2229069 =1- APPARATUS AND METHOD FOR PROCESSI NG GRAPHI CAL | NFORMATI ON TO

M NIM ZE PAGE AND ELI M NATE PROCESSI NG OF | NFORVATI O EUFSIDE A> *2
PREDETERM NED CLI P W NDOW SUMVARY COF THE | NVENTI ON The present invention is
directed t6 an apparatus and nmethod for processing graphical information in
a manner  such that 1) accesses to a frame buffer menory device in which the
graphical inférmation is to be stored result in a mninumof page crossings
in the frame buffer; and 2) tinme spent prebtessing graphical information
outside a predet erm ned clip w ndOWI s mnimzed These tw goals are

soneti mes conf | iATFARS AND METHOR FOR PROCESSING GRAPHICALS [NFOR I PAGE
gr aph| cal infor ..-\.d. _5 E’!’“‘l“‘".!&".‘.\'mm .ﬁg‘i adh.. NHORNA ar e
al ways perf or med-—w - V-or—franme—buff er

menory device (video RAMin the _-, LA e el s of

I nformation to -be displayed are arranged in rovvs and coI ums. Wen
addressing the nenory, a nenory addressing schene internal to the RAM nust
be utilized to address individual pixels. In this connection, a commonly
enpl oyed schene is to define a row of pixels as a page which can be
accessed by use of arfhenpeesent mmtmdmaﬁremgu to @an_ apparatussandyymethodi firng

a row address re ster W th.t.h ddress of a pa s within that
page can be-acc zﬁrf%l}"é?eil m?s Bﬁa@% 1 4 S 8prsg§\" tﬁﬁ{(gé SACCEIES oPf 8et
bei ng the col U”“frﬁﬂx‘ér Biffer MmN Jevid@SiNwhidh itRe sHiedl! &fbﬁniﬁdﬁ R 28 p&age
crossi ngs whenever possible to reduce the overhead associated wt

rel oadi ng t he rostossldresult ireqi stivimumeof pggd iceosBiNgs vint thet fmnbabeffaddamsﬁ)of
a new page. time spent processing graphical information outside a predetermined clip
window is minimized. These two goals are sometimes conflicting and the
present invention determines how the graphical information should be
processed so that frame buffer accesses are always performed with the

least overhead.

In a dynamic RAM or frame buffer memoi'y device (video RAM in
the preferred embodiment), pixels of information to be displayed are
arranged in rows and columns. When addressing the memory, a memory
addressing scheme internal to the RAM must be utilized to address
individual pixels. In this cpnnection, a commonly employed scheme is to

o define a row of pixels as a page which-cah be accessed by use of an
internal row address register. That is, by providing a row address register
with the base address of a page, pixels within that page can be accessed by
a relative offset from the row address, the offset being the column address.
For this reason, it is desirable to minimize page crossings whenever
possible to reduce the overhead aésociated with reloading the row address

register used by the RAM with the base address of a new page.



" "Hardware i

‘For a_given object which is to be displayed within a defined w ndow, by
deter m#ni ng the portions of the object which are inside the w ndow and the
portions which are outside the window, it frequently is possible tos~ .
det'er mi ne whet her the object should be drawn fromtop to bottom bo™omto
top, left to right or right to left so as to m nimze page crossings and
mnimze the tine spent processing portions of the object outside a

predeterm ned clip wi ndow. The present invention will be described with E
reference to a graphics subsystemin which clipping is performed in :
hardware. In this connection, the hardw#-e of the present invention makes

avail able certain information which is needed to determ ne the nmanner in
whi ch graphi cal Beemagivensobisau midke i o des displayed awithin @i défiiede winidisw,
crossings and elimnate tine spent processing clipped or obscured pixels.
However, th®ysdetermining the pertionseefi the gbiech whichbare insideotheayiadawdand or

t hat reason, the j.nventi. is not.Jigited to the,.disclosed har re

ebodi et M BREtRE ool A8, Atbide e, Randdirs 8- LERREREY 6 BBARIE IS appar ent
to a person gefernifd whethbe tﬁ@'(ﬁij@&t shituld Wé@ﬂaﬁﬁoﬂoﬁq%ﬁi%cbbﬁ&‘n&) "bottom
contai ned herein. The present ifnvention forns:part of an apparatus which
perforns cl tppopgleft to mightsort right talilefv| swy asl to minimizecpage eissings randar dwar e
whenever possiple, |eaving for software onl,ﬁ t hgse i €s, or, portions of
i mages whi c FRIBERIZS: thee tims SRefty PRACESTING RATHARS (Of ot rgﬁ%@’&% st em of 't he

present inv ?%&é?@r’mined' Qll@“rﬁ“ d6@- pending application GB 8920728.6 entitl ed
ﬁp enentati on of c'Pr ppi ng and inter-

" The present invention will be described with reference to a graphics ) |

subsystem in which clipping is performed in hardware. In this
connection, the hardware of the present invention makes available certain
information which is needed to determine the manner in which graphical
Opemtioné should be processed so as td minimize page crossings and
eliminate time spent processing clipped or obscured pixels. However, the
same types of information are availaﬁle to software and, for that reason,
the invention is not limited to the disclosed hardwaré embodiment
inasmuch as a software implementation Should be readily aﬁparent to a
person skilled in the"re_levant art based ﬁpo_n the description contained

herein.

The present invention forms part of an apparatus which performs
clipping of images to be displayed on a video display in hardware |
whenever possible, leaving for software_ only ' those images, or portions of
images whic_h' cannot be reliably clipped using the graphics subsystem of

the present invention.



coordi nate conparison logic" there is described and cl ai ned an apparat us
for facilitating the clipping and rendering of an object in a graphics

di spl ay: system for displaying said object defined by a plurality of object
coordi nat¥®$, said systemutilizing a clipyindow defined by a plurality of
clip coordinates for clipping said objecCt or to display, and a test

w 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 nmethod of clippi,ng or a _seco met h of ¢l ipping.
- 4 - BRI EF DESCRI PTI ONT®&F 19%F DRﬁWRggd?ﬂ@JRgpPi%sca}q‘&noc k‘g‘gvef’\?ﬁ&lﬁ%'%

di agram of a geagiitdeds NHardwaré oimplemehtationoonfacldpping t and hdnpersent
i nvention. FI ' bl | m € [ N S ' cti of
the i nvented gc;égg’ [ é‘?ié:&s%q%n#ljgjr&&%% acﬁggf al l ed bl éggbg?lgaraamhgl
adder 31 and neleimedoan3mpparatus 4fex faghldtatdng othediekipping and
coordi nate regirghdleting of MREobjeet? Hetal gedphliesk diispram ys€thp for

coordi nate registers . FIQIJRE 6.is, a det,ai 'ed bl ock .di aqr.am of _r ast.er
of fset registef E?.laﬁliéﬂ?l_fai’lq soRigetdefingd, YdFa@]émagfﬁtyex?f vm°i?38\ﬁt
control 45. Fl cddecdinates,dadxid esydtemkuttiddedngofa csldmrwindowodief ined

result by a plurality of clip coordinates for clipping said
object prior to display, and a test window defined by a
U 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 determined whether said object should be
clipped in accordance with a first method of clipping or a
second method of clipping.



storage 47. FIGURE 9 is a table showing relative timngs for |oading
control “state machi ne 35 and conpari sons perforned by conparison | ogic and
. result storage 47. FIGURE 10.is a truth table utilizing conparison rasults
for the X0 coordinate. FIGURES 11la and 11b are a truth table utilizi'Mg “
conpari sons between each of the four X vertices and each of the four Y.
vertices. ° - 5 - FIGURES 12a-12d define a truth table utilizing

conpari sons between the.four X and the four Y vertices and the cli pping
boundaries. FIGURE 13 defines a truth table utilizing conparisons between
the four X and the four Y vertices and ghe test w ndow boundaries. FlIGURE
14 defines a truth table showing the @ir lon in which to draw objects or
performblits. - 6 - DETAILED DESCRIPTICN CF THE INVENTICN The present .
invention is directed to a BRIB X PTIQN€] AWl _

wor kst ati on, and speC|f|caIIy, a hardmare |nplenentat|on for providi ng

I nformation for prgcessi ﬁg’ I nf or t|on t be | ayed W

predefined clip w'mnd n?‘%ﬁrﬁ'&?’ aﬁaﬁr F sy syste'm ' 2

work statlon accordmg to the- present invention.

FlGURE 2 is a block dxagram of the coordinate staging section of the

invented graphics subsystem.
FIGURE 3 is a. detailed block diagram of ad&er 31 and multipl?xor 35. U
" FIGURE 4 is a detailed block diagram of X/Y coordinate registers 37.
FIGURE 5 is a detailed i)lock _diagram .'o.f clip coordinate registers 39.
FIGURE 6 is a detailed block diagram of raster offset register 41.
FIGURE 7 is a detailed block diagram of text window control 45.

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

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

~ logic and result storage 47.

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

coordinate.

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

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



clipping~caonparison logic, it is possible to determ ne the manner in which
graphi cal operations should be processed so as to mnimze page crossings
and elimpate tinme spent processing clipped or obscured pixels. The

coor di nat €¥st agi ng and coordi nate conparison |ogic blocks (see Figure 1)
are provided to provide the necessary storage and conparison information
required for the support of arbitrary quadrilateral rendering with
clipping, as well as Block Image Transfers (BLIT) with clipping. In both
cases, it is necessary to specify four X/ Y coordinate pairs and to specify -
the clipping wi ndow boundaries. To support—¢fpdeilateral rendering inplies
the availability of four vertices which will define the quadrilateral. The
di scl osed enbodi ment FKEBUREES i12act2di defipeitas tmth ytablewutitizingi compatisaz bawseen
vertices. They are stored in four register pairs (a register pair consists
of one register for the X coledfonst X andy ths foyre X Yertices gndthe olippiRg di nat e)
and are referenced with the ﬁg{ll;lﬁ&(rigynbers O thru 3. It is inplied that
vertex O is connected to verteX 1, Vertex 1 to vertex 2, vertex 2 to vertex
3, and vertex 3 to vertex 0. No connection is intended between vertices 0O
and 2, or verticesl HIGURKE d8 definesnaectruthhtableo atilizirgg eontparisomy betveen the
conparison logic formthe initial stages of a pipeline that will eventually
acconpl i’sh the rendering of fow Zpand g#%ab‘éfu;df"ﬂ"&?%ra&ﬁ the; test pdnde¥p| ay
menory. The subsequent pi pel L?ﬁnda jes./ - stages require information :
concerning the relationship of each adjacent vertex to its neighbors (i.e.
for vertex 1; X1 vs XO, Y1l vs YO X1 vs X2, and Y1 vs Y2). This information
is needed to proper| FIGURE {4t defirfes n ttruthn ahbladshosding rthe ldimeckioni inhwhicheto es
of \trapezoi ds that when conpgsited, accurately represent the original
quadril ateral . The deconposi 8743 Qbjeqts,cor perform blits.



arbitrary quadrilateral is acconplished by the coordi nate sequencing | ogic.
Addi tionally, in order to support the clipping of the quadrilateral to the
cli ppi ng boundaries in subsequent pipeline stages, the relationship~sf .the
vertices to the appropriate clipping boundaries is required. This nmdefns for
exanple all X vertices conpared to both the mninmum X clip boundary as well
as to.the-maxi mum X clip boundary. A simlar set of conparisons is required
for the Y vertices as well. In sone cases, these conparisons can indicate
whet her or not an object has any visible portions (non-clipped) at all. By
I dentifying the objects that will not be visible in advance, the
utilization of the subsequent pipeline-stkages can be avoi ded since no
visible pixels will ever be identified for witing to the display nenory.
This represents a perf or [DECATLEY DESCREPTION ORTHEINVENWEONNG of the
quadril ateral can-be considered to have occurred inmedi ately once the
clipping information has been apal yzed. The preferred enbodi nent of the
graphi cs syst em dien §Tessat Anyemiion; 1§ jdirectedsta;a; graphicsospbsystem qfag® when

det er mi ni ng | ' - |_at L.t LN . Thi | nyol ves
taki ng t he di%ﬁ'é?éerﬁ% %?‘aﬁ%ﬁagﬁin\mﬁ% ‘é!l?%@;[f?\%i% \e/aerqﬁ?‘?:%geof‘ m%%“%ﬁ%‘g"é e§° nt.
In order to pawidingRinfermatién! forVpidckithg tgiaphidaE inforinatio & Behdisplayd Y
vertex values nust be restricted to be representable in 15 bits or be

bet ween 214 within a pra@iefinedidlip windown JRypmsing dnformation ;made @vailablenby
nunmeric range.of, the vertices i.s made by.the cqordi nate conparison | pgic.

- The support OfPRIPE 1COMPpANFoR g8 13 Pg%fl?lﬁe@ -?\ﬁﬂng‘ﬁegﬁ % d dﬂpﬂbf e

corners of -g%‘?‘gﬁic?g @oﬂseg&gﬁgl‘ &T?gg?gﬁm gge%' I‘ﬁleﬂgllﬂildﬁ PRRESeroSsifigy ne@

of a destin DEST) rectan tent o
and eliminate time spent processing clipped or obscured pixels.

- The coordinate staging and coordinate comparison logic blocks (seé
Figure 1) are provided to provide the necessary storage and comparison
information required for the support of arbitrary quadrilateral rendering
with clipping, as well as Block Image Transfers (BLIT) with clipping. In
both cases, it is necessary to specify four X/Y coordinate pairs and to

specify the clipping window boundaries.

- To support quadrilateral rendering implies the avaiiability of fouf
vertices whfch 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 péir .consists 6t_' one register for the X
coordinate and one register for the Y coordinate) and are referenced with
the vertex numbefs 0 thru 3. It is implied that vertex 0 is connected to
vertex 1, vertex 1 to vertex 2, vertex 2 to vertex 3, and vertex 3 to vertex
0. No connection is intended between vertices 0 and 2, or verticesl and 3
for instance. The coordinate staging and comparison logic form the initial
stages of a pipeliné that will eventua!ly. 5ccompli'sh the rendering of the

specified quadrilateral into_ the display memory. The subsequent pipeline



operation is to copy the pixels contained in the SRC rectangle to the DEST
rectangle. In the current enbodi nent, the upper left coner of the SRC
rectangl g i's stored in vertex O while the lower right SRC corner is in
vertex 1.™Simlarly, the upper left DEST corner is’in vertex 2 and the
~lower right in vertex 3. In order to properly copy the SRC to the DEST,
care nust be taken in the event the two rectangles overlap. Wen this
occurs, the order in which pixels are copied is constrained if the correct
result is to be obtained. This is a well known problemto persons skilled
in the art. The information required to pLDDFLly determ ne the pixel
copyi ng constraints involve conparison of the SRC rectangl e boundaries to

t he DEST rect anglagebaeqdirei ifornidtion iconcernitgyl thotreldtionshipe oK edctt aljac¥nt
coordi nates invol ved. Additionally, to support_clipping of both the SRC and

DEST rect angl es VeHeX t@ dtsqrpighboss (6. for vertex ds Xk we X026t ve ki X1 o XReamke
d DEST ti t | at | i ppi b dari ' [ .

Sai e this rmy VndPokeE ¢TI FrRlion "Bty P BRPerE piebiy Bk, shctional v

obscured (non- YidlebtiRy BIOEKk "WithNsJtirRs t 6 thPesbill® tihi Wihed to@pssikgEequent

pi peline stages. This represents a performance advantage in that the .
execut i on of thecadiratkly cnepresentothd chriginalt quadrilatesalc ur Thel degomgpsitionyobrtbe

the clipping infqgr.nmation has been, anal yzed - 9 - The coordinagte )
St 201 no. cont of SRR SHggEatE A s, PaETREed: BY TR cRUTAY eavGBIBE slogis
be acquired. Correspondingly, the coordinate conparison |ogic maintains the

necessary conpari sonAdaitiondBy) ¥ drdee kel sapportf teheli esf ithe \uadhildéral to
coordi nate values are provided. The different nmethods for coordinate

actur si ti on canthee clipping iboyradaries ibswibsequent rpipeline stages: dheitrelationthip of
specific met hOdtﬁJeS %%rtiicsesdteot %én a%%gopt}}/ate clipping boundaries is required. This
means for. example all X vertices compared to both the minimum X clip
boundary as well as to the maximum X clip boundary. A similar set of
comparisons is required for the Y vertices as well. In some cases, these
comparisons can indicate whether or not an object has any visible portions
(non-clipped) at all. By identifying the objects that will not be Visible in
advance, the utilization of the subsequent pipeline: stages can be avoided
since no visible pixels will ever be identified for writing to the display
memory. This represents a performance advantage in that the rendering
of the quadrilateral can be considered to have occurred immediately once

the clipping information has been analyzed.

The preferred embodiment of the graphics system being described
utilizes 16-bit 2's complement math when determining the pixel's |
associated with a line segment. This math involves taking the difference of
the two X and ﬁvo 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 between -214 and



the address of the register that the CPU uses to identify the register(s)
to be | vaded: An absol ute coordinate value is | oaded by storing the actual
val ue supplied by the CPU into the addressed register. This nethod of«

| oading i s used for |oading of the clipping boundary registers and t
raster offset registers as will be described below, as well as i ndi vi dual
coordinate'regi sters. The second nethod, indexed, is used to efficiently
|l oad nultiple coordinates with the sane values. In this case, the CPU
supplied value is first added to the appropriate raster offset register
(either raster offset X or Y) before beLng§nade avai l abl e for storage in
one or nore coordinate registers. The addition of the raster offset

provides a negis ofy) ofiﬁgt,ggaﬁ S rgée £ e e WaRideEY O

a different area of "t he 'ay nenory. The in exe ani sm
utilizes.a tvie-inade ibydehe tcoopdinae comparfisanndogicent i fy how many and whi ch
coordinate registers to |oad during any given cycle. S th| S rrechanl sm

that allows the to spec ne X/'Y pajr to |dent|f degenerate
quadrilateral - a'pSitHPPOg © vﬁﬁféé\/(“% |Fe§“f'8$ 4avleph"é’s Lo fuke ﬁﬁ/ Be pairs
for a tri ang'mm reo?ﬁesoéf h%.eé@rSﬁestfeemgledsﬂm%atﬁe&%'tﬁ@tera' s is
| oaded into t our vertex registers, One or nore vertic

repeat ed. Thidppiosite @omess rof sdestmatxcau(BEQtl‘}errectangig.esThé intent pofpeei BEITan

al ways i nterpret the object defined C - - as a_quadril ateral (even
t hough degenediPefation,jfyt¢,SPPY r‘BﬁtP”é%lsaF%ﬁ?é%‘?daF“ é'é&§ reqtangle t9r ther DESTect s

f)lnl y' t hgoegt)omﬂt coEnraﬂr"gﬁl%:‘ 8%1"?%;2 W b) er eﬁ%&oggfﬁy jeti Lgr. .
all four cornee@angle ishstoféd msmml ogwmladne |16€v8f ‘#lght SRC comer is in vertex o/
1. Similarly, the upper left DEST comer is in vertex 2 and the lower right
in vertex 3. In order to propetly copy the SRC to the DEST, care must be
taken in the event the two 'rect'ang.les' overlap. When this occurs, the order
in which pixels are copied is constrained if the correct result is to be
obtained. This is a well known problem to persons skilled in the art. The
information required to properly determine the pixel copying 'eonstraints
involve compa.fison-ef the SRC rectangle boundaries to the- DEST rectangle

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

_ Addmonal]y, to support chppmg of both the SRC and DEST rectangles
in subsequent pipeline stages, the relatlonshtp of the SRC and DEST vertices W '
to the appropriate clipping boundaries is required. Once again, this may
indicate that either the SRC or DEST rectangle are totally obscured (non-
visible) and may negate the need to utilize the subsequent pipeline stages
'This represents a performance advantage in that the execution of the BLIT -
can be cons1dered to have occurred immediately once the clipping

information has been analyzed.



The last_ ] oading nethod, relative, is used to allow the CPU to just specify
the differénce-between the | ast coordinate entered and the intended new
coordi nate~value. In this case a CPU supplied delta or offset is added to

t he preV|Eﬂst | oaded coordi nate before being |l oading into one or nore
registers. The 2-bit index is used to identify the |ast coordinate entered
[vertex (index-1) nod 4] for the necessary addition plus identifies which
regi ster or registers need to be |oaded as in the indexed | oading case. In
the end result, the CPUis free to choose to | oad the coordinate registers -
I n any manner supported When the operation,. either a quadrilateral
rendering or BLIT, is actually requested (-after the coordi nates have

al ready been | oaded) the current .state of the four vertices are utilized
directly without regahé teordinkits Reaging controll Uogidsupports RiudNpleways cfort oSt
in flexibility for the CPU. Figure 1 I's an overview of a graphics subsystem
in which the preoondinate, ¥aluesntorbe acquiged; | ﬁ@resaegdmslmr%&cewrdgme 11 is

ted th h add dat d. t
it (ot shown)ComRSER, 0818 Batiaingo s Recaioath SoMEapRPhS ranBRYaTEm arc

data path and "Er’égiﬂﬂlésgtéf fm&%&:ﬁm RO WRidR e Sobfdiffte SPALES Ard rovided. The
coordi nate sequen - section 17, functional addressing block 19,
mask genferation dlffecémZﬁ\edmﬂsl fmeaoonhhhtesammmﬂomtm b8. sdmmauped hlsand

menory interface 13 update a_franpge buffer (not shown i,ch is.,a neno
whi ch” stores gr Ahselue. indegedsand Felativse éé Wéﬁcd%i ‘gng wed B 96‘“&9‘%W

as a CRT. That ig %&r@ﬁ}s"\@f Ghe 'r@gﬂsﬁd&% \thE TP udel AT idERF thé TeBRbHET SR

by vi deo C|rCU|try convert
7 o be loaded. An absolute coordinate value is loaded by storing the actual

.value supplied by the CPU into the addressed register. This method of

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

o different are# of the display méinory. '

The indexed loading mechanism utilizes a two-bit index to guide
itself and identify how inany and which coordinate registers to load duﬁng
any given cycle. It is this mechanism that allows the CPU to specify only
one X/Y pair to identify the degenerate quadrilateral - a point, or two X/Y
pairs for a line, or three X/Y pairs for a triangle. When one of the
aforemention.ed 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



data t.0 appropriate electrical signals which, in turn, turn individual

pi xel s of-- the video display on and off. The data from bus interface |ogic
is nmodified by nmask generation block 21 and |inear address generat or=23
based upon processing perfornmed by coordi nate stagi ng section 15,

coordi nate sequencing section 17 and functional addressing stage 19.
Functional . addressi ng stage 19 al so acconplishes a portion of the clipping
necessary to fit particular graphic objects to the clip w ndow in which
they are to be displayed, and then transfers the signals to mask generati.on

stage 21 which arranges the informatieh ‘f@g si xteen pi xel portions that
traverse fromthe beginning to the end of "the visible object for each. scan

15 The mask $oRenaRriARTAC TN abien SR, ABY §3 Bk aP' £rpBiaL aR0°
generat or 23 yhileWet ordér abfets! (ie. AP6in€ S HAS, ﬁmﬁiéj.edm inldexédP Isadifger at i on

stage 21 into signals for linearly addressing the frame buffer for transfer
to the out putschiemel sigo allowshdopoalye the iopposite comiess of raaectangle i beuitry in
coordi nate stagi ng bl ock 15 which rfornms_certai.n operationsg, based upon
its inputs, t‘ﬂ'ge'?gefﬂ fﬂ'ﬂge%%%g_@i F‘f"’b‘é“&@?cf’fb@ﬁ B%'FSW"’%?{% ref erence
to-figures 2-*&&@[5@%‘3&[ ng information in the nature of control signals to
enabl e a graphics subsystemto perform arbitrary quadrilateral rendering
with clipping and block inage transfers (BLITs) with clipping. Thus, the
present inventionThe kst doading methpdicrelativesiis dsed rtp allawijthe dfon just

‘stagi ng section éS. I rrpdaﬁment atjon of the various, timn a%d (aon‘t_‘\rol

si gnal s neede®eFHY fl?'?e gisore petveen otheoJast (roordinats, enfpred, An 8%l bl ocks -
- gomprising a ikliaRd B brdinaiey VAKE! 8 GhidCldse 8 WPUL fupphied Okt b | defde | R/
" is alided to the previously loaded coordinate before being loading into one '
or more registers. The 2-bit index is used to identify the last coordinate
entered [vertex (index-1) mod 4] for the necessary addition plus identifies
which register or registers need to be loaded as in the indexed loading

case.

In the end result, the CPU is free to choose to load .th.e coordinate
registers in any manner suppoi‘ted.- When thé operatidn, either a
quadrilateral _rendeﬁng or BLIT, is aétually requested (after the
coordinates have aﬁeady been loaded) the current state of the four |
vertices are utilized directly without tegard to how they were acquired. \/

This provides the utmost in flexibility for the CPU.

Figure 1 .is .an overview_ of a grgphics sﬁbsystem in wh_ich the present
invention niay be utilized. Bus imerface logic 11.is connected through |
address, data and cohtrol buses to a central processing unit (not shown).
The functional components of the gréphics gubs&stem are dafa ‘path and'

me_rhory interface 13, coordinate staging section 15, coordinate sequencing



therefore; wll not be described herein except as necessary for a proper
under st andi'hg of the invention. Referring nowto figure 2, a block overview
di agram-of coor<i nate staging section 15 is shown. Coordi nate staging
section 1$’Eonprises adder 31, l|oading control state machine 33,

mul ti pl éxer 35, XY coordinate registers 37, clip coordi'nate registers 39,
raster offset registers 41, index logic 43, test wi ndow control |ogic 45,
conparison logic 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 represented foll'ows to aid the understandi ng of the manner in which the
present invention-is inplenented. - 13 - XY pairs of vertices represent
vi deo display coordi nates. For a typicar‘dﬂspJay, X ranges between 0-1151
and Y ranges between 0-899. Each X coordi nate and each Y coordinate is

stored in a.sepageidon327PifindtReaF adlredting BRck P9, Masigdenefiflion’ Blotk 21 and
Al t hough 16 bits are.nore than adequate To store the |argest screen

coordi nate (i.e.linegr add6553generatog2233 to +32767), 32 bits of information
are stored because it is the data type nost preval ent in graphics software

Ty Span areas much 150AcPop AP FtRonaRler bt 13, WPls b | Fuhe) B M

are represented giowi)Thich 11915 némbiPUwhicH 'sfored grpHitdlCifoiRitidn to (Bl r]) .

([err]), and ([err]). If an object is a point, then all four pairs of

vertices are thedisplayedron hrvideqdisplay sughcas @dCRIT JThaoig, adata iwhich |is degded

t hec/t o Of the In?g rthgo;ta}nrér g&ffg; ié meccés%g&)byp %iiéeso (():Irct\nli%ryt Iw(i&gh converts the
data to appropriate electrical signals which, in tumn, turn individual pixels
of the video display on and off. Thé data from bus interface logic is
modified by mask generation block 21 and linear address geﬂerator 23
based upon processing performed by coordinate staging secﬁon 15,
coordinate sequencing section 17 and functional addressing stage 19.
Functional addressing stage 19 also accomplishes a portion of the clipping
necessary to fit particular graphic objects to the clip window in- which they
are to be displayed, and then transfers the signals to mask generation
stage 21 which arranges the information into sixteen pixel portions that
traverse from the beginning to the end of the visible object for each scan
line and are used for addressing the data path and memory interface stage

13.

The mask 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

for transfer to the output display.



are replicated. If an object is a triangle, then one pair of vertices out
of the ffour -pairs is replicated. If an object is a quadrilateral then all
four pairs are distinct. Cbjects (i.e., point, line, triangle or -~
quadrilaterar) are nost efficiently defined using the mini num nunberwof
uni que vertices necessary to conpletely define the object, i.e., for a.
point - 1, for aline - 2, for atriangle - 3, for a quadrilateral - 4 and .
for a rectangle - 2 (opposite corners). If a block inmage transfer (BLIT) ¢
operation is to be perforned, then the four X/'Y registers have the
followng interpretation and are | oaded accordingly: X0 - X coordinate for
upper | eft comer of the source bl ock. YO XY coordinate for upper left
corner of -the .source bl ock. - 14 - X1 - X coordinate for.lower right _
~corner of the source block. Yl - Y coordinate for lower right corner of the
sour ce bl ock.The presént ciovention dsfdireciedde Cizduitry oim gpordinatp estagingi blockon

bl ock. Y2 - Y,coordjnate for upper |eft, corpner ,of the destination bl.gck. X3 -
2 X coor di nat b5 regbich opesfors, Ferat aperasions Based SRPOR. fs, inRAte e gpecifics

coordinate fogs gﬂﬁﬁf 10/te_ QR HedOheloWE WARS rbfRPédR N Hiffulfes '27RF o
di spl ayed on a disp a‘{ll such ags aegRifegre rormed as df(gcretees pi xe{%}n\%/ﬁlltc' '
are stored i ninfommibmmismche saatesmf ycdritidl) signalsntoaenablé r aingraphit$ esubsysteme
or nore planes (or_bits), the nunber of planes typically, bei ng eight for a

col or syst emtopReHosmo arkjtrary { quadrilatgral randering swithq clipping @pd jblogk, image

i | v vy s T ° P y
ol anes - bei Sifbs (BUNGE) Wil lpiay, RGE bne BResind BibenfiShols Hirkfipa'd ©
single bit frepecHRe tikthitte wkhits ,cobfdiﬁétehﬁt_agingneecta;nels. | u

Implementation of the various timing and control signals needed for
the propér operation of the foregoing functional blocks comprising a video
display subsystem are well known to persons skilled in the art and,
therefore, will not be described héréin except as necessary for a proper

understanding of the invention.

Referring now to figure 2, a block overview d_iagratn of coordinate
staging section 15 is ‘shown. Coordinate sfaging_ section 15 comprises adder
31, lbading control _stnt_e machine 33, multiplexer 35, XY coordinate
registers 37, clip coordinate régisters- 39, raster offset :egisters 41, index
logic 43, test _winc_lnw. contsol logic. 45, cnmparison logic and result sto;ag'e \J .
47, comparison control state machine 49, and status 'generaiion logic S1.
Before setting forth the specifics of the p_résent invention, a brief
: description' of the manner in which objects are represented follows to aid
the understanding of the manner in which the present invention is

implemented.



utilized,. each displayed pixel is defined by eight bits in the frane
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
pi xel , or™4al| eight pixels can be used to specify the color, with one of
the colors being the same as the background color of the display to turn
the pixel off. The present invention lies mainly in its inplenentation of
status generation logic 51. In this connection, with respect to the other
functional blocks shown in Figure 2, their operation and inpl enentation

wi Il .be described only in such detail as— 9<ecessary for a proper :
under st andi ng of the present invention. dder 31 and MJUX 35 Adder 31 is
a 16 or 32-bit 2's dYmpaireof ersicesyrepiiebent vidéondisplay togrdirmgesnarRorya Dat ai n
frombus interface |logic 11 which represents incomng data fromthe CPU and
an input fr.om MYRical %ﬁl’léﬂ' i% ranges depyespe 0-Li9lc and oY crangey, hetween 05899.of

I nputs fromras fset,. | Stel S 44 . o] T egi ey
clip coordi nat eég‘g'glséfg?rsd'@.g B?P%ieéalcr'llpgt f%rg%%igég’qlggl{s‘e?esgée tcébézsl?lgnal S
generated by | opgistér 6P pair &ff A6CbilBrefisters. 33ARRowIES 161 bige! abe Indore tHaa
details of adder 31 and nultiplexor 35 will now be described with reference

to Figure 3. |nadéqyatects storgdthe bargest sireem cqordinate Giet. updter 65535 tari 32768 .
connection, althou 3 Lt _adder, could be used.since taln i h
preferred errbpd*%é’glg'??@' %b _bftf s‘_,%d P’ﬁ"ﬁ?ﬂé‘f” &g° §§‘§f86 ] 53%”([))?, fshg’el ﬁ?@gﬁg’[eed
clroult in whi Chhobi) GriviYal i lerighitd OAWAR GAdAPFVIdAAC] farfl Mot g6 WabgETR! S
of the pipeline utifized by the present invention are satisSfied by a Two

step add, the fhaddievimgstdeent rlifet objectsi whidhe mliyr spareair¢as muth largerativiar theThe

di f\ferences for utilizing a 32 bit adder will be apparent
: video display. _

Quadrilateral objects are represented as combinations of four pairs. of
vertices (X0,Y0), X1,Y1), (X2,Y2), and (X3,Y3). If an object is a point, then
all four pairs of vertices are the same or three points repeated. If an
object is a line, then two of the four (or three of the four) pairs of vertices
are replicated. If an object is a triangle, then one pair of vertices out of the
four pairs is replicated. If an object is a qixadt_ilateral then all four pairs
are distinct. Objects (i.e., point, line, triangle or quadﬁlateral) 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 coordinate for upper left comner of the source block.

YO0 - Y coordinate for upper left.comer of the source block.



to thgse skilled in the art and, therefore, wll not be descri bed.

Mul tiplexor 35 is actually a pair of multiplexors 35a and 35b and a third
mul ti pl exor 36 which is used to input the high order and | ow order 18.bjts
from Datain. Miltiplexor 35a and 35b receive the high order and | ow ‘Wder

- 16 bits respectively fromseven 32 bit inputs as follows: one 16 bit input
(sign extended to 32-bits) fromraster offset registers 41, four 32 bit
inputs from X/ Y coordinate registers 37 and two 16 bit inputs (sign
extended to 32-bits) fromclip coordi nate gg gisters 39. The outputs from.

- 16 - multiplexors 35a and 35b are conbined to formthe signal DataCut

a1 S0 Pnput Lo a tACE d urariale 55 10t ARAT cbBet %, b sobfin ok, *'©

mul ti pl exor 35a whenever the high order b|ts from[err] or [err] are being

accessed; otherw §f RUYt equrdinate 46r fowerctight bernetiiof ithe fsoareeTbldckpl exor 35b.
The output fromnultiplexor 40 is one input to |ogic gate 42 which elther

passes the 16 bit utp t fromul tipl exor 40 or passes /16, bits er os.
this connection, aF%"g °b9‘PP6"gﬁecﬂ @8@‘4&5%989&3 ‘L°He8{9F§s of

Datain are passed by rrul tipl exor 36 for directly | oading (absol ute | oading)

into a register Wydi-nyr asdrdinaté f6ftup R| 80161t Yotnet lofthe detinlitidn! BlocRI st ers
S

37, or clip coordinate registers 39. o shown in Figure 3 are logic
circuits 44 and 46_which perfornlthe foll owi ng function. Wien a | ow order
16-bit add i-s taki¥d -pKaeeordinats dox dower Kight icomez efpthe destinagionoblack.ow
providing a carry-In of a "0" to the adder 31. The carry out of this add is

saved in T1ip 11 OR 0 yThayAif foP lowld Dight WBrdkd o e ueslidbtiph ozt © 44

to the carry in of adder ticon of Ot he upper Thlw
conbi nation provides a 2 cycle 32-bit add equivalent to-a single cycle 32
bit add. Images to be dlsplayed on a display such as a CRT are formed as

dlscrete plxels which are stored in a random access memory (RAM) known

 as a frame buffel_' in one or more planes (or bits), the number of planes
typically being eight for a color system. Data stored in the frame buffer is
addressed by a pair of coordinates, X and Y, 'whgre an X,Y pair identifies a
particular pixel in all planes, X being the row and Y being the column. A
pixel is defined by a single bit from each plane. Thus, if eight planes are
utilized, each disﬁlayéd pixel is defined by 'eighi “bits in- the frame buffer.
In this manner, ohe bit of a.piiel can be used to specify whether it is on or
off, with the re'ma_ini'ng' seven bits specifying the color of the pixel, or all \J

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

the same as the background color of the diSplay to turn the pixel off. The

present invention lies mainly in its ixnplemgntation of status generation

logic 51. In this connection, with reépgct to the -other functional blocks

shown in Figure 2, their operation and implementation lwil_l be described

only in such detaii as is necessary for a proper understanding of the

present ‘invention.



The operation of adder 31, raster offset registers 41, X/Y coordinate
registers 37, clip coordinate registers 39, test w ndow control 45 and
conparison logic and result storage 47 are coordi nated by | oadi ng control
state machPhe 33 and conparison |l ogic state nachine 49 which causes the
aforesai'd.functional blocks to operate so that the data is flowwng in a
pi peline. Thus, although not all control lines fromloading control state
machi ne 33 and conparison |ogic state machine 49 are shown, the details
will be readily apparent to those skilled in the art fromthe description
of . -.17 - loading control state nmachine 33 and conparison |ogic state
machi ne 49 below, X/ Y Coordi nate Regi-ster? 37 X/'Y coordinate registers 37
is referring to Figure 4, a set of 16-bit EigLsters whi ch store the
([err])-([err]) vertices of an object to be drawn. One 16-bit register is

used to store thgddgp%rg @%i% gs each X coordi nate and anot her 16-bit
register is used | ower 16 bits of each X coordi nate.
Simlarly, another 16-bit register holds the upper 16 bits of each Y,
coordi nate and anot heAdd®- Biltisr @glGtoFr 32+ditd2'st templement Hndryt addefr hawihg ¥wo

coordi nate. These register re shown in Flgqure 4 _as XO r esenting the

| ower 16 bits of MBS E?‘Pflsycg%ﬂ‘ﬁ'i%‘ng‘i"&‘ah?d 5(8@?%#%@% n‘ﬁﬁﬁbpfﬁprﬁsﬁngﬁ ts of
‘the [err] coordi : ' I & r e‘gﬁm Gy gand
upper 16 bits of ﬂ?ﬁ?‘fér' g@%‘?cﬁ'ﬁgdegadﬁlgsﬁéé uﬁlﬁ% g I%jr]lgg'llr eqgl gt ers

YOL- Y3L and YOU- ¥iiltiplegérc villich | seleets and ofppeset 16f limputs dromheasterr offfset registers
coordi nates of the object. References to XOYQ etc. nean the 32 bit val ue
stored in the coﬁ?e?ﬁt’nﬂ??@@”é@i@g’ékfﬁamﬁ,°fi ckip coprdipate registersi 3. The input

~ from MUX 35 is selected by signals generated by loading control state

machine 33 as described below.

The details of adder 31 and multiplexor 35 ivill now be. described
with reference to Figure 3. In Figure 3, adder 31 is shown as a 16 bit
adder. In this cohnection, although a 32 bit adder could be used since
Dataln in the preferred embodiment is 32 bits, in order to .éave space on
the integrated circuit in which the invehtion is implemented and since
timing requirementé of the pipeline utilized by the present invention are
satisfied by a two step add, the following description will be directed to a
16 bit adder. The differences for utilizing a 32 bit adder will be apparent

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

Multiplexor 35 is actually a pair of | multiplexors 35a and 35b and a
third multiplexor 36 which is used to input the high order and low order
16 bits from Dataln. Maultiplexor 35a and_ 35b receive the.high order and’
low order 16 bits réspectively from seven 32 bit inputs as follows: one 16
bit input (sign extended to. 32-bits) from raster offset registers 41, four 32
bit inputs from X/Y coordinate registers 37 and two 16 bit inputs (sign

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



s o ¢ . -
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Each pair of registers, (XOLYOL)-(X3LY3L) are coupled to a nultiplexer pair
whi ch aré--used to select either the corresponding X or Y register. For
exanmpl e, registers XOL and YOL are coupled to nultiplexers 6la and 6%b.
_Loadi ng control state machine 33 generates a signal which directs

mul ti pl exer 6la to select the input fromregister XOL or YOL dependi ng -upon
the whether the X coordinates are to be operated upon or the Y coordi nates
~are to be operated upon.” Each of multiplexers 62a and 62b - 64a and 64b
operate in the same manner respectivelyjfjor data from. - 18 - register.
pairs ([err])-(X3L, Y3L). The outputs frcgrlf'?rmlti pl exers 6la- 64a go to

mul tipl exer 35b, while the outputs fromnultiplexers 61b-64b go to _
conpari son | ogiudtiplaxorsc3da tandt 35y aze Apmitned te form de sighal NataQ@ (fobel ed -

All Os Al I's are each logic cifcuitry which checks u r 18- bits of
i ts corresponBOY{IRE e o‘?"tfgﬁiaf‘é ‘b‘aﬁer'%*e'af’#‘]'fﬁr‘_Bstlﬁﬁr&Eﬁ) %ﬁgye alsPt een of
the bits coneg; t Beal:epi N ( Y. v th
and ei ght eent ﬁﬁt’l)’?{?g go‘rﬁlﬁg 'ﬁ@k]&txﬁze‘(%g ol?o%s?%smm%ﬂmsﬁdgfh?ﬁlemﬁpk%p
cor r espondi ng35xgvlsnever the highyoodasi bits 0081 WY-X lor W)-)Y 3 dfec beinge ateessed;
and ei ghteenth bit_input . is not shown in Figure 4 to ayvQid unnecessarily

cluttering thetheryiseemultiplexer,40; gelects; the owtput \frem. mudtiplexgr 35b. | dbgt into

I tiples - ' ich sel i 1.he di Y
Coor i nat e 1 nOPREF SHAPRRIGHEE H0 & odCudifte © 1IE S o8 CRRATAR T T
out puts from padsks Rhe€ XY Bit/ butplt Frorh Omilipléxer 64(E for FudsesOI6 bifs bheefoshi 1

out put fromeach of logic blocks 67-73 are each a "1" if the upper 18-bits
of its correspinddiongectian, szesps are farcedby dagisr gate| 42 rvéheneverh ite ofach of .

the 4 bIts 15 pen0 ol alell b Rulupiich '3 fok BrLhRF Sadid Goibisie' [ing)™

T

into a register within raster offset registers 41, X/Y coordinate registers -

37, or clip co_on_iinate registers 39. Als_o shown in Figure 3 are logic ci_icuits

44 and 46 which perform the following function. When a low order 16-bit

add is taking place, AND gaté 44 has its oﬁtput forced to a low providing a

carry-In of a "0" to  the adder 31. The carry out of this add is saved in flip

flop 46. The output of flip ﬂ_o‘p. 46 is gated 'b'y AND gate 44 to the carr§ in o

of adder 31 :duﬁng the addition of the upper 16-bits. This combination |

provides a 2 cycle 32-bit add equivalent to a single cycle 32. bit add. |
The operation of adder 31, raster offset registers 41, X/Y coordinate .

registers 37, clip coordinate registers 39, test window control 45 and | b

compafison 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 s0 that the data is flowing in a :

pipeliﬁe. Thus, iltﬁough not all control lines ffo:ﬁ loading control state |

machine 33 and comparison logic state machine 49 are shown, the details

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



generat |~on logic 51. Cip Coordi nat e Regi sters 39 Cip coordinate

regi sters, "as shown in Figure 5 conprises four registers, XdipMn,
XaipMax, ' YCipMn, YOipMWax and mnultipl exors 8la, 81b, 83a and 83b. The
val ues Xd“-‘FpM n, Xd i pMax, YClipMn, YCipMax, which are stored in the

af oresai d regi sters wi th the sane nane, respectively define the left,
right, top and bottomof the currently active wi ndow. These values are
generated by the CPU and are .input to adder 31 - 19 - which adds 0 to

t hese values for |loading the registers Xd.i n, XdipMax, YO ipMn, and
YC i pMax as descri bed above. Miltipl exors 8 and 83a on the one hand, and
mul tipl exors 81 83bo t he ot t XCli pM n_and XJ i . or

YO | pMinand YOS oRUBb A oo T3 Qs POmBRESC. KA  Beten Paching) 42
control state efdwe 33 and conpari son control state machi ne 49
respectively. The values fromnultiplexors 8la and 83a are sent to

mul ti pl exor 35, while the vaI ues from mul ti pl exors 81b and 83b are sent to
conpari son | ogi /AN pte Registege 37/ and test wi ndow control 45. Raster
O fset Registers 41 Raster offset regi sters 41, as shown in Figure 6

t t | t 3
ComDEL 2es Lo o0t S RIP e RSl regBACK] s oGP RTRRE £, LS TOHRS
sane nane, res peeglmfs whileH ististe tthe (Xmm)s(xg Y%Qtvdrﬁcéseoﬁdﬂ&fbjémnbe drawn.

desired) to Dataln before storage into each of the four sets of X Y
coordinates in Xin¢ t6<bmregtster rie gised dpSstGIR. th'meppervhﬁ hits of Gagbriérmdinmp

t he -CPU f t f d Vv
or eYRasO‘ ]9 " or o eanlot er flé gt teagri]ster Ii-{sa?lsoec to I\{He st 1!eet %r lowerS % cit[sso %ghd )E

- coordinate. Similarly, another 16-bit register holds the upper 16 bits of

each Y coordinate and another 16-bit register holds the lower 16 bits of
each Y coordinate. These registers are shown in Figure 4 as X0L
representing the lower 16 bits of the X(Q coordinate and X0U representing
upper 16 bits of the X coordinate. Registers X1L-X3L and X1U-X3U
represent the lower and upper 16 bits of the X1-X3 coordinates
respectfully. Similarly registers YOL-Y3L and YOU-Y3U store the lower
and upper 16 bits of the Y(-Y3 coordinates of the object. References to
X0,Y0 etc. mean the 32 bit value stored in the corresponding register pair,

i.e., X0U,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 XOL and YOL are coupled to multiple)ters
61a and 61b. Loading control state machine 33 generates- a signal which
directs multiplexer 61a to select the input from register XOL or YOL
depending upon the whether the X coordinates are to be operated upon or
the Y coordinates are to be operated upon. Each of multiplexers 62a and

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



depending on control signals generated by |oading control state nmachine 33.
The val ue selected by nmultiplexor 53 is sent to nmultiplexor 35. Test W ndow

Control 45 Test wi ndow control 45 will now be described with referente.to
Figure 7. The CPU generates the val ues testXval and testYVval which d¥set a
predet.erm ned di'stance, i.e. nunber of pixels, above and bel ow (for

testYvVal) and to the right and left (for testXval) of the currently active
clipping window. That is, for a given wi ndow on a display, there is a AX*
- 20 - and [err] which define a test vvi_ndggsurroundi ng the real clip

w ndow. The purpose of this test w ndow i O elimnate, whenever it is

beneficial t Oz rd e lecul at e, t he | ocati on of
obj ects or p%reg'{lgf)eﬁfsp %“wg#g?‘g&lfé@@ i\71'\75911?5(;% a\r»@{eogilgﬂng% ff‘H% '@Ht ?’ﬁeds w dow.
The 4-bit valgfas gbetd Rvaltiphidért 358, Ywhileafle Duputs fromt hfaldplekérs' 89b548" S
test X and testY respectively. Miltiplexer 91 selects one of the registers
test X or testgo dexompanigonogicrand rresult (storage bl di nates or. the Y '
coordi nates are being operated upon as determ ned by the signal MJX Enabl e

Srgnejlnteirfcj)llt ggelﬁygghﬁshﬁ itn. 'ﬁ%t@L@&WZ%?S@%Iﬁfﬁ’s#g—rrgﬁe%#?a%g%%ﬁecrerrentor
93 has as a sekaify WRich Ehe&kyahecupper! PbRts 06f e tdtidspondisig! RCYenmentor 95

has as a second input the val ue XC'ipMax or. YC i pMax, again dependi ng upon
whet her X or cpordipatgi pair dor allezé¢ros g dlpames.cdSixteen of thiebits rdomes] ftoym tthe

out put s goner BTy CRILGHDHRACUSEA G Grle ahe eivBnsesed and | <ighipadobitad o
o oo 1D PSBN hne ol gp e cohaer aesasiplabiy Risaeraae o5
grouping (XOL,YOL-X3L,Y3L). The seventeenth and eighteenth bit input is
not shown in Figure 4 to avoia \iﬁnécessaﬁly cluttering the figure. The
register pairs (XOU,YOU)-(X3U,Y3U) are input into multiplexers 75-78
reshectiﬁly which select either the X coor&ihéte or Y coordinate in the
same lhanner as _multipl_ex'er'-pai:rs 6_1#,61})-643,64& The outputs from
multiplexers 75-78 go to :._mul_'tipléx'er_ 35a. One of the 4_;bits ‘output from
each of logic blocks 67-73 are eaci_: h i N if the upper 18-bits of its
corresponding registgr are all iéros or all ones, therwiSé each of the 4-bits
is zero. "The four 4-bit outputs from blocks 67-73 are input into statu_s.

geheration logic 51.

Clip Qg‘ prdig#;g Eeg‘i_gtgtg 39

~ Clip coordinate registers, as shown in Figure .5 'g:om_prise_s four |
registers, XClipMin, XClipMax, YClipMin, Y_ClipMax and mﬁltiplexors 81a,
81b, 83a and 83b. The values XClipMin, XClipMax, YClipMin, YClipMax,
which are stored in the aforesaid registers with the Sa;ne name,
respectively define the left, right, top and bottom of the currently active

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



YTest M n=by, subtracting fromXdipMn and YCipMn a value equal to 2
raised to (testX-1) and (testY-1) power respectively. Simlarly,
increnentor. 93 creates the val ues XTest Max and YTest Max by adding to

XA i pMax %"ﬁd YC i pMax a value equal to 2 raised to the (testX-1) and
(testY-1) power respectively. (i.e., 2(testX-1) or 2(testY-1)). Loadi ng
Control State Machine 33 and | ndex Logic 43 Loading control state nachine
33 generates the control signals, MJX Enable, |Index and Regi ster Enabl e.
MJUX Enable is a set of control signals, one of which causes the various
mul tiplexors in raster offset registers 44]9KLY coordinate registers 37 and
clip coordinate registers 39 to select their respective X inputs or Y

i nput's; a seconcwlith vidde ') aathese Walues [foeloddingd the regikees XCTlipMin, t XClipMan] s
fromraster offset registers 41, XY coordinate registers 37 or cli

coor di nat e 1 ogi XEHEMED, and XKGlipMan 35i deseeibed wbpvs. Maltinlexars Hacend 83a om

I ndex register ijp index. |ogic,43,.t.0. 0 ncr nt .by.l be f or C f Jhe
values 0, 1 and t{je °£?déﬂ£tﬂéd é&'flhglef‘grsis,gi?om\deg%? @o‘%?%&hfﬁﬁg‘) .&Iél'pﬁm
Regi ster Enabl e dnd RCEpMaX' of ¥CligMirS afid ¥ ClipMag, BépendiighoRfconiS]l skt er s
In raster offset regi('??ers 21, 'X/@hcoordi nat% regi?er%? and cl i?ﬁh

coor di nat e regi gesemtad byededding ccontxolh stakehmaghinet 33 and |comparison 1@ nitiol

value on the line fromadder, 31. The opergtion of Joad cqntrol state

Tachi ne 33 and [SRIEORURRE 4% TRFRSCARE bolts: Salieh OBy mljblsros, 813 cangh &%
fromwhich the igpl | G ikRleS p : ahqye,
| mges to be drgi(vqu) %ﬁgqgﬁﬁuﬁgpc}ggélaggf r%n%g'g‘ g}f;hge%eﬁg?p?rnn‘ﬁlgég%aﬁz'?gbhaw ng
four pairs of ved3bi ams sert] & ichnparigderiogic. afd|resils storggdat7panditest windmy
trisangl es, rectangles or quadrilaterals. For points, the four pairs of
vertices are i ds®ntiehi4¥or lines, there are only two pairs of unique

" vertices. Four sided '

Raster Offset e't'4

Raster offset registers 41, as shown in Figure 6 comprises two
registers, XRasOff, YRasOff, and multiplexor 53. The values XRasOff and
YRasOff, which are stored in the aforesaid registers with the same name,
respectively define the X and Y offset to be added (when desired) to
Dataln before storage into each of the four sets of X,Y coordinates in X/Y
. coordinate registers 37. These values are generated by the CPU for storage
in XRasOff and YRasOff. Multiplexor 53 selects XRasOff or YRasOff
N depending on control signals generated by loading control state machine

33. The value selected by multiplexor 53 is sent to muliiplexor 35.

Test Window_Control 45

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

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



quadrilaterals have four unique vertices. A rectangle represents a speci al
case of duadrilateral wherein there are only two unique X coordinates and
two unique Y coordinates (rectangles can be defined by a pair of verTices
defining diagonally opposite corners). For triangles, there are onl 37"'1 hr ee
pairs of unique vertices. - 22 - The index value specifies which

regi sters to enabl e based upon the type of object being defined. For proper
operation, Y values precede X values. Except for rectangles, the index
register is incremented after the X val ues have been | oaded in the
appropriate registers. For rectangles™ 2O index regi ster is increnmented
after both X and Y values. In.this connection, the followi ng table sets
forth for eachnHyAY hidhidesihe d st &mawsﬁm&ndm%:hharrealemplmdaw efifeh
i ndex register value. Although not shown, the enabled Y registers would
correspond toplumossnaf)ltbls vest oyindowr is. tor ABuﬂlate.l wheRevex| neISAben'Efmldo doad
hj ect Type '}4}5 _ n@p

X0, X1, X2, X3 581 ,")& ngedfor the hagdware 10, cplculate '% Ingation of pBlects ‘or

X0, X1, X2 pol‘t)l&ﬁg of he objem§<2wm3h><ﬂ'e out&e@e@hﬁﬂlﬁgrﬂrﬁhw al X0

X1 rectangl e X1, X2

X2, X3 X3, X0 An irrpo-rtant point that can be seen in Table 1 is that
the coordinate pointed to by the index register is always witten. The type
of wite (point, line, triangle, etc.) indicates how many subsequent

registers (nodulo 4) wi'll also be witten. For exanple, if the index is 2,

e i 2! o The Wb vifhel AN ad el VaP Grd SBbr2liche ol li-bi
registers testX and testY respecnvely Mulnplexer 91 selects one of the W/
registers testX or testY depending upon wh_ether the X coordinates or the Y
coordinates are being operated upon as determined by the signal MUX
Enal)le generated by the loading control state machine '33. The output of
multnplexer 91 is mput into decrementor 93 and mcrementor 95.

Decrememor 93 has as a second mput the value XClxlen or YChpMm and
incrementor 95 has as a second input the value XClipMax or YClipMax,
again d'ependmg upon whether X or Y coordinates are being operated upon
as determiped by the signal MUX Enable generated by the loading control
state macl:ine 33. The o_utpﬁt_s generated by decrementor 93 ‘and
incrementor 95 will be referfed to as XTestMin, YTestMin and XTestMax,
YTestMax respecnvely Decrementor 93 creates the values XTestMin and
YTestMin by subtracting from XClxpMm and YChpMm a value equal to 2
raised to (testX-1) and (testY-1) power _respecuvely. Similarly,
incrementor 93 creates the values XTestMax and YTestMax by adding to
XClipMax and' YClipMax a value equal to 2 "r'a_ised to the (testX-1) and
(testY-1) power respectively. (i.e., 2(testX-1) o 2(testY-1))



(X2 + 1) nmodulo 4 and (X2 + 2) nodulo 4 or X2, X3 and X0. A quadrilateral
wite to Y would only affect Y2. Exanples 1-3 below will explain the role
of the qufx regi ster when defining an object. Each Iine of the exanple

i ndi cates™t he intended wite operation, the index register value utilized
by the 1oading control state machi ne to govern the | oading of the
coordinate registers, the values stored in the coordinate registers after
the wite, and the index value after the wite cycle concludes. The
menoni-cs for the wite conmands are Pnt-X&j .EntY to indicate a point
wite, LineX or L|neY for a line wite, Tr|X and TriY for a triangle wite,
QuadX and QuadY] : ' Mach ad dinide o RectY for a
rectangle wite operatlon The actual MWIte operation identified by each

wite command i s act '-clockccl eration as wll pe
descri bed later. Fortf’?f@ég HUGB‘AF/P ?31&%9%@&:&? contel signplse MUX

command is of n e i@”é pt t f
these exanpl es, (E'{?gief:@g one w%lggﬁ%a@%crl rom{]ﬁl Jﬁgcrl p? glﬁﬂlgﬁ
i nterpretation Qi‘neEuﬁmleh chusexl tie Matious! meltipbexdrs Jin apgter colfset Afegisierst 41
the PntY(6) command is received, all coordinate registers contain the value

"0" and the i ndX/Y soerdinate registers 37 candnchip eyooedinatenteaistys BRato selpef theinf

| houl d be | gad rd
'S a1 Table 1 ThmARls & Wl o7 uiR s R 8F B ey e r BTie,

Y1, Y2, Y3 and ‘Elecf heNsKithé qgﬁﬁldfrbﬁc PistédoffbEt! réigiterst HSENXTRY Sodrirapsrd
the point 3 into X1, X2, X3 an Is the case after all indexed X

coordi nate wit gegistens 3|‘7nde>cllpsctbordmm3m¢glsle(s'rﬁﬁul Index ist atsdinglenconsfolt $ignal

wr NLe cycle. The next wite co nd js a, Y( e index for this |oad
5  andl Tabl o SR caRp S BARD Bl n der i #vis Tncrement by'L Sberveén

for each of the values 0, 1 and 2, and if the value is 3, to reset to 0 (modulo

4). Register Enable is a set of control signals, one for each of the registers
in raster offset registers 41, X/Y coordinate registers 37 and clip
coordihate' registers 39, enabling each such register to load the 16 bit value
on the 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
drawn are defined as being made of one or more objects having four pairs
of vertices, (X0,Y0) - (X3,Y3). Objects may be points, lines, triangles, .
rectangies or quadrilaterals. For points, the four pairs of vertices are
identical For lines, there are only two pairs of unique vertices. Four sided
quadrilaterals have four unique vertices. A rectangle represents a special
case of ‘quadrilateral wherein there are only two unique X coordinates and
two unique Y coordinates (rectangles can be defined by a pair of vertices
defining diagonally opposite corners). For triangles, there are only three

pairs of unique vertices.



and YQ. The final wite command for this exanple is LineX(7). Table 1
indicatés the loading of 7 into X2, X3 and XO after which the index
register is again increnented. The final state of the coordinate regfrsters
identify two unique vertices (3 vertices at (7, 9) and one at (3, 6)) '
Geonetrically, this is-aline with endpoints at (7, 9) and (3, 6) as was

I nt ended. Exanple 1 Specifying a line (3, 6) (7, 9) Index I ndex :
- Before Af t er Conmand X0 X1 XZQ YO Y1 Y2 Y3 Wite Wite 0 -
0O 0 O 0 0 0 01 ite PntY(6) O O 0 O .
6.6 6 6 01 01 wite PntX(3 3 3 3 3 6 6 6 6
01 02 erth igdenrey@gge gpecit;'es vg:ic registerg toeen@le dbased mpon the

02 wite Li ne

|
Speci fying a BIReARobitt boing defined., Eor PRoRsy operstifucY, valpes Bressdn Koy

Command . 1 2 7
- 5 6 9v3ﬁe§< é%ce)ﬁ for r%@ta}%le\\fﬁ |tf¥é; lﬁ‘l_gélxtY? ﬁlster is mcreméMéff Qftér thg X
9 5 03 values havé beent doﬂieldxm the Jappiopr?ate registers. For fectafgles5 the 03
00 wite TriY(3 1. 3 .7 5 00 00 wite
Tri X(9) 9 olndex register is mcgemgnteg aftg bo@ox and Y valpes. In; thisy conpeptiong

9 7 1 t
36 6 5 “Blf“?“‘gg ‘aﬁffz %1“ f°f'h for Sepa%(i:ll W&’F n‘Sf §5 é%:%'ﬁg re "'7';‘} ‘C’th?)
(8,1) (0,1) are enabled for each index register value. Although not shown, the

enabled Y reglsters would correspond to the enabled X registers.

. | TABLE I J
: : Index Value At Time Of Load -
Object Type 0 1 2 3
point XO,XI,X2,X3 Xl,x2,x3,x0 X2,X3',X0,Xl X3,X0,X1,X2 -
line - X0,X1,X2 - X1,X2,X3 - X2,X3,X0 X3.,X0,X1
quadrilateral X0 ' X1 X2 X3

rectangle X0,X1 O X1xX2 - X2.X3 X3.X0

An important point that can be's.een m 'fable I is that the coordinate
pointed to by the. index register is always wiitten. The 'iype of write
(point, line, tﬁaﬂgle, e_tc.). indicates how many subsequent registers
(modulb 4) will also be written. .Fo-r example, if the index is 2, at the time \J
a line X write is received, then thrée regisfers will be 'w-ritten, namely X2,
(X2 + 1) modulo 4 and (X2 + 2) modulo 4 or X2 X3 and XO. A quadnlateral
write to Y would only affect Y2.

Examples - 1-3 below will explain the role of the index register when
defining an object. Each line _of the example indicates the intended write

operation, the index register value utilized by the loading control state



‘Index =1ndex Before Af ter Cormmand X0 X1 X2 X3 YO Y1 Y2 Y3

Wite =~ Wite - 9 4 4 1 3 6 6 5 02 02
.write-RectY(1l) 9 4 4 1 3 6 1 1 02 03 wite
RectX(0)>*0 4 4 0 3 6 1 1 03 00 wite RectY(7) O
4 4- 0 7 7 1 1 00 01 wite RectX(8) O 8 8 0
7 7 1 1 01 02 - 25 - Although in exanple 1, the index

regi'ster is arbitrarily 1 when the first coordinate is received, the index

register in index logic 43 nay be iniu@\,gzed based upon a val ue placed on

Dataln if instructed by the CPU. (It is rth noting, however, that proper

it instructed by the CPU (It is |
the tndex regi oPRFRECES 8ot he'Badile SEOREUBERIm fofudd Wy ©

assuned in thi ssRyafihethehdbordBaidiregiivds \Hiae Qfe aite,abnd thhe indexevdlué aftess

not to obscure the operation of this circuitry. Loading control state
machi ne 33 in cthe writei cycleviconcludapar The mhemonics tfor sheewetitencommandsitare| s a

i pelini h ' ' ddjti tq | oadi ng. A . . .
Gevcr | bed abovePak s BN, 1 licHie acpeiat SElty Bincrogy LUas 1af & Kk PERmoRtng
mul tipl exors ”E%EZ%Y fot" a 'thién éoﬁi?febgﬁfa’cﬁé o QhadPP TR 'd g@ihrh%hﬁ *htk,

result storage status generati ogic 51. Additionally, when it is
desired to not uhd ReteXt drad Rest¥rfopfal sextanpie aritei operation. heTher ectaak write
invention, it is necessary to force the addition of 0's to the {nco I N
data for storag@peratignt iiensifigd by, ‘éﬁbrﬂﬁ?at‘@“l‘%ﬂj!dst‘%ra?“ﬁilyﬁ g tb&ﬁkr%ﬁﬂﬁ

t, he conpari sons OBglra;iBﬁ n@sd will 68 RIS 14088' CFH these examples though, the

N : execution time of the command is of no relevance.

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

 Examples 2 and 3 should be readily apparent.

At the time the PntY(6) command is received, all coofdinate registers
contain the valut;, "0" and the index is equal to "1". The PntY(6)_ command
says that a point of value 6 should be loaded into the Y coordinate
registers. Since the index is a 1, Table I indicates that the incoming value
(6) should be stored into Y1, Y2, Y3 and YO. The next command received,
PntX(3), then says to load th;a point 3 into X1, X.2, X3 and X0. As is the case
after a!l 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 1
indicates the loading of 7 into.XZ, X3 and X0 after which the index register
is again incremented. The final state of the coordinate registers identify
two uniqine 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.



result .storage 47. In this connection, the MJX Enabl e, and Regi ster Enable
control signats generated by | oading control state machi ne 33 and
conparison | ogic state nachine 49 nay be ascertained fromthe timng~
sequence table set forthin Figure 9 and the followi ng |ist show ng t"ﬁe
order of processing perfornmed by coordinate staging section 15 for each -
entered Y coordinate. 1. Recei ve Y coordinate on Dataln 2. Add t he

| ow order 16 bits of the received Y coordinate to: a) YRasOF f (| ower’
16-bits) or b) the |low.order 16 bits of YOL-Y3L pointed to by (index-1) or
c). 0's.3. Add the high order 16 bits of the received Y coordinate to:
a) YRasO f (sign extended upper 16-bi t~s).2h:|.h.) the high order 16 bits of

YOH Y3H pointed to by (index-1) or c) 0's and conpare the result of
step 2 to the ther Y, coor di nate e.the result of step 2 to

YC i pM n, .YTes M’H pleydy Rﬁﬁ&i a‘nﬁ&%’t@&) d exani ne the upper 18 bits of
t he result of steps 2 and 3 for all 1's and all 0"s. In stepf£x2Nd Ridex

above, the choices a), b) or c) are made as follows. For NONg E%r%ti

wites to an |ndexed regi PNT, ) '

sel ected. For a—dkQmmandy,;: oAl AL Aldcdbe—r-ddiol-br LS ite

RELTRI, RELQUAD, RELRE'CT) choi @ b¥ i Dse ed i

choice c). The | oamtitey RY4®) X Cooldi rﬂat eof oI I

f or egm ng restrictwrtes Rt¥@kf i t BonB i n3nind,6a
write LineY(9) 3 3 -3 3
write LineX(7) 7 3 7 7

Example 2 Specifying a triangle (1,5) (9,3) (4.6)

_ Index Index

) : _ Before After

Command X0 X1 X2 X3 YO Y1 Y2 Y3 Write -~ Write
| - 7 3 7 717 9 6 9 9 03 03
write TriY(5) 7 3 7 7 s 6 9 5 03 03
write TriX(1) 1 3 7 1 5 6 9 5 03 00
write TriY(3) 1 3 7 1 3 3 9 5 00 00
write TriX(9) 9 9 7 1 3 3 9 5 00 - 01
write TriY(6) 9 9 7 1 3 6 6 S5 01 01
write TriX(4) 9 4 4 1 3 6 6 5 01 02

~ Example 3 Specifying a Rectang}e 0,7 (8,7) (8,1) (0,1) o/

Index Index

~ Before  After

mman X1 X2 Y1l Y2 Y3 Write Write

' - 9 4 4 1 '3 6 6 5 02 02
write RectY(l) 9 4 4 1 3 6 1 1 02 03

~ write RectX(0) 0 4 4 0 3 6 1 1 03 00
write RectY(7) 0 4 4 0 7 7 1 1 00 01
write RectX(8) 0 8 8 0 7 7 1 1 01 02



that the jndex register value in index logic 43 is '01' and registers
(X0,Y0) - "(X3,Y3) as described above with reference to Figure 4 are all O,
:the followi ng sequence of events takes place to load the registers so as to
define a™ine having endpoints whose XY coordinates are (3,6) (7,9) as in
Exanpl’e 1. At clock cycle 0, the conmand wite PntY(6) places the value 6
on Datain, and causes the register address input to |oading control state
machine 33 to contain a value indicating that the incomng datais a Y -
27 - point. At clock cycle 1 (and ref?r-'gﬁg—-to Figure 3), nultiplexor 36 is
instructed to select the |low order 16 bits on Datain and nultipl exors 35
(i.e., multipl exor sARhéugh dn 3éxampledi,4theaimtiexorgistgatie adbitrarity i hathenctied t o
pass the lower 16 bits of YRasOf. Thus, during clock cycle 1, adder 31
adds the out pufisst; eeprdinate jip | reseived othenindey (fegistprt in Andex logic A3 may, be

result at-its out.put., At f.cl ock I r.2qi ' Y3 e
enabl ed -and | oal ,lgﬂﬁd[ ﬁaﬁﬁg%g‘ﬁ]&egﬂ%n?%ﬁea%)r&ﬁ?@ é?%§}€%%$ eY’S'éH}\% Eﬂ'he

| ow order bitsqfist Gorithbing, hbVeverdstha prspeti dperdliors |ICthi€ Vifivéntidn is

mul tiplexor 36 is instructed to select the high order 16 bits on Datain and
mul ti pl exors 3%otaly itdependent wfcthgainitial? value of\¢he dndexd registsaswhema loaging
ext ended upper 16 bits aof YRasOff_ .Thys, during.clock cycl.e ene3l
adds t he out putsgq‘?ef‘ﬁ?n‘ﬁuff‘ltfaﬁ?‘g&ornéé ajfﬁj afﬂﬂ?i‘pbtétt 547‘%%8"’ p‘ﬁgtcg@g}sm? and
result at its thé€ AR, 0P K oY Gb SobdcureCieSéeration o ¥Rl ar e
enabl ed and Io;‘gieﬁw\fmftcﬁh‘taﬁg val ue from ?fe out put c%fe addelfler Si. At cycle 3,
the command wicieull?yX(3) places the value 3 on Datain, and causes the
regi ster address input to | oading control state nachine 33 to contain a

\ébi/ue 'ndicating ! kﬁaéﬁge éor}l%% sr{gted%;[a%h{nse %{;‘ i>1(1 egrllj%u':tiéll Sv?itetco%ﬁ)a%ln(sogyd €

logic state machine 49 controls a pipelining scheme which in addition to
loadiﬁg the various registefs described ébove, 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 incoming data for storage into the X and Y coordinate registers
prior to performing the comparisons performed by comparison logic and R

result storage 47.

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

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

1. Receive Y coordinate on Dataln



mul tiplexor 36 is instructed to select the |ow order 16 bits on Dataln and
mul ti pl exdrs 85 and 40 and logic gate 42 are instructed to pass the | ower
16 bits of XRasOff. During clock cycle 3, adder 31 adds the outputs ff¢

mul tiplexor 36 and | ogic gate 42 and places the result at its output. ™ At
the end of clock cycle 3, registers XOL-X3L are enabl ed and | oaded with the
val ue from adder 31, i.e., 3 representing the low order bits of the value 3
that was on Datain. At clock cycle 4, multiplexor 36 is instructed to

sel ect the high order 16 bits on Datain and multiplexors 35 and 40 and
logic gate 42 are instructed to pass th 'gﬂ ext ended upper 16 bits of
XRasOf. At clock cycle 4, adder 31 adds e out puts frontnultiplexor 36

and logic-gatez -Add the 16% %P&rpié‘(lﬁﬁ t.hw ?ééettedaw cbsrafti®4b: During
clock cycle 4, registerg ﬁé nd | oaded w th the value
f h f 31, t

o the outpit of aggen)3t, ot ¢! dﬁ?&.tsear%@ﬁvsi OGNSR 65 fdex-

clock cycle 5, the comme tte aces e va

causes the register 3ﬁdrc ut to | oading control state machine 33 to
contain a val ue indicating that the incomng data is a Y line. At e¢lock
cycle 5, multiplexor 36 is instructed to select the |low order 16 bits on
Dat ai n and . nul 8i, pl ex@d SthéShighdorder A6dbit® BfCthedeteived aY ecdordinateCt®d t 0 pass
the [ower 16 bits of YRgyCh Y@dolqus;(ghogheﬁagdq. er AéBits)31 adds the

outputs from mul ti pl i‘OVb 36 ﬁt&dhig@.gbfdeﬂai@bﬁ@ o -?‘?,ﬁsgbhﬁed 36 Uy (ﬁIdeﬁIﬁ
output. At the end o 20 e 5, registers Y2L, Y3L and YOL are ena
fr

and | oaded with the g%s%t i ‘;’}esx 3{ e& gecr%ggmﬁgﬁtg ordﬂt% rder

‘bits of the value 9 at was exor 36 is.
instructed to select the high order 16 bits on Dataln and rrultipl exors 35 |

and 40 and | oglc gf‘\éﬁjnﬁéi\;ﬁ‘% tedih o‘f%@ﬁj 2 & RREHMBS Yredimix PephMPREE 1O

bits of YRasOf. and examine the upper 18 bits of the result of steps 2
and 3 for all 1's and all 0's.

In steps 2 and 3 above, the choices a), 5) or ¢) are made as follbws.
For non-relative w:_‘ites to an indexed register (PNT, LINE, TRI, QUAD, RECT)
choice a) is selected. For a relative write to an indexed register (RELPNT,
RELLINE, RELTRI, RELQUAD, RELRECT) choice b) is selected. All other
writes select choice c¢). The loading of an X coordinate follows the same

flow.

th the foregoing restrictions and definitions in mind, and assummgu _
that the mdex register value in mdex logic 43 is '01' and registers (X0,Y0) -
(X3,Y3) as descnbed above with reference to Figure 4 are all 0, the
followihg sequence of events takes place to load the registers so as to
define a line havihg endpoints whose X,Y coordinates are (3,6) (7,9) as in

Example 1.

At clock cycle 0, the command write PntY(6) places the'_valﬁe 6 on
Dataln, and causes the register address input to loading control state

machine 33 to contain a value indicating that the incoming data is a Y



cycle 6,- adder 31 adds the outputs fromnultiplexor 36 and | ogic gate 42
and ‘places the result at its output. During clock cycle 6, registers Y2H,
.Y3H and YOH are enabled and | oaded with the value fromthe output of adder
31. At clock cycle 7, the command wite LineX(7) places the value 7 on
Dat ai n, and causes the register address input to |oading control state
machine 33 to contain a value indicating that the incomng data is an X
line. In a like manner registers X2L, X3L and XOL are eventually enabled to
| oad the value 7 after which the index register is increnmented from2 to 3
as shown above. Loading X/'Y coordi nate—rgprgters for other objects follows
t he sane pi peline schene descri bed above. anples for triangles and

rectangl es ar e gin¥en i s t%ﬂ%li’é) Fibreda$i 1 NREL:
quadri | ateral gg}n\é'ctéha%rl‘ge%gg%ﬁl %2‘8‘3‘3% - gg Elbggs?grﬁg? s!eeitmrgegil%ters 41

and clip coor dinstuetede g sehics the lowe okdurdisl bits on sDaiallmrandamultipleor¥/ 35
coordi nate registers 37 as descri bed_above, however, logic gate 42 is
instructed to fif-canwtiplexgrs 33aandydSk), and 4Q jand logi, gateyfid argimstragted e

toi ti , al t.h st ' ' i ¢ 43,al
bertorms 1ol at POR RACHRE, £ vigtiof PRRORC DA airfhe, BRRE R, 3 ededt 3F
di spl ayi ng_duDlia'use Afpabl Rekomatliteats 38 asnegD! gae 42 ag! pilsss thded by

way of an exanple as follows. The three vertices of a triangle may be
defined as ([ eresplt at( jteroutputandt( [the ehyl. of Tdodkilycleal e registerso¥PbeY 35 Gare i nes

pai s of X coshtFdrmd Teadeg Wbl velus fpm aedey 3 a ok, prventing heg

A N e el - i
mulgiplexor 36 is instructed to select the high order 16 bits on Dataln and
rﬁultiple_xors 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, registers 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 address input to loading control state machine 33 to contain a

_ .value indicating that the incoming data is an X point. Also at clock cycle 3,
multiplexor 36 is instructed to select the low order 16 bits on Dataln and
multiplexors 35 and 40 and logic 'gate 42 are instructed to pass the lower
16 bits of XRasOff. During clock cycle 3, adder 31 adds the outputs from
multiplexor 36 and logic gate 42 and places the result at its output. At the
end of clock cycle 3, registers XOL-X3L are enabled and loaded with the
value froml adder 31, ie,, 3. tepresentixig the low order bits of the value 3
that was on Dataln. At clock cycle 4, multiplexor 36 is instru.cted. to select
the high order 16 bits on Dataln and multiplexors 35 and 40 and logic gate
42 are instructed to pass the sign extended upper 16 bits of XRasOff. At

clock cycle 4, adder 31 adds the outputs from multiplexor 36 and logic gate



obj ect .50 tines, all that needs to be stored are the two offset pairs and a
new [err]™ for'each duplicate (i.e. fifty object origins plus two offset
pairs total). This can be acconplished in the present invention by ffTsts
storing the origin coordinate pair vertex in one of the register pair
within X/'Y coordinate registers 37 using an indexed | oading 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 '
acconpl i shed by selecting the vertex pqi to by (index -1) to be added -
to Datain prior to register | oadi ng. The FEX referenced by (index -1) is

o “the. type of Avand bt 1At kil af 35, Do * DubfE RhR B4k va,' (oS KpHE
whi ch the rel aisgp aeéfeia%leapm.d 93aded wrth3@he vﬁmaoﬁbhsqmlaﬂpa afchddes 31!

storage |ogic 47 Conparison logi.c and result storage logic 47 will now be
“descri bed wi t handfthe cindex tmgiﬁtgutsemc?emcnte@» Sonqiat:lt syqlel 5githe xothmansd)| t

i gure.7) - Land weBAARY4P Places ha vale ] P RafAlhy S50 1oASeE, ik AERIEIE

it (e P g, H S 7 S e 1

R23 Y0: YC i pM 'ihd?é?atﬁ% e th/ ificoming data is a Y lme R24clyek Eyekt 5| muRiplexor

X0: XC i pMax - R25 YO: YC i pMa
36 is instructed to select the low order 16 blts on Dataln and multrplexors
35 and 40 and. loglc gate 42 are instructed to pass the lower 16 bits of _
YRasOff Dunng clock cycle 5 adder 31 adds the outputs from multiplexor o/
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 brts of the value 9 that
was on Data]n At clock cycle 6, multiplexor 36 xs instructed to select the
high order 16 btts on Dataln and multrplexors 35 and 40 and logic gate 42
are mstmcted to pass the sign extended upper 16 bits of YRasOff At clock
cycle 6 adder 31 adds the outputs. from multtplexor 36 and logic gate 42 |
and places the result at its output Dunng clock cycle 6 regxsters Y2H, Y3H
and YOH are enabled and loaded with the value from the output of adder
3'1"._ At clock cycle 7 the command wnte aneX(?) places the value 7 on W
Dataln, and causes the register _addre_ss mput_ to loading control state
machine 33 to contain a value indicating' that the incorning .data is an X
line. In a like manner registers XZL X3L and XOL are eventually enabled
to load the value 7 after which the mdex regrster is incremented from 2 to
3 as shown above Loadmg XIY coordmate regtsters for other objects -
follows the same prpelme scheme described above Examples for triangles
and rectangles are given in exarnples 2 and 3 above In a similar manner,

quadrilateral .objects are also loaded.’



‘R4 X0: XTest Max R26 YO: YTest Max R5 Xl : XC i pM n

R27 -Y1: YO pMn R6 X1: XTest M n R28 Y1: YTestM n R7
-X1: XA+ pMax R29 Y1: YO ipMax R8 Xl1: XTest Max

R30 Y1:YTéstMax RO X2: XA i pMn o R31 Y2: YA ipMn R10
X2: XTéstM n * R32 Y2: YTestM n R11 X2: XC i pMax

R33 Y2: YA i pMax R12 X2: XTest Max R34 Y2: YTest Max R13
X3: XA i-pM n R35 Y3: YCIlpMn R14 X3: XTest M n

R36 Y3: YTestM n R15 X3: XA i pMax — 25 _  R37 Y3:YOdipMax R16
X3: XTest Max R38 Y3: YTest Max R17 X0: X1

R39 Y0: Yl R18 X0: x2Raster offset registers 41 and clipcopydinaterregistorsx39 are loaded

R41 YO: Y3 R20 X1: X
i3 Y. Y3 Roo 2B kimilar manner as X/Y °°°rdmﬁf‘1%$§e%ﬁﬁ%a%sgf¥$ﬁd aRO¥nt i ng

for the conparimrpset, ”lbghé“ ighée 4@1& HMtﬂ‘&@(to mcbpMs FolR4ch %d8S¢y¥le) B, and

YTest M n/ Max whi ch sto a one - result, the indicated register
stores a two bidbsohrell loading) corrparl son bet ween the two indicated val ues.
If the value on the left of the colon is-greater than the value to the

ri ght of the col on, he blnar value tored t he, correspondi.n .St
is '10'; if the val Fatiof é’sﬁo‘? G yqeésgeglsigr index Togic 43

also performs relanve addressing which provides an efficient mechanism
for displaying duplicates of 6bjects. Relative addressing is best described
_ by way of an example as follows. The three vertices of a triangle may be |

N  defined as (X0,Y0), 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 (X(0,Y(), and the second and third vertices #re defined as offsets
from the previous vertex, i.e., AX(01,AYQ]1 and AX23 AY23, To duplicate the
object 50 times, all that needs to be stored are the two offset pairs and a
new X(,Y( for each duplicate (i.e. fifty object origins plus two offset pairs

total).

This can be accomplished in the present invention by first storing the
origin coordinate pair vertex in one of the register pairs within XrY
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 cufreni value of the index register. This is accomplished
by selecting .the vertex pointed to by (index -1) to be added to Dataln
prior to register loading. The vertex tefereﬁced by (index -1) is
guaranteed to have been loaded on the previous indexed write irrespective
of the type of write (PNT, LINE, etc.) and is, therefore, the vertex from

which the relative offset applies.



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

corresponding-register is '01'; if the two values are equal, the bi nary
val ue stored in the corresponding register is '00'. For XdipMn, YO pM n
XTestM n, and YTestMn, if the coordinate value conpared is Iess, 1

stored, otherwse, a '0" is stored. For XdipMax and YO i pMax, XTest Max,*
YTest Max, if the value conpared is greater, a 'l is stored, otherw se, a _
"0'" is stored. - The inputs to nultiplexors 101, ‘103, 105, 107 and 109 are
from X/'Y coordinate registers 37, nanely X8LYCOL - X3LY3L, clip coordinate:
regi sters 39, nanel Y XA i pM nYCI I pM n and rpMax, YO i pMax and test w ndow
control 45, . _ ' £ Sj qand YTest Max. O course, at
any one tine, 9 PT EX ; , 105, 107 and 109 are
either X val ues or -Y val ues as descri bed above based upon a MJX Enable

si gnal generat ed byCempprisors dogicomid oésult atwagmmlqéﬂwﬂlmabatdwcrim
conpares mul tiplexor 101 output and multj pl gxor 109 | ar |
conpar at ors 12witlp zeferanss @ Figures 7o and 810£°'1‘B§"%9\’d glﬂﬂrq e one

hand and nul ti Iexo 109 o ery03ThiysO u fr '
121-124 are i nB 7 ﬁﬂﬂl”}@#gxorsﬂl%?ﬁyimﬁogh | rtt,?'téjt9 t de lggg%gﬁgu@é ?gia
to registers %34éohﬂa¥th§s0dQlem inmllfiptesors 131-BB -andheegistepsit R1R4
conparator 121 is conhected to multiplexors 131- 135, 139 and 143 which are
used to | oad ngstg\seF&), R2, R3, R4, R5, RO, R13, R17, R18, and R19, for
X values and registers-R23, R24, R25, R26, R27, R3l, R35 R39, R40, and R41

for-Y values as Shﬁg’gg, ELor y gﬁ@f@;g %gbl'e%ugg J}eh@"’oplaﬁuxﬂbbfe c'oHparﬁorsB

Cand Drefer to co 23" an
121-124 as shown in Table IL o | . o/

TABLE Il

R1 X0:XClipMin
R2 X0:XTestMin_
R3 X0:XClipMax
R4 X0:XTestMax
RS X1:XClipMin

R6 X1:XTestMin

R7 X1:XClipMax
R8 X1:XTestMax
R9 X2:XClipMin
R10 X2:XTestMin
R11 X2:XClipMax
R12 X2:XTestMax

- R13 X3:XClipMin

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

- R18 X0:X2

R19 X0:X3
R20 X1:X2

* R21 X1:X3
'R22 X2:X3

In Table II, excepting for the comparisons h1volvipg XClipMin/Max,
YClipMin/Max, XTestMin/Max, and YTestMin/Max which store a one bit

R23 Y0:YClipMin
R24 Y0:YTestMin
R25 Y0:YClipMax
R26 Y0:YTestMax
R27 Y1:YClipMin

R28 . Y1:YTestMin

R29 Y1:YClipMax
R30 Y1:YTestMax
R31 Y2:YClipMin
R32 Y2:YTestMin
R33 Y2:YClipMax

R34 Y2:YTestMax

R35 Y3:YClipMin
R36 Y3:YTestMin
R37 Y3:YClipMax

"R38 Y3: YTestMax

R39 Y0:Y1
R40 YO:Y2
R41 Y0:Y3
R42 Y1:Y2
R43 Y1:Y3
R4 Y2:Y3



124 respectively. The output from-conparator 122 is connected to

mul ti pl exofs 132, 135, 136, 137, 138, 140, and 144 which are used to | oad
registers, R2, R5, R6, R7, R8, R10, Rl14, R17, R20, and R21 for X values and
regi sters™4, R27, R28, R29, R30, R32, R36, R39, R42 and R43 for Y val ues
as shown in Figure 8 and Table I11. The output from conparator 123 is
connected to nultiplexors 133, 137, 139, 140, 142, and 145 which are used
to load registers R3,. R7, R9, R10, R12, R15, R18, R20 and R22 for X val ues
and registers R25, R29, R31, R32, , R34, , R40, R42, and R44 for Y

val ues as shown in Figure 8 and Table I11.=The out put fron1conparator 124

e o r oo+ outiul B il 3&%‘3‘%&3‘%@14J“'Avﬁlgﬁél'%i%ﬁ‘l%lgng‘iéﬁgﬂgﬁ'hcPezgr °
for X val ues angefvdhSthR’ ewddfidicied. valics. TPIhe Rafue b8 the Rf ofifle cBlon #nd

R44 for Y values as shown in Figure 8 and Table II11. The conpari sons done
and stored are grates thagutheealue tmdledlm@fsﬂqueoionnghﬁlmlvalamstored in

functi I add bl ock 19 d ri t t.ed
oper at 1 ons ( DRAWE SPaEeREA gg':%ﬁggq? 0t G B Pen o 16 ofF AL BROLIRR is less
per form proper Bid'Yalue td the ri 'é&lﬂnclﬂci%]i;g%r?rgt@ﬁ& MRiBa R e

Conparison control state nachine g| C Wh | es the various

conpar at ors, nukbirpsponding aagismegissmr sifi thectwp arahwesnateo gqualanhle rbisatlyt value
storage 47. A truth table for absolute |oading of the coordinate and

clippi ng regi st &osedyyn the costespending, register ds '0Y'4 ¢ EorXHinMing oY ClipMimyn i n

o XTestMin, and YTestMin, if the coordinate value compared is less, a 'I' is
-/ stored, otherwise, a '0' is stored. For XClipMax and YClipMax, XTestMax,
YTestMax, if the value compared is greater, a 'l' is stored, otherwise, a ‘0

is stored.

The inputs to multiplexors 101, 103, 105, 107 and 109 are from X/Y
coordinate registers 37, namely XOL,YOL - X3L,Y3L, clip coordinate
registers - 39, namely XClipMin,YClipMin and XClipMax,YClipMax and test
window conirol 45, namely XTestMin, YTestMin, XTestMax and YTestMax.

Of course, at any one time, the inputs to multiplexors 101, 103, 105, 107
and 109 are either X values or Y values as described above, based upon a

MUX Enable signal generated by comparison control state machine 49.

Comparator 121 compares multiplexor 101 6utput land 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 multiple;mrs
131-146 which direct the appropriate data to registers R1-R44 to be

loaded as follows.



Table IJd.l for clock cycles O and 1, with conparators 121-124 referenced A,
B,- C and D respectively. Table Il sets forth the out put of each conparator
121-124 for each of the inputs XOL-X3L, X ipMn, XdipMx, XTestM n.and
XTistMax. In this connection, although Figure 8 shovvs that the out put 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 X1L, -+
X1L to X2L and X2L to X3L etc., rather—tJam the other way around (e.g., XL
to XOL). For this reason, when the columm | abeled reverse is "yes," the:

out puts from corrpar'ﬁteomtmnfrmﬂ comparatoerk2d is Tonnedted hondhultiplexotshd3ii ght
i nput of nulti ut framthe indicated conparators

h t
121-124 are di Fﬁxﬁfsf’ﬂ‘iaﬁﬁ eae'leg‘lfjste stod agfregﬁgeqsm R2eB3mR4; iR, B
131- 146. .Th t I I f t
i ndi cat ed cgmrogggt l(§rwl inillrge\%&r)s%wlgw; X Ya ﬁfe¥ g%he coﬁurﬁ# a!%%ﬂ%ﬁ‘?z%%se
becones the trR8L Ra35) R399R40henms(fblelﬂ vhluaﬁaklshﬁﬁmf B Figiré '8phﬁd<qfa§le 11

131-146 for absol ute_coordi nate | oads. - 34 - TABLE |11 COVPARA

COVPARI SON - belomrsin TableolH, vir) BeCrand® pefer to comyparatpis 121, 122 123 and YES
0 C . XOL YES 0D XOL: X3L

YES l%SgA“’sl"’c‘“’"lé(oL X i pM n YES | B

XOL: XTest M n YES | C XOL: Xd i pl\/ax YES

1 | The output from comparator 122 is connected to multiplexors 132,

135, 136, 137, 138, 140, and 144 which are used to load registers R2, R5,
'R6,'R7, R8, R10, R14, R17, R20, and R21 for X values and registers R24 v
R27, R28, R29, R30, R32, R36, R39 R42 and R43 for Y values as shown in
Figure 8 and Table IIL

The output "from- comparator 123 is _connected to multiplexors 133,
137, 139, 140, 142, and 145 which are used to loac_l registers R3, R7, R9,
R10, R12, R1S, R18, R20 and R22 for X values and registers R25, R29, K31,
R32, , R34, R37, R40, R42, and R44 fdr Y values as shown in Figure 8 and
Table III. |

The output from cc;m'parator' 124 is connected to tﬁultiplexors 134,
138, 142, 143, 144, 145 and 146 which are uséﬂ to load régisters R4, RS, U
R12, R13, R14, R15, R16, R19, R21, and R22 for X values and registers R26,
R30, R34, R3S, R36, R37, R38, R41, R43 and R44 for Y values as shown in
Figure 8 and Table IIL '

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

rendering, or BLIT) and perform proper clipping.



D » . XOL: XTest Max YE 1 WRITE TO X1 A XI'L XOL

NO -0 C X1L: X2L YES 0D
X1L: X3k ; - YES 0 A X1L: X2 i pM n YES
1B = X1L: XTest M n YES 1C - X1L: Xd i pMax
YES ., 1D X1L: XTest Max YES ' 1 WVRITE TO X2
A X2L: XOL . NO 0B X2L: X1L -
NO - 0D - X2L: X3L YES 0 A
X2L: XA i pM n YES - 1B X2L: XTest M n YES
1C X2L: XC i pM ax YES — 331D X2L: XTest Max
YES 1 WVRITE TO X3 A X3L: XOL NO 0
B X3L: X1Comparison Control\State Machine 49 0 C X3L: X2L '
NO 0 A . X3L: XA i pM n YES = 1B
1 v oL XTes Gafiparison contiplcstite machine 4§ is’ f‘(’gtﬁlv%’m'rdﬁabh’&dbﬁ% SON
REVERSE varfofs- 't:eomparators, multiplexors and registers in comparison logic and
result storage 47. A truth table for absolute loading of the coordinate and
clipping registers by the comparison control state machine 49 is shown in
Table III for clock cycles 0 and 1, with comparators 121-124 referenced A,
B, C and D respectively. Table III sets forth the output of each comparator
U © 121-124 for each of the inputs X0L-X3L, XClipMin, XClipMax, XTestMin and
XTestMax. In this connection, although Figure 8 shows that the outputs of -
multiplexors 101, 103, 105 and 107 are input into one side of comparators
121-124, with the output of comparator 109 being input into the other
side. For consistency, it is necessary to store the comparisons of XOL to
X1L, X1L to X2L and X2L to X3L etc., rather than the other way around
(e.g., XIL to XOL). For this reason, when the column labeled reverse is
“yes,” the outputs from comparators 121-124 are reversed. This is
handled by the right input of multiplexbrs 131-146. The output from the
indicated comparators 121-124 are directly input to the left side of the
o indicated multiplexor 131-14{6.. The right multiplexor ihput 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.



VRI TE TOXCIIpMn A

Xai pM n: X1L - NO
NO 0D :
XTest M n: XOL NO
NO ' 1C

XTest M n: X3L : NO
XC i pMax: XOL NO
NO 0C

XC i pMax: X3L NO
NO 1B

XTest Max: X2L NO
NO 1 The resul

manner for YOL- Y3L Y
shows t he rel alGQMP: Tﬂjg

conparison contro
previ ously discusse
with a wite cycle
register value is

utilizi

YyS Wi

tate macy)

nd Tabl e

X 1 pM n: XOL NO

0C XC i pM n: X2L

XC i pM n: X3L NO
1B XTest M n: Xl L
XTest M n: X2L NO
1 WRITE TO XO i pMax A
0B XC i pMax: X1L
XA i pMax: X2L NO
— SA - XTest Max: XOL

XTest Max: Xl L NO
" XTest Max: X3L

TABIE M est Max: x
ts of Table Ill are repeated in a simlar
Max, YTestM n and YTestMax. Figure 9
m&jﬂ‘&ls on DREVHRSE; he regiG¥@E | oadi ng

per formed by rqﬁ?ﬂﬁ regi sters 41, X/Y coordi nat e regi sters 37,
coordi nate register i?gﬁgnd g.%iuson l'ogi c and%ult storage,_ 47. The

pports the in
ot h the index re
'nce the reglst

ective of YHe

d | oadi ng - ‘s@hene as
er val ue as@oci at ed
pointed to ®y the index
type of inlexed wite,

~ 0 A

1D
D

C

the appropriate MixBEnabl es KOL:¥WpatMino1, 103, 1B and 107 arelsel ected by

t he conparison cont€ol stat exﬂh-&EChpMalssum ng a YES 1.

D XOL:XTestMax - YES 1
WRITE TO X1 :
A X1IL:X0L : NO 0
C X1L:X2L YES 0
D XIL:X3L YES 0o
A X1L:XClipMin _ YES 1
B X1L:XTestMin YES 1
C - X1L:XClipMax ' YES 1
D X1L:XTestMax - YBS 1
WRITE TO X2 -

A X2L:X0L NO 0
B X2L:XI1L NO 0
D X2L:X3L . YES 0
A X2L:XClipMin YES 1
B . X2L:XTestMin YES 1
C - X2L:XClipMax YES 1
D X2L:XTestMax YES 1
A X3L:X0L NO 0
B X3L:X1L NO 0
C. - X3L:X2L NO 0
A X3L:XClipMin YES 1
B X3L:XTestMin YES 1
C X3L:XClipMax YES 1
D X3L:XTestMax YES 1



single register wite to that coordinate. For exanple, if a rectangle wite
to - 36°- Xwith an index of 3 is received, the conparison logic wll
operate a%lf an explicit wite to X3 was received and do conparisons X3L
vs ( XQL, L, X2L, XA ipMn, XdipMax, XTestMn, XTestMax) as is required.
The di fference between an absolute | oading of a register and an indexed (or
relative indexed) load is that in the indexed case, nore than one

coordi nate storage register in 47 may b abl ed to receive the conparison
results and the nultiplexor selects for nultiplexors 131-146 are generated.
according to TaDOMPARATORECAWCOMPARISONI I 1. In mvi ous egpE e of a

rectangle X wite with an index of 3, conparison registers (refer to Table
|1 or Figure 8)WRITRIOXClipM® R17- R19, and R21-R22 are witten. The
foll owi ng regi stersAairs w IXCipMieX0he sane i ndNQi dual conpar0son
results: (R17, R21) B (R18, RZQ():hpME&XIBIS) (R2 N04), (R3, R15p, and (R4,

R16). TABLE |V COVPARATOR Oﬂ}ﬁ]&ﬂhm YPE NO REVERSE | NDEX B
X0: X1 PNT D lipMin:X3L C NO X0:X2 g CPNT
yes - D A tMin:XOL F’NT NO Yes 1 - C
X1: X2 PNT B y@?l‘estMm XIL NO X1: X3 1 PNT
yes - D C tMin:Xx2L PNT NO yes 1 - B
X0: X1 - LINE p yei%estMin')G C NO X0: X2 . 1 LI NE
yes 0D XO0: ) LI NE- yes 0
WRITE TO XClipMax
U, 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 IIl 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 centrol state machine assuming a

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



cC .. X:x . LINE yes 0 D | X1: X3

relative indexed) load is that in the indexed case, more than one coordinate
storage register in. 47 may be enabled to receive the comparison results
and the multiplexor selects for multiplexors 131-146 are generated

according to Table IV instead of Table IIIL

* In the previous exémple of a rectangle X write with an index of 3, i
comparison registers (refer to Table II or Figure 8) R1-R3, Rl-3-RI6, R17-
319, and R21-R22 are written. The fbllbwir_lg registers pairs will store the
same individual comparison results: (R17, R21), (R18, R22), (R1, R13), (R2,
R14), (R3, R15), and (R4, R16).

TJABLE IV
COMPARATOR COMPARISON TYPE  REVERSE INDEX
B X0:X1 - PNT = yes - )
C X0:x2 PNT yes - W
D X0:X3 PNT . . yes - :
C X1:X2 PNT _ yes -
D X1:X3 PNT - . yes -
D X2:X3 PNT yes -
B X0:X1 LINE yes 0
C X0:X2 LINE yes 0
D X0:X3 = LINE yes 0
C X1:x2 LINE yes 0
D X1:X3 LINE yes 0
D X2:X3 LINE - yes 0

LINE - "% ~-yes 0D X2: X3 LI NE _yes
0 COVWPARATOR COWPARI SON TYPE . REVERSE | NDEX A X0: X#™ |
LI NE no 1A X0: X2 LI NE no 1 A

- X0: X3 LI NE no 1C X1: X2 LI NE yes =«
1D X1: X3 LI NE yes 1D X2: X3 LI NE
yes 1A X0: X1 LINE ° yes 2 C - X0: X2 ¢
LI NE yes 2 D XOX§_3 LI NE yes 2 B
X1: X2 LI NE no 2 B —X1: X3 . LINE no
2 C’ E
yes 3 C X% @ith an %&%@lgf 3is ﬁ%&@d the c%n@anson l%glf) %ﬁl &aerate . %N
LI NE y eSexplicit arrﬂ‘e to X3 was i@cei@d and dbld‘cﬁlpansons WL vs (XOL, EXIL
X1: X3 . LINE X2:. X3 LI NE
3B xKZk;L XChpmrv RE@lpMax ¥destMin, XTegMax) as is regoirsg: TheTRl / RECT
¥%|S | RECT 0 ygg‘ference §efween an altisléjﬁl%e loadmg_ yef a reglstgr cé.nd an mdexgél (or



D ' =.. X1: X3 TRI / RECT yes 0 A X0: X1 TRI / RECT
no - AT XO X2 TRURECT no 1C X1: X2
TRI/REGT | .= vyes 1D X1: X3 TRI / RECT yes 1D
X2: X3 RVRECT yes 1A X0: X2 TRVRECT no
2 A ’ - X0: X3 TRI / RECT no 2 B X1: X2
TRI / RECT no 2 B X1: X3 TRURECT no 2 D
X2. X3 TRI / RECT yes - 38 - COVPARATOR COMPARI SON TYPE
REVERSE | NDEX B X0: X1 TR yes 3 C
X0: X2 TRI / RECT ' yes 3D . X0: X3 TRI / RECT
yes 3 B COMPARATORL: X®OMPARISON/ REEYPE RBVERSE INDEXC
X2: X3 TRI/RECTp - no xox1i 3 B LINE ORI 1 QUAD
yes 0C ) X0: X2 wq. QUADINE y
X0: X3 . QUAD 2 yes §g§g 0 A 2% X : QUAD
no 1C C X1: X2 X1:X2 QU yes 11 D
X1: X3 QUAD yes o 1 A ' xg X0 . QUAD
no 2 B D 3. xo X1X3 QJA;?‘NE ng s 7.
_ D X2:X3 INE yes 1
A X0:X1 LINE yes 2
C X0:x2 LINE yes 2
D X0:X3 LINE yes 2
o B X1:X2 LINE no 2
'\ B X1:X3 LINE no 2
-/ . C X2:X3 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 TRIRECT yes 0
C X1:x2 TRI/RECT yes 0
D X1:X3 TRI/RECT yes 0
A X0:X1 - TRI/RECT no 1
W, A X0:X2 TRYRECT no 1
C X1:x2 TRI/RECT yes 1
D X1:X3 TRI/RECT yes 1
D X2:X3 TRI/RECT yes 1
A X0:x2 TRI/RECT no 2
A X0:X3 TRI/RECT no 2
B X1:xX2 TRI/RECT no 2
B X1:X3 TRI/RECT no 2
D X2:X3 TRI/RECT yes 2



D X2: X3 QUAD yes 2 A X0: X3
QUAD i -no 3B X1: X3 QUAD no

3 C X2: X3. QUAD no 3 Status Ceneraffo
Logic 51 Status generation logic 51 generates the control signals WS\
Up/R-to-L and HD/VIS. HWSWis a 2 bit signal indicating whether the
operation wll be done by the hardware of the present invention or by

software. Up/R-to-L is a 2 bit signal

be processed top to bottom bottomto top

WBR

"HDVISis atw bit

signal indicating

hi dden, i.e. behind the active clip w ndow or visible.

signals, stat el
for X coordin &gﬁﬁbhe W@Cﬁi
signal s i.ndicatin the upper i@%its ar
39 - coordinate regl sters 37.

rranne

1 s andY&Bl 0's Brom X Y

i ch st ¥e8s generation |ogic

i ndi cati ng whet her operation shoul d?
right to left or
&er the object to be drawn is

left to right.

To generate these
. as m%ﬁ jsters Rl-R22
rdi na ur 4 bit

generates the foreBoi ng contr30:33gnal STWCH'e expl aesed witB reference to
Fi gures 10-14 whicB are truthXkX¥Bes f oXRVMREQDgi c peof ormed By status

generation logic 5. The | ogi X2X8cuitr JRRECRary taoi npl enedt the truth
tabl es of Figures 10-
in the relevant arg. Figure 1&0:Xia truth
results for the XQocoordinat expih and X
conparison resul tspfor the X1

14 is well within the capabilities of persons skilled

‘those coordi nates and using YO 1 pMn,

pl ace of XdipM N, A

Qwy» Uw» 0O

ta

X0:X1
X1:X2
X1:X3

X0:X2
X1:X2
X2:X3

X0:X3

X1:X3
X2X3

neration i 1

nd YO-Y.
YC i pMax,

QUAD -

e utiliyek

ng comgari son

Aﬂ'ruth t glgkes utilg zing

QUAD
QUAD

QUAD

QUAD
QUAD
QUAD

rdi nat

YTes?Ms

no
yes
yes

no
no
yes

no
no
no

esPy subgituting
n and YTest Max in

1
1
l .

2
2
2

3
3
3

' Status generation logic 5.1 generates the control signals H.W/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 signal i_n'di_catin‘g whether operation should

be processed top to bottom, bottom to top, right to left or left to right.

HID/VIS is a two bit signal indicating whether the object to be drawn is

ludden, ie. behmd the active clip wmdow or visible.

To generate these

signals, status generatlon logic 51 receives as inputs the registers R1-R22

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

signals indicating the upper 18 bits are all 1's and all 0's from XY



"Xd-i pMax, XTestM n and XTestMax for the Y coordinates. The left side of the
tabl.e aré¥the inputs and the right side are the outputs. In the table, the
.synbol. "¢" is a don't care; O and IO neans the bus bit values are all 1's
or not aM 1's respectively (from X' Y coordinate registers 37); and Z and Z
means 't he bus bit values are all Os or not all Os respectively (fromX'Y
coordinate registers 37). "XO inside 214" means the 32 bit XO coordinate is
representabl e in 15 bits; "XO inside cli p means XO is on or inside the
clip wi ndow X boundaries; "XO i nsi\(;llegé;< means XOis on or inside the -
test. wi ndow X boundaries. The out put O-< XdipMn", "XO < XTestM n", "XO

> XdipMax", and "XO > est N f edback_an as in To.form
the outputs, tFRPTAMIR §°%'ﬁteéswﬁ§ri 2@?& Zpannef dny W “&N&&“ﬁ 55'&?%@?“61 &% he
outputs in a c r}é?%lr ; r r e
fi rgt two. i negéo ﬁ?gﬁ?%gg,&??eéx C’?}]s-Ii ii*iﬁg.?ali t%xgggﬁﬁ'ﬁit )OzfiiﬁsiéfEEhnE@ hd
X 30: 14] (i . eFiguréss 10 ph whiidkrarei trathl 4atidéy fer dhel logi pgrfmedj[m]stams 1 AND

X0[30:14] are all 1's, then XOis inside 214. Simlarly, erring to the
| ast |ine of Fgeperation logigoS1. 1@he;logig circyittys pRFESSATY plement) the) trafly o

> XTestMax is t he grg‘%a are
a truth table %Phsi ?fr?x gg;ggp%(g?gglﬁs&ggeﬁﬁﬁnnwégacai% ‘?ﬁhﬁ% o? (SJ% svggtul%%glg
and each of thgef Qelevint/eit.i ces. As was the case with Figure 10, the val ues
on a horizontal input line are ANDed together with the result bei ng a

| ogical 1 (true) or_O (false) and the_ indjcated outputs
bottom right and IFguse 4Peist 8rtruh 1Bhleontiliz “!&E°'EB?‘E§?§p6‘%Hrt OE(}L The

out puts top, th mg':sm? re¢ l& 85 th

i ater preted as‘%";r atd @E’e%@l%@% Vﬁhﬁg t%ﬁ slts}igyeygll1 ?gs h couor di na%ee

of X0-X3 or YOX‘%(BSaﬁdlefd)-aTSJQ:&br&ﬁa’teé bys riﬁbdtimtmg those coordinates and using
YChpMm, YChpMax, YTestMin and YTestMax in place of XClipMin,

XClipMax, XTestMm and XTestMax for the Y coordinates. The left side of

the table are the inputs and the right side are the outputs. In the table,
the symbol "-" is a dbn’t care; O and !O means the bus bit values are all 1's
or not all 1's respectively (from X/Y coordinate registers 37); and Z and !Z
means the bus bit values are all 0's or not all 0's respectively (from X/Y
coordinate registers 37). “"XO0 inside 214" means the 32 bit X0 coordinate is
representable in 15 bits; "XO0 inside clip” means X0 is on or inside the clip
window X boundaries; "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 Qﬁ a horizontal line are ANDed together and the
outputs in a column are ORed together. Tﬁus, for example, referring to the
first two lines of Figure 10, if XO0[31] (i.e., it_s sign bit) is 0 AND X0([30:14]
(i.e., its high order bits 14-30) are all 0's, OR X0[31] is 1 AND XO0{30:14] are

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



(bottom,. rightnost (right) and leftnost (left). The synbols <, >E, L and G
on the.input side indicate that the specified conparison result is |ess
than, greater than, equal to, less than or equal to and greater thanggr .
equal to respectively. Al though the neaning of the outputs is defined by
the table, the following sets forth in words what each indicated output -

neans: illegal - nmeans that if a horizontal line is drawn through the

obj ect defined by the four pairs of verti it would cross two or nore
edges. An object which forns a bowtie is exanpl e of an object that

woul d cause illegal to be true. horiz-neans_al]l four vertices have the sane

Y val ue. vert - ABaifXQq XTgstMinds () s false) ANRXQ X TestMax, is 0, then XRims t he
obj ect defi ned, . fg inates forns a rectangle. | i ne-neans the
obj ect defi ned"ﬁs;d? H@ef(gg{ vglg'gg’gl nates forns aline. EQ 01 neans vertex O
equal s vertex 1. (defines the sane point) EQ 12 neans vertex | equals

vertex 2. (defines Figaresantapmdt)lbERte23d frath tabler aklizidgegomparisaist between
(defines the same point) EQ 30 neans vertex 3 equals vertex 0. (defines the
same point) Fi gagheof the four X ¥ertices and, each efathecfawr Y| vartigess ofpa™as ghe case

bet ween the ' fouy X.an e,.four, Y vertices and the clippin undari.es.
The i nputs top,Wl o?f%g M]’gﬂ‘[e- Xlﬁl&.efe -aaﬁ%nﬁopgﬂ! mgt ﬁﬂf’? ;ﬁ"‘[ me‘ggoﬁtﬁfﬁ es
1la-11b. Wien it e pékult beingvhSloRical 10Qrhé) o¥ (5 (fAlR) driddMie Yaditste® and
|l eft visible are 1 (i.e. true), the object defined by the four coordinate

pairs is insideutputs ¢exqephifatidop, bhems aightuand beft)pases farmedhby 0ODRéng itss
out si de but surroundi gg_lgt he, clip %ndow. Hi dderl’oltt%ma’pﬁlg .cabl ele?tnlv%]if or

quadri | at er al sCOTespon golunm. e outputs top, t and ch are
shown as 0, l; 2 or 3_' are interpteted as foﬂowé. The _value' O, 1,2 0r 3 \J
spécifiés yvhich 'cob#dhate of X0-X3 6: 'Y¢Y3 i§ the .largest (top), smallest
(Bot_tom), righthios_t _(ri.ght) and leftm_ost (_left). The symbols <>EL and G on
the input ;ide_ _iﬂdi_c__:até_ that th.e épecified :'lcdmpa_rison fesu_lt is less than,
greater than, eqﬁal to, less than or éq_ual to and greater than or equal to

respectiv’ély.

~ 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 vertic_es, it would cross two or W,
more edges. An object. which forms a bow tie is an example of

an object that _vbould -ca.use. illegal to be true.
horiz-means all four-veﬁices have the same Y valu'é.
vert-means all four vertices have the _Sﬁme X value.

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

rectangle.



and i'ndicates that all four vertices are all right, left, top or bottom of
the clip window H dden 01 (refers to BLIT SRC rectangle) and bi dden_23
(refers-tQ BLI T DEST rectangle) have a sinilar neaning for BLITs. Figure 13
defines a¥ruth table utilizing conparisons between the four X and the four
Y vertites and the test w ndow boundaries. The outputs "top within test”
and "bottomwi thin test", when true, nean that edge of the object is within
the tOp or bottom boundaries of the test w ndow, respectively. Figure 14
defines a truth table show ng the directiomt n_which to draw objects or :
performBLITs in order to mnimze page cro élngs and processing of clipped
pi xel s by generating the signals blit r-to-1, blit up, - 42 - draw '
r-to-1 and draw.up. lmesmeansgths ebiestsiefined: by the gfosr @ozdipates Cformest & ohine.
shown in Figure 2. Based upon the truth tables of Figures 10-14, status

generation | ogic 51 ah?eén atie HI

Figure 2 as foll ows: %%Iqua ri Ia{érg?aéé@] ect s% Qﬁ@@g% %? %ﬁ%“dn
clip OR (NOT hidden AND * NOT illegal AND all vertices are

i nside 214 AND (al | EQ1li2 ewans evertesi lieequalst vaiex |2. nddefilizsathe earne pwint)
endpoint is inside test) OR (X0-X3 are inside test AND the top or bottom

vertex Is EQ_23 means vertex 2 equals vertex 3. (defines the same point)

EQ_30 means vertex 3 equals vertex 0. (defines the same point)

W, 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 truth table of Figures 1la-11b.
When the outputs top visible, bottom visible, right visible and- left visible

are 1 (i.e. 'true), the object defined by the four coordinate pairs is inside
the clip window. When surround clip is 1, the object is outside but
surrounding the clip window. Hidden is applicable only for quadrilaterals
and indicates that all four vertices are all right, left, top or bottom of the
clip window. Hidden_01 (refers to BLIT SRC rectangle) and hidden_23
(refers to BLIT DEST rectangle) have a similar meaning for BLITs.

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

window, respectively.

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

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



I nsidestest) ORrect). SW= NOT HW HI D = hidden VIS = NOT hi dden For

BLI Ts- HW =htd_23 OR (hid 01 AND BLIT SRC CHK=10) OR (NOT hi d01 AND BLT
SRCCHK=10 AND NOT hi d_23 AND the source rectangle is inside 214 AND-The,
destination rectangle is inside [err]) OR (BLIT_SRC CHK=01 AND NOT I‘H‘d_23
AND - 43 - the source rectangle is inside 214 AND the destination
rectangle is inside 214) where BLIT SRCCHK is a two bit value fromthe CPU
which is set to '10" when it is desired to consider the relationship of the
source rectangle to the clipping w ndow q:@g I S necessary because the
various graphics software which may utilize the present invention are

i nconsi stent aw Or-td2Biand! 8RR It mes&mgﬁﬂ@df iSOt §f%6al SraGlih@Pi NQ
boundaries. For this reason, t-gpref erre errbggiﬁnent ‘has 1eft BLI 'Ié)SRC
rect angl e cl i Picdetioni shpvar in Eightends e sel ect abl e option (BLI T- SRT- CHK=01

disables-SRC cl1 P §iGd upon the math thbles of Figures 10-14, sthrus gendration logic
51 generates the signals HW, SW, HID and VIS shown in Figure 2 as

follows: _

For quadrilateral objects-
HW = hidden OR
surround clip OR .
(NOT hidden AND . S
: . ~ NOT illegal AND e
' all vertices are inside 214 AND
(all vertices are inside test OR"
(line AND at least one endpoint is inside test) OR
(X0-X3 are inside test AND the top or bottom vertex is
inside test) OR
rect). '

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

For BLITs-

HW = hid_23 OR _
(hid_01 AND BLIT SRC_CHK=10) OR
(NOT hid_01 AND _

BLIT SRC_CHK=10 AND
NOT hid_23 AND
the source rectangle is inside 214 AND the destination rectangle -
is inside 214) OR |
(BLIT_SRC_CHK=01 AND
NOT hid_23 AND



SW= NOT.HW H D = hid 23 VIS = NOT hid_23 Additionally, the signal Draw ng
Di rection“utput by status generation logic 51, as shown in Figure 14,
Lconprises-the signals Blit r-to-1, Blit up, Draw r-to-l and Draw up. \Wen
these sigrals are asserted, instead of drawing in the default direction,
i.e., teft toright and top to bottom the BLIT is perforned or the object
is drawn in the indicated direction, where "up" is bottomto top, and
r-to=l is right to left. In other vvords, Blit up and Draw up cause the BLIT
operation to be performed or the draw op ion to progress in the
direction of increasing Y coordinate varu ard Blit r-to-1 Draw r-to-1
cause the BLIT or draw operation to access each scan line in the direction
of decreasing X coor di ndhe seutceerectangleGisninsidel 214 ANBrding to the truth
table of Figure 14, if the déggnﬂﬁo@%&hhg@tlsl fnsi®d 203 hin the clip w ndow
and the bottom of the object is not withrn the clip w ndow (but assum ng

that the-object is within the clip wi ndow), the object is drawn up,
in the directi ovhess BHEL§E€L.€QH§(I%1#CFW%P¥‘ valug figm the CRU phich, s %ﬁtr‘Bctmon

of increasing X qeh‘;n;?ﬁe 8183?'}‘? Q%?Jg\%% E% r%iatﬂoﬁflpst oiw'tlu] 'sgultcgere% ddr%lé’v'tgdow

but thetopls ctro

of decreasing &@%? WY wihdéw. Meéuﬂeaessxuy Ibecduze dhetmmusng;mmsn the
clip wi ndow and the'top is not or if both the bottomare within the clip

wi ndow, the objseftware whishnmap, utilize the rpreseat dinvention are finconsistent 8y t¢ and
left to right, j.e. in the nof cre X. . For BL
choi ces are rrué'r\elﬁﬁf"@"ﬁ‘ﬁﬂﬁal"gc‘g U’é‘ﬁgen p‘b M@f’fﬁatb%'ﬂé“é‘%ur?g"a‘r%s

destinati on ov i L Lac h ilities
argsdescri bed ?%Ast%ﬁéqﬁgj rﬁfet%%gl gm\g’P& gurlgéli"'lfplm‘IT SRS ket 10 P

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

VIS = NOT hid_23

Additionally, the signal Drawing Direction output by status

W generation logic 51, as shown in Figure 14, comprises the signals Blit r-to-1,
Blit up, Draw r-to-1 and Draw up. When these signals are asserted, instead
of drawing in the default direction, i.e., left to right and top to bottom, the
BLIT is performed or the object is drawn in the indicated direction, where
"up” is bottom to top, and r-to-l is right to left. In other words, Blit up and
Draw up cause the BLIT operation to be performed or the draw operation
to progress in the direction of increasing Y coordinate values and Blit r-to-l
Draw 1-to-1 cause the BLIT or draw operation to access each scan line in

the direction of decreasing X coordinate values.



- 45 - | * C L M S * CLAIM 1. An apparatus for
generating cenpari sons between pairs of X and Y coordinates of an object to
be di spl ayed by a ¢graphi cs subsystem said object being one of a - ¢, .,
guadrilateral to be drawn and a bl ock imge to be noved, said apparatus
having a clip window with predeterm ned top, bottom right and left clip
coordi nates; and a test w ndow enconpassing said clip w ndow with said test
w ndow bei ng defined by predeterm ned X and Y offsets fromsaid top and
bottomclip coordinates, and fromsaid right and left clip coordinates,
sai d object coordinates, said clip coord.i_rLZ_\Es and said offsets being for
‘usein calculations for perforning clipping of the object prior to its

di spl ay, said appagat us,,conpr.i si ng; 9) i)‘?})a ural ity ..o obj ect
Coord nat e r e, ot CpERerRy. Sokcding e fle.prut bapif osPEiES 4 atthe 4FR oitn
i) a.plurghiett i®fnobiVithin #RIchp Sivddh! nd URE VBN BF SthE Vbjb&2 AGk Sai d
obj ect coordinate registers wth said object coordinates, for "l oading said
cl i p coordi nawdthimghstelips windbws (but assumimg ahati thet ebjectiis wisthinl thediclip sai d
of fset registers with said predeterm ned offsets; b) comnpari son. reans

coupl ed to saminderelithg ohiestsist dravgonpr d€hng Uit diredtinn. of Jarreasipg Y and

cal cul at i on MignSo SoHi) £, 18 6 drBllYr DENLERE'R. F'the BOhél & IR object
is not within the clip window, but the top is, the object is drawn right to
left, i.e., in the direcﬁdn of decreasing X and down, i.e., decreasing Y. If the
bottom is within the clip window and the top is not or if both the bottom U
are _within the clip window, the object is 'draw_n up, i.e., in the direction of

increasing Y and left to right, i.e. in the direction of increasing X.

For BLITs, the choices are much more complicated and depend upon
whether the source and destination overlap and if so in which direction.

The various possibilities are described in the truth table of Figure 14.
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; cal culating the borders of said test windowrelative to the borders of said
clip wi ndow, d) mul ti pl exor neans for selecting predeterm ned one of said
. conpari regi ster neans for storing th i ned

ones of S¥a| d corrparl sons; f) conparison control lng t he
operation of said conparison neans, sal d rruI ti prEiﬂm il
regi ster neans; - 46 -

generation means coupled to said regi ster rreans for generatl ng SI gnal s
based upon certain of said selected preqglggri ned ones of said conparisons
whi ch specify whether to mnimze pagem ngs and elimnate the :
processing of clipped pixels, the object, if a quadrilateral to be drawn,

shoul d be drayn in 0nﬂnofaﬁﬁa&a@dse%ﬁngeaarh&shga%d&afﬁ&asieséeaééﬂg X
" one 1o s ThE K. adhon onEaNSaEes od AR oFSSRE e, AR Leyed

ge t o, aBflot, GoBEaKBaEes: AT oAB BPIERE. GPy Be: ARELEY
increasi ng X ppd #legraptiieg Xsabsystempe sdid hebdiectct betngofoneciofasang Y
and decr easi n&ugdrilateral to be drawn and a block image to be moved,

' said apparatus having a clip window with predetermined
top, bottonm, right' and left clip coordinates, and a test
window encompassing said clip window with said test
window being defined by predetermined X and Y offsets
from said top and bottom clip coordinates, and from said

W/ right and left clip coordinates, said object coordinates,
said clip coordinates and said offsets being for use in
calculations for performing clipping of the object prior
to its display, said apparatus comprising:

a) i) a plurality of object coordinate
registers, ii) a plurality of clip coordinate registers,
and iii) a plurality of offset registers with loading
means for loading said object coordinate registers with

said object coordinates, for loading said clip coordinate
registers with said clip coordinates, and for 1loading
said offset registers with said predetermined offsets;

b) comparison means coupled to said loading
means for generating said comparisons;

c) calculation means coupled to said offset
registers and said clip coordinate registers for
calculating the borders of said test window relative to
the borders of said clip window;. _

d) multiplexor means for selecting predetermined
one of said comparisons;

e) register means for storing the selected
predetermined ones of said comparisons;

f) comparison control means for controlling the
operation of said comparison means, said multiplexor
means and said register means;
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qg) status generation means coupled to said
. register means for generating signals'haséd upon certain
of said selected predetermined ones of said comparisons
which specifY’ whether to minimize page crossings and
eliminate the processing of clipped pixels;'the object,
if a quadrilateral to be drawn, should be drawn in one of
the directions of increasing X and decreasing X and in
one of the directions of increasing Y and decreasing'Y,
or if a block image to be moved, should be moved in one
of the directions of increasing X and decreasing X and in
one of the directions of increasing Y and decreasing Y.



