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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

— BPA f Near fine grain parallelization

E : Loop level parallelization BPA! —EEA

Program‘i_— RB : Near fine grain of loop body ’:RB : | sp

| \ Coarse grain SB ' _&pra

! ' parallelization —BPA | :zg

. =SB —Coarse grain RB ——oa

! ' parallelization —SB— [
__________ JI________JI.__________________________________JI___T________
fotal 15t Layer! 2nd, Layer 3. Layer




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

............... o A Macro Flow

Graph A Macro Task Graphi
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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
scheduling
code
SECTIONS
SECTION ~—==========-==------- SECTION
10| T4 12| 73| T4 75| T6| T7
MT1 1
MT1 2 |v||r1-3 |
> i |\/iT1-4 i |1_I3_1| |1_i,_1| |1_i°,_1|
— = =—F—"|| |13 2||[2_3 2|} [1.32]|| eT
141 141 1 | |
1 —1F——|||[2_3_3]} |2_3_3|| [_3_3]
142 14 2 | |
— 11— — 1 |||[2_3.4]}[3.4]| |1_3_4]
14 3 143 |
— —1———||||23.5|}[2_3.5|] |2_3_5]|
14 4 14 4 |
j I ] 1.3 6|}|136/]|13 6
AR AR R EARAEAE
. o END SE(;,TIONS

Thread groupO

—

Thread groupl

!
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API: Application Programming Interface
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OSCAR API v1.0DIERX

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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Parallel Execution

Start of parallel execution

— #pragma omp parallel sections (C)

— 1$omp parallel sections (Fortran)

Specifying critical section

— #pragma omp critical (C)

— 1$omp critical (Fortran)

Enforcing an order of the memory operations
— #pragma omp flush (C)

— 1$omp flush (Fortran)

These are from OpenMP.

17



Thread Execut

111 NV UAL

on Model

1 1VIV

#pragma omp parallel sections
{
#pragma omp section
main_vpc0();
#pragma omp section
main_vpcl(Q);
#pragma omp section
main_vpc2();
#pragma omp section
main_vpc3();

main_  main_  main_  main_
vpcO() vpcl() wvpc2() vpc3()

Parallel Execution
(A thread and a core are bound
one-by-one)

} VPC: Virtual Processor Core

18



Memory Mapping

 Placing variables on an onchip centralized shared
memory (onchipCSM)

« #pragma oscar onchipshared (C)
 1$oscar onchipshared (Fortran)

 Placing variables on a local data memory (LDM)
« #pragma omp threadprivate (C)
« 1$omp threadprivate (Fortran)
« This directive Is an extension to OpenMP

 Placing variables on a distributed shared memory
(DSM)

« #pragma oscar distributedshared (C)
 I$oscar distributedshared (Fortran)

19



Data Transfer

Specifying data transfer lists

— #pragma oscar dma_transfer (C)

— I$oscar dma_transfer (Fortran)

— Containing following parameter directives
Specifying a contiguous data transfer

— #pragma oscar dma_contiguous_parameter (C)
— 1$oscar dma_contiguous_parameter (Fortran)
Specn’ylng a stride data transfer
— #pragma oscar dma_stride_parameter
— 1$oscar dma_stride parameter
— This can be used for scatter/gat
Data transfer synchronization

— #pragma oscsar dma_flag
— 1$oscar dma_flag_check

chec

ner data transfer

K

20



Power Control

« Making a module into specifying frequency and voltage

state

— #pragma oscar fvcontrol (C)
— 1$oscar fvcontrol (Fortran)
— state examples

« 100: max frequency .| PG0 PG
. 50 MT1 | | MT2
50: half frequency fvcontrol(100) | | v | | vand
 0: clock off
e -1 nower off fvcontrol(-1) \T:u:}'h
he w VU\IVUI Vil - .

=
Time

& fvcontrol(50)

2
5

" fvcontrol(100)

« Getting a frequency and voltage state of a module

— #pragma oscar get_fvstatus (C)
— 1$oscar get_fvstatus (Fortran)

21



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))



Timer

» Getting an elapsed wall clock time In
microseconds

—#pragma oscar get_current_time (C)
—1$oscar get_current_time (Fortran)
 For realtime execution

23



Hierarchical Barrier
Synchronization

» Specifying a hierarchical group barrier
— #pragma oscar group_barrier (C)
— 1$oscar group_barrier (Fortran)

Ist layer — 8cores

2nd layer — PGO(4cores) PG1(4cores)

3rd layer —{ PG0-0 || PGO-1 || PGO-2 || PGO0-3 || PG1-0(2cores) PGI-1(2cores)

24



Performance of OSCAR Compiler on IBM p6 595 Power6
(4.2GHz) based 32-core SMP Server

Speedup Ratio

15

10

SIER X1 Forkran for A0 Wer 121 DEDAR
- _ ! 26,0
i %
u S | N [ S -
_ P e
P > =
ﬂ it 4t m
| [oxmasca | _
l [mL ” T 1
[Wormary+| Tamanye | 11,3
81
80: kB 64 - 63
' 30
1T - 16
14 b 11 ; 1.0 1010 1010 1010
[ ! 10] [] ) [ 5= =5 = I
3 E o~ P = = ﬂ_ &
i 3 z £ P E 2 @ B ?;é g
=] e =
=] x| o = £
4 | 2

OpenMP codes generated by OSCAR compiler accelerate IBM XL Fortran for

Compile Option:

AIX Ver.12.1 about 3.3 times on the average

(*1) Sequential: -O3 —garch=pwr6, XLF: -O3 —qarch=pwr6 —qsmp=auto, OSCAR: -O3 —qarch=pwr6 —qsmp=noauto

(*2) Sequential: -O5 -q64 —qarch=pwr6, XLF: -O5 —q64 —qarch=pwr6 —qsmp=auto, OSCAR: -O5 —q64 —qarch=pwr6 —qsmp=noauto

25

(Others) Sequential: -O5 —qarch=pwr6, XLF: -O5 —qarch=pwr6 —qsmp=auto, OSCAR: -O5 —qarch=pwr6 —qsmp=noauto
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speedup ratio
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Performance of OSCAR compiler on
NEC NawEngme(ARl\/I -NEC I\/IPcore)
: | iy

45

.nun a:t |

Eg77 8 :
4 4 M OSCAR ‘_lj ““I |'f"’4| e | [_[J"’]’EII"“ s

FY ey X 3 ﬂa._,.rJ_ﬂq

rABLU=
[=1=] T3 i i —
==
B - !
LT LM o
A |:

speedup ratio

2 L
1.5 - I
| I

. o - '; '
i A B -
| l | I |

1PE 2PE 4PE 1PE 2PE 4PE 2PE 4PE
mgrid su2cor hydro2d
SPEC95

Compile Opiion : -O3

 OSCAR compiler gave us 3.43 times speedup against 1 core on
ARM/NEC MPCore with 4 ARM 400MHz cores
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Performance of OSCAR Compiler Using the Developed API on
4 core (SH4A) OSCAR Type Multicore

4.0
3.50
3.5 re
3.0
2.71
2.53
2.5
2.07
2.0 1. 78 1.86 1.88 1.83
o l |
1.00 1.00
1.0
0-0 | | | | | | | | | | |
1 | 2 | 83 | 4 2 3 | 4 1 | 2 | 3 | 4 1 | 2 | 3 | 4
MPEG2enc MPEG2dec MP3enc JPEG 2000enc

3.31 times speedup on the average for 4cores against 1core 30



4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Performance of OSCAR Compiler Using the multicore API

on Fujitsu FR1000 Multicore

3.76

: /3-75
mol | | | ‘ | | [

2 3 4 2 3 a 2 3 4

2.81
/ 1.94

1.00 |
1

2 3 4

MPEG2enc MPEG2dec MP3enc JPEG 2000enc

3.38 times speedup on the average for 4 cores against
a single core execution
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Processing Performance on the Developed Multicore Using
Automatic Parallelizing Compiler

Speedup agglinst single core execution for audio AAC encoding

*) Advanced Audio Coding

7.0
6.0

o1
o

.
o

Speedups

3.6

© = N W
©O O o o

1 2 4 8

Numbers of processor cores 32
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