GRAPHI CS DI SPLAY -SYSTEM W TH ARBI TRARY OVERLAPPI NG VI EWPORTS Thi s | @

.applicatien ig related to copending published Britis p p)&cat
Nos 2130857 =~ entitted "G aphics Display SystemWth am) tls 'O Qb
Ar bi trary Locatjon” And Cohtent”, soon to be U S. patent No. 4,533,910, "and

whi ch i'%assi gned to Cadirak Corporation, the assignee of the present
applicatton. The discl osure of publ i shed Patent application No. 2130857
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conput er graphics di chr 1 nal ' es
are produced on a video screen with arbitrary overl apping arrangenment. In
publ i shed Patent application No. 2130857 there is a disclosed a system
for producing a graphics display on a video screen containing vieworts of
arbitrary arrangenent, nunber, size and content. An objective of the
present invention is to pr&bigiapakidagirrodemalated touedpendinacHbiashedi Brittily
t he production of ' ' ' ove LNGVi I
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graphi cs di spl ay sy8yssemdfithutiiewpértd Phidehitragplipcai®08&Y Conalt i on of
the graphi cs image |96y Al i Sl Uid.| k7490, C2 Bk o 301 S co0my 1 Si ng 2
set of control word sSequences ea consi'st g of ‘one or nore ‘control words.
Each sequence speci t¢ esdtink Qopbrarioof thesssmigedyodptliec presentapphictios. t 0
be displayed in a cgQrrespandin egnent, of i ort. associ.ated with that
control word sequen@ée. %Ag%%ﬁﬁgg?e Bgﬁisg?%%l%?netm P%J}Jﬁc?g%na}g%'esses froma
gr:aphi cs i mage sour @e308570r yis Hacorpopatda Béredh Py xekestaté. speci fied by each
comt'rol word sequence, :

The present invention relates to a computer graphics display
system in which individual viewports or images are produced on a

video screen with arbitrary overlapping arrangement.

In published Patent application

-No. 2130857 there is a disclosed a system for producing a

graphics'display on a video screen containing viewports of

arbitrary arrangement, number, size and content. An objective

of the present invention is to provide an improvement of such

system facilitating the production of a graphics display having
i~/ overlapping viewports of arbitrary arrangement and graphics

content.

In the above-identified graphics display system of published
Patent Appln. 2130857 production of the graphics image is accom-
plished utilizing a control table comprising a set of control
word sequences each consisting of one or more control words. E#ch
sequence specifies the portion of a stored graphics image which
is to be dispiayed in a corresponding segment of a viewport
associated with that control word sequence. Appropriate con-

troller circuitry accesses from a graphics image source memory the



~di spl ays the accessed pi xel dataj/g accordance with cerfain displ ay.
pararreters (e.g., color, zoomfactord etc.) which may al so be specified by

-t-he associ at ed control word sequence. A further objective of the present” -

I nvent i QBrt Sord @£f @Qkél tita sbecpfiEdubyi emcmfcogltaphlwnomh sphagsce uti | i zing
such a control table system but providing for arbitrary overl apping
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in each conirol word sequence a n r i.ng ewpor t

di spl ay @ PR RAFPRERT  Denefi ¢ éﬁ?evggg%y%{bl@l z?ﬁg SS%E <l mé{ét emis that
di spl ayg; cOM&i dPeRd £ O¥@ 2 RALNYs ¥d FaReat sme;ﬁrblbeog@n@arqaie@detapu dly, without
the necessity for transferring | arge bl ocks of graphics data each tinme that

a change in Idlfsmtayrcmmveroﬂlﬁ\ﬁp@rrﬁsaw aﬁg’@ﬁmo@cmrt@ {Fpi 51%99%e savi ng
is particular ni f cant hWheg e aver| appi.n ewport is bbele

di spl ayéﬂeon‘ifx’t Br% i9RAPRAROBTR earys'tgt’r E’Tﬁ}\? I sf"ﬁ’é %lc&%ﬁo%or 1 6hs of
the ori ng@émV'b%\MngBv%ﬁiglt @obearBasadl boberthpdiRgPbidiootht SNSSE, such
situatioh required the f owm ng operafions. Initially, when say a single
Vi ewpor thwast iieizagidhsef aped oramdrgiaddlitieprlesantabl oromds tiheeastt ire

di spl ay, includi n% all pixel data reﬁzresentl ng the single viewort, was
stored FAPBRIYF HAFGc SLARRRFE FSFOFI2Lerh@ivPoRR WeTPPRI AT LS¥BAtted by raster
r eadout fr ﬂo}? hat menory. Wien the display was to be changed to include a
second Vi e%p t overlapping a portion of the original viewort, the pixel
data representditrittheaht dearefper acioievddr 8y weil ilza nhesuew ed sgetenf t he
graphi cs display nenory into sonme other tenporary storage |ocation. The

~graphi cssi hhgfe ctiapéawepwsf@rmmg PYRY 13PRing\ eI RIB ARG &fport then had to

be witten into.the ry Thus the. operation_cequired two bl ock
transfer“e(‘eﬁ?‘ledslff'p)ld ﬁéra‘t *"‘krllarm"‘lécesSlt)r'etrercbrvarg £ %m'phl dden" ori gi nal

i mage and gp S1¥dis Qf %fﬁbhlcs data each time that a change in display

content or viewport arrangemnt occurs. This time saving is

particularly significant when the overlapping viewport is to be

displayed only temporarily, and after its removal the hidden

portions of the original viewport are to be reestablished.

| In prior art systems, such situation required the following
operations. Initially, when say a single viewport was being

displayed, a digitai representation of the entire display,

including all pixel data.representing the single viewport, was Ny
stored in a graphics image memory. The video display was produced

by raster readout from that memory.

When the display was to be changed to include a second viewport
overlapping a portion of the original viewport, the pixel data
representing the hidden portion first had to be moved out of the
graphics display memory into some other temporary storage location.
The graphics image data representing the new, overlapping viewport
then had to be written into the image memory. Thus the operation
required two block transfer ("BIT-BLT") operaticﬁs, namély, a
removal of the "hidden" original image and an entry of the

overlapping viewport data. Then when the overlapping viewport:



over | appi ng Vi ewpott. data. Then when the overl appi ng vi ewport -3- wasfiny
renoved, t-he "hidden" image portion of the original viewort had to be \q
noved :back into the graphics.display nenory by another bit-bit operation.
Wiere | arge areas of tthe driginal hidden i nage were overl apped, such

renoval f@nd repl acenent bit-bit operations were time consum ng and demanded
significant CPU overhead. A further object of ke present invention is to
provi de a graphics display systemfaciljtating the introduction and renoval
of overl apping vi ewdt £E™GTe%ar Hi% r%’?‘vegi z‘é‘agﬁlgmff)’@é‘t Porfre GTEARR YiR¥PRRed
for bit-blt block thansbers nobed Bachiideetnenp@enial aistial henbiy B adehed he
overl apping viewport is _introduced and renoved. These and ot her objectives
are achi eved by probittAg Pegredmmi c FNEFHI1AYIS PEERMOE nthgh PEIFipde b igagepe

di splayed is establ {shedvdiagpédNbbél rbdVa® HRNSLSabOELRl b-BEL oBEradt2BEd O
wor d sequences. Each sequence defines a portion of either a single viewort

or portions of overVeIspitHBe FPRfIGRE 2and depap@ed pagnidicantsERihererhepd. cont r ol

word sequence may consi gt gpfnbi ophe&Ndr SBROPIEADMOLnAREAS t03ropRRCLTY 2
source address fromwhich image data for the viewport Is to be “obtalned,

viewport size and | ovamhiien dimplanaysten, fanidivitdipy dhepintanducticn 2né reagval
col or and zoom fact Q¢ .. /Ad & s Od¥E 2 9 5 gl r..SEcCo trol
words has a conti nugfiooﬁ %ﬁg g‘?e’?P% tﬁor Fﬁ%lt%vgfﬁé%%iaﬁg f\%cgg\ﬁg‘f’?&tﬁg&
situation, that conthexmaed Foropit-bify b3ptk itgaridfene 'of timl hiddencimigeodataor d

sequence al so includes,a third congrol rd which specifiges a.soyrc
address for the i maa'ést gt%mc?(s)n‘fhae?'néh hCt agp’bn(?r FIemost i’tsh%ans%\?%‘ﬁegp?ﬂ g
vié‘\éort defi ned byrédraedcontrol word sequence.

These and other objectives are achieved by providing a
graphics diplay system in which the image to be displayed is
established by a control table consisting of a set.of control
word sequences. Each sequence defines a portion of either a
single viewport or portions of overlapping viewports.' In the
former instance, the control word sequence may consist of first
and second control words that specify a source address from which
image data for the viewport is to be obtained, viewport size and
location information, and display parameters such as color and

" zoom factor. Advantageously, one of these first or second control
words has a continuation bit or flag. For the overlapping viewport
situation, that continuation or flag bit is "true", and the control
word sequence alsc includes a third control word which specifies a
source address for the image data contained in the portion of
the overlapping viewport defined by that control word sequence.

Utilizing such an arrangement, the video display with arbitrary
overlapping viewports may be generated in real time, utilizing the
display system hardware disclosed in published
Patent application No. 2130857. Alternatively, the

present system may be used to enter into a graphics display memory



=\ zi ng such an arrangenent, the{fideo display with arbi-trary overl apping
orts may be generated in real tine, utilizing the display system '
Rar dwar e di scl osed i n published Patent application No. 2130857. .
Al ternatively, the present system ma used to enter into gr aphi cs.
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di spl ay "hefae§ °°n?ﬁ+nﬁﬂﬁg%59ﬁﬁfF5Vn?Y%}%ﬁ%&lp?aY§eYRﬂ§IPapﬁf?ﬂyé%eemport¢fg Wi th
e vi d&;fae%' ﬁgﬁgir/a}é%%ggg&@émm BEiAY prRueadnPYr dastetedgadout fromThis
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menory. 1n e | rent, "the Invention is characterized by the use in
each cofddnDlehiBrflercaguente aftheddenbahialentr, ebatimuation Lontrol words that
specify the image information to be contained in the overl appi ng viewports.
A det ai ¢haFagsSEEFt iRYntBE 3R {nGaRk | SRR WAL VPRI ntRIVERFENCY ef erence to the

acconpanyj.ng draw in L l.s i 18 ,COLL €S di ng
ol enont 4 1 LoRa? ool e RFLEL b e Pl RS, ARl L SR o cs
di spl ay; yWyraaciBY e Her eehe£thedn ia vhelasrexQapping anidwgontai ning a singl e
viewport. FIG 2 is a pictorial view of a typical graphics display having
over | appi ng viewports, produced in accordance with the present invention.
FIG 3 is a_pictor] represent atiop of. typical contents_of a.control table
menmory cont & ﬂf%lﬁl'icegantdﬁsgrﬁ%trlc?nsé’d"ugtﬁ%e*sn‘ée%ﬁ%%r‘i”a e% o'r“a%? owcf‘utgll ng the

di spl ayse frefikb&Sto ler@NdclomPdiging abQMEndde wheb8Bd SLikfe hiefQd rol words

i ncluded in each control word sequence of the control table illustrated in

FI G 3.dd¢di@na%ei sormrgspondinalelementsf im thepisexkrygt afldugesdi spl ay produced

I n accordance with the present, invention and ipcludjng.different
ar r angenent §ISPR5vJer1ISa6pPh§t?ﬁ’lﬂkp3f‘?‘§.°P & graphics dizpiay which

may be produced on a video screen, and containing a single F_j
viewport.

FIG. 2 is é pictorial view of a typical graphicé display
having overlappiné viewports, produced in aécordance with the
present inventiqn.

FIG. 3 is a pictorial representation of typical contents of
a control table memory containing control word sequences appropriate
for producing the displays of FIGS. 1 and 2. |

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

FIG. 5 is a pictorial view of a typical graphics display s A
produced in accordance with the present invention and including
different arrangements of overlapping viewporfs.

FIG; 6 illustrates cbhtrol word sequences éppropriate for
producing the videé display of FIG. 5

FIG. 7 is a pictorial representation of memory allotments
in a graphics display systém in accordance with the present
invention.

FIG. 8 is a flow chart showing the steps involved with
intérpretatién of the control word sequences, such as those of
FIGS. 3 and 6, to produce displays, such as those of-FIGS. 1, 2

and 5 in accordance with the present invention.



FIG 6 illustrates control word sequences appropriate for producing the ..

s

vi deo di spl ay of FIG 5 FIG 7 is a pi ctorial representation of nenory S
al Fotments in a graphics display systemin accordance with the present @
|nvent|on FIG 8 is a flow chart showing the steps involved with

i nterpretation-of the ‘cortrol word sequences, such as those of FIGS. 3 and

6, to produce displays, such as those of FIGS. 1, 2 and 5 in accordance

with the present invention. The foll owi ng description is of the best
presently contenpl ated node of carrying out the_invention. This description
Is not to be taken in a limting sense, but is made nerely for the purpose

of illustrating the gené‘l’*%llf%%?%egFﬂeésr’d’ftl?mésl‘hﬂ/éh?l‘%?ﬁt priefertlyhe scope of

the invention besg \%\iﬂ ﬁgiﬂgg Dbel HE ¢ ggg,qggeéjltq@ gﬁvenﬁ%& lpidd ustrat es- a

typical display 1 may be produced on a or video screen using
ei ther the graphi c desplintiogyss @et dio bhdaperedant limidmgi smser Hultais

di scl osed in publi Sheéje ﬁé@eq t cﬁpmaé %&éc%g\fp zljzl.%s?tgg'éxn the fﬁneral In

this display, there'1s a Si e Vi e I ncl udi ng the
si ze, location and pmgepmnbémheoinveh'emsu. nee\mhev\pmpb the singtefitined by

the contents of a c ntrol nt ai ni a,set of control word
sequences such as t ot & o&evﬁ a?ed ?ﬁetq’[e %ppef"g% &35 The makeup and

utilization of this cont-'m).l 1t ﬁnluetﬂaﬁes & itrpican aﬁpuh;atlodmm 10 bé produced

connection with FIG 3 q ] i shed Pat ent apgl ication No. 213Q857. In
particul ar, the conPtd& CF%B’I' v’ﬁef?o?ﬁ’gf’?lé’sé“%@f' Rer EBREFBPhiSoAiFRIAY AYAERR
CUE-a through OWS- Xo£ama S0t Aheshtioh lorat R Bistlosed in published

Patent Application No. 2130857. ~ In this display,
there is a single viewport V1. The display 10, includihg'the
size, location and image content of the single viewport V1, is
defined by the contents of a control table A containing a set
of control word sequences such as that shown at the top of FIG. 3.
The makeup and utilization of this control table A is similar to
that described in connection with FIG..3 of. published Patent
application No. 2130857.
| In particular, the control table A contains a set of control
word segquences CWS-a thfough CWS-x each associated with a portion
of the display 10. In the example of FIG. 1 the control word

~ sequence CWS-a is associated with the top horizontal row of the
display 10, and is used only to designate the background color
or shading of the display 10. The control word sequence CWS-c
designates both the background color or shading for the hori-
zontal row just above the viewport V1, and also designates the
spacing (included in the "interviewport count”) between the left edge of
the display 10 and the left side of the viewport V1.

The next control word sequence CWS-d defines the contents of

the top row 11 of the viewport Vl. This sequence CWS-d (in control
table A at the top of FIG. 3) advantageouly contains two control

words, the first of control word format #1 and the second of



@3 e display 10. In the exanple FIG 1 the control word-sequence C\{\S—é
i soci ated with the top horizont row of the display 10, and is :used
only to designate the background col or or shading. of the display 10. The -

control ,{:@&mﬁeqyﬁn%i@%:erﬁ@é& @hat esohiptih tkhe @g}l;k&rooy&dsqm or or shading
5 .

for the ri- zontal row just above the viewport , and al so desi gngté'_es
t he sparicg 4(.i nTheioetteen phrel | quupty cempmirtedc duntontdedt weed #lhe | ef t ~€dge
of the display 10 and the left side of the viewport VI. The next control

wor d seRfueiiCe SEREERFY SSnesdesdndd e hte Widthhél tdp MoPeL oF the vi ewport

Ui SatR0Us080, O doll D soobebable .20 ohD% i OF UG 3)

advant ageou contains two co I'r control word format

#1 and itertseaendsof(MpsaQf ifocsvdrot2worddi € offOERBL Seifccehowgr-a N the top
two rows of FIG 4. The screen pixel count contained in control word #1 of
t he seqirgiceatys- thelatiaghapresaddressi afha (emery Abedbkcosraindife pi xel s) of

t he vi ewport. segnent ) e, nemr I xel start address (MPSA) in control
‘wor d #Z%I\gaf?"_tlﬁé g@?]%eeﬁicl‘:%a&géﬁl g&l%ﬁgt é%s?]haé'egt 5?’%’% t&ad‘r'é%@%ft a menory
field cent aiFtigNgs o AINYteS thBREEp Al aAnbRety a3 1b@abEort SRl 8VRshd¥yt hi n the

viewport V1. FIG 7 illustrates typical nmenory allocations in a nenory 12.
A regi ol12A okgitm sl3fewdr phtomeniony geapiirss grapyecddmagef datee ofr nor e

i mages (desi gnated, i nage a), (b). and (c),in FIG 7) whi¢ch may selectively
be di spP2y&f F‘ﬁr‘c’)nﬂ“?ﬂegsnrsﬁf’%s%‘?’éﬁf)&tlg‘agéstw'di(gbl%{if?1‘(9.’ RETRmdly pi xel
start agiasnalMoAlediesignat cdidfialoa epdLlorROLL AR ABBPEL W00 With @
particular control word séquence Wil point to a certain start address L
this gregphidisplangr0 datthempensyy fpisded $Pdrt Rafdeess NQUEEGAl BeéDorEHt€d. 1 and
3, the sane control word '

in the control word #2 associated with a particular control word

sequence will point to a certain start address in this graphics

image data memory field 12A.

Referring again to FIGS. 1 and 3, the same control word

sequence CWS-d also will specify, in the associated control word

#), the interViewpprﬁ (IVPC) count or total number of screen pixels

in the row segment 13 between the right edge of the viewport V1 and

the right edge of the display 10, plus the number of screen pixels

in the next line segment 14 between the left edge of the display

10 and the left edge of the ﬁiewport V1. Additional word control gdl

sequences (not shown) of makeup similar to the sequence CWS-d

will be included within control table A to define the image content

of each of the remaining rows of the viewport V1.

This display region below the viewport V1 will he defined

by another set of control word sequences designating no graphics

information (i.e., with the content of the MPSA regicn of cecntrol

word #2 empty). Finally, the bottommost row of the display 10

will be defined by a control word sequence CWS-x which élso

contains a control word of format #4 (as indicated at the top of

FIG. 3 and by the control word format #4 at the bottom of FIG.

4). This final control word #4 will designate , by a true or "1"



>

>

sequence CW&s-d al'so will specify, in the associated control word #1, the
interviewort (I1VPC) count or total nunber of screen pixels in the row
segnent 13 between the right .edge of the viewport V1 and the right edge

. the display 10, plus the nunber of screen Dixels in the next |ine segment
14 betwsgp the |l eft edge of the display 10 and the | eft edge of the

vi ewport V1. Additional word control sequencezinot shown) of nakeup
simlar to the sequence CA5-d will be included within control table Ato
define the inmage caiiteid thé "eadlofofrdnee fﬁlIBL ruuag fHeW\prddlent kRnvicaAWesrd V1.
Thi s display region bel ow the vi ewgort w_| | be defined_ by _another set of
control word sequerf€8ReRFEsTHiAt99%3 ’Fﬂj"eér*a&?mft’éaﬁ AP Phatho At A28 1%-wi th t he

content of the MPSA reginensdie E&ﬁtr_ﬁmwowr#jl 4212 EPhMin, Finnehd Yeoddi8l table
bot t onmost row of -the displ %810 wi ||l be defined bg/ a control word sequence

CWB- x which al so cAifEssssS Eied8ntths| stASEinD RAfERSTaPE Ahe (RatTHdteRieelhigh t he
top of FIG 3 and by {hH@eey tRd et rhoRimt afihial d-Re RAAE AW 04 bE' G 4).
This final control word #4 will designate , by a true or "1" bit in
the "end of frame" PffPé‘P‘vd t [F&t thehaept £5aPR 16004 1the aneﬁdn%eemeﬁc‘élecv\s X
designates the flnasebfly of, e dsbla)of bni INGnSAP G0N hokealbldleid uih ) |
contain, in the ' contr tabl'e address ield, the starting address of the
control t-able whiclbe the gabiesf Pory Bheigasikirg ghetacs . adllﬂsﬁsayf ftrhan@tlthaft | s to
be produced. If th S €,,sa Kk | t he
contents of this c%nprféc()}n H%{m?’i ddgielss?gf?rg ggv%f&% englga frdat err
de\S_Iﬂatl ng the st arsamacdd ests fofti he @Eublisbed tRaltbnt Apﬁﬁlce.ti@) NOAI | of the
foregoing is substaq%&%y y the sane as set forth in published Patent
application No. ‘

R

FIG. 2 shows a graphics display 15 including overlapping
viewports produced in accordance with the present invention.
Bere a viewport V2 overlaps a portion of the viewport V1 which
itself may have the graphics content and parameters of the
corresponding viewport V1 in the display 10 of FIG. 1

The display 15 is produced using a control table B shown
at the bottom of FIG. 3. In this control table B the control
word segquences CWS-a through CWS-f correspond to the like control
word sequences of control table A, and define the region of the
display 15 from the top row down through the row just above the

o top of the overlapping viewport V2. Similarly, the region of the
display 15 below the viewport V2 and down through the bottom row
of the display are defined by a set of control word sequences
like that for display 10, ending with a like seguence CWS-x.

To produce the portions of the display 15 containing the
-overlapped viewports, the corresponding control word sequences
CWS-g through CWS-j contain control words of formats #1 and #2
that primarily concern the viewport V1 and also contain a third
control word of format #3 (designated "CW#3" in FIG. 3) which
primarily defines the overlapping viewport V2.

Thus in control table B the control word sequence CWS-g

contains a control word #3 which contains in the screen pixel



1857. FIG 2 shows a graphics di s;?ay 15 i ncl udi ng overl appi ng- Vi ewpgrté
eat

uced in accordance with the pres I nvention. Here a viewpart V2
overlaps a portion of the viewport VI which itself may have the graphics
content and paraneters of the corresponding viewport VI in the display 10

of FI G céuAhefigildphajedifnagipnodiided widtly f ¢bat sedmérabl e B shown af_g he
%\t/\s-a

bottomof FIG 3. In this control table B the control word sequences

t hr ough LEVEE fEhCoVEBERATY o t hR® 159E EBRETH “RE6AJ* 3 RRGFEEESSf control
table A, _ap i £ 1 egi i . from the top.row down
throughl?h'eger g‘\%}oggtﬁggeolvg% Eg %éodpztegs ?ﬁé%egrl%ggbi%gv#é\ﬁkggt V2.

Si mi | ar kyeréde ineghongdpriilbe hspd apatiSmémdowithe(viewpart V2 and down

t hrough the bottomrow of the display are defined by a set of control word

sequencésor e ahhghe f Srarfiiss| 43ta fore SHF nfi Mol tasednentsd§uihcee OG- x. To

produce, th arti.ons_ of. t di splay .1 ontaini.ng_the overla Vi ewports,
g%é% ned. T ?%ﬁgﬁ%K §£€ Qﬁaﬁgeélighg ed %P t%?]%ﬁﬁgpfgggik

t he corPSspon.lng co fd - seque )b t hrolg ain
control Y1 asi fHerl @ESMItha#L ianehd X iihpbrPrviNar iFbyY epAfSId) the Vi ewport VI
and also contain a third control word of format #3 (designated "CWM3" in
FI G 3) vivawvpdr tpVilnmay | sordafinnaspettd ooy ef | Bippiimggei éapoyttor¥d. iffhus in

control table B the cozg%{ol éor seq‘uﬁnce CW5-g contains a control word #3
c&n piﬁa

whi ch c&RE MHRP5Yn 2PAR LlEobRT F9EFRtE YeShSnRVPERARRIGhe
width Of! gy SROKPBbr dfbrdlott BRe VA AMREh: Vinadtq £ a0 LONLEOknROr d #3
designates, 1n the nenory pixel start address (MPSA) ft1 el 3 the starting
addr essmemothezogieaplhcs Theagentath wordoky dsbvdibked with reme whechodhe
graphlcgzdgq;%“%g& LQEﬁ;};H%%%QE §f§¥¥?}tp%?a$§légg for that viewport,

such a pixel color base address or zoom factor.

The presence of a control word #3 in the sequence CWS-g is
indicated in thé continuation bit field of the control work #2 of
that same sequénce. This coﬁtinuation or.status bit will be true
or "1".

In the same control word sequence CWS-g, the control worés
$l and #2 specify the width (in the screen pixel count field) and
the location of the graphics image data to be displayed, (in the
MPSA field) in the segment 17 of the viewport V1 which is not
hidden by the viewport V2. This width, and hence the screen pixel
count contained in CW#l of the sequence CWS-g, will of course be
smaller than the overall width of the viewport V1. Aécordingly,
in assembling the graphics displéy 15,.only the image data for the
uncovered or non-hidden portions of the viewport Vl.are
transferred. |

The interviewport count (IVPC) contained in control word il
of the sequence CWS-g represents the total length of the row

segment 18 between the right edge of the viewport V2 and

the right edge of the display 15 plus the next row segment 19

v



be obtained. Typieally, the inage displayed in the viewport V2 will diff e
fromthat 'in the viewort VI. For exa e, the viewport V1 may contain a
portion of the inage (a) stored in the nory zone 12A (FIG 7), while the
contents_of the overlapping V2 may be a portion of the different inmage (b)
stored in Adieenetme \lefanedddfof theediésplaywllswand #3 desocédjecdfwiid t he
viewport V2 al so may contain other display parameters for that viewport,

such a pi%&wresFoY! base address or zoom factor. The presence of a control

word #3 in the se =0 Indi ed i L continuation bit field of
t he control \/\EFE %ﬂc}?ﬁt %\fds%r%egggugﬁ%? a‘FEloéD%‘oen i“_rlu%ét %oen °6r “8tat us bit
W || be tydieodr thd"vidwpoltlievsadml «aBhl &l pordidnsefuanRce i EWy:4 vthgi contr ol
words #1 and #2 specify the width (in the screen pixel count field) and the
| ocat i on kf stipélyy dphitdhe PREERNPACHSTH Id ¢ildpl agrthin( ancertdnveSiediel d) in
the segnent 17.of the viewdort, V1 ich is nat hidden by the viewport V2.
Thi's wi dt¥" "3R4 ‘ﬁ%ﬂ%e‘)ft FEEREE i B LS CHBRY i R h%\a@ 18f the
sequence QABrg1 Wwhid #Qf iaOURSEsRenbBI &id- 1 hanithe qpveacal | endndiheof the
viewport VI. Accordingly, in assenbling the graphics display 15, only the

i mge dat®PCovalhe imEwidr efl Bre sequbnckidwsSpgr to onscomhtt fier wihewport VI are

transferred. The_interviewort count (l1VPC) contained_ in control word #1 of
the SequetfeaERALEPI i ats SR < PhEBBERE 1LREENSER Tre LPOW SHGnERt 15

bet ween tie ehgpia;%ea% the MdRweggt é@ﬁ@dvg ddglh, edge of the display
15 plus the next row segnent 19 9 between the Teft edge of the display
15\§pd t he | effheenkget Glegibhfce CWS-k will only contain control words of

format #1 and #2.  In this instance, the content of these control

words will define the content of the correspondihg segment 21 of

the viewport V2. O0Of course, the continuation or status bit field

cf the control word #2 in this sequence CWS-k will be false or

"0", since no continuation control word #3 is used as theré is no
overlapping viewport portion associated with the row defined by

the sequence CWS-k.

The final control word sequence CWS-x associated with the
display 15 will contain a control word of format #4. This will
indicate by a true or "1" bit in the end of frame field that
this is the last row of the display. The controi table address
contained in this control word #4 will indicate which control
table is to be used to generate the next frame. If the same
display 15 with overlapping viewports V1 and V2 is to be
repeated, this control table address field of the word CW#4
in the sequence CWS-x will contain the value Acpy associated with
control table B (FIG. 3). Oh the other hand, if it is desired
to remove the overlapping viewport V2 and once again produce

the display 10 with only the single viewport V1, then the

control table address of the word CW#4 in the Sequence CWS-x



@ewport VI. The control word sequence CWs-j associ at'ed with-the 'bottomyrovxﬁ/

the viewport V1 and with a portiog(pf the viewport V2 will be simlar to
t-he . sequence CWs-g and will contain continuation control word of format -
#3. The interviewport count (LVPC) _Ln contr.ol .wor 1 kN equence CW5-j
will be igre5PRY3HhaRet ﬁ%éjﬁﬁf’cp\?gﬂu%s?on %}ﬁfi 8%%%“?%836%%:%%&8-9 t Oy
accounty f Qi .t Rey Orgahe! teWidenekol heavaWaSegeEnde Achetvepndibe | ef t-"edge
of the display 15 and the left edge of the viewport V2. The next sequence
CWE- k wiHd dampyaygdrtt.ai Rheoshangle wor dispifayf @i bt reauigedng2bit-odtt hi s

i nstance, the content of" thefe coPtr | words wil] definne the t(cslontent of the
corres Kn§T SR RINE S Y B1OT Ry PAARY? (IRFPPIEF TRARSSE2 Rt &St i nuation or

status it fielgh ofad hesCoUQlea@hde##2 drt Jrhhse s€quence CVS-k will be
fal se or 8‘, since no continuation control word #3 is used as there is no

- overl appi ng Tveeppsddntpantventi s Sccnat ellimiitteld thethowrdehgerehtbwit he

sequence CW5-k.- The final control word sequence CW5-x associated with the
di spl ayF B i WheepRnE K1avRdrt VGl OXBF HeRY. & SPRELOHALL PAPEPGF 1V*S¥idi cate by

atrue or_ "1" bit indth r ' t [ S | ast row of

t he di s%cfraf'y. l'Thiem%:eo%n 'rgpg{]xgg\%rfa ggggéigog%tm%?geﬁ imnv%rﬁi%gi’%ggnt rol word #4
Wil i nghi Gafoe twhi £ e ekl y taddia ragyt 0 D wsedrt exgenesave the next frane.
| f the same display 15 with overlapping vieworts V1 and V2 is to be

r epeat eaenlaipeingniepiporsbperantemess st aeg dildustratedrid EF#4 *n t he sequence

CWs-x will contai .tt1e_v %’ue CT2 assocj at, &With sontral. taple B (FIG 3).
On the DRSS _ﬁgﬁ IREEY <P st YestG%Ed &t B e?g $ERe%Y reralpgﬁf)l%ng Vitewport V2{_j
and Oncgo&%aivfi,pwﬂuﬁse. t hgedisirad ¥Or# ddyuilckst heudi nal enyi ewport VI,
then the control table address of the word CW{4 in the sequence OG- x
sequence CWS-t, which encompass all three of the overlapping
viewports V3-V5 will contain two continuation words of format =3.
This is illustrated by the sequence CWS-t of FIG. 6. 1In
that _equencé, the control words CW#l and CW#2 will specify the
width and graphics content of the segment 26 assoéiated with trne
viewport V3. This .control word CW#2 will have a true or "i"
continuation bit. The next control word CW#3 in the sequence
CwS-t will be of format #3 and will specify the width and source
address (MPSA) of the graphics content of the segment 27 of the
central viewport V4. This first control word #3 itself will A
have a true or "1" bit in the continuation bit field, indicating
that there is yet another continuétion word CW#3 of format #3
within the sequence CWS-t. That final control word #3 itself will
. define the width and source address (MPSA) for the graphics
content of the segment 28 within the viewport V5. The con-
tinvation bit field of this final control word #3 will be false
or "0", indicating that there are no additional control words
of format #3 in this control word sequence CWS-t.

" The display 25 of FIG. 5 contains yet another example



change in display will require no bit-blt block transfer return of the

hi dden g[__aphi cs inmage datd in the viewport V1, as was required in the prior
art. The present invention is not linited to the arrangenent of FIG 2
where oné viewport V2 overlaps a portion of anett her view port VI. |ndeed,
t he nunber and arrangenent of overl apping viewports is conpletely
arbitrary. Two ot hevof evanjdppénoiviesperts tbangayi W@oduadrwgeMt Sresest

illustrated in FIG ,[5. here t he, di spl a 5|ncJudes 6Ll 0
over | appi ng vi ew pdFiE sI \V&d t@?f c?%e )éo% 61 VIS auie (%erlagﬂedn 3s the

sequence CWS-t, whi pkrteagmpmsneal\lueizbdsﬁevmfsxthaeﬂvedsnlpapﬂuyg"wwworths
V3-V5 will conta| n two continuation

o et it ed by he £l CRiReebavE 0 mhEE G2 e luemart A, SarBEE AT BS LB ENEERE £ o

words CWH and CW2witd kegpaced yuthasvinl Bequiadcgromphi o3 ert ent of the
segnent 26 associated with tne viewport V3. This-control word CW2 wil |l
have a true or "1" cont FRtBEPBIFREE (CHS-FIRdSASOPERINS FER CRRYIFUEHPE FIRtERb

sequence OWE-t Wi || yb@sObw#3Qr MY pérkidlthe)i the $REM bilo tRRLM10LE-aNEAOUN Ce
address (MPSA) of the graphics content of the segnent 27 of the central

vi ewport V4. This frrSEWEDREr Blie GRRtFok¥ardstaauensty CWHnyy dediner g ideh epd bt

in the continuati Onsbdrtcef&tﬁlrdss '(ﬂf’élp)afélng:hg philR' Eodtdn¥ &s @ﬁ'@tsgﬁrﬂent 29
continuation word CW3 of format #3 within the sequence C\5-t t final

control word #3 itsef f*—hw Yiewgest] M& tohtheyilgft ofnthes oueiappinty ES%’P(’NPSIA) for
thé'/gr aphi cs cont emrh &Qﬁm COERLe 28 é’iq;tshé Et‘g w\ék?WEt 1Y1rr’ e,C%Q
trolword 3 W Yalse or

tinuation bit field o |naI con
I ndi cating that ther‘la" airdivetimithe emastencenef ek lwaustsone continuation word

of format #3 in the sequence CWS-~-t. That first control word
#3 itself will designate the width and source address of the
graphics data for the segment 30 in the overlapping viewport
V7. This first control CW#3 also will have a true "1" con-
tinuation-bit, indicating the presence of another continuation
word CW#3 in the segquence CWS-t. That wérd CW#3 itself will
specify the width and source address (MPSA) of the image data for
the segment 31 of the viewport V6 situated to the right of the |
overlapping viewport V7. The continuation bit of this final
o/ ' control word #3 itself will be false or "0", indicating that there
are no additional control words of format #3 in the sequence CWS-t
The various control tables A, B and C described hereinabove,
can be uﬁilized directly in the hardware real time display system
disclosed in published Patent application No. ,
- 2130857. In that copending application, the control word
of format #3 was used in connection with torocidal panning of
the image displayed within a single viewport. The present inven-
invention utilizes.the continuation control words of format #3

for the different purpose of producing overlapping viewports of

il contain the address [err] associated with control table A. On the net
frame, that control table A wll be used to produce the display 10. Th



format #3 in this control word sequence CWs-t. The display 25 of FI G 5

A.ai ns yet anot her exanple of overl apping viewports that may be
produced using the present invention. In this case, a first viewport V6 is -
overl apped in part by a smaller viewport V7 situated conpletely "wthin"
the first viewort V6. This arrangenent is generated usi'ng control wprd
sequences such as the sequence CWs-w of FIG 1@._Thi s sequence CW5-w ar'so
contains two continuation control words CW{3. 7 1n particular, the first two
control words CWilarkatira@w;erighaenpatcant gEAPhEE FoatentendiseCyi-the dyfstar a
wi dt h and source ag r othe i e f &srent 29
of the viewport V6 gg'? é&%}?f %{‘&t éé]'dvgé @Ebﬁ&gﬁémgg?ft!‘s{’/%m?ﬁe
continuation bit oApplm.SNa.0R13QS57Wor per@if® repl [tibe qiraet genérition mpdi cati ng
t he presence of at_|eas

..ohe continuation rd. of format #3 in_the sequence
I £ That Tirst VORE oG R arr g Ul R PR REP R nihen ab aRETCMOC

source address of tHeecortdphationdainkréDwotdarsaggepatit ddsdlvstédanovier paEgsnng

viewport V7. This first control CW3 also will have a true "1" con-

tinuation bit, indPPatfHd°Phe presence of another continuation word [err]
I n the sequence OG-t .alldeahativelly O3S priesedtl invdnkispeehfbe hded whdt h and

source address (MPSA) of the inmage data for the segnent 31 of the viewport
V6 situated to thefIPERELBf Yithed AYEFPLIBI T DI BifpdPasearodvfied ©8nt i8R i on

bit of this final £QuksQr 6RF dsterebs@ld byidtbriigy tid S8ee ifdge,i Neliagaidang
that there are no additional control words of format #3 in the sequence
CWs-t The various ¥5Re¥olintahABagmerPTyng TaGRBPFHds FA%PMahdl &S2588h be

utilized directly $nni6e, BardiRhfodien!wikh hedt@Plinnits| Gl dRCbagRE i N

publ i shed Patent application No
converted from digital to analog format to produce the video
_drive signals for the CRT. Often such systems include two
separate image memories or buffers, with the CRT being driven
alternately from one of the two image buffers, while the other is
being rewritten with new disélay information. Such double-
buffered image memory arrangement is employed in many present day
personai computers and other graphics display systems.

The inventive continuation control word system disclosed
herein for the production of overlapping viewport displays
readily can be used with such personal computer or video display
system having an image buffer memory. In such implementation, A\
a control word interpreter program, such as that shown in block
diagram form in FIG. 8, may be employed to generate in the image
buffer a display with overlapping viewports defined by a control
table of the type disclosed herein.

The control table interpreter program 35 (Fig. 8) is
entered at the beginning of formation of the display image. 1In
‘a real time system, this may be synchronized with the beginning
of a new frame. 1Initially (block 36} a pointer is set to the

initial address of the selected contrecl word table. The pointer

#



-

2130857. ) I h that ‘copending application, the control word of fornmat
#3 was used in:connection with toroidal panning of the inmge displayed
withim a single viewort. The present inven- invention utilizes the
continuation control words of format #3 for the different purpose of

pr oduci rig(,overl appi'ng vi ewports of -12- arbitrary arrangenent and

graphi cs content. Use of the systeminplenentation showmn e.g., in FIG 2 of
t he published Patent Appln. No. 2130857 pemif s real tine direct

generation of video displays containing overl appi Vi ewports, when used
with the continuati™¥ TBRETE 2wbT9d 55T gﬁb‘ghéﬁ’t&&ilg’gllﬁsje?fdleﬁ iR Pfesent

application. Alternaliesd) ¥epil BE RUTeSaNACH{\OPidRBndidg PéspusEiel tooNNect i on
with a systemin which the i mage produced on a video screen or CRT is
generated by storirf§etHecEing padnasagf cPREplgrabars fr Retnd § Peafribrdge

menory. That mendragels, I 88gb @biock! 87 Y @St&Htrol wora seqh@tidi Sdbntéd is
synchronismw th the CRT scanning, and the output converted fromdigital to

anal og format to prigdtiadieerk t RRAGLAET Fhe fiigphlcontenl vexrs epmmency tléngsuch

systems include twqpgeaLat& bHBGS TRRE &5 e0fedUbiGhs tapilh the CRT being
driven alternately fromone of the two inmage buffers, while the other is

being rewitten wth nék thegrasraraten FatisoheimBugbeditabload pukericd | mage
menory arrangement deﬁoﬁﬂplcf?é/%ﬁdééh?%tgﬁeosfe@fuisd%aé%%&&é@' ifQ E‘f%rag“d

ot her graphics display 'systens. e 1nventive continuation contro
system di scl osed hdbdeck B8l e.hge, proopeigiti bwitdhllw & | theptory leftewporelr oif spl ays

re@gi |y can be used i th such persgnal e(r:o:l.':g%llétrei{s QL ne39€Q.dhSRkRYa SYST § e
havi'ng an i nage bufTer r’rgrm‘?y. I st np enent at1on:

system, or with the first-in, first-out (FIF0O) system disclosed

in published Patent application No. 2130857 <the operation

block 38 is skipped.

Next (block 39) the first two control words CW#l and CW#2
are obtained from the control word sequence CWSj in the
designated control table. Using the contents of the screen
pixel coupt, word count and memory pixel start aadress fields
of these control words CW#l and CW#2, the designated number of
image pixels are moved from the image source (such as the
graphics image data zone 122 of FIG. 7) into the.designated image
buffer locations. In the event that a graphics display |
parameter such as zoom is indicated by the contents of the
words CW#l or CW#2, appropriate modification may be made of the
pixel data before it is entered into the buffer. For example,
if zoom is employed, pixel replication ﬁéy be used prior to
image data entry into the image buffer. 1In real time embodi-
ments, or in the FIFO embodiment of published Pateﬁt Appln. 2130857
the designated image pixels may be supplied {(at block 40)
directly to the FIFO or directly to the graphics display
device, along with the parameter information.

Next (block 41), the interviewport count from the IVPC



a_control-word interpreter prograr".‘(”such as that shown in-bleck diagram
@ in FIG 8, may be enployed to generate in the image buffer-a displ ay

' ~over | apping viewports defined by a control table of the type di scl osed-
her ei n. £Thkd cohitcookrohbtadi nﬂ.exsﬁ)rtae@r tprégream 3he( FugpiBlofis entered at the
begi nning of formation of the display inm In a real tine system Jji S

may be S§FEHTVITIZBEXSHS O FBe pRYf ﬁg B?fg% ndWwef bafker 1agceras |y (bl 6ck 36)
a pointer .t Is address of the selected control word table.
The poi %t’eirécr%%ten&g J@cayﬁég%rg#i se a register which initially is |oaded
with the addy eseckers]|tin me&e] (a4 Hlekk] 4ZPIdLERBEMIWE rESpRREti vely to the
starting address of control tables A, B and C described above. Al so (block
37) a céﬁ’@f’iﬂl wer e s%cﬁ%ﬁ@énéoﬁn‘tfé’re Ps [hi tqitiredtion puitnt IH the first

control n he se uenc t he sel ected control
tabl e. #\DCE ees { n#gr%%a £ rq§§ %re el 1g*h us °o°"lt25851 %o ’b‘fé‘ﬁﬁl“ﬁgc?‘mmry, t he
addr esscp®j N¥eratol ehdl oriemeght Dilfftloni sohfidl Aoiraeds (Al.9ek 38) e to
point initially to the top |eft corner of the display. If the i nterpreter

35 is behhy r¥ddini e¢cessedafrom mhes popeapr rtanicbhtt bk fablet {bhock i r st - out

(FI'FO tem.di scl osed i | i shed RPat ent applicatjon No. 2130857 the
oper at i gﬁbl e §§a?rél°sskld658d efESNRtef| BR KPS CPRET P} Mard #8 control wor ds

CWH  and (Ve +3b8coPt 'd&qnggoﬁﬂé rﬁaﬁﬂ?&é ol o q E?qé"ezr&re GYBi in the

desi gnated confrol table. Using the contents of t he screeh pI xel count,
wor d coufitarantemdappingiviepst arduchddsesse f\tﬁ\s@&rﬁfvi hess@1gonty als wor ds

CW#l and CWf2, the designated nunber of ‘\J
accessed from the e51gnated MPSA address in the graphics image

data memory zone 12A and moved to the buffer or FIFO (block 44).

The interpfeter 35 then loops back (via the péth 45 to the
block 42) to determine if the continuation bit of the present
control word #3 is true or "1". If it is, aﬁother control
woré %3 is present in the control word sequence. This would be
the situation with the sequence CWS-t or CWS-w of FIG. 6. 1In
this. event, the blocks 43 and 44 are executed once again so as
to provide the graphics data for the corresponding overlapping
viewport segments to the image buffer or FIFO.

If the continuation bit is false or "1", the block 42 is U
exited is via the path 46 and a determination is made (block 47)
as to whether there is a control word #4 in the present control
word sequence Cwsy. 1If the_present control word éequence is not
the final one in the control table being used, the block 47 will
be exited via a_path 48 and the control word sequence counter will
be incremented to point to the next sequence in the control table
being used. The interpreter program then will loop back via the

path 50 to the block 39 and repeat the steps just described.



i mage pixels are mbved fromthe inage source (such as the graphics inmage
data zone-12A of FIG 7) into the designated i mage buffer locations. In
event ‘that a graphics display paraneter such as zoomis-indicated by the
contents of the words CWHl" or- CW#2, appropriate nodification nmay be nade
the pixdl ;data before dt s entered into the buffer. For exanple, if zoom
is enpl oyed, pixel replication may be used prior to inmage data entry into
the image buffer. In real time enbodi- nments,=d¥® £n the FIFO enbodi ment of
publ i shed Patent Appl n. 12t8885%hal hentasli goat edqientgeispbeitlySprryséd supl,i ed
at block 40) directly tpo the FIFO or directly to_the graphics display
((:Ievi ce, al onzg with W%ep’asr ﬁrréf#ér“f ﬁgSr‘?ﬁf?‘bﬁf et {BRotaauange’ - Hig block
i ntervi ewport count4f WO leeediVEE via 4 igakRl :0f. OoMyet étler¥D bl ab8rdsseslitO
direct the supply of background pixels to the buffer or FIFO. The buffer
address is increment®deatE8r thefgts oPra g IroPsthenerptratievordt #4pak lenrasged: o
deternine if the COfHtbOlneVRbskrb2 €k iditedr LEIRLRf (blockC8B)] NYALY g@nc?'et -
If it does, indicating the presence in the control word sequence [err] of
at | east one conti Foh tabift 48| usRGr tP GrnedtAciheyentirnidisplays Fiisgwibssed
fromthe appropriatg ¢ROt#iQh1 AR i6R] QK AR) prob2en GsaPhliced fHatq, designat ed
by that control word #3 (which typically defines the graphics content of a
row portion of an OMEEFRAFAVEYY v E¥RYSSr ROTSUSINtLSL ttiableas appdet us¢g? té geh@atR)

is accessed from thg (designgd.aq dg |, N g S.Uf s_J.nag at a
menory zone 12A and mvedﬁtgéthg‘q{t%fer or? Ialk'gm%E%ocE@% .gef}ﬁgg‘i ﬁ"thgrpreter
35 then | oops back qontzok wWerpsehuerSet counher lwoobk ad&)n be idtimlized (efgthe
conti nuation bit of

séihgoryhs§§”}%r the new control table), and the program would
return to block. 39.

The instruction set for the control table interpreter 35

may itself be stored in a zone 12B (Fig. 7) of the memory 12.

That memory may also store the control tables in a zone 12C.

A control table assembler program, used for establishing the

contents of the control tables, also may be stored in a zone 12D.

Such an assembler is generally described in published Patent

application No. 2130857. In a display system using image

buffers from which the CRT display is generated by raster readout,
. zones 12E and 12F of the memory 12 may be utilized as such image

N buffers.

Thus the present invention provides an efficient system for
producing graphics displays with arbitrary overlapping viewports.
The arrangement of the viewports can simply be changed by
altering the contents of the control table. An overlapping
viewport may be readily introduced and removed merely by
changing the contents of the control table, or alternately
by selecting different prestored control tables. For example,
the control table B or FIG. 3 may specify graphics contents for

the non-hidden region of 'the viewport V1 corresponding to identical



trol word #3 is true or "1". If it is, another control werd #3 is
lsent in the control word sequence. This would be the situatign with the

Sequence CWs-t or CWs-w of FIG 6. 1In this event, the bl ocks 43 and 44 are*

execut edapRLes agFiormsviars iro theovinkle tvdewpaphis ofaf &5 f o -t he .
correspondi ng overl agpi ng viewport segnents_to_the igage buffer or FLEO |If
the corfii Rbak i AFeDi £0F OYSHIGPPRI Y eWRHE KP otk 4516 TXited is via the
path 46 and a det enm DAk i Qg eFRAE diPlQekaddd1 AS ne@epaisher there is a
cont r ol*Swol 8 I'n the present control word sequence [er r)]. I f the present
cont r olg MREH: ¢ HeRMeeni Sorttioll heablésnal amaeBi n Ndelookt todnsizbl e bei ng used,
the block 47 wl| be exited via a path 48 and the control word sequence
count erofwiimhgdedatiac AenEpdwer 9 afoF e tidet fhenksansd&dBnt® %3¢t he control
tabl e being used. The i|pterpreter r.am.th i L via the path
50 to tfﬁémeB%lég’fé’Iﬁﬁdwe%%%thet é-SE{%%slﬁ ﬁgs:t gg%%mcérﬁebgggplaﬁ-cﬂgw - If the
final cQnthel aypidySeqauente dnssbabige) ahRSEftrdduckiont &ed eemdval CWH4 in
the present control word sequence), the block 47 will be exited via a path
51. Thefcenerbipmiag sievpertss isexery eifdaiselly higtpliegepbedi ned fromt he
control word #4 and entered into the control table pointer register (block
52). If a single control table is used to generate the entire display, this
will be the final operation, and the programis exited at 53.
Alternatively, two or nore control tables may be used to generate different
portions of the display inage. 1In that event, the control word sequence

counter would again be initialized (e.g., set to CA5-a for the new c.ontrolu

table), and the programwould return to block 39.

£



The instruction set for the control tablng ynterpre i be
stored in-a.zone 12B (Fig. 7) of the ne r?/ 12. Thiﬂ" mﬂﬂgg o st o@
élg.} Uy : {
er W

t e cont “Fabl es in a zone 12C. A control table agse useg
for establishing the conténts,of Jo) bl stored in
a zone 12D. Sug‘n é"ncﬁ's’gﬁ%lsérs “lglg %%ﬁ@%gg%“%ne%%r ivgéaoﬁénlss%&g? %{gﬁegd Pat ent
appl i catdz@BnNos im@L308R 7which image dduad @sdhSdund)leqY$h edBdbsicagct mage buffers
fromwhi‘ch"the CRT ‘display is generated by raster readout, zones 12E and
12F of tdiehnenerorel? cpayrdle tabilei z8w dgpsavemantagbebaitiers. Thus the
present invention provides an ficient systemfar producing.graphics

di spl ays with ar BiaEaF§P By MEL? n"bt’silé\%ﬁo?tie.t ecg??‘a é’ﬁgﬂt of the

vi eypor 3 gGaRcS Maknbee Shge dnbyudiidgehl BYr e dreRbeNtS ot he control
table. An “overlapping viewport may be readily introduced and renoved nerely
by changiorgst &ef xdnigeat segpferithef contdimgllet abéwpormr aakit @t nidtaslty by sel ecting
different prestored control tables._ For exanple, the control table B or

FIG 3 mf SPREITYRtPAPAPRIT QoNPERtEHIINENR FRATALIOE rEFREATDF t he

vi ewport .Vl r.esnQndi i d | G 1 i rsggatttio in the
single vvilé\‘i\'ﬁ%?% ‘%ﬁﬁgxf gkggﬁgs%erar FQII’%H?L&E (s:ggcgpﬁt eeO\%r appi'ngné\i/i ewport V2
of FI G whegalin:be "introduced" and "renoved" fromthe display nerely by
swi tching between control tables A and B. No block transfer of inmage data
isébequi red at therid gEstere incandes RARrniss fARdRt FHiGArgheNYiOBEEPEA0 to t he
di splay 15 or .fromthe display.15 t e_di.splay 10. Ip iS . er, the
i %{/‘oduc"t' §ft8n ?Setrrﬁ\‘?ggr%f wé’égr ép‘g‘?}r\% \?ggwg}(’)er tcsonlqsen\l’?%ré/pesgﬁggggnt |y

i mprementeid+ one continuation control word to assemble a graphics image
having overlapping viewports in which said defined segments of

said single viewport and said separate viewport are contiguous.



IMS: 1. A control systemfor generIaS/i ng a vi iﬂﬂm\uﬂ lﬂﬂﬂmﬁ‘mr aphi cs
lge .in wnich imge data is assenbled in accord cont roI

tabl e, the inprovenent wherein: said control table ut| i zes & sét of
control word B. Amnéesysmtf%eqﬁlmmgcau@d@ difpiztatdent r ol v_vord
or words definin H of  a sin Vi ewgort and ‘at 'l east one j

3 Wﬁﬂ ch

cont i nua‘ﬁa(ﬂji‘lé’ﬁnig’?%q 4o4eY i Imags Sg’é%g‘rﬁeﬁf ’f‘bjaedséﬁaFﬁf‘érQﬁ"é\ﬁport

over | ap%ﬂmgrLFQ&@fcﬁQ&ng£M ¥bA¥PQYilng . and wherein: said system
i ncl udes neans utilizing the ‘cont ent s 19.0 of said first control word or

words and the confirdts mebnsafer attiléadtg dme sadatdontabilonaksbanta ol word to

assenbl e a graphics inmge havi ng overl appi ng viewports in which said
def fned %ﬁé’g}ﬁénfgn’bplsé’%dsﬁﬁ‘éﬂ"é‘WSeV\B%?kE %fnétsé?%F‘séﬁa‘Fa?% $Aiéwport are

CONt | 9U0Huenced S5 a AGETA T Ble Y SLATH T ANSLAULNG. e¥Ldeg, O spl avabl e

gr aphi cs | Pmage data IS assenbl ed 1 n accordance with a stored
control 4 aé@g&eneoapra slmglefvw,tpmaasafﬁ lebbti gdGonBif@d€igontrol table
ab set of control word sequences, each of at |east sone of said
sequencezent¥Oludprd definize %‘Eﬁltgrrélph\)\er@@en\ﬁer@l% alefeigRERy a segment of a

si ngl e vi ewport and east, one _conti nuat| on_coniro word defining the
graphi c cfgr‘?t SFPer abusteﬁﬁ%ﬁ]fapcﬁmg EPE W Bﬁf’ {/’et taﬁﬁf‘ﬁﬁgvi ewport, said

firgp cofdddPlr words including a continuation field the contents of
which indicates the presence in the corresponding sequence
of said at least one continuation control word, and G/
second means, responsive to the contents of said
continuation field, for assembling image data for said
15 overlapping viewport in accordance with the contents defined

by said at least one continuation control word.

P



10° word or words i.ncluding a contlnw#4%N1f|eld the contents of which
. ndicates the .presence in the corresponding s “ “ | east o@
centi-nuation control word, and second neans, e'mmﬂﬂ"l "m mtcontents

sai d continuation field, f or assenbl i ng inage datd fér %aid 15

over | apping vilwpér tonwcalc(;@sdamcisowgtenem'elrtmm gnéshidef iimege by said at

| east o continuation control A control Xsten1for
generatlﬂgseﬁiﬁ%%&ﬁleg ?rﬁﬁﬂ§°dpéfﬁiﬁ¥1bﬁédofpef“hqgeﬁaﬂ?siﬂ%§§ Y3REE i n which
sal d di SPLyal 2 JsUBgEy 4P S SEHBI A PYrBR A 4Gl b A ROUM ce of Tmmge

graphics data 1ine portions o al d 71 nmage defi ne y a set of 5

sequent i gkapiits’ @atwol the gprenors abrsadinithden sefihestoicanseolot abl e, the

i npr ovenent wherei n: each control word sequence in said first control table
i nc} udes SAEUETIHS]L GABLFPY HOTEoREAMRNGRSr GOUBTII NN a2 | FHFSTPEPRYI of a

single viey ortt“angm peldiding a. co gd&tl nuation 10 field, at |east sone of
said cont?d Euences i nc I'ng at | east one conti nuati on control

wor d defi ni ng a Ileehp@dsrtﬁm Pbransddiehck Nge RNIGe Rt r ¥t @WRRELL tiHle
over | appi ng viewport, said systemincluding: first neans responsive to said

at | east inppkudds ot 18ast Ctm-ntfliG#tvm@rpérwatfhtﬁelfiingn@raapihhes data specified

therein and provid di bl d
Second nBARSLUR LA BHP90F VAERBREE 410 ARG EGHI% A SoBF LCAG Bont| huat | on

fieldl, fereAgaUy Ilegsgrsaml 6% dald® hRGbLLI gskd @ﬁ%qc&mwcmuaﬂgm control
wor d and prOV|d|ng the sane for use in said displayable inmage,

mﬂs;eby avelémppiong contlnuatlon control word defining a line portion
of another independent viewport, but overlapplng viewporz,
said system including:
first means responsive to said at least one first
15 control word for acquiring graphics data specifiéd therein and
providing the same for use in said displayable image, and
second means, actuated in response tc the
contents of said continuation field, for acgquiring cgraphics
data specified in said continuation contrel word ancé groviding

20 the same for use in said displayable image, whereby cverlappirnc

viewports are established.



vi ewports-are established. ' 4.gc%ont r ol sysﬁmi m3
i Nng a second control table containing anothe ‘“mal contr ol
sequences defining a displayable inmage hav“mm“m EW ped d

vi ewport containing i nmage graphics data 5 corr esponditg St o*t he i mage
gr.aphi cs data of said single viewport, said systemfurther includingg~neans
for alternately sel egtédiopthethstesadobbing «PME9L $atdwngr said second
control table is used 10 =~ for generating said displayable’i mge, whereby
sai d di spbayaid eontage wvabdle contaimingairdoshen|se=tvioéwpegderniailt sel f, or said
single viewport overlapped in part by said_other independent viewport, in
accor dafeBtF % Jert §§9'§e%etshdﬁlgb{‘+ﬂegr as digriavie dmageiRPYHMEst control

>

table ig ﬁ@hgﬁe%ﬁggpg?lg%j[é%p%E@pP!: i@i@?'sgﬁ(%ié)’l%zfg hidYS4H for generating 4

gr aphi cs 1 nmage e on a video rrsing: neans for
storingcareespdndingabb ectioonsiagki geapiicd 8eta Of GAKr eindy d sequences, each
sequence including a first 5 control work subsequence specifying a

segment VéE¥ROBt ngl e vi ewport, said specification including an address

identification ogagges?94%9§ugghggqﬁﬂhggihgpge data for said single
vi ewport segnent,” and 1t nformafion relatirng’to the position of said segnent

wi thin said displayabh@addT8@e, alfernately selectingS@heehablfaignes of said
control word sequences al so
. first control table or said second control table is used
10 for generating said displayable image, whereby said
displayable image will contain said single viewport by
itself, or said éingle viewport overlapped in part by said

other independent viewport, in accordance respectively with

whether said second or said first control table is selected.

-



-anot hér viewport intended to overlap at |east a portion of said first
viewpoert, said specification including address identification of the sour
of graphics inmage xlatraphbcs disfpaaysesrtrouesyapyn o rsgendkhtiingWort segnent,
control (table interpreter neans, cooperating with sard neans for storing
and r espohsireehieyudigrafispiayadardorat véflee ohtsmdlyworehmagiegces, for
acquiring the graphics iinmage data for the.se nt of ;sajd single viewort
specified by said Tirst 3D £or3n8 2 CIPSH d et 8ai d addr ess

cant ai ni ng a 'secont control word subse;%&nce speci fying a segnent of §§§§>

EGRERER 1% &

i denti fi edcserreentloll WBge flafuanasd, fQichsypRla g shbatadat a L9, generate

sai d di spl ayabl e i nage, and neans, responsive to the presence of said first
con®rol wendreslbsedusnbeeqienceaspediiviggt hesegragphi 08 a neigeylkor the segnent
25 of .said overlﬁfggggi econd vjewport specified by said second control

word subS3§liRREY 38 E5HA" athfileddng gehadereds stiancé fdfFatirlye dat a

aﬂd supplo¥i @QetMrc@abﬁ P8RS %&é@a@adfépls@iﬁbg§n&f@gﬁ’ew #L eby a
di spl ayabl e graphi cs i mage cont ai ning overl appi ng viewports S produced.

segment, and information relating to the position of said
segment within said displayable image,

10 selectable ones of said control word sequences also
containing a second control word subsequence specifying a

(% segment of another viewport intended to overlap at least a
portion of said first viewport, said specification including
address identification of the source of graphics image data

15 for said overlapping second viewport segment,

control table interpreter means, cooperating with said

means for storing and responsive seguentially to said set of
control word sequences, for acquiring the graphics image data
for the segment of said single view?ort specified by said first

20 control word subsequence from said address identified scurce
of image data and for supplying that data to generate said

W, displayable image, and

means, responsive to the presence of said first controil

word subsequence, for acquiring the graphics image for the segment

25 of said overlapping second viewport specified by said second
control word subsequence from said second address identified
source of image data and supplying that data to generate said
displayable- image, whereb§ a displayable graphics image

containing overlapping viewports is produced.
_—
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