2231245 1 - APPARATUS FOR SELECTI NG MOCDE OF QUTPUT IN A COVPEEE,%S%%EM
BACKGROUND OF THE INVENTION 1. ~“Field of the Invention This inve
relates to logic circuitry and, nore partrbul arly, to logic 5 circuitry -

for a conputer system l_.anmong a c '
nunber of particul ar AWP 'rﬁ] y i 6 Z @z
di splay nenory. 2. Hi story of the Prior Art 10 One common

i nterface used for conputer operatlorﬁckgkbmpf ﬁ:&@@rﬁm W ndows

di spl ayed on a cathode-ray tube to r ——conput er

applications. In aﬁystwhyﬁmmnmre than one programat a tine is

pl aced i n portions of nenory Ich are available for instant call. The text
and graphi cs out put of J@mnmmionp'ela{:ﬁsmbgcmdﬂw andzrlpemrpaymmém/ tatdgide: -
ray tube 15 screen.in, articular s t

of &Efl o s called a
wi ndow. Each wi r‘l"dovff"r‘f‘ﬁglrycfs&? CapPYie, &YS ﬁﬁ"n‘ﬂ’ﬁi ﬁdﬁW é’r’?ﬁ"}%}'@ selegbr al
advant ages. A user dJmyn &"nhﬁxﬁep&tWl&'ltétﬁgﬁﬂbhlesﬁﬁp'fﬂ dtSfroMi Eﬁhété}“%tzﬁg

interaction with a display device wthou anging t

appear ance of the diisglaymeniany.addition, in 20 nulti processing of and

mul titasking systens, several processes can use the display to comunicate
I nformation to the user. One systemutilizing windows is disclosed in U S
Pat ent Application er | %@%&T@%mpar atus for Rapidly dearing
the Qutput Display of a oy et al., filed Cctober 7, 1983,
and assigned toid he 25 Creséagmacn bfterfdre ysedsertonipoise bpeiions DElizey Mutiple

di scl osed therein is espeC|aIIy useful for providing ani mated out put

because of its abi|'Wigdaws" displiayed WFEW%@I’%@PNWSSWMW%@ COMRULRS

out put display wit n i

ot her associ ated ne métfb‘?ns] ?\ﬁgr éet%%tdc))S §C‘L’c é‘gndr%ﬁwaql aﬁﬁxgygis“{ Ee%ﬁ@?ﬁ]zes
doubl e- buf f ered fuIdala@éu*mqabﬂwsrmmmﬁbr?(ﬂvmhmb&vam@br&@tamht:@m TRY tdX€and
rapidly switched to the output display. In order to provide for w ndow ng,

this system utilize@raphirsiobipyteteach sych prgsam ismadeie arraer onitbechbadesayiube

and associ at ed l? gi é:crgérf ﬁ'\ué tpgxlcular set of defined boundanes called a window. Each window

-may overlap other windows. . -

_ Windo__w systems have several advantages. A user may switch between
different activities which involve interaction with a display device.without
completely changing the appearance of the display. In addition, in

20 multiprocessing of and multitasking systems, several processes can use the

display to communicate information to the user.

One system utilizing windows is disclosed in U.S. Patent Application Serial
No. 07/254,957, Apparatus for Rapidly Clearing the Output Display of a
Computer System, Joy et al., filed October 7, 1983, and assigned to the
25 assignee of the present invention. The system disclosed therein is especially
~ useful for providing animated output because of its ability to rapidly switch'
between images presented on the output display without the necessity of
clearing its display memories and other associated memories. In order to
accompliéh this, the system utilizes double-buffered full-screen-bitmapped
30 display memories which may be rapidly switched to the output display.
In order to provide for windowing, this system utilizes a full-screen-

bitmapped window identification memory and associated logic circuitry for



-2- deternining whether the information in a particular display menory
falls within-the window to be displayed on the output display. The system

i s especi.ally useful because it provides automatic clipping of overlapping’
wi ndows. Although such a systemis very usefyl., a nunber of additional

facilit¥es 5 would nake.it even nore useful. For, exanple, the preferred '
enbodi nent of the CSIRITHNRG ?5%@@%“8%9@“%%6? éé’éﬂ'cﬂ‘abg}')sﬁ@)ﬁ "'Eﬁﬂ'ﬂfp dalisyyithin g
di splay nmenories c ' = f j t e :

i nformation for di 3‘3@3}“‘? gdt)ﬁ%gfgﬁk %}gg{' Y}ge{c‘&%{p%ty#é%}é 'rﬁnaeggytsll?gﬁs %p? hlglLlngseful
doubl e- buf fered di detaysenieprovides autamatiedlippingast ovBtappiiy WinGwdvé.chi ng bet ween

frames required by ani mated applications; 10 such display nenories are
unnecessary for appli caftRighgvch@ system st vans usefeloa ausragf additipgakigcilities

phics. Co I ' o] f
Jel oot vel y uti Bz e RKe B 9T BTN ey Brarilerths Bt RptocfRER b e
Mor eover, al t hough conipatetRpblefPhboVaSHiSHIGScaGNNNSS QSubid-blficted ishly Hhembrusr
15 bits of RGB color nenory at each pixel position, the nunber 0f colors

and hues utilized lppabiaywf plodng twanty-founbi$ of BEB. colosinfermation lfor, display atteach
whi ch provides the abiljty to select t nunber of bits ytilized for .
storing informati or?"feé)°t)% cathoge é%yeﬁ's’ﬁt mﬁhﬂﬁ’qrﬁowe'?)&?é?% isplay memanes ae

di spl ay woul d make idfihe Fd \ Wbén B i i \Silcations:
System and t hus. pr ug LR h RERTSwI g erkbl el ickired of g ioicatons:,
of the foregoi mp i rspchdispiayt reemories arergnneedssapysioeapplicationswhich grewkot asedrtaght
advant ageously be nmde avail abl e to enhance ot her &Perations of the

conput er system | tdigplay anigratadgraphics, GEPeRUeBYY. SHEh Brsysiem wowd b8t snbaneed

proyi de a conputer : | Lol hC AF | L] [ in
det I ni ng whet her‘g{f étsés(%%ggmwv]\%ﬁ%&g??ﬂﬂgéﬁ% %ﬁg*’ ° Fgé%hgﬁ%@gtﬂ#ﬁed

di splay menories fanerogerticular window. It is another object of this
invention to provide a conputer system which provides for multiple uses of
the display nmenory. |t Moregnsriaithough seme @ppli¢ations ateceanable efatiizing dwentefur
control the tra

ﬂ;Sl at}:t's%? R‘EB color memory at each pixel position, the number of colors and hues
utilized by many programs is much less. Consequently, a system which provides
the ability to select the number of bits utilized for storing information to be

displayed at individual pixels of the output display would make more efficient use

of the hardware of the computer system and thus prove useful in a computer
20 system. |
Additionally, either of the foregoing improvements in a computer system
frees memory which might advantageously be made available to enhance other
" operations of the computer system.
it is, therefore, an object of the present invention to provide a computer
25 system which includes logic circuitry for use in determining whether the system
will utilize single- or double:buffered display memories for a partidular window.
It is another object of this invention to provide a computer system which
provides for multiple uses of the display memory.
it is another object of this invention to selectively control the transiation of

30 data from display memories to the colors 'rea_lized on the output display.



30 data fromdisplay nmenories to the colors realized on the output
di spl ay. -3- It is an additional object of the present invention to
utilize pre-existing menory in a conputer systemto provide for the rapid

selection of clours and hues to be utilized by different prograns .on e‘g -
rdi ng -

out put di splay of that system - 4 - SUMVARY OF THE | NVENTI ON Acco
to the present invention there is provided,a w ndow display system

oW on

¢

conprising a displ ayisdeVd£8:-a0d, i spl a "?ﬁsm)ry for displaying pixel data
_ 3y lsga‘ﬁ Vaog:g:oﬁgfjob?%c? 8?@]& & |

Sefit Inveeationstei ulilize pretexisting bei ng
stored in the mespheip aeompulersydier i -Eégdptﬁ@gagggeg%c%é%ggmry for

"generation of the inmage on the display \clfew ce, C‘EJP'S@ea".ddata

of an input image in

conpri si ng col [4{eSitApskizad by difierentprogrameni arf b@ﬁ@t@sﬂaﬁgqﬁ&‘@ygﬁmﬁw-[)) to
sdi d syste

indicate the window the image is to be displayed in, _
conprising: a WD register for storing the WD for the pixel data of the
input inmage to be displayed; a WD nenory for storing the WD for each

pi xel stored in a display nenory; a WD conparison circuit coupled to the

WD register and WD nenory to receive as input the WD for a pixel of the

“input image to be displayed at a particular pixel address on the display
—and the WD of the pixel at the sane pixel address in display nenory, said
WD conparison circuit issuing a signal indicating whether '



the pixel of the input image is to be witten to the display nenory; wite
enable logic for controlling the pixel data to be witten to the display
merrory whereby the pixel data is witten tg Ehg di spl ay nenory when the WD
compari gon circuit issues the signal indicating that the pixel datia is to
be witten to the display nmenory; a WD | ookup table coupled to receive the
WD for a pixel data, said | ookuggihaier GPrtHie fmhggigr of bits of color
information utilised for each wi ndow, sard WD Tookup table, upon receipt
of a WD for.-a pixel, issuing a bit depth select signal identifying the
nunber of bits of col or Actorathgonteonphesi pgesbatpi xavefl8ian tharkirsk
sel ection neans tq t | ©0 able for receiving the RQi,t _depth
sel ect signal anépéégl%‘g?%d% oggﬂée%gi s%r%f?%n%&fts& FRURF IR HY ¢ e gSPB ag

i nformation of t@evipcReAndaradispilayr memorse|finn idisplaying cpikel ndatacof
color informati ogni Rripudl UiRh4eY i3  AOWMGIdOWCE6R" H NGis éage dUVR&, OLafyts
of color informat|on, "each of said formats being recerv t a

predet er ni ned i iptXebofataobehngr storede id then dispkay memeryiand output
sel ection neans gebdCthed display OhehdiPr Folrl Gerndiit 6 the | fiiibe POAL

identified by t bi t,.dept.h sel ect si tq b t put i spl.ay; ‘whereb
o e 15 di soS B iFRIEY, Hriien 4aah, st okl 53;#8%%5 PGRBBFiPIRT 1 o
the present inveselaen timformasiorovanéd keingdbdentipied dystamvwdomow sing
4 Jisplay devicegns) 5! thaltide Obnd! gPhat BB i8gd OLs dtPhaYhTG RATEN

data of an input image In a w.ndow on_a

in, said system comprising:

; a WID register for storing the WID for the pixel
; — data of the input image to be displayed;

| ' a WID memory for storing the WID for each pixel

stored in a display memory;

a WID comparison circuit coupled to the WID
register and WID memory to receive as input the WID for a
pixel of the input image to be displayed at a particular
pixel address on the display and the WID of the pixel at
the same pixel address in display memory, said WID
comparison circuit issuing a signal indicating whether
the pixel of the input image is to be written to the
display memory;

write enable logic for controlling the pixel data
to be written to the display memory whereby the pixel

~data is written to the display memory when the WID
comparison circuit issues the signal indicating that the
pixel data is to be written to the display memory; '

a WID lookup table coupled to receive the WID
for a pixel data, said lookup table storing the number of
bits of color information utilised for each window, said
WID lookup table, upon receipt of a WID for a pixel,
issuing a bit depth select signal identifying the number
of bits of color information comprising the pixel data;



device, said pixel data being stored in the di spl ay nenDrles and output-.;

from the display nenories for generation of the inage on the display
devi ce, each of said pixel data conprising color information and being
identified by a window ID (WD) to ina=cate the window the imge is td“-~be-
di spl ayed in, said system conprising: WD register for storing the W
for the pi er data of the input inmge to be displayed; a WD nenory for

storing the WD for Q&Cﬂswls?éﬂ.ecﬁii(lfrﬁd\eahs’i ctuilley t[dBr’lﬂ{e/ wIp Wddkup
COITpaI’I son rcult cou

to th D t '
as I nput 1 KBWED FBF cfeaivies”ithe; ik Adkse  sheck piagey 4% ooV
parti cul alr cpupdledadtio esl':l'xe)ndispldys piem;oragndfotle rydeiofindiethexetokart he
sane pi xe i SO{b
I ssuing a s?'g%gﬁ%?ngﬁcatl Iﬁ@v\?ﬁ’{gﬁaﬁe pi er'lqi \gq%e)%%t | nrgélg&élégto be
witten toreseiving $hieay rinfaymatdamds @ RIgrakiky cohtfermaty t he

pi xel dat aaleoha it t‘ESnttHetﬂﬁmﬂéfp'&B’ BEﬁErldiS BBEEeLYidferRaEdn data is
witten to the disp ay mepor.i es when the corrpai[‘lson CI%CUI'[ JSs%esthe

si gnal indragh Rf t Aald: HOIN3LS Hﬁ%ﬁgl §etcﬁlﬂ§q/vr 3% 8n REdekeR
menori es; dnputtf abbi'}: otocotipe Iﬂm&stp sdlle&t,maacineansor samaupfiwste

identifyin .0r. Qf a pixe Vi whi ch
correspondg ?Sct%ﬁ nC(ﬁearn n?%#ﬁaé) ﬁ Q#,é nggx(e}_lq,ft(?;}& %a%e%o %‘% tabl e
coupl ed t oatecthee imput\ Portr dentifiert éw athe| diy odknpht a#ekeqo (CLUT
I D) identi Elb’ﬂglato be output for display; _

" whereby an 1mage is displayed 1n a window on a

diSplay device. _ _ | | u

Further accord:mg to the present invention there
is prov:Lded a window display system comprising -a display
device and a plurality of display memories for displaying

. pixel data ‘of an input image in a window on a display
~device, said pixel data being ~ stored in the display
| memories and oi.ltput from the display memories for
generation of the 1mage on the display device, each of
said pixel data. comprising color information and being
identified by a w:.ndow ID (WID) to 1ndicate the w1ndow
the image is to be_ displayed in, said systenm comprising.

a WID r_egis_t:er for storing the WID for the pixel -

data of the input image to be displayed; S
~a WID memory for storing the WID for each pixel
stored in a display memory; - _

a WID comparison circuit coupled to the WID
register and WID memory to receive as 1nput the WID for a
pixel of the 1nput image to be displayed at a particular'
pixel address on the display and the WID of the pixel at

. the same -pixel . address in a display memory, .said WID
comparison circuit is'suing a signal indicating whether
the pixel of the _ihput image is to be written to the



col or |l ookup table to be used to dlsplay t he wi ndow, said MVD Iookup table
upon receipt of a WD for a pixel, issuing a bit depth select signal

i dentifying the.nunmber of bits of color information conprising the pixel
data, a CLUT select signal identifying the color |ookup table to be used,
and a dMéplay nenory sel ect signal |dentlfyibg—the di splay nenory to be
used; a first selection nmeans coupled to the WD | ookup table to receive

t he display neno (@ | and coupled to the display nenories
t her eby selectlné¥?§g£§|§6ﬁ°99ﬁennry to receive the pixel data to be output

for display; a second sewzitieornabdes logip Sort controllbngo dhep pixelle dega
receiving the big threhgfo%f gﬂﬁle ﬁl‘ép?.r‘}ph%&ﬁe%a'@héi:éﬁ& tRke 1'x@1

nmeans for rece|V|n ornatlon Om the sel ected one of t
di spl ay nenori es9a%g; oﬂ%e&’é'ﬁdit?& ck®i FhercdhSPLARMANRF ke Whep, the “wp

information in acBhﬁ&éhbbh @&ﬂamﬂﬁnfssnaawfhémsignahelﬂamaetlﬁg kbhat the

color information C t d d
i nput port to th@l§ﬁi Hﬂggeﬁécgpoﬁgg§§ﬁ§%%b2?8 g@@oﬁ&sggﬁgb e%%rﬁégag]ne
sel ecting the color |nfoam@luralxtpluédcﬁldﬁmﬂoopup tables,- each color

i dentified by thfogkflggeﬁwgﬁe' S@Enf' tg%lbgcé)ﬂ;lput of O'a dgﬁ%@y; t t erd

sel ection neans coup recei vin
sel ect signal andlsplﬂwsds9@0@@@%§¥§HIQY14&%&@9f!#1$%c€PVFﬁ§P€Bﬁ§rt° the

information, saigdoiBir dnZeraatien Geaﬁaesghﬁeulaathbe col or 'ookup table to
receive the color information to identi
a WID lookup taﬁ&e coupled to receive the WID for
a pixel data; :

/ ' a color lookup table ID (CLUT ID) identifying a
' color lookup table to be used to display the window, said
WID lookup table, upon receipt of a WID for a pixel,
issuing a bit depth select signal identifying the number
of bits of color information comprising the pixel data, a
CLUT select signal identifying the color lookup table to
be used, and a display memory select signal identifying
the display memory to be used;

a first selection means coupled to the WID lookup

table to receive the display memory select signal and

coupled to the display memories thereby selecting the
‘display memory to receive the pixel data to be output for
display;

a second selection means coupled to the WID
lookup'table for receiving the bit depth select signal
and coupled to said first selection means for receiving '
the color information from the selected one of the
display memories, said second selection means receiving
the color information in a plurality of formats according
to the number of bits of color information, each of said
formats being received at a predetermined input port to
the second selection means, said second selection means
selecting the color information received at the input



color of the pixel to be generated on the display. - 8 - BRIEF

DESCRI PTION OF THE DRAWNGS Figure 1 is a bIock diagramillustrative of a
conputer systemutilized in the prior art; Figure 2 is a bIock y
diagramillustrating an inproved conptyer systen1|n accordance with t
present invention. 1. Prior Art The ystem di scl osed in the applicat¥on
referred to above uses two full- 10 screen-bitmpped nenories to

acconpl i sfpcmpi dasntidiedy bpt virn bisnedeptht lselecdtpusighapl o Bee system
uses a full - e wi ndow i dentification menory to block out an
area for eé% ﬁ%elaﬁﬁgggghhen information.i's witten to the display
menori es, a conparasthird selection xneangr cqubledkte She WP dpekup

parti cul ary a¥$f@'0\fos.~0 fééei\fuﬁ&eth&f CiEE | gRlett Nsidital AdaW.td T thie

I nconming in

is to be \Weeonrd splectign means ofoke rFCEHVANITRIGE ARIRTRALiof ¢
wi ndow, itgdfqi ednﬁrﬁi sbheetiont imadrs | velllcting 1the! LYo e3oakapndow

identificati.o put syste Q0 whi.ch may_be utiliz t o provide | tiple
w ndows. ortabe; HOIFesHive tag, KRt HraFpabiphc o RadhElty e 1P
doubl e- bufédslexrl of sthaypizedrtesbé/yenérahed(8h the displef.which Is a ful
screen bitmapped menory. In a preferred enbodi ment each display nenory may.
i nclude twenty-four bits of storage for storing color information at each
position representing a pixel on the cathode ray tube 12. The system 10

al so includes a window identification (WD) register 16 25 which in a
preferred enbodi nent stores four bits of information and a w ndow
identification (WD) nmenory 18 which in the preferred enbodinment is a full
screen bitmapped menory which stores four bits of information for each |
pi xel of the display. A window identification (WD) conparator 20 conpaﬁ?g
output signals fromthe WD register 16 and the WD nenory 18 for operating
a wite 30 enable circuit 22. The system 10 al so.includes a nultiplexor 24
and a control

ormation contalns™the w ndow nynher of Ihe 05|t|on to which it




regi ster 26 for selectively enabling each of .the display nenories A and B
and ‘enabl i ng the WD function. - 9 - In operation, the particul ar areas
to be utilized for individual w ndows are first selected by val ues provided
fromthe CPU. These val ues include both a -pl&l_ address and a w ndow

i denti f+cation number for eac be jncluded in each WI ndow. The

w ndow i dentification nunber i 3 : 5 position
of the particular w ndow in the w ndow [ dentlfl cation rrermry 35. When a
window is witten to the wi ndow identification nenory, each position-
defining that w ndow wi tFigure tiliea\biddkrdiagran ilkisbatbe of aaoaputdneystemdailized in the
I dentification nunber for that wi ndow. Wien another w ndow which lies in
front of the first Rif@w is witten to the window identification menory,-

th d 10 mber f gy t:
re;e)r\émsgn?\llvng thgysegz)nd LIr'l'ggv'vs gw%lg%%ﬁﬁmg@tlﬁﬁ{ﬁ%@é@?ﬁﬁ&ﬁ%ﬁ%&%%pch

overlay the first aascorddnct avthahe tpogsent irvieationver | appi ng positions of the
first and, therefore, automatically cover and clip the first wi ndow After
all of the wi ndows desired have been witten, the wi ndow identification
menory 18 has storeg |n§ﬁMs of “i ndi vidual 15 wi ndows for areas such as
are shown on the displa cathode ray tube 12 in FIGURE 1. Wien it is
desired to wite informatheasystetn disclbsddl myhéraﬁprcuucfrprrefearea%hbsvé BSesWadaw
(the system for wi ndowi ng may be used with sin pl ay nenories as wel |
as doubl e- buf fef@d ssreer=pi apneldemempmmaqsnmpgsmmplﬂtswchmg detvweendrasmesagn 20
menory fromthe CPU th?)-ﬁ?\ﬂh the data bus. This information includes a pixel
address, an RGB coI é’ éﬁ¥d a wi ndow identification nunber. The w ndow
i denti fication nunber | STHet IV CRELRi |

and \e-drrpar ed to the w ndow %ﬁ% P%blséé;tﬁ.: 'z)!n nuﬁ%ﬂgﬁﬁ%&&%%ﬁ%&l&fmg@ﬁ)ﬁfllérgéﬁ;
representing that pbleekoutrarn areaférreshohy winkiow. |Thanawhemmtfmmthn ib8vritepgodtsd | y,
the WD nunber 25 .stored in the WD Reqi ste itten e,and used. for °
many pixel s and gr aBPEE MEariessa comparRins Mgk Wi pER olackes: S inpibe
stored in the wgdo r‘tlgﬁaﬁvﬁ%ﬁ}é 85k Wﬁ%nﬁ&udnﬁs“\ﬁe%@ﬁf%%cdrﬁlné he

vm ndow i dentification register 16, the

| information contains the window number of the position to which it is to be written,

it is written 1o the display memory; if not in that window, it is ignored.
More particularly, }:IGURE 1 illustrates a window identification output
system 10 which may be utilized to provide multiple windows on a cathode ray
20 tube 12. System 10 includes a pair of double-buffered display memories (A) 13
and (B) 14, each of which is a full screen bitmapped memory. In a preferred
embodiment each display memory may include twenty-four bits of storage for
— storing color information at each position representing a pixel on the cathode ray
tube 12. The system 10 also includes a window identificai:on (WID) register 16
25 which in a preferred embodiment stores four bits of information and a window
identification (WID) memory'18 which in the preferred embodiment is a full
screen bitmapped memory which stores four bits of information for each pixel of
the display. A window identification (WID) comparator 20 compares output .
signals from the WID register 16 and the WID memory 18 for operating a write
30 enable circuit 22. The system 10 also ineludes a multiplexor 24 and a control
register 26 for selectively enabling each of the display memorfe's A and B and

enabling the WID function.



v

conparator circuit 20 causes the wite enable logic 22 to allow the RGB

color information to be witten to the position representing the addressed
pi xel of the 30 selected display menory 13 or 14. If the comparator , v
circuitry determ nes that the w ndow i tification nunber is not-thgysane

as the nunber st Orlﬁ%ﬁ?I’aﬂbn dfhe Eia fRuldr %réég%‘gg’lﬁﬁ%d Q?ﬂ\ﬁgﬁdu“aﬁhlln‘&gwg%@r Y,

t hen the RGB col or ormation Is not stor

menory. Consefirsessélbyted bylvaluas provided feohl tresGRU. besd valoss mbluﬁbeoﬁed ect ed
di splay menory which are within each particular w ndow wll the color

i nfor mation f Bixetagdress %WW%'PF?‘QH”“'%@"E%’JP' ¢acharixpdte bR inglydeddm t o
the display TEB Widddw! '\tner%e ¥ idenBEEh b @bgfe%mﬁ 1Baghcy ar display

menory via the exor 24 to e cat era shown in FI GJRE

1. A nunbes oi:ombp@namgqmsmbaafew paﬂcblirywhbmﬁmmeoﬁmadsw iddntiication
identification systemjust described. For exanple, wthout nore, the w ndow
i denti fi cati ofmesMasy i WhaN awindowds wrilien F%WSWMQ%HGPW'C&'%WF@[M &BChi ndow

par t1 cul ar wi RRSP Bt A oSk o Mo T e PRA A8 SR BT o1 -
clipped. Mor epspfification HEmbBEioM e WMdole NWhénh 8AstheN wiRBSR Whldtﬁneé ;ﬁ %Ju gicreen

bi t mapped nenory, the wi ndows may be of any shape rather than sinply
rect angul ar wihedrebwindowris writterutouthe wirdow identification memBETyAtheBRINDRBCRI PTI ON OF

THE | NVENTI ON R i Fl. GURE t.h d t .
Ut v db B gk ks 38D 5ol Rch BaSliy fepleniy f¥ra SoTPur "
20 5 i ncludeg E’éHNﬁndBNfsfo%@Idpd#o‘iﬂ'oﬁhé@éRhH%nJ& @heh bhefid)) e 1 Saranat ed

A and B) WhICh In the preferred enbodi nent nmay store twenty-four bits of
i nformation atwrittanlonop iof therovedapping positiomsof thexfirst amd, thezeford, putontitisallyay \J

These doubl e-buffered nepories, 13 and 14 are especially useful in systens
whi ch pr ovi de CaverAandelip the first wmdow After all of the windows desired have been
wntten, the window ldentmcatlon memory 18 has stored indications of individual
15 windows for areas such as are shown on the display of the cathode ray tube 12
in FIGURE 1.

When it is desired to wr_it'a information to a display memory fof a parliéuiar
window (the system for windowing may be used with single display memories as
wéll as double-buffered éystems). the information is wfitten into the display

20 memory from the CPU through the data bus. This information includes a piiel
address, an RGB color vali.ve. and a window identification number. The window
identification number is stored in the window identification register 16 and
compéréd to the'windpw.identification number stored at the position representing
that _bixel in the window identiﬁcation memory 18. Typically, the WID number

25 stored in the WID Register: ié written once and used for many pixels and graphics
objects. Iif the window identification number stored in the window identification
memory 18 is the same as that in the window identification register 16, the
comparator circuit 20 causes the write enable logic 22 to allow the RGB color
information to be written to the position representing the addressed pixel of the

30 selected display memory 13.or 14. If the comparator circuitry determines that the
window identification number is not the same as the number _siored at that pixel in

the window identification memory, then the RGB color information is not stored in



oltput to a display. The system 20 described in the present invention will,
10 however, -operate as well with a single display nenory. The system 20
akso includes a w ndow identification (WD) register 16, a w ndow
identificatjon (WD) nenory 18, and a wi adf@®+dentification (WD)

conpar aor 20 which operate in the manner described above with respect to
FIGURE 1 to contr ol theiispigy memgryafConseavently only ebthase ageressnd pasitions sfithe of

a 15 cathode ray t ther t .device. . j the system.
described in FI wRE#@Ect%&%%@?pn&@Hé&Wm% éﬁ%‘ﬁ'&%‘ﬁ%&h%’?’%@%ﬁ Wﬁ‘ﬁ%’dﬂégqeafﬁ?r
20 is furnished to iafoMniatién fon ek Kiriowds Writkeh, V“‘Hecébld?riﬂﬁtnﬁ’é%n%h@ﬁﬁltéﬂ'feodisplay
enabling either of the display nenories 13 or 14 dependi ng on the

i nformati on provi detheMmonnisaltorately iransfetredfromrthé patiBialispldy cwmarpliarthgi st er
26, is also included in, the sfem 20 . for 20  actuatjn he wite enable

| ogic 22. The po§tiB‘Hk'p@f‘o‘f%‘g%§b%9@ﬁ9%'ﬂégﬁ?§§'EPWQ)'“t‘ﬁ§L’R§o1'nt operate in

essential ly the same W'K‘ﬁﬁmg\?r d?%%aﬂt%é‘iscér&%%ﬁzw bgfthéﬂsf‘e oPths Wnﬂdtjog:

descri bed above to provide infornmatio rom parti cular programns

particul ar wi ndows ientification systemljusptescrib@d. For exampléiavithpat more] the windewer |
includes in addition, a nunber of circuits which allowit to performin a
subst anti al |y enhaniéeptifieationsystem peqvidegdhat the inforpationin-a paticular wingpw is written

provi ded from W T j all i nd i f . i S
have not been wri tE eoﬁﬂgte&%gﬁégaq%%8%%@?%%@?%@@?4%%%ﬁ@gh'cgggi‘"@rﬁéﬁj IS
useful for infoggi nghichaieststhintedtRer Wintiows RAY hpsropidteld cippEdioVIMBRDVEE &hcdQhe
clipped so that the software may later deal with the clipped portion. Such

a signal may be stowingowyidentiieatips memery isvaifull sgreembitraapped meronyatherwindows

et cati on (w oY 680 3pY ehfre B3R el Paflipl Fofilhe B Hngydos”

receive signals frogasddie wi ndow identification nenory 18 and the CPU. The
signals received fromthe wi ndow identification nmenory 18 are the four bit
signals stored at each position 5 representing each pixel of the display. -
Since four bit positions are utilized, each such signal designates one of a
possi bl e sixteen individual w ndows or w ndow



types for display at the output. A WD select bit fromcontrol register 26
Is used to select either WD | ook up table (A) 28 or WD | ook up table (B)
29 at any instant of time using nuktip]exor 10 31. The double buffering of
WD | ook up tables allows the host to change t he contents of one tablg
whi e the other table DETAEEDI & 0 EQ HHON ndow di splay -
attributes have been changed In the background WD Iook up table; the CPU
changes the WD select bit during the display vertical blanking peri od.

di'srupt ing the. o Sonayopoktlo ERA0RE 2B HLIR R imdiked e bl

"~ tables 28 ands;&@erprzowade@oh tHecsystent wu&cloiéwunfﬁlewﬂamtnwsysthndzm ected by..

the nmultiplexor 31 to the nmultiplexor 24 for controlling the selection of

ei ther di shl amcwﬁedyulem)buﬁsredr I@pmaywﬂesrﬁwndsﬁ (also designated dnanchB) put i s
directed by t 31 .t | tipl 30 2Q.. Whj tilized to
el oot -among. Wrist b bie rBiEGter intiaRiriert s S fenidud s OF st bt
col or i nfor mpidNpaditiéi é&'ehmfg% txe!&f fqtkbt%t f(pgcan g% L[?Iecet!tf%rr

i nformati on. I's samne s ect I-on exor I nt er pr et ed:
as sel ecting memm@betstmfdfmawespembny mhqmmn sysstéms Mucha:#oﬁdé anihateteen
doubl e buffers when the depth is 8 or or betvveentrlple buffers

when the dept AulpEt 9 4)?138'33’25' he?ﬁgemtﬁqgﬁﬁ‘)ﬂﬁﬂﬁ" the presenkinyentian will,
d fi b h I I 31
i dentifi ca5| OQ%JIYQQ% %r&%@ﬁel?@xtﬁﬁ%ﬁ% géﬁﬁkb“geﬁﬁﬁ’g i y the mul tipl exor

to a multiple ects ano I fferent col or | ook-up

~tables for providiTtge system mlmhauuesahmdwtnﬁam:rdhﬁmt WID) Tétsister s lany
refresh operation occurs when the read out of the contents of the-display.

Menory is senW"tC@“t'Hé"W'%(VMlﬂ) megponyi1pang a windowndentificgtion, (WD) cont entgy

i opl ay ot  oEiBataId o oA 0B Rln TR RiahokP i b Bbdhe T eBlet i ci o1 o

enbodi Ment  of FIGIORENVIoRadH thé Weiting ORI akeIH th fanGepiprapiaftBliRadw &8a St or es
four bits of information at each position to designate the w ndow nunber of

a pi xel on5t heatbadpuay twbeor giher vhiput dexige. bAs wttbtthe sistemdOideacribetidns si xt een
i ndi vidual w EPé)ﬁ\ﬁEor th’g gu V¥ of¥l§)e wmdgw?gen%?ca%on comparator 20 is furnished to a

write enable curcunt 22 which provides signals for enabling either of the display
memories 13 or 1 4 depending on the information provided from a CPU (not shown
in FIGURE 2). A control'register 26, is also included in the system 20 for
20 actuating the write enable logic 22.
| The portioné of the system 20 described to this point operate in essentially'- :
the same manner as does the circuitry of the system 10 described above to
provide information from particular programs to particular windows on an output
display. |
25 The system 20, however, includes in addition, a number of circuits which
~ allow it to perform in a substantially enhanced man'ner. First there is a WRITE
~ FAILED signal.provided from WRITE Enable Logi_c 22 which indicates if any of
the pixels have not been written because the WID comparison failed. Such a
signal is useful for informing the software that a portion of a window has been
30 clipped so that the software may later deal with the clipped pcrtion. Such a

signal may be stored by storage means well known to art and later utilized. -




5" Each of those signals is furnished to the WD | ook-up tables 28 or 29
and causes a particular set of outputs to be directed to the three

myl ti pl exors 24, 30 and 32 to control the a{igVI rance of the display for

t hat particular wi ndow. For example, a firs imdow to appear on a display

m ght &€l ect the di spl ayfheesysteyn 23 afsorindlitessd daubiecbutferaxdivingow rideantifedtion {WID)
This information is sel ected bg t hat wi ndow nunber 10 in the |ook-up

tabl es 28 or 29 and°ekiRdablgs 2B @nd 2% whigh-awi gaspedted toreceine signalsdramiie 24 to
sel ect the output f%fﬁﬁb&vh@erﬁhéﬂoﬁ%%@ﬁ? a(]i"%rt @ﬁ,@r t'Venla?'g re?% é@ﬁom%ndow

nunber m ght select dis

mul'ti pl exor 24 to swineaw uaémﬁucaﬂioﬁnh@mwelwry tHetfout Bit étbﬁateét%ﬁéi{ &teheh posmon
embodi ment of the invention as explained with respect to 15 FIGURE'1,

pai r of display entgpresenting eagh pixelof thaudisplay.efince fcmftberposmonpﬁ i ldd;ze;mwlable
buffered out put for I.d t.chi.n e ou s usef

in an arrangenent V\f’Hc% '9'@%?'9??8%"{%,0 ﬁrﬂoﬁ‘ﬂh% tiﬁﬂ' B@géga' W'Ha‘?‘?ﬁ gr Wihdow
preferred enbodi mant;y ngctrlafspléyvéfmd &Rp teach of the display nenories 13 and
14 provides twenty-four bits of T information at each position
representing a pixel on ﬁQWIDtshEcbbntmm odntscpjlregstenzs iswsed jo- Sedeot ethdraNILf look

o i on el ont Aﬁ&owﬁkﬁm bl 38 1 SnFinSRR e Usinasmuliparor
of the bits proyjdegpl ¢ ¥e aautpé bwé@wwm Jﬁk?fa%e%aﬂo&#‘ h@' @?ﬂ, &éab@fhfe he

mul tiplexor 24 to a nunber o termna exor

col or depth of the gémentsvof oné mm\yhnfeome olthier $ablé fse.usedgmédnsplay dutpuni Oned tied
25 .all of the inputs to the nultiplexor 30, The data at the input |abelled

zer gﬁds sel e;:t ed 3ywtﬂ‘i'§WdB§Q'W alitutes banehrenahanged inythe backareund; W @@kwl or
I ook upt'[ :Bfegrgéel %le g& epho& %58553@% @%é'éépﬁ?‘@rg{‘ig}]tgslﬁ‘gﬁggﬁél tRdnkfid ©"

twenty-four bits ofp merhnﬁleMﬂﬁsltﬁ@amﬁ@t3Qhaﬁ§§wMBvaldk?ﬁy dt@ibuRs INTAbe
sone applications may utilize only twelve bits of RGB i nformation

whi | e ot her appl$ cadisapdingthe displagnl y ei ght bits of col or - 14 -
[ nformation. This 1act LR B ShEhnchiRbih (RBPIob.S diel'oh/ard b fislices
: three outputs. The first output is directed by the multiplexor 31 to the multiplexor
24 for controlling the selection of either display memory (A) 13 or display memory
(B) 14. The second outp'ut is directed by the multiplexor 31 to a multiplexor 30
20 which is utilized to select among a number of difierent color depths such as
twenty-four bit color information, twelve bit color information, or eight bit color
information. This same selection at multiplexor 30 can also be intekpreted as
./ selecting a single buffer when the depth is 8, 12, 24 bits between double buffers
when the depth is 8 or 12 bits, or between triple buffers when the depth is 8 bits.
25 The third output from the window identification look-up tables 28 and 29 is
directed, by the multiplexor 31toa multiplexor 32 which selects among a number
of diffefent color look-up tables for providing color signals to the output display.
The display refresh operation occurs when the read out of the contents of
~ the display memory is sent to the CRT output for display. The WID memory
30 contents are read out just like the display memory contents are read out during

the display refresh operation.:



For exanple, if only twelve bits of RG color information are utilized by a
particul ar application, this information when stored in one the display

menories 13 or 14 |eaves an additional twelve bits of storage-at each = %
position which may 5 be utlllzed for -alSeeond frane of the sane _ u
application. Pres tha | v f, RGB col or

I nformation are stﬁggrg’g’lq"he pf?&%'f%?ﬂﬁ?‘?’f‘%@n@ “5? fyepon, the i spl ay
memory 14, anwméewt.aéméaﬁon@lémor?lﬂs%t&ayf&wbﬁé 8F iRBrh&tidn & éa%'plseub@ﬁﬁt
significant bits at each position of the display nenory 14. The 10 wi ndow

| ook- up t abl edexignatethepviodowl sgmbenibfcopixal os theowthet disptayh This fmlrblts ohput to
th | tipl 30..t t I { f t bit :
first frame o maﬁe@vé%@?n FirbdugE o s Wlout o 16 BPlested; ¢ ne
i nf t

mil 01 prexes a5R8FSNpBAEMARIBrirRBIs e M IRj pEiEs 2881 28 shf chlfes

Consequent | y, apanicllansest of eotpots tbiberdieciet ta tHthraeandliislosrs 2apg0 aeds2 @ My
be stored in the sane display nenory 13 or 14, selected one after another

by the depth gmt@lltheoapp@atq@ge of therdisniey fer that particuipr wingpw. For exampleusni shed

to.the nmult r pa | ar a f, L he twel ve

bits of RGBI Eb’gg mdﬁ%r&%%a?é%%n &'%@'J tsel{églﬁ‘ﬁ’? HéPéyﬁe'ﬁ?ﬂqﬁl}Pf Iexo\r/ 30,
there is a segte%eldf@elomrwmﬁdnt\vmsmbmveluoh Resdiduted by fthat WtdoW Middbel and 2,
a 12 bit pattern, in greferred enbodi nent, a constant string of twelve

zeros, to1eonivithe éoqkl'l@ tab e§§aqr>29tandmayscs>@ ﬂgnalttg befdlreglledrlo ithef or mat i on

whi ch is necess he c |.or ta 36,,. 3 and 40. The
“consequence opuﬁ{ﬁ?’ %’” ﬁhe[?llg ‘ba"glll%gsfl?@' T‘ﬁg‘f’ ALS gg?rga'éﬁeypl ay .
menory 13 or &ﬁotﬁ&ywl?lﬁow%ulnbéﬁﬁlng?ﬁ saleelcuiéal@y RBbR! ffarl GiRlRY o sr@r@wthéy o/
using 25 -the first twelve bits ‘at each position“to represent Irst frame
of color. inf ommﬂlplexnralhtb $echact shat displayweemerydidt s at each position to
represent a secongI é{}éama of col or |nformatJ on. Conseguent | even t hough

onl'y a singl e di spnde ATy embosiment of dhe insertian &S apIaingg WilhresRRoss i n o
par | cul s rRAUREN, %8l th D) TR T[4 ro HIAGSR BRI EBRcR0.

In l1ike manner, certain applications utilized by the system
adapted to pedbuhlabulfel’ed onlp;at foir gédid switchiraf todbé outpuhdisplagt This.is USEfBIUnh a
case, each position of a display nenory 13 or 14 nmay be utilized to store
t hree di'sti ncfnh arrangement WhICh is utilized for gmmatlon purposes. In this preferred
- embodiment of the m\_(entlon, each of the displéy memories 13 and 14 provldes
- twenty-four bits of RGB c:loldr'information at each position representing a pixel on
20 the output display. If twenty-four bits of color information are utilized, elght'of' :
these bits provide red color information, eight of the bits provide .gre'en color
.'lnformatio'n.. and eight of the bits provide blue color information. These are \.J
furnished by the multiplexor 24 to a number of input terminals of the multiplexor S
 30. Il the color depth of the window is twenty-four bits, the signal is furnished at -
- 25 ‘alioftheinputsto the-lnultipleior 30, The data at the input labelled zero is
| selected by the depth select output of the WID look-up tables 28 or 29 and
transferred by the output of the multiplexor 30 to a number of color look-up tables
34, 36, 38, and 40.
For many applications, hbwelzer.‘ twenty-four bits of colof information are
30 not utilized. For example, some applications may utilize only twélve bits of RGB

color information while other applications utilize only eight bits of color



- 15 - franes of color information which my be switched by neans of the

depth sel ector output of the WD | ook-up tables 28 or 29 to the output of

the mul tiplexor.30. In essence, when only eight fajts of color information

are utilized by the a Jol ication in the particul ar’wi ndow, either of the

di spl ay~nenori es 13"'6‘? meAions Thip fact glipwep singlesdisnlay @emenciei e wijzed foppither

buf f ered out put. Thﬁobﬂ?‘é‘%fr&ﬁ% Q%&%g&iosstsutt he mul tipl exor 30 at positions 3,
B I'tsS o

4, and 5 then each carry e color information. Along with each

eight bits of informati ofor dxamipt, ifonty tielvb &RB oP RGBAIGraAMrRAtRYI 416 diiliZed bl ae
preferred enmbodi ment, a sixteen bit constant of zeros to fill the requifed
twent y-four bits foiPaticgiasapplication, s indermatipn wihen staredincenesihe dixplayI8emenias

10 40 b h f Jl t i 30, |1 20 sh ]
157140 by v ool e BB e Dl TR PO eb o
ei ght nost signifi C%Bt%ii?it%oefor EIQScdﬂdeméoéfttﬁ%Qémé Qgﬂﬁaﬁﬁ.eﬁfegﬁ{\ﬁlgi@}?gpple

position 5 are the eig east significant bits, e elg

information at posi thaitwdivabits bhRGBtbler informatioatesstordd in the twe Ve most significant
recapitulate, the O input to the nmultiplexor 30 provides twenty-four full
bits of single buff®&itegf e displanmemeat 14%an atdidional inelve bitspay Hetstoredin the

mul ti pl exor 30 each oVl el | of e-butfered: Q) or
information. The 3, tﬁélv%he%%%&&ﬁhﬁ%é nggtheaﬁpga%iﬁén 8ﬁ§ﬁta?sﬁ’ﬁys"$§)%°& 1140 The
triple-buffered @0l Qfinddw RoRRIpi table 28tthérs provides Méideliond1BY tHEES 8BMKcibhMput 1€
di splay nmenories 13 and 14 be utilized to provide 20 doubl e-buffering when

utilizing twel ve bi the owltiptexor 30 toffisstreglectthe twelve mpbiesignifidast bitsgpssnfinst frame and
utilizing eight bits of color info tion. Lt is.qujte.possible that an
bar Ui ol ar appl i cat TP 19 SRS e oD feash Ranipant BiF plng iaraaiep gt gch posion
i nfofation yet proysdesdaphd ramad Thebb!inb@s tsitrRtthiiilexdrBotdi furhishdd & theSe,

t he wi ndow | ook up tgb e 28 or 29 sgl ects Sﬂe indﬁ?ﬁ&a?%p&tl term'tfgl to
be utilized by the neriings$ abellecBds 1 ang 20 Codsediently) dirg aind tsecaruframésof a

| ook-up tables. Each of the outputs of the nultiplexor 30 is handl ed

differently by t¥e @@rtmqraaalmgom A8y be stqrpd in 1hg saMerdisRigMERenois °bl4: RGB
col or signal, eight SR 4 s | ale] | ar.e
utilized to indicat esg];;erc{een, aﬁﬁfqug‘htsrg&}rﬂgblf'?ﬁﬁ sieﬁag\u?rgblﬁﬁgffégrﬁgh%ﬁﬁgm%ﬁf se

are transferred by téisle @8) and fudhislidutonhe nuftiplexor 30B00r # pdrticutaravindowd- N col or
| ook-up tables (indicated in GlfJREZastabIes 4- 36 urality of

col or | ook-up tables pr_oW@&i’lziBf thedwelys P@?r?fZ@GPgP"’ﬁH\)‘éi maaﬁé)fl‘ al{oa dnput terminals
of the multiplexor 30, thete is a second line provided to each of the input
20 positions 1 and 2, a 12 bit pattern, in the preferred embodiment, a constant string
of twelve zeros, to compiete the necessary twenty-four bits of color information
which is necessary for the color look-up tablés 34:.' 36, 38, and 40.
. . The consequence of_ this ability of the system 20 is that a single display
| memory 13 or 14 may be utilized as a double buffered display memory by using
25  the first twelve bits' at each position to represent a first frame of color information
and the second twelve bits &t each position to represent a second frame of color
information. ansequeritly. even though only a single display memory 13 or 14
is provided for the system 20 in a particular embodiment double buffering may still
-be accomplished. . .
30 In like manner, certain applications utilized by the system 20 may be
adapted to perform .with only eight bits of color information. In such a case, each

position of a display memory 13 or 14 may be utilized to store three distinct



four bits of RG information. A-particular w ndow nunber provided to the
WD - 16 - look-up table 28 or 29, for exanple, will select a particular
one of the twenty-four bit RGB color |ook-up tables to provide col or -out put:
to the display. These sane twenty-fod§S bit color | ook-up tables are -\;' '
utilized whenraiHeyorlodRl HorRialisn Wh;cﬁ%é}{bé ﬁm{haatey%ﬁseofwaém' e and the
remaining bit positions are 5 filled wth zeros’” In such a case, a '
particul ar ceetectdrootputipf tha V1P losk-pp tablese28 ovi 20totthe oulpuieaithe muttipleners for
each of the pOSSI bl e col or signals valla | e at the output of the

mul ti pl exor 39: 188§Senqe. whan oy et ﬁ?)°f 'é”’?g“ﬁ’i'c’"z%l’eo&"lﬁﬁdo@’sm?l a the

Tl PLEXO Sl R R, e S g AN, 1 S Bt

~ look-up tapl etsett@apable of prowidingltrijste umuenedroutpunerrha nrrp@té prowhaa teafhiel i cation

utilizes only eight or twelve bits of color information and the renaining
bits are fillmutipiexer 3catnositions 3t 4. anddy thaniegah carrp pight bitscofeolarhe out put  of

the nmul ti pl exo 30. and, f ur ni of, th | ook-u bles. The
ol eoti on"or TRERRieT (bt phd Bad: bBnEREhs Mool Jhe 1 Sneth AR |
made by the vbracie&\a'.Hﬁmpr&fe%ale%ddﬁﬁ%r@smbh%n%%neam?&zerbsttbm%r@ col or

| ook-up table select |ine controlling the multiplexor 32. The col or |ook-up
t abl es whi ch repeired tventy-fouebitghior transferiotbe bolps look-updhbles B4f 36,188, aod ar e

t hose tabl es indicated as, 38-40 |ch are further identified as col or index

| ook-up t &l e@?&?’\?%ﬁ?‘ﬁ@bwerﬂ‘\"ﬂp , the case of eight bits of

color information | 4l t | QNS are
provi ded by each (% {ﬁ’éﬁg@%&?{fjé@ghéd{ é%Uth%E@u%bﬁa%#eogH?g?%é]?%%égﬁgm I'n
the case of tinputipusition JareshebighDmost sighificanebiispthe dightibits bomsansbisuteet V- sL)
possi bl e out put conbi nati ons are provi ded by each of the color index | ook

up tabl es zer@ thepesition ﬁlafeﬂﬁ‘é eight deastsignifigam biés. aaddbe eightiiisdfds on t he 3
ook o ¢l e, ARG Xara AT AR or L o gmal “onhess ool or
LUT sel ecygline t qocleaégsuﬁhaté RRe BLhBItRS BeomuiBBlexdy FPEGVIBbs Mrtaue ol t he
present invention is that the w ndow identification |ook-up table 28 may be
sinply repr ogbltﬁnf@mghg/bwf@edamiorﬂnmaﬁm de 1 angh2 inputictothemultigtaxat 30 t o,
essentially, gaorll'le:\:’yoelge twelve ec} doublé3 guffaerec} ﬁ&% color information. The 3, 4, and
5 mputs each prov:de e:ght bits of tnple-buffered color mformatnon it is, of
course not necessary that the dlsplay memories 13 and 14 be utilized to provide
26 double-buffermg when utilizing twelve bits of color mformatlon.or tnple-buff_enng
when utilizing eight'.bits of color info‘n’ﬁaﬁon. It is quite possible that any particular
application might ut_ilize eight or twelve bits of color ihforination yet provide only
single buffered outout. it thie is the case, the window look up table 28 0r29
selects the individual input terminal to be utilized by the multiplexor 30 to provide .
25 output to the color look-up tables. '
Each of the outputs of the multiplexor 30 is handled differently by the color
look-up tables. ln a complete twenty-four bit RGB color signal, eight of these bits
are utilized to indicate red, _enght are utilized to |nd|cate green, and eight are
utilized to indicate blue. These are transferred by the output of the muitiplexor 30
30 1o one of 0-N color look-up tables (indioated in FIGURE 2 as tables 34-36), a
plurality of color look-up tables provuded by the system 20 for handling twenty-

four bits of RGB information. A particular window number provided to the WID



for the nultiplexors 24, 30 and 32. By changing only a single bit within
the 30 w ndow identification |ook-up table 28, the CPU nay provide for
entirely different selections of the display nmenories 13 and 14, of the .
depth of col,or information - 17 - providedypy the.nultiplexor 30, andof
the sel'ettion provided of color |ook-up tabT’ebe"'the mul ti pl exor 32. This -
progranmabi | ity al | lBRkuR tablg2Brar @9nfor sxample, will selact atadiculanpnd ot the twestydonr

20. F le, ifiankdgsh.apalicati £l f went y- _hits of RGB 5
oo or T AP e cor B A Ao ABRLE M Ao Brbvikd E0f RS I displett e o) ey
be utilized and sel ect ed‘Hé!etsEﬁeQﬂbﬂlZ—betéﬂhrtlé‘&l-@p bl Gre Gﬁﬁi&gtzwr@;nféw

w ndow-i dentification | ook-up table 28 by neans of multipl exor .

whi | e operating w thelveakitsefrcolas infermatipplare available and thes redesning dit positirasnare.
t he col ors avail abl then_a reprogramm ng of a single bjt of the color |
| ook-up table 28?ma legawgbz%[%'e Lafehgcass; Srpéﬁ'cf’%’ 58'%‘08 HRdePle &5 prawided with

mul tipl exor 32 to S@léfdcedsd Vgﬁé@fﬂr né(%ﬁﬁ o@{hetﬁ&sﬁ%@%&hsé&%*gaﬁl%blﬁtrﬁol or

| ook-up tables. Mreover, an” additio advant age o resent I nvention

is that each of theoutpliosf the aiultiptexonB0 candthe wiridowr lokvap table8l of RO prowyesia
varied by signals fromthe CPU to provide additional color information

beyond that avai | ablhe myltiplexor 31 the agprophate signakpn the ¢alor leglaypiable select dipeto

may provide signals i - it F | or

| ook-up table one V\thteﬁgﬁl? QEQ&V\BE n%%—e Pg %?“‘@H%@%’ﬁ?‘r‘?’%ﬂé‘?b_°@£‘F§.@zero IS
being utilized sp that tihe Kl mandedOkhetda paRicelap BSplidaton WINBSH GAIflelyhP8r twelve
chosen by neans of the nultiplexor 32 upon conpletion of the present

oper ati on. Obvi ousl bits efeelerdnformation| andytherrgmaisingibits aredilled with aproegrthat 20

i ndi.vi dual ones of the calot index |ook-up taples zero through m (38-40

Thi s™gr ogr ammabi | i tﬂpl??f Pa&Pwase%gg@ﬁPP%UF QPlbﬁ "?lﬁffﬂl%q 36 93&?‘5’9'?@?‘?’8@&9& of
colors which may bei{peforabei- ! i n@&%i \OR-upY!
provision is a substantial ?kngét(%/bgeniﬁ{@o%l/eel@ﬁfg}jﬂﬁﬁ or rggﬁ? L%Qt”é’a gllsa 13be
provi ded by the pri otilizedtis agait ntadgibyt the windoveidentificationt lookrup tebld 28 10r 29 on the
described in terns of the 25 referr enmbodj nent e appreci ated

that various nodPfi E3Pr E’HL'}’UQ&BB'SIstelﬂchl?'?%%tﬁﬁgﬁtth%,ﬁ‘uh}ﬁ@\%'lbéz-? thae sRipr fogk-upn
the art without deppiidd\Yhith Bpbratfwit?bight or twelve bits of color information are those tables
' : indicated as 38-40 which are further identified as color index look-up tables zero
through m in FIGURE 2. In the case of eight bits of color information, two hundred
fifty-six possible output combinations are provided by each of the color index
20 look-up tables zero through m. In the case of the twelve bits of color information,

four thousand ninety-six possible output combinations are provided by each of

the color index look up tables zero through m. The particular table selected
depends on the particular window in operation, the window number of which
causes the WID look-up table 28 or 29 to provide the appropriate signal on the

25 color LUT select line to control the multiplexor- 32. i

| | A special advantage bf.the present invention is that the window

identification lobk-up table 28 may be simply reprogrammed by signals from the
CPU to provide what amounts to, essentially, a new set of selection parameters
for the multiplexors 24, 30 and 32. By i_:hanging only a single bit within the

30 window identification look-up table 28, the CPU may provide for entirely different

selections of the display memories 13 and 14, of the depth of color information



and scope of the invention. The invention should therefore be nmeasured in
terns of clains which foll ow - 18 - CLAI M5 * C L M S * 1.
A wi ndow di spl ay system conpri sing -a}ﬁ]s_pl ay device and a display nenory -
for displaying pixel data of an jnput image in a wndow on a displayyy -
devi ce, sai d_PgP‘Q%?debéﬁ}f 'B'Eﬁ'ﬂljxg't %&&Tdmttﬂ%@'%ﬁ“?ﬂ'l%‘?"%&ﬂr?'%ﬁ@'%‘ﬂﬂ put“ from
the display RBHBE by by r kataon of the inmage on the display device, each
of said pixel dat aycongrgﬁgﬁng color information and being identified by a
wi ndow | D (WD) t Ghisrptogratenzbiiity alowsoa\sighiicantragrabersoftvariakorsi it hged i n,
said system co%gi ng: a WD regjster for storing the WD for the pixel
.data of the iS¥p e Ger eample. i &lisbarplcationwiizesdwenty-fous bits obRGRy t he WD

| for each pix t ' LS| PV ! < Cl | t.coupled
o the W r dsid Behe Boifiebelh BbiTEm hucho¥les SATRISURE RAF N D1 kel
of the input (tilegEandsélectdd Hp!thy eslolook-upadtié selb&toutut OF tHOWingsw on t he
display and the WD of the pixel at the sane pixel address.in display
menory, sai d idemificationdeoisup tabie 26 by meapsiohmuliiplexem3a. If.rwhilscoperafingiwitther the

DXl ok AP TS s ARG b o Lo R 5y
mermory wher elpgpidyParfiingl of @iyl Bit OF tHel @ibricdkiupaatie D! My ERIER Y seibgn the WD
conparison circuit i1ssues the signal indicating that the pixel data is to
be writter t csigriat talbe providetbtothg multiplexor 32 to select a different one of the twenty-
| four bit RGB color look-up tables. | |
Moreover, an additional advantage of the present inven’tion.is that each of
the color look-up tables are programmable and thus rhay be varie_d by signals
from the CPU to provide 'édditional colbr' information beyond that available in a
15 fixed look-up table. Forexample, the CPU may providé signals to reprogram a
particular twenty-four bit RGB color look-up table one while the twenty-four bit
RGB color look-up table zero is being utilized so that the color loo'k-up"'table one
may immediately be chosen by means of the multiplexor 32 upon completion of
the present operation. Obviously, the same facility may be utilized to reprogram
20 individual ones of the color index look-up tables zero through m (_38-40). This
programmability provides for essentially an infinite variation’ in éolors which may
be made available to any particular applicati‘bn. Such a provision is a |
* substantial improvement ovef fixed color lookQup tables'provided by the prior art. \J
-Although the present invention has been described in térms of the
25 preferred embodiment, it will be appreciated that various modifications and
alterations might be made b& t.he skilled in the :art witho.ut departing from the spirit
and scope of the invention. The invention should therefore be measured iﬁ terms

of claims which follow:
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a WD | ookup table coupled to receive the WD for a pixel data, said | ookup
tabl e storing the number of bits of color information utilised for each
wi ndow, said WD | ookup table, upon receipt;@ a WDTor a pixel, issuing a

means coupled to the WD | ookup table fotrgm ving the bt tdept hset ect
signal and coupled to the display nenory for receiving the col or -
i nformati on of the pixel data, said first selection neans receiving the

N R R S BT T

color information, in a pAurgindew ofafsyyey s syetendi eompeiciagnuabeaigsplayts

f color inf i f saig f b&j ng I d
ot et or m ned | MANLGR, £5 08, A3SPIAY; REBCTy 9 AARRLAIGNG) BIFR] daFacefon

means sel ecti ng dme inpudr imagendin ca nwdowiowedont a héisppay mewicelensaided

by the bit dept C L gpak .10 t put -4k spl.ay; b n
I s displayed i n%ﬁ%:ﬁd(aﬁvé%nggkaésspgxyg e@?‘cgh%.ﬁs%i&%gﬂvﬁw o%/{vrl i gp@ge
system as set fdfxemi ghel Aisplaydpemeryt orf genexnatinmresi fhe aimage on

plurality of colygel! a%gﬂayabi@ﬁ@@,cheseh%é 0PkitP paRke iR | E¥PPiding
color of a pixel to be displayed on the display_device which corresponds_to
the col or infor RIS dnformation and,bedngy igentibked &Y a MR 1D

storing for eachﬂwm;i%aiﬁaieatéodwmiﬁbbe the ({hafe! I3 tdebei dysplaged
col or | ookup tabme,s égigesygggmtgogﬁgglsgxgg he wi ndow, _

a WID register for storing the WID for the pixel

. data of the input image to be displayed;
— a WID memory for storing the WID for ea'ch pixel
stored in a display memory;

a WID comparison circuit coupled to the WID
register and WID memory to receive as input the WID for a
pixel of the input image to be displayed at a particular
pixel address on the display and the WID of the pixel at
the same pixel address in display memory, said WID
comparison circuit jissuing a signal indicating whether
the pixel of the input image is to be written to the
display memory;

write enable logic for controlling the pixel data
'to be written to the display memory whereby the pixel

(U data is written to the display memory when the WID
comparison circuit issues the signal indicating that the
pixel data is to be written to the display memory;

a WID lookup table coupled to receive the WID
for a pixel data, said lookup table storing the number of
bits of color information utilised for each window, said
WID lookup table, upon receipt of a WID for a pixel,
issuing a bit depth select signal identifying the number
of bits of color information comprising the pixel data;
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said WD | ookup Tabfe issuing a CLUT select signal |dent|fy| ng the ‘col or

| ookup table t nd sel ection neans coupled to the WD | ookup
tabl e for reCGﬂ"iﬂbMﬂmllm‘ﬂﬂ | ect si and to the first selection neans
for receiving colof Iinfdrmation sai d‘s‘gg()ﬁd sel ection neans sel ecting “the
color | ookup table to receive the color information to identify the cowo

of the pixel to be_generated.on,the displa W lay

system as set fortf ? re aFﬁ‘nlfCté‘gPdm E‘F \#ﬂ“grlﬁﬁlett" %%3‘ g‘“{ﬂpural [ ty

of di spl aytakelerifer sseceiNing odhey bdll edépthhmekeotl rg:.drml ezgild -

- 1111111 é&‘}% 1 1 o)

menory | D |de %%? ﬂ"?\% %’?}é g}#s%q@agylnengr%.yt (L)f%%/l Sgg I Sp y tcfil'e W ndow

said WD | bekepmn ébPé p§sthegpixeils BrER, nﬁﬁéﬂyféé'ls& ega#euon ®eANS ying -

_Ithekdl Slt0| gilfea§wm gt €nhBecied mfbbm&@;&al et Fogstm&amtﬁpw %rtn&lﬁéc}e WD
ookup table to_recCeiyve sel ect _sjgna e

bet vvegn t REGPERLRY rfé?m%pg‘s 'H'P‘P@’?IF\; ”%mi%‘{t%ep ct??)iu %ﬂ'&n %d%l rd

sel ecti on exehs ofcl saidngorvatsi dping neevejved raau:eavprtelueqamd]namt ato

be out put {.ﬁpﬁg Clliééét é@l o OQl?E%nsseﬁ ction -ql]gaﬁ\énd ﬁ* gystem

as set for arm 17 sal system fur nprrsing: a ural y of WD
| ookup t ab$etectiphDmesdisusalasiting the mlms énﬁpmttzont moﬁilyqd)okup '

tables foragehgfd i RapatWhbtOOKenitdPied OpPe tfid | bitd gepth select
signal to be output for display; ' '
whereby an image is displayed in a w1ndow on a

display device.

2. The window display system as set forth in claim
1, said system further comprising: _

a plurality of color lookup tables each color
loockup table identifying a color of a pixel to be
displayed on the display device which corresponds to the
color information of the pixel data; : E '

said WID lookup table further storing for each
w1ndow a color lookup table ID (CLUT ID) 1dent1fy1ng a
color lookup tables to .be used to display the w.mdow,
said WID 1lookup table issuing a CLUT select s:Lgnal.
identifying the color lookup table to be used;

~  a second selection means coupled to the WID \J _
lookup .table for receiving the CLUT select signal and to
the first selection means for receiving color information
'said second selection means selecting the color lookup
-table to receive the color information to identify the
color of the pixel to be generated on the display. - |

3. - The window display system as set forth in claim
1, saiad sYstem further comprising:

a plurality of display memories;

said WID lookup table further storing for ea"ch
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5. The wi ndow di splay system as set forth |n—eka+ﬁ+4—4wheﬁerﬁ—sald W D

| ookup tabl es are programmabl e whereby a fir st MVD I elected
whi:l e a second |:0okup table is progranmed, 5@ MI |y system
conprlsggg a display device and a plurality _tﬁs

di spl ayi'™hg pi xel data of an input image in a w ndow on a dlsplay device,

sai d pixel data § ﬁagwsgoaggphgytpggﬁk§p ylggﬁgﬁﬁgiagngguaggé Hb&ggyof

di spl ay menories or geferatrono g on gac
sai d pi xel data tenpeuﬁsgﬁckwoﬂl$n1§7nth?owladewbasﬂ}dcﬂiﬂllpéﬂubytable

wi ndow | D (W D) ieshﬂfld;ca& ediéﬁwyn%\ﬂio%e ddBEeL | $ibRalle fHSPE PHPChd Nthe

sai d system conpr| si ng: WD register for storing the WD for the pixel
data of the |npu@1$2ﬁ3¥ ?SmBEYdFQpPSyBﬂeda WD nenory for storing the WD,

for each pixel stored inaatHizgl 8¥1868606H; means dupled\td thepwWIDS2bokup
circuit coupled %?bihe W D re i,ster_.and WD nennn%nto receiv '

WD for a pixel fie ?%pﬁ?c i{Ge The LB1GPLRY o RERORY asﬁgﬁflgc?ﬁsia‘inr%u;%%ﬁe
address on the dceppigdanbetiveenl Dthé t@isplayl wmemohdesanangi xtheadfirvst

in a display ”E”Eéx?ﬁtiahdm¥£5% %Hﬁa'ﬁﬂ?rﬁ'Eﬁﬂéﬁthéﬁugagné §é§33£1ng the

I ndi cati ng whet her nput 1 nmage |s e wit
di spl ay nenory; dﬁ$PbaBnEBW§rNb§Fbrﬁﬁﬁlﬁ@hﬁmﬁIR#ﬁf Ra%R X H%tﬁuPE“Bet°

witten to the digel ay-g8MeehestiBAr #B4nkNe pixel data is witten to the
di spl ay nenories when the WD conparison circuit issues the signal -

|rM|cm|ngthatthe
4. The window display system as set forth in claim

1, said system further comprising:
a plurality of WID lookup tables;
a WID lookup table select means coupled to the
WID lookup tables for selectlng a WID lookup table to be
utilised. :

"

5. The window display system as set forth in claim
4, wherein said WID 1lookup tables are programmable
v)whereby a first WID lookup table is selected while a
second lookup table is programmed.

- 6. - A window display systenm comprisihg a display
device and a plurality of display memories for displaying
\;, pixel data of an input image in a window on a display

device, said pixel data being stored in the display
memories and output from the display memories for
generation of the image on the display device, each of
said pixel data comprising color information and being
identified by a window ID (WID) to indicate the window
the image is to be displayed in, said system comprising:

a WID register for storing the WID for the pixel
data of the input image to be displayed;

a WID memory for storing the WID for each pixel
stored in a display memory;



pi xel datais to be witten to the display nenories; a pl urallty of col or
| ookup tﬁ‘m mﬂ‘ﬁnuﬂc‘uw I ookup table identifying a color of a pixel to be
di spl aye devi ce which corresponds to the color.information ,
of the pixel®ddta" a*wD | ookup t ablLecpoupled to receive the WD for a,

pi xel data; a color |ookup table ID (CLUT I'D) identifying a color |oo0

table to be used to display the wi ndow, said WD | ookup table, upon receipt
of a WD for a pixal WI[DSuco:yparhsbndeq:ihcuetecd:oxspl;edl taolerthd ylmg)the

nb
ggl eg Si gﬁ%?ﬁsg%ﬁtclg & W&Bf a'e c&-:yo Q—%'ﬁ}eﬂ% q@lﬂ)ﬁéq{l;lség? ntg:a di spl ay
nenory selBixedi Qﬁalth%e‘rﬂnqty Hgaq?let‘éll Eﬁl é}sﬁéﬁﬂﬁsl 8% 1Fc RARGECWHLAY st

sel ection gpaas aaa&k».%@ ich e Wi%ﬂmk%aaahe WED' BgcithR Piked R ay -
menory sel ect si and co@gl ed to the dgﬁsaﬂarrennrl es thereby sel ecting
the di spl ayPfe drees pille| adALERIAY e PEIOTY f BRI Hy; a

second sebeﬁpamisasaarmrwwl désudnighea V\ngmokupnaabumgr whrsttieg ng t he

Ceceivi ng TR G AFor | SHERFo e Bp S PR MR TE kg

C L M SilsplaYZmemOrWI ay nenories, said second sel ection neans

s of b o CYESHORBREIA B Bt S e S Gl 0 11
to be written to the display memorles whereby the pixel
data is written to the display memorles when the WID
‘comparison circuit issues the signal indicating that the
pixel data is to be written to the display memories; \J

'a plurality of color lookup tables, each color

lookup table idehtifyiug a color of a pixel to be
displayed on the displa’y device which corresponds to the

color information of the pixel data;

a WID lookup table coupled to receive the WID for
‘a pixel data;

a color lookup table ID (CLUT ID) 1dent1fy1ng a
color lookup table to be used to dlsplay the window, sa1d
WID lookup table, upon receipt of a WID for a pixel,
issuing a bit depth select signal identifying the number
of bits of color information comprising the pixel data, a
CLUT select signal identifying the color lookup table to
be used, and a display memory select signal 1dentifying '\‘)
the display memory to be used; '

a first selection means coupled to the WID lookup
table to receive the display memory select signal and
coupled to the dlsplay memories thereby selecting the
dlsplay memory to receive the pixel data to be output for
dlsplay,

d second selection means coupled to the WID
lookup table for receiving the bit depth select signal
and coupled to said first selection means for receiving
the color information from the selected one of the




for mat's bei ng recei ved at a'ﬁredeternined I nput port to the secona

sel ection neans, |mmum;l c, Illﬂi:t i on means sel ecting the col or
i nbormation receilVSHRENEI A

port identified by the bit depth sel ect

signal tq be output for display; and a thirg)Sel ection neans coupl-ed to the

W D IopEﬁp table for _receiving the CLUT sel ect signal and to the second
sel ection means $4FPLa¥eMAMAF i&% orS2id oFRELPEN SSIARF 1A 1MEARF  EECHH Vitdns
sel ecting the cothre totkvpihZbrafatiohcdnl wepliealityr ofnforimatisoaccording

ent i1 e ool g Ohet Baflalod 0% SHCLELSY, ADRELAR) pe, of sesk™
plurality of WDEbomatp fetings; receiived oatup (patedetsgindotedreinput opprtdtoo
the WD |ookup !8bCeelRind® BEHL bR HEERSOOKUNS Ao be18ELIoACHeats:

The wi ndow di splay systemas se rncfair ereln sal | spl ay
nmenory stores arsedsebing tthet godors bnfermatienoreaceriyead: fbn the Anpat

9. . The wi ndgyedi s{iét SRS MeS Bi5é AR haeptr! Adiebt WBeghal e be
color information per pixel is 24 Dits in length and the color information
for each pixel iSUFRBYt fP5 FiFPLa¥ii APt port of the second sel ection

means, said Ibi t depth seheehizdgealiectdohi mpang thapliedstoi thet WIOr Loakup
LS "o ot AR cbSe AR, e Blof! i, fiana) T o
i nformation per pegohdi selzdiiian i meardgfRrameasie/iay oFoloF oindcraation,
input to a secondajq third selection means selecting the color lookup
table to receive the color information to identify the

o/ color of the pixel to be generated on the display.

7. The window display system as set forth in claim
6, further comprising:

a plurality of WID lookup tables;

a WID lookup table select means coupled to the
WID lookup tables for selecting a WID lodkup table to be
utilised. , ' -
8. The window display system as set forth in claim
6, wherein said display memory stores are enabled to
store 24 bits of color information per pixel.

9. . The window display system as set forth in claim
8, wherein the color information pér-pixel is 24 bits in
length and the color information for each pixel is input
to a first input port of the second selection means, said
'bit depth select signal identifying the first input port
as receiving color information to be output for display.

10. . . The window display system as set forth in claim



I nput port of the el ection nmeans, said bit depth select signal
|dent|fy| iE |ﬂ|nput port as receiving color information to be
out put fo

The wi ndo glsplay systemas set forth in claim
10, fur;her conpr|3|ng a zero generat said zero generator. neaps
generating a sequence of 12 zero values for input to a third input port of

the second Sehigiéfli ERaNBo1ke BB AR dH pelefuar! £61 151 BlEL hACNLI (1 es

the second port _as receiving . color |nfornat|on to be

out put forlemgsﬁi'l agnd] the °°5|:ﬁ€ VEHERKAN X9 af Ss IR a0 - FBFPRYi n clai m
égt Wtﬂe][ellm J@lﬁ&ﬁengfl gRet ﬁlé@bhd d@‘e&eﬁdmanéw,r éahmlh bitotepthbits

pu or display an | rt receiyes,the,_hi 12 _bits of
the 24 bi t8eIRFHuiSIFH % é { ifyl ggﬁ ﬁfﬁﬂgé/ngBng g §%e %gs set .
forth In(ﬁéﬂéﬂd&hgmﬁﬁlarnlnﬂermmtbonlhbobeabubputofoeadhspnayh for a first -

frame of pixel data to be displayed i's stored in the lower 12 bits of the
di splay menory and the col or information for each pixel for a second frame

of pixel deta to HEheli whndpwd display Systen hashsgterfonth iB slaipe
di spl ay ”nyfufehérbbb ?Eﬂhhnéela\eczte:% %ef%ﬁ'ﬁd&ﬂg t Baigeeerd i nput
port to be output to displa first frane:o daf a and he third
i nput por t9eRETALEX t BEANE, ‘-’(ﬁ"%ﬁﬂa&;%ea sﬁﬁgﬁﬁnf’?aﬁ’é g2 pFREP ¥adyesi4. |
Thfe W nflovr&%: snhputsx&t @memmat ihputhportclofi ntHe , sebendi selekctionl or o
i nformat'i ogn_for ea Ir a pi t spl ayed
i s stored T¥P%e M g\ﬁgl%lfz %ﬂé gflftt h%é%érgpgs%g%mgr& %%ra fa" %9%:0?1@'5 b
the second and third input port as rece1v1ng color
ilnfprmatlon to be output for display.

12. The window display system as set forth in claim |
10, wherein the second input port receives the lower'iz
bits of 24 bits output for display,and.the third input
port receives the higher 12 bits of the 24 bits output
for display.

13. The window dlsplay system as set forth in claim
12, whereln the color information for each pixel for a
first frame of pixel data to be displayed is stored in

' the lower 12 bits of the display memory and the color
1nformat10n for each pixel for a second frame of p1xe1
data to be displayed is stored in the higher 12 bits of Q‘)
the display memory, said bit depth select signal

- identifying the second input port to be output to display
the first frame of pixel data and the third input port to
be output to display the second frame of pixel data.

14. The window display system as set forth in claim
11, wherein:

the color information for each pixel for a first
frame of pixel daté'to be displayed is stored in the
lower 12 bits of the display memory and the color
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- 24 - * S * information for each pixel for a
second frane of | spl ayed is stored in the higher 12 bits
of :the di spl ay rrarmm”m;m”ml:ﬂalgenerator rreans generati ng a sequence of
12 zero, val ues for+imput te the third input ;?_ _of the first selection
nmeans f of display of the first frame of pixe ata and generatlng a
sequence of 12 zéPSO¥FBRKIEN ofox ngacht pixed (fAY dai SeFONGoriramet pE Pdaedd
sel ection neans Gatadited!vy @isp 68C980skozel Gh Rihe| hiliér tbhepiesord
I nput port rece|¥hng t.he .| ower its of 24 bits output for display to

di splay a first lﬁ?kgﬁnﬁﬁyh and the third input port receiving the
hi gher 12 bits of the 24 shiitds zargugeheratioepineaniso gerextatying sac aeduenaer

of pixel data, sgid bt t C | t Lfui
third input portskt 3’ e ou‘? OFiﬁlaS gl splgﬂgl o* d?ﬁ ll"'i‘l)ér SI{?uIt"'Ja:lrre prgg 3at a
and second frametbe §ﬂ%§t(ﬁﬁkﬁcﬁMRﬂwaﬁPﬂﬁmﬁptrﬂ9$P¥%Y ef akheofigskeifranes

is to be outputggf 'ixe(i' aalt&\/andswerwiagda &eha@hb@nom@n&ew RMalmelshe
| ower 12 bits receiVv

he secon | Nput ort I‘I n zer.o val ues
recei ved at the FRFrSnPH F°pGPF tgﬂadwﬁéﬁ §gc8§d %Gpdb %
is to be outputmeafl fdrsalmmaysmfdthseemndsﬂ:am m pixals dattagut s the

hi gher 12 bits received the thhr %%be Q" o230 v§n t& lgueée 19 %&kges
§t S56°0S 15 ay

received at the second i he W n systen1as Set
forth in claim 89fv\,ﬁér bitst hgtmtorfomﬂgspdawohOpénsmlﬁm a4 §lg'sm tframe of
| ength and the c 9&1' ahea ”qu-ld“i:é{ LS} iﬁp@tfgafﬁhreaemaer tn@f nildfer
first selection ans sal d ept h, sel ect” signal i entlyqug t he fourth
i nput port as bits of the 24 bits output for displa display a
W second frame of pixel data, sa1d bit depth select signal
identifying the second and third input ports to be output

for display of the first frame of pixel data and second

frame of pixel data; _ _
whereby when the first frame of pixel data is to
be output for display, said second selection means
outputs the lower 12 bits received at the second input
port and a string of zero values received at the third
input port, and when the second frame of pixel data is to
be output for display, said second selection means
outputs the higher 12 bits received at the third input
- port and a string of zero values rgceived at the second
input port.

15. 'The window display system as set forth in claim
8, wherein the color information per pixel is 8 bits in
length and the color information is input to a fourth
input port of the first selection means, said bit depth
select signal identifying the fourth input port as
receiving color information to be output for display.

16. The window display system as set forth in claim
15, further comprisihq a zero generator means, said zero

4



receiving color information to be output for display. 16. The mnndow
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generat or neahs Qgerer dti Ag & sequence B zero values for input t.o a™fifth

I nput port and sixth t th d I
bi 1 dept NISBPEBFOE, IR (EROPFRELBNG (TTRIRIR| PEh GnASEPx VR IARt port -

as recei vfog dnbmtltﬁcnnﬁifbh ﬁnpbe @oniutaridrsiktpl Apput7port ofhe wi ndow
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oot vos. P FaiBndt Ee1deeloh) ueel iherli®] Sald H1C Beh giiceD
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port recesigpalhddenfidies he fqunthy 2 éﬁ%ﬁ?saﬁﬂtﬁaft¥o AP, IRREL and t he
sixth i npug per;tgw%@ @1 o nfciat iSnDitics By dutputd for implay. for

di spl ay. he Wi ndow di spl ay systemas set forth in claim17,
wher ein the col or |nfornat|on for each pixel for a first frame of pixe
data to beg7di spl ayne iwvirdow edisplayesystesr as3 st sfovtht ia dtlsimy
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and t he cbhus nﬁfdMnhltSI¢@#p@hcﬁop|ﬁespiévnatbﬁlﬁdfFMaﬂ@Rﬂt;HQEﬁ data to

be di sp! aygfleived! offd WigHiE MhdiRdd bit il b4 B! slpatOIsor sai d bit

i opl ay 1 AdspiAY, fandrtae BAXEn daowt mert | Fevelint: ther MR Supu 1o
di spl ay tBetgeendhe 2 Kiftspiowtputatfor atidkgley si xth input port to be
output to display the third franme of pixel data.

i8. The window display system as set forth in_claim : K;) :

17, wherein the color information for each pixel for a

first frame of pixel data to be displayed is stored in

the lower 8 bits of the display memory, the color

information for each pixel for a second frame of pixei

data to be displayed is stored in the higher 8 bits of

the'display memory, and the color information for each

pixel for a third frame of pixel data_to'be displayed is

stored in the middle 8 bits of the display memory, said

bit depth select signal identifying the fourth input port

to be output to dlsplay the first frame of pixel data,

the fifth 1nput port to be output to display the second

frame of pixel data, and the sixth input port to be Ny

output to display the third frame of pixel data. W/

19. The window display system as set forth in claim
16, wherein: _

the color information for each plxel for a first
frame of pixel data to be displayed is stored in the
.lower 8 bits of the display memory, the color infbrmation
for each pixel for a second frame of plxel data to be
displayed is stored in the higher 8 bits of the display
memory, and the color information for each pixel for a
third frame of pixel data to be displayed is stored in
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19. The w ndow di splay systemas set forth in claim 16, wherein: the -
color information f u“mmm“l a first frame of pixel data to be

di splayed is storedﬂl“mi its of fhe display nenory, the col or

i nformatj on for each*pi el *fot & second fT pi xel data to be displayed
is store? in the hi gher 8 bits of the display nenory, and the col or

I nformation for ch nixel for. g thi fr f pixel data to be displayed
is stored in’ %%%"Bﬁee A i?fi)ﬂi"se aiestpﬁélgi“he&w'nenory; sai d zero

generat or neans gener ati rspial seepengenetaSoremearsl ugendratimpus tskguenhce

fifth i nput port gn i xth d of .t he..s8c0 0 ns
for display of t ﬁ’g %i r%%trtc*]s’zgsﬁ"ed&o%] fpﬁ}gé%pglg{ éll:,o é:glr?e(rzfal’t | ﬁlgqg‘p?gqge%#gegﬁ%"
zero val ues for thgutsixth hdnputr merthef pbet seeerid fselecipion ppeansf fidre
second sel ecti onaiggNayf e Ieh! Bhrdt FaneCoRY dindi® el Xgbndebeing"d
generating a sequence of 8 zero values _for input to the fourth I nput port
and si xth input F8AMSHCY (RE B cBRECS¥RANESOF e diPYtortei theafosrthnd npwty d

frame of pixel dpbzt tdifd fOLUEER iAput pokt IFCeing Ngedbrd | Svkectibht medhs?4
D5, OULPU £or 830! it gbgafl B Vi dord “3Eafl PEECI RS, Adl 300,

di splay a secopdg"enamtquaia(_eeteqimme aefl 8heefriof talugsutfqor inpetetoi khe

o o el ooy Yl et oBhikol Rehebe) 4 itopa

fifth and selection means for display of the third frame of pixel

data; '

o the fourth input port receiving the lower 8 bits

~ of 24 bits output for display to display a first frame of

pixel data, the sixth input port receiving the higher 8

bits of the 24 bits output for display to display a

second frame of pixel data, and the fifth input port

receiving the middle 8 bits of the 24 bits output for

display to display a third frame of pixel data, said bit

depth select signal identifying the fourth, fifth and

sixth input ports to be output for display of the first

frame of pixel data and second frame of pixél data;

whéreby when the first frame of pixel data is to

be output for display, said second selection means

outputs the lower 8 bits received at the fourth input

W] port and a 2 8-bit strings of zero values received at

the fifth input port and sixth input port, when the

second frame of pixel data is to be output for display,

said second selection means outputs the higher 8 bits

received at the sixth input port and a 2 8-bit strings

of zero values received at the fourth input port and

fifth input port, and when the third frame of pixel data

"is to be output for display, said second selection means

outputs the middle 8 bits received at the third input

- port and 2 8-bit strings of zero values received at the

fourth input port and sixth input port.
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sixth input ports to be output for display of the first frarre of . pi xel data}_
and second ata; whereby when the first frame of pixel data -
-|s to be o”lmrmllﬂnlﬂlmllm sai d second sel ection nmeans outputs the Iovver
bits recetved & thesfourth input _QO% and a 2 8-bit strings of zere—

4 ot

vaI ues received at the fifth input po md sixth input port, when.th
second franme of pixel data is to be out put for display, said second

sel ecti on m@ANs out put sTH1ewih@ber B splay repstardast dde sbrth isput port
and a 2 8-bit ,str of .zerovluesr cel at t fo rt ut ort and
fTTth CnpuCIadi & minerRi Hhe #ﬁ%ﬂﬂ*veﬁeﬁ%f%. bles kts 81 put

for displ ape saudlielseﬂd seitht i predeterminedit s ﬁdma‘hs:ldl ef8 beblorecei ved
at the thir n z C at the’
fourth i npt]l?l por %ﬁd %ﬂ? Eei%&: gigﬂh qﬁ?'e%é%s éts %%YS&

The wi ndOWadIQRiW SQLQPKﬁPa§a§éle f‘l'd?thlBl wtilisedowikhetdien format cofi ned

col or | 0ok 1lib! Snfgrmdtidie, utilised with predetermned formats of
color inforrmation, said CLUT sel ect signal generated to select a col or

| ookup table to be utilised with the format of color information. 21. A
wi ndow di 2pl.ay sSyst eRdindowst adisphlhy asybetemi nbetbstafdtsaliped agth

reference rl'xoerlf-zlJ.(‘?'il.':ze_toc;crt-'_E hSegg:%\ﬁoggs’with reference to Fig.2 of the
drawings. -




