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Evaluation of the Tascell Dynamic Load Balancing Framework
in Widely Distributed and Many-Core Environments

TASUKU HIRAISHI,# MASAHIRO YASUGIH and SEIJI UMATANIt

We proposed a parallel programming/execution framework named Tascell. It enables coarse-
grained and well-balanced load balancing for irregular applications and environments. In order
to realize load balancing with lazy partitioning that minimizes the cost of parallelization, a
Tascell worker performs temporarily backtracking when load balancing is required. In fact,
we obtained higher performance than Cilk, which employs logical threads. Tascell supports
wide-area distributed environments, such as WAN connected clusters located on multiple sites.
In this research, we evaluated Tascell in highly parallel environments; with the server with
128 hardware threads of two Niagara 2 processors, and with up to 288 cores in five InTrigger
clusters. In the result, we ensured that Tascell works even in highly parallel environments
including widely-distributed environments, though scalability is limited in some cases due to
memory bandwidth limitations, communication delay, and biases of task requests.
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int al12];  // {FE%EM  REAOE—2
int b[70]; // {F¥EZEM : Bim. (6+ &) x 10 oL

/7 all 1O 50 FHMNS 12 HHETOE—AOREEARD
/7 i ER (<30) OB VALRRE HE A

// blk] DM ORYIDZEE L

int search (int k, int jO)

int §=0; // ROno7Eo¥k
/Efor (int p=jO; p<12; p++) { //HKHEHOE—AIZOWTK
1
int ap=alpl;
for (each possible direction d of the piece) {
... local variable definitions here ...
if (ap HHOE =AM a OFMEICET D00 2);
else continue; B .
ap HHDE—AZMM b ([TREL, a b WA
kk = the next empty cell;
if (no empty cell?) s++; /1 FRFE R
else s += search (kk, jO+1); // IROE—XA
I ap FEFHOE—AZMVERE, a bLZET (Ny 27 bT vy

}
}
return s;
1 Pentomino /NA/VEREHRO C 7 a7 T A

Fig.1 C program for Pentomino.
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2. make a copy of the board
and spawn a task

1. backtrack
(removing pieces)

a task request

1 after spawning

3. return from
backtracking
(setting the
removed pieces)
a board copy

4. resume

intratask

mana intertask

2 Pentomino &fE{ERIZIITH X A 7 BRIEAERK. Tascell
T—NWE A ERE (2 20D —AEEBHID) i
T5E, (1) brOX A7 AR ATHER A E T undo (E—
ABRE) L22NRNv I I v oL, (2) KEOY:HhEH A
7 L UTAERL (Zok, —BMIBEDKEICR =%
Hm#3E—) , (3) redo (E—REHHKEB) LoDO vV
FT oy s BBLERL, (4) HOONEAEET

Fig.2 Spawning a task lazily while performing backtrack

search for Pentomino. When a Tascell worker de-
tects a task request, it (1) backtracks to the oldest
task-spawnable point with performing undo opera-
tions (i.e., removing pieces), (2) spawns a task for
the half of the remaining iterations with making a
copy of the temporarily restored board, (3) returns
from backtracking with performing redo operations
(i.e., setting pieces), and (4) resumes its own com-
putation.
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I, U—HER 2R LI
(1) ®1 v bT v OBIC undo T3 2 &1Ck Vi
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DHE AT AR IE LI EEERE 2 e — L
7-1%,
(3) DRy I FT v hHOERFEICredo TS5 LT
(4) 2ELOHEOHMEZATREICT 5.
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BANZIE BT L THRFMe) FiE) OEZ iRk
F %7212, Lazy Task Creation (LTC)% & IEiEh
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o MMEIA Ly F&E—ARKLRNDT, FRTFa—

OFBE A R SEEA LRV,

o VILF ALy FEFETIE, & Gl AL v FH
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DEIBRA—ZBIETES.

o (HEMREAIREZET) NMBATVREICINEK
HHEAEY ZFH LR THRIE LT,

EWVHBALR AR,

2.2 Tascell 7L—LT7—%

Tascell 7 L—LD—4 %, EiORETELEZER
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VA TGN T L —LU—T ThHD.

312, Tascell 7L —2AU—2I1ZBF57 07T A
DAL, FATORRT ZRT. ar A LSz
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N5 (GERENFCEERE O Tascell — ZHHET D) .
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WAEVRE COWSIFAEGEITTES.
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a Tascell program

programmer—>|\ compiler —>| executable ﬁl;

/7 \
deploy
------------- Ay
() orkerd L o>
« ......

task request’, A task
result ), ACK

d child l chzld n
b node Tascell server
child 0‘ . /! ch7lri 1

B 3 Tascell 7L —AT—7|
s FAT
Fig.3 Multistage overview of the Tascell framework.
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task pentomino {
out: int s; /7 7
in: int k, i0, i1, i2;

in: int a[12]; // {EEZ%EM) : READOE—2

in: int b[701; // {FE3EZEMA%H. (6+ &It ) x 10 HoOEL

}
task_exec pentomino {
this.s = search (this.k ,this.iO ,this.il
&this) ;
}

worker int search (int k, int jO, int j1, int j2,
task pentomino *tsk)

,this.i2,

{
int s=0; // ROM-ofEDK
// Tascell DiFl| for X
for (int p : j1, j2)
{
int ap=tsk->al[pl;
for (each possible direction d of the piece) {
. local variable definitions here ...
if(ap HFHDOE =AM d DHFMIIEIT 252 2);
else continue; N .
dynamic_wind // PRy - 9ROV NS b
{ // dynamic_wind ® K - 1) Ky #fE
N ap HFHOE— A MM tsk—>b [TEXE L, tsk->a b HHT

{ // dynamic_wind Ak
kk = the next empty cell;
if (no empty cell?) s++; // fEFEHL
else /] IROE— A
s += search (kk, jO+1, jO+1, 12, tsk);

}
{ // dynamic_wind OF > F = #{E
ap FHOE—AZHV PRE, tsk->a LIRS
RNy 7 +Fv7)
} // end of dynamic_wind

handles pentomino (int i1, int i2) // this DESB LW
// #iPH (11-12) OFETHFERIZ/RIND

// put i (5’1?7£fuﬂu \Z5E4T7)

{ 77 FEORPEGICHNE T2 % 27 O AT %308
copy_piece_info (this.a, tsk->a);
copy_board (this.b, tsk->b);
this.k=k; this.i0=j0; this.il=il;

}
/7 get i (RERZIEH
s += this.s;
} // end of parallel for
return s;

this.i2=i2;

WZEAT)

4 Pentomino ® Tascell 7’127 7 A

Fig.4 Tascell Program for Pentomino.

ZIFANDZRDYIZ, av S FIZEB LI AZ~D
PHEL EE LW E, SHINSefiRfa X b
EEHLTCND. ZoOHF = 2 FOBEZIRIE, v
A &S FFOT =X T 7 F X IR TUIKREL, £
ITHRNWT —FT 7 F ¥ TlI/h&< 7%, Tascell iZF
57—y OO LIZHZ 27 RO TN AE
L, ZOMEEIITATT D Tascell 7077 MMIHLELAS
NHM, ¥AEMIZIEX, SPARC 128 WTIE L-closure,
TA-32 ° AMD64 (23 Tl Closure %Bi'éﬁﬁ L7-1E9
DEWEREZRTZ EB% 0. SPARC IZET 5 ik
1% 2 D% OMERERHM O T BARRITR T

728, XC-cube SFEOFEIIT —XT 7/ F v T LI
GCC m 1 T % E L TIT> TV 54, L-closure
& Closure IR L Tl (ROROMEREAHRIEIZ T 2 2%) 4%
1 C EFHE~OEMC LD FREBIT->T05Y 12w, C
3R, T B2 DEREETHIL Tascell OF I
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ETHD

3. Tascell ITBITRFRIAT4—)2T

Tascell (ZHT BT —HMDZ A7 AT 40—V 7%

UTD LS IATOND.

o BU—MX, AONETTIHHEVXA 2T |
Vet [(ZR7 2807 &R,

o HAJ AL v IINETHDLT—HIL, X ATER
Ave—T% (FREOSELELZEESETIC) HL, It
B Ao,

o FTRAvE—UIE, FTRE—/— FNOOMEY
T —AELND. ZFE LU —HE, FHE
HIVUTAOMEETOX X7 #[X 2 OEFEHTHE
THZETHRH AT BARKL, BIETD. ¥

AT BB RARETHIUL (HDHX AT AZ
BCTHDHRE), /J—FKANORIOY —HIZHE
REFRET D

o /—RADEDT—BHH AT BRI -T2
AlE, BB L T\ 5 Tascell — 28R
iRk B, 2L, 1 DOFE ) — R bIER
RERZIRR 1 DOFERA v =Y L ERNE D
LTV D,

o FRA vE—TEZ(F LT Tascell — 3%, Bl
O LTWE /,—F GtR/—FR, #-7¥—
N) Inb, BRI EFEERWERHEETHDL L
D FBRINL, TOERV DL T U F AR

— RICESRZHRET 5. A TE5/— K 1
DH AT, DBEORNA(LCIEETE S /) —
RRBENDETA v E—VERETD (_@H#m
THERA v E—V%IET I & AEEER, FOE
RKAvE—URRITEINDETTHY, M
FEEAELTLEY) .

o NN DLDH AT FRA v —TEZIT -5

B —RiL, /— FROU—HIZEICfWE DY,
H AT HERPARETHNIEY A7 #iRIETDH. &

DT —AHLERNBRATRE THIUTHEE A v &—
FIRET 5. HE A vE—1F Tascell — 3%
BHL, bEOXAITIERT—DIZELND

o [ERAvE—VEZITRMSTY—H1F, LIE6L
sleep L7212, BOEERA v =T % T

o FRMZEIN, XAV EZITFTHENTZT—HILE
N&EZ A7 AH v 7 push L, FHEEZBEHTH.

o IS, iU —7i {z&z%ﬁw’&zmxk AL
ORHLEDLERAE LIGE, BIIHEOZ Lidd
TN, FOFAZERA =V MT. 27201,
IO L EDEREL, FHLADEDRK LD

BRI, H A miko Ttz L ¥ A DR

T ZOEBICHIT D B TR
A v—
CEZT R ZEEA RO ) — FiX, HEICITATFOX A

I EFRVEHEL TN D.
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LD HIT 72, FHEICH W en—Fo =7, av
NATOFEMER 1LICEL DD, F£, InTrigger T
DI T 27 T 2 ZMOERKER 512, 77 A
ZMORy NT—=7 DR RIRBIOI VR

#& 2 chiba 7 7 AZ L ZOMOWRD 7 T AL FD/S FifE
FOTUURNN) T E AN
Table 2 Inter-cluster bandwidths and round-trip times
between chiba and other clusters.

= | M bpe | RYT e 754 b (ZNE iperf, ping THE L) £% 2

mirel 65.9 26.9 127, InTrigger OFHIIZIWTIX, chiba (14 / —

kobe 387 20.8 K), hongo (4 /—FK) , mirai (4 /—F) , kobe (5

keio 94.5 (e /=), keio (9 /—F) OIETEHHICBNT %2 7
AZZEBML TN,

ALY ZEE LIZRIZIRET D (AERL) *. XA
U EZIETENL, FRIZAZ v (DEFEBED
D& 27 OLE) 2% push LB E 72
Bt T 5.

o 1 DOXARIDHENET Leh, TOMEEF

N Fe—r T u s T AP THYZ Pentomino(n)

DIEMNZ, nFEHD Flbonacm %% doubly recursive
Wk B 777 5 (Fib(n)), n e FREO SRR
(Nqueens(n)) , n x n O8I0 LU 43 (LU(n)) ,

250 n BROBESNMOEIERZT ((a:,b;) for all

BRRA v =YL LTH A7 OEETICEE L, 0<i,j<n) IZOWTCHEREREZFITTLTI s T
BAG AL T & pop T H. ELEAZ Y TIZHA 2 (Comp(n)), (2n+1)> HOR HEDOELNEH
IRFESTHIUL (DFY, BIFEKT LA LRSI DE N EHFE T 577 77 A (Grav(n))

INBEHFR LI Db THNT) , Fbeabt
RIENZET LTV D0EMERL, %5 Thiudz
DHEAT BT D, AZ v 7IR%E, &DHVIEE
HADEIRENET L TWHARWEAIE, BOZ X
JHRA vE—T % T
— IR XA AT 4= T VAT A (& 2E
Cilk) L I1ZE2Y, FEU—DFEREZ T TOLLHD
THARAT HERT D0, WhdDHHX AT Fa— (G
BARERZ AT OX2—) TFl-V. Toin, H

Z M.

Tascell ® Nqueens (%, Pentomino & [FI£E, %1
for & dynamic_wind OfAEDOEIC L BFEETHS.
LU & Comp i%, cache-oblivious 72FIR7 /LT Y X A
TEEINTND. 2FD, =& %1 Comp 2B\ T
%, P4 X n & m(n>m) Olls% T 5 Comp
BAYH, A X n/2 & m OESNEHET S 2 >0
A7 EIEND. Gravd, Tascell TiEifF| for
DEZERA R (FRA MPEEENI S THRESH

WX AT Fa—DY A AN —0/#HE ) — RO TW5., B, 2@COT TV r—ra B\, ki
fERBLD LN ZLIETERY. U—hiFtEE JE % B 572 OB B e B A 3 E L 72 WO AR EE I
DH AT Zfgo TWIIE, (FRICKRDIFIER D X 9 72 FIDFHEEIT-> TN D,

TTVr—a B0 TL) IRIEBRRL X AT % 4.1 Niagara 2 TOHE

AT HZENTRETH DN, TORME, HEDOU—
\CERAET U CHIRIEE D % 2 7 3% < B &N T
LESfEEbH 5. FRTFOXY 27 O5EERR E
DOHAMAEREE L, V— D& X7 ERIEE L OIE

HIERBI OIS Niagara 2 H—/3NZ
L7 I 7R 6 TR,
BRMERED Cilk & DIERIZDWTIE, BEfF O MERERT

310 L E CEA AR TX 5. T 72 h, Tascell

BT 2 AR

WRIAT DA DS REL T DR, 27l I Cilk IZHATHREEA Ly ROARR - BE 2 X R 2VF
LB H—F— N — FIZB T 5 AAE RIS FELZRNWZ STz, 1->OMEEZMEBHIA LT %
TILH S TR LR R D7z, BURTIET Z Lk asEFEDM - (Nqueens, Pentomino,

Y NTERRS A RIET DI AR LTV D
4. 1% #e 5T @

InTrigger @ 5 6, chiba, hongo, mirai, kobe, keio
DER 5 WG 36 7 — REfEH LERERHE, B3RO
SPARC Niagara 2 7' mt v¥% 2 G412 iitH—

ZRT AMRERHI A 1T o 72, Niagara 2 H— 3280
T, Cilk & Dk, 35 X O Closure & L-closure
2 FHEO AN T-EIET Y 12 X % Tascell =234 53

Grav) ,
(Nqueens, Pentomino)
E/DHIENTED.

BIRMEREDZENZ O F EWFFHEOFETIC b e & 41,

2THORF~—27 T Tascell 28 Cilk XV @ HERE
RLTWA. 21X, Nqueens(16) @ 128 W HDFHE T
1%, Tascell (X Cilk (2%t LT 4.51 % (=16.1s/3.57s)
DOFEER EEER L T D

%7z, Closure it&L ¥ L-closure ifi® Tascell =22 /%

FEEEMOa—OFHNETLZ &
W&o T, KV ZniERkMERE

ATDIEIPIEEAEDRF=—7 BN TRWE

el T Oe D BEZ/RLTWD. ZHUE, L-closure ilioIE 5 73 Tascell

AN Y DRY I T I OFEROEDICHI LTS ART
“ERED Cilk [ZEAT A E U BEE LR — R L TR 2o, BB DAL - HEFF T 2 RIS WD TH D.

InTrigger |23\ Tid Tascell DA DFHMi %17 - 7-.

59

U — 1 BEEIM AL 5 E A EIZSWTHE, Fib <

(© 2011 Information Processing Society of Japan



SACSIS 2011

Symposium on Advanced Computing Systems and Infrastructures

speedup relative to C
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Fig.5 Connection among InTrigger clusters for the
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Fig.6 Performance evaluation on Niagara 2.
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&1 FHEBREE
Table 1 Specifications of evaluation platforms.
InTrigger
UltraSPARC T2 Plus #— chiba, kobe, keio, kyushu 7 7 A%
7 rtv¥ | UltraSPARC T2 Plus 1.4GHz 8-core X 2 Xeon E5410 2.33GHz
ar7 ez 8§ Ay N (G128 AL v R) Quad-Core x 2
AEY 24GB 32GB (chiba, hongo)
16GB (mirai, kobe, keio)
OS | SunOS 5.10 (64bit) Linux 2.6.x (64bit)
AT XC-cube (SPARC 32bit GCC 3.4.6 ~X\—X) XC-cube (X86-64 GCC 3.4.6 ~X—2R)
(Tascell) -02 -mcpu=ultrasparc -02
Closure # £ O L-closure {235 < ]\hﬂ"ﬁ@%ﬁ)’g) Closure (235 < AN FRI%T9)
SN Cilk 5.4.6 + SPARC 32bit GCC 4.4.2
(Cilk) -02 -mcpu=niagara2 —
Tascell Steel Bank Common Lisp 1.0.39
P — (speed 3) (safety 3) (space 1)

Grav CHHEFIZR 535 & 512, Tascell DI H 238
K 7poTW5A. ZhiZx, Tascell ® /) — RKHNDT—H
BIBE DA — "=~y RBRENVWTZDTHDLEEZD
N %. L-closure RO AL FBIE DI L 2 X M
Closure i & W KRE W=, X AT 3ENININD A
FHREWD, BAERZRMERE TIX L-closure IRDIZ H
2 EElSTWD. (BEROIATRH D DI b, WAk
DI ==~y RBHFHICKELS oo TLEI Z &
HLHEBRTAONERDHD.)

F 72, Tascell, Cilk \WTiLd 64 W5 128 W
WCAFNEE BifTe b & OFEER RS EVHELITY
v, ZORRKEO 1 5& LTI, Niagara 2 D/N— R
DT INT AL T 4 v I L DWFHCB RO IR
NENTEEZENEZLNS.

LU TIEEERm OB HRBEETH Y, KT 128
WA TN T O FIEIT IS\ T b FZATRERHI 2389 L ¢
LE->TWDR, ZO/RRKE LTIAEY N2 iR
fafn L=z EmEz N5, £, Cik DI H B30
HEE M DM H AU WEE L LT, Cilk DU —7
MWE A7 F 2 —ZHMANC T 72 2T 272D HNT
W5 THE 7r=aa ) 20T AE YA 7 ik
AWTEY, ZhBNATY AT AMIAMZNT T
LI EBREZLND.

4.2 InTrigger TOEH

HERE RIS InTrigger (BT D HEERD 7
T 7xB 7, FATRHB LONEE R A TE & D
HbDER 3 IRT.

InTrigger IZBWTiX, ¥ A7 AT V=V hOHFA X
Wkt L CREENRKRE WU F~—7 OHFHG 1T -
7. TSR F~—2 (LU, Comp) 130K 3),
10) THEEFEHOEY EER BN FRIAZIZ Wi T
HD. ZORRIIASHOPETIEH 50, AR
F~—I HENLIFE N,

U—H1= 0 HERREED EOHENRLIEL Y
A ZOMBIZB W T, BBTvhRAF72ERE R Eo3G
HILTW 5. Tascell TIEZ R 7 O43HIEERA A 73 < 41
ZHNTWBTD, 7T ALZMDF Yy hU— 27 PEEIC
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Fig.7 Performance evaluation on InTrigger clusters.

% 3 InTrigger IZHBT D707 T AOFEITHM (s) BLOEEM
Table 3 The elapsed times (s) and the speedups for the benchmark programs on InTrigger.

C Tascell (Closure)

# of workers 1 1 256 speedup
ts || trc1 | trcess | ts/trcor | ts/trcozss | trcoi/trcoss
Fib(56) 2835 3763 17.3 0.721 164 218
Nqueens(18) 3574 3933 17.7 0.909 202 222
Pentomino(16) [ 7304 || 8564 47.7 0.853 153 180
Pentomino(15) 707 827 10.3 0.855 68.9 80.3
Grav(2500) 4526 4259 22.2 1.06 204 192

& 4 Pentomino(16) DFRIZEIT D27 T ALMO KX AT AT 1 —/VIEKL
Table 4 The number of task steals among clusters in the execution of Pentomino(16).

victim (7% thief chiba hongo mirai kobe keio AT =)V SN TG U—hHi=h
chiba(112) — 126 427 207 | 560 1320 11.8
hongo (32) 618 82 110 146 956 29.9
mirai (32) 304 12 — 24 37 377 11.8
kobe (40) 313 27 36 — 69 445 11.1
keio (72) 387 31 47 39 — 504 6.88
AT 4 — /v LIz G 1622 196 592 380 812 3602
U—N &1 14.5 6.13 18.5 | 5.28 | 11.3 12.5
~y RO XYL 21TV oD, LR ORIgIZ > s = )
VTR EE - B S LTS Z A B z X
ETHD. £, TABREICY—AEBNERVE 1) Frigo, M., Leiserson, C. E. and Randall,
22T %, MPIL #FIHT 57 & X 0 iy T7 — % i@ K. H.: The Implementation of the Cilk-5 Mul-
BOEREZITIZELTELTND. tithreaded Language, ACM SIGPLAN Notices
BEE ATIRO—EIL, [P EEEIRES & 2 AT (PLDI *98), Vol. 33, No. 5, pp. 212223 (1998).
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