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BX, ES: WORD PTR BUF3
MOV DI, ES:WORD PTR BUF1
MOV DX, 0D000H
MOV SI, ES: WORD PTR BUF8
CHAR_2: CX, 041AH
CHAR_1:

ADD DX, +30H
ADD BX, +18H
INC DI

AND DI, 0007H
DEC CL

JNZ CHAR 1
SUB AX, 0018H

MOV BX, 0000H

MOV CL,1AH

DEC. . CH

JNZ CHAR_1

DEC WORD PTR BUF7
INZ CHAR 2

M9 24X24 Fy I EOXF 1280 F2RHAT 2775055 L0—18

IZL—T &%

) O THBICRETE S,

148 uPD7220 DI 57 1w 2R+ b O—F LS|, AE—XF ) D LEEE &3t

e OEBEXAROFE2ErE 500 LR,
Lo L, DMAEXARTREXT 27— -Tay 70K
X2REDEIRLTREILT 208 KMETH S, S
Tay 7OKRKEIFPBEET S I EICRERANCEERD S,
F—IBEL)ETEHEATERLS L>TLEISOTH S,
$7:, A7 oy 7 2fiMbT coNn, EBET S DE
K DMA 2> bu—F OBMERER CIWCET 5 LR
ML, £EofEHEREBETLTLE 5,
avihro—SHEMNaATU R« VR METREAICWHLY ¥
sheVAMARZOE, ZOLILMERIECTV, L
L, &Y 7 b 72 DMA &mX AL g E# i 2
Do fERREAD AT R ¢ 185 X —F FIRFERFE A /8T X
— 35| DAE, KD/ST A=FFNI~DY 7, FLWL/F
X —Z | DERBROERES L% CPURTRTEHLZ
FhiEeskn, avbo—SXEFRODEREBRET S

; BRRSE Y IEAEIMERE
; BEDESE X AR E

o I HATHAE R E
; BRRATR FAL7 — M 7 F v A WIHAME R E
VAR 72 T R

i v— 7 EIBFIHIHEREE : 26 LF 41T

 XFI—FER
; BRRSE X EERAE

f}éﬁﬁﬁﬁ

117 26 SR T 2

Lk Y A
R X BETE
| 7 EI R

i s 2
i a6 s 4 o <12 T 2

2

CPU (380286 THhBH, A7V F NI X—=F5FZDLH

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



DELHB, £/, A PO —FTHEMBY AT L« NAD
FREEZOROOF—L NEEE2T 2 LiCk b0,
A7 2—ARaRE CPU 23> bu—7H8REL T
LES iz hhrhalin,

NZ A= DERFREE HERBOMRLIEER

85 A —F iRk AR, CPUDMESIEDH S 2 LR
, TELDENRDNFTA—FERETETERSOST
Wb, & IAWEFERRETIE, 7 A - EEERX A
LHATH S E LML, TS 2HET 59 2T,
CPUIC & /87 A — 7 SpFE & 2 > b 0 —F Ol
e DREEEATEE LR T %5,

B ORUIED & 5 IS RERFEA T X — 7 4 B
L DBOIEEITE, 2ERORMERREII B ERTERRE L2
L %k3, L»L, BBEXARTEIEIREOT -5

(a) WERSR=/3F ¥ — & ERLEFR
fifEERA /73 (DMA s iY)

ERICET AR EREXT B (B0
(a))o

1 Fv b U REA2ETL A OGS F &2 RE, 2K
DB RFRENIL /T X — 5 ARBFRICIKET 5 Z 21245
(B110(b)), & Z 243, MBI E AR T 7 4 — 5 Y &4l
boTERLTELDT, "7 A—FERNBIZKET S
TERLHEAESFAICETTES, L, ZHEHS
MUBTER L TEBWET—4F « 70y 7 2R 2R
Tahz, BEELARTIE, N7 A= EREFEIZKE
Lo2fE42ETL TOL O TCEGRHEBITTE A0, £
EOREZEICEHORETH T T %,

2% 0, BEgiEEAR TR, 7oy 27 NOMEREITE
BHEXAARD I II2/87 A — Y ERBERICKFEL 20D T
BRHTHELIICARD, LI2H, T—FEBIIETT
BERS 7 P EER L SROBERMIIR A >TL % 9,

4 o) TR -
iR I -y e 4§ 8 @ -f. 6 § -2 t & |
D 7 — 5 &R 7 — 5 &R
+mpsrn [Ololel@] 7 Blelole] © |
HBEE TR (7)) 7o v HNEED
4 o) T |
B N T e e IR
NG A—F
smwn _ [Olo]8]  [@] [6] [e] [@] [¢]
(b) WERFE</3T X — & £
RESHEE 772 (DMA 5 H)) |
|
HATERS I [ele]ale]
ANt Aol - ‘ -7 — 8
spmm @ -] o |[Higagme@- POlie e ieee el e 4
R R (7 ) 70 £ AR
L1k R ERE] |
AR [@ [@] [@] [] [6]

N A—F

g | @ |

@ Pk i W

| R U RO

10 RIEOHERR DL

NS X— 9 EFERAFREBEERAREOMET, CPUEI P O—FOBFELLLEEL 1z, BERREI/NS X —

SERBEL VREVEE (@) E¥DHDHFE D) ICOVTL2EOHEREEFML TV, N7 X —FRELEARTIE, F—7ERICET I2HHEL

(TEEEEARICIE2FOBERE IR X 2,

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

UPDT220 N5 7 1w 2R+ FA—F LS, IE—XFEY DR LUHEELEEIL 149



*E* ﬂid\ @!E9§DD'3 b&
ERNIETSBE TOEY

ERONIEER 2R —WE FIcERLD, BhbswE
@W%%ﬁﬁLtﬁéﬁLDXEW&¢T%QE@E%ﬂ
STNFTA L FUBRERRMEL TWARREEIZ BW
cRaTEl, %ﬁX%U@W%w&LﬁTK,ﬁﬁTF

EET AR TYLF UL RoEREPERLLO
»re—~7488lL. Twa%, ShlEn—Fox 04w
N7 BERE & E 58,

NWN—=F7xT7 e G4 YRR T—VEXEE—TLELT
bTODTEHETHS, LlL, Ey brERE2D2VL
FoRRRT DT, BRT—FE20oAF Y 7HERIC
WAL DEY D 5, SHEEOFRER T, HF MHz
WCHET D Py PEREBCHIE L - ERFMEGIEE LR
HEeTw, —MIZ, I¥» ba—20, THIUD 1HEL
FIBEBTOEE L RIET X R\ 720, Ko a o iR E
ICHIFINE L TL %, Fh, FRABER 7 A ¥ K7 ORI
Y LR H 2, MFREICRZI1EE V1 > R oMU e B
MUz s, iz, khdrukiiciizshTl &
Do KFPRBIARNIG, ZORRKIA » THRETLTRT

(a)
DOC CNC B6E

EE Kk
G20 BEa

JHY . Hlm s NS

" 2y eIl

150 uPDT220 NI 57 1y 2 R0 b O—F LSI, AE—XE ) 2.5 LIEES &1L

2y EL B EREL, AfGa), MBI 2EYDNTE-FEIERE

DERRT KV ADEACOE L BHRRT F L A&k LA
Tz snwhreThd, VI FVHDODARA 70—z
BEIIREH, INLFLTARY AT DBERICH]
HehTLz3,

2V vESTEIAVFIRR, EvF I ICFB
RS VI FIEIEH 50, HEBGEETHLLOKE
BRERIOEUC B N—FT T « 74 > FoBEEIHEHL %
TEIWC LT A —BREC L > TERRT —F HEEEL ¥
A PO RERT %5, RENEVBBEELLRY 779 7
AZa—tZET B4 F U ETIEEL 2HIHGEL2ER
2o VA Y RUEIEITIZZV—L Ny 7 7R XEY

WHROTAYREY « XEVRLBELETEH, A=a—Fx
FHAOF—21% 2 RITTICH DL EIZ R\, A= 2—F 0D
PBBIRS>IHRT, 1IRTOEFELI27 F L X EICEWL

IR T -5 % 2IRTCKHICEBRT 220 TEw, 2078,
1RTET—F % 2WTBERLED, MZ, 2RTET—F % 1
RIETF—FCEHT 22 L 2AREIC L 72,

L, mOFARAT7 1 LA EITLL,

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



PNFIA YR EFRACBEK T 27201, &5
— RO z7e2 Y IEEEEHBEL - MNAEIER 2 4

BETAZLWCEVNUARD 7 ) vy THEBE2ERT %,

FONERIZT 2T 5, SMAZ T 2 HE ST 50, 7Y
v TEER L WhOBIERENTES (B 11), KRk
BB MBS 2 74 > F 7R EMCHATE 5, <4~

hDEEICIE, O v EYTHEBOEREZERSRE
SO REEE LTS,

7V wEYZRERAVS EERELICHEL TH LR ER
EL, REHTEY 7EIENAIREICK S, T b=
HEEZ T RTEETLES &, CPURHEMES bV —
ALTWEWRD, EvF > SI3TERW, £2T, AGDC
WCZOBEER Y R, TUARI T LY PiIZESTZ Y
vy EVEBEH S UHENOMEBICRE S TE X,
2X2 Ry VEEEOHWIEBEERT 5, fMEHEEE 7 Y »
vy ZEBOMINCEREL, KRNIl ZwE )%
REEET - F2ERL THEZ2EETIES, 7Y vE

K2 ERICEA>WEREOEASDE

VIDRELZEERENIAAR T 7 712X >TCPU I
HABZEMNTE, OEXXHEEL TOWREKEL2E Yy 7 T
x5,

TL—C B E2ENBNDRRTAE) 4K TES

AGDC Dfi 2 5 F o #EBEEIZR 1ICRL7z, LaL,
FOTRTOEABTDOEMNHILT 2b T Tidw (R2),
iH X 8% Y #ic EIT TCRAVWHEMNOMEO £ 512,
AGDC AR L T2 WwEERi CPUD Y 7 v = 7 JLE
CE-oTHRELETRIERS R, 2Dk, 7Y vyEy
7Dk 5% AGDC DEITT 2 £ hoMBE THEMAL T
w3 A sE, CPUIC K 2 HEMMEIC L EATE 2 2 LE
LV, ZOFH X, HERERENTESF v b
ZHWT, CPU THEM*@EIThIT L v, BRAEID I
b, XREBIIHIET 27V —L4 /Ny 7 7 ~OFE T
XY BRI X BIIEIRENTE %, T ROM 7 —F >~
FHEBICKRT 2T — Y BRL LICBHENT F L RICK B

., ®9oRL AR (e Y oRLS
eoenmi ), "7 sk wEOER i g:i;ﬁlm el e so
Kb © O X @) —— R AL & A Y
EAR @) @ TR D & O ——i AR AL ¥ 25
PU 2T O ) LR D A @ o B Mgy ¥ A ¥
M« R @ ) X @) = B ) A
& - f8FH ©) O X Q o PERR )T 4
~A > b 4 O e e 3, FERR AL VAT « BBHT FL A
uspul A O (3 e - O FERE « #axf 7 RV A ARV Y AY « LT P A
G MR X O = - @ JEE R ALY P A - LT F LA
AN X O B - O FERE WL ¥ 28 « KEHT KL A
=ZAEN X (2 = — O FERE WL YRS « ZBEHT FL A
W O O O = — EEE T R A R R T FL A
L. 0EEE x %, % — — AT FLR OB T R LR
fER < O X e — FERE « fakt 7 B L R R . 4T KL R
{EE A alER X O O o P FERE « et 7 VA AR - HER T P LR
Pu b O O X = — EEHT LR —
gixh 90 fE a5 x @) x e _ — FEAE - 45t 7 B R
CPU & Bl © X X - —  EBE7FLVZR (555

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

uPDT220 DI S5 7« v 2 X2 b A—F LSI, AE—XF) D LA &1 151



BfRE4##EZR 5,
BIFEREEE T2 ICIIRO 2O HFENH S,
DOAaAF7—« 7L —H
@y 7 ke E7 LR
L — TR, ¥ VOBEBREBTL — DK
EXPTENTT RV RACELD>TERAL TS, LTz

MoT, EFHEO L1 E 2LV EICHET 558

X, 1Ry FF2FTXRTOT VL — 20t T 2 i % HRE

fTLR2INE RS Rw, E223R 7L —CRIMETAE

v MR —EL T LZIESBNERICEZIE—, 8D
o5, [HEE, TLACHE/NLEIZEL TWwbd, /Sy 7 b
Ere B, RAEY 27 72 RAT 55/
MICE 7 e ERE T RTEDRAATHEDT, 17+
NEERICHEETES, 1272V 2 e L THEL
W KR
1E7 v VEERT ANy MEAZEET % L, HELED
FHPHESA AL EDON—F7IT7HRELEDLS
O THREITRT 5,

AGDC Ti, 7V —CBIORR AT VXML TIETRT
DOISEELEH TS %, LL, E7eVBOBELT
LEBRHEIZOVWTIE, E7 eV BORRTAEVICHHIE
TE3 L9511 ZOTL—YEEZELDE— FER
IRREBFICEIRICYIN B2 LN TEBZDT, FL—>
BMreserBlo 2 EOBEE b ORRAEY 2EEL,
FRNEFhOBHEENLT I ELAEETH %,

GDC L iZB4 D, 7L —CHRTH->TH—2DMEI <
YRFORITCE->TH 7 — DB =ETT 2, HEHED
BOORL TRHEEECHIEH T L — I/ LT, &K
2FEEOMBEEAIEETE S, L2, AEOXAEY -
Fr—rizxdl, 2HI R DRBEESETTE S
TLIIB, =7y N/ Ty b TIREROLE 2Rk
B & VEREICHL TETTE 5,

Ky hew b D2 RABIDAZ— 7 ) > FIZH 7 —EHOD
N—FNIaP—%2¥TbHT L RBGHTH S, EEO SV —

WHEIL THIEEF T —FRITEA 7 « VRV IT#
L REHEEZML, VEREELT -5 %Y AT A
NWAZFEAET 90 BRES v beavr NE 1ERETTA

152 uPDT220 BN ' 57 4 v 7 X+ b A—F LS|, AE—%F ) D5 UKEEA &1L

T\‘i, 771/—.\/@; D %%E’C\.%éo L/b)bv

FXv, THTHRAMRL Fy N LIFS0HFE~Y Ko
»EEEET 2 N v Ml AGDC » 5W 0 HT 2 AT
X2,

16/N f&83LK, N/ 16 f&E#E/1\H T HE

YLK iR/ T ©—BEDMERIZ, HKEF 16/N 5, $E/EF
N/16 (N iZ 125 16 DER) & L7z, FELLDOHEERE
XAEHLENLOTERANTSH S, 1K - H/hOBERC
g O3 72013, BEAN—FT7 I 7L > TEELIL
Kb/ Nat—%2EHT20TH%, 22 15/161F
DRENEEZTHL I ERATYDSHEAHLIZ16E Y
FDS B, HovrUvEdonizltEy b EMEIETT
v, BADOBE, BIRICL->TEDE y b 2RI 2
EHorUHRELTHIT 3,

WENLT:TF =213y 7 b, AR EDOMNERZEL TH
UHFFAEVCEZRAD, BRK7— FOEE, K- #Eh
DETLTWARVEY M6 EY b H B LIRS B0,
COXIRMBTIIBE A ZEEL TS 2 E3HEL L,
AGDC TiF, 2D L EDEELHBEOKRT L TLRVLE Y
MEEE, Hor oAz EELEA LT 7L
REBTAIEICINTAZERERL T3,

BEAROILK « #/NIOBEREICHETIEZLVWDT,

V7 b7 K DEHER LT 5, 28755 i
BUS4 %2 BHET 3 L5 ICHAL, fihg o Xkt
R XFERRE RS 7T 7 4 v 7 ATIE, 1 KO
D, RS2 L, HREEZELERENE
WLTLEIZLibd, BEMVHATLEDRVLEI K
ERMET 22, BINMEOT - IR LICAICEDE 2
RAOHORFTNEY T LLENH L EE>TD,

BOORL A —VOBBAELLT, RO IEEEZH
Bl

O ADIEE

@ £r A€ ) EH

(AT RTOFV—icH@R Ny — 2l
D)7V — VWIS D/RF — R B

DiFbRBERY XY —2Thb, BEHAR SV —

YHARANERIU S — v DEDIBLICKR S, BEDOZ )T

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



(a) PCMBARID" 1", "0
L LEe LSB MSB

R KR XD N KKK M T — 5 XXXXXXXXXX] XX XXX

(b) 7 — FAERHE
LSB MSB LSB MSB

0000000000XXXXXX T — 5 XXXXX10000XXXXXX

1111111111011111} vA2 « 7—% |1111111111011111 0000000000111111| v~~~ -7 —%10000000000111111
0000000000000000 LEES 0000000000100000 0000000000000000 it XXXXX10000000000
B L BRaAHH BARAAL Bt eid 0

12 BWARDHE BRF—FIZVAIEMITERRICHL, tOT7—FRIZBRAAFET HD, FETAIEEON Y MIBRE I &0

BENTESD, b "X ZEENME (0" £7213 17) &R T,

WD 2 EMBVIESEH, Q) DBEFEEMA NS L, K
Y, #|E, STV—VARIKTRXTREEEZ Y - %8BT
E50DTC, 1Ny FTEICRRBEEETLEDDEL
(40 >7) BAlfEE R D, BN DRTI7A4 D Y FEIE
WCHKIEL T8 D DLy — OB EBEOVIRERE T
EHEE2THHEERNEL T2,

HAABRESRICTHERSI P IE(LD
FILKEQOEBEZR) ORTESIE, 74 100D1E5 0
A hEDE, T4 VN EFETTEDDOEFIEEEC
FETEDL, —H, AP TCEREDORLERERET
1012, BRATVONREHRAHL, ERATRES
LEMLFEEE O DO TH L, M v FOFEEHR LTS
iF, ZOBROMFELERHETRT 385 2 L RER
R D IR L CER SRR 16 By O
RT =Y &G ZERIC, ROBEREME 70 IS
TEMNTE D,

OBEREDBTFELET 2L »
QFETHHEEIIE, 2OF vy M@
BRENZTOBRET — I NICELEL TuRTIE, RO
B eV — FOWNEBETA, FI0ORET—F %#1ES,
H T —FROBEIC, BRALIERABL L THE25N0 5,
FL—r IR, Z0D0 L —rDTF —F BEkEL
T —>Y-0 2270927203 bICHRANRD BH6, B

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

REEECLEN> T AL —rBTT— Y ORBERE2E
FL, BREF—F2ERLTVE, TXRTOTL =120
TEFHAH UK T LAELT, 62201 7—F)D
WMET—F DEBRBKET T 5,
BEF—7ICnf LT3, RENRE T 5HEBERET S
IR A ENTLEIEMNTEE(®12), 12 TIE~
A7 F =508 40" DEY POAMRBERNREL TS, B
HEBEFDOLONBERICZENTL I EI LEHET
2121F, WEBEBESADOT— s P EROEE S L1272
77— %525 (AX(a), ZOREN “0" 5135
REFFOT7—FAIEELRY, V- FHNOH 5 1 5n
SEEE L ShDARNDRE 2FITL T OIHEITIE,
BREHIET LB URESRER L LTL DAL
iz, FOEMS 7 — NERE TOMOBREKRT -7 I~
27 %5135 (AKD). 7— FPICHEREAD SBAAET
2BEIE, ALBRF—S I L TR 2R 2520
TY i, BRAREBROHNTIMET—FIZED DAL
SEHMOKEIAEHRT L0770 TRL, #FO7—FAT
DRBETAZ « T—F 2ERT L7201 > T35,

EF25445AMYBAROEI Y AAR L

BRSO E D DR LIEF L ERER T — I D7 v > a2 ®
By 7O¥FE B 13@) IR, XE»oBE 2HEG
L, O~@DIEIZBD DHELTWLBITHS, £ DAAH

LPDT220 DT 5 7 1y o X+ b A—5 LS|, AE—%F ) D LKRESE{E 153



(a)

(b) a FDLVAARME 074 v AEER, REEHEBT S

|

111 11111100000000000000000001 ~—— 2 HHOBET A >
11 1111111 11 | BHOBRES 4 >~
FEFTAREERE T i (b) EFHNAAS c  HREGS

[ R Y
D R TR, BY ORTHEE

RERBAL R

D274 %
HRLE DA (b)

13 RALIOBRMEFE EEORAMEEIIZ, BHOBEHIZAIELTEY D87 (@), BT, O~@% T, KEOFAIZEY DHLTWS,
(a)—8EILAL, (b)IZRLF, BREAREOFIELRLTUVLS, BREBBLEEG 0" 25 “1" £ 1" 25 0" ~OZTILAOKRRYE
IZL-BATREDASE, Fh Y AAADHE, RERKTHE, FAESEERO T v avRy 7, REOMBAERZY DSLESL,

154 uPDT220 D37 1y 2R3> b O—35 LS|, AE—%FY 2.5 LHEE A 3&1L NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



HOREICLY, BN E WEOERICAEL . O L
DEEATIT 2 RENZED DR L2 FETLTH L ARAIETRL
Twa,

BREARBESDED ORNLIEBRO X5 CEDR, Mhuc
mbtﬁ?ﬁ%ﬁ#aﬁ%%%@étbiﬁoﬁ?%ﬁﬁ
EEUDIA L, FOLEDTA CEFRRFICRET 5,171
YORBEERTHEAOERSEERO Tz L 212, 208
SOER (FRMESIE®R) # A5 v 21l yyatd, 20
FlTIit, a, b, c®2 vy aT B Eilnd, O TIZHF
D s 5D DR EETL, S0 EDTA VOBE
AL, O DRBEORETIE, @ D E b DALENFEE
T5DPTdE vy ¥al, QDB ORLE2HBEDS, 20D
21T, B OXRLAFITL A S, PAEEBFERE KRR A
EY FICBWIAY v 7 ITHBATWL,

DBV ORLMET LIFEATIEa~g AT v 71
TyvadhTnd, @ DEHRTE, ATy 27 %Ky 7
L, @OBREORDLN Ty yallgholE, B D
RLEEH2, 72, ® TR#FDHEh 2Ty aT b2
2725,

MREDED DR EFETT 2 L XITEEIZ, TORE
THELCHAEEEREASY v 7 ONEED—BERRT
W3, DOV ORLTIR, bEO—HENENLDOT,bD
BAMEEIERIC 7 5 7 22T, Ky 7HRORFEEZF LKWV
EIZL T3,

BRARETIE, LF274 VFORFAEIRNETER
HIIHRIWMD FHEER -T2, ZOHERFESI L, BHOE

LHEBICH 2 b D IAA SO, REFS CHEHHEE
LI ZDAY v 7BIE, BXU, REKRTOHERED
BRGRBELEORA" #PRICTE S, 271 03D 7
— ¥ BHH, TNFNOERSRERREZLLE L 2235
REPHEBEL TV, RERPTED DRLFEPHEET
Xl i, RIRLIIDCHOEMUDERBL TBWVIE
RAEY EDORAY v 7HEBICMEPHEBEORE S LS
67— RDERE Y aT b,

K 13(b)icEK (a) D—8EILER L7z TORTH 54 L
FLUOEEZHBAL L5,

Y, REMBELAZOLOBBEHRICEEFNTHLREVLI L

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

RHEFRL, F0O%k ‘07 o U NOELHAERET D,
FORRE, ScrBonz, RKiZckh 174720 LD
HOBREMEET S, #OEH 1" &S5 EAROERA
ROmo728ik20T, BARANMREL TV, IO
BTz, “0" ZOTETEAEMNMET S Lilh b, K
SHERERHET L2 1BEORET A TR 17
me 07, 2BEHORE T4 Tk 0" »o “1" ~AZLT
LEERET B,

—fiz, “0" 5 1" AOEESERSA L LD, 2D
FEETOALS D THNETRERTH LS, ‘0" T
HNEEOLVRALOAREN D H D, LIcH>T, 512717
e 0" NELT B EOBREERET 5, I OUBEERER T
EAROMND ETHIT 5,

EHEORBERTHEDZ#RO0HT L, GHENORER
Rl b, ZOEE, WEERFTa L bOPARMIERITT
Tl yv 2L ThHd, BAARETIE, 7 c DPAREE
BHEETLEOTT Yy a2t b, HHAREIK T LIRS
TEDORLEETTLE5A V0RESL, 204 YDk
HOEEREMESAE L TOOKRY OFEBRICHT 28K
ZUED B,

Ny 77 LAY 5FAL 90 BEEE A & A ET

90 EEEZaE—%2EEET 57:DIC16 7 — KDYy 7
7o LY AT ENBE LI, 2Oy 7 7%, TDO7 FL A
CRAETF—F c NAEHFEOHENC L - T, TAM»SE
XRAALET—8 %, bl bIlFRA»SHAET I LEHT
x2HER Do T WD, E51, BRI LEXLEDEER
oty MIBOMHNBEFEELHML T, Ny T 7ANDT —
FEER B AE U sl b RAL 72, 20Ny 7
7Y R, Fy /Ty VRICIIEERT — 7 2 —HY
IZECHET 5 FIFO & LT b HRET 2

K « fE/N B ATEARSEL 2 © — X ERIEE IS
TETLTWE, —IC, HE2EESE5 L, lmﬁ
ﬁﬁwﬁﬁuéb&wﬁ#%iTéo%Lﬁ?é@kﬁﬁ
A ECRLE, TORRIFOLBEICLL, DL I7%
BRAEZHBILT, BETLEANOHEY, ZOFRRAC
WL THREBRIZETT 20 52BINTE 3,

UPDT220 BN 57 4y 27 R b O—F LS, IE—RE) DR LBEERELL 155



REDRITERZ

HENN ) FI—D- T ANCHHI

757 4w 7 A e 3 b a— T ORGEEEFHD kX
BHEHETH L, FMEREORELHE TRV 2 L2IE L,
Lichio T, Biiczh o Oy & HEEE L KT 5 2
LiEELV, 2o —FOMEEERTL Ry FEDAT
By e TIRHTHRY b, ERBT L2 E08HDH,
hizvb IR ABREEEN 2 ETH S, HEODT:HICHRR
XY REETE 2HHEEERPIR N I 72—
BEDY AT LANERIZEERL TORY, EBOMERE
YIZKIBIZEL - TL 3BEDZ L,

EEXRAEN L bu—FRADRE R T 28 L
LTHERAREEIZY AT AL L THA LT L &0 REH
BThHro, 20OdHIIF, BREE1IARLZTHELD 24
X24 Ky bOXFER2IXFLXIHELIE ZCELLF
Mz 1 EICHE T 2 EROABCXFEREEH T
56 R v, Bl ERNICETLIEEC, il
r R ORBIRS EDREH LT L E D D5 DV T
LTWHEWIEZREZDH6TH S,

X3 HHEYAILE ZOEREGEREICILT, 2FROBERE S
BHLTLEIDRBCLGL, ZBYDNL TIZBEBANI - DB
&2T, Y17 IULEINELDH, BN OLRLE2ROBEREITIZEA
EZEDbL B,

L WEY A INY
470y 2/Fy bk
EAR (EZxNn)

PR D 5 b DAFER (7v — k) ¢ a2 07 =1

6z ey 27/F g b

B, Wi (E2en)
o e
TSV EEBRIOA 27892 T=p
MR ET 17892 /97—
®BYORL

B P AY S, 7-VEXEZOR
WL ¥ 2 5 S, mEEERT
R AE)EM, WEEEET

2720927 /9—F
b e o i
6 7B 9y /7R

156 uPD7220 DT 57 1w 7R+ b O—F LS, AE—XE ) D8 LHAE#3E1L

bhbiiz, BERS 7714 v 7 AXFHBOEHEICIE,
6] —FE A D 8 2 I EIT L 2 & & DRE I RE
EriHiitsZsicliz, d6» U0, BEEL252TE
%, CPU » B ATALEE % Bt U 72 B b S e D B 24
TH2ETCOBMEOY Y « 7FIA T ERLTERL
Tro N7 XA —FHBEXARICELZI Y PO —-FDBHE
i3, DMABEET —FZa<> Fe ) A b OFERALE S &8
LR E LTEBT 2281k %,CPUD T — Y ik
KHRELTLESI Y Y b BEU Ty bEBRS L 72o TR A
EYLLTTFa7 e FB—h e« XY EHAL T3,

ZOYV 7Ly aDHIZ 6% BsHBEINI D, 93.7%
OB FJRESY 4 = v I HHER SN T 3,

B@RMICE2~620y2T 1 7—F&NE
ERMEDATIC, MEETICLELR 7 oy 7 K (EHRE) %
£ 3ITRT, EffIZIGDC LR—D 7 oy 7 HTHIET %
2%, M, #HELL 28, 23, BHOME7 LT
ZLAEREICHEREL TSI E, —20Da° Y NIZk>
THEAEHBE T2 LKL ZElL b, 7v—18
EFRBERRAEYIIHL, WAEEFHET S & XITE,
AKFEAEDOEFZ 16 K v b2 1 BIOFHE Y A 7 )V THEET
X2, EXFELEREL LD ICE Y NERTIEETE %2
E—%, ERXIEE 72Xy 2mBEE 2 RITL D
D, 17 —FR%rh 6270y 72 CETT L, ERXEORET
— S EEFL, TRTEXRFET -y CESBZIRELT
2, 17—FDatE—3470v 7 THRTT 5,
BHOBILTR, ARV IR CEMLTHIEBD DX
Ly — v 2EBBT /AL, RRATY LORY—0%
BT IEES L TETIA I NVDEDLS, BRAETY LD
NE—vRBRET LI, AHLYA V227075
720, WERL YA Y 2 BB L BE T TR L2 S,
MAFRED D5 LTI, a—0DBA LRk, 7%

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



xR 4 HEFFROERIE
HEfiltms, 20v2(38MHz TH5,
(a) BB o 4

- TL— MR EJRILMAL

1@

ER 37.8

Ucpoy 15.6

M 30.0
i1 34.8
i1 45.0

OSwy2 FTHS5A4HE2AL, BYICHENS A —DRELIERLTHSHEEAHRTT 5 F TOERTREERAILL

3|

113.4

46.8

69.0

80.6

104.2

(b) 24 D4 L i 0) i B BF il

BEZ VT
MWARAN7 4 v
AA7 4 v

BHAANZ 4 v 1

BHARNZ 42

=AFENT 4V

BN 7 4 v

~_A Vb

NPy —

28.8
71
9.3

6.7

12.3

3.0

5.2

94.5

(c) 3 E — D EER

HEaE—1
WEIE—2

90 FEE#E 0 & —
TRag—
fhary—
EEMARET

K Mhae—

XE7 x> BB
XF7 4 > MERER

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

1TH—1E 3E—1H

12.0
18.0
20.2

34.1

63.3

35:2

4Ey L NS
378 (319, 239) ®t&aE L, (0, 0)2 S AMEEL X AAEIL10 L7xA5,240 £ 7 £ )V DOER
; BB 1284, Y HMAE10 Lahs, 320 €7 L OERZHEE 96 &,
378 (0, 0)-(639, 479) 2% (235, 235)- (404, 244) £ THAEEE £5 L4035 #E L 72 ¥l
: T % #2850 48 1A,
30.0 gty (319, 239) BEIE, H1F 239 0 & ¥F A —5 LA S HE L 2 [E.0M %245 46 (&,
348 dly (319, 239) B, X HEEEE 239 » 54 FE % —5 L2 hs & il L 72 [[O T £ 4% 46
{ ., X FRE¥E: Y HAREEOLEIZ 4 3,
49.8 HBA1OREDS B, X AEFEEE Y AAFEOER 34 L LRLHEM,
LY HT 1 4N H2 HEAR
—— — 640480 F v b X3 E X248 (11 55200 7—F) 527107,
135 13.8 400 X 300 DEFBEBICN T 2 REEEFEZED DXL,
9.3 9.3 A 150 Ky FOFFEERICN T 2 RmEBEEETEED OLRL,
- - X HAEEL0 Ry b, X AAXEEE Y HA¥EE 0bFiT 4 3 OFARHESE
; = KX 2 REEEMEXBY DXL,
123 193 XARBEELO Ny b, X AEFER LY AAFEROLET 3 4 OFMAFEHEEIC
g g XY 5 HBEEEMEEY) OLL,
24 20 (152, 419)-(320, 240) - (459, 320) @ 3 & CH % h 5 = HFHEEIIN T 5 FRERGH
; 3 Bftx#h D5l
- 59 (0, 150) - (300, 150)-(30, 0)-(270, 0) @ 4 ATHEHEh 2 BRHE I T 2 5HHE
: i WEMAEZB)ORL,
96.7 978 gy (320, 240) THLE 100 & 220 DM, (0, 0)-(639, 479) DML, 8 D =FH
- g BTRET 3 3 EOMMES I T 2 EEAEKAED D &L,
1E—3@E 3E—3@ HERR
29.2 24.3 36.3  640x480 F v b OEMEBOBEEE X L TOEKX,
29.2 40.5 52.1  640x480 F v b OEMEEOREHEENT & TORX,
29.2 43.1 61.1  480x640 F v h DEFMERORBIEEE T X TD 90 B % & & 74 - 78R8,
s e Y 16/13 2R L7: 7 — % % 640480 K v b QEXRLEES L T, @&
d ;i HEE M X TRk,
- 95.6 153.0 640%480 K v hDF —% % 13/16 {Z i/ L TwmEEEM 2 TiRX,
el e 1031 200%X200 F v hOF—% % 14/16 fEic#E/L, X, YEIIXL 2/8 72 F[ElE:
: g L TREBREN & Tk,
1E— 13 1 E—3E HEAR
91.5 155:2 24X24 Ry NERD 7 + >~ b 1248 F 2 EBEEREM.
119.2 196.5 24X24 F v MEKD 7 + > b 1248 F & AR,

uPDT220 BN TS 7 1y Z A+A> b O—F LS|, AE—XF ) D LkE A3k 157



(a)

X 14 HERBOFMNCAVESRSFIT—27DORIES

DEEMWZLIORELTSL270y 27 TI6EY b %
B ORED,

EEAEEANEY DAL 345 ICEE

MEo#E, &honL, 2E—DETHME R D
(a), (b), (WXZNFNFEL,

ITHDOERAEY « LV —r DA T 2 FEER & 3
H (8 FR) IO 2REERMEHERS L, B (F14
(a)) DBAIIZ 3Bz >Tw3, LHL, M, BEHTIE
2fEEIC L s wn(F4@). M, BHOMEIICLER
670y 27D b, lHICKT2HETL IOy 7 b
BETHROASED 12 70y 272k 3056TH 5,
RAD)IWCRLICEEZ V7 IZBDORLO—FITH 3,
AL VAT IZHAL TWEBD DR LY -2 %227
RAONRF— e LTRSS NI %®) D51, M
ABOIELDEEGANE y VEROBFEIE, TOT7—FO®
DORLICY A 7R PBBEIZRD, V=K EFT1 77
1S54 2ETT2, Lbl, COEBZ Y 7TIRE Y
MERIZE V1155200 7— F % 28.8ms TETT 5, 2
hiph, 1P—-FRIIuv I VP TEDLZ bbb
5, MAENEY DX LUANADED DREL TR, Bhon
LEEIZED DXL Y — > DERAEICIFE ALEEL
TRV, BYDODRLANY—COEBAEICEIDFEAHL
REfIZ R 528, CHED VBV ORLEHREZHEET %72

158 uPD7220 D57 1y 2 R+ O—3F LSI, T E—%F Y D5 LHEEES #1E

(a)I3ERR(F4(a)), D)EA 2 F (FAD))DHEEBITHS.

DDA ECERGRBICEH T 2RSS TH D,
ETEMHEBNEY DR LBEFICEETH B (F4
(b)) ZOHITIZR 14(b) IR L7 & D ICHEE DK 80% %
BHORLTWE, L L, 3HTHEE T 2 ek % tho
SHANIE—F AR ELERTH2EH T LA\, 2E
—TRED SN EMARE 7 F v AFHEZ2 T & Vs,
RA VP TEBERERBLOOEBELNHEEL T, Z
DHEE X, BROMRELGEETTSHIBLIcN—F VT
TERBTNVT) XLDERTH S, 12, 90 ERlE I E
—EBEOIE— ORI TRHRBIETRFICIZZ NI EER
BELTIRYL, EEDIC—0/H 2 FORMTER, ¥
SEDRHITH/IATE S LB > Ty,

24X24 Ky bDOXF7 4 > b ZEHT 2 #imERE, K
EREEIENT 2 2 — L FRIECEHEL 72, 22 TIRY
—FERTRZEY MEREZ 7+ M E2EHEL T,
BB AR £ BRI L D B L T w2 R ER &
WE B TETREICIZ LAY ERHE TV W, dEF0LE
L84 T A AEHIHER S ATROR TV AT H %,
OB ST 7 4 7 A TR OSSR & E
LT, 1 EICEET 1/ 3640 77, 8 T 8040 F0 24 X 24
Ry NBEKDT 77 4 v 7 ANFEHBENTEZE I LIRS,
COMEIZREEY A 2 VRO 7 oy 2B AEEICL THLETE
HLlcbDEHRSE L, DEDEOEFICES2, LDE
BHAHTTH D,

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)



CGI #E#- > E:E LA Al RE

VDI & % W i3 2 Offiig L VW25 CGl L w175
TAV TR ALY T2 —ABREDED Z EDIEENEA
TWwh, 75974 v 7A«arybu—I28FLLCE%EsR
7N, IS DBEANED XD ICHIGL Ty 3 mHssE
BIChkBEITH3, #mnrss52E, CGIOEDIza~=
PRAEEMRTX 20 bo—SnHRT 203772
REDI LI Z, BT EICEED, 7714097 A
B LT —RIGREL, EEOH 2Ny 7 o7
W o BT, Lo LSIthic@mm»d 2 iz 39,

TCCIICHHLL TWwa kT 2arbu—F8Hop, 2
hiixgERoRt»sH 5, CGIA > 5 7Y Fid, a<w 8
BRFRERSF & 734 A« R 24 NERSMCKBITE B, av >
NERET R oy bo—JickFELR WY, EEoa
b —2TH->THCPUNFLTHNITHATE 3,
CPUMEZ->TWTH CERBR Y TEBL T nidfiE
v, FRT2Ibu—J k> TENHTL 2D
FINA R« RIANERTH 2, btrbhid, ZOF /4
Ao R 7ANROLICHBEIFERTE 2010k > T, TCGI
X ZHERE, BRE B EEZ T3,

AGDC iz, CGI Dfifi 2 2 BB HE# X & A EE L T\
5(&5), LEH->T, AGDCORBELET B85 X —F %
ERTERTTE, EHEELWEY KLV AERPERA T
DEGIET2Y 7 b7 ORI ES LV, HEL T
T LREERE R RISE T 2GS, YV 7 b 7ERR T
PED YT T &,

BRITRIRRA A —=DNBA@EITE S ICEBEEIC

AGDC 2 GDC OBFIC & - T ZETHBICIE L A
EERFEL ol BREENRIEICLERS LHEICL S
WS WEP T2 AICEETLZGDCiE, N—F74 ¥
Feovy 7itk->TRES O MEBAELER L 2 TN
BROBNSIhOTHDE, o1 FL LY AT LHEE
DFT, HETNVT ) AL, FEEEEREO:HDEH —
Foxy, o ZRIRENCHIEIT 2 7D 7o x g fiE

NIKKEI ELECTRONICS 1987. 2. 23 (no. 415)

Zoxy, HRON—FT7IZT7RY 7 b7, TN
THRBAAEBS 2 RE» SRR ICHEA LT S5BHFEL
T nsxhrol, BHEZEORENE O
o AGDCRESSFLLE 2RO Z7 4927 R
aybu—ZELTHELLEZEIZRS, 207120, £O
9% b —FRRETHELIIDONWT, EEFRITHE
DN > T2 IZE THAVERE L7
EEBEAEEIZ8SMHz Thoh, 5&F v 7 HiE%E
MhTalld-oTEBILT 2 FETH S, HHHEED
ERE NG, RICIVEESEEL L OB EHEET S
TEIRIZDIIHROWMNTH S, 3RLSZ77 4 v 7 R
BEEANDORESCA A —VNBANOBHAZT 52 LI 5)
235, 85I, TaZbeR—b - 22 HEEHT 2 H#EE
EIHALRLD, BEEEFCEBR T2 2L10&D, ZIRY
SEESHEL TSI ELEZSNE, WTHIZE L,
WHAB R R 513 20 AGDC % % & L T, BEEE 280
LTWw 2 &l b, SEEERLZIZEOREIZIZ D,
SRVWTTLTHS I,

$E M

1) /MI,T1L Ry % 800ns THEBEITES2 7 AYEEARMCRT 7 7
Z74w7earbu—=7LSL, THEZL 7 bo=7 A, 1981
10 A 12 B%, no. 275, pp. 186-209.

2) Pinkham, R., Novak, M. and Guttag, K., “Video RAM Excels
at Fast Graphics,” Electronic Design, Aug. 18, 1983, pp. 161-171.

3) K, TRITO Wy ) 7AEAETREC Lz 7L — Ly 7 7
256 K EY b e 7Fa7e R—=F« X2 2F, THRZL
7 ho=7 2%y, 198548 A 12 H%5, no. 375, pp.211-240.

4) Wientjes, B., Guttag, K. and Roskell, D., “First Graphics
Processor Takes Complex Orders to Run Bit-mapped Dis-
plays, Electronic Design, Jan. 23, 1986, pp. 73-81.

5) &), L%, &H, XH, &, £, TEECHEENEAIEET
E, B ORLPIE—ARLEEL I FAFDOCRT 20 ¢
o—7,, "THExv 272 bo=7 R, 198445821 H5, no.
343, pp.221-254.

6) FRE, "V—Z7 AT —varD7ALFIA K IERGELE
+2%,, [RE, 1985 F 7 H 29 HS, no.374, pp. 141-161.

7) /O, BE, WO, "SI T7 4 v I RT A AT L 4L bu—
74, "M P ASEAM, 1983 F 1 H 5, pp. 320-343. ]

WA=V KD, BE—HREBK,

UPDT220 3D T 57 4y 2 A2 b O—5 LS, AE—%F) D LHEESEE 159



£5 AGDCmavrF—% ATIZFLE237 FIZEMIERIEE, RIEEMIBHEELRT. A7 FEOREC DI ARBET FL 25
E, CIIEMEIEE, DRHEE /O LY OEFRA L ICTHME, MIEELFL(RELETHBELERL TVLD,

b= b 78 F 4 BET 54— bLUBMERAR

READ DP il 7oxyD X LY Bffix 7Y 7o HicEX

READ_COL EE L -EBEOaERE 7Y 7o HicEX

POT D (X#, YEIZ1Ey NEE

A DOT M (X, Y R1F v g

R_DOT_M (X+DX, Y+DY) (21 Fv ki

A_LINE.M (X, Y)-(XE, Ye) MoBESIE

A_LINE_D (X%, Y#)-(Xg, Ye) BOBERMHE

R_LINE M (X, V)-(X+DX, Y+DY) MoESHE

R LINE D (X%, Y#)-(X+DX, Y+DY) MoOERHSE

A _REC (X, V)-(Xs, Ys) TEET 2O HE

R_REC (X, V)-(X+DX, Y+DY) TEET NI HERE

CRL fu.ls (Xc, Yo), & DX TEZET 2AHE

ARC duly (Xc, Yo), ¥ DX, BtaS (Xs, Ys), 8T H (Xe, Ye) TEET 5 MIHEE

CSEC .l (Xc, Yo), ¥ DX, BthS (Xs, Ys), ¥TH (X&, YE) TEHET 2B EE

CSEG ity (Xc, Yo), ¥E DX, BItAS (Xs, YVs), BT A (Xe, Ye) TEHET 2 HNZEE

FPLES iy (Xc, Yo), Y AMB¥ERE DY, X & Y OHAE¥E 2 it DH, DV TEHT 2 HMAEE

EARC it (X, Ye), X AEE DX, Y AFA¥E DY, X & Y OfENE 2 ®'E DH, DV 8 L UBEA (Xs, Ys), BT R
(XE, YE) TEHRT 2 HiFolHiH

ESEC il (Xe, Yo), X HA¥E DX, Y HA¥XE DY, X £ Y OKFE¥E 2 Rt DH, DV 3 X UBtas (Xs, Ys), TR
(XE, Ye) TEET 2 MM EE

ESEG .l (Xc, Yo), X HME¥E DX, Y AAYXE DY, X £ Y OH@¥E 2 £t DH, DV 8 X URtEs (Xs, Ys), BTH
(XE, YE) TEET 3 tHMNEH#E

PAINT BREREELRS (X, V), HAGIEE DX C L 2EEARBARY D 5L

BRERERES (X, Y) 0L 2ERELr T 3EEMASFEBNED O5L

A_REC FILL_ A PBth#axt7 KL 2 EADL, k¥ A@E K v b DH, EEAAF v MM DV TEHET 3 MOBARY D XEL
A REC FILL C (X, Y)-(Xs, ¥s) TEETHEIABARD DXL
R_REC_FILL (X, V)-(X+DX, Y+DY) TEZET 5MUAFAREY D &L

CRL_FILL duly (Xe, Yo), & DX TEHET 2ARED DL
ELPS FILL duls (Xc, Yo), Y HEREE DY, X & Y OFMA¥E 2 FE DH, DV TE#T 2 HARED > 5L

A_TRI_FILL (X, Y)-(Xs, Ys)-(Xc, Yo) TEHT 2=ZAFHEY DHL

A_TRA_FILL (X, Y)-(Xs, Y)-(Ys, Ye)-(XE, YE) CEETZ2EFABD OXHL
RZTRAIFILL EEDE (X, V), DA (Xs, V), LB ETEOHEMNE DY, 53 MO X 26 DENEN DX, H 450 Xs 25D
NN Xce TERSNAETHRARD DEL
A_COPY_AA ERBEOEXBIEY — K7 F UV 2 EAD2, F v b7 FUV R dAD2, EXEDEXEMBEY —F7 FV A EADL, Fy b7 FLA
dAD1, KF AR K v b DH, EEAAF v M DV TEET S HBMOEX
A_COPY_AC EXBEDEEMIET7 — K7 F L R EAD2, Fv b7 F L R dAD2, EEXE0EXMER (X, V), KFAEF v M8 DH, &
EAEE y M DV TEET 5 EBMOER
A_COPY_CA ERFEOEXBES (Xs, YVs), EXAEDEXMEY—F7 FL A EADL, Fy M7 FL R dADL, AF¥fH[A F v 8 DH,
FEAAE v VDV TERT 3 RBHOEX
A.COFY CC ERFEOEXGSE (Xs, Vs), EXADEXMEHGS (X, V), KFAAF v M8 DH, EEARLF v DV TERTH
B D=
REICOPYICC ERROEXBAS (Xs, YVs), ERAOEXARAS (Xs+Xc, Ys+ Yo), KEAAE v 8 DH, BEAAF v MDDV
TERT ZHEBHOERX
PUT_A BER S DL 7 — K7 FLU 2 EADL, By k7 KL R dADL, AF4HE Ky b3 DH, BEAMEF v M BDV TEHET
FRAE ) FEEHADETHES 5 DIEX
PUT:C R DEXRSE (X, V), KFEAEEF v N DH, BEHARA K v MDDV TERT L RT AT FIRAD TS 5 DRz
GET A ERFEOEXFE7—F7 FLY A EADL, Ky +7 FL A dADL, AFARA K Y M8 DH, EEAAF v M DV TEHT 2
For A &) D S FiEA DR
GET_C EAROEXMGES (X, V), KFEAAFK v N DH, BEAAF v MEDV TEHT 2 RT- A€ Y L 5 XL DERE
'd] R
ﬁ%—ﬁ e CPU : central processing unit LSI: large scale integrated circuit
AGDC : Advanced Graphics Display FIFO : first-in first-out OA : office automation
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Article: A Graphics Display Controller LSI (Successor of uPD7220)
with Enhanced Copy and Paint Functions

Tetsuji Oguchi, Mitsuro Ouchi,
Ryuji Horiguchi, Toshikazu Chiba ... NEC Microcomputer Product Division

Keishi Uno ® © 0 9 0 © 0000008000 R OO OER OO ECRS NEC 1st LSI Division

NEC has developed a new graphics display controller LSI -- AGDC (uPD72120). Based
on its predecessor GDC (uPD7220), which was placed on the market in 1982, the
features of WuPD72120 include an enhanced bit map processing function, a copy
function of rectangular areas which include enlargement, shrinkage and rotation and
a fill function of triangles and trapezoids. Within the LSI, a preprocessor for
executing draw preprocessing is mounted in addition to a drawing processor. The
CPU, preprocessor and drawing processor are arranged for 3-stage pipeline processing
to enhance system performance. Capacity of the display memory can be increased to
32 M bytes (max.) using dual port memory chips. WPDT72120 operates with clocks up to
8 MHz. (NIKKEI)
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The article was translated from the Japanes?
in the "Nikkei Electronics / Feb. 23 , 1987".
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NEC announced the graphics draw/display
LSI uPD7220 (GDC) at the ISSCC in
February of 1981. Since then, this LSI
has been used in a wide area of applica-

tions, such as OA equipment, fish-
finder, photocomposers and satellite
terminals. The GDC can directly control

a display memory of up to 512 K bytes
which is separated from the system bus.
This LSI is equipped with functions to
draw straight 1lines, arcs, graphies
characters, etc. in high speeds. (Ref.
1) Although speeds of drawing one
dimensional objects such as straight
lines and arcs are thus increased, the
GDC is not equipped with a two
dimensional draw function (i.e. that of
areas), such as paint and character font
expansion for the bit map memory. The
CPU then needs to perform their
supplementary functions.

The newly developed uPD72120 (AGDC) aims
to minimize supplementation by the CPU.
Rich draw functions are added to the

graphics controller and the drawing
speeds are increased. As far as graphic
draw functions are concerned, differ-

ences between the GDC and AGDC are not
remarkable except that an ellipse, an
arc, a sector and a chord can now be
drawn by using single commands.

During the design of the AGDC, it was
attempted to mount as many bit map

processing functions (which were missing
in the GDC) as possible: data transfer
between display memories (copy or bitblt
function), paint function in an
arbitrary closed area and unconditional
fill functions in a cirecle, an ellipse,
a triangle and a trapezoid. (See Figure
1 (a).) Among these functions, the copy
function plays an important role in
expanding character fonts and displaying
the window. Also, during a copy, a
graphic can be slanted or rotated
through an arbitrary angle and, under
some restrictions, enlarged or shrinked
by an arbitrary factor. (See Figure 1
(b).) Together with the enhanced bit
map functions, a put function and a get
function, which are used when one
dimensional data stored on the main
storage are expanded in a two
dimensional manner on the display memory
or vice versa, are also added.

Although these functions can also be
offered using a general processor, it is
then not practical to expect sufficient
drawing speeds. (Ref. U4) Typical
drawing speeds of the AGDC, when it is
operated at a clock frequency of 8 MHz
are given below. While drawing a
straight line, the AGDC takes 500 ns to
draw a bit or 1 pixel. If a copy
function is used, 13,640 characters of
24 x 24 dot character font can be
expanded in one second.



Rapid Shift From Character Display To
Graphics Display:

As the memory price has lowered these
years, there have been rapid changes in
the display technology, that is, from
character display to graphies display.
Even for word processors, it now seems
that handling of graphics data is a
minimum condition. But graphics display
requires a large memory capacity and its
control is not easy. To change a
character on a character display screen,
for example, it is only necessary to
rewrite one byte or one word of the

character code memory contents. On a
graphies display screen, however, it
becomes necessary to expand the

character font on the display memory
again. If this is processed by the CPU,
the rewriting speed is too slow. And
painting a complex figure is too great a
burden for the CPU.

For this reason, there have Dbeen
attempts to implement high-speed bit map
functions using special gate array
circuits. But, due to restraints on the
integration 1level and speed of gate
arrays, it has not been possible to
execute macro drawing functions like the
filling of a triangle. So, at each of
these small steps, the CPU needed to
participate in the drawing. If the
drawing speed is evaluated in small-step
units, the speed of the array circuit is
high. But from the viewpoint of an
overall system, its performance often
fails to meet expectations.

From this background, since the GDC
appeared, many graphics controller LSI's
with enhanced drawing functions have

been announced. Table 1 1lists some
typical controller LSI's. These
products show different features

depending on design objectives of the
manufacturers. Am95C60 (of Advanced
Micro Devices, Inc., U.S.A.) and AGDC
aim to implement high-speed drawing
functions by means of hardware, while
HD63484 (of Hitachi) tries to emphasize
its display control function. 82786 (of

Intel, U.S.A.) mainly tries to enrich
its display control function and
TMS34010 (of Texas Instruments 1Inc,
U.S.A.) 1is equipped with a built-in
processor so that drawing software can
be created freely.

Another important move to be noted
concerning graphics display is the
appearance of dual port memory chips
with a line buffer. The first product
was a 64 K dynamic RAM chip having a
serial memory type built-in line buffer.
(Ref. 2) After this, 256 K dual port
memories with a random access type 1line
buffer which are equipped with real-time
data transfer function, pointer control
function and write per bit function were
announced.

The use of dual port memory chips
markedly increases possible draw
timings, to make the best use of the
potential power of a continuous drawing
controller.

Improve a System Performance

The AGDC is equipped with dual port
memories. The AGDC has been designed to
improve the system performance through
the combined graphics control LSI and
the CPU. Its internal architecture
adopts a multi-processor configuration.
Separate from the drawing processor, a

processor  especially for pre-drawn
processings (called a preprocessor) is
included.

The preprocessor performs pre-drawn
processings such as address conversion

from X-Y coordinates to absolute
addresses. As the command interface,
the CPU directly writes command

parameters into the built-in register of
the preprocessor. The preprocessor
operates independently of the drawing
processor and, as a result, the CPU can
execute its pre-drawn processings such
as command interpretation of CGI and
BASIC and driving of the AGDC; the
preprocessor can perform its pre-drawn



processings and the drawing processor
can draw in a 3-stage pipeline manner
when viewed as a system.

In addition, during the research of the
drawing algorithm, a special hardware
suiting the algorithm was designed to
improve the drawing speed. The drawing
processor was designed to tightly
control these hardware components and,
even when drawing types change, adapt to
the various applications. Note that, in
each step to be executed in a clock
cycle of 125 ns (at 8MHz), up to 6
commands and direct branches c¢an be
executed. The execution of each command
can use a command prefetch function as
pipelining and, so, the operation of the
processor itself includes both modes of
parallel processing and pipeline
processing.

Non-Compatible with GDC:

We greatly improved the functions rather
than maintain compatibility with the GDC

a)

Figure 1

at the command and function levels. To
maintain compatibility, it would have
been necessary to use the GDC as the
master, as was done in the past, and add
an AGDC to improve the drawing
functions. In this case, the existing
software can be used but the functions
of the AGDC are not available. However,
it is not difficult to add routines
which make use of the AGDC to the
existing software. In many cases, in
fact, it is simply enough to extract the
complex drawing parts (executed by the
CPU in the past) from among the existing
software and replace them with simple
parameter transfer processings for the
AGDC. By judging whether or not an AGDC
is mounted and, when mounted, switching
the control flow, unification of the
entire software is also possible.

We hope that the AGDC will be wused in
every application field which requires
graphies functions, such as personal
computers, word processors, work
stations and laser printers.

(b)

Drawings Using 640 x 480 Dot Display Screens

(a) A single command with its parameters as coordinates of apexes has painted the

trapezoids.

(b) The

executed as the rotation angle increases.

result of a rotational copy of a rectangle.

A reduce processing is
This is because if the rectangle is

rotated with a fixed magnification factor, the length of each side changes.



Table 1

Functional Comparison of Typical Graphics Controllers

HD63484
(Hitachi)

Am95C60
(Advanced Micro
Devices, Inc.)

T™S34010
(Texas Instru-
ments Inc.)

82786
(Intel Corp.)

uPD72120
(NEC)

Draving function
Straight line, rectangle
Circle, arc
Ellipse, elliptic arc
Sector, chord
Arbitrary closed ares painting
Rectangle fill
Circle/ellipse £1l1
Triangle f£1ill
Trapezoid fill

*XXXOD®XOOO

®"0O00ONNXO0O

[ T T O T I @

EEE R RN X

000000000

Display memory data transfer
Normal copy
90 deg. rotatiom copy
Slant copy
Enlarged/shrinked copy
Enlarged/shrinked copy including
arbitrary angle rotation

" Ox00

Hardware clipping

Put, get

x

Drawing position designation

X-Y coordinates

X-Y coordinates

X-Y coordinates

X=Y coordinates,
absolute addresses

X=Y coordinates,
absolute addresses

Display memory configuratiom Pixel type Plane type Pixel type Pixel type Plane type, pixel
(maximum capacity) (2 M bytes) (8 M bytes) (128 M bytes) (4 M bytes) type (32 M bytes)
Mapping of display memory into CPU x x x (- (-]
Dual port memory control x (-} (-] o (-
Separation of drawing from
pre-processing X x ® = °
Separation of clock between display and
draving x ° x % °
Display functions
Screen partition o x x o x
Enlarged display o x x o x
Hardvare window a A x o x
Cursor output T~ x x -] -

In the table below,

o

shows that the function is available but not sufficiently practical.
shows that only a part of the function is available.
shows that the function can be implemented by software.




Internal Architecture with A Multiprocessor Configuration

The AGDC is internally divided into the The important feature of this
following five functional blocks. (See architecture is its multiprocessor

Figure 2.) configuration consisting of three types
of processors for drawing, displaying
1 Preprocessor and preprocessing. And this configura-
2 Drawing processor tion enables pipelining by the CPU,
3 Display processor preprocessor and drawing processor. The
L Synchronization signal generator drawing processor is equipped with a
5 CPU interface special hardware to improve its drawing
speed.:
VS/EXVS BLANK __ SCLK HLDAK DASTB DWR OUBE
ns/lzxns t cc[sn , DT/IDISP l cx.lx minq ’ m‘rr 1 n'Tn DA23~16  DADL50 DLBE
SYNCHRONIZATION DISPLAY PROCESSOR DRAVING PROCESSOR
DMARQ SIGNAL GENERATOR
- 90 deg. Ceneral
DA rocacion eration unit
INT 45 15 :c;; (16 bits)
‘ Displ dd Drawing uffer
READY EIZ Bk e birsy address
:3“:::::3.!!- Display b= 32 bic SaBeral
—RESET | chan piteh unit (24 bits) shifter z:;z:::r
CSIR parameter Refresh (16 bics x
CSDM RAM counter 2;::::§ ::gical Enlarger/ 8 words)
ot register operation shrinker
_RD | a—— Operation unit (24 bits x unit = N
= (24 bits) 10 words,
WR cursor 12 bits x Boundar:
generator y
2 words) point
retriever
Operation P
unit Mask
(12 bices) generator
MALMIE] oy 2 ||
inter=-
ASTB face " 11 Internal bus
UBE General purpose
register
(24 bies x
3 words)
_ MAD1570
Operacion unit Preprocessor| < <5 <
(26 bics) ROM Parameter Coordinate
(25 bies x register register
1024 words) (26 bits x (16 bits x
Parameter RAM Dravin; processor ROM 6 words) 8 words)
(26 bits x 16 words, (43 bits x 1280 words)
16 bits x 16 words) Parameter Coordinate
operation operation
unit unit
(24 bits) (16 bits)

PREPROCESSOR

Figure 2 Internal Configuration

The AGDC consists of five functional blocks: synchronization signal generator,
display processor, preprocessor, drawing processor and CPU interface. These blocks
are connected by a 24-bit internal bus. The feature of this architecture is that
the preprocessor and drawing processor perform pipelining, and that the drawing
processor is equipped with hardware to perform high-speed painting and
enlargement/shrinkage.
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Figure 3 Preprocessor's Processing
Procedure to Calculate An
Absolute Address From X-Y
Coordinates

Each step is executed in one clock cycle
(125 ns at 8 MHz). The multiplication
(MULTIPLY above) is conducted using the
adder-subtractor within the preprocess-
or. Introduction of the preprocessor
has made the pre-drawn processing about
10 times faster than to its previous
processing by the CPU.

Preproceasor to Execute Pre-drawn

Processing

The GDC had a built-in FIFO to receive
commands from the CPU. This was done to
adjust the difference between the
drawing speed and the pre-processing

speed. This FIFO had only a passive
role to temporarily store command
parameters. With improvements made on

LSI integration 1levels, however, the
general tendency now is to 1let the

graphies controller perform pre-
processings such as calculation of
absolute memory addresses from X-Y
coordinates. If this function is added

to the drawing processor, it becomes
impossible to perform pre-processing and
drawing in parallel. So, a decision was
made to 1let the AGDC have a built-in
preprocessor to execute parts of the
pre-drawn processing at high speeds. 1In
addition, a method to directly write
parameters into the register managed by
the preprocessor rather than the
parameter writing into a passive FIFO
was adopted, As soon as a command code
was written into the register, the
preprocessor starts its operation.

The preprocessor consists of a 24-bit
adder/subtractor, a general purpose
register, a control ROM and a parameter
RAM. (See Figure 2.) The main functions
of the preprocessor are as follows:

(1) Conversion from X-Y coordinates to
absolute addresses

Interpretation of commands

Generation of parameters required
for drawing graphics

Calculation of paint pattern ex-
tracted position based on Y coordi-
nate

® 06

@

Sorting of coordinates used to
paint triangles

©®

Error checking of user-set para-
meters



(:) Data exchange with the drawing
processor, and start control of the
drawing processor

High-Speed Calculation of Physical

Address from X-Y Coordinates:

The preprocessor calculates a display
memory's absolute address from the X-Y
coordinates. Using the formulas shown
below, an absolute word address EAD and
a dot address dAD are calculated from
coordinates (X-Y).

EAD = EADORG - Y x PITCH
+ {(X + dADORG)/16} (1)
dAD = (X + dADORG) MOD 16 (2)

EADORG and dADORG show absolute address-
es (a word address and a dot address
respectively) which correspond to the
origin (0, 0) of X-Y coordinates. PITCH
shows the number of words of the display
memory in the horizontal direction.

Based on the above formulas, the pre-
processor executes address calculations
with the minimum of hardware at high
speeds. For this purpose, we did not
adopt an easy method of using a general-
purpose processor, because it seemed
necessary to design a new optimum
processor which is free of unnecessary
circuits and can process at high speeds.
If the 24-bit adder-subtractor of the
preprocessor is used, for example,
multiplication between a 16-bit
multiplier and a 16-bit multiplicand

(whose product is 24 bits long) can be
executed with a single clock per bit.
To realize this speed, a right shifter
is added to a register and a left
shifter to another among the three
arithmetic registers. And an operation
end-detection circuit is added to the
adder-subtractor. These devices can
also Dbe used to perform integer
divisions at high speeds.

Figure 3 shows the flowchart of address
calculation. In this figure, MULTIPLY
(Y x PITCH) shows the multiplication by
the adder-subtractor. When the horizon-
tal resolution of the display screen is
1024 pixels, PITCH showing the number of
words is 64 (7 bits actually). There-
fore, the multiplication can be executed
in 7 elock cycles. And conversion from
X-Y coordinates to a physical address is
therefore executed in 22 clock cycles
which are 7 clock cycles of multiplica-
tion plus clock cycles of other steps
(in Figure 3).

Hardware Mounted on Drawing Processor
for Enlargement/Shrinkage, Boundary
Point Retrieval:

The preprocessor is equipped with a
single arithmetic unit. And the drawing
processor is equipped with more than one
arithmetic units, shifters and mask
generator, These circuits are control-
led to be executed simultaneously within
one cycle. A command is 43 bits wide

42 32 31 28 27 22 21 17 16 10 9 0
Field C
Field B (Logical Field D Field E
Field A (D:awin °z::::i°“’ (Flag, (Drawing Field F
(Drawing address mask 8 gurpose coordinate parameter (Next address
operation control) trol) register operation operation designation)
contro eperacion control) control)

Figure 4 Command Format of Drawing Processor

Consisting of 6 fields (A to F), each command is 43 bits long. Each field can be
executed independently of other fields. Because the number of arithmetic units and
shifters is larger than the number of fields, a single field can. control two or more
operations.



consisting of six fields. Each field is
assigned a different role of hardware
control. (See Figure 4.) A Y4-address
branch based on judgment results of up
to two types can also be executed within
a single cycle. Therefore, all address
branches and arithmetic commands can be
executed in one clock cyecle (125 ns).
For example, a 24-bit register read, an
operation, a rewrite and judgment of the
operation all end in one clock cycle.

To achieve the above mentioned process-
ing speed, the control storage is
designed so that its asynchronous ROM
gives its output as soon as the access
address is input. In order to read the
command synchronously with the address
cycle, a synchronous ¢type temporary
storage is added to the command decode
output driver. Under this ecircuit
configuration, the control ROM can
always be accessed within one cyecle.

A& tightly connected group of registers
is assigned to the 24-bit drawing
address operation unit, drawing para-
meter operation unit, 16-bit coordinate
operation unit, and general purpose
operation unit of the drawing processor.
In addition, the drawing processor is
equipped with a display data logic and
operation unit, a 90 deg. rotation data

buffer, a 32-bit shifter, a data
enlarger/shrinker, a drawing  mask
generator and a boundary point
retriever. (See Figure 2.)

To generate coordinates required for a
slant copy, a fill-in of a triangle or a
trapezoid or a rotational copy of an
arbitrary angle, and a fill-in of a
circle or an ellipse, a single straight
line generator, two straight line
generators and a single circle/ellipse
generator are used respectively. These
coordinate generators are not implement-
ed by fixed hardware wired 1logic. In
fact, only by changing software, it is
possible to effectively use the common
hardware of the drawing processor in
various applications. For example, a

straight 1line generator consists of
three parameter registers and one work-
ing register.

The AGDC is equipped with functions to
draw on the basis of both a pixel or dot
and a word. A new drawing mask operator
has been developed so that the AGDC can
cope with different drawings without any
inconvenience. (A clipping generator is
also included.) Mask generation and
clipping control operate in parallel
with other draw processings. So, even
when a clipping operation is designated,
the drawing speed is not lowered.

Complex Drawings are Partitioned and
Pipelined by the Preprocessor and
Drawing Processor:

The drawing processor and the
preprocessor are each equipped with a
coordinate register and a drawing
address register. For this reason, when
the preprocessor  has ended its
processing, changing the register
contents of the preprocessor does not
affect the drawing operation. That is,
the preprocessor and the drawing
processor c¢an then perform their own
processings independently. As a result,
while the drawing processor is in
operation, the preprocessor can execute
the preprocessing of the next drawing.

The preprocessor is equipped with a
start designate function as well as a
status detect function of the drawing
processor. So, a single drawing command
can designate an operation of the
drawing processor in two or more
separate times. For example, drawing a
circular sector is actually processed in
the following way.

@ Calculates drawing parameters of an
arc (Preprocessor)

C) Draws the arc (Drawing processor)



(3 Calculates parameters for drawing a
straight line between the end point
and the center after a start point
and an end point of the drawing
have been read from the drawing
processor. (Preprocessor)

C) Draws the straight line between the

end point and the center. (Drawing
processor)
Calculates the parameters for
drawing a straight line between the
center and the start point.
(Preprocessor)

(® Draws the straight line between the
center and the start point.
(Drawing processor)

When drawing an arc or an elliptie are,
the AGDC defines the arc in terms of the
coordinates of its start point and end
point. In business graphiecs applica-
tionms, however, an arc is mnormally
defined in terms of an angle. So, if
the trigonometric function for calculat-
ing coordinates is simplified the
results may designate coordinates which
do not exist on the actually drawn arec
due to some errors. Even if this kind
of erroneous setting is made, the AGDC
is ready to compensate the coordinates.

Lets draw an arc in the 1st quadrant as
an example. (See Figure 5.) When the
slope of the tangent is smaller than 135
degrees, even if the user-set start
point does not exist on the actual are,
its Y coordinate at least needs to be
equal to that of the actual start point.
And when the slope of the tangent is
greater than 135 degrees, the X
coordinate at least needs to be equal.
When the slope is 135 degrees, a
small/large comparison using both X and
Y coordinates is made (to judge if, in
the case of the first quadrant, the
drawing position is smaller than the
user-set position). As a result,
wherever the coordinates are set, the
start point or end point of the drawing
can be compensated. Therefore, even if

the coordinates are designated very
roughly, no runaway of the AGDC
processing occurs. In the processing
flow of the preprocessor and drawing
processor described above, the pre-
processor reads correct coordinate
values in step 3 .

No Hardware Window Keeps the Display
Processor Simple

Those parts other than the drawing
processor and the preprocessor are
explained below. Considering the

application records of the GDC, the
enlarged display function and screen
partition function are removed from the
display processor of the AGDC. These
functions can partition and scroll the
screen at high speeds only by changing
the display addresses. But it is also
known that these functions have
restrained the general use and function
of the software in such a way that the
seroll range and partition method depend
on the size of the display memory
mounted. Partially this is why no
hardware window has been mounted. As a
result, the display processor section
has been simplified. The multiwindow
display can be realized using the copy
function of the drawing processor. And
the display processor is equipped with a
dynamic RAM refresh function which,
during refresh cycles, outputs a 13-bit
refresh address as lower bits of the
display memory address output.

The synchronization signal generator
outputs horizontal/vertical synchroniza-

tion signals (HS/VS) and a display
delete signal (BLANK) according to the
user-set parameter values. And it also

provides a timing output (GCSR) for
displaying the graphics cursor which
does not depend on display memory
addresses. With the top left corner of
the display screen as its home position,
the cursor can be displayed at any
position. The form of the cursor is
either a cross or a block.

- T =



The CPU interface controls the timings
of the signal exchanges between the
system bus and the AGDC. This interface
is equipped with an address expansion
function which operates when the CPU
accesses the display memory, and with an
arbitration function of the display bus.

The AGDC has input terminals of two
clock systems: CLK and SCLK. The SCLK
clock is supplied to the synchronization
signal generator and the display
processor, The frequency of the SCLK
clock is determined depending on the
specification of the display unit used

User-set en
point

o — —
—
—

Actual
drawing
end
point

and its display resolution. Therefore,
it may become necessary to set the clock

frequency lower than the maximum
operating frequency (fmax) of the
controller. If that happens, the

drawing speed of the controller cannot
be utilized effectively. Therefore, the
AGDC is designed so that, different from
the SCLK clock, another system of clock
CLK can be supplied to the preprocessor
and the drawing processor. As a result,
the preprocessor and drawing processor
can always operate at the maximum
operating frequency.

User-set drawing point
X

User-set start point

135 deg.

Center (Xc, Yec)

Figure 5 Drawing of An Areo

Given a start point and an end point,

the AGDC draws an arec. When the user-

designated point does not exist on the actual are, the AGDC compensates the point.

- 11 -



Up to 32 M Bytes Display Memory Consisting of Dual Port Memory Chips Can Be

Controlled

The AGDC directly controls the display
memory bus which is separate from the
system bus., The AGDC has terminals for
outputting a 24-bit word address (DA23-
16 and DAD15-0) and inputting/outputting
its lower 16 bits (DAD15-0). The
capacity of the display memory can be up
to 32 M bytes which correspond to 256
memory planes having 1024 x 1024 bits
each. It is not necessary to assign all
of the memory as the display frame
buffer. If the ROM and RAM storing
Kanji font patterns and dynamic graphic
patterns are mounted as a part of the
display memory area, it becomes possible
to perform high-speed character font
expansion and dynamic graphic control
using the copy function.

Kanji font memory (Kanji ROM) can be
mounted, as it is, on the display memory
bus without attaching anything like an
address counter of line direction. Each
Kanji JIS code is 14 bits long. And in
order to output 32 x 32 dot data onto
the 16-bit display memory data bus, it
is only necessary to supply 5 row
address lines and 1 column address line.
That is, if a 20-bit word address (14
bits for Kanji code plus 6 bits for the
font) is given, it is possible to mount
the first and second level Kanji ROM (of
32 x 32 dot configuration). (The AGDC's
word address is 24 bits long.)

In the case of a 16-bit CPU having 20
byte address lines, it is not possible
even to directly map the 32 x 32 dot
Kanji ROM onto the main storage. If an
attempt is made to construct a system
such that a character font memory is
mounted at the system bus side to
transfer font data to the controller,
much time will be wasted reading and
transferring the font data.

Display Memory is Used to Store Paint
Patterns and as a Stack:

With many graphies controllers, each
time a drawing is executed, the required
paint patterns and character font data
are set from the system bus into the
built-in register. But because the
storage capacity of the Dbuilt-in
register is 1limited, the data must
sometimes be rewritten while drawing or
complex paint patterns cannot be
selected,

The AGDC can use the display memory as a
working area with litle restraint on the
storage capacity. Similar to character
font and dynamic graphic patterns, paint
patterns are stored in the display
memory before the painting is executed.
And while paint patterns are stored in
the display memory, it is not necessary
to transfer the patterns. Even when
paint patterns are stored in the main
storage, they can be transferred using a
single block transfer command of the
CPU.

The display memory is also used as a
stack area for painting data. During
the execution of a boundary point
retrieval to determine an area to be
painted, if a partial closed area has
been determined, instead of interrupting
the retrieval, the data required to
express the closed area are temporarily
saved onto the stack. (Details of this
operation are described later.) The
built-in register may be used for the
data stacking but, also in this case,
the storage capacity of the register
causes an upper limit on the stack
level. Although it depends on the
algorithm of the boundary point
retrieval, as drawing graphics becomes
complex, the possibility of the stack
level exceeding the upper limit
increases.

= 13 =



In order to set a working area in the
display memory, it 1is necessary to give
its head absolute address and its size
to the AGDC. When a defined stack area
overflows, the AGDC stops its operation
and informs the CPU of a drawing
processor error,

CPU Can Directly Access the Display
Memory and the Internal Registers of the
AGDC:

For the CPU to be able to access the
display memory in the same way as the
main storage, it is necessary to map the
display memory, as a part of the main
storage, on the CPU memory addresses.
For this purpose, the AGDC is equipped
with address terminals to which 20 byte
address 1lines (MA19-16 and MAD15-0) of
the system bus are connected, and with a
terminal (CSDM) which is kept at 1low
level when the CPU accesses the display
memory.

The display memory bus has 24-bit word

address 1lines. To extend the byte
address of the CPU into a 24-bit word
address, an 8-bit bank register is

mounted in the AGDC. Figure 6 shows the
address extension method. In the
extension example, 20H ([J) is set in
the bank register and a byte address
24DABH or 24DA9H ([J) is given. The
display memory lower byte enable signal

(DLBE) () is equal to the LSB of the
byte address. The data bus width at the
system side may be 8 bits. In that

case, the upper byte enable signal (UBE)
(C) is always high.

It is possible for the CPU to access the
internal registers (i.e. coordinate
register and others) of the AGDC. The
parameter registers and others of the
AGDC can be selected by the 8 lower bits
of the CPU's byte address. When the
chip select signal (CSIR) is 1low, the
internal registers can be accessed.
Because the display memory and the
internal registers under the control of
the AGDC can thus be directly accessed

by the CPU, it is possible to dump and
rewrite their contents using a general-
purpose software debugger.

Built-in Bus Arbiter:

In relation to the mapping function, the
AGDC has a built-in bus arbiter which
gives priority to the use of the display
memory bus., It also outputs a ready
signal (READY) to request the CPU for a
wait operation. Thus, it is not
necessary to construct a bus arbiter, as
an external eircuit, whose timing
designs are difficult. Priority se-
quence for the use of the display memory
bus (from high to low) is as follows:

() Generation of display addresses and
refresh addresses by the AGDC

C) Access of the display memory by
other processors with permission of
using the display memory bus

C) Direct access of the display memory
by the CPU through the AGDC ‘

C) Generation of drawing addresses by

the AGDC
The AGDC generates display addresses
with high priority and refresh
addresses. For this reason, the AGDC

normally operates as the bus master of
the display memory bus. Considering the
possibility that other external
processors will use the display memory
bus, the AGDC is equipped with an input

terminal (HLDRQ) for the signal which
requests the use of the display memory
bus. Accepting this signal, the AGDC
puts the address and data output in the
display memory bus in floating status
and, if some drawing is then in
progress, temporarily halts the drawing.
And by lowering the acknowledge signal
through the output terminal (HLDAK), the
AGDC shows the request source that its
request has been accepted. Because the
address supply for the display by the
AGDC and refreshing are given the

- 13 -



highest priority, the AGDC, by raising
the HLDAK signal, reversely requests the
right of using the bus to be returned.

(e) Access of an odd address by an 8-
bit CPU

(a) Word access by a 16-bit CPU

{0010 0100 1101 1010 1001 |

IOOOl 0001 0010 0110 1101 0100 |

O
[oo10 0100 1101 1010 10001@ O
{651 To01 $916 OLIW 1oy, séa ] Figure 6 Display Memory Access Method
[ by the CPU
[
(] : The content of the built-in bank
register
(b) Lower byte access by a 16-bit CPU
] : The byte address input from the
system bus
[oo10 0100 1101 1010 1000 -
n ] : UBE signal which is kept 1low
5 = ) during an upper Dbyte access
0001 0001 0010 0110 1101 owom thr'ough the systen bus
[ (] : The display memory word address
which the AGDC outputs
(e¢) Upper byte access by a 16-bit CPU [J : DUBE signal which is Kkept low
during an upper Dbyte access
through the display memory bus
[oo10 0100 1101 1010 1001 |
(] : DLBE signal which is kept low
(0001 0001 0010 0110 1101 0100 during a lower byte access
[© The address extension examples above
show a word access, a lower byte access
and an upper byte access by a CPU with a
16-bit data bus width, and a byte a
(d) ll:i:eggu of an even address by an 8- by an 8-bit CPU.W ! A Hpee RS0eRs
[o010 0100 1101 1010 1000 ]

B

[0001 0001 0010 0110 1101 0100 ]

B
@
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Four Types
Prepared:

of Address Cycles are

The AGDC offers four display memory bus
address cycles as follows (See Figure

T.):
Drawing address read cycle

Drawing address write cycle

Display address cycle

® 00

Refresh address cycle

The GDC's drawing address cycle always
consists of four clock cycles used for a
read-modify-write operation. With the
AGDC, one drawing cycle consists of two
CLK-synchronized clock cycles, and each
display and refresh cycles consists of
two SCLK-synchronized clock cycles. Ir
the execution of a refresh operation for
dynamic RAM is selected, a refresh
address cycle is inserted during the
horizontal synchronization period. Two
drawing address cycles, read (2 clocks)
and write (2 clocks), may be executed
continuously or 1 clock cycle of idle
time may be inserted between two
consecutive drawing cycles.

CLK
SCLK |
DA23v16 X Display address X: X Drawing addreisxaawing addressx
Refresh address Drawing,address Drawin; address
Displa [} f X
DAD15"0 addgesg f{ >< [} ><
\ \

w1\

" )
N\

Read data Write data

A\ [\

[

Write—

DRD \ /
DWR
o\ /
HSYNC / \
————— Display Refresh ———=——— Read
Figure 7 Display Memory Address Cycles

When the display memory is accessed,
output.

the address strobe signal (DASTB)
The address strobe signal is synchronized with SCLK during display and

is always

refresh cycles, and with CLK during read and write cycles.
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Because the address strobe signal
(DASTB) is always output at the head of
each address cycle, the external
circuits can correctly know the address
cycle. This DASTB signal is used as the
reference timing signal to extract the
address alone from the address/data
multiplexed terminals or to generate RAS
signal and CAS signal supplied to the
dynamic RAM.

Because, during the drawing address read
cycle, the read signal (DRD) is output,
direction control of the data bus is
possible. During the drawing address
write cycle, the write signal (DWR) is
output. These signals, after being
appropriately delayed by external
eircuits, are supplied to the display
memory. During the display and refresh
cycles, only the DASTB signal is output.
Whether or not it is a display cycle can
be judged by seeing the output signal
from the terminal DT/DISP which is used
for both the data transfer timing signal
and display cycle timing signal.
Whether or not it is a refresh cycle can
be judged by the horizontal synchroniza-
tion signal (HSYNC).

Data Transfer Signal is Output to the
Dual Port Memory:

Considering the use of a dual port
memory, two drawing timing operation
modes are offered as follows:

C) Data transfer mode
C) Memory cycle steal mode

If a dual port memory is used as the
display memory, the data transfer mode
is selected. In this mode, clocks of
different frequencies may be supplied to
the CLK and SCLK terminals. Because of
the need by the circuit which
synchronizes signals related to the
different frequency clocks, the follow-
ing relationship must be met:

fmax (maximum operating frequency)
> CLK > SCLK

In this status, during refresh cycle and
data transfer cycle, no drawing can be
performed. With CLK as the unit, during
the previous two clock cycles and the
following one clock cycle in addition,

it may not be possible to perform
drawing. (See Figure 8 (a).)

When the same clock signal is supplied
to CLK and SCLK, the synchronization

circuit can be bypassed by means of a
flag setting. In this status, drawing
can be performed in all timings except
for refresh cycle and data transfer
cycle. (See Figure 8 (b).)

If the drawing timing selection is set
to data transfer mode, the data transfer
timing signal (DT) is output to the dual
port memory. The timing for generating
the DT signal is selected as follows:

(1 At the start of displaying each
scanning line and when 8 lower bits
of the display address become zero.

C) At the start of displaying each
screen and when 8 lower bits of the
display address become zero.

If horizontal direction of the display
memory is defined to be larger than the
display screen to enable horizontal
scrolling, above is selected. If
the horizontal direction of the display
memory is equal to the display screen to
perform noninterlace scanning, because
continuity of the display address 1is
maintained from the right end of each
scanning line to the left end of the
next scanning line on the screen,
above is selected. Because frequency of
generating the DT signal is lower by
than by (1) , possible timings for
drawing increase accordingly. Use of a
dual port memory thus enables to cope
with a high-resolution display unit
whose dot frequency is as high as
several hundred megahertz.
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As resolution of the display screen
becomes high, display data to be read
per unit time increases. For this
reason, the generation interval of the
DT signal needs to be shortened. To
cope with various display units, from
low resolution types to high resolution
types, while maintaining high eclock
frequencies, the AGDC offers eight modes

(a) DT mode SCLK ¥ CLK

of incrementing the display address,
that is, << 1/4, 1/2, 1, 2, 4, 8, 16 and
32 >>. Conceptually, in the case of a
640 x 400 dot noninterlace display,
<<1>> can be applied. If the resolution
is 1lower than this, a smaller value is
selected. And with higher resolution, a
larger value is selected.

SCLK M J I J b

S igigigigigigigigipigigininininlinly

HSYNC -_1

DT

Refresh cycle
(b) DT mode SCLK = CLK

Data transfer cycle

e LMLt ririert
HSYNC AAJ ]
5 !

Refresh cycle
(c) Memory cycle steal mode

L
Data transfer cycle

seL 4 b L LJ 1 L I
HSYNC _J |

pIse L [ L [

BLANK | —

Refresh cycle

Figure 8 No Drawing - Timings

In those periods indicated by [ 1,

no drawing can be executed.

} 1}
Data transfer cycle

These timings vary

among the DT mode (SCLK # CLK) in which two different clock sources are used, the DT

mode
mode.

(SCLK = CLK) in which the same clock signal is supplied,

and the cycle steal
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Memory Cycle Steal is Also Possible:

When it is desired to keep the cost as
low as possible or when no display is
particularly required 1like a laser
printer, normal RAM memory can be used
as the display memory instead of dual

port memory. For this purpose, memory
cycle steal mode is offered. In this
mode, the same source for clock signals

must be supplied to CLK and SCLK.

During refresh and display periods, a
display cycle which includes a refresh
address generation and a drawing cycle
in which drawing can be performed are
generated alternately, 2 clocks by 2
clocks. (See Figure 8 (ec).) During

these periods, therefore, possible
timings for drawing are 50% per unit
time. Because, except for the display
period, drawing can be executed at all
timings excluding refresh cycles, this
value increases a little. However, the
restraint of memory cycle time
determines an upper limit of resolution
and, so, this cycle steal mode can only
be applied to display |units of
relatively low resolution. If a
standard display unit of 24 k Hz as its
horizontal scanning frequency is used,
data bus width of the display memory is
set to be 16 bits and cycle time of the
dynamic RAM used is 300 ns, the upper
limit will be on around 640 x 400 dot of
interlace display.
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Command Interface Uses Parameter Direct Transfer Method

Now that the drawing processor is
equipped with high-speed drawing func-
tions, it is 1important to wuse them
effectively at the system level. That
is, the procedure of exchanging commands
between the CPU and the graphies
controller (i.e. command interface) is
seen to determine the actual performance
of the system. From the start of

development, we fully studied this
method.
Generally speaking, command interface

methods can be summarized as follows:

C) Data transfer method on the system
bus

(a) Parameter direct transfer
(b) Parameter indirect transfer

(:) Detection method of the controller
status

(a) Status flag

(b) Interrupt request
(¢) Wait request

(d) DMA request

(e) Hold request

(3 Storing method of transfer data

(a) Indirect address designation

(b) Direct address designation
(:) Storing destination of  transfer
data

(a) Register
(b) FIFO

The AGDC has adopted the combination of
Ea;, @ (a), (b) (e), B (b) and
a).

Parameter indirect transfer method ((D)
(a)) was not adopted because the data
generation time seemed to lengthen the
total drawing time (described later).
Closely related to this method, DMA

request and hold request (@ (d), (e))
are also put aside. Regarding the

storing method of the transfer data,

direct address designation has been
adopted. With an 4indirect address
designation method, if adopted, a

command and parameters or an address and
data must be separated during assembling
transfer data. And the number of
transferred bytes obviously would
increase compared to the direct address
designation method by which an address
and data can be transferred simultane-
ously. The storing destination of
transfer data has been set to Dbe
registers. Even if FIFO method was
adopted, it causes an upper limit on the
storage capacity because a re-read
operation becomes necessary.

The registers in the AGDC are mapped on
the CPU's address space. So, for the

CPU to give commands to the AGDC, it is
enough to execute normal data move
commands for the main storage. (See

Figure 9.) Those parts indicated by [ ]
in Figure 9 correspond to the writing
into the parameter RAM in the AGDC.
Thirty-two word registers in the
parameter RAM are assigned roles respec-
tively corresponding to their addresses,
As soon as a command is written, the

preprocessor starts its pre-drawn
processing.
Three status detection methods are

provided (@ (a), (b), (e)). These
methods may be used being switched as
often as required depending on the
drawing types. If a system is
constructed using a CPU devoted to

parameter generation and the AGDC,
hardware handshaking using the wait
request method ( (@) (c)) is most
appropriate. The CPU does not then need

to detect the status of the AGDC and can
handle accesses to the AGDC in the same
way as accesses to the main storage.
But when the CPU is in wait status, no
interrupt processing can be executed.
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If software handshaking by means of must be connected to the wait control

status flag

method (

(a))

is terminal of the CPU. Occurrence

selected, however, even when the CPU is interval of the READY signal differs
being incapable

in a loop
transferring parameters due to

status of the controller,
processing can be performed.

of under various conditions. Take the CPU
busy accessing the display memory as an
interrupt example. During a read, a wait signal

occurs only for five clock periods
starting from the fall of the system

Whatever status detection method is bus's read signal. And during a write,
adopted, the wait control signal (READY) no wait signal is generated.

CHAR: MOV
MOV
MOV
MOV

MOV

MOV

MOV
MOV

MOV
CHAR 2: MOV

CHAR 1: MOV
MOV

MOV
MOV
MOV
ADD
ADD
INC
AND
DEC
JNZ
SUB
MOV
MOV
DEC
JNZ
DEC
JNZ

3

WORD PTR PITCHS,
WORD PTR DHH,
WORD PTR DV,
WORD PTR EAD2H,

0002H;
0017H;
0017H;
0000H;

AX, ES : WORD PTR BUF2;

BX, ES : WORD PTR BUF3;

DI, ES : WORD PTR BUFI;

DX, ODOOOH

?

SI, ES : WORD PTR BUFS;

CX, 041AH

PLANES, DI
EAD2L, DX

X, BX
Y, AX

WORD PTR COM, SI
DX, +30H

BX, +18H

DI

DI, 0007H

CL

CHAR 1

AX, 0018H

BX, 0000H

CL, 1AH

CH

CHAR 1

WORD PTR BUF7
CHAR 2

.
9

Ve Ve Ve WO Ve We Ve we VO Ve W VO Ve We we v

Transfer source address, pitch transfer: 2
Horizontal direction dot count transfer: 24
Vertical direction dot count transfer: 24
Transfer source upper word absolute address
transfer: O

Transfer destination Y coordinate
initialization

Transfer destination X coordinate
initialization

Color information initialization

Transfer source lower word absolute address
initialization

Command flag setting

Loop count initialization: 26 characters,
4 lines

Color information transfer

Transfer source lower word absolute address
transfer '

Transfer destination X coordinate transfer
Transfer destination Y coordinate transfer
Command, flag transfer

Character cede change

Transfer destination X coordinate change

Color information change

Is the drawing of 1 1line/26 characters ended?

Transfer destination Y coordinate change
Transfer destination X coordinate change
Character loop count initialization

Is the drawing of 4 character ended?

26 characters/4 lines drawing
x 12 times ended?

Figure 9 Part of the Assembler Program Which Expands 1280 Characters (of 24 x 24
Dot Configuration)

The CPU is the 80286,

move commands (indicated by []).

As shown above, command parameters can be easily set only by
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Parameter Indirect Transfer Method Has
Problems

Among the parameter indirect transfer
methods, there are the receiving command
parameters by DMA transfer and (i.e.
linked 1ist) the controller itself
endeavors to read the command parameter
lists which have Dbeen generated
beforehand on the main storage. By
these methods, transfer data strings
which include command codes and transfer
address information depending on the
controller are generated from the
original data-like coordinate strings.
For this reason, when compared to the
parameter direct transfer method which,
as soon as coordinate data are
generated, transfers them immediately,
the data generate processings get in the
way. So, operating time of the CPU
increases accordingly and software for
the parameter transfer becomes complex.

When a series of draw processings 1is
clearly seen through, such as in the
case of stroke character drawing which
draws characters by means of many
straight-line drawings, the indirect
transfer method which does not suspend
the CPU's pre-drawing depending on the
controller's status may be advantageous.
But, with DMA transfer method, how to
optimize the size of data blocks being
transferred becomes a big problem. To
fix the size of a transfer block is
basically unnatural because no data can
be transferred until the fixed amount is
ready. And as the transfer block 1is
divided into smaller units, processing
time required for the generation of
transfer data and operation settings of
the DMA controller increases, thus
lowering the total drawing speed.

If the controller is of 1linked 1list
method type to read command lists, this
kind of problem does not occur. But the
control software will be more complex
than that of DMA transfer method because
the CPU needs to manage all recognitions
of the created command parameter strings
and transferred parameter strings,

linking to the next parameter strings,
and defining the generate positions of
the new parameter strings. Setting this
information into the controller is also
required. And because the controller
performs hold control to exchange the
fight of wusing the system bus, this
controller may limit CPUs which can be
put on the interface.

The Relation Between Parameter Genera-
tion Time and Drawing Time Is Important

The parameter indirect transfer method
aims to execute as far as possible
without stopping the CPU processing the
parameter generation. In the actual
use, however, we judge that it does not
have any advantage when compared to the
parameter direct transfer method. When
comparing these transfer method, the
relationship between parameter genera-
tion time by the CPU and drawing time by

the controller becomes an  important
factor.
When drawing time 1is slower than

parameter generation time such as in
paint drawing, the total drawing time is
approximately equal to drawing execution
time. But the indirect transfer method
is slower than the direct transfer
method by as much as the time takemn to
generate the first data. (See Figure 10

(a).)

If an extreme case of drawing only 1 dot
is taken as an example, the total
drawing time depends on the parameter
generation time. (See Figure 10 (b).)
However, as the indirect transfer method
generates parameter strings beforehand,
the drawing can be executed continuously

without depending on the parameter
generate processing. This is, of
course, limited to the drawing which
uses the previously generated data

Although the direct transfer
method, as it depends on parameter
generation time, cannot continuously
draw, the total drawing always ends
within a short time.

blocks.
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That is, because the drawing time in a
block does not depend on parameter
generation time as the direet transfer
method does, the indirect transfer
. method seems faster. In fact, its total
drawfng time is longer by as much as the
time taken to generate data.

(a) Drawing time 2 Parameter generation time
Indirect transfer mechod (DMA transfer type)
Total drawving time
Drawing time l @ [ @ I @ I @ I @ [ @ | ® I
T 8 Data generation Data generacion
Paramcter r®|@|®l ©| & ]@l©l®,| 4 ]
pramTastm Ei Direct transfer method (Built-in preprocessor type)
Total draving time
Drawing time r @ r @ ' @ I @ l @ | @ l @ '
Parameter I@ @]@l I—(:jl rél @ '5'
generation time
(b) Drawing time < Parameter generation time
Indirect transfer method (DMA transfer type)
Total draving time -i
Drawing time |® ®l@ @I |®l© I@ l
Data generation _~ Data generation
B LB B ] B[4 ® | @ | % | & "]
& Direct transfer mechod (Buile-in preprocessor type)
Total draving time
Draving time @l— |6| @ @ @L @] I-G)-l
Pnume::r . @ l @ L @ [ @ I @ I @ | ® l l
generation time
Figure 10 Comparison of Actual Drawing Times

Between parameter direct transfer method and parameter indirect transfer method, the
Regarding case (a) in which

operations of the CPU and the controller are compared.

drawing time is longer than parameter generation time and its opposite case
Parameter indirect transfer method causes the

total drawing time is evaluated.

(b),

total drawing time to be longer than direct transfer method by as much as the time

taken to generate data.
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Drawing Processor Used to Execute High-Speed processings of Enlargement,

Rotation and Painting

. Nowadays, we often see display units
which offer multiwindow functions in
order to display two or more processing
results on the same screen and help
create new documents while referring to

different document contents. Some
controllers which enable multiwindow
function, display only by changing

display addresses without transferring
display memory contents. (Ref. 5) This
is called hardware window function.

A hardware window operates fast because
it does not need to transfer any data at
all. To display a window bhaving bit
boundaries, however, it is necessary to
take display data once into the
controller chip. In the case of a
display unit with high resolution, a
real-time control corresponding to a dot
frequency which 1is as high as several
hundred megahertz is required. Because,
in general, controllers can only
guarantee their operations at
frequencies 1 digit 1lower than dot
frequency, this restrains the resolution
of display screen. And there is also an
upper 1limit on the number of windows
which can be displayed. Although it is
desired to increase the number of
windows at higher resolution, the number
is 1limited to smaller one on the
contrary. This is because all of the
change positions of display addresses
occurring on each display line and the
head display address must be transferred
during the horizontal retrace period.
Although scrolling in windows then
becomes faster, this is also limited by
the capacity of the window memory.

Clipping Function 1is Used for Window

Display and Picking

We decided not to mount a hardware
window function which is advantageous
from the viewpoint of speed but causes
considerable restraints during the stage

Shrinkage,

of unit design. The copy function is
used instead to transfer display data
and form windows. Different control
methods are adopted between the pop-up
menu whose display contents are fixed
and windows. Window control requires a
window memory which has the same memory
configuration as the frame buffer, but
menu display data need not be two
dimensional. Only when required, it is
enough to expand the original menu data
placed on 1-dimensional continuous
addresses in a 2-dimensional manner,.
This fact has enabled to expand 1-
dimensional data into 2-dimensional ones
or convert 2-dimensional data back to 1-
dimensional data.

In order to efficiently form a multi-
window, a hardware clipping function is
also provided. A rectangle clipping
area is defined by designating two
diagonal coordinate points. Whether
only the inside is drawn, only the
outside is drawn, or no clip operation
is performed can be set. (See Figure
11.) This function can be used
effectively for a window positioned at
the front of the display. In the case
of painting, definition of this elipping
area is used as the outer frame
designation of a boundary point retrieve
area.

If the clipping function is wused, the
pick operation specifies and extracts a
particular graphic drawn on the screen.
If the entire drawing is left to the
controller, unless the CPU traces the
drawing positions, no pick operation is
possible. So, this function is added to
the AGDC. Using a mouse or a digitizing
tablet, a clipping area is moved to the
intended position beforehand and an area
as small as 2 x 2 dots is defined. A
drawing area is set outside the clipping
area, a logic operation mode which does
not cause the display results to change
is selected, and drawing is executed
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Clipping Examples

Figure 11

Clipping areas are designated,

again. By means of an interrupt or a
flag, the CPU knows that clipping has
occurred and picks the graphic which was
then being drawn.

Plane Type and Pixel Type Display Memory
Can Be Constructed

Table 1 lists the main drawing functions
of the AGDC. But all of their combina-
tions are not necessarily available.
(See Table 2.) Functions which are not
built in the AGDC, such as drawing of an
ellipse whose axes are not parallel to X
and Y axes, must be supplemented by the
CPU's software. For this reason, if
some AGDC-executed functions like
clipping are used in other drawings, it
is desirable to be able to apply them in
the drawing by the CPU. In this case,
the CPU can draw the ellipse using the
bit mapped method which enables to
designate relative positions. In
drawing into the frame buffer (in the
display memory) which corresponds to the
display screen, it is possible to
designate positions by means of X-Y
coordinates. In data referencing con-
cerning the Kanji ROM and working areas,

mode of painting inside (a)
selected, and a rectangle fill is executed.

(b) is

or outside

it is possible to designate positions by
means of absolute addresses.

There are two methods to store color
information as follows:

(@) Color plane method
(:) Packed pixel method

The plane method stores one pixel of
color information at addresses a color
plane from each other. So, in the case
of one-pixel-to-one-pixel drawing like
that of a straight line, it is necessary
to sequentially execute all planes of
drawing bit by Dbit. But the plane
method is suitable for copying,
painting, rotating, enlarging and
shrinking which would be faster if
neighboring bit strings were processed
as a whole, Packed pixel method,
however, because it packs all pixel
information in the smallest access unit
(1 word) of the display memory, can
access one pixel simultaneously. In
graphics drawing which draws one pixel
as the unit, the packed pixel method is
faster than the plane method. But if
the number of dots constituting one
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pixel 1is changed, it will cause such
hardware as drawing flow and drawing
mask to change, thus being 1less
flexible.

The AGDC can apply all of its drawing
functions to the plane method of display
memory. In the case of bit mapped
drawing, the AGDC can cope well with the
pixel method of display memory. Because
this mode can be dynamically selected
between plane method and pixel method
during drawings, it is possible to mount
a display memory with two configurations
(plane method and pixel method) to make
full use of their respective features,

Unlike the GDC, the AGDC executes color
drawing by 1issuing a single drawing

can be designated for two or more planes
at the drawing destination. With four
memory planes, for example, a different
logical operation can be executed for
every two planes. In copy and put/get
operations, similar processings can be
executed for transfer source and
transfer destination.

It 1is easy to output a hard copy of the
color screen to a dot-matrix color
printer, This is done by executing
logical operations appropriate for each
ink ribbon among the transfer source
data which are stored in two or more
planes and issuing once a 90 degree
rotation get command which reads 90-
degree rotated data into the system bus.
This operation takes out the dot strings

command even for plane method of display

memory. In graphiecs

painting,

drawing
up to two logical operations

or

(from

Table 2 Possible Combinations of Drawing Functions

the AGDC) which are used to
directly drive the print head pin for 16
dots vertically and 1 line horizontally.

Pixel Hardware f:i::::::nzf Selection | Selection | Transfer destination | Transfer source (line
configuracion | clipping | shrinkage a;d of line of paint | (drawing destination) | type, paint pattern)
1ine type type pattern position designation | position designation
Dot (e} x (o] - Coordinate Built-in register
Straight line Enlargement - Coordinate Built-in register
only
Rectangle o (o} Enlargement [e} - Coordinate Built-in regiscer
only
Circle, arec x - Coordinate Built-in register
Ellipse, elliptic arc x - Coordinate Built-in register
Paint x - - (o] Coordinate Built-in regiscer,
head address
Rectangle fill o lo] - - le] Coordinate, Built-in register,
absolute address head address
Circle £111 x (o] - - o Coordinate Built-in register,
head address
Trapezoid fill x o - - (o] Coordinate Built-in register,
head address
Triangle £111 x o] - - lo] Coordinate Built-in register,
head address
Normal copy (o] o (] - - Coordinate, Coordinate,
absolute address absolute address
90 deg. rotation copy x (o] x - - Coordinate, Coordinate,
absolute address absolute address
Slant copy x (o] x - - Coordinate, Coordinate,
absolute address absolute address
Arbitrary angle rotation x Q [e] - - Coordinate, Coordinate,
copy absolute address absolute address
Normal put/get le} [e) x - - Coordinate, -
absolute address
90 deg. rotation get x o z - - - Coordinate,
absolute address
CPU direct draving (o] x x - - Coordinate Arbitrary
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Shrinkage

Enlargement Factor of
Factor of N/16:

16/N,

Enlarged and shrinked copy operations
are set to 16/N for enlargement and N/16
for shrinkage (N is an integer from 1 to
16). The fact that many factors can be
selected near the original size (i.e.
factor of 1) is practiecal. The
restraints on enlargement and shrinkage
factors were required to enable simple
hardware to achieve high-speed enlarging
and shrinking copy operations. Let's
take 15/16 reduction as an example.
This is just done by extracting one
predetermined bit from among the 16 bits
read from the display memory. In cases
of shrinkage the extracted bits are
predetermined depending on the shrinkage
factors.

Shrinked data are written again into the
display memory after being processed
through shift, mask and other
operations. In the case of a last word,
the number of bits whose enlargement or
shrinkage has not been completed may not
be 16 bits. In this kind of processing,
drawing mask operation is difficult.
The AGDC, based on the factor and the
number of bits whose drawing has not
ended, generates masks by referring to
the table in which mask formats have
been entered beforehand.

Because vertical enlargement and reduc-
tion are not semsitive to processing
speeds, they are handled on a count
basis by software. For doubling, the
same line is simply drawn twice and, for
shrinkage, 1lines are just thinned out.
In graphics dealing with characters and
figures, thinning a single 1line and
leaving no gaps may cause visual
information to drastically decrease. It
now seems necessary to consider some
sort of supplementary processings for
shrinked data depending on their
applications, such as a straight 1line
drawn not to delete a ruled line.
Three reference methods for paint
patterns are shown below.

(D Built-in register reference
(:) Display memory reference

(a) Patterns common to all planes
are referenced.

(b) Independent patterns of each
plane are referenced.

(1) 4is the so-called "solid patterns®
which are repeated in vertical direction
and in plane's direction. This will be
used in clear operation. If reference
method (2) (b) is adopted, as different
patterns can be referenced in each of
the horizontal, vertical and plane

directions, painting a different color
at each dot (i.e. tiling) becomes
possible. The AGDC is equipped with
functions used to calculate initial
values of and change the reference
positions of paint patterns, depending

on the Y coordinates of the line being
painted.

High-Speed Boundary Point Retrieval

Leads to Fast Painting:

As far as painting of an area with the
same size is concerned, filling is
faster than painting. Coordinates used
to execute a fill-in can be generated at
high speed. And in painting, to specify
the area to be painted, read contents of
the display memory and retrieve boundary
points are necessary. For speeding up
painting, to end this boundary point
retrieval in a short time is a task of
the highest priority. Immediately after
16-bit retrieve data are given, our
newly developed boundary point retriever
can return the following information to
the drawing processor.

C) Does a boundary point exist?

C) If a boundary point exists, where

is its dot position?
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(a) ™", "0" judgment of retrieval
start point

(b) Judgment of boundary point in word

LSB MSB LSB MSB LSB MSB LSB MSB
Retrieve i
3¢ X %X X X X X % X (0 X 3 XXX - e XXX XK XHX ] XXX XX 0000000000 xx x xxx g:z:leve xxxxx]0000xxxxxx
1111111111011111| Mask data |I1111111111011111 0000000000111111 | Mask data | 0000000000111111
0000000000000000 Result 0000000000100000 0000000000000000 Result xxxxx10000000000

Boundary point: No Boundary point: Yes

Figure 12 Judgment of Boundary Point

From
point exists in the word or not.

the result obtained by masking retrieve data,
If it exists,

Boundary point: No Boundary point: Yes

it is known whether a boundary

its dot position is known. In the

above figure, "X" shows an arbitrary value ("0" or "1").

If no boundary point exists within the
retrieve data, the content of the next
neighboring word is read and, from
there, retrieve data are created. In
the case of a color display, the
boundary point is given as a boundary

color. If there are three planes, data
of the three planes are continuously
read, two clock cycles per plane, and

logical operations are executed between
the plane data according to the boundary
color designation, thus generating
retrieve data. When reading the data of
all the planes has ended, generation of
16-pixel (word) retrieve data ends.

To specify an area as a retrieving
object, it is possible to mask the
retrieve data. (See Figure 12.)
In Figure 12, only those bits for which
mask data are "O" are retrieving
objects. To judge whether or not the
retrieval start point itself is included
within the boundary, mask data are given
so that only the retrieval start point's
data are taken out ((a)). If the result
is "0", it shows that no boundary point
exists in the word. When continuing to
retrieve to the left or to the right
from a point within the word, those

retrieve data from the point to the word
boundary are masked so that the once-

retrieved position will not be a
retrieving object again ((b)). When
there are many boundary points in the

word, it is just enough to change only
the mask for the same retrieve data.
Position data output from the boundary
point retriever is used not only in
calculating the size of a painting area
but in generating retrieve mask data
within the word.

Upper and Lower Lines are Read, and
Sneak Points of Area are Extracted:

Figure 13 (a) shows the sequence of
painting a closed area and how its

boundary area data are pushed and
popped. The retrieval starts from a
position marked X and the area is

painted in the sequence from (1) to "
By the sneak points, the closed area is
divided into smaller areas. The
arrow by the side of each number
the direction of painting to be
executed.
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(a)

Pop 1, coincidence
with a

Retrieval

start point

@9 Coincidence
with d

These 2 lines
are enlarged
in (b).

Pop e, coincidence
with ¢

(b) a Sneak etrieval startc from this point
point after drawing this line.
111000000011111100000000000000000001 =—— Second retrieval line

1100000000000000000911111110000%0011 =— First retrieval line

Retrieve end point in  Sneak point ¢  Retrieval
left direction (b) start point

Area to be pushed

Area to be painted after retrieval ends

Figure 13 Paint Operation Procedure

An arbitrary closed area is divided into two or more smaller area and painted ((a)),
from @to @ , in the direction shown by each arrow. A part of the closed area in
(a) is enlarged in (b) to show the procedure of retrieving boundary points. The
boundary point retrieve processing includes specifying a closed area based on
retrieved change points from "0" to "1" or from "1" to "0", extraction of sneak
points, retrieval-end judgment, push and pop of the closed area information and
actual painting inside the closed area.
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Painting which includes boundary point
retrieval proceeds in the following way.
Retrieval starts from the retrieval
start point shown in the figure. The
line where the retrieval start point
lies and its upper line are retrieved at
the same time, When, during the
retrieval of one line, boundary points
to the left and right are found, those
parts!' information (i.e. closed area
information) are pushed onto the stack.
In this example, a, b and ¢ are pushed.
In area @, painting is executed from
___ and operation proceeds to retrieval
of its upper 1line, When, at the end of
the retrieval in (:), a sneak point into
occurs, d is pushed and painting of
starts. While the execution of
painting thus continues, closed area
information is piled on the stack in the
display memory.

When painting of (5) has ended, a, b,
C, ..., & have been pushed onto the
stack. 1In area @, the stack pops and
retrieval and painting start from g
which was pushed at the end of retrieval
in . And in §), h is pushed later.

When post-retrieval painting is
executed, it is always checked to see if
the closed area information specified by

retrieval coincides with the stack
contents. In painting of (T), as the
coincidence with b is obtained, flag is

raised at b's closed area information so
that no retrieval will be executed again
after popping.

In the boundary point retrieval
described above, the display memory
contents of two (upper and lower) lines
are read alternately. This method
enables to make clear the flow of
boundary point retrieve processing (Ref.
T), that is, extraction of sneak points
around the area to be painted, stack
operation when the area 1is determined
during the retrieval, and retrieval-end
judgment, Two 1lines of data are read
and the results of respective boundary
point retrievals are compared to
retrieve boundary points. When an area

to be painted is determined during
retrieval, as described before, six
words of information including position
and size of the area is pushed onto the
predetermined stack area on the display
memory.

A part of the figure (a) is enlarged in
part (b) of Figure 13. First, that the
retrieval start point itself is not
included within the ©boundary is
confirmed and, then, the change point
from ™0™ to "™1" is retrieved. As the
result, point ¢ is obtained. Next,
boundary point judgment is made on the
point one line higher than c. If the
point is m™i", as it means that the
boundary in the left direction is found,

retrieval proceeds to right. In this
example, "o" is first obtained, so
retrieval proceeds to left. When
leftward retrieval starts, change noint

from "1™ to "0O"™ on the first retr esval
line and from "0"™ to "1" on the = 2ond
retrieval line is retrieved.

Generally speaking, a point ch: ging
from "0" to "1" becomes a boundary point
and, if its upper or lower point is "in,
the point is the retrieval end point.
With "0", it may be a sneak point.
Therefore, a point of change from "1" to
"0" in further is retrieved. The
processing continues until the retrieval
end point is found.

After the retrieval end point b in left
direction is found, rightward retrieval
starts. Then, during retrieval, the
closed area information of a and b have
already been pushed. During the
rightward retrieval, the closed area of

e is first determined and its
information is pushed. When the
rightward retrieval has ended, the line

from which painting is executed is
determined. With the left end point of
this 1line as the retrieval start point,
retrieval for the rest of area
begins.
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90 Degres Rotation Is Executed Using the
Buffer Register:

The built-in 16-word buffer register is
designed to speed up the 90 degree
rotation operation, This buffer is
structured to read rows written data is
columns, by the address bus and data bus
connection. In addition, a flow control
is adopted so that, by Jjudging the
mutual relationship between the bit
positions of transfer source areas and
those of transfer destination areas, no
garbage occurs during the data transfer
to the buffer. This buffer also
functions as an FIFO to temporarily
store the transfer data in get/put
operations.

Arbitrary angle rotation copy which is
accompanied by enlargement/reduction is
executed by means of straight 1line
drawing. Generally, when a figure is
rotated, some points of no drawing
appear in the figure drawing area. If
the rotation angle with relation to an
axis reaches 45 degrees, this phenomenon
is usually noted. Judging this kind of
singular points, it 4is possible to
select whether or not drawing of the
neighboring points are also executed
similarly for these singular points.
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Evaluation of Execution Speed by Various Benchmark Tests

The evaluation method of drawing speeds
of graphic controllers differs very much
among different manufacturers. The
environmental conditions for evaluation
are often not very clear. Therefore, it
is difficult to compare the drawing
speeds of different controllers simply
based on their specifications. The
performance of some controllers is
expressed in such a way as "some
nanoseconds per dot" or "some vectors
per second". But these values are
something like the maximum instantaneous
wind speed, which does not consider such
system factors as time ratio showing how
long the display memory can be occupied
for drawing or command interface.
Therefore, the actual drawing speed
often comes to differ considerably.

Values useful for unit designers who
judge if particular controllers can be
suitably adopted, are the drawing speeds
available when the intended systems are
established. For that purpose, the
method of calculating the number of
straight 1lines or the number of
characters which can be drawn in one
second based on the time taken to draw a
single straight line or a single 24 x 24
dot character is not good either.
Because, when drawing operations are
continuously executed, how far the
respective drawing operations are from
each other is not included in the
evaluation method.

Table 3 Number of Drawing Cyoles

Drawing contents

No. of drawing cycles

Straight line

Horizontal straight line of rectangle
(of plane configuration)

Circle, ellipse

Copy
Data replacement alone

Logical operation execution
Fill

Built-in register reference,
data replacement alone

Built-in register reference,
logical operation execution

Display memory reference,
logical operation execution

4 clocks/dot (pixel)

4 clocks/word

6 clocks/dot (pixel)

4 clocks/word

6 clocks/word

2 clocks/word

4 clocks/word

6 clocks/word
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The total drawing speed should not be
based on these values alone. For
painting, the number of cycles varies
depending on the reference patterns.
However, it will affect little the total
paint drawing speed.

We decided, in cases of drawing graphics
and graphic characters, to evaluate an
overall drawing speed available when the
same type of drawing is continuously
executed. With coordinate values given
first, we actually measured, using a
logic analyzer, the time taken by the
CPU from its starting of pre-drawn
processing to its ending of the last
drawing. In the case of controllers
using the parameter indirect transfer
method, the expressed time ineludes the
creation and processing of DMA transfer
data and command lists. Get and put
which depend on the CPU's data transfer
speed are excluded. Dual port memory
chips are used as the display memory

and, as its refreshing consumes 6%,
93.7% of possible drawing timings are
secured.

One Word Processing in 2 to 6 Cloeck
Cycles

Before showing the measured values,
Table 3 lists the number of clock cycles
(i.e. theoretical value) required for
the execution of a drawing. A straight
line is drawn in the same number of
cloek cycles as with the GDC, but circle
and ellipse are rather slow. This is
because the drawing algorithm of an
ellipse is based on circle, and that an
entire circle can be drawn by a single
command. When drawing a rectangle for
the plane configured display memory, 16
dots can be drawn in one drawing cycle
on the horizontal line. A copy which
can designate both a transfer source and
a transfer destination on bit boundary
is executed at the speed of 6 clock
eycles per word while executing logical
operations for the transfer source or
transfer destination. If the existing

data at the transfer destination are
ignored and replaced by the transfer
source data, 1 word of copy ends in 4
clock cycles.

As for painting, execution cycles differ
between the case of referencing paint
patterns stored in the built-in register
and the case of referencing patterns on
the display memory. Compared to the
built-in register reference, referencing
patterns on the display memory needs
more time (as much as 2 read clock
cyecles). As for rectangle painting, if
the setting of replacement alone is made
similarly to the case of copy, 16 bits
can be painted in 2 clock cycles,

Fast Paining of Arbitrary Closed Area

Execution times of graphic drawing,
painting and copy are shown in Table 4
(a), (b) and (c), respectively.

If the drawing time of one display
memory plane alone is compared with the
drawing time of 3 planes (8 colors), in
the case of straight line (Figure 14
(a)), it increases three times. In the
case of circle and ellipse, however, it
increases to a little over two times
(Table 4 (a)). This is because, among 6
clock ecyeles required for drawing a
cirecle or an ellipse, only the execution
time of 4 clock cycles needed to draw 1
plane increases three times to 12 clock
cyeles.

Sereen clear shown in Table 4 (b) is an
example of painting. By referencing the
paint patterns stored in the built-in
register, the rectangle is painted. If
the left side and right side of a
rectangle are bit boundaries, painting
of the word requires mask processing and
a read-modify-write operation is
executed. But, this screen clear has no
bit boundary and 115,200 words are
executed within 28.8 ms, This fact
shows that 1 word is cleared in 2 clock
cycles. Painting speed, except for that
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Figure 14 Benchmark Processings Used To Measure Drawing Times

Straight lines (in Table 4 (a))
Paint (in Table 4 (b))

(a)
(b)

] Iespebens

of rectangle depends 1little on the
reference method of paint patterns.
Although read time differs depending on
the reference method of paint patterns,
this is because it takes 1long to
calculate coordinates for securing paint
areas and retrieve boundary points.

Arbitrary closed area painting is very
fast (Table 4 (b)). As shown in Figure
14 (b), about 80% of the screen is
painted. However, it is a little less
than two times compared to the time
taken to copy the whole screen
consisting of three planes to another
three planes. Copy Jjust does the
calculation of simple drawing addresses,
but paint includes such complex
processing as boundary point retrieval.
This speed 1s the result of the
previously deseribed hardware to execute
boundary point retrieval at high speeds
and the retrieval algorithm. And there
is not much difference in the execution
time of drawing between 90 deg. rotation
copy and normal copy. It can be assumed
that enlargement and shrinkage take
about two and three times as much time
as normal copy, respectively.

N AN R S S A B S B B EL R R
Peredel potet

B TR SR G I B AT |

|
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ARl o) bbbl ofe bl of ool

Drawing time of expanding the 2% x 24
dot character font has been evaluated
separately from the copy of a large
area. The font is drawn not on word
boundary but on bit boundary. There is
little difference of execution time
observed between slant expansion which
calculates drawing start coordinates
using a straight 1line generator and
normal expansion. This proves that
parallel processing and pipeline
processing are conducted efficiently.
Calculating from the evaluation results
of this continuous graphic character
drawing, it is understood that 13,640
characters in black and white or 8,040
24 x 24 dot characters in 8 colors can
be drawn in one second. This value
seems to be fairly low compared to the
one which is calculated based on the
number of drawing clock cycles, but is a
practical figure.
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Table 4 Measurement Values of Drawing Time

Using a logic analyzer,

MHz).

(a) Graphic drawing time

the time taken from the first generation of drawing
parameters to the ending of drawing is measured (unit : ms, clock frequency : 8

Drawing contents

Plane con- Plane con- Pixel con-

figuration figuration figuration

: 1 plane : 3 planes : 4 bits
Straight line 37.8 113.4 37.8
Rectangle 15.6 46.8 37.8
Circle 30.0 69.0 30.0
Ellipse 1 34.8 80.6 34.8
Ellipse 2 45.0 104.2 49.8

With (319, 239) given as the
start point, 128 240-pixel
straight lines are drawn with
their end coordinates starting
from (0, 0), which is followed
by + 10 in X direction. And 96
320-pixel straight lines are
drawn with + 10 in their end
coordinates in Y direction.

From (0, 0) - (639, 479) to
(235, 235) - (404, 244), 48
rectangles are drawn with their
diagonal coordinates changing
at the rate of + 5.

with (319, 239) as their fixed
center, 46 concentric circles
are drawn with their radii
changing from 239 at the rate
of -5.

with (319, 239) as their fixed
center, 46 concentric ellipses
are drawn with their X-direction
radii changing from 239 at the
rate of -5. Ratio of their
X-direction radii to Y-direction
radii is 4 : 3.

The drawing conditions are the
same as above (ellipse 1) except
that the ratio of their
X-direction radii to Y-direction
radii is 3 : 4.
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(b) Paint drawing time

Solid
p:ttern Tiling 1 Tiling 2 Drawing contents

Screen clear 28.8 - - Clearing of 640 x 480 dots x 3 planes
x 2 sets (115,200 words).

Rectangle 7.1 13.5 13.8 Logical operation-added painting of a

£i11 400 x 300 rectangular area.

Circle £fill 9.3 9.3 9.3 Logical operation-added painting of a
circular area whose radius is 150 dots.

Ellipse 6.7 6.7 6.7 Logical operation-added painting of an

fill 1l elliptic area whose X-direction radius
is 150 dots and ratio of X-direction
radius to Y-direction radius is 4 : 3.

Ellipse 12.3 12,3 12,3 Logical operation-added painting of an

£i11 2 elliptic area whose X-direction radius
is 150 dots and ratio of X-direction
radius to Y-direction radius is 3 : 4.

Triangle 3.0 3.0 3.0 Logical operation-added painting of a

fill triangular area which is enclosed by 3
points of (152, 419), (320, 240) and
(459, 320).

Trapezoid 5.2 5iad 5.2 Logical operation-added painting of a

fill trapezoid area which is enclosed by 4
points of (0, 150), (300, 150), (30, 0)
and (270, 0).

Paint 94.5 96.7 97.8 Painting of any of the 3 closed areas

formed by 2 circles whose center is
(320, 240) and radii are 100 and 220, a
rectangle of (0, 0) - (639, 479) and 8
triangles.
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(c) Copy drawing time

1 plane 3 planes 1 plane 3 planes
+ + + + Drawing contents
1 plane 1 plane 3 planes 3 planes

Normal copy 1 12.0 29.2 24.3 36.3 No logical operation-added
transfer of a 640 x 480 dot
rectangular area.

Normal copy 2 18.0 29.2 40.5 52.1 Logical operation-added
transfer of a 640 x 480 dot
rectangular area.,

90 deg. 20.2 29.2 43.1 61.1 Logical operation-added, 90

rotation copy deg. rotation-accompanied
transfer of a 480 x 640 dot
rectangular area.

Enlarged copy 34.1 - 56.6 102.3 Logical operation added
transfer of data enlarged
by a factor 16/13 to a 640
x 480 dot rectangular area.

Shrinked copy 63.3 - 95.6 153.0 Logical operation-added
transfer of 640 x 480 dot

data shrinked by a factor

13/16.
Arbitrary angle 35.2 - 71.6 103.1 Logical operation-added
rotation en- transfer of 200 x 200 dot
larged/shrinked data shrinked by a factor
copy 14/16 and rotated by w/8
with relation to X and Y
axes.

1 plane 1 plane
¥ + Drawing contents

1 plane 3 planes

Character font 91.5 155.2 Normal expansion of 1248 characters of
normal expansion 24 x 24 dot configuration font.
Character font 119.2 196.5 Slanted expansion of 1248 characters of
slant expansion 24 x 24 dot configuration font.
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Conformity to CGI and Upgrading to Higher Speeds

The final stage of research on graphics
interface standards, such as VDI or its
simplified version CGI, has been
progressing. Every time a new graphics
controller 1is announced, how the
controller is designed to cope with
these standards is a matter of our
concern. If we may come to the
conclusion first, it will be long before
we really see a controller which can
directly interpret CGI-defined commands.
Only when the standards are established
and received well and the software is
mature, attempts to put the controller
circuits into an LSI will start. Some
controllers already claim that they
conform to CGI standards, but it is an
arguable statement. A CGI interpreter
can be roughly divided into a command
interpreting section and a device driver
section. Because the command
interpreting section does not depend on
controllers, a different controller can
even be used as long as the CPU remains
the same. And even when the CPU is
different, if the software has been
written in C language, no problem
oceurs, Any difference caused by the
used controller occurs only in the
device driver section. Therefore, we
think that how easily this device driver
can be created determines the degree of
the controller's conformity to CGI.

The AGDC has, as its built-in functions,
almost all of the drawing functions of
the CGI (Table 5). Therefore, it is
enough to just create parameters which
the AGDC requires. And it is not
necessary to develop the software to
control the complex drawing address
generation and the display memory. Only
when complementing drawing functions
which are not built in the AGDC,
software creation work needs to Dbe
considered.

Upgrading Toward 3-Dimensional Display
and Image Processing:

The AGDC did not depend on the design
base built during the development of the
GDC. Because the GDC, which was
designed when LSI integration level was
no match for that of the present, had to
achieve drawing functions being then
limited by hardware wired logic. Under
a completely new system concept,
however, all of the drawing algorithms,
special hardware for faster drawing
functions, a preprocessor which
effectively controls them, a drawing
processor, individual bhardware and
software had to be developed and piled
up little by little from the status of
almost no design base. We groped in the
dark for a long time. Finally the AGDC
was developed as a completely new 2-
generation graphics controller. For
this reason, every detail regarding an

optimum controller from the viewpoints
of unit designers was taken into
consideration.

Presently, the maximum operating
frequency is 8 MHz but this will be
speeded up as the size of the LSI chip
is reduced. It is the natural flow of
technology  that, after a certain
function is established, higher
functions are sought for. It is now
possible to imagine a 1leap to 3-
dimensional graphics and an expansion to
image processing in the near future. 1In
addition, it will be studied how to
allot functions more effectively while
making better use of the functions of
dual port memory and adding more
functions. Anyway, products to be
developed from now will be based on the
AGDC, with more functions added to it.
And there will less barriers than those
we experienced during the development of
the AGDC.
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Table 5 List of AGDC Commands

Commands starting with A or R indicate absolute position designation or relative
position designation respectively. Command names ending with A, C, D or M mean
absolute address designation, coordinate designation, drawing based on the drawing
processor's coordinates and drawing with newly set coordinates respectively.

Command name

Setting parameters and operation contents

READ DP

READ_COL

DOT_D
A DOT M
R_DOT M
A LINE M
A LINE D
R_LINE M
R_LINE D
A REC
R_REC
CRL

ARC

CSEC

CSEG

ELPS

EARC

ESEC

Transfers X and Y coordinates of the drawing processor to the
preprocessor.

Transfers color information of the designated coordinates to the
preprocessor.

Draws 1 dot at (X#, Y#).

Draws 1 dot at (X, Y).

Draws 1 dot at (X+DX, Y+DY).

Draws a straight line between (X, Y) and (XE, YE).

Draws a straight line between (X#, Y#) and (XE, YE).

Draws a straight line between (X, Y) and (X+DX, Y+DY).
Draws a straight line between (X#, Y#) and (X+DX, Y+DY).
Draws a rectangle defined by (X, Y) and (XS, YS).

Draws a rectangel defined by (X, Y) and (X+DX, Y+DY).

Draws a circle defined by the center (XC, YC) and radius DX.

Draws a circular arc defined by the center (XC, YC), radius DX, start
point (XS, YS) and end point (XE, YE).

Draws a circular sector defined by the center (XC, YC), radius DX,
start point (XS, YS) and end point (XE, YE).

Draws a circular chord defined by the center (XC, YC), radius DX,
start point (XS, YS) and end point (XE, YE).

Draws an ellipse defined by the center (XC, YC), Y-direction radius
DY and ratio of squared radii, DH : DV, in X and Y directions.

Draws an elliptic arc defined by the center (XC, YC), X-direction
radius DX, Y-direction radius DY, ratio of squared radii, DH : DV, in
X and Y directions, start point (XS, YS) and end point (XE, YE).

Draws an elliptic sector defined by the center (XC, YC), X-direction
radius DX, Y-direction radius DY, ratio of squared radii, DH : DV, in
X and Y directions, start point (XS, YS) and end point (XE, YE).
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Command name

Setting parameters and operation contents

ESEG

PAINT

A REC FILL A

A REC_FILL C
R_REC_FILL
CRL_FILL

ELPS_FILL

A TRI_FILL
A TRA FILL

R_TRA FILL

A _COPY_AA

A COPY_AC

A _COPY CA

Draws an elliptic chord defined by the center (XC, YC), X-direction
radius DX, Y-direction radius DY, ratio of squared radii, DH : DV, in
X and Y directions, start point (XS, YS) and end point (XE, YE).

Paints an arbitrary closed area by means of boundary point retrieval
start point (X, Y) and boundary point color designation DX. Paints
an arbitrary closed area with a boundary color other than that of
boundary point retrieval start point (X, Y).

Paints a rectangle defined by the start absolute address EADI,
horizontal direction dot count DH and vertical direction dot count
Dv.

Paints a rectangle defined by (X, Y) and (XS, YS).
Paints a rectangle defined by (X, Y) and (X+DX, Y+DY).
Paints a circle defined by the center (XC, YC) and radius DX.

Paints an ellipse defined by the center (XC, YC), Y-direction radius
DY and ratio of squared radii, DH : DV, in X and Y directions.

Paints a triangle defined by (X, Y) (XS, YS) and (XC, YC).
Paints a trapezoid defined by (X, Y) (XS, Y), (YS, YE) and (XE, YE).

Paints a trapezoid defined by left point (X, Y) and right point

(XS, Y) on the upper side, relative distance DY between the upper
side and lower side, relative distance DX from X of the 3rd point and
relative distance XC from XS of the 4th point.

Area-to-area transfer defined by the transfer start word address EAD2
and dot address dAD2 of a transfer source, the transfer start word
address EAD]l and dot address dADl of a transfer destination,
horizontal direction dot count DH and vertical direction dot count
DV.

Area-to-area transfer defined by the transfer start word address EAD2
and dot address dAD2 of a transfer source, the transfer start point
(X, Y) of a transfer destination, horizontal direction dot count DH
and vertical direction dot count DV.

Area-to-area transfer defined by the transfer start point (XS, YS) of
a transfer source, transfer start word address EAD]l and dot address
dADl of a transfer destination, horizontal direction dot count DH and
vertical direction dot count DV.
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Command name

Setting parameters and operation contents

A COPY_CC

R_COPY_CC

PUT A

PUT_C

GET_A

GET_C

Area-to-area transfer defined by the transfer start point (XS, YS) of
a transfer source, transfer start point (X, Y) of a transfer
destination, horizontal direction dot count DH and vertical direction
dot count DV,

Area-to—-area transfer defined by the transfer start point (XS, YS) of
a transfer source, transfer start point (XS+XC, YS+YC) of a transfer
destination, horizontal direction dot count DH and vertical direction
dot count DV,

Transfer from the main storage to a display memory area defined by
the transfer start word address EADl and dot address dADl of a
transfer destination, horizontal direction dot count DH and vertical
direction dot count DV.

Transfer from the main storage to a display memory area defined by
the transfer start point (X, Y) of a transfer destination, horizontal
direction dot count DH and vertical direction dot count DV.

Transfer from a display memory area defined by the transfer start
word address EADl and dot address dADl of a transfer source,
horizontal direction dot count DH and vertical direction dot count
DV, to the main storage.

Transfer from a display memory area defined by the transfer start
point (X, Y) of a transfer source, horizontal direction dot count DH
and vertical direction dot count DV, to the main storage.

Abbreviations (in alphabetical order)

AGDC: Advanced Graphics FIFO: first-in first-out LSI: large scale integrated
Display Controller circuit

GDC: Graphics Display

bitblt: bit block transfer Controller OA: office automation

CAS: column address strobe ISSCC: International Solid RAM: random access memory

Etate Circuits

CGI: computer graphics Conference RAS: row address strobe
interface
JIS: Japan Industrial ROM: read only memory
CPU: central processing Standard

unit

VDI: zirtual<g§vice
interface
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