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7’0t A 90nm CMOS, 8f& 4, 3F8Vth
FyTH4AR 104.8mm?2 (10.61mm x 9.88mm)
BREL 1.0V-1.4v(a7), 1.8/3.3V(I/O)
EEREIR¥ | 600MHz
CPUtHRE 8640 MIPS (Dhrystone 2.1)
FPUTERE 33.6 GFLOPS
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-CPUa7D/AYI%EEILETS
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ISSCCO8FZ&: ISSCCO8 X &EE4.5 M.ITO, et al., “An 8640 MIPS SoC with Independent Power-
off Control of 8 CPUs and 8 RAMSs by an Automatic Parallelizing Compiler”




Bd$8 Core RP2 R ILFAT7 DT —XTIF~
Cluster Barrler Cluster
#0 |Core #3 Synd. Llines Core #7| #1
| Core #2 Core #6
| Core #1 ';L_. _ Core #5
Core #0 le—> o = Core #4
cp CPU| FPU mEBEnE FPU| CPU (|| -P¢!
Local memory - ; ; — Local memory
18k D:32Kk| [H el |le] U] LL:8K, D:32K
PCROJIIJURAM 64K | | Sl 15 1| URAM 64K ||| PCRA4
| veey TTTT  tel |t yivy 111 |
l On-chip system bus (SuperHyway)
‘ y ‘ LCPG: Local clock pulse generator

DDR2 || SRAM|| DMA PCR: Power Control Register
control | [control ||control [ CCN/BAR:Cache controller/Barrier Register
URAM: User RAM
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Coarse grain parallelism PARA_ALD = 4.3
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Generation of coarse grain tasks

BMacro-tasks (MTs)
> Block of Pseudo Assignments (BPA): Basic Block (BB)
> Repetition Block (RB) : natural loop
> Subroutine Block (SB): subroutine

Program  -1—

1 1
! — BPA — Near fine grain parallelization ! —BPA
I I I —RB
| | | — SB
: ' Loop level parallelization BPA : __BPA
I I I
o RB { Near fine grain of loop body ’:RB : :lgg
| 1 : |
Coarse grain
! SB —
I I parallelization —BPA
| : —BPA |, [ ?,E
! L SB _1_Coarse grain RB —T—— BPA
I I parallelization I
! ! |__SB . —RB
I e e e e e e e e e e e e e ————— :| __ —SB _____
1 1
:13t. Layer : rd,
| |
| |

12



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

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

— o__ : BPA Block of Psuedo
..... Assignment Statements 2
Repetition Block O R
. oy
BPA RB #
RB
15
BP.
S Data dependency ‘
""""" Extended control dependency .
O conditional branch w13
P OR R
-~~~ AND
13 RB 14

> Original control flow

14 RB A Macro Flow Graph

A Macro Task Graph
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Automatic processor assignment in su2cor

» Using 14 processors
Coarse grain parallelization within DO400 of subroutine

LOOPS SwEEP

: LOOPS
Main ',' :
I - -
/ ]

. ’ 1 ! 1 ,14 . T
E 'II . ‘I' ...... ""' [ ] : !'II_. " s
: | y : -

Il" RB e "", CORR - E ,, SB
A s '- -

RB RB J’l = Iy, H DO RB B B En
P SB[' ' 900 po|| |po| |po
AL : ~] ||400|| [400| |400| |LRE

\ “ -
E \ E “l SB|L-” [1 ’14']' y E )
: [1,14] \ I P [1,14] [1,14] [1,14]"L_= |\\
a0 [se —— 2.7]
Y & e~ [1,14] Triply nested loop
[1.14]  TTsell

Nec, Nee = [PG,PE]



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA _ALD =4.3

I DOALL [ Sequential LOOP [ ]SB Jj BB



Data-Localization
L_oop Aligned Decomposition

« Decompose multiple loop (Doall and Seq) into CARs and
L_Rs considering inter-loop data dependence.

Most data in LR can be passed through LM.
L_R: Localizable Region, CAR: Commonly Accessed Region

C RB1(Doall)

DO 1=1,101
A(l)=2*
ENDDO

, N

LR

0 )

CAR

-

LR

~N

[

CAR

~

-

LR

~

DO I=1,33

DO [=34,35

DO [=36,66

DO I=67,68

DO [=69,101

e

C RB2(Doseq)
DO 1=1,100
B(I)=B(I-1)
+A(1)+A(1+1)
ENDDO

DO I=1,33

RB3(Doall)
DO 1=2,100
C()=B(I)+B(I-1)
ENDDO
G

N

DO [=34,34

DO |=2,34

Z\

- /

DO 1=35,66

7

DO |=67,67

DO |=35,67

g

-

/

\

DO 1=68,100

— |

J

DO 1=68,100

N~

J/

16
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18
An Example of Data Localization for Spec95 Swim

DO 200 J=L,N cache size
DO 200 I=1,M 0 1 2 3 4MB
UNEW(I+1,J) = UOLD(I+1,J)+ : E E E E
1 TDTS8*Z(I+1,J+1)+Z(1+1,3))*(CV(I+1,J+1)+CV(1,J+1)+CV(l,J) UN
2 +CV(1+1,J))-TDTSDX*(H(1+1,J)-H(1,J)) i T T
VNEW(1,J+1) = VOLD(I,J+1)-TDTS8*Z(1+1,J+1)+Z(1,J+1)) VN | PN | UO | VO
1 *(CU(I+1,J+1)+CU(1,J+1)+CU(1,)+CU(I+1,3)) —— | PO |l CU | CV 7
2 -TDTSDY*(H(1,J+1)-H(1,)) H
PNEW(I,J) = POLD(I,J)-TDTSDX*(CU(I+1,J)-CU(l1,))
1 -TDTSDY*(CV(1,J+1)-CV(l,J)) : : :
200 CONTINUE 5 : : UN
VN | PN : :
DO 210 J=1,N : : :
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(L,J+1) U \ P UN
PNEW(M+1,J) = PNEW(1,J) VN | PN J UO | VO
210 CONTINUE PO I I I
DO 300 J=1,N \ . .
DO 300 I=1.M Cache line conflicts occurs

among arrays which share the

UOLD(1,J) = U(1,2)+ALPHA*(UNEW(I,J)-2.*U(1,J)+UoLD(l,J )
(1) (LJ) ( (1) (1) (19)) same location on cache

VOLD(1,J) = V(1,J)+ALPHA*(VNEW(1,J)-2.*V(1,J)+VOLD(l,J))
POLD(1,J) = P(1,J)+ALPHA*(PNEW(1,J)-2.*P(1,J)+POLD(l,J)) (b) Image of alignment of arrays on
300 CONTINUE cache accessed by target loops

(a) An example of target loop group for data localization



Data Layout for Removing Line Conflict Misses
by Array Dimension Padding

Declaration part of arrays in spec95

befor8WHR ding after padding

PARAMETER (N1=513, N2=513) PARAMETER (N1=513, N2=544)
13 N2:

COMMON U(N1,N2), V(N1,N2), P(N1,N2), COMMON U(N1,N2), V(N1,N2), P(N1,N2),
* UNEW(N1,N2), VNEW(N1,N2), * UNEW(N1,N2), VNEW(N1,N2),
1 PNEW(N1,N2), UOLD(N1,N2), 1 PNEW(N1,N2), UOLD(N1,N2),
* VOLD(N1,N2), POLD(N1,N2), * VOLD(N1,N2), POLD(N1,N2),
2 CU(N1,N2), CV(N1,N2), 2 CU(N1,N2), CV(N1,N2),

Z(N1,N2), H(N1,N2) Z(N1,N2), H(N1,N2)

€ >

<€ >

4MB 4MB

-

I padding

*-— *-—

oX: Access range of DLGO

19



OSCARAVN\ASMNBEIERT S5 I/ILFITAPI

1st layer

MT1 1

[ T~

MTL 2
DOALL

MT1 4
RB

1 4 211 4

3rd layer

20

(OpenMPE) FIA. BE<ILFT LAY iehggjl'l'rzlgd
WHTOT S5 LDA A=
code {
SECTIONS
SECTION =—=——=—======-=--=-==-=-=-- SECTION
o T0 ‘T1 ‘TZ ‘T3 ol T
Distributed] i I I i
scheduling MT1_1
MT1 2 Ml1-p |
N Mh_4 i 1.3 11131} [1.3.1]
===l l==== | F) () =8
142 1.4 2 1 | |
T —1 1.3 4(0{1_3_4|)|1.3.4
1.4 3 143
T — 1351|135/} [1_3.5
1.4 4 144
J L ] mm— 136 |1_I.3_6| |1_§_6| :
113 | 11._3_6 v vi]v l v vi]v
ond layer . _ N _END SECTIONS

Thread group0

Thread groupl
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OSCAR APIZRAW=av /(L ETDFEN

APIl: Application Programming Interface

SRR EBATILFITH
OSCARAPI %?ia‘-‘yjﬁi
B ) EEULERXICEY . SROME g
=3 T - ZTH7N - . = A—K[ZF
L5 A >Rk B HHEE R
(EXRBITOTSL) a ) _ ——
. -r:%tﬁ'g%ﬁq | |a—F&ar/ 135
il F1{EAPI
E AP | BEER
i 4 RRFE | 320345
BREXE ProcC 7
OSCAR HRX _ S— 7T £
D2 1IL A= DIAY b i 51 422 J—FERIV/IM5 = 1;1
. =iy .1 ¥IRAPI | BEEZRR Y
o JOS S LLEALIFIME BRZ | v (5 7
D |y . z
oT—IHEE DR =
o T —ARELEA—IN—AYFD CIE 22
B/ME IEZE%L\EE a
CHEEHOR/N 5 o~
HEEZEHhD&H/ME . FERSUAS K
mAROpenMP
AINMS
G -
BH2ILF j

JotvyyH—/
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EEEBND)T7ILIALIAFNIEZR[FEET HAPI
OSCAR API#}Z
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EHEBADVTILEALAFINEZEZRREET HAPI
OSCAR API}E

BRI YU R b FEMNT http//www.kasahara.cs.waseda.ac.jp/index.ja.htm]l ZH
o IFH ATV WHIMNEH OpenMP 8/~ (4 &)
B WA Ly ROAERER
B PHhREKIEAZ V7 2 vk va VHERX
B ATV —EEHlIEfER
B XLy RFT4_X— "NEEFERX
0 <HFHHSHIARWNY TNEALLERAAEY BB~ (3F)
B U FyTEFEERAEY) ~DTF—FRBLIRET DRI
B u—INT—FZAEVICT—F ZEET 51~ (OpenMP F-3XDILERFIAH)
B FuboV a7 EOSBEEAE) ~OT —FEBEZIEET DRI
o <FH >HMIAKOFEMRERAERT —ZEEEHERC (4 )
B T FEXEay b —FEHWEEREET AHERY GEMERIITRER X Z AWV TERE)
B ER LT FEROEREEFTREET DR
B LRV T—Z 2k TAARANTA NEBEEIEET DR
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o <HH>EKWEEEHFHIEMETRT (21)
B CPUZDOHEEEY 22— /VOFEEK - EFE - BILERTHIEIZ TEC 100 2R THET SR
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Performance of OSCAR Compiler on IBM p6 595

Power6 (4.2GH

on | RS

Speedup Fatio

) based 32-core SMP Server

OIBM XL Fartran for AX ver 121 B10SCAR
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OpenMP codes generated by OSCAR compiler accelerate IBM XL
Fortran for AIX Ver.12.1 about 3.3 times on the average

Compile Option:

(*1) Sequential: -O3 —qarch=pwr6, XLF: -O3 —garch=pwr6 —gqsmp=auto, OSCAR: -O3 —garch=pwr6 —qsmp=noauto
(*2) Sequential: -O5 -q64 —qarch=pwr6, XLF: -O5 —q64 —garch=pwr6 —qsmp=auto, OSCAR: -O5 —q64 —qarch=pwr6 —gsmp=noauto
(Others) Sequential: -O5 —qgarch=pwr6, XLF: -O5 —qarch=pwr6 —gsmp=auto, OSCAR: -O5 —qarch=pwr6 —gqsmp=noauto
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