA

77
09
FE
£S5
FF
42
ce

[
>

FF
c2
4E

cé
FE
Fl
4¢
Ccé

S1

EC
Le

Cl
€3
BC

F2
F2
F3
cc
Fa

CD
CcA
co
t3

12
72

12

72

1<

12

CARD

W8
WB1

.o

’
WBNPF

’
WBF1

’
WBF2

-e

CACC

INC
LCA
ENE

LCA
STA
JER
JSR

JER
LCX
STX
LCA
ST2
LCA
BNE

LCA
ASL
BCS
LCA

JER
BCS
BCC

PHA
cLe
ACC
STA
LCh
ADC
STA
PLA
RTS

LCX
LCA
JSR
LCX

SAVX
WRAP
BCCST

#4

ACMD
CRLF
WROA

SPACE

4s

TvPC
{TMPC~-G, X)
T™MP(C2

#'8

WBF2

#1p
TMPC 2
WRF2
#ON

WRCC
TMPC
WEF1
4F

WROC

INCTMF

ACNE
WBNPF

CCMP
W81
BCEST

VP4
TVP4
TNP44+1
#C
TMP4+1

#¢0C
4E0A
WRTWC
CRDLY

5 SAVX T0O = NCMCS FOR ASCII SUB/R
3IF ADCR HAS WRAPPEC ARCUNC
sTHEN TERMINATE WRITE OPERATION

OUTPLUT HEX ADR

LCCP CNT =9

-

BYTE TC TMPC2

e

WRITE B

-

WRITE N CR P

LGCP

..

WRITE F

-e

TEST FOR MULTIPLE OF FOUR

LCCP WHILE EA GT CR = SA

.o

SAVE A

.

RESTCRE A

-

sBIT-TIVME CCUNT FOR CELAY



MP1 TIM PACE 1

CAKC # LCC CCCE CARD
£32 7263 2C 1C 73 C(CR1 JSR OLY2 sDELAY CF ONE RIT-TIME
532 72G¢ CA CEX
€34 7297 CC FA BNE CR1
§38  726S  €C RTS
536 H
537 3 WRITE ACR FRCM TMPC STORES
538 H
536 726A AZ (1 WRCA LCX #1
£40 729C CGC OA BNE WROAL
€41 1268 AZ C5 WRCA4 LCX #5
542 72AC CC Ce¢ BNE WROA1
543 T72A2 A2 Q7 WRCA6 LLCX 47
£44 T72A4 DC C2 BNE WRCAL
€45 T226 A2 09 WRPC LCX 4S
£46 12A8 BS EC WRCA1 LCA TNPO-1,X
€47 T2AN  4E PHA
£48 T2AB BS5 EE LCA TMPC, X
£4G  72A0 2C Bl 72 JSR WROB
550 72BC €€ PLA
=51 H
£52 3 WRITE BYTE - A = BYTE
553 5 UNPACK BYTE DATA INTO TWO ASCII CHARS. A=BYTE; X,A=CHARS
£54 i ‘
855 72B1 4€ WRCB PEA
556 T2B2 4A LSR A
£E71 1283 4A LSR A
558 12B4 4A LSR A
559 T2B5 44 LSR A
C€C T7zB& 2C 58 13 JSR ASCII ; CONVEFRT TC ASCII
5€1 T2BG AA TAX
EE2 12Bp 68 PL2
5¢63 12BB 2S CF ANC #$0F
5€¢4 T2BC 2C 58 73 JSR ASCI1
565 5
£66 5 WRITE 2 CHARS - X,A = (CHARS
567 5
€ee 72C0  4¢ WRTWO PHA
$€6S 72C1 8A TXA
57C 72C2 2C C6 72 JSR WRT
€11 12C% €€ FLA
512 H
573 5 WRITE SERIAL OQUTPLT
514 3 A = CHAR T4 BE CULTPUT
515 H
S7¢ 7T72C6 2C 1C 73 WRY JSR CLY2
511 72CS A2 CS LCXx #9
578 WROC =WRT
€15 72CB 4S FF FCR H4%FF 5 COMPLEMENT A
580 72CC 3¢ SEC
581 3
SE€Z 72CE 2C CA 72 WRT1 JSR ELT
583 1é01 20 1D 713 JSR DLY2



MPL TIM
CARL # LCC

E84 12D4
585 72D5
58& 12Cé6
S€71 12D8
588
5€9
€60 72DA
591 T72CeB
5¢2 {12DE
5931 " 12EC
564 T2E2
5985 (ZE4
596 12E1
561 12¢£8
598
599
éce
€01 T2ES
602 T2FR
€C3 T2EC
€C4
€05.. J2FE
€Cé
eCT  T2FC
£ce8  T2F3
€CS  12F4
€10
€11 72F6
€12 T2FS
€13
€14 T12FC
€15 12FF
€16 . 73C2
€17 173C2
€18
€1S  73Ce¢
€2C  13C1
621 1308
€22 12C9
€22 1304
624 13CC
€25 12GE
626 130F
&21 . 131¢C
€28 1312
629 71314
€2C
621 131¢
€322 731%
632 731A
634
€35 7310

PAG

4A
ca
ce
FC

AS
4
B8C

A2

AC
48
¢

2C
2¢

ZC
AC

4p
20

Ge

E 1

CCCE

02
FD
02
02
c2

E7
4F
c8
c2
FA

20
Ca

1D
Cc2

DA

c2
80

EA
FF
7F
10
DA

2C

6E

Gt

6E

13
12

12

12

73

CARC

ouT

cuTl

T es ws wo

LT
RCOC

v
RCT1

.o

RCT2

.e

RDT4

.o

RCT5

’
oLY?

LER
DEX
BENE
BEGQ

PEA
LCA
ANC
RCC
CRA
ST
PLA
RTS

ouTPUT

LCA
LSR
BCS
=RCT
LLCX

LCA
LSR
BCC

JSR
JSR

JSR
LCA
LSR

JER

PHP
TYA
LSR
PLF
BCC
OFA
TAY
CEX
BNE
ECR
ANC

JER
cLc
J SR

WRT 1
RDT5

.e we

MPB
#%11111101
CLT1
#%C0CCCClLC
MPB

.o

RETURNS CHAR 1IN

#USE BNE?

SAVE 2
DUTPUT BIT FRCM CY

RESTCRE A

HSPTR 5 TEST HS PTR CPTICA
A
RCESR
#8
MPB
A 5 WAIT FOR START BIT
RDT1
CLyl
cur 5 ECHC START BITY
ELy2
MPB 5 CY = NEXT BIT
A
CLY 5 ECHC

3 SAVE BIT

5 Y CCANTAINS CHAR BEING FCRMEC
A

s RECALL BIT
ROT4
480 5 ADC IN NEXT BIT
RCT2 5 LOCP FOR 8 BITS
#$FF 5 CCMPLEMENT CATA
#ETF 5 CLEAR PARITY
BLY2
CLT SANC CELAY 2 HALF-EIT-TIMES
CLyl



MP1 TIW
CARC # LCGC

636 T732C
€37 1321
628 1322
€3S 7323
€4C 7324
641 722¢
642
€42 1328
£44
€45 7328
€46 T32E
647 7230
€48 1221
649 7232
€50 7335
€51 7i2a6
€52
€53 7338
€54 1235
€55 1324
E5€ 122R
€57 T132C
€S8
€S 1330
660 134C
€€l 1342
£62
€€32 71344
€€q 1247
€€5  T34A
€66 134C
€€T  T24F
€8 7351
€€S 1354
€1C 17355
671 7357
€72
€713 7358
€74 7355
€75 1258
616 135C
€711 135F
€18
€79  13¢€1
€8C 73¢3
€81 13¢&4
€82 1366
€83 1368
684 T36A
€85 T736C
€86 13¢€E
€87 T26F

PAC

48
Cce
gn
48
A€
AS

8C

AC
1C

CE
AC
28
1C

68
AA
28
&8
eC

AC
29
EC

AE
AC
CS
8C
A
8C
gA
ZS
&6C

18
66
€S
SG
66

€S
4 €
€IS
ce
AS
CS
Cce
€B
AS

E 1

CODE

EA
EB

C4

¢5
FB

Ca

c2
c8
F9

00
c2
C4
C2
FB
02

7F

Cé
FC
02
Cé

42
CA
FD
c1
C4

EE

6E

&6k

6E

6E
CE

6E

&E

CARD

OLY1

DL2

’
DL3

DLX

RDHSR

-

ASCII

ASC1

PHA
PHP
TXA
PHA
LTX
LTA

LCA
BFL
CEX
PHP
LCA
PLP
BFL

PLA
TAX
pPLP
FLA
RTS

LCA
AND
BEC

LLCX
LCA
ORA
STA
AND
STA
TXxA
AN
RTS

CLC
ACC
ACC
BCC
ACC

ACC
PHA
cwvp
BNE
LCA
CVE
BNE
PLA
LCA

MAJCRT
MINGRT

MCLKLTY

MCLKIF
bL3

MCLKRD

cL3

vPB
H#CAVAIL
RLCHSR

MPA
VFB
#GOTDAT
MPB
#%11111011
MPB

H$TF

HeE

#$FC
ASC1
%06

#E3A

#'B
ASCX
SAVX
#NCMDS
ASCX

#e

.
’

,

’

SAVE FLAGS AND A

SAVE X

RESET TIMER INT FLAG

RESTCRE RECS

LCCP CN

CATA AVAIL

READ CATA
SENC CCT-CATA PULSE

TEST FOR LETTER B IN ADR DURING WBNPF

NOT wB CMD

FCR w8,

BLANK B*S IN ACR



MP1 TIM PACE 1

CAKC # LCC CCrE CARC
€Ee 1371 48 PHA
€89 7172 €8 ASCX  PLA
690 7373 6C RTS
€s1 ;
€92 7374 2C 17 72 SPAC2 JSR SPACE
€53 7377 48 SPACE PHA 3 SAVE A,X,Y
€S4 1278 €A Txa
€55 7375 48 PHA
656 1374 S8 TYA
€S7 7278 4¢ PHA
€S8  727C AS 2¢ LCA #°
€SS 737F  2C C6 72 JSR WRT 3 TYPE <P
7CC 7381 €8 PLA 3 RESTCRE A.X,Y
701 1282 A8 TAY
1€z 7283 ¢F PLA
72 7284  AA TAX
704 7385 6@ PLA
¢S 738¢  6C R1S
706 ;
iCT 7387 A2 C2 T2T2  LCX #2
7C& 7285 BE ED 12721 LCA TMPC-1,X
705  738F 48 PHA
71C  738C BS FF LCA TMP2-1,X
711 T738E S5 ED STA TMPC-1,X
712 739G 68 PLA
712 73S1 S5 FF STA TMP2-1,X
714 7282 CA DEX
715 7394 1Q F3 BNE T2721
ile 1756 €C RTS
717 ;
718 ; INCREMENT (TMPC,TMPO+1) BY 1
716 7357 E€ FE INCTMP INC TMPO ;LCW BYTE
72C  139S  FC (1 REQ INCT1
121 1358 6C RTS
122 3
722 136C € EF INCT1 INC TMPC+1 iHIGK BYTE
124 73St FC C1 BEC SETWRP
125 13AC  €C R1S
726 i .
727 13A1 E6 F4 SETWRP INC WRAP iPCINTER HAS WRAPPED ARCUND - SET FUAG
728 11p7 €C RTS
729 -
3¢ i REAC FEX ACR, RETURN HO IN TMPC, LC IN TMPO+l AND CY=1
721 : IF <P CY=C
722 i
723 73A4 2C B2 72 RCOA  JSR RCOR ; REAC 2 CHAR BYTE
734 73A7 SC C2 RCC RDOA2 i SPACE
i35 :
176 73AG €S EF STA TVPO+1
737 73Af 2C PR3 72 RDOA2 JSR RONB
138 13AF  SC €2 BCC RCEXIT ; SP
716 7280 85 EF STA TMPO



MP1 TIN PAGE 1

CARC # LCC COCE CARD
14C 13R2 6C RCEXITHRTS
141 ;
142 3 REAC FEX BYTE AND RETURN IN A, AND CY=1
143 H [F SF CY=0
144 H ¥ REG-T1.S PRESERVED
745 5
146 132 68 RCCE Tya s SAVE Y
747 T72B4 48 PHA
148 1385 AG CO LECA #0 5 SET CATA = O
149 72B7:- 8% EC STA ACMD
150 1389 -.20 E9 72 JSR RDOC
71 13BG= €S €D CMP #$0C ;5 CR?
752 713RE CC Cé¢ BNE RDCR1
153 73CC 68 PLA 5YES - GC TO START
154 73C1 &€ FLA sCLEANING STACK UP FIRST
755 73C2 &8 PLA
1€ 73C3 4C 86 7C JVMP START
1517 H
158 73C¢ CS 2C6 RCCB1 CMP #° ;3 SPACE
156 - 73C8 CC CA BNE RCCR2
1€C  73CA 2C ES 12 JSR ROCC 5 REAC NEXT CHAR
761 73Cr (€S 2¢C CVMP #°
1€2 T3CF DC CF ENE- RCCE3
162 1201 18 CtcC ;s CY=C
1¢4 7302 S0 12 BCC RDOR4
1€5 5
7€¢¢ 72C4 2C ER 73 RDOB2 JSR HEXIT s TC HEX
€7 13CT1 CA ASL A
€€ 1308 CaA ASL A
169 73C9 CA ASL A
771C 73DA  CA ASL A
171 -1208 8% EC STA ACMD
712 73pC 2C €9 712 JSR RCOC 3 2NO CHAR ASSUMED HEX
412 13EC 2C -EB- 13 .RDCB3 JER HEXIT
774 7T2E2 Ct EC CRA ACMD
115 13FE5 138 SEC 3 Cy=1
71€ T32E¢  AA ROCB4  TAX
777 13E7 68 PLA ;s RESTCRE Y
118 7138 A8 TrY
119 1389 ~-8A TXxA sSET Z € N FLAGS FCR RETURN
780 73EA8 6C RTS
781 5
82 . 13EB - €S 2A FEXIT CMP $$3A
183 I3ELTNCE PHP s SAVE FLACS
184 “J3EE 2S CF AND #$0OF
785 T73¢fC 28 PLP
186 73F£1 =912 €2 BCC FEXO9 5 0-9
187 13F3...6S C8 ACC 4§ 5 ALPHA ACC B+(CY=9
788 T72f5 6C FEXCS RTS
1€S H
19C  12F¢ r=MP2+$FE

~J
e
—
s



MP1 TIM PACE 1

CARC # LCC CCOE CARC
792 73F8 04 70 INTVEC +.wWCRO NMINT 5 DEFAULT USER INTRQ TC NMINT
793 T73Fp 00 70 «WCRC NMINT
164 12FC Q6 70 «WCRC RESET
196 T3FE 52 10 +WCRD INTRQ
1SE

.o

END CF MCS/TECHENCLOCY 6501 ASSENMELY VERSION 3
NUMBER CF ERRCRS = Cs NULMBER CF WARNINGS = 0



SYMBCL TABLE

SYMBOL VALLE LINE DEFINEC CRCSS-REFERENCES
ACC COFS 12¢C 14C 1S4 2271 317¢

ACMC 00EC L2 246 248 253 486 511 749 T+1. 17174
ACRS 1160 3Lé 241

ALTER 7134 351 21¢

ASCLI 1258 6173 S6C 564

ASCX 7312 685 68z €ES

ASC1 136% 619 €1¢

A2 114¢€ 351 355

A3 7148 259 2572

A4 715¢C 362 358

AS 1152 363 365

AS 71%5A 366

8CCST 1238 478 436 483 516

BEQS1 712%4 345 366 399

EX 7081 227 198

BYTE T0€QC 285 364 410

BY2 10F 2 297 2G5z

BY3 710F5 298 28¢

B3 7C58 2C1 142

85 7012 219

CMDS 71Cé6 3¢9 239

CROLY 00E 2 1C4 63 531

CRLF 1288 528 21€ 233 .38B5 438 | 487
CR1 1263 532 534

CADD 727C 518 297 4C2 405 408 45& 459 462 468
CAVAIL gacC8 85 66C

DCMmP 70C1 262 417 447 476 514

CIFF QQES 1Cé6 265 2&9 45C

CLX 733¢C 651

BLYl 132C 63¢& €11l - 635

DLY 2 131C §35 532 576 583 614 63
cL2 7328 643

DL3 1228 645 64¢ 651

CSPLYM T 224 31¢

CSPLYR 7114 330 317

ERROPR 7CBA 258 2S¢ 341 419

ERRP1 TLEE 419

ERRS1 127 347 335

FLGS COFE 119 <GS 3C2 374

GC 715C 368 319

GOTDAT CCC4 €6 6€5

FEXIT 13ER 782 16 113

HE XC9 73F5 788 78¢

HSP 11¢€F 381 32C

FSPTR COET 1C7 1€ 231 387 398 601
HSRQOP CCEg 108 15¢ 381 38¢

[JMP 1084 253 2tC

INCTMF 1397 119 298 47C 5CS

INCT1 136C 123 72¢C

INTRQ 7082 154 195

INTVEC 713F8 152 146



SYMBCL

ICRASE
LCNT
LH

LH1
LF2
LH3
MAJORT
NCLKIF
MCLKRE
NCLK1T
MDA
MCR

ML BK
MINORT
MPA
VPR
MPC
NP1
VP2
NP2

]

vl
ACMDS
AV INT
oLt
cuT1
FCH
PCL
FREVC
PUTP
RAMG4
RCAT
RDEXI T
RCHSR
RDC A
ROCA2
RCCE
RDCRL
RCCOB2
RCCR3
RDOB4
RCCC
RCT
RCT1
RCT2
RCT4
RCTS
RESET
RC

R1

R2

R2

R4

RS

VALUE

EECC
COFF
7174
717€
7195
T1AA
CCEA
6E0S
EEC4
EEC4
EEC1
EEC3
cole
COER
EECO
6EC2
[0
71CC
72 CE
13¢CC
1123
71217
ccer
70CC
12CA
12E4
COF7
COF¢
CCES
720C
FFCC
COFE
1382
133t
13A4
73A8
7383
13Cé
13C4
T3€EC
H3EE
12ES
12ES
12FC
12FC
13CE
1318
1006
1022
1¢CC
1C28
1CzZR
71034
7044

LINE DEFINED

€1
128
384
3EL
4C1
410
11C
G4
S3
G2
89

625

144
1€4
148
168
166
174
183

8e

321
38¢C
3ge
411
154
1¢S
181
1¢¢€

14¢
144
185
ee?
1€4
138

-3

7€2
7€4

8%

418

171
€45
€49
€43

EE4
153
612

215
213
3%l
3€2

€€l
354

179

CRCSS-REFERENCES

90

184

617

310
372

401

412

4C3

388

91

64C

318

633

44C

424

4C6

421

92

425

53 94
€15 655 664 6EE
120 321 322

454 455 471

127

75¢ 76C 772

668



SYMBOL

RE
SAVX
SETR
SETWRP
SP
SPACE
SPAC2
START
SC

S1

S2
TvpC
TMPC2
TMPC

T™P2
TVMP4
TMPE
1272
12721
LINT
WEe
WBF1
WBF2
WBNPF
wel
WHC
Wkl
WH2
We
WRAP
WROA
WRCAL
WRC A4
WROAG
WRCB
wROC
WRPC
WRT
WRTWO
WRT1
XR

YR
1TVE

VALUE

1048
COFLC
1CFR
7341
COFC
1271
1374
7C86
7067
7CS9
1ceq
COFE
COFF
COEE

CCFC
CCF2
CCF4
13281
7389
FFFE
1238
1254
12€2
1248
123¢C
T1E2
72C7
T721F
71C2
Q0E4
12GA
T12A€
129¢E
12A2
7281
72C¢
120€
72C¢
72CC
12CE
COF2
CCcFB
7CCS

LINE CEFINED

1€7
124
3c2
721
123
653
652
220
2328
229

114

542
555
578
54¢
576
5&8
582
121
122
218

18%
247
331
124
2117
33¢
251

25¢€

413

505
45¢
512
515
4171
449
472

£ge¢
2C¢€
2C1
2912

244
357

3¢é8
363

345

2€1
454
261
4C4
719
266
415

428

228

500

435
488
£42

457
259

578
530

377
378
442

CROSS-REFERENCES

481

423

382

22¢
4G9
272
4C17
723
414
52C

460
445

699

€83

42¢€

478

3317

274
458
136
416
521

727

463
503

480

156

343

219
4€1
139
710
£22

4¢€9
507

6G2

422 430 492 504

28C 28§ 2S1 303
4€€ 453 546 548

713
£24

£45S

305
708



INSTRUCTICN CCUNT

ADC
ANC
ASL
BCC
RCS
REQ
RIT
BMI
BNE
RPL
RRK
BVC
RV S
cLe
cLe
CLI
cLv
cre
CPX
CPY
DEC
DEX
CEY
ECR
INC
IAX
INY
JVE
JSR
LCA 65
LCX 24
LDY 4
LSR 12
NCP

CRA

PHA 1
PrP

PLA 2
PLP

RCL

RTI

RTS 1
SEC
SFC
SED
SEI
STA
STX
STY
TAX
TAY
TSX
TXA
TXS
TYA

—
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