1 DESCRI PTION Picture Processing Apparatus and Picture Processing Method
Technical Field This invention relates to a picture processing apparatus
and a picture processing nmethod enployed in a graphics conputer, special
- effect device or a video gane, which are picture equipnents enploying a
conput er. Background Art In a TV gane mathi ne for househol d use, a personal
conputer or in a graphics conputer, a picture processing apparatus for
generating data of -a picture outpd@?%@g%ﬁﬁlgNsplayed onga TV receiver,

nmoni tor receiver, cathode ray tube (CRT) or. qQn di spl ay devic hat i

di s:ol ay out Bl}étp‘ir@t_l?rrecmé,n)éi é‘épea%gﬁ%ef@d &ﬁﬁ?&l ?3” ieﬁétl?ﬂ&%’lﬁftthﬁad >
gener al - purpose nenory chip, a cgntral gio esging unit (CPU) or other
processi ng chips. Hi gh- speed pro %%é?h% sFER581 ed by providing a

dedi cat ed drawj devi ce, between the CPU and:a frane buffer. | L ly,
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Background Art

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

or in a graphics computer, a picture proéessing apparatus for
generﬁting 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 betﬁeen the CPU and a frame buffer.

Specifically, with the above picture proceséing apparatus,
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33 the CPU does not access the frame buffer directly in generating
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a picture. Instead, the CPU performs geometric processing
operations, such as coordinate transformation, ciipping or light
source calculations and formulates drawing commands for defining
a three—dimensional model for drawing a three—dimensional ﬁicture
as a combination of triangular or quadrangular basic unit figures

(polygons) to send the drawing commands over an external bus to



(polygons) to send the drawi ng commands over an external bus to 2 the
drawi ng device. For exanple, for displaying a three- dinensional object,
‘the latter is dissolved into plural polygons and drawi ng conmands
associated wth the respective polygons are transmtted fromthe CPU to
“the drawi ng device, which then interprgts the drawi ng commands sent from
the CPU to the drawing device. and cal cul ates the colors of all pixels
nmeki ng uphkhedrBRingongedidet hepdrvabygapis om fde Zri\@alte@ﬁgfemaf yithg elehe
color data and depth of apices. The draw ng device then perforns

renderi ngipefg@sfibDJobjedt | tthy Idvtdd el ddakalivedt hatbr prRrahuipbalygons
delineate a figure on the frane buffer. Meanwhile, the Z-value is the

i nf or mat aad dpewihgi cogmhimedsli ¢ sowia taldng thhe hedepsbekitdmet Ipe lyigewnisna.re
poi nt. For exanple, if a three-dinensional object is displayed on the.
pi cture Geaasatittedefrom, the CGBUecto i $hdi sbmdwionk | devicpl,urehienl Liems
and the drawi ng command corresponding to the polygons is transferred from
the CPU dotempratawthg desvins dummandisssiemfi ﬁgomhé?l@bpé?&lt tpptée drawing
realistically, a technique known as texture mapping or mp nmapping i's
used. Thée¥ice And kpbdGHlatesedisi qrlass %nﬂggt idged® greling vp the

picture via a color . | ookyp table CLUT% holL.di ng on nemgry .t he col or '
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rendering processing of writing the pixel data in the frame

e

buffer to delineate a figure on the frame buffer. Meanwhile, the
Z-value 1is 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
textufe 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 téxture 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



texture source picture, that is a texture pattern, on the surface. of a
pol ygon constituting an object. The m p mapping is anong 3 texture mappi ng
t echni ques of interpolating pixel data so that, on approaching to or

recedi ng away froma three-di nensional nodel, the picture pattern bonded
to the polygon will not depart fromspoptaneity. In a calculation
processi ng- system constituted by conbi ning general-purpose nenory chi ps,
CPU or ot$witdd Gdpd i) tdimbiqued/ QY atn tlr SRie: IRe b Nes1 f@scdossehri ¢, use
or personal conputers, the nenory operating speed or the perfornmance o
the exterdral apgprodchimy toPAVEfedSdEREPINWGY  Or b ROVENESS~d Ind€ional
operating frequency of calculation chips or circuit size, such that the
ext ernal dmde lor dies fpie therea photekbanbeided hto Me®yo hisors yiei BN ndravd éipe. Bt

| arge data transfer volume is generally high in latency and exhibits high
per f or marftron rspenpnedprci ty burst transfer. However,; the performance of
the nmenory bus system.is not exhibited for a snmall-capacity random
transfer, suchlfs® i9flatldtiony pcpoessdingstngtenfcongt ittt ek bpaedmb intngh
as a command packet, is used, efficient transfer can be achieved by

expl oi t i rRERLIAIERYTRRFHBr Pemogy sdddss OFH ror| ethepveglcwiafdesy  chimes,

mul tifarious al | thm canpot be_coped with thus giving rise to

r edundancss}fcﬁ"l'ﬁéqg%yuggﬁ'ﬁ‘nﬂﬁﬁgla?ﬁ ERRSHPRRLRNLY 1S & 20k PETFGPARL CARAUERTS,
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is not improved as compared to improvement in the operating

frequency of calculation chips or circuit size, such that the
external bus proves to be a bottleneck. The memory bus system
haying 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 pacggts 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 accormopdate the packet |ength cannot be set,
such that the burst is usually set to four words and hence the performance
~of the nenory systemof the larger data 4 transfer volune cannot be

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

pi cture praaeserngolameakannd tCabidiesd fayea.t he general - purpose nmenory

chip, CPU and the-lie calculation chip. Another object of the present
invention is o pievi df the palndws-algrarcidssi B3 azpmsapdt theapdiarpiactyr ¢he
processing nethod for raising the data transfer efficiency. A further

obj ect oPfrelenfr és¥rntiionebeisort hies ftod Jpmdwigd@bd eqlisct ure processi ng
apparatus and a picture processing nmethod for raising the data etficiency
on a nenory. APPGAH&R 1G] .ecenofotdieetprefethe neeasedh iiavesatiosyi e 4o

pi cture processiqg apparatus and a picture processing nethod for raising
the effi CPEHES FRE parhRYeant irned Sokddenssd dackhsi Ricturei preseysing
further object, of th resent invention is to provide -a pigture

r ocessi REPAFPLYS: SUIAHAS ThaR (e eesedRyrRaeRoBREFY EhiBraFRY PPdedom
to t he p%ﬁgeﬁiQOEghcﬁlikkhh %%g%her obj ect of the present |nvent|pn iIs to

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 of the present invention is to provide a
picture processing apparatus and a picture 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



provi de a picture processing apparatus and a picture processing nethod for
enabling burst transfer suited to the packet form DI SCLOSURE OF THE

| NVENTI ON The present invention provides a picture processing 5 apparatus
- having a plurality of picture processing units interconnected over an
~external bus and a nenory, wherein therg is provided a first packet engine
at a data inlet stage of at |east one picture processing unit. The first
packet ep@im&Lals Mg the dataUNRAcKYd Zigie t38eUeReRceliihg Wi tishe
pi cture processing apparatus according to the present invention, the
packet fanfefeynhecabiobded wht Bxteeaddmbiue agld avaehioghy, @hler@iignahdre
data transfer and in nenory data.. Wth the picture processing apparatus of
t he presdrt prowiddd od, farsecpadkpacieeigieegiate £ addatpackeleti sgadat afi at
provi ded at a data output stage of an other picture processing unit. Wth
the pict Urash coss Pictupparetcssoing henpt es®he finsénphokett leegieeoren
packet engi ne appends the appendage information specifying the

unpacket meidif % dehrerdat asunpecketiining seauvepaekeThupngwibhushee nistare
packet at the tinme of data packetizing. The first packet engine perforns
dat a unp@RIRRASAIRE IPPaEEBITandecRrdinghd s clienerespati Lp¥gnbjonpe the
appendage information at the tinme of unpacketizingPEThe packet engines in

the pi ct BEERRocEOTMgmaBpaat ff Laxdidii g o fRESEPBsetR achi?Ye high

efficiency in data transfer and in memory data..

With the picture processing apparatus of the present

invention, a second packet engipe for packétizing data is
provided at a data ocutput stage of aﬁ other picture processing
unit.

With fhe 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
efficieﬁf packet data development.and packing.

With the piciure processing apparatus of the present
invention, the first and second packet engines have sequence

selection means for selecting the data packetizing/unpacketizing



inventjon affords freedomto the packet formfor realizing efficient
packet “dat a- devel opnent and packing. Wth the picture processing apparatus
of the present .invention, the first and second packet engines have

- sequence selection neans for selecting the data packetizi ng/ unpacketi zi ng
6 sequence. The second packet engine appends the tag information

speci fying the data packetizing/ unpacketi zi ng sequence as selected during
packeti ziguhbyndde BREUSBESnECHEELERN ABANS P peRdirdRe -takheidfd Sila thidsket
engi ne sel ects the sequence as designated by the tag information during
unpacket ispeui fyyidde tsequaace sebekkitar ingannpatketiadkgt ergiuwsd n dde
pi cture processing apparatus according to the present invention affords
freedom tse léet phckerifigrpatbetiedhgzbyg thkf iseigerencpacediecddiom ndsarsd apnent
and packing. Wth the picture processing apparatus of the present

i nventiore pheketis pTbei dbdrst f prskepi dngingr sedssitng the t sehinenng as
geonetry processing function of defining a three- dinensional nodel as a
conbi nat i4AS B¥natfd Py glibes-tegorinfarmat kan ndguaiagi Hgreskehhadngobvdridvd ng
a.three-dinensional figure. The first picture processing unit packetizes
the drawiSRAVERTERSEd eCihdory hesnst edheo REGkEt hengdarREt | Fbdthramifrture

commands by the first ?ggket engi mmand packet over, an exierpa

bus.  Ther®FICESAIEE APBOTALHSa SEEORULER ctar bt ng THARL 1GFL A4ReTdS
above- rreritlleom pﬂ&tf‘ﬁg BQQEE%S%ngUQBtrS’refa.ciriz"iiﬁ%a% i'czi.ler;xq packet data

development and packing.

With the picture processing apparatus of the present
invention, there is provided a first picture processing unit
having a geometry processing function of defining a three-
dimensional model as a combination of wunit 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 arawing processing.

The present invention also provides a picture processing



t he command packet sent fromthe first picture processing unit by the
first packet engine, interpreting the drawing command sent as the conmand
packet and perform ng the rendering processing of witing the pixel data
in aframe buffer. The picture processing apparatus thus can perform -
efficient drawing processing. The presegt invention also provides a picture
processing 7 nethod carried out by a picture processing apparatus having a
pluralitmethod cderf i ¢dd O6EE SbQaliilet urd! Prov¥RGimd dmirafus exdeingl abus
and a nmenory. The picture processing nethod includes perform ng data
unpackat pziurg.lijtya ¢f r pticpacketpragsingit ufi tiat dniteirebnaeagedofowdr | east
one picture processing unit. The first packet engine can nodify a data
unpacket exitegnsdquense.andV eh mémopy ct ur ®hpr opbsturg prolced sdiing heephedent

i nvention, the packet formmay be afforded with freedom for _achi eving high
data transfudesfpeefenningndahiguepankabigidat byedf firshcpackethenséne

pi cture processing nethod of the present invention, data packetizing is
per f or me@tb§ Sadek ol packiereemf et pleasticone apiat Wae aPBAEPEE IBEaHBIGF an
ot her pi&hurﬁ,Frocessin unit. Wth the picture processing nmethod of the
present tRGehifBh PAEFRE SREME 520KBPAERY RedabpiRaqlRE Fsguence.

i nf t] iLfyi th ket i zi lated w.th t
packer| 2I'AGhsEiEcRES it i RIAE mefiofh A BRe GRT4SFREKLEFERRAoR: ahfedat a
unpacket babRQe ! SoPETASY B d¥eddiRd With R6ERbnCREE "ont By HECRTBRCEALA" N
t he sequence specitied by the appendage
transfer efficiency and higher memory data efficiency.
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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 wunpacketizing 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 unpacketizing. 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 picturé processing method of the present invention also
inclgdes selecting the data packetizing/unpacketizing sequence

during data packetizing and appending the tag information
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ion at the tine of data unpacketizing.- Thus the picture processing

ccording to the present invention affords freedomto the packet
realizing efficient-packet data devel opnent and packi ng. The

processi ng method of the present invention also includes selecting

packeti zi ng/ unpacketi zi ng sequgnce during data packetizing and
g the tag information 8 specifying the data

spgtifpinget hei dgt s g Zwa/Mapebke tdaiAg Po6deéndé Nt ihd the
by the second packet engine, and selecting the unpacketi zing
datadeeiciedtied iy tde tpackethf dbyrathensdoondgpdakatuepngdkegi rgddy
t packet engine for performng the data unpackagi ng. Thus the
gedecddingg theet hnpackebiding sequkacpr eserdes igratednbaf thedtag

to the packet formfor realizing efficient packet. data devel opnment

kpdgropitd of duningrdates sinpeckagibaig oby t hbepféceht Peskeft ieog ialeso
perfornming, by a first picture processing unit, geometry
ﬁgroPeBE?Y‘ﬂm@ the ks dnrackeging -ndhus kBea PdSAHTEaPToseSEANEN t
for,fornmul ating drawing commands for drawing a . three-di nensiona
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L, epdi ng_t he packet.i.zed omrand s.a Ggo nd packet .over
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the comppdyjpgcket sent fromthe first picture processing unit by the

first

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
cdmmands 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 drgwing command sent as the
command packet and performing the rendering processing of writing
the pixel data in a frame buffer. Thus the pictufe processing
apparatus according to the presént invention can efficiently
perform drawing processing.

Thus, according to the present invention, the bottleneck
in the éonventional picture processing apparatus constructed by

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



packet engine, interpreting the drawing conmand sent as the command packet
and performng the rendering processing of witing the pixel data in a
.frame buffer. Thus the picture processing apparatus according to the

. present invention can efficiently performdraw ng processing. Thus,
according to the present invention, thegbottleneck in the conventional

pi cture processing apparatus constructed by conbination of the

gener al - paipodetienochipsi pan GRUadr estifred cal cul ati on chi ps can be

al l eviated. BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is a bl ock diagram
showi ng the structure oBRAEV| DESCRJ&Ad Olfc OFc FHENDBAYINGSt he present

I nventi on. 2 is a schematic view showing the state of instal nent of

pr ogr ammabl e gaSKét1én@rhtiHEdkﬁﬁﬁﬁmeﬁhﬂwﬁﬂﬁcﬁ%ﬁg%h%u@évreeOf Bi §yideps a
bl ock dragrantshomnng the configuration of the PPE. Fig.4 shows a typical
oper at i of2BF Fﬁ@lppEemPP&YBngh BrGsieayt ﬂ%ﬁqﬁéﬂ°ﬁperatron of the PPE.

Fig-6 shows st,i.l | another t i cal eration of the PPE
typi cal opera%ﬁgn oﬁ ﬁmﬂq %?4%3{%?V SHOWITE | tRe peErte W%BFnFﬁaﬁﬁénébove

vi deo ga devrce p an Vi sho vi deo. gane device .
erbody ng? Phachrmdnfe ket Bridlad BT IR0 BY A1 AR ¥ eae0
ganme devi ce. 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.? shows a typical operation ¢6f a variable length
pead/write buffer VLBF in the above video gaﬁe device.

Fig.8 is a plan view showing a video game device embodying
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.11 is a plan view of a CD-ROM mounted on the video game

device.

,
&
4

&R

BEST MODE FOR CARRYING OUT THE INVENTION
Referring to the drawings, preferred embodiments of the
present invention will be explained in detatl;
The present invention is applied to a video game device
configured as shown for example in Fig.l1. The video game device,

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



Fig.10 is a side view of the video gane device. Fig-11 is a plan view of a
CD- ROM nount ed on the video gane device. BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON Referring to the draw ngs, preferred enbodi nents of the present
“invention will be explained in detail: The present invention is applied to
a video gane device configured as showy,for exanple in Fig.1l. The video
gane device, which reads out a gane program stored on, for exanple, an
optical Hisdli sfdantkeviprdl e¢hbhG RIHURNFES! GAIMINE S4t 1t Jg8Rel Nn
accordance with the commands fromthe.user, is configured as shown in
Fig. 1. Speaidriduide/, wibkR thdex@@ifhdieVi £6mhafet WeeSQr tSs OboRESBEredt Rt 1S
a main bus 1 and a sub-bus 2. The main bus 1 and the sub- bus 2 are

i nt er conrsdmiwed i1 &Figg us controller 10. To the main bus 1 are connected a
main central processing unit (main CPU) 11, a main nenory 12 made up of a
random access SpegridrigalRxM) the wadeo dgame tdewime hasc toos soortsr @lfl dusessi n
DVAC) 13, a- MPEG decoder 14 and a picture processing unit or graphics
processi fgadnile earginibusTh amd aAntlss? 23r Theomaéntlews al andsthi aup—
central processing unit (sub-CPU) 21, nade up of a mcro-processor, a
subsi di aPPSen@RE INtercRAnALtes wig mds et a8 (RAM), a

subsi di ary di recrt r{gl]rmr _ac&gss controller (sub-DVAC) 23, a read-only
merory (ROV) 24 %ol enggﬁﬁ ﬁoiyaﬁg connected a main central processing
unit.(main CPU) 11, 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 picturé processing unit or graphics
processing unit (GQPU) 15. To the sub-bus 2 are connected a
subsidiary central processing unit (sdb—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 i§ 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 opérating in
accordance with the program on the main memory 12. Since the bus

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



program such as an operating system a sound processing unit (SPU) 25, a
comuni cation- controller, that is an asynchronous transm ssion nodul e
(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 _
~swi tching between the main buss 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
accor danaon tgrogheampfegnatheNROME24Bom TR Yb-blhis I eRl e ddduces the’
controller 10 is opened on startup, the main CPU 11 reads the 11 boot

pr ogr am- fapphitced iROVP24 goamt rd stilte Mesc el sy dapgrodroms thaeCD-aROM | lnat 4 lon
program and. t he necessary data fromthe CD-ROM by the CD-ROMdriver 30 for
| oadi ng &PtRM ndfrhverndPy 02 doddimg e theimesn omendeyslB- bnd 2n Grhd he
main CPU 11 is |oaded a geonetry transfer' engine (GIE) 17 for perform ng
coor di nat®Vi¢ehsPBr e oRubchuan 4 npuQrouthéit madine CRUt Ad nks nlopdedr &

| oaded a progranmmabl e packet engi ne &E_PE) 112 for data . _ - .
packetizié??g? Tt k drepsde rn ene ine e d e thatfaranrerigpBiREcgoOdinate

i abl | t d/ ite buffer (VLBF) 117. The GIE 17 i | ud
Do a el SRR TR P of RORELEHEPRE Mhe oEaths MethoCRR are
[l el, | ti h . iL.nat f t] ,
Pant soiedsid i BFogfBhiabTe ) B8rHEHC, sPRiRRC. R RIS L Fos fatte; VIS
requests JaQ:rkeQ:leqwg?tu'n%%kfertqqli’h%e Wi SR ddknc e R L Yel hodi £ ied,

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

The GTE 17 includes a parallel processing mechanism for
executing plural calculations in paraliel, and performs
calculations, such as coordinate transformation, light source
calculations, mafrix 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), éuch 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.



defines a three-dinensional nodel, as a conbination of basic unit figures
(pol ygons), such as triangles or quadrangles, based on the results of

cal cul ati ons executed by the GIE 17, for fornulating drawi ng commands
~associated with the respective polygons for drawi ng the three-di nmensional
figure. The PPE 112 packetizes the-draw,ng commands to form command
packets which are transmtted over the ain bus 1 to the GPU 15. The main
DMAC 13 is a deyd cgpgn15hg dMal Nydiieel éﬁrm@X@yﬁ' BEsCANLProridnly 3% VA
control, on the devices on the main bus 1. IT the bus controller 10 is
opened, thfhderimgD¥MeckEsdier f O’ HeONINRIt Qutiit (AMItCRT Ahd uprsuly Qs 2.
12 The GPU 15 is a device on the main bus 1 performng as a .rendering
processomouatddie a npulo/gdainpialb 1eNi batketheefEWndS (BPENOUNSZI a&he data
programuabl e packet engine (PPE) 152, the data . packeti zing/unacketi zing
sequence packetiizh ngdmnbe ketdizfingd s efue nfdeE olfS hirglaceet ibee madid icahmdie
packet and the object data sent fromthe main CPU 11 or the nmain DVAC 13.
The GPU BPE & pinpecketligedr e ngommeaind rpisc kedntanaks tihee abgrecdtndlagac keeind and
calculates the color of all pixels making up the polygon fromthe col or
data of foem fhex mdnnCEUaAd or obhe Hreain \IMAG oL spedilfeyiGRY tife igdmnpretise
GPU perforns rendering processing of witing the pixel data in the franme

buf fer 1&heegFeHdnge coamandsy seat s the Gommend;rasketsc finds c@dicsliadtssons,

such as 601 13k ot LITSH LIRS Slk B e PA155052 b2 AE 81 90 1S

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

éﬁ% with the CPU and is a device on the main bus 1 operatinghas 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



di mensj onal picture data sent as the object data by a processor, not

shown, for generating internal draw ng commands associated wth respective
pol ygons. The GPU executes rendering processing as described above. The
MDEC 14 is an |/ O connection device operable in parallel wth the CPU and
Is a device on the main bus 1 operating gs the picture expansion engine..

The MDEC 14 decodes picture data corrpre1 sed *and encoded by orthogonal

t ransf or ML UERa, hSChgt Si i Lansf.aor he, .slyh- CP. ' device
on the. st pue 3 retet Sr TRSS s RasbAc WA Nebllre iRk Fhd T Sl nc
23 is a dewércechy B cortrdise ) rect t ! t 3 for
controlling 13 DMA transfer. thhilss:b sﬁét:)-%p\zﬁ\écé)%3h§3:%§/¢%?sr ?fgﬁ]t{e%%y?%ée)uiﬁs
only whethé¢ hgubsbueoat pelrlfermidg 2.sCla0sindFroddd sor .| S Thide\dme D9 4 he
sub-bus 2 performng as a sound processor. This SPU 25 is responsive to

t he soundresporemidresdint theormouhd sulm&hd 24n®rf Sath-t HVAGRTHS A1 OFTERKL
packet in order to read out sound source ‘data fromthe sound nenory 29 to
out put t HM4@ad3oas datcmmnibinel pEdRES iis ardevri to ftendcomunriciaid adbwWrcd he
sub-bus 2. The subsidiary storage device 27 is a data i nput/output device
on the dakapdron dhe ispunshmemarinf2e® tomuwipet ithe mmenbroutsudtas dThe
flash neggﬁi. ghe subsi di ary storage device 27 transiently stores data
such as AR ti%e rogrise don reommymiert tewren. thee submhus dévi cell®s s

an. i nput devi.cg, such as a n- machi ne .
subsidlary storage device 27 is a data input/output device on the

sub-bus 2 and is 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
geometry 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 t;ansmit@ing the drawing
commﬁnds associated with respective polygons as éommand 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



interface, e.g., a nouse, or for input fromother equi pnents, such as

pi cture input or sound input devices, and reproduces the application
program or necessary data fromthe CD-ROM Specifically, with the present

vi deo gane device, the geonetry processing neans, configured for
~perform ng geonetry processing, such asycoordinate transformtion,
clipping or light source calculations, éefining t he t hree-di nensi onal

nodel asapigeIbdded i ©h Séspéet PRSI Ko LPkdnd | 94EEE SROLNHODSIwiRE ChoRRands
triangl es or quadrangles, formulating drawi ng commands for draw ng a

t hr ee- di nPrém Otied Pecrial®y Pidclesdnng nbhRY FHL WF VARG tEONPBRES @ssaciated
with respective pol ygons as conmand packets to the main bus 1, is made up
of the CPthdlfeame tihef f&f 1§ for tdweawimg ne bfisgire W | €hé heramadeuf fgr 18
-processi ng neans for generating 14 pixel data of respective pol ygons based
on t he drisvimgdeowpraplisther GRUt hé.geonetry processing neans for witing the
pi xel data in the frane buffer 18 for drawing a figure in the frame buffer
18 is-made uplhe PRE G2 1on e PhEel0f Shet meisi @PUfll malniig) @PLLhd
maki ng up the geonetry processing neans and the PPE 152 on the side-of the
GPU ‘15 n@dROTRE TP RIRFSSSHAE megnsr ebdsthagPRBah22 sp braceide fictihe ERE

I nner reg'gter@.lll 13%]by the first-in first-out (FIFO nenory in each
processi n% (RPEIBRG UPh & DEn FRNASTING BTASSSHNE MeRns e, P LAk Patween o
The i nput{out RubQUifiS el #PF, BEF B9NThel i 2P {1 ALY PHLESS

for data trans
memory in each processing unit and the input/output registers

113, 153 as shown in Fig.2. The input/output buffers 111, 15i
are constituted by bit lengths suited for data transfer
algorithm, while the inner registers 113, 153 are constituted by
b;t 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
1%% of data is recorded, and coptrollers 112F, 152F controlling
various parts and read/write in accordance with the list of the
program units 112E, 152E? 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.



algorithm while the inner registers 113, 153 are constituted by bit

| engths suited for cal culations. 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, ogramunits 112E, 152E, where a
list stating the sequences for packetizing/unpacketizing WV of data is

sta | t Lo Pae pa-t ; Y _
recorded, and gontehhglis, 1136 P%%?ﬁf%”ﬁﬂi%ﬁén91d¥a5Eo%ﬁepﬁﬁf%bggqi55t: as

read/ wite in accordance-with the |ist of e programunits

shown in dddketizlig RBES dbdZingS omRafd P PES A EIh el RAAId &n I tHiEPREGIENE 4 Y

of the calculation control for executing data packetizi ng/ unpacketizing in

accor danagef wdhculdeisesubfpcenasarrdiigat ¢d rdtshenlel Hraiwi g & dMmtidm 4 t's
112E, 152E. 15 For exanple, the PPE 112 on the side of the main CPU I|

packet i ziawe ¢ idencawiwidt iconendsefaenue atstitbvwrns &y obhehedéesghéfedoflist

cal cul ations by the GIE 17, formats the drawi ng commands in accordance

Wit h t he dasuEnsdeds bywthiey sehectiden gmbit Bk |Tistt iohedihpngirexgdam turei tsel 2R i on
of the list in the programunit 112E in order to form packets

(packet i Am@rdeputengormi papheket (packetizimelt.agDuniognthisnpspket izing), t he
unpacketi zi ng sequence associated with the packetizing sequence indicated

by the |itte % @&ppdhRAMabiame $RRGEY inghe e 1Pankatie ingle sFausRceaPU

15 re-formats the onngﬂd -
assdciated wi 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 té
the command packet sent from the CPU 11 or the main DMAC 13 by
way of unpacketizing.

Specifically, three sorts of the packing lists RLO, PL1 and
PL2 are regorded 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 specifiéd by apex point information (VXO0, VYO,
vZo), (vX1i, vy1, vz1), (vX2, VY2, Vz2), éenerated as object data.
in the internal register 113 in the main CPU 11, normal line
information at the apex points (NXO, NYO, NZO), (NXi, NYl; NZ1),
(NX2, NY2, NZ2), and the color information at the apex points

(RO, GO0, BO), (R1, G1, B1l), (R2, G2, B2), as shown in Fig.4(A).



packets in ‘accordance with the Sequence stated in the list specified by
the tag informati on appended to the command packet sent fromthe CPU 11 or
“the main DMAC 13 by way of unpacketizing. Specifically, three sorts of the
"packirng lists PLO, PL1 and PL2 are recorded in the programunit 112E in
the PPE 112 of the main CPU 11. In the acking list PLOis stated the
sequence for witing the three-dinensional information in the input output
buffer 11lin theSpaickine mandeld madl {Qr Avasraasket we@AMMAY. ph&ing list

t hree-di mensional information is specified by apex point information (VX0
VYO,  VZOLO (\bie, avek, puiht, i0¥eEnabi@n V&) VYPSNATZAt eXas YhLecvzUaxe, in
the internal register 113 in the main CPU 11, normal |line information at
the apex P& ntV&2 mrG, tReOnoRmE) , 1 {hK1inRoMima thak) NXO(NNZO, V20, N2}, M, t he
color information at the apex points (RO GO BO, (Rl, GI, Bl), (R, @&,
B2), as sN?oMmNX«?uFN@’M( NE2, 16alenlebed ot 35 P ifsoc esei ngckﬁdacs:ol@dmms,wth
t he packlrl1 ist PLO the apex point information VXO VYO VZO VX1, VY1,
VZ' 1, vxz whije “\922°éﬁa’ LREORBRERPN | #hct ho IASRAGEIN ENRERX NROLN bz (RO N)EQ,

NY1, é #éa % culated by 32 bits, are packed as 16 bjts,

whi | e th Qol 8t i for nBti onXde 1$ r@@peﬂ:‘h&@eap‘éﬁ@&ﬁﬁ?ﬁ"s‘* REPEEOPO IS S R1

Gl, B1 t t | |ated b 16 b t :
are pacEgccf'l%lfg%’bd? by 1% BIERThEd “pBRRSa i g mit i gk & Fr s
bits eachft Rs GANPeBL2RY Rade up of 5 bits each of R, G and B and a

control bit used for semi-transparent processing. In addition,

the tag information TAG specifying the unpacking 1list UL
corresponding to the packing lis£ 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 (VXO, VYO, VZ0) and différence data (AX1l, AY1,
AZ1), (AVX2, AY2, AZ2), (AX3, AY3, AZ3), ..... as shown in
Fig.5(A). In the packing processiﬁg 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, AY1l, 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 pécking list PL2 is stated the sequence for
packetizing the two-dimensional quadrangular information

constituted by apex point coordinates (X0, Y0), (X1, Y1), (X2,



control bit used for sem -t-ransparent processing. In addition, the tag
I nformati on TAG specifying the unpacking list UL corresponding to the
. packing list PLOis appended to the packed information. In the packing
list "PL1, there is stated the sequence for packetizing the coupl ed
triangular information constituted by gpex point data (VX0 VYO VZO and
difference data (AX1, AYl, AZl), (AVX2, AY2, AZ2), (AX3, AY3, AZ3). .....
as shown ¥y, HiX3,50A)., Iset s RAGK ik HAMRSIGd 1t HRE G AHEA wgagm
packing list PL1, the apex point information VXO VYO VZO  cal cul ated by
32 bits, 1153 packée maikb GRU 91 WiHee ddigulid fyorititatdal asdodibt Y Wwitidl) ,
(AVX2, AY2, AZ2), (AX3, AY3, AZ3), calculated by 32 bits, is packed in 8
bits, whithe trtespead ivienbperapddntSAFICesVENAt{ULG V1o ,unrckived I (U3, Ri3l) is
appended. In the packing list PL2 is stated the sequence for packetizing
t he two- ddsRaesiadedl wdkadraspaethive nipexratdiorts @ards ttilteutomd dxy  iayfeyemzct ittn
coordi nat es ( XO, YOé (X1, Y1), gXZ, 17 Y2), (X3, Y3), set as draw ng
commands (BP « HE0 i nBR@) nalRiegfss eB1)118RR2n GRe B@)nadBU IR3.t 168 .t B&)ur @s
coor di nat s _associ at eg \th _the respective apex points (UO VO, (U, V1),
(U2, V2) SR9¥m u8) FigsB48) at ol vih Batking procaseingei ik saeperdarce ofidh
I nformati n %F%MGO, 'BE)P éRl Gl, Bl), (R2, &, B2) and (R3, G3, B3), as
shown in FGH ng JiffePh ckF'ﬁ% ?J?%’Ee%%ﬁ’ﬁgc"i%dd'&@d‘re&aﬂ@e Widsh Xlphgf L,
packing l¥St 32 xNey8Pe% Rl ey WY i¢0 IR Mexdd in 16 bits,
ﬁ%@ while tlie texture coordinates U0, VO, Ul, Vi U2, V2 U3, V3 and
the color information RO, GO, BO, R1, G1, Bl R2, G2, B2,
calculated by 16 bits, are packed in 8 bits, and the tag
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, réspectively.

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 th;ee—dimensional triangular
information specified by thél32—bit apex point information
(VXo, vyo, vzo), (VX1, vyi, vii), (VX2, vy2, VZ2), normal

line information (NX0, NYO, NZ0), (NX1, NY1, NzZ1), (NX2, NYZ,



X2, Y2, X3, Y3, calculated by 32 bits, are packed in 16 bits, AR&Rh while
the texture coordinates UO VO Ul, V1 U2, V2 U3, V3 and the color
information RO GO BO Rl, G, Bl R, &, B2, calculated by 16 bits, are
packed in 8 bits, and the tag information TAG specifying the unpacking
list UL2 associated with the packing |lijgt PL2 is appended. In the program
unit 152E in the PPE 152 of the GPU 15 are stated three unpacking lists
PUO, PUL Noi2d ,Pdadasseciiat-ad twich oifhe n flRAGteti®d | S0 ,Pidd, Boynd @2, a1,
‘respectively. In the unpacking-list UOis stated the sequence of witing

t he pack@l)confRhds3a ;r B®Y erasedsHawn hin iMpgit4 (BY put buffer 151 in the

i nternal register 153, as shown in Fig.4(B). The packet comands
transferred tdn Hae mppeckingulibtf Ubt iSlstateab tthe Bequeridd ef iwr ttimg
internal register 153 are devel oped, based on the tag information TAG

i nt o t he &hf kackeeneempnandsr tnagafarredntor thei dnrysdoutivad hufifee AB bt
apex point information_ (.VXO VYO VZO, (VX1, VYL, VZl(), (VX2, VY2, VZ2),
normal  limébenigteanedn rediot envdsnzes, SM-WE1M1ﬁ) ( NThe |pexketg -
Nz2), and the G-Qit C(%|OI‘ inforrr%'{eino_n RO &O BQ, (R, Gl, Bl), (R2
G2, B2), SQUmEAGSE, trANELGTAES) Loy fhend naNb{omtRyY DUE fer 48 Soatssy ke
sequence of. L ti.ng,.the _packet co nds tr.ansferred . to the i npuj/output
buf f er 1§'f1t:@;?nt e itrtllfe?'ﬂgfr?% i%?%’rsrl%%,lg;s Woﬁ?.vier}%eéﬂS(b@s% A ﬂﬁteket
CO”“a“dsﬂéé”@ﬁ?BEEQtE8ntWidf“&%é@“&@& g%ﬂgfgdl§}i§8gﬁ§agoﬂ%%ormation

@% constituted by the 32-bit apex point datax(VXO, VY0, VZ0) and
difference data (AX1, AY1, AZ1), (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, YO), (X1,

Y1), (X2, Y2), (X3, Y3), 16-bit texture coordinates (U0, VO),

(ui, v1i), (U2, v2), (U3, V3) and the color information (RO, GO,

BO), (R1, G1, B1), (R2, G2, B2), (R3, G3, B3) associated with
. respective apex pointé. :

The VLBF 117, providéd at the inlet outlet portion of the

mein CPU 11, is made up of a read buffer 117R and a write buffer

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



.written in the internal register 153 are devel oped, based on the tag

i nf or mati on TAG into the coupled triangular information constituted by
the 32-bit apex point data (VXO VYO VZO and difference data (AX1, AYl,
AZ1); (AVX2, AY2, AZ2), (AX3, AY3, AZ3). In the packing list UL2 is stated
:the sequence of vvriti ng the packet comygnds transferred to the

i nput/output buffer 151 in the internal register 153, as shown in

Fi g. 6( B) .1ehhet paclkettt i ponragist éranIfgRLgd 1 o7Whe florpudd ot Mgt thef frursiHl
so as to be witten in the internal register 153 are devel oped, based on
the tag laerfgithsat iMhre PAGsti dengthesqtiatigneed vt d md ArIMRI 0N 1 TWInSd nd Wetd by
the 32-bit apex point coordinates (XO YO, (X1, Y 1), (X2, Y2), (X3,

Y3), 16-Hia ilengthe @@'drt@idnduestl(le)oreh@)ing (ol fdymuldRiow2pf EUpackyt
and-t he col or infor.mationg BO, (R1, G, Bl), (R, &, B2), (RS,
G3, B3) RPAREsHesY if #hcae §p@etp%tmkamcmntsmemet \BIBF Leeding wrdieaf at
the inlet outlet portion of the main CPU 11, is nmade up of a read buffer
117R and 98w F?’étEBFf efhif) ppebles, unsld fremsfee P‘Bhbé@t tpurtdre tRagkster,

and burstf 19 lengith settin i sters 115 117W. for setting the burst
| engt hs. “FHE BtHSt TR ES s “’tl‘r%‘if' LRt E1448REY - 117W are set to

| engths suite 0 d| n | ati on qf acket pcessed in a
cache-on partld[&% a%'gg‘éutl ﬁgcgf‘g ﬁevl1 o] n%arg‘ﬁda f'lcg gccoPafng“¥e” tne

present invention is configured as shown in a plan view of Fig.8,

vy
g

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

g

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 portioﬁlzoz is
mounted a disc loading unit 203 within which is loaded a CD-ROM
251 shown in Fig.11. On the left side of the disc loading unit
203 are mounted a power source switch 205 actuated on power up
or power down, and a reset éwitch 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 shoﬁﬁ 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



the routine. This enables burst transfer suited to the packet formand

I nproves the transfer efficiency. The above-descri bed video gane device
according to the present invention is configured as shown in a plan view
of Frg.8, a front viewof Fig.9 and a side view of Fig.10. Specifically,
Fig.8 shows a video gane device 201 basE&aIIy . made up of a main body
portion 202 and an operating device 217° connected via a cable 227 to the
mai n body: ' 202 At _a mi M. n r rfAac t B n
body portllr%(r)léé%g&ll s%n%tﬁr?tned%gdicg’%ﬁl i ie(r%lg t%?t pglectin %h?‘{: cc{lgd]lr}%aded
2,50 P MadinlesN228, | Bulshd-als!- o RehBfy! Shlrdl! U a ! NEcBr8d ngOaH Sk it
203 are nounted a power source swtch’2 § actuated on power up or power
down, anGgariRiet 208 t Clypdd middiated €108 hadASHRlyl Yoores L2089 tha e
On the right side of the disc loading unit 203 is nounted a disc actuating
swi t ch 2@pmanddtadedtohetwo | @adhng/fint Radioie ddigi gD Bided ta1 % hendi Hhe

| oadi ng unit 203. On the front side of the nmain body portion 202 are
nount ed remwmtinggeoidennZ2®07A, 207B, as shown in Fig.9. These
connecting portions 207A, 207 are each provided with a connection term nal
portion 226 prihv dédoat twnweeveadi nfign8 cthawsabhe 22at¢ ednouvhicbmtthee
operating device 217, a connection termnal 20 insertion portion 212

conf i gur E@PMGCtdemnéermigad pPeebien et dnd ddiepx@cogddimeasiey inen?af @,

g(r)lczi ga;e%gnq{e%%eldh%%rt i.on rtiqn 208. Specifically, the main Qodey l_Pc)onret i on |

the rﬂ% t—-side connecting portion 207B, whil

\%% of the connection terminal portions 226 or the recording device

228 is connected to the léft 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 226 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 length of the

connection terminal portion 226 and that of the recording devicé
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 operafing portions 218,'219. The operatiné“;
portions 224, 225 can be operated by index fingers of left and

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



. connected to two each of the operating devices 217 and the recording
devices 228. The front view of Fig.9. shows the state in which the
connection term nal portion 226 and the recordi ng device 228 are connected
to the right-side connecting portion 207B, while none of the connection
term nal portions 226 or the recording ngice 228 is connected to the left
side connection portion 207A. Referring to Fig.9, a shutter 209 is

provi ded oy ttmt;-%g{ég%eof P%egfd-f 'néng gzgjy%r&e dsed for loading a

recordi ng “devi ce n ecordi ng device 238 on the main

body portion pgdlidseddie thautd e %'%SpBli‘rtliﬁhstZf@,e digt alreengrotrilibe a
recording device 228 for Ioading. he connection term nal portion 226 has
a grip 23heddlide Wik decond ndcdayiked 2vBefasperfbimind2/A B eptiph are
nachi ned for slip-proofing, such as by knurling. The length of the

connect i @pdrarvidial dneing oth@2gamédahliab etatrhie swdtehdi2ed detiuated23thear e

of the sane length L. .The operating device 17 has supports 220, 221 that
can be haladthing eftie qgehhei ght hands. On the distal ends of the supports
220, 221 are provided operating portions 218, 219. The operating portions
224, 225 can He diyer presepy videm gamgedevide |29Y, dive GD-ROM Rérddoamdd e
the operating portions 218, 219 are operated 21 by thunb fingers of |eft
and ri ghtomaiits. dBeewteading ypétalPlg isorergesdused by dhe EDROM dofive

30. The operating device 217 is equivalent to the above~
(ff" _ mentioned input device 28, while the recording device 228

corresponds to the subsidiary storage device 27.

Gon
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sel ection swi-teh—222—act uat ed when perfor m ng-a selection operation during
the gane and a §ﬁﬁ!&ﬂﬂmﬁtCh 223 actuated when starting the ganme. In the

. prese ﬂ““\m ice 201, the CD-ROM 251 | oaded__o
suni t

by the CO-ROM drive 30. The qpﬁ_f‘
‘equival'enf to the above- mentioned i nput, device 28, while ﬁgeh;r,e;}prdl ngl -
device 228 corresponds to the subsidiary storage deldiee—2% SEAE1. A
pi cture processing apparatus having acphuugl ity of picture proce53|ng
units interconnected over an external bus and a nenory, wherein the
i nprovemdnt canpicseseapfoesss i kipaapuse havingdat plurd Bit Bt o idtuate
| east aqne picture processing unit, wherein said first packet engi ne can
nodi fy a pdatce ssing keniizisngistereonrecfed Theveni canr extrexaeski bgsapgad ataus
as claimed in claim1l wherein a second packet engine for packet|2| ng data
I S provi degorat, é:’M%}rbth}ﬁJtlnmmgeemﬁniammmsq:ﬂ cture processing unit. 3.
The picture processing apparatus as clainmed in claim2 wherein said second
packet engi ne g G@ﬁ&spﬁﬁge&pﬁéﬁﬁége&t|ﬁf%#?ﬁunniﬁtsﬁééﬁﬁypﬁga@héeast one
unpacketi zi ng sequence associ ated with the packetizing sequence to a
packet aPXfHne RrQFeHSing pRiket P’ﬂeﬁ‘glnsaﬁaddf|$’S‘E5fpa2?<%¥e'&ngpﬁéne can
ggggﬁgggg%&r}oack%a[tza[ rhcl_‘pacrk atlczoirndgansceeqt}/gr}che .t he sequence specified by said

alhagT ey BEEN ]

2. Tha picture processing apparatus as claimed in claim 1

wherein a second packet engine for packet;zing data is provided
at a data output stage of an other picture processing unit.

3. The picture processing apparaﬁus as claimed in claim 2
wherein said. aecond packet epgine appends the appendage
information apecifying the unpacketizing sequence associated with
‘the packetizing sequence to a packet at the time of data
packetizing;isaid first packet engine performing unpaaketizing
in accordance with tha sequeace specified by said appendage
information at the time of unpacketizing.

4. The picture processing apparatus as claimed in claim 2

wherein said first and second packet engines have sequence
selection means for selecting the data packetizing/unpacketizing
sequence, said second packet engine appending the tag information
specifying the data packetizing/unpacketizing sequence as
selected during packetiziﬂg by said sequence,éelection means to
a packet, said first pracket engine selecting the sequence as

designated by said tag information during unpacketizing by said

eet Has Been Replaced
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I nf or ma “Imm “ of unpacketizing. 4. The picture processing
appar at m“mmlu sI *|‘C| aim2 wherein said first

“engi'nes Havé skqutnce “sel ection nmeans for sel ect ' At g S
‘packeti zi ng/ unpacketi zi ng sequence, said second ASa
the tag informati on specifying the dat azspacketi 2 SRt ek N gequence
as selected during packetizing by said “Sequence . FeR-—aeans//to a

packet, sgifl,;didstsPpEkEl oYL sel ecting the sequence as designated by
said tag |§én or rrati%n durli?llg %%%ggketizi ng by said This Sheet Has Been

Repl aced 5, 23 PREUBAERLIR! §Hldc¥L I RA Sappardiifs PAST HIBiREACERSINRim 1
apparatus as clainmed in claim1l conprising: a first picture processing
unit havi¢wmprpepa@i ry processing function of defining a three-dinensiona
nodel as a conbination of unit figures for fornulati ng drawi ng commands
for draw ng a athimest diistigiecopebcbsging, unbt chdvimd spigebmee rpr peosesangni t
packeti zing the drawi ng commands thus fornul ated to send the packetized
drawi ng charatricn of stefilifinsta paoked—dimp el e b nobniheas] g asdah i eeiomn
external bus; and a second picture processing unit, as said picture
processi mf wnitsfiguregngackdormuigtiing doavimg semaandserfior rdrawing far st

" three—dimensional figure, said first picture processing unit

packetizing the drawing commands thus formulated to send the

packetized drawing commands by said first packet engine as a
command packet over an external bus; and

a second picture pfoceSsing unit, as said picture processing
units, for unpacketiéing the command packet sent from the first
picture proqessing unit by said first packet engine, interpreting
the drawing command sent as the command ﬁacket and performing the
rendering processing of writing the pixel data in a frame buffer.
6. A picture processing method carried out by a picture
processing apparatus ﬁaving a plurality of picture processing

units interconnected over an external bus and a memory, wherein

the improvement comprises

performing data unpackatizing by a first packet engiﬁe at
a data inlet stage ofhaé least one picture processing unit, said
first packet engine being capable of modifying a data
unpacketizing.sequence. |
7. The-piéture processing method as claimed in claim 6 wherein

data packetizing is performed by a second'packet engine provided

“This Sheet Has Been Repla . "

.



pi cture processing unit by sai-d first packet engine, interpreting the

drawi ng he command packet and performng the _rendering.
o ocess HMRTRLAETON 5 <oi™Gac 2" n = 7 el Exspo et mohmmine r
‘processi ng nethod"cafri&d out by a picture professi REFUAGERL US ving a
plurallty of picture processing units iptercon rnal bus
‘and a nmenory, wherein the inprovenent conprises perfornlng dat a

unpackat igi ng dwta Jitmit PREKEE SPUNE Ber a;r(ﬁ?é@ré Nb £4 c 84 £08e Ofin f least

one picture processing unit, said first pac engi ne bei ng capabl e of
nodi fyi ng.a dattae papoaket pz‘-b@&s§ﬁ?§'%@ﬂxod7 asTReaBmeHULR PIRLRSS Witk FEi0d
as claimed in claim6 wherein data packetizing is perforned by a second
packet engiitt peevindedpacRdt aingdndat appeh@st teageppénaaget Herf grimEtich
processing unit. 8. The picture processing nethod as claimed in claim®6
wher ei n  ax ofi £eioed e k atnmai etel 2iope ndse duen ¢ ea p pparactamien i ed orwnieltt orthe
speci fying the unpacketizing sequence associated with the packetizing
sequence Ra@@tﬁ&éklst sgaueheet foea afackdta gradhet’ rtzmﬁgpf datla wecks thi ziats,
unpacketizing is perforned by said first packet engine in accordance with
the. seqUditt ¥hEFedns Padapynparket ipies duyanfiosmest ibgh saiic Hd nstmpastkeadat a
unpacketizing. M.9. The picture processing nmethod as clained |n cIa|n17
conpri si rfé‘gs’g}eectﬁ%g aFﬁ@?&éfl&%a@Rébu zFH@/ uPPIRRREE zi TRESEhHLRY said

appendage information at the time of data unpacketizing.

%%% 9. The picture processing method as claimed in claim 7
comprising selgcting the data_packetizing/unpacketizing sequence
during data packetizing and appending the tag information
specifying the selected data unpacketizing sequence to a packet,
-by said second packet éngine, and selecting the unpacketizing

- sequence as designated by gaid tag information during data
unpackaging by said first packet engine for performing the data
unpackaging.

10. The picture processing method as claimed in claim 6

comprising:

performing, by a first picture processing unit, geometry
processing of defining a_thrée-dimensional model as a combination
of unit figures for formulating drawing cémmands for drawing a
three—dimensional figure, packetizing the drawing commands thus
formulated by the second;packet engine and sending thé packetized
commands asa cbmmand packet over an external bus; and

unpacketizing the command packet sent from the first picture

____~______—___.
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during, data—packet+zi-ng—and—appending the tag infornati =fying the

selected d i sequence to a pac packet
engi ne," i ﬂ ﬂﬂnpacket|2|ng sequ ﬁE@Sq_ iy Ey said tag
§|nfornat|o packagi ng by said for

.performng the data unpackagi ng. 10. Thg picture processi ng nethod as
‘clained in claim6 conprising: performng, by a first picture processing

unit, gegimidessiMe0eRSY BY etudetwwg?@cxtae@ngim@n%rpr@l sdBUIEd Ffclure
conbi nation of unit figures for for ating draw ng conmands for drawi ng a

three- di rsces@ingi gund t ,paciket | i Ngddmadlr api dgus®Mprdzelsking f ainit at ed
by the second packet engine and sending the packetized commands asa
comand piaciestpraten gart e tdarawaln g uoimngairll W ke | 12461 @ dnigartd npreac e tp ok t
sent fromthe first picture 25 processing unit by said first packet
engi ne, inerfoyadmed thiectrenderpngcpascassimg tqf iwr it iser difte (pictel edata in
processi ng un|t |nterpret|ng the draw ng conmand sent as the command
packet arfd %ﬁﬂ? WA FRTt he rendering processing of witing the pixel data
in a frame buffer.

S

Sheet Has Been Replaced

TR 1]




