1 DESCRI PTION - ' | mmge Generating
Appar-at us - Technical ,,Field This invention
relates to an inmge generating apparatus and, nore particularly, to an

i mage generating apparatus used in a video equipnent enpl oying a conputer,
such as a graphics conputer, a specia effect device or a video gane

machi ne. Background Art I n an equi pnent

enpl oyi ng conputer graphics, SuctDESCRIRTIBO gane nachi ne, a personal
conputer or "a graphics conputer, geonetry processing or rendering
processing is carried out Ihage Generating Aavarsftug picture or an inmage
outputted to and displayed on a television receiver, a nonitor receiver or
a cathode ray tube (CRT) displ®8chrigal Fieddeonetry processing unit
perfornms coordjnate transforpation, clipping or Ii%ht source cal cul ations,
while a rendEdihd(eotdon RE1ahee takes NG atd BEORRPARRLYE \Bmes of
all pixels nakin? ue a gol on, fromthe .color data of ﬁ ex goints and

Z- val udBTRdPEELT Y ERE deé‘?’h,aq‘ ofmeg | ERYTHT XBE BBPATPHUEN UPflye Trethory .
For perfprm ng such processing..in particular the_abgve-_ nentjoned.
renderi‘ﬁ’g ?o ocessiR é,an% cﬁﬂ?vei gl o@esscloﬁﬁucfrr(fui Fugg %% drawi Iba%é}llg?sne S

d. T | ' d, N8 t ed
el dTRRTY T e ol age Chedoryie oS o, URIPE e hathteR 000
speed is influenced by the  packground Art

In an equipment employing computer graphics, such as a video

game machine, a .personal computer or a graphics computer,
geometry processing or rendering processing is carried out for
generating data of a picture or an image outputted to and
displayed on a television receiver, a monitor receiver 6r a
cathode ray tube (CRT) display device. A geometry processing
unit performs coordinate transformation, clipping or light source
calculations, while a rendering processing unit takes account of
colors and Z-values of all pixels making up a polygon, from the
color data of apex points and Z-values indicating the depth, for
writing pixel data in an image memory.
- For performing such processing, in particular the above-
mentioned rendering processing, a drawing processing circuit or
a drawing engine is used. The drawing engine generally employs
a method of'writing a generated pixel directly in an image
memory.

Meanwhile, the image drawing speed is influenced by the



2 speed of witing fromthe drawi ng engine ta_the inmge menory,

such that, wth a slow inage menory accessing 1T ng
sp@ed is | owered. Therefore, if an expensi-vgﬁgig %S E#Eﬁ‘o y is
used as a large-capacity 5 inmage nenory for ind ' Lnf) speed,
t he .system cost 1is prohibitivelys increased. However, ~if an
I nexpensi ve dynam ¢ random access nenory (DRAM is used, t he draw ng

speed ofspded syst @iitingofeioad.the drawing|éngbye beoentiesdgrike tnienmy) de
a buf f er menory 10 corresponding to a DRAM page between the draw ng
engi ne asuch thatt heviitimge siewonilyaganmehoryrear d swige repaed), ddoestrawingl y
for high-speed burst transfer. However, if draw ng data occurs in a
sequencespdedrisigiangndde. pdYee dediarias yi fviarhigxpens ivehdhirghhggpedd tthrmdonif f er
menory capacity, this results in 15 |ower efficiency _In view of
the foreb®di ¥§ed the pr dange—qapaitionimage FegprFesion inggeagdnér athag
appar at us whereby a hjgh drawi ng speed may be nmintained even with the
use of afrawingj fBgRshsi FeenedBryems fIPtas i DRARPiIbSBively increased.
Di scl osure of the,lfnvent,i on ) The present invention I#)rovi&ﬁm
pi cture YREBYEFrndt 20 1RGEREASIYer GYIGS& é”ﬁ“ﬁ’??"bi%?éﬂes&atmae Y pi
di splay ., respppsiye to the picture jnfornption by draw.ng processing
reans ank® 87°%r | FRRoTERTEPE: SREPTLGESEBR SEFRPLIE MRRBFTY" 2
CorrGSpond'ngIttﬁhyE¥e(Qﬁvyéﬁéedsﬁgespcvidéhglnﬁﬂﬂﬁrﬁkﬂﬁry corresponding
to a DRAM page between the drawing engine and the image memory,
and to make image memory accessing only for high—-speed burst
transfer. However, if drawing data occurs in a sequence of
bridging the page boundary within the range of the buffer memory
capacity, the lowered efficiency results.

In view of the foregoing, the present invention provides an
image generating apparatus whereby a high drawing speed may be
maintained even with the use of an inexpensive memory, such as
a DRAM.

Disclosure of the Invention

The present invention provides a picture generating
apparatus for generating pixel data for picture display
responsive to the picture information by drawing processing means
and for writing generated ©pixels on a picture memory
corresponding to a display screen, including a memory for

transient storage of data from the drawing processing means, a

cache memory provided between the memory and the picture memory

. This Sheet Has Been RTlaced




conpri si ng: a transient nenory for transient storage of data from
sai d drawi ng processi ng neans; %E

3
a cache nmenory provi ded between said transienjff Hd ETHAS BReN ghi d picture
nmenory; and cache control |l ing meansirespoR&PYACED t he ftontents of
said:transient nmenory to control read/Wite of said cache 5 menory
thereby to enabl e fast accessing. - In a picture generating
appar at wndiceaclié ngonbralling peaher fed embbdoidangotreatiwrptesdor the
i nvention, the cache controlling neans collectively | oads data in the
sane pagwche megfomher qirangivardimrihe epfierite ab the mamamint s of the 10
transi ent nenory. . In the picture generating apparatus of the
preferred  InendrRii ehtturs operarshingevreraratpgovPded thet wddesemd
menory and the cache nmenory for carrxi_ygg out operations responsive to

S

an out pUtVER RN o R neR e e ceert gl meagg collecpigedyafprgds; fata

transi ent nory is a FIF nory,. and the picture ry is.a frame

menory. i the shmergagg af fhe' pitye memory. PAEPORRLYS of GuthY GRS

processi n tﬁeﬁponsi e to an output of the draw ng processi ng
. .memory. . .

nmeans, an i <A AT h processing responsive to an 20 output of the

draw ng. Proohssioge Mhasfare [LLhEEDOng apBRORERE! "z TEREONYING e an

out put  of ocessi ng err] i ng responsive
to an oufRMntQfort,N8n operating device is provided between the memory and

the cache memory for cérrying out operations responsive to an
output of the drawing processing means.

In the picture generating apparatus of the present
invention, the memory is a FIFO memory.

. In the picture genefafing apparatus of the present
invention, the picture memory is a frame memory.

In the 'picture generating apparatus of the present
invention, the operating device performs Z-buffer processing
responsive to an output of the drawing processing means.

In the picture génerating apparatus of the present
invention, the operating device performs anti-aliasing processing
responsive to an output of the drawing processing means.

In the picture generating apparatus of the present
invention, the operaﬁing device performs filtering processing
responsive to an output of the drawing procgséing means.

In the picture generating apparatus of the present

invention, the operating device performs a-blending responsive

—
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drawi ng processing neans, sem-transparent processing - responsive
to an out put of the draw ng processing neans, 25 and/or pixel re-arraying -
processi ng responsive to an out put of the A pr ocessi ng neans.

Wth the picture generating apparatus according erqrred
enbodi nent of the present invention, pi4ctured ’

4 generated by draw ng processing neans, su =S S aW-ng. :
transi ertd ynstosrteuiti wfa tmmmwmfpmeesﬂr@meamnory A fast cache
menory is provided between this FIFO menory and a frame buffer and the
contents of tle AINO BichureryZenerpting cagpbyrabiete ebnt tbe nbaesendr
controlling ~, ~ read/wite for the cache nenory. Therefore, if an

i nexpensiVeTefsly stht RPerTRingi sdevieeasrarfpame Semlb’&F‘PélsParent

hi gh- speed accessing is realized via the cache y for inpraqving
the dr aR5RfSF¥inG eg‘é?mn%&"? hit® t&hedutapt Bgtéqeord%"él‘bég@rBFeFﬁénlgr ame
buf fer can be collectively read and witten with high efficiency for
reali zi ﬂbeafne%t er accessing. An operating device is preferably

rovi ded Fl FO DENDLY, an t he cac r r carr
gutVIZ buffer proce55| rﬁg){]cean]fe- PR nlbm%qllarl RETH 'I‘fer‘lqggyt;fg c?peers)a(tal i'ons,
[err]- tﬂfﬂvuﬂﬁlon|OrQ9ﬁ§sbBQrat1ﬁ§”‘d&@?@épaﬁé¥¥orms PA0e5 908 Yoy ing

pi xel -rearrayl ng processin
processing respon51ve to an output of the drawing processing

means.

With the picture genera;ing apparatus according to the
present invention, picture data generated by drawing processing
means, such as drawing engine, is transiently stored in a memory,
such as FIFO memory. A fast cache memory is. provided between
this FIFO memory and a frame buffer and the contents of the FIFO
memory are pre-read by cache control means for controlling
read/write for the cache memory. Therefore, if an inexpensive
memory such as a usual DRAM is qsed as a frame buffer, high-speed

_accessing is realized via the cache memory for improving the
drawing efficiency. At this time, data for one page of the frame
buffer can be collectively read and written with high efficiency
for realizing faster accessing. An operating device is provided
between the FIFO memory and the cache memory for carrying out Z-
buffer processing, anti-aliasing, iﬁfious filtering operations,
o—blending processing, semi—transpérent processing or pixel—-re~

arraying processing.
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5 Brief Description of the Draw ngs " Fig.1is a block
di agram showi ng a schematic structure of an enbodi nent of the present
invention in which an image generating apparatus is applied to a video
ganme nachi ne. Fig.2 is a block diagram showing an illustrative
structure of a graphics processor whicly i s an i mage processing device of
an i mage generating apparatus according to the present invention.

Fig.3 is a bl ock di agr aBrstfedwiDeg cari pitlilons orfattihnee Dytawicigsr e bet ween t he
main portion of a drawing engine and a frane buffer of the inmage
generating apfdtlusisickzopbively dbaghampshewing ansehemsiic strucgugeqof
illustrates an_exanple of a data structure in a FIFO nmenory. . Fig.5
i |l ustrattds gmbegdmemd opfa the a PResfRtur dnveng ieschén felbely. an imagey ¢
illustrates the operation in case a buffer nmenory is provided between the
drawi ng EffiaTe e aRPFTAHHS it a@Plied to ; yideq |§aMe Mah NSt a

Show ng. & schaiie 18 PUBTGRE. (S EEaEs shordas ~eadidurnany Yo ran ads

bet ween t rrairn orct:i on. of the d\_[lav\f'lnfg| engi ne ?ndpt h% fre;rﬂe 9%1“,fiecre. o
Fig.9 is% fTocHatt“Y of "PFTRRTT f i hg™t h2 %ge%ﬁ? SnPEPCLRE & AT GPe °Fhown
in Fig'san image generating apparatus according to the present
invention.

Fig.3 is a block diagram showing an illustrative structure
between the main portion of a drawing engine and a frame buffer
of the image generating apparatus according to the present
invention.

Fig.4 illustrates aﬁ example of a data structure in a FIFO
memory .

Fig.5 illustrates an example of a data structure in a cache_
memory.

Fig.6 illustrates the operation in case a buffer memory is
provided between the drawing engine and the frame buffer.

Fig.7 illustrates a.data structure in an ordinary cache
memory.

Fig.8 is a block diagram showing a schematic structure in
case a usual cache memory is provided between the main portion
of the drawing engine and the frame buffer.

Fig.9 is a flowchart for illustrating the operation of the

~structure shown in Fig.8.



6 | Fig.10 illustrates the operation of witing a drawing data string

in the frame buffer. Fig.11 is a flowhart for illustrating a
first-read operation of the FIFO nenory by a cache controller in the

_ structure of Fig.3. Fig.12 is a flowhart for illustrating the:
read.,wite operation for the cache nenery by the cache controller in the
structure of Fig.3. Fig.13 is a block circuit diagram showi ng a

specified exBipleOoilwsopetesithe dewerst DdnFof). Briting &igrdaving data
circuit diagram show ng the specified exanple of an operating device of
Fig.13. stringFip. thej ramplhhfﬁPGM/of a video ganme nmachi ne enbodying the

pr esent |nvent|on 16 is a back-side view of the video gane
nmachi ne. Figji.d117ips & sfHEWGPéﬁFoff9ﬁe Wﬂaéﬁtﬁﬁhénﬁacﬁlnglrs —read
Fig.18 is Ian view of a RONIIoaded on t he video gane . nmachi ne

Best I\/bd@PPB @Prﬁ%gté‘?t ﬁ?%% REIATYoNPY & CREPEr (SIRET}L IRR drnawFHﬁs
preferred gd S of he present invention will be explained in
detail. SEFYC §ﬁo 8s8hematic structure of a video game nachine as an

i mage gener gglappﬁrat 15 (385950L09 §9: 1 ARSI JSVEAL Ofleaa s INE

vi deo gane machArna“shown & n Feads®but® and exec rogram

st or ed lgpgga@gghlwg3/ﬁﬁé”éEEhQQMéﬁgrySH9htﬁ% ¥dche controller in the

structure of Fig.3.

Fig.13 is a block circuit diagram showing a specified
example of an operating device of Fig.3.

Fig.14 is a circuit diagram showing the specified example
of an operating device of Fig.13.

Fig.15 is a plan view of a video game machine embodying the
present invention.-

Fig.16 is a back-side view of the video game machine.

Fig.l1l7 is a side view of the video game machine.

Fig.18 is a plan view of a CD-ROM loaded on the video game
machine.

Best Mode for Carrying Out the Invention

Referring to the drawings, prefefred embodiments of the
present invention will be explained in detail. Fig.l shows a
schematic structure of a video game machine as an image
generating apparatus according to the present invention.

The video game machine shown in Fig.l reads out and executes

a game program stored in an auxiliary storage device, such as an



7 optical disc, for performing a gane in accordance with instructions

fronka“user. Specifically, this video gane nmachi ne has two sorts of .
buses, nanely a main bus 1 and a sub-bus 2. The main bus 1 and the sub-bus
2 are interconnected via a bus controller 16.  To the main bus 1 are

connected a central processing unit (CpPU 11, nade up of a

m cro-processor, a main nenory 12, fornmed by a random access nenory (RAM,
a mai n dgparficalmeryrse acceas pmarforiirg @ ngdme DMAC 18ccarddice dewdtier 14
and a picture processing unit or graphic processing unit (GPU) 15. To the
sub- budn2tazunetdonsediroth a ssbgsi.di ary central processing unit or sub- CPU
21, made up of a mcro-processor, a subsidiary nenory, forned by a random
access nenorySPRANE 1 e ldibsi '@lha$deydmm &ammnyhla@césasﬂ n§weorardl§ eefor
sub DVAC 23, a read-only nenory (ROV) 24, having stored therein a progran1
such as Hﬁsﬁﬁer NAMFY Y5 \As e 0 é’“%ohrﬁpﬁ)r%c%l&'rwgs uhi tThespppinpsbug 1
connunlcatlon ontroller or, _asynchronous transm ssion nnqge&ﬁT 26, an

auxi | i ar yn&; 4 g?usd@vﬁfé Z?te§ﬁ°PﬁﬁﬁﬁeﬂeVP€ea2§u§n&°&t68- i*'ver 30.

The b | Ter 16 d h hing b
{he main bus 1oaihe Me PR 2rEip e TRt CoRvERL | RTTFaFoLER, BR: ™"

The mai ”(85#3}11' SmQ%QeN S Y L. roc?%go% OB%ch”HeBXry Qro%gﬁi‘eﬁh

the main e bus contro open on°s aft u

mai n CPUb%ue@él%dm 8:0005 REAGEHM(RARY, %h%ﬁw%%aﬁhéhﬁerﬁ%buécésb”

order to ad an application
controller or main DMAC 13, a MPEG decoder 14 and a picture

processing unit or graphic processing unit (GPU) 15. To the sub-
bus 2 are connected a subsidiary central processing unit or sub-—
CPU 21, made up of a micro—processor, a subsidiary memory, formed
by a random access memory (RAM), a subsidiary dynamic memory
accessing controller or sub DMAC 23, a read—only memory (ROM) 24,
having stored therein a program, such as an operating system, a
sound processing unit (SPU) 25, a communication controller or
asynchronous transmission mode (ATM) 26, an auxiliary storage
device 27, an input device 28 and a CD-ROM driver 30.

The bus controller 16 is a device on the main bus 1 for
switching between the main bus 1 and the sub-bus 2, and is opened
in an initial state.

The main CPU 11 is a device on the main bus 1 operating by
a program on the main memory 12. Since the bus controller 16 is
open on start-up, the main CPU 11 reads in a boot program froml

the ROM 24 on the sub-bus 2 in order to load an application



8 program and necessary data fromthe CD-ROM by the CD-ROM driver 30 on
the main menory 12 or on the devices on the sub-bus 2. On the main CPU 11
is. | oaded a geonetry transfer engine (GIE) 17 for perforning processing
such as coordinate transformation. This GIE 17 has a parallel conputing
mechani smfor carrying out plural conpting processing operations in
parallel and is responsive to a request for conputing processing fromthe
CPU 11 iprogrim dmd roecessanit datst frocesss rGD-op@M iy oilss CBtROM adriver
coordinate transformation, |light source calculations, matrix or vector
oper at i of@.on the geb immenery ri3 e on dfhe Gtﬁrﬁplm’mgorpr@%ﬁes%uwu%p%r #1 ons
by the GIE 17, the main CPU 11 defines a three- dinensional nodel as a
conbi nat tBA BAiHLRE Lihiis flpgdedse Seemetri ttrrairmfgaregngrmql;éﬁﬂ‘ﬁhg%sfor
fornmul ates a drawi ng command associated w th each y on for draw ng a

t hr ee- dlﬁﬁﬁgPB"ﬁé{’g BF‘EFBFél&ﬁdsH&E‘kéﬁ Foond@ede, MW ortRtSto

{S“ta:dtegﬁzla £7 hea, W gt C%L{ﬁg‘ibg%‘%?&%b%é?f%?%w%ﬁqrolwgagﬁngs SRke LVES Cgfer
1 1

o DVRESESELRE Picad il Mergyibhsl I PR TR0 TE1d L *6983°*991rﬂé 0 15

i's a devacseaners*zem w&a,él&o#nrbgiad&aysggq}gﬂsf&m A D At esR0Ls T01 S

GPU 15 construes the drawn fromt mal n

DVAC 13 gar¢9mmBad Pagket aggceasiﬁgr M5pb PRESEHEY PERERSSAEY @éomﬁwg
pi xel data in the frane fer as an 1mage nenory, from color data and
depth of tth@sformation, llght source calculations, matrix or vector
operations. Based on the resuits' of computing processing
operations by the GTE 17, the main CPU 11 defines a three-
dimensional model as a combination of basic unit figures, such
as triangles or quadrangles, formulates a drawing command
associated with each polygon for drawing a three-dimensional
picture and packetizes the drawing command in order to route the
resulting command packet to the GPU 15.
The main DMAC 13 is a device on the main bus 1 for
performing control such as DMA transfer on fhe devices on the
main bus 1. If the bus controller 16 is open, the main DMAC 13
also controls the devices on the sub-bus 2;
The CPU 15 is a device on the main bus 1 functioning as a
rendering processor. This GPU 15 construes the drawing command
sent from the main CPU 11 or main DMAC 13 as command packet and

performs rendering processing of writing pixel data in the frame

buffer 18 as an image memory, from color data and depth of the



9 pixels, taking into account ‘the colors and Z-val ues of all pi xel s

meki ng~up the pol ygon. The MDEC 14 is an |/ O connection device
operable in parallel wth the CPU and is a device on the main bus 1
functlonlng as a picture expansi on engi ne. The MDEC 14 decodes picture

data, conpressed and encoded by orthogogal transform such as discrete
cosine transform The sub-CPU 21 is a device on the sub-bus 2 operating in

accordangexelish tapingratdrdddtiniUuBheesBlyre2and Z-valldws DbaDVAGiZd1ks a
device on the sub-bus 2 for perform ng control such as DMAC transfer for
devi ces oakiihg spbibes pdlyBons sub-DVAC 23 can acquire bus rights only
when the.- bus controller 16 is cl osed. The SPU 25 is a device on the
sub-bus 2 fun@heoMPEQ 34 &8 aOUN® poocessdpn dTovicSRbRhle riaspareildelto a
sound comand sent as a comand packet fromthe sub-CPU 21 or sub- DVAC 23
as a comiahdtpackBY endr éadaodevieandnsbheceadat hupr bnfunetioning aendry
29 to output the read-out data. . The ATM 26 is a comruni cati on device
on the s@dcfyrey expansiqmeepginei-aryTheoMfC dé’@n decodess pligfaize data

i nput/output device on the suh-bus 2 and i s nade up of a pon-vqlatile

menory, COmPRegsed #ndsenoRIRst PV AfithosoRel £F?n§?8F§gesHﬁ¥}| g8 Q?‘screte
Ther i nput Rt e ARt SR, VRS PRRECHL. e 1 o e Db RS P8R as
a Contrmop%q'%tqggt‘Q% %.Lé%oq'%n%’e %Q'hngcmr%%ram on the sub-memory 22.

The sub-DMAC 23 is a device on.the sub-bus 2 for performing
control such as DMAC transfer for devices on the sub-bus 2. This
sub-DMAC 23 can acquire bus rights only when the bus controller
16 is closed.

The SPU 25 is a device on the sub-bus 2 functioning as a
sound processor. This SPU 25 is responsive to a sound command
sent as a command packet from the sub-CPU 21 or sub—-DMAC 23 as
a command packet to read out sound source data from the sound
memory 29 to 6utput the read-out data.

The ATM 26 is a communication device on the sub-bus 2.

The auxiliary storage device 27 is a data input/output
device on the sub-bus 2 and is made up of a non—volafile memory,
such as a flash memory. This auxiliary storage device 27
temporarily holdé on memory data such as game progress .or
scores.

The input device 28 1is an inputting devicé from other

equipments, such as a control pad on the sub-bus 2, man—machine



10 interface, such as a nDuSe; pi cture input or speech input. The
CD-ROMdriver 30 is a data input device on the sub-bus 2 and reproduces an
appl i cation program and necessary data from the CD- ROM That is, in
t he above-descri bed video gane machine, the geonetry processing system
executing geonetry processing, such aggpcoordinate transformation, clipping
or light source calculations, formulating a drawi ng command for defining a
three- ht@rsdonal sudkieds a6 BOIDE NapiOtupé DRSUE oI spéeghr £APLPOI ygons)
such as triangles or quadrangles for drawing a three-di nensional picture,
and sendi ng dTite tCle-ROMawi oy eqor@0anick as Statisatierbut tdeveiaeh orpdi ey wulasbus
command packet to the main bus 1, is made up of the main CPU 11 and the
GTE 17 oh amk merineduessl an apiilsicat itdre progrer s preovess g da/ts efmdmr
formul ati ng pi xel data of each polygon based on the drawi ng command from
t'he geonkhe \CRrRMssing systemfor witing in the frame buffer 18 by way
of rendering processing for drawing a figure in the frame buffer 18 is
constituted bjPeheifpy it the aborefdescmabed piiglen saBY AGcRideaithe
structure of the GPU 15, the GPU includes a packet engine 31 connected to
the mai nBSYRRETY AP SRt TO1ES Ty | 7P PO FIRPOTTXMBIIHE DI B&E $HER of
each poI%%on i% t@e Krane buffer 18 b% t he gne-processor 32 ggd éhe
drawi ng hgi F9°3% iU ccof HARR 05\5\_“?"?11 Pe dfawPld “Eommhd séft'" as® @ tSmand
packet f‘iﬁ%& 16U %Qmﬁlﬁﬁgngaan?%&évc%rm&a% T BePYRifgt @ LHFePACKeEL
engi ne 31, reading dut pixel ‘dafa o e

dimensional model as combination of basic unit figures (polygons)

such as triangles or quadrangles for drawihg a three—dimensiohal

picture, and sending out the drawing command associated with each

polygon as command packet to the main bus 1, is made up of the

main CPU 11 and the GTE 17 on the main bus 1. Also, the

rendering processing system for formulating pixel data of each

polygon based on the drawing command from the geometry processing

system for writing in the_frame buffer 18 by way of rendering

processing for drawing a figure in the frame buffer 18 is

constituted by the GPU 15.

Referring to Fig.2, showing a detailed structure of the GPU

15, the GPU includes a packet engine 31 connected to the main

bus 1 and performs rendering processing of writing pixel data of

each polygon in the frame buffer 18 by the pre-processor 32 and

the drawing engine 33 in accordance with the drawing command sent

as a command packet from the main CPU 11 or main DMAC over the

main bus 1 to the packet engine 31, reading out pixel data of the



picture drawn in the frame buffer 18 and furnishing the read-out pixel
data via CRT controller 34 as video signals to a television receiver or a

nofritor receiver, not shown. The packet engi ne 31 devel ops the _
corfmand packet sent from the main CPU 11 or nmin DMAC 13 over the main bus
1 on_a register, not shown. The 1pre- processor 32 generates pol ygon

data in accordance wth the drawi ng-command sent to the packet engine 31
as conmepik t s kigtawan d npéheof rampr bufér pt & -gardd cirarsi ingh i neg) dth e s qaal ~yagon
division as | ater expl ained, on the polygon data, while generating various
data suchizel anbe ydienCREooentnal ket ndbramivisieo fsdgnefe tespetel&elpiygons
required by the drawi ng engine 33, address information such as texture or
MP nap Teseiyer or aceRibOT | Reee kuer onnot yghows. pi xel interleaving.

The draw ng engi ne 33 includes N poI ygon e tg.llnes 33Al1, 33A2, ..., 33AN
connected to The PAKYr fginn 3b develoastdherpnmand pasketzspnt from

33BN, connected to e ol ygon engi 33A1, .
respecti v8fy ™ a&qlpé{] ; égn 0 g‘gﬁc léon%%%YA%hleo '{‘?'lbntg%tsur]e 8Rgites

33B1, 33@; & P §1 |er engi nes 33D1, 33D2, ..., 33DM
connect et %b ’f?\ié ?? TOBYe- switcher 33C, a second bus sw tcher 33E,

connect ed 1o B BrECkrafRUBE, o3 dbneiiits ponyeliiiah LGN o fRENE, 237

to the §exh Uik IR nEScommand skt b6 CRAVBALENUNE n¥d 31 NEs NoAiftheio®n
engi nes 33A1 33A2,

packet and performs pre—-set pre—processing, such as polygon
division as latér explained, on the polygon data, while
generating various data such as apex point coordinate information
for the respective polygons required by the drawing engine 33,
address information such as texture or MIP map texture, or
control information, such as pixel interleaving.
The drawing engine 33 includes N polygon engines 33Al1, 33A2,
.., 33AN, connected to the pre—processor 32, N texture engines
33B1, 33B2, ..., 33BN, connected to the polygon engines 33Al,
33A2, ..., 33AN, respectively, a first bus switcher 33C,
connected to the texture engines 33B1, 33B2, ..., 33BN, M pixel
engines 33D1, 33D2, ..;, 33DM, connected to the first bus
switcher 33C, a second bus switcher 33E, connected to the pixel
engines 33D1, 33D2, ..., 33DM, a texture cache 33F connected to
the second bus switcher 33E, and a CLUT cache 33G connected to
the texture cache 33F.

In the drawing engine 33, the N polygon engines 33Al1, 33AZ2,



12 . 33AN sequentially generate polygons in accordance with the draw ng
commefid on the basis of the polygon data pre-processed by the
pre-processor 32 for performng parallel shading processing fromone
pol ygon to anot her. The N texture engines 33B1, 33B2,..., 33BN
performtexture mapping or MP map prigcessing in parallel, based on the
texture data supplied fromthe texture cache 33F via col or |ookup table

(CLUT) cache3 886 soquéhei HD1y I985e 806156 Efedys t I Ot ySdinc €ngi tiestBSAL,
33A2, ..., 33AN The pre-processor 32 previously furnishes the

addr essdrarfiagnebmmands weh tdse tadiy o Hriid Babyedrexdate, phonpracéosede

pol ygons processed by the N texture engines 33Bl1, 33B2, 33BN, to the

t ext ur ebgachbe33pre-rBasedsor t 182 alfiore guerfewningif aralbnl tskadécessary

texture data is transferred fromthe texture area on the frane buffer 18.

To the orogFessdng 3zom cnegTrodisant $obenpsherred to during texture draw ng

is transferred fromthe CLUT area on the frame buffer 18. The

pol ygon dat aThgr Bcbexkure engiess u? 2BhappPRe, or - M P3BMipre pforBsEeRBUBG t he

N'texture engines 33B1, 33B2, ..., 33BN, are_ _transferred via first bus

swi t cheMaBBEIE OR Wi ke nBFReesssng ingeppellel, hapgf on the Thexfupe el

engi nes 3gD1 33P2, .. 5. 3g£MA erformyvarjou pi cture, processing

oper at i Sf&2 §BBBP% dZ?BﬁTf ?pfﬁf UEF g2 oRe %%Fiyéfi%%}ﬁﬁ g?%%%gsFﬁB}ein

parall eI(CLf(ﬁ‘r) ggggﬁgt '3%,M Bll'lx%lhe d{i‘é fygons generated by the polygon
engines 33Al1, 33A2, ..., 33AN.

The pre-processor 32 previously furnishes the address
information, such as texture or MIP map texture, bonded to the
polygons processed by the N texture engines 33Bl1, 33B2, ...,
33BN, té the texture cache 33F. Based on the above address
information, the necessary texture data is transferred from the
texture area on the frame buffer 18. To the CLUT cache 33G, CLUT
data to be referred to during texture drawing is transfepred
from the CLUT area on the frame buffer 18._

The polygon ddta, processed with texture mapping or MIP map
processing by the N texture engines 33B1, 33B2, ..., 33BN, are
transferred via first bus switcher 33C to M pixel engines 33D1,
33D2, ..., 33DM.

The M pixel engines 33D1, 33D2, ..., 33DM perform various
picture processing'operations, such as Z~-buffer processing or

anti-aliasing processing, in parallel, for generating M pixel

.data.



13 . The M pi xel data, generéi ed by the M pi xel engi nes 33D1, 33D2, ,
., .,33DM are witten in the frame buffer 18 via second bus sw tcher 33E

fheusecond bus switcher 33E is fed with the pixel interleaving control
information fromthe pre-processor 32. The second bus swi tcher 33E has a
function of ‘perform ng pixel interleawang processing of selecting L pixel

data fromthe M pixel data generated by the M pixel engines 33D1, 33D2,

., 33DM inThectr gdxed wlatn t hgemboakedohyr thei M arimeti engdimesw 88Phg M
pi xel data using the Mstorage |ocations conformng to the shape of the
pol ygon @3Bén on -t:h@ 3Mhre sy Wikt tien ain deeeshrame upnffer 18 vipesegeanting
engi ne 33 generates and wites all pixel data of each polygon in the frane
buf fer 18uShg¥dAcBATt RBEpol ygon data pre-processed by the pre-processor

32, f d | I ct defi th nbi, nat i f, I

o2, Lor, v gg.a B, LSST ned, ap, e BROLLRT LR, oLyt e PRLYSSIZPY
d . the f buf f 18 1 d d f I shed via CRTC, 34
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pixel data generated by the M pixel'gngines 33b1, 33D2, ..., 33DM
in' accordance with the above control information for writing M
pixel daﬁa using the M storage locations conforming to the shape
of the polygon drawn on the frame buffer 18 as accessing unit.

The drawing engine 33 generates and writes all pixel data
of each polygon in the frame buffer 18, based on the polygon data
pre—-processed by the pre-processor 32, for drawing a picture
defined as the combination of the polygons by the drawing command
‘on the frame buffer 18.. The pixel data of the picture drdwn on
the frame buffer 18 is read out and furnished via CRTC 34 as
video sighals to a television receiver or to a monitor receiver,
not shown.

Referring to Fig.3, an illustrative structure between the
main portion of a drawing engine 33 and a frame buffer 18 is
explained.

In Fig.3, a main portion 101 of the dfawing engine 33

corresponds to a structure upstream of the pixel engines 33D1,

33D2, ..., 33DM shown in Fig.2. Each of the pixel engines 33D1,



3302, ..., 33DMshown in Fig.2. Each of the pixel engines 33D1,

14 33D2, ..., 33DMincludes a first-in first-out (FIFO nenory 102, an
operating device 103, a cache nenory 104 and a cache controller
106 shown in Fig.3. The main portion 101 of the draw ng engi ne outputs

pi xel data to be drawn and sends the pilXdel data to the FIFO nenory 102 for
transient storage therein. This FIFO nenory 102 can pre-read the nenory
cont ent s33R2 | ater, 33DOY dinedudamdahfisrptein eiatt'rsig-mté) BQd mpmate 2 he
controller 106. In the FIFO menory 102 are witten data or commands
confi gurd®l LPeting ordeddmepl d08n Frg. @ache  ARITIOPRO4ensnds aarrache
operation code, X, Y and Z denote_coordinate values, R, G and B and a
denot e cePBFTRLIeBs 198 -'W%ho%%s Fiewdi-t e Thabmeimy aRfrtrl% BBéré’tfl orP®ode

denot os GFEriE Sieins of %"Eﬁdphﬁef ga"n”ad@ 4 RiFEn g SaRf. Fe gﬁgll’b’i‘?dbtz)
d t he buf f t 3
denote. WiFe i1 s g a{'&%ﬂzﬁh” LR Ethf SHIEVE St%&%ﬁrﬁg L4, P ArfS

d
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1, two transverse pixels are drawn as two transverse p|x ei ng
a nmultipigeation factor of 2. The bits b5 and b4 are used for selecting
filtering or anti- aliasing. If the bits b5 and b4 are 00, 01, 10 or 11,
di rect In the FIFO memory 102 are written data or commands

configured as shown for example in Fig.4, in which OPR denotes
an operation code, X, Y and Z denote coordinate values, R, G and
B and o denote color values and W denotes a write enable flag.
The operation code QPR is made up of, for example, six bits boO
to b5, of which the bit b0 denotes whether or not a-blending is
made with 1 and 0, while the bit b2 denotes whether or not a Z-
buffer is used by 1 and 0. The bits b2 and b3 denote
multiplication factors 'in the 1longitudinal and transverse
directions, respectively,.with 0 and 1 denoting factors of 1 and
2, respectively. If b2 is 1, two longitudinal pixels are drawn
as two longitudinal pixels, with.Y being a multiplication factor
of 2. If D3 is 1, two transverse pixels are drawn as two
transverse pixels, with X being a multiplication factor of 2.
The bits b5 and b4 are used for selecting filtering or anti-
aliasing. If the bits b5 and b4 are 00, 01, 10 or 11, direct

drawing, anti-aliasing, filtering of type 1 and filtering of type



drawi ng, anti-aliasing, filtering of type 1 and filtering of type

2, are carried out, respectively. The operating device 103 of Fig.3
is conprised of a conparator or an effector, as |ater explained, and reads
out pixels fromthe FIFO nenory 102 to carry out operations or conparison
of the Z-value required of the pixels. Myreover, the operating device 103
performs witing, Z-buffer processing, blending, sem-transparent

processi Bg, adRt icagriigs ngt.vawelmstWeIIWeu ng and pi xel re-arraying
operations. The cache nenory 104 is provided for burst transfer with the
frame buffer I9% oPPeRetingxtdevhge el opifngFas. Bnekpermimger immtbr pf sach

as an ordi nary random access nenory ( I\Q An illustrative data
st ruct ur E°PREREOTa G %nﬁ?ﬁe%%'hov@rﬁ later gexplpanghi clpmhgreads ouy

area or a, ta ld c ri address page and a col unn address
col, DT Pd*§ 8at€r%q'egrﬁ% Sﬁ% Wegepg (bzaitgascarrfpf&?cafltng’%f&mnﬁ)r%ot
the t Li i t d t

Count - varaiedaiSonats ¥ou. Qaée “?ealﬁa‘&re RaET FafePbapfar MOBCPECBaUEDSI ent
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lines. Genemaling, Jmﬁéétp?;g ce@8dy, gge ggéufg‘lfadsd{ > §8ki8lsthe
tag area denote the row address and t e Co ress or 3
address @fiitbeihgaakd bpidel relQpray8sRgeebbY¥8tYons. The cache memory 104
is provided for burst transfer with the frame buffer 105 of the
next stage employiﬁg an inexpensive memory, such as an ordinary
‘random access memory (DRAM).
An illustrative data structure in the cache memory is shown
in Fig.5, in which Tag is a tag area or a tag field comprised of
a page address page and a column address col, DT is a data area,
S and V are flag areas indicating whether or not the tag and data
are valid and RC is a request count area indicating a count value
of the data access request. The frame buffer 105 is eguivalent
to the frame buffer 18 of Figs.l and 2. This one row is termed
one line with the cache memory 104 usually having a nwﬁory
capacity of two or more lines. Generally, the page address page
and the column address col df the fag area denote the row address
and the column address or upper order address of the frame buffer
105, respectively.
The cache controller 106 is control means for controlling

the cache memory 104. The cache controller 108 issues



The cache controller 106 is control neans for controlling the cache nmenory
104._ The cache control ler 106 issues

16 1instructions to previously check the contents of the FIFO menory 102
to conprehend the required data area. If there is a sufficient vacant
area in the cache nmenory 104, the cachg&é controller issues instructions to
re-arrange the sequence in which the data area appears and to collectively
access timstgaes iopsgdoi prevéosahe ¢herke the feomte@3 s ofc i hes FIDRAVmemoTiye
cache controller 106 also issues instructions to transfer data

col | ect iz y tor onpmpReherde tdint renndéredosdatat keerr-ame Juf teere105s s@ t hat
t he word boundary or the page boundar ¥1 of the DRAM is not traversed and so
that t heSHiffen§ vasedtof 2geReddt nghgndcathe RNIANTT) néofti’ma B | I‘”a't?é’e

short. The o e{fltlon of the catﬂ_ controller 106 will he | ai ned
subsequé?ﬂr}’ilp er 1§puRS HA d\Fet%%BsCrFBed'eplaé'F&n@egeﬁé‘? aF HBEHE& t he
d i ff the d th
Z-but f ot bR, e PRAGSS TG et ISRl e chee Eaheenae
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speed is determined by the frane buf
105 so that the word boundary or the page boundary of the DRAM
is not traversed and so that the number of times of accessing and
the accessing time will be short. The .operation of the cache
controller 106 will be explained subsequently.

Wiﬁh the above-—-described picture generating dewvice, the
drawing efficiency by the drawing engine can be improved; while
the Z-buffering, anti—aliasing, various filtering operations, o—
blending, semi-transparent processing or pixel re—arraying
processing can be carried out efficiently.

Before proceeding to more specified illustration of the
above embodiment, the pertinent technique and a reference example
of writing pixel data in the frame buffer by the drawing engiﬁe
is explained.

When the drawing engine has direct access to the frame
buffer, the draﬁing speed 1is determined by the frame buffer
accessing speed, thus requiring an expensive high-speed large-

capacity memory. If an inexpensive usual DRAM is used as a frame



accessi ng speed, thus requiring an expensive high-speed |arge- capacity
menmory.~ I'f an inexpensive usual DRAMis used as a frame _
17 buffer, the drawing rate is retarded, as expl ai ned previously. I t
is assuned that a buffer nmenory capable of high-speed burst transfer is
provi.ded between the draw ng engine andithe frame buffer. For exanple, it
I s assuned that a buffer nmenory 107 having a capacity corresponding to one
row of taifffleane the feFfawilp, rdt@t is sroterfeds, adf ekpabnedndrérvavusgydat a
strings L1, L2, L3 and L4 are sequentially drawn by the drawing engine. In
this case, tHle diswsgumdedathbti agdbuffer dnemuryt heapaiale ngf datigh-speiedgs
L2, L4 are drawn in the areas 105a, 105b of the franme buffer 105, .
respectiainst transBefoie phevddavi bhgtaegnndhe idrmawinge emainegaddt 4he
string L1 in the buffer nenory 107, data of the area 105a of the frane
buf fer 10T amecbuéfgr.tfer examplaiedt iist 6sshreduthet sehwiiern omemary HE st
transfer. Wien next the drawing data_string L2 is drawn the contents of
the buf f &@Yiidordy CEPACGHY \FIT1eFPIRA NG <80 9RANEPE Of nthet feemreRufdsT and
data of t area, 105b of the frane byffer 105 is read (|l oaded) into_the

py 5 n@% g G
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strings L2, L4 are drawn in the areas 105a, 105b of the frame
‘buffer 105, respectively.

Before the drawing engine writes the drawing data string L1

in the buffer memory 107, data of the area 105a of the frame
buffer 105 are read, that is loaded, into the buffer memory 107
by burst transfer. When next the drawing data string L2 is drawn,
the contents of the buffer memory 107 are written by burst
transfer into the area 105a and data of the area 105b of the
frame buffer 105 is read (loaded) into the buffer memory 107. The
drawing data string L2 is then written in the buffer memory 107.
When next the drawing data string L3 is drawn, the contents of
the buffer memory 107 are written into_the area 105b of the frame
buffer 105 and subsequently the contents of the area 105a are
read by burst transfer into the frame buffer 107 for writing the
drdwing data string L3 at a position next following the drawing

data string Ll1. When next the drawing data string L4 is drawn,

the drawing data strings L1, L3 in the frame buffer 107 are



drawi ng data string L3 at a position next followng the drawing data
string L1. Wen next the drawing data string L4 is drawn, the draw ng data
strings L1, L3 in the frane buffer 107 are _

18 witten in the area 105a of the frame buffer 105. The contents of the
area -105b are then witten in the franeiBuffer 107 and the draw ng data
string L4 is witten at a position next followng the drawing data string
L2. wrihtter dnrjbeurczeenplopi og tthe Hufaimer nefifery 10057, THacorntents
accessing by the frame buffer occurs frequently, the effect of high speed
accessi nPhyturahies L9R%f areotleriwnil ten canrtdte eamei bpfigedlUf 4nditm | v.

It is now, roPose to groyi de_the cache nenory 108 configured as shown in
Fig. 7 bet¥e 2% cdab? nShbtREohdof st HE1tgranRtg 2eRPisid ipm next tfrl ¥oveins
buffer 10 ;. _the cache nenory 108 has its data

h in Fig. 8
read-writ %g‘i'f%éﬁ,\ga‘i%ﬂlt%e”%% control ler 109. Although the menory
Cval'id) f1ag o e SEEHrRC RRheY e Foe b deer Siesont 1477 inds e o
Sequenti o STar L 100" tha5FaRY BLrRRE" ootk Y ebient Ty e Lt SHRSE R ¢ ne
f buf 1 . t . t T (.0 f
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data DT( QispiHped daipr éiddery@r ea 105b of the frane buffer 105 are read
as the contents of the data DT (1), and subsequently the

It is now proposed to provide the cache memory 108

configured as shown in Fig.7 between the main portion of the

- drawing engine 101 and the frame buffer 105, as shown in Fig.8.
the cache memory 108 has its data read-write controlled by the
cache controller 109. Although the memory structure of Fig.7 is
substantially similar to Fig.5, it uses only a V (valid) flag as
a usual cache memory structure.

If, with the use of such cache memory 108, the drawing data
strings L1, L2, L3 and L4 are sequentially drawn by the drawing
engine 101, data 6f the area 105a of the frame buffér 105 are
read (loaded) as fhe contents of the data DT (0) of the cache
memory 108, the drawing data strings L1, L3 are written for the
data DT(0). Also, data of the area 105b of the frame buffer 105
are read as the contents of the data DT (1), and subsequentiy.the'
drawing data strings L2, L4 are written. This enables collecti&e
reading/writing of the drawing data strings L2, L4 as data DT (0)

in the area 105a of the frame buffer 105, while enabling



drawi ng data strings L2, L4 are witten. This enables collective

readi ng/witing of the drawing data strings L2, L4 as data DT (0) in the
area 105a of the frame buffer 105, while enabling

19 “collective reading/witing of the drawing data strings L2, L4 as the
data DT (1) in the area 105b of the fragg buffer 105, thus decreasing the
nunber of tines of accessing to the frane buffer 105 to assure hi gh-speed
drawi ng. collectAvd Inesastingl/wre tengnpretné dfwvialgdtdmfidde INtiolas
operation by the cache controller 109 of Fig.8 is explained with reference
to Fig.9.the datanDFi ¢19, inhéh¥ faregs 105aldf Itike S raime My fofahel 0norHusl08
are set to 0 at the first step S201. Processing then transfers to step
'S202 to s@ecrgasing diite mumben eofutines ef drcne swimdine hea etpast wf femor y
accessing. If nenory accessing is requested, processing transfers to step
S203 to sk chofafsdne bishrspeededrawinghe cache nenmory 108 in which the
V-flag is 1 and the upper order bits of the request address coincide with
the tag Tag. AMn dhdugsrptdvey examplq (of s thge AP RiHdier f ot hgotcanictrd i ne
has been foqu. | f t resu%t of cheﬁk is, NO processing transfers to
step S205PRFRATIFT &P &achs, geBtEphler r Ll & % &tigh explpinedywidihyp
S205, a |} ] the V:flag of 0 is searched. If the result of check is
NO, proceégf%%é ?%ns egég g'step S207 and, if otherw se, processing

tr anSf ers to s ngfél%(@ flﬂe t‘}]—% féfg) 01825.017’ ltihneesl que 1'lhse Sceal.c%cet engen];orroym f&?

cache nenory 1 t’he
are set to 0 at the first step S201. Processing then transfers

to step S202 to set up a stand-by statée until the drawing engine
requests a memory accessing. If memory accessing is requested,
processing transfers to step S203 to search for one of all lines
of the cache memory 108 in which the V-flag is 1 and the upper
order bits of the request address coincide with the tag Tag. At
the next step S204, it is checked whether or not such line has
been found. If the result of check is NO, processing transfers
to step S205 and, if otherwise, processing transfers to step
S209. At step S205, a line with the V-flag of 0 is searched.llf
the result of check is NO, p;ocessing transfers to step S207 and,
if otherwise, processing transfers to step S208. At the step
5207, the line is selected from the cache memory 108 and the
contents DT of the data area are written in the address position
of the frame buffer indicated by the tag Tag. After setting the
V-flag for the line, processing tfansfers to'step S5208. At step

5208, for the line with the zero V-flag as found at step S206 or



contents DT of the data area are witten in the address position of the
frame‘buffer indicated by the tag Tag. After setting the V-flag for the

| ine, processing transfers to step S208. At step S208, for the line with
the zero V-flag as found at step S206 or

20 the line whose V-flag has been set2po 0 at step S207, data o

. corresponding to the address of the nenory access request from the draw ng
engi ne Mk i $inepiwdh fa oVir-f heg f hase Hrdd esefl050 Theat Vsftlegg $2071 hdaltiene i s
set to 1 and the upper order bits of the address are copied in the tag
area forcartredponsling ter We chddpesgesti blyet pemerersceesst 89a8269. fAom hi s
step S209, the drawing engine 101 accesses the |line of the cache nenory
108, af tide Wi nepesgdasi adlr é#ePP@lled drep theoframe bufferhd Onhddienent
explained with reference to Fig to accessing fromthe draw engi ne
101 to tWd Ysiggdogpdds é&é‘ﬁelsnﬁﬁﬁr?%éBaF‘g SEPf YPREA BFFEt PiéiSy OF \M%lhiee t he
nunber imes of accessin rations to the frame, buffer 05
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witing g Itg}.eegia‘g nrge‘;prt@s sgglg%rlsiéz@gld L4 next to the draw ng data

strings L2 and L respectively. 'Thus a sumtotal of four page accessing

operations, i1ifldHl Reblo8 MRALE eXP1GRicRI wiidh WelfleirdGice to Figs.7 to 9,
accessing from the drawing engine 101 to the high—speed cache
memory 108 is perfdrmed effectively, while the nuhber of times
of accessing operations to the frame buffer 105 is decreased thus
enabling high-speed drawing.

If, in the above arrangement, the drawing data strings L1
to L4 corresponding to one line of the cache memory are drawn
sequentially, page switching is required when writing the drawing
data string L2 next to the drawing data string L1 for the frame
buffer 105. Similarly, page switching is required when writing
the drﬁwing data strings L3 and L4 next to the drawing data
strings L2 and L3, respectively. Thus a sum total of four page
accessing operations, including the page switching for writing
the first drawing data string L1, are required. In the frame
buffer 105 employing the usual DRAM, it is known that, while

high-speed data transfer can be achieved in the so-called high-

speed page mode of continuous data reading/writing in the same



the first drawing data string L1, are required. In the frame buffer 105
enpl oyi hg the usual DRAM it is known that, while high-speed data transfer
can be achieved in the so-called high- speed page node of continuous data
readlng/mmltlng in the sane 21 page,
accessing wth page designation becormes 2ti ne- consum ng. Thus, for
sequentially drawi ng the drawing data strings L1 to L4 shown in Fig. 10,
four accemageg aperasivgs wiitthh pegye designation bacemesqu imescdririmming.

| owering the drawi ng speed. In the enbodi ment shown in Fig.3, the

FI FO menofBus,0 X ars seguenitded 1y ndoading obhe olndws naclet arertoringls04,1 Tive L4
contents of the FIFO nenory 102 are pre-read by the cache controller 106
and the Showm plé{g@%gn 10he fPPané%aﬁ%mg 19BE Tat ipnse fidd g ddsignat fan
further rovin dramnn S ' An illustrative exanple of the
algorlthﬁgg%rr?ﬁ 1?% di gﬁY? }n%yt?%edE%%h%gc%ﬂ??%IIer 106 is shown in

Fig.11, while an xa e of the read-writ tro the cache nenory
104 is shown]}a ﬁ rTgl‘md““‘*’“tAtsht°|’1’é‘ 4% 1%t D ilgiFoFfﬂﬁmﬂy 19 id
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the |ines of e menory are se ents of

the S-fl agise agsmé hﬁaé’ef kagehef f&‘gﬁnel e fler qu% 5@ dkedddd a&pll\gégrvely
respectively. At step S211, S(i)

for further improving the draW1ng speed.

Ap illustrative example of'the algorithm for pre—reading
control by the cache controller 106 is shown in Fig.ll, while an
example of the read-write control for the cache memory 104 is
shown in Fig.12.

At the first step 8211 of Fig.11, the S—flags and the V-
flags of all lines of the cache memory 104 are set to O, while
the pointer P.indicating the command in the FIFO memory 102 is
set to the leading position. In Figs.1l1l and 12, index variables
specifying the lines of the cache memory 104 are set to i or j,
while the contents of the S—flags and the V-flags of the line i
are set to S(i) and V(i), respectively. At step S211, S(i) and .
V(i) are set to 0 for all values of i.

At the next step S212, it is checked whether or not a
command has been written at a position of the pointer P of the
FIFO memory 102. If the result of check is NO, processing reverts

to step 8S212. If otherwise, processing transfers to step



V(i) are set to O for all values of i. At the next step S212, it is "
checﬁgd'mhether or not a command has been witten at a position of the .
pointer P of the FIFO nenory 102. If the result of check is NO processing
reverts to step S212. If otherwi se, processing transfers to. step
22 S213. At the step S213, an addfess corresponding to the tag, for
exanpl e, a page address and a colum address, is generated and witten,
for a tag2udriable tagin, fromthe address generated by the operation code
OPR of the position command of the pointer P and the coordinates X and Y.
At the next stsptB2ldteptS2t3chankeddtessatbrvabpesdongi tonthehbdagaclier
menory 104 whether the tag tag(i) is the contents of the tag variable tag
in and whaam@deoran@@&@h@ﬂ&ﬂ&ﬁ&nﬁnﬂiaf@nlumwﬂaﬂﬂt¢ﬁ§£}i$age6ﬁr§t¢§ @ndThi s
is tantamount to judgi ng whether the data of the associated address is in
t he cach¥ridiemny dor méi%rvaeﬁlmetm_ems ﬁmfma&b@s@dﬂéqaesseneg%?ér ed

line for the sane |f the result of check at step S214 s
processi Ry FF’SnQP%?%t%‘E)n s‘i%"pﬁ PR ofndhej PogihdPR gémmfﬁ‘écegsf'ﬁ@ PPF§ﬁ§Fer s
to step $220. 5, it_js checked whether or not there is
such i FoPghitds Fﬁ@rglf‘lazﬁ %’1)&”1‘53 Yp. If the result of check is NO

Po step 516, Ahntbe; BofintERB IR 1o U raorhar the Sak 251088.paToae™

al r eady Q%@Mléﬁﬁkvﬁﬁﬁ$§§ f54rW“e{ﬁ§fetﬁ§ @Q¥ tag(i) is the contents of
the tag varieble tag_in and whether or not there is such i for
which the S—flag S(i) is 1. This is tantamount to judging whether
tﬁe data of the associated address is in the cache memory or
whether or not there is any access-request-registered line for
.the same tag. If the result of check at step 8214 is NO,
processing transfers to step 8215 and, if otherwise, processing
transfers té step SZZO.

At step 8215, it is checked whether or not there is such i
for which the S—flﬁg S(i) is 0. If the result of check is NO,
processing transfers to step 8216 and, if otherwise, processing
transfers to step S218. This is tantamount to’judging that the
data is valid but already drawn and whether or not there is any
line for which there is no request, that is whether or not there
is any cache entry..If the result of check at step S216 is YES,
processing transfers to step 8217 and, if otherwise, processing

transfers to step S8221.

At step 8217, the data DT(i) for the line of the above value



line for which there is no request, that is whether or not there :.is any
cache,entry. If the result of check at step S216 is YES, processing
transfers to step S217 and, if otherw se, processing transfers to step
S221. At step S217, the data DT(i) for the line of the above val ue
23 of i is transferred to and witten g8 nenory contents MEMtag(i)) for
the address position specified by the tag tag(i) in the frane buffer 105.
At the neod istigp tsansferhnedt by armt ivabittdragn memsryr cohtent s rMENEL 420N )
for the above line i in the cache nmenory 104. The S-flag S(i) and the
V-flag V{#or d#he sddregsiranift bon repguictiegeby, thehtke tag(i polresthe dirdme
RC(i) is set . to 1. _This is tantanount to new registration of the access
request . Puffer 403 4o next step S219, the pointer P of the FIFO nenmory 102

is incremented to the next command position. Processing then reverts to
the above steg‘isoie next siep HelBeshhe spesvegisble tsevis ishamitden of

o1 ner onht P8Ead Bpe1 fReSEEETE L G0 1n Hien coopen memeiniy 1 0h-andier s

(0 51eP Bftas s bl PRl #obAde YO SBSTME 1B YR B, e o Y

CLERS PR AL ooyl L ERYTAETEF 08 BUE TR R TOVESUABBN
to new registration of the access request.

At the next step S219, the pointer P of the FIFO memory 102
is incremented to the next command position. Processing then
reverts to the above step S212.

If the result of step S214 is YES, the line i of the cache
memory 104 or the access request count RC(i) of the cache entry
is incremented to (RC(i)+1) at step S220. Then, prqcessing
transfers to step S219.

If the result of step S214 is NO, theré is no vacancy on the
cache memory 104, so that processing is in stand-by (waiting)
state at step S221 to await occurrence of the vacancy by
processing by cache read-write control as later explained before
reverting to step S213.

Then, in the read/write control of the cache memory 104 of
Fig.12, a command is fetched at the first step S231 from tﬁe FIFO
mémory 102. At the next step S232, it is checked whether §r not

" the command has already been pre-read-processed in the cache

controller 106 as explained with reference to Fig.11. If the



reverting to step S213. Then, in the read/wite control of the cache
menory 104 of Fig.12, a conmand is fetched at the first step S231 fromthe
FIFO nenory 102. At the next step S232, it is checked whether or not the
coimand has al ready been pre-read-processed in the cache controller 106 as
explained with reference to Fig.11. I2# the '

24 result of step S232 is NO processing transfers to step S233 to wait
for pre-resdlpratestimd@®232 Hg N, trrocassing coangfegagto sfen R23dsdt of
step S232 is YES, processing transfers to step S234. At step S234,
an addr e¥8ithfen pseokesdarragessiog &f &Figadd t@deyertardy =tew 2.
address, _ is generated fromthe address generated by the coordinates X, Y
and the ShetbeithstbueroriteR 533k tonEhd PRRRETIANS (TFARTESTH e nitheR y
102, and 'g witten in a tag variable tag A At the next step S235,
such valﬁé & i in the cache menory 104 which gives tag(i) = tagA and S(i)

=11 hed. Th | he. f h I d
2SR 008 A, L RS SSRTUR R e e, e84 e
1 h h - I V(] q |l ' ES,
! oS RSEAEISRE" ool Mdkend 205 Uohdihg | Fobhe g ildat e

transfer eﬁQrﬁ%&P byltie ddot&idEls LR @Cﬁé%ﬁé%i?é%ai?or?%d@lépﬂﬁ?fdata
is invalild that V(1) becones equal to O. At ‘'step S237, such a line
from al | théNeSmhdnd N LR TR ¥Xhe FIFO memory 102, and is written in
a tag variable tag_A.
At the next step 8235, such value of. i in the cache memory
- 104 which gives tag(i)'= tag_ A and S(i) =1 is searchedf The line
or the cache entry for such i is already pre-read and hence can
be necessarily found.

At the next step 8236, it is checked whether or not the V-
flag V(i) is 0. If the result is YES, processing transfers to
step S237, whereas, if otherwise, processing transfers to step
5238. It is when the access request is made but the data is
invalid that V(i) becomes equal to O.

At step S237, sucﬁ a line from all lines in the cache memory
104 for which, if an index vqriable is j, the page address (j)
of the tag tag(j) is equal to the page address portion tag_A.page
of the tag variable tag_ A, the S—flag S(j) is 1 and the V flag
V(j) is 0 is searched and_the memory contents MEM(tég(j)) of the
address position specified by the tag tag(i) in the frame buffer

105 for a data area of the lines of all values of j satisfying



104 for which, if an index variable is j, the page address (j) of the tag
tag(j) s equal to the page address portion tagA page of the tag variable
tag-A, the S-flag S(j) is 1 and the Vflag V(j) is O is searched and the
menory contents MEMtag(j)) of the address position specified by the tag
tag(i) in the frane buffer 105 for a dasa area of the lines of all values
of j satisfying 25 this condition
are wittensicqutid ion jare Prittes sandato@E(i)o  rRisici nigs (4aosidinngyntalto
requested data in the same page in the frame buffer 105 at a hi gh speed.
At the nes@ading $3298dinge @ddr meaupskead cdatas ineddw wanespagdat ArD(he of
the line | of the cache nenpory 104. At the next step S239, the access
request c%ﬁﬁﬁeFRXffeTsloﬁe%?eﬁeﬁ¥%@ $Pe¥d)-1) to revert to step S231.

As descri bed gggv t he cache cgntroller 106 pre-reads the command in the
FI FO memory 10% t9'Y M58 £658t RéPS aathe Aretat ngdevigge 1PR raedsfwpites

buf f 10 d, d | h h 04 at hi d wi t hout

swi toni gt B P ERENDTE o it BrE TRR FHeES LneRenYi FO%he same page in
Fig. 10 ' d ' dat tri L2, 14 rouped
PG 10 2 e S Obpetnb ORBYCrepth Ir Ml g dog RLLLRRE Lyt RS 0P
page desag@@émg@t@&c§§i$gﬁé?pegé 1 & Ftp€6f$%98d Qgiy tw ce thus

real i zi ng accessing a speed than I'n e structure enploying only

the cache mengy &duwwivdd Rdvd | tHEh e (QUHE r PGS G8F YKL AL ACCESS NY
for raising the drawi ng speed.
command in the FIFO memory 102 to group together data of the same
page in the frame buffer'105 to load data in the cache memory 104
at high'speed without page switching. For example, drawing data
strings L1, L3 in the same page in Fig.10 are grouped together,
while drawing data strings L2, L4 are grouped together to carry
out data transfer witﬁ the cache memory 104, so that page
 designation accessing needs to be performed only twice thus
realizing accessing at higher speed than in the structure
employing only the cache memory shown in Fig.8 in need of four
page designation accessing for raising the drawing speed.
Meanwhile, in the operating device 103 of Fig.3, so-called
buffer processing, anti-aliasing, various filter processing, a-
blending, semi-transparent processing and pixél re—arraying
processing are carried out responsive £o a command received from
the drawing engine. An illustrative example of the operating

device 103 is explained with reference to Fig.13.

In this figure, a command fetched from the main portion 101



Meanwhile, in the operating device 103 of Fig.3, so-called buffer
processing, anti-aliasing, various filter processing, a- blending,

sem -transparent processing and pixel re-arraying processing are carried
out responsive to a command received from the drawi ng engine. An

Il lustrative exanple of the operating gevice 103 is explained with
reference to Fig.13. In this figure, a command fetched fromthe main
portion ¥l the drawing engine via FIFO memory 1026 haxf 4 hetduatiuumg ersgi ne
via FIFO nenory 102 has a structure as shown with reference to Fig.4.

The coor dihpntre Wath Xréeferemcectoy Figl. 40 a f Thed cormrdinate ofdadach&ingsover
swtch 122 and_ to a fixed contact b thereof via a multiplier 123 with a
nul tipl i CHmestlyadedr tofan, figed cant@ctodr @ifnat ehangaover sswigighechdd) gnsd t o
a fixed contact_a of a changeover switch 124 and to a fixed contact b
thereof Vi% & nfi¥$QI icon wPt hCReTeRf t V3R cat i YLRYIGT of28. Whkkea
changeover sw tches 122, 12 are_swi tchi ng-controlled. b its b3, b2 of an
operatioﬂ“ﬁgﬁﬁpﬁiﬁ?t%ﬁntlﬂgc Sfme?tl. 2eut {g%igﬁﬁlsc%ﬁrq AtRafGdbvet 1S

nd v cdarsetabedel B8 ikinda ontd & B & S rARgREURE PR Urds | o and
coor di natyq, dat ag £, 0 tc*?a%tgﬂi’@mﬂd {ﬁ{i@é@”tﬁé hg ‘Mﬂta%cﬁeiﬂ 0?93 thepeRt h
formthe view ng point and I's sen 0 ah input termn of "a conpar at or

125. The nﬁIlh?f%i ot 1§87 P ORS¢ Boﬁf at gﬁhesgﬁeﬁaag%vw skitkad sk a3

Z-val ue fromthe cache nenory 104. ese two I nput values are conpared to
each ot heird gwiechahg-dontboiied bPrEcEsYNIbv2as s RinddprraibaC@ode OPR

processing. That 1is, a
of the command. Output signals of the changeover switches 122,
124 are sent to the tag area of the cache memory 104 as X and Y
coordinates as X- and Y-addresses on the frame buffer 105. The
coordinate data Z of the command represents the distance along
fhe depth form the viewing point and is sent to an input terminal
A of a comparator 125. The other input terminal B of the
comparator 125 is fed with a Z-value from the cache.memory 104.
These two input values are compared to each other to perform Z-
buffer processing as hidden—surfaée processing. That is, a
comparison result output of the comparator 125 is fed vié a latch
126, an AND gate 127 and a fixed terminal a of a changeover
switch 128as a write control signal Write to the cache memory
104. This achieved control of writing a pixel having a Z-value
corresponding to the proximal side in the cache memory 104. The

control as to whether or not buffer processing should be made is

carried out by changing over the changeover switch 129 by a bit



conparison result output of the conparator 125 is fed via a latch 126, an
AND gate 127 and a fixed term nal a of a changeover switch 129as a wite
control signal Wite to the cache nenory 104. This achi eved control of
witing a pixel having a Z-value corresponding to the proxinmal side in the
cache nenory 104. The <control as to w2ather or not buffer processing
should be nmade is carried out by changi ng over the changeover switch 129
by a bitbl of the operation code OPR of the c@mmahd,oWwhiile dger awibbecode
OPR of the command, while the wite timng is synchronized by taking out

t he conttwlssmlsmcmognzsd by hakigrg gene Ul cantrodn@iiggadhefcBags b8
signal thus taken out to the AND gate 127 and to the fjixed contact b of
the chanBBo%elOT BRteniadand sendifg phhe deRnt TRl o5 bER2} it k2karneut

104 tt ting d 130 which is fed with col
Val ek RESCERR QAN atq AT GRdnAa MR SLEBRIFORIERE B 5 tES LTRABEREYER.

which is g F Eéed by the operation code OPR of the command. An out put
of the oﬁgF £ 8 évice 130 is sent via a latch 131 as Data-in to the

cache menory p0¢oiagh#heBatLoulne ol YnclAA AL ddlfr f AP [PTRLY: 104 TS

witten in the I've “structure O

Operat'n@hgegbgfééfﬁ%'&%vfﬁgﬂfyon%ﬂlwhtQSr?%g ﬁ?? gg%red%f%egdﬁhoéggn&he

internal structure of a B-operating part ata processing
i's showngi grt bhe ddmhria éﬂ&aaGb%@??@Eh@Htp@rfo§3@£%iéﬁdf%é9£ﬁ§nWhlch is

"processing or the B-operating part 132B for B (blue) processing
controlled by the operation code OPR of the command. An output
of the operating device 130 is sent via a latch 131 as Data-in
to the cache memory 104 via latch 131. The input data to the
cache memory 104 is written in the frame buffer 105.

An illustrative structure of the operating dévice 130 is
explained with reference to Fig.l4. Although the internal
structure of a B-operating part 132B fof R (red) data processing'
is shown in this figure, the G-operating part 132G for G (green)
processing or the B-operating part 132B for B (blue) proces;ing
are similar in the internal structure and hence are not shown for
simplicity. .

The R-operating part 132R of Fig.14 is fed with R-data of
the command taken out from the FIFO memory 102 of Fig.1l3,
coefficient a and data component (r) of data outpuﬁ Data—out from
the cache memory 104 and its neighborhood data, as data, while

being fed with bit b0 and bits b2 to b5 of the operation code OPR

of the command. The R—data of the command is fed to a multiplier



are simlar in the internal structure and hence are not shown for
sinpliCTty. The R-operating part 132R of Fig.14 is fed wwth R-data of
t he.command taken out fromthe FIFO nenory 102 of Fig.13, coefficient a
and data conponent (r) of data output Data-out from the cache nmenory 104
and its nei ghborhood data, as data, whiB8 being fed with bit bO and bits
b2 to b5 of the operation code OPR of the command. The R-data of the
command i 833 e tag &onblet mplltéplied by the coefficient a, while the R d&d
133 so as to be nmultiplied by the coefficient a, while the R data
conponentCpPanantq fifa thet pataputpwhiDa tawarkt iso sgnfutei pl meltisliennkd4 it
is multiplied wth (1-[err]) supplied froma subtractor 135. Qutputs of
the nul t i'Pre%H St1ds mpdrigldedenith ol pRadmplisd $50mag subbragtemelts.
together. The resylting sum,js sent to a fixed contact b of a changeover
switch 1FMERYEE Rigdhe eﬁﬁﬁoﬁ%ﬁer(sR)lwof 13 adsmisit it apRddRF (1P % §9 xed

tact f.the ch i tch, 137. The.ch i tch 137 |
onoff cOMtr B I B8 BYAABHe ChEE TR Tor ThRe "SRLLL e SHhIG SR Yorb it offxed

trolli - di ' t t h i £ ch
137 15 somiqS B 0% RLRRaREBRERTEREeh" 1Y Diel ek b iR Uk 0o
of the opgf AHORouAAIRE s?d%i)gié & 4%:&&%‘0&%‘5_:? g' B¢ tﬁéf&ﬂ%}.xfn%é@\gezare

sent to a fixed contact a o angeover sw tch 9, an anti-aliasing

circuit 14Piténty®e. 1 Thbthafkbevbl 31tcANdal0 i D 1 |ddit dINRY thyl42.
Qut puts of the anti-aliasing circuit 140 and the filter circuits 141, 142

are sent the fodedo toff FHAlcdbat oAb dt TPH R AN &fon t5W T Cihd She
'S a—blending processing. An output of the changeover switch 137
is sept to a pixel enlarging circuit 138 controlled by bits b3
and b2 of the operation code OPR. Outputs of thé pixel enlarging
circuit 138 are sent to a fixed contact a of a changeover switch
139, an anti-aliasing circuit 140, a type 1 filter circuit 141
and to a typ2 filter circuit 142; Outputs of the anti-aliasing
cifcuif'140“and the filter circuits 141, 142 are sent ti fixed
terminals b, ¢ and d of the changeover switch 139. | This
¢hangeover switch 139 is changeover—controlled by the bits b5,
b4 of the operation code OPR. An output of the changeover switch
139 is taken out as output of the R-operating part 132B and sent
to the latch 131 of the next stage, along with outputs of the G-
operating part 132G and the B-operating part 132B, as output of

the operating part 131 of Fig.13. |

A video game machine 201, according to the present

. invention, is configured as shown in a plan view of Fig.15, a



changeover switch 139-is changeover-controlled by the bits b5 b4 of the
operation code OPR An output of the changeover switch 139 is taken out as
output of the R-operating part 132B and sent- to the latch 131 of the next
stage, along with outputs of the G operating part 132G and the
B-operating part 132B, as output of thggoperating part 131 of Fig.13.

A video gane nmachine 201, according to the present invention, is
confi gur drcat shiewn afh Bigllfh andvimfa Bidd5yiew of Fig.17.

29 front view of Fig.1l6 and in a side view of Fig.17.

Speci fical |y, Snpcifiiged lyanthenehiee 2one imadhigiecH0ly rmddas igpldly mavs n
body menmber 202 and an operating device 217 connected to the nmain body
nmenber 20tP vPA a2 c&id ZE??Yasm%Whﬁm 202n end. B0 papezafpiingpoieybee o tthe
upper surface of the in body., nenmber 202 is npunted a disc | oading unit
203 wi t hiGPRRfiCEEd £° 8518818 BRIROMembeTs RMn Vils B Gabde @2Thhea &fhow de
of the disc ..l oading unit,203 are nounted a power squrce swtch 205

oper at ed *%¥ grlgt'gr’d)ni g@ 8nmb$ %‘?%”t% Qi’e\}ﬁ{?e “&’%&raspégéf’esﬂftw 2ol RA%H ed
for trangj ettin he .game;. On the . right sjdg.of the.disc. |loading
uni t 203%%‘%0%&2% %gdfngcl:ltnggfiugt idrfgscsvjcfa&”é%Gu%b{érg?gdWIFEr‘n Elrhcihnglsor
di snount i B%%Z ] t, t,g t LS adi i 03.

On the frl(%éégfggegf t eé}&r%a}l\%lﬁ o%sﬁfm e'rl%ZO %artggnga%?egiggc%ﬁn%%%id:,igsc

portions 123Ang?@ABt 293S RN molinfled 16 poldeS & ourc@NRESAkICEI 208 Wt taW A
207B are provided with a connection
for turning on or off the device and a reset switch 204 operated
for transiently resetting the game. On the right side of the disc
loading unit 203 is mounted a disc actuating switch 206 operated
for mounting or dismounting the CD—ROM 251 with respect to the
disc loading unit 203.

On the front side of the main body member 202 are mounted
connecting portions 207A, 207B, as shown in Fig.16. These
connecting portions 207A, 207B are provided with a connection
terminal 226 provided on the foremast part of the cable 227
derived from the operating dev ice 217 and a connection terminal
inserting portion 212 for connecting a recording device 228, such
as a memory card, and a recording/insefting portion 208. That is,
two each of the operating devices 217 and recording dévices 228
can be connected to the main body member 202.

The front view of Fig.16 shows the state in which the

connection terminal portion 226 and the recording device 228 are

loaded on the right side connecting portion 207B with none of the



term nal 226 provided on the foremast part of the cable 227 derived from
the operating dev ice 217 and a connection term nal I nserting portion 212
for. tonnecting a recording device 228, such . as a menory card, and a
recording/inserting portion 208. That is, two each of the operating
devices 217 and recordi ng devices 228 gpcan be connected to the mai n body
menber 202. The front view of Fig.16 shows the state in which the
connect i ednhet bingl tReminal Zifrtivh t Peer aeer diy fevoe@irnzs devdce | 228led
on the right side connecting portion 207B with none of the

30 conneeingglbadeidnadn pbhei defi26shde thaneetdngi ruprikeidmce2@28. beTng

| oaded on the left side connecting portion 207A. The recording inserting
portion Pegording datierd inige poetdodi B8 dEor ckoadEe tthe exrcixdindvdefeticai t h
.the shutter 209. Wien | oading the recording device 228 on the main body .
menber 2828 thrregntierprxpoided vzirrlustthe)yshmfet%r%%st Wen lgadims the

recordlng device 228 to effect |oadin The connecti ng. term nal
portion 2?%01*%’3“51 q&ﬁ}rqeeézér Pﬁthg m‘bh‘?tb%&ﬂ‘qwrar?toiz-’s[tpﬁ ghptter "Z09
Simlarly, % e Vi C 228 has k url ed %ﬁ?ppl arté%%iAifor
anti-ol i bse Rorrs FRreRest SpattypRwiDE Eego

term nal fg go éZg has a length L substantially equal to a |l ength of the
recordinﬁ gVF ce®8%%ue- The operating device 27 has supports 220, 221

et 55, PhCEBaLt Ind e fIVNT LA ey TR 01 0B EnBlnd™
part 231A for anti-slip effect. Similarly, the recording device
228 has'a;'knuried gripping part 242A for anti-slip effect.
Referring to a side view of Fig.17, the connecting terminal
portion 226 has a length L substantially equal to a length of the
recording deviceIZZS.

The operating device 27 has supports 220, 221 that can be
gripped with left and right hands. The foremost parts of the
supports 220, 221 are provided with operating parts 218, 219,
respectively. The operating parts 224, 225 are operated with
index fingers of both-hahds, while the opefating parts 218, 219
are operated with thumbs of both hands.

Between the operating parts 218 and 219 are provided a
select switch 222 that is actuated for selection during the game
and a start switch 223 operated fof starting the game.

With the present video game machine 201, the CD-ROM 251
loaded on the disc loading unit 203 is reproduced by the CD-ROM

driver 30. The operating device 217 is equivalent to the above-



respectively. The operating parts 224, 225 are operated with i ndex fingers
of bot‘h hands, while the operating parts 218, 219 are operated with thunbs

of - bot h hands. Bet ween the operating parts 218 and 219 are provided a
select switch 222 that is actuated for selection during the gane and a
start switch 223 operated for startinggthe gane. Wth the present

vi deo gane nachine 201, the CD-ROM 251 | oaded on the disc |oading unit 203
i s repramkusEibred t hep@h- ReNicdr iagr wiildhehepaiedidrigndevdeei@d 7228 is

equi val ent to the above- 31
ment i onaﬂumﬂterdewcl:dzhzes aumtulla@.nmestcamcgedldagmtmn%k 228 is equivalent to
the auxiliary storage device 27. The present invention is not |limted

to the above-Thes@uesent dnvedtient s ndorlisxdes 4o tthe jaboystrdesiord bed

structure of t he operatlng device is not |imted to the configuration as
shown arRPPafbimentsof a ;Grotmm%i r tHe cddfliughratiiye, Itrueierat Phig tdevi ce
may al so be omtted if so desire 32

O aj ms :operat mg deﬁlﬁFcf‘ﬁr’é°beh’é?’attqqﬁd:°a§H&r &PB§1ﬁBFa§é%r%¥|§¥g°"H} aqnd

dat f di t 5 f t b
d?a\?vi ng%iﬁyog’ L%’nﬁf:aiﬁ %éngreiesgg‘oe\%s: Vl%rfdg%ratd«?ﬁer I&ﬁ"@gr%ef& !slrr]‘§2r Vd':co(?tﬁur)é
menory GoJ easlpsodmu@gm]i&taed 1df ssocl) ay, SLrEen. t he apparatus conpri sing:



a transient nenory for transient storage of data from sai d draw ng
processing neans; 10 a cache nenory provi ded between said transient
menpry | and said picture nenory; and cache controlling neans

responsi v ntents of said transienf_nenory to control
read/wr| tﬁlﬁﬁ”ﬂﬂlﬂi ﬂmglu nmenory theggby tOJeﬁﬁiglﬁﬁéﬁ%Aé" Egﬁstng 15

. A pict pparatus as clai ned dace ein said
cache controlling. means is operabteaIm® —-P-HJ—J—P-P-H—V-GE data in
t he sane page of said picture menory responsive to the contents of said
transi entl.nemar picfGre genefatink pppatatugeferagengrappag apiwse hdataiffoad in
-claim1l or claim2, wherein said transient nenory is .a FIFO nenory .
4. A pi ctigrtairgedéspilangregpensivs tas tteaipiedure dnfiormatizs byl sinawi ng
claim3, wherein said picture nenory is a frane menory. 5. A
pi cture IPAeRsing appanatand afor| Wrhbingngangrahed pixeds pheapipdedaing
claims, wherein an operating device is 30 provided between said transient
menory arMeROA COFRRSPonding it \2 OIS RIAF A IRE Yint ‘tﬂ?&?%ﬂtﬁ’d?% responsive.to
an out-put

d . draw
processi ng neghstemory fgr tregsdiepte sd'é’rférgeﬁlq‘é %?:)b%\rﬁfﬂ’g ﬁglél &% qﬁgn

claim5. V\/n.erel sai d operating device is operable to perform Z-

buf f er prlffcoecs@sﬁsn‘gf1 é%‘?)acﬂ‘ﬁs’l ve to an output of said draw ng proce55| ng
means. . | eLur [ at_y inCc

or claims§é, \/\herel rl;!%sgll ﬁogﬁegrg" n%é%g?/elatgvg% S sc?sléi?g’ﬁﬁ'ggjf'nggi Qa'léaé élre

anti-aligsd }p.roé:fﬁi;m ng responsive to an out put of sai d dravm ng
proceSS|ng nmeans.

cache controlling means for controlling read/write for said
cache memory responsive to the contents of said memory.
2. The picture generating apparatus as claimed in claim 1
wherein said cache controlling means collectively loads data in
the same page of said picture memory responsive to the contents
of said memory.
3. The picture generating apparatus as claimed in claim 2
wherein an operating device is provided between said memory and
said cache memory for carrying out operations responsive to an
output of said drawing processing means.
4. The picture generating apparatus as claimed in claim 2
wherein said memory is a FIFO memory. |
5. The picture generating apparatus as claimed in claim 2
wherein said picﬁure memory is a frame memory.
6. The pigture generating apparatus as claimed in claim 3

wherein said operating device performs Z-buffer processing
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8. A pie%a%eﬂgenerariﬁg apparatus as. cl ai nmed i

cl Wh ting device is 15 _

f e‘rl ng A)RHE‘! me HEEE sive to an outp of REPEAGERW rocessi ng
A p¥cturé generating apparatus crarmed 1 n any one

of cLalns 5to 8, wherein said operatinggadevice is operable 20 to perform

a- bl endi ng responsive to an output of said drawi ng processi ng neans.

10. A pi crespogeiheeatongnapptpatusfasatladpreding pRyceseing me&nelalns 5to

9, wherein said operating device is operable 25 to perform

sem -t ran'épar ehhe pm&‘ésmmggelesp@hsmae appagatus asutcpatimed simdcdedw ng)

proceSS|ng means. icture generating apparatus as clained in

any one er%*“cﬁ%ﬂ#m?ﬁ?ﬁ%ﬁqﬂs &%K#Q#rPQ%ﬁQrmﬁmﬁQﬁiTgﬂikﬁdnzapi@méﬁbing
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operable to $erforn1 i xel re-arraying processing responsive to an
out put of TEEPANHL AR hY PRoRBEBIhgOReRAsd drawing processing means.
8. The picture generating apparatus as claimed in claim 3

wherein said operating device performs filtering processing
responsive to an output of said drawing processing means.

9. The picture generating apparatus aﬁ claimed in claim 3
wherein said operating device performs a-blending responsive to
an output of said drawing processing means.

10. The picture generating appardtus as claimed in claim 3
wherein said operating device ~performs semi—-transparent
processing responsive to an output of said drawing processing
means.

11. The picture generating apparatus as claimed in claim 3
wherein said operating device performs pixel re—arraying
processing responsive to éﬁ output of said drawing processing

means.
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