Drawing Circles with the
NS32CG16;
NS32CG16 Note 1

1.0 INTRODUCTION

The NS32CG16 is a 32-bit CMOS, graphics oriented proc-
essor. It is software compatible with other Series 32000®
CPUs, with new instructions for high-speed graphics. The
NS32CG16 is designed specifically for page-oriented print-
ing technologies such as laser, LCS, LED, lon-Deposition,
and Ink Jet.

In this applications note, a method for high-speed circle
generation will be described, using an optimized version of
Bresenham’s circle algorithm.

2.0 DESCRIPTION
A circle can be described by the center coordinates (xc, yc),
the radius (r), and the width (w). With the Pythagorean theo-
rem, pixels along the path described by the equation:

(x —xc)2 + (y — yc)2 = r2
can be set for a width of w perpendicular to the tangent of
the arc.
This, however, involves substantial computation for each
point on the line. Even taking advantage of the symmetry of
circles, a large number of instructions must be executed to
calculate the path.
Bresenham'’s circle algorithm works by determining which of
two pixels are nearer the actual circle at each step. Then,
using symmetry, eight points on the circle’s path can be
determined. Applying the width (w) to each of these eight
points yields a displayed (or imaged) circle. For the actual
derivation of Bresenham’s algorithm, see Reference 1, and
Reference 2. This derivation was done by J. Michener.
Bresenham’s algorithm can be implemented in the following
manner:

1. Select the first position for display as
(x1,¥1) = (O,r)
2. Calculate the first parameter as
p1=3—-2r
If p1 < 0, the next position is (xy + 1, yq ). Otherwise, the
next position is (x1 + 1,yq — 1).
. Continue to increment the x coordinate by unit steps, and
calculate each succeeding parameter p from the preced-

ing one. If for the previous parameter we found that p; <
0 then

w

Pi+1=Ppi T 4x + 6
Otherwise (for p; > 0),
Pi+1 = Ppi + 4(x —yj) + 10

Then, if pj+ 1 < 0 the next point selected is (xj + 2, yj+ 1)-
Otherwise, the next point is (x; + 2, yj+1 — 1). The y
coordinate isyj+1 = y;, if pj < 0oryj+q1 =y — 1,ifp; =
0.

. Repeat the procedures in step 3 until the x and y coordi-
nates are equal.

3.0 IMPLEMENTATION
With the path of the circle described, the pixels along the
path can be set using the basic symmetry of the circle. Fol-

lowing is an example of Bresenham’s circle algorithm in the
C language, based on Michener’s derivation.
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circle(xc,yc,radius,width)
register unsigned int xc,yc,radius,width;

{
register int y, x, p;
x = 0;
y = radius;
p=3-2%*radius;
while (x < y) {
setgrp(xc,yc,x,y,width);
if (p<0)
p+=4*x+6;
else {
p+=4* (x-y)+10;
el
}
XH+;
}
if (y == x)
setgrp(xc,yc,x,y,width);
}
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setgrp(xc,yc,x,y,width)
register int xc,yc,x,y,width;

if ({y - x) <= (width / 2) {
hset{xc + y, yc + x,width);
hset{xc - y, yc + x,width);
hset(xc + y, yc - x,width);
hset(xc - y, yc - x,width);
vset(xc + x, yc + y,width);
vset(xc - x, yc + y,width);
vset(xc + x, yc - y,width);
vset(xc - x, yc - y,width);
}
vset(xc + y, yc + x,width);
vset(xc - y, yc + x,width);
vset(xc + y, yc - x,width);
vset{xc - y, yc - x,width);
hset{xc + x, yc + y,width);
hset(xc - x, yc + y,width);
hset{xc + x, yc - y,width);
hset{xc - x, yc - y,width);
}
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The sefgrp routine in the previous example uses symmetry
to set eight points of the circle. Setgrp has a special case to
handle the boundaries of the eight sections. When the dis-
tance between the boundaries is less than half the width of
the circle, both vertical and horizontal lines are imaged for
each section. The vset routine sets width pixels vertically in
the image, centered around the second argument. The hset
routine sets width pixels horizontally, centered around the
first argument. Since these cases are so well defined, the
NS32CG16 instructions SB/TPS and SBITS are used for
these routines.

The NS32CG16 implementation is very much like the C ver-
sion, but is optimized for speed. Note the use of the ADDR
instruction to do the two p; computations, each in one line of
32000 assembly code.
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.data
xwarp: equ 2544 #bits of xwarp to get to next scan
.comm _page, 4
hlfwdth:double 0
.text
#
#Bresenham’s circle algorithm, as expressed in "Computer Graphics” by
#Donald Hearn and M. Pauline Baker (1986, Prentice-Hall,
#ISBN 0-13-165382-2)

#
# Inputs:
# r0 = x coodinate of centre of circle
# rl = y coodinate of centre of circle
# r2 = width (in pixels)
# r3 = radius (in pixels)
¥
# Outputs:
14 no registers altered
+ circle drawn in ram
#
#Notes:
# This routine uses two special case line drawing routines:
# a horizontal case (called HLINE)
# a vertical case (called VLINE)
¥ A general purpose line drawing algorithm could be used, however
# the new 32CG16 instructions are much faster.
# If the line is to have a width of > 25 pixels, the BIGSET algorithm
# must be added to the HLINE routine. No other changes are required.
#
circle: save [r4,r5,r6,r7]  #save our working registers
movd re,r? #get current width
1shd $-1,r7 #divide by two
movd r7,hl fwdth #and store it away
movqd O,ré4 #xl =0
movd r3,rs #yl = radius
movqd 3,16 #p = 3 - (radius * 2)
subd r3,ré
subd r3,ré
br cirtest
.align 4
cirlp: bsr setgrp #set a group of points
cmpad 0,16 #is P less than zero?
blt pged #no, it is not. skip
addr 6(r6)[rd4:d],r6 #p +=4 * x1 + 6
addqd 1,r4 #x1 ++
cirtest:cmpd rd,r5 #is x1 <=yl 7
ble cirlp #it is. Loop
br cirotl
.align 4
pge0d:  movd r4,r? #t = x1
subd r5,r7 # = x1 -yl
addr 10(r6) [r7:d],r6 #p += 4 * (x1 - yl) + 10
addgd  -1,r5 #yl --
addqd  1,r4 #x1 ++
cmpd rd,r5 #is x1 <= y1 7
ble cirlp #it is. Loop
cirotl: bne cirout #if x1 1= yl, get out
bsr setgrp #else set last group
cirout: restore [r4,r5,r6,r7] #restore working registers
ret 0 #and return

¥

#Setgrp sets eight points on a circle, given starting x and y, and the
#current xoffset and y offset.

#

# Inputs:

# r0 = centerpoint of circle (x coodinate)
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setgrp:

Ouputs:

.align
movd
movd
movd
movd
movd
subd

ble

movd
addd
addd

subd
addd

movd
movd
subd

rl = centerpoint of circle (y coodinate)
r2 = line width

r4 = x offset

r5 = y offset

all registers preserved.

4
r6,tos #get two temporary values
r7,tos

r0,ré #save old x
ri,r7 fand y

r5,rl

r4,rl #rl = (yl - x1)
rl,hlfwdth #if the difference is less than
sgl:w #half the width, fill in the edges
r7,rl #restore y

r4,r0 #x += x1

r5,r1 #y += yl

vline #do a vline
r6,r0 #restore x and y
r7.rl

r4,r0 #x += x1

r5,rl fy -= yl

vline

r6,r0 #restore x and y
r7,rl

rd,r0 #x -= x1

r5,rl #y += yl

viine

r6,r0 #restore x and y
r7,rl

rd,r0 #x -= x1

r5,rl #y -= y1

vline

6, r0 #restore x and y
r7,rl

r5,r0 #x += yl

rd,rl #y += x1

hline

ré,r0 #restore x and y
r7.rl

r5,r0 #x += yl

rd,rl #y -= x1

hline

r6,r0 #restore x and y
r7,rl

r5,r0 #x -= yl

rd,rl #y += x1

hline

r6,r0 #restore x and y
r7,rl

r5,r0 #x -= yl
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sgl:

rd,rl
hline
r6,r0
r7,.rl
tos,r7
tos,r6
0

r7,rl
rd,r0
r5,rl
hline
vline
r6,r0
r7,rl
r4,r0
r5,rl
hline
vline
r6,r0
r7,rl
r4,r0
r5,rl
hline
vliine
r6,r0
r7,rl
r4,r0
r5,r1
hline
vliine

r6,r0
rl,rl
r5,r0
rd,rl
viine
hline
ré,r0
r7,rl
r5,r0
rd,rl
vline
hline
ré,r0
r7,rl
r5,r0
r4,rl
vline
hline
ré,r0
r7,rl
r5,r0
r4,rl
vline

#y -= x1

#restore x and y

#and unstack

#restore
#x += x1
#y += yl

y

#do a hline
#and a vline
#restore x and y

#x += xl1
#y -= yl
#restore
#x -= x1
#y += yl
#restore

#x -= xl1
#y -= yl

#restore
#x += yl
#y += x1
#restore
#x += yl
#y ~= x1
#restore
#x -= yl
#y += x1
#restore

#x -= yl
#y -= x1

X

X

X

X

X

X

and y

and y

and y

and y

and y

and y
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bsr hline

movd r6,r0 #restore x and y
movd r7,rl

movd tos,r7 #and unstack
movd tos,ré

ret 0

#A vertical line drawing algorithm, making use of the SBITPS instruction

#

[ 4 Inputs:

# r0 = x coodinate of line

# rl = centerpoint of y coordinate of line

+ r2 = line length

#

# Outputs:

# no registers altered.

# Tine drawn in memory.

¥
.align 4

vline: save [r0,r1,r2,r3] #save working registers
subd hlfwdth,rl #y -= half of width to centre vline
addr @(xwarp-1).,r3  #r3 = xwarp -1
indexd rl,r3,r0 #bit off = y * (xwarp) + x
addqd 1,r3 #move to correct warp value
movd _page, r0 #page address in r0
SBITPS #set bit perpendicular string
restore [r0,rl,r2,r3] #restore registers
ret 0

#

#A horizontal line drawing algorithm, using SBITS.

#

# Inputs:

# r0 = centerpoint of x coordinate

# rl = y coodinate of line

# r2 = line length

#
.atign 4

hline: save [ro,r1,r3] #save working registers

subd hlfwdth, r0 #x -= half of width to centre values
indexd rl,{xwarp - 1),r0 # bit off = (y * xwarp) + x

movd _page,r0 #page address in r0
addr stab,r3 #address of sbits table
SBITS

restore [r0,rl,r3]

ret 0
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Figure 1 shows this algorithm ‘at work’. 20 circles of radius
350 pixels, and widths of 1 to 20 pixels are shown. A full
listing of this test program is shown in Figure 2.

4.0 TIMING

The execution speed of this algorithm is dependent on the
radius of the circle, and the circle’s width. The test program

supplied executes in 2.92 seconds on a NS32016 at
10 MHz with no wait states. The execution time on the
NS32CG16 at 15 MHz with no wait states is 1.54 seconds.
By using macros for the VLINE and HLINE routines, instead
of subroutine calls, the time can be further reduced to 1.39
seconds.

SC ST SC SO 51

@ @

XS

S
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.data
.set xwarp, 2544 #bits of xwarp to get to next scan
.comm _page,4

hlfwdth:.double @

.text
#
# Test is a C - callable function that creates Figure 1.
#
.globl _test
_test: save r3,r4,r5,r6,r73
addr 2408,rp #start at x=4p9
addr 4ep,r1 # y=4p9
movad 1,r2 #width = 1
addr a358,r3 #radius = 350
addr @28,r7 #we want to do 2@ circles
lp: bsr circle #do a circle
addr 80(r@),rp #x += 8p
addad 1,r2 #width += 1
acbd -1,r7,lp #loop for all 2P circles
restore [r3,r4,r5,r6,r7]
ret 9 #and return
#

#Bresenham's circle algorithm, as expressed in "Computer Graphics" by
#Donald Hearn and M. Pauline Baker (1986, Prentice-Hall,
#ISBN 9-13-165382-2)

Inputs:
rf = x coodinate of centre of circle
r1 = y coodinate of centre of circle
r2 = width (in pixels)
r3 = radius (in pixels)

Outputs:

no registers altered
circle drawn in ram

=

otes:
This routine uses two special case line drawing routines:
a horizontal case (called HLINE)
a vertical case (called VLINE)
A general purpose line drawing algorithm could be used, however
the new 32CG16 instructions are much faster.
If the line is to have a width of > 25 pixels, the BIGSET algorithm
must be added to the HLINE routine. No other changes are required.

O I IE IL I I I I I I I I W I I

ircle: save {r4,r5,r6,r7)  #save our working registers
movd r2,r7 #get current width

FIGURE 2
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tshd  $-1,r7
movd  r7,hlfudth

movad  @,ré4
movd r3,r5
movagd 3,ré
subd r3,ré
subd r3,r6
br cirtest
.align &
cirlp: bsr setgrp
cmpad  P,ré
btt ef
addr 6(r6) (r4:d1,ré
addad 1,14

cirtest:cmpd ré4,r5

ble cirlp
br cirout
.align 4

pge@: movd ré,r7
subd r5,r7
addr 18(ré)[r7:d1,ré

addqd -1,r5
addqd 1,ré4
cmpd ré,r5

ble cirlp
cirout: restore [r4,r5,r6,r7}
ret ']

#

#divide by two
#and store it away
#x1
#y1 = radius

#p = 3 - (redius * 2)

#set a group of points
#is P less than zero?
#no, it is not. skip
#p +=4 * x1 + 6

#x1 ++

#is x1 <= y1 ?

#it is. Loop

#t = x1

#t = x1 -yl

#p += 4 * (x1 - y) + 19
1 -

#x1 ++

#is x1 <= y1 ?

#it is. Loop

#restore working registers
#and return

#Setgrp sets eight points on a circle, given starting x and y, and the

#current xoffset and y offset.

centerpoint of circle (x coodinate)
centerpoint of circle (y coodinate)

#

# Inputs:

# rg =

# rl =

# r2 = line width
# ré = x offset
# r5 = y offset

#

# Ouputs:

# all registers preserved.
#

.align 4
setgrp: movd r6,tos

movd r7,tos

movd rg,ré

#get two temporary values

#save old x

FIGURE 2 (Continued)
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movd

movd

bsr

bsr

rl,r7
r5,r1
ré,r1
r1,hifwdth
sgl
r7,r1
ré4,r@
r5,r1
vline
ré,r@
r7,r1
r4,r@
r5,r1
vline
ré,rp
r7,r1
ré,r@
r5,r1
vline
ré,r@
r7,r1
ré,rp
rs,r1
vline

ré,r@
r7,r1
r5,r@
ré,r1
hline
ré,rP
r7,r
r5,r@
ré,r1
hline
ré,rd
r7,r1
r5,r@
ré, 1
hline
ré,rd
r7,r1
r5,r@
ré,rl
hline
r6,r9
r7,r1
tos,r?

#and y

#r1 = (y1 - x1)
#if the difference is less than
#half the width, fill in the edges

#restore y
#x += x1
#y += y1

#do a vline
#restore x and y

#x += x1
#y = ¥l
#restore x and y
#x -= x1
#y += y1
#restore x and y
#x -= x1
#y -= vl

#restore x and y

#x += y1
#y += x1

#restore x and y

#x += y1
#y -=x1
firestore x and y
#x -= yl
#y += x1
#restore x and y
#x -= yl
#y -= x1

#restore x and y

#and unstack

FIGURE 2 (Continued)
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sgl:

tos,ré
[

r7,rt
ré,rp
r5,r1
hline
vline
ré,rp
r7,rt
ré,rp
r5,r1
hline
viine
ré,rg
r7,rt
ré,rp
r5,r1
hline
vline
ré,rp
r7,r1
r4,rp
rs,r1
hline
vline

ré,rp
r7,r1
r5,rp
r4,r1
vline
hline
ré,rd
r7,r
r5,rp
ré,rt
vline
hline
r6,rp
r7,rt
r5,rg
ré,r1
viine
hline
ré,r@
r7,r1
r5,r@

#restore y

#x += x1

#y += yi

#do a hline

#and a viine
#restore x and y
#x += x1

#y -=y1
#restore x and y
#x -= x1

#y += y1

#restore x and y

#x -= x1

#y ==yl

#restore x and y
#x += y1
#y += x1
#restore x and y
#x += yl
#y -= xi
#restore x and y
#x -= yl
#y += x1
#restore x and y

#x -= y1

FIGURE 2 (Continued)
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bsr vline
bsr hline
movd ré,r@ #restore x and y
movd r7,r1
movd tos,r7 #and unstack
movd tos, ré
ret [
#
#A vertical line drawing algorithm, making use of the SBITPS instruction.
#
# Inputs:
# r@ = x coodinate of line
# rt = centerpoint of y coordinate of line
# r2 = line length
#
# Outputs:
# no registers altered.
# line drawn in memory.
#
.align &
vline: save [rg,r1,r2,r31 #save working registers
subd hifwdth,r1 #y -= half of width to centre vline
addr A(xwarp-1),r3  #r3 = xwarp -1
indexd r1,r3,rg #bit off = y * (xwarp) + x
addgd 1,r3 #move to correct warp value
movd _page,r$ #page address in rg
# SBITPS #set bit perpendicular string
# - Start of SBITPS emulation code
.align 4
sblp: sbitd r1,0(r9) #set required bit
addd r3,rl #add the bit warp
acbd -1,r2,sblp #loop for the rtl
# - End of SBITPS emulation code
restore [r@,r1,r2,r3] #restore registers
ret ?
#
#A horizontal line drawing algorithm, using SBITS.
#
# Inputs:
# r@ = centerpoint of x coordinate
# r1 = y coodinate of line
# r2 = line tength
#
.align 4

subd ré,r1 #y -= x1

FIGURE 2 (Continued)
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hline: save ro,r1,r3] #save working registers

subd hlfudth, rg #x -= half of width to centre values
indexd r1,$(xwarp - 1),r@ # bit off = (y * xwarp) + x
movd _page,rf #page address in r
# addr stab, r3 #address of sbits table
# SBITS
# - start of SBITS emulation code
movad  7,r3
andd r1,r3
addd r3, 3 ¥ 2
addd r3,r3  #*4
addd  r3,r3 #* 8
addd r3,r3  #* 16
addd r3,r3  #* 32
addd re,r3
ashd $-3,r1

ord stab(r3:d],8(r@)[r1:b]
# - end of SBITS emulation code

restore [r@,r1,r3]

ret [

.data

stab:  .double h'PPRAAAAR, h'POPOARR1, h' BABPAAR3, h' PPORARR7
.double h'PPRREPAT, h'POPROR1f, h'BPRPRR3T, h' BRPRRR7
.double h'PPPRRRff h'PPPRR1ff, h'OPPRR3F S, h'PPORRT7Ff
.double h'ppPPAfff h'PPPR1fff h'PRPA3fff h'PPRRTFSf
.double h'PPRRffff h'PPR1ffff h'@BR3Ffff h'PPR7Ffff
.double h'@PRfffff h'PP1fffff h'PO3fffff h'@P7fifff
.double h'@Rffffff h'@I1ffffff h'@3FFffff hI@7FFFfff
.double h'Pfffffff h'1fffffff h'3fFfffff h17fFFffff
.double h'@pPPPARR, h'PPPPRRR2, h' PPPPPAR6, h ' PPPRRRRe
-double h'Pp@pPRie, h'@PPPRP3e, h' PAPRR7e, h ' 9RRBPR e
.double h'PpppPIfe, h'0PPPR3fe, h'PRPPR7fe,h ' 0PPR0f fe
.double h'@ppR1ffe,h'@PPR3ffe, h1@PPR7ffe, h'BRPRfffe
.double h'Pppifffe, h'PPP3fffe, h'PPP7fffe, h'PPPffffe
.double h'BR1ffffe, h'PP3ffffe h'@O7ffffe h'pRfffffe
.double h'p1fffffe h'@3fffffe, h'@7fffffe h'@ffffffe
.double h'iffffffe ht3ffffffe h*7ffffffe h'fffffffe
.double h'@pAPPRAR, h' APAPRRARL , h* PRPRAARC, h'PRPRRR1C
.double h'PPPPRR3c,h'PPARRR7C,h'PPPPPPfC, h'PEPPR1fC
.double h'PaP@ep3fc, h'PPPRR7fc, h'PBRRRffc, h'@RRR1ffc
.double h'pPP@P3ffc,h'PPPR7ffc, h'PPPPfffc, h PPP1fffc
.double h'PPP3fffc,h'PPR7fffc h'PPPffffc h'Ppiffffc
.double h'@P3ffffc h'PP7ffffc h'PPfffffc, h'PIfffffc
.double h'@3fffffc h'@7fffffc h'Pffffffc, h'1ffffffc
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.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.doubte
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double
.double

h'3FFFFEEC, h TEFFFffc,hi fEFFFFfc, h! FEFFFffC
h'@@RRRARs, h' BP0PRR8, h'ARRARR18, h' pPRRRR38
h'@@RpRRTs, h' BPARRRTE, h'@RPAA1£8, h' BRRRR3 S
h'@pPeP7¢8,h'PRRRRF 8, h'BRRR1ff8, h' PBPR3f {8
hi1@PPR7FE8, h BPRRTEEE, h' BRR1FFFB, h' PPR3f 8
h'PPR7EEES, h PRRFFFF8,h' PRIFFFFE, h' PR3 FFFF8
h'@O7FFEE8,h'PRFF 8, hIQIFFFFES h ' PIFFFFF8
hi7FEEEER, h  FFFFFEB I 1FFFFFEB hI3FEEEFF8
ROTEFEEEEB h  FFFEFEEB, N FEFFFFEB hIFFFFFFFB
h'@eeReReR h'PPeePR19,h' PRPPRA3A h' PRPERRT7e
h'PPARRRTR, h'BPRRR1 D, b PRAAR3FR, h' PRPRRT7 IR
h'PPRRRF R, h'@PRR1 D, b PAAASFFR, h' PPPATE D
h'PRRRfEen, h @RBT1FFfR, heBRR3FfFE, h' BRR7 S D
hePRRFFfR, hi@R1FFF 1R, h' QPBFFFED, h POTFF1Q
hePPFFFFfB,hiIEFFFFR, hBIFFFFFR h ATFFFFFR
he@FFFFFFR,h 1EEFEFFR, N SEEEEFFD N TEFFFFED
hefEEEEEEQ, h FEFEFFFR, M FEFFFFFQ hIEEFFFFFD
h' 29000000, h ' 30PRRR2R, h' PPPRRRA6H, h ' 9000
h'ppood1ed h'00PPP3eP, h PPPRR7eP h'PPPPRfed
h'@PPR1fed, h'BPRR3feP,h'PPPR7FeD h' PPPAffed
h'@881ffed, h' PR3 Ffed, h'@PR7Ffed, h'PPRFffed
h'@R1fffep, h'pP3fffed,h'PR7Effed, h' PRffffed
h'@1ffffep, h'@3ffffep, h'@7FFffed h'pfffffep
hi1fffffed, h'3FFFffe, R 7FFEffed h' fFffffep
hiffffffep,h' fEffffed, h  FFFFffed, ht FFffffed
h'PpeeRene, h'eepRER40, h' PPRPARCE, h' PPPAP1cO
h'pPPRR3ce, h'PRRRPR7CcO, h'PPPPRfcP, h' 8PPR1fc
h'@RRR3fcR,h' PRRRTFCR, h' PPRREfcE, h' PRR1ffcP
h'PRR3ffcd,h'PBR7FfcP, h PPRFFfcd, h'BP1fffch
h'@@3ffcP, h'@BTFFECR, h'@RFFFfc h' BTFFFcP
h1@3fFffch, h'@7FEffcR, h' RFFFFFcP, h 1FFFFfcR
h'3FFEFfcO hiTHEfffcB, he FFFFFFCO, h FEFFFFCR
hifFFEEECP, h FFFEEECR, ho FFFFFFCH, h! FFFEFFCH
h'99009000 h'900pA80, h'PPAAR189, h' pPPRR38P
h'PP@RR7Es, h' ARPPREED, h' PRAR1£EY, h' PRRR3fap
h'PPRR7¢BP,h'APGRF 8P, h'PPP1FFEP, h' 9PP3f 18P
h'PAR7EESP, h ' BPRF L8R, h PR1FFBY, h' PR3 {180
h'@R7EEEBP, h BRFEEEBR, h @1FFF8Y, h' B3 FFFfaD
h'7F89, h'@FFEF8R, he 1FFFFBP, h IFFFF1ED
h TEFEEEBP, b FEFEEEBR, ho FEFFFFBR, h FEE1 118D
hUffFFEE8D, h' FEFFEEBO, I FEFFFFBR ' FEFEFFes
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FIGURE 2 (Continued)

5.0 CONCLUSIONS

The NS32CG16 provides several instructions that increase
the speed of imaging common graphic items such as cir-
cles, lines, and ellipses. The NS32CG16’s high code densi-
ty, and fast execution, make it ideal for intensive graphics
processing.

This algorithm does, however, show an apparent ‘thinning’
on the 45° boundaries, when the width of the circle is great-
er than five pixels. An alternate algorithm will be presented

in a future applications note. This algorithm is optimized for
speed.
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