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Game Programming on PS3

SHINJI KONOt

Game Programming on PS3 is introduced in our University as programming training. PS3
is a cheap Many Core Architecture, but it requires different programming from conventional
one. Especially specification of PS3’s GPU RSX is not opened, so we decided to create Cerium
Rendering Engine as an educational tool. In order to keep constant parallelism, Cerium Task
Manager provides Task queue management of Task Functions, which has hiding mechanism
of memory copy from main memory using DMA. We report examples of parallel programming

on our Cerium Engine.
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A NERZ EHITEED Core IZHAET 2 X 9 & API
P L 72D,

IYEIL 7RO UREALIE & fRGE OB ] Task T
HEEFT BN, SHUEH—D Task £ B, Tk, &
HIEEGE LN S 2N H B, 70 s 73V
TEMEE 2D,

SPE LCl, 128bit LY R MENI NS K HIC
vector MOEF %2 T 2 0E1H 5,

typedef char *cvector
__attribute ((vector_size (16)));

Bzl L.

1gx $16,$20,$5 16byte —ffi load
cegb $15,$8,$16 16byte —ffLhifk
gbb $3,815 gather Bits from Bytes

72 £ D vector T % geec DMK T 2 2 LasHKk S,
ZDHEF X, vector B EZYR—FLARVWT—FT 7
F 2 THIELD, HED vector FILTHIRI 2
DTHEBEBULETH S, 7277 L., spu-gcc DFEEEIT,
gecc 4.1.1 TiE, FRIELLS &L, I FLHEL &V,
F7. mEICb %5 R\, FEEE. Word Count D £ 9
"D, HED, ) E < vector FITHED R\
£9Ths,

RA T4 BIZIE, A 754 v OUIEZ DD
D, ZOBRMETHINELEL 52 LD3H 5, fhoAfT
LCESTW S XD REER AL 77 A4 VLD H UL,
ZIUIHBINICE SN I1Z9TTH B, Lo L., Word
Count D X9 %HITlE, ZNa2WRFT 2 2 LIFHEL W,

Il IFEALRBRBE o THNE D, 7
arubk. H30iE, TNV LT, 2R e



52 EIFEEL -,

Word Count 2%5#Y] 261 2> (SPE 17 & Tld %
W) EFIDEHBH, 72, Iz Overhead 3
BET20TRBELPEEZLTR S,

11. EOEMLGHE (Frvy2annFIER)

zbuffer Z M\ ¢, #ili% 17T H6. HEcHEx
Texture DT —F % XA VY ATV PS> TRLHHE
BH5,

g->tilelist =

(TileListPtr)smanager->global_get (GLOBAL_TILE_LIST);

if (tex_z < g->zRow[localx + (rangex*localy)]) {
memaddr tex_addr;
int tex_localx;
int tex_localy;

tex_addr = getTile(tex_xpos, tex_ypos,

span->tex_width, (memaddr)span->tex_addr);
tex_localx = tex_xpos % TEXTURE_SPLIT_PIXEL;
tex_localy = tex_ypos % TEXTURE_SPLIT_PIXEL;
TilePtr tile =

smanager->get_segment (tex_addr,g->tileList);

smanager->wait_segment (tile);

updateBuffer(g, tex_z, rangex, localx, localy,
tex_localx, tex_localy,
normal_x, normal_y, normal_z, tile);

}

Z 2T, GLOBAL_TILE_LIST 2% SPE Lic
Task I THAEINBEAAL VAEYV DX vy 2 b LT
ERINT WS, Texture ML T3 tex_addr
(64bit) D7 F L AWHERE T % & get_segment() |2
I, Fyvvalk7rserTs, 22T, <K
wait_segment L CL o T\ 525, AKiE, 4 LK
238 > 7= R,

memaddr 1Z. XAV XEVDRAL VIEIZEL T
Wb, XAV RXEY D 64bit/32bit TH, SPED T F
L A ZEfIZ 256kbyte(20bit) TH D, —H L &\,

Cerium TIFHRIIZF vy ¥ 2 ZER L T 525,
D ¥ ¥y > 2% ¥ K—F L TWw% Many Core D%
HTH, FFERMEIZEL 20T, 16D TRIGHE
Ei 5,

12. X DHEMLH (BARKE DMA)

P, RV TvoF7F—%45, Span (AU y M
B2 o) % 8 X IS MBS Tk B . Span-
Pack(Span DEEE) OFEIB LI TH 5,

if (charge_y_top <= y && y <= charge_y_end) {
int index = (y-1) / split_screen_h;
/%%
* J#9 SpanPack #{kI)%5E.

* BIfED SpanPack # XA Y AXAEVITKD,
* H L\ SpanPack ZI->TK %
*/
if (index != g->prev_index) {
tmp_spack = g->spack;
g->spack = g->send_spack;
g->send_spack = tmp_spack;

smanager->dma_wait (SPAN_PACK_STORE) ;
smanager->dma_store(g->send_spack,
(memaddr) spackList [g->prev_index],
sizeof (SpanPack), SPAN_PACK_STORE);

smanager->dma_load(g->spack,
(memaddr) spackList [index],
sizeof (SpanPack), SPAN_PACK_LOAD);
g->prev_index = index;
smanager->dma_wait (SPAN_PACK_LOAD) ;
}

22T BIRIICE E LA Z DMA T, 54
FEEL TS, ZDET% get_segment THEHLZ 3
ZEBHAHETH B, Pl LTHA TR>TRTWw 3,
dma_wait 23727 L T3 DI, Hid dma_store & D
WA A 754 VINATO TV 570 TH %,

ZDEEITEAMUE 2 D¢, SPE MCRHZI %
CEMREIT T DA H BH, D X9 mEIHIX,
ZITIRHEL Twin,

13. Scene Graph

Scene Graph DLE (Move, Collision) &, Scene
Graph @ Rendering D& AT — 1, 2Nz,
AT 743N, R4 V&7 7 T 7HEiER
ZOEEMH L, Core ICaE— LIRS Z LI
%%, L7235 T, Scene Graph I3, 2 E—L %235
T 2 FiEEILS,

Scene Graph @ Move (&, Core T/ —F®D 71
NT 4 BERT BT, BEEOIEI—Y AT
TH%, Lo L. Collision DEEIE. O(N?) TUH
TEMEND B,

Move/Collision 1, A7 —FRXF =¥ DF D,
Move/Collision IZIREEZETH 7Y 27 FH B0 (F
B9%%. Cerium Engine Tl, Task 52 HEET %
ZLitkb, TN6D Task i3 SPE T, Memory
Segment Manager IZ & > CTEHINS,

14. K 3

Z ZTl¥, SPURS Engine, Open CL, MiFl4LH
B TH % Erlang/Scala & HEZL TH %,

Cerium (&, SPURS Engine DFED—DTH 573,
SPURS Engine H#EDOERVAMI TR VDT



g3 % 2 Ex#EL v, Cerium %, sourceforge.jp
koIt 3,

Cerium TlX, SPE Task Of& 7% Mail 2k D
PPE 13T, PPE fllT Task Queue D&M Z{T>
TWw3, Word count D & 9 i, 2o AL
%5455, SPURS Engine 5T, £D k)%
TRBTONTOLDPIIRAETHD 5,

Open CL (%, Task 2883 2f\b iz, XFFIE
LC¥ L. Open CL ¢, GPGPU * Thread 2%
BlEiz, Mac OS X Tl&, llvm® % TR
NTw5, Cerium T, Hib>Tavr A4 LINnik
Bz <7 0ok ) RICERT LA TH 5,

Kernel &,

__kernel void UniformAddKernel(
__global float *output_data,
__global float *input_data,
__local float *shared_data,
const uint group_offset,
const uint base_index,
const uint n)

const uint local_id = get_local_id(0);
const uint group_id = get_global_id(0)

/ get_local_size(0);
const uint group_size = get_local_size(0);

EEIBER->TW3, global XA A Y XEY LD
7 — % T, local #% Local Store D7 —% Tdh 5,
7 —% ® load/store i, Kernel & L CTHH/RIIZEL

L
unsigned int k = PRESCAN_NON_POWER_OF_TWO;
clSetKernelArg(ComputeKernels [k],
at++, sizeof(cl_mem), &input_data);
clEnqueueNDRangeKernel (ComputeCommands,
ComputeKernels[k], 1,
NULL, global, local, O, NULL, NULL);

L LT, HOT Queue M T 5, F4T Queue
ICHZ TS % Open CL D75 032 BHE 2t &
%5,

Kernel [B]OMKFFEIfRIZ, Queue TR I LT3
DT, BENTEAAL VL —F VAITUET 2 Z LI
%5,

Kernel DHTlt, _global L 59T, WO TH X
AVREVIET VAT EIEDHBTH S, RDT,
BIRINZ: DMA B#87%\», L L, BRAZRWEITT
2R FRRELRREIZAETCLE 9, £I T, Pre Scan
DX BT, T—F% _local ICHID o THE> TR
TELADEDD 5,

14.1 Erlang, Scala

Erlang & Scala 13, Actor 1272 /& U T FI4L3H
%179, Erlang 1. Prolog (27 % Ff>TE D,

Scala 1Z Java RICHEIN T3,

BT DOEE BB IEF v 3L TirbitT, Task
LoF— 2 ZBBRSENLER TEEI N O, T
SR BIEIF O LI2 K D Task OWREZ/EL DT,
W& B &9 & (SIFEDE D 2%) s 7 e 7
FIVITDAYANEREEL TS,

Erlang
ping(N, Pong_PID) ->
Pong_PID ! {ping, self()},
receive
pong ->

io:format("Ping received pong™n", [1)

end,
ping(N - 1, Pong _PID).

Scala
class Counter extends Actor
{
override def act(): Unit = loop(0)

def loop(value: Int): Unit = {
receive {
case Incr() => loop(value + 1)
case Value(a) => a ! value; loop(value)
case Lock(a) => a ! value
receive { case UnLock(v) => loop(v) }
case _ => loop(value)
}
}
}

Cerium TlX, T—% DRI EFE LI1X, void *IZ cast
T50T, MOLEMZ S LRI 2 2 LK
72\, Open CL THIRDLIZF U T,

__kernel void UniformAddKernel (
__global float *output_data,
__global float *input_data,
__local float *shared_data,
const uint group_offset,
const uint base_index,
const uint n)

err |= clSetKernelArg(ComputeKernels[k],
a++, sizeof(cl_mem), &output_data);

err |= clSetKernelArg(ComputeKernels[k],
at++, sizeof(cl_mem), &partial_sums);

err |= clSetKernelArg(ComputeKernels[k],
a++, sizeof(float), O0);

err |= clSetKernelArg(ComputeKernels[k],
a++, sizeof(cl_int), &group_offset);

err |= clSetKernelArg(ComputeKernels[k],
a++, sizeof(cl_int), &base_index);

err |= clSetKernelArg(ComputeKernels[k],
a++, sizeof(cl_int), &n);

err |= clEnqueueNDRangeKernel (ComputeCommands,



ComputeKernels([k], 1, NULL,
global, local, O, NULL, NULL);

BEHETZ I LIL% Db, oD% (IDE %
T)Fxv 7952 L, BL CIZRWVD Scala D&
I EBAEDF v VT BHDEE L,

Erlang, Scala &, GC Z$f>T\w %2, Open
CL/Cerium Tl&. BRI X €V EB 21T ) H2E03
b5,

NRAT IV %E S £ CEEI Y 51213, Task
DY (Queue) % 2 MHEDH %53, Erlang, Scala T
k. ZDIEPIRINIZIES 2 E3Efl I T vy,
STHALEE, & %\ ik, Thread 1T X % MFIABIC L,
Erlang, Scala 2%# L T\ % %%, Many Core Tl&, &
SICHRA LD ORGSR — P BRELZEEZS
na,

15. £ & &

Many Core TD 71 7 F hid, BlARANEHESIC
BHETH 505, Desktop PC . Note PC ThD:E
ALY 2cid, Rl 7'u 77 L THIES
QU2 [HFEHAT ) N D 5,

Cerium (%, Open CL &[HERIC, 7'1 75 A Task
IZHE L., Core AT S LICK->THETT 5,

Cerium 1%, Open CL X D I3# T F L &Gl »yA]
HERoTWV»5,

Many Core Tl3 2 E—»MEICfTbil, ZDaE—
2RI ASAL T T4 VETHEETH S, 3 —HIEIX
WHER D,

TR TEADF a—=v 7L TNy JIZAWTE
20,

Sk, Task OHfZ E LT, Continuation based

C ?D code segment ZHW 7= FHEZ2ITI FETH 5,
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