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7°AtA 90nm CMOS, 83, 3f&Vth

| FyTHAR 104.8mm?2 (10.61mm x 9.88mm)
Core#l | | EIRERE 1.0V-1.4v(a7), 1.8/3.3V(I/O)

| BERIEE | 600MHZ
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BAFES Core RP2 WILFAT7 DT —FTIF*
Cluster Barrier [Sync. Cluster
#0 |Core #3 Lines Core #7| #1
| Core #2 Core #6
| Core #1 ';L_. _ Core #5
Core #0 l—> 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
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| veey TTTT  tel |t vivy (111 |
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DDR2 || SRAM|| DMA PCR: Power Control Register
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URAM: User RAM
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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

1 1

! — BPA — Near fine grain parallelization ! —BPA

I I I —RB

| | | — SB

i : Loop level parallelization BPA i __BPA

Program —:—— RB , Near fine grain of loop body ’:RB : :lgg
| 1 : |
Coarse grain

! SB —

I I parallelization —BPA

: : —BPA | [RB

! L SB _1_Coarse grain RB —T—— SIEA

I I parallelization I

I I | SB — RB

__________ :| __SB

Total : : :
System 1St Layer 2nd, Layer 3. Layer

| | |

| | |




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_. " E
: | y : M

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

RB RB J’l = Iy, H DO RB B B T
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]"_% |\\
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

/N

- /

DO 1=35,66

7

DO |=67,67

DO |=35,67

g

-

/

\

DO 1=68,100

— |

J

DO 1=68,100

N~

J/
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15
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

16
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APC MuTtigrain
[ Parallelizing Compiler

- Cache optimization
- DSM optimization

Data Dependence

A

| Caaliaon | —

- Inter-procedural - Hierarchical Parallel - Static Scheduling
- Conditional - Affine Partitioning - Dynamic Scheduling

Source
Program

FORTRAN

- Coarse Grain
- Medium Grain
\ - Architecture Support

Feedback ﬁ / I \

Sun Forte 6| [IBM XL Fortran| |IBM XL Fortran
| Parallelizing Tuning System Update 2 Ver.7.1 Ver.8.1
Runtime x
Program Visualization ) Info
g Technique Feedback-directed
Selection Technique of <:I| @
Techniques for Profiling Compiler Directives —
& Utilizing Runtime Info E
SUN IBM IBM
Ultra 80 RS6000 pSeries690
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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
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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Off-node SMP interconnect
3

IBM p6 595 SMP H—/\

1 a&b

Node
L3 : LA L3
chip | | poweRs [\ poOwERs | Lchip
3 Chip Chip 3
chip Wy o chip
D
L3 1] i L3
chip | | pOWERG POWERG chip
3 Chip Chip 3
chip chip
POWERSG Off-node SMP interconnect
Alti P6 P& Alti
Vee|| Core Core | |Vec
i1 11 (- 1 1] 1L 1] ] |
1 O O O O O O 0
([4MB || 4MB | |3 Dﬂ'ﬂ 0 Dﬂ'ﬂ d Dﬂ" d oL~ 0
L3 ] [ L2 -~ L2 Crl e L3 1- l 1|. I 'ﬂ. I- '|1
Llu O Uu O 0 O I_IU 1
1 e N I [ O O =1 0
ﬁ ﬁ ¥ —F ¥ ¥t ¥ ¥ ¥
Fabric Bus
= Controller |
EE *T 41 E'E P ¥ 3§ ! + ¥ P & F
iG & O W= O = (= O k= |0
GX Bus Cntrl | & B O = O O O u U
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Performance of OSCAR Compiler on IBM p6 595 Power6
(4.2GHz) based 32-core SMP Server

30
OIEM XL Fartran for AX ver 121 BOSC AR
260

o6 POWERS6

Alti P6 P6 ||Alt

Core Core ||Vee

i1 it

5 18.2 _

Speedup Fatio
o

_ 1010
O 1
i = E E b 2 : i £ B 2 %
= il - m g = =
B o] o = =
F 3 7

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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S Low Power High Performance Multicore and Parallelizing Compiler

= for Mobile phones, Games, Cars, Supercomputers (Prof. H. Kasahara)

METI/NEDO Multi-core Processors for Realtime
Consumer Electronics (2005.7~2008.3) Waseda,
Hitachi, Renesas, Fujitsu, Toshiba,

Panasonic, NEC

*Good Cost performance

=Short HW/SW development periods a -ﬂ ;1
4 -Low power consumption

=Scalable performance ud o——
*Embedded multicore API

Power Reduction by OSCAR Parallelizing Compiler

for MPEG2 Decoding
MPEG2 Decoding with 8 CPU cores

Millennium Project
IT21(METI, NEDO)
Advanced Parallelizing
Compiler
(2000.9~2003.3)
Waseda, Fujitsu, Hitachi (s
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OSCAR Multigrain compiler attains 3.5 times Avg. Power 7359 power Reduction Avg. Power
speedup in average against a product compiler 5.73 [W] ee———) .52 [W] .,
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