HARDWARE | MPLEMENTI ON OF CLI PPI NG AND | NTER- COORDI NATE COVPARI SON LOG C
SUMVARY OF THE ‘| NVENTI ON The present invention is directed to an apparatus
for inplenenting, in hardware, clipping conparison logic in a graphic

‘di splay. subsystem Cipping.is necessary when an object to be displayed is
defined as being only partially contained within a pre-determ ned wi ndow on
a video display. For exanple, if a rectangular window is defined in the
upper |eft hand corner of a video display, and a |li'ne has been defined °

whi ch extends fromthe upper |eft-handorner to the | ower right-hand
corner. of the display, the portion of the Iine which is outside the defined
w ndow i s not displ ay@dy e Gampr dhdrrd S:aG | dPREG A tl.onal Ly if- a | ine of
text is wider than th%"'\"/'v‘f't‘r‘l' ow, "ﬁ%‘%ﬁéi%@%ﬁ j"’t"?lked"bll?‘h”é‘ of text whichis
out si de the wi ndow nUST—arso De Ccifpped. Crrpprng s usualr Ty perforned in
sof tware. The present inventi SUMMARY QE TeHH DWENTION in hardware in the
nat ure of conparisons for use by a graphical subsystem for clipping inages
to be displayed- n.a vi deo. di SP' ay, i&rhar‘gware whenever possihle, |eaving
for software onlg £ HRYSEEN Y ER OB IS pEY 51BN 'O PN i FREGER UWHPE NPT e
reliably cli; FN Ok TR f s gr.aphi : , e

i nvention allggﬁ%?géfﬂecsﬁ orr@ta{]e aé%ﬁ?.sliq%ing#go?@g?ﬁ nc?%at?%?g? |Sr§§a}?é

conpar i sons Qlippéss ds yndcessapppdren amebjender bagligflayedbist defiyed)asdrdidgt er al
objects and the execution of Bl ock I mge Transfers (BLITs) by the graphical
subsystem ©nbpRaHaEIRcontained hwithine 8o pe-detaTaiped oWiRdost 0 jas ViGyi ded in a

gr.ap.hi CS di'.%Rgpe}Xy.sy?&e@kL%)legii?@ ?é/cltﬁ%uw window is defined in the upper left

St

hand comer of a video display, and a line has been defined which extends
. from the upper left—hénd comer to the lower right-hand comer of the
display, the portion of the line which is outside the defined window is not
displayed, i.e., it is clipped. Additionally, if a line of text is wider than the .
‘window, the portion of the lihe of text _v.vhich'.is outside the window must

also be clippéd.

Clipping is usually performed in softvs;'are. The present invention
performs calculations in hardware in the nature of comparisons for use by
a graphical subsystem for clipping images to be displayed on a video |
disﬁiay in hardware whenever possible, leaving for software only those
images, or portions of images which cannot be reliably clipped using the .

hardware of the graphicai subsystem’.

The invention also provides for the acquisition of all inter-coordinate
comparisons necessary to support the rendering of arbitrary quadrilateral
objects and the execution of Block Image Transfers (BLITs) by the

graphical subsystem.



object defined by a plurality of object coordinates, said systemincluding
at | east one object coordinate register, at |east one clip coordinate _
register, "at |east one offset register, at-least one nultiplexer coupled
to said at |east one object  coordinate register, said at |east one clip =
coordinate register and said at |east one offset register, at "|east
one conparator coupled to sai'd at least one nultiplexer, and i
i ncrement or/ decrenmentor neans coupled to said plurality of clip . S
coordinate registers and. said pluratitgl of offset registers,. said
systemutilising a clip window defined by a plurality of clip coordinates
for clipping said abject prior to display, and a_test w ndow defined by a
plurality of predeter?rfegddngsets fEhen RESFeNt p ipvmntiinn edhegre ofsrating
in conj !J”Ct'Oﬁrwibe_aab‘.ﬁ'-@'!d&jé@ﬁl@Mdfbfﬂﬁ%éﬂém CtoPPaRgpaRgihgnaaring
sai d object usjn salgéﬁé{%%w%ndow,@gﬁl ﬁ:}tr}g'hod cocgg),rl Si ng th,steps_of: _
storing said SPIFEEst j et Rodtdn ¥ n°Eai PRt e5OPTHABEPect .
coordi.nate regastiersysten i ipcdudiegstabndealstp opner dbpdct | cosaiddnatel east
one clip coordipnate regisfery, Shori sak 6. pr l.ned _of f. i n_at

-l east one _off]g% il%gSlEé_t ea:% sl,e?a.csaéc?i \?ng éig t cg |%£g€€e eJel_fs_er_rritenéd. 'a%obj ect
coordi nates, teaptcoeneli mifeet anegdstasver AFnekratt sane f MYdtdRlexsr | east
one nul tipl exgbuptedresi Baidahd 38h8¢! bnel ¥pgetRUboBradabeen-agdselect

coordi nates, clip coordinates, - and. predetermned - . .
_ S sakg'a% least one cglppcoordgnate register and. said at

least one offset register, at least one . comparator : ey
‘coupled to _ said   at least one multiplexer, and N/
incrementor/decrementor means. coupled to said plurality _ :
of clip coordinate registers  énd:_said"p1ura1ity_ of -
offset registefé;~said-system-utilising'a clip window
defined_by_a-plﬁraiity'of clip cobrdinates-forzc1ipping
_said pbjéct.pribr to disp1ay, and a test window defined
by a piuraiify of_predetermined:fosets'from said clip
coordinates for operating in COnjunction with said clip:
fwindow,_é'method for clipping and rendering-Said_object
using said'clip Window, said méthod dbmprising the steps
' storing said at least one object coordinate in
said at least one object-coordihate-register; : I
'storing at least one. clip coordinate in said at
least one clip coordinate register;- | -
 storing said predetermined offsets in at least
one offset register; S - |
selectively outputting predetermined object
dooxdinatés, clip coordinates, énd predétermined offsets
from said at least one'multipleker; ' i_
cdmpéring said éelectiveiy'outputhredétermined
1ohject’coordinates, clip coordinates, and predetermined
offsets in said at least one comparator so as to
generate.a plurality of output signals;



offsets in said at least one conparator so as to generate a
plurality of output signals; calculating the borders of said test

wi ndow relative to the borders of said clip window in said o

i ncrement or/ decrementor nmeans; and utilising said plurality of conparator
out put signals and said at-|east one increnentor/decrenmentor to determne
whether to clip said object prior to displaying said object, such
that in the event that said conparator outp signals indicate that
- portions of said object are outside of said—-elip w ndow said portions of
sai d object are clipped before rendering said object. Al so according to the
present invention there is provided a graphics display systemfor .

di spl ayi ng an obj ect - defailoadalying ptheadl boyders obpcisadabr diesat ewindaivd
systemutilisi QQ&%tgkﬂep ¥ 4w dg519e0s by, Q%i’&aldlt' Oi:ig!iw C:f rgé&‘gt €s
for clipping said object prior to dLsﬁTay, and a test w ndow defi ne y a
plurality of pPogseaemtexrdderrsaentpromreadPd anfp coordi nates for operating

~in conjunction with saiu@iglisBng NéeYE FAG-aUTHENHE OB H 0l oukpast one.

object coordinate re%égéer.d or itorlng sai,d "at | east ,qne obj ect

coordi nate; at StER&dSy FRF% 88 dPRSCe OPEEFEPRPBFOEY BPFRETEPPEASP one.

cl'ip coordinat detatrrlieast winethd) setor egilsiper $aidst obijegtsaiprior to
“displaying said object, such that in the event that said
comparatof“output signals indicate that portions of said
object are outside of said clip window, said portions of

et . said-object'are clippéd before rendering said object.

Also'éccdrding to the present invention thére is
-proVided. a graphics display system for displaying an
object defined by a plurality of object coordinates,
said system utilising a clip window defined by a
plhrality of clip coordinates for clipping said object
prior to display, and a test window defined by a
piurality of predetermined offsets from said clip
coordinates for operating in conjunction with said clip
window, said system comprising: '

- at least one object coordinate. register for
-storinq said at least one object cecordinate;

at least one clip coordinate register for
storing at least one clip coordinéte; ' _

at least one offset register for storing said

 predetermined offsets;

' at least one multiplexer coupled to said at

least one object coordinate register, said at least one

clip coordinate register'and said at least one offset

register, said at least one multiplexer.for selectively

outputﬁing predetermined' object coordinates, clip

coordinates, and predetermined offsets;
incrementor/decreméntor' means coupled to said



predeterm ned of fsets; at |east one nultiplexer coupled to said at |east
one . obj ect coordinate register, said at |east one clip coordinate register
and said at | east one offset register, said at least one rmultipl exer for .

sel ectively outputting predeternined . object - coordinates, clip

coordi nates, and predeterm ned of fsets; increnentor/decrenmentor nears

coupled to said plurality of *clip -coordinate registers -and _sa_i diw -
~plurality - of - of fset - regi sters, = - sai d. o

i ncrenmentor/decrementor neans for. caJ—c(J,La.t.l ng the borders of said test
~wi.ndow relative to the borders of said clip w ndow, and at |east one '

_ conparat or coupl ed to said at |east one nultiplexer, said at | east one
conparat or - f GLWABEEY ngofai FLHP ec CPPERYNBEEpUIT ST EERR%S i ABE objEd

coor di nat es, ?th_-gsppﬁﬁl nat esofand proggkern ned afdgHeitersd, as to gener at e "
a plurality o ut Si sald lurality of.: corrpar tQ ut nalls
bei ng used to ’cfécf Igai%?% %"D clnlep?n%al §°Fobj &8 cué,e?. ghg

di spl ayi ng smhbmﬂgmstofssabdth&&tlWIﬂﬂDWﬂmﬁﬂathme tal&heommmdﬁns omtput

signals indic aid object ~are outside of said clip
.wi ndow, said |ca)§or:‘tc|i 2%51%%%%?%9%1 ecgt are clipped: before:rendering said

obj ect. - . at least one comparator coupled to said at least
one multlplexer,-.cald_ et “leest one _comparator for,
.ccmpering.said.selectiVely_outputwpredetetmined object
'.coordihates; clip cOordinates,'ehd predetermined offsets
so as to generate a plurallty of output 51gnals, said -\
plurallty of comparator output sxgnals being used to ' '
determlne -Whether to  elip . said object prlor: to
: dispiaying sald object such- that 1n the event that said
eomparator output signals 1nd1cate that portlons of said
object are outside of-sa;d_cl;pJWlpdow, said pertlons of
: said_objethare c1ipped:before,rende:ihg said object._



BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a bl ock overvi ew di agram of a
'graphi cs subsystem for a work station according to the present invention.
*FIGURE 2 is a block diagram of the coordinate staging section of the
i nvent ed graphics subsystem FIGURE 3 is a detailed bl ock di agram of adder -
31 and nultiplexor 35. FIGURE 4 is.a ggygjled bl ock diagramof XY
cookdi nate registers 37. FIGURE 5 is a detailed block diagramof clip
coordinate registers 39. FIGURE 6 is a detailed bl ock diagram of raster
offset register 41. FIGURE 7 is a detailed block diagramof text w ndow
control 45. FIGURE 8 is a detailed bl ock diagram of conparison | ogic and
result storage 47. FIGURE 9 is a table showing relative timngs for |oading
~control state machine 35 and conpari sons perforned by conparison |ogic and
result storage 47. FIGURE 10 is a truth table utilizing conparison results
for the XO coordinate. FIGURES 1l a and 11b are a truth table utilizing

conpari sons between each GERIEFOEITRIPXION OFTHESDRAWENGH of the four Y
vertices. - FIGURES 12a-12d define a truth table utilizing conparisons

bet ween the four the four Y vertices and the clipping boundaries.
FI GURE 13 def i.mfééﬂfd i @aﬁféékmwrngﬂawﬁb&% i%af@hb% SRSHSIERe 0t X
and the four Y vertices gag tlgioh®StcothMPow RRLUNHELdnt Sinvention.

FIGURE 2 is a block diagram of the coordinate staging section of the

invented graphics. subsystem.
FIGURE 3 is # detailed blpck diagram of addér'31. and multi‘plexor 35.
FIéURE 4is a detailed block diagram of X/Y coordinate reg.is_ters '37.
FIGURE § is a detailed block diagram o'f_ clip coordi?late registers 39.
FIGURE 6 is a detailed I.)lo'ck diagra:ﬁ' of raster offsét registei' 4;

FIGURE.'T' is a detailed block diagram of text window control.45.

FI_GURE 8 is a detailed block diagram of :comparison logic and result

storage 47.

FIGURE 9 is a table showing relative timings for loading control state
machine 35 and comparisons perfom'ied by c_omparison

logic and result storage 47.

FIGURE 10 is a truth table utilizing comparison results for the X0

coordinate.

FIGURES 1la and 11b are a truth table utilizing comparisons between

each of the four X vertices and each of the four Y wvertices.



"FIGURE 14 defines a truth table showing the direction in which to draw
objects or performblits. - DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
‘present invention is directed to a graphics subsystem of an engi neering

- workstation, and specifically, a handma&gsanlenentation.for provi di ng _
‘information necessary to perform the necessary operations for clipping _

- portions of images and text. outside a defined window. The coordinate =~ -+«

stagi'ng, and coordi nate conparison logic blocks (see Figure 1) are provided

to provide the necessary storage and conparison.information required for -~
the support of arbitrary quadrilateral rendering with clipping, as well as

Bl ock Image Transfers (BLIT) with clipping. In both cases, it is necessary-

to specify four X/'Y coordinate pairs and to specify the clipping w ndow

boundaries. To art.quadeilageral renderi.ng. inpl.ies the ayajl.ability of
four vertices mﬁ%?l%#%e&?ﬁxg ﬁut : t?’l It‘%tb?-gr‘%{ﬂ&%ec ?&‘%%%8@%(?%@%%’& ment .
of the invention puts vapy fo8WX @Bl hetfoRPSY QRriidRSend/ Bid ChppingThey are - -
stored in four.register pairs (a register pair consists of one register for
the X coordinate and oneébowyglagisst for the Y coordinate) and are referenced
“wi'th the vertex nunbers 0 thru 3. It is inplied that vertex 0 is connected -
to vertex 1, ver 1. .to,vertex 2, vert 2..4.0 vertex 3. and .vert 3 to .
_vertex 0. No cor#r{g%%l%%n'?%s ﬁf’r?te%n%léﬁ’\'{%e‘? eﬁni)‘é f ig%xgpﬂxszgﬁanlge’mstrm yé?ti ces 1
and 3 for instance. The gaerdisdt feStud YOvaHideC QAP AR SO WRtHow fOormthe
initial stages of a pipeline that will eventually-acconplish the rendering
of the specified quadrillatwrddriésat o the di splay nmenory. - The subsequent. . ..
pi pel i ne-stages require information concerning the relationship of each

adj acent vertex g tg PE'&%?;% { % {;'u_nhezaélgrsh‘é%ﬁﬁg@%hel;dié%ti&? i%@whi\éia % Y0 Xl =

-3

Vs X2, and -

' draw objects or perform blits. -



Y1 vs Y2). This information is needed to properly supply the functional
addressing block with a series of trapezoids that when conposited, 3
.accurately represent the original quadrilateral. The deconposition of the .
arbitrary quadrilateral is acconplished by the coordi nate sequencing | ogic.
Additionally, in order to support the cHpping of the quadrilateral to the
cl i ppi ng boundaries in subsequent pip€elihe~stages, the.relationship of the
vertices to the appropriate clipping boundaries is required. This nmeans for
exanple-all X vertices conpared to both the mininmum X clip boundary as well .
as to the maximum X clip boundary. A simlar set of conparisons is required-
for the Y vertices as well. In sone cases, these conparisons can indicate
whet her or not an object has any visible portions (non-clipped) at all. By

i dentifying the objects that will not be visible in advance, the

utilization of the subsegyefdnBEPOESORIFIOSIIE $AR IRSERMAbied si nce no
visible pixels will ever beTdentrire of witrng to e di splay nenory.'
~This represents a performance advantage in that the rendering of the
quadri | ateral carThse pessani deyesdionoishdirected ctor a egraphine diubsysigmoofc@nt he
clipping informati on has been anal yzed.. .Trﬁ pre}rer ed enboldi ment..of _t he
graphics  sySTEMHN S Y S Pe iSProifisaly. g pardware jmplemeptation: foiuhen

det er ni ni ng LNRiPh%CinfdnAaton fcealy (. BelbAR HRCHBER ary TRLSABLY idivol ves
- taking the d}t"fféreﬁcen of the two X%d't% Y vertices o?‘ryt hg ﬁ I ne segnent.

I n order to elppidgnpdrhienmtofc ahagpseardd cext owsideuaaiefined awiyedowof the X and Y
vertex val ues nust be restricted to be representable in 15 bits or.be
between [err] an 214 -..1). | n .suppoyt of..this, a check of Ige nuperi c
rafge of the vert ee§°?‘5d‘?r%¥8e5tﬁ§‘“§h€“c£88?fﬂlﬁ*ﬂ? COTRRRRPT S'981G Higcks (see

Figure 1) are provided to provide the necessary storage and comparison

. information required for the support of arbitrary quadrilateral rendering
- with clipping, as well as Block Image Transfers (BLIT) with clipping. In
" both cases, it is necessary to speci_fy four X/Y coordinate pairs and to '

'specify the clipping window boundaries.

To support quadrilateral rendering implies the ava_i_lébility of four
vertices which will define the quadrilateral. The disclosed embodiment of
the invention puts very few restrictions on these vertices. They are stored
in four register pairs (a register pair consists of one register for the X

"'e—/ _ coordinate and one register for the Y cbordinége} and are referenced with
the vertex 'numbe_rs 0 thru 3. It is implied that vertex 0 is connected to
vertex 1, vertex 1 to vertex 2, vertex 2 to vertex 3, and vertex 3 to vertex
0. No connection is intended between vertices 0 and 2, or verticesl and 3
for instance. The coordinate stagihg and compérison logic: form the initial
stages of a pipeline that will eventually accomplish the-rendering of the

| specified quadri!atef_al into the display memory.  The subseqﬁent pipeline
stages require information concerning the relationship of each adjacent
vertex to its neighbors (i.e. for_ vertex 1; XI vs XO, Y1 vs YO, X1 vs X2, and

Y1 vs Y2). This information is needed to properly supply the functional



The support of BLITs also requires 4 vertices -two specify the opposite
corners of a source (SRC) rectangle and two specifying the opposite corners
of a destination (DEST) rectangle. The intent of the BUT operation is to '
copy the pixels contained.in the SRC regfangle to the DEST rectangl e. In’
‘the current enbodi nent, the upper |eff €»rmer of the SRC rectangle is o
stored in vertex O .Wmle the | ower rlght SRC corner is i.n vertex 1. ol
"Simlarly, the upper left DEST corner i's in vertex 2 and the lower right in .
vertex 3. In order to properly copy the SRC to the DEST, care nust be-taken
in the event the two rectangles overlap. Wien this occurs, the order in
‘which pixels are copied is constrained if the correct result is to be
obtained. This is a well known problemto persons-skilled. in the art. The
i nf or mat i onddesgsingeblack Bidper $3f1°(§e9%rtfﬁméofldﬁeth|§$ Xﬂe‘?“ncéwpﬁgtf@@nst raints

~ involve co ar | t rectan T rec anle-.'
~boundari esn‘g g Ysrer?é%s(fgﬁ%gct%nﬁ’ﬁ% %ﬁ@d&Pg 2?“‘7 %88?’(5’9?1 A8 °f n 8I 8ed

Addi t i onal |abetxta9y SEPRR1kterdll D i2BEmpligHRN byhe{esesomtDEﬁEuE%hg ]

subsequent pipellne stages, the relationship of the SRC and DEST verti ces

to the appropriate cl |a;|1)]§| ng boundaries is requjred. Once again, this may -
.indicate that efdditionahly, SRCOWET MESTPPOEY Smgwélpam pbithe | quagplaenabdo( non-

- visible) a eed i quent., b i ne st ages.
This repr eggﬁn‘gy‘?"{g Oun '8% %d%’g’nf ‘g%éeml iy lgf %ﬁﬁg &ﬁellagn"%g#lpt ﬁ’é BLILT

~can.be conghédesficdsd tbaehe asaubrife tlﬁgﬁﬂb%&irwaﬁemstﬂaqu&éd PPTRG

~information has been anal yzed. The coor di nat e staging control |ogic

supports rruhttcm}sl forvenanplorall Be veoiredi eranpared| toebothothsemirgouiar & .clip
Correspondi,n t he ‘cqprdi nate conparisgn,|l ogi i ntins _.fhe negessary

. conpari son qc‘ﬁf‘g‘i‘%?‘f Sﬁqfé‘ﬁéf’ 3%%%? g?“’i‘%mi gh“f“l’l T &6br%di nat e

val ues are o%ﬁfﬁéﬁ'ﬂ@gs id. r]'@qun‘ed for the Y vertices as well. In some cases, these

¢}

compansons can mdxcate whether or not an object has any v:sxbie pomons
(non—chpped) at all. By 1dent1fymg the objects that mll mot be vxsxble in
advance, the unhzatmn of the subsequent pxpelme stages can be avo;ded
since no visible pxxels will ever be ldEHtlfled for writing to the display |
‘memory.” This represents a performance advantage m that the rendermg
of ‘the quad-r_ﬂateral can be considered to have occum'ed immediately once
the clipping infenna_tien'has been aQna'ly-ze_d.' | o

o,

The preferred embodunent of the grapl'ncs system bemg descnbed ' v
 utilizes 16-bit 2's cornplement math when determmmg the pixel's
associated w1th a lme segment Thls math m\olves tang the dxfference of
| the two X and two Y vertices of the line segment In order to avoxd
mathemaucal overﬂow the numeric range of the X and Y vertex values
must be restncted to be representable in 15 bxts or be between —214 and
(214 - ). In support of this, a check of the numenc range of the wemces

is made by the coordmate companson Iogxc



di fferent nethods for coordinate acquisition can be sunmari zed as:

absol ute, indexed, and relative. The specific nethod used is determ ned
by the adtress of the register that the-JCRU uses to identify the
register(s) to be | oaded. An absolute coordinate value is | oaded by
storing the actual value supplied by the CPU into the. addressed.
regisster. This nethod of loading is used for |oading of the clipping
~boundary registers and the raster offset registers as will be described
bel ow, as well as individual coordinate registers.. The second nethod,

i ndexed, is used The ebpport eait BLIToatsonméquites et ceaiats ndwesspecifli thee sane

values. In this-case, the {:PU. sup | %val ue'|s férst_ added.to the
appropriate PBBYRBI® 6PFSE: O &P 8? 8{% Dhtectangle apd JFPsIRECHYYIS 189 before
bei ng nade i d:ab r 0, s [ 00#-(i raknst@rs: The
addition of ?ﬁ@*’%“gs%i‘#‘?%f ph ! 3%?‘%3%‘%%@%53%5%??% et gé’étq?feﬁ'é of the A
addr ess spaceperationiidad dopyt the ERelst comaited fiwrtbatSRCT eectaigle ho die IPESY

menory. The indexed | oadi ng nechanism utilizes a two-bit index to guide
itself and i &gl hb thespraat emhodimenoths vpper fefyicormarsot ghg during

oy U Y5kl A T s LSS Lo o

one XY pair e quadri | at ornt, — or

XI'Y pairs form, aSimnfleslyOthet G WRitYDEST Somerf it id VeRBRI2 andiBE 16Wer @ifzhi he
af orenenti oned degenerate quadrilaterals is |oaded into the four vertex
regi sters, oie vertenvt.e lneerden i preperlyecopypthet SBC toTHesDESTheseesmustybe o t hat

subsequent stages.of the pipeline can always |nterpret the object defjned

asT_g quadr i | &P af® B &Y eﬁ%@%egﬁwa_eﬁg _'fifﬁe v‘?ﬂ?@ n'o\? ﬁ?’} ég'ts e __-s's%‘ﬁc?ﬁ%ercase

al " | ower or gerRih egikels (dreCeopifPiif lcondttdifed if HRNBbRect: resdiiGisi BUGxed

| oadi ng schene al so allows for . only the opposite corners of a rectangle to

be _ obtained. This is a well known problem to persons skilled in the art: The
information required to propérly determine the pixel copying constraints

involve comparison of the SRC rectangle boundaries to the DEST rectangle

boundaries. This is needed both for the X and the Y coordinates involved.'

Additionally, to support clipping of both the SRC and DEST rectahglés
iﬁ subsequent pipeline stages, the 'relationship of the SRC and DEST vertices
to the appropriate clipping boundaries is required. Once again, this may
indicate that either the SRC or DEST rectangle are ftotﬁlly obscured (non-
visible) and may negate the need tfo utilize fhe subsequent pipel'me_' stages.
~This ref)resents a performance adv’antage in that the. eiecution of the BLIT
can be considered to .'have occurred immedia'tely'_' once the clipping

information has been analyzed.

The coordinate staging control logic supports multiple ways for the
coordinate values to be acquired. Correspondingly, the coordinate
comparison logic maintains the necessary comparison information

regardless of the manner in which the coordinate values are p'rovided. The



entered to properly define all four corners of the correspondi ng

quadril ateral. The |ast | oading nethod, relative, is used to allow the CPU
to just specify the difference between{t | ast coordinate entered and the'
i nt ended new coordinate value. In this Tase a CPU supplied delta or offsét

i s ‘added to the previously |loaded coordinate before being | oading into one’
or nore registers. The 2-bit index is used to- |dent|fy t he | ast coormlun¢y
entered [vertex (index- 1) mod 4] for the necessary addi tion plus identifies.
which register or-registers need to be |oaded as in the indexed | oading
case. In the end result, the CPU is free to choose to |load the coordlnate

regi sters idiffernt r@@ﬂﬁ‘fdssmpeééﬂﬁhate \Yiguisifieh aar 8k i Qilmmetitéerasa
quadril ateral rendering or BLIT, 'is actually requested (after the

- coor di nat esbhelute, aindesel: ba@rrela@adedjl"mha)qstfm emthgtl ausedois. dpernined b}
vertices ar lized.djrectl th ard to h hey wer.e acq

This pr.Ovi.dS% RS b e TRler, b 1S O s oS AR B SEESEGT O
over vi ew ofy,a101aghi o au?axat eaaﬂdmawlvamé E&elﬁdéﬁe% SN kO iRy be
utilized. Bus i1 nterface logic 11 i's connected through address, data and .

~ control busasud @up\pl&@tbtyathepmsmnngneuaddressedtragiumn) Tﬁfs\anéthndtofonal ':
conmponents’ of the graphl CS subsystem are data path and menory .interface 13,

coor di nat e 1§P‘§§En’g§ ugrd ifen laading &, Hﬁ%&’(‘@@édﬁf@-ﬂ’@?ﬁg fg&‘é'tef%ﬁ“i?‘ f uncti onal”
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which is a dmaxtewaégmesd.or'me geaqld ﬁ&lthdcnfmﬁaféd i3 t:sbdbeo efficiently
load multxple coordmates vuth the same vaJues In this case, the CPU - \J
: supphed value 1s flrst added to the approprxate raster offset reorster
(either raster. offset X or Y) before bexng made avaﬂable for storage in one
or . more coordmate regtsters The addmon of the raster offset prowdes a

'means of offsettmg the X/Y address space provxded by the CPU to a

dxfferent area of the dtsplay memory

. The indexed loadmg mechantsm utthzes a two blt mdex 1o guxde
- _1tself and 1dennfy how many and whxch coordmate registers to load ‘during
any given cycle. - It is thxs mechamsm that allows the CPU to specxfy only
one X/Y pair to 1dent1fy the degenerate quadnlateral -a pomt or two X/Y o
pairs for a Ime or three X/Y pau’s for a tnancle When one of the .. o \r'
aforementioned degenerate quadnlaterals is loaded mto the four vertex |
| regxsters, one or more vernces may be repeated Thts 1s necessary so that
.subsequent stages of the plpelme can always mterpret the ob;ect defmed
as a quadrtlateral {even though degenerate) and not treat as a spec:al case._ )
all lower order " ‘objects (i.e., pomt line, tnangle) The iridexed- loading

scheme also allows for only the opposxte corners of a rectanole to be



di spl ayed on a video display such as a CRT. That is, data which is |oaded
into the frame buffer is accessed by vidgeo circuitry which converts the
datato appropriate electrical signals Wirch, .in turn, turn individual

pi xel s of the video display on and off. The data frombus interface |ogic
‘is nodified by mask generation block 21 and |inear address generator 23
based-upon processing perforned by coordinate staging. section 15,

coordi nat e sequenci ng section 17 and functi onal addressing stage 19.

Functional a Qg : ' p ' t he clipping
necessary toggtlre?&;f;é?t?l?é?gﬁ é%éﬁ?“? gﬁfrgg?}éde?%%t?h%ec?ﬁgﬁ&%?ﬁg%\% in which
they are to headridpleayrd, and then transfers the signals to mask -

generation stage 21 which arranges the information into sixteen pixel
portions that trayerse fromthe beginning to the end of fhe_ visible object
for each scan |i ?\%E%\aﬁ‘alf’%d‘ﬂ%e‘ﬂe‘?‘fia' é?r]ﬂ*ﬁg%slﬁrf&e He #ia% ‘{?)%tqlma\rfﬂ Fehory
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mask gener at imendéd@ewdodrdinats ivghirl S 1hothid caseas | QPadshipptisd ndeldaher offaee

-buffer for transfer to the output display. The present invention is :
directed to d% raddedrtp the prvienshutleadadsgperdinaie diefore benghloghingeimtoronse

certain operations based up I bs.inputs. the eqgifics. .of ich will be
Goscrt bed berbirtia REFERE bt e PRIbCEs 506y BRI sorefhah 1
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arbitrary quadrilateral rendering with clipping and bl ock i mage transfers-

(BLLTs) wi thvdiiclppegigterTorugegisiers peeddntbd doastedi am it gheli indextedd laadingpeci fi ¢
cifcuitry within coordi nate staging section 15. Inplenentation of the
various tim f§%&nd control signals needed for

In the end result, the CPU is free to choose to load the coordinate
'registers in anyl manner supported. When the 6peration, either a
quadriléteral rendering or BLIT, is actually requested (after the
coordinétes have already bgen loaded) the. current state of the four
vertices are utilized dﬁectly without rega;r& to how they were acquired.

This provides the utmost in flexibility for the CPU.

Figure 1 is. an overview of a graphics subsystem in which the present
invention may be utilized. Bus interface logic 11 is connected through
address, data and coﬁtrol buses to a central processihg unit (not shbwn).
The functional components of the graphics subsystem are data path and
memory interface 13, coordinate staging section 15, coordinate sequencing
section 17, functional adﬁressing block 19, mask generation block 21 and

linear address generator 23.

Data path' and memory interface 13 update a frame buffer (not

shown) which is a memory which stores graphical information to be



the proper operation of the foregoing functional blocks conprising a video

- di splay subsystem are well known to persons skilled in the art and,
“therefore, will not be described herein except as necessary for a proper.
~under standi ng of the invention. Referring now to figure 2, a block overvi'ew
" diagram of coordinate staging sectrorfQ5-Ls shown. Cbordlnate stagi ng '

- section 15 conprises adder 31, |oading control state machi ne 33,

- multiplexer 35,- XY coordinate registers.37, clip coordi nate registers 39
raster offset registers 41, index logic 43, test mnndOM/control | ogi c 45, .
conparison | ogic and result storage 47, conparison control state machine

49, and status generation |ogic 51. Before setting forth the specifics of
the present invention, a brief description of the manner in which objects
-are represented folloms to aid the understandlng of the manner 'in which
“the present invention is inplenented. XY pairs of vertices represent V|deo

~di spl ay coordlnates For a typical display, X ranges between 0-1151 and Y -
ranges between 0-899. Each X coordinate and each Y coordinate is ‘stored in -
a separate 32 bit register or a pair. of 16 bit registers. Al though 16 bits =
.are nore t q h t n e.
to 65535 or&g%‘??%‘g%?‘ Qﬂég%%ﬁﬁ% thht gs Sﬁé?ﬁorﬁr}g{ ?%ndag?gfﬂ%lgﬁég {)degause it
i s the dat ainky Rfie Mainepbeffat dntackessgd aphivideos ofrtuitiye vatich pyoavedesha | ar ge-
enough range to handl e nost real .|ife objects which may span areas nuch:

| arger t handathe‘Q/@HEt?Rﬂaé'blﬂ%trl@‘aéﬁnﬂjét athigh, o dems tFe lﬂépri@@émléélsas '
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poi nts repeeatoaﬂhed Ity @fask generauon block 21 and linear address gemerator 23 .
based upon processing pel_'formed by- coordinate staging section - 15,
cbofdinéte Sequu'e.hci.ng secfién 17 and Ifun'c"t'idnal addre’s’Sing" sfage 19.
.Funcnonal addressmg stage 19 also accomphshes a portion of the chppmo
necessaty to fn pamcular graph:c ob}ects to the clip window in- v.hzch thev.
are to bc dzsplayed, and then transfer__s the- s:gnals to masL generanon
stage 21 ‘which arranges the information into sixteen pixel portions that
- traverse from the begihning to thé end of the 'vis;ib'le object for each scan
- line and are used for addressiﬁg the da_tz; pa_th and memory imerfa'cé. stage

13,

[€

The mask "_géne.r'at.i.o:n signals are also furnished to " linear address
generator 23 which t‘fans'late's"the ad‘drééséé"bfbﬁided by the masL
generation stage 21 into sxgnals for lmearly address;ng the frame buffer
for transfer to the output display. '

The present_invention is directed to circuitry in coordinate staging block



object is aline, then two of the four (or three of ‘the four) pairs of
vertices are replicated. If an object is a triangl e, then one pair of
vertices out of the four pairs is replr 3, If an object is a
quadrilateral then all four pairs aredi it . Obj ects (i.e., point,

1.i ne,. trrangle or quadrilateral) are nost efficiently defined using the

m nigem nunber of uni que vertices necessary to conpletely define-the

obj ect - for a point - 1, for aline - 2, for a triangle - 3, for a
quadrrlateral - 4 and for a-rectangle - 2 (opposite.corners). If a block

| mage transfer (BLIT) operation_is to be perfornmed, then the four X.Y

regi sters hadé hich d?elfgwfﬁ crrrﬁ%rwtms()ha%ﬁ#dua% itso dRpads, agtforsﬂf“dﬁﬁ/ XO .

+ o coordinag LAURRA ol SIS ARLNBEI! P ARILES B GleectD 14 hBAITNAt €

for upper corner of tThe source oor omer

ri ght corner igforiBfofi Ol ¢lge RlaORk. onEontr&I SaaNI fmteﬁameralg?wrmi IS&BE)s@&hner
of the source-bl ock. X2 -X coordinate for upper left conmer of the

destination [0 opsform arbwmorquacffdp@mlorenﬁ@mg I“éfht ctippingr and WPGL image
destination bl ock. .nate f ht .corner of

oot § nat i on BTAGEIErs YBLITO A8 GHRBPE: ¢ dibupolEs st iemiap Br dimged 1o
desti nation l%b@&bc l:ﬂ‘@ﬁi%ﬁ; LAre Hoddinakethagihg? seéid 3%, such as a CRT are
formed as discrete pixel$ which are-stored’in a random access nenory (RAM
known as a franme_buffer in.one or nore planes (or brtsz t he nunber of

pl anes typically b@pkgwéftgmn f°értha vylens simingnandogpatret signaly meedrd fferne
buffer S adc‘Iéessed by a.p rd| nat €S Y. Where.an X' Y. garr

entifies a parkPREY 2P ef) l>?e| Preﬁp aitest “32‘“6‘8?3’& %ec?W%{ﬂﬁ ¥y 'F‘?‘lg

the col um. Aigh1¥e! subSydeml afedwlem an@wgdoepbrsbné rs@MeAAG i AE andhus, if
ei ght planes .are
therefore, will not be described herem except as necessary for a proper

understanding of the invention.

'Referring now to figure 2, a block overview diagram of coordinate
staging section 15 is shown. Coordinate staé_ing section 15 comprises adder
31, loading control state machine 33, multiplexer 35, XY coordinate |
registers 37, clip 'coordinate registers 39, réstér offset registers 41, index
logic 43, test window control logic 45, comparison logic and result storage

47, comparison control state machine 49, and status generation logic 51.

U . Before setting forth the specifics of the present invention, a brief
description of the manner in which objects are represented follows to aid
the understanding of ‘the manner in which the présent invention is

implemented.

XY pairs of venfces represent video display coordinates. For a
-typical display, X ranges between 0-1151 and Y ranges between (-899.
- Each X coordinate and each Y coordinate is stored in a separate 32 bit

register or a pair of 16 bit registers. Although 16 bits are more than



utilized, each displayed pixel is defined by eight bits in the frame
buffer. In this manner, one bit of a pixel can be used to specify whether .
it is on or off, with the renalnlngmszggp bits specifying the col or of the .
pi xel ,;” or all eight pixels can be use 0 specify the color, with one of. '
~the colors being the sanme as the background col or of the dlsplay to'turn

‘the pixel off. The present invention lies mainly in its i.npl enentation oﬁ,

i ndex |l ogic 43, conparison |logic and result storage 47 and conpari son

control state machi ne 49 whi ch orchestrates the acquisition of inter |
coordi-nate and clip mﬁndOM/coordinate conparison information. I'n this

connection, - wth resp Rls ot her :functional . bl ocks s b

their oper aﬁdiegﬂatﬁnf? i ﬁ‘fﬂee ’P?s ST R dRLE ¢ Bédu%ﬁf)yg?%%sm%h 362#

i's necessargy i@f?@)prsqpsf:sLsfdﬁrfaﬁmwmgxeogtotrw HREASE Nt isMHRNHAGN: pédder 31
. and MJX 35 Adder 31 is a 16-or 32-bit 2's conpl enent binary adder havi:ng:

two inputs mnanpte;vatanaim gmni‘m;s sofiware anfl aprovidegi 2 I!rge\MenQirghr epng%ént s

i ncom ng dg{ romthefP nbanlggﬁfroml\/UXSS “i-s a. nul plexer :
whi ch sel ectaddimdnet palditeqp efgut’ s %“e?’e&Ff’?B rBtEes Bre Bf, o
coordi nate ‘; gbshgbgays or clip coordinate registers 39 The |nput from

"MUX 35 is selecte signal s generated by |oading control state machine 33
as described bel ow. The details of adder 31 and multiplexor 35 will.now be -
descri bed with fagridatcealt objerigunxe sepresenﬁdg@sec@nbxaddems 3f fourspainn ofs a

< noe Dot ol YEriFEy IRopY ER ORick otk bl e ot 13, Pt R RS SEH S ® e
on the int egy ahed [p(éi% SCof wehieewshhewewm&n%e X «3HENL gfl And since oy

tim ng requi renen pi peline utilized 2sent i nvention are-
object is a hne then two of- the four (or three of the four) palrs of vertices: '

are rephcated If an obJect is a tnangle then one pair of weruces out of the =
four pairs is rephcated If an object is a. quadnlateral then dll fom: pa:rs

are' distlnct Objects (i.e., pomt line, tnangle or quadnlateral) are most -
eff1c1ently defmed usmg the mlmmum number of unique vertices |
necessary to completely defme the object ie., for a point - 1, for a line. -.-2' S
for a triangle - 3, for a quadnlateral -4 and for a rectangle - 2 (opposxte |
comers) -

I a block image transfer (BLIT) operation is to be performed, then

Kl

the four XY reglsters ha\re the followmg mterpretauon and are- loaded - Nt
accordmgly ' |
'XO -X c:oo.i-'d:ina;te. for i:pper" lefl_t-' coree_f'.df. t'h:e. source bidck. :
YO - Y coe_r_dinate for u_p_per_ left corner Of the l;o'uree t}lqck. B
XI - }%-coofdiﬁate -fo_f lower ﬁght cei'ner of ‘the souree block.
Yl Y eodrdinete for }'okve_r f.iéht'cdt.rier_ of _'thet _s:derce:' bbék-’



satisfied by a two step add, the follow ng description will be directed to
a 16 bit adder. The differences for utilizing a 32 bit- adder will be
apparent to those skilled in the art and, therefore, will not be described.
Mul tiplexor 35 is actually a pair of < plexors 35a and 35b and a third
mul t +pl exor 36 which is used to input, the high order and | ow order 16 bits
from.Bataln. Miltiplexor 35a and 35b receive.the high order and | ow order
16 bits respectively fromseven 32 bit inputs as follows: one 16 bit input
(sign extended to 32-bits) fromraster offset registers 41, four 32 bit-
inputs from XY coordinate registers 37 and two 16 bit inputs (sign
extended to 32-hits)...from. clip coordi,nate registers, 39. .The .outputs from
nul ti pl-exors 35'2*2@%50805%‘8&‘50%5‘?@& tlfﬁf‘iﬂrﬂ‘?rt RE g éiﬁgfnaﬁaf'aﬁ?&'(for
providing read access to these register values to the CPU) and are al so

i nput to a thirdygul ty podxdinaéOforhipgpar 18k S&indef @hd [@dbtidatiom bladk.t i pl exor
35a whenever the high order bits from XO X3 or YO Y3 are being accessed;

ot herwi se mul.tipl exor._ 40 selects the output frommultiplexor 35b. The

out put from nul t &8I ex¥reogpdipatecies lomsnirighy gosesrcolsbe destingtipgblack-ner
passes the 16 bit output fromnultiplexor 40 or passes 16 bits of zeros. In
this connection, y3el 68 Qbpdih@eCRr 1oWet QR QRb& 42 1 @RAUBkiIchBIobL.t S of
Dataln are passed by multiplexor 36 for directly |oading (absolute |oading)
into a register wthin raster offset registers 47, X._Y coordinate registers
37, or clip coorltngeaseto bgidisplpxed3on andssplayhengh ph arCBr eredfagmed| afgi ¢
circuits 44 and 46 _which rformthe follow.ng function. W | ow order
Teehit add et Rgeh S RHHST 2200 st et IRARY Kiedh,
provi di ng aagad Ifyarhd Bifffe? in Ghe @ mbfe ?%@5 32 -bitkheeahinib&Ubf Pladeli s add
is saved in fltp flop 46. The output of flip flop 46 is gated by AND gate
44 to the cdaypigalin beingmaight 1 algelongsystem.adBataj staredf it tee drper belfebiis s.

Thi s conbi nat,i.on '

addressed by a pair of coordinates, X and Y, where an XY péir identifies a
 particular pixel in all planes, X Being the row and Y being the column. A
pixel is defined by a single bit from each f)iane. Thus, if éight planes are
utilized, each displayed pixel is defined by eight bits in the frame buffer.
In this manner, one .bit of a pixel can be used to specify whether it is on or
off, with the remaining seven Sits specifying the c.olor of the pixel, or all

“eight pixels can be used to specify the color, with one of the colors being

the same as the background color of the display to turn the pixel off.

The present invention lies mainly in its implementation of index logic

43, comparison logic and result storage 47 and cofnparison control state
machine 49 which orchestrates the acquisition of imter coordinate and clip
window coordinate compé.ﬁson informat_ién. In this conneétio_rx, with
respect to the other funct_ional blocks shown in Figure 2, their operation
and impleinentation will bé described only in such detail as is necessary

for a proper understanding of the present invention.

Adder 31 and MUX 35



provides a.2 cycle 32-bit add equivalent to a single cycle 32 bit add. The
operatlon of -adder 31, raster offset_r %s_t_ers 41, X/'Y coordinate registers
37, clip-coordinate registers 39, test wrndow control 45 and conpari sbn

Iog| c and result storage 47 are coordinated by |oading control state _
“machi ne” 33 and conparison logic state machine 49 which causes the aforesaid
functional bl ocks to operate so that the data is flowing in a pipeline. .;.,r :
Thus, although not all control- lines fromloading control state machine 33"
~and Corrpari son logi'c state machine 49 are shown, ‘the details will be

readi | y appar entAdderthbde zkifl lbed3-hitt B'e em'ttplémem binery exbtier piavang ofo

| oadi ng control stat chi.ne_33 and conpari son |ogic .state machi ne 49 .

bel ow. XY ’@Bdtsdlmegyggﬁfaslf‘efrgms us 1 fﬁgd‘?n]atté‘ igh)i EPETSENET7 | s,

referring tQ bhgi %bfr%rr?%e @g’@%nh dn 'i@'t St'}og'ﬂ MK B3 Fheheid fe

[err]vertlces of ject ‘to rawn. bit- regi ster s used to

store the Uﬁphiplétﬁerbmml'ofse}eatsho?(e asfondierasfeirputs drmh hastet Cofiick veglisgser is
‘used to the store the |ower 16 bits of each X coordinate. Simlarly, - o
anot her 16- ‘H’t Xf%g?%qfétnamlfaélsﬁﬁ% 3Jpr$é’r¢316¢l§?t@%? TEEISIETY. %%or'ﬁ?maftmn and

.anot her 16- .o hi t each Y ate These
registers arg %g%%ﬁ ’l§| gél}tg%eé,q%s ss%_!%iﬁ épreé'gtgﬁ ‘%héo? €219 Bl ts of

the [err] cgﬁgp;liheagg ANFeXKbdEPeRseNt i Ng upper 16 bits of the [err] .

. coor di nate. Regl sters XlIL-X3L and Xl U X3U represent t he | ower and upper 16

. bits of the _ébcoordl nat es .respect f ul I%/} Si-milarly reg| sters_YOL- Y3L.
and YOU- Y3U st orkher Hetails et adder dpp@hd Teulfiplexon 35 Mill] BoW] be sisperibedt es of .

e oo et A BAPRRES | TS, U AL MR N e Bt ™ e
adder. In this connection, although a 32 bit adder could be used smce
- Dataln in the preferred embodrment is 32 btts, in order to. sav.e space on e
.the tntegrated crrcuxt in which the mvennon rs mplemented and smce .
| trmmg requrrements of the ptpelme utthzed by the present mventton are
~ satisfied by a two step add the followmg descnptton will be dtrected to a =
16 bit adder. The drfferences for unhzmg 2 32 ‘bit adder wrll be apparent )

to those sktlled in the art and therefore wrll not be descnbed

Multiplexor 35 is actually a pair 'of'-multiple:'tors' 35a 'and.35b and a

thtrd multiplexor 36 which is used to rnput the htgh order and. low order

L -

"16 bits from Dataln Muluplexor 35a and 35b recerve the hxgh order and , e’/
low order 16 btts respecttvely from seven 32 bit mputs as follows: one 16 o
bit mput (sxgn extended to 32—b1ts) from raster offset registers 41, four 32

bit mputs from X/Y coordmate reglsters 37 and two '16 bit inputs (s:gn

extended to 32-b1ts) from chp coordmate regrsters 39 The outputs from
..mulnp!exors 35a and 35b are combmed 0 forrn the swnal DataOut (for

providing read access to these regrster values to the CPU) a.nd are aIso

mput ‘to a third rnulttplexor 40 whrch passes the output from multiplexor



Each pair of registers, (XO., YOL)-(X3L, Y3L) are coupled to a multiplexer
pair which are used to select either the corresponding X or Y register. For
" .exanple, "registers XOL and YOL are cgug{ed to multiplexers 6la and 61b.
Loadi ng control state nmachine 33 genérat®s a signal which directs C
mul ti pl exér 6la to select the input fromregister XOL or YOL dependi ng upon
t'he.whet her the X coordinates -are to be operated upon or the Y coordi nates
are to be operated upon. Each of nultiplexers 62a and 62b - 64a and 64b
operate in the same manner respectively for .data fromregister pairs

(XL, YIL)-(%3L, Y3L). The .outputs frommilgiplexers §la- 64a. go to '
nul ti pl exer )%gb‘,"ﬁ#ﬁvle’é tFﬁem%&bt%%"trs{”Fsr g%ﬂ'%ﬁ?'ﬁ{;f @ig%'% Bi%i’ﬁmg’o agepssed;
conpari son | @0l G St - SAEP, 4 qei ' and-. 73
laboled Al LAY q‘i‘-‘@ﬁ?ﬁ‘%‘e‘é“éﬁ@?g‘si the_outglh %@mﬁ‘?‘é‘#@gﬁ%‘zégbt hgﬂ’épper
18-bits of icusputofroms paildplegoX4¥ Bood iimgitetopfagic fgate a2l whighosithér al | ones.
Si xteen of the bits cone fromthe registers éXClJ YOJ)-§X3U, Y3U) with the
sevent eent h Pas#s eihghl®dnit wummut sfrem nmiliplexom 40 @r hpagsesod B hits @b zsrass db t he

pondi egister ip th i XOLYOL- X3), Y3L). T t eent h
ond o1 ot et Gtk 2ok st GRSy 10 Ee 5 BBttt R s |y
cluttering tRaln Gk §assed b eHiuSifiExd?aBé Sfok Xt VPUoddldd (R MuR" foaliiyt

into nultiplexers 75-78 respectively which select either the X coordinate
or Y coordi netoeai register seitinntastesr ofdset nelgisters e4Br Xp¥i coorimts ThgiSeas 64b.

The outputs fromnultiplexers 75-78_qgo t | tipl.exer 35a. e of the
4-bits. out par ﬂ’oﬁﬁ%&&? ate Jgeister 8@«&85?%‘5&“ gﬁgﬁreag "3fe PLIC HECYiiSper

SXih of the B B o g e o Y Pon sy A 1 e
i nput into sitldtisstajingephieoANIDgate 84 has its output forced to a low providing 2
|  carry-In of a "0" to the adder 31. Thé can"y out of this add is saved in flip
flop 46. The oufput of ﬂiﬁ ﬂop 46 is gated by AND gate 44 to the carry in
of adder 31 during the addition of the upper 16-bits. - This combination

. provides a 2 cycle 32-bit add equivalent to a single cycle 32 bit add.

The opef_ation .of adder 31, raster offset registers 41; X/Y coordinate |
registéré 37, clip coordinate registers 39, test window control 45 and
compariSén logic and result sforagé 47 -ére' coordinated by loading control
state machiné 33 and comparison logic state_machine'49' which causes the

L.__,_«’ - aforesaid functional blocks to 0perate' so that the data is flowing in a
pipeline. ‘Thus, although not all control lines from Ioading control state
machine 33 and comparison iogib stéie machine 49 are shown, the details
will be readily apparent to those skilled in the art from the description of
loading comrol state machine 33 and 'con'lpariso'r.l logic state machine 49

b'elow.

X[!_ Coordinate Registers 37



Cip Coordinate Registers 39 Cip coordi nate registers, as shown in Figure
5 conprises four registers, XCipMn g:l i pMax, YO ipMn, YO ipMax and '
mul ti pl exors 8l1a, 81b, 83a and 83b. T"I val ues XdipM-n, XdipMax, \
YC i pMn, YO ipMax, which are stored in the aforesaid registers with the o
same nane, respectively define the left, right, top and bottom of .the -
currently active window. These values are generated by the CPU and.are &/ -
i nput to adder 31 whi ch adds O to these values for |oading the registers o
XaipMn, XdipMax, YAipMn, and YO ipMax as described above. Miltiplexors.
8la and 83a on tXE& crverdiand, r@miensuﬂ iigl sefetrmgmeFagtdeaeba cRt tOIﬁe163bher

Sona s B B, SRR RO NP T vmel%“%ée@%im “ta)%?a{zﬁﬂt rol
contr ol Statﬁteﬁtémzﬁeeégct GSRREAT :getttm;ﬁ mﬁg gsmts pfneattt oSt 8la

and 83a are sen I"exor ues frommiltipl exors 81b

and 83b ar e ag@NinckkerC PO repdsted GPiusedng thesyible GieOld@d 1§ tisdof @aéh B ndow
control 45. Raster Ofset Registers 41 Raster. of fset registers 41; as shovvn

in Figure 6ccordindtses ﬁlm&ffﬁglagpétes L6 soisteryRalslef the apRerm6 thigy ofor 53.

The val ues X f YRas | re_store af or gi sters
with the. sar‘?ﬁRaih%mcoor’ ingicc A7 e wge P?] It ﬁe@% g‘ai# g}ef %o%er ablgsag ed
(when desi r gddn t doBtdihitebefraER %taaea:entttau@taﬁhrtgurémamwt sets of X Y.
coordinates in X Y coordinate registers 37. These values: are generated by-

the CPU for rspresergmgu thexierearf 16 ity yRABOFO Juerdinptecrnd KQUs stptesentinRas Of f -
ot ne b, SRS Jh M R Haspe AR,  SRERSHELE By S0, BHERBLL P o1 aé? :‘;
' represent the lower and upper 16 bits of the X1- X3 coordtnates
.' .respectfully Strmlarly regtsters YOL—Y3L and YOU Y3U store the lower
| and upper 16 btts of the Yo0- Y3 coordmates of the obJect References to
XO , YO etc. mean the 32 bit value stored in the correspondmg reglster pair,

ie., XOU,XOL and YOU YOL

_ Each pau' of reg.tsters, _(XOL YGL) (X3L Y3L) are coupled to a
rnulttp!exer paxr whzch are u.sed o select exther the correspondmo XorY
register. For example reglsters XOL and YOL are coupled to muluplexers
6la and 61b Loadmg control state machme 33 generates a swnal ~which

.dtrects multtplexer 61a to select the mput from register XOL or YOL

¢

. depending upon. the vehether the X coordmates are to be operated upon or_-
the Y coordinates are to be operated upon Each of mulnplexers 62a and
62b - 64a and 64b operate in the same manner respecttvely for data- from-

| regxster pa1rs (XIL YIL} (X3L Y3L) The outputs from multtplexers 6la-

| 64a go to multtplexer 35b whtle the outputs from multtplexers 61b 64b

go to comparison logic and’ Tesult storage 47.



Test Wndow Control 45 Test w ndow control 45 will now be described with
~reference to Figure 7. The CPU generates the val ues testXVal and test YVval
ahi ch of fset a predeterm ned distance, i.e. nunber of pixels, above and
bel.ow (for testYVal) and to the right and left (for testXval) of the
currentl'y active clipping window That }i§ _for a given window on a display,
theng:is a AX and [err] which define a test w ndow surrounding the real
clip window The purpose of this test wwindowis to elimnate, whenever it
is beneficial to do so, the need for the hardware to cal culate the | ocation
of objects or portions of the objects which are outside the clipping
W ndow. The 4-bit values testXVal and testYVal are stored in the 4-bit-
registers testX and testY respectively. Miltiplexer 91 selects one of the
registers testX d@lotlss6¥, Gdpéhdindy73debeledhetlh®is Alel'X aeoerdh degies or the Y

coordi nat es are _being, operated,upon as term ned by the, si MUX Enabl e
gener at ed bySfH"Y oﬁg}cﬁgc%ﬁsﬁr%‘F ‘éﬁ%elgfgﬁﬁi‘??e“%ﬁ" F@W%%& of

mul ti pl exer jg:S, 24N it 3 ) clienment or
53 hat a6 a Secuna‘TREE Pl SERITAN Ron SRo R foRe ST o
has as a secmgikiénp(KOUMOVRXEUXGUD Mith ahe $evembhxh aghiclgidegrhdbing upon
whet her X or Y coordinates are being operated upon as deternined by the
si gnal MUX E¢ruping ffemerthe éaglbwrémtwea@rﬁngf dbhtqosrespengding Fagistenein3the The

out puts gene d.b T _ i_n mentor ,95 will be.referred to
ouputs 9SNSL RGO IBECHIUN OB 30 LU S b bl T oL
creates the yal siesvaCiasFigube antb KY6RE Whilede¥sasip tolmedringOtHer _ﬁ%\i?@ iTad n and
Y ipMn a value equal to 2-raised to (testX-1) and. (testY-I) power
respect i vel yregistmphias | (XOU.XOBrXAbY 38D amecinpys intee multiplesersT@s{7Bax and
YTest Max. by %gg_écrt]geiyo which select either the X coordinate or Y coordinate in the

same manner as multiplexer pairs 61a,61b-64a,64b. The outputs from

~ multiplexers 75-78 go to multiplexer 355._ One of the 4-bits'out_put from

each of logic blocks 67-73 are each a "1" if the uppér 18-bits of its

corresponding register are all zeros or all ones, otherwise each of the 4-bits

is z_erd. The four 4-bit outputs from blocks 67-73 are input into status

generatidn logic 51.
Clip Coordinate Registers 39

S Clip coord_inate. registers, as shown in Figure 5 comprises four

| registers,_.XCIipMin, XClipMax, YClipMin, YClipMax and multiplexbrs 81a,
81b, '83a and 83b. The values XClipMin.,__XCIipM_ax, YClipMin, YClipMax,
which are s'thed in the aforesaid registeté ‘-Nith the same name, |
respectively define the left, right, .t'ob and bottom of the currently active
window. These values afe generateg:_l by the CPU and are input to adder 31
which adds 0 to thgsé values for loading the r_egisieis XClipMin, XClipMax,
YCIipMi_n, and YClihpMax as described above. Multiplexors 81a and 83a on

the one hand, and multiplexors 81b and 83b on the other, géiect XClipMin

and XCIipMax‘ or YCIith and YClipM'ax, depending on .control signals



XA i pMax and YC i pMax a value equal to 2 raised to the (testX-1) and
(testY-1) power respectively. (i.e., 2(testX-1) or 2(testY-1)). Loading
Control State Machine 33 and I ndex Logic 43 Loading control state machine
33- generates the control signals, MJX Enable, | ndex - and Regi ster Enable. °
- MJUX Enabl e is .a set of control signals, one of which causes the various:

mul tiplexors in raster offset registers 41, XI'Y coordinate registers 37
clip coordinate registers 39 to. select their respective X.inputs or Y
inputs; a second of which causes nultiplexor 35 to select one of the. inputs .
fromraster of fset- registers 41, X ¥t nate registers 37 or clip
- coordinate registers 39. Index.is a single control signal which causes an.
i ndex regi geaerated |brdéaadlog|@mlt%anenmaehm¢t 35ya:1d rompagison orordendh of the '
values O 1 and 2 eset

Regi st er Erfé%?e“ﬁagh‘éi‘esé? rSFpecc&‘H?{r tl?egﬁéf ﬁ@ 1“8‘?“‘8%5%’50%%%%“% &gPst ¢ ers
~in raster S rs&g X/, | c :
coor di nat e%];rgegfe?% etr%sh%%%%?g%las ngvmelgégﬁﬁgu‘%%;e?eg@g% Zéﬁg%lﬁ%éﬁ%sﬁegﬂidg bi t
val ue on t I83bl are sknomo addguarisdn [6ge apdrasilostahgd oﬂdand)memoh;.xadcate '
machi ne 33 and index-l'ogic 43 will now be described by way of an’exanple
from whi ch W@anﬁ -enent ation details shoul'd be apparent . As noted above,
i mages to be drawn are:defined as being made of one or nore .obj ects havi ng
four pairs PfuMeOHGERANDAYDA - (X3,Y3). Ovjects may be points, Iines,
triangles, Tectangl es of quadrtlaterals. For points, the four pairs of .
vertices_are -identical For ]ines, .there are only two pairs of.-unique -
vertices. Four Kagwed @fémrregmemls asaskowR IR Emiuqmé POMPFisess two A rect angl

v X sdaer SRR e B 258kt coPid B8R SPLetibtel”

defined by RRrBSOff, chvhﬁfﬁrarbcﬁgred in the aforesard regzsters with the same name,

respecuvely defme the X and Y cffset to be added (when desued) to’

' Dataln before storage into each of the four sets of XY coordmates in X/Y _
'coordmate regzsters 37- These values are generated by ‘the CPU for- storage -
_' in XRasOff and YRasOff Mulnpiexor 53 selects XRasOff or YRasOff

depending on contro! srgnals generated by loadrng contro! state machme

33 " The value selected by multiplexor 53 is sent to mumplexor 35.
Test Window. ontrol 435

_ Test mmdow control 45 v.rll now be descnbed wnh reference o . U
_qure 7.. The CPU generates the values testXVal and testYVal whxch offset
a predetermmed dlstance, Le. number of prxels, above and below (for
testYVal) and to the nght and left (for testXVal) of the cun'ently acme '-
_ chppmw “mdow That is, for a glven \undow on a dlsplay, there is a AX
_ and AY whxch define 2 test wxndow surroundmg the real chp window.. The
purpose of thxs test wmdow is to ehmmate ‘whenever it is benefrcral to do.
_s0, the need for the hardware to calculate the locanon of objects or

portions of the objects whrch are outsxde the chppmg wmdow



defining diagonally opposite corners). For triangles, there are only three
pairs of unique vertices. The index value specifies which registers to
€nabl e based upon the type of object being defined. For proper operation, Y
- val ues precede X values. Except for rectangles, the index register is
incremented after the X val ues have been | oaded in the appropriate
registers.. For rectangles, the index register is incremented after both X
and Y values. In this connection, - the following table sets forth for
each type of object, the X registers which are enabl ed for each index

regi ster val ue. Although not shown, tggfzg?bled Y registers would
correspond to the enabled X registers. LET Index Value At Tinme O Load

Obj ect Type 0 - ' 1 : 2 - 3 point

XO, X1, X2, X3 X1, X2, X3, X0 X2, X3, XO, X1 X3, XO, X, X2 |ine -

X0, X1, X2 X1, X2, X3 ' .. X2, X3, XO- X3, XO, X1 quadri.l ateral X0
X1 . X2 - X3 rectangl e X0; X1 X1, X2

X2, X3. X3, XO An inportant point that can be seen in Table | is that

t he coordi nate pofheettbitovalpes HestXYghranfegs{ ¥2! pre slofed/ dnhet4-BH. The type

of wite (point.. line, wtri - etc. ). hndi es,_how,many subse t -
_registers (nga%xftgrsél?eﬁﬁ anﬁg%%bées%%t%wte%' g@?“%’f’éﬁpﬁgﬁ S%"&% I?é'.ei dgl%e s 2,
at the tine Fedikfees XeX bf th&Y G6Findel upbeWRARGEHLN ThEdnaled brRBe Y
witten, nanely X2, (X2 + 1) nodulo 4 and (X2 + 2) nmodulo 4 or X2, X3 and

XO. A quadr i lcapedinsteprareebeing Yoposated upeiny asifdegermived bgx sheplsignall MUBe| ow
L oxPlain et Gesealed BS WRIGARSILaEN SN AL 18 Ah kSRl o7
- : multiplexer 91 is input into decrementor 93 and incrementor 95.
Dectementor 93 has as a second input the value 'XCIipMin or YCIipMiﬁ and
incrementor 95 has as a second input thé value"XClipMax or YClipMax,
again depending upon .wheth'er XorY coordinateé afe being operated upon
as determined by the signal MUX Enﬁble gerierated by th.e. loading control
st.ate machine 33. The outputs genefated by decrementor 93 and
incremet_xtor 95 will be referred to as XTestMin, YTestMin and XTesfMax,
YTestMax respectively. Decrementor 93 creates the values XTestMin and
YTestMin by subtracting from XClipMin and YClipMin a value equal to 2
raised to (testX-1) and (testY-1) power respectively. Similarly,
L _ incrementor 93 creates the values XTestMax and YTestMax by adding to
XClipMax and YClipMax a value ei;ual to 2 raised to the (testX-1) and
(testY-1) power respectively. (i.e., 2(testX-1} or o(testY-1)y

Loading Control State Machine 33 and_!ndex. Logic 43

-Load_ing control state machine 33 generates the control signals, MUX
Enable, Index and Register Enable. MUX Enable is a set of control signals,
one of which causes the various multiplexors in raster offset registérs 41,

" X/Y coordinate registers 37 and clip coordinate- registers 39 to select their



operation, the index register value utilized by the |oading control state
machi ne to govern the loading of the coordinate registers, the values
stored in the coordinate registers after the wite, and the index value
after the wite cycle concludes. The gS.nDnlcs for the wite commands are
PntX or PntY to'indicate a point witedadi-neX or LineY for a line wite, =
TriX and TriY for a triangle wite, QuadX and QuadY for a guadril ateral i:
wite, and Rect X and RectY for a rectangle wite operation: The actual '

- write operation identified by each wite command is actually a nul'ti - cl ock

cycle operation as 'will be described |ater. For these exanples though, the
execution tine of the command is of no relevance. As a neans of cl arlfyl ng .
the int er prespasiivh BfinphEser Sk amites2 serend iof sthisheransey mudtiplsses Bel@. ~From

par oor. PRI B BRAE, B Rl RO HAIECS Aol o0 1y

appar ent conmand. T's T€cei v coor nat e

regi sters Geak@kd 3t7her VapH @06 dinatd) GeibRrd BYEX mdsexewal sihBle’ dontrdihgighatt Y(6) -
command says that a point of value 6 should be | oaded into the Y coor di nate-

regi st ers. vgiiok ecaubes mdmdevisresblqr irabmd;exllogmuliﬁat@sncﬂe:atent ey il nbcﬁmemg
val ue (6) shoul to tQ Y. YO.. The next co
- received, BT R °? ‘?P& 8 8 fﬂlﬁiaa ahd ‘géﬁ‘%?a@el‘ﬁt Q resghto @r&aﬁ‘aﬂ% As
I's the Case%af g zs?ér' Eh?tﬁ@xﬁch &tcwe%mt 1Lt 65e (518adi P tht e ngE'&:Ese”E“t ed
(rmodul o 4) end the wite cycle.. The next wite command Is a -
Li neY(9). Therastedeaffar rdgdistersl dhdX/¥ EocaﬂdaaTahbgsiers 1331 ead edipt he | oadi ng of
9 into Y2, Y3 and YO The final wite com"rand for thIS example i's LineX(7)..
Tabl e | i ncoekdigate; FREisteEdiSy gt bling aph yepch eesister seoledd dhe jo SH Ve ndex

register is_a n %En; The final state of .the coordinate registers
Identify t WO g’%gue \f;r;r c%tggld vertlces at (7 9) and one at (3, 6))
.Georretrlcally :

The operauon of load control state machme 33 and index logrc 43"
~will now be descnbed by way of an exarnple from whxch the
| rrnplementatron detalls should be apparent As noted above 1mages to ‘be
-.drawn are defmed as bemg made of one: or more ob_]ects havmg four paus-.
of vemces, (X() Yo) (X3 Y3) Objects rnay be pomts Imes, tna.ngles,
'rectanOIes or quadnlaterals | For pomts the four paxrs of vemces are _
rdenncal For lines, there are onlv two pan's of umque xemces Four s1ded
quadrilaterals have four umque venrces A rectang!e represents a spec:al
- case of quadnlateral wherem there are . on15 | two umque X coordmates and i
two umque Y coordmates (rectangles can be defmed by a parr of vertices

defmmg diagonally Opposrte comers) For tnangles, there are only three

pairs of unique  vertices.

The index value speeifies Which_'regis{ers_ .t.d_'l-enebjle based 'ﬁpon the |
~“type of object being defined. 'Fdr -'prop"er- operation'“ Y. values precede X
: vall_ies. Except for, rectangles, the 1ndex Tegister: is- mcremented after the X
values have been Ioaded_ in the app_ropna_;e r_eglst_er_s For - rectang!es, the -

index register is incremented after both X and' Y values. In this connection,



Ithis is aline wwth endpoints at (7, 9) and (3, 6) as was i nt ended.

Exanple 1 Specifying a line (3, 6) (7, 9). Index | ndex Before After
Lommand ~ XO X1 X2 X3 YO Y1 Y2 Y3 Wite Wite - 0 000
00 O .0 01 01 vvritjgtY(G) 0O O 0-0 6 6
6 6 01 01 wite PntX(3) ~3 3 6 6 .6 6
01 o - -02 wite LineY(9) 3 3 3 9 6 9 9 02 L
02 wite LineX(7) 7 3 7 7 9 6 9 9 02 - 03 . Exanpl e
2 SpeC|fy|ngatr|angIe(1 5) (9.3) (4, 6) | ndex | ndex Before “After
“Command XO XI X2 X3 YO YL Y2 Y3 Wite Wite 7 3
7 7 9 6 9 9 03 03 wite Tr|Y(5) 7 3 7 _7 .
5 6 9 5 wite TriX(l) 3 9
5 03 - the foél@wgttéblpr i thg)forth 1for pach type o{ object, ghe )%regstergwhxc@o
00 wite Trix(9 01 wite
Triv(e) 9 é@ énab}gd fo? each lgde)g‘é'egxétef’ %ahg’e Althéugh %t s&gw\w |u?e Tri X( 4)
9 4 4  erabled B reghiter§ wobld cétespond to the @RaBRAM! Rghi&ReCi fying a
Rectangle (0,7) (8,7) %8 1) (0,1) Index | ndex Before After Command
XO X1 X2 X3 YO YL Y2 Y3 Wite Wadiezp 4 4 1 '3 6 6
5 .02 02

: : _ Index Value At Time Of Load :

Object Type = O : 1 : 2___ 3

point X0,X1.X2X3 X1X2,X3X0  X2X3X0X1 X3X0X1X2

. - line X0.X1,22 X1,X2X3 X2,X3.X0 X3,X0,X1
»* - . quadrilateral X0 X1 : X2 X3
rectangle X0.X1 - X1.xX2 - X2X3 X3.X0

~ An important poiht that can be séen in Table I is that the coordinate
pointed to by the index register is always lwritten The type of write
-(pomt line, tnancle, etc) indicates how many subsequent regmers
' (modulo 4) will also be written. For examp_le, if the index is ,2,_ at the time
| a line X write is reéeived, then three fegistgrs will be written, namely X2,
(X2 + 1) modulo 4 and (X2 + 2) modulo 4 or X2, X3 and X0. A quadrilateral

write to Y would only affect Y2.

-Examples 1-3 below will explain the role of the index register when
'defiliing an object. Each line of the example indicates the intended write
- operation, the index register value utilized by the loading control -;«state
machine to govern the loading of the coordinate registefs, the values
stored in the coordinate registers after the write, and the index value after
the write cycle concludes. The mnemomcs for the write commands are
PntX or PntY to indicate a pomt write, LineX or LineY for a line v»nte TrixX

and TriY for a triangle write, QuadX and QuadY for a quadrilateral write,



wite RectY(1) 9 4 4 1 36 1 1. 02 03 wite

- Rect X(0) O 4 4 0 3 6 1 1 03 .- 00 wite RectY(?)
O 4 4 0 . 7 7 1 - . 01 wite RectX(8) 0.8 8 .
-0 7 7 1 1 01 - é Although in example 1, the index -
register is arbltrarlly 1 when the Ti tLl-c:oordl nate is received, the index_

~register in index logic 43 nay be. initialized based upon a val ue pl aced o’@
~ Dataln if-instructed by the CPU. (It is worth noting, however, that proper
-operation of this invention is totally. i ndependent of the ini t| al val ue of
the index register when a | oading sequence is initiated.). It is also -

assumed in this exanple-that XRasOff- and: YRasOFf contain the value 0 so as
not to obscure the operation of this circuitry. Loading control state -
machi ne 33 and-- Roupﬂmdlbmtm for s orpangleowritogperationt eThactivad wige cont rols

a pipelining schemg whjch in addition to |oagdi,ng the varioys registe :
described Ab6TationpdentHng tbéfl E“S‘né"‘gél‘é‘?:"f‘?‘ﬁﬁg ‘?‘éb‘ﬁl’)ﬁé‘ré" Hef! 8%? s ond| n_g- .

ml tipl exoro}ge gfgﬁaeremi Ye BLEribEAPEIerOPFoRlhod eimg\grgp%bﬁgﬁ {Rg! ¢ and

result stor and status generation logic 51 tron when it is . :
desi red to exetutiér tinie dfheher esharandfissef noagpddiahié.y of the pr esent
invention, it is necessary to force the addition of 0's to the i ncomi'ng "

data for storagg into the X Y _coordi nate registers r|or oprformng

t he conparisons eFf’dﬁeﬁBﬂ% %Bﬁéﬁﬁgl Snitggrdat ‘ﬂ'ﬂqfeg’ﬁ Z In
this connecgispMynet BRI M d%@@i?ﬂ)é‘d qﬁk@nﬁ‘iﬂ!ssagsrcngﬂ@f?lﬁecﬁ@é Pétat%rg'lﬁl s
generated by | oading control state machine 33 d comnpari on l ogi-c state .

machi ne 49 Emgmpiesasczaﬂt 3i sieohld riemreddilyt imppargntsequence table set forth .in \J
Figure -9 and the followi ng list show ng the order of proceSS| ng :

At the nme the PotY{6) command is’ recexved aH coordmate regxsters
contam the value "0" and the index is equal to “I". The PntY(6) command
says that a pomt of value 6 should be loaded mto the Y coordxnate
' reglsters ' Since the mdex is a 1 Table 1 mdlcates that the mcommg value _
(6) should be stored mto Yl Y2, Y3 and YO The next command recened |
' PntX(B), then says to Ioad 1he pomt 3 mto Xl X2 X3 and XO As is the case '
after all mdexed X coordmate wrxtes, the mdex 1s mcremented (modulo 4)
at the end of the wnte cycle The ‘next. wnte command 1s a LmeY(9) The -
mdex for this load is 2 and Table I indicates the loadmg of 9 into Y2 Y3
"and YO The fmal wnte command for this. example is LmeX(?) Table | B \J "
.mdlcates the loading of 7 mto X2 X3 and X0 after’ v&hxch the index regxster -
is again mcrememed - The final state of the coordinate reglsters identify
.two unique vemces (3 vertices at (7, 9) and ope_ at (3, 6)). G_eometnca_uy,.

this is a line with endpoints at (7, 9) and (3,6) as was intended.



performed by coordinate staging section 15 for each entered Y coordinate.
1. Recei ve Y coordi nate on Dataln 2. Add the | ow order 16 bits of
the received Y coordinate to: a): YRasOf (lower 16-bits) or b) the | ow
order 16 bits of YOL-Y3L pointed to by (index-1) or c) 0's 3. -~Add the

hi gh order ‘16 bits of the received Y-¢ rate to: a) YRasOf f-- (si gn
extepded upper 16-bits) or b) the high order 16 bits of YOH Y3H pointed
to by (index-1) or ¢) "~ Os and conpare the result of step 2 to the

other Y coordinates 4. Conpare the result of step 2 to YO ipMn,

YTestM n, YCipMax, and YTest Max and exami ne the upper 18 bits of the
result of steps 2 and 3 for all |'s and all Os. In steps 2 and 3 above,
the choices a), b) or c) are made as follows. For non-relative wites to an
i ndexed regi T, A ) choice a) is selected. For a
relative W.tsé%#lgﬁg.sﬁhwg‘a’a%ﬁ“%?gr@?é@ , RELLINE, RELTRI, RELQUAD,
RELRECT). choice b) is selected. All other wites select chm&g C) . 1ddé&

l'oading.-of an X coordinate follows the same flow Wth thepfefed0i Rier .
restrictions andddefl ni td! ons 3 ghnckza&% assyfi 9q t tv & @ .ex gxerg{ester
val ue in index i o o QYO X3, ¥
descri bed above with ref,? ) 0 . 4 ar 0 ! ow ng gl :
sequence of event:%:];l;a ;8; )ac to,l.o e redi sters so as tp define % line
havi ng endpoi nts S coqr di %at e (3,6 f?? S in anpl €
g P write Line¥(9) ( 9 ) 5 ) O%X P
write LineX(7) 7 _3 T 7 9 6 9 9. 03
Example 2 Specifying a triangle (1,5) (9,3) (4,6)
Index  Index
: _ ) Before After
Command X0 X1 X2 X3 YO Y1 Y2 Y3 Write  Write
' -7 3 7 7 9 6 9 9 03 03
write TriY($5) 7 3 7 7 5 6 9 5 03 03
cwrite TriX(1) 1 3 7 1 5 6 9 5 03 . 00
write TriY{(3) 1 3 7 1 3 3 9 5 00 00
write TriX(9) 9 9 7 1 3 3 9 5 00 01
write TriY(6) 9 9 7 i '3 6 6 5 01 01
write TriX(4) -9 4 4 1 3 6 6 5 01 02
./ Example 3 Specifying a Rectangle (0,7} (8,7) 8,1) (0,1)
Index . 1ndex.
. : Before After
Command X0 X1 X2 X3 YO Y1 Y2 Y3 Write Write
- 9 4 4 1 3 6 6 5 02 02
write RectY(1) 9 4 4 1 3 6 1 1 02 03
write ReetX(0) 0 4 4 O 3-6 1 1 03 _ 00
write RectY(7) 0 4 4 0 7 7 1 1 00 o1
write RectX(8) 0 8 8 0 7 7 11 01 - 02



At clock cycle 0, the conmand wite PntY(6) places the value 6 on Dataln,
and causes the register address input to [oading control state machi ne
33 to contain a value indicating that the incomng data is a Y point: At
clock cycle 1 (and referring to Figure 3), multiplexor 36 is instructed to
select the low order 16 bits on’ D&t—-a@n@n@l mul tiplexors 35 (i.e., -

mul tiplexors 35a and 35b) ‘and 40-and logic gate 42 are instructed to pas
the |lower 16 bits of YRasOif. Thus, during.clock cycle 1, adder 31 adds t
outputs fromnultiplexor 36 and Ioglc gate 42 'and pl aces the result at |ts__
~output. At the end of clock cycle 1, registers YO.-Y3L are enabl ed and

| oaded wi th the value from-adder 31, i.e., 6 representing the |ow order -
- bits of the value 6 that was on Dataln At clock cycle 2, nultiplexor 36 is.
instructed to sklikaugh e dmagiple)rldeuhelﬁmdbxtregmermt aibntramilj/ Mukthiepl gheor s 35
.and 40 and_logic gate 42 are i st&}r uctied to,’ ass t he sign extended upper 16
bits of YRQ‘%S(‘)‘?"O*' te 1%6?‘?%5“% Ek‘“é?’(:l’ég§ er Jiggiden 1logirg 43t mayobe puts from

mul ti pl exoy i e e t.

t he end of néﬁ c?c d E%W%e"?is%fg&gceg ﬁ%ﬁfag}éfﬁsa%ﬁtc ?bk é’feogggju Wlth

t he val ue (Iltam 'bvbﬂhoub@mg béwafk}‘erthﬁlprd}ter Coperioh  of hhiisC MvERGdnMd t €

- PntX(3) places the value 3 on Datal.:n, and causes the register address i nput

to | oadi ngtaahy rinfepandent pAHE ninitiEl velue ok ghen Iredeatarqgestehdvhm anlpadirgt t he

ner et edtiiehls JN AR, KIHA el B E SonPlh ) REMPE S 55

and 40 andYRagOEf gaht@ind thelwBluke NG isoUss aet tt@ dba&ite lthe dpRWRIonl Bt tihiss of

-

XRasCf f- During clock cycle 3, adder 31 adds the -outputs from nultipl exoru _

36 and | ogfircutry 42 and pl aces the result at its output. At' the end of

clock cycle 3, registers XOL-X3L are enabled and | oaded - W|th the val ue from

adder 31, 1. €1 i RHGR1 ' lte! RSARY 5 %' cBijbfelln Wifh ‘Biiffaridon

logrc state machme 49 controls a plpelmmg scheme which in addmon to
loadmg the var:ous regrsters descnbed above also controls the selecuon of
regxsters and correspondmg mult:plexors necessary for the proper
_operauon of companson logic and result storage 47 and. status generanon
- logic 51. Addmonally, when it is desxred to not utilize the raster offset
' capability. of the present_ _mvennon, it is n_ec_essary to force the addition of

0's to the incoming data for storage into the X and Y cooi'dinat'e registers

prior to performmcr the compansons performed by companson loc'ic ‘and e

result storage 47 e B o \J

‘In thls connectxon the MUX Enable and Regxster Enable control
signals generated by loadmg control state machxne 33 and compa.nson log:c'
state machme 49 may be ascertamed frorn “the. ummg sequence table set

~forth in Figure 9 and the followmo list showmg the order of processing

performed by coordmate stagxng sectmn 15 for each entered Y coordmate

1.  Receive Y coordinate on Dataln



that was on Dataln. At clock cycle 4, multiplexor 36 is instructed to -
select the high order 16 bits on Dataln and nmultipl exors 35 and 40 and
lkogi c gate 42 are instructed to pass the sign extended upper 16 bits of
XRasOfF f. At clock cycle 4, adder 31 adds the outputs fromnultiplexor 36
and | ogic gate 42 and places the resuH&dﬁ"yis output. During clock cycle
4, registers XOH X3H are -enabled and | oaded with the value fromthe output
of adder 31, and the index register is incremented. At clock cycle 5, the
command wite LineY(9) places the value 9 on Dataln, and causes the

regi ster address input to | oading control state machine 33 'to contain a

val ue-indicating that the incomng data is a Y line. At clock cycle 5,
mul tiplexor 36 is instructed to select the | ow order 16 bits on Datal n and
mul ti pl exors 35 ang, 4 nd | ogi te 4 are ins cted,to pass the | ower
16 bits of YlgasOf‘F‘ngSSFa]ﬁ %E‘? 30k they &g?veé *Ia%"(ﬂd'lnﬁgpgm puts from
mul ti pl exor 36 and Io

F'eh Lk It at jt
the end-of clock c9€| heglasy ¢ erYegE bits3p yﬂ!’% 8?’3‘%*1&%"8’3%'%6‘ Ilﬁaded

with the val ue frofradd er %_l.e., 9 representing the | ow order bits of
the value 9 that was on Dataln. At clock cycle 6, mul ti pl exor 36 is
instructed to sel ect the high order 16 bits on Dataln and nultipl exors 35

d 40 and | 2 t d 16
and 49 afd L. ¢ AdhiSme ﬁ&i@ d@? rer §be ?ip’% weyseogp%xgtésseefbdgm upper

(s ¢ Bed 1B R
Dari g o ack oyale %O%e@ ng 9 °fE@é‘§d°P HY 3H, ém‘%%ﬁ% B Pt

with the val ue frofft f8 oulptit of adder .31, At ¢loc e 7 t he, conmand
wriTe LineX(7) pla@8$ the ¢ampare;the, resyltoph, S“"Sng Ey]‘é?egt oY r eeprdinates

address input to | oadi ng control state machine 33 to contain a val ue

i ndi cating that,the incom ng dat X l.i ke n re sters
X2L, X3L and 0. Soenstemumsel %n&ﬁ?ggm Vg, Yftsurls; PElpHa, &5
"~ YTestMax and examme the upper 18 bits of the result of steps 2 :

and 3 for all 1's and all 0's.

In steps 2 and 3 above, the choi,cés a), b) or c) are made as follows.
.For non-relative writes to an indexed register (PNT, LINE, TRI, QUAD, RECT)
choice : a) is selected. For a relative write to an indexed register (RELPNT,
RELLINE, RELTRI, RELQUAD, RELRECT) choice b) is selected. All other .
writes select choice ¢). The loading of an X coordinate fo}lows the same

flow.

With the foreg'oing' réstrictioﬁs and definitions in mind, _and assumihg
that t_he. index register; value m index logic 43 is '01' and registers (X0,Y0) -
(X3,Y3) as described. above with reference '-t.o Figﬁre 4 are all 0, the

_ following sequence of events takes place to load the registers so as to
: defin_é a line having e'ndpo'ints' whqse X.Y coordinates are (3.6) (79) as in

Example 1.

At clock cycle 0, the: command write-PmY_(G) places the value 6 on

Dataln, and causes the register address input to loading control state



~to.load the value 7 after which the index register is incremented from2 to
-3 as.shown above. Loading X/'Y coordinate registers for other objects
fol'l ows the same pipeline schene described above. Exanpl-es for triangles

and ‘rectangl es are given in exanpl g_;g and 3 above In a simlar nmanner,
quadril ateral objects are also | oad ter offset registers 41 and cILp

coordinate registers 39 are loaded in a sinilar manner as XY coordlnateﬁg

regi sters 37 as described above, however, |ogic gate 42 is instructed to-

- force Os for each add cycle. (i.e., absolute | oadi ng) The present

~invention, by use of the index register in index |ogic 43 also, perforns

relative addreSS|ng whi'ch provides an efficient mechanism for di spl ayi ng
duplicates of objects. Relative addressing is best described. by way-of an

exanpl e as fol.l ows, Thethreev rtJ es  of kned as -
[err] and ’Pé‘?‘l‘f‘e t‘dLﬁﬂ“f”é‘étae gﬁ ayRe @6} tl‘ Igcc’r‘t’mﬁl ??grlg { ocations
on the di %l Rl gydie P?&ﬁﬁ?&‘é%ﬁ@t&@ﬁﬁelﬁo mdtiplexef 38Yiscoor di nat es.
Using relative a dressmg, one vertex is-defined as the Orlﬁln [err], and

t he secondindtidctelii rod select ithedowr. erd:beflmebdtsaen dpasshbt andrweitiflexqrs e34 ous -
vertex, i.e

.e., [err], To dulict e ec 0 fines, t hat nedsto'be
stored ar e(lter}en”t%Ple‘Pgse???)aﬁna a’é‘? @/\F{‘%ﬁ PEict é?teeﬁgﬁrﬁdﬁftf'tcé e
fifty object p ‘mr%l TocH [Hy21eC N g)@eagponpllshed
in the pr egaesﬁt |nven Pioérjlﬁgg\ql}l?is{tgg(?for?hgét r%é’fn og'r di ﬁater pai.r vertex .
~i'n one of jie HRicktfits Q@bms::mm;heibrXBS’ anbiegioagae r4lyiant eplac@7thesi ng an
i ndexed | oading style (i.e., PntY, PntX). The two offset_vertices are

subsequent Fesulstar sl cuepusit i P& (the epd afesloak cﬁélenielieﬁt‘%e”éy PhX durent val ue‘.)

of the | ndgﬁ(ableegl S erloa el Sltlxsth%cgml l'r% e%dder 31 ie., 6 represenung the

- low_order bits of the value 6 that was on Dataln At clock cycle 2,
muluplexor 36 is instructed to select the hlgh order 16 bits on Dataln and
uluplex_ors 35 and. 40 and logic gate 42_a.te ms_tructed to pass the sign

eXtended upper 16 bits of YRasOff. Thus, during- clock cycle .2, adder 31
-adds’ the outputs from mulnplexor 36 and logzc ‘gate 42 and p]aces the -
..result at its output. : At the end of clock cycle 2, reglsters YOH- Y3H are
enabled-and loaded with the value from the output of adder 31. .At_cy_cle
3, the command write PntX(3) ,'places the value 3 on _Dataln,_ and .ca'uses_ the
register address input to loading corltrol state machine 33 to cor_itain a
value- mdzcatmg that the incoming data is an X pomt “Also at clock cycle 3, ] A
-muluplexor 36 is instructed to' select the low order 16 bits on Dataln and .'
multiplexors 35 and 40 and logxc gate 42 are mstructed to pass the lower

16 bns of XRasOff During clock cycle 3, adder 31 adds the outputs from
'mulnplexor 36 and log:c gate 42 and places the result at its output At the

end of clock cycle 3, registers XOL-XSL are enabled and loaded ‘with the

value from adder 31, 1e “ 3 representmg the low order bits of the value 3

that was on Dataln. At clock cycle -4, multiplexor 36 is m_structed to select

the high order 16 bits on Dataln and multiplexors 35 and 40 and lo_gic gate

42 are instructed to pass the sign extended upper 16 bits of XRasOff. At



by selecting the vertex pointed to by (index -1) to be added to Dataln
prior to register loading. The vertex referenced by (index -1) is
guaranteed to have been | oaded on the previous indexed wite irrespective
of the type-of wite (PNT, LINE, etc. ) and is, ‘therefore, the vertex from
whi ch the relative of fset applles <§son | ogi c and result storage _
Iog|Q,47 Conparison | ogic and result s ge logic 47 will now be described
with Teference to Figures 7 and 8. Conparison |ogic and result storage

|l ogi c 47 conprises nultiplexors 101, 103, -105, 107 and 109 (see Figure 7),
and conparators 121-124, nultiplexors '131-146 and registers R1-R44 (see
Figure 8). Registers R1-R44 store the results of the operation of
conparators 121-124 as shown in Table Il: TABLE Il RL XO XC i pM n _
R23 YOYOlpMnRZXOXTestMn o R24 YO.YTestM n R3

Ra6 G Tost FISSREy S ktddspy sl it R SolpRRon mflp 1008 I kng, 1peies e

Xl : XTestM n 42 and laces the result BR&sYoupiftes Ddrihghélodk 'ofeld AMpegisters XOH-
R29 YI: YO i pMax. Rg : XTest Max ‘gng YTest Max RO

X2: XA i pM n X3H are enabled and Ioadaglwb Yel wplmbnfrﬂncﬂuzompestqﬂ adder 31,

o eat o i . el B pesmeptat, hy, clock e, e 'SARIRY 42

write LmeY(9)_p}.aces the value 9 on Dataln, and causes the register
‘address iﬁput to loading control state machine 33 to contain a -valué
N - indicating that the incoming data isay line. At clock cycle 5, multiplexor
36 is instructed to select the low order 16 bits on Dataln and multiplexors
35 and 40’an‘d logic gate 42 are mstr_uctéd to pass the lower 16 bits of
_YRasOff. During clock cycle 5, adder 31 adds the outputs from multiplexor
36 and logic gate 42 and places the result at its 6utput. At the énd of clock
" cycle. 5, registers Y2L, YBL and YOL are enabled and loaded with the value
from adder' 31, ie., 9 representipg the low order bits of the value 9 that
was on Dataln. At clock cycle 6, multiplexor 36 is instructed to select the -
high order 16 bits on Datﬂn and multiplexors 35 and 40 and logic gate 42
are instructed to pass the sign extended upper 16 bits of YRasOff. At clock
C cycle 6, adder 31 adds the outputs from multipl-e_xor 36 and logic gate 42

' and places the result at its c'nitput.' During clock cycle 6, registeré Y2H, Y3H
and YOH are enabled and l_daded with the value from the output of adder
31. At clock cycle 7,_the_,command write LineX(7) places ‘the value 7 on

._ Dataln, and causes the register ad_dré_ss input to loading confro} state

: fnachin'e 33.t0 contain é value indicating - that the incon.zing.data is anX
line. In a like manner registers X2L X3L and XOL aré eventually enabled

: _to load the value 7 after which the mdex register is incremented from 2 to
.3 as shown above. Loading X/Y coordinate regtsters for other objects

follows the same pipeline scheme descnbed above. . Examples for triangles



R13X3XCI|pMn- R35Y3YCI|pMnR14X3XTestMn

R36 Y3: YTestM n R15 X3: XCl i pMax - R37 -Y3: YO i pMax R16

X3: XTest Max ' R38 Y3: YTestMax R17 XO X1¢ - R
R39 YO Y1 R18 XO X2 - : — 3@ R40 YO Y2 R19 XO X3 :
R41 YO Y3 R20 X1:X2 o RA2 Y1:Y2 R21 X1: X3 - -
R43 Y1:Y3 R22 X2: X3 Lo R44 Y2:Y3 In Table I'l, exceptinig;

for the..conparisons involving XCIlpM n/ Max, YC i pM n/ Max, _XTestNIn/th,’ahd
YTest M n/ Max which store a one. bit -result, the indicated register stores:a
two bit result of a conparison between the two indicated values. If .the -
value on the left of the colon is greater than the value to the right of
‘the colon, the b|nary value stored in the corresponding register is "10" ;.

i f the value on'the left of the colon-is less than.the value to the right

of the codmihredthggles naeygivet us elanipies 2natd3 absvesdandi sithilaeGhadmr, i1 S
'01'; if the two values are equal, the binary.value stored in the o
cor r espond@yagirilagral ebjscss ‘ae alsgoloaged-i pM n, YJ | pMn, XTestM n, and
YTestMn, if the coordi nate val ue conpar ed is less, a "1 is stored,

otherwise, a' G,ds g&«@@eﬂ@egﬁa&s % wgfheixpa%%% égh@?h sdffesy M. oJept Max

i f the value conpare I's store

stored. Tha lanpivdisart mamme:t |ap|Kkbr®oimate19égxsté&537 1&7de¢u§:bh69ataﬂe from X/ Y
coordinate registers. 37, .nanely XOLYQL - X3L, Y3L, cli p coord| nat e regi sters
39, nanely WY%MI?SWCSZ?‘?)Iﬂznlsaﬁt?“)(aeﬁp%f@?@ Opﬁ\/ﬁ%' ads tcrcle (e, .

absolute loadmg) e~
. The present mventton, by use of the mdex regxster in mdex Iocxc 43 o
_also performs relanve addressmg which provxdes an efﬁcxent mechamsm'
for displaying duphcates of objects Relanve addressmg 1s best descnbed'
_ b)« way of an- example as follov«s The three vemces of a tnangle ‘may be
 defined as (X0,Y0), (X1 Y1) and (X2,Y2). To duplicate this object 50 times |
_at different. locanons on the dtsplay, it would be necessary to store 150 _
) pan's of XY coordmates Usmg relative addressmg, one vertex is defmed ‘as
the origin (Xo Yo) and the second and third vemces are deﬁned as offsets -
from the prevzous vertex, ie, AXm AY()} and AX23 AY?23. To duphcate the
: ob}ect 50 trmes, all that needs to be stored are the two offset’ pairs and a L
" new Xo,_Yo_for :eac-h_. d_uphca_te_ (i.e. fifty __obje.ct_.ongm__s_ plus _t\xo offset’ pairs

- total).

This can be aeeenipiiéhed in t'h'e" present 'i'ntrention by first: stbrinn_ the
ongxn coordtnate paxr vertex in one of the regtster paxrs within X/Y
coordmate regrsters 37 usmg an mdexed loadmg style (1e PntY, Pnt)&)
"The two offset verttces are’ subsequently ‘stored relative to the vertex
poxnted to by the current value of the index regxster Thxs xs accomphshed
| by selectmg the vertex pomted to by (index -1) to be added to Dataln

'pnor to register Ioadmg. The vertex referenced by (mdex -1) is



wi ndow control 45, nanmely XTestM'n, YTestM n, XTestMax and YTest Max. Of
course, at any one tine, the inputs to nultiplexors 101, 103, 105, 107 and
%09 -are ei'ther X values or Y values as descri bed above, based upon a MJX-
Enabl e signal generated by conpari son—'—sogr,gl state machine 49. Conpar at or
121 conpares nultipl exor 101 output and nultiplexor 109 output. Simlarly,
conparators 122-124 conpare nul tiplexor 103, 105 and 107 outputs on the one
hand and mul ti pl exor 109 output on the other. The outputs from conparators
121-124 are input to multiplexors 131- 146 which direct the appropriate
data to registers RL-R44 to be | oaded as follows. The output from
conparator 121 is connected to nultiplexors 131- 135, 139 and 143 which are
used to load registers Rl, R2, R3, R4, R5, R9, R13, Rl7, R18, and R19, for
X val ues andguaegitsédrte B2 bieed, IoB2E] IR2Ghe dviol8lindB3&l WHIR, idPecavd R41
for Y values as showmn in Figure 8 and Table Il below. In Table III, A B,

C and D ref &f thé B@spel srie (P LINE; ete) :ndniy. therefasepthet veraxy fromhe out put

from conpar 1 i neected tao. nultiplexors 132, 135, 136, .137, 138, -
140, and 142&’%%&‘%&%‘2‘%2% e‘?%e?l%gggmg}ejgi sters R2, R5, R6, R7, R8, R0, R4,

R17, R20, and R21 for X values and registers R24, R27,. R28, R29, R30, R32,
R36, R39, RAQompsrides3ldiec avidvedsultsstamgshiowit 4R Figure 8 and Table II1. The
out put - from conparator 123 is connected to nultiplexors 133, 137, 139,

140, 142, and 145 which are used,to load registers R3, R7, R9, R10Q, R12,
R15, R18, R20 an W"FB?"ng?aFrﬁ%s'eﬂﬂbswéﬁ%h%‘% Hosvllrpey hedesquped | Ras, -
R37, RA0, RAQinhaRerbit tOFigudd!1'eRd %6 SEOMParitdn telHE end ARG T@BaGe! ! -
A ' . _ . :

logic 47 comprises multiplexors 101, 103, 105, 107 and 109 (see Figure 7),

and comparators 121-124, multiplexors 131-146 and registers R1-R44
{see Figure 8). - '

Registers RI-R44 store the results of the operation of comparators

121:124 as shown in Table II:
| TABLE [I

R1 X0:XClipMin
R2 X0:XTestMin
R3 X0:XClipMax
R4 X0:XTestMax
_ RS X1:XClipMin
U R6 X1:XTestMin
- R7 X1:XClipMax
R8 X1:XTestMax
R9 X2:XClipMin

R23 YO0:YClipMin
R24 Y0:YTestMin
R25 Y0:YClipMax
R26 Y0:YTestMax
R27 Y1:YClipMin
- R28 Y1:YTestMin
R29 Y1:YClipMax
R30 Y1:YTestMax
R31 Y2:YClipMin

R10 X2:XTestMin
R11 X2:XClipMax
R12 X2:XTestMax
R13 X3:XClipMin

R14 X3:XTestMin
R15 X3:XClipMax
R16 X3:XTestMax
R17 X0:X1

R18 X0:X2

R19 X0:X3

R20 X1:X2

R32 Y2:YTestMin
R33 Y2:YClipMax
R34 Y2:YTestMax
R35 Y3:YClipMin
R36 Y3:YTestMin

' R37 Y3:YClipMax

R38 Y3:YTestMax

- R39 Y0:Y1

R40 Y0:Y2
R41 Y0:Y3
R42 Y1:Y2



. The out put

from conparator 124 is connected to nultiplexors 134, 138,

142,

143, 144, 145 and 146 which are used to load registers R4, R8, R12, R13,
R14, R15, R16, R19, R21, and R22 for X values and registers R26, R30,» R34,
R35, R36, R37, R38, R41, R43 and R44 for_Y values as shown in Figure 8 and

Table 1]1.

- coordi nate sequencing block 17 and functi onal

The conpari sons done aﬁa“égébed are those required by-.

addr essing block 19 in ord

to properly execute supported operations (DRAW al so known as quadril ateral
or BLIT) and perform proper clipping. Conparison Control State
- Machi ne 49 Conparison control state machine 49 is |ogic which enables

renderi ng,

vari ous conparators,

t he .

mul ti pl exors and registers in conparison-|ogic and-

result storage 47. Atruth table for absol,x}(;l]c eél oadi ng. of the coordinate and

clipping r
Table 111

"B, C and D respectively.- Table. 111"

12 1-124 f
XTest MVax.

%é Qf’e?cs" by the conpari son. cB

tate machine 49 is shown in

2 %183k cycles 0 and 1, wi K drators 121-124 referenced A .

h
or - eqgnTgbe! e éﬂﬁﬂﬁﬁ%t 3 “the Leond 159%4 rslﬂvaiQd%?'at ipMiny ¥t pun

In this connectron ugh Fi

sets forth the output of each corrparator

and

ts of

Rl t pl exoNClipMin/MaR, XDéstBlimfMaAX] zarde‘i’l’IrcpMmVMag whizhsiwes af onopar ators
121-124, with the output of conparator 109. bei ng |nput I nt o-the ot her
For consi sfehity the rindicated: segiste] steres i iwor bt reawib 8% 30FRMPATISRBL to XI L,

AL 00 XLyalelnct f SThahfer o (AN e BT HEIEHEYe HOUI(R 9, xa

to XQL) . FOF thils Feason
out puts fr graae M RahAtHY saﬂuzltolwe AHght TEVReSE6lon, The Bindy haenﬁlé %dorex inhe

e ¢ol'um

right input of multiplexors 131-146. The output fromthe indicated

conpar at or

the] porresponging degisset iy "1Qipif theovelne orefthe defleofothet érdon is less

than the value to the nght of the colon, the binary value stored in the

con‘espondmg register is 'Ol' if the two values are equal the bmary value )

stored in the correspondmo reclster is '00". For XChp'Vlm YChpMm,

| XTest\’lm and YTestMm if the coordmate value compa:ed is less, a 'I' is

stored, otherwise, a ‘0’ is stqred. qu XCIszax and YChpMax_, XTestMax,

YTestMax if the value compared is greater,' a 'l' is stored, otherwise, a ‘0’ is

stored.

© The inputs to multiplexors 101, 103, 105, 107 and 109 are from X/Y
coordinate registers 37, ﬁamexy'xoL YOL - X3L,Y3L, clip coordinate
registers 39, namely XChlen YChp‘VIm and XClipMax YClxpMax and test
window control 45, namely XTestMm, YTestMin, XTestMax and YTest\ia.x
Of course, at any one txme, the inputs to multiplexors 101, 103 105, 107
and 109 are either X va_lues or Y values as dcsc:nbed above, based upon a

MUX Enable signal 'g.errxera_ted by éomparison ‘control, state ‘machine 49.

Comparator 121 co‘r'_npa.res.' ﬁ:ulltiplexor- 101 output and. multiplexor
109 output. Similarly, comparators 122-124 compare multiplexor 103,
105 and 107 outputs on the one hand and multiplexor 109 6utput on the '_

other. The'o'utpﬁté from comparators 121-124 are input to muliipl_é:éors-

si de.

revers 't he

~



i"ndi cated nul tiplexor 131-146. The right multiplexor input receive the 2
bit output fromthe indicated conparator in reverse bit order. Thus, the
col um, | abel ed reverse-:-beconmes the truth table for the MJX select |ine

lines for multiplexors 131-146 for absolute coordinate | oads. TABLE 111
COVPARATCR * COVPARI SON _ REVERS 3 — CYCLE WRITE TO XO B

XCL: ‘XlL . YES oc XOL: X2L - “YES
oD XOL: X3L . YES 0 A XOL: XCi pMn
YES = . -1 B - XOL: XTestMn = - YES lc

XOL: XC i pMax ' YES : 1D XCOL: XTest Max YES
1 WVRITE TO X1 A XIL: XOoL NO 0 C .
Xl L: X2L o YES - 0D Xl L: X3L YES
0 A _ XA B1-1dpi pﬂniq*h direct the app®priate data to refisers R1-R44Ith: Bdest M n
YES & X1L: X i pMax YES - c 1D

XIL: XTest Max 10aded a$ foligws. - 1 WVRITE TO X2 A X2L: XOL

NO . 0B X2L. X1L _ : NO _ 0 D

X2L: X3L The oulft® from comparatdr 121 is connected to multiplexors 131-

135, 139 and 143 which are used to load registers R1, R2, R3, R4, RS, R9,
_R13, R17, R18, and R19, for X values and registers R23, R24, R25, R26, R27,
" R31, R35, R39, R40, and R41 for Y values as shown in Fig'ure 8 and Table 1I
below. In Table 1II, A, B C,and D refer to compa:ators 121, 122 123 and
124 respecuvely

The output from comparator 122 is connected to multiplexors 132,
135, 136 137, 138, 140, and 144 which are used to load registers R2, RS
R6, R7, R8, R10, R.14, R17, R20, and R21 for X values and registers R24,
"R27, R28, R29, R30, R32, R36, R39, R42 and R43 for Y values as shown in
Figure 8 and Table I | |

The output from comparator 123 1s connected to multxplexors 133,
| 137, 139, 140 142, and 145 which are used to load registers R3, R7, R9
R10; R12, R15, R18, R20 and R22 for X values and registers R25, R29, R31,
R32, , R34, R37, R40, R42, and R44 for Y values as shown in Figure 8 and
Table L

The 'output from comparator 124 is connected to multiplexors 134,
- 138, 142, 143, 144, 145 and 146 which are used to load registers R4, RS,H
R12, .R13' R14, R15, R16, R19, R21, and R2l2 for X values and registers R26,
R30, R34 R35, R36, R37, R38 R41, R43 and R44 for Y values as shown in
Fzgure 8 and Table IIL



A XeL:XdipMn YES B X2L: XTest M n YES C
- X2L: XA i pMax YES D - X2L XTest Max , YES WRI TE TO X3 A
AsLoxa ~ No | X3L: X1Ls T NO.
0C . X3L: X2L . . § . 0 A X3L: XA i pM n
YES 1B  X3L: XTe M'n . YES rCc o
- X3L: XA | pMax. - _ YES ' - © X3L: XTest Max YE&
1 - COVPARATOR  COVPARI SON . REVERSE. -~ CYCLE VRI TE
" TOXdipMn A - XAipMn:XOLt NO B _ XCipMn: Xl L
ND . . . 0C - XdipMn:xXeL NO
. 0D XCIipMn:X3L : NO - OA
- XTest M n: XCL NO - - 1B~ XTest M'n: X1L
NO " The: boﬁpartsons donXTeasit Moned2dre - those required HyOcBordinate
XTest M n: X3L VWRI TE TO XCIlpIVax A _
Xd i pMax: X@quencing block 17 m@d funcnonal addressu@g fplock 19 in ogder; BVax: X L
'O properly e:?ec%te supported &pertﬂl\@é %%hAW also known '}19 quadnlateral o
rendermg, or BLIT) and perform proper chppmg
Compartson control state machtne 49 xs logxc whxch enables the
'vanous comparators, multtplexors and regtsters in companson logtc and
result storage 47. A truth ‘table for absolute Ioadmg of the coordmate and.
chpptng registers by the companson control state ‘machine 49 is shown in
-Table 11 for clock’ cycles 0 and 1, thh comparators 121-124 refereneed A,
B, C and D respecnvely Table Il sets forth. the output of each comparator
© 121-124 for each of the mputs XOL-XBL X‘ChpMm XClipMax, XT estMin and
XTestMax. In thts connection, although thure 8 shows that the outputs of.
multtplexors 101, 103 105 and 107 are input into one side of comparators
' 121- 124 thh the output of comparator 109 bemg mput mto the other '
s;de. For consxstency, 1t 1s necessary to store the compansons of XOL to
XIL, XIL to X2L and X2L to X3L etc., rather than the other way around U

(e.g., XIL to XOL). For thts reason, when the column labeled reverse is
"yes,” the outputs from comparators 121- 124 are reversed. Thls is =

_ handled by the nght mput of multiplexors ' 131 146 The output from the
indicated comparators ._121-.124 are du'ect_ly input ‘to the lefi- side of the |
indicated muItipIeko’r"-:i31—.146-. The right 'multiplexor input receive the 2
bxt output from the indicated - comparator in reverse blt order. Thus, the.
column labeled reverse becomes the truth table for the MUX select lme

lines for multxple_xors 131-146 for absolute coordinate loads.



¥

‘D XCI|pMax X3L - NO ' 0 A

XTest Max: XOL NO 1B ' XTest Max: X1L:

NC) | ' .1 C- ~ XTest Max X2L ' NO _
1D XTest Max: X3L NO The results of Table Ill are .
repeated in a simlar manner for YOl ) YCI ipMn, Ydi pMax, YTest M n
and xYfest Max. Fi gure 9 shows the relati t7m ngs of the si gnal s on Datal n,

the register |oading perfornmed by-raster offset regi sters 41, XY
coordinate registers 37, clip coordinate registers 39 and conparison |ogic
and result storage 47. The conparison control state machine supports the

i ndexed | oadi ng schene as previously discussed utilizing both the index
regi ster val ue associated with a wite cycle and Table IV. Since the

regi ster pointed to by the index register value is always witten

irrespective of the type of indexed WLABLE Ifie appropriate Mux Enables for
MJUXes 101, 103, 105 and 107 are selected by the conparison control state:

machi ne assum ng a single &S ister wite toé#lq%iIS oor di nat G_Eor- exanpl e,
if a rectand¥ V&MW‘Q %\Hq% i ndex recei Vé& he conpari son

| ogic wll i f an explicit wite to X3 was received and do
conpari sons (?g& di-x 2L, XCLi pM n, )@% pMax, XTestdM n, XTest Max)
as is required. ge dlffer et ween an abso] Mt e | oading ga register
.and an i ndexed ( rel ati I] xed) load is that in the indexed case, nore
than one coordi nale storadg t ?,g, in 47 MRy, e enabled to receive the
conpari son resul ¥s and th 1 or sel ect s*®or mul ti pl exbrs 131-146 are
geper at ed _.accordibhg to Tabf{ K‘yeﬁt%‘f‘ead of TabY® 111. In thel previ ous
exarrpl e of a rectangl e X WXClipMaxan i ndex o¥E3, 1 |
‘D XOL :XTestMax YES 1
WRITETO X1 _ ' '
A XIL:XO0L . NO 0
C X1L:X2L - YES 0
D XI1L:X3L : YES 0
A X1L:XClipMin "YES 1
B X1L:XTestMin YES 1
- C XI1L:XClipMax ~ YES 1
D X1L:XTestMax YES 1
WRITETOX2 '
' A X2L:X0L NO 0
B X2L:X1L NO 0
\/ D- X2L:X3L YES 0
A X21L:XClipMin YES 1
B . X2L:XTestMin YES i
C X2L:XClipMax YES i
D X2L:XTestMax. YES 1
WRITE TO X3
A - X3L:XO0L NO 0
B X3L:X1L NO 0
C - X3L:X2L : NO 0
A X3L:XClipMin - YES 1
- B X3L:XTestMin ' YES 1
- C X3L:XClipMax YES 1
D . X3L:XTestMax YES 1



conparison registers (refer.to Table Il or Figure 8) R1-R3, R13-R16, R17-

R19, and R21-R22 are witten. The following registers pairs will store the -
"~ sane individual conparison results: (R, R21), (R18, R22), (Rl, R13); (R2,"
R14), (R3, R15), and (R4, R16). TABLE LD{EOVPARATOR COWVPARISON . TYPE'® .

REVERSE | NDEX B Xo X1 - - . PNT . yes C . -
XO X2 . "PNT yes D - ' - XO X3 ' PNT I‘f :
-yes C _ X1: X2 PNT .~ 7 yes D X1: X3 = 7
~ PNT - yes D . X2: X3 _ PNT . ' " yes B . Co
XO X1 R LI NE yes . e - XO X2 : LINE- =
X1 X2 Cd%_{?ﬁﬁEOR -COW%@” o BEVERSE  YS®E COLINE
yes WRITE TO XClipMin  X2: X3 LI NE - yes o '
COVPARATO? ' C;QVPARI SG\IXC]{EMREXQL ' REVER$E) I NDEX A - ¢ - X0: X1 o
" LINE o (ﬁ‘xp’\dm X1L XO X2 No LI NE 0 nho ' 1A
X0: X3 LIéIE C X@pMinx2L 1 C  np XIX2' g LINE -
yes - -)%1 3n-X3L LI NE NO 'yes - K 01 D - o
X200 x3 LIﬂE ﬁ%ngX()Ll A o X0 X L LINE  yes
2 . XTestMin:X1L N 1 |
'C _ XTestMin:X2L - 7 "NO . 1
D ° XTestMin:X3L NO 1
WRITE TO XClipMax - L N
A XClipMax:XOL -~ NO° 0 |
+ B XClipMax:XI1L - ‘NO 0
C XClipMax:X2L NO 0
D XClipMax:X3L NO 0
A XTestMax:XOL - NO . 1
B - XTestMax:X1L NO * 1
C XTestMax:X2L - NOC 1
D XTestMax X3L NO* 1

The résults of Table III are repeated 1n a sumlar manner for YOL-
Y3L, YChpMm YCthlax, YTest‘th and YTest\'lax Fxgure 9 shows the
_relame_ tu_nmgs of the signals _on Dataln, the register loading per_formed'by
raster effs',et registers 41, X/Y coordinate fegisi_efS 37, clip ceordinate :

registers 39 and comparison logic and result storage 47. : _ N

The eompérisen. _ccfi;ﬁol state machine _'_"s:__t'l_pponﬁf the i'ndexe'd..loading
scheme as previously discussed utilizing: both. ‘the index register value -
~ associated with a “nte cycle and Table Iv.. Since the regzster pomted to _' |
.'by the index reﬂxster value is alwa}s written urespectlve of the type of
~ indexed write, the appropnate Mux Enables for MUXes 101, 103 105 and
107 are selected by the comparison control state machme assuming a

single regxs_ter write to tha_t coordinate. For example, if a rectangle write to



&

C : XO X2 LI NE yes _ 2 D - X0: X3

LI NE- . yes . + 2B X1: X2 LI NE no 2 B

X1: X3 . " LINE " no. 2 C X2: X3 LI NE yes

2 A . _ . — 3. XO X1 LINE yes 3 C.

XO X2 LINE yes 3D d3T7—xo0x3 TOLINE yes

3 C A\ X1: X2 LI NE yes . 3 D N XL: X3 . .

LI NE yes 3 C X2: X3 LI NE no 3 B

XO X1 - "TR1/ RECT yes 0 C X0: X2 TRI / RECT yes

0D XO X3 TRI / RECT . yes 0 C - X1 X2

TR/ RECT yes- - 0D X1: X3 TRI / RECT yes .0

A XO X1 . TRI / RECT ‘no 1A : XO. X2 _ .

TRI / RECT no 1C X1: X2 . TRI / RECT - yes ' 1D

X1: X3 TIX IVFQEC'En index yafs3 is receided) the compansoxXIOgXB will oﬁ'ﬁhv’eREﬁi'f gn yes

%RlA/ RECT expﬁe}t write to 34_55“’35 received al)éL dxzcomparlmlv PBETVs (XOLnéilL 2 B
X3 TBH}B%hpMm, Re1ipMax, _}gl"thMm _ XTestMax% as’ 1 requu'ecﬁ ll'jt:\;ECT yes

2' | - difference between an absolute loading of a register and an indexed (or-
relative indexed) load 1s that in the mdexed case, more than one coordinate
storage register in 47 may be enabled to receive the comparison results

S’ .~ and the multiplexor selects for multiplexors 131-146 are generated'

according to Table IV instead of Table 1IL.

- In the previous example of a rectangle X write with an indéx of 3,
comparison registers (refer to Table II _'or Figure S) R1-R3, R13-R16, R17- |
R19, and R21-R22 are written. The following registers pairs will store the
same individual comparison results: ®R17, R21), (R18, R22), (RI, R13), (R2,
R14), (R3, R15), and (R4, R16). o

TABLE IV
COMPARATOR COMPARISON  TYPE REVERSE INDEX

O B X0:X1 PNT . yes -
N C X0:x2 PNT yes -
D X0:X3 PNT yes . -

C X1:xXx2 PNT yes -

D X1:X3 © PNT . yes -

D X2:X3 - PNT . yes -

B X0:X1 ~ LINE ' yes 0

C X0:X2 LINE yes 0

D X0:X3 LINE yes 0

C X1x2 - LINE yes .0

D - X1:X3 LINE . yes . 0

D 0

X2:X3 ~ LINE yes



COVPARATOR ~ COVWPARI SON  TYPE - REVERSE

QUAD

| NDEX B B
- X0: X1 - TRI / RECT _ yes 3 C X0 X2 TRI/RECT
yes 3D XO X3 TRI/RECT - - vyes 3B . -
X1: X3 - TRI/ RECT - © Nno 3 C ' X2: X3 TR/ RECT -
no 3B - Xox1 _ QUAD . yes - 0C e
XOX2 . QUAD yes — 3R . XOoX3 Qg
yes =~ 0 A o - X0: X1 QUAD no 1 C
X1: X2 . QUAD yes | D . X1:X3 o
yes - 1A X0 X2 . QUAD - no - 2B..
X1: X2 QUAD .no 2D _ X2: X3 QUAD
yes 2 A - XO X3 QUAD no- . 3 B
X1: X3 - . QUAD - ..no 3 C ' X2: X3 QUAD
no - 3 Status’ Generation Logic 51 Status eneration gic 51 S
gener at es  COMPARATOR s GOMPARISOE\ TYPE t o- LP%N@RﬁﬁD/ \Wg SWis a 2

bit signal indigating whet K8Xt he opekdNEon will & done ' the hardware of -
the present inyention or bXosX#tware. LINB/ R-to-L#®& a 2 bit signal o
i ndi cating whetfer _oper at i ge:xshoul d b&msocessed mmp to bottorn bottomto
top, ri.ght to left or leftxyeczight. HINEVIS is ayésw bit bignal. indicating
whet her the objgct to be dxgwps i s hi dgaNg i . e. bej%md the active clip. -
wi ndow or. visile. To geneg@tgthese qimEal s, st ayes generdtion |'ogi c 51 -

receives as inputs the regi sters Rl- R22 for X coordinates registers R23- R44
for Y coordinatgs -and the f« 4 bi t sug;spls |nd|§@§|ng thg upper 18 bits -
~are all 1'"s and.all O'Sfr% LINE yes .2

O

.D. - X0:X3 LINE - . yes 2

B S X1EX2 0 LINE " no 2

B X1:X3 LINE no 2
. C X2X3 . LINE - = yes 2
A - Xe:X1 ©  LINE yes 3
- C X0X2 - CLINE - yes 3.

D _X0:X3 ~LINE.  yes '3

C - X1X2 © LINE - yes: . 3

D X1:X3 "LINE - yes 3

C - X2:X3 ~ LINE no 3

B X0:X1 TRYRECT . yes 0

C X0:X2  TRURECT yes 0

D  X0:X3 . TRIRECT =~ yes. - 0 . o

o ~X1:X2 - TRURECT - . yes 0 o
- D X1:X3 “TRI/RECT . . yes 0 Dt

A X0:X1  TRYRECT ' no 1

A X0:X2 TRVRECT = . ".no 1

C - CX1:X2 TRI/RECT = yes 1

D X1:X3 TRIRECT = yes -1

D - X2:X3 TRI/RECT -~ - . yes 1

A . X0:X2 - TRIYRECT - - no 2.

A . X0:X3 TRYRECT = mo 2

B X1:X2 TRYRECT ‘no 2

B X1:X3 TRIRECT - no 2

D | 2

X2:X3 TRYRECT yes



coordi nate registers 37. The manner in which status generation |ogic
generates the foregoing control signals will be explained wwth reference to
Figures 10-14 which are truth tables for the |ogic perfornmed by status
"~ generation logic 51. 'The logic circuitry necessary to inplenent the truth
tabl es of Figures 10-14 is well withi n_ug%'capabi lities of persons skilled
in the relevant art. Figure 10 is a tr able utilizing conparison
resul'ts for the XO coordinate (XOL and XOH). Truth tables -utilizing
conmparison results for the XI-X3 and YO Y3 coordi nates by substituting.
t hose coordi nates and using YCipMn, YOipMx, YTestMn and YTest Max in
pl ace of XdipMn, XdipMx, XTestMn and XTestMax for the Y coordinates.
The .l eft side of the table are the inputs and the right side are the
out puts. I t ey A~y - ASp@ don’ ' i O means the
bus bit val &e‘é“h‘g@m I?bﬁ}yﬂ Oé _IT'h%PEa pecélag%{%(?g\o Y coordi nate
regi sters 37); aﬁd Z and 1Z Jedhs ther it valué&3are alf Os or not all
O's respectively=(fromX Y ¢ £ i nate ers 37Y%S "XO inside [err]"
means the 32 bitDPX0O coordi ng?%%Ps repfl le in¥$S bits;3"XO inside
clip"” nmeans XO i B on or insi®eXBhe cl IBIREow X bBEGndari es3 " X0 insi de
test" means XO i€ on or insi¥&X8he teIRURESIOW X bd@ndari es3 The out puts
"XO < XAipMn", "XO < XTestMn", "XO > XdipMx", and "XO > XTest Max" are
f edback and usedBas i nputs. X@Xdorm t he QiAputs, thesi nputs0 on a -
hori zontal |ine & e ANDed"t &X@XRBer and tQUADUt putsyes a cobum are ORed
together. Thus, Bf or exanpl e0:Xaf erri ngQuAabhe firgestwo |iges of Figure
1Q\,4Jf Xd.31] (i.e., its sign bit) is O AND X0[30:141 (i.e., its high order
bifs 14-30) are all Os, ORMMX3L] is 1 X 30: 44] are ajl |I's, then XO
is inside 214. Sgmilarly, regpxping to &ﬁast ligegsof Figyre - _ _

. D X1:X3 QUAD yes 1 -
A Xox2 QUAD no C2
B X1:X2 QUAD " no 2
D X2:X3 _QUAD yes 2
A X0:X3 QUAD no 3
B X1:X3 QUAD no 3
C 3

X2:X3 " QUAD no
. Status Generation Logic 51

~ Status generation logic 51 generates the control signals HW/SW,

- Up/R-to-L. and HID/VIS.  HW/SW is a 2 bit signal indicating whether the
operét_ion will be done by. the hardware. of the present invention or by
software. Up/R-to-L is a 2 bit signal indicating whether operation should
be processed top to b'o.ttom, bottom to top, right to left or left to right.._ :

- HID/VIS is a two bit signal i.hdic_atin'g whether the object to be drawn is
hidden, i.e. behind the active clip window or visible. . To generate. these
signals, status generation logic 51 receives ‘as inputs the registers RI'-R22
for X coordinates registers R23-R44 for Y coordinates and the four 4 bit

signals indicating the upper 18 bits are all 1's and all 0's from X/Y



10, if XO < XTestMn is O (i.e. false) AND XO > XTestMax is O, then XOis -
inside the test window. Figures 1la and 1lb are a truth table utilizing
conpari sons_ bet ween each. of the four X vertices and each-of the four Y -
vertices. As was the case with Figuce /Q,. the values on a horizontal inpdt-“
| ine are ANDed together with the resul efhg a logical -1 (true) or <0
(fal se) -and the indi cated outputs (except for top, bottom right and | ef £
are formed by ORing its correspondi ng colum. The outputs top, bottom:
right and left which are showi as 0, 1, 2 or 3 are interpreted as follows.
The value 0, 1, 2 or 3 specifies which coordinate of XO-X3 or YO Y3 is the
|.argest (top), snallest (bottom, rightnmost (right) and | ef t nost (Ieft)

Th mbol's <, > E, L t side indicate that th fied
Compar | SoOPBUTHE TagEsatn The it B hobieh CoiGh st Hut Todl oy ¢

to and gr ?@B@fatésh% Foradudd cfoatraxa%pgsﬁw wﬁhybeﬂuﬂmg& 08 FRaRhaw 9f the

outputs is defined by the table, the follow ng sets forth in words what - L
each i ndi dagecdsolf{14t witcnsare i tnitbgtbles fiora s tbeit pérfmimr ibyostands line is

drawn through the object deflned by.thefour pairs of vertices it would .
cross two &SRefasos ngiesl AnTB%)J 88IC” GIETHHY f BEGFESAY HOWIPPlemest dhe Skithpl e of

an obj ect. [ {3l ¥ S%r&sa@ehf 5 egay Jihi® hter Hﬁjb'ﬂﬁﬁész oﬁg;%?s%n@' JLthAJR

vertices have t vert-nea I CeSs

X val ue. nget rdlevdin kRe Obj ect def| ned by t he f our coor di nates fornms a
~rectangle. _ - ;-_ , S

Fxcure 10 is a truth table unhzmg companson resuhs for the X0

coordmate (XOL and XOH) Truth tables unlxzmg compa.nson results for the

' X1-X3 and Y0-Y3 coordmates bv substnutmg those coordmates and using B
YChpMm YClxp’\dax YTestMm and YTestMax in place of XChp"VIm

© XClipMax, XTesthn and XT esﬂdax for the Y coordmates - The left sxde of
the table are the inputs end th_e. right s1de are the_ outputs. In the table,
the symbol "-" is a don't care; O and 10 means the bus bit values are all 1's

| or not all _'.i's respecgivé'ly (from XfY coord'i-n.a'te registers 37); and Z and !Z
means the bus bit _va-l'u_es are all 0's or not all O's respectively (from X/Y |
coordinate registers 37). "X0 inside 2140 means the 32’ bit X0 cobfdinéte is
representable in 15, bltS,. X0 msxde clip” means X0 is on or msxde the chp
window X boundaries; "XO ‘inside test" means X0 is on. or inside the test . | : \-J
win_dbw X -bpunda:ies;_',_ The Qutputs "X0 <__XChpM_m'_‘,_ X0 < XT_est’V!_m",‘ "X0 > o
XClipMax”, and "X0 > XTéstMax" are fedback and used as inputs, To form
the outputs, the inputs:;on a hqﬁiontal_ iine- are -ANDed -together and the

~outputs in a column are ORed together. - Th'us,'fo'r example, referring to'the.
first two lines of Fxgure 10 if X0[31] (e, its s1gn bxt) 1s 0 AND XO0[30: 14}

- (e, its hxgh order bits 14-30) are all 0's, OR X0[31] is 1 AND X0[30:14] are

all 1's, then X0 is -msxd\e-_214.. Similarly, referring to the last line of Figure

n or ‘equal

Ve The sams ™



.
| i ne-means the object defined by the four coordinates forms a line. EQ 01
means vertex O equals vertex 1. (defines the same point) EQ 12 means vertex
.1 equal s'vertex 2. (defines the same point) EQ 23 neans vertex 2 equals
vertex 3. (defines the sanme point) EQ 30 neans vertex 3 equals vertex O.
(defines the sane point) Figures 12&-1_’1‘2\

, d"define'atruth_table utilizing
conpari sons between the four X and the'f'our Y vertices and the clipping

boundaries. The inputs top, bottom right and left are fromthe truth table
of Figures 1la-1lb. Wen the outputs top visible, bottomvisible; right
visible and left visible are-1 (i.e. true), the object defined by the four
coordinate pairs is inside the clip wi ndow Wen surround clip is 1, the
object is outside but surrounding the clip window. Hidden is applicable

~only for quagrijlater d .indj.cates. t I our. vertices e all

ri ght, |eft'igt"£;?? F%hfef‘gﬁfldf%t@-& é?ﬁebﬁ%%ﬁdgév? ﬁf‘aﬂ&?ﬁﬁb(?’}sﬂe’ﬁ o0 BLIT
SRC rect angg%)d@qgeh{egp%ggw(refers to BUT DEST rectangle) have a simlar
meaning for BLITs. Figure 13 defines a truth table utilizing conparisons

bet ween the four X and the four Y vertices and the test w ndow boundari es.
The out puts "topFigites dlaecand ldhdartbatiretn webidivtilizasg compasisony betwemman

t hat edge of the_.opject iis within the top or bottom boundaries of the test,
wi ndow, resﬁ%"c!’c'f’_@égél%pﬁ Eﬁjﬁ'&“fﬁsd‘& i °§‘?‘F HE ¢ HFE‘?ﬁovﬁ&?\d""tsh@ed‘FarSEction
in which tougrAwahkesd St vRRES 90 Blorkiniad iRh&Ciint Grdl AN

Cr ossi ngs ar‘l‘g pré ess?‘?\’g of vcI I pped g%(;?}?g agyﬁggﬁ£$aﬁrng&¥?§agoggg\%§ blit
r-to-1, blitwithpthe reslilabeingt a-logizal 1d(tave)ugr O (filkey andithadhdicardpri se the
sigpal Drawing Dirrection shown in Figure 2. Based upon the truth tables of
Fi gures 10- eutputy 4exeepldRErtapy Bettemgight and left) are formed by ORing its

corresponding column. The outputs fop, bot_tom,' right and left which are
" shown as 0, 1, 2 or 3 are -'intelpi'eted as follows. The value 0, i, 2 or 3.
specifies which coordinate of X0-X3 or Y0-Y3 is the largest (top), sméllest
.(bottom), rightmost (right) and leftmost (left). The symbols <>.E,.L and G on
the _inpuf side. indicate that the speciﬁed comparison result is less than, |
greatér tﬁén, equal to, less than or équal to and greater than or équal to

respectively. |

Although t_hé meaning of the outputs is defined by the table, the -

following sets forth in words what each indicated output means:

illegal - means that if a horizontal line is drawn through the object
defined by the four pairs of vertices; it would cross two or
more edges. An object which forms a bow tie is an example of

an object that would cause illegal to be true.
horiz-means all four vertices have the same Y value,
vert-means all four vertices have the same X value.

* rect-means the object defined by the four coordinates forms a

rectangle.



- 5 generates the signals HW SW H D and VIS shown in Figure 2 as fol | ows:

- For quadrilateral objects- HW="-hidden OR surround clip. OR (NOT hi dden AND
NOT illegal AND-all vertices are inside 214 AND (all vertices are insirde
test OR (line ANDat |east one endpoi Olg’sﬂls inside test) OR (XO X3 are

i nsi de t est AND t he top or bottom ver s inside test) OR rect). SW=NOT_
HW HI D = hidden VIS = NOT-. hi dden For BLITs- HW= hid 23 OR (hid-01 AND

BLIT SRC . CHK=10) OR (NOT-hid_01 AND BLT SRCCHK=I 0 AND NOT hid_23 AND - 44

the source rectangle is. inside 214 ‘AND the dest| nation rectangle is i I’ISI de
214) OR (BLI T_SRC_CHK=01 AND

Iine-%neans_- the;.__gbjgc.t'.' defined by the four:-'c.o.o;.cliina.t-es forms a line.
' EQ_;OI __ meaﬁs' vertex__'.() equals vertex 1. (defines tfxe. __séme point) .
EQ_12 means 'v'ert;:ex: l eq'uals'l Qe__rtéx_ 2. '_(define:s. the same p’bjm)
- EQ_23 meansvertex 2 .equ.a_l_s'.ve;t_exl 3. (defmes the same pc;ix;t.)'.
E'QI__B_O means';{é-r't_e)..t' 3 -eq'uaIS'\;e'r'te_x 0 ) i(c"lef'uf;-.es?.t'he sﬁmé point}

Figures 12'a;1-2d 'de’fine a. tmth tab'lé uuhzmcr COnipar'isons betw éen
the “four X and the four Y veruces and the chppmg boundanes The inputs-
top, bottom, right and left are from the truth table of. F:gures lla—llb
When the outputs top visible, bottom vxsxble, nght wsxble and left v1sxble |

are 1 (i.e. true), the object defmed by the four coordmate pau's is inside

- the clip window. When surround clip 1s 1 the object is outs1de but
surrounding the clip’ mmdow. deden is apphcable only for quadnlaterals
and indiéatés that all four \{.em;es are all right, left, top or bottom of the

clip window. Hidden 01’ (refers to- BLIT SRC rectangle) and hidden_23

(refers to BLIT DE:S'_T-’.fectanglé) have a _s_imiiér meaning for BLITs. o

"Figu:re i3 défixiés_'é truth ‘table ut"ili.z'ir_xg: comparisons beiween the
four X and the four Y-véftice_g and the test w‘ihdow..bbundaries. The
outputs "top within’ tést"' and "bottom Within'.test-'",'ﬁhen--tme, mean thar _'
edge of the object is ﬁvi-fhih the top or bottom boundaries. of the test

window, respecti‘vély.

" Figure 14 deﬁhes a truth table showing the direction in which to
"draw ob;ects or perform BLITs in order to ‘minimize page crossings and

processmg of clipped pxxels by generatmo ‘the sxgnals bht r-tol blit up,

.o



NOT hi'd-23 AND t he source rectangle is inside 214 AND t he destination
rectangle is inside 214) where BLIT SRCCHK is a two bit value fromthe CPU
mhich is'set to '10' when it is-desired.to consider the relationship of the
source rectangle to the clipping window. This is necessary because the

vari ous .graphi cs software which nay utilize the present invention are
‘incdpisi stent as to their treatnent af LES%SRC rectangl e and the clipping
boundaries. For this reason, the prefer “enmbodi ment has left BLIT SRC

-~ rectangle clip checking as a software sel ectable option (BLIT-SRT-CHK=01

di sabl es SRC clip check, BLIT-SRC- CHK=10 enabl es SRC clip check). SWENOT
HW HID = hid_23 VIS = NOT hid_23 The preferred enbodi nent of the current
invention has utilized a 2 clock cycle coordinate |oad stage foll owed by a
2 clock cycl e .conparison stage. \Wereas these two stages can be overl apped
as described, the overall latency is 3 clock cycles, with new input

recei vabl e («Enaw nevoslead dewayai | dives) stytaly caighide teosignslyDiidg . €. 2 cl ock
cycle throughput). -The exanples have al so shown coordi nate staging |ogic 15
recei ving da?é?%F°TﬁBmFb§Ié§¥mﬁ355|bIe rate given this preferred

enbodi ment. It should be appreciated, however, to sonmeone skilled in the

art that the ci rcﬁﬁSF‘FWRfé’séqu Bé’dhvm’lles t‘%anFﬁé“&ﬁn}Osl‘bvﬁF‘“él&%@fﬁt}"é‘qmw)
rate of datdsplibiiles ghlsienald oW & fvlge&togtnhﬁ% Fg]ré e expense of

addi ti onal |ogi er. "ovéra 1 enc Yor tef® t hr oughput
are pOSS|b|€¥dew§ nple ext ensi ons._ of the

‘v - For quédri]atera_l objects-
' HW.= hidden OR
' surround clip OR
{NOT hidden AND
NOT illegal AND
all vertices are inside 214 AND |
(all vertices are inside test OR . _
(line AND at least one endpoint is inside test) OR
(X0-X3 are inside test AND the top or bottom vertex is
~ inside test) OR -
rect). '

SW = NOT HW.
A\ . HID = hidden
VIS = NOT hidden

For BLITs-
HW = hid_23 OR
~ (hid_01 AND BLIT SRC _CHK=10) OR _
' (\:01‘ hid_01 AND
BLIT SRC_CHK=10 AND
NOT hid_23 AND



present invention. The pr.esent appllcatlon i s divided out of our copendi ng .
Application No GB 8920728.6 (Publication No. 2227147) in which there is -
described .in a graphics display systemfor displaying an object defined by
a plurality of object coordinates, said systemutilizing-a clip w ndow
.defined by a plurality of clip coordlnates for clipping sai-d object “prior_

to display, and a test wi ndow define d_&%a plurality of predeterm ned .
u

of fsets fromsaid clip coordinates s hat "said test window is |arger
- than, and outside of, said clip w ndow, said test wi ndow for operating in
.conjuncti.on with sai d clip window to selectively determ ne whether said-
obj ect shoul d be clipped in.accordance with a first nethod of cli pping or.
second net hod of clipping, an appar atus for facilitating the clipping and
rendering of said object conprising: at least one object coordinate
~register for storing said object coordinates; at |east one clip coordi nat e
regi ster for stori ngessmmcq:msaregigrxmmsﬂe&”%‘\l&abc dentingtipn ctectanglest er - -
for storing sai d predetegmgiw:zm‘)f(sgts .at least one multiplexer coupled.to
sai d at |east ?ﬁ@ digate register, said at |east one clip
. coordi nate regrster, gh%C édd | east - one offset register for sel ectlvely
- outputting predet erzﬂpﬂ'e’d‘ é(}?{ coordi nates; ‘- 'clip -coordinates, and
predet er m ned of f sethe; source rectangle is inside 214 AND - .

the destmauon recta.ngle is ‘inside 214)

;\where BL‘IT__SRC_CHK- is a__t“"'o,bit va_.lue from _.t_he CPU _which' xs set to '10°
.when_"it' is desire'd_ to consider the re'l.ationship. of the.sou_'r.ee' '-re_cra..ngle_ to
the clippinc windowr_ This is necessery because‘l the various graphice |
softvsare which _may unhze the present mvenuon .are mconsxstent as to
their treatment of the SRC rectangle and the chppmg boundaries. For thzs_. |
reason, the preferred embodxment has Ieft BLIT SRC rectantvle chp '
checkmg as a software selectable optxon (BLIT-SRT-CHK=01 disables SRC
chp check, BLIT -SRC-CBIK-—IO enables SRC_ chp o_:_:heck).

SW = \zor HW.
HID = hid_23
VIS = NOT hid_23

The preferred ._e"nibodiment of the current invention has ﬁti!iied a2
“clock cycle coordirxate load stage follbwed..by a 2 clock cycle et')mpariscm
stage. Whereas these two stages can be overlépped as deseribed ‘the -
overall latency is 3 c!ock cycles, with new input recervab!e (or new results -
available) every other clock cycie (ie. 2 clock cycle throuzhput) -'The
' examples have also shown coordmate staging logzc 15 recexvmg_ data at the
fastest possrble rate given this preferred embodzment It should be
appreciated, however, to someone skﬂled in the art that the circuitry

"described will handl_e any slower (less frequent_) Tate of data arrival. It -

- )



“at | east one conparator coupled to said at |east one nultiplexer for
conparing said selectively output predeterm ned object coordinates, clip
:coordinates, and predeterm ned of fset's; nmeans for clipping and rendering
sai d obj ect based upon a plurality of out put signal's fromsaid at |east.one
conpar at or. CLAI M5 1. In a.gr cs di splay systen1for di spl-ayi ng
an 0bj ect defined by a plurality of objeCt coordinates, said system

i ncl'udi ng at | east one object coordinate register, at |east one clip
coordinate register, at |least one offset register, at.l|least one

mul ti pl exer coupled to said at |east one object coordinate register, said
at least one clip coordinate register and said at | east one offset

register, at gﬁ@éidoassocwp?gﬁagﬁtceﬂgtth £Re é% sétof' di

mul ti pl exer, 0 sal

INcrenmen crenento e fura&lty
of clip coordi ag% tegiSst € ’§°r%%’a SXPE ELEfl u?‘aﬁﬁi Bft s & r%‘é‘?
sai d system uti FREPREREVE i3F S mﬁ%ﬁ néd b"';P-%P]rﬁ ur%i‘ﬁWl@Pscl P the
coor di nat es forPEeseptngnvantiien;ect prior to display, and a test w ndow
defined by a plurality of predeterm ned offsets fromsaid clip coordinates

for operating in conjunghéophréidehts adsb et ¥6dew, EVRIdWoher ofl | Pk NY
and rendering sabfefRifg! aiph8atib Wol.P ctf W7 (BUNLLAYBY 194 N9
the steps 1 2227147) in which there is described in a graphics
display system for displaying an- object defined by a
plurality of object coordinates, said system utilizing a

W, o clip window defined by a plurality of clip coordinates
) for clipping said object prior to display, and a test
window defined by a plurality of predetermined offsets
from said clip coordinates such that said test window is
larger than, and outside of, said clip window, said test
window for operating in conjunction with said clip
window to selectively determine whether said object
should be clipped in accordance with a first method of
clipping or a second method of clipping, an apparatus
for facilitating the cllpplng and rendering of said
object comprising:

at least one object coordinate register for
storlng said’ object coordinates; _

at least one «clip coordinate register for
storlng said clip coordinates; :
_ at least one offset register for storing said
predetermined offsets;
' at least one- multzplexer coupled to said at
least one object coordinate register, said at least one
clip coordinate register, and said at least one offset
register for selectively outputting predetermlned object
coordlnates, clip coordinates, and predetermined
offsets; o ' '
| at least one comparator coupled to said at least
one multiplexer for comparing said selectively output
predetermined object coordlnates, clip coordinates, and
predetermlned offsets,

means for clipping and rendering sald object
based upon a plurality of output signals. from said at
least one comparator. :



of: storing said at | east one object coordinate in said at |east one object
coordi nate register; storing at |east one clip coordinate in.said at |east.
~one clip coordinate register; storing said predeterm ned:offsets in at .
" .l east one offset register; selectively outputting predeterm ned object
coordinates clip coordinates, and predeterm ned offsets fromsaid at |easy
~one nul tiplexer; conparing said selectively output predeterm ned object .
coordinates, clip coordinates, and predetermned 1111111 111111 1111Y
11111 * cC L M S *  of fsets:in said at |east one -
conparator so as to generate a pIuraFPi&}bb-output signals; calculating
~the borders of said test windowrelative to the borders of said clip
wi ndow i n sai.d increnmentor/decrenentor neans; and utilising said pIurallty
of conpar at or out put signals and sai.d mmyrmast one i ncrenentor/decrement or -
to .determnine- whether to cI|p said -object prior to displaying said .
obj ect, such that in the event that said conparator output signals indicate
t hat portionsl@f'saldﬂnn&mgraphloﬂtQRSQIey $mstam|tpmmddsmﬂagang|ant|ons

of said ObJ ect'aba %tdagffﬂeaefh&re r%ﬂﬁ‘éf‘ﬂafabg Oé’:bf&ot coordlnates,
' : sald system 1nclud1ng at least ‘one. object coordlnate f;

'treglster, at least one cllp coordlnate reglster, at

‘least one offset reglster, at least one multlplexer

'_coupled to said at least one object coordlnate reglster,

said at least -one Cllp coordlnate reglster and said at'_-_ﬁNJ_-

'1east one offset 'reglster,_ at least one' comparator
coupled to_ sald zat .1east nef multlplexer, and
”1ncrementor/decrementor means coupled to said pluralltyi-”
of c11p coordlnate .reglsters? and - sald plurallty of
offset reglsters,_sald system utlllslng a cﬂlp w1ndow.,"
”deflned by a plurallty of Cllp coordlnates for cllpplng'
sald object prlor to dlsplay, and a test w1ndow defined -
by a plurallty of predetermlned offsets from said cllp'
- coordinates for- operatlng in conjunctlon with said Cllp
Window, a method for cllpplng and renderlng said object
'u51nq sald Cllp w1ndow,_sa1d method comprlslng the steps _
of: - , o I <
| 'storing said at Ieast-one'object coordinate in
said at least one object coordinate register;
storlng at least one cllp coordlnate in Sald at
least one clip coordlnate reglster, _ o
o storlng said predetermlned offsets 1n at least
'one offset reglster, _ o B
) selectlvely outputting - predetermined ' object-'
'coordlnates, cllp coordlnates, and predetermlned offsets
from said at least one multlplexer,
_ comparlng said . selectlvely output predetermlned
object coordinates, clip coordlnates{ and predetermined

* c L ] S *



2. A graphics display 'system for displaying an object defined by
a-plurality of object coordinates, said systemutilising a clip w ndow
-defined by a plurality of clip coor di nat es for clipping said object prior
to.display, and a test wi ndow defined by a plurality of predetermn ned

of fsets fromsaid clip coordinates for operating in conjunction with said
C|Ip,MAndOMI -sald systemconprising: at |east one object coordinate
register for storing said at |east one object -coordi nate; at |east one
clip coordinate register for storing at_ 5@ one clip coordinate; at

| east one offset register for storing said priedetérm ned offsets; at |east
one nmultiplexer coupled to said at |east one object coor di nat e register

oty O35 (e 4007 4 Pkt Shel Bl SAUdhArdane! e o 3g!

register, said at 1east “one exer YV out patti ng
predeternined gedigrahie & dunadditys of cutinpytc sdgdedsties, and predetern1ned

of fsets; . increment oldiQaI IQFEMOr tmeansogaeiagedoft cea'sai d gl alwllmowof
clip- coordlnate i sters _.and

Feal stora. | rersniYe| FT HE: BPFdetFe it S LonP WBAOYG AP uPaifing
t he borders ofxnmniﬂenﬂonMdehnmmﬂﬂau1weamm,thmdborders of said clip

w ndow; and utlllslng said plurality of comparator output
signals and said at least one incrementor/decrementor to
determlne"whether to clip said object prior to
\ ' displaying said object, such that in the event that said
) comparator‘outpﬁt sighals indicate that portions of said
object are outside of sald cllp w1ndow, said portions of

_sald object are cllpped before renderlng said object.

2. A graphics display system for displaying an
object defined by a plurality of object coordinates,
said system utilising a clip window defined by a
plurality of clip coordinates for clipping said object
prior to display, and -a test window defined by a
.plurality of predetermined offsets from said clip
coordinates for 6perating in conjunction with said clip.
window, said system comprising: - ' '
W, ' at least one object coordinate register for
' storlng said at least one object coordinate; |
~at least one clip coordlnate register for

storing at least one clip coordinate;

at least one offset reglster for storlng said
predetermlned offsets; _

at least one multiplexer coupled to said at
least one object coordinate register, said at least one
clip coordinate register and said at least one offset
register, said at least one multiplexer for selectively
outputting predetermined object .~ coordinates, clip
_eoordinates,'and predetermined offsets;

A



at | east one conparator coupled to said at |least one nultiplexer said
at least one conparator for. conparing said selectively output
predeterm ned obj ect coordinates, clip coordinates, and predeterm ned-
offsets so as to generate a plurality of output signals, said plurality of

- conpar ator output signals being used to determ ne whether to cI|p said,
object prior to displaying said object, such that in the event 't hat. sai gg
-conparator output signals-indicate that portions of said cbject are out5|de
of said clip wi ndow, said portlons of saldnggect are cllpped before
.renderlng sai d object.

incfementbr/dec:ementOr: means coupled to-isaide
plurality - of = clip coordinate registers and"said
plurallty . of offset. . 'tegistersL':I - 'saigd
1ncrem°ntor/decrementor means = for . -calculating = the
- borders of sald test w1ndow relative. to ‘the borders of
said cllp w1ndow, ‘and _ _ _
_ - at least one comparator coupled to said at least_ _
one multlplexer, sald.xat . least  one comparator for _:_\')
comparing said eelectivelywoutput-predetermineduobject ~
:coordinatee,'c1i§ cdordihates; end predetermined.offSets'
s0 as” to’ generate a plurallty of  output 51gnals, Said :
-plural;ty‘ of conmparator output s1gnaTs being used to
determine whether to  clip said - object prlor to
'dlsplaylng said object, such that in the event that said
B comparator output 51gnals 1ndlcate that portions of sa1d
object are out51de of said Cllp w1ndow,'sa1d portlons of
saiq object are clipped before renderlng said object.

* c L M $ *



