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ABSTRACT 

This paper describes a fast procedure in processing hidden 

surface pictures with the output in vector form. The program has 

been written expressly for a Decsystem 10 and has performed 

successfully on three different installations. 

The algorithm which is being used is a modification to the 

Watkins' Algorithm. Consequently, the program has inherited many 

key features which provide for speed, compactness, and flexibility 

* 
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INTRODUCTION 

There has long been a need for a very fast hidden surface line 

drawing algorithm. At the University of Utah, Dr. Gary Watkins devel¬ 

oped a very efficient continuous tone hidden surface algorithm which 

could be implemented in hardware to produce pictures at rates of 30 

frames per second. It turns out that with a few minor modifications, 

the same algorithm can be adapted to produce line drawings. 

There were two requirements that had to be fulfilled: (D A pro¬ 

cedure had to be developed that would handle horizontal edges, since 

these were discarded during preframe processing and (2) Information 

would have to be extracted from the existing algorithm which could 

generate lines. It will be necessary to briefly explain Watkins’ 

Algorithm in order to understand the line drawing procedure more clearly. 

WATKINS' ALGORITHM 

Hidden surface pictures are processed by using a raster approach 

originally developed by the Rcrmey Hidden Surface algorithm. The user 

;s required to describe his objects in terms of polygons and associated 

edges. Preframe processing clips all of these edges so that they are 

within the view area, and then sorts them with respect to ï. 

on any given scan line, pairs of edges that belong to the same 

polygon are linked together to form segments. For the current scan line, 

these segments are compared to determine which set of segments is visible 
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SCAN - 

LINE "M" 

RELATIONSHIP BETWEEN EDGES AND SEGMENTS 
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prom this point, the information is passed to a shader which prodnoes 

the continuous tone for a visible segment. After . scan line has been 

completed, all segments are updated to the nest scan line. Some minor 

sorting is performed at this time, due to exiting edges and new entering 

edges. 

line drawing algorithm 

During preframe processing, all horisontal edges are saved in a 

free storage list with a pointer to the polygon to which they belong. 

These horizontal edges are also sorted in ï. when the hidden surface 

algorithm comes up with a visible segment, this segment is checked to 

see if the polygon to which it belongs has a horizontal edge existing 

within the region of the visible span, one minor problem arises with 

this type of an approach. Preframe processing stores all edges so that 

the vertices lie between scan lines. Two polygons which shared the same 

horizontal edge were processed in a way that the hidden surface algo¬ 

rithm physically separated the two polygons which led to the two dis¬ 

played horizontal edges. In order to keep the sorting of these edges as 

simple as possible, a simple rule was formed: All horizontal edges are 

visible on the current scan line to which they really belong, and possibly 

on the previous scan line. Thus, when two polygons share an edge, the 

edge will be displayed twice, but the two lines will be coincident. 

Since each segment is composed of a left and a right edge, it is 

to add flags to the segment block indicating if the edge 
very easy 



Z LEFT 

Z LEFT SLOPE 

Z RIGHT 

Z RIGHT SLOPE 

X-LEFT BEGIN 

18 BITS 
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•LEFT BEGIN 
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% 

-Z 
> CURRENT Y 

3 BITS 

SEGMENT BLOCK 
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really visible on this scan line. Every time the hidden surface algorithm 

passes a visible segment over to the "shader,'' a counter in the segment 

block is incremented for the left or right edge of the segment, stating 

that the edge has been visible fer "N" scan lines. TVo conditions now 

arise stipulating when a line should be physically drawn. If the edge 

is exiting on this scan line, then draw. If the edge was visible on the 

previous scan line and not this scan line, then draw. Whenever an edge 

is drawn, the counter inside the segment block is cleared. The first time 

that an edge becomes visible, the starting point of the edge is stored so 

that the end point of the line is available. This holds true for edges 

which are intermittently visible. Following is a picture of the segment 

block. 

Unfortunately, there are three minor flaws which exist as a result of 

letting the Watkins1 Algorithm do the hidden surface processing. 

It was stated earlier that preframe processing stores edges so that 

vertices lie between scan lines. Consequently, a line is drawn so that it 

extends from a point that lies between scan lines. The difficulty arises 

when two adjacent edges are visible on a scan line, but one of the edges 

crosses in front of the other edge on the next scan line. Drawing to the 

midpoint between scan lines results in lines extending a little over other 

edges. Fortunately, there is enough information available at this time to 

capture this problem and draw the correct line without overlap for edges 

that are visible on the previous scan line. Edges which enter for the 

first time run the risk of creating overlap. This problem could be handled 

by storing the previous scan line of information. 
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The second problem deals with intersection of surfaces. Since an 

imaginary edge exists at points of intersection, there does not exist 

a segment block where a counter could be incremented to specify that 

the edge of intersection has been visible. There are two solutions to 

this dilemma. Whenever an intersection is encountered by the "shader, 

it will display a dot. The second solution is to create a segment block 

which contains similar edge information, and then process the line. 

This would require some overhead in programming, but the aesthetics of 

the lines would be worth the effort. 

The third problem deals with the resolution of the picture. The 

package which is distributed works with a resolution of 256 scan lines 

in Y. Thus, objects may look a little distorted when displayed, due to 

the perspective transformation and roundoff to the scan line. The user 

can compensate fo. this by changing the source code so that the resolu¬ 

tion is greater. Computation time will increase linearly. In file 

FSTLIN.F4, change BUCKY (0/255) , HBUCKY(256) to BUCKY (0/1023) , HBUCKYU024) 

and in file EDGLIN.MAC, change YRESOLUTION-256 to YRESOLUTION=1024, if 

the user wishes to increase the Y resolution to 1024. Increasing the 

resolution will also decrease the amount of overlap when edges cross. 

There is no point in making the resolution greater than the resolution 

of the display device. 

There are a number of very useful features concerning the hidden sur¬ 

face line drawing algorithm. Since the program works on a low resolution, 

very little time is devoured in processing a picture. Pictures containing 

1000 edges take about 15 seconds of CPU time on a Decsystem 10. Time¬ 

sharing users don’t have to wait very long for a picture to be processed. 
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codo and data for the aldorith* require about 2000 words of memory, 

consequently, the program will do little page faulting during execution. 

Each edge requires four words of memory from the free storage list, thus 

permitting complex pictures to reside in a very limited area when core is 

at a premium. 

Perhaps the modification of the Watkins’ Algorithm was not the most 

ideal approach to hidden surface processing for line drawings. However, 

it is believed that speed, compactness, and flexibility of the procedure 

will keep many users happy for the present. 
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Following is a brief explanation of hew an edge ÍJ processed. The 

data describing the end point is stored into working registers. This 

data is then clipped to the four planes of the cone of vision (Z = Y, 

Z = -Y, Z = -X, Z = X). The processed edge is checked to see if it lies 

within the cone of vision. If the edge is visible and not a horizontal, 

then the data for the edge is packed into a four word block for hidden 

surface processing. 
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This pa,e defines the registers which are used inside the routine 

EDGMAK. It should be noted that accumulators are not saved, with the 

exception of AC7. All arithmetic is performed in ACO, AC1, and AC2, 

while indexing is performed in ACd. AC4, Acs, and AC6. The only sub¬ 

routines external to EDGMAK are mx, VECTO, MOVETO, and GETVAR, which 

returns a block from free storage. There are three entry points to 

this routine, EDGMAK, POtmK. and imtclp. Data is passed over in 

global areas PREE. SCOPE, CbiP2, CLiPH. CLIPS, EVES, and COLOUR. Data 

sent out to the world via global areas INTENS, and FREE. 



TI FLEDGMAK 
ENTRY E.)UMA<,PJLMAn,INTCLP 
u' X i> H N I F I X ,FR FF, GETV AR , SC JRE 
EXTERN CLIR2,CLIRH,CLIR3 
< RESJLUTI 0^=^02^6 »CHANGE THIS NUMBER IE MORE 
» r'HECI SUN i)ESI RED IN Y DI RECTI JN. KEEP TD A PURER JE 
» *J4ri 
PJLYPT» Z » POLYGON TJ RH I CH THIS EDGE BELüNGS 
RLAGS=/ »THE FJLLürING THIRTEEN FLAGS RILL BE STÜRED IN 
AL=40û00U »COUNTER FÜR TÜR LEFT CORNER 
•\ R = 20Ü0 00 I COUNTER FOR TOP RIGHT CORNER 
■iL= I 00000 »COUNTER FOR 
Rr = 4 JO0) »COUNTER F IR 
IU=?ÜOOO »CJUNAER FOR 
H0=I0000 »COUNTER FOR 
JL=400ü »COUNTER FOR LEFT RINDJR 
IR=2üOJ »CIUNTER FOR RIGHT RÍNUOR 
XT=IOOD »POLYGON PASSES ÜN THE RIGHT OF ORIGIN 
Y V = 400 »P JLYGON PASSES ON TOP OF IRIGIN 
Z.» = 200 »POLYGON PASSES IN FRONT OF ORIGIN 

1üHU=l00 »HJLDU.OR.HÜLDD 
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TRO. ol1024 

AC/ 

BOTTOM LEFT CORNER 
BOTTOM RIGHT CORNER 
TOP flINDJn 
BJTTOM RINDO,» 

;XF=40 »CX=0 
:x=CLIP2 
C Y = CLIP2+I 
:Z=CLIP2+2 
:d=clip2+ i 
COLOR=CLIP2+4 

IS TRUE FLAG 
»X COEFFICIENT Jr 
» Y COEFFICIENT OF 
» Z COEFFICIENT OF 
»CONSTANT IN PLANAR 
»COLOR OF POLYGON 

PLANAR EQUATION 
PLANAR EQUATION 
PLANAR EQUATION 

EQUATION 

1 PRIORITY=CLIP2 + B 
H I U=CL I PH + .3 
< P TI=CLIr J 
YRn=CLIPJ+l 
Z PTI=CLlP3+2 
NPT1=CLIP3+3 
X P T2=CL IP3+-4 
iPT2=CLIP3+B 
ZPr?=CLlP3+6 
.PT2=CLIP3^7 
LASEÜG=CLIP3+I 0 
X R » Z 
YR» Z 
HJCkY=5CÛPE 

» INTENSI TY 
»X BEGIN 
» Y BEGIN 
»Z BEGIN 
»INTENSITY 
»X END 
» Y END 
»Z END 
» INTENSITY 
»LAST EDGE 
»X RESOLUTION 
» Y RESOLUTION 
» Y BUCKET SORT 

»PRIORITY OF POLYGON (O-lb) 
COMPONENT 

BEGIN 

END 
FLAG 

H.iUCK Y = SCOPE* Y RE SOLUTION 
V X * 
V Y * 
VZi 
Y X = 3 
YB=o »DITTO 
iZ=4 »INDEX 
Y E*6 »DITTO 
TEVXi Z 
TEMPYi Z 
r^xpzt z 
» ALL ARITHMETIC 
» AC7-I / ARE NOT 
AL 

BLOCK IQ «X 
BLOCK 10 » Y 
BLOCK ID (Z 
»INDEX POINTER FOR 

ARRAY 
»HORIZONTAL 

VERTICE ARRAY 
VERTICE ARRAY 
VERTICE ARRAY 
BEGIN POINT 

EDGE BUCKEi SORT ARRAY 

POINTER FOR END PJINi 

»REGISTER FOR 
»REGISTER FOR 
»REGISTER FOR 

IS PERFORMED 
TO BE TOUCHED 

CLIPPED X 
CLIPPED Y 
CLIPPED Z 
IN ACO,AC I ,AC2 

SINCE THEY ARE USED IN THE CALLER 
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INTCLP 

INTCLP is responsible for initializing the appropriate flags for 

hidden surface processing. XR and YR are used in perspective scaling 

transformations. BUCKY and HBUCKY have to be filled with ones prior 

to each new frame. 
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-XFErfM r.YES, I NTbNS 
L 1 Sl'Mi)=bí ES+I 
1 icNHI = I KIRNS I INTENSITY HISSED FÜ ALGJkIFHM 
I rENLJ=INTENS+l I INTENSITY PASSED FO ALGJPI F-Ím 
HCnÜ = INTEMS+? »BACKGRJUND PEríCENFAÒE 
I EX I « 1000 I PESUHJ FI ON IN X 
I EH i YPES 1 LUII ON I PESOLOFIOi'J IN Y 
I íiACK=E YES+3 
i ENHH=:YES + 4 
F-NiJN=hYES+O 
iX=EYES+6 
IY=HYES+7 
I. ISFSF = r'PEE+J 

; BACKGHOUNl) INTEN OSEO BY PPJGNAM 
»HI INTEN USEI) 3Y PRQGPAM 
»LJ INFEN USED 3Y P^OGPAM 
»X RESOLUTION USED :3Y HIDDEN 
» Y RESOLUTION USED 3 Y HIDDEN 
«ADDRESS OF FIRST EDGE BLOCK 

INFCLPt 2 
MOVE 
MOVEM 
SET DM 
SFFOM 
SEFZM 
MOVE 

CLRMUK* SETOM 
SEFOM 
SO JG 

EURES* MOVE 
SOU 
mjvem 
ASH 
MOVEM 
MOVE 
ASH 
movem 
MOVE 
SOU 
MJVEM 
MOVEI 
AS 3 
AJJ 
MOVNS 
HRRM 
MOVE 
ASH 
HRRM 
MOVE 
ASH 
HRRM 
JR A 

¢0(16) 
PICTURE# 
POLYPT »CLEAR POLYGON POINTER 
LISFSF «CLEAR LIST START ADDRESS 
LISTMD «CLEAR LIST MADE JP FLAG 
I ,IFYI 
BUCKY-!( I ) 
HBJCKY-I( I ) 
I,CLRBUK 
IFX1 

IX tIX_IFXl-l 
10 
XR » XR_1X*2¿6 
IFYI 
-I 
YR » YR_IF Y I/2 
IFYI 

IY tIY_IFYI-I 
YRESOLUTION »GEF IT 
-II 
0,0 
0,0 
DRAN4 i-l FOR 2S6, -2 FOR 612, -3 FOR 
INi'ENS+3 »GEF X SCREEN SIZE 
-7 
DRAN2 
INFENS+4 »GEF Y SCREEN SIZE 
-/ 

DRArt3 
16,(16) 

1 )24 
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POLMAK 

* 

POLMAK clears the clipping flags and increments the polygon count. 

These macros perform some simple algebraic manipulations. The Y inter 

section is basically: TEMPY=ALPHA*DY+VY in the case of clipping to the 

plane Z = v. The X intersection is: TEMPX=AI,PHA*DX+VX in the case of 

clipping to the plane Z = Y. 



r1 JLMA.V« 

AL^HA » 

í. 
AUS 
SEiZM 
JkA 
DEFINE 
<M ]VS 
SIH 
MOVEM 
DEFINE 
<V,JVE 
XON 
JUMPOH 
DEFINE 
< JOR 
iNrscr 
MOV'D 
iN rscí 
DEFINE 
< M 3VE 
MUL 
ASHC 
ADD 
MOVEM 
L 
MOVE 
SUO 
MOVE 
SETZ 
ASHC 
DIV 
JRST 
DEFINE 
<M JVfc 
ADO 
MOVEM 

POLYPr 
ELULOC# »CLEAR CLIPPING FLAGS 
16,(16) 

DIFFER ( A,Ö,C) » A_H-C 
B 

»performs n.xjR.rz 
A > 

FI X JRT2 (A) 
II 
T2 
A> » JUMP IF EDGE DID NOT CROSS 

CLIPPER ( DELI , LMP I ,SE3I, DEL?,LMP2,3EG?,C) 
ALPHA »GET THE ALPHA 
DELI , TMP I ,BEGI 
I ,TEMPZ 
DFL2,TMP2,SEG2> 

INTSCT ( DELTA,LOC,BEGIN) 
I , DELTA 
I ,0 
I * I 
1, BEG IN 
1, LOC> ILOC=DELTA*ALPH A+HEGIN 
»THIS SUBROUTINE CALCULATES ALPHA 
2, T1 
2,T? 
II 
I. 
0,-1 
0,2 
NALPHA »ALPHA=Tl/(TI-T2) 

SUM ( A,B,C) A_B+C 
3 
C 
A> 
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SLOPE evaluates the expression: SLO=(BEGVALUE-ENDVALUE) /DELTAY. 

BEGPNT evaluates the expression: BEG=STARTVALUE+SLOPE/2. 

CORNER is responsible to evaluate the X, Y, and Z value at a 

corner when a polygon wraps around said point. The planar equations 

are used in this case. VX=CD/(CX-CY-CZ) where -X = Z = Y. Consequently, 

VY = -VX and VZ = -VX. 
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DEr INE 
<SLÜHE 
BECÎPNT 
OFrINE 
<f‘ TVE 
SU I 
IUI V 
MGVEM 

'DEFINE 
<JUMEGE 
AÜJ 
A SH 
ADO 
movem 
DEFINE 
<M 3VN 
‘.'OVE 
OPER I 
OPER? 
FDVR 
JSA 
JUMP 
MOVEM 
MÜV'S 
MOV'C 
DEFINE 

I AC? MAS DELTAY 

( BEG,START) 
I SKIP IF SLOPE 

»DETERMINES 
POSITIVE 

»ADD HALF OF THE SLOPE 

SLÜBEG ( START,BEuVAL,1 SLOPE,END) 
1 SLOPE,END,START 
BEGVAL,START> 

SLOPE (SLO,END,BEG) » EVALUATED 
BEG 
END 
2 
SLJ> 

BEGPNT 
0,.+2 
0 
0,-1 
0,START 
0,BEG> 

CORNER ( A,OPERI,DPER2,B,C) 
2,CD 
1 ,cx 
1 ,CY 
) ,CZ 
2,1 
16,IF IX 
2 
VX + A 
VY+A 
VZ+A> 

FORXYZ 
, <MOVE 

SLOPE 

BEGINNING VALJi 

(A,3,0 
V'A-I(C) < IRP A 

MOVEM V'A+B-I>> 
DEFINE TRNSFR (A,B) 
<FORXYZ <X,Y,Z>,A,B> 

ïüt 

DEFINE 
<MOVE 
MOVEM 
MOVE 
MOVEM 
MOVE 
MOV EM 
DEFINE 
<M DVE 
JUMPL 
LOJTMP 
JRST 
LO)TMP 

LODTMP 
TEMPX 
VX+A 
TEMP Y 
VY+A 
TEMPZ 
VZ+A> 

STUFF 
TI 
%B 
3 
A 
2> 

(A)’»LOADS TEMPORARY VALUES INT3 VERTICE ARRAY 

(A,%B) »DETERMINES NHICH END POMT T3 STUFF I 'i 
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PKRSP performs the perspective transformation. The equation is: 

PERS= (VAL*RES)/ZVAL+RES where VAL may be either X or Y. RES was calcu¬ 

lated inside INTCLP. Mote that if the user specified the X resolution 

to be 1024, the RES would be 512*511. Consequently, the use of double 

precision arithmetic was used so that the user could provide X and Y 

values up to 2**35-l. 

ZINVRS performs a 1/Z operation, where 1 is essentially 2**30-l. 
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"'L 

define OUBSTR (A,B) 
cMlVEM I.V-'A+B t STORE 
MOVEM l,V/A+B+?> 
DEFINE STORFZ (A,B) 
<M DVE I, A 
OUBSfF Z,B> 
DEFINE STORXY (A,B,C) 
<mjvf: i, a 
duhstf b,c> 

endfjint 

^nV. tPERStVAL,HESfZVAL) <MDVE 
MUL 
DIV 
ADD 

VAL 
RES 
ZVAL 
RES 

INTO FORKING REGISTER 

»PERSPECTIVE LRA JSFORMA TI JN 

MOVEM RERS> 
DEFINE ZINVRS 
<HRLJI 77/7 
SA IPG I,ZVAL 
MÜVEI l,| 
IDIV 0,| 
MOVEM PERS> 

(PERS,Z VAL ) ! INVERSE Z VALUE 

«SKIP IF Z IS STRICTLY POSITIVE 
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EDGMAK 

i 

The calling program passes the begin point X, Y, z and end point 

X, Y, z. These numbers are stuffed into working registers called VX, 

VY, vz. Locations 1 and 2 of these registers contain the initial values; 

locations 3 and 4 contain the clipped values; 5 and 6 retain the most 

recent left or right clipped value; and locations 7 and 8 contain the 

transformed perspective value. 

VX VY VZ 
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• JJMAls. » Z 
MJ VEM /, AC7 ft 
MOVE FL^GS,FLGLûC 

5 ['HE PILLOWING CODE PLACES THE BEGIN AND 
; E OOP I NIG NOPKING REGI STEPS. DX,DY,DZ,ON 
; JF i'HE BE BIN AND END POINTS. 

si'orxy xpri,x,o 
SrORXY XP12, X, I 
ST3RXY YPri,Y,0 
STORXY YPT2,Y,I 
STJREZ ZPTI,0 
STOREZ ZPT2,! 
MOVEI YB,I 
MO VE I YE,2 
DIFFER DX*,VX+I,VX 
DIFFER DY#,VYH,VY 
DIFFER DZ#,VZ+I,VZ 
SETZM T3# 
SEfZM T4M 

AL 

END POINTS OF I HE 
ARE THE DIFFERENCES 
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The T1X0RT2 check determines if the edge crosses the plane which 

is going to be clipped to. CLIPPER evaluates the XYZ coordinate of 

irtersection. T1X0RT2 and STUFF now determine if the new clipped point 

should be stuffed into the begin or end clipped point location (V*+3,4). 

INITIAL EDGE 

Z=Y 
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: HIS HfliC'.b JF CÜDF FHriFOFMS l'HK CLiFPl.VJ Ai' Mb MUW FLA.ibS 
; JF i'HF CJMF VlSIOii. FHF iDHDfcri Ir CLIFkINJ IA Z=Y,Z = ~i(,tZ='(,Z"-X. 

OIFFFW TU,VZ,VY 
DIFFFF r?^,VZ+l,VY+I 

F26I 

* *ED 

F2-J« 

TIXDRT2 F2:i 
CLIPPER DY,TEMPY,VY,JXtTEMPX,VX,EM 
SUFF P2A 
muyn tf:mpz 
ca'xlf: fempx 
rwc FLAGS, AL îCJ'^P ASJYcLHF f CüJWIER IF =GGF CRJS^ 

MU/M TEMPX 
CA'IG ÏFMPZ 
IRC FLAGS,HU » COMP HOLDUP IF EDGE CROSSED RlNDJ.Y 
SUY ri,VZ,VY 
SU'4 T2, VZ+1 ,VY+ I 

P jSt 

» * ) 

* *H 
RiSi 

P4S« 

riXQRT? P38 
CLI PPER DY,TEMPY,VY,DX, FEMPX, VX.N'X 
SUM TI,VZ+2,VY+2 
SUM T2,VZ+3,VY+3 
FlXORT2 P36 
STUFF P36 
MÜ/E FEMPZ 
CAMGE TEMPX 
IRC FLAGS,BR I COMP ÖL0.YRGHT CÜU'JFFR IF EDGE CR JSSF 

MUVM TEMPX 
CAMÜ TEMPZ 
FRC FLAGS,HD »CJMP UGLDDrtN IF EDGE CRJSSD SOT -tlU' 

DIFFER FI,VZ,VX 
DIFFER F2,VZ+I,VX+1 
ÍIXORF2 P43 
CLIPPER DX,TEMPX,VX,DY, FEMPY,VYtEM 
DIFFER T1,VZ+2,VX+2 
DIFFER T2,VZ+3,VX+3 
TIXORT2 P46 
AiJS T4 
STUFF P46 
MOVE FFMPZ 

P 43 * 

CAMG TFMPY 
FRC FLAGS,AR ICDVP A HOVER I GU 1’ IF E UGr. CROSSED 
SUM T1,VX,VZ 
SUM T2,VX + I,VZH 
Fl XORT2 Pb8 
CLIPPER QX,TEMPX,VX.ÛY,TEMP Y,VY,NM 
SUM T),VX+2.VZ+2 
SUM T2,VX+3,VZ+3 
T1XORT2 Pb6 
AOS T3 
STUFF Pb>6 

PdSi MOVN FEMPZ 
CAML TEMPY 
FRC FLAGS,BL »COMP BEL IrLEFF COURIER IF EDGE CRUS 

**ED 
ÄL 
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Once all the clipping has been performed, a check is made to see 

if the edge lies within the window. If it does, then additional checks 

must be made to see if the processed edge crossed either the left or 

right window boundary. If so, then store the clipped value into either 

location 4(right) or 5 (left) of the V* register. If this is an even 

time that an edge has crossed a boundary, then generate a new edge at 

the boundary. 

a 
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S J it 

h>Ò4l 

P Ml 

Pó-it 

P /01 

P /2 * 

P /41 

VLWy VY + 2 
CA'4 LE VZ+2 

Jh/ST P7‘j « JUMP IF CUPPED EDGE IS OUTSIDE HINDUS 
MCWM VX + 2 
CAMLE VZ+2 

J'-<5r P/'j »JUMP IF CLIPPED FIDGE IS OUTSIDE UlOJO,. 
MOVEI YB,3 
MOVN VZ+2 
CAME VX+2 
MOVEI YB,4 
MOVE T3 

JUMPG P63 »JUMP IF EDGE CROSSED LEFT MUDO,» 
MOVEI YE,3 
MOVE VZ+2 
CAME VX+2 
MOVEI YE,4 
MOVE T4 

JÜMPG P /0 »JUMP IF EDGE CROSSED RIGHT RINDOR 
MOVEI YX,3 
MQ/EI YZ,4 
MOVEI P7S 
HRRM JUMPER 
JRST P90 IGO PROCESS THIS EDGE 
TRCE FLAGS,HL 
JRST P/2 
ÏRTSFR D,YB 
JRST P64 
TRCE FLAGS,HR 
JRST P74 
TR^SFR (“i.VE 
JRST P65 
MOVE YX,YB 
MOVEI YZ,5 
MOVEI P64 
HRRM JUMPER 
JRST P90 
MOVE YX,YE 
MOVEI YZ,6 
MOV EI P66 
HRRM JUMPER 
JRST P90 

L 
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If this is the last edge of the polygon, then all the clipping 

flags must be checked to see if an unclosed polygon currently exists. 

One of the pieces of information required is the intersection of the 

polygon with the X, Y, and Z axis. 

The flags are interrogated first to see if any processing need 

be done on the left side of the window, then similarly for the right 

side of the boundary. 
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r1 lo ¡ 5\ I PL LASEDG J SK I ^ 1HIS IS Hrl LAST .vJüc úr PüL i JÍ),n 
JWST HVd »NJT LAST EiX>5 
IWM'iNl FLAGS, AL+RL+AH + ^K 
J-ÍST FVH I J U M P IF ALL EDGES AW F WWJCES3E) 
TW JE FLAGS,HU + HD 
IWJ FLAGS,SDHÜ »SET IF WiJ.JW.HD IS TWUE 
SKI WM CX 
TW J FLAGS,CXF »SET IF CX=(J IS TWJE 
uefinf: plaint (axis,flj) 
<M)y/E AXIS 
XÜW CD 
JU'XPGE . + ? 
TW.) FLAGS,FLG> »SET Ir FLAG IMTEWSECTS JM +AXIS 
PLMINT CX, XT 
PL.* I MT CY, YV 
PL MINT CZ,ZN 
TWC FLAGS,-I ICGMPLIMENT THE WGWLD 

IGWDUMD RULES FOR TYING UP THE LOOSE ENDS« 
«A "I" IMPLIES FALSE 
» A ”0" IMPLIES TRUE 

P 30 « 

»TWt'bi IMPLIES SKIP IF A FALSE 
»TWME IMPLIES SKIP IF A TRUE 
Mi.) YE I YX , I 
MÜYEI YZ,2 
TR.ME FLAGS,HL 
JRST PRO t JUMP IF NOTHING TO HE DONE ON THE LEFT 
MJYEI YZ,b 
MJYEI PBO 
HWWM JUMPER 
TRUE FLAGS,AL 
JWST .+4 
TWNE FLAGS,YV 
TwNE FLAGS,BL 
JWST P8J »CONNECT TO TOPLEFT 
MO VE I YX,2 
JWST P84 »CONNECT TO 3ÜTT0MLEFT 
TRNE FLAGS,HR 
JWST P8I »JUMP IF NOTHING TO BE DONE 01 THE RIGHT 
MOVEI YX, I 
MOVEI YZ,6 
MOVEI P8I 
HRRM JUMPER 
TRNE FLAGS,AR 
JRST .+4 
TRÍE FLAGS,YV 
TRNE FLAGS,BR 
JRST P86 »CONNECT TO TOPRIGHT 
MOVE I YX,2 
JRST P88 «CONNECT TO BÜTTOMRIGHT 
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The equation which is used to ascertain connect to top and bottom 

left is: 

{.NOT .HL. AND.AL. AND.BL.AND. 

(((HU.OR.HD).AND.{.NOT.XT.OR.(CXF))).OR. 

(.NOT.(HU.OR.HD) .AND.ZN))) . 

The equation which is used to ascertain connect to top and bottom 

right is: 

(.NOT.HR .AND .AR.AND.BL. AND . (((HU.OR.HD) .AND. (XT.OR.CXF))) 

.OR.(.NOT. (HU.OR.HD).AND.ZN)) . 



il I 

F ? » 

F3i 

AL 

MilVEI YX , I 
MJ/RI Y/,P 
MU7EI F32 
HtiriW JU'iPFrf 
rW'MR FLAGS,HL 
Iri.^F FLAGS, AL+BL 
JUST FH2 »NOTHING TO CUNNECf ON THE LEFT 
IriNE FLAGS,ZN 
JHSr F2 
i'WNF FLAGS ,HGHU 
JUST kBJ » connect to tjfanobjttomlef t 
TRNE FLAGS,HDHU 
j^Sf hS2 »NOTHING TO CONNECT ON THE LEFT 
TRIM FLAGS,XT 
TRNN FLAGS,CXF 
JRST P83 »CONNECT TO TOP ANOBOTTOMLEFT 
TRNN FLAGS,HR 
JR ST P98 »NOTHING TO CONNECT ON THE LEFT 
MOVE I YX, I 
MOVEI YZ, 2 
MOVEI P93 
HRRM JUMPER 
TRNE FLAGS,AR+BR 
JRST P98 »NOTHING 10 CONNECT ON THE RIGHT 
TRNE FLAGS,ZN 
JRST F3 
TRNE FLAGS,HDHU 
JRST P86 »CONNECT TO TOPANDBÜTTOMRIGHT 
TRNE FLAGS,HDHU 
JRST P9B »NOTHING TO CONNECT ON THE RIGHT 
TRNE FLAGS,XT 
TRNN FLAGS,CXF 
JRST P86 »CONNECT TO TOPANDBOTTUMRIGHT 
JRST P9B »NOTHING TO CONNECT ON THE RUHT 



29 

This sets up the code for the appropriate corner calculation. 

When the program has arrived at P90, the end points of the edge 

to be processed are held in index locations YX and YZ. Perspective 

transformation yields O.LEQ.VX.LEQ.FRAMEX-1 and 0. LEQ.VY .LEQ.FRAMEY. 

The EXCH is performed to insure that V*+7 is the begin point 

(has the highest Y value) . 

HORZED makes up a horizontal edge block for the hidden surface 

algorithm. This edge is then entered in the HBUCKY list at the 

appropriate scan line on which it exists. It is also entered on the 

previous scan line. Following is a picture of the horizontal edge 

block. 

POLYPT 
NEXT 

EDGE 

XLEFT XRIGHT 
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; rJPL^Fl' C DU.J RH 
r* -33 « CÛPNfc'ri 

CAIN 
JHST 

CALCULATION 
0,FSBP,FSRR,NM, N^ 
YZtb 
F 90 

I B TTTOMLFFf CQNNEF CALCULA T UN 
BB4« CORNER I , F ADR, FSBR, EM, 

JRST R9Q 
J I'JPRIGHT CORNER CALCULATION 
PEb« CORNER C,FADR,FADR , EM,EM 

CAM YZ, 6 
JRST P90 

ISOTfOMRlGTT CORNER CALCULATION 
RES* 
R 90 » 

P94 I 

HORZED* 

CORNER 
P ER SP 
rERSP 
PERSP 
PERSP 
MOVE 
JUMPL 
ZINVRS 
ZINVRS 
MOVEI 
MOVEI 
MÜVF 
CAML 
EXCH 
MOVE 
SUB 
JUMPE 
MOVEM 
SLOBEG 
SLOBEG 
MOVE 
ASM 
A DOM 
JRST 
MOVEI 
JSA 
JUMP 
JUMP 
MOVE 
HRLM 
MOVE 
MOVE 
CAML 
EXCH 
ASH 
ASH 
HRLM 
HRRM 
MOVE 
JUMPE 
HRRE 
HRRM 
HRLM 
HRRM 
JRST 

I ,FSBR, FADR ,.NM, EM 
VX+6,VX-1 (YX),XR,VZ-I(YX) 
VX+7,VX-I(YZ),XR,VZ-I(YZ) 
VY+6,VY-I(YX),YR,VZ-I(YX) 
VY+/,VY-I(YZ),YR,VZ-I(YZ) 
0,PICTURE 
O.LINMOD 
VZ+6,VZ-I(YX) 
VZ+7,VZ-)(YZ) 
YX , 6 
YZ, 7 
VY+6 
VY-i-7 
YX, YZ 
2,VY(YX) 
2,VY(YZ) 
2,HORZED 
2,DELTAY# 

»JUMP IF VECTOR MOJE IS SET 

»JUMP IF HORIZONTAL EDGE 
» DELTAY_VY(YX)-VY(YZ) 

VX(YZ), IXBEG#,IXSL#,VX( YX) 
VZ(YZ),IZB5G#,IZSL#,VZ( YX) 
IPRIORITY 
6 
IZBEG »ADD PRIORITY TO Z 
PACK 

2,2 
I6,GETVAR 
2 »RETURN POINTER IN 

BEG I 

2 »GET 
0,P0LYPT 
0,FREE-1 (2) 
0, V X ( Y X ) 
I ,VX(YZ) 
0,1 »INSURE 
0,1 »XRIGHT 
0,-1 I 
I ,-11 
0,FR E(2) 

1 ,FREE(2) 
1, VY(YX) 
1 , JUMPER 
0,HBUCKY-l( I ) 
?,HBUCKY-I(1) 
2, HBUCKY(1) 
0,FREE-l(2) 
JUMPER 

BLOCK OF SIZE 
»GET POLYGON 
»STORE IT 
»GET X 
»GET X 
XLEFT IS IN ACO 
IS IN AC I 

BITS 

AC 2 
2 
POINTPIR 

AND 

»DROP FRACTIONAL 
»DITTO 

»STORE XL 
»STORE XR 
»GET SCAN LINE 
»DON'T DO IT IF 
»GET NEXT POINT! 
»CURRENT LINE 

SCAN LINE 0 

»PREVIOUS LINE 
»STORE NEXT POINTER 
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PACK 

PACK obtains a four word block from free storage. It then takes 

all the describing information of this edge and packs it into the four 

words according to the drawing below. 

EDGEPT X BEGIN 18 BITS 

17 

X SLOPE 18 BITS 

18 35 

POLYPT 

low 
order 

Z BEGIN 

30 BITS 

35 

POLYPT 

oràãr 
0 i 

Z SLOPE 

30 BITS 

35 

NEXT EDGE ON SCAN 

LINE 

18 BITS 
17 18 

DELTA Y 

18 BITS 
35 

The bucket list is updated so that the edge is entered at the 

appropriate scan line location. 

SCAN 

LINE 

BUCKY 

•=r 



r1 VCK i MOVEI 
JS A 
JUMP 
JUMP 
MOVE 
HPL 
MÜVEM 
MOVE 
LSH 
MOVE 
LSMC 
MOVEM 
MOVE 
LSH 
LSJC 
MOVEM 
MOVE 
MOVE 
HRL 
MOVEM 
movem 

JUMPER« JRST 
P VJ « MOVEM 

MOVE 
SE rZM 

LI.'»MODI MOVE 
ASI 
JSA 
JUMP 
JUMP 
MOVE 
ASH 
JSA 
JUMP 
JUMP 
JRST 

ÄL 

2,4 
1 6,GETVAR 
3 
2 
IX3EG 
IXSL »XSLJPE GOES IN TOPHALF 
FREE-1(3) 
I , IZSL 
1,6 »PUSH TO TOP OF rfJRD 
POLYPT 
-6 IPJT LOW ORDER POLYPT IN TOP JF A01 
1, FREE(3) 
I , IZ3EG 
! ,6 «PUSH TO TOP OF RORD 
-6 I PUT HIGH ORDER POLYPT IN TOP OF AC! 
I ,FREE+I ( 3) 
DELTAY 
4,VY(YZ) »GET Y 
O,3UCKY-I(4) «GET NEXT EDGE POINTER 
3,BUCKY-I(4) 
0,FREE+2(3) 
0 
FLAGS,FLGLOC »SAVE FLAGS 
7 , AC7 
VZ+6 
16,0(16) 
2, VX^6 
2, I I 
1 6, DR ANM 
2 
VY+6 
2 , VX+ 7 
2,11 
! 6, DRANV 
2 
VY+7 
JUMPER 
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CROSS 

CROSS has the responsibility to see if two edges that are visible 

on a scan line cross on the next scan line. This subroutine will then 

determine the X point of intersection and draw the edge which is no 

longer visible. If everything seems to be in order, a flag is set in 

the segment block stating that the edge is visible on this scan line. 



: X i'F-.RN M_ Frf EE « MJVE fü, VECTO, IN TEWS, CLFFER 
I Wi ERNM DüKrt t JRArtM »DRArtV, SEFLI N« CROSS 
- XÍEENAL OLDEDG 
OLDXI=JLDE3G 
JLJX2-3LDEDG+I 
OLDSEG*üLDEDG+¿ 
CROSS * Z 

MOVE 
AOJ 
TRZ 
MOVE 
ADD 
MOVE 
TRZ 
I UR 
MOVEM 
MOVE 
MOVE 
ADD 
MOVE 
MOVEM 
CAML 
JRST 
CAÍE 
JRST 
HIRE 
SKIPA 

AL 

«CHECK TO SEE 
2,<#3( 16) 
2, 
2,7 7 7 770 
1 ,12(16) 

I,CLPPER+1 2 
FREE-1 ( I ) 
7 
2 
FREE-I ( I ) 

1,01(16) 
2,1 

IF EDGES CROSS 
«GET IY 

«ONLY WEED LOW BITS 

«GET THE SELL IN 

»MASK IY+1 INTO WORD 

I,CLPPER+I 2 
3,FREE-1(1) «GET CURRENT X 
3,VX+6 
3,OLDXI «IS OLDXI IN FRONT? 
CRSXIT 
2,3 
CRSRGT «MUST BE RIGHT EDGE 
FREF-2U) »GET Y LEFT 
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When the program is at this point, everything is guaranteed that 

the two edges do, in fact, cross. The Z value for both of the edges 

must be calculated for the two edges at the point of crossing to deter¬ 

mine which edge will be drawn. The edge with the smallest Z value will 

be drawn. 
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J -( S RiJT s H RR E 
J U «RE 
MÜ/E 
MJ7E 
SU B 
SUR 
SUS 
A DI) 
Dl V 
A SU 
M'Jy/S 

su s 
MUL 
A S UC 
A PO 
1LRZ 

ADO 
MO y F 
MUL 
AS SC 
MOVE 
SUS 
MOVE 
AD) 
MOVE 
MUL 
A SUC 
MOVE 
SUS 
CA MG 
JRST 
ULRZ 
CA I E 
SOJ 
A DD 
jRsr 

CRSCURt MOVE 
CAIE 
SOJ 
ADO 
HRRZ 
JUMPE 

ER^.h-A( I ) loti YRlGUl 
CRSXH ; JUMP IF EDGE EXITE ) 
b, 10(16) »GET PREVIOUS < 
6,b 
6,0Ll)X2 
b » J 
3,JLDX2 
o,OLDX1 
6, b ? AC6_( NErt X2-NErt X I ) / ( 0LOX I -OLDX2-NEMXI +UE.mä2 ) 
6,-21 I GET DELYA 
OLDXI 
OLDX 2 
0,6 
0,2) 
0LDX2 »GEI X 
I ,JLDSEG 
I,OLDSEG 
2, FRFE+4(I ) 
2,6 
2,21 
3, FREE+3(1) 
3,2 »GET Z 
I , ? I ( I 6 ) 
I,CLPPER+I 2 
4 , FREE+4( I ) 

POIUr Aï CROSSING 

»GEI ZSLDPE FOR OLJEDJE 

»GEI Z FOR OLDEDGE 
AT CROSSING FOR OLDEDGE 

»GEI ZSLOPE FOR CURRES! E )GE 
4,6 
4,21 
2,FREE+3( I ) »GET Z FOR CURREN! EDGE 
2,4 »GET Z A! CROSSING FOR CURREN! 
2.3 
CRSCUR » DRAM CURREN! EDGE 
7,JLDSEG 
7.3 

)3K 

7, 
7,JLDSEG 
ÜRNCRS-2 
7, II ( 16) 
7,3 
7, 
7,CLPPER+1 2 
4,FREE+7(7) 
4,CRSXI!-I 

»GE! ADDRESS FOR OLDEDGE 

»GE! ADDRESS FOR CURREN! EDGE 

»JUMP IF ALREADY DR A RiS 
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DRAW 

DRWCRS gets the X and V point of intersection for drawing purposes. 

A YOFFSET value must be calculated since the intersection occurred be¬ 

tween scan lines. The end point of the edge is extracted from the segment 

block and the line is completely drawn. 

Subroutine DRAW has the responsibility to draw the line for an 

edge which has exited or was completely visible on the previous scan 

line. Note that half of the slope is added so that the line will be 

defined as existing between scan lines. 
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U,<CWS« VJVEM 
MJ VE 
rIRríZ 
MJVSI 
SÜ8 
IMJL 
HW.íZ 

) K \ . 0 » ^ S 
A LOI 
HLiVZM 
JSA 
JU 
JU V 
MU VE 
HLPZ 
A iH 
HRPZ 
ASM 
SETZ'* 
3ETZM 
J^A 
JU -1P 
JUMP 
MOVE 

CPSXin MJVEM 
MOVE 
MU VEM 
MU VE 
HKL 
MUVEM 
JPA 

¡)rtAi'(» Z 
se rz M 
MU VE 
A DO 
HLRZ 
ASM 
HRRZ 
JU <PE 
ASM 
SE rzM 
JSA 
JUMP 
JUMP 
MOVE 
ADO 
MOVE 
3KIP0E 
AÜJ 
ASH 
ADO 
MOVE 
JSA 
JUMP 
JUMP 

DriAXITi JRA 
* L 

I, V Y + 6 
4,13( IA) * GE Í 1 

I ,i)PAA3 
b,l 

! »^3 
J, 0RArt4 
P,DPAïMS 
I ,0 
1,4 00 000 I A JO I/P A.'tO POUND 
I ,VZ+6 «STUPE V OFFSET 
I 6, DP A.MW 
0 
4 
7,VY+6 
3,EPEE+7(7) 
3, 1 I 
4, rPcE+/(7) 
4,-3 
VZ+6 
FPEE+7 ( 7 ) 
I 6, DRAPV 
3 
4 
3,VX+6 
3,ULDXI 
«*0( 16) 
ÜLOXP 
CLPRER+IP 

( 1 ó ) 
JLOSEG 
16,4(16) 
I DPArt A LINE FROM HIDDEN LINE SOX 
VZ+5 
I ,*2(16) 
I,CLPPER+I 2 
3,FKEE-1 ( I ) 
3, I I 
4, FREE-1 ( I ) 
4,DPAXIT 
4,-3 
FREE-I ( I ) 
I 6,ORANM 
3 
4 
1,41(16) 
I ,CLPPER+I 2 
3,FPEE-I( I ) 
7 

3, 
3,-1 
3,40(16) 
4,43(16) 
I 6,DRArtV 
3 

I GET X 

;GE r r 
I DON'T DRAP IF ALREADY ORApN 

? CLEAR LINE DATA 

IGET XSLOPE 

I ADD HALF THE SLOPE 
IGET Y 

4 
16,4(16) 
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DRAWM - DRAWV - SETLIN 

DRAWM and DRAWV expect the X value to be of the font, (N,,M), 

where N is the integer part and M is the fractional part. This 

results in no lose in precision while scaling and drawing the line. 

The Y value is right justified in the word. DRAW4 makes certain that 

the line will not go outside of the specified window viewing area. 

SETLIN is called when the hidden surface algorithm determines 

that the edge of a segment is visible for the first time. This sub¬ 

routine will store the begin point of the edge for future reference 

when the line will be actually drawn. Note that half of the slope is 

subtracted so that the line actually begins between scan lines. 



).-MAM i /. 
MOVE I 
jH-3 r 

' K ^ rt V t Z 
MOVEI 

J‘M>0 s MOVE 
),•Mr»?« IM'JLI 

AS-f 
MOVE 
AJJ 
IM'JLI 

DRArt4i ASH 
a no 
CA '<!_ 
MOVE 
CAML 
MOVE 
JSA 
JUMP 
JUMP 
JP A 

DPAPESi Z 
S tl'LIN « Z 

MOVE 
AO) 
M 0 V 
SKIPUE 
AOJ 
ASH 
ADO 
SKI POO 
SETZ 
rpz 
LSH 
I OH 
AJJ 
LSH 
MOVE 
ADO 
MOVEM 
Jp\ 
EN.) 

»SCALE OAfA ANJ 
I , MOVEFO 
OP AN I 
»SCALE DATA ANO 
I ,vFcro 
3,10(16) 
3,.) iSTOPbO 
3, -34 
4, i I ( I 6 ) 
4, 

P 0 •) I i IJ N H E A M 

PAINT LINE 

»GET X 
3Y DRAPES 

»GET Y 

4,0 »STORED BY IN1CLP 
4,0 » STORED BY INTCLP 
4,VZ+6 
3,INTENS+3 
3,1 NTENS+3 »RESET X 
4,1NTENS+4 
4, INTENS+4 t RESE I Y 
16,(1) »CALL MOVETJ OP VECTJ 
3 
4 
16,2(16) 
»DETERMINE SCALING FACTORS 
»STORE BEGIN LOCATION OF LINE 
2,Ml (16) 
2, CLPPER+I2 
3, FREE-I(2) 
3 
3, 
3,-1 
3,Í0(16) 
3 »SKIP IF NOT LESS THAN ZERO 
3. 
3,400 
3,6 »MAKE ROOM FOR Y 
3,R3(16) 
3, 
3,3 
I ,#2(16) 
I»CLPPER+1 2 
3,FREE-1 ( I ) 
16,4()6) 
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OUTSTR - LDLPT - LDRPT - 

STLPT - STRPT - L0D2HF - 

STR2HF - MYMAXO - MYMINO 

OUTSTR will output a string of text on the teletype using a TTCALL. 

This was implemented to avoid difficulty between FORTRAN I/O and SAIL 

I/O. 

LDLPT, LDRPT, STLPT, and STRPT all perform half word transfers. 

Note that the loading routines do a sign extend. 

LOD2HF and STR2HF expect the arguments to be located at some address 

inside the array free. Note that LOD2HF expects the arguments to be at 

the address plus two. The reason is that the majority of the loads come 

from this address. 

MYMAXO and MYMINO are similar to the FORTRAN functions, except that 

these functions work on two arguments. 
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riFLb UTILITY R'lUi INES FlJR ■lIDOFi'l SURFACE FRüUESSIaiJ 
I JTErtNAL r)ijrSTR,LDLFT,L JRPT»LOU2HF, -lY'^AXO, -Í YM IMG, STLFf,ST-ÍPT, 3TR2rlF 
Í UTErNAL UNPACK,XI.iter,zvalue 
EXTERNAL FREE.CLPRER 
TUTS TP » 

)LPT* 

L JRRTi 

L J I2HF « 

■\ Y ' AXO t 

Y UNO : 

STLrI « 

STRPT * 

:) TR2HF« 
* *-l(ARC! ) 

Z 
TTC ALL 
JR A 
0 
HLRE 
M3VEM 
JR A 
0 
HR ÍE 
MC/EM 
JR A 
Z 
MJYE 
HLRE 
MO Y EM 
HRRE 
MÜYEV 
JR A 
Z 
MOVE 
CA 1GE 
MOVE 
JR A 
Z 
MOVE 
CAMLE 
MOVE 
JR A 
0 
MOVE 
HRLM 
JRA 
0 
MOVE 
HRRM 
JRA 
Z 

HYPE OUT A MESSAGE 
3,*0(16) 
I 6 , I ( I 6 ) 
? LOAD LEFT HALF JF ARG2 I I TO ARGI 
0,11(16) 
0,iO(16) 
16,2(16) 
* LOAD RIGHT HALF OF ARG2 INTO ARGI 
0,M(16) 
0, ¢0( 16) 
16,2(16) 
{GET LFFT ANO RIGHT HALF OF 3RD LJC OF FR-F BLOCK 
I , ¢0(16) 
0, F R EE+ I ( I ) 
0, ¢1 ( I 6 ) 
0,FREE+l ( I ) 
0, ¢2(16) 
16,3(16) 
{MAX VALUE OF 2 ARGS 
'i( 16) »GET IST ARG 
41(16) »SKIP IF .GE. TO Hi) ARG 
'-»I ( 16) »2ND ARG NI NS 
16,2(16) 
»MIN VALUE OF 2 ARGS 

TO 2ND ARG 
-0( 16) tGEI IST ARG 
'41 ( 16) »SKIP IF .LÊ. 
•¿I ( 16) »2ND ARG RI NS 
16,2(16) 
»STORE ARGI INTO LEFT HALF OF ARG2 
0, ¢0(16) 
0,41(16) 
16,2(16) 
»STORE ARGI INTO RIGHT HALF OF ARG2 
0,40(16) 
0, * I ( 1 6 ) 
16,2(16) 
»STORE ARG2 AND ARG3 INTO LEFT AND RIGHT LOGS Or FREE 

MOVE 1,40(16) 
MOVE 2,41(16) 
HRLM 2,FREE-I( I ) 
MOVE 2,42(16) 
HRRM 2,FREE-I( I ) 
JRA 16,3(16) 

AL 
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UNPACK 

unpack extracts the data fro» the four word edge block created by 

edgmak and places the answers in specific locations in contnon area 

EDGARG. 



; SlHHUUriMt: UNPACK ( EDGEPT, HGLYHl'tDrLY, 
• Xir:G, XSLOPE, ZBEG,ZSLJPE) 

■: X FERN AL EUGAPG 
:UGEP r=EDGAPG 

r- )LYf'T=EDGARG+1 
)5LY=E3GAPG+2 

a SLDPE *EDGAPG+3 
Z 3LJPE=El)GAPG+4 
INPACKt Z 

MUVE 
MOVE 
HLREM 
SETZ 
MJ7E 
LSMC 
MU7E 
LbMC 
HRLZM 
H kP E 
MOVEM 
HPLZ 
LEE 
MÜVEM 
HLLZ 

IPJIN TEW TO EDGE BLOCK 
»POINTER TO POLYGON 
»DELTA Y 
»X SLOPE OF EDGE 
» Z SLOPE OF EDGE 

» EDGEPT 

»NEXTEOG (Id SITS) 

¿♦EDGEP1 
0,FREE+2(2) 
0« EDGEPT 
0, 
I ,FRFE+I(2) 
6 
I ,FRFE( 2) 
6 
0,P0LYPT 
0,FE EE+2(2) 
0,DELY «DELY 
FR EE-I (2) 
- I I «MAKE 10 BIT FRACTIONAL 
0,XLEFT «X3EG (20 BITS) 
FREE-I (2) 

«POLYPI (12 BITS) 

AST -II «MAKE 10 BIT FRACTIONAL 
MOVEM 0,XSLOPE t XSLOPE (20 BITS) 
MOVE rR FE+1(2) 
TLZ /70000 
ASM 10 
MOVEM O.ZLEFT «ZBEG (30 BITS) 
MOVE FRFE(2) 
TLZ 770000 
TLNF 4000 
FLJ 770000 
AST 10 
MJVFM 0,¿SLOPE «ZSLOPF (30 BITS) 
JRA 16.(16) 

L 
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XINTER 

When the hidden surface algorithm has determined that two poten¬ 

tially visible segments are intersecting, XINTER will evaluate the X 

value. A subroutine was used for this purpose, since the arithmetic 

resulted in numbers containing 50 bits and thus created the need for 

using fractional operators. 
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AL=CLrVhrt 
■; At<=CLHPu:R+l 
:CL=CLFRbR+2 
¿CR-CLRRER+i 
^LCLIR=CLPr>ER + 4 

IZ LEFT ÜF LIAb A 
»Z RIGHT OF LIJE A 
iZ LEFT OF HOE C 
IZ RIGHT OF LINE C 
î X LEFT OF POINT BEING CLIPPED TO 

XRlGHT=CLPPER+o ;X 
< LEFT=CLPPER+íS »X 

RlGHT=CLPPFR+7 IZ 
Z LhF i =CLPPER+ I 0 5 Z 
aRCLIP=CLPP-:r+! 1 

VALJE OF NEN LINE A 
VALUE OF NEN LINE A 
VALUE OF N EN LINE A 
VALUE OF NEN LINE A 

IX RIGHT OF POINT BEING CLIPPED TJ 
Z S=CL PPER+I¿ 
XANXL=CLPPER+ I 7 
; *** 

X INTER« Z 

IPREVIOUS LINE C (5EOPT,XL,XR,ZL,ZR) 
I POINT ÜF I .>1 TER SEC TI ON OF LINE A AND 
Z NUMBERS ARE 30 BITS, X NUMBERS ARE 20 BITS 
«THIS ROUTINE COMPUTES THE INTERSECTION JF A ANL 

MOVE 2, Z1 L 
SUB ?., Z AL 
SUB 2,¿CR 
AD) 2,ZAR 
MOVE 0,ZAR 
SUB 0,ZCR 
MUL 0,XLCLIP 
!)I V 0,2 
MOVE 4,ZAL 
SUB 4,ZCL 
MUL 4,XRCLIP 
DIV 4,2 
SUB 0,4 
CAMGE XLCLIP I IS XINTERSECTION LESS THAN XLCLIP? 
MOVE XLCLIP I YES 
CABLE XRCLIP I IS X INTERSECTION GREATER THAI XRCLIP? 
MOVE XRCLIP 
MOVEM 0,XAMXL 

IXAMXL=(XLCLIP*(ZAR-ZCR)-XRCLIP*(ZAL-ZCL))/(ZCL-ZAL-ZCR+ZAR) 
JRA 16,(16) 

"'L 

* Kk 

) 0 
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ZVALUE 

Subroutine ZVALUE performs the arithmetic formally described as 

the clipper in the Watkins' Algorithm. Given a X left clip point and 

a X right clip point, this routine evaluates the Z values for two 

segments. This information is passed back to the hidden surface algo¬ 

rithm for comparison. 

XLCLIP XRCLIP 
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z »THIS HUUTIKë CiJHHUi'ESi ZAL, ZAk , ZCL, ZCH 
O.ZLËFI 

SUS O.ZPIGHT 
HÜVF ?,XLCLIF 
S U B 2.XPIGHT 
'¿UVE 4, X LEFT 
SUB 4,XWIGHT 
MÜL 2,0 
DIV 2,4 
AD) 2 ,ZFI GH F 
MüVEH 2,ZAL 

; Z AL= ( ( XLCLIF—XHIG’HT)*( ZLEFT-ZPIGHf ) ) / ( XLEFT-X4IGH i ) +ZF IG -Il 
MOVE 2,XwCLIF 
SU S 2, X RI GH F 
MUL 2,0 
DIV 2,4 
ADO 2, ¿RIGHT 
MOVEM 2,ZAR 

: ZAR= ( ( XrtCL IF-XRIGHT)*! ZLEFT-ZRIGHT ) ) / ( XLEFi'-XRlGHT )+ZRI GHÍ 
MOVE O.ZS+3 
SUS 0,ZS+4 
MOVE 2 , XLCLIF 
SUT 2 ,ZS+2 
MOVE 4,ZS+ I 
SUT 4 ,ZS+2 
MUL 2,Ü 
DIV 2,4 
AD) 2,ZS+4 
MÜVEM 2,ZCL 

IZ JL=(( XLCLIF-ZS(3 ))*(ZS(4)-ZS(B)))/(ZS(2)-Z5(3))+ZS(3) 
MOVE 2,XRCLIP 
SUS 2,ZS+2 
MUL 2,0 
DIV 2,4 
AD) 2,ZS+4 
MÜVEM 2,ZCR 

I ZGH = (XRCLI P-ZS(J ) )*(ZS(4)-ZS(S)))/(ZS(2)-ZS(3))+Z5(S) 
JRA 16,(16) 
EN ) 

i 
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TNFREE - GETVAR - LSTSET - 

GETBLK - RETBLK 

INFREE initializes the FREE array. The first argument is the 

number of locations which must be zeroed - four is the minimum. The 

second argument is the length of the free array. This value should 

be the same as the dimension of FREE in the user's program. 

GETVAR gets a variable sized block from the array FREE. The 

first argument is returned to the user and is the index into the FREE 

array. The second argument is supplied by the user and is the length 

of the block that is desired. 

LSTSET is used by the hidden surface algorithm. The remaining 

area inside FREE is broken into blocks of size N. These blocks are 

used as segment storage areas and are linked together. 

GETBLK returns to the hidden surface algorithm a block of size 

N for storing of segment data. 

RETBLK returns to free storage a block of segment data. This 

block is then available for future use. 



SU ■iríüUi’í:<iH iWFrfF5( I M) 
C J MMÜN/GiJH -./FríEESI, LE.M, r -i EcFí/F IFF./F* FE ( I ) 
rVLiCIi' I JTEGER (A-Z) 
I F ( I.LE.O)Gú H ? 

■)ü I K = I , I 
Fí<l:R( \ ) =0 
Lh J=LE,J:jrH 
rW EFSi = I +I 
Rb'nJtíN 
EN O 

SUNhiJUriNE GFIVAR( INDEX,LENGTH) 
CQNMüfJ/CJRH/FHEEST, LEN,FW EcVT 
I MELI CI T INTEGER (A-Z) 
IN)EX=FR FEST 
FREEST=FH eest+length 
I E ( FR FETT. L T. LEN ) RETURN 
CALL Ü'Ji'STR('MAX STORAGE' ) 
CALL EXIT 
En J 

SUBROUTINE LoT5HT(N) 
CO .1MJN/CÜRE/FREEST, LEN, FREERT/FREE/TREEt I ) 
IMPLICIT INTEGER (A-Z) 
FREHRT=0 
X=LEN-N'+ I 
IF(K.LT.FR FEST)RETURN 
FRFERT=rR FEST 
00 I I=FREEST,K,N 
M = I 
FREE(1)=1+0 
FR EE(M)=0 
RETURN 
En ) 

SUÍROUTINE GETBLK(INDEX) 
CDMMON/CÜRE/FREEST,LEN, FREER T/rR FF/FR Ec(I) 
IMPLICIT INTEGER (A-Z) 
IF(FrE5PT.E0.0)G0 TO I 
InJEX=FRFFPT 
FREcPT=FREF(FREERT) 
RETURN 
CALL OJTSTR('MAX STORAGE') 
CALL EXIT 
FIJO 

SUBROUTINE RETBLKiINDEX) 
COMM )N/CJRF/EHEEST, LFN,FREEPT/FREH/rR FF( I ) 
IMPLICIT INTEGER (A-Z) 
FREE(I J DFX)=FREEr T 
FR EEV T= INDEX 
RETURN 
END 
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HIDDEN 

Following is a description of the code used in solving the hidden 

surface problem. No attempt is going to be made to explain the reasons 

or theory behind the algorithm. If the reader is really curious, it is 

suggested he look into the references at the end of this report. 

By the time HIDDEN is called, all the edges should have been clipped 

and stored into the FREE array. In addition to this, they should have 

been sorted in Y and entered into the bucket array. The initialization 

procedure consists of setting IY=FRAMEY and setting up the size of the 

segment blocks by calling LSTSET. At the beginning of each scan line, 

the program jumps to label 204 to get the first edge entering on the 

scan line. Label 210 is the location where the program keeps looping to 

pick up all edges entering on the current scan line. 



c 

? J4 
¿ I :) 

J JET 

"L 

SUlriQUriNE HIDDEN 
52 

CO MM.JN/SCDEF/ RUCK Y ( Ü/2bb ) , H BUCK Y ( 2bó ) . RR 

cawN/FRfií/tooEí nT’PJLyPr’riFL',’'<SL 1,,E,ZSLJH- 
CUIN/r.YES/OI (6) ,FRAMEX,FRAMEY 
CJMMiUR/JLDEDG/JLDXI , JLüX?,OU)SE' 
IVFUCir INTEUER (^-Z) 
Dl REN SI UN SEG (I),SAM(4) 
FUJI VALENCE ( EDGE,SEU) 
INI riALIZAl'IÜN. 
Iy=fhamey 
CALL LCfSHf(I3) 
SE3X51=0 
ED3EFi'=BUCKY( IY) 
IF(EDGEFi) GO TÜ ¿4P 
CALL UNPACK 

POINTER T) FIRST OF SEJ LIST 
SEGPT=3EGX5T 
PREV=ü 
SPLir=.FALSE. 
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A block is retrieved from free storage and the edge information is 

stored into the segment as the left edge. The segment list is searched 

to see where the new segment block should be entered with respect to X. 

At times, a current segment block must be split into two segments, since 

the entering segment must be placed between the two edges. 

Label 242 is where the scan line count is decremented and the scan 

processing begins. The XLEFT sample point (SAM(2)) is set to zero and 

the XRIGHT sample point (SAM (1)) is set to 1024. 



tv
 
O
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Jri“ RÜGE i)A 1 A IN SEG RLGCA. 
CALL GEÍHL<(I ) 
ShG(I+2)=DELY*262I 44 
SEG( I + l )=R.GLYPT 
SEG( I + 3)*XLEF F 
SEG(I+4)=XSL3PE 
SEG( I+B)=ZSLQPE 
SEG(1 + /) =ZLEFT 
SEG(I+lI)=U 

C GO SEARCH X SGRT LIST TO SEE MERE NEW EDGE w ILL GO 
3 14 I F (5EGP F.EG.0)Gü TO 2?6 

CALL LJr)2HF(SEGPT,YEHÜI , YEND? ) 
Í HI = X LErT-SEG(SEGRT+3) 
TP 2=X L E FT-S EG ( S EGPT+S ) 
IE( POLYPT.NF.(SEG(SEGRF+I ). AND ..NOÍ.262 I 43))G J TO 220 
IF(YENDI.GS.O)GO TO 221 

0 SEE IF EXISTING SEGMENT MOST RE SPLIT FOR NEh EDGE 
IF(TE I . LT.J)GQ TO 226 
IF(YR;'J’)2.GE.O.OR.rE2.GE.G. JR.SPLin GO TO 219 

C LOAD RIGHT EDGE OF SEGMENT INTO NEW SLOCK 
SPL I T =. TRUE . 
SEG( I+d)*SEG(SEGPT+S) 
SEG(1+S)-SEG(SFGPT+6) 
S EG íI+9)*SEG(SEGPT+9) 
SED(I + l ) )=5EG (SEGP T+1 0) 
SEG(I + l2)=SEG(S EGP T+1 2) 
CALL STRPT(YFND2,SEG(1+2)) 
CALL STRPT(0,SEG(SEGPT+2)) 

219 PREV=SEGPT 
C GET POINTER TO NEXT SEGMENT BLOCK 

CALL L0RPT(SE3PT,SEG(SEGPT)) 
GO TO 214 

320 IF(YENDI.GE.O)GU TO 221 
IF ( TF I )226,219,219 

221 IF(YEND2,GE.0)30 TO 219 
IF(TH2)226,219,219 

326 SEG(I )=SEGPT 
C INSERT THIS NErt SEGMENT BLOCK BETwEE.') EXISTIN SEG ME ITS 

IE(PRHV.Nh'.0)SEG(PREV) = I 
I F ( PREY.EO.0)SEGXST=I 
GO TO 210 

C »ECREMENT SCAN LINE COUNT 
342 IY=IY-I 

INTSCr=.FALSE. 
JLJXi =0 
SEGS?=0 
SE 3L?=0 
SAM (2)=0 
SE3ACT=0 

JET NEXT LEFT SAMPLE POINT 
dl 5AM( I )=SAM(2) +1 024 

ZS(I )=U 
FR )M = 0 
SFGPT=SRGACT 
SEGACT=0 
EXTEND«.TRUE. 
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Dug to edges entering and exiting, the X sort segment list must 

be updated so that all edges are linked together as segments belonging 

to polygons. This is one of the critical areas in the algorithm, since 

a great deal of time could be consumed in re-sorting the list. However, 

it turns out that an extremely small percent of the time is spent here, 

since a picture changes very little between scan lines. 
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5 J I I h ( o . iF i . . 1 ) ) 'JD 1 J F ;■» 
iJ~X i j ( S’■ziJF f + I ) . Ai'».).¿ .)2 I 4 J 
XLhF i = ir.tU SEGf i +3 ) -S£i2( SüGH Í+4 ) 
XKIU i i =SËG( SEGF 1 +b ) -,StG( SbGH 1 +6 ) 
/.L;-,F i =SFG( SEGFl + 7 ) -SEG( StGF i +d ) 
/Ml GH 1=3EG(SEGP1+9)-5EG(3 EG Ff+I0) 
1E(XF1GHT-GAM(1)-34b,34d, 31 o 

3,)4 SEGFr=3EGX3T 
1F(SEGF T.ET.0)G0 TÜ 3^0 

; <ErU!7^ 1 ) F F FF LIST IF BLJCK 13 F.MFfY 
I F(SEG(SEGFT+2).N E.ü)GJ FG 23s 
CALL LDFP l'( SEGX3T, 5EG( SEGF F ) ) 
CALL FETBLK(SEGFT) 
Gü TJ 304 

Uo I F ( SEG( SEGFT+2). L F.0)GO TU 236 
C 3UVE FIGHT FOGE OF SEGMENT TO LEFT EDGE OF SEGMENT 

CALL SFF2HF(SEGF T+2 » SEG(SEGF f+2),0) 
SFG( SEGFi + 3 ) = SEG( SEGFT+’3 ) 
S EG(3 FGF T+4)=SEG(SEGFT+6) 
SEG(SEGFT+/)=SEG(SEGPÍ+9) 
SE J(SEGFF+ 3)=SEG(SEGFÍ +1 0) 
SEG(SEGFT+I I )=SEG(SEGFT+I 2) 

236 CALL LOFFTC YEND2,SEG(SEGFT+2)) 
IF(YEW02.LF.0)GJ TO 303 
FULYFi=SEG(SEGFT+I ) .AND..NOT.262 I 43 
CALL LJFF1( NEXT »SEG(SEGFT) ) 

23/ IF(NEXF.EQ.O)Gl) TO 241 
IF ((SEG(NE< T+1 ). AND . .NÜT.262143). NE. FULYFF)GO TU 239 
CALL LDLFT(YENDI,SEG(NEXT+2)) 
IF (YENDI.GE.O) Gü TJ 23B 

C 4JVt LEFT EDGE UF SEGMENT TÛ FIGHT EDGE OF SEGMENT 
CALL STFFT(YENDIfSEG(SEGFT+2)) 
CALL STLPT(0,SEG(NEXT+2)) 
SEG(SEGFT+3)=SEG(NEXT+3) 
SEG(SEOFT+6)=SEG(NEX T+4) 
SE 3(SEGFT+9)=SEG(NEXf+7) 
SE 0( SEGFT+I 0) =Sb'G( N EX T+3 ) 
SEG ( SEGPT+1 2 ) =SEG ( NEXT+ II ) 
GJ TO 303 

233 CALL LOFFT(YEND2»SEG(NEXT+2)) 
IF (YEND2.GE.0) GO TO 239 
CALL STNPT(YEND2«SEG(SEGFT+2)) 
SEG(NEXT+2)=0 
SEG(SEGFT+3)=SEG(NEXT+3) 
SEG(SEGPT+Ó)=5EG(NEXT+6) 
SE 3(SEGFT+9)=SEG(NEXf+9) 
S EG(5EGFT+I0)=S EG(NEXT+I0) 
S F G ( S FGFT+1 2)=SEG( N EXT+1 2) 
GO TO 303 

239 CALL LI)PPT( NEXT, SEG (NEXT)) 
GO TU 237 i 

241 SEG(SEGFT+3)*SEG(SEGFT+3) 1 
SEG( SEGFT+6 )=»SEG(SEGFT+4) 
CALL SfFF 1 ( -1 ,SEG( SEJPr+2 ) ) , 

i 

L 
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This page of code performs the updating of the segments. Since 

each segment contains the slope information for both the left and right 

edge, this data is added to the current values of X and Z, giving the 

new X and Z for the next scan line. 



SR 

40 j XL^“ 1 aSt~0( SECJPl+3 ) 
Xr<U.)HT=5EG( SEGPT+b) 
I r ( (.Nli'.FXTEND.OH. ZS( I ). NE.O ) . ANÜ. XLEF Í .GE. S \M( ? ) ) G3 i'J 34/ 
F4 JM = -| 
CAM LÜRFT ( SFGXSi t SFGl SEGFf ) ) 
ZLEFi=3FG(3HGPT+7) 
ZRIGHT=3EG(SFGPT+9) 

C IPlM i t: XLFFT, X.R I G’U , ZLFF F «ZRIGHT 
SFG(SE3P r+3)=SEG(SEGP r+3)+SEG ( SEGP r+4) 
SF 3( SEGP i +o ) =SEG( SEGP i’+b ) +SEG( 5EGP i +6 ) 
SE 3(3EGPr+ / )=5EG(SEGP F+1)+SEG(SEGP F+S) 
SE 3( SEGP'i +V ) =SEG( SEGP F+? )+ SEG( SEGPF+I 0) 
I.nMO 

C JPGAFE YLEFF AND YRIGHI SCAN LINE COUNT 
CALL LUÜ2HF(SEGPT,YENDI,YEND2) 
YEN )1 =YENDI +1 
YEN :)2=Y END2+ I 
CALL SIR2HE (SEGPT+2,YENDI,YEND2) 

C BACK POINTERS NEp.Del) ON NER LIST. 
3 G P I I X = SEG( SEGP Mi) 

IF(YENDI.GE.0) IX = SEG(SEGPT+o) 
52=0 
S I=SEGL2 

4DP2 I F( SI .ED.O)G0 TO 3094 
I XI=SEG(S1 + 3) 
I F (SEGl SI + 2).GE.0) I XI=SEG(SI+S> 
I F(IX.GE.IX I )GO FD 3094 
S2 = SI 
CALL LDLPT( SI,SEG(SI )) 
GO FJ 309? 

3094 IF (S2. NE.0 > SEG(SEGPT)=52 
CALL SrLPT(cl,SEG(SEGPT)) 
IF (S2. NE.0) CALL STLPF(SEGPF, SEG( S2)) 
IF(S2.5).0)SEGL2=SEGPT 
IF(SI .NE.0)CALL STHPnSEGPT,SEG(SI )) 
IF ( SI .f:o.O)SEGS2=SEGPF 

312 I F (XR I GH F. LE. S A M( I ))GD ID 345 
M 
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When the progne,, hes reached this point, it is ready to pertor» 

the depth processing on two segments to see which is visible for a span. 

The z values for the two segments are evaluated at the X left clip point 

and the X right clip point. The program calls ZVÄLUE to obtain this 

information. If an intersection is determined, then XINTER is called 

to evaluate the point of crossing. 
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i i ) cij.ni riN'jii 
ACOiriJN Tl Mb í)Nb. 
i ^ rs(' r=. b'ALSH. 
A JLÜ:=SAM( I ) .GE.XLh'Fi 
A T?Ll' = Xi<IGHT.Lr.SAW,(2) 

C Gbf X LEr F CUE PÚINT 
XLCLIE=SAV(I) 
IF( ..Uí, ABLLE ) XLCLI E=XLEFT 

J JET X ¡<I JHi CUP POINT 
XRCLIP=SAM(2) 
I r ( ABHLD XNCLIP = XRI GHT 
JU JJX = .FALSE. 
J.jJXtS®. TPUE. 
I H ( ( ¿5( I ). iiO. O) . AND.. NOT. ABLLE ) GJ TG 3Jb 
IK 1X P ^ = p a I s P 

I F((ZS(1).EO.O).AND.ABLLc)GJ Tü 3311 
3? 3 CJNflUÜF: 

C Gfcl Z VALUES F'UH NE* AND OLD UNES AT CLIP POINTS 
CALL ZVALUE 
A BbCKL=ZCL.GE.ZAL 
A BBCKH=ZCH.OE.ZAP 
JOBOX = A 3HCKL.AND.A B8CKR 

C JUMP IF A3 BACK ON LEFT AND PIJHT 
IF(JOBJX)GO TO 33‘3 
J I 3JX=A3l.LS .AND.. NOT . A B'3CKL. AND. .NOT. AÖBCXN 

C JUMP IF A3 NUT BACK ON LEFT AND RIGHT 
I r( J I BOX)G J TO 331 I 
JINTER=(ABBCKL.AND..NOT.ABÖCKR).JR. ( .NOT.A3BCKL.AND.A33CKR.A 

'••a.) . 
I A 3LLE) 

J JUMP IF THE TND SURFACES INTERSECTED 
IF(JINTER)30 TO 323 
JB JXES=.TRUF. 

C JHOXES’.NOT.ABLLE.AND..NJT.A3BCKL BÍ DEFAJLi 
GO TO 333 

J JET THE X INTERSECTION POINT 
3 26 CALL XINTER 

INfSCT=.TRUE. 
33) SA.U2)=XAMXR 

SAM(3)=SAy(2)/236 
SAM (4)=0 
FXrc>U>.FALSE. 
I F ( A SBCKR )U0 TO 3312 
GO TO 333 

"L 
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The visible span has been determined, and now the pro,,mm must 

evaluate the nest potential visible segment which should be compared. 

When the program has reached label 350, a visible segment is available 

for display, if an intersection is involved, then the procedure will 

display a dot. 
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UM 

Ul ? 

U'j 

i4o 

34,’ 
* *3'jü 

‘.'A\fc A iJNF hLhMh.U’ HJX. 
It-( ZS( I ).i't" .0.ANi). AßWLi ) iih rcMD=.F ALSFI. 
Ir ( ..'Ur.A'WLT. A^D. .i-UT. EX ft:ND) 33 T3 331? 
SA <(?)=XKI3HT 
SAU 3)=XHlv:HT/2b6 
CALL LI »LH i ( SAM( 4 ) , St J ( 3ËGP l'+6 ) > 
/SA I ) =SHGF 1 
/.S(?)=XLLFr 
ZS(3)=XPI3HT 
ZS(4)=ZLFF1 
Z3(b)=Zí-ÍI3Hr 
CÜ3 I'IN IF 
IF(J )BJX.A3Ü..N0i.(XKlUHf.Lt.SABt ¿)))EXrEND=.FALot. 
IF ( J3B IX . ANO. ( XPIGH i .LE. SAM ( 2 ) ) ) Ü J i'J 34s 
CALL SfPPT(SEGACr,SE3(S6GPr-H ) ) 
SF. jACT=SEGP i 
IF ( .N U .J3ÜXES) G3 l'O 34b 
EX i'E.U)=. FALSE . 
SA H?) = XLEFT 
SA’X ( 3 ) =XLErT/2b6 
CALL L3LPKSAM( 4 ),SSG(SEGPf+4 ) ) 
sf;gpt=,jexi 
IF(FPJS.EO.O)Gü rd 3üI 
GO FJ 334 
I F (( SAM(2 ). AND..NOT.¿62 I 43).NE.(XLEFF. AND.. NOF.26 21 43))GJ 

1 F ( SAM( 4) *262 I 44.NF . ( SEG(SEGPT+4) . AND ..NOT..2621 43 ) ) SA U4) 

OU FPU F SEGMENTS. 

FO 

=0 

U) CONTINUE 
I F( EXFSNI)HEGACT=0 
Fu )OFSCAN = (SEGPT.EO.O).AND.EXTEND 
IF(.NÜF.luFSCF) GO FO 33b 
CALL .)4 ANK( XAMXH »IX) 
CALL ON Ai< V( X AMXW » IY ) 

AL 



Since all segment data has been updated to the next scan line, 

it is necessary to evaluate the data for the current scan line by sub¬ 

tracting the slope from the X values. If the X value of the segment 

equals that of the sample point, then subroutine CROSS is called, 

which will update a flag, indicating that the edge is visible for this 

scan line. Subroutine SETLIN will be called if the edge is visible 

for the first time. At this time, the beginning X and Y coordinate 

values of the edge are stored. If the edge is going to exit on the 

next scan line, then it is drawn, since the edge will be deleted on 

the re-sorting of the segment list. The above procedure is performed 

for both the left and right edges of the segment. 

Label 17 through label 15 handle the horizontal edge problem. If 

there are any horizontal edges on the current scan line, then the 

visible segment is checked to see if it has the same polygon which has 

a horizontal edge within the visible span. If so, then the line is 

drawn. Otherwise, the rest of the horizontal edge list for this scan 

line is searched for a match. 

Finally, the edges in the segment list are checked to see if they 

were visible on the previous scan line but not this scan line. If so, 

then a line is drawn. The program checks to see if the end of the 

scan line has been reached, and then jumps to either process another 

scan line or get another visible segment. 
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ioj 11- (ZS( I ) .HO.O) GÜ i.J I •' 
: JH )AT[• LÉFI -::)GE IF VISI ILE SEJV.ENl' EQUALS Hh HzM SEGAE.U . 

INC = Stü(ZS(I )+3)-SEG(ZS(1) + 4) 
IF(S4M( I ) .NF. INC+1024) GJ I'J 16 
Ir(SFG(ZS(I ) + 11).EQ .0) CALL SETLIN(INC,4, 11fIn 

C )rrF.N.U;\F if iHE FNEVIOUS LINE AND CUNriENl' LINE CeNSS 
CALL CN DSS( INC, 3, I 1 ,1 Y) 

j CHEC< IT) SEE IF' LEFT DF SEG NILL EXli JN NEXi LINE 
16 IF(SEG(ZS(I)+2)/262144.EQ.O) CALL DHAN( INC,4, I I , I Y ) 

JHDAl'F WIGHT EGGE IF VISIBLE SEGMENT EQUALS i'HF WEAL SH3THNI. 
INC=SEG(ZS( I )+b)-SEG(¿S( 1)+6) 
IF( SAV.(Z) .NE. INC) GÜ F G 17 
IF (SEG(ZS(I ) + I 2).EQ.0) CALL SEFLIN( INC,6,I 2,1 Y ) 

C )ETERMI NE IF THE FREVIGUS LINE AND CURRENT LINE CRN NS 
CALL CRGSS( INC,6, I 2, IY ) 

; CHECK TO SCE IF RIGHT UF SEG RILL EXIT JN NEXT LINE 
1/ IF((SEO(ZS(I )+2).AND.262I43).50.0) CALL DRArt(InC,6,I 2,IY) 

C ALL LORRK J,HBUCKY( IY + 2)) 
CURLIN=.TRUE. 

C ARE THERE HORIZONTAL LINES IN THIS SCANLINE? 
13 IF (J) GO TO 14 

CALL LJÖ2HF( J-!,HXL,HXR) 
CALL L0D2HF(J-2,ROLYfT,J) 

: )0FS THIS RJLYGÜN HAVE HORIZONTAL LINES 
IE (ROLYFT.NE.SEG(ZS( I ) + 1 )/262144) GO TO 13 
SAML=SAV(I )/262144-) 
SAMR=SAV(2)/262 I 44 

is THE LINE IN THE VISIBLE SEGMENT REGION? 
IF (SAML.GE.HXR) GO TO 13 
IF (SAMR.LE.HXL) GO TO 13 

C ORAR HORIZONTAL LINE 
CALL PR ARiV ( MYMAXO( S AML, HXL ) *262 1 44, IY-CURLIr) 
CALL DRArV(MYMINO(SAMR,HXR)*262144, IY-CURLI^) 
(30 TO 1 3 

14 CURLIN=.NOf.CURLIN 
J=HSUCKY ( IY+2 >/262144 
IF (.NOT.CUKLIN) GO TO 13 

\ d IF ( . NO T • EN OOF SCAN ) GO TO 231 
: BACK POINTER NOT NFJcJ’cl) NON. 

I F (SEGL2. NE.0)SEGÍSEGL2)=0 
SFGXST=SEGS2 

C GO THRUUOI ALL SEG BLOCKS TO SEE IF AN E JG5 .«AS 
J VISI3LF ON THE LAST SCAN LINE BUT NAS NOT DISPLAYED. 

ZS(1)=SEGXST 
4 0 IF(ZS(I ).50.0) GO TO 60 
J CHECK LEFT EDGE 

IF ((SFG(ZS(1) + 11 ).AND.7).EQ.(( IY+2). AND.7)) 
1 CALL DRAR(SEG(ZS(1)+ 3)-2*SEG(ZS(I )+4),4,1l,IY+I) 

) CHECK RIGHT EDGE 
4 i IF ((5EG(ZS(I ) + 12).AND./).EQ.(( IY + 2). AND.7)) 

I CALL ORAR(S5G(ZS(1)+6)-2*5EG(ZS( I )+6),6,1 2, IY+I ) 
j JET NEXT SEG SENT BLOCK 
42 ZS(1)=3EG(ZS(1)).AND.2621 43 

GO TO 40 
bJ IF (IY.GË.O) GO TO 204 

RETURN 
END 

"L 
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Figure 4: 

1600 edge object with and without hidden surface removal at 256 

scan line resolution. Computation time is 16.3 seconds. 

i 
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