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| Hironori Kasahara
<Personal History >

B.S. (1980,Waseda), M.S.(1982,Waseda), Ph.D.(1985,EE, Waseda). Res.Assoc. (1983,Waseda),
Special Research Fellow JSPS (1985) ,Visiting Scholar (1985.Univ.California at Berkeley), .
Assist. Prof. (1986.Waseda), Assoc. Prof.(1988,Waseda), Visiting Research Scholar(1989-1990.
Center for Supercomputing R&D, Univ.of lllinois at Urbana-Champaign), Prof.(1997-,Dept. CS,
Waseda)., IFAC World Congress Young Author Prize (1987), IPSJ Sakai Memorial Special
Award (1997), STARC Industry-Academia Cooperative Research Award (2004)

< Activities for Societies >
IPSJ : Sig. Computer Architecture(Chair), Trans of IPSJ Editorial Board (HG Chair),

Journal of IPSJ Editorial Board (HWG Chair), 2001 Journal of IPSJ Special Issue on Parallel
Processing(Chair of Editorial Board: Guest Editor, JSPP2000 (Program Chair) etc.

ACM : International Conference on Supercomputing(ICS)(Program Committee)
Int’l conf. on Supercomputing (PC, esp. ‘96 ENIAC 50th Anniversary Co-Prog. Chair).

IEEE: Computer Society Japan Chapter Chair, Tokyo Section Board Member, SC07 PC
OTHER: PCs of many conferences on Supercomputing and Parallel Processing.

<Activities for Governments>
MET]I : IT Policy Proposal Forum(Architecture/HPC WG Chair),

Super Advanced Electronic Basis Technology Investigation Committee

NEDO:Millennium Project 1T21 “Advanced Parallelizing Compiler”( Project Leader),
Computer Strategy WG (Chair).Multicore for Realtime Consumer Electronics Project Leader etc.
MEXT: Earth Simulator project evaluation committee,
JAERI: Research accomplishment evaluation committee, CCSE 1st class invited researcher.
JST: Scientific Research Fund Sub Committee, COINS Steering Committee ,

Precursory Research for Embryonic Science and Technology (Research Area Adviser)
Cabinet Office: CSTP Expert Panel on Basic Policy, Information & Communication Field

Promotion Strategy, R&D Infrastructure WG, Software & Security WG

<Papers>151 Papers with Review, 20 Papers for Symposium with Review, 105 Technicar Reports,
154 Papers for Annual Convention, 49 Invited Talks, 74 Articles in Newspaper & Web, etc.



University of lllinois
Oct. 2006

Multi-core Everywhere

Multi-core from embedded to supercomputers

» Consumer Electronics (Embedded)
Mobile Phone, Game, Digital TV, Car Navi, DVD,
Camera
IBM/ Sony/ Toshiba Cell, Fuijtsu FR1000,
NEC/ARMMPCore&MP211, Panasonic Uniphier,
Renesas SH multi-core(RP1)
IBM First Chip Multiprocessor » PCs, Servers _
(CMP) Power 4 processor Intel Dual-Core Xeon, Core 2 Duo, Montecito
2 cores on a chip AMD Quad and Dual-Core Opteron
» WSs, Deskside & Highend Servers
IBM Power4,5,5+, pSeries690(32way), p5 550Q(8 way) ,
Sun N iagara(SparcT1,T2), SGI ALTIX350,
» Supercomputers
Earth Simulator:40TFLOPS, 2002, 5120 vector proc.
IBM Blue Gene/L: 360TFLOPS, 2005,
Low power CMP based 128K processor chips
High quality application software, Productivity, Cost

performance, Low power consumption are important
EX, Mobile phones, Games

Compiler cooperated multi-core processors are

Earth simulaor : 5120 vector processors promising to realize the above futures 3
Multiprocessor Supercomputer

0 _  Cartridge Tape Library System

=

| Processor Node (PN) .. gl N
| Cabinets(320) Lol s
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IBM BlueGene/LL

(64 cabinets, 64x32x32)

Cabinet
(32 Node Cards, 8x8x16)

Node Card

(32 chips, 4x4x2)
16 Compute Cards
(up to 2 /O Cards)

l1|1‘1‘1‘1‘1

Compute Card
(2 chips, 1x2x1) TFis

S1E/32 TB DDR

2.8/5.6 TFIs

90/180 GEls 256/512 GB DDR

8/16 GB DDR

5.6/11.2 GF/s

2.8/5.6 GF/s 0.5M1.0 GB DDR

4 MB Target clock speed: T00MHz
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Roadmap of compiler cooperative multicore project

00

01

02

03

04

05 ] 06 [ O/ ] 08 [ 09 | 10

B Millennium Project 1T21

NEDO Advanced
Parallelizing Compiler

Compiler development of

Jultiprocessor Serv

(Waseda Univ. Fujitsu,Hitachi,
JIPDEC,AIST)

B STARC Compiler Cooperat#

Basic resrach

Chip Multiprocessor

( Waseda Univ., Fujitsu, NEC,
Toshiba, Panasonic,Sony)

BENEDO
Heterogeneous Multiprocessor
(Waseda Univ., Hitachi)

ENEDO
Multicore Technology for

(Waseda- Toshiba=Fujitsu=
Panasonic*Sony)

Realtime Consumer Electronics

E Waseda Univ., Hitachi, Renesas,
Fujitsu, NEC, Toshiba, Panasonic

»Power Saving Multicore Architecture,

Parallelizing Compiler,API

Apply for Supercomputer Compilers

Practical Resarch

STARC:-
Semiconductor

WWaseda- Fjitsie: NEC+ Toshiba) Technology Academic
e . Research Center
* e . Fujitsu, Toshiba,NEC,
. . : Renesas,Panasonic,
o o o Sony etc.
rch. %
Soft realtime 4 .

¢ Multicore Arch. Compiler: .
..PIYaIm API R&D + Practical Use




METI/NEDO National Project
Multi-core for Real-time Consumer Electronics

<Goal> R&D of compiler cooperative multi-
core processor technology for consumer
electronics like Mobile phones, Games,

DVD, Digital TV, Car navigation systems.

<Period> From July 2005 to March 2008

<Features> =Good cost performance
-Short hardware and software
development periods
Low power consumption
- Scalable performance improvement

with the advancement of semiconductor

- Use of the same parallelizing compiler
for multi-cores from different vendors

using newly developed API

API : Application Programming Interface

Un

iversity of lllinois

Oct. 2006
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NEDOMulticore Technology for Realtime Consumer Electronres™
R&D Organization(2005.7-2008.3 )

Integrated R&D Steering Committee
Chair : Hironori Kasahara (Waseda Univ.), Project Leader
Sub—chair : Kunio Uchiyama (Hitachi), Project Sub—leader

4
Grant: Multicore Architecture and Compiler || Subsidy: Evaluation Environment for Multicore
Research and Development Technology
Project Leader : Project Sub—leader :

Prof. Hironori Kasahara, Waseda Univ. Dr. Kunio Uchiyvama, Chief Researcher, Hitachi
R&D Steering Comittee . ,
‘/g — Test Chip Evaluation Sytem

Architecture & Compiler| |Standard Multicore gﬁ:j:)ot::dn:rc_;roup' gi\)lj:)OE:aednetr(?roup
R&D Group. Architecture & API ' : . '
Group Leader c it Renesas Technology Hitachi
Associate Prof. Keiji on.]ml ee . .

. : Chair : Prof. Hironori
Kimura, Waseda Univ. i
(Outsourcing : Fujitsu) Kasahara, Waseda Univ.

t

Hitachi, Fujitsu, Toshiba, NEC,
Panasonic, Renesas Technology
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MPCore™ ARM & NEC

ARM and NEC Collaboration

Configurable number of Private FIQ
MPCore™ hardware interrupt lines lines

Interrupt Distributor

cPU cPU cPU cPU
Wdog interface Wdog interface Wdog interface Wdog interface

CPU/VFP CPU/VFP CPU/VFP CPU/VFP

L1 Memory L1 Memory L1 Memory L1 Memory

| & D Coherence
Snoop Control Unit (SCU) 64bitbus  Control

bus

Duplicated
L1 Tag

L2 (L220)
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Fujitsu FR-1000Multicore Processor

FR-V Multi-core Processor

DMA-I Mem

DMA-E Cont. Memory
Local Crossbar
BUS IF Switch Memory
FR550 FR550
core core
10
Chip

Fast 1/0 Bus

*Memory Bus: 64bit x 2ch / 266MHz
«System Bus: 64bit/ 178MHz

FR550 VLIW Processor

I-cache
32KB

D-cache
32KB

Integer Operation Unit
- — F_Inst.0
dGR X H Inst.1
— [ _Inst. 2
L — = Inst. 3
H __H H inst4
3 FR I H inst.5
— F__Inst. 6
L ——1 = Inst 7

Media anration Unit

Memo

ry

Bus

| corer
| —

y

T

$witch || switch
A 4 ‘} \

Memorny Memo

ry

Crossbhar
(FR1000)
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CELL Processor Overview

° Powe r P roceSSO r E I ement SPE _ synerg istic Processor Flements for High (FDops / Watt

SPU SPU SPU SPU SPU SPU SPU SPU

— PowerCore processes OS and spdee | e AT R RS T T

Control tasks o | | P et e L |
- 2-way Multi-threaded i 2 S e e e 2
« Synergistic Processor Element EIB (up to 96B/cycle)
(SPE) waoe || 1o

— 8 SPE offers high performance
— Dual issue RISC Architecture
— 128bit SIMD(16-way)

— 128 x 128bit General Registers
— 256KB Local Store

— DedicatedDMA engines

10
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1987 OSCAR(Optimally Scheduled Advanced Multiprocessor)
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OSCAR(Optimally Scheduled Advanced Multiprocessor)

HOST COMPUTER
|

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

RISC Processor | |I/O Processor
I I I I Bank1 || Bank2 || Bank3

] | ] L 0 e e e
I I I
— Addr.n||Addr.n|]Addr.n csmz | lcsms
Data PI’Og_ DIStI’IbUIEd .............................................
Memory Memory Shared I I
Memory
Read & Write Requests
Bus Interface Arbitrator
Distributed
Shared Memory
(Dual Port)
(CP) _

(64 Registers)
-2 Banks of Program
Memory
-Data Memory
-Stack Memory

-DMA Controller
PE1 PES PEG6 PES PE9 | |IPE10] |PE11 PE15| |PE16

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

\

12
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OSCAR PE (Processor Element)

SYSTEM BUS

[ BUSINTERFACE ]
LOCAL BUS1 LOCAL BUS2 :
DSM
: l
;[DMAJ[LPM [LSMJ[LDMJi[IPUJ [FPUJ@E
' —— || REG ] I
INSC —{ "
INSTRUCTIONBUS L oo
DMA :DMA CONTROLLER L DM : LOCAL DATA MEMORY
LPM :LOCAL PROGRAM MEMORY (256K W)
(128K W * 2BANK) DP :DATAPATH
IN'SC : INSTRUCTION IPU :INTEGER
CONTROL UNIT PROCESSING UNIT
DSM :DISTRIBUTED FPU : FLOATING
SHARED MEMORY (2KW) PROCESSING UNIT
LSM :LOCAL RE G : REGISTERFILE 13

STACK MEMORY (4K W) (64 REGISTERS)
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OSCAR Memory Space

SYSTEM MEMORY SPACE LOCAL MEMORY SPACE

OOOOOOOO ; ----------------------------- é OOOOOOOO

PE15 4

DSM

: UNDEFINED : .
i(Local Memory Area) ( |Ssit]r| elétM
00100000 ] el Eme )
00000800
BROAD CAST NOT USE
00200000 — 00010000
L P M(BankO)
NOT USE (Local
01000000 Program Memory) 00020000
cP L P M(Bankl)
(Control Processor)
01100000 00030000
NOT USE NOT USE
02000000 00040000
LDM
(Local
PEO Data Memory)
02100000 00080000
PE 1 NOT USE
02200000 OOOFO000
CONTROL
00100000
02F00000
PE1S SYSTEM
03000000 ACCESSING
camyl, 2,3
(Centralized
Shared Memory) AREA
03400000
NOT USE
FFFFFFFF FFFFFFFF

University of lllinois
Oct. 2006

15
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OSCAR Multi-Core Architecture

CMP, (chip multiprocessor 0)
CMP 1/0
PE Devices
}—I 0 |PE
CPU i1 | pe CsM | L
LDM/ | v
LPM/ D-cache DTC .
I-Cache
FVR Network Interface CSM
E | . = :
: Intra-chip connection network o
. (Multiple Buses,|Crossbar, etc) - a4 .
a CSM /L2 Cache L == : [ AR a FVR FVR FVR
Inter-chip connection network (Crossbar, Buses, Multistage network, etc) FVR

CSM: central shared mem.
DSM: distributed shared mem.
DTC: Data Transfer Controller

LDM : local data mem.
LPM : local program mem.
FVR: frequency / voltage control register 16
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API and Parallelizing Compiler in METI/NEDO
Advanced Multicore for Realtime Consumer Electronics Project

Sequential
Application

Program
Subset of C Language

AR

)

swelbolid uonesijddy

019
BulwealS olpny 21n2as ‘obew|

| SOI1U0J109[T JSWNSUOD dwlleay

J81dwod YISO epaseM

data assignment,

0 SPECi

data transfer,

power reduction
ol

Translate
into parallel
codes for
each vender

o |
4 V .
Proco Backend compiler
Scheduled API Sequential
Tasks decoder | Compiler
T1 Stop
Backend Compiler
Procil
Scheduled API Sequential
Tasks decoder | Compiler
T2 || T4
Procz
Scheduled Backend Compiler
Tasksy :
13 1176 Slow API Sequeptlal
decoder | Compiler
C )

Data Transfer by DTC(DMAC)

KExecutabI

codes for

3

each vendor

\ chip )

:
:

Mach.
Codes

Mach.
Codes

Mach.
Codes

Oct. 2006
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OSCAR Parallelizing Compiler

* Improve effective performance, cost-performance
and productivity and reduce consumed power

— Multigrain Parallelization

« Exploitation of parallelism from the whole program by use of
coarse-grain parallelism among loops and subroutines,
near fine grain parallelism among statements in addition to
loop parallelism

— Data Localization

o Automatic data distribution for distributed shared memory, cache
and local memory on multiprocessor systems.

— Data Transfer Overlapping

e Data transfer overhead hiding by overlapping task execution and
data transfer using DMA or data pre-fetching

— Power Reduction

e Reduction of consumed power by compiler control of frequency,
voltage and power shut down with hardware supports.
18
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OSCAR Multigrain Parallelizing Compiler

Automatic
Parallelization T T
— Multigrain Parallel Fortran Frontend C Frontend
Processing ?_S‘
— Data Localization 'm':'“m
— Data transfer Yo
Overlapping Coarse Grain Parallelization
— Complier Controlled gl
Power SaVIng SCheme Data transfer overhead hiding
Compiler cooperative St Schotliog
M u Itl -core Dynamic Scheduler Generation
arCh | teC tu re Near Fine Grain Parallelization

— OSCAR Multi-core
Architecture

— OSCAR Heterogeneous

- SH Ultras
Multiprocessor [ Backend J [ Backend J
Architecture

Commercil SF D @@ &
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METI/NEDO Advanced Parallelizing Compiler Technology Projett™

Millenium Project 1T21 2000.9.8 —2003:3.31
Waseda Univ., Fujitsu, Hitachi, AIST

Performance
1T

Hardware Peak
performance  *

<Purpose>

Improvement of
@ Effective performanc
@Cost-performance
@ Ease of use

APC Project

Effective
Performance

1G

1980

1990

2000

Theoretical maximum performance vs.
Effective performance of HPC

year

Background and Problems

@Adoption of parallel processing as a core
technology on PC to HPC

@ Increase of importance of software on IT

@ Need for improvement of cost-performance
and usability

Contents of Research and Development

@ R & D of advanced parallelizing compiler
Multigrain, Data localization, Overhead hiding

@ R & D of Performance evaluation technology

for parallelizing comEiIers

Ve

Goal:

Double the effective performance

Ripple Effect

@ Development of competitive next
generation PC and HPC

@ Putting the innovative automatic
parallelizing compiler technology
to practical use

@ Development and market acquisition
of future single-chip multiprocessors

@ Boosting R&D in the following many fields:
IT, Bio-tech., Device, Earth environment,
Next-generation VLSI design, Financial enegineering,
Weather forecast, New clean energy, Spac
development, Automobile, Electric Commerce, etc
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Generation of Coarse Grain Tasks

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

. [ BPA T Near fine grain parallelization : ZEEA

I I | LsB

! Yy Loop level parallelization —BPA | —BPA
Program- RB % Near fine grain of loop body —RB T Z§E

= " parallcization e

! ! [ CR8

L o | BPA 1 L g

: _:_ oarse _gra_ln RB —:— — BPA

. 1 parallelization |_gg ——[RB

__________ | e eee_1__SB

Total : t : d : d

115t Layer ! 2", Layer 1 3 Layer
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Earliest Executable Condition Analysis
for coarse grain tasks (Macro-tasks)

Data Dependency
"""""""" Control flow 1
@) Conditional branch

— //‘ ------
.......... O BPA Block of Psuedo

Assignment Statements
ti 20
RB Repetition Block .

15 BPA 7 RB

15 7

RB e Data dependency i

Extended control dependency '
O conditional branch 13

RIS OR Comitizeas”
~—~ AND 14

A Macro Flow Graph

> Original control flow

D A Macro Task Graph22
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Automatic processor assignment in’
103.su2cor

e Using 14 processors
Coarse grain parallelization within DO400 of subroutine LOOPS

SWEEP LOOPS
| 18§
Main "' s |\ ! INT4V
) A7 =
. - I" ," l' [1,14] : H ’ ] = "/
. " . " ------ "I : : X' . " H o"
= ’ s l' N . ! £ g H
T} RB| R 't CORR & : ' || SB
= T a1 | |8l e '
RB RB|y :[ M H DO RB|| |RB| |RB| [|RB[|~ ~==<| ] s
: sBll : o0 || [|po]| |pof |po s [7,1]
: ‘i‘ RB : ; ~{ [|400|| |400]| [400 RB|['— ’
: ' 2 SB P [1 14]—\ ! > - H
. \ s ” » 1 - \ H
S Bmor W R P K 2| (1141 041004 R [(RE
[1,14] ) \ . S~ v ul \
[1,14] \|LSB \ Triply nested | 271
1_:_ ~~~~~~ \“ [1 ,14] rlp y nesie OOp [7,1]
[1,14]

Nprc, Nre = [PG,PE]
23



oooooo
00000000

MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD = 4.3

B DOALL B Sequential LOOP [JSB mmBB
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Data-Localization
LLoop Aligned Decomposition

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

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

C RB1(Doall) 4 N ( N N N [ ~
DO I=1.101 LR CAR LR CAR LR
A(l)=2%1 DO I=1,33 DO 1=34,35 DO 1=36,66 DO 1=67,68 DO 1=69,101
ENDDO 1
| DO 11,33 /
C RB2(Doseq) N q

DO 1=1,100 DO [=34,34

B(1)=B(-1) - \
+A()+A(I+1) DO I=35,
ENDDlo \ DO 267,67
RB3(Doall) //I\ DO 1=68,100
DO [=2,100 S S—

C()=B()+B(I-1) DO 1=2,34 DO 1=35,67 DO 1=68,100
ENDDO N VAN VAN VAN J X >
C 25
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Inter-loop data dependence analysis in TLG

Define exit-RB In TLG

_ C RB1(Doall)
as Standard-Loop bollsL 101 g
 Find iterations on which E/:I(gsg' i
a Iteration of Standard-Loop Is
data dependent C RB2(Doseq)
- DO 1=1,100
- e.9. K, of RB3 Is data-dep B()=B(-1) d ..
on K-1,,K;, of RB2, +A()+A(I+L)
ENDDO
on K-1,,K;,,K+1,, of RB1
C RB3(Doall)
DO 1=2,100 . L
C()=B(1)+B(I-1) e ’
ENDDO

26
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Decomposition of RBs in TLG

« Decompose GCIR into DGCIRP(1=p=n)

— n: (multiple) num of PCs, DGCIR: Decomposed GCIR
e Generate CAR on which DGCIRP&DGCIRP*! are data-dep.
e Generate LR on which DGCIRP is data-dep.
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Data Localization

U
m
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T
m
=

[EEN
N
[EEN

o
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28

[31] [32] | [39]

Al

MTG after Division A schedule for two processof®

w

Data Localization Group

w
-
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An Example of Data Localization for Spec95 Swim

DO 200 J=1,N

DO 200 I=1,M

UNEW(1+1,J) = UOLD(I+1,J)+

TDTS8*(Z(1+1,J+1)+Z(1+1,J))*(CV(I+1,J+1)+CV(I,J+1)+CV(l,d)
+CV(I+1,3))-TDTSDX*(H(I1+1,J)-H(1,J))

VNEW(I,J+1) = VOLD(1,J+1)-TDTS8*(Z(I+1,J+1)+Z(1,J+1))
*(CU(1+1,J+1)+CU(1,J+1)+CU(1,J)+CU(1+1,d))
-TDTSDY*(H(1,J+1)-H(1,J))

PNEW(I1,J) = POLD(I,J)-TDTSDX*(CU(I+1,3)-CU(l,J))

1 -TDTSDY*(CV(1,J+1)-CV(1,))

200 CONTINUE

N -

N -

— | PO CU|CV | Z

DO 210 J=1,N
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(L,J+1)
PNEW(M+1,J) = PNEW(1,J)

210 CONTINUE

DO 300 J=1,N
DO 300 I=1,M
UOLD(1,J) = U(1,J)+ALPHA*(UNEW(1,J)-2.*U(1,3)+UOLD(I,J))
VOLD(1,J) = V(1,3)+ALPHA*(VNEW(I,J)-2.*V(1,J)+VOLD(l,J))
POLD(I,J) = P(1,J)+ALPHA*(PNEW(I,J)-2.*P(1,J)+POLD(l,J))
300 CONTINUE

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

cache size
0 1 2 3 4MB

. . : UN
VN | PN | UO | VO

UN

VN | PN

U V P UN
VN | PN | UO | VO
PO

~ ]
Cache line conflicts occurs

among arrays which share the
same location on cache

(b) Image of alignment of arrays on
cache accessed by target loops

29
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Data Layout for Removing Line Conflict Misses
by Array Dimension Padding

Declaration part of arrays in spec95 swim

before padding

PARAMETER (N1=513, N2=513)
—

after padding

PARAMETER (N1=513, N2=544)

COMMON U(N1,N2), V(N1,N2), P(N1,N2),

UNEW(N1,N2), VNEW(N1,N2),
PNEW(N1,N2), UOLD(N1,N2),
VOLD(N1,N2), POLD(N1,N2),
CU(N1,N2), CV(N1,N2),
Z(N1,N2), H(N1,N2)

* N K %

COMMON U(N1,N2), V(N1,N2), P(N1,N2),
UNEW(N1,N2), VNEW(N1,N2),
PNEW(N1,N2), UOLD(N1,N2),
VOLD(N1,N2), POLD(N1,N2),
CU(N1,N2), CV(N1,N2),
Z(N1,N2), H(N1,N2)

*
1
*
2
*

Box: Access range of DLGO

-
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APC Compiler Organization

APC Multigrain
[ Parallelizing Compiler

- Cache optimization
- DSM optimization

Analysi

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

Source
Program

peculative
- Coarse Grain
- Medium Grain
\ - Architecture Support

Feedbackﬁ / / \

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
- Feedback-directed
Technique : .
d Selection Technique of <:Z| @q
Techniques for Profiling Compiler Directives [

& Utilizing Runtime Info

Ultra 80

SUN IBM IBM
Ultra 80 RS6000 31 pseries690

Variety of Shared Memory Parallel machines
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Centré&tizéed

Image of Generated OpenMP Code for scheduling
Hierarchical Multigrain Parallel Processing  code
SECTIONS
1st layer SECTION ~=-==-====-=-------- SECTION
L TO‘Tl‘TZ ‘TS 14|15 |16 | T7
MT1_1 Distributed | | | 1
/\ scheduling MT1 1
MT1_2 code
DOALL
MT1_3
MT1_4 >8 - - 2I i 3 1]
RB - T
~——~ - _ _ j. |||I\! 100 ! |I — |1_!3_2| ./—‘
N - 141 1471 o
AR | N 142 140
d b — |1_3_4|
il 4 l'?'s 113 1.3 5|
1_3_251 3 3|1-3- I X 3
\ 141 | \/—%\/ 144 ||[144 .
P e B W ' ‘ Vi ‘ v 13
421 .4.31.4.4
2nd layer ~ ~ ~ NP SEGTIONS
Thread Thread
2nd layer group0 groupl 32
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IBM pSeries690 RegattaH

e Upto 16 Power4: 32 way SMP Server
— L1(D) : 64 KB (32KB/processor, 2 way assoc.), L1(l): 128 KB (64KB/processor, Direct map)
— L2 :1.5MB (shared cache with 2 procs., 4~8 way assoc.)
— L3 :32 MB (external, 8 way assoc.) [x 8 = 256 MB]

GX

Slot

Mem Mem

1 Slot Mem
| Slot ox
PlPI_l 15 : Sl ot
L2 L2
MCM 3
P|P P|P
L2 L2

Slot Mem 5
Slot

Mem
Slot

Slot

Four 8-way MCM Features Assembled into a 32-way pSeries 690

http://lwww-1.ibm.com/servers/eserver/pseries/hardware/whitepapers/p690_config.html
33

IBM @server pSeries690 Configuring for Performance
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Performance of APC Compiler on

IBM pSeries690 16 Processors High-end Server
 IBM XL Fortran for AIX Version 8.1

Speedup ratio

— Sequential execution . -O5 -garch=pwr4
— Automatic loop parallelization : -O5 -gsmp=auto -garch=pwr4
— OSCAR compiler . -O5 -gsmp=noauto -garch=pwr4
(su2cor: -O4 -gstrict)
12.0
3.4s 3.1s 3.5s @ XL Fortran(max)
100 28.8s lAPC(max)
8.0
6.0 |
4.0
105.0s
20 13.0s -
252503745 2255 g5gs 1885 28245 32L4s
0.0 | | | | | | |_I | |_I_
231s 383s 215s 30.3s 3@.15 2785 3955 225s 858s 188s 126.5s 307.6s 291.2s 279.1s 282.4s 321.4s
QL N d &8 NS > S Q < N W N N A
» & & S KR SRR YN
< Q Q N > K N NSRS S N & S
\Q@e%@/@&@%@\ ‘\Q%$\\§%®®Q}&Q$@4
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Performance of Multigrain Parallel Processing
for 102.swim on IBM pSeries690

—eo— XLF(AUTO)
—u— OSCAR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Processors

35
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000000

Performance on IBM pSerleSG9O
Power4 24 processors SMP server

25 O XL Fortran Ver.8.1 —

OJJ 1)),

spec95 spec2000
* OSCAR cOmpler gave us 4.6 tImes speeaup

against XL Fortran Ver.8.1

N
(@)

[EEN
o1

[N
o

speedup ratio

(Sa]

mgrm
applu
turb3d
waveb H
swim
mgrid
applu
apsi

su2cor
fpppp ﬂ

hydr02d

tomcatv
swim

36
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SGI Altix 350

16 Itanium 2 (1.3GHz) SMP server
L1 16KB(4way), L2 256KB(8way), L3 3MB(12way)

9
2 @ Intel Fortran 7.1 |—
. m OSCAR B

speedup ratio

tomcatv ~ swim su2cor hydro2d mgrid applu turb3d apsi fpppp waves

2.4 times speedup against Intel Fortran 7.1 using OpenMP code for IBM p690
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Sun Fire V880

o UltraSPARCIII 8 processor SMP {
Sever

— L1(Data) : 64 KB (4 way assoc.), L1(Inst.):
32 KB (4 way assoc.)

— Prefetch : 2 KB (4 way assoc.)
- L2 : 8 MB / processor (2 way assoc.)

IR NN En N

EBus

{‘b PCI Slots 7-8 http://www.sun.com/servers/entry/880/

66 MHz/64-bit PCI Bus “C"

£
@
7] b upn
o g < 33 MHz/64-bit PCI Bus “B -

© L» PCI Slots 0-3
o £ S

o | 2

Board #2 B e g Controller

g c 33 MHz/64-bit PCI Bus “D"
£ 5 T
s o
g b ... R VA
E § ng:CB)ndaW USB Supe; 1 _m‘g::ﬁfw
o /0 Bridge ! j
Tﬁi Q e Ethernet ';O 'éo
(]
= &5l
Lé EBus
o
7}

66 MHz/64-bit PCI Bus “A”
-

A
Gbit
Ethernet FC‘ALA%

The Sun Fire™ V880 Server Architect%ﬁe

Board #4 |

A

EBus
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Performance OSCAR multigrain =
Parallelizing Compiler on Sun V880

Data Localization and Cache Prefetching

Performance of OSCAR compiler on SUN V880(8 Ultra SPARC |1l Cu 1050MH2z)
35
2.65

B Forte 1pe (prefeich on)

Lt
=)

O Forte parallel (prefetch on) o
B OSCAR parallel (prefetch on)

I~
Lh

I~
=

L

=

speedup ratio against 1pe prefetch off
L

61s

85; 865 495 683 475 83s 90s 36s 1185 585

lomedty swim suZeor  aydro2d  mgrid dapplu turb3d dpsi lpppp waved

1.9 times speedup against Sun Forte compier 7.1
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IBM p5-550Q server (1.5 or 1.65 GHz)

Two Quad-Core modules

105.6
GB/sec

2-core 2-core
!EGM B POWERS5+ | | POWER5+
processor processor
<
# >

1to 64GB
 —— L2 L2 Mem DDR2
L3 E— Cache || cache || Ctlr 533 MHz
SMP Bus
GX Bus s on 2nd processor card
4.4 GB/sec
| ll' JJ
[ _«Ay

Four I/O
IFour 1/O J_H‘_ /O ‘_, Four PCIX & Drawers

Drawers Hub One PCIX DDR

GB/sec GX adapters share PCIX slots 4 and 5 40
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Performance on IBM p5550
POWER5+ 8 processors SMP server

[ XL Fortran Ver.10.1(SMT off)
O XL Fortran Ver.10.1(SMT on)

oo

| W OSCAR(SMT off)

BN |
T

ol (op)
T T

w &~
|

N

[EEN

o

tomcatv| swim | su2cor |hydro2d| mgrid | applu | turb3d | apsi | fpppp | wave5 | swim | mgrid | applu apsi

spec95 spec2000

« OSCAR compiler
— 2.74 times speedup against XL Fortran Ver.10.1 without SMT
— 2.78 times speedup against XL Fortran Ver.10.1 with SMT 41
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Example of Near Fine Grain Tasks

<<LU Decomposition>>
1) ul2 =al2/111

2) u24 = a24/122

3) u34 = a34/133

4) 154 =-152 * u24

5) u4b = a45/144

6) 155 =ub5 - 154 * udh 19 ) -

Task No.

<<Forward Substitution>>
7) yl=bl/111
8) y2=Db2/122
9) b5 =Db5-152 * y2
10) y3 =b3 /133
11) y4 = b4 /144
12) b5 =b5 -154 * y4
13) y5 =b5/155

Data
<+—Transfer
Time tl]

<<Backward Substitution>>
14) x4 =y4 - ud5 * y5
15) x3 =y3 - ud4 * x4
16) x2 = y2 - u24 * x4

17) x1 =yl -ul2 * x2 42
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Task Graph for FPPPP

43



Redundant Synchronization Removal Using'
Static Scheduling Results

on Shared Memory Multiprocessors

PE1 PE2 PE3
—)  Precedence
relations
FS Flag set

FC Flag check

FC Unnecessary

44
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Generated parallel machine code for near
fine grain parallel processing

PE1 PE2
; ———— Task A ———- ; ———- Task C -——--
; Task Body ; Task Body

FADD R23, R19, R21

; ———— Task B -—--

; Flag Check : Task C FMLT R27, R28, R29

L18: FSUB R29, R19, R27
LDR R28, [R14, 0] ; Data Transfer
CMP R28, RO STR [R14, 1], R29
JNE L18 ; Flag Set

; Data Receive STR [R14, 0], RO
LDR R29, [R14, 1]

; Task Body

FMLT R24, R23, R29

45
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Multigrain Parallel Processing of
JPEG Encoding on OSCAR CMP

Oct. 2006

399

2

1PG2PE 2PG1PE§ 1PG4PE  4PGIPE 2PG2PE§ 4-issue

TOey R

46
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OSCAR Multi-Core Architecture

CMP, (chip multiprocessor 0)
CMP 1/0
PE Devices
}—I 0 |PE
CPU i1 | pe CsM | L
LDM/ | v
LPM/ D-cache DTC .
I-Cache
FVR Network Interface CSM
E | . = :
: Intra-chip connection network o
. (Multiple Buses,|Crossbar, etc) - a4 .
a CSM /L2 Cache L == : [ AR a FVR FVR FVR
Inter-chip connection network (Crossbar, Buses, Multistage network, etc) FVR

CSM: central shared mem.
DSM: distributed shared mem.
DTC: Data Transfer Controller

LDM : local data mem.
LPM : local program mem.
FVR: frequency / voltage control register 47
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Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

e Shortest execution time mode

Ordinary scheduled results FV control Power control
PGO PGI PGO PGI PG0 PGI
T MT2 | T T T T MT2 [T
MT1 | |Vl | (R MT . MT1 | | vl | (%
Vfull a V:full A V:Aull B
: ) : =
M3 | |m MT3 | |m MT3 | |m
Vifull | | V-full V-full
= -8 N . -3 Mo &
Time _ Time . _Time
* Realtime processing mode with dead line constraints
Ordinary scheduled results FV control Power control
PG0 PGi PGD PGO PGI1
via || MT2 MT2
V:full Vull
e | Dead Line Er Dead Ling,




e Functions of the multiprocessor

e State transition over

state
FULL
MID
LOW
OFF

state
frequency
voltage

dynamic energy

static power

FULL
0
40Kk
40Kk
80k

MID
40k
0
40k
80k

FULL
1
1
1
1

LOW
40k
40k

0
80k

delay time [u.t.]

OFF
80k
80k
80k
0

MID

1/2

0.87

3/4
1

nead

LOW
1/4
0.71
1/2

1

State
FULL
MID
LOW
OFF

energy overhead [ 1 J]

FULL
0
20
20
40

O OO oOoT

MID
20
0
20
40

University of lllinois

An Example of Machine Parameters
for the Power Saving Scheme

— Freqguency of each proc. is changed to several levels
— Voltage is changed together with frequency
— Each proc. can be powered on/off

LOW
20
20

0
40

Oct. 2006

OFF
40
40
40
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Speed-up In Fastest Execution Mode

=
o1

4 B w/o Saving|
- :
35 w Saving
2 3+
o
o 25 B
>
o 2
o
» 1.5
1 -
O | | | | | | | |
L2 4 12 4 1 2 4 1 2 4
tomcatv swim applu mpeg2enc

benchmark
50
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Consumed Energy
IN Fastest Execution Mode

200 1600
180 @ w/o Saving 1400 |
160 || @ w Saving 1200
1000
800 r
600
400
200

0

energy(mJ)

1 2 4

tomcatv swim applu

benchmark number of proc.

mpeg2_encode

o1



Energy Reduction by OSCAR Compiler

ersity of lllinois
Oct. 2006

In Real-time Processing mode (1% Leak)

4500
4000
3500

—3000

E.2500

=
= 2000
: -
1500
1000
500
0

-82.7%4V

400

mpeglenc
deadline = sequential execution time, Leakage Power: 1%

- 86.7%

Bw/o Saving
B w Saving

-74.0%

fom caty

B

B
hu .@fpc.4 1

swinl

2 4

applu

22
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Energy Reduction by OSCAR Compileumfm
In Real-time Processing mode (10% Leak)

5 79 6% 500 | Owio 3 aving B2 7Y,
- B1 6% \
4 400 = -!
35 350 II".'1
5 5 5 250
= — = I |
= 2 u ik 200 —
1.5 150
1
1 95 100 W R W
UK < I
0 ' ' 0 ' ' ' ' | '
i ‘ 2 ‘ 4 1 ‘ 2 ‘ 4 1 2 4 1 ‘ 2 ‘ 4
1y e ol e torcabs BT arph

deadline = sequential execution time, Leakage Power: 10%
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Energy Reduction VS. Leakage Power

(4cores)
3500 | Bw/o saving ~29.69 300 | B w/o saving —50:0%
Bw saving -49.6 B saving, 89
3000 -50.1% 250
2500 -56.0%
_ 0
_ 5 200 59.0%
£ 2000 =
i o0 15()
s 1500 =
g [<b)
100
1000
500 50

static power / dynamic power

0.00 0.1

03 05

mpegZencode

0.01

0.1

tomcatv

0.3

static power / dynamic power

0.5

350

Bw/o saving
Bw savingg ,

—50.0%

1%

250-6

b2
=
L

energy[J]

[U—
(|
f—]

100

50

-58.0%

2 0%

|

0.0l 0.1

0.3

0.5

static power / dynamic power

swim

» deadline = sequential execution time*0.5
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Conclusions

» Compiler cooperative low power high effective
performance multi-core processors will be more
Important in wide range of information systems from
games, mobile phones, automobiles to peta-scale
supercomputers.

» Parallelizing compilers are essential for realization of

» Good cost performance

» Short hardware and software development periods
» Low power consumption

» High software productivity

» Scalable performance improvement with advancement
In semiconductor integration technology

» Key technologies in multi-core compiler

» Multigrain parallelization, Data localization, Data trang,fer
overlapping using DMA, Low power control technologigs



