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the Invention: 5 1"-’::ANBV Nl
nore particularly, to circu :.rmm*

segnents to be displayed™on tne outpu .

History of the Prior Art: A mBAGKGROUND: OF ERE | INVENTIOMuters to provide
graphic displays is that for a single frane of graphical material to be
presented on a catﬂode&&d_@aﬂi@, it is usually necessary to store an
i ndi cation of the informtion Ich s to be displayed for each position
(pi xel) of the cathode ray tube. 15- Wth | arge and detail ed displays, the
nunber of pixels on the cathode r t ube may be approxi,mately one thousand
or greater in & hori zoﬁ?‘ﬁa}“ﬁ’?"@&'g%??séﬂdwﬁ‘ph%éyﬁg‘ﬁ’ﬁé"di Wqﬁéaﬁ'ﬁﬂ‘“ﬁﬂlaﬁ"
direction giving guft. I ' RYZ b o . ' about
whi ch i nformati onebl“%ggt"g 1Ige %@ﬁé@?hﬁhg pé'rnggrﬁrﬁgcfl eg@g’? %n%o\l;% @ﬁﬂ?ﬁgﬁam e
of providing a nurtheoutput displagrot atcomputersy§t®m. on t he cat hode ray tube, each
of these pixels contains eight bits of digital information specifying the
particul ar col or output. Consequently, approximately eight mllion bits of

I nformati on need t bew.fram to be presented at the output.
25 Not only“doe ion have to be provided for each

pi xel for eactyfranme of the display, but in generating graphic displays,

the usual nethod of determ ning the shapes of figures requires that various
al gorithms be applied thomejes prohlemtin ulilizitg-compriersitp guevide graphiqgisplays is

i nformation i s hangll v.the,software of 1 t t] t.he

posi tions of eachrkggfﬁf 2t%"%%“§8‘° °ﬁ§%‘§%éhggﬂ%y%§eg¢rﬁ\gﬁﬁgg °t"%°%}g?%e & be
di spl ayed at that {geRCRT),GME dsb&llﬁﬁ@ieg@&ar?ib Sford &eingitatienot thedinfpiniionher e
functions such as animtion are essentially inpossible. For exanple, in
order to present awpiohthba)cﬁspwmmfmachcﬁosiﬁpamixelx ofithe cathedeary tuke.

' h h ' I
determne eac 1se ndW?tR Igr%% an X eltgi%%tdaismays, the number of pixels on the cathode ray

tube may be approximately one thousand or greater in a horizontal direction
and a like number in the vertical direction giving a total of approximately
one million or more pixels about which information is to be stered. Ina
preferred system which is capable of providing a number of different colors
20 on the cathode ray tube, each of these pixels contains eight bits of digital
information specifying the particular color output. Consequently,
approximately eight million bits of information need to be stored for each

frame to be presented at the output. | C

25 Not bnly does color information have to be provided for each pixe: for
- each frame of the display, but in generating graphic displays, the usual
method of determining the shapes of ﬁgfxres requires that various algorithms
be applied to the data to shape those figures. If this information is handled
by the software of the system, computing the positions of each point to be
30 displayed and determining the data to be displayed at that point slows the
operation of the system to a point where functions such as animation are |
essentially impossible. For example, in order to present a polygon on the

output display, it is necessary to determine each end on each horizontal



-2- line which nmakes up the pol ygon because the Information is furnished to
the display by scan lines. [In prior art s¥stens, this determ nation of the

-ends ~of each 1'ine ¢ e scapned to the output displ.ay requijed the use of
sogt" Viar e run by tH'é'gch‘E*r g‘ﬁr‘lfﬁ %L{'&qqq)@oa:hagaws@sbg ?ﬂfﬁwaﬁi’a ighed to,1he

val ues for 5 eachyigfiayby s l%s.emb\i&raﬁwlysﬁﬁals e nﬂﬁn%%@@ﬁ@sdof Such
arrangements increase the time taken to present the graphics to a pol nt

wer e appreci abl e gashiling tobe tshanniidp the/ outputidisplay-equirdd therusasod softwarei ous.
systens utilizing hardware t.o sPeed peratjon have been suggested.

Oné -net hod f or spe'H_Bin ?ﬁﬁm@d@%ﬁeﬁﬁaghggii&? osRlyate the &nd valesdes " and
| oads one buffey Hﬁchescrangneloﬂﬁcﬂ ’FE?F%’%"%&?@E?‘;BP&H&@- dp ay. Such a

system significantly speeds e op IrTes essentially twi ce as
nuch nmenory to accarrgngesientstiacrease thgdimelfaken to presentthe graghicsts dpeint pr oposed
-a uni que system for presenting conputer graphics on an output display using
only a single outptRrefarprecialie siowingrefthe display, 9ckmks al | graphi cs shapes
into quadrilaterals, then deconposes the quadrilaterals into subportions
subt ended by |ine segnents which provide a trapezoidal area of scan line to

be di spl ayed. By breakiFagthidredsbs, vaRons systéth® ulizig tidréareab Speédfe Poi nt,
line, triangle, and quadrilateral may be handled In the same manner to

speed t he oper#t i cepesdtion-haveibeenisuggested: 00ae methed foy spaading thewpetation :
information -to be scanned to.the frgne buffer fr top,..fo bottom,. in
reverse, from | ef tYS8§ "P’?QH{F‘,“‘ %?mFrl?“ﬁﬁ'\?«ﬁngé"%‘% qnﬁm@'r‘ﬁh'i?&gé’é@'ﬁge'@%eed of
oper ati on because Aheldi y Py ' | unps
and to scan only t gnf‘%ﬁ)rn&tqlé@ﬂa‘{ gsﬁ{e%@nﬁ s@ﬁ‘?@‘%ﬁ gﬁgﬁgaﬁgﬁo%e

cl Lgped t her eby el butirequifen@sséndially seicoas friuck memary tpacoomnpliblo theastbsage: he

i ntor

mation to be displayed is transferred to the input of the circuitry
for scanning to the frane buffer in a consistent manner. That is, 30 the

o or ekt o § <P ek Rl s 3y AT BN B BBl R GAG, o1, | 1
to right. This is computévegraphiosdn ian output displag usingtioniy @ Einglel aliputianmg esent
buffer. The system breaks .all graphics shapes into quadrilaterals, then
decomposes the quadrilaterals into subportions subtended by line segments
which provide a trapezoidal area of scan line to be displayed. By breaking
20 the shapes into quadrilaterals, each point, line, triangle, and quadrilateral
may be handled in the same manner to speed the operation of the circuit.
Moreover, the system allows the information fo be scanned to the frame
buffer from top io bottom, in reverse, from left to right, or in reverse to further
—/ “increase the speed of operation _because of the ability to eliminate certain
25 pagé mode jumps and fo scan only the information to the frame buffer which

need not be clipped thereby eliminating the loss of time in clipping.

Normally, the information to be displayed is transferred to the input of
the circuitry for scanning to the frame butfer in a consistent manner. That is,
30 thé information transferred ﬁrét is that which is to be first presented. The
information is transferred from the top of the display down and from left to
right. This is not the manner in which the system of which the present

invention is a part handles the information prior to the time of transfer to the



invention is a part handles the information prior to the time of transfer
to the -3- frame buffer. Consequently, sone ‘arrangenent nust be provided
for sorting the information available for storage by the franme buffer” which .
arrangenment operates to acconplish the sorting w thout appreciable del ay.'-“""'%
It is, therefore, an object of the pres_g_nt invention to speed the operation
of conputer systens. It is another objeCt of the present invention to

provi de circui t frameduffonnCoasequentlyhsomevarranddmentmmiso bk provided tef safigohi cal

mat eri al which have,in 10 the usual case been handl ed by the software of

the conputer syYedhfornationavaiiabla dorstorage by the-trame bufierwhich arargemantnt i on t o
provide circuit el i L nf tion provided for
st orage of imagége ggsaéﬁ%bn@g%%ﬁﬁ g%*@&@ﬁ%ﬁﬁﬁ?@%?’?ﬁe%nd Y coordi nat es
of the ends of lines 15 to be scanned to the frane buffer for presentation -

by the out put displ a¥.. It is an additional object of the present invention
to provide cbrcuit ryit spthesefpre. ap obieshef the present invention to spepdihei on provi ded

for storage of | I fer to determning the X and Y
coor di nat es of bﬁ%ﬂgﬁb@%&;{qﬁgs@ 510 be scanned to the frame buffer for
presentation by the output display particularly in view of the clip w ndow

in which the information is to appear. -4- SUMVARY OF THE | NVENTI ON
These and ot her obj eltissansthariebjast ekibatprésent inveotipratocprovdé cireuitry fora new

t put di spl Whi tili . i hj | hy of . hic 5
19 :Jgglrje plrzgeﬁ%/af‘g'i %rﬂnﬁw’é%qﬁufw é‘%ﬁ'@ﬁ'aggé%ﬁf@ph‘ﬁ%s'ﬁ&e ?‘M'g&gglég‘ng only
a single output 1l SefabitadeBePhanbiRadydRé sbitware!dPihd BSmpiiér Qtdhr dware to

i npl enent the presentation of
. \/
It is an additional object of the present irivention to provide circuitry
for sorting amphg the addressing information providéd for storage of images
by a frame buﬁér to determining the X and Y coordinates of the ends of iines

15 to be.scanned to the frame buffer for presentation by the output display.

itis'an additional object of the present invention to provide circuitry
for sorting among the addressing information provided for storage of images
by a frame buffer to determining the X and Y coordinates of the ends of lines
20 to be scanned to the frame buffer for presentation by the output display

particularly in view of the clip window in which the information is to appear.



graphics, it has been f.ound that the information presented to the hardware

10 will be processed more rapidly if it ig of essentially the sane nature

ho ypptter what' the shape is which is to bé¥drawn on the display. The system

is based on a definition of a o ) VU SE ( RPGRRIdR! ch considers the
ich are

SOMMAR
shape to be conposed of a nunber o : P ONS €

quadrilaterals. Crcuitry is provided for rapidly displaying quadril ateral
15 i mages by handling, only [nforngtion regarding the four vertices of
those quadrilaterals. if‘ e g"d?ﬁggéﬂaﬁ%ﬁ the: rresens inveption-angfaalized in g t he

sanme manner by th ' aﬁﬁé | re.: . i n the
display to pr esen'?‘ e?{gﬂg%ﬁs\??‘g%fs ap@&@@‘ Uﬂfzg%é&%%r{ﬂg%e%%ga@%

quadri | at er al s §i ntfiguesupresentatiors wherbby higroépepai grapliiés ma ©eREVIBEA Bsingi ch
subtend a trapezoi dal area of scan lines to be presented on the output

di splay. The X an®™ @ §toale outpetdighlay buffarno ends of each scan line in each
trapezoid are then determned. 25 | The systemis devised to sel ect

t he opti mum manner of deconposing a shape so that the operation proceeds at

its nost rapid. For exmgrder toidliow thé 856 of RarBRafas @ﬁn@ﬂtth'b‘iﬁeéég{ﬁ\ﬁon of
partially within the clip wi ndow and either partially above or below the

clip w ndow, the dsephigs. 8hagibeen founsdtbat theinformatiod|pyesentedte the haideareut si de
th | i nd d . Thi b lished if th
deconposi 11 on \tay W BE BtareedRl FER By 78 i B Safial e same SRR TR So ( hat
the visible porti GRatr %@th@'é&ﬂf)@ is whith [sStb b &éﬁ%ﬁ@he @g@%@e’frﬁ%ﬁems the

operation proceeds fromthe bottom up, fewer page boun sin nory need
to be crossed if tbasedeoama défindioprod @egraphigal figuréishape)oditcts corisiders tight to
left rather than fromleft to right as in the normal case. The crossing of

fewsr page boundarS'@Re 19 B&,CompeReY oh® Rumbgsicd subRariaNsEach phwhigb@seposi t i on

rovided by the s S Ll the.top down, or. fromthe
Eot t om up. yThe Ci @Egiﬂ?{ﬁég a ﬁ’gﬁ@ﬁg}?ﬁ&ﬁe@g&ﬁ ld'||¥ C{l%éaygf)gawa\@ﬁgerg[ op
poi nts of eachisscdmagesiby hamdling oaldhtorinfor tegdfding the four vertices of those

quadrilaterals. All of these quadrilaterals may be handled in the same

manner by the graphics presentation hardware and recombined on the
display to present the desired shape.

20 The system breaks the quadrilaterals into subportions made up of
pairs of line segments which subtend a trapezoidal area of scan lines to be
presented on the output display. The X and Y coordinates of the two ends

of each scan line in each trapezoid are then determined.

25 The systém is devised to select the optimum manner of decomposing
a shape so that the operation proceeds at its most rapid. For example, if a
shape to-be decomposed lies only partially within the clip window and
either partially above or below the clip window, the operation will proceed
more rapidly if the portion outside the clip window need not be processed.

30 This may be accomplished if the decomposition may proceed from either the
top down or the bottom up so that the visible portion of the figure is first
presented. Furthermore, if the operation proceeds from the bottom up, fewer

page _boundan'es in memory need to be crossed if the scan line processing



conprised of line segnents which cross one another. The ability of the
circuitry of thi'S invention to provide 9uch rectilinear coordinates all.ows

the rapid tranmbsieds WonDiight to eftirithe¥ 1NBA (0 16R 1A 86 MiheGlofhbitase 10 oo -
However, the ability to proceed in such nultiple directions to deconpose
figures requi re® ¢pssing pfipmnpame beungsries also aljews mere rapichpperatienrong t he

I nformation provided in order to present the information in a- nore | ogical
order to the frame buffer. This invention provides such sorting 15

capabi lity. The i nTnaideedmpesiidn HoFidad By tifd systdin YdKes plavd ¢nhkt trems each of
- which includes conparator circuitry capable -of review ng addresses defining
a pair of |8 ndhetapadownsor frem thebottomup.hiihel Cisstitonie alsog@bleto determindporti on -

- 20 defi d | i d i i-ch f h of ._
Lhose 11 na’ oo dhe it afd So BOTRL G edcR s05 Fq aran HBT R TRt B o bt and
which is withignibdsglilof fihd Beaéei?émg%)bh%os% dﬂeglmoufdr.i nhb%ﬁ%mh?The resul t

of each such determ nation I nes each scan line and is transtferred to

circutry for veircuitryooftthistimeentionde plovidecsuch rectilinear Giordinates atiows dhidrer

obj ects and features of the invention w |l beconme apparent to those skilled
in the art by fepiddransiers ohgrapbicipformationdo #8routa Gispi¥eri pti on t aken

t oget her vw,& h' the several figures of the drawing in which |like elenents
have been referred to by |ike designations throughout the 30 several

Vi ews. ~ However, the abifity 1Bgrédee@ESEREHURNIE HirddtiBnORAW NGS Fi-gure 1
is a representation of a graphical shape divided into two quadrilaterals
whi ch when i nodecompose figuresgeayitas ciisuiry yhighisableta sartinmanydqedece provi de

;Eg d??lnglt g'ﬁ ; Oérhgr'&‘&'e iﬁg%‘rggﬁonFﬂrg‘lﬁcrieed %Q:‘"‘r)iér(tg)prtlassen_’?1 {he' i%tjoynsxétfo%tik%nmgrfe a sl n\g; ©

logical order o the frame buffer. This invention provides such sorting

15 capability.

The inventi_dn comprises a circuit having two portions each of which
.includes comparator circtjitry capable of reviewing addresses defining a
pair of line segrhents. Each poﬁion handies one edge of the subportion -
20 defined by the line segments to determine which position of each of those e
-line segments _oa_'d each scan line is the least or the greatest and which is
within a left clip bdundary or a right clip'boundary. The result of each such
determination defines each scan line and is traﬁsfer'redto circurtry for
“writing to the frame buffer. ' o/
25
" These and other objects and features of the invéiition will become -
“apparent to those skilled in the aft by reference to the following cetasled
description taken tbgether with the several figures of the drawing in which -—
like elements have been referred to by like desjgnétions throughout the

.30 several views. -




deconposed into line segnments; 10 Figure 3 is a block diagram
illustrating a graphl cal out put syst em fag-a conputer constructed in
.accoydance with the inventi on: are | I I ust rations useful in
exb’falnlngthe oper ati on ofRIlRE Hwals A i JLax a circuit
diagramillustrating one arrangerrent for i rrpl errentl ng the invention. - -7-
NOTATI ON AND NOVENCLATURE Sone portions of the detailed descriptions which

foll ow are presented iFiguss s afreplegeonitatidhof #gehphicabshdpe diviaée o twsi ons of
operations on data 5 bits within a conputer nmenory. These algorithmc .

descriptions and Rugdriateralswhichwhandndividuatydisplayedion computersytpuled | n t he
data processing a f | t he substance of their work
to others skil dalgﬁcéﬁ ar thsl‘%%é%%n&,&%i)%/a&érlthm is here, and

general ly, conceived to be a self- consistent sequence of steps |eading to
a desired result. The steps are those requiring physical manipulations of
physi cal quantities. USigure 2(a)(Hdisyan Hiustrationeelsa sinple, quadisiaterglishane i es t ake
the formof electr,cal ordma‘g éIC Si als capabl e. of being stored,
transferred, corrbf’ﬁ‘é?l“p% 3'15' Isggme 4 ot herwi se mani pul ated. It has
proven convenient at tinmes, principally for reasons of commobn usage, to
refer to these signals as blts val ues, elenents, synbols, characters,
ternms, nunbersp or theFlgukealsa!ﬂdmhﬂ!dgfam aﬂmtmmg agrapfdcallw&mﬂsystehiﬁt al |
of these and simlar ternms are to be associ ate@_‘n th the appropriate

physi cal quanti ti &ComRptefeonsiucted inbaccordanre i ‘P‘nel'%‘f?@ﬂ%“'appl ied to these

quantities.

9 Figure 4(a)-(d) are illustrations useful in explaining the operation
of the invention; and
15
Figure 5 is a circuit diagram illustrating one arrangement for

implementing the invention.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENT | n designing conmputer systens, it
has beconme apparent that the display of graphic inmages substanti ally sl o’yv_g
the operation of nost 5 nachines. This occurs because the anount of 7
informati on that the conputer nmust deal with for each frane to be presented
on the output display is very |arge and-2»ecause the mani pul ati on of that *

information in order to present the graphics inmage requires inordinate use
of the central processing uniNQW&MWy true in a
system which utilizes an interface including nultiple "w ndows" for its

out put display. In such a system nore than one programat a tine is placed
in portions of nenory gbmelponichs Y e ddthiRdideschgiohgWhichadllow ard préseifedand
graphi cs out put of each such 15 programis nmade to appear on the output

di splay in a partiinterms of aigodthmssndraymbblicreprasentations ol spetationsondatar a clip
w ndow. Each wi nd%\{’srra .overl aﬁ ot her vvi.ﬂ.'dows vvi.h%\%%e ".ftI:OI’lt i ndow"
constituting t e MVERYN B6PRPYIET TEMORY 4 e§a a{gﬁg_ eReEp '%ﬁc—ﬂ" t or

mani pul ates the pr@gfe%ama&rgrﬁmmﬁeswm@?m d siRdlIN the' Bila Prcsding api dl y
to a programin another wndowto 20 work With that program | n general,

wi ndows require sudrtsttamhos lelgctively €oneeythy sabsfandenaf their workitp othetscskilledn do
non-w ndow operations. The system of which this invention is a part speeds
t he display of con‘ﬁ&'?%?n'graphi cs by handling nost of the operations in
hardware so that 25 the information is avail able instantaneously. |In order
to allow the use of hardware to inplenment the presentation of graphics, the
system breaks ite grapArcsigoiiRgds hee, Bad gessraly, ednceivddte tdispélpy i nto
quadrilaterals all of which may be handled in the same manner by the :

har dwar e. The syst@Qnsisid sequease o} siges leaging te.p desired fesult- hEhe Hepsirre t hem W,
into line segnents ' . L . esented on
t he out put di spl ayth\gg%g%grgw ﬁ;'gggng8{"%@%’?{%&33&%‘@’%@@9&3ggsf%pyd. The X
and Y coordi nat es pough fof NEteSsiy, Hese uantivaRald the férirtottétiricaeber M ned by
the circuitry of this invention. The systemtakes those rectilinear

coordi nates and t r maghelicsighaiepapableo! being stored, transferred, combined,

15  compared, and otherwise manipulated. it has proven convenient at times,
principally for reasons of common usage, t6 refer to these signals as bits,
values; elements, symbols, characters, terms, numbers, or the like. it
should be borne in mind, however, that all of these and similar terms are to
be associated with the appropriate physical quantities and are merely

20 convenient labels applied to these quantities.

U
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‘9 serial scan, |ines. whi:ch may be stored ig»a frame buffer and di spl ayed on

an output, display. Figure 1 is a represe I on of a graphical shape

di viLded into two 5 quadrilaterals 8 and whi ch when individually

di spl ayed' on a conput erppaRIPTHSN! OF PFfi € q pigoBimenyal shape.
Al t hough the shape shown 1 n Figure st npl e, 3 pe apparent to

those skilled in the art that shapes of essentially infinite conplication

may be represented i'f Z uf.fi:ci entllé | arge nymnber, of smal |l individual
quadrilaterals are chosbfeSi§HNG gPmpUtes systefps. & hashpcgmeapparsptthahihe; nyent i on

has been utilized diébléf"ﬂr@'&gm& ith&dedSs %ﬂéﬂﬁ’gﬁﬁﬁidﬁ}%"*m of a very

conplicated nature. Figure I1{ustrates I n gram forma graphical
out put system B0 ovachinasct Thisioecurs becalmedhe airioint dfdnformationitieat thel 5
The system 10 i ncl udes, bus iBt erface logic 12 which receives information

regardi ng the desiFOSPUH At dep! Wil igreadhimame o bepiesanted patheseytpid unit of

the conputer syst | ﬁ@cail ' logic 12
recei ves i nformat ?%grf‘ lé}ﬁisﬁ%g%éeéshs& [ neg%‘?eﬁﬁ'}%’@ﬁgﬂgp @hpﬁg&%gﬁﬁ Qul ar
portion of the sysdrdentb(présertitiecdraphics imaye reqaireinoidinatecuse 601hé centedl. The
bus interface logic 12 receives the actual data such as the col or

description on an RrAgRssingnit (CPY)- The bus interface logic 12 al so receives
a control sign@d designating the manner in which the information is to be
treated on a control line. 25 When constructing graphical

representations from quaRris lespedidlly3rieinAL R WHchitlibed ACinfdrREENt
I nvention, the input information includes the coordinates of the particul ar

wi ndow i n whi ch t Haclpding miltinle fwindowsS fapitseoutput displaw oindiuch aeysiememarees)  of
the quadril ateral,,an he col q at a_regar,di ng_.each gquadrilateral. The
coMdr data which itgg? g"%@"ﬁ’%@@&?&'ﬂ‘e_a’? a%gddﬁ'g fq0s g'f'ﬁ%’_ﬁ”yt%crh%f_ﬁdri | at er al
s stored in a datgaaio nAsERIEAY THaEkIEHirgBbRECodeut ofRBck 8ld Ces of the
guadrilateral and the clip wndow i nformation are store
15 program is made to appear on the output display in a particular set of
defined boundaries called a window or a clip window. Each window may
overlap other windows with the "front window" constituting the current work
file. Usually, the computer operator manipulates the program in only one
window at a time but may switch rapidly to a program in another window to
20 work with that program. In general, windows require substantially more

memory and time to manipulate than do non-window operations.

The system of which this invention is a part speeds the display of
computer graphics by handling most of the operations in hardware so that
25 the information is available instantaneously. In order to allow the use of
hardware to implement the presentation of graphics, the system breaks the
graphics images to be preserited on the display into quadrilaterals all of
which may be handied in the same manner by the hardware. The system
takes these quadrilaterals and further breaks them into line segments which
30 subtend the same scan lines to be presented on the output display, the scan
lines forming, in effect, a trapezoid. The X and ‘Y coordinates of the two
ends of each scén line are then determined by the circuitry of this invention.

The system takes those rectilinear coordinates and translates them into



in coordinate staging circuitry 14 which includes hardware.that provides
conmpari sons of the incomng information by neans well known to thé prior
art such as registers and gating circuits. The conparisons made include t}
compari son of each X value of 5 each v ex to the X value of each of the
ot her vertices, the conparison of each Y value of each vertex to the Y

val ue of each of the other vertices, and the conparison of each of the X |,

and Y val ues of t geraleychh@ines which taybeisted inva rdfie butied dred dispiageddn &die clip
wi ndow in which the information is the be presented. Since this is

acconpl i shed by h@utPvidisplayhe i nformation is 10 i mediately available for
use by the system 10 wi thout |oss of any systemclock tinme. The information
regarding the vertices of the quadrilateral and the clip w ndow avail abl e

at -the coordi nate stagFigiré isa irégrisehiation of b QraHicHl shapeldividéd mtotwd nat e
sequenci ng stage 16 at ich the quadrilateral is deconposed into a series

of subporti ons Seacvadtilai¢rals!B ansh® which when individusibugispleyedsn elcompitegi nal
guadril ateral. Each_ of, {hese su rtions.is.ch n_sugh that,t | i ne
segments define ar?‘ﬁ?‘&é}-edpetqﬂ%“%ﬁ r'?‘-’l"???eé? Sf'g'ﬁﬂqissj’ﬁp%aéag%urb&rtgéﬁgw a series
of parallel hori zogHodn if Higuré 1 B SmpRAR Wil bpishréril 10tHRE8 sRNéd i 1NEhH that O

| ying on one of the lIine segnents and an X endi ng value lying on the other.
I n essence, the tvehapese®f esspntiallysinfinitetcomplication apay/s waresgnted if acl udi ng as
many Y (horizontal can lines ag is,as possipble in.view of the shape of
the quadril ateral .g‘ﬂﬁ%ﬁ“‘ﬂl farggn ’Ql:ﬁfﬁa'f)'i“a@‘éf’ﬁ‘fq“ffpr"a{ﬁy? fee ERASEBy ?’Fons are
rendered on t hg, di VY drbUinfindbntion, HAS el dil28d 18 tetresedPinFdaIUT €
2(a)-(d) ill ust?? at%g{'g%sls*g eqqﬁg(ﬁf%ﬁt era’? oﬁi”\% (?gd i I’Ilt 0 sub%d(;efst ions in
accordance w t h t h@imeéngionat ardmateBlshapesiolra very epaplicatedchatiuee. deconposed i s

shown in Figure 2(a), and the subportions thereof are illustrated in o/
Figures 2(b)-(d). As may be seen in Figure 2, each subportion 30 includes,

when presented on an ouggile FGRANs inDictk didgPa forkd baBRa! ot ystem
| 10 constructed in accordance with the invention.

s . ' ) The system 10 includes bus interface
logic 12 which receives information regarding the desired graphical shape
from the central processing unit of the computer system (not shown in the
figures). The bus interface logic 12 receives information on an address line
which designates the particular portion of the system 10 1o which the input is

20 to be transferred. The bus interface logic 12 receives the actual data such
as the color description on an input data line. The bus interface logic 12

_ also receives a contro! signal designating the manner in which the v

information is to be treated on a control line.

25 When constructing gfaphical representations from quadrilaterals in
accordance with the present invention, the input information includes the
coordinates of the particular window in which the information is 1o appear,
the coordinates (vertices) of the quadrilateral, and the color data regarding
each quadrilateral. The color data which is 10 be presented at the cﬁsplay of

30 the quadrilateral is stored in a data path and memory interface stage 22.
The vertices of the quadrilateral and the clip window information are stored

in coordinate staging circuitry 14 which includes hardware that provides



| i nes which begin at one |ine segnent def]@. ng the quadril ateral and end at
anot her |ine segrrent The scan lines for each subportion of the

'quagﬂlateral Tepry ezoi dal rtion r dege rate t rapezoi dal
portion) of the or| gl %‘é’f‘&lfuéaﬁ f"gP'é'F‘QI“%W%‘W"t e@%a'ﬁg?’?q ksjowa tojt 1‘£8§°’0f al |
of the trapezoi dalarssthwstﬂegrsser@aﬁdg sy @fuke the frame buffer for
presentation on the output display, the entire quadrilateral shape is

reconstituted on the display. Referrlng agaln to Fi gure 3, after the

guadril ateral s have be osed ortions, Y scan
l'i nes have their begi nﬁ-ﬁﬂ?aﬁﬁnﬁ %ﬁ?% ‘E?é'?‘@t"ﬁ?’h ﬁeg{;:%vp cq i onal
addressing stage Je%ch'v@rt&ﬁﬁ:%@f@élﬁ@@f@é’éﬂ P is is
acconplished by 10 the use of circuitry \c,ﬁ Blrttj‘gt g?%%egﬁﬁampégﬁ | ml ar

pi xel s constituti ragichhéva{uaa!eatmwanekhethsegwaluemgeaddoﬂhé otheraeticescan | i ne

wi thin the deconposed, subportions of th adrilateral. This functional
addr essi ng stage 1%‘%"%@8‘9&6?%\‘?fﬁ‘@g%ﬁ‘ﬁg??ﬁ‘%x‘@f“eﬁﬂéﬂlﬂY%!ﬁ%d%ﬁ'é%gssary

to fit the partic Lﬂr‘%r Y Qs of ﬂ'&kaeéfgh§ of {ﬁetchﬁ windoW iy %ﬁgﬂnéﬁms the

transfers the signals to a eneration stage arranges the
information into dexpresentbdi Silwetthlerlsattdoatpllm @nnérdwhhetﬁhﬁgfdﬁmaim i#nd end

of each scan line and are used for addressing the data path and nenory
i nterface stagt 2Jimmadiately availabla-fop use by thegyaiem 19 E’"E‘P‘B@ﬁsuﬂf @ng Is¥stefo a
| i near address 20 %g& ator 24 which translates the rectilinear addresses
provided by the nmas eneration stage 20 into signals for linearly
addressing the frame buf fer for the output display. At this point, the
color data relating to the quadrilateral to be displayed which has been
held in nenory at the Jhedefonratios regardiogdhe vertices ofitbe quadrilatedil apti the (f r ane)
buFfer. 25 - clip window avaalabla_ at the coordinate staging circuitry 14 is presented to
15 a coordinate sequencing stage 16 at which the quadrilateral is decomposed
into a series of subportions each of which comprise two line segments of the
original quadrilateral. Each of these. subportions is chosen such that the
line segments define an area of the quadrilateral which may be drawn by a
series of parallel horizontal scan lines, aach_ having an X beginning value
20 lying on one of the line segments and an X ending value lying on the other.
In essence, the two line segments subtend a trapezoidai area including as
many Y (horizontal) scan lines as ié as possible in view of the shape of the
quadrilateral. When all of the scan lines of all of the subportions are
\/ rendered on the display, the quadrilateral is defined in total.
o5 . .

Figure 2(a)-(d) illustrates a single quadrilatera! divided into
subportions in accordance with this invention. The quadrilateral which is
decomposed is shown in Figure 2(a), and the subportions thereof are
Hllustrated in Figures 2(b)-(d). As may be seen _in Figure 2, each subportion

30 includes, when presented on an output display, a series of horizontal scan
lines which begin at one line segment defining the quadrilateral and end at
another line segment. The scan lines for éach subportion of the

quadrilateral rebresent a trapezoidal portion (or degenerate trapezoidal



The invention considered by this specification relates.to the apparatus and '
nmet hod for sorting the end points of the various li,ne segnents 20 which
make up the horizontal scan lines in each trapezoidal subportion-of the
quadrilateral to determine which are ultinmately to be provided to the .
out put display as scan lines and in what order. Such sorting circuitry is "’
necessary, first, because the systemis able to deconpose the
gquadrilaterals in any direction in order to speed the presentation of the
25 graphic output; noreover, the circuitry does not put restrictions on
the edges of the trapezoidal areas formed hy the pair of |line segnents in
ternms of slope, relationship to each ot he z or whether they may intersect
one another. Al though this invention is deScribed in ternms of the graphics
systemillustrat in the
S T SO Lhat | ¢ Pea) o e titgindy q"a‘d'l‘%t%:'jg% Pgquﬁﬁg{dsé?\%ng%éﬂﬂﬁg of i of ‘Rg di ng
gr aphi cal out puttrahezqnﬂalmbbm:ol.atpwcanned/tattbcr&ame butfar f&nprﬁehmlbﬁ b Of this
i nvention receivV s addr |3&ornat|on representing the end points of each
of the scan i né §'sa\s¥ gientite quadi %Yﬁ‘esl'épﬁéﬁ regppstiuted opdher esent ed
on the output di . When drawi ng a straight |line on an output display
such as a cat hode ra " tube, the line is defined by a series of pixels on
adj acent scarslines. If the line to be drawn is horizontal, then a single
scan line on the display is sufficient to draw the line if the address of
the starting and endR%frinkagsain i Eigurs 3 aftesdhe Waqfll?éeﬂalsri&avelt!ﬁenert i cal ,

th i ngl [ t b
writton oot he GReomehSsy RS Buslorfork WBShoRiay B Y 38T hndC Rl neES T The
nuber of pi xel sbadrinirgand bhdifg XoRmiEd ddertiindd i@t & funefiornll aiBRskihgStage! - th

line has a small slope, then a nunber of ad% acent pixels are drawn on eac
of a nunber of atf-altdhe P!ﬁf%!ﬁed mbgd:m@atnflthe. nvgntmt.mxs istRccpmelistied byorp! et ed.

cach scan | 1 1o ar8 WA dH e g kB ¥lerfune 3 pfich? pfeis Tohiifing e X ° °"
values at the beginning am_i end of each scan line within the decomposed
subportions of the quadrila-teral. This'function’al 'éddfessing-stage 18 also
accomplishes a -ponion.'of the clipping necessary to fit the particular
quadrilaterals to the clip windows, and then iransf'ers‘- the s'ig'nals to a mask
15  generation stage 20 which arranges the information into sixteen bit portions
that designate the beginning and end of each scan line and are used for

addressing the data path and memory interface stage 22.

~ The mask generation sighals are also furnished to a linear address
20 generator 24 which translates the rectilihear addresses provided by the
mask generation stage 20 into signals for linearly addressing the frame
buffer for the output display. At this point, the color data relating to the
quadrilateral to be displayed which has been held in memory at the stage
22 is transferred to the output display (frame) buffer.
25



“pi xel s nay be filled on the dlsplay and the line conpleted It is necessary
to know the position on.each scan line of each of the line segnents whi ch
.define the sides of the trapezoids to be scanned to the display in order to
draw t hose trapezoids. This is true in order to begin and end each scan
line and to clip the scan lines to fit-a clip window |If clipping occurs
across a line segnent, a nethod nust be devised for determ ning the portion
of each line segnent which to be drawn. The circuitry of this invention
receives the individual beginnings and endings of the scan |lines, selects
anong themto determ ne the appropriate onﬁﬁgéor presentation on the

di splay, applies right and left clip w ndo ges to the lines, and
ultimately determi nes the specific scan lines to be stored in the frane
buffer for presentation by the output display. 14 Figure 4(a)-(d)
illustrates the operation of the circuit of this invention. The information

whi ch i ted to t t th | f pj |
encount er od on a gi ven SBaieNiRN eAnsidRied ﬂi%aﬁ% gl g o °
i ndi vidual Tine se Hlta?u J bihdy rf%d Aln th?%n&ﬁgmﬁﬁhévmd?ﬂqinyé@gﬁergs

trapezoi dal subpor ns o e qua r ch are to be provlide
the frame bufferp Thctpmake apelwhu:ﬂﬁoat&tdcémlines igieach tiapezoidat gokpuriioragf

contain one or nore pixels, one or two of which % ultimtely define one
or both ends of théh%sbl%dﬂ'ﬁ‘tﬁ@‘I%d‘ﬁé"ﬁﬂ‘%ﬁ‘lhéﬁ'i‘éﬁeé{“"‘ﬂ gy saPperovideddodhg cui try

f th h
pi xel s 10" encount SRR @Rt SFa biat bR SR G BT S |

to form each end ofndcbssatyaist| becausditisystem esidble dedecompusd thé he scan |ine
nmay be drawn to join the two. This function is acconplished by circuitry of
t he—imsk gener at i orgyaggiateraly imanyigeationdn onder to speed thg Presgntatina of thee

valle as the |ifo 1L apyeButest pieBrer fné Ry RosPHor Y BBlorf R RS "0 1
nmentioned. The diregdgeands tht tdpeebidhinResd Ridfet By tife Pdr of line segments in terms
' of slope, relationship {o each other, or wfmether they may intersect one
another. Although this invention is described in terms of the graphics
system illustrated in Figure 3, it will be realized by those skilled in the art
30 that it will have broad application in other systems for providing graphical

output displays for computer systems.



rendered on the output display is shown to the left of each of the shapes
in Figure 4. The circuitry handles the two |line segnents in four distinct
ways 20 dependi ng on whether both |ine segnents have increasing X val uegi
bot h have decreasing X values, the first is increasing and the second
decreasing, or the first is decreasing and the second increasing. In the
case shown in Figure 4(a), the direction in which the shape is 25 being
drawn is fromthe bottomup. Both the }5ne segnents are increasing in X

val ues. The | ower horizontal pixels arie~thus presented to the circuitry
first. As shown in H_}e fiqure, |ipe seg‘rrent, A has its pixels described by
circles; |ine segneht® rﬁggy Pt this)inyention feceives,address informalitnes. In this case
the circuitry i t kXSl f t ™ ' t he

of t st pi xol "TOSERRRRY ohd Boitte ot cach of 1) ceah 1A ERAE Bpraabh bl
line. The two itebersidal reastosbepresantbd lonithe segorditplay.e recei ved at the same
time, these are conpared, and the least (leftnost) is stored as the

| eft rost pi xel of the scan line. The al gorithm proceeds until it is tinme to
change Y. The | ast pinesl grali Ll g SHOOR . ' | ght nost
of each. These are g%ﬁr%}?a?rg l'“gnaolQl?ér@.‘tgﬁlrngg’tﬁest |5sut?t's?g é’E dtssf\aearlﬁcz:;dtrmst
boundary. For trhy sube;tte linerie defife byeé setexs ofipixetd on adijecerit gbamtirets. (f xel , and
the Y values are thus known so the line to he scanned to the frame buffer
is conpletely dbefingip bedmyn ighorizoptalethen g siaglpsean ineon RSASRIAY She next Y
val ue. Again t | | : | | | : t nost

pi xel s of |ine ﬁkﬁ]{ﬁh ﬁ?ga‘&h@{xhg?ghéé?gd@%%gﬁ%g{a;nw ét'{ldgeﬁ'ﬁé%gési% EgeI ored as

.the leftmost pifufiishet. the A€ R vdriici thdiha smgRQike! rbinCeathionea®inbet oni ng X
val ues; and, in accordance 10 wth the operation of the remai.nder of the ,

system the ci rasiaqen} sepmliinesimyg) berwrittenrde thedisplay. Liaps bsiwegnsedicehe
generation of si | s f L ine t o halt and wailt, Ine Atg reach the Y
change st age. ‘?'1188‘%5\"?'!32 HEBesmfrH”?%r @PH‘%&,‘}I&%&E 8\5&8 #?WWSS@ 1BPer s are
conpared; and tdispd b1thé FRSS. PineSineHas!dEndIVElodes ien QY RS df B8jabe@Nt MDSt
pi xel of the scan line. Thus, this scan line s

pixels are drawn on each of a number of adjacent scan lines, continuing

until the line is completed. If the beginning and ending X values of each

series of adjacent pixels on each scan line are known, then the intervening

pixels may be filled on the display and the line completed.

It is necessary to know the position on each scan line of each of the
line segments which define the sides of the trapezoids to be scanned to the
 display in order o draw those trapezoids. This is true in order to begin and \J
end each scan line and to clip the scan lines to fit a clip window. {f clipping.
occurs across a line segment, a method must be devised for determining the
portion of each line segment which to be drawn. The circuitry ot this
iﬁven‘lion receives the individua!l beginnings and endings of the scan lines,
selects among them to determine the appropriate ones for presentation on
the display, applies right an& left clip window eages to the lines, and
ultimately determines the specific scan lines to be- stored in the frame buffer

for presentation by the output display.



15 al so co_rrpl"etely defined. In the case i' trated in Figure 4(b), the
slope of l'ine Ais increasing and of |line Blis decreasing so that the first
pi xel presented on | i nEigare 4(a)d) illustratesshe operatien ofthe icireuit ¢ thistiaveritiont

I X is th i gh t. In, this t i st , 20 ' A.pi kel .i t d
P The Tef trost —proBmomia wAief FBregpohe ta e arBongy irciises she Kvaus &' (e
"1 ghtmost pi xel Ofpridipefiibitdréd B aierd i Yirifg ARAGBELSHI 8t the wsnd

pi xel s of each of '|'ines 1d B are encountered.. The rightnost pixel of the
A line is conpar edndividusidineisgpmentst Thelindividyaldine segmentisisubtend the or ed; and

the-right t of th i d he right t bound f 25

[ ime.  The | of ¢ fos (TREFRRSLAUbBABORS pI e quaclaiagals seh o7 e bp PGRELRIPE  or ca
| ef t st pi xel, a’?f&rﬁ{‘ﬁuﬁ&?%eﬁxeﬁé"&%uhéré&ﬁg%géﬁ ihg SebbTRSY chumdary
of the scan line. Tn e case own 1 n Frgure ), the Original .val ues

stored for the | efgnensrtmovecpixdigohews twpbkwhish mayaitimatély defineiene 6obothhe scan
line. 30 On the next scan line, the initial pixels for Ijnes A and B

|
are again stored endsiesthesscandine to kg dispiayes st thequipsts The Cireuitrg OLINIS j ne,

tively. Then the algprjt ' : i i
bosr t1 ons_of the. Sniiof sRiécls 1 BEBRG3HG cif wibltoohdiias o Biete, | o
encount er ed. Aggli Nencolifitered bt ehctPsoed lindf wihibt® of theiindivitisal pielsis ad formi sadthe

val ue stored as the rightnost pixel; and the higher value stored as the
ri ght most pixel . |end bithe scan lineo\With two-pods detaqmined, theescan\ige feay e grasd er

and replaces the prevjously stored rightnost | ye. At th a | me, the
last B |ine pixel ﬁ°sl°'8c3h?)§¥%d ?'5?‘1!'}?@"%'5 WPG‘@@P@%&F"&@W%EE\%%?%Q pi xel
for the scan line; t | s stored as the | eftnost pixel for
the scan line. Theggqbg%tﬁ#?ﬁ#@%?o‘gee ssish the sane manner to conplete the

par cul ar trapezoi dal shape. In Figure 4(c), the slope of line Ais
decreasing and that of line Bis 10 “increasing so that the fi rstqéi xel

presented on | the A is Earh oftymingsegmants to b handigdy ﬁeiqmﬁ‘igyﬂ?é' Mef t nost .
el T et e eet ey blbgei il g 3100 ool e St o0
line. The al gorit heisplag @@qstevioisly mehticnetid dThef ditdotioreindwitich tesshabe dsitthbe
. rendered on the output display is shown to the left of each of the shapes in
Figure 4. The circuitry handles the two line segments in four distinct ways
20 depending on whether both line segments have increasing X values, both
have decreasing X vélues, the first is increasing and the second

decreasing, or the first is decreasing and the second incraasing.

\_ . _ in the case shoWn in Figure 4(a), the dirpction in which the shape is
25  being drawn is from the botiom up. Both the line segments are increasing in
X values. The lower horizontal pixels are thus presented to the circuitry
first. As shbwn in the figure, line segment A has its pixels described by
circles; line segment B has its pixels described by triangles. In this case the
circuitry is presented the pixels of both line segments with the leftmost pixel
30 of each line segment being presented first for each line. The two leftmost
pixels of each line segment are received at the same time, these are '
compared, and the least (leftmost) is stored as the leftmost pixel of the scan

line. The algorithm proceeds until it is time to change Y. The last pixel in



-
line A and B are encountered. The Ieft}*@t pi xel of the Aline is then 15
conpared to the | eftnost boundary previously stored; and the | eftnost of _

Lhese 15 oL e 02 ohd ol oA IS et e bt o PR ™. 0L
and the |east oind {8 eatestIs SR @5thb MEhmdih bordan? OPGIAAKSCaA lifd) thé Can

line. In the case shown in Figure 4(c), the original values stored for the
| ef t nost and 20leftmogtpixeisthe gighimast pixelnand thecY valuesarefthbus kawnssaithel i ne. On

the next scan Ijine, .the initj | xels for lin d B are stored as the
H ghtmost “and 1119t scanned o Vare titafls qonpieton Blited’ o1 y “Then. ¢ ne
-al gorithm prgceeds to define the remaining X positions of each line until
the 25 |ast pixel of each of lines A and B is encountered. .Again, the |ast

pi xel of the A |ine The mextipizels presentedtzre those wt the next Y vedud. Wgdirtienost pi xel
and the | east value stored as the | eftnpst gi xel. In the case shown in

Figure 4(c), thWshpixelssecaivedhydhe gircuiiry,are the Jeftmest pixeisef liogd ard ling:

ri ght nost val ue | L,@g{ ' 'y ed to the
val ue stored ath ﬁ‘e’%‘g&%%gﬁ’ta#oﬁd&f‘ggﬁ“ orSt %%ggﬁtﬁﬁﬁlﬁgiﬁéﬁg Elﬂ ée greater
val ue stored assddiline. JiHid@IgbritRmcIntihvds ddTirgCR valueSLand] live aédci@aricem
proceeds in the sanme manner to conplete the particul ar trapezoi dal shape.

The final c&e with thepopesatinndf the remairdeariofithe system,the cireuitryygendsatingshown i n
Figure 4(a) in

both Jir h L.Ng «S| : ' h
circuitry is pr&gﬁ%éﬁgﬁ‘ﬁg*ﬁq%%a%\é& g%fé?%sféﬁ'gggiﬁﬁgﬁgém\lﬂ%?{% a?ght rrgst

being present edafd wat 16rdine 9 ehiétlhe WERargétigd) WHBA indinxBhehedifis! ecei ved

at 5 the sane tine, these are conpared, and the greater (rightnost) is
stored as the rsiggestbe twprightmostipixels arpocampanedand dhaldghtmost pixdl of thet | ne tQy

Those are compaPBtisHRIeN As hetatmps Rl pLie sean e DhisnBis SBBLMAL y For
e hee i SHBERRERBIRS e T O Dl e Ve e
frame buffer. The next pixels presented are those at. the next Y value..
Again the In the case illustrated' in -Figure 4(b), thé slbpé 'of line A s increasing
and of line B is decreasing 5o that the first pixel presented on fine A is the
leftmost, while for line B, the first pixel is the rightmost. In this case, the first
20 line A pixel is stored as the leftmost pixel, and the first pixél of the B line is
stored as the rightmost pixel of the scan line. The operation proceeds until
the end pixels of each. of lines A and B are encountered. The rightmost pixel
of the A line is compared to the rightmost boundary pixel previousty stored; .
and the rightmost of these Is stored as the ﬁghtmbst boundary of the scan /
25 line; The leftmost pixel of the B line is compared to the previously stored
leftmost pixel, and the least of these is stored as the leftmost boundary of the
scan line. In the case shown in Figure 4(b), the original values stored for

' the leftmost and rightmost pixels remain the values for the scan line.

30 On the next scan line, the initial pixels for lines A and B are again ~
~ stored as the leftmost and rightmost pixels of th? scan line, respectively.
Then the algorithm prooeedé to de’ﬂne_'the remaining X positions of the scan

line until the last pixe!l of each of lines A and B is encountered. Again, the



and line B. "These are conpared and the fijgbt nost stored are the rightnost
.pixel of 15 :this scan line. On the las xel of each line, the two

| eftmost pixels alg phEParhd A s tbfparhWiithe Aie btofdd ddelisdtr ed as
the | eftnost pixel of the scan line. us, this scan Iine is also

corrp: et el y def i negixel;landahg bighthvaloestbretassthe righimashpixelr dpthreocabei shown
conpletely defined. 20 Figure 5 illustrates a preferre nbodi ment
of a circuit 50 fdP Figwse &fRinthefyValHe is greater Pﬁﬁ.’eﬁ?ﬂgséﬁ? 8[ﬁ"f°"§g §ﬂ'@9udes

| eft side conpara | ' | | ot | [ . The
conparat or circui :r@hgﬁésgﬁgiu 4%? oces"gd@ﬂée’ t@%%%‘egﬂ?%?&%gﬁ?%@béﬁg%gﬁari sons

for the left asd nafiletstoredes thé letamist pikeltibrethe Goan lirig) @ad ¢ lBastoalusdd above.
25 The left side circuit 52 receives ingut signal_s through a pair, of

mul ti pl exers 56 aritored asthelefimost pixelfertae seanding. Jhealgasthre Pracesds itheal s
representing the X val ues of the ' e nultiplexers 56
and 58 al so recei \;éan?enlaapn%ritaﬁgpgﬁe}egglg@?gﬁulﬂﬁéaﬁﬂig%\%g F;uue?s of the clip 30
wi ndow in which the signals are to appear; these are designated dipXA and

ClipXB and are furnished by a pair of nultiplexers 60 and 62 each of which
receives both clip val lreBigireodich thenslopebf kinegh ist dacteasingang that of lineBhis

i gnal i ded by the mul tj pl 56 and 58 furni.sh i tud
Conpar at or 68 Vi R8RSR de et Bike)ereniay b G4 Iy he ABfmes Bl e’ * U9¢
i ndi cating the r.eselebi b AU HifieRasel iy AbAInG ATRSHISR0MY iohe { Nese

results and its other 1nputs to control a nmultiplexer 72 to allow the 5
transfer of signalsghtmost phayasd the fif<t pitel otthe Bdineds sthred| asfthe tedimoshpixehad] ue.

The co t ' it 54 h imlar: t ineludi ' f
UM pl exers 76 ariie AGan g o Ry RSP BRTEEIOCeeds R TP end oY 18 onepivels gheath
register 84. 10 TheoCA bRH'E & efbolitéreb MR IdiAbsREi OB theS RBife iihgn SO L1 NG

even t hough

‘first pixels.received by the circuitry jr@the rightnost pixels of line A
i

15 compared to the leftmost boundary previously stored; and the leftmost of
these is stored as the leftmost boundary of the scan line. The rightmost pixel
of the B line is compared to the previously stored rightmost pixel and the
least of these is stored as the rightmost boundary of the scan line. In the
case shom)n in Figure 4(c), the original values stored for the leftmost and

20 rightmost pixels remain the values for the scan line.

On the next scan line, the initial pixels for lines A and B are stored as
the rightmost and leftmost pixels of the scan ﬁne. respectively. Then, the
algorithm proceeds to define the remaining X positions of each line until the

25 last pixel of each d lines A and B is encountered. Again, the last pixel of
the A line is compared with the value stored as the leftmost pixel and the
least value stored as the leftmost pixel. In the case shown in Figure 4(c),
the previously stored value is greater énd remai}\s the rightmost value. At
the same time, the last B line pixel is compared'to the value stored as the

30 rightmost pixel for the scan line, and the greater value stored as the
rightmost pixel for the scan line. The algorithm proceeds in the same

manner to complete the particular trapezoidal shape.



“the pi xel s defining the individual Iine_*fegrrents are presented fromthe top‘
of the 'screen down or fromthe bottorﬁ off the screen up, whether fromleft
toright or fromright to left 15 In general, the operation of the circuiy

oce ves b stars st B TET bosd bt Fia i 3F ESeshBER B 3aiekds EMERPR ot e
operation, the meRigSie(8) iﬁ%aruétrﬁﬁ:e%m&baidacfeaeinggbyes.em fhis éd¥@ thé | p Wi ndow

in which the information is to be 20 witten. reover, the state machine
70 initially recguitesisipressntedithe pixels@ibpthdinesegments withhthegightestci rcui try

di th ar i the clipn wiondow bhoundari to the end of th
o] e g PR PR st e 7R o GRS bl o el 71
state maching TheGfiid fihs, théd &8 b, Bhd indSrobtei (BRGNS Sordd ey Ci MUl !

50 and the timng of operations. 25 ‘The operation of the ‘ci.rcuit 50 takes
pl ace on a per theaightmost pbati The Rigesthm procéeads urtibit istirheta chiange ¥chei on t hat
the clip window is not a factor, then the first pixels on the scan |line for

f
the A and B | i ni8st gixgl it pathdines 4 and B isdhe Igltmost pheachy T hese aserampared

mul (L exer's SOendfhe 188 i@80eihs 1R8 otHi BAHGETRRLY 118 S84 B D L e Ao

and Bsel Iines e signal e transterre e partrcular nultiplexer.
Assumi ng for exmpiost pikel; thelrightmsst pixel, and tivd ¥daiues Rirgthue kAdw) sb thedei ng
processed, the state machine has inputs indicating that the slopes of both
| i ne segnmentie Alingis empletely definrdte e segnaedita thadramacbutier.st pi xel s of each

| ine segnment are to be conpared and the | east value stored. The state

machi ne 70, therefore, provides signals transferring the Xa I nput signal on

line 0 of multipl exerhérexdpikelsiftestntdddreithédeliahe AbxtY G8ua Afaiithd i pl exer
56. These signals are conpared by 5 conparator 68, and a signal indicatiQg

which is |east fitstpixals receiverkbysthetcircuitny laretherdphimost pixaltphiine7d anéhéne enabl es
frommul t pl exeP. s A CHupRPLAnd e ol sipred e PRt aRelal ch st or es
the left boygdainis s&h fral | ORthehstipiNePot each line, the two leftmost pixels are

compared, and the lefimost pixel of the two stored as the leftmost pixel of the

scan line. ThUs, this scan line is also completely defined. The algorithm

continues until the trapezoid is completely defined.

20 Figure 5 illustrates a preferred embodiment of a circuit 50 for
implementing the invention. The circuit 50 includes left side comparator
circuit 52 and right side comparator circuit 54. The comparator circuits 52
and 54 process the values for making the comparisons for the left and right W/
sides of each of the scan lines as described above.

25

The left side circuit 52 receives input signals through a pair of
multiplexers 56 and 58. The multiplexers 56 and 58 receive input signals
representing the X values of the A and B line segments. The multiplexers 56
and 58 also receive input signals representing the X values of the clip

30 window in which the signals are to appear; these are designated ClipXA
and ClipXB and are furnished by a pair of multiplexers 60 and 62 each of

which receives both clip values from a pair of registers 64 and 66.



; \ L3 :
point in the process, the right boundary li ster ‘84 is un-initialized. 10
When the state nmachine receives a signal indicating that a change in the

sca,line (a change i nTie ¢ghal)providécPbyp HethuttipléRersBbtdnal su%dte Surhinad o 48
receive the last input values Xa and and transfer those values to the

conpar at or 80 wherfBagnitude companatas68owhicin providesicutpul sigealsitd arstate machinede 15
and sent to the stagt.e.npchine 70, This causes t state Ghi 70 to
enabl e the mul ti pf@%gﬁ"%gtlge fesis P 1"%9?5‘@"&9&'2? h?/ﬁ‘lai?emg&'??lggt"?%t
boundar y r egi st er tfidse feBulisurkd iEGHAeN inpith fo ¥éur & MRASRRT2 16 Qudlpfiy | De the
first scan line of 20 the case of Fipure 4(a) are determ ned. Tﬁg

remai nder of tle dransferof sSignaletaairégisieb@4 whioh stores theleft bogndary valdeand B i s

determned in the same nmanner with the circuit 52 determ ning and storing
the |l east X value and the circuit 54 determning and storing the greatest X

val ue which are ”ecessj?%)cfjﬁggﬁf&réirgﬁit Bb?taﬁ%aﬁmhérrﬁﬁlééﬂhﬁtsibaﬁdﬁﬁ%ep%i{a ot

illustrated in Figure resum ng no cli ppilng, Sig

termnal O of the ohmwliglxere¥6 afd F80a tomparlator8dalmultipiexem8lf angd &xer 72 to
storage by the left boundary register 74. In |like manner, since the line
segnent has a decrRONSHAATY regisiee83; he first Xb value to be 30 encountered is
t he ri ght nost t the illustration; this is transferred via the nmultiplexers
76 and 82 to storage in the right boundary register 84. As the |ast pixel

on the scan line is regndeitcuiirfof te Mantidni scbmplishes this doRingtdvenihddghp! exer
56 and conpared to the value stored in the |eft boundary register 74

(furnished at ter rthagixels definingdherindividyab lng semnents arerpres framdhe & ofsi nce
(e vale  rency Ut b BE o) boeth P b L BRBE (1
RHERBIRS ot R B S ol
i's 15 ' x
| In general, the operation of the circuit 50 is as follows. An operation
is Initiated when the state machine 70 receives a start signal from the
external control logic. During the entire operation, the registers 64 and 66
contain the X values of the clip window in which the information is to be
20 written. Moreover, the state machine 70 initially receives information from
previous portions of the circuitry regarding the éomparisons of the clip
window boundaries to the end of the two line segments A and B and the
‘slopes of the two Iihe segments. The state machine 70 controls the
— operation of the multiplexers of the circuit 50 and the timing of op'erations.

- 25 The operation of the circuit 50 takes place on a per scan line basis.

Presuming for the following discus.sion that the clip window is not a
factor, then the first pixels on the scan line for the A and B lines are
presented on the input lines Xa and Xb to the multiplexers 56, 58, 76, and

30 78. The state machine selects on the Asel and “Bse! lines the signal to be
transferred by the particular multiplexer. Assuming for example that the
case illustrated .in Figure 4(a) is being processed, the state machine has

inputs indicating that the slopes of both line segments A and B are



greater, it is retained in the regi sia 84. On the next. scan line, the sanme
operation takes place. The first Xa value and the first Xb values are

stored in the | ' b ' | reMhen the,
end of the scanﬁé%ﬂ%%gétggwﬁﬁﬁeﬁfg ate ??‘r@é ?%gc‘?er'g%z?gfsét g&t'ﬁaer?ﬁ\gxt scan
line, the |ast ¥Add least valwdspasde dTHecstateanachinec7qs; therefdre, provides ef t

boundary register 74, 'the Xb val ue being the |esser is stored t | ef t
boundary val ue. signals|teansfeging tea memﬂpaaneeqfnwﬂm’ﬁéggﬁ"ﬁ%%

boundary regi st ' ' ' tdd t he

ri ght boundary ?@ﬁg‘pggpﬁﬂ}%ég{ﬂgﬁ@%g&g&ggt%ﬁ?@;%ﬁ%lrﬁgbﬁar ea%yﬁed, t he

val ues In the regmparitér 68} and& signa indidating whichrie lbasyis iskat torthéstate ci rcui try
20 illustrated in Figure 3:for transfer to the frame buffer and display at

the out put di splreachineo?OasThsmackine 30 thenenablesihe muliplexer 42 19,88ip¢tdhe non” a

start signal being.receiyed. b e ty; | ' the two
registers 64 and® VE@ﬁt%Fﬂ?ﬁé"'& ?)i{hgé‘ge%ﬁwgﬁPﬁg%ﬁaﬁgﬁﬁgf‘y% g%; of the
clip w ndow. Th%ambqn&?éé&eﬁmhieﬁ%nﬁeé friaaktt Bburidaey maication.i Af thisc! i p

wi ndow edges to conpare 25 " against Xa and Xb to check for visibility and
sends a signal tpwinthietheuprocesss the dghéboundang register 84l iscun-sitiglizadher the A and
B val ues shoul d be conpared against the left or right side-of the clip

wi ndow. In tHe default condition of the state machine 70, that |s. when the
30 machine 70 is no 1518 riviihieebéitél & SRnBNAGBAAHY thEf a théngd incui t 50
for actual left or r%’ﬁétrh@%\tggrt\a@jgry deteeanélnatio'r?s, thle drg‘]ault vaI%des
appearing on t heth® scaméise {schdngerinvt vahha) istosodstr, the multiplexarsi7éranci78 passed
by those nultiplexers and conpared by th 8 gnd 80. .In thjs ner, the Xa
val ue i s conp@ceiye the agkin ﬁ‘f?ké?sc*? ﬁ"&?‘ﬁ&ﬁ‘aﬁ(ﬂgf{%é‘wav Exepgg ared to
the dipxb clip @9!8— \ 2. Thi bR Yat XD i rgérdnaP Xk iemakat €

machi ne 70 whi ch&r ne#g\éra&s)“ﬁ?lrés-megdrﬁf}ater“bﬁgfak.tl)@flgit 'S %:I'gtelrigr?i ned that Xa,
for instanceysi sagdiéeritdettelRate marhitie®0\This bausesthenstatetmachiter 30 to

determ nation o :

enable the rhultiplexer 82 to transfer the greater value to the right boundary

register 84.

In this rdanner, the values necessary to describe the first scan line of '
20 the case of Figure 4(a) are determined. The remainder of the area to be
described between the line segments A and B is determined in the same
manner with the circuit 52 determining and storing the least X value and the
circuit 54 determining and storing the greatest X value which are necessary
" to describe the scan line. W,
25 |
In tﬁe case illustrated in Figure 4(b). presuming no clipping, the first
signal Xa at terminal 0 of the muitiplexer 58 and transferred by the
inultiplexer 72 to storage by the left boundary register 74. In like manner,
since the line segment has a decreasing slope, the first Xb value to be
30 encountered is the rightmost in the illustration; this is transferred via the
multiplexers 76 and 82 to storage in the right boundary register 84. As the
last pixel on the scan line is reached, the Xb value is transferred by the

muttiplexer 56-and compared to the value stored in the left boundary register

LN



\ ‘e )
"5 cycle occurs, the value of CipXa is %@ t hr ough t he appropriate
mul tj pl exer (56, 58, 76, or 78) instead Xa whenever Xa is logically

. d to be o t t | for Xb
G 1 when, anpr of OHEERg SAGRRALE &b My BleaE S 4F a omnsoaipe s B
whi ch clipping Ismwétuedlrbad}aereauéméu&ééér.w .strélh‘rﬁeawm@trbgeze'r%aﬁgt ed to

conserve clock cycles. For eXanple, since the default condlftion i1s a
conpari son of the lastiXs valuglisuranstesteddy the multiplexar Eﬁland(bomaamdem thewaluevi | |

usual | y occur duri cycle ch no. o arlsons r ei ng made
so that no tine |§?9q’8§ %8 ngﬁ@dagdﬁﬁﬁﬁrbgg{”"ﬁgg %l‘ﬁ‘ gure 4(a)
nothing is hapsenlm.ﬂyfém)tme%mrémm '@nmmaidseanfe%af?%rea el from
the left on the I owest scan |ine for |ine segnent A occurs;”consequently, a
clip wi ndow check greatetiitds rétaiped inthegegisterl@d.ay to the circuitry. 20

Al t hough the present invention has been described in terns of a preferred
enbodi nent, it wll be appreci ated that various nodifications and

alterations mght be MeAnBhel{IaR 1AE the 8amb Bobiafiofidiel/pldd\ Trd3pdiNd N9

fromthe spirit and scope o I nvent T on e rnventron s her ef ore

be nmeasured |n tervwandﬂhe fiedt Mbnelvesiarédr stored inthe leftmostahd righitribsfs
* C L A sorting circuit for a graphics out put
syst em conpri s1°ng 'eﬁﬁ%ﬁ% 'P%RWHYQ!%-emﬂeﬁdW ard phtheisean ling)igrraashpd and ibissi t i on

of a pixel of a fi [ nting
i nformation regar .f"?,%'f%'ﬁﬁf%?? om0 c‘% l&%}?@le l%#%‘%ﬁ%ﬁ%éﬁ‘?ﬁ%@ﬁ nt on
said scan line, nmeaise éefedShtRe lefttbuhiregister Faathel Xt 9al08 Being the lesser
Uk is stored as the left boundary value. The last Xa value is compared to the
value in right boundary register 84 and, being greater, replaces the value in

- 15 the right boundary register 84.

As the end of each scan line is reached, the values in the registers
74 and 84 are transferred to the masking circuitry 20 illustrated in Figure 3
for transfer to the frame buffer and display at the output display.
20
As pointed out above, any operation begins upon a start signal being
received by the state machine 70. At that time, the two registers 64 and 66
contain the X values of the right and left edges of the clip window. The state
s machine 70 keeps track of the appropriate clip window edges to compare
25 agéinst Xa and Xb to check for visibility and sends a signal to the
multiplexers 60 and 62 to indicate whether the A and B values shouid be

compared against the left or right side of the clip' window.

In the default condition of the state machine 70, that is, when the
30 machine 70 is not otherwise controlling the operation of the circuit 50 for
actual left or right boundary determinations, the defautt values appearing on
the 0 lines to the multiplexers 56, 58, 76, and 78 are passed by those

multiplexers and compared by the 68 and 80. In this manner, the Xa value
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pi xel fromeach of the first and second I'i ne segnents; -nmeans for.conparing
the positions of selected pixels to determne which pixel is further.to one
extrene on said scan line that the other; and neans for conparing a pler¥4 '
found to have an extrene position with a pixel found in an earlier
conparison to have an extrene positio determ ne whi ch pixel has the
nore extreme position. 2. A sortEZg circuit for a graphics out put
systemas clained in claim1 further conprising means for dlsabllng a

compari son of - PigElripdtl i 1 GlpkElcib il vilhd i YPHE CoAaNE ML 3 A

sorting circuit gr aphi cs "out put systens as rmed 1n clarm11 further
conpri sing mean:cli'bxb clip dridowLvalueg 'E'nsbompammwpaesadaoftm statepmaeliné r om a

line segnent. 4. A sorting circuit for 8raph| cs output system as
clained in clai I?PI""F‘EH'PH@F“ fsi fag 'ﬁ&’#ﬁ&n@"ﬂ% etgemiped thayXaHer or der in

whi ch pi xel s ar ct.e S it for a

gr aphi cs out put an%fn{cg E%ééléfﬁerég%lhﬁ@ﬁépﬁfr nen a\/\% @8@%&%&&% epends on
the slope of seaQXcIGfocbﬁt% {heNRIBEEITCIPNG is passedzt'ﬁrough the appropriate C L M
S 6. sorting circuit for a graphics output systemas clained

in claim4 in wmutiplexes (96 H8s 76,007 Eéllweafh Xanuhenw XarisleﬂHYpl xel s are
sel ected fromscan.li furt I S for ni,ng when

pi xel s from a néﬁ?u'?ggﬂ%ﬁpﬁésef?e'r I}eosrggrée 5@?{5@? k?s place b9t in a
conput er graphi Q;c,,p%g,pﬁgg éﬁbr%}ia%‘.

10 it should be noted that the mannea_' in which clipping is applied by the W
circuitry of this invention: is adapted to conserve clock cycles. For
example, since the default condition is a comparison of the clip window X
values to the Xa and Xb values, this will usually occur during a cycle in
~which no other comparisong are being made so that no time is lost to the
15 comparison. For example, in Figure 4(a) nothing is happening during the
clock time’in which the. second pixel from the left on the lowest scan line for
line segment A occurs; consequently, a clip window check at this time -

causes no delay to the circuitry.

20 Although the present invention has been described in terms of a
preferred embodiment, it will be appreciated that various modifications and '
attérations might be made by those skilled in the art without departing from
the spirit and scope of the invention. The invention should therefore be

measured in terms of the claims which foliow.



information defining graphic images is presented on an output display, said
i nformation conprising a pair of |ine segnments subtending a portion of an
i mage to be presented, the information Lngpuding the slope of each |ine
segnent and the X positions of both |ine segnments on a scanjjgi wmﬁm
line having a first end and a second end, said circuit corrpL umm“m‘
and second conparator subportion, each&®IM& conparator subportions™ s *
adapted to process information regarding one of said |ine segnents
subt endi ng a portion pof the.inmage, to be presented; erein sai d first
conpar at or g‘ubporti‘gnsggﬁ‘ﬁpps%%rﬁég s%P r ?eggwm&sfi9‘§'fp'§?gﬁXF§em
representi ng comprisdmgsiti ons of both said |ine segnents to be processed
for one scan line; ne r | | dsfl kgnal rpi.ge the
rel ative positions toaﬂeagac Qotf&g%éés%?tdﬁ?q r%{‘ké%gg?'tgﬁor%%%dﬁegesg%%
line; means fRPskElertpfg a hpixeposf idnfdrstheline ssegmengt qmheassgan i ne
based on the ppd&y m nation of said relative positions of said first X
positions and the slope of each |line segpent; wherein sai d second
conmparator  subporti JReRBFpEPTe Prefening ipfozmatigns kegrraing afhe
representi ng pesbtiloX ¢PsatpLReélodfbat Sebbnd 3taeeBegmenthonpsadas se@dnf or
t he sane scanl%ége; means for conparing said second signals to determ ne
tio

the relative P ns to each other of said second X positions on the scan
i ne; means for selecting from said scan line one

pixel from each of the first and second line segments;
means for comparing the positions of selected
-\/ pixels to determine which pixel is further to one extreme
- on said scan line that the other; '

: and means for comparing a pixel found to have an
extreme position with a pixel found in an earlier
comparison to have an extreme position to determine which
pixel has the more extreme position.

2. A sorting circuit for a graphics output system as
claimed in claim 1 further comprising means for disabling
a comparison of pixels until a pixel 1lies within a
selected window.

3. A sorting circuit for a graphics output systems
as claimed in claim 1 further comprising means for
substituting a clip window value for a pixel from a line
segment.

4. A sorting circuit for a graphics output system as
claimed in claim 1 further comprising means for selecting
the order in which pixels are selected from scan lines.

5. A sorting circuit for a graphics output systems
as claimed in claim 4 in which the order depends on the
slope of each of the line segments.



- 24 - % C L M S * means for selectlnmthe X position of the

second end of the scan |ine based on the determn H ﬂﬂummu tive
positions of said second X positions gythe slop nent ;

nmeans for receiving signals indicative of the X posit ‘ons ot & cli p w ndow

in which the portion of the image is to appear; and neans for conparing
said si gnfts indi RaBPFEIDE CHFcRifofon ehgraphics QPSR Ve AY i r st
signal s asllasmed der@lhimgdain vwhich thé :ﬁeaﬁyl Fois selleictithg e ai m 7

wherein th for eiy said first SI and sald S nd signal s
further %8%% nspix%%g aF%ce?ﬁ' s&ﬁ%’s ?efﬂ g clip
wi ndow edgggther compnisgs cwgansisfor adeﬁdrmimingl when? pdmedlsalfmﬁn wher ei n
the neansgf QbxtC SRl &g_{%m&é t? B rcw sai d second signals conprises

rrultlplexer CII‘CUItI‘y as clalrred in claim9, wherein
each of the conparator subportions further conprises neans for substituting

sai d signgls |ndi gaiveult t 16 % RS daphitld RylePWd Ginsdhd 17 st
signals and said secon S|xg*r‘1as . ATcircuit as clained in claim7,

wher ei n e&Bfiogmatiion: olRages s W’PE%@ PR f or
sel ecti ngoutputr d@isphayhi cgaﬁnl dntbmtatabnnadzémgﬁﬂsmgd $epang sognals are
sel ected E_rom scan Ilg S. "}ﬁ‘éﬁ}d A ci rcwﬁg’ as c ned ,in celal m ]1% wher ei n
t he order %gﬁec?%%m%? Zhé jfrfﬁ 80| R jh%f'tﬁ’ o?’aeri"}a}g
presented, the information including* the slope of each
line segment and the X positions of both line segments on
a scan line, each scan line_ having a first end and a
second end, said circuit comprising: "
a first and second comparator subportion, each of
the comparator subportions adapted' to process information
- regarding one of said line segments subtending a portion
of the image to be presented; '
wherein said first comparator subportion
comprises,
means for receiving first signals representing
first X positions of both said 1line segments to be
processed for oné scan line;
means for comparing_ said first signals to
determine the relative positions to each other of said
first X positions on the scan line;
means for selecting the X position of the first
end of the scan line based on the determination of said
relative positions of said first X positions and the
slope of each line segment;
wherein said second comparator subportion
comprises,
means for receiving second signals representing
second X positions of both line segments to be processed
for the same scan line;
means for comparing said second signals to
determine the relative positions to each other of said
second X positions on the scan line;



V\:hl ch said first signals and said second signals are sele\m\
. unes depends on the slope of each of the line segrrents m& m
2 - IHiE

asiglaimed in claimi11l, wherein the =2
* means for selecting the order in which said first si gnal S and sedonel

signal s are sel ect edpdden f&@nséi 8%1 ghsr a%% BEend Obec
det er m ni ng V\/nenflrst signal s an sec g roma scan |I% a?eto
be conpar ed ©nfh of the (ﬁ%lltinﬁ nbasednpot & egtﬂ?&lﬁ%mnqm saidh

i nf or mati on Maﬂm PozAtions TBELS sl A esdEGRE@ N e dpO8 ot Rita diagl ay is
avai l abl e o%f scan llncgtéb Is for a alr of line segments subtending a

portion of ‘e%e‘ﬂ?%’ﬂen he information including the slope of
each line segnent armleéuhs Fopoxiededvdngy shigjrimls néndigative ©f eglid Xcan

| i ne, each ¢ r d co en a|d reuit
conprising: "a ti rs seérkgo‘?nld{%o?’r%{a’rsggorq‘gl u"%‘is ne %’rﬁ:ﬁ EH

conpar at or sil!ﬁgﬂti%ntoammm.tmérocess |nforrrat|on regar di ng one of said
line segnents subte%msaﬁetesnpﬁiaaeéamesignbfsp&%@ﬂw 8gei n

said first ar at or portion conprises, neans for receivVving
first si gnal?‘? ngré’:?é*tﬁjtﬂj‘q |‘P§taxcﬂé§1 t‘Y-"d?‘EP"bf teosRig Ligst shgnalgnent s

to be processsdl §@_{d0g@c§§@nsigﬁslsneans for conparing said first signals
to deternmine the relative positions to each other of said first X positions

on the scan |ine; *
8. A circuit as claimed in claim 7 wherein the means
for receiving said first signals and said second signals
U further comprises means for receiving signals

representing clip window edges.

9. A circuit as claimed in claim 7 or claim 8,
wherein the means for receiving said fist signals and
said second signals comprises multiplexer circuitry.

10. A circuit as claimed in claim 9, wherein each of
the comparator subportions further comprises means for
substituting said signals indicative of the X positions
of a clip window for said first signals and said second
signals.

o/ 11. A circuit as claimed in claim 7, wherein each of
the combarator subportions further comprises means for
selecting the order in which said first signals and said
second signals are selected from scan lines.

12. A circuit as claimed in claim 11, wherein the
order selected by the means for selecting the order in
which said first signals and said second signals are
selected from scan lines depends on the slope of each of
the line segments.

13. A circuit as claimed in claim 11, wherein the



first storage nmeans for storing each of said first signals based on said

rel ative positions of said first Xp05|t|ons and ﬁ line . .
segnent: wherein said second cOm#A ator m Iﬂﬂmﬁuﬂmﬂp meaps
for recei ving sai d second signal s representirfg $echbnds X posi t i ons,

of both of nbAgd ifes wra'a%ﬁx GHE HIECITEGHIUN (S ¥ BrSE Wi dndis Means
for conparing said second nals to_determne the rel ative positions to

each ot her?@ ﬁ‘ép%cﬁﬁgnﬁlﬁoﬁrﬁ Sedested, £2om SPRRe 1 i8S ntNEERR L e
neans for &bﬁ@mwcmeﬁssadi- sascwhxmml whbaseﬁﬁ@ttmg@haw namdt i on of

d - e
z?l sai d se(?&ﬁ'ﬁm/é FEnaks STam & t?é:aé'l‘ Jﬂé‘%far(facW %%ec%%?ré?ﬁ ¢! \r/rgalr[])gsi‘ E)Ir o

conparing said second -signals and the stored one of said first S|gnals to

sel ect an Xjpositi dfdr tﬁg@' ,.gf:@g #@em
conpari ng §al d fi rg? L‘?r}ﬁ[aés arf%latshe o%d%\éé sali’ secorTﬁg1 Sl gnal sto
sel ect an Xnfeymatien slefining grapiike impges fto e presented; oR: ampans
:‘Nﬁr Lefﬁl Vld%&t '(9”&%%)}139' gist %j@;aﬁl@ ahpQSIstdgmswﬁeabalsie végidoyy i n .
iC e portion o e inmge is to ear; an ns for conparinpg sai
si gnal s i ndad® 9% bine rﬁ?gﬁ"%bgﬁ t?‘gh ing A pPTF % agag ??rgg
si gnal s anthes Prrbsveddl, stigwainforfation imcluding tisecsbopedofneéthi m 14,
el th‘iine segment and the X positions of baqth line segments on

each scan line, each scan line having a first end and a
second end, said circuit comprising:

a first and second comparatcr subportion, each of .
the comparator subportions adapted to process information
regarding one of said line segments sgptending a portion
of the image to be presented: i

wherein said first comparator subportion
comprises,

means for receiving first signals representing
first X positions of both of said line segments to be
processed for one scan line;

means for comparing said first signals to
determine the relative positions to each other of said
first X positions on the scan line;

first storage means for storing each of said
first signals based on said relative positions of said e
first X positions and the slope of each line segment:

wherein said second comparator subportion
comprises, _

means for receiving said second signals
representing second X positions of both of the line
segments to be processed for the same scan line:

means for comparing said second signals tc
determine the relative positions to each other of said
second X positions on the scan line;

second storage means for storing each of said
second signals based on the detgrmination of said
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means for receiving said first_éignals and sai d second sj | ses

mul tiplexer circuitry. .16. Acircuit as clained in (M I@Zi ﬂ!"

the reans for receiving said first sigpahg and said seco £y Lr
17

conpri ses means for receiving signals representing clip w ndow edges’
Acircuit as clainmed in Oaim16, wherein the means for receiving said
first signalzekativei wosdddanssi gfialsaisonpecond Hul popltiensciamgli thg. 18.

A circuit assrhgbBf é8ck! Qiﬂélée%mgﬁ?'ei n each of the conparator
subporitions further conprises means for substituting said signals

i ndi cative of the X P8anEi §pF Gompazing \$atdwseeendaisdanals andnkhe and
sai d second st@Féd Sond9of sail FirEt lsignallsrite bdTedd M X4pwBetebA each
of the conpa%ator igbggm%ons fu the%dcong;lligs means for selecting the
order in whit9F 3P0 FHEFTsPRRaPE SRLAsEFRRsELBRE signal s are selected from
scan |ines. - 27 means fo¥ comparihg sa¥d £fir£0. signlls randt the
clainmed in ' 9 e] h r ed b n cting
t he order |%€$€%‘% ggl&gs?i %g%&sga‘%éﬂé gﬁghgglgdgge%s%gggrgﬁa sbg%%%gé ected
from scan |ifes deptddssenonde ehdpeoff said oscane lineisegnents. 21.

A circuit as clai mednbintl #0P TecdfiRimy Nsidifal®2Rnai0h ta%etds Nehé Ny Or der

In which said first signals and sai d second signals are selected from scan
lines furthdPORbibPRSe®iehnslinr wdodowniin ghianther fortion of the

image is to appear; and .
means for comparing said signals indicative of
the X positions of a clip window to said first signals

L ~ and said second signals.

15. A circuit as claimed in Claim 14, wherein the
means for receiving said first signals and said second
signals comprises multiplexer circuitry.

16. A circuit as claimed in Claim 14, wherein the
means for receiving said first signals and said second
signals further comprises means for receiving signals
representing clip window edges.

17. A circuit as claimed in Claim 16, wherein the
means for receiving said first signals and said second
signals comprises multiplexer circuitry.

18. A circuit as claimed in Claim 14, wherein each of
the comparator subporitions further comprises means for
substituting said signals indicative of the X positions
of a clip window for said first signals and said second
signals.

19. A circuit as claimed in Claim 14 wherein each of
the comparator subporitons further comprises means for
selecting the order in which said first signals and said
second signals are selected from scan lines.



signals and said second signals froma next sca,n—l—i-n%ar—e—t—e—be—e—enpared _

22. A circuit for a graphics output syste ubst a ly as e

her ei nbef ore described with reference. tgpythe acc1) iim “\ HIH ﬁ k|
L M

%*

20. A circuit as claimed in Claim 19, wherein the
order selected by the means for selecting the order in
which said first signals and said second signals are
selected from scan lines depends on the slope of each of
the line segments.

21. A circuit as claimed in Claim 19, wherein the
means for selecting the order in which said first signals
and said second signals are selected from scan lines
further comprises means for determining when first
signals and said second signals from ; next scan line are
to be compared. '

22. A circuit for a graphics output system,
substantially as hereinbefore described with reference to
the accompanying drawings.
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