GRAPHI C DI SPLAY SYSTEM The present invention relates to a graphic display

unt™ which can be effectively used for a man-nmachine interface for process
control and particularly for a 5 systemwith a configuration in ngpn)?‘w \5553
plurality of graphic display units are connﬁcted to a host -processor

t hrough a comon bus in which each graphic display unit receives draw ng
commands and di spl ay commands sent fromthe host processor and displays in
paral | el graphics and 10 patterns on a dlsplay unlt such as a CRT in
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The present invention has been proposed considering

such problem of the prior art and therefore it is a

" principal object of the present invention to provide a
20 graphic display unit in which the host processor
effectively transmits commands to a plurality of display
controllers to enhance the efficiency of parallel

processing. o _
It is another object of ‘the present invention to
25 simplify configuration of the graphic display unit and
improves the maintenance ability thereof.

It is further object of the present invention to

realise an apparatus in which a graphic display and a
character display can be superimposed to each other in
30 the one window of a multi-window ai:rangement, each of
such displays can be controlled individually and moreover
this window and another standard window are allowed to

co-exist for display in the same display screen.

According to the present invention a graphic

35 display unit, in a system connecting a plurality of
‘such graphic display units to a host processor via a
common bus comprises a 2-port common memory connected at

" the one terminal to the common bus and at the other



2 terminal to an internal bus,'a'part of this conmon nehDry being in the
formof a FIFO (First-In First-Qut) buffer for transm ssion of high |evel

command/ data to the host processor. 5 _In order that the invention™

may be clearly understood and readily carried into effect exanples

t hereof as wel |

as an exanpl e of the prio@ art will now be described with

reference to the acconpanyi ng drawi ngs, in which:- 10 Fig. 1is a
conceptional view of a graphic display unit according to the prior art;
Fig. 2 is a bl octeﬂmaaaarrtof ann iateedalebusql ad part ofc alilg) Watims memory

porron' ot o “JALE0 Ry BRI, & g (ePLehsd BARTIR. Woror

Figs. 2 and 3; Ffgr $msax1f8Ismmheai peghadlemeg taomnandfdata ctdi ghleayhast t
of Figs. 2 to 4 pEbgesRols @ conceptional view another enbodi ment of 20 the

pr esent |nvent|on Fig. 7 is a flowhart |nd|cat|n%|an exanpl e, of the

operat i ons conduct ed bynt heT8eFodithak - dhej gingen

i ?du ﬁat |2 gg anot hendb&emmnhwrﬁgaaalwaeamlgﬁ ;angroaﬁéfgtedstspgﬂhmllﬂéad
of the prese nvept | g | l,agham show. n - de Qpe
version of the d%géfﬁyguﬁ Hzif %ﬁ E?%@Bi 18fa%ﬁ% pr§h5 gﬁ? 1T How

expl anat ory d|ageadeseppbedabibhtUeﬁegenee 30 the adaqmpanymngzﬂﬁdwnngﬁvt

i ndi cating an exggn,RighsLhe operation of the dlsplay unit of Fig. 9; Fig.
13 is a block dlagran1|nd|cat|ng t he prlnC|paI portlon of anot her
confi gurati ontOexanpl eF49- algigpl CORCHRLAPNAY (viegs of a grpphip disgplay

bl ock di agram i nghLetado¥€ingnebhehecpibguagtison exanple of a graphic
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display unit; Figs. 1gwa§l6uﬁl tf‘%faFl%" ag%rar% eo g!r;ateo OAjJJ. eqnt Bf a\

applicable to the dis
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- configuration example of a graphic display unit of the

25

30 -

35

basic configuration accordlng to. the present invention;
Fig. 3 is a block dlagram showxng a portion of Fig.
2 in greater detail; : . ;
Fig. 4 is a timechart relating to Figs. 2 and 3;
Fig. 5 :is a flowchart pertaining to the graphic

‘display unit of Figs. 2 to 4;

Fig. 6 .is a conceptional view another embodiment of
the present invention; .. . .

-Fig. 7 is a flowchart. lndlcatlng an example of the
operations conducted by the embodiment of Fig. 6;

Fig. 8 is a block diagram indicating_anether basic

present invention; .o _

'Fig. 9 ‘is a block diagram: showzng a developed
version of the display unit of Fig. 8;

Figs. 10, 1la, 11b are explanatory diagrams
applicable to Fig. 9; ' .

FPig. 12 is a flowchart lndlcating an example of the
operation' of the display unit of Fig. 9;

Fig. ‘13 is a block diagram indicating the principal
portion of another configuration . example of a graphic
display unit;

- Fig. 14 is a block diagram indicating yet another
configuration.example of a graphic display unit;

Figs. 15, 16, 17a, 17b, 1l7c¢, el8 are explanatory
diagrams applicable to the display unit of Fig. 14.
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3 In the prior art of Figure 1, 1 designates a host processor connected to
a’ tormon bus BS; [err], graphlc di spl ay/ keyboard controllers for enabling
the functioning of a nman-machine interface connected to the common bus BS 5
and each including therein an exclusive sub-processor 3. The common bus BS
is also connected with an interface for a & sk unit 5 and a comuni cati on
interface 6, in addition to the controllers. Such existing apparatus is so
configurated that if 10 the host processor 1 controls the controllers

[err], either the contrghl qihd ra§r£h6fb!"§. el ar, Pomﬂéﬁa%ht @hddt
t he corrmand bl ock .of the main nor 1 of the hos processor I n

accordance with aRTPFeBEAL: |‘Eﬂ¥“ﬁ‘-'6rﬁd( h"é-" HdsEOPMBRe YOG BS? o?l“T eynATaRC
the host processodisplayl/kiegboaddokionitiold lets rﬂoghtenu'mhjxfg a:mmuﬁﬁmnﬁr@l

transfers-a comman rain b i,rectly wdting the o nd he i nt.ern

menory 20 thereof. gl—l@vvg\?e'r“%gl 8§'§§f s °&nﬁcq"§m§nfsﬁrb%ra‘f%?f’ lf‘}Feaés

control l er has ﬁoabdcmln Mudistgartmmimeanf exelﬁe.\.tme M@M&m 3s

conplicated and MHhe hﬁ\@?xl PhslHS 48 b esfc%nefceelqe ,Gfltnﬁt{ﬂaeﬁ%r
emt onger e ne

resulting in a pro Eerformance ro can_ no
In addition, the 8ecdhaksg Eorﬁlgﬂﬂatﬁoﬁ%’&‘ma§§t2@ft heqﬁ%‘bf%ﬁﬁt hér tie

processi ng speed gadtil@gos,ul%g RS TOntHollNergt.ne controller is remarkably
2 basi ¢ conti gur ati on ofehe PHASHE [ARRARATIIE 5 £R; Copfydhated At 1F
nuneral 1 desi g0athe axdimstppoaeeasnr ;1 [ eontrodspluhrenl cbm:.rublgemah|m‘l 2.,
copl ay un s ConGaehed e Woriih OSSN, il "EAUOpu) Ga AT dhindine
units such as di swréﬁttenana It(h@alcoma!dn@tlmﬂ“& O(fLFcIQ)e mmigomenaxy b efethe
conmon bus BS. | nheaeh gcetdadt S| 84 Wecordance At a@nCAM#Fuction from
the host processor 1, or alternatively the host processor
15 1 tries to obtain a bus right within a controller and
transfers a command train by directly writing the

commands to the internal memory 20 thereof.
Howe\fer, in the case of said first configuration,
‘the controller has to become a bus master and therefore
20 the configuration is complicated and moreover delay due
to transfer of the bus right increases, resulting in a
problem that performance drop can no longer be
negligible. '
L/ _ In addition, the second said configuration provides
' '25 the problem that the processing speed of the subprocessor
within the controller is remarkably lowered because the
bus right is lost. '
Fig. 2 is a block diagram indicating a basic
" configuration of the present invention. In this figure,
30 the numeral 1 designates a host processor; 23~2,, a
plurality of graphic display units connected to the host
proces'sor 1 through the common bus BS, each providing a
display means 3 and a keyboard 4; 5 and 6, interface
~units such as disk unit and local area network (LAN)
35 connected to the common bus BS.

' In each grahic display unit 2, 2,, 2a is a common
| memory having two ports, the one of which is connected to
the common bus BS and the other to the internal bus,



menory having two ports, the one of which is connected to the common bus BS

and the other to the internal bus, 4 which is used in common by the host . ,.
processor and an internal processor 2c, and 2b is a FIFO buffer provided to™

a part of the common nenory 2a. The internal processor 2c is provided for
sharing a part of the processes 5 carriedtout -by the host processor 1 and
Is connected with the conmmon nenory 2a through the internal bus. Fig. 3 is
a block diagram of configuration indiating an enbodi nent of the graphic
di Splhay g_nitl- Whilch Sisi gi(:f_rea lge_dmmabycwﬁ?gmmtﬁ Oproéeeabﬁ- cdred 1@n
graphic display,unit i indicated apd it_is .sinjlar ' t he ot her
gr aphi c di spl a_yimgai/vqﬁq%egf%r cg?d‘rfm%nﬂer%‘f ;}'ia? %ﬁﬂw{)ﬁf Efofg eg
fornmed accordi ngot @ iplagts offt wdree comirarhenemoxy 2ad Thedinperaalopsocessis
commands and dabg, C eal | £8¢ 0% Her 2nBUS IH €5 £PL Wb | ts
a wite area of 23:atggf %’rﬁﬁ% host f)ro-c-essorElggnggﬁchfpé?%eﬁkpdz@ém%%c%%

i ndi cat es t heSdsaxriesdd aus Ay &he Hest RroreRe’sol avd ipcconpertgdewish

this common nmemghy ZaninfordiaeiidiyPd/ KINFGEGh 298 IRtéfnall bus.entry of
program code 20 or isé&sed for éqrmansrri Sfmi o‘g of, .ot her_-i nfgr mat i %31 2d .
desi gnates frame buff &9 2e 3 drkfi ffy RheFEI | dLaTRam| OF (o FAREHINFRELPN
2g, col our | ookindiasling an Embattimeny cfnthel geaphdcdddegday omihnds dnd

dat a d f I . ' ' : or,€h 25
o the frame buftad pEgRid ol eRe (HEURnaAcPEoREN fid £l0n0 b BRIV bhe

commands andl@agxaphde ddsptag yrifnils dingiepted and dlspisgy sdmblan §pa
the col our | ooktHatt ¥ th.om@t_'?)ﬁ@fd;gm g p@,ﬁﬂgs t hy.s configurated
wi Il 30 now be explaiped hereynder. Fig. 4 is a, |m%_c_h [+ Ndicating the
sharing of processes ﬁ@'tr"g@b ?\fép%‘?/'?c@%-‘.“p%r za.th_BPaﬁfl%f &“éﬁ%h R 18\~
di splay units [ €ornedhadustdingcessthel ssfqware aand thet exites ahdwread
(a), high operations of the commands and data can be controlled by
15 a PUSH pointer P1 which inst_r'uc_:t:s.“a write area of data
from the host processor 1 and a POP pointer P2 which
indicates the data read to an end area of_' processor 2c.
The other area of this comp'_n_or_i ‘memory 2a is an
ordinary common area which ailows eﬁtry of program code
.20 or is used for transmj.ssiori_ of other in_foxination.
2d_dé_signates frame buffer; _Zé, drawing controller;
2f, keyboard interface; 2g, colour iook-up_ table. The
drawing controller 2e decodes commands and data read from
~ the FIFO buffer 2b, draws necessary pattern or characters
25 on the frame buffer 2d or reads them in accordance with
the decoded commands and data, c"_.\_nd __"e_'x_e'cutés graphic
display on the display means 3 via the colour look-up
. table 2g. o S _
Operations of the apparatus thus configurated will
30 now be explained hereunder. - o -

Fig. 4 is a time chart indi_cgting' the sharing of
processes by respective. deviceé'. 'For a _plurality of
graphic display units 21,' 29, +eev.y 25, the host
processor 1 sequentially writes, as shown in (a), high

35 level commands, for example, __CGI._'(éqmpute: Graphic
Interface) commands. These may be executed by the
drawin_g _é:on_tz_:o]_._let-s 2e in the gra:plji'c display units each
according to the FIFO buffer 2b of the -c¢mon memory 2a
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35 +evel commands, for exanple, CAE (Conputer G aphic Interface)
cohvands. These may be executed by the drawing controllers 2e in the
graphic display units each according .to the FIFO buffer 2b of the comon
menory 2a 5 asynchronously wth the processor 2¢ and draw ng
controller 2e. The host processor also act®ates the PUSH pointer Pl of the
FI FO buffer. The FIFO buffer 2b has enough capacity to wite the 5 conmand
or data group required f or displaying a sheet of average graphic panel
size and the host gpspnehywnduskynm withs the dprocgspowcels wandutdrawing

waiting for the eng. awi.ng_ by [ ' kt d
shi ftsgsequent I al |€°’?%r‘?¥]g&rg%égs&€$ %ﬁi’eg\éé%‘:géggg: gl%sg%:gﬁgghuﬁ?‘tg PPﬁH
each graphic displpginter Piref the FEF@rhuffgrecessor 2c conpares the PUSH

ommon memory ang 1 hol S e B A ey D vr tecthe

processor 1. The p‘F?ﬂ%@%’é r98¢c PEé'dngPQhrFQ%‘g%o%s?éndﬁ%qifw i% pheek ed

Plﬁffer 2b and gxeﬁﬁéﬁaﬁ@@ﬁ&ph’i&ucﬂ?mlk@mrdndontmmi hais tonprivicesser , 1
e processor 2c alsQ s wpar < the pr S a Lpr t

of 20 high level CHTRNEATER, SrEC Irdine pBRRERAS Tt opal iBYl el B

the draw ng contr candrofedaawiogntbylthd delevantcgrapbilcediiplahi shitoand

ot herw se be done QX g% Q@&heﬁ%&é‘ia?grtolitﬁg ?‘i@%&stso &t ! %K'batr?eﬁ'rﬁgﬁpﬂfic

if
t he host processor 1. w ng confroller 2e draws conma

train on the frindbiptay valtn accordance with the commands given fromthe
internal processor 2c angpakaeh’ QAP dLepTapdunidi 2, 42),( ehéhantekaal

e el B oS milr 38 15" HHEk BafRTBE" S LB 30 o2hlor
graphi c display ure2slecations nofartdiel eFIFOmbwkfer 2b within the common
memory and registers the arrival of commands from the

15 host processor 1.

The processor 2c¢ reads high level commands written
in the FIFO buffer 2b and executes processes such as
keyboard communication. Moreover, the processor 2c also
shares a part of the processes such as interpretation of

20 high level commands, processing the commands which may be
executed by the drawing controller 2e and control of
drawing controller 2e, which would otherwise be done by
the host processor 1, in order to alleviate burden of the

i host processor 1.

25 " The drawing controller 2e draws command train on
the frame buffer 2d in accordance with the commands given
from the internal processor 2c¢ and also reads such

J

command train.
(b)~(e) show the timing for the internal processor
30 2c to receive command processing and execute the drawing
in each graphic display unit 2y~24. The respective
graphic display units execute in parallel command
processings and drawing tasks, although the overhead for
dealing with commands interpretation of commands and
35 execution control is added.
(£f) indicates, for reference, the time chart of the
prior art in which the host processor 1 executes the
command processing and drawing of the graphic display
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processi ngs and draw ng tasks, although the overhead for dealing with -
commands i nterpretation of commands and 35 execution control is added. (f) . ;.
i ndicates, for reference, the tine chart of the prior art in which the host™
processor 1 executes the command processing and drawi ng of the graphic

di spl ay 6 units. In conparison of (a) %uml(f), the reduction of the

| ength of the tinme chart neans alleviation of |oad shared on the host
processor 1, resulting in a tinme surplus. 5 Fig. 5 is a

flowmchart indiaaitsg operations conducted by the driver of the host

processor 1 (N oush 46 SO ARIDTYE 28) R8T EDeC 0 L RIS End"

outline of the drawing t. e gra spl ay un

The driver of hégngshoedssde time sthagh maans, abifirtionf t boad eshared

buf f er 2bt of ¢ f&gﬁcom{l mprxpz%tés%?zege,c%mﬁigfggﬂt@ toeﬁah" at i Srphibe
renewi ng the poi nt.er comran “conmran rom.the area

i ndi cated by PUSH poi Fi& Pl51 i 13t tfé'%‘ﬁ‘dhﬁFﬁAﬁ-FPé’jf?BbBPat PERTARERS
(steps 1, 2). tpaduceen &y cthefdriver ofertie dnosthprocessiozd 1 through
interruption is.jss - t | cidt.Qlher; 2 ep : . sLep
1, when the addFéésu‘?él'é'g%%eg%"ﬁx?\ﬁ 24y Qiagcfrd“ryés%d ngl&:\% .‘?’ﬁée pv\"/JroiQ’tltg%% bR
operation of oneutddnmdoft Hher drawing atie@k rexgcwred by tthesgraphhg
is continued. guUgPIWe LiRPYation in this step is carried out so that the

PUSH poi nter P1 doés not follow up hg'PCP oi nter P2. reover, in the
s e ékp

step 2, renehl of PUERERRLERT PP St | RECCEESPR sticHiFSfanRUEPLkS: 2he

poi nter P1 indi ceinmandherdadeaticontiexX¥IF0 bufferhegbont ahieTaruinwsn themory
the oraphic. df sRRafoun PO debr Ehfr inde fopitiviof WRiag didita il “fnd'

PUSH POP poi'nt ePYSHL, ppdngert Rl sgamsandot byWweammasnsk Ifanmi dite ararea
different, the 3Q4peAEeasWy2eudd SOPAEEL! ¥1 2euhtad oRE HEBeE fypitéhe
15 operation thereto (steps 1, 2). Upon qompletion of write
operatibn, the. notifiéd interruption is issued to the
drawing controller 2e'(stepi3). In the step 1, when the
- address reaches the end address during the write
operation of one command, the write operation returns to
20 the start and is continued. Such w:itequeiation in this
step is carried out so that the PUSH pointer P1 does not
follow~up the POP pointer P2. Mqrepvér, in the step 2,
- renewal of PUSH pointer Pl is carried out in such a
manner that the pointer Pl indicaﬁes_the 1§cation next to

25 the one command written in the FIFO buffer 2b.

The internal processor 2c and drawing controller 2e
of the graphic display unit 2 decideé_whether the
locations indicated by the PUSH/POP pointers Pl, P2 are
the same. or not. When these_locations_are'different, the

30 processor 2c and controller 2e reach one command from the
location of FIFO buffer indicated by the POP pointer P2
and interpret. such command and then execute the drawing

process. : : o L

Consequently, the location indicated by the POP

35 point P2 is renewed to show the 'headihg_ area of the

- command next to that read precediﬁgiy; when the PUSH/POP
pointers. Pl, P2 indicate the éame_ lqcation, the read
operation of command terminates. . o
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| gcation of FIFO buffer indicated by the POP pointer P2 and interpretsuch
cohvrand and then execute the drawi ng process. Consequently, the |ocation
i ndicated by the POP 35 point P2 is renewed to show the heading area of the
command next to that read precedingly. V@en t he PUSH POP pointers Pl, P2
i ndi cate the sane location, the fead operation of conmmand term nates. 7
During such a series of operations, the wite operation to the FIFO buffer

2b and the read operation therefromare carried qut asynchronously and
commands are stored unt PRTAREG FErohy A f 8eMi®DHNLE fQPpragions, | theyjyrite

case, the controbperaémat% bﬁi@wuocewﬂfai: o2ty . abid"edhe i‘b@deEQrBltfibﬁr

previously has sp one_c n_t he IFO

Decones 1 ul 1t hoEHPFOETFOD, BFeoSRRELEN, OhF o AL YRRARGRPY=1Ho AR, Comands are
interruption of hetoredountédrthenBIRO bufferObecomesafudlthe output of the
cormand train. ghe graphjc %g?' Yadd! t é?&“%%@if-l 1 fﬁéﬁc‘&%@denbﬁlgwtﬁ‘%

FI FO buffer, carries out the draw ng tontrol an I Ssues an
|nterrupt|on to tPRrpbed 9P5ce§§@P1Yn thecFIFQ PHfSPFlPFSVéppﬁéthaPhépace

exi stence 15 of sppeg ifiort h@nEl tonktdnderand Hnen e PFIP0 Buffer becomes

i nformation, the r yer tar & ain the wi e qQperation of t conmyan
train which has b % §%@h gStereE & 5ﬁ3€bt€%ﬁaF°9ﬂ&ﬁ tQ no%ify

configuration of the pihﬁénrﬂppbonloofofnmauruprambedpmmﬂ axid t hat 20once

pr esent invenigoE%f% ?%g%§ fﬁgb8§£€§et°flEﬂéCﬁBﬁﬁaﬁgggrggﬂflguratlon t hat

a plurality of ers, Int nent) 2bl, 2b2,
respectively storing coﬁhﬂndgﬁﬂahiﬁlrﬁhﬁ?é#&an@@AMtrﬁﬁﬂéenﬁyk%¥3ngraﬁds

pricerity level, akgnPeR¥sdest Wehbi nnm BRTTRT, ”EEBH-L%Q G2t the LEaWinly

configuration, the drlxerlrnéih {; rocessor wites, . for exa nge o&Qg

command train CA FeRFRY abiy ¥ FE?%I aéthﬁ%”&'l‘EH%? &P Hhae

information to thprpcesgoendia brdervuld einfindm tvhel edilve of the existence

15 of space in the FIFO buffer. Upon reception of this
information, the driver starts again the write operation
of the command train which has been suspended.

Fig. 6 is a conceptional view of a configuration of

- the principal portion of another embodiment of the
20 present invention. This embodiment. indicates the
configuration that a plurality of FIFO buffers (two
buffers, in this embodiment) 2bl, 2b2, respectively
storing command trains in accordance with the processing
priority level, are provided within the common memory 2a.
25 In such configuration, the driver in the host
‘processor 1 writes, for example, the command train CA
having a high priority level such as display of alarm
information to the preference FIFO buffer 2bl, while it
writes the command train CB for ordinary graphic display

30 usually to the FIFO buffer 2b2.

The graphic display unit 2 decides first whether
the command train is stored in the preference FIFO buffer
2bl or not. In case it is stored herein, the unit 2 reads
first the command train and executes the drawing

35 process. On the other hand, when-space is generated in
the preference FIFO buffer, the graphic display unit 2
usually reads the command train stored in the FIFO buffer
2b2 and then executes the drawing process.



wites the command train CB for ordinary graphic display 30 usually to the _
FI FO buffer 2b2. The graphic display unit 2 decides first whether the
command train is stored in the preference FIFO buffer 2bl or not. In case
it is stored herein, the unit 2 reads firgt the command train and

executes the drawing 35 process. On the Other hand, when space is
generated in the preference FIFO buffer, the graphic display unit 2 usually
reads the conmand train stored in the FIFO buffer 2b2-and then executes the
dr awi ng process 8 Hg. 7 is a flowshaxt iindicating an cqudppieopt: the

operations to Rep&tidits Oté B¥ therdedlldut <By5Rhﬁé/ @fﬁéhie HHSpQB‘QOQMI&N
of Fig. 6. DeCISIO mhetger t he congg g trai |tt he
pref erence FI FOiuf £ pddment ©of (E&g CaH' 813 WOV r the

exeﬁut i o? of ona:mmremhdtduu.nlng.d herpteoeasdnnotivé phrefisiriefceulf FEFO2IbuEHdY h
such confi gur e ri t %

al arm i nf or mat oﬁﬁf e %i §8g ?‘%e%r%ﬁrgg%%%ié%g ému?h f% ef%ar&ﬁ §x?§u§28not°d"er
graphi ¢ 10 di splene owuuantd rduring thehprobeasingt of the FIFOpbufifesr 2b2.
graphi c "display. units ﬁﬂéﬁe éz{blﬁ’arc%rlfi%ukﬂtti% f OE'i‘i‘eOfd%?t 1d Uh%drin%ost

processing, a part of the processings intrinsicall
processor. Therdigher PuLopitRchevel gucho a8 AlpEtsbn %ﬁ'}‘aﬁé"&l repldees

and the processithe chR@Pingt groéebbewitht prefesende AR tife i 6Pheyedraphic
whol e. Nbreov onflguratlon | i nking the host processor and graphic
di spl ay unlté 5§Eﬁy the FIFO 20 buffer provided within the conmon

menory has eli m nat ed Aceornddassi tty f sudhe epbpdineditspl &heainitespebedoee

the bus master ﬁtﬁie ?%Eégﬂl&f hﬁ%ﬁ;bo tﬁé}ecofﬁ EH&Q%iQQaa’l‘ﬁ ﬂ%b%{?ﬁt ¥t

host processor to i ng out- suc | SCr epancy
t he proce55|ng:ﬁiﬁ&?%ﬁ“ﬁ?ﬁaEﬁ°§PﬁEhF€ disspaxt upft the |Rrpsersl mﬁﬂeGPePe

since the FIFO hfdindicdIyedone t B¢ the host processor. Thereby, a
15 burden of the host processor may be alleviated and the
processing capability of the host processor can be

improved as a whole.. : ', _

Moreover, a  configuration 1linking the host

processor and graphic display units through the FIFO
20 buffer provided within the common memofy has eliminated
the necessity for the graphic display unit to become the
bus master realising simplification in configuration and
inhibits the host ptocesSOr-to take the bus .right, ruling
-out such a discrepancy that the processing speed of the
25 graphic display unit is lowered. _

Moreover, since the FIFO buffer is formed in the
common memory in the form of software, this common memory
can be used freely as a memory and a. plurality of FIFO

- buffers may also be formed as required and the command
30 train having the higher priority level may be processed
in preference to the other command train.

Fig. 8 is a block diagram indicating an example of
another configuration of the graphic display unit
connected to the:host processor through.the-common bus.

35 'The graphic display unit of the prior art usually
provides a ROM therein to store operation programs of the
microprocessor. In this case, when it becomes apparent
that the programs stored in the ROM includes bugs, it is



common nmenory in the formof software, this common nmenory can be used
freely as a nenory and a plurality of FIFO buffers may al so be formed as
required and the conmand 30 train having the higher priority level may be
processed in preference to the other connang train. Fig. 8 is a block

di agram i ndi cati ng an exanpl e of another configuration of the graphic
display wunit connected to the host processor through the common bus. 35
The graphic display unit of the prior art usually provides a ROMtherein to
store operation preggentiat tpe aandugy cceplagement ofi thesBROMshenIndirect

becones appar ent 'tl*:\?é éhﬁmﬂhﬁﬁiéﬂsb‘i Cﬁ:%bﬂaﬁud h&&iﬁlvh:haclu&a;s @b@éssééri &nd
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_ Indlrfctb elimnatiqn
by prograns from t¥eP PLRERP WATFEHPR RTRIT 2B %ﬁlﬁgg?ﬁt Fg‘ﬁ SPS@I‘&%
i ncluding the | cadvfgofrected cpeagpamng fram f tiven hdbst hpsocessoesspesults in
results in 5 a |§%r1%9{n€%ﬁtxﬁ£‘f€f&ﬁp&'ﬁilﬂgﬁe”bOd' ment of the

uch problens. nel vy,

present invention 1 nNproves the ROM for storing
operation (unit) prograrEheoepbodimenteoby thee pregent| inventdian improves

e
ig. 8, i unit 2j. has a commo nor . which is also

used in com"rgn 1I‘O ro‘rﬂ'ﬁn‘éyrﬂ%?gfﬁ‘%eggosel,exﬁf:?‘ﬁﬁﬁng‘;t rﬂy%rgmf%r% cBRAEEREAT
with the common (sistomjtted 5 sspaddcsadrimg dmd hmaiwvensicd abihity theas

I nt ernal ‘bus Nb : ThJ'f : n menory is so configurated that changing
addr ess space o%ssel?‘*/%lﬁ 'le%r&? € internal processor 2c can be assigned to

two kinds of space. 2j dtmiBipi el cthergraphicclisplay with2ichasoa common
cancel s the reset juerpf 2hhe wHIRH 21 4'S atisbh W8 &P "HRN Cottindrl CFYbRE tHE! host

processor  1; 2k, area sel ec{ nmeans for swtchin aSS|l(Pgnrrent of two kjnds of
spaces of the comBFPSRARNY 3a iallawifidithe @REnh th PesCPRRecHed (with nthe
host processor 1 ajsinidie {d¥SEem] HidCES SHid Xfhie atheh, td 068! coRABEYed with

connect ed Withltfetlixent efz?@'ergg N %‘s NBS. This common memory is so
configurated that changing address space observed from
the internal processor 2c can be assigned to two kinds of
space. 23j designates external reset means which sets or
cancels the reset mode of the apparatus with a command

20 from the host processor 1l; 2k, area select means for
switching assignment of two kinds of spaces of the common
memory 2a in accordance with an instruction from the host
proceséor 1 and the internal processor 2c; and 2h, local
memory connected with the internal bus NBS.

25 The common memory 2a is capable of dynamically
changing assignment to two kinds of spaces of the reset
vector area and ordinary memory area depending on the
instruction of the host processor 1 or internal processor
2c. In the reset mode, the host processor 1 assigns the

30 common memory 2a to the reset vector area, loads thereto
the operation programs. After cancelling the reset mode,
the internal processor 2c transfers the operation program
loaded to the vector area to the local memory 2h, assigns
the common memory 2a the ordinary memory area for

35 transfer of high level command/data sent from the host
processor 1.

Fig. 9 is a block diagram of configuration

indicating an example of the graphic display unit applied




25 The common nenory 2a is capabl e of dynam cally changi ng a55|gnnent
to two kinds of spaces of the reset vector area and ordinary nenory area
depending on the instruction of the host processor 1 or internal processor
2Cc. In the reset node, the host processoi 1 assigns the 30 common nenory 2a
to the reset vector area, |oads thereto %e operation prograns. After
cancelling the reset node, the internal processor 2c transfers the
operation progran1|oaded to the vector area to the local nenory 2h, assigns
the conmon nmend©y the @ppagakutraf BiryBarea for 35 .transfer of high |eve
command/ dat a sent frafd henteshal Ba8S NS Lis Febnnlcited) llrpcxddw%ﬁmt@‘
configuration i cathg*an exanﬁ%§ of the g%a hi ¢ dlsglgﬁ E ip l'ied

10 to the appa JReROTYriR 4 R SER TRESSPAL c4HmecPER: MFMOTY
addition to them,onwmnhrreimwiag cmeroa.llqr oges sand 2€ rame abufefery 2a)),

wi th draw ng C

connect ed thPoS’S’H’ ({H'Jc iaé g C(?;jtrgrao?g %&%ﬁéﬂ ?§1P8§ghesgl<‘b¢1}gt gg‘%ﬁ?

a displ ay neansonmmaenenoﬁwneuals 3sodeohgnggeat &RT has tdledé.@@rles's

space thereof gapsae dynanmically assigned to two 10 ki nds of space of the
reset vector area and or di nar. nenDry ar ea, dependlng 2n t he- smntchln% by a
switch SW Namely,  t fhes FORROR\MeRmoXY, #2di8, 8oy cPRSignzAated (Hhat

positions a, ba‘ddt;déaaﬂ s:pacwttmérédsne eanabacdgplaniRaliykasdi nédlabmtmd
Esgrﬁggpgg?ﬁ{%Wd@got hr% P egi%rz:\gg &ecgﬁc%%f’rg%ﬁ%azﬂ doﬁéif‘m es
the reset vect meraxya seed, fdependéngnoar thle switehing Dy & suuthhtsw.
Synem ety sSSP IR oo 3p IS lep s o
menory areas. WPEHA@NS dnfPgHiddy A PHEPESMRI FRADAFeSq SAl9FhcERaRS o
certain fixed agdress 86 ih@eimed Mg tR@ icommon memory 2a through the
15 switch SW whether the address corresponds to that decoded
by the address decoding means 2m and designates the reset
vector area sent from the in_te_rna._]._..précesgor 2c or to
that designated the. ordinary memory area, so that the
address space can be dynamically assigned to either space
20 of the reset vector and ordinary memory areas.
' With such configuration, the common memory 2a is
placedito“a'certain fixed address as shown in Fig. 10 in
-the address space in the graphic display unit side
observed from the host procesgo;,.while'in“the address
25 space of memory observed from the intetnal processor 2c¢ e
of the graphic display unit, the common memory is
assigned to the reset vector area ($0' ) és shown in Fig.
l1{a) when the switch SW is set to the pdsition a by the
area select means 2k or assigned to the dfdinary memory
30 area as shown in Fig. 11(b) when the switch SW is set to
the position b. _ . _ .

Here, the local memory is also assigned to include
the reset vector area, but if the switch SW is set to the
position a;,; the overlap area is masked.

35 Operations: of the apparatus = having such
configuration will be explained hereunder. |

'Fig. 12 is a flowchart indicating an example of the

operations conducted by the host.prdcesgor 1 and internal




t he ~address space in the graphic display unit side observed fromthe host
processor, while in the address 25 space of nenory observed fromthe

i nternal processor 2c of the graphic display unit, the comon nenory is
assigned to the reset vector area ($0 ) as,shown in Fig. 11(a) when the
switch SWis set to the position a by the ai€a sel ect neans 2k or assigned
to the ordinary nenory 30 area as shown in Fig. 11(b) when the swtch SWis
set to the position b. Here, the local nmenory is also assigned to include
the reset vector aPEYCeBEPT| 2Crhe switch SWis set to the position a, the

oveLIap ?rea iS_”BSkeﬂi girst,lth@pgbﬁti@&bcedﬁﬁ§uﬂfkﬁ?dSW§EW??N£nﬁ h?VMMb

such configurationg - ex i ned hergunder. Fig. S, a wchar

i ndi cati nggan exa %eﬂ‘a?hé'e%ﬁg:r 01 ﬁ;ng&jf&f%y Y])h% %Bg?rﬁ? c &EO528por

and i nternal pr écedsortite. grapbe, displagstupitc@dsor Simehtisnecustywnthe

to the external S?ESLt”Bi‘géegFo}OﬂSéﬁast Qecbg{nﬁaaa'mpmaeﬁas %‘él‘eg:tt Heans
t y, the ost nds a

graphc display unit_ 2i. I mul t aneous processor 1 se

command to the arekgelS@ts NHMRsBYAECEBSY (¥R §her Resdtian (Ac a0k haps the
and nmaps the conMDBok#@ER! Memdriy02aheor EREt ré86tOvedtoR ei-hap(bkggm?to., host
rap

1 | oad | oad t he conmp no. 2 st e
e host processor 1 ocNBEEd BORIRHOEESaRE draAds 4 Avad tg the
start resetting ofcoimonninemory Rao¢stepr2)c (step 3). Ther eby, the
| oaded th ' bl,ed run t
Progran | oaged 18 the SO GV, pdcks sSCuct phRdu i COBRRAIETL G 1ie

I nternal processor 2c copies nenory
by the program ande¥seyaak hrenatyr meams R2dadtAg shars opeastting i afo the

afhet junping to tigeeLRALd g¥RUABA SEEP (Btep 3H¢ | NrRERAbYH' 0SS Program
first sends a connfnd tQ the area select neans_2K.in acgﬁggance wth'a

| oadi ng program of etBr bR aFPPRAR| Remery 28, iasfne W-Po TBRe
position b, remaps the cOonsequen®dly,’gheo intexmal rgcesstx y2ar eépies the

15 program itself to the local memory 2h by the program and
causes'the-program for loading the program itself to run
after jumping to the copied program (step 4). The
internal processor 2c¢ first sends a command to the aresa
select means 2k in accordance with a loading program of

20 the program itself, sets the switch SW to the position b,
remaps the common memory 2a to the ordinary memory area,
uses this memory area as the buffer and loads the program
itself to the local memory 2h from the host processor 1
(step 5). :

25 In this case, the host processor 1 loads the
program itself to the local memory 2h, in co-operation
with the program loaded in the step 5, using the common
memory 2a.

Consequently, the internal processor 2c starts

30 operations as the graphic display unit in accordance with
the program loaded to the local memory 2h (step 6).

This operation may be started by jump from the
program loaded in the step 5 but in general by the reset
signal from the external reset means 2j with instruction

35 from the host processor 1 also for initialization of
hardware.

In the consequent operations, the internal
processor 2c uses the common memory 2a for receiving and



uses this nenory area as the buffer and | oads the programitself to the

| ocal nenory 2h fromthe host processor 1 (step 5). 25 In this case,
t he host processor 1 |oads the programitself to the |local nenory 2h, in
co-operation with the programloaded in the step 5, using the conmobn nenory
2a. Consequently, the internal processor starts 30 operations as the
graphic display unit in accordance with the program | oaded to the | ocal
menory 2h (step 6). This operation nay be started by junp fromthe program
| oaded in the ssepdingutthe Jduigh alempl hcommand/dagaal fromftohethet chost

reset nmeans 2j WibBekBok' ULt '£{h--3§hk&@§‘tbe.~§@§£ prcé?fé%tlcﬁissooiprhost
initialization of hardware &’S'e tge cO secl’uegvnt oEera |onf, the internal
processor 2c usREOFREEOTmbn B¥enbhe JHigh leved (crRmand Lntorfansi nifo¥e
hi gh | evel comegamgaea €GOyl fort braphdic mesacessor 1 and shares a part of
operati ons of.host prege t i | evel ' interface f or
exanpl e, Cd )5f or gragﬁi cif%e%bgye Qﬁb@f’ﬁ'&%&'ab%@%%&%‘ﬁéwgﬁez orhon
menory 2a i s cononnectiedt athdhenconendendr déregtily thiee thet sysbem B@s BS.

i nstance,  noveyse, 1ididnclh! HowdISC! et OdiBecty SEGhBUELDR ol CET
necessary if designated address and data can be witten through

communi cati on fPY¥AteMe PU® Hektnor doBges: r&ec%smsc#-bée,sig@@gm RAdELSHi s
enbodi nent, theai@Mdata Séai bg apStidr®Nthpoagharadniniiti caelon edrbmn tilee

i nternal progessor. 2c_and. data,may be elimnated fromthe graphic display -
unit 2i. Thg‘szﬁ 8t BEREEEROF Ny can be 15 realised and repl acement of ROM

i's now unnecessary, ‘i Aprdescgibelde aeicordingcdoalthia yembddimente; ,the cROM
By eed g PREDE) AU ERG AP LD GRS 8508 | Sk BBINL 2001 ShiP
internal processor 2c and data may be eliminated from the
graphic display unit 2i. Thereby, space saving can be
15 realised and replacement of ROM is now unnecessary,
improving. the maintenance ability. _.Mo::_e_bvgr, even when
large capacity operation. (unit.) program _i__s.' used, it may
be booted up by preparing the c}apacity enougﬁ for lcading
the minimum boot program. : R
20 Since the operation program is executed after it is
transferred to the local memory ensuring fast access
speed, speed-down by competition of bus access can be
avoided and performance can also be improved in
comparison with the case where operation program is
25 stored in the common memory and then it is executed. b
Fig. 13 is a block dia_grani indicating the principal
portion of another configuration example of the graphic

display unit 2i. In the case of this example, a
plurality of drawing controllers are used.
30 - The graphic display unit which has been proposed

provides a plurality of drawing controllers, processes in
parallel the shared drawing commands to be processed by
such drawing controllers, or processes in parallel the
shared memory bits forming a pixel (for example, 8
35 bits/pixel). 'In such a graphic display unit, the end of
command train is detected by polling the status of
respective  drawing controllers or by receiving the
‘drawing command end interrupt from respective drawing



20 - Since the operation programis executed after it is transferred to
thé\1ocal menory ensuring fast access speed, speed-down by conpetition of
bus access can be avoi ded and perfornmance can al so be inproved in
conparison with the case where operation prfgran1|s 25 stored in the common
menory and then it is executed. Fig. 13 is a block diagramindicating the
principal portion of another configuration exanple of the graphic display
unit 2i. In the case of _this exanple, a plurality of drawing controllers
are used. 30 camergld@ESe display unit which has been proposed

provides a plurality of- ﬂnewmaqqretlr xi'&féasm{@cefﬁés gﬁamrcaldﬂpisy unit
shared draw ng conmands. t be ocessedlﬁ/ suc thravm n ”_ﬁiol | er
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the same inmage wi tﬂnagel UgRbi aseaainer amanaoas:baus%&%g%r uywlﬁmranty of

cr i g cont r ol | orGORYFOLAGES o THHAF ot ySPRCRFAM AGSc ol 1 GHURS 50noPREVent
t he sane i nage, tf&idta\mmmmmddjrsJMLngsdw a:mé uroai}iéiy dand, when
controllers ”“S£9h§é§%§§@£9§'agng§HOES§gr5918%§ Qﬁe hééu%ggﬁégF%g%lé?gges

di spl ay. res ect raw

generate respecti\and n&'gﬂgr&mnogepéhenpﬁgn @h&ﬁ-ﬁw GﬂleI aynchygenisation is
syhchr oni sati on | suneeessapyy- The apparatus of the prior art has
conduct ed such control onI W|th t he software cessing, resultin
probl em of coexi stence of éc&&PEFPtBH ot %ﬁ ogﬁ‘g%e aztq hag, Fenty 8 such

drawi ng. Thi s enbasbmendl haslyseivkdthe usbftpardl procebying, resulting in a
15 problem of coexistence of acquisition of performance and

synchronous drawing.

This embodiment has solved such problem by
attaining; (a) synchronous drawing in such a case that a
plurality of drawing controllers are used for creation of

20 a drawing, (b) improvement in drawing performance in such

* ' a case that independent images are drawn by using a
plurality of drawing controllers and these are displayed
as a synthetic image.

v In Fig. 13, 2el, 2e2 designate drawing controllers

25 having the function to interpret and execute the drawing
command train given through common bus BS from the higher
host processor 1 and also executes drawing on the frame
buffers 2d1l, 2d2. In this case, two drawing controller
units are used.

30 2g designates a colour look-up table which is
responsive to the input from frame buffers 2dl, 2d2; 2c,
‘an internal processor as a display engine having the
function to read image data stored in the frame buffers
2dl, 2d2 and guides such data to the colour look-up table'

35 2q. The internal processor 2c¢ is so configurated that
two kinds of window type display, for example, the
synthetic display of two images of 8 bits/pixel and 4
bits/pixel can be realised by changing on the realtinme



attaining; (a) synchronous drawing in such a case that a plurality of

drawi ng controllers are used for creation of 20 a drawing, (b) inprovenent
in drawi ng performance in such a case that independent inages are drawn by‘g
using a plurality of drawing controllers and these are displayed as a
synthetic image. In Fig. 13, 2el, 2e2 de%fgnate drawi ng controllers 25
having the function to interpret and execute the draw ng conmand train

gi ven through conmon bus BS fromthe higher host processor 1 and al so
execut es draw rasis ttiee fmappEiny fdrsh@ddol8df. lookthpstable, 2guwo draw ng

troll it | 2 J O ir 1 ooks |
Ghich i s responsive. t> fhzidiates, alUuf¥lptnBan CRYEH) ARCLHP WRIch
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data stored in 3ge frame buffers 2dl, 2d2 and guides such data to the

col our | ook- tabl e 2. The inte | processoy,2¢ s so confi gurated
that two Ki ng‘ig of wi nﬁ#@@%ﬁl%;%&gﬁﬁﬁ | 'I"éi,;'ifﬁe’?gyﬁﬁﬁgf’f‘é; s fay
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drawi ng controllers 2el, 2e£;. 72, an OR Cvll cgilt. v\@ ﬁ-h |e§ respogsw to_.the
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2el, 2e2; 8, arfrdiminthe’ raAND nekcwitingdovandsweheh syl sefxmi s thee OR

gi ves the sel el Mtnat o8 1 YadnEns, alestadchipnatled (B0 hiBhES,

signal. This chastequocesgaxhl ias ftherintgrrtpt ssignale. Th$s changkover

f or exarrpl e, t%c&ﬁpg%)v&;n@(& ttﬁP @hé ss.éﬂwége'ghe:_si de of contact a and

the signal fromthe AND

15 Here, for example, the changeover switch 8 is set

to the side of contact a and: the signal from the AND
circuit 71 is selected for drawing on the window of two
images of 4 bits/pixel with the drawing controllers 2d1,
2d2, meanwhile the changeover switch +8 is set to the side

20 of contact b and the signal from the OR circuit 72 is
selected for drawing on the window of 8 bits/pixel
(respective drawing controllers 2el, 2e2 share 4 bits and
draw the same image simultaneously).

Operations of apparatus in such configuration are -

25 explained hereunder. - N .

The drawing. of 8 bits/pixel image will be
‘explained. In this case, the changeover switch 8 is set
to the contact b with a ‘command from the host processor
1. Moreover, the drawing controllers 2el, 2e2 receive

30 almost  the same drawing command - tra'in, except for the
colour data, from the host processor 1 and processes such
command train.. -If the  processing of drawing command
train is asynchronised and the processing.of the drawing
controller 2el, for example, is delayed, code not defined

35 appears in the synthetic image, flickering or disturbing
the displayed - image. In the apparatus of the present
embodix’nent, the "end of drawing message.__ét the drawing
controllers 2el, 2e2 is applied as the interruption to
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cireuit 71 is selected for drawi ng on the w ndow of two images of 4
bits/ pi xel with the drawing controllers 2dl, 2d2, neanwhile the changeover
switch 8 is set to the side 20 of contact b and the signal fromthe OR
circuit 72 is selected for drawing on the w,dow of 8 bits/pixel
(respective drawing controllers 2el, 2e2 sh e 4 bits and draw t he sane

i mage simultaneously). Operations of apparatus in such conflguratlon are 25
expl ai ned hereunder. The drawing of 8 bits/pixel imge wll be

expl ai ned. I n thi $h@skosthPxNaAGESFer 1 stihxanghi $hat ORo ¢hEcudtt 222 @nd

with a conmand frowabﬁ;ém&rprwfﬁéar aL Nbd)ft‘OVlﬁfe otMesr RerW, the host
controllers  2el, -2e2 receiyv

g rai\.Mi,'.éu:CO”'l' nd train
except for the col BEPCESERT flr otf‘r?‘fh%qhb‘?f’eb?'S n usse§’“§@(‘:‘l§
conmmand train. | totixeand ofensi queafinly awifngevemand baalslin@ two drawing
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exanpl e, is del aye code ns ef i ne ?M €ars I n tHe synthetic inage,
flickering or disturbi ngNex&,ditdel shangeoves switch: 8 igppatathes thie tch'.mtact

present enbodi nent 4 bﬁ%headcaﬁuﬂwmni%%a%ﬁt prdeedzad Y f‘d&nt&%
2el, 2e2 is appli eg as the mterr;gv}!ﬁgﬂw t he“host  processor
8.

the OR circuit 72 &R@9%haRFectBe for oswHeh@EhEr ¥4Ad, lm?ﬁﬁshog 4
processor 1 havi ngb&eee'bmdlsuctnlnh&sr Wpided Bhépdrawd.myp naaﬂﬂrémueﬁuebnem,

of events, causiRg dra cqnt rs t rate s chro ou

Next, the changggvg%\ﬁo \#38% exake c{o'{’f ey 200 WA SBM?d Jrasring
t he host processormessagelr dd nglsfo | ﬁ:ﬁgtﬁpnndeat\lnyndgppfld:ettymmemlmt\Imst
i mages of 4 bits/ pg*sheglgerthistﬁ%% @érwgcfpéﬁiel Al Saga! chdhgdifer

may be operated in epen and th of draw ng nmessage 1s al so
i ndependent |y appl pEdt £5 ghe host processor 1 through the AND circuit 71

and changeover switch 8. A8s dissexilbed, tthe hnsktprpmﬁmoﬁ qQongehhécthe tHe

changeover sw tig gh&ﬁg&owerecors]%&%‘éhb sf £ q:ix o tact P %or drawing of image
of 8 bits/pixel to give the signal from the OR circuit 72
by interruption, then applies the drawing command train
to the drawing controllers 2el, 2e2 and then connects the
changecover switch 8 to the contact a upon reception of

20 the drawing end interrupt signal. Thereby, deterioration
| of performance can be prevented by eliminating
disturbance of display due to defective synchronisation
of drawings.
Fig. 14 is a block diagram of another example of a
25 configuration of graphic display unit.
_ This embodiment realises synthetic display of the
standard bit map window and a special window for
emulating the screen consisting of character display and
graphic display.

- 30 The existing graphic display unit of this type is
formed with the character plane and graphic plane. Such
existing apparatus is capable of independently
controlling the character display and graphic plane and
therefore it provides such a characteristic that the

35 reversible edition can be done by scrolling only the
character display with the graphic display fixed.

Since the character display generally allows

rewriting at a high speed, when a table which changes




of 8 bits/pixel to give the signal fromthe ORcircuit 72 by interruption,
then applies the drawing command train to the drawi ng controllers 2el, 2e2
and then connects the changeover switch 8 to the contact a upon reception
of 20 the drawing end interrupt signal. Eéreby, deterioration of
performance can be prevented by elimnating disturbance of display due to
defective synchronisation of drawings. Fig. 14 is a bl ock di agram of
anot her exanple of a 25 conflguratlon of graphic display unit. This
enbodi nent realfzAm timendiq cEipepigy &7 PR ddspi@yed hi sughp %HHMW a
SDeCIh al \évn ndlowrfa:g Béﬂhafxﬂaﬂﬂatb@ &ﬁh&erbrﬁmatﬁb:j 'lﬁ?fgﬁ\ﬁ{cfcl?rtd% dand
graphi c displa eX| phi . di ay 0 [ e
formed with théﬁgﬁa EQ?ep '5$dﬁﬁf ?ﬁﬁg E?IH é;ﬁ%géﬂ
is capable cﬁia|oihgnwdﬁsmlqye®nbyothenghaheccbarpdaaa dlsplay and

raphi c plang and th u a r S e
graphi ¢ p Hepevesl BEeY AHoR UGk t%a Rilds S Al Spefﬁ oP

reversible edition can I'ng only the character ay wth
the graphic di s‘-‘ﬂ'}%ﬁqfr%édl’ls{‘ﬁcé‘%e‘JE%HF%ﬁt & ad\%p?ﬂ?ubﬁﬁerjal | § Fnahdem

{evvrltl n? att:) aﬁhﬂil‘.l segpdcivﬁr}en ¢f t ApaLdwareh gﬂvngas mulafht L r?%fé“t"ﬁp
ine is to be a e C a s been nmade, so that o e
background is 3* *@F? r§Shi 5F§n€%ﬁﬂf?ﬁf¥%@?e? pggd, draving
altered is oftenuﬂldbtpng b¢tdhanﬁutem&eispkenenﬂiy availebkeceven in

provision ofyg ‘Qﬁﬁk e«#’z?%r?{ péf&ﬁé itc Egr %%Ewe \%ﬁ%@“ﬁo QEBB?&ﬁth%Qe the

results in a pro ncr eased.
Mor eover , S|nc@ﬁﬂﬂbiﬁﬂdﬁﬁﬂkﬂvaﬁ%yﬁe%nhYgﬁiﬁbeéhedgﬁﬂphécaﬂdaaﬁspIay of

char acters S recentlma\ﬁaii@bbgs@/enhbm,euéfheﬂfagralc Eh@d Conket bExBAW \_J

required to configurate._the graphlc dISp| t onI with the, hi ¢
plane. In thisSe¥erafiolhtd ars yged; Yxell sehfer APRIE laf

uni quely, it iscrdapbsaindse the character ;n .case. the character and
- 15 graphic are displayed simultaneously, resulting in a
problem that perfect emulation cannot'be'é*écuted
This embodiment has solved such problem and enables
that the graphic display and character display are
superposed on one window of a multi-wlndow_display. Such

20 displays can be controllgd-individualiy and this window
and other standard windows : can' be displayed
simultaneously. _ . R

In the example shown in Flg. 14,'a number of bits
of one pixel is selected to 8 bits.

25 Two frame buffers 2dl, 2d2 respectively employ four
bits for one pixel. For example, thé.bRAM of 2 MB is
used. N _ _ : _

A pair of drawxng controllera 2e1, 2e2 for
drawing/display control coupled with frame buffers 2d1,

30 2d2 include therein a window attribute output.meana 20.
This makes drawing on the corresponding frame buffer,
during the drawing mode, dependent on fhe command from
the internal processor 5 functioning as the command
output means. The multi-window on the display screen is

35 also formed, during the display mode, by programmably
reading data: from the frame buffer.

As such a draw;ng/display co-processor, the CPU-
82786 by Intel, for example, which outputs the window
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scroll only the character in case the character and 15 graphic are

di‘spl ayed sinultaneously, resulting in a problemthat perfect enulation
cannot be executed. This enbodi ment has sol ved such probl em and enabl es
that the graphic display and character di spllgy are superposed on one w ndow
of a multi-w ndow di splay. Such 20 displays~can be controlled individually
and this wi ndow and ot her st andard w ndows can be di spl ayed

simul taneously. In the exanple shown in Fig. 14, a nunber of bits of one
pi xel is selected 8bagusi signais of ongnbitr indigatisgs thel window attribute

SSPec el ST Stebautl arkdnain tefplnso Eicpieiisy siaslUltal ot <
dr awi ng/ di spl ay coRtt8y péﬁﬁsl EHgWi ther fake BUEPBES t?éff“fingé P2 ©cAm hge used.
therein a w ndow attri burheocbfvurnieok-ap thble rikeks deompogednofhentries
cormand 1 romt hes | QT okl poboctided SapRrake) (e sbalRo W O8RS 4 b for
means. The nul ti - wshdohngncoloudi datay trrdisplay3shel suxdisanyl, widowgothd
i i g 1 spi ay” cor pEOREERgr, e caf, SHbAIRY | HELE' 388 WAL e, Mnfd b
out puts the wi ndowPuPeximpegedsdipphaysos t¥RelBagepnatc 4t PigsyPdxSlndow
attribute fromthe termpekedvan] dheowindpw! stdtsisigh4bt fréh €he drawing
Cookup tabl o 240 SoBSRRIARF or2afi (198 phsEPl Phog® deeulng/ALebiay, 1a
hal f. 0 255 is useda$signedr tog thel mostiasignif ticant abithd MSR) ref ythendolour
i spi 2y of "tvio | migRepthEREE, WY | col Ehartyd'? the PP d THErdance
from the drawi ng fﬂiﬁbn§hﬁl#EFrégEt?oinéﬁﬁ@FBFPhnﬁfdFﬁﬂiWépépyblay is

assigned to the nost sigpétégathebidoldhB)160kitie €abler 2g prepared 8 bits -
15 for each colour of red R, green G and blue B and the
'~ - colour data read from each table is output to the CRT 3
as the display means through the D/A converters 31, 32,
33. ' _
2a designates a common memory used in common from

20 the host processor 1 and internal processor 2c, to which
the parameters for drawing are loaded from the host
processor 1.

Operations of the apparatus thus configurated are
explained next hereunder. '

25 In the following explanation, it is assumed that
the terminal emulation window of the character plane and
graphic plane is operated.

As shown in Fig. 15, the standard window is used
when the window attribute signal (window status signal)

30 from the window attribute output means 20 is "“0" and the
terminal emulation window is used when such signal is
*“1*. The colour look-up table 2g becomes the area for
storing colour data for the standard window in the
entries from 0 to 255, or becomes the area for terminal

35 emulation in the entries from 256 to 512..

While the drawing controllers 2el, 2e2 are scanning
the standard window, the data of 8 bits/pixel refers to
the table for the standard window formed in the area of



| ook-up table 2g to change the map in accordance with the attribute

I nformati on of the wi ndow. Here, the col our | ook-up table 2g prepared 8

bits 15 for each colour of red R green G and blue B and the col our data

read fromeach table is output to the CRT 3 as the display neans through

the D/ A converters 31, 32, 33. 2a designateiB8a common rrermr\;llmgscra]d ihn common
to which the

from20 the host processor 1 and internal processor 2c, :
d fromthe host processor 1. Qperations of
I n

parameters for drg 't(nfﬁﬁar e | oade _

the apparatus thus configft 4% aand exphdbneflenR1pAg" qyder . . 25 _

the follow ng expRan® worittien .i@,mpdr#ggt t he X ermy _'l_atqli)l_:nv\oﬂdg\;v

of the char acter'--ahan%oq_%q]&gr hia?}é “?ﬁr!];d oﬂéF.at“éQ. Dia mﬁ%‘f%t%gﬁ'g
- "W e de tfin 4 ndow sta

s use \ﬁ?FEQF wea nm&eicgig@fg,é%n B e “orm

the standard wi ndQw i
The col our

~signal) 30 fromtfie window attribute output nmeans 20
termnal enul atSon wi ndpMei ;4588 Mpen such signal "is "1".

Prst bermd nad. cemudaiey 91 t andar d

' rea for 'ftéérsenji'i%l?s:%é;he

| ook-up table 2¢g é}?%é)arr?efis%%hglggegga ook
w ndow i n. the entTi e thor thecomes &f :
emul ation in the therites fasawdn§ t&n'f%z Vi le ?ﬁ%wg?%w‘ﬁ?@t@&itm | 283 of
2el, 2e2 are scapliap L& s_ttg‘ndard W hdou, e d&da oPe? and/ pine! g&zlr.s
to the.table for the standﬁr %m-'fdramﬂlg-méﬂ@rgifgro%e 18 entri .1(57
255, and reads, PRe theyhaisiisntohsy Mﬁiaaltﬂ,pgl R G Bwrit _eﬁ'tﬁ@FB_F_ﬁtiVHﬂ.y
data is D/ A cdlverted gaghor t_q__ col our signal s and are finally displayed
on the CRT 3. 5 __The Wi ndow 10r°4%8 refathenahipeirpbsbaaldssss .he
character plane mi‘?ﬁaf-'-ﬁsroﬁ'éaaaamm mpﬁﬂ-l._ﬁia%ﬁ* ﬁget-hq% ;WO r%% the
controllers 2e1§_reae=2uan@_iv§|;|,_e_-_gﬁgph'C_&gne w Th’t 1€ antest nisplay
controller 2e2, él’f"é}?ﬁ&ﬁé};’?h Bgrll.-aty ei's %t _¥Y4 49 t thei xgraphic plane ang :
. _ . L arried out on- the graphic plane.

the area of ~). ;
e of "1, o0, o,. 0, 0; x, x, X, X" (here, the header
Presents the temingl emulation area and x:represent

the COlour lOOk-up table . 2g, in WhiCh - "X X X X Of the
. r4xp Fi

£ i
w:?T the drawing controller 2e1l for the graphic 1
J- L] L[} | a
25 o e "0,0,0,0" of 4th~7th bits,-the-video data (i:)t::'
di-f{ the~ code indicating' that charactér i : N
sple @i _ ' °
o played) given from the drawing controller 2el for ::t
ar ) '
o régtgr plape. Ihe 8th bit (MSB) is given the si .f
buifgsenting 'the ‘window attribute drawn on the fgna
@r (in this case, *1v e inas
. | . '~ Trepresenting..
20 oo in N ¢ ng: the termi
- a:::n window) from the window attribute output menal
: ¢ W -~e'the*display scannin . . e
carriog oot ® . 9 operation of the window is

Fig. 17 isg a conce
= Ptional view of th
d : - e super
isplay of the character plane and graphic plan: Fmposed
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10 ~, Here, in the case of the superposed display of the character plane
anghgr aphi c plane, the character display area is given the priority to

the graphic plane and character display is carried out on the graphic

pl ane. In case no-display of character plane is indicated by the 15 code

"0, 0, 0, 0", the colour |ook-up table 2g i st®nough when the col our code of
graphic plane is defined only in the area of "1, 0, 0, 0, 0, X X X X
(here, the header 1 represents the term nal enulation area and X represents
1 or 0). 20 Fig. 16ay ds cxhaplcharadterviplamdéadaayn cont othée frame

col our | ook-up tably i ich v X, " of  biis remresents
vi deo data (4 bi ts/ﬁ%s %dli\{/w;%ﬂ F(r)'ﬁqt e@nzgm%%'{\g%gnﬁ% I 2%£2efggo$a}%e"ide°
graphi ¢ pl ane, whi |datea), oubpot,ofduningrtdisplay wsicanniage dtxem (ithet hizawing
case, the code HGRING J6Plis AR ofn dich Wmdisil e Ghy
fromthe drawi ng controller 2el for’s the %ﬁ%;&ngt er pl arﬂaé.m%e 8t %%e%,w%%?r
is given the sigmral€a%hreEReFi ndhae WP nBollr 41 t A8H AUEPHK 25RT She (Fharacter
f_rage ;)u;_fer (ihn t_fﬁag:m,asﬂ;il_é ltheepogsamt icodd fzrgo,tue.rquimal %Bog_aw:u&tim the
wi ndow) fromthe w w at.trihut e qut put, means ile the display
scanni ng operation p’oﬁfﬂi r?et’\/ﬁrng%}fﬁ'} gtt}té)lr?qﬁ?cro}tﬁ’f Rﬁ‘& the video data
indicated here and t{h) sigrthe rgpaphiat phgnei ddawnaonr ithet f xame ghutfer
to the 35 col our | . 0Nl the graphic | oop-up

%tz. | 3:& h i ébz{ﬂeoffﬁvﬁ M2

pl ane is displayed . I s -a- conceptional view of the superinposed
di spl ay of the &faracter Thandrawing asanteehhers 2ed r(a?egs x@gpectively
SER o (e oo s s 1 s LSy 1S e carry
coniTol ler 261 15 GG ENE (ANIPE Sa-FEr Fhaacher cblahe SngodFaRhis Plane
than "0,0,0, 0" isand plitsglay tseamiiargdieraqoordands v ttheswe czommarnids .
"0,0,0,0" i's output for e Parhe@ffebe! FaPekposel? a2t the plane of
15 {(a) and the plane of (b); the character and graphic are
mixed as shown in (c) and when these are superposed, the
character is preferentially displayed.

Moreover, character plane and graphic plane are

- independently controlled by the drawing controllers 2el,
20 2e2 allowing individual scrollings.

Fig. 18 is an example of definition written in the
terminal emulation area (up to the entries 256~512) of
the colour look-up table 2g.

In the area defined by $101 to $10F, the graphic

25 plane display colour is defined so that only the graphic
is displayed without character display. In addition, in
the area defined by $110~$1FF, the character plane colour
is defined. .

In the area of $100, black (colourless) is defined

30 and both character élane and graphic plane are
colourless.

Here, the display priority of divided pairs of n
bits/pixel can be changed by updating contents of colour
look-up table 2gq. Therefore, it is possible to

35 momentarily change the display in such a way that the
graphic is preferentially displayed on the character in
place of the display of character with priority to the
graphic display.



| (b) S the graphic plane drawn on the franme buffer 2d2 by the drawi ng . .
controller 2e2. 10 The drawi ng controllers 2el, 2e2 respectively N
recei ve commands fromthe internal processor 2c and carry out the draw ng ‘ﬁﬁ
on the character plane and graphic plane2gnd di splay scanning in accordance
with such commands. As a result of superposed display of the plane of 15
(a) and the plane of (b), the character and graphic are mxed as shown in
(c) and when these ar S r er Pr tlal
di spl ayed. Moreover, a?‘ggt ga(rg&fganéngr]iénégtg%k‘ i‘c |+5 %ne%fﬁél'%ndepgéégﬁﬁm
control | ed by mmqufg tbet rohdvactay pier@azaaldl ogrAphicdi plamse is
scrol Iings. et AL AP Canl Akl BitkoBd Al tdee t

TR Sa8s TR PLspbt i AGL e SEEKACHY

emul ati on area ptothe entries

In the area def cF%SWEE@1°PBt$Pé#eqﬂu¥§&apﬁ?@ ﬂ?&ﬁaﬁéemQﬁﬂkﬁaﬁblbaﬁ is
defined so tisa&na@ﬂvymdwgraaal Galnfe cha‘;mlamadlw 'di%én et SiedhsDyaYo I N
addition, in th ga deflnedrﬁ%:ié g ngchar cter.plane colour is
defined. In thél o) a3 Fo TV A I ¢ e(’:ésol FPPedhe | tnfiernadq PIPSHRF Yot F°
character pl aneosdaalr apte cpqtahhehrprooesamgssn deder ttwe despisg high
priority of diy t i xel - can' be "‘changed .by - updati ng
contents of. col F%%% Mkﬁﬁ/dlb%ﬁl%p Therefore, it is possible to
35 nonentarily changéﬂ%ﬁﬁﬁlébPH? ﬁﬁ%ﬂﬂﬂ$Q¥ﬁmnﬁhﬁaﬁtFﬁ§sgﬁﬂﬁﬂ%ﬂ|@f one
preferenti alilpy pdits m@y@dt@mtt Moﬁh&mctveindcsw phﬁﬁ@lbﬁtbh%vﬂdpiﬁi ANe®hs as

character with rlorJt h|c l.a
expl anation, . tﬂ‘ﬁf‘g’f? 6'% tlﬁ'égcﬁaFgc érna%"érfga%nae
graphi c pl ane lgé.vmerm@rivJ.MM nod.am: atddel by @ronaingel araxiktgnolfy -

the draw ng CO%&%&' g Swl?féh ‘684 'H&eréESgRiQéaarﬂb:b éaéh”@a&n@o@ﬂ% the \‘J
sanme command ‘i-s i ven sl-mul t.aneously t _
w1ndow attrlbute lnformatlon.

15 - Moreover, ‘a palr of drawan controllers are used in
the above embod;ment, but much ‘more drawxng/dlsplay co-
| processors may also be used. T
Accordlng' to this enbodiment;' the windows
superposxng a plurallty of planes such as bit map window
20 and terminal emulatlon w1ndow, etc may sxmultaneously be
.dlsplayed o : L . _
_ Patent appllcatzon No.. 9123578 8 (2248130) has been
d1v1ded from the present appl;catlon with a specification
- having a claim centred on the ‘aforesaid Figures 8 to 12.
25 Patent appllcatlon No. 9123579.6 (2248157) has been g;,
dxvxded from the present application with a speciflcatlon
havxng a clalm centred of the aforesaid Figure 13.
Patent application No. 9123678 ‘6 (2248158) has been
_ divided from the present application with a ‘'specification
.30 havzng clalms centred on the aforesald Figures 14 to 18.



aI"I":""*»arawi ng controllers fromthe internal processor to
prosessing in order to realise high speed draw ng/display. In the above

enbodi ment, the status signal of one 10 bit is output frﬂmmm"mnﬂm]l“m
attribute output neans as the w ndow attribuéﬁ I nformati w
may ‘be given individual colour maps by providing a variety ot sigial & which
can be recognised for each window as the wi ndow attribute information. 15
Moreover, a pair of drawing controllers are used in the above enbodi nent,

but much nore draw GGAIMSpl ay co- processors may al so be used. According
to this enbodinmeng, thg JUaHIR ' S§ a ghurgl dddrah Bb h
& i :fia’étg?{) Wbﬁgg\.lv Rgt & #}%ﬁ éh lﬁﬂﬁétiﬂ?ya

as bit map window 20 and term nal enu C. y simul taneous

be di spl ayed. PatenPlaFalityi &f Nsucd 29TaPl ¢ 2 iEEbIYHaNLEEN &R viddehost
fromthe present appkbeaksd® Wid A S86fmbhCIus)," iRe NgrépRiel ALspldydunit
the aforesaid Figyres 8 to#LZ. 25 . Patent application No. -91%337 . 6

(2248157) has beer GPREFIPIRGnA: - RPELFOUROR | MMy |\ (JPnpected to the

speci fication havi ngoamohabecatt itk end emiinads aind Fagyuthke 18th8at &erminal
application No. 9123673,6 8 as_b di.yi fr e

application with a ggeglnf F’égglﬁ'g%%buﬁév?ngggr'a#mqg‘gﬁt Fg@“gﬂ{“%é‘g %S'gtrbgg'gfgd in
Figures 14 to 18. thel fprm\vRf 12 FIROgrdnstdinp Biranr-Out)n hufifearnfor

connecting a plural tEdn@miSdeofl’ ¥ RighSPléVelNidcmikond/Batla PEECLHE host
via a conmmon bus, .t he gggghlc display unit 5 conprising a 2-port comon

memory connect ed}®oPFR ffon bus at the one terminal and at the ot her
term.nal to an integnal bun argphicoliisplaycamit accordihei to iClaiw 1lprdn

O a5 e RaGPLaEap RSl hRxd 1 5 TbE Wntiad) gR1LE Y Bonnected
according to O aimt9 the common bus wherein the FIFO buffers in the several
units provide a plurality of levels in accordance with a
15 required priority of processing.
3. A graphic display unit according to Claim 1,
wherein the other terminal of the common memory is used
for storing program codes or transmission of information.
4. A graphic display unit according to Claim 1,
20 comprising: an internal processor coupled to the internal
bus and functioning as the command output means; frame
buffers, drawing controllers coupled with the internal
bus, drawing a command train on the frame buffers in
accordance with the commands given from the internal
25 processor and reading such command train, and a colour
look-up table which is responsive to video data output
from the frame buffers and outputs the data therefrom to

display means.

S. A graphic display unit substantially as
hereinbefore described with reference to Figs. 3 to 5 of
the accompanying drawings.

6. A graphic display unit substantially as
hereinbefore described with reference to Figs. 6 and 7 of
the accompanying drawings.

7. A graphic display unit substantially as hereinbefore
described with reference to Figs. 8 to 12 of the
accompanying drawings.

8. - A graphic display unit substantially as
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association with a plurality of simlar units connected to the conmon bus*;v_

wherein the FIFO buffers in the several units provide a plurality of levels ™
in accordance with a 15 required priority of processing. 3. A graphic

di splay unit according to Caim1l, wherein the other term nal of the common
menory is used for storing program codes or transm ssion of information. 4.
A graphic display unit according to O ak& 1, 20 conprising: an internal
processor coupled to the internal bus and functioning as the comrand out put
means; frame buffers, drawing controllers coupled with the internal bus,

drawi ng a. co fher r gan that
g %m fofl. HE%cE: BEE RIIET PekBrance’ ¢ %%"'C P3tB2 the

commands glv e I nt er nal processor ‘and readin comran
train, and a d%?QRWP¥%$knGﬁdF%B+Egﬁhlch is responsive to video data output

fron1the framatnﬁfers‘nndg@ugnma tags@mxytheﬁQM%NgﬁbsdaQMﬁaa anas 5.
A graphic dis &Y, ug ubsta itial |l %Perelnbe%or escrigfg mg%ﬂ

reference to %E %P? ePﬁgl 880 %F%ﬂfﬁg igs. iC
di splay . unit oéLtheamccempqnyasgh@r&wnbgsore descri bed mnth reference to

Figs. 6 and 7 of the acconpanying draw ngs. 7. A graphic display unit
substantiall'y as hereinhefore described with reference to Figs. 8 to 12 of

t he acconpanying drawings. 8. - A graphic display wunit substantially
as .. 22 hereinbefore described with reference to Fig. 13 of the
acconpanyi ng draw ngs. 9. A graphic display unit substantially as

her ei nbefore described with reference to Figs. 14 to 18 of -t he acconpanyi ng
dramnngs : : _ : _
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