2224622 APPARATUS FOR EXTENDI NG W NDOWS USI NG Z BUFFER MEMORY. Qz é 2
i nvention relates to logic circuitry and, nore particularly, 61 2
circuitry which may be utiliized to increase the nunber of w ndows whi ch may
be displayed by a conputer system Hi story of the Prior Art One common
interface used for conputer operation utilizes multiple 10 w ndows

di spl ayed on a cathode-ray tube to represent individual conputer
applications. In a systemusing wndows, nmore than one programat a ti rreds__
placed in a portion of nenory available for instant call. The text and

gr aphi cs out put of each such program s made to appear in a w ndow, a
particul ar set AHPARATIS & IN &3 AFER MEMORYonput er
operator is operati ng a 15 si ngl e one of these programs but may swi tch
(often-by a single keystroke) to another programin another wi ndow to work
‘'with that program to call data fromthat program to place data in that
program or for any nunber of other reasons. Each wi ndow may overl ap ot her
wi ndows Wi th the THis mventdmetmmbs eoYid itbuitiydand) endrd ipaetiulealy! to/pgisor k file.
The user may add or delete information fromthe current 20 w ndow, add new
i tems to S hecifguitaowhichanay be utiizedite insiease tha dumber phwindows whislimaydser al | v,

perform any eration he programin the window as he m ght were
t here no ot h@%g@rf%‘g@ ‘ﬂ@%vﬁyﬁ "%ystems have been found to be quite
useful for advanced corrput er operations. For exanple, a skilled conputer
operator finds w ndow ng 25 syst-ens to be quite useful for providing

rapi d shiftiHigtory widhedPrfioeAsht programs and docunments. In a system which

dog§ not use win he has to close one.program

1
before he ray cal n%ﬁg@mew%ﬁgé? liAd 17 Eometiel BPeraar yilzRs PREMR e b gt am
This takgs anghBohEib Ly N8 el 85 1, b PR foonf AR Ko™ 1O

swi tchi ng between pro Is to transfer data an grap
applications. In a system using windows, more than one program at a time is

placed in a portion of memory available for instant call. The text and graphics
output of each such program is made to appear in a window, a particular set of
defined boundaries on the screen. Usually, the computer operator is operating a
1S single one of these programs but may éwitch (often by a single keystroke) to
another program in another window to work with that program, to call data from
that program, to place data in that program, or for any number of other reasons.
Each window may overlap other windows with the *front window" constituting the
current active work file. The user may add or delete information from the current Q
20 window, add new items to the window, refile the window in another location, and,
generally, perform any other operations on the program in the window as he
might were there no other windows.
Windowing systems have been found to be quite useful for advanced
computer operations. For example, a skilled computer operator finds windowing
25 systems to be quite useful for providing rapid shifting between ditferent -programs
and documents. In a system which does not use windowing, the operator usually
has to close one program before he may call up a new program in order to work
with the new program. This takes a substantial amount of time. Moreover, a

primary reason for switching between programs is to transfer data and graphic



| mages between prograns. A system which does not utilize w ndow ng does not
usual ly allow'the easy transfer of information between prograns. It was,
anong other things, to nmake the operation of conputers nore rapid and to
facilitate the transfer of data between docunent's and prograns that 5

wi ndowi ng system were devised. .For conplicated tasks, it is often desirable
to have running at the sane ti'me any nunber of mﬁndoms each with its

di fferént individual program or docunent, EUSt as one n1ght have many

i ndi vidual docunents on one's desk for uSe<in conpleting a particul ar task.
However, nost wi ndowi ng systens are 10 incapable of providing nore than a
| #mted nunber of w ndows which may be accessed at one tine.

Consequent | vy, ui re | esser de ree, that
the oger at o?/ s%@ﬁ%@%@ﬁ J85‘r Qrfgs'ﬁg' ‘B"'gépﬂﬁs @F%@’F!S’H\"B'@f@@g ngheni ng
anot her where muaﬂyamﬂnsleafsfﬁanaépanﬁtaﬁnaron tWdBH Progaings, | nvol ved. 15

It is, therefore, an object of the present invention ?o provi de a conputer
syst em whi ch i ncl udesas, egioog oihecthngsytod'adkmhagparaﬁbmdwmmwﬁd?maﬁm ch

all ows the seIeQ# qn @ aﬁ% gﬁ{tlally unlimted nunber of windows. It is
anot her obj ectanstiodagiltate thatransier of atahapwenn docugiests and prograawthatpabl e of
handl i ng aéar%dwﬁa%ks@fn ‘pé,gq{ el docunents at one tine. 20 An
addi ti onal object o e presen |nvent|on is to provide logic circuitry

for a conputer sysFentorplichtedayskesit %Qifﬁﬁtdegﬁéblelﬂhéwzﬂﬁmﬁg"atth@%ﬁﬁs' ng the
nunber of wi ndows avail able at one tine. 25 OF THE | NVENTI ON

These and ot helim@aMepumbesiof windows, eachi with itw differeobingividuakptogrameorc onput er
SYSLem Conpri Sidddmedh, flist 8L e might hive Many ik agéu%enr%é of one's desk for
use in completing a particular task. However, most windowing systems are
10 incapable of providing more than a limited number -éf windows which may be
accessed at one time. Consequently,
such systems still require, although to a lesser degree, that the operator switch
between programs by closing one prograrh before opening another where more
than sixteen programs or documents are involved..

15 it is, therefore, an object of the present invention to provide a computer
system which includes logic circuitry defining a windowing system which allows
the selection of an essentially unlimited number of windows.

Y, It is another object of this ihvenﬁon to provide a computer system capable
_of handling a large number of programs or documents at one time.

20 An additional object of the present invention is to provide logic circuitry for

a computer system which may be selectively utilized for increasing the number of

windows available at one time.

n



be present in selected wi ndow depth positions on an butput display; a -

w ndow identification nmenory for storing a first bit portion of w ndow
identification nunbers regarding bit window depth positions on an .

out put display; a window identification register for storing a first bit
portion of a window identification nunbey- indicative of the wi ndow in which
a particular piece of incom | [ w ndow )

i dentification conpar at orE u& goéi ﬁ%ﬁ*@ﬁl rst bit portion of the
nunber stored in the w ndow_identification register is equal to the firef
bit portion of the_m‘?ﬁfompﬂerﬂ?’f?’&af’gaﬁcﬁﬁnt%? Ehgr ctnvention , are

particul ar acqomgdlished inheaa conmpter daystienc aidomprivimg:; a Z buffer N
menory for storing infor d i.ndi | .dept.h of inf.ormation to
appear on an output di sp%%égigi]%eﬁ&gyeci@%fﬁt%&g‘%?&?‘%&m&@ 9 mr%"go whet her
‘each piecekhsf presenty imt ®electeds wWipdovedlenth opositdonst hem tdre dept h

of the infqy Oz Al és% inthe Z buffer nmenory; a w ndow extensi on
register for sStoring a second bit _  portion of a_ wndow

i dentification nurfbeWing@wcaifdentaficakion memary wAPEh StPBIRFc @ ar pi ece

of incom ngidaitd iBit O pAPEEdn S OR¥Irdow ediddnti fiatddsi M-t or age

of the second bi}, portion of .w.ndow identificatjipn nunbers regardi,ng w ndow
depth posi GEFIFGTFAn RApuPiIROY aydiel?% positions on an' olitput
display;

a window identification register for storing a
first bit portion of a window identification number
indicative of the window in which a particular piece of
incoming data is to appear; ' '

a window identification comparator for
determining the first bit portion of the number stored
in the window identification register is equal to the
first bit portion of the window jdentification number
stored at a particular pixel in the window
identification memory;

a Z buffer memory for storing information
indicative of the depth of information to appear on an
output display; |

a Z buffer comparator for determining whether
each piece of incomimg data is at a depth equal to or \)
less than the depth of the information stored in the 2
buffer memory; -

a window extension register for storing a second
bit portion of a window identification number
indicative of the window in which a particular piece of
incoming data is to appear;

a control register for causing the storage of
the second bit portion of window identification numbers 3
regarding window depth positions on an output display in



the Z buffer menory; a w ndow extension conparator for tefernihing if fhe
second bit portion of the nunber stored in the w ndow extension register is
equal to the second bit portion of the wi ndow identification nunber stored
at a particular pixel stored in the Z buffer nenory; and wite enable
circuitry responsive to the w ndow i dendi<ication conparator, the Z buffer
conparator, and the w ndow extension conparator for causing information te
be wttten to the window identification nenory, the Z buffer nenory, and
the ¥spl ay Hegof youffer MemEXyy awings Figure 1 is a bl ock di agram
illustrative of an agrvig@seéxteérs oW Vesitparator af o ydetermiming iif scl osed
in a copendi pat ent appl.ication, Fi e IS C I amq i | trating
an arrangenemtei - (o1 dga%’e ?W%Wt%giﬁégnt?%g+§r%‘%:%s%g % nunber
of wi ndows awimdewl extensdionp| xggistene isuteguabf t® ctheutsecangdtbit Figure
315 a Pt Ropbivh! Up! LAk Windbu! Hachtidd caRARH ilindd SESFddCa’an ndow

nunbers in € W ndow i de Ication nmenory where a w ndow extension system
i's utilized parbiewlannpixel steredpinsthe 7 heffer menery; and rigyre 4 s

a erﬁiD ctori al tihl ! UZSE) r ?iftfﬂﬂeoénhﬁtaﬁb&iﬁuﬂwgd-e@ﬁorﬁiﬁ ngertlefw_mhadwwl e

nunbers in the e[ .menory where_a yndow.extensi on systemis_utilize

in accordanc%d?\i‘?hg%ﬁgéb?ﬁsEﬂ%pﬂﬁéﬂﬁ' o#heFi L}?"gééelf SCHRER °’Fab?§awni ch

may be utiligre windoweextansion idompayertari dfowfcahsingr inforpatiofi gure

;hdlgepth t&' Y Grirténed' BRL A hALYS1a8AE D1 ERE1Bh néh6EyO! theezW ndows
buffer memory, and the display memory.



indications which nmay be stored together in the Z buffer nmenory in one
speci fic enbodi nent of the invention. DETAI LED DESCRI PTION OF THE

| NVENTI ON Referring nowto Figure 1 there is showmn a w ndowi ng system for
use in a conputer systemsuch as that illustrated in the copendi ng patent
application 5 referred to above assigned to the assignee of the present
patent application. Figure 1 illustrates a window identification output
system 10 which is utilized to prevbde output signals to a cathode ray tube
(CRT) 12 which displays the different windows. To produce an output on a<¢

conput er Oﬂhﬂ‘ﬁfﬂﬁﬂt@i the screen full of 10 images or text is
represented 1n a ock of nmenory known as a "bitmap". In its sinplest form
each picture el Figure Y isiabiogk diagtaniligetralive ofraptarisagempniiorpravidend a nenory
bit. For ex e, Jif the display. screen has 1024 b 24 pixels, then
slightly rrcﬂ?‘ggl"ﬁam “Bﬂ‘io"?‘ﬁ |F$lgﬁe%1nt%cgﬂenMe _ra@pﬁ‘éa_ggigESary to represent
each screen. | neRjie!2 isCa BlodH Wdrdm IRsRENRY A diranddmerk it Bidbrabfiod1ave a

nunber of bits of" 1 5 nenory for each piXe t di splay nmenory. In a
preferr& ewithothierievention dartincheasging thenmumabey offwindoms| avdidatilevortdisplayuat bits of
storage for_storing color information at each pixel. This is referred to as
a 24 bit RdAbe ouPYt Oh3eQMaPUterSYSeR-c t hese 24 bit RGB col or val ues, the

system 10 inclu g ; . i i and 16,
each of which inclTu e:;s)gaJ P@f“f‘g@?"?ér‘r’:?%g@éf %%?% @gba%dngﬁ%étrgggé# ed to as
menori es A windows nuiriberssinthe wirkddweidentificatidnmemory wherd@windewtexténsivini on (W D)

register 18 which in a preferred enbodi nent stores four bits of information
and a wi ndciWstedié ytilizedin ascordance withi1be presentiayemionn t he preferred U

enbodi t conpgd . fuld scr. i i ores four™
Bi 5 ot & nf or maF 1o e & bitona] et BPiH8 edE ilbiod tinty BoR8p 31 o (W)
conpar at or widdéw RBmbess iA theZbuiboMamdry witst e VAnd¥vekiRasish 8ystém ignd the WD
menory 20. The system 10 al so includes a multiplexor 24, the cathode ray
tube 12, wdtilizedincdcordange withathé presest mwventionl vy |
Figure § is a truth table which may be utilized in understanding the
operation of the circuitry of Figure 2.
1S Figure 6 is a diagram illustrating the bit size of the windows and depth
indications which may be stored together in _the'Z buffer memory in one specific

embodiment of the invention.



enabling the witing of information to each of the display nenories A and B
and the wi ndow identification nenory 20,, and a control register 28 for
controlling the 30 operation of the system 10. I n operation, w ndows
are first selected by values provided froma central processing unit (CPU).
These val ues include both a pixel address and a wi ndow identification
nunber for each pixel to be included within the wi ndow. The w ndow
identification number is witten to egh corresponding pixel lying within 5
4 he Mdundaries of the particular window in the wi ndow identification
menory. Wien a first wnd LSt en f o e WhRAdAW ENPBAS | cation menory,
each nmenory position Ww=&RPee = T -Tiaow | denti fication
nunber for that w ndow. \Wen a next w ndow which lies in front of the first
‘Wi ndow is witten to the wi ndow identification nenory, the portions of the
second wi ndow whiRgfertifig nowdo [Fagureiicthire istshaws awindowingsysteshfopuse ira

over | apped nenory position of the first and, therefor Llcally cover
*and clip t hecompuier systema sugh) as Hiat l"H%"%P?qu%Q c&ggﬁi% pﬁfg\')ggéfgieg%{"ﬁsrfor ed in
the w ndaqw i |d 105! ; i ' hnf pAtaht applie&ival y has
stored iﬁl%vi C%?%d%fog%ogﬁ%\ﬁﬁﬁﬁﬁ%bﬁgé |§%?é£%é?ﬁé§empr in Figure 1. For
exanpl e, theFigurett ilkisidtes & eirtewddéntifiedtiomouthet syistet 10 vhich Santilizgd at i on
menory i s shown as wi ndow O on the CRT, the ond w ndow, i ch overl ays
the first) aproxidecstput signals tpia:cathpdefay;t mﬁ%cﬂh'Fgglsﬁl ‘é@q or egr ound)
as w ndow 2. ) LS, desired to wite information to the display nenory
for parti cul g\wﬁ%%%\‘/@%vsfhe information is witten into the sel ected

diispl ay menory A g pRdliee ah dbtput b aGBputer output tisplagiathe soresn fathef
information includes a pixel address, an RGB col or val uge as discussed
above, ahd aimagesmntéxiisweptasented ima hlook of memes kAovwioRs 2 cRiYRaR i dBftSon nunber

' t dinth i_.nd i d I fication. | h
Wi nlow | dent PFTRISR KT SaR e 8ERisE bt spiobo UG SETRBESENBRRL ", | o,
Identificati neTRBE i, Ror &faripié, ii’%r@%ﬁldy%ﬁénfﬁafsatdzquymm@xe?ﬁ thet ored in

the wi ndow identitrcation nenory 20 is the sane as that in the w ndow
: slightly more than one million bits of memory are necessary to represent each

screen. In orderto prodﬁce a color output, it is usual to have a number of bits of

1S memory for each pixel of the display memory.. In a preferred embodiment, each
'dis.play memory may include twenty-four bits of storage for storing color
information at each pixel. This is referred to as a 24 bit RGB color value. To store
these 24 bit RGB color values, the system 10 includes a pair of double-buffered
display memories 14 and 16, each of which includes a full bitmapp_ed memory

20 and are referred to as memories A and B. The system 10 also inclhdes a window
identification (WID) register 18 which in a preferred embodiment stores four bits of
information and a window identification (V\ﬂD) memory 20 which in the preferred
embodiment com'prises a full screen bitmapped memory which also stores four
bits of information for each pixel.

25 A window identification (WID) comparator 22 receives output sig'nals from

| the WID register 18 and the WID memory 20. The system 10 also includes a

multiplexor 24, the cathode ray tube 12, write enable logic 26 for selectively
enabling the writing of information to each of the display merhoﬁas A and B and
the window identification memory 20,, and a control register 28 for controlling the

30 operation of the system 10.



identification register 18, the conparator circuit 22 causes the wite
enable logic 26 to allowthe RG& information to be witten to the addressed
pi xel of the selected display nmenory A or B. If the conparator circuitry 22
determ nes that the wi ndow identification nunber is not the sane as the
nunber stored for that 30 pixel in the window identification nmenory 20,
then the RG information i s not stored in the display nenory.
Consequently, only at those addresses, of -the sel ected display nmenory mhtgh
“are within each particular window to which the information is addressed™
will signals for that wi ndow be witten. The si witten to the display

|
memory is ul ti naincoReration. wirdowsdare fisshselestedm v nasal?m!fpg‘w’&?‘ #E8RH3 5 via

-a mul tiplexqr - A i ay tube
12 "shown | n PEpGPRb Bk BEEDY ThBse Pilhoc” nchit SR 2 o pBoreS ofd BB 27 10
wi ndow i dentjddritiiéation humbop Sdr. edcheixey 1 BeTintided Mithin' thb efindow.FTaeire 1 is
capabl e of storing information related only to sixteen w ndows, the total

of uni que biwiadow dentifcationmuabeniswiktemto egchnorrespansing pixeldying Within

Qbvi ousl ¥ sych.a s : LLized ta | i.dee . si xt een

W ndows ﬁ’t gﬁ%bﬁ?%ﬁﬁﬁgﬁ?‘gﬁ%ﬁ%@é@%@ vﬁg@é@ﬁeﬂﬁfg&ﬁéﬁ&en bre obvi ous
that the prayhéd 8%irddiwirdow BWritiedo the/window ddentificdtion niémery féacharhemiiyndows
woul d render conputer systems nmuch nore useful in nmany situations. The

copendi ng paosition aithin that windowetamiascthie mindevbidentificationingberdfosthah 1 5
arrangenment f.or ingorparatin hr e I.mensi o out put. di spl a n the

syst em out p¥""eRWi .egﬂW%V&% Wﬁ&@b‘%‘ﬂi@é‘gglalﬂﬁﬁrﬁmﬁj%‘g %Pgﬂg |
i nf or mati on 4 "rﬁ%ﬁni i ﬁ.mn? Ty i YA as out pu
for a particﬂt}flgjr‘ is;gﬁggfcgﬁafﬁg ca .ﬁ@%_g@?@?stﬁ L e.se$ﬁ%&)g’éldratoiwc‘{vﬁg€ system U
adds a Zdbufdverlayrthedirst arb weittes bo e ofthe overigpped imdnorygbdsiton otthedisstand a Z

buffer conparatqgr circuit 20 ich compares Z buffer values stored in the
D bur T e o ekl thessThts, Atomaticaly Gayer 85 PIRRB st tAer B YEIG WHAGOYS buf f or

o = v R o B Y BBy i) AP, Z DT
t hat 't he nevidéntificativar memotyciss stovad indicatignsias showh irt the display of the CRT
in Figure 1. For example, the first window to be defined in the window
1S identification memory is shown as window 0 on the CRT, the second window
(which overlays the first) as window 1, and the third window (which is in the
for’egroUnd) as window 2. _
When it is desired to write information to the display memory for barticular
windowé. the information is written into the selected display memory A or B from
20 the CPU through the data bus. The information inciudes a pixel address, ar;RGB '
color value as discussed above, and a window identification number. The
window identification number is sfored in the window identification register 18
and compared to the window identificatibn_ number previously stored for that pixel
in the window identification memdry 20. If the window identification number
25 stored in the window identification memory 20 is the same as that in the window
identification register 18, the oomparétor circuit 22 causes the write enable logic
26 to allow the RGB information to be written to the addressed pixel of the
selected display memory A or B. if the bomparator circuitry 22 determines that
the window identification number is not the same as the nﬁr_r?ber stored for that

30 pixel in the window identification memory 20, then the-RGB information is not



which is stored in menory, then the new pixel is in a position at the sane
pl ane or .25 *in front of the pixel previously witten; and the wite enable
logic is activated to wite the infornmation regarding that pixel to the
appropriate display nenory and the Z buffer nmenory. An arrangenent has now
been devised for utilizing the Z buffer nmenory configuration as an
extension of the wi ndow identification nenory to allow an 30 essentially
unli i ted nunber of windows to be utilkized at one tine so that sw t chi ng
bet ween dif f er ent prograns and docunents may be greatly enhanced and the

ti t 1 | ish.the, i t chi t | d d, .., Th | ff
moory i oo Pred 0 thel sl ietdly, aRoatlartd) Sy Bt 1héo BelRs & i or | s and
the w ndow ng4iEdt¥d RispieyAHEMBryWREN BFLdithifi GRER pariculBAMhdow RAFMIER &b

tepresenting each pixel an indication of the particular position that pixel
is to take aintompatioreisAadaressed will sipralp fos that wintiownba writtemt The sighalwittenent i on,
the Z buffer nory,stores twepnty-four hits for ,each.pixel. It will be
‘appr eci at ed Pﬁg? dﬁéfag BePRYJ? uﬁﬂ%ﬂ’ﬁ“ﬂ/ﬂéﬁge@ﬂ){’ it'?RiPW'g‘ﬂaﬁ d'ﬁﬂﬁ%g}eg‘%i ch
total subst aﬁ&la%gm\%ﬁ&sﬁé&ﬁ rfo]l&f‘fiy {HeCcontrd  fRGR1ed DBAY tnd 4TRSS rafhusé 19an be
stored in the wndow 1dentification 10 nenory. It wll also be appreciated

t hat any parshown ar Figurgram or docunent may not be operating in the
t hr ee- di nensi onal_ dormai n and, consequently, for that operation the Z buffer

menory circuit ry BiceEse# ullizesnly fewebiss fox sioragepf the windopoigertfication gure 2
[y cire . ot i
T ani na 1 hAGHabE i Byeforn 1o/ IctatbBA ploiyof lcaBBNB oY sftiin iibntalel

Figure 2 il psidte@only 18 shedrewindbws\the fotalnstlunid@e biley dumbbeywhiieaidyese 14 and
16, the WD nenory 20, the WD register 18, the WD conparison circuitry

22, the tOnt represestadsindeurtsits. Lbviqusly suchtaesystaan canndt bewtilized apraviden  wer e
v gk R bl s R B el Bifton, HecB T o5
T oCheeTon’ promeSHEL Yeongeh o i) B Terbel a2 o
windows would render computer systems much more useful in many situations.
- The copending patent application referred to above also discioses an
1S arrangement for incorporating three dimensional output displays on the system
output device. The system incorporates apparatus for storing information
indicative of the depth of each pixel to be provided as output for a particular
- display on the cathode ray tube. The particular system adds a Z buffer memory
which stores Z or depth information values and a Z buffer comparator circuit
20 which compares Z buffer values stored in the Z buffer memory to new Z values
for each particular pixel. The Z buffer comparator looks at the old Z value at that
pixel positioh in the Z buffer memory and compares it to the new Z value. If the Z
buffer comparison shows that the new Z number is less than or equal to that
which is stored in memory, then the new pixel is in a position at the same plane or
25 in front of the pixel previously written; and the write enable logic is activated to
write the information regarding that pixel to the appropriate display 'memory and
the Z buffer memory.
An arrangement has now been devised for utilizing the Z buffer memory
configuration as an extension of the window identification memory to allow an

30 essentially unlimited number of windows to be utilized at one time so that



-functions have been enabl ed and either display nmenory A or B has been

sel ected by the CPU through setting of appropriate bits in the control
Tegister 28. The system 40 operates to first determ ne whether data are
within a particular 25 w ndow and then to determ ne whether the data to be
.stored for that window lie in front of data already stored for that w ndow
The first step in any operation is to store the wi ndow identification

-val ues of the wi ndows to be utilized i-n the w ndow identification nmenory...
‘This is acconplished by witing to the window identification menory 20 &

values fromthe CPU which define the area of each of 30 he win to be
‘utilized. swishipgibetwaenditipreptprografps ?%39°M?'ﬁ%ma¥rbepqr§%ﬁly ?%Hagggqv:pl ay
‘menory after ' ‘ dibi i W ef i ned, the CPU provides
the pixel a&&@ggwgﬁg’g\%g@p%%s“%@ﬂ% Fdly P68 (depth) value. In the
wi ndow i denti fi cThe momalBbufidromersony dsia fullsck@en displayymedwry whichekkedhe t hat
-data is conpared with the 5 w ndow identification nunber storgd i@ t he

wi ndow i dentdisplaxmenierigs ApE yhewindqw mrmpweefexepg%aﬁavs hifpresat eag

i nformation at_.t i A S ) -I’]ﬁé&lﬂloﬁtﬁg 2 is
transferred Raogutpﬂg}ge\%sérglngn%abcr} '*ch)%lké %Bﬁroééﬁégﬁ%afﬁa t he wiﬁ@lc)w

conpari son hgso £ike\dIsHRytha Z-&is binahé pgyiedred inbodimeateftbiaiinventioniheZa Z
buffer conparison in order to deternm ne whether the 10 present gi xel is in

front of anybyffexmemary sipms tnephvclgur bitpfopeagly pixel. dowi he2ppieciated it ry 44

conpares the,Z val furnj she Lo i Vi Ly
stored in th‘g"sf'fﬁj?(fa@?“ﬂdr%?\/gﬂ%%f' %‘pﬁf] %gqld%ﬂlak%rvhﬁﬁft&ta ﬁ%lb%%vng%@eé@#hi shed
by the CPU ihaf @ebixie@n YniqueSiuniteadwhithicaniter iéretin tHeewiddow idemtificationr y 42,
-then the new signal is in the same plane or in front of the data

'r epr esent@ ngmemenpi ik will diso be appreniated thalanycparigwar Pragram-Ar dosupesmaled t o

42 and tho. Rehks oRReEGA b 5oy pinaltank BolRalh bl Shseluerg frail T T

it or mat 1 on Sretaie b the ey ERERLY w0 B i onal - the Z buf fer

_menory ' The arrangement illustrated in Figure 2 may be utilized to exploit the
unused Z buffer- memory circuitry for expanding the range of windows which may

1S be used with the system. Figure 2 illustrates a system 40 which includes the
display memories 14 and 16, the WID memory 20, the WID register 18, the WID
comparison circuitry 22, the control register 28, and the write enable circuitry 26
which were used in the system 10 referred t.o.above in Figure 1. The system 20
also includes a Z buffer memory 42 and a Z buffer comparision circuit 44.

20 in operation the circuitry of system 40 functions as follows. The following
discussion presumes that both the window identification 20 and the Z buffer
functions have been enabled and either display memory'A' or B has been
selected by the CPU through setting of appropriate bits in the control register 28.
The system 40 operates to first determine whether data are within a particular

25  window and then to determine whether the data to be stored for that window lie in
front of data already stored for that window. The first step in any operation is to
store the window identification values of the windows to be utilized in the window
identification memory. This is accomplished by writing to the window
identification memory 20 values from the CPU which define the area of each of

30 the windows to be utilized.



20 42 may be utilized to extend the nunber of w ndows which may be.
utilized in the system This is acconplished by the CPU witing an
appropriate value to the control register 28 which indicates that a w ndow
nunber extension is desired. This causes the control register 28 to enable
the Z buffer menory 42 for use as a nenory for extending the nunber of
avai l abl e wi ndows. In such a case, the 25 unused nenory available in the Z
buffer nenory 42 is utilized to store wndow nunbers instead. Since the -
preféﬁred Z buffer menory 42 includes 24 bits of storage at each pixel,

substantially I ar (VY ﬂ%%ﬁe&’{o Wﬁt@daoﬂ&iémé? | 5 & tiRPlay InforRdry ftef theal | ow

the Z buffer mem)ryeﬁ‘gpto unction as a w ndow nenory, a w ndow

bdentificati aingwsisbe otilizedmava been d6fired; the GPUGwovidestheipixet addreas 30
-extension regi ster 48 are added to the sg"tstem 20. Ther?@ functiop in a
manner - land colorvalugs aleng wisth theZ (deptB) wglue; gindhe wWindowEeRtfIGRIon ot or 22

o colorak ! . 5
‘ext onea vi ncVPARBLRRSIN, 77 1 WOl hbiferor il (e (FEBRpatiil O

i nconi ng @I Uginkisw lidbrititi€ativh timbel 8tdred I thb twindow idehtifizatiore memuogy 20@nthe
stored wi ndow nunber are equal, then the value 5 is witten to the display

memory. |f ththeylaoeequhs (thetiscibepnfoemationet that pixgl i i thatwindew),AhemhaR wi ndow
and is not witten to  the displ nenory. ' ngenment all ows very

| ar ge Wi ndow ?ﬂﬂ?fe?e?'g"?lés H@"ﬁ?é‘?‘gé’ t&ﬁd’"ﬁgfgjﬂrﬂém%%y | ar ge nunber of

wi ndows to be avai aslqnﬁ ' wirldowecbHigsisbi Ras prRidel dnhenabieslgnalienor y
20. 10 I n adpgre eP%@%odi ment oqyatshe ar?angement’, V\heng‘&ar it is
desired to ingmessssahhie makeaZ miffencordpavisobdry ordgr tohdetermrinawhathebthe whi ch
may be stored in the wi ndow identificati

] i on menory. 2 the CPU writes an
appropri at@ venesentipinedistin drophek any pixel giready stored; #&‘P%W'P?dcf’m"%%dom are

to be provi deg bexonded e BUNRPY ileilimidie PRGN 1d 23ben meMOTY 20
~1's capabl e of frand ng-. ereafter, wn gw Identification values are
represent ed byrelidgsty eftrédintheZ butter Yemorng 4R for tBak pixed ifhtis Z vialueftamishedor y

42, and the V\L)I,I) theeXCt:F?LrJ] ?sl eoqnuaq &)g‘i)rsiggsrthgg that stored in the Z buffer memory 42, then the
new signal is in the same plane or in front of the data representing the pixel
1S  presently stored, and a signal is provided to cause the write enable logic 26 to
write the Z value to the Z buffer memory 42, and the color RGB value to the
selected display memory 14 or 16.
In situations in which the Z butfer memory 42 is not used because the
information in a particular program is not three dimensional, the Z buffer memory
20 42 may be utilized to extend the number of windows which may be utilized in the
system. This is accomplished by the CPU writing an appropriate value to the
control register 28 which indicates that a window number extension is desired. -
This causes the control register 28 to enable the Z butfer memory 42 for use as a
memory for extending the number of available windows. in such a case, the
25 unused memory available in the Z buffer memory 42 is utilized to store ‘'window
numbers instead. Since the preferred Z buffer memory 42 includes 24 bits of
storage at each pixe!, substantially larger numbers of windows may be stored.
In order to allow the Z buffer memory 42 to function as a window memory,
a window identification extension comparator 46 and a window identification

30 extension register 48 are added to the system 20. These function in a manner



Each wi ndow identification value includes twenty-ei ght"bi'ts of information
and is used for defining the regions occupied by the extended w ndows in
both the window identification nenory 20 and the Z buffer nenory 42. Each
such value 20 Includes four bits of information for storage in the w ndow
I dentification nenory 20 and twenty-four bits of information for storage in
the Z buffer nenory 42. The portiorr df the value stored in the region
defined for that wi ndow in the window Identification nenory 20 defines the
regi on as a S@a taheWIR degistaytianhihedVilheomparatoy 22 taicorhpare is windowof t Hel

i ndow nunbarurifer sfedin e 2Bhurel ieRng s e eiierBg g PRAIE of 0 ar e
mapped by t Hacening valelo dersmindastdinetRél incamirgd valseisan dafwiNaba @vpguTber s.
Thereafter, when It is desired to wite to a w ndow carrying an extended

nunber’, the Wities fhthednconicg and the sterediwindovenumber arh equak thendhe wadée ni ng t he

w ndow 3 et,erm ne whether the, informgtion is to be
witten % 0 t'ggﬁﬂgé il g‘? (ﬁé\;‘pﬁa&;?&&’g tlﬁé'etv\ﬁg'ﬁf‘)’sélo RYmagre. %‘?F&fﬂﬂﬁe'\’\ﬁ ndow

i denti fi cat impyimhaibeindbwiantienétiwitlen(oiid \dishigy mafidry - TR arrdfifentertd zer oes
Is sent. to the WD extension register. The w ndow nunber In the WD

ext ensi on r cRjlowsaery Brgeswindaw numbers to br stpred and aconsaguectyplarge: or ;16 Wi th
th nb Ie O.s ; / v ,42 5
the parc: cul et di Ridds th BoFAute Sehulfin:ieig e 56 o EGANAN, 5, or e

for that pixmbmary20.he Z buffer nunber is equal to the remainder of the
ext ended wi ndow nunber. in the WD extension register 48, then the

i nf or matiQ®n i s wif pieeferred embadiment ef b egRnaementy whenevenit is tﬂﬁ;im@poht he 25 \)
oo TSN e 53 e APl Wy W0 0

i1l ustrates intthe wireiow idamiliedtidnymainohe2D; thé CRIUWAY's RREPRFdprialy vdlfe itgrdow
identification nmenory 20 where such a wi ndow extension systemis utilized.

Those ar eas WhAGoRUP!SAOISIer 28 jndicaling that windows are tohie provided dayend thendow

number which the window identification memory 20 is capable of handling.

1S Thereatfter, window identification values are represented by tﬁe contents of the
WID memory 20 and the Z buffer memory 42, and the WID extension register 48.
Each window identification value includes twenty-eight bits of information and is
used for defining the regions occupied by the extended windows in both the
window identification memory 20 and the Z buffer memory 42. Each such value

20 includes four bits of information for storage in the window identification memory
20 and twenty-four bits of information for storage in the Z buffer memory 42. The o’
portion of the value stored in the region defined for that window in the window |
identification memory 20 defines the region as a 2zero numbered window while the
twenty-four bit portion of the signal stored in the Z buffer indicates in the same

25 region the actual window number. In this manner, the areas with a four'bit WID
value of 0 are mapped by the system as those designated for the extended .
window numbers. _

Thereatter, when it is desired to write to a window carrying an extended

number, the information Includes with it twenty-eight bits for defining the window

30 number. In order to determine whether the information is to be written to

the display memory,



.

nunbers are stored in the Z buffer nenory 42. Figure 4% |1.ust-tat @5 the:. .
areas 15 mapped for the extended windows In the Z buffer nmenory 42. It
shoul d be noted that wi ndows havi ng wi ndow nunbers 634, 653, and 712 fall
in precisely the areas defined for zero w,ndows in the w ndow .
identification nenmory. An extension of T & System 40 utilizes a wi ndow
ext ensi on nas ieigHi It} WG R nIeEASH RIhGY? thr MBIhe (WilPHhe
i ndi ¢ating thgthg(r#%'a;rw o?ﬂi‘tbﬁ(ea*?r{)dﬁ?f er ZOﬁa?rem)ry 42 whi ch isp‘to(_b used for
the Wndows extremty-Eme MEiaepd seyoestist senk ko e WIP srispsighrRisier- oy er
menory 42 may be used for depth information. ' Th . pdow ext ensi on _mask 50
is a register e WiDtensian register %P%T‘B?’eﬂg”'g?ﬁ%‘s@%ﬁ"ﬁ'?ﬁé’omﬁﬁmbi ts of
the twenty-eig ' Beristeli th the WitPflemdn 3tPand tRe 22tufiBE mBoRCADRYY at or
“46. The conpl e?r%r@“géé‘tiﬂ#s mask, or the rerrairytni ng bits of 25 the total
twenty-ei ghts, thafpaniculdripixebi If thet Wil seniovy 20 indicBtdsthétey zero isgpsieredder that  For

exanmple, it may be desirable to have so nunber .o , ndo at.er than
‘si xteen but | eBixetandtheZbyftor sumbpar isipquatiofthe W'&?rm%'&eswﬁ%ts.
The wi ndow ext ' Wye:\E ol W € iRl gt | ve,

si xt een, or t\/\ggﬁ‘?gﬂip[@é b\%@% exa'rcr’glqg#‘ygk "?’ﬁg"@%ﬁ@#’ gﬁémrrgr'r%?bu%yefor use as
ext ended wi ndogeléBted Wisplayymerory. di thip mannes the Z rifighmelnonys42is utiizad o wi | |

store wi ndow nunbers sufficient for two hUndred,‘Snd fifty-six w ndows,
the wi ndow ext @xtendsheaumbero! windaws which may deiused Xyt the sysiM 48R s 1 om each

pi xel of ”?8 Z&%%g@ggﬁgﬁ{uh?%g for w ndow extension nunbers | eaving the

remai ni ng srxteen e storage of depth information. 5
Figyre 6 illustrat eFigune 3distapss the areds mappodyby stoeagetdf iwindaw owmberstihe
wi ndow ext ension mask 50 in the systemof Figure 2. the fjirst optjon, no

. ln
wi ndow nurber dhe windowridentifigation mpmopy,20 whers gHchg wipdow extensio systel I8, ¢ pe

w ndow nunber ext.ensi [ 3 ' t Cindi :
storage. Int hé’){- 'mrbrs' dﬂgbfg%?%% fﬁgjfc)%@gre\ﬁﬂﬁ%}géﬁéree é&gﬁ%?%ﬁ%&% g’\v/‘vncr’louwnber
ext ensi on whi | whiberea@hétofddtia theZbutler memogd) Figdrediliustiates the afdeas| ast

exanpl e, aI'IS. Ofm;;t]peedbfi:rt _t?\@aerxteenlcjjzg (\jovhsd%wsstlr? ;ﬁe g %Bftfehr ni\eanxgr; Tazlt iltosnh'ould be noted
that windows having window numbers 634. 653, and 712 fall in precisely the
areas defined for zero windows in the window identification memory.
An extension of the system 40 utilizes a window extension mask 5§0. This
circuitry receives information from the CPU indicating the amount of the Z buffer
20 memory 42 which is to be used for the windows extension memory so that the
remaining portion of the Z buffer memory 42 may be used for depth information.
The window extension mask 50 Is & register which controls the comparator 46 by
determining which bits of the twenty-eight available should be used in the WID
extension oompéralor 46. The complement of this mask, or the remaining bits of
25 the total twenty-eight, defines the bits 1o use for the Z buffer comparatof' 44, For
example, it may be desirable to have some number of windows greater than
sixteen but less than the total which can be stored in twenty-four bits. The
window extension mask 50 may be utilized to select eight, twelve, sixteen, or
twenty bits, for example, of the Z butfer memory 42 for use as extended window

30 memory. For example, since eight bits of memory will store window numbers



Figure 5is a truth table illustrating the signals which nay be present in
the system 40 shown in Figure 2 and the responses of the system 40 tq those
:signals. The first colum indicates the signal provided by the CPU to the
control 15 register: In tthe first row, this signal is a zero indicating no
wi ndow extension is desired;-in this ca¥e,”if the nunbers in the wi ndow
“identification nenory 20 and the wi.ndow conparator 22 are not equal, then
regar dl ess ofsufficient fos twa haridredh andfiftyreix vdndawss thewindawaxtensionanask . 7 Nt

- buf f ' , t hj i | qtt o | '
ond the_ 3" barotuiged o hied plonb s fiorh 56 bRalel g 2 i HaMpRRZR 1o Te Ve
zero signal iyitHdwrbAsndioh REMBEY IEHVHAhe FarhaRMg@Ntat bitser iNeldteragPar at or 22

i ndicates that the w ndow i ndicated by the incomng pixel is equal to the
“wi ndow nunberdepthdnfedmationt he position, the Z buffer nmenory 42 and the

di splay nenory 20_are wjtten in accordance wth the results determ ned by
the Z bufPer conpElawe P illuslrates various 091'9{'5{\91@\3&&}{9“1{1}%'é‘g'ZP%\H,é'"gﬁhﬁ he tabl e

he Z bufPer ¢ 2% Vi . e PR HENEe he ¢ abl ¢
i nlow numbe S0, BRRAden Rk B0 e bysRRFLMERLR 2, Mo AORRaN BT 1T o

by the wi ndowihgtnhirhberéxtansiondspsedst Inrthe 2edtmdeeight bifsf are tused faritiee
information to be witten. If the w ndow extension:-conparison shows unequal
wi ndow nunbemindaw, aumben extensiansang: sixteemnramngain fas the depth dndigaliap siprage. 40 and

i ndow hunmberh it gample, sidken g 20 uSet o7 e VioB A RADRP PR EHET 10"
and the Zobufdight oit®rémain fot dapth inGitatlons! etheliag e&ﬁ@?ie’& ambof thb itg ak didedr

conpari son determnes what is witten. If the Z buifer conparison shows tRkg/
Z buf f er nendegtoredegthinfeimatiohndow ext ensi on nunber of the inconing signal,

e e 1 O ot i 5 W e b SR R Byt b 001,
oo o 1 S AT WA Pl I S8GLRBEMt s O gt o1 o
al terations rsigrials. bEhenfirstccdiymn inglivatesithé sigdal provitied by theACPUdo thedegminot | ng
fromthe ls'épi rriaéist%p.dln the ﬁrst row, this signal is a zero .indicating n§ window extension is
desired; in this case, if the numbers ih the windoiv_identiﬁcatioh memory 20 and
the window comparator 22 are not equal, th_én regardiess of the result of the
window extension comparison and the Z buffer comparison, nothing will bé
written to the selected display memory and the Z buffer memory 42. In ihe next
20 two rows of the table whefe the zero sigha! indicatés no window number
extension but the WID comparator 22 indicates thai thé window indicéted by the o
incoming pixel is equal to the window number stored at the position, the Z buffer
memory 42 and the display memory 20 are written in accordance with the results
determined by the Z buffer comparator 44
25 In the next three rows of the t_able. of i‘-_'lgure 85, the control registér 28
receives a signal indicating that the window number is to be extended. In such a
situation, the results provided by the window identification comparator 22 have
no effect on the information to be written. If the window extension comparison
sh_oyys unequal window nufnbers. then nothing is written to thé Z buffer memory

30 "42 andthe display rhemory 20. it the window extension comparison shows that



10 scope of the invention. The invention should therefore be neasured in

terms of the:-clains which foll ow. CLAI M5 1. A conputer System

conpri sing a display nenory for storing information to be present in

sel ected wi ndow depth positions on an output display; a w ndow

identification nmenory for storing a first bit portion of w ndow

identification nunbers regarding bit w ndow depth positions on an out put

di splay; a wi ndow identification register for storing a first bit portion

of a™fi ndow identification nunber indicative of the window in which a

particul ar piece of incomng data is to appear; a wndow identification

conpar at or for determ ning the firstifbit portion of the nunber stored in-

the wi ndow identification register is equal to the first bit portion of the
i ndow i dtvet windowtriumberoftiee incomingisignat and that stored intherWID menegry 20 n

" the wndowidentification nenory; .a Z buffer nmepory fgr storing .

i nf or mat i onand the:&iiuffer areman 42.35p1equal.ithen thextasylt qﬁ’%g&é‘i'?’ Sﬂmgﬂ"% put

oo g dafsteraings vaiad g pAlaty, ithe & el o RARNF biEe B 4 HBIEE feRior
Stori ng a SEnig e WinddiF eeRkichHuriBeTitho TethilRg Sl tne B e "
S s written to the display memory. If the numbers are different, the information

signal is not written to the display memory.

AIthbugh the present invention has been described in terms of a preferred

embodiment; it will be appreciated that various modifications and aiterations

might be made by those skilled in the art without departing from the spirit and
10 scope of the invention. The invention should therefore be measured in terms of

the claims which follow.



i ndi cative of tThe window i n which a particul ar piece of¢ i*mcomi ng” data ts+fo
appeary; I st er for causing the storage of the second bit

porti (J‘V“Iﬂlnma'MI'mwl fication nunbers regardi ng wi ndow depth positions
on an output tdi 8pl &y tn the Z buffer nory; a w ndow extension
gonparator for determning if the second!Brt portion of the nunber stored
in the window extension register is equal to the second bit portion of the
wi ndow identification nunber stored at a particular pixel stored in the-Z
buffer menory; and wite enable circuitggagsgponsive to the w ndow S

i dentification conparator, the Z buffer conparator, and the w ndow
extensi on conparator for causing information to be witten to the w ndow
i dentification menoay coarpntérbefstienmeyomprisimdy t headddppapynmsnory 2.

A conputer t Is ifgg': di spl a [ o _staning . intaqr jon to
be present egxgngg]r?%g't%t}?l |S|§I€i:'§1%,&1 gof %Frﬁggfé‘e‘iﬁ R %%&Sgg:ev‘fﬁ"&&v%k’

i dent i fi cat Aepthe pos tiieonss oy iamg outputndispdayggar di ng wi ndow dept h

posi ti on onzar,s t 5 &l / ' [ t i frtyd ing
capabl e of gt glfggwagg%ﬁiﬁﬁ%{éﬁ%%iﬂ%o? S?nf%ﬁr%'?ﬂa ?gggrgﬁi E:ﬁ:t'; w ndow

) . 9
number assi BRE& Windey Meptifigatinan hupbers regardingeaddit or
storing a fwintowumaepth positiohs onf ahndutpat adepldy}g the window in

which a pagt 'vtg.lﬁlti%rw &id%%‘i:i%ficia%i%m g g(:{% %ri %otros_ e].%rg; a first bit
portion of a window identification number indicative of
the window in which a particular piece of incoming data _
is to appear; \J

a window identification comparator for
determining the first bit portion of the. number stored
in the window identification reg'ister is equal to the
first bit portion of the window .identification number
sté_:red - at a particular pixel 'in  the ° window
identification memory;

_ a 2 Dbuffer memory for storing information
indicative of the depth of information to appear on an
output display; ' '

a 2 bliffe_r comparator for determining whether
each piece of incomimg data is at a depth equal to or
less than the depth of the information stored in the Z W,
buffer memory;

a window extension register for storing .a second
bit portion " of a window identification number
indicative of the window in which a particular piece of
incoming data is to appear;

a control register for causing the storage of
the second bit portion of window identification numbers
regarding window depth positions on an output display in



a Z buffer menory normally utilized for storing:informati on indicative *ofs"
the depth of-information to appear on an out put displ ay, er

menory being a full screen bitmpped nmenory capabl e of stFamlﬂ a second
i

nunber of bits of information regarding a w ndow number a "I m:’
pi xel of the output display; a w ndow ekéension register \ r""
s %*

second nunber of bits of information regarding the wi ndow in which"a
particcul ar pi ece of inconmng data is to appear; neans for selectively
stor Mg the ¥hes? huffer BEMRrYE of infornation regardi ng w ndow depth -

position  * CL Maviddd# ekBensilbfoniarfdtitr EBrideterniiiiting if the
- identification megor ,.and t{ue secgn nunmber, of bits qf ..nfarmaii.o
regardi ng wi FASPGe it RN SR &he AMPRET of 8F§§ i t ez"’i'jﬁa%r

menory; and exteasfion regpistergisheqhalstonthikesecpbni bitoportkiionnati on

stored in thend! RO AU 3L et WhddbddCal! ASpaRiiRaflag! Dits
_of |nforrrat|or_1 stored 1n the wndow identification nmenory and the second
nunber of bipixel storedadnothet §r BULfRr: Mem@r¥doANdxt ensi on register with

the second number of (Risits nabifed B F&Sponsive €obuhbewinaon y;
wher eby the anount qQf information regarding w

increasing ifentdficatifpe coppagator: the; &) gggﬁmgﬁ;éﬁ#gg%gggﬁg ng\éﬁ

information.tBe windoW Gaferisiorn ycémparstat afordcansihgi dnfokmatlien

Fonpr|3|ng n%%n%éf%%f%¥g% %ggtﬁgl%&Lﬁgwngggﬂ&ifgkagk%ﬁ memory, the 2
' buffer memory, and the display memory.

U .

2. A computer system comprising:

a display memory for storing information to be

presented on an output display,
a full screen bitmapped window identification memory for
storing information regarding window depth position on an
output display, the window identification memory being
capable of storing a first number of bits of information
regarding a window number assigned to each pixel of the
output display;

a first means for storing a first number of bits

of information regarding the window in which a
particular piece of incoming data is to appear;
a 2 buffer memory normally utilized for storing
information indicative of the depth of information to
appeaf-on an output display, the Z buffer memory being a
full screen bitmapped memory capable of storing a second
number of bits of information regarding a window number
assigned to each pixel of the output display;

a window extension register for storing a second
number of bits of information regarding the window in
which a particular piece of incoming data is to appear;

means for selectively storing the first number
of bits of information regarding window depth position



at—eactrposition of the Z buffer nmenory to store i nf or rmatd on regardl ng' '

on on the output display. 4. A conputer system as
cl‘mmm:“mmﬂﬂlm in which the means for enabling sel ected nunbers of bits
osmtien of the Z buffer menmory_conprises a w ndow extension mask.
A conputer system as clainmed-rhlclaim2 in which the neans for
selectlvely storing the second nunber of bits of |nfornat|on regar di ng
mnndom/depth p05|t|on on i he out ut di_spl in,the Z b
conprises: 2f7 HRff SUEBRhar R i%rﬁﬂ?l§§%%ealP PYdet8F ﬂgﬁfﬁﬁ éPher éééh
pi ece of irmenong |andr roinel osecendt rumbext ho€quibaits o off Linafermhtdohhe depth

of the inf %ggafaﬁng P1580kN deREN’pBULESENTBIO HE outpdf” alsBImy’ ¢h

regi ster fof Causin stora secon
i nfor mat i onthegér BnAgeri me®ary¢pt Bngdosition in the Z buffer menory; and

write enable circuitpkah8sFRS| ddngdt in é‘@uﬁggtcgﬁﬂgégt oroﬁngl{-_ge means
for conparin iﬁld WWILe enabl e Cir gui causlngwln ornatlon tQ
e

witten to FﬂﬁmﬁlﬁeﬁtlﬁtEEPPonlﬁe , WiBadw, idept ﬁgﬁﬁﬁ§1°§nd t he
di spl ay rren:aeglsﬁer with\ thepifiiests minverisof| divsd ofht thformationt her

the 7 buf fcPERERGy yipo €8s, dHisidol et R tn, " HekeBl G358, 8881 Ton on
t he out put second number of bits of information stored in the
window extension reglster with the second number of bits
of information stored in the Z buffer memory,
whereby the amount of information regarding windows is W,
increased by increasing the total number of bits
utilized to generate the window information.

3. A computer system as claimed in claim 2 further
comprising means for enabling selected numbers of bits
at each position of the 2 buffer memory to store
information regarding window depth position on the output
display.

4. A computer system as claimed in claim 3 in which
the means for enabling selected numbers of bits at each
position of the Z buffer memory comprises a window _
extension mask. o/

5. A computer system as claimed in claim 2 in which
the means for selectively storing the second number of
bits of information regarding window depth position on the
output display in the 2 buffer memory comprises:

a 2 buffer comparator normally used for
determining whether each piece of incoming information
is at a depth equal to or less than the depth of the
information stored in the Z buffer memory;



di splay. 7. A computer systemas clainmed in claim'6:i:m which®the ntans
for enabling -sel ected nunbers of bits at each position of the Z buffer
nmenory conprises a w ndow extension mask. 8. A conput er system
conprising: a display nenory for storing information to gmﬂm‘mmj‘“mm
output display; a full screen bitmpped o.ndow i dentifi | C

stori ng i nformation regardi ng wi ndow depth position * Lout pu

_ di sphy the window indentification nmenory being capabl e of storing a
first™unmber of bits aofcorfﬁwlraiegﬂsﬁmmair mtmmgﬂdmu rsﬁdxeag@&m gned to

each pi xel of the out d-f ree |t ma nory
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6. A computer system as claimed in claim 5 further
comprising means for enabling selected numbers of bits
at each position of the Z buffer memory to store
information regarding window depth position on the output
display.

7. A computer system as claimed in claim 6 in which
" the means for enabling selected numbers of bits at each
position of the 2 buffer memory comprises a window
extension mask. - |

8. A computer system comprising:
a display memory for storing information to be presented
on an output display;

\_ a full screen bitmapped window identification
memory for storing information regarding window depth
position on an output display, the window
indentification memory being capable of storing a first
number of bits of information regarding a window number
assigned to each pixel of the output display;

a second full screen bitmapped memory normally
utilized for storing information indicative of other
than window depth position on an output display, the
‘second memory beini; a full screen bitmapped memory
capable of - storing a second number of bits of
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of bits of the I ncomng information with the information'stored in the .
Luuﬂnﬂﬂ ion nmenory and a second nunber of bits of the incom ng
Hjm Imlﬂmhe information stored in the second nenory- to determ ne
mhether t he" i fcomi ng i nformati on should appear in a particul ar w ndow of
di splay. 9. A conputer-iystem as clained in claim8 further
conprising neans for enabling selected nunbers of bits of each position aof
menory tq store information regardlng wi ndow depth position osa;:
ang, tipn greabtex fbanethe sfinshs mmbercregarding @ i n -

whi ch t he n’ﬁahaoinornﬁﬁbbkl ngsstgredededudaihs plixBit sopf tﬁfé?hd&‘iiﬂutt' on

t he out put

t he second
t he out put

t he second
conputer s
storing inf

bits to rep
di spl ay;

conprises a w ndow extension nask.

ys donpr|5|ng a first full screen bltnapped nenDry for
ornatlon to_be presented,at an outpuyt dlspla%bra second ful

screen bit mapped neM§ARS: FO% SRLRGEINELY ngtiog
posi tion onoinhmﬂsnmfduaﬁbamatumnsxﬂgurﬂﬂnqnwihdwwwaepﬁhlpﬁghegomunber of

se reg| s?’g nali@ sshgn °§'Crﬁ-§1x |, [Qf %F'e out put

|rs r for

wi ndow in memnrumcam n'gheiasacoadt muaqlqee'arof abits sof cmnﬁamattioﬁoun

det er mi ni ngthke aRdoMAlnedodyd! atigered in the first register is equal to the

means for selectively comparing a first number
of bits of the incoming information with the information
stored in the window identification memory and a second
number of bits of the incoming information with the
information stored in the second memory- to determine
whether the incoming information should appear in a
particular window of the output display.

9. A computer system as claimed in claim 8 further

' comprising means for enabling selected numbers of bits
‘of each position of the second memory to store

information regarding window depth position on the output
display.

10. A computer system as claimed in claim 9 in which

the means for enabling selected numbers of bits of each

position of the second memory comprises a window
extension mask.

11. A computer system comprising:

a first full screen bitmapped memory for storing
information to be presented at an output display;

a second full screen bitmapped memory for
storing information regarding window depth position on
an output display, the second memory having a limited
number of bits to represent a window number assigned to

pt h
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wi ndow depth position information stored in the second rren'ory regardl ng a
particul ar pi-xel of the output display; a third full s

menmory for nornally storing information other than W|nd th 05|t|on
i nformation for controlling the appearance of the outp m’ m W””m

third nenory having a substantially |arger nunber
to represent each pixel of the output d?&l ay; a second corrparator
conpﬁy ng input signals representing information other than w nd_ow
dept p03|t|on nfqrrri_';l ti’(?ath |nforrra|on|ntheth|rd menory
regarding a$ ut; (4 sp put display; a third register
for storing a port i om offn-sﬂ naeyisterer foreastiortingn anbajtgest:.gw'an.@ow

nunber t hat %gg%%%3k,% of £ SEREAYR ridd he fké%&hregllcs}nﬁglgaad Q‘Pnﬁ]{‘,ﬁbg egi ster

for causing t age Of a portlon of Thi 5% s in
the third nesppgarg w ndow ext ensi on conparator for conparing nunbers
stored in the third register with nunbers stored in the third nenmory; and
wite enable circuitmy fiasponedmpatatohe forr deteyyiaiaigorif t&n deputd

compar ator . Fideie, LOPEN O CBRROT GAIPLELSEeLe" £AUSLANL NET TR on (0

be witten to menor e second

menory. window depth pos tlon information stored in the secon
memory regarding a particular pixel of the output
display; '

. a third full screen bitmapped memory for
/ | normally storing information other than window depth
position information for controlling the appearance of
the output display, the third memory having a
substantially larger number of storage positions to
represent each pixel of the output display;

a second comparator for comparing input signals
representing information other than window depth
position information to the information in the third
memory regarding a particular p1xe1 of the output
display;

a third register for storing a portion of a
window number greater than a largest window number that
is capable of storage in the first register;

a control register for causing the storage of a
portion of window identification numbers in the thirad
memory;

a window extension comparator for comparing
numbers stored in the third register with numbers stored
in the third memory; and

write enable circuitry responsive to the first
comparator, the second comparator, and the window
extension comparator for causing information to be
written to the first memory, the second memory, and the
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12- A—conputer—systemas claimed in claim11l furthersconprising*neans

Z
' cted nunbers of bits of each position of the third
mmmi“)“!ﬂmrﬂm i nformati on regardi ng wi ndow depth position on the ‘output
di=Spkayt . s =+ A conputer systemas clainmed in claim212 in which the
means for enabling selected nunbers ofibtts of each position of the third
menory conprises a w ndow extension mask. 14. A conputer system .
conprising: a first full screen bitmapped nenory for storing informatiofifo
be present cdisplay BRRPXY- di spl ay; a second full screen bitmapped rrermr\ﬂf
for storing a first part of information regarding w ndow depth position on

the output display, the second nenory havjng a_fjrst. nunber of hits to
represent at4i ndow‘huﬂ%ﬁ’uﬁ%’éi%%oa%{ci?%?%li%f"l‘?uﬂ‘,“o’u’f pﬁf‘tf&%’bl ay:
means for ccomsrisingambansc@domerablig vsébettedi numbertsi @f Biksed in the
second meny t term amhet h t resgid..such i nf.gr mglj on 4 .
parti cul ar ‘\S/\%/ndg\?vgglf tépeé%u%t §#sp%§§; ;}ﬁ%ﬁérd Qﬁ#ﬁggpp?edn B?‘%ér#a%ped .
menory for imfemmavienorregarding neWwindow o depthar posiviont per &hel ay.

ot her than g@f?,gwgfgéﬁngpsition i nformation, the third nenory having a
substantially 1Targer nunber of storage positions than the second nenory to

represent a w ndow nunber assigned to each pixel of the output display;
means for casisi ng aAseuphter t spstenf asniclaimedgaini rlaimdaw dibwt h

position Onwﬁfghogﬁgulgeg'ﬁgpkgy éz?abling selécted numbers of bits of
each position of the third memory comprises a window
extension mask. W)

' 14. . A computer systenm comprising: - _

a first full screen bitmapped memory for storing
information to be presented at an output display; '

a second full screen bitmapped memory for
storing a first part of information regarding window
depth position on the output display, the second memory
having a first number of bits to represent a window
number assigned to each pixel of the output display;

means for comparing each incoming signal with
the information stored in the second memory to determine
whether to present such information in a particular
window of the output display;

a third full screen bitmapped memory for
normally storing information to appear on an output
display other than window depth position information,
the third memory having a substantially larger number of
storége positions than the second memory to represent a
window number assigned to each pixel of the output
display;

means for céusing a second part of information ®
regarding window depth position on the output display to
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-22- be stored in the third nenory; neans for conparing:each imcbhind s
signal with the information stored in the second and third nenories to
determ ne whether to present such information in a particular w ndow of the
out put di splay; and means responsive to the conparison oﬁ ' '
information and information in the secof¥~-and-third nmeno llMﬂmrlmumn I
information in the display menory to be witten to the output di spl ay. 15.
A cogqpyter systemas_clained in ,claim14 in which the means for conparing

i ncon™ng si ghel StOFed tRcther bhikd i BEMR¥¥ied in the third nemory conpri ses:
a conparator for conpeahsg ficxputolipgPihg leUlestAtoRingl FigmaA! i @fthot her
than w ndo dept osition informatiqgn to the Info tion at _individua

pi xel posi t}NB)ﬂE @?E?ﬁ-@a#ﬁf’f‘ds ﬁﬁfly,lna ¢ Giftf |%’?‘£;@1H)’F s’f‘%’??ﬁbeﬁ
portion of atei déedermimecrwhetharrtohpresdndr gesch winformatiiber irhaa is
capabl e of s}ioragenidh-tUenbblSbe! €0LSEGE: .rggisster for causing
the storage %?fa portfoﬂ gébaﬁ%ﬁoﬁ?%déﬁ????cg??%%9¥Qn§g§s in the second
menory; a wi ndow extBRING reSPORSAVS tQr thensoPIrison o5 ineemingn t he

third {egi Stﬁﬁf%ﬁtﬂ?ﬂbﬁ]ﬁd fS_tifoQshit latildie Rl rg?lgergé&rh@nanuriﬂ?ieaablg
circurtry responsi,ve (0] e 1SS co alr al or e eco CO ar at or an
Che wi ndow REBAZISR Eomdansing frtarmatEon il e Ghisgiap nandry

to be written to the output display.

15. . A computer system as claimed in claim 14 in
- which the means for comparing incoming signals with the
information stored in the third memory comprises:

a comparator for <comparing input signals
representing information other than window depth
position information to the information at individual
pixel positions of the third memory;

a second register for storing a portion of a
window number greater than a largest window number that
is capable of storage in the first register;

a control register for causing the storage of a
portion of window identification numbers in the second
memory; _

a window extension comparator for comparing

~ numbers stored in the third register with numbers stored
in the third memory; and

write enable circuitry responsive to the first
comparator, the second comparator, and the window
extension comparator for causing information to be
written to the first memory, the second memory, and the
display memory.

E l16. A computer system as claimed in claim 14 further
h comprising means for enabling selected numbers of bits
of each position of the third memory to store



wrltten To the first nenmory, the second nenory, and thé& dispkay renory. 16.
as clainmed in claim 14 further conprising neans.for
ﬂﬂm uﬂ“ m'EMInunbers of bits of each position of the third

mory to M Store M S * -23- information regarding
Wi ndow depth positi on on t he out pué di splay. 17. A conputer system
as clainmed in claim16 in which the ne ;?s for enabling sel ected nunbers of

bits of each position of the third nmenory conprises a w ndow extension

TSk 18, AnfbreABIGE raySlaTgDeLARbLY! Lkpth NBRBLRIBHO GnlcHEY pod

h referen I f th n
Wi t efere C%pu% llj?lgsf- of the acco a yi
17. ‘A computer system as claimed in claim 16 in N

which the means for enabling selected numbers of bits of v
each position of the third memory comprises a window
extension mask.

is. A computer System substantially as hereinbefore
described with reference to Figures 2 to 6 of the
accompanying drawings.
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