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The First Compiler Codesigned Multiprocessor
OSCAR (Optimally Scheduled Advanced Multiprocessor) in 1 987
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SIGMA-1

ETL(Electrotechnical Laboratory),
Ministry of International Trade and
Industry, Japan. (AIST, METTI)

iri :

i ﬂ
SIGMA-1 is a large-scale computer based on F ——
fine-grain dataflow architecture designed to g

show feasibility of fine-grain dataflow computer
to highly parallel computation over
conventional von Neumann computers.
SIGMA-1 project was stated on 1984 and the The SIGMA-1 Dataflow Computer
128 processing element (PE) started working Toshitsugu Yuba, Kei Hiraki, Toshio Shimada,

. . Satoshi Sekiszuchi and Kenii Nishida
on 1988. SIGMA-1 was demgn and built at the ACM '87: Proceedings of the 1987 Fall Joint Computer Conference on Exploring

Electrotechnical Laborat ory (ETL for sh OI't) technology: today and tomorrow December 1987, Pages 578585
Ministry of International Trade and Industry, (el el [pe] [eel
Japan. SIGMA-1 is still the largest scale Locat e
dataflow computer so far built and it achieved II
more 100 Mflops as a maximum measured @ _
performance of the total system. As for the Maintenance Tocor reer S
language for SIGMA-1, ETL developed S Host v
Dataflow-C language as a subset of C ot R =

: . . l rocessor ! [ .g
programming language. Dataflow-C is a single S S =
assignment languagg that can compile C-like @
source programs to highly parallel executable eemanDs i

— 1 Processor ocal et

dataflow machine codes (Fig. 1).
https://link.springer.com/referenceworkentry/10.1007/978-0-387-09766-4_287




https://ieeexplore.ieee.org/document/130111/similar#similar
Parallel processing of near fine grain tasks using static
scheduling on OSCAR (optimally scheduled advanced
multiprocessor)

H. Kasahara; H. Honda; S. Narita All Authors

Published in; Supencom 0:Froceedings of the 1950 ACMIEEE Confensnce
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Journals & Magazines > Computer > Volume: 15 Issue: 2 @

A Second Opinion on Data Flow Machines and

Languages

Publisher: IEEE
Gajski ; Padua ; Kuck; Kuhn All Authors
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Fig.10 A kind of dataflow graph with near fine grain tasks
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tioned in Section 3.1 The measured processing times
were reduced from 108.7 [us] and 105.8 [us] for one PE
to 37.2 [us] (1/2.92) and 35.2 [us](1/3.01) for seven PEs

respectively.
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Mr. Hajime Miyoshi

ACM/IEEE SC ‘94: Washington, D.C. November, 1994/Z T # 3

CMOS LSI

B FAVPP5000 ({AS & Frith)

F=—nrrr~aEgRn

Machine Cyclellu ime 9.5ns (105MHz)

PE Performance 1.68GFlops

PE Memory Size 256MB/PE :

Crossbar Bandwidth 4B/cycle x 2 {send/receive simultaneous)/PE
- 42LMB/s 12 /PE

* NAL computer center, Chofu, Tokyo, Feb. 1, 1993



Cedar Supercomputer
University of Illinois at Urbana-Champaign, CSRD (Center for Supercomputing R&D)
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e —<wmeex  Larth Simulator
TR UK HifEi
AR - BEXBRETL  (http://www.es.jamstec.go.jp/)
 Earth Environmental simulation like Global Warming,
El Nino, PlateMovement for the all lives onr this planet.
*Developed in Mar. 2002 by STA (MEXT) and NEC with

400 MS$ investment under Dr. Miyoshi’s direction.
(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, SX6)

>
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“K” Supercomputer by Riken, No.1 in TOP500, June 20 & Nov.2,2011
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OSCAR Parallelizing Compiler

To improve effective performance, cost-performance

and software productivity and reduce power

Multigrain Parallelizationa.crci991,2001,04)

coarse-grain parallelism among loops and
subroutines (2000 on SMP), near fine grain
parallelism among statements (1992) in
addition to loop parallelism

Data Localization

Automatic data management for distributed

shared memory, cache and local memory
(Local Memory 1995, 2016 on RP2,Cache2001,03)

Software Coherent Control (2017)

Data Transter Overlappingoie partiany)

Data transfer overlapping using Data
Transfer Controllers (DMAS)

Power Reduction
(2005 for Multicore, 2011 Multi-processes, 2013 on ARM)
Reduction of consumed power by

compiler control DVFS and Power
gating with hardware supports.
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Earliest Executable Condition Analysis for Coarse
Grain Tasks (Macro-tasks)

Data Dependency
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A Macro Flow Graph




Generation of Coarse Grain Tasks

sMacro-tasks (MTs)
> Block of Pseudo Assignments (BPA): Basic Block (BB)
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» Subroutine Block (SB): subroutine
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Generated Multigrain Parallelized Code

(The nested coarse grain task parallelization is realized by only
OpenMP “section”, “Flush” and “Critical” directives.)

1st layer
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Performance of APC Compiler on

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

— Sequential execution
— Automatic loop parallelization

: -O5 -qarch=pwr4

: -O5 -gsmp=auto -qarch=pwr4

— OSCAR compiler : -O5 -gsmp=noauto -qarch=pwr4
(su2cor: -O4 -gstrict)
12.0
34s 31s 3.5 @ XL Fortran(max)
00 3.5 times speedup & |mapcimax
in average
o 80
@
560
)
0
Q
D40
105,05
13.0s
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23-’2_SI37.4 oes g5gs  1gRl0 28245 321.4s
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Performance of Multigrain Parallel Processing
for 102.swim on IBM pSeries690

—e— XLF(AUTO)
—8— OSCAR

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




ARM and NEC Collaboration

MPCore™
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3.48 times speedup by OSCAR compiler against sequential processing
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Performance of OSCAR compiler on
16 cores SGI Altix 450 Montyale server

ompiler options for th
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OSCAR compiler gave us 2.32 times speedup
against Intel Fortran Itanium Compiler revision 10.1
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Decomposition of RBs in TLG

« Decompose GCIR into DGCIRP(1 =p=n)

— n: (multiple) num of PCs, DGCIR: Decomposed GCIR
« Generate CAR on which DGCIRP&DGCIRP*! are data-dep.
* Generate LR on which DGCIRP 1s data-dep.

A
R A S

DGCIR! DGCIR? DGCIR?®
GCIR




An Example of Data Localization for Spec95 Swim

DO 200 J=1,N
DO 200 I=1,M
UNEW(I+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,J)
+CV(1+1,J))-TDTSDX*(H(1+1,J)-H(1,J))
VNEW(1,J+1) = VOLD(I,J+1)-TDTS8*(Z(I1+1,J+1)+Z(1,J+1))
*(CU(I+1,J+1)+CU(1,J+1)+CU(1,J)+CU(I+1,J))
2 -TDTSDY*(H(I,J+1)-H(1,J))
PNEW(1,J) = POLD(I,J)-TDTSDX*(CU(1+1,J)-CU(1,J))
1 -TDTSDY*(CV(I,J+1)-CV(1,J))
200 CONTINUE

N =

=

— |PO|CU|CV ]| Z

DO 210 J=1,N
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(1,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(I,J)-2.*U(1,J)+UOLD(1,J))
VOLD(I,J) = V(I,J)+ALPHA*(VNEW(I,J)-2.*V(1,J)+VOLD(l,J))
POLD(1,J) = P(1,J)+ALPHA*(PNEW(1,J)-2.*P(1,J)+POLD(I,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

~ 11

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



Data Layout for Removing Line Conflict Misses

by Array Dimension Padding
Declaration part of arrays in spec95 swim

before padding after padding

PARAMETER (N1=513, N2=513) PARAMETER (N1=513, N42\=%)
1) :

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), HN1,N2) * Z(N1,N2), HN1,N2)
_"_' > 4MB T i R
A2 UV ¥V V7V | o— 1 1
77/ W UV VI U
7 I padding NN

- .

W @ @ ©

Box: Access range of DLGO



8 Core RP2 Chip Block Diagram

Cluster Barrier Cluster
#0 [ Core #3 Synd. Lines Core #1 #1

I (ore #1 _]q—» Core #SI

Core #0 Ci " Core #4
Lerll cpy| ppy = |I=tr1|]| Fru| cpu |[[~EPS!
PCR?2 J.6K|4£|BAR I Sl ST BAE1§K| 16KI | PCR

Local memory o o = Local memory
PCRIT:ZK., D:32K ol 18] Y| LLSK, D:32K||lPCR
PCRO) DSM 64K - Al S - | DSM 64K PCR

T Lttt ti {1 0 A
On-chip system bus (SuperHyway) |

v v ! LCPG: Local clock pulse generator
DDR2II SRAMI | DMA | PCR: Power Control Register
control | |control | |control [CCN/BAR:Cache controller/Barrier Register

Off-chi On-chi DSM: Distributed Shared Memory

Share Share
Memory  Memory




Demo of NEDO Green Multicore Processor for Real Time Consumer

Electronics at Council of Science and Engineering Policy
on April 10, 2008

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html

B | m7amia R liRR [PR206E4H 10H) Codesign of Compiler and
Multiprocessor Architecture
since 1985

4 core multicore RP1 (2007), 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)
developed in NEDO Projects with Hitachi and Renesas

RP-1 (85CC2007 #5.3) | RP-2(1SS5CC2008 #4.5) RP-X($SCC2010 #5.3)

DAA

& B [ E e - L @
b ___..r" _d. [ . N ' 4

| e |
_ 7 73 - el ' '-
BRI GTREENERORT(]) SHRORET () E o

Peripherals

SNC
& Core8 Core7 F
§—
Cored ;
GCPG—C |} || —wer
M L] mm r ¢

90nm, B-layer, triple-Vih, CMOS | 0nm, 8-layer, triple-Vih, CMOS 45nm, B-layer, tnple-Vth, CMOS
976 mm? (4,68 x .88 mm) 104.8 mm? (10,61 x 8,68 mm) 153.8mm2(124x 124 mm)
i 2 i . 1.0V fnternal), 1833V (0) | 1.0-4.4 (intemal), 1 83.3V(10) 1002V (interna), 1 2-3.3V (10)
e .!- r r 9 g - 600MHz 4.32 GIPS, 16,8 GFLOPS | 600MHz , 864 GIPS, 336 GFLOPS | 648MHz, 137GIPS, 115G0PS, 36.2GFLOPS
e T RF R RO T (3) FHERORARAORT ) HAGOPSWIDMN) |83 G0PSW(0MMM) 373 GOPSW (2014%)

Prime Minister FUKUDA is touching our multicore chip during execution.




Power Reduction of MPEG2 Decoding to 1/4
on 8 Core Homogeneous Multicore RP-2

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

| | Without Power With Power Control
; Control __ (Frequency, -
(Voltage : 1.4V) Resume Standby:

Power shutdown &
6 "W"M‘\» ¢ 17— Voltage l/owerinlg 1.4V—1.0Y)
5 ' 5
4 4

S 5.73| 1.52
| Dy b

1 - S - . |

Avg. Power 73 59, power Reduction AVE. Power

5.73 [W] ———— 1.52 [W]



Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

» Shortest execution time mode

Ordinary scheduled results FV control Power control
PGO PGT PG0 PGt PGO0 PGT
T -l - -l -

MTT | | vfull | |} iy MTT .
Vfull i V:full i V:full n
B B =
MT3 | [m m .
N Vifull | | B 1 | 5
Time | Time | Time
« Realtime processing mode with dead line constraints
Ordinary scheduled results FV control Power control
PG0 PG PG0 PG PG0 PGl
- I I
V-full -
Time Dead Line Tie | Dead Line Tre | Dead Line



 Functions of the multiprocessor

state
FULL
MID
LOW
OFF

state

frequency

voltage

dynamic energy

static power

e State transition overhead

FULL
0
40k
40k
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

174

0.71

1/2
1

state
FULL
MID
LOW
OFF

energy overhead [uJ]

LOW

FULL
0
20
20
40

Cooomm

MID
20
0
20
40

An Example of Machine Parameters
for the Power Saving Scheme

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

LOW
20
20

40

OFF
40
40
40


プレゼンター
プレゼンテーションのノート
Next, I’ll show the an example of machine parameters for the power saving scheme. this scheme assumes multiprocessors have next functions.
Frequency of each proc. is changed in several levels. Second, Voltage is changed as to the frequency. 
Third, each proc. can be powered on or off.  This table shows an example of the rates of voltage, dynamic energy and static power at each frequency. Frequency is changed to FULL, MID whose freq. is half of FULL, LOW whose freq. is a quarter and OFF. 
and the optimal voltage for each frequency is fixed. Dynamic and static energy is calculated by using V and F.
This scheme also considers the state transition overhead. For example, when the frequency is changed from FULL to MID, it needs 40,000clock delay time and 20 uJ energy overhead.


=

S e
Cal

PGO E PG1 i PG2
MT1 | !
[ MT3 |
M Ji——1| mm4
MT5 : MTa : T
|
: : MTRE
; : Margin
-~ Given Dead Line
O ++ A
S OO LOW
T -
Clock

&
=

Phase 1

Phase 2

| Phase 3

Power Reduction Scheduling

PGO |
MT] :

| |

2
MI2 ! |
Nl | |
MID : MT6 : MTT :
| T ) ey [ MTS )
ime

PE3

T OO

[ OFF |

P ) S B
= AT TV
1R

Fig. 6. VvV /EF control of applu(dproc. )
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VC0 VC1 main_VC0() { main_VCI1() {

#pragma oscar fvcontrol ¥

(((OSCAR_CPU(),O))

. . » #pragma oscar fvcontrol ¥

(1(OSCAR_CPU(),100)~3,

}



プレゼンター
プレゼンテーションのノート
This figure shows an image of low-power optimization by OSCAR compiler with OSCAR API.
The fvcontrol directive here uses OSCAR module description.

The left figure shows an image of scheduled result by OSCAR compiler.
By applying power optimization, the compiler puts core-1 into sleep mode.
At the code generation phase of the OSCAR compiler, the fvcontrol directives are inserted like this.
After MT2, Core2 falls in asleep.
Parameter 0 stands for sleep mode.
If -1 is specified here, core-1 is shut down.
After MT1 on core-0, the fvcontrol here wakes core-1 up.
Parameter 100 stands for the maximum frequency.
If 50 is specified here, core-1 execute at the half of the frequency.



~ Multicore Proagram Development Using OSCAR APl V2.0

a )
Sequential Application OSCAR API for Homogeneous and/or _
Program in Fortran or C Heterogeneous Multicores and manycores Generation of
(Consumer Electronics, Automobiles, Directives for thread generation, memory, paral(ljel machine
Medical, Scientific computation, etc.) data transfer using DMA, power codes us_lnlg
= . g managements ii?rl::i?(:lras
o __
3 Manual o .
- o parallelization / | | Low Power |
um . .
= power reduction Parallelized Homogeneous
§ APIForC Multicore Code
o [ Accelerator Compiler/ User|| Program Generation = ”
20 Cnimd?? A . . — Homegeneous &
g Add “hint” directives ProcO API Existing Multicore s . =
S | before aloop or a function to . Analyzer | sequential from Vendor A .S
= | specify itis executable by Code with compiler (SMP servers) =
the accelerator with directives =
how many clocks Thread 0 Low Power Eitmiis =
Heterogeneous el 2
N Proc1 Multicore Code ==L 3
Waseda OSCAR Code with neration = b D
iy - oot APl | Existi N
Parallelizing Compiler directives Analyzer se;:fem?al He;:rfgeneous >
> Coarse grain task Thread 1 (Available | compiler from 3:‘;3%‘73 g
parallellzat_lon_ Acceleratord W;r;:c]a) k)
> Data Localization Code . :§
i I[:)MAC da‘;a t:_anSfer_ Accelerator 2 Server Code 3
ower reduction using - >
DVFS, Clock/ Power gating | | —%0d¢ Generation =
d : OpenMP =
Hitachi, Renesas, NEC, Compiler | _
Fujitsu, Toshiba, D ) - -
Olllg,lnf;,lus’();/ﬁltsﬁbisfl?,so OSCAR: Optimally Scheduled Advanced Multiprocessor | ghred memory
Esol, Cats, Gaio, 3 univ. API : Application Program Interface servers
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goweuren  hittps://www.computer.org/product/education/multi-core-video-lectures-bundle

Multi-Core Lecture Series consists of 1l one-hour Multi—-core Roundtable Discussion
Created by Multicore STC . Video Lecture
Chair Hironori Kasahara lectures by some of the world's leading R

researchers in the field, This series is not a
course and it consists of the presentation for

those who are in the research field, This is more

M u Iti -core Video : intended for research information sharing than

' educational training, Topics that are covered Sy
Lecture Senes v Dependences and Dependence

during these lectures are listed below. This yiNar1 VS is Video |Lecture
series also includes an hour discussion of the

MULTI-CORE VIDEO SERIES

Dependences and Dependence Analysis by
Utpal Banerjee Utpal Banerjee's research

* t i

Video Presentations: lecturers,

¥ f'llln.][{:'nr i |'.|1 C i::.':”:ll !H:i.-'lri: Tal§ |':I'I'I r.:l.'il'n'i:J p-."?fjnf.'l interests in computer ‘_'-.CIC-H(_'L‘ are in the g_)e-nr_'ral
area of parallel processing and he has published

: i ' ' four books on loop transformations and

o Autoparallelization for GPUs by Wen-Mel Hwu churclarsnanstyais, with afHth o o

instruction level parallelism on the way.

+ Dependences and Dependence Analysis by Utpal Banerjee

» Dynamic Parallelization by Rudolf Eigenmann Multigrain Parallelization and
o Instruction Level Parallelization by Alexandru Nicolau Power Reduction Video Lecture

T i :|_| il - ——— } - —. P - i sl Multigrain Parallelization and Power
» Multigrain Parallelization and Power Reduction by Hironori Kasahara Reduction by Hironorl Kasahara. Professor
Kasahara has been ressarching on OSCAR
aa Pl b b A s . W = ok Autormatic Parallelizing and Power Reducing
L] l|.l||l' |-|l||:1'|.|'='r1fl'.|| .'-".n]':'l |.:|_'|'. I"’l’“ll | l"'ql,l.,fi[-r Compiler and OSCAR Multicore architecture for
rmore than 30 years, and led four Japanese
national projects on parallelizing compilers,

multicores, and green computing

o Vector Computation by David Kuck

o Vectonzation by . Sadayappan
» Vectorization/Parallelization in the IBM Compiler by Yaoging Gao

» Vectorization/Parallelization in the Intel Compiler by Peng Tu

» Roundtable Discussion by all presenters



IlEEE Computer Society I The first President from outside North America in 72 years history of IEEE CS I

Y ) Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
s 2018 IEEE Computer Society Computer Pioneer Award
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Qntel Xeon E5-2650v4 - Benchmark results on upto 8 cores

O

O0Oo0

O

X86-64 based Architecture, 12 Cores, 2.2 GHz - 2.9 GHz

30 MiB shared L3 cache,
L3 Cache: Shared by all cores

speedup to sequential version
gcc as backend

O NAS parallel benchmark suite
m BT: Block Tri-diagonal solver
m CG: Conjugate Gradient computation
m SP: Scalar Penta-diagonal solver
o SPEC2000
= art: Image recognition / Neural networks

= equake: Seismic wave propagation
simulation

= swim: Shallow water modelling - Fortran 77
O MediaBench II : MPEG2 encoding

oo

1 Core
2 Cores

Speedup to Sequential
O ~ NN W & O1 OO N

BT CG P at equake MPEG2 swim

swim shows superlinear speedup and 1 core speedup
. seq.: 58.1s, 1 core OSCAR: 33.2 s, 4 core OSCAR: 10.5s


プレゼンター
プレゼンテーションのノート
SP, art: High task granularity and high overhead (sync, data transfer)


AMD EPYC 7702P - Benchmark results on upto 8 cores

O x86-64 based Architecture, 64 Cores, 2.0 GHz - 3.35 GHz
0 16 MiB L3 cache per 4 core cluster, © NAS parallel benchmark suite

= BT: Block Tri-diagonal solver

| Shared W|th|n the ClUSter = CG: Conjugate Gradient computation

= SP: Scalar Penta-diagonal solver
O SPEC2000
= art: Image recognition / Neural networks

O speedup to sequential version = equake: Seismic wave propagation
= swim: Shallow water delli - Fortran 77
D gCC 1a05 baCkend O Meslia:enc:l‘;:MzEermei::dinng; oriran
| | | | . : . [doaiig
= (0(oores W - [doalT3[bbT |

|doall4|::|osum{5

s 9
*GC-; 8
=] 7
3 6+ M 8Cores mmm
8 O F [Bb6
o G | Sl
3 EE R T B (655117
Q 2L B S 00 B
)
& 1L flesams
0
, [B59]
BT CG P at equake MPEG2 swim
0O CG and swim show superlinear speedup g macrotask graph GoaTTTp
= CG: seq.: 0.86 s, 8 core OSCAR: 0.09 s L3 cache Optimization by ,2
emtii

Data Localization



NVIDIA Carmel ARMvS8.2 - Benchmark results on upto 4 cores
O Arm v8.2 based Architecture, 6 Cores, 1.4 GHz

I 0 NAS parallel benchmark suite
D 4 MIB Shared L3 CaChe/ m BT: Block Tri-diagonal solver
0 L3 Cache: Shared across all cores = £G: fonjugate Gradient computation

m SP: Scalar Penta-diagonal solver
O SPEC2000
art: Image recognition / Neural networks

O Speedup to Sequential versior - equake: Seismic wave propagation

simulation

m swim: Shallow water modelling - Fortran 77
D gCC aS baCkend O MediaBench II : MPEG2 encoding

3 I I I I I | I
- 1 Core
= 2.0 2 Cores mmam
%’_ 2 4 Cores mmmmmm
A
IS 1.5 - S
S (IS EE BEE BE E
O
2 osL (B BN BN | BN
& .

0

BT CG P at equake MPEG2 swim

O overall good speedup is observed
m equake: seq.: 19.0 s, 4 core OSCAR: 7.18 s


プレゼンター
プレゼンテーションのノート
with the scheduling, 2 cores can fully utilize each 2mib cache cluster, with 4 cores, at least 2 cores must share cache


SiFive Freedom U740 - Benchmark results on upto 4 cores
O RISC-V based Architecture, 4 Cores, 1.2 GHz

O 2 MlB Shared LZ CaChe 0 NAS parallel benchmark suite
= BT: Block Tri-diagonal solver
O L2 Cache: Shared across all cores = CG: Conjugate Gradient computation

= SP: Scalar Penta-diagonal solver
O SPEC2000
= art: Image recognition / Neural networks

O speedup to sequential version = equake: Seismic wave propagation

simulation

D gCC as baCkend = swim: Shallow water modelling - Fortran 77

0 MediaBench II : MPEG2 encoding

4.5 . . . . . . .
4
3.5
3
2.5
2
1.5
1
0.5
0

Speedup to Sequential

BT CG P art equake MPEG2 swim

O overall good speedup is observed, swim superlinear
m BT: seq.: 2041 s, 4 core OSCAR: 551 s



Heterogeneous Multicore Architecture

targeted by OSCAR API

i VC(OVPC{D) R VG VPC) VC{nVPC(n

OnChip
CSM

Network Interface
e i
ﬁi

kil &3

ACCb 0

volmmt), | VO(rrHmt?)
VPC""'HTH . VPC{mtmi?)

DTU
— Data Transfer
Unit
LPM

— Local Program
Memory

LDM

—  Local Data
Memory

DSM

— Distributed
Shared Memory

CSM

—  Centralized
Shared Memory

FVR

—  Frequency/Volta
ge Control
Register



OSCAR API Ver. 2.0 for Homogeneous/Heterogeneous

Multicores and Manycores
(LCPC2009 Homogeneous, 2010 Heterogeneous)

Specification: http://www.kasahara.cs.waseda.ac.jp/api/regist.php?lang=en&ver=2.1

List of Directives (22 directives)

» Parallel Execution API
parallel sections (¥)
flush (*)
critical (¥)
execution

» Memoay Mapping API
threadprivate (*)
distributedshared
onchipshared

» Synchronization API
groupbarrier

» Data Transfer API
dma_transfer
dma_ contiguous_parameter
dma_stride parameter
dma flag check
dma_flag send

(* from OpenMP)

» Power Control API
fvcontrol
get fvstatus

» Timer API

get current_ time

» Accelerator
accelerator task entry

» Cache Control
cache writeback
cache_selfinvalidate
complete _memop
noncacheable
aligncache

2 hint directives for OSCAR compiler

. accelerator task
. oscar comment
fromV2.0




CPUO CPU1 CPU2 CPU3
CORE | DTU | CORE | DTU | CORE | DTU | CORE | DTU
TMTC1 T T T TTLoAD |T T T T oAb Y
| MTG1 MT1-1 - or0— MT1-2 | =040
: SEND SEND
|
| UL MT1-4
'\ SEND
e LOAD SEND LOAD
MTG2 MT2-1 LOAD LOAD LOAD
LOAD LOAD
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Speedups & Power Reduction on RP-X Heterogeneous Multicore with 8§ CPUs and 4 DRPs

33 Times Speedup Using OSCAR Compiler and APTon  Power Reduction in a real-time execution controlled
Renesas RP-X with 8 CPUs & 4 DRP Accelerators by OSCAR Compiler and OSCAR API on RP-X

(Optical Flow vith  band-tued brar (Optical Flow with a hand-tuned library)
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: bt . by OSCAR Compiler
= 10% of power reduction
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Green Computing Systems R&D Center

Waseda University

Established by Prof. Kasahara supported by METI (Mar. 2011)

<R & D Target>

Hardware, Software, Application
for Super Low-Power Manycore | =
>More than 64 cores B, o= -
>Natural air cooling (No fan) Bt =

Cool, Compact, Clear, Quiet

>Operational by Solar Panel

<Industry, Government, Academia /
Hitachi, Fujitsu, NEC, Renesas, Olympus,
Toyota, Denso, Mitsubishi, Toshiba,
OSCAR Technology, etc

<Ripple Effect>
>Low CO, (Carbon Dioxide) Emissions
~Creation Value Added Products

> Automobiles, Medical, IoT, Servers Beside Subway Waseda Station,
Near Waseda Univ. Main
Campus

SIS 11it2chi SR16000:
E9  Power7 128coreSMP
Fujitsu M9000
SPARC VII 256 core SMP




The 25th International Workshop on Languages and Compilers for

Parallel Computing (LCPC2012), September 11-13, 2012

at Waseda U. Green Computing Center
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A Strategic Initiative of Computing: Systems and Applications
(SISA)- Integrating HPC, Big Data, Al and Beyond, Jan.18-19, 2017

A Strategic Initiative of Computing:Systems and Applications
(SISA) -Integrating HPC, Big Data, Al and Beyond-- Jan. 18-19,2017
Opening: Prof. Gao, Prof. Kasahara Il Extreme Scale and Beyond

Waseda VP Shuji Hashimot®eynote: Paul Messina ANL, USA
|. Architecture and Applications » Motoaki Saito, PEZY, Japan

Keynote: William J. Dally, » Eiji Ishida, MEXT, Japan
NVIDIA and Stanford University, USk Depei Qian, BUAA, China
» Kimihiko Hirao, RIKEN, Japan » Toshiyuki Shimizu, Fujitsu, Japan
» G. W. Yang, Tsinghua Univ, China 1V Integration of HPC, Big Data, and Al .
» J. Sexton, IBM. USA Keynote: Thomas Sterling, Indiana Univ., USA

Il System Software and Applications ” Masaru Kitsuregawa, NI and
Keynote : Rick. Stevens ANL, UsA UM of Tokyo, Japan

> S. MikhalSmeTyanswy Teer Uon » Thomas Schulthess, ETH, Swiss
» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura, e
» R. Govind, IIS, India Oscar Tech, Japan LK Hl" H INNH

» H. Hironori Kasahara,

| \ L# 1’
Waseda Univ,




210 Times Speedup against the Sequential Processing for
GMS Earthquake Wave Propagation Simulation on

Hitachi SR16000

(Power7 Based 128 Core Linux SMP) w.crc2015)

actuar: S48 symametric Mtpeocessor)

—Proposed method (Speed Up Ratio)
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First touch for distributed shared
memory and cache optimization over

loops are important for scalable speedup
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実時間0.08秒の地震をシミュレーション


Parallel Soft is important for scalable

performance of multicore (LcPCc2015)

> Just more cores don’t give us speedup

> Development cost and period of parallel software
are getting a bottleneck of development of
embedded systems, eq. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National

Research Institﬁe for_Earth Science and D1s er Res1hice (NIED)
original Lsun studi proposed m Eth od Fjitsu M9000 SPARC

Multicore Server

= 250 ;EE : T i F 211.0 OSCAR
I~ F = = «%F | Compiler gives
-E 200 — us 211 times
E E speedup with
Elﬂ'n o 128 cores
= @ 150
=
=]
= E 100 .
CL Commercial
|= E" compiler gives
o o 5O us 0.9 times
E i speedup with
W 128 cores (slow-
-? o downed against
o 1lpe 32pe 64pe 128pe | lcore)

»  Automatic parallelizing compiler available on the market gave us no speedup against execution time on 1 core on 64 cores
»>  Execution time with 128 cores was slower than 1 core (0.9 times speedup)

> Advanced OSCAR parallelizing compiler gave us 211 times speedup with 128cores against execution time with 1 core
using commercial compiler
» OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization




Automatic Parallelization of JPEG-XR for
Drinkable Inner Camera (Endo Capsule) on Tilera

PCle
(x4 lane)

12¢, JTAG,
HPI, UART, q
SPI ROM

rt1
PCle cie
(x4 lane) ==

ZD
-~
)

xaur

(10GbE)

RGMIl

(10GbE)

0Speed-ups on TILEPro64 Manycore
|

60.0

55.11

1core
10,00 10.0[s] 7 Q6
3.95
100 1.96 - I
0.00 — - : : : :
1 2 4 8 16 32 64

55 times speedup with 64 cores



Performance on Multicore Server for Latest Cancer

Treatment Using Heavy Particle (Proton, Carbon Ion)
327 times speedup on 144 cores

Hitachi 144cores SMP Blade Server BS500:
Xeon E7-8890V3(2.5GHz 18core/chip) x8 chip

e \ 4 350 . , 327.60
| 4 100 327.6 times speed up with 144 cores
A L 200
RS 3 1w
/s 100
1 Lmsmm ‘ 30
37X vme N\ ROKR: A | ) R
[ s \ ! ' ' '
N o 1PE 32pe 64pe 144pe
of

» Original sequential execution time 2948 sec (50 minutes) using GCC was
reduced to 9 sec with 144 cores(327.6 times speedup)

» Reduction of treatment cost and reservation waiting period is expected
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Engine Control by multicore with Denso Automatic Parallelization of an Engine Control
Though so far parallel processing of the engine control on C Program with 400 thousands lines on

multicore has heen very difficult, Denso and Waseda succeeded  AUTOSAR on 2 cores of Infineon AURIX TC277
1,95 times speedup on 2core V850 multicore processor.

Abbreviations :

Infineon AURIX o, Sogmene

. . DSPR: Data Scratch -Pad RAM
» Hard real-time automobile TC277 PSPR. Program Scratoh-pad RAM
PFlash: Program Fla:

engine control by multicore =y a2 ioeh EEEPROM)
' ' : SRI Master Interface
using local memories
= Paripheral Bus (SPB) __b
ar - Ry 0 | 1
L% Millions of lines C codes i L] . Fru_TTE=T] [
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L‘;% = e TC1.6E ,,QKD:':S,R ?I.D;Ia:g P:':,fahn p:':,.sé” Seg 10 (OxA): Non-Cached
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pati PMUO
'—l |
|no O O L
" gn na coJ !! ore execut|
0SCAR 1 Core execution b 145500
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B it B 0SCAR 2 Core execution(data mapped)
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Macro Task Fusion for Static Task Scheduling

— : Data Dependency

O : Conditional Branch

---- : Control Flow Merged block

Only data dependency

succeeded tasks

( Fuse branches and ] { Fl.u-:;]{[

\ =N

] blockl block3

7] [7]

7"

g

cim

MFG of sample program MFG of sample program
before maro task fusion after macro task fusion

emib

MTG of sample program
after macro task fusion
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In the result of fusing tasks.
These figures show MFG and MTG of sample program after task fusion.
Because compiler succeed hide conditional branches, compiler can schedule tasks statically in order to guarantee real-time constraint and reduce run-time overhead.
We fuse MTs surrounded blue line and green line


Speedups of NPB/CG Scientific Code by OSCAR Compiler
on NEC SX-Aurora TSUBASA A100-1 8 cores 10C VE

57 times speedup for 8 vector cores by OSCAR Parallelization

& NEC Vectorization against NEC 1 core Vectorization
mExecution Time  ==Speedun

Core Core .
. 60,00
0 12000 115.54 [S] 50.00
£ 4
=0 10000 Q
. 0.00 -LI =
- ﬁ N ? ol
0 ﬂf | Jo.anﬁ 8
5 b o
o 20.'UU+* 0
3 {"K | 10 [][J”J
I.I.I uuuuuuu 2.03[5] U,
. J
000 ' — m— 0.00
NECTcore — 1core 2 core deore § core NEC
Vectorization ¢ — »  Parallelization
”' 0SCAR Parallelization + NEC .
PCie Gend Vectorization and
6 Vectorization
NEC Corporation. (2021) SX-Aurora TSUBASA for 8 cores

Performance Tuning Guide. [Online]. Available:
https:/www.hpc.nec/documents/guide/pdfs/AuroraVE TuningGuide pdf



8 Core RP2 Chip Block Diagram

Cluster #0 A Cluster #1
Baprrier
| Core #3 Svnc. Tines Core #]
[ Core #1 b Core #5
Core #0 —> Core #4
LCPGON cpU | FPU d—l || ||~ FPU | CPU []| LCPGT
pCRi 15 | s [con] LT M Eimns coN IS bCR7
BCRA fox [ 1% [§SH HH— § é -1+ 2k 18k BCRd
Local memor m S S| ™ Local memor
Bcrll ||| 13K, D:32K” | of (12 L I:SK, D:32 CRS
Cra || [urRAM 64K i 2l 12 . URAM 64K ||| [PCR4
| yevy 111 i yevy 111 i
On-chip system bus (SuperHyway) ]
' v ' LCPG: Local clock pulse generator
DDR2|| SRA DMA | PCR: Power Control Register
control| [control| [control] CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)



Software Coherence Control Method
on OSCAR Parallelizing Compiler

» Coarse grain task parallelization with /\lg‘
earliest condition analysis (control and data 2|
dependency analysis to detect parallelism
among coarse grain tasks). \406 —

» OSCAR compiler automatically controls il
coherence using following simple program
restructuring methods: s | b

> To cope with stale data problems: — Data dpeadency ':__112
# Data synchronization by compilers - B
» To cope with false sharing problem: 7 OR N
@ Data Alignment R gizinal — 14
@ Array Padding MTG generated by
@ Non-cacheable Buffer earliest executable

condition analysis



Automatic Software Coherent Control for

Manycores

Preliminary Performance of Software Coherence
Control by OSCAR Compiler on 8-core RP2
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OSCAR Software Cache Coherent Control

for NIOS and RISCYV cores on FPGA

3.57x Speedups for NIOS and 3.68x for RISCV using 4 cores for NPB CG

Speedup

RP2 with Hardware Coherence
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- Automatic Local Memory Management
Data Localization: Loop Aligned Decomposition
 Decomposed loop into LRs and CARs
— LR ( Localizable Region): Data can be passed through LDM

— CAR (Commonly Accessed Region): Data transfers are
required among processors Multi-dimension Decomposition

Single dimension Decomposition - y / /

o LS LS L /

— o | _oa | @ -7~

DO I=1,101 LR CAR LR CAR LR

Eﬂgnnjaz*l 001% || DOE3435 || DOI=366 || DOITER (|| DOI=E 10 5&
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ﬁ 005767
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Moreover, the Inter-Loop Dependence analysis phase detects Localizable Regions and Commonly Accessed Regions, 

This figure shows an example of decomposition loops which have a single dimension array.
and this figure shows an example multi-dimension array.

Decomposed loops that access the same iteration ranges are grouped together into Data Localizable Groups, DLG. 

Compiler decides Macro Task scheduling utilizing Data localizable Groups. 
Macro Tasks in a Data Localizable Group are placed and executed on the same processor core to achieve data locality. 
For example, Processor 0 executes MTs in DLG0, processor 1 executes DLG1 and processor 2 executes DLG2.


Adjustable Blocks managed
by Compiler

O A suitable block size for each application

m different from a fixed block size in cache

m each block can be divided into smaller blocks with
integer divisible size to handle small arrays and scalar
variables

Lewvel
BIDGkNumber

«——— 1 Block on Local Memory ——=

Block,®

Level O

Level 1

Blockg' Block'

Level 2
Level 3

Blockg®

Block {2
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Thus far, I explained the method of data decomposition and scheduling.
But, the challenge of mapping and evicting decomposed data for LDM still remains.

The LDM management phase of the method utilizes scheduling result of DLGs.

For the actual mapping of the decomposed data onto LDM, the method adopts Adjustable Blocks and Template Array.

Running the programs, processor handle ... 

Using Adjustable Blocks, proposed method avoids memory fragmentation and efficiently utilizes limited size local memory.


Block Replacement Policy

by OSCAR Compiler

O Compiler Control Memory block
Replacement
= using live, dead and reuse information of each

variable from the scheduled result

m different from LRU in cache that does not use

data dependence information

O Block Eviction Priority Policy

1.

2.

3.

(Dead) Variables that will not be accessed later
in the program

Variables that are accessed only by other
processor cores

Variables that will be later accessed by the
current processor core

Variables that will immediately be accessed by
the current processor core
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To adjustably utilize LDM during the runtime of the program, the proposed method have to evict memory blocks. 

... listed here from most to least significance.


These are actual LDM mapping and eviction method.


Speedups by OSCAR Automatic Local Memory Management
compared to Executions Utilizing Centralized Shared Memory on
Embedded and Scientific Application on RP2 8core Multicore

Evaluation Results of Benchmark Applications
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Maximum of 20.44 times speedup on 8 cores using local memory

against sequential execution using otf-chip shared memory



Speedups of Deep Learning Winograd 2D-Convolution generated by TVM on NEC

Personal Vector Supercomputer SX-Aurora TSUBASA 8 Core Type 10C
OSCAR Parallelization and NEC Vectorization gave us 363x Speedup against a Scalar Core

. . . 160 izati i izati 400
Parallelization of Deep Leamng OSCAR Parallelization + NEC Compiler Vectorization

C C{]de generated by TVM 363.17)( (vs w/o Vectorization) ;
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Performance for Multimedia & Scientific Applications on OSCAR Vector Accelerator
(A Vector Processor with Local Memory or Distributed Shared Memory and DMA Controller Managed
by the OSCAR Compiler Redesigned Improving Japanese Supercomputer Technology in 1980-2000)

OSCAR Vector Accelerator on FPGA  Speedups against General Purpose Processor
by OSCAR Vector Multicore Processor

+ Vector Pipesand a
Scalar Processor Inside 30.0
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Future Multicore Products with
Automatic Parallelizing Compiler

Next Generation Automobiles
- Safer, more comfortable, energy efficient, environment

friendly

- Cameras, radar, car2car communication, internet
information integrated brake, steering, engine, moter
control

d

Smart phones Advanced medical systems
e ' e

Personal / Regional
Supercomputers

Ly

1

s e | L
-From everyday recharging to
less than once a week

Solar powered with more than 100
times power efficient : FLOPS/W
* Regional Disaster Simulators

- Solar powered operation in . saving lives from tornadoes,
* No cooling fun, No dust,

emergency condition | ble inside OP localized heavy rain, fires with
clean usable inside OP room
- Keep health earth quakes

Cancer treatment,
Drinkable inner camera
* Emergency solar powered
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