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ABSTEACT

This thesis explores the requirements necessary to develop a graphics support

N library  for the Ada programiming language hosted on the Zenith H Z-100

o microcomputer. A prototvpe graphics library is implemented in S0S6 assemblv
language embedded in an Ada package. The library operates with JANUS Ada under

e the CP M-86 operating svstem.

< Listings of library routines developed are provided as well as a user’s guide and

W demonstration programs. Potentiul areas for further investigation and development are
suggested.

4 [t is concluded that an Ada graphics library for mucrocomputers is [easibie and

practical.
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THESIS DISCLAIMER

Thwe reader is cautioned that computer programs developed in this research mav
not have been exerased for all cases of interest. While everv effort has been muade.
within the tme avatlable, to ensure that the programs are free of computational and
logic errors, thev cannot be considered validated. Any application of these programs
without additional verification is at the risk of the user.

Some terms used in this thesis are registered trademarks of commercial products.
Ruther than attempt to cite each occurrence of a trademark. all trademurks appeaning

in thus dhesis will be listed below, following the organization holding the trademark:

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

2 Intel Corporation
Intel

3. Digital Research Corporation
CF/M
C?/M=-86

4. Microsoft Corporaticn
MS-DCS

5. enith Data Systems Corporation
Zenith
H/Z-
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o) I. INTRODUCTION
:’,u ) A, BACKGROUND
:' 1 he Naval Postgraduate School (NPS) utilizes approximately fiftv Zenith
E:;.. : H Z-100 mucrocomputers in the microcomputer laboratories of the Computer Science
f' Department. There were manv reasons for choosing this particular computer. foremost
\:_‘t of which is the hardware architecture [Rel. 1] and the avalability of support sottware.
N" The H Z-1007s ¢entral processing unit (CPLY includes an INTEL 8083 3-bit processer
?[ and an INTEL 80838 16-biz processor. The simiple architecture and instruction set of
o the SOSS srocesser suppoits the pepular CP M operating svstem and 1s compatitie
K __. with 050 code. The more complex architecture of the SO8S processor is compatible
2.': with 8086 code and includes more internal registers (some usable as either 8 or 16-bit),
.E exiended addressing modes, and a more complex memory managenient schieme using
- segment registers. The 8088 processor supports the more advanced CP M-86 and MS-
-{j DOS operaung svstems.
An important feature of the H Z-100 is uts display versatility. The basic H.Z-100
;:7.:' includes an internal monochrome displav and allows the addition of an additional
external color monttor. The color monitor 1s of medium resolution with 640 horizontal
:: . and 223 verucal pixels 1640 X 312 in the interlace mode). Three 04k pages of video
-\.:j RAM memory provide eight colors (or eight intensity levels with a monochrome
)'}-f monitor.

¥

A primary funciion of the microcomputer laboratory is to support computer

j-_.~ science courses providing special emphasis on tactical computer applications.
E'.j.: Accerding te Department of Detense policy [Ref. 2] "The Ada programming language
j::'.j shall become the single, common computer programming language for defense mission-
* criical applications.  Effective 1 January 1984 tor pregrams entering  full-scale
\ enuineering development., Ada shall be the progranuming language.” To assist in
:2 meeting thix requirement, NPS provides courses which mcelude the use ol Ada in the
'::E Jevelopment of tactical program applications programs. Most ol those programs wie
s run on the [ Z-100 computers using the JANUS Ada compiler. To date. severud
- sabdated Adiccompilers have been approsed for speditic computer sustems, with mans
\ more evpeeied to ke oapproved mothe near future. However, as Patrice Waoner powts
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’,’_':‘: out [Ret. 3] there has been little measurable response within the computer graphics
:\1 mdustry. An mprovement 1 this area can be expected with the acceptunce of the Ada
‘- Binding to the Graphical Kernel Svstemy (GKSy [Ref. 4} by the American Nuuonud
" Standards Instituze (ANSDY NJH2 comunuttee on graphics standards. However, we
J‘:: cannot sit back and wait for industry 1o provide all the tools necessary to conduct Adu
:": graphics education and research. Widespread use of Ada can be expected mn the neur
f‘ future and with that use there will be mcreasing requirements for individuals with Adu
o grapiies knowledge. The NPS has an cbiigauon to assist the Navy in meeting those
‘ educational requirements.
o
r B. PURPOSE
e [vis the intent of this thesis to develop an Ada language graphics programnuny
- capabiity by developing a low level design and partal implementavon ol un Ada
:E:: graphics librarv which can be expanded to include a subset of the Ada language
‘i::_' hinding to the GRS, Funcuons to be included will be those primitives necessary for:
DN e clearing the screen
oy ® sctting a puaed
::Zf ® drawing a line
:‘::: * selecting a color
b0

¢ Alling polvgons
& cursor control

These basic primitives will be implemented using 8086 assembly language

embedded 11 an Ada package. The CP M-86 operating svstem and the JANUS Ada

campier Wil pe used for dus implementation.
Tt 1s expected that the primary use for this software will be in courses which
emphasize tactcal applications of computers. [t 1s becoming more and more common

, - i i . - . ey -
; to lind graphicus dosplavs o tactical svstems. The ability of computers to provide
o

AN soptial dispherdwhich ad i tactical decision making s widely recognized and the hist
:. 2 Tachieal applicatons utihizing graphical displavs can be expected to grow as fuster
:-'::;: Sl herrer craphios displans are developed.
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C.

THESIS ORGANIZATION

verview of the architecture of the [ Z-106

comirurers The ohvervew s presented 1o asesr the reader in understanding the selection

Next there i1s a bprief discussion

JANDYS Ady compuier and CP M-S0 operating svsten.
description of pars vassing  procedures

cviding a detailed

s a Jeseniption ot the test Jemonstration programs listed in

chaprer s an evaluation of the 11 Z-100 color
oostem hardware pcrf‘ormance are discussed

e und program

the conclusion and general comments
fAda in grapihies programnung.
scribes the procedures available in the Ada
Lre some programming tips on usage of the hbrarv
alls are provided as examples
listings of demonstration programs written in Ada.
Ada grapiues iibrary as well as serving

specitication package for the Ada graphics librarv.

Cormars of all externally calluble library

g of all procedures contained in the Ada




[I. ALGORITHNMIS

A.  H/Z-100 ARCHITECTURE

<.
\j* The following overview of the H Z-100 architecture is presented in order to
e clarifv the method of implementation of specific algorithms. Figure 2.1 is a block )
b 'H' Jiagram 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
N \: of video RAM.
!:0.., The displav screen is formed by a matrix of 640 horizontal and 2235 vertical
- pixels. Each pixel is mapped to a bit in each of the three color planes (red. green. and
1.: blue) in video RAM. Display management is provided by the video processor’s CRT
\_j} 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 programuned for nine scan
Z‘_";_'.'_‘- lines per character, 80 characters per line and 235 lines per screen. In the pixel based
:*x mode, the CRT-C is normally programmed to control a matrix of 640 X 223 pixels.
}«: Mapping of video RAM to the screen is performed by the CRT-C to allow
i scrolling of the screen and management of displavable nondisplavable data. Mapping
:E‘;:; of the display to physical addresses in video RAM 1is organized such that 28
-_-’j (numbered 0-127) consecutive bytes are allowed for each scan line. However, onlv S0
i of the 128 bytes are used to control display of the 040 pixels per scan lmme. Bytes
. S0-127 of each line must not be used or erroneous data may be displaved.
;'.t Additionally, the 225 displavable scan lines mav 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 programmed to map
D around the non-displavable video RAM. However. in the pixel based mode. 1t 1s
:E necessary to incorporate a mapping algorithm into graphics routines.  This means that
:’ of the 400 scan unes. only 225 are displavable. In addition, the CRT-C 1s normallv
,""; programmed so thut the bottom character row (Y scan lines) is zeroed during vertical
& retrace ume. Thus 1s done to keep uniniualized data from being displaved during
::f::' scrolitng. This mweans that only 24 of the 25 character rows or 210 of the 223
fo e
f Ej
v
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N B
" displavable scan lines actually display data. The Ada graphics library has been
N - . . o T j
:‘l: designed to work within these restrictions in order to maintain compaubility with ,
S existing I Z-100 software. Figure 2.2 illustrates the display motnx including the scan ;
!' .
K line and pixel numbering svstem.
]
A [ y
2 | '
!
- TOTAL DISPLAYED !
o SCAN SCAN .
' LINES LINES
w o o
1 1 y
< 2 2 X
5 | 8 s b
} 4 4 \
" 5 5 o BYTRS 79
8 6 o PIXELS 689
. 7 7 o ;
i 8 - ]
[~ - {
." ° 1
! 10 {
el 11 LINBS d
) ! ;
K 12 NOT )
' 1: DISPLAYRD HORTZONTAL
- 1 SCAN LINES )
18 X
N 16 ®
- 17 10 "
- 18 11 !
: o :
! . . 234
4 M . -
" 892 238 d
> 208 224
" b
o 89090
~ .
N,
N
b
: Figure 2.2 Display Matrix. 4
- There are two wavs in which to control writing into the individual color planes.
Cd - . . .
- Fhe first method 1s by programnung the video control register of the video logic board.
- v prog g £ £
-
- Wath this method, when a write enubled color plane is accessed, all write enubled color !
planes are simultaneously written to. [or example, 1f all three color planes are write
-
[ enubled and the green color plune 1s written to, then the corresponding addresses in the
b .
.‘Q
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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
onlv 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
librarv utilize the second method which involves direct control over each of the three
color planes. This means that the implemented aigorithms must access all three color

planes for each pixel that is set. [Ref. 1 pp. 4.30-4.38]

} TABLE |
| COLOR PLANE ADDRISSES

: OLOR _PLANE RAM ADDRESSES ‘
: blue 0C0000 - QCFEEF }
red ODOO0OQ - ODEFFF ‘
green OEQOQOQO - OEEFEF ’

To produce color, the video RAM is divided into three main colors: red. green.
and blue. Video RAM memory mapping of the three color planes is provided in Table
I with all addresses in hexadecimal. The pixel seen on the color monitor 1s actually
composed of three superimposed pixels., one in each color plane. By selecting

combinations of the three busic colors. eight different colors may be displaved as
indicated by Table

B. JANUS/ADA

An overview of the JANUS Ada compiler [Ref. 5] and the CP M-86 operating
svstem [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
algorithms.  The graphics routines are available to an Ada language program by
iinking to library routine ADAGRAPH.LIB tAppendix ).

ADAGRAPHL.LIB is implemented as an Ada specification  package.  That
package contuains the specilications of the callable library procedures plus a list ol the

varteples used by the Ada graphics library assembly code. The assembly code s
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\’ included in Ada assembly package ADAGRAPH.ASM (Appendix G). The following

AN . . N

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

A

b (1) JANUS ADAGRAPH.LIB

= (2) JASMS6 ADAGRAPH

e {3) JLINK ADAGRAPH

oL

\f«; i i

ot | |
’ - TABLE 2
> } COLOR TABLE |

X 1 .

'.F\ i i

oy i GREEN RED BLUE DISPLAY COLOR |

N : 0 0 o) black |

‘ 0 0 1 blue ;
, 0 1 0 red i ’

LI i 0 1 1 magenta !

N i 1 0 o green !
X ! 1 0 1 cyan ]
; | S |

T : white

g2y | |

i

@ -f'__-

-'(-'- Parameters are passed in Ada by pushing them onto the svstem stack. Discrete

i_' " and access data tvpe parameters of mode IN are passed by value. All other data type
- parameters and modes are passed by reference. Upon entry to a procedure. the top of

7_:;: the stack contains the return address. Parameters or parameter addresses appear on

"@’;:t the stack with the last parameter nearest the top of the stack. Figure 2.3 is an example

R illustrating the format of a procedure specification and the corresponding location of
parameters on the svstem stack when the procedure is executed.

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

remove those parameters [rom the stack and leave onlv the return address on top of

the stack before executing a RET instruction to return [rom the procedure to the

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

BN then the stack must be in the same configuration upon exit from the procedure as it
3, 0
[0 was upon entry.
B " L . . . R
! *jﬁ When it 1s desired to access parameters on the stack without altering the stack
; contents, then the BP register should be used. The following steps illustrate how this
T \
- can be performed.
» "
o (1y MOV BP, SP ;Copy SP register to BP register
v-‘,'-
(- .
16
<
q '.\
o
3
%
(2
-
o
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a,::
.‘::‘: f
Sy i rocedure INQUIRE_COLOR(xX_pos, y_pos: in INTEGER;
h%” : P Q color: oug INTEGER) ;
\Q bl ) ! [
e | SP ~---> l---—----—-------- <=-=-= Top of Stack
.?R | | Return Address | !
=3 | SP+2 ===> mmcmommmmecoaa—--a :
‘COC | color; address |
VR ‘ SP+d =ee> mcceccecc—cceccema=
B ‘ | y_pos; value |
TN 1 | x_pos; value
\ ! - mp an o ay n o S wm e mm G G W wm i
O 1 | [
e
AN
0N
$$ s Figure 2.3 Parameter Passing.
R
‘iﬁﬁ (2) MOV AX, [BP+2] ;Move last variable to AX register
ﬁ? (3) MOV BX, [BP+1l] :Move next to last variable to BX

._ C.  GRAPHICS ALGORITHMS

::'_:-' The following paragraphs provide a detailed explauation of each graphics routine
\3 in the Ada graphics library and the algorithms used to implement those routines.
8 Several of the low level subroutines used to implement the library are not available 1o
»Fi?: the user and are theretfore not listed in the User's Guide (Appendix A). Only those
::::::: graphics routines that have an apparent use in an Ada language program were made
:;i: externally callable.

e . Clear Screen (CLS)

>0 The CLS routine will clear the screen in one frame time (approximately 10.7
‘:Eﬁ ms for 60 Hz operation). The CLS algorithm [Ref. 11 p. 4-46]) 1s described in the
?2&1 following steps

b i1y Input and save the video status trom 1 O port DSchex.

'xi: {2y Blank the screen by cutputting OF thex) via I O port DSthex).

!:3: {31 Output a "7 in bit 3 of the B control port DBrhexy. This signais the video
e- 7 controjler that the bit planes will be <et to seros This step 15 pertformed
p:k: execuing an inpul, modify, and output seutienee

o (4) Output a "0 to hit 3 of the A control port Duikexs. This enables the video
_— processor’s CLRSCRN signal.

'3\2: (31 Wt for one frame period to aliow time to reset wll of video RAM

e 61 Ourput a 717 1o bit 3 of port DUthen. This disabies the CLRSCRN <ignui.
"i
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.,p.'. (7} Restore video status that was saved in step | bv outputting the saved status
o™, via port Dy(hexh.
N\
I, .
oY 2. Color Selection

]
", When the color routine is called. it is passed an integer identifving the selected
L
- color. In normal operation. once a color has been selected, it remains the svstem color
)
o unti! changed by another call to the color procedure.
:%ﬁ The color procedure uses the color code parameter to perform two basic
-‘1» . . . . .
-, funcuons. First, 1t sets each of the three color plane vanables to base addresses which

will be used by other procedures to initialize the E segment register tor addressing the
?. ‘d X - . R
3o the required color planes. Second. a control word (7§ hexi is output to the video
LK) . ) . ) .
:: controi register via [ O port DScthexy. The control word disables the simultancous
Y write capabiiy of the video controller. Table 3 lists the Jata used to control celor
seiedtion.

o
C
LAy
¥, - f
S TABLE 3 i

COLOR CONTROL

&2 Color Code Color Var. 1

t
r ar Var. 2 Var. 3 |
0 white C000 DQ0O EQQO |
o 1 cyan CQ0C0 ECOO EOCQ
2 magenta CQQ00 DOCO DOCO
o 3 lce CQ00 Co00 Co00
S 4 yellow DO0OO EQQQ EQOQO
5 green EQQQ EQQQ EQQOQ
A 6 red D000 DCOO D000
R 7 black -——- - ————
-Q- .
o~ In normal operation, control word bits 0. 1. 2, 7 are set to "07 bt 3 s <et 1o
oy : . . : . .
oo Iand s 26 are used to countrol the simultancous write capability of video RANM
i [he color routine Joes not atlect the contents ol the I osegment register, but sips
- sranses variables winch will be used to modify thie B oscgment register as reguied
S oo s Jone o manten compatbiioy with other T Z-100 sopeware windh ases the
. cocnent pegnter, ¢ g the stundard 1O hibrary,
- Y Video Ram Addressing
et Mupring of the sideo to the sereon iy accomphishied an vy viepss The trer o
o poctirmed veoche ADJS SE procedure which accepts a0 Y omesnion o the ranse 02200
- - ! :
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:j and maps that position to a displavable scan line. This mapping is described by the
Y gquation Scan_Line_Number = Y -(Y Mod 16)*7. This function is implemented by a
1454 simpie counter which adds seven 1o the scan line count for each block of 16 lines. Ster
Y | £
tao 1s periormed by the REL_VID_ADDR procedure. This procedure uses the X
\j posiion and scan dane anumber to calculate the corresponding relative byte address in
A video RAM. This 15 a relauve address since it is independent of the color plane.
"1 0" ) , .
Wiy Relative byvre addresses are calculated using the formula:
-'.“ - =
. Relative_Address = Y * 128 + X Mod 8.
gty . . . . . .
Rt Prior to address calculation, error checking is performed to insure that:
e
:: 0<=X<=639 and 0O<=Scan_Line_Number<=376.
e 4. Pixel Display
Displaving of mndividual nixels is performed bv procedure SET PINLEL.
- ning ; yp -
o Procedure SET_PIXEL accepts an (X.Y) coordinate and performs the following steps:
) - S
_‘?, t1h Calls procedure ADJ_SL to map the v coordinate to a displavable scan line.
5 . .
"Ny i2)  Calls procedure REL_VID_ADDR to get the relative byte address.
(3)  Calculates the relative bit position within a byte based on the x coordinate.
.
o (4)  Iniuahizes segment E to provide the base address for the desired color plane.
. - . .. .
o (3) Sets the selected pixel by writing to the relative address.
st - . ‘
3 {6) Repears steps 4 and 5 for each of the three color plane variables.
5. Line Drawing
R4 Line drawing may be performed by either procedure DRAW_LINE or
) . . . . .
‘-.::' procedure DRAW_MLINE. The two procedures use the same algorithm for line
=
B - . . N . . . . . .
- drawing with the difference being in the wayv that intersecting lines are displaved.
NS g g . g :
Procedure DRAW_LINE alwavs displavs the most recently drawn line on tep while
- A pla: \ s
» - - . . . . -
.l: procedure DRAW_MLINE mixes the colors of crossing lines at the point of
o . . . . . . .
e intersection. The .e drawing algorithm is an adaptation of a general integer dizital
(0,7
00 differential analvzer (integer DDA algorithm Jdescribed by Mare Berger [Refl 7rop.
"‘L‘» B = < B = [ 3
— 41-43]. The general integer DDA has been expanded {rom four to six cases and a
rdSe . . . . . . .
> smoothing function has been included. The two additional cases were added to handle
. .ll'.’ =
'_':.-.: the special cases where a line is either verticul or horzontall The smoothing funciien
-
5 was added to umprove svmmetry in the starease eiicct which oo nheront wath roaster
- sean displars,
v : . . . i ; .
s Lo integer DDA wlgorithim is i azeritinve process which operates by tolng
'w‘_'- . R : R \ .
o unttsteps atong the Noand or Y oans beoinniig 1 ane start and continuing o e ond
Al .
R
2
-"-‘....‘ l\)
o
X
e
o '.1
oA .
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¥ ': The direction of each step is determined by an error variable which identifies whether
‘ES; the present position 1s above or below the ideal line. After each step, the error varnable
-,$ is updated based on the direction of movement. The initial value of the error variable
o ts determuned by the smoothing function which biases the error variable so that the
' \ first pixel step in one axis is delaved based on the slope of the line. Without this bias
:': the DDA algorithm frequently makes an erroncous first move. An example of an
‘\-“f-: extreme case tllustrates this pomt. For example. if a near horizontal line with a single
h pinel change in Y is drawn by the unbiased algorithm the pixel step will occur at line
:_:: start. However. in the biased algorithm the pixel step will cccur at the approximate
:-E::: midpoint of the line. This provides an obvicus enhancement in symmetry to a Staircuse
N iine.

o

‘ Implementation of the six cases in the line drawing algorithm assumes that the
E‘. input coordinates are ordered so that Y_START <= Y_END. This ordering is
:‘; enforced by the line drawing procedure prior to plotting a line.
. .‘: la the descnption of the six cases which follows, initial values of X and Y ure
m— respectively N_START and v_START and the following definitions apply.

Do ¢+ X X coordinate

'. ¢ Y Y coordinate

o o X_START X coordinate of line start
o ¢ Y _START Y coordinate of line start

_::-j:: « X_END X coordinate of line end
: + Y_END Y coordinate of line end
-?;:_Z .« DX X_END - X_START
e DY Y_END - Y_START

-':.:Z « E error

o (1) DY = 0O
e This is a horizontal line.
e initialize
\ X: =X_START

v =7_START

o end initialize

< repeat until (X=X_END)

3 K=Kl
s plot(%,7)
(77 20
o
hi




end repeat

(2) DY <= DX, DX » O, and DY > 0.

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

X
Y: =Y _START
E: =DX/(DY+1)
end initialize
repeat until (X=X_END & Y=Y_END)
if (E2<0) then
K =X+1
EZ =E+D.1‘
otherwise
X:=X+1
T:=Y+1
E: =E-DX+DY
end if
end repeat

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

This is a line with positive slope greater than 1.

initialize

X:
Y:

E:

end

=X_START
=Y_START
=DY/(DX+1)
initialize

repeat until (X=X_END & Y=Y_END)
if (E<Q) then

IS
I
oo
+

-

7=+l
S E: =E-DX
{ and 1£
Y
\i
X end repeat
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Lo (4) DX = 0.
}?E This is a vertical line.
k2 initialize
e X: =X_START
X ¥:=Y_START
;ﬁ end initialize
"A-' . - -
0 repeat until (Y=Y_END)
. Y. =7+1
R end repeat
o2 (5) DY >= ABS(DX), DX < 0, and DY < O.
) ."{
b_ This is a line with negative slope between -1 and O.
initialize
\/
N X: =X_START
)
U Y:=Y_START
F".._- _
ey E: =DX/(D¥+1)
S
_ end initialize
e
e repeat until (X=X_END & Y=Y_END)
0
«:x: if (E<O) then
SN
o X:=X-1
N E: =E+DY
?ﬁj otherwise
u"::, -
I:\;‘. X: —X' l
A
Q Y.=Y+1
' E: =E+DX+DY
e
. .
\:‘\ end if
0N end repeat
oo (6) ABS(DX) < DY, DX < O, and DY < O.
This is a line with negative slope less than -1.
&}j initialize
Yo X: =X_START
o Y:=Y_ START
_ E: =DY/(DX+1)
“ n
o end initialize
Ay
o repeat until (X=X_END & 7=Y_END)
oy
- if (E<0) then
v'—‘ 2-‘
o
E:_\:' i
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6. Circle Drawing
Circie drawing 1s performed by passing the (X.Y) coordinate of the crcle
center and a radius to procedure CIRCLE. The algorithm executed by rhe wrcie
drawing rouune 15oan implementation of Bresenham s crrcle algorthm Jdesenined B
Hearn and Baker [Retl 8: pp. 67-09). In this implementation. the algorithm hus been

PPN

medified 1o include a correction factor to compensate for the NXoY pixel rauo of the
raster display.

Bresenham's algorithm takes advantage of the svmmetry of a circle in
providing an efficient incremental method for plotting a circle. In this algonthm, eight
points are plotted for each parameter calculation. Although multiplications are
required in parameter calculations, the multiplier is a power of 2. so all multiplications
can be reduced to a less costly shift operation. Figure 2.4 1s a tlow churt
representation of the implemented version of Bresenham's algorithm.

7. Color Testing

The color of an individual pixel mayv be determined by passing an (XY
coordinate to procedure INQUIRE_COLOR. This procedure will deternune the puel
cotor and return an integer value defining the color code. Color codes are hsted In
Table 2.

The color testing algorithm uses the (N.Y) coordinate to caleulute o relatne
bvte address. [t then uses the X coordinate to generare a bit mask to identty the
specific bit location within a byte. The relative byte address and it mask ure then
used o test the corresponding address 1 each of the three color planes. This tes:
wdentities the color components contained in that prvel and o color code is retirnad o

ae cailing program.




y ! START ;
: e &
o ‘ ! ‘L
e INIT. VARIABLES | 5
.:E X:=0
¥ Y: =RADTUS
P.=3-2-RADIUS ‘
h PLOT CIRCLE POINTS | ;
SET PIXEL (X CENTER-X, Y CENTER-Y,2) E
. SET_PIXEL (X CENTER-X, Y CENTER+Y/2) | :
'i SET PIXEL (X CENTER-X, Y CENTER-Y,2) ! :
Ry SET_PIXEL (X CENTER-X, Y CENTER-Y/2) P
) SET_PIXEL(X CENTER-Y, Y_CENTER+X/2) !
3 SET_PIXEL(X_CENTER-Y , Y _CENTER.X/2) ;
12 SET_PIXEL(X_CENTER+Y, Y CENTER-X/2) 3
' SET PIXEL (X CENTER-Y, Y CENTER-X/2) | .

XY EXTIT N
~ .
) : P<O P:=P+4= (X-Y)+10 :
.l ‘ ~
: | ¥ % A
|
! P:=P+4-X+6 Y:=Y-1 Y
" ‘ J | J
3 z ]
: |
< 1
\n
:._ broure 240 Bresenham s Circde Algorithm,
A :4
-, \
N X
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The actual implementation of each of the two fill procedures is subdivided into
two precedures.  The first procedure initializes constant variables and then calls the
second procedure. The second procedure is used for successive recursive calls. This
rechnique muninuzes the number of parameters which must be passed on each
successive recursive call.

An individual call to either of the fill procedures can fill an area of at most a
fow square inches. Attempung to fill a larger area mav result in a stack overtlow error.
This is an unplementation linutation which can be circumvented by subdividing a lurge
area Into smaller areas. each of which may be filled separately. An exact upper limit
on the size of an area which may be filled by a single call to a fill procedure 1s dufiicuit
to predict since it depends on the starting point within a specified arca. Additionaily,
area filling is an inherently slow process due to the large number of caleulations
involved.

9. Cursor Control

The "+ " svmbol 1s used to represent a graphics cursor. Cursor positioning 1s
controlled by procedures SET_CURS and RESET _CURS. Procedure SET_CURS
accepts an (X.Y) coordmate and displavs a cursor centered at that coordinate.
Procedure RESET_CURS accepts an (X.Y) coordinate as input and erases a block of
addresses surrounding that coordinate. Both procedures affect onlv the color planes
that are enabled by the current svstem color.

Management of the cursor display and positicning is a responsibility of the
user program. A cursor 1S not automaticatly displuved nor 1s there a linut on the
number of cursor svmbols which may be dispieved concurrently

The cursor svmbpol 1s composce ol nie praels with the center of the cursor
being the reference point for positioning. In order to be ahle to pesition the cursor at
any INLY) sereen coordinate, It is necessiry 1o consider aderdul conponents of the
curser. The vertical dimension 3 pixelsy of the carsor spans tive dulorent relatne e
addresses in video RANM. Additonaliv, the hersonte dimension 0% sovela of ihe

curser mav require an additional bvte of memort. Wiether an addinona b s

[ERRCOR S BN P RESRC e e (R TN e
reqparad depends on the relative posttion wothin o buoe of the cursor wenter Ul
.~ ¢ 1 ) Toae el e
curor center i acur either end of a byrel then either the nent fowver or nony hizhor bt

irem cursor center il also be required o dispiiv the cursor.

The <ct cureor algonthm uses the PNV coordinate oo caieubre e relaine

Y '

nute addressess Triese addresses represent o block on the screen wingh vl connnn the
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cursor. The algerithm then uses the X coordinate to determine which of the eight bit
SN positions within a byte represents cursor center. Then one of eight possble if
NN patterns is generated to represent the cursor. Resetung a cursor requires less program
steps since a block of seven relauve byvte addresses are erased without regards 10 the

exact position ot the cursor within the block.
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[TI. PERFORMANCE AND EVALUATION
For., A.  DEMONSTRATION PROGRAMS
:.:: Four demenstranon programs are provided in Appendices B-E. Those programs
-: aeng with the users guide in Appendix AL will aid the user in writing graphics
e Drograms using the Ada language.
L 1. Program AGTEST!I
\-.; Program AGTLEST! draws a test pattern demonstrating the use of color
:""' selection, e drawing, arcle drawimg, and filiing. This test uses ADAGRAPH]
o proveduras COLORUSET_CURS., CIRCLE, DRAW_LINE, BOUNDARY_FILL. and
AN AREA_FILL.
o 2. Program AGTEST2
:'. Progrum AGTEST2 draws a pattern consisting of two sets of curves and a
~ color wheel illustrating the eight available colors. AGTEST2 uses ADAGRAPH
Ry procedures COLOR. DRAW_LINE, DRAW_MLINE, CIRCLE. and AREA_FILL.
.):. 3. Program AGTEST3
ﬁ'\‘f Program AGTEST3 Jemonstrates interactive control of the graphics cursor.
'.’:' ; The user is asked repetitively to enter an (X.Y) coordinate. The program then displavs
\*\ a cursor centered at that coordinate and erases the previous cursor.
bt 4. Program AGTEST4
_ ::’; Program AGTLESTH begins by drawing a circle of the approximate maximum
L dred fappronimately seven square inchesy that can be filled by a single call to one of
oy the fill procedures. [t then fills the circle and goes on to demonstrate how polvgons
_:_ mav be drawn by setting resetting individual pixels. [t also demonstrates {illing an area
.:z containing  an - object.  AGTESTYd  uwses  ADAGRAPH  procedures COLOR.
Y SET_PINEL, RESET_PINEL., CIRCLE. BOUNDARY_FILL, and AREA_T'ILL.
*'J; B. ADA GRAPHICS LIBRARY LIMITATIONS
z-t:: The ANda graphuces Bibrary nresented in this thesis was developed as a prototipe.
Jl\'" . . y ' -
“';'j Limuitanons ot the hibrary procedures should not cause signiticant preblems 1o the user
d. dsong ds the gurdehnes presented in the user's guide tAppendin Ay are foilowed. The
?\ % only Rnown procedures svhich can catse @ catastrophic falure 1 oty are exeeedad are
oy the £ procedures. Tihe Gl procedures cuan Bl At most o contguous aree of
N
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approximateiv seven square inches. Even {illing a seven sguare inch area mav cause an
error 1f the starting point is not near the center ot the arca. However. if the user will
it the size of contigucus areas to be filled to upproximately 3-4 square inches. then
the propabiiity of fatlures 1s very low. The reason tor this limitation 1s that the (il
routines are implemented as recursive procedures. As a recursive procedure, each level
of recursion requires that three more parameters be pushed onto the svstem stack.
Attempung to il too large an area simply resuits in a stack overtlow.

Another arca of inconvenience {or the user mav occur in attempting to use the
graphics library along with other libraries, ¢.g.. the standard [ O librarv. The standard
I O library procedure GET automatically causes scrolling of the display screen by one
character row each time 1t 1s exccuted. This is an obvious problem when used in

concurrence with a fixed pesition graphics display.

C. H/Z-100 HARDWARE LIMITATIONS

A potentlal problem area for the user is due to the limited number of colors +§)
available for display. This mayv be particularly inconvenient when writing interactive
programs using the graphics cursor or any other svmbols 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 displaving a complex graphics picture.
One method of opunuzing 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 plancs. A disadvantage of this appreach is that there are only three
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 MEASUREMENTS

Table 4 provides a summary of timing measurements performed to determine
average graphics processing umes for the most critical operations. Times represented
m the table are average times that one would expect to encounter in a cali ty \da
craphics hrary procedures when drawing a graphics picture.

The il procedures are quite <jow due to the large number of steps involved in
testing and settiing each piel and the additionul overhead related to a0 recursine

procedure. The tnung ditferences between Jdrivving horizontal vertical hines and
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i TABLE 4
: PERFORMANCE RESULTS
i
|
]

RRLRA

Y Operation Time per Pixe ms ‘ )
oy

oy Fill 3
"y

! Draw Line
e Horiz. /Ve t. .54
x'lli i :

! Diagonal . 64

e | Set/Reset Pixel .58
AL :

i

\‘)_'.‘-

. diagonal ines 18 due to the two additional cases which were implemented in the line
Eh . . . o
-‘:q';. drawing algorithm. Those cases were added to handle the special cases where a line is

LI Y

" . . . . . N . .

N cither vertical or horizontal. In those cases. since the slope of the line is not used in
~\‘.. . .
PR lotting the line, less calculations are required than when plotting a diagonal line.
vy g g g

o Serting resetting of individual pixels by all of the graphics procedures s slowed
}-.,\ by the overhead in address calculation of the bit mapped display. This is primariv a
A . . . , .
) weakness in the design of the video processor of the H Z-100. However, it would be
4 Y
S . . . - . S
(¥ interesung to see if a significant speedup could be realized if a lookup table was used to
- awd in pixel addressing instead of a pure mathematical addressing algorithm.
3~

o
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1
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IV. RECOMDMENDATIONS FOR FUTURE DEVELOPMENT -
e
a Any future addinions mediticanions 1o the Adu graphics liorary should conader
g ]
X the following:
: el The feastbiiity of umplementing a nonrecursive fill routine.
P2 Dc‘ elepment m‘d implementation of ditferent T O procedures that are mere
v pmipatible »\.“1 a graphues displav to replace those mothe stand ard 1O
Lorarv.  In particdiar, these pxou:durcx shouid allow  plucement ot
p alphanumeric mmbol\ Al anv screen coordinate. not just the predetined
y chariacter posinons. Any serelling of the screen should also be suictiv undo
i the control of the user progran.
P The possibigy of optmizing some of the existing procedures. For exampie
POIGPS The mapting rom g Y coordimate 1o a Jisplavabie Seanime cound © R
pertormed mege e foier wl by a lockup table. Bur, would the tine >Wm.g
Ju m'\ the addional memoryrequired?
: 1=y The feasipility of developing and 1mn‘ememm0 a \uhset of the GKS standar
LR level ofm abstraction adbove the prinutives provided mn tire Ada !mpmu
‘- A&lk"-
t3)  The feasibiity of networking two or more H Z-100 computers 10 prow
a neraciive Operaior communication on one svstem while providing o gn k.m
. Jdispiay on arnicther,
y {6)  The feasibility of medifving the structure of the Ada graphics library so that it
is compatible’with the MS‘DOS operating system hosted on the i Z-100.
D
D

DTN



V. CONCLUSION

.
eyl The ompiementation U the Ndagrapines ohpary on the T Z-too compuater Bas

. , ERY . :

BN oroven the teasint o develominy Ada grophics programs onoaonucrocomputer. The
\\'._\

‘ ! ! N M . Toes . T e
AN D Z-T s 2ol DT Cduddnivrar purpeses s abifie oo CLoume
e :

N

MW - .. Ve Sl e . Toayay e H T v vy . oy ) ety y 1 PR o
" TACTIoL reglirenenis oy hnmted. Thas mrtanon os ast unpgue te e HOZ-Tvos bun ey

ener, anuidnon of most mucrocomputers asaiadle todav. Meoaan expecn thins
MU To Udse vanpneanuy oner the nont several sedrs as oW SOt muiunrocessar
soatens e deseooped
The Ado arapings Shrary cvas meiemented o low Jede] primuties nocessary )
o TN Cen v -~ 1 N e m R T e A 2 N 0. RN
o ateriace it and eentrel the il Z-luo hardware. [he bbrary functicns were not
‘-"'J

-~ Jdesigrmed inoaccordance with anv recognized standards. However. the Juncuons wer:
N
e T N R R T s eyt 1 oevyipy N N ) yagring T s RN
L desiznod with crartnos standards o nund. The anprementation of @ hivher leve GRS

L

standard grarhies bbrarv would be ' - to use most of the present Ada craphics hbran
nteriace with the H Z-100 hardware. The impiementution o & GRS
standard as a level above the machine Jependent Ada graphics library would assist i

making any Jdeveloped Ada lunguage graphres programs transportable to o

uheT

omputers. The benetite which may be rediized [ront a standard mrterface 1o o languag:

' N
[,

o Are onvious with the nigh costs of developing sottware.  Although the architectura

N brutatons of the H Z-100 are not compatibie with a full implementanion of the GKS
‘\- standard, the educational benefizs that could be realized {rom even an anplementuon
.l

Shser o e GRS standard warrants fumrther i estiyanon.

[he lumpted capabdliies of the H Z-100 mav hmat its suitabity for mam

cperatiooal Tactodl arpheatons, howesers rocdn beoauselul sistent ol

creleeseoore s Wb dbe suprors of thie N oraptaos oy the TEZ- o cn e

T N L T L - o1y <o b I o ryeenaaes e . LN
LT rartnar o rosearah anto such taetical proramnung aprooaiiony o e N
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APPENDIN A
USER’S GUIDL

1. INTRODUCTION

Twelve crapniox procedures are avaiable 1o the user. These procedures are
mciuded i ADAGRAPHLLIB winch 15 calluble trom the Ada pregrammung language
Appendices B-E prosvide four example programs Jdemonstrating the hnkage and cathng
procedures necessdary 1o uwse the Ada graphies bbrarve Procedures avaslible to the user

1

(Z) CCOLCR(color_code: in IMNTZCER,
(3) INQUIRE_COLOR(x_coord, y_coord: in INTEGER;
color_code: out INTEGER)
(+) SET_PIXEL(xXx_coord, v_coord: in INTEGER)
R PIXEZL( ®x_coord, y_coord: in INTECER)
(£) DRAW_LINME(x_start, y_start, x_end, y_end:
in INTEGER)
(7Y CLCRAW_MLINE(=x_start, y_start, x_end, vy_end:
in INTEGER)
(x_center, y_center, radius: in INTEGER)
(9) E=OUMDARY_FILL(X_coord, 7y_coord, £ill_color,
boundary_color: 1n INTEGER)
AREA_FILL(x_coord, y_coord. £fill
(121) SET_CURS( x_coord, y_coor

[l R RN

( 22) RESET_CURS(x_coord, /_
Podowinz sie desanpuoen of cadh function v an esampie of the Ada lunguage

cad mo the desentad proceduress Tshould be noted that tor adl procedures that reguire

v NUY cosrdinaee i e wlovabie range of X o-od)and the atlowabie range of

Cot Zrapioos peoorams v reganre weartin the display sereen before displaving

cropiies 2o Dios et pennrnen o caenny procedure CLS. This procedure takes

Y
.
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advantage of a built-in hardware feature which allows resett'ng all of video RAM in
one frame period (approximately 16.7 my).

-- Clear the screen

CLS:

29

COLOR SELECTION
The H Z-100 hus the capubilitv of displaving up to eight different colers. Color

-

seiection 1s pertormed by ocalling procedure COLOR and passing a color code
parameter wWdentiving the Jdewired color. Table 3 lists the colors available and their
respective color codes. Black is not histed as a color option since 1t (s the onlv color
wineh s displaved by resetting a pixel, Le., writing a 07 to that pixels corresponding
addresses in video RANML Al other cojors are displuved by writing a 17 in the
appropriate relative address of the coor planes required to produce the desired color
1 a pixel is to be reset to black then the RESET_PIXEL procedure should be used.
--Set svsten color o green

COLOR 3y,

TABLE 3
COLOR CODES

COLOR CODE COLOR '

0 white

1 cyan

2 magenta
3 plue

< vellow
5 green

5 red

4. COLOR TESTING

To deternune thie coor to which anv particuiur pivel has been <ot wse procedure

N Ty - N } . V. . - S N EI. . N N
INOUIRE COLOR. Inpur parameters to s procedure are the XY covrdine o
. Tovicen o) B [ PR [ ) ) T YL e e et

heoscdected pevel The procedure rerurns the color code i Tubie 3ot she poval Tocaed

s~Cret enier af pivel Ao NUOY D eoerdinare 3o oo




-)L

_'.-

)

-"ﬂ&
> N A.A ..‘L

INQUIRE_COLOR(39. 60, colory;

h

. PIXEL SETTING/RESETTING

Procedures SET_JIXEL and RESET_PINEL are provided ftor controlling
ndividual pixels. Procedure SET_PIXEL accepts an (XY} coordinate as input
parameters and sets the corresponding pixel to the current svstem color. Procedure
RESET_PINEL accepts an «X.\Y) coordinate as input parameters and resets the
corresponding pixel to black.
--Set pixel at location (70.30) to current svstem color
SET_PIXEL(T0, 30w
--Reset pixel at focation 130,30) 1o black
RESET_PINEL: 30, 30y

6. LINE DRAWING
Procedures DRAW_LINE and DRAW_MLINE are provided fer drawving lines.

Both procedures accept as input purameters the (X, Y coordinates of the end points of

a line. A line of the current svstem color is then drawn connecting those end poinis.
It procedure DRAW_LINE 15 used. then intersectuing lines will be displaved with the
last line drawn on top. [f procedure DRAW _MLINE is used for drawing lines then
the color at the point of intersection of intersecting lines s the combined celor of the
individuad lines.

--Draw a line from coordinate (100,30) to

--coordinate {200,73). This line will be

--drawn on top of anv iine it intersects.

DRAW_LINE(Ion, 30,200, 735y,

--Draw a line from coordinate (100,25) to

--coordinate + 10,15 This line will mux

--cowars at the point of intersection with

-1V lnes that i intersects.

DRAW_MLING oo, 2510, 15y,

< CIRCLE DRAWING

Procedure corcie ill Jdroev o circle of the present svstem color. Input parameters

1

ro this procedurs incdude an (XUY) coordinate identifving the circle’s center position

and o redies length measured inounits based on the number of pixels (040110 the N anis

i
“n

~‘¢

-
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of the video display. The circle drawing algorithm draws a circle with automatc

corrections made based on the v iinear pixel ratio +2:1) of the color monmitor, e, th

o

circle radius ts twice as many pixels in the X axis as it s in the Y axis.
--Draw a circie of radius 30 units and
--centered at coordinate (300, 100).
CIRCLE(300, 10g, 30y,

8. AREA/POLYGON FILLING

Procedures BOUNDARY_FILL and AREA_FILL are available to perform
filling operations. The user 1s cautioned that the filling algorithm has an upper linut on
the size of an area rapproximatelv seven square inchesy which mayv be filled by a single
call to cither of the Oll procedures. Larger areas may be filled bv parutioning the

lurger area and fifling the individual partitions. The user can generally avoid proolems

by limuting all fills to a contiguous area of not more than 3-4 square inches.

Procedure BOUNDARY _FILL accepts as input parameters an (X.Y) coordinate
wentfving the starung point, a fill color code, and a boundary color code (Table 3.
The procedure pegins lilling from the starung (N.Y) coordinate and sets all pixels
within the defined boundary to the designated fill color. The boundary must be a
single color detined by the boundary color code.

Procedure AREA_FILL accepts as input parameters an (X.Y) coordinate
wenufving the startung pomnt and a fill color code (Table 3). The procedure starts uat
the input (X.Y) coordinate and sets all pixels in a contiguous area which are the same
color as the pixel at the (X.Y) starting coordinate to the specified {ill color. This
procedure can fill an arca which is bounded by Jitlerent colors since filling i< based on
the color of the area to be filled.

--Beginning at coordinate (50,735, fill an area

--with blue that has a red boundary.

BOUNDARY_FILL(30, 75,53, 0k

--[ll a contiguous area with green. An internal

--peint in that area 1s coordinate ( 100,100,

ARCA_TTLL Too, oo, Sy
[. CURSOR CONTROL

Procedures SET_CURS and RESET _CURS are provided for cursor contrel. The

Sraphios cursor controiied byothese procedures is a0 "= The center of the cursor s

R e
L ANV RV W WV VG R VRV
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AL
WAL

used as a reference npoint for cursor placement. All muanagement of cursor display is

the rosponsibility of the user. The cursor 1 simply a speaiud zraphics svmpel which the
wser mav displav and erase. The number of curscr svmbels which may be displaved

any point i ame s determuned solely by the user's program.

d
Procedure SET_CURS accepts as mput an (N,Y) coordmate and dispiavs &
cursor svmbel of the present cclor at that coordinate. Procedure RESET_CURS
ACCeDts As put an XY courdinate and resets a diock of refutive memory addrasses
centered  ar the corresponding (NJY) coordinate.  The ooler plunes ailected are

Jerermuned bv the present svstem color. [t is suggested that if the user Jdesires to use

the cursor as a background svmbol then the cursor color should be restnicted 10 4

Jone then a management scheme must be implemented i othe user program 1

maintain the integrity of non-curser graphics data when setung resettiing the cursor.

--Display a green cursor at coordinate (130, 104y,
COLOR3

SET_CURS(130, 100y,

--Erase a green cursor at coordinate (30,73
COLOR(3»

RESET_CURS(30. 73%
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APPENDIX B
GRAPHICS TEST 1

WITH IO, UTIL, ADAGRAPH;
PACKAGE BQLY AGTESTL IS
USZ IO, UTIL, ADAGRAPH;

--THIS PROGRaM DRAWS A TEST PATTERM TO
--CURSCR SETTING, CIRCLE DRAWIING HE

--AHD 30UNDARY FILLING

EST COL
TaWIl

™
4

IXE YT
DRAWILG,

X_D0S, vV _DOS integer;

a1t : character;

becin

CLS;

X_zos = 320;

v_Pes = 108;
color(s): -GREZEN
se:_c;rs(JOO 135):
coler(3): Z-BLUE

-=-2RAW A CIRCLE
circle (300, 1C2. 142)
ccloris); --RID

-- DRAW A RECTANGLE
draw_1line(153, 31, 442, 31);
draw_line’432, 3i. 4az, 172,
draw_line(442, 173, 133, 172)
drawv_line(133, 173, 133, 3i);

--DRAW A CIRCLE AND FILL IT
circle(300, 102, 40;;
area 5111{300 102,3);

--DRAW AN IRREGULAR POLYGON AND FILL IT
drad_llnn 20,22.30,22);
draw_line(80,22,84.50):
draw_line(84,50,17,43);
draw_ llne*l7,43,20,20):
bound:ry_£i11(50 35,6.6);

--DRAW A T?IRN’LE AND FILL IT
draw_line(50,100,30,120);
draw_line(80,130,23,.30):
draw_line{30,100,23,130;;
area_flllZSO,lZO,S);
color(2); --MAGENTA

--DRAW A RECTANGLE
draw_line(10, 10, 530, 10);
draw_line(590, 10, 590, 205;;
craw_line(533, 205, 13, 205
draw “line(10, 2065, 10, 10):
'o or(3);

--DRAW A RECTAlN H DIAGONMNAL LINES
uf&l_l; 52, 400, 52);

raw_lina( £2. 400, 1529
craw_lin 132, 220, 1352)
draw_lin 152, 273, 52);
draw_.in=2. . 32, 400, 132);
draw_line/ 132, a2, 52);
Tetlguly)

OR SELLCT CH,
AaREA FILLZ dG
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: ~ 10;
c2 = 139 -
draw_mizinel(
v o7 or o2
vl =yl =+

end lecp;

X = 630 -
72 := }39
dravW_mlin=a
v =y + 2
1 +

3
--DRAW A& CCLOR WH
cclor(0y; --wH

Circla(32

draw_line(329,
draw_line (220,
draw_line(249,
draw_line (391,
ar=za_£1.1(355,
area_£ill(331,
area_£111(3%1,
area_f£il1(320,
area_Z1i11(310,
area_g;Ll§249,
are?_:lll\249,
ceriguit):

d a6TESTZ;
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APPENDIX C
GRAPHICS TEST 2

DRAWING, CIRCLE,
PRCDUCEZ a PICTURE

WHEEL

200);
150);
185);
135

]

-~-CCLOR
-~COLOR
-~CCLOR
--COLOR
-~COLCR
-~COLOR
-~COLOR

UL WO

(T T T T A | I
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o
L GRAPHICS TEST 3
o WITH 10, UTIL,ADAGRAPH;

a3 PACKAGE BODY AGIEST3 IS

> USE IO, UTIL, ADAGRAPH;

el --THIS PROGRAM IS USED TO TEST SETTING AND RESETTING

--0F 4 GRAPHICS CURSOR. TEE PROGRalM REQUESTS CURSOR

A --PQSITION INPUTS, ERASES THE PREVIOUS CURSCR, =alD
A --DRAWS A CURSOR AT THE INPUT (X,Y) COORDINATE
L --

ol i : integer; '

& X_pos, y_pos, x_old, y_old : integer;

e begin

o CLS;

%_old := Q; --INITIALIZE X & Y

o y_old := 0;

iy ftor 1 in 1..50 loog

e put ("ENTER X POSITION ");

AR get x‘pos);

O put ("ENTER Y POSITION ");

o get(y_pos);

WO color(5); --GREEN

reset_curs(x_old, y_old);

o set_curs(x_pos, y_pos);:

8 ®_old := r_pos;

e y.old := y_pos - 13;

:.* end loop;

o end AGTESTZ;

o

LS
=
oo

E:
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APPENDIX E
GRAPHICS TEST 4

WITH I0, UTIL,ADAGRAPH;
PACKAGE BODY AGTEST4 IS
USE I0, UTIL, ADAGRAPH;
--THIS PROGRAM IS USED TO DISPLAY A CIRCLE OF THE APPROXIMATE
~=-MAXIHUM AREA THAT CaAN BE FILLED BY A SIUGLE CALL IO OME OF
--TEE FILL ROUTIMNES. IT THEN DEMONSTRATIES FILLING AND
-=-DRaWING OF POLYGONS USING ONLY THE SET_PIXEL AND RESET_PIXEL
--PROCEDURES.
X, y :INTEGER;
guit : character;
Eegin
CLS:
--SELECT COLOR
coler(d): --WHITE
--DRAW A CIRCLE
circle (300, 102, 1153);
--FILL THE CIRCLE WITH RED
boundary_£i11(300, 102, &, 0);
color(l): =--CZaN
--DRAW A RECTANGLE USING SET PIKEL
for x in 250..350 loop
set_p;xeléx, 77);
set_pixel(x, 127);
end loop:
for y in 77..127 loop
set_p;xelézso, Y;;
set_pixel(350, y
end loo?;
=-FILL THE RECTANGLE
area_fill(300, 122, 5); =-COLOR 5 = GREEN
~-ZRASE A RECTANGLE USING RESET PIXEL
for x in 280..320 loop
for vy in 92..112 loop
reset_pixel(x, v);
and loop:
end loop;
area_<111(375, 102, 2):
color(s); (quit)
et(quit);
end AGT§ST4;

’
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APPENDIX F

SPECIFICATION PACKAGE

PACKAGE ADAGRAPH IS

”
.
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J
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LOOROL
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v.., Fd

yZ £
PSR
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NENEAAL o

€
A

‘e al
Css

o8 NI_JNJ~I~I\J~Iaf A

-=-RZTURN ADDRESS

22T

RET_RPE:

C2RESS VARIABLES
URS_1,CURS_2,CURS_3,CURS_4: INTEGER
MIZGER;

TICHN AlID GENERAL PURPOSE VARIABLES
(Y_START  X_zliD, ¥ _EID: INTEGER;

PCS,DELTA_,DELTA_ 7 INC_CTR: INTEGER
LEND_CQNT . INTEGER;

<IR,BAZIUS, K _REL Y_REL,P_VaL:INTEGER;
........ 3

R,B_COLOR:INTEGER;

GMENT_IE: INTEGER;

ST%x SAV_COL3_STAT: INTEGER;

—

’ L_TLZ,CoL_PLZ:: I-_J;n,
--FI7 ROUTINE CONTO VARIABL
COL_MIX: ‘.‘1.._G R:
--GRAPHICS LIBRARY PROCEDURES

PROCZDURE CLS: )

PRCCEDURE COLCR(color_code : in INTEGER):

PRJICEDYRE SZT_CURS(®_pos, v_pos : in INTEGEQ)

PROCEDURE RESET_CURST{®_pcs, y_pos : in INT;uER) ,

PRCCEDURE DRAW_LINE(X_ start y_start, ¥_end, y_ end : in INTEGER) ;

PROCEDURE DRAW_MLINE(X_ start, Yo start, % end E end : in INTEGER);

PRCCEDURE CIRCLE(x_ctr, y_ ctr, radius : in INT GER) ;

PRCCEDURE INQUIRE_ r‘OI.OR(.~:_pos _pos : in INTEGER;
color : out INTEGER):

rRCCEDURE BCUNDARY_FILL{(x_pos, v_pes, £_color, b_color
in INTEG ER):

l")

PROCEDURE AREA r-'1'1'_I.§x_pos y._pos, f_color : in INTEGER):
PROCEDURE SET_PIXEL(X_pos, y_pos : in INTEGER);
?RO%EDURE RESET_PIXEL(x_pos, y_pos : in INTEGER);
2aGRAPH,;

LRSS
rﬁf_f
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:% APPENDIX G
ASSEMBLY CODE LISTING
W
}ﬁ PACKAGE ASSEMBLY ADAG%APH
:Q ‘ ***********igg*******kiig**********************************************
hﬁ P RRAR KR AR AR AR AR R AR R AR AR R AR AR R AR AR AR AR RAR AR RAAARRARA KRR ARARIRRRAR
;PROCEDURE CLS IS USED TO PERFORM A CLZAR SCREEN OPERATION
- PRCC CLS;
oy PUSH AX
. IN AL, OD8H ;SAVE VIDEO STATUS
;: PUSH ax
T MOV aLl,0FH
b QuUT ODBH, A ;BLANK THE SCREEN
A IN AL, ODBH
aiiD &L, OF7H
. ouT 0DBH, Al ;SET BIT 3 =0
b b aL, QODSH
N aMD AL, OF7H
}; ouT ODSH, AL :ENABLE CLRSCRN SIGNMAL
,¢ MOV CX, 06e0 ;MIT COUNTEZR FOR TIME DELAY
'ﬂ CELAY: NC? ;TIME DELAY IO ALLCW VIDEQO PROCESSCR
LCCP DELAY ;TIME TO CLEAR VIDEO MEMORY
IN AL, ODSH
. CR AL, O8H
N ouUT CDSH, AL ;DISABLE CLRSCRN SIGNAL
o 20P A
by ouT CD3H, AL ;RESTORE SYSTEM STATUS
:% POP ax
') RET
ad END PROC CLS;

fi ;PRCCEDURE COLCR IS USED TO ENABLE COLOR PLANES TO PROVIDE THE SELZCTE
\ ;COLOR AND THE E SEGMENT REGISTER IS INITIALIZED TO ALLCW WRITING IO

;&3 éggg gg%géso COLOR PLANES.
A : C :
‘A pPoP DX :SAVE RETURN ADDRESS
) POP i :GET COLOR CODE
PUSH D :RESTORE RETURN ADDRESS
AlID Ax, 7 ;MASK COLOR CODE TO SET STATUS FLAGS
[ Nz COLORI1
e MoV COL_PL1], OCOOOH ;COLOR IS WHITE
e MoV COL_PL2], ODOOQOH
409 HOV COL_PL3], OEOQOOH
e JHP EXIT_COL
Y COLOR1: SUB aL, I
= JNZ COLOR2
e HOV [CCL_PL1], OCOQ0H ;COLCR IS CYAN
1t MOV (COL_PL2]., CEQOQH
S0 MOV [COL”PL3], OEOCOOH
e JHP EXIT_COL
Pl COLOR2: sus AL, 1
o Nz CCLOR3
Ko MoV COL_PL1], OCOONH ;COLOR IS MAGENTA
‘ Mo [COL_PL2], CLCO00H
HOZ ECOL_PLg , GDOCOH
( JME =wIT_CO
ng COLOR3: SUs al, I
A JNz COLOR4
W 1o C5L_PL1], OCO0OQH ;COLOR IS BLUE
Y MO coL”PL2], OCOCGH
DY) 1oV CCL”PL3], 0COCOH
JiP EXIT_COL
\2§ 33
\)
BY .




s COLCR4 : SUB AL, 1
d hatecd COLORS
Y MOV COL_PL1l], ODOODCH ;COLCR IS YELLOW
Y MOV CcoLpr2], 0=Z000H
iy MoV [cOL”PL3], CEQOOH
2% JHP EXIT_COL
COLCRS: sU3 AL, I
JNZ CILORS
Ve MoV COL_PLli, OEQQOH ;COLOR IS GREEN
e MOV coL”Pr2], 0QEC00H
Vo MoV coL”pr31, QECOOH
FRN Hp EXIT_COL
e d COLORS: sUs al, 1
o Juz ExIT_COL
o CoL”PLL], ODOOQH ;COLOR IS RED
MoV COoL_PL2], CDQOOOH
MOV COL_PL3], ODOOOH
JUp EXIT_COL
. TXIT_COL: MCy AL, 73H ;DISABLE SIMULTANEOUS WRITE
ggt OCSH, AL
: SND PROC ANLIIL
ARRCNT XA TN TR T RORN K KA KK 7RI KKK R R AR R KR HR R R KRR K KK KRR R R R TR ROR R R ek
RV, : N X N X N T R A N T R T N R A A A AR AR AR AR R AR R A RN AAXNATARRAIAMKARRRARA T S ewx
oo :PROCEDURE RESET_CURS IS_USED TO ERASE THE GRAPHICS CURSOR L
N -AlN (X,Y) POSITION IS INPUT TO THE PROCEDURE AND THE & BLOCK OF
Ny f;::cf:srs 15 CLEARED AT THE CURSOR LOCATION
- PROC RESET_CZURS;
o MoV [SEGMENT_E], ES :SAVE SEG E STATUS
: POP ax :SAVE RETURN ADDRESS
) PCP tz :GET Y POSITION
. pCe < Dos :GET X POSITION
N7 PUSH ;:RESTORE RETURN ADDRESS
Y PUSH x _PosS '
- PUSH Y_POS
e CALL ADJ_sSL ;ADJUST Y POSITION TO A DISPLAYABLE
A gé%L EEL_VID_ADDR ;SCAN LINE & GET VIDEO ADDRESS
CALL BLANK_GCURS
. SUB BX, 1
;i*; CALL BLANK_GCURS
:p SUB Y_POS 1
) PUSH X_POS
el PUSH Y_POS
h CALL ADJ_sSL
- CALL REL_VID_ADDR
PGP BX
. CALL BLANK_GCURS
- SUB Y_POS], 1
~ PUSH X_POS
o PUSH 7_POS
NN CaAL ADJ_SL
N CALL REL_VID_ADDR
- ECP BX
CaLL BLANK_GCURS
o 7_POS], 3
o *_POS
N 7_P0S
N A3 _SL
N ZEL_VID_ADDR
~ e Fope
-~ BLANK_GCURS
[7_P0S], 1
s [:_?cs
ad; Lz_?osf
X AT _SL
h) RZL_/ID_&DDR
~) 3!
b BLAlK_GCURS
o a4
W
A
N
b
s . _ ) Coe . e
» o .ﬂ'-\';'-;' S R TP ST "._i‘.\'-'\{ '-,‘_.J'_‘ Ca n'{.: \." 3 _"“ ‘.(' ‘. » -.r\' .Q '. - -). - \_(.‘-..:\ .‘: ‘\ \' \'\; \J.:‘.\ 5_ \~ A _‘ N .,\‘. -




. gg% ES, [SEGMENT_E] ;RESTORE SEG E
- oL
.- END PROC RESET_CURS;
:'.' M N RN R kR o ke 7 K K K R T T e R g R T S R R ok e g R e R R ok e e
'\: ;-*wv~*+***iww~vxw*vvwxf***+§+wv******i***wwrrxxx*xw**i**w******vv-r*r*'
- ; PRCCZIDURE SLAJ _GCURS IS UsSzD EBY PROCEDURE RESET_CURS TO ERASt a CURSC:
PROC BLANK uu Rb
- gtoavs AX, [CoL_PL1)
o oV £3, AX
g2 SES ES
. 1SV [3X], O
b 2OV iz, fooi_pr2)
T IV ES, AX
SEG %S _—
a o 3%]
. 37 3%, {coL_pL3]
s MOV ES, AX
158 SEG ES
. HIY {8x]. o
" RET J
. END PRCC BLANUX_GCURS;
.-w«wxwfwww*vf*v'wtwv+*fwi**kxr**r*wawwx*r*w*vvxxxxxwtv*r~x*xw*wv«wirv
e e e e e e v e T e R T R T e e g sk e e e e e O e ke
‘ol CURZ SZT_CURS I5 USED TO DISPLAY A CURSCR AT THE INPUT
L7, OSITION. THE GRAPHICS CURSOR DISPLAYED IS a "+'".
h" CURS;
j? IZ MEMORY ADDRESS OF NMEW CURSOR POSITION
- MV [SEGMENT_E], ES ;SAVE SEG E STATUS
‘f{ rCr al ;SAVE RETURN ADDRESS
POP [ _POCS ;GET ¥ POSITION FROM STACK
- PO? DN _P0Ss ;GET X POSITION FROM STACK
e PUSH a ;REPLACE RETURN ADDRESS
[ MO DX, [Y_POS]
- PUSH [7._POS]
N CALL ADJ_SL :
f{ﬂ POP BX ;GET CORRECTED Y LINE NUMBER
W& ;
) ;THE CURSOR IS MADE UP OF FIVE COMPONENTS LABELED CURS_O TO CURS_4
MoV CURS_O{, DX ;PUT THE LINE NUMBER INTO
- MOV ICURS_1]|, DX :ACH OF THE CURSOR ROWS
> MOV ICURS_2], BX
o MOV 'CURS_3], DX
‘3* MOV |CURS_4;, DX
o SUB 'CURS_ D], 2
- - MOV AX, [CURS_0]
Js ol0)
oY ak, 3
> ADD [CURS_O], AX ;ADJUST EACH CURSOR ROW TO REFLECT IT
> CO: PUSH [CURS_O] ;DISTANCE FROM CURSOR CENTER POSITION
N CAL ADJ_sh {WHICH IS CURS_2
-¢Q. 2CP [CURS_O} ;THEN CALL PROCEDURE ADJ_SL TO ASSURE
s SUB CURS_1], 1 THAT EACH CURSOR ROW IS LOCATED o
Sy jgtoR ad, [CURS_1L :A DISPLAYABLE SCAN LINE
i Jus Cl
ACD CURS_1], 2
P c1 PUSH CURS_1
v CiLL iDJ_sE
v P02 [CURS_1]
o Felo) [cuas_si, 1
- 25y [cU2573]
i CALL ADJS_ST
= 2P [CUR5_3
3D [cLasZ4l, 2
- 27USH [CUFS_4
- TALL apJ_stC
. ocp [CUTS_4]
e ET3H b _203)
e PUH 5%
- Call REL_VID_ADDR
J 43
e
o
"t

PP P SIS

" ;\¢$,d.f¥ oy Ry

-".

f_»f‘-w o .‘_4-‘#' '
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:c MoV BX, [CURS_4]
Syt Call DISP_GCURS
2 J¥? eXIT
‘ - - "“—' . v .y -

i, 3IT7 o) aL,

I n
(%]
N

-
d
[RIRIR]
OMNC

Lot

,
AT A S L

w-

Y

O

(%)

(@}

«

P

w

SO

o
a

g a A e,
e

MWW IWOIWI IO Wm

T
‘ . [CURS_D]
: SP oCuR
e, IsP_Gouas,
N, iZIURs_l]
ISP _3CURS
O TIUAs 3]
5P 3CURS
3. TIURS. 4]
x -3p z
; 2P.iziis L o -
ExIT MU S 1IZNT_Z] RESTCRE SEG E
2T
T2 FRICZ SET_C

PRICEZURE SET_CURS TO DISPLAY A CURSOR

~re -
MO [N
e == -

B il ‘
CR 3% AL
RET

- LR KR IR TR R KW T T I W W I I e e e e T e R T T R R R R Rk R R R R R R R AR R KRR R K KR KRR R R R ROk OR R
exf :PROCEDURZ ADJ_SL IS5 USED 70O CORRECT Y PCSITION TO INSURE
0 (THAT IT OCTURS 2N A TZISPLATASLE SCAN LINE

-, o R e
o PROC ADJ_SL;

snp .327E RETURM ADDRESS
2lp ‘3ET 7 POSITION
ST 7 s78

JHNS

IMP
AZS_ 7 Al
Juz
THIT_SL: TUSH ;RETUR!! CORRECTED Y POSITION
PUSH ;RESTORE RETURN aADDRESS
0 REIT
o TND FRLSC ADJS_SL;
SN . B et T T Oy L L P L L L T T S

v A atal et et L~ L T SC; ST COCRDINATES D CoNTSRTS

. . Zl_VC JCR ACZCETTS X aliv 7 Bl ATES AND CTHVIRTS
L, TIE A M UEZIORY COREESPONDING TO THZ W 7 PC3ITICH
= _RJ0K v
— PP L%ET_?TA] ;5avE RETURN ADDRESS
Pl Ex ;GET Y FOSITICH -
M TI5T £ ST FOR 7 < O
JU3 N
Nt El
LT T3T_TLTR K an, 375 ;TZST FOR Y > 376 .
oy SUE ax, BX
Js 7 _IN_EBUD

s a5




-
)

]

1NN
fx'.‘(‘l .

b )

LA

A, by 4
2

b

RN R A

<

MOV BX, 378
Y_IN_BND: MOV AX, &C0H ;PUT SCALE FACTOR IN aX

MUL RS SAND SCALE Y BASED ON LINE MNUMBER
PP 3% SGET X POSITICH
TIST B¥, S8COOH :TEST FOR X < 0
JHs TST_XUPR
ol 8%, 0
TST_XUPR: ML Dk, 539 ;TEST FOR X > 639
SUB DX, BX
NS ¥_IM_3MND
NSy BX, 339
X_IN_3ND: Mew cL, 3 ;AND DETERMINE BYTE X OFFSET
- SHR 82X, CL ;3Y DIVIDING X PCSITICH BY 3
Nle) B, an ;ADD ¥ OFFSEIT TO GET 37UTZ ADDRESS
FUSH Ex ;RETURN RELATIVE BYTE ADDFESS
PUSH [RET_RV2a] :RESTCRE RETURN ADDRESS
ﬂ:-
xal
TND PROC REL_TID_ADCR:

’ L

;LINE ZRAWING PROCEZURE WITH CCLCR MIXING FOR CROSSING LINES
B - L Ty .
JTaLC e

- T -l
o2P [EET_CHL] :SAVE RETURII ALTRESS
Hew [CoLMINyL 1 ;ENABLE CCLOR MIXING
Call CRAWW_LINE ;GO CRaW THE LINE
pUsH [RET_CML] ;RESTCRE RETURN ADDRESS
RIT

IND PROI DRAW_MLINE;

;

c_IdIT TERAWING PROCZIURE WITHOUT COLCOR MIWING FOR CROSSING LINES

i S A
TRATT CEAW_LINEZ

°CP RET_CML; ; SAVE RETUPN ADDRESS
MOV COL_MI¥], O ;DISABLE COLOR MIXING
CALL DRAWW_LINE ;GO DRAW THE LINE

PUSH (RET_DML] ;RESTORE RETURN ADDRESS

END PROC DRAW_LINE,

T T R T R R W Y K R A R R R AR T A AR AT AR R A A TR ATA AR XA TR AL ARRARI T AARTRA TR+ hx
:'vxxw*#wxx**xxxwrvxktr*xw*ﬁxxw**x*xi*!xx**xX*K**x**ixxwv!xx**xk?*xxxixx
;PROCEDURE DRAWW_LINE PROVIDES PRIMITIVE LINE DRAWING CAPABILITIES

HE SUBRCOUTINE ACCEPTS AS INPUT A PAIR OF ENDPOINTS IDENTIFIED BY

X, ) CCCRDINATES

3 FAWW_LINT;

B

1)~ 4

3~
I

"
(¢
C

ol BP, SP
PrsH DS
R o BX, [BP+3 ;GET X START FROM STACK
MOV {x_sTARrg BX
MOV ?x, BP+] ;GET Y START FROM STACK
Rioy BX, [3p+4 ;GET X END FROM STACK
1oy [Z_ENDI,
Mo ax, [BP+2 ;GET Y END FROM STACK
oV [7_END], AR
;TEST CRDERING OF ¥ COCRDILATES. THE ALGORITHM EXPECTS TO FIL.JD THE Y
s JOCRDINATE I I!NCREASING ORDER CR 0.
Mo A%, [7_END)
5.3 A%, [Y7STaRT)
NS STA_DY :JUMP IF Y ORDERING OK
eV 31, T[¥_START] ;ELSE SWAP START AND =MD CCORD.
RoW =X, [5”zus] ;S5 7 START VALUE IS LIE ¥ END
Rlow [4_STaXT], BX :JALUE. THEHU CALCULATE DILTIA Y.
o UZENDY, AR
R A¥T [Y_STaRT]
1S =, (v End]
No [7_STaRT], BX
ReY [T_EnC], ax
3.3 ax, BX
5T2_D7 NN (CELTA_Y], AX
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% _START]
-7 IRy
D)., na

7 STAA
2 na
31

5]

SEG
A_%], 8

JZ

a_tl, 7F
R_3
iK1
S;, 1

S

5]

3G

a ), 1
CL
DELTA_X]
. ma ee
Loala_i
2

3

D

Zm

[ ]
e

[DELTA_Y]

ACD X1

mz CASE2

Imp c2

MoV X, éDELTA_K]
Moy

DI '

SUB _ERROR], AX

Uil -y o~ s
OO0 N

My ognim- 0y
NOorrunnunnrniuo N

=i

CALL _
o ,

aLD . f
MOT _ER

=
'y oYty N O
O ON|
wvrn
[y

o]
[
wn
I
3 Tl 4 e T e O X T ey () I O e 3 — oI o 0w m
VIR A RIS T H D DL R DO DO A T I D DN D Y e O]

INC_CIR

iEND_CNTJ

M

PUSH s

PUSH 0S|

CALL TE_SEG

107 %, TL_ERROR]

20D %, [DELT&_7|

SUZ %, [DELTA Y]

OV ERROR], T

ADD Ific_cIzl) i

Jre R_C2Z

107 <7 (DELTA_Y!

N0 END_CNT|, axX

S0

PRI R

OO
0
w
<
(@)

Q
X

;:CALCULATE DELTA X

T FIRST POINT
T FOR NEGATIVE SLCPE

FOR DELTA Y = 0

;DRAW LI!E FCR SPECIAL CASE WHERE
;DX > 0 AND DY = O

;DX > 0 AND DY > O

;DX >= DY

;ADD IN CORRECTION FACTOR FOR

; SHOOTHING

; CORR

; INIT
; TEST

= DX/ (DY+1)

ERROR VAL. WITH CORR. FACT.
INCREMENT COUNTER

;ERROR >= 0




;aDD IN CORRECTION
; SUOQTHING
;CORR = DY/ (Di+1)

— OO o

DS RGOS O R T DG L DR G D S LB T LT B DG Y DI L

_ERROR], aX 3 I ERROR VAL. WITH CORR.

END_CNT] ; INCREMENT COUNTER
INC_CTIR

Fu e 7R Y)
|~ o~
W Gk

EST FOR ERRCR < 2
RROR < 0O
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jotoxy £S, [COL_PL_ACLR] ;EHABLE
P0P [RET_LS] ;SAVE RETY
aDJ_SL ;CCNVERT Y
REL_VID_ADDR ;USE X & 7
BX ;EX REIZISTE
aX, [X_POS] ;MOV X PCSI
al, ;CAlCVLATE
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a5
R MOV AX, [cor_PL2]
N MoV ES, AX
N SZG ES
oy OR [BX], DL
NN Hov AX, fcoL_pL3)
e MOV ES, AX
SEG ES
- OR 8%], DL
148 PUSH RET_LS] ;RESTORE RETURN ADDRESS
b MoV S, TSEGMENT_E] ;RESTORE SEG E
N RET
oo END PROC LINZ_SEG; . e ettt e
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;FROCEDURE CIRCLE INPUTS X & Y COORDINATES OF THE CIRCLE CENTER
e ;AND A RADIUS VALUE. IT THEN DRAWS A CIRCLE.
B PROC CIRCLE;
. MOV BP, SP
ey MOV AX, [BP+6]
) MOV [X_CTIR], aX ;GET X CENTER COORDINATE OFF STACK
' MOV AX, [BP+4]
MOV [7_CIR], ax ;GET Y CENTER COORDINATE OFF STACK
MoV i, [Bp+2]
- oV [Y_RLL , DX ;GET RADIUS VALUE AND SET
.- MoV X_REL], 0 ;INITIAL VALUES FOR X aND Y COCRD.
) MOV CLT 1
25 SHL DX, CL
o MOV ax, 3
o SU3 ax, DX
L MOV [p_vaL], AX
CIRC_LP: Hov AX, {Y_RELJ ;TEST IF FINISHED DRAWING CIRCLE
- SUB aX, {X_REL
o0 ggg DR_CIRC
a0 Al
g POP BX ;REMOVE INPUT PARAMETERS FROM STACK
S9N POP BX
Ly POP BX
L~ PUSH AX
RET ;EXIT SUBROUTINE
ALY ;POINTS ON CIRCLE ARE PLOTTED IN GROUPS OF 8 WITH THE Y COORDINATE
N ;SCALED BY 1/2 TO COMPENSATE FOR X:Y RATIO IN THE DISPLAY
N DR_CIRC: Hov AX, x_ch] ;CALCULATE POINT 1
o MoV DX, [XZREL
RN ADD ax, DX
: MOV [X_POS], ax
) PUSH AX
Y MOV AX, £Y_REL]
R MOV CL,
R0 SHR aX, CL
e aDD ax, [Y_CTR]
Y PUSH ax
ga . CALL ADJ_SL
s POP {Y_POS]
PUSH 7_POS
\ CALL REL_VID_ADDR
b PUSH [£_P0s]
b CaLL CIR_PIXEL ;PLOT (X_CENTER+X, Y_CENTER+7Y)
P, HO7 AN, ;x_chJ ;CALCULATE POINT 2
ol MOV CX, {4_REL
s SU3 ax, Dx
A MO [#4_pPCS], AX
PUSH Az
303 PUSH [7_POS]
N CALL REL_VID_ADDR
o) PUSH [«_Pos
3, CalL CIR_PINEL ;PLOT (Z_CENTER-X, Y_CENTEIR+Y)
NS PUSH [5_P25S] ;CALCULATE POINT 3
‘A MoV BX, [Y_REL]
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; CALCULATE POINT 4
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;PLOT (X_CENTER+X, Y_CENTER-7)
:CALCULATE POINT 3
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CIRC_
cL, 2
Af, [ REL)
Y S5 a¥. [YZREL]
Y SE Ax, CL
all ax, 10
. adD fP_VAL%, ax
» 3U3 LY_REL .1 ;DECREMENT ¥ COUNT
Yy Aot [v”ReEL], 1 ; INCREMENT X Ccunt
s >p CIRC_LP
- ENZ PRCI CIRILE;

A
;5

;PROCETURE CIR_PINEL ACCEPTS AS INPUT A RELATIVE BYTE ADDRESS alD al
. g
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uI [SEGMENT_Z), ES ;:SAVE SEG E STATUS
t.-._- ;SAVE RETURN ADDRESS

FCP DX ;GET X POSITION

?CP 2% ;GET RELATIVE BYTZ ADDRESS
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o MoV ES, DX
SRy SEG ES
oy AND [BX], CL
<3 HOV DX, OEOQQOQH
¢, MOV ES, DX
SEG ES
\ AlD [8X], CL
it I MOV DX, [COL_PL1] ;SET PIXEL TO DESIRED COLOR
o MoV ES, DX
b SEG ES
po¥ OR [BX], AL
et - MOV DX, [coL_PL2]
" MOV s, DX
SEG £S
) CR [8X], AL
~E MOV 5%, [COL_PL3]
S 510} ES, DX
“:; SEG ES
.53% OR 8X], AL
4 PUSH RET_CPE]
G MoV ES, [SEGHMENT_E] ;RESTORE SEG E
RET
. END PROC CIR_PIXIL; , o
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Sy ;ickv‘tk***kiz***kk*iuik***-k-kiw?c7‘(**k*****7‘<**7‘:7’(**7‘\'******k***kﬁk****kk********k*
A ;PROCEDURE SET_PIXEL ACCEPTS AS INPUT AN (X,Y) COCRDINATE AND SETIS THE
u :CORRESPONDING PIXEL TO THE SYSTEM COLOR
A PROC SET_PIXEL:
LY MOV BP, SP
MOV SEGMENT_E], ES ;SAVE ES STATUS
_ P0P RET_SPET ;:SAVE RETURN ADDRESS
s HOV ax, TBP+4% ;GET X POSITION
) Hov [X_POS], AX
e CALL ADJ_SL
Lo CALL REL_VID_ADDR
o POP BX ;GET RELATIVE BYTE ADDRESS
MOV DX, ;X_POS]
AND DX, ;MAKE A BIT MASK
o Juz PBIT1
S MOV AL, 80H
-2 MoV CL, 7FH
2 JHP PIX_ON
1954 PBIT1: SUB DL, 1
WeS JNZ PBIT2
W, MoV AL, 40H
MOY CL, OBFH
o Jup PIX_ON
0 PBIT2: SUB DL, 1
el JINZ PBIT3
e MoV AL, 20H
X MOV CL, ODFH
‘i JUP PIX_ON
i PBIT3: SUB DL, 1
Juz PBIT4
29 MOV AL, 10H
e MoV CL, OEFH
-4 P PIX_ON
(4 PBITG: SuUR DL, 1
o Suz PBITS
oot ey aL, 3
iy 1o CL, OF7H
Jup PIX_ON
T3 PBITS: SUB DL,"1
W Jhz PSITA
W MGY al, 4
24 Moy CL, OFBH
b J PIZ_Ol
o PBIT6: SUB DL, 1
h uz PBIT?
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NPT TR -

SN
R :
N
418 MOV aL, 2
P MOV CL, OFDH
oy JMP PIX_ON
X PBIT7: MOV AL, 7L
o MOV CL, OFEY
M PIX_ON: MOV DX, OCOOCH ;CLEAR ALL COLOR PLAMES AT SELECTED
, MOV £S, DX :PIZEL LOCATION BEFORE SEITIIIG
g S5 ES :PIXEL TO NEW COLOR .
3N AND BX], CL
e MOV X, ODOOOH
. MOV ES. DX
MY SEG £5
ON aND [3X], CL
MOV DX, CEOQOH
. MOV £S, DX
o SEG ES
oD AND [BX], CL
Wy MOV DX, [COL_PL1] ;SET PIXEL TO DESIRED COLOR
WA MOV ES, DX
Wi SEG =S
ok OR [BX], AL
MOV D%, fecor_pL2]
“ HOV ES. DX
Y SEG £S
- OR [BX], aL
o MOV DX, [COL_PL3]
o MOV £S, DX
v SEG ES
e OR 5X]), AL
PUSH RET_SPE] ;RESTORE RETURN ADDRESS
. ggv S, TSEGHENT_E]  :RESTORE SEGMENT E
Lot ’
ot END PROC SET_PIXEL;
S 'Rx**xxx*xxxxxxﬂ*xn*****x******x*x***'x**********x***x**x******xx*****w**
P }:.:_ ; ******x*********'x**x***x*********‘x****'x*'k*x****************xx'xx'k‘kx*x'xx*
o :PROCEDURE RESET_PIXEL ACCEPTS AS INPUT AN (X,Y) COORDINATE AND RESETS

; THE CORRESPONDING PIXEL BY WRITING "Q" TO ALL COLOR PLANES
PROC RESET_PIXEL;

MOV BP, SP
o 1oV SEGHENT_E], ES ;SAVE ES STATUS .
e POP RET RPEI ;SAVE RETURN ADDRESS
i MoV Tep+ % ;GET X POSITION
o MOV x POS X
o CALL A
- CALL RrL_VID_ADDR
POP BX ;GET RELATIVE BYTE ADDRESS
. HOV DX, ;X_POS]
7..4 AND DX, ;MAKE A BIT MASK
it INZ RBIT1
vy MoV AL, 7FH
N JP PIX_OFF
N RBITL: SUB DL, 1
. Jnz RBIT2
1OV AL, OBFH
JHP PIX_OFF
ALY RBIT2: SUB DL, 1
SN JNZ RBIT3
N MOV AL, ODFH
N Jup PIX_OFF
oo RBIT3: SUB DL, 1
Kt Jiz R3IT4
o0 AL, DEFH
=R - gn? PIS_OFF
: U3 DL, 1
o 1z RS1ITS
Ny MoV AL, OF7H
[y Jup PIX_OFF
'0..'0 RBITS: sus DL, 1
0y, Juz RBITS
LW, ) -
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AL MoV AL, OFBH
A JHP DIX_OFF
Iy RBITS: SUB oL, 7L
o, iz RBIT?

My Hev AL, OFDH
) JMP PIX_OFF
_— R3IT7: MOV al, OFEH
- PIX_OFF: MOV DX, CCOOOH

2 MoV £5, DX

o SEG ES

) AND [BX], AL
ot - MoV D%, ODOOOH
X, X oY ES, DX

szg %s |

. aN 3%], aL

e HOY 5X, OE0COH
X~ MoV ES, DX
RO SEG ES
ot AND [BX], aL
e PUSH [2ET_RPE] ;RESTORE RETURMN ADDRESS
@ §9¥ £S, TSEGHMENT_E] ;RESTORE SEGHENT E

o

. p ED PROC RESET_PIXEL; o , N
. AT A AR AR AR R AN A TR A A AR AR AR A RARA AR ARAARKAAEARAEARAARAKAKAAARARAARARRR R RTRRK
:.‘ X /.7':***k****k***fw*r':*********7’:*7‘(***7’(**7’«********k****x**********7’(****7’:**7’(7’:**
o ;PROCEDURE INQUIRE_COLOR IS USED TO INTERFACE WITH HIGHER LEVEL ADA
oy :PROGRAMS IN ORDER™TO HANDLE I/O PARAMETER PASSING

Y PROC INQUIRE_COLOR;

w flov BP, SP

PUSH BP

e PUSH BP+6 ;PUSH X POSITION
L2 PUSH BP+4 ;PUSH Y POSITION

o CALL NQ_COLOR ;:GET PIXEL COLOR

A POP ax ;COLOR VAL RETURNED
o POP BP

3y MoV BX, [BP+2]

b gg¥ (BX], ax ;RETURN PIXEL COLOR
\ END PROC INQUIRE COLOR;

0 ;PROCEDURE INQ _COLOR ACCEPTS X & Y COORDINATES AS AN INPUT AND

- ;RETURNS THE PIXEL COLOR CODE OF THAT LOCATION
- PROC INQ_COLOR;
- MoV BP, SP
MOV 3K, [BP+4]
- MOV [A_POS], ax
Ay POP 'RET_IC] ;SAVE RETURN ADDRESS
O CALL ADJ_SL
W CALL REL_VID_ADDR
$¢ PCP BX
o PUSH [X_POS]
WY CALL %_HASK
POP cx ;READ MASK
, PUSH ES ;SAVE ES STATUS
T MoV aX, OCOOOH
B\ MoV zS, Ax
3 SEG £S5
’ oY oL, [BX] ;READ DATA IN BLUE BIT PLANE
N AlID DL, CL ;TEST IF BIT SET
K it Pt Bl
- Jup 110_B
kT Bl: MoV ax, ODOOOH
A RloV/ £S, ax
o SZG ES
A Hov DL, [B8%] ;READ DATA IN RED BIT PLANE
o D TL, CL ;TEST IF BIT SET
SO Juz 32
Wy JiP B_MO_R
i”' N -
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B2: MOV AX, OEOOOH :RED IS SET, TEST GREEN
MOV ES. AX
SEG ES
M7 oL, [3X] ;READ DATA IN GREEM BIT PLANE
aND DL, Co :TEST IFf BIT IS SET
oz 33
b 3R_NO_G
B3: o 2270 ;COLCR IS WHITE
) EXIT_IC
BR_NO_G: MOV 2%, 2 ;COLOR IS MAGENTA
JHP EXIT_IC
5_NO_R: MO AX, JECOOH ;BLUE IS SET, RED IS NOT, TEST GREEN
10V £S5, ax
STG ES
ovs SL, [3%] ;READ DATA IN GREZN BIT PLANE
alD DL, CL
oNZ B4
JMP 5_NO_RG
34: MCY a%, 1 ;COLCR IS CYAN
Jp EXIT.I
B_NO_RG: M7 ax ;COLOR IS BLUE
JHP THIT_I
NC_B MV A<, JDOOOH ;110 BLUE, TEST RED
oV ES, AX
SEG ES
MOV DL, [BX] ;READ DATA IN RED BIT PLANE
AND DL, CL
Nz 35 ;RED IS SET, NO BLUE, TEST GREEN
JHp NO_BR
BS: Mov aXT CE00OH
MY ES, ax
SES ES
MOV DL, [BX] ;READ DATA IN GREEN BIT PLANE
AND DL, CL
JNZ B&
JMP R_NO_BG
B6: MOV A%, & ;COLOR IS YELLOW
JP EXIT_IC
R_NO_3G: 1oV ad, ;COLOR IS RED
JMP EXIT_IC
NO_BR: MOV AX, OEOQOOH ;NO BLUE, NO RED, TEST GREEN
MOV ES, AX
SEG ES
MoV 85' Ex] ;READ DATA IN GREEN BIT PLANE
AND L,
JNZ 57
JMP NO_RGB
87 MoV ax; s ;COLOR IS GREEN
JMP EXIT_IC
NO_RGB MOV AX, 7 ;COLOR IS BLACK
z2IT_IC POP ES :RESTORE ES
PUSH A%
gusa [RET_IC] ;RESTORE RETURN ADDRESS
ET

END PROC INOQ_COLCR;
L R h Tk kR R % e R R kR e R gk e gk e vk e gk e s e ok ok ok ok ok R sk ok e R kR ok ok ok e ok e ek ok ok ek R kA R

:PROCEDURE Z_MASK ACCEPTS AN X COORDINATE POSITICMN AS INPUT
;200 RETURNS & BIT MASK BASED ON THZI X CCORDINATE

PROC W_MASK;

PCP ox ;SAVE RETURN ADDRESS
FC? ax ;GET K POSITION
allD AX, 7
JiZ 1H3IT1
Uz aX, 380H
0P ENIT_Xi
M3ITL: S8 A4, 1
JliZ NBIT2
1C7 AX, 40H
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1y JMP EXIT_XM
N MBIT2: SU3 ax, 1
. JNz MBIT3
N, O ax, 20H
g Jte TLIT_KM
M3IT3: SUB ax, I
N Juz MBITY
A ‘ MOV AX, 1CH
[ Jip EXIT_Xi
" MBIT4: SU3 ax, T
- NZ MBITS
b MoV 3K, 8
) JHP EXIT_XM
MBITS sus ax, I
Juz MBIT6
v MOV ai, 4
) JHP EXIT_XM
30 MBIT5: SUB AX,
Uz MBIT7
MoV ax, 2
JMp EXIT_XM
MBIT7: MOV AX, 1
" ZHIT_XM: PUSH A4 ;RETURN X MASK
' PUSH DX ;RESTORE RETURN ADDRESS
" RET
Wi END PROC X_MASK; L
, L RO TR K TR KRR R R KRR R % kT e sk AR ok I e R AR K R 9k R T 9 R e ke e e K R A K R o gtk R R R R R T R R R OR RO
‘s: :RR‘**R******#*R***?’:**********************i******************************
ot ;PROCEDURE BOUNDARY_FILL ACCEPTS AS INPUT X AND Y COORDINATES, & FILL
:COLCR, AND A BOUNDEIRY COLOR AND PERFORMS A SCREEN FILL WITH THE
Ty :FILL COLOR UP IO THE SPECIFIED BOUNDARY
NN PRCC BOUNDARY_FILL;
N pOP RET_FILL]
QRN POP B_COLOR
o POP F_COLOR
g MoV SEGMENT_FE], ES
o) MOV X, [COL_PL
MOV [SAV_COLT_STAT], aX
e Hov A¥, TcoL_PL2
N MoV [SAV_COLZ_STAT], aX
AN MOV ax, TcoL_PL3
T MOV ésAV_COL?_STAT], AX
) CALL _FITL
~ PUSH (RET FILL;
't MOV £S5, [SEGMENT_FE]
MoV AX, [SAV_COLI_STAT]
Mo [coL_PL1T, ax
o MOV BX, [SAV_COLZ2_STAT]
o MOV (coL_pPL2T, AX
_zr' MOV AX, TSAV_COL3_STAT]
"}: HOY (CcoL_pL3T, aX
)%
3;7 ENID PROC BOUNDARY_FILL: _
.*R*k***’tx***k**x;.':"(**R"t********************************x****************
o :.fw**r‘n‘c*****in‘n‘n‘w'—.***********k*****************k****************k*k***k***
o ;PROCEDURE R_FILL IS THE RECURSIVE PART OF THE BOUNMDARY FILL PROCEDURE.
o ;1T IS USED TO &VOID UNNECESSARY PASSING OF THE COLOR PARAMETERS WHICH
) ;DO NOT CHANGE ON SUCCESSIVE RECURRSIVE CALLS.
N PROC B_FILL;
o POP DX ;SAVE RETURN ADDRESS
NN MoV cx, X_POS]
lop) Ex, [?_POS
vt poP yY_POS ;GET MEXT Y POSITION OFF STACK
o POP [X_P0S ;GET NEXT X POSITIOH OFF STacCk
R puah e
) St P
\v PUSH B
dit S PUSH [x_pos :SAVE PRESENT ¥ POSITICH
e PUSH Y_PQS ;SAVE PRESENT Y POSITICH
e
gk Y
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% gé%L éNO COLOR
'y MOV [P_COLOR], AX  ;COMPARE COLOR AT PRESENT LOCATION
3 cHp AX7 [B_COLOR] :WITH BOUNDARY COLOR
2 e LET
M Y AL
. TEST_FC: MoV ax, TP_COLOR ;COMPARE COLOR AT PRESENT LOCATICN
- cHp AX, [F_COLOR ;WITH FILL COLOR .
] JNZ F_PIX
~ JHP EXIT_F
s F_PIX: PUSH X_P0OS
:', PUSH Y_POS
A CALL aDJ_sL
B CALL REL_VID_ADCR
PUSH [x_pos]
R
)
) CALL CIR_PIXEL ;SET LOCATION (X,Y) TO FILL COLOR
Y5 MOV aX, [X_POs] !
ay ADD ax, 1 ‘
" ggcg ?§ POS ]
D >
CALL B_FILL ;CALL B_FILL PASSING (X+1,Y)
. MoV AX, [X_POS]
o Sus A%, :
» PUSH ax X
W PU_H (7_POS] '
o CALL B_FILL ;CALL B_FILL PASSING (X-1,Y)
" MOV A%, {Y_POS]
W aDD ax,
gggg [%_POS]
- n
b CALL B_FILL ;CALL B_FILL PASSING (X, Y+1)
y MOV ax, {Y_POS]
-2 SUB A
: I
W CALL B_FILL ;CALL B_FILL PASSING (X,¥Y-1)
EXIT_F: POP ¥_pOS :RESTORE POSITION (X,Y)
e POP X_POS .
nty 1_._RE'J.'
ig
)-: Egg*iggg*’é?*}c}cxx*******x**x****-k**********************************k*wx**
U, ,*'kxx*xx***x*x*x****x***x*x*x*kwx*x****xx**r**x*****x*x*x***x*****xxxr**
'3 ;PROCEDURE AREA_FILL ACCEPTS AS INPUT AN (X,Y) POSITION AND A
;FILL COLOR. IT FILLS AN AREA WHOSE BOUNDARY IS DETERMILED BY THE
égggsigghcg%gi OF THE INPUT (X,¥) POSITION.
W POP [RET_AFILL ;SAVE RETURN ADDRESS
I MOV SEGHENT_F 1 ES
. MOV AX, [coL”PL
o MoV [snv COLI_STAT],
) MGV A¥, TcoL_PL2
DY) MoV [SAV_COLZ_STAT], aX
ﬁgg AéAngg%BPé%A ], ax
- -STAT],
N POP [F_COLOR] :GET FILL COLOR OFF OF STACK
AN POP }Y_Pos
. pOp X_POS !
hes PUSH [X_POS
Y PUSH 7_PoS i
! CALL in_COLOR ;GET COLOR OF INPUT POSITION
POP 5_COLOR] :SAVE REFERENCE COLOR
I gggg x_gos]
. ; 7_20S
I$ CaLL a_FILL ;CALL RECURSIVE FILL PROCEDURE
" PUSH [RET_AFILL] ;RESTORE RETURN ADDRESS
,j MoV £3, TSEGHENT_FE] 5
) MOV AX, [SAV_CGLI_STAT] t
'K :
|
. VD R
:": 02 |
s i

.- - « o FaT ORI gk 'v -
- W o L OO A O \.-ws",.’ N AN o AN ; «
) ﬁ,"_ KA Gy \ G'l.e !‘ W s‘q (AT e.l?l_ .“,f. ’ '0. RANT ,l.‘:\." 8 ,"‘" & . " &‘ ? SHORSINS, \’. ] Y AL AWy




.

"
:b: "
l'\ .
9‘.
< MoV {coL_PL1l], AX
: 1oV AX, TSAV_COL2_STAT]
. oV [cor_»r27, ax
) MOV aX, [SAaV_COL3_STAaT]
) MOV (cOL_ 2137, aX {
’ RET [
IND PRCC AREA_FILL; o , o ‘ i
LTI T TR T TR T TR IR KRR R R R R R R T TR R TR R KT TR R KRR KR KR T T TR K KRR TR TR R R R R R )
-*; ;kx**k*xxn***xkxxkk*k**k*kkk***k**k**k**k********k**kktﬁ*k******kk****k* |
{5 ;PROCEDURE A_FILL IS THE RECURSIVE PART OF THE AREXA FILL PROCEDURE.
i ;IT IS USED TO AVOID UNNECESSARY PASSING OF THE COLOR PARAMETERS WHICH
ha: - ;DO HOT CHANGE CM SUCCIZSSIVE RECURRSIVE CALLS.
e PRCC A_FILL:
PCP DX ;SAVE RETURN ADDRESS
. MoV CxX, [X_POS]
', MOV BX, (Y_POS]
L\ POP {Y_POS ;GET NEXT Y POSITION OFF STACK
4 POP $_POS ;GET NEXT X POSITICH OFF STACK
" PUSH )
) PUSH X
I PUSH B
PUSH [<_POS ;SAVE PRESENT X POSITION
- PUSH [Y_P03 ;SAVE PRESENT ¥ PCSITION
iy CALL INQ_COLOR
o POP ax
4 MoV (P_COLOR], AX  ;COMPARE COLOR AT PRESENT LOCATION
R cip AX, [B_COLOR] :WITH AREA COLOR
* INZ EXIT_AF
A0 PUSH X_POS]
PUSH Y_POS
" CALL ACJ_SL
A CALl REL_VID_ADDR
N PUSH X_P0os
b PUSH F_COLOR]
> CALL OLOR
< CALL CIR_PIXEL ;SET LOCATION (X,Y) TO FILL COLOR
; MOV AX, [X_POS]
ADD A%, I
X PUSH Ax
p : PUSH ?_POS]
¢ CALL _FILL ;CALL A_FILL PASSING (X+1,Y)
ol MOV AX, [X_pos]
yi SUB AX, 1
n PUSH A
) PUSH [7_POS]
CilLl a_FILL ;CALL A_FILL PASSING (X-1,Y)
RV 3%, [7_POS]
. aDD aX, 1
) PUSH [X_POS]
o PUSH AX
o CALL A_FILL ;CALL A_FILL PASSING (X,Y+l)
X MoV AX, [Y_POS]
i SUB ax, I
PUSH [X_POS]
o PUSH AX
o CALL A_FILL ;CALL A_FILL PASSING (X,Y-1)
» EXIT_AF POP Y_Pos]
g ?C? X_POS
. RET
) END PROC A_FILL, .
) R M R R R A T AN AR AT A A A AR AR R A A AR AR A AR T AR AR AR ARRAARARARARR I RARA KRR T
:.x**xx#x****xktr*k*x*****kk**k**k*k******kk******k*********x***k***k**r*
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