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2226480 -1- METHOD AND APPARATUS FOR DETERM NI NG LI NE POSIEI-ENS ECR LQ’I&%PLAY
‘AND MANI PULATI ON BY A COVPUTER SYSTEM BACKGROUND OF THE | NVENTI ON 1.

Field of the Invention: 5 This invention relates to conputer systens
anm to circuitry for determning the position of

i ndi vi dual pointss of' a scan i neAND\Ahi ch-is tl be displayed on the output’ C
di splay of a conputer systeao AND ARPARARIS, ETERMTWANG (L,INE) P ‘ '
problemin utilizing ¢onputel-ipisAY, AND MATIPLA
single frame of graphical nat @g

(CRT), it is usually necessary to store an indication of the information

which is to be displayed for each position (pixel) of the cathode ray tube..
15 Wth | arge and btet a%l‘%@ﬂémg?ﬂ‘t he number of pixels on the cathode
ray tube nay bé approxi mately one thousand or greater in a horizontal '

di rection and a like nunber in the vertical direction giving a.total of
approxi mately dhe il | iThis iovention eelates 40 compusern systemsiandnmorerpaitioulaly; ta o be

i1 orent ool bre. ARGV REAGEBHE e PR il oA AP b GO L 1o
ei ght bit s of " di gi fsad bb Wiprayed bﬁ'lheﬁmfthfdﬁm dt AoRipiter 8y8iém. Col or out put

Consequent |y, approximately eight mllion bits of information needs to be
stored for each frame to be presented at the output. 25 . .... .Not only

does color informegi on@%%mi ded foreach pixel for:each franme of
the display, but in ge > di spl ays,--the .usual nethod of

determ ni ng t heo shapes of figures requires that various al gorithnms be .
applied to the data to shape those figures. If this informatjon is handl ed g
by the sof tvar e of t he ATESERTONATIIARS SREPHES fo RHASS PTaHIA PR { o be €
30 displayed and gt fr E‘sﬂig@!rérh@oﬂéﬁa?mm hiteftl fPbEpRYertbd bAH catitidirap! OVs'

t he operation of the systemto a porn ere functions such as aninmation
are essentially i Mubs{CBITE it iFusually mepessaryi to starelen indicatior otthe infopmatipgon on

Lgrei gg;? gf di spl aywnfcﬁ is',tso I:peeg‘lgglg?er@/ fo% 8aéiaeé§sﬁnon’l§x§i?8ﬂh8 régth% eerglf ube.

a

15 With large and detailed displays, the number of pixgls on the cathode ray
tube may be approximatély oné thousand or gfeaief 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. Ina
preferred system which is capable of providing a number of ditferent colors

- 20 on the cathode ray tube.— each of these pixels contains eight bits of digital
information specifying the paﬂicmg,r color-output. -Eonsgquently.

approximately eight million bits of information needs to be stored for each Q

frame to be presented at the output.

25 Not only does color information have to be provided for each pixel for
each frame of the display, but in ge'nel;ating graphic displays, the usual
method of determining the shapes of figures requires that various algorithms
be applied to the data to shape those figures. If this information is handled
by the sofiware of the system, computing the positions of each point to be

30 displayed and de{ermining the data to be displayed at that point slows the
operation of the system to a point where functions such as anirﬁaxion are
essentially impossible. For example, in order to present a polygon on the

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



-2- line which makes up the polygon because the information is furni shed to
. the display by scan lines. In prior art systens, this determ nation of the
. ends of each line to be scanned to the output .display required the use of
sof tware run by the central processing unit (CPU) to evaluate the end
values for 5 each scan line of each graphical shape to be presented. Such
arrangenents increase the time taken to present the graphics to a point

were appreci able sl ow ﬁg of the display occurs. For this reason, various
systens utilizi nglinepoighmakes upthe polygen becaype therinformatiands furaished tayther ed

Toads one butt ey RSBy Rk RS, W bRE: 41 SdnlE 188 bBighmina Bl ofiia SRegaf 1
system si gni fi cangash IMBes B scafnePR thbé Ioafbuburspuaﬁ?éumrea 1195 66561 stftward Wi Ce as -

much nmenory to acconplish the storage. Is, therefore, an object
of the present mmrhntbacaotrslmssina uupdcauommmmrma;mm It is

1 har dvar et He. nSRRRASRRTPG L 08P GRRNRRLRRRAD be PIPSRAd.nSYER e T n 20 -t he
usual case been aﬁ% SO is an
‘addi ti onal obj ect @ﬂ‘%gggﬁ;ﬁ&?ﬂﬁﬁﬁ\ﬁ%n}%&gr oVvi eﬁf:l ?ﬁggﬁr&l OH

det ermi ni ng t he Xweredappreciabldistowing obthetdispigy'decurs. | i nes to be scanned to

.the out put display. - 3 - SUWARY OF THE | NVENTI ON According to the
present invention there is provided a circuit for sinultaneously

determ ning the right ?)'PQC%% %ob?fsﬁm %u@in@h%rﬂwgresﬁaébe!ah'?ﬁe as set

forthln ei t her clalm as a
/ 10 operation have been suggested. One method for speeding the operation

uses two output frame bufters and loads one buffer while the other is being
scanned to the display. Such a system significantly speeds the operation

but requires essentially twice as much memory to accomplish the storage.

15 It is, therefore, an _object of the present invention to speed the
~ operation of computer systems.

It is another object of the present invention to provide circuitry for
handling in hardware the manipulations of graphical material which have in
20 the usual case been handled by the software of the computer system.

it is an additional object of the present invention to provide circui{ry
~ - for determining the X and Y coordinates of the ends of lines to be scanned

“to the output display.



As described, the circuit operates in an out put dlsplay systen1mh|ch
utilizes a unique phil osophy of graphic figure presentati on whereby high

speed graphics may be provided using only a single output display buffeg~ “
In order to allow the use of hardware to inplenent the presentatugn

of graphics, it has been found that the information presented to the

hardware wi || be processed nore rapidly if it is of essentially the sanme

nature no matter what the shape is which i€ 30-be drawn on the display:

The systemis based on a definition of a graphical figure (shape) which
consi ders the shape to be conposed of a nunber of subportions each of which
are quadrllaterals - CGircuit r SUMMARYNOF [NVEN] ¥ di spl ayi ng

quadrilateral images bycdergingd €G|Ythéf0§fﬁééﬂ9 rERGEAE SNt henbpur is
vertices of those guadril at Al of .t hese %'adrllaterals may. be

handl ed in t h®ROME %nﬁercgﬁcflﬁn? o o hiiI tanequa i, h detegmind ng, jthe
reconbi ned on ztmtchm ikl pandclefthosticpixell shapescdhelingst &8 sateaks

uhi ch subt end S TR G EEREEr SLALR S SR Fritnd R %?@ésh%édhéﬁg AN
out put di spl ay. The X and Y coordi nates of the *
4 - determned.  The &ér&HbEHbQ&te@gél‘e&P&u g&f‘ﬁtbbm&nb |spF égﬁ

each scan line contained wthin a qua | at er ure to
the output. THESRIAYmS¥EEemewhichy wE§l &FESde‘v. é’é&‘l"@ philosophy of

graphic figure presentation whereby high speed graphics
may be provided using only a single output display i;)
buffer. ' ' '

In order to allow the use of hardware to
implement the presentatlon of . graphlcs, it has been
found that the information presented to the hardware
will be processed more rapidly if it is of essentially
the same nature no matter what the shape is which is to
be drawn on the display. The system is based on a
definition of a graphical figure (shape) which considers
the shape to be composed of a number of subportions each
of which are quadrilaterals. Circuitry is provided for
rapidly dlsplaying quadrilateral images by handling only
information regarding the - four vertices of those &J
quadrilaterals. - All of these gquadrilaterals may be
handled in the same manner by the'graphics:presentation

_ hardviare and recombined on the "di'splay to present the
desired shape.

The system Dbreaks the quadrilaterals into
subportions made up of pairs of 1line segments which
subtend a trapezoidal area of scan lines to be presented

- on the output display. The x and Y coordinates of the
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sel ect the optinmum manner of deconposing a shape so that the operation
proceeds at its nost rapid. . For exanple, if a shape to be deconposed |ies
only partially within a clip window and either partially above or below the
cli R ndow, the operation will proceed nore rapidly if the portion outside
the clip wi ndow need not be processed. This may be acconplished if the
deconposition may proceed fromeither the top down or the bottom up.
Furt hernore, random access nenory used ig conput er systens is usually
divided into groups referred to as pagés®™ ~ and accessing nenory within a
page takes |determimnetihan gThegcirouitryi detextiness ath tive pape tdme
second addre i n er_pag rossinlg. a e I e

Bdth ae{iﬁ)% 1of Salch sedl W%Qﬂg mﬁﬁe}d witnifi® a

operation proceeds e bottomup, Te age boundaries 1Th nenory need
to be crossedupdrifatpradcfiguyeotoabgi displayed atetheoowsputiromright to
‘left rather than fromleft to right as in the normal case. .The crossing

of fewer page boundaries also allows nore rapid operation. The
deconposi tion and scZRe | RESERLBcARAnEhe oﬁ%% h@ES s Aa¥iReR bFX he

Opelra]E i on gf s&h'e&tihltwtd;m ? muik GnafirReye ﬁt%woﬁpmﬁg;% BhapegBb thalt glht

to left an om t he own. _or from the bottom up, e gircuitry.is also

able to dete ngpfﬁ'@ttggé‘r lprzﬂ?c?eésoyfrepo‘rj#ﬁ ??ﬁt eﬁ%ﬁlgtan P S48 1tel‘lough

- the figure i $fcamshaped tof be decenpesed lieshonlyspavhéaddyt withifha

ability of t [ ' ' ; I 1yl laf O Lpa lsaws t he
Biiﬁoggpg%.am R dif gL PG [ AbERE %fss{agw the Q:lgi?a

rapid transfers ic Information _to an out put p i}/
- _ window, the operation will proceed more rapidly if the
AN 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.
Furthermore, random access memory used in computer
systems is usually divided into groups referred to as
pages; and accessing memory within a page takes 1less
time than going from a first address in one page to a
second address in another page (crossing a Dpage
~boundary). If the operation proceeds from the bottom
up, fewer page boundaries in memory need to be crossed
if the processing of a given scan line proceeds from
right to left rather than from left to right as in the
normal case. The crossing of fewer page boundaries
also allows more rapid operation.

The decomposition and scan 1line processing
provided by the system and by the operation of this
invention take place either from left to right or right
to left and from the top down or from the bottom up.
The circuitry is also able to determine the start and
stop points of each scan line even though the figure is
comprised of 1line segments which cross one another.
The ability of the circuitry to provide such rectilinear
coordinates allows the rapid transfers of graphic
information to an output display.
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These and ot her objects and features of the invention will becone apparent
to those skilled in the art by reference to the follow ng detailed :
description taken together with the several figures of the drawi ng in which
li ke el enents have been referred to by |ike designations throughout the '\
several views. -6- NOTATI ON AND NOVENCLATURE Sone portions of the L
detail ed descriptions which follow are presented in terns of algorithnms and
synbolic representations of operations on data 5 bits within a conputer
menory. These al gorithm c descriptions an'dsre"present ations are the neans
used by those skilled in the data processing arts to nost effectively .
convey the substance of,their r k t he illed.sin.the art. 10 .

An al gorithmis here, gﬁﬁf §en8 |§?88%n0§f’38§€?0 %‘éda g%? "-‘r%%ns?gt e'me
sequence of st dpyentidmgwill abgcomec@ppandnt tThe thoses skilledsdn the
requiring physi,cal N 3ii0aS Si &Hﬂﬂ#i 3} ué M
not necessaril ?Rt hlgek%%%%h%iaes% aEg&t h'téﬁf]br'm 0 gkgéti?'lgéa?ﬂoér/crf gnetic
si gnal s capabl &akemckogether cwith, Lhe cpevaralofilgvwres 19f thepAravwingd
ot her wi sef nani g agRsicn! tltmé famaﬁgﬁt?omm _G%_eiiht feffﬁgfearlﬁtfl B |MiKer
reasons of co n.,usaqge, to.efer to. se signals as bits, values,

el enents, synb ,i%%rté‘,rqwt :ﬁ’r&)eqfes Tl W& e e |t shoul d be
borne in m nd, however, that all of these and simlar terns are to be
associated with the appropriate physical quantities and are nerely 20
conveni ent | abels applied to these quantities. Further, the manipul ati ons
performed are often referred to in ternms, such as adding or conparing,

whi ch are commonly associated with nental operations perforned by a hunan
operator. No such capability of a human 25 operator is necessary or
desirable in npbst cases in any of the operations described herein which
formpart of the present invention; the operations '



are machi ne operations. Useful machines for perform ng the operations of
the present; irvention include general purpose digital conputers or other
-simlar devices. In all cases the distincteon between the nethod operations
30 &u operating a conputer .and the net hod of corrput atlon itself should be
borne in mnd. The present i nvissiALX :5) 1% h JREps for operating
a conputer in processing electrical or ot her (e.g. rrechanl cal, chemcal)
physical signals to generate other desired physical signals. -7- The
present invention al Sosroﬁieaécﬁﬁoﬂs%ﬁﬁ@aéﬁﬁétﬁdéé& fRsHs!veHi Pﬂmfv ‘?éﬁresente
operations. This apparatus may be specially con tructe or red
‘purposes or it mayn wmrofﬂgamfgmmdasymhnllpmemmhhegf e@erta?rscdndaﬁtly 5 "
activated or (o] ed by a conputer mstored in e_conputer. e
al'gorithms pr ees‘sgnigéta%@'b?ﬁxgpgmﬁ I%M'ﬁ'ﬁ’é@“&@“&ﬂ?awrt i cul ar
conputer or other rgpjaaé #)eﬂ

ma(r:rﬁl nes may be usrgd W?Eﬁ@soérra;ﬁgﬁiﬁﬁg%:gd ?wnﬁgggggi anc%@h?%tﬁrﬁ&%g gChI ngs
herein, or it nay gnsdoenost effectivalyconesy the substande oftheimwork tobtherpekilled i zed
apparatus to perfqr the required method steps. The required structure for
a variety of thesdl ‘nes Wi || appear fromthe description given bel ow.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT | n desi gni ng conputer systens, it
has becone apparent that the display of graphic i mges substantially sl ows

the operation tf nost An aligarithmds herBhiand generally, Ronceived foe asaint of
i nfformati on that the conputer nmust deal with for each frane to be presented

on the output di s(Reayistes $equpnee phitepslgaging 40,3 dlesirrd fesuit. p‘ﬁhesﬁepsnatar t hat
| hiormation in orggled ﬁqﬁfnﬁﬁﬁﬁ&ﬁ%ﬂ&n%x&ﬂ“&i ot PRYSicdIGhntifis. Sually jnate use

of the central processing u
though not necessarily, these quantities take the form of electrical or

magnetic signals capable of being stored, transferred, oombined.

15 compared, and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these signals as bits,
values, elements, symbols, characters, terms, numbers, or the like. It
should be l-)orne 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 quanlities.

k/ Further, the manipulations performed are often referred to in terms,
ssuch as adding or comparing, which are commonly associated with mental
opérations performed by a human operator. No such capability of a human

25 operator is necessary or desirable in most cases in any of the operations
described herein which form part of the present invention; the operations
are machine operations. ‘Useful machines for performing the operations of
the .prese'nt invention include general purpose digital computers or other
similar devices. In all cases the distinction between the method operations

30 in operating a computer and the method of comhutation itself should be
borne in mind. The present invention relates to method steps for operating 2
computer in processing.electrical or other (e.g. mechanicél. chemical)

physical signals to generate other desired physical signals.



10 This is especially true in a systemwhich utilizes an interface -
including .oultiple "wi ndows" for its output display. In such 'a system nore
than one programat a tinme is placed in portions of nmenory which aré -
avai l abl e for instant call. The text and graphics output of each such 15\
programis nmade to appear on the output display in a particular set of

defi ned boundaries called a window or a clip wi ndow. Each w ndow nmay
overlap other windows with the "front w ndpw' constituting the current work
file. Usually, the conputer operator mani pulates the programin only one

20" work wi th Chat pr oyt rospAlinkdtflot elc)Siefhsle WPhaha ol itoiting ke "

‘nenory and tine t @perdtionst This dpparatsomayg be\specially irstraéted ter. thd hequitedt em of
-whi ch this invention is a part speeds the display of conputer graphics by
handl i ng nost of tPWEPQSES OA i MBASCOMPriae: digenaralRurpase:computartas selgaivelitt i on i s

ol oot tho. o SRRFALBH i respofilEd bk 8 el bR e DS
i mages to be preserHeadigérithinb prébenttideherbin tafe AbEIAhérenlyCioldtéd ) Anpparibuleh may

be handled in the sanme manner by the hardware. The systemtakes these
quadri | at eral s andomputer®r othes sppanatusmn Inpagiculancvatioysropneralpurpese80  subt end

the sane scan lines_to be presented.on the output.displ th can |lines
form ng, in of  ecimectinasdnly B Heed iR brogiémg WlEh i aceBrdbinge WIRARE LD cnds of
each scan |ine ar QgadHipsifiréin]orierhay préviembtd SohivbAintab doRbthuct Mgt i on. The
system takes those rectilinear coordinates and transiates theminto -9- .
serial scan |ites spetializedeapparatus torpatform the fequired metiiosh stepsd Thesteiquivedi on ang/
output display. Figure 1.is a representati.gn of,a graghi cal shage, divided
N6 two 5 quadri 1SHEHES for & GrsteptiResa Mapines wiliapPeridrary e dShoRRiaR on o
conputer output d @é;.pggbﬂyi de the conplete original shape. Although the
shape shown in Fi afr Is sinple, it will be apparent to those skilled in
the art that _



shapes of essentially infinite conplication nmay be represented if a
sufficientiy I'arge nunber of small indiyvidual quadrilaterals are chosen. In
-10 fact, the system of the present i iENnt i on has been utilized to

reprigsent three di nensi nal . ani nat ed_shapes of a very conplicated nature.
Figure 3 illustrates i PERCRIET AU e o IR ESS t em 10
constructed in accordance with the invention which may be used wth a 15
general purpose conputer system The system 10 includes bus interface |ogic
12 whi ch receives i nf dniiesigningrcomputéir spstedns, itisas bevdnwr apparenithatleepe f rom
the central processing unit of the conputer system (not shown in the
figures). The bus‘:"FWPEF’?I graphicjgiage substantialleglows the GRATAYAD &fMeSt addr ess

i ne which designg e ' i o which the
e YL oh 5% OO aEfinkd THY ddobt cal iy bt IpEinh, 14 °h
actual data such esmpirer mokmeauwnmdmhwnama_t@aePfa?suht_edainahbbmput The bus
interface logic 12 also receives a control signal designating the manner in

whi ch the i nf or nedisplay isvens large @nd becauserthe masipulation|af that infpemationd t r uct i ng
gr aphi cal represe tL.on [ ril rals he Lnput informatio

I ncl udes the coorgi“ﬁék%%’%%"‘ﬁﬁ%8@3&%6@%&%3‘“&?&%"@#@3a'é? Ioi&g%kap
particul ar w ndomb}d&egg],i.q:bm{ (cPWy.spl ayed information is to appear, the
coordi nates (vertices) of the quadrilateral, and the col or data regarding
each quadril atteral. The 30 color data which is to be presented at the

di splay of the quadrilgteral is, stored in a data.path and. nengory interface
stage 22. The vertices 'st?ﬁ?eﬁ'ﬁi\ﬂ’r'ﬁ’? %F&?‘e"&r’fﬂ"‘f’ﬁ@“&ﬁ B“\}\?tﬁa%‘?ﬁyi nf or mat i on
axe stored in cooj Ematis "REhdbive T bt | Jigth dWBfee t hat
provi des conpari S(gﬁsdag’? éﬁ@%o- tdﬁegifr?gggmﬁn ﬁfﬁ@%’fﬁﬂawadﬁgﬁ%an‘s vveelel
known to the pri othanranegprogramsatractimne issplaceatin pgrions of memory which &re

conpari sons nmade include the conparison of each X value of 5 each vertex

to the X val ue of aiahledpr ingtanbeallr Thatert rackgraphies outpphiet each sicheach v
val ue of eachyer bex 1 id BEad'to'dhptar Bh tRAGRPR didghsy e ricdtidr et 6F

defined boundaries called a window or a clip window. Each window may

%

overiap 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 fhe operations in hardware so that
25 the information is available instantaneously. In order to allow the use of
hardware to implement the preseritation of graphics, the system breaks the
graphics images to be presented oh the display into quadrilaterals all of
which may be handled 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 scan line are then determined by the circuitry of this invention.
The system takes those rectilinear coordinates and translates them into



and the conparison of each of the X and Y values of the vertices to X and Y
‘val ues of the edges of the clip window in which the information is the be
presented. Since this is acconplished by ha.dware, the information i's 10 _
~immedi ately available for use by the system 10 without I.oss of any system.a
clock tine. The mﬁeriarm:amlmesaghchimag belstorediirt a drameciutiehand,disglayediorenl and.
the clip w ndow aval | abl.e at the coordinate staging circuitry 14 is
presented to 15 a®° 4t dispiaye sequenci ng stage 16 at which the
gquadrilateral is decorrposed into a series of subportions each of which
conprises two |ine segnments of the original quadrilateral. Each of these

subportions is chosen sﬁgtrethlstatdpeedentaaosegmgraphiwﬁhm divided érdo bfo t he
_quadrl | ateral which may be drawn by a series of parallel horizontal scan

i nes, each havBngauadiiateeals fandP whichavhen individugllydiselared,en airomputar

segnents and an X Ehel wo |ine
segnents define a ?P@B{e@%\y@ﬁ |dédﬁg88‘g‘§bw°@é@(ﬂ'a¢’gzonﬁ&% scasﬁg?éi nes as
i's possible in vieghékn inFigakapis sthpleliewiltbikcapparimt tathosékiledin the bttt scan
lines of all of the subportions are rendered on the display, the

quadrilateral is dshapascofiessentially infinite complication M(hﬁmpfﬂsﬁgleﬂaﬁ%s a single

quadril ateral divi ons I on.

The quadril ateral %Hﬁ‘gﬁﬂflglaﬁ?ﬁ%éér s"g\sfﬁ%\f\ﬁuﬁ%‘uéﬁ@%égﬁﬁh éh&a?% tr“ﬁ]
subportions thggeokadiite 's&#tﬁﬁiéf&ﬁ@ﬁre‘s@nﬁh@ﬂn&ﬁ ha$ Béer Glilizedto Fepredant theg) in
Figure 2, each subportlon 30 includes, when presented on an output display,

a series of horizodirénsionahanimated shapen ob eglery complicated natureegnent defi ni ng .
the quadrilateral and end at another |ine segnent. The scan |ines for each\)
subportion of the quadrilateral represent a trapezoidal portion of the

original quadrilateral. F.guresﬁmsmmmﬁ@asg?aﬂnogﬁy phitdi SeiRh sfEémOf the

trapezoi dal subportions are scanned to t or presentation on
t he out put di spl ay,10tdconstudted in qmwﬂadcatvéthahempﬁon whiohcma;sbe usecbwitiba t he

di splay. 15 general purpose computer syslem, The system 10 includes bus interface
logic 12 whiéh receives information regarding the desired 'graphical shape
from the central processing unit of the computer system (not shown in the
figures). The .bu_é interface Iogic' 12-'receives' information on an address line
which designates the particular portion of .the 'system 10 to which the input is

20 tobe _tranéf'erred.' 'Thé 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 control signal designating the manner in Which the w)

information is 1o be treated on a control line.

25 When cor_\strucling graphical representations from quadrilaterals,

the inpﬁt information includes ‘the

~ coordinates of the rectangular area which defines the particular window in

~ which the displayed information is to appear, the coordinates (vertices) of
the"quadrilateraj, and the color data regarding each quadrilateral. The

30 color dat_a'whiéh is 1o be presented at the display of the quadrilateral is

- stored in adata path and :ﬁemory inter_l'ace stage 22. The vertices of the

| "quadri!'at_eral and the clip window information -'are'-stora'd in coordinate
‘staging cifi:uitry 14 which inclt_:des hardware that provides comparisons of



"5 Referring again to Figure 3, after the quadrilaterals have been
deconposed i nto subportions, the Individual Y scan |lines have their
. begi nni ng ‘and endi ng X val ues det ermi ned aridr funct.i onal addressing stage

e Dae' of B FourthEheBiaRniRaRl ol BRhEERKOM 1P BrbleR SR | TUE T g
the X 10 val uegegisterd and gatingtivditand end of each scan line within the

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

particular quadrilate e clip w and th transfers the

Sl gr_ial s to a mask genrﬁ‘ét hﬁabg‘?ﬂfemﬁ% Wﬁ@gﬁ\f@?m&ﬁ@ﬂ’éeﬁﬁ? gr‘ﬁ&ﬁ ‘gn into
.Si xteen pixel gl5 gzRAVen8Rto tHEZX vEIRE ot BadIEof1hE oftte vBicEs) 1Ré Eompakisdh gtach
scan line and are used for addressing the data path and nenory interface

stage 22.- The nassachohvalueiobeash vertaxdo dheYaiaiue ofieach ofithe othetverticesar
address generator_ 24 which transl ates the,rectjlinear addresses proyided by
The 20 ok gendli heFoTPAHESE Sach ot 1ok 81d Y AUk o180 vortachtook ey t he
frame buffer for | S P #Yall ' W rel ating
to the quadril ater:!t s%ﬁﬁbﬁﬁg%gﬁpmﬁngﬁbmgﬂgggﬁe Le |lr’lﬁirseﬁr$gtrb?/ at the
stage 22 is trangresanted.t Sirickehisig accomplishedyy Rdrdwars) theuihformation is- 12- The

i nvention considered by this_specification relates to the afoparat us and

met hod for det®r immasdigtelyavaliable tor use by theosyisiasm {1 @ withpuldoss ofany18YeteBbezoi dal

subportion of th |l ateral which is ultimately to be provided to the
out put display as a scan line. Although this invention Is 5 described in
ter of the graphics systemillustrated in Figure 3, it will be realized

by those skilled in the art that it wll have broad application in other
systenms for providi ng T§edpfamaationdseggrdingdhe petdioes etthe quadilateral apdthars. The

O O SRRk Bl R e Rebhec s 0 Pkt ng

oL VAo "% SIS ot U & et B e gl

system into a series of subportions each of which comprises 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 paréllel horizontal scan lines, each 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 define a trapezoid including as many Y
(horizontal) scan lines as is 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.

25 _

Figure 2(a)-(d) illustrates a single quadrilateral divided into
subborlions in accordance with this invention. The quadrilateral which is
decomposed fs shown in Figure 2(a), and the subportior_ls. thereof are
illustrated 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 aeﬁning the quadrilateral and end at
another line segment. The scan lines for each subportion of the

quadriiateral represent a trapezoidal portion of the original quadrilateral.



with which the graphics systemis associated. These signals are furnished

to the cireuitry as the rectilinear coordinates of the vertices of the |ine

15 segnents subtending the particular trapezoidal area having coomon Y
val ues. 20° -13- Since the line position information furnished to the-\

circuitry of this invention includes only the vertices of the Iine segnents

defining the particul ar subportions of the quadrilateral while the output
di splay handles information on a scan line basis, it is necessary to
determ ne the end points 5 of each of the horizontal Y scan |ines
subtended by the line segments so that the scan lines may be presented on
t he- out put display to conplete the quadrilgjeral of interest. \Wen draw ng
a straight line on an.output display such as a cathode 10 ray tube, the

[ine ts defined byyihehahbshézohia Ehes AMAANAS FilezSERwtpBABrs ke t e |1 ne

to be drawn is horizonta en a single scan l'ine on t play Is

sufficient-to drawstdrmeditothe framé butigidfoepresendtationcorsthe routpuy displayethei engre

pi xel s are furnished. |f the line is vertical, then a single pixel from
each of a nunber ofiuadrjiateralshape,is reponstituted on the diFPlaY.cn to t he di spl ay.

Li nes between horizontal 15 and vertical vary in the number of pixels per
scan |ine depending on the slope of the. line. If the line has a small

sl ope, then a ngnber of ReRingeayaimiodEbsress, afidr therquatiiiaredls dave beewber of
adj acent scan lines, -continuing until the line s conpleted. If the

begi nni ng and endi HgcompeseddatossubpaBiensdhe dndividual ¥ seasdinegihave sheih cach

321 by and the . ReobARR PG VB8 Befitmor adyfRbraLedirbt ik Ak "

each scan Iine of qgcin e prbfbdeursenwmto‘stwmcéhudﬁfthrsashb@mﬁpnéﬁsdajf the
trapezoids to be scanned to the display i'n order to draw t hose trapezoi ds.

This.is true in ortha usa)otmg*lﬂryaFMCm Betegmines thehparticular pixals constiudingithe Xt he
25 hon bt oSk e 56, 54 A8 aSF o Vi o ol
- subporhons of the quadrilateral. This functnonal addressmg stage 18 also
aoc_omprzshes_ a portion of the clipping nece_ss_ary to fit the particular
quadrila:t'er_al_s.' @o the clip windows, and then tranéfers t_hé signals fo a mask
generation stage 20 which arranges the information into sixiaen pixel _
15 pomons that designate the begmmng and end of each scén line and are
used for addressing the data path and memory mterface stage 22.

The mask generation signals ére aiéo furnished to a lineér address
generator 24 which translates the rectilinear a_ddréssés provided by the
20 mask generation stége 20 into signais for linearly ad'dressihg. the frame
butfer for the output display. At this pomt the color data relating to the
quadnlatera! to be dnsplayed which has been held in memory at the stage
22 is transferred to the output display (frame) _buffer.

<



¥

portion of each line segnment which is to be drawn. The -phil osophy -of "t he-
circuitry of this invention is to determ ne those begi nning and end points
on each scan line. 30 - 14 - The circuitry of this invention includes
two sigrilar portions so that it may handle each of the two |ine segnents
defining a subportion at the sanme tinme. Each portion of the circuitry
begins, initially, at one vertex of a line 5 segnent, conputes the slope
of that line segnent, determ nes fromthis conputation whether the X or the
Y val ue of the segnent increases at a greater rat, determ nes and stores an
~initial -error value which is to be decrenented based on the slope, and
begins. plotting values froma first vertex. The error value is selected to
nmeasure the distance, perpendicular 10 to the axis of greatest -novenent, .
bet ween the exact path of the |ine segnent akt the actual pixels generat ed.
I f the value of X changes faster than Y. then with each step X is
incremented (or decrenented) by one pixel while the change in Y is
subtracted fromthe error value until the error value reaches zero or |ess.
In this manner, the X value at which the Y value is to 15 be increnented
(or decrenented) is determned. This X value is stored as the end X val ue
for the particular line segnent, and the Y value is increnented (or
decrenented). The X val Tie nvestioncsonsideted lcthist spebification rélaved tothes stored as
t he beginning X value for the new scan |ine associated with the new Y
val.ue. The oper at i BAP¥Btusiangddaethed fofidetermining the ands pheaghdhorizgntablinedny v al ue

the 1t and | a5t il fbtSzchlt QUGS ot 11O obadiifraf UAioH U bitinah g BE |1 "

segpent i s reached. WO Clrcuits are - opera manner to

process the two I i provitdegitothe oofpubdisplay &b Rgcan dine.oAltRoutihatlisiihigntibalis at t he
same tinme, the 25 portion of the circuitry handling the first |ine segnent
ready to changé it §escribeddn lermsaf the-graphics sypter dlustiated in Figure Budt willlbeui try

handi i ng the ot her Liogq BONRA s’ & bl it Rl havh br608 Biichor hotier

val ue. Wen this o .
systems for providing graphical output displays for computer systems.

The circuitry of this invention receives from the circuitry which
10 decomposes each quadrilateral into subportions input signals representing
the pairs of line segments which subtend a series of common horizontal
lines which are 10 be displayed at the output display of the cdmputer system
with which the graphics system is associated. These signals are fumished
N\ to the circuitry as the rectilinear coordinates of the vertices of the line
| 15 segments subtending the particular trapezoida! area having common Y

values.

20



X values for a conplete scan |ine have been defined arid nay be procéssed;
consequent.ly,.both circuits advance to the next Y value at the 30 sane
time. The processing of the two beginning and two endi ng X val ues
identified for each of the scan lines involves determ ning the |eftnost
(m nimum and the ri.ghtnnost (nmaxi nunm) of the stored X values to be o
delivered to the mask generation circuitry 293shown in Figure 3. - 15 -
In order to rapidly process each quadrjlateral, when the end,of fatpgsi ne

ne

C ich guaadr, . \
segment of a subporti o®iNce thelipe pesition ipfosmation furgishesiigdhe pizcuitss
segnent to be pro . ' ATy erm nates
before 5 “the ot hdverian fided ol 68 Venioek 8F fre Mecgritis Goia b L1
“Information need ngrtidutarstbpodions ofhthe cirabidlateréli whiletthedutput displag handies
.cireuirtry continues processing the |line segnents of the quadrilateral until

the figure is cominformationen asean ine-basis, ifds paeessaryto detarminethe #nd Paintsssed

to circuitry faor sqrti e, val ' y | BokLpg and
endi ng val ues of t @%ﬁ%ﬁhﬁ We@oﬁﬁﬁ\’fsgeﬁ@;%%pg%d%gg’lyﬁg%“@s% erdgglhgn of
the circuitry of tiRafthe8ean lihes'may Be phesenteid ok icdtpub dispiag 16 bompletettiew
information. This sorting operation takes place because, as pointed out
above, the systemquedriisteratofiolerasty of this invention are devised 15 to
sel ect the opti mum manner of deconposing a shape so that the operation
proceeds at its nost rapid. For exanple, If a shape to be deconposed I|ies
only partially wthin aygéh Bradifleétraight INeldiPan Batplt abpidy 8betVas aicathiodew
that ¢clip w ndow, the operation proceeds nore rapidly if the portion

.

out si de the clip waydube,thelingistidafisedby asedes of plikels omagjasentacandipes.sied i fu
the 20 deconpositjon, proceed fromejther the top down. he, boftom
up. Furthernore, I?‘e{]ﬁ‘g%agré}?‘f"ﬁf? ?ﬁ%eﬁtéiﬂih%551“9’?&%83‘98’&"3@? BF&%% page
boundari es i MO rdiEhdo dfaw The irid 1P dulirdsBf Hecktaing Bnd eAGIAG Pixels' i
right to left rather than fromleft to right as in the normal case. The
crossing of fewer fumjshdrhulfitherlineds serticalthenwsingle pixelipird eagleota hembend

adjacent scan lines must be written to the display. Lines between horizontal

15 @and venrtical vary in the number of pixels per scan line depending on the

slbpe of the line.  If the line has a small slope, t_hen a number of adjacent

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

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

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

20 pixels may be filled on the display and _the'_line compléted.

1 is necessary to know the position on each scan line of each of the
fine segments which define the sides of ti'le trape_zdids to be scanned to the
display in order to draw those trapezoids. This is true in order to begin and

25 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 is to be drawn. The philosophy of the
circuitry of this invention is to determine those beginning and end points on
each scan line. '
30



The following is an algorithmin pseudocode simlar to the C progranmm ng

| anguage f.or 4 nplenmenting the operation of this invention. The al gorithm
zrepresents a nodified version of the well known Bresenham Al gorithm

al t hoygh it shoul d be apparent to those®killed in the art that 30

nunmerous ot her scan conversion al goithns exi st and coul d be read|I¥

i mpl emented in practi cTHeCIFaury QT\?%EMVGHUOH ncludesstwa gmﬂa!tmﬂwns sathgtit Dej t aX

nmeans t he change ange
in Y fromone ver H& Xﬁ g'agnru()a[%ﬁ Mﬁé‘"&%eﬁﬂg{‘lpﬁeye"?g gﬁéﬁgﬁﬁh%@%ﬁ

__begl nni ng vertex; fitel Edchi ﬁohiddaftﬁéiélréungibéy:hsakmll9fattdm mk@namaevertex
5 XtermlstheraIue of the ending vertex; Ytermis the Y val ue of

the endi ng ver§exsegment, gompiutes the siape of that fine segroenicdetermines froythient s; and
B 2o TSt Sl Rn bRl LAY (B M SBRen B o3
2b5 ( Y- Mer m ”?ie%ier&é!psdeteﬁﬁ%é BAd’ storQeéﬁ ﬁa?&l i‘rron)ah?e Wh:c%ns]é be sl ope
((X - Xterm >0 (Y Delta (major.

axis) >> 1) cb = Mremeoteaj hasednn:me §lope, andl Mms pjutgm Valuqmtromla firg0 X naj or
| oop: start pi xel vé The error \galue} is seéc?ecﬁ)o measureD?ne distance, perpendicular
10 to the axis of greatest movement, between the exact path of the line segment

and the actual pixels generated. If the value of X changes fasterthan Y,

then with each step X is incremented (or detremented) by one pixel while

the change in Y is subtracted from the error value until the error'value

reaches zero or less. In this manner, the X value at which the Y value is to
15 be incremented (or decremented) is determined. This X value is stored as

the end X value for the particular line segment, and the Y value is

incremented (or decremented). The X value first encountered at the new Y

valueis stored as the beginning X value for the new scan line associated

with the new Y value. The operation continues in this manner, storing for
20 each Y value the first and last X value encountered, until the end vertex for

- the line segment is reached.

\~/ Since two circuits are operating in the same manner to process the
| . two_liné segments of each subportion of a quadrilateral at the same time, the

25 portion of the circuitry handling the first line segment ready to change its Y
level, when ready to do so, waits for the circuitry handiing the other line |
segment to reach the point of change in its Y value. When this occurs, the
X values for a complete scan line have been defined and may be
processed; consequently, both circuits advance to the next Y value at the

30 same time. The processing of the two beginning and two ending X values
identified for each of the scan lines involves determining the leftmost
(minimum) and the rightmost (maximum) of the stored X values to be
delivered to the mask generation circuitry 20 shown in Figure 3.



if (testX (E, cb, up)) { 25 stop-pixel X, Y) YMY+(up?l
c-1); XX+ (sl ope?l :-1); start-pixel (XY) E E + DeltaX; 30

else X X + (slope ? 1. -1); stoplplxel (x,y) -17- X-major lop tést: .
test X(ecbup) - ec 0) jj (up &k (cb=0) & (e 0)); 5 Y-mjor |oop: '
start-pixel (XY) while (Y in Yterm.{ . E- DeltaX if (testY (E, cb,
slope)) I 10 - ' - stop9pi Xel (X, Y) X=X i.(slope?l :-1); Y=Y

V. (up?l-:-1): start hﬂi??efﬁé-’({é,- idfg@? esPehbR dua ?tgrsatl.:when th@fgf!'&f)%'lﬁ@

YVY+(up?l :-1); stop pi -maj or [‘oop test sl'ope) (e
10 it (slope && éegment dbal§ubpbitioniere@ichdd, tite ciriuitry ibads thparexat limersegiment
‘portion of the circuitry of this 25 invention }uSt descri bed for handling
one [ine segnent . 0bp plogessedy Asis|oftpa the case, one line segment terminates before

o 5 the other. In such a case, the non-terminating line segment information

need not be reloaded; and substantial time is savéd. o

The circuitry continues pbcessing-the=line segments ot_ the
quadrilateral until the figure is completed. At each ste,b'._ the valueé
10 generated are passed to circuitry for sorting the__va_li_:e’s’ to determine the
actual beginning and qnding_ values of the scan lines in view of the \J
direction of operation of the circuitry of this invention and the application of
the clip window informafion. This sorting bp_eration takes place because, as
pointed out above, the system and the cirt:uitry_ of this invention are devised -
15  to select the optim'ﬁm manner of decomposing a shape so that the operation
proceeds at its most rapid. For e.x_am_pie. If a shape to be decomposed lies
only partially within a clip window and either partially above or below that -
clip window, the operation proceeds more rapidly if the portion outside the
~ clip window:need not be processed. This may'-be-accompiished if the
20 decomposition may proceed from either thé top down or the bottom up.
Furthermore, if the dperation proceeds from the bottom up, fewer page _
boundaries in memory need to be crossed if the operation proceeds from U
right to left rather than frdm left to right as in the normal case. "l"he crossing
- of fewer page boundaries also allows more rapid operation. -
25 B |
- The following is an algorithm in pseudbdode similar to the C
programming language for implement_in§ the operation of this invention. The
algorithm represents a modified versio_h of the well known Bresenham
Algorithm although it should be apparent to those skilled in the art that
30 numerous other scan conversion _algq‘rithmé exist and could be readily
implemented in practicing the invention.

In this algorithm,



segnent starting at vertex (0,5) and ending at vertex (4,6) Is Illustrated.
In inplementing the invention, the circuitry first determ nes the change in
X between the two vertices:of the |ine segment, the change IrnY between the
vertiges, and fromthis conputes the sleepe of the line segnent, detern nes

30 the major axis (thexV ith the gre st change and sets tl error
termto beJ equaf(I to( on@%@#%S%ﬁﬁg °331‘E8’e‘"§§ ﬁ?'ﬁé’"@ﬁ’&ﬁ@éi‘? anothefhi s half
val ue is selected to babatuyembhins b ehhod RV AEH dhé VeRtsx i adthér Y for the

line segment to give a nore symmetric appearance. G ven these val ues, the

pl ot - 18 - commenceX isinitially s to the wluesof the befinMingaiertgx;st or ed as t he

val'ue of the first X on,the.scan line for t i ne segnent. Then the
circuitry decrements the'&Ppg Yﬁ‘i"‘?ﬁ?\’Pﬁ%&“@P b@ﬁ@"@ﬂ%ﬁ&@*ﬁ n Y and applies

two test conditgons: | xibhf itheX viigé 61 8 Wnbfigvehbian zero. of is the
d 5 “equal t )

drawi ng direction up and the error equa zero. |If neither of these
condi ti ons have occurr éfterm lissthePevalie ofthe @ntdingwerexinti | t he val ue of the

error termis brought t gi nt where the test condition indicates a true
state, i.e., zero or | eé’as?)%m@ﬁiﬂ?@ BRAckite value of its argumenishand term 10 s

stored as_the |ast X vahigr b6 rébidito ARG X bP'? depetdihy'Bh whisther Bk id'®

segrment. The operation continues to t storing

val ue after the ingreatertharaPelta¥obma nni ng X value for the scan |ine and
addi ng back the value of the change in X to the error term The operation
coriti nues al ond®the scan line, increasing the X values and reducing the
error term15 untir{iﬁéﬁggt{’ﬁ'ror termfalls to zero or less. Again, the X
value at this point 1s stored as the last X value for the scan line, the
change in X is added bap#tadO=tabs (et X@rmyer-m and the operati on noves to the
next Y value. The operation continues until the X value i.s determ ned to be
equal to 20 the X terrPelt@Yi oAby fY u¥ter®) the |ine segnent; at this point

2 mew |1 o seoment - 1t UHBLERS SATIIeRd R SrORA0hiRCach of the por i ons

of the circuitgperate disptepeRidrm) $Q0pe¥cogs one of the two line
segnents, as each portion of

up=((Y-Yterm)>=0)?70:1

E =: (Delta (major axis) >> 1)

cb = Delta (major axis) [0] /* least significant bit */

20 X major loop:
_ start_pixel (X,Y)
Y while (X l= Xterm) {
' E = E - DeltaY
~ [f (testX (E, ¢cb, up)) {
25  stop_pixel X, Y)
Y=Y+(up?1:-1);
X=X+ (slope?1:-1);
start_pixel (X.Y)
E = E + DeltaX;
30 } else
X=X+ (slope ?1:-1);
}
stop_pixel (x.,y)



the circuitry handling a |line segnent ends a particular scan line, it tests
25 whether the other |ine segnment has been conpletely defined for that
scan line. It it has not, then the circuitry waits for the other line __
segnent to finish that scan line so that the two nmay progress together "agd
the conplete definition of each scan |ipg.may be transferred to the
circuitry which follows at one time. 30 Figure 5 illustrates one circuit 30
which is a preferoedlajzmmxﬁmt for inplementing the invention. The circuit
30 includes a pair of essenti aIIy simlar portions 32 and 34, each of which
handl es one of the twotast¥{e.chup) 2de <0)dlitpid (%9)ﬁﬁd°pﬁ¢i)i-on 32 will be
di'scussed because of this sinmilarity. Wwen determning the end val ues of
scan'lines, the CIrcwtry is first initialized for each line .segnent. To
acconplish thi g, jdrilegp: cl ock cycle, the portion 32 receives input
val ues representing tf1e X values of the 5 beginning and endi ng of the
first line segment (th8tar _pxak(s¥ynent). These values are stored in
‘regi sters 36 and 38, nd are transferred to nultiplexors 40
and 42. The X val ues a?‘ﬁﬁ%gkeﬁeﬁ@fhe mul ti pl exors 40 and 42 to excl usive
OR (XOR) gates 44 and 46. 1P« E-Deltahese XOR gates 44 and 46 al so receive
inputs (zero or one) which allow the X value to be passed through or
conpl emented so that val uedt (testY{E, eb,slope))ddded or subtracted by an adder
48. If a zero js furnished the exclusiyv gate 44, for exanple, the val ue
on the other i¥put is sinply pa$ i"@el-p'f‘ﬁlréﬁ H to the adder 48 while If a one
is furnished the gate 44, the 1 e.fys conpl enented so (as a
bi‘nary nunber) it may be convenls(en%(ln'g Louétadrgctg In order to deternine thews
change in the X value from begi M‘#Ngr(l.lp'l‘brm)ﬂatl on, the difference of the
X terns i s conputed and furni shed b &%I pl.exor 50 to a change-in-X
regi ster 52 for storage. 20 fxe ext dock cycle, the beginning
and ending Y values of the A Ilrga &egﬂg,fgyare furnl shed the mul tipl exors 40
and 42; and, in a |like manner,

15 }e!se

YeYa+(up?1:-1);

} .
stop_pixel (x.y)
20
Y-major loop test: |
testY(e.cb,slope) = (e <0) || (slope && (cb == 0)) | o’
Figure 4 illustrates the operation of a pertion of the circuitry of this
25 invention just described for handling one line segment. In Figure 4, a line
segment starting at vertex {0,5) and ending at vertex (4,6) is illustrated. In
implementing the invention, the -circuitryi ﬂrst.determines the change inX.
between the two vertices of the line segment, the change inY between the
~ vertices, and from this computes the slope of the Ime segment determines
""" 30 the major axis (the value with the greatest change). end sets the error term
to be equel to one-half of the value of the change i m X. Thls half value is
selected to balan_ce the pixels defined by the circuitry for the line segment to

give a more symmetric appearance. Given these values, the plot



't he change in Y is determ ned by the adder 48 and stored in both a.change-
I n-Y register *54 and an error register 56. 25 The storage of the
.change in Y value in the error register 38~allows the determi nation of the

o e oo o SR AR B G B 515,

conpl ement i ng one bn tHsBahlink értné 1fe begmat. Q‘ti)\eﬁ'i?ﬂet &ro&t@{)da@?&n!iéln%des

determ ned. This larger value is then divided by tw by shifting the
val ue i n the adderersg byithgvalug obthe dhangaindY phd appliesitwo hest eonditionseis theer by
the mul tipl exor 50, This con")l etes the ini th:ea i zation of the circuitry 32.
[20- Al the same (TR TOrTIPW [osE MR 2pa, prii the caiipg STeTRD UpSE TP AFChN
endi ng X and Y gvaldépal ¥érg.onpl eting its initialization for the other one
of the two line segnents to be processed, the Bline. Once initialization
I's conpl et.ed, each of the circuits 32 and 34 begins processing the line 5
segnent information forthe line segnent it is handli nﬁ. Consj dering only

circuit 32, the currentf RRItHET Qfdhess condiions have pacutted: MacrRfatanfantiByess.
The value in regi %@Lthé@a\u% dt e Efg?@?ﬁlg%%rﬁ&lﬁrt‘& Erpg‘nf‘%bﬁr\hé' ?és‘t’EoﬁHitizfﬁ

stored In register y a conpar e values are not equal, the

mul ti pl exers 40 arindidates aanmfstatefiles, zere or leggsidAMNiS poirg the Fhalue Df tesX térm
exclusive OR 10 qgates 44 and 46 to the adder 48 so that the Y change is
subtracted frot t He storedhas therastXevaleefor that sean lina & yalue)ferthat ling segmeat.r or

regi ster 56, and t S | [ r S zero
or less.. The rel atﬂgan&éﬁ%ﬁi‘ecog’ﬁﬁ%érswgﬁ? ﬂé%z% %ngzﬁ?{]@%itggﬁé!?e‘%?@ya Plstate
machi ne 60 which, thbeitrémentizzthe beginhing Mvaltie fotithe btarlineldibadtdindBadk esent
X value as the end value for 15 this Y scan line, causes the Y value to be

i ncrenented (or ddbeaiuatodihe change incX e thet ercordenmy r Thecgperation ¢optindRs ng t o
t he present erro\rm%al ue a val.ue ieﬁc;lrual. t tge al ue .of the t?‘han%e in X As
outlined above, PG I"Fé’?"t"ﬂg' g féﬂpgﬁiﬁ rda stal'?g requcing Pf'_ AL Ll
reaches the pojgit yliPthR etror teti faffs fozet® oFIR8E IRgAIR, tAE XVl @NiWipbint e
stored as the last X value for the scan line, the change in X is added back

to the error term, and the operation moves to the next Y value.

The operation continues uniil the X value is determined to be equal to
20 the X termination value for the line segment; at this point the entire line
segment is defined, and the circuit can be initialized for a new line segment.
it should be noted that anhough each of the portions of the circuit operate
indépehdently to procéss one of fhe tu)o line segments, as each portion of
the circuitry handling a line segment ends a particular scan line, it tests
25 whethe'r the other line segment has been completely defined for that scan
line. If it has not, then the circuitry waits for the other line segment to finish
that scan line so that the two may progress together and the complete
definition of éach scan line may be transferred to the circuitry which follows
at one time. |
30 |
Figure 5 illustrates one circuit éo which is & preferred embodiment for
implementing the invention. Th_e circuit 30 includes a pair of essentially

similar portions 32 and 34, each of which handles one'of the two line



val ue of the slope of the line segnment, the circuit 32 or 34 first to reach -
t he change val ue signals the state nmachine 60 and waits for the other of

the two circuits 32 or 34 until that circuit is also ready to change Y ..
val ue. Wien this occurs, the state machi-A% provi des signals for advanci Rg

each of the two ggn%ﬂfﬁ%?ﬁl? é@@?ﬂggg g%e uFiIPJaé BiRctkR%Y bicalsetor thid sfnli\iaﬁty'.m””gry

each circuit 32 an scan l1ne at the sane tinme an

t he val ues of botWhemdeteerhiningsthe®ntiivalues®ef stan linassthe circuitrpés firshe tine to

-~ the circuitry which foll ows. en the circuit 3Q of Fiqur | S, prqcessi ng
“a line segnent tdnitgizeddpeeanh E‘et%"ﬁ"baiﬁémafﬁéh'ﬁo&l ngﬁ?gkcf‘lcﬁ ®ends
“and the | 1ne. se98lpokonCProtbivis iphl MlfedichRisB g hE XuaiBse dl meo one,

i:e., forty-five degrees or nore, e clrculftry operates 1 n essentially the
Same manner. Te beé \gandgndinglof the first iihe segmerit (the Aolinecsegment)n Thesgnent
are first. processed . -21- ?b¥q_each of the circuits 32 and 34 to determ ne

a change in X val\@lugssaresierd inrrgisters36; and 3fy respectivaniand:are frapsierred of

each |ine segment . E G Cch 1 1E £l Gl . 48 M ne a
change 1 v val ucopnyuRgiirs nRHERE g GAGaE S deiSed by By manbiexSig] " 12
change in Y val ueariduzfoem@wmnt(hw?\gﬁtebimme@mnts, and the error set
to one-half of the change in Y value tTor each line segnent with a sl ope

greater than one. The processing then proceeds as before, stepping through

Y values initially, hqQquevel ntjl C - ULS ] ircuit
54" Uhetfeant i ndHoRe KA Rotes 2 SpaCiar s FetlvB ilys tzt? ot pre) e
register 66 whi chaligh e valué % Bb paSsedtfiroligh 6F doriipleinanted sothtbvaldes -
mul ti pl exer 68 which. receives a nunber of signals including the Y

t er m nati on val uemaf beaithet addedxr gubinactethby amadder48. Jf azerorts furaisbed®i num
val ues, and a Y terrin' r,l.atb

and 70 are conpar &XFYFve g&?f&é?%ﬁ%ﬁ#@!ﬁﬁﬁﬁv¥@e(%§aglf)pg't°6?"pélfg{seﬁr"ﬁ$ ﬁ]grs °°

uhet her one val Uepissed LY to H8%RIdbr 4 whtle ¢k ié RurhiSRechdYate 4Athe
arrangenment may be used to determne when a line segnent has reached its
term nation pesntinputivakiesis complishented se (ashabinatyenumbgr) it may bei t hi n
conveniently subtracted. In order to determine the change in the X value
from beginning to termination, the difference of the X terms is computed and

furnished by _a multipiexor 50 to a change-in-X rsg_ister 52 for storage.

20 On the next cibck_ cycle, the beginning and énding.Y values of the A
line segment are fdmished the 'multipl_eXors '4 0 ahd 42; ahd. in a like manner,
the change in"Y_'is determined by the a'ddér' 48 and stored in both a change- -
in-Y register 54 and an error register 56.

25 The storage of the change in Y vaiue_in the error register 56 allows
the de’tefminégidn of the major axis without the need for additional circuitry.
This is accomplished by passing the valies held in the registers 52 and 56
to the adder 48 while complementing one of them so that the larger of deita
- Xordelta Y is determined. This larger value is thén divided by two by
30 shifting the value in the adder 48 right by one bit and placed in the error
register by the _mmtiplexdr 50. This com'plete:s the ipiiializa_tiqn of the

circuitry 32.



the clip window. 20 Also included in the circuit 64 is a Y clip register 74
whi ch receives input values indicating the maximumor mninmumY clip val ue.
.These val ués indicate the position of the upper and | ower boundaries of the
cllp,,ﬂ ndow to which the quadrilateral is t6°be witten. The clip register

14 1S furnished one 25 Abind APuME! HE Sl S (Bl Sho EEMRS Ral25oCS

either the m ni num or maXxI num on t he

direction the inforemalirigoX and lemaudémlettng n‘shmzélizalim fortHecotherldrg 6f ar e
certain cases in which a Eﬁartlcul ar shape to be rendered 30 may be clipped

at both its top andhBdve Bl m toke procpssertha B nge QresiinitialzatiaRife of the
shape i s det erm neddnnag tﬁ#‘&rcﬁté%ﬁ?n?o ;’%gﬂfs eﬁgrace{sgﬁﬁ'g%gimgts W th

t'he begi nning-clip val ue V\7n| c urni's

mul tipl exer 76. 8f ségmannfmmvatmmfbrummmmmnlsﬂfandw Chrsideting Only
-22- for exarrpl e, the value furnished is the clip mninumY value; if
progressing in the @tcHtB2dhesurpaiX velne fon fing Avg,maintained by registes 36uTheshed

conparat o 72, ‘The VRN IRGEE 36 . tebled 258 e Terhisfol BaliE of X o, o1
i nhibits rendering fgistéit3Blbytd\€omparator'8s.! & thé Hlué% drb fiofbqua! Whé‘ﬂﬁ)ﬂipléﬁb%
value of Y placed in the register 70 is the Y value of the last line to be

drawn in the trapez4Q and#2 tmostapihecsrar and Yvchange velugs viauthe sxglusive Oftli ng on
the val ue at whjch t L igure is,to e ' e once t els
W thin the ol oV rardse Shand 56 o e et ed Batrah e Viardp i sirdiactip o i
circuitry (multipl eSdtho gi ster
6§ with this ter me%fgétrl Zlﬁ% \fg%deéafdg?gg%ﬁs hﬁgdggg{e I n r\\{ﬁé '%rgﬁea‘g(htgge

ext ends beyond t he procgsswaontinues umbthtfermndhagoafstdzqno oeless. The p&lammbﬂ n

the register 70 and,conpared in th 0 or 72 to the actual Y value. In
this manner, the en#f®FoUiR 828f°\’ EggftP V&fsf%tﬂ@&&hﬁ's&%h%w Bed

may be determ ned. LB sordfioR 39EMIsTibd, Ypasses the present X value as the end value for

15 this Y scan line, causes the Y value to be incremented (or decremented),
and resets the error register by adding to the present error value a value
equal to the value of the change in X.

As outlined above, when either the circuitry 32 or the circuitry 34

20 reacﬁ_es the point where a Y value is to change in accordance with the .

value of the slope of the line segment, the circuit 32 or 34 first to reach the
YA : change value signals the state machine 60 and waits for the other of the two
circuits 32 or 34 until that circuit is also ready to change Y value. When this

: oécurs. the state machine provides signals for advancing each of the two
25 circuits 32 and 34 to the next Y line. In this manner, each circuit 32 and 34

handles the same Y scan line at the same time and the values of both ends

of a scan line may be passed at the same fime 10 the circuitry which follows.

When the circuit 30 of Figure 5 is processing a line segment to
30 determine the X values of the horizontal line ends and the line segment is
one with a slope greater thah or equal to one, i.e., 10rty-ﬁve degrees or
more, the circuitry operates in essentially the same manner. The X

beginning and termination values of each line segment are first processed



useful in the present invention which is capable of witing the information -
to the frame-buffer in either up or dowmn order (that is, in increasing or
20 decreasing Y direction, respectively), This allows the scan conver sj-on
of the lines to proceed such that the vi sizf)'le (non-clipped) infor mat i on s
processed_fi1st gy ddafi of BRY dlickits 32 Bt B4ag dBleriniAbdl Etng8in Xvsile ter bhcthe
clipped. This |at 1nformation nmay be di sregarded thereby substantially
| ncreasi ng the sﬂ'ehed( bégioniag and dermirkBionIvales gheachdinersegment pre/agiti on has

Deen descr) bod S L GRS AT o b PR o
“inthe art wt ho:)&’alcﬂ ﬁ'ﬂer e?ﬂgé r.@n%ns |§ﬁieh'éonﬁﬁfbdst6(iﬁ@cﬁ5n A Y vaigd fdron.

The i nventi on sh O neasured in terns of the clains which

‘ ';gl | ow. g - 23 -eachAl t8 tio line hsegm;msalanutmammseﬂgmpmalj ofmasma@pe IRyst em
r rendering i mages on a ic disp evi ce conpris

cent Lal processi n V@H?f"'(%gt‘jﬁe ﬁﬁg\‘ﬂ?v w%qpﬂ?)ﬂfeﬂﬁﬁi 'g%mr |m;i IngI ?gea
gr aphi cs di spl ay t

of pixels having ;gg%ésgﬁgttﬁ@ﬁ " }refafp%orl zo*rﬁt tﬁg%n{eﬁgggalﬁf ng. ;Iei(s

sai d i mages di Splmﬁeﬂmmhecgangmmm #wpXay device by actuating
certain of the pixels identified by pixel data, said pixel data
conpri sing coordi nate val ues which correspond to pixel |ocations in t he

il SAgh ] 00 ) SRR ndmeal A handiy AL coaburey g 2

right I|ne se nt - an egnen egnment having a first
and. second endponnéludws %tﬁtéﬂﬁd iwhidheinifially fseevbs ahe nianmalnsemuwane,fa)r the

right and left |ine segnents being equal and the
multiplexer 68 which recelves a number of signals mcludmg theY
termination value of each line segment and the Y clip minimum and
'maximum values, énd aYy t'erinination regiSter' 70. The vaiues in the
15 registers 66 and 70 are compared by a comparator 72 which is capable of
determimng whether one value is greater, less than, or equal to tha other.
This arrangement_ may be used to determine when a line s_egment has
reached its terr_hination point and also to determine when the figure is within
~ the clip window.
20 |
Also mcluded in the circuit64isaY clnp reglster 74 which receives
input values indlcatmg the maximum or minimum Y clip value. These values \J’
md:cate the posmon of the upper and lower boundaries of the clip window to
whlch the quadrilateral is to be written. The clnp regxster 74 is furnished one
25 of these values by a multiplexer 76 which passes either the minimum or
maximum Y \ialuQ'of the clip window depending on the direction the

information is.being written to the frame buffer.

There are certain cases in which a particular shape to be rendered
30 may be clipped at both its top and bottom e_d_gé_s. The clipping at the
beginning edge of the shape is determinéd_bybombarihg the Y initial value
in register 66 with the beginning clip value which is furnished to the register

74 by 'a_mul_t'iplexer 76. I the information is being written down the scraen,



y coordinate values of the second endpoint .for the right and left line
segnents being equal, the endpoints of the |ine segnents defining the

- vertices of the quadrllateral sai d pixel data representing the
qan&(lateral gener ated by deternining the rightnost and | eftnost pixe
location of the quadrilateral for each sgan |ine and generating pixel data
for the rightnost and IeftnDst pi xel location of the quadrilateral for each

scan |line and gengkgk ?lﬂﬁle Qaldg""&ﬁusfhgaig{l‘l‘a diib & %'ween fﬁ‘élﬁgm&E and

pi xel and each pixel Toca e scan

| eft rost  pi xel , inghe othecdlrectlohahe clip mdxtrwmmme Gﬂmishsdmr@etrbgisﬂ‘ar ght nost
pi xel and Ieftm)sé I xel tQ be actuated on a scan line, said circuit
conprising: recei 'ﬁd‘ﬁ%g 8tgmishes the Glipyajuedo the SOmRAstEr At Theal ues of t he

endpoi nts for themi I

I ncrenent* val ue \Aﬂhéﬁh‘?ds éﬁﬁ?&gmm@?\'%{{ﬁ%%%su#gb@ﬁl&sii[ t" b'% 'r@ang‘gr ed in
~ascendi ng:- scans | |nm.lmgjvrvamdsmhmmelcupymfdon@gat|ve one if the image is to
rendered in descending . scan line order; a right sub-circuit and |eft '

sub-circuit, said - 24 - * C L M S * right sub-circuit

determnlngarlghtrm the ri l.i,ne,se t on can. lLine and
said left sub- circuit p\faﬁ}r%rﬁ' Blac?q]@\tﬁgﬁm%re?&ﬁqg'aqv&?uettﬁéﬁ?%s{erq ne
segnent on the scgybg didtn iﬁahéitrémmd &rlﬁelagbiopaala-vendpw :sdimaaﬂcurrently
det er mi ni ng said rightnost and leftnost piXxel ‘for a scan line, "each of said
sub-circuits conpdenandglgmlm_ewaluesaabthamdhelenma'mre:lsnmmm oncenthe
oy SIVIng means T o apeis within'thé g window. This vaide (regisier 70) is furnished by the

circuitry (multiplexor 78) which compares the current value of Y (register

66) with this termination value for Y.:

In the case in which the shape extends beyond the clip window, the
| 15 ending Y clip value is placed in the register 70 and oompéred in the
comparator 72 o the actual Y value. In this manner, the ending value of the
portion of the shape to be rendered may be determined. This is especially
useful in the present invention which is capable of writing the information to
the frame buftfer in either up or down order (that is, in increasing or
| 20 decreasing Y direction, respectively). This allows the scan conversion of
S ihe lines to proceed such that the visible (non-clipped) information is
processed first in the operation followed by information which will be
clipped. This latter information may be disregarded thereby substantially
increasing the speed of operation.
25
Although the present invention has béen described in terms of a
preferred embodiment, it will be appreciated that various modifications and
alterations might be made by those skilled in the art without,departiﬁg from
the spirit and scope of the invention. ‘The invention should therefore be

30 measured in terms of. the claims which follow.



the Y coordinate value of the endpoints of the |ine segnent and outputting
t he absolute value of the difference as the DeltaY value; a second

subtracter neans connected to.the receiving neans Hmmmﬂﬂ m, I e ey
difference between the X coordinate val ue g the endl “,lﬂmrne gt
segment and out putting the absolute val ue & the diffefente %s % he Det aX
val ue; mmjor axis determning neans connected to the first subtracter and

- second subtracter for determ.ning the neGbAIM&8i s to be the X axis if the

DeltaX value is greater than or equal to the DeltaY value, or the Y axis if.
the DeltaY val e is grda erat hmonpuiede| t graphice; dispiaynesystiener iox ng

nmeans connecte s St - o er

det er ni ni ng thg%@ﬁ%@?f@;&%ﬁ'% %g'bga&l%oﬁ%%yﬁ#géie rfehsté,ﬂi';asly(f ts?“})pe
being equal t oCPBPrAPADG 1@ )xCentFal xPracesfdng Wit -ﬂ@?’é?m’ Regory pand
val ue of " one i fnple /P anédinsd heohpPesIAGRHe | grapleies aiBplayeidevite,

determ ned to be’,q val ue_Qf neqatiye one if the of the,line segnent is |ess
than zero: a fPBR rgﬁPPPéFscoaiég:‘fE!'tgeYﬁEere‘E%‘m’F- iNgar® f t’é’f’ﬁri‘#g
the current X pdkeds dmvirgracpredetarmined traiberedof ohbrizoatdl scan
co0r 0 et v i, ot e bRl s | EBTARA! o, ERECHGAS! o
X * C L display- dedsicet byri nactwatinguccertainl i o8d thepe Rinels
coordinate identified by pixel data, said pixel data comprising
coordinate values which c':orrespond'_ to pixel locations in |
 the matrix, said image comprising at least one \J
'quadrilateral having a right line segment and left line
segment, each line segment having a first and second
endpoint, the y coordinate values of the first endpoint
for the right and left line segments being equal and the
Yy coordinate values of the second endpoint for the right
and left line segments being eqgual, the endpoints of the
line segments defining the vertices of the quadrilateral,
said pixel -Qata repres.ehting the quadrilateral genérated '
- by determ_inihg the rightmost and leftmost pixél location
of the qua_dril.ater'al for each scan line and generating
‘pixel data for the rightmost and leftmost pixel location
of the quadrilateral for each scan line and generating
‘pixel data for the rightmost pixel and leftmost pixel and
each pixel located on the scan line between the rightmost
and leftmost pixel, a. circuit for simultaneously
determining the rightm‘ost' pixel and leftmost pixel to be
actuated on a scan line, said circuit comprising:
receiving means for reCeiving the X, Y coordinate
values of the endpoints for the right line segment and
left line segment and a Y increment value which is a
value of one if the image is to be rendered in ascending
scan line order and is a value of negative one if the

image is to rendered in descending scan line order;
a right sub-circuit and left sub-circuit, said



val ue of a second endpoint of the line segment; —ar—t—m—v‘—d~|‘~eg4—srkeF—

connected t.o the major axis determ ning neans and f|
-subtracter neans for stori ng-an error value, sai de”u “l il aI [ zed
to be./equal to the one-half "corresponding lta v axi s;

fourth register connected to the first subffacter rreans for storlng t he
DeltaY value; a fifth register connected to the second subtracter neans for
storing the Detiqhtvsluhe;cia:ciﬁtm devérninimgna frighttmésol pirkglt ket | that
and out put of I I gLs ri g figr

conpar at or conlg ed ]{i’ﬂ{ﬂhée?ﬁn P aJn'g éecsg{na} g‘qut @rﬁg&fg?ild r';lpe;ftrtl nsuPhe
current X val Rireditnhdegermining: the Jeffe mosti pixektofovtper ket 1:|.ne

outputting a fédédgheR@Nté®! tH&INAcan! lﬁﬁecuréﬂ& % dgttie dndl N redughp-t 0
the X termnajion, value 1ndicating [ocessing is,conplete;

a
first regi stercteFite ERRSUREENRLY A FFFE{-”“FEM‘F cBRh ctEéIgPGmPﬁE f apdy

conpar at or andlefimdsst pislele€opdaostant 16A8NEcea6H bP Bafdt Bubdcapduiesrth
registers to ca %he error value fromthe third register to be output and
the DeltaY val?lm?lf FPEE fourth regi ster to be output when the first
control signal is receavedimstm tsubtracteronpeansor copnected sute r ather

_ means conpri S'%3W1ﬁ§\'§5 fis cgg edid nvrehaq thgutge][ %&({QUBQQW en

register to receive t ue an .
adder, conpri s & f F@Fﬁﬂﬂﬁﬁe cUﬁﬁBEt &F t GtheeBGPﬁM‘tﬁf 9% ¢ the rélme

regi ster to I es@giiént he apd oroutPdutt xitfl atRECORBsblRte CAAIRE €lot O the
Ol{[j)ut of the é ¥Pé£§£c£°aée€ﬁé"8ei@§y' ‘r;g \rxte?d DeltaY value, to

a second subtracter means connected to the
receiving means for determining the difference between
the X coordinate value of the endpoints of the 1line
segment and outputting the absolute value of the
difference as the DetaX value;

major axis determining means connected to the
first subtracter and second subtracter for determining
the major axis to be the X axis if the DeltaX value is
greater than or equal to the DeltaY value, or the Y axis
if the DeltaY value is greater than the DeltaX value;

X increment determining means connected to the

, first subtracter and second subtracter for determining

./ the X increment from the slope of the line segment, said

' slope being equal to Delta¥/DeltaX, said X increment
value determined to be a value of one if the slope of the
line segment is greater than zero and determined to be a
value of 'negative one if the of the line segment is less
than zero: _

a first register connected to the receiving means
for storing the current X value, said current X value
initialized to be the X coordinate value of a first
endpoint of the line segment;

a second register ‘connected to the receiving
means for storing the X termination value, said X



generate the sum of the inverted DeItaY val ue and the error vaI ue, ‘said '
added further conprising an out put - 26 - mwilmmmmumvonnect ed
to the third register to be the difference betwe e and the
error val ue; a second conparator connect eg to a secorfd butP ut of” t he t Ri ¢gd

register to receive the updated error val “sai d second conpar at or
outputting through a first output a second control signal if said error

value is IesStéhaﬂnatxeﬁuairamezenmﬁﬂmwuwd nBet NERE9IX a corgaitatel put
a third contrgl il_S| g sald err.or greater than.,zero; %&ieraond

regi ster contYorY gﬁs cgﬁﬁPP i dega.n nﬂgtt NP FERNd sefo
conpar at or, arégxstenutqnnnentedacted tthe thajoérr saxﬁsegdetermimngnmeammtl ng

the current x‘(& :tlé’t”&%dx kBE Bﬁﬁ”ﬁ O‘i’aer B Ofstt_&?lﬁ ey

control signal, a second .out put connec st Ister,”thrrd
register and @ﬁ€°¥'| Vajueggisaid exgor ?eb‘é?»"b%ab*z?‘ﬁetge 8n@IMAA t&

signal, updattpe tdsueeexﬁépf \Eorteesponditnd NiDed tacdvvaliGe tPope afl!amatjort he
sum of the erroiﬁva ue and correspondl ng Delta value of the mgjor axis,

outputting th®*t8Frent X value fromthe circuit, -and i ncrenenting the
current X value by tha Xfmﬂwentegab&eranobmmeemﬂ e t htheur fdristY

val ue by the g bggéggggt \éghge OQJ' s@gh&&g) Qﬂiél Q,% vaI ue to be

output with respec € nex Scan |"0Cat’e Sfcremented Y
val ue; a circuit outpét coHkfeh] mngt@ynne@@m@'eecihem ghtheubsﬁqmﬁt

and left sub- thﬁi‘hbtéﬁdméaﬁ%a'i%rf %"t.oring the DeltaX value;
_ a data control means for controlling the input u
and output of data from all of the registers, comprising:

a first comparator connected to the first and

' second registers for comparing the current X value and
the X termination valué, saiad :_first comparator outputting
a first control signal if the current X value is not

' equal to the X termination value indicating that
processing is complete; .

a first register control means having a first
input connected to the first comparator and a first and
second output connected to the third and fourth registers
to cause the error value from the third register to be
output and the Delta¥Y value from the fourth register to
be output when the first control signal is received from ot
the first comparator; '

" a third subtracter means comprising: _
an inverter connected to the output of the fourth
register to receive the DeltaY value and invert the
DeltaY value, and _

an. adder,-- comprising a first input connected to
the output of the third register to receive the error
value and a second input connected to the output of the
inverter to receive the inverted DeltaY value, to
generate the sum of the inverted DeltaY value and the
error ‘value, said added further comprising an output




® - e . o
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éenerating pi xel data for the scan line to be output_to t he f‘r-arre buffer,
said pixel data identifying the pixels to be-actuated on the scan |ine,

said circuit output control means controlling the oj ﬂl“ﬂ“ mmmwsnt X
val ue t.o be del ayed until both sub-circuits are rea val ue

*

fromthe circuit, the X value output by the&ight sub-ci‘rchit"bel ng the X
coordi nate |l ocation of the rightnost pixel to be actuated on the current

L S Al tat (ot 1 he | Brtnoat o s e,
* * e X cqordi e locati 0 e leftnost pixel to be
actuated on th?emtﬂ%ecg?fﬂﬁr}g;vm @d}’f&?@m VA&l ues of the
leftnost and right nost aisetendreompayatori cohhectedsty B0 seoonde anstput
generating piXx qg,‘(% i .@élﬁ | n
line to be act S,!aft_e e‘étﬁ\})e% %% rg t%:réogt%%fzﬁ %ﬁ%%@t%‘ggwaan !
out puts the pi S@idigecondeeenparater entputtimngptihrenghoasdiirste quiput

pi xel s identifiaedbond Ccohtrdl dgigndD 1FesdiadPbproftevalte 4s less RHan
apparatus as set forth in claim wher ei.n

1, the first register control
means conpri s&F egual tg zgr9 and QUtRukting &hrangha ﬁgﬁ"‘r‘?}"‘i QPR ang
a second nmul ti Pnieel comesl esidnal hif f safdhereorsvaluehdiseiyrdater itmn
mul ti pl exer paésg_s the output of the third register and the second
mul ti pl exer pa $&6S % he out put of the fourth register upon receipt of the
first control signal. 3 seconfheegisher uscontrodt meansh comprising: an

wherein the ciirr&;ﬁg coiiditea WY JESSRA Wfé’@d’r, a state r_rachi ne.
‘\/ a first output connected to the first register
for incrementing the current X value by the X increment

value upon receipt of the third control signal, and
a second output connected to a first register,
third register and the fifth register for, upon receipt
of the second control signal, updating the error wvalue in
the third register to be equal to the sum of the error
value and corresponding Delta value of the majoi:' axis,
outputting the current X value from the circuit, and
incrementing the current X value by the X increment value
and incrementing the current Y value by the Y increment
value for determination of the X value to be output with
respéct to the next scan line located at the incremented

N Y value; '

' a circuit output control means connected to the
right sub-circuit and left sub-circuit and a means for

generating pixel data for the scan line to be output to
the frame buffer, said pixel data identifying the pixels
to be actuated on the scan line, said circuit output
control means. controlling the output of the current X
value to be delayed until both sub-circuits are ready to
output an X value from the circuit, the X value output by
the right sub-circuit being the X coordinate location of
the rightmost pixel to be actuated on the current scan
line and the X value output by the left sub-circuit being



4. In a conputer graphic display system for rendering _inages
on a display device, said systemconprising a central processing unit
(CPY), nenory, and input/out neans conprising a “' ldévi ce,_
sai d graphics display device conprising rrat ri xﬂmmmlml ‘m si ng au
predet er mi ned nunber of horizontal scan | i’nds of pi x&l st shi d i frages

di spl ayed on the display devi ce by actuating certain of the pixels
identified byngi xel cda&amawiﬁdmmordh:nai@ vakithosti @ixed respayl to
pi xel locationg in | X, sali |rra GO .rising at. | east one

quadri | at er aPSHR gl‘rm%ﬁ qurre left Iine segnent, the

endpoi nts of the |i nutmg!mrnmajdaandlgaaﬁeemuea:&f &he Heftmosto@nd

* C L M e | d

the right rmsf§gg§n\ %@*4% xé I gggkglgﬁ gﬁu% quadr | I gggra fg‘?ag’ggcn ning
scan |ine anfo¥egenanating pixehidatarwhiech ggneratespthe pPixe) datmst

pi xel and eagh Pthe! ¢twFPéRE Heane13nan 'i:d: ne:ebehbeﬁathhe bétheans ttiand

| ef t most pi xel,, .a circuit for neo ter n|n A htm)
pi xel and | eFigbEmant Bixel bae“éagfﬁé ﬁxg aﬁn éf?d téﬁq
conprising: data vum@eﬂﬁmtel&ortoecﬁwl rﬁgrame )énffecrootdl rncbuar'aeudsh@f t he

endpoints fo &g;%ngl qtatenlﬂﬁe.t gggnt Eﬁgd #ﬁiz&ll iaﬁée%ntt@d e}, da%’n

i ncrement va lchT's e Inage 1's be ren
ascendi ng sc&eviices or der and is avalue of -1 if the image is to be
rendered in.descending scan |ine order; a right sub circuit and left

sub-circuit for, said right sub- CIrCUIt et
- 2. The gapparatus as set %or gfa{ﬁgqt,m% 1p| ik Ofu |

. 'the first reg:.st_:e_r control means comprises ‘a first
multiplexer connected to the third register and a second
multiplexer con_iiecte_d to the fourth register whereby the
first multiplexer passes. the output of the.third register
and the second miltiplexer passes the i_:utput of the
fourth register upon receipt of the first control signal.

3. The appéra-tus as set forth in claim 1, wherein
‘the circuit output control means comprises a state
machine.

4. In a computer graphic display system for
rendering images on a disp_lay' device, said system W
comprising a central processing unit (CPU), memory, and '
input/out means comprising a 'graphics display device,
said graphics :displéy device comprising a matrix of
pixels comprising a predetermined number of horizontal
scan lines of pixels , said images displayed on  the
display device by actuating certain of the pixels
identified by pixel data comprising coordinate values
which correspond to pixel locations in the matrix, said
image comprising at least one quadrilateral having a
right line segment and left line segment, the endpoints
of the  line .segments defining the vertices of the



a scan line and said left sub-circuit determning the | eftnost pixel of a
scan line, said right and left sub- circuits concurrently determning said
srightnost and | eftnost pixel for a scan line, each of said sub-circuits
conprlsing: a first subtracter neans connegfed to the receiving neans for
determning the difference between the Y coordinate value of the endpoints
of the line segnent and outputting the absolute of the difference as the
Del taY val ue; quashblatexml  asadd pixed odatmcgederatedie hyecdévermimings
for determni h ' gpce tvwigk r o SV th n Lnts
of the line se%‘rréenterg%g{:gétggut talmr?g t eéﬁ%c?u?%{%% uei%#sttﬁ'%nqlif ercejénigée as
_the DeltaX valdradrilakeral s Iox cearhi mFatcahineodand t ggnesatiags jpixel

SU_btrafcte[1 a&@ilmxwfswérﬁsgﬁtmagt Qkél”'h&hng]éf'ﬁdﬁaﬁ %Seﬁd \’(Saﬁd)léfcﬁ he X
RORNEECH PO ITORE 0 TE N R A T K T LW
M S * - 29 leftmost cpixél deaccireouid MEnnsinnmuanenhsxytd!téfmiuing
et e LIE UM AP EE | R TR B Ko I SBMlaf 4O RAT
value is set t® sgamnbine, 1spid|epecwit ieemprigingynent is greater than
zero and to negative Opgcéiving medR® for [Pécéiving HNENK, ¥ 668 aihkEe
zero; a first \;ae Iesé e‘r:fcotrlllneecégéipgfnéshef‘r)gc%lh\g nzgigrﬁé n.sline segment and
left line segment and a Y increment value which is a
value of 1 if the image is to be rendered in ascending
scan line order and is a value of -1 if the image is to
be rendered in descending scan line order;
a right sub-circuit and 1left sub-circuit for,
- said right sub-circuit determining the rightmost pixel of
a scan line and said lefﬁ sub~circuit determining the
leftmost pixel of a scan line, said right and left sub-
circuits concurrently determining said rightmost and
leftmost pixel for a scan line, each of said sub-circuits
comprising:

P

'\/.

a first subtracter means connected to the
receiving means for determining the difference between
the Y coordinate value of the endpoints of the 1line

U © . segment and outputting the absolute of the difference as
the Delta¥Y value; N '
| a second subtracter means connected to the
receiving means for determining the difference between X
coordinate value of the endpoints of the line segment and
outputting the absolute value of the difference as the
DeltaX value;

major axis determining means connected to the
first subtracter and second subtracter - for determining
the major axis to be the X axis if the DeltaX value is
greater than or equal to the DeltaY value, or the Y axis
if the DeltaY value is greater than the DeltaX value;



for storing the current X value, said current - o0 be the
X coordinate value of a first endpoint; a second | ed to the
receiving means for storing the X termnati Oiﬂiﬂ‘@gﬁlﬂgﬂi@m -
termnation value initialized to be the_X_ coordi c ssecond’
endpoint; a third register connected to"t R najor axi s determ ni ng neans

for storing an error value, said error value initialized to be equal to t he
one-hal f - the correspordiirchémént vaetermdhihge nia!xcs &bhslecteBOUl‘.é hthe

Value: n TiTERESPouaceds o FEGOR  REBEacTer® fix  RekdEmiBing o
stori ,ng t he DeheaX \mlommentdaﬁmmctne cslmrmff'ohecbhneolslagngntthumlcput
and output of 4 Qahgu%o“ﬂoa'deﬁa C/(;i%“t?&ﬂ Stedfa foﬁﬂéféﬁéﬂtaviiﬁhei?ﬂ%we

connected to Tirs regi ster redls ter, reglster ourt

register andtof be roregifi the sgiepst Afe thehline Eagmentgis gxeater x

val ue and X't ehghnrd aiid ULo" peldRtiivec!ond omt €Hel B1ldpe fof Sthandimecond
registers to detern*ne |ie§ro%§§5|n i s conplete, wherein processing is
conplete i f tRAEIBERFAE () a@q& 7t he X termination val ue; updating

the error value to beatmirsunrebisherecbnnecabdetoe&hefmumeuhanghmedns

regi ster and of nQr re % fou

register and kB¢ WdAd Mgk, 08" vRIve," 418" Ehalr e £ Vallue
initialized to be the X coordinate value of a first
endpoint; '

a second register connected to the receiving \;)
means for . storing the X termination value, said X
termlnatlon value 1n1t1a11zed. to be the X coordinate
value of a second endp01nt,

‘a third register connected to the ma)or axis
determining means for storing an error value, said error
value initialized to be equal to the one-half the
corresponding:Deita value for the major axis;

a fourth register connected to the first
subtracter means for storing the DeltaY value;

a fifth register connected to the second
subtracter means for storing-the DeltaX value;

a data control means for controlling the input
and output of data from all of the registers, comprising \o/
a state machine connected to first register, second
register, third register, fourth register and fifth
register, said state machine:

.comparing a current X value and X termination
value respectively located in the first and second
registers to determine if processing is complete, wherein
processing is-complete if the current X value egquals the
X termination value;

‘updating the error value to be the sum of the
error value read  -from the third register and the Delta
value of the minor axis retrieved from fourth register if

e



the Y axis is the mnor axis of the sixth register—if—theXaxis+s the

m nor axis; increnenting the current X value int I f the
updated error value is greater than zero; determi RE! II "i& LE !t(val ue
as thg:output of the sub-circuit for the cujrent s ,nl nting
the current X value by the X increnent; increnenting the current Y val ue by
the Y increnent and readjusting the error value to be equal to the sum of
the updated er ftdye \Xala}eisaniﬁ tﬁhae Deinar \etie of thHee ibith reqdistérd ificthe
updated error walaygd Sid BHbL a | to zero; and outputting the

current X value that is t out put o ‘he sub-circuit for the current scan
| i ne when both sub-ci rdtﬂ‘-'t%eqﬁﬂ"éiféﬂat &hei reervents| Xesvaluee igut phe, fiinstx

val ue output byegistidrghif tHe Gigdatda vt Wuk G %&E& Qe | 'ﬂ}by ‘he

t he rightnost pixel for,the current scan |ine and the "X val ue out pu

left sub- circuit bei nGfSYRFBINARG Fhe GUrTRat | Xnvaiuehas| Shemitautar f or
the current scihe isub-cieceby fbe ther duntentyascen Qfinehe imiremdritians

ri ght nost pi xe t ans for generating

pi gel dat apcanltz]leeﬁer ate stéxﬂél*é y%ﬁ]&cﬁ'q%§e&ﬁ% to the frane buffer

to i medi ately render tmmtme dthei x@llrnma o¥ theldesplb&y dmel c& 5.

A circuit for (ied‘c&réiﬂéiw&ﬁdleréwj\ié@ﬁs ﬁﬂ’értb&%uhei: WI ‘12 be

actuated on scan |ne substantlaI? as herel nbefore escrl
reference to t%@ qqg§rryor value and the Delta value of

the major axis, if the updated error value is less than
or equal to zero; and

outputting the current X value that is the output
of the sub-circuit for the current scan line when both
sub-circuits have determined X values to be output, the X
value output by the right sub-circuit being the X
coordinate location of the rightmost pixel for the
current scan line and the X value output by the left sub-
circuit being the X coordinate location of the leftmost
pixel for the current scan line;

whereby the coordinate values of the leftmost and
rightmost pixels are output simultaneously and the means
for generating pixel déta Qanfggnggate the pixel data
which is output to the fiéﬁe'bufferjtb:immediately render
W, the scan line of pixel data on the display device.

v

5. " A circuit for determining the rightmost pixel and
the leftmost pixel to be actuated on a scan line,
substantially as herelnbefore descrlbed with reference to
the accompanying drawings.




