DESCRI PTI ON Pi cture Draw ng Apparatus and Picture Draw ng Method
Techniceal Field This invention relates to a picture draw ng apparatus
and,- a picture drawi ng net hod used in a graphics conputer, a speci al

ef fect device or.a video gane machi ne which are a video equi pment
einoying conput ers. 1 Background Art In a
pi cture generating device in a donmestic TV gane nachine, persona
conputers or graphics conputers, usEESCRIPTI@Merating data of a picture
outputted for display to a television receiver, a nonitor receiver or a
cat hode ray tuBéct(€RTPrdwipigayppevriatas andedicdiued drawimg detihosd is
provi ded between central processing unit (CPU and a frame buffer for
enabl i ng hi gh-speed processing. TechmhealiBield the above-nenti oned

pi cture generating device,

This invention relates to a picture drawing apparatus and
- a picture drawing_method used in a graphics computer, a special
effect device or a video game machine which are a video equipment
employing computers.
Background Art

In a picture - generating device in a domestic TV game
machine, personal computers or graphics computers, used for
generating data of a picture outputted for display to a
television receiver, a monitor receiver or a cathode ray tube
(CRT) display device, a dedicated drawing device is provided
between central processing unit (CPU) and a frame buffer for
enabling high—-speed processing.

That is, in the above-mentioned picture generating device,
the CPU when generating a picture does not directly access the
frame buffer, but performs geometry processing, such as
coordinate transformation, clipping or light source calculations,
defines a three—dimensional model as combination of basic unit
figures, such as triangles or quadrangles, in order to formulate
a drawing command for drawing a three—-dimensional picture, and
sends the drawing command thus generated to the drawing device.
For generating, for example,'a three—dimensional object, the

object is resolved into plural polygons and a drawing command for



t he CPU when generating a picture does nof'ﬁiréctly access the frane
buffer; but perforns geonetry processing, such as coordinate
transformation, clipping or light source calculations, defines a
t hree- di nensi onal. nodel as conbination of basic unit figures, such as
triangles or ‘quadrangles, in order to fe@ernulate a draw ng conmand for
drawi ng a three-dinensional picture, and sends the draw ng comrand t hus
gener at edaich tgelyiaw hg dewnitceromrothge0PUationghd drexibngl device. The
t hr ee- di nensi onal object, the object is resolved into plural polygons and
a drawi ngrewangndeVdce interprets the drawing command sent frop tdazcl@PU
polygon is sent fromthe CPU to the drawi ng device. The draw ng device
i nt er prete tearechtan ngndeninad rroresising thd CPiting @ixedt datendéni e
processing of witing pixel data in the franme buffer, takin% i nto account
t he Z-vafgameahdféeror a%ﬁnﬁﬂ1ntQﬁ%R9Q¥nﬁawmﬁgZUHaﬂHéspépﬁgéﬁ,OPFoﬁﬁtﬁél
Z-val ues specifying color data and depth of the apex points, for drawing a
figure Onlgﬁés making up the polygon, from the Z-values specifying color
data and depth of the apex points, for drawing a figure on the
frame buffer. The Z-values represent the information specifying
the distance from the viewing point along the depth direction.

If, for example, a three—dimensional object is displayed in
the above—~described picture generating deVice, the object is
resolved into plural polygons, and a drawing command assoéiated
with each polygon is transmitted from the CPU to the drawing
device. For representing the object more realistically, there are
used techniques termed texture mapping or MIP mapping. There are
also widely known techniques of converting picture color data via
a color lookup table (CLUT) having stored therein color
conversion data for changing the display colors.

The texture mapping is a technique of affixing a two-—
dimensional picture pattern provided separately as a texture
source picture to the surface of a polygon constituting the
object. The MIP mapping, on the other hand, is among the
techniques of texture mapping of interpolating pixel data so that
the affixing pattern on the polygon will not be non-spontaneous

in case the three—dimensional model is moved towards or away from

the viewing point.



frane buffer. The Z-values represent the information specifying the

di sttance fromthe view ng point along the depth direction. If, for
exagpl e, a three-dinensional object is displayed in the above-described

pi cture generating device, the object is resolved into plural polygons,
and a draw ng-conmmand associated wth each polygon is transmtted fromthe
CPU to the drawing device. For representing the object nore realistically,
there are useMetawhiilgyes ther mpdctextur dreappgngsoeell Pdeappidsg. ofthethear e
al so wi dely known techni ques of converting picture color data via a color

| ookup t abrecge€eimg Mspdeardy of orted tiurer chappbh®r orcMlRr seppidgt £dmwreach
changi ng the di splay col ors. The texture mapping is a techni que of
af fi xi ng pol¥gen in merdtawidle Fingigee Mareevearprbhedeéctepar dravingsspeed
texture source picture to the surface of a pol ygon constltutlng t he

obj ect . 1¢hbn$\4‘l3rh@aﬁﬂ) byy, theoWrifdngt prpedafhiem the LAraAninehengidehirqtibs of
texture mappin I nterpol ating pixel data so that the affixing pattern
on the pof§¥B& ffeﬁots%%hnBﬁa poht ahR@ukrans E%ggefhéc?ﬁFEénﬂlﬁ@ﬁgﬁohal

mdel i poved govards, or, away {rom jLhe view,q POl

if an expensive
high—-speed memory is used as a large—capacity frame buffer, for
increasing the drawing speed, the system cost is prohibitively
increased. However, if an inexpensive dynamic random—access
memory (DRAM) is wused, the drawing speed of the system is
lowered.

In view of the above depicted status of the art, the presént
invention has for its objects to provide the following.

That is, it is an object of the present invention to provide
a picture drawing device and a picture drawing method whereby a
high drawing speed may be maiﬁtained even with the use of an
inexpensive memory, such as DRAM, as.a frame buffer.

It is another object of the present invention to provide a
picture drawing device and a picture drawing method whereby, in
the picture drawing device for executing texture mapping by
drawing means, drawing processing can be executed without
stopping the drawing means.

It is yet another object of thelpresent invention to provide
a picture drawing device-and a picture drawing method whereby the

. number of times of accessing and the accessing time of the



3 . Meanwhi | e, the picture drawi ng speed depends on the proce55| ng
speed of texture mappi ng or MP mapping for ea
engi-ne. Moreover, the picture drawing speed is |m$saae‘ed;AB3BHEme writing
spegd fromthe dravm ng engine to the  frame buf i flithe frame
buf fer ~accessing speed is |ow, the drawjng spe efore, if
an expensive high-speed nenory is used as a |arge-capacity frane buf fer,
for incraasiue themdfraWicas SpeedectBesEHSERM wDEde | ShPr @Nielisililvepycture
i ncreased. However, if an inexpensive dynam c random access nenory
(DRAM i siruseihg tdealt awi ng speed of the systemis | owered. In view
of the abeove depicted status of the art, the present invention has for its
obj ects to provide the fol Ibieaipsure offhte i nventisnan object of the
present invention to provide a picture drawi ng device and a picture
drawi ng net hod wirdicdiwrea dnpyhngr avrarapeed nagcded mgnttel néteevrresenth
the use of an

invention includes pre—processing means for generating data
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required for drawing processing prior to drawing processing on
the unit figure basis in accordance with a drawing command for
drawing a picture model defined by the combination of unit
figures, picture drawing means for generating pixel data on the
unit figure basis by texture mapping processing responsive to the
drawing command for drawing a picture on a picture memory,
storage means for transient storage of texture-data required by
the picture drawing means for texture mapping, and supplying
means for supplying the texture data required by the picture
drawing means for texture mapping to the storage means responsive
to data outputted by the pre-processing means.

In the picture drawing device according to the present
invention, the picture drawing means has +the function of
performing MIP mapping, the picture drawing means selecting
texture data having the desired resolution responsive to data
outputted by the pre-processing means for supplying the selected
texture data to the storage means.

A.picture drawing method according to the present invention
includes tﬁe steps of generating data pertinent to picture

drawing processing on the unit figure basis in accordance with

This Sheet Has Been Replace
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i nexpensi ve menory, such as DRAM as a frane buffer. | S_anot her

obj éct of the present invention to provide a pidf cgéﬁ and
pi ct.ure draw ng net hod whereby, in the picture d ?ﬂ?%qp‘ %‘Fcll%%
executing texture mapping by draw ng neans, dra : ihe

executed wi thout stopping the draw ng ngans. It is yet another
obj ect of the present invention to provide a picture draw ng device and

picture G aydwiAngt Bedmwhar eby diawi r plctiur@smelleacaegshed ayd dihe

accessing tine of the 4 picture
MeNory caonbd ndtdonastduhdtr i geréde srldlingpitektiuee datmi ngecspeey for
Di scl osure of the Invention A picture draw ng apparatus accordi ng

t he presamxtune/eméppingndnuddse ppeepuoeessiang meegpmsod@ss egetat istp roegen
required for drawi ng processing prior to drawi ng processing on
means based on the data, generating pixel data of a unit figure:
by texture processing for drawing on a pigture memory and drawing
a picture on a picture memory.

In the picture drawing method according to the present
invention, the step of supplying the texture data to the storage
means includes a step of supplying texture data of resolution
required in MIP mapping in the picture drawing processing
responsive to data pertinent to the picture drawing
processing.

With the picture drawing device and method according to the
present invention, picture dfawing means transmit texture data
required for texture mapping from a texture memory to a.texture
cache in a pre—processing stage by the pre-processing means. The
pre—prdcessing means and picture drawing means are operated in
pipelining for enabling picture drawing without halting the
picture drawing means.

With the picture drawing device and method according to the
present invention, data of the resolution required for the
picture drawing means to perform the MiP mapping is selected from
the texture data on the texture memory in the pre-processing

stage by the pre—processing means and transmitted to the texture

cache for reducing the number of times of accessing and the

to
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the unit figure basis in accordance with a draw ng corrmand for drawing a
pi Cturé nodel defined by the conbination of u é tjje draw ng
means for generating pixel data on the wunit ff UF% HA %EF@X ure

magpi Nng processing responsive to the draw ng E LNy a picture
on a picture nenory, storage neans forgtransient storage of texture data
required by the picture drawi ng neans for texture mapping, and supplying
nmeans fosacsapplivigng imee fexttiie takaureqmemedybyotrhergiisting ethelr anenglieans
for texture mapping to the storage neans responsive to data outputted by

t he pre-piotessi dgawiagsspeed. |n the picture draw ng device accordi ng
to the present invention, the picture drawi ng neans has the function of
performng M P mappi ng, BrhefpPesaréptiani n§ kbanBreelingsing texture data
having the desired resolution responsive to data outputted by the

pr e- pr ocessi nﬁlﬁeénésf &r bdosH Wisgname sdawingdhe sdrreture 0f o2t Hédeo

st orage neans. pi cture drawi ng net hod according to the present
|nvent|oﬁam?nEFﬁBégetﬁ@bgggbggth@eﬁéPéﬁpﬁg16§F§thept|nent to picture

r in h f r I N r
drawi ng p oceﬁg.g on the ctx & ugreambas oswmg acc etdgpf S'Eructure of

a GPU in the video game machine.

Fig.3 is a block diagram showing the basic structure of the
GPU.

Fig.4 shows an example of a data structure in a texture
cache in the GPU.

Fig.5 is a flowchart showing the procéssing of resolving a
first polygon by a pre-processor in the'GPU.

Fig.6 is a block diagram showing the structure of a second
bus switcher in the video game machine. |

Fig.7 illustrateslthe structure of a second bus switcher in
the video game machine.

Fig.8 illustrates an interleaving pattern to be accessed
when having access to the inside of the shape of the first
polygon.

Fig.9 illustrates masking in case of for address—bésed
accessing when having access to the inside of the shape of the
first polygon.

Fig.10 illustrates the accessing address obtained by the

masking.
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5 a drawi ng conmmand for draW| ng a picture nodel defined by the

condi nation of unit figures, supplying texture data necessary for texture
napplng in the picture drawi ng processing to storage neans based on the
datg, generating pixel data of a unit figure by texture processing for
drawing on a picture nenory and drawing 7a picture on a picture nenory.

In the picture drawi ng nethod according to the present invention, the
step of suppl yFig. 1hei TRidtiret gtaedesd fieg storage inepds éNcthsleshapstep of
supplying texture data of resolution required in MP mapping in the

pi cture dstaev agcpndceediygpn rdagpansoea memorgabank pdr tiheenfrane bhfiter

pi cture drawi ng processing. Wth the picture drawi ng devi ce and
met hod aocithli mg(4ot X hinterksening rvetitéom, picture drawi ng neans transmit
texture data required for texture mapping froma texture menory to a
texture cachefig.h2pidlpsécesssngnstilferdpaviadpretpesteds mp neeeessade

when accessing to the inside of the shape of the second polygon
drawn on a memory bank of the frame buffer with a (4x4)
interleaving pattern. |

Fig.13 1illustrates masking 1in case of address—based'
accessing to the inside of the shape of the second polygon with
a (4x4) interleaving pattern.

Fig.14 illustrates the inside of the second polygon with a
(8x2) interleaving pattern.

Fig.15 illustrates an interleaving pattern to be accessed
when accessing to the inside of the shape of the second polygon
drawn on &a memory bank of the frame buffer with a (8x2)
interleaving pattern. |

Fig.16 illustrates masking in case of address-based
accessing to the inside of the shape of the second polygon with
a (8x2) interleaving pattern.

Fig.17 illustrates the inside of the second polygon with a
(16x1) interleaving pattern. |

Fig.18 illustrates an interleaving pattern to be accessed
when accessing to the inside of the shape of the second polygon
drawn on a memory bank of the frame buffer with a (16x1)

interleaving pattern.



pre-processing neans and picture dramnng means are operated in pipelining
for "enabling picture drawi ng without halting the picture draw ng neans.
Wth the picture drawi ng device and nethod according to the present

i nvgntion, data of the resolution required for the picture draw ng neans
to performthe MP mapping is selected fgom the texture data on the
texture nenory in the pre-processing stage by the pre-processing neans and
transmitted toFigeldexiliastoachs f pbskedyCi 1@ t hageunheyr odddfée®s-wdsed

accessing and the 6 accessing tine
for the tecdessingernr tHeoOrinside rof tiree abepd lof pitd Wecadidvwalys@eadith
Bri ef Description of the Draw ngs Fig.1 is a block diagram show ng

t he strLualﬁkﬁxﬁ)znnmekiﬁagHM$ patterm. enbodyi ng the present invention.
Fig.2 is a block diagram showi ng a detailed structure of

Fig.20 illustrates processing for calculating the aspect
ratio of a polygon drawn on a mémory bank of the frame buffer.

Fig.21 is a pattern diagram showing five sorts of
interleaving patterns ha&inglG addresses.

Fig.22 is a plan view of a video game device embodying the
present invention.

Fig.23 is a back—side view of the video game device.

Fig.24 is a side view of the video game device.

Fig.25 is a plan view of a CD—-RAM loaded 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 drawing device
according to the present invention is applied to a video game
device as shown in Fig.1l. The drawing method according to the
present invention is carried out on this video game device.

The video game machine executes a game in accordance with
instructions by the user by reading and executing a game program
stored in an auxiliary memory device such as an optical disc, and
has a configuration as shown in Fig.l.

_ Specifically, the present video game device has two sorts

of buses, namely a main bus 1 and a sub—-bus 2.



a GPU in the video gane nachine. Fig.3is a bl ock di agram showi ng the .
basic structure of the GPU. Fig.4 shows an exanple of a data :
structure in a texture cache in the GPU. Fig.5 is a flowhart
showi ng the processing of resolving a first polygon by a pre-processor in
t he GPU. ~ Fig.6 is a block diagramghow ng the structure of a second
bus switcher in the video gane nachi ne. Fig.7 illustrates the
structure of arsecasiinbbassw aplderhen subidus deaganmEdunected vidig. 8
illustrates an interleaving pattern to be accessed when having access to
the insi dausfcdiershbge Dé.the first pol ygon. Fig.9 illustrates
maski ng in case of for address-based accessing when having access to the
i nsi de of the Bhape ohaihebubi Listarpolcpgarcted a dent.rel idtamsissines umhit
accessi ng address obtai ned by the masking.
(CPU) 11, made up of a micro—processor, a main memory 12, made
up of a random. access memory (RAM), a main dynamic memory access
controller or main DMAC 13, a MPEG decoder 14 and a picture
processing unit or graphic processing unit (GPU) 15. To the sub-
bus 2 are connected a subsidiary central processing unit or sub-
CPU 21, made up of a micro-processor, a subsidiary memory, made
up of a random access memory (RAM), a subsidiary dynamic memory
accessing controller or sub DMAC 23, a read—only memory (ROM) 24,
having stored therein a program, such as an operating system, a
sound processing unit (SPU) 25, a communication controller or
asynchronous transmission mode (ATM) 26, an auxiliary storage
device 27, an input device 28 and a CD-ROM driver 30.

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

The main CPU 11 is a device on the main bus 1 operating by
a program on the main memory 12. Since the bus controller 16 is
open on start-up, the main CPU 11 reads in a boot program from
the ROM 24 on the sub-bus 2 to reproduce the application program
and necessary data from the ROM 24 on the sub-bus 1 for loading

on the main memory 12 or on devices on the sub-bus 2. On the main

CPU 11 is loaded a geometry transfer engine (GTE) 17 for



7 Fig.11 illustrates accessing to the inside of the shape of the
second pol ygon drawn on a nenory bank of the frane buffer with a (4x4)

i nterl eavi ng pattern. Fig.12 illustrates an interleaving pattern to
be accessed when accessing to the inside of the shape of the second

pol ygon drawn on a nenory bank of the fygme buffer wth a (4x4)

interleaving pattern. Fig.13 illustrates masking in case of
addr ess- bagego rad &gs Prive els® it dutH des ddod MeimdePet Pinshernet 084 . polrngsn
with a (4x4) interleaving pattern. Fig.14 illustrates the inside of

t he secondTpollyghas va tperal (SEX Zompitéhenst Ngn paimt £6M.carryind-iantl plural
Illustrates an interleaving pattern to be accessed when accessing to the
i nsi de of cohpus hnpepodcédiei se capurgidlopgodin deanbhledh andeﬁsryebanhsmﬁethe
frame buffer with a (8x2) interleaving pattern.
a request for computing processing from the CPU 11 in order to
carry oﬁt_ fast processing operations, such as coordinate
traﬁsformation, light source calculations, matrix or vector
operations. Based on the results of computing processing
operations by the GTE 17, the main CPU 11 defines a three-
dimensional model as a combination of basic unit figures, such
as triangles or quadrangles, formulates a drawing command
associated with each polygon for drawing a three—-dimensional
pictufe and packetizes the dfawing command in order to route the
resulting command packet to the GPU 15.
The main DMAC 13 is a device on the main bus 1 for
performing conﬁrol such as DMA transfer on the devices on the
main bus 1. If the bus controller 18 is open, the main DMAC 13
also controls the devices on the sub-bus 2.

The CPU 15 is a device on the main_bus 1 functioning as a
rendering processor. This GPU 15 interprets the drawing command
sent from the main CPU 11 or main DMAC 13 as command packet aﬂd
performs rendering processing of writing pixel data in the frame
buffer 18 from Z-values specifying depth and color déta of all
pixels making up a polygon.

The MDEC 14 is an I/0 connection device operable in parallel

with the main CPU 11 and is a device functioning as a picture



Fig.16 illustrates masking in case of address-based accessing to the
i nsi de"of the shape of the second polygon with a (8x2) interleaving
pattern. . Fig.17 illustrates the inside of the second polygon with a
(16x1) interleaving pattern. Fig.18 illustrates an interleaving
pattern to be accessed when accessing ip the inside of the shape of the
second polygon drawn on a nenory bank of the franme buffer with a (16x1)
i nt er| eavxp@nadionerengine. The MDEC 14 decodes picture data 8ompressleidy. 19
il lustrates masking in case of address-based accessing to the inside of
t he shapendf drimodatoby poltygpgonal htrenéiéxh) isocérleavdhgepateercosine
Fig.20 illustrates processing for calculating the aspect ratio of a
pol ygon trawsfomma nenory bank of the frane buffer. Fig.21 is a

~pattern diagram show ng five sorts of
On the sub-bus 2, the sub-CPU 21 is a device on the sub-bus

2 operating in accordance with a program on the sub—memory 22.

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

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

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

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

The CD-ROM driver 30 is a data input device on the sub-bus
2 and repréduces an application program and necessary data from
the CD-ROM.

The input device 28 is an input device from other

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



fnterleaving patterns havingl 6 addresses. Fig.22 is a plan view of a

vi deo ganme devi ce enbodyi ng the present invention. Fig.23 is a
back-si de view of the video game devi ce. Fig.24 is a side view of the
vi deo gane devi ce. Fig.25 is a plan view of a CD-RAM | oaded on the

vi deo gane devi ce. Best Mude for Carrying Qut the Invention

Referring to the draw ngs, preferred enbodi nents of the present invention
will be ¢npeataed,i pideuziel inPhe drawpegctieinpat.according to the present
invention is applied to a video gane device as shown in Fig.1l. The draw ng
met hod accor dThagtt d s,heinprtdsersbaveralesomitied cuideed gome orachireyi §be
gane ‘devi ce. The vi deo ganme machi ne executes a ganme in accordance wth
i nstruct Eeomebyy theocessing sratieng erecekérat EAGMALHANBTPEBFFPARE SBYFEd in
an auxiliary nmenory device such as an optical disc, and has a

confi gur @8i orfeer&inade | ntrepgsformationgpe G ¥ivRING PRe piE&Rht FPHEGSgame

device has two sorts of buses, nanel mai n bus_1_an -
calculations, formulating a dr%w?ng command for(hé§f%¥%éngsfﬁree—

dimensional model as combination of basic unit figures (polygons)
such as triangles or quadrangles for drawing a three—dimensional
picture, and sending out the drawing command associated with each
polygon as command packet to the main bus 1, is made up of the
main CPU 11 and the GTE 17 on the main bus 1. Also, in the
video game machine, the rendering procégsing system for
formulating pixel data of each polygon based on the drawing
command from the geometry processinglsystem for writing a figure
in the frame buffer 18 by way of rendering processing fof drawing
a figure in the frame buffer 18 is constituted by_the GPU 15.
The above—-mentioned GPU 15 is explained in detail.
Referring to Fig.2, the GPU 15 includes a packet engine 31
connected to the main bus 1 shown in Fig.l and pérforms rendering
processing of writing pixel data of each polygon in the frame
buffer 18 by the pre-processor 32 and the drawing engine 33 in
accordance with the drawing command sent as a command packet from
the main CPU 11 or main DMAC shown in Fig.l over the main bus 1
to the packet engine 31, reading out pixel data of the picture
drawn in the frame buffer 18 and furnishing the read-out pixel

data via CRT controller 34 as video signals to a television



9 _ The nmain bus 1 and the sub-bus 2 are interconnected via a bus
controller 16. To the main bus 1 are connected a central processing
uniit  (CPU) 11, nmde up of a micro-processor, a main nenory 12, nmade up of
a r.andom access nenory (RAM, a main dynam c nenory access controller or
main DMAC 13, a MPEG decoder 14 and a pigture processing unit or graphic
processing unit (GPU) 15. To the sub- bus 2 are connected a subsidiary
central preeedssEmemrd tnooritub-redadllyedd, medeshgwmof a m cr o- processor, a
subsidiary nmenory, made up of a random access nenory (RAM, a subsidiary
dynam ¢ nenor yTheapeskeitngngdmer 8|1 dreverl opsh thACoRBland pexdkedn|senteforom
(ROM 24, having stored therein a program such as an operating system a
sound pr ddesdiaig GRUt 1lspy)mabn RBMAGMAIthovn dr Edgt-dolover dihe @aidchushous
transm ssi on node (ATM 26, an auxiliary storage device 27, an input

devi ce 28 &T % RS IRGMTIr inRYr Sfpwn. The bus controller 16 is a device

on the-main bus 1 for .
The pre-processor 32 generates polygon data in accordance

with the drawing command sent to the packet engine 31 as command
packet and performs pre—-set pre-processing, such &s polygon
divisiqn as later explained, on the polygon data, while
generating various data such as apex point coordinate information
for the respective polygons required by the drawing engine 33,
address information such as texture or MIP map texture, or
control information, such as pixel interleaving.:

The draWing engine 33 includes N polygon éngines 33A1, 33A2,

.» 33AN, connected to the pre-processor 32, N texture engines

33B1, 33B2, ..., 33BN, connected to the polygon engines 33A1,
33A2, ..., 33AN, a first bus switcher 33C, éonnected to the
texture engines 33B1, 33B2, ..., 33BN, M pixel engines 33D1,
33Dp2, ..., 33DM, connected to the first bus switcher 33C, a

second bus swiﬁcher 33E, connected to the pixel engines 33D1,

33D2, ..., 33DM, a texture cache 33F connected to the second bus

switcher 33E, and a CLUT cache 33G connected to the texture cache
33F.

In the drawing engine 33, the N polygon engines 33Al1l, 33A2,

., 33AN sequentially generate polygons in accordance with the

drawing command on the basis of the polygon data pre—processed



swi tching between the main bus 1 and the sub-bus 2, and is opened in an
initial state. The main CPU 11 is a device on the main bus 1
operating by a programon the mai-n nenory 12. Since the bus controller 16
is -open on start-up, the main CPU 11 reads in a boot programfrom the ROM
24 on the sub-bus 2 to reproduce the applai cati on program and necessary
data fromthe ROM 24 on the sub-bus 1 for loading on the main nenory 12 or
on devi casy onthée pub-pusceésson tBe ndior GAdforhing pasdelkel a geadkhgy
transfer engine (GIE) 17 for 10
per f or m norgxaseisg nfremctnaspecbygan nbd eabotheformati on. This GIE 17 has a
paral l el conputing nechanismfor carrying out plural conputing processing
operations in Pee N [tExtane iengiesgorEiBle, t3BB%, + equetiBY wertogpmut teggture
processing fromthe CPU 11 in order to carry out fast processing

. oper ati oreereirg ez MA8r Mapmiasg timredorhbel onbappghonsddecd eeliurg ads-bas,

matri x or vector o
supplied from the texture cache 33F via color lookup table (CLUT)

cache 33G, on each of the polygons generated by the polygon
engines 33A1, 33A2, ..., 33AN.

The pre—processor 32 previously furnishes the address
information, such as texture or MIP MAP texture, affixed to the
polygons processed by the N texture engines 33B1, 33B2, ...,
33BN, to the texture cache 33F. Based'en the aboVe address
information, the textufe data necessary for texture mapping is
transferred from the texture area on the frame buffer 18, while
only resolution data necessary for MIP Mapping is selected from
the relevant texture data so as to be transferred as MIP MAP
‘texture data. To the CLUT cache 33G CLUT data to be referred to
during texture drawing - is transferred from the CLUT area on the
frame buffer 18. |

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

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

anti—aliaéing processing, in parallel, for generating M pixel



oper ati ons. Based on the results of conputing processing operations
by the GIE 17, the main CPU 11 defines a three- dinensional nodel as a
conbi nation of basic unit figures, such as triangles or quadrangl es,
fogmul ates a drawi ng command associated with each polygon for drawing a
t hree-di nensi onal picture and packetiags the drawi ng conmand in order to
route the resulting command packet to the GPU 15. The main DMVAC 13
is a dewdg£ta on the main bus 1 for performng control such as DVA transfer
on the devices on the nain bus 1. If the bus controller 16 is open, the
mai n DVAC 13 The s¥ pdmedoldatishe ghne metsedrby htheul- Ipixeld. engines TR@DLTPU 15
is a device on the main bus 1 functioning as a rendering processor. This
GPU 15 i33R2 pr et s,t BEDYr, awireg wadrbrbemd insdite finame Haufifidm GPila secomdn
DVAC 13 as conmmand packet and perforns rendering processing of witing
pi xel ddusiswiteher o3E. puffer 18 from Z- values speci fyi ng depth and col or

data of all ésaxels maki ng up a pol ygon. he MDEC 14 is an |/ O
connection devi®e THRIBBI LH pSWLE¢Rer IR th% &8 OpiFR1 BRe iRixel

devi ce functi_oni as i gty
1nter1ea¢1 g cont%oi 1n¥ormat10n from the pre-processor 32. The

second bus switcher 33E has the function of performing pixel
interleaving processing of selecting L pixel data from the M
pixel data generated by the M pixel engines 33D1, 33D2, ..., 33DM
in accordance with the above control information for writing M
pixel data with M storage locations conforming to the shape of
the polygon drawn on the frame buffer 18 as accessing unit.

The drawing eﬁgine 33 generates and writes ail pixel data
of each polygon in the frame buffer 18, based on the polygon data
pre—procéssed by the pre—processor 32, for drawing a picture
defined as the combination of the polygons by the drawing command
on the frame buffer 18. Thus the pixel data of the picture drawn
on the frame buffer 18 is read out by the second bus switcher 33E
so as to be furnished wvia CRTC 34 as video signals. to a
television receiver or to a monitor receiver, not sown.

In the above—-described structure of the GLUT 15, the pre-
processor 32 generates the address information for pre—reading
the texture affixed to the polygon processed by the N texture
engines 33B1, 33B2, ..., 33BN, ..., based on the apex point

coordinates [ (X0, YO), (X1, Y1), (X2, Y2)] of the polygons and



expansi_on eng| ne. The MDEC 14 decodes picture data conpressed and encoded

by ‘ort hogonal transform such as discrete cosine transform On the
suh-bus 2, the sub-CPU 21 is a device on the sub-bus 2 operating in
acgor dance with a programon the sub-nenory 22. The sub-DVAC 23 is a

device on the sub-bus 2 for perform ng 1e€ontrol such as DVAC transfer for
devi ces on the sub-bus 2. This sub-DMAC 23 can acquire bus rights only
when t hethes toortums | epordénasesl dsd), VO), TH&ISPW R, i $U&,d&kd )cle- on Imhe
sub-bus 2 functioning as a sound processor. This SPU 25 is responsive to a
sound copddiid iogent the Hd8mdnd pepkeducesmbhre MIB- ORPRINDr Sﬂl@ﬂm 23
as a comuand packet to read out sound source data fromthe sound neno

29 to outlpﬁﬁrﬂlﬁélp@adfm theatilt offhkhaTRidess of PP EEEPBA dé\?ﬁlc'e on

t he sub-bus 2. uxiliary storage_ device is a data. in ut/out ut
XO)/(Yl—YO), XZ—XO)/?&Z—YO 9 Xl—XZ)/ZYl—YZ)?, tlltpo p

texture addresses [(U1-U0)/(Y1~-YO0), [(U2-U0)/(Y2-Y0), [(U1-
U2)/(Y1-Y2), [(V1-V0)/(Y1-Y0), [(V2-V0)/(Y2-Y0), [(Vi-v2)/(Y
1-¥2), ..., or the polygon areas, to furnish the information to
the texture cache 33F. The GLUT 15 sorts the polygon apex point
coordinates [ (X0, YO0), (X1, Y1), (X2, Y2)] in the sequence of the
apex points of the left edges (X0, YO0) - (X1, Y1) - (X2, Y2) or
in the sequence of the apex points of the right edges (X2, Y2)
- (X1, Y1) - (X0, YO0) or scans both end points or texture
addresses.

The pre—-processor 32 stores the information corresponding
to the pre—-processed polygon data in a work memory, not shown.
At a stage in which the drawing engine 33 can process the next
polygon, the information capable of processing one polygon is
transferred from the work mémory to the N polygon engines 33Al,
33A2, ..., 33AN..This causes the drawing engine 33 to start
drawing processing for a new polygon.

That is, with the present GPU 15, the pre-processor 32 and
the drawing engine 33 executes drawing processing By pipelining
processing for drawing a picture defined as the combination of
the polygons under a drawing command.

The drawing processing by this pipelining processing is



device on the sub-bus 2 and is made up of a non-volatile nenory, such as a
flash rrenory. This auxiliary storage device 27 tenporarily holds on
menory data such as ganme progress or scores. The CD-ROM driver 30 is
a data input device on the sub-bus 2 and reproduces an application program
and necessary data from the CD ROM 17 The input device 28 is an input
device fromother equipnents, such as a control pad on the sub-bus 2,

man- mchiggain explained. 12 interface, picture

i nput or speech input. That is, in the above-described video gane

machi ne, the Tieoneta-prcecesss 3§ pysfenms epretde e qmices ping essi tige
such as coordinate transformation, clipping or light source calculations,
f or nul at iprgl ¥gady daiteg asodesndibed dbdvei amd af utnicshes diamiminnddtapdslclas
conbi nation of basic unit figures (polygons) '
as the apex point coordinate information required by the drawing
engine 33, address information for textufe or MIP mapping texture
or control information, such as pizxel interleaving; to the
drawing engine 33.

The drawing engine 33 receives data from the pre—-processor
32 to read out the necessary texture data from the texture cache
33D to generate data in order to write the generated pixel data
in the frame buffer 18. The texture cache 33D reads out texture
data of.a texture area corresponding to the necessary texture
addresses calculated by pre-—processing in the pre—processor 32
from the frame buffer 18. The texture data is read out so ihat
data readout will be completed before start of picture drawing
employing the texture data. The number of times of accessing to
the texture area can.be decreased by reading only the texture
data cofresponding to the resolution required for MIP mapping
from the texture area.

The data structure in the texture cache 33F, shown as an
example in Fig.4, is comprised of a tag area TAG made up of
texture addresses; a storage area DATA having stored therein the
necessary texture data and a flag L specifying that the texture

data has not as yet been used. For employing the entry; having

the flag L reset, the texture cache 33 reads in the texture data



such as triangles or quadrangles for drawing a three-di nensional picture,
and sendi ng out the drawi ng command associ ated with each polygon as
comrand packet to the main bus 1, is made up of the main CPU 11 and the
GIE. 17 on the main bus 1. Al'so, in the video gane machine, the rendering
processing systemfor formulating pixeligdata of each pol ygon based on the
drawi ng conmmand fromthe geonetry processing systemfor witing a figure
in the friarom hifd arexitirdey avsa off rdrdefrane bultdssiI8) forselt aidsigf LagfLgure
in the frane buffer 18 is constituted by the GPU 15. The

above- nerthenddawPiE 18nginexfBareedsi nudettdid .correspRalinng i textwrd-i daps
the GPU 15 includes a packet engine 31 connected to the main bus 1 shown
in Fig. 1l &rempéheorenst n¥ondele nglagr odeswlhgh ohagr ideny $# kel idatordsr ebeh
polygon in the frame buffer 18 by the pre-processor 32 and the draw ng
engi ne 3PeTLORE COPIMERE RFPRSERENEs atiAg redmtEnd hee filags 1o ot dephrXket
from the main CPU 11 or nmain DMAC shown in Fig.1 over the main bus 1 to
the packett engitfgesin WBAAPNGRBuErdY kRS Ref £o%5e thte apicdPFreandr BRACEnthRe
frame buffer 18 apd fuyrnishi t he read:ou& pi xel data via CRT controller
34 as vi dEFEIEHAREF ol Be| LYREFBreduired.

In the drawing deyice, in which the +texture mapping
processing is cérried out as described above, the pre-processor
32 and the drawing engine 35 are constructed as pipeline such
that the texture data required by the drawing engine 33.are sent
from the texture memory, that is the texture area on the frame
buffer 18, to the cache memory 33F at a pre-proceeding stage by
the pre—-processor 32, so that the drawing processing can be
carried out without stopping the drawing engine 33. In addition,
by reading only the texture data associated with the resolution
required for MIP mapping from the texfure area, the number of
times of accessing to the texture area can be diminished to raise
the drawing speed of the entire device.

The polygon division processing by the pre-processor 32 is
carried out in accordance with a flowchart shown in Fig.S5.

Specifically, the polygon division processing is started
with the polygon couht C specifying the number of polygons set
to 1.

At a first processing step 81, it is judged whether or not

it is necessary to divide a polygon. In the judgment processing



13 . receiver or a nonitor receiver, not shown. The packet engi ne 31
devel ops the command packet sent from the main CPU 11 or mamin DVAC 13
shqwn in Fig.1l over the main bus 1 on a register, not shown. The
pre-processor 32 generates polygon data in accordance wth the draw ng
command sent to the packet engine 31 asigommand packet and perforns
pre-set pre-processing, such as polygon division as |ater explained, on
the pol ygen €ata,pmiddSsimEneteabl YL vaitous dpidgsSdCvhashapeXoPohBt the
coordinate information for the respective polygons required by the draw ng
engi ne 3polyglsh easw Ninse@Es e S¢Cheampt xédr eridhid Pthap ramygeur 6f dthe

control information, such as pixel interleaving. The draw ng engi ne
33 incl udescthirgolepgbe 88 neBoB83tHis 3RAment. pro®@®AN ingnnrdctsadt ficdshel £
pre-processor 32, N texture engines 33Bl1l, 33B2, ..., 33BN, connected to

t he pol ygarl anlfitet Balues gfAxexture @I@uMdinatfes si(Bls Y@t cKEL,33Q),
connected to the
(U2, V2)] of the apex points of the polygon are within one
texture page.

If the result_of Jjudgment at the processing step S1 is NO,
that is if the polygoh needs to be divided, prdcessing fransfers
to step S2 to perform polygon divisipn by N. Such division by
N of the polygon at this processing step S2 is carried out by
dividing all sides of the polygon at neutral points, as shown

below:

X0’

(X0 + X1)/2
Y0’ = (Y0 + Y1)/2
70’ = (Z0 + 21)/2
X1’ = (X1 + X2)/2
Y1’ = (Y1 + Y2)/2
Z1° = (Z1 + 22)/2
X2’ = (X2 + X0)/2
Y2’ = (Y2 + Y0)/2
22’ = (Z2 + Z0)/2
Yo’ = (U0 + UL)/2
VO’ = (VO + V1)/2
Z0’ = (Z0 + Z1)/2

UL’ = (U1 + U2)/2



texture engines 33B1, 3382 . - 33BN, M pi xel engines 33D1, 33D2, ...
33DM connected to the flrst bus switcher 33C, a second bus switcher 33E, .
connected to the pixel engines 33D1, 33D2, ..., 33DM a texture cache 33F
conpnected to the second bus switcher 33E, and a CLUT cache 33G connected
to the texture cache 33F. In thegraw ng engi ne 33, the N pol ygon
engi nes 33Al1, 33A2, 33AN sequentially generate pol ygons in accordance
with the drawtnhg=c@wmasdvan/bhe basis of the pol ygon data pre-processed

14 by the pre-processor 32 for performng parallel shading processing
from one pol ygon &o(anothge)/2 The N texture engines 33Bl1, 33B2,...
33BN performtexture mnmapping or MP Mapping in parallel, based on the
texture data U8uppl (Bd #rumiBe texture cache 33F via color |ookup table
(CLUT) cache 33G on each of the polygons generated by the pol ygon

V2’ = (V2 + VO)/2

22’ = (Z2 + Z20)/2

RO’ = (RO + R1)/2

G0’ = (GO + G1)/2

BO’ = (BO + Bl1)/2

R1’ = (R1 + R2)/2

GL’ = (Gl + G2)/2

B1’ = (B1 + B2)/2

R2’ = (R2 + RO)/2

G2’ = (G2 + GO)/2

B2’ = (B2 + B0)/2

That is, in the division by N of the polygon in the
processing step S2, all sides of the polygon are divided at
middle points thereof for dividing a triangular polygon, for
example, into new polygons with N = 4.

At the next processing step S2, the number of polygons is
changed by setting the polygon count C to C = C+N-1. Processing
then reverts to the first processing step S1 in order to judge
whether or not the new as-divided polygons should be sub—divided
further. Thé.processing steps 81 to 83 are repeatedly carried out

until the new as-divided polygons are comprised within the range

of the texture cache.



engi.nes 33A1, 33A2, ..., 33AN The pre-processor 32 previously
furni shes the address information, such as texture or M P MAP texture,
affixed to the polygons processed by the N texture engi nes 33Bl1, 33B2,
33BN, to the texture cache 33F. Based on the above address information,
the texture data necessary for texture napping is transferred fromthe
texture area on the frane buffer 18, while only resolution data necessary
for M P Mappi ngfi $heelrectdd faforded i orel &vathe t £kt st epdatassongsstepb&l
transferred as MP MAP texture data. To the CLUT cache 33G CLUT data to be
referred e YBSri blpt eks uirfe tdreaw rig nosnecensfityrefl dividing tGleUpadyEenon
the franme buffer 18. The pol ygon data, processed with texture
mappi ng oPrNePssiRgpitagnisy erise t tdet mex te pfioses szl st®IRB4. . .| 33BN, are
transferred via first bus switcher 33C to M pixel engines 33D1, 33D2, .
33DM ThétMeBiRePTRARFEREBS3SEEP 84ppthe pPre3ppRrpépfiasmipdpragsion
pi cture pr.ocessing operatjons, such as Z-buffer processing or

B?og‘é g

anti-al i a§PRg® My, 15 handeq cver £8r tHenRPLYEPR MHings 33AL, 332,

., 33AN to start rendering processing. Then,' processing

transfers to the next processing step 85 without waiting for the
end of the rendering processing.

At this processing step' S5, the polygon count C is
decremented.

At the next processing step 86, it is judged whether or not
the polygon count C is equal to ‘0’. If the result of processing
at this next processing step 86 is NO, with C = 0, with there
being a polygon fof processing, processing feverts to the first
processing step S1 to enter into the processing of the next
polygon. If the result of processing at this next processing
step 86 is YES, that is if all polygons have been rendered such
that there is no polygon for division, processing comes to a
close.

That is, the pre—processor'32 judges whether or not the
polygon now processed in the drawing engine 33 is comprised
within the texture cache 33F (judgment condition 1). The pre-
processor 32 performs division processing based on the results
of judgment for dividing the polygon corresponding to the drawing

command so that the new as—divided polygons will be comprised



15 data. The M pi xel data, generated by the M pixel engines 33D1,
3302, .%.., 33DM are witten in the frame buffer 18 via second bus

sw t cher 33E. The second bus switcher 33E is fed with the pixel
interl eaving control information fromthe pre-processor 32. The second bus
swi tcher 33E has the function of perforgigng pixel interleaving processing

of selecting L pixel data fromthe M pixel data generated by the M pixel
engi nes 33i¥hiR3Ehe . textdadbM cadha@cGAFdanTri Wi tdndtiesaboestanst rmdpping

information for witing M pixel data with M storage | ocations conform ng
to the shmpeadsinshaopdbeyperfdraed oealidely rame &if ferertsl a s apad s nghe

unit. The draw ng engine 33 generates and wites all pixel data of

each pol yep#tune ded o inaad it ain e drawingh angino|3@diramtithe texture

pre-processed by the pre-processor 32, for drawing a picture defined as

the combiterheondf Yhe poeygeWE egchaedd@awi ng comand

In the division. processing of the polygon by the pre-
processor 32, it is possible to check in the above-mentioned
first processing step whether or not the number of pixels in the
polygon 1is smailer than a prescribed value (judgment condition
2) for checking whether or not the polygon needs to be divided
and to divide the_polygon corresponding to the drawing command
iﬁto plural polyéoné in a two~dimensional space at the processing
step S2 so that the number of pixels in the new as—split polygons
will be not larger than the prescribed value. In this manner,
the size of the ﬁolygon to be processed by the dfawing engine can
be equated. The number of pixels in the polygon can also be
judged by finding the area as an outer product value of the apex
points of the polygon and by checking whether or not the value
is smaller than an optimum value.

In the division processing of the polygon by the pre-
processor 32, the polygon corresponding to the drawing command
can be divided into plural polYgons in a three—dimensional space
at the above—mentioned processing step S2.

In this case, it 1is possible to Jjudge at .the first
processing step S1 whether or not the difference between the

minimum value and the maximum value of the Z-value of the apex



on the frame buffer 18. Thus the pixel data of the picture drawn on the
frame buffer 18 is read out by the second bus switcher 33E so as to be
furnished via CRTC 34 as video signals to a television receiver or to a
moni tor receiver, not sown. In the above-described structure of the
GLUT 15, the pre- processor 32 generak@s the address information for
pre-reading the texture affixed to the polygon processed by the N texture:
engi nes IBEiBII.t %¥B2the, polaRM is , compedsed twictnirex apoi opt imoor diages
[ (XO YO& Y1), X2 Y2)4 of the pol ygons and

16 the &W@fcoepa adies Iy ump ve)der (o1, cepk whethep)pr nof the
addition, the GQ.UT 15 reproduces the M P mapping selection infornmation
fromthei¥gonf Beeds; dgg oPet hélﬁ’éld?&onénfi( xto Advidg - whe polygon

% E )lji ijgg / ( Ny s\;%ﬂd{rgg [ Eéglﬁé)\%( l?g)) tclolm%ne.%];i g.hleJé.)tx}e(eXt uoze%ssal%dgr esstseep? LY

[(V1- VO)‘/ (tYal p\itox)ra.l [p(o %rg\c/ao /(YZ t\ﬁoe) thr[e dlmgns1ona1 space so that the
number of pixels in the new as—divided polygons will be comprised
within the prescribed range for limiting the size of the polygon
for executing texture mapping processing in a state with only
little.texture distortion on the basis of texture data read out
from the texture cache 33F via the CLUT cache 33G.

In this case, it 1is possible to Jjudge at the first
processing step S1 whether or not the MIP map texture referred
to by the minimum and maximum values of the Z-values of the apex
points of fhe polygon is traversed (judgment condition 4) and,
based on the results of judgement, to divide the polygon
corresponding to the drawing command at the processing step S2
into plural polygons in a three-dimensional space for limiting
the range of reference of the MIP mapping referred to in a
polygon for efficient MIP mapping based on the MIP map texture
data read out from the texture cache 33F via the CLUT cache
33G.

It is also pqssible to judge whether or not the polygon
needs to be divided depending on whether or not the number of
pixels in a polygon is not more than a pre-set value and to

divide the polygon corresponding to the drawing c¢ommand is not



1-Y2), ..., or the polygon areas, to furnish the information to the
texture cache 33F. The G.UT 15 sorts the polygon apex point coordinates
[(XO, YO, (X1, Y1), (X2, Y2)] in the sequence of the apex points of the

| eft edges (XO, YO - (X1, Y1) - (X2, Y2) or in the sequence of the apex
points of the right edges (X2, Y2) - (X4 Y1) - (X0, YO) or scans both end
points or texture addresses. The pre-processor 32 stores the

i nf or mat i prger r edpandthe preddrei jpd- padaessadi pobygbiv i a the apobygon
menory, not shown. At a stage in which the drawi ng engine 33 can process
the next cquitespamdimge tonftbendrawingapaihandfiptoaeberay pokyporygah the
transferred fromthe work menory to the N polygon engines 33Al, 33A2,

., 33AnocpEsinguskerthe dmahhegtbngPnéisensdonedr epPa@eawi ng processing
for a new poly That is, with the present GPU 15, the pre-processor
32 and the drﬁwkﬁg e hee 133 RO&SIR k8 *cﬂé%ﬁ'?fblﬁ)‘?o%sq?ﬁ”b@gpi’%??ﬁﬁh@g
pr ocessi ng for dr aw n%ﬁa pi cture defined as t he conbi nati on of

pol ygons Rerfor dhevaTgviasnangine 33 BpgedioRy ntPHrataRRl fig b‘eretw@ber
plpellnlrg%pglxé¥§yl%9t%% polygon, judge whether or not the polygon needs

to be divided based on whether the pre—prdcessing time by the:
pre-processor 32 is balanced to the drawing pfocessing time by
the drawing engine 33, at the proceﬁsing step S1 (judgment
‘condition 5) and to divide the polygon corresponding to the
drawiﬁg command at the processing step S2 based on the result of
‘judgment So that the pre—processing time by the pre—processor 32
is balanced to the drawing processing time by the drawing engine
33. This renders it.possible to balance the processing time by
the pre-processor 32 and that by the drawing engine 33 relative
to each other and to construct the pre~processor 32 and the
dpawing engine 33 by pipelining to realize high—-speed drawing
efficiently.

It is also possible to judge at the processing step S1
whether or not the shape of the polygon processed by the
processing engine 33 is suited pixel interleaving (judgment
condition 6) ﬁt the above—-mentioned processing step S1 and to
dividé the polygon corresponding to the drawing command by fhe
processing step S2 into plural new polygons having the shape

suitable for the pixel interleaving. This renders it possible to



17 agai n expl ai ned. The pre-processor 32 perforns pre-set
pre-processing on the polygon data as described above and furnishes

varij ous

data, such as the apex point coordinate information required by

t he. drawi ng engine 33, address information for texture or MP mapping

texture
dr awi ng

or control information, - suclasas pixel interleaving, to the
engi ne 33. The draw ng engine 33 receives data fromthe

pr e- pr ocessadss Ihe of amsed baufi f dh el 81 exiiisairgn tt X thy et liatdrdw iong tdregirext38 e

cache

33D to generate data in order to wite the generated pixel data

the franstduéftecti8highespecdudravinperB8BEesedng. out texture data of a
area corresponding to the necessary texture addresses cal cul ated
by pre-processtthgls nt ikeyige-gastidsiort@2udgeomt Hard reracdnd ing sgep The

texture

texture

data is read out so that data readout will be conpleted before

in

start of Yhethak oft Mithg Pasepl oy hhet pem yatien @ Lherthabrifrarentienemks

of accessing to

.various judgment conditions, the polygon needs to be divided, and
to divide the polygon corresponding to the drawing command by the
processing step S2 into plural new polygons so that the new as-
divided polygons meet the judgment conditions.

Specifically, it is possible to judge at the processing step
S1 whether or not, based on the combination of thé judgment
conditions 1 and 2, the polygon needs to be divided, and to
divide the polygon corresponding to the drawing command by the
processing step S2 into plural.new polygons so that the new as-
divided polygons meet the judgment conditions 1 and 2 in order
to equate the size of the polygons processed by the drawing
engine 33 and in order to carry out. the texture mapping
processing reliably and efficiently based on the texture data
read out from the texture cache 3F via CLUT cache 33G.

It islﬁlso possible to judge at the .processing step S1
whether or not, based on the combination of the judgment
conditions 1 and 3, the polygon needs to be diyided, and to
divide the polygon corrésponding to the drawing command by_the
processing step S2 into plural new polygons so that the new as-—
divided polygons meet the judgment conditiqns 1 and 3. This

renders it possible to perform texture mapping processing



the texture area can be decreased by reading only the texture data
corresponding to the resolution required for MP mapping fromthe texture
ar ea. The data structure in the texture cache 33F, shown as an
exanple in Fig.4, is conprised of a tag area TAG nmade up of texture
addresses, a storage area DATA having st28ed therein the necessary texture
data and a flag L specifying that the texture data has not as yet been
used. For redpladlivnpndeeéhiicyenhdyi mith heniyag ilt tlesetextume t distpetdavhe
33 reads in the texture data ' 18
fromthe begedr omrigxtoire hdateaneagupusdr from gheettexture ggache JRE via
drawi ng.engi ne 33 reads out_ the corresponding texture data fromthe entry,
the flag GgU%iO@wmas%d‘eerﬁb%m th Shgedwdgmendr icand idrio g pFoceBbilpgd
and resets the flag 1 of the entry at a stage_in which the drawi ng has

2l ag
cone to aWéFBsEPendPeEs emnatigh,, @edéﬂéeianBhFoﬁaéVgPEqBFP88§ged by

the drawing engine 33, that is the number of pixels, can be
equated in order to carry ut texture mapping.

_It is also possible to judge at the processing step S1
whether or not, based on the combination of the judgment
conditions 1 and 4, the polygon needs to be divided, and to
divide the polygon corresponding to the drawing command by the
processing step S2 into plural new polygons so that the new as-—
divided polygons meet the judgment conditions 1 and 4. This
renders it possible to perform MIP mapping processing reliably
and efficiently based on texture data read ocut from the texture
cache 33F via CLUT cache 33G. Also, if the judgment conditions
2 and 3 are combined with the above combination, it becomes
possible to equate the size of the polygon processed by the
draﬁing engine 33, that is the number of pixels, and.to diminish
texture distortion.

It is also possible to Jjudge at the prbcessing step ‘S1
whether or not, based on- the combination of the Jjudgment
conditions 1 and 5, the polygon needs to be divided, and to
divide the polygon corresponding to the drawing command by the

" processing step S2 into plural new polygons so that the new as-—

divided polygons meet the judgment conditions 1 and 5. This



In the drawi ng device, in which the texture mapping processing is carried
out as"descri bed above, the pre-processor 32 and the draw ng engine 33 are
constructed as pipeline such that the texture data required by the draw ng
engine 33 are sent fromthe texture nmenory, that is the texture area on
the frame buffer 18, to the cache nenogy 33F at a pre-proceedi ng stage by
the pre-processor 32, so that the drawi ng processing can be carried out

wi t hout steapiEmy the plrssiitrie etigi keed3.then addcesedng hg&meeadirngménlyre-he
texture data associated with the resolution required for MP nmapping from
the text processqrtAé rmalzacest withedheit dexesbenginawing: eegimee 38 ebocan
be dimnished to raise the drawing speed of the entire device. " The
pol ygon diffiesitoreffiicdendi hggbysphegptexbnmem:rl@ % rimekinmsutAlse,
accordance with a flowhart shown in Fig Specifically, the polygon
di vi si on gk ofclé%sahggmgn§t appéatlﬂpﬁhzt Héldpé"l ygen cairined spiddt rihaghaee
nunber of pal yr(i;on,s set ,to At a first processing step S1, |t S

j udged WFABRINBE1GR: Y P%cﬂ‘%%s?&rsys’tq}edl YPdeeH R y@gﬁ 174 h@ ublRfrent

process”g%lygon processed by the drawing engine 33, that is the number
of pixels, and to diminish texture distortion. The Jjudgment
6ondition 4 may also be combined with the above combination to
effect MIP mapping.

It is also possible to judge at the ©processing step S1
whether or not, based on the combination of the judgment
conditions 1 and 6, the ﬁolygon needs to be divided, and to
divide the polygon corresponding to the drawing command 5y the
processing step 82 into plural new polygons so that the new as-
divided polygons meet the judgment_conditions 1 and 6. This
renders it possible to effect texture mappiﬁg reliably and
efficiently by the drawing engine 33 and to access the frame
buffer 18 efficiently to realize high-speed drawing. Also, if
the judgment conditions 2 and 3 are combined with the above
combination, it becomes possible to equate the size of the
polygon processed by the drawing engine 33, that is the number
of pikels, and to diminish texture distortion. The-judgment
condition 4 may also be combined with the above combination to
effect MIP mapping or the judgmenf condition 5 may be combined

with the above combination to effect high-speed processing by



19 in the processing step S1, it is judged whether or not the polygon now
processed is conprised within the range of the texture cache 33F. For this
judgnment processing, it suffices if .calculated values of texture
coordinates [(UO, VO, (U, V1), (U2, V2)] of the apex points of the

pol ygon are within one texture page. 28 If the result of judgnent at
the processing step S1 is NO, that is if the polygon needs to be divided,
processi ngigebiwimgs to step S2 to perform pol ygon division by N. Such
division by N of the polygon at this processing step S2 is carried out by
dividing all sSthiespbdkelhénperjgemiag bgutthal pliotesmeas ishnech sddmoiv bus

XO = (XO + X1)/2 YO = (YO + YI)/2 Z0 = (ZO0 + Z1)/2 X1
= (X1 + X»itcher 33E is carried out as described below:

Referring to Fig.6, the second bus switcher 33E includes a
control circuit 101 fed with an output of the pre-processor 32 -
shown in Fig.2, a selector 102 fed with an output of the control
circuit 101 and plural multiplexer/demultiplexers (MUX/DMUX)
103a, 103b, 103c, 103d, ... each fed with an output of the
selector 102,

The MUX/DMUX 103a, 103b, 103c, 103d, ... are connected to
the frame buffer 18 and to the drawing engine 33 shown in
Fig.2.

The frame buffer 18 is made up of plural memory banks [1],
[21, ..., [X], ..., [L], as shown in Fig.2. EXach of the memory
banks [11, {21, ..., [X], ..., [L] is made up of a rectangular
area represented by 16 addresses (interleaving patterns), so that
the 16 addresses can be accessed simultaneously.

Therefore, the memory bank [X], for example, of the frame
buffer 18, has 16 input/output ports P, to P, for accessing the
addresses A, to A,;. Of the MUX/DMUX 103a, 103b, 103c, 103d, ...

, the four MUX/DMUX 1083a, 103b, 103c, 103d are each connected to
16 input/output ports P, to P,;.
Also, the four MUX/DMUX 103a, 103b, 103c, 103d are connected

in association with four pixel engines 33D,, 33D,,, 33D, and 33D,,

of the drawing engine 33.



Y1' = (Y1 + Y2)/2 71" = (Z1 + 22)/2 X2' = (X2 + XO)/2 Y2'
= (Y2 + YO /2 72" = (22 + 20)/2 U0' = (UO + U )/?2 VO =
(VO + V1)/2 70" = (20 + Z1)/2 U' = (U + W2)/2 |
20" VI' = (V1 + V2)/2 Zl' = (Z1 + 22)/2 W2 = (W2 + U0)/2
V2 = (V2 + VO /2 72" = (Z2 + Z0%b2 RO' = (RO + RI)/?2

Since the memory banks other than the memory bank fX] are
configured similafly to the above—mentioned memory bank [X], the
detailed description therefor is not made for simplicity. The
accessing operation performed by the second bus switcher 33E on
the other memory banks is similar to that performed by the second
bus switcher 33E on the memory bank . [X] as later explained.
Therefore, in the following description, only the accessing
operation performed by the second bus switcher 33E on the memory
bank [X] is explained.

First, a series of operations by the second bus switcher 33E
is explained.

If, for example, the shape of a polygon drawn on the memory
bank tX] is a triangle T, (the shape of the first polygon) as
shown in PFig.7, the control circuit 101 is first fed from the
pre—processor 32 with thé pixel interleaving control information.
Based on the pixel interleaving control information from the pre-—
processor 32, the control circuit 101 changes over an
interleaving pattern, used for accessing the inside of the
triangle T,;,, to, for example, a (4x4) interleaving pattern.

The method for changing over the interleaving pattern in the
control circuit 101 will be later explained in detail.

Of plural interleaving patterns formed on the memory bank
[X], éuch interleaving pattern to be accessed, that is, such
interleaving pattern as permits the inside of the triangle T,

to be accessed in its entirety, is detected by the control



&' = (&0 + Gl)/2 BO' = (BO + B1)/2 R' = (Rl + R2)/2 Gl'
= (3 + X)/2 Bl' = (Bl + B2)/2 R2' = (R2 + RO)/2 X' =
(R .+ Q0)/2 B2' = (B2 + B0)/2 That is, in the division by N of

t he, polygon in the processing step S2, all sides of the polygon are
divided at mddle points thereof for diggding a triangular polygon, for
exanpl e, into new polygons with N = 4. At the next processing step
S2, the nggbenief 1pal,ygans ithe ahdngedthy fekiui)ngnthe lpavinen paawrirnC to C

= C+tN-1. Processing then reverts to the first processing step S1 in order
to judge whetftRusor inoththerhengas- @i défl patgbnseshealdingepatibednvbded
further. The processing steps S1 to S3 are repeatedly carried out until
t he new athédi wieded ypdardonsXhries conpidasteed \ibY (P n(phttemmgéndex ihethexkure
cache. direction and pattern index in the y-direction), a sum total of
20 interleaving patterns specified by
P(x,y) = P(3,1), P(4,1), P(1,2),
P(2,2), P(3,2), P(4,2),
P(1,3), P(2,3), P(3,3),
P(4,3), P(5,3), P(2,4),
P(3,4), P(4,4), P(5,4),
P(3,5), P(4,5), P(5,5),
P(4,6), P(5,6)
are detected, as shown in Fig.8.

The control circuit 101 routes the pattern information
specifying the 20 interleaving patterns, detectéd as described
above, to the selector 102 on the interleaving pattern basis.
When performing memory accessing on the address basis, the
control circuit 101 routes the mask information corresponding to
the sHape of the triangle T, to the selector 102.

Based on the pattern information, supplied from the control
circuit 101 on the interleaving patten basis, the selector 102
designates the address corresponding to the (4x4) interleaving
pattern P to be accessed for the MUX/DMUX 103a, 103b, 103c and
103d. | |

If fed with the mask information from the'control circuit



21 If the result of decision at the first processing step S1 is YES,
that is if there is no necessity of dividing the polygon, processing

transfers to the next processing step $4. At this processing step $4,
the pre-processing information for one polygon is handed over to the
pol ygon engi nes 33A1, 33A2, ..., 33AN3ftlo start rendering processing.

"Then, processing transfers to the next processing step S5 without waiting
for the nd dfhe beleetderiifg gestgssties).for MUXMDMUK 4131068es$ony08dephss,

t he polygon count Cis decrenented. At the next processing step S6,

it is jucgecksgigisheddgesses obhsipedyg®mra coestltC af magking enformed ime
result of processing at this next processing step S6 is NO with C # 0,

wi th thertdhe bed¥dy) alpbeygeaving pabtessenf, proddissibes isewasd the gnaleing r st
processing step S1 to enter into the grocessing of the next polxgon. | f
the resul infFTMHtdORysiefy sROWPhis Ré&t O pr oblssi ngf the addresses Ay to A

in the interleaving pattern specified by P(4,1) shown in Fig.9,
the addresses to be agcessed, obfained as the result of masking,

are A4, A5, A6, A8, A9, Al0, Al13, Al4 and Al5, shown shaded in

Fig.10. | | | |

The MUX/DMUX 103a, 103b, 103c and 103d access the addressees
A, to A, on ﬁhe memory bank [X] designated by the selector
102.

The pixel engines 33D,, 33D,,, 33D,, and 33Dﬂ'output pixel
data to the MUX/DMUX 103a, 103b, 103c and 103d, respectively, as
expiained previousiy. '

Thus the MUX/DMUX 103a accesses the address designated by
the selector 102 to write pixel data from the pixel engine Xa,
via one of the input/output ports P, to Pﬁ corresponding to the
address designated by the selector 102, in an area on the memory
bank [X] designated by the above address.

Thé MUX/DMUX 103a accesses the address designated by the.
selector 102 to read out data written in an area designated by
the address on the memory bank [X] via one of the input/output
ports P, to P,, corresponding to the abovg address. The MUX/DMUX
103a performs pre-set processing on the data read out from the

memory bank [X].



step S6 is YES, that is if all polygons have been rendered such that there
i s 'no polygon for division, processing cones to a close. That is,
the, pre-processor 32 judges whether or not the polygon now processed in
the drawi ng engine 33 is conprised wthin the texture cache 33F (judgnent
condition 1). The pre- processor 32 pegRorns division processing based on
the results of judgnent for dividing the polygon corresponding to the
drawi ng comeitheso thisabpelrethow af- theiMex)/ MUY Jdddb wid [108d cionpy insielch.r

22 within the texture cache 33F. This enables texture mapping

processi g tthebebpwef-desed ibeld alpeyradridnefofi dihenMUK/BREE 16184 hale tagdiad e
data read out in the draw ng engine 33 fromthe texture cache 33f via the
CLUT cacldeszgdption therefnr disiembhted otesstlrr ¥y the pol ygon by the pre-.

processor 32, it is possible to check in the above-nentioned .
The method for changing over the interleaving patterns in

the above-described control circuit 101 is now specifically
explained.

First, the number of times of accessing the inside of a
transversely elongated tfiangle Tyzr (shape of a second polygon)
as the shape of a polygon drawn on the memory bank [X] shown in
Fig.11 with a (4x4) interleaving pattern P is explained.

In this case, the interleaving patterns to be accessed
are:

P(x,y) = P(1,1), P(2,1), P(3,1),

P(4,1), P(5,1), P(0,2),
P(1,2), P(2,2), P(3,2),
P(4,2), P(5,2), P(6,2),
- P(7,2), P(8,2), P(7,3),
P(8,3), P(9,3),
totaling at 17, as shown in Fig.12

That'is, for accessing the inside of the triangle Ty, with
the (4x4) interleaving pattern, the number of times of accessing
for accessing the inside of the triangle Ty, in its entirety is
17.

In case of accessing on the address basis, only the required

memory addresses can be accessed by carrying out the masking in



first processing step whether .or not the nunber of pixels in the polygon
is smal 'er than a prescribed value (judgnent condition 2) for checking
whet her or not the polygon needs to be divided and to divide the pol ygon
corresponding to the drawing coormand into plural polygons in a

t wo- di nensi onal space at the processing 3%tep S2 so that the nunber of

pi xels in the new as-split polygons wll be not |arger than the prescribed
val ue. | nthhi {4rdNnemternlemwime mdt tdwn pBl ygen ino desepraf easeds binghdhe
drawi ng engi ne can be equated. The nunber of pixels in the polygon can
al so be phdyedmbyptfipnddngribhesdeed,gs an sbown pnoldegt19al ue of the apex
poi nts of the polygon and by checki ng whether or not the value is smaller
t han an opti mufhealuéf the inpidehefditbpsitsiapedeedsirngsorcenespdl Vabh By
t he pre- grocessor 32, the polygon corresponding to the draw ng conmand
can be di {PBRY i ANSeRleeNingol \RHeTh aPt hrae- dSRENS oddl shiBeldat the
above- nenti oned grocessinggstep In this case, it is possible to

[ S2,
judge at iRkefilpeving, patierR§ &PePestCRRESKSr 85f not the difference
bet ween t he n;n(gun}ygyyq]ggﬂ t@p(gaﬁsnun1value of the Z-value of the apex

'P,(0,3), P,(1,3),
p,(2,3), P,(0,4),
pP,(1,4), P,(2,4),
P,(3,4), P,(1,5),
pP,(2,5), P,(3,5),
P,(4,5), P,(3,6),
P,(4,6)
totaling at 15, as shown in Fig.15.

That is, if the inside of the triangle Ty, is accessed with
the (8x2) interleaving pattern, the number of times of accessing
required for accessing the entire inside of the triangle Ty, is
15. |

In case of accessing on the address basis, masking is
performed within the (8x2) interleaving pattern P, as in case of
accessing the triangle T,,, as described above, as shown in
Fig.16, for accessing only the needed memory address.

Then, if the inside of the triangle Tyer 18 accessed with a
(16x1) 1interleaving pattern P,, as shown in Fig.17, the

interleaving patterns_to be accessed are



23 point of the polygon is conprised wthin an optinmumrange (judgnment
condition 3) in order to check whether or not the polygon needs to be

di vi ded and to divide the polygon corresponding to the drawi ng conmand at
the processing step S2 into plural polygons in the three-di mensi onal space
so that the nunber of pixels in the ned4as-divided polygons will be '
conprised wthin the prescribed range for limting the size of the polygon
for executing Rdxtome=n®@ppPng) prBgElssihg in a state with only little
texture distortion on the basis of texture data read out fromthe texture
cache 33F via the CLUT d&die 633GP;:(1,6),In this case, it is possible to
judge at the first .processing step Sl whether or not the MP map texture
referred to by the m niPaf®dnad Fakitedde val ues of the z-val ues of the apex
poi nts of the polygon is travgrs%d ng gnent condition 4) and, based on
the results of judgern::ntl:,’z(tocr8 ivifdéle *pol ygon corresponding to the

draw nlg command at the plgzct%%%%i,nq%?&(’ag)’sz
' P,(0,10), P,(1,10),
p,(2,10), P,(1,11),
P,(2,11), P,(1,12),
P,(2,12), P,(2,13)

totaling at 18, as shown in Fig.18.

That is, if the inside of the triangle T, is accessed with
the (16x1) interleaving pattern, the number of times of éccessing
required for accessing the entire inside of the triangle T, is
18.

In case of accessing on the .address basis, masking is
performed within the (8x2) interlea#ing pattern P, as in case of
accessing the triangle T,,;, as described above, as shown in
Fig.lé, for accessing only the needed memory address.

As described above, the number of times of accessing the
inside of the triangle T, with the (4x4) interleaving pattern
P is 17, while that of accessing the inside of the triangle Ty,
with the (8x2) interleaving pattern P, is 15 and that of
accessing the inside of the triangle Ty, with the - (16x1)
interleaving pattern P, is 18. Thus, the number of times of

accessing the inside of the triangle Ty, with the (8x2)



|nto plural polygons in a three-dinensional space for limting the range
of reference of the MP mapping referred to in a polygon for efficient MP
napplng based on the MP map texture data read out fromthe texture cache
33F. via the CLUT cache 33G It is also possible to judge whet her or
not the polygon needs to be divided depgndi ng on whether or not the nunber
of pixels in a polygon is not nore than a pre-set value and to divide the

pol ygon coftesPeding fet teier B arépite SxfYhd SifQum number of times of
24 larger than the prescribed value and to divide the polygon

correspongic tgs$ ing heThlrsaviitng sceserntdhatit e propelr jmierdeayiag phattern for

processing step S2 in the three-dinensional space. It is simlarly

possi bl e theptedangleh®,dr dsv hige ptdc2psimperieavifigrpehkennallj.ng engi ne 33

based on, for exanple, the nunber of pixels in the polygon, judge whether

or not the pol Vhea, nekels switching the interleaving pattern used for
accessing the memory bank [X] to a proper interleaving pattern
in meeting with the shape of the polygoﬁ to be accessed, the
control circuit ‘101 executes the following ©processing
operations.

If, for example, fhe shape of a polygon drawn on the memory
bank [X] is a triangle Ty,, &as shown in Fig.20, the control
information for pixel interleaving is supplied from the pre-
processor 32 to the control circuit 101, as described above. For
example, the control information for pixel interleaving is such
information as.xy coordinates H (Xh, Yh), I (Xi, Yi) or J (Xj,
Yj) of three apex points of the triangle T,.

The control circuit 101 then finds, using the control
information for pixel interleaving from the pre-processor 32,

the aspect ratio R of the triangle T,;;, by calculations:

R

dy/dx

(MAXy — MINy)/(MAXx - MINx)

where MAXx and MINx are maxiﬁum and minimum values in the X-
direction, respectively, and MAXy and MINy are maximum and
minimum values in the Y-direction, respectively, as shown in
Fig.20.

In the triangle Ty,



to be divided based on whether the pre-processing tinme by the

pré- processor 32 is balanced to the drawi ng processing tinme by the draw ng
engi ne 33, at the processing step Sl (j udgnent condition 5) and to divide
t he pol ygon corresponding to the drawi ng command at the processing step S2
based on the result of judgnent so thaBéthe pre-processing tine by the
pre-processor 32 is balanced to the drawing processing tine by the draw ng
engine 33. This réfdex s=iXj possible to balance the processing tinme by the
pre-processor 32 and that by the drawing engine 33 relative to each other
and to construct tH&N¥e= pkbcessor 32 and the draw ng engine 33 by

pi pelining to realize high-speed drawing efficiently. It is also
possible to judge 3{A% 5he- pfBcessing step S1 whether or not the shape

of the polygon proﬁiﬁf ., the processing engine 33 is suited pixel

i nterl eavi ng (j udg ition 6) at the above-nentioned processi ng step

orocessi ng_ st iR m%"';a%ﬁ?&re""”e?’a";‘%%m”g i REePneokRee YRR oY ee
the plxel Jﬁé”éefdingelgbié Eggdg%sf %epQE% Qh%aQQng patterns Pa to Pe
of (1x16), (2x8), (4x4), (8x2) and (16x1), as shown in Fig.21,
and switches the interleaving pattern used in accessing the
inside of the triangle Ty; to the selected interleaving pattern.
The control circuit 101 has a table for the aspect ratio R
and interleavigg patterns (Table 1). In this table are pre-set
proper interleaving patterns associated with various values of
the aspect ratio R, that is such an iﬁterleaving pattern as
minimizes the number of times of accessing. Thus the cohtrol
circuit 101 selects, using the above table, a proper interleaving
pattebn associated with the aspect ratio R found as described

above.

TABLE 1
aspect ratio R interleaving pattern
~ 0.1 Pa (16x1)
0.1 ~ 0.5 Pb (8x2)
0.5 ~ 2.0 Pc (4x4)
2.0 ~ 8.0 Pd (2x8)
8.0 ~ Pe (1x18)




25 access the frame buffer 18 efficiently by the drawing engine 33 to

ef fect *hi gh- speed draw ng processing. It is |ikew se possible to
judge at the processing step S1 whether or not, based on the conbination
of .t he above-nentioned various judgnent conditions, the polygon needs to
be divided, and to divide the polygon @ggrresponding to the drawi ng command
by the processing step S2 into plural new polygons so that the new as-

di vi ded pol ygarns meet s&8eohdddmnt se@ndheron33E, a pbHpperficymd | wf ifive
possible to judge at the processing step S1 whether or not, based on the
conbi nat iiont ef 1 ¢&reingdgmertte rrconBat itansPé astbvdh tihe Riad yAjon iseesisl ¢ ot b

di vided, and to divide the polygon corresponding to the drawi ng conmand by
the processiong isteefoS2hiensbapeurfll thevepbygamrio Sre tdrawn hen ridve adsemory

di vi ded pol ygons neet the judgnment conditions 1 and 2 in order to equate
the size kfnk HXIpoMhies iy ddess ek apssa wrldnithe shifstedlinierleavingr

to carry out. the texture mapping
pattern, so that the polygon can be drawn on the memory bank [X]

with the minimum number of accessing operations. Thus it is
possible for the. second bus switcher .33E to effect memory
accessing efficiently.

The GPU 15 accesses the frame buffer 18 by the second bus
"switcher 33E aimed at raising the memory accessing efficiency,
for performing various data processing operations, as described
above, for realizing efficient data processing operations.

A video game machine 201 embodying the present invention is
configured as Shown for example in a plan view of Fig.22, a front
view of Fig.23 and in a side view of Fig.24.

That is, the present video game machine 201 is basically
made up of a main body member 202 and én operating device 217
connected to the main body member 202 via a cable 227, as shown
in Fig.22. At a mid portion on the upper surface of the main body
member 202 is mounted a disc. loading unit 203 within which is
loaded a CD-ROM 251 shown in Fig.25. On the left side of the disc
loading unit 203 are mounted a power source switch 205 operated.
for turning on or off the device.and a reset switch 204 operated
for transiently resetting the game. On the right side of the disc

loading unit 203 is mounted a disc actuating switch 206 operated



processing reliably and efficiently based on the texture data read out
fromthe texture cache 3F via CLUT cache 33G It is also possible to
judge at the processing step S1 whether or not, based on the conbination
of .the judgnment conditions 1 and 3, the polygon needs to be divided, and
to divide the pol ygon corresponding to3he drawi ng conmand by the
processing step S2 into plural new pol ygons so that the new as- divided
pol ygons fieetmountjindgaendisondntiogs theafP-ROM Biils wirtdndegspedt toothebl e
to perform texture napging processi ng

26 reliabigcaheadingcunht! 903 th only little texture distortion based on
texture data read out fromthe texture cache 33F via_ CLUT cache 33G Al so,
if the judgner®cbh8i firent side ofhithe) nadn Pade BERRRT Bhbi 758 i BRunted
size of the . pol ygon processed h t he drawi ng enqgi ne 33, that i.s the nunber
of “pi xol SSoRBRChIRE AT EIORT O 1 300 Bnr y Sy SRR d ol ofngd - Those

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

The front view of Fig.23 shows the state in which the
connection terminal portion 226 and the recording device 228 are
loaded on the right side connecting portion 207B with none of the
connecting terminal portion 226 nor the recording device 228
being loaded on the left-side connecting portion 207A. The
recording inserting portion 208 for loading the recording device
228 thereon is provided with the shutter 209, as shown in Fig.23.
When loading the recording device 228 on the main body member

.202, the shutter 209 is thrust by the foremost part of the
recording device 228 to effect loading.

The connecting terminal portion 226 has a knurled gripping
part 231A for anti—siip effect. Similarly, the recording device
228 has a knurled gripping part 242A for anti-slip effect.

Referring to a side view of Fig.24, the connecting terminal



It is also possible to judge at the processing step S1 whether or not,
based 6n the conbination of the judgnent conditions 1 and 4, the pol ygon
neegs to be divided, and to divide the polygon corresponding to the
drawi ng command by the .processing step S2 into plural new pol ygons so that
the new as- divided polygons neet the j3®@gnent conditions 1 and 4. This
renders it possible to perform M P mappi ng processing reliably and

ef fi ci entPporibixyed 2 hasxieulengahalr subs bant iabiy tdeualertiouse lengthe083Fhei a
CLUT cache 33G. Also, if the judgnment conditions 2 and 3 are conbined with
the abovereepdihagidevice BaBenes possible to equate the size of the

pol ygon processed by the draw ng en ine 33, that is the nunber of pixels,
and to d|nlnlé%het%R?HﬁelﬂgsﬁSVﬂPSn ‘has QWPHQ$§§EQ?Qxxﬁ§¥HEP§B samgReat

}nzgngafcew@f%ﬁsnf TR A S se@% B 4 e

O Oe BR84SR0 8| R RGeSO, Rl P 0CB881 10,

the judgm%gpé%¥gwei§PsT%éﬂg¥erat33§Sparts 224, 225 are operated with
index fingers of both hands, while the operating parts 218, 219
are operated with thumbs of both hands.

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

With the present video game machine 201, the CD-ROM 251
loaded on the disc loading unit 263 is reproduced by the CD—ROM
driver 30. The operating device 217 is equivalent to the above-—
mentioned input device 28, while the reeording device 228 is-

equivalent to the auxiliary storage device 27.



27 renders it possible to keep the processing tine by the pre-

327 bal dnced with tlmu~4¥¢—Lhe_dLaMkng—eng|ne 33 to
hi gh- speed texture ellnlng Al so [
2 and 3 are conbi ne ' ﬂﬂ ﬂchon‘m nati on,
equate the size of

t he nunber of plxels and to dimnish texture dist

ef f ect ef

ssdd by the dr

I on. TheAJudgnent

condition 4 may al so be conbi ned vmtf1qﬂﬁdﬁﬁbove conbination to effect M

napplng

whet her of- notA BAIEUrsndrpWipgnBPRArREHSOLORRE IBEAGeNt

It is also possible to judge at the processing step Sl

6, the polygon needs to be divided, apd to divide the polygon |,
correspondi ng PBETRECAPERILAE cﬁﬁﬁﬁﬁd fﬂﬁtfﬁ?nﬁf |ﬁ&t§tegegleﬁgo BPEr al
new pol ygons so that the new as- '

d
Dot L8PS i e sy edz, 6 fraglal iSSPl o Ml Bl % digrre

reliably €'81s in accordance with a drawing command for drawing a picture

model defined by the combination of unit figures;

.picture drawing means for generating pixei data on the unit
figure basis by texture mapping processing responsive to said
drawing command for drawing a picture on a picture memory;

storage means for transient storage of texture data required
by the picture drawing means for texture mapping; and

supplying means for supplying the textufe data fequired by
said picture drawing means for texture mappiﬁg to said storage
means résponsive to data outputted by said pre-processing
means. |
2. The picture drawing.device as claimed in claim 1 wherein
said picture drawing means has the function of performing MIP
mapping, said picture drawing means selecting texture data having
the desired resolution responsive to data outputted by said pre-—
processing means for supplying the selected texture data to said
storage means.
3. A picture drawing method compfising the steps of:

generating data pertinent to picture drawing processing on
the unit figure basis in accordance with a drawing command for

drawing a' pPicture model defined by the combination of unit

processor

P

condi.tions 1 and

[

eet Has Been Re‘laced

T



efficiently by the drawing engine 33 and to access the frame buffer 18
efficiently to realize high-speed drawi ng. Also, if the judgnment

corldﬁions 2 and 3 a h A6 t he above cembination. It becones
possi ble to equate tmllm " umz" Hol ygon proceg
[ of Pl xe [

; SEHIS e e A UL N[ engi ne
33, that is the nunber $, and 4b di mni s t extREMLALES OT U1 ¢n. The

judgnent condition 4 may al so be conbined with t Lagn to

ef fect MfRgumesi;ng or the judgnment condition 5 may be conbined wth the
above conbination to effect high-speed processing by . . -

28 pi pel i ni ngupplyingThexpure| data qrecaasany BTt heX5859 AHRRINSHNEY dbnd
bus swtcher 33E is carried out as described bel ow Referrjng . to
Fig. 6, tpdcéucendrpyWingwPreReEsIBE itRcStAEess meams hasgd OF dwith

an out put of the pre-processor 32 shown in Fi,%.z, a sgl ector 102 fed. vgth
an out put of igeaexating pixel data of a unit figure by texture processin

for drawing on a picture memory and drawing a picture on a

- = -
o= o

picture memory.

4. The picture drawing method as claimed in claim 3 wherein said
step of supplying said texture data to said storage means
includes a step of supplying texture data of resolution required
in MIP mapping in said picture drawing processing responsive to

data pertinent to said picture drawing processing.

is Sheet .Has Been Replaced
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circuit 101 and plural nultiplexer/demultiplexers (MU DMUX) 103a, 103b, .

103c,3*~103d, ... each fed with an output of the selector 102. The
MUX/ DMUX 103a, 103b, 103c, 103d, ... are connected to the frane buffer 18
and to the drawi ng engi ne- 33 shown in Fig.?2. The frame buffer 18 is
made up of plural nenory banks [1], [242 ..., [X], ..., [L], as shown in
Fig.2. Each of the nmenory banks [1], [2], ..., [X], ..., [L] is nmade up of
a rectangul ar area represented by 1ABSERA@Bses (interleaving patterns), so
that the 16 addresses can be accessed sinultaneously. Therefore, the

menory bank [ XA Higtuperdtawing qhenéthod udedfén aggranabits icopeutedtput
ports Plerr] to Plerr] for accessing the addresses.A[err¥ to Alerr] O the
MUX/ DMUxa1688¢1ad3pffagBcdevimry or a videohgamguparbknBVUXFe@38enegast ing03c,
103d are .each connected_to 16 input/output ports Plerr] to Plerr].

Al so, th88t8urr MBI MEID3RICEYBB, AFe¥dnEI PYd RERIARITIENE PR 2 pre-

assoct at gn witl fo pLxel sngings 3abberrl, 23perrly 33PLer L) A% ure
model defined by the combination of unit figures, and generating
pixel data on the unit figure basis by texture mapping based on
the generated data for drawing a picture on a frame buffer 18,
the texture data requifed by a drawing engine 33 is transferred
in the pre—processiﬁg stage from a texture area on the frame
buffer 18 to a texture cache 33F, and the pre—processor 32 and
the drawing engine 33 are operated in pipelining. This enables
texture mapping or MIP mapping without halting the picture
drawing means, while reducing the number bf times of texture
memory accessing and the accessing time for raising thé overall

picture drawing speed.



29 Since the nmenory banks other than the nmenory bank [X] are
configured simlarly to the above-nentioned nenory bank [X], the detailed
description therefor is not made for sinplicity. The accessing operation
performed by the second bus switcher 33E on the other nenory banks is
simlar to that performed by the second bus switcher 33E on the nenory
bank [X] as later explained. Therefore, in the follow ng description, only
t he accessing operation perforned by the second bus swi tcher 33E on the
menory bank [X] is explained. First, a series of operations by the
second bus sw tcher 33E is explained. If, for exanple, the shape of
a polygon drawn on the nenory bank [X] is a triangle T[err] (the shape of
the first polygon) as shown in Fig.7, the contrggzcircuit 101 is first fed
fromthe pre-processoryg2 mnth1i ' ] i ngocontrol information
Q

Based on the pixel |nteh{eaV|n iGN 1N fon frgmthe pre-
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processor 32, the control circuit 101 changes over an interleaving
patiern, used for accessing the inside of the triangle T[err] to, for

exanple, a (4x4) interleaving pattern. The net hod for changi ng over
the_interleaving pattern in the control circuit 101 will be later
explained in detail. O plural interleaving patterns forned on the

menory bank [X], such interleaving pattern to be accessed, that is, such
interleaving pattern as permts the inside of the triangle TABC to be
accessed inits entirety, is detected by the control

30 circuit 101, with the aid of the (4x4) interleaving MECHAN.

Thus, in the triangle T[err] if each interleaving p8WBr VIDEO t hepinenory
bank [X] is indicated by P (pattern index in the x- -BUSr SIGNAL VWAKUBat t ern
index in the y-direction), a sumtotal of -20 interle@ving patterps

speci fied by P(x,y) = P(3,1), P(4,1), P_(.l, 2), _ OUTPUT
34— PCRTC | >~ VIDEO
| SIGNAL
MAIN BUS |
31, y
PACKET ENGINE |~ ,
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| 3341
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P(2,2), P(3,2), P(4,2), | P(1,3), P(2,3), P(3,3),

P(4,3), P(5,3), P(2,4), ' P(3,4), P(4,4), P(5,4), :
P(3,5), P(4,5), P(5,5), P(4,6), P(5,6). are detected, as
shqwn in Fig. 8. The control circuit 101 routes the pattern

information specifying the 20 interleaving patterns, detected as descri bed
above, to the selector 102 on the interleaving pattern basis. Wen
perform ng nmenory accessing on the address basis, the control circuit 101
routes the mask information corresponding to the shape of the triangle
T[err] to the selector 102. Based on the pattern information

supplied fromthe control «circuit 101 on the interleaving patten basis,
the selector 102 designates the address corresponding to the (4x4)

interleaving pattern Pt for the MUX/ DMUX 103a, 103b, 103c
and 103d. If fed ﬁ&f@@N'ﬁﬂ‘A' formation fromthe control circuit

32\ l

' TEXTURE ADDR
PRE-PROCESSOR : ESS

/33F

33\ ]
DRAWING ENGINE TEXTURE CACHE

18\

FRAME MEMORY
AREA | TEXTURE AREA

FIG.3

TAG DATA L
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31 101, the selector 102 designates for MJUX/ DMJX 111103a to 103d the
actessi ng addresses obtained as a result of masking perforned in the (4x4)
interleaving patterns P, on the basis of the masking information, as shown
in Fig.9. Thus, of the addresses Alerr] to A in the interleaving pattern
specified by P(4,1) shown in Fig.9, the addresses to be accessed, obtained
as the result of masking, are A4, A5, A6, A8, A9, A10, Al3, Al4 and A1l5,
shown shaded in Fig.10. The MUX/ DMUX 103a, 103b, 103c and 103d
access the addressees Alerr] to Alerr] on the nenory bank [X] designated
by the selector 102. The pi xel engines 33D[err], 33D err], 330 err]
and 33D[err]4 output pixel data to the MJUX DMJX 103a, 103b, 103c and 103d,
respectively, as explained previously. Thus the MJUX/ DMUJX 103a
accesses the address designated by the selector 102 to wite pixel data
fromthe pixel engine Xa,

START
e )

DIVISION REQUIRED ?
(CONDITION OF
DIVISION)

TO ES&KCEON DIVIDE BY N
E: | ss

C = C+N-1




via one of the input/output ports Plerr] to P[err] corresponding to the
address designated by the selector 102, in an area on the nmenory bank [X]
desi gnated by the above address. " The MUX/ DMUX 103a accesses the
address designated by the selector 102 to read out data witten in an area
designated by the address. on the nenory bank [X] via one of the

| nput/output ports Plerr] to P[err] corresponding to the above address.
The MUX/ DMUX 103a perforns pre-set processing on the data read out from

the nmenory bank [ X]. CONTR 32
Since the operation of the MJX/ DMUX 103H t cCl % s [ErPREZPROCESSER
above-descri bed operation of the MJX DMJX IU3qd, detxi | €0 OEsSgrIprron
therefor is onmitted for clarity. The nethod for!@hand2ng over the
interleaving patterns in the above-desqri rql circuit 101 is now
specifically explained. 4g 33E éEfEé?Eﬁ

prsie SN N1z %
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First, the nunber of tines of accessing the inside of a transversely
elongated triangle T[err] (shape of a second polygon) as the shape of ‘a
pol ygon drawn on the menory bank [X] shown in Fig.11 with a (4x4)

interleaving pattern P is explained. In this case, the interl eaving
patterns to be accessed are: . P(x,y) = P(1,1), P(2,1), P(3,1),
P(4,1), P(5,1), P(0,2), . P(1,2), P(2,2), P(3,2),
P(4,2), P(5,2), P(6,2), X P(7,2), 58 2), PUMEMORY
P(8.3). P(9.3), totaling at 17 asO%hdwn 2 n :qu BANK [x}, for
accessing the inside of the trifa H R X I nterl eavi ng
pattern, the nunber of times ofY acggssHadt cEesshat the P nsi de of the
triangle T[err] inits entirety if Sedi] accessing on the
address basis, only the required y I accessed by
carrying out the masking in 2 1 L~ TABC

3 2z

{
4
1

5 N

6

.7

1
n ~P(3,1),P(4,1)
i +P(1,2),P(2,2),P(3,2),P(4,2)
X -P(1,3),P(2,3),P(3,3),P(4,3),P(5,3)

-+P(2,4),P(3,4),P(4,4),P(5.4)
+-P(3,5),P(4,5),P(5,5)
u ...P(4,6),P(5,6)

FIG.8

FIG.9



33 the (4x4) interleaving pattern P, as in case of accessing the
abdve-nentioned triangle TABC, as shown in Fig.13 Then, if the inside
of “the triangle T[err] is accessed with a (8x2) interleaving pattern
Plerr] as shown in Fig.14, the interleaving patterns to be accessed

are Plerr](x,y) = Plerr](1,2) , Plerr](2,2),

Plerr](0,3), Plerr](1,3), Plerr](2,3) , P[err](0.4),
Plerr](1,4), Plerr](2,4), Plerr](3,4) , Plerr](1, 5) ,
Plerr](2,5), Plerr](3,5), Plerr](4,5), Plerr](3,6),
Plerr](4,6) totaling at 15, as shown in Fig.15. That is, if the

inside of the triangle TDEF is accessed with the (8x2) interleaving
pattern, the nunmber of tines of accessing '

P(4,1)

Ao | A1 A3} Ao

A2
Ak
% 5 %) AT| M
/A11 Ag

N
N
N

N
N
N

A15] A12
Ap | A1 | A2| A3 ]| AD

FIG.10



required for accessing the entire inside of the triangle T[err] is 15.

I nScase of accessing on the address basis, masking is performed within the
(8%2) interleaving pattern Plerr] as in case of accessing the triangle
TABC as descri bed above, as shown in Fig.16, for accessing only the needed
menory address. Then, if the inside of the triangle T[err] is
accessed with a (16xl) interleaving pattern Plerr], as shown in
Fig.17, the interleaving patterns to be accessed are

34  P2(x,y) = Plerr](0,5), P2(1,5), P2(0,6), P2(1,86),
P2(0,7), P2(17), P2(0, 8), P2(1,8),  P2(0,9),
P2(1,9)., | TR 1G. §203.19. 6 7 8 o MEMORY
v o
TH samEizaccs H —TpEF
2 Easgananniezd
3 HEGn
FIG.11
gEsas s «P(1,1),P(2,1),P(3,1)
P(1,2),P(0,2),--- i ) éT[ = ] F = P(4,1),P(5,1)
P(3,2),P(2,2), R - .
P(5,2),P(4,2), P (9!3)!P(833)!P (7!3)5"' Ir H_IIII
P(7,2),P(6,2),
P(8,2),

FIG.12
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P2(2,10), P2(1, 11) P2(2,11) , P2(1,12),
P2¢2,12), P2(2,13) totaling at 18, as shown in Fig.18. - That is, if
the inside of the triangle T[err] is accessed with the (16x1) interleaving
pattern, the nunber of tinmes of accessing required for accessing the
entire inside of the triangle T[err] is 18. In case of accessing on
the address basis, masking is perfornmed within the (8x2) interleaving
pattern Plerr] as in case of accessing the triangle T[err] as described
above, as shown in Fig.19, for accessing only the needed nenory address.
As descri bed above, the nunber of tines of accessing the inside of the
trlangle T[err] w Me (4x4) interl eavi n% pattern P is 17, while that of
accessing the |n5|‘de of @he tri'angl e2T[err with the (8x2) interleaving
19 B S HASHEREH nsi#®1 of the
A n P2 is 18. Thus,

s h triangle T[err

’efDEF J [ ]

pattern Plerr] is
triangle T[err] Wit ot HHpY
t he nunber of tines I i
with the (8x2)

il b 8 W4
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35 interleaving pattern Plerr] represents the m ni mum nunber of tines of
aceessing. Thus it is seen that a proper interleaving pattern for the
trfangle T[err] is the (8x2) interleaving pattern Plerr]. Thus, for
switching the interleaving pattern used for accessing the nmemory bank [X]
to a proper interleaving pattern in nmeeting with the shape of the pol ygon
to be accessed, the control ~circuit 101  executes the follow ng

processi ng operations. |f, for exanple, the shape of a polygon drawn
on the menory bank [X] is a triangle T[err] as shown in Fig.20, the
control information for pixel interleaving is supplied fromthe pre-
processor 32 to the coftrol ¢ircuit 101, ap escri bed Qbove. For exanpl e,
the control infor tiqp f Rl X I' terleaving i s suc - 'rﬁ natipg as Xxy
coordi nates H ( Xh, Y’In)2 ' ] ICEi ! 1) apex pofnts of
the triangle T[err‘ﬁ.:«!4 : He-HeH-He ) : :"'E", using the
control 5¢g ARBr
y: o4 == TDEF
910 Tt
1112
13
1514 ammEE A
. ,-P2(0,5),P2(1,5)
raoeate) PR Croorae
P2(0,9),P2(1 ,9)'::: Tt == = mua
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information for pixel interleaving fromthe pre-processor 32, the aspect
ratio Rof the triangle T[err], by calculations: R = dy/ dx =
(MAXy - MNy)/(MAXXx - M Nx) where MAXx and M Nx are naxi mum and m ni num
values in the X- direction, respectively, and MAXy and M Ny are maxi num
and mnimumvalues in the Y-direction, respectively, as shown in Fig.20.
In the triangle T[err], ' 36

MAXX = Xj MNx = Xi MAXy = Yh MNy =Yi
Dependi ng on the aspect ratio R, thus found, the control circuit 101
selects one of five interleaving patterns Pa to Pe

MAXyf "~ ~""""""TTTTTTTTTY H(xh,yh)

THIY
dy
: Jxi,yD)
MINYY. () - i
L )
MINX dx MAXx
FiG.20
Pa
Pb A
Pc
Pd
Pe

FIG.21



of (1x16), (2x8), (4x4), (8x2) and (16x1l), as shown in Fig.21, and
switches the interleaving pattern used in accessing the inside of the
triangle THIJ to the selected interleaving pattern. The control
cigcuit 101 has a table for the aspect ratio R and interleaving patterns
(Table 1). In this table are pre-set proper interleaving patterns
rassociated with various values of the aspect ratio R that is such an

i nterleaving pattern as .mnimzes the nunber of tines of accessing. Thus
the control circuit 101 selects, using the above table, a proper
interleaving pattern as§8§iated wi th the aspect ratiqg found as descri bed

above. ‘\\ 251TABLE 1 spect ratio R
i nterleaving pattern 203 0.1 Pa (16x1)

0.1 - 0.5 Pb (8x2) ( 0.5 - 2.0 Pc (4x4)
2.0 - 8.0 2% 8 v N 1x16)

Y AYAYAVAYAYAVAVAVAYAYAY AV AVAVAVAVAV . WAV AVAVAV.VAV,A VA Y.
\SAANN NN NNARNNN AN A ANN AN

220 oo

FIG.22



37 In the second bus switcher 33E, a proper one of five interleaving .
patterns Pa to Pe shown in Fig.21 is selected responsive to the shape of

t ke pol ygon to be drawn on the nenory bank [X], which is then accessed
with the selected interleaving pattern, so that t he pol ygon can be drawn
orr t he nmenory bank [X] with the ninimum number of accessing operations.
Thus it is possible for the second bus switcher 33E to effect nenory
accessing efficiently. The GPU 15 accesses the frame buffer 18 by the
second bus. swi tcher 33E ained at raising the nmenory accessing efficiency,
for perform ng various data processing operations, as described above, for
realizing efficient data processing operations. A vi-deo gane machi ne
201 enbodying the present invention is configured as shown for exanple |n
a plan view of Fig.22, a front view of Fig.23 and in a side view of

Fi g. 24. That is, the present video ganme machine 201 is basically nade
up of a main body nenber 202 and an operating device 217

/ 202

208

253 2/09 228
g yA— NI SRR
”M“l _ IIW“ N} ‘Uw
212 2078
207A - 26

227

FIG.23



connected to the main body nenber 202 via a cable 227, as shown in Fig.22.
At a md portion on the upper surface of the nmain body menber 202 is
mounted a disc |oading unit 203 within which is |oaded a CD-ROM 251 shown
ih Fig.25. On the left side of the disc loading unit 203 are nounted a
pewer source switch 205 operated for turning on or off the device and a :
reset switch 204 operated for transiently resetting the gane. On the right
side of the disc |oading un|t 203 is nounted a disc actuating switch 206
oper at ed 38 for nounting or
di snounting the CD-ROM 251 with respect to the disc |oading unit 203.
On the front side of the main body nenber 202 are nounted connecting
portions 207A, 207B, as shown in Fig.23. These connecting portions 207A,
207B are provided with a connection term nal 226 provided on the forenmast
part of the cable 227 derived fromthe operating devgpge 217 and a
connection term nal

228

242A

il ~

4 : J
g
=4 4
ST N
231A
226

FIG.24
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i nserting portion 212 for connecting a r ecor di ng CREPEACEMNTSSEEET% a
menoty card, and a recording/inserting portion 208. [ftat twoy efich of

the operating devi ces 217 and recordi ng devi ces 238 cg&@&)m e¢ted to
the mai n body menber 202. The front view of {Fi he gtate in
which the connection termnal portion 226 and the rnrntdl ng-devige| 228 are
| oaded on the right side connecting portion 207B With none of the
connecting termnal portion 226 nor the recordi ng ‘devirece—228—erng | oaded
on the left side gineet héitbOChhObe 22theased D raLSOITHNGVEBSEILi NG’
portion 208 for | oadin V\ﬁhe record g device 228 thereon is provided with
the shutter 209, R€T é’ﬁg “PHOE §PS% Wien | oading the recording device 228
on the mai n body nmenber 202, 'the shutter 209 is thrust by the forenost

part of the recqgﬁcagsggglﬁeﬁg&ﬁ@ﬁxbgct | oadi ng. - The connecting
term nal portion 226 has a knurled gripping part 231A for anti-slip

effect. Simlarly, the recording device 228 has a knurled gripping part
242A for ants- sl izrRirtiesd  to Rakeinivdtgiba thefeldsvpeswidded-agp2dtutdie

connecting terrnrggawing apparétqs comprising: preprocessing means for
subdividing a picture model to be drawn into a plﬁrality
of component qeometiical units and generating data
reqﬁired'for drawing processing including a drawing.
10 command, for drawing said picture model defined by the
| plurality of component geometrical units, the
preprocessing means ihcluding means for subdividing one orx

>4

more of the ccmponent geometrical units falling within one
or more predetermined criteria; .picture drawing meané for

15 generating pixel data for each component geometrical unit
or subdivided component geometrical unit by'textﬁre
mapping processing responsive to said drawing command. for
drawing a picture in a picture memory; storage means for
temporary storage of texture data required by the picture

20 drawing means for texture mapping; and supplying means for
supplying the texture data required by said picture
drawing means for texture ﬁapping to said storage means in
response to data output by said pre-processing means,
wherein the pre—processing means, the picture drawing

25 means, the storage means and the. supply means are
pipelined. _ '

Preferably, the picture drawing means performs MIP
mapping, said-éicture drawing means'selecting texture data
having the desired resqlution in response to data output

30 by said pre-processing means to supply the selected
texture data to said stoiage means. '

The invention also provides a picture drawing
method comprising the steps of: subdividing a picture
model into a plurality of component geometrical units and

35 generating data required for drawing processing on a unit
by unit basis according to a drawing command to draw the

QAo 445 -
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39 portion 226 has a length L substantially eqhal to a length of the
recordi g device 228. - The operating device 2Y; 221
that can be gripped with left and right hands. Tl 1PﬁAGEME$Ht§ pf t he
supports 220, 221 are provided with operating parfs{218, 219,
respectively. The operating parts 224, 225 are opgr t @ 5OCH9ndbx] f | ngers
of both hands, while the operating parts 218,- 2191 qre operated Wyth thunbs
of bot h hands. Bet ween the operating parts 218 and 219 are proyided a
sel ect switch 222pidmaird sodel uddfigetopy StHee plioal i
start switch 223 o} r g p nt

vi deo gane nachi ngg%é’éﬂ%a& ié?[}fésa Fh8 iﬁg{l%ggggesour?dwm#észb &ehgél %g§€n|t 203
i's reproduced by £ et ED CRERPNERY \ﬁéPmQF)rch‘}euBb’é?aﬁ@i A4 VA thd o prej Qr

equi valent to themah@\gﬂ:edeaeﬂairmaedrmaﬂa ;deupsBriddg, vhktwrd lateecor di ng
devi ce 228 |% equi val ent %o t he auxi l %gstor%gg device 27

(2

necessary for texture mapp d picture drawing
processing to storage means ;n_response to the generated
data; generating pixel data for a component or subdivided
coﬁponént geometrical unit by texture processing for
_drawing in a picture memory, and drawing a picture in a

10 ° picture memory; wherein the. generation of data, supply of
texture data énd generation of pixel data are performed as
a pipeline operation. .

- . Preferably the step of supplying the texture data to
the storage means includes the step of supplying texture

i5 data of a required resolution for MIP mapping in said
picture drawing processing in response to data required
for said picture drawing processing. )

In preferred embodiments of the apparatus and method,
the picture drawing means transmit texture data required

20 for texture mapping from a texture memory to a texture
cache in a pre~processing stage by the pre-processing
means. The pre-procesSing means and picture drawing means
are operated in pipeline for enabling picture drawing
without halﬁing the picture drawing means.

25 In a preferred embodimeént ‘of the apparatus and
method, data indicating resolution required for the
picture drawing means to perform MiE mapping is selected
from the texture data in the texture memory in the pre-

- processing stage by the pre-processing means and

30 transmitted to the texture cache te reduce the number of

access times and the accessing time for the texture memory

to increase the overall picture drawing speed.
BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1 is a block diagram showing the structure of a

35 video game machine embodying the present invention.



CLAIMS 1. A picture drawing apparatus conprising: REPLACEMENE SHBET
nmeans for generating data required for draw ng processl
processing on the unit figure basis in accordance wth
for drawing a picture nodel defined by the conbination
pi cture drawi ng neans for generating pixel data on the ju
by texture mappi ng processing responsive toésaid drawjng conmand for

drawing a picture on a picture nenory; storage neans Tor transrent
storage of texture datBigeduilsed blpeck Héagpram ghowinrqd dgtadded for texture

mappi ng; and st SURRIL BY 4RARS 15 0fné URRBkYI Sehd BRchexs Ure data required
by said picture draw ng neans far, texture nappi 0.sajd storage. neans

t {
responsi ve to data out Pt t &d 2By2 HF! Féﬁﬁ‘ﬁ‘bé@?gﬂ@g thEaRESIC StrucEyge

pi cture drawi ng degixtee &ucl ainmed in claiml1l wherein
5 Fig. 4 shows an example of a data structure in a

' texture cache in the GBU.

Fig. 5.is a flowéhart shoﬁing the proceésing of
resolving a first polygon by a pre-processor- in the.GPU;

Fig. 6 is a block diégram showing the'structure.of a

10 second bus switéhér in the video game machine.
Fig. 7 illustrates the structure.of'a_5e¢ond bus
switcher in thé video game machine.
— Fig. 8 illustrxates an interlea&ing pattern to be
' accessed when having access to the inside of the shape of
15 the first polygon.

Fig.9 illustrates masking in case of for address-
based accessing when having access to the inside of the
shape 6f the first polygon.

Fig. 10 illustrates the accessing address obtained by

20 the masking. '



sai d pi cture draw ng neans-has the function of performing MP mapping,
said-picture drawi ng means selecting texture data having the desired

resol uti on responsi med by said pre- E@ﬂmm

supplying the sele to said storage

drawi ng net hod co nﬂ mzlmﬁuﬂa@ generating {[data perti nent
pi cture drawi ng processing O t f4 gare basis i ccorsiangegyy t
drawi ng command for drawi ng a pi cture nodel defined by {t he conbi nati g

uni t ' figures; suppl yi ng GLa¥M8re data ne

o

of
ir e

mapping in said picture drawi ng processing to storage jneans based on saijd

dat a; generating pixel data of a unit figure Qy texture processing

for drawing on a Yi ct ft @HFERES yALAYARA 2RRATG LS FREBH* a  picture menory.

preprocessing means for subdividing.a picture model to

be drawn into a plurality of component geometr:.cal units and

5 generat:.ng data requlred for draw:.ng processing :anludlng a
drawing command for drawing said .picture model deflned by'

the plurality of component geomet.r:.cal . units, the
preprocessing means- includihg means fox subd:Lv:.d:Lng one or
more of the component geometrical units falling within one

10 or more predetermined criteria;
) picture drawing means for generating pixel data for
g _ each component geometrical unit or subdivided component

geometrical unit by texture mapping processing responsive to
said drawing command for drawing a picture in a picture

15 memory;

storage means for temporary storage of texture data

' required by the picture drawing means for texture mapping;

and _
supplying means for supplying the texture data required
20 by said picture drawing means for texture mapping to said
storage means in response to data output by said pre-
processing means, wherein the pre~processing means, the
‘picture drawing means, the storage means and the supply

means are pipelined.

25 2. A picture drawing apparatus according to c¢laim 1,
wherein .

the picture drawing means performs MIP mapping, said picture.

drawing means selecting texture data having the desirxed

resolution in response to data output by said pre-processing

30 means to supply the selected texture data to said storage
means. i '
3. A picture drawing method comprising the steps of:

subdividing & picture model into a plurality of
component geometrical units and generating data required for
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4. The picture drawing nmethod as clained in claim qumsgﬁﬂg,p of

supplyirg said texture data te—satd storage nmeans
suppl yi ng texture data of resol um nrequired in MP nmapping i

Grawng procesd: ﬁi\ﬂl\mmlﬁm\\ﬂﬁ
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drawlng processing on a unit by unit'Baéis according to a
drawing command to draw the picture model defined by the
plurality of - cmmponent geometrlcal units, and including
subd1v1d1ng one or moré of the component geometr1cal units
falling within one oxr more predetermined criteria;
supplying texture data necessary for texture mapping
in said picture drawing processing to storage means in
response to the generated data; o
| generating pixel data for a component or subdivided
cqmponenﬁ geometrical unit by texture processing for drawing
in a picture memory, and drawing.a,pictdre in a picture
memory; wherein -the generation of data, supply of texture
data and generation of pixel data are performed as a

pipeline operation.

q, - A picture drawing method according to claim 3, wherein
the step of supplying the texture dafa to the storage means
includes the step of supplving texture data of a required
resolution for MIP mapping in said picture drawing
processing in response to data required for said picture

drawing processing.



