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ABST'A.CT

This thesis explores the requirements necessary to develop a graphics support

librarv for the Ada progranining language hosted on the Zenith 1-1 Z- I00

microcomputer. A. prototype graphics library-, is implemented in SOS6 assembhly

language embedded in an Ada package. The library operates with JANUS Ada under

the CP MA-S6 operating systemn.

Listings of librar routines developed are provided as well as a user's guide and

demonstration programs. Potential areas For further investigation and development are

* i Is concluded that an Ada graphics library [or microcomiputers is 1easibie and

practical.

oil"

31



THESIS DISCLAIMER

Thie reader is cautioned that computer programs developed in this research ma',

not have been exercised "or all cases of interest. While evern elfbrt has been ni.: .

within the ilne available, to ensure that the programs are free of' coniutational arn&

logic errors, they cannot be considered validated. Any application of these programs

\vithout additional verification is at the risk of the user.

Some terms used in this thesis are registered tradenmarks of corninercial products.

R:ther than :::enupt to cite each occurrence ol'a trademark. all tradenarks ca:,:,

ill "ns thesis will be listed below, following the organization holding the trademark:

. 1. United States Government (Ada Joint Program Office)

Ada

2. ntel Corporation
-ntp.l

3. Digital Research Corporation

CP"M

C 8 6

Microsoft Corporation

MS-DOS

5. Zenith Data Systems Corporation

Zen ith

H/Z-100

-V".--

\jo. 4
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1. INTRODucTiON

A. BACKGROUND

The Naval Postgraduate School (NPS) utilizes approximately fifty Zenith

H Z- 10') rnicrocom1puters in t1he mnicrocomnpUter laboratories of' the Computer Sc.:ic!nCe

Department. There were many reasons for choosing this particular computer. I ore-most

Vof which Is the hardware architecture [Ref. 1 Lind the av ailab ilty of- support soitware.

The 11 Z-1,'s cen,,tral processm I nit ,III 1 in1 dsa INTEL 8H85 S-b it processor

and an INTEL S133 16-bit, processor. The simple arcitectuLre and instruction set of'

the ~ 's' roce~cr ~~ortsthe opuiIr C P MI opratine2 Ssleml an1-d iscopni

wxith ' ' IS code. The more complex archiLcture of the SOSS processor is compatible

with SC086 code aind Includes more internal recisters (Some Usable as either 8 or 16-bit).

exten ed! ad ire.S, I,- mo lcs. and a more complex memior% mnaoenient scheme usine1-

segment registers. The 808 processor supports the more advanced CP M,-86 and MS-

DOSoertesse.

An important feature of the H Z- 10) is its display versatilty. The basic I-I. Z- 10()

includes an internal monochrome display and allows the addition of an additional

ex\ternal color monitor. The color moitor is of' mieium resolution with 6-40 horizontal

and 225 eri cal pixels t 41 ) X I1 in the itrcemode). Three 6-4 pages of' ideo

R.-\N! memnory provide eight colors or eight intensity levels with a monochrome

monlitorY

p rimar f'unction of' the microcomputer laboratory is to support computer

science Courses provliing special emphasis oil tactical computer applications.

A\ccording to Department of Defense policy [Ref' 21. "The Ada programin lancuacC

shiall b-ecome the simnele, commnon comnputer programmnlinE Liieuaee For dece m"I"sl-1

cr it Ical I aplication, . EffIchtive 1 J anuarv 1934 f ,or pioeranis entering Ilull-scale

eCon1111eer'ing development. Ada shiall be the programing kIILcuace..0T assIst In

meelngths reqjUirelIM"nt. N PS provides cour Se \vlch1 Iinclude thle uISe of ;\a InI toe

dev! onm o ' attc ro rogam 'napictospr nis.\1t of, these pr clarainl\ .oe

ronl oI "iteIC /-I opue sMus. thek J.-\LI S .j \iColpi Icr. I dote. C\ % ralt

Jo ed \ J c mp~er hv~ ben pro ']ed or r ~c,. tic colllruter %\\ttO. 'il hnook

Cr. Is

.74- .



*out [Ref. 31 there has been little measurable response within the COMMute! srIPhIIcs

jndustr:y. A-n inPo-"ecin "1his area c:an ,e e\C,[ w:th [he ac :cr[,tnce citue -\jJ 1

*Bindina to the G-rhical Kernel System (GKS) Ref. 4! by the A\nerilcan itn

~~tI~~~~OtUS~~~~ 1 '11~~t W, I\N r SN. 11 cImitc on -rpc stna'.1 w;.

c annot sit back and wvait Cor industry t0 Drovide all the toois nlecessary to coductIL A\d

erahi~ edcaton and research I. Widespread- use of' Adia can be cxpectcd ini the na

K ~ 11 toea1dwt 1dituc there will he 11Crea1SMn req UireCIentS for in d,,iIUN ii tl 01> K : d

erah~c knwleee.The N PS has an obhication to assis t the Na rl ~ meetin- lt~

* educational reqiuirements.

B. PURPOSE

t-heLic inn oi this tlhes is to develo p anl Ada 1,111 uage gra phi, rgann.:

C-trabiit~ y deve opingL a low level design and partial implementation 01' 'n1
* ~ ~~ -rphics libran- which can be expanded to include a sbeofte.dai -anua

17,ndl:nL: -o the 1KS. Func:tions to be Min cd w.ill ble thos0e prilmives nIceCssar; 1 l,01r:

*clearii2 the screen

*ctnea pixel

*drawing a line
*selectinz a color

*lhgpol';ogons

*curs;or control

These basic prim-itives will be implemented using SOS6 assembly language

embeded iJn an Ada pa,,ckage. The CP )Nl-S6 operatin2 systemn and the JAN-US .\da

mm e''' 7 re'ci zor : implrennenta nonl.

It is expected that the prinmary use for this software will be in courses which

emp~ie ac, -a1 applications of' computers. It is beconi-ing morc and more :ommilon

to 11d1ai~;l ~~vsi acia vtns The abilit' of' computers to fltO\ ide!

'N __~ ~uich il 11 inL,11 tactical1,- diionnkiiiS widely recoeunied and the 1it

app~~~i ~ ~ " tin tlIigrapical disly can lie expected to grow as catr

(j Jrr: : .% r e lnd

car'j a> ~'V o :1 i\it n ~innea i~elt noVa
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C. THESIS ORGANIZATION

(j§~2 c2 1.2' '.i~>: . 2:' 2 '> arhitct:ure of the 11 7- f00
'moatr 1 h . Cr cv rr ete c<K a >t, e rmc r in urderstanuding thc' elcion

s. Next thrk is a brief dIscus-;ion
\:2.eIt11 :71 \acanie naC iS operating systemi.

at at>.2: a':2>:~ 02 crptof, aIparametier Passi ng procedures In

S Aa. ~crca.:~cr.2 (~:uocrII:s deco:edl to prov-iltug a detailed

Chao-te- 1llor11de a dscrLnpticon of' -he test demonstration programs listed. in

.\ :i:C 3-L. Al' Or> (c2' aatr:s neauiinohe 11I Z-Ufl) c olor

.1' ~.. . >9. .2.:2~.. >:d Y ~ ttidctre ner ornarice are dis cusce.

1.: . ': :~' ~ ar 1Crres-trc 'Ind nroeran

V ~ ~ ~ ~ ~ ~ ~ 11 COILU .. ~~~22 n n~dstecnlon and general CLrnent"IIIS

.\~~~ r":d:..\ -er .2aehIcsecr11,)s "he r'rocedtires available in thei AdJa

\.' :1~tt.1-Q 0'.C2o 2 rnmn tips On Usage at the librar.

7jce ',ics a-" Sap-e -roce:,a e c Ils are orovided as examples.

\-~'2' ie~B-E -r rroern list-,nes of! aeImonstration programs \rtein Ada.

c,. A_'J _:arariilcs 11irarv as vacll as servirne

IS Al i's' "0 ''Cpe~LICatior, package For the Ada graphics librar';-.

d~e 22 : it:> A.2. .22>2' Ic .2rtci .[f'I ex ternall: callablec librar';

.\rpc 2i (1 X > "1C ase -K;cde > of ill procedures containcd in the Ada



II. ALGORITHMS

A. H/Z-100 ARCHITECTURE

The following overview of the H Z-100 architecture is presented in order to

c!arify the method of implementation of specific algorithms. Figure 2.1 is a block

diagram of the basic architecture of the H Z-100 computer.

NPS's H Z-100 computers are in the process of being upgraded to include the

Model ZVM-1330 color monitor. 192k of on-board cpu memory and three 64k pages

of video RAM.

The display screen is foried by a matrix of 6-0 horizontal and 225 vertical

pixels. Each pixel is mapped to a bit in each of the three color planes (red. green. and

blue) in video RAM. Display management is provided by the video processor's CRT

controller (.CRT-C).

The CRT-C has two modes of operation: the character based mode and the pixel

based mode. In the character based mode, the CRT-C is programmed for nine scan

lines per character, 80 characters per line and 25 lines per screen. In the pixel based

mode. the CRT-C is normally programmed to control a matrix of 640 X 225 pixels.

Mapping of video RAM to the screen is perfbrmed by the CRT-C to allow

scrolling of the screen and management of displayable nondisplayable data. Mapping

of the display to physical addresses in video RAM is organized such that 123

(numbered 0-127) consecutive bytes are allowed for each scan line. However. only SI!)

of the 12S bytes are used to control display of the 640 pixels per scan line. Bytes

S-127 of each line must not be used or erroneous data may be displayed.

Additionally, the 225 displayable scan lines may be considered to be in sets of 16 lines

of which only the first nine lines of each set are displavable.

When operating in the character based mode, the CRT-C is programme d to mnap

around the non-displayable video RA.M. Htowever, in the pixel based mode, it is

necessary' to incorporate a mapping algorithm into graphics routines. This means that

o' the 41)1 scan lines. on v 225 are displayable. In addition, the CRT-C is normaly

progra:uned so that the botton character row () scan lines) is zeroed during vertical

rezrace time. This is done to keep uninitialized data 1'rorn being displayed during

scrolin. This means that onlx 24 of the 25 character rows or 210 of the 225

12
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displayable scan lines actually display data. The Ada graphics library has been

de,,ioned to work within these restrictions in order to maintain compatibility with

existin211 Z- 100 software. Figure 2.2 Illustrates the display mtrix including the scan

11111 111d pixe l numberingz systeml.

TOTA.L DISPLAYED
ISCAN SCAN

0 BYTES 79

o PIXE=LS 689

*8 8
9

10
11 LINES
12 NOT
18 DISPLAYED HORIZONTAL

14SCAN LINES _______

16 g
17 10

S9 224

893 224

898 2

Figure 2.2 Displa%\ Matrix.

1 here are two ways in which to control writing into the indis idual color planes.

P >e first ichod is by progranMInung the sidco control register of the video logic board.

'ith this mctliod. when a write enabled color plane is acseall write enabled color

phumes are siiitlaneousl% written to. ror example, if' all three color planes are write

enhhcd and tlic cgreen color pline is written to, theni the corresponding addresses In the

14
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blue and red color planes will also be written to. However, this feature was found to

be unsatistactory when constructing a graphics picture consisting of multiple colors

and adjacent or overlapping objects. Under these conditions, it was discovered that the

only color plane which could be guaranteed to contain correct data was the one which

was directly written to. Therefore, the algorithms implemented in the Ada graphics

library utilize the second method which involves direct control over each of'the three

color planes. This means that the implemented algorithms must access all three color

planes For each pixel tihat is set. [Re' 1: pp. 4.30-4.3S]

TABLE I

COLOR PLANE .\DDRLSSES

COLOR PLANE RAM ADDRESSES

blue 0C0000 - OCFFFF
red ODOOO - ODFFFF
green OEOOOO - EFFFF

To produce color, the video RAM is divided into three main colors: red. green.

and blue. Video RAM memor niapping oflthe three color planes is provided in Table

1 with all addresses in hexadecimal. The pixel seen on the color monitor is actually

composed of three superimposed pixels, one in each color plane. By selecting

combinations of the three basic colors, eight different colors may be displayed as

indicated by Table 2

B. JANUS/ADA

\n overview of the JANUS Ada compiler [Ref' 5] and the CP ,I-S6 operating

svteni [Ref, 6] relating to the implementation of' the Ada graphics library is presented

to assist the reader in understanding the methods used to implement the graphics

alori ms. The graphics routines are available to an Ada language program by

insking to library routine AD.\GRAPHI.LIIB (A..ppendi\ F).
.\ D;GRAP!II. LI[ is implemented as an Ada specification package. That

pa-ka cc contains th'e ;pecifications of the callable library procedures plus a list of th'e

v'ar1.:h es used bv the .\da graphics library assembly code. The assemblh code is

.k- 15
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included in Ada assembly package ADAGRAPH.ASSM (Appendix G). The following

steps are used to compile, assemble, and link the Ada graphics library.

(1) JANUS ADAGR.APH.LIB

(2) JASNIS6 ADAGR.APH

t3) JLINK ADAGR-APH

TABLE 2

COLOR TABLE

GREE RED BLUE DISPLAY COLOR

0 0 0 black
0 0 1 blue
0 1 0 red
0 1 1 magenta
1 0 0 green
1 0 1 cyan
1 1 0 yellow
1 1 1 white

..-

Parameters are passed in Ada by pushing them onto the system stack. Discrete

and access data type parameters of mode IN are passed by value. All other data type

parameters and modes are passed by refierence. Upon entry to a procedure. the top of

the stack contains the return address. Parameters or parameter addresses appear on

the stack with the last parameter nearest the top of the stack. Figure 2.3 is an example

illustrating the format of a procedure specification and the corresponding location of

parameters on the system stack when the procedure is executed.

If the parameters passed are only of mode IN. then the assembly procedure must

remove those parameters from the stack and leave only the return address on top of

the stack before executing a RET instruction to return from the procedure to the

calling program. If the parameter list includes any mode OUT or IN OUT parameters.

then the stack must be in the same configuration upon exit From the procedure as it

was upon entr'.

When it is desired to access parameters on the stack without alterineg the stack

contents, then the B11 register should be used. The following steps illustrate how th.

can be performed.

(1) NOV BP, SP ;Copy SP register to BF register

16
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procedure INQUIRE_COLOR(x pos, Y 2os: in INTEGER;
colo0r: out INTEGER);

SP --- >--------------c--- Top o., Stack
IReturn Address I

SP+~2 --- -- -- -- --

jcolor; address

ypoS; value I

Ixpos; value

Fligure 2.3 Parameter Passing.

(2) NOV AX, [BP+21 ;Move last variable to AX register

(3) MOV EX, [BP+l] ;Move next to last variable to BX

C. GRAPHICS ALGORITHMS
The follow ing paragraphs provide a detailed expiaton of'each graphics routin

in the Ada graphics library and the algorithms used to implement those routines.

Several of'the low level subroutines used to implement the library are not available to

the user and are theref'ore not listed In the Lser's Guide (Appendix A). Only those

graphics routines that ha%-e an apparent use in an Ada language program wvere made

externallyv callable.

1. Clear Screen (CLS)

The CLS routine will clear the screen in one F'rame time (approximately 167-

nis for 6') l-Tz operationm. The C LS algorithm [Ref. I: p. 4-46] is described in the

fIollo-xing steps:

ih Input and sa'. e the %~ideo statuis From~ 1 0 port lS e)

V~ 2 Blank the screen b,, outputting ) I he\) via 1 0 po~rt DS hex).
3 1, OUtoUt a )in hit of' the B :oiitroi port J~i hexN. hn1 1)1f'ij the C

on~o le~thI ttt pllne -x!, hef !e o "'c:.. h \tc CpII-eror
e~ect~n anutoit.mod:1%, 1i11i out atr c :rte

4 Outout a' to -)It 3 01' the A\ cont;rol port D' 1-.C\ lit s eaoe eW
proLCeSsors CLRSCRN sig:nil.

5 Wa it Fo r o ne Fra me peri od t o alIlo % tIm[Ie to red " ll o e 0e R NI

I ( t,'Output aI* to ht3of' port DOh. [ill' !i~IIth ('I RS( R\ ;a.

% 7



(7h Restore video status that was saved in step I by outputting the saved Status
via port DS Ihex L

2. Color Selection

When the color routine is called, it is passed an integer Identifying thle selected

color. In normial operation, once a color has been selected, it remains the system color

until changed by another call to the color procedure.

The color procedure uses the Color Code parameter to perlborm two lba, ic

Ifunctions. First, it sets each of' the three color plane variables to biase adldresses which

will 're used, by other procedures to initialize the E segment register f'or addressing the

the recl ired color Planes. Second. a control word (-S hex isotu o the vi1&o

contro rcse via I 0 port DS hiex). The control wvord disables the simultanleous

,vr:: Ca oafllt of' zhe v;-o controller. Tabe I lsts the data used to contLrol _cllor

TABLE 3

COLOR CON-l ROL

Color Code Color Var. I Var Var. 3

0 white 0000 DOCC ECO
1 cyan 0000 ECOO E000

2.magenta 0oo 000 DCC CC
3blue 0000 0000 C000

4 yellow DCCC E00O E0O0
5 green EC0C ECCO E0OC
6 red DOOO D000 DCCC
7 black---- ---- ----

1in normal oreration, control word bits 0.1. 2.-are set to 1bit Sis 'm t

P a I" b:7 '-I 1_ are U'e to conitrol thle si!t ne%1wrec p ir f.d,:0 RAM\\

I >e c C,) rourine does not aflec.t thle conitents of' thle L enmnt re: "r 'Utn

...................N.r a %N\hL vill l be use d to modif\% hex F e, en rcc:te

N ideu Ramn Adrnsinu



and miaps that position to a displayable scan line. This mapping is described by the

equation Scan- L ineNumbler = Y Y Mod 16 '%. This Function is implemented by- a

simple counter which adds seven to the scan line count For each block of' 16 lines. Step

t~vo is perlformed by the REL _VID_ADDR procedure. This procedure uses thle X

position and scanl Line number to calculate thle corresponding relative byte address InI

vdeo RANM. Tins is a relative address since it is 'independent of the color plane.

Re~t~e bteaddre'sses are calculated usinsz thle fobrmula:

R-eativeAddress = Y * 123 + X Mod 8.

,%f. Prior to address calculation. error checking is performed to insure that:

0<=X<=639 and O<=ScanLineNunber<=376.

4.PLxeI Displa-*

Dilplax-:ng of' individual pixels is performed by procedure SET_ PIXEL.

Procedure- SET-PIXEL accepts an (X.Y) coordinate and performs the f'olowing steps:

i I )Calls procedure ADJ_-SL to map the y coordinate to a displayable scan line.

2) Calls procedure RELVIDADDR to get thle relative byte address.

S Calculates the relative bit position within a byte based on the x coordinate.

4) Initializes segment E to provide thle base address for the desired color plane.

K.(5) Sets the selected pixel by writing to the relative address.

(6) Repeats steps 4 and 5 for each of the three color plane variables.

.. Line Dra~sing

Line dan2may be performed by either procedure DR-AWLINE or

procedure DRAW_-MLINE. The two procedures use thle samne algorithm for line

drawvinz wvith thle difference bein2 in the way that intersectin2 lines aire d~lvd

Pr-ocedure DRAW_ LINE always displays the moost recently- drawn 1line onl top w

procedure DRAWMENIINE mi~xes the colors of crossing lines at the point of'
intersection. The ie drawing algorithm is an adaptation of a general inteLcr dicital

d.ilffelrential analyzer ( intecer DDA) algyorithmn 1cri-,bcd by Mlarc Ber,-cr pp.. r
,I-51 The general intezer DD:\ has been expanded From four to Si\ LasCs and1 a

rnoothlnz Cunction has been included. The twvo aidditional cascs -v cro addeu'd to handlc

the spcecial cases where a Ilne iseither vertical or r/atl.1h no:>n

............. J -e to ,nmpro% yenmervI the sta ri t' e -e eCt Wh:j' 1, 11r 'Atit: ',er

sirld *:mra' as. "::'C ","



The direction of each step is deternined by an error variable which identifies whether

the present position is above or below the ideal line..-\fter each step. the error variable

is updated based on the direction of movement. The initial value of the error variable

is deterined by the smoothing function which biases the error variable so that the

first pixel step in one axis is delayed based on tie slope of the line. Without this bias

tie DDA algorithm frequently makes an erroneous first move. An example of an

extreine case illustrates this point. For example. if a near horizontal line with a siniei

cixel change n Y is Jrawn by the Unbiascd algorithm the pixel step will occur at line

start. lowever. in the biased algorithm the pixel step will ,ccur at the approximate

midpoint of the line. This provides an obvious enhancement in synmetrx to a staircae

Implementation of the six cases in the line drawing algorithm asumes that the

input coordinates are ordered so that YSTART < = YEND. This ordering is
,nforced by the line drawing procedure prior to plotting a line.

Ia tie description of the six cases which follows, initial values of X and Y arc

respectivelv XSTART and _ START and the following definitions apply.

* X X coordinate

- Y Y coordinate

SXSTART X coordinate of line start

. Y_START Y coordinate of line start

- XEND X coordinate of line end

. YEND Y coordinate of line end

. DX XEND - XSTART

• DY YEND - YSTART

E . error

() DY = 0.
This 's a horizontal line.

initialize

X: =X_ST'RT

f =Y_START

end initialize

repeat uantil (X=X_END)

-- Plot( Z, Y)

, .

-.. ,



end repeat

(2) DY <= DX, DX > 0, and DY > 0.

This is a line with positive slope between 0 and 1.

initialize

X: =X_START

Y: =Y_ START

E: =DX/(DY+!)

end initialize

repeat until (X=X END & Y=YEND)

if (E<0) then

X: =X+!
=E E+ DY

otherwise

X: =X+l

Y: =Y+l

E: =E-DX+DY

end if

end repeat

(3) DX < DY, DX > 0, and DY > 0.

This is a line with positive slope greater than 1.

initialize

X:=XSTART

Y: =Y_START

E: =DY/(DX+1)

end initialize

repeat until (X=X_END & Y=YEND)

if (E<0) then

X: =X+l

Y: =Y+l

E: =E-DX#DY

otherwise

Y: Y+l

-"=E-DX

i en- if

end repeat
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(4) DXO= .

This is a vertical line.

V initialize

X:=XSTARTL

Y:=YSTART

end initCialize

repeat until (Y=YEND)

Y: =Y- "I

end repeat

(5) DY >= ABS( DX), DX < 0, and DY < 0.

This Is a line with negative slope between -1 and 0.

i nit ia liz e

X: XSTART

Y:=Y START

end initialize
repeat until (X=X_EN &YiJD

if (E<0) then

X:=X-l

E:=E+DY

otherwise

X:=X-l
Y. -Y+1

E:=E+DX+DY

end if

end repeat

(6) ABS(DX) < DY, DX < 0, and DY < 0.

This is a line with negative slope less than -1.

initialize

X: =XSTART

I" YSTART

E: =]DY/( DX+l)

end initialize

repeaz unti I ( X=XEN.D &-:=YEND)

if (E<0) then



S...X: =X-1

0-:".erWj. se

V - Y: =Y+..

end repeat

6, Circle Draiing-

C~rcbe. drx~eIs operf'ormied by passin~z the NX.Y) coordinate of' thiecr

ocutecr 1:1id a rad1iS to procedure CIRCLE. 1 ne aiegorithineecedKreLrl

&ra'A11,ie tueI, an irlmnainof' lBrcsnhan irl 11,-oritimlds ~

H;learn and Baker 'Ref' S: p p. 6--69J. In this implementation. the algorithni nas Qen

:tc ze o 1includeC a correction factor to compensate FOr the X:Y pAixe ratio0 C: t

Bresenhani's algorithmri takes advantace of the svimmetryv of' a Circle in

*. roidiI -an eflicient incremental miethod for plotting a circle. In this algorithmi. c:e-"it

points are plotted for each parameter calculation. Although multiplications are

reQ~UIred 'in paramieter calculations, the multiplier Is a power of 2. so all multiplications"

can be reduced to a less costly shift operation. Fi L Lre 2.4 is a flay nav

representation of' the implemented version of' Bresenham's algorithm.

*Color Testing,

The color of' an individual pixel may be determined by psiean , V)

coordinate to procedure INQUIRE COLOR. This procedure wildetermine the p~i,\

color and return an integer value defining the color code. Color codes are listed in

Talel 2

The, color testing algorithmi uses the L coordina"'te to cakalct a rlt'

byte address. It thencr uses the X coordinate to 2enerare a bit mask toidtave

- \ecic" bit locat'ionl 'Aithin1 a bytc. Th~e relative byt address and brit ma ,-r cr

1u1<1 to test thic :oreresondmn adldress in each of' the three ce( or ~e v o

id z~e he c o cc roenen-ts contained i iaL t pixe ad l a ola)r' c do' i r c

th Aclino rerm



START

INIT. VARIABLES

X =0

Y: =PA-DIUS

P: = 3- 2 -RAD IUS

PLOT CIRCLE POINTS

SET-PIXEL (XCENTER-X , YCENTERY'2)

SET PIXEL(XCENTER-X, YCENTER+Y/2)

SET PIDTL(X CENTER-X , YCENTER-Y, ))

SET PIXEL (X -CENTER -X, Y CENTER-Y/_))

SETPIXCEL (X CENTER -Y, YCENTER+X,/2)

SET_PIXL(XCENTER-Y , YCENTER,.X/2)

SETPTXCEL (XCENTER +Y , YCENTER-X/2)

SETPIXEL(X CENTER-Y, YCENTER-X/2)

X'<Y E

-- 'A
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The actual Implementation of each of the two fill procedures is subdivided into

4 two procedures. The first Procedure initializes constant variables and then calls the

second procedure. The second procedure is used for successive recursive calls. This

teChic ue mlini iizs the number of parameters which must be passed onl each

successive recursive call.

~ .An in~'-didal call to either of the fill procedures can fill an area of' at most a

flew saichs .Attempting to fill a larger area may result ina stack ovecrflow error.

This is an implementation limitation which can be circumvented by subdi\ idine - a Lree'
area inosmleraes, each of which may' be filled separately. An exact uprer linm

on the size of an area which miav be filled by a single call to a fill procedure is dilYicuit

to nredict since it depends onl the starting point within a specified area. Additior-ilv.

area filling is anl Inlherently slow process Cue to t~he large niumb)er of' cluain

involved.

9. Cursor Control

The " svimbol is used to represent at graphics cursor. Cursor posit . oning is

controlled by procedures SETCL RS aind RESETCL RS. Procedure SETCURS

accepts an (X.Y) coordinate and displays al Cursor Centered ait that coord1ite.

Procedure RESETCURS accepts an (X.Y) coordinate as input and erases a block of'
addresses surroundin2 that coordinate. Both procdures affect only the color planes

thiat are enabled by thoe currentc systemn comor.

'8 Managemient of' the cursor display aind positionin iarepnsib Iity of' the

user program. A cursor *is not automatically displayed nor i- there a limit onl the

numiber of cursor svimbols which 11 be dsi'e nurn~

Thec cu,-rsor symboi is composed Of'. e ''~'vt h etrot theI curs or

bng the reference point for positioning. In order to be Ole to rcsitlon *he cursor at

nm X.Thsre cooriate, t is nleLcssarto" cou':- :nl 11; L 2 1' ut L,:. C!, F'

addresse, s In v-ideo RA.\NI. Additional',%. th!,_,c __ ~n. ' o ::\~ of, the,

* . .s~ur,,or nt'ay eur an additional by)te ofi n o' et2r2 'i

rewaeadeeus rrm therete "pOrmain '. itab e e I: ~ I

LUr' Jr Cte II, Cear l-C iur C!ud of a Cyt. :m Ite nc.mt~ 'A. 7V2....

:anM c ur or -Ceiter 'vil mlt -be requ~rcd t dI'-,- 1'; tC Lursar.

L -A



cursor. The algorithm then uses the X coordinate to determine which of' the ei~ht bit

Vpositions within a byte roresenits cursor centecr. Thlen crne ot' C:ghl pos,,i! H:

patterns is genera ted to represent the cursor. Resemtie a cursor requires tess progrm

steps since a block of' seven relativke byte addresses are erased without repards ,3 th-e

exact position of ilhe cursor within the block.

JI,

-

'.e



III. PERFORMANCE AND EVALUATION

A\. DEMONSTRATION PROGRAMS

Four is--uo prrams arc pro~ ded in Appendices B-E. Those progrums

cr .% 1-> i.c _se r S gzut in Aptpendix A. xill aid the user in writ ng graphi :s

~re ramsus:ng the .\da language.

l. Prograin AGTESTI

Pre Am:GTESTI dasa test pattern demonstrating the use of- co!Or

sc~czcn nc~rxin. irce raing ad llmai. This test uses ADAG RP--I I

............ L OLR. SETCLRSCIRC ED,\WL IN FB DU.NDA R YI -_ I LL. a

.R E. F I LL.

* 2. Prog~ram AGTEST2

Proram- AGTFEST2 dra~ws a pattern consisting of two sets of' curves anid a
.p.color wheel illustrating) the eieht available colors. AGTEST2 uses ADAGRAPH

procedlure.s COLOR. DR AW_ LINE, DR-AWNI LINE. CIRCLE. and AREAFILL.

3. Program AGTEST3

Progzrami AGTEST3 demonstrates Interactive control of the graphics cursor.

*The us1,er is asked repetiti\ clv to enter ain ( X.Y) coordinate. The prograim then dlisplays

a cursor centered at that coordinate and erases the previous cursor.
%4 Program AGTEST4

Prog7ram A-GTFST-4 becins by drawinue a circle of' the arproximate mlaximum11

area "cpo in :~ ell enq uarce Inches) that can he tilled by a silnelc call to one Ot'

the fill procedures. It then filils the circle and goes on to demonstrate how polygons

ma% be drw bI setn rsti ndvuapIxes It also demonstrates filling an area

c:ontatnineAL an ot1iect. -\GlEST41 u S A DA GRAP\11-l1 proceduires COLOR.

STPIXEL, RESEIXL 0ICE I~U \DA I"Y_ F I LL, anild A R EA II LL.

B. ADA GRAPHICS LIBRARY LIMITATIONS

The .\da A r ;L ic lirarv 1r1cre in hl, thsi as de url ed is i rrort'. -c.

Li:n::a ;n -1 1 thle Iihaxpoe'~c ounot ca s onuian rlm heus:-

ao~l 1 a tile uienc cntdinl the users "nd .1iJ \ ppeiidi x A) 11-c kllyved. I1 he

onlko 'rae'rs ~c a c i.C a caat ' elure 1! limi1ts lrc :.

d0. u0'. T c f11 - Le l'1- , TI f: ,



,approximately seven square inches. Even tilling a seven square inch area may cause an

' " error if'the szarzing oint is not near the centcr of the area. I lowever. if the user wil

1""nit the rize of' contizuous areas to e filled to approximately '-4 square inches. then

the probabiiity of ti',lures is ver low. ihe reason tor this limitation is that the ,ill

routines are implemented as recursive procedures. .-\s a recursive procedure. each level

of recursion requires that three more parameters be pushed onto the system stack.

.\tt r ti,- to ,ill -oo i ae an area smplv results in a stack overflow.

Another area of'inconvenience for the user may occur in attempting to ue tlhe

graphics library along with other libraries. e.g.. the standard 1 0 library. The standard

1 0 library procedure GET automatically causes scrolling of the display screen by one

character row each time it is executed. This is an obvious problem when used in

concurrence with , fixed position graphics display.

C. H/Z-100 HARDWARE LIMITATIONS

A potential problem area For the user is due to the linited number of color I S)

available For display. This may be particularly inconvenient when writing interactive

programs using the graphics cursor or any other symbols which are to be moved within

the display. Management of movable objects can become very costly in terms of both

processing time and amount of' program code. The H Z-100. while comparable to

many other microcomputers, is still quite slow in displaying a complex graphics picture.

One method of optimizing the management of' moving objects in the display is to

restrict those objects to a dedicated color plane. If this is done, then updating the
position of'a moved object can be done without disturbing the graphics objects defined

in the other color planes. A disadvantage of this approach is that there are only three

4.% color planes available to begin with and by dedicating one color plane to something

like a cursor reduces the colors available For other objects from eight to four.

D. TIMING MEASURE ENTS

Table -1 provides a sunmmar' of timing measurements performed to determine

average graphics processing times for the most critical operations. Times represented

in the tale are averae ti1mes that one would expect to encounter it a cal1 t .\da
raPhic rCcedur n rainz a rPhics picture.

-lhe fill procedures arc quire siow due to the large number of stCp- in ol ed in

.tstiai. a1i, scttirz eah pixel and the additional o erhead related to a rc . r-;',

iprocedure. Ihe M inung dil erencc , between dravinig hor.ionta 1 vertial :, ,d

J.1

V -. . . . . . . . . .



TABLE .4

PERFORMANCE RESULTS

Oneration Time per Pixel (ms)
Fil 3

-. Draw Line
Horiz./Ve t. .54
Diagonal .64

* Set/Reset Pixel .58

diaconal hes is due to the two additional cases which were implemented in the line
drawing algorithm. Those cases were added to handle the special cases where a line is

either vertical or horizontal. In those cases, since the slope of the line is not ueCd In
V plotting the line, less calculations are required than when plotting a diagonal line.

Setting resetting of individual pixels by all of the grapoics procedures Is slowcd

by the overhead in address calculation of the bit mapped display. This is prinmarily a

weakness in the design of the video processor of the H Z- 100. However, it would be

interesting to see ifa significant speedup could be realized if a lookup table was used to

aid In pixel addressing instead of a pure mathematical addressing algorithm.

.N

.1',

.4.'.

.. ,.N

fl,1"2
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IV. RECONINENDAT"IONS FOR FL..TURE DEVELOPMIENTr

2 Dev-elorimn t and nne n ato01d"Ileren t 1 0. rrocco ore I~trc~
cc iith~ 'a:Iia a ia>displav to relace :nos !11 o ~ano

uobrarv. III partlc:uiar. these procedur1es ShOuid allIow p iaccnent )I
aloriaunte s mx nok It ain screen coordinate,(. not 'ust ti c ;Ji.

&L~ri~tx O~ n~tsAn-. 01r'l: 1 te 'coeI sac J L11i so e <t*r2 tin:Cthe co tro' l -i the Iser 1,0o-rllI.
{> ~ ~ ~~ 11)1!;,* r - rj~l 'om1- oj the existinz nroCe C r FreLnm

ustivx to,, aIitonal nicmorx required?

4 The Ic, i I I I tx of' do' eloping and imnlomenlting a sahlet of the GK S st ,,ndzrj
,I, a ci cf ib~trd tioll L11eth imtie pros idec In ti-e Asi grapmuc

f The Feas~ibility of net-working two or more H Z-100T comrputers to 'ro\v"4c
:neat\eorror e:onimurlni onl one sv, ctehm ci i,
cisma or' or1 Llr l'r.'o' a'L~

6) The feasibifitx of' modifxin2 the structure of- the Ada 2raphics libr sr' so that it
is compatibic wth tne %,S-DOS operating system hostcf oi the II Z- 101),

4.e



V. CONCLUSION

1-ti "Is l'rlr '%-~Ci . 1'; .ol U.e MO' f th pri21C t the-1 I C. i

* "nla,- as a' ' :2>io~ Jtie . achine deenen Aa xgeapis lut dr ,,-oui::' Xc

diie thn 1c 1 Zrance art e not ecoeni ie w stmnors Li full x n er. ne anat t lie G

I-. .. "c .lle . f tirle ;: niIr)d. The ) aine ieilt its S! a :ncnc .I t" r t\-

WA '

p.502~0ern~s baxwol b '- oue otofteprsn Aicihs
* - . to nte~ja A~tt tle i 7-It uarioir. Te iip~ee~:at~o 1 . (
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APPENDIX A

U~SER'S GI DE

-% 1. INTROUCTION

e .a:~1~N~roe~krc\areU\ 1 oiNe to the u~cr. These rroccJr,.>.1

in~~J:'. AD.AG R.\PH.LI B . i is !'10 C!1 1 'cnth \Ic ler:a~ a~~c

.\FtJ..esB-C "rx Jt~ir examnple pr-ogra.m.s Jcmonstiatirig the 1'Ligeo a~

.1'S

(2) COLR(ool or code: in :N770ER)

(3) INOUIRECOLOR(x-coord, y-coord: in INTEGER;

-~color-code: out :N:'\'-ESER)

(4) SE7_PIXEL(xcoord, y coord. in INTEGER)

(5) ?ESE:?T:XEL( x coord, y coord: in ::GR

()DRAW_ INZ( x- start, y-start, x-end, yend:

in INTEGER)

() RAWM:NE(x-start, y-start, x_end, y-end:

..n :';TEGER)

(9) c-:FP'r.(xcenter, y_center, radius: in INTEGER)

(9) BrDAYELxcory~coord, fill_color,

boundarvco-or: in ::CR
(1) -- 77L-(xcoord, ycoord. fill-color: in INTEGER)

S) SET_CU:RS( x_coord, y_c-oord7 in- !,r7GER)

S' T) d.. y73 c~cr. yoo r d: i n I IT --EER)

F~~~ ID 2 L2U\ -:: ~ ~ I.tI \OLcaleo thc :Vj.l Ii

. (LEARIN(, 1111 SC(REEN

Ze I L



advantage of' a b-,uilt-in hiardwvare f eature wich allowvs resett ng all of vi'deo RAM\N in

.One t-ane per~od appro\:mIiatelv I0. (W s.

-; -- Clear thle Zcn--en

CLS:

3. COLOR SELECTION

Thie fH Z-1I I ,) hias th1e cairahiiitx of' disnla%-in2 ur to eiglht different colors. Color

* ect~r~is pertibrnied '% callin, proce.dulre COLOR and passing a color code

paranmetcr :dcn th inc te de rJ olor. Talble 5; lisis thle colors available and thcell

resccvecolor oce. Black is not li, ted As a color option since it is thle only color

'A'ucn' is displayed b%, reselting. a l~ixel. I.e.. writing a 'Uto thiat pixels corresponding

ill %11:Cnv.ue R.\1N. V\.l Lte olors are Ji, rluycd 11V WrMitto a Iin thle

app.-pr ,aie reiti\~ C d"'-UC- oi theI c0,0r planeCs retj1:ired to prodLIcC thie desired color.

If' a peiis to be reset to black thien thle RESETPIXEL procedure shiould be used.

-- Sct ste cl0or to ireen

CO LO RI

TABLE 5

COLOR CODES

COLOR CODE COLOR

0 white
1 cyan
2 magenta

ye-,low
5 green
6 red

4. COLOR TESTING

I.: c rnc cc rto.hh apatcctt\e A c 'i r'c.c

r Ie at", t.' ~v~aC, ' 1C'' Ct

N4 IL 4r!



INQUIRECOLOR(59. 60. color :

5. PIXEL SETTING/RESETTING

Procedures SEI _ INEL and RESETPIXEL are provided For controlling

* individual pixeis. Procedure SET_ PIXEL accepts an1 NXY, Coordinate as input

parameters and sets the corresponding pixel to the current system color. Procedure

RESET _PIXEL accepts an NX.Y) coordinate as input parameters and resets the

corresponding pixel to black.

--Set pixel at location Th7(.;1) to current system color

SET -PINELK-. 50):

--Reset pixel at location I 5) to blaick

R ES E TPI XEL i50. Sfl

6. LINE DRAWING

Procedures DRAW_ LINE and DR-AW_ NIL INE are p~rovided tfor dra-,inaI hles.

Both Procedures acceCpt as) input parametiers the t N.Y) coordinates, of' zhe end points ot'

a line. A- line of' the current sy,-Lell color iS then1 drawn1 co1nCt1T1n 71h0e end 'om

If' procedure D R\AW LI NE is used, then Intersecting lines will1 b e dis piaved ,vith the

last line drawn on top. If procedure DR-AW_ NILINE is used for drawing lines then

thle color at the point of intersection of' Intersecting lines Isthe comibined color of' the

-ni.da lies

-- Drawv a tine from coordinate ( 100.50) to

--coordinate (2(.('.-;5). This line will be
-rawn on top of any line it ineecs

DRAW _LIh 11i 1. 5(). 21)() -5).

--Drawv a line from coordinate ( 100.25') to

-oordliate 10 P)A5). This line will In
-crsa", the point of .1ntersction with

-- a :nes thtit intersects.

DRAW- _ N I\ l)o. 25. 10. 15:

CIRC(LE DRAWNING

l~:.2arcc~~le'.~idra'Av a1 circ of' thle present system color. Inp ut paranictcr,

to~ ~ ~ ~~~11 L' cd~ nluea . oordinate idcntilA ML, the cirLcs Lcenter ostn

a:usle C> c.i o edIn unit s based onl thle numiber of F pxels ((4()) in the N Ails

35



of te vdeodisplay. The circle drawing algorlthrn draws a circle with automnatc

correctilons nudWe H -eu on the 11 lnear 2i1\el ratio i -:1 of' the color monitor, .o.. tue

ju ~circle radius is twicet as man;v nixels in the N axis as it is in the Y axis.

--Draw a c:ircle ct' radius 5o _,nis and

-centered at coordinate 3(n) 10)

K CI R.CLE Sin,. IH), 50):

S. AREA/POLYGON FILLING

Procedures BOUNDARY_ FILL and AREAFILL are available to perfoCrm

tilling operations. The user is Cautioned that the filline: al~orithnillI has anriper linut1 on1

the size of' an area (airroximately seven sqjuare inchies which may be filled by a singlc

call to either of' the till procedures. Larger areas may be tilled b% Pa rt-,It:ionina te

larger area and ti11hng the ind.vidual partitions. The user L,11 generally avoid probrlems

by lin-i ting all tills to a contieuous area of' not more than 3-4 square inches.

Procedure BOU\DARY_ FILL accepts ais input parameters ain \N) coordinate1 1

identifyving the starting point, a till color code. and a boundary color code (Table 5,.

The nrOCedUre beginms 1,lling from the starting N .Y) coordinate and sets al i els

witLhin the delined boundanx to the designated fill color. The boundary must be a
.sin~1e color defined by the boundary color code.

* Procedure :\REA_ FILL accepts as input parameters an NX.Y) coordina1"te

idcnti:Iinsz the startin2 point and a fill color :ode (T able 5). The procedure starts at

the input ANY) coordinate and sets all pixels in a contl'21,ou.s area which are the same

color as the pixel at the N.,Y) startin2 coordinate to the specified till color. Th:,iN

Procedure cain till1 an area which Is bounded hv Jitl'erent colors since fillin2 is se oni

the color of the area to be filled.

--IBeeinninu at coordinate (50.75). Fill an area

-- ~ihblue that has a red boundar',.

BI0 L NDA RY_ F IL L(5() 7

--Fill a cont12eaous area With e2reen. An Internal

-- pr'oint in that area is coordinate It)() 11m).

I.(IR~R IQ\ R (11

l~tccJ,.rN SlT l RS andl RLSL1 ('RkS arro'. ded for curer .ut ro. I h

&.:or 2:,rKC bythese prOLeda"res P, . 'I hie _C11I!er I ti1C rs

4.%



-se as* a. rr -e- r e- is

used s a eeec point tfor cursor placement. All rranagement of' :ursor di'plax -

-e\'"SlitYvt of' ,!hC user. Thiuro s simpl%- ~a :r1hc ~:,-Jool w~

Liser .. JV dij a a'd ers.The numlier oF v curso symol whi. a'; be ipa:J

ar, "01:1t "n tme ,; determined sojelK by the user s, prcxrami.

Procedure SET CURS accepts as input anN oriaeadd spiv

cursor sym,,bol of' thie present Color at that CoorIWatC. Proce"'ure RESET CURS

cetsas nptan N.Y) coordlinate and resets; ai bloc(k of' re Mie memor' idr>

ietee at me corep1dn \. or~ae he clor p-ne a:Ve1e -

dleterinned by the present svstem color. It is suggested that It' the user desires to use
tue cursor as a backeround svimbol then the c~ursor color should be restricted to a,

'ctce eor laered. creen. or blue) that is !c~ae o c-ursor di~plhav. IfI this ;s :)ot

acne ~ ~ ~ SL111" tunannnenintshm ust beimpe-en inheur rcrmt

maintain the intezrit\' ot'non-cursor graphics data when settng, resett: ng the cursor.

--Displav a green cursor at coordinate I(1.). 1!wc.

COLOR5:

SET_CURSi 150. 100):

--Erase a ezrecn cursor at coordinate (5o, 5).

COLOR(S ):

RESET CURS(50. 7_):

me;



APPENDIX B

GRAPHICS TEST I

* WITH I0, UTILADAGRAPH;
PAC KAGE BODY AGTEsTl is

7SE:o UTTL, A DAGRAPH;

-- 7~: SRCGRAM DRAWS ATES: PATTERN TO TEST CODLOR SELECTION~,
-CRSOR SETN, ICETR;IG, LIE7;<IO ARE ILIG,

- -AD SONDAY 7ILL7IG

x pos, y pos: integer;
i; : cFaracter;

x 7_:os 320;

-~color(5) --GR E:I
set curs(300, 135);
c olor(3), --BLUE

-D RAW A CICL
C4rc e 3 O 0 ,14 )

-DRAW A RECTANGLE
draw-line(153, 31, 442, 21)'

li1ne'442, 31, 442, 75
-. raw li*e(42, 173, 1583, 1,.;),
A, raiz7-line,1;3, 173, 153, 31);

--DRAW A CIRCLE AD FILL IT
circle(300, 102, 40);
area fillO(300, 102 ,3);

- DRAW AN IRREGULAR-: POLYGON AND FILL I T

draw-line (30,22,84,50);
draw-line (34,50,17,42);
draw line (17,43,20,20);
bound-rv il5,3,,)

--DRAW A TRAGEAND FILL IT

area_;l' e50,120,2>.);

color(2); -MAGENTA
--RAW A RErTMIG E

draw li-i 10, 10, 590, 10);
dr l ine(590, 10, 590, 205)

dra, i'e 590, 20' 5, 10, 205);
draw 1 e 205, 20, 20);
colors);

- DRAW A RECTANGLE WITH DIAGONAL LINES
draw 1'-'e'2CO, 52, 4,0, 52).
draw line(4C0, 52, 40-, 1525
ira- *V,-in I40C, 152, 200, 152);

dr'-_in(20.0 , 152, 2>1-, 52);
r a n 5 2 ,4,00, 152);

end AGTST7



4APPENDIX C

GRAPHICS TEST 2

WITH :0, UTIL,A:AGRAFH7
A BOY A3EST2 TS

UsE T" ..... ADARAPH;

............• RCSzS THE LINE DRAWING, CIRCLE,
-,A AREA ............. COUR-ES TO PRcDUCE A PICTURE

-- COL ?R D :UR;E S AND A COLOR _HEEL

. x, v, ,ccl] integer,q'2_:character;
ze;:n

"CP TO DRAW CURVE 1
for i in 0..63 loop

x = * !0:
2 39 vI.raw~mine~x ,0 y2);

V y - 2;
1 :y1 + 3;

end loop ;? : 0;yl

color(1I$
--LOOP TO DRAW CURVE 2

.or . in 0. .63 loop
630 -(i*10);

v :=139 - V!;

draw m.rlne(x, y, 630, y2);
y y + 2;

In ' 1o~ + 3;~enZ loon ;

-- DRAW A COLOR WHEEL
color(0 --WHITE

circle(320, , 100);
draw ine '320, 100, 320, 200);
draw-line 220, 150, 420, 150)
drawline (249, 115, 391, 185
draw-line(391, 115, 249, 13;aea'_1(355 115, 0); --COLOR 0 = "H TE

area _11 ( 91 140, 1); --COLOR 1 = C'7:I
area_ Ili(3 r, 170, 2); --COLOR 2 =

area f_ 1±(330 135, 3); --COLOR 3 = BLU:
are-fili(3O, 185, 4); --COLR 4 = YELLO
area _ _71 (249, 160, 5); -COLOR 5 =
area.fill(249, 130, 6 --COLOR 6 = RED

encfAES-2;

V

.1

:I



APPENDIX D

GRAPHICS TEST 3

WITH 10, UTIL,ADAGRAPH;
.- PACKAGE BODY AGTEST3 IS

USE 10, UTIL, ADAGRAPH;

-- THIS PROGRAM IS USED TO TEST SETTING AND RESETTING
--OF A GRAPHICS CURSOR. THE PROGRANI REQUESTS CURSOR
--POSITION INPUTS, ERASES THE PREVIOUS CURSOR, AID
--DRAWS A CURSOR AT THE INPUT (X,Y) COORDINATE

i integer;nts eos, x old, v old : integer;
, DOS , V ,O -- _

begin
CLS;
,_old 0; -- INITIALIZE X & Y

] old 0;
for i in 1..50 loop

put('ENTER X POSITION ");
get (x os);
put "EITER Y POSITION ");
get y_9os);
color(5); --GREEN
resetcurs(x-old, y-old);
set curs(xcos, ypos);x o~d :=x pos;

y old y= y_pos - 13;
end loop;

Ky end AGTEST3;

.1*

'.440

.. :a-.



APPENDIX E

GRAPHICS TEST 4

WITH 10, UTIL,ADAGRAPH;
PACKAGE BODY AGTEST4 IS
USE 10, UTIL, ADAGRAPH;

--HSPROGRAM IS USED TO DISPLAY A CIRCLE OF THE APROZ24ATE
-- IMUM AREA THAT CAN BE FILLED BY A SINGLE CAL TO ONE OF
-- HEFILL ROUT72'IES. IT THENI DEM!ONSTRATES FILLI"NGAD

- -RAWNGOF POLYGONS USING ONLY THE SET-PIXEL AND RESETPIXEL
--PROCEDURES.
x,.y :NTEG7R;

ut character;
begin

CILS
-- SEL-ECT COLOR

coicr (ID); -- WHITE
-- DRAW A CIRCLE4

circle(300, 102, 115);
--FILL THE CIRCLE WITH RED

boundary fjll(300, 102, 6, 0);

- -DRAW A RECTAN!GLE US:N',G SET PIXEL
for x in. 250. .350 loop

set pi.xe. (x, 77);
setpixe1 (x, 127);

end loop;
for yin 77..127 loop

- A set-pixel (250
setpixelff(350:

end loop;
-FILL THE RECTANGLE

area_fill(300, ')J2, 5); --COLOR 5 GREEN
-- RASE A RECTANGLE USING RESET PIXEL
for x in 280. .320 loop

for y in 92. .112 loop
reset..pixel(x, y);

end loop;
end loco;
area-_ ill(375, 102, 2);
color(_);

end AGTEST4;

%

%



APPENDIX F

SPECIFICATION PACKAGE

PACKAGE ADAGRAPH IS
-- REJRNADDRESS VARIABLES

R D: :RE RDETLETIRE_ INTEGER,
7 E 7 LE:SPERE:_ CPE::N:EGER;

a -F.5-S1 , S 2, S_SOURS_4: INTEGER;
X LOC: INTEGER

-- ,7 POS T N -NID G. IMERAIL PURPOSE VARIABLES

'CS: OS-L.- DLT 7,IN T C7R: INTEGER;
R--' R=7 'I- EGER;--

P C2 L R, B - 0L 0R : :IT E GER;
SY51 E" S TATU S

5 'iS ST T 1 1EGER;

- ESEGMENTIE INTEGER;
--- R ? _7SA- RSS

*Cor PL ADDR. 1uIEGER;
COLl STAT,*SAV COL2_STAT,SAV COL3_STAT: INTEGER;

:3: -37:, :r -7Z7 r7_PC -::rGER;
:L - OUTIN;tE CDNUTOL VRA

*COL I UXj: INT EGER;
*- -GRAPHICS LIBRARY PROCEDURES

PROCEDURE CLS;
*PROCEDURE COLOR(color-code :in INTEGER);

PROCEDURE SE-T_CURS(xopos, vpos : in INITEGER);
RDEDURE RESET CURSxccs, ypos : in INTEGER);
PROCEDURE DRAW_-LINE~x start, ystart, xend, y-end :in INTEGER)-
PROCEDURE DRAWMLINE(x start, y-start, x end ,yend: in INTEGERJ;
PROCEDURE CIRCLE(x Fctr y-ctr, radius :.In INITEGER);
P;ROCEDURE INQUIRE CDLOR(xps ps:i INTEGER;

coYEr : out INTEGER);'
::','CEDURE 3CUNDARYFTLL(x~os y cfClr ~oo

in IN TEGER);
PROCEDURE AREAFILLx _ pos, ypos, t~coior : inl INTEGER);

V.PROCEDURE SETPIXEL (x oOS, Y-pos : in INTEGER);
PROCEDURE RESET _PIXEL x Dos, y~pos :in INTEGER);

E11D A:AGJRAPH;

J,

% %
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APPENDIX G

ASSEMBLY CODE LISTING

PACKAGE ASSEMBLY ADAGRAPH
JNP MAIN

;?ROCEDURE CLS IS USED TO PERFORM A CLE-.R SCREEN OPERATION
PROC CLS;

PUSH AX
IN AL, OD8H ;SAVE VIDEO STATUS
PUSH IX
"OV AL, OFH
OUT OD8H, AL ;BLANK THE SCREEN
IN AL, ODBH
A,:ID AL, OFTH
OUT ODBH, AL ;SET SIT 3 = 0, iI AL, OD9H
AND AL, OF7H

- OUT OD9H, AL ;ENABLE CLRSCRN SIGNAL
1N0V CX, 66a0 ;:NIT COUNTER FOR TIMTE DELAY

DELAY: N'C? T 1E ELAY TO ALLOW VIDEO PROCESSOR
LCP DELAY T; DE TO CLEAR VIDEO ME1ORY
IN AL, OD9H
OR AL, OSH
OUT 0D9H, AL ;DISABLE CLRSCRN SIGNAL
POP A:
OUT ODSH, AL ;RESTORE SYSTEM STATUS
POP AX
RET

END PROC CLS;

;PROCEDURE COLOR IS USED TO E:NABLE COLOR PLANES TO PROVIDE THE SELECTED
;COLOR AND THE E SEGMENT REGISTER IS INITIALIZED TO ALLOW WRITING TO
;THE ENABLED COLOR PLANES.
PROC COLOR;

POP DX ;SAVE RETURN ADDRESS
POP A. ;GET COLOR CODE
PUSH DX ;RESTCRE RETURN ADDRESS
A C, 7 ;,ASK COLOR CODE TO SET STATUS FLAGSJliz COLORI
MOV [COL_PL1] OCOO0H ;COLOR IS WHITE
S NOV [COL_PL2] ODOOH
NOV [COLPL3] 0E0O0H
JNP E7IT COL

COLORI: SUB AL, 1
JNZ COLOR2
NOV [COLPLI], OCOOH ;COLOR IS CYAN
NOV COL-PL2] OEOO0H
NOV LCOL-PL3 , CEQOCH
JNP EXIT COL

COLOR2: SUB AL, 1
J3z COLOR3
-OV OOL- PL1, OCOO0H ;COLOR ISrMAGENTA
OV COL FL2] ,DOOH

OC'OLPL3 0DOOOH
J*P EXIT COL

COLOR3: SUB AL, 1
Jilz COLOR4
0OV O [CLPLI] OCOOH ;COLOR IS BLUE

jCOL-PL2J 0CO00H
0 COL-PL3 , OCOCH

J"IP E7IT_COL

V L ...., • "-



COLCR4: SUB AL, 1
COLOR5

!oV CCL_PLI , OD000H ;COLCR IS YELLOW
:.OV I CCL-PL2] -O000H
MOV I[CHLO L3-  CE3O0H
NP EXIT CCOL

COLCRS: SUB AL, 1
JNZ COLOR6
NOV CLPLi ,0EOCH ;COLOR IS GREEN
1OV KOL-?L3j, OEOOOHN;[( OV ~ LL-L3 C EOOOH

:11P EXIT COL
COLCR6: SUB AL, I

SNZ EXIT COL
[C3L PL], 0DOOH ;COLOR I5 RED

_.Oq'] [COL-PL21 , CDOOH
MOV tCOL PL3, ODOOOH
7N:,P EXIT COL

EXITCCL: NCV A, 73H ;DISABLE SIMULTANEOUS WRITE
0U: DBH, ALPE:

E:D PRCC . . . . . .

;PROCEDURE RESET CURS IS USED TO ERASE THE GRAPHICS CURSOR
•A, (X,Y) POSITION IS INPUT TO THE PROCEDURE AND THE A BLOCK OF
::A;RESSES iS CLEARED AT THE CURSOR LOCATION

* ?ROC RESETP--R
NOV SEG-ENT_El, ES ;SAVE SEG E STATUS
POP AX ;SAVE RETURN ADDRESS
POP Y POS] ;GET Y POSITION
PUp AX-POS, ;GET X POSITION
PUSH AX ;RESTORE RETURN ADDRESS
PUSH 

[X POS]. PUSH [Y POS]

CALL ADOSL ;ADJUST Y POSITION TO A DISPLAYABLE
CALL RELVID_ADDR ;SCAN LINE & GET VIDEO ADDRESS
POP BX
CALL BLANKGCURS
SUB BX, 1
CALL BLANK GCURS
SUB YPOS], 1
PUSH X POS
PUSH [YPOS]
CALL ADOSL
CALL REL_VIDADDR
POP BK
CALL BLANK GCURS
SUB [Y POS], 1
PUSH X POS]
PUSH PS
CALL ADO SL
CALL RELVIDADDR
PCP BX
CALL BLANK GCURS
ADD "-Pc 3
PUSH :_POSPL:SH y-Posil

7LID_ADDR

7 L .BL NFK GCURS

PPi L"-OSl

-ALL REL 'TiD ADDR

CALL BLANK_GCURS

" " ,- " '. . ', ''-. " . , - '',- -" " " ,' -" "'." '" .- ' -. " " 2 ,Z '" '', ," " " v ,' . " .'" -" ' ' '" " " " "¢ . ,''44" 'i -



MOV ES, [SEGMENTE] ;RESTORE SEG E
RET

END PROC RESET CURS;

,,C-DURE .BLANKOCURS IS USED SY PROCEDURE RESET_CURS TO ERASE A CURSCR
PROC BLA..K_-CUR..

:'OV AX, [COLPL1]
:.OV ES, AX
SE'13 ES
NO [BX1 0

, _PL2)

SEG
"sx] 0,'. .' LCL_PL3]

"!OV ES, AX
E G vES

N,,V [ :Ex 0
RES

EN:D PROC ......_.., 3 OURS;

PR CVUR. SET U USED TO D:SPLAY A CURSOR AT THE I'PUT
; X,Y) POSITOFI. THE GRAPHICS CURSOR DISPLAYED IS A "
PROC SET CURS;

-ALULATE- 1E:ORY ADDRESS OF EW CURSOR POSITION'N- OV [SEGMENT_ El, ES ;SAVE SEG E STATUS
=C AX ;SAVE RETURN ADDRESS
POP [Y POS] ;GET Y POSITION FROM STACK
Pop [X-POS] ;GET X POSITION FROM STACK",PUSH REP'
O S, [O ;REPLACE RETURN ADDRESSm-07 DX, [Y POS]
PUSH (YPosj
CALL ADJ SL
POP BX ;GET CORRECTED Y LINE NUMBER

;THE CURSOR IS MADE UP OF FIVE COMPONENTS LABELED CURS_0 TO CURS_4
iAOiV CURS_0] DX ;PUT THE LINE NUMBER INTO
MOV CURS1 , DX ;EACH OF THE CURSOR ROWS

MOV 'CURS_3] DX
MOV CURS4 , DX
SU B CURS_0) 2
N OV AX, [CURS_0]
-7IS CO

AX, 3
ADD [CURS_0], AX ;ADJUST EACH CURSOR ROW TO REFLECT IT

CO: PUSH [CURS 0 ;DISTANCE FROM CURSOR CENTER POSITION
CALL ADi SL ;WHICH IS CURS_2
PC? [CjRS 0] ;THEN CALL PROCEDURE ADJ SL TO ASSURE
SUB [CURS ] , I ;THAT EACH CURSOR ROW IS-LOCATED ON

OV "1, [CURS_1] ;A DISPLAYABLE SCAN LIME
i1S C1
ADD [CURS 1], 2

C I PUS H CURS I
CALL ADJ sL

L "ADD 1 US

-LL AD SL

A-D C 'UPS 41

PUSH n*
*VCALL REL_VID_ADDR

44
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POP BX
PUISH rx POSI

:ALL VE ::AO

PUSH

PCP ZJff 3T

A::: ,71HAT CUR":SCR B:: --

;:RA;'TH CURSOR BAE- 011 CUSR CENTER BIT FOSIT:ON '.-:THIN A BT
;THIS SPLITS THE CJz OR ACROSS BYTE BOUNDl:ARIES FOR FULL Cr-HRG

'p71;TS OR CUR,-SOR INX7:: -- ;,3

K:r"URS__]
SUB BY, 1

-ALL DIs P Oc "RS
M27 ;.-L, E

..AL.L DI:SP GCURS
INOV AL, OH
MOV BY, [CURS_0]

A:., D'SP 7OCURS

NOVC BY, TcuRs-.31
CAL DISP GCURS
NOV BY, TCURS_4]
-ALL DIS?_GCU RS5

BITl: AU I, ;2EC?.EMEN BIT COUNT11 FOR NIEYT: TEST
=:T2 TEST-5 7ORICURSOR -:I X L PC.

SUB BY, 1
NOV; AL, I
:ALL DIS?_GCIURS

-ALL ::Sp

7 AL 4

%4 A



N!CV 3X, 'CURS-Cl

L 3- C-.-"p5

BIT3: SU I 3:CEMM 3:7CM FCR -E> -5
I~ 5 CURT R .SO R :I : : E: CO S

CALL:s 'Y-7,: OS

..-. S.. 32R 7r

MY? AL, 7H

NOV BK, TC 0s1

-ALL Dlls? OCURS
*moU BX, LCURS-31

CILL DISPOCURS

JNlz BIT6 ;TEST FOR CURSOR IN X PIXEL POS.5
NOV AL, 1EN

NOV B, [CURS-2]
D5?P GCURS

OURs_01
L: DSP GOCUR S

NOV BX, TCURS 1]
CALL DISP GCURST

1! 'J, BK, [CURS 3]
L DIS? GCURS

MC*,' BK, TCURS_41
7:s?_CURS

3IT: SB ALI ;DECREMENT BIT COUNT FOR NEXT TEST
B1T7 ;TEST FOR CURSOR INJ K PIX EL LOS.
AL , OEM

MY.' B, [CURS_2]

L S P-27CURS

:.L SP5?GCURS

B>:, 2URS3]

INX



Mov BX, [CURS_4]
CALL DISP_GCRS
::!? 71X:T

-77 IT3 rO- .L, I
S , CURS 2]

CALL ETSP _CURS'. ..... Z, 7 =.'.'o AL C
' .'. ADD .!

.CALL D?_SPCURS
,NO IV AL, I,,.:cl; Zx , [C QRs_O

-is? SP 3CUS

B::, 7 RS_4 ]

-E: T . RESTORE SEG E

----------------------------------------------------------- -------
..... SET "RS TO DISPLAY A CURSORL-•- F.-~D :S" OSCU'RS"

b, -. >! ',"u . r.

-- - - - - ---------

;D- Sr 5 USDT CORRECT Y POSITION TO INSURE
-THAT7:CCURS 2 ASCAN LINE
.:3 :,r z SL- RETURN ADDRESS

F:? ;.ET Y POSITION

* - :: i

'N5 ADOY
MP- E''7E T SL

RTT
HEU RV RE TNOREC TO THE SITIO

E:DPR ADDOS] RTR RTRLADRS

A ... ;SAVE RETURN ADDRESS
;G7ET POSITION

• '.. J P E:TIC S

S0 H ;TEST FOR Y < '0

7,[E 573 ;TEST FOR U > 376

y _IB NED

-- P- . NVVRETJp ',:A]~* ;S4 RETUN ADRES



NOV BX, 376
YNBND: :.0ov AX, 8H ;PUT SCALE FACTOR IN AX

XL ;. AND SCALE Y BASED ON LINE NUMBE.'R
?c EX "--X POSITION

ITST BN, 8000H ;TEST FOR X < 0
'S TST_X:UPR

TST_XUPR: N.'C ,1 639 ;TEST FOR X > 639
SUB DX, BX
JNS X IN BND
NcV BX, 639

X 7', . C7, 3ND DETERMINIE BYTE X. OFFSET
SHR E, -r ;BY DIVIDING ?CSITON BY 3
ADD Z.,', A. ;ADD X OFFSET TO GET BYTE ADDRESS

PUSH EN'[ ;RETURN RELATIVE BYTE ADDRESS
LSTRV,] ;RESTORE RETURN ADDRESS" ' RET

E:ND PROC REL§"7DAD-

.L.N D- ..D,_ ,N;,TH COLOR IXING FOR CROSSI,:G LINESPROC ZRA:'_:ZE
-cc,

::v-._.I, :ENABLE COLOR M..N:,lG

D'RA LINE ;GO :RAW THE LINE
PUSH [RET_ DML] ;RESTORE RETURN ADDRESS

LNE A;IN3 PROCEDURE ,'',, COLOR MIXING FOR CROSSING LINES

OP [RETDNL] ;SAVE RETURN ADDRESS
NOV [COL-MIX] 0 ;DISABLE COLOR MIXING
CALL DRAWW LINE ;GO DRAW THE LINE
PUSH [RET 5HL] ;RESTORE RETURN ADDRESS

END PROC DRAW. LIN.

;PROCEDURE DRAWWLINE PROVIDES PRIMITIVE LINE DRAWING CAPABILITIES
;THE SUBROUTINE ACCEPTS AS INPUT A PAIR OF ENDPOINTS IDENTIFIED BY

7X COORDI1NATESP R. 3 C R"- .... 7

NOCV B?, SP
PUSH DS

NOV BX, [BP- 3  ;GET X START FROM STACK
,.7 [X StART]" EX
MOV BX, [BP+61 ;GET Y START FROM STACK
MOTl [Y START] BX
,,OV BX [BP+41 ;GET X END FROM STACK
!CV [ END] , Bx
.OVAX, [B?+21 ;GET Y E:ND FROl STACK
NVL r.,lND] , Ax

;TEST ORE.RING OF Y COORDINATES. THE ALGORITHM EXPECTS TO FIAD THE Y
;COORDIATE :: ~INCREASING ORDER OR 0.

S"B ~ x A Y Emo., -
J[.S STO !DY ;,.PIF Y ORDERING OKNXOV 'X START] ;ELSE S,.AP START AND END COORD.
:1 -"7 Ex, [_E:T] . Y START ALUE IS OKE Y -H

:.C"7 [_S TART], BZ ;VALUE. I,i HEN 1CALCULATE DELTA Y.
:::'7 [x El:)D , Ax

N:-V [ START]
:: ; :, S... T , B:,:l

STOD'Y: : "7[ 4YELTA_ ,j A*

49
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AN rx END ;CALCULATE DELTA X
B AN:< r:_START].,., ::o': -ELt., ] AX

IY,, N A

A, st 1 RD ."

".?P-SH [:.PsT A!

A ,EPLOT FIRST POINT
E 1A . SL CH ;TEST FOR NEGATIVE SLOPE

TST ": "=, 7FFFH ;TEST FOR DELTA Y = 0
""2 '- 3

CASE : PO . , ;DRAW LINE FOR SPECIAL CASE WHERE
:

o  ;DX > 0 AND DY =0

"? EXIT "L
C 2 OR 3: mOV AX 7DELTA Xl ;DX > 0 AND DY > 0

,"-,JU[S CASE. 2

CASE_2: MOV AX, TDELTAX] ;DX >= DY
- E.[o0 -D_ NT], AN

-OV BX, [DELTAY] ;ADD IN CORRECTION FACTOR FOR
ADD BX, I ;SMOOTHING
JNZ CCASE2 ;CORR = DX/(DY+1)
:I.lP DRC2

C-CASE2: N1OV A,X]
DELTA XD" i'7 BX

SUB [LERROR], AX ;INIT ERROR VAL. WITH CORR. FACT.

DR C2: MIOV AX [ENDCNT] ;TEST INCREMENT COUNTER
SUB AX, [INCCTR
O NS DR C2C
O,? EXIT DL

DRC2: TT 5 _E7,ROR], 3000H ;TEST IF ERROR < 0
J21S CASE 2C
ADD fX POS 1 ;ERROR < 0

S... PUSH xPos
PUSH [Y POS1

- ,,e, CALL LINE SEG
,OV AX, TL _ERROR]
ADD AX, YDELTA_Y
1Nov L ERRO3R, AT,

ADD INC CTR], I
NP DR C2

CASE_2C: ADD rx-Pos 1 ;ERROR >= 0
A DD Y-POS
"S ? sH P 0 O

ERof I

ADD c -~ CRJl - DR C2

CASE_3: :10 A", [DELTA_ Y! D:.:
[ENDOV EDCT

qRI,

-.:5



NOV BX, [DELTA-Xl ;ADD IN CORRECTION FACTOR FOR

* AD 5 ,MCo-HING
*C 3ZCCASE3 ;CORR DY,' (DX+ 1)

CCASES:X fO M DELTA"Yj

MOV [L ERROR], AX ;TNIT ERROR VAL. WITH CORR. FACT.

DRCS: NOV AX, END CNTI ;TEST INCREMENT COUNTER

3IM? EXIT DL
D'R zCC: LER 7ROR1, 800CH ;TEST FOR ERROR <

-Is CASE SC
ADD DS' 1ERROR < 0

ADY-OS , 1
?U;SH ~ X ?O5]

CAL T:N 7fSEG
AH, 1L-ERROR
A, I DELTAZI
AX, 'LZL.-Yl

7OV 3 ERRCR] AX
:11? D.RC3

CASE SC-: ADD I -pOS I ;ERROR >= 0

PUSH KPO
CALLT :'IF SEGj

ID X TLWERRORJ
SUB AX, [DELTAN]
NOV [LERROR], AX

%ADD [INC CTR] , 1
3MP DR C7

TST DYZ: TEST [DELTA-Y] , 7FFFH ;TEST FOR DY > 0
3HZC_5OR-6

NOV AX, 0FFFFH ;PROCESS SPECIAL CASE WFERE D
SUB AX, [DELTA-X] ;AND DY = 0
NOV DELTA X 1, AX

CASE_4: SUB XPOST, 1
PUSH [NPOS]
PUSH [YPOSI
CA LL LINIE SEG

3M? EXITDL
C_5_OR_6: NOV AX, 0 ;CASE 3 OR 4. DX < 0 & DY > 0

SUB AX, [DELTAN]
SUJB A,[DELTAY]

CASE_ 5: 1-D" AN, 0 ;DY <= ABS(DX)
S 3 AX, 'ZELTA X1

[END2CUT]IT A:."

sx :EC 'Y, :D NU CORRECTION FACTOR FOCR

- A:-: : E RR 'NITH CORR. FAC7T.

CR 3: 1Y 1e' TETI: IEN: COUNTER
0Ax

N000 )4 ~ 7 ~~



JN'ls DRC5C
JMP EXITT :L

* D-R 050: TEST 8L~~'R 000h ;TEST IF ERROR <0

x?7-s1 , I ;ERROR < 0

mc' AN TLERRR
*ADD AX2: IDET TA7

MOV L RRCR A

PUH

ERORR

" 'X CSEE. A Y ~;ABS(DX) < DY

BX, 7ADD IN CORRECTION FACTOR FOR
=X TA.] 5*10OTHIN.

ONlZ C CAS _6 7C0RR =DY/(DX+l)

cOV 'ERRORj, AX ;INIT ERROR WITH CORR. FACT.

AX_ M C'111 ;TEST INCREMENT COUNTER

7-*4 . -

"EMIT -L
DR_:6:: TSrERROR], 800GM ;TEST FOR ERROR < 0

SUjB 'xPF-S ,i ;ERROR < 0

I:,: 7ERROR1
AD AX :fLTA-'-

A-;-C ~ ERROR >= 0

:"-FR

-~~. ;Z-721' PO

v .1

:1;:. d . . ;Z _:..
*~~~,%~~~~* T4 A.. A . . . . . . .



-- wnpu.,'r. '.r. ~ . ------------------------- . ' ---- r~r ww

-)Lz CID-zC C C

NOV ES,_ [CLLPt-R] ;EMABL sE 7C:DCLO
PC? [R-. 'S" ;SAVE RE' :l~
CALL ADJSL ;CONVER7 Y F35. TO D--SLEB7 S.L.
CA L - E7L:D ADDR jSE- X< ( Y CC CAL: L .'

POP BK ~ ~ RECSE :-cL: S R11 BYEA .
MO;AM x Pos] A:o k, Po: 0o: %O A..p

7O DL C OXI.1 T

XBC1: SUB A I

:or~~ CL, -B

XBIT2: SUB AL, 1
jilz ZBI.T3

DOV D, 20Hi

NOV? CU L llDH
XBIT3: SUB AL, I

KT4
4~ NVL, I 11

NOVCL, 07EFH
ONI OUTLINE

XBIT4: SUB AL, 1
ONZ XEITS

'A OVDL, 0
N!OV CL, OF7H

K3S: SU AL, 1

.4. OV DL, 4
NOV CLT, OFBH

ON? OpUT LINE

MC.'DL, 2
N-O V CL, OFDH
-p? OUTLIN

NOV '' H77 "Iv:

L 7:xCTS: :F ':::: ENABLED

:'EAP.- S7LzO,--7 A :oi : ALL
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MOV AX, [COL-PL21
IN-OV ES, AX
S7G ES
OR [s] DL
1-OV AX, tCOLPL3

SEG ES
OR BX], DL
PUSH RET LS] ;RESTORE RETURN ADDRESS
NOV 15, TSEGMENT-E] ;RESTORE SEG E
RET

END PROC.LINE 'SEG,

;PROCEDURE CIRCLE INPUTS X & Y COORDINATES OF THE CIRCLE CENTER
"IND A RADIUS VAL.UE. IT THEN DRAWS A CIRCLE.

P ROC CIRCLE;
NOV BP, SP
NlOV AX B~P+61

MOV[X CTR], AX ;GET X CENTER COORDINATE OFF STACK
NOV 0 X, [BP+4]
NOV r Y -CTRI , AX ;GET Y CENTER COORDINATE OFF STACK
i:OV DX, LBP+21

4 N~OV YL1D GET RADIUS VALUE AND SET
M* IX NO- REL], 0 ;INITIAL VALUES FOR X AND Y COORD.

SHL DX, CL
NOV AX, 3
SUB1; Ax, oX
MOV [P-VAL], AX

CIRCLP: N'lOV Y. YREL] ;TEST IF FINISHED DRAWING CIRCL
SUBJ AX, NREL'
JNS DRCIRC
POP A X
POP BX ;REMOVE INPUT PARAMETERS FROM STACK

'A;POP BX
POP BX
PUSH AX
RET 'EXIT SUBROUTINE

;POINTS ON CIRCLE ARE PLOTTED IN GROUPS OF 8 WITH THE Y COORDINATE
*SCALED BY 1/2 TO COMPENSATE FOR X:Y RATIO IN THE DISPLAY
DRCIRC: NOV AX, [X-CTR] ;CALCULATE POINT 1

ADD AX, DX
No,; [XPOS] , AX
PUSH A
NOV AX,' [YREL]
NOV CL, i
SHR ANX CL

A ADD AX _CTR]
PUSH A
CAL'L ADJSL

PUSH 1-ZPOS]
CALL REL VID ADDR
P USH ( jo S I
CA ,LL CdRPIXEL ;PLOT (NCENTER+X, YCENTER+Y)

NOVA', XCTR] ;CALCULATE POINT 2
A >07 DXLRJ

SUX N, DX
0. C7 [ZP03] , AX

PUSH AX
p PUSH [7 Posl

CALL RELVIDADDR
PUSH [N Ps]

CLL CI? PIX EL ;LOT (XCENTTER-N, CETt)
PUSH [P0];CALCULATE POINT 3

NOV EX, [Y-REL]

A5 
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MOV CL, I.
SHR BX, CL,
N.OV AX, [ YCTR]
SUB A X, B X
PUSH A X
CALL ADJ SL

CALL REL LID ADDR
P USH [xPfos]
CALL CIR PIXEL ;PLOT (XCENTER-X, YCEN 7R-Y)
M*ov AX,: [XCTR I ;CALCULATE ?O2JT 4
MOV DX [ZREL]
ADD AX, DX
NOV [X-POSI , AX
PUSH Ax
PUSH (Y POS]
CALL RELVIDADDR
PUSH [xFOs]
CALL CIR-PXEL ;PLOT (X.CENTER+X, YC4NT E R~
NOV AX, [_CTR] ;CALCULAiE POINT 5
lOV DX LYREL
AD;D AX, DX
NOV [X-POs] AX
PUSH Ax
NOV AX, [X-REL]
NOV CL, 1
SHR AX, CL
ADD AX, [Y-CTR]
PUSH AX
CALL ADJ..SL
SOP -[YP05]PUSH y YP05]

CALL RELVIDADDR
PUSH [x.POS]
CALL CI RPIXEL ;PLOT (XCENTER+Y, Y-CENTER+X)
NOV AX,[XCTR] ;CALCULATE POINT 6
NOV DX, Y-REL
SUB Ax, DX
NOV [X-POS] , AX
PUSH AX
PUSH [Y POS]
CALL RELVIDADER
PUSH [XPOS]-
CALL CIR PIXEL ;PLOT (X-CENTER-Y, YCENTER+X)
P US5H [X - OS] ;CALCULATE POINT 7
NOV BX, (X-REL]
NOV CL, 1
SHR BX , CL
NOV AX, [Y-CTR]
SUB AX, BX
PUSH A X
CALL ADJ SL

PUSH lyP03
CALL REE _VIDADDR
?USH [HPosi'
CALL C:RPIXEL ;PLOT (XCENTER-'? Y7JEN:E-X'
:1-7 'X FX =T?] ;CALCULATE P0::

-, ~ f* ~- P051
P .L 7:D ADD?,

CALL:: P_:YE-L ;PLOT (X:JEP:

TS[P-VAL] 3000OH -,ES- P F -R



JNS PDECY
MOV cL 2 ;P P + (4 *X) + 6

NOVAX: 'XRELJ

,A%7D -PVA L Ax
ADD~ ~ EXE ,NCREMENT X COUNT

C:RCL?
P ECY: OVCL, 2 P:P + 4 *(X -Y) +10

SUB AX, LY-RELI
SHL AX, CL

ADD rpVAL] A

;DECREMENT Y COUNT

~?RCE:PE :p.?XE ACCEPTS AS INPUT A RELATIVE BYTE AD)DRESS AND: All

R;-NM E ,E ;SA VE SEG E STATUS
PC? .tRETOPE] 7;SAVE RETURN ADDRES
PC? IDX ;GET X POSITION

' cp ZX:GET RELATIVE BYTE ADDRESS

AL, 30H

JNZ CPBIT2
MOV AL, 40H

~27 'L, OBFH
CPIXON'

CPB:T: SU DLB:7

Nov AL, 20H
MDV CL, ODFH

:"-! CIXON

CPBIT: SUPBDLT4

7X -,I
C?31T4:CL,

JNZ CPBIT5
AL, F 1

CL, 4F7

ALLX COO INSNTSTCE
SU-E' DL,:1 -

ALf

H



MOV ES, DX
SEG ES
AND [BX] CL
"OV DX, QEQOCH
NOV ES, DX
SEG ES
AND [BXI CL

NOV DX, (COL_PLI] ;SET PIXEL TO DESIRED COLOR
NOV ES, DX
SEG ES
OR (BX] AL
NOV DX, (COLPL2]
NOV ES, DX
SEG ES
OR [BX] AL
NOV DX, [COLPL3]
MOV ES, DX
SEG ES
OR BX], AL
PUSH RET CPE]
NOV ES, TSEGMENTE] ;RESTORE SEG E
RET

END PROC CIR PIXEL.

;PROCEDURE SETPIXEL ACCEPTS AS INPUT AN (X,Y) COORDINATE AND SETS THE

;CORRESPONDIG PIXEL TO THE SYSTE COLORPROC SETPIXEL;
rI oV; BP, SPMOV [SEGMENTE], ES ;SAVE ES STATUS
POP [RET SPET ;SAVE RETURN ADDRESS
NOV AX, TBP+4] ;GET X POSITION
.ov [XPOS], AX
CALL ADOSL
CALL RELVIDADDR
POP BX ;GET RELATIVE BYTE ADDRESS
MOV DX, -XPOS]
AND DX, ;MAKE A BIT IASKii J1.z PBIT!
NOV AL, 80H
MOV CL, 7FH
JP PIX ON

PBIT1: SUB DL, 1
JNZ PBIT2
NOV AL, 40H
'OV CL, OBFH
J1!P PIX_CN

PBIT2: SUB DL, 1
JNZ PBIT3
NOV AL, 20H
NOV CL, ODFH
irP PIXON

PBIT3: SUB DL, 1
JNZ PBIT4
NOV AL, 10H
N11OV CL, OEFH
-i"cip PIX_ON

PBIT4: SUB DL, I
PBIT5
AL, 3

r:O CL, OF7H
J:HP P IX Oil

PBIT5: SUB DL, 1
IiZ PBiT6
N.1OV AL, 4
NOV CL, OFBH
jP PIXOil

PBIT6: SUB DL, 1
JiZ PBIT7
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MOV AL, 2
MOV CL, OFDH
JHP PIXON

PBIT7: NOV AL, I
NOV CL, OFEH

PIXON: NOV DX, OCOOOH ;CLEAR ALL COLOR PLANES AT SELECTED
NOV ES, DX ;?IXEL LOCATION BEFORE SETTI,'G
SEG ES ;PIXEL TO NEW COLOR
AND [BX], CL
NOV X, 0DO00H
NOv ES, DXSSEG ES

AND [BX], CL
.OV DX, CEOOOH
NOV ES, DX
SEG ES
AND [BX] CL
NOV DX, [COLPL1] ;SET PIXEL TO DESIRED COLOR
NOV ES, DX
SEG ES
OR [BX] AL
NOV DX, tCOLPL2]
NOV ES, DX
SEG ES
OR [BX] AL
mov DX, tCOLPL3]
MOV ES, DX
SEG ES
OR [BX1, AL
PUSH RE SPE] ;RESTORE RETURN ADDRESS
NOV ES, TSEGMENT_E] ;RESTORE SEGMENT E
RET

END PROC SET PIXEL,

;PROCEDURE RESETPIXEL ACCEPTS AS INPUT AN (X,Y) COORDINATE AND RESETS
;THE CORRESPONDING PIXEL BY WRITING "0" TO ALL COLOR PLANES
PROC RESETPIXEL;

MOV BP, SP
MOV [SEGMENT E], ES ;SAVE ES STATUS
POP RET RPET ;SAVE RETURN ADDRESS
MOV AX, TBP+4] ;GET X POSITION
mov XPOS], AX
CALL ADJSL
CALL RELVIDADDR
POP BZ ;GET RELATIVE BYTE ADDRESS
NOV DX [XPOS]
AND DX, ;MAKE A BIT MASK
JNZ RBITI
MOV AL, 7FH
JlP PIX OFF

RBIT1: SUB DL, I
JHZ RBIT2
1OV AL, OBFH

7,.1 P PIX OFF
RBIT2: SUB DL, i

JNZ RBIT3
1"NOV AL, ODFH
i:lp P1XOFF

RB1T3: SUB DL, 1
JZ RBIT4

AL, DEFH
JI? PIX OFF

RBIT4: SUB DL, I
., 3Z RBIT5
NOV AL, OF7H
JNP PiX OFF

RBITS: SUB DL, I
Jl3HZ RBIT6
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NOV AL, OFBH
JNP PIX OFF

RBIT6: SUB DL,
JNZ RBIT7
MCI , IAL, OFDH
JNP PI _OFF

RBI7,. NOV AL, OFEM
?FIX_OFF: MOV DX, CCOOOH

NOV ES, DX
SEG ES
AND [BX], AL
MOV DX, ODOOOH
,OV E, DX
SEG xS
AND [BK], AL
NOV DX, QEOOOH
MOV ES, DX
SEG ES
A' ,D BX], AL
PUSH [RET RPE] ;RESTORE RETURN ADDRESS
NOV ES, TSEGHENT E] ;RESTORE SEGMENT E
RET

E..D PROC RESET PIXEL,

;PROCEDURE INOUIRECOLOR IS USED TO INTERFACE WITH HIGHER LEVEL ADA
PROGRAMIS IN ORDER TO HANDLE I/O PARAMETER PASSING

PROC INQUIRE COLOR;
-ov BP, SP
PUSH BP
PUSH [BP+6 ;PUSH X POSITION
PUSH LBP+41 ;PUSH Y POSITION
CALL INQCOLOR ;GET PIXEL COLOR
POP AX ;COLOR VAL RETURNED
POP BP
MOV BX, [BP+2]
MOV [BK], AX ;RETURN PIXEL COLOR
RET

END PROC INOUIRE COLORi

;PROCEDURE INQ COLOR ACCEPTS X & Y COORDINATES AS AN INPUT AND
;RETURNS THE PIXEL COLOR CODE OF THAT LOCATION
PROC INQCOLOR;

NOV BP, SP
NOV AX, fBP+4]
M-oV [X POS] AX
POP [RETIC] ;SAVE RETURN ADDRESS
CALL ADJSL
CALL REL_VID_ADDR
POP BX
PUSH [x_POS]
CALL X 'ASK
POP CX ;READ MASK
PUSH ES ;SAVE ES STATUS
mOV AX, OCOOOH
!OV .S, AX
SEG E3
1OV DL, [BXJ ;READ DATA IN BLUE BIT PLANE
AND DL, CL ;TEST IF BIT SET
:1 B1

J:IP MO_B
BI: '0O AX, ODOOOH

"071 ES, AX
SG ES

I DL, [BX] ;READ DATA IN RED BIT PLANE
IDDL, CL ;TEST IF BIT SET
JZ B2

JHAP BNOR
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B2: MOV AX, OEOOOH ;RED IS SET, TEST GREEN
:!OV ES, AX
SEG Es
,CC 1L, [BX] ;READ DATA IN GREEN BIT PLANE
AND DL, CL ;TEST IF BIT IS SET

N:1Z B3
2:? BR NO _

B3: ":V .X, 0 ;COLCR IS WHITE
JON? XIT IC

BRNOG: MOV AX, ;COLOR IS MAGENTA
JHP EXIT_ICSNOR: OV AX, 0EO00H ;BLUE IS SET, RED IS NOT, TEST GREEN

ES, A:
SEG ES
.:N ., [BX] ;READ DATA IN GREEN B'T PLANE
A1D DL, CL
JNZ B4

?JP B NO RG
B4: CV AX, 1 ;COLOR IS CYAN

2:P EXIT IC
B_NORG: 1OV AX, ;COLOR IS BLUE

J'NP EXITIC
NC_3: !CV AX, D000H ;NO BLUE, TEST RED

1OV ES, AX
SEG Es
MoV DL, ;READ DATA IN RED BIT PLANE
AND DL, ]
0hZ 35 ;RED IS SET, NO BLUE, TEST GREEN
i-P NO BR

BS: MOV AX, CE000H
NOV ES, Ax

MOV DL, [BX] ;READ DATA IN GREEN BIT PLANE
AND DL, CL
JNZ B6
fimP R NO BG

B6: MOV AX, 4 ;COLOR IS YELLOW
JO!P EXIT IC

R NO BG V AX, ;COLOR IS RED
OHP EXIT IC

NOBR: MOV AX, UEOOOH ;NO BLUE, NO RED, TEST GREEN
MOV ES, AX
SEG ES
MOV DL [BX] ;READ DATA IN GREEN BIT PLANE
AND DL, CL

l_ B7
JOP NO_RGB

B7: IOV AX, 5 ;COLOR IS GREEN
iMP EXIT IC

NO RGB: MOV AX, 7 ;COLOR IS BLACK
EXIT_IC: POP ES ;RESTORE ES

PUSH AX
PUSH [RETIC] ;RESTORE RETURN ADDRESS
RET

END PROC INQ COLOR;

;?ROCEDURE XMASK ACCEPTS AN X COORDINATE POSITION AS INPUT
•.:;D RETURNS A BIT MASK BASED 0: THE X C30RDINATEPROC :'_:ASK;

POP DX ;SAVE RETURN ADDRESS
P AX ;GET X POSITION

A:, 7: IT1
.. 5-N, 80HJ::P_ E*IT XI":

!BIT1: U5L AX,
J:iZ ;,;BIT2
N "AX, 40H

(,I)Z



JMP EXIT XM
MBIT2: SUB

Jt1Z HE! T 3
:OV" A, - 3HJI:PEXIT XII

MBIT3: SUB AX,
JN';Z 11BIT4
-ov AX, IOH

', J1? EXIT XII

MBIT4: SUB AX, I
-* JNZ MBIT5

NOV AX, 8
YiP EXIT XM

MB TS: SUB AX, 1
JiNZ MB IT6
NOV AZX, 4
JmP EXIT XM

A 16: SUB AX 1
_j 2 HBIT7

N0V AX, 2" jI~pEXIT XM
I!BIT7: NOV AX, f
:::T_ P: ?USH AX ;RETURN X MASK

PUSH DX ;RESTORE RETURN ADDRESS
RET

END PROC X.MASK;

;PROCEDURE BOUNDARY FILL ACCEPTS AS INPUT X AND Y COORDINATES, A FILL
:COLCR, AND A BOUNDARY COLOR AND PERFORMS A SCREEN FILL WITH THE
;FILL COLOR UP TO THE SPECIFIED BOUNDARY
?ROC BOUNDARYFILL;

POP [RET FILL)
POP [B-COLOR]
POP [ FCOLOR]
MOV [SEGMENT FE] ES
MOV AX, [COL-PL .
MOV [SAV COLST AT], AX
-OV AX, TCOL PL2] .
NOV [SAV COL2STAT], AX
MOV AX, [COL PL3]
MOV [SAVCOL3_STAT], AX
CALL B FILL
PUSH RfET FILL]
MOV ES, TSEGMENT FE]
NOV AX, [SAV COLI-STAT]

7O [COL PhiT, AX
MOV AX, TSAV COL2 STAT]
MOV (COL PL2T, AX
NOV AX, [SAV COL3 STAT]
I.lOV [COLPL3T, AX
RET

7-D PROC BOUNDRYFIL

;PROCEDURE R FILL IS THE RECURSIVE PART OF THE BOUNDARY FILL PROCEDURE.
;IT IS USED TO AVOID UNNECESSARY PASSING OF THE COLOR PARAMETERS WHICH
;DO NOT CHANGE ON SUCCESSIVE RECURRSIVE CALLS.
POCO BFILL;PCBF pop DX ;SAVE RETURN ADDRESS

POPPO
:IOVC , [ _P ]

POP [YPOSI ;GET NEXT Y POSITION OFF STACK
POP x-Pos] ;GET NEXT X POSITION OFF STACK
PUSH DX
PUSH CX
PUSH BX
PUSH [ POI] FSAVE PRESENT X POSITIC11
PUSH [Y POS ;SAVE PRESENT Y POSiTIONj
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CALL INOCOLOR
POP AX
MoV (P_COLOR] AX ;COMPARE COLOR AT PRESENT LOCATION
CM? AX, [BCOLOR] ;WITH BOUNDARY COLOR
JNZ TEST FC
J!iP EXIT F

TEST FC: NOV Al, TPCOLOR] ;COMPARE COLOR AT PRESENT LOCATICN
CUP AX, jF COLOR] ;WITH FILL COLOR
JNZ F PIX
JNP EXIT F

F_PIX: PUSH X_POS I
PUSH lY_POSCALL ADJ3_SL
CALL RELVID ADZR
PUSH [xFos ]-
PUSH IF-COLOR]
CALL COLOR
CALL CIR PIXEL ;SET LOCATION (X,Y) TO FILL COLOR
MOV AX,-[XPOS]
ADD AX, 1
PUSH AX
PUSH [YPOS]
CALL B FILL ;CALL B FILL PASSING (X+1,Y)
NOV AX, [X_POS]
SUB AX, 1
PUSH AX
PUSH [YPOS]
CALL B FILL ;CALL B_FILL PASSING (X-1,Y)
MOV AX YPOS]
ADD AX: Y ]
PUSH [XPOS]
PUSH AX
CALL B FILL ;CALL BFILL PASSING (X,Y+I)
MOV AX, [YPOS]
SUB AX, 1
PUSH [X_POS]
PUSH AX
CALL B FILL ;CALL BFILL PASSING (X,Y-1)

EXITF: POP [YPOS] ;RESTORE POSITION (X,Y)
POP X_POS]
RET

END PROC B FILL,

;PROCEDURE AREA FILL ACCEPTS AS INPUT AN (X,Y) POSITION AND A
;FILL COLOR. IT FILLS AN AREA WHOSE BOUNDARY IS DETERMI:;ED BY THE
;PRESENT COLOR OF THE INPUT (X,Y) POSITION.
PROC AREAFILL;

POP [RET AFILL] ;SAVE RETURN ADDRESS
MOV [SEGMENT_FE ] ES
MOV AX, [COL eLi]
NOV [SAVCOLISTAT], AX
NOV AX, LCOLPL2]
NOV [SAV COL2 STAT], AX
NOV AX, COLFL3]
MOV SAV COL3 STAT], AX
POP F-COLOR] ;GET FILL COLOR OFF OF STACK
POP y-POSPOP x -POS

PUSH X-POS
PUSH lY Pos
CALL 111 COLOR ;GET COLOR OF INPUT POSITION
POP BCOLOR] ;SAVE REFERENCE COLOR
PUSH [XPOS]
PUSH (YP05]
CALL A FILL ;CALL RECURSIVE FILL PROCEDURE
PUSH [RET AFILL] ;RESTORE RETURN ADDRESS
NOV 23, SEGMENTFE]
HOV AX, SAVCOLI_STAT]
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NOV [COL PU1], AX
NOV Ax, TsAv COL2_SAT
N.OV [COL ?L2T, AxSATNOV A, TsAv COL3_T]
NOV r[CbLL3T, Ax

END PROC AREA --I'L

;PROCEDURE A-FILL IS THE RECURSIVE PART OF THE AREAI FILL PROCEDURE.
;IT IS USED TO AVOID UNNECESSARY PASSING OF THE COLOR PARAM4ETERS WHICH4.;DO NO1T CHANGE ON". SUCCESSIVE RECURRSIVE CALLS.
?ROC A -F77L,

POP DX ;SAVE RETURN ADDRESS
:-:317CX, r~x-POS

Nov BX, Ly P051
POP YPOT ;GET NEXT Y POSITION OFF STACK
pop lK Os ;GET NEXT X POSITIONOF TC
PUSH D
PU1SH CX
PUSi 5H 3 X1
PUSH [x.-pos ;SAVE PRESENT X POSITION
PUTjSH iyPOS] ;SAVE PRESENT Y POSITION
CALL tiNQ COLOR
POP AX
NOV [P COLOR], AX ;COMPARE COLOR AT PRESENT LOCATION
C!:? AX, [B COLOR] ;WITH AREA COLOR
JNz EXITAF
PUSH [xPOS]
PUSH ly -POS]
CALL A C JS L
CALL RELVIDADDR
PUSH FOPOS]
PUS H FCCOLOR]
CALL ~ OLOR
CALL CIRPIXEL ;SET LOCATION (X,Y) TO FILL COLOR
NOV AX, [X.POS]
ADD AX, I
PUSH AX
PUSH [Y-OS]
CALL AFILL ;CALL AFILL PASSING (X+1,Y)
NOV AX, (X..POS]
SUB AX, 1
PUSH AX
PUSH [Y POS]
CALL A_-FILL ;CALL AFILL PASSING (X-1,Y)
Noll Ax" [Y-POS]
ADD AX, I
PUSH [X -POS]

4PUSH AX
CALL AFILL ;CALL A_FILL PASSING (X,Y+l)
MOV AX?, [YPOS]
SUB AX, 1
PUSH [XPOS]
PUSH AX
CALL AFILL ;CALL AFILL PASSING (X,Y-1)

EXITAF: POP [Y-POS
P [x POS]

RET
E:1D PROC A F:LL*
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