- 1 - APPARATUS AND METHOD FOR USI NG A TEST W NDOW I N A GRAPHI CS SUBSYSTEM
VHI CH | NCORPORATES HARDWARE TO PERFORM CLI PPI NG OF | MAGES mg&#
LNVENTI-ON The present invention is directed to an apparatu hod T or
usi ng asest w ndow to inprove the effici e_n?y_ of clipping i mages which are
to be displayed by a graphic display subsysiem Specifically, according to
the presentApPARATUS ARD) MEBHOD GBR USTNIIAWEST wahiio "ilda \GhAFRRinCSS Sugsostisl Smagvi ndow
(the clip wi_ndow) wi tINCORPORATES) HARDWARE Tite PERRORM ICDIPPENGIOF IMAGEPhi cal i nmages.
bj ects are then tested to see if their vertices are outside the test

wi ndow. The utilization of thj et v HAVERY RVENRoh 2 per f or mance
optim zation to be nade bet Feesst-hg—or—e—etrrpped object by a

har dwar e based graphi cs subsystem whi ch incorporates the present invention
or by graphics ghet presenteimetion tsyd&eeﬁaemlanpu%m_sﬁ_scam \heéthibd afor0
i nterfaces to the graphics display. By properly defining the test w ndow

si ze rel atiusing @ test windgwiodeprovspthe: efficipncyh of glipping amagesyiwhicin areie
test wind | t hough clipped and potential |l I :

non- vi s1 bi dof% HPIRE By R ralRE ARHRY) sibavitefice nreitikely, SH0iRE 49 aphi s
subsyst em it NesddiaihveR(ien,” gnﬁési lfvlﬁnebivefé _deﬂnﬁdi aPRichS sPSUnR’ & Widow

t'hrough al gori't hns and net hods we nown in the art, can restrict the
pi xel s proddeselipt windost) withire whizh aris desireldl o aemtleni graphical imgésy be

output to the video di splay., bject, ith vertices that fall outside the
test w ndO\P%‘E}Fo‘“ﬁeﬂ‘GBf@P dte Geﬁr'gd'm'és"%f’?sv\é}"'e W&‘é%ﬁg"er‘ei‘i Wéovhe tinme
to render j: Rl I b ) | € : / 1 he
graphi cs sblglgyis‘{lg%r]ﬁkﬂlng’?e@hét)ﬁéeﬁo“)’%jgy%‘lﬁ% %t %’P‘gﬁégﬁ%\%& idd 1b
spec) al i zedegmadei btwaed protessinpoul ch Hippee cbjedti bpedl habdwarde Bagédwhen it
shoul d not can have significant effect on the overall performance of the
graphi cs sgeaphies subsystem which incorporates the present invention or by

graphics software executed by a general purpose CPU which also interfaces
to the graphics display. By properly defining the test window size relative
to the clip window, objects which fall totally within the test window,

- although clipped and potentially requiring numerous non-visible pixels to
be processed, will be rendered faster by the graphics subsystem rather
than deferring the object to graphics software which, through algorithms
and methods well known in the art," can restrict the pixels processed to just
tﬁose that are visible and will ultimately be output to the video display.
Objects with vertices that fall outside the test window would be deferred
to graphics software to render since the time to render the visible
portion(s) of the object would be less than if the graphics subsystem

" handled the object. This optimization of when .speci'alized graphics
hardware should handle a clipped object and when it should not can have

significant effect on the overall perfonnénce of the graphics system.



The present invention will be described wwth reference to a graphics

subsystem in which conparisons necessary to performclipping are perfornmed

in hardware. A by product of the conpari,sons makes available certain

i nformati on which is needed to determ né the relationship between the? FJ
T

vertices of an ect an ibh which the object: nmay be drawn
present inventi oﬂi"? (ﬁ"ﬁ'f;e"g ’r"["eﬂ ﬁg&fr Seyn lhpé?ffﬁ?%

I mges to b@uSny%ﬁJnQYEd whicE adrﬂﬁﬁxsanapheaeswyh% %&xﬂm@%ﬁ?g :ﬁ@ss' bl €,

| eaving for software only those inages, or portions of inmages which cannot
be reli abl yperforthed lpehhtdwmce‘\ rhaasllmductopf i theel bgmphm;mmdmakiesnga\tdnbble

graphi cs subsystem of the pre i nvent.i on. I.n oyr co-pendi.ng
appl i cati oncwlé?%'@f%aﬂ%nf” ‘f ds F%‘ﬁﬂa?‘é Jetepming nther relatig s'!:'Pl BetWRsDand

inter- coor 0 q%gﬁ{
apparatus f ?élgll P%?%\g&p J(:at %’?&p%ﬁ%d&r en erltl*rPlegq’o?lﬂn:q '%L llfeégtgraavpn
graphi cs di spl ay syst em for displaying said object defined by a plurality
of object coordiTi gresemi ihveptide nfortris| pantngf aanc lapparatuwsd whidkf peréointy a

plurality of clip cogrdinates for clipping said object prior to display,
and a test GHPRIBE ebimages 89 be isplayed; gn 3 videp diplay innbardware sets from

said TP CAUMAhERSHC IcIAk, £ Shebdl MLk uh Al ort BR1ond Sk

out side of sal sal tes of op |ng in:

conj uncti Onuﬂk% sadiich Cdahﬁot/\/llﬁdwndtﬂysd efdri pEfomikiice’ réalenk V\bﬁixhﬁn said
obj ect should be clipped in accordance with a first nethod of cli pping or a
. clipped using the graphics subsystem of the present invention.

v



second net hod of cli pping. - 4 - BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGURE 1 is a bl ock overview di agram of a graphics subsystem for a work
station according to the present invention. FIGURE 2 is a block diagram of
t he cooxdi nate stagi ng section of the invenfed graphics subsystem FlIGURE 3
is a detail'ed bl ock di agram of adder 31 andmultiplexor 35. FIGURE 4 is a
detail ed bl ock diagramof X/'Y coordinate registers 37. FIGURE 5 is a
detail ed bl ock diagramof clip coordinate registers 39. FIGURE 6 is a
detail ed bl ock diagram of raster offset register 41. FIGURE 7 is a.detailed
bl ock di agram of text w ndow control 45. FIGURE 8 is .a detail ed block

di agram of conparison | ggic and result storage 47., FIGJRE 9 is a t

abl e
showi ng rel ative tini nge? oroWHadCRFPENING ~ARRLLGAkIAR: §B ,/P20728.6
conpari sons peeheitaeddy Harddlé Oimpagnentadibas W S10ppoRg 4andFl iFddr-10

P i LSS CHBAIARD [Falie [Ehotle 43 CORAIBG Bna
of the four X edatimeds and apparaffus horoufacdlitatimy. the -clkipping and
rendering of an object in a graphics display system for
displaying said object defined by a plurality of object
coordinates, said system utilizing a clip window defined
by a plurality of clip coordinates for clipping said
object prior to display, and a test window defined by a
plurality of predetermined offsets from said clip
coordinates such that said test window is larger than, and
outside of, saia clip window, said test window for
operating in conjunction with said clip window to
selectively determined whether said object should be
clipped in accordance with a first method of clipping or a
second method of clipping.



FI GURES 12a-12d define a tr'uth table utilizing conparisons between the four
X.-and the four Y vertices and the clipping boundaries. FIGJRE 13 defines a
truth table utilizing conparisons between the four X and the four Y
vertices and the test window boundaries OFI GURE 14 defines a truth tadlp
showing the direction in which to draw objects or performblits. - 6 -
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
a graphi cs subsystem of anBibt RMESQRIFTIN it B RAWINGSpeci fically, a

har dwar e i npl enent ati on of processing graphical information which is to be
di spl ayed within i ne i . AS] L.hf o t] . i | e by
thepco?/rpari son hg?gg]vg{rﬂe,q %mgﬂg%ls%i lg'é’!t gg e eréﬁeé%?%g?b%géégg ites
of the object |ie outsideverkt station ackotding € murpﬂy&ﬁs inveatienndow. Wth
such information available, it is frequently possible to determ ne that the
object lies enti reéﬁJ Qut side the real w ngow thereby elimnating the need

to performthe cKIEURE 2oisatipek i o they coprdinis staging;section oA Ithg  t he
i'nvention supports a sec gg_q,[- +CLLORi: ry referred to as a test

wi ndow. The test w ndow gr OV|t %s_hgﬁ?é%s%w%g%r m ning the tradeoff

bet ween the hardware processing an object with sone clipped (obscured)
portions or havi FIGURE Baislacdatailed dbidckt dingrdinecoft addercBl vand! thultigieyort B8, CPU
software woul d handl e its rendering. The method used by software in the

prior art involve i sone : h ticg. to find the intersection(s), of
the object and tﬁGﬁgﬁg% ﬁgab‘l)ﬁ?&ﬁ'ﬁg@%‘{k é\aﬁf?é" °r} X7Y coontifls regme'(s 3. .

FIGURE 5 is a detailed block diagram of clip coordinate registers 39.

- | o
FIGURE 6 is a detailed block diagram 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 is a table showing relative timings for loading control state
machine 35 and comparisons performed by comparison

logic and result storage 47.

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

coordinate.

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

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



this is a tinme consum ng (requiring nunerous clock cycles) task, in many
cases it is actually faster to allow the hardware to handl e the object even
t hough ig%nay spend many cycl es processi bscured portions of the object.
The deci s¥on, criteria used to deci de whet her~or not the hardware shoul d
handl e any given clg | £CEnd e d . t [ for
the object fall i nslillggﬁg?§giu2t%5|i2 eieﬁgtgg?ﬁ ?\LII hag’g?/vvmvﬁ'ugﬁ cg}?fpc%%o%% ﬁl?e g‘r‘{,egn

al ways enconpasses the cli phevfosioN andithelfur Wavestices id tke clippingWi ndow i s
set based on prior know edge of the performance of the har dwar e and t he
perfornmance of the host CPBoWREATiest cul ating the intersections and
rendering the visible portions of the object. In support of the test w ndow
and the decisions fgh 113 defined *&.eu‘a‘ﬁfrt%l@aﬁt‘?li{iﬂgp&{xh th%eiwééx? %e
perfornms conparisons of each vertex to the approprTate {(elther or

m ni nrum and maxi num t est wifesioW aadinHerfisur A5 wirficesbgnd>xid aést ewlindowdet ai |
below, this information is used by status generation logic 51 to generate

t he signals HWand SW whi clhopadpties; vel y defi ne whet her the rendering of

t he obj ect shoul d be handl ed by the graphics subsystemor by the software.
The coordi nate Staﬁi@ﬂmﬁ‘%‘?g&%’és”&‘t&tﬁ%ﬂfé LEGWineOffleC LRSS irl Wff'tgur.e
1) are provided to provide the necessary storage 4&nd conparison 1 nformation
required for the support oldrsw bobjeasyorlpasformablitsal rendering with
clipping, as well as Block Image Transfers (BLIT) with clipping. In both
cases, it is necessary to specify four XY coordinate pairs and to specify
t he :cli ppi ng w ndow boundaries. To support quadrilateral rendering inplies
the-availability of four vertices which will define the quadrilateral. The
di s¢losed enbodi ment of the invention puts very few restrictions on these
vertices. They are-stored '




in four register pairs (a register pair consists of one register for the X .
coordi nate and one register for the Y coordinate) and are referenced with
the vertex nunbers O thru 3. It is inplied that vertex O is connected to
vertex 1, vertex 1 to vertex 2, vertex (& 10 vertex 3, and vertex 3 tou 3
vertex 0. No connection is intended between vertices O and 2, or verticesl
and-3 for instance. The ' . S Ioglcformthe
initial stages of a. pi pmwm ateotprtsh the rendering
of the specified quadrilateral into the display nenory. The subsequent '
pi pel i ne st agie prgent énventionnis idisectedn e ran ighgphiidie sabsyatenonsthiap of each
adj acent vertex to its neighbors (i.e. for vertex 1; X1 vs XO Y1 vs YO X1
vs X2, and epgineering womkstation; ow!atwswfncsllnee&jé@rqlwam w@lqwe@apgn yof he

funct | onal, ASLSR WoPagl wlohafieR ShRh, Hsd TR BT etnes
deconposi tiwfhdew. t "Byaadihf ' BrnthtRs madeChddildble A5C P dontlarlisBi t he
coordi nate sequencing logrc. Additionally, in ordér to support the cllpplng

of the quadiardwaes; ait lsoposs&leltqo@ctegnmjrvdmthasthmvsnmequénhe mitpedti lie
stages, the relationshi ertlces tqQ th ro te clipping
boundari es ‘?“és‘F’Eq%lthd"P S'F'B?“'@;?aﬁlﬂ g‘B 8@‘? corrpar ed to
both the mp [;m@‘ oCabRufEnge: dary.
A similar se ?céorr%grl sogsq?sfyr eq [ reh ?§§g@ﬁ H€ ver |cg]sasag th@ %gﬁn

sone cases,lidshefiirelp "fRtgideotlie @edl windevit theydbat bﬁﬁnﬁituf%:ttharh@ﬂ] est has any
visible portions (non-clipped) at all. By identifying the objects that wll
not be vi sinsrform thej\ealewations necessany ttp odraw theeobjedtsequent  pi pel i ne

stages can be avoided since no visible pixels will ever be identified for u
witing to the y r nis ge in
that the render?’héack)@ﬂtlggqgéa i Fizﬁ%r cgtg es%gﬁgél&erggﬂg‘g %gégao curred

i mredi at el yefotfed to as a test window. The test window provides a means of

determining the tradeoff between the hardware processing an object with
some clipped (obscured) portions or having the hardware reject the object -
which would imply the CPU software would handle its rendering. The
method used by software in the prior art involves doing some mathematics
to find the intersection(s) of the object and the clipping boundaries. Since
this is a time consuming (requiring numerous clock cycles) task, in many
cases it is actually faster to allow the hardware to handle the object even
though it may spend many cycles processing obscured portions of the
'object. The decision criteria used to deci'de_‘whether or not the hardware \J
should handle any given clipped object is méde bé_sed on whether ihe
vertices for the object fall inside or outside the test window which, by
definition, always enéompasses the clip window entirely. The size of the

test window is set based on prior knowledge of the performance of the



the cl i pping infornmati on has been anal yzed. The preferred enbodi nent of the
graphi cs system being described utilizes 16-bit 2's conplement math when
determ ni-ng the pixel's associated wt | ine segnment. This math invol ves

taking ™ difference of the two X and t'Wo Y vertices of the |ine segnent.

In order to ' ) [ I leﬁgi : and Y
vertex val ue?é?r%‘g?fsgé&?e@%r ct% yﬁgb@ﬁa{)?lgggnta I‘ghéﬁ%u&h%ﬁg]g?g(be
bet ween - 214 iatetisectiof lahd- rdndering eheppinidleopomtions, ofs thdadbijects dhesuppory i C
range of the vertices is nade by the cqordi nate conparison |ogic. The
support of BlafTthetesh windgw, aad Ahg Jacisians I?%dsﬁégﬁf‘}’etwféw&i te coners

Gesti ot on (RRrisp PR BA"Felibfing ARfiratispil, ol s RO SBE A6 ST P O ©
the pixels coppapthe i (RithBe XSRS YOChAmEfint shd Weauilagh et adsicty |n the

current enbodi nent, the upper left corner of the SRC rectangle is stored in
vertex 0 whi lbeuntaryl ouks willghe e3pldinal ierdetail ibelove this ififorSiatiohais| ysed: bg

upper left DEST corner is jn vertex 2 and the |ower_rjght in vertex 3. In
order to profEthy %Bﬁ?t?ﬂei%ﬁc ot %"%ﬁfh%é%\ﬁuﬁwg@q §S%nw{"ﬁ'e’t he event
the two rectgg e%ﬁvglyerd%ﬁﬂ YhEdel 'the AnQLER 6#%%%2 ct! Bh hcq PafQley ar e
copied is constralned i tﬁe correct resuFl %s to be t al ned. %is IS a

vel | known  prugblisengrapliies sabsystém| bedy thé efaware. The i nf ormation required
to -properly detéermine the pixel copying constraints involve conparison of

t he SRC rectangl e _boundarjes to the ST rectangl e boundaries,.This is

hoadon both for + TBesCuRnale, Seln AR GoUORiaFR SomAASR JoBI: RiFaks (568

support cli pRd S | -l pel i
pp PHiggeOh) gﬂs Bp%ehﬁ;% gsgéglr;]]g fhd %@E@dwf%tdra%é %ﬁaeeaﬁpangarpe i ne

st ages, the refation DEST vertices tO the appfopriate
cl i ppi ng boulinfurinasions réqrted ddr Hec supmurt nof tasbitraipyquadrilateral rendering

with clipping, as well as Block Image Transfers (BLIT) with clipping. In
both cases, it is necessary to specify four XIY coordinate pairs and to

specify the clipping window boundaries.

To 'supp_ort quadrilateral rendering implieé the availability of four
vertices which will define the quadrilateral. The disclosed embodiment of
the invention putsl very few restrictions on these vertices. They are stored
in four register pairs (a register pair consists of one register for the X
cdordinate and one register for the Y coordinate) and are referenced with
the vertex numbers O thru 3. It is implied that vertex 0 is connected to
vértex' 1, vertex 1 to vertex 2, vertex 2 to vertex 3, and vertex 3 to vertex
0. No. connection is intended between vertices 0 and 2, or verticesl and 3
for instance. The coordinate staging and comparison logic form the initial
stages of a pipeline that will eventually accomplish the rendering of the

specified quadrilatéral into the display memory. The subsequent pipeline



i ndicate that either the SRC or DEST rectangle are totally obscured (non-
visible) and may negate the need to utilize the subsequent pipeline stages.
This represents a perfornance advant age_i%that the execution of the BLIT
can be considered to have occurred i nmedi“et®ely once the clipping ot
i nformati on has been, anal yzed, - 10,- The coordinate staging control

| ogi ¢ suppoftageinfednise e“\(é?@aq‘lﬂ' qoRgering dhfiafelationshin; ofo epch adjacentd.
Cor r espondi V- ot ' S [ h Nl aLRS<ihe. Refessary
compari son Pn éoécr %F@Q’%Q@{eﬂgﬁ '%s@gor%g{eﬁeﬁ%nggrfq'nn?msc¥at #el X%Q%iaﬁ' e
val ues are Wnovs de2). s dinféraigtion Ehbedtd {0 préplydisipply @relBinttioh can
be sumarized as: absolute, indexed, and relative. The specific method
used i s det addresping Block cwithda csesiegt of Heapezgidst that twhen tdompoBitedses t o
identify the register(s) to be |oaded. An.absolutg, cogrdinate.valuye is

| oaded by SRS EPIReRa G, Ariogl guafuvagl. .  Terircommpettion lamss e
register. Thibhr ddffatéaRdisNdcdompiistidd’ 8y 1R2Lo0RRLte! LI 16gi
boundary regi stg?éﬁgnd the raster of#lset regi sters as vviel Fg%l%hgg'%c?l &d
bel ow, as well as individual coordinate registers. The second nethod,
indexed, is usecidditiopally, imtarden g csuppprti phee clippingi ofitthe guadrilatesalstore
val ues. In this,.case, ,the,CPU suppkied val ue j.s first ded.to the _
appropri at eﬁ’rgagllgym peupdanies é‘feﬁ[’)‘bf%‘ﬁeﬂ rplpgig{l%rst%qqss gﬂexrecs‘?"?ﬂsgﬂéf‘ffr e
bei ng made @avbrizes foOthe lappasidtd PPt BHRNBaReridi Rahfed cITRiE! S The
addition of the raster offset provides a neans of offsetting the X'Y

~ address spameans for éxample alleXCheitices otiipiatead ¢otbath ethe oinitindi X6 pdliy
menory. The, i ndexed | oadi ng nechani smutilizes a two-bit index to guide

itsel f and benndary @s nwel Asnte the) maximpm: & cliphboundapy; oA evimilag sebed duri 'y

comparisons is required for the Y vertices as well. In some cases, these
comparisons can indiéate 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 display
memory. This represents a performance advantage in that the rendering
of the quadrilateral can be considered to have occurred immediately once

the clipping information has been analyzed.

The preferred embodiment of the gi'aphics system being described
utilizes lﬁ-bit 2's complement math when determining the pixel's \J
associated with a line segment. This math involves taking the difference of
the two X and two Y vertices of the line segment. In order to avoid
mathematic_ai 6verﬂow. the numeric range of the X and Y vertex values

must be restricted to be representable in 15 bits or be between -214 and



any given cycle. It is this mechanismthat allows the CPU to specify only
one X/'Y pair to identify the degenerate quadrilateral - a point, or two XY
pai.rs. for-a lihe, or three XY pairs for a i_angl e. Wen one of the

af or ement ~ened degenerate quadrilaterals is loaded into the four vertex

registers, OneéQM”Prl?h‘éﬁ{)lklm%ymﬂ? [ Eh&A! SPmJB:ng{e}i?hfe}ﬁggfoZﬁh‘édzﬁiw@t

subsequent- st agés of e can’al ways I nter ned

as a quadril ategahadeewnukheualmﬁww@{rﬁbnamid)ot treat as a special case
all lower order objects (i.e., point, line, triangle). The indexed | oading

schene al so allows for onl

th osite corners of a rectangl e _to be
entered to properl yTB%fﬁ“HBz‘al ?Fﬂﬁﬁﬁscﬂ?‘héﬂ“‘&s fh¥ertises é%‘b%rf%eﬁ'éy th

quadril ateral . . asf ' o N ' . oM.t he CPU
to just speci f)‘/);?ﬁseded?{)ﬁee?%‘%ggg g@%eﬁﬁﬁkﬁgﬁgo@dﬁgﬁ gteglrﬁ?%%eg‘eand t he
i ntended new ceppeliRateménl Ue.a bestination CIDESE) fotanglqp! TR inteht of ahe BLIE

is added to the previously | oaded coordinate before being |oading into one
or nore regi st eperativhasXob¢apy thecpixels cemtdined inddwet SRE regtangles to dhe RESEL e

entered [vertex (index- d 4] for theg necessary addition pl i dentjfies
whi ch regi st er 'eftaR&e; si‘ér‘ggr%@&nfque‘@ﬁﬁﬁ&iﬁs“gﬂ?rgﬁ FWE&?@aE%
case. In the eogupab!is b {Vehsx If ShileCnic RAAG figh! SRE O A8"l Ve
regi sters in any nmahner supported. 'en the operation, either a .
quadri | ateral nen$amilagyotheBupper left DBSTlcbsner cf iasverrbx( afdndk thehbower right

coordi nates have already been | oaded) the current state of the four
verti.ces are uin vepey i dacendor §p PreRarlyr eopy the SRCo#P the PERET.ccafe qupstebe

Thi s provi des u ' LRIl ] f U. whi.quj .S, .2
overyiew of a E]%]%Bhinggﬁ és tflt‘)'g?/{sltdggr(ntl&ﬁ #/éﬁy%%?{%éb%rl sienwﬂeg this j°°°§rs’ the order
: in which pixels are copied is constrained if the correct result is to be
obtained. This is a well known problem to persons skilled in the art. The
information required to properly determine the pixel copying constraints

involve comparison of the SRC rectangle boundaries to the DEST rectangle

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

Additionally, to support clipping of both the SRC and DEST rectangles
in subsequent pipeline stages, the relationship of the SRC and DEST vertices -
to the appropriate clipping boundaries is required. Once again, this may

indicate that either the SRC or DEST rectangle are totally obscured (non-
:\_/ visible) énd_ may negate the need to utilize the subsequent pipeline stages.
This represents a performance advantage in that the execution of the BLIT
can be cohsidered to have océurred_ immediately once the clipping

information has been analyzed.



I nvention may be utilized. Bus interface logic 11 is connected through
address, data and control buses to a central processing unit (not shown).
~“The functional conponents of the grag_l]iég_subsystem are data path, and
menory interface 13, coordinate staging section 15, coordinate seque.Qgi ng

section 17, fynctiongl addressing bl ock 19, nask generation block 21 and
“linear addres p‘ﬁe‘f‘%’ 1gte ﬁg‘%tm}“ﬁ‘é’?ﬂ%ﬁd SHRRRSTS, -'h‘f‘Bfﬁ xaysiforyfigat e a

frame buf Laat st i s S qd Hﬁxs A i cal ‘

i nf or mat icgﬁﬁ%lgﬂgeéi g%vlr\gygg %érydéé \(/ll'dree(;&glééé)powgy S cﬁ?%g%.g That- is, data
whi ch i s compadeidon nlogit hmaintains the frecessarycavmnpaibony infoi@atiohr cui try which
converts the data to appropriate electrical signals which, in turn, turn

i ndi vi dusegasaless ofpthe geanpends which the goordinater values carg aprovidedn blke

Cinterface:d0ai.c . i fied bw.mask. genar.ation block 21 and |inear address
Igener at o?‘if%gggsﬂggm%gglnfdﬁr g%‘g'}égl%g% ?)%r fsgglﬁédg%‘y%fog'm%’(zg s?%igi ng section
15, coor dbgdtite, SindeRed;| Akd Tefkive) heaBPedifie Cheiddl usdlf e hdihintd ag, 19.

Functional addressing stage 19 al so acconplishes a portion of the cl'i pping
necessar yhe @ddress pofr the segistegrthphithe KPUcusestio ideatify i the wiegiter(s)ntanhi ch

th t o, be displ d, d t t f the si |.s to mask ti
 stage 21%Rrobed r RngdBsn Pt 1Bl R Joudeh B Pirdal Bockens that
| traver Sevinfu%”kﬁs%ie?egy r\g‘bngp_tp ﬁtgeﬁgngdﬁsgeheﬁé%sz%pl erigh) lﬁgfhotiofﬁé each scan

line and are u or” addressing t ata pat menory I ntertrace stage
13. The bmmlingdscusedi for oagivgg ofathe 'elipping Uboimiaeyl registersicaid dstdr ess -
generator 23 which translates the addresses provided by the nmask generation

stage 21Tastelootfsgh segistest asj withrhe, dgseribeds below. hes pyelhaspisdividualor ¢ r ansf er
to the O%&’ﬂgna% Sl@'g?s)(ers. The second method, indexed, is used to efficiéntly W/

load multiple coordinates with the same values. In this cas'e; 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.

The indexed loading mechanism utilizes a twc.)-bit index to guide
itself and identify how inany and which coordinaié regi'sters" to load during
any given cycle. It is this mechanism thaf allows the CPU to 'specify only
| one X/Y pair td identify the degenerate quadrilateral - a point, or fv_vo XY \J
pairs for a line, or three X/Y pairs for a triangle. When one of the
aforementioned degenerate quadrilaterals is loaded into the four vertex
registers, one or more vertices may be repeated. This is_ necessary so that

subsequent stages of the pipeline can always interpret the object defined

=



The present invention is directed to circuitry in coordinate staging bl ock
15 which perforns certain operations based upon its inputs, the specifics

of which will" be described below with refefence to figures 2-14 generating

i nformat6én in the nature of control sigﬁé[g-fo enabl e a graphics subsysten1

to performarbjtrar rd lLateral renderi th.cl bl oc

tralr[:sf ers (BL?$I'§) qﬂﬁ’ﬂ%@?‘?‘pﬁ?‘%‘ aﬁcﬂﬁg g?#é“"&'gsé‘ﬂfi ??‘fvg'ﬁﬁg(?ﬁ ? SPEFPA C‘Eaéﬁ to
speci fic circal tlowerideélérnoBjeisd(iRa! ﬁoﬁi anhaguﬁ&@le)on'ﬂaé indBRd & B4R | on of
the various timng and control signals ‘needed for the proper operation of

t he foregoi ngschemet alsozllaws fars oolynphd opposite vothers of spiregtanglbstpsbem ar e

wel | known to e ons skil edlnth rt and, th fore, will,k not be
desor  bed her teredy e propesty, aisttheoall For E0Bpes,OF BRETSePBNIG G e

i nvention. Ref&ldriiades@W to figure 2, a bl ock overview diagram of
coordlnate stagi ng section 15 is shown. Coor di nat e stagi ng section 15
conpri ses adder 31, loading control state machine 33, nultiplexer 35, XY
coordi nate regi st dihe Iast, laﬂdmg owshed, nda!meegs sised Soaﬂlow ahe @Pldftbsmst

t 41 t.est t
091 o and r eREFiTh: Uieagiorpoe JERHPFL GReCiAt rOPRUPAEC SHEEH] 1BA300¢ and.
stat us gener apileh G cibrdiRitkOTpSC! id Hls! Gty fdmss%g}}acdm  of s

present invention, cription o he manner I'ch obj ects are

represented figl 4died tw the Cbré%usllydwﬁbdmbdiduﬁfe beforsvbeing lloﬁdiﬂgl ot biee

present invention is inplenented. XY pairs of vertices represent video

di spl ay coor (TnBlose registsrs.g The 2-bit index is used to identify the last coordinate

' U entered [vertex (index-1) mod 4] for the necessary addition plus identifies
which register or registers need to be loaded as in the indexed loading

case.

In the end result, the CPU is free to choose to load the coordinate
registers in any manner supported. When the operation, either a
quadrilateral rendering or BLIT, is actually requested (after the
coordinates havé already bt_een loaded) the current state of the four
vertices are utilized directly without regard to how they were -acquired.

This provides the utmost in flexibility for the CPU.

Figure 1 is an overview of a graphics subsyst'em in which the present
invention may be utilized. Bus interface logic 11 is connected through
address, data and control buses to a central processing unit (not shown).
The functional components of the graphics subsystem are data path and

memory interface 13, coordinate staging section 15, coordinate sequencing



typi cal display, X ranges between 0-1151 and Y ranges between 0-899. Each X
coordi nate and each Y coordinate is stored in a separate 32 bit register or
a pair of 16 bit registers. Al though 16 bits are nore than adequate to
Store the largest screen coordinate (i.e., up to 65535 or -32768 t0 ‘w/
+32767), 32 bits of information are stored because it is the data type nost
preval ent in graphics software and provides a | arge enough range to handle
nost real life objects whi ch may span areas much | arger than the video

di splay. Quadrilateral objects are f@presented as conbi nations of four

pairs of vertices ([err]), ([err]), ({err]), and ([err]). If an object is a
poi nt, f r g t Iy N

Fepoat ed, Spy, 175, fuoPbhal, acSiihy ERcE o, Bask FERcHl bR 21 M

four) pai lineaf atﬁfréss:@nafaofaﬂ icated. If an object is a triangle, then
one pair of vertices out of the four pairs is replicated If an object is a
quadril ateral jfhen al I pairs ar ' point, |ine,

( d| tpl nc cts 6
triangle or quadtd Ipéflb )n};lnéo%gpe i elP 'S‘}ed%f 'éﬂﬁ"g(f“l’t’e m ni mum
nunber of #M}l’%y%ﬁtiscﬁsnﬂﬁf&gsﬁpkpta el %fh%&i S'uéxbetoog’ ect, 1.e.,

for a poin or a qua rllateral -

4 and for dasplfyedoog £ vided ﬂspnyssdch &0BNERT) . Thht @, tdats KnhiibROS 1baduast er
(BLI'T) operation is to be performne then the four X/'Y registers have the
fol | owi ngintet thepframe byffeanis amss@iadwdvm@opucwm which -convensrthenat e f or
- upper left, corner of the s

or di nat ft
coPmer of daHo e ChpeTRpliR pledtricay uigfals lfich, fnr BRBT iR iagitiaud Gikelsc: ey
of the soyfGReNiged display ofi SRP'OH.NAMIR Uata h@»ﬁtmguamfaeermgrc Psf the source

bl ock. u
modified by mask generation block 21 and linear address generator 23
based upon prot:essing performed by coordinate staging section 15,
coordinate sequencing section 17 and functional addressing stage 19.
Functional eddréssing stage 19 also accomplishes a portion of the clipping
necessary to fit.particular .gt'aphic objects to the clip window in which they
are to be displa_yed, and then transfers the signals to mask generation
stage 21' which arranges the information into sixteen pixel portions that
traverse from the beginning to the end of the visible object for each scan

line and are used for addressing the data path and memory ‘interface stage

13.

The mask generéition signals are also furnished to linear address
generator 23 which translates the _addresses' provided by the mask
generation stage 21 into signals for linearly addressing the frame buffer

for transfer to the output dlsplay



Y1l - Y coordinate for |lower right corner of the source block. X2 - X
coordinate for upper left coner of tr}%desti nation bl ock. Y2 - Y coordinate
fer upper left corner of the destimatidn—bl ock. X3 - X coordinate for |ower
right comer of the destination block. Y3 - Y coordinate for |ower right
corner of theTHespiesait diventiofikis HifBEed o0 cltCuithyS i AvRAdiANeasidEig Blockuch
as a CRT-are forned as discrete pixels which are stored in a random access
nmenory (RAM)  RAowhichs pgriormaecdstain coperatianse basedvpen pksainput§otheispsgificshe
nunber of plangs typically beging ejght for..a color system stored.in
the frame buf Pgrw#"\éplag e&l% é%sﬁ‘gbeéi Sait%" o‘Y“@o‘S&tﬂFﬁ%ﬁ i%,ﬁ&“ﬁ‘ﬁg}'% ginsraiing,
X, Y pair identdsh ; r u L£X ' I e 4 dyY
bei ng the col Lorastion HA el e E:Epnikd] Hehals, RIEhayl’ R pidphics SuibpEnl
i f eight planes perforoi idrbiiemty quadrildiesall sgmeleringx edith <ligpinghaddbblogkglivnage t s
in the frame buffer. In_this manner, one bit of a pixel can be used to
speci fy whet hipnsfers (BLATY), withy clippipg. | Thuscths Frosgnt dovantion: i digectedyiong

t he: col or of €. Rl X . .| . ei .njxe . s to specify the
color, with o%@e‘%&t ecuc'o ogjé eicg’g}qlﬂ%ésg%éﬁ'ggs?ﬁ'eﬂggkgr ound col or of the
display to turn the pixel off. The present invention lies mainly in its

i mpl ement ati on of Insplementation of rthe ovariousi timihg camil Toatrab sigiady aleeded |fogi C
51. In this connection, with respect to the _other functional bhlocks shown
in Figure 2, thfcProRsScPRRTAtAN #fj theSorssping, funstional blogks eomprisipg #nvigeo n

Thventon iy SHESAM o wBU ARG " PAAGIARENIA BT AOSPRRITT
bi nary adder thyéfoge,! Walli ARUbSE , dédaribed Hordial éx&ei)@msbuécésmrfo’tw?) ee 11

whilgh represents incoming data fromthe CPU and an input from whi ch
is a understanding of the invention.

Réferring 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, multiplexer 35, XY coordinate
registers 37, clip' coordinate registers 39, raster offset registers 41, index
logic 43, test window control logic 45, comparison logic and result storage

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

Before setting forth the specifics of the present invention, a brief
description of the manner in which 6bjects are represented follows to aid
v the understanding of the manner in which the present invention is

implemented.



mul ti pl exer which selects one of a set of inputs fromraster offset
registers 47, X/ Y coordinate registers 37, or clip coordinate registers 39.
The input from MJX 35 is sel ected W‘_ si gnal s generated by | oadi ng contr ol
state machine 33 as described bel ow.” The details of adder 31 and o
mul tipl exor 35,11 now be . described w t‘P ref eiaence to Figure 3. In-Figure
3, adder 31 isXhRArsaef yertdcas; fepseasat video display: Gaefdingtetny, Egt Aough a 32

bi t_adder gaubfl dgpiresk Sangss Befleh 0LESIC al oL Hufills SBRALHTPaghS 32

bits, ino I to'save space on the integrated Cir

i nvent i on Eachi Xpteordiraeel anddeachn¥e coordinuge rie grored NANA Sephratd182pbipel | ne
utilized by the present invention are satisfi edtii%%/ a two. step add, the
f ol | owi ng Teisteri of poPaifof| 16 iy registessy t Hlthough i6; bits) e mares thanf f er ences

f tilizi 32 Rt i | tp th idlked i t
and, "t her aptulte @ Blrs ViCTanbles scsfor” SRRRRle s 9871 BaoBant VEMBT o

nul ti pl exqbs+$PR791323bis BFdinfoinhdtich e istdtb@ t¥cad®e i thd Yakisegbd O i nput

the high order and | ow order. 16 bits from Datain. Miltiplexor 35a and 35b

recei ve t hmosti ptevelesitringgtaphice seftwarel @andi providespeclargelepougbnrangeecto 32 bi t
Tinputs as . fol]ows: one bi.t. inpu if&'tSi n extended to 32-bits) fromraster
of fset redid® J&r?%&,"i’bi&"@-‘ﬁ?‘? Y"h 99"9? SPAny Ateas pugh larger; Q}ﬁ"sf’?rs 37
and two 1Q:kid d; s (sign extended to 32-bits) fromclip coordinate

regi sters%@é& 1‘?{9'9'3& puts from - 17 - nultiplexors 35a and 35b are -

conbined to formthe signal DataQut (for ‘providing read access to these
regi st er val ueQuadrilateraCRibjjects darer représentedh pst cambimatibns bfmidur pairs osf 40

Trom [ orr pegioer dobl ¥R0e CRL VY. {Kaelat #Ra Gar i of ARl oG ds arpoiel, dioct <
‘the out pulyyf QP Pkd 'df! Feitikes’ ke td'Same or three points repeated. If an et

objéct is a line, then two of the foﬁr (or three of the four) pairs of vertices

are replicated. If an object is a triangle, then one pair of vertices out of the

four pairs is replicated. If an object is a quadrilateral then all fbur Pairs

are distinct. Objects (i.e., point, line, triangle or quadrilateral) afe 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,

for a triangle - 3, for a quadrilateral - 4 and for a rectangle - 2-(oppoéité

corners).

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

accordingly:
X0 - X coordinate for upper left corner of the source block.

YO - Y coordinate for upper left comer of the source block.



output fromnultiplexor 40 is one input to logic gate 42 which either
passes the 16 bit output from multiplexor 40 or passes 16 bits of zeros. In
thi s connection, zeros are forced by C gate 42 whenever the bits of

Dat ai n are passed by multipl exor 36 for directly |oading (absol ute |oading)

Into a register wejhi i rcﬂéx‘d‘i‘ﬁat@“tﬁ?é&w%f?igﬁi Yornet lof fj{ s&ﬂ@ oat e registers

37, or ctip coordinate registers 3 shown in gure are | ogic
circuits 44 and 46 which performthe follow ng functlon v%en a | ow order
16-bit add is tak¥hg M &eerdmm:) foutlewer! right cornerceft thet sdwee ddoako a | ow
providing a carry-in of a "0" to the adder 31. The carry out of this add is

o the carry’in ak2aqderouutiieffor awet 18 ool 8 s SBhfiuuioh, BRICC i

conbi nation provides a 2 cycle 32-bit add equivalent to a single cycle 32

bit add. The oper¥2i-olY cboslintre fai uppestleft curhércdbf theidesmnatiohl bloskYy
coordinate registers 37, clip coordinate registers 39, test w ndow control

45 and conpari so ogic and . .result stora 47 are oord| nat ed by | padi ng
control state ma 5‘3;@%‘?4&’4!6 5 IPWER I gggﬁ ‘i?’%ﬁra? the, destinatiog kh causes

the aforesaid functional blocks to operate so that the datais flowing in a

pi peline. Thus, af3hoyglosidhinaié fof WBWEP r&snérremﬁaaégmtmnsr ek, state
machi ne 33 and conparison logic state mac |ne 49 are shown, the d)etalls

will be readily apparent to those skilled in the art fromthe descri ption
of | oadi ng corlmages de chee displayed o3 éﬁﬂladomara%encka‘gm farmed amchi ne

bel X/ d X/ d
ot orring tcor Pusels Eh' Behesl in ol KRG AT e IEABD kiown

(['err]) - ([ergd b Efiel B@fFeOfin BheObi hdret plahiss (déna\ms),Qhe fnbért of §akdser 1S
used to store the upper 16 bits of each X coordinate
typically being eight for a color system. Data 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 being the column. 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
off, with the remaining seven bits specifying the color of the pixel, or all

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

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

The éresent invention lies mainly in its implementation of test
window control .log‘ic 45 and status generation logic 51. In this connection,
with respect to the other functional blocks shown in Figure 2, their
operation and implementation will be described only in such detail as is

necessary for a proper understanding of the present invention.



and another 16-bit register is used to the store the lower 16 bits of each
X coordinate. Simlarly, another 16-bit register holds the upper 16 bits o
each Y coordi nate and another 16-bit register holds the |ower 16 brts of
each Y coordinate. These registers are,shown in Figure 4 as XOL W
representing the lower 16 bits of thﬁ‘ﬂgkrj coordi nate and XOU repreésentin
upper 16 bits of the [err] coordinate. Registers XlL-X3L and X1U- X3U
represent the lower and upper 16 bits of the [err] coordi nates

respect f ul “Fil r egisters YOL-Y3L and YOU Y3U store the | ower and
upper 16 oordi nates of the object. References to XO YO
etc. mean the 32 bit value stored in the correspondi ng regi ster pair, i.e.

XOUXOL and YOUAWder Fndb #di6 opf32-bii S'seésmpleifidnt ihary( ¥dder3haviagetwoupl ed
to a nultiplexer pair which are used to select either the correspondi ng X

or Y regi sinputs, mamelyaPgtaln fregl dus intoefaces dogivoll awhichotgpresentd

mul tiplexers 6la gnd 61b. .Lo ont t ol at e enerates a

Si gnalo whi Bf° 'Bfl}&egf"? ﬁﬂ g?éf%& a1 6“§‘él @h#gﬁ‘fhla? g?nar egi ster XOL
or YOL depgfsi éﬂ&éip%lélheelé’e@t BAé dfha skt COPIRPUIR I RSMAFAtdrooffSetORGPidERI UPO

or the Y coordinates are to be operated upon.  Each of nultiplexers 62a and
62b - 64a 4hdXHY bcangdinate registers: 37 aros ¢hmreoprdm&pemgm€sy39 orThatlapﬁtr om

G0 1 o mut (remaMIsAR i delecied ) signafh SeeRbieR Y (PFBECTTALHAS qo (0
Ao s pafig B s BRbbdcd BERYE ' { y whi ch checks the upper 18- bits. of
its corresponding X,Y coordinate pair for all zeros or all ones. Sixteen o
the bits conme fThendé¢taids rafgadderr 31 (3@dUvGLNiplexat), 353 wWillnnow béaleseribed eent h
and ei ght ev%rt]ltl hre elrgtfce to Figure 3. In Figure 3, adder 31 1s shown as-a 16 bit
adder. In this connection, although a 32 bit add_er could_ be used since
Dataln in the preferred embodiment is 32 bits, in ‘order to save spéce on
the integrated circuit in which the invention is implemented and since
| timing requirements of the pipeline utilized by the present invention are
satisfied by a two step add, the following description will be directed to a
16 bit adder. The differences for utilizing a 32 bit adder will be .apparent

to those skilled in the art and, therefore, will not be described.

Multiplexor 35 is actually a pair of multipleiors 35a and. 35b and a

f

g

n

f
U

third multiplexor 36 which is used to input the high order and low order ‘\J

16 bits from Dataln. Multiplexor 35a and 35b receive the high order and

low order 16 bits respectively from seven 32 bit inputs as follows: one 16
bit input (sign extended to 32-bits) from raster offset registers 41, four 32
bit inputs from X/Y coordinate registers 37 and two 16 bit inputs (sign

extended to 32-bits) from clip coordinate registers 39. The outputs from |



conming fromthe high order two bits of the corresponding register in the
groupi ng (XQ., YOL- X3L, Y3L). The seventeenth and eighteenth bit input is not
Sshown in Fi 5ure 4 to avoid unnecessarily Qbutteri ng the figure. The

regi st pairs (X0U, YOU)-(X3UY3U) are |n[!5 Tnto multiplexers 75-78

respectivel "h sel r the rdi pat e Y C e |n t he
sane. manner\t/%!‘ghPrd’l"f’f'spI3 Qe?"dpésﬁsa’ﬁlﬁmﬁ ‘6“’ 48 tﬁﬁé %ﬂ??gé &"'

nul tipl exer ?rg\ﬁd Béad! QcdBdl (b PIHRYE regisrr \Qﬁf‘esofo we CPUY had Qe Ritgo f rom
each of logic bloCks 67-73 are each a "1" if the upper 18-bits of its

correspondi igputety H ehirdrraultiplexxar 48 whichl passneshe oedtputnifsem emmoltipdéxdrhe
4-bits is z The fou bit qutputs fr 67 73 arelnput I nt.o
status geneséi‘l‘ﬁheqeﬁﬁ éLgiﬂgbq'gﬂ i) d (ff?fﬁ?gb%a Y 38re; bein aﬁsﬁgt e

t
T S 8 A B P R S
val ues Xd i Ritput #6in RidipleX6i |4D|Vlsnoné( GhpiMpo< logibi %ﬁe 42 viltioh agthen t he

aforesaid regi'sters with the same nane, respectively define the left,

right, top passesctheold dfit mmmmomnmuylaemrvéowrnaws H6ebits \of| zares.arln
generated by the CPU.,and are |np t to,adder 3 ch ad t 0 1 hese

val ues for XB‘éd?qfﬁlefﬂ%“'r PSP 05@‘% Bmdﬁg‘&&?p%x %"F‘pgﬁ%%ng YO i pMax

as describe (bgﬁ'v glﬁed '}%%%e‘dp b?xﬂlruflqtﬂéfoﬁ ng ﬁﬁadi?@ctl)h QofMdifig hﬁﬂ%@olui’é‘ (ioadmg)

mul ti pl exors on“t he her, select XA pMn and X i pMax or

YCQ i pM n angntéChi pegister deideindrasteroaffsetnregistessi §haX/Ygenerdinasel trgnshczradl ng
control state machi ne 33 and comparison control state nachi ne

relspec]t i vel B7, Peclipacoerdingte Fegisters 3Pex Ao ahawarfa igyre, ea’see*ﬂg“i Gircuits
L.
rarabt son (Eornd Mot SHiF neelofy ol Wil Wik RREHOES $ikatd o Rrdli 188 1O

add is taking place, AND gate 44 has its output 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 output of flip flop 46 is gated by AND gate 44 to the carry in
of adder 31 during the addition of the upper 16-bits. This combination

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

The operation of adder 31, raster offset registers 41, X/Y coordinate
registers 37, clip coordinate registers 39, test window control 45 and
comparison logic and result storage 47 are coordinated by loading control
state machine 33 and comparison logic state machine 49 which causes the

~ - aforesaid functional blocks to operate so that the dafa is flowing in a
pipeline. "fhus, although not all control lines from loading control state
machine 33 and comparison iogic state machine 49 are shown, the details

will be readily apparent to those skilled in the art from the description of



control 45. Raster O fset Registers 41 Raster offset registers 41, as shown
in Figure 6 conprises two registers, XRasOf, YRasOf, and multi pl exor 53.
The val ues XRasO'f and YRasOf f, vvhj__c,gare stored in the aforesaid rjegisters
with the same nanme, respectively defiTi€ the X and Y offset to be addedi\
(when desired) to Datain before storage into each of the four sets of XY
coor di nat ebadingX/centrobrstiite anachiagi 33 eansl 8Fmpatiswe logicustateamachivee @t ed by

" the CPU foL storage in XRasOf and YRasO f. Multiplexor 53 selects XRasOff

or YRasO f ndi ng on control signals generated by |oading control state
machi ne 33. The val ue selected by nmultiplexor 53 is sent to nmultiplexor 35.

Test Wndox@cb{,@m‘{é -ﬁ%ﬁt%" row control 45 wi |l now be descri bed with
reference To Figure 7. e generates the values testXval and testYVal
whi ch offset a predeterm ned distance, i.e. nunber of pixels, above and

bel ow (for testXAalcpordinateoregistess Jhtis.arrferring tq Riguneed: ®\aet) ofofl 6thie
currently active clippi : Ay ] f . lye i.ndo n di spl ay,
there is aregjfters Whﬁp?‘%%gh?g@%”m?@ﬁ'? iﬁ%’gfgggtﬁﬁvﬁagﬂmyéﬁﬁ%ﬂwm ng
the real chhp V§-BHOgIStEE iP WsBPT8 §brel MieS uppat 16/ BHOWE cachOXCLodFullAkE
whenever it Is beneficial to do so, the need for the hardware to cal cul ate

t he | ocat i and ahother el-bitoregispert isomsedfto tthe ssbiee dtes lawerc b6 abies ofiteacheXt he

clipping window. The_4-hit values [& and testYVal are stqred.in the
4-bi t regigchﬂgmseest&ua%rt'x-es? F'éslﬁe@-]ﬁwsye.r helds; theepPery 165Bite s one of

DIt T egi %Y e SUAFE ekl 781 _
the v Coor i hacoardlhat Bl sGHEPCl PG RA Sl Tt TR BUPRICT Vi

each Y coordinate. These registers are shown in Figure 4 as XOL
representing the lower 16 bits of the Xo coordinate and XO0U representing o/
upper 16 bits of the X0 coordinate. Registers X1L-X3L and X1U-X3U |
represent the lower and upper 16 bits of the X}1-X3 coordinates

_ respectfully. Similarly registers YOL-Y3L and YOU-Y3U store the lower
and upper 16 bits of the YQ-Y3 coordinates of the object. - References to
X0,YO etc. mean the 32 bit value stored in the corresponding register pair,

i.e., X0U,XOL and YOU,YOL.

Each pair of re_g'istérs, (XOL,YOL)-(X3L,Y3L) are coupled to a
multiplexer pair which are used to select either the cOnesponding XorY
| register. For example, registers XOL and YOL are coupled to multiplexers
6la and 61b. Loading contrbl state machine 33 generates zi signal' which
directs multipleier 6la to select the input from register XOL or YOL
depending upon the whether the X coordinates are to be operated upon or
the Y coordinates are to be operated upon. Each of multiplexers 62a and

62b - 64a and 64b operate in the same manner respectively for data from



Enabl e generated by the | oading control state nmachine 33. The output of

mul tiplexer 91 is input into decrenentor 93 and increnentor 95. Decrenentor
93 has as a second input the value XdjiggMn or YO ipMn and increnentor 95
has as a~second input the value Xd i pl\;aca or YO ippMax, again dependi ng upon

whet her X or Y. coordj.nat a. | ratgd upon_ as. determ ned by _ihe
si gnal MuX EdaBl ergﬁﬁ'é?af?é&“%?‘?ﬁéggtg%hg @bentc’ggjf“t%ffﬁ?'g. W&@mqﬁ’ée'%dame
out puts genergfae@obyo RGIPIBHErOB5E,3 whild HC 'GRERAE FroRS miitibleRers’ 8161d4pd t O
as XTestM n, YTestM n and XTest Max, YTestMax respectively. Decrenmentor 93

creates the vgo tesoxipasisbhnlogivl and creshlt rstospge 1Ak.r acting from XCl i pM n and
YCipMn a value equal to 2 raised to (testX-1) and (testY-1) power

tively. Singanlye i { R n St Max and
VTobtMax by’ addi nEIosie7: BRnilame v pRES A Al I3 8 sash ol wet 1o
the (testX-1)cirmtry tWhicK- dleckSVhE aFeRCr8-bits! of its! calrespdhdiggt X;¥) or

2(testY-1)). Loading Control State chine 33 and | ndex Logic 43 Loadi ng' '
control st at coosdinatecpds fgradlr a¢ros arhall cmes.r oSixssegnof the bisx demxbifrom Ithelex

of aii oh caugesatars. GG R Y Bt nf evemesmbd aga righeats bis "y
coordi nate regj r 7 ol i r |§‘{{ﬁr o . their
respect.i ve Xec?’%hgsﬁgﬁ @%ﬁ% So?d%‘)g\ggolﬁgé %f t&ﬁi C ggﬂﬁ;’@gknﬁ |t%rtér>‘<otpg35 to

sel ect one ofgrblyging N@X0IS, YOLOXGLIB3EY. Oflhe abvemermh cind éightoénth @&ip ishutaise
registers 37 or clip coordinate registers 39. Index is a single control
si gnal whi ch nohshewngin Figuse fctg gveid pnngogssagily sduttering the ifigurenefhepy 1

Lo\, (modul o BBl SOLATRIE-GRUIRELD o bkt S alilfenchy 7318, " 230

of the regi si@fgectively which select either the X coordinate or Y coordinate in the

same manner as multiplexer pairs 61a,61b-64a,64b. The outputs from
multiplexers 75-78 go to multiplexer 35a. One of the 4-bits output from
“each of logic blocks 67-73 are each a "1" if the upper 18-bits of its
corresponding register are all zeros or all ones, otherwise each of the 4-bits
is zero. The four 4-bit outputs from blocks 67-73 are input into status

generation logic S1.
Cli ordinat isters 3

| Clip coordinate registers, as shown in Figure 5 comprises four

- registers, XClipMin, XClipMax, YClipMin, YClipMax and multiplexors 81a,
81b, 83a and 83b. The values XClipMin, XClipMax, YClipMin, YClipMax,
_§vh’ich are stored in the aforesaid registers with the same name,
respectively define the left, right, top and bottom of the currently active

window. These values are generated by the CPU and are input to adder 31



in raster offset registers 41, X/ Y coordinate registers 37 and clip
coordinate registers 39, enabling each such register to |oad the 16 bit
value on the line fromadder 31. Th eration of |oad control state ,—
machi ne 33 and index |ogic-43 wl| be described by way of an exargke
from which the inplenmentation details should be apparent. As noted ‘above,

i mages to lvhichr adds & e dbésenealues forilomling dbe gegistees K ClipMin,oX[GlipMaxyavi ng
four pairs_of. vertices rrl) - err]), oje .may be_points, |ines,
triangl es, Yr‘{!!?\c@wglaé@ B’rél[ﬁi‘éﬂ’l ialsa‘?"(éLﬁf’g‘l *8Y°'p0ﬁ'fi‘épﬁ2¥?f§_$ P"&%a#%as%f
vertices a ' I qal, [0 s t r I T, .
vertices. ouk’ggp{cﬁg ,qa&?dﬁdﬁf%?%ssﬁﬁ%saéﬂ f gaﬁ)%'ynit%%\%t@%lf ts?%:egg.*ghﬁg@?angl'e
Fepresent said YCpMax Cis ¥ ClipMincaiid '¥ChpMax \epeiiding 0ar contfo? signals t Wo -

uni que X coordinates and two unique Y coordinates (rectangles can be
defined bygenesated by loading sontrel istategmachinen3B| gnd memparisosocomsrel) . For

tri | , th 1 | th i f i ti, T i nd |
Spect 1 oo’ WA ABTS 43 deingefel o Thesdamies offom, atiiplors Hiacatd g
defined. Fof REAPES MERIpIAR3S,Y wiile!8ite Raffe’ Ifroth ‘fﬁﬁl’ﬁ@?e):(m'?%cs?mtz ELgr

rectangl es, the index régister is incremented after th val ues
have been 83tdme semtttoeccomparxison dogicr gl yesrls stdrage r43c tand glests wihdewi ndex
Tegister is increnented after both X and Y values. In this connection, the
fol | owi ng cemrd d48ts forth for each type of object, the X registers which
are enabl ed for each.index register value. Al though not shown, the enabled

Y registerg. 0ol odeFsd" R 4p the enhabled X registers. TABLE | Index
Val ue At Trie oad '

Raster offset registers 41, as shown in Figure 6 comprises two
registers, XRasOff, YRasOff, and multiplexor 53. The values XRasOff and

YRasOff, which are stored in the aforesaid registers with the same name,

-

respectively define the X and Y offset to be added (when desired) to
Dataln before storage into each of the four sets of X,Y coordinates m X/Y
coordinate registers 37. These values are generated by the CPU for st_oi'age
in XRasOff and YRasOff. Multiplexor 53 selects XRasOff or YRasOff
depending on control signals generated by loading control state machine

33. The value selected by mﬁltiplexor 53 is sent to multiplexor 35. |
st Window rol 4

Test window control 45 will now be described with reference .to
Figure 7. The CPU generates the values testXVal and testYVal which offset
a predetermined distance, i.e. number of pixels, above and below (for
testYVal) and to the right and left (for testXVal) of the currently active

clipping window. That is, for a given window on a display, there is a AX



bj ect Type 0 1 2 3 poi nt

X0, X1, X2, X3 X1, X2, X3, X0 X2, X3, X0, X1 X3, X0, X1, X2 |ine

X0, X1, X2 ¢ X1, X2, X3 X2, X3, X0 X3, X0, X1 quadril ateral X0
X1 A\ X2 X3 rectangle<d — X0, X1 X1, X2

X2, X3 " X3,X0 An inportant point that can be seen in Table | is that

t he coor.di nat engp@Yitwhichodéfine hetesn sdrndow gsustomnding eHewrsad ollp misdow.Th@hkype
of wite (point, line, triangle, etc.) indicates how many ,subsequent
registers (noBWRgseof,fhis testswindow, s itocelimmate, cwhepsver ‘(f‘s the@efigigbytojdo 2

tothe ti : . ! . . il B
written, nanely UE Bedllrof phe HaERGCH caidfill) WEToLEREPOF bisths or°0, |
X0. A quadril porioals of ithe dbjects \WwohicH arel yutsidecttie ¥Bppih)gawmidvw.1l-3 bel ow

will explain the role of the index register when defining an object. Each

i f th l.e indcat the jntended | L tion, the ind
regi ster val ue utiThe:dobib,vaines tessiVAD drerof Val atecsiosedih hectdiiver n t he
| oadi f th dj ' I . ' i nat
ogistars af t BERE Ik ol BaTyCSpediVeny 2, MERUTERLP) SLGIF SRTLE RS ©

concl udes. TheegigieRDREsEE 6:0Eesined6rfehﬂﬁng$ﬁmWﬂ’ietﬁérethe X cdérdindtes drOthe Pyt Y
to indicate a point wite, LineX or LineY for a line wite, TriX and [err]

for a triangl eoosdinates @emdicing wperated upon as dletarmined dyathensignal MBX Rect X
"Gent 11 ed byEBUUR SpTTRed e PERE, i) Sadumirinf i, " BRE BBt | on
as will be deggifipiefer 81C%s ifipdt 1AISS Be&¥aEAICHS 98 NGO increhRnfore9yl i on tinme
of the command 1s of no relevance. As a neans of clarifying the
ingerpretati oDecrentenere92 dmspasca, sechnd input the value XClipMin or YClipMin and
incrementor 95 has as a second input the value XClipMax or YClipMax,
again depending upon whether X or Y coordinates are being operated upon
as -determined by the signal MUX Enable generated by the loading control
state machine 33. The outputs generated by decrementor .93 and
incrementor 95 will be referred to as XTestMin, YTestMin and XTestMax,
YTestMax respectively. Decrementor 93 creates the values XTestMin and
YTestMin by subtracting from XClipMin and YClipMin a value equal to 2
raised to (testX-1) and (testY-1) power respectively. Similarly,
incrementor 93 creates the values XTestMax and YTestMax by adding to

XClipMax and YClipMax a value equal to 2 raised to the (testX-1) and
(testY-1) power respectively. (i.e., 2(testX-1) or 2(testY-1))

Loading Control State Machine 33 and Index lLogic 43

Loading control state machine 33 generates the control signals, MUX

Enable, Index and Register Enable. MUX Enable is a set of control signals,



first one will be described. Fromthis description the interpretation of
Exanples 2 and 3 should be .readily apparent. At the tine the PntY(6)
command is received, all coordinate registers contain the value "0 and the
index is equal to "1". The PntY(6) cO d says that a point of valueg
shoul d be | oaded into the Y coordinate registers. Since the index is a 1,
Tabl e | i nsliec @f ewhichataidee theCosiiogs WilltiPleéxOls ShOtabdr DEFFSd Ofeiktéit 21.Y1 . Y2,
Y3 and YO._ The next command received, :Pnt X(3), then says to load the point

3 into X1,XR0 cogzdinate xepisiess 3y apd <lip; cogrdinateragistense 38 dtox selsot dheint e

it ¢ ' LS. | d | d of the wri le.
The next  eTRHTE JCilpfd S My Yedbnd) of Sl capfos? muldierer 38,7, ©
Tabl e | i ndidttcife ofetheORPuBl ffm Frakiek Dffset régistétd A0 Xecbdrafladv i t e ;

command for this exanple is LineX(7). Table 17indicates the | oading of _
into X2, xegiateas dJ artdip wobrdinatheregistiers 3%gi bidex issaajagle comrainwighsld. The

final state of the coordipate r,egi st e,ra i ﬁggl | f'é'-tWQ uni que vertices (3
vertices aYhich cayises, an Xafegiyer 49 )index Jpgic; A3 N jncrement by 4 betweeny t h
endpoi nt 6} lgn : - le 1

Speti fyi ndoh e ot W yalhek 07, a8 oA Nuige s 3, %8 fpper BB, ngiulo

X0 X1 X2 X3. RepisteflENabIYIsW isteof collrol gighals) ong fdg eagh %f tHe B%ié,t@rs 0

01 . 01 wite PntY(6) O O 0 O ) _
01 wite FAtsas@r offset3registes 41, X/Y googlinge Bgisterg 137 and _clxp. 02 wite
I;I n(7aY( %) ?i:oogiingte gegigers 383 engblir?g' e%cbfu%% register to l%%dwtrhlet ?6 Lﬂsart‘eﬁﬁ% [
. on the line from adder 31. )
| o/

The operation of load control state machine 33 and index logic 43
will now be described by way of an example from which the
implementation details shoul_d be apparent. As noted above, images to be
drawn are defined as being made of one or more objects hiving four pairs
of vertices, (Xo,Yo)'- (X3,Y3). Objects may be points, lines, triangles,
rectangles or quadrilaterals. For points, the four pairs of vertices are
identical For lines, there are only two pairs of un’icjue vertices. Four sided
quadrilaterals have four unique vertices. A rectangle represents a special
case of quadrilateral wherein there are only two ‘unique X coordinates and
two. unique Y coordinates (rectangles can be defined by a pair. of vertices
defining dia_gonally. opposite corners). For triangles, there are dnly three ~

- pairs ‘of unique vertices.

The index value speéifies which registers to enable based upon the
type of object being defined. For proper operation, Y values precede X |

values. Except for rectangles, the index register is incremented after the X



Exarrpl e 2 Specifying a triangle (1,5) (9,3) (4,6) Index | ndex Before

Af t er Conmand X0 X1 X2 X3 YO Y1 Y2 Y3 Wite Wite 7 3
7 7 + "9 6 9 9 03 —grlte Tr|Y(5) 7 3 7 7

5 6 9%5 03 03 wite Tr|X 7 1 5 6 9 5
03 [ T

00 write Tri X?g udk ﬂ&& 'i)%pyr( ?lgfadedl m3th§ a%prgsgnate reg‘?‘%ﬁx% q:or rectag%lc\:la, tpe

TriY(6) 9 91m7ex register is increnfented after both X and Y valllds.Win! ¢hid rdofnédtiond
4 4 1 6 6 5 01 - 02 Exanple 3 Specifying a

Rectangl e (0, He (@1@%8!31?}6 (@ets)fonhdiot eaqlhti@k fob.le@t th&f Xeregmmawdhch
éo g(l X(2)2X3 Yonxglﬁg 260l aé:ngtiq%ﬂ ﬁglq‘;er Xalu& Ailthough no|3 sh%wn ihe 82 6

03 wite Rect 4 0O wite
Rect Y(7) 0 451(1931&) Y reg‘fsters would corr%spcfhd t& thd enagiﬁdof( vl\;f%ltsgr%ect X(8) 0
8 .8 0 7 7 1 1 01 T EI Al t hough in exanple 1, the
index register is arbitrarily 1 when the fIirst coordinate is received, the
i ndex register in index logic 4 al i based upon a val ue

pl aced on Dat a| n |f | nstrucied %@(fa@ﬂ\la * ﬁ 451 not!ong, owever,
t hat proper oSbiegt; I3 6 oFf—t-he-
initial val ueP@in he i n&@-i( dkde K3XQGX{XZ ed. ).
It is also asbiméed in th¥8, l e th’é’e,xgﬁdf ané(2 .XO X3,X0,X1
quadrilateral X0 X3
rectangle X0.X1 XI,XZ XZ,X3 - X3X0

An important point that can be seen in Table I is that the coordinate
pointed to by the index register is always written. The type of write
(point, line, triangle, etc.) indicates how many subsequent registers
(modulo 4) will also be written. For example, if the index is 2, at the time
a line X write is received, then three registers will be written, namely X2,
(X2 + 1) modulo 4 and (X2 + 2) modulo 4 or X2, X3 and X0. A quadrilateral
write to Y would only affect Y2.

Examples 1-3 below will explain the role of the index register ‘when
v | 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 .govem 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



YRasOf f contain the value O so as not to obscure the operation of this
circuitry. Loading control state machine 33 in conjunction wth conparison

| ogi ¢ state nmachine 49 controls a pipelining schene which in additi on,.t.o

l oadi ng the various registers deseriched_above, al so controls the sel egti on
of registers and corresponding nultlplexors necessary for the propeéer
operation e tion

| ogi ¢ 51. plid'()ipt | ona ﬁ@’n‘ nélat esl re?to%ggflﬂ%¥ ?zazil? Lew?%s{;@?ﬁoffset
capabi | i t yarf Ted¥ for asmnnglelmntel, cQuadX and Qaad¥ sforya iqualidlateral Iverireddi tion

of 0's to the_incom ng data for storage into the X and Y coordinate
regi sters and BectX and, Resty for @h?%’é’ﬁr‘?’%‘&n@%ﬂ?’br nEhe etuad fwEite son I ogi ¢

and result st 8.4 ctl 0 ol els
Enabl e conths "@?dﬁg nﬂéjée]nﬁéh egdgo‘gﬂ? ng Jgg%%alﬂ&t gt e “rlr‘fa{’l cﬂ?‘% and
conpar i sonpgepation dsaivell BE ldebEited Taryr. beF&sqeers&aémeblég QHRbUGH dhem ng
sequence table set forth in Figure 9 and the followng |ist show ng the

‘order of pexscutien rtynpeoff thereammando iy of ma gelevampeng section 15 for each
‘entered Y coordi nate. 1. Recei ve Y coordinate on Datal n - 27 -

~Add the | 1 f dj

(lover 16-bi £ o) b s CofoclabitFisea R YEmvpaniSh bbb Sunfthlesy B8,
(index-i) f#st One walISbé- descAABsd.t NBrdih Uhis 'deSeripkforD ithé 1ﬂfeq§ﬂ%&tfdﬁ06fVed Y
‘coordinate te: a) YRasOF f (sign extended upper 16-bits) or b) t he hi gh

order 16 bExampies Y2rand38 should cbe treadijy (apparent.])

At the time the PntY(6) command is received, all coordinate registers

contain the value "0" and the index is equal to "1". The PntY(6) command

. says that a point of value 6 should be loaded into the Y coordinate
registers. Since the index is a 1, Table I indicates that the incoming value

' (6) should be stored into Y1, Y2, Y3 and YO. The next command received,
PntX(3), then says to load the point 3 into X1, X2, X3 and X0. As is the case
‘after all indexed X coordinate writes, the index is incremented (modulo 4)
at the end of the write cycle. The next write command is a LineY(9). The
index for this load is 2 and Table I indicates the loading of 9 into Y2, Y3
and YO. The final write command for this example is LineX(7). Table 1
indicates the loading of 7 into X2, X3 and X0 aftér which the index register )
is again incremented. The final state of the coordinate registers identify U
two uni(jue' veﬁices (3 vertices at (7, 9) and one at '(3, 6)). Geometrically, |

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



or c) 0's and conpare the result of step.2 to the other Y

coordi nates 4. Conpare the result of step 2 to YO ipMn, YTestMn,

YC ipMax, and YTest Max and exam ne the upper 18 bits of the result of steps

2 and 3$dr all 1's and all 0's. In-stRE—-2 and 3 above, the choices a), b)

or c) are nmade as follows. For non-relative wites to an i ndexed regi ster

(PNT, LI NE, TBkamgéAli)s ﬁ‘ﬁng:hqimee(a)sj 67,59 ected. For a relative wite to

an indexed register (RELPNT,. RELLINE, RELTRI, RELQUAD, RELRECT) choice b)

is selected. Al other wites select choice c). The | oadi ngindexan Xindex

coordinate follows the sane flow Wth the foregm ng restrlguﬁas apdter

definitions in m : i lnw}cﬂ(:‘ex

logic 43 is ' an jeglster , 6

reference to F|g e Fi® I ¢ he olgowln se uergce ts ta
asto ef ne in |n |nts

X, Y:coordi nat es e Ex§1rrpl e

conmand write Pnt™X X aus the r ster

address input to¥ 'zfdll‘ﬁﬁe tate c |ne 33 tozcont ai

val ue indicating that the |ncom ng data is a Y p0| nt. At clock cycle 1 (and

order 16 bits on Datain and nultiplexors 35 (i.e., multiplexors 35a and

35b) and 40 and ‘logic gate 42 are_instructéd to pass the lower 16 bits of

YRasOf f. ThusExampleng gl"?féfy%%/@l triangle, {4 (?13)a£§)the outputs from

mul £ i pl exor 36 and | ogic gate 42 and pl aces the

pl ace to Ioadth L.egi
| Sw 0
referring to Figure 3), nultiplexor 36 is |nstructed to select the | ow

o : Index Index
-/ Before After
Qommgng X0 X1 X2 X3 YO Y1 Y2 Y3 Write Write

7 3 17 7 9 6 9 9 03 03

write TriY(S) 7 3 7 7 5 6 9 5 03 03

write TriX(1) 1 3 7 1 5 6 9 5 03 00

write TriY(3) 1 3 7 1 3 3 9 5 00 00

write TriX(9) 9 9 7 1 3 3 .9 5 00 01

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

write TriX(4) 9 4 4 1 3 6 6 5 01 02

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

Index Index
Before After

Command X0 X1 X2 X3 YO0 YL Y2 Y3 Write _ Write
. ; 9 4 4 1 3 6 6 5 02 02
e . writt RectY(1) 9 4 4 1 3 6 1 1 02 - 03
write RectX(0) 0 4 4 0 3 6 1 1 03 00
write RectY(7) 0 4 4 0 7 7 1 1 00 01
write RectX(8) 0 8 8 0 7 7 1 1 01 02



result” at its output. At the end of clock cycle 1, registers YOL-Y3L are
enabl ed and | oaded with the value fromadder 31, i.e., 6 representing the

| ow, order bits of the value 6 that was on Datain. At clock cycle-2, _

mul tiplexor 36 is instructed to sel ect~fhe_high order 16 bits on Dataih and
mul ti pl exors 35 and 40 and | ogic gate are instructed to pass the sign

t ended bi ts.of YRasOif. .Th dur i | ock. cycl e, 2 . ad 31
Sids the out purShgHa i orRRIS 1. g "o Haidlek G5 aFHistatiiy ) whd U6,
result at fifst Qidrdinhte N rédeived)dhef indeRClegfaréry anéxem'dgi&e«m ni4g+pé3H are

enabl ed and | oaded with the value fromthe output of adder 31. ‘At cycle 3,
t he communisitislized based] upom @cvaluh cplacéd on3Datali:if cinstructed bya tlhe CRUBLe

regi ster agdress ipput. to Loa-di ng ﬁ&r;trol state.mac 'r}le 33 to.,contain a
val ue i ndi Cht!f nYOHRAROURE POWEYSTnd M PECRSE ORFIation) qf; this Woxenyony 1§k cycl e

3, multipl [ Sl . 0, 1S t [:0) I | ain
and nul ti p'l%gég%’r gﬁﬁ@gﬁ%?’gﬁg (y)tg?lceélgte e°4 arlgaﬁlﬁg??&%%ggﬂ%%sapg&%e

| oner 16 hidqiende iRamifiafed.)Durlt fig aldcoaksutyed én Ihisaektimipls Ithatl SR 4SO Qindput S
from rrultigl exor 36 and logic gate 42 and places the result at its output.
At the endYBasQffoeentaipcthe value c)iser a8 gokte -okseursy thecopasation ofthissaded wi th
the value f.rom adder 31, i.e., 3 representing the |ow order bits of the

val ue 3 t W on Datain. At clock cycle 4, multiplexor 36 is instructed
to select the high order 16 bits on Datain and multiplexors 35 and 40 and

1ogic gate 42 Zoadingsicotabbdtite mackine 33 SingSomjshensie cwith pesmpdrisont s of
XRasOFf. At~ - 29 - clock cycle 4, adder 31 adds the outputs from
mul ti pl exdogBo surl maghive (% sontyolsny Ripelining schemeswhichyin j additien st . )
‘During claock.cycl.e 4, .registers: X X3 re enabled a oad with-the [ 3
val ue fro%"?ﬂ'@gohlepdfm&' J&é@ﬁ“&%ﬂg“ﬂ@"?ﬁu % 881"5{’]% h}es SlEEuan 9f oq.
At clock Cgisters: ahdCcsr?éSpoiding multiplexors necessary for the proper
' operation of comparison logic and result storage 47 and status generation
logic 51. Additionally, when it is desired to not utilize the raster offset
capability of the present invention, it is necessafy to force the addition of
0's to the incoming data for storage into the X and Y coordinate registers

prior to performing the comparisons performed by comparison logic and

result storage 47.

In this connebtion, the MUX Enablé, and Register En_able control
signals generated by loading control state machine 33 and comparison logic
state machine 49 may be ascértained from the timing sequence table set v/
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



write LineY(9) places the value 9 on Datain, and causes the register
address input to |loading control state machine 33 to contain a val ue
indiccatjng that the incoming data is a Y line. At clock cycle 5,

mul tiplégxor 36 is instructed to select the 5w order 16 bits on Datain and
mul ti pl exors 35 and 40 and | ogic gate 42 “ar Thstructed to pass the | ower
16 bits.of YRasOf. During clock cycle 5, .adder 31 adds the outputs from
mul ti pl exor 36 anéddodiecloyaosder216 fhitsppfdless redeivede ¥ coordindte oput put . At
the end of clock cycl @)5, WRasOFE(lowerl 16-bdts) and YOL are enabl ed and | oaded
with the value froeradder @i low ecorded 16chite of Y 0bd 31h poimed avdey (hidex- Df
the value 9 that was @) Da0& n. At clock cycle 6, nultiplexor 36.is .
instructed to select the high order 16 bits on Datain and nultiplexors 35
and 40 and logic gate 42 are instructed to pass the sign extended upper 16
bits of YRasOFf. At clock cycle 6, adder 31 adds the outputs from

mul ti pl exor 36 antidd dhe chighierdep 18nbity) of the sepeived SY)| qoosdinptestasyt put .
During clock cycle 6, aegi ¥RasOffyLsign yertendadl wppemrié-kitslbl ed and | oaded
with the value froertpe outheuhighf ordérch6 bits oft YOHo¥RHc pointed to thye (indexrdid
wite LineX(7) plaseschhe 0&l ue 7 on Datain, and.causes the register
address input to |sadi ng ceosthpare theaiesulieehiep 3ot theCoftieRi Y coordindees
indicating that the incomng data is an X line. In a |like manner registers
X2L, X3L and XOL are eventually enabled to |oad the value 7 after which the
i ndex regi stdr i Comparenthatresulf ofrsep 2oto3YQIipMiaY TebMin, YChsMag, add’
coordi nat e regi st¥TestMax aid)@kambriec ties uppér 285bits6f IHETeIIP ¥ | sigpsSehenme
descri bed above. dnga®oealll 0% drnd and)'€s - 30 - and rectangles are given

[ xanples 2 and 3 above. In a simlar manner, quadrilateral objects are
al SO0 | oaded. Raster offset registers 41 and cl ig coordi nate registers 39
are | oaded In steps 2 and 3 above, the choices a), b) or c) are made as follows.

' For non-relative writes to an indexed registér (PNT, LINE, TRI, QUAD, RECT)
choice a) is selected. For a relative write to an indexed register (RELPNT,
RELLINE, RELTRI, RELQUAD, RELRECT) choice b) is selected. All other

~writes select choice c¢). The loading of an X coordinate follows the same

flow.

With the foregoing restrictions and definitions in mind, and assuming
that the index register value in index logic 43 is '01' and registers (X0,Y0) -
.(X3,Y3) as described above with reference to Figure 4 are all 0, the '
W 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

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



in a simlar 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 |oading) The present invention, by use of the index
register in index logic 43 also peri. s relative addressing which prayides
an efficient nmechani smfor displaying duplicates of objects. RelatiVve -
addr essi ngpia%hﬁfe?%%s%ﬂtbﬁdab\‘/alwm&fcaﬁﬁ% KA e irvoniing | dME is e three
vertices of a triangle may be defined as ([err]), ([err and ([err]). To
dupl i cat e pbins. ol edocls@yclenbs(and méfdrfing ctot Figueei3)omultiplexor 3@i tspl ay, it

I d be ne to st 150 pai f XY rdi nat es. ' ti
adar essi no ek Fe plees er e ite dReoih on Papaln g pite® S ondanc
third vertigces: - f f ! PP
J o T G iR EoH Ma i 955 d! 40 Hdd Bogié YO MRS iflfrychecuo [ O]

and [err]. te the object times, at needs to be stored

are the twpadf fieclowati 16 bisdofa YRasOffr Thukpduring ftlckkpkydet b 4ddee 3K i fty
object origins plus two offset pairs total). This can_be acconplished in

the presenaddnkntqusputsyfrom multiplexpn$6 pad Jogis gateo A2 qrnthiplagsesi theyertex in

one of the reqgister pairs w.thin Y [ regj 7 i an
indexed | o g‘“s%l‘gﬁ?'ft.’ em,t Bﬁ?fﬂ%ﬂf%&%ﬁﬁhqﬁ@sﬁ S%/@?ﬁ%‘eg% are
subsequent k)68 £l 164U Wit ¢hé RaluecHicex ddePt ] ‘1.€, b/ reprsentingeihe val ue
of the index register. This is acconplished by selectin vertex pointed

t
to by (i ndiow-drer bitheofathdcvilue Dthat| wagp ondPataln.r A gloég ¢)@§tii2ng. The _
vertex referenced b Lngex -1).1is f eed b | oaded th
AT IR LT IR I e SR et e B
and is, thergfofCord AS %Xaﬁaqggwpgs& ag;areeineﬁha@d%f pals aRPkiges o

Conparison'logirc and result stora glic
' : extended upper 16 bits of YRasOff. Thus, during clock cycle 2, adder 31

adds the outputs from multiplexor 36 and logic gate 42 and places the

result at its output. At the end of clock cycle 2, registers YOH-Y3H are
enabled and loaded with the value from the output of adder 31. At cycle

3, the command write PntX(3) placés the value 3 on Dataln, and causes the
registér address input to loadihg control state machiné 33 to contain a

value indicating that the incoming data is an X point. Also at clock cycle 3,
multiplexor 36 is instructed to select the low order 16 bits on Dataln and
multiplexors 35 and 40 and logic gate 42 are instructed to pass the lower
16 bits of 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 the v
end of clock cycle 3; registers XOL-X3L are enabled and loaded with the
value from adder 31, ie., 3 representing the low order bits of the value 3
that was on Dataln. At clock cycle 4, multiplexor 36 is instructed to select
the high order 16 bits on Dataln and multiplexors '__35 and 40 and logic gate
42 are instructed to pass the sign extended upper 16 bits of XRasOff. At



Conparison logic and result storage logic 47 will now be described with
reference to Figures 7 and 8. Conparison logic and result storage |ogic 47
conprises mAtiplexors 101, 103, 105, 107 Qﬂd 109 (see Figure 7), and.
conpar akors 121-124, nultiplexors 131- 1469 d registers R1-R44 (see Figure
8). Registers RIl- R44 store the results of the operation of conparators
121- 124 .as shklogk ¢yrldahl adder: 31T A8dE the dipws, fx@ni piltiplexor 36 and logic gate R23
YO YA ipMn

X st
XO Xd i pMax 4 and Xil;ces the resu Y dts\PRtpBL. p‘R}é&“ﬁfk’@g %‘get‘w@%mm X0H-
R26 YO YTest Ky Bre Enabldd B4 rloaded with_the value_froB? the butfde! QMaﬁdBB 31,

X1: XTest M n 1: YTestMn R/ X1: XA |
R29 Y1: YCQ i phidk thS mae&('ieglstdlxm mcremented At clock b$€leY5, msbmm
X2: XC'i pM n \(OR Mn R10 X2: XTestM n

R32 Y2: YTest Mrite F&WCXQ‘»’)XBM%W&!%@ value 9" on taln, angkyauses: thy register R12

Ras Yo vor 1 phIdEeT IR, oropdipd Ebniol i o S o

X3: XA i pMax indicating that the inconBag data ¥6d YMiikeR1At tlock! @?{&15/55( muluplexor
R38 Y3: YTest Max R17 XO X1 R39 YO
R40 YO Y2 R186)e ingtructed to select the low order mpxtsf@n{g)mm and )@ultxplexors

Ra2 Y1:¥2 35 and 40 and logic gate 42 are instructed to pass the lower 16 bits of

YRasOff. During clock cycle 5, adder 31 adds the outputs from multiplexor

36 and logic gate 42 and places the result at its output. At the end of clock

— cycle 5, registers Y2L, Y3L and YOL are enabled and loaded with the value
from adder 31, i.e., 9 representing the low ofde_r bits of the value 9 that
was on Dataln. At clock cycle 6, muitiplexor 36 is instructed to select the
high order 16 bits on DataIn and multiplexors 35 and 40 and logic gate 42
.are instructed to pass the sign extended upper 16 bits of YRasOff. At clock
cycle 6, adder 31 adds the outputs from multiplexor 36 and logic gate 42
and places the result at its output. During clock cycle 6, registers Y2H, Y3H
and YOH are enabled and loaded with the value from the output of adder
31. At clock cycle 7, the command write LineX(7) placés the value 7 on
Dataln, and causes the register address input to loading control state

U machine 33 to contain a value indicating that the incoming data is an X
line. In a like manner regiéters X2L, X3L and XOL are eventually enabled
to load the valué 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 pipeline scheme described above. Examples for triangles



- 32 - R21 X1: X3 ' R43 Y1:Y3 R22 X2: X3

R44 Y2:Y3 In Table |1, excepting for the conparisons invol ving :
XCi pM n/ Max, YO ipM n/Max, XTestM n/Max, and YTestM n/ Max which store.a
one bit result, the indicated regist®stores a two bit result of a "wJ
conpari son between the two indicated values. If the value on the left of

t he col on amd gectamgles tdi@rgivee inaérsenples 2handi 3 laboeé. t it aCeinsifar ffaanéx, nary

val ue stored in the corresponding register is '10'; if the value on the
|l eft of theuadsilaterals opjests iaferalspcloadedie to the right of the colon, the
bi nary value stored in the corresponding register is "01'; if the tw

val ues are equ h | r i o] NdyNg.l BalSher 1S
B0 For Xl e SRR 41, R lp cRoklBadtHegERPAY O e RlaRl "
val ue conmiar adsindlaremanner ad'X/¥ «loodindte oédisters 3%, asi deféribeal aboved. For
Xd i pMax and YO i Pl\/B_.X, XTest Max, YTest Max, if the val ue conpared is
greater, choweverglogic gate 43t iscingtrycted to force O's; forr each 3dd ayeleut dieo ,
mul ti pl exors&f:q%, -(;Lao 05, 107 and 109 are from X/ Y coordi nate registers
37, nanel yﬁ"i " Ol_ - Y3L, clip coordinate registers 39, nanely -

- XCAipMn,YAipMn and X iphMx, YO i pMax and test w ndow control 45, nanely
XTest M n, YTestHenpre¥éms inventiond by Tasd bhxthe Ghded registerain aidexOlspié 4%, the
inputs to nultiplexors 101, 103, 105, 107 and 109 are either X values or Y
val ues as aléscparferansyyelativen addigssipg nwhich provides cans j effigieng emechanismpy

conpari son. cont rol . st at e..ngchi 9. .Co rator 121 conpares | ti.pl.exor
101" out putfokrateRiyia, SuBPASD 1 aitsts: REApfLT agtfessfidl i o, Bosssidhsl
conpar e Miy ivilye P anl SampleSas F6lldWs, OPhe thite OVeriib&s 8N% Brddiji@ifay be |
mul ti pl exor” 109 output on the other. The out_Puts fromconparators 121-124 W
are input defined|as (X@,300)% (X1,Y1) and (X2,Y2). To duplicate this object 50 times

at different locétion_s on the display, it would be necessary to store 150

pairs of X,Y coordinates. Using relative addressing, one vertex is defined as

the origin (X(,Y(Q), and the second and third vertices are defined as offsets

from the previous vertex, i.e., AX(01,AY(Q1 and AX23,AY23. To duplicate the

object 50 times, all that needs to be stored are the two offset pairs and a

new X(,Y( for each duplicate (i.e. fifty object origins plus two offset pairs

total).

This can be accomplished in the presentl invention by first storing the
origin coordinate pair vertex in one of the register pairs within X/Y
coordinate registers 37 using an indexed loading style (i.e., PntY,. Pn_tX)_.
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 vertex pointed to by (index -1) to be added to Dataln

prior to register loading. The vertex referenced by (index -1) is



-7 38 - 131-146 which direct the appropriate data to registers R1-R44 to be
| oaded as follows. The output from conparator 121 is connected to

mul ti pl exors®131- 135, 139 and 143 whigch are used to |oad registers Rl, R2,
R3, R4, ‘&5, R9, R13, R17, R18, and Rlélf—er X val ues and registers R23,
R24, R25 R26, R27, R31, R35, R39, R40, and R41 for Y values as shown in
Fi gure 8-and ghatinteed] tbehave beanTioaded | on the, pByvic@saimileBed eweite tigrespective

conparators 121, 122, ectively. utput fromc ar at or
122 is conne®ecliet GPFA Wﬁ}tgigi‘ﬁl’ '148-) ‘S'ltg?re?‘i"SB ﬁifﬁneénﬁm

whi ch are us }hgagel 604 Sdffdet 5, R6, R7, R8, R10, R14, R17, R20,
and R21 for 3% ues an reé‘%ster?"l‘-‘%beg R27, R28 R29, R30, R32, .R36, R39,
R42 and R43 for Y vaI ues .as shovvn in Fi gure 8 and Table Il11. The out put
from conpar atcompa Jalc sl s storagei logiacd7s 133, 137, 139, 140, 142,
and 145 which are used to Ioad registers R3, R7, R9, RO Rl12, R15, R18,

20 and F22 1o X UglBiod ek St Sia G5 P o, oS hpeff, O

R42, and R44 for shown "' e output

from conpar atwith keferérfceC ) Fegires 1 and18.t i cbﬁwi&nlwglcléﬁ réstft, stbfage 144,
145 and 146 which are used to.load registers R4, R12, R13, R14, R15,

R16, R19, R2lpgigndf7 Ramprises xmultiplexors k0l elgl3stlé}5s IQZ6amR3tD9 fee, Figbse 136,
R37, R38, R4, dRégm%gldattlsféA' 1fz‘ir12Y4 Valulft?gleggrss PI%WIM an l%égisters rﬁl? el

(see Figure 8).

\_ _ Registers R1-R44 store the results of the operation of comparators
121-124 as shown in Table II:
TABLE I

R1 X0:XClipMin
R2 X0:XTestMin
R3 X0:XClipMax
R4 X0:XTestMax
RS X1:XClipMin
R6 X1:XTestMin
R7 X1:XClipMax
R8 X1:XTestMax
R9 X2:XClipMin
R10 X2:XTestMin
R11 X2:XClipMax
R12 X2:XTestMax
R13 X3:XClipMin
R14 X3:XTestMin
R15 X3:XClipMax
R16 X3:XTestMax
R17 X0:X1 .

R18 X0:X2

R19 X0:X3

R20 X1:X2

R23 YO0:YClipMin
R24 YO:YTestMin
R25 Y0:YClipMax
R26 Y0:YTestMax
R27 Y1:YClipMin
R28 Y1:YTestMin
R29 Y1:YClipMax
R30 Y1:YTestMax
R31 Y2:YClipMin
R32 Y2:YTestMin
R33 Y2:YClipMax
R34 Y2:YTestMax
R35 Y3:YClipMin
R36 Y3:YTestMin
R37 Y3:YClipMax
R38 Y3:YTestMax
R39 Y0:Y1

R40 Y0:Y2

R41 Y0:Y3

R42 Y1:Y2



- 34 - The conparisons done and stored are those required by coordinate
sequenci ng block 17 and functional addressing block 19 in order to properly
execut e supported operations (DRAW al nown as quadril ateral rendering, |
or BLIT) and perform proper clipping. arison Control State Machingg49 °F
Conparison 595&{%& state machine 49 is_loqgic _which enables the vari-ous
conparatorg “©rpl exors and register§4§n Egﬁparison | ogic and result,

st orage 47R2AXZ:¥3h table for absol ut eRAGa¥R:NP of the coordinate and
clipping registers by the conparison control state machine 49 is shown in

Table I'll for o y L t eﬁﬁ@g,t - farenced A,
B, Cand D resggcﬂ"\)/lgl §/II.'_ ee_?_(gg?e Ifll,rstg%}séhrg t tﬁeﬁgﬁ%‘é@ %%ﬁgfé@ﬂﬁ%gﬁpar at or
121- 124 f oY ClipMinA¥lax h X TestMir/M4a, -a63 YTEstMyMax ¥hicho More atast djth and

XTest Max. In this connection, although Figure 8 shows that the outputs of
mul ti pl exdiesultothe indicatedsregisten gtorgs a itwpubit result ook ascompatiswonpar at or s

121-124, w u t on 9 being ipput .into, the other side.
For consi \g}éelﬂgé}bq'll?ql‘@ %%@é‘ggg;%ﬂg%‘ stl%g‘ge tvﬁg"ec gﬂp@?l &6&19} dhe efon ds x1| |

X1L to X2lgreswr Bhn tthe }¥Adlue!te- the' Aighe oft tRNcAIBA, indQY e, XiL
to XOQL). For tf\i S reagon,uv\,hen tehgrgc.olourm Igbel e??g{/%are?eviﬂggw;grse&'"?he

out put s f rtben eosrespending sregister] is4 ' 14);eifr theevaled . onTthes léfs dfathdl eslohyist fegs ri ght

i nput of I ti'Bl exqrs 131‘31-;14% Tge out(But fromthe indicated conparators
121- 124 ar'Ba%yiPgYalye it the pght of the;¢olen. the,binary. yalug stared inuthei pl exor
131-146. j ; ' rgi*NRpt ' e [t 10 . fromithe '
i ndi cat ed%ﬁgﬁ%ﬁ%‘$%€§3%1 bﬁ? tgég'egﬁi. ‘G%LJSE mt%hgzl'%a& 3‘&%%‘3%‘& SaYF everse
‘becones t tstored Limhtheabbmrespondingerdgisters & Q. | Fore XiG1ipMin|, OYCIipMihp! exor s

'131- 146 f%E absql ute coordj nate | oads. . 4
TestMin, and YTestMin, if the coordinate value compared is less, a 'l' is - u

é

stored, otherwise, a '0’ is stored. For XClipMax and YClipMax, XTestMax,
YTestMax, if the value compared is greater, a 'l' is stored, otherwise, a '0'

is stored. .

The inputs to multiplexors 101, 103, 105, 107 and 109 are from X/Y
coordinate registers 37, namely XOL,YOL - X3L,Y3L, clip coordinate
registers 39, namely XClipMin,YClipMin and XClipMax,YClipMax and test
window control 45, namely XTestMin, YTestMin, XTestMax and YTestMax.
Of course, at any one time, the inputs to multiplexors 101, 103, 105, 107
and 109 are either X values or Y values as described above, based upon a -

MUX Enable signal generated by comparison control state machine 49.

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

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



TABLE |11 CYCLE WRI TE TO XO B XOL: X1L YES. 0

XOL: X2L YES : 0D - XOL: X3L YES

0. A . XOL: XdipMn YES _ 23 1B XOL: XTest M n
YES W . 1¢C XOL: XC i pMax ~ YES - - 1D

)N%L XTESt‘ Max 1%1-&46 wKnEcﬁ g'irf_cs(éhe app%o;y\rﬂtg EJa?% #@éregistets lﬁl-k%(qu be

X1L: X3L loaded as Mifows. 0 A Xl L: XC i pM n YES
1B X1L: XTest M n YES 1C X1L: X i pMax
YES 1D Xl L: XTest Max . YES ' 1 WRITE TO
X2 A X2L: X(Gihe output from compgrator 121 is copnepted to mujigiplexors 131-
NO 2L X3L YES A

XoL: XCl i pM n 135139 ang 443%hich are used 1g load regisigss RirRZ\R3, R4, RS, RO,y
1C X2R1XRIPMRUIS, and R19, fOFX values and regibted R23, R24R25< ¥, Ve,
YES T WRI'TE TO X3 A X3L. XOL NO

R31, R35, R39, R40, and R41 for Y values as shown in Figure 8 and Table Il
below. In Table LI, A, B, C,and D refer to comparators 121, 122, 123 and

124 respectively.

_ The output from comparator 122 is connected to multiplexors 132,
_ - 135, 136,'137, 138, 140, and 144 which are uséd to load registers R2, RS,
% R6, R7, RS, R10, R4, R17, R20, and R21 for X values and registers R24,
R27, R28, R29, R30, R32, R36, R39, R42 and R43 for Y values as shown in
Figure 8 and Table IIL |

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

The output from comparator 124 is connected to multiplexors 134,
Q ' 138, 142, 143, 144, 145 and 146 which are used to load registers R4, RS,
R12, R13, R14, RIS, 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



B ' X3L: Xl L NO 0C X3L: X2L- :

NO . 0 A X3L XdipMn YES 1B
X3L: XTest M n YES ' 1C X3L: Xd i pMax « _YES ., |
1D X3L: XTest Max Ylg% 1 COVPARATOR - '
COVPARI SON : REVERSE - CYCLE WRITE TO XCl'i pM n“A
XC i pM n: XOL L :
NO The co arisoh® done a'nd T\/Predxf{é) those required ég cBM’cﬂnX& 0
D seqéentinll Blo¥RL17 and funcuonaNQddressmg block 19 ih Arder to
XTest M n: XOL NO B XTest M n: Xl L
NO properly execute supported qperations,: ()()JEAW also knownp\gs quadrilateral 1
M 1 WRITE TO Xd i pMax A
XCI i pMax: S@iéT fiig)oF" BEIT) \jgd perform phoper clippips- Xd i pMax: XI L
0C X i pMax: X2L NO 0
D Co —offtkol Machine . 0A
XTest Max: XOL : NO _ 1B ' XTest Max: XOL -
BIO XT&?WB%"%%»’L control Stageég%ﬁ(é )%Lis logic which; e%esr dhe| o of 1
Table |11 @i&ud SRfPatslotd] Mukiplekdrs HREREistéds M comparison logic and
result storage 47. A truth table for absolute loading of the coordinate and
clipping registers by the comparison.control state machine 49 is shown in '
Table HI for clock cycles 0 and 1, with comparators 121-124 referenced A, W,
B, C and D respectively. Table IIl sets forth the output of each comparator
121-124 for each of the inputs XOL-X3L, XClipMin, XClipMax, XTestMin and
XTestMax. In this connection, although Figure 8 shows that the outputs of
multiplexors 101, 103, 105 and 107 are input into one side of comparators
121-124, with the output of comparator 109 being input into the other
side. For consistency, it is necessary to store the cdmpaﬁsons of XOL to
X1L, X1L 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
"yes," the outputs from comparators 121-124 are reversed. This is
handled by the right input of multiplexors' 131-146. The output from the
indicated comparators 121-124 are directly input to the left side of the W/

indicated multiplexor 131-146. The right multiplexor input receive the 2
bit output from the indicated comparator in reverse bit order. Thus, the
column labeled reverse becomes the truth table for the MUX select line

lines for multiplexors 131-146 for absolute coofdinate loads.



Y3L, YdipMn, YdipMax, YTestMn and YTestMax. Figure 9 shows the relative
timngs of the signals on Datain, the register |oading perforned by raster
of fset registers 41, X/'Y coordinate registers 37, clip coordinate registers
39" and sgprrpan son logic and result sTo 47 The conparison control state
machi ne supports the indexed | oading scheme as previously discussed
utilizing both the index register valwated wth a wite cycle and
Table I'V. Since the register pointed to by the index register value is

al wvays writt 'y mtiWype of @ﬁm@j;lwrite ¢tvamppropriate
Mux Enabl es Wﬁ&s 01, ) and 107 are selected by the conparison
control statwrrPEO'X0assum ng a single register wite to that coordinate.
For exanple, If g rectangl;g)l_\ﬁg(me to - 37 -yg§with an index of 3 is

received, the copgparison hgji operate asyp§ an explicip wite to X3

was received and do corrpar X3L vs (XOL, Xgkg X2L, Xdipyln, XdipMax,
XTest M n, XTest Ng) as |sx0'i'gjsz The differgpge betvveen ap absol ute

| oadi ng of a regtster and (or rel at% indexed) l¢ad is that in

t he i ndexed case nore th d| nat e st e register hn 47 may be
sul ts andogﬁ mul ti pl exoi sel ects for
t e

enabl ed to recei e the co
mul tipl exors 131D146 are teé’ad%ﬁ:cordl ng able IV instead of Table
[1l. In the previous exanple of arectangle X wite with an index of 3, -
conpari son r%g@x\(";ef er to Table Il or Figure 8 R1-R3, R13-Rl16, R17-
R19, and R21 hgﬁe efollovvlng regbsters pairs will store the
sane i ndi vi dual éorrparlso (R17, R21)YéR18 R22), H{R1, R13), (RZ,
R14), (R3, R15), nd (R4 TABLE IV

YES 0

- A XlL.XChpMm YES 1
B X1L:XTestMin YES 1

C X1L:XClipMax YES 1

D X1L:XTestMax ' YES 1

WRITE TO X2

A X2L:X0L NO 0

B X2L:XIL NO 0

D X2L:X3L YES 0

A X2L:XClipMin YES 1

B X2L:XTestMin YES 1

Cc X2L:XClipMax YES 1

D X2L:XTestMax YES 1

: WRITE TO X3

W/ A X3L:XOL NO 0
B X3L:X1L NO 0

C X3L:X2L NO 0

A X3L:XClipMin YES 1

B X3L:XTestMin ' YES 1

C X3L:XClipMax YES 1

D X3L:XTestMax YES 1



REVERSE

COVPAR'ATO? COVPARI SON TYPE | NDEX B _
X0: X1 PNT yes - C X0: X2 PNT
yes - D X0: X3 3b _ "yes --C -
X1: X2 -yes o X1: X3 BPIWE '
es A ﬁ% P : ye -
X0: X1 COMPL‘MEOR COI%B ON 0 gIEVERSE - XoBGQE LI NE
yes WRITE TO XClipMin XO X3 LI.NE ' yes 0C
X1: X2 Al NE XCl Mm( 0D N X1: X3 LI NE
. yes 0 DB ; lL - . LIN yes g 0
COVPARATOR CQiPARI SO\I Xd.l REVERSE zHNDEX A 0 X0: X1
LI NE no 1 AXClipMin: I)‘(O X2 | NE 1A
X0: X3 CLIRE P x% 1: X2 "Pe yes
1D : X3 9@ I%f" D %2: x3 LI NE
yes 1A LI NE . es 2 C X0:
LI NE yesC 2 °S‘M"‘ X285 %3 | NE yed 2 B
Xl 1 X2 LIRE fJestMin:X3Lp - N1 x3 LI NE no
2 C x2 X3 LI NE yes 2
WRITE TO XClipMax
. A XChpMax XOL NO 0
B XClipMax:X1L NO 0
C XClipMax:X2L NO 0
D XClipMax:X3L NO 0
A XTestMax:X0L NO 1 U
B XTestMax:X1L NO 1
C XTestMax:X2L NO 1
D XTestMax:X3L NO 1
The results of Table III are repeated in a similar manner for YOL- ‘ i
Y3L, YClipMin, YClipMax, YTestMin and YTestMax. Figure 9 shows the
relative timings of the signals on Dataln, the register loading performed by
raster offset registers 41, X/Y coordinate registers 37, clip coordinate
registers 39 and comparison logic and result storage 47.
The comparison control state machine supports the indexed loading
scheme as previously discussed utilizing both the index register value
o/

associated with a write cycle and Table IV. Since the 'register pointed to

by the index register value is always written irrespecti\}e of the type of

indexed write, the appropriate Mux Enables for MUXes 101, 103, 105 and
107 are selected by the comparison control state machine assuming a

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



A. X0: X1 LI NE yes 3 C X0: X2 - LI'NE

yes 3D X0: X3 LI NE yes 3 C X1: X2
LINE . yes 3D X1 X3_3 LI NE yes 3 C
X2" X3 L LI NE no o - XO Xl TRI / RECT yes

0C T X0 X2 CT
TRl / RECT Yewith an lgdg of 3is rece;qiedxghe conmp,s?&dqglc will >9@§rate as if an

>1(O:CX1 - TRLR @%—k& write RR?(?REEFJW&W“ and do Zi%qga'lsons X1 /@E&bl- X119

TR/ RECT XClipMin [XCllpMax, X’Déﬁtm XTesilVRat )REsCEs requu'yd%.s The 1A
X0, X2 -~ ° TRI/ RECTP 2 X0: X3 TRI / RECT no
2 B dbflermZCe betWﬂm’ ngcabsolute nlgadmg of -a pegister and anqindexed (or
TRI / RECT
COVPARATOR T RT'%Q"P logd g that m 21(1e %}EH v R hgy She coordfnate
;fg'SXl Slﬁuxﬁlzggnster in 4’¥eﬁ|ay be enaﬁle@ to C_Ig'ecelve the Xébmiparison resﬁRh RECT
' yes
X1: X3 ami/ iBEC'ﬁmltnplexor nsi:lects for nﬁltﬁplexors 131- l46xgre($enerated TR/ RECT
no 3
according to Table IV instead of Table IIL
' In the previous example of a rectangle X write with an index of 3,
comparison registers (refer to Table II or Figure 8) R1-R3, R13-R16, R17-
: \/ R19, and R21-R22 are written. The following registers pairs will store the
same individual comparison results: (R17, R21), (R18, R22), (R1, R13), (R2,
R14), (R3, R15), and (R4, R16). o
TABLE 1V
COMPARATOR COMPARISON  TYPE REVERSE INDEX
B X0:X1 PNT yes -
“C X0:x2 PNT yes -
D X0:x3 PNT yes -
C X1:X2 PNT yes -
D X1:X3 PNT yes -
. D - X2:X3 PNT ' yes -
— _
B X0:X1 LINE yes 0
Cc X0:x2 LINE yes 0
D X0:X3 LINE yes 0
C X1:xX2 LINE yes 0
D X1:X3 'LINE yes 0
D X2:X3 LINE yes 0



B X0: X1 QUAD yes 0 C X0: X2
QUAD yes 0D X0: X3 QUAD yes
0 A X0: X1 QUAD no 1C : < X1 X2
QUAD yes 1D _3@)&: X3 QJAD yew
1A X0: X2 QUAD X1: X2
QJAD X3 yes:.

A comﬂ%gbqek éOB[PAWg TYPE *>_ REVERSE SU@E)EX : S xa
QUAD 3 F0:X1 LINE w3 no  quapl no

3 Status Generffl on Logi c X0:X3 at us gdriDEation 1 08Pc 51 geﬂlerat es the-
control signal AHWSW Up/ KO3 L and MINB/IS. HWSWis a 21bit signal

i ndi cati ng whether the opeXaX2n wi || LINEdone by yé&$ hardwhre of the
present inventibn or by soXi¥¥e. Up/RINEL is a gebit sighal indicating

- whet her operatidn shoul d b¥2X3%cessedLINE to bottpes bottomto top, right
to left or left toright. HD VIS is a tw bit signal indicating whether
the object to [ drawn is X0gen, i.eLINBhind they@etive chip w ndow or
visible. To gegerate thesexgixpnal s, STIaNBS gener aié,pn | ogig 51 receives as
inputs the regigsters Rl - RRg.x3r X cogiNgnates registers Rg3-R44 for Y

coordi nates ang the four 4X?'U\52 si gnal ﬁdl cati n?ﬁ e uppes 18 bits are all

1's and all 0'§from)</Y 0- cog! nate re ters 37, The manner in

whi ch status.ggneration | ogiﬁggener at he for egy0| ng cont%ol signals wll
~ be explained wth referenc

A X0:X1 LINE yes 3
C X0:X2 LINE yes 3
D X0:X3 LINE yes 3 -
C X1:x2 LINE yes 3
D X1:X3 LINE yes- 3
C X2:X3 LINE ‘no 3
B X0:X1 TRI/RECT . yes 0
C X0:x2 TRI/RECT yes 0
D - X0:X3 TRI/RECT yes 0
C X1:xX2 TRI/RECT yes 0
D. X1:X3 TRI/RECT . yes 0
A X0:X1 TRI/RECT no 1
A X0:X2 TRI/RECT no 1
C X1:x2 - TRI/RECT yes 1
D X1:X3 TRI/RECT yes 1
D X2:X3 TRI/RECT yes 1
A X0:x2 TRI/RECT no 2
A X0:X3 TRI/RECT no 2
B X1:xX2 TRI/RECT no 2
B X1:X3 TRI/RECT no 2
D 2

X2:X3 TRI/RECT yes



Figures 10-14 which are truth tables for the |logic perfornmed by status
generation logic 51. The logic circuitry necessary to inplenent the truth
tables of Figures 10-14 is well wthi ﬁﬁe capabilities of persons skilled
in the nglevant art. Figure 10 is at Table utilizing conparison

results for t |n Tr ut LLLzing
conparison re W by Eaqr di #&R@kgy %@%}ﬁzt uting
t hose coordi nat es nd usi ng A . , YTed®™™ n and est Max in
pl ace of XdipMn XCIIpI\/B.X Fe<t M n t Max P& the Y oordinates.
The left side of Dhe table ar)éo?q%e mp@Wthe ri¥§®t sidedre the
outputs. In the tBble, the syhb¥B - TRIREER t cam® 0 and 310 means the
bus bit values ar€ all 1's orX2IXﬁ.aI | TRIRELPecti valoy (from3X/ Y coordinate
registers 37); and Z and !Z neans the bus bit values are all 0's or not all
0's respectively Bfrom X' Y c&XO:Xinate redqidaBRrs 37) ye§8XO i nsigde [err] neans
the 32 bit XO coocCdinate is repKesent abl QUAD1S bit ges” XO i ng de clip”
means XO is on orpinside the gk W ndowgAundari ggg "X0 igside test”
means X0 is on or inside the test wi ndow X boundariés. The outputs "X0 <
XaipMn", "XO < KTestM n", X1 XCip ADand "XQ. > XTest Nbx" are

f edback and used as inputs. rmthe AytS, |nputs qn a hori zont al
| ine are ANDed toget her and tgiggQut puts i Iﬁ)col urm sfe ORed t oget her.
Thus, for exarrple referring™t¢ The first=two |ines Y§F Fi guré i f X0131]

(i-e., its sign b|t) is 0 AN 30: 14] its high order blts 14- 30)
are all 0's, OR 31] is 1 0130: 14 aII | € t hen %O is inside
214. Slmlarly, rBierring tod%&2| ast | AP FigurB° - 4 210, if X0 <

XTestMn is 0 (i.B. false) ARZX3 > XTestQ%bpls 0, ¥88n X0 i € inside the
test wi ndow.

"A X0:X3 : QUAD no 3

B X1:X3 QUAD ~ no 3

C X2:X3 QUAD no 3
tat eneration Logic 51

| Status generation logic 51 generates the control signals HW/SW-,
Up/R-to-LL 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
softwé.re. Up/R-to-L is a 2 bit signal indicating whether operation should
be processed top to bottom, bottom to top, ﬁght to left or left to right.
U/ HID/VIS is a twb 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 lognc 51 receives as mputs the registers R1-R22
for X coordinates registers R23-R44 for Y coordinates and the four 4 bit

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



Fi'gurés 1la and 11b are a truth table utilizing conparisons between each of :

t he four

X vertices and each of the four Y vertices. As was the case with
Figure 10, the values on a horizontal input line are ANDed together w.th
the result being a logical 1 (truer—$4gP~false) and the indicated oututs

(except for top, bottom right and left) are fornmed by ORing its

cor r espondboglisate Lregistdrae3put MheSmiaffer APIWHICh $tafildl ganiiadiod opld
shown as 0, 1, 2 or 3 are interpreted as foll ows. The value 0,1, 2 or 3

ch are

speci fies gmféwscﬂlﬁr &vmwgopomolxs:malwmm be sexplainedr witht referenre ®mal | est

(bottom,

on e ikt b B bk éeﬁp“er@%#’af@u;mé oot ©

than, gre Eﬁéraﬁmrlo

equal to

ﬁ.ngl. tFhe 1 ?@qtﬁ fpletent or
respectlveﬁy AIthng &%%he meani ng 0 e out St se%?s ned by

the tabl etabiése of dFigurasny0-<dt &s fwell Iwithin vhedeapabilitiesaof) persimsailﬁtled)uhput
nmeans: illegal, - neans that if a horizontal line is drawn through the

obj ect demené'a ¥Pnt Lt our pairs of vertices, it would cross two or nore

edges. An object which forms a bowtie is an exanple of an object that

‘woul d cause i Ipigal 100isb8 {rafhe tabll® itAiZHER tdmplakisd® Uestify tfélc?ﬁe Rgye the same

vert-neans all four vertices have the same X value. rect-neans the
obj ect deémrdmabg/ (%08 fandrX0H)r dTnethetblesr utlizingecdmpayison results nfornians t he

Y val ue.

obj ect de

o r c ord ates forns a_line.
equal s ve%gg alY"( i‘? r?eg°f’ I &éﬁhﬁ‘)““ﬂ@l‘i‘%a‘r@f@'@ﬁ%xa&d asing s.

vertex 2.
(defines

YCliphie ponlibq\@?nmam}.)anﬁ%éstmnﬁ MBES S¥ YcfsMals vertex 3.

XClipMax, XTestMin and XTestMax for the Y coordinates. The left side of
the table are the inputs 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 coordinate 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). "XO inside 2!4" means the 32 bit X0 coordinate is
representable in 15 bits; "XO0 inside clip” means X0 is on or inside. the clip
window X boundaries; "X0 inside test" means X0 is on or inside the test
window X boundaries. The outputs "X0 < XClipMin", "X0 < XTestMin", "X0 >
XClipMax", and "X0 > XTestMax" are fedba_ck.and used as inputs. To form
the outputs, 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 hnes of Flgure 10, if XO0[31] (i.e., its sign bit) is 0 AND XO0[30:14}
(i.e., its high order bits. 14-30) are all 0's, OR XO0[31] is 1 AND X0[30:14] are
all 1's, then X0 is inside 214, Similarly, referring to the last line of Figure

EQ 01 neans vertex O

o



EQ-30 neans.vertex 3 equals vertex- 0. (defines the sane point) Figures
12a-12d define a truth table utilizihng conpari sons between the four X and
the four. Y vertices and the clipping qupglaii es. The inputs top, bottom
right amg left are fromthe truth table of Figures 1lla-11b. \Wen the

G e true), Tome X eubln ' G5 taie) AP % or T raMaxySid ahen X0 et he

'F_is 1, the object is outside but surrounding
i

clip w ndow. ;)\IRN (Bl e QYU Wngd
“the clip w n'élow. Isﬁédc}éﬁ P@ng%‘g cable only for quadrilaterals and indicates

that all four vertices are all right, left, top or bottomof the clip
wi ndow. Hi dden OFiguresella tandBLIT BRC rtewthatable )utiizing) i chaaparizdng rieftween t o

BLI' T DEST t im | [ f Bl ) Ts. . Fi 13 defi

Cr Ut hLabl ¢ SR 9 iy RS 5o GrUGHR b Aok O G 00T Y XSRIRFSL s wes e case. -
t _ AER XIS OSTBR B case

B0t tom w { i CEEERE 10, TS IGM"UR S Sorizpaf, bR, Ly SEDANDICY DR T

top or bott owithothedfesult Sbeéihg td @ogiealt 1Wrud)vor 0cEaise) aké! e indipate 14
defines a truth table showing the direction in which to draw objects or
per f or m BLI Teutputsotezeept: formtap, lhotionbatight and deeft) sare rferped dus ORiggofts ¢l i pped

pi xel s by generating the signals blit r-to-1. blit u - 43 -, draw
r-to-1 and dfafF°Rp" ﬁe%‘g“ﬂ%gna 88&%‘? 48Py hg&érf’gr{_ tpnd,defy ‘H‘ﬂcgc?’ieon
shown in Fi gigo@nZas BAICD WP akd) ntbrprdid (a8Dlofiowa! TheWakiR 80114 osBat us
generation logic 51 generates the signals HW SW H D and VI S' shown in
Fi gure 2 as dpetifizsswhichr caprdihatd af XHXDlowre¥0s¥3 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, equal 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

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.



HW = hi dden OR surround clip OR (NOT hidden AND NOT illegal AND all

vertices are inside 214 AND (all vertices are inside test OR (line AND at

| east one endpoint is inside test) OR (X0-X3 are inside test AND the top or,
- bottomvertex is inside test) OR Y~ SW= NOT HW HI D = hi dden VI Sex NOT
hi dden For BLITs_ HW =hid_23 OR (hi d' 0L AND BLI T SRC CHK=10) OR (NOT hid_01

AND BLI'T SRCCHI=1( gm@ ' 44 - : C a e i-s

i nside 214 AND %8“ estpgfﬁ)%t rz‘gég@gggf)%.mlesﬁ}“ﬁs{:ﬁgm%%s %tﬁ 45%% - CHK
is atw bit value fromthe CPU which is set to 10" NOT hid_23 AND t he
source rectangEf_(d meansieveRtez ONEjuals: vedex i hat {(definesahersaine peinthsi de 214)

EQ_12 means vertex 1 equals vertex 2. (defines the same point)
EQ_23 means vertex 2 equals vertex 3. (defines the same poi";it) .
EQ_30 means vertex 3 equals vertex 0. (defines the same point)

Figures 12a-12d define a truth table utilizing comparisons between:
the ‘four X and the four Y vertices and the ciipping boundaries. The inputs
top, ‘bottom, right and left are from the truth table .of Figures 11a-11b.
When the outputs top visible, bottom visible, right visible and left visible v/
are 1 (i.e. tfue), the object defined by the four coordinate pairs is inside
the clip window. When surround clip is 1, the object is outside but
surrounding the clip window. Hidden is applicable only for quadrilaterals
and indicates that all four vertices are all right, left, top or bottom of the
clip window. Hidden_01 (refers to BLIT SRC rectangle) and hidden_23
(refers to BLIT DEST rectangle) have a similar meaning for BLITs.

Figure 13 defines a truth t_ablé utilizing .comparisons between the
four X and the four Y vertices and the test window boundaries. The
outputs "top within test” and "bottom within test”, when true, mean that
edge of the object is within the top or bottom boundaries of the test

window, respectively.

Figure 14 defines a truth table showing the direction in which to
draw objects or perform BLITs in order to minimize page crossings and

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

5



where BLIT SRC CHK is a two bit value fromthe CPU which is set to '10'
when it is desired to consider the relationship of the source rectangle to
the:clipping”™w ndow. This is necessary because the various graphics

sof twar ewhich nmay utilize the present invention are inconsistent as to
their treatnment of the SRC rectangle an he clipping boundaries. For this
reason, the preferred enbodi nent has Te T SRC rectangle clip checking
as a software,selectabl ti.on (BLI T- SRT- CHK=01 di.sabl es_ SRC clip check,
BL1 T- SRC. LA I Loa Dy | CHRstisianaey omcne (1. g3l Doey g B regtaon
NOT hi d_23 AssHeam iRerigeeest ai ned fromthe HWequation for quadrilateral

. objects, certain optim zations are applied to increase the effectiveness of
the test wi ndow checks in the preferred enbodi ment of the graphics ]
subsyst em descr i bBasedayipopecthatrath, 4ables, ofoFigwres 10 i estatusogenesation dogisct s,
the utilizatign | o [ P rged. i.pent of

t he:graphi cs %B%"é%‘%‘ﬁgzs%%wa@y ’bi% a(;)hp ﬁszg;g%ohng@@nggf%ﬁm use of
t he’ subsyst eqpliggnever it i s advant ageous. Coor di nate sequencing | ogic
17 and functional addressing logic.19 have the ability to handle certain

cl asses of clipped objects such that no hidden (i.e., ‘invisible or clipped)
pi xel s need B@fpﬂﬂééﬁgéﬂallﬂbfﬁ@se cases, the utilization of the test

wi ndow opt i Nl =didden ORE needed so it is inhibited fromeffecting the HW

vs SWdeci si on ongfhests eBbeORS: | n other cases, the object may have
certain characteristi g@ gﬁ ma | ow for the hardware to effectively

handl e the object des ces being
E _ NOT illegal AND
\/ all vertices are inside 214 AND

(all vertices are inside test OR
(line AND at least one endpoint is inside test) OR
(X0-X3 are inside test AND the top or bottom vertex is
inside test) OR '
rect).

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

‘ 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-



outside the test wi ndow. Exanples of objects which fall into these
categories follow along with how the graphics subsystem handles them 1)
Obj ects that surround the clip windéug_the vertices of these objects gan
be directly substituted with the clip boundaries prior to processing. yghis
occurs in coordi nat e, sequenci n%ﬂ_lwﬁgi_c A17. 23 4 Lines with one vertex within
the test w ndow and "Bh&OYERe: B5E iig dngide 2¥HAND the sdestigatipn restangle nes
is constrained to occur fsrimsiden2!4d@Rex that is within the test w ndow and
proceed toward (BISTOSRE! CHR=0D AN en the visible portion of the line has

been processed, ther%,? ' term nated w thout ever having to process
pi xel s outside of the ﬁﬁ?ﬂ\g}gg‘g\/ The processing direction constraint is

det ermi ned by st at udhgsauicat fegtangleyisc inpide 24 ANDni nati on of processing
after the visible pohé idestinatiom aettanglenind inside) 21apdl ed i's done by -
functional addressing logic 19. 3) Arbitrary quadrilaterals that have all
vertices wthin: t_ wndow in the X direction _and the top or'bottom
vertice(s) w&if‘f%?ﬁfhﬁée?%ﬁ&owq ity Yalue, from the CRU whiek ipsetctos H0hg of
these obj egigni ORSd; LAl or tom.of .the object
dependi ng on a/mﬁcﬁ gl gﬁOF@Qoh_ﬁd%Ql_iétr%fea‘?o JEIE,\‘ tafghé)vistoﬁ?‘% ??'ﬁ-f\a?%gtmvm ndow.
The procesdienglippinghwimdgvect This lis tieeesspryo beeshseourr dafibds @rdicsi de (top
or bottom in the direction toward the vertice(s) that are outside the test
wi ndow. \WhERftyare Wwhich) may, gptilize, the presenpcinypptien asesingomsistenb@ssted, t he

processi ng,,i I Nat ] t._ever, havi t Q. process pi xel s outside of
the test V\}hr?gro}/vr‘;gl é;‘qp(.r?tgg\(‘ags I'h r&ﬁ“@ﬁh 8“& L}gﬁs"ﬁ}l’g’ﬁ'}ﬁ ogn %‘rmr'?ﬂé'd' 8
'status gengagén,Othe gﬁﬁn&-eﬂﬁlﬁlihﬁhf“ﬂ%ﬁtieﬁnMHPSRﬁe?&tﬁgglé‘fél% the visible

portion(s) of the object has been . U
checking as a software selectable option (BLIT-SRT-CHK=01 disables SRC

clip check, BLIT-SRC-CHK=10 enables SRC clip check).

s A

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

As can be ascertained from the HW equation for quadrilateral
objects, certain optimizations are applied to increase the effectiveness of
the test window checks in the preferred embodiment of the graphics

subsystem described. ' U

“As the HW equation for quadrilateral objects reflects, the utilization
of the test window checks in the preferred embodiment of the graphics .
subsystem described have been optimized to make maximum use of the

#" subsystem whenever it is advantageous.



hamdl ed i s done by functional addressing |ogic 19. - 47 - CLAIMS 1.

An apparatus for perform ng conparisons between pairs of X and Y

coordi nates of an object to be displ ayedki~a graphics subsystem pairs of
predet ergibned clip coordi nates and pairs of predeterm ned offsets, and

generating a plura it .0f signals r res tin he. resul of S d
conpari sens, said atﬁe?‘%&e'b‘ﬂgg auaﬁ?‘P ftﬂ?‘é’f%a t j\l?ﬁlﬁnbg bl ock

i mage to be nﬁxed,méaduin@pwmufe Eae{mﬂgcﬁs{ehlﬁ Wi objdcts RBa&Hha" gbned
top, bottom right and I éft clip coordi nates, said apparatus conprising: a)

a plurality ohiddepe(ite. ,cumsibleabe alippied) pivels hﬂeed L pradesse,d oﬂncihlese cases,

coor.di nate regi st ers ) &)Sural | ty of offset registers; | oadi ng nmeans
conprising a % il ‘ﬁﬁﬂ‘?‘? ;S! r‘eébLYBF QP‘PH@“BP% 8 Qtyﬂweébioeé‘t is

coor:di nate re : o re

plurality of 0 ég{érﬁe&g st !mgsal I oadi EW r@gﬁ u[r"t'ﬁﬁegé% 0@

| oadi ng cont r ghse§P ARG Jb?éctcﬂl@?rﬁﬁdel B&'tilﬂecl%}ﬁétahk% w‘mérhenéy rawow for the
mul ti pl exor for Ioadlng i) he plurality of object coordinate registers

with said X ahardwareotodiefigctivelyi handle thei dbjeist adespite | jomeheveplicasabeing of

clip coordi nate registers with said predetermned clip coordinates, and
outside t e test window.

° Examples of objects which fall into these categories follow along with

how the graphics subsystem handles them.

/ 1) -Objects that surround the clip window - the vertices of these
objects can be directly substituted with. the clip boundaries prior to

processing. This occurs in coordinate sequencing logic 17.

2) Lines with one vertex within the test window and one veftex
outside it - the processing of these lines is constrained to occur from the
vertex that is within the test window and proceed toward the other venéx.
When the visible portion of the line has been processed, the processing is
terminated without ever having to process pixels outside of the test
window. The processing direction constraint is determined by status
generation logic 51. The termination of processing after the visible portion

~ of the line had been handled is done by functional addressing logic 19.

3) Arbitrary quadrilaterals that have all vertices within the test
window in the X direction and the top or bottom vertice(s) within the test
window in the Y direction - the processing of these objects is constrained

to occur from the top or bottom of the object depending on which side of



iii) the plurality of off set registers with predetermned X and Y offsets .,
fromsaid top and bottomclip coordinates, and fromsaid right and | eft

clip coordinates, said X and Y coordinpate pairs of said object, said clip
coordi nates and said offset for use in calculations for performng cligping-
of the object - prior to its display, wherein said predetermned X and Y~

of f set s dehe mbjectt iss withiim dhey testdwisndovei nThaipiocessing o deavobject avigle thénhan,

and enconpasses, . sai lip. w ndow,  e) onpari son nmeans coupled to said

| oadi ng rré'éﬂ%eq"op‘ﬁ%‘%f g‘?‘?ﬁ T Sidg @8}’@% i%QHHE‘)bE’c Wae fizegtign xtogyard thex ¢
LM S  arti : - =348 5 Y .C jJhat f asaid .obj i d

pr edet er n‘ivﬁgécec(f)l pt)h a(l:togrredioﬁgistutlaes fi'zla%cixsstai {)Hr“(r’;'de?@}e% F\l?aeg Vg 'pgeﬁ §};~ti¢ﬂ?§) of

cal cul ati ahe natjest has beeinC protessid, tihe pricdssifig Ok ferinindtedt withoGlOWvEE! at i ve
to the borders of said clip w ndow, Q) a mul tiplexor coupled to said
conpar i sohaNiign$o proesss pixelsceuisids ogrtbeletwr windaw. The processingsai d

i : t | t i i st led t id
Coa SO eclbn bosb i, B SeBPB, 35" b Shrorit ogt .
conpar i SORgiminhtion COFTPRédesiRg SRLK TRl VIBBRS pbRUA(S) lof fihe! BﬁeQP%@t&e%ﬂ' of

sai d conparison neans, said nultiplexor and”sald conparisor register, and
handled is done by functional addressing logic 19.

3



1). status generation means coupled to said conparison register for
generating said plurality of signals based upon certain of said——setected

predeterm ned ones of said conparisons which specify whether
coor di ngie of each said X and Y coordi natedg Lr is |é mﬁmm““\
predeterm ned left clip coordinate, great®r‘tham said A; k1 ght
clip coordinate, |less than said predetermned |eft clip coordi nate m nus

said X offset, greater than said predet cPRAIMS right clip coordinate plus
said X offset, is representable in 15 bi"fe, —wthin said left clip

coordinate and right clip coordinate, within said left clip coordinate
~ minus said X offset andNsARPITYHRS cEPF R/FLATRANG pF8§P§EEE°RsoflT%"é‘fe,e‘hnd
- which specify phgrBeobst Xea¥dc ¥oicdiordihatiessath amicbectnto’ b @itiplaiyedai r

is less than said predeterm ned hottamclip_goordipate reater_than I-d
predet ernined P¥p %I i F nREPSYTE h%ﬁ’f&i d°gr&f§?cg??ﬁmhn%‘gtt Rlip
"~ coordi nat e nm nesordinatess f amid @adatser dfhapresietemmeceider mfifsetsp @And

coordi nate plu ' fget, .9 sepgab ' 5 b i Lhin sgi
bottomclip co%?g'?‘lﬁgféng{ld% 0 jé‘?’i-%fgéo’gr dlaﬁat %?ggné;yvi {htn g,salnéﬁbr& t génr%bl ip
coordi nat e mi nyesyits vhisaid aaupanigonsp saiqd iqpiesk draihg pnesof a

of fset. 2. quilReidRRarANUStsleben@-dih Card "biowhke itidysatd beadidied,
control neans conprises a | oad _control stit.e ma.ché ne coggl ed té) sai d,
mul ti pl exor, s#Rrdd ARParARtRs having a clip window wi predetermined

top, bottom, right and 1left clip coordinates, said
apparatus comprising: '
' a) a plurality of object coordinate registers;

b) a-pluraiity of clip coordinate registers;

c) a plurality of offset registers;

d) loading means comprieing a first multiplexor.
coupled to the plurality of object coordinate registers,
the plurality of clip coordinate registers and the
plurality of offset registers, said loading means further
comprising a loading'contfol means for controlling the
operation of the first multiplexor for loading:

i) the plurality of object coo:dinate registers
with said X and Y coordinate pairs of said object,

ii) the plurality of clip coordinate registers
with saiad predetermined clip coordinates, and
-/ iii) the plurality of off set registers with

predetermined X and Y offsets from said top and bottom
clip coordinates, and from said right and left clip
coordinates, said X and Y coordinate pairs of said
object, said clip coordinates and said offset for use in
calculations for performing clipping of the object prior
to its display, wherein said predetermined X and Y
‘offsets define a test window and wherein said test window
is larger than, and encompasses, said clip window;

e) comparison means coupled to said loading
means for performing said comparisons between said X and



state machi Wgnal s which cause said rrultl pI exor to select-

one of said plur t coordinate registers, said plurality of
clip coordin m‘lﬁﬂl@ sald plurality of of f set regi ster to be-
passed to sal m Ol means. 3. The apparatus defined by, cl=s m 2"
wherein said caI cul ati on means conpri ‘sed&h_adder coupled to said

mul tipl exor. 4. The appar atus defi ned by claim1 wherein said d

conpari son nga se f s

plurality o;?obi&]%e%g%? e éreﬁlsst e se Jai %Lii{l I§lI‘&'? %fﬂ%'lt'g% %Ol((:)%pdl nat e
registers ar@%@ﬂ@‘@f—%aﬂn@yséidoprgéﬁtﬁmyﬁér 9ff5et5. The appar at us
defined by claim 3 wareeméanst%ht meb%OEoF%aa&qm%&hae%@ B der

mul ti pl exors cou o, sai,d arators. par atus defli ned by
claim5 wher®¥f nsgi$d test é’éé‘fj"(‘fné' \a s%?l thei Q?Eﬁieﬁ rTBr"ﬂ &84, CLiR ay of
registers cowlm@dw}o said array of rrultl pl exors. 7. The appar at us
defined by claim6 wh re| |son [of0) peans, £0 r| ses a state
machi ne coupled to s% gﬂwp&#‘@t é’éf dcg}‘lpgﬁdoft?ruﬁq array
of register smeamd sa:mlrl oashlgp’orms mdb'eemmedchlmgenmﬁtl rsgaxd)ntrol
signals for g %bﬂg .the operation of said conparators, said array
of rrultlplexors an safd array of registers.

at least one comparison register coupled to
said multlplexor for storing the selected predetermined
ones of said comparisons;
' i) comparison control 'mea'ns' controlling the \
operation of said comparison means, said multiplexor and -/
said comparison register; and
5) status generation means coupled to said .
comparison register for generating said plurality of
‘signals based upon certain of said seie_cted predetermined
ones of said comparisons which specify whether the X
coordinate of each said X and Y coordinate pair is less
than said predetermined left clip coordinate, greater
than said predetermined right clip coordinate, less than
said predetermined 1left clip coordinate minus said X
offset, greater than said | predetermined right clip
coordinate plus said X offset, is representable in 15 _
bits, within said left clip coordinate and righi_: clip v
coordinate, within said left clip coordinate minus said X
offset and said right clip coord:.nate plus said X offset,
and which specify whether the Y coordinate of each said X
and Y coordinate pair is less than said predetermined
bottom clip coordinate, greater than said predetermined
top clip coordinate, less than said predetermined bottom
clip coordinate minus said Y offset, greater than said
predetermined top clip coordinate plus said Y offset, is
representable in 15 bits, within said bottom clip
coordinate and top clip coordinate, and within said
bottom clip coordinate minus said Y offset and said top



*~ C L M S * - 50 - 8. A method for performng
conpari sons between pairs of X and Y coordi nates of an object tobe——

di spl ayed. by* a graphics subsystem pairs of mﬂ ' i p
coordi nates and pairs of predeterm ned offsg#_ and f]’ m!m’m”mg”mfal ity
of status signals representing the results of said cofpafi sbnsy s obj ect
bei ng one of a quadrilateral to be drawn and bl ock image to be noved, said
net hod enpl oyi n§lAPcFPRrAiRat® Wlus ¥r offsetni ned top, bottom right and
“left clip coordinates, and a test wi ndow which is larger than, and -

enconpasses, sajd clip window, said nethad coypri si fhe_steps of: .
providing a plufality ofD§bjHRATINRi rﬁi]ﬁfg""ﬁ"%?gYer&%"d" pI"ur‘él'F?’E'?/IBf £3i4,
coordi nat e regi 3badingndcantrol alndansf comipadisagsegast toad |amttrygl | )state
plurality of obj or i regi r ith.said X and s\ C [ irs
of said object %??&iggpl‘%%% gg ﬁaﬁﬁé ciée%?g%ﬁg. gogégi%gﬁleﬁr sfgmégh%?éﬁ&%al :
predet erni ned cetpteodraphines foxndgeneratingursignals wbirhetcavge swsaisd

Wi th said predepgighpedxel’ S€d Ssel@chk0rondd ol £a £ MPALFAATEYOE igd X
and Y coordi nates of ?sai d obj e,cts,e sai d g[edet er rﬁaneg&%l :r:i C&ng‘)diéinfl?g%t;f

Y
sai d predet er ni feArgipates TRIIFHGES « oBR IR N A1 ad3dF Y0195k cFLiPc SRONGiNA
| oaded into sai deglistekrist yatd shjiactpursIitpt &ff cgf £46¢€ S regfistaly t¥o0be

the borders of BAPHSReEP SRMHoNAIERIARIER BRARE bor der s of said o | p wi ndow
fromthe ' '
' 3. The apparatus defined by claim 2 wherein said
U calculation means comprises an adder coupled to said
multiplexor.

4. The apparatus defined by claim 1 wherein said
éomparison_ means comprises a set of four comparators
coupled to said plurality of object coordinate registers,
said plurality of clip coordinate registers and said
plurality of offset registers.

S. The apparatus defined by cl'aim. 3 wherein said
multiplexor means comprises an array of multiplexors
coupled to said comparators.

-/ _ 6. The apparatus defined by claim 5 wherein said at
least one comparison register comprises an array of
registers coupled to said array of multiplexors.

7. The apparatus defined by claim 6 wherein said
comparison control means comprises a state machine
coupled to said comparators, said array of multiplexors,
said array of registers, and said loading means, said
state machine generating control signals for controlling
the operation of said comparators, said array of
multiplexors, and said array of regj:'sters. '



of fsets | oaded into the offset register and the clip coordinates | oaded
into the clip coordinate register; selecting predeterm ned ones of said

conpari so,;ﬂmﬂ el ected predeterm ned ones of said conparisons in s
at | east IHﬁ [f ggi ster; generating a plurality of status_ vaeues
based upon *ceftal n of ssard sel ected prefet®rni ned ones of said conparisons

stored in at | east one conparison register - 51 - which specify whether
the X coordinate of each said X and Y coordinate pair is |less than said

predet er m ned Ieft Al hatnear dbﬁaberfam ﬁ@dﬁé'ﬂ{ﬁ&é‘éﬂ”ﬂﬂké' ght
clip coordin t ggthan ai re%ﬁter ﬂB {: g rdlnate m nus
said X of f< g?g t & SAPEF R FH T AR APHREC, Fh e e® B¥ A pl us
said X of f s;raphscseprsubayshbm,l n pﬁ:l.lmst s, ofi t hlpreﬁatéﬁnﬁfﬁedtl | lelip

coordi nate i i oo te oordinat e o
m nus said g{"%%d ggad 5‘%? P %oor& né”?" ‘%Js%s#gosc?%?'of f%‘g% and
whi ch spec@%l\mtﬁaq ahplvreAé%m o&t @tartu@a@timl@ XW%MlMe pai r

is | ess thafesa €sPbedyAd" Qﬁiééﬂéd BB:LQO i %eﬂﬁ a&ﬁ(&-{ ny said
pr edet er m ned tog%cl |g coqr di | ess t han_saj d predet er bottom clip

coor di nat e FH3AKEIiare qloft%e‘?e SFé’é(tnera'!‘?]ah egkd iMagieet &P nbge @il i p
coordi nat e gaid meithod oéhpRbyihg reepekipniviltidow nwithbigredetdriiinedi d

_ bOttOWICHF%SFPrgge%ag,aquﬂﬁjéﬁéFieft clip coordinates, and a test
window which is larger than, and encompasses, said clip
window, said method comprising the steps of:
providing a plurality of object coordinate \J
registers, a plurality of clip coordinate registers and a
Plurality of offset registers; _
loading i) a plurality of object coordinate
registers with said X and Y coordinate pairs of said
object, ii) a plurality of clip coordinate registers with
said predétermined clip coordinates, and iii) a plurality
of offset registers with said predetermined offsets;
performing said comparisons between said X and Y
coordinates of said object, said predetermined clip
coordinate and said predetermined offsets with the
coordinates and offsets respectively loaded into saiad
plurality of object coordinate registers, plurality of .
'clip coordinate registers and plurality of offset k—)
registers; ' -
determining the borders of said test window
relative to the borders of said clip window from the
offsets loaded into the offset register and the clip
coordinates loaded into the clip coordinate register;
selecting predetermined ones of said comparisons;
storing the selected predetermined ones of said
comparisons in at least one comparison register;
generating a plurality of status values based
upon certain of said selected predetermined ones of said

comparisons stored in at least one comparison register



coordinate, and within said bottomclip coordinate Wand

said top clip coordinate plus said Y offset, set status si ““[\\ for
age,.neratlj"on of the display of the object. “““ “

—

) —

which specify whether the X coordinat_e of each said X and
Y coordinate pair is less than said predetermined left
clip coordinate, greater than said predetermined right
clip coordinate, less than said predetermined left clip
coordinate minus said X offset; greater than said
predetermined right clip coordinate plus said X offset,
is representable in 15 bits, within said 1left clip
coordinate and right clip coordinate, within said 1left
clip coordinate minus said X offset and said right clip
coordinate plus said X offset, and which specify whether
the Y coordinate of each said X and Y coordinate pair is
less than said predetermined bottom clip coordinate,
W _ greater than said predetermined top clip coordinate, less
than said predetermined bottom clip coordinate minus said
Y offset, greater than said predetermined top clip
coordinate plus said Y offset, is representable in 15
bits, within said bottom clip coordinate and top clip
coordinate, and within said bottom clip coordinate minus
said Y offset and said top clip coordinate plus said Y
offset, set status signals output for generatlon of the
display of the object.



