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

TASUKU HIRAISHI,# MASAHIRO YASUCGIH 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 BHETOE—AOREEARD
/7 iR (<30) OB VALRRE ¥4

// blk] DM ORYIDZEE IV

int search (int k, int jO)

int §=0; // RO0oEo¥k
/Efor (int p=jO; p<12; p++) { //HRHEHOE—AIZONTK
1
int ap=alpl;
for (each possible direction d of the piece) {
... local variable definitions here ...
if (ap HHOE =AM a OFMEICET D0 2);
else continue; B )
ap HHDE—AZMM b I[TRIEL, a b HHT
kk = the next empty cell;
if (no empty cell?) s++; /1 FRFE L
else s += search (kk, jO+1); // IROE—ZA
I ap FEFHOE—AZMVERE, a bLIZET Ny 27 FT vy

}
}
return s;
1 Pentomino /NA/VERERD C 7 a /T A
Fig.1 C program for Pentomino.
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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.

ERBEZBZD. Tibb, £ BRRIHILV—T
DETOREH B THAET LIKEO—H% % 27
L LTAERT 0%, S0 (X A7 28R 1T
WD T = NIFIET D EEDHRE AT BAERT D,
) THET 5. SRR VARSIOTZDOIZIE, £V —
INIFHEOYIMBRE TG e gD ¥ 2 7 AR LT
&, TO®%ITT oL GHERBOMPARELRE) Ak
EITORWE D R ENRETHD. L1,
D X 5 REMIZEITRIRIC OV T O TR ER (FH)
MD7eWRY BT 5 Z LIIRAREETH 5.

Fex OREFIETIE, —BHNYI bS 9T EITD
LT, RV OBERENEITO. Thhbb, U—H
W, WICRAIE (X227 B4R LRV 2L &58IRY
DN, MOU—hInbH AT EREZITDH L, BED
BIREEBLEADESIC ¥R EERT S, F01-
O, B2I1T7rTL912, V—HIZ
(1) ETWEORFIINY 7 8T 7L,

(2) #RAVEERL,

(3) BHMMT- CWitH2FHT 5.

DX, RbilWH R SEIRRRRRICHES Z L
WZEY, (FRIZIR) ROBRENWF R EAERTHZ L
MNTED.



IR D Pentomino TlX, V—HIZAT v 7T LIC

E— 2 & EWZ D IR RV (undo) 720 T 5720 D1
ETMAE D, LoC, ¥ ATERDOBEIZI, ﬁtw
& A7 FHOIE#ZER] % allocate L7z ET, ZZI2BE
DERBAICE T REZ a—T2X0ERHD. £
I, U—HER 2R T LI
(1) ®v 2 bF v OBIC undo T3 2 &1ck Vi

EONEEEITCL,
(2) DX AZAERIHIIE T LI EREZEREZ 2 E—L
=1,
(3) DRy I FT v I hHOERFECredo 52 LT
(4) ICBIT2HLOHEOHEMEZFTREIZT 5.

CilkY % MultiLisp? i load-based inlining (4
BRI BT L THRFMe) FiE) OEZ ik
+ %7212, Lazy Task Creation (LTC)% & IEiEh
LHFEEHEAL TS, AFEIXLTC TR LT,

o MMEIA Ly F&E—ARKLRNDT, FRT Fa—

OFBE A R DSFEA LRV,

o WILF ALy FEFETIE, & Gl AL v FH
WZVEEZEMZHRT 20 ENH D 13, KRFIET
ITH—OIEREZEMZ BRI LT 5 2 LA HlhE
»Y, ZRFER T2

-N/7b§/7ﬂi%vw%ZV/F§%T£%
T 556, ALY FOEREMOa bt —%2%& X
Ly FEB}ZH# HETAMERD DD, RPIET
%, =Ry 7 NIy 7 ERWDLZ EICLZ
DEIBRA—ZBIETED.

o (HERAIREZET) NBATVREICIOEK
HHEAEY ZFH LR THRIE LT,

EWVHBALR AR,

2.2 Tascell 7L—LT—%

Tascell 7 L—LD—4 %, EiORETELEER
THIDICEE LT A4 LB LW Tascell E7E2
VAL TGN T L —LU—T ThHD.

312, Tascell 7L —AU—2IZBIF L7l T A
DAL, FATORRT ZRT. ar A sz
Tascell 7177 NE 1 R EOFHE ) — R TEITS
N5 (GERENEFCEEREO Tascell — ZHHET D) .
EoFE/ —FTIR 12U ko —dickpitg A€
BREECOWSRENMTbND. &51Z, Tascell —3

L CEBOFE ) — REERTL22 81280, &
WAEVRECOWSIFAEGEITTES.

Tascell ¥— 3%, FH/ — KO A v =T OF
e, 2—HFA X T 2 — L DA, #EHE
J — ROBRITEROEH I EE2ITH. ok, KDL
I1Z Tascell ¥— 3% & 525D Tascell H— NZHbE
SEDHZ LT, REMHTHZLHTED. O

* Cilk TIX SYNCHED & ) SEIEHARIMT 52 LT, A
Ly REICOWTIIEEZER O RN TTRERE DS, BlTA Ly
R C o> B BB i mT e 2R (R 22 M 05 & 2 Br< &
TER.

a Tascell program

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

/7 \
deploy
------------- Sy TN
() rorker®y L o>
@ ......

task request’, "Atask
result), ACK

d child l chzld n
b node Tascell server
child 0‘ . ) chzlri 1

B 3 Tascell 7L —ALU—2ZBIFL70 7T LD "4
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]; // PE3EZER  REEMOE—X
N in: int b[701; // VEHEZEHIARIAE. (64 &It ) x 10 oL
task_exec pentomino {
this.s = search (this.k ,this.iO ,this.il ,this.i2,
&this) ;
}

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

{
int s=0; // ROl fEDK
// Tascell DiFl| for X
for (int p : j1, j2)
{
int ap=tsk->alpl;
for (each possible direction d of the piece) {
. local variable definitions here ...
if(ap HFHDOE—AN d DHFMIIEIT 252 2);
else continue; N .
dynamic_wind // PRy - Ko RaVRA NS b
{ // dynamic_wind ® K - 1) Ky #fE
N ap HFHOE— A MM tsk—>b [CE%E 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 > K #{F
ap FHOE—AZHV PRE, tsk->a LIRS
RNy 7 vFv7)
} // end of dynamic_wind

handles pentomino (int i1, int i2) // this DESB LWV
// #iPH (11-i2) OFETHFERRIC/RIND

// put i (5’1?7£fuﬂu 12 5E47)

{ 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; this.i2=i2;

}
// get # GRERZIFHRITHEIT)
s += this.s;
} // end of parallel for
return s;

4 Pentomino ® Tascell 7’127 7 A

Fig.4 Tascell Program for Pentomino.
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Table 2 Inter-cluster bandwidths and round-trip times

between chiba and other clusters.
s | N> FiE (Mbps) | RTT (ms)

hongo 1390 4.57
mirai 65.9 26.9
kobe 387 20.8
keio 94.5 777
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Fig.6 Performance evaluation on Niagara 2.
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Table 1 Specifications of evaluation platforms.

UltraSPARC T2 Plus #—/\

InTrigger
chiba, kobe, keio, kyushu 7 7 A%

UltraSPARC T2 Plus 1.4GHz 8-core X 2
27 He 8 ALy K (128 AL v )

Xeon E5410 2.33GHz
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 X T L-closure (255 < 7\“%5@%@(7)’9) Closure (275 < Ahn@ﬁéiﬁ(”’g’)
SN Cilk 5.4.6 4+ SPARC 32bit GCC 4.4.2

(Cilk) -02 -mcpu=niagara2

Tascell
H—R .

Grav CHHEFIZR 535 & 912, Tascell DI H 238
K 7poTW5A. ZhiZx, Tascell ®/ — FKHNDOT—%H
BIBE DA —N—~y RBRENVWTZDTHDLEEZD
N %. L-closure RO AL FBIE DI L 2 X M
Closure i &k W KRE W28, X AT 3ENININD A
FHREWD, BAERZRMERE TIX L-closure IRDIZ H
2 EElSTWD. (BIEROIATRH D DI b, WAk
DI ——r~y RBHFHIICKELS oo TLEI Z &
HLHEBRTAONERDHD.)

F 72, Tascell, Cilk \WT L d 64 W5 128 W
WCAEFNEE BifTe b & OFEER ERHEVHELILTY
v, ZORRKEO 1 5& LTI, Niagara 2 D/N— R
DT NT AL T 4 v I L DWFUEB RO IR
NENTEEZERNEBEZLNS.

LU TIHEEm OB HRBEETH Y, KT 128
WA TN T OIS\ T b FHATRERHI 2389 L ¢
LE->TWDR, ZO/RRKE LTIAEY N2 PR
ALz BB on5. £, Cik DI H B30
HEE N DM S AU WEER L LT, Cilk DU —7
MWE AT F 2 —ZHMANC T 7B 2T 272 DIZHNT
W5 THE 7r=aa ) 20T AE YA 7 ik
AWTEY, ZhBATY AT MMIAMZNT T
LT EBREZLND.

4.2 InTrigger TOEH

HERE RIS InTrigger (BT D HEERD 7
T 7%B 7, FATRHEB L ONERE R A CTE LD
HbDER 3 IRT.

InTrigger IZBW T, ¥ A7 AT V=V hOHFA X
Wk L CRHEENRKRE WU F~—7 OLFHGZ1T -
7. TSR F~—2 (LU, Comp) 130K 3),
10) THEEFEHOEY EER BN FRIAZIZ Wi T
HD. ZORIIASHOPRETIEH 50, AR
F~—I HENLIFE N,

U—NH1= ) HERRERED FOFHENRMLIEL 25 Y
A ZOMBIZB W T, BBTvhRAF722ERE R Eo3G
HILTWS. Tascell TIEHZ R 7 O43HIEERA 732 < 41
ZHNTWBTD, 7T ALZMDF Yy hU— 7 PEEIC

Steel Bank Common Lisp 1.0.39
(speed 3) (safety 3) (space 1)

LW BI NIV LDOLEEZLND.

Flo, BT TAZBOEIMZE b 72> CHRER L2
Pi< o TWER, ZORKD 1 2& LT, FEDY
TABNZEL DEATERMMEY, TD7 T ALND
T =B RRIEO X AT PITEE LR /e>TL
FoltbWnIZENBIOLND. ENEMEND DD,
Pentomino(16) ¢ 288 7 —# TOFEIZE T, %
U T AZRNCHED B AT AT 4 — )L OEEEFHI L.
MERERAZR 41RT. ZDFEND, hongo 7 T A X
NDEARY AT 4 —/VPRERLTEY, F72 hongo 2>
SIERD 7 T AL ~DH AT AT 4 —/Lk B> T
RN EDRHERTE D, T ED D, hongo 7 T A
ZWNESTIX, V=AU TREN NS WE 27 2T &
IREEIZR->TND ETFRIND.

REREEICHBVT, hongo (T2 —FNSKRYID X A
IEZIMD I TAXTHD. D=, FHEOWH
IZBWTHL Y 7 A X D35 hongo ~DH AT AT 4 —)b
DEPT DI, ZORHIOZ AT BR3EIRETH D
[EY hongo 7 7 AXNTH A7 BT 5 Z L7,
DT EN, FRIRT 4 —TEENRo T2 HKET
HHEEZLND., FU—NIZEHVEToNDEH R
ORLE ZBWYNHERF T 2720120, X AT AT 1 —)b
DETOU —IIHFIATEEDL L 5T HDR L.
FDDHITIE, T2 & 21E% Tascell h— "B —4%7
KB H A Y BR ORI RIE T D120 TIEAR+4y
T, MART=RF AT AT 4 — VR EOE#R%E
FIHTHEHOKBRTHLERHD EEZLND.
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Fig.7 Performance evaluation on InTrigger clusters.

% 3 InTrigger IZBT 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 D2 T ALMO KX AT AT 1 —/VIEKK
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
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