-1- HARDWARE | MPLEMENTATI ON FOR PROVI DI NG RASTER OFFSETS I N A GRAPHI CS
SUBSYSTEM W TH W NDOWA NG SUMVARY OF THE | NVENTI ON The presents isnyeption is
directed’to an apparatus for inplenenting, in hardware, circuitry for
adding a raster offset to screen-coordinates in a graphics display :
subsystem for the purpose of displaying thd=imge in a w ndow which may be
noved by a user to an HARDWAREAIMPLEMERTATIONFOR)PROVIISING GASTERSOHFSRTs fPgCi fical ly,
a pair of raster offsets, one f GRAPNIQSOSUBSYSTEN §ETHRWINDOWI®GT Oor Y coor di nat es,
are stored in X and Y raster of egi sters. The X and Y raster offsets
correspond to the offset of an HeMMARGOLIBEINVENHON, i gin of the screen
di splay. These offsets are added to each coordinate which is to be
di splayed within t ' \ iz SR [ t: ILisid N any
addi ti onal over hea’icjll.f\e fbﬁédte}]ig %Yr?‘g?dﬁarl?,&irn or'ggrm?oﬁg#s!g ayfma)ml ﬂ%‘ggﬁﬁ"#la
wi ndow whi ch imhabdwarey eitcaitly tfomraddingoa mseeeraffset dios péragn dooedinmes sinas y
transformations are ysual ly perforned th. software. . The present invention

t

el i minates t h8rapbiss display: Pehsystegy dar (the RBseapf slisplayingothenipage igra
exanmple, .if it,:i | ' OSnt,l . [ h_.a
graphi cs subs&&%ﬁﬁ@%ﬁ&n&in%vﬁn&rﬁac EHD,%SF‘%& ?Jegﬂ ?"ﬁg‘f’ﬂgu é‘gﬁlﬁé\ﬁilqnngct ual l'y
be | ocated atsaeei displdye (Specilically, tahpaini ofdruster aoflisets, LGN fRON toGrdirdles O)
of the screen display. By loading the X raster offset register with the X
of fset of theand oaefof rHraoordinates.case gtorad inoX and \hirestes offsgh iregistersanrhe

| oadi ng the Yy ras of fset..register wth the ffset of. the.w ndaow from
the screen pog H%ﬁf.ar?s%io@ﬁegsgggﬁ?ﬁpgn&mt{qlgno%e?t?@a%&f}xgﬁtguﬁp% @"}( and
Y raster offsg@le bAInSbEthe dcfeenldRplay? MRseX offtetsYafeOaddid 86 &achfcodfdindRIe
tQ_pe displayed, the image will be correctly displayed in the w ndow

wi Thout the swhichaisthde digplayedewithinmthenagptive windewcinl auimannemavhich does

not result in any additional overhead. In the prior art, in order to display

an image in a window which may be moved 'arbitraﬁly on a screen display,
the necessary transformations are usually performed in software. The
present invention eliminates the need to peiform such transformations in

software.

" For example, if it is desired to tum on a pixel at position (0,0), in a
graphics subsystem having windowing capabilities, that pixel will actually
be located at coordinate (0, 0) of the window rather than position (0, 0) of
the screen display. By loading the X raster offset register with the X offset
of the wir_ldow from the screen position at which X equals 0, and loading
the Y raster offset register with tlie Y offset of the window from the screen
positiqn at which Y equals 0, then if the conteﬂts of the X and Y raster
offset registers are added to the X and Y' coordinates of an image to be
displayed, the. image will be correctly displayed in the window without the

software having to perform any' further calculations.



-2- BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a bl ock overview di agram
of a graphics subsystemfor a work station according to the present
i'mvéntion. FIGURE 2 is a block diagram of the coordinate staging section of
t he i nyentad graphics subsystem FIGURE 3 is a detailed block diagramof .
adder 31 and nultiplexor 35. FIGURE 4 is a detail ed block diagramof XY
coordinate registers 37. FIGURE 5 is a detailed block diagramof clip
coordinate registers 39. FIGURE 6 is a det®wi |l ed bl ock di agram of raster

of fset register 41. FIGURE 7 is a detailed block diagram of text w ndow
control 45. FIGURE 8 is a BRIEFDESCRICEONIOFIHEDRAWERNGRAri son | ogi ¢ and

- result storage 47. FIGQURE 9 is a table show ng relatlve t|n1ngs for | oading

control state ma . ane—
result storage 4%%&&18 llﬁgegq{vlfﬁ? ?‘re ut I | g corrpa ?‘ggin&?‘legul té;)
for the XO coordi nate. FiwdgeEstafién ﬁmh-d;ﬁg @ ¢hé lirésa‘nln in¥Bhedontt i |.i zi ng -
conpari sons betvveen each of the four X vertices and each of the four Y

vertices. F 12a efi ne truth tabl e utlI|2|n co a_rlson's
bet ween t he four F’bﬁ#ilzih df!?cq‘«%eaél?mc&%m ﬂ@‘?ﬁ PIRgIE ST L

invented graphics subsystem.

FIGURE. 3 is a de@ailed block diégram- of adder 31 and. multiplexor l35.' |
_fIGURE 4 ié a Qetaﬂed bloc_i: dxagram of X/Y coordinate registers 37.
' FIGURE 5 is a detailed b1o_§k diagram of clip coordinate registers 39. _-.Q
FIGURE 6 1s a de@ed b.lo_c,k: diag_r#m '__of: raster offset register 41.
FIGURE 7 is a detailed block diagram. of text window control 45.

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

FIGURE 9 1s a table showmg relatnve tumngs for loadmg control state
_ machme 35 and compansons performed by comparison

logic and resnlt storage 47.

FIGURE 10 is'a truth table utilizing comparison results for the X0 _ /-

coordinate.

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

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



FI GURE 13 defines a truth table utilizing conparisons between the four X
and the four Y vertices and the test w ndow boundaries. FIGURE 14 defines a
tryufh table showing the direction in which to draw objects or perform
blits. , -4- DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention
is directed to a graphfcs subsystem of an engi neeri ng workstation, and
specifically a hardware inplenentation for converting the coordi nates of
i-mages to be displayed by the graphics sub%ystemfroma set of coordinates
relative to the origin coordinates of a display to a set of coordinates
relative to the cPIGURES d2acf2da defifiél Qv tirdth Cfable vitibiRid g0 ¢ofhpafisérils defidendr Y
position on the screen. Specifically, an X and a Y raster offset register
areoaded with X and Y ofhesfeur Koand,ghefeur, ¥ wemites, aaddthehelipping es
contained therein are addgﬁ tg i.,ncom ng screen coordinates. The details. may
be found in the descripti uBeartgdai ng control state machi ne 33 and i ndex
|l ogic 43 below, as is the manner in which the raster offset registers are
| oaded with the WRIGUREDIBSdéfines! & friiths tabdé ngilizirig) @offpakis6ns® bBRALn  Be
concern itself with applying the necessary transformations to display an

i mage in a w ndow whi ch nfaurpX andyithe four ¥overices andytheotsst iwdndow a screen
display. In the present i venéﬁi‘on coordi nate stagi ng and coordi nate
conparison | ogic bl ocks ( 2pn 'dﬁ?'e 1) are provided to provide the
necessary storage and conparison information required for the support of
arbitrary quadri | FIGURE 14ndifinesta \thitld tablePstiovdng akie Vditdctioh il ¥hlch t&ge
Transfers (BLIT) with clipping. In both cases, it is necessary to specify
" draw objects or perform. blits.

”\./' .



f.our X/'Y coordinate-pairs and to specify the clipping w ndow boundaries. To
support quadrilateral rendering inplies the availability of four vertices
whi<th wi || define the quadrilateral. The disclosed enbodi ment of the .

i nvention puts very fewrestrictions on these vertices. They are stored =«
-5- in fbur. fegister 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 nunbers O thru 3. It is inpljed that vertex O is connected
to vertex 1, vertex | to vertex 2, vertex 2% 0 vertex 3, and vertex 3 to
vertex 0. No connection is ifg BTIS Hl;i:i, PNORNTfoNC! Vvertices 1
and 3 for instance. The coorTi . g and comnpa on-troqgrc formthe
initial stages of a pipeline that will eventually acconplish the renderi ng j
of the specified dfhedpréseneinventivnois idérediedptoayn geaphics. subsysenbdqasnt =
pi pel ine stages require informpation concernji,ng the relatjonship of each
adj acent ver t e38ingering werksgiatian, and speg fealfy; g chardwage {mapiggientations fon, 1

unct onal adeiRiekite, G ok Boglednbt Thagss 150 D65 Ine e | "
‘conposi ted, aggbsysetl ¥ronerd seeof ddvedinaieyi rebdtiveu tulthe airkginl cootbinates of a

deconposition of the arbitrary quadrilateral is acconplished by the _
coordi nat e sedisplayi tny 8l seyi of cpgrdingtenarlajiveity thegepordinates,gba window| i ppi ng

f th dril | he. cl i.ppi ng.b ies in sub | ' i .
otagos, ihe B i Be BFved, 40 0hT ArBEAL Bobikian, O IS AT SheBfiicallS.
boundari es i Saj ogl@gndesl 'y Thitér m&sfég\s;;gﬁmnwaae&ui:%wgﬁaive@ffm&rsﬂl to

both the m nimum X clip boundary as as to the maxi num X clip boundary.
A sinilar setactivecwipdowsamdb the values contained thereivi acy dded tasinveiing|n \J

sone cases, these conpari sons_can, i i cat e, whet her, or. nQt- an obje has an
vi si bl e port i #fgen coo tes, The det_ar} , may by}%ung in the aesc?ipn 2 of tl Y

control state machine 33 and index logic 43 below, as is the manner in

o oading -

which the raster 'offset_ registers' are loaded with the window offsets.

~ In this manner, the software need not cb_ncem itself with applying
the nece_sséry transformations to display an image in a window which may

be arbitrary moved to any position on a screen display.

In the present invention, coordinate staging and coordinate
‘comparison logic blocks (see Figure 1) are provided to provide the _
necessary storage and comparison information retiuired__ for the su_ppbn' of .
arbitrary "'quadrilateral rendering with clipping, as well as Block lmage \/
Transfers' (BLIT) with clipping. In both cases, it is necessary to specify
four X/Y coordinate pairs and to specify the clipping window boundaries.

To support quadrilateral rendering implies the availability of four
vertices which will define the quadrilateral. - The disclosed embodiment of -

the invention puts very few restrictions on’ these vertices. They are stored



(non-clipped) at all. By identifying the objects that will not be visible
I n"advance, the utilization of the subsequent pipeline stages can be
avgraed since no visible pixels will ever be identified for witing to the
di sptay menpry. This represents a perfornmance advantage in that the
renderi ng -6- of the quadrilateral can he considered to have occurred

I mredi ately once the clipping i nf or mati on Was been anal yzed. The preferred

enbodi ment of the graphics system hei ng described utilizes 16: bi S
conpl ement madh IRRE FCEISEE AR, '?ﬂgef)i?’?@ censists, Qf; %ﬂeeaewtf'ﬁq.&r Itf'?é(

segment.  Thi s cgg‘{dlih:itg Valld’ Ghie ! fﬂ?iﬁ& g&e ik ¥ ecro_%%ﬁaﬁ?] 4l atd\Qefbréiitdd! With "

vertices of th ne segnent n order to avoid mathematical overflow, the

NUMRLI C range iy vefex humitsery O/ ahive8. vt iedmplied that vertex i tisdonnedvad to
representable in 15 bits or be between [err£ and (214 - 1). In au port of
this, a checkveftex ho Yerexr i ctor ¥eiiex & VoRtexy 2 toj % 3, PRdeVeHlEX; Reto vertex

di nat ' | ogi ¢. . Th . | i . i
oo spaci 1y BRaNg soancdion js, iieddta Bhineth virlidd 0'afy oYU ydificl1y Ghd ' F 60
speci fyi ng t hgoPpRsidet UNHeNEbSrdiate! stiping Aalli Eoinpdrisdh) logee tfoita| e ibikal

intent of the BUT operation is to copy the pixels contained in the SRC
rectangl e to istageDRfTar pipeking|that willt treenguallye accamplish therendesingy gpathe| ef t

corner of> the SRC.rectangle is stored i,n vertex 0 while the |lower r.ight SRC
corner is in \?E?‘Pé‘fs 19v ’rh‘ﬁefﬁsll ato, ﬁ'{f &bsé’!‘?y I'E?'P°"[¥ESTJY€6rW§Fe‘FI§°nit nP WgFP%x 2
and the |ower ofl,abt dahirke ion "tontEFing Rhe' RERIdnShipPRY Edth alfjackst the
DEST; care rrust g%g ﬁegggﬁ |mr$8t gu%l%/ent theéwo rect anglgjs) over | ap?ﬁmen this
occurs, the ondftex ito itshheifhtwrs €i.e. foreverieri BdXl ys XiysYT asn¥@, X wvshX2candect
result is to be obtained. This is a well kpgwn problemto etilsotns skilled
in the art. TR vs Y2). This information is needed to properly supplﬁ e functional

addressing block with a series of trapezoids that when composited,

accurately represent the original quadrilateral. The decomposition of the

arbitrary quadrilateral is accomplished by the coordinate seqt_lencing -logic.

Addiﬁonﬂly, in order to support the clipping of the quadrilateral to
~the clipping boundaries in subsequent pipeline stages, the relationship of
| the vertices to the appropriate clipping boundaries is required. This

means for example all X vertices compared to both the minimum X clip
boundary as well as to the maximum X clip boundary. A similar set of
comparisons is required for the Y vertices as well. In some cases, these
comparisons can indicate whether or not an object has any visible portions
(non-clipped) at all By identifying the objects that will not be visible in
advance, the utilization of the subsequent pipeline stages can be avoided
since no visible pixels will ever be identified for writing to the displéy

mémory. This represents a perfonnancé idvantage in that the rendering



information required to properly determ ne the pixel copying constraints

I nvol ve conparison of the SRC rectangl e boundaries to the DEST rectangle

b aries. This is needed both for the X and the Y coerdi nates invol ved.
- Addi ti,onal |y, to support clipping of both the SRC and DEST rectangl es+
I n subsequent pipeline stages, the relationship of the SRC and DEST :
vertices to the appropriate clipping bthmdaries is required. Once again,
this may indicate that either the SRC or DEST rectangle are totally

obscur ed (noa£ the squadeijateral can, becgonsidernd Mebdve wcguired zimmediataly serpeent

pi peline sta .JThi s represent erfor advant age in that the
execut i on of EI‘BE\“? Eﬁﬁ"ﬂé"ﬁ’bﬁﬁsdgf%‘b at“@ a’e occurred i mredi ately once

t‘he clipping informati on has been anal yzed. The coordi nate stagi ng cont roIC;

| ogi ¢ supports maHd préferfddS eindodiniéntCoPdienNgiaphicsl ypsteino bbingadaserited 7
Correspondi ngly, the coordinate conparison |ogic maintains the necessary
conpar i son i wiilizesatlbchit r¥geamplement math mneﬂetemwshthehmmsrdl nat e

I ad dj.ff t t di
e S | 2 Curobetared st aCking cieBent’ HRRCmhl VS Balif I6P UHGRE 50 o
i's determ ne?n bﬁ AAYRS Y Yortides dremeShisd sbgiént! Nin CRbURLEySiA | dentify

the regi ster(s) to be |oaded. An absol ute coordi nate value is | oaded by .
storing-t he mathematical wvesfigw) it nomericeradge ofthe 6 candd ¥ oedex! \raigesst er.

This met hod of | gadi i s used for |oadjng,of, the clippi boun
regi sters anmushber fé‘ite‘ef‘PsgP ?Bﬁﬁsg?@i’g Wt bitser 5&5@%‘"{9&8 I oﬁ‘“das

vel | as indivjggal ter C S

used to effi gil ent! Y| oadgdﬁ*’?l gﬂ%ogr ) ngibgs&\%l @ﬂ'ﬂ%‘ﬂ%% %é’ggl eh thi's
case, the CPid ﬁwaalbﬁekh!aéd&dkﬁtef bbﬁbaﬁﬂbiﬁdogne the appropriate raster \__J' -
of f set reg| ster _ : )

The support of BLITs also. requrres 4 vertices -two specify the
opposite corners ‘of a source (SRC) rectangle and two specifying the
opposxte corners of a destination (DEST) rectangle. The intent of the BLIT

. operauon is to copy the pixels contained in the SRC rectangle to the DEST
rectangle. In the current embodiment, the upper left comer of the SRC -
rectangle is. stored in vertex O While the lower right SRC comer is in vertex
1. Sumlarly. the upper left DEST corner is m vertex 2 and the lower right

| in vertex 3. In order to properly copy the SRC to the DEST, care must be
taken in the event the two rectangles overlap. When this occurs, the order
in which purels are copred is constramed if the correct result is to be u _
obtained. Tlus xs a well known problem to persons skrlled m the art. The |
mformanon requrred to properly determme the prxel copymg ‘constraints

~ involve companson of the SRC rectangle boundanes to the DEST rectangle
‘boundaries. Tlus is needed both for the X and the Y coordmates involved. '_



.

(either raster offset X or Y) before being made available for storage in
one or nore coordinate registers. The addition of the raster offset
pﬁgzlfes‘a means of offsetting the X/ Y address space provided by the CPU to
a difterent area of the display nenory. -8- The indexed | oadi ng

mechani smutilizes a two-bit index to guide itself and identify how many
and whi ch coordinate registers to | oad durLﬁg any given cycle. It is this
mechani smthat allows the CPU to specify only one X/'Y pair to identify the

degenerate quadri | @&cﬁﬁ?ﬁaﬂ 3P QigPort Elipgihe of BothaiheSSRC aid IDEST rétahglese
XI'Y pairs for a triangle. )W\en e of ? e af orenenti oned degenerate
quadri | at er al in isabdeqaemdpipeline tstagesp the velationship gifsther SRCoaed JPENPr vertices

vertices may be repeated, This is necessary, so that, sybsequent ages_ of
the %fpel i ne toashe appyapriate slippine doundasies is gauired, 3@“& fefiBy ?ﬁt“ét'é’%l -
(even though degenerate). and.no t ' | dp r der
0bj cct s (1 . maae hbt HUHS O SR 6P DEST BRI RASL dosp MR (ond

al l ows for on{ikiBIBF anBPARy! Regdté NAESn&¥d fo rutilizendiee subseqeentnpipetide t stages.
properly define all four corners of the correspondi ng quadril ateral.

- The | ast | oTHisngepresentsi,a petfarance pdvantage im that dhe execution of thgsBLIT
specify the difference hetween.the |ast coordina enteragd L he intended
new coor di nat eawdmsﬁmqlaﬂf i to have ofcps, s%ﬂ?&ggf?ﬂe‘ﬁcg (ﬁ;{r1 gﬁﬁ%’é? is added
to the previo ekl Aalie-dacf ore being | oading into one or nore
registers. Th@*ﬁ%‘?&?n ex iIs usedﬁo identify the | ast coordinate entered

[vertex (index-1) nod 4] for the necessary addition plus identifies which"
regi ster or regi st B coordinate ﬁegmamr@slqa& {SHEPPTY dRwiiPle, FaY§gferathe

-/ coordinate values to be acquired. Correspondingly, the coordinate
comparison logic maintains the necessary comparison information
regardless of the manner in which the coordinate values are provided. The
different methods for coordinate acquisition can be summarized as:
absolute, indeigd. and relative. Thé specific method used is determined by
the address of the register that the CPU ﬁses to identify the regiSter(s) to
be loaded. An absolute coordinate value is loaded by storing'the actual

~ value supplied by the CPU into the addressed register. This method of
loading is used for loading of the clipping boundary registers and the
raster offset registers as will be described below, as well as individual
coofdinate registers. The second method, indexed, is used to efficiently
load multiple coordinates with the same values. In this case, the CPU
supplied value is first added to the appropriate raster offset register
(either raster offset X or Y) before being made available for storage in one
or more coordinate registers. The addition of the raster offset_ provides a
means of offsetting the X/Y address space provided by the CPU to. a

different area of the display memory.



In the end result, the CPU is free to choose to | oad the coordinate

regi sters in any manner supported. Wen the operation, either a :
quadyil ateral rendering or BLIT, is actually requested (after the = _
coor di nat es +have al ready been | oaded) the current state of the four .
vertices are utilized directly without regard to how they were acquired.
This provides the utnost in flexibility-8or the CPU. Figure 1 is an.

overvi ew of a graphics subsystemin which the present invention may be
utilized. Bus. i ntBhef amdexedgloadibg mechanisracutilizeshaotwgrbitdihdessto gaide and

control buses to a central processing . unit (not shown). The functjopal -
conmponent s oftselhand, idemtify lg‘l?bs‘%‘ilér?%gr 8""6‘3’(-&%%@1’?“8 3Fﬁ5?FEr‘>P.i?9ﬂ 20g 13,
coordi nate s i S Long 18 ¢ ' NG -SEPt 1 e f i onge
addr essi ng b%'@ﬁ'ﬁ&%g gir‘gésk Ié_é%etrhg{ | oe%h%?%‘?kﬁ%g%gs%ﬁeg?ﬁagﬁrsé%g yggn rat or?
23. Data paténe A’ o identify ahe degenerded quaddilareial bud fpoint( PPt OIY)

which is a menory which stores graphical information to be displayed on a
vi deo di spl apaisufer adine, @rythreen X/Y| pairsgfaraa iriregle; sWheadere ofthe t he frame

buf f IS d b ' i rcui Ya) { . :
appr opr | at o HeLenrridned, HERerlrhey chpdltfl 1€BR04P ihil” G R dvenex
t'he video di gghisiersOondnér dldre Viétficéh iy’ beepedted.Nt Thisa @ nkbbsary So R fied

by mask generation block 21 and |inear address generator 23 based upon
processi ng psubtisequend $tegesoof dtheapipelinggeany always dnterpret dherehjact defined

[ ti 7 f ti dd ' t 19. Functi I
addr essi ng. o¥% de AYuIIaETaL, (SR, MtRD FESepRRP, And et troes an f tperial sase,
to fit partigylighed ik 'Sg,%gifseﬁré %@ini,hﬁn@,l(rﬂm €)9dO%nE Nindbi N 1ddagg 27 e t O

be di spl ayed, apd then tr efs the signals t0 mask generation stage 21 - .
whi ch  ar r angschetecalsof sllows ifon onlyt thes ioppesite’ pomets pbia rextangléad be -\

entered to properly define all four comers of: the corresponding

quadrilateral. |

The last loading method, r_élati;fé. i§ used to. aﬂé_w the :CPU to just
specify the difference befween the last coordinate __en'tered"ar.xd the
intended new coordinate value. In this case a CPU supplié_d delta or offset
is added to the previously loaded c_oordinétg: Béforé being léading into one
or more registers. The 2-bit in_de_x is used to identify thé last 'cbox_'dinate |

~ entered [vertex (index-1) mod 4] for_ the ncceséary a_dd.it'io_n_. plué identifies

which register or registers need to be loaded as in the indexed loading

case. . A S | ' U

In the end result, the CPU is free to choose to load the coordinate
registers in any manner sﬁppo‘rted. When the cipetatibn, either a
quadrilateral rendering or BLIT, is actually requested (after the

coordinates have already been loaded) the current state of the four



traverse fromthe beginning to the end of the visible object for each scan
line and are used for addressing the data path and nenory interface stage
3. -10- The mask generation signals are also furnished to |inear
- ad s generator 23 which translates the addresses provided by the mask
generation stage 21 into signals for lingarly addressing the frame buffer
for transfer to the output display. The present invention is directed to
circuitry in ¢eices narecutilizgl rlireotlpcivithbutiiregard pr homnshey rwerenaegwired: i ons
based upon its inputs, the specifjcs of which 'I#, e described below with
reference to Thigupeeyides) thequ ?%t?‘ngemflﬁyné’t‘i% RUthe nature of control
signals to enable a graphics subsystemto perform arbitrary quadril ateral

rendering with cl 'PRLAD 1201 k| G¥kvieWPE & 'GHHiEN SubsGich? in hiehCitieD prexgnt
Thus, the present 1fivention I's directed to specific circuitry within -
coor di nat e st agieAgos emby be filizedip| Buerintzrface logict ht isacansestedi threrghind

control signals needed for the proper operation of the foregqging functional
bl ocks conpri addrgss datacandjicopiral, W%%t%ﬁﬁ?& mqesmmn{qgn gféﬂﬁgi

skilled in thg,art and, herefor ' L hed, hepein C as
necessary for'%gepi%ﬁé‘f’h%ﬁgwg?ﬁﬁg? néé;y Ic‘)l%“= {bgépl#}ﬁ%%ﬁ? %%%R%%e?ﬁangﬁr?o%a {io
figure 2, a bln%%rgVﬁEt&fS& W3R 0GR Rlate” RRighhg eetibh LS, goodiidte nsehliencing
shown. Coordinate Staging section 15 COTTPI’I ses adder 31, |oading control
state machi nes&lijonmilf; ifphetional 3gldressingo blagkndPe mask  generation block 21 and

linear address generator 23..

W, | ' Data path and memory interface 13 update .a frame buffer (not
shown) which is a merhory which stores graphical information to be
displayed Ion a video display such as a CRT. That is, data which is loaded -
into the frame buffer is accessed by video éircuitry which converts the
data to appropriate electrical signals which, in tumn, turn individual pixelsl
of the video display on and off. The data from bus interface logic is
"modified by mask generation block 21 and linear address generator 23
based upon processing performed by coordinate staging section 15,

' coordinate sequencing section 17 and functional addressing stage 19.
Functional addressing stage 19 also accomplishes a portion of the clipping
necessary to fit particular graphic objects to the clip window in which they
are to be displayed, and then transfers the signals to mask generation
stage 21 which arranges the information into _sixtegn pixel portions that
traverse from the beginning to the end of the visible object for each scan
line and are used fof addres.sing the data path and memory" interface stage

13.



registers 37, clip coordinate registers 39, raster offset registers 41,
i nd | ogic 43, test wi ndow control |ogic 45, conparison |ogic and result
stéfgge 47, conparison control state machine 49, and status generation,
| ogFc 51. Before setting forth the specifics of the present invention, a ,
brief description of the manner in which objects are represented follows to
ai'd the understanding of the manner in which the present invention is
i pl enented. 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 coordi nate and each Y coordinate i's stored in a separate 32 bit register
or a pair of 16 bit registers. Althougﬁ 16 bits are nore than adequate to -
store the | argest screen coordinate (i.g., up to 65535 or -32768 to e~
+32767), 32 bits of information are stored because it is the data type NSt
~prevalent in graphics software and provi des a | arge enough range to handl e
nost real life :eﬁ&ﬁk l Trez\Y) e nﬁﬁﬂ. rfs a¥d deo
di splay. Quadri qu%era \(I)%hg{:l‘tdsma? B?%p%reesg%?e _'aghg%gt in%?%né&gfyﬁ‘ our
pairs of .veiehersor [23 rwhich tramsfateerthp. addressesopjovided dyatlwoimask t hen all
four pairs of vertices are the sa %r t.hree po@?ts;rep a ﬁp. Lf an obj ect
is a line, gemerationostager Bk inty signals dRr Jinearly; pddressing the; framss byHer | ces
are replic ' - 1S i angl e, then one pair of vertices out
Fof Yrasjstes o Qg+ f‘og:ggng dqﬁﬂa&.

of the four palrsisre an object is a quadrilateral then all

four pairs Py piliseht rlﬁ@emﬂﬂ € direkted to RHcRE !ih”@oorﬁfﬂa?d"%ﬁ%?%ub'}r%%kr of

quadril ateral) "are nost efficiently defined using the mni r _
uni que ver tisc eehick cperferms tertainnpperatibns dased aponeitsbinputs, the. spekificsa poi nt
-1 fora ld 'gv%iéhlzv’iill be déscribed below with reference fo. figures 2-14 generating  \J
informatibﬁ in the nati_x_re | 6f control signals to enable a giaphics' subsystem
to peffofm a;bitrafy. (iuadﬁlaféial' .l'endering' with clipping and block image
transfers (BLITs) ;i_ith | clipping. Thus, the present invention is dirécted to

specific circuitry within coordinate staging section 15.

Implementation of the various timing and _.poi_mtrol Signals heeded for
the proper operation of the foregoing functional blocks. comprising a video
" display subsystem are well known to' persons skilled in the : a.rt and,
therefore, Qill- not be described herein except as ﬂecessary fét.".a proper

understanding of the invention.

Referring now to figure 2, a block overview diagram of coordinate
staging section 15 is shown. Coordinate staging section 15 comprises adder

31, loading control state machine 33, multipléxér 35, XY coordinate



for a triangle - 3, for a quadrilateral - 4 and for a rectangle - 2
(o%site corners). If a block inmage transfer (BLIT) operation is to be
petfornmed, then the four X/ Y 'registers have the follow ng interpretation
and"are | oaded accor di ngly: XO - X coordinate for upper left corner of the
source block. YO - Y coordinate for upper left corner of the source bl ock.
X1 - X coordinate for lower right corner of the source block. Y1 - Y
coordinate for |ower right corner of thaisource block. X2 - X coordinate

for upper left corner of the destination block. Y2 - Y coordinate for upper
left corner a&egisteEs RdsiGlipycoordinptecregisiers 9. saxten pffset registerhudl. (ingdpx

O ST o e i Wit g S92 o S L

‘are formed ag7diconigirsoni ecritol vitaeh maichingt 49,2 dnd rstatus ageheration dogic nShory
(RAM known as a frame buffer in one or nore planes (or bits), the nunber
of planes typically_ bein ' ac tem Data stored in.the

.eight for ol or . .
frame buffer is aﬂﬁf"é%sség“!ﬁ/%anba ?Recttj&ﬁ‘r ny ?é&ff‘-&%‘dﬂ&ﬂ\*?%%@lﬁ XY

pair identifi ri| | | Pk | ale. ' t ngkaY
bei ng the coldgsr%r. t@p&é&%ﬁn@ﬁ%‘?“a" Fﬁgléebfélp?%f g%"e?t@?‘ﬁvatﬁeg%hus,
i f eight plagks widerstindihg e6f tle aharitie? pina wiiclpitke| presemdeinveatdobyisei ght bits
in the frame buffer. In this manner, one bit of a pixel can be used to
speci fy whet implementedn or -13- off, with the remaining seven bits
specifying the color of the pixel, or all eight pixels can be used to

e e Sl U Y Sy il cioRnti PRoP R o
\ : 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 la_rgest“ screen coordinate (i;e., up to 65535 or -32768
to +32767), 32 bits of information are stored because it is the data type
most prevalent in graphics software and provides a large enough range to

handle most real life dbjects which'may span areas much larger than the

video display. |

Quadrilateral 'objects are represented as combinations of four pairs of

vertices (X0,Y0), X1,Y1), (X2,Y2), and (X3,Y3). If an object is a point, then
W, _ all four pairs of verticeé are the same 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 the
foﬁr pairs is replicated. If an object is a quadrilateral then all four pairs
are distinct. Objects (i.e., point, line, triangle or quadrilateral) are most
efficiently defined using the minimum number of unique vertices

necessary to completely define the object, i.e., for a point - 1, for a line - 2,



The present invention lies mainly in its inplenentation of index |ogic 43,
adder 31, raster offset registers 41 and | oading control state machi ne 33
- Whj orchestrates the acquisition of the raster offsets and screen ‘
co indtes and the addition of the two to obtai.n the desired display
coordinates. In this connection, with respect to the other functional

bl ocks shown in Figure 2, their operat+iza and i nplenentation wll be

d i bed onl y_i ich. detai i : _ _ _ : ¢
demcr) 020 O o AL s 3 g ERRI h f A 1 5010,

conpl ement bi gg¢nersydder having two inputs, nanely Dataln frombus interface
| ogi c 11 which represents. irncomng.data fromthe CPU and an i nput from MJX

35 which is a multiplexer which select of a,set of jnputs fromraster™
of fset registers 4% a Rlogk: ypass ﬁ‘?!’é?elreélgﬁ.gr@@,m‘bﬂs.é?iv-@& fogmpdy then 4
regi sters 39. Thg i NQix, | | epar sby

| oadi ng cont r-tc_)-g g?dzgt Mﬁgﬁﬂg%zﬁg ‘-8&@’%&@?%@%&#@ ?’gtaal si)é) gdder

31 and nul ti pacveedingly || now be described with reference to Figure 3. In
Figure 3, adder 31 is shown as a 16 bit adder. In this connection, although
a 32 bit adder could be used, singe Datalp_.in the pr ferrequ'EFrb dinment is 32
bits, in order toXveXseprdingte ?Fe“PPR'eB‘f'aF%B‘eﬁi-- £ SOQUECSARIAK- t he
invention is inplemented and since tinming requirements of the pipeline _
utilized by the prggeny tsbi@iHate Forufper leftl fornefiofSthe Sdbubde Bidck0 step add,
the follow ng description will be directed to a 16 bit adder. The o
differences for utilizing a 32 bit adder will be apparent to those skilled

inthe art and, tR%kefXreqordinate fon layerqeighkt Formar of the source block. o

_Yl -Y coordinat,e. for lower right corner of the source block.
X2 - X coordinate for upper left comer of the destination block.
Y2 - Y coordinate for upper _le_ft_cb_mer of _the destiha_tion block.
X3 - X coordinate for lower right comeér of thé-' destination block.
Y3 - Y coordinate for lower right cot_her of the destination block.
Images to be displayed on a display such as a CRT are formed as
discrete pixels which are stored in a .ralidog; access- memory (RAM) known
as a frame buffer m one or more planes (or bits), the number of planes _ U

typic;al!y being eigﬁt fo_r'_a color system. Da_'ta stored in 'the_ frame buffer is
addressed by a pair of coordinates, X and Y, where an X.Y | pair identifies a
particular pixel in all planes, X being the row and Y bemg the cbll_lmn. A
pixel 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



Mul tiplexor 35 is actually a pair of multiplexors 35a and 35b and a third
mul tiplexor 36 which is used to input the high order and | ow order 16 bits
frgmDat aln. Ml tipl exor 35a and 35b receive the high order and | ow order
16 \bi)"ts respectively fromseven 32 bit inputs as follows: one 16 bit input
(sign extended to 32-bits) fromraster offset registers 41, four 32 bit.

I nputs from X Y coordinate registers 37 and two 16 bit inputs (sign
extended to 32-bits) fromclip coordi nate"*:b'gi sters 39. The outputs from

mul tipl exors 3 : . Loed 0. i : y(far

provi di ng. readgfgb?}gglsa?%r%%ﬁgggl S gfg?\;&%@:ﬂ? §h§ h%q@D a%%?l_é °gl %15
i nput to a thigighimpideldax e dsed\fo ePedifis HRS colof, WithPose fof Qfie BdlérsPb&itgr
35a whenever the hi.gh order bits from[err] or [err] are being accessed,

ot herwi se nul tthe| samg as the chaskgroundecalor it the rdisplay | toi pirnxtbe P3el offrhe
output fromnultiplexor 40 is one input to logic gate 42 which either

h bi RN oA . . ' i f. .
Phi o connect i on, 24 Scplesede VBl Dl Bty BL 1763 FRmeBiion of B8 JPeic' "

Datal n are pasgdaddersl,! kddtex OFfse régiitess mcﬁﬂd/'lbmﬁ%r&dtm_ssihw endcRd NQ)
into a register wwthin raster offset registers 47, X/'Y coordinate registers
37, or clip cod¥ ovhigheorchgstrates shgmcqnisitions tofwthei rasgergoffsets and: scrrginc
circuits 44 and 46. which formthe f.olLl owi ng functian. Wen, a.l qw order
Tobit add i o tonenngr e the ggriort of i e’ Slaln By AR fyseliy o,
provi ding a cagdofdintes] 3n"fhis (conh&Bionddkh Fespett) Qo Cibe’ Yther fufiétiddil SbIBEES | S
saved in flip flop 46. The output of fflp flop 46 is gated by AND gate 44
to the carry ishown idSFigufe &jdtheir3dpehation garidhémpléshentation fwillh be ugeseribed

16-pits. This cqnbj natio rovides a 2 cycJe 32-bit add equjvalent to a
siQﬁJSI e cycle 3"235”[“ sueh G_}?)e‘Fa'P"r"SFFa&/ tJaﬁld'ei""??f," FRESTEANYRE t theagi sters

41, XY coordifidtént 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
incoming data from the CPU and an input from MUX 35 which is a
multiplexer which selecté one of a set of inputs from raster offset registers
47, X/Y coordinate registers 37, or clip coordinate registers 39. The input
from MUX 35 is selected by signal_s generated by loading control state
L, machine 33 as described below.
. The details of adder 31 and multiplexor 35 will now be described
with reference to Figure 3. In Figure 3, adder 31 is shown as a 16 bit
adder. In this gonnection; although a 32 bit adder could be nsed since
Dataln in the preferred embodiment is 32 bits, in order to save Space on
the integrated circuit in which the _invehtion is implemented and since

timing requirements of the pipeline utilized by the present invention are



'régi sters 37, clip coordinate regi sters 39, test w ndow control 45 and
conpari son Iogl c and result storage 47 are coordi nated by | oading control
s@e machi ne 33 and conparison | ogic state machi ne 49 which causes the

afer'esai d ,f'uncti onal bl ocks to operate so that the data is flowwng in a
pipeline. Thus, although not all control lines fromloading control state
machi ne 33 and conpari son | ogic stat'el“nachl ne 49 are shown, the details
will be readlly apparent. to those skilled jn the art from.the description

gf | | oad|X/ng ceatisfied byt & Bvocten #ddg the, foll %Wa#ssaﬂtlpegwél deadirestad Hond 49
Y
€l OW. gP@rbét ?ﬁﬁ% A Se%’ﬁi’fte:i%s)%\f &t?ﬂtﬂ ”f‘tﬁ ﬁgi‘q&t @ﬂf’,} eéxf parent

referring t bit regls ers | ore err
vertices of g@nigfakedkilléd ihethd! adnand Berkfore] twillefbos ber déseribé®d to store t

upper 16 bits of each X .coordinate and anot her 16-bit register is used to-

the store the Iower 16 bits qof each X coqrdinate, Simlarly, another 16-bit

regi ster hol ds t AMultiplazor 135 Bft@tWﬂIYeﬁo??“{@o‘BPBfm%&‘Esaﬁﬁi a0, and 3 ¢

ter hol
o T ool BulEbe 58 Which 8 uB8S o iRl AHE orBlP S ) it o' ©
coordi nat e ansl bisUfrod DRASIA | rMumpMornisd)uhd 38b trél&t‘{eltlid higlproddéeraand

Regi sters X1L- X3L and X1U-X3U represent the-|ower ‘and upper 16 bits of the
[err] coor dileat @Sdﬂeéﬁe‘vﬁ gesppetivly frem) geveagd2 thit dnputs -as3 follgws: vers 16U

BLore | OHETi0d HRRCThRo U5 SLob ot e g A 55
o SO LAY i st (VNG achirmpis s
~ extended to 32-btts) from cltp coordmate regxstets 39. The outputs from
multiplexors 35a and 35b are combmed_ to form the stgnal DataOut (for
providing read access to these register values to the CPU) antl are also
input to u tltird ‘multiplexor 40 which passes the 6utput from multiplexor
35a whenever the high order bits from Xo-X3 or'Yo-Y3 are being accessed;
‘otherwise multlplexor 40 selects the output from multtplexor 35b.. The
output from multlplexor 40 is one tnput to logtc gate 42 which either
 passes the 16 blt output from mulnplexor 40 or passes 16 bits of zeros. In
this connectlon, zeros are fotced by logic gate 42 whenever the bits of
Dataln are passed by mulhplexor 36 for du'ectly loadmg (absolute loading)
| into a regtster within raster offset regtsters 47 X/Y coordinate regtstets
37, or chp coordinate registers 39. Also shown in Figure 3 are logic circuits
44 anci 46- which perform the following function.. When a low order 16-bit
add is tak'ing ‘place, AND gate.'44 has its out;iut-_ forced 'to_ a low providing a
carry-In of a "0" to the adder 31. The carry out of this add'is saved in flip
flop 46. The out'put of ﬂip- flop 46 is gut_ed byAND gat'e'44 to the carry in



iul ti pl exer pair which are used to select either the corresponding X or Y
regi ster. For exanple, registers XOL and YOL are coupled to nultiplexers
614 and 61b. Loading control state machi ne 33 generates a signal which
diretts nultiplexer 6la to select the input fromregister XOL or YOL
dependi ng upon the whether the X coordinates are to be operated upon or the
Y coordinates are to be operated upon. Each of nultiplexers 62a and 62b
64a and 64b operate in the same manner rd8pectively for data from regl ster
pairs (X1L, Y1L X3LY3L The, outputs fromnul tip]exers to

nul ti pl exer a&qlm‘ BL dqyring, the, additjon, of HE]Ft‘fRﬂeéxgglt%lb%ﬁbc% tion”
comparison | g I ¥ T4 abel ed
Al \Ois Al ﬂggﬁdrzgdaeazgEy{:%g%gg?%gdu?guwgvﬁfiiﬁ %’enc%ig %l;e S%B@F a?él bits of
its corresponding -X, Y coordinate pair for all zeros or all ones. Sixteen of
the bits tone fromﬂeheperagontofr adele(CBJl.YﬂS)er( Kffs#tYaglsterst #1i XYs eoerdinatat h

-and eighteenth bits comng fro h order tvvo ts of tlg

cor r espondi ng"°85§¢1'§t%7- ¢hip ; gpor F?ﬁjgtf';?cf G!esksﬁ' o)w cpptrol e Afdent h and
ei ghteent h bi t,..Sh | up ol [
cluttering thée '??%% ‘g arne%g?%@gr Qmﬂé 4?>ée1 %ﬁ%%wﬁ l?ée ‘%O\F\igﬁ%

into multipl esisfeSmZuéhﬁﬁ Bssaﬁi:tbﬁ@hﬁsdmllaficsehacinaeludee49twmcx causedi that e
or Y coordinate in the sane manner as nultiplexer pairs 6la, 61b-64a, 64b.

The outputs fafomsmsl tfulmtmel dlxks7® gperate mltmlpﬂwéﬂtaBEaﬂ%%Sdﬂ 2he

4-bits output fr 0 o] eac h Jpper
18-bits of itRIPE ‘?‘es 'ﬂ&"ﬁ&ﬁ'%‘t‘ %ﬁ ngiel e%%'% Poagmg Sﬂ%go't Sl%ﬁervm se
each of the 458idiSe 33 -ahd- compaisch 10gI6 diate! mAckink 49!td2b!shownpthe! aakiils
6(-/3 are input Into status ggner ation logic 51.
will -be readily apparent to those skilled in the art from the description of
loading control state machine 33 and comparison logic state machine 49

below.
XY Coordinate Registers 37

X/Y coordinate registers 37 is, referring to Figure 4, a set of 16-bit
registers which store the '(Xo.Yo) -(X3, Y3) vertices of an object to be drawn.
One 16-bit register is used to store the upper 16 bits of each X coordinate
and another 16-bit regxster 1s used to the store the lower 16 bits of each X
coordinate. Similarly, another 16-bit register holds the upper 16 bits of

:\,-,J : each Y coordinate and another 16-bit register holds the lower 16 bits of
each Y coordinate. These registers are shown in Frgure 4 as XOL
representing the lower 16 bits of the X0 coordinate and XOU representing
upper 16 bits of the Xo coordinate. Registers X1L-X3L and X1U-X3U
represenr the lower and upper 16 bits of the X}1-X3 coordihates
respectfully. Sirnilarly registers YOL-YSL and YOU-Y3U store the lower
and upper 16 bits of the Y(Q-Y3 coordinates of the object. References to



Clip Coordinate Registers 39 Clip coordinate registers, as shown in Figure
5 conprises four registers, XCipMn, XdipMax, YCipMn, YOipMax and

, ’t)pl;exors 8la, 81b, 83a and 83b. The values XdipMn, XdipMax, )
YCMPM n, - YC i pMax,” which are stored in the aforesaid registers wth the
sane name, respectively define the left, ,right, top and bottom of the
currently active wi ndow. These val ues ar'&%enerat ed by the CPU and are
i nput to addro,YIL erd)i madlie 32 bit vhleeesturdduis the rcoespbring fregisegi pdifyr s
XaipMn, XdipMax, YO ipMn, and YO ipMWax as described above. Miltiplexors
8la and 83a iss XOU.XMeasd XOU. Y0k rul ti pl exors 8b and 83b on the ot her,.
select XCipMn and XOipMx- or YCOipMn and YO ipMax, depending on control

signal s generate _ ' . re 'ﬂ@ﬁ; R . ; pari son -
control state rragﬁ%é;a%g#g%lg@ﬁ\go&ﬁ%g(va 't?gsi‘sf%grﬁgfeﬁ)ﬁgxors 8la ar-‘rtf'
83a are sentmuRipléreri it wlich are Wiseletol belevtakither iheo toitesponglngx M ©r8Yb and
83b are sent to conparison |logic and resul't storage 47 and test W ndow '

control 45. megistesy ot example) rgisters X0Rkaand YO faze ccoppledsta mnltplexges shown
in Figure 6 gonpris two r.egi sters RasOf f.. YRasOff. . _and mul tipl r 53.
The vgl ues @s%# @i’d w ,cpﬁﬁ?lcﬁéé? é'%‘t"&?ee?i %’f%eﬁf%rsg’ﬁ gw ﬁé@l sters
with the sa 'mulﬁs@sﬁdmeioysae& iR ik fromdregistéd ML op PoLadded

(when desired) to Datalr before storage into each of the four sets of XY
coor di nat es depeidivigcoponiithatwhetbes she X ordifhtescareataide aparatpdnuposs ear by

the CPU for storage .. -18- in XRasOf and YRa : | ti.pl exor 53 sel ects

XRasOf f- or \‘Es%‘ ‘?"Qiﬂﬁéfﬁl M5 %%E'O?Ret‘?ffss‘ff{ﬁ?al ﬁj&n%‘éﬂgmeﬁo ﬁﬂs

C_O”t rol - stat@ymci'and 64b operate in the same manner respectively for data from =~
| 'register pairs (XlL,YlL)_-(X3L,Y3L). The outputs. from multiplexers 6la- .'\J

64a go to miultiplexer 35b, while the outputs from multiplexers 61b-64b

go to comparison logic and result storage 47.

Blocks 67, 69, 71, and 73 labeled All s All I's are each logic
.circ_:u_itry ‘which checks the upper 18-bits of _its corresponding X,Y
‘coordinate pair for all zeros I6r all ones. Snxteen 'qf the bits come from the
registers (XOU.YOU)-(X?:U,Y_BU) with the -j:_.:'evéntéenth and eighieenth bits
coming from the hlgh order. _tv?d_ bits of the c_orrespbnding ré.giSter in the
grouping (XOL.YOL-X3L.Y3L5. The seventeenth axid eighteenth bit input is
- not shown in Figure 4 to avéid unnecessarily i:ll_x'tteriljg' the figure. The
registlgr pairs ,(_XOU,YOU)-(XBU,YSU) ar§ input intq. muiﬁplexers 75-78 -

respectively which sgl'ect. either the X _coptdixiét__e; or Y coordinate in the

same manner as multiplexer p_airs 61_a,61b-64§_,645. -' The _o_ixtpdts' from
~ multiplexers 75-78 go to multiplexer 35a. One of the 4-bits output from
each of logic blocks 67-73 are ea_ch a "1" if the upper 18-bits of its

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



-

33. The value selected by nmultiplexor 53 is sent to nmultiplexor 35. Test

W ndow Control 45 Test wi ndow control 45 will now be described with
ref nce to Figure 7. The CPU generates the val ues testXval and testYVal
whi &b’ of.f set* a predeterm ned di stance, i.e. nunber of pixels, above and

bel ow (for testYval) and to the right and left (for testXval) of the
currently active clipping wi ndow. That i z for a given wi ndow on a display,
there is a AX and [err] which define a t 2 wi ndow surroundi ng the real
clip wi ndow. iEheegour (Khee fadr #4bis ougaits \fromovlocks 63-23 ars neput, intdatatuer it
Is beneficial to dg sq, fhe need for the hardware to cal culate the |ocation
of objects or SEAFALIYM SOBIC Sﬂe obj ects which are outside the clipping
wi-ndQw. The 4-bit values testXVal and testYVal are stored in the 4-bit

regi sters tesM@%&ﬂﬁely. Mul ti pl exer 91 sel-ects one of the
regi sters tes or test ependi ng upon-whether the X coordinates or the Y
coordi nates are being operated upon as determ ned by the signal MJX Enable
generat ed by t he |@iplicegrdinster rsgisterss as rihominnin Figurehd eampriges ofour

03 hat as  SEEHERT APk XGROTS Y aMe Y CARNRS TR Bhblenes 10T o5
has as a secoggh i §5allind BSb.Y Anécvallds RiflipMin, X@ﬁ%&eﬁ?ﬁeﬂr& deeapMaxg upon

whet her X or Y coordinates are being operated upon as de m ned by the
si gnal MUX Enwbich genastereddinbshe laforesaidi registenst with the sameename,hi ne 33.

The out puts generated by decre for, 93 and ipcrenentqgr 95 will be referred
to as XTest M FesPectineix ﬁé’ﬁd%d\&ﬁ?“ﬂsﬂﬂx”‘@?béﬁ theo cyrrensly. astive; or

91 creates thg. esTRIRS S r [ : '
ard, YCl i pM n gu%//a vtl'e equal g%%%?giggﬁiyy ?Yte)%’ltexegy gﬁ% ?e@%{g&gwﬁ
- respectivel y. which hdds 0, to these values for loading the registers XClipMin, XClipMax,
YClipMin, and YClipMax as described above. Multiplexors 81a and 83a on

the one hand, and multiplexors 81b _hnd 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 8la and 83a |
are sent to multiplexor 35, while the values from inultiplexors 81b and
83b are sent to comparison logic and result storage 47 and test window

control 45.
e t Regi

Raster offset registers 41, as shown in Figuré 6 comprises two
registers, XRasOff, YRasOff, and multiplexor 53. The values XRasOff and
_. YRasOff; which aré stored in the aforesaid registers with the same name,
respectively deﬁne the X and Y offset fo be added (when desired) to
Dataln before storage into each of the four sets of XY coordinates in X/Y

coordinate registers 37. These values are generated by the CPU for storage



I ncrementor 93 creates the val ues XTest Max and YTest Max by adding to

XC i pMax and YC i pMax a value equal to 2 raised to the (testX-1) and
({edtY-1) power respectively. (i.e., 2(testX-1) or 2(testY-1)). Loadi ng
Comtrol' State Machine 33 and I ndex Logic 43 Loading control state machine.
33 generates the control signals, MJX Enable, Index and Regi ster Enable..
MUX Enable is a set of control signal®8-one of which causes the various -

mul tiplexors, in raster offset registers 41 XY Coor&i;nate registers 37 and
Sl p Coor di e BReENFnd: YR, lokigiesarn ey pelpeis RSO o5 YRBOL o v

i nputs; a se f . whi u . | Ok 30, ' i nput's
fromraster %&?gg@grggi géhet?@ ix%ﬁa%}"#&ié%é%l iﬁ?ﬂt gar e&s gb‘gt?él g%q%r .8{:'5}%‘

coordi nate r33yi STk vaRR. sélected bys niultiplegbe 308 kedt (o @malipleioeB;auses an
i ndex register in index logic 43 to increment by | between for each of-th.‘bg'

values 0, | and 2, and if the value is 3, to reset to O (nodulo 4).
Regi st er Enalﬁ&MMeﬁtrol si-gnal s, one for each of the. registers

in raster of fset regi"st_e"rs 41, .X/'Y coordinate registers 37 and clip

coordinate regi S‘l‘éf%é wildow NedHtid1 4 $ kil Bl beCadsstiBed Lwith GRferbhG 16 DI t

value on the line tromadder -31. The operation of "l oad control state

machi ne 33 dfiguren@ex ThegCPU4 gendrites rthev vatuesctestX Vialdaral/ testY Val verick xaffiet e
from which the inplenentation details shoul d pe apparent. As_noted above,

i ages to be® P"edelﬁ"-m‘&F‘ivéfs'éPée'db?'i HBB‘-?’% af Pixgls v angh delaw {@PE opj ect s

having four @aarplan®id Ui Sighh ikl et GRrCREXVRY ROHROLRSnul) IadiSe

‘triangles, rectangles or qua ateral's.” For-poln our “pai rs- of
“vertices arelippiiy window.0r Thatniss fort 4 ggivern window \ont waligplay,Sthefe is1a AKX _
vertices. Four sided quadrilaterals_have four uni cwle vertices, A rectangle ;-
represents a@nds@¥cwhich define a test. window surrounding the real clip window. The o/
purpose of this test window is to eiimi‘nate,_ _wh_é_n_ever it is beneficial to do
so, the need for the hardware to calculate the location of objects or

portions of the objects which are outside the clipping window.

The 4-bit values testXVal and testYVal are stored in the 4-bit

registérs testX and testY respec_t'ively; Multiplexer 91 selects one of the
registers testX or testY depending upon whéther .tl_x'e X coordinates or the Y
coordinates -are being operated upon as de;e;mined by the si_gxial MUX
Enable generéted by the loading control state niach_in_e .33. The' output of \J "
multiplexef 91 is input into deéreme‘ntdr 93 and incrementor 95. o
Decrementor 93 has as a s’_'econ_d input the value XClipMin or YClipMin and

* incrementor 95 has as a second input the -'value' XClipMax or YClipMax,
| again depending nponE whether X or Y'coo'r'd_iiiat'es' are being operated upon

as determined by the signal MUX Enable generated by the loading control



case of quadrilateral wherein there are only two uni que X coordi nates and
two uni que Y coordinates (rectangles can be defined by a pair of vertices
def(ﬁ}ng'diagonally opposite corners). For triangles, there are only three
paiPs"of_unigue vertices. The index value specifies which registers to
enabl e based upon the type of abject being defined. For proper operation, Y
val ues precede X val ues. Except for rectgngles, the index register is '
incremented after the X val ues have beeH?Toaded in the appropriate

regi sters. For, rect | e t i ndex .regi ster,is iacrenent ed.after both X
and Y val ues. staje ﬂzfa"'g' °o§_r?éctkfl6°n,° _%'gsf%'\eﬁﬁf$gbyt é%f'«?megé?'sg?o ﬁ for each
type of obj eCipcrédiéntdr '950willehé réfeneld @ 8s XPdstMIch, YTefMiA AW XTésedaR] €r

val ugs Al though not shown, the enabled Y registers would.correspond to the
enabl ed X r eg¥JlestMax Tespectivelynddlecrementont9 ITicneate the yalugsj XFiestMine and

X3, X0, XL, X2 | ?‘Hggwf“ by sybiraring from KClpMi 2bd i%éﬁ_PMiﬂ a yalugséqugl 1 2
X3, X0, X1 quadf%@% YtestX?D) a.sn& (iestY-1) fower rg(sze)cztgvely. %}1(1:?:1%0 K3

rectangl e An

i mportant poi ficréméitor @3 kfeatescthe walieb| XTéstMaxt hnd YTestbaar by nadding abnt ed
to by the index register is always witten. The type of wite (point, |ine,
triangle, etcXCl and SYGHEpMaxnd valueseqnad to 7 saised 49 she (firstXd)mnd, | |

al so be witten, JF xanp Ll _f.he 4 ndexedstx?1 estyifye a line X wite
I s received, ftﬁ%tfﬁlpégere%?%e[c‘gnyg Wi I(f'eb?t\t/vrsiitte)n,g} %grretl y X2, (X2 + 1)
nmodulo 4 and (X2 + 2) nodulo 4 or X2, X3 and XO. A quadrilateral wite to Y

“woul d only af Leading2Control State Machine 33 and Index Logic 43
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 multiplexor 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 coatrol signal
which causes an index register in index logic 43 to increment by 1 between
for each of the values 0, 1 and 2, and if the value is 3, to reset to 0 (modulo
, 4). Register Enable is a set of control signals, one for each of the registers
N in raster offset registers 41, X/Y coordinate registers 37 and clip-
coordinaté registers 39, enabling each such register to load the 16 bit value
on the line from adder 31. ' |

The operation .o_f load control state machine 33 and index logic 43
will now be described by way of an example from which the

implementation details should be apparent. As noted above, images to be



Exanples 1-3 below will explain the role of the index register when
defining an object. Each line of the exanple indicates the intended wite
opgration, the index register value utilized by the |oading control state
machi ne tQ govern the | oading of the coordinate registers, the val ues
stored in the coordinate registers afteggthe wite, and the index val ue
after the wite cycle concludes. The menonics for the wite comands are
Pnt X or PntY, 0 i

Tri X and Tri e B8 GBhed BObig ialf of bRE br ool Wplectd halinly Rfur'pUke
wite, and Refwertives, Xg.N0) -f(X3.¥3)ecOhjegtsemay|heepom dinesntriaiiglesact ual
‘wite operation identified by each wite conmmand is actually a nmulti-clock .
- cycl e’ oper atfestanglesypr |qupdrilasesals. pipr Reiats. ther fouscpairse Rhrifrdees; AUgh, t he,

The it or pr clBRREal" ofor RIEE el afY, oA, o 4875t yabut PEgRy Ffie ity LP%?Z
this descri pgidapilhfesals mﬁ@praixahhmieoﬁeﬁéagml @s ra’ctaﬁghe?:réiﬁewnek e speasl | y

apparent. At ‘the tinme the PntY(6) conmand is received, all coordinate
regi sters coetsei of tquadnlimu'el wheramd there axndeu:lyl twe pnigue X "aoordinatesPand/( 6)

command says that.a p nt . of. e 6 S ould l,0 Into the Y cqordinate
-22- regi st et “Sl“lﬂf'e FQof gs °STSTH d?ﬁ%‘?‘ggﬁ’eg RAIE, Of ; YRItCER o i ng

value (6) s éé'gﬁ‘ e | Y3 fgpd rmxgl h g&y

recei ved, Pn‘? E?‘Eg OBPBSIFQ gX?’ﬁe) point 3. négo%%%x%& rmrcfexo As
I's the case pditsrofalihiq uedﬁemdesx coordinate wites, the index is increnented
(rmodul o 4) at the end of the wite cycle. The next wite command is a

LineY(9). The in for -thi Ioa sZadTa.bIeI |nd a helod|ngof
9 into Y2, Y3 angﬁ'PO‘“ ﬁe"?ﬁ‘ﬁaﬂ’ Stegy 19 fna @’x&’ §“L eX(7). u _

Tabl e | ~ type of object being defmed._ For proper operation, Y valu_es precede X

vglués. 'E'xcept. for reétangles, ‘the “index register is incremented after the X
values have been loaded in the appropriate registers. = For rectangles, the
' index register is incremented after both _X‘.and- Y values. In this connection,
‘the following table sets forth for each type of ije_c_t, the X registers which
are enabled for each index register value.  Although .n.ot_ shown, the

| enabled Y registers would correspond to. the .enab'led X registers.

TABLEI -
_ Index Value At Time Of Load :
Object Type 0 1. = 2 3
point XO.XI.XZ,XB X1,X2X3X0 - X2X3X0X1I X3X0XI1X2 <7
line  X0XI1X2 X1X2X3 = X2X3X0  X3X0Xl1 -/
quadrilateral X0 X1 , X2 X3

rectangle X0,X1 X1,X2 - X2, X3 - X3.X0



i ndi cates the | oadi ng of 7 into X2, X3 and XO after which the index
register - is again increnented. The final state of the coordinate registers

id fy two uni que vertices (3 vertices at (7, 9) and one at (3, 6)).
Georétrically, this is a line with endpoints at (7, 9) and (3, 6) as was
- intended. Bxanple 1 Specifying a line (3, 6) (7, 9) Index | ndex Before
Aft er Conmand XO X1 X2 X3 YO Y1 Y2 Y3 Wite Wite - 0
000 O 0O 0 0 O 01 wite PntY(6321-0 0 O O 6 6 6 6

[ 3 3 . 6 . 6 01 .
02 write Linev(9) A8 EApotant point that fangbe geeq in Tyile I is that th, cyprdinate
LineX(7) 7 3 Foﬂxtei to by the Sndéx régister is zﬁ%ais written. Obhe g%erzgf \Eﬁ%"?'e? 2

Speaifying a triangle (1,5) (9,3) (4,6) Inde I ndex B
Conmmand (paint(1line, tangle,Y@tcY)l ild@icates\Mowemany subsequent Mgistérs? 3 7
7 wite TriY(5) 3 5 6

_ 9 6 ? 9 ,03, 03 _ (5) 7. 7 7 ]
9 5 03 modulo 4y will;alsq be, writtey. Far example, if the indexsis 2, apthe ime 03
00 wite TriY, . 7 . ] . 00 Il e
TriX(9) 9 gsl)ine] )& viﬁte is’ rece d, éhex?‘ éhl%e O%gxstés wﬁp _beow{“WT Pgmﬂy:’v?{%) 9
9 7 1 X2 + 4) médulo % and X2 + 2) moduld) 46r X2, X3 dtd'X0.9 A Quadrflateral 1
3 6 6 5 01 02 Exanple 3 Specifying a Rectangle (0,7) (8,7)
(8,1) (0,1) 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 loading of the coordinate registers, the values
stored in the coordinate registers after the write, and the index value after
the write cycle 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 for 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 cycle

operation as will be described later. For these examples though, the

execution time of the command is of no relevance.

As a means of ciarifying the interpreta_tioh of these examples, the
first one will be described. From this description the interpretation of

Examples 2 and 3 should be readily apparent.

At the time the PntY(6) command is recei\ied. all coordinate regfstersi
contain the value "0" and the index is equal to "1". The PntY(6) command

says that a point of §alue 6 should be loaded into the Y coordinate



| ndex | ndex Before After Corrmand X0 X1 X2 X3 YO Y1 Y2 Y3

W.ite Wite - 9 4 4 1 3 6 6 5 02 02

w{t® RectY(1l) 9 4 4 1 36 1 1 02 03 wite .
Rect’X(0) 0 ,4 4 0 3 6 1 1 03 00 wite RectY(7) O.
4+ 4 0. T 7 1 1-. 00 01 wite RectX(8) O 8 8 O
77 1 1 01 02 Al'though in exanple 1, the index register is"

arbitrarily 1vvhenthef|rst coordi nat®2frs received, the index register in

i ndex | ogic 43 |n| |al| ed. base a val ue ed on Datalpn if
i nstruct ed b{Fgﬁﬁ%& € r'[sh &"?‘1’8 r}hfﬂﬂé%s ﬂ%ﬁiﬁ pPEPRINE Y85t i on
of this inveg Hsuld btecgta}ehymwekepemems 8id YIE iTHe! hédt coRhiBndireddifed, NdEX
regi ster when“a | oading sequence is initiated.). It is also assuned in thi<

exanpl e t hat PatR(3))f themsaysyEn daaid theopuint 8 inte Xi3|X% msandaXOnoAstw tbbsaser e e

the operation of. hIS cirguitry -24- Lqading control sta h|n :
~in conj unct i &ftex %Es‘iﬂ?“]’%‘ec“g'{‘ﬁ%eaﬁa R elS/ PRCEIRERLS smoP n| ng

scheme whi Chayd theael o e 'Write? efa@g TRE n¥fY YRS OBl a éérdﬁ gove,

al so controls |on of Tegisters an orrespondi ng mnu exors

necessary fomdbhefoprmi@eroaaﬁermhmmable I dnplicates ahe | logling afd9 rmtwm NPrage
47 and status generation logic 51. Additionally, when it is desired to not

utilize the ¥ &hesﬁpalcargamqownslrfqrhﬂnwég@nle isnbineXi(3h, Tazbleré
o the X o c@?%sowefoﬁg tlggl SIE“’OXE 5@ EH X@Cﬁ orm get@ﬁ eft

into the X a ersepitor 1 oper
per formed byisCaFHAr intfémernted.C fl‘hd final state of the coordmate registers xdennfy

two umque vemces 3 veruces at (7 9) and one at (3, 6)). Geometncally,

this is a line wnh endpomts at (7, 9) and (3.. 6) as was intended.
Example 1 Specifying a line (3, 6) (7, 9) -
- Index:  Index
. Before  After .
Qommang XQ 2{1 KZ X3 YO Y1 Y2 Y3 Write Write - -
0 0 0 O 6.0 0 0 .01 = 01
write PntY(6) 0O 0 0 O 6 6 6 6 01 0l
write PntX(3) 3 3 3 3 6 6- 6 6 01 02
write LineY(9) 3 3 3 3 9 6 9 9 02 02 L
7 3 7 7 9 6 9 9 02 03 w’/

write LineX(7)



result storage 47. In this connection, the MJX Enable, and Register Enable
cont~Ql signals generated by | oading control state machi ne 33 and

compal |son | ogi ¢ state machine 49 may be ascertained fromthe timnng
sequence- tablte set forth in Figure 9 and the follow ng list show ng the
order of processing performed by coordinate staging section 15 for each
entered Y coordinate. 1. - Receive Y coordipate on Dataln 2. Add the | ow
order 16 bits of the received Y coordinate™®: a) YRasOf (lower 16-bits)
or b) the low order 16 bits of YOL-Y3L pointed to by (index-1) or c)

0's 3. Add ExamplegR 3pesifying apiriangls (1458 ©ODe(4®d Y coordinate to: a)
YRasOf f (sign extended upper 16-bits) or b) - the high order 16 bits of

YOH 2H pointed to by (index-1) or c) 0's and conpargg dieke resHM;exof
step 2 to the other Y coordinates - 25 4. Conpare the &%g tte p 2
to YOipMn, YTegdMn |p %6 io Max 3ng £ '1' -1“;1 upper 10.0its
of the result—e s S ; Siv chine
above, the choices , a) G) aj e de s fogl o% Pnondrel atlve
wites to an i nd®d® Fré @ger , L1 NE, TRI EC‘?) cﬂ& ce a) Qé

sel ected. For a rvaiter TGl el to3an7| nddxed r&gi Qer9(R|§ PN®3 RELL]
RELTRI, RELQUAD, VRE!?RE'CING&hoﬂce 3) 7s sdiected A thdr WPl es sel@Bt
choice c). The | cesitendri¥(9n 2 co%rd"nat d foll 3ws 3t he9 safe fOOw: 01

write TriY6) 9 9 7 1 3 6 6 5 01 01
write TriX4) 9 4 4 1 3 6 6 5 01 02
Y Example 3 Specifying a Rectangle (0,7) (8,7) (8,1) (0,1)

. Index Index
Before After

Command X0 X1 X2 X3 YO Y1 Y2 Y3 Write Write
- 9 4 4 1 3 6 6 5 02 02
write RectY(l) 9 4 4 1 3 6 1 1 02 03
write RectX(0) 0 4 4 O 3 6 1 1 03 00
write RectY(7) 0 4 4 O 7 7 1 1 00 01
- write RectX(8) 0 8 8 0 7 7 1 1 01 02

Although in example 1, the index register is arbitrarily 1 when the
first coordinate is received, the index register in index logic 43 may be
v _ initialized based upon a value placed on Dataln if instructed by the CPU.
(It is worth noting, however, that proper operation of this invention is
totally independent of the initial value of the index register when a loading
sequence is initiated.). It is also assumed in this example that XRasOff and
YRasOff contain the value 0 so as not to obscure the operation of this

circuitry. -



Wth the foregoing restrictions and definitions in mind, and assum ng that
the_index register value in index logic 43 is '01' and registers (XOYO -
descri bed above with reference to Figure 4 are all 0, the
fol't'owi ng sequence of events takes place to load the registers so as to
define a Line having endpoints whose XY coordi nates are (3,6) (7,9) as in_
Exanple 1. At clock cycle 0, the commpgd wite PntY(6) places the value 6

( 3) as

on Dat al n,

and causes the register address input to | oading control

st at-e

machi ne 33 to conLaading veéntrsl bfaté aRidhie 1332in tdonjundeioni Withd sbmphsisen Y
lock cycle 1 (and referring to Figure 3), multiplexor 36-is
i nstructed t dogie| state mashine,\49,¢pntrols & pipelisinghseheme whichyin; pdditienrto 35

point. At c

(i.e., mult
pass the |l o
adds the ou
result at i

-26- | ow or
mul ti pl exor
mul ti pl exor
ext ended up

enabl ed and
t he conmand
regi ster ad

i plexors..35a and 35h), and, 40.and | ogi c ,gat-e 42 are instructed i
wdpadige e Vaou tegper ottty pbR. o conmnd B ' ifraft e U
t Rekiter OdRd \WortedpSridihg SthudiiplekOfl hebédstry’ FoRNMePp the

ts output. At the end of clock cycle 1, registers YOL-Y3L are

enabl ed and lopeciibnuof hcanhparisshu bogic candadesult Sthrage @7, agd r siptus sgeneratipn he
der bi of- .the vglue 6 that s gn Dataln, At clock cycle 2, '
ng'Fsginsﬁf’é’éP _Yowé’éPe’é't‘st‘x\Fg“ﬁﬁg‘ﬂ Botyufliag; the rastsp o8iset n and
S d L(C 3 A2 \ LUCE LG 1 | he sign

o capailfy S BRCpI AR iARR ol 2 okBRTI folcd B 4dfiEnye"
adds the out 0% so ftherincathingodataofor3storuge int@ithe Ktand4¥ aoordiniate asgistees
result at its output. At the end of clock cycle 2, registers YOH Y3H are

\psiagete \performing \the (eomparisons cpasfarmed by eemparison lagiccgad e 3.
W Pnt X pl aces the value 3 on Dataln, and causes the -

t 3).
dr’@’é'g?isﬁ?ﬂ?‘ggt%"‘l oadi ng control state nmachine 33 to contain a

In this connection, -t_he MUX _Enable_;_ and Register Enable control

signéls. g_en_etitgd by loading c_on_tfol state machine 33 and comparison logic

state _maéhine. 49 may be ascertained from the timing sequence table set

forth in Figure 9 and the following list showing the order of processing

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

1.  Receive Y coordinate on Dataln

2. Add the low order 16 -bits_of the .recéi\'r_ed Y coordinate to:
: a). YRasOff (lower 16-bits) - -

or b) the low order 16 bits of YOL-Y3L pointed 10 by (index-1) -/

or ¢) O's

3. Add the high order 16 bits of the received Y coordinate to:
a) YRasOff (sign extended upper 16-bits)

or b) the high order 16 bits of YOH-Y3H pointed to by (index-I)

or ¢c)  O's _

and compare the result of step 2 to the other Y coordinates



val ue indicating that the incomng data is an X point. Also at clock cycle
3, multiplexor 36 is instructed to select the | ow order 16 bits on Dataln
an | t,i pl exors 35 and 40 and logic gate 42 are instructed to pass the

| ower® 16 bists of XRasOf. During clock cycle 3, adder 31 adds the outputs

frommultiplexor 36 and | ogic gate 42 and places the result at its output.
At the end of clock cycle 3, registers %6l-X3L are enabled and | oaded with
t he value fromadder 31, i.e., 3 representing the |ow order bits of the

value 3 that was on Dataln. At clock c¥cle 4, multiplexor 36 is . instructed

to select thedhi griCempare the nssult of stapa2 dpnYEHEMin ¥iTgstMiny YClipMax and and
| ogi.c gate 42 are YRestMast and ezamines thenuppsrgh8 ditscofithe geqwly of stepst 3 of
XRas(F f. At cl ock andcBefon albhddeand3all Akds the out puts from nul tipl exor 36
and logic gate 42 and places the result at its output. During clock cycle

of mader 51 A (HeRSERES SR thd LASEEs 2, B, bF %) ‘B dfipdd B cbligwel| P11
command wri t epbi RN (rlatibe AediRs ?tb%vﬁidﬂﬁe@régistm(m LENE, TRIS QQUADS RECT)

regi ster address 1 nput to | oading control ate machine 33 to contain a

val ue i ndi cat chaice )t ist selectedt: orFlarca aelativé svrite ol am dndexed cregisterc(REIPNT,

mul tiplexor 36 _is_instructed c w, oy der .16 .bits taln and
mul ti pl exors RELIJINE, » WOBFL °&2‘°§$’i i§ Seleqt tg@ MBhass the
| oner 16 bits Y DUrdhng ; ; knatd foflows (thE saiePUt S
frommultipl eﬁteﬁg@%%%%lgflg)ba?gé25&6‘1’?1%%5??2%(5%9%? result a? I'ts output.

At.the end of flwack cycle 5, registers Y2L, Y3L and YOL are enabl ed and
| oaded with the value from adder 31, i.e., 9 representing the | ow order

et ruct ed to-sel Wit e {Pteoaringion an Soalibns IR i o BiSiings °
and 40 and | ogy4 @@!fdéx register value in index logic 43 is '01' and registers (X0,Y0) -
(X3;Y3) as described above with reference to Figure 4 are all 0, the
following 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 write PntY(6) places the value 6 on
Détaln, and causes the register address input to loading control state
machine 33 to contain a value _indicat‘ing that the incoming data is a Y
point. At clock cycle 1 (and referring to Figure 3), multiplexor 36 is
instructed to select the low order 16 bits on Dataln and multiplexors 35
(i.e., muitiplexors 35a and 35b) and 40 and logic gate 42 are instructed to
pass the lower 16 bits of YRasOff. Thus, during clock cycle 1, adder 31
add§ the outputs from multiplexor 36 and logic gate 42' and places the
‘result at its output. At the end of. clock cyclé 1, registers YOL-Y3L are

- enabled and l_oaded with the value from adder 31, i.e., 6 representing the



are instructed to pass the sign extended upper 16 bits of YRasOf. At cl ock
cycle 6, adder 31 adds the outputs frommultiplexor 36 and |ogic gate 42
an | aces the result at its output. During clock cycle 6, registers Y2H,
Y3M-and YOH are enabl ed and | oaded with the value fromthe output of adder
31. At clock cycle 7, the command witg LineX(7) places the value 7 on

Dat al n, and causes the register addressS input to |loading control state

machi ne 33 to,contain val | ndi I h in ' a4S an X

line. In ali k°ew r?éﬁ?fe?ﬁﬁ 33|§?e¢@g§§wg[éa§% é@"é_r (eAqerQ\}génk gg{ﬂ?yé’enabl ed to
| oad the val ughyftiplek6¥ 36NisC insthRted tisselebtithé digh Sordec 16nBits &h DatdlnZadd 3
as shown above. Loading X/'Y coordinate registers for other objects follows

the same pi pemultiplesossng5 duxkddband degic egateddhprednstoicted tarpaseshantgn 7
rectangles are giyen in e | es n ve.,lna sijglar ganner R
quadril ateral #Ggpéﬁ]gpa?fe@@? PB%@@%@%’M °$§g}%é‘r g? ﬁgﬂ’na'm ip
coordi nate reg;j a sy 26 NMAd £ N n ' Y, .Gpdat e -
regi sters 37 gg&églg%rq?igwéﬁ&:zfg%@e?ﬁﬂ%%tg ,%Ir%gdliéo%igt%&ﬁz&?sﬁ? n ?rQﬁgc'? gﬂ to -
force 0's for resalthatailsl ouymite. Atithe.endabf clackecycda @, registbne YOHRAEAH are

i nvention, by use of the index léggi ster i.n index |logic _43 also perforns -

rel ative addr eashleds andi laaded Jwith dhe (yalus fromcthe oppRL of Adder 315 At gycle

rel ati ve addr €8s Igeded ovith  fromekie MEHeof tder Jlps At gye
ty of on_cxatp 86 Soupind el PocTE) BLE, B N5 dn, PallTE) af bk 0

defined as [epddister addpsds|impat -to Tioading! temttsl blates nwduhasd 330td icontaimia
different locations on the display, it would be necessary to store 150 -
pairs of XY cualudiindicating Ubatther inicaming: datadiscan X pointne Also b clock ayslerbd

as the origingfainle @3 LNGRSeRr @ el ke 149 b1 bl 5h B Snd
' multiplexors 35 and 40 and logic gate 42 are instructed 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 places. the result at its output. At thé B

~ end of clock cycle 3, registers X0L-X3L are enabled and loaded with the
value from adde_t 31, i.e., 3 representing _the low order bits of the value 3
that waé on Dataln. At clock_' cycle 4, mulﬁplexor 36 is instructed to select
.the high o;det' 16 bits on .Dat_ain' and mnitiplexbrs_ 35 and 40 and logic gate

42 are instructed to pass the sign extended upper 16 bits of XRasOff. At
clock cycle 4. adciér 3l.jadd's ihe ontpufs from 'mdltipl'exor 36 and logic gate
42 and places the result _a't. its 6ut_put. 'Dn_ring clock cycle 4, registers XOH- U

X3H are enabled and loaded with the value from the output of ‘adder 31,

and the index_ register i's'fincremented. At cioCE.cycle 5, the command

write LineY(9_) p'laces_ f_he value 9 on D_atain. and causes the register

éddreSs input_ tb loéi_!ix_i_g_ control St_ate,. machme 33 to contain a value

indicating that the i@po}hing data is a Y line. ..At clock cycle 5, multiplexor

36 is instrﬁcte’d to select the low order 16 bits on Dataln and multiplexors



fromthe previous vertex, ie., [err] and [err] To duplicate the object 50
‘tinmes, all that needs to be stored are the two offset pairs and a new [err]
{0 ach*duplicate (i.e. fifty object origins plus two offset pairs total).
Thks“can be acconplished in the present invention by first storing the
origin coordinate pair .vertex in one of the register pairs within XY
coordinate registers 37 using an indexed |loading style (i.e., PntY, PntX).
The two offset vertices are subsequent!|y2?stored relative to the vertex

pointed to by,the cysrent,val ue, of,4t d [ Mt MAlLSe | | i shed
by sel ecting ?#@'Ve?{)e?r&p!ﬁgﬁ? 5 32b‘§% T?ﬂg&é)e(&qg)ﬁ%g ‘B‘E lgkﬁédﬁst gﬁ q?gl n
prior to regi yRasO0AdWshg ERRKVEYE)S, raider S1Cadtisbthe( bugeats from nmltiplexor -
guaranteed to have been | oaded on the previous indexed wite irrespective
of tTe type 086 andt bbgiclgate #2ad places) thentesult at; it cufmite, At the \ead: of clockm

which the rel ative offset [ Co I son | ogi ¢ and, resul t. stora
| ogi ¢ 47 Corrp’éX‘il%cﬁw.!eGb“ﬁ;‘sgﬂﬂﬂr S’g&l g t It §E° |°8§€‘83ﬁMﬂaﬁ°‘EoW‘%égﬁe‘%§% bed
pth referenceqohd gﬁﬁpﬁg i& aﬁ'qeﬁﬁigﬁ@%fﬂei 86;7' GHEF b of BRLIvhIuS! 9T dhae )

logic 47 conp exor s : 107 and 109 (see Figure 7),
-29- and conpaadidl Patadh: 124, cloek ty¢lecd,omultifléxdriB6 ds dnsteusited ¢o selRtt Riel

(see Figure 8). Registers R1-R44 store the resultg_of oper.at,i on of
conpar at or s 1highl ordessl& hissnon Pataly and muliiplexors asw&g&@p IRgif sate 42

R2_3 Yo vai pMm_ré 1%2str)u(9t'e o thAssnthe sign extended upper 16%its \6F YRGSOM. N 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 ¢ommalid_ write LineX(7) places the valhe 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 régiétexs X2L, X3L and XOL aré eventually enabled
to load the value 7 after which the index register is incremented from 2 to
3 as shown above. Loading X/Y coordinate registers for other objects
follows the same pipel_iné s.cheme. described above. Examples for triangles
and rectangles are given in examples 2 and 3 above. In a similar manner,

quadrilateral objects are also loaded.

Raster offset registers 41 and clip coordinate registers 39 are loaded
in a similar manner as X/Y coordinate registers 37 as described above,
however, logic gate 42 is instructed to force 0's for each add cycle. (i.e.,

absolute loading)

The present inveniion. by use of the index register in index logic 43

also performs relative addressing which provides an efficient mechanism



R3 X0 Xd i pMax R25 YO YO i pMax R4 XO: XTest Max

R26 YO YTest Max RS X1 XCipMn R27 Y1: YO ipMn R6
X est M*n R28 Y1: YTestM n R7 X1:Xd i pMax

R297Y1: YA i pMax R8 X1: XTest Max R30 Y1:¥YTest Max RO
X2: XA i pM n R31 Y2: YOpM n R10 X2: XTestM n .

Xo: XTost o 1oF displaying’ duplioiids: of phicst., Relptiug Adafesstg Jy BroF Gestiibed

R35 Y3: YA i pyn way4ofan ehafipit as follows. The three veriasls i o taahdik mB}

X3: XA i pMax Myn } ° - - R37 oY??:wYCI I f/ax RelgeXS XTest Matxé‘E E?— ©

R38 Y3: YTest Mefingd asXE0K¥0), (X1,Y1) and (X2,Y2). To duplicatycthisioles Stinpes

RA2 YL Y2 Ro8tydifigient locations on the display, it Wopld \Be pecetsav, o Fore 150
R44 Y2:Y3 In | g¢ . ' A ' i 20 .

X i pM n/ Max ,p% &pkﬁ'ﬁ/ X egt Hgﬁ?%@’ﬁgﬁﬁﬁ%ﬁ‘%ﬁﬁﬁéﬂﬁ _gh§g€18?§eag
one bit resulthe drigini (X{,¥qg)gdnd abe ssecond tandethind vertides are aefined ads affsets

conpari son between the two indicated_valugs. If the value gn the |eft of
the col on is fipracthe previgns eBeFal e AXOLA Gliﬁ?ﬁAKﬁtf]gz%o&?n,d“Ph@tbimary

val ue stored iin thg, corres di.ng nLeqister,iS:' .10+ if t a _ t he
left of t he é)a]?ﬁtﬁ &%ﬁ"é‘?s al?f-)ﬂxat.tﬂ:edSQB bé sté:ﬁc; a&g_the tfwo Qﬁ'sé’t Lﬁ'ﬁs %d X'
' new X,Y( for each duplicate (i.e. fifty _quec__t origins plus two offset pairs.

total). o

This can be accomplished in the présent invention by first storing the u
origin coordinate llz)air_ vertex in one of the régiStér pairs within X/Y
coordinate registers 37 using an indexed loaiﬁn_k style (1e. PntY, PntX).

The two offset vertices are subsequently ‘stored relative to the vertex
pointed to by the current value of the index register. This is accomplished
by selecting the '\rertéx"point'ed to by (index -1) to be added to Dataln

priof to register loading. The vertex 'rgferenced by (index -1) is

guaranteed to have been loaded on the previous indexed write irrespective R
of the type of write (PNT, LINE, etc.) and is, therefore, the vertex from

which the relative offset applies.

0 ison_logi _ d logi - N
Comparison logic and result storage' logic 47 will now be described

with reference to Figures 7 and 8. Comparison logic and result storage

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



-30- than the value to the right of the colon, the binary value stored in
the corresponding register is '01'; if the two values are equal, the binary
va stdored in the corresponding register is "00'. For XClipMn, YOipMn,
XTest'™M n, arld YTestMn, if the. coordinate value conpared is less, a '1l" is
stored, otherwise, a '0" is stored. For XdipMax and YO i pMax, XTest Max,
YTest Max if the value conpared is greatr&- a '1' is stored, otherwi se, a
"0" is stored. The inputs to multiplexors 101, 103, 105, 107 and 109 are
from X/ Y coor 8 gompargtoss o}21-124, multipjexers 134-146 yand vregistessi R1:R44 i nat e
registers 39, &g?ll th(gﬁi pMn, YCipMn and X ipMx, YO i pMax and test

w ndow cont rof , gname 'y XTestM n, YTestMn, XTestMax and YTest Max. O

_ cou@, at any one.tinme, the inputs to multiplexors 101, 103, 105, 107 and
109 are either X \RdgistersoORIYR44lstore dse desulisi bf dha upeeationa of dcamparatord/UX
Enabl e si gnal lrgenerat ed by c.on‘ﬁ_ari son control state machi ne 49. Conpar at or
121 conpares hZl-124 ascshowniinoFablet Iknd nul tipl exor 109 output. Sinmilarly,
conparators 122-124 conpare nul tipl exorgé%zﬁg_ﬁOS and 107 outputs on the one
hand and nul ti pl exor 109 output on the — The outputs from conparators

121-124 are i liin,gq.,mi;,i pl exors 131- 146pxdi libeGh the appropriate data
to registers -0 tfi% | oaded as follo 4 E&
X

1 Wit from conparator 121
is connected | ors 131- 135, 1 28 3 Lch are used to |oad
registers RI, y R5, R9, R13, R 3 Rdak19, for X val ues and
regi sters R23R4B0: X _é"h26, R27, R31, %5 ef—&{ .- and R41 for Y val ues
as shown in FR@GFBXQ‘RMP‘TabI e Il -31-R27 Y1:YClip n

Rbd X1:XTestMin R28 Y1:YTestMin
W R7 X1:XClipMax R29 Y1:YClipMax
. R8 X1:XTestMax R30 Y1:YTestMax
R9 X2:XClipMin R31 Y2:YClipMin
R10 X2:XTestMin ' R32 Y2:YTestMin
R11 X2:XClipMax "~ R33 Y2:YClipMax
R12 X2:XTestMax : R34 Y2:YTestMax
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
R20 X1: X2 . : R42 Y1:Y2
R21 X1:X3 ' R43 Y1:Y3
R22 X2:X3 : ' R4 Y2:Y3
- In Table II, excepting for the comparisons involving XClipMin/Max,

YClipMin/Max, XTestMin/Max, and -YTestMin/Max which store a one bit
result, the indicated register stores a two bit result of a éomparison
between the two indicated values. If the value on the lleft of the colon is
greater than the value to the right of the colon, the binary value stored in

the corresponding register is '10'; if the value on the left of the colon is less



below. In Table IIl, A B, Cand D refer to comparators 121, 122, 123 and
124 respectively. The output from conparator 122 is connected to

muf t )pl exors 132, 135, 136, 137, 138, 140, and 144 which are used to | aad
registets R2, R5, R6, R7, R8, R10, Rl14, Rt7, R20, and R21 for X val ues and.
regi sters R24, R27, R28, R29, R30, R32, R36, R39, R42 and R43 for Y val ues
as shown in Figure 8 and Table 111. ¥ output from conparator 123 is .
connected to pultj pl exor 3, . 137 39, 140,,142. and ,145 whi,ch are used
to | oad regi §g§? @%gaf‘ﬁ%" 2‘%’8‘? ’Péébq?ilf 'cﬂ%&’ ‘R‘ié’,““iﬂo‘"&ﬂﬁ 5d 10 e o e
and regi ster goife rmg% repister 32:01; Bthe RS, vild al¥ 2qual) khB Winky vilue
val ues as sh(?\?vn ?%o Figure 8 and Table IIl. The out put %ﬁr om corrpafmz}{ or 124

i s connect ed storediht thel eormesporiding régidter 1i4 200'1 4 For XQlipMis, ¥QJipMig, whi ch are:

used to |oad registers R4, 'R8, R12, R13, Rl4,  R15 RI16, R19, R21, apd R22 .
for X val ues XFestMiny ands XTestMin, Hf she repordipate valug comparedzigslesgd "IRis; ang

R44 for Y val yes,as,s | ReeF 8 | Thy DaF done -
and stored ar‘g“?roé‘é‘egg‘%i%g% 18_3%‘%& dlﬁﬁg?(p?@gﬁ"ér%flng&&’g@gpﬁ an@ "
functional adgrassaRlifthe Vald® cofhpareiis gheabdrpRCll \is Graed) oterwize] el is
operations (DRAW also known as quadrilateral rendering, or BLIT) and

per f orm propestordd.ppi ng. Conpar.ison Control State Machi-ne 49° Conpari son
control state nmachine 49 is |ogic which enables the various conparators,

Bt exors and gl IGO0 98108107 B 1085 o R
. ~ coordinate registers 37, namely ‘_XOL,YOL - X3L,Y3L, clip coordinate
registers 39, namely XClipMin,YClipMin and XClipMax,YClipMax and test
window control 45, na;iiely XTestmn, _YTéstM_in. XTestMax and YTestMax.
Of course, at any o_né time, the inputs to ﬁ;ultiplexors. 101, 103,105, 107
 and 109 are cither X values '.'or Y values as d_escribed above, based upon a

MUX Enable signal _ge.nerated' by- comparfson control state machine 49.

Comparator 121 .compar'es multiplexor 101 output and multiplexor
109 output. Similarly, _é_onipira_tors 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
131-146 which direct the a[;'pr'opriate data to registers R1-R44 to be

loaded as foll_ows.

The output_"froxii bompatator 121 is connected to multiplexors 131-
135, 139 and 143 which are used to load registers R1, R2, R3, R4, RS, R9,
R13, R17, R18, and R19, for X values and registers R23, R24, R25, R26, R27,
R31, R35, R39, R40, and R41 for Y values as shown in Figure 8 and Table I



clipping registers by the conparison control state machine 49 is shown in
Tab 1l for clock cycles 0 and 1, with conparators 121-124 referenced A
B. (C and D respectively. Table IIl sets forth the output of each conparator
121-T24 for. éach of the inputs XOL-X3L, XCdipMn, XdipMax, XTestM n and
XTest Max. In.this connection, although Figure 8 shows that the outputs of
mul tiplexors 101, 103, 105 and 107 are +31put into one side of conparators
121-124, with the output of conparator’ 109 being input into the other side.
For consi st endglow.t InsTableeHiaAy B,0CandrP xefer toopmparatms 121, 2R, 123 Xnd,
X1L to X2L an 2L to X3L.etc., rather than the other way around (e.g., XILL
to XOU). For tif% TesPEEY Yshen the col um | abel ed reverse is "yes," the
ou'tggis from conparators 121- 124 are reversed. This is handled by the right
i nput of mul tipl exghe éaﬁﬁmlfffbmmﬁnﬁmw#t 132 qsn donfieited! fo? nRtipRABA a1t39rS
121-124 are directiy input to the I'eft side of the indicated hulti plexor
131-146. The rli3§ht136ul187Vpi1380140npod kdcwhich atecusedoid load pegistersoR2; IRS,

LQSLEZ‘EG?hE‘)%W Rborifly RifcRin R0, st RED B X RUiS e peinee Rahe
CovPaR'SaN T I8, TR, RS2, KSR R R e 1 WSAWS&E'

YES ' Figur€ 8 and Table KL YES
XOLX3L YES 0 A XOL: Xd i pM n YES
| B

XaL: XTe,ﬂnl"\/l J‘utput from co\t(rllzpsarator 123 is co%mected to multiplexors 133,
| 137, 139, 140, 142, and 145 which are used to load registers R3, R7, R9, |
R10, R12, RIS, R18, R20 and R22 for X values and registers R25, R29, R31,
R32, , R34, R37, R40, R42, and R44 for Y values as .sho-wn in Figure 8 and
Table IIL I | |

o/

The output froin comparator 124 is connected to 'multiplexor's 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 -

The comparisons done and stored are those required by coordinate
N\ sequencing block 17 and functional addressing block 19 in order to
properly execute supported operations (DRAW, also known as quadrilateral

rendering, or BLIT) and perform proper clipping.
iso nt

Comparison control state machine 49 is logic which enables the

various comparators, multiplexors and registers in comparison logic and



C XOL: Xd i pMax YES 1D XOL: XTest Max

YES 1 WRTE TO X1 A . X1LXCL NO

0'@ X1L: X2L YES 0D X1L: X3L

YE * 0 A X1L: XA i pM n YES 1B -
X1L: XTest M n YES 1C X1L: XC i pMax YES
1D " X1L: XTest Max | "YES -32- 1 WRITE TO X2 A ' X2L
6(0[') xAesult Ls'ljg)rage 47. A t'rutls(éle for abs%%'fé é(%@ing of thexggorgaqueg)mnﬂ

YES trol YES hine 49 is lsHown in

X2L: XCI | pMax clippifg mngm - 1Re’ %lrMaﬁson control state machine . X9 is ‘shewn ig__

1 WRITE TO X3I‘dble HI for X:&hckXchles 0 and 1 with Nﬁ)nparators 121-128 fBferenced A, <:
X3L: X1L NO X2L NO M
0A . QCPF%I@ rrespecuvely. \T@gle III sets forth 1thg output 'of each x:pggp@mtw
YES X

YE2 rest My 1217133 for each & ?M%-R@’%{m.-ml. XCliphti, XClipMax, XTestMin and

XTestMax. In thxs connectxon, although Figure 8 shows that the outputs of
multnplexors 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 éompaﬁsbns of XOL to
XlL XIL to X2L and X2L to X3L etc,, rather than the other -way around ’
(e g .» X1L to XOL). For this reason, when the column labeled reverse is o/
"yes,” the outputs from comparators 121-124 are reve_rse_d. This is

handled by the nght input of multiplexors 1'31.-146. The output from the
mdxcated comparators 121-124 are directly input to the left side of the
indicated multiplexor 131 146. The nght muluplexor mput receive the 2-
bit output fro_m the indicated comparator in reverse bit order. Thus, the
column labeled reverse becomes. the ‘truth table for the MUX select line

lines for multipléxérs 131-146 for absolute coordinate loads.



-34- COVPARATOR  COMPARI SON

X&ipMn A
( DM n: X1L
XTest M n: XOL
NO

XTest M n:
XA i pMax:

X3L
XL

» X3L

for YOL-

by raster of
regi sters 39
contr ol

Y3L,
relative timngs

REVERSE

NO

0C

1B

CYCLE WRITE TO

0 B.

XC i pM n: X2L

NO
XTest M n: Xl L
NO

-33- 1 WRI TE TO Xd i pMax A

X i pM n: XOL
NO _
0D X i pM n: X3L
NO :
| C XTest M n: X2L
: NO .
NO
0C

f set
and B

%Ql%ﬁd es

f the s
egl st er
onpari so¥
state machi ne sup

NO

%ﬁ%%

XA i pMax_r%E_m'

o - XTest Max: X1L
XTest Max: X2 LCOMPARA'DOR NFOMPARISON

ults of Table 111
YTest M n and
t he

n Dat al n,
Y coordi

1

nat e

and result st

GlipMimdexed | oadBR
di scussed utiliziBg both tX@LMegl ster viB8e associated with a wite

est Max.
gi ster
i sters 37,
age 47. The
g schene as

- XA i pMax: X1L

NO
XTest Max: XOL

NO .
XTesWRIEX3L

are repeated in a simlar
Fi gg‘e 9 shows the
[

| oadi

1.

0 A

0

D

D

1 C-

manner

cycl e and Table I®. Since X0k:XGipMaxr poi ntedYES by the |ndelx regi ster

value is always Witten irXekXTéstMaxof the tyNESof

L/

 WRITETOX2

WRITE TO X1

gawy»oay

Cawy»owy

WRITETOX3

vawy>aQw»

X1L:X0L
XI1L:X2L
XI1L:X3L
X1L:XClipMin
X1L:XTestMin
X1L:XClipMax
X1L:XTestMax

X2L:XOL
X2L:X1L
X2L:X3L
X2L:XClipMin
X2L:XTestMin
X2L:XClipMax
X2L:XTestMax

X3L:XO0L
X3L:X1L
X3L:X2L
X3L:XClipMin
X3L:XTestMin

-~ X3L:XClipMax

X3L:XTestMax

et O OO O OO

e e O OO

g perforned
i p coordi nate

onpari son
reviously



i ndexed wite, the appropriate Mux Enables for MJXes 101, 103. 105 and 107
aresel ected by the conparison control state machi ne assum ng a single
re@(er wite to that coordinate. For. exanple, if a rectangle wite to
-35- X wkth an index of 3 is received, the conparison logic will operate as-
if an explicit wite to X3 was received ang,do conparisons X3L vs (XCL,

XL, X2L, XA ipMn, XCipMax, XTestM n, XTestMax) as is required. The

di fference bet ' ol Qﬁﬁgﬂw of a r%"ﬁ& and an cln' _ragxed (or
rel ative inde%@?pﬁggaﬁ%ss t'Wn e i ndexed case, Em)re t han one

coordi nate stmmgipmn 47 may be enabled to receive the conparison -

results and the nujti pl exorxmjpgﬁhg(d]pr mul tipleygprs 13 1-146 @re generated
according to Tabl eglV i nst egggMiaadie !11. In gy previous exgnple of a 77

reCtangIepriteeith an iy 3L, conpari sofyhegi sters (reger to Tabl ™
Il or Figure 8) ~R3, R13-% 3 9, and F R22 are witgen. The
follow ng register§ pairs w ol 20 he sane i vi dual conpajison -
results: (R17, R21)%, (R18, ] R13), (R2,.,R14), (R3, Ré\%), and (R4,
R16) . TABLE |V ARATOR IVEART S TYPE - REVERSE | NDEX
B. X0 X XdggtMin yes NO_ ¢ X0: X2
PNT yes D . p XTestMin:X3Lyg.-x3 - NO py7 1 yes o
C. ) X1: X2 PNT . yes - D X1: X3
ENT %ﬁ;im XCRpMQ; N X2: X3es o PN'(I)' _ yes
S RAEN{ © xCipmaxXoL  Y*° N 0
. B "XClipMax:X1L ' NO -0

C XClipMax:X2L NO 0

‘D XClipMax:X3L "NO - 0 (o

A . XTestMax:XO0L ~-NO 1

B XTestMax:X1L - NO 1

C XTestMax:X2L - NO- 1

D - NO 1

XTestMax:X3L

The results of Table HI are repeated in a similar manner for YOL-
Y3L, YClipMin, YClipMax, YTestMin and YTestMax. Figure 9 shows the
relative timings 6f the signals on Dataln, the register loading performed by
raster offset registers .'41. X/Y coordinate '._re'g_isters 37, clip coordinate

registers 39 and com‘phri_son logic -.and result Storage 47.

The comparison ‘control state machme supports the indexed loading
scheme a previously discussed utilizing both the index register value A
associated" with.a write cycle and Table IV. Since the register pointed to
by the index register value is alwa‘ys' wﬁifen- irrespective of the type of |
indexed write, the appropriate Mux Enables for MUXes 101, 103, 105 and
107 are selected by.' the comparison cbnttbif state machine assuming a

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



C . XO: X2 LI NE | yes 0D X0: X3

LI NE yes 0C _ X1: X2 LI NE _ yes
0 T X1 X3 LINE yes . 0D |

X2: X3 « LINE yes 0 -36- COVPARATOR COMPARI SON
TYPE REVERSE | NDEX A X0:341 LI NE no 1A
X0: X2 LI NE no 1A X0: X3 - LI NE ‘no
1.C XX Xdth an index NE 3 is receiwed, the coimﬁrmon logxc wﬂlL ojferate as if lanNE
yes 1D X2: X3 LI NE XO X1
LI NE yesxpllcn write to X3 was rogpived and do ¢qrmparisons x%leéfs (XOL, X #L,

>2<01:3>f;§ XClipMif, glipMa, XTesMin, XTGMEY) as is reqblgd¥ The "0 | o

yes = 2 A dxfference @%@en an abiehNE loading bPSa regnste? dad an mdexe%@b?Q

LI NE yes yes . 3

X1: X2 LI kElative mdqml) load i3 (hat m the m«ted(&ase. mor¢ |[thigh one coqrdg\ate
3C . X2: X3 . LINE B9 o 3 B . X0: X1 TR| / RECT
yes 0 storage register in' 47 may be enabled to receive the comparison results

and the multiplexor selects for multiplexors 131-146 are generated

acc;arding to Table IV instead of Table IIIL

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

comparisoh 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
same individual comparison results: (R17, R21), (R18, R22), (R1, R13), (R2,
R14), (R3, R15), and (R4, R16).
JABLEIV

COMPARATOR COMPARISON TYPE REVERSE INDEX

B X0:X1 PNT yes -

C X0:X2 PNT yes -

D X0:X3 PNT - yes -

C XLx2 PNT yes -

D X1:X3 . PNT - yes -

D X2:X3 PNT yes -

U B X0:X1 LINE  yes 0

C. - X0:X2 LINE yes 0

D X0:X3 LINE yes 0

C X1:X2 LINE yes 0

D X1:X3 LINE yes 0

D 0

- X2:X3 LINE yes



C XO X2 TRI/RECT yes 0D  X0: X3 TRI / RECT

y 0C X1: X2 TRl / RECT yes 0D X1: X3
RECT yes 0 A X0: X1 TR / RECT no 1A
_xo X2 *  TRI/RECT no 1C X1: X2 TRI / RECT yes .
1D X1:X3. . TR/RECT . yes 1D X2: X3 |
TRI / RECT yes 1A | 3'6><2 TRI / RECT no 2 A
© XO X3 TRI /- RECT no X1: X2 . TRI/RECT no
2 B TRI no -2 - - X3
TR/ RECT %ﬁfﬂm gﬁeﬁm con EYERSE TR
REVERSE | NDEX B ‘ - cT yes 3 3 C
X0: X2 TR/ R - 3 n%0: X3 TR/ RECT 7}
yes 3 B o oxy 2 TRI/ mo,, 1 3¢ h
X2 X3 TR / REET Pt ' - ¥sd:x1 1 QUAD
yes oc D X0: XA:X3 m yegs - loop
X0: X3 QUAD . X3 0 yx®:x1 1 -7 QuaD
no 1C QJAD _ yes. 1
A . yes 2
C LINE '  yes 2
D LINE - yes -2
B LINE _ no 2
B LINE no 2
c LINE yes 2
A ~LINE =~ -yes 3
C - LINE = yes 3
D LINE. . yes 3
C 'LINE . yes 3
D LINE yes 3
C LINE no 3
B X0:X1. TRI/RECT ‘yes -0
c X0:X2 TRIRECT yes 0
D X0:X3 ° TRIYRECT = yes -0
C X1:x2 TRI/RECT yes 0
D X1:X3 TRI/RECT . yes 0
A X0:X1 TRI/RECT no 1
A X0:xX2 - TRI/RECT no 1
C X1:X2 TRI/RECT yes 1
D X1:X3 = TRYRECT yes 1
D - X2:X3 TRI/RECT yes 1
A X0:X2 = TRYRECT  no 2
A " X0:X3 °  TRIRECT - no 2
B X1:X2 © TRIRRECT = no 2
B X1:X3 TR/RECT = no 2
D X2:X3 = TRYRECT yes 2



X1: X3 QUAD " yes . 1A X0: X2

D

QUAD no 2 B S XL X2 QUAD no

2 KD s . X2: X3 QUAD - yes 2 A X0: X3
QUADA -+  ‘no 3 B X1: X3 QUAD - no '
3. C - X2: X3 QUAD no 3 Status Generation

Logic 51 Status generation logic 51 generates the control signals HW SW
Up/R-to-L and HD/'VIS. HWSWis a 2 bit sg' gnal- indi cating whether the
operation will be done by the hardware of*The present invention or by
software. Up/R-to-L is a 2 bit signal indicating whether operation should
be processed t COMPARATORM GOMPARISON: op TYREjht t REVERSEor INPEX t o ri ght .
H.DDVfSis a two biB signal inX0xting VIRVRECTt he olyest to bd drawn is
hi dden, i.e. behindocthe activeXxolX? w ndIRI/RECT si bl eyesTo gene3ate these
signals, status gengration | ogp:X3l r eCefTRFREET- i nputypes he regdsters Rl1-R22
for X coordinates rggisters R2g1B&} for PRERECY nat esp@nd the 3our 4 bit
-38- signal s indi caéi ng the upgelxsl8 bitprpReCH | 1' spend all 9's fromX'Y
~coordi nate registers 37. The manner in which status generation |ogic

generates the foregQing contro og'zgnal S W expl a,ped withgreference to
Firgures 10-14 whi c%are truth Lalkbes for t gic pegformed by status
generation logic 5 The | ogic [)’:j*uitry n ary taol | enen the truth
tahl es of Figures 19-14 is wel - W1hin the pabilit i £8° of persons skilled
~in the relevant art. Figure 10_j truth e utilizing conparison
results for the X0 A . xXoxf b% no 1
- C X1:X2 QUAD yes 1
: ' AD es 1
“ . D X1:X3 Qu. y
A X0:X2 .~ QUAD no 2
B X1x2 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

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 the hardware of the present invention or by
N software. Up/R-to-L is a 2 bit signal indicating whether operation should
be procéssed'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, status generation logic 51 receives as inputs the registers R1-R22

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



-

~coordinate (XOL and XOH). Truth tables utilizing conparison results for the
Xl -X3 and YO-Y3 coordinates by substituting those coordi nates and usi ng

YA hpMn, YOipMax, YTestMn and YTestMax in place of XOipMn, XOdipMax,

_ tMn and XTestMax for the Y coordinates. The |eft side of the table are
the input's and the right side are the outputs. In the table, the synmbol "-"
is adon't care; 0 and 10 neans the bus BYt values are all 1's or not all

'1"s respectively, (froomX Y, coordi .reqi sterns ; : L7 means the
bus bit val u@gné'ﬁem&fqa“ass?h r“lﬂi’(‘j’fngt ﬁ“ﬁ' °r%§p}esc§@/£lsasf§8%n. coordi nat e
registers 37)oora¥Ded HSpert SI7.] 'THE hdndel Sin3HHNH sifus @enélationelogic
represent abl %o?rﬁﬁ%;’é [)};éggf‘e X0 inside clip" nmeans XO i '_s.%gn or inside the -
clip w ndow Yerurates athecforegoifigi contch] sigaals wilhrke xsplainedn with ireferencet e )
test wi ndow X boundaries. The out put tMn", "XO

X0 < XOipMn", X0 <
> XC i pvax" , Figuges 10-14 which \are- tryt S‘?‘é‘&%a@k ‘gﬁldp‘-’ﬁécg@eggnpﬁﬁﬂ.eéﬁ%sf orm
th tputs, the i s, I i : ' : ' .
output s i n: AEEHTRNR dpRiccRle A PR Urpnlh” REsd NS infRehol afee |

first two |i pilesObf Tigites 161141 fs ¥i13Within the ,capabilitiegrofbpérsonss sRillDin -
X 30:14] (i.e., its high order bits 14-30) are all 0's, OR X0O[31] is 1 AND
X( 30: 14] ar chealrelevant arhen X0 is inside 214. Simlarly, referring to the

| ast line of Figure -39- 10, if XO< XTestMn is 0 (ie. false) AND X0 >

XTest Max is O, t{ﬁgﬂ)ﬁ(eo 39ﬁgl 83&9‘3 ‘3@2 tSitii égﬁﬂg?‘_iﬂ]nggésgﬁslﬁ@gdxblb are a

truth table util ari sons ween our X vertices and

each of the fgordinate UXOLSahid XGHYASTHIR tablks wilidingicomparison tebelts foridhe on
a horizontal input- line are ANDed together with the result being a | ogical

1 (true) or XIKX3l end ¥O¥3 eoordinatentby sybstutiag ('@Qﬁ%ﬁ@ﬂif'a‘f’?)rﬂndoé‘ﬂ"&m_ J
right and | el 3, YéiEar) YTEdVn'dhd YTestMax in place of XClipMin,
| XClipMax, XTestMin and XTestMax for the Y coordinates. The left side of

the table are the ihpufs and the right side are the outputs. In the table,
the symbol “-" is a don't care; O and '0 means the bus bit values are all 1's
or not all 1's respectively (from X/Y coordinai_e registers 37); and Z and !Z
means the bus bit values are all 0's or not all 0's respectively (from X/Y
coordinate registers 37). "X0 inside 214" means the 32 bit X0 coordinate is
representable in 15 bits; “XO. inside clip” means XO is on or inside the clip
‘'window X bdundaries_;' "X0 .inside test”" means XO is oﬁ_ or inside the test
window X boundaries. The outputs "X0 < XClipMin", ."XO < XTestMin", "X0 >
XClipMax", .and "X0 > XTestMax" are fedback and used as inputs. . To fbrm W/
the Outpuis. the inputs on a horizontal line are ANDed together and the
outputs in a column are ORed together. . Thus, for example, referring to the -
first two lines of Figure 10, if X0[31] (i.., its sign bit) is 0 AND X0{30:14]
@i.e., its high order bits 14-30)' are all 0's, _OR XO0[31] is 1 AND XO0[30:14] are

‘all 1's, then XO is inside 214. Similarly, referring to the last line of Figure



correspondi ng col um. The outputs top, bottom right and |l eft which are
shown as 0, 1, 2 or 3 are-interpreted as follows. The value 0, 1, 2 or 3
speciXies which coordinate of X0-X3 or YO Y3 is the largest (top), snall est
(boxt6m, rightnost (right) and leftnost (left). The synbol's <, > EL and G
on the input side indicate that the speci-B§-d conparison result is |ess

t han, greater than, equal to, |ess than or equal to and greater than or
equal to resped0y lfexq'< XlestMin lis OHdenfadse) ANDIXQ beXTastMaxsisi(; thesf XOcid by
the table, k the { sets forth in words what each indicated output -
means: |IlegaI“““ﬁ%éﬁ ﬁé i“% horizontal line is drawn through the

obj ect defined by the four pairs of vertices, it would cross two or nore

edges; An object V"‘F‘?ﬂreﬁoﬂ‘? andP9Y6 Ldre A Stréth Wt&z@xﬁ %ngﬂirﬁﬁﬁs {fetveen

woul®@ cause illegal To be true. hotiz-neans a ur ve ave the sane-
Y val ue. vert - eachnef thd féuruX vertices and leacke dfithe Sfanre YX vertices. AsoWamﬂa-nSasehe

obj ect defined b the four coordinates fornps a_ rectangle.
| i ne- means t he W&y Eigure k0, the “%enf%dwneee%-ﬂameynfcﬂrﬁsAEquneoseﬂxzm

means vertex O u S vert ex
1 equal s vertex a{ed ?&egéf‘%e ggﬁe“;)gi HﬁEﬁgg( %?'\/E&f géczlltsJal S
vertex 3. (def bupatst racagrmonommtbotWﬁgmaand Meft) tare ﬁnﬁqdléﬁ)s ORihgeits 3

(defines the same point) 30 neans vertex 3 equal.s vert defi nes the
sane point) Fi 3?#'%%’0!!@'@81 ugway. j nEhe, ouiRwts, ‘PB-bP@“WPb ms!xtngld:é avhishnare

between the fogouh A, 1% ‘6?4 ale Yfibipr&ted R foubls. CThPRalife BO1N9P61 35 The

i nput s

C specifies which coordinate of X0-X3 or Y0-Y3 is the largest (top), smallest

(bottom)', rightmost (right) and leftmost (left). The symbols <,>,E.L and G on
the input side indicate that the specified comparison result is less than,
greater than, equéi to, less than or equal to and greater than or equal to

respectively.

Although 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

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

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

rectangle.



top, bottom right and left are fromthe truth table of Figures 1la-11b.
When the outputs top visible, bottomvisible, right visible and | eft
vi.Ie are 1 (i.e. true), the object defined by the four coordinate pairs
isTnsjde the clip window. Wen surround clip is 1, the object is outside.
but surrounding the clip window Hi dden is applicable only for
quadrilaterals and indicates that all four vertices are all right, left,

top or bottomof the clip window H dd&®-01 (refers to BLIT SRC rectangl e)

and hi dden_23 (refer LT T | e .2 Si:0d.Lare. apani f or
BLITs. Figure 13elfé‘gr ?‘r?%‘gs Eh#r%lgﬁéit géﬁéécﬁt%gl @z’i -E‘S‘Y'c8§r%‘?r‘ﬁ‘%%§§?§§€\?}egﬁ‘et he
four X and the four Y vertices and the test . w ndow boundaries. The outputs

e

"top within test"EQnOl "thedrsowentex [ equalstvertewhbn {(defines nthansanienipointye of ‘-&

the object is within the top or bottom boundaries of the test w ndow, _
respectively. Fi e, 14 defines a truth table shoyng.the direction.in . -
whi ch to draw objggé(—l‘%d?eiﬂﬁ yemeR BlLFﬂarlf nv°5‘r°6e$° t %Fn&fes%é’og}%ssi ngs
and processing of clipped .pixels by generating the signals blit r-to-1,

blit up, -41- EQEZB rméshslvariék @ aijualy. veHeRsS. S{defitles hengume oidty Si gnal

Drawing Direction shown.in Figure 2. Based upon the truth tables of Figures

shown in Figure 2EQs3@ neasss vertey

10- 14, status generation |ogic 51 3generat es the sig?egal s HW SW HI D and VI'S
_ o]

gapAls 1 vererRap. offfedties. thaygamepaith R

surround clip OR (NOT hi-dden” AND |
: ‘Figures 12a-12d- define a truth table utilizing comparisons between

the four X and the four Y vertices and. the -él;'_ppi_ng boundaries. The inputs
top,” bottom, right and left are from the truth table of Figiu‘es 11a-1 IB.
When the outputs .to_p_-visi_ble,. bottom. visible, -righ_t visible and left visible
are 1 (i.e. true), the.pbject' defined by the four coordinate pairs is inside
the clip window. When surround clip is 1, the objéct is outsidé but
surrounding the 'c_:lip ‘window. Hidden is applicable only for quadrilaterals
and indicates that all- four v'_er'tices are all right; left, top or bottom of the
clip window. Hidden_01 (refers to BLIT SRC rectangle) and hidden_23
(refers to BLIT DEST rectangle) have a similar meaning for BLITs.

Figure 13 defines a truth table utilizing éomparisons between the

four X and the four Y vertices and the test ‘window boundaries. The

o

outputs "top within test” and "bottom within test”, when true, mean that o/

edge of tﬁe_ object is within the top or bottom boundaries of the test

window, respéc_tively.
Figure 14 defines a truth table showing the direction in which to
draw objects or perform BLITs in order to 'mih'injlize_pa_ge crossings and

processihg of clipped pixels by generating the signals blit r-to-1, blit up,



* NOT illegal AND all vertices are inside 214 AND (all vertices are inside
tes}~OR (line AND at | east one endpoint is inside test) OR (X0-X3 are
i'ns{de tést AND the top or bottomvertex is inside test) OR rect).
SWENOTHW HI-D = hidden VIS = NOT hidden For BLITs- HW= hid_23 OR (hid_0O1
AND BLI'T SRCCHK=10) OR (NOT hid_01 AND BUT SRC CHK=10 AND NOT hi d_23 AND
-42- the source rectangle’is inside 214 ANB4l+he destination rectangle is

i'nside 214) OR (BLI T _SRC =01 AND hi.d 23 AND .t.he souyce rectangle is
i nsi de 214 AND ‘@H? &'é‘éili-ﬂ‘g h%wr'&:ta sg §igmls amprise, the signal Pravirgc ok

is atwo bit vabhiectid®Shéwh ﬁPﬁ@@é({n is set to '10'" when it is desired to
' f the

consider the relationship o source rectangle to the clipping w ndow.
Thi s<is necessary bécause the various :graphics

Based upoh the truth tables of Figures 10-14, status generation logic
51 generates the signals HW, SW, HID and VIS shown in Figure 2 as

follows:

- For quadrilateral objects-
HW = hidden OR
o surround clip OR
A\ ) (NOT hidden AND
| - NOTillegal 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

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



software which may utilize the present invention are inconsistent as to

their treatnent of the SRC rectangle and the clipping boundaries. For this
reaspn, the preferred embodiment has left BLIT SRC rectangl e clip checking
as sbf tware sel ectabl e option (BLIT-SRT-CHK=01 disables SRC clip check, =
BLI T- SRC- CHK=10 enabl es SRC clip check). SWNOTHW H'D =-hid_23 VIS = NOT
hid 23 The preferred enbodl ment of the C'&?'rent i nvention has utili zed a 2

i 2ae. Ther easthese °s§5a%é§e%§%é%§ﬂ?a%a£”§ i JobFnce TREn3

latency is 3 clock cycles isinsjd ut recei vable (or new results
avail abl e) every GIHETSRCOCMIM| . 2 clock cycle throughput). The

exanpl es have al so shqyg %ﬂﬂtﬁ? stagl ng logic 15 receiving data at th%
|ven T

fast est possible 'rate ferged, e nt. It should be
appr eci at ed, however, ‘ﬁ% s?Bﬁ’éoWé" g . ipside ?EP% that the circuitry
described will handl ethcmlasthn (rbesaglbruqumdg 248 e of data arrival. It
~-43- shoul d al so be evident that at the expense of additional |ogic,

o e oV S SARET R S oV P T 3 8
when it is desired to consider the relationship of the source rectangle to
the clipping window. Thns is necessary because the vanous graplucs
software which may utilize the present invention are inconsistent as to
their treatment of the SRC rectangle and the clipping boundaries. For this
reas;an, the preferred embodiment has left BLIT SRC réctaxigle clip
‘checking as a software selectable option (BLlT-SRT-CHK—-Ol dxsables SRC
clip check, BLlT-SRC-CHK-lO enables SRC chp check).

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

The preferréd' embodiment of the current invention has utilized a 2
clock cycle coordinate load étage followed by a 2 clock cycle cdmparison
stage. Whereas these two stages can be overlapped as described, the
overall latency is 3.c_locl.c cycles, with new input receivable (or new results

available) every other clock cycle (i.e. 2 clock cycle throughput). The

v

examplés have also shown coordinate staging hgic 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



1. An apparatus for converting pairs of original X and Y coordi nates
of an object to be displayed by a graphics subsystemto pairs of w ndow
vcoorglinates for display within an active w ndow, said w ndow coordi nates
having a predeternmned X offset and a predet ermned Y offset fromsaid
original X ‘and Y coordinates, said conversion bei-ng an addition of said
ori gi nal X and Y coordinates to said predeterm ned X offset and said
predeterm ned Y of fset, respectively, g3 d appar atus conprising: a) a pair

of raster offset re sters f or storln?’!said %€ 3 Pﬁ‘d X.of fset and said
" predet er m nedshowldsalse ;be,evidept that, a °y°6?° pdditional Jogic. Pe§f°§f°érs f or

storing the sum o e e inat es
and sai d pred&'%?ﬁ?‘i 3@89‘3{ a?@set a%ﬁ?ﬂié?@{&ﬁah)q f’% ngaég(%ﬁtﬁ?%l @?&gﬁiso%
coupf ed to anofngl,efogemeghe&,ﬁ{onf or controlling the Ioadi ng of said pair of
of fset registers with said predeterm ned X offset and said predetermned Y
of fset and said plurality of object coordinate registers wth said sum d)
i nput rmeans coupled to said | oading control neans, said object coordinate
regi sters and said raster offset registers for receiving froma source
external to said apparatus, said X and Y raster offsets, and for storing
sai d pr edet er m ned X offset and said predetermned Y offset in
said raster offset register and for adding said predetermined X offset
and said . ' .

-



. . . L ) e 2 a

. predetermned Y offset in said raster offset registers to said X and Y
obj ect coordgg§£g§_Lﬂ_§§Lg—nb+ee{ coordinate registers; said graphics
- subsystem f I splaying said object which is represented by said suns
stored in said ““)mwﬁoor di nat 44r eygi sters. 2. The appar at us -
def i ned by cIaL wm“l | nput means -conprises a nultiplexer neans
coupled to a pair eof ¥aster of f set regi sters, said pIurallty of obj ect

coordi nate registers and said | oadi ng oClAIME neans, and an adder neans )
coupl ed to said source and said nul tiplexer means for addi ng sai d received

obj ect C??rdlnates t onAdiap ratﬁéﬁfﬁﬂedohﬁértﬁmﬁfﬁaﬁﬁeIGfS%kQ ﬁﬁfiﬂ'
raster offset gi,sters toring the r ai ordi nat e_
regi sters, vvh%'?% s&f’&rgﬂﬁ‘&t%eﬁeaﬂ Eile §' c&dd{é? % gq'élp (fﬁf ¥ % b)“
oper-ati on of geaphicadisupsystenate snaﬁrsnd:eﬁa wgndegn sceordsnates five -
apparat us as I ader g dé?&ﬁh

' &féerﬁ ReEBf E‘rﬁ \F‘ér’wfﬁdgw E'a wl whi ch cont ro? t he

conprises a stat chi ne ener-at es con gnal s

operation of %Y%F"?nmtpﬁﬁﬂﬁ!}eaﬂ nPﬁcr’ém?lflfs% damdék Pegdstermiped o t he
nunber of verdfesat offisem d s clorigitali xp! anad. Y4.coordindtesppasatials as

Soar e SRS R Bl e i Sk xona ¢
coordinates to said predetermined X offset and said
predetermined Y offset, respectively, said apparatus
comprising: ) - _ -

a) a pair of raster offset registers for storing
‘said predetermined X offset and said predetermined Y
offset;

: b) a plurality of ob)ect coordinate registers
for storing the sum of said respective pairs of said X
and Y object coordinates and said predetermined X offset
and Y offset;

c) loading control means coupled to an indexing
register for controlling the loading of said pair of
offset registers with said predetermined X offset and
said predetermined Y offset and eaid plurality of object
coordinate registers with said sum; - |

d) input means coupled to said loading control
means, said object coordinate registers and said raster
offset registers for receiving from a source external to
said apparatus, said X and Y raster offsets, and for
storing said predetermined X offset and said
predetermined Y offset in said raster offset register and
for adding said predetermined X offset and said
predetermined Y offset in said raster offset registers to
said X and Y object coordinates in said object coordinate
registers; ' : - | '
said graphics subsystem for displaying said
' object which is represented by said sums stored in said



“and Y coordinates of an obj ect to be di spl ayed by a graphics subsystemto
pairs of w ndow coordinates for display within an active w ndow,

*substantially as hereinbefore descri bed WI t h reference—to—the—aecconpanyi ng

ot [

2. The apparatus defined by claim 1 wherein saiaq
R input means comprises a multiplexer means coupled to a
o pair of raster offset registers, said plurality of object
coordinate registers and said loading control means, and
an adder means coupled. to said source and said
multiplexer means for adding said received object
coordinates to said predetermined raster offsets in said
X and Y raster offset registers and storing the results
in said object coordinate reqisters, wherein said input
means and said adder means are controlled by operation of

object coordinate registers.

saxd loading means and said indexing regi.ster.

3. The apparatus as defined by claim 2 wherein said
- loading control means comprises a state machine which
generates control signals which control the operation of
said input means and increment said index register modulo
the number of vertices of said object to be displayed.

4. The apparatus as defined by claim 3 wherein the
number of said vertices is four.

5. An apparatus for converting pairs of original X
and Y coordinates of an object to be displayed by a
graphics subsystem to pairs of window coordinates for
display within an active window, substantially as
hereinbefore described with reference to the accompanying
drawings. -




