.CONTENT. The present invention relates to a conputer graphics display syg

i n"whi ch-t he_i ndi vi dual "vi ewports or SSF;nages produced on azrggﬁggﬁsﬁp'~ )

are of arbitFary ‘arrangenent, nunber, ‘e and content. Espe

conput er - ai ded design (CAD) applications, it is desirable often to have two

or nore views ogpiBR1E8TBIEPLAL! S¥STEMDNEPHSVIERPORYSI oF0 ARBTPRARYCOUS! Y ON

t hg_vi deo di spl &y Screem, AT exanpt e 1.5 111 the CAD gest g or - cremnrcal
process plants, where thousand&QGATEON: AND GONIENT ¢ ngs and equi pnent

I nt erconnections nust be integrated into a unitary system A design

engi neer woul d benefit from having. a 15 graphics work station at which he
coul d sinultaneously display e.g., a plan or elevation view of ‘a ngjor
portion of the pl afhe mnesentr ipveptiopcrelatesi o of computexcdraphies tion
of the plant gi&hgy i I S [ desi i ' schematic
vi ews of the gﬁebggﬁggxgg?g %ﬂ2§ﬁ§ﬂ§ gﬂaiggg?gﬁgaﬁgwpgggg%g?%ng&into t he
system AnS oviPagespreduced en anvigeaserreenyarei 6f Asbd&rardvi de such a

graphi cs di sphpyakyenent ,nGhBery geser ahBccbatknts of such systemis the
arbitary nunber, 'size and | ocation of such sinultaneous 25 inmages or

vi ewports" on the video display screen. Thus in the exanple of process
pi pi.ng design, an Espectsallyeinpcehputép-addedt deslign (CADPrent sets of

o e “CAEpPERLRERES. £16a88h90ab Rl SeRRnCR FAURIUGTLE ik e
is to provi deviewsapfii thedsapeagrsyelatednobiechst Adsplayedrt arrangenent
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$ ,U|d be sel gt nlghéncﬁ eggggékyog cﬁgﬁigggtggéiegl plants, where
' thousands of pipes, valves, fittings anq equipment
interconnections must be integrated into a unitary
system. A design engineer would benefit from having a
15 graphics work station at which he could simultaneously
display e.g., a plan or elevation view of a major portion
of the plant,; an enlarged perspective view of the
immediate portion of the plant piping which is undergoing
design, and pictorial or schematic views of the
20 components that the engineer is now assembling into the
system. An overall objective of the present invention
is to provide such a graphics display system.
— ‘A highly desirable feature of such system is the
A : arbitary number, size and location of such simultaneous
25 images or "viewports" on the video display screen. Thus
in the example of process piping design, an engineer
may prefer to have tbtally different sets of views
available when perfotming-design tasks on correspohdingly
different sections of the process plant. A further
30 object of the present invention is to provide a graphics
display system in which the viewport arrangement is
completely arbitrary. : _
Advantageously, the image content of each viewport

should be selectable independently of the contents of




Ne ot her viewports. On the other hand, the system should be
'fc4ently flexible to allom/5|nultaneous di spl ay of. the sane graphlcs

x&& in tWwo or nore viewports, ‘for exanphe, with djfferent magnification 5 |
("zoont) factors. Advantageou&hy, t he- syéten1sh ulq be capable of*
inserting a background grLdVov_r any or all-.of _nage53 with arbitrary
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RASTER SCAN D[ SPLAY APPARATUS, now r.ei ssue

obj ect of the BFé§§RP“§§“f3n9é‘ﬁtsP(5n placepen ’Het"? SLANTE id\‘%%ﬁ%quyst em
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batent e on 1 RReoPREBeRs,dRveb b 304 Bhdiide's dRA RS o fPEAET ST
t echni ques d|st@smdhﬂNimﬂo$beﬁsf@Hﬂﬁh&i irdies s advant ageously nay be
incorporated with phg @b339%y to pan across a stored graphics picture J

also is a desirable feature. Advantageously, the display ;;

15 gystem should permit independent panning in any of the
simultaneously displayed'viewports. This is another
objective of the present invention. S

Certain techniques for implementing 2zoom, parining
and split screen display effects are disclosed in the

20 jnventors' U. S. patent No. 4,197,590 entitled METHOD

' FOR DYNAMICALLY VIEWING IMAGE ELEMENT STORED IN A RANDOM
ACCESS MEMORY ARRAY, and in U.S. Patent NO. 4,070,710
RASTER SGAN DISPLAY APPARATUS, now reissued
as RE 31200. : An object of the present

25  jnvention is to provide a graphics display system having
a technique for viewport allocation and content which
is different from, and more flexible than that disclosed
in the inventors' referenced patents. On the other
hand, certain features such as the pan and zoom"

30 techniques disclosed in those referenced patents

- advantageously may bé-incorporated with the present
invention. Two other features which likewise may be
incorporated with the present invention are background
grid generation and toroidal panning. These techniques

35 are disclosed in the inventors®' U.K. Patent No. 2040146

- entitled "ALIGNABLE ELECTRONIC BACKGROUND GRID GENERATION
SYSTEM" and U.K. application Serial No. 8105769 entitled.



i nvention. Two ot her features which |ikew se may be incorporated with ;
. present invention are background grid géneration and toroidal panning. -
These techni.ques 35 are disclosed in thg inventors' U K Patent No. 2040146
entitled ALFGNABLE ELECTRONI C BACKGROUND GRI D GENERATI ON SYSTEM' and U. K.
application Serial No. 8105769 entitled 3 "TORAO DAL PAN'-. Accordingly,
the present | ' wi des a graphics display systemof the type in

N ¢h pi xel dgpgagpggeggﬁh°a pi xel menory is accessed and 5 displayed on a
vi deo screen, said systemfacilitati-ng-the arbitary screen |ocation and
pi xel cont enfiaRor@iglly Mt bWt Sineenpioai pgoviaasr ol nmenory means
for storing a control table conprisjng-a set of coptrol wor,d sequences each
consiting 19 of onéd §FaRiyiE: '?Qﬁa§&ﬁ$§tﬁﬂi85 gg§cﬁﬁfﬁﬁ¥ﬁﬂé§}€huaneters
for a port pdxedf dalte sitdreddrean, piteh memoencésspeciesygiedg and portion of

sai d stored.Rpi ata whi_qhs i Q... di y L0.2.eCalr i Ng segnent
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means for &beeagbigaftyomorsiah plogat enpapdt péxpilxcongend wdr tonen specifi ed
by each coptr SPHACE, 555&; £oRd controller means for displaying
said accesgtgdﬂgtgla’qdata por't icon | n§§£§gfdance with said 20 display

par anet ers specFPRET Yy MEROLY RRABE EOE oREPER NGO AI COBFEMN c kG d i r st
and secondcomplriigling’ aRAts CPaicht gl reeedi beyakyice? aaeh’ doned tingh
consecqt've control word se uenCﬁs to ErogucE a conﬁle%ersi%ee%g@éﬂg€@4g n
which the RleitR CarRrReTRntr RhdVebAPeHI 15 e SREFLAggd1spLay paral N

for a portion of the video screen, each seguence specifying

k;= the portion of said stored pixel data which is to be
Y,

displayed in a corresponding segment of a viewport

asscciated with that seguence,

15 first controller means for'accessing from said
pixel memory the pixel data portion specified by each
control word sequence, and

~second controller means for displaying said
accessed Ppixel data portion in accordance with said

20 display parameters specified by the associated control
word sequence; ' _

/ . said first and second controller means operating

gj repetitively in accordance with consecutive control
word sequences to produce a complete screen display in
which the viewport arrangement and content are defined
by said sequences.




‘ay. systemfacilitating the dirsplay on a video screen of plural
_ ‘erent viewport inmages each having different display paraneters and
being arbitrarily situated on said screen, conprising: 5° " a pixel
menory storing graphics i nagé:pind—data, a stdrediéontrol table containing
a set of control word sequences each conprising =~ at |east one control word,
and specifies display paraneters for a segnent of a viewport, 10 -’
sai d par anet e¢re pEeSERRginNENEivy adsfoiyF OSidesye address of pixel data
for that viewport segr@népleicstdisphagrsystpw faciddivating vikhe t hat
vi ewport segnent. and the n ' rieS UrEdle he sane
or the nex%q\ﬂpg'&y f |Y’n€é,%a%ia’?%€9 ot Eggﬁgﬁf'g(ri%:ﬁﬁng saﬁ(sj)r%ontrol
word sequeremdes diaaicthahingi dpffgrentsdigpliayePaFane e ARPd pi xel
frenory ont %eﬁq{$ ARG 61 £7Me ] BuBEEAT dANSA W serlele pAIGHIBE P fngad
I nt ervi ewport acings specl fied by said control word se ueﬂcgs t o produce
a vi deoSdi spl ay @@ixe} BMOLY SEEATiBA: BERANAGS, imagde Pixed, Aqtagent
i_ﬂ\éention furtheg ﬁ&é’ei:c?eéoﬁ}:r’b!!eeabu.epbbhtfadirﬁmgi}a_ wmmtteln?: a
vi deo screen, contro i xel, menory means for_.st P spl ay
pi xel data (ﬁﬁﬂ??ﬁcﬁgrﬁgcgaéﬁ” eF Y ng 2t fHAé%J&Ké-@bﬁézgl

- word and séeqifies display parameters for a segment of

d sequences. -3a- ne present invention alo provides a graphics
\ v
d

a viewport,

10 ' said parameters inéluding the pixel memory oo/
storage address of bixel dafé for that viewpoft segment and
the interviewport spacing between that viewport segment
and the next viewport segment to be produced on the same or

the next video scan- line, and

15 means for utilizing said control word sequence to
direct the display of said pixel data from said pixel
memory onto said video screen in accordance with the
parameters and interviewport spacings specified by said
control word sequences to produce a video display

20 defined by said control table. |




5. display paraneters for an i mage segnent of a viewport of The Vi deo.".
_screen.a first-in-first-out (FIFO nenofy, an inbound FIFO controll er “wedns .

for alternately supplying to said FI FO nenory di splay paraneters of one or
nore control worts and graphics display-8ie+a 10 identified by the supplied
control words, sak Premerst drsegrptiomofwckher ippovidesitively and :
sequentially for a plyursidddy @fapwiésodisplLey Sgstemneompeagingie franme of
a-yvi.deo display, and an outbound FI.FO controller neans for alternately 15
obtai ning from &idHEMESHTRy sai d di splay parameters and the identified
graphi cs di spl ap dxirtrakypixel coemeryi mgansdfeupphkeriggt griaphidsieo screen

the obtain I S, i spl data _in,accordance wth the .qgbt.ai ned display
par amet ers.%q.sg e pp]'fxeegien#)a?%v%ﬂ%i Sﬂgﬂtrggi FP* &r ERE™ sﬁ)te&ﬁ é’e’é‘%raphi CS.

di spl ay $ysti@nlaatipanametrers htodi apl iyage segment ofr aewiefvparéi ewport

| mage, co i Thaov)élep yéBADry storing graphics image pixel data.5 in
mul tibit word fornﬁt,q)r??pixel'_data defining a first portion of the

vi ewport inage being stored in a first region of said pixel nmenory and the
pi xel data defining a second portion of the same viewport ‘being stored in a
different region of the pixel. menory, 10 a stored control table
containing a set of control word sequences each consisting of at |east two
control words, eafhrsdmtimaif imst-argutftROEmeendyyng the di splay paranmeters
for a segment °%ﬁa¥#§“ﬁ% IS SOHCE Y FWPREahEBESr hiEePRRRERYEIS Of oOne

control word incl L
supplying to said FIFO memory display parameters of

~

one or more control words and graphics display data
10 identified by the supplied control words, said
alternate supplying occurring repetitively and
sequentially for a plurality of control words defining
a complete frame of a video display, and i
an outbound FIFO controller means for alternately
15 ©obtaining from said FIFO memoty said display parameters
and the identified graphics display data, and for
converting énd'supplying to the video screen the _
obtained graphics diséiay data in accordance with the

obtained display pafameters.
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By xel nmenory start address of pixel data for a first portion of said
€aport image segnment, and including an offset address within the first

¥ bit word containing pixel data for said first portion in the event

that the pixel data for said first porgéon does not begin on ‘a wor'd 20
boundary of a nmulthéiprewent i insantiphXEl seeldr fnrttherparaneters of a

second contr olpnwvrités grapihigs dHgpbay spsteny facilitdtisgs tde pi xel data
for the se r o fe nd di spl ay -’
productlonaﬁgg%ggfbh ﬁHQEQQ%%?égyxggcontro ﬁgggﬁggagénce to access said
pi xel datacbmpniponghons of sai'd pixel menory identified by said start

addr esses and tg 1H@§:ﬂéﬁgﬁ¥fﬁ{éﬁ& giﬁﬁhf@gefﬁgdep gleldd@araonto said
vi deo screen i n_accqrdance sai d .par anet $ %g a ? uce said viewport

i mage. 5 in| puitipifteword éﬁ) is BhPoPeEABIB8e&ent i nventi on,
vi ewports inréltbipbrr&rmd et wandvmltehhage ebdthgnetolreda iseta of cont r ol
word sequences,stored in q C S ciated with
a segnent 21’ §tp§|’?‘tg|1&5'l ffﬁ%ﬁf’eﬁﬁgggé%enﬁé gggc ?‘g& \f\ih%%%()graphl (o
data is todefigiisng & eedand ror siopof | thedsamehviespPodits BednSar anet er s
such. as ZogReladl I DAL Fedhonabe oRd paken. nEhpsgaduence al so

specifies the interviewbort 10 spacing between this and e adj acent

vi ewport0 on t he avistadF et cantrohctable Fontainingar 5 cé’é{ﬁfé??ces
COHStltUte&o%d"%@@déﬂcésﬂééﬂhV&bﬁ&héﬁ&ﬁéebﬁ|dtsmeastlQ&oa@dﬁﬁndxafrane of
the video dis Iay aphlcs |£g%% glcture el ene%& %@p " ta 15 is
stored in X9 985% “e?ﬁﬁeﬁgﬁﬁé |ﬂ§%f %P par at e

regi on of tﬂaﬁraﬁﬁﬁbﬂ‘ﬂérﬂﬁwa\k‘s@@ment of a viewport of said viewport \J

image, . . : ' : QJ
the parameters of one control word including the
15 pixel memory start address of pixel data for a first portion

of said viewport image segment,_and including an offset
address within the first multibit word containing pixel
data for said_first portion in the event that the pixel
data for said first portion does not begin on a word
20 boundary of a multibit word in said pixel memory, the
. parameters of a second control word including the pixel
memory start address of pixel data for the second ' '
portion of said viewport image segment, and _
display production means for utilizing said .
25 control word sequence to access said pixel data from
portions of said pixel memory identified by said start
‘addresses and to direct the display of said accessed
pixel data onto said video screen in accordance with

said parameters to produce said viewport image.
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stoores one or nore control tables. Each control word sequence identifieg

-the graphics data content of the corresponding-viewport segnment by a
speC|fy|ng the nenory 20 address of tdat pixel data. The actual vi.deo “
display is generated ‘by alternately reading each control word sequence,
obtaining the identified pixel data fromthe specified nenory address, and

processing this pixel data in accordance with the 25 display paraneter

i nkor mati on cont afned pBeEBEreangtabhwerdlengy1 Stéﬂubﬁnocessed pi xel

dat d i d t |- Th
p?ogeeg ?gp?éﬁggfggegegﬁgﬁgpégg9e;0§1 na r%F F&é 5ag;§egequeﬁces in

tEe cont rOIocEaibi@n aﬁdnoomt@ducsseademmédt by3a tearrofotohlteo\lj deo displ ay.
The proces

o " oguiRAd FERTRIGEs [ REoFRRSE b ¥nbER T Eath, BIERS3URBREC] ") [
cert ai n_aoamrmooemted heith spl sggmentt ofbe pratjeulart Niewporis
acconpl | S%annﬂn@ﬁ@é f@%égi‘ﬁé’é éhbtoérhﬁﬁﬁgnhﬁ% yar ¢oseguences.  For

exanpl e, enente particular viewport, at
the end ofdkeR¥AYeQ &N FhétcéﬂGFGthoFB sWa&Bnwbat,\diieR1a@¥f i ne the graphics

data cont eﬁﬁrﬂﬁet@ﬁé m.ﬁlsslli\éow £apebk, abEckgdbhnedngdaScmé dentify the
appropriate ﬂiet of gr aphi cs daéa re €8 t he next, frame

in the parfR¥ FAelk: T?etﬁ? UFBGPr Ac8Pi 8 eSF g Egﬁt eﬁ&?&“?ﬁﬁuences i's
not toot mxspanoin@ between thiscandpthehadjdoentg vikewpoaitt malth(e‘ rame)

retiace Ugkagh LoFedhieonl spbpvor SUER'BBREEBLY woldPTequihdednt ol ! abl es

may 10 be € e con enerate
‘al ternate consbitutesha \'/cqebrqlspaasze thllsh completely specx ies :

_ an entire frame of the video display. _
- Graphics image or picture element ("pixel™) data
15 is stored in a pixel memory. This may be an independent
memory or-a separate region of the same memory which
stores one or more control tables. Each control word
sequence identifies the graphics data content of the
corresponding viewport segment by spec1fy1ng the memory
20 address of that pixel data. . _

The actual video display is'gene:ated by alternately
reading each control word Sequence;'obtaining the
identified pixel data from the epecified memory address,
and processing this pixel data in_accordence with the

U/ 25 display parameter . information contained in the control
W, word sequence. The processed p1xe1 data is suppl1ed as
a video raster signal to the d1sp1ay screen. The process
is repeated sequentially for. each of the control word
sequences in the control table. Th1s produces a complete
30 frame of the video display. _
The process is repeated for consecutive frames.
I1f the same set of control word sequences is used, the
display of each frame will be.identical. 1f certain
- parameters of the display are to be changed, this is
35 accomplished by changing some or all of the control
word sequences. For example, if panning is to be



_ ontrol table is being used to pr.oduce the current franme, the other
i ol table may be nodified, for: exanple to define the new data
a sses required for 15 panning. This &s a form of doubl e buffering”.
When a new arrangenent of viewports is deS|red a new control ‘tablé is
est ablished. In other words, a new set of control word sequences is

p:rgv:jded ;Nm cmfnﬁtémaatbfheﬂfs ge?t%&%g&y v:t%vao:t. lﬁ %he UddSTdfit'tVe -
enpodl nen a ll I n-fir - u use 0, cOonLro
paraneters anB® f‘x Famgea t an%&}d (; ﬁ%q dm*‘& 'b%% s the ™
ant r ol w?r dsgraphut:s dhgaccmttelntpafamhaar a:anxitdlﬂﬂ ~Riewporty apet ﬁ.l ns

the specifie t | tg the FIFO
menory. An oﬂ?ggﬁﬁggk’ %(;Bt t‘?m&)@ I:—i@aqﬁtf}t ?&ﬁ Jlﬁ%% al ns {]k{‘e%';g?n

par anet er s 5 rgraphicsl fetacreapized &0 Rroduaedhe inextiframe aiilsd’diﬁat ed

pi xel data frgghhea EhE@enemirfy ﬂmsamicamwd lof haRe domtadl %d A
pi xel 30 data serializer is used &ﬁ&:OVIde the pixel data in serial form

with the requPtEPENEES 182008, toR) iyey % Kan be accomplished: zoom
i s enpl oyed. a!aekggouhé gemtwacl o(lflme)l retiradd Wime omsutfet addes o the

From the con: PorBkBYa seqsekbEtiNtig g el Qe Fontyal AT ) e
def i hed byl(abenestablisbedaina thel mom:zmel aeovorys whiidls are amed ko Wit h
the.pixel datge K?H?:et %ég%%a'leafram@s S YndRA FY ﬁ%}e‘gy Chv@ﬁen gsses the

correspondi ng or Vi out put

rLve signa fron1a coor
of a conpl et eovﬁeﬁﬁbﬁl’f@e gl?rﬁﬂget‘lﬁ? éé-"s&fé?,qqqib(fhﬁl cd‘%‘é‘en pi xel
count frame, the other conttol table may be modified, for ' U

example, to define the new data addresses required for
15 panning. This is a form of "double buffering”. b
When a new errangement of'éiewports is desired, a
new control table is established. In other words, a
new set of ‘control word sequences is provided which
define the desired display.

20 In an illustrative embodiment, a first-in-first-
out (FIFO) memory used to handle control parameters and
pixel data. An inbound ("top')'FIEo controller accesses
the céntroi'words, inputs the control parameters to the
FIFO memory, obtains the specified, associated pixel

25 data and transfers this data to the FIFO memory.

An outbound ("bottom®) FIFO controller obtains the w/
control parameters from the FIFO memory and directs Y’
processing of the associated pixel data from the FIFO
memory in accordance with these parameters. A pixel

30 data serializer is used to provide the pixel data in-
serial form with the requisite replication, blanking
and offset in the event that zoom is employed.

Background grid'end'curSOt”informetion is inserted into
the serialized data stteam in accordance with grid and

35 cursor paremeters-ftoﬁ the control word sequence. In a
color system, color allocation may be defined by
parameters such as a color base address. This is
combined with the pixel data value to obtain a



5 paraneter, screen background (bl ank). signals are supplied to the vi d _
.screen .in accordance with the interviewbort pixel count or w dth speci N ed” .
by ;t he contrpl word sequence. The process is repeated for each control word ™
sequence under control of the inbound.a¢ outbound 10 FI FO controllers so

as to generate each frane of the video display. 7. A detailed
description of the invention will be nade with éeference to ihe
acggnpanyi ng SRR MAP address Yhich RFeeapes JERF FArEespPPAing aPAg”

gl ements in thidesVar bve s gnal. £HomFa GBFot mapamenorgti al vi ew of a typ

i cal g{ aphi CStdI SW on #dgg C#é@?}“gd?fﬁﬁgbﬁt ggﬁg W|th tE_e
present invention 'Elﬂée e rca 5a gr aphi cs
di spl ay apparmmleheéecmsrdaacéﬁ\ké hbyha gereent PiUﬂ-nQQﬂDton FIGURE 3 is
a pictori aF ;gagfﬁﬁég%@t ' Q@ré?éntbbélfgéwhﬁé' (SQEI\EW §1gﬁaibeasenaagbnbael

menory enplo ratus o 2, w g ﬁgl cal control
tabl e set of %‘bnﬂ?%l"%ﬁﬁ SeEeencin ageor a"“=FI E ehaRterRiewBPrE s of

the control foiléllésﬁh'éeétl018%&PQBIbedM?dtﬁequeﬁe?omfwbhd control
table illustrated in FI

h th
sequence of OPEFYEPGR-o ﬁep}'ﬂﬁﬁﬁﬁd??l &'Bs’sgﬁff’gﬁgrge%pgﬁﬁﬁfgigg of et he
appar at us of %W%Queﬁtaﬁﬁdéneonubhmfhahe ihboiund ahd ougbonnd of
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FI GURE 2. orral repre ntation show ng t
: video display.
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25 relatlonshlp between graphics inmage data in the.pixel menmory and the
|e, {1produced in a viewort of the video screen. FIGJRE 8 is a di agram
D4y ng i xel data replication during prpduction of a zoomed |nage in a

V|emport 30 FIGURE 9 iis a pictorial representation showi’ng t he
rel ationship between graphics image data in the pixel menory and the inmage
produced in a viewport of t-he video screen during. toroidal panning. 8.

Jm“tehpiiflii‘%n'c???)t g;s%egﬁé ﬁ%#ﬁéiékﬁ Be"ehe }i@ﬁ\ %ﬂ&‘éﬂ‘: exampl e

' ' epenge ey agco @

Sr ;%E: gg | ;giﬁdg ‘p;,h ucefleve ? od \é mE@nyamgl mimgs.hafﬂmml \2/e
ﬂk’? ﬁ%reég%géfagg @HSE& P ¥V%%Rrou h % 'n ea(ﬁE

In this display orts such
vi ewport t her@2¥@pakr E1gusepar at e graphlcs i mage. These i nages may be

totally unrgl at ed,rmutdaell 1808 pmceagiuueww dfﬁ)ﬁ b.q» i@ @ﬁﬁﬂi&:s an

enl ar ged porté&§ t he |nag$ in_anot her ﬁ? T e size, Jocation
on the video Ei?ﬁ ARqa Y EdeP; SFIREN,PLE BSERTAANGS Mt (ot ally
arbitrary. Ttlescpteséentsiaventionblished. by the contents of a set of
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(FI GURE 2). @nmiQSdébsabazeapmeratne int acgos@ance widihothel pregent
contaln no, o fbéneibrges, likew se are defined by information (the
"interviewport coun contai ned in thﬁ control word sequences. These

screen. 25 regions Egsb§§|3aiﬁyaaPé°SP§ Rdd rePresentation @f the
typical contents of the control/pixel memory employed W

in the apparatus of FIGURE 2, and showing a typical
controi table set of control word sequences.

15. FIGURE 4 shows the formats of the control words
included in each control word sequence of the control
table illustrated in FIGURE 3.

~ FPIGURE 5 is a flow chart describing the sequence
of operation of the 1nbound FIFO controller components

20 of the apparatus of FIGURE 2.

FIGURE 6 is a flow chart showing the sequence of
operation of the outbound FIFO controller components of
the apparatus of FIGURE 2.

FIGURE 7 is a pictorial representation showing the

25 relationship between graphics image data in the pixel LfJ

screen.
_ FIGURE 8 is a diagram showing pixel data replication
during production of a zoomed image in a viewport.

30 FIGURE 9 is a pictorial representation showing the
relationship between graphics image data in the pixel
memory and the image produced in a viewport of the
video screen during toroidal panning.

memory and the image produced xn a viewport of the video o



interviewport color. For the illustrated system there is at |east one ‘G‘R
control .word sequence for. each scan line-on tshe video screen 10. In FIGRXE )
1, the portiaon of the screen 30 display associated with each CWs i s w B
illustrated By a double pointed arrow. {br exanpl e, the topnost scan |inNgE,
which is entirely within an interviewport®region, is specified by the
control word sequence CWs-a. The interviewort space specified by a
par(,cular CW5 may: 35 extend to the next video scan line. Thus in FIGURE 1
t he sequence CWs-c defines. a video scan line which is 9. entirely within
an interviewport region, ‘and the initial portion at the l'eft side of the
next video scan line which alsois an interviewort space. This next scan
line incorporates the topnost segnment of the viewport 5 VI. This segment is
defined by the sequence CWs-d, which sanme sequence defines the renaining

i nterviewport space thethesegbtlﬂbehbeonlempﬁurtvbraﬁesgruhedbamgegnafter.

line, as well_as the Lnitial |nter Q ce t@uth
vi ewport M aP3n8a¥h81f8F?gR}ﬁg sca ?g %Eﬁgeg i&drP o%gfg |ke cgﬁﬁrol wor d
sequences CWdeawhnosghifiV@hjclef i ne that portion of the V|emport VI whi ch

is situated higher pgguRBe1viid2asteaces hh%Qp&@%ltGﬁs%ﬁa§h9rbaﬁbﬁﬁrbnyz The
vi deo scan Ilneggglch | orporates 15 segnent of .the viewport

V2 is definedpyREhPEe? ﬁPr&F’ﬁBPd Be&&é eTﬁQ&? geCﬂSthWﬁ?ch
speci fies thedﬁei:uaynsyereﬁawaer umpnenenteusbb whieC Appreatiised laogegnent of

dor nes nid BpEBRE. 2 c e Shothis, aikBLsy " SREES, B 219 v ikbor sEolor

sg\ge at the thgbugbf V5. 1In each such viewport there appears a
separate graphics image. These images may be totally

\s’ '~ unrelated, or the image in one viewport may be, for
example, an enlarged portion of the image in anotber'

15 viewport. The size, location on the video screen, and
pictorial data content of each viewport is totally o
iarbitrary. These factors are established by the contents
of a set of control word sequences (CWS) which constitute
a control table 12 or 13 (FIGURE 3) that is stored’ in a

20 portion of a control/pixel memory 14 (FIGURE 2).

On the video screen 10, the interv1ewport regions
15, which contain no graphics 1mages. likewise are

" defined by information (the "intervxewport count")
\ contained in the control word sequences. ‘These screen
gw) 25 regions 15 typically are blanked or of a uniform
interviewport color.

For the illustrated system. there is at least one
control word sequence for each scan line on the v1deo
screen_lo. In FIGURE 1, the portion of the screen

30 display'associated with each CWS is 111ustrated_by a

"~ double pointed'arrow.'”Forﬂexample, the topmost scan

~line, which is entirely within an interviewport region,
is specified by the control word seguence CWS-a. The
interv1ewport space specified by a particular cws may

35 extend to the next video scan line. Thus in FIGURE 1
the sequence CWS-c defines a video scan line which is

Yy




the -s¢creen, and the interviewport space at the left of the screen along the’

negt~scan line. At the bottom of the video screen 10, .each scan |ine
eyftassing the three viewports V3, V4 and V5 is 25 def i ned by four
S ces such as CA5-n, CW\5-0, CW5-p agd COWN5-g. As di scussed bel éw, the

final control word sequence CWA5-v includes . information indicating that a
video franme has been conpleted, and specifying the initial address in the
control / pi xeentdredy witbint ap Qotﬁtvéevpomtrabgmnnifiﬂﬂﬂthﬁafnitiﬁk next

deo f L t opri
{video frane. EQtQSBe"a% %h%a‘iﬁfftr aqanBf %e\”{‘% %?éiiéﬂcf%] at

sets of |nfor nanel a contrql table e approprlate
graphi cs i maﬂggfb alpp aﬁt F-F‘F?t“’ﬂﬁ??"ﬁé' é?P&lﬁ-l sffhds nexte Mry 14.

This 35 |slattnepihebepobht&sgIthﬂhltopmoeltt segmenit! dfCEHe iewp | 18 Wi ch
appar at us g storage contro ic
can recei vejg}éph:lrrgg %ﬁ g% &fg b¥9ﬁl¢0l§l 8 é' conput er 20
or a disc orwbiuhrsameragqndaeecéeﬁﬁneb theoremali ning liotar viwupoit put
(10) periphe 24 ~dif8C SS@C e hegqa I . The
controller %ﬁgégllo tﬁﬁ Ei?h@ 68 Fggtqi&% gke%Pbggtn%%%ie menory 14.
For exanpl e, S€AR lgﬁﬁwoﬂﬁeﬁeié #ﬁytﬂssﬁgﬁtéﬂieﬁnﬁﬁnymeuﬂﬂnﬁ|spaqs

?ﬁsom ﬁt ed \Atbglttééeiéfeweer EEebe%@!ﬁthSaltBngort:h‘éls m;i ¥ roI | o
reu vant ageousl v, ¢
18 |tgelﬁ%in%§ﬁﬁes SbﬂéE599‘;nggRFcﬁ §IQEOP95 gQFH§é£9eﬁ:ﬁyﬁ'ﬁhge dat a

assi gnnents- throhghnewsﬁ défiﬂexehadaportiohroﬁstﬁbrﬁdehngQEWIIhe storage
o il 18eed pgigglﬁgﬁhar %oR"2he%viabB° sBF R than' tnec! Udes 2

randon1access menory i
top of . the viewport V2. \o/

The video scan line which incorpo:ates the uppermost '
15 segment of the viewport V2 is defined by three control
word sequences. These are cws-g which specifies the
left intervxewport space, cws-h which specifies a segment
of the viewport V1l and the central intervxewport space,
ond_cwsfi which defines the uppermost segment of the
20 viewport V2, the'interviewport space at the right of
the screen, and the interviewpozt space at the left of
the screen along the next scan 1ine._ _ |
At the bottom of the video screen 10, each scan
line encompassing the three Viewports V3, V4 and V5 is
25 defined by four sequences such as CWS-p, CWS-9, CWS-p
and CWS-g. As discussed below, the final control word
sequence CWS-v includes information indicating that a
video frame has been completed, and specifying the
initial address in the control/pixel memoty 14 of the
30 first control word sequence for the next video frame.
- To generate each frame of the video screen 10
display, two sets of information, namely a conttol table
12 or 13_and_the appropriate graphics image (pixel)
data, first must be estoblished in the memory l4. This
35 is accomplished by a graphics control unit (GCU) 17 in
the apparatus 11.



readIMW|te status of which is establlshed by a control circuit 25.

address eounter 26 whi ch |tself may be nanlpulated by the storage 20 -
controller 18 via the bus 23. Data is @0ansferred to the RAM 24 via the --

bus 23 and a data in/out buffer 27. The graphics control unit 17 al so

i ncl udes a control ‘table assenbler 28 which establishes and enters into the

merory 14 the cont TP GEPdiBE4NERBe3 Pixed daty SLorage Gont¥aldsk. The
assenbl er 28 18cghien bai:orsablioa graphivs dnidge Gatia etiwlaew t19

Das 15, Typi cEFP eREbE! A RERY ESHBUREY 2. B " DU GRS Hnal

whi ch an operéevdceawhiphcnﬁyonleeom thiez d ocadc dnpurt /eutpitsi (1) | mage

Coteel shes TRErpAERALE. 2T"8138RRTY 3eetdiated Hidis ¢ | on and
rrespon

est abl i shes uencegto produce the

Set 0
desired di spl 3} waepepnpnegaps a8 AS§GQWﬁyﬁhﬁﬂHii9 Sata e SRAAL® such
35 a joy S“C!(oeac%ﬁskihathe b.émes&qnuof WIC 2 X 10S MO looir SRR T Y

5 9 15 lsed B BAY assdun Bixed Satmaedpenhs ‘%am%o&iwa o, The
control word &ﬂﬂu9&@0@0&%&0vuatbddu§mhv&h&owoommuypondﬁdg(irqxznﬁZEuis to
o er bcomput or tREGHEY 2225,k 1EE 3 3'“%(%3 Y, 0 NI P
circuit), bAsthet eoh&celdercdBt rxy.serlénd@q & memory imehich dsd
program whi chy ib&%at 2 rﬂi%toa%r UnieOInitlge o e WG QN LD | ¢ midindSy and
aeipnbler 28. An exanpl e manner” i n whi ch graphi cs i nage
U Pixel data is transferred between thé storage
controller 18 and the memory 14 via a bus 23. The memory
15 14 includes a random access memory (RAM) 24, the
read/vwrite status of which is established by a control
circuit 25. The RAM memory locations to which data is
entered or accessed are established by an address counter
26 which itself may be manipulated by the storage
20 controller 18 via the bus 23. Data is transferred to
- the RAM 24 via the bus 23 and a data in/out buffer 27.
The;graphics control unit 17 also includes a control
table assembler 28 which establishes and enters into
the memory 14 the control word sequences for each video
25 gcreen frame. The assembler 28 receives information
specifying the desired viewport parameters from either
the host computer ‘20 or the peripherals 21 via the bus
19. Typically the periphe:als 21 may include a data
entry keyboard on which an operato: can specify the
30 size, location and desired image content of each viewport.
.The assembler 28 interprets this information and
establishes the correspondxng set of control word
sequences to produce the desired display. The '
peripherals 21 also may include panning controls, such
35 a joy stick or track ball, by means of which the operator
can specify e.g., a desired direction and rate of



~assigned to storage locations in.the nenory 14 is illustrated in
b and 7 for pixel data used to create the viewport VI. |nmge data
picture” 30 15 (FIGURE 7) is suppjsed to the controller 18 via the
. By way of exanple, this nay conprise 160,000 bits, of whith each
bit represents a S|ngle pi xel of a black and white image. If the bit is

"1", the pixel mph K, Input hErdmt théseOdevicesdi i!sol 5swhsée by the

e el e D £ 5 R e RhLpohTED BaBReRFR unchnes (1 OV

nenory 14, by e¢émtrohtwoid eseddentest assochaped withl GUEEviewprSeipl xel
bits represen éﬂ?ééﬁﬁi§$ fgvtgg?égg horizontal |ines each 25 conpri sing

400 pi xel s. i ne.-Irnc pi xel s 1 through 400, the second
line incl udés pi xe|'@haoqomhmhbsr8b§ aeﬂctherhessembags R8cearbnmaysi gnnent

in the menory demg¥iddca ihcPOCompieer bhating fEsdéﬁh”BtbbéstEt \(s@cR0 - 30
is arbitrary. - However gnvenl nt arr 0, assi ese bits to
160, 000 consecﬁﬁlﬁet%?%rgg;é | GRYt Bﬁggﬁég?angﬁﬁcgit&'bgk‘ﬁ igﬂFE 8CRV +I, as
i ndi IcaE ﬁd in idédEH €y, Thanddbmsacedss cnemory +h¥ld shetouedeprot;rhmts per

i xe ere, aqne. hjt DL xgl), e re,

200y, sna ¢ he MTmL A EFdcEs Ene | obEFartaR B tnd fﬁééﬁﬁiégﬁec BEERLASEL) be
stored by tibe Xbrand|assenislen 28s i nage data . assignment list. This

entry thus deflnes gefﬁﬁﬁiﬁzaﬁ'Qﬂeaﬂgnﬁigrﬁﬂeﬁhfﬁﬁt?99§aiast?ﬁaBE”Dry 14

of the graphics data | cture tr-on
avail able to t4ﬁ$§ﬁiﬁﬁﬂ#ﬁ#92§ﬂf§9 ES@‘FﬁegbﬁﬁﬁﬁiPﬁﬁ fnethenmempryadfe 12 or

13. is illustrated in FIGS. 3 and 7 for pixel data used to
create the viewport V1. Image data for a "picture” 30
15 (FIGURE 7) is supplied to the controller 18 via the bus
19. By way of example, this may comprise 160,000 bits,
of which each bit represents'a single pixel of a black
and white image. 1f the bit is "1", the pixel is black,
~ if the bit is "0" the pixel is white. Alternatively,
20 graphics data in vector format may'be supplied to the
GCU 17 via the bus 19 and converted into pixel data,
for insertion into the memory 14, by the controller 18.
In-the example of FIGURE 7, these pixel bits
tepresent a picture 30 having 400 ho:izontal lines each
25 comprising 400. pixels. Thus the top line includes pixels

o

1 through 400, the seccnd line includes pixels 401 N

through 800, etc.
The storage location assignment in the memé:y 14
of the 160, 000 pixel bits which define the picture 30 -
30 is arbitrary. However, a convenient a:tangement is to
assign these bits to 160,000 consecutive storage
locations beginning at a base address'av1+1. as
indicated in FIGURE 3. This base address (Ay1+l), the
number of bits per pixel (here, one bit per pixel). the
35 number of pixels per line (here, 400), and the number
of lines (here also 400) in the picture 30 then may be
stored by the controller 18 in its image data

N



In each control table, each.control woerd sequence (CW5) consists of twd ¢
.nore control words which.may have the formats illustrated in Fl GURE 4. :
There are four .control word formats respectively designated [err] throbgh”” -
[err]. In the illustrated system each CWS includes at | east two control
wor ds, having the respective for s CWil and CwW#2. (It will of course be
appr.eciated that this applies only™o the particularly described enbodi nent
and_t hat each CWS coul d conpri se only one control word containing the
appropriate kg tif | er I

the CW5 is ass %?gﬁgﬁéwltggea v:rg&E gﬂt&%d\ﬁ?y}‘h dte?;rq'm alt&:)arf;r#‘%‘[ I'S u
addi ti onal c¥R¢r®Forase BPcﬁﬁiﬁﬁﬁ &En S hies memoryddd. Gﬁuthenﬁranhi¢m the

tabl e incl udgsta ﬁ@ﬂlﬁ@hgwﬁhd ﬁf.i.ci:ﬁ&'@a@om‘i'h%' Gt FERHIRES) o f\?}ﬁi{‘d of a
frame. The cont eg?bfﬁ %‘Be vari ous §$ntro words in the control t e 12 or

13, and the #%&Hh the pssemblere2BaforsNee B generatdng dhes, nmy
be under st oocomttdl r eabket 12ootrhé3fol | owi ng exanpl es. The first exanple

concerns the contggl d _seguenc d GURE whi ¢ enco asses the
top scan line seg?r‘gn?x\gﬁ Sén?ﬁgf\/fig%\eﬁe%]ch tﬁ>§élr r‘?d{?5 ’SF t hr ough
an appropri atSWHercpheiats20f tWwe bucmbirenconitail @motrdwmharcmfmaspreen

I d I h
pi xel s) an ﬁ‘@&@hﬁhétPSrﬂHEgeili){xs@E?@sP E%S)E‘I%EIRE{]% VI eﬁig%%rp. ﬁ n the

an

illustration_ of FIGURE 1 Vi e els on the
vi deo screenfQ®r fRBtERAL n&j°¥¢oﬁP§@ﬁ§§nr§SE@ICtll@©ém dlesagn(ad:sad:(ﬁﬁﬂed from

the left edgenebughecwispl ayy Ehéoﬂgﬁ!u§€E§%@dp%§%ltelnPC@d chml- The hei ght

35Q. scan lings r0|dal annlnﬁﬁls not to be uSed. 12A. Fromthe
fQLp90|ng |rﬁ?ﬁ%%. heaststWp| pnsgol words, having the

respectlve formats CW#1 and CWH#2. (It will of course -

\ be appreciated that this applies only to the particularly
described embodiment and that each CWS could comprise
only one control word containing the appropriate pixel
data identification and other parameter information).

If the CWS is associated with a viewport in which toroidal

panning is.used, an additional control word of format CWH3

is included. The last CWS in the table includes a control

word of format CW#4 which designates the end of a'frame.
The content of the various control words in thé

control table 12 or 13, and the manner in which these

are established by the assembler 28, may be understood

i/, ' with respect to the following examples. The first example

concerns the control word sequence CWS-d (FIGURE 1) which

encompasses the top scan line segment 31 of the viewport V1.

W

The user may specify, through an appropriate
peripheral 21, the location, width (in number of screen
pixels) and height (the number of scan lines) of the
viewport V1. 1In the illustration of FIGURE 1 the
viewport V1 has a width of 300 pixels on the video
screen 10, beginning from screen pixel location 51 (as
counted from the left edge of the display) through
screen pixel location 351. The height 350 scan lines.
Toroidal panning is not to be used.



* L

il include in the control word sequence CWs-d two -control words of
2§§§ﬁctive formats CWH and CWE2. *The 'vi ewport segnent width (herein 300
S en.pi xels) w Il 13. he entered into the screen pixel count- field
of the control word . By reference to the inmge data aSS|gnnent | i st
for the viewport VI, stored-in the controller 18, the assenbler 28 w || _
obtain the value 5 of t he nunber of 1BRt s per pixel ("I'" in the exanple) and
insert this value into the "bits/pixel" field of the control word CwWil vy
(FIGURE 4). Fromthe sane inmage data assignment |ist, the assenbler 28 will
ascertain the base address (AVI+l) 10 width and height of the picture
stored in the nemyom khe. f%q@ﬂﬁgmhfosmﬁubn, ’lthé asaembn@tr alg 21, the
| ocation within t.he pigcture 0 of t

€ {mnnd w' gFlgggE that is to be
di spl ayed i Mt'te 1 Rt QTﬁ%P 1l ):083 eﬁ?ﬂP@B Wesi gnat i ng
the 15 hor|znmmuﬁokﬂwbndstoiz&espéeﬁiveffbhmauapewﬂuehhdhewwacormme of the
w ndow 30a h p re 30.
Using this :M r?a%?'iogsn “H%lé B{le éhégéi%agags%g% g?‘nsgxgi%arkﬁjﬁ‘ starting
address of the flrst 20 i mage plxel to be included in the displayed

vi ewport segmemt 3t the TitUstTatTom of FHeORE7 this TS TTEge Pt xe
821 which will be stored in the nenory |location Avl+821. This nenoyy
address is entered into the "menory pixel start address" (MPSA) fidld of
the. 25 control word CW2. To facilitate rapid data output fromtje RAM 24,
the nenory 14 may be configured to access nmultibit words of datd. For
exanpl e, 64-bit words nay be




accessed fromthe RAM24. In this case, it may happen 30 that the stg §%$#,;r
address-for the first pixel bit in the segment 31 does not fall on a ot ¥~

boundary, but. rather is contained at sone other position within a 64-D
mord inthe RAM24. I'n this event, t hell3gast significant ,bits (designated
"LSB" in FIGURE 4) of the 35 MPSA specify the offset fromthe word boundary
of the initial pixel bit ([err] + 821) in the segnent 31. The nunber of
words whi ch nbetebtenedeintd thenf'screen pizelAiabnt® fiwld ofalthef the
i,mage pixel b % or e I £ch by the
assgnbloer 28 gﬁgtgﬁltie%egd bﬁ\l’ﬁ. §\A333@tcrgu%m@ &f)eﬁl% q?“ﬁ#e contr)cl)l wor d

CW#2. For exaﬂﬁﬁégnﬂanlﬂ)FF \ﬁBFd§h5 yiewpords Vdy staraddmAahe s and the
segnent 31 WI dbhtraliee 18, eehepasebmbwrt Izaonﬁmr tolﬂﬁlﬁﬁ&ﬂf& ivadLuach

pi xel , the e, pr six,word endin et of the A in the
first mord) ¥ tﬁ§v8“9895e°§cgg§§e8efo &5?& m% ﬁ? If; t he
conpl ete scanahdnénkérteghnstvalue ihQOaﬁmmommttayp&xek?(Eieiﬂfnfls .

entered into &Qgt gﬂggoioug?dthghd F@g*ﬁ? gntedlsplay par amet er

i nformation for Vi e red into the control word
sequence COWS-d. FoFrematprecsamgeimaggr ﬁ@@eﬁ?ﬁhﬂﬂﬂﬂﬁ?:ﬂ?ﬁﬁ»«ﬁ &ol or, zoom

nagnlflCat'onasgéﬁﬁibraﬂﬂ thﬂkhgﬁerQGQKgE%hﬂ%d@é‘idﬁFﬂiﬁ“(ﬁ fﬁlﬁs and
grid,or cufsor oor g g further descrlbedio‘i v¥:|n connectlon W th
conponent s %f"@ﬁ& appdr Bedght, tg‘ BHrehe, MEWOTE i 4 and

cursor functi dds. The userTQxQQanebdqusadep<péﬁﬂphenztr2ﬂ vilred sequence
O e BRI Sbn?B 55! EhACh bhGre" R U it g oct ot 0
S/ (FIGURE 7) that is to be displayed in the viewport V1.
k; This can be specified, e.g., by designating the
15 horizontal and vertical offset of the upper left hand
corner of the window 30a with respect to the upper left
hand corner of the picture 30. - ,
Using this info:mation,'the'aSsembler 28 can
ascertain a memory 14 starting address of the first
20 jimage pixel to be included in the displayed viewport
segment 31. In the-illustratipp of FIGURE 7 this is
image pixel 821 which will be stored in the memory '
~location® Av1+821. This memory"address is entered into
the "memory pixel start address" (MPSA) field of the
25 control word CwW#2.
To facilitate rapid data output from the RAM 24,
the memory 14 may be configured to access multibit
'words of data. fbr_example, 644bit'words may be
accessed from the RAM 24. In this case, it may happen
30 that the storage address for the first pixel bit in the
segment 31 does not fall on a word boundaty. but rather
is contained at some other position within a 64-bit
word in the RAM 24. 1In this event. the least '
significant bits (deszgnated 'LSB' in FIGURE 4) of the
35:MPSA specxfy the offset from the word boundary of the
initial pixel bit (Av1+821) in the segment 31.
The number of words which must be accessed from




) ‘t-he right of the segnment 31: 25 Thus the remai nder 32 of the video

line enconpassing the segnent 31 t{gverses only an |nterV|emport .
space. In the exanple of FIGURE 1, where the width of the vi‘deo $creen 10
I's 600 screen pixels,ythis scan I|ne region 32 has a length of 249 screen

3ﬁ pi xel s. flomhm 4 Nterobeawrd1 5 POE cthe emhgédpiheit an: l&hﬁ: edge Sf ‘s
‘the screen t he, sa o e nal 'y is used tg
'specify the I%R%HYH é%éméP fhifgéfgg ngﬁgia?ﬁg Egﬁ 10. 35 1In
FIG 1 this’ syssentites szsmmtrmepe&eintm the "inedsc:mnt't meaagb% 9§)f
screen pixel Ve, S Se ( = S
enteredpl nt ostﬁél t?_)&?t%ﬁ e‘i&ynit('grw e?/vpof?agouﬁtgmﬁ?PVPg Pﬁ ﬁgQ %%? € control
word Ow#l . SArRESt3Geessed | Eromdehe nRAM 3¢, " andt thaaseenenm 81f wdd&hof t he

control word §@V400 Téeseéntpméisbewieh 5n§'8£€ EB?:SSGH%EFIE E4énd rel ates
i ch, no torol and. hence i n which

t t V
ng 20\#[ (ra\g/lpor H‘%"f et £ ¥R L% SSE*ICY ?g??e{‘aiﬂﬁdap ShenPSEsed ¢ used
with this vi eafpcthe MPSA GHZtMrﬁmlatwcndbltvillehdveoubdbbea&ebstsed |

oquance. COieg'odeEeh nd Wik HUTh \EBL LR, CORRICER BRaBnTAR80r [ Pon o ¢
therp|ctuﬂ@1§P9mﬂnﬁvﬁi(ﬁ1TRStamﬂiQﬂtiﬁtedvéyuché5appa6atﬁs enteaeﬂroduce

the desired Rudoe  "foa ddunt® giégaassenbl er 28 sets up the renaining

trol word sequences |n-the control table 12 or 13 in the
con g ddational display parameter information for the

viewport V1 also may be entered into the control word | U
segquence cws-d._For example, these parameters include

15 pixel color,ﬂzoom magnification. offset and blanking,
'background grid characteristics and grid or cursor

.color. These are further described below in connection
with components of the apparatus 1l which implement the
color, zoom, grid and cursor functions.

20 To complete assembly of the control word sequence
cws-a, the assembler 28 determines the interviewport '
spacing essociated with the segment 31 of the viewport
V1. In the display of FIGURE 1, there is no viewport
on the video screen 10 to the right of the segment 31.

25 Thus the remainder 32 of the video scan line
encompassing the segment 31 traverses only an | \/

é%%g?ﬁn the display of FIGURE 1, there is no viewport on the video screen

interviewport space. In the example of FIGURE 1, where - -

the width of the video screen 10 is 600 screen pixels,
this scan line region 32 has a length of 249 screen
30 pixels..

Since this intetv1ewport space 32 extends to the
right edge of the ‘screen 10, the ‘same control word
sequence cws-d additionally is used to specify the

_ interviewport space at the left side of the screen 10.

35 In FIG. 1 this space 33 is 50 screen pixels wide.' The
sum of the number of screen pixels in the inte:viewport
spaces 32,§nd|33 (herein 249+50§299) is entered into



manner just described. However, in the final sequence for each frane, VA
.assenbler 28 inserts a control word of formwt CWt4. For exanple, the )
sdquence-CWs-y will 20 contain such a word of format CW4 which i ndi cat €S,
by the bits "10" “in the "end of frame" 15eld that the frame is now
conplete. One function of the control word CM4 is to indicate the starting
address in the nenory 14 of the 25 first control word sequence (e.g

sequence CMBIQF(ﬁlﬂQRiﬁkﬁﬂPQﬂttQﬂ#QﬁVWMINP¢E field Qﬁeﬁheocogbnelatlon of
t he next di spicpa e, This address is entered into the "control table

address" field of the th4 word. ., In t& gé oL F ihe stirtlng
address for 30 t hdEANERY NEXk o5 made Fﬁnﬁ d fQPFG}“HHB one Rikrting
?ddr teﬁs fortmxa)ruﬂ thé Vet iSl | wordsCwh2t edmﬁ: 1Bit dvinhbevrdeot ﬂ' spl ay

or e ne e a A e sane
control gié‘?ngebéeﬁ%séﬁﬁ‘f%?é? L‘%g-séucgﬁggﬁﬁ ?? 3@%% 6§'f Phe control
t abl e 12 |s mmﬁqylnnutqmoxﬂatupanntngchsruaedirané heheevbndwli¥éh in the

C\\Ey n t t abl 16.

sequence éﬁ?i(ﬂéﬁ§*§zi ﬁ?é ¢§%§lis iﬁEfudS&“ rpg table

addr ess” f|eI IS to be changed on the

next franme, qgﬁ?iﬁﬂirRﬁ“ﬂ%ﬂﬂe?QEFtﬂﬁ%ééﬁiFEr bgitVH¢SBP§§onﬁbeb€W§?ther
the control -ioyetrifat e 'b PO PE DETd MeSuT@Cbé séti goserargngdaout 5 during

boer asoelth SPURRAGTHA F ARATes Lok 3 (vasla: Be tAg1Saed 45 kRE) ™| 07 he
| atter case, ddntﬁokuﬂomﬂwsbqﬂeﬂcenaITEN#4contiheacbonr9brdabbaldz\MII

contain in t e Iile (4t fr1dbaPHSFEEOR b Enk NE1LELE 2boodgEgSS  [orT]

f the contro
which must be utilized by the apparatus 11 to produce

the desired viewport 1mage.

15 "~ The assembler 28 sets up the remaining control
word sequences in the control table 12 or 13 in the
manner just described. However, in the final sequence
for each frame, the assembler 28 inserts a control word
of format CW#4. For example, the sequence CWS-y will

20 contain such'a word of format CW#4 which indicates, by
the bits "10" in the "end of f:ame' field that the
frame is now complete. ‘ |

)Lpne function of the control word CW#4 is to
‘indicate the starting address in the memory 14 of the

U 25 first control word sequence (e.g;;_sequenée Cws-g) of
the control table which is to be used for generation of
the next display frame. This address is entered into
the "control table addressi'field of the CW#4 word.

' In the example of FIG. 3, the starting address for

30 the control table 12 is designated AcTi2 and the
starting address for the control table 13 is designated
AcT13. If the video display for the next frame is to
be'exactly the same as the current frame, the same
control table can be used for that succeeding frame,

35 Thus if the control table 12 is being used to produce
the current frame, the word CWi4 in the sequence CWS-v
'may contain the address Acpy2 in the "control table

Voo

oo



B e 13 to be used during genération of -the next frane. An alternate use
' he contr
O

the control
approprlate

eduired D {AsEepkePELRIETS Bh thE GRNerOhad §ﬁxeb§;'sg&%5ffie n 20

stance the o

different, n
final contro
i nclude a co

ol word of format- CW#4 is to change the control table address
urlng the 15 production of a single frggp In the organization of FIG 3,
.t

word sequences in ‘the contr able 12 are arranged in
sequential order -in-the nmenory 14. Fbmever this is not

on-=con

| toobe egqaeﬁéemosbeeaem cfrxerqsor (éh csmtred rtakdey

Nbé Ohs @' fofV¥Havhash QCEnfagebe'lélﬂﬂtQ vt wnttz@tg_l e address

field, the address fi bedi,nni ng -of .t Xt portion
of the sane cﬁﬂ?fﬁl i? k?gtgefﬁp¥ﬁ§t“€\’:§nf“°#é PN %“Férf'@%eﬁ d of the
control worsgl dNWﬂngnthecdmsplayther&ﬁbal rbtrdﬁaatamparauuthbl utilizes the

control tab
menory, and

of FI GURE 2,
(FIFO nmenor
portions of

In FI GURE 4
menory 35 ar

15

20

25

croatgefEhglel RaT bRTELHT° Hatt Hodd Qddt ol s iy 7 .
di spl ay par amaherpteéuatioo ‘pEolibec cuns endsidiaplays firape)l.n Ine thebodi nent
igte\emg cEEI™ bsh%aw %:W%fa%ﬂnac?gftiq fe [St- out

t
tWEEﬁ%rBPer& sEEG&nG@? taip, in they ?;tbr%(aﬁr amngrgr

par a{ret er s @rﬁeﬂéesedf iela the EhE@imrmm:fes§
I mage dat a mh# Ql o, be, proce: ﬁd i,n_accorda t&pose araneters.
$e18713 89 B, 4R8P srmgcﬁema'%m Gh the Fi FO

y plxel dat a-and

efdemegnated by-the letters A and B These are used on
An altetnate use of the control wo:d of format
CWi4 is to change the control table address during the
production of a single frame. 1In the organization of
FIG. 3, the conttol word sequences in the control table
12 are arranged xn_appropriate seguential.order.in the
memory l4. However, this is not required. Different
portions of the control table may be located in
different, non-contiguous portions of the memory 14.
In this instance,. the final control word sequence
located in one portion of the memory may include a
control word CW#4 which specifies, in the "control
table address" field, the address in the memory 14 of
the:beginning of the next portion of the same control
table. In that event, the "end of frame®" field of the
control word CwW#4 will contain the bits "11°".
| X . The apparatus 11 utilizes the control table
information to direct accessing of the image data from

30nwmory, and processing of this image data in accordance
- with the specified display parameters so as to produce

the desired display. In the embodiment of FIGURE 2,
this is accomplished with the aid of a. first-in-first-
out (FIFO) memory 35 which handles both,pixel_data and

35display parameter portions bfithe control word

sequences. In general these control word parameters
are entered into the FIFO memory first, followed by the

Uﬂ\%ebbdﬂt&ol 17.

o
-



. 3 .
5 the outbound ™ bottom (B) side of the &l FO nenory 35. For nost effici
.data transfer between the nenory 14 and the FI FO nenory 35, each entir
cortt r ol werd of fornat CWil, CW#2 or CWt4 is entered into the FIFO nme
35, but only the portlons of t hese words jggsi gnated A 10 or B in FIGUR 4
are utilized at the outbound side of the nenory 35. The inbound or "top"
(T) side of the FIFO nenory 35 is controlled by an inbound or top

Icon~u ol ler 33 itnageséatpoublmhs ief tghbaemh&ssmdm roordumse bﬁiﬁmebﬁ g
tters A an F pK | eQ cr t,he 1 nboun
cgnt roller 36 :sge t%enk sﬁe%eg-cgéss&g fr@ cont r'ol* hse %@%} ﬁ*ca?é"ferttﬁﬁﬁ he

appl i cabl e con?’hGICht asee tnmmaaedsswpugke t'dtﬂntﬁmo wmemdnye A5 taree
accessed is Zodﬁ'igh%'t@ﬁdblyntﬁec‘i'%ttﬁ:@rst %buhdi‘ﬁjr Yhede’ Wil used dis each

CW\5 i s acces t he ara ata requir at_ the outbounAIS|de of the
FI.FO nenory %gpﬁegt‘& @?R;%ﬁ?“\%et( SA%& of ithe-FEHR-memary I5msferred
to t[le EL.FO meFory méstyief £d cileh® ararttuL ﬂtufra‘l seerer3a>eme26 %ﬁgﬁdﬁ qfl FO

i nput addr ess [ es i.Qn i n e y t

whi ch this par éﬁét g’ dgggg e@%?& é& eIér?éti"‘h% éfeeﬁo ‘&?‘b&ﬂ‘ﬁ@ the
entire control fasmas CHi#dh CudZaior OWd4r dguiende nesd dndice rthn(RFIFO amemory
ransferred | 158! Bat ARy TRHR boitiold of ehildelluciieddll it i 1O

wor ds or paraneter om a ar contr sequence |nto t he
FI FO irenor y 18597t Be iPnEéGNBEcGnPFGI F-%r ligesd: ats she rquthound &ide wfi4 the
i mage data speehki aembyyt 38, CW5. The initial. nenory pixel storage address

(MPSA) and word 35 unt onlthe uqnc are ent res ectlvel |nto a
pi xel address regi S&BF &0 HBda%r ?oun(l?” éé’l é’(rafréf‘?‘ Ner 36

uses the cont edbs isf cohtroddiest dys af0 inbound or top controller 36.
o It uses portions of the control words designated by the
15 letters A and T in FIGURE 4. _

To produce a video screen display, the inbound
controller 36 sequentially accesses the control word
sequences from the applicable control table. The
address of the control word next to be accessed is

20 maintained in a control table address counter 37. As
each CWS is accessed, the parameter data required at
the outbound side of the FIFO memory 35 (designated by
the letter A or B in FIGURE 4) is transferred to the
FIFO memory 35 via a FIFO input buffer 38. An.

25 appropriate FIFO input address counter 39 designates’
the location in the FIFO memory to which this parameter
data is entered. 1In the preferred embodiment, the
entire control words which contain the required
parameter data are transferred into the FIFO memory 35,

30 After entering the control words or parameter data
‘from a particular control word séquence into the FIFO
memory 35, the inbound controller 36 accesses from the

~memory 14 the image data specified by that CWS. The
initial memory pixel storage address (MPSA) and word

35 count from the sequence are entered respectively into a
pixel address register 40 and a word count register 41.
The controller 36'uses the contents of the registers 40

T



18 and 41 to direct acce55|ng of the:requisite pixel data fromthe menmory

.cs-ddress | ocations inmediately follow ng the paraneter data obtained from
de associated CWS. This operation of Y&e FIFO top controller 36 is
summari zed in the flow chart:of. FIGURE 5. The operation begins (block 43,
FIGURE 5) at the’start of a.video frame. The controller 36 obtains fromthe
10 address coamdedl3ta ¢4 rath ancessing of rthe O!/Bmisihe pprelcdats o

ontrol table [ I it b t into
fhe count er 3; }Mgﬁ??%e €¥rwﬁ ﬁﬁ& réﬁi? ?héﬁfn ﬁﬂefggtegggtrol
word CWit4 use®ixed data)dntay w meﬁ%‘f:o?ﬁrﬁ?l!ﬁmigsgﬂ?ﬁéﬁ @R8esses

the applicabl q:ﬂé@ifarmy RO IIAARG ethe (st rmne €8 08Etd4obEaChEE Brom The
counter 37 th s |ncgﬁgﬁgtgggéblock 45) to paint to the address of the

next controld ‘ed control word contains display 20
paraneters to be uﬂ&dsatm&hatiﬂﬁxnfuth#(iﬂtﬂ top controkrlery3fsis

(designated A Mfﬁe@ %&g@ or exarrp %éeg.lémngersﬁ'gese par anmet ers

(block 46) int sequence CWs-d
descri bed aboﬂ?eﬁ!ﬁ§QRnhﬁgmﬂﬁmﬁh¥°anﬁﬁg FIGURE 5)t%tpth€l5#aFEe°§n§ t he

screen pixel gq¥do fFrQiid.Ne MANidtrOILeCVIE Sbtaike Fremstrered to the
e r 4o saduasi. Fainses i st bdin s ok ChneCre® chibEn g O
controller 57&@;&&5351;iﬁbﬁﬁtbmt&!bl!ﬂnwwyﬁﬁbatﬂy,thHSS pnitiabs of each
ol o e SRR SAPE A Wil UG o Y8 TGSRALEPL Y0 B 2
entities at tW@e Meentsrale tgble address" field of the last control e
. word CW§4 used in the preceding frame. The controller gJ
15 36 then accesses the applicable CWS from the specified -
address (block 44, FIGURE 5). The counter 37 then is
incremented (block 45) to point to the address of the
next control word. . : o
If the accessed control word contains display
20 parameters to be used at the outbound side of the FIFO
memory 35 (designated A or B in FIGURE 4), the
controller 36 enters these parameters (block 46) into
the memory 35. For example, for the seguence CWS-d
described above, the interviewport count, the
25 bits/pixel value and the screen pixel count from the J
control word CW#l will be transferred to the FIFO
memory 35. Alternatively, the entire control word (of
type CW#l, CW#2 or CW#4) may be loaded into the FIFO
memory 35, with the outbound controller 57 accessing
30 from the memory 35 only those portions of each control
word which are used on the outbound wide. Such control
words, as well as the associated pixel data words, are
treated as entire word entities at the input side of
the FIFO memory 35, therébyusimplifying the
35 configuration of that memory. This also reduces the
requisite speed of operation of the control/pixel
memory 14 which supplies words to the FIFO memory 35
input. : :

' t ™, .The controller 36 then enters this pixel data into the FIFO menory 35



thé FIFO menory 35, thereby sinplifying the 35 configuration of that \
.menory.- This also reduces the requisite speed of operation of the .
cohtrol / pi xel nmenory 14 whi ch supplies words to the FIFO nmenory 35 i npt S

19. Atest is made (block 47, FIGURE 5) X8 deternine if this is a cont rol

word of format CWf2 or CWE3. If not, the exit path 48 is taken and a

further test is nmade to determ_ne |f thl;d F a.control wrd of format 5
q

OWed: (bl ock 49). P tRSE ishaade ((hlock TGHRE, S ¢t &9 ietqrmine 4
through 47 arggr Qhﬁ%t dé a tonteclonord ofrfbrmatoiCHIDOLWE I 3, the

cater it neonBha ER8Ced s e X0 1Y SaNUe nd'H Tdf RS NedERYY 4 20
menory pi xel madeag@ detersd nend fvdhd £ dighta feantnok word rof fermatire
entered int Q tm rqgglgtc@‘r tggo arﬁ 3’5"‘( DIede exli: l%m\%ﬁiﬁ:%n&)is d@?'éé}? &l e

descri bed hérein, since da t'r om t he ormat, only
the portion 1%hef sttI%’sIVI‘SAt(!'ég Ah@reFerpakefundary is entered into

the register 40. T h@oednftrtdm‘ word a@r@&yﬁe v 25 Wi, thiee l etters
Tin the MPSA field control rd 4. The, controller 36
then transfer§ qlgtifgt "ﬁ%l%\j\ﬁ%vﬁw %r}cﬂﬁi%&#ﬁi)% 84 into the
FI FO nenory 3$rblui abe memdryGIRE and entdrmd evinto tﬁhaé RIRD Fuéi\ibmem)ry 38

dasi gned +d%a%r | ey SEsEhpI A VIR I YA ddat HAREERRIRLY

acconpl i sh t hetoxrge: rddsess and worghows @qwmham@wpl Mo FO nenory
35 (This is QR0 it ed it UMY T AB¥rd a5lanth 4F BFdel 91 for the

ngrol FIGURE 5). In the example described herein, since data
", is read from the RAM 24 in word format, only the portion
15 of the MPSA designating the word boundary is entered
into the register 40. This portion of the address is
designated by the letters T in the MPSA field of the
control word CW#2 in FIGURE 4. The controller 36 then
transfers the requiste pixei data words from the memory
20 14 into the FIFO memory 35 (block'52, FIGURE 5). 1In
the event that the FIFO memory 38 is temporarily full,
which is possible because it is advantageously designed
to be filled faster then emptied, the controller 36
willlwait to accomplish the data transfer until space
25 is available in the FIFO memory 35. (This is also true
of the operation ofeblqek 46, FIGURE 5.) For the control
word_sequence'cws-g,'this pixel data transfer would
begin from the memory word containing the initial pixel
data address Ay1+821, and would continue for either
30 five or six words as designated by the ptesent contents
of the word count register 41. _ '
This process is repeated sequentialiy for all of
the control word sequences'in the control table. Note
that the information entered into”the FIFO memory is
35 alternately display parameter data followed by graphics
image data. Since the CWS's are accessed sequentially.
the information flowing through the FIFO memory 35 will



word sequence CWS-d, this pixel data.transfer would begin fromthe nenory
cohtaining the initial pi xel data address [err]+821, and would
nue for either 30 five or six worge.as designated by the present
contents of the word count register 41. This process is repeat ed
sequentially for akl of the control word sequences in the control table.
Not e that t lbe ifrf drlmatlemxmia edrdet ofoncuktidatensopply €6 &heernately

,di splay parw& .g?i e 0540, dtay saaegigcehms @t Eifﬁwge g{s&f% s arg;

‘accessed se the |n orna I on oW ng t roug menory 35
Wil EIGQ Yequisite order for ultimte supply to the video
screen 50 as to nnﬂgwcehéhe1ﬁa§tewsdo£ptae EYRibi §d PwabhE@REan. elien the

ane is nt r.ol of format

final
oW will T ot Frand Fontrof o\sarﬂgygnf?ﬁwegmﬁw4beﬁﬂrdgeaésaes§e he status
bits "10" ||1aﬁub15¢kitﬂ)framhisfwtlﬁ beThndéeatefdaby thewskhths taken, and

W Tl be tratieh AP oln, e (PERECor, FEpRel F8I4CTBY pREr BEERT [rare
CW4 into t 153 atidkkdee ctakeni Bﬂd(bhecknu}al 3ddrepsr forokhef congrodbound
controller 3GifEnd Sbé’xﬁéédi é@l' éigé gEerg_ghﬂﬁsﬁi?fbEhEréhéfég)QEdt he

next frame. Operations on mory

35 are goVerikam Ehe c%??’é?leFaB#etﬂgdgﬂﬁFatf glgr ofnthe word RWhAi zed by
the flow Chaifﬁtd)ftﬁ Qédr éss Jbﬂneéﬁf 3vi qB1beyi sa)at rhe ébétthBna frame

(PLock %0) gl FApSRHE SAFEL4ESek! IR FREaLEOURIR 1odh WY1 0 (1

di spl ay par
in readiness for the start of the next frame.

Operations on the outbound (bottom) side of the
15 FIFO memory 35 are goVerned by a controller 57 the Ao
operation of which is summarized by the flow chart of
FIGURE 6. The operation begins at the start of a frame
(block 59).
The fzrst data received from the PIFO memory 35
20 will be the dxsplay_parameters for the initial control
~word sequence. This data will be obtained from the
address specifxed by a FIFO output eddress counter 60
and will.-be transferred via a buffer 61 onto a bus 62.
The display parameters.are transferred (block 63, FIGURE
.25 6) into appropriate registers associated with the bus
'62. The controller 57 then transfers the pixel data .
designated by the CWS from the FIFO memory 35 via the g;'
buffer 61 to a pixel data serializer 64 (block €5). )
Thereafter. the serialized pxxel data is processed
30 in accordance with the stored ‘display parameters and
ultimately supplied to the CRT or video screen 10 via
output. termxnels 66 (block 67, FIGURE 6). Such'prxel
data supply results in the production of a single
viewport segment on ‘the screen 10.
35  when the viewport segment ‘data supply_to the CRT
is completed (block 68), "blanks" or interviewport color
data is supplied via the terminals 66 to the CRT to



FI FO output address counter 60 and will be transferred via a buffer 61
a Bus 62. “The display paraneters are transferred (bl ock 63, Fl GURE 25
into appropriate registers associ ated widke the bus 62. The controller
then transfers the plxel data designated by the CA5 fromthe FIFO nenory 35
via the buffer %ﬁﬁ |er data serializer 64 (block 65). Thereafter, the
serkal i zed pi BHO nkeEviaypart seanent srecified (b thered di spl ay
par anmet er s and:ud:termatcus/ @mps&k gpYo the CRT or vi deo screen 10 VI a out put

termnals 66 (bloc FI,GURE .6 Such |er t resu n t he
production of a si Ir(*mGielgn ?rE'ft ﬁ?ﬁé“% Uﬁ%{,}/% ‘h t he
vi ewport segndiite controldsy 5D ndpr tﬂilin sthe gt ansfex tlbutloﬁ&he bl anks"
or intervi 35 | gﬂﬁpl V., CRT to
21. producgywtohe |C$1?'leéral\{/cl,ixlportosf ldcﬁfé;%‘%ﬂ{%e T el 4% bl ock
69). Wil e t hdata assasianed mhq s\m D ocmmemd:hmnt roller 57
may begin theg: ﬂo’ﬁlféﬁrng)lﬂnd)fsdﬂﬁiyﬁd’_ﬂ RO 18 Nt 3‘51@&:6{'@ signiy parameter

and suppl y of GHA HoReIA SR Lo e RERLF 18RRI G ARAGH BRCRERELY

i ntervi ewport bedare proshrdd i aompletedicedliis ciemtestall (Blicck s70 £st ed

(PLOF o 0Pt &) il B (RS A 0 GBI g

until the int drf\nfé\ﬁ)cﬁrltags;i@mq#cﬁﬁbt iam exi t pathetZ imftakensgnd yi ng the :

next viewport geXfortdA et 5 diks until the interviewport space
— : production is completed before supplying the next viewport

\ . pixel data to the CRT. o ) _

15 As "blanks® or interviewport color data is supplied
to the CRT to produce the interviewport segment, the
number of screen pixels covered by such "blanks” is
compared with the desired interviewport segment length

- (block 72, FIGURE 6). When the interviewport segment

20 is completed, the "IVP" complete flag is set (block
73). This enables the controller 57 (at block 70) to
initiate pixel data transfer (block 67) to the CRT to
produce the next viewport image segment.

The operat1ons summar ized by FIGURE 6 are carried

U - 25 out by the FIFO bottom controller 57 and the various
circuits associated with the FIFO output bus 62. By
way of example, the operation of these circuits will be
described for the processing of the typical control
word sequence CWS-d.

30 While the interviewport space desxgnated by the .
preceding,sequencetcwsqg is being completed, the control
parameter data for the sequence CWs-d is obtained from
the FIFO memory 35 and directed to the appropriate
registers. Specifically, the number of bits per pixel

35 is provided to a bits/pixel register 76, the pixel start
address offset value (i.e., the least significant bits
from the MPSA field of_conttoi;word CW#2) is directed

word sequence. This data will be obtained-fromthe address specified bgga



15 . As "bl anks" or interviewport color data is supplied to the CRT to
prognte the interviewort segnment,; the nunber of screen pixels covered by

@ b} anks" is

"I'VP' conplete f|

bl ock 70) to init

iate pixel

conpared with the desired interviewiort segnent |ength

72, FIGURE 6). Wen the intervi @gprt segnent 20 i's conpleted, the

ag is set (block 73). This enables the controller 57 (at

data transfer (block 67) to the CRT to produce-
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t he appropri gegisters @2 .afdd3fically, the nunber of bits per pixel 35 is

for the sefu@nde

provided to a bit
(i.e., the | east

Aeif cam e of Yhd Pabisbdted dhta S CEG feoifbefius)

is directed 76-83, tthea botfiom @omtxokler 51 i init kates stxansfer oof cursor
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count is entered_in ar

I ntervi ewport _screen count is

e 80 _ Dl
stored in18@ FEg#?Féﬁ@?#éii%ﬂﬁiQ&ﬁjQRﬂﬁcﬁﬂmﬁl$ﬁ#Qﬂmﬁgr8199QF treRfin the
regi sters 82¢hedprecedimy intersiidwpdrt Epace pnehércontPol et N§7regi sters
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data

es ser1a1iza€'6&'f%éﬁbgéégggfggqgf-these pPixel

words. The serialization is carried out sufficiently

rapidly so as to supply pixel data to the video output

15 terminals 66 at a rate commensurate with the vertical
scanning of the CRT. The scan rate is established by a
video controller and scan clock circuit 84.

When the first word of pixel data is serialized by

the circuit 64, the initial data bit which is outputted
20 is ascertained by the address offset value from the

register 77. This is illustrated in FIGURE 8, where

the block 85 represents the typical pixel data content

of a

64-bit word as received from the FIFO memory 35.

In the example, the start address offset value is "5".
signifies that the initial bit of the pixel data </
for the viewport segment 31 (FIGURE 1) is situated at
the sixth bit position in the initial word 85 read from

the'memory 14. In other words, this position corresponds

to the address Ay1+821 in the example described above.
30 Accordingly, the serialized pixel data supplied from

the circuit 64 begins with the data bit in the position

designated "5" of the word 85.

25 This

If a background grid is employed, certain grid

 insertion logic 86 superimposes bits into the serialized
35 pixel daté'stre;m at appropriate intervals so as to

produce a background grid which overlays the graphics

image in the viewport V1. The superimposed grid data

-~

o/



serializer 64. upon conpletion of production of the preceding interviewp
space, the control|er 57 initiates serialization and processing of these _
pi xel data words. . The' serialization is% garried out sufficiently rapidly so
as to supply pixel data to the video output 15 ternminals 66 at a rate

commensurate with the vertical scanning of the CRT. The scan rate is

estab}ished byg agugh &%5?@' @ﬁe%ﬁw :Pl'xof?&s ﬁﬁé'ic%t’wm the first

wprd of pixel d@% I S serlall $3§ﬁ C|r 8$ é tial data bit

Whi ch'1 5" out AR PARAREE R (bt e Lirom Ehn PoRtr ol [ ward BPGueRtEn t he

regi ster 77. Cﬂséﬂlandlétuuédutniarré@tlfik879mherheséepbtantt855represents
t he typical opt 6 c d he FI FO

- nenory 35. exarrp £| ﬁ:{e s{'%% él%p %ss 0 ?ﬁéaﬁtgalgﬁéefg Thi s

signifies Bhaalqnﬂa the thotizontal asis R X4 o dbmatemsmﬁ numbeorefsegnent

31 (FI GURE 1)pi:§ef¢twé#&eﬁtaa &ét%ﬂicﬁp%ii&nuﬂeéhe tRetial word 85
read fromthe tion corresgonds to the

maRers ehadein.dr 4okt
addr ess [err]PQ‘rF’! ’é&dﬁ)‘l eﬂa%%ci“i‘ %b%v%r aohfsekvalpe t
serialized piggeciibies Stwllwbimméﬂetlcerwft ndsbegeptivalhgib@ data bit

inth it d ted "5" of | d

el ayed - certdith AP TeRRSGE ofe | HF TEEE E3ar i fp ot BE ERREBPRE0Ln, °
serial i zed0o35 pi xérhejagmetgmatoapﬁﬂ apay abe: bﬁtbheatypeodasctbbpdoduce a
background gri,pl %a{h@gﬂé@s 6?\3 g% Ph, esnbnagezggéégg viewport V. ' The

superi nposed. Eher ATor 87 in response to
certain grid kively @h@r f tms hef csmié ouens:atéequeﬁéemts

may be used. The generator 87 advantageously may produce
different types of background grids, as specified by
15 the "grid type®™ field of the control word CWil. For
example, one type of grid may have high intensity vertical
lines separated by a number of intermediate vertical
lines of lesser intensity. The circuit 87 also may be
configured to superimpose appropriate bits into the
20 serialized data stream so as to produce a cursor for
the viewport vVl1. : : C
"In the example described above, each graphics image
pixel for the viewport V1 was represented by a single
: bit of data, which bit designated either black or white
N\, 25 as the display color. However, color graphics images
readily can be stored and produced by the apparatus 1l1l.
To this end, a color map memory 90 is employed. This
‘device stores appropriate sets of red, green and blue
(RGBY control signals which when simultaneously applied.
30 to a color video display cause the production of certain
- colors. Each such set is stored at different
- corresponding locations in the memory 90. Thus when a
certain address value is supplied to the memory 90 via
an input 91, the color map memory 90 produces on three
35 output lines 92 the set of RGB control signals which
will produce the color associated that memory address.

the~ associ ated pi xel data words fromthe FIFO nenory 35 10 to the @

:\’U;



CWe-d and stored in a regi ster 79. These parameters may include a grid type
8S 1B ation, and grid spacing 5 along the horizontal .axis e.g., in terns of

“of pixels between adjacent vertical grid lines. The paraneters may.

nclude a grid offset value that spggifies the location'of the |eft

nost vertical grid line with respect to the |left edge of the viewport V.

10 The grid generator 87 may be of the type described in the _

i nventors' U. S pa!certtakﬁ advattadetof Athisnaoloel facdlliey,t gaeh of grid w’
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vertical lin | es ntepsity circujt 87 a ured
to superinmpo gé g‘aﬂ'btpfféﬁi blﬁ'é‘? n%% %"Zﬁagé FQP?EeBQHgia §gFeXHll as to
produce a cumﬁmtﬁenassuniatadxfautﬂbitl whtlespeplﬁydeherpbedi&thQ each

Gt S o e o AT S CIEEEAY oG] ERSBEARATR hechfer s

However, col @&crgempite |nages readily can be stored and produced by the

apparatus 11. To tp{e P4 ESPE ryieg Eﬂpkgpfﬁsexﬁ's devi ce
st ores approprlate sets o reen and™ é cont S|gnals whi ch
when si mullOafashs| B IWQ&!*QRF%Q#%F%OF%PSVFHB eqthe addeagscfPke

production oftwrd@dr qﬁprmmmmwcmseéms:sbelyd ahedmaioefneﬂbry |
CO" Leopon " el Ry P XrAIFERE V48 Oon RSB HRS e ng Rk R e By o Y S
produces on mhmmdnihgnﬁhnnimagnﬁﬂéﬁathétseassbcsiﬁedowithleacgnph:eWhlch“~)
w1 produce Jiig P!y SfiP P! d8PSr "BADLYa84PEESS- The base address ‘o
15 may be supplied from the "pixel color base address"
(PCBA) field of the control word Cw#l (FIGURE. 4) and
stored in the register 82. The combined address then
is used to access the color map memory 90. .
This latter approach allows considerable flexibility.
20 For example, the color map memory 90 may include several
sets of color values. 1In one set a certain configuration
of pixel bits (e.g., the bits "0100") may represent one
coloz-(e:g., brown), while in a different set the same
pixel bits may represent a different color (e.g., yellow).
25 The choice of which color mapping is used will depend
on the content of the pixel color base address register
82. ' . ;
With this arrangement, as each serialized set of
- - pixel bits is supplied on the line 94 (after optional
30 grid data insertion in the logic 86), the color base
address is combined with the pixel bits in the generator
93 to produce a color map memory access address on the
line 91. 1In response to this, the designated RGB color
~control signals are produced on the lines 92. These
35 are converted to analog form in appropriate digital-to-
analog converters 95 which are clocked by horizontal
(screen pixel) scan clock pulses from the video controller



24. To take advantage of this color facility, each graphi cs i mage pixel/
»tqe vicewport VI may utilize a set of two'or nore bits per pixel. For
exanpl e, “by using, four bits per pixel, 24=16 different colors may 5 be =
identified. That is, for each inmge plx%$ the val ue of the associated four
bits will specify the particul ar col or |n which that bit is to be displayed

on the video screen 10. The- plural_graphics |nage bits which rgpr sent 10
each. pi xel i+ heth&|RRS8Y % iRGR Analog Rpteuts pre §uppidie m‘;'Ig‘rnem)ry
90. Al ternat it tedminaly 660 Ytinel (CRPstovprodupecdhecdesired eogoess

gener at or 0 the image data bits associated with each pixe
wth a certalér?l’bqﬁxrquécgo]{% base address. The base address 15 nay be :
suppl i ed fronltmaTh§>&nsexﬁeﬂ goid and/ecscutsoprflataclikewiseemaynt ro
word CWH (4 1dd R Aéhé"ﬁ%e it q?dﬁiﬁferﬁﬂtﬁtgérézxzﬁ g8k ngg address

then is used.to access tter approach alloms
conS|deram(EHHQQHQEI§t§919!F4%PaQ5£ﬁﬁW%d QhédceFoP“ﬁﬁﬁfnenﬂhy dpsprfed

i ncl ude severgy wqm:a t?i)ié)rth/@éuﬁ@y dﬂr@éﬁlfeéoﬂp?%éahﬂ aaatesasgrati on of

DheL DTS ek el i eof S0 SPOE Ry PRSeBRbRhenaf; poBLor
color (e.qg. qdﬂdex@ géﬁhfﬁtbxﬂﬂﬂ(uﬁtﬁ amsepanatergnidﬂcngsos aeddrwi | |
dopend on 15U Sde s (EAY afoh SoRRRAeaCHEBR° ChETGERR! cdEyal (1
line 94 (aftef dthe wrntoul gvcmi c@iﬁllm@r%t@neﬂninhthﬁogﬁei%?r BBe col or
base address is CQ{@idysb A@ iﬁ@g@lag bi§Sshﬁpihsdgﬁaeiﬁhoék93tbo pr oduce
a,color map neno access address” on
— proggée the scan line segment 31 of the viewport V1
kgi image, the number of produced screen pixels is compared
15 with the screen pixel count, stored in the register 80,
which specifies the width of the viewport V1. The
comparison may'be carried out in the controller 57 which
receives the screen pixel clock (SPC) signals from the
video controller 84 and which accesses the register 80
20 via the bus 62. When the actual screen pixel count
equals the value in the register 80, generation of the
viewport segment 31 is complete, and the controller 57
terminatés the supply of pixel data to the CRT.
Simultaneously, the controller 57 initiates a supply
U 25 of "blanks" or interviewport color data by certain
interviewport insertion logic 96. If a color is desired
- for this background, the logic 96 may supply an address
designator to the color map address generator 93 which
in turn provides a corresponding address to the memory
30 90 so as to produce the requisite color control signals
at the output terminals 66.
The number of interviewport pixels that are supplied
‘to the CRT is established by the interviewport count
' value obtained from the control word CWi#l and stored in
35 the register 81. As the "blanks" or interviewport color
‘data is supplied to the CRT, the number of resultant

screen pixels is compared with the interviewport count




In response to this, the designated RG color control signals are
i _on the |ines 92. These 35 are converted to analog formin

9 ’ete digital -to- anal og converteﬁg 95 which are clocked by
hori zontal (screen pixel) scan clock puf2es fromthe video control'l er

25. 84. The resuléant RGB anal og outputs are supplied via the tern1na|sd66

he CRT .
and/or our sorGue- | TRbR <EoRRBFEeER PR FREFISH BB by, IRG sRpErclist ¢
pi xel , so as 5. prbfiuthe aintéoviewpatkgsegmnengr extendsutootheTmexitnserted
grid pixel bléfaé&Uécaﬁ Y1 Ehé CthbY160Re! 88581 £BEIRRRS sedfuents eiislia P
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w dth of the7é’t{:,\§"9ﬁ£iz%tafhf?ﬁ9%@t%ﬂ@ ”B&tb‘épﬁi BP%% Q¢ ¢np the

I C xel

controller 5 recel ves e screen pi C) signals fromthe
vi deo cont rol begimaing dofinthe nestsseadn: kineegi ster 80 20 via the bus 62.

Wen- t he aggual sceesﬁwarﬂy CQHQtnﬁﬂﬁéksthﬁrba'uE%d' Intedviesiptr 80,
generation of e controller 57

he Vi e , and th
term nat es tH% ¥£ 59R%£ HB?afFBefﬁgeggﬁttSFRHPFaﬁeeﬂhFfe t he
controller 57re@istet egla swnehthSsOéacbhaslss ther mltbew.lewmrﬁ segmentdat a

by certain infelviheiRObLoaH8ER" L8RP 18PE Ty Oank’ theC BoRtrol 1855 's7°] W,
terminates the interviewport insertion operation of the
15 circuit 96. The entire portion of the video screen
display defined by the control word sequence Cws-d then
is complete. As described in connection with the flow
chart of FIGURE 6, the controller 57 then initiates
data generation in accordance with the next control
20 yord sequence CWS-e.
1f a zoom or magnified display is requested for a
certain viewport, certain zoom parameters are placed in
each control word sequence associated with that viewport.
For example, a magnification factor of four may be
25 implemented for the image in the viewport V1 by
'~ replicating each stored image pixel four times in the
horizontal direction, and replicating the same information s
for four consecutive horizinal scan segments on the
video screen 10. : : . _
30-qx:7éwo accomplish such zoom operation. a zoom replication
factor (RFAC) is entered into the corresponding field
of the control word CW§l. For a magnification of four,
the value "4" is entered in this field. 1In the zoomed
display, it may be desirable to blank out one or more
35 of the replicated bits. For example, with a zoom factor
of four, it may be desirable to replicate each pixel
only three times and in place of the fourth replication



col or .map address generator 93 which in turn-provides a corresponding
address to the nenory 30 90 so as to produce the requisite color contrdg
signal s at t he out put ‘terminals 66. Theapunber of interviewport pixels that
are supplied to the CRT is established by the interviewport count value
obtained fromthe control word CWfl and stored in 35 the register 81. As
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i s interrupt e esirilsch haréotd zbet blankedais speeifbed inntheuékﬂ&hﬂkﬁe
begi nni ng of e entual ly, the nunber of produced
|nterV|emport£g€&€ éimfﬁg-%%%gfo}lgor%t%WEXémport count fromthe register
81. Wien this occuls, manebendesitabpest becgusat ofiathsedacpriancod

~ conpletely, ag*# €§n§89t§@$IS% éqﬁtﬁiatﬁﬁ&esotb?:cﬁ ry Ee|Ber kol Nsertion

oper &t i on of circult e entire gort I ON e Vi geo scgeen

di spl ay ddfi eePbicate thet left meat sRixedc ncgeedv ﬂ§H°F§ VintPetbe
described in §am@e€iteﬁtwa§htﬁ@e:éharhshgrbiﬁéiELGUBE €hishénseeaneel,l er 57

ggige'ng'et |3t o3, 0002 96nehelLen 1 ARCPEERTESaALR LRESBE (RBRESO! 20 vord
field of the control word CW#2 indicates the number of
-/ screen pixels to be generated by the first memory pixel
15 in the scan line segment.
The zoom parameters RFAC, RBLANK and ROFF are entered
into the registers 78. fThey are utilized by the pixel
‘data serializer 64 to implement the zoom. This is
illustrated in FIGURE 8 for the values ROFF=0, RFAC=4
20 and RBLANK=l, for the situation where each image pixel
is represented by two bits.
The first pixel, represented by bits 5 and 6 of
the 64-bit word 85, has the value "01". Since the
replication factor is four, these two bits normally
\_/ 25 would be repeated four times, to produce the serialized
data stream "01010101" in which the left most bit is
supplied first on the line 94, followed by the other
bits. However, the replication blanking factor "RBLANK=1"
designates that the final replication is to be a blank.
30 This is represented by the pixel value "00". Thus the
two data bits (in positions 5 and 6) are replicated,
with blanking, as the serial data stream "01010100".
The next pixel (represented by the bits 7 and 8)
has the value "10". This is replicated with blanking
35 to yield the serialized data stream "10101000". In
each instance, the resultant replicated and blanked
data stream is supplied by the pixel data serializer 64

forN this background, the logic 96 may supply an address designator to t .
‘ A



If._a zoomor magnified display is requested for a.certain viewport, certain
Yaraneters are placed in each control word sequence associated with
XCVlewport. For exanple, a magnificgtion factor of four nmpy be 25
ented for the image in the vie t VM by replicating each stored
i mage pixel four. times in the horizontal direction, and replicating the
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of the ContmmisMNcKKJHEkalty(hﬁankthineumagrautomstéealhyxbbsprodbeed

gener at ed b)‘.! tﬁer féénsézéff@fyu?é X&Ltbound controller 57 if a "1" o/
bit is entered into the "total blank line” field of the W
15 control word CW#2. )
To accomplish panning of the graphics image within
a particular viewport, slightly different windows (FIGURE
7) are used to define the graphics image data from the
picture 30 which is to be included in the viewport on
20 consecutive frames. For example. panning of the image
in the viewport V1l may be accomplished in the following
way.

During an initial frame the window 30a is displayed
in the viewport vl as_described_hereinabove. In the
25 example given, the control table 12_(?IGURE 3) is used
to establish the viewport V1 image, and the sequence
Cws-d initiated image productionlfrom data stored at \ﬁ ’
the memory position Ay)+821.
For panning, while the first frame is being produced
30 from the control table 12, the control table assembler
28 produces in the memory 14 a separate control table
13 similar to that of control table 12. Bowever, now
the control word sequences associated with the viewport
V1l identify pixel data addresses associated with the
35 different window 30b shown in FIGURE 7. The window 30b
"is offset in the picture 30 downward and slightly to
the right of the initial window 302. The.memory storage



.entered into the registers 78. They are'utilized by the pi xel data
serializer 64 to inplement the zoom This is illustrated in FIGURE 8 fo
t he val ues ROFF=0] RFAC=4 20 and RBLNW&*Tjor the situation where each
| mage pixel is represented by two bits e first pixel represented by
bits. 5 and 6 of the 64-bit word 85 has the val ue ' Since the
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ted by t I ted
R B kg s s A phd Bt Yedtiatlin Bt “Bhe L Brame [HhE1hEa"EP! ' CaLe
instance, th&hegontral rhﬂhlﬁ:aﬂa‘d the ﬁoim#ﬂ(eﬂemncsthn!miprpl | ed by
the pixel datjaeriisy e starting: aafa@eéeed%% 94f6g1 ﬁ eeheie? o in

address generatar 9 The resul t ant 0
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two control the viewport V1 will appear to have moved. This process

~ is repeated during successive'frames, with continued
o/ 'production of successively different wxndow data. As a
15 result, a panning effect will be achieved for the image
in the v1ewport V1.
It is apparent that onlYia limited extent of panning
can be accomplished with the set of'picture 30 data
that is stored in the memory 14. Expressed differently,
20 during the panning operation just described, the effective
window will soon reach a boundary of the picture 30 '
(FIGURE 7)
 However, panning over a larger effective picture
can be accomplished by periodically replacing the picture
W, 25 30 image data in the memory l4. This can be done under
control of the’pixel data'storage controiler'lB. using
as a source of additional picture'data which is to be
used during the next frame, either the host computer 20
or an appropriate I1/0 peripheral 21 such as a disc.

30 The picture 30 can be replaced entirely, or can be
replaced in sections, one strip at a time. Advantageously,
the updating and window generation can be done with
"toroidal wraparound", as described in the inventors'®
copending U.S. patent application. Serial No. 274, 355

35 entitled "TOROIDAL PAN".

' buring toroidal panning operation. at certain times
the image which defines a single picture may be contained

15 in the scan |line segment. The zoom paraneters RFAC, RBLANK and ROFF



wor d sequences that define the viewport M. 1In the 10 next follow ng
equece,"a blank Iine segnent is.produced, corresponding to the

gglﬁst+on bl anking in the vertical axis. (A totally blank [ine may :
tondyical Iy be produced under control30f the outbound controller 57 if a
|" bit is entered into the-"total blank li.ne field of the 15 control word
CW2.) To acconplish panning of the graphlcs Il mage within a particular ..
viewport, sl iphtwp orf morenNoR-COPRSCULINERPONtions pfdthe MRMOFE the

@r aphi cs i e, dapRikr 28 ti'lluB'tQTaltl’eGFCiQx mmima B} mﬁaem};s?ﬁhl n the
vi ewport on consecut i a or .exa an 0 e i mpge in
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i mge produciian SBGMPO&thstbﬁeaiﬁﬁnﬂﬁ$|¥%ﬂﬁhﬂ§) 1 orc3arrovem21. For

panni ng, ohh%g ' thftr %G%nﬂ%r?e'm w@w%?&dwmdh%%éol tabl e
12, the contro | e asse 8 produces 1 n tthe nmenory 14 a separate
control tabl def% B Yt at of control table 12. However, now the

control word sequehceachsaaertahee,wﬂﬁe tdm:woa/\mfxtd \éeqwlmrefwhmuel dat a

Ther w naol85RBBEE1BReL h2n, BEAR° inll BeWiherl M0 MF T AR 0 1eHFORE
ri ght of theVinwildl havedovaloa firis¢ wonhnolsiwordcof fcmnafacmiﬁ%s for the
upper | ef ] NeRIcEOTARN AR Plxel° AW B Und AdA dide e gl s address
window 30d, up to the right boundary 30R of the picture -/
30', and which has 1ts continuation b1t set to "1", ;J
15 followed by (b). a control word of format Cw#3 which
identifies p1xel data for the rxght side -of the window
304, begxnning at the left boundary 30L.
In the example of FIGURE 9, the control word sequence
~which definee the top scan line segment of the viewport
20'v1 will contain a first control word of format CwWi2
which speczfies the address 1997 as the memory pixel
start address in the MPSA field. This start address
(1997) need not.fall on a full word boundary of the
data'in the memory 1l4. As dlscdssed hereinabove, if
25 this etatt_addtess.is not on a word boundary,_the least
significant bits (LSB) in the MPSA field of the CW#2
control word will cause only the correct pixel data to
be utilxzed at the outbound side of the FIFO memory 35.
Advantageously, however, the pxxel data storage controller
30 18 will have made pixel data assignments into the memory
14 such that the boundaries 30R and 30L of the picture
30 will fall exactly on full word boundaties. . For
example, in FIGURE 9, the picture 30' has a total width
of seven times 64-bit words. With such artangement,
35 'seamless wraparound® will be achieved. .
Specifically. the contents of the word count field
of the control word of format CW#2 will be such that



in the CA5-d that is assenbled in the control table 13. The renai ning
cantrol word sequences in.the table 13 5'will- Iikew se reflect the ' '
wi hdow 30b. At the end of generation of the frame defined by the cont >
table 12, the final sequence CW\&-v mnll31dent|fy the starting address [err]
for the control table 13 which is to be used during the next frane. 10

Si nce the ne oni bli'é3 causes the new tndom/ Ob to be 3&Fplayed I n
t h&ki ewpor t '68 i fatpcvwor g, p5ressed fren, MEMOLY2** moved.
This process aadrsppnlédddhm thesRIFOs memoryr 35 will contain rthed
production of e eLept ul panni ng
effect wll |§§S§ %Xrg{.\hﬁ a8 1%&%9‘#&3%% ?it&\"l%q %I sftapgsarent

that only a I?ﬂ1¥€ﬂ ERFEﬁPrBf3BBnn|%éﬂc&heb@*aﬁmdﬁpﬁﬂﬂﬂi$UBﬁl9¢lﬁbk§n of
picture 30 gajg ébataiﬁeat teﬂemarghpogqﬁabh ké4o E&mﬁ2m53%‘ﬂefkﬁﬁﬁnt'y1 20

during the pannin p Il on st r.i bed fective window wi |l soon
reach a bound3f$Y 'g?stﬁ Fcl"ﬁ#g 69(‘ éGRE 7Pil"b\ﬂ5v@r fuld worgd der a
| ar ger ef2f egtthe pemdryeldah bEnachenphinehednity oleword g&ldu)erfdép,l atieng tlhe
picture 25 LPROE | e er. cqnt. .o
of the plxel ?g g?gg Qo%? Fﬁgnﬁ§83% §ZE§&§S%§‘?§ur33 &ﬁqu
pi cture data $M|the MNPS3 ﬁéemdeuheustngtthddmess ﬂh&mexneﬂﬂﬁéﬂ ﬁhe host
conpuat er 20, Okh@Ne3PPEERAI 34 Re! é@Fﬁ\empB%r the’ti cth " 396’ ot the Winbdy

e i N sectlons one

- picture 30 Ca e r aced entir or can

strip at a ti A@IS‘Z%PSQGBBEF?Y% §1§pmy m&i\ﬁiﬁ’@owldé-n@@d-tll OR can be

done with toraifallvwwepar boofdargs (dcecl,i kad ifirighe pikeanigata bqqpendlng

BN TR e O et e ki

“a_single pictwerdhay be contained

15 Note from FIGURE 4, that no portion of the control

word of format CW#3 is utilized at the outbound side of
the FIFO memory 35. Accordingly, the FIFO top controller
36 does not supply any portion at all of such control
word to the FIFO memory 35. Rather, the controller 36

20 immediately supplies to the FIFO memory 35 the pixel

data words identified by the MPSA field of the control
word CW#3. These pixel data words (which define the
right side of the window 30d) will immediately follow
in the FIFO memory 35 the pixel data identified by the
25 control word of format CW§#2 which define the left side
of the window 304.

-/ The screen pixel count parameter specified by the
control word of format CW#l of the same sequence will
specify the total width of the viewport V1, including

30 both the left and right sides of the window 30d.
Accordingly, when the FIFO outbound controller 57 accesses
the pixel data from the FIFO memory 35, this data will
be supplied to the serializer 64 in a continuous manner,
just as though the entire scan line segment pixel data |

35 had been obtained in the first instance from coﬁtiguous
memory addresses in the pixel memory 14. A “"seamless
wraparound® is achieved.



30. in two or nore non-consecutive portions of the nenory 14. This is
illustrated in FIGURE 9, wherein pixel data respectively defining the right
nd | ides of the picture 30" are in non-consecutive portions of the 5
meno The pi xel data which definB82.a single scan |ine segment of the
Vi ewpor 1 thus will wap over fromthe right boundary 30R of the picture
30" to the left boundary 30L. .In such instance, the control word seguence-
whi ch 10 descri beTheaforegoingi aerot;QRBﬂntohaﬁhéiheeaﬁdi&rﬁonﬁlemq Wi, N
have: (a) a fgr o f Q%% i Gane [ dat a
for the |ef téé é& {l{'ﬁ th QmB%g QEG&ES e‘@ diboundar %Sﬂglgtgdf t he
pi cture 30' Pmlvm¢’eﬂr}ﬁa34|§§ cEhei ﬁﬂ |oﬁ i‘gl?“ﬁfm owed by

(b) a ContrOjsxADr-ﬂhpé isrsgs maewaaohmtdqwﬁslgs qm}selftﬂat adrd the right

side of the w ndoyw 30d, begi he t exarrpl e
of FI GJRE59,t¥?\’ésgﬁﬁfr6Fev\gF§ ggﬂ &e i‘ﬁ'&’wg‘%t t@%yscan i ne |
segnent of télke VFERPOMmem8OYVBSwi 1| contain a first control word of format
CWi2 which specifies the address 1997 as the peopry _pixel._stact_address in
the MPSA field. This start address (1997) need not fall on a full word,/
boundary of the data in the nenory 14. As di scussed herei nabove, if 2,5 this
start address is not on a word boundary, the |east significant bi ts/(LSB)
inthe MPSA field of the CW¢2 control word will cause only the corsect

pi xel data to be utilized at t-he outbound side of the FIFO nmenory” 35.

Advant ageously, however, the pixel data storage controller 30 1& will have
made pi xel data assi gnrrents into the nenory 14 such .that the p6undari es 30R
and 30L of the picture , : . / <

’ -/




30 w || faFt—exactty on qu word boundari-es. For exanple, in FIl GURE @
t he picture 'dth of seven tines 64-bit words. Wth/«
“arrangenent, mluﬂﬂﬁlﬁ aparound wi || be achieved. Specifically
contents of e awrnd eaoust |eI d of thgagontrol word of format CW2

such t hat 31. the last pixel data word accessed fromthe nenory 14 "and

supplied to the FIFO nenory 35 wi |l contain the pixel data through and
I n Iud| ng t heLPIMS| whi ch faIIs on the boundary 30R (I'n the exanpl e of

Fl E 9, hi 5

assuned tot biasrmst's Cﬂné?hg tq%gg&%&g (fz In h%emdsﬂ‘?fé?‘ he
sane contr ol Piwed ééqaeﬁééteﬂhéﬂnéx!’lé‘@ﬂ-t melmcmr éﬁmqchﬁﬁ 4'!ﬂ mat CV\#3

[t i |1 cont aj gpi yEBCoNPEAY a8l schB et Aida srldaven Toic 1y doBfg o 10

. the top scan |1ne segrrent of erlgt si de of the wi ndow 3
Advant ageSusthe 2rpPi ﬁiﬁn??‘ﬁ&& dpgation angd IPW q‘{ﬂqe%r%lf RRRdar y
(i.e., the fotshopexeliedpbatei,t comprilsdnat the | east significant bit

position of a full r o i on of
the control word 8?“?6&%!"%8%? fngN%[sl Iffozre:fn a qtﬁ% ou‘téo'{(;%‘tn%f %f t he

FI FO nenory @émpaésdngdi agepet vife cBnE@alowarshiseguences eash not supply any
portion at a fs QN r F r t he
controller % %15%& %I %t eun@sﬁlﬁeé&t%%fquﬁén% ‘yh?éé 56}%Qﬁyxel dat a
wor d$ i denti filegley paramesers dar ¢ nartiamtabltheral BSCﬂ'ﬁése pi xel

dat a wor dg ?(@Bbﬁh seglenee %‘?édﬁ']} nd AP fpdhei o nelovs 304) skblLai prrdiatel y

follow in the FIFO nmenory t he “pi xel data i dentified by the 25 control
vvprd of forndatéeWwwhiwhi dis def ibee dilgpllagfad sinlea corresponding segment
~—/

\;

of a viewport associated with that sequence,

first_controlier means for accessing from said
pixel memdry_the'pixel data portion specified by each
15 control word sequence, and
second contréllet means for displaying said
accessed pixel data portidn in accordance with said
display'parameters spécified-by'the associated control
word sequence, | '
29 said f1rs£ and second controller means operating
U, repetitively in accordance with consecutive control
word sequences to produce a complete screen display in
e which the viewport arrangement and content are defined

by sald sequences.




of the mﬁ & Screen pixel.count par amet er specified'by t he

of the sdne sequence will specify the total
@ of th ‘!l&“@ﬁ j‘w”““ | udi ng34Q both the left ‘and right sides of the
ow 30d. LNgY y,s witen the FI FO out bound control I'er 57 accesses the
pi xel data fromthe FIFO nmenory 35, this data will be supplied to the

serializer, 64 ﬁaﬁaﬁ&gl Wem a'ééoaalh oughch Bgment iha 2aa 1ine

segnent pi xe (é; been obtained, in_ th i rst 1 nstance from e
conti guof@ifenory a PR %F%e%nﬁkﬂﬂ?yalﬁaluﬁ SpeLHtydng

wr apar ountie Imtaahtﬁé&qﬂ)rt specindieséPALYOiNG 881a08AFERE eRPpDTIE on

addi ti on nef t.of _reducing.the, cces ed requirenents of the
pi xel %@r’%e eﬁ% ﬁcffee?’h'puﬂ'g‘gliﬁl‘ges?ﬁ n I?@ﬁﬁﬁgﬁﬁrﬁ' ed %fqlélsso
si nce smdthet ddemisdy Qfllqueésed\anb:éltdataféos ane widepbrdmanly

GOm0 B Pt RGHESRRD s fie Yo 20

di spl ay sys store plxe menory is
accessedcwh@ﬂidﬂﬁQEﬂﬁnon a video screen said systemfacilitating 5 the
arbitary screen location and pixel content of one or nore viewports,

comprising. copiic gie%@wcgeaﬂé iay §g9'&bﬁga§cﬁ(}ﬁtﬂn@t6 @RLexCPMPEi 51 Ng 2
- set of control equences ea onSistin one "gr nore control words
which spathggein sa1d corresponding segment 1s a port1on of a

.10 single scan line on said video screen.

4. A graphics display system according to claim 1, 2 LJ
or 3 wherein there is at least one control word sequence
per scan.line, an interviewport space parameter of each
sequence specifying the space on each video scan line

15 between the viewpo;f'segment defined by said control
word sequence containing that inte:viewport spéce
parameter and the viewport segment definéd by the next
successive control word sequence, the interviewport '
space parameter associated with the last viewport

20 segment in a scan line def1n1ng both the 1nterv1ewport
space between that segment and the end of that scan
line and the interviewport space at the beginning of
the next scan line. h

5. A graéhics display system according to élaim 1 ,2,_3 ord J
25 wherein said display parameters of a control word
sequence include zoom replication factors, said second’
controller means inclhding means for replicating said
accessed pixel data portion in accordance with said
repiication factors, thereby producing a magnified
3p display in the associated viewport.



dlsplay paraneters for of the video screen, 10 each sequence
specifying the mn gt‘c“ ored pixel data whi ch Is to be displ &
in afcorrespondl V|emport associated with that sequence,
first control’l er neans for accessing froMsaid pi xel menory the pixel data
portion specified by each 15 control word sequence, and second controller
means for displ ayi I3 peeyw t h
sai g, di spl ay garéngge?’ﬁ g:pem e ﬁelgzésﬁ%%% cr{gln??%gp&ggmgeéuence
.20 sai dwheretinasaigecond m@nspﬂdywpamnmstmpararengelegbedtEvemy in
accordance\M u 8 éﬁ&%gﬁ%ﬁ% e npl ete
screen d|§p|a&hfnghﬁﬁ§hhfﬁgfgyxmg;tygﬁﬁ%ngene aﬁéq§%% ten 5%g§gef|ned by
'sai d sequencegePlication fagt@rfohiRackgronng ayidcdisrlay fagtessSelaim 1.
wherein sai @ and colbtPhdp RUIVELIYS pdaméi€essyal ue specifying the
i ntervi ewport spaci ng separating adj acent viewports on said video screen,
and said second controller nmeans begins 5 the display of accessed pixel
data for one viewpq.t anlgraphitss tdisplapcsystent favitipatingptbe has been
produced on s

i.d | |
br 2 wher oi n” SHERIEY B s vAdey RARET St BLEaTY8) ERRRERE) filupBes O T
line on said imhgess@asin having gtifferenti dpsplayypacamatessdangd to claim
1, 2.0r 3 wheqgliihd RG] dradh: esaﬁué)ﬂé’dC&ﬁ'téﬁid“@&f‘eéﬂguéaﬁﬁrEQ'in%Gan

line, an interviewport space paraneter of each. sequence SEE
space on ed@h vi de® RiNe) inpmony b%%%bﬂgtﬁéaphé%oﬂ“agﬁg Ke dQP Rad by

said control a stored control table containing a set of control
-/ word seaquences each comprising at least one control
U word, and specifying display parameters for a segment

of a viewport,

(]
tn

said parameters inclﬁding the pixel memory
storage address of pixel data for that viewport segment and
the interviewport spaéing between that viewport segment
and the next viewport segment to be produced on the same or
the next video scan line, and |

a0 means for utilizing said control word séquence to
direct the display of said pixel data from said pixel
memory onto said video screen in accordance with the
parameters and interviewport spacings specified by said
control word sequences to produce a video display
25 defined by said control table. '

. .

"’




wprd' seque i ng that intervi ewport space, par anet er and the

prt seg he next &successive control word sequence, °the
wpormﬂmm“ mu‘ associated with the |ast vi ewport 20 segnent:
ol ng Dot the intemd@.ewport space between’that” segnent
end of that scan line and the interviewport space at the beginning
of the next scan line. 5. .- A graphics displaysystemaccording to claim

1,2,3 ord 25 -wh@iei A gaaﬁhdcspﬂéymﬁam sfccording dto \whaimcfuence - u’
i ncl ude 200l PRl RaIAphieOFSe sl stsgbgirglder moane el udlng

" nmeans for sal d accessed pi xel data portion i accord&gce W th

said replicati onfiustomsanﬁhgpébfeﬂ”&!\ﬁ% ng KALH GPRYXY i the

associ at ed Nb?ﬂ’pﬂé&uenceﬁ fM 2R1E Tablwlay sutd ardes display obsy of
claim1l er e| n said | %I araneters are selected fromthe group
consi sti my Being; BreALRSS AP §§ Ci dp%om replication factors, background

grid display facgecondsmeatscforr avaessdng tfimom maikdrpixel wWemoxy gr aphi cs

di spl a ssemf i d d ££& ur al

di f?ergnt yv g&' ﬁéag @gaggﬁa\%fgf%her en% s%lcéaly pa?%rr?sitlers and

bei ng ar bi tsaeclijieﬂt byt shagn read) canteal rS%‘I'-PﬁPc&O‘“ a pi xel
Temory StorLagpYG3RG ShiTaeeeNsed plier Fatd et 4Ty '€ €Wl e cont aini ng

a set of co ences, eac ris east one control
word, ariP sﬁééPPyFﬁgeﬁi“s&"a B’é?%r? %{]&’gqre tviewport, said
par anmet ers gaghggtqgatnlae pi er rrermry storage address of p| xel data for

hal i eWPOrT SCQRy Tl Sudnd 2oy Het WY SRORMEEnGoeen that viewport
' interviewpo:t space on ‘said video screen in accordance \_/
with the interviewport spacing parameter of each’ .
15 control word sequence, said first, second and third
means operating repetitively to produce a complete
display on said video screen.

9. A graphics display system accordingtoclaim 7 or 8
including two stored control tables, alternate ones of
20 said control tables being used du:ihg production of
alternate frames of the video display.




and the next viewport segnent to be produced on the same or the next
scan line, and 20 means for utilizing saldu ’ uence/
direct the di spI ay of sai'd pixel data from sai mn(ﬂm ummuﬂmto sa
video screen’in accordance with the par3®eters and irt eMvi ewpert. spacir
specified by said control word sequences to produce a video display 25
defined by said control table. 36. S. ﬂ;aphlcs di spl ay system
according to clai A0e wierkidea Grprhifs 4 LSP1AY | $Y5HEM COAMPTE84NgR; 1 st
means$ for sequenUgﬂdﬂaéd%g&fgbﬁﬁld control word sequences fromsaid table
as said video displ §h6§%€ produced on th scrg i second geans for
accessing from sai® %& W?W°¥¥m¥F?%§d Qb PFBFi08, 9reRRASRce, the
pi xel data sphtsipfll&;d mfxéhadataemhao:lsubﬁei:omwdrasqeaanesaedﬁyﬁﬂhyi ng said
accessed pl% %serl al It)_/ d}_Lhe 10 video screen teeé)roduce th
associ at ed ¥i ewgor it EeRdt hi AR ADR9E S BV SRR ng an
i nt ervi ewport® pﬁ& i E@.ISI-‘V&!I\EP screen in accordance with the
i nt ervi ewport spaci ng paraneter of each 15 control word sequence, said
first, second and third nmeans operating repetitively to produce a conplete
di splay on said video screen. 9. A graphics display system accordingto
claim7 or 8 including two stored control tabl es, alternate ones of 20 said
control tables be|n d dur uc of alternate franes of the
vi deo di spl ay. - tirdt-in- 2 () méh

’ an inbound FIFO controller means for alternately

supplying to said FIFO memory display parameters of

N\ one or more control words and graphics display data
; 1¢ identified by the supplied control words, said
i alternate supplying occurring repetitively and

sequentially for a plurality of control words defining
a complete frame of a video display, and
an outbound FIFO controller means for alternately

15 obtaining from said FIFO memory said display parameters

and the identified graphics display data, and for |

converting and supplying to the video screen the -

obtained graphics display data in accordance with the

obtained display parameters.

CC




37. 10 ‘A vi de aphi y system:conpri si ng a video screen, a
v/ pi xel tﬂ 3 @Estorl ng graphics display pixel data and-
Aoy, wor ds di spl paranmeters-for an imge segment of
fort of the cVdeo screen, a first-in-first-out (FIFO ﬁermry, an
I nbo nd FI FO control |l er neans for al terpat el | ying to said FI FO nmenory
di spl ay par anet edd i BH#L4R0 GFaPRILFS (318 ﬂssggﬁeﬁrﬁ5ﬁ95§lﬂgsﬁpay dat a

10 ldentlfledahm1ﬂuawhqu§inxhanhn¢a¢trmldnoraaiﬂcahaesnaiEpiupplylng "

occurring r etltlvel Se f f control words
defining a ?%rﬁﬂ"}?t %/a%&%tﬂ %uvqiﬁeas?#@ ﬁ?éy‘gi‘gkﬁ §h %%’[cgound FI FO
control | er ddsplayrimagersegment 1&dbea¢mﬁhgiﬂednonaadp§t§ﬂmenﬁr sai d
di spl ay par r{q\.{gqr Wk graphics di sp data dfo
convert i n% %nd sue|sopl Vi r%@t\cod'?ﬁg*/él dggdsé:?‘%eﬁptaﬁé‘ "&?ng ‘ﬁ}?ﬁi c%e‘btr%JdP ay
data i n accot@ageesepmpnthandbthenoexti ipege IS&IQ'MIOSI the 3@mellor A

vi deo graphleﬁedhéﬁkagcaﬁsnﬂbacea&é' BYtbBufia? Frol LoMRELIIE LRI FON T O
wor d i ncl udesdi spl ay paraneters defining- the segnent th of said

di spl ay i mageCBR2EHERPIE0 be contained on a portion of a- 5 single video
scan |ine, and t ke ssgmenty wisltviecreg hstecefoni stomingg thgnsegmend t he next

i mage seqnegl £ e of t'@amxé ntfg

%'&8&1 §ﬂbdm§%90?89 FI FO
control | er nmeans @rl sIng: a seg nen w d i ster oring the
segnment terminating the supply of graph1cs isplay data to said

video screen when the supplied amount of gtaphxcs
display data produces an image segment display on said
screen having a width equal to the contents of said - \~f
15 segment width register, and - . : : ()
- a between-image spacing register for storing the
‘between-image spacing parameter from each control word
and means for supplying to the video screen control
signals causing the display of a blank or background
20 segment, said supply of background control signals
beginning upon said termination of supply of graphics
display data and terminating when the between-image
spacing produced on said video screen by said
background control signals corresponds in spacing to
.25 the contents of said between-image spacxng register.

 C




10 width paraneter of each control word and nears—fer-termnating the

supply of graphics display data to said video.s pplied =~
anqunt of _graphi cs_display data produces an maEwEm Hi&y on sAi
screen having a width equal to the contents of c 2w dt h

o
regi ster, and a between-i mage spacing re3®ster for storing the T
bet ween-i mage spaci ng paraneter fromeach cdntrol word and neans for
supplying to the video screen control sigpals causing the display of a

bl ank” or background20 Jegiidro araphicsfisplay.sxsten aceording $Pgnal s

e LS P oreEEA 16E MRl aln-ulocOhe B TOULES dhERl LR

term nati ng when Ter een by

sai d backgrourﬁfmﬁ‘??ﬁs \éf%-aﬂ”[s]g%g?f‘gi-%gggiﬁriﬁgc?ggpigYZg 'I[%@ 8ont ent s

of said betweddentbfiedgraphicsidisplay data,/saidevogmaphremetiespl ay
oaranstors 1o HELEERG o pdpbledesdfCEELAOE T a EE GhPLOURATRIRG 10T, SO0
di spl ay data, eQRtrobler fmeanstePmPEisiRItding a replication factor, said
outbound_FIFO contrgﬂ} 1{@5{§°ﬁ09;@£§§ngéggsggplfsgtggargagtgheregister
for storing the re IrcF Il op facto frOHTESId cgnt OL mgrds nd geans for
suppl yi ng eacﬁ%?’eﬁ'éﬁ op kagter aéﬁﬁ"essﬂ pPROTEQL WREISHRRF W BBAPRBOmM sai d
- FIFO nenory t cfonisupplieing césely ebpmentdof the ghaphicbedisplayndata
o aphi co. i LpICSEENRNE EEom afh rEES PERSELeGrERER VEARS' BEredh. Dt cr
al so include axepratedlyfonnthe amimberfaft bimaadspecifiedabyotbef f set
factor, said ugdoeds FBF Q&P E8p) EEatPORSEAEELECEegister.
13. A video graphics display system according to
claim 12 wherein said zoom parameters also include a
15'replication blanking factor and a replication offset
factor, said outbound FIFO controller means further
comprising: _ _ .
_ a replication blankinguregiste: for'storing the
replication blanking factor from said control words and
20 means for inhibiting the supply of repeated graphics
display data elements to said video screen for a number
of times specified by the contents of said replication
blanking register, and _
_ a replication offset facto:'tegistet for storing
25 the replication pffSet factor frbm said control words
_and means for modify;ng_tbe initial repeated supply of
graphics display dafé'glements to éaid video screen in
accordance with the contents of said replication offset
factor register. o | B

CC




conpLi si ng—areptTcation blanking register for storing the replication

ng.factor fron1 ontrol .words and 20 nmeans .for inhibiting the

I of wm di splay data elements to said video screen for-.
by the cont&his of said replication bianking

‘register, and a repllcatlon of fset factor register for storing 25 the

replication offsebéhactor f;&gysalq caontrol words and neans for nodifying

“the initial repea Rlay)syfater ageordingte naysaird V|dqp

i sor gen in acmmammshneeemhw@ Qraphiits’ &Plsbig?'d%ﬁ%é)éﬁéﬁ% };azéo
regi ster. i a 0_an
1ogto 13 V\heregﬁeéé&'uteé %Hﬁ g%%lt %; M%ef‘ﬁg&c g‘?ﬁ%%e’h¥%ﬂ’by a
certain snal Bagduone Df sloreacontirod, mdt cmmtnim:l:ngf ZOoparsmeter ds

t aphi c
‘mmge. 6 erontPeCRTYL v?‘geo"%p %&f;%%f#%%%%ﬁﬁs "fhagé "™ =
associ at ed wWelEMERtH ithey dd teeloxr cand cthe oflataof t he
corr espondi nbitsdaeswria%dpwnh e&@hd matdwmnﬁfpéﬁwﬂéﬁ{n ans

ca6 cont rol e BEodishe; Sellgt e Hhmsorseapanding iaso resarRs | mage
el ement, andpésedr eaddooutbound FIROs bmnﬂmuﬂlsrluk&hétﬁompﬁﬁﬁﬁﬁwipUt
cstab ?shﬁ%fﬁ'ydavhﬁﬁﬁt%?‘*%l' 2egistel B, Bto¥inb b BAfumd 09 1o o sai g
number bei ngEEpBcEALEJcoptrRd vmﬂemspe@riﬁgaim ibes /mimbetr rqtydiim 15. A
graphics dispies pest gFaphiesdindceo edetieit, and _
color video control means for producing color o/
video output signals to said video screen in accordance g)
15 with a digital input established by a number of bits of
the obtained graphics display data, said number being
specified by the contents of said bits/pixel register.

15. A graphics display system according to claim
14 wherein said color video control means comprises:

20 a color map memory, and

a color map address generator}

‘said control word parameters also including a
pxxel color base address, said outbound FIFO controller
further comprising: .

25 a color base address register receiving the color
base address parameter from said FIFO memory, said
color map address generator combining the contents of
said color base address register with the data bits
representing each graphics display data element to

30 produce a color map address, said color map address
being used to access from said color map memory the
corresponding color video output signals.
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14 wherein said color video control nmeans conprises: 20 a cotor map_

‘menory, .and a col or map address generator, sai ( I anet er
al sq including a pixel color base address, sai J rI!ilﬁ[I jﬂmnt roll
further conprising: 25 a col or ba4k.addres'sy . ing th

col or base address paraneter fromsaid FIFO nenory, said color map address
generator conbining the contents of said col or base address register with
the data bits repkfesed i9RpRREPS AbPPIAY BYShemyace@Edingntatanyos0 produce

a cetor map addr esEaimsai@ tool ® Fuftieradaf@dsifge ng used to access from said
color map nenory the caqryespondj ng, col pr Vi deo output signals. . 41. 16.
A graphi cs displ & AR sdc‘t",?)‘?%'f%b _?Blg@ﬁ'&i?éi nms 10 to 15 further

conprising: a graphicsfirst rméansi fohaenterihgrgtapbics 8bsprayepirgl
graphics di [ xel o b ' L dy COL I pixgl menory, and control
tabl e assgnb%i?a’rr@%er%g ?éo}éigé%%%%%@g#\ leﬁ%‘r??#g #é\ 0 a control table
portion of said contrfoRpts@]l hHabdeyassembler cneans| £Qur BEodpeingying t he

di splay to hgndrékéeing lthto a ddntrélViaBPe OpaPLi6h OESBARE system
according to any qL/cJaJﬂsflo to 16 MMEﬁELn ald con rollglxgl,nennry means
stores grapffRTRYRIXEY MOy, 88ER( P g°3"g¥9 u¥Rray 8BRFLEY Pl ay data
froma the dqisplay v beipredetede being identified by said control
words for display on 15 said video screen, further conprising: panning
means’ for assenbling successive sets of control word sequences for use
during cdfr espondthg A video graphics display system according to

any of claims 10 to 16 wherein said control/pixel memory means stores
\_ graphics display data revresenting a picture, graphics
display data from a portion of said picture
being identified by said control words for display -on
15 said video screen, further comprising: '

N

panning means for assembling successive sets of
control word sequences for use during corresponding
successive frames of said video display, each set
identifying, for at least one viewport image portion of
20 said display, graphics display data from successively

different but adjacent - - portions of said picture
in said control/pixel memory means, the successive
display on said video screen of said portions in

response to the use of said successive sets of control .
25 word sequences creating a viewport image which has the
illustion of panning.
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S|ve franes of said video display,: each set identifying, for at |east’
" ulu“mjlgﬁﬂ“mnl of 20 said'display, graphics display data from

: adj acent portions of said plcture in said
/plxel menory neans, the sucl®ssi ve di spl ay on said video ‘screen of
portions in response to the use of said successive sets of

control 25 vvorcb se ue creag %/ésggg t%égg Pgﬁ? gg Bhe il 1ustion
ol aP?rgniggyyfwlmrwrms&?dﬁ@mmawg d we il 0, 70y oW
are Stor%#&ﬂ%@gks rﬁ{@'#@f@é {R"Ba¥a éﬂiréi(ﬂkkibhh wher ei n

sai d i nbou contr means su les  entire contro mnrds and

entire gMEANS AR EiP R HOLRS dsWhed §aFGlgoﬁP gpnrgdi E&FOnenory neans to
fsal d F?f@di‘ﬁfﬁﬁ]?&eﬁﬁ?;smrﬂpipgﬁﬁﬁ ,eutli::?gndoﬁﬁalcoaltaellgaa _méag_s ertracts
romthe ¢ r ol wor stored in s: Ly y sai i spl ay
paranetefgﬂgﬁf(gﬁﬁzﬂﬁgﬁfégﬁéiﬁﬁ é?%%h?8§g%rggggy5§39a words stored in said
FI FO nenwontndly/piske mmnormemtaonngdgriﬁbi memorypl apddata to be
CO”"e”er i%#l%%li'cf%d al 1] ‘7’?%2 éBBE?Bl &3 méai‘lbdgﬂtQEEEQ' cs display

system according to 15 rern sal extracted graphics display
dat a neednfm mns&r%l weresostered dn saddoFIEQ mempryi 8PdYwor ds, one

of sal0l cyitd Qh &ﬁ@dt@@éaaﬁaeéﬁtsaeegf from the heaghabeg posi ti on

o F%al:gn?ﬂ[ﬁpahlacséﬁ Vé%? Fedted, Innfala FIED weROEY BRON, ho it

graph!csuhcsﬁzgonkﬂanswnmhsanmédglgraphlEBFaxsp&ayydhaglmnlbg fromthe
pos't'onconverted and supplied to the video screen. _ ;\)

19. A video graphics display system according to
15 claim 17 wherein said extracted graphics display data
need not begin at a word boundary of one of said '
multibit words, one of said control word display
parameters specifying the beginning position of said
graphics display data within said data word, said
20 outbound FIFO controller means extracting graphics-
display data from the entire gréphics display data word
stored in the FIFO memory beginning from the position
within the word specified by said one display
parameter. -




within the word specified by said one display parameter. 43. 20. Ay

graphics di splay system according to any'of ¢lains 10 rein fhe¥>yj).
griaphi cs di splay data defining a first pagrtion Il mmtiﬁkﬂ'l[ﬁﬁge to\be > -
produced on tthe video screen is stored i f3a fir s sSdhkd O
control /pi xel menory means, and wherein the .graphics display data defining
a second portion of _.the gane_viewoor{.i d.in Lfferents: i of
t he, control/pixel'n@hﬁry gggﬂg? %gbpégﬁ§r§%§£SBXtF%St%br%§c§§q%§§%ﬁ i zed
o tdentify reappaf gbdinst G tor ¥ heseil the grbplyicsadistlay datiaddefindngeand
econd porti ong;LsSabdcYPRYBRT b vigkBok BOTHAGe"tEONROBrbRlict ErPithe
supplying to sai I menory, Tor stOrage _at “consecutive Ioggtlons
therein, the gvigeocscteepl is gsozedoinsai firstseegion,of &idy the

graphi cs di $pl ayn¥ebl /pIkelomemdeyOndans,,! and aherddnl thecgraphivs
respective separate contro |

I r.ds, said outhound ElI FO rol |l er neans
obt ai ni ng fronﬂé&P&‘ﬁfﬂéﬁﬂéﬂgg}“igga‘c55?9&303?’&&9& §&?3§ﬁtﬁi§%&)graphics
di spl ay data i ¢ggewpbired iBy storedr énpactifferent zegiomnofoitheor ds, whereby
t he graphics displa t.a_copverted su i € cUniTd 1S Words t O
produce-sai d VFQ%§5¥99%§§§3p§Fﬁgg§bgggﬂﬁdogngQ%H%QEEthﬁirupﬂé to
produce a seanbedisgdiutilldged tosddentifx gespeicsdvelypithe graphics
facilitating tBYgplay data for said first and second portions of said

viewport,
said inbound FIFO controller means supplying to
L_) said FIFO memory, for storage at consecutive locations

therein, the graphics display data for said first
15 portion and the graphics display data for said second
pbrtion as identified by said respective separate
control words, _ _
 said outbound FIFO controller means obtaining from
'said FIFO memory as a contiguous data stream the
20 graphics display daté identified by said respective
separate control words.:whéreby the graphics display
_ data_con#erted and supplied to the video screen to
produce -said viewport is supplied continuously and
uninterruptedly'to producé a seamless display.
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o.ay on a V|deo screen ‘T a viewport 4 mage, conprising: a pixel menory

fz@@ g data.5 in mnubm word format, the pixel .data
(ﬁw Jﬂmumﬁmf t he vi ewpg i mage being stored in a first -,
regi on of sal X@ and the p|§é| dat a defining -a se¢ond portion of
t he sanme vi ewport being stored in a different region of the pixel nenory,

10 2 stor edagont Robe bphiBaCaIBLALNEyBLER' £AE112RAR NGRS SCTUCTCES

each consisting o fwo con each contr word sequence)}
speci fyi ig @hEPARYpPRy apHiARE: BFEELDr OF 3cYieWPOst ABAGE.iewport of said
Vi ewpor t |nagﬂpriagngaraneters of one control word including the 15 pi xel

dd f f f
hmge seonent - aRaBIRBLREREEX2sRrt8 35hbbibe) il plrel ke d TV

wor d cont@i dhnguptibitdwoadf ormaitd thespipedt datai defliniagea that the

pi xel data a 0 0 | I ndary of a
mul ti bit mn? SE gﬂ Siaﬁ %&ED?IQQ?EIQ gpgﬁg Beq“&fsgegggﬁnépggntrol wor d
i ncl udi ng tﬁéIEFXEPgﬁﬁnDPﬁ §F&ﬂtP§GGle@§m9FYpP%élt&&tﬁlﬁsﬂ @atasecond

portion of aéfﬂnlhgwﬁokbcbﬁag e4BRNDE dhE. éh&ﬁ'%ﬁeﬁ%@&%ﬁthﬁ?g?eaPs for
ata from

til d 2 t t
Bo?t:ghggo?agﬁfﬂgpgggPraéﬁ§g§epgeﬂgggggd°gy%§§$§§§% Jﬁésses and to
direct tiee di spl aystbredi d¢oatredstdbliexebntatiniagt a saltdO\fl demtxoleen in
accor.dance WBFE §@9QeHéE§”EEE chsREQﬁHSeogah@ &“ﬁﬁﬂoEbd @Rtror, 22- A

graphi cs di spla stem accor h th I'xel “dat a

associ at ed HPFﬁssaPéchlF§Pt5§ﬁtF@ﬁdoﬁeauﬁp§ﬁpéPFCiﬁﬂgégeﬁ@@ @lsalbyundary
of a

parameters for a segment of a, viewpopE of said - \/‘
viewport image, : _ -\)
'~ the parameters of one control word including the
15 pixel memory start address of pixel deta-for a first portion

of said viewport image segment, and'inoldding an offset
address within the first multibit word containing pixel
data for;seid first portion in the event that the pixel
data for said first portion does not begin on a word .
20 boundary of a mu1t1b1t word in saxd pixel memory, the
- parameters of a second control word including the pixel
memory start add;ess of pixel data for the second
portion of said viewport image segment, and .
display production means for utilizing said _ ),
25 control word sequence to access said pixel data from
portions of said pixel memory identified by said start
addresses and to direct the display of said accessed
pixel data onto said video screen in accordance with
said parameters to produce said viewport image.
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mil tibit word stored in said pixel nmenory, - and ' Lxel dat gz
dg{ining the second portion of said viewport.inmage begins on a word |
boundary of a nultibit word stored in saig pi xe”m“mmﬂ iispl ay
production means utilizing the pixel data Words! ” ,said first
and second portions in a 10 continuous and uninterrUpted® ashi®n so as to

produce on said vid SCRENF i i ; i oo
4 splay system 'Congachthe\%;;?r:?%%"g %:%gaggéeeg Wekdr dihg Ad) LT

%gh _ to operate substantially
ds Ter ei nbef or @1dddc Mhich date assaciated Baid, figst

draw ngs. portion of a viewport image ends at a boundary of a

multibit word stored in said pixel memory, and wherein

5 the pixel data defining the second portion of said
viewport image begins on a word boundary of a multibit
word stored in said pixel memory, said display
production means utilizing the pixel data words
associated with said first and second portions in a

10 continuous and uninterrupted fashion so as to produce
on said video screen a seamless viewport image.

23. A graphics display system, constructed,
arranged and adapted to operate substantially as
) hereinbefore described with reference to and as shown
15 in the drawings.
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