-1- APPARATUS AND METHOD FOR LOADI NG COORDI NATE REAQ STERS FOR USE W TH A
GRAPHI CS SUBSYSTEM UTI LI ZI NG AN | NDEX REG STER SUMVARY' OF THE | NVENTI ON The
present inventi'on is directed to an apparatus and met hod For=osi ngl gh = ndex
regi-siler which cycles fromO0, 1, 2 and 3 for |oading registers which
contain coordinates of four vertices of quadrilateral objects, including
degenerate quadril ateral objects, nanely a p0| nt, aline and a triangle,

whi ch are to be displayed by a graphl cs di st Fay subsystem In this manner,

a software comrepaiAgas ARp frbﬂ‘ioiﬂiﬁc Qﬁﬁid Eﬂ\;\gﬁl
pairs-to define the object, W porn At s
coordi nate pai rsm
coordinate pairs for a rectangl e Ul R brners). The

present invention, by use of an |ndxreg|ster aI soperforms relative

addr essi ng Wwhi ch pr des an.efficlent, C m for _displa at es
of objects. Relative o Frewent n'éwfrstmdbﬁ% g'fq o"b)* Rﬁv Xﬁi%ﬂﬁ#‘@ ag or
follows. The thygRgVed ihdSS réjfister iwHil TyBleSBtomC0 08! i278Rd &5 6y ldadu{gte&égis@fsd
[err]. To dupllcate this object 50 tines at different |ocations on the

gr aphi cs di spl ayvhlch omului toordinatessof \foun vertices of Qquadrilateral objects,

coor di nat es. UsLn i ve addres vertex is defined t he
origin, [err] aHH: é?ﬁﬁ’?&m&ﬁcﬂ T‘F’geﬂ?gr‘{%i‘&' namely. £; peigt. 8 ?s\é’fisaf rom

G 101 ence. hot whieler . Rhic Y IGHE ieplyyed 067 3 priphlcs°Ugflal sifegiita’ ' a

obj ect 50 tinesthiel mahher, nespfiwdre dummand atkedr onlyhdefine thef ﬂﬂhmpmlrmmbek a
new [err] for each duplicate (i.e. 50 obj ect origins). The present
iayention will BE Xdseppidinpto,najrs tor definec the obisclyidphors cemslwse AT forvdi ch

gloi”Bgir 'n;_ogfe”ggﬁfg.r?;ﬁg catiingld §Lﬁ§f‘§f‘c¥ fink] 'irel! QEEPHRDRC BRSSO HEIHE"

and two coordinate pairs for a rectangle (by defining opposite corners).

The present invention, by use of an index register also performs
relative addressing which provides an efficient mechanism for displaying
duplicates of objects. Relative addressing is best described by way of
example as follows. The three vertices of a triangle may be defined as Xo,
Y0, X1, Y1 and X2,Y2. To duplicate this object 50 times at different
locations on the graphics displéy, it would be necessary to store 150 pairs
of X,Y coordinates. Using relative addressing, one vertex is defined as the
origin, X0,Y0Q, and the second and third vertices are defined as offsets from
the previous vertex, i.e., AX(1,AY(1 and AX12,AY 12. Where AX3ab br AYab
means the difference between Xa and Xp or Ya and Yp respectively. To

- -duplicate the object SO times, all that needs to be stored are the two offset
pairs and a new X(,Y( for each duplicate (i.e. 50 object origins).

The present invention will be described with reference to a graphics
subsystem in which comparisons made between coordinates and a clip

window necessary to perform clipping are performed in hardware. The



present invention forns part of an apparatus which performs clipping of

i mges to be displayed on a video display in hardware whenever possible,

| eaving for software only those inages, or portions of images which cannot
be reliably clipped using the graphics subsystemof the present invention:=-.
- 3 - BRI EE DESCRI PTI ON OF HEDRAWNGS FIGURE 1 is a bl ock overview di agram
of a graphics subsystemfor a work station according to the present
invention. FIGURE 2 is a bl ock diagram af.t he coordi nate staging section of
t he invented graphics subsystem FIGURE 3 is a detailed block di agram of

adder 31 and nul tiplexar 35 Fl G s _a. detailed,block diagtamof XY
coor di nat e r%'ﬁf's‘-{teﬁlsv-eg on FE%%BF%%%&P%‘P@& B’F' e P&_r‘lé&?“én?‘bﬁp-‘ﬂﬁ ?Jt)q
coordi nat e [ ipshgek 6loS bé Mdisplayel Forb d Videod Aigpldye Gn Dh2@ivart JeHeNRVES possibR!

of fset register 41. FIGQJ is a detailed bl'ock di agram of text w ndow
control 45. EaGoBEfd softwaréconlyl thbsel imadged;, @grportions ednimages owhichgcanmnd

result storage 47...Fl QJRE is a table show relatjve timngs,for |oading
control stat Iﬁkmlﬁe%ﬂﬁd's ‘?igﬁl’g‘_"f)eﬁ“ggﬁ’m'ﬁ tgﬁn%"&?? oM™EBHPR: and

result storage 47. FIGURE 10 is a truth table utilizing conparison results

for the XO coordinate. FIGURES 1lla and | 1b are a truth table utilizing -

conpari sons between each of the four X vertices and each of the four Y
vertices. ' '

-



FI GURES 12a-12d define a truth table utilizing conparisons between the four
X and the four Y vertices and the clipping boundaries. FIGURE 13 defines a
tsuth, table utilizing conparisons between the four X and the four Y
veréiges and the test wi ndow boundaries. FIGURE 14 defines a truth table
showi ng the direction in which to draw objects or performblits. - 5 -
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
a graphi cs subsystem of an engi neering workstation. The coordi nate staging
and coordinate conparison |ogic blocks (gge Figure 1) are. provided to :
provi de the necessary storage and conparlson I nformation reqU|red for the

support of arbitrary quadril at S as well as

Bl ock I mage Transfers (BLIT) ' aivp .:.&%ﬁ}f’ .mt S necessary
- to specify four X/'Y coordinate pairs and to specify the clipping w ndow
boundari es. " To suppdFIGUREdL iikai blotk 6weiview diagrafil ofcs grighioy shbsisiem tfur @f
four vertices which will -define the quadrilateral. The discl osed enbodi nent
of the invention puts very f work stationc arenrding, to tbecpresent mntwney .are
stored in four register pairs (a register pair consists of one register for

the X coordinate andeRRGRECH!S s®hickL" dibfiam’ of RE LoBRfifke MLiRY SeLeRl bRTHET

W th

invented graphics subsystem.
FIGURE 3 is a detailed block diagram of adder 31 and multiplexor 35.
\/ ' . FIGURE 4 i; a detailed block diagram of X/Y coordinate registers 37.
FIGURE 5§ is a detailed block diagram of cl?p coordinate registers 39..
FIGURE 6 is a detailed block diagram of rastet offset register 4]1.
FIGURE 7 is a detailed block diagram of text window control 45.

FIGURE 8 is a detailed block diagram of comparison logic and result
stofage 47.

FIGURE 9 is a table showing relative timings for loading control state
machine 35 and comparisons performed by comparison

- logic and result storage 47.

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

. coordinate.

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

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



the vertex nunbers O thru 3. It is inplied that vertex O is connected to
vertex 1, vertex | 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 staging and conparison logic formthe
initial. stages of a pipeline that will eventually acconplish the rendering"
of the specified quadrilateral into the display nenory. The subsequent
pi peline stages require information concerning the relationship of each
adj acent vertex to its neighbors (i.e.=#or vertex 1; X .vs X0, Y1l vs YO, X
Vs . X2, and Y1 vs Y2). This information is needed to properly supply the
functi onal  addr esFiGURES0dRavi2dh definerd aruthftableaptiliaings cotmparisprm between
conposited, -6- accurately represent the origipal a&rﬁil teral. The
deconposi tion of the arbithea fqﬁamq the deug Y| -§°’515’86n'33i' eﬁﬁwnghe
coor di nate sequencing | og'hc. @?‘qlegl onally, in order to support the clipping
of the quadrilateral to t gup ppi ng boundaries in subsequent pipeline
stages, the relationship of the vertices to the appropriate clipping
boundaries is reqpiGURE 13i definesna froth ¢abdenitilizihg cémparisons detwegrmithel t o
‘both the mnimum X clip boundary as well as to,the i mum X clip boundary.
A simlar set of conpariséewr £sanddhe feur f r"el"Fﬁ-Fs\a'\rEﬁﬁ &8 W . In
~ sonme cases, these comparigons 'gﬁ[@si ndi cat e whet her or not an object has any
visible portions (non-cli 3’838? at "all. By identifying the objects that w |
not be visible in advance, the utilization of the subsequent pipeline
stages can be avoFIGURE rdedefinesi aitbith fablec showinig thevdiredtion ierwhithda f or
writing to the display nenpry. . This represenﬁ, a performance advantage in
that the rendering of -t he dgamdPbirets cPh PeEform, BlitS; hsi dered to have occurred u
i mredi ately once the clipping informati on has been anal yzed. '



The preferred enbodi nent of the graphics system being described utilizes
16-bit 2's conplenment math when determning the pixel's associated with a
li-ne segment. This math involves taking the difference of the two X and two
'Y veRrtjces of -the line segnent. In order to avoid mathematical overflow,
the nuneric range of the X and Y vertex values nust be restricted to be
representable in 15 bits or be between -214 and (214 - 1). In support of
this, a check of the nuneric range of the veriices is nade by the

coordi nate conparison |ogic. The support of 1Ts also requires 4 vertices
-two ‘specify the opposite corners of a source (SRC) rectangle and two

speci fying the oOpposi te CQIEEARE IRITION OF mangl e. The
intent of the BUT operation is to copy the pixels contained 1n the SRC
rectangle to the DEST rectangle. In the current enbodi nent, the upper |eft
conmer of the SRC rectBifglpEesest dnyantion; is disected tp @heraphicscsybsyteny ofAn SRC
corner is in vertex Sim . the upper left DEST corner is in vertex 2
and the | ower riéﬁﬁ‘“%ﬁ"{?ﬁr‘t‘éé%i‘g&‘ o]éll'order to properly copy the SRC to the
DEST, care nust be taken in the event the two rectangl es overlap. Wen this
occurs, the order in Ths cbondinate sstagiagcamd edordinstencdmparisett 1dgi¢ tdocks: (seet
result is to be obtained. This js.a well known problemto persons skil]|ed
in the art. The Figusenhk aemh pravided 49 Provide fbe| Recgasagy (storage nand,icemparison

copyi ng constraipg Y1 QY agl.s n rd .Q -
t he DEST rect ang#ﬁ%’%ﬁ%r&@%hﬁs’ ?@e (r)lsfélghgﬁ bggztC ﬁ'rbstgr t%g@%ﬁ%ﬁﬁh@@eﬁ&
coor di nates i nvowigdcligisilp! a9Redll ¥s Block Unidge! Trahsfely (BLIY) Whhcliﬂﬁn%RChﬁnd
DEST rectangl es in subsequent pipeline stages, the relationship of the SRC
aQd, DEST verti cebothocases, ipjs oeedssary o spasifygfons K (6 rqoordinater pajri pad toOnce

gggl:lrj,refjhl(ﬁonn?y 'sl;]edc'iﬁ'attﬁetha}pigg!twhﬁlrdogvh%oﬁﬁgar%s. DEST rectangle are totally

To support quadrilateral rendeﬁng implies .the. availability of four
vertices which will defihe the quadrilateral. The di‘sclosed 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
coordinate and one register for the Y coordinate) and are referenced with
the vertex numbers 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 staging and comparison logic form the initial
stages of a pipeline that v)ill eventually accomplish the rendering of the
specified quadrilateral into the display memory. The subsequent pipeline
stages require information conceming the relationship of each adjacent
vertex to its neighbors (i.e. for vertex 1; X1 vs X0, Y1 vs YO0, X1 vs X2, and
Y1 vs Y2). This information is needed to properly supply the functional

addressing block with a series of trapezoids that when composited,



visible) and may negate the-need to utilize the subsequent pipeline stages. -*
This represents a performance advantage in that the execution of the BLIT
can be considered to have occurred i nmedi ately once the clipping

i nformation has been anal yzed.” The coordinate staging control |ogic- NP
supports nultiple ways for the coordi nate val ues to be acquired. W
Correspondi ngly, the coordi nate conparison |ogic maintains the necessary
conparison information regardl ess of the nanner in which the coordi nate

val ues are provided. The different nethggs for coordinate acquisition can
be .summari zed as: absolute I ndexed, an®Telative. The specific nmethod used
s determned by : "the address qf the register that the CPU uses to

identify t h@CFE@F%JYeHPQ?s% the eriginaly. ‘l‘%ﬁn&%’@! ut dheodeeampasition ofcthes
rogi ster. TiiFeliidy afpdiibiian N6 dtEoRiRiIE by tnd Footdinrt Madeliigl fogR" o

boundary registers and the raster offset registers as wll be descrl bed
bel ow, as well aAdditionally,dh onder dionstppore ghs tolippingl fof thec qustrilaiebaldto.
i ndexed, is used tq efficiently load nultiple_coordinates with the sane
“val ues. ‘I n tthe sclinping boundaries Sip, subseguent) pipeliner stages, athec felationship of

2pPropr at e ettt 5 She §oiabAlkil SINRE FAMMLCR' o Raultefl bl Ore

bei ng made avai or st nor e :coor e regi'sters. The

addi tion of ghéms' fort ExanfileSal X VRHiCEScém ??aa&oosomf tifec hithiteurh X hp’
er

.address space provided by the CPU to a di ent area of 'the display
merory. The Goundarydas g toetheamesimumi X dlips baundasybi A similar s ofui de

e e e LB ML RS 2N 98 S0 bt il 19
one XY pai feohfhatid6Rs icali indcds GPRGRSE Br WEiJhh | GHj€dtPhas aflyPRisible giribi® X/ V"’ -
(non-chpped) at all. By identifying tl"lC objects that will not be visible in
' -advance. the utlhzatlon of the subsequent pxpelme stages can be avoided
since no vrslble pixels will ever be identified for writing to the dxsplay
s memory 'l‘hrs represents a performance advantage in that the rendenng
of the quadnlateral can be consndered to have occurred unmedrately once

the chppxng mformatlon ‘has been analyzed

The preferred embodi_ment of the gra_phic':s system being described
utilizes 16-bit 2's complement math when determini_ng the pixel's
associated with a line segment. This math involves taking the difference of -
the two X and two Y vertices of the line segment. In order to avoid
mathematical overflow, the numeric range of the X and Y vertex values
must be restricted to be Tepresentable in IS'-bits or be between -214 and
214.1). In support of thls. a check of the numeric range of the vertices

is made by the coordinate companson loglc

The support of BLITs also requires 4 vertices -two specify the

opposite corners of a source (SRC) rectangle and two specifying the



pairs for aline, or three XY pairs for a triangle. Wen one of the

af orenmenti oned degenerate quadrilaterals is |loaded into the four vertex
Tegi§L@rs, one or nore vertices nmay be repeated. This is necessary so that
subséguent stages of the pipeline can always interpret the object defined
as a quadrilateral (even though degenerate) and not treat as a special case
all |ower order objects (i.e., point, line, triangle). The indexed | oadi ng
schenme al'so allows for only the opposite.sgners of a rectangle to be
entered to properly define all four corners of the correspondi ng
quadri-l.ateral. -9- The last |oading nethod, relative, is used to allow
the CPU to j ust oppesiief gomkrs df faf destinatio{DESATD) tebtanglkest Theointem adfe thenBLIEd

and the intended new coordi nate value, |In this case U suppliedq dglta or
of fset is addedOPeratign is to.fopysHhe Pizsg e?P'E%‘BF‘ii‘Ha‘?‘% %%&E‘FE‘ n9 aﬁaﬁﬁ%
into one or 'nor 1St e§,s. =Dit o | e dEdthid %t t
coordi nate ent e?%%%ée'rtgi t??ﬁg)%n )eﬁ.nryoogﬁﬁfntf (?Pél?ﬁ’ge%gg%s.sar%/; égcfptgi%%épl us
i dentifies whichedtaggletisrstovedr ingveitex © whild the lotver GdglndSRE tomthds iindwereest

| oading case. . In the end result, the CPUis free to choose to |oad the

coordi nat e regi ¢ eSimilariy,nthe uppas: leftuBEST: eerneryis in vestex p2 and; G logver righty

quadril ateral rendering, ofy BLIL T, i ctual | eq dala t

coor di nat es hav_én gff‘gﬁg’v t}ge?fdf%f%i’&%’e% e’ rfl}eengﬁ?ﬁ gq[ g‘eoiﬁﬁré uf‘_‘“St be

vertices are ut idiienCsh ¢hé @vehd/ thd tR6 UfectaagRislola1dp0 W We hEY Scéirdlithe brder

This-provides the utnost in flexibility for the U Figure 1 is an

overvi.ew of a gimpvhich pintlsyareccapied s icohstrdised if shecormete nesultnisntoy bee

UU ! zed._ Bus | %E)?aril];e%(.:e 'i’h(gglig al %vehskt(l:gvrv]r? ep%l‘aelgmt ?é %%%Qms skilled in the art. The
infor;nation required to properly 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 cﬁbping of both the SRC and DEST rectangles
in 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 totally obscured (non-
visible) and may negate the need to utilize the subsequent pipeline stages.
This represents a performance advantage in that the execution of the BLIT

C ' can be considered to have occurred immediately 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 infonnation.
regardless of the manner in which the coordinate values are provided. The
different methods for coordinate acquisition can be summarized as:

absolute, indexed, and relative. The specific method used is determined by



address, data and control buses to a central processing unit (not shown). -a
The functional conponents of the graphics subsystem are data path and
menory interface 13, coordi nate staging section 15, coordinate sequencing
section 17, functional addressing block 19, nmask generation block 2L and :..
| i near _address generator 23. Data path and nenory interface 13 update a -
frame buffer (not shown) which is a nenory which stores graphical
information to be displayed on a video display such as a CRT. That is, data
which is loaded into the frane buffer is g@pessed by video circuitry which

- converts the -10- data to appropriate e

&

: ectrical signals which, in turn,
turn individgal pixels -t he. video disp -on and,of f. The data from bus
interface | g{gleca&s@%af%%cfeﬁgf\(%&?téb e#gt_/’i BiPspioddensify the TegiteR(S)atfr ess
gener at or 23pd3544édU P Ah WHSSIRES icoBrdifdth OFAIRE iDVoadkd B @bRns! Y fduseCt i On
15, coordi nate sequencing section 17 and functi 8n§1q ggdéue’ghs‘gngﬂs agé 19.
Functional ackiuesepplied thygthel CPU sinton the mddiesseds register. t i ThisoietHod 6f | ppi ng
necessary t par hic, objects to the clip w ndow in which

fit particula _
they are toolﬂé‘li'&ﬂsﬁl Hé'éﬂ ,fgélﬂg‘;‘ﬂﬁérf’fi the, €lipping; henndagy, segistess ransk theener at i on

stage 21 whi _r'fggég ok i 8L o L O S epn. Ri xel . portiqgns, that
traverse fro!‘r‘;i?lte Ee& e-gfr%ﬁ%s%_st%g '%gaé% S#Ré%e%\?il%?’-bg%%greaét mrd(%Y’%gi'ch scan
l'ine and ar ecossdiflafeoregisterses SThg skéshd] aicth®Bt thdexéd, "Bmased ot &ficinfysSt age
13. The mask generation-signals are also furnished to |inear addreSs -
generat or 23oadhimultiple; ceprdinates (withy the samesvalpesi dodthiy cabe, thesCPEENer ati on
teo 21 int i.gnal 5 far Li ‘addressi ng t.he frane huff f t f
PLa9e 2L Bl oo BRCRis STl HALE o] Skl T
(either raster pffset X or Y) before being made available for storage in one U

or more coordinate .registeté. The addition of the raster offset 'providés a
means of p_ffSetti'xll'g' :the X/Y address space prb\(ided by the CPU to a

different area of the display memory.

" The indexed loading mechanism utilizes a two-bit index to guide
itself and identify how many and which coordinate registers to load during
any given cycle. It is this mechanism that allows the CPU to specify only
one X/Y pair _tb identify the degenérat_é quadrilateral - a point, or two X/Y
pairs for a.lixi_e, or tl_u_'ee_ X/Y pairs for a triangle. When one of the
aforementioned degeneféte ':quadrilateral_s_'is: ldgded into '.the four vertex S
registers, one or mér_e vertices ﬁlay be repeated. This is necessary so that \J i
‘subsequent stages of the pipeline can always interpret the object defined
as a. quadrilatera’l__- (évén_ fhough degenerate) and not treat as a special case
all lower order objects (i.e., point, line, triangle). The indexed loading
scheme also allows for only the opposite comers of a rectangle to be
‘entered to pioperly define all four comers of ‘the corresponding

' quadrilatéral.



The present invention is directed to circuitry in coordinate stagi ng block
15 which perfornms certain operations based upon its inputs, the specifics
of ¢ wgikch wi || be described below with reference to figures 2-14 generating
inforgmtion'in the nature of control signals to enable a graphics subsystem
to performarbitrary quadrilateral rendering with clipping and bl ock inmage
transfers (BLITs) with clipping. Thus, the present invention is directed to
specific circuitry within coordi nate staging section 15. |nplenentation of
the various timng and control signals needed Tor the proper operation of

t he foregoi ng functional bl ocks conprising a video display subsystem are
wel | known to persondbgidasy laading methask trelative, ishusesk to allow the b just

descri bed herein_ex ep as.Aecess for per r st andi,n f the

i nventi on. Refer™P ?5? rfﬁfﬁ }%w Bﬁ%@ﬂ SB?RL#?%?EX‘M@ mgB
coordinate st ag'nﬂ&nﬁé‘&tdeW‘ cbordifate Vatke. GRofls tabé a5 CPY 44 lﬂfé‘d Ueia 12 offser
conpri ses adder 31, l|oadi.-ng control state machine 33, mul t| pl exer 35,
coordi nate regi dseadled7to ¢he [previousiynlvaded agosdinate B&fore dewing lolidmgtmto one

registers 41, index logic, 43, test w ndow control |ogjc 45, conparison
| ogi ¢ and resul t°fs{"(9f%1g§8’:§‘)°’s -cORPg.r3-0is inderm is grsed to Edeﬂﬂéhl‘h% lags cogrdinate

status gener atl qudgg fochs BROCKS) SEOH B 60 dEachl? Yo, Hhd enyifies

present inventi on, e Scription e nmanner

represented fol |Mhtﬁgﬁtéi‘ bl repidftes iead cionbe Qoaddd asTiRN e ixﬂienbd abadihg
present invention is inplenmented. XY pairs of vertices represent video

di spl-ay coordi naa8e. 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 reg $he'end redul2tte OPU B ek o BhotsE’ R 108! M drdiflatd S

are nore than

registers in any manner supported. When the operation, either a
quadrilateral rendering or BLIT, is actually requested (after the
coordinates have already been loaded) th_e current state of the four
vertices are utilized directly without regard 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 control buses to a central processing unit (not shown).
'The functional components of the graphics subsystem are data path and
memory interface 13, coordinate staging section 15, coordinate sequencing
section 17, functional addressing 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 2 memory which stores graphical information to be
dnsplayed on a video display such as a CRT. That is, data which is loaded

into the frame buffer is accessed by video circuitry which converts the



adequate to store the | argest screen coordinate (i-.e., up to 65535 or :
-32768 to +32767), 32 bits of information are stored because it is the data
type nost preval ent in graphics software and provides a | arge,enough
range to handle nost real life objects which may span areas nuch | arger
than the video display. Quadrilateral objects are represented as -

conbi nations of four pairs of vertices ([err]), ([err]),([err]) and
([err]). If an object is a point, then all four pairs of vertices are the
sanme or three points repeated. If an object is a line, then two of the four.
(or--three of the four) pairs of vertices are replicated. If an object is a
triangle, then one pair of vertices out of e four pairs is replicated. If
an object is a quadrilateral then all four™Pairs are distinct. Objects
(i.e., point, line, tri a.n(igl e_or jquadrilateral) are nost -e'f,f'i.p.i_q?n |y, defi ned
usi ng the nidatmAe apprepsiate;eleqtrictlcsigpals; whichs cin fumy yturn, ipdividual pixelsef i ne
the object, i. 8., L RRILNL ok, feOr | 4.0 frnrd : Lig - 3, for
a quadril at e?faﬁ‘e- v&_ﬁér%s o? %“-r“é'ét%{rf@ 'gﬂe dfib(egr[?{?(%)sblu%éﬁ%%ﬁncér%?w st a bl ock

i mge transfgpdifidd by aRRkagesdtation tklodle Flemhdr likear aldress Hgenkrutor 23Y

regi sters have the following interpretation and are |oaded accordingly: XO
- X coor di ndeased oupomp rrocessing psrioamed by oosdinate stagirg seotion 15.coor di nat e
for upper left corner of the sour.ce ocke Xl .z X coprdinate faor .Lower :
ri ght comer ?ﬂorﬁﬁ‘é‘%(?ﬁflﬁ%"%{'%cﬁff:{'ﬂ H\‘F@o_gﬁl'&‘f'f?&a&ﬂ%ﬁﬁsg{éﬁﬁeg* “corner
of the sourcpyllmil afdressihgC 8@pei Rlalsd AbcotRpBihes e tpdtbR ofOthe Rfipping
destination block. Y2 - Y coordinate for upper left corner of the -
desti nati on ihécessary to fit particular graphic objects to the clip window in which they

are to be 'dis'playé'd. and then 'tra_nsfers” the signals to mask generation
stage 21 which arranges the information into sixteen pixel portions that
traverée from the_ Begix_mfng to the end Qf the visible object. fér each scan.
line and are used for addressing the data path and memory interface stage

13.

The mask generation signals are also .f.tllrni'shed to linear address
.generatbr 23 _whiéh translates the addresses provided by the mask
generatioh stage 21 into si'gnals for litiéa_rly ‘addressing the frame buffer
for transfer to the output'. display. - "
Tﬁe present invention is directed to circu'iiry in coordinafe staging block
15 which perfoniis certain operations based upon its inputs., the specifics U

of which will be described below with reference to figures 214 génerating



X3 - X coordinate for lower right coer of the destination block. Y3 - Y
coordinate for |lower right coner of the destination block. Inmages to be
drsgrayed on a display such as a CRT are forned as discrete pixels which
aresored in a random access nenory (RAM known as a frame buffer in one
or nore planés (or bits), the nunber of planes typically being eight for a
color system Data stored in the franme buffer is addressed by a pair of
coordinates, X and Y, where an XY pair identifies a particular pixel in al
pl anes, X being the row and Y being the €Grunn A pixel is defined by a

i ol ayed pi xoREnARPR 8, By, of, Fodtt, lehalsr 1 bl ciaphigS pbeystem

manner, one bi 0 r&ifetint r
W th the r emai ?u %@%’%ﬁf‘f@sg&‘f%f*@l t he co%or of g’%gld&t xaga 9{)br&aumlée

ei ght pixel’s camankfersi(BLITs) witciclippinge (ius; theiipréseot dnwdntioneisc directedbiei ng
the sanme as the bagkground col of the displa totur the pi xel off. The
present invent PB?F‘&FeS“?PHF‘WI W‘&W‘l"@é” ‘Hﬁqeeﬁé Fét PB‘PPQSH‘ Poadi ng control
state machi ne 33 which controls the operation of an index register in index
logic 43. In this Cﬂﬂﬁﬁﬁ{ehimmn""of rhhéeﬁiﬁﬁis hﬂnh?earﬁi ré%htrBlJ Egrald 3leedbd TP
shown in Figure 2, their operation and inplenentation will be described
only in such débaiproper obperationsefithe fforegalqg( dimnonaljdﬂmlandomgnsxhgthendeo
present inventigon., Adder 31 and 35 Adder 31 is ﬂ,ﬁd 2-bit 2's

conpl enent bi n&isplay subsysiem nare; Welli kpewn to,perspns Bg’( ni% B¢ AL ANt er f ace

logi-c 11 which thé&iREdre S Wifl not bt4described herein except as necessary for a proper

N ' understanding of the invention.

Referring now to figure 2, a block overview diagram of coordinate
staging section 15 is shoivn. Coordinate staging section 15 comprises adder
31, loading control state machine 33, multiplexer '35,‘ XY coordinate
registers 37, clip coordinate registers 39, raster 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.

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 present invention is

implemented.

XY pairs of vertices represent video display coordinates. 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. Although 16 bits are more than
 adequate to store the largest screen coordinate (i.e., up to 65535 or -32768

to +32767), 32 bits of information are stored because it is the data type



incoming data fromthe CPU and an input from MJX 35 which is a nultiplexer
which selects one of a set of inputs from.raster offset registers 47, XY
coordinate registers 37, or clip coordinate registers 39. The input from

MJUX 35 is selected by signals generated by |oading control state machi ne 33
as described bel ow. The details of adder 31 and nultiplexor 35 will nom1be¥§f
described with reference to Figure 3. In Figure 3, adder 31 is shown as a

16 bit adder. In this connection, althoudf a 32 bit adder coul d be used
since Datain in the preferred enbodinent is 32 bits, in order to save space
on the integrenost! prsevaleat: in rgraphics sofitwarevand ipsovides ianjdrgeeenomghanangei tce

timng requirgmepts of the pipeline utilized by the present invention are
satisfied by g‘?%'??gpr%édﬁ*‘tp Hbl"FEﬁ PeRiED, o H‘[ﬂ‘ngn"W Iaggeryithan they ¢ o
a 16 bit adde{,ide;hca&gyl{ier ences for utilizing a 32 bit adder will be

apparent to those ski'lled in the art and, therefore, will not be described.

Miul tiplexor 35 is actually a pair of nultiplexors _35a and 35b and a third
mul tipl exor 36 whiQuadrilatesaldobjectsnpee represéntgéh an dembinations\wobh fder phérsbof s

f Datai n. Multi pl 5 d, 3 ' - he, hi ( d | der
O DR NP 5% 05 SO0 T CRASe P A S bl hET
(sign extendegytfy, 3o ?@i vierBs r_ﬁ%tﬁ{g Sirhe dr & %ﬁ{t?ré%é%t&ﬂurltegnbl't

i nputs from coordi nate regrsters 37 and-two 16°bit.inputs (sign

extended to 33bject 39 af line) tHehptwan of tha afoar r(egithieerst M. folldy paits ft verticesn
mul ti pl exors 35a and 35b are conbined to formthe signal DataCQut (for .
provi di ng readreateplicatedo df ancobjeefi in artrianglee shem onp pairof vesticesr eutgpf she

L0 L0 2 gl R S, P B SRR A AR
otherwi se nul pteddsséinee. 400BRCAC ite.] Poirtl 1ine] dHiasgTe of uatlrlkRralP dte mba
' efficienfly 'defined;:'usin'g the minimurh number .of unique -veﬁices '
necessary to com_piet_ely' define the o_bject,'-i.é., -for.a; p_bim - 1, for a line - 2,
for a triangie -3, for a quadrilateral - 4 and for a rectangle - 2 (opposite

corners).

If a block image transfer (BLIT) operation is to ‘be performed, then
the four X/Y registers have the foliowiﬂg | interprétation and are loaded

accordingly:
X0 - X coordinate for upper le’ft #ofl;gr of the fburce block.
YO0 - Y coordinate lIfor 'uppgr left corner of the .'sm.u.'c_é' block.
X1 - X coordinate for lower right c&ner of the source block.
Y1 -Y coofdinaté for léﬁe.r.__right.:'.quer. of the source block.
X2 - X coordinate for upp'er left éé‘_n_ner of the destination block.

Y2 - Y coordinate for upper left comer of the destination block.

%



-15- output fromnmultiplexor 40 is one input to logic gate 42 which either
passes the 16 bit output fromnultiplexor 40 or passes 16 bits of zeros. In
this connection, zeros are forced by |ogic gate 42 whenever the bits of
Datwi'n are passed by nmultiplexor 36 for directly |oading (absol ute |oading)
into a register within raster offset registers 41, X/ Y coordinate registers
37, or clip coordinate registers 39. Also shown in Figure 3 are logic
circuits 44 and 46 which performthe follow ng function. Wien a | ow order
16-bit add is taking place, AND gate 44 h3§_its output forced to a | ow
providing a carry-in of a "0" to the adder 31. The carry out of this add is

saved 1n f11p {100 8. Mgooulibitt B obieh ridiRecier 5t 984 et e 10

to the carry in of adder 31 during the ad lon o upper Thi s
conbi nation provides a 2 cycle 32-bit add equivalent to a single cycle 32
bit add. The operat¥3n of caoriinatg for lawer right fcomerr efjitlss destindtion ¥Rsck.

coordinate registers 37, clip coordinate registers 39, test w ndow control

45 and i son lpdi t or age. 47 ar di.gated py | qadi

ontrol st ate maohiHihegs Wrbe bdved B W displey Sinca GRS ofimed it ats e

the aforesaid Hisofdte QiRélsDWRIS aked sipéd GhCa Tanddiat adcls MHgS(ﬁAW Row# @
(0}

pi pel ine. Thus, although not all control lines fromloading Contr state
machi ne 33 andag@vfieames bnffendn const ot anomecplanes 4&r hits), sthevaumbércof] platies s

of 1 oadi ng. conPRRTALG BFiDeSighf T6° $36olnh eisiar 1ot Sorshlcns e, Eamec R 7o
Feferring to Froirae P BIFIGr Rbrfinitcf 0% DL hER B XY by Benifis a
\\ertices of anpatticelar pixelbin dlleplanes, X being the row and Y being the column. A

pixef is defined by a single bit from each plane. Thus, if eight 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 bits specifying the color 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 loading
control state machine 33 which controls the operation of an index register
in index logic 43. In this connection, with respect to the other functional

- blocks shown in Figure 2, their operation and implementation will be
described only in such detail as is necessary for a proper understanding of

the present invention.

" Adder 31 and MUX 35

~ Adder 31 is a 16 or 32-bit 2's complement binary adder having two

inputs, namely Dataln from bus interface logic 11 which represents



-16- One 16-bit register is used to store the upper 16 bits of "each X .
coordi nate-- and another 16-bit register is used to the store the |ower-16
bits of each X coordinate. Simlarly, another 16-bit register hol-ds the
upper 16 bits of each Y coordinate and another 16-bit register holds the

| ower 16 bits of each Y coordinate. These registers are showmn in Figure 4
as - XOL representing the ower 16 bits of the [err] coordinate and XOU
representing upper 16 bits of the [err] cofdinate. Registers [err]
and[err] represent the | ower and upper 16 bits of the [err] coordinates

Upper 16" bi 1 iBpoibig pate; okO B CRU had dn R sy MPX 35TRRichca Do Yo Vo
etc. ”Ean the :ﬁ&uiy&:}ya&uﬁw §410¢t8 o o€ s6P 'oTemPARTE#dEn ThOSE Tftiet 3] fsters

i.e., - Each pair of registers, (XOLYQL)-(X3LY3L) are
coupl ed t@ nﬂ tXﬂl ecoordipater reg:stets 37.eonsm]b cw:ﬂuiau:tregastehsr39t héThe input

correspondi & egj ster exa| , rs X and Y are
coupled to mJI from, @iié{ 9%1'5 s&?ﬁf by i‘g &1?‘5 (FORHPH Stale
generates a SI&%M?QSdh g{bgdrryéﬁ,hpl exer 6la to sel ect the input from.

regi ster XOL or depen ng upon the whether. the X coordinates are to
be operated upon or the Y coordinates are to be operated upon. Each of
mul ti pl exers 62a afie6@étails dfaadded 34 andpuidtiplexor 86 ewilh mowrehendescribed

respectively for dagta from | St rs (X1L, (X3L, Y3L) The out puts

from mul tipl ex¥ith ‘8&'&"“"845’ qu'('f) :ﬁu l?'at é E aﬂl‘ﬁes Hgs bt om

mul ti pl exers 4 , S [ r t o | ocks

67, 69, 71, aﬁ%ﬁ?g bhgaflggp%%%d %ﬁdugﬂsgas?gﬂleta o‘fyﬁam I‘CUI §/"°§/h ch

checks the upPstaliB-ihi the preferral eatbodimentdis32>bils, Cinobsftienagoe s space ofl |
pre P

zeros or all ones, Sixteen of the bits come fromthe
the integrated cxrcmt in which the. invention is implemented and since

timing requirements of the .plpelme_ utilized by the present invention are
satisfied by a two step add, the following 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 mot be described. |

Multiplexor 35 .is actnailly a p_ain:'”:of mliltipléxors- 35a and 35b and a
third multiplexor 36 which is used 'tb 'input the high order and low order
16 bits from Dataln. Multiplexor 35a ‘and 35b receive the high order and
low order 16 bits respectively from seven 32 bit inputs as follows: one 16
bit input (sign extended to 32-bits) from 'ras_t_et offset registers 41, four 32 W
bit inputs from X/Y coordinate registers 37 and two 16 bit 'ix.nputs (sign
extended to 32-bits) from 'cli'p coordinate registers 39. The outputs from
multiplexors 35a and 35b are combined to form the signal DataOut (for
providing read access to these register values to the CPU) and are also
input to a third multiplexor 40 which passes the output ffom multiplexor
35a whenev_er the high order bits from Xo.-X3 or Y0-Y3 are being accessed;

otherwise multiplexor 40 selects the output from multiplexor 35b. The



-17- registers (XOU, YOU)-(X3U, Y3U) with the seventeenth and eighteenth bits
comng fromthe high order two bits of the corresponding register in the
groupiag (XOLYOL- X3LY3L). The seventeenth and eighteenth bit input is not
showwin Fi gur.e 4 to avoid unnecessarily cluttering the figure. The
register pairs (XOUYQU)-(X3UY3U) are input into nultiplexers 75-78
respectively which select either the X coordinate or Y coordinate in the
same manner as mul tiplexer pairs 6la, 61b- 65, 64b. The outputs from

mul tiplexers 75-78 go to nmultiplexer 35a. One of the 4-bits output from
each of |ogic bpeent feom mpultiplexercAQ ds ane inputhte logiergal® 42 whicl either

di i | | : "ot her wi h of th
oL ToPPadnd ! ket Hhe el bf); puebi{ Ao miliipices e O pasaess 16 Fligof zefp, In
status gener at i giis lcofihéctivh, Zeros ake® Fo/ted By 16311 $dt€'42 Ihehbi _ml\aﬂ%ﬂ&we

I pM n,

registers, as shown in Firgure 5 conprises four registers, X
Xd i pMax, Yd i pRetaln veae passed Sby) iplezoex36 Jos direcslyb Jomiing AntisdiGie. .Iokding)

val ues XdipM n, XC ipMx, YC.ipM YCLi pMax, . whi ch stor,ed in the

af or esai d 7 egi sintg a #Fﬁ{?hg%'ﬂsﬁ@%ﬁ’ggﬁéﬂﬁ'ﬁéﬂ% &‘? i fieordipate segisters
right, top and gptoPelipf cddiBinate’ kpilstets 991 i A&o\%ﬂ&%ﬁw-inﬁhgaﬁ YpreCRoglt! Circuits
generated by the CPU and are input to adder 31 which adds 0 to thege val ues

for |oadi ng t he44 aaidsd6r which ppaform thel folloaving a@hction.n Whed & Goivp bider ab6-bit
descri bed above, | ti,nl exqrs 8 nd, 8 on the one hand,, and nul tiplexors
81b and 83b on ?'_ﬁ‘y{f)t' & é@?“éc&_ﬁ@ﬁvﬁﬁ l?fﬁo‘%(&f‘ﬂ’b\%bé%’# ‘?CPid'HM _R"é‘ﬁ g8
YQ i pMax, depengamg-1RofC8 ™0 Qo thelitRies 310N qMHR! Yul QTANRI add 15 'saved it ifAp
machi ne 33 and conpari son control state machine 49 respectively. The val ues

fx.om mul ti pl exoflop-4fka Ehedoutput of flipcflop 46 isugated byx ANI3 Rate 4 to theccarny ires .

_f rom mul tipl eXObt a%gr a.ﬂd 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 operation of adder 31, raster offset registers 41, X/Y coordinate
registers 37, clip coordinate registers 39, test window control 45 and
comparison logic and result stoiage_ 47 are coordinated by loading control
_state machine 33 and comparison logic state machine 49 which causeé the
aforesaid functional blocks to operate so that the data is flowing in a
pipeline. Thus, althoﬁgﬁ hot all control lines from idading control state
machine 33 and comparison 'logic state machine 49 are shown, the details
will be readily appate.nl' to those skiﬂéd .'in the art from the description of
loading control state machirie 33 and comparison | logic state machine 49

below.
" XIY_Coordinate_Regist 37

XY coordinate registers 37 is, referring to Figure 4, a set of 16-bit
registers which store the X0,Y0)-(X3,Y3) vertices of an objec'i to be drawn.



83b are sent to conparison logic and result storage 47 and test w ndow .
control 45. Raster O fset Registers 41 Raster offset registers 41, as shown
in Figure 6 conprises two registers, XRasOf, YRasO f, and mult, pl exor 53.
The val ues XRasO'f and YRasOff, which are stored in the aforesaid [egisters *
with the sanme nanme, respectively define the X and Y offset to be added ¥:
(when desired) to Datain before storage into each of the four sets of XY
coordinates in X/ Y coordinate registers 37. These val ues are generated by
the CPU for storage in XRasOf and YRasOif. Multiplexor 53 .selects XRasOff
or. YRasO f depending on control signal's generated by | oading control state

machi ne 33. The_val ue ,sel ected, by nultipl-exor i S sent mul ti.pl exor 35.
Test W ndo@ReoNGI TORISPEdE WA R FOBR e mPRY AP bl 3, Sk BC BRIy {1
reference oy idiind: 16-blefegiilbl 4L SHENRoMA MM Tow &5 18\ Bits A edcRisK 1Val
which offset a predeterm ned distance, i.e. nunber of pixels, above and

bel ow (for coefdinafel ) Similatly, tanether g16-bitnrkgistér holdsr thecuppef (1 bits tdfe
currently active clipping window That is, for _a_given w ndQ 8n a di splay,’

there is aeash 3hcqosdinpte,and anether, 16-bit; gegister holds the lowek)i18gbisofr cal -

cli i ndow, Tl nose o | Sacs t ' . | 41 , - Whenever it
i sI Be\r,:nef i c}lev_ﬂfh'!tv(; c%%f&é%ft@t hgh%%lagcgf'%?&tﬁg %%%\Ag?glg%rgc%%%g e the | \(;cat : on
. of obj ect s rgpregetitingotie Wwérh 6 Bitseof thewXgheavrdinats ainde XIORE repraspativg

w ndow. -19- The 4-bit values testXVal and testYVal -are stored in thé
4-bit upper 16 bits of the X0 coordinate. Registers X1L-X3L and X1U-X3U
| | represent thé lower and upper 16 bits of the X}1-X3 coordinates
reépecffully. Sixﬁﬂarly registers YOL-Y3L -and YOU-Y3U store the lower
and ﬁppei 16 bi_ts-of ‘the Y0-Y3 coordinates of the object. References to
XO,YO etfc.‘ ineah .the 32 bit value -stored in the corresponding register pair,
i.e., XOU,XOL and YOU,YOL. -

Each pair of registers, (XOL,YOL)-(X3L,Y3L) are coupled to a
multiplexer .pair which_'ire used to select eit_hér the corresponding X or Y
register. | For eiample. registers XOL and YOL are coupléd to multiplexers
61a and _615. Loading control state machine 33 generates a signal which
directs multiplexer 61a to selec_t' the ‘input -from register XOL or YOL --
| depending up.on the whet.h-e'i?"__thc X coordinates are to be operated upon or -
ihe Y coordinates are to be dpe_fated_ upon. Each of multipleiers 62a and u
- 62b - 64a and 64b operate in the same manner respectively for data from
register pairs (X1L,Y1L)-(X3L,Y3L). The outputs from multiplexers 61la-
64a go to multiplexer 35b, while the outputs from multiplexers 61b-64b

go to comparison logic and result storage 47.-
Blocks 67, 69, 71, and 73 labeled All 0's All 1's are each logic
circuitry which checks the upper 18-bits of its corresponding X,Y

coordinate pair for all zeros or all ones. Sixteen of the bits come from the



registers testX and testY respectively. Miltiplexer 91 selects one of the.
registers testX or testY dependi ng upon whether the X coordinates or the Y
caoor di-nat es ar€ bei ng operai ed upon as deternmined by the signal MJX Enabl e
genengt ed by the | oading control state machine 33. The output of :
mul tiplexer 91 is input into decrenentor 93 and increnmentor 95. Decrenentor
93 has as a second input the value XOipMn or YO ipMn and increnmentor 95
has as a second input the value XCOipMax or YO ipMax,. agai n dependi ng upon
whet her X or Y coordinates are being oper_"a?t'ed upon as determ ned by the '
si gnal -MJX Enabl e generated by the | oading control state machine 33. The
out put s gener at eegistersd €XOUEOUMNXIV, ¥i3U) | with cthensevententli [andbeightfeath diitst o

as XTestMn, YTestM n _and est Max,. YTest Max respectively. Decrenentor 93
creates the val GRRIBErLomy °a#?§l¥a\ﬁ'é’§’i e B’ﬁs ﬁbﬁa&?ﬁ'ﬁ’ﬁ?"!‘@% Ie8IStER IR Bs g

YO ipMn a valu Iss£d (t < ( . .
respectively. Sﬁ‘n‘ﬁ%ﬁ ;’k@ ?‘ﬁ%‘rj%njgﬁf’g?ﬂ '3 gﬁéﬁéén@%ghvéﬁtgs&%ﬂ \@i ‘3%‘6‘ 18
YTest Max by addngg shewxGni Figute a1 do \dvbid Manecessailycclatierihg ithe FigureseTheo
the (test-1) and (testY-1) power respectively. (i.e., 2(testX-1) or
2(testY-1)). Lozegister @ainsr O@EQ-QENJWBmmwmnmm muljiplexers | Hd8 ng

I hi 3 . | si | X Enable. ind
ond Regi ot o EnBEPECtTYslY, WG| @162 Gt g XOoduil 3y ¥ SoordRate i whF o
causes the vari ghife MbhhdY 8XOmiltipleXedSphirs 61a561b-6841686.¢" Thé Louthuts from

coordinate registers 37 and clip coordinate registers 39 to seléect their
respective X i npuldtiplexers 75478t go te multiplexexf 35&i cOneconfs e drbits phtpudrfrdm t o

sel ect one of the inpyts fromragter offset reqisters 41, X Y cogrdinate
regi sters 37 or W_'ﬁpgﬁé‘t“d lﬁgif%%iéé aee 8"} nﬁe‘iei‘g’l’&’slisn@se“ dtt r ol
si gnal - 20- corresponding register are all zeros or all ones, otherwise each of the 4-bits
P g Ieg
is zero. The four 4-bit outplits from blocks 67-73 are input into status

generation logic 51.
1i ordinate Registe

Clip coordinate registers, as shown in Figure 5 comprises four
régisters. XClipMin, XClipMax, YClipMin, YClipMax and multiplexors 81a,
81b, 83a and 83b. The values XClipMin, XClipMax, YClipMin, YClipMax,
which are stored in the aforesaid registers with the same name,
respectively define the left, right, top and bottom of the currently active
window. These values are generated by the CPU and are input to adder 31
which adds O to these values for loading the registers XClipMin, XClipMax,
YClipMin, and YClipMax as described above. Multiplexors 8la and 83a on
the one hand, and multiplexors 81b and 83b on the other, select XClipMin
and XClipMax or YClipMin and YClipMax, depending on control signals
generated by loading control state machine 33 and comparison control
state machine 49 respectively. The values from multiplexors 81a and 83a

are sent to multiplexor 35, while the values from multipiexors 81b and



whi ch causes an index register in index logic 43 to increnent by 1 between
for each of the values 0, 1 and 2, and if the value is 3, to reset to O
(modul o 4). Register Enable is a set of control signals, one for.each of
the registers in raster offset registers 41, X Y coordinate registers 37 .
and clip coordinate registers 39, enabling each such regi ster to | oad theki
16 bit value on the line fromadder 31. The operation of |oad control state
machi ne 33 and index logic 43 will now be described by way of an exanple
fromwhich the inplenentation details should be apparent. As noted above,

@

images to be drawn are defined as being nmade of one or nore objects having -

four pairs of vertices, ([err]) - ([err]). bjects may be points, |ines,
triangles, rectangles or quadrilateral s-18or points, the four pairs of
vertices are identical For lines, there are only two pairs of ~unique

verti ces. ‘%iinﬂ%débﬁaﬁﬁﬂiéﬂ foglé\ehd' RUUIUBoRMER MOT A W8st Wirdow angl e

represents a speC| al case of "quadrilateral wherein there are only two
uni que X coogshitrelt 48. and t'wo uni que Y coordi nates (rectangles can be
defined by a pair of vertices defining .diagonally opposite corners). For

triangles, there onky fhree,pairs of unique vertices. The index val ue
specifies m&ﬂ#@ﬁ%ﬁ&ﬁ#&éﬁl e based upon the type of object being.
defined. For proper operation, Y values precede X values. Except for
rectangl es, the iRgiger bEELS registefs umphemmwﬁduﬁfmgﬁretaecdﬁwﬂ&asew&ave been

‘l.oaded in the appros{rllﬁastﬂe re%ters For rectangles, the index register |s
i ncrenent ed eegistersb fé.nU Qff, and muktiplaxoz nﬁ‘él@t Yﬂihes FRasP padi ng
table .sets fs th
enabl ed for &%ﬁ&f\dﬂ?’ ¥2?°€ @4 ﬁt"f Efg sthf hsgg'enaﬁ%ed Y
registers mwsse&wafwm e X an@M¥bbEskt X0 Bglﬁcﬁﬂs(when desired) to
Dataln before storage into each of the four sets of XY coordmates in X/Y
coordmate reglsters 37. These values are generatedlby the CPU for storage
in XRasOff and YRasOff. Multiplexor 53 selects XRasOff or YRasOff
depending on control signals generated by loading control state machine

' 33, The value selected by multiplexor 53 is sent to multiplexor 35.
" Test window control 45 will now be described with reference to

Figure 7. The CPU generates the values testXVal and testYVal which offset

a predetermined distance, i.e. number of pixe_ls. above and below (for V
testYVil) -and to the right and left (for testXVal) of the currently active
clipping window. That is, for a given window on a display, there is a AX |
and AY which define a test window surrounding the real clip window. The o
purpose of -this. test window is to ellmmate, whenever ‘it is beneficial to do

50, th_e need for the hardware to calculate the llocauon of objects or

portions of the objects which are outside the clipping window.



TABLE | Index Value At Time OF Load Object Type O 1

2 3 poi nt X0, X1, X2, X3 X1, X2, X3, X0 X2, X3, X0, X

X3, %0, X1, X2 | i ne X0, X1, X2 X1, X2, X3 X2, X3, XO X3, X0, X1
quawrilateral X0 : X X2 X3 rectangl e

X0, X1 X1, X2 X2, X3 X3, X0 An inportant point that
can be seen in Table | is that the coordiygqte pointed to by the index
register is always witten. The type of wite (point, line, triangle, etc.)

I-ngi cat es how manyrf bﬁﬁﬂueﬂhﬁi qgﬂtﬁt\ﬁﬁ Sﬁ:ﬁ%ﬂ’?nﬂn&”s&m?l 50 aRE A% L L en.

For exanple, if the index is the tine a l I S recelved,

then three regegisters testXl aind tutm tesppclimlyJ y MiiltipleXer 911 seletuome ofahd ( X2
+ 2) nodulo 4 or, X2, X3_and X0. A quadrilateral wite to Y would only
affect Y2.' ExA¢BIstets testXpor destY; F’FP'é‘,dHF!aPR‘”c‘ hehethee the X roopdinates rergthe &

when definingg t t [ ded
wite operati oﬁ 'Ehg& naex reﬁlél%g?@éaﬁ}g' E?aﬁmé'gﬁhgg ?’ﬁ tﬁ? Jlg'?ar%gﬂ%:lg%t r ol
stat e machi ne Enablgogerneratede by ohei logding thtrelostatt eichinec@3St Ghe, ohtpat 6T ues
stored in the coordinate registers affer the wite, and the index val ue

after the wifan B?H*G‘C%C'Fumgt intee desrampnter; 93, and hincgpmentor #dvands ar e
Pnt X PntY t
TEX and Tri v ostaibioh D35 bl Hod inplf b Titde, REipMin B ¥ oM 2fa

write, and Re(iﬁefemedtoRE% Y:aﬁcu‘s a secaidibiput thei vadue XCHpMax . orTWClipMarg |

wite operation jdentifjed by each wite coomand is actually a nulti-clock
cycle  -22- aswr depending qu thez X phe¥| goprdinates are; heing aperaisdeypon

C/hough,_ the a5 determined by the signal MUX Enable generated by the loading control
state machine 33. The outputs generated by decrementor 93 and
incrementor 95 will be referred to as XTestMin, YTestMin and XTestMax,
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,
incrementor 93 creates the values XTestMax and YTestMax by addmg to
XChpMax and YClipMax a value equal to 2 raised to the (testX-1) and

(testY-1) power respectively. (i.e., 2(testX-1) or 2(testY-1)),
\.J . | ‘Loading 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 registers 41,
X/Y coordinate registers 37 and clip coordinate registers 39 to select their
respective X inputs or Y inputs; a second of which causes mu_ltiplexor 35 to

select one of the inputs from raster offset registers 41, X/Y coordinate

registers 37 or clip coordinate registers 39. Index is a single control signal



execution tinme of the command is of no relevance. As a neans of clarifying )
the interpretation of these exanples, the first one will be described. From
this description the interpretation of Exanples 2 and 3 should be readily
apparent. At the tinme the Pnt Y(6) command is received, all coordinate-

regi sters contain the value "0" and the index is equal to "1". The PntY(6) K
command says that a point of value 6 should be |oaded into the Y coordinate
registers. Since the index is a 1, Table | indicates that the incom ng

val.ue (6) should be stored into Y1, Y2, Y3 &god YO. The next conmand _
received, PntX(3), then says to Ioad the point 3 into X1, X2, X3 and X0. As
I's the case af a t iﬂl‘i'&i’n ngr d
(rmodul o 4) at %v gcheh%judggdﬁﬁgﬁldm% t%eﬁitgtqg ﬁdﬁ‘e g%t 4%\/rhtlate come’r%tflgy g If‘e?@@érﬁ
LineY(9). The fardenchfof thehvaluko & 1i andz RrandTidthe vialusds 3aite sesdictol Oa(rhmlcof

9 into Y2, Y3 and YO. The final. wite _command, f or thls exanpl e is LineX(7).
Table | indi cafles 398@‘%5&?% Efa'l“? Qf sontrol gignals, ong for nBvﬂ‘f the Fegistenigex

donti Ty two- il eRdCRRREL ERpet 1, X < %P%‘gfviﬁﬁgﬁﬁédﬂ'{?’a%ﬁpr o

Geonet ri cal |y, cédtiifnateé régrlstei‘@ 39, {hablifif OéathSsith fegist®? 18Nbad3theb16 it Waiue

I nt ended. -23- Exanple 1 SpeC| fying aline (3, 6) (7, 9) Index | ndex
Before  Afterocahedine from adder31.X2 X3 YO Y1 Y2 Y3 Wite. ~ Wite 0 0
0 O 0O 0 0 O 01 - 01 wite PntY(6) 0 O 0 O : 6.

(6)2 6 . 6. 01 The oS&raWoht of E)&tdxgéntrol?’sta?e n'igachﬁle 33 and6 rncﬁax ?ogrc 43 01

will now be described by way of an exar_nple from which the
implementatinn- details should be apparent. As nnte__d -above, images to be o
drawn are defined as being made of one or more objeers _haying four pairs
of verﬁc‘es,~ (X0.Y0) - (X3,Y3). Objects may be peints.___ lines,_ _triahgles,
- rectangles or qua&lrilaterals.' For points_.. the four parrs of vertices are
identical For lines, there are only two pairs of unique vertices. Four sided
'.anadrilateréls have four unique vertices. A _rectangle repreeenrs a special
" case of quadrilateral rvhjerein there are only two unique X coordinates ‘and
two unique Y coordinates (rectangles can be defined by a pnir of venicee
defining diagonally opposite corners). For triangles, there are only three
pairs of unique vertices. . - |
~ The .inden -..value. specifies. which' regisrers to enable based upon the o/
type of object bemg defined For proper operanon. Y values precede X
values. Except for rectangles. the index regxster is incremented after the X
values have been loaded in the appropnate regxsters For rectangles, the
index register 1s_._mcren_1_ented after both X and Y values. In this connection,
the following table sets forth for each type of object, the X registers which
are enabled for each index register valne, Although not shown, the

enabled Y registers would correspond to the enabled X -registers.



wite LineY(9) 3 3 3 3 9 6 9 9 02 02 wite LinexX(7)

7 3 7 7 ) 9 6 9 9 02 03 Exanple 2 Specifying a
triangle (1,5) (9,3) (4,6) |ndex | ndex Before Aft er Conmand X0
XL XEX3 YO YL Y2 Y3 Wite Wite 7 3 7 7 9 6 9 9
03 03 wite TriY(5) 7 3 7 7 5 6 95 03

03 wite TriX(1) 1 3 7 1 5 6 9 5 03 00 wite
Triv(3) 1 3 7 1 3 3 9 5 00 00 wite TriX(9) 9 9
7 1 3 3 9 5 00 O1-M-<te TriY(6) 9 9 7 1 -3
66 5 01 01 wite TriX(4) 4 1 3 6 6 5 01
0 2 Exanple 3 Specifying a Rectangle. (0, ?M l7) (8,1) (0,1) Index | ndex
Before After Command X0 X1 X2 X3 YO YL Y2 Y3 Wite Wite 9
4 4 1 3 6 6 5 02 Index Valueht Time OfRbead(1) 9 4 4 1

3 6 1 1 QObject Type 0Owite RectXlo) 0 4 4 2 33 1 1
03 Opaintt e ReHOXFX2X3 4 NIX2X3X0 7X2X3X0XL X3%0X1X2 0

1 wite Rect X(lide0O 8 8 X0X1X2 7 X1,X2X3 1 0 X42X3X0 0R3,X0,%124-
Al t hough in expigdrilaterdlne X0dex regist&1is arbitrarK2y 1 when XBe first

coordi nate is reetdigled, t lpgoX1dex regi X1ex2i n i ndex Xp¥ic 43 nay3 Xo
initialized based upon a val ue placed on Datain if instructed by the CPU.

An important point that can be seen in Table I is that the coordinate
N\ pointed to by the index register is always. written. The type of write
(point, line, triangle, etc.) indicates how many subsequent registers
(modulo 4) will also be written. For example, if the index is 2, at the time
a line X write is received, then three fégistérs will be written, namely X2,
(X2 + 1) modulo 4 and (X2 + 2) modulé 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
defining 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 loadihg of the coordinate registers, the values
/ stored in the coordinate registers after the write, and the index value after

the wﬁté cyéle concludes. The mnemonics for the write commands are
PntX or PntY to indicate a point write, LineX or LineY for a line write, TriX
and TriY for a triangle write, QuadX and QuadY fér a quadrilateral write,
and RectX and RectY for a rectangle write operation. The actual write

operation .identified by each write command is actually a multi-clock cyble



(I't is worth noting, however, that proper operation of this invention is
totally independent of the initial value of the index register when a

| oadi ng sequence is initiated.). It is also assuned in this exanpl-e that _
XRasOF f and YRasOf contain the value 0 so as not to obscure the operation®;

k4

of this circuitry. Loading control state machine 33 in conjunction with i
conparison |logic state machine 49 controls a pipelining scheme which in
addition to | oading the various registers described above, also controls

the selection of registers and correspondgpg nmultipl exors necessary for

the proper operation of conparison_|ogic and result storage 47 and status
gener ati on | og@Reration agqwili cheadpscribgdelater: Forgthese examplesothowghy ithe t he

raster offset capahility ofe t,he t.inyentign, it is necessary to force
the addition o “6"? omi‘ﬁeofi ht‘oﬁ?ﬁ’gﬁ‘g‘gt? f%rnos g?%’é‘?‘i nto the X and Y
coordinate registers prior to performing the conparisons performed by’
conparison | ogi c axk mefiéahs Sifocheifyihg. thenidteipsetation coft tize éxunplel( fheabl e,
and Regi ster Enable control signals generated by |oading control state

machi ne 33 andfitsbroner milinbe sigiseribedy: cFrom tthise dessriptipnythe, interprefatien of om

the timng seqyence tabl e sgt for in Fi.gure 9 and the follow ng Iist _'
showi ng t he o(rqg@?m sf#df'gzgi ﬁ%"“ﬂéﬁ%fﬁ%‘i}gbfpgw | nate stagi ng section 15
for each entered Y coordinate. 1. Receive Y coordinate on Datain - 25-
2. Add the | ow orxiethel inke tthe FntYi(6) commanddisY received, ndll cobedinale registers

YRasOf f (1l ower 16-bits) or bB) =~ the low order 16 bits of YOL-Y3L pointed to

by (index-1) osongjin the' value and the index is equal to 1. The PntY(6) command
says that a point of value 6 should be loaded int_b the Y coordinaie
regis;ers. Since the index is a 1, 'I_‘_a.ble'll indiéatc§ that the incoming value
(6) should be stored into Y.l, Y2, Y3 and YO. .Tt.n_e next command received,
PntX(3), then s_ayS io load the point 3 into X1, X2, X3 and X0. As is the case
after all indexed X coordinate writes, ihe, index is increméntéd '"(modulo 4)
at the end of the write cycle. The next wfit§ command is a LineY(9). The
index for this load is 2 and Table 1 indicates the loading of 9 into Y2, Y3
and YO. The final write command for this example is LineX(7). Table 1
indicates the loading of 7 into X2, X3 and XO after which the index register
is again incremented. The final state of the coordinate registers identify

two unique vertices (3 vertices at (7, 9) and one at (3, 6)). Geometrically, '

-

“

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



3. Add the high order 16 bits of the received Y coordinate to: a) YRasOf
(SI gn extended upper 16-bits) or b) the high order 16 bits of YOH Y3H
poi nted to by (index-1) or ¢) .0's and conpare the result of step 2
to tae othér Y coordinates 4. Conpare the result of step 2 to YO ipMn,
YTest M n, Yd'i pMax, and YTest Max and exam ne 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 choices a), b) or c¢c) are made as follows. For non-relative wites to an
i ndexed register (PNT, LINE, TR, QUAD, -RECT).choice a) is selected. For a
relative wite to an |ndexed reg| ster (RELPNT,” RELLINE, RELTRI, RELQUAD,
RELRECT) choi Cegxamgié pg#,gﬁ'fﬁg aMlihe (816} (wrg? es sel ect choice c). The
| oadi ng of an X coordi nate fol %ovvs the same flow Wth the foregoing
restrictions and definitions in mnd, and assum-ng that t he INHsX reghgéer
value in index logic 43 is '01' and registers (X0, Y0) - (X3, ¥3foreS After

. v

descri bed above w

sequence of events 0 Igpa Tegr gt eigs a I ne
havi ng endpoi nts rd na ren(3, 6) (7, 9) t
cl ock cycle O, th\(,a\,w}ﬁg \é}/t b Y(g 0( nd

1 Iaces th ue 6 orb taln'
causes the registe Gar 8 adl 3Ng CO tr s at ne
33 to contain a vaPMaRei e fn tat Ihe | nco i 0| nt
clock cycle 1 (andwlrg?e o) Fi re 3) 7 mul t or 36 |s |Q1 tructe to
select the |ow order 16 bits on Dataln and rrultlpl exors 35

-/ Example 2 Specifying a triangle (1,5) (9,3) (4,6)

Index Index
: ' Before After
Command X0 X1 X2 X3 YO Y! Y2 Y3 Write Write

: - 7 3 17 7 9 6 9 9 03 03

write TriY(5) 7 3 7 7 5 6 9 § 03 03

write 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 7 1 3 3 9 5 00 01

write TriY(6) 9 9 7 1 3 6 6 5 01 01

write TriX4) 9 4 4 1 3 6 6 5 01 02

Example 3 Specifying a Rectangle (0,7) (8,7) (8,1) (0,1)

./ o , : _ ' Index  Index
. : Before  After
— Command X0 X1 X2 X3 YO0 Y1 Y2 Y3 Write Write

- 9 4 4 1 3 6 6 § 02 02

write RectY(1l) 9 4 4 1 3 6 1 1 02 03

write RectX(0) 0 "4 4 0 3 6 1 1 03 00

write RectY(7) 0 4 4 0 7 7 1 1 00 01

write RectX(8) 0 8 8 o 7 7 1 1 01 - 02



(i.e., nultiplexors 35a and 35b) and 40 and logic gate 42 are instructed to
pass the lower 16 bits of YRasOf. Thus, during clock cycle 1, adder 31

adds the outputs fromnmultiplexor 36 and | ogic gate 42 and pl aces the g
result at its output. At the end of clock cycle 1, registers YOL-Y3L are %,
enabl ed and | oaded with the value fromadder 31, i.e., 6 representing the™

.low order bits of the value 6 that was on Datain. At clock cycle 2,

mul ti plexor 36 is instructed to select the high order 16 bits on Datain and
mul tipl exors 35 and 40 and | ogic gate 422&re instructed to pass the sign.
..extended upper 16 bits of YRasOf. Thus, during clock cycle 2, adder 31
~adds the out puts AnRough!lihi éxample ROtienindexgregiget ds 42bitratlilpl howebent hike
result at its output. At the end of clock cycle 2, registers YO4 Y3H are
enabl ed and Kisstdeobrdinate tis geceived theoindemcregistesyin dpdexjdegic 343 may dgcle 3,

the command w,ite PntX(3 | aces { he val e 3 al n n jihe
register add%?@ﬁf?fg&f‘gﬁ%“. 2 A Y80 %F%l o g%galﬂa hﬂnﬁguéggtb@ﬁcﬁeﬁgli;ﬁn' a

val ue i ndi Caghng WoRih nbfinghOWeVer, dhhe propénoperafibitof i CinvenédGl cycle
3, multiplexdr 36 is instrUcted to select the Toworder 16 bits on Datain
and mul ti pl exstaly lindependent afdtheoipitialy anlneq of dhe index megistes whepaadoading

i ?ﬁ;nﬁﬂ pl Ssenge, Jtaiasg s olife 80 Arianed b S, Exaciats foal XRBGH ¢
the val uo. 1 RHSHTE coHfe e VAR B B fide S u0EER, B Bplua b 0re e

val ue 3 that cimigl. Datain. At clock cycle 4, nultiplexor 36 is instructed
to select the high order 16 bits on Datain and multiplexors 35 and 40 and
| ogic gate 42 are_ingtructed to pass

XRasOf f. At - phoading cgontinl| gate mag g‘?ee %?gg‘ﬂ%t"fﬂq‘g‘e'gﬁf %ﬁ;c%‘?‘Bgﬁlig"s“ ° N
mul ti pl exor %9gi%naa4eoma%hﬂﬁt %9 controls a pipelining scheme which in addition to -
loading the various registers described above, also controls the selection of
registers . and corresponding multiplexors necessary for the proper |
operation of éomp_arison logic and result storage 47 and status generation
logic 51. ..Addit_iohally, when it is desired to not utilize the raster offset
capability of the present invention; it is necessary to force the addition of
0's to the incomihg data for storage into the X and Y coordinate registers
prior to performing the comparisons performed by cbmpérisoh logic and

result storage 47.

In this connection, the MUX Enable, and Register Enable control _ u
signals éenerated_ by loading control state machine 33 and comparison logic
state machine 49 may be ascertained from the timing sequence table set
forth in Figure 9 and the fqllowing list showing the order of processing

-performed by coordinate staging section 15 for each entered Y coordinate..

1. Receive Y coordinate on Dataln



42 and places the result at its output. During clock cycle 4, registers
XOH X3H are enabled and | oaded with the value fromthe output of adder 31,
and j-he index register is incremented. At clock cycle 5 the command wite
Li ne¥#9) places the value 9 on Datain, and causes the register address

i nput to-loading control state machine 33 to contain a value indicating
that the incomng data is a Y line.. At clock cycle 5, nultiplexor 36 is -
instructed to select the low order 16 bits on Datain and multipl exors 35
and 40 and logic gate 42 are instructed to pass the |lower 16 bits of
YRasOf-f. During clock cycle 5, adder 31 adds_gshe outputs from mul ti pl exor
36 and logic gate 42 and places the result at its output. At the end of
clock cycle 5, r@gistAdd tie UowYdtdenrtb bith ofr thecregbived Yinecbordimdezdtosi t h t he
value from adder 31, i. e. a)9 rYRasOffn(los@rtibiteyw order bits of the value 9
that was on Datain. Atofl @k Cihel Rwb ordét! 16 HiRXef Y.-YSL géihfédci@(i)yt @ndex-1)
sel ect the high order dp Rhts @4 Datain and nultiplexors 35 and 40 and

| ogic gate 42 are instructéd to pass the sign extended upper 16 bits of
YRasOFf. At clock cycle 6, adder 31 adds the outputs fromnultiplexor 36
and logic gate 42 and places the result at its output. During clock cycle
6, registers Y2H3.Y3HAddahyGiighrardemab| bits ofi ¢the gackivied\i¥ Icoptdinataltee from

t he output of adder 31. Am)cl o¥RasQffl {sign eitendedmoppetr W6itiis) Li neX(7) pl aces
t he value 7 on Dat ai n, oan®)cautheshigheorder)il$t bits addY8HsY3Hppoéinted todgi (index-1)
control state nmachine gg & coPlsain a val ue indicating that the incom ng

data i.s an X line. In gndike Wer&iﬁﬂ%f%% 236 @edothed Ycdordinates
eventually enabled to load the value 7 after which the index register is

Nngrenmented from2 to 3 as shown above. Loading X/ Y coordinate registers

for other objectq,folComparehthesRst PF Redp RAoSYOHPMIACYTeithEf, MTHpMax, and

Exanpl es for triangl egTestMakSand examine 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 choices 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 c¢). The loading of an X coordinate follows the same

flow.

- With the foregoing restrictions and 6efmitions in lmind, and assuming
that the index register value in index logic 43 is '01' and registers (X0,Y0) -
(X3,Y3). as described above with reference to Figure 4 are all O, the
'fOlloviring sequence of events takes place to load the registers so as to
define a line having endpoints whose X,Y coordinates are (3,6) (7,9) as in

Example 1.

At clock cycle 0, the command writ‘e PntY(6) places the value 6 on

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



and rectangles are given in exanples 2 and 3 above. In a sinilar manner,
quadrilateral objects are also |oaded. Raster offset registers 41 and clip
coordinate registers 39 are loaded in a simlar manner as XY coerdinate

regi sters 37 as descri bed above, however, logic gate 42 is instructed to .

force Os for each add cycle. (i.e. absolute |oading) The present
invention, by use of the index register in index |ogic 43 also perforns
rel ative addressing which provides an eféd ci ent nechani sm for displaying
duplicates of objects. Relative addressing is best described by way of an

-exanpl e as fghligine 33The dokifaie a/ GakeCindicating fhat 4 liscomingbdatdeiki aeyl as
([err]), ([err]) and ([err]). To duplicate this object 50 tines at
d.fferePt xlv qmini.g_rgst olockheycd¢ dpland, rﬁfsnmmtm%nnei)esadﬁiyl%ré%i% 150
pairs o coordipates.. Using,relatjv dr essing. . on i s _defined
as the ori gi'l'Ps'("{'%‘Fa]-S", selget -flﬂ"g l%f@c%#&r :lrﬁ%l'tﬁi?'bl @%ﬂq eggv'i;"g'eﬁgee*%\e :3126

of fsets fr 0%2%@?@%&% 354 98, 38b)Cand YO hnd 18R fdte 4P a]glel Rhéwadted tBe

obj ect 50 t at needs to be stored are the two offset pairs and a
new [e{ rl }‘;)pas_e}?ﬁb ldwpi--lblcﬁabhs (of . YRasOfft yThits, ahuringr clgck cypleud, adderod¥ set
pairs total). This can be acconpl i shed [pn the_pr.esent jnvention by first
storing the addsgthe eptpuss fram Y tﬂﬁ?ﬁ@‘t éﬁ ‘F&q’ c fate Pﬁgi%lf"é'rs ééﬁ rs

within X'Y coordi e | St RE S g/ el i xgd | L. e.,
PntY, PntX) reﬁ\lg qq\?\%s Spﬁg“g’t égr 1 cggégr}gdsu s’c-ggl&eiral’t St oPg(c)iEIr‘yé lgtai%e to
the vertex pgidhi&f snd fbadedewithr thenvalval fiomohddére3indey 6empsdsentinglthe i s
acconpl i shed by sel'ecting the vertex pointed to by (index -1) to be added

to Datain prloov orderr bigs of dhe |valugi ﬁg}ha_tm@smMe.féﬁéﬂ?ﬂ‘dcwe(z'ndex -1) is

- 29- . .
multiplexor 36 is instructed to select the high order 16 bits on Dataln and

multiplexors 35 ahd 40 and logic_- gate 42 are instru_ct’é.d to. péss the sign
extended upper 16 bits of YRasOff. Thus, durmg ‘clock cycle 2, adder 31
adds the outputs from- multiplexor 36 and logic gate"4_2 and places the |
result at its output. At the end of clock cycle 2, registers YOH-Y3I_-1 are

- enabled and. loéded with the value from the output of adder 31. At cycle'
3, the command write PntX(3) places the value 3 on_'Datalln,_ and causes the
register address -input to loading control state machine ‘33 to contain a
value indicating that the incoming data is an X point. Also at clock cycle 3,
multiplexor 36 is instructed to seled the low order 16 bits on Dataln and
multiplexors 35 .and 40 and 'logi_c gate 42 are inStmbtéd'to pass the lower
16 bits of XRasOff. During clock cycle 3, adder 31 adds the outputs from
multiplexor 36 and logic gate 42 and pl'acés the result at its output. At the
‘end of clock cycle 3, registers XOL-X3L are enabled and loaded with the
value from adder 3.1., ie, 3 represénting the low_' order bits of the value 3
that was on Daﬂn. At clock cycle 4, multiplexor 36 is instructed tb select
the high ordér 16 bits on Dataln and muitiplgxors 35 and 40 and logic gate

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

N/



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 rel at'ive of fset applies. Comparison |ogic-and result storage

| ogi6y47 Conhparison logic and result storage logic 47 will now be described
with reference to Figures 7 and 8. Conparison |logic and result storage

| ogic 47 conprises multiplexors 101, 103, 105, 107 and 109 (see Figure 7),
and conparators 121-124, multiplexors 1315346 and regi sters R1-R44 (see
Figure 8). Reglsters R1-R44 store the resu ts of the operation of

conparators 121- as shown in ble I TABLE |1 RL XQ: X i )
R23 YO:YdipMn Y%‘Fe + fider 31"ads' the outputs &ONZH‘%!’}?’F% Bg: gnddogic gate

X0: Xd i pMax ) X .
R26 YO: YTest Max 4&53% -p els ptlt‘/f3 rebiP al s Q{,{p%/a D%é%}o%%% 4 I\ﬁeﬁlslggs X0H
X :XTestMn"®  X3H are enabled an®2daddd Wiels thé valie FomX¢he lﬂ\hlxut of adder 31,

R29 Yl : YO ipMax R8 Xl : XTest Max R30 Yl : YTest Max R9
X2: XA i pM n and the index registerzis inorementsdy n AR alock cyvies S the command

R32 Y2: YTest M n RI R33.,Y2: YCLIi
X2: XTest Max £5ie¥b) Ph{aﬁé4"’$2"’y"|‘8s? R Dataln, 38d cHuses, “ﬁ"'v%‘g‘s cr
R35 Y3: YA ipMn daafeﬁmﬁ% '\loﬂdmg control state maching383 Yt E’Jﬁﬁﬁi\ﬂanvmé
X3: XC i pMax 3:Yd i pl\/ax R16 X3: XTest Max

R38 'Y3: YTest Max ifdicatifg xiat the mcommg data is a Y line. R2@ ¢lock/kycle 5, multiplexor
) 36 is instructed to select the low order 16 bits on Dataln and multiplexors
35 and 40 and logic gate 42 are instructed to pass the lower 16 bits of

YRasbff. During clock cycle 5, adder 31 adds the outputs from muitiplexor
36 and 'logic gate 42 and places the result at its output. At the end of clock .
* cycle 5, registers Y2L, Y3L and YOL are enabled and loaded with the value
| from adder 31, i.e., 9 representing 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 Dataln and multiplexors 35 and 40 and logic gate 42
are instructed to pass the sign extended upper 16 bits of YRasOff. At clock
cycle 6, adder 31 adds the outputs from multiplexor 36 and logic gate 42
| and places the result at its output. During clock cycle 6, registers Y2H, Y3H
] and YOH are enabled and loaded 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 address input to loading control state
machine .33 to contain a value indicating that the incoming. data is an X
~ line. In a like manner registers X2L, X3L and XOL are eventually enabled
to load the value 7 after which the index register is incremented from 2 to
3 .as Showri abovg. Loading X/Y coordinate registers for other objects

follows the same pipeline scheme described above. Examples for triangles



-

R18 XO0: X2 R40 YO: Y2 R19 XO0. X3 -

R41 YO: Y3 R20 X1: X2 R42 Y1:Y2 -30- R2X1: X3

R43 Y1.Y3 R22 X2: X3 R44 Y2:Y3 In Table I, .excepting

for the conparisons involving XCipMn/Mx YO ipMn/Mx, XTestM n/Max, angd

YTest M n/ Max which store a one bit result, the indicated register stores -

two bit result of a conparison between the two indicated values. |If the

~value on the left of the colon is greagﬁr than the value to the rlght of
the colon, the binary value stored in e corresponding register is '10'

- if -the value on the left of the colon is less than the value to the rlght

- of the col orfnd; feetangles gre, given in sxamples 2nand § pboysondinng simglas treanes,
'01'; if th e t nary val ue stored in the
correspondl ﬁ%ﬁ?g%%(g%&efrébggﬁogwa*—%r l&%ﬁdp YA ipMn, XTestMn, and

YTestMn, if the coordi nate val-ue conpared |s less, a "1'.is stored

otherwi se, a '0' Rastestcffsst. rdgisterxmlp&hi( eﬁpdcb’ﬂdmiw)@egmﬁtwwe Yibggddvax

if the value conpared is greater. a. is stored, otherwise, a 0" is :
stored. The ipnptimilag 'ﬁﬁl"t“r'pi’% S "99@'“{‘931'381%8 lbﬁsadescllbsdaahpmr om X/ 'Y

O e o RS e mef T2 S o ki, o 00 R L

45, nanely )ﬁﬁsaldv&n]oa}jﬁe@tM n, XTest l\/ax and YTest Max. OF course, at any one
time, the inputs to nultiplexors 101, 103, 105, 107 and 109 are either X
val ues or Y valugg as .descyibed above, based upon a MJX Enabl e signal
gener at ed by conBE| RIssent oinvention,; By disgpefthe index register in index logic 43

also performs relative addressing which provides an- efflclent mechamsm_
“for dxsplaymg dupltcates of objects. Relatnve addressing is best descnbed '
'by way of an example as follows. The three vertices of a triangle may be
defined as (X0,Y0), (X1,Y 1) 'and:(Xz,Yz). _ To _duﬁ_licate this object 50 .tim__es
at different locations on the display, it wou'ld be net:essary to- stere 150
pairs of XY cooi"dinetes- Using relative addressmg. one vertex is defined as
the origin Xo0,Y0), and the second and thu'd vertices are defined as offsets
from the prevxous v_erte_:_t. -1.e.,_AX01.AY01. at_ld AX23,AY23, To duphcate the
object 50 times, all that needs to be stored ‘are the two offset pairs and a
new Xo YQ for each dupllcate (ie. fifty object ongms plus two offset pairs

total). o
. This can be accomphshed in the present mventxon by first storing the V

origin coordmate patr vertex in one of the reglster paxrs within X/Y

coordmate registers 37 u_smg an indexed loa_dmg s_tyle (i.e., PatY, PatX).

The two offset vertices are stnbs_equentljr stored relative to the vertex .

pointed to by tli_e _ennent ‘value ef the index Ire'.g'i'ster.- This"_'is accomplished

by selecting the vertex potnted to by (index -1) to be added to Dataln

prior to register loading. The vertex refereheed by (index -l')- is



Conparator 121 conpares mul ti pl exor 101 out put and nul tipl exor 109 output.
Simiarly, conparators 122-124 conpare nmultiplexor 103, 105 and 107 outputs
on the one hand and mul ti pl exor 109 output on the other. The outputs from
conpdr at. ors-121-124 are input to nultipl exors 131- 146 which direct the
appropriate data to registers R1L-R44 to be | oaded as follows. The output
fromconparator 121 is connected to nmultiplexors 131- 135, 139 and 143
which are used to load registers RlL, R2729R3, R4, R5,- R9, R13, Rl17, R18, and
R19, for X values and registers R23, R24, R25, R26, R27, R31, R35, R39,

R40, and R4l fgyarafitved 46Shave HeenN | GHI TS r=Taret |l e
1, A B, Cangger refer to co?&ar atdgragfltgii tﬁi?’ 1§ga§|n x%‘iz.4‘b§£aés)\éggﬁk\?§@p
The out put fr o thentype safowrite APNT, ddNE;cete] and iwltherpfm.otlﬁ: védex Tim 136,
137, 138, 140, a.ng &13 |ch %re useq‘sto | oad registers R2, R5, R6, R7, RS,
RI0, R14, R17, WS piive (Qffs &8s and registers R24, R27, R28, R29
R30, R32, R36, R39, R42 and R43 for Y values as shown in F| gure 8 and Tabl e
[11. The out putorhhdrisod il itSra 38 g to nultiplexors 133, 137,
139, 140, 142, ano are used to oad registers R3, R7, R9, RIO0,
R12, R15, R18, R20 _and R22 for X values and registers R25, R29, R31, R32, ,
R34, R37, R40, R42Comparisom lpgic and, seswls stosagen lngic 47 migun@wsbardgsqrébgde

[11. Th t ted t | tinl 134 138,
12 143, 14 Wit SSERGRELE Hiltend 7 ahd £ Combinon Lo aoflToeit vrai, 5
R13;" R4, Rl5jo %647 Rbfaprized . malipléoss f101, 03211085 l@?daﬁdaqg)gt @é@iﬁéﬁm R?’,O’

‘R34,- R35, R36, 7, R38, R41, R43 and R44’for Y values as
: and comparators 121-124, multiplexors 131-146 and registers R1-R44

(see Figure 8).
Registers R1-R44 store the results of the operation of comparators
121-124 as shown in Table I:
JABLE 1

'R1 X0:XClipMin R23 Y0:YClipMin

R2 X0:XTestMin R24 Y0O:YTestMin

R3 X0:XClipMax R25 Y0:YClipMax

R4 X0:XTestMax - R26 Y0:YTestMax

RS X1:XClipMin R27 Y1:YClipMin

R6 X1:XTestMin R28 Y1:YTestMin

R7 X1:XClipMax R29 Y1:YClipMax

R8 X1:XTestMax R30 Y1:YTestMax
\/ : R9 X2:XClipMin R31 Y2:YClipMin

R10 X2:XTestMin
R11 X2:XClipMax
R12 X2:XTestMax

R13 X3:XClipMin R35 Y3:YClipMin
R14 X3:XTestMin R36 Y3:YTestMin
R15 X3:XClipMax R37 Y3:YClipMax
R16 X3:XTestMax R38 Y3:YTestMax
R17 X0:X1 R39 YO:Y1
R18 X0:X2 R40 Y0:Y2
R19 X0:X3 R41 Y0:Y3

R42 Y1:Y2

- R20 X1:X2

R32 Y2:YTestMin
R33 Y2:YClipMax
R34 Y2:YTestMax



Figure 8 and Table I11. -32- The conpari sons done and stored are those
required by coordi nate sequencing block 17 and functional addressing bl ock
19-in order to properly execute supported operations (DRAW also known as

e

quadril ateral rendering, or BLIT) and perform proper clipping. Conpari.son %

Control State Machine 49 Conparison control state machine 49 is |ogic whi ch®¥
enabl es the various conparators, nultiplexors and registers in conparison
logic and result storage 47. A truth t abl.gof or absol ute | oadi ng of the
coordinate and cli ng registers by the corrparl son control state nmachi ne

49 is shown iR2 ta?éfgﬂl Il for-clock cycl esR3¥BYB with conparators 121-124
referenced. A R22 X2:X%3d D respectively. TaR44 Y2:¥3sets forth the out put of
each conparator 121-124 for each of the inputs XOL-X3L, XCOipMn, XdipMx,

XTest M n and XTest h. ' A ~the
out puts of nulti pliﬁg‘?‘gi 6*1 é’%ﬁgaﬂgg@}a@g ‘i@bﬁ %?A&?nglﬁgw’% ca)xgﬂgwﬁna‘ﬁ%f .
conparat or s 1¥iiiMin/Makh X hestNf/MEx, Cind YTRIMIgMakOWhidh Bebre P Wnei Bit0 the
ot her side. For cConsistency, it.is necessary to store the conparisons of

XOL to X1L, Xtdsultp the Lmdmatedz registeX3itozes ca | tvnoabiteresuhaof tah comphEisomay

around (e.g., X1L to XO. rot S reas t he ele re erse
i s yes(' '?he m’ﬁﬂtg‘eﬁ ‘E 1’1\"31'%31 24" 1% Ofc! rteggé‘l‘ﬁf‘scq s

handl ed by t h n r Py r

i ndi cat ed congara o?‘?hlg%t Igﬁleare deprg I‘f/f %ﬁ%ﬁ?o tﬁﬁq’l‘ﬁ%t éllu% Rg%'édqﬁle
i ndi cated nul thq)benespohﬂhglﬂfgxstihés r1QJhif the valwecomthe rlefit oft deciculont iscleds
bit..output fromthe indicated conparator in reverse bit order. Thus, the

ccolum | abel cthanc the yaluscta, the ’!8% of; then colep) dhe hinanyevajpsx %‘é‘leéc!“ FlF%e

corre$ponding reglster is '01'; if the two values are equal, the binary value
' stored in the correspondmg register is '00'. For XClipMin, YClipMin,
XTestMin, and YTestMm, if the coordinate value compared is less, a '1'is
stored, otherwise, a '0' is stored. For XClipMax and YClipMax, XTestMax,
YTestMax if the value compared is greater, a '1' is stored, otherwise, a'l is

stored.

The inputs to multiplexors 101, 103, 105, 107 and 109 are from X/Y
coordinate registers 37, namely XOL,YOL - X3L,Y3L, clip coordinate
registers 39, namely XCi_ipMin,YClipMin and XClipMax,YC'lipMax.and test
window control 45 nam:ely")ﬁ‘esthﬁn YTestMin, XTestMax and YTestMax
Of course, at any one nme, the inputs to multiplexors 101, 103 105 107 \J
and 109 are either X values or Y values as described above, based upon a,

"~ MUX Enable s;gnal-. geuerated by comparison control state machme 49.

Comparator 121 compares multiplexor 101 output and multiplexor
109 output. Similarly, comparators 122-124 compare multiplexor 103,
105 and 107 outputs on the one hand and multiplexor 109 output on the

other. The outputs from comparators 121-124 are input to multiplexors

\wr



i : _
nes for nultiplexors 131-146 for absol ute coordi nate -l oads. -33- TABLE
I

[ i

I 1 COVPARATOR COVPARI SON ~ REVERSE CYCLE WRITE TO XO B
XOL X1k~ ¥ YES 0 C XOL: X2L YES

0 D ~Ne XOL: X3L YES 0 A : XOL: XC'i pM n

YES B XOL: XTest M n YES 1C XOL: XC i pMax
YES 1D XOL: XTest Max YES 1 WRITE TO X1
A Xl L: XC]_ NO. =30~ C Xl L: X2L

YES 0 YES A Xl L: XA i Mn
YES - . 1139 -146 wh:cklguy\qtegllq\ﬂagpropnate data-¢p registers R1-R44 (to

XI LXC i pMax 1D X1L: XTest Max YES

1 WRITE TO X2 A loaded as follogs NO 0B .

X2L: X1L ND 0D X2L: X3L YES

3 Eé X2L: XCI | pihe output froﬂfEEomparator 121 i Bonnected tXZhultipleatdrs n131-

135 139 and 143 which are used to load regxsters R1, R2, R3, R4, RS, RY,
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 Figure 8 and Table 1I
below. In Table III, A, B, C,and D refer to comparators 121, 122, 123 and
124 respectively. |

/ A " The output from comparator 122 is cdn_nected to multiplexors 132,
135, 136, 137, 138, 140, and 144 which are used to load registérs .R2, RS,
R6, R7, R8, R10, R14, 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 llI

The output from comparator 123 is connected to multiplexors 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 - IIL

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,
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 IIL |



C X2L: Xd i pMax YES 1D X2L: XTest Max - -

YES - 1 WRITE TO X3 A X3L: XOL . NO 0
B : X3L: X1L NO 0C X3L. X2L '
0 A - X3L: XC'i pM n YES 1B X3L: XTest M n -
YES C X3L: XA i pMax YES D - X3L: XTest Max YES J“;f:‘
1 - 34- COVPARATOR COVPARI SON ' REVERSE CYCLE
~WRITE TO XC'i pM n A XC i pM n: XO4s- NO .0 B
XaipMn: XL NO 0C X i pM n: X2L '
+~NO The [Gomparisons d6nepbhd: @(&ed are those requiféd by coordinate - 0 A
XTest M n: XOL NO B XTestMn: XIL - =~
NO sequencmg block 17 and fynctiopal aﬂg[essmg block 19 igcprder to
XCI i pMax: Xogroper{vI execuLte s%orted opera NPons @R%W also ﬁ&@l%\,@?ﬂéﬁ*{t%x A
X X 0D
¥ CI | pl\/ax Xsiendermg Gor BLI'll\‘b andXpeifBif p?@br cllppmg _

'sn IC t. ine_4

Comparison control state machine 49 is legic which enables the
various comparators, multiplexors and registers in cbmpérison logic and

result sto'r.'a_ge' 47. A truth table for absolute loading of the coordinate and

clipping registers by the comparison control state machine 49 is shown in \.J :

Table III for clock cycles 0 and 1, with comparators 121-124 referenced A,
B, C and D respectively. Table III sets forth the output of each comparatos .
121-124 for each of the inputs XOL-X3L, XClipMin, XClipMax, XTestMin and
XTestMax. In this connection, although' Figure 8 shows that the outputs of
multiplexors 101, 103, 105 and 107 are input into one side of comparators.
121-124, with the output of comparator 109 being input into the other.
side. For consistency, it is necessary to store the comparisons of XOL to -
XIL, X1L to X2L and X2L to X3L etc., rather than the other way around
(e.g., XIL to XOL). For this reason, when the column labeled reverse is
"yes,” the outputs from compasators 121-124 are reversed. This is - .
handled by the right input of 'multip'lexots 131-146. The output from the ~/
indicated comparaters 121- 124'm directly input to the left side of the
indicated multxplexor 131 146. The right multiplexor input receive the 2
bit output from the mdlcated comparator in reverse bit order. Thus, the |

column labeled :everse becomes the truth table for the MUX select line

lines for multiplexors 131-146 for absolute coordinate loads. .



A XTest Maax: XOL . NO 1B

XTest Max: XI L NO 1C XTest Max: X2L
NO . 1D XTest Max: X3L NO 1
The ‘results of Table III are repeated in a simlar manner for YOL- Y3L,

YO ™M n, YOipMax, YTestMn and YTestMax. Figure 9 shows the relative
timngs of the signals on Datain, the register |oading performed by raster
of fset registers 41, XY coordinate regigfers 37, clip coordinate registers
39 and conparison logic and result storage 47. The conparison control state
machi ne supports the indexed | oading sctﬁgﬁ%@f evi ously di scussed
utilizing both the index register val ue +eted with a wite cycle and
Table I'V. Since the register pointed to by the index register value is

always written jrr ve lh?glls of i ndREVERSEite, thE€Y&HBropriate
Mux Enabl es fombggéggi@ 1@9 5 and 107 are selected by the conparison
control state ?o@gum ng a single register wite to that Ocoordl nat e.
For exanple, if a rgct angl e woLbeIL O -35- X W¥E® an index ofY3 is

recei ved, the conpani son IogvaxiL operate as i fYB explicit. Qrite to X3
was received and doDcorrparl S vs (XOL, X1L,YB®RL, XdipMm@ XdipMax,
XTest M n, XTestMax)as is requy! d| ff er encygEet ween an absol ute

| oadi ng of a regi st& and an g relativeygshdexed) | oadlis that in
the indexed case, mbre than é ate storaggeg egi ster in 17 may be
enabl ed to receive the conpa

{s and theyml tiplexor selects for
mul ti'pl exors 131-14® are gen rding to Tabl e |V instead of Table

[11. tn the previous exanple of a rectangle Xwite with an index of 3,

. WRITE TO X1 :

~ X1L:X0L NO 0
X1L:X2L YES
X1L:X3L YES -
X1L:XClipMin YES-
X1L:XTestMin - YB
X1L:XClipMax YES
X1L:XTestMax YES

vaw»oay»
— e OO

WRITE TO X2 .

X2L:X0L NO
X2L:X1L NO
X2L:X3L - YBS
X2L:XClipMin YES
X2L:XTestMin YES
X2L:XClipMax YES
X2L:XTestMax YES

vaAw»owy

WRITE TO X3

' X3L:X0L
X3L:XI1L
X3L:X2L

~ X3L:XClipMin
X3L:XTestMin
X3L:XClipMax
X3L:XTestMax

- e O OO

EEPLLEL

[



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 i ndi vi dual conparison results: (Rl7, R21), (R18, R22), (R1,, R13), (R2,
R14), (R3, R15), and (R4, R16). TABLE |V COVPARATOR COVPARI SON LTYPE =

REVERSE |'NDEX B X0: X1 PNT yes C X
X0: X2 PNT yes D X0X3 PNT . yes
C X1: X2 PNT -34~yes D Xl . X3 PNT
yes D X2. X3 ' es B X0: Xl .
CLLNE - COMPARATOR cC@MPARISON X0X2 E LI NECYQE yes
0 D LI NE yes 0C X1: X2
LI NE W’%?Qré%‘c"?% X1. X3 LI NE yes _.
0D ﬁ yesNO ~&%. COPARATOR
COVPARI SON  TY A NO  xo. x1 0 INE no
1 A x0:G2 LXﬂEPMmXZL no NOy - x® x3 LINE
no 1c D X1: XClipMin:XBLNE PNES 1D 0O X1: X3
LI NE yes A 1 D XTestMin:X02: X3 INONE yed 1
- B XTestMin:X1L NO 1
.C XTestMin:X2L NO 1
D XTestMin:X3L NO 1
WRITE TO XClipMax o

A XClipMax:X0L NO 0

.B XClipMax:X1L NO 0

C XClipMax:X2L NO 0

D XClipMax:X3L "NO 0

A XTestMax:XO0L NO . 1

B . XTestMax:X1L NO 1

C XTestMax:X2L NO 1.

D NO 1

XTestMax:X3L

The results of Table III are repeated in a similar manner for YOL-
Y3L, YClipMin, YClipMax, YTestMin and Y'I‘_gstMax. Figure 9 shows the
relative timings of the signals on Dataln, the register loading performed by
raster offset registers 41, X/Y coordingte registers 37, él_ip_. coordinate

registers 39 and comparison logic and result .s'torage 47.

The comparison control state machine supports the indexed loéding' W
schem.e as previously discussed utilizing both the index register value
associated with a write cycle and Table IV. Since the register pointed to
by the index register value is always written irrespective of the type of
indexed write, the appropriate Mux Enables for MUXes 101, 103, 105 and
107 are selected by the comparison control state machine assuming a

single register write to that coordinate. For example, if a rectangle write to



A #
yes
LINE

X2X3~p

3 C
yes
LI NE
X0: Xi
0D

TRI / RECT

X0. X1
1C

TRI / RECT

X0: X2
2 B

TRI | RECT

X0: X1 LINE - yes
2 D X0: X3 - LINE
- no - 2 B Xl . X3
LI NE yes 2 A
- X0: X2 LI NE yes
3 C Xl X2 LI NE
yes 3 C X2: X3
TRI / RECT yes 0C
03 it g

2 C

yes
LI NE
X0: X1
3D
yes

X0: X2

fﬂdeBE&‘T 3 ls%d%ed the %m?n .lognc &hl%eratg ag if an

X0 X2

LI NE ~
2 B X1. X2
no 2 C
LI NE yes
X0X3 LI NE
3D X1X3
no 3B
TRI / RECT yes

TRl / Rliiihcu wﬁtb to X3 uéhsA'ecelved and d@cé(ﬁpauso’ﬁ?l XBECiTs (XOL, 1L,

X2 TRl / R

X3

‘ yesle- XClipMin, XChPMm X@estMm ﬂ?ﬂ@@r_) as is ywlred The A

TR/ )F\()E .dyfference [I%tyﬁgblan aﬁ‘scﬁgte loadmg2 oé a regnste-;R%F% indexed °(or

NO relative ihdexed) load is Wat*th the inddxedREdsé, moreYMan one céordinate

storage register in 47 may be enabled to receive the comparison results

and the multiplexor selects for multiplexors 131-146 are generated

according to Table IV instead of Table III.

In the previous example of a rectangle X write with an index of 3,

comparison registers (refer to Table II or Figure 8) R1-R3, R13-R16, R17-

R19, and R21-R22 are written. The following registers pairs will store the
(R17, R21), (R18, R22), (R1, R13), (R2,

same individual comparison results:

R14), (R3, R15), and (R4, R16).

COMPARATOR COMPARISON

X0:X1
X0:x2
X0:X3
X1:xX2
X1:X3
X2:X3

X0:X1.
X0:x2
X0:X3
X1:X2
X1:X3
X2:X3

guvavaw ovoavuaw

TABLE IV

TYPE

PNT
PNT
PNT
PNT
PNT
PNT

LINE
LINE
LINE
LINE
LINE
LINE

REVERSE INDEX
yes = -
yes -
yes -
yes -
yes -
yes

yes
yes
yes
yes
yes
yes

CO0CO0O00



-37- COVPARATOR COMPARI SON

bit signal indic®ing whetheXl
the present inveRion or by

I ndi cati ng whet her
top, right to | efA
whet her the obj e@
w ndow or visibl@
receives as inputg

Dwwy>» DUa»» UabAaw abavay» aw

TYPE REVERSE |INDEX B -
X0: X1 TRI / RECT yes 3C X0: X2 TRI / RECT
yes -3 D X0: X3 TRI / RECT yes 3 B
X1: X3 . .TRI / RECT no - 3 C X2: X3 TRI / RECT ;;
no 3B X0: X1 QUAD yes 0 C B4
X0: X2 QUAD yes 0D X0: X3 QUAD
yes 0 A X0: Xl =36-QUAD no | C :
X1: X2 ~ QUAD yes 1 D QUAD
S | %%%&ATOR COMPARISON REV%B)G INDEX QUAD
yes 2 A ;gg‘u | p "y lagp
X1: X3 QU 3 t NG x3 1 QUAD
no 3 St aths Generatlgﬂx?ogl c 51 us gend?@tion |oYic 51
generates the coMrol signal 1 SW Up o-L and ¥4%/ VI S. SWis a 2

ﬁa”e oper alilE wi | | be¥efone by lhe hardware of
re. UBMNEto-L is ¥e® bit slgnal

operation shoul d be processed top to bottom bottomto

or left tXOXAlght. H DINES is a tyes bit sinal indicating

to be draXe:X2s hi ddeINE e. behiyek the ac2ive clip

To generaXexmese Si @INEsS, stat u,sesgeneratzon | ogic 51

the regi sken® Rl- R2LINE no 2
X1:X3 LINE no 2
- X2:X3 LINE ~ yes 2
- X0:X1 LINE - yes 3
X0:X2 LINE yes 3
X0:X3 LINE - .yes 3
X1:X2 LINE yes . 3
X1:X3 LINE yes 3
X2:X3 LINE no -3
X0:X1 TRI/RECT yes 0
X0:x2 TRIYRECT yes 0
X0:X3 TRI/RECT yes 0
X1x2 " TRI/RECT yes 0
X1:X3 TRI/RECT yes 0
X0:X1 | TRI/RECT no 1
X0:x2 TRYRECT no 1
X1:xX2 TRIRECT yes 1 o
X1:X3 TRI/RECT yes 1 o/
- X2:X3 TRI/RECT yes 1
X0:X2 TRI/RECT no 2
X0:X3 TRYRECT no 2
X1:x2 TRI/RECT no 2
X1:X3 TRI/RECT no - 2
X2:X3 TRI/RECT yes 2



for X coordinates registers R23-R44 for Y coordinates and the four 4 bit

si gnal's indicating the upper: 18 bits are all 1's and all 0's fromX'Y
-38-,=co00rdi nate regi sters 37. The nmanner in which status generation |ogic
genéhdtes the:foregoing control signals will be explained with reference to
Figures 10-14 which are truth tables for the |logic perfornmed by status
generation logic 51. The logic circuitry necessary to inplenent the truth
tables of Figures 10-14 is well wthin the,_capabilities of persons skilled
in the relevant art. Figure 10 is a truth table utilizing conparison
results for thaCOMPARNTOR at ©OMPARISON XOHTYPET ut h RBVERSE ut INDEX ng

conparison results fgor the X1-xoxnd YO m-ldl nat e eby subsgituting
t hose coordinates agd using YCxekbn, YCrg ;; and YgestMax in

place of XdipMn, pCipMx, iyl n .-.‘ x fogekhe Y cgordinates.
The left side of th%table are % ml nput §g erig to si de are the
a

outputs. In the tabje, the sy X3 | Seaymeiet - care. O and 1§ neans the
bus bit values are | I's or no aII IS respectlvely (from XFY coordi nate

0's respectively (ffom X/ Y coor-gat e regi 37). Y88 insid¥ 214"neans
the 32 bit XO coordfnate is re begent abl e | bits; Ye&0 inside clip"
means XO is on or iFside the cI’\*cfixali ndow XB¥dari es}’esXO i n® de test"
means XO is on or inside the test wi ndow X boundaries. The outputs "X0 <
XCipMn", "XO < XTéstM n", "XX&EXkd i pvax'QUARD " XO moxTest Mal" are
fredback and used asC nputs. To XbX@ t he outQUARd, the yeputs onla hori zontal
line are. ANDed togeDher and t he&XhbXBputs i nQUADI uimm ayesORed t dget her.

Thus, for exanple, referring to the first two lines of Figure 10, if XO[31]

registers 37); and and 1Z meaps ,tlhe ‘bus %al ues are all 0, or not all
|

(i.e., its sign bitais O AND Xt:X0: 14] QUAD no 2
' B X1:xX2 QUAD no 2
D X2:X3 QUAD yes 2
A X0:X3 QUAD no' 3
B X1:X3 - QUAD no 3
C X2:X3 - QUAD no : 3

tatu rati

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
operation will be done by tile hardware of the present invention or by
Y software. Up/R-to-L is a 2 bit signal indicating whether operation should
be processed top to bottom, bottom to top, right to left or left to right.
HID/VIS is a two bit signal indicating whether the object to be drawn is
hidden, i.e. behind the active clip window or visible. To generate these
signals, statué generation logic 51 receives as inputs the registers R1-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



(i.e., its hi gh order bits 14-30) are all 0's, OR X0131] is 1 AND XJ 30: 14]
are all 1's, then XOis inside 214. Sinmlarly, referring to the last line
of Figure -39- 10, if XO< XTestMn is 0 (i.e. false) AND XO >, XTest Max

is 0, then XOis inside the test window Figures 1lla and 11b are a truth 2

table utilizi ng corrparl sons between each of the four X vertices and each
the four Y vertices. As was the case wWith Figure 10, the values on a -
hori zontal i.nput Iine are ANDed together with the result being a logical 1
(true) or 0 (fal se) and the indicated outplils (except for top, bottom

~right and |eft f T s
{op, bott om SoFUel, ARG Vi cHhepaleieh o SRR Slete apeliian JEic o D1t o

as follows. é_eiﬂrd’tai Yfie Ofordgoing Oéon'iro‘l pﬂgﬁﬁlh eqill et ox ﬁﬁfe‘é‘ RAtH r@feréfﬁexgb or
YO Y3 is the largest (top), snallest ttom, rlgh nost (right) and

| ef t nost *(| eFig)tresTilﬁ-ls%/rvﬂnbh are>{risth - uhie&;fon thhelogtqombrfsmiedlhndlataus t hat
the specified corrparl sgn 5§su1[rh is |ess than, greater than u'?h?uto | ess
than or equafeneEAtion, logic, & Jogic 8&[&5!“3% Secessyyc 9 Jjm mm th he

roani ng of AGRUPYipuks A1 wEH Wilid A aplifule dr RS SOk " T

wor ds what each indicated ou neans:
hori zont al | ghiee rélevatita\umt. t hrough t he object defined by the four pairs of
vertices, it would cross two or nore edges. An object which forns a bowtie

s an exarrple of _an objlgct t hat vvo | d cause illegal to be true. hgriz-means
al - four verticefiggselOns %éﬁﬁh 4 “%r?o‘ﬂﬁm“aﬁs“%lﬂ‘”v‘mtxges have

the. saime X Valdifinale® CkOEPRAP %616, OV oitch "iflig 'CbfngaPibn SRRUIEL 98¢ e

forms a
X1-X3 and YO-Y3 coordmates by substttutmg those coordinates and using

YChpMm YChpMax YTestMm and YTestMax in place of XClipMin,
XChpMax XTestMm and XTestMax for the Y coordinates. The left side of
the table 'are the inputs and the right side are the outputs In the tabie, '
the symbol "-" is a don't cat'e, O and 10 means the bus bit values are all 1's
or not all 1's respectively (from X/Y coordinate registers 37); and Z and 1z
means the bus bit 'values are all 0's or not all 0's: respectively (from X/Y |
coordmate registers 37) "X0 inside 214" means the 32 bit X0 coordinate ‘is
representable in 15 bits; "XO0 inside chp" 'means XO is on or inside the cltp _
window X boundaries; "XO0 inside test" means X0 is on or inside the test

window X boundanes The outputs "X0 < XChpMm“ X0 < XTestMm" "X0 >

XChpMax" and "X0 > XTestMax" are fedback and used as mputs To form o/

‘the outputs, the mputs on a horizontal lme are ANDed together and the

outputs in a column are ORed together Thus, for example, refemng to the

first two. lines o_f_ thnre 10, if X0[31] (t.e_., its sign bit) is 0 AND X0[30:14]

(i, its high order bits 14-30) are all 0's, OR X0[31] is 1 AND X0[30:14] are
~ all 1's, then X0 is inside. 214, Simiiatly. r'efening to the last line of Figure

W,



T — e S

rectangl e. -40- line-neans the object defined by the four coordinates
forms a line. EQ 01 nmeans vertex O equals vertex 1. (defines the same

poi i) EQ 12 means vertex 1 equals vertex 2. (defines the sane point) EQ 23
meals” vertex.2 equals vertex 3. (defines the same point) EQ 30 neans vertex
3 equals vertex 0. (defines the sane point) Figures 12a-12d define a truth
table utilizing conparisons between the four X and the four Y vertices and
the clipping boundaries. The inputs top, _tggtom right and left are from
the truth table of Figures 1la-1lb. Wen the outputs top visible, bottom

visible, right 1gi 20 % XTdsdMihlis 0 @leb flse) AND X0 >EXTestNak, ist)ahabXocis
defined by the four coordinate pairs is inside the clip w ndow. Wen
surround clip iimside théetesbjwandows out si de but surrounding the clip w ndow.
Hi dden is applicable’only for quadrilaterals and indicates that all four

ti [ 1 i ght | t, t -bot t f .th L. i 1
(Feters to BuiT srcibes gty attCh, S a0 priiaifls drdisilisckd iiheth
rectangl e) havg,g, of the FourEReRites GndBbdchSof thelfoue ¥ vei@édsheAsowhs e case

table utilizing conparisons between the four X and the four Y vertices and
the test w ndowitto Rigierei 16, thEhwaloes o 8 Horigontdltinpnt dinet area ANDash together

wWithin test", when true, neap th ed f the Lect. is w.thin.the top or

bot t om boundar %t ghe gralt &l“%?i%wa?ﬁeg%@t P‘\'/&bt‘eafsﬁ? J&Fe“‘ﬂ“ﬁ‘éﬂq s a

truth tabl e shoyis Becdbt '(Bf do! bbiioisfiht dha'iety el RiriiedOby FORIr ML Ts

in order to mnimze ‘page crossings and processing of clipped pixels by

generating t he coh@spdrliig icolumh.0- The bbutputsptop, bottom, right and left which are

W, shown as 0, 1, 2 or 3 are interpreted as follows. The value 0, 1, 2 or 3

specifies which coordinate of X0-X3 or Y0-Y3 is the largest (top), smallest
(bottom), rightmost (right) and leftmost (left). The._symbols <>EL and G on
the input side indicate that the specified comparison-_res,ult 'i_s less than,
greater than, equal to, less than or equal to and greater than or equal to

respectively.

Althoi:gh the 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 valué.
'vert-means' all four vertices have the same X value.

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

rectangle.



-41- draw r-to-1 and draw up. These signals conprise the signal Draw ng
Direction shown in Figure 2. Based upon the truth tables of Figures 10-14,
~status generation logic 51 generates the signals HW SW H D and VI S-shovvn_,,__,
in Figure 2 as follows: For quadrilateral objects- HW= hidden OR surrounek,:
clip OR (NOT hidden AND NOT illegal AND all vertices are inside 214 AND e
(all vertices are inside.test OR (line AND at | east one endpoint is inside
test) OR (XO- X3 are inside test AND the toggar bottomvertex is inside
test) ORrect). SW= NOT HW H D = hidden VIS = NOT hi dden For BLITs- HW -

EE: -?—ng?é_ $K(:%g\;\lo ALY &S%g4§e¥ﬁed% (S o dco%%dmates forms a line.

EQ_OI means vertex 0 equals vertex 1. (defines the' same 'point)'
EQ;_12 mga;ns' vertex 1 t;quals .vén;x 2.. (c_iefin_es the same point)
.EQ_23 ‘means .' irért#x 2 §quéls vertex 3. (define's.-the same poin.t).
EQ_30 méa;;s_ vertex 3 equals 'veri_e; 0. (,defines __i_he same point)

Figﬁres 12a-12d define a truth table wutilizing comparisons between
the four X and the four Y vertices and the clipping boundaries. The inputs.
top, bottom, right and left are from the truth table of Figures 1la-11b.
When the outputs itdp visible, bottom visible, right viéible' and left \}isible '
are 1 (ie. true), the object defined by the four coordinate pairs is inside
| the clip window. | When surround clip is 1, the object is outside but
surrounding the clip_'window. Hidden is applicable only for quadrilaterals .
and indicates that all four vertices are all right, left, top or bottom of the
clip window. Hidden_01 (refers to BLIT S_RC rectangle) and hiddén;23 :
(refers to BLIT DEST rectangle) have a similar meaning for BLITs. -

Figure 13 .d_ef_in_es a truth iab_le utilizing comparisons between the
four X and the four Y _vértices_ and the test window boundaries. The ' \J
_outputs "top within: test” and "bottom within test”, when true, mean that )
edge of the object is within the top or bottom boundaries of the test |

window, respectively.
Figure 14 defines a truth table showing the direction in which to
draw objects or perform BLITs in. order to mmnmze page crossings and

processing of clipped pixels by generating the signals blit r-to-1, blit up,
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-42- the source rectangle is inside 214 AND the destination rectangle is

i nside 214) OR (BLIT_SRC _CHK=01 AND NOT hid_23 AND the source rectangle is
insicde 214 AND the destination rect angle is insi de 214) where BLI T_SRC CHK
is &4wo bit value fromthe CPU which is set to '10' when it is desired to
consider the relationship of the source rectangle to the clipping w ndow.
This i s necessary because the various graphi-cs software which nmay utilize
the present invention are inconsistent as tg their treatnent of the SRC
rectangl e and the clipping boundaries. For this reason, the preferred
enbodi nént has .left BLIT SRC rectangle clip checking as a software

sel ect abl e opt idyew (rBt_d-I DRV ThesesigwlSRGprise thrh sigoal BravingSRGeCtion10
enabl es SRC clip chec S = NOTHW HD = hid_23-VIS NOT hid_23 The
preferred e,rrbocﬁ?'ﬁgh current i nvention has utilized a 2 clock cycle

~coordinate |load sta I r drfd Viggigas
t hese two stages caﬁ%&)od\ﬁ appe @escng@wst Egrﬁc?sedrtgﬁgﬁ ?at gﬁg’f K
clock cycles, v§% @emsnnutsxgmﬁmblsav,(nmmm V&S shbsmaina Fignse @) aevery
ot her cl ock cycle (i.e. 2 clock cycle throughput). The exanples have al so

shown coor di natk®lle™sgi ng | ogi ¢ 15 receiving data at the fastest possible
rate given this preferred enbodiment. It should be appreciated, however, to

soneone skill edFA"n ci\]ﬂ?nﬂ&tﬂh? bickfie circuitry described will handl e any
slovver (Iessfrﬁ%j ludd ata arrival. It

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.

HID = hidden

VIS = NOT hidden

Y

For BLITs-
HW = hid_23 OR
- (hid_01 AND BLIT SRC_CHK=10) OR
(NOT hid_01 AND
BLIT SRC_CHK=10 AND
NOT hid_23 AND



-43- shoul d al so be evident that at the expense of additional logic, a

shorter overall latency and a shorter throughput are possible as sinple
extensions of the present invention. - 44 - * C L M. S *
CLAI M5 1. An apparatus for |oading four pairs of object coordinate ’

regi sters wth coordinates of an object to be displayed by a graphics
subsystem said object being one of a quadrilateral to .be drawn and a bl ock

i mge to be noved, said apparatus conpri sj 439" said four pairs of object -
coordi nate registers; an indexing regi ster | oadi ng nmeans for |oading said

obj ect coordi nate reg| ters WI hi e er.ei n_said .
| oadi ng nmeans conpri s é'fcﬁ dé@gc‘gr#?@f’ %&Agﬂ]% ?\{\h {’g'éi '('fcf%?(i ng
regi ster which cycles from“t)l@l @R said | oading control .means for
generating a set @LITOSROOCHK-41ANDwhi ch, based upon the val ue in said

i ndexi ng register, e rmned ones of said object

coordinate re |sters [ﬁé??gg%% % ct- ¢oqQrdinat
g t%e source rectarlg?e is inside 2%t AelaD

the destination rectangle is inside 214)

where BLIT_SRC_ CHK is a two bit value from the CPU which is set to "10°
when it is desired to consider the relauonshnp of the source rectangle to
the clipping window. This is necessary because . the various graphics -

software which may utilize the present mventron are inconsistent as to

their treatment of the SRC rectangle and the clrppmg boundaries. For thts
reason, the preferred embodiment has left BLIT SRC rectangle clip
checking as a software selectable option (BLIT-SRT-C_I-IK=01 disables SRC
clip check, BLIT-SRC-CHK=10 enables SRC clip check).
SW = NOT HW.
HID = hid_23
VIS = NOT hid_23
The preferred embodiment of the current invention has utilized a 2 |
clock cycle coordinate load stage followed by a 2 clock cycle comparison N/

stage. Whereas these two stages can be overlapped as described, the
overall latency is 3 clock cycles, thh new mput recelvable (or new results
available) every other clock cycle (i.e. 2 clock cycle throughput). The
examples have also shown coordinate stagin'g logic 15 receiving data at the
fastest possible rate given this preferred embodiment. It should be |
appreciated, however, to someone skilled in the art that the circuitry

- described will handle any slower (less- frequent) rate of data arrival. It
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recei ved by an input neans; b) sai d i nput neans coupled to said | oading
control neans and said object coordinate registers for receiving froma
souree externdl to said apparatus, said object coordinates, and for storing
salﬂgTecelved coordinates in said object coordinate registers under control
of said |oading control neans and said indexing register, whereby said
object to be displayed is defined by a nunber of coordinates to uniquely
define said object. 2. The apparatus defined by claim1 wherein said

i nput nmeans conprises: neans coupled to said external source and said
obj-ect coordinate registers for. placing a wague recei ved fromsaid external
source on a bus coupled to said object coordinate registers. 3. An
appar atus for I|shauldnglsbobe qvident Ihht iat ghe texpensel bh ardkl;tfmml dogucdlmshtﬁ-&rof an

object to be displ %d by a
graphi cs subs m&?{ ateggy jand, l?] é’é?“erb dhroyghpy car eoP°“d"’&u&%i rﬁ‘!n&l% e&tensions ¢

drawn and a bl qg d, said apparatus utilizing a clip w ndow
defined by a pIureﬂéq$g PP ?gﬁg%grdlnates for -clipping said object prior
to display, and a test w ndow defined by plurality of predeterm ned- offsets
fromsaid clip coordinates for operating . in conjunction with said clip
wi ndow to selectively determne whether said object should be



clipped in accordance with a first nmethod of clipping or a second nmet hod of
clipping, said apparatus conprising: said four pairs of object coordinate

registerﬂa ' a" ister; a plurality of clip coordinate Pegisters;_ 5
a plurali “ﬂlH"m meulﬂr"gmster s; |l oadingé4deans for loading i) said four M
pairs of objéct tcordfnate registers with said object coordinates, ii) a ™

plurality of clip coordinate registergéﬁghgﬁsaid clip coordinates, and iii)
a plurality of offset registers with edet ernmi ned of fset; wherein
sai d | oadi ngdlsreans chRplapraratys | ot nkpading of owganpaivaplafl odjsct

| ndexing reGied s HhtENreyebeirs’ Wikl chordidited ofidh|gBfbaE €8N0
means for generating_a sel of control signals which, based upon the val ue
in said indéﬁ?ﬁﬂ?ﬁé¢s?¥r? GE2Phd o5 Sy Shefbd I opiegtd ghpgcone -
.coordi nate refi at ghadrd Vaanatale tb) bet drewndiliid ea bloekyeihdye atol beut -
means; b) said | put'qgans cougled to S$i9 | oadi ng control neans, said

obj ect coor d'NET 'r%%+ t BPRALAFUE o FY™RF B BSOrdinate regi sters for

recei ving froma sousaktdefoernpairs efii dbjpplr ebosdinate wegdsttexsor di nat es

and said clip coordi pat f LL.0g said received coordinates in
sai d object coordinate ?é%?g?g?sgéﬂgégggbntrol of said |oading control

nmeans and sai d i ndex}padingi seaps fonHaading Saidppeiectocoerdiagteyed is

defined by registers with said object coordinates; wherein said
loading means comprises: '

(a) loading control means coupled to said
indexing register which cycles from 0,1,2 and 3, said
loading control means for generating a set of control
signals which, based upon the value in said indexing
register, enable predetermined ones ' of said object
coordinate registers to receive object coordinates
received by an input means; ' | _ o

b) said input means coupled to said loadihg

- control means and said object coordinate registers for.
receiving from a source external to said apparatus, said
object coordinates, and for storing said received
coordinates in said object coordinate registers under
control of said loading control means and said indexing
register, '

whereby said object to be displayed is defined by N
a number of coordinates to uniquely define said object.

2. The apparatus defined by ‘claim 1 wherein said
input means eomprises= means coupled to said externel
source and_said'object coordinate registers for placing a
value received from said external source on a bus coupled
to said object coordinate registers.

3. An apparatus for loading four pairs of registers
with object coordinates of an object to be displayed by a



* C L M S ¢ ' - 46 - a nunber of coordinates to
uni quely define said object. 4. The apparatus defined by claim3

wherei n said i'nput neans conprises: neans coupled to BML
forgptacing a val ue received fromsaid extgg ral sour cjmml !IJHH!
sai d object coordinate registers and sal d clip coordi nat e reg: stelrs .
The apparatu Ml ed aim rth npris a plurality o
raster offset ar eglﬁfg'ters c%ﬁyége?b saﬁ §§F§ ra‘é?iﬁ’gof% r @i st&rs
bei ng | oaded gnadrideferal do sbnoﬂtaxmhagdcanbﬂ.obkrr&mage ®o be n’ﬂ?d,
appar atus def b o er
rrgans coupl edbtagas a?gﬁéghglrléamgg%gégjéﬁ %l}#’ ”Fgﬂ?o&al 5};?88& 3&5 & om
sai d ext er nal Pivgaddty \of uelip @%mﬂﬁﬁ n&'cbrormliﬁp:bw dsplidr @bjectf
raster of fset prg¢Birste Aisplhyp) aéﬁd‘gatﬁésﬁuﬂﬁgoﬁ RdE ihedP tbid éﬂ"fﬁ'&y o

abhar at coordi Ggl ¢ oA CofEaSth, SEon FAl ek b Sgpsadnatis (For

coordi nat es obperatihpngct ino ottt Wimgraohacscmbiylsﬂ%vﬁ?%

hves, Sonatadhls %i@e“ﬁﬁﬁé#%%ﬁé%'r N

acconpanyi ng 8% Rpﬁgs n accordance with a first method of clipping or

a second method of clipping, said apparatus comprising:
said four pairs of object coordinate registers;
an indexing register; |

a plurality of clip coordinate registers;

a plurality of offset registers;

loading means for loading i) said four pairs of
object coordinate registers with said object coordinates,
ii) a plurality of clip coordinate registers with said
clip coordinates, and iii) a plurality of offset
registers with said predetemined offset; wherein said
loading means comprises:

a) loading control means coupled to an indexing
register which cycles from 0, 1, 2 and 3, said loading
control means for generating a set of control signals
which, based upon the value in said indexing register,
enable predetermined ones of said object coordinate
\J . registers to receive object coordinates received by an

input means;

' b) said input means coupled to said 1loading
control means, said object coordinate registers and said
clip coordinate registers for receiving from a source
external to said apparatus, said object coordinates and
said clip coordinates, and for storing said received
coordinates in said object "coordinate registers under
control of said loading control means and said indexing
register, o

whereby said object to be displayed is defined by




_—

(e

a number of coordinates to uniqueiy define éaid object.

4. The apparatus defined by claim 3 wherein said
input means comprises: _ -

means coupled to said external source for placing
a value received from said external- source on a bus
coupled to said object coordinate-ragisters and said clip
coordinate registers.

5. The apparatus defined by claim 3 further
comprising a plurality of raster offset registers coupled
to said bus, said raster offset registers being loaded
under control of said loading'control means.

6. The apparatus defined by claim 5 wherein said

input means comprises: _

adder means coupled to said external source for
adding to a value received from said external source a
value in a predetermined one of said plurality of raster
offset registers, and placing the sum on a bus coupled to
said object coordinate registers and said clip coordinate
registers.

7. An apparatus for loading four pairs of object
coordinate registers with coordinates of an object to be

displayed by a graphics subsystem, said gbject being éhe _

of a quadrilateral to be drawn and a block image to be
moved, substantially as hereinbefore. described with
reference to the accompanying drawings. '



