NETH(I) AND ARPPARATUS FOR DECOVPOSI NG A QUADRI LATERAL FI GURE F=CR: £t &PLp\Ys AND
MANI PULATI ON BY A COVPUTER SYSTEM BACKGRQJND OF THE | NVENTI ON 1. Field of

the Invention: This invegti AN hbaf Gk %@Hy% YViS . €
particularly, to comput &l ByEbIPEAY ARG FETE i R ,'rr;'**ﬂ-“-’ iaadie (
graphic figures to be disp ayeo or nanlpu ATed THT O pOT LT ONS—W Yy be

stored in a display buffer. : , WENTION A maj or probl em
in utilizing conputers to provide graphlc displays is that for a single
frame of graphicalg, natm%_féhgg?&gﬁ%sent ed on a cathode ray tube (CRT), it
I S necessary to store an I ndi f the information which is to be

di spl ayed for each position (pixel) which is to appear at that position on

t he cat hode ray tube. th lar :imd det ai |l ed di spl ays, the nupber of -
pi xel s on the cathode 'QWB%&WB%‘WMW@F@W "i%&%ﬁbl‘%%'@r eat er

In a horizontal aﬁm {,&ﬁp

giving a total of Iogﬁ%&ﬂodi:%%a s?n%l?]déﬁgn Q{]fogpemeaégf%ﬁgh g'lg

i nformati on |s todisplayedroedanipulaiegintd portionls whichanay\be sioredsm(mmsblag of
providing a nunber ﬁf different colors on the cathode ray tube, each of

t hese pixels cont QLA™ e ght bits of digital information specifying the
particul ar col or output. Consequently, approxinmately eight mllion bits of
i nformati on needs to be stored for each frame to be presented at the
output. Not only @oes Histary of thedRrigaAlon have to be provided for each pixel
for each frame of the display, but in generating graphic displays, the
usual nethod of determ ning the shapes of figures requires that various

al gorithnms be applied I ' st his
el o by ¢he ot  ATOEpRBRRPUftS EobBRo SrBAGS gl BFpal e

poi nt to be di spl dyatdorcensingletframe ofignaphicat nuhtdrial toobdpredentpd aparcahodd vay

poi nt sl ows the ogﬁ}qaé of the s stemto a 80| nt where operations such as
ani mation are ess Fﬁﬁ 'Hﬁﬂ%cgf ngto stgre an,indicationsefiihe information whighdgs

utilizing hardwar g pe displayed for sach position (pixel) which is to appear at that position

on the cathode ray tube. With large and detailed displays, the number of
pixels on the cathode ray tube may be approxiriately 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 stored. In a preferred system which is capable of
providing a number of different colors 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 {

needs to be stored for each frame to be presented at the output.

| Not only does color information have to be provided for each pixel for
each frame of the display, but in generating graphic displays, the usual
method of determining the shapes of figures requires that various algorithms
be applied to the geometric vertices of those figures. If this is handled by
the software of the system, computing the positions of each point to be _
displayed and determining the data to be displayed at that point slows the
operation of the system to a point WHere operations such_ as animation are

essentially impossible. For this reason, various systems utilizing hardware

each g~



-2- to speed the operation have been suggested. One nethod for speeding the
operation is to use two output franme buffers, and | oad one buffer while the
ot her I's bei;ng scanned to the display. Such a system significantly speeds
t he operation but requires essentially twce much nmenory to acconplish
the storage. It is, therefore, an object of t e present invention to speed

the operation of g%ﬂ&&ihé rhal(yiea Ha%u%ﬂﬁ%&%d Oéhé’ﬁnte {oPQ péddinfthle

|nvent| onto pI’OVI e Cli I’CUI conposrng a grapni jeC I nt™o

portions. whi ch nayopeeations tb usqolmmndramwbmmmd loaek anecbutfes whily tHauf f er
so that graphic fi giur es may be generated by the use of quadril ateral
subportions. It i<other isdeing ssaaneds thedispiay: Ruchrasystam sighificanthspasddr ovi de

eqi sterrapi d y a8 SR ﬁ”?vﬁfaﬁﬂk‘éé‘és%'?‘?@&%%@”@ﬁ i agboffchéh ¥
di spl ay of ani nmat afle gforager s -3- SUMVARY CF THE | NVENTI ON These and

ot her objects are real i zed |n a new out put display systemwhich utilizes a
uni que phil osophy of graphic flgure present ati on whereby hi gh speed

o der (o Al ow t Liahéé?ﬂﬁﬁi” gy offedt g thaoREersPhoh 15 eBlhg i 1 on of

graphics, it has bdjfe’?at r efngf Ormation presented to the hardware
idlly the H#gfe Eﬁ

must be of essent re no matter what the shape is which is
to be drawn on the display. The systemis based on a definition of a

graphi cal figure (shape) which considers the shape to be cqagos,ed of a
number of subportions &dé@anethenpbiert ofthe H[?&GN‘F‘&&’@P&I‘%P'@ feuitey fog

pr._OV' ded for rapi dfapohipokifih WoRHAM dbjédt ftd pohiSRY WhidhYm& BE rafidly
— 'processed and scanned into a display butfer so that graphic figures may be

generated by the use of quadrilateral subportions.

it is an additional object of the present invention to provide circuitry
for processing and scanhing graphic information into a display register
rapidly enough that a sibgle buffer may be utilized for the dispiay of

animated programs.



only information regardi ng the four verti_%gs of those quadrilaterals. All
of these "quadrilaterals may be handl ed i n“the sane manner by the graphics
presentation hardware and rec ' S resent the, desised
shape. The system breaks thes ' g%@rtions of pai rs.of
i ne segnments which subtend a trapezoidal area made up of scan lines to be
presented on the output display. The X and Y coordinates of the two ends of
each scan |line in eaclhesex@ag other abjectsiase replized in maew outpyt displaysysigres

t hose rectilinear ,cqorginates .and nslates. .t i nt rial secan.lines
uh oh may. be ot omTEl HizeR A phlHSaN of sabfiE Furs. freBeaion, HFMREY, oy
T_h' S invention pHigH §pled graphits Ay foalizdd GEInG bnipidl §iRglé VIR Afsphayt he
guadrilateral figures into. subportions which subportions are made up of two

i ne segnents of uuﬂer.qltadld'ettuaibaﬂthans_eDhbardwa@ totimplementtberrapidvi ng t he

R evol d Mede wiPrEASHHEN R GrHRMaS, b R8s bRof Mse g the INibrraUoR Esteriy to
,Tade : AT : G

segments_whi ¢ Mg hg@{&gaefﬁp% {:e/es%aﬂnéugpadéeiéamé ABOREARD h@&& \ahﬂgﬁa ay

buffer. The circul ntion pro s an extrenely rapid input to a
~display buffer. Ishapéid whiel istolte drawnon thp idisplayt hemystem is biasad ohya- f our
mat ri x -4- which enploys-the four Y values of the vertices of each

quadri | ateral andefipitipnof agraphisal figure,(share) which sensiders the shapetg be, ovi de

. , : _ ; | _. _ b
brocassed and wr rtised bf h3Bfter BEBSRG GRS Yakh of AR Fe Glasnddfals TEY 00
the plotting in teiecuitpf is pfoﬂ&e@pdr»fagm buiking quidritsranimages dydmdingdl es

all imaginable quadrilaterals wth but one exception which nust be
i npl ement ed i n sdiniynfarmation fagarding the foue verticenof thgse auadiilaterals. i Nkokegnent s

connecting the veptices pf .th adrilaterals to formithe ngni .set of
aligned trapezoi f}@e%er g%f@@?fﬁfsn@g)! g?ﬁ‘@“@@&?’éﬁﬁ ia"&%mg]gé%eq‘gi‘hg«ﬂﬂ%'gﬁ he
opti mum manner ofprgdgéaStdiéware and recombined on the display to present the

| desired shape. :

The 'system breaks these quadfilaferals into subportions of pairs of -
line segments which subtend a trapezoidal area made up of scan lines to be
presented on the output dispiay. The X and Y coordinates of the two ends
of each scan line in each trapezoid are then determined. The system takes -
those rectilinear coordinates and transiates them into serial scan lines

- which may be stored in é frame buffer and displayed on an output display.

This invention particulaﬂy relates to a circuit which decomposes the
quadritateral figures into subportions which subportions are made up of two
line segments of the quadrilateral and the area therebetween héving the
same Y values. In each case, the areais a trapezo'id or a degenerate
trapezoid made up of the paralle! Y scan lines joining the two line segments

which may be conveniently and rapidly scanned into a display buffer.

The circuit of the invention provides an eXtre_mely rapid input to a

display buffer. R utilizes a hardware implementation of a four-by-four matrix

+
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a shape-'so that the operation proceeds at its nost rapid. For exanple, If a
shape to be deconposed lies only partially_within a clip w ndow and either
partiakly ahove or below the clip w ndow, the operation will proceed nore

rapidiyit the powhichrensployd We foliey Chiuds bi tREVertites &f 8ash §eadiiempasdl. This
may be acconplished if the deconposition may proceed fromeither the top -

down or the. bott oeemparispns of theovalies Qfltmqmame@éq pagvidehiastantangous y of this
i nvention takes p it 0 amthe bottomuyp. It
may be utilized t%""‘%ﬁa\% ?'S%ﬁ?‘[&é‘% §Pg§£‘rﬁ% { 8¥n"1ﬁ¥e‘t°o"’88%ﬁ§°§ in
reverse thereby sgh@ivtioh td the distiacbuter.t he operatlon of the system The
operation of the circuitry is independent of the order in which the

vertices are entered and handl es repeated vertices and ot her degenerate

cases of quadril ateral hat .poi nts rian | ateral s
are all handled in th'ﬁlaaﬂpt' 8 “'fﬂ'é’@qﬁﬁabhl"ﬁét’ T@W Rﬁ'éﬁl? gtures of
the invention wil glehf‘e%? H%Un@@nd%&n&i& ol imkgi tbtﬂg quBdfi Kvni%u{ Sﬁeerence

to the foll ow ng detal escrlptlonta en to er wt sever al

figures. of the drexception whtdhlmtkstlbakmplemantadtis saﬂwareetltmpltmﬁkasdhbmethokle
desi gnati ons throughout t he several views. Rl EF DESCRI PTION OF T
DRAW NGS Fi gure 1 Y?h&’hb‘f'sd'ﬁeGPS@PB%@PFE@[“H&F? Mg“'ﬁ%;?%‘ﬂﬁﬂ&'&#“'ﬂt?@ﬁf" syst em

for a conputer CO%&HS%@MU&?&WE@Q A“:Est%‘éde{h\fﬁlmehon Figure 2 is an

illustration of a shape on an output display by a
series of quadrilaterals; Figure 3(a)- (d) |Ilustrates a nmet hod of
deconposing a quadrilateral into subportions in accordance wth the

i nvention; Figure 4(a)The§ystemis wseéstoéeleatrtamny@umsmmnerpﬁt’mm&sm i ng

e 2L £ TP RASRA B8 s SR s Pl ot Bie” et o d
shape to be decomposed lies only partially within a 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. This
may be accomplished if the decomposition may proceed from either the top
down or the bottom up. '

The decomposition provided by the circuitry of this invention takes
place either from the top down or from the bottom up. It may be utilized to
draw graphical representations from up to down or in reverse thereby

“substantially speeding the operation of the system. The operation of the

' circuitry is independent of the order in which the vertices are entered and
handles repeated vertices and other degenerate cases of quadrilaterals so.
that points, lines, triangles, and quadrilaterals are all handled in the same
manner. | |

These and other objects and features of the invention will become
apparent to those skilled in the art by reference to the following detailed
description taken together with the several ﬁgure_s of the drawing in which
like elements 'are referred to by like designations throughout the several

views.



i npl enenting the invention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT | n

- designing conputer systens, it has becone apparent that the display of .
graphi c i mages substantially slows the operation of nost machines., This.
occurs because the anount of information that the conputer nust deal w\¢h
for each frame to be presented on the output display is very |arge and
because the nani pul ation of that information in order to present the
graphics image requires inordinate use of the central processing unit

(CPU). The system of which the invention i s98 part speeds the presentation
of. conputer graphics by hagdld g dRS G heagPepal igns, 0 hardware so that
the information is avail abf™et s Y ot ow t he use of
hardware to i nplenment the presentation of graphics, it has been found that
the information presented to the hardware should be of essentially the sane
nature no natter what Figured iss blockdiagramiillustratirigoa graphical outplt systemdort i on
is part of a system which is.baseq:on breaki ng the, graphics i mages to be
presented into qEeRMPUeErensirugled B@WBW’W&"B@ H&ﬁ A in the sane
manner by the graphics presentation hardware and reconbi ned on the display
to present the desired shape. The invention takes these quadrilaterals and
further deconposes t hEiguretisl dmitlustetionvf & skape lwictonan detrepresenedomn
lines to be presented on the output display, The invention is capable of
treating points, anouaut display by aﬁQF@%'JBQU%%@%ﬁ@FSéte quadril aterals so that
they are handled by the hardware of the systemin essentially the sane
manner as are other quadrilaterals without loss of tinme or reference to the
CPU for special handl g reFS(ﬁr-(d) ifustratés BIREIABE Ot WebOrApsdingt aldutiintieral shape
divided into two quadrilaterals 8 and 9 whi ch when individually displayed

on a conput er outiptatsubpoitioss jin ac¢atdandecwithothel ipvention; gi nal shape. Al t hough >

t he shape shown in Figure 2 i.s sinple, it wll be apparent to those skilled
in the art that , | '
. : ' Figure 4(a)-(e} is a series of drawings useful in illustrating the

algorithm implemented by the invention; and

Figure 5 is a circuit diagram illustrating one arrangement for

implementing the invention.

)



shapes of essentially infinite conplication, may be represented if the

i ndi vi dual - quadri | ateral s are chosen to ke Qm-l | enough. In fact, the
present~” .7 - invention has been utili zed to represent three di mensional
anlnaté«dfshapes of a vepgst : ok 'EHE EERRED LEMBOBIMENTS i n bl ock
di agram form a graphi cal out put system 10 construct ed in accordance with
the invention which nay be used with a corrputer system The system 10

dosi red graphi cal snapt SFASMOR eBRRe hiEferes B kedal@ Acsor i "0 ' "
figures). The bus dighiay bRgrphiedhegetsubBRmliaIgssions MerBeraion®s mstaddr ess

| ine which designates the particular portion of the system 10 to which the
input is to be tremadhmesedTh?lwcdnasbecauser‘lhaammomfdnfﬂmatwéhﬂébet he act ual

dat h | or d t | i ds | i .

The bus I nter ace GouMeeT pudded wilor ad fame it 5g Pressad PR IR PRI | ng : he

manner in which the é* Jsti) hﬁdb&é&?eﬁﬁé’iﬂaﬁ% oﬁ‘o? t rfdmiatiBR in Vhen
a repr ns

constructing graphi at I O rom quadr at era s In the present
invention, the inpter tofpresert Itlmgrapmbsldwagd fequitesindidirEte sse bf theeceptalt i cul ar
clip w ndow in which the information is to appear, the coordinates
(vertices) of the praeessingnit@FU)and the col or data regarding each
quadrilateral. In the preferred enbodi nent of the invention, a single color
is utilized for all pixels of each quadrilateral displayed. The col or

i nformation which is teangay eteﬁﬁ@rrwlﬁ@hﬁqbuﬁmmdn@gune{:r eddsaha prebientatioronl i s
stored in a data path and nmenory interface stage he vertices of the
quadrilateral and edmpuer grapmqslbmamﬂlmgmsitomrar@esat@nem hardwers 80 et e

LRGN I 1Y St i BBl b e R T ©
registers, magnit uglGyGARPR iMbRient ﬂt%@braeédtétsbn%frg%bmc% it s beefTouncRgs nade

i ncl ude t he conpari son of each X val ue of
the information presented to the hardware should be of essentially the same

nature no matter what shape is to be drawn on the display. This invention is
part of a system which is based on breaking the graphics images to be
presented into quadrilaterals all of which may be handied in the same
manner by the graphics presentation hardware and recombined on the
display to present the desired shape.  The invention takes these
quadrilaterals and further decomposes them into line segments which

| subtend the same scan lines to be presented on the output display. The
invention is capable of treating points, Itnes. and triangles as degenerate
quadrilaterals so that they are handled by the hardware of the system in
essentially the same manner as are other quadrilaterals without loss of time

or reference to the CPU for special handling.

Figure 2 is a representation of a graphical shape divided into two
quadrilaterals 8 and 9 which when individually displayed on a computer
output device provide the complete original shape. Although the shape
shown in Figure 2 is simple, it will be apparent to those skilled in the art that
shapes of essentially infinite complication may be represented if the

individual quadrilaterals are chosen to be small enough. In fact, the present



‘each vertex to each other X val ue of each-9f _the other vertices, the
conpari son of each Y value of each vertex to each other Y value of each of

t he other vertices, .and the coqngpari.son of ch of these,X Y f

the vertices to%‘f%’_"%éﬁgﬂ?“Pﬁ@eﬁq’ﬁemﬁﬂg&"ﬁ v ?ﬁoq%hgnﬁrﬁﬁ%q%ﬁegﬁﬁ to

be present ed. fgibwfgﬂbﬁcd’t%mggypl i shed by hardware, the information is -
qa e for

I mredi atel y avai use by the system 10 without |oss of any system
clock tinme. The information regarding the vertices of the quadrilateral and -

the clip w ndow available at the goordjnate staging circuitry 14 is
_presented to a coordFW%"é'@l?Hméi"hg{%{‘gﬁg'%%%fﬁ‘ %ﬂf%‘?"‘?ﬂ@mﬂ Pt eral is
deconposed into ' f ' ' : PRVY s TRY ' MDal i ne
segnents of the @r%g{s-#lrg agd%%‘rﬂ?&g%ﬁe‘%e;\fmh @gﬁvﬁmm@éeh sugpor_'ﬁ%gnvgmfg such
"~ that the line sqgpitér sysfomicThesystem 10fintlbdesibustinidriace dagic 12 whichdi spl ayed

whi ch may be drawn by a series of parallel horizontal scan |ines, each
defined by an X recejvesinfaymation cegasding thedesied ararhical shape. from#he when al | of

Guadr it erat i ComhercRysten (5t 8RS 86 SafrRRf TREbilniqHacd o B2, "o,
each subporti on uBLES fhicnaliBA o \an Adiréss e Which GaBighates she paitisulas possi bl e

in view of the shape of the quadrilateral. This has the effect of

deconposi ng t he ppraty ofthe systemi 10 to which thiernput isto bertransfegredd Theuszoi ds. '

Figure 3(a)-(d) Jjllustrates.a singl uadri.l.ateral divi.ded i S ortions

i n* accor dance wiipieriane ?Q.'ﬁigﬁ?‘?%‘ﬁ’% ‘%%"@’F[ ﬂ?tﬁéucﬁﬁﬁ&?9|§5€?sgﬁb‘?°§' é‘ﬁgt shown

in Figure 3(a) ' | ( | r I s@ns of

t he ori gi nal qu\é@%@ﬁfée@g?ﬁﬁ‘@%?I%gsskergﬁ%}’ﬁﬁéiagﬁbsi,& fezz%ﬁélgngp"gfbﬁqon

i ncl udes bet weencdritre! signal designeting thevihanngpirewbichdbe informationigpiatbeali spl ay, a

series of horizontal scan |ines which begin at one |ine segnent defining u

the quadril at er aireatad oB&CURrOLIRR-her | i ne segment. When these hori zont al

lines are scanned to the frane buffer for presentation on the output

di splay, the entire quadrilateral shape is reconstituted on the display.
When constructing graphical representations from quadrilaterals in

the present invention, the input information includes the coordinates of the
particular clip window in which the ihforrhation is to appear, the coordinates
(vertices) of ihe quadrilateral, and the color data fegarding each
quadrilateral. In the preferred embodiment .of the invention, a singie color is
utilized for all pixels of each quadrilateral displayed. The color information
which is to be presented at the display of the qua_drilatéral 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 v
which includes hafdware that provides comparisons of the incoming
information by means well known to the prior ari such as registers,

" magnitude comparators, and gating circuits.

The cdr_nparisons madé include the comparison of each X value of
each vertex to each other X value of each of the other vertibés. the
comparison of each Y value of each vertex to each other Y value of each of
the other vertides. and the comparison of each of these X énd Y values of
the vertices to. the edges of the clip window in which the information is to be



Referring again to Figure 1, after the gyadrilaterals have been deconposed
into subportions in accordance with thits®invention, the individual scan

iines khave t.heir beqi nni and endi ng X yal ues determ neq at a functional
addr es's¥ng st age. fé&%"PF‘{J?@“ﬁ? M%ﬁs%'@ﬂﬁ'&a%mﬁ@*&fﬁh@eI'WGEPE‘I%‘H? this is
acconpl i shed by thg liabid b ' ) (38 fv Svstedine two
| ine segnents whi éh"‘ggﬁﬂ%at 'gsal ?g%se tﬁgpﬂ%@{g@?ﬁgo%gstsioégr\g?ysgle@el S
constituting the Xxlockltimes at the begi nning and end of each scan line within

t he deconposed subportions of the quadrilateral. This functional addressing
stage 18 al so acconplishes a portion of the clipping necessary to fit the

particul ar quadril at er%g;ﬁé&r}g@ﬁ%%g%ﬁﬁ ReLPVSHidd &‘iﬁ% %éedr}g%(gf'éi End theP®

di spl ayed, and then trans S to a mask ron. stage 20

whi ch arranges t helip Wisdowavakablersdt the codrdinatestaging leirchitrp g i$ prssentedvor se
fromthe beginning to the end of the visible quadrilateral for each scan
line and are used ¥ eRordinatecseguenringstaga 1§ al whichithe avaddiateraliis geeemposedage

goner ator 24 whi ciftp 2Cghribh B BdhoRicns a3 of WhiEh3fitbubds e s ROmBRILEED . o,
stage 20 into si gnre drigingl duadniatdral. ThEh I Mete subportione®e sbh treit tHedling r ansf er

to the output display. At this point, the color data relating to the
quadril ateral to Isegoesis defios aparemohthe anedrilatesaldo ba displayed which may beage 22

is transferred to jhe display buffer at ithe |ocatjion identifi by ¢ he
linear address gerféf¥? Y%E'%s o?pa@jeﬁomgntngl’ngﬁ, ﬁﬁ%‘sé@é’?ggy%‘ *hi s
speci fication rel aigdfnirg vdlfe ahdPan X éiidiny vall® sUSHtHat whBS &IToP e dtanhihes
quadrilaterals; this apparatus resides in the coordinate sequencing stage
16\Ln t he pref err af aliobthdi subparts are rendered on the display, the quadrilateral is
' defined in total. In essence, the two line segments of each subportion
subtend as many Y (horizontal) scan lines as is as possible in view of the
shape of the quadrilateral. This has the effect of decomposing the

quadrilateral into a minimum set of aligned trapezoids.

Figure 3(a)-(d) illustrates a singlé quédrilateyal divided into
subportions in accordance with this invention. The original quadrilateral is
that shown in Figure 3(a) while Figures 3(b)-(d) illustrate the three
subportions of the original quadrilateral. As may be seen in Figure 3, each

" subportion includes between the fine segménts. when presented on an

1% " output display, a series of horizontal scan lines which begin at one line
seg'ment-deﬁniﬁg the quadrilateral and end at another line segment. When .
these horizontal lines are scanned to the frame buffer for presentation on the
| output display, the entire quadrilateral shape is reconstituted on the display.

Referring again'to Figure 1, after the quadrilaterals have been
decomposed into subportions in accordance with this invention, the
individual_ scan lines have their beginning and ending X values determined
at a functional addressing stage 18. In the preferred embodiment of the

. invention, this is accomplished by the use of circuitry which determines for



of the invention.- Although this invention is described in terns of the -
graphics .systemillustrated in Figure 1, it will be realized by those
skilled in the art that it will have broad application in other systens for
provi di ng--gr aphi cal ‘out put displays for conputer systens. Referring nowto
Figure 4(a)-(c) there are shown a series of three possible quadrilateral
shapes each defined by its four vertices and straight |ines connecting

t hose vertices. For the purposes of this invention, the quadrilaterals are
defined to have vertices xOyO xlyl, x2y2, and x3y3. In each case, the
quadril ateral shape is particularly determ ned by connecting xOyO (vertex
»0)" to x1lyl (vertex 1) to x2y2 (vertex 2) to x3y3 (vertex 3) to x0y0. For
each quadrilateral shape which is to be deconposed so that it may be

rapi dly processed by the graphics systemw th which this invention is
associated, a four-by-four matrix i's pu@pented at this point .for

expl anati on purposes. The matrices are atfually inplenented in hardware as
wi Il be expl ai neghé twe ihé sbgméhte wikstedelinethe alighid trapdiizcidithe paficlidRs

| abel l ed as in Figure 4(a), for exanple, to indicate the particular
vertices of the crixels constduting theiX values atthe begivpingrand end-efeachissandinet i on

[ i cat i ons  or oA e dectibosyf | il 5B leBndBlA, IndifinRohPa C "

the colum for thadgrddding&agé 18Ndsd B¥komplished & BbRRNYLY :ﬁ@guﬂdi@/ﬁééeseéryt Ee_

vertex. Level as here used I's particularly defined to indicate for eac
vertex the nunbertodit the particuier quadsiaténalsithahe clip winkdbws injwhithithey aredtb behi ch

have Y val ues bel qw (or, | ess. than) .the particul ar vertex. [For ‘ex le, in
o s acm S vor (s SRR e TRAers Snd Sana 1P B EHSERsBRIEToN BB AP o her

vertices bel ow ity . ORe"i ed dit ‘ ' 0
i ndicate the | ev-e‘\v".'%i?‘| Hﬁﬁﬁg@%ﬁ%’gﬁn@ﬁl tCI g‘)é §éﬁﬁéarg¥‘ig§]ﬁ§/d?t\llﬁstté§ﬁ be dof\\fvmlht , SO
a "one" |s placecherbeginmingetorthe eat of the visiblerquaerilaterallot each scan line and

are used for addressing the data path and memory interface stage 22.

The mask generation signals are also furnished to a linear address
generator 24 which translates the addresses provided by the mask
generation stage 20 into signals for linearly addressing the frame bufier for
transfer to the output display. At this point, the color data relating to the
quadrila_terél to be displayed which has been held in memory at the stage

22 is transferred to the display bufier at the location identified by the linear

address generator 24. . V

@



% . .

indicate that a single vertex is belowit in the quadrilateral shape. In

| i ke manner, vertex O has two vertices (vertex 2 and vertex 3) belowit, so

a "one""is witten in the matrix at row 2 to indicate | evel two for vertex
0. Finady, vertex 1 has three vertices belowit in the quadrilateral

- shape, so a "one" is witten in the matrix at row 3 to indicate level 3 for

vertex 1. It should be understood that in inplenenting a matrix in
accordance with the invention, a nunber of rules are followed. For exanple,
each vertex has its own colum, and each colhpgn nmay have only a single
"one" init. As will be understood, in order o deal with the matrices for

the understanding of the reader of this specification, the colums are
considered to repeat to the right and I eft of the four colums shown in

each of Figures 4(a)-(cCrhé ﬁwbmbrﬁ@dmndaféﬁymis §pecificaiion fblaies fblthd. TO

understand the use of the matrix, the following terns are al so used. For
each |ine segnent ppmweand ma&odof dccomppsmthequadrdatstais this @pparatusx and

the other is called t.he e ertex. The "current, |ever t he | evel of
the Starting vert ckeRgesini @ﬁienﬁequem%atasﬁﬁﬁdg"r%r"@!?éfee.ﬁ*&q%?mof_
entry to the exe”pbf"{rié |HPérft*oﬁ pandu% |R9enthﬁ?§‘ée§ché&‘ﬁutﬂhﬁ.ﬁﬁhhﬁ” opposi te
entry to the matrix nutilizing the matri X, nes wh e up the

sel ected portion obra;mnsmwwm illasteatad in/\Fuuuh1 ,dt will becrediizedrhydbese skmed in
consi dered at the sane rst e is.referred to as line "A" and

the second as Iinetheart thet w:htave ¢atign imethgesystems far proyiding
quadrilateral of Fi h"i’ca‘/% Vgigslaﬁwrgéw ﬁte?gggéﬁg fromthe left in the

row which is at th owest rmn ron of the vertices of what
will be the line A begins at that vertex and continues to the right by

| OekKi ng ahead to determne if the vertex in the columm ahead lies at a

| evel above the entry vBetessing now &Figure 4(a) (o) thete ara-shpwnsa seviescofdbregs t he

oo 0o Che' o e A58 w0 BB L 0 Y P bt
lines connecting those vertices. For the purposes of this invention, the
quadrilaterals are defined 1o have vertices x0y0, x1y1, x2y2, and x3y3. In
each case, the quadrilateral shape is particularly determined by oonnecting
'%X0y0 (vertex 0) to x1y1 (\iertex 1) to x2y2 (vertex 2) to x3y3 (vertex 3) to
x0y0.

For each quadrilateral shape which is to be decomposed so that it
may be rapidly processed by the graphics system with which this invention
N _ s associated, a four-by-four matrix is presented at this point for explanation
pﬁrposes. -The matrices are actually implemented in hardware as will be
| explained hereafter. The base of each matrix has its columns labelled as in
Figure 4(a), for exémple. to indicate the particular vertices of the
quadrilateral being defined; column 1 handies information for vertex 1 and

so on. Along the left side of the matrix are placed row indications for each



behlnd lies at a | evel above the entry vertex. If neither of these
conditions is true, then the rules reqUTré Frrst a |l ook at the colunn ahead

at the sanme level. If this condition is not t gﬁ (?_Fhone in the
col um), then the"eém »Ferpeahvsﬂ%eqne is Rlaces in the \ymfﬁaﬂ verexatdhe 3y,
the entry vertex gy i e?f?tg iel\“rgl"\b? ﬁeeiﬁerégefl vél % e? é/\/m ch is at
a |level 2. Thus, |rs I ne segnment I ne runni ng

fromvertex 3 to pa%ﬁtbmaﬂﬂdef’ﬁad to énclivate for édch ivertex med&.tmtreﬂuhoﬂ\ebyemces
essentially the sane rules. The sanme vertex is the starting point for the
second |ine, but inthe pagicyianauadijiaieral which haye oyplues below; @é&sﬁé‘i‘ﬁ“)lth% t he
entry is fromth&gr*‘";r;méI ér& first look ahead is to the left and above

t hen behind to t and above, then ahead at the sane |evel, and
finally (if none of the forgoing are true) the vertex behind'is designated
the end vertex of the Bline. It will be seen fromFigure 4(a) that the two
| i ne segnents -connect |ﬁﬁgmpbx“'(~flﬂmﬁh4(abweﬂ%alS)th&riQMleWaﬂexaﬂﬁunber of

t he sarreYvaIuesfrom rtex 3 teX 2 define a '
trapezoi d. Howevefd yihas ‘Wf"%?fev "f?éwg hHﬁﬁ ] 'B\Mil?q?g MEWices 0
and 3 is not 'nC'i&#s%fmet@amana.éaf Eweﬁiofﬂiiy\fedekn%ﬁeﬂmw
therefore, used again In determn e next palr of l'ine segnents. The
rule for this selartelxcsmlowﬁtosaauewa'asblanadhagemratnxat rowst fonwerigx 2¢o t ex
| evel is higher than the ending vertex of the other |ine sea%;ent in the

first pair. The ondicatethata sig ex iselpw| in dhe guadrigterabehapp. dndkes with
h di
ne el vert g ok 4 Wi (3B bt SRR, R 227

the 1ine segment s'gpgr fsawrittendA thematrixalt réw £(t0 Indiddié Ievel twoforvbrtexig.ne of the -

second pair starts at vertex 2 where a "one" appears at |evel 1 of the
matri x. Looki ng aFiaaly,vertexd hasithregiueflices belavelt imihequaddlateralishape, §eRt ex 1

the socond | ne s@aRemwiinh ik KD w8 icers Rv¥[ 3R FA 41 MCe 0 and

3 as the Aline segnent of the pair. It wll be seen that this second pair
of lines
It should be understood that in implementing a matrix in accordance

with the invention, a number of rules are followed. For example, each

vertex has its own column, and each column may have only a single "one”

init. Aswillbe understood. in order to deal with the matrices for the

understanding of the reader of this speéiﬁcation. the columns are

considered to repeat to the right and lef of the four columns shown in each =
. of Figures 4(a)-(c) in the same order, i.e., 0123,0123,0123. |

To understand the use of the matrix, the following terms are also used.
For each line segment processed, one vertex is called the starting vertex
and the other is called the ending vertex. The "current level" is the level of
the starting vertex of a line segment. *Ahead" means in the direction of
entry to the exemplary matrix, and "behind" means in the direction opposite
_entry to the matrix. In utilizing the matrix, two lines which make up the
selected portion of the quadrilateral which is to be decomposed are
considered at the same time. The first line is referred to as line A" and the

second as line "B".



al so includes a nunber of scan lines at the same Y levels falling between
the vertices 2 and 0 and defining a second trapezoidal area. Finally, the
Line segnment joining the vertices 1 and 2 is reloaded and used as line

segmenteB for the last pair since it has anléig+ng vertex | evel above the
endi ng vertex |evel of the line segnent 0|n|ngmthe vertices 3 and 0. The

ending vertex 0 of the aonsideansmntnx\ﬁmmnmg ateral of Bigueet(a) the matrixs t he

f he A li f 'th f
Shant T romthe 2 | EAnstef pie IENTS by whiafjd &3he Rt b0 THRS L1101 |,
the colum for VerB%rﬁlﬁaﬁbrﬂ&fth@Qﬁmwé?oﬁvﬁétriﬂll 56 HiElite A begih€ at {haEvertex

connecting vertices 0 and 1. This conpletes the last pair of |ine segnents,
and obvi ously incl aweomlrduasio thegight by laoking aheadh td determine ifthe vertaxdndhe hi n

h dril | of F I '
SegmEnts T equir es Swamh?#eﬁgi‘és b ! 240uR ghe e s 1 2R a4 effnd, o o
e R e ue ) B bOthE onieRb B8 iR . ifhGY, fHaf fi8Yéibimitinddh 2 " one”

In it. Figure 4(b) second quadri | atera

i npl enent ed accor dré’tﬂnrbgatlm behiri (o the. Ieﬂ)ﬂbldgtdrinhenwxe:vertaf erthedolumnabove
t he ITB.tI’IX |s entered fromthe left at colum O (representing vertex 0O
where a "one” appebekind fies gt/ jeve! ahaygithe gntay,wertex: (hngither of these exndiipngds o

"one" at level 3 f | gm;e
enteri ng fromthe W@h‘ﬁeﬁﬁ@ "1”!%3?%‘%%’%‘(1% Iélaﬁ]ﬁe éoﬁ#nrpél;%g Eﬁes§§gne vlertex
gives a "one" at | condifién i&arict e adowrmirdmcbhm then theseghwegttex
Since the vertex 1ﬁ|\4§ﬂsabgve r':he Ievgl% o? the vertex 3, l'!?he i ne segnent

i ncl udi ng the vert iscset tothereplumn behleﬁem&u@s‘*(ﬂ) the entphyanex js vertexd andcond
pair while |line se rrent B of the s r.he r Entering
t hb./mat rix at | evel °l grigx 4(}\?? 5\;“%5%“’!"5@%?} 'gﬁé]?ﬁ'ﬁ‘@ *g "[rglﬁpgpr ovi des ‘a
“one” at a higher Egﬁbnﬂb gqfdnefédas Helind rhhﬂ@ frémivefe£ 846 DEnese0.t €x for
line segment B of t second pair hese two |ine segnents,
the line segnent with vertices 1 and O ends at a |level above vertex 2, so
this Tine segment is re‘?ﬁ? tseec(:jcm%gcarIBnIme is determme%r@ essentially the same rules.
~ The same vertex is the starting point for the second line, but the tests are
applied in the opposite direction, i.e., the entry is from the right, the first look
ahead is to the left and above, then behind to the right and above, then
ahead at the same level, and finally (if none of the forgoing are true) the

vertex behind is designated the end vertex of the B line.

It will be seen from Figure 4(a) that the'two line segments connecting
vertex 3 with vertices 0 and 2 have a number of the same Y values from
vertex 3 all the way up to vertex 2 which define a trapezoid. However, a
portion of the line segment defined by the vertices 0 and 3 is not included
within this trapezoid. This line segment is, therefore, used again in
determiriin the next pair of line segments. The rule for this selection is to

' reuse a line segment if its ending vertex level is higher than the ending
vertex of the other line segmem in the first pair. The other line segment (the
B line for this pair) starts with the ending vertex of the line previously used
but not repeated. The same rules as to application of the matrix to determine

the ending vertices of the line segments pertain, so for Figure 4(a), the B



A. Line segment B starts with vertex 2, enters fromthe right and | ooks
ahead to the left to discover vertex 1 at level 3. The two |line segnents of
this pair having the sanme vertex and therney, bei ng no higher vertices, this
quadril ateral shape is conpleted. The qu Frateral shape shown in Figyte

4(b) demonst rat e bf\ie dod8nd paiP Etaltd ) Ve Ewhiied "drieA eBpéars affivels BEOI N 1N

different vertex order and t the tact that the gua ateral 1s one in
whi ch the |ine thegmatrixs Looking ahead toothiedeft showsa "dreiabowe lewvel hiorabitéx t y of
@ri ate line segnents for the output

th i it t Vi t K [
di gplciat;/.cu;:i ;ﬁr eqzé{réé)"vehiggﬁ ér'&‘ggé'g g yenices 40,1 5. anisred agjipe B ofde beh
"+ handl ed by the | i ; Ll i t
hondr [ ator ol nSSE aesognfork Bir pHich REiubes e Wbl Viities a3 dbl's

| ine segnent jothe Agné segmentcofithepair.i it wilkhe seuni thit thistsecond:pair bftineshape i s,
in fact, a degenerate quadrilateral in that vertices 2 and 3:1ie on top of
one anot her. Englsojingjudesa pumbprotscandipas abthesgme Ydevels fallipg betweanat r i x,

the first "one" e inS. 1y ' ertex 0. Looking
ahead provi des ﬁ@]ﬁ%ﬁéesré?gegsadd;deg@'}n%s%ﬁﬁfa}%?@hé%xbeh| nd provi des a
"one" at level 2 of colum 3. Thus, the first or Aline segnent is

I ndi cated to be the line segnment joining vertices 0 and 3. To determ ne
line segment B of t hEinalfy, $he fing segraent joiningithe vertices tand X isgeloated andjht and
the first “one" encountered is ol 1 representing vertex 1. Looking
ahead provides M8 Fﬁﬂ@? spgroent é/@’r'?'?;ﬁ('% ‘Tﬂ"&)&%ﬁﬁ“ﬁg ﬁ"ﬁd’eﬂﬁxilq’{ﬁ ri ght

I ndi cat es that ,ﬁm{aa{, f i SORHTE e Sorliddst endi ng
vertex is above'ﬁtS ‘tééag![eﬁeer, nert e?“s]ggﬁn!ednltd&iess repe?tme“(lgg:si Si nc&ﬁshélersédl S no
hi gher | evel cot &he ergling vertex'0 ofithe Adine segmentwhich g notaeldaded ishusedane _
| evel , the search is term nated. shoul d be noted that the operation

d | t
denmonst rat ed by 8sithgstartingvertgx for thg,Aline seomept of the-lastpaite ookipp firstt ne
vertices 0,3 an | ' iy | | el el y.. That
vertices 0.3 andnladubih b $Tovdl 81 fs¥dnk A 14 I6hét G'oSiuftin SHAWR' LRV in
the column for vertex 1and defines the A Iine-se_gment as the line '
connecting vertices 0 and 1. This completes the last pair of line segments,
and qbvious_ly includes all of the remainihg scan lines at Y levels within the
quadrilateral of Figure 4(a). The rule for completing the |i$t of line segments
requirés that the search end if both line segments have terminated at the

same level and no higher level exists within the matrix with a "one" in it.

Figure 4(b) illustrates a second quadrilateral which may be .
implemented accord_iﬁg to the invention. Using thé rules referred to above, ' U
~ the matrix is eniered from the left at column 0 (representihg vertex 0) wherea
“one" appears at level 0. Looking ahead from this vertex shows a "one" at
level 3 for vertex 1 ahd provides the first or A line segment; entering from the
| right and looking ahead to the left _frbm this same vertex gives a "one" at
| level 1 for vertex 3 .and provides the'B line segment. s_incé the_ vertex 1 is
above thé level of the vertex 3, the line segmént including the vertices 0
and 1 is repeated as Iin'e segment A of the second pair while line segment B
of the second pair begins with vertex 3. Entering the matrix at level 1 for
vertex 3 and 'ldbk_ing ahead to the left ﬁrovides_ a "one" at a higher level at

vertex 2; this then is the ending vertex for line segment B of the second pair.



| ooki ng at the quadril ateral shapé’j__of Figure 4(c); for the line segnent
joining the vertices 0 and 1 need not be_uq ‘'since it is scanned at the
| owest l.evel of the two chosen |ine segnent'st-"and the |ine segnent joining

the speed of oper 61 BHEBABAGe 3paRecRe of shmer i ericeb 1 e CRRAY < 2
portion that the ajgvangluveivertek 2| 56t Wﬁgrﬁémwt:%tebagaw@m seghhe
gr aphi cal shapes fromthe top down or fromthe bottomup. This is Inportant

because when a shape Line sagmani B starts with pertdxRi enters toom the right@nddeokstahestiape
may be beyond the gdge .ne wi ndow a n ent.| not .appear_ on the
ool ay 1e e hi o pit TRt oSSyt ek CRdeye o TN Ind sestpened BRRGRRSE g
t he shape on the dj ' h ; ed for
processi ng infor rraP ?@hem% | 2%%’?3'?{)“%? 8&2@:“2%"3"@2%’"{311 'sﬂtﬁgn{ ially
speeds the oper ati quadriaterat shgpe isnconmipletedapabi | ity of the invention to

operate in either ‘an up or a down direction may be denobnstrated by sinply
traversing the matrix of one of the exanples given above starting In row 3

and noving toward row T | g,%[ga ' L | | g@ﬁg are
t he sane as previ ousl y%@e%ﬁ%%agn |Ir§h§g'b ﬁ'g? @hﬁg{ﬂgg%ﬁ%ﬁg e{he

i nvention to operagaRorifhnthamdies duddtiidterats wiliok beginnie different verex bries andi ch
the algorithmused in this invention as described to this point is

i ncapabl e of handl thi therieet that the quadiilgieral i ene inovhichthariingseamests; cresa al

scan |line crosses [,e a | i . ' h i ral.. This
cpndi tion occurs M@;@o@&ﬁa%ﬁgﬁgpﬁﬁg ?ﬁg%g%@l%; g{geﬁ?rgﬁﬁ@ﬂégt&é%o in -
Figure 4(b) is redgi,?ﬁagqa@qinbr@bmggfstfgxmg d,jpmg?gyyp above vertex 2. Such
- a shape nust be handl ed by the system software. The second condition is one
in\Wkich a speci al adaptation of the algorithmis needed. - 16 - One

condition requiring a specia aptation is that in which.the adril ateral
shape is formed by thre 99@4@?&@%&*@%@% anothgr quadrilatgral which ma be |

handled by the invention. In the case of this quadrilateral shape, the
quadrilateral has vertices 0 and 1 both at the same Y level so that the line
segment joining those vertices is horizontal. Moreover, the shape is, in
fact, a degenerate quadrilateral in that vertices 2 and 3 lie on top of one
another.

Entering the matrix at level O from the left of the matrix, the first "one”
encountered is in column 0 representing vertex;.o. Looking ahead provides
no higher levetl in column 1 whilg looking behind provides a "one" at level 2

" of column 3. Thus, the first or A line segment is indicated to be the line
segmént joining vertices 0 and 3. To determine line segment B of the first
pair, the matrix is entered 1r_om the right and the ﬁrs_t "one" encountered is in
column 1 representing vertex 1. Looking ahead provides no higher level
\;enex, while 'looking behind to the ﬁght indicates that vertex 2 completes
the B line segment. Since neither ending vertex is abo?e the other, neither
segment is repeatéd; since there is no higher level containing a "one" and

both fine segments end at the same level, the search is terminated.



hori zontal scan line and when placed in the matrix of the algorithmthe
vertex in the center on the sane level as two others is either the left or

ri ght nrost vertex of the quadril ateral «onfsshiis | evel. The shape in such. a ‘
case is a triangle with one side extendind as a horizontal line (See I,*Tx_f‘gure )
4(d)). In such a casdt shouldbe neteditbatithe aperation demonsjrated byrFigurené(chief i Hed

between the left rightnost vertices., the yul tiple vertex |evel and
the vertex for t"lllsgegcejcm')f@'eﬂgpﬁ'f'efs(?gmfpﬁém@&gﬁé’ﬁf"cﬂsbs’[)%'@“-génpﬁ'@'\%rte'x .
ahead of the ce I \ | t IR i bl ment Bis
set to the vertgﬁggﬂyﬁghﬂgﬁggﬁ%@vgﬁ%‘?g '%lﬁﬁ{pﬁlég{'rgrn?r?k"g?ﬁr?ﬁg portion
"whi ch has degendpakingl at thexguadrilatéral shape ot Figure 4(c);fot thiei line éogmehepmi%a\m,
and the remaini | i esgme{/s fcfr both the A and B |ine segnents which
follow utilize [}HEVPBW&FGM{EP 8Peq pRt-b ysad since his acannesat therlowest devel ue
when the three fafhd rhZQ | J . e zerog,Jevel
so that the hor?’?&ﬁ?ﬁfﬁ%@“@@?}%ﬁ@‘ﬁ& Fﬁ%’ﬂ'}zegling %‘@&aﬁﬁ"ﬁﬁqh‘g‘ﬁ S&t ends

from the triangland8 haddegenwratetiay alsirge point.he quadril ateral of Figure
4(e), the stop vertex for line segnent Ais set to the vertex ahead of the.
exception vertex, the stop vertex for the B line segnent is set to the

e Prahe and | of S8 YRRSIEID 65 spRlS ofiPhioh 4 bR st Lo "
ef fect of drawi nghish ifs inventc isla pertidmihalhearfePgbinaht Mﬁlﬁégirfeseﬁﬂd Chor

ignoring this vertex and using the renmaining vertices to aw atriangle. A
second speci al daventios berable to bandihgraphicalshapes from the top dowmbr fromethe I N t hi s

case the operation of the matrix be optim zed by .igporing the nornal
procedure and se?%"ﬂb"?‘hih‘si'ﬁg“%"é'ﬁéh?caﬂsgt‘”ﬁ'ﬂ' Pérﬂ%lg{;@'t' maehp t he o
I eftnost vertex windowgorhé PrtidR GF R sHa didd "/
ri ght nost vertex. A llke sgeci al case gggﬁér)}sb%%{] thggggg r?ﬁtg?gpa m"éhape
is a vertical |iand, cohsequantly, notrappéar onithe disptay. f/thissprtiowis dboveigie segment
A and B start Ctéelfe”ii ces to the botfommost. vertex and the lLine segnent A
and B end verti ow the clip window, then de ining the shape on the display from above or

below eliminates the need for processing information which is not to be

displayed and substantially speeds the operation of the system.

The capability of the invention to operate in either an up or a down
direction may be demonstrated by simply traversing the matrix of one of the -
examples givén above starting in row 3 and moving toward row 0. The line
segments identified in this manner 'aré the same as previously identified and

illustrate the ability of the invention to operate in either direction. u |

There are two conditions which the algorithm used.in this invention
as described to this point is incapable of handling. The first is the condition
in which a horizontal scan line crosses more than two line segments of the

| quadriiateral. This condition occurs where, for example, the quadrilateral
sﬁap’e shown in Figure 4(b) is redefined so that vertex 3 is moved up above
vertex 2. Sucha shapé must be hand!e'd by the system software. The
second condition is one in which a special adaptation of the algorithm is
needed.



to the topnost vertex. Referring now to Fi gur'e 5 there is . shown a schematic
bl ock di agram which includes circuitry j_grbi__rrpl enenting the al gorithm which
has bees di scussed with respect to Figures-4(a)-(c) and the special cases.

Figurexacillustrates a g P%h&iﬁﬁ'gﬁ%&v%?%#é'lddéﬁ%fi&prs thii & WhEPRe. The

circuit 30 includes a state .mac cont S the entire operation

of the circuitry. toadsiatiral shapéistormed by threel esrticespwhich dia cbthevsame recei ves
i nputs indicating how the various vertices of the pdrticular guadril ateral
of interest conpar dofigonalscandippand wheaplaced in the @a@xmmﬁﬂwﬂm P put

| 36 and 38 ki ' ' Lan,
plrg}(ca Zr r edagnbodi ﬁ;‘ﬁ@n g%ﬁ”%%?@a? éﬁﬁ%%%éééﬁvé’fé%&t%%%tﬁ% 'ﬁg'? I(;ahe

conparisons. As expightniss] vehew of the iqdadisiaterdl onithis leval " Thel shapedin sych aicasd
whi ch the preferred enbodi nent of the invention is a part provi des as

out puts of the coorgiRitaanglewithiong sidecaxtensingassa harizantaldine tseesFigumA@doduct

Cl ock ti mes. The stastehacarhe ek Nbriathlihh ot BogPe| ko BeRlesH
starting vertex, tHge ffiChrdOrightrbsveritidd onhfiRe wititiphiVerfaka6vel ang Bivverter figr r ed

to above with respect to Figure 4(a)-(e) are handl.ed. The state machine
constructs the nat rthe estry pbintor linegsegment Acisisatias thewertax ahead of the wenteal

| anguage flor t he: adeMer A ik sanBe Feder o7 doe PRomerd B Bimet 5B Y RPT heHpa
bi nar y excl usi ve. O Skegpton YerBhin S iahnet, & pbfion VgAY dNMSreRIEA 1o on
bi ft, brght - bott calinelstigmored Ionc_e that iing has been drawnpend tte remaining lide -
U segments for both the A and B line segments which follow htilize the
remaining vertices in the coniputations. This is true when the three vertices
on the same horizontal line are at the zerb level so that the horizontal line

extends at the zero level.

If the line extends from the triangle at the "one" level as' in the
quadrilateral of Figure 4(e), the stop vertex for line segment A is set to the
vertex ahead of the exception vertex, the stop vertex for the B line segment
is set to the vertex behind the exception vertex, and a horizontal line is
drawn between the right and leftmost vertices at the "one”" level”. This has

‘the same effect of drawi_ng a horizontal line to the exception vertex, and then

~ ignoring this vertex and using the remaining vertices to draw a triangle.

. A second special case is one in which the shape is a horizontal line.
In this case the operation of the matrix may be optimized by ignoring the
normal procedure and setting the line segment A start and end vertex to the
leftmost vertex and the line segment B start and end vertex to the rightmost

vertex.

A like special case occurs when the quadrilateral shape is a vertical

line. The matrix may be optimized by setting the line segment A and B start



Yagb.rreans Ya > Yb Yalb neans Ya < Yb format: Imat [row][col] Equations for
[

Bui l ding Line Matrix Row O | mat[0][0] = | (yOgl Il y0g2 y0g3);
Imat[0][1] =1 (ylg0 y192 Il ylg3); +nhiJ&[2] =1 (y290 Il y2gl | ly293); .
A mat[O] [3] =1 (y3g0 Il y3g1 Il y3g2); Row 1 |mat [ 1] [0] = (y110 &8‘5)

(y210 * y310)) Wertice idthébottofmdsd verox/aridths lihe seymémt Adnd B(é/ﬂdl%dnées
y210)); imat[1] l =(y01l && | (y211 11 y311)) 11 (y211l && |

y311)) | (y311 he topmost vertex.211) ) ; I mat[1][2] (y012 && | (y112 ||
y313)) (y11l2 && | (y012 11y312)) Il (y312 && | (y012 11y112)); Imat[I][3] =
(y013 && | (y113 Il y213)) Il (y113 && | (y013 11y213)) || (y213 && | (2{813

| Fy113)); Row 2 Aol dsithoat
|;|§3103§; I%\:Z [1] Ebmf@%ﬁm‘;;glhr{/gﬂ%&&&(yml | 211 1 333

lmat12][2] = y@@ iqcyages ciycuitry fmpmtnng melalaomyneuwﬁ% Hasmapa] [3] = |

E %? 2&%‘5’2‘\& %%%’3 Ols?"’f’éﬁ! %W%Biaé"?ﬁl?f%&'%/%ﬁﬁ&* % 3][2J =
(y290 && y291 &fuustratel a éiftait 3@%!51&1 imﬁx!é’@@r‘%%s PafoséS Tha Trrbuit 30

includes a state machine 32 which controls the entire operation of the
circuitry. The state machine 32 includes a portion 34 which receives inputs
indicating how the various ve_rtices of the_paiticulér quadrilateral of interest
comparé tb 'one another. These inputs afe provided .on input lines 36 and
38 each of which carry twelve bits 6f information in t_he preferrgd
embodiment and indicate. respectively, X and Y coordinate comparisons.

. As explained aboVé with respect to Figure 1, the system of which the'_
preferred embodiment of the invention is a part provides as outputs of the
coordinate staging section this information as a by-product of the first step of
operation without requiring any additional system clock times.

The state machine 32 provides the signals by which the starting
vertex, the ending vertex, and the various special cases referred to above
with respect to Figure 4(a)-(e) are handled.

The stafe machine constructs the matrices illustrated in accordance v
~ with the following logical equations. These equations are described in the
C programming language for the assistance of those skilled in the art.

| - binary complement (not)

|- binary inclusive OR

&& - binary AND

* - binary exclusive OR

tit, trght - iop left and top right vertex ihdic_ation

biit, brght - bottom left and bottom right vertex indication



N 19 - Equation to detect Special Case la -3 points at level O with mddle
one at’ an extrene pts 30= ((Imat [O0][0] && Imat [O][1 && Imat [0][2] &&

((xIi- -xIblft]) 11 (x[1l- xbrght])) && (&I~ - X[2]) & (x1i] 1. xQ)) |
((Imat ¥0][0] && Imat 10[ 111 && I ma 0 13] && ( .= x[blft]) Il (Q-
x[brght])) && (x44 | &I[agp)mwsw b| x[3])) 11 ((Imat 101[ 11 && | mat .

10][2] && Imat [01131 &&&f Y xRl tl) Il (x[2] - xlbrght])) && (x[21
x1i]) && (x[21 - x31)) tﬁ\%}r’éﬁ 46301 && I mat 101121 & Imat [0][3] &&
((x[3 - x[bjt]) Hormek:3J  x[brght])) && (x43] | x[2]) && (x[3] I- x[0I))
Equations to det ect Special Case 1b -3 points at level 1 with mddle one at
an extrene pts 31 = ((lMtII’OMIQEO & 11 [ && Imat [11121 && ((x[!
xtIftl) Il (x[1 - XL . ] 1,x12] & (xi 1] I x40)) 11 ((I mat
[1][0] && [11111 &¥“FHe BSR - xptlft]) Il (x[O.

Xi trght && (X - X[ | mat 1111&&11121
e | 11103) ea tld 2 “*ﬂf@éli“ﬂ%*ﬂm 31”&?4%&51)) g (x12) T x 1]
& (x[2] 1 x[3])) 11 ((! nemai[o]{}e]! (pEg0L At 111131 && ((x131 -
x[tIft]) i1i- (x[3]- Xtrght)lzn)at[(%([%]-!(ngOI[Xyggll 'f&zg(sxlBl A x[21))

~ Imat[o)[3] = ! (y3g0 |ly3g1 Ily3g2);

Row 1 Imat[1}[0] = (y110 && | (y210 " y310))
I (y210 && ! (y110 |1 y310))

Il (y310 && 1 (y110 |l y210));

Imat[1][1] = {(yO11 && | (y211 || y311))
|l y211 8& 1 (yo11 1 y311))
Il (y311 && ¢t (yo11 |l y211));

Imat{1][2] = (y012 && ! (y112 |]y313))
Il (y112 8& 1 (yo12 11 y312))
I} (y312 && 1 (yo12 |l y112));

Imatf1)[3] = (yO13 && ! (y113 || y213))
Il (y113 && 1 (y013 |l y213))
I (y213 && ! (yo13 |l y113));

Row-2 Imat[2][0] = I (y110  y210 * y310) && (y110 |ly210 lly310));
'  Imat[2){1] = 1 (yO11 A y211 A y311) && (yO11 lly211 lly311));
Imat[2][2] = ! (y012 A y212 * y312) && (y012 || y112 || y312));

Imat[2][3] = | (y013 A y213 # y213) && (y013 |ly113 |ly213));

Row 3 Imat [3][0] = (yOg1 && yOg2 && y0g3);
Imat [3][1] = (y1g0 && y1g2 && y1g3);
imat [3][2] = (y290 && y2g1 && y2g3);
Imat [3][3) = (y3g0 &2 y3g1 && y3g2);



_20._
thirty-six different |ines,
al gorithm of the invention.

i ndi cates the nunber of one vertex of the quadrilateral
val ue f;mh ch vertex.
indicating a vertex nunber are two bit sig

The signal s that Eqdﬂfﬁd {oydétbg Wﬂ Cﬁﬁe wartex for

- signals which indicate the | eve

provi ded to the

Portion 34 of the state machi ne 32 provides as outputs,
signals which are utilized for inplenenting the
These signals include signals each of  which

on

of interest a?&ga

The signals

S in the preferred enbodi nent.

lines A and B are
frael i ne segnent A

mul ti pl exers and to the‘nultlplexers 44 464'52 Aand 54 of the |line segnent

B mul tipl exers okt % select control
| ook ahead nul ti pl exers,
entry colum refers as a

Ilnes NUItIpIexers 40 and 44 are

et DSLER ihftiof Y e MATIGRLBET | ° OO0k "Col o

is provided at the input to (e .wﬂbnpl]ﬂxm.é@mgh )h&&i nput termnals

indicated 0 through 3 (which indicate the entr
i ndi cat es whi ch col unfd1) b=xj2}) &8 (xji] l=x{0

Col umn to the right oftnollAUmehBIBEER e bl WiR it

si gnal

at the data termnals for a
| ook ahead col utm and so on,

olum). This two bit
" colum for the input
m i s always the
e signal provided

ﬁ%wa[glﬂﬁqllmll%5@ )f8kes colum 1 as the

h the si

nal to collum 3 indicating colum

0 as the | ook ahead col um. (![0]l=p[1¢)>&&(x{0§he;{3mat es in a simlar manner

except that the "l ook aheag coI

the left; consequently, th @mﬁﬁ ]"bﬁ
for exanple, indicates the O
colums O through 3 for the
i ndi cate the "I ook behind"
bit signal
t he | ook behind col um,
colurm 2 is the | ook behind
manner; but the signal

ta o the indicated
- iﬁ%xé 0@ mgﬂﬁg‘% t he ot her hand,
cada)me xf1gy && b@]pak[a]);ul ar colum. Thus,

on the colum O input to nultip

anH &(\ﬁ@t Kloh&& Imat [9]@ &% ImahlOliB] @&out i ndi cates t hat

mat P BB cerection
the tmb;J

| exer 42 indi cates colunn 31is

on 'ea@ﬁbfmx[bwl fi uf&] e{[béﬁqﬁ@&r ates in a sinmlar

- (x[3] | = x[2]) && (x[3] != x{O]})

Equations to detect Special Case 1b

pts 31 =

((Imat [1)10] && [1][4] 88 Imat [1][2] 8&

(1] ==t} 1] (6]1] == Xitrgh]) &5

(1)1 = x[2) && (x[1] ! = x[O]))
|1 ((mat [1){0] && [1]]1) && Imat [1](3] &&

((x{0) == x{tift]) ] (x[0] = x{trght])) &&
- (x[0] = x[1] && (x[0] I = X[3])) .

1 ((Imat [1][1] 8& [1)i2] && Jmat [1][3] &&
((x[2] == x[tift]) |](x[2] == x]trght])} &&
(x[2] 1 =x[1] && (/2] I'= X[3]))

11 ((mat (1]10] & [1](2] && Imat [1}{3] &&
((x]3) == xjtif)) || (x[3]-= x]trght})) &&

' (x[3] 1 =x]0) && (x[3] ! = x[2]))



L)

colum line indicates the colum which is one nunber |arger, the "l ook

behi nd" col.um for the B |ine segnent. - 21 - Two additional

mul ti pl exers 48 and 50 are provided for ZDe—~A |ine segnent, and another two
additiegal nultiplexers 52 and 54 for the B line segnent. Again, each of

these mul'tiplexers has pgpigh 3d3ithe étgﬁﬁnéﬁﬂie%@devl&s%@@ﬂ}lpﬁs.tdﬂﬂhmlswms

0-3 of the matrix being inplenented by the circuitry 30. These input |ines

carry two bit si gnsifteréntdines.signals which are @ilized tor implemgnting:the algorihmef ecach
of the columms. For, exanpl e sing.th uadri| ateral ,of FEiqure 4(a line O
of the | ook ahead I‘@E‘I"%’%i qgg%;grggs @G@Sﬂs@ﬁ agh of u‘f‘ﬁﬁ?‘%ﬁ%’?%g

level three becausqupbir KPbheyerexit tidbuibhatoral Srintohd anld SRlas WHKE | of
colum 0, has three vertices belowit. 'In like manner, the | ook ahead | evel

for line 1 of nultiindieatethell®vekvaluecior aash vertdx. i Thai sighals indicatiag acedekecause

the vertex of colum 2 is at a_level wth b%lt a sigﬂgj_e ver ex,b'elo it. The
mul ti pl exer 52 opemimber are twodit signals indhg, rreferred ambpgiiment; [fhesignals thal ey er )

to provide | ook ah . | s. J:0di i " _ el L e
Segment B 1n a of SHTA/NE Sl it it £RATEUs PRAICRD M EmpleXL” |
i ndicative of the lgpyadsasfanti!5o of thd krecsegaient Aenuliipleterd ahd todtheamitipievsers or
each of the input lines representing the different columms. The

nul tiplexers 40, 4#4,486, 52, 80d54 ofthe ling segmasy Bupultiplgxers on datr seledt CORtreli nes

56 and 58 fromthe stat hi_ne L, ch, .ngdi It i ne
segnent A or the | i"ﬁ@s‘s&jﬁ@iﬂkg ?i%?%’%ér%b?g:gégéglf{yﬂ@exgl'sg ?5@.5# Q@ﬁ Ithe
l'ine 56 indicating jhdi€ats e EdiSfn 26 WhithQRé tHderith cdiinit referd sl & RbR ahbde
mul ti pl exers 40, 42, 48, and 50 and provi des output signal indicating

i nf ormation descri twohgnn. Ehus, aksigriabiod eech coiumnhds provisled &t thednputrto the r v

Col . andt he. v mutAatercto 8T ks Srad PG niprorL S bybebR s 3,

Elo|gﬂ;rﬁ 4(a) is beiRge dRHPERARMAS Thid tws Bt 'signFinaicafesvitith colurh isthe ook
ahead" column for the input column used as an entry column. Since the
look ahead column is always the column to the right of the A line segment
entry column, the signal provided at the déta terminals for a column 0
selection indicates column 1 as the look ahead column and so on, with the
.signal to column 3 indicating column 0 as the look ahead column. '
Multiplexer 44 operates in a sifnilar manner except that the "look ahead”
column for the B lin_e segment is the column to the left; consequently, the
signal on th_e Iiné for a column 1 selection, for example, indicates the 0

\UJ ~ column.

The data inputs to the indicated columns O through 3 for the
multiplexars 42 and 46, on the other hand; indicate the "look behind"
column for the particular column. Thus, the two bit signal on the column 0
input to multiplexer 42 indicates column 3 is the look behind column, and
the signal on the column 3 input indicates that column 2 is the look behind
column. Multiplexer 46 operates in a similar manner; but the signal on each
column line indicates the dolumn which is one number larger, the "look

behind” column for the B line segment.



signal on the line 56 causes the multiplexers to provide outputs Indicating -~
a | ook ahead colum of colum O with a vertex at |evel two and a | ook

behi nd colum of colum two with a vert at level one. The information
regarding the two vertices that nmake uﬁhe-l nitial A line segnent argp

i ded f b e err enbod rm nal* 60 |
]E)(r)?v![ r:ns?Zr at oo'ltJLe 3%8%%%%}@' V\#‘& ?&?ﬁé qrgpre &@M%Bﬁl ation by
the system 28gient, ake afBihePtwo édhlﬁiﬁnfaﬁhﬁhlﬂﬁxéﬁ%é did Sé‘ﬁar Prﬁﬁesegment

for the quadrilateral of Figure 4(a), signal 1s provide ine
i ndi cating the §ﬁ9'i“9"bcﬁﬂam gash dflhasesmghmexerShaﬂ'hith datasliaest he

al ti d, 5 t I di cat t he
ook Bhoad and FeRRsHiiReRRchaf tiardm rT°V' o8 ik e i Enmiarmeneaty a oach

| ook ahead d |

vorti cos thar s oreRty 85, Fes Yoy iR carp b bh anaRadMIRIEVIL 1,

‘output in the plndimtlngdhelfﬂwbllwaacrﬁbﬂhebobnmls %rfaﬂﬁmbbanﬁf\ﬂhdo t he ‘bl ock
18 shown in Figure 1 for further nmanipul ation by the system The state

machi ne 32 al soHRMiatesal of fFrigwe 4(a)qline  ef thglenk ghesad |§Vﬂjrmiﬂple’@f&8corrpar at or

|
e Tar ol © rubuid Bim) 8 %ighaFidic il RloERABR3LS 1B Ve (1 8t 07 (e
hi ghest | evel furtmuowahém@hhwmmﬁnomhsqméweln?éeerb%llovﬁﬁ fefugy m ned

fromthe X and Y input conparison signals. This is used by the conparator
64 and mat ched Wannesitae la abﬂadlﬂyalIonl}ne3$ofwnulilplened48asamesraes:bmlel of each

f.th A th
ond' on equal v EiDa 1veFane REcaied n?«esm Folurin, Bl ah yeh wila bt Rbove i n
the quadril at er ginglel VisPtex HERAN & The Rilitipidxar Qfﬁﬁﬁét |ﬂ@aéir3ﬁ£’r hifher! at €

regi ster 32 | ndi catl ng that the quadrilatera een deconposed and the\J
parti cul ar oper fooking e theoleft] howeves) tolprovitie 1dok ghead devels indicativeof édch been

d t of a preferred enbodinent, it will be appreciated that
ngfghgem |d|nf i gram for Inne segment B. In a similar manner, the muﬁiglexers 50

and 54 provide signals indicative. of the levels of the vertices at the "look

behind" columns for each of the input lines representing the different

columns.

The multiplexers 40, 42, 48, and 50 are activated by signals
provided on lines 56 and 58 from the state machine 32 which indicate that
either the line segment A or the line segment B is to be defined. Thus, a
signal on the line 56 indicating the selected entry column for line A .
activates the multiplexers 40, 42, 48, and 50 and provides output signal o/
mdlcatmg information describing the look ahead column for the partncular
entry column the level of that signal, the look behind column for that entry
column and the level of that signal. Thus, if the quadrilateral shape of
Figure 4(a) is being decomposed, the entry Is at column 3; this entry column
signal on the line 56 causes the multiplexers to provide outputs indicating a -
- look ahead column of column O with a vertex at level two and a look behind

column of column two with a vertex at level one. The information regarding

“the two vertices that make up the Initial A line segment are provided as a
four bit outpu_t in the preferred embodiment 'at terminal 60 for transfer to the

| block 18 shown. in Figure 1 for further manipulation by the system.



alterations night be made by those skilled in the art without departing
fromthe spirit and scope of the invention. The invention should therefore

be neasured in terns of the clainms which follow. - 23 - * C L M S
* CLAI Mas1. _ A circuit for selecting the |ine segnents of a
quadrilateral graphic figure to be displayed by a conputer output display
whi ch line segnents include points on scan |ines comon to the Iline

segments conprising neans for providing $hgnals indicative of the vertices
of a figure to be displayed, nmeans for providing comparisons of the

rel ati ve positions of slmdikemmiec.eadetermineyhamwaIlbes@memagﬂde means f or
selecting a starting vertex for determning the |ine segments whi ch i ncl ude

poi nts on conmon sS&HAdMiatesal of Figure 4(a), a signalisipreyided on lije B8 indicaipa tha
Connect e 10 1ne < by bamyib} s sty Bl ofnis hiRh WiPmBpREGRTS W e 0N
connected to the starting ver means pr ovi

output signal s

i ndi cative of |inegaa@artotprovige Gﬁtfpﬁﬂﬂﬁﬂals indicating fheclobk @hbad and fokdsehingg t he
| i ne segnments of a quadril ateral figure to be displayed b

fa
conputer output. di SplENsANcNelievals elhnunticss ﬁtean!\eloybamaﬂ end ok behindes
comon to the line_s .S, an [ Vi | s,
-indicative of the f@ﬁ'?’f'bnth %ERF &ga@’%@‘e gﬁg@gﬁ&a%ﬁggpglpe P‘&!/Pdl ng
g ?gg?;;g 3 ns rrg];mts he l|h6 'séén‘n&ﬁ’t Q@%ﬂl&m four! Bﬁ' oﬁﬁ:ﬁf inARé pfé?eﬁiﬁmﬁéd?mbﬁt ae
terminal 62 for transfer to the block 18 shown in Figure 1 for further

manipulation by the system.

The state machine 32 also includes output lines for providing signals
to a comparator 64 which indicate that the operation of decomposition for
the particular quadrilateral has been completed. The line 66 provides an
indication of the highest level for any of the vertices of the quadrilateral as
determined from the X and Y input comparison signals. This is used by the
comparator 64 and matched with signals on the line 68 which indicaté the
level of each of the end vertices of the line segments A and B. When the
line segments end on equal Y vertices and there are no other levels of
vertices above in the quadrilateral, the comparator 64 furnishes a signal to
the state register 32 indicating that the quadrilateral has been decompdsed
and the particular operation is complete.

Although the present invention has been described in terms of a
pfeferred embodiment, it will be appreciated that various modifications and
alterations 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 follow.



Selecting a starting vertex for determning the |line segnents which include
poi nt s—on_cammon scan |ines, neans for selecting a first |ine segnent
connected to the starting vertex, neans for selecting a second |ine segment
connect emma H’“ﬂﬂﬂﬂmt g vertex, neans for providing output signals 3 -;.

I ndi cat'i nts selected, neans for determ ning which of t
first or secofd i n® segnments i ncl udes pm%on scan |lines which are not
common to the two |ine segnents, and neans generating a third line
segnment begi nni ng - 24 - CEAIME L M S * with an ending
vertex of the pne of theafpisbudk %%‘P@eié&]?iﬁ 9ERgt im@ %%drmt%deéf

p0| nts on scan |ines onIy comon to segments.

circuit for setcSURRFLLRtanale FEBRBALs Hhoureuis |1P%t &igplavashi BYf igyure
to be di spl ayasbimyutef OrGutRit O didplal Swha¥hhiche! | SEgHEREE NtEnd Tidd!de

points on scan |jnes comon to the |ine se nment.s COTI&J Z-Iltf% means for

provi di ng si grRPE ¥R i Pt i ]RADT ’rfée%er‘i‘? of*% f% bS EMGNR ed,
means for prowdnmismanum gbrt herawidinge snwamsonsnaicaumheveﬁ i ces

as they are t s ns el.ecting start| vertex for
determning th h?l ﬁgggg%%en?ge%n %%Suﬁél e %8 HeEEEn f1f¢frnes,
means for sel epxovidingl compargsons| pﬁethegmnasi@@nm:etdm tdle stchti ng
vertex, vertices as ‘they are to be displayed, means for

selecting a starting vertex for determining the line

" segments which include points on ‘common scan lines,
means for selecting a first line segment connected to o
the starting vertex, means for selecting a second line o/
segment connected to the starting vertex, and means for
providing output signals indicative of line segments

- selected.

2. A circuit for selecting the line segments of
a quadrilateral graphic figure to be displayed by a
computer output display which line segments include
points’ on scan 1lines common to the 1line segments
.comprising means for providing signals indicative of
the vertices of a figure to be displayed, means for
providing comparisons of the reletive positions of such
vertices as they are to be displayed, means for
selec_ting a starting verte_x for determining the 1line
segments which include points on common scan lines,
means for selecting a firsf line segment connected to
the starting vertex, means for selecting a second line
segment connected to the starting vertex, means for
providing output eignals ' indicativ_e of line segments
selected, means for determining-which of the first or
second line segments includes points on scan lines
which are not common to the two 1line segments, and
means for generating a third line segment beginning



® « w -
a .- a @& ¢« ®

mreans for providing output signals indicative of |ine segrents Sel ected,
means for determ ning which one of said plurality of IinEﬂ

sel ected. includes a point on a scan |line=fych is not \ mﬂ“mt““m!“

previoysl'y selected |ine segments, and means for gener ng tant S
additional 1line segnent beginning with the ending vertex of the one of the

|ti ng tSﬁngent_s Iﬁlsthsalheehddwiv@rﬁemlqusm‘)lrdne of Ntlse ofissBnot | seclsondmdmn
o bo previ ou sel ected 11 ne, se n s : ... Acircuig,as cla

o ora s Tor EabesBeduebts | SR AREIRaed; patpts AR, AddH 11dke CoRLF™Y

di spl ayed by acommoputer theuttwa lidiesEegmentsch |ine segnents include

points on scan lines comon to the line segnents further conprising neans

for determning when a particular figure to be displayed has been
conpl et ed. 53. ALciginguit oforcpedectdnghdhe ddne gegments of

quadri | ateral %aFlgllé?dHEHﬁSrL? Rft IR afsgumé atGO'HéUt&is?H&%l_& s phay
whi ch |ine segnentS 1 nclude polntsg, on scan es .common to the ||ne
segnents conpri SPRBULEXnSOREPUS, o@#ﬂ?%ﬁysi% i o FLEmENt 8 hinGv}P@Fces

of a figure to poiditspl onedscamaniines peommdnngtoonphei sbkhneof segments

relative positi f N vertices as they are to be displayed, neans for
sel ecting a stagpiﬁgifzﬁégx for determning the |ine segnents which include

poi nts on conmon scan | i nawansefior iprockding istenalsrindicativegafnthe
connected t0 thge3tdllds" G ¥ IRpurB A B dESPpELYEdY 2 second |ine

means for providing comparisons of the
_ relative positions of such vertices as they are to be
o displayed,
means for selecting a starting vertex for
determining the lines segments which include points on
common scan lines, '
means for selecting a plurality of 1line
segments connected to the starting vertex,
means for providing output signals indicative
of line segments selected,
means for detetmining which one of said
plurality of 1line segments last selected includes a
point on a scan 1line which 1s not common to two
previously selected line segments, and
means - for generating an additional line
W] _ | segment beginning with the ending vertex of the one of
the line segments last selected which includes only
points on scan lines common to both previously selected
line segments. ' |

4, A circuit as claimed in claim 3 for selecting
the line segments df a graphic figure to be displayed
by a computer output display which line segments
include points on scan lines common ~to  the line
segments further comprising means for determining when
' a particular figure to be displayed has been completed.



Segmnwﬂzt arting vertex, neans for providi ng output

si gnal.spndl cative o I segnents sel ected, neans for determ ni ng when
nmor e t m ' ’IH” f a figure to be displayed lie on the sane
hori zontsal™¢ | mw one of such vertices connects to the figure igxa
nmanner to define”a %i gl e |ine segnent extending fromthe figure, neahs for

provi ding an output in response to the.d m nation that nore than two
vertices of figure to be displayed lie on e sane horizontal scan |line and

that one of subh verticea edieedits ficr §€1é¢0LHE tHed TR Fedneriaf ide a

single line se { ' fromthe figure t rovi a si gnal -
i ndi cating tha?%(ﬁ&zlt;%r}idéa’l[ai ﬁgagégﬁen‘%gwér? o_%t?g B?a%is&lrﬁ?%éji RY the
extreme verti ceempabherneeutpitr displiay whdchealintorseghents ngi.zmmdi}ti ng
vertex to be ; i re, : ' ' cigecult or
deconposi ng '}Sﬁt’d’&?fa?%?al s#?‘gu%%ﬁﬁeb%&ééﬁl a€°e_d %I?e'ot%er?{vi ssge.#é?xftl'szed by
out put circui t99uRFigingnmeans sforerpraniding ngianals f dndpeavivenpt
information reggg divegtitled | 42 l£VeL§upl Wtbﬁe%ﬁpf%}‘f‘e&waﬂéhhﬁt ¥
means for selecti ng a begi nni ng vertex which iis such that ‘all other
vertices - BfpvidingcComparisops ofgthe: nelatiye posithonsf &uch
direction fronvéheibegi nasngtheyt careneads ber adlspalayed,! Wanasid i Rsr

connect e B, LhAFRPRINEL S BhabREnd MY CERF, (e SR HRAT LR WIS
begi nning versegments which include points on common scan lines,
: ' means for selecting a first line segment connected to

the starting' vertex, means for selecting a se_corid line .
segment connected to the starting vertex, means for s
providing outpizt signals indicative of 1line segments
selected, means for determining when more than two
vertices of a figure to be displayed lie on the same
" horizontal scan line and one of. such vertices connects
~to the figure. in a manner to define a single 1line
segment extending from the figure, means for providing
an output in response to the determination that more
than two vertices of figure to be displayed lie on the
same horizontal scan line and that one of such vertices
connects to the figure in a mannér_ to define _é single
line segment extending from the figure to provide a
signal indicating that a horizontal line segment is to W
be drawn connecting the extreme vertices, and means for
causing the means for selecting a starting vertex to be
set to ignore the extreme vertex.

6. - A circuit for decomposing gquadrilateral
figures to be displayed or otherwise utilized by output
circuitry of a computer system comprising means for
- providing infor.mation regarding relative levels of
vertices of the quadrilateral, means for selecting a
beginning vert_ex which is such that all other vertices



vertically closer to the beginning vertex, and neans for providirg—eutput—

-

deconposi ng

signals defining a trapezoid conposed of scan lines lyin
quadril ateral , defined by the two Iine segnents between t
and a sacan line through the vertically-closer vertex:for

use by the output circuitry. 7. A =i it for.
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for display or ot
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deconposi ng quadciompomesi fdafjurszarn 0 limek slyitesl ain otdrer arex Wil i Ziee

by the output cir
conpri si ng nmeans

EA N 0 O PR S TR | deGhah To Lt LT

ermning | ano r vertex exrs dal a vertl Ca

di stance from t hethe bbgoimnigg vaersgex andd aneafdn Limponthyeught gthehe
- vertically-~closer vertex for display or other use by

the output circuitry.

7. A circuit for decomposing quadrilateral
figures to be displayed or otherwise utilized by the
output circuitry of a computer system as. claimed in
claim 6 further comprising means for selecting the
vertically-closer vertex as a second starting vertex,
means for determining a next vertex connected by a line
segment to the vertically-closer vertex, means for
determining whether the next vertex or the further of
the two vertices connected to the beginning vertex is
vertically closer to the beginning vertex, and means
for providing output signals defining a second
trapezoid composed of scan lines lying in an area of
the quadrilateral defined by the portions of the two
line segments between the vertically-closer vertex and
the next verticaliy-cloSer vertex for display or other
use by the output circuitry.

8. A circuit for decomposing quadrilateral
figures to be displayed or other wise utilized by the
output circuitry of a computer system as claimed in
claim 7 further comprising means for determining if
another vertex exists at a vertical distance from the



det er m natiom of—the—exist ence of another vertex for providing output

signal s b i 1 Ni trapezoid conposed of scan lines lying in an
area onmwm"mNH H ral defined by the portions of the two line N
segnent s* waen u : t vertically-closer vertex and such anot her verfex

for display or other use.by the output circuitry. 9. A .circui t™ for
deconposing quadrilateral figures to b?eﬁ‘qm_aygd or otherw se utilized by
the output circuitry of a conputer systemas clained in .(.:gl aim6 further
conpri si ng rrea‘h%Q}%‘?{lagt er'f@ 5+ % t hANG hr &@ang t | tesponBdvet hatot hethe

begi nni ng vertdetéirminatibn ofsatRe |Wtenc&NBf Hithed CYRRLELY ol O

such determ nation. ftor defini a.line segnent joining at |east Tw of such
vertices. 10. aiH‘g"i‘f:l%\n%i roc‘ﬁfrqunga§1%1 'shegefi’-ﬂ’ﬂgai fh ®hixd, thrapesnisd i si ng

means for prowahpgsedc afcoscannaltnesf ulyﬁnigelrﬁ_ime%nan@ﬁg erém' ni?& when
the all four \y ' | n vertical li.ne, an ans_functioning
in response tocﬁgéu%ﬁ de %??nfng{e?g'ﬁé?gfb%i é%ﬁl Pﬁ&ﬂS%logpggﬁt FUH’. Jine
circuit and de3egmerts behween| ithe seyrerverbticablyatloseeh vearttieixcafnd 11.

A circuit a aj | ' u o] | eans for
determ ni ng \A/rslse%&%'hgﬁgﬁlheﬂu‘rr%%ﬂ gggléggg%a?hﬂa%ﬂggﬁoﬁéy Itll}?e, and
means functi orff4HPYh FEEEBEEEY 0 such det er ni nat ion for disabling nornal
operation of the circuit and defining a single line se_gmen'éI | ?)I {n ngI al |
such vertices., 12. A gircyit for deconposing quadrilatera
figures to be i splayed ¥r W&‘\%tse fPF| | ARFIRPRAANEt quadrilateral

figures to be displayed or otherwise utilized by the
output circuitry of a conipute'r system as claimed in
claim 6 further comprising means for determining that W/
three vertices other than the beginning vertex lie at

the same 1level, and means responsive to such
determination for defining a line segment joining at
least two of such vertices. |

10. -~ A circuit as claimed in claim 6 further
comprising means for providing the x-coordinates of the
~vertices and determining when the all four vertices. lie
on the same vertical 1line, and means functioning in
response to such determination- for disabling normal
opefation ‘of the circuit and'defining a single 1line
segment joining all such vertices. |

11. A circuit as claimed in claim 6 further

comprising means for determining when the all four

vertices lie on the same horizontal 1line, and means

functioning in response to such determinétion_ for

disabling normal operation of the circuit and defining
' a single. line segment joining all such vertices.

12, A circuit for . decomposing quadrilateral
figures to be displayed or otherwise utilized by output



-728 - % C L M S * Cj rcuitry of a conputer system corrpri si ng
means for providing information regarding relative |evels of vertices of

t he quadril ateral, nmeans for selecting a beginning vert ' fine
segment swhi ch is such that all other vertices lie eltheﬂlmmnlglnunml”“l .
vertical [evel or in the same vertical direction fromthe bé&gi hnithg s *
.vertex, neans for selecting a vertex Cond&sted by a first |line segnent
of the quadrilaterdlrdyy ddp %‘ig! AN U £ X 5y HERRS é&ﬁpfféfﬁ ' Mbahs  for
begi nning vertex for a second |ine sedgnent, mgan.s for selecting a vertex
connect ed by the RKJHFInGe Lefprmtiont heegardingattebativet htevedBnnphg

vertex of the secarrdidés SedMtHe GRAATiNALeHRAS MdHAW EBE FEALLLtidlE AWO
vertices connecteq to, a begi nnin \%tex ichis vertically c#o er to a
begi nni g vertox. DARMTANE YOrEer Aot gt CEEbutLaF egRoRE] YRLAD 4°r BYFBn
conposed of scan |thests d)i ngther avert bfesf 1idceijther i dbt €hal sanéi vedtiigalhe
two |ine segnents e he begqinni verti d Ltica -cl pser
vertex for displ aylb%?evgt E’e’% ﬁigle %;l;&t htrsé%g'ﬁt p&’?ggl‘slfggi t??/'.%e}égl.igh kLXﬂ ERe
circuit for decdmginming quaertiex,er ahedngur £ort 0 pelectphgyed or vertex
ot herwi se utilize u ls | 3 ofﬁ%ﬂ&qﬂp r S L.ged
in claim212 furt h%%ééﬁgﬁg %reg%gggorll)sﬁe esct ng th%fev%}?%i égﬂigﬁé?gggﬁ
vertex as a secondt®t aFRengPeSin@ing e NRT$SF, deRERALNI A§Ta rERIEGRiREX 2

connected by a |i safbeiEny vertBR (o ifatb¥oRE031%heV HegentEanSand! for
determ ni ng whet her the next vertex or the {g&t her of the t&olvertlces

connected to a bedSHiTHRER eFLex connec by the second line segment
of the quadrilateral to the beginning vertex of the

W, second line segment, means for determining the one of
the two vertices connected to a beginning vertex which
is vertically closer to a beginning vertex, and means
for providing output signals defining a region composed
of scan 1lines 1lying in an area of the qu'adrilateral
defined by the two line segments between the beginning
ver{:ices’ and the verticaliy-cl'oser vertex for display
or other use by the output circuitry.

13. A circuit for decomposing Quadrilateral
figures to be displayed or otherwise utilized by the
output circuitry of a computer system as claimed in
_ claim 12 further comprising means for séleéting the
W/ vertically-closer vertex as a second starting vertex,
means for determining a next vertex connected by a line
segment to the vertically~-closer vertex, means for
determining whether the next vertex or the further of
the two vertices coi_mected to a beginning vertex is
vertically closer to a beginning vertex, and means for
providing output signals défining a second trapezoid
composed of scan lines 1lying in an area of the
quadrilateral defined by the portions of the two line
segments between the vertically-closer vertex and the



verticalIy—t+ﬁsef—fﬁ—a—beg+ﬁﬁing vertex, and neans for providing out put
signal s defl apezoi d conposed of scan lines lying in an area-
of the qua “Lﬂﬂuﬂjm B & by the portions of the two |ine segments S~

bet ween t he r vertex and the * C L MS ¥ 7

- 29 - next vertically-closer vertex for display or other use by the Gﬁiput
circuitry. 14. A circuit for dec osing quadrilateral figures to
be displayed or otherw se utilized by the output circuitry of a conputer:
system as cl aimexti wertically-closesr veEs sfog dEsplaiobrditdied nigy if

anot her vert ex,exisd Sodt VakLi | stance from a beginning vertex,
and neans reé%ons%v% Pat ?%gbgg#g m nati on of the existence of another

vertex for providing output signals defining a third trape20|d conposed of

scan lines lying,in an agea Ofpddi qued | a4&s paisirag add R AL LTS Of
the two |ine segnents between, the next_ .vertica -C ertex and such
anot her vertextef%‘r‘rﬂ? sfPayPor d3ERIRYELe W PHBGEU@EGt ‘é?#%h??fﬂybYlB:he

A circuit ffnutpheebomdi@rﬂuﬁﬁr id at:eﬁnphtfbrguéﬁétéz? s dctiahaxad iﬁg e
th t ut C|rc of a co er, sys enlas C

ol a 15§ ST Ha DFeRhRE | R Rteing Chednf EPY e tERRIBLPE, (1 oe
lie at the samnéothvet serdexegerishy \att ax,verticehndistenmwesi o0 such
determ nati on gégug&{ﬁé]l nQréartl.é:F'e s%g‘rgant mleghg' ngrg;pgggibetwo of stlﬁCh

vertices.
determination of the existence of another vertex for

providing output signals defining a third trapezoid
composed of scan lines 1lying in an area of the .
quadrilateral defined by the pertions of the two line o/
segments between the next vertically-closer vertex and
such another vertex for display or other use by the
output circuitry. |

15. A circuit for decomposing quadrilateral
figures to be displayed or otherwise utilized by the

- output circuitry of a computer system as claimed in
claim 12 further comprising means for determining that
three vertices lie at the same level as a beginning
vertex, and means responsive to such determination for
defining a line segment joining at least two of such
vertices.

16. A circuit as claimed in claim 12 further
comprising means for providing the x~-coordinates of the
vertices and determining when the all four vertices lie
on the same vertical line, and means functioning in
response to such determination for disabling normal
operation of the circuit and defining a single 1line
segment joining all such vertices.



16 A circuit as clained in claim12 further conprising neans for
provi di ng the x-coordi nates of the vertices and determ ni ng when the—atHH—

four vertices lie on the sane vertical line, and neans f TR i

responde~t o such determnation for disabling nor mal Opmmnmmm”m”m
circuit and defining a single |line segnent~Jg~Lng all suth vertioess "+ -
30 - * C L M S * 17, - Acircuit ™a clainmed in claim 12 '

further conprising.eans f& -ddireutitni ag WeRinde ald tawim/elbi clgrthéron
determ nat o f o HREANAG MeRRE - 6p8, e ErFBinife SR, thecshlr Fowg a
single |ine segmwertjisies njiel lorsuthevesdanechorizontal line, and means
functioning in response to such determination for
disabling normal operation of the circuit and defining
a single line segment joining all such vertices.




