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Enabling Explicit Task Placement on Lazy Task Creation

SuMIO TOYAMA,t YOSHIHIRO OYAMA,* KENJIRO TAURA!
and AKINORI YONEZAWA'

This paper introduces an explicit task placement primitive to dynamic load balancing
method based on Lazy Task Creation (LTC). LTC is known as an efficient. task scheduler
on shared-memory parallel computer, whose main advantages are its space efficiency and
small overhead. When memory access cost is not uniform, however, we often need to place
tasks according to data locations. On such environments, the simple LTC in which any idle
processor steals any task will not work very well. In this paper, we discuss issues in introduc-
‘ing an explicit task placement primitive into LT C-based scheduler and show how to implement
it without losing the benefits of LTC. In our implementation, when a processor encounters
a task creation with an explicit placement, the processor not only migrates the thread just
created, but also migrates all the tasks in its task stack to the target processor. The target
processor immediately continues the migrated task and, in return, gives all the tasks in its
task stack to the source processor. We show how does this “stack swapping” operation pre-
serves all the benefits of LTC, while implementing a reasonable semantics of the explicit task
placement primitive. We implemented the primitive in concurrent object-oriented language
Schematic and evaluated it on Origin 2000, a distributed shared-memory computer. Exper-
imental results indicate that (1) the primitive adds a small (2-10%) overhead to programs
that do not use it, and (2) it improves programs that accesses large data that do not fit in
the second-level cache by 15-18%. )
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(define (sum-up tree)
(if (leaf? tree)
(leaf-value tree)
(let ((c (future (sum-up (left tree)))))
(+ (touch c¢) (sum-up (right tree))))))

M1 ZHkOEOBRME LTRSS Schematic 717 T A
Fig. 1 Schematic program
to sum the leaves of a binary tree in parallel.
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Fig. 2 Structure of Lazy Task Queue.
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Fig. 4 Example of tree structure of execution.
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(define (sum-up tree)
(if (leaf? tree)
- (leaf~value tree)
(let* ((I (left tree))
(c (future (sum-up 1)
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(+ (touch ¢) (sum-up (right tree))))))
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Fig. 5 Schematic program
to sum the leaves of a binary tree
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Fig. 6 Execution of (sum-up tree) by a trivial implementation.

cn)=n—-1)+n-2)+(n~-3)+(n—23)
=4n -9

%Y, e(n) BOFHIE, & TETENTIC future
Fa—lHEASNDLI LIZR D, c(n) BOTHIE
BENTHhE, 4020 PENEIRIREIC L2 L, &E
DFE, S n—20 7 —FIZBI} 5sum-up »¥EFT
SN LD DI future F 2 —H 5 4 DOLFEHED
HEnbDT, EXeln)—3+c(n—2) =8n—29
BORED future ¥ 2 — 1T LT LR B, Th
&, PIRE, B’E 30 OARICH L Tsun—up % 4 DD
PE TEATLZRIZ, 8 DDAV v F OFENSRT T
HETIZ, 211 DAL v FIF future F 2 — 2R T
VB EERL TS, B, 10PE THES 30 DK
Zsum-up $5&, M1 Oa—FTiE, $<CICEFER
TI5H, BH50a—-FTik, £PEIZ 10MBOk —
TEBRLTY, AEUIENT, SHEERILZE
NTERV. :

Kz, ZoFEEHFR%E busy-leaves property O &l
HTERELTAL. HHHAET, FHEI (future E
son ... ) WZELELRC, E 34T leaf L 2 BOT,
busy-leaves property % {fi/z 9 72012k, Eid <
TSN ELLTE2LR W, LAL, BESNZ PE
BB L WA} B EEF SN ICEBEhT
L % 9 DT, busy-leaves property i ?ﬁf: SN,

4. A&y IBAXDEE

BT, Bz FETOFEMBREEBOERET
X, WS OLDOMEEH B LrlRl RETH,
INSOMELHRTLIRADEES HFT 5.

4.1 HFlivv:ionDEPLFAIX

321 EICHMLAZL S, BMBBE S :on DY
YT AT RAEWL O HENH S, FZTion %,
HLETHEHBEMNBOE L M ELTHBEST, o

T AT AERDEDIERLRDDICEET S,

o EITHHZ, FMUSBMELEESNBES, H
B2 2 DL EEFEN TV ARSI, ST 1200
B, REEY D PE TETEN, BY OB
i, o PE THEITFEN 5.

e % PE loc T, (BTN TV IHE#MOET
PRTLZE XK, OV 29D PE T, loc
THET L LI CHEREN TV ZEHEIEITEN
TWwaR6IE, FORD 12k, BEBY D PE
(T2 Tl loc) T, EFfORERTONS.

RIS &, FRAIE LT, ETORIBIIDIZ-T
&TD PE loc 2L T, loc TEFTTH LD
ICHE SN TV EETEIEEEEL Tn 2
BI12, 2O LD 12, 07 loc TEFE
nTtws,

EVIBED, Bl ShTwalnwdZtths,

22720, DToRaE, ComELY b TR

BhRIns.

o HILMELTORMTRb-TL 3B, ton
AT ERENS.

o BIKIKEED PE 25\ 2541213, MEOEEN
ENTWTYH, ZORKIRED PE TEITEN D
ZENDHD. .

ZDEICTBIET, FHICHVEETETIK

LB, HEOBBIOF — SNy FZ2LIZ, (ton

REREN-FF) ETENB0T, A=Ay %

BRI HIENTE, BMOHEISHTES. L

L, SHEXEVRBERCBYT, 247V

FEBFRED PE TIED 20 EL Y, on DS X
NTEEZRRSEET L. ZoBBEIZOWTIE, [#
DT I7 47 PREILTE S/ PE CEITE X
&) BROD (move) Y 37 17EHEL, Turs
TRWIBESE LT ETHEBEL TV 5.



Vol.40 No.SIG1(PRO2) % A 7EEEE LBMES A 7 ERKICED  BINATHH 7

4.2 22y IRBHRDT AT 47

3.2 #i T, busy-leaves property 7%, HifiZEH T

i s WEEER, EEL (future E :on loc)

WZEEL 728812, loc ® PE 2MTL WA, leaf T

HBHEFEFTEINTICHEINTLEHI L LR

Nz, DF Y, iK%, busy-leaves property

BT ECERETAICNE, ERETTHAL Y

BEEINS, TCICEZOETEHEDDL LI LAY

Ta—Yrr7EFRERW. LPL, EQAV YA

B ENTBREIC, loc ® PE DS, SEHEL Twa4:

BE 2HHELTERZETTAILIILTY, MO

FICD bR, a6, E b leaf THolohf,

ZOFHESHEEINTINT 2 WAL TH D,

ZIT, A, BICES, B SHBEENTICET

SR B2, (future E :on loc) IZEHEL 26,

E %L TCWwBPEDAY v &, B 2FEFLT

WHPEDRAY v 7 ANBABZ LT, BEVDL:

BERBTHHERRT.

COEHCTHIET,[EITENTVE/ —F ] D

REEEEBETIL, [ /- FE2ETL T35 PE/

i ERERTEHDT, busy-leaves property % i/

T Z EATTE, strict computation Db & TiE, L&

ZFEEREY PS LTICHA A2 LW TED.

4.3 EEDOFFMA

41ETHEE LY T 1 7 A% T20120,
SEITL TV HEHIE, AkE © PE TEAT
LTELVEEROD

%, FTRICEBRT L 0ENFHAH. 22T, Schematic

a4 T, RO b, BESIRC T[PEES]

%BM$5. [PEES] i, EBICPEIRONT

W AEBOMIZ “any” LV HENEINES. FlEE

L CEEFESNRE, 4180t~y T 147 AL

L7ehioC, Z0W¥4EESN PEFHSTEITL,

“any” HIE S NzEEE, ERO LTC o RICHENT,

W7z PEICEMOHEING. BRI [PEFES] &

LT, BT, UTo L) 2HEIcHRES

ns.

o —FHEBANMHIN B BHEICIE “any” PESN D,

e (future F :on loc) D E #IER & Z121E, loc
HEIND,

o LREUSIOBEE ISR, MABESD [PE
el ELTESNGEE, 20 EHINS
M ET.

ZORAOEW® T L E Z AT, (future E :on loc)

BIEHENLVIRY, 3T OEBIFCHLICIE ‘any”

BEEN, —H(future E :on loc) PNIEIN 5 &,

E ORTCHHEIN L5BHICIE, E OWET (future ...
ton ...) ZIHEZWIRY, GEE OB HL AP, ton
D future IFOTH L MR ) loc ASEEN S
EnITEThHS. i

DXL TCEShE [PEES] 13, BEEE
PORYBEDL LB >TNLEDT, A7y 712
INTWHEEFRE,S, ETIRXPE E5%2155
ZENTEB. ‘

ET, £PEX, A& v 72 oBHEHTLENYHL
TETTHEC, WYHL-BEEHED [PE &5
2R, EnrESUSAO (‘any” #BR<) PEZRL
Twizb, FHIMIC, X4y 73TBBREY, WY HL
72 [PE®EF] L TRITT 5.

—F, AY v I KBERIIEZ S0, & PE I,
R EHIICEDICA Y v o FRBERPR T B
FARTS. DL S BHRTBRILRIR TV 2B ER,
HODEETL TS BEAE0 [PEEHES] 2,
FNEDUND PE 2R TwWizh, BREZITA
n, A%y 73BT 5. 25 TRECEAIR, 8BS
DIBIRESNFHEZLTVWALIEIIREDT, X
BERITBICERT 5.

IO LI, RRERSLZOHROI-DIZ, EHH
KR —YV Y7 %I LI LT, [HiT:on THERES
NEBEEOLERNME, 20 PE TEFIATHS] &
VS, A1 EITHRRE YT 4 7 AR A
TEB*, :

BB, A¥v7OXHIE, L 72w PE FLAS,
AE 9 IRAVIRE, W OPDLIAYDERR
Wy BT TERTE D, AFNICTRT 21EHIE,
(1) B#pE

(2) BPEFFEORY v I RAVS

(3) BRIEPHEMEINEREF v N
(4) ZOMBHOFLELTH5 | H#E
&, (2) DA 31 HiCHAL 72, (future ... :on
L) OEFTOBIC future F 2 — 128 5158 & 6
LThb. ,
ZOFRUTEY, 328 CERHL CRESHBRTE,
F =Ny FAA R K, BRBRAREO BV EHENE
BERENER TR S, 7277, ZOoFRTE, HED
BERICAY v 72U THED, ©— 75
O—AMI bbb, A5y 7EBITYE—F X
EYIBoTLEIEVIREN DD, TOREN,
COREBREBICEET LM IIOVTIE, MR

W ZZFT, R-YrroREE [REg) ERIL v, £
PRSI L WM IS A B, FORETH-Y Y TR To
TWwWh,



8 TEERALBL 2R/ CRE

HELTWRWD, A¥ vy r7EBiie —7EREE-
T, (HEOZITEL 2 OBRBELREEZRVTIE) 1
DOPEMPLLPT 7 EAENEVOT, HEBHF vy
vallky FLRTL, HEBEARVWEERZTHS

5. % B

A4BT, BAOEEIZOVWTHEME KN, oz
T, LTC &L FU Z2MfERRIRAEFTE 5T L& RN
oh, BHENBIREDZODOF =AY FHS, BET
BIERL->THLONDEEREL Y DREVEHER
BEXEZV, SSTHRLCWEEER LR [ E—
FAEYT2ERALYDB U= AV AEY T 7 LADH
BN SERBHRICLTWBED, YE—F XEYA
DT 7EATYH, BEEIZEF vy L 2DEHITL - T,
U—HAEYNDT 7 AL )b ERLZ LN H 5.

ZIT, AF v yZRFRIC L BEH R EREEE
DEMELRIET 5720, RO 2 HICHL TEREIT
%9, :

IT 100, T/HASNEF— ¥4 4 XL HE
B LOBREEHNT 2ERTHS. T/ ASRD
F— A ABF vy Y 2 OFRE KB FA2BE
W, vy 2l B E— 72 X0OERILD
MBRFREPFTE R, —F, F—=FH A XhF vy
TallE&TRNE-TLEIBEIE, VE—-FT 2%
ZBIEFRE BB 2 52V TH S . T DERTIE,
HICK& R4 7V 22 Mo THRARALZ T E VD
PHMLRT AN O T AR W CEHIT 5 (BRI
TAC IS

20DDERTIE, BECHFETLLIIBTZ7EA
Ry =0T, BADHRIZ L B EEEONENRE R
BE R BPERIET 5720, ERHWRTTY 7r—
Yar (ZZTE NKREBELB T I 6%
5, FEHIZBR.) Zion BB S ST b o7
BAORME T 5.

LiRE, RETH, ITEBRICHVAETERRET &
Rzd &2, 2 DODEBRIIOWTEMZ RS,

5.1 ETHHERE

FEEEE L, SHEE AE Y BFIEERTS
% Origin 2000 (MIPS R10000 195MHz x 128PE,
18GB Main Memory, 32KB L1 data cache, 4MB
L2 cache) ® 9 %, 30 D PE % F W CTEERL 2.
Origin 2000 1%, N—F %= 7 CHBIEHE AT 2%
BLTVAHN, AN RAEY EYE—F XEYTT
7w AW EN B D OVYERTH D, LI, 5)H
LIFREL 7z, AEYRF ¥y Va2 NDT 7 ABES
BTh, CORICEBL40%B2 5 PEDNHLEE

Feb. 1999

# 1 Origin 2000 O7 7 & AEE
Table 1 Origin 2000 latencies.

Memory level Latency (ns)
L1 cache 5.1
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Fig. 9 Elapsed time for N-body problem.
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