EHMMIPFSHYEE 075327 Vol.8 No.3 22-32 (Sep. 2015)

A AR a7 a5 I VA EEXT10ET OXEER I
T4 &) v alRg s ZEnl ALY — L OB 3

BorG sl (i i) 32 ggho)

=fTH 201552890, #§%H 2015F6R2H

BE  REFIETIE, BHIGEOLELNT 70 7T 3 v 7 ERE X10 ORI 2 88 2 R A 720078 7 7
ATBLPET 27 IA PRI L. X10 TIEIERBLEE RO FUE SR s 5720, AL v KA
B M, BE), 48 — FRELBEEO & 7k L~V 238065 X10 MEA IS & > CHEIIZ TS, *
D& BRIERNT 07T AR EESCRTEEEO L — T, Fa—= 77Ny 7&K
KELMEESHTL S, LELELS, 4B A= —a7R7 k7L —% FCREOHH ALY FiH
WV T MY 2 THEIRD SND R, TRTORGRNZEMEOFETIEEZ 2—FICRRT 5 2 & I13H
FERTIE R, KRR THE L7077 4 913, X10 EHFOIERY - GBS Ic LTa v o8
BRIBBR R — F2d AL, ALy FBH), A, @EO L) REEA XY M2 UET L. 512, TN
A IVEEDOERWIFNTIC X o Tk / — FIEICHRIEBRIICESZE SN A T—yEx b b Lo 1o L7z, e
LA XY MERZTTHALT ALY 27 74 FI2E, THALEHEZHIRS % 7290 Stream API 7 1 7 72
T4 NE ) v DSLERER EE L7, 2 —FIRETRERIS T 5 7 1 V8 Slbx Y — A3 — FICHHT
TTHREL, RKEDANY FRT 754 ET 1 ZEhMISK S 2 DT REE 72 5.

X—7— R ABF R, 22845, a7 745, DSL, X10

An Interactive Profiler/Visualizer with Event Filters for Parallel
Distributed Language X10

SEISEI ITAHASHIY'®  YOSHIKI SATO??)  SHIGERU CHIBAL:®)

Received: February 9, 2015, Accepted: June 2, 2015

Abstract: We developed a profiler and visualizer to analyze the implicit behavior of X10, which is a pro-
gramming language for parallel distributed processing. Since X10 abstracts asynchronous and distributed
processing, low-level operations such as thread creation, synchronization, thread movement and data com-
munication among distributed nodes are performed automatically by X10 runtime. Although such implicit
operations of programs improve the readability and maintainability, on the other hand, it would make tuning
and debugging more difficult. However, software development with large number of parallel threads on many
cores and accelerators is demanded. Thus, it is not realistic to show all of the operation logs to users. Our
profiler inserts tracing codes toward asynchronous and distributed processing constructs that are original
to X10, and collects the information of action events such as thread movement, synchronization and data
communication. Moreover, our profiler can estimate the size of implicitly transferred data among distributed
nodes by static analysis. On the other hand, Stream API-like filtering DSL function that restricts the range
of visualization is implemented to our visualizer that visualizes the result of profiling. It is possible for users
to restrict the massive event and activity information by designating a filtering condition toward runtime
information, which is linked to source code.
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Fig. 1 Activity and place in X10.
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async { //77T74E74 (AL vy F) AR
val a:long = 1;
at (here.next()) { //BD7VL—2A~EH
Console .OUT. println (a);
S1;

S2;
}

© 0 N Ut W N

J—
[}

finish { ///8Y 7N
async { S3; }
async { S4; }

= e
[SCI R

}

X 2 X10 OIFIGEREL DY — A 3= KO
Fig. 2 An example code of X10’s parallel/distributed

constructs.

1| //Z8 alx10EF ORI T, ¥ XCT1THMHAL

2| val a = new Rail[Long] (10, 1);

3|val b:long = 1; //long® D Z¥bid1TH WAL
4

5|at (here.next()) { //7TVv—A1~E &

6 at (here.next()) { //7Vv—A2~ K &)

7 doSomeTasks ();

8 J/EM aD BN DR OBEFZDADBLH I N B
9 Console .OUT. println (a(0));

10 }

11}

3 BRIk ZAE5 A% & B0

Fig. 3 An example code of implicit data communication.
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Fig. 4 Unnecessary barrier synchronization.

1| abstract Scheduler {

2 abstract def run(taskSet: Set[Task], num:
long );

3

4 def doTask(taskSet: Set[Task], num: long) {

5 finish { //FATIEHO B

6 run (taskSet , num);

7 }

81 }

9}

5 Scheduler 7 7 A
Fig. 5 The Scheduler class.
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class OptimizedParallel extends Scheduler {
def run(taskSet: Set[Task], num: long) {
for (var i:long=0; i<taskSet.length; i+=num)

async {

U W N =

for (var j:long=i; j<i4num; j++)
taskSet.get (j).run();

o
—~

6 OptimizedParallel 7 7 A® run AV v F
Fig. 6 The run method of the OptimizedParallel class.

1| class Sequential extends Scheduler {

2 def run(taskSet: Set[Task]|, num: long) {
3 J/IRTCDIRAI%1D DT 7 7 4 E T 4 THUH
4 for (task in taskSet) task.run();

5| )

6]}

7 Sequential 7 7 A® run AV v N
Fig. 7 The run method of the Sequential class.

class Parallel extends Scheduler {
def run(taskSet: Set[Task]|, num: long) {
J/18 A7 WD EIT 7T 4T 4 & ER
for (task in taskSet) async { task.run(); }
}
}

D TR W NN =

8 Parallel 77 AD run AV v F
Fig. 8 The run method of the Parallel class.
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Fig. 9 An overview of profiling and visualizing of activities in
X-Eye.
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Fig. 10 Movement Chart.

Running and Synchronization Time of Activities Display movement chart

FINISH
er: 0-0
391335452
459135388
KMeansDist
main

76

o e
Do not show event marks v/ Display the sync relation among activities | scope the dats

11 Synchronization Chart
Fig. 11 Synchronization Chart.
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B 70y RIOTLE LTE D Bvent Blom 7 307 1=
AN Console
Table 1 The fields of the Event.Elem class to be used for
filtering.
History
T 4= F% ﬂ E%EH > eventStream = eventStream filter(e -> !(e.activityNumber.equals("0-0")));
activityNumber | String AR INEFTLIT VT4 €
T AT
startTime long A XY D F}ﬁi(él]?% [ eventStream = eventStream filter(e -> !(e.activityNumber.equals("0-0")));|
finishTime long A XY N ORET
className String ARY VEEFT LI T A
methodName String ARV PEFET LAY Y F
sourcePlace int (BBh 1~ FE) BEkT
L= A5
targetPlace int (B8 1~ MRE) BETTT 13 A XY bFTANFY) Y THDY v, Console # I3 HEHE H
Lo 2R 73, History #BIE AT L7z DSL 2 — FOETERE % FR
exocPlace int (B4~ P A~ b Fig. 13 A shell for event filtering. The Console part displays
DEFFENTT L — AT the standard output. The History part displays the
startPosition long I— FfToA XY b ORIBT history of input code.
endPosition long I— FPRTOA XY bOKTAT
~ S 1[6 B O E ¥ 2[E B O ERF
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Lo TEFEINIZA XY N EFERT 5 DSL DLk OxDX10a—F | ReachChecker ReachChecker
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Fig. 12 An example code to display the events executed by AlphaRenamer Shi-HRHxA

the activity 0-0 and created at the place 0.
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Fig. 14 Visitor classes for analyzing AST.

T= A X% /AL 5. RIZ, TNHOEREHRIFL,
AST fi&E It o 72 2 B OKE 2479 . 2 BB T, T
TOU = VERIZO TR (B84a, B, 79 A
%, AV N%, 11%5) ZHU5 3 % LocalVarRecorder 7
T A, B2 ENLEHENET H DataTransferGetter 7
FA, ASTHO XI0EADA XY FDJ — FORFIAIZHE
ra—FD /) — F%x3H AT 5 ProbeAdder 7 7 A, 72D
YU —HSAST #&K[E L, sBiEfa — FA%EA S 7z X10
DAST # M5, 2B, at LI 5BH T — NI,
DataTransferGetter 7 7 A L 725018 SN DA KD
TEHRZ BT — FRICHDIAAZRICTHAT A, 2HHD
WEfR I L 7zBER T — P A S 72 AST % X10 2
YA TTAUIANV LTINS F) 77 A VERIT A,
X-Eye EV a7 FAFITFEEIN TSI XY T 4L
)y 7HDSL X, Javad— N &ELTHYAEY =T
TN ANVEN, WHEN/I2FAT7 7 A Vvxa— K95
CETEFENS. M15 D& ), EEAEIN/ZZDSL D
I — FIEEs) & LT String MOZEHICHRGFE SR, FL
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String classData =
“public class Scope {
public void filter() {

FUARY—TaAv(L
“filter()ZFEA
15 ANV M7 4087 » 7 H DSL OFET#HEE
Fig. 15 An overview of processing the event filtering DSL.

< String MOLFHN & L TREEL T 5 Scope 7 7 AD
V—AdA—=FNDOHRIZHDH, ARV NETANI) 2 TT D
7200 filter() AV v FAIZCFESIE LTH®AL. 29 L
TS5 N7z Scope 7 T ADY —Aa— K% XEY IR
L, Java 22784 5 APl #IP U2 L TH U AEY T
Java /NA M2 — FEZARKT 4. xXE1) O Scope.class &
Blca — K LT Scope 7 T ADA ¥ A% » A%ERL,
ZFDAVAY Y ADfilter() AV v RENERZ LT, ARV
=BT 4ANE ) TEND.

4. ZEHAMOMRET

X-Eye DFEMRMEZHETT 572012, X10 DXV F<—7
B L CHRER PV v 7 23T L L 112, X-Eye 71
T7ATDVHEAT LB T~ FIZX 54—~y FEHlE
L7z, $72, X-Eye ¥ ¥ 27 54 FI2onTh, f RV +
TANE) v T ORI X B HRLEEDZ L g L7z,

4.1 T—RAEZT«

AR T4 LT, XI0 T3 UNAL T (N=Va v
24.0) o707 T AZRMSN TRy Vv Ta s g A
SEUR K 43 (KMeansDist.x10) EFFIN 27 4 — > ff
R (NQueensPar.x10) 12 X-Eye Z#/H L7-. ZO#%E, &
BRT 7T AT 4 OBER T — 552G, N 7T HBRED
EWERT LI ENTET:. 16 (Z/R L 72 KMeansDist.x10
DRSS, A—FTL—ATOT 7571 T 1 DBH)
R, ETIVTAEETANRETL—AZROLTFT 7 T4
ET A xEBLTWwE I L2MRATEL., THOZ, T 713
WKL 77 THY, HANIFRENTVDE A XY ME
WE T T TDOTIZFEREN TV BERLDEZERKZ,
TIINMDANRY s )y 2 LCERLZFHEIERTH
b, TYRREELELLIBENID v — 7 TERIN,
FEHE O BB IC Source Place & BE)5G Target Place 2%
LTV —=A0THAIEDnnb. iz, TERIZFERS
NTWLEHOFEZEREE WA L, ZHp PELT L —
AANTE D HEZEENTWAS, EEED KMeansDist.x10 O
I—FEE 17 \ORT. 24THIZBWT, SHEHIZEED
HFHETHTL—A%KELTWA, F/2, 14THTHED
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=
KMeansDist.x10

“| Display movement chart

Display synchronization chart

Event: move by "at"
Activity Number: 0-0

Start Time: 391403891
Finish Time: 394613336
Class: KMeansDist
Method: main

Start Line: 79

End Line: %

16 [f{l—7L—ANOF—¥%EZE%w L %) Bl

Fig. 16 Local activity movements causing unnecessary data

communication.
1| val there = here;
2| for (d in points_dist.places()) at (d) async {
3 val tmp_new_clusters = local_new_clusters ();
4 val tmp_cluster_counts = local_cluster_counts
OF
5
6 at (there) atomic {
7 for (j in 0..(DIM+CLUSTERS—1)) {
8 central_clusters_gr ()(j) +=
tmp-new_clusters (j);
9 }
10 for (j in 0..(CLUSTERS-1)) {
11 central_cluster_counts_gr ()(j) +=
tmp_cluster_counts (j);
12 }
13 }
14|}

17 KMeansDist.x10 ® 2 — Ff
Fig. 17 A piece of code of KMeansDist.x10.

7L — AEHRE L there AL, 21TH TREI % L7214
EHIZ61THT there 128 L TREIZ T HBIZH—7 L —
ANOBEIDVEELTWS, ZhiE, 247H TOBEIEL T
L — ZADOH I there IR SN TWDE T L —X E[H L
TLV—=ADREINTE7-DTHA.

18 1Z7/R 3 NQueensPar.x10 DFEF2 51X, /N T H
HIZEMLTWAT 7574 5 4 O—EIZ Lk - TRBEL
DWWV EL o/l &2V o7, A THAZZ2HE®
NYTEBITIE, 77574854 0-2 DWEBBD Y A 3
VRIS E W20, AR A NS TE
D, DBEOMEEOBRS BN SETWE T ED5H 5.

4.2 TMEREAITE

X-Eye 707 7 4 I AT 2382 — FIZX 54—
~Ny F&llET 5728, KMeansDist.x10, NQueensPar.x10
EHRN 7 A — R (NQueensDist.x10) % v T
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NQueensPar.x10

Running and Synchronization Time of Activities

—

Activity Number

EHY—7(F)

Running Time (nano second)

»: s nd Time, M: Move Event, D: Move Event With Implicit Data Transfer, F: Coarse-grained Sync Event, C: Fine-grained Sync Event
A: Atomic Event, =: Call of Clock.advanceAll(), < Call of Clock.advance(), =: Call of Clock.resumeAll(), —>: Call of Clock.resume()

E Do not show event marks v/ Display the sync relation among activities = Scope the data

X 18 N T7RAICEE 70y F v IEH

Fig. 18 A blocking time caused by barrier synchronization.

F2 1LANY M H) OB I — FAKOFETHER (V1 7 0f)
Table 2 Elapsed time of the profile code per event.

async at finish | atomic

3.50 11.81 0.58 0.6

BiZaAro7z, E6IC, ¥VaT A FIEESRTHDLA
NYNTANE ) Y THERROA I X B HEE D% %
WA L7,

79, X-Eye 707 74 IHFAT HBIR I — RO A —
NNy REMRT 5720124 7 aXyF~v— 27 TERZ
To7z. EBBEBEIDTOEBY TH A,

e CPU : Intel Xeon E5-2687W 3.10 GHz 8 cores
e RAM : 64GB
e OS : CentOS release 6.2
e Java . 1.7.0_25, OpenJDK Runtime Environment
e X10 :2.4.0, Managed X10
o X10 I Y34 vk 7 a ¥ -0 -NO_CHECKS -

classpath gson-2.2.4. jar

o X10 9474 7 3 ¥ [ -classpath gson-2.2.4 jar
R 2IHERERT. R, JIT 3251 T OB % PEk
L, 10 Ao 0 E T O FETRBTH S, #ERP5,
at (2§ 288 T — FOETRMAI RO KRS 2D, KIZ
async 2%t &, finish & atomic IZIEFHIT/N S WHIZZ: - 72,
at DA, EXFE TV - AORFTEIF T — FHPFETS
N, ARV T = O%EZEE LB %) 720, async,
finish, atomic & bR TETHEMATKE b, 72, async
DBFFFIIEANRY VT 2 EHT ATV 27 Mk
W B REESE TS,

KIZ, X-Eye 71 7 7 A 7 F| H D KMeansDist.x10,
NQueensDist.x10 & NQueensPar.x10 ® #+ — /3~ v K % ]
L7z, JIT a3 OB Z PR % 72012 10 1D
TR FAT O %IEEE LT 50 [\l o 7245 R o PR fiE % v
7. B—/ - FETOfREZH 19 £ 2112, 7L —A
BEFBOWH ) — F2FHAL2HERZE 20 1287, £
7z, |3 LR ANANRY MEAEMGKERT. EBREE
UToLB)THA.
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35 B KMeansDist.
30 - x10

25 B NQueensDis
20 t.x10

1 4 8 12 16 20
TL—2%
19 KMeansDist.x10 (POINTS=2000) & NQueensDist.x10
(N=14) TOF =3y F (FT V= ABTEFTLIZ) HOD
e A
Fig. 19 The maximum overheads measured in KMeansDist.
x10 (POINTS=2000) and NQueensDist.x10 (N=14).

100
90
80
70
60

H KMeansDist.x10
B NQueensDist.x10

40 -
30
20
10

i 4 8 12 16 20
TL—2%
20 19 2 7L — 2B EFBOWE ) — N T 725504 —
ALY AN
Fig. 20 Fig. 19’s benchmarks processed an equal number of

nodes as places.

10 11 12 13 14
NYA—BEDNDIE

21 NQueensPar.x10 TOF —/3~\ v K
Fig. 21 The overhead of NQueensPar.x10.

e TSUBAME2.51~20 /— K

e CPU : Intel Xeon X5670 2.93 GHz 6 cores

e RAM . 54GB

e OS : SUSE Linux Enterprise Server 11 SP3

o Java: 1.6.0, IBM J9 VM (build 2.4)

H— ) — N T8 L7 KMeansDist.x10 Tl&, at £ X
Y NDOBEEMBOL T L — AT, RERF =1~y
FASEHII & L7z, —77, NQueensDist.x10 D A X > F Dk
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% 3 KMeansDist.x10 & NQueensDist.x10 (235175 N Of & 7
L= 2ZHD@E NI X BB T — FDF =N~y P A XU |
JEAH

Table 3 The overhead of the profile code and the number of

events with changing N and the number of places in
KMeansDist.x10 and NQueensDist.x10.

TL— | TurILs A g ()
2%
async at finish atomic
KMeansDist | 44,044 | 44,066 66 44,022
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
1 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
KMeansDist | 26,104 | 26,156 39 26,052
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
4 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
KMeansDist | 26,208 | 26,312 39 26,104
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
8 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
KMeansDist | 28,337 | 28,504 42 28,168
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
12 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
KMeansDist | 34,544 | 34,816 51 34,272
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
16 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
KMeansDist | 12,241 | 12,360 18 12,120
NQueensDist
(N=12) 12 12 1 14,200
NQueensDist
20 (N=13) 13 13 1 73,712
NQueensDist
(N=14) 14 14 1 365,596
NQueensDist
(N=15) 15 15 1 2,279,184
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#z 4 NQueensPar.x10 2B 5 1 X MgAE
Table 4 The number of events in NQueensPar.x10.

N Offi | async | at | finish atomic
10 7 0 3 2,172
11 7 0 3 8,040
12 7 0 3 42,600
13 7 0 3 221,136
14 7 0 3 1,096,788
1|eventStream = eventStream. filter (
2 e —> e.execPlace == 0);

22 TL—RA0THRAELIEARY POAEFIRT S DSL OFLK
Fig. 22 A DSL code to display the events only created at the

place 0.
400000
350000 //
300000
250000
) 200000
o 24510
150000
T4 EHY

100000

50000 7

0 - =
25 50 75 100
POINTS )&

23 KMeansDist.x10 TD, 7 4% ) ¥ ZHMEIZBIT 5 HiH %
B
Fig. 23 Differencies of the rendering speeds with and without
event filtering in KMeansDist.x10.

EB51E atomic TH Y, at A N> MEbFRTH L7720+ —
NNy RS 01~ AREEICHIR 57z, at £ XY P DFEA
L 72> NQueensPar.x10 IZB L Td, [FEFEDOFERIES N
7o =, BE — FLETH#L-FERICBWTY, H—
J — N EAEOMEA R 51, KMeansDist.x10 Tl at [A]
BUHIBI L, NQueensDist.x10 TIZ/NE LIz STV,

WAL, ARV FTANE ) Y TOFEICE S XI0 ¥
Va7 T A ORI & EGiE L7z, EBRIL, KMeans-
Dist.x10 DfEH% VT, DT OBETIT - 72,

e CPU : Intel Core i7-3770 CPU 3.40 GHz 4 cores

e RAM . 16GB

e OS : OpenSUSE 12.3

e Java . 1.8.0.25-b17, Oracle Java SE

TANTEMEE LTI, 7L—A0THELILANY b
DHFEFRTHE 22 %72, Movement Chart D
HEE 757 — FOEREEEE 23, & 24 1217, H
P AZXDBRELLDIZONT, KmDT 77/ — &k
WY B 72 ORI ENT . —F, 74NV F ) T
Lo CuHMLHEIF UL, 797 — Rl ez#izoh
RN R IEAT DS RE L 72 5.
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3000 /
2500

1@ 2000 /

® 1500 =4I EEL
/ =4 EHY
1000 //'

500 =

25 50 75 100
POINTSO i
B 24 KMeansDist.x10 TD, 74 V%) ¥ FHEIZBT% 757
/= FOEBEE D
Fig. 24 Differencies of the number of graph node creating with
and without event filtering in KMeansDist.x10.
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