FEOET I e P ey *159159* 1 DESCRIPTION  Picture .

Processi ng Apparatus and Picture Processing Method Techg&;g!rF'el ThY's

i nvegrti on rﬂwmmmmmw pi cture processing apparatus and < ic o 5%7
prodéésing‘ yed in a graphics conputer, special effect device
or<a video ganmeysow ch are picture equi pnents enploying a conputer.
Background Art In a TV game machine for household use, a personal conputer
or in a graphics conputer, a pictDESCRIPTEONI Ng apparatus for generating
data of a picture outputted and displayed on a TV receiver, nonitor

recei ver, Piatthvode Rranc e¢sshiong GPParart won and di ispd e dend €65 s 1 h@tMé sheld spl ay
output picture data, is constructed as the conbination of a
general - purpose nenory chip, aTeehthiaklpFoeédsing unit (CPU) or other
processing chips. H gh- speed processing is enabled by providing a

dedi cat ed dr &M figl D RVE kan Fetlades theaCPlik tnde apfocass ng fappargpesi ndal |y,
wi th the above picture processing apparatus, the CPU does not access the
frame buf PéFtd‘irFecﬁlf%/C?%sﬂéﬁleFlattgﬁé eRictag ein| astermbhide OPuppeetor ms
geonetric pro ess}n operations, such as coordinate transfornmation,

cli ppi nﬁp%gl?ighef fg%hrébevclaﬂecul%rti 8nsvARECf oF 3R at & igtawirAg cRARBMES for
definiqg a thr e-din?nsional nodel for drawing a three-dinensional picture

as a conbl HBPFBRS of "PIPRADAI &r CBPPHESAr angul ar basic unit figures
Background Art

In a TV game machine for household use, a personal computer

‘ or in a graphics computer, a picture processing apparatus for

generéting data of ‘a picture outputted and displayed on a TV

receiver, monitor receiver, cathode ray tube (CRT) or on a

display device, that is display output picture data, is

constructed as the combination of a general—purpose memory chip,

a central processing unit (CPU) or other processing chips. High—

speed processing is enabled by providing a dedicated drawing
device bethen the CPU and a frame buffer.

Specifically, with the above picture processing apparatus,

. the CPU does not access the frame buffer directly in generating

a picture. Instead, the CPU performs geometric processing

operations, such as coordinate transformation, clipping or light

source calculations and formulates drawing commands for defining

a three-dimensional model for drawing a three-dimensional picture

as a combination of triangular or quadrangular basic unit figures

(polygons) to send the drawing commands over an external bus to
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) to send the drawi ng commands over an external bus to 11111111
LU FETEE Frer teee e reer 1t *@0002* 2 the drawi ng device. For
exampl e, for displaying a three- dinmensional object, the latter is
di ssolved into plural polygons and drawi ng commands associated with the
respective polygons are transmitted fromthe CPU to the draw ng device,
which then interprets the draw ng confrands sent fromthe CPU to the
draw n ey : yl ates. t he cal or,s of _all pixels naking up the
pol ygo%shé;n\c?rtcaﬁvelq{gijvgféu‘gl;g T o%otrhee 27015e sPaE] f@?ﬁ@l?ﬁénéol gr Pﬂé?‘é"and
dept h ofinRRsGR%al1The jdigw deyi t hen . rendering, processing of
witing the pixel datJaCi%ﬁ ?%g ?%ggrrgr Bﬁf?gsfg{lg‘;%gﬁrg\t:%t%f%r %g%?gy‘bﬂnf‘ he
frame hind erawibgnebichendshessdeyatde i fe it hehd Nfargmti op. ﬁg&&w}fé‘%}@e
di stance along the depth fromthe view ng point. For exanpl e, ~1f a
t hr ee- dimeersn Dhiadd olfjreat tRedicHy ayed tae ahgw@'hgt W&, geder atiiRg d@p{%ge,
the object is dissolved into plural polygons and the drawi ng conman
cor r esgoidirpgets the dpekygensomsandansdrey rehadf rene tdrey GRY £10e tdeadlr awi ng
device. For displaying the object nore realistically, a technique known as
t ext ur &evdFF MmPér calpudappisndlics uskdrs Thér elils mlsol knpuRiag tgchiwgue of
convertin% color data of a picture via a color | ookup table (CLUT) hol di ng
on mendPy YEREScEREr tEEndevsilaw sddiram ftdre Varvi g tdre i fspiray ot arslodhe

t extur ing i.s t echni que of bonding a two-
%prngng dep%h o) agices. The %rawing device then performs

(pol ygons) t
WENE
;

rendering processing of writing the pixel data in the frame

‘ buffer to delineate a figure on the frame buffer. Meanwhile, the
Z-value is the information specifying the distance aloﬁg the
depth from the viewing point.

For example, if a three-dimensional object is displayed on
the picture generating device, the object is dissolved into
plural polygons and the drawing command corresponding to the
polygons is transferred from the CPU to the drawing device. For
displaying the object more realistically, a technique known as
texture mapping or mip mapping is used. There is also known a

‘ technique of converting color data of'a. picture via a color
lookup table (CLUT) holding on memory the color conversion data
for varying the display colors.

The texture mapping is a technique of bonding a two-
dimensional picture (picture pattern), seﬁarately provided as a
texture source picture, that is a texture pattern, on the surface

of a polygon constituting an object. The mip mapping is among



di rensional picture (picture pattern), separately provided as a texture
source picture, that is.a texture pattern, on the surface of a polygon
constiituting an object. The m p mapping is anong 3 texture nmapping
techni ques of interpolating pixel data so that, on approaching to or
reteding away froma three-di nensional nodel, the picture pattern bonded
to the polygon will not depart fromspontaneity. In a calcul ation

pr ocessj t tituted by conbinin ener al - purpose nenory chi ps,
CPU or  STRGr AT Gt SEF oht S ped¥s SO n e e Yo Jamanfehi nas droP. ROUSEAIG se
or per sgpala frgun he [y .operatin eed or the performance of
the external bus ?gé%of%iﬁﬁ?ﬁggaggégéoﬁﬂéﬁgd%g8miﬁerbéﬁﬁﬁFlﬁﬁnﬁﬁénal
oper at i figde f | eRENEY 1Qf l.ati i,pS$ .0 ircuit size, . such that the
external  bus provgg(%olgg%gggg?%lgﬁgggé ?ﬁeEH§n8?§yﬁa§ 493l eRP thdePAg ta

| arge détemtspostenevelb,ume is generally high in latency and exhibits high
performance in | arge-capacity burst transfer. However, the performance of

the menory bls sysikmist ol preodiskiingdsheted soRbL:EaPAGI bY EQHE?p“in
transfer, such as in ordinary CPU accessing. If a pre-fixed packet, &uch
as a coffmmte baRkepos ¢ s mesedty dﬁﬂﬁ$je@PUtban%ﬁ%@ﬁxﬁhﬁﬁhF@@i@ﬂegh?¥s,
exploiting a direct nenory access controller (DVAC). However, the
mul ti f af49uLsallyoBieMenmachines ber copesled I ddr rgipdrzgnalls@oPuters,
redundqic . The CPU commands are consuned in the packet format and re-
f or mat Hﬁ§“?5%§}Pﬁ@rﬁﬁénéfﬁPEPén@y.tm¢ Réwef wymare® lods thecashernal bus
‘ is not improved as compared to impr‘ovément in the operating
frequency of calculation chips or circuit size, such that the
external bus proves to be a bottleneck. The memory bus system
having a large data transfer volume is generally high in latency
and exhibits high performance in large-capacity burst transfer.
However, the performance of the memory bus system is not
exhibited for a small-capacity random transfer, such as in
ordinary CPU accessing.

If a pre-fixed packet, such as a command packet, is used,
efficient transfer can be achieved by exploiting a direct memory
. access controller (DMAC). However, the multifarious algorithm

cannot be coped with thus giving rise to redundancy.

The CPU commands are consumed in the packet format and re-
format thus lowering the efficiency. If the system has a cache,
long packets sufficient to accommodate the packet length cannot

be set, such that the burst is usually set to four words and

hence the performance of the memory system of the larger data



| ong packets sufficient to accommpdate the packet |ength cannot be set,
such that the burst is usually set to four words and hence the perfornmance
of the nenory systemof the larger data 4 transfer volune cannot be

di spl ayed. In view of the above-described status of the prior art, the
preésent invention has the follow ng objects: Specifically, an object of the
present invention is to reduce the above-nentioned bottleneck in the

pi ct ur & RARGESSI Vi uiPRaY i ned fromthe general - purpose nenory
chi p, CPU and theLiie caﬁ&uﬁsaﬁ)g&rilsc%?%?eghot her object of the present

invention i @iRWOVIFd@hd 2BLGEULESP Sl P t.us and a picture
processi ng nethod for rai gi ng 't hesd{z:i?gg%ééns ngr) otaafgﬁhtgl epnIE:lyo.r Tor t HLY

obj ect pafestelme preserti dmvyely 105 iisofpovp{,gg/iéi@j@ctgj cture processing
apparatus and a picture processing nethod for raising the data efficiency
on a nmenorySpediuftderlpp] eat fjéde prestnd bR¥aBhiON dwedOi JYf OYide A

pi cture processing apparatus and a picture processing nethod for railsing
the ef fieduéAcYhEn pheketmeat oy edwipninte cdnd npackag iR uref fir @Y -
further object of the present invention is to provide a pi cture
proces$PRETAPPar aPTRiAed &rgh cthe & reardsgiurgonet Imethofrgr ¢ rafd oratingdfd eedom
to the _packet form A still another object of the present invention is to
provi d&"§ EFEtGPé°H466é§§iﬁﬁ“&bparatus and a picture processing

Another object of the present invention is to provide a

picture processing apparatus and a picture processing method for
. raising the data transfer efficiency.

A further object df the present invention is to provide a
picture processing apparatus and a pictufe processing method for
raising the data efficiency on a memory.

A further object of the present invention is to provide a
picture processing apparatus and a picture processing method for
raising the efficiency in packet data development and packaging
efficiency.

A further object of the present invention is to provide a

‘ picture processing apparatus and a picture processing method for
affording freedom to the packet form.

A still another object of the present invention is to
provide a picture processing apparatus and a picture processing
method for enabling burst transfer suited to the packet form.

DISCLOSURE OF THE INVENTION

The present invention provides a picture processing



met hod for enabling burst transfer suited to the packet form DI SCLOSURE OF
THE | NVENTI ©ON The present invention provides a picture processing apparatus
having a plurality of picture processing units interconnected over an
external bus and a nenory, wherein there is provided a first packet engine
at* a data inlet stage of at |east one picture processing unit. The first
packet engine can nodify the data unpacketizing sequence. Thus, with the

picture OLESSI ratus_according to the present invention, the
packet fg$%1naf§bg%§?$§$déﬁ vﬁf&f?itﬁ%knﬁél)%ﬁﬁf%ﬁ&arﬁ%ﬂFe%ﬁ¥¢%ieW%&¢$n
dat a triansiebnaldd tkl ry.data.. With the pjcture processing, apparatus of
t he prelsentr rli nver?ti gﬁ@a)ége%éﬁ rﬁfclk&user?d{)&nea f“betmd%é'cké‘f al d'grﬁedr? S

provi dag airey cieda QUERHS:SLagg Rl LGNS, PLCAKTE PROCESSNG, Yl Ly, Wih

the picture processing apparatus of thhe present 1nvention,

packetlemjﬂubﬁﬁnﬁﬁﬁkuﬁ@epﬂ@@@@gﬁﬂg_uh@EQr@ﬁEi?@r%ﬂeﬁgkigqgéﬁg%n can
unpacketi zi ng sequence associated wth the packetizing seque ce 10 A

packet matditfhe thieredofa datpacpacket hgi Bequiheefi ratspagket, eng fbeicocﬁhfeof ot
data unpacketizing in accordance with the sequence specified by the . -
append®ge csisfigrameprar atus heatkcoe dahgurpacked | gt ogendhenpackebnengifes in
the picture processing apparatus according to the present invention - .

af f or dB2FKEddohPFB theY pdtketa Fformdedr wisal i Zragdorf f tei enth packeth idat a

devel o nt .and packing. Wth the picture processi ng apparatus of the
presengg?lCIGHCYpln da%a_transfer %nd in Jlmory daEL.Pp :

With the picture processing apparatus of - the present
. invention, a second packet engine for'packetizing data is
provided at a data output stage of aﬁ other picture processing
unit.

With the picture processing apparatus of the present
invention, the second packet engiﬁe appends the appendage
information specifying the unpacketizing sequence associated with
the packetizing: sequence to a packet at the time of data
packetizing. The first packet engine performs data unpacketizing
in accordance with the sequence specified by the appendage
. information at the time of unpacketizing. The packet engines in
the picture processing apparatus according to the present
invention affords freedom to the packet form for realizing
efficient packet data development.and packing.

With the picture processing apparatus of the present

invention, the first and second packet engines have sequence

selection means for selecting the data packetizing/unpacketizing



invention, the first and second packet engi nes have sequence selection
means for selecting the data packetizi ng/ unpacketizing 6 sequence. The
second packet engine appends the tag information specifying the data
packeti zi ng/ unpacketi zi ng sequence as selected during packetizing by the
sefuence selection neans to a packet. The first packet engine selects the
sequence as designated by the tag infdrmati on during unpacketizing by the

sequencg, io ns, The packet engines in the picture processing
apparatué&%ﬁ?ﬁd?ﬁ%gfgefﬂggpP8§§ﬁﬁ i€ %ﬁ(ﬁPQﬁWQﬁcﬁﬁef?%%d ¢pmEhiopacket
formfapdeddy iz N9 i Cj packet .data devel nt, and packing. Wth the
picture pproceb}slsiéqng glfﬁ%)argggé o%atcﬁ(éatdrze‘él t“nﬁar’f?}‘gegf%ﬁ{g t R SHr 0¥ ded a
first pctddedr@eLs8s NG URLL ; LAY eqQnetr rocessing function_ of
defining a three- diﬁ%ng?onallﬁggél%gs%ggcggéﬁéﬁéén$%)eﬁﬁﬁ TR st or
fornul at i pgcBeaw ngreeMmInds; f BBCQ@%\M%PHé hg gqégitgent.srilé)ngle ufei qure; g The
first picture processing unit packetizes the gramﬁng commands thus

f or mul ateed gre tsehdb ¥ hehpaclagt | Zech S0 S GQRTRRAS npRY kERE fihkSty Packet
engi ne as a conmand packet over an external bus. Tﬁere is al so provided a
second SFdta®e predessiing umidns as Thiehep adioye- BpRtineRed; Pi ¢hUr & W QLESSi Ng
units, for unpacketizing the command packet sent fromthe first picture
proces$I'RGCSALRE BPPehet §$ r sacparkistg engities doetsamyr atrivigh ¢ e O B ks
command sent as the command Packet and perform ng the rendering processing
of reedom to the packet form for realizing efficient packet data

development and packing.

. With the

lnvention, there is provided a first picture processing unit

picture processing apparatus of the present

having a geometry processing functionmof defining a three-
dimensional model as a combination of unit figures for
formulating drawing commands for drawing a three—dimensional
figure. The first picture processing unit packetizes the drawing
commands thus formulated to send the packetized drawing commands
by the first packet engine as a command packet over an external
bus. There is also provided a second picture processing unit, as
‘ the above-mentioned Picture processing units, for unpacketizing
the command packet sent from the first picture processing unit
by the first packet engine, interpreting the drawing command sent
as the command packet and performing the rendering processing of
writing the pixel data in a frame buffer. The picture processing
apparatus thus can perform efficient drawing pfocessing.

The present invention also provides a picture processing



witing the pixel data in a frame buffer. The picture processing apparatus
thus can performefficient drawi ng processing. The present invention also
provi‘des a picture processing 7 nethod carried out by a picture processing
apparatus having a plurality of picture processing units interconnected
over an external bus and a nenory. The picture processing nethod includes
perform ng data unpackatizing by a fir’st packet engine at a data inlet

st age qf e cture processing unit. The first packet engine can
nodi fy gtg§¥g ﬁ%%%gﬁgtP%?néyséqﬁﬁﬁﬂﬂfreVVT%CTﬁ%l%¥c?BP%rﬁFBée§§Wﬁ@gnéthod

of theppiasantty NYENt;QR,, Ahe, t_ form.nmay be afforded with freedom for
achi evi ng hi gh yldat a tp!tlr arﬂfsr;ee‘raplé |%:gé%%yugﬁéshilgrﬁeerrcr%eri/t%\‘gat 8V&ftidd ency.

et PR tRIalr CbRBOCARE! A0 AERDEY. OF TR PRESEALel WENLIN ng JAR poa,

packetizing is performed by a second packet”™ engl ne provi

out put istageesf panforhengpuatar Qn_Bé@ﬁﬁ%?iE@ﬁgUBkt a WitQtt Bg RiGt lérngine
processi ng nethod of the present i1 nvention, the second packet engine

appends tt ke dagprentabet i ntagered £ ont spestfyhogpt Beuwapaeketbisziing sequence
associ ated with the packetizing sequence to a packet at the tinme of data
packet T2pn§irshneackea angiacketinzimodiifs pedsos nedpdykd iz fig e pachat,
engine in accordance with the sequence specified by the appendage

i nf or "Bt FBntAe Phet¢reerrsc datimaumeddtiodt pZi hge Fhusehheipvehtiien,praeessi ng
met hod_according to the present invention affords freedomto the packet
form fB?CE%Q %%g‘}%gmaéf 9% iafiorsieck #tl thaf seedevef oprenhiandngatiighgdata

transfer efficiency and higher memory data efficiency.
. With the picture processing method of the present invention,
data packetizing is performed by a second packet engine provided
at a data output stage of an other picture processing unit.

With the picture processing method of the present invention,
the second packet engine appends the appendage information
specifying the unpacketizing sequence associated with the
packetizing sequence to a packet at the time of data packetizing,
and data unpacketizing is performed by the first packet engine
in” accordance with the sequence specified by the appendage
. information at the time of data uripacketizing. Thus the picture

processing method according to the present invention affords

freedom to the packet form for realizing efficient packet data

development and packing.

The picture processing method of the present invention also
includes selecting the data packetizing/unpacketizing sequence

during data packetizing and appending' the tag information



The picture processing nethod of the present invention also includes

sel ecting the data packeti zi ng/ unpacketi zi ng sequence during data
packeti zi ng and appending the tag information 8 specifying the data
packeti zi ng/ unpacketi zi ng sequence during the data packetizing to a
packet, by the second packet engine, and selecting the unpacketizing
sequence as designated by the tag infbrmation during data unpackagi ng by

the firslkcRa i for perform t he data unpackagi ng. Thus the
picturg%bfocggg%ngggnggﬁ%dp%% %ﬁ%ﬁ?&f%&?9ﬁé§ﬁﬁﬂé§éﬁtSFHVEHFFoﬁuéfﬁérage
freedoRalt@ tda& kdraCKkSe | for l'i zi.ng, efficient packet data devel opnment
and pagkinéﬁﬂ%he pi%t%rggg%ogég%?ﬁg ﬁ%tﬁBS S PR 6%§ STHRAEH i oAl so

i ncl udes IRetfiorgm tWe BNp8ckbESh ; RLCLWE QCESsSi uni t eqmetr

processi ng of defining g ?hree-é?%e%gﬂgﬁaC%nﬁgilQ%Elﬁn%gﬁgiﬁgtﬁﬁé 8 uni t

fi gur ed nfferrafagrirad add Nipn @r @ HJu S of dr 3w ree-di mensi ona
figure, packetizing the %rawﬁng cgﬁggﬁ gn%hgg E?§1ngg¥égnﬁ§ f%égggﬁgﬁd
packet femgbrefandisgnthagdite paskatdgied . ToMmERGS %&Wﬁ%e@ﬁ% over
an external bus, and wunpacketizing, In a second picture processing it,
the coRfhhdd peekedimento ftlom s dritr Smvindtivhe aFiteGRSS i MG dird Ry the
first packet engine, interpreting the drawi ng command sent as the comand
packet PaflcpefPBFnfRg rRelisnder efigipiecésprngenf dariat idey e lidimdritxalndat a
in a frane.buffer. Thus the picture processing apparatus according to the
presenPagﬁégﬁtion can efficiently

The picture processing method of the present invention also
. includes performing, by a first picture processing unit, geometry
processing of defining a three-dimensional model as a combination
of unit figures for formulating drawing commands for drawing a
three—-dimensional figure, packetizing the drawing commands thus
formulated by the second packet engine and sending the packetizéd
commands as a command packet over an external bus, and
unpacketizing, in a second picture processing unit, the command
packet sent from the first picture processing unit by the first
packet engine, interpreting the drawing command sent as the
. command packet and performing the rendering processing of writing
the pixel data in a frame buffer. Thus the picture processing
apparatus according to the present invention can efficiently
perform drawing processing.
Thus, according to the present invention, the bottleneck

in the conventional picture processing apparatus constructed by

combination of the general-purpose memory chips, CPU or other



perform draw ng processing. Thus, according to the present invention, the
bottl eneck ‘in the conventional picture processing apparatus constructed by
conbi'nati on of the general-purpose nmenory chips, CPU or other 9

cal cul ation chips can be alleviated. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig.1 is a block diagram showi ng the structure of a video gane device
enbodyi ng the present invention. Fig. 2 is a schematic view show ng the

state @falicRetaalientch i RrQgr t engine PPE in the above video
gane device. Fig.3 ilgsa bl oca gllgﬂgerevaﬁ%’g %Wi ng the configuration of the

PPE. Fig-4 shows a typroalr e@eyciisy ' shows anot her
typi cal operation of the PPE. Fi g-6'scﬁ{)m§s#1§:tfrﬁﬂ%?{éqr¥gftlﬁ:ésrs typi cal operation

of the PPE Filgi.g- Asshovsiack y@i£ataRPShakiRE eheas¥ali-alle length,;
read/ wite buffer VLBF in the abovae vi deo ggrre 8e\7i ce. Eirg. éﬁi gl I(}’lp Eh view

show ngaaeviddead cgammbdelyiice emodyrdiknt hihyesedt. i nvention. Fig-9 is a
back side view of the video gane device. Fig.10 is a side view of the
vi deo garme Hégi-Ge.isFigy.sidhématai pl ahewi emowing €Re REWameUBrEd ¥t d1heent deo
game evi ce. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Referring to the
dr awi n§ ,Pb?%?%??%ﬂl%nﬁﬁﬁh%ﬁyﬁnghym PRPE in the above video game device.

Fig.3 is a block diagram showing the configuration of the
PPE.
Fig.4 shows a typical operation of the PPE.
. Fig.5 shows another typical operation of the PPE.
Fig.6 shows still another typical operation of the PPE.
. Fig.7 shows a typical operation of a variable length
read/write buffer VLBF in the above video game device.
Fig.8 is a plan view showing a video game device émbodying
the present invention.
Fig.9 is a back side view of the video game device.
Fig.10 is a side view of the video game device.
Fig.11l is a plan view of a CD-ROM mounted on the video game
‘ device.
BEST MODE FOR CARRYING OUT THE INVENTION
Referring to the drawings, preferred embodiments of the
present invention will be explained in detail:
The present invention is applied to a video game device
configured as shown for example in Fig.l. The video game device,

which.reads out a game program stored on, for example, an optical



present invention will be explained in detail. The present invention is
applied to a video gane.device configured as shown for exanple in Fig.l.
The video gane device, which reads out a gane program stored on, for
exanpl e, an optical 10 disc and executes the programfor carrying out the
ganme in accordance with the commands fromthe user, is configured as
shown in Fig.1l. Specifically, the vi déb gane device has two sorts of buses,

that i g ia&dmakRqbus, a.gub-bus 2. The main bus 1 and the sub- bus 2 are
i nt er connect ed Vi aef]f Eus cgﬁtrogflioe?al"b. 6 4 hEITE bBEt1 Hte &8MRected a
mai N CeRtdoald i RCes St RY + hdnid | 1 a nmain nepor 2 made up of a
random access nenory (RAV), oér(n{n%}(% ((:I:F#J%anét JCrirrlsmﬁlrsyeraccé%sc%&%tlIgbllrleéjr ‘%rai n

DVAC) shdwna iMPEGgdeacoder 14 and a picture processing unit or graphics
processing unit (GPU) 15. To the sub-bus 2 are connected a subsidiary

central proéessiifigcanily, ( $H6- CPBo 2damdTadls, e 0fasd twd Gt QGeSies @
subsidiary nmenmory 22, made up of a random access nenory (RAM, a ’
subsi dithey dbrectaimnouy Booessa cam-balsl €. ThsURa DVAR) s 28, adg Mead-Qily
menory (ROM) 24 holding on nenmory a program such as an operating system
a soun8Usr dcessi Ag temiconnesplgd 25,2 & dommodrcatdlarecargrol ler, that is an
asynchronous _transm ssion nodule (ATM 26', a subsidiary storage device
27, an inpuf©d&frcBadB hwuel h P ROMrdtedl 30maThe cbus raantpireldears ikg is a
devi ceugntthe rraig s.1 for swtching between the main busl and the

sub- bus é, éﬁ%l?s % gnéa, a main memory 12 made up of a random access

. memory (RAM), a main direct memory access controller (main DMAC)

13, a MPEG decoder 14 and a picture processing unit or graphics
processing unit (GPU) 15. To the sub-bus 2 are connected a
subsidiary central processing unit (sub-CPU) 21, made up of a
micro-processor, a subsidiary memory 22, made up of a random
access memory (RAM), a subsidiary direct memory access controller
(sub-DMAC) 23, a read-only memory (ROM) 24 holding on memory a
program, such as an operating system, a sound processing unit
(SPU) 25, a communication controller, that is an asynchronous
transmission module (ATM) 26, a subsidiary storage device 27, an
. input device 28 and a CD-ROM drive 30.

The bus controller 10 is a device on the main bus 1 for
switching between the main busl 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 in

accordance with the program on the main memory 12. Since the bus

controller 10 is opened on startup, the main CPU 11 reads the



inan initial state. The main CPU 11 is a device on the main bus 1
operating in accordance with the programon the main menory 12. Since the
bus -controller 10 i's opened on startup, the main CPU 11 reads the 11 boot
program fromthe ROM 24 on the sub-bus 2 and reproduces the application

program and-t he necessary data f'romt'h1 CD-ROM by the CD-ROMdriver 30 for
| oading on the nain nenory 12 and on the devices on the sub-bus 2. On the

mai n CRldell grogd-agdedon (AORBT Yt paNcher. qoolne LR 1,100, pert or i ng

coordi nate transformation. an i nput/out put  uni

| oaded appiriearanreblre gpankehd engl Nge { £PR 0" A3t ~
packeti zi ng/ unpacketizing with a se%uencer%h]%aftacéfﬁ%@eq#gdfzpi 58?4 bﬁn&h?ﬂ

vari abl@®@-rRagtdr tead/ 8oi £e rbufofaeyi dgVIBE) t #d "ma THen@hE 17 1ionglydes, % he
paral | el processing nmechanismfor executing plural calculations in

par al | élev ik penf drhes suhkbukatd .ons,orsUche asnateEr dpmatigq t{ansi@iymat i on,

| i ght source calculations, matrix or vector cal culations, responsive to

r equestt$ MRt ol sgeasifens émpime he G )N CPU flilr  FbefevnAngPY ddrd defioes a

t hree- di mensi onal nodel, as a conbination of basic unit figures

(pol ygdi@nstQrae tieont 1 i @Rgless brpgtiddnangkesinitasefl ame thein eSWUL Sa0f

cal cul gt gins executed by the GIE 17, for fornulating drawi ng conmands

associ até e\ﬂti‘?th%r?%’é%gﬁ%?b% BBF§86ns enNEingr awPRE )t hd tzhr e rdi nbtsd onal
figure \%}Eg Egllzné 2 ag(k tizes the drawi ng commands to form command

a t ; > e
packet §*whi ch-ar }u{‘Pg‘ﬁ %%tltzéBgO\‘?’érthtﬁesr‘F&ur?”ﬁfs thaty g kep@orbified,

and a variable length read/write buffer (VLBF) 117.

. The GTE 17 includes a parallel processing mechanism for
executing ©plural calculations in parallel, and performs
calculations, such as coordinate transformation, light source
calculations, matrix or vector calculations, responsive to
requests for calculations from the main CPU 11. The main CPU 11
defines a three—-dimensional model, as a combination of basic unit
figures (polygons), such as triangles or quadrangles, based on
the results of calculations executed by the GTE 17, for
formulating drawing commands associated with the respective

. polygons for drawing the three-dimensional figure. The PPE 112
packetizes the drawing commands to form command packets which are
transmitted over the main bus 1 to the GPU 15.

The main DMAC 13 is a device on the main bus 1 for
executing control, such as DMA control, on the devices on the

main bus 1. If the bus controller 10 is opened, the main DMAC 13

performs control on the devices on the sub-bus 2.



The main DMAC 13 is a device .on the main bus 1 for executing control, -such
as DVA control, on the devices on the main bus 1. If the bus controller 10
is opened, the main DVAC 13 perforns control on the devices on the sub-bus
2. 12 The GPU 15 is a device on the main bus 1 performng as a rendering
processor. On the input/output unit of the GPU 15 is nounted a

progr ammabl e packet engine (PPE) 152, 'the data packetizi ng/ unacketi zi ng
sequence of i ap.be _nodified. The PPE 152 unpacketizes the conmand
packet and FW% g%?gc sdéfaasgﬁﬁlqﬁwﬂﬂt?ﬂfr@ﬁhncﬁﬁﬁli 8 TE REMFHEN ABVIEC 13.

The GP RBLer e dpaw (oo] ds.sent as.th ackets and
calculgfégek?hg gg§%§58?93||bgiQE?SIE§E?25H§5u€hgn5&|93539¥$2ﬁ£&ﬁ@ cdl or
data gbuhhedapex i ro Z- S Lfyi t he .depth.. The
GPU perfgrnsdrendegfggyﬁﬁgggéginghé g&wi%?%gg§hepggégl {éﬁéi(%q$tl%§tﬁTanE

buf f er paBkeespongj uratRet heifzvabygenthe s EPUnlanalsq SxeGULET 16l CYlali ons,
such as coordinate transformation or |ight source cal culations, on the

t hr ee- PHEN®H8i onpdclpe cizwe tdat & diindpakhe tobhact ndaba jhy ta d@.rt‘&c%%ﬁlqr ,

not shown, for generating internal drawi ng comands associated wt
respecfroe po¢ymohs. CHhel IGRU executads DRAdeNBNg ghecessi NG iasedeseiisbed
above. The MDEC 14 i's an |/ O connection device operable in parallel wth
t he CPEP@Ndr#$ing devnrends sémtnmasntbasciémopedabenieas thd cpilellbges
expansjon engi ne. The MDEC 14 decodes picture data conpressed and encoded
by ort hBgonafo% reh<Floh RixeUéh makigesepethe polygon from the color data

of the apex points and from the Z-values specifying the depth.
‘. The GPU performs rendering processing of writing the pixel data
in the frame buffer 18 responsive to the Z-value.

The GPU 15 also executes calculations, such as coordinate
transformation or 1light source caiculations, on the three-
dimensional picture data sent as the object data by a processor,
not shown, for generating internal drawing commands associated
with respective polygons. The GPU executes rendering processing
as described above.

The MDEC 14 is an I/0 connection device operable in parallel
‘ with the CPU and is a device on the main bus 1 operating. as the

picture expansion engine. The MDEC 14 decodes picture data

compressed and encoded by orthogonal transform, such as discrete
cosine transform.

The sub-CPU 21 is a device on the sub-bus 2 operating by a
program on the sub-memory 22. The sub-DMAC 23 is a device on the

sub-bus 2 directed to the devices on the sub-bus for controlling



cosine transform The sub-CPU 21 is a device on the sub-bus 2 operating by
a programon the sub-nmenory 22. The sub-DMAC 23 is a device on the
sub-bus 2 directed to the devices on the sub-bus for controlling 13 DVA
transfer. This sub-DVAC 23 acquires rights on the bus only when the bus
controller 10 is closed. The SPU 25 is a device on the sub-bus 2
perform ng as a sound processor. This BPU 25 is responsive to the sound

conman n the. sub-CPU 21 or sub- DMAC 23 as a command packet in
or der %ﬁgegagég?}e&)u 3‘1 oFHOE PMiSt £ ¥ rafifi 't hee soubgh nen@? yt P9 bosoanput t he

r ead- oupp gdat JM 26, ] s evice for communjcation on the sub-bus 2.
The subsi di??%/@fsord}gtg %oelvil %Iéajzg 13 alosed- i hpeit PRt Hout 18edi eevéact ha

sub- bust Re a8dbL-8ug0APAeS Qfy ; -volatile menory such as . a _flash nenory.
The subsidiary stor aggj%ge\(/)i ce Oatrgr aanssioeunrf‘fyprs?co?% °T dat a2 5%chPUs2dat s on

the progrmssnifvd e GHEL s@UNIACRPRBandNE€ent N deyi ce 28] i nput
devi ce, such as a man- maghi rr11e i nt Spgagg?keﬂ&?? gp{%mﬂé%,c%ﬁ ?grofnﬁﬂp—from

ot her MAQNEAt as aSummhdPigdde: | pRU seund. . nput .devj ces, and
reproduces the application p%gr am gn? %ggggsgquggpa%ﬁurtonﬁ%%éCbow
Speci fidzdid yErom tthet hse upre smito it ARD R IBL YL Cehe A8 4 OBQITBE L ¥, Pr OFESSI NG
nmeans, configured for perform ng geonetry processing, such as coordi nate

t ransf dYitht £8n,iscla ppengeer floirghtomson c£t Cah Cohatimanssusleli i By t heyo

t hree-di nensj.onal nodel asa conbination of the basic unit figures

(pol ygoS1HdGeH sdoregpanay bee 027 gimdr ateyleesinpusr/oukatik nge di awi g cpeMands
for

sub-bus 2 and 1is composed of a non-volatile memory such as a
flash memory. The subsidiary storage device 27 transiently stores
data such as data on the progress of the game or scores. The
input device 28 is an input device, such as a man-machine
interface, e.g., a mouse, or for input from other equipments,
such as picture input or sound input devices, and reproduces the
application program or necessary data from the CD-ROM.
Specifically, with the present video game device, the
geomelry processing means, configured for performing geometry

processing, such as coordinate transformation, clipping or light

‘ source calculations, defining the three-dimensional model asa
combination of the basic unit figures (polygons), such as
triangles or quadrangles, formulating drawing commands for

drawing a three-dimensional picture and transmitting the drawing
commands associated with respective polygons as command packets
to the main bus 1, is made up of the CPU 11 and the GTE 17 on the

main bus 1, while the rendering processing means for generating



drawi ng a three-di nensional picture and transmtting the drawing comuands -..
associ ated with respective pol ygons as command packets to the main bus 1,
is made up of the CPU 11 and the GIE 17 on the nmmin bus 1, while the
rendering processing neans for generating 14 pixel data of respective

pot ygons based on the drawi ng commands fromthe geonetry processing neans
for witing the pixel data in the fraffte buffer 18 for drawing a figure in
the fr f i e. up of the GRPU 15, The PPE 112 on the side of

t he rralaﬁr:&(f%lj Jla?'rarra |nrlgeSSLf{|c??tdrhleV FEOREE Y p1BTed sP gt R afiE2%hls t RemPPEdS52 on
the side-qf dhe I up_t ngeri ng. processing. neans are placed
bet ween the i nrﬁgregé?s??rgge%ﬂgglg%%§ f e vﬁglrs 9$n§$?r§f’f%ﬁtng?F

Menory fiHe eRGmdd MRCESST NG WY t ' [ out put gj st er 3 3 as
shown in Fig.2. The input/(L)EtrJHtIIput u]frgeerasnﬂi%?péiﬁy %}Jr;% %cl(s)%rg is?%{%%ifbg/ bi t

| engt hsi surdaddl dmro flatige tagpmsigr algorithm while the inner registers 113,
153 are constituted by bit lengths suited for calculations. The PPEs 112,
152 are madelhp BPEaddresm whd ssild2Aof 16BA madasiconatiing,£ihg,d npyit put put
buffers 111, 151 and the inner registers 113, 153, data mask units 112B,
152B, Hfiomedry Pr2cessis2Opegnsieard painsiRFE U Z ol 2R SLB2D, o Progs agpyini t s
112E, 152E, where a |ist stating the sequences for

packet ilA Mfkipacket F e ngende rdagapirsceesondethe aansd aoanty lodd et Sodthdden 152F
controltling. various .parts and read/ wite in accordance with the |ist of

t he prd’gerahﬁlﬁ?lft?ﬁgﬁf’r%éé,l rast Bhdwh theFifgrat—the fARES -bik, (IBIFO)

memory in each processing unit and the input/output registers

") 113,

are constituted by bit lengths suited for data transfer

153 as shown in Fig.2. The input/output buffers 111, 151

algorithm, while the inner registers 113, 153 are constituted by
bit lengths suited for calculations.

The PPEs 112, 152 are made up of address units 112A, 152A,
designating the input output buffers 111, 151 and the inner
registers 113, 153, data mask units 112B, 152B, shifters 112C,
152C, code expansion units 112D, 152D, program units 112E, 152E,
where a list stating the sequences for packetizing/unpacketizing

. of data is recorded, and controllers 112F, 152F controlling
various parts and read/write in accordance with the list of the
program units 112E, 152E7 as shown in Fig.3. The PPEs 112, 152
are operated in parallel independently of the calculation control
for executing data packetizing/unpacketizing in accordance with

the sequence as indicated by the list in the program units 112E,

152E.



are operated in parallel independently of the calculation control for
executing data packeti zi ng/ unpacketi zing in accordance with the sequence
as indicated by the 1ist in the programunits 112E, 152E. 15 For exanple,
the PPE 112 on the side of the main CPU 11, packetizing the draw ng
commands formul ated based on the results of calculations by the GIE 17,
formats the drawi ng conmmands in accorllance with the sequence shown by the

designated lg | gpat b he selection of the list in the program
unit 112E iP'n"S’E)red’g%ﬁ%ng or%gnepé(?%etlsl_sz(ﬁ’dbktekﬂ? z¥ hg§ . °Burltihfg manirs %‘g‘ékg%izi ng,
t he tagalcife@r;Fatiz0 pacLiylpg acketi.zin equence ssociated with
t he pa%l?gt iezilng ge%&%n?é%%h?c%@%@@%rﬁoemwlsatteq;l :Da%pep(gn‘b‘édt D Thduphiket .
The PPk f1%2 1y 14 s slep of ¢ hhegeRU, 715 sre-f ar the comrand packets in
accordance with the sequ%n%:e gﬁt el rflgl? fg(elsrg?l%sggg“ﬁngﬂ %/mrf%ré&? atf®

i nf or matcicor depprended tho thbe £oqUBALe PagkRin Set tHEM %Q?iﬁyt&& 0{1%«26

mai n DMAC 13 by way of unpacketizing. Specifically, threesorts o e
packi ngebsiighe tPHChbyPLie anele Pt 2omr&s rgeorded iim tthe FH:Q%’@&[B U £t élllsz' n
the PPE 112 of the main CPU 11. In the packing list PLOis stated the
sequend@ PEAewr toi figrmt heckdireelmhakartsizdnal) .i nbariaki ©RikNphbre t NPUL e OUL put
buffer 111 in the packetized formas packet command. The _
t hr ee- diffendidénall nifRraertsoinon sive csifeding ed ey aeve ok thitz i orgefdane d VXO,
VYO, VZO, . \{Xl, VY1, VZ1), (VX2, VY2, VZ2), generated as object data

associated with the 'packetizing sequence indicated by the list
‘ is appended to the packet. The PPE 152 on the side of the GPU

15 re-formats the command packets in accordance with the sequence
stated in the list specified by the tag information appended td
the command packet sent from the CPU 11 or the main DMAC 13 by
way of unpacketizing.

Specifically, three sorts of the packing lists PLO, PL1 and
PL2 are recorded in the program unit 112E in the PPE 112 of the
main CPU 11.

In the packing list PLO is stated the sequence for writing
the three-dimensional information in the input output buffer 111
. in the packetized form as packet command. The three—dimensional

information is specified by apex point information (VX0, VYO,
vz0o), (VX1, vvyl, Vz1), (VX2, VY2, VZ2), generated as object data
in the internal register 113 in the main CPU 11, normal line
information at the apex points (NX0, NYO, NZO), (NX1, NYl; NZ1),
(NX2, NY2, NZ2), and the color information at the apex points

(RO, GO, BO), (R1, G1, B1), (R2, G2, B2), as shown in Fig.4(A).



in the internal register 113 in the main CPU 11, normal line information
at the apex‘points (NXO, NYO, NzO, (NX1, NY1, Nz1), (NX2, NY2, Nz2), and
the color information at the apex points (RO GO BO, (Rl, Gl, Bl), (R2,
&, B2), as shown in Fig.4(A). 16 1In the packing processing in accordance
with the packing list PLO the apex qgi nt informati on VXO VYO, VZO VX1,
VY1, VZ1,VX2, VY2, VZ2 and the normal "line informati on NXO NYO NZO, NX1,

NYL, AL Npa M(ZngNERo cRAaA 5l DY F2uBILS. 206 RASKS A8 10 PiLs,

while the color information at tthe respective apex points a5 . R1,

Gl, B1PRD, GBe BReRlpdhetr aspeshd ¥ @R& PRt Syzocalgyl ated by, 16,4 ts,
are packed in 16 bits in each apex point, that is’in 16 bits nade ‘Up of 5

bits ed¥B,oViR afilatite norh B 1 GOt H o fiialt ibsEHXHOr NE6M NEG A r Rk,
processing. In addition, the tag information TAG specifying the’ unpacki ng

list UNZlgoNKaspW¥nai miz2 o ddieylactddigyl i32t bRk, i srappesdsd 19 idie packed
information. In the packing list PL1, there is. stated the sequence for

packet P2ihg the eolpr ethfotmetgidrarati rifher mespentcoasapéut glidys BPEGRMOI Nt
data (VXO VYO VZO _and difference data (OX1, iYl, AZl), (iVX2, DY2,
272), BAx3,Bbv3CGlizHLl . R2, &2 ,shBonaitn tie greEhectlivet hepgaciioigts,
procesgi ng :an accordance with the packing list PL1, the apex point

i nf or mafi 6h ?/5@&, RXGC\AG S i maied By 38 biits, insepadkedelsy pba it s,

10 LI LS S o O AT L Q02 PR 220, (100, 0
control bit used for semi-transparent processing. In addition,
. the tag information TAG specifying the wunpacking 1list UL
corresponding to the packing lisf PLO is appended to the packed
information.
In the packing list PL1, there is stated the sequence for
packetizing the coupled triangular information constituted by
apex point data (VX0, VYO, VZ0) and difference data (AX1l, AY1,
AZ1), (AVX2, AY2, AZ2), (AX3, AY3, AZ3), ..... as shown in
Fig.5(A). In the packing processing in accordance with the
packing list PL1, the apex point information VX0, VYO, VZO,
' . calculated by 32 bits, is packed by 16 bits, while the difference
data (AX1, AY1, AZ1), (AVX2, aY2, AZ2), (AX3, AY3, AZ3),
calculated by 32 bits, is packed in 8 bits, while thé tag
information TAG designating the unpacking list PL1 is appended.

In the packing 1list PL2 is stated the sequence for

packetizing the two—-dimensional quadrangular information

constituted by apex point coordinates (X0, YO0), (X1, Y1), (X2,



i nfor mati on TAG desi gnating the unpacking list PL1 is appended. In the
packi ng*list PL2 is stated the sequence for packetizing the

t wo- di mensi onal quadrangul ar information constituted by apex point
coordinates (XO YO, (Xi, Y1), (X2, 17 Y2), (X3, Y3), set as draw ng
commands in the internal register 113 in the main CPU 11, the texture
coordi nates associated with the respéétive apex points (UQ VO, (U1, V1),
(U2, V2)yy(U3x3V3 assogciated with respective apex points and the col or

i nfor rratzl)dhﬁ( RO)YBC%O sﬁg) S REAYERE gonmanes @ thD)iniRrgRB, reBisB3Y, as
shown i sFiig 86A) maliR ¥y RACKI rocessing, ip accordance with the

packi ng i st PL2, "the apexggdiﬁ?gigﬁw$ﬁﬁﬁeé?9ﬁ§1“ﬁie5GES%QSla§@§ whth x3,
Y3, calinéd ateagelY 38 BbLy: pdigr P2 d.4 16 .bit whi t t exture

coordi nates U0, VO, Ul,b leU2, VZP[&’, ‘{}g) ‘and "'t ﬁfel)c’old)dze'i n%n&ﬁonvhb, GO,
BO, RlasGbciBteR2wi®8, rBdpec €l €U A LA t10 Rd SplT ked. 1n 8 bits,
and the tag information TAG specilfg‘%/i g% t he l?npaclaeﬁgcqallpo?f U 6t At ed
with tR® padki nBO) i stRPL2Gis Bppended., bn,. Bhe ghggrqr@3u3i§3 1 i }%Dhe
PPE 152 of the GPU 15 are stated three unpacking Iists PUOQ 'PUL ‘and PU2
associ &hegnwilphFigeb (packi hy tlistmdliOg BroaedsPhg, 18SRESLEYShYe i he
unpacking list ULOis stated the sequence of witing the packet comands
transf &'fe@2e6ipBeliApuPldutiprr dneH eroiti1 cooird ihe eisntx@r,nalo r egi styar, 153,
as show% i@,Figgg(B%. The packet commands transferred to the input/output
buf f er 2¥51 ‘%o to'be CHMFHLRRSENbYhS 2 iticrnal aregpastked 158 aBe wdewsl oped,

based <t he
9“11% the texture coordinates vo, vo, U1, V1 U2, V2 U3, V3 and

‘ the color

calculated by 16 bits, are packed in 8 bits, and the tag

information RO, G0, BO, R1l, Gl, Bl R2, G2, B2,

information TAG specifying the unpacking list UL2 associated with
the packing list PL2 is appended.

In the program unit 152E in the PPE 152 of the GPU 15 are
stated three unpacking.lists_PUO, PUl and PU2 associated with the
packing lists PLO, PL.and PL2, respecfively.

In the unpacking list ULO is stated the sequence of writing
the packet commands transferred to the input/output bﬁffer 151

' in the internal register '153, as shown in Fig.4(B). The packet
commands transferred to the'input/output buffer 151 so as to be
written in the internal register 153 are developed, based on the
tag information TAG, into the three—-dimensional triangular
information specified by the 32-bit apex point information
(VX0, VYO, Vzo), (VX1, vy1, VvzZi), (VX2, VY2, VZ2), normal

line information (NX0, NYO, NZO0), (NX1, NY1, NZ1), (NX2, NY2,



~tag information TAG into the three-dimensional triangular information
specified by the 32-bit .apex point information (VXO VYO VzZO, (VX1, VY1,
VZ1) " (VX2, VY2, VZ2), normal line information (NXO, NYO NzO), (NX1, NY1,
NZ1), (NX2, NY2, 18 Nz2), and the 16-bit color information (RO, GO BO,
(RL, G, Bl), (R, &, B2), as shown in Fig.4(B). In the unpacking list
ULl is stated the sequence of witing!3the packet commands transferred to

F o 5B e e 18 Silasad Y A B {1 e 90k put BUF 1@k 151
so as tga)he (pH i tden g t i al_regis 153 are devel oped, based on
the tag )i nf(or mat i on TZX)G hal'esnt%ﬁrg %:%ulf)fg%d‘i ﬁi angul ar information

consti tut ed By thize udBabkl n@PEXsPO; t VY Q) _and. difference
data (AX1, Dvi, oZl) ;%a(Q/?( , 032,0%%2%‘ %to%&\%oo%e g?q\z%’?c? % HE HatiE ng

list Utde patidtededhirasesuenses ok rieht B t nkhg nRRGKRL (IS, ferred
to the input/output buffer 151 in the internal nlr%egilyg)ter 153, as?lrsﬁfgo\slvln in

Fi g. 6( Bp. tTReiptekatl cemmands t5aNSher se@wino itthe iignBUtE OUt Pte bé’a[)&?ét 151
so as to be witten in the internal register 153 are devel oped, based on

the t&gmmrandsnareoAfFAGedi nhbo thke igpadyangwuar biuFfferrmaty 0o GRNStd tyd ed by
the 32-bit apex point coordinates (XO YO, (X1, Y1), (X2, Y2), (X3, Y3),
16- bi t "FékFBRelBoblei hatesngUgesiter (UGB, avt) de(ddopd?), Haldbd \&3) wnd the
color Larormmiion (R0 R, B, (R &80 (R, &,B9), (R & 89
assoCi d bﬁ X oupled triangular information
constituted by the 32-bit apex point data (VXO, VYO0, VZ0) and
. difference data (AX1, AY1, AZl), (AVX2, AY2, AZ2), (AX3, AY3,
AZ3).
In the packing list UL2 is stated the sequence of writing
the packet commands transferred to the input/output buffer 151
in the internal register 153, as shown in Fig.6(B). The.packet
commands transferred to the input/output buffer 151 so as to be
written in the internal register 153 are developed, based on the
tag information TAG, into the quadrangular information
constituted by the 32-bit apex point coordinates (X0, Y0), (X1,
. Y1), (X2, Y2), (X3, Y3), 16-bit texture coordinates (U0, VO),
(UL, V1), (U2, v2), (U3, V3) and the color information (RO, GO,
BO), (R1, G1, Bl), (R2, G2, B2), (R3, G3, B3) associated with
respective apex points.
The VLBF 117, provided at the inlet outlet portion of the
main CPU 11, is made up of a read buffer 117R and a write buffer

117W, associated with the longest burst transfer, and burst



respective apex points. The VLBF 117, provided at the inlet outlet portion
of the "maih CPU 11, is.made up of a read buffer 117R and a wite buffer
117W " associated with the |ongest burst transfer, and burst 19 |ength
setting registers 117RL, 117W. for setting the burst |engths. The burst

| ength setting registers 117RL, 117W are set to lengths suited to the
readi ng and fornul ati on of a packet ﬂ?ocessed in a cache-on particul ar

routing el [ - he .routin i S, enabl es. burst transfer
sgi tedqt%{gt%; gaeg_%gtn%gf g'?%l %En%_rl;me)lrloﬁgs’ f[ﬁyﬁ;larfﬁfrers%ﬁf%e_ﬁ@ﬁ ?‘!ﬁ’éSt_
above- tinzed Twied 8@ : c . 1.0 sent..invention is

conf i gu%(ﬁél.(c\lgr as shown i rﬁggngfa%t/{l/i gt\a/v@g?ﬁ)%jgg% étearti ‘ralolnﬂ{:ﬁ]:\?i e %WEF?E;‘? o°&hd a

si de vitew Déngtls 1QuitSRead | €8d | YeahligsB a%@“@o%ﬂi&'@?oga?% evi ce 201
In

basically mnade up of a main body portion 202 and an- operati ng VTR 217

connectped ceisaed dabhecaz2hetont fer 6B w1 HOMLDOHd Ut 202% Aladi 8 Lpossion
on the upper surface of the main body portion 202 is nounted a di‘sc

| oadi nd heni 1o P08 e t Bhisweineb lies nadad o &0 ROM s25ieahewn dhe Ridbidds On
the left side of the disc |oading unit 203 are nounted a power source

swi t ch 209 20y &Mt Bie ok tumnoffe povkfi doamcy and a reset switch 204
actuated for, transiently resetting the gane. On the right side of the disc
| oadi ng uni £ "e20B°9 e Tideme BEbad diviceactamme ndegikech 2060 adtnat ed Wan
| oadi ng/ ding the CD-ROM 251 to the disc |oading unit 203. On the

nl . .
front.Si Seg t ReChat A7 bbly- PHr 8 UheLe® shewmpint adplan view of Fig.8,

a front view of Fig.9 and a side view of Fig.10.

. Specifically, Fig.8 shows a video game device 201 basically
made up of a main body portion 202 and an operating device 217
connected via a cable 227 to the main body portion 202. At a mid
portion on the uppér surface of the main body portioﬁ 202 is
mounted a disc loading unit 203 within which is loaded a CD-ROM
251 shown in Fig.11l. On the left side of the disc loading unit
203 are mounted & power source switch 205 actuated on power up
or power down, and a reset switch 204 actuated for transiently
resetting the game. On the right side of the disc loading unit

. 203 is mounted a disc actuating switch 206 actuated.when
loading/unloading the CD-ROM 251 to the disc loading unit 203.

On the front side of the main body portion 202 are mounted
connecting portions 207A, 207B, as shdwﬁ in Fig.9. These
connectihg portions 207A, 207 are each provided with a connection
terminal portion 226 provided at the leading end of a cable 227

led out from the operating device 217, a connection terminal



connecting portions 207A, 207B, as shown in Fig-9. These connecting
portions 207A, 207 are each provided with a connection termnal portion
226 provided at the {eading end of a cable 227 |ed out from.the operating
device 217, a connection termnal 20 insertion portion 212 configured for
connecting a recording device 228, such as a nenory card, and a recording
insertion portion 208. Specifically, #he main body portion 202 can be

connect; t .of t operat.i ng devices 217 and the recording
devi cesl%%Zeg&ng ?rggﬁtl%\?i e%;vf%)f °I9in3.1§ ﬁ(?ws%?ﬁe HEE G i EphAcF R4RFding

conneciyie@n cleerad dal sReRt i,Qn 22 the recording device 228 are connected
to the ri gﬁt-si de cgnnecta‘%ngazprg(ra'??g f%ﬂg,’ wh egnSﬁgor NEhe e on

t er m nab rRQlinl A®8 226 s@e it 2AG di deyt ce 8 is connegted to the |eft
si de connection porti O(I?l) 207A Rg;’ergr}?engﬁ%((&)ﬁﬁbg.%%, IJaorsthlu(%r% e?sgo§a’|ns be

provi dednarcite@ resorndiongeat RSt | PRe dQWGR 230G Used; £9L |0adi pgsa
recordi ng device 238. Wen | oading the recorgii%ng de\lli ce 238 ongstihethrreai n

body poetipedin20Zevtikessiaetgt.er 209 is thrust by the distal end of the
recording device 228 for |oading. The connection term nal portion 226 has
a grip 231AThghi feont he reecopdi My gle¥i 6@0238 bAs astgit 242AvhTHR GHPS are
machi ned for sl |g-prpof| ng, such as by knurling. The length of the
connecfPBRCEEE AR naf IPpbral arp i@ rakd 6t had dhet hecpedangi dgvdew e 23& are
of the_sane Jtength L. The oE)erati ng device 17 has supports 220, 221 that
can beconnec ed~“to the right-side connecting portion 207B, while none
. of the connection terminal portions 226 or the recording device
228 1is connected to the left side connection portion 207A.
Referring to Fig.9, a shutter 209 is provided on the recording .
insertion device 208 used for loading a recording device 238.
When loading the recording device 238 on the main body portion
202, the shutter 209 is thrust by the distal end of the recording
device 228 for loading.
The connection terminal portion 226 has a grip 231A, while
the recording device 238 has a grip 242A. The grips are machined
for slip-proofing, such as by knurling. The 1length of the
' connection terminal portion 226 and that of the recording device
238 are of the same length L.
The operating device 17 has supports 220, 221 that can be
held by left and right hands. On the distal ends of the supports
220, 221 are provided operating portions 218, 219. The operating
portions 224, 225 can be operated by index fingers of left and

right hands, while the operating portions 218, 219 are operated



held by left and right hands. On the distal ends of the supports 220, 221
are provided operating portions 218, 219. The operating portions 224, 225
can bt operated by index fingers of left and right hands, while the
operating portions 218, 219 are operated 21 by thunb fingers of left and
ribht hands. Between the operating portions 218, 219 are provided a

sel ection switch 222 actuated when perforning a selection operation during

the gamg and. 4 sftiq{%ﬁlsé/viéfzglo%ztst%é %%\A en, starting the gane. In the

present vi deo gane devl ce A9%¥ paded on the disc | oading

unit 203 i s gaRfFICced by : dri.ve = 3 Th perating device 217 is
equi val ent to the above- On%ér}te%%]he ipr?ﬁﬁtloﬁés'vi%%aa 28?1§hiar%etﬁg°|”ééi&ddi%g

deviCesZZ&ctGQﬁfe%MQQQ§1tQZQheaéggﬁkghar%hgﬁorggpfggMigg ZJ. selection

operation during the gamé and a starﬁ switch 223 actuated when
starting the game.

In the present video game device 201, the CD-ROM 251 loaded
on the disc loading unit 203 is reproduced by the CD-ROM drive
30. The operating device 217 is equivalent to the above-

, mentioned input device 28, while the recording device 228

‘. corresponds to the subsidiary storage device 27.



