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OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER
|

CONTROL & 1/0 PROCESSOR CENTRALIZED SHARED MEMORY1
(Simultaneous Readable)

RISC Processor | |I/O Processor
I I I I Bankl || Bank2||Bank3

I ] ] | N b N USRS N S | I
] ] ]
.. Addr.nliAddr.nIAddr.n|| fcsvz [ |csms
Data PI’Og. DlStrIbUted ................................................
Memory Memory ||| Shared | |
Memory
Read & Write Requests
Bus Interface Arbitrator
Distributed
Shared Memory
(Dual Port)
(cP)
_SPI\:I(I):(I:_QOSZE}SZbIt RISC (CP) (CP) (CP) (CP)

(64 Registers)
-2 Banks of Program
Memory
-Data Memory
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-DMA Controller
PE1 PES PEG6 PES8 | | PE9 | |PEL1O| [PE11l| |PE15]||PE16

~— 5PE CLUSTER (SPC1) —»—= SPC2 - SPC3 —
~— 8PE PROCESSOR CLUSTER (LPC1) ——= LPC2 -~




OSCAR Memory Space (Global and Local Address Space)

SYSTEM MEMORY SPACE LOCAL MEMORY SPACE

OOOOOOOO E ------------------------------ -E PE15 'l 00000000
UNDEFINED 3

¥(Local Memory Area)
00100000 §

DSM

(Distributed
Shared Memory)

00000800

00200000

01000000

01100000

02000000

02100000

02200000

02F00000

03000000

03400000

BROAD CAST PE 1 (=
NS

NOT USE

CP
(Control Processor)

NOT USE

0

NOT USE

L P M(BankO)
(Local
Program Memory)

L P M(Bank1)

NOT USE

PE 1

LDM
(Loca
Data Memory)

PE15

NOT USE

CONTROL

CsM1, 2,3
(Centralized
Shared Memory)

NOT USE

FFFFFFFF

SYSTEM

ACCESSING

AREA

00010000

00020000

00030000

00040000

00080000

OOOFO0000

00100000

FFFFFFFF
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Earliest Executable Condition Analysis for
coarse grain tasks (Macro-tasks)

Data Dependency
""""""" Control flow
O Conditional branch

BPA Block of Psuedo

Assignment Statements 2
RB Repetition Block O
7 """"""" ‘ RB |
/ BRA
BPA RB '
RB :
15 L
BR%: e
i12
0 _RB s Data dependency i
T Extended control dependency ~ *, '
O conditional branch ~. A3
i’ro’-.“~‘ OR «~~~~ ...:‘---:‘r:-—
-~~~ AND 14

> Original control flow

............... A Macro Flow
Graph A Macro Task Graph



Automatic processor assignment in su2cor

Using 14 processors

— Coarse grain parallelization within DO400 of subroutine LOOPS

Main ,"I E .
. S i
: ',‘_E_jl ...... ,"l
: [}
: 1 RB| L~ ,"l' CORR
r | H ' p
RB RB| ) _-_[ oo S
£ RBJ’ sej}’
‘1_§_“l SBLEL-"[1.14L
[1,14] \‘ = "'—
[1,14] \|LSB
1 ] "‘--“‘-
[1,14]  ~Ss~o_

Npac, Nre = [PG,PE]

LOOPS

- h ® ,""
“ A !

H ]
RB ~ . -
DO RB RB| |RB D P
900 DO DO DO

N 400 400 400

[1,14]

[1,14] [1,14] [1,14]\“__|“

—

——

Triply nested loop

[7.1]
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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD =4.3

Bl DOALL B Sequential LOOP [CJSB EBB
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OSCARaAVNASHNBEAEMT HVTILFIATAPI
(OpenMPE#) FIFH. BEB<ILFILA1>

Ist layer

MTI 1

[T~

Distributed
scheduling

MTI 2
DOALL

MTI 4
RB

1 42

3rd layer

code

—
--—
-_
——

2nd layer

WHTOT S LDA A=

Centralized
.o scheduling
code
SECTIONS
SECTION ~~~~=~=~-~~==-==7========-=- SECTION
10l T4 12| 73| T4 75| T6| T4
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> i |\/iT1-4 i |1_I3_1| |1_i,_1| |1_i°,_1|
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144 144 I
1L ¥ 1.3 6|}|136/]|13 6
AR R EARAEAE
o L END SE(;,TIONS
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—

Thread groupl
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NEHOSCAR APIv1.0DIETRX

L g -~

» Ml 5IRITAPI » T —3ERIXAPI
» parallel sections (*) » dma transfer
» flush (*) » dma contiguous parameter
» critical (**) » dma stride parameter
» execution » dma flag check
» AEBIEAPI » dma flag send
» threadprivate (*) » BB JHIEAPI
» distributedshared » fvcontrol
» onchipshared » get fvstatus
» [EIEAAPI » 34 I—API
» groupbarrier » get current time

(* OpenMPH 5D FETRX)
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO VClI main_ VCO() { main VCI1() {

#pragma oscar fvcontrol ¥
- (((OSCAR _CPU(),0))
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Speedup Ratio against

Sequential Execution
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04)

SPEC2006 | Parallelizable
C

470.1bm

Power5+ @1.5GHz x 2 cores x 4 chips
L11$:64KB, L1 D$ : 32KB
L2$ : 1.9MB /chip, L3$ : 36MB /chip

SMT: Disabled

SPEC2006 | Parallelizable | MediaBench | Parallelizable

456 .hmmer

C

C

mpeg2encode

Parallelizable
C

AACencode
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B 1PE
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Performance of OSCAR Compiler Using the multicore API

on Fujitsu FR1000 Multicore

3.76 gl 3.75
7 / : . / /3_47
2.81 -
2.55

1.94 ' 1.98
B 1.8
1.00 | I 1.00 |

1

> 3 | 4 > 3 4 > 3 4 1 2 3 a4

MPEG2enc MPEG2dec MP3enc JPEG 2000enc

3.38 times speedup on the average for 4 cores against
a single core execution
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Performance of OSCAR Compiler Using the Developed API on
4 core (SH4A) OSCAR Type Multicore

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

.53

2.07

1|| ||

1 2 3 4
MPEG2enc

1 2 3 4
MPEG2dec

1 2 | 3 | 4
MP3enc

1 2 3 4
JPEG 2000enc

3.31 times speedup on the average for 4cores against 1core
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Performance of OSCAR compiler on
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Performance of OSCAR Compiler on IBM p6 595 Power6
(4.2GHz) based 64-core SMP Server
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