DESCRI PTI ON Menory Accessing Method and Data Processing Appar at us
Techptcal Field This invention relates to a nmenory accessing nmet hod
for having access to a frame buffer by pixel interleaving and a data
processi ng apparatus for performng pre-set data processing by accessing a
frame- buffer by the above nenory accessing nethod. The nenory accessing
nmet hod and the data processing apparatus. are wusable for a video gane
machi ne or a graphic conputer system as 1video equi pnent enploying a

conput er. Background Art - In a picture
generating apparatus for generati ng DESCRIPTION picture out putted to and

di spl ayed on a dlsplay device, that is output display plcture data for a

tel evi si on recHePRIY AcHSTSiHE MF&@QFV@PdOPaéachﬁﬁﬁésﬂ&ﬁ

di spl ay device, used in a Technical Field

This invention relates to a memory accessing method for
having access to a frame buffer by pixel interleaving and a data
processing apparatus for performing pre—-set data processing by
aécessing a frame buffer by the above memory accessing method. The
memory accessing method and the data processing apparatus are
usable for a video game machine or a graphic computer system as
video equipment employing a computer.

| Background Art

In a picture generating apparatus for generating data of a

picture outputted to and displayed on a display device, that is

'output display picture data, for a television receiver, a moniior
receiver or a cathode ray tube (CRT) display device, used in a
video game device or a graphicé computer system, a dedicated
drawing device is provided between a central processing unit (CPU)
ahd a frame buffer for enabling high-speed processing.

That is, in the above picture generating apparatus, the CPU
when generating a picture performs éeometry processing, such as
coordinate transformation or clipping or light source calculations,
instead of directly accessing. the frame buffer. The CPU then
defines a three—dimensional model as a combination of basis unit
figures, such as triangular or quadrangular figures, formulates a

drawing command for drawing a three—-dimensional picture, and sends



vi deo gane device or a graphics conputer system a dedicated draw ng -
device is provided between a central processing unit (CPU) and a frame
buffer for enabling high-speed processing. That is, in the above

pi cture generating apparatus, the CPU when generating a picture perforns
geoneiry processing, such as coordinate transformation or clipping or

| i ght source cal culations, instead of directly accessing the frame buffer.
The CPU then defines a three-dinensionalg nodel as a conbi nati on of basis
unit figures, such as triangular or quadrangular figures, formulates a

dr awi ng cdrensirawiong droawiargl & d Hrhee-dbaveirsg alestiqe ct ure, and sends

2 the drawi ng conmand to the draw ng device. .. For exanple, if, in the
above- descri bé®hi e¥¥FRIgendfat iify thppabavasdegerhbed- @igdhdicoganens s

s repre%&ﬂﬁ&%&u&beaoghggg-&fmensional object is represented,_the object is
resolved into plural polygons, and a drawing command associated
with each polygon is transmitted from a CPU to a drawing device.
The drawing device interprets the drawing command sent from the CPU
and executes rendering processing of computing colors énd Z-values
of all pixels making up the pqugon from the Z-values for writing
pixel data in a frame'buffer for drawing a picture in a frame
buffer. | |

The Z-value represents color data and depth of all pixels
making up a polygoﬁ, that is, the Z-value is the information
representing the distance along the depth from the viewing point.

Meanwhile, the above-described picture generating device has
the function of executing pixel interleaving of writing plural
pixel data at a time with plural addresses of a frame buffer as
accessing unit, and is configured for accessing the frame buffer by
this function.

However, with the pixel interleaving performed by.the above
picture generating device, plural simultaneously accessible
addresses are fixed from one accessing unit to another.

Therefore, if a picture represented Dby the plural
simultaneously accessible addresses and a picture drawn on the
frame buffer, that is the shape on the memory of data actually

desired to be accessed, are not coincident with each other, the



resol ved into plural polygons, and a drawi ng conmand associated with each
polygen is transmtted froma CPU to a drawi ng device. The draw ng device
injerprets the drawi ng command sent fromthe CPU and executes rendering
processing of conmputing colors and Z-values of all pixels making up the
pol ygon fromthe Z-values for witing pixel data in a frame buffer for
drawing a picture in a frane buffer. . The Z-val ue represents col or
data and depth of all pixels making up & polygon, that is, the Z-value is
the information representing the distance along the depth fromthe view ng
poi nt. numbeNkandhit iopes hefaboweesietng i hée pf came e bydiferat i ag whale cier dtaly
the function of executi-ng pixel interleaving of witing plural pixel data
at a timnGTe?*S8%ral addr esses of a frame buffer as accessing unit, and

IS configuredn%ﬁgogggesif ?hghgu %gngfﬁgé ba%@%§51§gc£h8nf5%me buffer

However, wth xél erleavi ng orire
gener ati ng deﬁbeeasehuradhésl au&hanﬁpé@éysf&%ew&h%d aslﬁif epiESthke giowke

from one accessi ng Unlt t o anot her erefore i f a pl cture
repr esentgeseriat inghelevilagr dls worsened.

In view of the above-depicted status of the art, fhe present
invention has the following objects.

Specifically, it is an object of the present iuvention to
provide a memory accessing method in which simultaneously
accessible addresses are changed over for enabling the memory to be
accessed with a minimum number of times of accessiug operations for
raising the memory accessing efficiency.

It ls another object of the present invention to provide a
data processing apparatus in which simultuneously accessible
addresses are changed over for enabling the memory to be accessed
with a miuimum number of times of accessing opefations for raising
the data processing efficiency.

Disclosure of the Invention

In one aspect, the pfesent invention provides a memory
accessing method for simultaneously accessing a plurality of
addresses of a memory wherein addresses to be accessed-
simultaneously are determined depending on the shape on the memory
of data desired to be accessed.

In the memory accessing method according to the present

invenfion,_the above data may be picture data.



si mul t aneously accessi bl e addresses and a picture drawn on the frane

buffer, that is the shape on the nmenory of data actually desired to be

acgessed, are not coincident with each other, the

3 nunber of tinmes of accessing the frane buffer is undesirably increased.

Moreover, if the nunmber of tinmes of accessing the frane buffer is

I ncreased, the data processing carried out on the picture generating

device i s worsened. In view of thegabove-depicted status of the art,

the present invention has the follow ng objects. Specifically, it is

an obj ect of tlme phesememéryemdamssing pmethdd aeeomdingicdessthg rmatdsmht n

whi ch si nul taneousl¥ acggssi bl e addresses are changed over for_enabling

t he nenoﬁfvpgtﬂen’ he addresses to be accessed may be determined depending
on the aspect ratio of the shape.

In the memory accessing method according to the present
invention, the addresses to be accessed may be selected from a
plurality of patterns.

In another aspect, the present invention provides a data
processing apparatus for performing pre-set data processing by
simultaneously accessing a plurality of addresses on a memory
including accessing means for simultaneously accessing a plurality
of addresses on the memory, and control means for determining'the
addresses simultaneously accessed by the accessing means depending
on the shape of input data.

In the .data processing apparatus of the present invention,
data is picture data.

In the data processing apparatus of the present invention, the
control means determines the simultaneously accessed addresses
depending on the aspect ratio of the shape of the input data.

In the data processing apparatus of the present invention, the
control means selects the accessed addresses from plural patterns.

Brief Description of The Drawings

Fig.l is a block diagram showing the structure of a video game

machine employing a data processing device according to the

present invention.

Fig.2 is a bock diagram showing the structure of a picture



accessed with a nini num nunber of tines of accessi ng operations for

rai sing the nenory accessing efficiency. It is another object of the

present invention to provide a data processing apparatus in which

si mul t aneously accessi bl e addresses are changed over for enabling the

menory to be accessed w th a m ni nrum nunber of times of accessing
operations for raising the data processing efficiency.

Di scl osure of the Invention I n one gspect, the present invention

provi des a nmenory accessing nethod for sinultaneously accessing a

pl ural it profcessddveeshosi af of nemeryiddwergine atdrieiyseand dHef mameduetfer.

sinultaneousl&vare det erm_ned dependi ng on the shape on the nenory
desired to be
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of data

d&cdsdEge block dhagpam ing ddes sitgychraoa s cofernd s

Fig.4 illustrates accessing the inside of_a first polygon

drawn on a memory bank of the frame buffer.

Fig.5 illustrates an'interleaving pattern to be accessed when

accessing the inside of a first polygon.

Fig.6 illustrates masking processing in case of accessing the

inside of the first polygon on the address basis.

Fig.7 illustrates an accessing address obtained by the masking

processing.

Fig.8 illustrates accessing the inside of the shape of a

second polygon drawn on a memory bank of the frame buffer with a

(4x4) interleaving pattern.

Fig.9 illustrates an interleaving pattern to be adcessed when

having access to the inside of the second polygon with the (4x4)

interleaving pattern.

Fig.10 illustrates masking processing when having access to

the inside of the shape of the second polygon on the basis of the

(4x4) interleaving pattern.

Fig.1l1l illustrates accessing the inside of the shape of the

second polygon with a (8x2) interleaving pattern.

Fig.12 illustrates an interleaving'pattern to be accessed when

having access to the inside of of the shape of the second polygon

with the (8x2) interleaving pattern.



4 . In the nenory accessing nethod according to the present invention,
t he addresses to be accessed may be determ ned depending on the aspect

raji o of the shape. In the menory accessing method according to the
present invention, the addresses to be accessed nay be selected froma
plurality of patterns. I n anot her aspect, the present invention

provi des a data processing apparatus for perform ng pre-set data
processing by sinultaneously accessing g plurality of addresses on a
menory i ncluding accessing nmeans for simultaneously accessing a plurality
of addresses &ig.Hé niehlrstrates consk bhg npaosessingdewbenm hiavgnighesccess to
addr esses sinultaneousLXeaccessed by the accessi ng neans depending on the
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i nventi oq,: t3..S @ ehur ta., .. I e data processing apparatus of
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ata. second.polygon with a (16x1) interleaving pattern.

Fig.15 illustrates an interleaving pattern to be accesséd when
accessing the inside of the shape of the second polygon with a
(16x1) interleaving pattern;

Fig.16 illustrates masking processing when having access to
the inside of the shape of the second polygon on the address basis
within the (16x1) interleaving pattern.

Fig.17 illustrates processing for computing the aspect ratio
of the shape of the polygon drawn on a memory bank of the above
frame buffer.

Fig.18 is a pattern diagfam showing five interleaving patterns
each having 16 addresses.

Fig.1l9 is a plan view showing a video game machine according
to the present invention. -

Fig.20 is a back side view of the video game machine.

Fig.21 fs a side.view showing the video game machine.

Fig.22 is a plan view of a CD-ROM loaded on the video game
machine. _ '

| Best Mode for Carrying Out the Invention
Referring to the drawings, preferred embodiments of the

present invention will be explained in detail.



In the data processing apparatus of the present invention, the control
means. sel ects the accessed addresses from plural patterns.

Brj ef Description of The Draw ngs Fig.1 is a block diagram show ng
the structure of a video game nmachine enploying a data processing device
according to the present invention. Fig.2 is a bock diagram show ng
the structure of a picture processi ng device of the video gane
machi ne and a frame buffer. Fig.3 ips a bl ock di agram showi ng the

structure of a second bus switcher of the picture processing device.
Fig.4 illustrdhesmemoegsangessing metdodiaczoridiag pol yhenpresenwin imvemtion

menory bank of the frame buffer. Fig.5 illustrates an interl eaving
pattern i§ eokedsoytwikh 2 video game machine configured as shown 1in
Fig.l. The video game machine is an apparatus employing a data

processing device according to the present invention.

| The video game machine executes a game in accordance with
instrﬁctions by the user by reading and executing a game progfam
stored in an auxiliary memory device such as an optical disc, and
has two sorts of buses, namely a main bus 1 and a sub-bus 2. The
main bus 1  and the sub-bus 2 are interconnected via a bus
controlier 186.

To the main bus 1 are connected a central processing unit
(CPU) 11, made up of a micro-processor, & 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 22, 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 stﬁred 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.

Fifst, on the side of the main bus 1, the bus controller 16 is

a device on the main bus 1 for switching between the main bus 1 and



accessjng the inside of a first polygon. Fig.6 illustrates masking
processing in case of accessing the inside of the first polygon on the
addr ess basis. Fig.7 illustrates an accessing address obtained by the
maski ng processing. Fig.8 illustrates accessing the inside of the
‘shape- of a second pol ygon drawn on a nenory bank of the franme buffer with
a (4x4) interleaving pattern. Fig.9 illustrates an interl eaving
pattern to be accessed when having accegs to the inside of the second

pol ygon with the (4x4) interleaving pattern. Fig.10 illustrates
maski ng [shec 8sS by swien amaliisg opeaest io ant Halitigilde tefte.he shape of the
second polygo on the s ,of, the 4x4) interleavin attern.

Filg. 11 |11 ust iheedaid &2 e & de dé’eoF’“t ﬁé’esﬂ‘édé‘ %rkopfef@&ridlgpaawon
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pattern to De accessed en aving access to e |ns e of
the secons RAardcmp,WMthe Magn( 9 lllntr%ra'cﬁa\ilrﬂ& IWotterﬁbogram from the ROM
24 on the sub-bus 2 in order to load an aplication program and
necessary data from the auxiliary storage device 27 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 performing processing sﬁch as coordinate transformation.
This GQTE 17 has a parallel computing mechanism for carrying ut
plural computing ©processing operations in parallel and is
responsive to a request for computing processing from the CPU 11 in
order to carry out fast processing operations, such as coordinate
transformation, 1light source calculations, matrix or vector
operations. Based on the results of computing oprocessing
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 coﬁmand associated
with each polygon for drawing a three—dimensional picture and
packetizes the drawing command in order to route the resulting
command packet to the GPU 15. |
The main DMAC 13 is a device on the main bus 1 for performing
control such as DMA transfer on the devices on the main bus 1. If
the bus controller 16 .is open, the main DMAC 13 also controls the

devices on the sub-bus 2.



Fig.13.illustrates maski ng processi ng when having access to the inside of
t he shape of the second pol ygon on the address basis wthin the (8x2)

i g erl eaving pattern. Fig.14 illustrates accessing the inside of the
shape of the second polygon with a (16x1) interleaving pattern

Fig.15 illustrates an interleaving pattern to be accessed when accessing

the inside of the shape of the second polygon with a (16x1) interleaving

pattern. Fig.16 illustrates maski n@ processi ng when having access to
the inside of the shape of the second pol ygon on the address basis wthin
the (16x1) int é‘rh%a@?&gléaﬂﬁeﬁndevice ¢t gthe maimsbuat és functdosiimg fax a
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sent from the main CPU 11 or main DMAC 13 as command packet and
performs rendering processing of calculating Z-values and colors of
all pixels making up a polygon for writing pixel data in the frame
buffer 18.

The GPﬁ 15 will be explained subsequently in detail.

The MDEC 14 is an I/O connection device operable in parallel
with the main CPU 11 and is a device functioning as a picture
expansion engine. The MDEC 14 decodes picture data compressed and
encoded by orthogonal tfansform, such as discrete cosine
transform. -

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
packét 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 fhe sub—-bus 2.

The auxiliary storage device 27 is a data input/output device



frame buffer. ~Fig.18 is a pattern diagram show ng five interleaving

pattgfhs each having 16 addresses. Fig.19 is a plan view showi ng a
video gane machine according to the present invention. Fig.20 is a
back side view of the video game nachine. Fig.21 is a side view
showing the video gane nmachi ne. Fig.22 is a plan view of a CD- ROM

| oaded on the video gane nmachi ne. Best Mode for Carrying Qut
the Invention Referring to the draywpngs, preferred enbodi nents of the
present invention will be explained in detail. The menory

accessi ngnreHeods wedusdizngnd isheasieesantod @y avem-v1e Lats leaMamar SoutSYh £s
vi deo gane nachi ne configured as, shown in
a flash memory. This auxiliary storage device 27 temporarily holds
on memory data éuch as game progress Or scores.

The input device 28 is an input device from othér equipments,
such as a control pad on.the sub-bus 2, man—mdchine interface,
picture input or speech input.

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

That is, in the above—described video game machine, the
geometry processing system, executing geometry processing, such as
coordinate transformation, clipping or light source calculations,
formulating a drawing command for defining a three—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 aé
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 processing system for formulaying pixel data of each
polygon based on the drawing command from the geometry processing
system for writing a figure in the frame buffer 18 by way of
rendering processing for drawing a figure in the frame buffer 18 is
constituted by the GPU 15.

The above—-mentioned GPU 15 is explained in detail.

Referring to Fig.2, the GPU 15 includes a packet engine 31



Fig.l.. The video gane nmachine.is an apparatus enploying a data processing
device according to the present invention. The vi deo gane machi ne
executes a gane in accordance with instructions by the user by reading and
executing a gane program stored in an auxiliary nenory device such as an
optical disc, and has two sorts of buses, nanely a main bus 1 and a
sub-bus 2. The main bus 1 and the sub-bus 2 are interconnected via a bus
controller 16. To the main bus 1 argjconnected a central processing
unit (CPU) 11, nade up of a micro-processor, a nmain nmenory 12, made up of
a randomecaaress evertor theRAddin dumiin showamnim Reingprly ant qese £ oxoid rdidsr g
mai n DMAC 13, a MPEG decoder, 14 and a picture processing unit or graphic
processi RFAFfssingf 1yriting mixehedatip- Mk 2a2ahe Pedigost eth a tdgbsithme y
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menory (ROM 24, having stored therein a program such as an operating

system dheomadnpCBUessi og main IQ}GRU)I:Q&hcﬁvmdmnEﬁjg;aI iodfer the main bus 1
to the packet engine 31, reading out pixel data of the picture
“drawn in the frame buffer 18 and furnishing the read—out pixel data
via CRT controller 34 as video signals to a television receiver or
a monitor receiver, not shown. ~ |

The packet engine 31 develops the command.packet sent from the
main CPU 11 or main DMAC 13 shown in Fig.l over the main bus 1 on
a register, not shown.

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 as polygon division 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 engines 33A1, 33AZ2,
++.., 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, connected to the texture

engines 33B1, 33B2, ..., 33BN, M pixel engines 33D1, 33D2, ...,



controller or asynchronous transm ssion node - (ATM 26, an auxiliary

storage device 27, an input device 28 and a CD-ROM driver 30. First,
on\tze side of the main bus 1, the bus controller 16 is a device on the
main bus 1 for switching between the main bus 1 and :

8 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 main nenory

12. Since the bus controller 16 is open ygn start-up, the Main CPU 11 reads
in a boot programfromthe ROM 24 on the sub-bus 2 in order to |oad an

apl i cati 83DM,ogeanmeatedneoesshey flatst f om t beiavkeri B3C St ar agecordi cus27?
on the main 12 or on devices on the sub-bus 2. On the main CPU

11 is | oé&’é&cgeﬁeﬁgﬁ r?°‘E‘¥%‘h%?‘%rt%ﬁd}%epl(x@'ﬁE?nglFeﬁo%%brf%’-ﬂ?ﬂ ng prodaMlng
such as @OQ QEQQ c%@? %%n%%ﬂ%%cted 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 33A1, 33A2,
ces 33AN sequentially generate polygons in accordance with the
drawing command on the basis of the polygon data pre-processed by
the pre-processor 32 for performing parallel shading processing
from one polygon to another. _

The N texture engines 33B1, 33B2,..., 33BN perform texture
mapping_or MIP map processing in parallel, based on the texture
data supplied from the texture cache 33F via color lookup table
(CLUT) cache 33G, on the polygons generated by the polygon engines
33A1, 33A2, ..., 33AN.

The pre-processor 32 previously. furnishes the address
information, such as ;exture or MIP map texture, bonded to the
polygons processed by the N texture engines 33B1, 33B2, ..., 33BN,
to the texture cache 33F. Based on the above address information,
the necessary texture data is transferred from the texture area on
the frame buffer 18. To the CLUT cache 33G CLUT data to be
referred to during texture drawing is transferred from the CLUT
area on the frame buffer 18..

. The polygon data, processed with texture mapping or.MIP map
processing by the N texture engines 33B1, 33B2, ..., 33BN, are

transferred via first bus switcher 33C to M pixel engines 33D1,



This GIE 17 has a parallel conmputing mechanismfor carrying ut plural
conputing processing operations in parallel and is responsive to a request
for conputing processing fromthe CPU 11 in order to carry out fast
processi ng operations, such as coordinate transformation, |ight source
calcu ations, matrix or vector operations. Based on the results of
conputing processing operations by the GTE 17, the main CPU 11 defines
a three- dinmensional nodel as a conbi najgon of basic unit figures, such as
triangles or quadrangles, fornulates a drawi ng command associated wth
each pol P@®2 .f or. .dr BGDY¥y a t hree-di nensi onal picture and packetizes the
drawi ng command in order to route the resulting command packet to the GPU
15. The Th§ M pRAEe13 anginefev3 31 on38RE » mai n HuBSEMf ge rfermorvanipus
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sub- bus %Jiasing processing, in parallel, for generating M pixel data.
- The M pixel data, generated by the M pixel engines 33D1, 33D2,
., 33DM, are written in the frame buffer 18 via second bus
switcher 33E.

The second bus switcher 33E is fed with the pixel interleaving
control information from the pre-processor 32. The second bus
switcher 33E as a 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 controllinformation for writing M pixel
data using the M storage locations'conforming to the shape of the
polygon drawn on the frame buffer 18 as accessing unit.

The pixel interleaving processing performed by the second bus
switcher 33E will be explained subsequently.

The drawing engine 33 generates and writes all pixel data of
each poiygon in the frame buffer 18, based on the polygon data_prg—
processed by the pre—processor 32, for drawing a picture defined as
the combination of the polygons by the drawing command on the frame
buffer 18. |

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



9 . The CPU 15 is a device on the main bus 1 functioning as a :
rendering processor. This GPU 15 interprets the drawi ng coomand sent from
the main CPU 11 or main DVAC 13 as command packet and perforns rendering
processing of calculating Z-values and colors of all pixels making up a
pol ygon for witing pixel data in the frame buffer 18. The GPU 15

w Il be explained subsequently in detail. . The MDEC 14 is an I/0O
connection device operable in parallel wth the main CPU 11 and is a
device functioning as a picture expansion engine. The MDEC 14 decodes

pi cture d@mdﬁﬂﬂn@ﬁ&ﬁiﬂ#nmunOQHﬂUUHd by orthogonal transform such as

di screte cosi transg the sub-bus 2, the sub-CPU 21 is a
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performng control tTansfer for devices on %)%
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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 [11],
{21, ..., X1}, ..., [L], as shown in Fig.2. Each of the memory
banks [1], [2], ..., [X}, ..., [L] is made up of a rectahgular area
represented by 16 addresses (interleaving patterns), so that the 186
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 103a, 103b, 103c, 103d are each connected to 186
input/output pofts P, to Py, .

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. | .

Since the memory banks other than the memory bank [X] are



I's cl osed. 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
copmand packet fromthe sub-CPU 21 or sub-DVMAC 23 as a conmand packet to
read out sound source data fromthe sound nmenory 29 to output the read-out
data.- The ATM 26 s a communi cation device on the sub-bus 2. _ The
auxiliary storage device 27 is a data input/output device _
10 on the sub-bus 2 and is nmade up of ajgon-volatile nenory, such as a
flash nenory. This auxiliary storage device 27 tenporarily holds on nenory
dat a suclecasf igunedroigriclksr iy Brorles. above-midret igrpadt ntkeno e Bdhk s[ X, i tipelt
device from other equi pnents, such as a control pad on the sub-bus 2,
nan_”acmqﬁ$qy&%gfg%§cr1ptlon 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. Thereforé,
in the following - description, only the accessing operﬁtion
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 [X] is a triangle T,;, (the shape of the first polygon) as
shown in Fig.4, the control circuit 101 is first fed from the pre-
processor 32 with the 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,e» 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],
such 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 circuit

101, with the aid of the (4x4) interleaving pattern.



pi cture input or speech input. The CD-ROM driver 30 is an input
device on the sub-bus 2 and reproduces an application program and
necessary data fromthe CO- ROM That is, in the above-described
vi.deo gane nmchine, the geonetry processing system executing geonetry
processi ng, such as coordinate transformation, clipping or |light source
cal culations, fornulating a drawing command for defining a

t hree-di nensi onal nodel as conbination @B basic unit figures (polygons)
such as triangles or quadrangles for drawing a three-dinensional picture,
and sendi ng mﬁ“&%eldlréﬂiengré@h&hﬁdrﬁa@,sdcﬁ ®ech Wnteréeshingl pgbtems on the
command packet to th i.n bus.1, is nmade of the main CPU 11 and the
GTE 17 orﬂ“"t“f?e‘”ynt& t“bﬁ%‘rﬁ?s ”Aﬁ?%?t?‘i' Bhe ﬁpg’ééegé‘nénﬁﬁc‘,hﬂﬂe@etﬁ-edvéﬁ%wqhg
processi nhey headiai By alindsBeXey_(3ta.2ho89Ch 2POLYAON:BESPd OB U145
drawi ng command fromthe geonetry procéssing systém For Wit ng a frgur

in the frianmsefddweimgl Hdiytevms afped BN iBy processing for drawing a figure
inthe frame buffer 18 is -constituted by the GPU 15. The

above- nent i on@{*GA) F5 BB .abdpl RAled n detail .
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(5,86)
are detected, as Shown in Fig.5.

The control circuit 101 routes the pattern information
specifying the 20 interleaving patterns, detected 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.

Bésed on the pattern informatioﬁ, 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



Referring to Fig.2, the GPU 15 includes a packet engine 31 _

conneected to the main bus 1 shown in Fig.1 and perforns rendering
précessing of witing pixel data of each polygon in the franme buffer 18 by
the pre-processor 32 and the drawing engine 33 in accordance with the
drawi hg command sent as a conmand packet from the main CPU 11 or mai n DVAC
13 shown in Fig.1 over the main bus 1 to the packet engine 31, reading out
pi xel data of the picture drawn in the fu7ame buffer 18 and furnishing the
read-out pixel data via CRT controller 34 as video signals to a television
receiver 3dg nonitor receiver, not shown. The packet engine 31

devel ops the cpmman ket sent fromthe ~naip CPU 11 or main DMVAC 13
shown in Fig.iPovéﬁgﬁﬁ% %ﬁ Bigsk, ighorgat ion cfrem the comdmel circuigngol,

Pr e- pr oCegsdrs e AN URIENIPEs IRE A ik ARRR dA36e W 4B3d the accessing

addresses obtained as a result of masking performed in the (4x4)
interleaving patterns P, on the basis of the masking information,
as shown in Fig.6. Thus, - of the addresses A, to A,, in the
interleaving pattern specified by P(4,1) shown in Fig.6, -the
addresses to be accessed, obtained as the result of masking, are
A4, A5, A6, A8, A9, A10,_A13, Al4 and Al15, shown shaded in Fig.7.

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

The pixel engines 33D,,, 33D,, 33D,, and 33D, output pixel data
to the MUX/DMUX 103a, 103b, 103c and 103d, respectively, as
explained previously.

Thus the MﬁX/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 P,, corresponding to the address
designated by the selector 102, in an area on the memory bank [X]
.designated by the above address.

The 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 above address. The MUX/DMUX 103a
performs pre-set processing on the data read out from the memory

bank [X].



the draw ng command sent to the packet engine 31 as command packet and
perfaqrms pre-set pre-processing, such as polygon division as later
expl ai ned, on the pol ygon data, while generating various data such as
apex point coordinate information for the respective polygons required
by the drawi ng engi ne 33, address information such as texture or MP map
texture, or control information, such as pixel interleaving. The
drawi ng engi ne 33 includes N pol ygon engiiges 33A1, 33A2, ..., 33AN,
connected to the pre-processor 32, N texture engines 33Bl, 33B2, ...

33BN, connect eBiRee t e rRgngdr oangifnsbe3¥A/DMBN2103h . tg 13BN isa sfimidarbts

sw t cher , connected to the textyre engines 33B1, 6 33B2, ..., 33BN, M
el eng?%%s e %%ﬁfbe_$_ operation “of 'the MUX/DMUX 103, detailed

12 33DM q698Pest Bent OnbPerdiT 5L OB BURL BHET o P3G . Second bus

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 triangle T (shape of a second polygon) as
the shape of a polygon drawn on the memory bank [X] shown in Fig.8
with a (4x4) interleaving pattern P is explained.

In this case, the interleaving patterns té be accessed areﬁ

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.94'

That is, for accessing the inside of the triangle T, 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 the



swi tcher 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 draw ng engi ne
33, the N pol ygon engi nes 33A1, 33A2, 33AN sequentially generate

pol ygons in accordance with the draw ng command on the basis of the

pol ygon data pre-processed by the pre-processor 32 for performng parall el
shadi ng processing from one polygon to B@ot her. The N texture engines
33B1, 33B2,..., 33BN performtexture mapping. or MP nmap processing in
paral | el (4vhetnbaripnaviagt pprbtegnt B, sagplinegadeomtt hecesstimee tdwc habdse-

via color | ookup . tabl.e (CLUT) cache 33G ,on_t he_ pol ygons generated by the
pol ygon Qﬁﬁ?ﬁ8§gd3§ﬂi?n§§ﬁzylwf.?53§ﬂﬂwn in F?ﬁelﬁre-processor 32

previously fuppicghes ¢ ha, 20l 55 J,f'f%éfau»ggn?ﬁgf:?r as; Lextubs sl Mi@gg%%

texture, bonded to the polygons processed B exture engi nes

33B2, .. (8x33Blintetrd elalvd nigegatte eachas SSowBasedreg. 1hh¢ aheva nraddiReYing
information, the necessary texture data is transferred fromthe texture
area on Pehkéerpgnisobbef @ccegsed Bget he CLUT cache 33G CLUT data to be

P,(x,y) = P,(1,2), P,(2,2),
P,(0,3), P,(1,3),
- P, (2,3), P,(0,4),
P,(1,4), P,(2,4),
P,(3,4), P,(1,5),
P,(2,5), P,(3,5),
P,(4,5), P,(3,6),
P,(4,8),
totaling at 15, as shown in Fig.12.

That is, if the inside of the triangle T, 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.13,
for accessing only the needed memory address.

Then, if the inside of the triangle Ty, is aéqessed with a
(16x1) interleaving pattern, as shown in Fig.14, the interleaving

patterns to be accessed are



referred to during texture drawing is-transferred fromthe CLUT area on

t he f.rame buffer 18. The pol ygon data, processed with texture nmapping
or ;M P map processing by the N texture engines 33B1, 33B2, ..., 33BN, are
transferred via first bus switcher 33C to M pi xel engi nes 33D1, '

13 332, ..., 33DM- The M pi xel engines 33D1, 33D2, ..., 33DM perform
various picture processing operations, such as Z-buffer processing or

anti- aliasing processing, in parallel, fpr generating M pixel data.

The M pi xel data, generated by the M pi xel engines 33D1, 33D2, 33DM
are witten inPilm ¥)r @, 60f5¢;r PB(VjH) second bus switcher 33E. . The

second bus switcher 33Eis fed with the pixel interleaving control
informati on fromthe prefpi&ssdh(328), The second bus

P,(0,7), P,(1,7),
pP,(0,8), P,(1,8),
P,(0,9), P,(1,9),
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.15.

That is, if the inside of the triangle Ty, is accessed with
the (16x1) interleaving pattern, the number of times of accessing
required for accessing the entire inside 6f the triangle Ty, is
18.

In case of accessing on the address basis, masking is
performed within the (8x2) intefleaving 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.

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 Togr With the
(8x2) interleaving pattern P, is 15 and that of accessing the
inside of the triangle T with the (16x1) interléaving pattern P,
is 18. Thus, the number of times of accessing the inside of the

triangle Ty, with the (8x2) interleaving pattern P, represents the



swi tcher 33E as a function of performng pixel interleaving processi ng of
sel ect-ing L pixel data fromthe Mpixel data generated by the M pixel
engines 33D1, 33D2, ..., 33DM in accordance with the above control
information for witing Mpixel data using the Mstorage |ocations
conform ng to the shape of the polygon drawn on the frame buffer 18 as
accessing unit. The pixel interleaving processing perforned by the
second bus switcher 33E will be expl ai ngd subsequentl|y. The draw ng
engi ne 33 generates_and wites all pixel data of each polygon in the frame
buf f er 1§ilAuEY nymbeFe ofot jen ofitaceessingr Messdd byfshﬁnptthrmcpsgpér
32, for draw a.picture defined as the conbination of the polygons by

t he dravmlr{gt\lgcrg%may EoROERETR, SRE thRrteiangle Tur 15Thoe {822 )i it e pheav b
the pictygged@yvwp 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

tel evision reckivey ofof O $witching the interleaving pattern used for
'accessing the memory bank [X] to a proper interleaving pattern in
meeting with the shape of the polygon to be accesséd, the control
circuit 101 executes the following processing operations.

If, for example, the shape of a polygon drawn on the memory
bank [X] is a triangle Tyry, 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 Ty, by calculations:

R dy/dx

(MAXx - MINx)/(MAXy - MINy)
where MAXx and MINx are maximum 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.17.

In the triangle T,

MAXx = Xj
MINx = Xi



14 nopitor receiver, not shown. The pixel interleaving processing
perfarmed by the above- nmentioned second bus switcher 33E is now

- speci fically expl ai ned. Referring to Fig.3, the second bus swtcher
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 pIuraI mul ti pl exer/denul tipl exers (MJX/ DMUX) 103a, 103b,
103c, 103d, ... each fed with an outpulpgof the selector 102. - The
MUX/ DMUX 103a, 103b, 103c, 103d, ... are connected to the frame buffer 18
and to the draw ngle&ig'rnem shown in Fi g. 2. The frame buffer 18 is
made up of plural nenory banks [1], [2], C [X] .., [L], as shown in
Fig.2. Each of tkmM}Hﬁmﬂ ipanks [1] [2] Ce ce [L] i s made up

e St S bl SR ot T
circuit 101 selects one of five 1nterleav1ng patterns Pa to Pe of
(1x16), (2x8), (4x4), (8x2) and (16xl), as shown in Fig.18, 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
interleaving 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 interleaving pattern as minimizes the
numbe; of times of accessing. Thus the control circuit 101
selects, using the above table, a proper interleaving pattern

associated with the'aspect ratio R found as described above.

TABLE 1
aspect ratio R interleaving patﬁern
-~ 0.1 Pa (16x1)
0.1 ~ 0.5 Pb (8 x2)
0.5 ~ 2.0 Pc (4 x4)
2.0 ~ 8.0 Pd (2 x8)
8.0 ~ : Pe (1 x186)

In the second bus switcher 33E, a proper one of five
interleaving patterns Pa to Pe shown in Fig.18 is selected

responsive to the shape of the polygon to be drawn on the memory



Therefgre, the nenory bank [X], for exanple, of the frame buffer 18, has
16 input/output ports Plerr] to Plerr] for accessing the addresses Alerr]

tosAlerr]. O the MUX/DMJX 103a, 103b, 103c, 103d, ..., the four MJX/ DMUX
103a, 103b, 103c, 103d are each connected to 16 input/output ports P[err]
to Plerr]. Al so, the four MJUX/DMJX 103a, 103b,” 103c, 103d are
connected in association with four pixel engines 33D[err], 33D err],
33D[err] and 33D[err] of the draw ng engighe 33. Since the nmenory

banks ot her than the nemnor y bank [ X] are

15 confikpmlkd [Eilni whiloh tis t tlkembeveensntli ericdh rlﬂra)rsyebwkec[l Xintéheeaving
detailed description therefor is _not rnade for sinplici t‘qXp@e The accessi n?
oper at i orPPbF BR800 Reke thec H9d V808 Saint dferdrm on t BeRery neanky [X

banks is @Jkg% acrh;tso %B%’ugerﬁtngmbe _b teggf%l%%%cé bggera (t)rclger ﬁ?E ontt h?s

menory ban expralned.
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 embodying the present invention is
configured as shown for example in a plan view of Fig.19, a front
view of Fig.20 and in a side view of Fig.21.

That is, the present video game machine 201 is basically made
up of a main body member 202 and an operating device 217 connected
to the main body member 202 via a cable 227, as shoWn in Fig.19. 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.22. 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 loadihg unit 203
is mounted a disc actuating switch 206 operated for mounting or
dismounting the CD-ROM 251 with respect to the dis¢ loading unit
203.

On the front side of the main body member 202 are mounted



in the_foll ow ng description, only the accessing operation perforned by
the second bus switcher 33E on the nenory bank [X] is explained.

First, a series of operations by the second bus switcher 33E is explained.
| f, for exanple, the shape of a polygon drawn on the menory bank [X] is a
triangle T[err] (the shape of the first polygon) as shown in Fig.4, the
control circuit 101 is first fed fromthe pre- processor 32 with the pixel
i nterleaving control information. Baged on the pixel interleaving
control information fromthe pre-processor 32, the control circuit 101
changes ocvmnmectingit pdeiomg p2ATLer n, 20ERJ fos askbessi ngnt hRign30de Dhesbe

triangle T[err%},r to, for exaniﬁe a ®4x4) interl eaving pattern. The
net hod f GTORMEHHE BPELIPRE | Thied "By P2t t dreVildedheWithnter ofoRPEEHEPT

101 wil | bedaler £plaedobnofelall coronas Olp Al Jhidt €LLSaVLDY Bl igLas

formed on The nmenory bank ,  suc eaving pattern ccess
that is, sush thdlGperaying BY1EE N2 PP HEA M ISohhEct NshUEe PhihLE iﬁééﬁghﬁ§

T[err] to be accessed ini1ts entirety, Is detected by the control circu
portion 212 for connecting a recording device 228, such as a memory
card, and a recording/inserting portion 208. That is,-two each of
the 6perating devices 217 and recording devices 228 can be
connected to the main body member 202.

The front view of Fig.20 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 poftion 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 208. When loading the recording
device 228 on the main body member 202, the shutter 209 is thfust
by the foremost part of the recording device 228 to effect
loading.

The connecting terminal portion 226 haé a knurled gripping
part 231A for anti-slip effect. Similarly, the recording device
228 has a - knurled gripping part 242A for anti-slip effect.
Referring to a side view of Fig.21, the connecting terminal portion
226 has a length L substantially equal to a length of the recording
device 228.

The operating device 27 has supports 220, 221 that can be



101, with the aid of the (4x4) interleaving pattern.

16 . Thus, in the triangle T[err], if each interleaving pattern on the
rrer_mr"_y bank [X] is indicated by P (pattern index in the x-direction and
pattern index in the y-direction), a sumtotal of 20 interleaving patterns

speci tied 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(§,54),_ P(5,4), P(3,5),

P(4,5), P(5,5), _
gripped with left and right hands. The foremost parts of the

supports 220, 221 are provided with operating parts 218, 219,
respectively. The operating parts 224, 225 are operated with index
fingeré 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 203 is reproduced by the CD-ROM driver 30.
The operating device 217 is equivalent to the above—-mentioned
input device 28, while the recording device 228 is equivalent to
the auxiliafy étorage device 27. |

According to the present inventioh, as described'above, the
addresses for accessing plural addresses on the memory are switched
depending on the shape on the memory of data desired to be
‘accessed, for thereby decreasing the number of times of memory
accessing operations even if the shape represented by plural
simultaneously accessible address is not coincident with the shape
on the memory of data desired to be accessed. Thus, the memory can
be accessed with a smaller number of accessing operations, thus
raising the memory accessing efficiency.

Also, according to the present invgntion, if the above data is
picture data, the number of times of accessing the memory can be

decreased even in case wherein the shape represented by plural



P(4,6). P(5,6) are detected, as shown in Fig.5. The control circuit
101 r.utes the pattern information specifying the 20 interleaving
patst er ns, detected as described above, to the selector 102 on the

intert eaving pattern basis. Wwen performng nenory 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, supplieg fromthe control <circuit 101 on
the interleaving patten basis, the selector 102 designates the address
corr esporsfimyl t anednes [Mx drciesisdblleavaddre pé 4 edis. Midto beinciassed widh t bRe
MUX/ DMUX 103a, 103b, 103c and : 17

103d. picture drawn on a picture memory.

Also, according to the memory accessing method of the present
invention, the addresses to be accessed can be switched depending
on the aspect ratio of the above shape for selecting a proper
address for accessing in meeting wifh the data desired to be

accesses. The result is that the memory can be accessed with the

minimum number of times of accessing operations.



If fed_.with the mask Information fromthe controLI cihrcuit 101, thgd
sel ec:r.,or MJUX/ DMJUX 103a to 103d the accessing addresses
obtalned asﬂmm ““"Em,”gjml ng perforned in the (4x4) interleaving
patterns P, &n fhet bdsi$ of the maski ng i nf opnati-en i in Fig.6.

Thus, - of the addresses Alerr] to Alerr] in|THS SHE&TeHK%QF pattern
specified by P(4,1) shown in Fig.6, the add esseREPLABED ac ed, obtained
as the result of masking, are A4, A5, Agy AS—ASAIO, Al3, Al4 and AlS,
shown shaded in Fig.7. The MJUX/ DMUX 103a, 103b, 103c and 103d access
the addressees Alerr] to Alerr] on thelagmsry bank [ X] designated by the
sel ector 102. The pi xel engines 330ferr], 330err], 330 err] and
33D err] bout pub &%rYda%aceﬁemae Wmozoaelmqb@meqmby an@c_ecs:sdpg a

|
hocbeses Firaityy, B aBURERsBE Ut 4 ndiiony, chetdiept’ mheb# Hi) @idnsgses
fromthe { 48 RRGRRBimMiBaRBSusDf 408 d% Qllfdpﬁgpgﬁ P&ﬁrlf)ﬂé té’ha%e

P[err] corresponding to the address ~ design t he se n
area on tdre tleomemdmnio { Xat dakd givwd e dt dybé hee edoyead addr ess The

MUX/ DMUX 103a accesses the address designated by the _
he memory accessing method claimed in claim 1

characterized in that the data is picture data.
3. The memory accessing method as claimed in claim 1
characterized in that the addresses to be accessed are determined
depending on the aspect ratio of the shape.
4, The memory accessing method as claimed in claim 3
characterized in that the addresses to be accessed are selected
from_a plurality of patterns.
5. A data processing apparatus for performing pre—set data
processing by simultaneously accessing a plurality of addresses on
a memory comprising:

accessing means for simultaneously accessing a plurality of
addresses on the memory; and

control means for determining the addresses simultaneously
accessed by said accessing means depending on the shape of input
data. |
6. ‘The memory eccessing apparatus as claimed in claim 5
characterized in that the data is picture data.
7. The memory accessing apparatus as claimed in claim 5

characterized in that the control means determines the

This Sheet Has Been Reﬁ

L




sel ect or 102 ead out data witten in an area desi gnated by the address
on the°mem)r Hi MHME of the input/output ports P[err] to Plerr]
correspondl n ress. The MJX/ pre- set

" 'processing on t he data read out from the nenpdbiS SHEET HAS.BEEN
18 = Since the operation of the MJX/ DMJX LL03b tREP_]_ABEDls sijmlar to the
above-descri bed operation of the MJX/ DMJX 103a, detarted—deseri pti on
therefor is omtted for clarity. Thg nethod for changing over the
interleaving patterns in the- above-described control circuit 101 is now
speci fi caqllﬂylléﬁﬁ*le@luﬁéﬁ accesseﬁ addressws rdatmed iofg tomeshefa speet stagid hef

i nsi de of a transve eI 0 ed triangle T[err] (shape of a second

pol ygon) 6& P 1P y{fo %fdrawn on the menory bank [X] shown in

Fig.8 wgh a fgg4) h@ﬁ&ibeaé’dc@sé’ﬁ{é eLBpBrhtus*P! Wg"®f1aimed in claim 7

. characterized in that the control means selects the accessed

addresses from plural patterns.

_—
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I'n thig case, the interleaving patterns to be accessed are: P(x,y)

—P(lbiJ,

P(2,1), P(3,1), P(4,1), P(5, 1),
, P(1,2), P(2,2), P(3,2), P(4,2),
% P(6, 2), P(7,2), P(8,2), P(7,3),

P(9,3), totaling at 17, as shown in Fig.9.
for accessing the inside of the triangle T[err] with the (4x4)

interleaving pattern, the nunmber of timeggof accessing for accessing the
inside of the triangle T[err] inits entirety is 17. I n case of
accessing on the address basis, only ﬁﬁ@Tﬁé@U’red menory addresses can be

-accessed by cq&r%l

I N
on rolit &angaslg g1s respon51ve to the shape of data

-inputted by inputting means 32 to control designating means 102 to
switch a.ddre-sses of a memory 18 designated for accessing means 103a
to 103d. The designating means 102 designates to the a.cces'sing
mea.nls 103a to 103d addresses of the memory 18 to be accessed under
control by the c;ontrol means 101. The accessing means 103a to 103d
simultaneously access plural addresses of the memory 18 designated
by the designating means 102. By switching simultaneously
accessible addresses for accessing the memory with a minimum number
of accessing operations for performing pre—set data processing

operations, data processing may be improved in efficiency.




19 (4x4) interleaving pattern P, as in case of accessing the above-
mentigned triangle T[err], as shown in Fig.10. Then, if the inside of
the triangle T[err] is accessed with an (8x2) interleaving pattern, as
show¥.jn Fig.11, the interleaving patterns to be accessed are

Hewﬂxy):PwHHIJL Plerr](2,2), Plerr] (0, 3),
Plerr] (1, 3), Plerr](2,3), Plerr](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.12. That is, if the

I nside of the triangle TDEF is accessed with the (8x2) interleaving
pattern, the number of tinmes of accessing required for accessing the

entire inside of the tygangle s 17
13 ;PE \ man _GTE_[T 13
MAIN CPU MAIN
DMAC | CACHE MEMORY
/A | I 15 i MAIN-BUS
\
MDEC —= GPU [>-VIDEO
/
16 14
'y FRAME
. BUFFER
BUS
CONTROLLER | \1 8
23 21 22 24 30
N N S N N
SUB suB | SUB ||gpom CD-ROM
DMAC CPU | | MEMORY DRIVER
R
JT . [ e
auxiLARY |i [conTroL] [vipeo] [aupio] AUDIO
STORAGE |!| PAD ||INPUT||INpUT|i| ATM|l! SPUI™giGNAL
DEVICE | : <
i INPUT DEVICE ! 25
V. bkl | 26
27 ~--28 sounp | 29
- MEMORY

FIG.1



15. In case of accessing on the address basis, masking is
performed within the (8x2) interleaving pattern Plerr] as in case of
accessing the triangle T[err] as described above, as shown in Fig.13, for
accessing only the needed nenory address. Then, if the inside of the
triangle T[err] is accessed with a (16x1) interleaving pattern, as shown
in Fig.14, the interleaving patterns to be accessed are

20 Plerr] (X Y) = P2(0,5), P2(1,5), P2(0,6), P2(1,6),
P2(0,7), P2(1,7), P2(0,8), P2(1,8),
P2(0,9), P2(1,9), MECHA

SUB VIDEO o
-BUS SIGNAL VALUE

L4

| OUTPUT
34~ PCRTC > VIDEO
SIGNAL
MAIN BUS ]
31, ¥ -
PACKET ENGINE |-
32\ ! (POLYGON DIVISION)
PRE-PROCESSOR
| 33A1
\ 33A2 t 33AN
POLYGON | [ POLYGON | | POLYGON
ENGINE 1 |- ENGINE 2 | ENGINE N
33B1 3382 33BN 33G 33F
N Y N Y ~ N N Y
TEXTURE [T I TEXTURE [ < TEXTURE [<| oo [<J{ TEXTURE| |
ENGINE 1 [ < ENGINE 2 [<-/ENGINE N |< < CACHE
a3l | 4 %€ | t }
FIRST BUS SWITCHER
33p1| 33D2 3303 33DM l
N\ N N N
PIXEL PIXEL PIXEL | PIXEL
ENGINE1| |ENGINE2| [ENGINES3 ENGINE M
i : t 33E ¢
/ AR
= BUS SWITCHER
MEMORY MEMORY " MEMORY
BANK 1 BANK 2 BANK L
p—y
18

FIG.2



totaling at 18, as

is

P2(0,10), P2(1,10), P2(2, 10), P2(1, 11),

P2(2,11), P2(1,12), P2(2,12), P2(2,13)'

shown in Fig.15. That is, if the inside of the triangle T[err]
acceSsed with the (16x1) interleaving pattern, the nunber of tines of

accessing
s 18.

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

In case of accessing on the address basis, masking is

performed within the (8x2) interleaving pattern P2 as in case of accessing
the triangle T[err] as described above, |a I n| Fi Tor cessi ng
only the needed nemory address. A ?icueggﬂ?éd 855"?'?@05555& of
times of accessing the inside of the tr '] Wt ThE (axa)
interleaving pattern Pis 17, while tha ssi@t heB2risi de of the
triangle T[err] wth the (8X2) interld efn Plerr] is 15 and

t hat of accessing the he tri with the (16x1)

i nterl eaving patLQ_r_rl-_PIﬂrggd

—
>
@
>
@,
Qo
@
o
S
—
=
dy

\‘ Thus,

Yo times oB3accessing

 ——=Po ! i ;
1| Ao T : :
e Ml wox | oncer |
A | DMUX [<| ENGINE |
i P2 |, : :
n| A2 Ll ' ;
i [ e | 103ai 3301
Hpm—— E i
:: A4 |: ‘ H '
Hp—— i ;
v As 3 MUX | PIXEL | !
o g ! DMUX [<~| ENGINE | !
| Ae y : i
Hpm— < |
i LA ¥ 03p; 3Dx2:
¥ —Ps }, : !
11| As T \ : ;
e kil i ;
|20 t MUX | PixeL |
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triangle T[err] with the (8x2) interleaving pattern P[err] represents the
21 m pni mum nunber of tinmes of accessing. Thus it is seen that a proper
interleaving pattern for the tri.angle TDEF is the (8x2) interleaving
~patt@rn Plerr]. Thus, for switching the interleaving pattern used for
accessi-ng the nmenory bank [X] to a proper interleaving pattern in neeting
with the shape of the polygon to be accessed, the control circuit 101

executes the follow ng processi Rer ati ons. If, f l e, the
shape of a polygon drawn on the nemgry1 benk 3[4 &s @ t s¢ng[err] t he
control information for pixel ¥ ing (S e UL T Pt fron1g e
pre-processor 32 to the controly 0 1 it g gtTi~hedgabove. For
exanple, the cont rol infornaHi F e erfgavi ng—1 s such
i nformati on as xy 1 {
2 HE— TABC
3 H A
4 A Y
5
6
7
11t u
. 1 ,}_ "\c --P(3,1),P(4,1)
B --P(1,2),P(2,2),P(3,2),P(4,2)
fﬁ‘ 1 --P(1,3),P(2,3),P(3,3),P(4,3),P(5,3)
S LF: -P(2,4),P(3,4),P(4,4),P(5,9)
H  --P(3,5),P(4,5),P(5,5)
[} ---P(4,6),P(5,6)

FIG.5
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A W)
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coordinates H (Xh, Yh), I (Xi, Yi) or J (X, Yj) of three apex points of

the triangle T[err]. The control circuit 101 then finds, using the
control information for pixel interleaving fromthe pre-processor 32, the
aspect ratio R of the triangle T[err] by cal cul ations: R = dy/ dx

= (I\?&Xx‘_- MNx)/(MAXy - MNy) where MAXx and M Nx are maxi mum and m ni num
values i'n the X- direction, respectively, and MAXy and M Ny are naxi mum
and mnimum values in the Y-direction, respectively, as shown in Fig.17.

In the triangle T[err], MAXX = Xj MNx = Xi
22 MAXy = Yh
P(4,1)
Ao [A1 (A2 | A3| Ao
%
VAVAV 7 il
Ay/éy g1A11] Ag | -
i /A15 A12

FIG.7



MNy = Yi. Dependi ng on the aspect ratio R thus found, the control
circuit 101 selects one of five interleaving patterns Pa to Pe of (1X16),
(2X8)," (4x4), (8x2) and (16x1), as shown in Fig.18, and swtches the

i nt gl eaving pattern used in accessing the inside of the triangle T[err]
to the.sel ected interleaving pattern. The control circuit 101 has a
table for the aspect ratio Rand interleaving patterns (Table 1). In this
tabl e are pre-set proper interleaving patterns associated with various
val ues of the aspect ratio R that is such an interleaving pattern as

m nimzes the nunber of tlnes of accessi ng. Thus the control
circuit 101 selects the above t abl e; agrgermgmﬁvl eavi ng
pattern associ ated i ¢ h t‘he ct rafl 0°R Four?d %BNwd[ﬂbove
TABLE 1 a W e | D \ Ry i:di & n
[err] 0.1 y rm K rr] 0.5
Pb (8 x2) 1 s (. )
2.0 [err] 8.0 Rama) GaEa:NmmEan=s amanEar foif

2 } H w4

3 1] 1113

|| LLLJ

-  Heer | -P(1,1),P(2,1),P(3,1)
P(1,2),P(0,2), PSS PR P(4,1),P(5,1)
P(3,2),P(2,2), = - S
P(5,2),P(4,2), P(9,3),P(8,3),P(7,3),m = { } I =
P(7,2),P(6,2), :

P(8,2),

FIG.9
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8.0 [err] Pe (1 x16) In the second bus switcher 33E, a
proper one of five interleaving patterns Pa to Pe shown in Fig.18 is
selected responsive to the shape of the polygon to be drawn on the nenory
23 bank [X], which is then accessed with the selected interleaving

pattern, so that the polygon can be drawn on the nenory bank [X] wth the
m ni mum nunber of accessing operations. Thus it is possible for the second
bus switcher 33E to effect nenory accessing efficiently. The GPU 15
accesses the frane buffer 18 by the second bus swtcher 33E ained at

rai sing the nmenory acce55|ng efficiency, for performng various data
processi ng operatfon %§ descyri bed ,above,, for realizing efficient data

processi ng oper at ons. A1V|deo gane_n ,k|1e4entodyi q t he present
i nvention is 0 ////B
Yy 1

2 :

3 [ =T — TDEF

4 : H A ’

5 [

6 maa|

7 I

FIG.11

mammEEEx P1(1,2),P1(1,2
e P1(o 3§,p1§1 3; P1(2,3)
- ; sum, «P1(0, 4),P1(1 4),P1(2,4),P1(3,4)
EE=EaaEs ' O --P1(1 5),P1(z 5),P1(3,5),P1(4,5)
EEuamass -P1(3,6),P1(4,6)

1 ~—P1

FIG.13



configured as shown for exanple in a plan view of Fig.19, a front view of
Fig.20 and in a side view of Fig.21. That is, the present video gane
machi ne 201 is basically made up of a nmain body nmenmber 202 and an
_operdting device 217 connected to the main body nenber 202 via a cable
227, ~as shown in Fig.19. At a md portion on the upper surface of the main
body nmenber 202 is nounted a disc |loading unit 203 within which is | oaded
a CD-ROM 251 shown in Fig.22. On the left side of. the disc |oading unit
203 are nounted a power source switch 205 operated for turning on or off
the device and a reset switch 204 operated for transiently resetting the

gane. On the rightrsit®¥&Xof the disc |loading unit 203 is nounted a disc
actuating switch 2p6 operated for nounting'or disnounti ng the CD.ROM 251
with respect to the di@EHeRERREH a3 HshdBlof the
mai n body nember 202 ;;afl '
5 t =
6 = ’
7sH . Y TDEF
9 10 ] 1 t
1112 -
1314 | | 111
15 | Ll
,-P2(0,5),P2(1,5)
aEaEs) = : t :"P2(0$6)!P2(1 $6)
LTl 1
P2(0,8),P2(1,8)-._ o . 0~ ~.P2(0,7),P2(1,7)

P2(0,9),P2(1 !9)':::- Emmma = 1 T
P2(0,10)P2(1,10)" py(q 11),pp(2,11) A -
- P10 ooy 19)pa12)  P2213)°

FIG.15
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24 connecting portions 207A, 207B, as shown in Fig.20. These connecting
portions 207A, 207B are provided with a connection term nal 226 provided
on the foremast part of the cable 227 derived fromthe operating device
217 and a connection termnal inserting portion 212 for connecting a
recordi ng device 228, such as a nenory card, and a recording/inserting
portion 208. That is, two each of the operating devices 217 and recording
devi ces 228 can be connected to the main body nenber 202. The front
view of Fig.20 shows the state in which the connection term nal portion
226 and the recording device 228 are |oaded on the right side connecting
portion 207B with none of the connecting termnal portion 226 nor the

recordi ng device 228 bei | paded.an_the .lLefs. nnecting portion
207A. The recording in@gﬁ¥¥ g portion 208 fg ggﬂﬁﬁg t he recording

device 228 thereon is provided with the shu 09 W@ﬁn | oadi ng the
recording device 228 on the i n body nmenbgr 202, h er 209 is
thrust by the forenost paFW f the recordgfng devicR 228 to effect
 J0d,y))
MINY Y 1y - - :
e -
MINx dx MAXx

FIG.17

Pa

Pb  FHHFHH

Pc

Pd

Pe

FIG.18



| oadi ng. The connecting term nal portion 226 has a knurled gri pping
part 231A for anti-slip effect. Simlarly, the recording device 228 has
a knurled gripping part 242A for anti-slip effect. Referring to a
si de %vi ew of Fig.21, the connecting termnal portion 226 has a length L
substiantially equal to a length of the recording device 228. The
operating device 27 has supports 220, 221 that can be

25 gripped with left and right hands. The forenost parts of the supports
220, 221 are provided with operating parts 218, 219, respectively. The

operating parts 224, 225 ¢ operated with i'ndex fingep® of both hands,
while the operating part ?%\.Zlngqe operated with thunbs of both hands.
' 20{3 '

i

204

NNNVNNNNNNNNNNNNANNNNNNNANN
VAVAVAVAVAYAYAVAVAVAVAVAV.VAVAV.AVAVAVAVAVAVAVAVAVAVAVAY

205 N 207A
4 \ 226
2078 ¢Q/ ' 298
227
224 225
217
218 /
DA I”ll A<>
e XIS\ —219
I
|‘“ 293 | 221
;

222
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Bet ween the operating parts 218 and 219 are provided a select switch 222
that |s actuated for selection during the gane and a start switch 223
operated for starting the gane. Wth the present video gane nmachi ne
201, ‘the CD-ROM 251 | oaded on the disc |oading unit 203 is reproduced by
the GD-ROM driver 30. The operating device 217 is equivalent to the
above-nentioned input device 28, while the recording device 228 is
equivalent to the auxiliary storage device 27. - According to the
present invention, as described above, the addresses for accessing plural
addresses on the nenory are switched depending on the shape on the nenory
of data desired to be accessed, for thereby decreasing the nunber of tines
of menory accessing operations even if the shape represented by plural

si mul t aneously accessi ble address is not coincident wth the shape on the
menory of data desired to be accessed. Thus, the nenory can be accessed
with a small er nunber of accessing operations, thus raising the nenory
accessing efficiency. Al so, according to the present invention, if the
above data is picture data, the nunber of tines of accessing the nmenory

can be
/202

208
203 09 228
{7 [
| | L ! / : \ N I
l||”| [ Ill 1] ”\l
| s | L [ |L
FrdEog@ag I \
= L—r =i
212  207B
207A 226

227

FIG.20
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decreased even in case wherein the shape represented by plural

26 sipul taneously accessi bl e addresses is not coincident with the
Al so,

drawn on a picture menory.
net hod of the present
sw t ¢hed dependi ng
pr oper
accesses.

i nventi on,
on t he aspect

The result

pi cture
according to the menory accessing

t he addresses to be accessed can be
rati o of the above shape for selecting a

address for accessing in neeting with the data desired to be
is that the nmenory can be accessed with the
nunber of tinmes of accessing operations.

m ni mum

227 202
228 /
242A
/ J
" g
=" =
N
231A
226

FIG.21
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27 Clains 1. A ne EPH\CEME&T
si mul t aneousl ' urality of addresse YSHEET
characteri zednlmmﬂﬂlnguﬂJHWBS to be accessed siimfTTaneousty—ar
det ermi ned depéndind oM t he shape on the nenory of dquW of be
accessed. 2. The nenory  accessi na nethod f[a$ clarnmed inf fclaiml
characterized in that the data is pict ta. :
accessing nethod as clainmed in claiml1l characterized in th t he
addr esses ti) be ﬁcc ssdﬁg_ are determ ned dependi ng onm tNe aspect—Tati o of
t he shape. !4. FPfgm Autaneoysly accessing a plyrality ofjaddsessesof amempry,i i which ai m
3 characterized in that the addresses to be accessed are selected froma
plurality of pat¥ef¢ress pajtem ofsthe,addressrs s cssvitchable hetwaerne pluhlity ofppatfemsyi ng
pre-set data processing by sinultaneously accessing a plurality of
addresses on a ¢thamsterisesoitythatshe shape of data avithins thermemaesis adabysed tordéteriiaous| y
accessing a plurality of addresses on the-nenory; and

which of the plurality of access patterns reduces the number of Memory accesses

required to access the data.
2 | A method as claimed in claim 1, in which the data are picture data
3. A method as claimed in claim .l, in which the data represents an object.
4 Ametiod as claimed in claim 3, in which the object is a ﬁolyg_on.

5. A method as clair_n_ed in claim 1, in which the access pattern selected is the one which

minimises the umber of read/write operations required to access the data. -

6. A memory as claimed in claim 1, in which, when the memory represents a two
dimensional region, the shape of the data within that region is analysed to determine

an aspect ratio, and the access pattern is selected on the basis of the aspect ratio.

7. A memory as claimed in claim 6, in which the access pattems comprise the following

shapes 16x1,8%x2,4%x4,2x8,and 1x16.

8. A data proccssing apparatus for simultaneously accessing a plurality of address;:s ofa
memory wherein an access pattern of addresses within the memory is switchable
between a plurality of pattems, characterised by control meaps for analysing the shape
of data within the memory to determine which of the plurality of access pattems

reduces the number of memory accesses required to access the data.



*

control neans for determ ni ng the addresses sinultaneously accessed by

sai d accessi ng nﬂmmmnmﬂﬂ“ﬂﬂum the shape of input data. 6. The -
menory.+~accessin claimted in claim5 characterized in
that the data is picture datd. *7. Th nmory accessi ng apparatus as
cl ai med in claim5 characterized i t hat the control neans

determ nes g theay annaratus as claimed in claim 8, in which the data . aﬁaﬁi mul t aneousl y
accessed addresses tepending on the aspect ra ik O?repttueres ape of the input

data. 8. The menory accessi ng appar at us as claimed in claim?7

Pranol or ar Tt { AaBberielfes il ln HRAY i SHiAHhS aded epRSERPET Shjocd 10" ©°°°° |

11.  Anapparatus as claimed in claim 10, in which the object is a polygon.

12. An apparatus as claimed in claim 8, in which the control means selects the access

pattem which minimises the oumber of read/write operations required to access the

data.

13.  An apparatus as claimed in claim 8, in which the memory is representative of a two
dimensional space and the aspect ratio of the data within the space is analysed to

determine which access pattern is to be used.
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