2227147 SUMVARY OF THE | NVENTI ON The present invention is directed to an.
apparatus for inplenenting, in hardware, clipping conparison logic in a
graphi c display subsystem Cipping is necessary when an obyec{-tQFQe

di Spl ayed is defined as being only partially contained withinTa™~
pre-determ ned wi ndow on a video display. For exanple, if a rectangular

wi ndow i s defined in the upper left hand corner of a video display, and a
| i ne has been defined which extends frgmthe upper |eft-hand corner to the
| ower right-hand corner of the drsplay, the portion of the line mhrch IS
out si de the defined
Addrﬁeonally if a Irne o

is usually perforrred in sof t vl on perforrrs
calculations in "hardware i.n the nature of corrparr sons for use by a

1 Rar dver o wha b Protsat  igbEn ”&é%r?%gfcr%#’ é’iw?'veat%er% oF Hawlemiaiee or
portions of ardhi lhadal t war e of
the graphi cal+ su syst em&pmggh\?gﬁts?lgnlb sgn prgpﬂg‘ L&?%P]gt'h%%gcqutﬁsrtron of
al | i nter- c Clippimiis necemary whef At objestity bo displayed! ist Uefiahds rbeing of
arbitrary quadri IateraI obj ects and the executjion of Block Irrage Transfers
(BLI Ts) by enly gaaapatxaqonwmq/swm a precdatermingd t windew amegenideonvent i on

ot e by SHBIF i e e e 3F a hailiel BRLL A, URR 3, 8, A TRE”'

cli IO&MWI ndo‘ﬂandjwdof fi\’vzcﬁq display, and a line has been defined which extends

from the" upper left-hand comer to the lower right-hand comner of the
display, the portion of the line which is outside the defined window is not
displayed, ie., it is clipped. Additionally, if a line of text is wider than the
window, the portion of the line of text which is outside the window must
also be clipped. |

Clipping is usually performed in software. The present invention
performs calculations in hardware in the nature of comparisons for use by
a graﬁhit:al subsystem for clipping images to be disblayed on a video
display in hardware whenever possible, -leaving for software. only those
s images, or portions- of .images Whi_ch cannot be reliably clipped using the

hardware of the graphical subsystem.

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

graphical subsystem.



plurality of clip coordinates for cllpplng sai d object prior to di spl ay,
and a test wi ndow defined by a plurality of predeterm ned offsets from
said clip coordinates such that said test windowis larger than, and
outside of, said clip window, said test w ndow for operating in
conjunction wwth said clip w ndow & sel ecti vel y determ ned whet her.

sai d object should be cI i pped in accordance with a first nethod of clipping

or a second nethod I.Eoopy,%g re%’ent'" We%tt‘i% ttl‘i{eijea(i' |tat|ng t he

clipping and render| ng 011’.l sal d é nprising east qQne object
coor di nat Providecderdn # FXAPRILS s iGPWeEYSEGBr §Pﬁa@é—§?13ﬁ'm§ee§5t one

clip COOWj%@te déﬁﬂhéaefbyfar dﬁiﬁemfab(f %b?e@@orcﬁdﬂieﬁte@ | east\@ne
of f set g'as.ter f%q%lt)oré’léﬁn %a.lqgeprede rpgn n oe};sets &ysttagne
rrultlplex bj"'gﬂd o | st%r,  said
at | east mmﬁlntyscm dcmape codgidinatesartbrs aclippihgashidnobjidctet

register r. selecti tp ng_pr ohy ond] nat es,

clip g’ d1°r¥at g’ &?‘&*&% éh@t e?mﬁg%E ﬁ]@f& 4&%@5&4) (}ﬂ) onpar at or
coupl ed ttphmaimy | et nredertemmeﬂerofﬁsetsrrpiromg said seldgtively
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operating in conjunction with said clip window to
selectively determined ‘whether said object should  be.
clipped in accordance .w1th a first method of clipping or

a second method of ~clipping, ‘an apparatus for
facilitating the clipping and rendering of said object
comprising. _ ' ' '

at least. one' obj ect coordinate register for
storing said object coordinates; U-

at least one clip coordinate register for
storing said clip coordinates; '

at least one offset register for storing said
_predetermined offsets; . .

_ at least one multiplexer coupled to said at
least one object coordinate register, said at least one
_clip coordinate register, and said at least one offset _
register for'selectively outputtiug.predetermined object LJ -
coordinates, clip coordinates, and predetermined '
offsets; _ : _ | _

at least one comperator'cohpled'to'said at least
one multiplexer for'comparing'said_selecti?ely output
predetermined object coordinates, clip coordinates,'and
predetermined offsets; |

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



Al so accor.ding to the present invention there is provided in a graphics

di spl ay system for displaying an object defined by a plurality of object
coordinates, said systemutilizing a clip ndow defined by a plurality of
chi p coordinates for clipping said obpect Mor to display, and a test

wi ndow defined by a plurality of predeterm ned offsets fromsaid clip
coordi nates such that said test windowis l|arger than, and outside of, said
clip window, said test window for operati ng'i n conjunction with said clip
wi ndow to sel ectively dei;arm ne whet her said object should be clipped in
accordance with a firsPAlfid RGFIAING ke Hhe Presantordnvantian dhene ks ng,

a method for fpeumnma gﬁh'{)é]egﬁ&pl@ibﬂgdﬂﬂﬁlé?nQQEtéﬂ Forsdid layqfiig an
comprISing: Sty ke SRRSO LIGLERIR! 0B “hb 2Bl ST RNGs
coordi nate regsatid sytstremng wEi M zdmeyleteer el ofifrgiove  idefiindda By orae
et one o, cBAuRaliel e EaB2 Hoot il i S 0PN sh0 o0 Uptheile
regi ster, and P&‘ii@mt ticeadd splayef f 894 r agi test a‘ﬂ-‘blndmlngi%f;\ime@t bya®t one
mul tipl exer topi@z%itiﬁ?' Yof’Utﬁi"édDEéﬂﬂlﬁéH“ Ngg¢e8BLBCt £EoR d's'iﬁfdes,clu‘ﬂ i p
COOI’dI nat es, and redet ermi ned of
coordirP tes sucr:?a that sa d 'test window is larger than,
and outside of, said clip window, said test window for
operating in conjunctlon with said clip window to
| selectively determine whether said object should be
St clipped in accordance with a first method of clipping or
a second method of clipping, a method for facilitating
the clipping and renderirig of said object comprising:
storing said object coordinates using at least
one object coordinate register;
- : stofing said clip coordinates in at least one
clip coordinate register; |
storing said predetermined offsets in at least
one offset reglster, _
providing at least one multiplexer cbupled to
said at least one object coordinate register, said at
least one clip coordinate register, and said at least
one offset register and wusing said at least one
multiplexer to éelectively ‘output predetermined object
coordinates, clip coordinates, and predetermined
offsets; '

providin_g at least one comparator coupled to
said at least one multiplexer and using said at least
one comparator to compare said selectively output
predetermined object coordinates, clip coordinates, and
predetermined offsets; _

clipping and rendering said object based upon a
plurality of output signals from said at 1least one
comparator. '



provi di ng ‘at | east one conparator coupled to said at |east one nultipl exer
and using said at |east one conparator to conmpare said selectively output
pr edet er mi ned obj ect. coordi nates, clip coordinates, and predeterm ned
- offsets; clipping and rendering_sai (j_tm ect based upon a plurality of

out put signals fromsaid at | east onk conparator. BRI EF DESCRI PTI ON. OF
THE DRAWNGS 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 bl ock
di agram of the coordinate staging section of the invented graphics :
subsystem FIGJRE 3 is a detailed block diagram of adder 31 and nul ti pl exor
35. FIGURE 4 is a detailed block diagramof X/ Y coordinate registers 37N
" FIGURE 5 is a detailed bl ock di agram of clip coordinate registers 39.
FIGURE 6 is a detail ed,, t register 41. FIGURE 7
is a detailed bl ock dPAues e v : 5. FIGURE 8 is a
det ai | ed bl ock di agram of corrparl son Iogl C and result storage 47. FIGURE 9
i's a tabl e FIGURE I @ af bloekioverview diagranati aigr ?mtsr subsysteire fomahi ne 35
and conparisons performed by conparison |ogic an esult storage 47. FlI GURE
10 is a truth tabl e werki statiog aegesdingstm thesnmegnfmveumnxo coor di nat e.
FI GURES 1l1a and 11b are a truth table utilizing conparisons betvveen ‘each of

the four X ‘ﬁ&dr@ﬁsz wd ﬁﬁgp ﬂggrmeof QM-I chr\ﬂﬁ{au %ﬁn%ing section of the

mvented graplncs snbsystem

FIGURE 3 is a detailed block diagram of adder 31 and multiplexor 35. >
" 'FIGURE 4 is a detailed block diagram of X/Y coordinate registers 37.

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

FIGURE 6 is a detailed block diagram of raster offset register 41. . _

FIGURE 7 is a :detailed block 'diagrarn of text 3window control 45.

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

FlGURE 9 is a table showmg relatwe tumngs for loadmg control state o
| ~machine 35 and compansons performed by comparison

logic and result storage. 41.

FIGURE 10 is a._truih_table' utilizing cornparison results for the X0

coordinate,

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

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



FI GURES 12a-12d define a truth table utilizing conparisons between the four
X and the four Y vertices and the cli ppag__boundari es. FIGURE 13 defines a
truth table utilizing conparisons beTWe the four X and the four-Y
vertices and the test w ndow boundaries. FIGURE 14 defines a truth table
showi ng t.he direction in which to draw objects or performblits.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
a graphi cs subsystem of an engi neering workstation, and specifically, a
har dwar e i npl ementati on for providing informati on necessary to performthe
necessary operations for clipping portions of inmges and text outside a
defi®we€d wi ndow. The coordinate staging and coordinate conpari'son | ogic

bl ocks (see Fi guiF¥GUREg, 1235124 drfine @ putly itakiet wiilizing ccomparisons rbgyweemd

conpari.son information r ; for, ,he ort..of arbitraty guadril ateral
rendering with clippi ng,tﬁgs O\E/*glcif agnél _ gogiglpﬁa‘beé“ﬁsaﬁ% é‘ﬁ%%ﬁ‘éﬂ?‘?) ‘W th :
clipping. In both cases,pdindariéecessary to specify four X/'Y coordinate
pairs and to specify the clipping wi ndow boundaries. To support
quadrilateral -rendering inplies the availability of four vertices which

wi Il define the FIGUREI 33 cdefines T druthstables atilizingocompanisons betweemthat i on
puts very few restrictiofs "t hegse yertices.., The e stored, in four
register pairs (a regi'st@?"&gi?“%c%s}‘%‘{rs' o¥eryses Pﬁ‘éﬁéfe*s‘f&mq% X

coordi nate and one regi s{&inddtjed Ne Y coordinate) and are referenced with

\,,4 FIGURE 14 defines a truth table showing the direction in which to

draw objects or perform blits.



the vertex nunbers O thru 3. It is tnplied that vertex 0 is connected to
vertex 1, vertex 1 to vertex 2, verntex 2 to vertex 3, and vertex 3 to
vertex 0. No connection is |ntendedcbermeen vertices 0 and 2, or vertices 1:
and 3 for instance. The coordi nate staging and conpari son Ioglc formthe
initi'al stages of a pipeline that will eventually acconplish the renderi.ng
of the specified quadrilateral into the display menory. The subsequent

pi peline stages require information concerning the relationship of each

adj acent vertex to its neighbors (i.e. for vertex 1; X1 vs X0, Y1 vs YO0, X1
vs X2, and Y1 vs Y2). This information is needed to properly supply the
functi onal addressi ng bIock mnth a serles of trape20|ds t hat when
conposi ted, accur at eDETAJREDDER REION AE INW . The
deconposition of the arbltrary quadrllateral IS acconpllshed by the :
coordi nate sgquenci Addi.t IIy n.arder. to support the clipping
of the quadri ﬁt%'igé‘l""qt Wvgﬂgméllfp‘bf &’Jn%lél?@l‘csf Fubgysiem gﬁfmpl pel i ne

st ages, gﬁxere?i' w}mhaoﬁf anl e spifit AR5 Lohérheza?@%ﬂﬂéﬂnéﬁﬁti%' B N9
boundarieS is r qU|red Thi s meanhs for "'exanple all X'vertices conpared to
bot h thq;rnv:ﬂmgn@f’omﬁatmrbmenmaw ae pﬂlfdmmsthbonedusaryxnpumhnslfqr boundary.
A simlar_ set of conparisons is required for the Y vertices as well. In
some caddipping, postions,of rimages "é‘énthﬁcﬁ‘ﬁ%ﬁ’é adefined winde®t an object has any
visible portions (non-clipped) at all. By identifying the objects that will
not be Vi si bipgel BotdUARE Stagie anldl bodralirafd) caﬁ,ptaheoﬁ YBgRABRIEks Pisee! i ne
stages can be avoided since no visible pixels'wll .ever be I dentified for__
wr i ti ng Figutend)darep providediaoyprovides tllteplee-atys Storpge fandnampansbzant age | S‘d
that the rendering of, the dril ateral ‘be’ cons ﬂered to hayve occurr

i medi atigfgrmation Frguized pfa? e HBROFh: P ArhitETy cg¥ads atefalo Jendeiingr ef er r ed

ggbngﬁlenen{‘h cﬁl}ph% 11° s il 'ﬂnﬁgé M&grdﬁﬂ% Weith ' Afpping® bt 2' S

er mning t
both cases, it is necessary to specify four X/Y coordinate pairs and to

specify the clipping window boundaries.

To support quadrilateral rendering implies the availability of four
vertices which will define the quadrilateral. The disclosed embodiment of
the invention puts very few restrictions on these vertices. They are stored
in four register pairs (a register pair consists of one register for the X |
coordinate and one register for the Y coordinate) and are reference'd_ with
the vertex numbers 0 thru 3. It is implied that vertex 0 is connected to U
vertex 1, vertex 1 to vertex 2, vertex 2 to vertex 3, and vertex 3 to vertex
0. No connection is intghded between vertices'O. and 2, or verticesl and 3
for instance. The coordinate siaging and comparison logic form the initial
stages of a pipeline that will eventually accomplish the rendering' of the
specified quadrilateral into ‘the display memory. The subsequent pipeline
stages require information concerning the relationship of each adjacent
vertex to its neighbors (i.¢. for vertex 1; Xl vs X0, Y1 vs YO0, X1 vs X2, and

- Y1 vs Y2); This informaﬁon is needed to properly supply the. functional



associated with a line segnent. This math involves taking the difference of.
the two X and two Y vertices of the line segnent. In order to avoid

mat hemati cal overflow, the numeric ran of the X and Y vertex val ues nust
be restricted to be representable i 15/bts or be between [err] and (214 -
1). 1n support of this, a check of the numeric range of the vertices is
made by the coordi nate conparison |ogic. The support of BLITs al so
requires 4 vertices -two specify the opposite corners of a source (SRQC
rectangl e and two specifying the opposite corners of a destination (DEST)
rectangle. The intent of the BLIT operation is to copy the pixels contained

in the SRC rectangl e fo,the, DEST rect le. .I.n the qurrent enbodi nent, the
upper | eft Egﬁﬁ’éf'gﬁf b#’ﬁt wih ?e?:eﬁfﬁg?ér}&feg?'g? S8 VRFE, FRRPBSHGEH:| e t he

| over right agRirafely 'Yeprédsent the’ SrigiXall quairflatéthl. Y The' & itfoh!

corner i s irill verat&g beatr?dnt he Iov\ggir‘ riq,g'ht ian&\alert'£1§‘<é13.eléIair:l:'(i)g?%lig?l ?gﬁ;@goperl y
copy the SRarbitratyhequadfilateradris auadimplishedkby the tberdinatetseghending logic.
rectangl es overlap. Wen this occurs, the order in which pixels are copied

' trained if .th t. |t _is to be abtai g TNi s i, | 1
cnown pr obi om t oASHEBALYL F| ot9EF W0 RBor; 1ne”sfippifr 6f fhs rperiagtial g8 o

properly de WD ' : Yé ?‘lgmt Q| ' I ' f the
SRC rect anglhg"r b@é@%ﬁ%@ﬁaggﬁtﬁ?xgﬁgﬂiﬁe ecta lglhigﬁ%o% ar :{E%%T fysnblﬁ r?geded

bot h for thehe venticdsheo Yhe cappaiopridte sclipping \belinddyiel tis anquired. t Thisuppor t
clipping of both the SRC and DEST rectangl es in subsequent pipeline stages,
the rel ati omems for examplrall Xy vertices \conipased; te Path she mpinimumy X6 &ipi ppi ng

e
boundari es is. required. [ 1 hi .1 ndi t hat. e he SRC
boundart o= b4 houCHF o YR i KoL PRRLY Al L g1, o
need to uti lcoAfpatibénss miﬁ?ﬂﬁﬂt fdtl 9R! ¥NOeftice@ S wélll SIi 8BMRSEUZLS, these
performance advantage in that the execution of the BLIT can be considered
t o have occwomparisoms: ¢ant indicater oehether of inopi am object has any visible portions

(non-clipped) at all. By identifying the objects that will not be visible in
\/ advance, the util_iz'atidn 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 petformam_:e advantage in that the rendering

of the quadrilateral can be considered to have occurred immediately once

the clipping information has been analyzed.

The pi'efetred embodiment of the graphics system being described
o ufilizes 16-bit 2's complement math when determining the pixel's
associated with a line segment. This math involves taking the differepée of
the two X and two Y vertices of the line segment; In order to avoid
mathematical overflow, the numeric range of the X and 'Y vertex values
must be restricted to be representable in 15 bits or be bet\.veeﬁ -214 and
(214 - 1). In support of this, a check of the numeric range of the vertices

is made by the _coordiriat_e comparison logic.



i nformati on has been anal yzed. The coordinate staging control |ogic
_supports multiple ways for th-e--c@r.d.i nate val ues to be acquired. _
Correspondi ngly, the coordi nate conparison |ogic maintains the necessary
conparison information regardl ess of the manner in which the coordinate
-val ues are provided. The different nethods for coordinate acquisition
can be summari.zed as: absol ute, indexed, and relative. The specific nethod
used is determ ned by the address of the register that the CPU uses to

i dentify t hEh¢ SYpReR ok BLITs alsq sequires An‘"ﬁ'gsﬁﬂ ko 8PeRitH Ak e value is

g1 <t @pbostle Ebftfird 85 £ 5bi: (KOS el a Yo BBeciBing W8 |17 SEL0C9
boundaigppstl Sbitefs 8F% BERinafich DESTHS Rictdn@l. S 'MieSinténtVof thedBLATSCr i bed

bel ow, as wel| as individual coordinate registers.. The second nethod,

i ndex eoperationsisdtot copyf thec pixeld: pontaindd rin! the pSRC crectatigleatoe thenDEST he sane
val ues. I.n this_case, the CPU sypplied value jis first added .t he

appr opFeeaRgles s dn the s qurpant r?éé?%#'g*m('e‘?‘?h%ﬂpefﬁﬁe?‘"'&ﬁ é’Ztt y 4 %#8Y) before
bei ng j f NN e Lnat.e . | sf.ers. The
addi ¢ GRApEE ' BB kP wenke 0" Wihileud fonils HRECSRECLAINEE iF hRWC) |

addr es9, s (Bifilafly) thel app&ry 16t DEFTUcbmer i inf vereart 2 aindathef lowee dginpl ay
menory. The indexed | oadi ng nechanismutilizes a_two-bit index to guide

i tsel f inrcertededit | Injorder taenroperhyd copy the SBE o the PESIyjeare must de oad duri ng

any given cycle. It is.this nmechanism that | e specify only
one X/ i Ftﬁei e‘ﬂkﬁ*‘%%ﬁer"&f .-%sr gfgrﬁ&lagwqgﬁft aloc-g'ﬁg’ B@? rﬂ[}seror two XY
pairs iRl which PikelsOhre Bopied 16 \cdnSirhined GE the ldorRB0 el ick ®ge Of the
af orenment i oned degenerat'e quadrilaterals is |oaded into the four vertex

r egi st eobdainedie Thisnisra well knows prebleme to cpersangdskilléd dn ithe rasesBhery so t hat

subsequent stages of, the pilpel i_ne.can al s i.nterpret the obj.ect defined
information required to properly determine the p_n;el copying constrdints

involve comparison of _ihe_.SR_C rectangle bouﬁ_daries to the. DEST rectangle .

boundaries. This is negded_bdth .._fon_'_ _thé X and the Y_ coordinates involved. \J
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 appropfiaie clipﬁihg"'bdﬁhdéries is required. Once again, this may

indicate that either the SRC or DEST réctahgl’e are to_ta_lly' .obscured (non;

visible) and may negat,e_.the' neéd to utilize the subsequent. pipeline stages.

This represents a performance. adVéntage- in that the exe_cut_ién of the BLIT \J

can be conSidere‘d_._ to ___haire occurred _iinmediately once the clipping

information has been analyzed.

The coordinate staging control logic supports multiple ways for the
' coordinéte values to be :acquifed. | Corresppndingly, the coordinate '
cox’n’i)'arison logic maintains the néceséafy comparison infdrmé_iion

regardless of the _manner' in which the coordinate valies are provided. ~ The



as a quadrilateral (even though degenerate) and not treat as a special case
all |ower order objects (i.e., point, line, triangle). The indexed | oadi ng
schenme al so allows for only the opposLiéCkQLners of a rectangle to be

-10- entéred to properly define all four corners of the correspondi ng
quadrilateral. The last |oading nethod, relative, is used to allow the CPU
to just specify the difference between the last coordinate entered and the
i nt ended new coordinate value. I.n this case a CPU supplied delta or offset
is added to the previously | oaded coordi nate before being | oading into aone

or npre regdiferent méiRods lfof dodgdiiales ab@fSitiod Ct&lPHe SsMmnidedShs:coor di nate

ent eled [vertex (index-1) nod 4] for the necessary addition plus identifies .
whi ch regi saksolute, rindg¢xederandneelativey hThe¢ specificamethod meed risledeterminediibyy '

case. tn the end,result, the CPUJsS fre choose,to,.] oad the coqrdi nate
registers i °aﬁgd'ﬁ§"hr?§rﬂ'§uff§6§‘f’e6l.‘a‘ nE? f‘fg"fﬁfef"zt_‘i’?m‘,fy e&'ﬁhéﬁg‘sé”?s% to
quadri |l ater ri Teaal t r d Efhal

coor di nat esﬁhal\E/,g al'rea y%ggﬁéﬁgggﬁﬂ?@t@h%ﬁiﬁr@gﬁibgt setgg?&tﬁ‘ee ?‘gﬂ?l

vertices areahiei supptiéd dby ahé |CPWi inkw the raddressed vegister.t MPliswarethodc gfli r ed.
This provides the utnost in flexibility for-the CPU. Figure 1 is an

overvi ew of leadipg isiused sfasslpading pf thiclipping bpurdasy  registerst ansh thay be
utilized. Bus. intgrface.l ogic 11.4s connegct hr ough dress,. ta and
cont rol - bus s oBseCRTRisieR be el brcSRRBLE helor a8 Ol SeC WapyiBat 0
conponent's gordiitatd 'rRpI3EES. STHEYScBRd Gh&hdal inddabd, & @se® B ¥fficiéfilyl ace 13,
coordi nate stagi ng section 15, coordinate sequenci ng section 17, functional
addessi ng bdadc mulple nemicdinatesr withothebsamek valuesndIn ithisacased the €PWener at or

23. 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. °

Thé indexed loading mechanism utilizes a two-bit index to guide.
itself and identify how many and which coordihate registers to load during
any given cycle. It is this mechanism that allows the CPU to s_pecify only -
one X/Y lpair to identify the degenerate quadrilateral - a point, or two X/Y

o 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
as a quadrilateral (even though degenerate) and not treat as a special case
all lower order objects (i.e., point, line, triangle). " The indexed loading

schémg also allows for only the opposite comers of a rectangle to be



Data path and nenory interface 13 r&ﬁate a frame buffer (not shown) which
s a menory which stores graphi Cal formation to be di spl ayed on a
video display such as a CRT. That is, data which is |oaded into the frane
buffer is accessed by video circuitry -which converts-the data to
appropriate electrical signals which, in turn, turn individual pixels of

t he video display on and off. The data frombus interface l.ogic is nodified

by mask geieaald m@éﬁ aetheaill tdu? “QImaidCbF e WEiHRRLANIng S ased upon

processing perfo coordi nate staging section .coOrdi nat e
sequencigquadrélaternl. 17 and functional addressing stage 19. Functi onal
addressi ng stage 19 al so acconplishes a portion of the clipping necessaryys

be. i spl ayed The fast hling SRhal.oeiaibres i mard o SRS ooy GRS 9 LM ot age 21
uhi ch, 2T 4RBEGS e QutrBleRE I ered he B SBRURMKCLRRA WARSHR"3! (T aver e

fromthe’b nning to the en e Vi sl obj ect tor each scan line and

ar e usedintended dskve coordjnatecvalas.a Rathis xage B IOPY suppléd JeRa 6ragffsdt3. The
mask generation signals are also furnished-.to linear address generator 23
whi ch t rignaddedeto the previouslyeloaded \copsdingte beforeheing doadingiinto smege 21
into signals for linear addressi ng. the .frape buffer for trgnsfer to the
out put dP’sBIAS TeBIFLETRy e?ﬁﬁ?ﬂgﬂvgﬁff%‘ﬁ 'f?‘_‘d_h My ttgecliaftcﬁ??r e,

coor di Nadeflda i etexO(iidéx-1) - hod"\) ¥Br RAE f cBsary " ddififioR teﬂér ased upon
its inputs, thg*'spgc--!(fi'c,s" c))f whi CL wfl-l - be de;gf_i__ beél: _eﬁg\_{}vévﬁut rléeg‘?erence
to fi gurwebich- fegisten or axegisgers niesdntat benloaded fas. imather éndeixed odohdinlg si gnals to
enabl e aca%reaphi cs subsystem - ' ' R : _ . U

In the end result, the CPU is free to choose to load the coqr_dinate
registers in any manner supported. When the operation, either a |
quédrilateral. rendering or BLIT, is actually reqdestéd. (after the _
coordinates - have already been. lbaded) th_é current. state of the fouf S A
vertices are utilized directly without regard to how they were acquired.

This provides the utmost in flexibility for the CPU. |

. Figure 1 is an: oven}ié_'w. of a graphics subsystem in which the. present
inventioh may be utilized. Bus interfac.é logic 11 is connected through |
address, data and control buses to a central processing unit (not sho§vn).
The functional components of the graphics subsystem are data path and

 memory interface 13, coordinate staging section 15, -coofdinate' sequencing
section 17, functional addressing block 19, mask gener#ticn block 21 and

liear address generator 23.

Data ,pafh and m_emdry interface 13 updaté a frame buffer (not

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



to performarbitrary quadrilateral rendering with clipping and bl ock inmage
transfers (BLITs) with clipping. Thus, the present invention is directed to.
specific circuitry within coordi nate stagi ng section 15. Inplenentation of
the various timng and control signals needed for the proper operation of

t he foregoing functional bl ocks conpris?pg_g vi deo di splay subsystem are
well known to persons skilled in thé art'and, therefore, wll not be

descri bed herein except as necessary for a proper understanding of the
invention. Referring nowto figure 2, a. block overview di agram of

coordi nate staging section 15 is shown. Coordinate staging section 15
conpr¥ses adder 31, |oading control state machine 33, nultiplexer 35, XY
coordinate registers 37, clip coordinate registers 39, raster offset
registers 41, index logic 43, test wi ndow control |ogic 45, conparison

| ogi c and result storage 47, conparison control state machine 49, and
status generation logic 51. Before setting forth the specifics of the
present invention, a brief description of the manner in which objects are
represent ed digilhpts oh G ¥idéot display dicht &8I CRT O Thdteis[raafacwhidh ¥hidaded he
present invention is inplenmented. XY pairs of vertices represent video :
di spl ay cooridtoazhe fratfie rbufferysi eesesencg Pyayidex cigewiry whichceon@rtsiflie and Y
ranges betwegn 0-899. Each coordi nate angd, each Y coordipate js stored in
e Spar at e Sata 1o ABHOBLEt SleCtIAL MEvas 1Which: IRty BITE SRITHIRLBIAGS bi (
are nore th : " h S C [ (i.e., up
t 0. 65535 or %}.33\?63{3?%@%@9%%&58%%5& gnll)?klgﬁf g?ﬁ‘a??%é‘“g&gégtl%@éﬁsbecause It
i s tthe dat a mhygdifiedody mask ogeneration dlagkhi2ds andflinear eaddnekspgendrdos 23 | ar ge
enod@ﬁ range to _handle nost real |ife objects which nmay span areas nuch

| arger t han hased\vppi, pIpegssing. performed by coordinate staging section 15,

coordinate sequencing section 17 and functional addressing stage 19.
Func;ional addressing stage 19 also accomplishes a portion of the clipping

necessary to fit pariicular graphic objects to the clip window m which they

~ are to be displayed, and then transfers the signals to mask generation
stage 21 which arfanges the informatibn 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.

b The mask generation 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
fox_ transfer to the output display. |

The present invention is directed to circuitry in coordinate staging block



Quadril ateral objects are represented as conbinati ons of four pairs of
vertices [err] and [err]. If (a object is a point, then all four pairs.
of vertices are the same or theee &)i-ﬁ-ts repeated. If an object is a I|ne
then two of the four (or three of the four) pairs of vertices are
replicated. If an object is a triangle, then one pair of vertices out of
the four pairs is replicated. If an object is a quadrilateral then all four.
pairs are distinct. Objects (i.e., point, line, triangle or quadrilateral)

are nosis abhichi perfonmgl ekitaid opstamnﬁ sassd nipBHMiRUiHpRLs, OfheUspetifics/er ti ces
necessary to conpl etely define the object, i.e., for a point - 1, for a-

line - of whieh awill |b&ngF$9ﬂbeQ bglew wlmaﬁprqmpemaﬁgums 2rif fgeneratingct anghe/ -

2 (opp05| te orners lf a bl.ock nsfer,,(BLI T ion is to be
peaf or e i %le e&Foﬁt“% 9!)52" "i@?ﬂﬁag f'?fg’l#d? %%ﬁ'ﬂfés SHPYISH Rt at:‘Otnh
and ar a r o e
sourceetbl gak Yoms/ cogi}dcél‘ldflat era%oreﬁappe nﬁhﬁ ﬂﬁo?‘“ Irogi(i)d ltﬂ%gk?oﬁ%e bl ock.

Xl -.X trmfehsnmbrn‘sorwithwdlppinght Thus, nthe piesethenmtlt‘icﬁ: ibl dieécted’ko- Y

coord| nat e for | oner ght corper .of the source_bl ock. X2 - X coordinate
for uppeRecifig tC%Ftﬁ.\érWH in; iGeordinate #28iBg $ACHOR. 132 -V coordinate for upper
| eft corner of the destinati-on bl ock: X3_- X coordinate -for |ower ri ght

corner of ¢ Mgieathmifibh00F O Vhriofd gming WTLIAA Litng isoﬁfideﬁiﬁ cor ner

of the destin |on ock I'mages to |sp ay s as a CRT
ar e f or thed pespetli operation mfxﬂies forkgaihg afunctibnaleblocks cconepribing ac vided menory
(RAM known as a franme buff I n one or e planes (or bits), the nunber
of pl an@isPiay,pebsystemy, @re v d‘H’P |‘°6P'€§9‘l§r§l§ﬁ§§e‘|‘h theaalt adred in the -

frame Difefdord Swﬁi*dﬂ&Sﬁgddégxn@eﬂe;eﬁfex%es.f %neécsésar% fP% proplle e an X w

pair i den
understandmg of the invention..

Refernng now to figure 2 a block overview’ dlagram of coordinate
staging section 15 is shown Coordmate stagmg section 15 compnses ‘adder _ U _
31, loadmg control state machme 33, multxplexer 35 XY coordmate
registers 37, clip coordtnnte regtsters 39, raster offset registers 41, index
logic 43, test window gonml_ logic 45, com_parison' logie”'and result storage

47, comparison control state maehine 49, and status genemtion logic S1.

Before settmg forth the specxfics of the present mventnon. a brief
description of the manner in whxch objects are represented follows to aid | -
the understanding of the manner in which the present m‘_ve’ntxon is

implemented.

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

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



particular pixel in all planes, X being the row and Y being the colum. A
pi xel is defined by a single bit fromeach plane. Thus, if eight planes are
utilized, each displayed pixel is definesd by eight bits in the frane
buffer. In this manner, one bit of a piX can be used to specify whet her
it is on or off, with the remaining seven bits specifying the color of the
pi xel', or all eight pixels can be used to specify the color, with one of
the colors being the sane as the background color of the display to turn
the pixel off. The present invention lies mainly in its inplenentation of

I ndex | ogic 43, conparison_.logic and result storage 47 and_conpari sagn

cont Mgl st at eﬂﬁ%‘ﬁiwﬁb syafFe fhe . Jargest Hceeen, ceardingte a&-ﬁui%l?ttPoﬁsiﬂ‘ ORt B2 768
coordi nate d y WM ' C 4 SOR roedi Qn. LS
connect’ on, o TRLTETL A% 6Ms - itoiifon QRE Hdres bk s {1 (S iR kS,
thei r operatmost prevalem! ingrdphiicsosoftivhte Raddpvidéscs Krde) ehdugh! dhngiettai | as
is necessary for a proper understanding of the present invention. Adder 31
and MUX 35 handipjanostireal life1ebjeets swhisht nysspaspreasemuchyilaegey thamethehavi ng
two inputs, ngmalﬁi taln frombus interface logic 11 which represents

I ncom ng dat 3or? ofiPt¥-cPU and an i nput. from MJX 35 which is a nultiplexer
whi ch selects one of a set of inputs fromraster offset registers 41, XY

coordi nate regi siQuiadrilaterdd’ objetts S@Ofepréstneed A9 sdmbifiatiShs b foul Ppdird oM
MJUX 35 is selected by si I nerated by | oading control state nachine 33

as. descri beW%@FMN&%Oﬁ&%&?Y%?dXZaﬂ% rand (X3 ¥ 3)vui [If am lobjest is3s peinty thesw be

deogr 1020 M i ol ShEA%SE KB e gt od e bedia, P10 BB 25 °
N the 1 nt arr o FaFE Arer e Eble (6 theec of Ihe Oy Bk bP yigHESTEC"
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 four pairs

are distinct. Objects (i.e., point, line, triangle or quadrilateral) are most
efficiently defined using the minimum number of unique vertices

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

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

corners).

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

accordingly:
X0-X cocrdinat'c_ for uppcr left comer of the source block.
YO -l Y coordinate for upper left corner of the source block.
Xl - X coordinate for lower right corner of the source block.

Y1 - Y coordinate for lower rigﬁt comer of the source block.



timng requirenents of the pipeline utilized by the present invention are
satisfied by a two step add, the followi ng description will be directed to -
a 16 bit adder. The differences far L]H.I-i-zi ng a 32 bit adder will be _
apparent to those skilled in the art and, therefore, will not be described.
Mul-tiplexor 35 is'actually a pair of nultiplexors 35a and 35b and a third
mul tipl exor 36 which is used to input the high order and | ow order 16 bits
fromDataln. Miltiplexor 35a and 35b.receive the high order and | ow order

16 bits res tiyely f« sgven 32 .bit input s follows: one 16 bit input
(sign extenxg T g{eé?#épf FoWFﬁgaérc%?‘%s ft eeélf§tf‘@?‘§’“43f,%cg'our 32 bit
inputs fromX Y coordinate registers 37 and two'.16 bit inputs (sign -\
ext-ended to B2-bit shofdimare Cfor tuppes et ncvirfer’ 60 ithd JestidlionTbRcRUt puts from -
mul ti pl exors 35a and 35b are conbined to formthe signal DataQut (for

provi ding read access o0 these regi ster values to the CPU_ and are al so
input to a tX3ruXmseerdinats dfor dowshiright semersof the destination, lerkal ti pl exor
35a whenever the high order bits from[err] or [err] are being accessed,

ot herw se ”UYB'P!\%%uﬂRatgeio?%%ﬂ} he Worhidr &f B8 We;tﬁﬂﬂgﬂ\ﬁﬁkc Sb. The
output fromnultiplexor 40 1s one input to logic gate 4 I ch either
passes the 16 bit output fromnultiplexor 40 or passes 16 bits of zeros. In
t hi s connectlmagesAor be displayedr omch displaygsushgas @ GRTwarenformredt 8 bits of

Dat al n ace _passed: by, oyl tipl exor .36 for . directly |oading. sol ut e | oadi ng)
into a ?‘ésg’rgfe?“ﬁ’gst ﬁ’PEFH’r §§€§F°r8 1B 1andom, %‘f‘§s%f,'ewr‘¥ g%ém gﬂ?gnr egisters
37, or GkiD frmi GubRk Sn' 6% %&%sréglmei {Br DR Nihle ndinBeY Bf plaes | 09ic
circuits 44 and 46 which performthe follow ng function. en a | ow order™-.
16-bi t aypically beinghgight foe,a sdlorgystemli4 Data storedoint ghe ffamec bdffep is | ow
providing.a carfy-In of "0" to t adder 31. The,carry out of this add is
saved i ﬁgﬁ'ﬁf%f %pﬂ par qﬁeoerefws’ and;i ¥, mhspe 2 Xo¥ patreideniifiend gate 44
to the Gaiiohldr"pRbl B 48 pikhes] X' Bbing e 360! did*Y Bling"fhe Riliihnl OaP! 5. Thi s
' pixel is defined by a single bit from eagh- plane_,_- Thus, if eight planes are- |

utilized, each diéplay'ed. pixel is defined by eight b‘its 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 bei_:_:g

the same as the background_ color of the display to turn the p'uiel off.

The present invention lies mainly in its implementation of index logic
43, comparison logic and result storage 47 and 'comparison control state . o
machine 49 which 'é:chestrates the acquisition of inter coordinate and clip
window coordinate comparison informati_on. In this connection, with
respect to the other functional blocks shown in | Fi'gi_irc 2, their operation
and implementation will be described only in such detail as is necessary

for a proper understandihg" of the present invention.

Adder 31 and MUX 35



provides a 2 cycle 32-bit add equivalent to a single cycle 32 bit add. The
operation of adder 31, raster offset.nagi§E§y5_4l, XI'Y coordinate registers
37, clip coordinate registers 39, test w ndow control 45 and conparison
logic and result storage 47 are coordi nated by | oading control state
machi ne 33 and conparison | ogic state machine 49 which causes the aforesaid .
functional blocks to operate so that the data is flowing in a pipeline.

Thus, al though ng{ddat!3rcesta 96 bi mﬁ'rpénéo%ﬂ&zcmgép'adP&@%ﬁﬁﬁEgie}we 33

and conparison |logic state nmachine 49 are sh t he tarls
readi | y appdnputs, tmameiysBataln | frem bus tinerface ogivmil hwhitds cepreséms of

Ioadwg control state chi ne and_conparison |ogic_state machi ne 49
bel ow. X/'Y GBS?IB%F%%@%{}&&S&W ap, ipppy fom Mﬁ& F2gvhichris B7 s,

referring t i 4, S ' : hiet . regi gt ich _stor he [err
vertices of qgﬁhgﬂj&g%tw P%hbgaaggv\%'? ¢ %Iﬁea fgpt‘)’? tﬁ'bgtﬁ\i,\g? %‘r_rﬁségﬁg’gfﬂt 5L%'ft8%se t he
upper 16 bi t&l,0K/¢acdbrdinaO kefiifteise 37 dr kipt beurdibatedirdgistesl 39€r The iapad to
the store the lower 16 bits of each X coerdinate. Simlarly, another

16-bit regi sfrem MUUNs35Hs selented by bignalsogenseatéd bycloaditigh soatraln statenot her
16-bit register 'hg,'(ﬁif thﬁ onr égl bits of each Y coordinate. These
regi sters arBaEHB eseAgtrriPed BeloWe epresenting the lower 16 bits of
the [err] coordinate and XOU representing upper 16 bits of the [err]

coordi nate. Regi spiar detsls - of3 bddeétd3 Kldad¥aldltiglex S 85t will o0 \WR' désesibedper 16
bits of the X1-X3 coordinates respectfully.” Simlarly registers YOL-Y3L and

YOU- Y3U st orwithireférensr tonfFigurepdr IncFigure 3pfadden: 3] ds rshowmoasiiand6 it of t he
O e or SHERECs I s mection, A6, TR MdsF I S o
registers, (pSolalih” (é3pretbored bk is Qzabi;s, in order to save space on
the integrated circuit in which the invention is implemented and since
timing requirements of the pipeline utilized by the present invention are
p satisfied by a two step add, the foilowing description will be directed to a
16 bit addgr. The differences for utilizing a 32 bit adder will be apparent

to thos_e skilled in the art _al_ld, therefore, will not be described.

Multiplexor 35 is actually a pair of multiplexors 35a and 35b and a
third multiplexor 36 which is used to input the high order and low order
16 bits from Dataln. Multiplexor 35a and 35b receive the high order and
&,, low order 16 bits respectively from seven 32 bit inpﬁts as follows: one 16
bit inpht | (sign extended to 32-bits) from raster offset registers 41, four 32
bit inputs from X/Y cbordinate'régistcrs 37 and two 16 bit inputs (sign
extended to 32-bits) from clip coordinate registers 39. The outputs from
multiplexors 35a and 35b are combined to form the signal DataOut. (for
providing read access to these register values to the CPU) and are also

input to a thﬁd multiplexor 40 which passes the output from multiplexor



mul tipl exer pair which are used to select either the corresponding X or Y
regi ster. For exanple, registers XOL and YOL are coupled to nmultiplexers
6la and 61b. Loadi ng control state r’rh%n-ﬁe 33 generates a signal which
directs nultiplexer 6la to select the input fromregister XOL or YOL _
dependi ng upon the whether the X coordi nat es are to be operated upon or the
Y coordinates are to be operated upon. Each of nultiplexers 62a and 62b -
64a and 64b operate i.n the sane manner respectively for -data fromregister
pairs (344 whenpverxdie, high) orden cbitsufront Xg-X3ronYo- i3 mebexn@laccesﬂed,go to

I I 35b, I f I }. 61h- 64 '
! Sig oot A A e DS et RS S 7
| abel edo @l Grdin Aobicibiskdd! £0 8¢ qo%gfe“gruefv ﬁ[ehct;ﬁﬁée the upper

o) or a

18- bi t s° Its corre o0 nat e ®pat zeros or all ones.

Si xt eenpgises like it BltC@d’iputf lfﬂﬁih t:hﬂtwlos ta®r or (p4Sdds YIB)bi(sX3/z¥dd) Mt h the

seventeenth and eighteenth bits coming fromthe high.order two bits of the -
cor r espthislicogneasinng tzeros are If@’cgdd!)pllng(m@_vdKCmW) theThigs ofvent eent h and

cl 3t or Baipiihrer Phitba. Sormiplid? 36 far Miretys R osRes BRaBR e neo
mul ti pl gt6" § %?ﬁ?ﬁ' mﬁ?%t\éialéff%’@'t‘e ns&?&ee@f XY "édo IlI?ﬁtex %Qfeﬁé nate or Y

coordi nate In e. same nmanner. as mul Xer palrs 1a 61b-%4a, 64b. The

out put s37; emclipl toqriimate segisters3390 Alsontﬂotwmhmﬁgur%& aré&legief cirdudts4- bi t's
out put from each of |ogic blocks 67-73 are each a "1" if the upper 18-bits

of its Gfrandp enwhich Pegvevéhea@élomms Aupgtiong When g dew ordee 4Bt cach of
Stat us. 308 db JpFBR piaded CAND oplE 84 mal P bl WL B4 SoB pebVidE o P (O
regi st ecémyafi thawo"itd theadder alcomwéae@_mubf this add is saved in flip .
flop 46. The output of flip flop 46 is gated by- AND gate 44 10 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 cy’c_le 32 bit add.

The operatlon of adder 31 raster offset reglsters 41, X/Y coordinate
registers 37, clip coordmate reglsters 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 data is flowing in a
. pipeline. Thus, althou_'gh. not all control lines from loading control state \,,J )
machine 33 and comparison logic state machine 49 are shown, the details
will be readily appei'ent- to those ski_l_led in the art from_.--. the_ description of
loading control state machine 33 and comparison logic state machine 49

below.

K[Z_ Qog;diﬁgie &egisj ers 37



registers, XdipMn, XdipMax, YOdipMn, YdipMax and multipl exors 81la,
81b, 83a‘'and 83b. The values XOipMn, XGk bWx__ YCipMn, YOipMx, which
are stored in the aforesaid registers with the same nanme, respectively
define the left, right, top and bottomof the currently active w ndow.
These val ues are generated by the CPU and are input to adder 31 which adds
O to these values for loading the registers XCipMn, XdiphMx, YdipMn,

and YO i pMax as cri b . Dl €%0 8la : hand,
and mul t Ppl exor sﬁé’iﬁ"gﬁﬂgﬁgbﬁgﬁtﬁ%%fﬁe&, cé%?e‘ét F@? g‘gflaan%gtnyiaqul\/ax or
YC i pM n angkgistéispivhich spe the (X0OY 0)(X3, ¥h3) SeptictlsSof an @bt ab sk dyawmadi ng

contwol state machine 33 and conparison control state machine 49
r espect i vel @neTHebitategister’ isomsedito istorexthesuppes b dits3ef sach e woordinate

mul ti pl exor 35, while e values, from nmul jiplexors 81b 83b . t ot

corrpiatlroi s)c()n F’é}giaé°ﬂ!|?6 @gﬁlﬁ\éggﬁf%g“%“&ﬁ Iltosé%‘% %;r?c?&ﬁ' PF'5I°€1r5.aecs terO
O fset Regi fig i A1 | '

conpri sesgt \?\/{’)&rhgbaﬁés:t' eF\)r§ g{'ﬁé{l@s %ﬁf‘?’e{{agé%i 1?]'E Elas?% Ir‘rﬂ?? ﬁg?é@(ﬂe%gé qi#i oSa‘l ues

XRasOf f  and eadRa ¥O'doordifiate harid @néther €X6-biv fegisterl holds ahe los@rsi@rbitswof h t he

same name, respectively define the X and Y offset _to be added (when
desired) toemdt ¥ coordinate sThesggregistars ase shown innEigumd aeXllof Xy :

The CPUf or "etenting e datiy 16 B YRIR Ko Rffifk Sl XAUCHBERRLE] Y,
or YRasOf f G@ﬁgﬂﬁs Bits UF the R Yoordifate] S RegisteraerL XL andiXPUXIUr ol state

machi ne- 33. val ue sel ected by nultiplexor 53 is sent to multiplexor 35.
Test W ndowr€present|thd JoWes tandi wpper o bitsoof e W 1-Khowosdingtescri bed with

refwrence to Figure 7. _The CPU gener e I t XVal t.est YVal
whi ch of f sefesplegt%ully. Similarly reggisters %0?3‘}3 and ‘?&i}tiﬁj store th%n?oweers a

and upper 16 bits of the Yo-Y3 coordinates of the object. References to
X0,YO etc. mean the 32 bit value stored in the corresponding register pair,

" i.e., XOU,XOL and YOU,YOL.

Each pair of registers, (XOL,YOL)-(X3L,Y3L) are coupled to a
multiplexer pair which are used to select either the corresponding X or Y
register. For example, registers X0L and YdL are coupled to multiplexers
61a and 61b. Loading control state machine 33 generates a signél which
directs mult.iplt-:xe'r' .ﬁla to select the input from register X0OL or YOL
depending upoh thé whether the X coordinates are to be operated upon or
the Y cod'rdinates are to be operated. upon; Each of multiplexers 62a and
62b - 64a and 64b operate in the same manner respectively for data from
register pairs (X1L,Y1L)-(X3L,Y3L). The ouiputs from multiplexers 61la-
64a go to multiplexer 35b, while the outputs from multiplexers 61b-64b

go to comparison logic and result storage 47.



a predeterm ned distance, i.e. nunber of pixels, above and bel ow (for
testYVal) and to the right and left (for testXval) of the currently active -
clipping window. That is, for a given \mﬁdow on a display, there is a AX
and AY which define a test wi ndow sarr ding the real clip wi ndow. The
purpose of this test windowis to elimnate, whenever it is beneficial to
do so, the need for the hardware to cal culate the location of objects or
portions of the objects which are outside.the clipping w ndow. The 4-bit
val'ues testXvVal and testYVal are stored in the 4-bit regi sters testX and

testY respec tJ.pl exe ts-one of the.registers testX or
testY depend tﬂfﬁﬁpﬁ?ﬂ%cjtl nd f?e?&bei%ﬁiﬁ ﬁ&t@i s afe,gach Jogié di nates are \o/
beirng o ﬁftﬁﬂ generated by the
| oadi ngEgr(E): o%ﬁgt@nﬁhﬁe g{-“ l?ﬁ%‘%&??tﬁg%#e%f’%a x’?r 91 is input :
i nt o decoerdimiterpais famalli zeroebrElbonéYS. SDheé® BENhebikSchine Memaheecond

i nput the value XCipMn or YClipMn and increnmentor 95 has as.a second
i nput tﬁéglﬁwfi,uéxﬂg')’ﬁmmvvmp)mk ﬂwgaﬂrﬂnmﬂhmnﬂgewhbwmhdutser X or Y

d b d d.by th | MJUX Enabl
Szﬁérgi‘%éﬁﬁgf‘{fﬁ% g TR LR %%&‘ss'?p%gdﬂsmaéa%'f%ﬁ?@egeneé?ede
by decr egp g(@gmammmmr)t Of'rh%5seveh4eeﬁ& gedtﬂ ﬁ@ 3&%8?&

YTest M n and Max, YlestMax respective rrent or feates the
val ues xivesshbivm @m Figtires4 ana\tmdsumeceasamlygclultefmg((ﬁiepﬁ'gﬁreand‘h\éﬂ ipMn a

val ue e ua.l to . t and (testY-1) power respectively.
Sinmilart %“ﬁeﬁd?%ﬁez*gﬁdgéﬁl‘&gﬁ i%‘gji]é"?/a!m@s We&'@lme&ﬁé 1&8 8t Max by
addi ng d | Y he (test X- 1)y
and (tegtgs??é%&awhﬁ:?leg%i%tt ¢ ﬁ:e * ng% f&%?’"??? €1 ). L
Loadi ng saimet mann&# aiserd\ﬂﬁﬁleﬂer Qﬁuﬁndld 6ﬂ9—64£69b0 4hel Qatpuls ﬁ@ﬁ’:t rol state.
machi ne 33 generates the control signals, MUX

- multiplexers 75-78 go to muitiplexer 35a. © One. of the 4-bits output from

| each of logic blocks 67-73 are each’ a' "1" if the upper lS-b:ts of its

cerrespondmg_ register are all zeros or. all ones, oth_erwnse each of the 4-bits
is zero. The four 4-bit outputs ftom, bloe_ks- 67-73 are input into status

generation logic 51.

Chp coordinate regtsters. as shown in Flgure 5 compnses four _
registers, XClipMin, XChpMax. YChpMm, YClipMax and multtplexors 81a, o
81b, 83a and 83b. The values XClipMin, XClipMax, YClipMin, YChpMax, ™
which are stored in the aforesald 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 mput to adder 31
which adds 0to these values for loading the reglsters XChpM.m XClipMax,
_YClxpMm, and YChpMax as -described above. Multiplexors 81a and 83a on
the one hand, and mulnplexors 81b and 83b on the other, select XClipMin
and XClipMax or YClipMin and YChpMax. depending on control’ signals



Enabl e, I ndex and Regi ster Enable. MJX Enable is a set of control signals,
one of which causes the various nultiplexors in raster offset registers 41,
X/-Y coordinate registers.37 and clip coordjnate registers 39 to sel ect
their . respective X inputs or Y inputs; H=$eeond of which causes :
mul ti pl exor 35 to select one of the inputs fromraster offset registers 41,
XI'Y coordinate registers 37 or clip coordinate registers 39. Index is a
single control signal which causes an index register in index logic 43 to
increnment by 1 between for each of the values 0, 1 and 2, and if the val ue

Is 3, tor egl St bLe ] t C I

si gnats, 0%35%%‘&&93’ h@%geé%ngg ?siqaet?sg{aﬁﬂrbgs P gra'iq fac S gﬁ’afigé'll s‘?og'&éoqﬂ, XY
coor di nat e st#8i mhélifie 49 A8spectivelys OCTHE Ralfks' f8inS nRilGpRRorse 824! AftD g8aCh
such r.egister to load the 16 bit value on the line fromadder 31. The

oper ati on ake |seatl toomuitiplexora 88, mehile the 3lwesdfrond enultiplgxorst 81bi and now be
descri bed way of an exanple from whi¢ch the inplengntation details should
be apparen%bﬁﬁ%'%maﬂr"%dgémt Bn‘ﬁéeﬂ{ih\ﬂf“éﬂ’e efp éﬂs‘ag’"b‘g?vﬁg_ made
of one or rq%ﬁ'o?bi cts having four pairs of vertices, [err] . Objects may
be points, Tines, triangles, rectangles or quadrilaterals. For points, the
four pairs of vertices are identical For lines, there are only two pairs of
uni que ver tRaseey OFfyet Registersqdbdri | ateral's have four unique vertices. A
rectangl e represents a special .case of quadrilateral wherein there are only

two uni que X coqrdinates. and. two ynique Y cqordi nates (rectangles can be
defined by a pa%as'&f i%ﬁ’éﬁ%f#niﬁg%"g@dﬂ W‘%%;S P@s’t,soﬁ‘ﬁ%rs). For
tri &rlrg! es, repRfers, AKRasOH) YRUsOR, Ditid’ Sultiplektrdss VPHd vales XRIROM @Ry val ue
spe ies whi¢ch registers to enabl e based upon the type of object being

defined. FOYRasQffewhipleraxe i storedYin, she @forpsaid extgistery awitk sthe Fsaresp tnafmey
t | , the ind | st ' ' ted t
rectangl es, i reetively: defing the X and Y SEer 1o be aaded (when desired) to

Dataln before storage into each of the four sets of X,Y coordinates in X/Y

L o -
o SSIGrsg s

coordinate registers 37. These values are generated by the CPU for storage
in XRasOff and YRasOff. Multiplexor 53 selects XRasOff or YRasOff
depending on control signals generated by loading control state machine

33. The value selected by multiplexor §3 is sent to multiplexor 3S.
Test Window Control 45

‘Test window control 45 will now be described with reference to
Figure 7. The CPU generates the values testXVal and testYVal which _offset
a predetermihéd 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 giveli window on a display, there is a AX
and AY which define. a test window surrounding the real clip \#indow. The
purpose of this test window is to 'elirhinate. whenever it is beneficial to do
so, the need for the ha:dwaré to calculate the location of objects or

portions of the objects which are outside the clipping window.



e

val ues have been | oaded in the appropriate registers. For rect angl es t he
index register is increnented after both X and Y values. In this

connecti on, the following table sets forth for each type of object, the .
X registers which are enabled for eagh i _Legister value. Although not
shown, the enabled Y registers would cor ond to the. enabled X

regi sters. TABLE | 'Index Value At Tinme O Load Object. Type 0 _

1 2 3 poi nt X0, X1, X2, X3 X1, X2, X3, X0 _
X2, X3, X0, X1 X3, X0, X1, X2 line X0, X1, X2 - X1, X2, X3 X2, X3, X0
X3, X0, X1 quadril ateral . X0 X1 _ X2 X3
rectangl e X0, X1 ' X1, X2 X2, X3 X3, X0 An \w/

i nportant point that can be seen in Table | is that the coordinate pointed

to by the index regi ster is always witten. The. type of wite (point,

line, triangle, et c, | ndi ca ow, man bsequent sters (nodul o 4)

wi Il al so be the Arbit valyes 5@9?{%9@ f‘ef‘%‘?#nﬂéxs‘%‘dz‘“ gite t‘hé ttine a line X
wite isg e 2, (X2 +
1) nodul o gjﬁgﬁd?%% B@)tégngdﬁsggﬂiéyxmy letﬁg % sregf%qua ei(al wite

to Y woukdpistetsy teatXeor te6lY SprnpingSupons wittiney thel X ewumatbst be thele of the
I ndex register when defining an object. Each |ine of the exanpl e indicates

the i nt eRoerdinates are heing i operated Apopqas detegminead: Watlvesml MUX by the
oor'st o EblrCoRirRel OF bt deliRe it R PRARECEL TS AR LY
and the ipRfgpiexat WA ab tipui iftoMdeéremienfdre9s Cattd uﬂa@meﬁm gyenoni cs for the
wite commands are Pnt X or PntY to indicate a point. wite, LineX or LineY
for a |i Rectementor 93i hasansl aTsectmd dnput thei valye XQlipMin o@ﬁﬂ'ﬁphthd apdadyY foWa
quadri| atir?crrgrlnenm{olrt;s has as a second input the value XChpMax or YClipMax, ’
agam dependmg upon whether XorY coordmates are bemg operated upon
as determmed by the sngnal MUX Enable generated by the loadmg control’
state machine 33. The outputs generated by decrementor 93 and "\
incrementor 95 will be referred to as X'I‘estMm, 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. Sit_n_i_larly_,.
incrementor 93 creates tlte 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.c., 2(testX-1) or 2(testY-1)),

Loading ‘control state machine 33 generates the control signals, MUX
Enable, Index and Regtster Enable MUX Enable' iS a set of control signals,
one of which causes “the various multiplexors in raster offset registers 41,

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



and Rect X and RectY for a rectangle wite operation. The actual wite
operation identified by each wite command is,,actually a multi-clock cycle
operation as will be described |ater. For t e exanpl es though, the
executionm tinme of the command is of no relevance. As a neans of clarifying
the interpretation of these exanples, the first one will be described. From
this description the interpretation of Exanples 2 and 3 should be readily
apparent. At the time the PntY(6) conmand is received, all coordinate

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

conmgnd says:é#ggﬁ\treg g@icxhg{g)fo{nswgh@t@ # eLdd B?_meﬂ%u'ﬁ%t ﬂ,tugcg@e%f%%i nat e

regi sters. Si [, tabl’e 1 indicates t I ncom ng

val ue (6) siselecti one of ahednputsofrdth, raster offsancegistersThE, X¢Xt cosrdimare

recei ved, PntX(3), then says to |oad the point_3 into X1, X2, X3 and XO As
i s the caseTesisters 37| of clipx eoprstinats, registarse 39y i Index isna singlexconsral igratent ed

nodul o 4) at,.t;he end of 1 Ite cycle, The.next w.ite co nd js a
L mev(S) . ThiPcragiss, An, index Vopfor O el "WEaf 35, oo e EmEBC YR L vwlem oo
9 into Y2, Y3r @hch ¥P.ché Naldds@! 1 ind! 2, & IR {AbelifF BRI & 05(middats(7) -
Table | indicates the loading of 7 into X2, X3 and XO after which the i1ndex
regi ster is4dgaRegisterrEmabl¢ dsl.a Seteoff comttol ssigrials,oénet For eavhr of thet eegistesst er s

identify twQ unique vertices (3,vertices at (7, 9) ang_one, af. (3, 6)).
Geonet ri cal 1), ragier coffset registers, #1,, r&!‘@‘%t"‘?&'é‘“@ T8 €HP 6) as was

ntended. ootk CregistBRCH5. by bhth ich ghter @ 198°%e 16 i Falue

Before _
o on Ehe line from adder 31.

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 should be apparent. As noted above, images to be

(7 drawn are defined as being made of one or more objects having four pairs
" of vertices, (X0,Y() - (X3,Y3). Objects may be points, lines, triangles,
rectangles or quadriléterals. For points, the four pairs of vertices are
identical For lines, there are only two pairs of unique vehices. Four sided
quadrilaterals have four unique vertices. A rectangle represents a special
case of quadrilateral wherein there are only two unique X coordinates and

o two unique Y coordinates (réctangles can be defined by a pair of vertices
defining diagonally opposite comers). For triangles, there are only three

pairs of unique vertices.

: 'The- index value specifies which registers to enable based upon the
type of objeét "being defined. For proper operation, Y values precede X
valﬁes. Except for rectangles, the index regiéter is incremented after the X
values have been loaded in the appropriate feg'isters. For rectangles, the

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



. Command- X0 X1 X2 X3 YO YL Y2 Y3 Wite Wite0O 0 0 0. -0

0O 0 O 01 _ 01 wite PntY(6) O O O O 6 6 6 6
01 01 wite PntX(3) 3 3 3.3 6 6 © 6 01

02 wite LineY(9) 3 3 3 3 - &) 9 9 02 02 wite
LineX(7) 7 3 7 7 9 6 9 9 02 03 Exainple 2
Specifying a triangle (1,5 (9,3) (4,6) Index  .lIndex Before After-
Conmand X0 X1 X2 X3 YO Y1 Y2 Y3 Wite Wite 7 3 7 7
9 6 9 9 03 03 wite TriY(5) -7 3 7 7 5 6 9 5
03 03 -write TriX(l) 1 3 7 1 5 6 9 5

'(I)'(r)i ;I(\/E |9§ﬁ gohg %‘kﬂ tab]lle ?’sets' Zorgh %%r each %g)e 066)])}86? the & BCgIStﬁPI {,véuc% :MYI( g;a 9

| . - Npe 9 4 4 1
3 6 63:@ enabled for GactP m&x @3‘% value. Sp%%d%hhg&aaﬁ%ﬁ a}l}él e (0,7) (8,7)

(8 1) enabled Whaegisters rwhnld Bedrrespond Abt the . éiabledh X registerX0 X1 X2 X3 YO

Y1 Y2 Y3 Wite  Wite 9 4 4 1 3 6 6 5 02 02
wite RectY(1l) 9 4 4 1 TKB]EI 1 1 02 . 03 wite
Rect X(O) 0O 4 4 _ : 1 1 03 00 wite RectY(7) O
_ 7 1 18agte RectX(8) 0 8 8 0 :
o h%lgx _ oug i(gfle@pl e 1, thq index register
(s arb X’wfi‘:&z}f‘s x1.x2,x3,xo T X2X3X0X1 X3X0X1X2
S lme XoXxX1x2 - XiEx2X3 - X2X3X0 0 X3X0,X1 '
quadrilateral X0 X1 X2 X3

rectangle X0,X1 X1.x2 X2X3  X3X0 o/

An i_mpena_nt_. point that. cah-_ be seen in Table I is that the coordinate
pointed to by the index register is always w:i_tt_en._ The type of wﬁte -
(point, line, triangle, etc.) '..ind_ica_'tes hoﬁv_ many subsegdent 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, naﬁely X2,
(X2 + 1) modulo 4 and (XZ + 2) modulo 4 or X2, X3 and X0. A quadrilateral
write to Y would only affect Y2.

Examples 1-3 below wnll explain the role of the mdex register when ' v
defining an object. Each line of the example indicates the intended write
operation, the index register value utilized by the leading control state -
machine to govern the loading of the coordinate registers, the vaiue_s
stored in the coordinate registers after the write, and the index value after
the write cycle concludes. - The __rmie_.monic_s for the. write commands are
PatX or"PmY to indicate a point ﬁrrite, LineX or LineY for a line write, TriX

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



first coordinate is received, the index register in index logic 43 nay be
initialized based upon a value placed on Dataln if instructed by the CPU.
(It is worth noting, however, that proper gseration of this invention is

totally independent of the initial value o

{Re-+ndex regi ster when a

| oadi ng sequence is initiated.). It is also assuned in this exanple that
XRasOf f and YRasOf contain the value 0 so as not to obscure the operat'i on
of this circuitry. Loading control state machine 33 in conjunction with
conparison |l ogic state machine 49 controls a pipelining schene which in
addition to | oading the various registers described above, also controls

o oper per AndRebS® e Redhfor guseciangla  Wate opetHiones dha aiival i us” |
generation | k&i&%‘:iﬁé!ﬂﬁ'i&* %?alzkéh vyi[ﬁ@ncérﬁm'aﬁ? qﬁshétﬁgllgf % Mnidhbik cie?e
capabiTity o . 0 force

raster .of fse he present 1 nvention, 1
t he additi orppekatibf akowillebe desvribed Hedra FoF thesy @gamples Othiol

S necessary

Jtend Y

coordinate registers prior to perforning the. conparisons perfornmed by
conpari son |exgcutiomdime xof| thescommand 4is_ of pot selevapeeinecti on, the MUX Enabl e,
and Regi ster Enable control signals generated by .loading control state

machi ne 33 and cq rij | LGBl gﬁﬁ’!? S‘Igﬁ%{ﬁg! from
the timng seque(r%g:gégt aEi e ségtgé?gr?#'ﬁ&ml | gtl?ggtég%n tﬁgs?o 0 nsgl Fst

showi ng the fifstdedneOiwill’ Be adestfibed)cr FromRRishilestriptioh Niecintérpodtagors &ft i on 15
for each entered Y coordinate. 1. Recei ve Y coordi nate on Dataln 2.

Add t he | ow Examples 62 Hinds 3oshould be seadilyd appasrent: di nate to: a)
(Iogg;' 16-bits) or hb) the |l ow order 16 bits of YOL-Y3L pointed to by

(in 1) or c) AL

YRasOf f

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 1 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 Y0. The final write command for this example is LineX(7). Table I
, indicates the loading of 7 into X2, X3 and XO after which the index register

is again incremented. The final state of the coordinate registers identify

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

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



- 3. Add the high order 16 bits of the received Y coordinate to: a)
YRasO f (sign extended upper 16-bits) or b) the high order 16 bits of
YOH Y3H pointed to by (index-1) or_ c s and -conpare the result of
step 2 to the other Y coordinates 4. LE:orrpare the result of step 2 to
YCipMn, YTestMn, YdipMx, and YTest Max and exami ne the upper 18 bits of
the result of steps 2 and 3 for all |I's and all 0's. In steps 2 and 3-

- above, the choices a),. b) or c) are nade as follows. For non-relative
wites to an indexed-register (PNT, LINE, TRI, QUAD, RECT) choice.a) is
selected. For a relative wite to an indexed register (RELPNT, RELLI NE,
RELTRI, RELQUAD, RELRECT) choice b) is selected. Al other wites sel eche/
choi ce Byamfleel |Specifyipgct lina (8, 8 7di%ate follows the sane flow Wth the
foregoing restrictions and definitions in mnd, and assum ng that the index
regi ster value in index logic 43.is ' 01' and regi st elsdexx0, Ydhdex( X3, Y3) as
descri bed above with reference to Figure 4 are all OBefore f olAfger ng
sequence_oiCdifiind t akeX0pieiceX? oXl3oad YoeYleW 2t ¥8s Weitas t Weigkine a |ine
havi ng endpoi nt.s whose. §Y apor @i ngies age (®,60 (09 @3 in Exerple 1. At -
clock cycl gufre tpgg.y mmgnd gv i pe Rnt Y(6) plgceg tige vapye 6 onglpataln, and
causes the g ddr3e333| ngut 30 logding cgntigpl spate gachine 33 to
contalnaﬁa tlng hag galncm “dgta ¥ pointgoAt cl ock
cycle 1 (a g: gue , Mulgt i exr 5615 nstruc dto sel ect
the | ow or ertre %‘E)J’i on Da?al n. and rrultl pl exors 5 0'2 Q?pl exors 35a
and 35b) and 40 and logic gate 42.are instructed to pass the Iovver 16 bits
of YRasO f. Thus, during clock cycle 1, adder 31

Exainple 2 Specifying a triangle (1,5) (9,3) (4.6) ’
Index Index
. _ Before After
- 2 Write Writ o
7 3 177 9 6 9 9 03 - 03 -
write TriY(5) 7 3 7 7 5 6 9 S 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 S 01 02
Example 3 Specifying a Rectangle (0,7) (8,7) (8,1).(0,1) .
- Index  Index
o o Before  After
mmand X1 X2 _ Y3 ite Wri
- 9 4 4 1 3 6 6 5 02 - 02
write RectY(1) 9 4 4 1 3 6 1 1 02 03
write RectX(0) 0 4 4 O 3 6 1 1 03 00
write RectY(7) 0 4 4 O 7 7 1 1} 00 01
write RectX(8) 0 8 8 0 7 7 1. 1 01 02



adds the outputs frommultiplexor 36 and |ogic gate 42 and pl aces the
result at its output. At the end of clock cycle 1, registers YOL-Y3L are
enabl ed and | oaded with the val ue from -34, i.e., 6 representing the
| ow order bits of the value 6 that was on Dataln. At clock cycle 2,

mul tiplexor 36 is instructed to select the high order 16 bits on Dataln and
mul tiplexors 35 and 40 and | ogic gate 42 are instructed to pass the sign
ext ended upper 16 bits of YRasOf. Thus, during clock cycle 2, adder 31
adds the outputs frommultiplexor 36 and |ogic gate 42 and pl aces the
result at its output. At the end of clock cycle 2, registers YOH Y3H are
enabt-ed and |0fidﬁﬁh8ﬁ%<lh ih hexanplelel,l dRMidder Ripister iPfarbitideily A1 whth thecl e 3,
the command wite PntX(3) places the value 3 on .Dataln, and causes the
regi st er adéirstseoordinate ti® recsivedgtheoinden| registarcinvindexnlogis 430 maynbei n a
val ue i.ndi cating that the incom ta i s an pei.nt. Al at, c cycle
3, nultipl eiRtiabized a'?‘rﬁgf’?%t’eéf gﬁF%q:l"“t ﬂét%vb? dPﬂé‘f“i‘E%gi i'ke taln
and mul ti pl gxof.s and,. [ 2 s r id t he

| ower 16 bi t?is‘ g)sf @sggyﬁgﬁi}rggﬁg&glg%g?’g@c#eo ,r&édc'fggf gﬁ;gg‘c’iésﬂ%dggsﬁut put s
from mul ti pheuany Hdepéifliend Bfcti@aimitidl valwd of ahednddwe regisier twhen ia Joaiimgput .

At the end of clock cycle 3, registers XOL-X3L are enabl ed _.a%l %g;led wth
the val ue fsequendcds ibitiated.)  It3isr alse assymed,dn this example fbat RasOff and,

value 3 tha n Datalpn. At clock cycle 4 t ol . leSutd1St ruct ed
to sel ect t#e“\?,aﬁifﬁ CoPiRR 'E% "xfh"sbo’ﬁ’ %t'ﬂﬁoa%b&%l *h:gpﬁée%tr@?fgstg% 40 and
| ogi ¢ gate @r&rxﬁ' i nstructed to pass the sign extended upper 16 bits of
XRasCOf f. At C gck cycle 4, adder 31 adds the outputs from multiplexor 36
andMogi c gate 42 and places the result at its output. During clock cycle

4, registers XOHLoadingacentrolastate] machinep 3dcin wonjpnctien \with cc9mPARIOR:. out put
of adder 31, and the index register is_inerenented. . K , the
command wri 188 Sfaty -9)“8%%6 _‘E‘H'éf%mell’éﬁ!}ﬂ‘ﬁoa?‘é‘f'h‘ &e{'ﬁ@ ggu%de:%m{nﬁetg

register loading the various registers described above, also controls the selection of

registers and corresponding 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 necessary to force the addition of
0's to the incoining 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 connection, the MUX E_‘._nab'le-, and Register Enable control
signals generated by loading control state machine 33 and comparispn .logic
state machine 49. may be ascertained from the timing sequence table set
forth in Figure 9 and the following list showing the order of processing

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

1. Receive Y coordinate on Dataln



‘address input to |oading control state nmachine 33 to contain a val ue

I ndicating that the incomng data is Y line. At clock cycle 5,

mul tiplexor 36 is instructed to s€le h—' | ow order 16 bits on Dataln and
mul ti plexors 35 and 40 and |logic gate 42 are instructed to pass the | ower
16 bits of YRasOf. During clock cycle 5, adder 31 adds the' outputs from
mul ti pl exor 36 and | ogic gate 42 and places the result at its output. At _
the end of clock cycle 5, regi sters Y2L, Y3L and YOL are enabl ed and | oaded
with the value fromadder 31, i.e., 9 representing the |ow order bits of
the value 9 that was on Dataln At clock cycle 6, multiplexor- 36 is

I nstructed to. sel ect the.high.order 16.bits on Dataln and multipl exors 3&”/
and 40 2ad | 8gdcthgatow pderr |br\'§t?ﬁé@%d"—%"%gsc?‘?fé"!ﬁbm-extended upper 16
bits of YRasOff. cYRAROEL, {loveg  16-biks) 31 adds the outputs from '
mul-ti pl exor 36rarhnb | othiec loputarder 16nbits lof CRELAYAL pointed tatby windsatiut .

During clock eycl® 6, Otsgi sters Y2H, Y3H and YOH are enabl ed and | oaded
with the value fromthe output of adder 31. At clock cycle 7, the conmand
“write Li neX( 7) pl aces the val ue 7 on Dat al n, and causes the regi ster

address i nput, to Io machl 33 to contain a val ue

i ndi cat I30 t Add gﬁe ééc’igltﬁ n’°X°V’F ‘f‘ﬁ’rimf“ek ¥manner registers
X2L, X3L and XOL & e é’\ﬁ?ﬁgﬁ & neﬁ&ﬂ‘é%ﬂ t‘!PPPba’(f b8 val ue 7 after which t he
“index regi steofi ) ncitharbighegrderols bitscofs YOH-Y3Hpoimed do by 4indes-1 v

coordi nate regirst@rs 08 other objects follows the same pipeline schene
descri bed aboaad Exampbmpafeothet résaltgbf step ZaMtheotlngeeoqrdmagpsven in
exanpl es 2 and 3 above. In a sinilar manner, quadrilateral objects are also
| oaded. Raster offset registers 41.and clip coordinate registers 39 are o’
| oaded i4 a Compars thenresalt ofsstip 2 e CipMing YEestMimr¥CHpMax, dadcr i bed
above, howevdTesiMgk andaéxamiie ithe i upper USt bils tof thermeulﬁ) of §teps aach add

cycle. (i.e. and3seruale ll's)aﬂdrw)O' '

In steps 2 and 3 above,__ the choices a), b) or':'c_) are made as follows.
For non-relative writes to an indexed iegiéter._ (PNT, LINE.- TRI, QUAD, RECT) N
choice a) is selected. For a relative write to an inde;_e_d register (RELPNT, '.
RELLINE, RELTRI, RELQUAD, RELRECT) choice b) is selected. All other
writes select choice ¢). The _'loading of an X coo_rdinate foﬂows the same

flow. -

With the foregoing restncuons and definitions in mmd and assuming
that the index register value in index logic 43 is '01' and regnsters (X0,Y0) -
(X3,_Y3)_as described above wnt__h reference to. Figure 4 are all 0, the '
following Sequence of eventé takes place to load the registers‘ so as to
define a line havmg endpomts whose X,Y coordinates are (3 6) (7,9) as in

Example 1.

At clock cycle 0, the command write P_n_tY(6) pla__c_:_es' ihe_ value 6 on

Dataln, and causes the registér address input to .loading control state



The present invention, by use of the index register in index |logic 43 also,
performs relative addressi ng which provides an efficient mechanismfor

di-spl ayi ng duplicates of objects. ReLatiéa'addLessing i s best described by
way of an exanple as follows. The three vertices of a triangle may be -
defined as [err] and [err]. To duplicate this object 50 tines at
different | ocations on the display, it would be necessary to store 150
pairs of XY coordinates. Using-relative addressing, one vertex is defined
as the origin [err], and the second and third vertices are defined as
offsets fromthe previous vertex, i.e., [err] and [err]. To duplicate the
objebP’SO tines, all that needs to be stored are the two offset pairs and a

new [err] f&achinen33ug Fonteia pjvalue ipdicating, that (the ingomingodats isud ¥ f set

pairs total)..Thisg,C corli . e i iQn.py first
storing the%gﬂ-['gi %‘o@g‘ﬁ'glgxg'?e?g%ﬂ %\Q@&dg t{)gﬁﬁﬁlree gﬁ%ﬁg&\r‘egl S er'ppai rs
Wthin XY GREEGQPRE defétt the fowd ordérl 16 Bifs bR dButitn | @Admukislexos 85. €.
PntY, PntX). The two offset vertices are subsequently stored relative to
the vertex [be.ntmultiplexoys 35¢ and 3§b) and| 4% apfl logic igatecA2rasgi imstmctedhios | s

acconpl i shed by selecti the vertex poipted, to by (jindex -1) .to added
to Datal n pPast the, lowsy Eg(,bﬂtsl ?fag'hﬁ.éff'?'h hys, during §¥%Le?¥€i‘d lbfdé?rnggx -1) is
guaranteed t I e eyl N € lat E1akbe ective
of the. t ype “ap AHE, Otpile RORF uliplent BECuhe d3gtc] GRETR? i plactd ThETC] UT
whi ch the rqedilt ue il ditpit. ARl i the .endoo alock aycled| tegisters’ ¥OL-Y3ktareage

| ogi ¢ 47 Conparison |logic and result storage logic 47 will now be descri bed

Yvi t ru_ef er erepabled and)dpaded; withy tise valitep fifom Adden Jile. ihiad 6r EopTesenting  thee
i~ 47 i | t] 103, 1 07 09 Fi 7)),
and compar adBPsofss Pis oF IR PAINP & Bt Wik of ety " Al flop BytiiFry, O © 7

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

multiplexors 35 and 40 and logic gate 42 are instructed to pass the sign
extended upper 16 bits of YRasOff. 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, rggistérs YOH-Y3H are
enabled and loaded with the value from the output of adder 31. At cycle
3, the command write PntX(3) places the value 3 on Dataln, and causes the
register addréss input to loading control state machine 33 to contain a
value indicating that the incoming data is an X point. Also at clock cycle 3,
" | multiplexor 36 is. instructed to select the low order 16 bits on Dataln and
multiplexofs 35 and 40 and lbgit; 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
end of clock _cycle 3, registers XOL-X3L are enabled and loaded with the
valve from adder 31, x.e. 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 logié gate
42 are instructed t6 pasé the. sign extended upper 16 bits of XRasOff.. At



(see Figure 8). Registers R1-R44 store the results of the operation of -

conparators 121-124 as shown in Table I1: TABLE Il Rl XO XCipMn

R23 YO: YA ipMn R XO XTestMn ¢ . R24 YO YTestM n R3
X0: XA i pMax - R25 %g?d i pMax R4 XO XTest Max

R26,YQO YTest Max R5 -X1: XCl i pM n - R27 Y1: YA ipMn R6
X1: XTest M n o R28 Y1: YTestMn R7 X1: XCd i pMax

R29 Y1:Yd i pMax R8 X1: XTest Max - ' " R30 YI:YTest Max RO
X2: XC'i pM n R31 Y2: YA ipMn RlO X2: XTest M n

R32 Y2: YTestM n R11 X2 X i pMax - R33 Y2: YA i pMax R12
X2: XTest Max R34 Y2: YTest Max R13 X3: XCli pMn

R35 Y3cigekl é}Mlé‘ 444d¢8: Wﬁéddvkﬂb outyuts from miultiplexoR356 %ad \iﬁgﬁi Yate R15
X3: XA i pva 3: YA ipMax R16 X3: XTes

R38 Y342"Fmdt placeRthe xeultiat its output. During clock cyclerdp reghstess KOH-XO X2
R40 YQ R19 XO

RA2 Y1 are @ﬁbég 'and loaded ‘with the value from t ! 4§9 Y3p?2 @%@2

Ras ggfmf &ga ihalk %eg.'ster%ci?.eimté@r ADRIGR BRI S ihe! StRn%hET

write: LmeY(9) places the valie 9 on Dataln, and causes the register -
address input to loadmg control state machine ‘33 to’ contain a value:
indicating that the mcomu_xg data is a Y line. Af clock cycle 3, muluplexor- '
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
YRasOff. 'During'éléck': cycle 5, adder 31 adds ihé"butputs 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, ie., 9 representing the low order bits of the value 9 that |
was on Dataln. At clock cycle 6, multiplexor 36 is instructed to select the
high order 16 bits _oh' li)htaln and multiplexors 35 and 40 and logic gate 42
are instructed to pass the sién extended upp'é'f- 16 bits of YRasO_ff.. - 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 _Ioaided'ivith the value from the output of adder
31. At clock cycle 7, the command write 'LineX(‘i) places ‘the value 7 on
Dataln, and causes the register addreés input to loading control state’
machine 33 to contain a value indicating that the .inconiing data is an X
line. In a like manner registers X2L, X3L and XOL are eventually enabled
to load the value 7 after which the index register is incremented from 2 to
3 as shown above. Loadmg X/Y coordinate fegisters for other objects

follows the same p‘ip'eliﬂe scheme described above. Examples for triangles

g



YC i pM n/ Max, XTestM n/ Max, and YTestM n/ Max which store a one bit result,
the indicated register stores a two bit result of a conparison between the
two indicated values. If the value on t ft of the colon is greater than
the value to the right of the colon, th ary value stored in the
corresponding register is "10'; if the value on the left of the colon is

| ess than the value to the right of the colon, the binary value stored in

t he corresponding register is '01'; if the two values are equal, the binary
val ue stored in the corresponding register is '00". For XClipMn, YCipMn
XTest M n, and YTestM n, if the coordinate value conpared is less, a 'l is
st or e, othermﬁse a'0' is stored. For Xd ipth and YO ipMax, XTest Max,

YTest Max i f e e compared.is te is s ored t her wi se,

0%l ot ort Centiain, 3L ENAR 1 Bt 2 oy 3 ahpye. 108 & sumilan Aty o
fromX'Y c aﬁkﬂﬁkf‘alrﬁgeéiseﬁfe 3iso Nesdddy XOL, YOL - X3LY3L clip coordinate
registers 3 namely XAipMn, YO ipMn and Xd iphax, YO i pMax and test

wi ndow control 45, nanmely XTestM n, YTestMn, XTestMax and YTest Max. O
course, at any ckastem offsett mnstnq;uéb and elipt candmates regmer&@ atg)doaded7 and

109 are elther X \ ues or Y descr| bed ove on a MJX
Enabl e sign® 3 °§8$%ﬁt‘?e§}s"§§ aﬁa@?ﬁcﬁ °&9‘%l’5’rrpar at or

121 Conpar%wwe&'mgg%%xel% ﬁua*n ctamorwg}ée %%@r atfih@UERIE. Qe a7y,

conparators 122-124 are nul t| exor 5 an 107 outputs on the one
hand and mudbsopitexdsadifig) out put on the other. The outputs from conparators
121-124 are input to nultiplexors 131-146 which direct the appropriate

datag t i st R1-R44 to be | oaded foll, t put, f
Compt at or 121 1000 BB IY<RHORPY | Heonh e 89 roplied do Hen 388%A ch ar e

used to | Oaﬂs{) , CHLrEoimsS rE?l]athZadcﬁ‘éssnﬁﬁl whikh Provides an efficient mechanism
for displaying duphcates of objects. Relative addressing is best described
by way of an example as follows. The three vertices of a triangle may be’
\_/ defined as (_Xo,Yo). (X1,Y1) and (X2,Y2). To duplicate this object 50 times
at different locations 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 (X0,Y(), and the second and third vertices are defined as offsets
from the previous vertex, i.e., AX01,AY(Q1 and AX23 AY 23, .To duplicate the
object 50 times, all that needs to be stored are the two offset pairs and a
neiv X0,YQ for each duplicate (i.e. fifty object origins plus two offset pairs -

total).

This can be accomplished in the present invention by first storing the
origin coordinate pair vertex in one of the regnster pairs within X/Y
coordinate registers 37 using an indexed loading style (i.e., PntY, PntX);
The two offset vertices are subsequently stored relative to the vertex
pointed to by' the current value of the index register. This is accomplished
by selecting the vertex pointed to by (index -1) to be added to Dataln

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



R13;" R17, R18,.and R19, for X values and registers R23, R24, R25, R26, R27,
R31, R35, R39, R40, and R41 for Y values as shown in Figure 8 and Table Il -
below. In Table I'll, A B, Cand D ref g_conparators-121, 122, 123 and
124 respectively. The out put from conparator 122 is connected to

mul tirpl exors 132, 135, 136, 137, 138, 140, and 144 which are used to | oad
registers R2, R5, R6, R7, RS, RlO R14, R17, R20, and R21 for X val ues and
regi sters R4, R27, R28, R29, R30, R32, R36, R39, R42 and R43 for Y val ues
as shown in Figure 8 and Table I11. The out put from conparator 123 is
connected to nultiplexors 133, 137, 139, 140, 142, and 145 whi ch are used

to load re Q X val uad
and re l?f tgé@é %’9% aﬂ% 3%41’"’%‘9“%‘%6 g% tte ;{Heﬂiff(e{fv& Y

val ues gfSthiehge bﬂvﬁ'itlU(m'lS BnaaTab geadd is, thBRfere] Bhe veR@ERADAr at or 124

I s- connected to nultiplexors 134, 138, 143, 143, 144, 145 and 146 which are
used tmhmhdth&agebtmesotmf;t qaphemz R13, R14 R15, R16 R19; R21, and R22
for X values and registers R26, R30, R34, R35, R36, R37, R38 R4l, R43 and
R44 foraY vaI Ues 1as . Show ) .and Table I11. . The conpari sons

u . imm ' oot di nat e sequenci.ng block 17 and
functi onal addreSS|ng bl ock 19 in order to properly execute supported.

operations (CdmparisohsSlogicrand resule sterage dogicad7 rwilllabwnbe desciibed) and
perform proper clipping. Conparison Control State Machine 49 Conparison
control Wghateéem%ltﬂeFlSWQ I@Ql 8. wepapagisem|! ggctzmgl multoei@rmar ators,

mul tipl and re |ste o tora 47. A

rut "B orompaste, rE iR e 1GE 057 308 {5 ede Figtdh,
and comparators 121-124, mulup]exors 131-146 and regxsters RI-R44 ' o
(see F:gure 8). ' -

* Registers Rl-_R44 store the results of the opetatio_n. of comparators
121-124 as shown in Table II:

R1 X0:XClipMin
R2 X0:XTestMin

R23 YO0:YClipMin -

R24 YO:YTestMin

R3 X0:XClipMax R25 YO0:YClipMax

R4 X0:XTestMax' R26 YO0:YTestMax
RS X1:XClipMin R27 Y1:YClipMin

R6 X1:XTestMin . ‘R28 Y1:YTestMin
R7 X1:XClipMax R29 Y1:YClipMax

R8 X1:XTestMax. . R30 YI:YTestMax
R9 X2:XClipMin R31 Y2:YClipMin

R10 X2:XTestMin

R11 X2:XClipMax

R12 X2:XTestMax -

R13 X3:XClipMin

R14 X3:XTestMin .

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

- R36 Y3:YTestMin

R15 X3:XClipMax R37 Y3:YClipMax
R16 X3:XTestMax R38 Y3:YTestMax
R17 X0:X1 R39 Y0:Y1

R18 X0:X2 R40 Y0:Y2

R19 X0:X3 R41 Y0:Y3

R20 X1:X2 R42 Y1:Y2



clipping registers by the conparison control state machine 49 is shown in
Table 111 for elock cycles 0 and 1, with conparators 121-124 referenced A
B,- C and D respectively. Table Il sets_forth the output of each conparator
121-124 for each of the inputs XOL-3SLAGH pM n, XC i pMax, XTestM n and
XTest Max. In this connection, "although Figure 8 shows that the outputs of
mul ti pl exors 101, 103, 105 and 107 are input into one side of conparators
121-124, with the output of conparator 109 being input into the other side.
For consistency, it is necessary to store the conparisons of XOL to XI1L,
X1L to X2L and X2L to X3L etc., rather than the other way around (e.g., XiL
to X . Forpdjhki.xgason, when the col urmB ?W?.ed reverse is "yes," the
out put s frorﬁﬁ)ﬁ arptors 121-124 are reygisesaslhis is handl ed by the right
i nput of nult exors 131-146. The outpui from'the indicated conparators
121- 124 are dlrectly input to the left side of the indicated nultiplexor
131-146. The righ 'l’nhlle |le exceptingpfdr thec comparisons 2inyblving t X¥ClipMinMaxe

i ndi cated cq rator: verse bit o Thus, the _cqlumm | abel ed reverse
becones the {'T&a!l Q&Tesfm%@‘?’bﬁ“?fﬁlh%ekﬁrs

REVERSE @Bﬁ&&gﬁﬁ% %&% hbfes » endf Bl pisblr S Ehinpatinape "™ 5

0C ﬂwé@i— the two indicated Vildes. If the valu@ oB the left ok(he Xﬁﬂon is
YES XOL: XA i pM n

XOL: XTest M rgreater than(m value to the rigit of the com tl(el bipatyx value storedYBs
1D X

e

e c%Tmsponci{mg register is E‘?O' if the value %n the left of the colon is less
than the value to the right of the colon, the binary value stored in the
correeponding register is '01'; if the two values are equal, the binary value .
stored in the corresponding register is '00’. For XClipMin, YClipMiri;
XTestMin, and YTestMin, if the coordinate value compared is less, a ‘l' is
stored, otherwise, a '0’ is stored. For XClipMax and YClipMax, XTestMax,
YTestMax if the value compared is greater, a '1' is storeel, 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 cox_ntfol 45, namely XTestMin, YTestMin, XTestMax and YTestMax.
of course; at any one time, the inbuts .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 multiplexoi's-



WRI-TE TO X1 A X1L: XOL | NO _ 0C ©X1L: X2L

YES 0D X1L: X3L YES 0. A

X1L: XCi pM n YES - %élB Xl L: XTestM n” YES

1C X1L: XA i pMax Y 1D - X1L: XTest Max - . :
YES . 1 WRITE TO X2 A X2L: XOL _ 0
B X2L X1L NO 0D ~ X2LX3L

YES 0 A X2L: XA i pM'n - YES . 1B

- X2L: XTest M n YES ' 1C X2L:. X i pMax YES

1D X2L: XTest Max YES 1 WRITE TO X3 A

X3L: XOL ND 0B X3L: X1L NO\J
0C 131-14G | which direct the appropN@te data to reglstgsARl-R44 toxbe Xdi pM n

YES - X3L: XTestM n - YES 1 C

x3L: xci 1opigg, as folfdws. , | 1D X3L: XTest Max .~ YES

1 COVPARATOR COWPARISON - .. . - .- REVERSE . CYCLE WRITE TO -
~XAipMn A The output %ﬂnp%ﬁpa’ﬁhor 121 is connecibd to muluplexors 13-

135, 139 and 143 which are used to load reglstets Rl R2 R3 R4, RS R9

R13, R17, R18, and R19, forx values and registers R23, R24 R2S5, R26 R27

R31, R35, R39, R40, and R41 for Y values as shown in Flgure 8 and Table nn

below. In Table III, A, B, C,and D refer to comparators 121, 122, 123 and .
124 respectively. L o _ \J

‘The output from comparator 122 is' connected :'to_'multiplexors' 132,
135, 136, 137, 138, 140, and 144 which are used to load registers R2, RS,
R6, R7, RS, R10, R14, R17, R20, and R21 for X values and registers R24,
R27, R28, R29, R30, R32, R36 R39, R42 and R43 for Y values as shown in e _
Figure 8 and Table IIL ' ' | |

The output froin. compara_tor 123 is connected to multiplexors 133,
137, 139, 140, 142, and 145 which are used to load i'egisters R3;, R7, R9Y,
R10, R12, RIS, RIS, 'Rzo" and R22 for X values ana registers R25, R29, R31,
R32, , R34, R37, R40 R42. and R44 for Y values as shown in Figure 8 and
Table III L '

The o.utput. from Cdﬁparator 124 is connected to multiplexora 134,
138, 142, 143, 144, 145 and 146 which are used to load reglsters R4, RS,
R12 R13, R14, R15 R16 R19, R21, and R22 for X values and registers R26,
R30, R34, R35, R36 R37, R38, R41, R43 and R44 for Y values as shown in
Flgure 8 and Table III.



B Xa i pM n: X1L NO 0ocC -

Xa i pMn: X2L - _ NO - 0D XC i pM n: X3L

NO 0 A XTest M n: XOL NO - 1B
XTest M n: X1L ' ~ NO 3 C ' XTest M n: X2L

NO ‘ 1 D ‘XTest Mn: % - NO 1
WRITE TO XC ipMax A XA i pMax: XOL NO 0B
XA i pMaxXl L ND 0C XC i pMax: X2L

NO 0D - XA i pMax X3L NO - 0 A
XTest Max: XOL ~ NO 1B XTest Max: X1L

NO 1C XTest Max: X2L NO . o
XTest Max: X3L ~ The comparisgns done and stored jarghthose sigauired byrgooedippte 41 e
repeated in a simnl nper. f.op YOL- Y. YC | Cl i YTestM n and
YTest Max. FIUFRCIBE 2@8&5 n{'ﬁ@npefué}c&\?gal[ ?hﬁhﬁﬁsg'%%%ﬂ‘e L 6#124@%'('0}10 Datal n, the
register | Oéﬂipgﬁrp€£ééﬁ5§%p Yribd Soprafiérss DRAW] 16 knbdwn s Y qeadrildienstt €
regi sters 37, "clI'p coordinate registers 39 and conparison logic and result
storage 47. refidering/moarBELIT) andt perform greperaclippisgsupports the i ndexed

| oadi'ng schene as previously discussed utilizing both the index register

val ue assocjated .w t atwri e |l e .aj d4TabI e V. Since the register

poi nted to By e Fhrore . 2 war al ways witten irrespective of
the type of indexed wite, the appropriate Mux Enables for MJXes 101, 103,
105 and 107 are Gehpsrisoi Bontrole satsTmrachiien 490ist logic sthitie emblesntheassuni ng a

single register wite to that coordinate, For-exanple, if a rectangle wite
to, - various comparators, multiplexors and registers in comparison logic an

e

result storage 47. A truth table for absolute loading of the coordinate and
clipping registers by the compal_'ison control state machine 49 is shown in
Table III for clock cycles 0 and 1, with comparators 121-124 referenced A,
.B, C and D respectively. Table IIT 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 comparatofs
121-124, with the output of comparator 109 being input into the other
side. For consistency, it is necéssary to store the comparisons of XOL to
X1L, X1L to X2L and X2L to X3L etc., rather than .the other way around
O (e.g., X1IL 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 comparatoré '121-124 are directly input to the left side of thé
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 coordinate loads. -



X wth an index of 3 is received, the conparison Ibgic will operate as if

an explicit wite to X3 was recelved and do conmparisons X3L vs (XOL, XL, -
X2L, XAipMn, XdipMax, XTestM n. tMax) as is required.” The difference ,
bet ween an absolute | oading of a register and an indexed (or relative
indexed) load is that in the indexed case, nore than one coordinate storage
register in 47 -may be enabled to receive the conparison results and the

mul tipl exor selects for multiplexors 131-146 are generated according to
Table 1V instead of Table Il1l. In the previous exanple of a rectangle X
wite with an index of 3, conparison registers (refer to Table Il or Figure
8) R1-R3, R13-R16, R17- R19, and R21-R22 are witten. The foll ow ng

registers pairs will store the sap&BLEdilyi dual conparison results: (R17,
R21), (R18, R22) (RL, R13), (R2, R14), (R3, R15), and (R4, R16). TABLE IV

COVPARATOR COVPARI SON TYPE : . _ ERSE | N B
x0: X1 COMPARATRQR COMP. 9815 C REVEREEVXO__XZ CY% PNT

yes D WRITETO(QCB(O X3 PNT ' yes C o X1: X2
PNT B XoL:X1LP XS yes D
X2: X3 PNT yes B X0: X1 LI NE
yes (FC XOLX% : LE _ Ty (3 D
X0: X3 D | N XOL:X3L | | X2 LI NE
Jes Ap XOL: xeap% LV D
X2X3 B LINE XOL:XTesjMin o YES
C XOL:XClipMax YES 1
D ~ XOL:XTestMax YES - 1 A
o B o/
WRITETOX1 N | |
A XI1L:XO0L | NO 0
c XILX2L YES 0
D XIL:X3L YES 0.
A XIL:XClipMin YES 1 -
B " X1L:XTestMin S YBS 1 o/
C X1L:XClipMax YES 1
D - X1L:XTestMax - YES 1
WRITE TO X2 | .
A X2L:X0L NO o
B X2L:XIL NO 0
D . X2LX3L YES 0
A ~ X2L:XClipMin Y 1 L
B X2L:XTestMin YES 1 '
C X2L:XClipMax YES 1
D X2L:XTestMax YES 1
WRITE TO X3 ) |
A X3L:XO0L NO 0.
B - X3L:XIL NO 0
C X3LX2L NO 0
A .~ X3L:XClipMin© = YES 1
B :X3L:XTestMin - YBS 1 .
C X3L:XClipMax YES 1
D " X3L:XTestMax - YES I.



COVPARATOR  COVPARI -SON

TYPE REVERSE | NDEX A X0: X1
LI NE no ° . 1A ' XO X2 LI NE . no . 1A
X0% X3 LI NE . ho — 35X1 X2 LI NE yes
1D - . X1: X3 LI NE yes X2: X3 LI NE
yes 1A X0: X1 LI NE yes C X0: X2
LI'NE yes 2 D X0: X3 LI NE yes 2 B
X1: X2 LI NE . ho - 2 B X1: X3 LI NE no
2 C X2: X3 LI NE ©yes 2 A X0: X1 LI NE
yes ., 3 COMPARATORXO COMPARISONNE CCYQE X0: X3
LI NE e ' Xl X2 LI NE yes 3D
X1: X3 WRNE TO XCthﬂ | X2: X3 LI NE no
3B X0:41 - TRXClipldin: XOL yes d0C X0: X2 |
TRI / RECT yesB 0 XClipMin: XlLXO X3 N3 / RECT yés . 0C
X1: X2 TRl / RECT y eXClipMin:X2D . N X3 TRI ORECT yes
0 A X0:pxl TR{CREQ]}.;}QL no ND A ¥o: X2
TRI / RECT no A 1 OXTestMin:XO0LX1: X2 Ny / RECT yes 1D
X1: X3 TRI/ R%JT YRS estMin: X1 1P N R TRI 4RECT " yes
1 c XTestMin:X2L NO 1
D XTestMin: X3L NO 1
o WRITE TO XClipMax _
s A XClipMax:X0L NO 0
*B XClipMax:X1L NO 0
C XClipMax:X2L NO 0
D XClipMax:X3L NO 0
A XTestMax:X0L NO 1
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-
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

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

by the index register value is always written irrespective of the type of
indexed write, the appropriate Mux Enables for MUXes 101, 103, 105 and

107 are selected by the comparison éontrol state machine assuming a

single register write to that coordinate.

For example, if a rectangle write to



A | X0: X2 TRI/ RECT - no 2 A : X0: X3 TRI / RECT

no 2B X1: X2 TRI / RECT no : 2 B . X1: X3
TRI / RECT no 2 D - X2: X3 TR/ RECT yes 2
COVPARATOR ~ COVPARI SON TYPE . REVERSE | NDEX B :

X0: X1 TRI / RECT _ L yes 3C o X0: X2 TRI / RECT
yes ° 3D ' X0: X3 TRI / RECT yes 3 B

X1: X3 TRI / RECT ~no - 3 C ~ X2: X3 TRI / RECT
no 3 B - X0: X1 QUAD yes 0C

X0: X2 QUAD yes__.-. 0D - X0: X3 QUAD
yes : 0 A X0: X1 ~ QUAD no 1C o’

X1: X2 x w:th anQdﬁQx of 3 is reééﬁ'%d the com%XB loglc will olﬁ%g(%s 1f an, o QUAD

yes

X1: X2 exphcut wﬁtéAEb X3 was reuaved and do Eoﬁpansons X3L vsX@(OB XIL, - QUAD
Yaoys XoL, xcuw;g. XClipMax, ,;grestMm XTgstgijx) as is requu'egk.z 'Rg QUAD

no t er St at us. generatio c
generatdéts.fmfﬁi‘g§ gé %Sﬁe%' é(f@%g 33/?%‘?5“" ""'a’Hb‘F '\# ‘?%W is a2
bi t si qamuvenﬂidéﬂéw%amﬁ #0dt in) ehe fdeXeli OCask Horb%ﬂﬂr@nebxosmnﬂéf dvare of
the present invention or b

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

and the multiplexor selects for multiplexors 131 146 are generated

according to Table IV instead of Table IIL B \d

« In the previous example of a rectangle X write .w'ith 'an index of 3,
comparison registers (refer to Table II or Flgure 8) Rl-R3 Rl3-R16 R17-
R19, and R21-R22 are written. The following regnsters pa:rs will store the
same mdxv:dual companson results: (R17, R21), (R18 R22), (R1, R13), (R2, o/
R14), (R3, R15), and (R4, R16).

COMPARATOR COMPARISON TYPE REVERSE INDEX

B X0:X1 PNT yes -
C X0:X2 - = PNT -yes - )
D X0:X3 . PNT yes - ' \J '
C - X1:X2 PNT - yes -
D X1:X3 PNT  yes -
D X2:X3 PNT - yes -
B X0:X1 LINE  yes 0

- C - X0:X2 - . LINE yes 0

D - X0:X3 - LINE yes 0
o4 - XIX2 - LINE ‘yes- - 0

D X1X3 LINE yes 0
D 0

X2:X3 LINE yes



software. Up/R-to-L is a 2 bit signal indicating whether operation should
be processed top to bottom bottomto top, right to left or left to right.
HDEVISis atw bit signal indicati et her the object to be drawn is

hi dden, i.e. behind the active clTp wndow or visible. To generate these
signal s, status generation |ogic 51 receives as inputs the registers Rl-R22
for X coordinates registers R23-R44 for Y coordinates and the four 4 bit
signal s indicating the upper 18 bits are all 1's and all 0's fromX Y

-39 coordinate registers 37. The nanner in which status generation logic
generates the foregoing control signals will-be explained with reference to.
Fi glres 10-14 which are truth tables for the logic performed by status
generation logic 51. The logic circuitry necessary to inplenent the truth

t abl es of F W%ﬁ '&WA’R]SON“' Nypg CapalREVERSES @NDEXr sons skill ed

in the rel eva i gur Is atr tabl e utgdizing cpnparison
results for theﬁo coor di na 4

aL ‘and Truth,dables ufilizing
conparison results for the '

and Y coordiY[Im; es by spbstituting
t hose coordinateé and usi ng pPMn, pMax, stM n angd YTestMax in
pl ace of XOd i pM(ﬁ, XA i pMatxX ¥Fest M n est Ma ?Sor the ¥ coordi nates.
The left side ofPthe table Krléq he i an and t he ¥§ ht Si db are the
outputs. In the Pable, the K}F?Q)I -+ MNE don't o¥% 0 and 10 neans the

bus bit values are all 1's or not all 1's respectlvely (from X/'Y coordi nate
registers 37); amd Z and IZX0%hs the GNEpit val ¥@Sare al? 0's or not all
0's respectivel yo(from X' Y ®@X2i nate rdddiEst ers 37yes” XO i ndi de 214" means
the 32 bit XO coprdinate isX0X3esentallllNB n 15 biyes XO i &side cli p

meaks: XO is on og inside thgiX2p w ndMNE boundarmes; "XO 2Znside test"
means XO is on of inside. thgth;t WI ndQINE boundarnos. The Butputs "XO <

XAipMn", "XO <cXTestM n", x2Q3> LINE yes 2
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 TRURECT yes 0

[ of X1:x2 TRI/RECT yes 0

D X1:X3 TRIYRECT yes 0

~ A X0:X1  TRIRECT no 1
A X0:X2 - TRIRECT ‘no 1

C X1:x2 TRI/RECT yes 1

D X1:X3 TRIVRECT yes - 1

D X2X3  TRIRECT yes 1

A X0:X2 TRI/RECT no 2

A X0:X3 TRIRECT no 2

B X1:xX2 - TRIRECT . no 2

B X1:X3 TRI/RECT  no 2

D 2

X2:X3 = TRVRECT yes



XA i pMax", and "XO > XTest Max" are fedback and used as inputs. To formthe

out puts, the inputs on a hori zont algge are ANDed toget her and.the outputs
. {n a colum are ORed together. r—exanple, referring'to the first .
two lines of Figure 10, if XO[31] :(ie., its sign bit) is 0O AND X0130: 14] ' .
(i.e, its high order bits 14-30) are aII 0's, OR X 31] is 1 AND XO[ 30: 14]
are all 1's, then XOis inside 214. Slmlarly referring to the last |ine

of Figure 10, -if X0 < XTestMn is O (i.e. false) AND X0 > XTestMax is O,
then X0 is inside the test wi ndow. Figures 11a and 11b are a truth table
utilizing conparisons between each of the four X vertices and each of the
four Y vertices. As was the case with Figure 10, the values on a hor i ZoNeAl

i nput IGOMPARATARDe d COMBARISON t HTYPE: resuREVBBSElg BINDEical 1 (true) or O
(fal se) andBt he i ndi catX@iXdut put SRIBBCIPt f or yesp, botBom. right and left) -
are fornmed Qy CRl ng it XEKLr espoTRIREC®! um. yEbe outp@dts top, bottom -
right and Ipft which ang:xpown amz or gegre intgrpreted as follows.
The value Og 1, 2 or 3)§pxglf|es oordi ggte of Xg-X3 or YO-Y3 is the

| argest (top), small est ttom RECTFOSt (| gght) ang leftnost (left).
The synbols <, > E L an on-t he |nput S|de |n I cate that the specified
conpari son esult S Ir—i aghan ' t han, ?ual to | ess than or equal
- to and grealer than or ¢ to re ; iver though the nmeani ng of the

outputs is defined by the’fable, t |1 owi n etsfopthin wor ds what
each .i ndi cated out put cilleg * ' nmeans ﬁﬁt if aOhorizontal line is
dr awn throu%h t he object defined by:-the four pairs of vertices, it would
cross two of* nore edge KO0:X4 obj ect QAR K for M@ bow tile is an exanpl e of”
an object t®at woul d cXbX2i| | egal QUADe trueyeBoriz-mdans all four -
vertices hale the same X1:¥3 uve. QUAD yes 1 )

A XOXZ QUAD no 2

B X1:X2 QUAD no 2

D X2X3 = QUAD yes 2

A X0:X3 QUAD no - 3 e

B X1:X3 QUAD no 3

C X2:X3 QUAD no 3

tat eration Logic

Status gén_etationlilbgic 51 g_enéi'étes__ the control signals HW/SW, _
Up/R-to-L and HID/VIS. HW/SW is a 2 bit signal indicating whether the
operation will be done by the hardware of the present invention or by
software. Up/R-to-L is a 2 bit s.i_g'na:_l indicating whether 6peration should
be processed top to bottom, bottom _t;';top'. nght to left or left.to right.
HID/VIS is a two bit signal 'indit':a:ﬁ.xi:g' whethér the objéct to be drawn is
hidden, i.e. behind the actlve clip wmdow or visible. - To generate these
signals, status generatxon logxc 5t recewes as mputs the registers R1-R22
for X coordmates regxsters R23- R44 for Y coordmates and the four 4 bit

s:gnals indicating the upper 18 bits are all l's and all 0's from X/Y



vert-nmeans all four. vertices have the same X value. rect-neans the object
defined by the:four coordinates forns a ct angl e. | ine-means the object
defined by the four coordinates forms a IDDT.—EQ 01 neans vertex 0 equal s
vertex 1. (defines the sanme point) EQ 12 neans vertex 1 equals vertex 2.
(defines 'the sanme point) EQ 23 neans vertex 2 equals vertex 3. (defines the
sane point) EQ 30 neans vertex 3 equals vertex 0. (defines the sane point)
Figures 12a-12d define a truth table utilizing conparisons between the four
X and the four Y vertices and the clipping boundaries. The inputs top,
bottom right and left are fromthe truth table of Figures 1la-11b. Wen

the Outputs._t i sibl. bgtt om,visible .right,visible and.|eft .visible are
I (i.e. IOt r ucé’)o?&f'#ee (k) lgtg{s gZTi Elfé‘ %‘fgbﬁ‘e"f 0 cBo%?‘d‘F nﬁ"@"%&?"r 9% i nsi de
the clip wigierites ke @%g&@%ﬁhhp signals willebebéxpHink® With Stefé&reRtt to
surrounding the clip window. H dden is applicable only for quadritaterals

and i ndi catlEigutesal 044l which avertnithetablesefarl ther ilogic, pérfdrmed: by statusot t om of

the clip w ndow. , H dden 01 ( efeirs_ to BLIT SRC rectangl e) and hi dden_23 -
(refers to §SPFMAtigASOge lang'héﬁ PBIG cCLECWIITY; RecesSaRy, fPnEuplsment the trythy e 13

(re Hoesegiectiang! "gur
Yovert cos S JE P MOLEL TP, VATRAMiCHR. GRURRLs) OF obfilhe il b2, . O

and "bottonthel rdlevadtestt., when true, nean 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 tqo draw objects or
perform BLI Ts i KightgelO (1§ aitsutlyitalle utilizing sompagison, fesuiso bk the ki i i pped

pi Xe&Lf by %&?&ﬁkie“kbﬂemﬁ gﬂﬁ-b? rhth tatids L.ltilimni_gt céfiparison results for the
X1-X3 and Y0-Y3 coordinates by substituting those coordinates and using
YClipMin, _YClipMax.- YTestMin and YTestMax in place of XClipMin,
* XClipMax, XTestMin and XTestMax for the Y coordinates. The left side of
U 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 (frdm XIY coordinate registers 37); and Z ﬁnd 1Z
means the bus bit iralue_s are all 0's or not all 0's respectively (from X/Y
coordinate registers 37). "XO inside 214" means the 32 bit X0 coordinate is
representable in 15 bits; "X0 inside clip" means X0 is on or inside the clip
window X boundaries; "XO'.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 fedback and used as inputs. To form
" the outputs, the inputs on a horizontal line are ANDed toge'ther'and the
outputs in a column are ORed together. Thus, for example, referring to the
first two lines of Figure 10, if X0[31] (i.e., its sign bit) is 0 AND X0[30:14)
(i.e., its high order bits 14-30) are all 0's, OR XO0[31] is 1 AND XO0[30:14] are

all 1's, then X0 is inside 2!4, Similarly, referring to the last line of Figure



~draw r-to-1 and draw up. These signal s conprise the signal Draw ng
Direction shown in Figure 2. Based the truth tables of Figures 10+<14,.
status generation logic 51- generé’t_e%e signals HW SW H D and VIS shovvn
in Figure 2 as follows: For quadrilateral objects- HW=.hidden OR surround
clip OR (NOT hidden AND NOT illegal AND all vertices are inside 214 AND
(all vertices are inside test OR (line AND at | east one endpoint is inside-.
test) OR (X0-X3 are inside test AND the top or bottomvertex is inside
test) ORrect). SW= NOT HW H D = hidden VIS = NOT hidden For BLITs- HW=
hid 23 OR (hid 01 AND BLI T SRC _CHK=10) CR (NOT hid_01 AND BUT SRC _CHK=10
AND NOT hid_23 AND - o
10, if X0 <XTestMm 1sO G.e. false)ANDXO>XTestMax is 0, then X0is

ms1de the test wmdow.

Figures 1la and 11b are a t_futh_ table utilii_i_n_g comparisons between
each of the four X.ve_rtig_:es _and each of the four '_Y__ver_ti__ces. As was the case
‘with Figure 10, the values on a horizontal input iine are ANDed together |
with the result being a logical 1 (trl_xe) or 0 (false) and the indicated
outputs (except for top, bottom, right and left) ate formed by ORiﬁg its
corresponding column. ~The outputs. top, bottom, right and left which are : v
shown as 0. 1, 2 or 3 are inteiprete_d as follows. The value 0, 1, 2 or 3
specifies which coofdinéie of X0-X3 "6':. YO0-Y3 is the largest (top), smallest
(bottom), rightmost (right) and leftmost (left). The symbols <,>.E,L and G on
the input side indicate iha_t the specified comparison resuit' is less than, \J
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 lllegal to be true.
horiz-means all four vertices have the same Y value.
vert-meéns all fou"r_ vertices have the same X'l' value.

rect-means the object defmed by the four: coordmates forms a

rectangle.



the source rectangle is inside 214 AND the destination rectangle is inside
214) OR (BLIT_SRC CHK=01 AND NOT hid 23 the source rectangle is inside
214 AND t he destination rectangle is’insi 214) where BLITSRCCHK is a two
bit value fromthe CPU which is set to '10' when it is desired to consider
the relattonship of the source rectangle to the clipping window. This is
necessary because the various graphics software which nay utilize the
present invention are inconsistent as to their treatnment of the SRC
rectangl e and the clipping boundaries. For this reason, the preferred
enbodi nent has left BLIT SRC rectangle clip checking as a software

St easecmt | plnd ioefs YGRS Arflbgt bR B B Pl B TR, 1

preferred enmbodiment of the current invention has utilized a 2 clock cycle

coordinate | oad EQaQ® rmeidsovere 0 equals|vaelexCyCl edefmes ahe Seamnes pofit) \Wer eas
these two stages can be overl apped as described, the overall latency is 3

clock cycles, with new input receivable (or new results_avail abl e) every
other clock cyclEQul2cmesns:vertex dy equals iwestezndt (defines g Samepolitle al so
shown coordi nate staging logic 15 receiving data at the fastest possible

o comeone skil1 T TRas PG T hpals Jerdily, | CHRRPRNE aie ol T e "2y
slower (less frequent) rate of data arrival. It shoul d al so be evi dent
that at the expeBQ:30fmeani vewem|3 lequals vegtexhOs t édefines the same point)
Nt Figures 12a-12d define a truth table utilizing comparisons between
 the four X and the four Y vertices and the clipping boundaries. The inputs
~ top, bottom, right and left are from the tn_hh table of Figures 11a-11b.
When the outpuis top visible, bottom visible, right visible and left visible
Y are 1 (i.e.. true), the object defined by the four coordinate pairs is inside
the clip window. When sﬁrround clip is 1, the object is outside but
surrounding the clip window. Hidden is appﬁcable only for quadrilaterals
and indiéates 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.

S Figure 13 defines a t-ruth table utilizing comparisons between the
| four X and the four Y vertices and the test window boundaries. The
outputs "top ﬁvithin test” and "bottom ivithin- 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,



overall latency and a shorter. throughput -are possi.bl e as. sinple extensions
of the present- i nvention. -45- CLAIMS 1. In a graphl cs .di spl ay
system for displaying an object defined by a plurality of obj ect

coordi nates, said systemutilizihg L&-&u—p wi ndow defined by a plurality of
clip coordinates for clipping said object prior to display, and a test

wi ndow defined by a plurality of predeterm ned offsets fromsaid clip
coordi nates such that said test. window is |arger than, and outside of, said
clip window, said test window for operating in conjunction with said clip.
wi ndow to sel ectively determ ned whether said object should be clipped in
accordance with a first net hod of cli pping or a second nethod of clippi

an apparat us for facilitating the clipping and rendering. of said obj ect
conpri Sefgr-fkl an@arhw @pe Olfhesd sigaersdtdﬂ@iﬁer@gl sikRal Dfdingst Oring said

obj ect coordinates; at. least one. clip coordinate register for storing
sai d clnlpﬁcémﬂl%t@shme Peast one offset register for stori ng said
predeterm ned offsets; at |east one nultiplexer coupled to said at | east
one obj ect Basnddmpanetheeg‘nﬁt eableasazfdmnr&seaetl%rﬁéawmmmm iegie register,

and sal] Ginerates thd'Mgnls HW, SW, HID and VIS shown in Figure 2 as

_ follows:

For quadrilateral objects-
HW.= hidden OR
surround clip OR =
(NOT hidden AND _
- NOT 1llegal AND
all vertices are ‘inside 214 AND
(all vertices are msnde test OR _ _
(line AND at least one endpomt 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=!0) OR
(NOT hid_01 AND
BLIT SRC_¢ CHK-IOAND
NOT hid_ 23 AND



regi ster for selectively outputting predeterm ned object coordinates,
clip coordi nates, - and predeterm ned offsets; at |east one conparat
coupked to said at | east one nul tipl exer C.Q.npari ng said selectively
out put predeterm ned object coordinates, clip coordinates, and
predeterm ned offsets; nmeans for clipping and rendering said object base
upon a plurality of output signals fromsaid at | east one conparator.
-46- 2. The apparatus for facilitating the clipping and rendering o
said object as provided in claim1, wherein said nmeans for clipping and
render| ng said object based upon a plurality of output signals fromsaid
| east™~dne conpar at or conpri ses at | east one output multiplexer coupled
said at | east one conparator. 3. The apparatus for facilitating the
clipping and renderi nlje Gbutwei tbcahgla:is ansidy Q14 ENIDI theC |dektination/Vieét@hgles ai
means for clipping and repd mggzla)abkobj ect based upon a plurality of
out put 'signal s f @-@8 ne conparator further conprises: at

| east one regi st at | east one out put mnultiplexer for
storing signals out ptNO'l)‘)lné.aﬁBd\HD | east one out put nultiplexer. 4.

apparatus for faciliigé 'sBﬂrthﬂcﬁhgﬁpisnﬂlsﬁﬁdﬂ" AND
the destination rectangle is inside 214)

where BLIT_SRC__CHK is a two bit value from the CPU which is set to '10' -

when it is desired to consider the relationship of the source rectangle to

— |
the clipping window. This is necessary because the various graphics
software which may utilize the: present invention are inconsistent as to
their treatment of the SRC rectangle and the clipping boundaries. For this

) reason, the preferred embddiment has left BLIT SRC rectangle clip

~ checking as a software selectable option (BLIT-SRT-CHK=01 disables SRC
clip check, BLIT-SRC-CHK=10 enables SRC clip check).
SW = NOT HW.
HID = hid_23

f VIS = NOT hid_23

The preferred embodiment ‘of the current invention has utilized a 2
clock cycle coordinate Ioad stage followed by a 2 clock éy'cle comparison
stage. Whereas these two stages can be overlapped as described, the
overall latency is 3 clock cycles, w_ith new input receivable' (or new results
available) every other clock cycle (i.e. 2 clock cycle throughput). The
examples have also shown coordinate staging logic 15 receiving data at the_
fastest possible rate given this preferred embodiment. It should be
appreciated, however, to someone skilled in the art that the circuitry

described will handle any slower (less frequent) rate of data arrival. It

or

d
f

at
to

i d

The



rendering of "said object as provided in claim1, further conprising:

i ncrenment or/ decr enent or neans coupled to said at |east one clip.coordinate..
regi ster and said at | east one off regi ster. 5. The apparatus for. -
facilitating the clipping and renderlng of said.object as provided in claim
1, fdrther conprising: software neans for ¢lipping said object; hardware
circuit means for clipping said object; and wherein, said nmeans for

clipping and rendering sai d object -based upon a pIurallty of output signals
fromsaid at least one conparator includes: neans for determning
whet her sai d object should be clipped using said software neans or said
har dwagRoldaslso be edident thatThe tiepRApeseSof additional Ldgit, agstidiercl i ppi ng satt
renderlng of said object as provided in claim5, wherein said neans for ,
clippi oyerabld latememndgasdmtqsb}lmusmgeumﬂsmie pasuisinpley exfensionput  si gnal S
from said at |east .one conparator conprises: at |east one output

mul ti plPExthe PHEFPLANYSPOR. 4 ot | east one conparator. 7. The apparatus
for facilitating the clipping and rendering of said object:as provided in
claim6, wherein said nmeans for clipping and rendering said object based
upon a plurality of output S|gnals fromsaid at |least one conparator

further conprises:

v



at | east one register coupled to said at |east one output nultiplexer. 8.
The apparatus for facilitating the clipping and rendering of said object as

provided in claim?7, further conprising: i crement or/ decr enent or means
coupl ed to said at Ieast one clip coordma egi ster and said at | east one
of fset register. 9. In a graphics display system fer—di-sprayingan—

obj ect defined by a plurality of object coordinates, said Sﬁstem utilizing

a clip windowdefined by a plurality of clip coordinate lgllmﬂllgﬂuml d '

object prior to display, and a test w ndow dﬁfi ned by
pred«g‘term' ned offsets fromsaid clip coordt such that sai d test w ndow

is |dFger than, and outside of, said clip wi ndow, said test w ndow for

operating in onjunct 2

det er m ne whet er sai d io"gj e\évb&gﬁgé l?éicécd %g dﬁe%c%8rd§rt% ‘t“ﬁ’\éa ?'?rst

met hod of cli pmb‘ngacd: defa-negedawtda npluvality of i ppiegt mrdj:rmtaus

for facilitati NG s ergn e
'Ehitéf Sy dh NG #f‘ﬂ&' a Qcﬁ dﬁ,.g&uecgie

plurality of coordinate registers stori ng Bai coor na es
plurality of clRMXbitN nafecldp faordinates oi%gc%apa Bg| ﬁaé@or‘a#m"es a

plurality of offsidr r a@ Si@eplay, Sand Nd S8e8t window defined by a
plurality of predetermined offsets from said clip
coordinateehsuch that said test window is larger than,
and outside of, said clip window, said test window for
operating in conjunction with said clip window to

~ selectively determined whether said object should be
clipped in accordance with a first method of clipping or
a second method of clipping, an apparatus for
facilitating the clipping and rendering of said object

i comprising:

"

at least one object coordinate register for
storing said object coordinates;
at least one clip coordinate register for
storing said clip coordinates; |
"at least one offset register for storing said
predetermined offsets;
at least one multiplexer coupled to said at
k/; least one object coordinate register, said at least one
clip coordinate register, and said at least one offset
register for selectively outputting predetermined object
coordinates,' clip coordinates, and predetermined
offsets; - ' '
at least one comparator coupled to said at least
one mmltiplerer for comparing said selectively output
predetermined object coordinates, clip coordinates, and
: predetermined offsets;
means for clipplng and render1ng said object
based upon a plurality of output signals from said at
least one comparator. '



predeterrﬁ ned of fsets; a plurality of rrultlpl exers coupl ed to said
plurality of object COOI’dI nate regi st , said plurality of clip coordl nate

registers, and said plurality of-~off - reg'ﬁuI\ Co
sel ecti veI y out putting predeternined object coordinates, clip

coordi nates, and predeterni ned of fsets; a plural rators
coupled to .said plurality of multiplexers for. cmmH gl!ﬁﬂﬂﬂ]?ﬂlect ively
out put predeterm' ned obj ect coor di nat es, clip o , and ‘

predeterm ned offsets; nmeans for clipping and rendering said object based
~upon a plurality of output signals fromsaid plurality of conmpar at or s

The apparajus for ' t cl der| of sal d.obj ecHJas
provi ded ?#u cl ai m%ﬂgv\ké#’%l&'#gggl 2% fr’%%ltq%aa% epl':é 1’?:%@? ses: a.
first mul trehdexingoafl edidwbaedtpasrnrovided inoc];iaimt 3, whgreiars and :
said plur y. p nded :

coupl ed toéésié?dmg?ura b%tﬂ?%?q%faﬁxge&gregl sﬁ%grs and gg? pl uraﬁ ty of

of f set redPBeRr & lhl‘ﬁﬁl‘ ¥ruPfi Shenade t BXem; &aﬁ-F’ur%ﬂ-l east

coor di nat eoﬁggbsﬁﬁagaaagl aamﬁrmgagal ity:of clip _-49 coordi nate

registers;  at least one output multiplexer coupled to said
at least one comparator. ' :

3. The apparatus for facilitating ‘the clipping and
rendering of saia object as provided in claim 2, wherein . \J
said means for clipping and rendering said object based

upon a plurality of output signals from said at least

'one comparator further comprises: ' _

' " at least one register coupled to said at least

one output multiplexer for storing signals output by | \/
said at least one output multiplexer. ' : ' '

4. ' The apparatus for facilitating the clipping and
rendering of said object as provided in claim 1, further
comprising:

incrementor/decrementor means coupled to said at
least one clip coordinate register and said at 1east one .
‘offset register. : _ -’

S.  The apparatus for facilitating the clipping and
. rendering of said object as provided in claim 1, further
comprising:
software means. for clipping said object,
hardware circuit means for' clipping said object;
‘and wherein, said means for clipping and rendering said
object based upon a plurality of output ‘signals from
said " at least one comparator includes: means for
determining whether said object should be clipped using
said software means or said hardware means..
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a fourth multi pl exer coupled to said plurality of coordinate r.egi sters
said off'set coordinate registers; a fifth nultiplexor coupled to said
plurality of coordinate registers, said pll.qr-af Lty of clip coordinate

regi sters, and said offset registers. 11. The appa»tai—us_for\l_-
facilitating the clipping and rendering of said object as provided in claim

9, wherein said plurality of conparators conprises: a , )
coupled to said first nultiplexer and said fifth mul ’mmmmmmygh
conpar at or coupled to said second nultiplexer and said fiftt nul tm plse ;a
third conparator coupled to said third nultiplexer and said fifth

mul t exer; a gourth Qﬁ%a p i r | £4 ) '
said fifth mul tél'pl exer. : aﬁb2£$ﬁggagsgr raf%lféﬁtj%ra tt?'g‘glt Pﬁ’{%tﬂsing"l’ﬁ’gé C?‘qupi ng
and rendering (ﬁe%%&’ai%jeﬁtsi_%dp?mﬂgdﬁ Pxe¥ided innhelaim 8aiwherein for
rom sald pluraliay oD mor PIiPPIAC ANy Yol i 9430 RoJULE basednal <
mul ti pl exers cd'lRJ‘?%dat @%&P@%ﬂjr%i Pﬁwicﬁiﬂi}aﬁi%r??ﬂr 3§é§e@c‘$v¥?§s"-

out putting conyorie setiparatontcompyisest ain ones of said plurality of
conparators. 13. The,_a rat f L nRa the clippi and
renderi ng of said obj ec?tagggﬁgvggsd%(ﬂtkﬁg’l é\xﬁh@&ﬂ% ercaw&%ﬁﬂgdf or
clipping and r eaticléast sone ctpparabtaxsed upon a plurality of output signals
from '

and

_ 7. ‘The apparatus for facilitating the clippihg and
. rendering of said objéct as provided in claim '6, wherein
said means for clipping and rendering said object based
'i_lpon a’ pluirali_ty of output signals from said at least
one comparator further comprises: . _
‘at least one register coupled to said at least
“ . one output multiplexer. |

8. The apparatus for fadilitating the clipping and
rendering of said object as provided in claim 7, futther
comprising: . '

. incrementor/decrementor means coupled to said at
least one clip coordinate register and said at least one
offset register. |

9."_ In a graphics display system for displaying an
objéct 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, said clip window, said test window for
operating in conjunction with said clip window to
selectively determine whether said object should be
clipped in accordance with a first method of clipping or
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said plurality of conparators further conprises: a- p‘l urality of
registers coupled to said plurality of -output nultlplexers for
storing said certain conparisons—outp@ —by sattg—pturatity of
mul ti pl exers. 14. The apparatus for facilitating the cli
rendering of.said object as provided in cI aim9, fur |m” UHM;“
software neans for clipping said object; hardware CI
clipping said object; and wherein, said nmeans for cllpplng an renderlng
sai d object based upon a plurality of output signals fromsaid plurality of
conparators includes: means for determ ni,ng whet her said Obj ect _shoul d be
clipped ust ng%@%of!‘mﬁ mefs oFliBPdNgar 0t e APRATatus forype \ore>
appar at us fasifpeatingt the d19pYingdidil apenderingi oF Faixhi Sbpétect as
provided in clajm 10, further conprising: software nmeans for clipping
sai d obj ecTO™REIERIE circuit neans for clipping said object; and wherein,
sai d neans for cl |awppmgraimiltyenctelcocg'dsimacteohqeg:tsmdfmpostarmgraI Ity of
out put si géﬂv% %ﬁgg&éaé OP%H‘QJFE£K of conparators includes: neans for

o]

determ ni ng rsail ul d be cl |£ped using ,sai d software means
or said hardware nga,g,lurality of cl P coor: inate registers for '

storing said clip coordinates,
a plurality of offset registers for storing said

predetermined offsets, _ :

- a plurality of multiplexers ' coupled to saia .
'plurality of ohj ect coordinate registers, said plurality o
of clip coordinate registers, and said plurality of
offset registers, - for 'selectively outputting
predetermined object coordinates, clip coordinates, and
predetermined offsets;

a plurality of comparators coupled to said W
plurality of multiplexers for comparing said selectively '
output predetermined _ object _ coordinates, - clip

coordinates, and predetermined offsets;
 means for clipping and rendering said object-
'_based upon a plurality of output signals from said
plurality of comparators.

10. The apparatus for facilitating the clipping and
rendering of said object as provided in. claim 9, wherein
said plurality of multiplexers comprises.

a first multiplexer coupled to said plurality of
coordinate registers ‘and = said ‘plurality of clip
coordinate registers, ' | '

a second multiplexer coupled to said plurality
of coordinate registers and said plurality of offset
registers°

a third multiplexer coupled to said plurality of
coordinate registers and said plurality of clip



16. In a graphics display systemfor displaying an object defi ned by a
pIurallty of object coordinates, said system utilizing cl

defi.ned by a plurality of C|Ip coordlnatqigﬁor cllﬁprng”§§Ta~—%5T£%?do
-51- prior to display, and a test w ndow' Hefined b

predetermned offsets fromsaid clip coordinates such “!0 mmndow
Is larger than, and outside of, said clip w ndow, sald wst or

operating in conjunction with sai d clip window to selectively determ ne
whet her said object should be clipped in accordance with a first nethod of

clipping or adg§¥aghggg ping, a nethod for facilitating the
clipp¥rng and rendering of F% 0 ?gct conprising: storing said object
coordi nates using at I%agP“EﬁE i IEdplexer ceupled gtor aidplurality d

clip coordinatgl igoc¥dalsaeé Ofwe;?féwrgooamnaéﬁde%ﬁtﬁt Séebrdin&eée d
predeterm ned offsets in at |east one offset register; providing at |east
one mul tipl exdr® 1|':)?’c'3fl'to. said at | east one object coordinate register,

said at |east one cli pacpbfth rmrtipnéxonrcowbledatd said epluralbityféset

e ster and ki kg ok £F5ked!" gl VLIS O EHHL o athANL

predetermluujnﬁqsstexs. and said offset registers.

11. The apparatus for facilitating the clipping and
rendering of said object as provided in claim 9, wherein
said plurality of comparators comprises: .
' .a first comparator coupled to said first
multiplexer and said fifth multiplexer; ' .
a second comparator coupled to said second
. mnltiplexer and said fifth multiplexer;
'LY a third comparator coupled to said third
multiplexer and said fifth multiplexer;’
a fourth comparator coupled to said fourth
multiplexer and said fifth multiplexer.

12. = The apparatus for facilitating the clipping and
rendering of said object as provided in claim 9, wherein
said means for clipping and rendering said object'based

- upon a plurality of output signals from said plurality
of comparators comprises:

a plurality of output multiplexers coupled to
said plurality of comparatore for selectively outputting
comparisons generated by certain ones of said plurality
of comparators. '

13. The appaxatus for facilitating the clipping and
rendering of said object as provided in claim 12,
wherein said -ﬁeans for clipping and rendering said
object based upon a plurality of output signals from



provi ding at | east one conparator coupled to said at |east one nultipl exer
and using said at | east one conparator to conpare vaut
predet er mi ned obj ect coordinates, clip coordinates, and predetermn ne

of fsets; clipping and rendering said @j@&ct—based u m”m

output signals fromsaid at |east one conparator. WM?IWLfor
facilitating the clipping.and rendering of said Obj ect as br o¥ claim
16, wherein said step of clipping and rendering said object -52- .
based upon a plurality of output signals fromsaid at | east one conparator

Is perforned by at | east one output nultiplexer coupled to said at |east ;.
one conpar at The net hod for f C|I|tat|n t ecllpplng and \J

rendering 8 ggapi% Gopparatars “Etﬁ\erlf’ 8§ said step of .
clipping and rendesi ngamﬂbtyecbfba&miyﬂmrsa peoupledy ¢b ouiaid signal s

i eact oRBUFBIIET 0 TREGANE" it IpipRaRR 282 ARoRUTY Dleadi O 500
storing si gextaimut puompgrsaotlsat dutput onbyoutgaid nuplﬂphé;tr i re%ai d at

| east one {n gt #,3‘ - ‘The nethod for facilitating the clipping and
renderi ng o sa exbj ect as prow ded in clai m16 further conprising the

step of:
14. The apparatus for facilitating the clipping and

rendering of said object as provided in claim 9, further
comprising: - :
software means for clipping said. ob]ect,

_ hardware circuit means for clipping said object;
and wherein, said- means for clipping and rendering said
object based upon a plurality of output signals from
said plurality of comparators includes:

means for determining whether said object should (o
be clipped using said software means or said hardware '
means.

15. The 'appara'tus for facilitating the clipping and
. rendering of said object as provided in claim 10,
further comprising: _ .
software means for clipping said object, _
hardware circuit means for clipping said object; o/
and wherein, said means for clipping and rendering said
- cbject based upon a plurality of output signals from
said plurality of comparators includes: o
means for determining vhether said object should
‘be clipped us:mg said software means or said hardwvare-
means.

16. In a graphics display system for displaying an
object defined by a plurality of object coordinates,
said system utilizing a clip window defined by a
plurality of _sl'ip coordinates for clipping said object



provi di ng i ncrementor/ decrenentar neans coupled to said at |east one clip
coordi nate regi ster and said at | east one offset_ reqgister and _using
sai d incrementor/decrenentor mnmeans to store said clip coordinates and

sai d predeternined offsets. 20. The & pad for fa

clipping and rendering of said object as prow ded in I“I"I-nmuﬂ ""FHIII
conprising the steps of: providing software neans. for cclippng said
obj ect; providing hardware circuit nmeans for clipping said object; and
mherein, said step of clipping and rendering said object based upon a

‘plurality of output signals fromsaid at |east one conpar at or includes the

st ep~of : ?,%1diet%gn Q3! la et fa aal eesebj‘sféioéhoa'éﬁ!ﬁng tc#&)gp?ed

usi ng said software neans o ar dwar e neans
facilitating PHOATALi%LY ngf’%noll’?%ﬂe‘é@m@ﬂeﬂ saffisebpecfrom paaiidiedlip cl ai m

20, wherein sgicbrdifiatis CAhew ﬁﬁaﬁn%ari@%éﬁlgwﬁﬁddwo%eqtaﬂ&%ewn a
plurality of qutput SI{]&M’BJS from ql. t one ¢ rrgarator further

conpri ses the er8%r afAdd & "(’)'nesa gt mindoy £ox
coupled to saio@eatatlie@t ime conmmce&m pm:h diswidat dxigst wirddwgitd er

coupl ed to Sais%lec‘l:ively determine whether said object should be
clipped in accordance with a first method of clipping or
"a second method of clipping, a method for facilitating
the clipping ‘and rendering of said object. comprising:

- storing said object coordinates using at least
one object coordinate register; '

storing said clip coordinates in at least one
clip coordinate register; |

storing said predetermined offsets in at least
one offset register; '

providing at least one multiplexer coupled to
said at least one object coordinate register, said at
least one clip coordinate 'rggister, and said at least
one offset register and using said at 1least one
multiplexer to 'selectively output predetermined object
coordinates, clip coordinates, and predetermined
offsets; ' -

L _ _ providing at 1east one comparator coupled to
said at least one multiplexer and using said at least
one comparator to compare said sélectively output:
predetermined object coordinates, clip coordinates, and
predetermined offsets;

clipping and rendering said object based upon a
plurality of output’ s:.gnals from said at least one
comparator.

17. The method for 'facil_itating the clipping and
rendering’ of said object "as provided .in claim 186,
wherein said step of clipping and rendering said object
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at | east one output nultiplexer and storing srénhls oﬁfpui by said at | east
one output nultiplexer in said at |east one register. 22.

An appar at us

for facilitating the clipping and rendering of an object,

substantially as hereinbefore described, with re

substanflally as °

herei nbefore described, wth refQLeq§§Eio t he acc 23.
A met hod for clipping and rendering an Obj ect usi m@ﬂ IW mrv

acconpanyi ng draw ngs.

based upon a plurality of output signals from said at
least one comparator is performed by at least one output
multiplexer coupled to said at_least_one comparator._

18. The ‘method for facilitating the clipping ‘and

rendering of said object as provided in claim 17,
wherein said step of clippinq and rendering said object
based upon a plurality of output signals from said at

'least one comparator further comprises the step of:

providing at least one register coupled to said
at least one output multiplexer and storing signals

output by said at least one output multiplexer 1n said
~at least one register.

19. " The 'method; for facilitatingl the 'clipping and

‘rendering of said object as provided in claim 16 further
comprising the step of:

providing incrementor/decrementor ‘means. coupled
to said at least one clip coordinate register and said
at least one offset register and |using said
incrementor/decrementor' _means to ~store said clip
coordinates and said predetermined offsets. '

20. The method for facilitating the clipping and
rendering of said ohject as provided in claim 16 further
comprising the steps of: _ o
providing software means for clipping_ said
object; o
prov1ding hardware circuit means for clipping
said object; _ : _
' and wherein, said step of clipping and rendering
said object based upon a plurality of output signals
from said at least one comparator includes the step of:
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deteriﬁining whether said object should be

clipped using said software means of said hardware
means.

21. The method for facilitating the clipping and
rendering of said object as provided in claim 20,
wherein said step of clipping and rendering said object
based upon a plurality of output signals from said at
least one comparator further comprises the steps of:

providing at 1least one output miltiplexer
coupled to said at least one comparator;

' providing at least one register coupled to said
at least one output multiplexer and storing signals
output by said at least one output multiplexer in saiaq
at least one register. :

22. An apparatus for facilitating the clipping and
rendering of an object, substantially as hereinbefore
described, with reference to the accompanying drawings.

23. A method for clipping and rendering an object:
using a clip window, substantially as hereinbefore
described, Wikh relarence to the accoupanying
drawings.




