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ABSTRACT

The fast develop of computer technology has been applying to
most industrial processes nowadays, such as in measurement and
control; device and system, as well as the graphic display, etc..
However, in case of large and complicate industrial process, the
low application of computer to display the model of the process,
variables and so on, are still have some limitation due to the
resolution of the CRT and the limitation of the graphic display
controller itself.

This paper presents one method of the high-resolution
graphic display design, in order to overcome the 1limitation
mentioned above. Moreover, the graphic display controller is also
designed to have spacial functions that the two CRTs can be used
to display in the same time, and the picture displayed can be
scrolled in both up - down and left - right directions. That 1is,
it gains more efficacy for industrial processes applications. And
because of the high-speed display is designed, the computer then
can be wused for processing of the data of the process, and
display on the CRT or print out through the printer, without any
affect to the displayed system. At the last of this thesis, a
software for the user to designate any alarm conditions of the
industrial process is also designed. Since the condition can be

set by the user or the controller easily, this software then also
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contribute more efficiency to the overall design and application

to the industrial processes.



n17§aa1un11tuﬁﬂuuUaean11=uaons:u1un11n1oqﬁﬂ1Mn77u 1210872

§7Aa1 190 NI MIUNIIAWANNTEIIWNISURENIAILANAUN INDANURGTLT  BeiiHF

ol -

. - ¢ oo el L od o o ada .
agna1u15unaxvaﬁunaaualauunnﬂ1enuﬂan1u 7ﬁnuvueﬂ§1ﬁuaﬁﬁﬂnn17u11a1
o 4 ¢ L o o - * oo a
ADNNT LAD TN TEENATEIUNITRAARINNIT LURHUUYAIAINR aﬁnwsﬁﬂaﬂeﬁagaan1
o

£UBINTEIUNITN WA NG 9BTAR 19 INAUABIHY LAD T ﬁoﬂauﬁ1lﬁasasﬂ1ﬁaga
1né1ﬁuu1ﬂ7=u1auau51ﬂ11uuaaouan1eaauaﬁoua 982133635 tAsud 1A
veraw whpugy sy Seganfae iludimue $outoare mand usssimustu
5num=ﬁnua:ﬁunutuatﬁﬂeﬂaﬁﬁuaéﬁus:nun%aﬁﬂsun1uﬁu1 WA3IINNISANETYS
unsu A MIA NI dinE WA W TNAR N N TELUN IR g S FuBau e
n1iMRDeuLvasn thumats N wnseda 1813 was 1Ansuasn AN g enn
UWASTAIREAIN WU TR W0 DB AN SN IARAN 1 SAEAFINRTIARD Y
uaaeuaﬂugﬂuvuumeﬁagaﬁulau UAZUN S TUSHNSHA I SRR AN AN I YD
NILUIUNITDBNNINIASBIRNNA uBNAntuffsiivanmuanivamsaa ifioeandau
ﬁnéﬁnaz1ﬂu3:uuuu1nﬂn¢§e31uaéﬁutﬁ%aQﬁouqunszuaunﬁs WA I RN UL
Wun199 8970 a1z AT S IE WA TMINABNAY LRD S B WAL E
3nu1ﬁnu5aﬁnﬁunlauassuuuﬁﬁeuaﬁ11ua:tﬁuageﬂwn%un7:uvun17n1¢qa—
8mMNYN eiABnuLLARLAITas R (ratuTanA WA TRURRERTAR DL 2 3D
nm UAZAINIIOAIMUAR WML VIUNTUAR IHATATALATS LADLA MG UK 997
fIefuTen (JOYSTICK)  M1Mam1I0u MM Efunszuun1svureivduas Susouta
€A NITNIBYANIUFAVHAANTZH1IAR 9N 1BIBBNARULIURASHA LAY HDDIA
A TR AR 1AERATERS INDWMRETUTIRRBIN1TABUATA  uATAIMTSOUARY

- v o P - - & A
N9 anudaedn1LeiInIY lRBuE  nIT LURBUYDAIIY n111ﬂauu3ﬂ uasaoug

- -

usnntfufieswrsndeiiny i ugugnIinwusntaingn  Beientazasaiae
n3deipyIL ReuunI@AIeT 1By 3Huvee mAge IAunIsRuRi e AB a1

£ 1An3INA7 3D tﬂéﬂenauquﬁ1ewuanna1a ﬁoﬁn11ﬁ1aualﬁau1né1e1axgn
AmusiasTlIunsy BegBawrIountonIaRmudu (a 18R Izl wilendug

o * » o~ +* - . *
tﬁaqa"mé‘h?aw'nnmm“iﬂsunw'mannﬁamnumwnn emﬂaamegnnm upn



s AIRNN Y SUAR RG99 ILAIEAI W 1523 N IMEAEE WA SR MR iADN-
7 1ABTRUNAIAN 11T ONARIIIDDNNTY LA D VRN 1A TR Twan SenuaaAI 1w 152
n1susasHaYassuy 1an uas tineainszud ifunsin aeeadio tea S nlszanaas
1ANWIAN1998815AU25  (EARDWARE) 32wy #efiuieawnsnisfivaauii aase
warwdie MWESIRI0NRAZE W IOTARDNAY LAD T WA 9 WBu 6

szuuuanouaﬂ11uaztﬁﬂaqoa1n§unszuuun1sn1qqaawnnssuﬁuuﬂoaantﬂu
§WWEI1E 6 Fud il

1. 87WAWANIDUFAIHAAI WA 1EBRAE Y

2. §u 1 BanApiiunTEuIUNA TN RE N TSN

3. sunsupnaN LY

4. %5un50 1 S9N 1SUASHA

5.nauﬁ11nﬂ§ﬁduquszuu

6.8Un3AS ALY 18y (pdacium Auian ifuy

dmivumastaz 1funisnaafeines1eineiuneessunTanta  Beas
aSuIhIn1TIRTE IR enus 5nqu1=aqﬁﬁlﬁanﬂ§n§aﬂanuuuqﬂnsééwe1 #2uuunil
3 azulunispRursieduniuausausaseanI WAL LABRTSUALNOET (ABITDY  32W
91939798 N13EBNULY wAznITRRUITenAs LBEs unii 4 hazauipdediu i Bouen
fiunszun mIvgaamnIm - Beszisznouaamgudi iinios  29asi9EuAEN1S
BRNULY UNE 5 1ﬂuﬁﬁsoa§1enaeiﬂsunsuﬁvuquszuuﬁeéauﬁnéa:1ﬂun1sﬁ1uqu
duuaneun i 6 3zufuninanafieniaaiaenan AEn1suastaimus usauni
pasuniaz 1fufa819%un 1958519 R0as Lue duTsunsutuniin L Sautouas
UAAVAN1IELRINTEYINITIEREU I I T B etun1398 9T aunausas g
FEuadu (o i eiiutunisaiunnfiasaBEtagiaszney uasitusunsufiasaety ufuia
YY) é1u1uunqnﬁ1na=tﬂun11a§u5nu1ﬁnu5aﬁuﬁﬁqnua s eilgwifing - w2

o v Vi ) - oo o« ¥ o - o P e
n'N‘lun‘lmsm‘lﬂ‘mml_maﬂ INVTIANYIVIDIIBIUNIVD LAHINUNID LNHIVEN



unn 2

t 3
FATIRTINIRBA WA SUY

- - (A .
FEUVURAIHNAAIRE lﬂﬂﬁgQajﬂﬁunszuqun’]?nﬁl\"ﬂ.ﬂﬂ’l"n37“uullU°ﬂﬂn lﬂu

§mgIe 6 ddudvil
1. 67UAILANIBUAAVHAAI WAL LHHATY
2. 87U 15 auABAUNTEU N TN9RA NN TTY
3.1ﬂ?un7uﬂ1uquszuu
4. 5un5 1321 URITURAHA
5.ﬁﬂuﬁ11nﬂ§ﬁ1uﬂuszuu

] . a4 o € o bt
6.qﬂn3m71uﬂu1 By tASBIRUN Auiun (ueu

P D o ™ v,
nqﬁe 6 drudwasnisuiduiienan (BLOCK DIAGRAM)  FI0DRISEULMARY
3uﬁ 2.1
MaeLIUnie
o)
I \ gREIMNTIN
A\ & A
wloufiuw
L) A
:
EAINETINEE LR AauFIRD3
—
C3— VAN
RO Rygubau

U 2.1 UARVHNNIMIWYDN UL



2.1 SIUAINANIDURANHARDIINEE LEHAEY

ﬁolﬂuéuua1ﬁmﬁqaunoszuu Lﬁnoa1nazﬁaoﬁ1uqun1$uaaouaﬂuqnuaaeua
A2MAT LBEASIRIENISUAASNMBAINTAINNTS  SxlsenaudIsduianIEn 3
dudivil

2.1.1 dnnfiansniuanuia ey :  dauidiaz vluduil (Bausaiunauiia 1nas
UN155UANAMNSIE 1ABS  (PARAMETER) uasdndedmiunisiie ﬁoéouﬂgnaan
uuun 1ifunaSnuuuuu (PARALLEL PORT) lﬁnﬂdﬁuﬂzaunﬂunwsﬁ1ﬂﬂﬂszqnéﬂ5
fivpaufiateedniiefy  Wwingndinusativfivesanuudutid wiu 1 Bousaiin 1n§a ety
AARNA11ABT IBM PERSONAL COMPUTER Buaziffuju Pc XT w3a AT fi1é dou
n13fauAa B RYADNRT LapTTiadufuazasuin i uumean'y

2.1.2  @WAWAUNIIUARIHALLNATINRA é1uﬁlﬂué1uﬂ1uquaﬂuaﬂeua
AIWAL LBLATY TRENITURAHA I FUSRWALLLN T IMRAY e tiiBea N
UAAYHARILNINLBINTEY NS M IRATURTR O 1ARE A INUAEI S AN MmN
nN17EA MR 1Y N1TRBNNA RENTE TR UANN I SUER ALY TN
A (GRAPHICS DISPLAY CONTROLLER) lnﬂ; 82720 vav Intel wSD uPD7220
103 NEC uazﬁnﬁvuﬁ11uiwdwu%un1suanoua\ﬁqeqa 1 wnnslun (MBytes)

2.1.3 pudevwRAIWAE (EBREY s luspusaveanuuEnIa LA
(MONOCHORME)  fi1f uéﬂun1sﬂ§¢1ua§eﬁ17ﬂztﬂuanuaﬁeuauuuﬁ ineannas
1ﬂ§uuuﬂaoan11:unqqﬂnsﬁu1euﬁa by 2782 win o IzudeenI T WRzuEn1IY
#2013 WABUA ﬁQﬁuﬁﬁn1nﬂ5aauaﬂouauuuiuﬁuﬁﬂsunwaazﬁq1nq1ﬁu1§1£ﬁalau
N7 BUARIUAULLA IR 1 INE W TORARINATT LURBUKIANIBIRN1IE1R TN UALaD
uanouaﬁﬁﬁa:ﬁaeﬁﬁ11ua:lﬁuﬂgelﬂua1ﬁm §7uA e LBBAIE ADVTDUAR AT
81300 MR8 TSN 1 B9 INHABHWITOAMUATAIINTYTUN TUAILAN TE-
VU IIBUARINAIETAI WAL 1ABA INT1URT VAT ABINTIAFDULALAMUAR M 1ADS
malingessiings i ifinvannasimuas Mgl Laad mariinanataanaasin
ANIDUARIHA LARADIW LAENILNE  BeazaBurnniafimusdmasali iras el use
N1 1BN1BDUAR VWA TABAT LBHATUUMAD

| 4 . -1 - - o o
Ny 3 ﬂduua1u11n1uuulﬂuuen1n1aae§Un 2.2



HauBaumraiuRBuRIABS

L

— RIURURN
NSWEFRSHALYUUNS TWAR °
e o

Roufeas JWMWATINREATURGY

guﬁ 2.2 USAYRININIBSEIUAILANIDURAIHAAI AL LDHATY

2.2 §2U1BBURBIUNIELIUNITNIBAR AT

é1uﬁ1ﬂuéauﬁ§ué1an11:a1nn1:u1un13n1oqﬁa1nn11u #equnpeaaaiiian
nﬁ1uagna1uuﬁﬂﬁuagﬁunﬁannqnszuaun11 U3z MN8N uazgﬂuuun1slﬁau
sofiunszuunns feasiifounu@inea (DIGITAL) uazuwuaurdan (ANALOG) S
Imprimufaiiuiitisenuut’ 2 sieAs  wwudiseadeAius kufsu i wnazhaeg
W2 3 fiv 25 V. dAmuan1e e (ON) uszagiutie 0 fiv 3 v. dwmdy
an17z "ida" (OFF) ua:n11§u61an11:uuuau15anﬁuﬁ1nuaﬂﬁ§uéﬁuuuqﬂnszua
(CURRENT LOOP) Teiifnafszwine 4 fiv 20 mA. imawafi 1dnniEn135uAuuugy
n3zuanfn 1un11ﬁ§01ua§eﬁuﬁaui1tna%ua=é1uuaaeuaa:aéﬁwea1nnsxuaun1s
uIn ﬁoﬁun11éoé1an11:a1nnssu1un11§1UQUnssuﬂazlnu1:aun51n1sdoﬁouuse
FU uAzuN13BRUNsEuaAE W50 LAnY Iy eRNTADIRB 9N TIRENITIBAI WAL
PUFRBIRI ALY UAZUBNAINA N 3TN 1IFUAIANIILIINNIEUNTURY  REVTA
ponui G ta e (OUTPUT) 1ffunuudisgadis  (aaryszAeATUNIIATAY
gUnsautepdie  1Bufny I IABUtUNIERNTEYWNTT 1ARAWEANAIR TN L 3B
AMuR 15U 7=ﬁUﬁBQUﬂQlﬂﬂ?ﬂuﬁﬂlﬁu§Q§Uiulﬁu1ﬁ§¢qaiﬂﬂ1ﬁﬂ=lﬁﬂﬁ1nﬂ11uﬁﬁ
nawauaa1ﬁ§9¢ﬁ1uqnn$:u1un1s u%nqunqﬁ1u3né1e1qelﬁnni1ﬁaﬁ1nunﬁvn1aaz
\AndunsIae Fetiuriuanaz 1Ay wisdngiu o valiy uan o anan1e

’ - - . .
mnnﬂnnuuuaauﬁﬂQuammoﬁ%om“:m‘lﬁﬁe INABYARDA 1281



. v o . o a - o [ d
nwsﬁnﬁvu1u1nus=unuaxn13ﬂﬂ|a1nqnﬁwm1ulﬂauazuanumzﬂeﬂujﬂn 2.3

SIUSURENIELULETRDS
o NSEUIUNTS
o s
o [ - 1]
HIUSURMEATILLULAUNREN ARIMNISH
4@ —
AOUTIFDS
FIuaVRvLUUBIsDA
\2::5/
S /7 \
ROYSYIULFIaY

= o i 4 ' e
jﬂﬂ 2.3 URANHINMUDIRIU IBBURDNU

. L4 - <
018U1u0ﬁ7ﬂ10@961”“17”&68“11ﬁﬂlﬂWﬂﬁnﬂmﬁ1ulﬁﬂu

2.3 1U1un1uﬁ1uqu1:uu
lﬂuTU1un7uﬁﬂ5ﬁ1nuan131ﬁlﬂﬂ%éﬁojnae1niﬂ1uqun17uaaeuauuun71ﬂﬂﬂ
fefiRnfimuani31il (aa TN suaRwwatin 1Y uazEeR1aNAIMANA DA 2.1.3
unqunﬁi1n11ﬁ1nuné1n111ﬁlna§azﬁaon1:ﬁ11ﬁgn€ae 31201 58ananedutiy
aoufiD 133N 1N AR2 W LR EM AR IDURSHRR panaNTuTUsun sl eiinag

s . ¢ & e S - G
IRSBUAAN LIABINUNIT2IA UREAINVBUTI1IR Y



4
2.4 WWsunsu s lun1sudR e
- v_oLvyY b, X a ¢ a @ Y o e
ﬂuﬂ1uu1ﬁaanuuu11ﬁngﬂnnmu1nutﬂotnnnnvnua TRuUNIT IRSHURAIT AN
LY 4 : o . o p-3 " [ N (3
11290 1HBAI WA AINUALSIA L T INAD SRR T 1D QU IEANARTIRBDNMLIAMTY
'3& Bn ' &
LBuLn 1ia 13N NITUUNTIININAART MN T IUUULUANRAINNUNINNE uana1nﬁu
v ¥ L v
ﬁ11u5aon1siun1suﬂaquauaegﬂnuﬂa:31uﬁuann1qnunan1u delfunsaanuuuang
% ¥ L 4 - - - o .
s wawIetEewisasaInivifuiiaeean  nsRgIEeRBL T SUN SN A
X e Yo v - ' ad YV ‘g, ¥V 17 v
VU LBNONUNDIAEAD I LAE 1IRITUBIVLTUAUUIY  UANAIINSEUUA NSO AE U RR N
14 v v a |4 . s
ﬁd1ﬂﬂ7=aoﬁnaegﬂﬁ TUsunN 1IN 2un S uF R IRatuIzwvean tluwaeaua e
- 0 - - & | -] - & o - [
nu 1uun13n1nuaﬂnneqﬂnsmn1o1ﬂutuauulﬂuaﬂa1uaun17n1e1u fmuasIv 1281

L4 ] -

- L4 & ' e - - o [ % o d.ve
NITAUNNIIATENANM  19BUTBNITHOAREILIABY  MIBNTIT 1AIVBYAALTIA TN
. . . Y 4 bl . ‘e
AMNIEUN N SAnaRenauiagud il Sedinfazen ifulimue iy 15w

. -t v P - o Tl v e v
n1qmnguna1n1aﬁ1njan 1094 u1laaununﬂuuavacu1WUuaﬂeualﬂuau

- 4
2.5 ADURID LABTATUANISUY
a b a 3 v t . v v, 4
ﬁuanuwunuaauuunnunatnnsnﬂuaauqus:uuuu\aannuuuﬂnﬂunutﬂsno\u—
Ps L4 o -
iA3ADNT11ADT IBM PERSONAL COMPUTER §u PC XT %38 AT A1R  UAtIzADY
fimiawa1ioianuuas 1 Isute  (RAY : RANDOM ACCESS MEMORY) nsilas
o < 4 o ] O %
256 nialun (KBytes) UL tASEYTUA MW IHAN (DISK DRIVE) nu1vupd 1 #2
. a a, vX ‘. * [ Y -
aauaauaaouaaz1ﬂuﬂuaﬂan1anungnuﬂawuaaon1sunogﬂu UAEDWNITUIENIRNA
PS e Vv - e PS [ 5.4 & v o
NINALAA AR TATYDBUNINTAAITISINU I TSUIRUANIATIRAIERTAIL LRDINADIR
7, Y o X P * o ¢ o X 4 4 '
LRDIN IR 1SV luquaﬁlaanﬂnﬁaunotnnsuuau1uﬂaa1nus1ﬁwgnuazu11a
. £ o« = - * bt . X
418 unnﬂ1nuuuquﬂs:ﬂnan1uanuu1o§e UAEAN 1529UNTIIN YR V2R DY
* o 'S & o * v & - %
agnun11ux%aﬂun17ﬂ1zu1auauaeﬂnun1tnasnﬁ1uqu1=uua1u ANUUNTIT LRDNYY
- ¢ o [ a Y . & -3 o
ADuR LADIBTATA 1TuFIAIUANTELUAIEAB IR A 150 130U IMAA Y Gaunan
& ¢ . - ¢ . ¥ g | 4 - Yo Py ]
LTDURDNUABIMD LRBT (WIYEN 1.1) uUudwIsnafulaviUlBnuABUN) LRBSEUADY

. - | I % « - . [ v
18998 129 INDDNUVUINABNATNUUL DU TR IIRR AR IRIY



LY ]
2.6 minsuimpu)
A B X ‘e . Y ' e E v e
qﬂnﬁmsauaujuuuuagnUﬁawunﬂenﬂsnaegﬂnLao LBUAUTHNUUD IR ININED ¢
& r & o o o v e o - & o dg¥ e ¢ YL
AIINAWITAIBUUUNIRAIUANNAN 1A LBUNY nsﬂLﬂiﬂowuwnuuﬂgnu11g1neaonﬂs
- ¢ o [ - = @ - Yo v o -
RUNURY TN MﬁﬂﬂWia:uqunimaunuﬂnquaawnuﬁia vy 1vnd (MOUSE) +#50D
oa o« - Yo [ . ¥ *
#31a1805 (DIGITIZER) H9ABBI89UNI5HI1NAMATSUIUATITAILHIINRINILIARS
-
AINURLSIA LSIDY
- ol LT ey o v & S 4 v . 8 o =
nws1annﬂnqunsmsauauﬂnus:uuuuuaaaﬁﬁmﬁewuaﬂazaaoﬁ1uvnoﬂa ikk
| . ¢ 4
pWNAUINDA LaSH (ADDRESS) VB IHUILDURN LB NN (INPUT/OUTPUT : I/0O)

$901335in1 58Uy

qussuuinIn1sARpNlsENaYA Y

1. 6§IUAIVANIDUARINAAIINAL LELAEY U5Enauay

- diBavdafiuaaniiaieas : panuuudmiuAaNRI1aDS IBM PC/XT/AT

- @WAWANMITURAHAULUNTWRA ¢ MEAWEMIINSuRA YA
(VIDEO RAM) vua 64 X 3 (31a RGB) Avaum (KBytes) wUIAAIINHIIBDY
voua 16 in (BIT)

- IDUFAVHAAINAE 1DHARY : ﬂﬁaauaaquaﬂ11ua:lﬁuaqouuuﬁvao ADI
U DM-2214 puin 14" AIWAT 1BEAFNEA 770 X 350 3A

z.évutﬁauimﬁunwzuaunwxn1oqna1nn7$u : U5EnBUAIY

duBumnuuu@ises 37w 16 Gumn usedy 0 fiv 25 V.

druBunnuuuBuIABN 377 8 Bumn NIzud 4 Dy 20 mA.

. ¢ * 4 R « . “ o o o [
du m’mrgnuunmaaa U 16 m‘mrgn lﬂlﬂ‘lu’lﬁ&l"ﬂ'ﬁ LREMUNSIAUTA

defA 150 Voc nosuddvdn 1 A. vurnivaf (LOAD) dvdR 10 W.

3. TsunIwANANIEI 98n1M1WIdAR  (PASCAL) S8 IMVANINY INDT-
TwuhaRIa 19858 4.0 (TURBO PASCAL Version 4.0)

4. TTun 0 IBUITWNIUAR KRR ¢ BN NIEATR (PASCAL) RN RIRIE

o %)
M imasinhasia 105t 4.0



S.ﬂnuiwlna§ﬂ1uqu1:uu : WIATADURN 1ADS IBM PC/AT BUNAMLINAI
i1 1 wanzun esaviuauwl inAnuune 1.2 wanstum 2 1 uarB1SRRan
(HARDDISK) 2u7® 40 wunnslun wasmuuuvuy ifunseiiad  (CENTRONIC) 2
naIn na%naqnsu RS-232C URYNDINAMILAUTENBEIAE 1 ¥DTN  NITAUAAINA
EGA (ENHANCED GRAPHICS ADAPTER) 128 ATAMUN IDUARYHAYEY ADI iu
DM-2214

6.8UNIEIWALY : UsEnaUAIL

- ASDeRuNBlaRENUIMNINT  (DOT MATRIX PRINTER) B9 NEC u
PINWRITER P5XL

- mfiBR1ADS (PLOTTER) 12V ROLAND §u DXY-980R

- fuiun

Wi 2.4 Wun menanszuiiEwnTaneas e imgn sl Tesdounay
fAUADUARINARIWAY LBHRG vBI 9 T uaenm lunARvian=Ad  dmdudou
(EBUR BN TEU LA TR RAIMN T TNUTRR AR 01 T TUABNR L RB SRR EULT vBE
YN9RBUNAINYANAM M19RIuBIavasn AL 1TutaTa s Bliaranamning  uax

¢ R4 . (% g ’ «
Igi)l LRDT ﬂ?ﬂﬂ'ﬂ'ﬁﬂﬂ'ﬂz’)'\ﬂﬂgﬂ'\ﬂﬂﬁNlﬂlmll'ﬂvﬂﬁﬁim'ﬂ')llD?ﬁ']Uﬁ‘lJ?::an

PR T

s

- -
gun 2.4 UAAISTUUNABAUNITNRADN



10

&
urm 3

é1ﬂﬁ1ﬂﬁuﬁﬂuﬂﬂ0ﬂﬂﬂ?1uﬂ8lﬁﬂﬂgﬂ

§IUATLANABUAAINAA WA Enege tTudufiin waERRE Y N zIY
tiiavanaz tfun1 9 121 0BYAIAIEA19ITIATUNIINATELIUN TN 9DAR MN T 5
uaxﬁngaﬁ1ﬁﬂ1nn17ﬂs=u1auanaeﬂauﬁ11aa§ﬁ1u1uaaouaﬂu§ﬂuaon1ﬂ windnm
vasnszuuntstius  geasnailbngaiinuana150a32988UN 1IN N NRINTE
1IUNITIRRADA 1IAY

Fef1anauuA i 2 318 IuAANIDUFAIIRAI WAL LEnAT W BN
Wudwing1e 2 dwfin  AunBeusafiveontia LanSustduAIANNTTURAIHALYY

3 o . . = [ g
ASMAA WUNBALBABRTUIBUARLAINIALAS LDYR Avil

3.1 dautfiaunaiuasiainny
. X d. v & ’ . o e o
avuulﬂuvﬁasnﬂulnauaﬂszn11oﬁaun1lnaﬁua:aauﬁiuqun11uaﬁeuauuu
nsMAa  naspanuuuiepanmnIdwiy  IBM  PC/XT  fessidnmaus ulunide
- <@ - ¢
(CARD) tapuavilusaaon  (SLOT) vay IBM PC/XT UATITUADUILUA LADS

(CONNECTER) ﬂ1u§uéaawuﬁwﬁmm1m1uﬁqéauﬁduqun17uaﬁeuauuun71ﬂﬂﬂ

RANNITHINMUDANINGG
" P . o, ¥ - ¢ v
ngun 3.1 1ﬂu10ﬁsnaanuuuuaxnﬁaaélﬂuavuninﬂunwﬁsuﬂonﬂgasz
. - « D © L4
nvwoﬁaunatnnsuaza1uﬂ1uqun11uaaeuauuun11ﬂiﬂ ANBELYD 99753 1UNDIN
] t a 4 L4 ¢
uuuyuIuBYNUDR IRIR 0300H uar 0301H ﬂotﬂunonuqnwﬂﬁnuaz1a1nqnwﬂsn
. . & - 4 o v 4 I'd a
lﬁaqa1nn17aoqnﬂ1ﬁeuazﬂ1$1nlaa$n1¢1nﬂ31utn1nqnnnsn URENITRIIIRDUUN
. - D . - - aa - Yo
n1o1nsan1sa1ua1n111utnnsn3ﬂsaataa§u1wuuau1n31aaﬂuﬁazﬁﬂ01uauqnwa§n
* « e (4 & o o I '—.;
nwsaanuuuﬂulﬂunasnunuuu1uu1nqﬂ1=aeﬂﬁlnana:nwﬂin11aauﬂaeﬁﬂﬂunuaau
- ¢ a 4 e P P ¢ . - * r'd
fi7 1epsoiadu iy e LUAIIINADUND LRADFURASBUAILNTATIATIMINE5A
* o .« & ’ o v e - o
WITuRNAI9UBENT  AOLUNIBONULLAMEILALANNISURAIHARRADLABNTI LADT
v & -1 Yo - ¢ o A& @ ¥ P |
TREATILAD LIUDUIIIITUNTBNUADUN ) LARSHURDUNITARIBBNUULINATINY  BINT
M JJ o - L .
nﬂnuvuveasﬂuaaunlﬂﬂiﬁaenuavuﬂ1uqun1suaaonaazun11uqou1nu1nlw71=11

. - Lo ’ - 4 v &
a7Uﬂ7Uﬂun1’uﬂﬂQﬂﬂun171“UﬂUﬂzﬁmm1muﬂnﬂ1ﬂ1ﬂ51nﬁﬂu"1lﬂﬂ1u1n a3UUN1g



11

Yot & f e a ¢ v X . . [
PONUULIMNEIU LEANADNLADNND LADS lﬁuuaqzﬂﬁqﬁ‘lﬂaﬂQi)ﬂnlluu’)\lqsﬂﬂ\lﬂ'JUﬂ'Jll
. - . . ' e - '4 o . P
Qun’nuﬂﬁ\ma‘mu tngauananituua U lgﬂ&lﬂﬂﬂl]ﬂﬂuﬂ’) 180590y l"']ﬁu’ﬂ\r)QQSﬁ\’
nt‘i‘I’Jﬁ‘lﬁﬁﬂ’l'mﬁuﬁﬂuu’mﬁnﬂ'm’ﬁnimnllmJ’l0'-!‘1‘15‘111 l')ﬂ'\ugu UﬂnqqnﬁUﬁQﬂ']

-, [l g 'V +
u1sn1ﬂauuﬂ1unueuaﬂlﬁsﬂnﬂue1ung1an1uﬁaen17

1
— [=
=29 — AG
e a1
m27 A2
EEES— A3
B0
1
= B
82
) = Eas -]
= = < A<
iy i5Ve——2] A-8  a~z|-E
223 A>S A>3
%22 = == = |
toss Tiv = 74LSBE
F&g ?5 """"" 3
4.1K1§- --------- s:
nie] AN @ | o} 2z
A= 1€ ] ol 5 "'1
2 - 15 F: 'A.;
! < :
= mar— s A2
2= L 2. Az
s =83
S . 3 g;
—t W)
3 ] 1 Udaa
!J— L — €3 sg
= | Bl § A< A<T

-
W
2>

O]
N
A
r
1)
1))
u

2 7 i
EN 5. 11} 2 =z
S5 A=3 A-E[—2 &
Nl Wty oo 2
— K 8
ZEGEE 7acs32

COMMAND PCRT

NS

)

7S S22

3 AN

p
I
AW
o
Aty
4T | OO
RULTENEN(® [ 8}

-
iy
P>
N
w
~
NN

U3c

f ]
N TN )
il
>
N
o
N

741532

i

[

PARAMETER P2RT

(A
|0

Q30

. p ' e - v
SUN 3.1 293387U LBEDURBNUADUN I LADY




12

3' d. a'. . J'v .A
1easua1unuotﬂuaeasnﬂﬁn1nuﬂuaﬁlﬁﬁﬂﬂﬂoﬂvu1naunanUﬁauw71aa§ uny
a L9 o v . . s v “ & ;-1 v &
ﬂ1aa=uqunsmﬂu1nﬂﬂuﬂalﬂiaﬂun1uuue 0300H BHUAN aouu1oqsuax§aou7Uﬁo
r & v v e o » Y o & vE
R LNRANIDA LASALANATVAY Bedun1SaanuuLilapanuYIniSuUAVIAAILA  0300H

- 03FFH SaEn13USufieRansing DIPL il

DIP1

A2 A3 A4 A5 A6 A7 A8 R9

n19USuRsEnaIndtaslian nenfuiuinerafiaaenas Ut R "oN" Az
fina3n (LoGIc) 1ffu "0" 1BuIMNTITNARDVIANELER 18SH O300H - 0303H fing
ABNIMRING 7,8 aHuAN1IE "OFF" ua: 1,2,3,4,5,6 ailusn1z YON"  us:
ad figa InBF1fl 8 sxmpvdiuANIE "OFF" iawa tfineanty IBK PC fiuuaa

\A3afi 0000H - O1FAH pniBMWuR?

3.2 §IUAWANNISUEANHALILNT AR

é1uﬁ1ﬁué1uﬂwﬁmﬁazn1uqun1suaneuaﬁeuua qunsﬂﬁajﬁmﬂuéauﬁﬁﬂ1ﬂﬁ
AANNITUNGIHAUUUNTI AR (GRAPHICS DISPLAY CONTROLLER (GDC)) was
82720 ¥3p 7220 BNTATIRTIVEVIUAIAWLAN 2 NI TUVENIIATWINDENTA
iduang1a 2 doufin

~ GRAPHICS DISPLAY CONTROLLER CIRCUIT

- VIDEO MEMORY CIRCUIT

quduusn e mifiaansuaa el osd eauaniasi eoc i

. -1 v . . - X
PUHYISNIANANRTY UANIINUNITUIENEUAINIVATIUR IURINTA Vi

GDC INTERFACE CIRCUIT
ADDRESS/DATA BUFFER UNIT

TIMING CONTROL UNIT

}

OSCILLATOR UNIT



13

& . . ' X o -
NIT IBANARTEHIIINIRTIAIN) WA aeuﬂm‘luzﬂn 3.2

P - .
~od 1 TO CDC-3US
i
: . GOC
e 1
| 2 cea Y —
; 2 5s1 L ——
: 1082 Atz SE——
[ £15083 ADISE————
= 5+ 084 ADE —So
— &1 0B i T —
I 51 CB& ADE 55—
i oB7 3o ADGRESS-DATA
11 B = BUFFER UNIT
L——1 2 an ADS o =
g 32
i B AD10 55
. TR e R e
h my ) i34
ACLK AD12 -3
AD13 =33
7 =)
xh RIS I8 4<XS
570 DACKD AD15 55
=== LPEN AlB
NT a1z7i32
FRIM TLWEITIE -  NTESFACE
2 |
, Bin b5 : B LN
t \ i 512
SST.ocATIR T E13
' o7 ; h c14
i (FEIE]
13

CASL _CASH ALE MAR DEN |

ICASLC CASH ALE MAR DBIN | H ST

| : HEYNC|
KT
N

Il

TIMING CONTROL
UNIT

e —Jace
'—_l-“’ Mrif

! CLiK2 I - VTl

1 50 roi — AT

i
VEoS ]
VEol |
— A —+--—<7E02_}
1
) f\\
........ 4

A 3.2 HanMUBIAILAILANNTTURASHALLLNT MRA



14
3.2.1 1C 82720 (6pc) umipszuraus ipIfun1susaewatonne 1A
winfis 319 Ry InAILANE AT LBUADURAVHARI WAL LEHARY  n13D WAL 1Ty
WIIBAWAMEAVHA (VIDEO MEMORY) 71uﬁaﬂ1uqun17§uéeiagaﬁunauﬁa1ﬁa§
a1n 0T 82720 MiiMUNEUNBIRAIAALTIUTS 40 YIBilie DIP (Dual In line

- - -2 . e bl J
Package) G®WFIHAL IDHADIAINING 40 VO favn 3.3

r PIN [ SYMBOL DIRECT]ONl FUNCTION
1{ 2x%CLK b1 CLOCK INPUT.
2 | DEIR ouUT DISPLAY MEMORY READ INPUT FLAG
3 | HSYNC ouUT HORIZONTAL VIDEQ SYNC OUTPUT
4 | V/EXT SYNC | IN/OUT | VERTICAL VIDEO SYNC OUTPUT OR EXTERNAL VSYNC INPUT
5 | BLANK ouT CRT BLANKING OUTPUT
8 | ALE(RAS) ouT ADDRESS LATCH ENABLE QUTPUT
7 | DRQ ouUT DMA REQUEST OQUTPUT
8 | DACK N DNA ACKNOWLEDGE INPUT
o|RD N READ STROBE INPUT FOR MICROFROCESSOR INTERFACE
10 | WR N WRITE STROBE INPUT FOR MICROPROCESSOR INTERFACE
11} AD IN ADDRESS SELECT INPUT FOR MICROPROCESSOR INTERFACE
12-19 | DBO-7 IN/OUT | BIDIREXTION DATA BUS TO HOST MICROPROCESSOR
20 | GND - GROUND
21 | LPEN IN LIGHT PEN DETECT IKPUT
22-34 | ADD—-12 IN/OUT | ADDRESS AND DATA LINES TO DISPLAY MEMORY
35-27 | ADi3-15 IN/OUT | UTILIZATION VARIES ¥ITH MODE CF OPERAT:ON
38 | A16 ouT UTILIZATION VARIEZ WITH MOLE OF OPERATION
! ag !l a7 cuT UTILIZATION VARIES WITH MODE OF OPERATION
! 20 P veC — +5V

U 3.3 WUNAIYAINIRINIIAY GDC

- o v 4 [ -1
ua:uﬂmmmmuqun’ﬁnwwmﬂa\m

S o+ 3 - L - - v ¥ g - da
- deymARRRiUABAY tNBT 6DC {n133ud viBuafuABiR 1A T TnulbyATIAN
[ ' . - ¢ » o ke € e
safiuiudeaen ud 1§ wuasn131iitaas veya ina iy muee tass R0 1iludioin
* l o K . & W se ' do -
vur 01 20 iy 0 vouafudsfiazuludtde 61 a0y 1 daysfiSudeAfennynil
¢ 4 [ o [ - o o X
(623 Tedmiaiazuiean 1IUN1TSULRENITRATRBTINI TR LS 91
é - [ 4.4 D4 Yo - - .
wiaraufic 1ABIADINIIAVIBNARTY GDC sxlifuyiw WR fifymionIvauietu

TR 3.4



15

WRITE CYCLE ~
* ne - : 1
- j |
.. . i
- T L—Tuw—b . T ww pet- Tipga o - ST ey
WA N /1 \ :
Tay .
Tow Two -~ - e
DATA BUS DATA . : DATA
(INPUT) © * =" MAY CHANGE X‘*D“Y“VAL'D—"' MAY CHANGE

3uﬁ 3.4 dppow WR

a4 P CL PV r-4 P
uat LlaARNA 1B SARINITUIBNAAIN 6DC fAssiifaniw RD  iuduyiwAdy
AuRlugUR 3.3

DATABUSTIMING ~ =~ © = 7.7 T T~ -
READ CYCLE :

4°,"“ 2 ‘ K,.'

- . LY, L
DATA BUS y 3 1
. outRm) ———————— DATAVALID

T,
Tey

U 3.5 dywe RD

- faymi iR IMMEAI WAL N TigywawTli 3.5 Felsznau
f2uune (ASA (ROUBNA UM 3zA T BYA uAXIULBR1ASATA (ADDRESS BUS) i
fin13d 9iayRDANIIAIBUATUEYIN LR TRUANA IO TasiiAnn ALE  Hdoniefitnty
N1IUBNYBYALAEURA LASHBONAINGY TUBINNIN GDC ITHUBA LRIHMAUNIILAIW
JudAcHa DA MYRGWMIoUAz Y ALE 1y 1 Apuanindeyieuvesiv dluiy
@ILyaouR LATA Liiafge ey N W 1 an ALE fsznfuniilu 0 uazSugiwune
ta3Rfiazonfenaniniinkazi DBIN 1y 0  AwBIv 1A faN tEIMMIIEAI W
UARIHARVLBUABENNNTH GDC  TABLANARINAIINIZONABANUIIUUDR LATATR DU
tAEY



16

DISPLAY MEMORY TIMING
READ/MODIFY/WRITE CYCLE ‘
&1 I s2 1 s3 K ) |

N N \-.

2x WCLK ;

- =] Tnc’E—
. - Teo | > Tea = =i Tac
7 . N .

v

AmHs——n———< vaLo
" OUTPUT ADDRESS INPUT DATA OUTPUT DATA
g ' —{ Tie —{T
DBIN
i
= Tea > Tea - Ta

A1BA17 | VALID INVALID

) o o v @ - .
zﬂn 3.6 [ERUNIIAARDNUVUIHAIMNIIIUAAVNUA

- * . . o v - oo
- ﬂm’mmnunﬂganmnmwﬂuamua a‘mgﬂn 3.6 azlﬁu‘lm'maﬂ'mnu

- o s
TUDNBINVUNAD

nﬁsé1uﬁngaawnnﬁdnﬁ11uﬁ1uaﬂouau51ﬁazﬁﬁnﬁaqxva1n17n1e
. S o I < . - v € @ Y
AINBIUSNINABNIS L TBUYBURRIIUNEIBAI WA IUAA WA #9un1s 1iBuYaYa

. . v o . . . ) bl -1 o
“U')Uﬂ'l'm'i']uﬂﬁQUﬁ"l-‘tﬂﬂQNﬂ'ﬁﬂ'\ﬂﬁDﬁlﬂﬂﬂu (duD WnINIg lvuunagauazuﬁmm’lm

¥R iiudauanndug i



17

3.2.2 GDC INTERFACE CIRCUIT tiu2935iiM a5 (BUFFER) Swnimeivs
fi1asuandm idonsaiiunoniataey  uasiomtig ifiuaessiiu  (DRIVER)  dunow
A1e9iEivE i Banasiunenia tand lleainnas ifausassninedunugunas
usa ARy LEaNRBRUABYRT LA TRDvIBa L LA IR (CABLE) #ilaa1mE1  uas

: hed o [y . Vo [ v d
lﬂun'l‘saﬂa’lwm_muuum.!'mmzﬁu TTL m‘luuﬁtym’nm‘mn‘muaz?za‘uuWﬂunmﬁ'w

. -l v
4N 1InEA
UidA
Ao . 5
> —<A0_]
7Z.632
Uiis
AR/ 4N ™~ -
z ! > WR/
[ - 5
7Z_632
Ui1iC
ROZ g L S
) ig RO/
74632
iz
2 E
sai 1= (5]a]
Iy e e
Lalecs SRR | Eafl2 RE]
108/ EdiTrg >==
A BB = D4 |
7 |13 S
—1 A B8E ! > >_[_3_b__
; A7  B7i=% 8]
AE BB | 67
U13A 118d ¢
1 3 L3 pi=
2 7 4L G245
740508

zﬁﬁ 3.7 GDC INTERFACE CIRCUIT

AR 3.7 MyFudeiayanwnInnIzi A TeEn 7ML €SO w3 CS1
Suywediynreniicidy 0 Sowefugiescawasoduiie epc w3adean  GDC
ifierBuRI 1ABTIR JWwn €SO uAx CS1 A3z 1AinaINn1hABNRY LABSHAN19RRAD
fiuna$n 0300H uaz 0301H e WA AL

3.2.3 ADDRESS/DATA BUFFER CIRCUIT ﬁ1nﬁ1ﬁﬁa§tn§nﬁ {MULTIPLEX)

™ e - [ - -
ammﬁmuanlasauaxvﬂgaﬂﬁnunuvﬂﬂkui1uaaaua ﬂoﬂugun 3.8



18

ui4 uie
3 2 2 18
ADO Do Go|—Z2 Al B1 [ A
ADL > 21D1 @12 2ia2 B21Z AT
ADZ > D2 @2 51 A3 B3|LE AZ
ADS S>— 8lps @a3|2 = S5 5
3 5 S A4 B4 Y 3
ADA S 31p4 g4ld2 Elas  B5 (44 A4
ADS > 14ps o5 LA B6 43 A5 ]
ADE > N Z1D6 0B (+2 A7 B7 |4 ZAE ]
AD7 S— N D7 @7 AB BB A7 ]
g oC %5 6
G +8YV DIR
748373 = 74L5245
\<CASL|
015 ALE
ADE < 21po  ao|—£ S
ADS S 41pi 812
ADI0 o Zlp2 gz2l—8——]
'23'; Sip3 032
31p4 Q4 Z———
§S‘3A, D5 a5}
AD T 171 pe  os |
ADIS > Q 8157 o712 /
—ad oc
G
7ALES 373
<CASH]
U1z
N Sia1 815 ——<H0
A2 B2 |- 51
- £ia3 e3|dE YGEE|
2{A4 B4l <63
NS Elas Bs5i|1d D4 ]
N Zlas BB |13 G
Elaz B713% G
N AB BB _ 5]
_________l%% c
DIR
7415245
UiB
N\ 2 18
21 A1 B |2 ]
NS Slaz B2(1Z PGEE
N 2las B3{HE 810
N Sag B4loS D11
= &1as Bs5 14 D1z
N p— R - m—
AB BB D15
+———1%c
Uis8 DIR
— 745245
716 &
E&/
74LS0e

zﬂﬁ 3.8 ADDRESS/DATA BUFFER CIRCUIT




19

1easéuuﬁﬁwnﬁ1ﬁuanﬁmm1muﬂﬁlasauaxﬁagaaanawnﬁu TaadyyIuuna 1ag
AzpnusnAipdawia ALE adnunuiiuly 1 U14 uar UL Ravdiamioiuand
(LATCH) uaa1ﬁsa131151ﬁﬂuanﬁ1unﬁouaqnﬁ1nﬁ11u41 UANTSR VY ILLDA LATH
wivapn iy 2 ﬁvoﬁnuaaLaﬁaﬂuﬁgouazunalasa1uﬁé1 n133AN13N1TAYUDA LATA
winsusiifinssinfiy U6 ianfidowm CASL usr CASH  iudanmuanasdedy
®IWIN Ul4 usr U15 awanéu

ﬁiuﬁmm1mﬁagaﬁua:gnﬁ1uqun1s§uuﬁ:éeﬁaﬂ U17 ume U18 ashiin19n1s
‘Wwavaviayatuagfiuduna WR (flafnen1saubaye U17 uax U8 sz idatiioys
nmiaweIWAER SRR GDC  uazdunditAnenas tiuutiauaf 1y (dnafiu
usin1vnavasuayaf thrtuiunienfuiiu

3.2.4 TIMING CONTROL UNIT wienisniewnaniifu 2 &wfn

- 193y

- 2933aIeigIenIuay

1«11ﬁuazﬁ1uﬁ1ﬁnn1n§mm1mlﬁaéq\uﬁojﬂéwenﬂuﬁa wazAv YN B
udRHATAEARYILIEEIY U1 1Hinn133R 1 9fun TN UM EA I8 U LA IUAN

CLK2 uazdeawiiy U2 (Mot hasdusiubusniy



20

L+ L' I vo . [l -
')\)Q7ﬁ71ﬂﬁw1ﬂlﬂ')ﬂﬁ‘uﬁ']"u'\ﬂﬂ‘31 \lﬁﬂ!&’lﬂﬂ“ﬂﬂ')\l"ﬁﬂuﬂ')uﬂ'h’l']eiﬁﬂ&lﬁmm'lm

’ 4 v X
QUBIIRTINTAIL

oxctk [ \_[ [ /[ [

DATA IN . DATA OUT
ADO-15 )

ALE

91l 3.9 TIMING vaeiumimAduAw



21

9815WwL 9915w s
4719 pe— 813 s
07/HS 2 G/HS ey
HNT ¢SL HNT
] pOSTIP L S
ZESTY L e vz zeEsTp L T #1397
HO HO H
IITHE70v0T £l ol o/_ bEEl o 5
31 3en 3T
Edis) e
GoT
n apre— Clée—
ol Iy
& {2 & [Z
V =5 ) w 2
yas [ y3s H—
&n Zf
9915712 e 93187/
572 pg 572 br—
a/ms [er yOSTIr L 2ESTIb/ Lyhs =1
%1343 < : vosgz H12¢5—
‘ ISV 5= : =
&
s Hi5y ol et Hip
2= csn voin 2
Y 28N in
o 3o
S =
15— aly
Epaa 8tz
viE— v I
2 2
ya3s [£— w3s £ —
&n pOSTIrL Er
e
€8N
<SEE160
.l|—|! Sp2sIrs LESTWL I_-
u1g 124 ST
S 30 pH-
: ——|ev &8 0 0
_ —-— v 8 ! —Blign gogfE
[ X331 0G> 9g (& —=—{80 &G -
o vesars f—iev salE SHvro vo & ~S T
SNVIE \_ ={rv va8 & S-1E0  EC & /Wu,,:n..m
SNABA S _lev eafok 5|20 zG NASA
SRASH c 0/_ ! E—-{zv za |34 210 16 [ AN GH
NTECS ven S—iv 184 S— o0 0G H—— < NTEG
zn oy

%1fft 3.10 TIMING CONTROL UNIT



22

fuww cas fufunedfisnsuy (Fuafiv RAS ﬁoﬂﬁﬂun1sa1nqunﬁ1nﬂ11nﬁw
udawad tlumiasarwdsiateualin - e cAS  fi579 19a1unauY IR eivL L
57017 RAS szt 250 nSec NATHUIN LAY (DELAY) ﬁmwﬁmﬂuﬁnﬂmzﬁnszﬁ1r
1AABABEANSAd 1905 (SHIFT REGISTER) U7 #a-uniieiiaciidun nésiugi 3.9
11 0U7 uaziinduy wiii uu iy 1aad (INVERTER) uasinivinanin oR  fudy
u ALE szadymie CAS Avluyi 3.9

fyyin  CASH usz CASL WminiiRnduau29asiing inantdei1faBuEN U
N9 B tReafudunna CAS wainmoei U7 duiidae anfunindaned U6
d93U (fumww ous) uastinAnywilitudy1ad tand s indunnn CASL el (g
@ CASL)

dupm WR a1n§ﬂﬁ 3.9 uazﬁngaﬁﬁﬂen1s1ﬁuuaoﬂunﬁ1uﬁ11ui1uaaouaaz
OndvaanuIIIN GDC B2 evavipyImuAn gnEAN AN WANEI9N 58
unz LTBUMIIBAI WA AR U ﬁeﬁuﬁmm1mﬁﬁoﬁaegnnﬁ1olna1ﬂﬁﬁﬁvﬁt1a1n11ﬁ1
9ATINBI9 1A TUB N W OUTDATA esindgnia DBIN &WWiu US uazindy
w1 CLK4 tﬂuﬁm@1mn1uqua:\ﬁﬁmm1m WR n1n§ﬂﬁ 3.9

fyyin LOAD/SHIFT sminihindayamionnanwdtdemiuaeasiinnisa iand
lﬁaéeﬁagan1ﬂ1ﬂuuuuaqnsu Tandgyadiitng (a3 uEegy (S
LOAD/SHIFT) lﬂuﬁmm1mﬁgnnﬁ1011a1nﬁeﬁ1nn1suna1a1ﬂgnéoaﬂnu1ﬂuﬁatﬁuq
(Aniy N1IMIN I UE NS ER A TRe ey AN U7 deanfu U8 uazAdw
ANNITH19MAILFYY I DOTCLK fiMfuya CLK wpe U8 uaziwwafiianin AND fiu

3 & o * . oo ' o
dgtt BLANK 1nn1ﬁ1uun1saeﬁmm1mn1wﬂuszn11anuv\ulnﬁn1ﬂ



24

fRLHIWNT0N T LTIDANTENITIRLIBA WA MEAIHRTY GDC 14
. - . Y o o & - -
§3Un155 1i98 (REFRESH) wul#A U3 5uaauIuAuUNS L1168 GDC Beae

LA 72 4 . - .
dvagna RAS UHAXUDALRTE (NDNINITT lﬂ?ﬁﬂgﬁﬂﬂﬁ 187

i

¢

DRAM DRAM ORAM

U NJWIN-0

j

B4K A i8] B4 X 1B} B4 X 1B

He
AS
— <A4
AZ
:%ES__I—‘
— Az ;
- ——<EAE] i
—<Ctag] !
S 02N I

N !
—<L0AD/SHIFT ]!
St By T

; f—=<ECTICLH ]

#'
! | ] | <VIOECZ )
i < cs2/ 4
l VIDEDT ]
CSiA|

VIiDEOD |

CEO/ |}

i

it 3.12 3N MaIRIIBAIWSIUEAHS



25

{w]ii] (w) (i} im] () iw] i}

miois

)

i 21 ~ uz2.1
£ 21 o158 S{ac oopts —
£ H A2 B2i5E <= A1 2 SER
2 2143 B3|-8 142 Gi |5 a
= 21 A4 B4 4= 1 A3 B
£ Sqas B85 145 o] A4 c
o 5146 85145 51 AS S
= A7 87135 51486 E
~8 88 A7 F
o G
5 iR ﬁ—_a—_;:_s
= 74035245 =
A184
1
t
!
L u22.18 ; -
5la0 DolLe | —u=2s
g4 o L2 N2 o5
21 A3 e Q’ e
\ & A4 N =C
a 3 AS ~ID
21 a5 1C, e
=% et
=t
N4 | s N4
— RAS I
\.Ll-'_’_'c/.\s b
Namer 2 ZoTi
=
= 5iNA_
EarorsniEy 4164 1=1sn/5
ol helird -—=] TiLR
725165
uzs L u2s
2ia1 5 HE —21 41 B 2
Haz ezl i—3- A2 B2
NH s b REas Ehe
N ebei e i arai g
NTE1AZ, BZol RS A 8
N el
_lc(; —‘-;GG
5V - DIR +5V 108
T ALS D45 7ALS245
u27
\——£1A| 51 a2 s
N—21h2 s2{1l/] Z
21 a5 3311E £
=l AL D2 = /] =
—Eias ssils f £
Nk a7 57 = :
N=lhs et
1% G
rSve—— IR
7 Szaz

WA 3.13 29avmimrwduERawa

(] (i} i) (] (] ()




26

o
unn 4

. & . .
aqulﬁﬂ"ﬂﬂnunT:“Quﬂ17ﬂ1QQQﬂ1ﬁn31"

n11%ué1anwv:awnns:uaunﬁsn1eqaa1nnssuﬁuLﬂudaud1ﬁmévunﬁevaesz-
y ﬁenu1un11ui1évuzﬁauéaﬁuns:uaun1sn1eqaﬂ1nnssuﬁﬁn11uﬂ1ﬁmﬂﬂ1ou1n
aw iasanipyadn1zrasnszuiunsineuiia LAn 1A uazRasanane  (Hadina
finrwwiud gy unzawnsn BansaiunszuiuntsnisaasmnssuiiuM&e  uan
a1nﬁua=§acﬁn1$u§uu§o (UPDATE) ﬁﬂgaﬂﬁﬁuaﬁﬂﬂélaun &etfunasaanuuuiu
éauﬁa:ﬁaoﬁ1n1sﬁnu1n1s1§nuéaﬁunszu1un11n1oqna1nn77u du L Bavanfiunye
uvuntnvassmnssnwiveamifu 2 riia Aswuudiasauszuuyautann
uana1nn17§ué1anﬁvzaﬁnn1zu1un1sn1eqaa1unssuu51 Qu3neiinusatiul
1€ﬂanuuudaulm1ﬂqnuﬂeﬂnui11ﬁn§ﬁﬂﬁﬂun1sﬂvuquszuulﬁﬂn13a§1oﬁmm1mlﬁau
wuua e9fe iuuaiaes fefutmmiiazusnean dudwingiaéodiae
1.7eas%uﬁwan11:a1nns:u1un11n1qqaﬂ1unssuﬂuuuu65naa
2.39375UAENEIINNTEUWATINNDATIMAT SN TURVUBUIADN
3.10?71m1ﬁqnd1n§uﬁmm1mtﬁauﬂuuuuﬁ%ana
WAsRviaanuuuiAesnuu 3d I iAsABNAY 1ABS  IBM  PC/XT/AT
Founinaruagiunovantasusl wasidonuuty fusnsuzyoeania (CARD)  tia
U 1FEUaYIuAREN  (SLOT) uaeluinsAauii tenssenattaiiuii uanaantufiea
BENUULIHUAA 1ASH (ADDRESS)  1B9AT3A IMALUEIBAWISnAMUAAA I8N 1915y
9anadnd  (DIP SWITCH) ﬁﬁaaéuun1§a & oS eAwS0uE 8 WNBD T URY
anz W uAN 18 A8 93 s UL BB aRuLALSUE YuBs LATAANLANG 9L
mn g $a1180YIEEaYI 9IS NAI R AENA IR YR DuRuR A
AXX us: BXX s ifufinvrdun ndusSonvasiuinsrauiateas IBM PC/XT 1By

a . L™ | o L | | . &
A12,B15 nizlﬂuaﬁuMUQW 12 a7 A uRsAwvUN 15 AU B AWRRY



SIGNAL NAME

GND
RESET DRV

CARD SLCTD
+12V

IRQ3
DACK2
T/C
ALE
+5Y
0SC
GND

27

REAR PANEL
Bi Al
B2 A2
B3 A3
B4 A4
B5 A5
BB A6
B7 A7
B8 A8
B9 A9
B10 A10
Bil A11
B12 A12
B13 A13
B14 Al4
B15 A15
B16 Al6
B17 A17
B18 A18
B19 A19
B20 A20
B21 A21
B22 A22
B23 A23
B24 A24
B25 A25
B26 A26
B27 A27
B28 A28
B29 A29
B30 A30
B3t A31

SIGNAL NAME

I/0 CH CK
D7
D6
D5
D4
D3
DR
D1
DO
1/0 CH RDY
AEN
A19
A18
Al7
Al6
Al5
Al4
A13
A12
Al
A10
A9
A8
A7
A6
A5
A4
A3
A2
Al
AO

ZU"IIS 4.1 uﬂmmﬁaﬁ‘nuuﬁemaﬁimvae IBM PC/XT




28

4.1 29335UAIENIETINATZU NN TN BRE MWD TN WULUIRIRDA

29335uA AN M WA IanaR 1eaan U3 Tden mEeUR 4.2 uaslivmas
\Buad ol

- édutﬂﬂuénﬁunszuvun17n1eqﬁﬂ1unssuuaxé1utﬁﬂﬁéﬂﬁﬂﬂauﬁatﬂnégn
UENDDNIINAUBLIY LAADIANINIHNAA uAss tiauaafiuanus (OPTICAL
ISOLATED) DA WUARANLYBINABUALABNAT 10D S .

- $UAIEN1ITIINNTELNNITIA 16 qaRaAtTe Tanwiveen iy 2 douAnae
f0-17usz 8- 15 1HaAWaEAINTUNIIAILAY | '

~ §Ma108 WAUAY (LED) AMSUUAAIUAA1IEATUINAAINNTEL NS

- qunsﬁlﬁﬂuéﬂﬁanuao (OPTO-ISOLATOR) awu17nnuu7¢ﬁu15§oqa 2500vV.

- usedudunn 0 - 25V. Taw 0 - 3v.daranizulu "o uax 3 - 25v.

#aan1z iy "1

- . &
nszuﬂauqngoqa 30mA. UyuAD LUAY

ﬁ1uuﬁeunatﬂval§an15§eué 0280H - 72F7H

N1IRRUALDIAIWARNAR 10KHz

A MABINATAINGNI +5Vpe 150mA.

ABU LUA 1ABS (CONNECTOR) uuu 37 371 D-TYPE

16 DIGITAL IRPUR
MTE PTOHISUATGR

DATA BUS ADDRESS BUS

o o~
§Un 4.2 BanMUDY

19375UAIENIEINNTZUIUN TN NBAT MATIV LU AIADA



29

BANNITR DA INNG
& .
1. 7937 LTBURBNIZUMUNVIN DA WMNTTY
. 3. ™ - d. [
1qasﬁuﬂauun1uﬁ1nsua1ﬂn11:awnnizuvun11n1oqaa1wnssnnva1u1snsu
AIIAUGIRAATY 25V, Tanimuan 0-3V. ilusnar "Dam  3-25V. iflusnaz
" " X o ¥ o e : o ) . "
ila AL INITHUILRMUIMAVIUATIIN I MUHIINITAUT TABRAAIULIIAURYIN
4 o v Y ‘oa a a 4
0-25v. 1fu o—sv.twaﬂnlnu1:aunuqun7mﬂanaaalaﬂnsﬂunantﬂu TTL 293591

é1uﬁ§quaaeﬂu§ﬂﬁ 4.3

RAO
PAO ANAN ¢ é
4.7K
DAD |
1N4001
[CoMA } N W __
T
1
1
1
[}
]
]
]
[}
'
'
RA7
¥4 ANNA— :
4.7K .
oAz | ;
1N4001
COMA >————— 4 Ll
RBO
PBEo > ANN g jmm————————
4.7K
js)=1a R
1N4001
EoME > 3 D Ile -
]
1
1
)
1)
)
1
]
]
1
]
RrRB7
PB7 > AN
4.7K
DB7
1N4001
oY)

o & ’
Eﬂﬂ 4.3 14?7lﬁﬂuﬂﬂnﬁzu1“"11"10@ﬁﬂ1“ﬂ71&



30

awngﬂﬁ 4.3 fgyimw PAO - PA7 ua: PBO - PB7 lﬂuﬁmwﬁmﬁuqnﬁ§uu1
IINNTEVIWNTININAARIMNTIN §uduyin DAO - DA7 uaz DBO - DBT  ifudy-
QLN 9AIRDATINS L AUVE NS RUANNIAT§ I TTL

N3ZURBURMAIINNTEUIUN19320N411TAAIBAIAI WA UM UIEY R (RAO - RAT
unz RBO - RB7) Benszusipeatiinalagens 30 mA. uazd1ds 3 mA. un1s

R [ Xo o
panuuyILNINUARNSEudUNAISENNa 5 mA. 30

2N
=
<
=

B

1

JeRUUTIRUDUNME TR

USIRURNATONIATDR LUASUAD

o]
LY
n

. * P -
ﬂ1ﬂ11ua1nm1un1§1un1si1nans:ua

v o
n "

éﬁﬁ1ﬁoe1uqmlﬁuﬁ R

5 X 10-3
4860 ohm. 1KA7 4.7 Kohm.

o
n

(5 X 10-3)2 X 4.7 X 102
0.1175 W. 9BA1 0.5 W.

d7u1ainR (DIODE) DAO - DA7 uar DBO - DB7 +uii1) ifintiaviiunsesiy

o & o . o ¥ >
NALTYT 9213 NIRRT LR

o~ o« - .
2.9 Mas (BUFFER) URSNIIDUIRIDA LAaJUA
. ¢, o .t . . s 2
1ea1nﬂtﬂaﬁn1mﬁ1ntﬂununus:nvwoﬁagan1an11:n7uu1awnns:uvun1sn¢
- - v @V - ¢ -~
wasidusséy TTL us2 NUUSYDUR (DATA BUS) VDYABUMILADBT f®IUINITVUIA

. t » - » L4
126 LR VUFENUABR MSURIIIADUAIANIITVANAITR



31

2v>

4

———————= 0 EA EV
——————(02A 2V

cnlmvw

EVS>

0} d=4-1m |- P4 @
9 Ps11 pr2sars =
sQvA vV |7 wm w&l
S =1 T
£qia v 5t s—{rAz  vve |
S57 =—{EAZ  EVE M5
S_{ziz z2ve (¢
OrZSIrs E Sy A
21 L
9 p— SHEAL EVL (g D >
LiieAl 2Vl (2 Ziad 2
PA bV " LAL LV * oeq =
ey Ev[® 81 =4 =
[dzA 2y (2 K K, 8n .2
= A N N 2
Ve~  f4 | AR 1) 1 Y f\\ | mrmemeeee- =
<8031 08a3 8
[ 3
A P NS o S ] FQmmmmmomees 7 =
OEE | | ¥oot | " =
2ud Bl s U A 5 bud L g e
q
v v S
N AS+ AS+ e
rL <359} fm
IPeTt przsvys = ®
gdrA v 9z b =
Egex ev &) 31 PRt 7
Sgza  2v (5t -
e 2 ={vaz vvez |- >
7T =—{EAZ  EVZ t5y e
S _lzxz zvz ek
orzsivs E—taz Lve g >
S STiPAL PV g <
9 p— SHEAL EVL |8 s
G{2AL eVl 2 =
A rA vV s S AL WYL re
SIdEA EV (9 . :
Zidea 2y |2 o o an
e Y L o
8t c \.7 ||||||||||||||
van Zva3n cvazn
rdmmme- e —— -
QEE | i 001
Lad ! 1 £4d !




32

§wpw DAO - DAT uax DBO - DB7  (fufwmwiMeSuniainaeasiiouan
N3217uNAY 30y UE usy US vmindiutlaten wause  uasduwomanfufiae
nAvtie U7 uay U9 Beimiadin miadfignaluaunis iainn (GATE)  #apdn-
@ ASEL UR:z BSEL ﬁvﬁmm1mﬁeﬂneﬁazgnéeu1a1n1¢asnaﬂ7ﬁﬂuaatasa
(ADDRESS DECODER) &7un1 A2 - A9 lﬂuﬁﬂﬁ1uﬁﬁ (BUS) wav IBM PC/XT ﬁo
iiuiiatayn (DATA BUS)

3.2970NBATHELURR LAYH (ADDRESS DECODER)
p-1 ado ¥ ¢ ¥ - - &
29351 1duvTHBAmMUALEA LASH YD IR TALILY URE LUDIIINDIIILUATA
a o o X . - a - e w -1 v &
Biie 1AB2fUINAIY 1 A1TRURDAD LADT LASDY 1RETY noﬁuaeasua:ﬁnoﬂsuao
P T, 3 o« & | A
151na1ﬁuaa1nsauanﬂ1onu uQﬂun11mnnuuuﬁﬂﬁﬂnnuuuﬁﬁu$unq\ﬁaeua 0280H
- JA ﬁ( U&
~ 72F7H 1aun17usu§qnanaanu DIP1 - DIP4 Qvil
ue o o k ‘5'
- DIP1 A mSukndnd 1 A91ARNUA O - 7 (OXXX - 7XXX)

DIP1

OXXX | 1XXX | 2XXX | 3XXX | 4XXX | 5XXX | 6XXX | 7XXX

[ - o o : v o o ¥
- DIP2 ﬂﬁﬂ‘iu%\"‘lﬂﬂn 3 elfo‘lﬁﬁoua 7 - F #unann 2 gnn'mun‘m uu

"2" 1dup (X28X - X2FX)

DIP2

X28X | X29X | X2AX | X2BX | X2CX | X2DX | X2EX | X2FX




33

- DIP3 uax DIP4 Awm3Fufewdni 4 ian DIP3 dwmSuyedunnil 0 - 7
uaz DIP4 dmiu 8 - 15 (X2X0 - X2X7)

DIP3 & DIP4

X2X0 | X2X1 | X2X2 | X2X3 | X2X4 | X2X5 | X2X6 | X2X7

uNAIRaINTTReIATTeaLfiuas 1aH 0280E uAx 0283 imuial 0 - 7
pffi 0280H Az 8 - 15 BE# 0283H AarhpoUuR vamaInds il

DIP1 Anaindeaf 1 pElusn1: " 1la”

DIP2 Aantiam 1 aglusgn1z *1da"

DIP3 aInpfiaf 4 ag%uan1ay " e

DIP4 WaIMBFIM 1 agusn1iz "1da”

e Yo 4 d v _ »
annna1nuuanawnnﬁ1nuﬂ111nagﬂuan11: g



34

[ e S5
] = 7
TL] == |5
21 =[S
} S el 2
2 el 5
ST el K2
[(OSSE8>—5 1 = |5
Faia
BELSTIFZ
5 e |5 ~d /A @29 SSS€910
| e | £-dan ves OF vig
r‘ [ %=1 5 0.om> %3] g
St e 2 |-{ .- 22d A e
A el i Z19 EA AS+H
& e [~ =—d 2A 3 = < B2V
C e LS =g LA 815 OEv
38V S o |2 21 OA v LEV
Ed1d =iy}
— -— -<J3st91d
2ESIFL
o1 < 82V
m .
= Y
320
yOSTIF L
pOSTIV £
BE LSpZ 8 5
e dq /A 829 p—-
e |E—— £ g5n vesps N
2t e | o179 SA [ESQ=
S| o |2 g 7 A
S - L1J EA
S o L AR EN 3 e
S el I 519 LA 8rs
13SeEDIA -y - o T = A OA v T O — - e e
Z2d1d PN
BELS L
[0 BN LA aea p
I —— ———4&dax veapi——
T =~ Cmem _l& X SA 19 B
2] S g iqvA A
.TWF,HHI = 5 EA AS+ -
= 1 C—amm P _vl. J Z2A o |m..: < /] K
o E o S g LA 8 |5 SRSV gy < 1]
REETSMe -5 o [ 514 OA Mm SLBLY

: 1d10 1]

] o
Sun 4.5 29350DRINAUDA AR



35

1qasﬂudduuunﬂa§uﬁ 4.5 3z ifunisnaasiatundnil 1 Feifunisimua
unatasHd MY OXXX - 7XXX dopmdumwAn A19,A18,17,A16,A21,A20,A11
#91ffuuan asalis (ADDRESS BUS) é1unﬂ1ﬁqnﬁaﬁmm1m DIG1SEL

29358 una19a: unsnaasHatundnil 3 (wind 2 ondmuatr iy v2n
L) lufunainsadumie  x28x - X2FX fyyadunnin
A27,A26,A25,A22,A24,A23,A28 uacfiyniw DIGISEL doudgm e 1B MwnABn-
8 DIG3SEL

2935ud A9l (un1snaasialuminit 4 fin X2X0 - X2X7 uazaziian-
§ind 2 yafn DIP3 unz DIP4 dwiubumnii 0 - 7 uaz 8 - 16 AWAINY N9

E o o fk o X g o vl I S A B B - »
ROANAINDNIABIE 2 AL AD VIR VU IAE UM LA FUE SR NI M 19wl ana1ete



36

s P ¢k o o -1
AU LUA LADTAIMSUATIIAL lﬂulluu 37 B1 D-TYPE B9MNNRAAIU

PIN No. DESCRIPTION | PIN No. DESCRIPTION
1 PAO [il0] 20 PBO [qafi8]
2 uiMaan 21 T
3 PA2 [qAiil] 22 PB1 [1AR9]
4 uiMaan 23 N ETE!

5 PAA [y0#2] 24 | PB2 [1##110]
6 A EEE 25, LR

7 PA6 [qail3] 26 | PB3 [4nill1]
8 iAo 21 66D

9 PAT [18714] 28 | PB4 [8i12]
10 WMaAR 29 "WiARD
11 PA10[y0ii5] | 30 | PBS [1#fi13]
12 Ui'anD 31 N ELH
13 PA12[4Ri6] 32 | PB6 [38fi14]
14 uiann 33 D
15 PA14[8i7] 34 | PB7 [3#15]
16 WRAD 35 LR
17 COMA 36 COMB
18 WiRAD 37 GND

19 +5V.




37

4.2 1aas%ué1ﬁn17=a1nn1:u1un17n1qqna1un11u1uuuuau1ann
o * - Yoo o~ o P
1eﬂssun1ﬂn11:ﬂuununu1amnn1ﬁannunuﬂ7uuen1ﬂacﬂugun 4.6 Uazysny
- -~ 3
GHGELERY
- i an o
- A77WaT 138aun1s Wianuduyupuraan 1ilu@isaasuie 8 in

- ﬁmw1mau1aanﬁuqn 4 - 20 mA.

- swisoSudoniata 8 pasdngam  YanusnaanatnfiuBds: iatioviudy
RIWSUNIUAINNITIENT1INAT I

- @7UMIUDA LASH LAAN1AKIUA 300H - 3FFH

- ﬁ11u§aon11ﬁ15q¢1u +/- 5V 200mA. uay +/- 12V 200ma.

- ADULUALADY 25 17 D-TYPE

ANALOG SIGNAL

. DIFFERENTIAL
= | AMPLIFIER [

CONTROL S IGNAL

gy

ADDRESS B

A 4.6 Genmuav

’Naﬁué'mn"n:'i‘mnsxmun”rmNqna'mn‘sm‘luuuuau'laan




38

RRNNITH IS WBRNINRY
1.1qa1lﬁnuﬁﬂnszuvun17n1qqnﬁ1mnxxuua:lﬁanﬁaqﬁmm1mﬁnqn
é1anwa:ﬁ§uu1awnnszuaun15n1qqaa1unssulﬂuuuugﬂnszua 4 - 20mA.

Boazgn widman dlunsedy 1 - 5v. #mAImEunu (RESISTOR) vue 250

Sony  Jeniid walates ifudadaiiunszua iy 3 ndussduneasounaanding

(ANALOG SWITCH) #lvazimini ifnntosdnm aifnenis §9293580%5

+] 1
Z z
m m
X % -
2
n n
g I 8] % I o
O-NOYDON Z =4 O-NMYNON Z <
XXXKXXKXXKX =<mU XXXXXKXX =<@mO
vlva-lmINIv wol-|oln mfsfnlal=[wlnlwt  ol-{oln
* | v =] + l -, L O
i
|
i
|p —w. ;
o o
mi min
(1t o0~
"\ A4

BzZX85C
‘,D1
:
1
1
[
1
1
(
1
}
i
1
]
|
BZXB5C
l rD1

R1
AN
50
R1
AAN
50
R2
AN
50

CHO+
CHO+
CHO—~

CHSELA >
CHSELB
EHSELEC S—

o - .
EIIYI 4.7 N3 l!iiltlﬁﬂ'itﬂ')l.lﬂ‘l’ﬂ'lii!ﬁﬂ'lﬂn?‘m

uas LRanDBedyy whunm



39

2. minvt wisudgy wauaan 1fudiseaazions wRsuieymauaanti iy
SugomAinganne 8 iin 5Mad wed ADCO804 muiMed LM336 udrasIeuse-
#UDNBY  nyeAuBNeAvAaWIT0US AL tBua1AaIn VRX  Sepfins1aue  (GROUND)
VDI IWAUIRBANREAIUYANINATATADA AT UENDANIINFUAWAIAUNE 1IN 935
iwanastiaviudiyyiusuniuainieasaiaeas iiavanaeasaisean e udnsusns
Aingsetiue afueasunudulussuunsniug A MmN eI WAUNEIEE W
a8 wisudyywauinen udiseairewdanaietiaiiwan  Suwiwauasndunn
dmFutaidanana1aun1aInauInana intuae19a s Laansa iy e (gﬂﬁ 4.7)
awnﬁuﬁwm1mﬂu1aﬂn5uqnazgntuﬁnuﬁﬁ1ﬂuﬁagan1oﬁ5naaﬁﬁﬂ11uﬁnﬁuﬁﬁuﬁww1mn
UIRDNAINGTY  BBuaNI9AIARALIRzONA S ivABuRY LB TAILAN S ELY (BT ISy
winwasall  n1siiausnsznitsdudifuasiia tnaTAsufin LanIRuAN TN
Wof 8255 feilumpinpiiaTsunsuMe (PROGRAMMABLE 1/0) #viiutiayumniond
ADAEADIONE TN ND IS W13 W TABAS 93N 0T ADCOB04 & ¥eil1ad
ADC 0804 HawnsnaanuunasaaiulinyaRania 1aasAIANTEING uA1iavan
“of wasiilin13Au 10 73nn (INTERRUPT) 1iimiinns wisudawa 1a$33visaantuy
1)iied 8255 iugaiansBntunile lnquaﬁiﬁaanuuu151uﬁnumxﬁﬁtﬁaaawn
11980UsaeALa VInaimuFiAD I 1T WEABI W IDREUITERILD TUAE1TARI TR
TR NIIBEY RS TMuABNTY LA SATUAL STV AL 1un 13 nd MILEAD
WA IRRUIBBANIITUALAITANIT NITBIUTDURUREAIVANDDNARIUN IR TR 1N

L AN ol 4 7L . 0»
naﬂnu171uqou1n uazéﬂﬁa1u130ﬂanuuun7awmu1n11ﬁu171a1auo1naiﬂ



40

ss28
£9d
92d |-+
S3d L+
rad IWKII
€34 51
2Jd |m|n||
mum |m|‘| - .
d u_aomrH
(8 s X3 ==
sgd (=
<S> : o) sad -Z<
mmmﬂ e rEd (=2 r08o2ayv |MW SEENWN ke
EeS e oseh oG] | T
Ela> S um L 03 £
Eies Sel iy ey e
T Y1134
20V za 2vd 4 e
EQV > £ 1ag avd H4E D P A0Lg  ixd
FOV > 2 1sa Svd | 2E cllcgg  wx3| Xy
[Sov 52 va pvd 2= = reg st L
v E {ea Evd eg £ AS+—oNT)
mmm/ 15120 2vd = of Iz
50V > EE g ova [E Z1] ¢80 < ]
vE 2 g1 089 +tIA g *NI

an 40

CELTG

funwauraan 1y

P

¢

7ﬂﬁ 4.8 mUnsaldagu



41

3.293300RTHAUDR LASH (ADDRESS DECODER)
x do ¥ < g p -
29351 tlureasiisimuauas 1asuavA eyl uas iiavanpraazinise
o o o % [} (4 o ¢ 4 2 o o & X v o
siin 182UiNANNIT 1 ATTAlUABNRT 1ADY A3 LBRATY §viiuTvasiasAvLSURY
& T e & Y e »
18 (A MUDA LaIFUANAT9RY Fun1TDDnuULAAENUULARYSUES1AEIUA  0300H

- 03FFH 1aun1suiudefianadns DIPL #vil

DIP1

A2 A3 Ad A5 A6 a7 A8 A9

n13Fubsindindtaslanenfivivinuiaisaents 1buniseIR "oN"  ax
fianin (LOGIC) ilu "0" &v&10H1v1bY

une LAYH 0380H - 0383E IrmDIMAIND 6.7,8 ﬂgﬁuan11= "OFF" uav
1,2,3,4,5 agluan1iz “ON" uazIRdfgA Intean 8 azAaepgluinIE  “OFF"

e tfiaeainiu 1BM PC fuuam1asaR 0000H - O1FAH gniEluA?



cESY L —

CESTIVZL
POSTIPL

ven

42

g<yv <V
g=V 8=V
a>v a>v

S8SIvL

0N

|

ven

i

i P

O MO —{ |~ NI T

Lot ot ot

en

N0jtn

S8sv s

g<Vv a<v
8=V d=V
a>v a>v

> AG+H

AS+

‘H?H?WW

qmvarom
R Lo At o A

-
0.
(s}

o o
SN 4.9 293TNDATVAUDA LATYH

=] ]

ofnlsholol-[v]-lnfmls

EN




43
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ADU LUA 1RBTRINIUAISAL lﬂutllm 25 11 D-TYPE BNMINIS&DAN

PIN No. | DESCRIPTION | PIN No. DESCRIPTION
1 CHO+ 9 CH4+
2 CHO- 10 CH4-
3 CH1+ - 11 CH5+
4 CH1- 12 CHS-
5 CH2+ 13 CH6+
6 CH2- 14 CH6~
7 CH3+ 15 CH7+
8 CH3- 16 CHT-

- o * t . - . >
¥1 17 - 25 ﬁo1u1auaﬁe\vﬂun111euuiuﬂﬁun11aaﬂnq1u
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PIN No. | DESCRIPTION | PIN No. | DESCRIPTION
1 T 20 PBOB
2 PAOA 21 PB1A
3 PAOB 22 PB1B
4 PAIA 23 PB2A
5 PA1B 24 PB2B
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7 PA2B 26 PB3B
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10 PA4A 29 PB5A
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14 PAGA 33 PBSA
15 PAGB 34 PBSB
16 PATA 35 ‘WilAsD
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ﬁU7un7uﬂ1uqu$zuuLﬂuiU3un3uﬁﬁwuwﬂulﬁaﬂﬁﬂun1$ﬂ1uqun1$ﬁ1o1uvao
§uudRwwAN T IMAAAY WAL 1EBREY édua1ﬁmﬁqauaeé1uuanouaﬁﬁa%ai 82720 i
il GRAPHICS DISPLAY CONTROLLER (GDC) ﬁu AAUTTOULTUNISURRIWAN Y
AUNTIMAAGY 1389 6DC 3xiHA1de  (COMMAND)  udIewWAIENII 1anT
@19 WARMUA A1IAIAIR BN 1B S A 1ABDNUUYINE 9 UM IND MUY

« a,¥ a - 4 o o
)i )] ﬁ0ﬂ1ﬂﬂﬁu1ﬂ7jﬂﬂ3lﬂﬂﬂn10ﬂ17ﬁu17‘%ﬁuunn 3

5.1 #uMivuBR LASEURSAINBY
t ] . - o - l
N13AWAN  GDC AzAMUARINIUNINTIA LIRS STATUS uaziidinas FIFO
, > ) ¥
(FIRST-IN FIRST-OUT) udmtasd A0 a:uufanmuaingafidewadis FIFO duas

- S - - 7 X
wludd oo tdumsfi ey #eil

A0 | I/O COMMAND | I/O ADDRESS . FUNCTIOR
0 READ XXXX+0 READ STATUS REGISTER
0 VRITE XXXX+0 WRITE PARAMETER INTO FIFO
1 RERD XXXX+1 READ FIFO
1 WRITE XXXX+1 WRITE COMMAND INTO FIFO

XXXX ADUBA LASE L1TUAUDBY GDC Suinuiimusativiiash 0300H
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- d e oo o«
5.2 J7az 10K LABINUSIH 18BY STATUS
- ., X a [ . . .
Tﬁﬂlﬁﬂ?ﬂ?ﬂ?zgﬂﬂﬂUﬁ?lﬁﬂ?ﬂﬁduquﬁzuu31uﬂ1ﬂglﬁuﬂ lﬁnea1nn1?ﬁﬂs

. ¢ ol -o (4] . J a aa - o
unsuqaﬁ1ﬂei:ﬁﬂd1§3ﬂﬂlﬁﬂ?ﬂlﬂﬂﬂ1uﬂnﬂn11:ﬁ1dﬂ Uﬂﬁ1¢1ﬁﬂﬂﬁqﬂlﬁﬂ§ﬁuﬁﬂﬁ

find SRz e
0 | DATA READY
1 | FIFO FULL
2 | FIFO EMPTY
3 | DRAWING IN PROGRESS
4 | DMA EXECUTE
. 5 | VERTICAL SYNC ACTIVE
6 | HORIZONTAL BLANK ACTIVE
7 | LIGHT PEN DETECT

fiml 0 DATA READY : similifu 1 wurwdiefifouangiu FIFO uay iy
0 v wRevpyan i eadluIEnININ1IENIN FIFO WHIIa1r0TA159un7 1EausD
fiWYATIUY 18 1885 (MICROPROCESSOR INTERFACE DATA REGISTER) Hengu
#1 6DC ﬁQﬁuazﬁﬂeﬁ1n11n71aaauﬁnﬁqnﬁ§eﬁauﬁ1n1sﬁ1uiaga

{inf 1 FIFO FULL : gafintiuly 1 wuawfie FIFO tfwuda Beasifatuda
ADIRA7 1ADIAIUANTEINRSIBNANEY FIFO Bacf GDC fienidrdetdutiada uin
epc  Avdvawiayatu FIF0 ag e FLAc fhifu 0 Ausseitdifiinelu FIFO
pinaiiay 1 wm Aelfuszanainisasrvaauininnafenowiinay iBsudoyan sty
FIFO

im#i 2 FIFO EMPTY : oiimiilu 1 uasedn FIFO 19femum uaz  GDC
1enIeid el uen 659 1 5ousonusn

i 3 DRAWING IN PROGRESS : vusfl GDC Andermatifimiiaxifu 1

{in% 4 DMA EXECUTE : miiazifu 1 wusiindedin pra

finfi 5 VERTICAL SYNC : imazulu 1 surfidi&eianszuouns

VERTICAL RETRACE SYNC
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infi 6 HORIZONTAL BLANKING ACTIVE : tffainilifu 1 usaeirindein
HORIZONTAL RETRACE BLANKING

imA 7 LIGET PEN DETECT : aimiiflu 1 udaein33d 1naTuas 1ayanns
UnnIudy (LIGHT PEN ADDRESS (LAD)) fiaidumuvpasunnuasfivag {inil

szl 0 1iiaA1u LAD gnatuluiie FIFO amAnde LIGHT PEN READ

5.3 gaddezas Goc

Adsuae 6pc ifieiu 20 dde wivaantsdu 4 na & il

nsuf 1 AdeAuAniAta (VIDEO CONTROL COMMAND)
1.RESET ~ 18%un133t8n (RESET) GDC

2.SYNC 151un11ﬁ1uua3ﬂuuu1un1iuﬂaqua

0j{o0]J]o0ojoO0}1}1]|1]DE

3.VSYNC 48%un13idan MASTER nia SLAVE dAwmiy  VIDEO
SYNCHRONIZATION MODE

4 .CCHAR 1§ﬂun11ﬁ1nualﬂa§lna§ (CURSOR) ua=n11ugqnﬂeﬁ15nu1
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nAuft 2 AAYAIUANIBUAAIEA (DISPLAY CONTROL COMMAND)

1.START

2.BCTRL

3.ZooM

4.CURS

5.PRAM

6.PITCH

AN 5390 LFudune (SCAN) 3aUNAHA

v . ' 4 . o
U5un1sAMuadUnLI2A Y LABT LB TIUNUIHA NI UAANUA

(DISPLAY MEMORY)

" R % X 4
1”1“"17“1"“@“ﬂﬁlﬂ?ﬂl%Nﬂuuﬂ3ﬁ71“ﬂ11380"unuaﬁquauﬂ3

fiTwuaAl 8 MuNavAlandInI AR (GRAPEICS CHARACTER)

0]1]11]21 SA

+ v . .
3 UNITAIMUAAIIVNINNBDIRUIEADTWATUHARINA
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ngufi 3 A1A9AILANNTIIINA (DRAVING CONTROL COMMAND)

1.WDAT

2.MASK

3.FIGS

4.FIGD

5.GCHRD

ﬂﬁﬂun1iiéiﬂgaaoﬂunﬁauﬁ11u§1uaaqua

0] 0] 1] TYPE 0 MOD

9319 Muan 1338 tand MASK

2% . a (4 “ e
1N MUANITIV LA TR M TUA I TENIRUANITIIN

(DRAWING PROCESSOR)
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ngufi 4 Adeaudaya (DATA READ COMMAND)

v ' v . .
1.RDAT ‘ln‘lummmuagmm‘nmum"m'ﬂuaawa

110 1] TYPE 0 MOD

2.CURD 5UN15ATUAWKUNYD Y LADT LTD T

3.LPRD  39uA1927ULEA LATATANINAUAY (LIGHT PEN)

nguh 5 AdeAIUANNTY DMA (DIRECT MEMORY ACCESS)

1.DMAR 3uN17D88 UBANANNY DMA

11011 | TYPE 1 MOD

2.DMAVW  ?5uni3ua (Bsutaysuuy DHA

0] 0] 1]} TYPE 1 MOD
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- P ] - . P
5.4 11ﬂa:tﬂualnu1nuﬁ1§qn1¢1na1lﬂuuaz1i1u1ﬂ1un1uﬁ1uqu1=uu

5.4.1 Adv RESET

RESET o|lojo0ojoj0joOojoOo]oO
P1 oOJO|ClF|TI]|D|G]S
P2 AW

P3 VS. HS

P4 HFP VSa
P5 0o HBP

P6 0} 0 VFP

P7 ALL

P8 VBP ALn




AW

VSL
HS

HFP
VSa
HBP
VFP
Alo
VBP
ALr
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ACTIVE DISPLAY WORDS PER LINE MINUS 2
VERT.SYNC WIDTH, LOW ORDER BITS

HORZ.SYNC WIDTH MINUS 1

HORZ.FRONT PORCH WIDTH MINUS 1

VERT.SYNC WIDTH, HIGH ORDER BITS

HORZ.BACK PORCH MINUS 1

VERT.FRONT PORCH WIDTH

ACTIVE DISPLAY LINES PER VIDEO FIELD, LOW BITS
VERTICAL BACK PORCH WIDTH

ACTIVE DISPLAY LINES PER VIDEO FIELD, HIGH BITS

- I'd
RARLNI9IM 1603 P

D = DYNAMIC RAM REFRESH CYCLES ENABLE (0

C | G | DISPLAY MODE

GRAPHICS MODE
VIDEO FRAMING
NON-INTERLACED

), O H O
- O v

INTERLACED

NON-INTERLACES S

0

I
INTERLACED S

1

I

DISABLE, 1 = ENABLE)

DRAWING TIME WINDOW

DRAWING DURING ACTIVE DISPLAY TIME & RETRACE BLINKING
DRAWING ONLY DURING RETRACE BLINKING
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5.4.2 A1d9 VSYNC

VSYNC oj1j]j1]1]011{1]1|H

M = MASTER MODE, \fla M = 1 GDC 3:Aniiadam aias VERTICAL SYNC.
01 M = 0 GDC Az Sudumnmiiananianniauan

5.4.3 Adv CcHAR

CCHAR olt1]jofol1fo|1]1
Pl olojloflo]Jo]lolo}]o
P2 1]l1]olojolo]o]o
P3 olofoflojo]o|o]o

5.4.4 fdv START

START oj1j1}j011]j0|1]1

5.4.5 A139 BCTRL

BCTRL ojo}jo0o]O0]1}{0]0]E

E = DISPLAY ENABLE = 1 ua: DISABLE = 0
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5.4.6 A1de zooM

ZOo0oM

P1

ZFD

ZFW

2AIN1 5818 00002

11112

ZFD ZFW

DATINTITVHIHVDAINTITURAVHR

4851015 va18209R28NH5URE AREA FILLING

1 w1 (Wiinasvean)

16 111

5.4.7 @19 CURS

CURS

Pl

P2

P3

EAD
dAD

EADL

EADy

dAD 0] 0 EADs

HIGH ORDER EXECUTION WORD
DOT ADDRESS




62

5.4.8 A1dv WDAT

Ady WDAT (WRITE DATA) ffuddviiinaya 131 1A iquminend i
HAAHATATANATY  AIuMlanan LATARARIATAE LAV IWTia a0 EAD  udnde
AanAmuadumie L3uAuYas 1ARS 105 EAD Feiivune 18 dndusz wisuan iduan
qﬁﬁwuiauﬁnaiuﬁﬁlﬁan1711ﬁ5uqaaq ﬁﬁn1aﬂun1ilﬁuuﬁagan§atﬁuﬁagaﬁazgn
A muATAEM19T 1aa5 DIR 3 funis1ii aaIEusnludnde FIGS

Al WpAT taviaute iy 3 wwunAasuuull OPCODE “Wiinfinufiu  wuu
usnxﬁaﬁagaﬁuuwa 2 m uuuﬁaﬂatﬁaﬁagaﬁnuwﬂ 1 wiuaz dtund  (Low
ORDER DATA BYTE) wuugandt ifatausfivuta 1 twiisuiiuus utunge  (BIGH
ORDER DATA BYTE)

o4 & v - P'd
uuun 1 WavayaNula 2 un

WDAT ojof1lo0fjojo MOD
Pl LOW ORDER DATA BYTE
P2 HIGH ORDER DATA BYTE

MOD = RMW MEMORY CYCLE

MOD FUNCTION

REPLACE WITH PATTERN
COMPLEMENT
RESET TO ZERO

- = O O
= O = O

SET TO ONE




63

o a v P L4 L&
wuun 2 uavayaNune 1 1unias utunén

WDAT

P1

ofo]1(1}10]0O0 MOD

LOY ORDER DATA BYTE

] & v o L4 4
wuun 3 l”ﬂuagﬁuﬂu‘lﬁ 1 Tlunuae lﬂu\“.m{'j\l

WDAT

Pl

o{0j1i1}11]0 0D

HIGH ORDER DATA BYTE

5.4.9 A1dy MASK

MASK

P1

P2

Mo

Mm

M. = LOW ORDER BYTE

Ma HIGH ORDER BYTE
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5.4.10 A1y FIGS
- &, v o @ e - »
FIGS lﬂuﬁ1aﬁﬂﬂﬁﬁ1ﬂﬂﬁﬂ171ulﬁﬂ%ﬁﬁﬂ?ﬂﬂ?ﬂ13U18N6ﬂ1?11ﬁ ynNIInIvuA

o g . « X
WITIWIRDTATINIANU

FIGS oj1J10(011]1]0¢{0
Pl SL R A GC L DIR
SL{ RJ]A|JGC | L OPERATION

00} 0} 0] 0 | CHARACTER DISPLAY MODE DRAWING,INDIVIDUAL
DOT DRAWING, DMA, WDAT, AND RDAT

010 { 0} 0 1 | STRAIGHT LINE DRAWING

0 | 0] 0| 1| 0 | GRAPHICS CHARACTER DRAWING AND AREA
FILLING WITH GRAPHICS CHARACTER PATTERN

0]0]1)]0} 0} ARC AND CIRCLE DRAWING

0l 1]0] 0] 0| RECTANGLE DRAWING

1]0)]0] 0] 0| SLANTED GRAPHICS CHARACTER DRAWING AND
SLANTED AREA FILLING

SL

e

SLANTED GRAPHICS CHARACTER
R : RECTANGLE
A : ARC\CIRCLE
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GC : GRAPHICS CHARACTER

L : LINE (VECTOR)

DIR : DRAWING DIRECTION

#i93INTA A

v v . & o X .
FIGS uaiazﬂaqﬂ§ﬁ1ﬁa1aé1§qwuaaaiﬂuﬂﬂn1n1i1§un$:

UUN1Y READ-MODIFY-WRITE (RWM)

% v Maoa, v hod . “ o
iaﬂﬁﬁﬁeﬂwqaLna1uunﬁﬂuuaz3Uuuuﬂun131uuana1enuaqu

FIGD,GCHRD,WDAT,RDAT

-1

A1l 58019 SL R AGE L
FIGD | LINE OR VECTOR DRAWING | 0 0 0 0 1
ARC AND CIRCLE DRAWING | 0 0 1 0 0
RECTANGLE DRAWING 0100 O
SINGLE DOT DRAWING 0 0 00O
GCHRD | AREA FILLING ploliall 1% 0
SLANTED AREA FILLING 10 0 1 0
WDAT | SINGLE WORD 00 0 0 O
SUCCESIVE WORD WRITES 000 00
CHARACTER MODE READING | 0 0 0 0 0O
DMAW | DMA WRITE SEQUENCE 00 0 0 O
DMAR | DMA READ SEQUENCE 0 0 0 0 O

" ¥ o < o« & a
ﬂ1nﬁ1310ﬂ1§0 WDAT UUAMITIN LADT LRUDAUNUNINUA LUDIIN

Py 4 - o o
197 LR Sl TEnauluN1T LRANKIAE 9

WDAT AH
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- - [ . . .
5.5 n1yulagusuvuy X-y tﬂun1unu4unatnsaﬁunudﬂnku11
- . ' o
Luaqa1nn17n1nuadwuuuqnnsa1aﬁuﬁﬂnuaﬁdﬂﬁzuuunu X ufsunu Y o9
v g - . v - ,
13uAun (0,0) uszunu X FN1TIANAIIINT BN uasuou Y 4019 tANAIIIN

’ - o
VURIAINANIUTUN 5.1

(0,0) ( XMAX, 0)

(X, Y)

(0, YMAX) ( XMAX , YMAX)

d o [}
Ui 5.1 udaemsAmuad UMy X-Y 13118

» 5 . » - “w £ - -
unn1ianuaa1asauaeuudna11ui1uaaeuaﬁua:uann1enu dsiuIeanviinig
. ‘v & d ) . .
a1 X-Y naaen1su1ﬁ1n13ﬁwu1mtwatﬂaﬂuﬂﬁlﬂun1uuuquﬂﬁtﬁiauaquuaﬂﬂ11u
& b - [ ¢ o
udaINa  1HAY3IN GDC  ABINIINAS LB 1Tuuae LASHYDIMINEAD WA MER 9

#ad MIUN1ITI19 NITIAAUNUIUAR LRIFVDIMIIHAI WA URASUR iauﬂaqﬂuguﬁ 5.2
//f— 1st WORD OR 16 PIXELS

0 1 P—1{—— 1st LINE
P |P+1

— LAST LINE

-

“~__ BASE ADDRESS OF EACH LINE “— LAST WORD
Uit 5.2 UAAYAITIAUDA LATAYAIMIILAI N TUAAIHA
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aﬂnzﬂﬁ 5.2 Az irlainasiauan tasazasmieawiudaswatiuaz 1u9
amunu X fiuda IHINAYIINTIEILIN UaEAINLUAYATY inilaufun1TIRAdumieusy
UU X-Y UANUIHATWNAIUAANS 1 uaat&sﬂﬁuﬂsxnauﬁouaa 16 38 & offu
ula P = 47wy 16 BIT WORDS u 1 tdu
Aoty P = (Rwax + 1) / 16
Whi Xwax TATAIT 1023 §elu P = 6410 w3n 40H
318 LINE BASE ADDRESS (LBA) = P * Y
fvtiunan taTAYBINIIBAIWA AR NARD

EAD = LBA + TRUNC(X/16)

X MOD 16

uazdunlvuasiinda dAD
. o4 Y. ) - oo ve N

ANENNITAIANA NN Feu tTudanaSinasd ol
procedure AddressConversion;
begin

LBA := 64 * Y;

EAD := LBA + TRUNC(X/16);

dAD := X MOD 16;

end;

5.6 N17119UUN LIA LAAT (VECTOR DRAWING)
. a v o i
NATINAUUL LA LADTHTANTT218 LAUATIIARINATNISAT 1ABS 9 lumaundy
A1dy FIcs 1uﬁu1nﬂztﬁn "L" bit set uazn1IAMUATANINUNITINA  d3udn
8 WUﬁﬂzLﬂﬂﬂ11ﬁ1ﬂﬂﬂﬁﬁ§§ﬂlﬁﬂ§ﬂﬂﬂ DIGITAL DIFFERENTIAL ANALYZER
(DDA : lﬂuﬁﬂ%ﬁu1§ﬁﬂéﬂuﬁi GDC  WAMMAATIANINARAAIEAT AR 19U UINTaY
fiunsautayaning1aurEetu 6DC 158031 READ MODIFY WRITE (RWM)) fv
% . v oY o 5 4
UYsznauads DC,D,D2 uar D1 n1tna1uaztﬂu3alsuauua=1a UFAVAV LIA LADT
. - e ¥
ATITRIAIANTY IARIUNTeNIRTas
fud 1 Awramszssinafudououaniediuuny X uazunu ¥ A8FNNTT
dX = X2 - X1
dY := Y2 - Y
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X1 ABIALTNALYAYLIA LARININA LAY Y
Yz Aaiaganiuyasianaainiesiuuny ¥
‘A ﬁﬂial%uﬁuuaetuﬁtnaéwweéwuunu Y
A1uay dX uaz Ay swasmihtafivuonuazay  ArfivaavAaseaznneiudn
UIU3ADAIIADIUALLA AT TUILAARIEIIA §2 GDC  3:HINTITIIRIANTNAIILAL
Mir8A2 131 UA NS BD 9 1AB T LTASuEA DDA ﬁ1n1iﬁ1u1mUﬂﬂlﬁ7ﬂvﬂ01ﬁﬁ 2
i 60c #1n13118387 2 DDA Aaziamiadwmiesaty v e unse
#vasumniatu ia mainatutduly Tanituugaiaz A ouatzad wiie 1ans
DC uaziifa 6DC HIn131afvaganIaA1LF A IaaT DC  Axlinn 1fududuas taad
1Ba ¥ tpdaui Wagiyaganiy
it 2 1lun1ImAA1 QUADRANT uazA1 OCTANT 37nA73 dX uaz dY #MAas
gnﬁ11ﬂﬂszu1aualﬁﬂu1 QUADRANT Uz OCTANT §en13iivua QUADRANT uas
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A19%7  QUABRANT 3zv11A300T 13y 1finy tASaamunvay dX uas 4y

-
AINATITIVRE Y

lﬁ%ﬂ\m&nﬂﬂﬂ\i dxX lﬂ%ﬂ\)ﬂ&l’lﬂﬂﬂ\! dayY QUADRANT

|
+
[ (7] N Laad

#7UN1591 OCTANT 3z17A7 QUADRANT #ulan min 1suseuIauasuiuns

lﬂ%nu1ﬁnué1ﬁugiﬁ (ABSOLUTE) ®av 4X uaz dy (|dxl,[dY]) a&wa1379
Fena
Eax » ldyi
QUADRANT OCTANT
1 2
2 5
3 6
4 1
IdX < ile

QUADRANT | OCTANT

B W N
o 3 b W




70

' . v f P
dY| udav2117A18asnIa lﬁumz‘i’mﬂgﬂuuu’) lﬁun:uﬂwn’ﬂﬂﬁ

LATAYTEMITY 2 OCTANT AMEA" 1avdtiluA OCTANT

E d a
un 3 lﬂunWSﬁq"uﬁunUﬂ1771ﬁﬂﬂ73 (INDEPENDENT DRAWING AXIS)
N . a ' o P da
URSATUIRA IR ITIN LADTIUNTITINA unuw1ﬂuunu11ﬁaﬂ7:?zlﬂuununuﬁ11uﬂﬁduﬁn

¢ - v o a
nanuaunily oy unu X s wunnunnedassa [ax| > ldyl] azuluenu v

e {dx  PLRRRRELX ]

= [av

OCTANT | INDEPENDENT AXIS | DEPENDENT AXIS

~ O O W N = O
Lo T R o R B - ]
Lo R - B B R

N = ‘4 (7 ’
AW LADTAUTIUNTIIIIRVAY DDA 3:nT183MNITAUIWINAIDAY |dx|

W u3
30U7=nﬂﬂﬁ1n DC,D,D2,D1 anudNNITAYY

uaz |4y
DC = IdI
D= (2* |dD|) - IdII
D2 = 2 * (}dD}| - IdIl)
D1 = 2 * {dD

wia ar fuseneaivsasununiinnedase
ap Juszardrevasununisatudase

ar ' a 4 @ ’ v
ﬁQﬁun13ﬁ1u1m"1ﬁ1"171N (AT IMTUNTITIARYY LIA LADINIBNITING LHURL

fizanaSiu (ALGORITHM) #wil



dX := X2-X1;
dy := Y2-Yi;
if (dX »>= 0)
if (dX < 0)
if (dx < 0)
if (dX >= 0)

and
and
and

and

case Quadrant of

1 : begin

(ay
(dy
(dy
(dy

if abs(dX) >

if abs(dX) ¢
if abs(dX) =

end;

* 2 : begin

if abs(dX) >
if abs(dX) «
if abs(dx) =

end;

3 : begin

if abs(dX) »
if abs(dX) ¢
if abs(dXx) =

end;

4 : begin

if abs(dXx) >
if abs(dX) <«
if abs(dX) =

end;

end;
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begin | VectorDrawingParameterCalculation }

< 0) then Quadrant

¢ 0) then Quadrant

>= 0) then Quadrant

>= 0) then Quadrant

abs (dY)
abs (dY)
abs(dY)

abs(dY)
abs (dY)
abs(dY)

abs (dY)
abs (dY)
abs(dy)

abs(dY)
abs (dY)
abs(dY)

then
then
then

then
then
then

then
then
then

then
then
then

Octant
Octant
Octant

Octant
Octant
Octant

Octant
Octant

Octant

Octant
Octant
Octant

procedure VectorDrawingParameterCalculation;

oe

1 else
2 else
3 else

4;

2 else
3 else

2;

5 else

4 else

6 else
7 else

6;

1 else
0 else

0;
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if Octant in [0,3,4,7] then

begin
dI := dY;
dD := dX;
end

else { Octant in [1,2,5,6] }

begin

dI := 4X;

dD := dY;
end;
DC := abs(dI);

D := (2 * abs(dD)) - abs(dI):
D2 := 2 * (abs(dD) - abs(dI)):

D1 := 2 * abs(dD):

end { VectorDrawingParameterCalculation };

[ . 4
238819017119 0UL LIA LART
@ 1 p-1 1o - . &
n1an1qua=ﬂ1%ﬁln11ﬁnwiﬁ1u1mu1w171ulna§n1q1a1nsunwsa1auuuLaﬁ
. Vol . . L4 oo g
12519 UL VAENAIRHTIINITIIAUYL LIA LADTURL UARIIGNITA WA Taunimualy

I 1uAuagil (100,100) uasinganuagil (78,34) #eluguil 5.4

(0,0) 78 100
34 + (78.34)
| \
100 | ¥ (100, 100)

1% U L4
zﬂﬁ 5.4 A78H19N1TAULY LA LART
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AauduIzABNIINTT INITIAL GDC  BeirAnviigad denaiugad deineiaa
na3fué il .
procedure InitialGDC;
begin {InitialGDC}
RESETCommand;
VSYNCCommand;
PITCHCommand;
PRAMCommand;
CCHARCommand;
Z00MCommand;
STARTCommand;
end {InitialGDC};
Indanaiiutieuizasuisuanaan udius §eil
1.A7d RESET
- RESET OPCODE = 00
- P1 = MODE BITS
P1 = 1FE (00011111)

(OOCFIDGS)

C=0, G=1 GRAPHIC MODE
Ss=1=1 INTERLACED

s 1 ENABLE DYNAMIC RAM REFRESHING
F=1 DRAWING DURING RETRACE BLINKING

- P2 = ACTIVE WORDS PER LINE

P2 2BH = 43 + 2 = 45 WORDS PER LINE

45 x 16 = 720 DOTS PER LINE

- P3 = VSYNC AND HSYNC WIDTHS
P3 =65 (01100101)
Vs = (01 1)
HS =5 =5+1=6
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P4 = HRPORCH AND VSYNC WIDTHS
P4 =0FH (00001111)
HFP = 3
(1 1)
VS =VSa + VS5 =11011=27

VSk

P5 = HBPORCH WIDTH
P5 =03H=3+1=14
P6 = VFPORCH WIDTH
P6 =0AH =10 + 1 =11
P7 = ACTIVE LINES PER VIDEO FIELD
P7 =ALL. =00H= (000000 0O0)
P8 = VBPORCH WIDTH AND ACTIVE LINE COUNT
P8 =19H (00011001)
(0 00110) = 06H
ALg = (0 1)
AL = (010000000 0)
= 256 = 512 LINES PER VIDEO FIELD

YBP

.A1de vsync

'VSYNC OPCODE + MASTER\SLAVE BIT
VSYNC OPCODE + MASTER MODE = 6EH
.Adv PITCH

ATH

PITCH OPCODE
P1 = DISPLAY MEMORY WIDTH

Pl = 40H = 64 x 16 = 1024 DOTS PER LINE
.A1dy PRAM
PRAM OPCODE + STARTING ADDRESS OF 0

PRAM OPCODE + 00 = 70H

Pl = DISPLAY STARTING WORD ADDRESS, LOW BYTE

= 00
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- P2 = DISPLAY WINDOW STARTING WORD ADDRESS, HIGH BYTE
= 00

- P3 = WINDOW LENGTH LOW BITS + STARTING TOP BITS
= 00

- P4 = MODE BITS + WINDOW LENGTH TOP BITS
= 108 -

5.4189 CCHAR

CCHAR OPCODE = 4BH
- P1 = SWEEP LINE PER CHARACTER - 1 = 00

- P2 = COH
- P3 =00
6.A1dv ZOOH

ZOOM OPCODE = 46H

- P1 = DISPLAY & WRITEING ZOOM MAGNIFICATION FACTOR
= 00

7.4739 START

START OPCODE = 6BH

4 - - 3 = & . o~ 3
dotiutuinaninudiiae INITIAL 6DC Tasfinadrdeuazn1ind iaasareafeil

COMMAND | PARAMETER | OPCODE | ADDRESS

RESET 00 301
Pl 1F 300
P2 2B 300
P3 65 300
P4 OF 300
P5 03 300
P6 0A 300
P7 00 300
P8 19 300
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VSYNC 6E 301
PITCH 47 301
Pl 40 300
PRAM 70 301
Pl 00 300
p2 00 300
P3 00 300
P4 10 300
CCHAR 4B 301
Pl 00 300
P2 co 300
P3 00 300
Z00M 46 301
Pl 00 300
START 6B 301

@ . o a [ aas va, X
FINAVTNAINRITIAWITAOUNA LBEHU lﬁUﬂaﬂﬂ‘i“U“lﬂﬁ\]u




procedure RESETCommand;
begin
Port[$301] := RESET.OpCode;
for i := 0 to 7 do Port[$§300]
end;
procedure VSYNCCommand;
begin
Port{$301] := VSYNC.OpCode;
end;

procedure PITCHCommand;

begin
Port[$301] := PITCH.OpCode;
Port[$300] := PITCH.P1;
end;

procedure PRAMCommand;
begin
Port($301] := PRAM.OpCode;
for i := 0 to 3 do Port[$300]
end;
procedure CCHARCommand;
begin
Port[$301] := CCHAR.OpCode;
for i := 0 to 2 do Port{§300]

end;
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:= RESET.P[i];

:= PRAM.P[i];

:= CCHAR.P[i];

procedure Z0OOMCommand (P1 : byte);

begin
Port[$301] := ZOOM.OpCode;
Port[$300] := P1;

end;
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procedure STARTCommand;
begin

Port[$§301] := START.OpCode;
end;

uan3InAE 9 n1T INITIAL wadddeduaiidn idutaun A1dviisunns

18 Ardeasavday FIFo 1fusy nrsmviasoy FIFO  d1ifuszaavimnafenaui
A d e LI ABAI NI GDC 1ABAYE Y LA LTI SN ARe Loy
Janua dazfuudiiziitinasiieiunas GDC Hana1alas n1383713dBU FIFO n3s
¥1141a8n15A52908ulinA 2 (FIFO EMPTY) nnimiiufu 1 udeein FIFO 419 a1
u13navAdeImiMn 6DC 1A Avdanainy
procedure CheckFIFO;
begin

repeat until FIFOEmpty;
end;

uanantufifiefinisin BLANKING Tandd de BCTRL waszn1yidnuniatdsa

YRR WNIEAI WA URAHAAIBANY WDAT Aedanaiy
procedure BCTRLCommand;
begin

Port[$301] := BCTRL.OpCode;
end;

procedure WDATCommand;

begin
Port[$301] := WDAT.OpCode; U¥rnauaiy OpCode + Type + Mode
Port[$300] := Lo(Data); LOW BYTE 3RVIBNA
Port[$300] := Hi(Data); HIGH BYTE 1Biiaya

end;

[ 2 12 & 4 [ A CO™ 5.4
119178 LU AR TENAUAIBATE N7 17D 1ADT LB TN A UM 9ARE 9N 1T
v, + - v
amddy CURS udnddnds FI6s 9artunisdmuaniindiiaaitun13a uazda
& P [ . ' 4 Moo
#1839EAde FIGD un1911aamm13nditaasaenany fedndedneafinarwniiisa

ot 3
ARTNNANY
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procedure CURSCommand (daD : byte; Address : word);

begin
Port[$301] := CURS.OpCode;
Port{$300] := Lo(Address);
Port[$300] := Hi({Address);
Port[§300] := daD;

end;

procedure FIGSCommand (Pl : byte; DC,D,D2,D1,DM:integer);

begin
Port[$301] := FIGS.OpCode;
Port[$300] := P1; {VECTOR DRAW SETTING]}
Port[$300] := Lo(DC); {P2}
Port[$300] := Hi(DC); {P3}
Port[§300] := Lo(D) ; {P4}
Port[$300] := Hi(D) ; {P5} '
Port[$300] := Lo(D2); {P6}
Port[$300] := Hi(D2); (P7}
Port[$300] := Lo(D1); {P8}
Port[$300] := Hi(D1); ({P9}
Port[$300] := Lo(DM); {P10}
Port[§300] := Hi(DM); {P1il}

end;

procedure FIGDCommand;
begin

Port [§301] :

FIGD.OpCode;

end:
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fefutuntine duasiidanaiiud ol
procedure VectorDrawing (X1,Y1,X2,Y2 : word):;
begin {VectorDrawing]
Vector-Drawing Parameter Calculation:
AddressConversion;
CURSCommand;
FIGSCommand;
FIGDCommand;
end {VectorDrawing}:;
uan AR TANA N R A aRIAE sBuaE e fun i sz anatEd
éwqﬁtné1ﬁ1auﬂ1u1stnﬂuﬁu1ﬂuqaﬁ13¢ﬂnﬁ1ﬁu n131aand n15 1A LuTaEing
AmuaitauaznT idsun miiusy a3 iAanduasniTnadutasau o muadta
ﬁu%ﬁ@@ﬁ1§@ﬂa@nwxiﬁﬂuuut1ﬂlﬂﬂ§u51ﬁ1n1t11aa¢1u1unﬁ1uﬁ11ui1naeaé1v1
TaplguinaIsusuR s susA N MAWIINaT 1 e 8 @ At

0 @ P e ) W - e B - &
anniilu 3 & A3 WAV 183 uasu11Nu (RGB) aqﬁuaziaﬁa1e1ﬁau

R|G|B d

0| 0] 0| BLACK
00| 1] BLUE

0| 1| 0| GREEN

0l 1]|1]cyan
11001 RED

1| 0| 1 | MAGENTA
1{1]| 0| YELLOW
1|11 ] wHITE
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-

v b v ad do v v . v

LHanIN1I118 LHUULNITIIAILADIAUADIUIN INADINISADNAEH LgufaNnIT
* o [ v oo o v oa¥ a N ' P w - v -

210 LEudug Qﬁi::ﬂﬂ\lml LAUN LUHAURE LAUAUN LSUUAUMUN Lagdnuaan Al Nas

ﬁu51é1unﬁoﬁ§aen1111aﬁ15u5u11aaéuﬁan%aﬁnwsﬁad1n15uazn1ﬂﬁ§1ﬁﬁn1$uﬂu
fuduuaznare fuiduty uar epc fusdrdedmFunisae AU WA @ mSuay
\fu uA GDC A3wIadmuariiavasduts detunisaaiwieaanidu 2 piiada
119 180 1AN Uaz118 1AL HRAYTAENTTTEAT 00 A9lumIEAIITUAAIHA Aedana
Suan il
procedure Line;
begin { Line |
SetLineType(SolidLine) ;
case Color of

Black : begin { ——-}
SetLineType(HiddenLine);
R-VectorDrawing;
G-VectorDrawing;
B-VectorDrawing;

end;

Blue : begin { B-- }
B-VectorDrawing;
SetLineType (HiddenLine) ;
R-VectorDrawing;
G-VectorDrawing;

end;

Green : begin { -G- }
G-VectorDrawing;
SetLineType (HiddenLine);
R-VectorDrawing;
B-VectorDrawing;

end;

Cyan : begin { BG- }
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B-VectorDrawing;
G-VectorDrawing;
SetLineType (HiddenLine);
R-VectorDrawing;

end;

Red : begin { --R }
R-VectorDrawing;
SetLineType (HiddenLine) ;
G-VectorDrawing;
B-VectorDrawing;

end;

Magenta : begin { B-R |}
R-VectorDrawing;
B-VectorDrawing;
SetLineType(HiddenLine);
G-VectorDrawing;

end;

Yellow : begin { -GR |}
R-VectorDrawing;
G-VectorDrawing;
SetLineType (HiddenLine);
B-VectorDrawing;

end;

White : begin { BGR }
R-VectorDrawing;
G-VectorDrawing;
B-VectorDrawing;

end;
end;

end { DrawLine };
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A3aY LU 1ANBaN dedana iy
procedure SetLinetype;
begin
Port[$301] := PRAM.OpCode;
case LineStyle of
SolidLine : begin
Port[$300] :
Port[$300] := $FF;

SFF;

end;

HiddenLine : begin

Port[$300] := $00;
Port([$300] := $00:;
end;

end {SetLineTypel;
a X 2 o, ¥ . - P Yoo od
N7 IRBUNMVUAURLTIEEIABANEY  PRAM 1o 1Budfiu  Taudnis tldnu
¥ o £ L 4 oaaa
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WORD u 1 iy (1nifiy 1 yanmduunu Y)  §7un19 Anulun1vsisuazyi1asdl
Arfi 1 iin (mndu 1 jﬁnwnﬂuunu X) é1un1ilﬁauﬂuuu1tﬁﬂcﬁwuuaﬁua:
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procedure Scrolling;

begin

case Direction of

Up : Address :=
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Address + NumberOfWordInLine;

Down : Address := Address - ;
Right : Address := Address - 1;
Left : Address := Address + 1;
LeftUp : begin
Address := Address + 1;
Address := Address + NumberOfWordInLine;
end;
LeftDown: begin
Address := Address + 1;
Address := Address - NumberOfWordInLine;
end;
RightUp : begin
Address := Address - 1;
Address := Address + NumberOfWordInLine;
end;
RightDown: begin
Address := Address - 1;
Address := Address - NumberOfWordInLine;
end;
end;
2ort[8301] := PRAM.OpCode;
Port[$8300] := Lo(Addresé);
Port[$300] := Hi(Address):;
Port[$300] := P3;
Port[8300] := P4;

and;
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NUMBER OF PENS:

X MINIMUM:

X MAXIMUM:
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MOVE COMMAND:

DRAYW COMMAND:

SETUP? COMMAND:

PEN CHANGE COMMAND:
RESOLUTION (DOT/INCH):

w ¥ n03
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PLOTTER NAME : founndnsiandldamiudieds mitutadiaumns

SEPARATOR : 1n§aqnu1uuun1:ni1qﬂagaﬁ1uuﬁqnnq X un: ¥
- TERMINATOR : iA3awnuisudgasnisaudade 1 dade du ;¢
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t
]
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unit Pipe;

interface

uses Grph7220;

procedure Pipel(NadeColor : byte);
var PipelStatus : boolean;
procedure Pipe2(NodeColor : byte);
var Pipe2Status : boolean;

procedure Pipe34(NodeColor : byte);
var Pipe34Status : boolean;
implementation
‘procedure Pipel(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(223,770,245,770);

end;

procedure Pipe34(NodeColor : byte):
begin

SetColor (NodeColor);

Line(685,357,685,449);
end;
begin
end.
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PRODESIGN II LAYER COMMAND

CURRENT LAYER:1 | ENTER THE CURRENT LAYER NUMBER
LAYER 0: 1 | ENTER 0 FOR INACTIVE AND 1 FOR ACTIVE LAYERS
LAYER 1: 1 | USE ARROW KEYS TO SELECT A LAYER TO BE CHANGED
LAYER 2: 1 " ,

LAYER 3: 1 | "F1"-RETURN AND USE THE NEW LAYER IffFORMATION.
LAYER 4: 1 | "F2"-MOVE COMMANDS FROM ONE LAYER TO ANOTHER.
LAYER 5: 1 | "F3"-DELETE THE COMMANDS IN A LAYER.

LAYER 6: 1 | "F4"-SAVE A LAYER TO DISK AS A SEPERATE DRAWING
LAYER 7: 1 | "F5"-SET THE COLOR FOR AN ENTIRE LAYER.

LAYER 8: 1 | "F6"-SET THE LINE TYPE FOR AN ENTIRE LAYER
LAYER 9: 1 |"ESC"-RETURN WITHOUT USING NEW LAYER INFORMATION
LAYER 10 1

LAYER 11: 1

LAYER 12: 1

LAYER 13: 1

LAYER 14: 1

LAYER 15: 1

LAYER 16: 1

LAYER 17: 1

LAVER 18: 1

LAYER 19: 1

LAYER 20: 1
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const [N TS T
Maskl = $8080; {- - } {CheckKeyl
Mask2 = $FFFF; [---==-—==--—=-m ] {JoyStick}
Mask3 = $2020; {_ - N } {ReadPort}
Mask4 = $1010; { - - } {DisplayValue&Pipel
Mask5 = $0808; { - -__} {pisplayGraphi
Maské = $0404; | N -__} {DisplayLevel}
Mask7 = $0202; { - -_} {DisplayCanAnimation}
Mask8 = $§0101; { > -} {DisplayTemp]}
Mask9 = $8080; {- - l-lDisplayHostScreen}
Maskl0 = SFFFF; {---——~-—-===———- } {ReadDateAndTime}
Maskll = $2020; {_ - = } {DisplayAlarm}
Mask12 = $1010; {_ - 1y }
Maskl3l = $0808; { = —.
Maskl4 = $0404; { y il
Mask1l5 = $0202; { - ¢
Maskl6 = $0101; { = -1
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#791787 11 wititAe it 2,3,10,11
79 1781# 12 vwiitAa i 2,4,10,12
51917977 13 viuiiinda it 2,5,10,13
57917877 14 swihitAa 9w 2,6,10,14
#291287 15 vuindAa il 2,7,10,15

53917817 16 9 wdiinfAa euit 2,8,10,16
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procedure RotateSequence;
begin [RotateSequence}
Sequence := Sequence shr 1;
if Sequence = $0000 then Sequence := $8000;

end {RotateSequencel;
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procedure TaskPolling;

begin {TaskPolling}

if
if
if
if
if
if
if
if
if
if
if
if
if
if
if
if

(Sequence and Maskl

(Sequence
(Sequence
(Sequence
(Sequence
(Sequence
(Sequence
{Sequence
(Sequence
(Sequence
(Sequence
(Sequence
(Sequence
(Sequence
(Sequence

{Sequence

and
and
and
and
and
and
and
and
and
and
and
and
and
and

and

end {TaskPolling};

Mask2
Mask3
Mask4
Mask5
Maské
Mask7
Mask8
Mask9
Mask10
Mask1l
Maskl2
Mask13
Maskl4
Mask15
Mask1l6

Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)
Sequence)

4Sequence)
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then Taskl;

then Task2;
then Task3;
then Task4;
then Task5;
then Taské6;
then Task7;
then Task$;
then Task9;

then TasklO0;
then Taskll;
then Taskl2;
then Taskl13;
then Taskl4;
then Taskl15;

then Taskl6;
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HideColor = _Black;
NormalColor = _White;
WaterPipeColor = _Blue;
BoilerPipeColor = _Green;

MixTankPipeColor = _Yellow;

TankAPipeColor = _Magenta;
TankBPipeColor = _Red;
TankCPipeColor = _Cyan;

CanOnColor = NormalColor;

CanOffColor = HideColor;
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procedure DisplayDeviceNumber (Device : byte);
begin {DisplayDeviceNumber]
case Device of
1 : begin
if ValvelStatus xor DeviceStatus[1] then
begin
if ValvelStatus then
begin
Valvel (WaterPipeColor);
Pipel(WaterPipeColor);
end
else
begin
Valvel (NormalColor);
Pipe3(NormalColor):
end;
PrintStatus('Valvel', ValvelStatus);
end;

end;
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2 : begin

21 : begin
if PumpS5Status xor DeviceStatus[21] then
begin
if Pump5Status then
begin
Pump5 (WaterPipeColor) ;
Pipel9(WaterPipeColor);
end
else
begin
Pump5 (NormalColor) ;
Pipel9(NormalColor);
end;
PrintStatus('Pump5’',Pump5Status);
end;
end;
end;

end {DisplayDeviceNumber};
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begin
ReadStatus;
ON) and (PreviousStatus = OFF) then Draw;

if (CurrentStatus

if (CurrentStatus = OFF) and (PreviousStatus = ON) then Erase;
PreviousStatus := Status;

end;
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procedure TankAZ(var Percent : integer);
begin
SetColor (TankA2Color) ;
CurrentLevel := TankA2Level;
DrawLevel (309,471,341,449,Percent) ;
TankA2Level := CurrentLevel;

end;
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procedure DisplayCanAnimation (CanPosition : byte);
begin {DisplayCanAnimation}
case CanPosition of

0 : begin
Can3(CanoffColor);
Cané (CanOffColor);
Can9(Can0ffColor);
Canl2(CanoffColor);
Canl5(CanoffColor);
Canl(CanOnColor);
Can4(CanoOnColor) ;
Can7(CanOnColor) ;
Canl0(CanOnColor) ;
Canl3(CanOnColor);

end;

1 : begin
Canl (CanOffColor);
Can4 (CanOffColor);
Can7(CanoffColor) ;
Can10(CanoffColor) ;
Canl3(Can0ffColor);
Can2(CanOnColor);
Can5(CanOnColor);
Can8(CanoOnColor) ;
Canll(CanOnColor);
Canl4(CanOnColor);

end;

2 : begin
Can2(CanoffColor);
Can5(CanoffColor);
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Can8(CanoffColor);
Canll(CanOffColor);
Canl4(CanOffColor);
Can3 (CanOnColor);
Cané (CanoOnColor) ;
Can9(CanOnColor) ;
Canl2(CanOnColor);
Canl5(CanOnColor);
end;
end;

end {DisplayCanAnimation};
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procedure StopWatch (var Start,Stop : boolean; ElapsTime :
TimeType);
var
StartTime,StopTime : TimeType;
begin
if start then
begin
ReadTime (StartTime);
Start := False;
end;
if Stop then
begin
ReadTime (StopTime):
Stop := False;
ElapsTime := StopTime - StartTime;
Saving (ElapsTinme);
end;

end;
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Facalty of Engincering.Departnewt of Intrumsntation Engineering

High-Resolution Graphics for Industrial Process Momitoring
H.z-n Driver Verzion 1.084 Phakorn Hutasangkas. 1 July

Main Nem

[1] Plot ProDesignil Drawing.

[2] Process Monitoring Demonstration Mode.
(3] Process Monitoring Execution Mode.
[Esc] Exit to DOS Select : _
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I. INTRODUCTION

1.1

i.2

1.3

1.4

FCC Information ,

The Federal Communications Commussion Radio Frequency interference Statement

includes the following warnings.

1. Use the attached specified shielded power supply cable and the shielded signal
cable with DM-2214 so as not to interfere with radio and television reception.

2. This equipment generates and uses radio frequency energy and if not installed
and used properly, that is, in strict accordance with the manufacturer's
instructions, interference with radio and television may occur. It has been type
tested and found to comply with the limits for a Class B computing device in
accordance with the specifications in Subpart J of Part 15 of FCC Rules, which
are designed to provide reasonable protection against such interference in a
residential installation. However, there is no guarantee that inter'sr<-~a will not
occur in a particular installation.If this equipment does cause interference to rad:o
or television reception, which can be determined by turning the equipment oft
and on. the user is encouraged 1o try to correct the interference by one or more
of the following measures:

—relocate the receiving antenna

—relocate the computer with respect to the receiver

—move the computer away from the receiver

—plug the computer into a different outlet so that the computer and receiver are
on different branch circuits.

If necessary, the user should contact the dealer or an experienced radio/television
technician for additional suggestions. The user may find the following booklet
prepared by the Federal Communications Commission helpful:

“How to Indentify and Resolve Radio-TV Interference Problems.”” This booklet
is available from the US Government Printing Office, Washington, D.C., 20402.
Stock No. 004-000-00345-4.

General

DM-2214, a high resolution color monitor that designed for display graphic and
textural output from 1BM or IBM compatible personal computer. With two working
frequencies of 15.75 KHz & 21 85 KHz. the monitor can meet the requirements of
many color graphic adaptors suchasiBM Color Graphic Adaptor and IBM Enhancea
Graphic Adaptor. DM-2214. can also te used with other |BM compatible adaptors It
provides users not only monochrome colors in amber ana grer D' dlo 64fullcolors
generated from RGB TTL signals in difterent intensties.

Features of DM-2214

—Displays “*monochrome display quality”” (8 x 14 character box) in text in color
—Provides much clearer & sharper picture in much more colors

—Operates with the IBM Enhancec Graphics Adaptor. and Color Graphics Adaotor
—Uses a h:gh-tontrast, non-glare larger screen

—A color/green/amber controt knob is provided on the front panel

—Provides the ergonomic viewing by adjusting the tilt/swivel base

Cautions when using DM-2214

When setting up and using DM-2214, pay special attention to these points:

—The monitor carries high voltages in operation, the power cord should always be
unplugged before the cover is removed. Some voltages may remain present in
internal circuits after power-off. Please request a qualified e'ectric technician taking
care of inside monitor maintenance. .

—Allow adequate ventiilation all around DM-2214 so that heat from the monitor can
properly dissipate.



—Don't rest DM-2214 or other heavy objects on the power cerd. A damaged power
cord can cause fires or electrical shocks.

—Keep DM-2214 away from high caoacity transformers. electric motors and other
strong magnetic fields.

—Don’t use DM-2214 in damp. dusty, or dirty places.

. USING DM-2214

2.1 After opening the package carton, you will find a tilt and swivel base on top of tha
monitor. Be sure that your DM-2214 includes all the items as listing below:
a. DM-2214
b. Swivel/Tit Base: Enables you to positicn DM-2214 at the best angle and tilt for
easy viewing :
c. User's Manual

2.2 Connecting DM-2214
1. Make sure the power of DM-2214 and the PC are turned off.
2. Connect the power cord, and plug the D shape signal input connector in PC/IXT
or AT. Make sure these connectors are well and tightly connected.

3. You may test the monitor by running a program on personal computer. First,
select desired display color by turning color-selection  switch. Then, turn botn
personal computer and monitor on, it takes a few seconds for monitor warm-up
and showing screen display. After screen picture comes out, then you can turn
the contrast adjustment knob to choose the most comfortable picture.

2.3 Adjusting DM-2214 Controls
Please familiarize yourself with the switches and controls that give DM-2214 all its
capabilities locations of control knobs, switches and connectors are shown on the
following front and rear pane! diagrams:

FRONT VIEW REAR VIEW

[ e TR~ 1
W y P 7

—

-BL

L 34Cwa —_—_

L ,L 7

ON/OFF POWER

CONTRAST BRIGHTNESS AC CORD VIDEO CABLE

COLOR -SELECT



* LED LAMP
This is an indicator for power ON/OFF. When power of monitor is turned on, the LED
lamp will lighten up.

* COLOR-SELECTION
This switch is used to select desired display color. There are three alternatives, green,
amber and color for choosing. You may slide the knob to desired position to select
the wished color. Green is on the right side of the switch; color is in the middle and
amber is on the left side.

o CONTRAST ADJUSTMENT:
The contrast knob is pre-set by the manufacturers at swnch ofl position. A standard
color picture of full colors will be appeared on the screen to fit users for general room
lighting condition. However, you can slide the knob to the right side to increase the
contrast, to the left side to decrease it.

* POWER ON/OFF BUTTON
This button is used for power connection. Push the button down for power on. and
repush it up turns power off,

* BRIGHTNESS CONTROL
This control is used for obtaining the most comfortable brightness on screen picture.
Shde the control knob, to the right side to increase the plcture brightness and to
the left side to decrease the brightness.

SIGNAL-IN CONNECTOR

The 8 Pin D Shape Signal input connector connects the video card personal computer
and monitor enabling effective delivery of RGB separate signal input. The monitor will
not work properly unless the cable directs correct signal to each and every pin.

The connector model is illustrated as follows:

PIN 1 Chassis ground
PIN 2 Red Intensity
PIN 3 Red

PIN 4 Green

PIN 5 Blue

PIN 6 Green Intensity
PIN 7 Biue Intensity
PIN 8 Horizontal Sync.

" PIN 9 Vertical Sync.

POWER CORD
The cord transmits AC power into the monitor for operation. Make sure to plug the cord
into power connector before using. otherwise, monitor will not tunction.
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1. TROUBLE SHOOTING

Before calling an authorized service centar clease check that tha ‘o'yw ng lems arz

orogerly connected and adjustzd

Check These ltems

disappeared

position

Problem Controls Switches Location
. Power switch Front
Mo picture D shape signal connector Cable
Abnormal picture
1) Display scrolls V-Hald control Rear
up or down
2) Display is tao ;
large or too V-Size control Rear
small
3) Only one color Color-Selection Front
appears D shape signal connector Cable
4) Brown color Contrast control to normal Eront

APPENDIX

1. Cathode Ray Tube
Pictch: 0.31 mm
Size: 14 inch
Deflection Angle: 90 degree
Neck Diameter: 29.1 mm

A SPECIFICATION

Face Treatment: Tint & Non-Glare
Phosphar: P22, short persistence

2. Power Requirements

Power Source: 110/220 VAC manual switch

Power Consumgption: 90 W max.
3. Deflection Characteristic

Horizontal Frequency: 15.75/21.843 KHz Auto SW

4. Video Response
Bandwidth: 20 MHz (-3dB)
Rise Time: 20 ns
Fall Time: 20 ns

Colors: 64 plus amber and green monachrome switches

5. Display Format

Horizontal resolution: 640 dots (maximum 770)‘

Vertical resolution: 220/350 lines

Character Format: 8 x8/8 x 14 Matrix
Capacity: 80 character x 25 Rows

Total display characters: 2000
6. Input Signal

Type: R.G.B. TTL LEVEL POSITIVE

Synch: TTL separate




7 Display Performance
Picture Size: Horizonta-250mm + —3mm
Vertical- 180mm + - 3mm
Linearity: Character height or wadih will not vary more thar.
10% from average character size.
Geometry Distorticn. (Pin cushion. trapezoidal. barrel)
Horizontal + — 3mm max full screen & + - 1.5mm max hall screen
Vertical + - 3mm max
Centering: + —3mm max
8 Misconvergence:
Center. 0.2mm for 130mm diameter
Corner: 0.4mm
9 Operating Temperature Range: -20°C to 40°C
10 Stroage Temperature Range: —40°C to 45°C
11 Dimension: H375mm x L378mm x W361mm
(H14.8"xL14.9”" x W14.2")
12 Net Weight: 16 Kg (35.2 Lbs)
APPENDIX B PIN ASSIGNMENTS AND SIGNAL LEVELS
r\ PIN | 15.75 KHz 22 KHz
1) O 1 GND
CD 2 GND ngﬁéD
2{ O o 3 RED RED
4 GREEN GREEN
3| O o 5 BLUE BLUE
6 INTENSITY 2ND GREEN
a|l O 7 NC 2ND BLUE
C) 8 H-SYNC H-SYNC
5 L_O//'/‘ 9 V-SYNC V-SYNC
'3. Timing chart
(1) 22KHZ

Horizontal displayed time

k= 45.76us _\-:-|

39.367us

VIDEO

==—39.121us

H. SYNC




3. Timing chart (continue)
(1) 22KHz
Vertical displayed time

|

16.02ms =

|

VIDEO
E@——lG.?Sms_—_——;
V. SYNC
—
—==  i==-595us

(2) 15.75KHz
Horizontal displayed time

VIDEQ

= 63.5us a|

=——44.56Us——==

~==——51.244us—==i

H. SYNC

=

3. Timing chart (continue)
(2) 15.75KHz
Vertical displayed time

VIDEO

—==—_4.456us

‘;—— 1 6.637ms——3|

== 12 7ms—=-oo

= 14.288ms—=

V. SYNC

;<——190.5us
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AR-255

By managing tasks like graphics generation and CRT refreshing, a
dedicated VLSI display controller simplifies the design of intelligent

graphics work stations.

Dedicated VLSI chip lightens
graphics display design load

The role of graphics is becoming increasingly im-
portant for unscrambling the communications traf-
fic between people and computers. Thanks to micro-
processors and dedicated control ICs, designing
high-reliability graphics work stations is now eas-
ier and less expensive than in the days of small-
scale integration and expensive discrete-circuit
CRT technology. Microprocessors simplify work-
station design by transferring some graphics con-
trol tasks from hardware to software. However, a
dedicated VLSI controller such as the 82720—with

an on-board graphics processor—can push another’

step forward toward fast and economical design of
high-quality intelligent graphics systems.

A typical application for the controller is a
graphics work station aimed at high-end business
and low-end engineering systems. Since such a
station usually fits on the top of a desk, all of the
electronics must be contained within a single
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printed-circuit board. This type of system requires
a resolution of about 512 by 512 pixels and is
frequently called on to display three-dimensional
objects in various perspectives. To minimize the
distortion of rotating objects, horizontal and verti-
cal pixels should be equally spaced.

A typical display (500 vertices) must be drawn on

‘the screen in less than 1 second to provide satis-

factory interaction with the operator. The display
may consist of lines, arcs, filled areas, and colors—
seven colors are acceptable (see “A Look into
Graphics Fundamentals”).

Saerial link interfaces station

An intelligent work station usually interfaces
with 2 mainframe host via a serial communications
link, a keyboard, and a serial link with an optional
graphics tablet. This type of graphics input/output
subsystem is diagrammed in Fig. 1. Two 53Ysin.
floppy disks can satisfy the mags-storage needs of
the system. Disk formatting must be compatible
with the requirements of an IBM personal comput-
er. Moreover, general-purpose software written for
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Computer Graphics: Graphics display controller

the 82720 has been initialized. Figure 4 shows the
complete schematic for each plane of the bit-map
interface. v

The remainder of the hardware design interfaces
the graphics display processor, the processor
memory, and the other peripherals with the 80186
microprocessor. The task is simplified by the pro-
cessor's on-board chip-selection logic and wait-
state generators. Furthermore, because of the pro-
cessor's highly integrated architecture, the size of
the overall hardware is quite small.

Joining processor and controller s

Connecting the graphics display controller to the
microprocessor is a simple task, as the processor's
Data, Read, and Write signals are completely com-
patible with those of the 82720. However, because
the controller has no chip-selection input, the Read
or Write signals must be qualified through external
hardware.

A number of chip-selection lines on the micro-

processor can be programmed to place peripherals
either in memory or in the processor’s 1/0 space.
Two gates are added to qualify the Read and Write
signals. The DMA channel on the 80186 uses 3
second chip-select input as the Acknowledge signal,
and data buffers are used to prevent bus contention
at the end of a processor read cycle (Fig. 5).

Without buffers, the display controller must re-
move its data from the multiplexed address and
data lines before the processor puts out the next
address. At an 8-MHz clock rate, the processor
requires that peripherals and memory vacate the
bus in less than 85 ns; however, the standard speed
of the controller is 100 ns. A faster version, the
82720-1, can be used, but it requires faster memory
chips. A more cost-effective solution is simply add-
ing buffers, if board space permits.

Serial communications to both the host and the
optional tablet are handled by a multiprotocol
serial controller (the 8274), which takes care of the
host’s synchronous and the tablet’s asynchronous
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4; The bit-map memory interface

tains three address planes (one of which is sh
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here) to
the graphics system. The RAS signal for the RAMs is generated by the graphics display controller.




Computer Graphics: Graphics display controller

S. The interface between the 82720 and the system

is simple to impl tb all of the
gnals are patible with the controller. it is
necessary, however, to use external gates to quality the RD
or WR signals.

micropr

pr 's

requirements. Interfacing is accomplished simply
by connecting the buffered data bus, the latched
lower-address lines, the Read and Write signals,
and the chip-select. A final link brings the micro-
processor’s counter-timer output into the multi-
protocol serial controller as a baud-rate clock. No
buffering of the TTL support circuitry is necessary.

Universal chip interfaces keyboard

A universal peripheral interface chip (the UPI-
42) serves as the keyboard interface and is pro-
grammed to scan the keyboard and interrupt the
processor, only on detection of a valid debounced
keystroke. Mass-storage subsystems are managed
by the 8272A floppy-disk controller. An external
phase-locked loop circuit generates all of the timing
signals reequired to connect a 5-in. drive to the
system. On the microprocessor side, a DMA channel
provides the link to the floppy-disk controller. Thus

e
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6. A complete graphics control system is centered around an 80188 microprocessor and the 82720 controiler.
Loca) storage is provided by 32 kbytes of EPROM and 18 kbytes of RAM. The system comprises 85 chips and

ia housed on a single 12-by-12-in. printed-circuit board.



the processor has a high-speed disk interface,
which loads it lightly.

To complete the graphies system illustrated in
Fig. 6, 32 kbytes of EPROM and 16 kbytes of RAM
support the microprocessor’s program and display
lists. The two EPROMs (27128s) come in 28-pin
packages, thereby saving board space.

Hooking up the RAM chips is almost as straight-
forward. Since the microprocessor is a fully byte-
addressable device, it can write bytes as well as
words to the RAM. The chip-select input for the low
(even) address RAM must be qualified with address
A, at a logic zero, and the high (odd) address RAM
must be qualified by the processor's Byte High
Enable signal (BHE). The RAMs, designated 2186,
have built-in controllers.

Since dynamic RAMs latch addresses on the
leading edge of the chip-select signal, they must be
qualified with the processor's Address Latch En-
able signal to ensure that selection is made only
after the address is valid. Then, a RAM latches the
data to be written on the leading edge of the write
pulse. The microprocessor’s write signal must be
delayed by one-half of a clock cycle to guarantee
that data is valid at the correct time.

At this point, the design meets all of its per-
formance goals. The system draws lines and cireles

at about 120,000 bits/s. That is approximately
82,000 pixels for a display consisting of even
amounts of the three primary colors, as well as
three secondary colors, and white. The 500 vectors
of 25 pixels each can be drawn in about 0.15 s, six
times faster than the 1-s requirement. The worst
case—drawing all lines in white—can be accom-
plished in about one-third of a second. These spec-
ifications are satisfied when the graphics display
controller is running from a 25-MHz clock. Draw-
ing is performed only during retracing and the
82720 is programmed to use three memory cycles of
each horizontal retrace for memory refreshing.

All of the components fit on a board measuring
12 by 12 in., so that the desktop size requirements
are satisfied. The electronic components occupy
about 100 in.? of the low-cost, double-sided printed-
circuit board. O
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Cra hics Chip Makes
_Low-Cost ngh Resolution

Color Displays Possible

by Mark Olson and Brad May

“The making of displays that are
..both high-resolution and low-cost is

“thé key to producing equipment for --

_both the automated office and the
‘engineering workstation. Through
the introduction of 16-bit wPs such
as Intel's iAPX 8088, 80186 and
80286, the processing power -has
‘been made available to perform
very sophisticated -functions for the

user while making the human mter- )

face very simple.
That processing power can be
‘unnecessarily drained, however, if

‘the p.P is burdened with the entire

‘task of graphics display. Such a
burden can filt up a significant part
of the processor’s VO bandwidth,

_slow down the refresh rate of the
display, and decrease the computa-
tional power of the CPU.

IntéHigent |
peripheral ICs

. offload processing
tasks from the CPU.

The logical way to avoid such
limitations is to dedicate a special-
ized processor to the handling of
display function. It should be capa-
ble of accepting high-level com-
mands to minimize the burden on
the CPU, as well as optimizing
the execution of such commands
tprough raster operations imple-

Mark Olson and Brad May are
Product Marketing Engineers for
Peripheral Components Operation,
Intel Corp., Santa Clara, CA 95051.

mented in hardware at the device

level.
Such a chip is Intel’s 82720

Graphics Display Controller (GDC). -
It has features that give systems a : -

fast drawing speed while reducing
graphics display costs by 60% or

more. It achieves these results by -

taking over the drawing and refresh
functions from the CPU, by allow-

ing the use of dynamic RAMS in-

stead of static RAM's, and by re-
ducing the overall parts count
needed to create a complete graph-
ics system.

- The implementation of the draw-

" ing task is a major feature of the

GDC. Other graphics chips per-

-~ form only the display refresh func-

tion, leaving the more complicated
drawing function entirely to the
CPU. Since the CPU is doing every
pixet of the drawing function on
these systems, they also require fas-

AR-298

"“ter bit map RAM than with the

GDC. The GDC, on the other
hand, is capable of handling the
drawing . function itself, drawing
such objects as characters, slanted
characters, points, lines, arcs. rec-
tangles, and slanted rectangles
based only upon lengths, slopes.
and arc ‘centers supplied by the
CPU. The GDC's processing,
moreover, takes place concurrently
with the processing of the CPU.

. 2048 x 2048 Resolution

With its 4 Megapixel addressability,
one GDC can handle a mono-
chrome display with resolution as
high as 2048 x 2048, and multiple
GDC's can be linked to provide

.even higher resolution, such as col-

or displays at 2048 x 2048. The
chances are, however, that the
GDCss full power will not be used
in most applications. The typical
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Figure 1: General graphics commands are translated into the VDI interface level

and then into driver device commands.
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Figure 2: The memory is broken up into three planes, with each plane feeding one of the primary color guns of the CRT.

product considered high resolution
for office automation applications
is a 512 x 512 pixel monochrome
or color display.

These latter restrictions are not
imposed by the GDC. but rather
have more to do with the cost of
display monitors, the amount of
RAM memory needed to support
such displays, and the adequacy of
such displays for most applications.
It is possible to build “super graph-
ics” boards with a GDC. such as
the 1K by IK pixel by 8 color plane
graphics display designed by Phoe-
nix Computer Graphics (Lafayette,
LA). Such a display is capable of
rendering 256 different colors on a
high resolution screen.

Even higher performance can be .
achieved through the use of multi-
ple GDC's to support multiple dis-
play windows, increased drawing
speed, or increased bits per pixel.
For multiple display windows. each
GDC can be used to control one
window of the display. For in-

creased drawing speed. multiple
GDC's can be operated in parallel.
For increased bits/pixel. each GDC
can contribute a portion of the
number of bits necessary for a
pixel. %

-Although the GDC is intended
primarily for raster-scan graphics. it
can also be used as a character dis-

play controller. It is capable of sup-

porting up to four screens of data
containing 25 rows by 80 columns,
or one screen containing up to 100
rows by 256 characters.

Office Automation Display

High performance applications can
stretch the usage of the GDC from
low-end to high-end engineering
displays, but research has shown
that for office automation prod-
ucts, a 512 x 512 pixel display is
quite acceptable, and that color is
often a requirement. These require-
ments mesh with a major factor in
display—the cost of the CRT. In

OEM quantities, for example, one
could expect to find a 512 X 512
monochrome display. for under
$100, a 256 x 256 color display
(TV quality) for about $150, a 512
% 512 color CRT in the $300 range,
and a 1K x 1K color display in the
$800-$1000 category.

To give an example of the type of
display that can be built for new of-
fice products using the GDC, con-
sidera 512 x 512 pixel by 3 color
plane combination CPU and graph-
ics display on a single 12" by 12
board. Such a display is capable of
generating 8 colors.

The list of parts (Table 2) comes
to about $175 for 85 1C’s taking up
104 square inches of board space.
Even that parts count could be re-
duced by replacing the 48 16K
DRAMs with 12 64K DRAMs—if
a 4K x 16 bit DRAM were avail-
able. A very important note about
the parts list is that the design 1S
implemented with inexpensive 2118
dynamic RAMs. The design does



not require the faster, more expen-
sive, and less dense static RAMs.
The parts count is low enough so
that the processor and graphics
controller can be placed together in
a single 127 by 12" board. This is
important because small overall
* size and footpad are selling points
for desktop workstations. System
speed is also enhanced when the
graphics controller and CPU are on
the same board, because their com-
munication need not take up bus,
inter-board bandwidth or experi-
ence any additional delays.

Pipelining Transformations

More important than putting the
graphics display on the same board

as the CPU is the level of commu-
nication between the CPU and
graphics controller. If the burden of
transformation processing is left
entirely to the CPU while the
graphics chip is used only as a CRT
controller, then the CPU must com-
municate one bit per pixel to up-
date a display. With the GDC, the
CPU input takes higher level forms
sucli as the slope and length of a
line, the length and center point of
an arc, or the key coordinates of a
rectangle. Since the average line on
a screen is about 25 pixels. that
means that 25 times fewer CPU bus
cycles are required to draw a
graphical object - with the GDC.
These CPU cycles (an average of
50 ws each to calculate the graphi-
cal object and communicate it 10

the GDC) are the determining fac-
tor in drawing rate.

Viewed from a larger perspec-
tive, there are four tasks that must
be performed by a CPU-graphics
chip combination:

(1.) The CPU must calculate the
higher-level graphics operations.
This is done by the CPU and it in-
volves the processing of macro-op-
erations such as the CORE, GKS.
PMIG or other graphics protocols.
These general graphics commands
are translated into an intermediate
level. the VDI interface level (Fig-
ure 1) and then into device driver
commands by software in the CPU.

(2.) Then, these lower-level
graphical objects such as the key
parameters for lines, arcs, charac-
ters, and rectangles, must be trans-

VLSI Takes Aim At Text Processing

The concept of co-processing is not a new one. Intended
as a way of offloading computationally intensive tasks from
a host CPU, it has been around at Intel since the introduc-
tion of the 8087 numerics processor and the 8089 I/O ma-
chine. A more recently developed product, the 82720
Graphics Display Contreller is designed to bolster system
performance by offloading graphics control chores from
the CPU. The chip accepts high level commands from the
CPU and, using its own drawing processar, accesses the
required positions in the bit-map and handles the process-
ing and display control functions.

Building on the success of thesa parts come two new
co-processors designed to partitian system intelligence
even further. The 82586 is a communications co-
processor designed to bridge the characteristics of CPU
and network data rates. Its FIFQ buffer and DMA facilities
make it possible for a CPU to operate at the full Ethernet
10 Mbits/s transfer rate even in the face of continucus
bursts of network data traffic.

Intel’s most recent introduction is the 82730 text co-pro-
cessor. Printers and other hard copy peripherals have sup-
ported additional text processing features such as propor-
tional spacing and simultaneous superscript and subscript
for some time. Implementing these features on the display
screen has traditionally been a costly procedure. Thus, itis
typically not done and screen displays often are not identi-
cal to their hard-copy printouts. Aimed to solve this design-
ers headache, the 82730 has its own DMA capability and
communicates asynchronously with the CPU via shared
memory messages. It supports the generation of high
quality text displays through features like proportional
spacing, simultaneous superscript/subscript, dynamically
reloadable fonts and user programmable field and charac-
ter attributes. In addition, when coupled with the 82720
Graphics Display Controller (Figure 1) the 82730 provides
flexible mixing of text and graphics simultaneously on the
same display.
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Figure 1: Offloading system tasks is simplified by new VLSI
—Wilson devices.
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Table 1: The 80186 and the GDC wark together to accomplish the drawing function.

formed into changes in the actual
bits. This function is performed in
hardware in‘the GDC concurrently
with any level one processing done
by the CPU. Other graphics con-
trollers leave this task to the CPU
to execute in software. The con-
trast is that, in such: systems. the
CPU must resolve the graphical ob-
ject down to every point on a line,
while with the- GDC it need only
designate the endpoints.

(3.) With the actual bits for the
bit map calculated, they must be
placed in the bit map memory. This
involves a read-modify-write oper-
ation that requires three CPU cy-
cles using other methods. With the
GDC these operations are not the
responsibility of the CPU. The
GDC pipelines its execution so that
it is calculating the next bit to
change- while it is executing the
read-modify-write cycles.

(4.) Finally, the bit map memory
must be dumped into the CRT. This
is the refresh function performed
by other graphics chips as well as
the GDC.

The summation is that other sys-
tems require the CPU to process
steps one to three serially, leaving
only step four for the graphics con-
troller. Systems with the GDC re-
quire the CPU to process only step
one, with the GDC concurrently

processing steps two through four.
The GDC has another advantage in
that during the transformation pro-

~cess in step three, the GDC ex-

ecutes _the algorithms in hardware
while a CPU must execute the al-
gorithms in. software. The algo-

" rithms are exactly the same in both

cases. They are the Bresenam algo-
rithms from IBM, in which the next
pixel to be drawn becomes a binary
decision between two pixels.

The execution of these algo-
rithms is a crucial drawing time fac-

tor, because they are invoked many.
“times for each updated screen.

Consider that, in the inner loop of
Bresenam's - “line drawing “algo-
rithm,” there are two or three addi-
tions, two comparisons or tests,
and the masking of the proper val-
ue into the word for each pixel.
The algorithms for drawing circles
or filling areas are even more com-
plex. In the inner loop of a fill algo-

rithm, the old word must be read

from the bit map, then tested to see

_if all, some, or none of the pixels

are within the area to be filled.
Next, it tests whether some or all of
the pixels must be modified. Final-
ly, the word must be returned to the

" bit map.

“These algorithms are heavily
used and the speed with which they
can be executed has a direct effect

upon the overall system efficiency
If they must be executed by a uP.
the ~instruction fetching process
slows down the calculations to a
drawing rate of 15-20 us per pixel.
With a hardware implementation of
these algorithms in the GDC, the
calculations can be speeded up to
achieve a drawing rate of 1600 as
(2.5 MHz version) or 800 ns (S
MHz version) per pixel.

Methods Of Refresh

In the fourth step, the dumping of
bit map memory into the CRT.
there are some differences between
graphics controller chips. Motoro-
la’s MC6845 CRT controller, for ex-
ample, uses a split-cycle  refresh
method in which each refresh cycle
is alternated with a drawing cycle
in which the wP updates the bit
map. This gives the MC6845 a 50%
drawing bandwidth.

With the GDC there are o
drawing modes. The first is a “draw
anytime” mode which replaces
"CRT refresh cycles with drawiog
cycles. This is the fastest mode, but
it does result in on-screen disfup-
tions. - The second mode, which
does not disrupt the on-screen dis-
play, draws only during the vertical
and horizontal retracing penod}
This gives the GDC about a2 25%



Graphics Chips:

1 80186 1 74LS04 1 20 MHz Clock
1 82720 1 74LS73 2 2728 '
2 74LS157 9 74LS244 2 2186
1 74LS139 8 74LS166 1 8274
1 74LS161 3 74LS32 1 8042
1 74LS1 2 8286 3 Connectors
1 74LS00 1 8 MHz Crystal 1 12x12 2 Layer PC
SUMMARY:
4 VLSI Controllers 80186 Processor
82720 Graphics
8274 Senal Link
8042 Keybcard
4 VLSI Memory 27128 EPRCM
2186 IRAM
4816K DRAMs 2118 DRAM
29 MsSISsSI — Buffers.Glue
TOTAL: 85IC'S — 104 Sq. Inches *
Parts Cost —»About $175 >
Table 2: Parts list for 512 X512 x 4 Color Display.
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58 59 ;
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Figure 3: The two chip selects are OR’d together to qualifv the R'W signals.

drawing bandwidth. At first glance
that gives the GDC a disadvantage
in drawing rate. but the fact is.
with its pipelining and hardware
execution of transformations. the
GDC makes much more efficient
use of its bandwidth. The critical

timing factor is the amount of CPU -

participation in the drawing pro-
cess, not the refresh bandwidth of
the graphics controller. Another
tradeoff is that, with its split-cycle
architecture. the MC6845 requires
RAM memory that is twice as fast
as that reguired by the GDC in the

same application.

‘Inexpensive RAM [s Fast

Enough

Applying this perspective, one can
begin to build the display with parts
listed in Table 2. First one notes
that a square display, as indicated
by.the 512 x 512 pixel initial specifi-
cation. is not pleasing to the eye. It
is much more appealing to have an
aspect ratio of about 4:3. in which
the number of pixels horizontally is
4/3 the number vertically. If the res-
olution is such that the total num-

ber of pixels is not a power of two,
it will be necessary to round up to
the next power of two and waste
the extra bits.

The pixel arrangement which
best meets this requirement is one
with a 432 x 576 pixel format. It
also meets the requirement that the
number of pixels horizontally be an
even number of 16-bit words. With
three color bits per pixel (red,
blue, and green), the total display
memory is then about 500 x 500 x 3,
or 750k bits.

It makes the most sense to break
the memory up into three planes,
with each plane feeding one of the
primary color guns of the CRT
(Figure 2). This leads to a memory
arrangement of 16K x 16 x 3,
using 16K dynamic RAMs with a
1K x 16 architecture. When draw-
ing graphics figures, the memory
can be treated as one large plane,

- split into the three primary colors.

Drawing in low-order memory
could represent red, middle-order
could be used for green, and high-
order for blue.

One advantage of this 3D mem-

-ory is that drawing with a primary

color requires setting only one bit
per pixel. Drawing with a secon-
dary color such as cyan, yellow, or
magenta would take two GDC cy-
cles. ‘and creating' white from all
three colors would take three GDC
cycles. If this were an issue, addi-
tional hardware could be used to
draw more than one plane at a
time. As the results will show, how-
ever, the drawing speed require-
ments can be exceeded without any
added hardware.

Calculate The Drawing Rate

To see if the proposed design is
practical. one should first calculate
the drawing rate to see what the
user interface will be like. Then
one should check the refresh rate
to make sure the design is uninter-
rupted and without flicker.

The proof of the assumption that
CPU participation is the dominat-
ing factor lies in the 50 ps average
time that it takes the CPU to calcu-
late a graphical object and commu-
nicate its key parameters to the
GDC. Assume that the graphical
object is an average line containing
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25 pixels, and that there are about
500 vectors on the average screen
display.

The GDC’ normal clock rate is
2.5 MHz, giving it a 400 ns period
(the maximum clock rate is S MHz,
with a 200 ns period.) It takes four
GDC cycles to execute a read-
modify-write on a bit (because two
read cycles are required), so that
the GDC's normal drawing rate is
one pixel per 1600 ns. To draw the
25 pixels involved in the average
line, then, would take 25 x 1600 ns,
or 40 ps. Since this operation is
done concurrently with CPU pro-
cessing, the GDC will be waiting
for the next graphical object by the
time the CPU is ready.

If the screen were filled with
nothing but 25-pixel vectors, then
the drawing rate would be deter-
mined by the 50 ps average CPU
calculation and transfer cycle, aver-
aging about 2 ps per pixel. If all
the vectors were white (worst
case), then it would take 1.5 secs of
drawing time to update the white
screen. Since, in the undisturbed-
screen mode, drawing is only done

during the 25% of the time that the
screen is undergoing horizontal or
vertical blanking, this would mean
6 secs between updates.

In reality, however, the screen
will not be filled with vectors. It
will have an average of 500 vectors,
“and the color distribution could be
presumed to be evenly distributed
as one-third primary colors, one-
third secondary colors, and one-
third white. The 500 vectors will re-
quire the drawing of 12.5K pixels
in monochrome, or 25K pixels with
distributed colors. At a drawing
rate of 2 s per pixel, this takes 50
ms to draw. Drawing only during
blanking, the screen would be up-
dated in 200 ms. :

Under these conditions, it would
not help to use the maximum clock
rate GDC (5 MHz). but if in some.
applications the average vector
length is 100 pixels, then the CPU
calculation-and-bus cycle (50 ws)
would remain the same and the
GDC'’s drawing cycle (1600 ns x
100 = 160 ps) would become a
limiting factor. Using the 5 MHz
GDC would cut that drawing time

down to 800 ns/pixel, or 80 ps/vec-
tor. The 500 vector average screen
would then contain 100K pixels
with distributed colors and could
be drawn in 80 ms. Multiplying by
four because the drawing is done
during blanking (25% of the time),
that is 320 ms. That is a screen up-
date in less than one-third second
for a “busy” screen.

Calculate The Refresh Rate

These calculations are of little im-
portance if the display flickers due
to lack of refresh. This exercise is
actyally a demonstration of how
the basic GDC clock rate was de-
rived. Assume a non-interlaced dis-
play that must be refreshed 60
times per second. That gives a
screen refresh rate of 16.67 ms, but
on a typical CRT some 4.27 ms of
that is blanked, leaving 12.4 ms of
active display time. The dot sweep
period is the 12.4 ms divided by the
number of pixels (432 x 576
248.8K), or 49.8 ns. The inverse’
gives a 20.07 MHz dot clock-.

Since the GDC dumps 16 bits
from the bit map memory into the

DROO OREQ
PCSO | i
DRQ? DACK
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WR * T i
RD RD
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AD ___J
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Figure 4: Completed graphics sysiem uses the 80186 and 82720 GDC.
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16-bit shift register during each
read, and since the shift register
then feeds these bits out serially to
the CRT, it makes sense that the
GDC's read period should be 16
times the dot sweep period. That
gives a GDC read period of about
800 ns. With each GDC read taking
two cycles, the basic GDC clock
period is then 400 ns, or 2.5 MHz.
This gives a rock-solid display, and
one would only want to go to the 5
MHz GDC to improve drawing
rate.

For those who want to examine
the blanking intervals to see if the
CRT is indeed “typical.” the blank-
ing can be further broken down.
The vertical blanking interval is
1.25 ms, leaving 15.42 ms to scan
the 432 lines on the active portion
of the display. Dividing 15.42 ms by
432 lines gives a 35.7 ps period per
line, or a horizontal sweep rate of
28 KHz. Time is also needed for
horizontal retrace, in this case. 7
ps of horizontal blanking per line.
This leaves 28.7 ps to scan the 576

pixels on each line, resulting in the
dot sweep period of 49.8 ns. Using
a 20 MHz CRT helps keep the costs
down, but the GDC can use CRT
displays as fast as 80 MHz when

“higher resolution is required.

Mixed Mode

While it is possible to generate
8 x 8 characters and slanted charac-
ters in the graphics mode, the GDC
also offers a mixed mode memory
organization to display both charac-
ters and graphics drawn from sepa-
rate windows in the display mem-
ory. The advantage of this mode is
that it allows characters to be ma-
nipulated as 8-bit entities instead of
the 64 bits that each would require
in graphics mode. Of necessity, the
graphics window display memory is
reduced in this mode (64K 16-bit
words instead of 256K). but even
the reduced maximum graphics
memory is still a megapixel and
quite sufficient for both office auto-
mation and engineering display
purposes.

In the character window, the
GDC operates as it does in the
pure character mode, with the ex-
ception that the line counter must
be implemented externally. In addi-
tion to the two windows used for
graphics ~and characters in the
mixed mode, two other windows
can be supported. These can be
designated as either character or
graphics windows by a selection on
the A17 line.

Panning, Zooming, Light Pen

As special features, the GDC al-
lows both panning and zooming in
either graphics, character. or mixed
modes. The zoom is accomplished
by effectively increasing the size of
the dots on the screen. Vertically,
this is done by repeating the same
display line. The number of repeat
times is determined by the display
zoom parameter. Horizontally,
zoom is accomplished by extending
each display word cycle and dis-
playing fewer words per line, ac-
cording to the zoom factor.
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82720
GRAPHICS DISPLAY CONTROLLER
» Displays Low-to-High Resolution a Extremely Flexible Programmable
images Screen Display, Blanklng, and Sync
&} Ch t Points, Li A Formats
o Draws Characters, Points, Lines, Arcs : . e M
’ - ! ! Compatible with Intel’s Micropro
and Rectangles . Famiﬁes processor
o Supports Monochrome, Gray Scale, or a High-Level Commands Off Load Host
Color Displays Processor trom Bit Map Loading and
7 P d Wind - h Screen Refresh Tasks
n Zooms, Pans and Windows Through a
o s Supports Graphics, Character, and
4 Mpixel Display Memory Mixed Display Modes

FUNCTIONAL DESC>RIPTION

introduction

The 82720 Graphics Display Controller (GDC) is an intelligent microprocessor peripheral designed to drive high-

performance raster-scan computer graphics and character CRT displays. Positioned between the video display

memory and Intel microprocessor bus, the GDC performs the tasks needed to generate the raster display and
manage the display memory. Processor software overhead is minimized by the GDC's sophisticated instruction

set, graphics figure drawing, and DMA transfer capabilities. The display memory directly supported by the GDC

can be configured in any number of formats and sizes up to 256K 16-bit words. The display can be zoomed and

partitioned screen areas can be independently scrolled and panned. With its light pen input and multiple controller

capability, the GDC is ideal for most computer graphics applications. Systems implemented with the GDC can-
be designed to be compatible with standards such as VDI, NAPLPS, GKS, Core, or custom implementations.

@CO -0 & reESmag-

~

Figure 1. Block Diagram Figure 2. ‘Pin Configuration
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Table 1. Pin Description

Type

Symbol | Pin No. Name and Description

2XWCLK 1 1 Clock Input )

DBIN 2 (e} Display Bus Input: Read strobe output used to read display memory data into the GOC.

HSYNC 3 o Horizontal Sync: Output used to initiate the harizortal retrace of the CRT display.

VIEXT 4 110 | Vertical Sync: Output used to initiate the vertical retrace of the CRT display. !n slave

SYNC mode, this pin Is an input used to synchroniza the GDC with the master raster timing
device.

BLANK 5 0 Blani: Output used to suppress the video signal.

RAS (ALE) 6 0 Row Address Strobe (Address Latch Enable): Qutput used to start the contro) nmmg
chain when used With dynamic RAMs. When used wrth static RAMs, lhlS signal is used
to demuitiplex the display address/data bus.

DRQ 4 o] DMA Request: Output used to request a DMA tmnsfer from a DMA controller (8237) or

© - | WO procassor (8089).

DACK 8 | | DMA Acknowledge: Input used to acknowledge a DMA transfer from a DMA contraller

| . -} or /O processor. - -

AD 9 1 Read: Input used to strabe GDC Data into the microprocessor

WH 10 I Write: Input used to strobe microprocessor data into the GDC.

AD 1 | Register Address: Input used to select between commands and data read or written.

DBo 12 10 | Bidirectional Microprocessor Data Bus Line: Input anabled by WR. Output enabled

) by RD. \:

0B1 13

D82 - 14 s

D83 15

D84 16

D8s 17

DB6 18

D87 19 g

GND 20 Ground.

Vee 40 %5V Power Supply . '

Ag 39 o Graphics Mode: Display Address Bit 17 Qutput
Character Made: Cursar and Line Counter Bit 4 Output
Mixed Mode: Cursor and Image Mode Fiag

A 38 (o] Graphics Mode: Display Mdrgss Bit 16 Output

. . - | Character Mode: Line Counter Bit 3 Output
Mixed Mode: Attribute Blink and Line Counter Reset

ADqg 7 O | Graphics Mode: Display Address/Data Bits 13-15

ADy4 36 Character Mode: Line Counter Bits 0-2 Output

ADyy 35 Mixed Mode: Display Address/Data 8its 13~15

ADya 34 /O '| Dispiay Address/Data Bits 0-12

ADyg 32

ADg 31 N

ADg 30 )

AD; 29

ADq 28

ADg 27 N

AD, 26

AD, 25

AD, 24

AD, 23

ADg 22

LPEN 21 1 Light Pen Detect Input
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FUNCTIONAL DESCRIPTION (Continued)

Microprocessor Bus Intertace

Control of the GDC by the system microprocessor is
achieved through an’ 8-bit bidirectional interface.
The status register is readable at any time. Access to

the FIFO buffer is coordinated through flags in the’

status register.

Command Processor

The contents of the FIFO are interpreted by the com-
mand processor. The command bytes are decoded, and
the succeeding parameters are distributed to their
proper destinations within the GDC. The bus interface
has priority over the command processor when both
access the FIFO simultaneousty.

DMA Contfdl

The DMA Contral circuitry-in the GDC coordinates data

transfers when using an external DMA controller. The

DMA Requést and Acknowledge handshake lines inter- -

face with an 8257 or 8237 DMA controller or-8089 1/O
processor, so that display data can be moved between
the microprocessor memory and the display memory.

Parameter RAM

The i16-byte RAM stores’ parameters that are used
repetitively during the display and drawing processes.
in character mode, the RAM holds the partitioned dis-

fhay area parameters. In graphics mode, the RAM also

holds the drawing pattern and graphics character.

Vldeo Sync Generator

Based on the clock input, the sync loglc generates
*he raster timing signals for almost any interlaced,
non-interlaced, or “repeat field” interlaced video for-
mat. The generator is programmed during the idle
asriod following a reset. In video sync slave mode, it
soordinates timing between the GDC and another
sideo source.

Memory Timing Generator

i

The memory timing circuitry provides two memory
sycle types: a two-clock period refresh cycle and the
-ead-modify-write (RMW) cycle which takes four
*lock periods. The memory control signals needed to
irive the display memory_de\ devices are easily
Jenerated from the GDC's RAS(ALE) and DBIN
sutputs.

Zoom and Pan Controller

Based on the programmable zoom display factor and
the display area parameters in the parameter RAM,
the zoom and pan controller determines when to
advance to the next memory address for display
refresh and when to go on to the next display area. A
horizontal zoom is produced by slowing down the
display refresh rate while maintaining the video sync
rates. Vertical zoom is accomplished by repeatedly
accessing each line a number of times equal to the
horizontal repeat. Once the line count for a display
area is exhausted, the controlier accesses the start-
ing address and line count of the next display area
from the parameter RAM. The system microproces-
sor, by modifying a display area starting address,
allows panning in any direction, independent of the
other display areas.

Drawing Processor
The drawing processor contains the logic necessary
to calculate the addresses and positions of the pixels
of the various graphics figures. Given a starting point
and the appropriate drawing parameters, the draw-
ing processor needs no further assistance to com—,
plete the fi gure drawing.

Dlsplay Memory Controller

The dusplay memory controllers tasks are nUMerous.:

- . Its primary purpose is to multiplex the address and

data information in and out of the display memory. it
also contains the 16-bit logic units used to modify.the
display memory contents during RMW cycles, the
character mode line counter, and the refresh counter.
for dynamic RAMs. The memory controller appor-
tions the video field time between the various types
- of cycles.’

Light Pen Debouncer T

Only if two rising edges on the light pen input occur,
at the same point during successive video fields are
the pulses accepted as a valid light pen detection. A
status bit indicates to the system mlcroprocessor
that the light pen register contains a valid address. -

System Operation

The GDC is designed to work with Intel microproces-
sors to implement high- performance computer
graphics systems. System efficiency is maximized
through partitioning and a pipelfined architecture. At
the lowest level, the GDC generates the basic video
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raster timing, including sync and blanking signals.
Partitioned areas on the screen and zooming are
also accomplished at this level. At the next level,
video display memory is modified during the figure
drawing operations and data moves. Third, display
memory address are calculated pixel by pixel as
drawing progresses. Outside the GDC at the next
levs!, preliminary calculations are done to prepare
drawing parameters. At the fifth level, the picture
must be represented as a list of graphics figures
drawable by the GOC. Finally, this representation
must be manipulated, stored and communicated.
The GDC takes care of the high-spead and repetitive
tasks required to implement graphics systems.

GENERAL OVERVIEW -

In order to minimize system bus loading, the 82720 uses
a private video memory for storage of the videa image.
Up to 512K bytes of video memary can be directly sup-

ported. For example, this is sufficient capacity to store”

a2048 x 2043 pixel x 1 bit image. Images can be
generated on the screen by:

—Drawing Commands
—Program-Controlled Transfers
~DMA Transfers from System Memory

The 82720 can be configured to support a wide vari-
sty of graphics applications. It can support: -

—High Dot Rates

—Color Planes

—Horizontal Split Screen
—Character-oriented Displays

—Multiplexed Graphic and Character Display

GRAPHIC DISPLAY CONFIGURATIONS -
The 82720 provides the flexibility to handle a wide

variety of graphic applications. This flexibility results
from having its own private video memory for storage
of the graphics image. The organization of this
memory determines the performance, the number of
bits/pixel and the size of the display. Several different
video memory organizations are examined in the fol-
flowing paragraphs.

In the simplest 82720 system, the memory can store up
o 2 2048 % 2048 x 1 bit image. it can display a 1024
x 1024 x 1 bit section of the image at a maximum dot
rafe of 44 MHz, or 88 MHz in wide mode. In this con-
figuration, only 1 bit/pixel is used.

By partitioning the memory into multiple banks, color,
gray scale and higher bandwidth displays can be sup-
poried. By adding various amounts of external logic,

many cost/performance tradeoffs for both display and
drawing are realizable.

The video memory can be partitioned into 4 banks,
each 1024 x 1024 bits. By selecting all 4 memory
banks during display, 4 bits/pixel can be provided by
a single 82720. Each bank of video memory con-
tributes -1 bit to each pixel. This configuration can
suppoart calor monitors, again with a maximum dot shift
rate of 44 or 88 MHz

Higher performance may be achieved by using multi-
ple 82720s. Multiple 82720s can be used to support
mutliple display windows, increased drawing speed.
or increased bits per pixel. For display windows,
each 82720 controls one window of the display. For
increased drawing speed, multiple 82720s are
operated in parallel. For increased bits/pixef, sach
82720 contributes a portion of the number of bits
necessary for a plxel

CHARACTER DISPLAY CONFIGURATION '

- Although the 82720 is intended primarily for raster-

scan graphics, it can be used as a character display
controller. The 82720 can support up to 8K by 13 bits
of private video memory in this configuration (1 char-
acter = 13 bits). This is sufficient memory to store 4
screens of data containing 25 rows by 80 characters.
The 82720 can display up to 256 characters per row.
Smooth vertical scrolling of each of 4 independent
display partitions is also supported.

MIXED DISPLAY CONFIGURATION .

The GDC can support a mixed display system fo.
both graphic and character information. This capa
bility allows the display screen to be partitioned be-
tween graphic and character data. it is possible to
switch between one graphic display window and one
character display window with raster line resolution
A maximum of 256K bytes of video memory is sup-
ported in this mode: half is for graphic data, half is for
character data. In graphic mode, a one megapixe!
image can be stored and displayed. In character mode.
64K, 16-bit characters can be stored.

DETAILED OPERATIONAL DESCRIPTION

The GDC can be used in one of three basic modes
—Graphics Mode, Character Mode and Mixed Mode.
This section of the data sheet describes the following
for each mode: '

1. Memory organization

2. Display timing

3. Special Display functions
4. Drawing and writing
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Graphics Mode Memory Organization

The Display Memory is organized into 16-bit words
(32-bit words in wide mode). Since the display memory
can be larger than the CRT display itself, two width
parameters must be specified: display memory width
and display width. The Display width (in words) is
selected by a parameter of the Reset command. The
Display memory width (in words) is selected by a para-
meter of the Pitch command. The height of the Display
memory can be larger than the display itself. The height
of the Display is selected by a parameter of the Reset
command. The GDC can directly address up to 4Mbits
(0.5Mbytes) of display RAM in graphics rmode.

Graphics Mode Display Timing

All raster blanking and display timings of the GDC are
a function of the input clock frequency. Sixteen or
32 bits of data are read from the RAM and loaded into
a shift register in each two clock period display cycle.
The Address and Data busses of the GDC are multi-
plexed. In the first part of the cycle, the address of the
word to be read is latched into an external demultiplexer.
In the second part of the cycle the data is read from
the RAM and loaded into the shift register. Since all 16
(32) bits of data are to be displayed, the dot clock is
8x (16 x) the GDC clock or 16 x (32 x) the Read cycle
rate.

Parameters of the Reset or Sync command determine
the horizontal and vertical front porch, sync pulse, and
back porch timings. Horizontal parameters are specified
as multiples of the display cycle time, and vertical para-
meters as a multiple of the llne tlme

Another Reset oommand parameter selects interlaced
or non-interlaced mode. A bit in the parameter RAM can
define Wide Display Mode. In this mode, while data is
being sent to the screen, the display address counter
is incremented by two rather than one. This allows the
display memory to be configured to deliver 32 bits from
each display read cycle.

The V Sync command specifies whether the V Sync
Pin is an input or an output. if the V Sync Pin is an
output, the GDC generates the raster timing for the
display and other CRT controllers can be synchro-
nized to it. if the V Sync pin is an input, the GDC can
be synchronized to any external vertical Sync signal.

Graphics Mode Special Display Functions:

WINDOWING

The GDC’s Graphics Mode Display can be divided
into two windows on the screen, upper and lower.
The windows are defined by parameters written into
the GDC's parameter RAM. Each window is specified
by a starting address and a window length in lines. If

,the second window Is not used, the first window

parameters should be specified to be the same as the
active display length.

ZOOMING .
A parameter of the GDCs zoom command allows
zooming by effectively increasing the size of the dots
on the screen. This is accomplished vertically by
repeating the same display line. The number of times
it is repeated is determined by the dispiay zoom fac-,
tor parameter. Horizontally, zoom is accomplished by
extending each display word cycle and displaying
fewer words per line, according to the zoom factor. it
is the responsibility of the micropracessor control-
ling the GDC to provide the shift register clock cir-
cuitry with the zoom factor required to slow down the
shift registers to the appropriate speed. The fre-
quency of the 2XWCLK should not be changed. The
zoom factor must be set to a known state upon
Inltiallzation.

PANNING

Panning is accomplished by changing the stamng
address of the display window. In this way, panning is
possible in any direction, vertically on a line by line
basis and horizontally on a word by word basis.

Graphics Mode Drawing and Writing

The GDC can draw solid or patterned fines, arcs, circles,
rectangles, slanted rectangles, characters, slanted char-
acters, filled rectangles. Direct access to the bit map
is also provided via the DMA Commands and the Read
or Write data commands.

MEMORY MODIFICATlON
All drawing and writing functions take place at the. .
location in the display RAM specified by the cursor.
The cursor is not displayed in Graphics Mode. The
cursor location is modified by the execution of draw-
ing, reading or writing commands. The cursor will
move to the bit following the last bit accessed.
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_Each bit is drawn by executing a Read-Modify-Write

cyele on the display RAM. These A/M/W cycles normally
require four 2XWCLK cycles to execute. If the display
zoom factor is greater than two, each R/M/W cycle will
be extended to the width of a display cycle. Write Data
(WDAT), Read Data (RDAT), DMA write (DMAW) and
DMA read (DMAR) commands can be used to exam-
ine or modify one to 16 bits in each word during each
R/M/W cycle. All other graphics drawing commands
modify one bit per R/M/W cycle.

An internal 16-bit Mask register determines which bit(s) .

in the accessed word are to be maodified. A one in the
Mask register allows the corresponding bit in the display

. RAM to be madified by the R/M/W cycle. A zero in the
" Mask register prevents the GDC from modifying the cor-
: responding bit in the display RAM.

The mask must be set by the Mask Command grior to
issuing the WDAT or DMAW command. The Mask reg-
ister is automatically set by the CURS command and
manipulated by the graphics commands. -

The display RAM bits can be modified in one of four
ways. They can be set to 1, reset to 0, complemented
orreplaced by a pattern. 4

When repldace by a pattern mode is selected, lines,
arcs and rectangles will be drawn using the 16-bit
pattern in parameter RAM bytes 8 and 9.

In set, reset, or complement mode, parameter RAM
bytes 8 and 9 act as another level of masking for line
arc and rectangle drawing. As each 16-bit segment
of the line or arc Is drawn, it is checked against the

pattern in the parameter RAM. if the pattern RAM bit.

is a one, the display RAM bit Wwill be set, reset, or
complemented per the proper modes. If the pattern
RAM bit is- a zero, the display RAM bit won't be

modified.
o 3

~When replace by battern mode is selected, the

graphics character and fill commands will cause the
8 x 8 pattern in parameter RAM bytes 8 to 15 to be
written directly into the display RAM in the appropri-
ate locations.

In set, reset, or complement mode, the 8 x 8 pattern in

. parameter RAM bytes 8 to 15 act as a mask pattern

: for graphics character or fill commands. If the appro-
i priate parameter RAM bit is set, the display RAM bit

. will be modified. If the parameter RAM bit is zero, the

display RAM bit will not be modified. These modes
are selected by issuing a WDAT command without
parameters before issuing graphics commands. The
pattern in the parameter RAM has no effect on WDAT,
RDAT, DMAW, or DMAR operations.

READING AND DRAWING COMMANDS

After the modification mode has been set and the
parameter RAM has been loaded, the final drawing
parameters are loaded via the figure specify (FIGS)
command. The first parameter specifies the direc-
tion in which drawing will occur and the figure type to
be drawn. This parameter Is followed by one to five
more parameters depending on the type of character -
to be drawn.

The direction parameter specifies one of eight oc-
tants in which the drawing or reading will occur. The
effect of drawing direction on the various figure
typgs is shown in Figure 9.

RDAT, WDAT, DMAR, and DMAW Operations move
through the Display memory as shown in the “DMA”
Column.

The other parameters required to set up ﬁgure readlng
or drawing are shown in Figure 3.

DRAWING TYPE DC o 02 o1 ("]
INITIAL VALUE® 0 [} [} -3 ~1
LINE fat 200 -1 2(30) - 130 20a0] -
ARC** rsin o1 =1 Ar-1) -1 rengl
AECTANGLE 3 A= a-1 -1 A-1
AREA FlLL B-1 A A - -
GRAPHIC 8-1 A A - -
CHARACTER™*

WRITE DATA w-1 - - - -
OMaw . 0=t c-1 - - -
omaR 0-1 c-2 €c-a7 - r
READ DATA w - - - -

*INITIAL VALUES FOR THE VARIGUS PARAMETERS ARE LOADED
WHEN THE FIGS COMMAND BYTE |3 PROCESSED.
**CIRCLES ARE DRAWN WITH 8 ARCS, EACH OF WHICH SPAN 45°,
SO THAT SiN o = U3 AND SN ¥ = O
***GRAPHIC CHARACTERS ARE A SPECIAL CASE OF GiT-MAP
AREA FILLING IN WHICH B AND A <A IF A = 8 THERE (S NO
NEED TO LOAD D AND 02

WHERE:

- 1= ALL ONES VALUE.
ALL NUMBERS ARS SHOWN IN BASE 10 FOR CONVENIENCE. THE GOC
ACCEPTS BASE 2 NUMBERS (23 COMPLEMENT NOTATION WHERE
APPROPRIATE).

~ = NO PARAMETER BYTES SENT TO GOC FOR THIS PARAMETER.

Al THE LARGER OF Ax OR Jy.

3D o THE SMALLER OF ix OR iy.

v= RADIUS OF CURVATUFRE, IN PIXELS.

&= ANGLE FROM WAJOR AXIS TO ENO OF THE ARC. o 548°

9= ANGLE FROM MAJOR AXIS TO START OP THE ARC. § <48°.

1= ROUND UP TO THE NEXT HIGHER INTEGER.

1 « ROUND DOWN TO THE NEXT LOWER INTEGER.

A= NUMBER OF PIXELS IN THE INITIALLY SPECIFIED DIRECTION.

B NUMBER OF PIXELS (N THE DIRECTION AT RIGHT ANGLES TO
THE INITIALLY SPECIFIED CIRECTION,

Wa NUMBER OF WORDS TO 88 ACCESSED.

C= NUMBER OF BYTES TO BE TRANSFERRED (N THE INITIALLY
SPECIFIED DIRECTION. (TWO BYTES PER WORD (F WOAD
TRANSFER MOOE IS SELECTED.)

D = NUMBER OF WORDS TO BE ACCESSED IN THE DIRECTION AT
AIGHT ANGLES TO THE INFTIALLY SPECIFIED DIRECTION,

DC = ORAWING COUNT PARAMETER WHICH IS ONE LESS THAN
THE NUMBER OF RMW CYCLES TO BE EXECUTED.
OM o DOTS MASKED FROM DRANING DURING ARC DRAWING.
t « NEEDED ONLY FOR WORD READS.

Figure 3. Drawing Parameter Details
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After the parameters have been set, line, arc, circle, rec-
tangle or slanted rectangle drawing operations are
initiated by the Figure Draw (FIGD) command.
Character, slanted character, area fill and slanted area
fill drawing operations are initiated by the Graphics
Character Draw (GCHRD) command. DMA transfers are
initiated by the DMA Read or Write (DMAR or DMAW)
commands. Data Read Operations are initiated by the
Read Data (RDAT) Command. Data Write Operations
are initiated by writing a parameter after the WDAT
command.

The area fill operation steps and repeats the 8 x 8
graphics character pattern draw operation to fill a
rectangular area. If the size of the rectangle is not an
integral number of 8 x 8 pixels, the GDC will auto-
‘matically truncate the pattern at the edges furthest
from the starting point.

The Graphics Character Drawing capability can be
modified by the Graphics Character Write Zoom Fac-
tor (GCHR) parameter of the zoom command. The
zoom write factor may be set from 1 to 16 (by using
from 0 to 15 in the parameter). Each dot will be
repeated in memory horizontally and vertically
(adjusted for drawing direction) the number of times
specified by the zoom factor. - i
The WDAT command can be used to rapidly fill large
arsas in memory with the same value. The mask is set
to all 1’s, and the least significant bit of the WDAT
parameter replaces all bits of each word written.

Character Mode Memory Organization

in character mode, the Display memory is organiied
. into up to 8K characters of up to 13 bits each. Wide
mode is also avallable for characters of up to 26 bits.

The dlsplay memory can be larger than the display
itselt The display width (in characters) Is a parameter
of the reset command. The display memory width (in

. characters) is a parameter of the Pitch Command.
The height of the display (in lines) is a parameter of
the Reset Command. The display memory height is
determined by dividing the number of display
memory words by the pitch. - "

In character mode, the display works almost exactly as
it does in graphics mode. The differences lie in the fact
that data read from the display RAM is used to drive
a character. generator as well as attribute logic if
desired. In Character mode, address bits 13-16 become
line counter outputs used to sslect the proper line of
the character generator, and the address 17 output
becomes the cursor and line counter MSB output.

Character Mode Display Timing

In character mode, the display timing works as it does
in graphics mode. In addition, the Address 17 outpy
becomes cursor output. The characteristics of the cur-
sor are defined by parameters of the cursor ang
Character Characteristics (CCHAR) command. One bt
allows the cursor output to be enabled or disabled. The
height of the cursor is programmable by selecting the
top and bottom line between which the cursor will
appear. The blink rate is also programmable. The
parameter selécts the number of frame times that the
cursor will be inactive and active, resulting in a 50%
duty cycle cursor blinking at 2x the penod specified
by the parameter.

The cursor output pin also provides the line counter bit
4 signal, which is valld 10 clocks after the trailing edge
of HSYNC. -

Character Mode Special Dfsplay Funéthna'

WINDOWING .

The GDC's Character Mode display can be par-
titioned into one to four windows on the screen. The
windows are defined by parameters written into the
GDC's Parameter RAM. Each window is specified by
a starting address and a window length in Ilnes.

If windowing is not raquired the ﬂrst wlndow length
should be specified to be the same as the actlve
dlsplay length. , -~ [ -

ZOOMING AND PANNING . P
In character mode, zooming and pan handling com-

rnands functlon the same way asin Graphics Mode.

E

Character Mode Drawlng and ertlng

The GDC can read or write characters of up to 13
bits into or out of the Display RAM. :

AII reading and writing functions take place at the
display RAM location specified by the cursor. The cur-
sor location can be read by issuing the CURD com-
mand. The cursor can be moved anywhere within the
display memory by the CURS command. The cursof
location is also modified by the execution of charactel’
read or write commands.

.

Each character is written or reaa via"a,
Read/Modify/Write cycle. The mask register contents
determine which bit(s) in the character are modified.

The mask register can be used to change character
codes without modifying attribute bits or vice-versa. The
Replace with. pattern, Set, Reset and Complement.
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. medes work exactly as they do in graphics mode, with

the exception that the parameter RAM Pattern is not
used. The pattern used is a parameter of the WDAT
command.

The Figure Specify (FIGS) command must be set to
Character Display modae, as well as specify the direc-
tion the cursor will be moved by read or write data
commands.

In character mode, the FIGD and GCHRD commands '

are not used.

Mixed Mode Memoﬁ Organizatlon

In mixed mode, the display memory is organized into
two banks of up to 64K words of 16 bits each (32 blts
in wide made).

- The display height and width are proagrammable by the

same Reset or Sync command parameters as in the
graphics and character modes. The display memory
width (in words) is a parameter of the Pitch Command
and the height of the display memory is determined by
dividing the number of display memory words by the
pitch.

An image |;node signal is used to switch the externat
circuitry between graphics and character modes in

two display windows.

* In a graphics window, the GDC works as it does in

pure graphics mode, but on a smaller total memory
space (64K words vs 512K words). )

_ In a character window, the GDC works as it does In
- pure character mode, but the line counter must be

Implemented externally. The counter, is clocked by
the horizontal sync pulse and reset by a slgnal sup-
plied by the GDC.

In mixed mode, the GDC provides both a cursor and
an attribute blink timing signal.

Mixed Mode Display Timing

In mixed mede, each word in a graphic area is accessed
twice in succession. The AW parameter of the Reset
or Sync command should be set to twice its normal
value, and the video shift register load signal must be
Suppressed during the extra access cycle.

In addition, A16 becomes a Multiplexed Attribute and
Clear Lina Counter signal and A17 becomes a multi-
plexed cursor and image mode signal. A16 provides an

’

active high line counter reset signal which’is valid
10 clocks after the trailing edge of HSYNC. During the
active display line time, A16 provides blink timing for
external attribute circuitry. This signal blinks-at 1/2 the
blink rate of the cursor with a 75% on, 25% off duty
cycle. A17 provides a signal which selects between
graphics or character display, which is also valid
10 clocks after the trailing edge of HSYNC. During the
active display time, A17 provides the cursor signal. The
cursor timing and characteristics are defined in exactly
the same way as in pure character mode.

Mixed Mode Special Display Functions

WINDOWING . \

The GDC supports two display windows in mixed mode.
They can independently be programmed into either
graphics or character mode determined by the state of
two bits in the parameter RAM. The window location
in display memory and size are also determined by
parameters in the parameter RAM.

ZOOMING AND PANNING )
In mixed mode, zooming and panning commands
function the same as in graphics and character

. mode. -

Mixed Mode Drawing and Writing

In mixed mode, the GDC can write or draw in exactly
the same ways as in both graphics and character
modes. In addition, the FIGS command has a para-
meter GD (Graphics Drawing Flag) which sets the
image mode signal to select the proper RAM bank.

DEVICE PROGRAMMING

The GDC occupies two addresses on the system micro-
processor bus through which the GDC's status register
and FIFO are accessed. Commands and parameters
are written into the GDC FIFO and are differentiated by
address bit AQ0. The status register or the FIFO can be
read as selected by the address line.

A0 READ WRITE
STATUS REGISTER | PARAMETER INTO FIFO
L B . .
FIFO READ COMMAND INTO FiFO
‘ [ Ll L | I rl L.t | .} LJ

Flgure 4. GDC Microprocessor Bus Interface
Reglsters
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which are handied by the GDC. Display memory is
organized as a linearly addressed space of these
words. Addressing of individual pixels is handled by
the GDC's internal RMW logic.

During the drawing process, the GDC finds the next
pixel of the figure which is one of the eight nearest
neighbors of the last pixel drawn. The GDC assigns
each of these eight directions a number fromOto 7,

starting with straight down and proceeding
counterclockwise.

QQL
oo e
ofe)e

l-;lgure 7. Drawing Directions

J

Figure drawing requires the proper manipulation of
the address and the pixe! bit position according to
the drawing direction to determine the next pixel of
the figure. To move to the word above or below the
current one, it is necessary to subtract or add the
number of words per line in display memory. This
parameter is called the pitch. To move to the word to
either side, the Execute word address cursor, EAD,
must be incremented or decremented as the dot ad-
dress pointer bit reaches the LSB or the MSB of the
Mask register. To move to a pixel within the same

word, it is necessary to rotate the dot address pointer

register to the right or left.

Figure 8 summarizes these operations for each
direction.

Whole word drawing.is useful for filling areas in
memory with a single value. By setting the Mask
register to all 1s with the MASK command, both the
LSB and MSB of the dAD will always be 1, 50 that the
EAD value will be incremented or decremented for
each cycle regardless of direction. One RMW cycle will
be able to affect all 16 bits of the word for any drawing
type. One bit in the Pattern register is used per RMW
cycle to write all the bits of the word to the same value.
The next Pattern bit is-ussd-for-the word, etc.

DIR ADDRESS OPERATION(S) - - - - N
[ EAD = EAD + P

1 EAD = EAD + P
it JAD.MSB = 1 then EAD = EAD + 1 .
dAD = LR(dAD)

2 nmmavmw.mn_ ]
dAD = LR{dAD) DT
3  EAD = EAD -P
' HAAD.MSB = 1then EAD = EAD + 1 .
dAD oLR{dAD)
4 EAD=EAD -P y -
5 EAD=EAD-P i | T
WOADLSB @ 1then EAD = BAD -1 - . .
dAD = RR{dAD) Pl & %
(] H dADASE = 1 then EAD = EAD - 1 '1”‘,
dAD = RR(dAD) ¢ N
7 EAD = EAD 4 P .
it dAD.LSB = 1 then EAD = EAD - 1
dAD = RR{dAD)
WHERE
3 P = PITCH, LA = Lsn'nom-e.nn-mmrrnom'e
CAD = CURSOR ADDRESS :
dAD = DOT ADDRESS "
LSB = LEAST SIGNIFICANT BIT
MSB = MOST SIGNIFICANT BIT

Figure 8. Address Calculation Detalls "

T
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For the various figures, the effect of the initial direction
upon the resulting drawing is shown in figure 9.

Meto that during line drawing, the angle of the line
may be anywhere within the shaded octant defined
by the DIR value. Arc drawing starts in the direction
Initially spacified by the DIR value and veers into an

arc as drawing proceeds. An arc may be up to 45
degrees in length. DMA transfers are done on word
boundaries only, and follow the arrows indicated in
the table to find successive word addresses. The
slanted paths for DMA transfers indicate the GDC
changing both the X and Y companents of the word
address when moving to the next word. it does not
follow a 45 degree diagonal path by pixels.

Dir | Line | Arc |Character]Siant Char|Rectangle DMA
ol b [ | M [T [N
-1 L8 A0 =
o\ Y C D] 51O |
w| G| M| N, 2] RN
s A =
A% BIO] IF

Figure 9. Effect of the Direction Parameter
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Drawing Parameters

In preparation for graphics figure drawing, the GDC’s
Drawing Processor needs the figure type, direction
and drawing parameters, the starting pixel address,
and the pattern from the microprocessor. Once these
are in place within the GDC, the Figure Draw com-
mand, FIGD, initiates the drawing operation. From
that point on, the system microprocessor is not in-
_volved in the drawing process. The GDC Drawing
Processor coordinates the RMW circuitry and ad-

dress registers to draw the specified figure p|xe| by

pixel.

The algorithms used by thevprocessor for figure -

drawing are designed to optimize its drawing speed.
To this end, the specific details about the figure to be
drawn are reduced by the microprocessor to a form
conducive to high-speed address calculations within
the GDC. In this way the repetitive, pixel-by-pixel
calculations can be done quickly, thereby minimizing
the overall figure drawing time. Figure 3 summarizes
the parameters

0

Graphlcs Character Drawing

Graphics characters can be drawn into“display b
memdry pixel-by-pixel. The up to 8-by-8 character is

loaded into the GDC'’s parameter RAM by the system
microprocessor. Consequently, there are no
limitations on the character set used. By varying the

drawing -parameters and drawing direction,

numerous drawing options are available. In area fill
applications, a character can be written into display

memory as many times as desired without reloading
the parameter RAM. -

Once the parameter RAM has been loaded with up to
eight graphics character bytes by the appropriate
PRAM command, the GCHRD command can be used
to draw the bytes into display memory starting at the
cursor. The zoom magnification factor for writing,
set by the zoom command, controls the size of the
character written into the display memory in integer
multiples of 1 through 16. The bit values in the PRAM
are repeated horizontally and vertically the number
of times specified by the zoom factor.
The movement of these PRAM bytes to the display
memory is controlled by the parameters of the FIGS
command. Based on the specified height and width
of the area to be drawn, the parameter RAM is

" scanned to ﬂll the required area.

For an 8-by-8 graphics character. the first pixel drawn
uses the LSB of RA-15, the second pixel uses bit 1 of
RA-15, and so on, until the MSB of RA-15 is reached.
The GDC jumps to the corresponding bit in RA-14 to
continue the drawing. The progression then advances .
toward the LSB of RA-14. This snaking sequence Is con-

“tinued for the other 6 PRAM bytes. This progression

matches the sequence of display memory addresses
calculated by the drawing processor as shown in
figure 9. If the area Is narrower than 8 pixels wide, the
snaking will advanceto the next PRAM byte before the
MSB is reached. If the area is less than 8 lines high,
fewer bytes in the parameter RAM will be scanned. if
the area is larger than 8 by 8, the GDC will repeat the
contents of the parameter RAM in two dimensions.
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Parameter RAM Contents

The parameters stored in the parameter RAM,
PRAM, are available for the GDC to refer to
repeatedly during figure drawing and raster-
scanning. In each mode of operation the values in the
PRAM are interpreted by the GOC in a predeter-
mined fashion. The host microprocessor must load
the appropriate parameters into the proper PRAM
locations. PRAM loading command ailows the host
to write into any location of the PRAM and transfer as
many bytes as desired. In this way any stored param-
ster byte or bytes may be changed without influenc-
ing the other bytes.

The PRAM stores two types of information. For
specifying the details of the display area partitions,
blocks of four bytes are used. The four parameters
stored in each block include the starting address in
display memory of each display area, and its length.

-In addition, there are two mode bits for each area

which specify whether the area is a bit-mapped
graphics area or a-coded character area, and
whether a normal or wide display cycle is to be used
for that area.

The other use for the PRAM contents is to supply the
pattern for figure drawing when in a bit-mapped
graphics area or mode. In these situations, PRAM
bytes 8 through 16 are reserved for this patterning
information. For line, arc, and rectangle drawing
(linear figures) locations 8 and 9 are loaded into the
Pattern register to allow the GDC to draw dotted,
dashed, etc. lines. For area filling and graphics bit-
mapped character drawing locations 8 through 15
are referenced for the pattern or character to be
drawn. -

Details of the bit assignments are shown on the fol-
lowing pages for the various modes of operation.
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RAQ SAD1,
[ T S B T

o o o DISPLAY PARTITION AREA 1 STARTING
i |
1 1 1

SAD1, ADDRESS WITH LOW AND HIGH
t 1 SIGNIFICANCE FIELDS (WORD

. ADDRESS;
2 LEN1, Io o o o]
. L1 L1
LENGTH OF DISPLAY PARTITION 1

3 wm] IM‘[ LEN1,. guuz COUNT) WITH LOW AND HIGH
| T N W N | IQNIFICANCE FIELDS. .

THE IMAGE BIT AFFECTS THE
OPERATION OF THE DISPLAY ADDRESS
COUNTER IN CHARACTER MODE. iIF

" THE IMAGE BIT IS ZERO, IT

WILL INCREMENT BY ONE AFTER

EACH READ CYCLE. IF THE IMAGE

BIT 1S SET, IT WILL INCREMENT

BY ONE AFTER EVERY TWO

A WIDE DISPLAY CYCLE WIDTH
OF TWO WORDS PER MEMORY CYCLE

THEN INCREMENTED BY 2 FOR EACH
DISPLAY SCAN CYCLE. OTHER MEMORY
CYCLE TYPES ARE NOT INFLUENCED.

A4 SAD2 DISPLAY PARTITION zsrmnno
L T ey ) A AOCRESE AN N
s o o o SAD2,
1 1 (R Y]
8 LEN2, 0o 0o o 0 R
{ [ T |
‘
7 Iwn1 ™ LEN2,,
[ E R NN N |
- AAS : SAD3 DISPLAY PARTITION 3 STARTING
T e T [ ADDRESS AND LENGTH :
9 ¢ o o SAD3y
T S .}
1 LENT, o 0 o0 o©
1 | I
11 jwps M LEN3,
L1 1 i1
RA-12 SAD4, | DiSPLAY PARTITION 4 STARTING
L1 01 11 ADDRESS AND LENGTH
1?3jlo o o SAD4,,
L1 111
‘14 LEN4, o 0 0 o
. ! [
15 Jwpd] M LENS,
L 1 1 ] 1

Figure 10. Parameter RAM Contents—Character Mode
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: i DISPLAY PAATITION AREA 1

f[ SAD1,, I
| I I T T T S |

LENY,
1

N

| 2p~

IN MIXED MOGE, A 1 INDICATES AN

I~ )

LENGTH OF DISPLAY PARTITION
AREA 1 WITH LOW AND HIGH
SIGNIFICANCE FIELDS (LINE COUNT)

IMAGE OR GRAPHICS AREA, AND A 0
INDICATES A CHARACTER AREA, IN
GRAPHICS MODE THIS BIT MUSTBE Q.

WIDE DISPLAY CYCLE MODE 317

DISPLAY PARTITION AREA 2
STARTING ADDRESS AND LENGTH WITH ,
IMAGE IDENTIFY BIT AS IN AREA 1.

PATTERN OF 16 BITS USED FOR
FIGURE DRAWING TO PERFORM

RA4 S sAD2,
PR Y T Wi (R R
C - sAD2,
° | 1 [l
[ LENZ, 0. o | sapz
_ L 1 L L
7 lez[m enz,
pall U 11 P f
RAS PTN, oR GCHR8
C L= po=e P
9 PTN, . OR GCHR?
| | | e AP j |
RA-10 o . GCHR 8
| | S ) 9) 1
1 GCHR $
| | | | 1 1
12 GCHR 4
1 11 | I |
13 : GCHR 3
| 1 | | ! 1 1
14 GCHR 2
| | | i ] l
18 GCHR 1
| [ 1 ! 1

DOTTED, DASHED, ETC. LINES

GRAPHICS CHARACTER BYTES
| TO GE MOVED INTO DISPLAY
MEMORY WITH GRAPHICS
CHARACTER DRAWING

7~

Figure 11. Parameter RAM Contents—Graphics and Mixed Graphics and Character Modes
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RESET: 0 L A:[ L'ms[ Luon1
Ll°1°l° °L°1°L° WDAT: 0401
SYNC: [o o .0 n[1 1 1[pa] MASK: o 1 o 1. 0 1
1 L1 L L i I N B
s : ] o ot *+ o O
VSYNC: [°|1I1I°[‘|11'LM] Fas EL‘[ LT | J;1
CCHAR: [o 1 oA'ol1 [ | 1—I FIGD: F1 1 DI‘I 1 0 o]
4t 1 [ . 1 L N R N §
s GCHRD: F 1 'o|1 [ ] ol
START bl‘l'lnl1l°I1L1 i 1. [ I R B
LDEI ADAT: 10 LTYPE Lo[ MOD]
al B olu 0 0 oI
[ L1 1
1 .0 o[o 0 o 01
(R | W N |

:
a
AN
F—‘
-

:IO ' :
ZOOM: 1.010 ol‘ll‘llrl CURD:
]
[¢,

| E
CURS: 1 0 1 0 0 1 2
s i1 o I L _Ald =" oo FL 1
PRAM: I [ I | 1 1 l SA —I J DMAR: F 0 ll TYPE b I MOD 1
1 (| o4 L1 X O L
PITCH. [0 1 0 DIO ‘lAi 1 DMAW: Io o 1[“&[1'“001
1 L [ 1 1 i i 1 1

Figure 12. Command Bytes Summary

VIDEO CONTROL COMMANDS

l BLANK THE DISPLAY, ENTER IDLE MODE,
A-NFtllFlgmAl.lE WITHIN THE GDC: Y

—COMMAND PROCESSOR N
—INTERNAL COUNTERS

[ooooo

Figure 13. Reset Command

RESET COMMAND it followed by parameter bytes, this command also

. . ibed
This command can be executed at any time and does sets the sync genera.tor pa rameters as descr!
not modity any of the parameters already loaded into betow. Idie mode s exited with the STARTcommand.
the GDC.
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cG DISPLAY MODE
00 MIXED GRAPHICS 8 CHARACTER
01 GRAPHICS MODE
10 CHARACTER MODE
11 INVALID
1S VIDEO FRAMING
00 NONINTERLACED
01 INVALID
10 INTERLACED REPEAT FIELD
FOR CHARACTER DISPLAYS .
11 INTERLACED .
-] DYNAMIC RAM REFRESH CYCLES ENABLE
0 NO REFRESH—STATIC RAM
] REFRESH—DYNAMIC RAM
]
- |.F DRAWING TIME WINDOW
[ DRAWING DURING AC'I’IVE DISPLAY TIME
AND RETRACE BLA| -
1 DRAWING ONLY DURING RETRACE BLANKING :

Figure 15. Mode Control Bits

SYNC: [0 0,0 0 v 1, 1]0g]

THE DISPLAY 1S ENABLED BY
A 1, AND BLANKED BY A 0.

\ MODE CONTROL BITS.

o ojclelifnfafe}—— S hcune 18,

P2 - +—— ACTIVE DISPLAY WORDS PER LINE -2. WUST
BE EVEN NUMBER

nl S KS

I} . WH 1 1 1 [ .

\ A\ HORIZONTAL SYNC WIDTH -1

VERTICAL SYNC WIDTH, LOW BITS_

ol I D VERTICAL SYNC WIDTH, HIGH BITS
HORIZONTAL FRONT PORCH WIDTH -1,

HBP _

Psfo,0f | MBF " le—— HORIZONTAL BACK PORCH WIDTH ~1.

psjo 0] VP le—— vermcas FrONT PORCH WIDTH

prl . AL |e—— ACTIVE DISPLAY LINES PER VIDEO FIELD,

. LOW BITS

ACTIVE DISPLAY LINES PER VIDEO FIELD,
i M
VERTICAL BACK PORCH WIDTH

Figure 16. Sync Command
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m o[ [ PLa[e]— 4P ot oms.
AW
1 L 1

- | «—— ACTIVE DISPLAY WORDS PER LINE ~2 MUST
PR BE EVEN NUMBER WITH 8IT 0 = 0.
P3| VS | HS
L1 1 1 1 1 1
\ "X____ HORIZONTAL SYNC WIOTH -1
VEATICAL SYNC WIDTH, LOW BITS
pa [ WP | VS le— VERTICAL SYNC WIDTH, HIGH BiTS
N HORIZONTAL FRONT PGRCH WIDTH -1.

Ps o of wee | | HORIZONTAL BACK PORCH WIOTH -1.
ps [0 of WP e vERTICAL FRONT PORCH WiOTH

- ACTIVE DISPLAY LINES PER VIDEO FIELD,
PPl oy A, e owemrs : ’

ACTIVE DISPLAY LINES PER VIDEQ FIELD,
P8 [—. ([ BP 4 [Af"‘ I'— HIGH BA'S

VERTICAL BACK PORCH WIOTH -

. Figure 14. Optional Reset Parameters

In graphics mode, a word is a group of 16 pixels. in
character mode, a word is one character code and its
atiributes, if any. . 2 A

The number of active words per line must be an even
number from 2 to 256. ;

. An all-zero parameter value selects a count equal to

2" where n = number of bits in the parameter field for
vertical parameters.

Ail horizontal widths are counted in display words.
All vertical intervals are counted in lines.

Sync Parameter Constraints
{ORIZONTAL FRONT PORCH CONSTRAINTS

¢t I: In general:

HFP =2 words
3. IfDMAis used, or the display zoom factor is greater
than one in interlaced display made:
HFP =3 words
3. If the GDC is used in slave mode:
HFP =4 words
L It the light pen input is used:
HFP =6 words

IORIZONTAL Sync CONSTRAINTS
If dynamic RAM refresh is used:
HS =2 words
. It interlaced display mode is used:
HS =5 words

HORIZONTAL BACK PORCH CONSTRAINTS
1. In general:
HBP =3 words
2. Itinterlaced display mode is used, or the IMAGE or
WIDE mode bits change within one video field:
HBP = 5 words

MODE CONTROL BITS (FIGURE 15)

2 Field Sequence with ¥2
line offset between other-
wise identical fields.

2 Field Sequence with ¥2
line oftset. Each field dis-
plays alternate lines.

1 field brings all of the in-
formation to the screen.

Repeat Field Framing:
Interlaced. Framing:
Noninterlaced Framing:

Total scanned lines in Interlace mode is odd. The
sum of VFP + VS + VBP + AL should equal one less
than the desired odd number of lines.

Dynamic RAM refresh is important when high display
zoom factors or DMA are used in such a way that not
all of the rows in the RAMSs are regularly accessed
during display raster generation and for otherwise
inactive display memory.

Acqess to display memory can be limited to retrace
blanking intervals only, so that no disruptions of the
image are seen on the screen.
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SYNC Format Specify Command

This command loads parameters into the sync
generator. The various parameter fields and bits are

Identical to those at the RESET command. The GOC'

is not reset nor does it enter idle mode.

Vertical Sync Mode Command

When using two or more GDCs to contribute to one
image, one GDC is defined as the master sync
generator, and the others operate as its slaves. The
VSYNC pins of all GDCs are connected together.

Stave Mode Operation

A few considerations should be observed when
synchronizing two or more GDCs to generate over-
layed video via the VSYNC INPUT/OUTPUT pin. As
mentioned above, the Horizontal Front Porch (HFP)

must be 4 or mare display cycles wide. This is equiva-
lent to eight or more clock cycles. This gives the slave
GDCs time to initialize their internal video sync
generators to the proper point in the video field to
match the incoming vertical sync pulse (VSYNC).
This resetting of the generator occurs just after the
end of the incoming VSYNC pulse, during the HFP
interval. Enough time during HFP is required to allow
the slave GDC to complete the operation before the
start of the HSYNC interval.

Once the GDCs are initialized and set up as Master
and Slaves, they must be given time to synchronize. it
is a good idea to watch the VSYNC status bit of the
Master GDC and wait until after one or more VSYNC
pulses have been generated before the display pro-
cess is started. The START command will begin the
active display of data and will end the video
synchronization process, so be sure there has been
atleast one VSYNC pulse generated for the Slaves to
synchronize to.

vowe: [£7 793 ,7,1]w]

L B

1—GENERATE & OUTPUT VERTICAL .
SYNC—MASTER MODE .

.

EXTERNAL VERTICAL
SYNC—SLAVE MODE

‘Figure 17. Vertical Sync Mode Command

ccHar: [0 1 8 01 0 v 1]
) S W R R N

P foclo of | LR Je— UINES PER CHARACTER ROW-1
-

DISPLAY CURASOR IF 1

P2 I BIRL Iscr ; (f'rolp . ]‘__ gg&son TOP LINE NUMBER IN THE

0—BLINKING CURSOR
1—STEADY CURSOR

P3| . CBOT | BA, |e—— BUNK RATE, UPPER BITS

BLINK RATE, LOWER B8ITS

CUASOR BOTTOM LINE NUMBER IN
THE ROW

Figure 18. Cursor & Character Characteristics Command
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Cursor and Character Characteristics
Command

In graphics mode, LR should be set to 0. For interlaced
dispiays in graphics mode, BR should be set to 3. The
blink rate parameter controls both the cursor and attrib-
ute blink rates. The cursor blink-on-time = blink-off-time
= 2 x BR (video frames). The attribute blink rate is
always 2 the cursor rate but with a 3 on-% off duty

cycle.
DISPLAY CONTROL COMMANDS

Zoom Factors Specify Command

Zoom magnification factors of 1 through 16 are avail-
able using codes 0 through 15, respectively.

Cursor Position Specify Command

In character mode, the third parameter byte is not
needed. The cursor is displayed for the word time in
which the display scan address (DAD) equals the
cursor address. In graphics mode, the cursor word
address specifies the word containing the starting
pixel of the drawing; the dot address value specifies
the pixel within that word. !

Parameter RAM Load Command

From the starting address, SA, any number of bytes
may be loaded into the parameter RAM atincrement-
ing addresses, up to location 15. The sequence of
parameter bytes is terminated by the next commang
byte entered into the FIFO. The parameter RAM
stores 16 bytes of information in predefined loca-
tions which differ for graphics and character modes.
See the parameter RAM discussion for bit
assignments. -

Pitch Specification Command

This value is used during drawing by the drawing
processor to find the word directly above or below
the current word, and during display to find the start
of the next line.

The Pitch parameter (width of display memory) is set
by two different commands. In addition to the PITCH
command, the RESET (or SYNC) command also sets
the pitch value. The “active words per line” param-
eter, which specifies the width of the raster-scan dis-

" play, also sets the Pitch of the display memory. In

situations in which these two values are equal there
is no need to execute a PITCH command.

START DISPLAY & END IDLE MODE
sTART: fo 1 1 0 1 0,1 1]

DISPLAY BLANKING CONTROL
somu: [3,0,0,0,1,1,0[54]

ZOOM FACTORS SPECIFY
mou:[o!ooo11o|
ke, Lot L 1 1

ol I ON TS

CURSOR POSITION SPECIFY
curs: fo. 1 0 0 1.0 0,1]

P‘rLIIE}DIJ

n 9,
t

THE DISPLAY IS ENABLED
TO.A , AND BLANKED BY

ZOOM FACTOR FOR GRAPHICS
CHARACTER WRITING MINUS 1

DISPLAY ZOOM FACTOR MINUS 1

., |+— Eexecure woro aooRess, Low BYTE
p2| EAD le— EXECUTE WORD ADDRESS, MIDDLE BYTE

l o, °1 EAD ]<— (GRAPHICS MODE ONLY)

WORD ADDRESS, TOP BITS
DOT ADDRESS WITHIN THE WORD

Figure 19. Display Control Commands
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pram:fa 11,1  sa |

P"[llLa it )

Bl ., , ., ., , }e—1710188YTES T0 BE LOADED

STARTING ADORESS IN
PARAMETER RAM

INTQO THE PARAMETER RAM
STARTING AT THE RAM ADDRESS
SPECIFIED BY SA

Flgure 20. Parameter RAM Load Command.

mloliloloLol‘le]

. P‘LLI i |P Y l*—u‘ugaéao'"mnmmlgﬁses_ '
° HORIZONTAL DIRECTION
Figure 21. Pitch Specification Command ‘

WRITE DATA INTO DISPLAY MEMOAY

i
; woar:§ o o 9| Tvee | o | meo
B b .
f i RMW MEMORY CYCLE LOGICAL
OPERATION:
./
0 0 ~e—— REPLACE WITH PATTERN
0 § -<— COMPLEMENT
{ 0 <——RESETTOZERO ..
1 1 =——SETTO1
DATA TRANSFER TYPE
} o,
. 0 0 <*—————— WORD, LOW THEN HIGH BYTE
1 0 <—————————— LOW BYTE OF THE WORD .
t 1 <———————HIGH BYTE OF THE WORD
, 8 1 ———eeee INVALID
m WORD, OR BYTE WORD LOW DATA SYTE OR
| I N i iy el WA 1 SINGLE BYTE DATA VALUE
[ WORD, WORD TRANSFER ONLY:
[ T G T ) [ | HIGH DATA BYTE

Figure 22. Write Data Command

DRAWING CONTROL COMMANDS
Yrite Data Command

Ugen recelving a set of parameters (two bytes for a
word transfer, one for a byte transfer), one RMW
sycle into Video Memory is done at the address
polnted to by the cursor EAD. The EAD pointer is
agvanced to the next word, according to the previ-
ously specified direction. More parameters can then
be accepted.

For byte writes, the unspecified byte is treated as all
2eros during the RMW memory cycle.

In graphics bit-map situations, only the LSB of the
WODAT parameter bytes is used as the pattern in the
RMW operations. Therefore it is possible to have only
an all ones or all zeros pattern. In coded character
applications all the bits of the WDAT parameters are
used to establish the drawing pattern.

The WDAT command operates differently from the
other commands which initiate RMW cycle activity. It
requires parameters to set up the Pattem register
while the other commands use the stored values in
the parameter RAM. Like all of these commands, the



intel

82720 PRELIMINARY

mask:[o 1 0. 0.1, 0,1,0]

m{ , , , M ]e-i0WSIGNIFICANCE BYTE

-~ P2f , , , Mx |e—MIGH SIGNIFICANCE BYTE

Figure 23. Mask Register Load Command

WDAT command must be preceded by a FIGS com.
mand and its parameters. Only the first three para.
meters need be given following the FIGS opcode, to set
up the type of drawing, the DIR direction, and the DC
value. The DC parameter +1 will be the number of
RMW cycles done by the GDC with the first set of WDAT
parameters. Additional sets of WDAT parameters wiil
see a DC value of 0 which will cause only one RMW
cycle to be executed.

JO[OJ

F‘lﬁﬁ:[ﬂ 1. 0 ¢ 1
L 1 (%4l

anLlnlA[GcLL] OR I«%'—owmamnzmonuhe

FIGURE TYPE SELECT BITS:
LINE (VECTOR)
GRAPHICS CHARACTER
ARC/CIRCLE
RECTANGLE - .
SLANTED GRAPHICS CHARACTER
Pld W o Td R DC DRAWING PARAMETER .
s [o e, OCn ‘
GRAPHICS DRAWING FLAQ FOR USE IN
MIXED GRAPHICS AND CHARACTER MODE
P‘([JJLD& L, 1+ [e——DDRAWINGPARAMETER. _ ...
mlol, o, P
. ndl - l'_mnmlﬂdmmm

prfojof |, ) % 1?

md4 , 4 O, "}e——D1DRAWING PARAMETER

o] o, P

., D% je——DMDRAWING PARAMETER

om,
I o B

VALID FIGURE TYPE SELECT COMBINATIONS

St B A G L QPERATION
e o o o0 O CHARACTER DISPLAY MODE
. DRAWING, INDIVIDUAL DOT
DRAWING, DMA, WDAT, AND
RADAT
o o o o 1 STRAIGHT LINE DRAWING ONLY THESE BIT
- COMBINATIONS -
o o o -1 © GRAPHICS CHARACTER URE ..
: DRAWING AND AREA FILLING CORRECT DRAWING L e S
WITH GRAPMICS CHARACTER OPERATION ST v
o 1 o o ARC AND CIRCLE DRAWING
1 09 o o RECTANGLE DRAWING Y
1 o o 1 o SLANTED GRAPNICS
CHARACTER DRAWING AND

SLANTED AREA FILLING

Figure 24. Figure Drawing Parameters Specity Command
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Fap:[0 1,1, 0,1,1,0 0]

Figure 25. Figure Draw Start Command

cewro:fo,1,1,0,1,0,0,0]

Figure 26. Graphics Character Draw
and Area Filling Start Command

Mask Register Load Command

This command sets the value of the 16-bit Mask reg-
ister of the tigure drawing processor. The Mask regis-
ter controls which bits can be madified in the display
memory during a read-modify-write cycle.

.The Mask register is loaded both by the MASK com-
mand and the third parameter byte of the CURS
cammand. The MASK command accepts two param-
eter bytes to load a 16-bit value into the MASK
register. All 16 bits can be individually one or zero,
under program control. The CURS command on the
other hand, puts a “1 of 16" pattern into the Mask
register based on the value of the Dot Address value,
-dAD. If normal single-pixel-at-a-time graphics figure
drawing is desired, there is no need to do a MASK com-
mand at all since the CURS command will set up
the proper pattern to address the proper pixels as
drawing progresses. For coded character DMA, and
. screen setting and clearing operations using the
. WDAT command, the MASK command should be
i used after the CURS command if its third parameter
. " byte has been output. The Mask register should be set
* to all ones for any “word-at-a-time” operation.

Flgure Draw Start Command
On execution of this instruction, the GDC loads the

parameters from the parameter RAM into the draw-
ing processor and starts the drawing process at the

pixel pointed to by the cursor, EAD, and the dot
address, dAD. .

Graphics Char. Draw and Area Fill Start
Command - .

Based on parameters loaded with the FIGS com-
mand, this command initiates the drawing of the
graphics character or area filling pattern stored in
Parameter RAM. Drawing begins at the address in
display memory_ pointed to by the EAD and dAD
values.

DATA READ COMMANDS
Read Data Command

Using the DIR and DC parameters of the FIGS com-
mand to establish direction and transter count,
multiple RMW cycles can be executed without
specification of the cursor address after the initiat
load (DG = number of words or bytes).

As this instructidn' begins to executs, the FIFO butfer

direction is reversed so that the data read from dis-
play memory can pass to the microprocessor. Any
commands or parameters in the FIFO at this time will
be lost. A command byte sent to the GDC will imme-
diately reverse the buffer direction back to write
mode, and ail RDAT information not yet read from the
FIFO will be lost. MOD should be set to 00.

Cursor Address Read ‘Command

The Execute"ﬁ-\ddress, EAD, points to the display
memory word containing the pixel to be addressed.

The Dot Address, dAD within the word is represented
as a 1-of-16 code.

Light Pen Address Read Command

The light pen address, LAD, corresponds to the dis-

play word address, DAD, at which the light pen input
signal is detected and deglitched.

noav:[ 1,0 1 ]rvpejo] Moo |

-y

FJ:— DATA TRANSFER TYPE

0 <——- WORD, LOW THEN HIGH BYTE
LCW BYTE OF THE WORO ONLY
1 <=—— HIGH BYTE OF THE WORD ONLY
1 <——— INVALID

0 ——

Figure 27. Read Data from Display Memory Command



intel

82720

PRELIMINARY

CURD: }1,1,1,0 0,0,0 0

THE FOLLOWING BYTES ARE RETURNED BY THE GDC:

maz, | ean., | ao]e— execure aooness @ao) Low syTE
L ST

P [ X, X %X X X x | EAD.|&— EXECUTE ADOAESS (EAD). HiGH BIT8
re 5 ]~ oo aooness oy Low evre

N e e M.

X = Undetined

EXECUTE ADDAESS (EAD). MIDOLE GYTE

LPAD:{Y 1 0,0, 0, 0.0 0

THE FOLLOWING BYTES ARE RETURNED BY THE GDC:

00— 28] o s sost sow o
mmmumm
(3077 1[5 o ooses s

X = Undefined

Figure 28. Cursor Address Read Command

.Flgl:re 29. Light Pen Address Read Command

DMA READ REQUEST

owans [0 3 [roe]  [weo]

—_—

11— HIGH BYTE OF THE WORD _

0 1——————— INVALID . s LT

/

DMA WRITE REQUEST

0 0<«—————— WORD, LOW THEN HIGH BYTE

- 1 0<———n8u— \OW BYTE OF THE WORD

omaw: [0 o 1 ]vee| 1| moo|

——

p : ) : [

1 0-<«————— LOW BYTE OF THE WORD - : -
% 1 -<4—————— HIGH BYTE OF THE WORD

° 1<—-—INVM

Vn—nugvusuomwmmommu; ’ s \
0 REPLACE WITH PATTERN . . R
0 1<— COMPLEMENT o
1 G-<— RESET TO ZERO ¢
1 1<— SET TO ONE

b—— DATA TRANSFER TYPE: R
. — \

0 0-e————— WORD, LOW THEN HIGH SYTE

DATA TRANSFER TYPE!

!

Figure 30. DMA Control Commands -
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"ABSOLUTE MAXIMUM RATINGS*

*COMMENT: Exposing the device to stressas above
thase listed in Absolute Maximum Ratings could cause

Ambiant Temperatura Under Bias .......... (°Cto 70°C ~ permanent damage. The device is not meant to be
Storage Temperature . ................. —-65°C to 150°C operated under conditlons outside the limits described in
Voitage on any Pin with Respect the oparational sactions of this specitication. Exposure to
toGround.....cviiiiriiieninaieinns .—05Vto +7V absolute maximum rating conditions for extended peri-
Power Dissipation ...........cccoieiiiiinnnn. 1.5 Watt - 0ds may affact device rellability.
DC CHARACTERISTICS
Ta = °Cto 70° C; Ve = 5V = 10%; GND =0V
: y Umits
Symbol Parameter Unit Conditions
Min. Max.

ViL Input Low Voltage -0.5 08 v

Vin Input High Volitage 2.0 Vce + 0.5 v

VoL Output Low Voltage 0.45 v loL=22mA

VoM Output High Voltage 24 v lon = —400 A

. loz . Output Leakage Current £10 r~A Vgs+0.45 <V =
. Vce

TR Input Leakage Current =10 rA Vss <V sVce

VoL Clock Input Low Voitage -0.5 0.6 v :

VcH Clock Input High Voitage 35 Vce + 05 v

lce Ve Supply Current 270 mA Typical = 150 mA
CAPACITANCE
Ta = 25°C; Vec = GND = OV

Limits -
Symbol Parameter Unit Conditlons
Min, Max.

Cin Input Capacitance 10 pF -

Cio 1/Q Capacitance 20 3 pF fc=1MHz

Cout Output Capacitance 20 pF V=20

Co Clock Input Capacitance 20 pF ‘
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A.C. CHARACTERISTICS (T, = 0°C to +70°C, Vgs = OV, Vcc = +5V 3+ 10%)

DATA BUS READ CYCLE

82720 827201 82720-2 T ]
Symbol Parameter : Units Con:;:om
Min. Max. - | Min. Max. Min. Max.
TaR Ay setup to AD! ] 0 0 ns
TRa Ag hold atter RD1 ] 0 . 0 -0 ns
TRR D Pulse Width Tro +20 Trp+20 TRp +20 ns
Tao D! to Data Out Delay 120 80 7 ns | CL=50pF
Tor RD! to Data Float Delay 0 120 0 " 100 3 290 ns
Tav RD Recovery Time 4Ty 4 Tey 4Ty ns
DATA BUS WRITE CYCLE
' 82720 827204 82720-2 Test .
Symbol Parameter - Units Conditions
Min. Max, Min, Max. Min. Max. |-
Taw Ag Setup to WRI 0 0 0 ns
Twa Ag Hold after WRI (] d o 10 ns
Tww | WR Pulse Width 120 100 %0 ns
Tow  |Data Setup to WRI 100 80 7 ns
Two Data Hold after WR! -0 0 10 ns
Tav WA Recovery Time ) 4Ty 4Ty 4 Tey ns
) \
DISPLAY MEMORY TIMING ..
! 82720 827201 82720-2 Test
Symbol Parameter - Units Con dmorb
_ Min. | Max. | Min. | Max. | -Min. | Max. : -
Tea Address/Data Delay from 2XWCLK1 30 160 30 130 30 110 as | CL=50pF
Tac Address/Data Hold Time 30 - 160 30 130 30 10 ns | CL=50pF
Toc Data Setup 1o 2XWCLK 0 (] ] ns
Tco Data Hold Time § Tig+20 Tig+20 Tig+20 ns
Te , |2XWCLKI to DBIN ' 30 120 30 %0 30 80 ns | CL=50pF
Tcan | 2XWCLKI to ALE! 30 125 | 30 100 30 90 ns | CL=S0pF
TeaL 2XWCLK! to ALE | 30 100 30 ‘80 30 70 ns | CL=S0pF |
TaL ALE Low Time Tey +30 Tey +30 Toy +30 ns
Ta ALE High Time Ton—20 Ten-20 Tou—20 ns
Tco Video Signal Delay from 2XWCLK ! 150 120 100 ns
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ol u ;.én 82720
-A.C. CHARACTERISTICS (Continued)
OTHER TIMING
o 82720 82720-1 82720-2 Tost
Symbol Paramefer | Units Conditions
Min. Max. Min. Max. Min. Max.
Tec LPEN or VSYNC Input Setup to 2XWCLK! 30 20 " 15 ns
Tep LPEN or VSYNC Input Pulse Width Tey Tey Tey ns
CLOCK TlI.WNG
) 82720 8'2729-.1 32720-2 Tost
Symbol Parameter B - - Units Conditions
Min. Max. Min. Max. Min. Max.
Tey Clock Period 250 2000 200 2000 180 2000 ns
Ten Clock High Time 105 80 0 ns
TeL Clock Low Time 105 80 n ns
TR Rige Time 20 20 4 20 ns
T Fall Time 20 . ‘20 20- ns
' : ) 2 1
DMA TIMING - -
82720 82720-1 82720-2
Symbol Parameter Units roat
Conditions
Min. Max. Min. Max. Min. Max.
Tacc  |DACK Setup to RD ) or WR1 0 0 0 ns
Tcac  |DACK Hold from RD! or WR! 0 0 0 ns
TRRt AD Pulse Width TRot +20 Tapy +20 Taoy +20 ns
Trp1  |AD! to Data Qut Delay . 15 Tey 15 Tey 15¥cy | ns [ CL=50pF
i . +120 +80 +70
n'} Tk 2XWCLK1 to DREQ Defay 150 120 100 ns CL =50pF
! [Troak JOREQ Setup to DACK! 0 0 0 ns |
Takaa |DACK| to DREQ) Delay Tey +150 Tcy +120 Tey+100) ns | CL=S0pF
! [Takn  [DACK High Time Tey Tov Ty ns .
Taks  |DACK Cycle Time, Word Made 4 Tey 4 Tey 4Ty ns
Taxa DACK Cyclo Time, Byte Mode 5 Tey 5 Tey 5 Tey ns
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A.C. TEST CONDITIONS

Input Pulse Levels (except 2XWECLK) .. . .......ouiiiiirii ittt eriiatereasenaanesoenanceenans 045V to 2.4V

input Pulse Levels (2XWCLK)

Timing Measurement Reference Levels (except 2XWCLK). . ... ... ... et iiiiine i eiieeianioreaanns 08V to 20v
Timing Measurement Reference Levels (2XWCLK) .. .......iiittinnreenir i ieenneaetinnensnncnns 06V to 35V

WAVEFORMS

Ag

DATA BUS
(OUTPUT)

DATA BUS TIMING
READ CYCLE

K

T o

-

i

e —— e,

T or —

DATAVALID

WRITE CYCLE

A,

X

DATA BUS
aNpUT

L‘—TAV—-D

R T ]

"T*AJ

AV

pe—Tow—1

Two

DATA
MAY CHANGE

DATA VALID

DATA

AMAV CHANGE

—
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+ WAVEFORMS (Continued)

DISPLAY MEMORY TIMING
READ/MODIFY/WRITE CYCLE
.8 : l 52 l <] 4 - I

s Y k___/—_tt__] - \_

. == Toc l#—
-l Tea b Tac |- - Teo - I- > Tea | Tac |
. 7 —
ADC-18 —-——< VAUD . }-——M VALID ——< VALID }——-
OUTPUT ADDRESS . INPUT DATA - OUTPUT DATA

Tig

AIGAIT . YALID INVALID

foToa—>t - Tar
-] Tean o=

d-rnn
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WAVEFORMS (Continued)

DISPLAY MEMORY TIMING (Continued)
READ CYCLE , o , a

2XWCLK

—
O e e S

A16,A17
TaL
L‘-Tcu-— =) ,
= Toan
ue N
] Tan=] X ]
. > Teo pe
HSYNC
° VSYNC -
BLANK
CSR -
CSRIMAGE
ATBLANR/CTE
OTHER TIMING
) 2IXWELK
—» Tee
vsYNC - / R
Tep
CLOCK TIMING

2xWCLK
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WAVEFORMS (Continued)

DISPLAY AND RMW CYCLES (1X ZOOM)

Dispiay RMW
Cycle Cycle

g 83, 8 82. 83 84 84, 2.

N TIUTTT

-Display or RUW
Cycle

ADo-18 XWA (Ot Adires Yl Wt Dam Yol Octpt D2 \wm-&)-
are, 7 ::> , \x KX XRXX N -
vm% .‘ \ .Xi EY, G ] \ D G .
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WAVEFORMS (Continued)
DMA TIMING
READ -
A WCLK
Tiq—> . —Txa —

o Tasy~——n

"“Q_/F L \L.
T —

Tace l‘ .
Taay

. Teac
fe————Tapy———} Tor

o ’f

z oata 3
= N I Y /G v

Twa, Taa

Tacax Taxra :
' { ' - Taxs
k_ A N —




ital 82720 PRELIMINARY
WAVEFORMS (Continued)
DISPLAY AND RMW CYCLES (2X ZOOM)
Zunm;vddo.h#ay Zoom&dcglmhy Rcy"c: Displey or RMW ]
S S Sy Ny Egy gy Sy iy S S B SN g g =
Me 7\~ /1 | S e
Nt
Amqu: ' — Tutod Aoarets (oo iosme nod D58 Oniot 0t YOuiom! A2t
ate, 11: —TX XC X
staalc T\ 4 N
{ g
" ZOOMED DISPLAY OPEI;-lATION WITH RMW CYCLE (3X ZOOM)
"' Zoomad o m L1l Display or RMW
Cycle ;. Cycle : Cycle
B1—ades i a i PRI R S8 (ORI DRI KAy i el i oh (|
et I F\_L\_IL—\_)‘_\_LL/_\_M—\__L_
[ e 7 e/ \ Lo N By &
. GEme \ : —
'_“?M'_’t- - ..,,«,.,d~e..\_r&wa.‘~ﬁ)_.
“ate, : TTC X XC
Eloniz: ] Y ) W———
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WAVEFORMS (Continued)

VIDEO SYNC SIGNALS TIMING
L

o

wve NN - NN NSNS o NN

HSYNC: - / \
ST D G G X XXX ) QU D &
LC0-4: X \

1V (Field) |

INTERLACED VIDEO TIMING

wad US=._ N £IR T » cliemEssEeasn 2 Al AN e

VBLANK: -i-————-' 3 ad : --—i____r.,_-'_'._--;-
VSYNC:

(intertace)

1

L3

T-<|--
- -

:

1]

4

|
J

VSYNC:
(No Interisce)
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WAVEFORMS (Continued)
VIDEO HORIZONTAL SYNC GENERATOR PARAMETERS
l_ e |
‘ |
1 ]
\ 1
. . | .
usumc.___.'r : l.
[]
* ' '
HSYNE: ! I ! :
! [ H ]
| [ i 1
' i » '
-—-' HFP HBe + AW- JI
HS Y
VIDEO VERT ICAL-SYNC GENERATOR PARAMETERS
I
I —1v »i
1
1 ]
YBLANK: ' '
o OF BIER D 12 |
| ! 2N | |
[]
vsmc:_J_-!; | |' - F )
i . 1
] i P
oo ' . |—— : }
l——vap—+———-.————u.——‘j . : -.——vap«—1
] .
CURSOR—IMAGE BIT FLAG_
- prer :
2weLk Juiun
et} —
HBLANK: i ) 1oty —_—
HSYNC:, -“-r_.’ $
a7 A f': :;; Tnvalid [Cursor
Image
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VIDEO FIELD TIMING ___

SYNG ——]
Puise
VSYNC Output
Rorizonts!
Bock Porch
Stanking
DRAWING INTERVALS
nn-u-g tnterval
N & Flash Slode g

Dynamic RAM Refresh if Enabied, Otherwise
gwmm N

DMA REQUEST INTERVALS

APHIMIINIIINNIINNN

B

\\\\\\\

ARG

& OMA Request interval

Y vt
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Text File List Processing Program V4.00C Page : 1
File : PROMON.PAS

Current Date : Thursday September 1, 1988
Current Time : 4:34 PM

Program : Process Monitoring Main Program
Programmer : Phakorn Hutasangkas.

Program ProcessMonitoring;
uses Crt,Grph7220,ReadPDII, Utility;

var
Ch : char;

bagin
SetConfig;
PrintTitle;
repeat
Menu;
if not ExitToDOS then
begin
TextColor (LightMagenta+Blink) ;
Write('System Initialize....');
InitGraph;
SetColor (_White);
DrawBorder;
TextColor (LightCyan) ;
GotoXY (1, WhereY) ;
PlotProDesign;
if (Mode = Demo) or (Mode = Execute) then
ProcessMonitor
else
begin
repeat
if Keypressed then Ch := ReadRey;
ReadJoysStick;
until Ch = Esc;
end;
end;
Title;
TextColor (LightMagenta+Blink) ;
Write('System Initialize....');
InitGraph;
SetColor (_¥White) ;
DrawBorder;
until ExitToDOS;
ClrScr;
TextColor (White);
TextBackGround (Black) ;
Writeln('Program Terminated.');
end.



Text File List Processing Program V4.00C Page : 2

File : GRPH7220.PAS

Current Date : Thursday September 1, 1988
Current Time : 4:34 PM

Program : GDC Driver Software
Programmer : Phakorn Hutasangkas.

Unit Grph7220;
interface
uses Crt;

coast
_Black = 0;
_Blue =1;
_Green = 2;
Lyan = 3;
Red = 4;
_Magenta = 5;
_Yellow = 6;
_White = 7;

const
{Key control Code }
Esc
Up
Down
Right
left
LeftUp
LeftDown
RightUp
RightDosm
{Screen set data}l
Pix .
HorWord
ClrMark
ComplMark
Bst
HorMark
Verlark
FIFOEmptyMark
DRMark
DrawMark
{Filling area Code}
Slant
GrChr
SiChr
{Line type Code}
DotLine0
DotLinel

nmanmuwnunnnan

£



File : GRPH7220.PAS Page : 3

Dotline2 =  $8888;
Dotline3 = $8080;
Dotlined = §CCCC;
DotLine5 =  SEEEE;
DotLine6 =  §FCFC;
DotLine?7 =  §FEFE;
DotlLine8 =  §FFFF;
Page0 = 0
Pagel = 1;
Page2 = 2
Page3 = 3
type

Table = record
Para : array [0..31,0..7] of byte;
end;
DFormat = record
Code
Para
_ end;
Pformat = record
Code : byte;
Para : array [0..2] of byte;
end;
LFormatT =record
Code
Para
end;
EFormat = record
Code : byte;
Para : array {[0..7] of byte;
end;
CharD = array [0..31] of byte;
CircleDir = array [0..9] of byte;

byte;
array [0..3] of byte;

byte;
byte;

-
.
®
-

Chata = array [0..3,0..1] of integer;
const
pramc : DFormat =
{Code : §70;
Para : ($00,
$00,
$00, {lenl})

$10)); {len2}

{720%512 set Lenght of display 100}
{720¢720 - - - - 168}

const
sync : EFormat = _
(Code : §OF; {DO=1: DISPLAY IS ENABLE}
Para : (S1F, { [0OCFIDGS] }
{[00011111}}
{ GRAPHIC MODE }
{ INTERACED MODE }
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{VBP=9 }
{ AL = 100H}
var

NameCode : byte;

Num : integer;
line base addr : integer;
Filevar : Text;
Ratio : real;
i.j.xy : integer;
addr,r : integer;
m,n : byte;
buffer : byte;
FIFO _FULL : boolean;
NumD : integer;
EAD : word;

daD : byte;
Lformat : LFormatT;
ch : CHAR;

dir : byte;
MasterScreenLine : integer;
SlaveScreenLine : integer;
Page : integer;
ChCount : integer;

ZocaFactor : real;

Buttonl,Button2 : boolean;

Color : byte;

Currentlevel : byte;

Year,Month, Day,DayOfWeek : word;

Hour Min, Sec,Tic : word;
procedure InitGraph;
procedure Check DFIFO;
procedure Screen(setype:byte;Page:integer);
procedure WDAT(form:byte;datamasksword);
procedure SetColor (ScreenColor : byte);
procedure Line(X1,Y1,X2,Y2 : word);
procedure Zoom(size:byte);
procedure DrawBorder;
procedure Scrolling(direction:CHAR);
procedure Drawlevel (X1,Y1,X2,Y2 : word; var Percent : integer);

implementation



File : GRPH7220.PAS Page : 6

procedure Reset82720;

begin
Port[$301] := resetT.Code;
fori:=0to7do

Port[$300] := resetT.Para[i]:
end;
end;

procedure Sync82720;
begin
Port[$301] := sync.Code;
fori :==0to7 do
begin
Port[$300] := sync.Paralil;
end;
end;

procedure CheckFIFO;

begin

repeat until (Port[$300] and FIFOEmptyMark > 0);
end;

procedure Check DFIFO;

begin

repzat until (Port[$300] and DrawMark <= 0);
end;

procedure Pram;
begin
CheckFIFO;
Port[$301] := pramc.Code;
fori :=0to3
begin
CheckFIFO;
Port[$300] := pramc.Parali]l;
end;
end;

procedure Zoom(size:byte);
begin

CheckFIFO;

Port[$301] := $46;

Port[§300] := size;
end;

procedure Betrll;
begin

CheckFTFO;
Port [$301] := $OD;
end;

procedure WDAT (form:byte;datamask:word) ;



File : GRPH7220.PAS Page : 7

begin
CheckFIFO;
Port[$301] := form;
Port[$300] := Lo(datamask);
Port[$300] := Hi(datamask);
end;

procedure Cchar;
begin
CheckFIFO;
Port([$301] := $4B;
Port[$300] := $00{81};
Port [$300] := $C0{00};
Port [$300] := $00{30}; -
end;

procedure Curs(daD:byte;address:integer);
begin

CheckFTFO;

Port[$301] := $49;

Port[$300] := Lo{address);

Port [§300] := Hi(address);

Port[$300] := daD;
end;

procedure Figs(com:byte;DC,D,D2,D1,M:integer);
begin

Port[$301] := $4C;

Port{$300] := com;

Port[$300] :=Lo(DC); {DCL}
Port[$300] := Hi(DC); { DC H }
Port[$300] :==Lo(D) ; {D L}
Port([$300] :=Hi(D) ; {D H]
Port[$300] :=Lo(D2); { D2 L}
Port[$300] := Hi(D2); { D2 H ]
Port[$300] :=Lo(D1); { D1 L}
Port[$300] := Hi(D1); { DL H }
Port[$300] :=Lo(m); { DML}
Port[$300] := Hi(D¥M); {DMH]

end;

procedure IFigs(com:byte;DC:integer);
begin

Port[$301]) := $4C;

Port[$300] := com;

Port[$300] :=1o(DC); {DCL}
Port{$300] :=Hi(DC); { DCH ]
end;
procedure Mask(dat:word);
begin
Port{$301] := $4A;

Port[$300] := Lo(dat);
Port[$300] := Hi(dat);
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end;

procedure byteMask(Lodat,Hidat :byte);
begin

Port[$301] := $4A;

Port[$300] := Lodat;

Port[$300] := Hidat;
end;

procedure Figd;
begin

Port[$301] := $6C;
end;

procedure Pitch;
begin

Port[$301] :=547;
Port[$300] :=Pix;
end;

procedure ConvertAddr (x,y:integer;var daD:byte;var EAD:word);
begin

line base addr := Pix * y;

EAD := line base addr + trunc (x/16);

daD := x mod 16;

daD := daD shl 4;
end;
procedure SetlLinetype(linetype:word);
bagin

Port[$301] := §78;
Port{$300] := Lo(linetype):
Port[§300] := Hi(linetype);

Port[$300] := $00;
Port[$300] := $00;
Port [$300] := $00;
Port[$300] := $00;
Port[$300] := $00;
Port[$300] := $00;
end;
procedure Screen(setype:byte;Page:integer);
var
i,j : integer;
begin
fori :=0to3do
begin
for j:=0tod do
{ ' }
{clear memory #1}
Check DFTFO;

Curs ($00+1, (SIFFF-S04FF) *j) ;
CheckFIFO;
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Mask ($FFFF) ;

CheckFTFO;

WDAT (Setype, $0000) ;

CheckFIFO;

LFigs{$02, $3FFF) ;

CheckFIFO;

Figd;

end;
end;

end;

procedure MappingScreen(master,slave:integer;sel:byte);
begin
CheckFTFO;
case sel of
1 : begin
MasterScreenline := MasterScreenline*16;
Port[$301] := §70;
Port[$300] := Lo(master);
Port[$300] := Hi(master);
Port[$300] := $00{Lo(MasterScreenline)};
Port[$300] := $10(Hi (MasterScreenline)};
end;
2 : begin
SlaveScreenline := SlaveScreenline*16;
Port[$301] := §74;
Port[$300] := Lo(slave);
Port[$300] := Hi(slave);
Port[$300] := Lo(SlaveScreenline);
Port[$300] := Hi(SlaveScreenline);
end;
end;
end;

procedure Start;

begin
Port[$301] := $6B;
end;

procedure SetColor (ScreenColor : byte);
begin { SetColor }

DrawColor := ScreenColor;
end { SetColor };

procedure Drawline(X1,Y1,X2,Y2 : word);
var
Quadrant,Octant : byte;
dX,dY : integer;
dI,dD : integer;
D,D1,D2,DC : integer;
begin { Drawline }
dX = X2-x1;
dy := Y2-Y1;
if (dX >=0) and (dY < 0) then Quadrant := 1 else
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if (dX < 0) and (dY < 0) then Quadrant
if (@&X < 0) amd (dY >= 0) then Quadrant
if (dX >= 0) and (dY >= 0) then Quadrant
case Quadrant of
1 : begin
if abs(dX) > abs(dY) then Octant
if abs(dX) < abs(dY) then Octant

end;
2 : begin
if abs(dX) > abs(dY) then Octant
if abs(dX) ¢ abs(dY) then Octant
if abs(dX) = abs(dY) then Octant
end;
3 : begin
if abs(dX) > abs(dY) then Octant
if abs(dX) ¢ abs(dY) then Octant
if abs(dX) = abs(dY) then Octant
end;
4 : begin
" if abs(dX) > abs(dY) then Octant
if abs(dX) < abs(dY) then Octant
if abs(dX) = abs(dY) then Octant
end;
end;
if Octant in [0,3,4,7] then
begin
ar := q4Y;
dD := &X;
end
else { Octant in [1,2,5,6] }
begin
dr := dx;
dD := dY;
end;
Check DFIFO;
ConvertAddr (X1,Y1,daD,EAD) ;
Check DFIFO;
Curs (daD+Page,EAD) ;
DC := abs(dI);

D := (2 * abs(dD)) - abs(dI);
D2 := 2 * (abs(dD) - abs(dI));
Dl := 2 * abs(dD);

Quadrant := $08 CR Octant;
CheckFIFO;
Figs(Quadrant,DC,D,D2,D1,00) ;
CheckFTFO;

Figd;

end { Draviine };

procedure Line (X1,Y1,X2,Y2 : word);
begin { Line }

SetLineType (Dotline8) ;

case DrawColor of

if abs(dX) = abs(dY) then Octant :

17
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0{Black} : begin { — }
{Set to Black]
SetLineType (DotLine0) ;
Page := 0;
Drawline(X1,Y1,X2,Y2);
Page :=1;
Drawline(X1,Y1,X2,Y2);
Page := 2;
DrawlLine(X1,Y1,X2,Y2);
end;
1{Blue} : begin { B— }
Page := 0;
DrawLine(Xl,Ysz,YZ);
{Set to Black}
SetLineType (DotLine0) ;
Page :=1;
Drawline(X1,Y1,X2,Y2);
Page := 2;
Drawline(X1,Y1,X2,Y2);
end;
2{Green} : begin { G- }
Page :=1;
Drmmm:n,lem):
{Set to Black}
SetLineType (Dotline0) ;
Page :=0;
Drawline(X1,Y1,X2,Y2) ;
Page := 2;
mnem'n:mlyz);
end;
3{Cyan} : begin { BG- }
Page :=0;
Drawline(X1,Y1,X2,Y2) ;
Page :=1;
Drawline(X1,Y1,X2,Y2);
{Set to Black}
SetLineType (DotLine0) ;
Page :=2;
DravwLine(X1,Y1,X2,Y2) ;
end;
4{Red} : begin { —R }
Page := 2;
Drawline(X1,Y1,X2,Y2);
{Set to Black}
SetLineType (Dotliine0) ;
Page := 0;
Drawline(X1,Y1,X2,Y2);
Page :=1;
Drawline (X1,Y1,X2,Y2);
end;
5{Magenta} : begin { B-R }
Page := 0;
Drawline(X1,Y1,X2,Y2) ;
Page := 2;
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DrawLine(X1,Y1,X2,Y2) ;

{Set to Black}

SetLineType (DotLine0) ;

Page := 1;

DrawLine(X1,Y1,X2,Y2);
end;

6{Yellow} : begin { -GR }
Page :=1;
DrawLine(X1,Y1,X2,Y2);
Page := 2;
Dravline(X1,Y1,X2,Y2);
fSet to Black}
SetLineType (DotLine0) ;
Page :=0;
Drawline(X1,Y1,X2,Y2);

end;

Tiwhite} : begin { BGR }
Page := 0;
DrawlLine(X1,Y1,X2,Y2);
Page :=1;
DrawLine(X1,Y1,X2,Y2) ;
Page := 2;
Drawline(X1,Y1,X2,Y2);

end;
end;
end { DrawlLine };

procedure DrawBorder;

begin { DrawBorder }
Line(1,1,1000,1);
Line(1000,1,1000,1000) ;
Line (1000,1000,1,1000) ;
Line(1,1000,1,1);

end { DrawBorder };

procedure Scrolling(direction:CHAR);
var
count : byte;
begin
case direction of
Up : begin
for cont :=1 to 8 do
addr := addr + Pix;
end;
Dovn : begin
for comt :=1 to 8 do
addr := addr - Pix;
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LeftUp : begin
addr := addr + 1;
for count :=1 to 8 do
addr := addr + Pix;
end;
LeftDown: begin
addr := addr + 1;
for count :=1 to 8 do
addr := addr - Pix;

end;
RightUp : begin
addr := addr - 1;
for count := 1 to 8 do
addr := + Pix;
end;
RightDowm: begin

for count :=1 to 8 do
addr := addr - Pix;
end;
end;

if Direction in [Up,Down,left, Right,leftUp,leftDown,RightUp,RightDown] then
MappingScreen (addr,addr,Pagel) ;

end;

procedure InitGraph;
begin
Reset82720;
Sync82720;
Cchar;
Pitch;
Zoom ($00) ;
Pram;
start;
Port[$31c] :=1;
Betrll;
Screen($22,Page) ;
Check_[FIFO;
wdat (520, SFFFF) ;
addr := §7C00;
MappingScreen (addr,addr,Pagel) ;
end;

procedure Drawlevel (X1,Y1,X2,Y2 : word; var Percent : integer);
var
delta¥,Nextlevel : word;
Count : word;
deltalevel : integer;
begin {Drawlevell
if Percent ¢ 0 then Percent := 0;
if Percent > 100 then Percent := 100;
X1 :=X1+1;
Yl:=Y1-1;
2:=X2-1;
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Y2:=Y2+1;
delta¥ := Y1 - Y2;
Nextlevel := deltaY * Percent div 100;
deltalevel := Currentlevel - Nextlevel;
Y := Y1l - Currentlevel;
if deltalevel > O then { Down }
begin
Count := 0;
SetColor (_Black);
repeat
Line(X1,Y,X2,Y);
Inc(Y);
Inc(Count);
until Count = deltalevel;
end;
if deltalevel < O then { Up }
begin
deltalevel := abs(deltalevel);
Camt :=0;
repeat
Line(X1,Y,X2,Y);
Dec(Y);
Inc(Coumt);
until Count = deltalevel;
end;
Currentlevel := Nextlevel;
ead {Dravlevell;

begin
Currentlevel :=0;
end.
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File : READPDII.PAS

Current Date : Thursday September 1, 1988
Current Time : 4:38 PM

Program : ProDesign IT Format Conversion
Programmer : Phakorn Hutasangkas.

Unit ReadPDII;

interface

uses Crt,OpenFile,Grph7220;
procedure PlotProDesign;
implementation

const
MaxY = 1000;

var
SrceFile : FileType;
FileName : string;
Command : string[4];
Bufliine : string;
XPosition : byte;
XStr,Ystr : string;
XValue,YValue : word;
ErrorCode : integer;
X, Y : word;

procedure ReadDataAndPlot;
begin {ReadDataAndPlot}
while not HOF(SrceFile) do
begin
ReadIn(SrceFile,Bufline);
Command := Copy(BufLine,1,4);
Delete(Bufline,1,Pos(" ',BufLine));
XPosition := Pos(' ',BufLine);
if XPosition = 0 then
XStr := Copy(BufLine,1,Length(BufLine))
else
XStr := Copy(Bufline,1,XPosition - 1);
Delete(Bufline,1,Pos(' ', Bufline));
Ystr := Copy(BufLine,1,Length (Bufline));
Val (XStr,XValue,ErrorCode) ;
Val(YStr,YValue,ErrorCode) ;
if ErrorCode = 0 then
YValue := Abs(MaxY - YValue);
if Command = 'MOVE' then
begin
X := XValue;

: 15

{ Single Parameter }

{ Double Parameter }
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Line(X,Y,XValue,YValue) ;
X := XValue;
Y := YWalue;

end;

if Command = 'SETC' then
SetColor (XValue) ;

end;
end {ReadDataAndPlot};

procedure PlotProDesign;
begin
if OpenReadFile('Enter Prodesign Filename',SrceFile FileName,'.PLT') then
ReadDataAndPlot;
end;

begin
end.
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File : OPENFILE.PAS
Current Date : Thursday September 1, 1988
Current Time : 4:39 PM

Program : File Handling Program
Programmer : Phakorn Hutasangkas.

{
i |
| Unit : Open File I |
| Programmer : Phakorn Hutasangkas. |
| Version : 1.004 |
{ Last Updated : 24 Mar 1988 |
| |

}

unit OpenFile;

interface

uses Crt;

type

FileType = Text;

function OpenReadFile (Title : string; var Filevar : FileType;

function OpenWriteFile (Title : string; var Filevar: FileType;

implementation

const
Esc = §27;

var
Buf : string;
Ok ¢ boolean;
FilenameBuffer : String[30];
ChCount : byte;

Ch : char;
: boolean;

function OpenReadFile (Title : string; var Filevar : FileType; FileName,Extension : string) : boolean;

begin { OpenReadFile }
repeat
FilenameBuffer := '';
Write (Title,' [',Extension,'] : ');
readln (Filename);
if Pos('.',Filename) = O then
Filename := concat (Filename,Extension);
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for ChCount := 1 to Length(Filename) do
begin
Buf := Copy(Filename,ChCount,1);
Ch := Upcase(Buf[1]);
FilenameBuffer := FilenameBuffer + Ch;
end;
Filename := FilenameBuffer;
Assign (Filevar,Filename);
{$I-} Reset (Filevar); {SI+]
Ok := (IOresult = 0);
if pot Ok then
begin
GotoXY(1,whereY-1);
Write (#$0D); ClrEol;
TextColor (LightRed);
Write (°G,'File [',Filename,'] not found');
TextColor (LightCyan);
Write (* [Enter] : re-enter [Esc] : Quit');
Ch := ReadKey;
Write (8$0D); ClrEol;
OpenReadFile := False;
end
else
OpenReadFile := True;
until (Ok or (Ch = Esc));
end { OpenReadFile };

function OpenWriteFile (Title : string; var Filevar : FileType; FileName,Extension : String) : boolean*
begin { OpeniiriteFile }
repeat
FilenameBuffer := '';
Write (Title,' [',Extension,'] : ');
readln (Filename);
if Pos('.',Filename) = 0 then
Filename := concat (Filename, Extension);
for ChCount := 1 to Length(Filename) do
begin -
Buf := Copy(Filename,ChCount,1);
Ch := Upcase(Buf[1]);
FilenameBuffer := FilenameBuffer + Ch;
end;
Filename := FilenameBuffer;
Assign (Filevar,Filename);
{SI-} Reset (Filevar); {$I+]
Ok := (IOresult = 0);
if Ok then
begin
GotoXY (1,WhereY-1);
Write (#$0D); ClrEol;
TextColor (LightRed);
Write (°G,'File [',Filename,'] exist');
TextColor (LightCyan);
Write (' [SpaceBar] Overwrite [Enter] : re—enter [Esc] : Quit');
Ch := ReadKey;
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Write (#80D); ClrEol;
if ¢h = Esc then
begin
Writeln('Open file process terminated.');
OpenWriteFile := false;
end;
end;
if (not OK) or (Ch = ' ') then
begin
Writeln('Overwriting to ',FileName);
OpenWriteFile := true;
ReWrite (Filevar);
end;
until (Ch = Esc) or (Ch =" ') or (not CK);
end { OpenWriteFile };

begin
end.
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File : UTILITY.PAS

Current Date : Thursday September 1, 1988

Current Time : 4:40 PM

Program : User Define Program
Programmer : Phakorn Hutasangkas.

unit Utility;
interface
uses Dos,Crt,Printer,Grph7220,Valve, Pipe, Tank,Can;

type
ModeType = (Plot,Demo,Execute) ;

const
JoyStick = $0201;
AddrPortA = $280;
AddrPortB = $283;

const AR PO I | S|
Maskl = §0101; { - ~} {CheckKey}
Mask2 = f{ } {Joystick}
Mask3 =$0404; {____- -} {ReadPort}
Maskd =$0808; { - - } {DisplayValue&Pipe]
Mask5 = $1010; {__ - —___} {DisplayGraph]}
Maskb = $2020; (__-~ = } {Displaylevel}
Mask7 = HE = } {DisplayCanAnimation}
Mask8 = $8080; {- 7 } {DisplayTemp}
Mask9 = §0101; f ~ -} {DisplayHostScreen}
Mask10 = SFFFF; { } [ReadDateAndTime}
Maskll = $0404; { - -} {DisplayAlarm}
Mask12 = $0808; {_ - i
Maskl13 = $1010; {__ - =}
Maskl4 = $2020; {_ - - }
Maskl5 = $4040; {_- S }
Mask16 = $8080; {- - }

const
MaxDevice = 21;
Lowlevel = 20;
HighLevel = 80;
Alarmlow = 10;
Alarmﬂigh = %I
On = True;
Off = False;

HideColor = _Black;
NormalColor = _White;
WaterPipeColor = _Blue;
BoilerPipeColor = _Green;
MixTankPipeColor = _Yellow;
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TankAPipeColor = _Magenta;
TankBPipeColor = _Red;
TankCPipeColor = _Cyan;
CanOnColor = NormalColor;
CanOffColor = HideColor;

var
CanPosition : byte;

DeviceStatus : array [l..MaxDevice] of boolean;

var
Sequence : word;
Mode : ModeType:
ExitToDOS : boolean;
PreviousMin : word;
PreviousPosition : byte;
PrintOnTime : boolean;
PrintingTime : byte;
procedure TransferData;
function DateAndTime : string;
procedure PrintStatus (Message : string; Status
procedure Printlevel (Message : string; Percent
procedure PrintTitle;
procedure Title;
procedure SetConfig;
procedure ProcessMonitor;
procedure Menu;
procedure ReadJoyStick;

implementation

procedure DisplayDeviceMumber (Device : byte);
begin {DisplayDeviceNumber}
case Device of

1 : begin

¢ boolean) ;

: byte);

if ValvelStatus xor DeviceStatus[l] then

begin
if ValvelStatus then

begin
Valvel (WaterPipeColor) ;
Pipe3 (WaterPipeColor);
end
else

begin
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Valvel (NormalColor) ;
Pipe3 (NormalColor) ;
end;
PrintStatus('Valvel’,ValvelStatus);
end;
end;
2 : begin
if Valve2Status xor DeviceStatus[2] then
begin
if Valve2Status then
begin
Valve2(BoilerPipeColor) ;
Pipe5{BoilerPipeColor) ;
end
else
begin
Valve2 (NormalColor) ;
Pipe5 (NormalColor) ;
end;
PrintStatus('Valve2',Valve2Status);

(4

B

Valve3Status xor DeviceStatus[3] then

gnga

if Valve3Status then
begin
Valve3 (BoilerPipeColor) ;
Pipe6 (BoilerPipeColor) ;
end
else
begin
Valve3 (NormalColor) ;
Pipe6 (NormalColor) ;
end;
PrintStatus('Valve3',Valve3Status);

B

’

end;
4 : begin
if ValvedStatus xor DeviceStatus[4] then
begin
if ValvedStatus then
begin
Valved (BoilerPipeColor) ;
Pipe7 (BoilerPipeColor) ;
end
else
begin
Valved (NormalColor) ;
Pipe7(NormalColor) ;
end;
PrintStatus('Valved', ValvedStatus);
end;
end;
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5 : begin
if ValveSStatus xor DeviceStatus[5] then
begin :
if ValveSStatus then
begin
Valve5 (BoilerPipeColor) ;
Pipe8 (BoilerPipeColor);
end
else
begin
Valve5 (NormalColor) ;
Pipe8 (NormalColor) ;
end;
PrintStatus('Valve5',Valve5Status);

if ValveéStatus xor DeviceStatus[6] then

£

if Valve6Status then
begin
Valve6 (BoilerPipeColor) ;
Pipe9(BoilerPipeColor) ;
end
else
begin
Valve$ (NormalColor) ;
Pipe9 (NormalColor) ;
end;
PrintStatus('Valve6’ ,Valve6Status) ;

’

B

L]
’

7 : begin
if Valve7Status xor DeviceStatus[7] then

B

if Valve7Status then
begin
Valve7 (TankCPipeColor) ;
Pipel3(TankCPipeColor) ;
end
else
begin
Valve7 (NormalColor) ;
Pipel3 (NormalColor) ;
end;
PrintStatus('Valve7',Valve7Status);
end;
end;
8 : begin
if Valve8Status xor DeviceStatus[8] then
begin
if Valve8Status then
begin
Valve8 (TankBPipeColor) ;
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Pipel4 (TankBPipeColor) ;
end
else
begin
Valve$ (NormalColor) ;
Pipel4(NormalColor) ;
end;
PrintStatus('Vvalve8',Valve8Status);
end;
end;
9 : begin
if Valve9Status xor DeviceStatus[9] then
begin
if Valved9Status then
begin
Valve9 (TankAPipeColor) ;
Pipel5 (TankAPipeColor) ;
end
else
begin
Valve9 (NormalColor) ;
Pipe15 (NormalColor) ;
end;
PrintStatus('Valve9',Valve9Status) ;
end;
end;
10 : begin
if ValvelOStatus xor DeviceStatus[10] then
begin
if ValvelOStatus then
begin
Valvel0(TankCPipeColor) ;
Pipe29(TankCPipeColor) ;
end
else
begin
Valvel0(NormalColor) ;
Pipe29 (NormalColor) ;
end;
PrintStatus('Valvel0',ValvelOStatus);
end;
end;
11 : begin
if ValvellStatus xor DeviceStatus[11] then

if ValvellStatus then
begin
Valvell (TankBPipeColor) ;
Pipe25 (TankBPipeColor) ;
end
else
begin
Valvell (NormalColor);
Pipe25 (NormalColor) ;
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end;

PrintStatus('Valvell', ValvellStatus);

end;

end;

12 : begin
if Valvel2Status xor DeviceStatus[12] then
begin

if Valvel2Status then
begin
Valvel2 (TankAPipeColor) ;
Pipe21 (TankAPipeColor);
end
else
begin
Valvel2 (NormalColor) ;
Pipe21 (NormalColor) ;
end;

PrintStatus(‘'Valvel2',Valvel2Status);
end;

end;

13 : begin
if Valvel3Status xor DeviceStatus[13] then
begin

if Valvel3Status then

begin
Valvel3(WaterPipeColor) ;
Pipe32(WaterPipeColar) ;

end

else

begin
Valvel3 (NormalColor) ;
Pipe32(NormalColor);

end;

PrintStatus('Valvel3',Valvelistatus);
end;

end;

14 : begin :
if ValveldStatus xor DeviceStatus[14] then
begin

if ValveldStatus then
begin
Valveld (WaterPipeColor);
Pipe33(WaterPipeColor) ;
end
else
begin
Valveld (NormalColor) ;
Pipe33(NormalColor) ;
end;

PrintStatus('valveld', Valvel4Status);
end;

end;

15 : begin
if Valvel5Status xor DeviceStatus[15] then
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begin
if Valvel5status then
begin
Valvel5 (WaterPipeColor) ;
Pipe34(WaterPipeColor) ;
end
else
begin
Valve15 (NormalColor) ;
Pipe34(NormalColor) ;
end;
PrintStatus('valvel5',ValvelSStatus);
end; -
end;
16 : begin
if ValveléStatus xor DeviceStatus[16] then

if Valvel6Status then
begin
Valvel6 (MixTankPipeColor) ;
Pipel7(MixTankPipeColor) ;
end
else
begin
Valvel6 (NormalColor) ;
Pipel7(NormalColor) ;
end;
PrintStatus('Valvel6',Valvel6éStatus);
end;
end;
17 : begin
if PumplStatus xor DeviceStatus[17] then
begin
if PumplStatus then
begin
Pumpl (WaterPipeColor) ;
Pipe2(WaterPipeColor) ;
end
else
begin
Pump1 (NormalColor) ;
Pipe2(NormalColor) ;
end;
PrintStatus ('Pumpl’ ,PumplStatus);
end;
end;
18 : begin. .
if Pump2Status xor DeviceStatus[18] then
begin
if Pump2Status then
begin
Pump2 (TankCPipeColor) ;
Pipe31 (TankCPipeColor) ;
end
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else
begin
Pump2 (NormalColor) ;
Pipe31(NormalColor) ;
end;
PrintStatus ('Pump2’ ,Pump2Status) ;
end;
end;
19 : begin
if Pump3Status xor DeviceStatus[19] then
begin
if Pump3Status then
begin
Pump3 (TankBPipeColor) ;
Pipe27(TankBPipeColor) ;
end
else
begin
Pump3 (NormalColor) ;
Pipe27(NormalColor) ;
end;
PrintStatus('Pump3’ ,Pump3Status) ;
end;
end;
20 : begin
if Pump4Status xor DeviceStatus[20] then
begin
if PumpdStatus then
begin
Pump4 (TankAPIpeColor) ;
Pipe23(TankAPipeColor) ;
end
else
begin
Pump4 (NormalColor) ;
Pipe23 (NormalColor) ;
end;
PrintStatus('Pump4’ ,Pump4Status) ;
end;
end;
21 : begin
if Pump5Status xor DeviceStatus[21] then
begin
if Pump5Status then
begin
PunpS5 (WaterPipeColor) ;
Pipel9(WaterPipeColor) ;
end
else
begin
Pump5 (NormalColor) ;
Pipel9 (NormalColor) ;
end;
PrintStatus('Pump5’ ,PumpSStatus);



end;
end {DisplayDeviceNumber};

procedure DisplayDevice;
var Device : byte;
begin {DisplayDevice]
for Device := 1 to MaxDevice do
DisplayDevicelfumber (Device) ;
end {DisplayDevice};

procedure Displaylevel;
begin {Displaylevel}
TankA2 (TankA2Percent) ;
TankB2 (TankB2Percent) ;
TankC2(TankC2Percent) ;
TankA3 (TankA3Percent) ;
TankB3 (TankB3Percent) ;
TankC3 (TankC3Percent) ;
MixTank (MixTankPercent) ;
begin
Printlevel ('Tank A2
Printievel ("Tank B2
Printlevel ('Tank C2
Printlevel ("Tank A3 :.
Printlevel ("Tank B3 :
Printlevel ('Tank C3 :
Printlevel ("Mixing Tank : ',MixTankPercent);
PrintOnTime := false;
end;
end {Displaylevell;

procedure DisplayGraph;
begin {DisplayGraph}
case TankA2Percent of
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0.. 50 : GraphA2Color := _Green;
51.. 80 : GraphA2Color := _Magenta;
81..100 : GraphA2Color := _Red;

end;
case TankB2Percent of

0.. 50 : GraphB2Color := _Green;
51.. 80 : GraphB2Color := _Magenta;
81..100 : GraphB2Color := Red;

end;
case TankC2Percent of

0.. 50 : GraphC2Color := _Green;
51.. 80 : GraphC2Color := Magenta;
81..100 : GraphC2Color := _Red;

end;

case TankA3Percent of
0.. 50 : GraphAiColor := _( ;
51.. 80 : GraphAiColor := _Magenta;
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81..100 : GraphA3Color := _Red;
end;
case TankB3Percent of

0.. 50 : GraphB3Color := _Green;
51.. 80 : GraphB3Color := _Magenta;
81..100 : GraphB3Color := Red;

end;
case TankC3Percent of
0.. 50 : GraphCiColor :
51.. 80 : GraphC3Color :
81..100 : GraphCiColor :
end;
GraphA2 (TankA2Percent) ;
GraphB2 (TankB2Percent) ;
GraphC2 (TankC2Percent) ;
GraphA3 (TankA3Percent) ;
GraphB3 (TankB3Percent) ;
GraphC3 (TankC3Percent) ;
end [DisplayGraph};

procedure DisplayTemp;
begin {DisplayTemp}

case TempAZPercent of
0.. 50 : TempA2Color := _Green;
51.. 80 : TempA2Color := _Magenta;
81..100 : TempA2Color := |

end;

case TempB2Percent of
0.. 50 : TempB2Color :=
51.. 80 : TempB2Color := _Magenta;
81..100 : TempB2Color :=

end;

case TempC2Percent of
0.. 50 : TempC2Color :
51.. 80 : TempC2Color :
81..100 : TempC2Color := _Red;

end;

case TempA3Percent of
0.. 50 : TempA3Color :=
51.. 80 : TempA3Color := _Magenta;
81..100 : TempA3Color :=

end;

case TempB3Percent of
0.. 50 : TempB3Color :=
51.. 80 : TempB3Color := _Magenta;
81..100 : TempB3Color := _Red;

end;

case TempC3Percent of
0.. 50 : TempC3Color :=
51.. 80 : TempC3Color := _Magenta;
81..100 : TempC3Color := Red;

end;

case TempMixPercent of
0.. 50 : TempMixColor := _Green;

i

LX)
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51.. 80 : TempMixColor :

81..100 : TempifixColor :
end;
TempA2 (TempA2Percent) ;
TempB2 (TempB2Percent) ;
TempC2 (TempC2Percent) ;
TempA3 (TempAJPercent) ;
TempB3 (TempB3Percent) ;
TempC3 (TempC3Percent) ;
Tempiix (TempMixPercent) ;

end {DisplayTemp};

procedure DisplayCanAnimation
begin {DisplayCanAnimation}
case CanPosition of
0 : begin
Can3 (CanOffColor) ;
Can6 (CanOffColor) ;
Can9(CanOffColor) ;
Can12(CanOffColor) ;
Can15 (CanOffColor) ;
Canl {CanOnColor) ;
Can4 (CanOnColor) ;
Can7 (CanOnColor) ;
Can10(CanOnColor) ;
Can13 (CanOnColor) ;
end;
1 : begin
Canl (CanOffColor) ;
Can4 (CanOffColor) ;
Can7 (CanOffColor) ;
Canl10(CanOffColor) ;
Can13 (CanOffColor) ;
Can2 (CanOnColor) ;
Canb (CanOnColor) ;
Can8 (CanOnColor) ;
Can1l (CanOnColor) ;
Can14(CanOnColor) ;
end;

2 : begin
Can2(Can0OffColor) ;
Can5 (CanOffColor) ;
Can8 (CanOffColor) ;
Canll (CanOffColor) ;
Canl14(CanOffColor) ;
Can3 (CanOnColor) ;
Cané6 (CanOnColor) ;
Can9(CanOnColor) ;
Can12(CanOnColor) ;
Can15(CanOnColor) ;

end;

end;
end {DisplayCanAnimation};

_Magenta;
_Red;

{CanPosition

: byte);
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procedure TransferData;

begin {TransferData}
DeviceStatus[1] := ValvelStatus;
DeviceStatus[2] := Valve2Status;
DeviceStatus[3] := Valve3status:
DeviceStatus[4] := ValvedStatus;
DeviceStatus[5] := ValvebStatus;
DeviceStatus[6] := ValvebStatus;
DeviceStatus[7] := Valve7Status;
DeviceStatus[8] := Valve8Status;
DeviceStatus{9] := Valve9Status;
DeviceStatus[10] := ValvelOStatus;
DeviceStatus[11] := ValvellStatus;
DeviceStatus[12] := Valvel2Status;
DeviceStatus[13] := Valvel3Status;
DeviceStatus{14] := Valveldstatus;
DeviceStatus[15] := Valvel5Status;

DeviceStatus[16] := Valvel6Status;
DeviceStatus[17] := PumplStatus;

DeviceStatus[18] := Pump2Status;
DeviceStatus[19] := Pump3Status;
DeviceStatus([20] := PumpdStatus;
DeviceStatus[21] := Pump5Status;

end {TransferData};

procedure InitialDevice;

var
Device : byte;

begin {InitialDevice}
Pipel (WaterPipeColor);
Pipe2(WaterPipeColor) ;
Pipe3 (WaterPipeColor);
Piped (BoilerPipeColor);
Pipel0(TankCPipeColor);
Pipell (TankBPipeColor) ;
Pipel2(TankAPipeColor) ;
Pipe16 (MixTankPipeColor) ;
Pipel8(WaterPipeColor);
Pipe20(TankAPipeColor);
Pipe22(TankAPipeColor) ;
Pipe24(TankBPipeColor) ;
Pipe26 (TankBFipeColor) ;
Pipe28(TankCPipeColor) ;
Pipe30(TankCPipeColor) ;
TankA2Percent
TankB2Percent
TankC2Percent
TankA3Percent
TankB3Percent
TankC3Percent

TempA2Percent := 0;
TempB2Percent := 0Q;

TempC2Percent := 0;
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TempA3Percent := 0;
TempB3Percent := 0;
TempC3Percent := 0;
TempiixPercent := 0;
for Device := 1 to MaxDevice do
DeviceStatus[Device] := On;
ValvelStatus := not DeviceStatus[1];
Valve2Status := not DeviceStatus([2];
Valve3Status := not DeviceStatus[3];
ValvedStatus := not DeviceStatus(4];
ValveSStatus := not DeviceStatus[5];
Valve6Status := not DeviceStatus[6];
Valve7Status := not DeviceStatus[7]:
Valve8Status := not DeviceStatus(8];
Valve9Status := not DeviceStatus[9];
ValvelOStatus := not DeviceStatus[10];
ValvellStatus := not DeviceStatus[1i];
Valvel2Status := not DeviceStatus{12]:
Valvel3Status := not DeviceStatus[13];
ValveldStatus := not DeviceStatus([14];
Valvel5Status := not DeviceStatus[15];
Valvel6Status := not DeviceStatus{16];
PumplStatus := not DeviceStatus[17];
Pump2Status := not DeviceStatus[18];
Pump3Status := not DeviceStatus[19];
Pump4Status := not DeviceStatus([20];
Pump5Status := not DeviceStatus[21];
for Device := 1 to MaxDevice do
DisplayDeviceNumber (Device) ;
end {InitialDevice};

procedure ProcessDemologic;
var Devicello : byte;
begin {ProcessDemologic)

if CanPosition = 1 then
begin ‘
if not Valvel6Status then
begin
Valvel6Status := On;
end;
end
else

if Valvel6éStatus then
begin
Valvel6Status := Off;
end;
end;

if Valve3Status or ValvedStatus or ValveSStatus or Valve6Status then
begin

Valve2Status := On;
end
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else
begin
Valve2sStatus := Off;
end;
if TankA2Percent < Lowlevel then
begin
Valvel2Status := On;
end;
if TankAZ2Percent > Highlevel then
begin
Valvel2Status := Off;
end;
if TankB2Percent ¢ Lowlevel then
begin
ValvellStatus := On;
end;
if TankB2Percent > Highlevel then
begin
ValvellStatus := Off;
end;
if TankC2Percent < lowlevel then
begin
ValvelOStatus := On;
end;
if TankC2Percent > Highlevel then
begin
ValvelOStatus := Off;
end;
if TankA3Percent < Lowlevel then
begin
Valvel5Status := On;
Pump4Status := On;
end;
if TankA3Percent > Highlevel then
begin

Valvel5Status := Off;
Pump4Status := Off;

end;
if TankB3Percent < Lowlevel then
begin
ValveldStatus := On;
Pump3Status := On;
end;
if TankB3Percent > Highlevel then
begin

ValveldStatus := Off;
Pump3Status := Off;
end;
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if TankC3Percent < Lowlevel then

begin
Valvel3Status := On;
Pump2Status := On;
end;
if TankC3Percent > Highlevel then
begin

Valvel3Status := Off;
Pump2Status := Off;
end;

if ValvelldStatus or ValveldStatus or Valvel5Status then
begin
Pump5Status := On;
end
else
begin
Pump5Status := Off;
end;

if MixTankPercent < Lowlevel then
begin
Valve7Status := On;
Valve8Status := On;
Valve9Status := On;

end;
if MixTankPercent > Highlevel then
begin

ValvelStatus := Off;
Valve8Status := Off;
Valve9Status := Off;

end;
if TempA3Percent < Lowlevel then
begin

ValvebStatus := On;
end;
if TempA3Percent > Highlevel then
begin

Valve6Status := Off;
end;
if TempB3Percent ¢ Lowlevel then
begin

Valve5Status := On;
end;
if TempMixPercent > Highlevel then
begin

ValveSStatus := Off;
end;

if TempC3Percent < lowlevel then

begin
ValvedStatus := On;
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end;

if TempC3Percent > Highlevel then
begin

ValvedStatus := Off;

end;

if TempMixPercent < Lowlevel then
begin

Valve3Status := On;
end;
if TempMixPercent > Highlevel then
begin

Valve3Status := Off;
end;

if ValvelOStatus then Inc(TankC2Percent,l);
if Pump2Status then Dec(TankC2Percent,2);

if ValvellStatus then Inc(TankB2Percent,l1);
if Pump3Status then Dec(TankB2Percent,2);

if Valvel2Status then Inc(TankA2Percent,l);
if PumpdStatus then Dec(TankA2Percent,2):

if Valvel3Status or Pump2Status then Inc(TankC3Percent,2);
if Valve7Status then Dec(TankC3Percent,5):

if ValveldsStatus or Pump3Status then Inc(TankB3Percent,2);
if ValveSStatus then Dec(TankB3Percent,l);

if Valvel5Status or PumpdStatus then Inc(TankA3Percent,2);
if ValvedStatus then Dec(TankA3Percent,3);

if Valve7Status or Valve8Status or Valve9Status then Inc(MixTankPercent,9);
if Valvel6Status then Dec(MixTankPercent,2);

if Valve6Status then Inc(TempA3Percent) else Dec(TempA3Percent);

if Valve5SStatus then Inc(TempB3Percent) else Dec(TempB3Percent);

if ValvedStatus then Inc(TempC3Percent) else Dec(TempC3Percent);

if Valve3dStatus then Inc(TempMixPercent) else Dec(TempMixPercent);
end {ProcessDemoLogic);

procedure ReadDateArdTime;
begin {ReadDateAndTime}
GetDate(Year, Month, Day, DayOfWeek) ;
GetTime (Hour,Min, Sec, Tic) ;
if Previousiin ¢ Min then
begin
if (not PrintOnTime) and (Min mod PrintingTime = 0) then
PrintOnTime := true;
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end;
PreviousMin := Min;
end {ReadDateAndTime);

function DateAndTime : string;
var

YY : string[4];

MM, DD, HH,MN, SC : string[2];
begin {DateAndTime}

ReadDateAndTime;

Str(Year,YY);

Str (Month, M) ;

Str (Day,DD);

Str (Hour ,HH) ;

Str (Min,MN) ;

Str(Sec,SC) ;

if Length(MM) = MM o= '0" + MM;
if Length(DD) = DD == '0' + DD;
if length(HH) = HH := '0' + HH;
if Length(MN) —1thenHN:= ‘0" + MN:
if Length(SC) = 1 then SC := '0' + SC;

DateAndTime :=MM + /' + DD+ '/' +Y¥ + ' '+ HH+ ':' + MN + '2' + SC;
end {DateAndTime};

procedure PrintStatus (Message : string; Status : boolean):
begin (PrintStatus}
Write (Lst,DateAndTime,' ');
Wirite (Lst,Message):
if Status = True then
begin
Writeln(Lst,' On');
end
else
begin
Writeln(Lst,' Off');
end;
end {PrintStatus};

procedure Printlevel (Message : string; Percent : byte):
begin {Printlevel}

Write (Lst,DateAndTime,' ');

Writeln (Lst,Message,Percent,'%');
end {Printlevel};

procedure PrintTitle;

begin {PrintTitle}
Writeln(Ist," + - +');
Writeln(Lst,' Do nauy  yuud  NuNNN NNNNN  NNNNNY  NNENANNNNN  NNNY 1');
Writeln(Lst,' Dosany  xuny o muyx N 4 3NN 4ENN NN Huuy '):
Writeln(Lst,' | xaxy yxuy HNNN N NNNN  NNNN %N uu%% 1');
Writeln(Lst,' D osuny  3aey 3ass NN NNEN P P 1');
Writeln(lst,' | swny  smas  xnuy PRI 2555 axunnunnny 1');
Writeln(Lst,' | 1"):
Writeln(Lst, " | Faculty of Engineering.Department of Intrumentation Engineering {');
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Writeln(Ist,' !
Writeln(lst,"' | High-Resolution Graphics for Industrial Process Monitoring
Writeln(lst,' | Software Driver Version 1.00A FPhakorn Hutasangkas. 1 July 1988
Writeln(Lst,' +
Writeln(Lst);
Writeln(Lst,' CURRENT DATE : ',DateAndTime);
Writeln(Ist);

end {PrintTitle};

procedure Title;
begin {Title}
Clrscr;
TextColor (LightCyan) ;
Writeln(' +
Writeln(' |
Writeln(' |
Writeln(' {
Writeln(" |
Writeln(® !
¥riteln(" !
!
|
|
!

e we e we

T = ————

NS We NS NP NP WS Ny Wy Np %o Ne wy

3353 23k N¥NNE Nu4NY  N3ESNE  NMMNNENENE Y%
X554 MN%% X%%% 3 % 4%%% .33 3%5 .22k
B335 I 3. 354 2i%% % X¥%% $3.5.3. p-3.3.3 ] B335
SN  N4NY4 $.3.3.) 233§ %% B39 4 p-33.).
.33 Sh%% X34 .25 ) 3.} 203 b33 4

E
L e T Y ——

Writeln(' Faculty of Engineering.Department of Intrumentation Engineering
Writeln('
Writeln('
Writeln('
Writeln('
Writeln;
Writeln;

end {Title};

procedure SetConfig;
var Password : string;
begin {SetConfig}
Title;
GotoXY(30,15);
Write('Password : ');
Password = '';
repeat
Ch := ReadKey;
Write('*');
if Ch ¢ #80D then Password := Password + Ch;
until Ch = #$0D;
Password := '@1224' + Password + '@4@5';
if Password O '@12@45850070824@5' then

High-Resolution Graphics for Industrial Process Monitoring
Software Driver Version 1.00A Phakorn Hutasangkas. 1 July 1988

GotoXY(30,15) ;
Write(® Access Code Denied. ');
Write(G);
Halt;
end
else
begin
GotoXY(30,15);
Write('Access Code Approved.');
Delay(1000) ;
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end;
GotaXY(24,15) ;
Write('Enter Printing time in minute : ');
Readln(PrintingTime) ;
end {SetConfig};

procedure Memu;
begin {Menu}
Title;
TextColor (LightRed) ;
Writeln(' Main Menu');
Writeln(" it H
Writeln(' (1] Plot ProDesignII Drawing.');
Writeln(' [2] Process Monitoring Demonstration Mode.');
Writeln(" (3] Process Monitoring Execution Mode.');
Write (' [Esc] Exit to DOS Select : ');
Ch := ReadKey;
case Ch Of
11! . win
Title;
TextColor (LightRed) ;
Writeln('Plot ProDesignIT Drawing Mode.'):
Writeln(' ):
Writeln;
TextColor (LightCyan) ;
Mode := Plot;
end;
b L m
Title;
TextColor (LightRed) ;
Writeln('Process Monitoring Demonstration Mode.');
Writeln(' ):
Writeln;
TextColor (LightCyan) ;
Mode := Demo;
end;
30 . min
Title;
TextColor (LightRed) ;
Writeln('Process Monitoring Execution Mode.'):
Writeln(' '):
Writeln;
TextColor (LightCyan) ;
Mode := Execute;
end;
Esc : ExitToDOS := True;
end;
end {Menu};

procedure CheckKey;
begin {CheckRey)
if KeyPressed then
begin
Ch := ReadKey;
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if (Ch = #0) and (keypressed) then
begin
{ Function Key |}
Sound (1000) ; NoSound;
Ch := ReadRey;
Scrolling(Ch);
end
else

if ¢h ¢ #27 then

{User Task}
end;
end;
end;
end {CheckKey}:

procedure ReadJoyStick;
var
CountAX,CountAY : byte;
begin {ReadJoyStick}
if (Port[Joystick] and $10 = $0) then
Buttonl := On
else
Buttonl := Off;
if (Port[Joystick] and $20 = $0) then
Button2 :=On
else
Button2 := Off;
CountAX := 0;
CountdY := 0;
Port[JoyStick] := $00; {Trig the mono-stable}
repeat
Inc(CountaX) ;
until (Port[JoyStick] and $01 = $00);
Port [JoyStick] := $00; {Trig the mono-stable}
repeat
Inc{CountaY);
until (Port[JoyStick] and $02 = §00);
case CountAX of

0..40 : begin
Scrolling(Left) ;
end;
41..150 : {Center};
151..200 : begin
Scrolling (Right) ;
end; '
end;
case CountdY of
0..30 : begin
Scrolling(Up) ;
end;

31..108 : {Center};
109..200 : begin
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Scrolling(Down) ;
end;
end;
if Mode = Plot then Delay(65) else Delay(40);
end {ReadJoyStick};

procedure Initial8255;

begin {Initial8255}
Port[$383] := $83;

end {Initial8255};

procedure ResetADC;
begin {ResetADC}

Port[$382] := $30;
end {ResetADC};

procedure SelectCH(CH : byte);
begin {SelectCH]}

Port[$380] := CH;
end {SelectCH};

procedure StartConvert;

begin {StartConvert}
Port[$382] := §70;
repeat until (Port($382] and $01) = $01;
repeat until (Port[$382] and $01) = $00;
Port [$382] := $30;
Port[$382] := §20;

end {StartConvertl];

-procedure ReadADC(CH : byte; var Percent : integer):
var

HighByte, LowByte : byte;

Data : word;

begin {ReadADC}

SelectCH(CH) ;

StartConvert;

LowByte := Port[§381];

Port[$382] := §30;

Port[$382] := §10;

HighByte := Port[$381];

Port[$382] := $30;

Data := (HighByte shl 8) or LcwByte:

Data := Data and SOFFF;

Percent := Trunc((Data * 6.209434926E-3 - 1.010635) * 100 / 16 - 25);
end {ReadADC};

procedure ReadPort;
var

DataA,DataB : byte;
begin {ReadPort}

DataA := Port[AddrPortA] ;

DataB := Port[AddrPortB];
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ValvelStatus := (DataA and $01) = $01;
Valve2Status := (Datad and $02) = $02;
Valve3Status := (Datad and $04) = $04;
ValvedStatus := (DataA and $08) = $08;
ValveSStatus := (DataA and $10) = $10;
ValvebStatus := (DataA and $20) = §20;
Valve7Status := (DataA and $40) = $40;
Valve8Status := (DataA and $80) = $80;
Valve9Status := (DataB and $01) = $01;
ValvelOStatus := (DataB and $02) = §02;
ValvellStatus := (DataB and $04) = $04;
Valvel2Status := (DataB and $08) = $08;
ValveliStatus := (DataB and $10) = $10;
ValveldStatus := (DataB and $20) = $20;
Valvel5Status := (DataB and $40) = $40;
Valvel6Status := (DataB and 5$80) = $80;
ReadADC (0, TankA2Percent) ;
ReadADC(1, TankB2Percent) ;
ReadADC (2, TankC2Percent) ;
ReadADC (3, TankA3Percent);
ReadADC (4, TankB3Percent) ;
ReadADC (5, TankC3Percent) ;
ReadADC (6, MixTankPercent) ;
ReadADC (7, TempMixPercent) ;
CanPosition := 0;

end {ReadPort);

procedure DrawOverlay;

begin {DrawOverlay}
TextColor (LightGreen) ;
Writeln;
Writeln(' High-Resolution Graphics For Industrial Process Menitoring');
Writeln;
TextColor (White) ;
Writeln('+ STATUS + + STATUS + + LEVEL % + + TEMP <C +');
Writeln('!} ! ! | | | ! 1):
Writeln('} | ! | | A2 | | A2 ')
Writeln('!} | ! ! | B2 | | B2 1');
Writeln('} | | | | C2 ] | C2 1'):
Writeln('| | ! | | A3 | | A3 1"):
Writeln('} | | | | B3 ! | B3 D H
Writeln('} i +— | a3 | |1 a3 1');
Writeln('| | | XX | | XX 1');
Writeln('} | | | ! 1');
Writeln('! I —t —t');
Writeln('| 1');
Writeln('} | + ALARM MESSAGES +');
Writeln('} | | 1'):
Writeln('} | | (A H
Writeln('} | ! 1');
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Writeln('| | ]
Writeln('} | |
Writeln('+——mmmm +

Writeln(' Press [Esc] to exit.
end {DrawOverlay};

procedure Display (X,Y : byte; Message : string; Status : boolean);
begin {Display!}
GotoXY(X,Y);
if Status = On then TextColor (LightMagenta) else TextColor(DarkGray):
Write(Message);
end {Display};

procedure DisplayValue (X,Y : byte; Percent : word);
var Value : string;
begin {DisplayValue}
Str (Percent,Value) ;
GotoXY(X,Y);
TextColor (White) ;
case Length(Value) of
1 : Write(' ',Value);
2 : Write(' ',Value);
3 : Write(Value);
else Write('CFL');
end;
end {DisplayValue};

procedure DisplayBostScreen;

begin {DisplayHostScreen}
if ValvelStatus xor DeviceStatus[1] then Display(3,6, 'Valvel',ValvelStatus);
if Valve2Status xor DeviceStatus[2] then Display(3,7,'Valve2',Valve2Status);
if Valve3Status xor DeviceStatus[3] then Display(3,8, 'Valve3',Valve3Status);
if ValvedStatus xor DeviceStatus[4] then Display(3,9, 'Valved', ValvedStatus);
if ValvebStatus xor DeviceStatus[5] then Display(3,10, 'Valve5',ValveSStatus);
if Valve6Status xor DeviceStatus[6] then Display(3,11,'Valve6',Valve6Status);
if Valve7Status xor DeviceStatus[7] then Display(3,12,'Valve7',Valve7Status);
if Valve8Status xor DeviceStatus(8] then Display(3,13,'Valve8',6Valve8status);
if Valve9Status xor DeviceStatus[9] then Display(3,14, 'Valve9',ValvedStatus);
if ValvelOStatus xor DeviceStatus{10] then Display(3,15, 'Valvel0',6ValvelOStatus);
if ValvellStatus xor DeviceStatus[11] then Display(3,16,'Valvell', ValvellStatus);
if Valvel2status xor DeviceStatus[12] then Display(3,17,'Valvel2', Valvel2Status);
if ValveliStatus xor DeviceStatus[13] then Display(3,18, 'Valvel3',Valvel2Status);
if Valvel4Status xor DeviceStatus{14] then Display(3,19, 'Valvel4d', Valvel3Status);
if valvel5Status xor DeviceStatus[15] then Display(3,20,'Valvel5',ValveldStatus);
if Valvel6Status xor DeviceStatus[16] then Display(3,21,'Valvel6', Valvel6Status);
if PumplStatus xor DeviceStatus[17] then Display(23,6, 'Pumpl’,PumplStatus);
if Pump2Status xor DeviceStatus{18] then Display(23,7, ‘'Pump2‘,Pump2Status);
if Pump3Status xor DeviceStatus{19] then Display(23,8, 'Pump3’,Pump3Status);
if PumpdStatus xor DeviceStatus[20] then Display(23,9, 'Pump4',Pump4Status);
if Pump5Status xor DeviceStatus[21] then Display(23,10, 'Pump5',Pump5Status);

DisplayValue (47,6, TankA2Percent) ;
DisplayValue (47,7, TankB2Percent) ;
DisplayValue (47,8, TankC2Percent) ;
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DisplayValue(47,9, TankA3Percent) ;
DisplayValue (47,10, TankB3Percent) ;
DisplayValue (47,11, TankC3Percent);
DisplayValue (47,12, MixTankPercent) ;
DisplayValue (68,6, TempA2Percent) ;
DisplayValue (68,7, TempB2Percent) ;
DisplayValue(68,8, TempC2Percent) ;
DisplayValue (68,9, TempA3Percent) ;
DisplayValue (68,10, TempB3Percent) ;
DisplayValue (68,11, TempC3Percent) ;
DisplayValue (68,12, TenpMixPercent) ;
end {DisplayHostScreen};

procedure AlarmMessage (Message : string);
begin {AlarnMessage}
GotoXY(23,17);
TextColor (LightRed+Blink) ;
Write(Message);
end {AlarmMessage};

procedure AlarmOff;
begin {AlarmOff}

GotoXY(23,17);

TextColor (Black) ;

Write(' ):
end {AlarmOff};

procedure DisplayAlarm;
begin {DisplayAlarm}
if TankA3Percent >= AlarnHigh then
AlarmMessage('Tank A3 High Level Alarm')
else
if TankA3Percent <= AlarmLow then
AlarmMessage('Tank A3 Low Level Alarm')
‘else
AlarmOff;
end {DisplayAlarn};

procedure Taskl;

begin {Taskl
CheckKey;

end {Taskl};

procedure Task2;

begin {Task2}
ReadJoyStick;

end {Task2};

procedure Task3;
begin {Task3}
if Mode ¢ Plot then TransferData;
case Mode of
Demo : ProcessDemologic;
Execute : ReadPort;
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end;
if Mode <> Plot then DisplayDevice;
erd {Task3};

procedure Task4;
begin {Task4}
end {Taskd};

procedure Task5;

begin {Task5}
DisplayGraph;

end {Task5};

procedure Taské6;

begin {Taské}
Displaylevel;

end {Taskéb};

procedure Task7;
begin {Task7}
case Mode of
Demo : begin
if (Sec mod 5 = 0) then
begin
Inc(CanPosition);
if CanPosition = 3 then CanPosition := 0;
DisplayCanAnimation(CanPosition) ;
end;
end;
Execute : begin
if CanPosition (> PreviousPosition then
DisplayCanAnimation(CanPosition) ;
PreviousPosition := CanPosition;
end;
end;
end {Task7};

procedure Task8;

begin {Task8}
DisplayTemp;

end {Task8};

procedure Task9;
begin {Task9}

DisplayHostScreen;
end {Task9};

procedure Task10;
begin {Task10}

ReadDateAndTime;
end {Task10};

procedure Taskll;
begin {Taskll}
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DisplayAlarm;
end {Taskll};

procedure Taskl2;
begin {Task12}
end {Taskl2};

procedure Taskl3;
begin {Taskl3}
end {Taskl3};

procedure Taskl4;
begin {Taski4}
end {Taskld};

procedure Taskl5;
begin {Task15}
end {Taskl5};

procedure Taskl6;
begin {Taskl6}
end {Taski6};

procedure RotateSequence;
begin {RotateSequence}

Sequence := Sequence shl 1;

if Sequence = $0000 then Sequence := $0001;
end {RotateSequence};

procedure TaskPolling;

begin {TaskPolling}
if (Sequence and Maskl = Sequence) then Taskl;
if (Sequence and Mask2 = Sequence) then Task2;
if (Sequence and Mask3 = Sequence) then Task3;
if (Sequence and Mask4 = Sequence) then Taskd;
if (Sequence and Maskb = Sequence) then Task5;
if (Sequence and Mask6 = Sequence) then Taské;
if (Sequence and Mask7 = Sequence) then Task7:
if (Sequence and Mask8 = Sequence) then Task8;
if (Sequence and Mask9 = Sequence) then Task9;

if (Sequence and MasklO = Sequence) then Task10;
if (Sequence and Maskll = Sequence) then Taskll;
if (Sequence and Maskl2 = Sequence) then Taskl2;
if (Sequence and Maskl3 = Sequence) then Taskl3;
if (Sequence and Maskld = Sequence) then Taskl4;
if (Sequence and Masklb = Sequence) then Taskl5;
if (Sequence and Maskl6 = Sequence) then Taskl6;

end {TaskPolling};

procedure ProcessMonitor;

begin {ProcessMonitor)
MasterScreenline := 480;
SlaveScreenLine := 480;
InitialDevice;
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Clrscr;
DrawOverlay;
Che="'";
Sequence := $01;
repeat
TaskPolling;
RotateSequence;
until ¢h = #27;
end {ProcessMonitor};

begin

ExitToDOS := False;
CanPosition := 0;

TankA2Color := TankAPipeColor;
TankA3Color := TankAPipeColor;
TankB2Color := TankBPipeColor;
TankB3Color := TankBPipeColor;
TankC2Color := TankCPipeColor;

TankC3Colar := TankCPipeColor;
MixTankColor := MixTankPipeColor;
Initial8255;
ResetADC;
PrintOnTime := False;

end.



Text File List Processing Program V4.00C Page
File : PIPE.PAS

Current Date : Thursday September 1, 1988
Current Time : 4:53 PM

Progran : Pipe Routine
Programmer : Convert from ProDesign IT

unit Pipe;
interface
uses Grph7220;

procedure Pipel(NodeColor : byte);
var PipelStatus : boolean;

procedure Pipe2(NodeColor : byte);
var Pipe2Status : boolean;

procedure Pipe3(NodeColor : byte);
var Pipe3Status : boolean;

procedure Piped(NodeColor : byte);
var PipedStatus : boolean;

procedure Pipe5(NodeColor : byte);
var PipeSStatus : boolean;

procedure Pipe6 (NodeColor : byte);
var PipeéStatus : boolean;

procedure Pipe7(NodeColor : byte);
var Pipe7Status : boolean;

procedure Pipe8(NodeColor : byte);
var Pipe8Status : boolean;

procedure Pipe9(NodeColor : byte);
var Pipe9Status : boolean;

procedure PipelO(NodeColor : byte);
var PipelOStatus : boolean;

procedure Pipell (NodeColor : byte);
var Pipellistatus : boolean;

procedure Pipel2{NodeColor : byte);
var Pipel2Status : boolean;

procedure Pipel3(NodeColor : byte);
var Pipel3Status : boolean;
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procedure Pipeld (NodeColor
var Pipel4Status : boolean;

procedure Pipel’ (NodeColor
var Pipel5Status : boolean;

procedure Pipel6 (NodeColor
var Pipel6Status : boolean;

procedure Pipel7(NodeColor
var Pipel7Status : boolean;

procedure Pipel8 (NodeColor
var Pipel8Status : boolean;

procedure Pipel9(NodeColor
var Pipel9Status : boolean;

procedure Pipe20(NodeColor
var Pipe20Status : boolean;

procedure Pipe2l (NodeColor
var Pipe2lStatus : boolean;

procedure Pipe22(NodeColor
var Pipe22Status : boolean;

procedure Pipe23(NodeColor
var Pipe23Status : boolean;

procedure Pipe24 (NodeColor
var Pipe24Status : boolean;

procedure Pipe25(NodeColor
var Pipe25Status : boolean;

procedure Pipe26(NodeColor
var Pipe26Status : boolean;

procedure Pipe27(NodeColor
var Pipe27status : boolean;

procedure Pipe28(NodeColor
var Pipe28Status : boolean;

procedure Pipe29(NodeColor
var Pipe29Status : boolean;

procedure Pipe30(NodeColor
var Pipe30OStatus : boolean;

procedure Pipe3l(NodeColor
var Pipe3lStatus : boolean;

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

s byte);

¢ byte);

: byte);
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procedure Pipe32(NodeColor : byte);
var Pipe32Status : boolean;

procedure Pipe33(NodeColor : byte);
var Pipe33status : boolean;

procedure Pipe34(NodeColor : byte);
var Pipe34Status : boolean;

implementation

procedure Pipel (NodeColor : byte):
begin

SetColor (NodeColor) ;

Line (223,770,245, T10) ;
end;

procedure Pipe2(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(255,770,277,770) ;
end;

procedure Pipe3(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(287,770,309,770) ;
end;

procedure Piped (NodeColor : byte);
begin

SetColor (NodeColor) ;
Line(341,701,363,701) ;
end;

procedure Pipe5(NodeColor : byte);

begin )
SetColor (NodeColor) ;
Line(373,701,497,701) ;
Line(459,701,459,598) ;
Line(459,598,663,598) ;
Line(663,598,663,575) ;
Line(577,575,577,598) ;

Line(491,598,491,575) ;

end;

procedure Pipe6 (NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(507,701,550,701) ;
end;

procedure Pipe7(NodeColor : byte);
begin
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SetColor (NodeColor) ;
Line(491,546,491,563) ;
end;

procedure Pipe8(NodeColor : byte):
begin
SetColor (NodeColor) ;
Line(577,563,577,546) ;
end;

procedure Piped(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(663,546,663,563) ;
end;

procedure PipelO(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(513,546,513,621);
end;

procedure Pipell (NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(599,546,599,621) ;
end;

procedure Pipel2(NodeColor : byte);
begin

SetColor (NodeColor) ;
Line(685,546,685,621) ;
end;

procedure Pipel3(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(513,632,513,655) ;
Line(513,655,577,655) ;
Line(577,655,577,678) ;

end;

procedure Pipeld (NodeColor : byte);
begin

SetColor (NodeColor) ;
Line(599,632,599,678) ;
end;

procedure Pipel5(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(685,632,685,655) ;
Line(685,655,620,655) ;
Line(620,655,620,678) ;
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end;

procedure Pipel6 (NodeColor
begin

SetColor (NodeColor) ;
Line(599,741,599,764) ;
end;

procedure Pipel7(NodeColor
begin
SetColor (NodeColor) ;
Line(599,775,599,798) ;
end;

procedure Pipel8(NodeColor
begin
SetColor (NodeColor) ;
Line(223,322,363,322) ;
end;

procedure Pipel9(NodeColor
begin
SetColor (NodeColor) ;
Line(373,322,685,322) ;
Line(685,322,685,345) ;
Line(599,322,599,345) ;
Line({513,345,513,322) ;
end;

procedure Pipe20 (NodeColor
begin
SetColor (NodeColor) ;
Line(255,426,255,437) ;
Line(255,437,277,437) ;
end;

procedure Pipe21 (NodeColor
begin

SetColor (NodeColor) ;

Line(287,437,314,437);

Line(314,437,314,449);
end;

procedure Pipe22(NodeColor
begin
SetColor (NodeColor) ;
Line(341,471,363,471);
end;

procedure Pipe23 (NodeColor
begin
SetColor (NodeColor) ;
Line(373,471,395,471);
Line (395,471, 395,380);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);

: byte);
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Line(395,380,663,380) ;
Line(663,380,663,449) ;
end;

procedure Pipe24(NodeColor
begin
SetColor (NodeColor) ;
Line{255,506,255,517);
Line(255,517,277,517);
end;

procedure Pipe25 (NodeColor
begin

SetColor (NodeColor) ;

Line(287,517,314,517);
Line(314,517,314,529) ;
end;

procedure Pipe26 (NodeColor

SetColor (iodeColor) ;
Line(341,552,363,552) ;
end;

procedure Pipe27(NodeColor
begin
SetColor (NodeColor) ;
Line(373,552,416,552) ;
Line(416,552,416,403) ;
Line(416,403,577,403) ;
Line(577,403,577,449) ;
end;

procedure Pipe28(NodeColor
begin
SetColor (NodeColor) ;
Line (255,586, 255,598) ;
Line(255,598,277,598) ;
end;

procedure Pipe29(NodeColor

SetColor (NodeColor) ;

Line(287,598,314,598) ;

Line(314,598,314,609) ;
end;

procedure Pipe30(NodeColor
begin
SetColor (NodeColor) ;
Line(341,632,363,632);
end;

procedure Pipe31 (NodeColor

: byte);

: byte);

: byte);

: byte):

: byte);

: byte);

: byte);

: byte);



File : PIPE.PAS Page : 53

begin
SetColor (NodeColor) ;
Line(373,632,438,632);
Line(438,632,438,426) ;
Line(438,426,491,426) ;
Line(491,426,491,449);
end;

procedure Pipe32(NodeColor
begin

SetColor (NodeColor) ;
Line(513,357,513,449) ;
end;

procedure Pipel3(NodeColor
begin
SetColor (NodeColor) ;
Line(599,357,599,449) ;
end;

procedure Pipe34(NodeColor
begin

SetColor (NodeColor) ;
Line(685,357,685,449) ;
end;

begin
end.

s byte);

: byte);

: byte);
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File : VALVE.PAS

Current Date : Thursday September 1, 1988

Current Time : 4:55 PM

Program : Valve Routine
Programmer : Convert from ProDesign IT

wmit Valve;
interface
uses Grph7220;

procedure Pumpl (NodeColor : byte);
var PumplStatus : boolean;

procedure Pump2(NodeColor : byte);
var Pump2Status : boolean;

procedure Pump3 (NodeColor : byte);
var Pump3Status : boolean;

procedure Pump4 (NodeColor : byte);
var Pump4Status : boolean;

procedure Pump5 (NodeColor : byte);
var Pump5Status : boolean;

procedure Valvel (NodeColor : byte);
var ValvelStatus : boolean;

procedure Valve2(NodeColor : byte);
var Valve2Status : boolean;

procedure Valve3(NodeColor : byte):
var Valve3Status : boolean;

procedure Valved (NodeColor : byte);
var ValvedStatus : boolean;

procedure Valve5(NodeColor : byte);
var Valve5Status : boolean;

procedure Valve6 (NodeColar : byte);
var Valve6Status : boolean;

procedure Valve7 (NodeColor : byte);
var Valve7Status : boolean;

procedure Valve8(NodeColor : byte);
var Valve8Status : boolean;
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procedure Valved(NodeColor : byte);
var Valved9Status : boolean;

procedure ValvelO(NodeColor : byte);
var ValvelOStatus : boolean;

procedure Valvell (NodeColor : byte);
var ValvellStatus : boolean;

procedure Valvel2(NodeColor : byte);
var Valvel2Status : boolean;

procedure Valvel3(NodeColor : byte);
var ValvellStatus : boolean;

procedure Valveld(NodeColor : byte):
var ValveldStatus : boolean;

procedure Valvel5(NodeColor : byte);
var Valvel5Status : boolean;

procedure Valvel6(NodeColor : byte);
- var Valvel6Status : boolean;

implementation

procedure Pumpl (NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(245,770,246,766) ;
Line(246,766,247,765) ;
Line(247,765,250,764) ;
Line(250,764,253,765) ;
Line(253,765,254,766) ;
Line(254,766,255,770) ;
Line (255,770,254, T13) ;
Line(254,773,253,774) ;
Line(253,774,250,775) ;
Line(250,775,247,T14) ;
1ine(247,774,246,713) ;
Line(246,773,245,770) ;
Line (246,774,245, T15) ;
Line (245, 775,255, 775) ;
Line(255,775,254,774) ;

end;

procedure Pump2(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(363,632,364,629) ;
Line(364,629,365,628) ;
Line(365,628,368,626) ;
Line(368,626,371,628) ;
Lire(371,628,372,629) ;
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Line(372,629,373,632) ;
Line(373,632,372,635) ;
Line(372,635,371,637);
Line(371,637,368,638) ;
Line(368,638,365,637) ;
Line(365,637,364,635) ;
Line(364,635,363,632) ;
Line(364,636,363,638) ;
Line(363,638,373,638) ;
Line(373,638,372,636) ;
end;

procedure Pump3 (NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(363,552,364,549) ;
Line(364,549,365,548) ;
Line(365,548,368,546) ;
Line(368,546,371,548) ;
Line(371,548,372,549) ;
Line(372,549,373,552) ;
Line(373,552,372,555) ;
'Line(372,555,371,557) ;
Line(371,557,368,558) ;
Line(368,558,365,557) ;
Line(365,557,364,555) ;
Line(364,555,363,552) ;
Line(364,556,363,558) ;
Line(363,558,373,558) ;
Line(373,558,372,556) ;
end;

procedure Pumpd (NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(363,471,364,468) ;
Line(364,468,365,467);
Line(365,467,368,466) ;
Line(368,466,371,467) ;
Line(371,467,372,468) ;
Line(372,468,373,471);
Line(373,471,372,475) ;
Line(372,475,371,476) ;
Line(371,476,368,477) ;
Line(368,477,365,476) ;
Line(365,476,364,475) ;
Line(364,475,363,471);
Line (364,476,363,477);
Line(363,477,373,471);
Line(373,477,372,476) ;

end;

procedure Pump5 (NodeColor : byte);
begin
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SetColor (NodeColor) ;

Line(363,322,364,319);
Line (364, 319, 365,318) ;
Line(365,318,368,317) ;
Line(368,317,371,318);
Line(371,318,372,319);
Line(372,319,373,322);
Line(373,322,372,326) ;
Line(372,326,371,327);
Line(371,327,368,328);
Line(368,328,365,327) ;
Line (365,327,364,326) ;
Line(364,326,363,322) ;
Line(364,327,363,328);
Line(363,328,373,328);
Line(373,328,372,327);
end;

procedure Valvel (NodeColor : byte):

begin
SetColor (NodeColor) ;
Line(277,764,271,775) ;
Line(277,775,287,.764) ;
Line(287,764,287,775) ;
Line(287,775,271,764) ;
Line(282,770,282,761) ;
Line(277,761,287,761) ;
Line(277,761,278,758) ;
Line(278,758,279,757) ;
Line(279,757,282,756) ;
Line(282,756,285,757) ;
Line(285,757,286,758) ;
Line(286,758,287,761) ;

end;

proc.:edure Valve2(NodeColor : byte);

SetColor (NodeColor) ;

Line(363,695,363,707) ;
Line(363,707,373,695);
Line(373,695,373,707);
Line(373,707,363,695) ;
Line(368,701,368,692) ;
Line{363,692,373,692);
Line(363,692,364,689);
Line (364,689, 365,688) ;
Line(365,688,368,687) ;
Line(368,687,371,688) ;
Line(371,688,372,689);
Line(372,689,373,692);

end;

procedure Valve3(NodeColor : byte):
begin
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SetColor (NodeColor) ;

Line(497,695,497,706) ;
Line(497,706,507,695) ;
Line(507,695,507,706) ;
Line(507,706,497,695) ;
Line (502,701,502,692) ;
Line(497,692,507,692) ;
Line(497,692,498,689) ;
Line(498,689,499,688) ;
Line(499,688,502,687) ;
Line (502, 687,505,688) ;
Line(505,688,506,689) ;
Line (506,689,507,692) ;
end;

procedure Valved (NodeColor : byte);

begin
SetColor (NodeColor) ;
Lirne(497,563,486,563) ;
Line(486,563,497,574) :
Line(497,574,486,574) ;
Line (486,574,497,563) ;
Line(491,569,499,569) ;
Line(499,563,499,574) ;
Line(499,563,503,564) ;
Line(503,564,504,565) ;
Line (504,565, 505,569) ;
Line(505,569,504,572) ;
Line(504,572,503,573) ;
Line(503,573,499,574) ;

end;

procedure Valve5(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(583,563,572,563) ;
Line(572,563,583,575) ;
Line(583,575,572,575) ;
Line(572,575,583,563) ;
Line(577,569,585,569) ;
Line(585,563,585,575) ;
Line (585,563,589,564) ;
Line (589,564,590,565) ;
Line{590,565,591,569);
Line(591,569,590,573) ;
Line (590,573,589,574) ;
Line(589,574,585,575) ;

end;

procedure Valve6 (NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(668,563,658,563) ;
Line(658,563,668,575) ;
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Line(668,575,658,575) ;
Line (658,575,668,563) ;
Line (663,569,671,569) ;
Line(671,563,671,575) ;
Line (671,563,674,564) ;
Line(674,564,676,565) ;
Line(676,565,677,569) ;
Line(677,569,676,573) ;
Line(676,573,674,574) ;
Line(674,574,671,575) ;
end;

procedure Valve7(NodeColor : byte);

begin
SetColor (NodeColar) ;
Line(518,621,507,621);
Line (507,621,518,632) ;
Line(518,632,507,632) ;
Line(507,632,518,621) ;
Lin=(513,626,521,626) ;.
Line(521,621,521,632) ;
Line(521,621,524,622) ;
Line(524,622,525,623) ;
Line(525,623,527,626) ;
Line(527,626,525,630) ;
Line(525,630,524,631) ;
Line(524,631,521,632) ;

end;

procedure Valve8(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(604,621,593,621) ;
Line(593,621,604,632) ;
Line(604,632,593,632) ;
Line(593,632,604,621) ;
Line(599,626,607,626) ;
Line(607,621,607,632) ;
Line(607,621,610,622) ;
Line(610,622,611,623) ;
Line(611,623,612,626) ;
Line(612,626,611,630);
Line(611,630,610,631);
Line(610,631,607,632) ;

end;

procedure Valve9(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(690,621,679,621) ;
Line(679,621,690,632) ;
Line(690,632,679,632) ;
Line(679,632,690,621);
Line(685,626,693,626) ;
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Line(693,621,693,632);
Line(693,621,696,622) ;
Line(696,622,697,623) ;
Line(697,623,698,626) ;
Line(698,626,697,630) ;
Line(697,630,696,631) ;
Line(696,631,693,632);
end;

procedure ValvelO(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(277,592,2717,603) ;
Line(277,603,287,592) ;
Line (287,592,287,603) ;
Line(287,603,277,592) ;
Line(282,598,282,589) ;
Line(277,589,287,589) ;
Line(277,589,278,586) ;
Line(278,586,279,585) ;
Line(279,585,282,584) ;
Line (282,584,285,585) ;
Line(285,585,286,586) ;
Line(286,586,287,589) ;

end;

procedure Valvell(NodeColor : byte);

begin
SetColor (NodeColor) ;
Lire(277,512,277,523) ;
Line(277,523,287,512) ;
Line(287,512,287,523) ;
Line(287,523,2717,512) ;
Line(282,517,282,509) ;
Line(277,509,287,509) ;
Line(277,509,278,506) ;
Line(278,506,279,505) ;
Line(279,505,282,503) ;
Line(282,503,285,505) ;
Line (285,505, 286,506) ;
Line(286,506,287,509) ;

end;

procedure Valvel2(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(277,431,277,443) ;
Line(277,443,287,431);
Line(287,431,287,443);
Line(287,443,277,431);
Line(282,437,282,428);
Line(277,428,287,428) ;
Line(277,428,278,425) ;
Line(278,425,279,.424) ;



File : VALVE.PAS Page : 61

Line(279,424,282,423) ;

Line(282,423,285,424) ;

Line (285,424, 286,425) ;

Line(286,425,287,428) ;
end;

procedure Valvel3(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(518,345,507,345) ;
Line(507,345,518,357) ;
Line (518,357,507, 357) ;
Line (507,357,518,345) ;
Lire(513,351,521,351) ;
Line(521,345,521,357) ;
Line(521,345,524,346) ;
Line (524, 346,525,347) ;
Line(525,347,527,351);
Line (527,351,525, 355) ;
Line (525,355,524, 356) ;
Line(524,356,521,357);
end;

procedure Valveld(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(604,345,593,345) ;
Line (593, 345,604,357) ;
Line(604,357,593,357) ;
Line (593,357,604, 345) ;
Line(599,351,607,351) ;
1ine(607,345,607,357) ;
Line (607, 345,610,346) ;
Line(610,346,611,347);
Line(611,347,612,351) ;
Line(612,351,611,355) ;
Line(611,355,610,356) ;
Line (610, 356,607,357);

end;

procedure Valvel5(NodeColor : byte):

begin
SetColor (NodeColor) ;
Line(690,345,679,345);
Line(679,345,690,357) ;
Line(690,357,679,357) ;
Line (679, 357,690,345) ;
Line(685,351,693,351);
Line (693, 345,693,357) ;
Line(693,345,696,346) ;
Line(696,346,697,347);
Line(697,347,698,351) ;
Line (698,351,697, 355) ;
Line(697,355,696,356) ;
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Line(696,356,693,357);
end;

procedure Valvel6 (NodeColor : byte);

SetColor (NodeColor) ;

Line(604,764,593,764) ;
Line (593,764,604, 775) ;
Line (604,775,593, 775) ;
Line(593,775,604,764) ;
Line (599, 770,607,770) ;
Line(607,764,607,775) ;
Line(607,764,610,765) ;
Line(610,765,611,766) ;
Line(611,766,612,770) ;
Line(612,770,611,773) ;
Line(611,773,610,774) ;
Line(610,774,607,775) ;

end;

begin
end.
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File : TANK.PAS

Current- Date : Thursday September 1, 1988

Current Time : 4:59 PM

Program : Tank Routine
Programmer : Convert from ProDesign II

unit Tank;
interface
uses Grph7220;

procedure TankA2(var Percent : integer);

var TankA2level : integer;
TankAZPercent : integer;
TankA2Color : byte;

procedure TankB2(var Percent : integer);

var TankB2Ievel : integer;
TankB2Percent : integer;
TankB2Color : byte;

procedure TankC2(var Percent : integer);

var TankC2level : integer;
TankC2Percent : integer;
TankC2Color : byte;

procedure TankA3(var Percent : integer);

var TankA3level : integer;
TankA3Percent : integer;
TankA3Color : byte;

procedure TankB3(var Percent : integer);

var TankB3level : integer;
TankB3Percent : integer;
TankB3Color : byte;

procedure TankC3(var Percent : integer);

var TankC3level : integer;
TankC3Percent : integer;
TankC3Color : byte;

procedure MixTank(var Percent : integer);

var MixTanklevel : integer;
MixTankPercent : integer;
MixTankColor : byte;

procedure GraphA2(var Percent : integer);

var GraphA2level : integer;
GraphAZ2Percent : integer;
GraphA2Color : byte;



File : TANK.PAS Page : 64

procedure GraphB2(var Percent :

var GraphB2level : integer;
GraphB2Percent : integer;
GraphB2Color : byte;

procedure GraphC2(var Percent :

var GraphCZlevel : integer;
GraphC2Percent : integer;
GraphC2Color : byte;

procedure GraphA3(var Percent

var GraphA3level : integer;
GraphA3Percent : integer;
GraphA3Color : byte;

procedure GraphB3(var Percent

var GraphB3level : integer;
GraphB3Percent : integer;
GraphB3Color : byte;

procedure GraphC3(var Percent

var GraphC3level : integer;
GraphC3Percent : integer;
GraphC3Color : byte;

procedure TempA2(var Percent :

var TempA2level : integer;
TempA2Percent : integer;
TempA2Color : byte;

procedure TempB2(var Percent

var TempB2level : integer;
TempB2Percent : integer;
TempB2Color : byte;

procedure TempC2(var Percent

var TempC2level : integer;
TempC2Percent : integer;
TenpC2Color : byte;

procedure TempA3(var Percent

var TempA3level : integer;
TempA3Percent : integer;
TempA3Color : byte;

procedure TempB3 (var Percent

var TempB3level : integer;
TempB3Percent : integer;
TempB3Color : byte;

procedure TempC3(var Percent
var TempC3level : integer;
TempC3Percent : integer;

integer);

integer) ;

: integer);

: integer);

: integer);

integer);

integer);

: integer);

integer);

integer);

integer);
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TempC3Color : byte;

procedure TempMix(var Percent : integer);

var TempMixlevel : integer;
TempdfixPercent : integer;
TempMixColor : byte;

implementation

procedure TankA2(var Percent : integer);
begin
SetColor (TankA2Color) ;
Currentlevel := TankA2level;
Drawlevel (309,471, 341,449, Percent) ;
TankA2Ievel := Currentlevel;
end;

procedure TankB2(var Percent : integer);
begin
SetColor (TankB2Color) ;
Currentlevel := TankBZlevel;
Drawlevel (309,552, 341,529, Percent) ;
TankB2level := Currentlevel;
end;

procedure TankC2(var Percent : integer);
begin
SetColor (TankC2Color) ;
Currentlevel := TankC2level;
Drawlevel (309,632,341,609,Percent) ;
TankC2level := Currentlevel;
end;

procedure TankA3(var Percent : integer);
begin
SetColor (TankA3Color) ;
Currentlevel := TankA3level;
Dravlevel (652,512,695,449,Percent) ;
TankA3Level := Currentlevel;
end;

procedure TankB3(var Percent : integer);
begin
SetColor (TankB3Color) ;
Currentlevel := TankB3level;
Drawlevel {566,512,609,449,Percent) ;
TankB3level := Currentlevel;
end;

procedure TankC3(var Percent : integer);
begin
SetColor (TankC3Color) ;
Currentlevel := TankC3level;
Drawlevel (481,512,524,449,Percent);
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TankC3level := Currentlevel;
end;

procedure MixTank(var Percent : integer);
begin
SetColor (MixTankColor) ;
Currentlevel := MixTanklevel;
Drawlevel (556,715,642,678,Percent) ;
MixTanklevel := Currentlevel;
end;

procedure GraphA2(var Percent : integer);
begin
SetColor (GraphA2Color) ;
Currentlevel := GraphA2level;
Drawlevel (780,327,791,59, Percent) ;
GraphA2level := Currentlevel;
end;

procedure GraphB2(var Percent : integer);
begin
SetColor (GraphB2Color) ;
Currentlevel := GraphB2level;
Dravlevel (860,327,871,59,Percent) ;
GraphBZlevel := Currentlevel;
end;

procedure GraphC2(var Percent : integer);
begin .

SetColor (GraphC2Color) ;
Currentlevel := F
Drawlevel (952,327, 962,59, Percent) ;
GraphC2level := Currentlevel;

end;

procedure GraphA3(var Percent : integer);
begin

SetColor (GraphA3Color) ;
Currentlevel := GraphAllevel;
Dravlevel (780,730,791,461,Percent) ;
GraphA3level := Currentlevel;

end;

procedure GraphB3(var Percent : integer);
begin
SetColor (GraphB3Color) ;
Qurrentlevel := GraphB3level;
Drawievel (860, 730,871,461,Percent);
GraphB3level := Currentlevel;
end;

procedure GraphC3(var Percent : integer);
begin
SetColor (GraphC3Color) ;
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Currentlevel := GraphCllevel;
Drawlevel (952,730,962,461,Percent) ;
GraphC3level := Currentlevel;

end;

procedure TempA2(var Percent : integer):

SetColor (TempA2Color) ;
Currentlevel := TempAZ2level;
Drawlevel (136,220,163,86,Percent);
TempA2level := CQurrentlevel;

end;

procedure TempB2(var Percent : integer);
begin
SetColor (TempB2Color) ;
Currentlevel := TempB2level;
Drawlevel (190,220,217,86,Percent) ;
TempB2Llevel := Currentlevel;
end;

procedure TempC2(var Percent : integer):
begin
SetColor (TempC2Color) ;
Currentlevel := TempC2level;
Drawievel (243,220,270,86,Percent) ;
TempC2level := Currentlevel;
end;

procedure TempA3(var Percent : integer);
begin
SetColor (TempA3Color) ;
Currentlevel :=
Dravievel (297,220,324, 86 Percent),
TempA3level := Currentlevel;
end;

procedure TempB3(var Percent : integer);
begin
SetColor (TempB3Color) ;
Currentlevel := TempB3level;
Drawievel (351,220,378,86,Percent) ;
TempB3level := Currentlevel;
end; .

procedure TempC3(var Percent : integer);
begin
SetColor (TempC3Color) ;
Currentlevel := TempC3level;
Dravlevel (404,220,431,86,Percent);
TempC3level := Currentlevel;
end;

procedure TempMix(var Percent : integer);
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begin
SetColor(Templﬁmolor),
Currentlevel :
Drawlevel (512, 220 539,86 Percmt),
TempMixievel := Currentlevel;

end;

begin
TankA2level := 0;
TankB2level := 0;
TankC2level := 0;
TankA3level := 0;
TankB3level := 0;
TankC3level := 0;
MixTankievel := Q;
GraphA2level := 0;
GraphBZlevel := 0;
GraphC2level := 0;
GraphA3level := 0;
GraphB3level := 0;
GraphCilevel := 0;
TempAZlevel := 0;
TempB2level := 0;
TempC2level := 0;
TempA3level := 0;
TenpB3Llevel := 0;
TempC3level := 0;
TempMixlevel := 0;
end.
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File : CAN.PAS

Current Date : Thursday September 1, 1988

Current Time : 5:01 P4

Program : Can Routine
Programmer : Convert from ProDesign IT

unit Can;
interface
uses Grph7220;

procedure Canl(NodeColor : byte);
var CanlStatus : boolean;

procedure Can2(NodeColor : byte);
var Can2Status : boolean;

procedure Can3(NodeColor : byte);
var CaniStatus : boolean;

procedure Cand(NodeColor : byte);
var CandStatus : boolean;

procedure Can5(NodeColor : byte);
var CanSStatus : boolean;

procedure Can6(NodeColor : byte);
var Can6éStatus : boolean;

procedure Can7(NodeColor : byte);
var Can7Status : boolean;

procedure Can8 (NodeColor : byte);
var Can8Status : boolean;

procedure Can9(NodeColor : byte);
var Can9Status : boolean;

procedure Can10(NodeColor : byte);
var Canl0Status : boolean;

procedure Canll(NodeColor : byte);
var CanllStatus : boolean;

procedure Can12(NodeColor : byte);
var Canl2Status : boolean;

procedure Canl3(NodeColor : byte);
var Canlistatus : boolean;



File : CAN.PAS Page : 70

procedure Canl4(NodeColor : byte);
ver Canl4Status : boolean;

procedure Canl5(NodeColor : byte);
var Canl5Status : boolean;

implementation

procedure Canl(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(517,799,517,816) ;
Line(517,816,528,816) ;
Line(528,816,528,799) ;
Line(528,799,517,799) ;
end;

procedure Can2(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(528,799,528,816) ;
Line(528,816,539,816) ;
Line(539,816,539,799) ;
Line(539,799,528,799) ;

end;

procedure Can3(NodeColor : byte);
begin

SetColor (NodeColor) ;

Line(539,799,539,816) ;

Line (539,816,549, 816) ;

Line(549,816,549,799) ;

Line(549,799,539,799) ;
end;

procedure Cand (NodeColor : hyte);

begin
SetColor (NodeColor) ;
Line(549,799,549,816) ;
Line(549,816,560,816) ;
Line(560,816,560,799) ;
Line(560,799,549,799) ;

end;

procedure Can5(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line (560,799,560,816) ;
Line(560,816,571,816) ;
Line(571,816,571,799);
Line(571,799,560,799) ;
end;

procedure Cané (NodeColor : byte);
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begin
SetColor (NodeColor) ;
Line(571,799,571,816);
Line(571,816,581,816) ;
Line(581,816,581,799) ;
Line(581,799,571,799) ;
end;

procedure Can7(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(581,799,581,816) ;
Line(581,816,592,816) ;
Line(592,816,592,799) ;
Line(592,799,581,799) ;
end;

procedure Can8(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(592,799,592,816) ;
Line(592,816,603,816) ;
Line(603,816,603,799) ;
Line{603,799,592,799) ;

end;

procedure Can9(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(603,799,603,816) ;
Line(603,816,614,816) ;
Line(614,816,614,799) ;
Line(614,799,603,799) ;

end;

procedure Canl0(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(614,799,614,816);
Line(614,816,624,816) ;
Line(624,816,624,799) ;
Line(624,799,614,799) ;

end;

procedure Canll(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(624,799,624,816);
Line(624,816,635,816) ;
Line(635,816,635,799) ;
Line(635,799,624,799) ;
end;

procedure Canl2{NodeColor : byte);
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begin
SetColor (NodeColor) ;
Line(635,799,635,816) ;
Line(635,816,646,816) ;
Line(646,816,646,799) ;
Line(646,799,635,799) ;
end;

procedure Canl3{NodeColor : byte);
begin
SetColor (NodeColor) ;
Line (646,799,646,816) ;
Line(646,816,657,816) ;
Line (657,816,657,799) ;
Line(657,799,646,799) ;
end;

procedure Canld(NodeColor : byte);

begin
SetColor (NodeColor) ;
Line(657,799,657,816) ;
Line(657,816,667,816) ;
Line(667,816,667,799) ;
Line(667,799,657,799) ;

end;

procedure Canl5(NodeColor : byte);
begin
SetColor (NodeColor) ;
Line(667,799,667,816);
Line (667,816,678,816) ;
Line(678,816,678,799);
Line(678,799,667,799) ;
end;

begin
end.
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File : CNVRTDCL.PAS

Current Date : Thursday September 1, 1988

Current Time : 5:03 P

Program : CNVRTDEV & CNVRTLEV Variable Declaration
Programmer : Phakorn Hutasangkas.

unit CnvrtDel; { Convert's Declaration }
interface

const
MaxLineInProcedure = 200;
MaxX = 1000; { Hercules }
MaxY = 1000;

type

FileType = Text;
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File : CNVRTDEV.PAS

Current Date : Thursday September 1, 1988

Current Time : 5:03 PH

Program : Device Conversion Utility
Programmer : Phakorn Hutasangkas.

Program ConvertDevice;
uses Dos,Crt,CnvrtDel,OpenFile;

var
Linel,Line2 : string;
Bufline : string;
NodeCount : word;
UnitName : string;
NodeName : string;
Command : string(4];
XPosition,YPosition : byte;
XStr,Ystr : string;
Yalue : word;
ErrorCode : integer;
LengthY : byte;
StartUp : boolean;
X,Y : string;
Parameter : string;
LineCount : byte;
NodeFile,BufferFilel,BufFile : FileType;

procedure SearchParameter (Bufline : string);
begin {SearchParameter}
Delete(Bufline,1,Pos(* ', Bufline));
XPosition := Pos(' *,BuflLine);
if XPosition = O then
XStr := Copy(Bufline,1,length(Bufline)) [ Single Parameter }
else
XStr := Copy(Bufline,1,XPosition - 1); { Double Parameter }
Delete(Bufline,1,Pos(" ', Bufline));
YStr := Copy(BufLine,1,Length (BufLine));
Val (YStr,YValue,ErrorCode) ;
if ErrorCode = 0 then
YValue := Abs(MaxY - YValue);
Str(Yvalue,YStr);
end {SearchParameter};

procedure RejectSETCCommand;
begin {RejectSETCCommand}
Assign(BufFile, 'BUFFER1.$$S');
Rewrite(BufFile);
while not EOF(SrceFile) do
begin
ReadIn(SrceFile,Linel);
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Command := Copy(Linel,l1,4);
if Command <) 'SEIC' then
Writeln(BufFile,Linel);
end;
end {RejectSETCCommand};

procedure ReadNode;
begin {ReadNode}
Assign(DestFile, 'BUFFER2.58$');
Rewrite(DestFile);
Reset (BufFile);
ReadIn{(BufFile,Linel);
SearchParameter (Linel) ;
while not EOF (BufFile) do
begin
X := XStr;
Y = Ystr;
Readln (BufFile,Line2);
SearchParameter (Line2) ;
if ((X = Xstr) and (Y = YStr)) then
begin
Writeln(DestFile, '*',NodeCount) ;
Inc(NodeCount) ;
StartUp := True;
LineCount := 1;
end;
if LineCount <> 2 then
Writeln(DestFile,Linel)
else
begin
StartUp := False;
LineCount :=1;
end;
if StartUp then Inc(LineCount);
Linel := Line2;
end; -
end {ReadNode};

procedure ConvertDataFile;
begin {ConvertDataFile}
Assign(SrceFile, 'BUFFER2.5$5') ;
Reset (SrceFile);
Write('Enter Unit Name : ');
Readln (UnitName) ;
Reset (NodeFile);
vhile not HOF(SrceFile) do
begin
Readln(SrceFile,BufLine);
if Copy(Bufline,1,1) = '*' then
begin
if not StartUp then
begin
Writeln(BufferFilel,'end;’);
Writeln(BufferFilel);
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end
else
StartUp := False;
Readln (NodeFile, NodeName) ;
Writeln(BufferFilel, 'procedure ', NodeName, ' (NodeColor : byte);');
Writeln(BufferFilel, 'begin');
Writeln(BufferFilel,' SetColor (NodeColor);');
Readln(SrceFile,Bufline) ;
end;
Cammand := Copy(BufLine,1,4);
if Command = "MOVE' then
begin
SearchParameter (BufLine) ;
X = XStr;
Y := ¥Ystr;
end;
if Camand = 'LINE' then
begin
SearchParameter (BufLine) ;
Parameter := 'Line(' + X+ ',' + Y+ '," +XStr + '," + Ystr + *);";
Writeln(BufferFilel,' ', Parameter);
X := XStr;
Y := YStr;
end;
end;
Writeln(BufferFilel, ‘end;');
end {ConvertDataFile);

procedure DataFileProcessing;
begin {DataFileProcessing}

Assign(BufferFilel, 'BUFFER1.$S$S') ¢

Rewrite (BufferFilel);

ConvertDataFile;

Writeln(DestFile, unit ',UnitName,';');

Writeln(DestFile);

Writeln(DestFile, 'interface');

Writeln(DestFile);

Writeln(DestFile, 'uses Grph7220;°);

Writeln(DestFile);

Reset (NodeFile) ;

vhile not BEOF(NodeFile) do

begin
Readln (NodeFile,NodeName) ;
Writeln(DestFile, 'procedure ',NodeName, ' (NodeColor : byte):'):
Writeln(DestFile, 'var ',NodeName, 'Status : boolean;’);
Writeln(DestFile);

end;

Writeln(DestFile, 'implementation’);

Writeln(DestFile);

Reset (BufferFilel);

while not EOF(BufferFilel) do

begin
Readln(BufferFilel,Bufline);
Writeln(DestFile,BufLine);
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end; ’

Writeln(DestFile);
Writeln(DestFile, 'begin');
Writeln(DestFile, 'end.');
Close (BufferFilel);
Close(DestFile) ;

end {DataFileProcessing};

begin
Writeln;
Writeln('CNVRTDEV Version 1.00A by Phakorn Hutasangkas. 26 June 1988°);
Writeln;
NodeCount := 1;
if OpenReadFile('Enter Plot Source Filename',SrceFile,FileName, '.PLT') then
begin
RejectSETCCommand;
ReadNode;
end;
Close(DestFile);
Close(SrceFile) ;
StartUp := True;
NodeCount := 1;
if OpenReadFile('Enter Node Filename',NodeFile,FileName,'.NDE') then
begin
if OpenWriteFile('Enter Destination Filepame',DestFile,FileName,'.PAS') then
DataFileProcessing;
Close(SrceFile) ;
end;
end.
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File : CNVRTLEV.PAS
Current Date : Thursday September 1, 1988
Current Time : 5:05 PM

Program : level Conversion Utility
Programmer : Phakorn Hutasangkas.

Program ProDesignToPASCAL;
uses Dos,Crt,CnvrtDel,OpenFile;

var
Bufline : string;
NodeCount : word;
UnitName : string;
NodeName : string;
Commard : string;
XPosition,YPosition : byte;
XStr,YStr : string;
Yvalue : word;
ErrorCode : integer;
LengthY : byte;
StartUp : boolean;
X.Y : string;
Parameter : string;
NodeFile,BufferFilel : FileType;

procedure SearchParameter;
begin {SearchParameter}
Delete (BufLine,1,Pos(' ', BufLine));
XPosition := Pos(' ', Bufline);
if XPosition = 0 then
XStr := Copy(Bufline,1,length(Bufline))
else
XStr := Copy(Bufline,1,XPosition - 1);
Delete(BufLine,1,Pos(' ',Bufline));
Ystr := Copy(BufLine,1,Length(BufLine));
Val (YStr,YValue,ErrorCode) ;
if ErrorCode = 0 then
YValue := Abs(MaxY — YValue);
Str(Yvalue,YStr);
end {SearchParameter};

procedure ConvertDataFile;
begin {ConvertDataFile}
Write('Enter Unit Name : *);
Read1n (UnitName) ;
Reset (NodeFile) ;
while not EOF(SrceFile) do
begin
ReadIn(SrceFile,Bufline) ;
Command := Copy(BuflLire,1,4);

{ Single Parameter }

{ Double Parameter }
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if Command = ‘MOVE' then
begin
Readin(NodeFile, NodeName) ;
if Length(NodeName) > O then
begin
if not StartUp then

begin
Writeln(BufferFilel, 'end;');
Writeln(BufferFilel);
end
else
StartUp := False;
Writeln(BufferFilel, 'procedure ',NodeName, ' (var Percent : integer);');:
Writeln(BufferFilel, 'begin') ;
Writeln(BufferFilel,' SetColor(',NodeName, ‘Color);’);
Writeln(BufferFilel,' Currentlevel := *,NodeName, 'Level;’):
SearchParameter;
X := XStr;
Y := YStr;
end;
end;
if Command = ‘'LINE' then
begin
SearchParameter;

Parameter := ‘Dravlevel(’ + X+ ',' +Y+ ',' + XStr + ', + ¥YStr + ', Percent);';

Writeln(BufferFilel,' ', Parameter);

X := XStr;
Y := Ystr;
Writeln(BufferFilel,’ °,NodeName, 'level := Currentlevel;');
end;
end;
Writeln(BufferFilel,'end;’);

end {ConvertDataFile};

procedure DataFileProcessing;
begin {DataFileProcessing}

Assign(BufferFilel, 'BUFFERL.$SS') ;

Rewrite (BufferFilel);

ConvertDataFile;

Writeln(DestFile, ‘unit ',UnitName,';');

Writeln(DestFile);

Writeln(DestFile, 'interface');

Writeln(DestFile);

Writeln(DestFile, 'uses Grph7220;');

¥riteln(DestFile);

Reset (NodeFile);

while not HOF(NodeFile) do

begin
Readlin(NodeFile, NodeName) ;
Writeln(DestFile, 'procedure *,NodeName,'(var Percent : integer);');
Writeln(DestFile, 'var ', NodeName, 'Level : integer;');
Writeln(DestFile,' ' NodeName, 'Percent : integer;');
Writeln(DestFile," ', NodeName,'Color : byte;');
Writeln(DestFile);
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end;
Writeln(DestFile, "implementation’);
Writeln(DestFile);
Reset (BufferFilel);
while not EOF (BufferFilel) do
begin
Readln (BufferFilel,Bufline);
Writeln(DestFile,Bufline);
end;
Writeln(DestFile);
Writeln(DestFile, 'begin');
Reset (NodeFile);
vhile not EOF(NodeFile) do
begin
Readln (NodeFile,NodeName) ;
Writeln(DestFile,' ', NodeName,'level :=0;');
end;
Writeln(DestFile, 'end.');
Close (BufferFilel);
Close(DestFile) ;
end {DataFileProcessing};

begin
StartUp := True;
NodeCount := 1;
Writeln('CNVRTLEV Version 1.00A by Phakorn Hutasangkas. 26 June 1988°);
Writeln;
if OpenReadFile('Enter Plot Filename',SrceFile,FileName,'.PLT")
and OpenReadFile('Enter Node Filename' NodeFile,FileName,'.NDE') then
begin
if OpenWriteFile('Enter Destination Filename',DestFile,FileName,'.PAS') then
DataFileProcessing;
Close(SrceFile);
end;
end.
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