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7o BTHBEGHEE 2 Y- AR — kN LC, Fpk 25 FFREER £ TIT 20 BRI 2 8rlisehe L (i 66 H&R9)
WO AE RIS O EEICEB L=, £72. V=7 %A b www. eduroam. jp |2 C eduroam %fii> =% +
VR AR LAN & 2T DEEE D T 6O D EARAE S0 i K E~ = 2 7 V7 EOFRARZ1T 2 o7,

» eduroam / eduroam JP DOENI~DIEHRER « BEIEE)
36th APAN meeting (8 H \#[E T ¥ = »/1fi) | 3 L UV eduroam ¢ BA%E St TERENA 73 = {# D423 TF-MNM
A10H., =70, B, 20, F2—U v )IZBML T, WA LOSEMICE L CRESNE L
DGR L W B L M a (T2 072,
AARZIZUD T U7 FEIIZENICTU EORFPEZ R Z 5EN L < BONGEE O R P L T
HIEUMTZ W2 BRINFEFED eduroam OALFLAZ O £ TIREA - BHINEE L Sk, EHE P

- 66 -
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RADIUS $—"ZikE L7 < THUAGICFMHTE, eduroam FIHOHEE 2 K& < JKIF 24&E 2> T
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OpenMP Parallelization using Compile Log of Automatic
Parallelization

Azmir Ridzuan bin Azlan', Kazuhiko Komatsu?, Ryusuke Egawa?, Hiroyuki Takizawa’,
Hiroaki Kobayashi®

Abstract. Recently, HPC applications play important roles in various fields of science and
engineering. To achieve more complex and accurate simulation, exploiting the full potential of
supercomputing systems is essential. The performance of recent supercomputing systems has been
drastically improved by adding a lot of processing cores in a supercomputing system. Thus, the
exploiting of the potential of such cores is crucial. Automatic parallelization and OpenMP
parallelization are examples of the methods to utilize the multiple cores in recent supercomputing
systems. However, utilizing the multiple cores using these methods alone is difficult, due to the low
portability of the existing applications, and the time consuming procedures of OpenMP parallelization.
Therefore, this study proposes a low cost OpenMP parallelization method that combines the function
of automatic parallelization, and the high portability of OpenMP codes. The performance of the
proposed OpenMP parallelization is evaluated on a Multi-Scale Simulator for the Geoenvironment
(MSSGQG) using the NEC SX-9, the Nehalem EX Cluster, the Fujitsu FX10 and the Hitachi SR16000
supercomputing systems. The evaluations show that the proposed OpenMP parallelization is
performed effectively on multiple supercomputing systems.

Faculty of Engineering, Tohoku University
Cyberscience Center, Tohoku University
Graduate School of Information Science, Tohoku University
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OpenMP Parallelization using Compile
Log of Automatic Parallelization

Bac kg roun d Paralldlization

—ee i aa
Thread
« HPC applications #0
e Sequential process
» NOT FULL POTENTIAL
+ Exploit supercomputing systems by
optimizations
e Vector Supercomputer
+ SXo9
o Scalar Supercomputer
+ Nehalem Ex Cluster
+ FX1o0

Thread
#0

[Thread Thread

#1 #2

Process1
Process2
Process3

Azmir Ridzuan bin Azlan , Kazuhiko Komatsu,
Ryusuke Egawa , Hiroyuki Takizawa ,
Hiroaki Kobayashi

Faculty of Engineering, Tohoku University

Preliminary Evaluation

« Kernel parallelized automatically on 4 different
supercomputing systems
= SX9, Nehalem-EX Cluster, FX10, SR16000

nce Ratio to 1 Thread

£
5
H

« Automatic parallelization is not always effective
o Manual parallelizations required (ex : OpenMP)

Objective

» Realize a low cost OpenMP parallelization for
improving the performance of applications in
various systems

Approach

P Compile using
Application Auto Option

« Proposes a method to easily insert OpenMP
directives by using the compile logs
= Easily determine which part of the application can be
parallelized using OpenMP directives

Defines TYPE

COMPILE LOG
optimizations

and PLACE of

* SR16000
o Automatic parallelizations
« Parallel process
+ Performed automatically by compilers
+ Reduce execution time
- Increase performance

Time
Reduced

Process3 i Process2 | Processi

3
OpenMP

» Language extension for
parallelization process
¢ Insert OpenMP

! test.f90

| 'Somp parallel do
doj=1,n
doi=l,m

= 2 Parallel —< 1.1 :b','+ ','
directives on o ion mﬂ(u) (i) + (i)
parallelizable regions siddi
« PROBLEM enddo

. . I
o Manual insertion sampiénd pamlicldo

+ Identify parallelizable
loop

+ Time consuming

* Error-prone

doj=1,n
Loop e(ij) =e(ij-1) +2
dependency

—

_enddo

OpenMP Parallelization

Application A
(Developed for
Machine A)

Compile

Machine A
Generate

COMPILE LOG

OpenMP Parallelization

Sl
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- The Proposed Method™

mmm e Performance Evaluations
iem MP
/ / / p // directives OBJECTIVE

Application

« To confirm the effectiveness of proposed method
+ To examine the performance of the proposed
method on multiple supercomputing systems

1 !test.f90 Compile Log
sxf90 -R2 -Pauto -c test.f90 -o test.exe

566 et 90: n;ul(}IO)l ; teiF.i‘QO, line t2(](10: o 5] MATRIX
oj=l,n arallel routine generated : main_| . .
201 doi=l,m £90: mul(1) : test.f90, line 200: Performance Ratio
202 a(l"]) = b(l"l) * C(ld) T’aral}ellzed by PARDO . Performance of Automatic or OpenMP Parallelization on Multiple Threads
190: vec(4) : test.190, line 201: Pertormance Ratio'= Performance of Automatic Parallelization on 1 Thread
207 sum = sum + 1 Vectorized loop
208 enddo 90: mul(4) : test.f90, line 207 :
209 enddo CRITICAL section

Target Application

Experimental Environment

Multi-Scale Simulator for the Geoenvironment REISNER
(MSSG) + Developed and optimized on SX9
+ A simulator for coupled non-hydrostatic atmosphere- ° Proposed method using the compile log by SX compiler

ocean-land global circulation model

o Predict the weather through S Max RN
DY Cores QD) P
the changes of atmosphere
and.ocean NEC SXg 16 sxfgo -R2 -Cvopt -Pauto/-Popenmp
« REISNER Nehalem EX 32 ifort -xHost -O3 -parallel/-openmp

o Total Lines : 6044
s Total Loops : 58
= Max Nested Loop : 3

Fujitsu FX10 16 frtpx -Kfast -Kparallel,noopenmp/-Kopenmp,noparallel
Hitachi SR16K 32  f90-Oss -parallel/-omp

Evaluation Results Conclusion

I m Automatic Parallelization mProposed OpenMP Parﬂlle}izaﬁonl

Objective
« Perform OpenMP parallelization that reduce cost of

I}
@

8
N

=]
£
% programmer and human errors
H ~ / Proposed Method
el /' / « Perform parallelization using information on compile log of
£lo [ automatic parallelizations
& / / Evaluation Results
5 / I « OpenMP parallelization is performed effectively
= « Superior performance compared to codes parallelized
o | ;
124|860k | 2|4|8|16|3 248|161 32 automatlcally
SXo Nehalem EX Cluster FX10 SR16000 Future WOI'k
P Ly + Develop an automatic OpenMP parallelization tool that
SXq e : automatically performs OpenMP parallelization based on the
Similar Perf OpenMP : PerformanCegiigey information obtained by compile logs of automatic
o S orman.ce .| Auto : Remains the same : . y p g
»Proposed method is a SUCCESS  fin| Helization b i parallelization
> Ml core (T » No auto. parallelization by compilers

» Different optimization prioritized
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Autonomous Control Method for Energy—efficient
Network Systems in Non—territorial Offices
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+1 Graduate School of Information Sciences, Tohoku University
12 Research Institute of Electrical Communication, Tohoku University
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In this study, we are aiming for reductions in energy consumption of network
systems in office environments. This paper describes an autonomous control
method for reducing energy consumption of network systems in non-territorial
offices where members' desks are not fixed. Specifically, we propose objective
functions for optimization considering system-wide energy consumption and
members' working efficiency. Furthermore, we design planning model for making a
network system migrate to its optimal state obtained. Finally, we confirm the

effectiveness of our method through simulation experiments.
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ZT—H E'i(;‘ELJiHﬁ@“E
2014/2/24 F12EERTO—HAER 21 2014/2/24 F12EEHFO—ARE
6. f5aR 6. &5
T AN Y SHEHB
6.1 fGam 6.2 SRDEE
> B > SHRORE
o A4 RBRBIZE TSR T —9VRATLOEE N +  case 2[ZH T BH0ptimizerDIRET
> R - PN L
(P1) ADEEZNEZMHIZFL DD, ICTHRBOKELRINI—ILRT L - BREBZT5/325
DEREFHT IO EEH - BRZTOLOILAEEHEELOET L
(P2) EMAE AT LITHL, VAT LOBHEAZEEILT 20N EEH - etc

> BE
© AV RRBRITE T BRI I =0V AT LOEEALDO-HDEEM
HEFE

(F1) B BB SIZ RS Ry kI —S L AT AOREL
(FR)TZo=FERAVE-RERE~OBITISVOBEER
> R
s (FL), (FR)IZKY., EEMFTREHIFLODORVN IV RTLDEER
{LEERANUEMRETERTESILERLE

2014/2/24 F12EEE T AR 23

- KYEHCBRETOII =T OB
« BB OEB(Monitor), HlfHl(Controller)| B8 ¥ 2 5
 EERBITBTAER
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% : Optimizer M %5t
- HEENEG)DES
E(s) = z P(pc,s) +

PCEPC prePrinter

P(pr,s) + z P(sw,s)

sweswitch

P(pc,s) = S(pc,s) X Py .pcDHEBH

S(pe,s) .pcDIKR (FERAF)IZHLTEL
HAREDPTILILTOHOPCIZHBINT S(pe,s) = 0.28 LBTE
Py -PCOBRKHEBES, EPCTRADIE

0, if pris off
P(pr,s) = {Ppr, if pris on

By . TUUHONEDHEBED

LTI Bpr DHEEAD

0, if sw is off - e = s
P(sw,s) = {Psw- fowison - TYNT—IRAITFsw DHEEN
Py WD —URAyFONEFDHBEBAN )
2014/2/24 F12E BT O—ARE

{5t % : Optimizer M %5
- EEDEW(OEE

Wec(m, s)

meMember

W= D Wamepro(@) = ). Wairipro(as) +

acArea aeAdrea

Wsame_pro(@, 8) = B X Nsame_pair (@, 5)

Nsame_pair(@,5) .RLTUFIZVBR—=TOSTI-DORT O
FA=7aCzHrDAVARRLTYPIZWNDE, Ao/ AMTOIZa = —avhiRtEsh, %
HEAEMSBELERTE

Wiitt_pro(@,5) = ¥ X Naifr_pair (@, 5)

Naitt pair (@,5) RLTUTIZNBREZTOSIOLORTOH

BT 0b0A A RLIY 7 ICVAE, B BISEEDRIThIERS RN HIE
ENEINETTHILERTE

Wpc(m,s) = 8 X P(pcm, 5)

oy Aim BMES T Spe
AURHERATOPCHARYIICEYEL T HERMEETIE
By EH R FRERER SRS

8% : PlannerD E&ET

> FIUFHIZBE T BRAT—rOEEM®

* InArea(Member ?m, Area ?a) .. A2 7\?m I TF?a IZLVD
+  Using(Member ?m, PC?p) ... A2 /3?m APCPp EfE-TLVD
«  NotUsing(Member ?m) ... 427 \?m APCE{EDTLVELY

«  PrinterOn(Printer ?pr) ..U % ?pr BONIZHE-TLVS
«  PrinterOff(Printer ?pr) .../ 2 &?pr HAOFFIZHE2 TNV

«  SwitchOn(Switch ?sw) .. A v F?sw HYONIZ/E>TLVS
«  SwitchOff(Switch ?sw) .. A4 YF ?sw AOFFIZIE-TLYS

* HasQrder(PC ?p, Switch ?sw) / HasOrder(Printfar ?pr, Switch ?sw)
~PC? p /T B 2pr ISRAVFPswIZ BN S TLVS

2014/2/24 FB12EERTO—HAER

{7§% : Planner %t
> TIUoFItB A7 O3y D Rt

¢ (THIaAvDOREN) (EH)
[(ETIREH)
[GBMTBRT—R)
[(HIBRT BRT—H)]

* MoveArea (Area ?from, Area ?to, Member ?m) [T 7 %5819 %)
[InArea (?m, ?from) & NotUsing (?m)]
[InArea (?m, ?to)]
[InArea (?m, ?from)]

2014/2/24 B12EEHRSFO—HER 28

{F%%: PlannerM % &t
> TS FIZEBITBF I ar iR (Cont.)

« UsePC (Member ?m, PC ?p, Switch ?sw) [PCE{ELVIED 3]
[NotUsing (?m) & HasOrder (?p, ?sw) & SwitchOn (?sw)]
[Using (?m, ?p)]

[NotUsing (?m)]

* UnusePC (Member ?m, PC ?p, Switch ?sw) [PCEFSNDEPDH 5]
[Using (?m, ?p) & HasOrder (?p, ?sw) & SwitchOn (?sw)]
[NotUsing (?m)]

[Using (°m, ?p)]

« TurnPrinterOn (Printer ?pr, Switch ?sw) [J1) 4% 71 /]
[PrinterOff (?pr) & HasOrder (?pr, ?sw) & SwitchOn (?sw)]
[PrinterOn (?pr)]

[PrinterOff (?pr)]

2014/2/24 BREWESTO—HRE

{F5%: Planner MR ET
> FIUFIZBITAT I ar D5k (Cont.)

» TurnPrinterOff (Printer ?pr, Switch ?sw) [71) 4% 7 7]
[PrinterOn (?pr) & HasOrder (?pr, ?sw) & SwitchOn (?sw)]
[PrinterOff (?pr)]

[PrinterOn (?pr)]

+ TurnSwitchOn (Switch ?sw) [RA v FEH ]
[SwitchOff (?sw)]
[SwitchOn (?sw)]
[SwitchOff (?sw)]

+ TurnSwitchOff (Switch ?sw) [RA v FEZ 7]
[SwitchOn (?sw)]
[SwitchOff (?sw)]
[SwitchOn (?sw)]

2014/2/24 BRERE SRR 30
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% RERLZE T HEBZ D /T A2

2014/2/24

BEERS T O-HARE

[Switch_ [area [P [pc rea [Puc P rea b,
2 L fl 41 4 101]
Bl 9 2 1] pl 43 4 103
2 Ik 1 43 4 105)
4 4 20 1] bl 4 4 107]
S 2 fl 5 4 109)
printer_|area Py la 46 4 111]
1 1 4 21 2 51 q 90)
Il 2 52 9-21
E| 3 4 2 El 53 o4
4 4 4 2 | 54 96|
4 2 E| 55| a|
2 | 56 E 10
31}
32 E
3
31|
3]
3]

8% : RER2CH T HHPKELT—IL

- objects: PC(ped3); + initial state: HasOrder(pc25, sw2)& + goal state:
Member (m1); PC(pcad); InAreaim1, al)& HasOrder(pc26, sw2)& InArea(m1, al)&
Member {m2); PC (pedS); InAreafm?, a2)& HasOrder(pc3 1, sw3)& InArea(m3, a1)&
Member (m3); PC(pcat); InArealm3, a3)& HasOrder{pc32, sw3)& InArea(m3, al)&
Member {ma); PC (pes1); InAreafmd, ad)& HasOrder(pc33, swa)& InArea(md, a1)&
Member (ms); PC(pe52); InArealms, as)& HasOrder{pc34, swi)& InArea(ms, a1)&
Area(al); PC(pes3); Using(m1, pc11)& HasOrder(pc3s, sw3)& Using{m1, pc11)&
Area (a2); PC(pesa); Using(m2, pe21)& HasOrder(pc36, sw3)& Using(m2, pe12)&

PC (pess); Using(m3, pc31)& HasOrder(pcd 1, swi)& Using{m3, pc13)&
PC(pcs6); Using(m4, pea1)& HasOrder(pca?, sw4)& Using(m4, pe14)&
printer (pri); ing(mS, pe51)& Using(ms, pc15)&
PC (pel1); Printer (pr2); PrinterOn(pr1)& erOn(pri)&
PC (pe12); Printer (pr3); PrinterOn{pr2)& HasOrder(pca5, swi)& PrinterOff(pr2)&
pC (pe13); Printer (prd); PrinterOn(pr3)& HasOrder(pcA 6, swi)& printerOff(pra)
PC (pc14); Printer (pr5); PrinterOn(pr4)& HasOrder(pc5 1, swS)& PrinterOff(pra)&
PC{pe1s); Switch (swi); PrinterOn(prs)& HasOrder(pc52, sw5)& PrinterOff(prs)&
PC (pcl6); Switch (sw); SwitchOn(swi)& HasOrder{pc53, swS)& SwitchOn(sw1)&
pC (pea1); Switch (sw3); switchOn(sw2)& HasOrder(pc5 4, swS)& SwitchOff{sw2)&
PC (pe22); Switch (swa); SwitchOn(sw3)& HasOrder(pc55, sw5)& SwitchOff(sw3)&
pC {pca3); ; SwitchOn({swa)& HasQrder(pcS6, sws)& SwitchOff{swd )&
PC(pc24); SwitchOn(swS)& HasOrder{pr1, sw1)& SwitchOff(sws)
PC (pcas); HasOrder{pct1, swi)é HasOrder(pr2, sw2)&
PC (pc26); HasOrder(nel2, swi)& HasOrder{pr3, sw3)&
PC{pc3l); HasOrder(pcl3, swi)& HasOrder(prd, swi)&
PC (pe32); HasOrder(ncl4, swi)& HasOrder{pr5, sw5)
PC {pe33); HasOrder(pc15, swi)&
PC (pead); HasOrder(pel6, swi)&
PC {pc3s); HasOrder(pc21, sw2)&
PC (pc3s); HasOrder(pc22, sw2)&
PC (pct); HasOrder(pc23, sw2)&
PC (pca2); HasOrder(pc24, sw2)&
2014/2/24 B12E1REB -
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Statistical Analysis of Phase—Only Correlation Functions
Based on Directional Statistics

Shunsuke Yamaki' Masahide Abe'™ Masayuki Kawamata'

t1 Cyberscience Center, Tohoku University
t2 Graduate School of Engineering, Tohoku University

In this study, we discuss statistical analysis of phase-only correlation functions
based on directional statistics. We first derive the expectation and variance of the
phase-only correlation functions assuming phase-spectrum differences of two input
signals to be probability variables. We next assume circular probability distributions
for the phase-spectrum differences, considering phase-spectrum differences to be
circular data. As a result, we can express the expectation and variance of phase-only
correlation functions as linear and quadratic functions of circular variance of

phase-spectrum differences, respectively.
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