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ABSTRACT

This paper studies the resource allocation of parallel jobs on SMP clusters. Previous parallel job
scheduling algorithms, such as EASY (Extensible Argonne Scheduling sYstem), a backfilling
algorithm, focus only on the allocation of CPUs. As communication cost becomes a bottleneck and
gradually dominates the performance of program executions on multicomputers, some processor
allocation policies suggest that as processors are allocated to a job, the allocated processors must be as
continuous as possible. However, some of the mentioned algorithms will lead to another external
fragmentation problem. The problem occurs as sufficient processors become available for the requested
job; however, these processors are dispersed throughout the system. Thus jobs must wait for some time
until there are sufficient contiguous processors. In summary, as adjacent processors are allocated, we
may improve the run time of jobs, however, this will increase the wait-time of jobs.

In this paper, we suggest that an effective processor allocation policy should well balance
communication cost and waiting delay. The principal is simple. When a network is busy or the
communication cost is high, the processors must be allocated as continuously as possible. On the other
hand, when the communication cost is light, to shorten the waiting time, the processors should be
allocated as soon as possible.
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*# 2 A &7 B SMPs (symmetric multiprocessors) ;,%;g: b f?.l T3
s > fie(parallel _]ObS resources allocation)2_ P 4% » A5 F $ A 7 w0 AT (77
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2007;Talby & Feitelson, 2005) °
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BROFRAFFEZF L E I TP KA parallel jobs T 5
slowdown {r turnaround time & *# i< - 4% CPU ¢ * ’* LM e o § RER jobs
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job scheduling % F_Feitelson dp 1 » iz— #A7 § 14k & B3k 4o (Feitelson,
2005; Mu' alem & Feitelson, 2001; Tsafrir, Etsion & Feitelson, 2007) :
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>
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t6 m $-] 0 jobs LN A B0 R E KN TR AT R o KRk SRR oy
(Mu’alem & Feitelson, 2001; Tsafrir, Etsion & Feitelson, 2007) -
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Feitelson, 2001) °
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% > vd IBM &SPl T 7 ¢ "Bk BT A8 B 7&’ F)E oA A 0 fE kR
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allocation strategies » |4 Hosseini-Moghaddam and Naghibzadeh (2006) ~ Seo
(2005)% Zhu (1992):= 3 % mesh }+ > @ Mao, Chen and Watson III (2005)R] #
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WG 2 e 2 0 L RGE € 4eie allocate CPUs % 3 & chijob o e 215 T 6
ApR AR
(1) iZ¥ jobs # 7 PF ¥+ memory resource 18 fofi > & % > 4% system F] T Kk
shimemory % 33 » §4{7ig L jobs PF € A 2 + & chpage faults > B % £/ F
¥ 5 PR o 247 % & Wang, Chien, Chang and Tien (2008) 7 #-iweivit
(2) T jobs # 7 BF ¥4 network bandwidth e1& Foo 4o & fiz 45152 job 1 CPUs
iz ¥ 0 A E ¢ & #ic SMPs v network communication s € $ > F]pt
¥ network s7load » #2-| > (& € H v waiting time 5 & 2 > 4% A F7F3F 5
SMPs _F - waiting time g "% 14 » & communication # % > ¥t network
contention » # & o

B BT PEER%RER

A0 R E B A feiE fecluster of SMPs esksy 0 A iraE 2~ % cluster of
SMPs s & b v HEER & 4 vk dhkay o ¥ ¢h > APk * d Dr. D. Feitelson
#1 58 2 ¢ Parallel Workloads Archive # #t F ¢ traces(Parallel Workload
Archive) » B w iz B2 & 2 1 3F % Logs of Real Parallel Workloads from
Production Systems > & £ Ap B ;R4 7 - TR FE* T o b4 Swedish
Royal Institute of Technology (KTH) in Stockholm ¢ trace file # & 7 #
100-node =»IBM SP2 + 11 i ? ézess>— = 5 2§ 8 + RECORDS'# - RECORD
¢ 2% 1% job i& » system ePFRF ~ B42 B OPFER S HEFERF - F &
memory » CPUs s #ic® - £ - %752 JOBS et A pr P & e -2 > W= R
H_iz 1 jobs ehrequest CPUs B Heehis fie i35 o

4 — Jobs eh# {7 P A Fe i3

HEER () Jobs 1 #ic
0-1 203
1-10 1391
10-100 7995
100-1000 5195
1000-10000 6664
10000-100000 6805
>100000 237

TR B (F)): 226709
T 3% 7 pE Y (F)): 8876
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(1) ¢+ system = 10 # symmetric multiprocessors (SMPs) » % & SMP ¢ 3 10
i# CPUs -

(2) CPU scheduling # * space sharing approach e

(3)Memory #_F & 43 i * ek » § 2% % - B memory threshold » #* memory
threshold 73size 4% &t job 44 (7iE42¢ £ F ¢ ~ & & # pages faults 7
A e s 3kE 302 job ¥ | eh memory size & & & /] 3T & s page faults 3
¢G5 ¥ A2 > B A3 E page faults 2 € %53 4 o 3 2t page fault cost
function (or model) % Wang, Chien » Chang and Tien (2008)F it o *#% %
R73i € communication cost Z £ 3¢ o

(4) Communication cost 5773~ % = & > ¢ F] % assign | 5 CPUs en4 0428 F 47
Z B oA iaE > — B H o functions & ¥ s fe i) kit B H coste

Communication cost = BASE * number_of SMPs * Level

H ¥ BASE #_communication £k & cost(F % 3K 0.05) 5 Level(4&_1
I S)RFom B gl 442K 0 B4R % 4 7 communication cost A% %
number of SMPs | % 57 Job 4, {7 FF » system 4 fie % 2+ job 7 %% & # ¢ SMPs
Blico s Ef L4 = o Bh Rk B % B job 5 & 4B CPUs» 4% 4 B CPUs
- B SMP ' > communication cost % 3" 0.05 * 1 * Level ; f& & 4c% & 474
4 i SMPs } > communication cost % ** 0.05 * 4 * Level °

o BUR R B ERHL (7 ehjob #1 % CPUsssystem i 3F izt CPUs 4 & 11 SMPs
B ofk 2 ¥ o 4 #F (Tight + Minimum number of SMP) ; H ¢
Minimum_number of SMP % CPUs 4 {# 71 SMPs /] & > &]4c % job 3 & 24
CPUs > ] Minimum_number_of SMP % 3> 7Tz 24 i3 CPUs & F &£ ¢ &% 3
 SMPs ! ;Tight B|&_job #7172 CPUs ¢ ¥ 42 »Tight & 4% | % 7 A fie §]
F1CPUs % fei= R A% ¥ » £ 2 Pl A 47 b4r Tight=0 f¥ > job 3 & ¢ CPUs
% Jf & ¢ & Minimum number of SMP i SMPs ¥ - # Tight=10> B|% > %
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R 718 3l CPUs iz B o

4 = &R 5% BE3K ¢h communication cost function

Job A # &1 SMPs i f v & (BASE=0.05)

i e Level=1 Level=2 Level=4
1 0.05 0.1 0.2
2 0.10 0.2 0.4
3 0.15 0.3 0.6
4 0.20 0.4 0.8
5 0.25 0.5 1.0
6 0.30 0.6 1.2
7 0.35 0.7 1.4
8 0.40 0.8 1.6
9 0.45 0.9 1.8
10 0.50 1.0 2.0

AP AR E Y > ¥ w5 $& % trace (Parallel Workload Archive) > &7
Fingetid W (A KT i Level B)iER 2T > HiFT Pk Y
A Fe ) g3 17 50 job #+% CPUs ¢ SMP A i e ¥ 428 ¥ % #i(Tight) » 4 i¢
FCFS % #1717 EASY ¢ Backfilling = #& job scheduling algorithms o % **§ 5
BB E > & 79} jobs ¢hT 7| L5 @ Turnaround time - Waiting time
Slowdown » Communication cost °

W= % Backfilling v FCFS # % 48 Level © > 12 Tight % %#ic*7p| 1 trace
P2 § % jobs T2 slowdown 2 Mtk o AR EHREF 0 LTF IR T
Backfilling sy crg it FCES 4% 1% % o F) b > {5 6 enficdy 547 57 12 Backfilling
LA A % o FCFS chif iy # 1k o

W 7 & Backfilling ;& & /% & & 8 Level T » 12 Tight % %#c#7p| trace
¥ 28 % B jobs 2 - 5 communication cost 2}t fi 0 d P BT L P-iE R in
ff 2R AR (Level chigdk «)g/2 & ez CPUs #7 f @ (Tight 4%+ ) R
communication cost 4% < o

Level=0 Level=2 Level=4
Tight fifi ~ Backfilling FCFS Backfilling FCFS Backfilling FCFS
Tight=0 150 268 219 442 346 793
Tight=2 68 186 119 363 253 963
Tight=4 64 179 121 385 430 1180
Tight=6 62 178 119 393 563 1255

¥l 4 Backfilling = FCFS * }2 slowdown 2 +* #& o
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iR ) pF(Level snig 4% -] ) > turnaround time ¢ %% ¥ Tight 3 4v @ L >
)4 Level =0 p¥ > % communication cost {%iXpF » & fiez. CPUs 7 * ¥ g & F
£ ¢ > F]Y waiting time T;'?% + > #£12 Tight 4 + turnaround time 4% © 2. -
R | AR R ok P (Level chipA <) “,% 7 - B 42 ¢t > turnaround time
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. F &7 (r Tight @~ pF)> F15 3 % % &F CPUs 1% 8 > F]* waiting time
€ 5L F Tight ¥ 4e @ > > Bl4cRl P rnLevel 0 fr Level— 1-#a % Level &
(communication cost) % ~ P¥ > F] % system k7 % jJ {* A I e jobs o FpL AT
R ehjobs ARFFAX F > F F L > Tt waiting time 77 2 3 4o o

B ~ 4_ Backfilling ;# & /= = & #& Level © > 2 Tight 3 $-#c#7ip| 1! trace
¢ 2§ % B jobs 2 T 35slowdown 2 * ot Bl{e Bl ehturnaround 75 4F
1. P e ;‘ #2 R $] PF(Level enig4%-] ) > turnaround time ¢ %€ ¥ Tight
H# 4v @ YRR b4e Level = 0 P¥ > %] 5 communication cost {% i< p# > & iz 2. CPUs
2% F /AT E P o F waiting time # 57 4 > F]t Tight 4+ slowdown 4%
Joe 2. Pt R mé AR R #o % P (Level ehipdd <)o 1 - BAZ o
slowdown ¢ 5 ¥ Tight 3 4 @ L3 > Level 4% + (bld4e= 4 pF) >
communication cost {%+ » 4~ fe2. CPUs % % £ ¢ > communication cost R g }f.—
i# 3 4e 0 F)t slowdown » € SEF Hoad L -

b it e g B g IR 0 A K 3 processor allocation JF & Jx pF o E -
Tight rg'}] T F AT 2 > dod = 47 0 JE_Tight=0 3] Tight=6 > i3 - B
F % _Tight & 7 F Level @ T 353 4 ek IR o § B R 'rf’!é EAR IR LS N L
7R Y waiting time 0 # ¥ 02 7 " F_assigned CPUs m, Bl 5 pRE_LIFH K
e Tight & » 6]4-% = &1 Level=0 ¥ » slowdown &« it & & Tight=6 fF » X @ %
F ROy ;“%zf;: e 4o 0 AP S B a4t Tight @3 ' > B4e Level=1 p¥ >
slowdown # & i& % Tight=4 F¥ » Level=4 P¥ » slowdown 5 i f& % Tight=1 ¥ o

i ¥ 12 3 processor allocation & B % ke T AT system £ assign
CPUs % job ¥ » 7 12 i BB o P e s f M2 erig & » 65 i 73 g4t CPUs
¢ A2 A& (Tight &) R P EeR O] SRR EMAIE REY - RROf
RIEPFRICTE? R -RELFPILTFF £ CPUs B#cr # & Tight &>
¥ % Bl#-Edat CPUsassign 212 > B R % 2 # job(s)f# 1 CPUs & & {7 %7
FFVEFESF e fea (o

EIEEAN ARG PE U 3 T S22 P E: F R T AE D 4 Level @4 b Tight
thig 2 ¥ 8> 4= 567 4 Level + Tight=6 > F’% PER= elf:] **"K/qu-ﬁ‘ﬁx £
@ >t w4 B Tight 2 4 -
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35000 /
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600 | —®— Level=0 Level=1
—&—Level=2 —— Level=3 /\.
500
- —8— [ evel=4 //
é 400 \ /./
=
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%]
£ 0 A
1 \\‘\Q———O—""/“\‘
100 F &
0 | | | | | |
0 1 2 3 4 5 6
Tight fff
W 8 Backfilling /% ¥ ;2 % & f& Level ™ » 12 Tight 3 %-#ic¥tipl 1 2 T 35 slowdown °

+

%= V2 I Tight &2 slowdown 2+ &
Level=0 Level=1 Level=2 Level=3 Level=4 Level=5

Tight=0  150.0 174.2 218.8 263.1 346.0 466.1
Tight=1 87.3 103.5 131.7 168.4 222.9 354.1
Tight=2 67.7 88.2 119.1 150.8 253.4 486.9
Tight=3 64.0 83.8 117.6 159.4 346.1 701.8
Tight=4 63.8 82.5 1213 167.4 430.3 1221.1
Tight=5 61.7 83.4 119.3 179.4 584.8 2263.5
Tight=6 61.6 84.6 119.5 171.1 562.6 2692.8
TR 61.6 83.4 121.3 159.4 253.4 354.1
it e 61.6 82.5 117.6 150.8 2229 354.1

-%g;

A2 1B Y & cluster of SMPs o parallel jobs % iR A fie 2o B AL o B
PLZEHT ‘f 3 CPUs allocation 3% 85 2_ t » ;B 5 % SMP  $% shared memory
i o B system ¥ network gL o H ¢ o —%’f % Wang, Chien, Chang and
Tien (2008) 7 ;i’mwﬂ“}"‘ PR RIE L Als F dRR o At - AT 5
B3 Fargz: 1 parallel computers + eriresource allocation policies » =
#;1 & CPUs (or processors) allocation » i & B ¢35 3 4 CPUs ¢ utilization(z
£® CPUs A fiedid » 2B B) > 1'% M waiting time i@ #x L slowdown %
response time (Feitelson, 2005; Mu’alem & Feitelson, 2001; Tsafrir, Etsion &
Feitelson, 2007;.Talby & Feitelson, 2005)° @ i = % » & 73] communication
intensive jobs> it € %] & 4 ¥t CPUs 5 communication cost & < @ ¥ £ o 2. ¥
- %G 0 F AT Y BiE K assign T parallel jobs 7 CPUs » & & ¥ - 42 (&
A I ;_L-Qﬁl,u{ BRI -LEFFEE REICPUsEEEY A
- 4% » 12 *% 4 communication overhead o & 1548 7 & FBL A *LF| 4 fe B e CPUs
R REER SRR ESCPUSH S A KB iR g AR T

z
K4
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B2 7K '% 1 communication cost > i ¢ Hf 4v waiting time(Hosseini-Moghaddam &
Naghibzadeh, 2006; Seo, 2005;. Zhu, 1992; Mao, Chen & Watson III, 2005) -

% fi H ¢hparallel job scheduling algorithm ¥ FCFS(first-come first-serve) °
¥ - fri it cofL i EASY (Extensible Argonne Scheduling sYstem)
backfilling ;% & ;# (Mu’alem & Feitelson, 2001) ¥4 jobs #{ {7 FF ¥+ network
bandwidth 18 $> 4o % A fie 4154 job 1 CPUs ehi= % » £ 8 ¥ 4> i SMPs >
communication 3% € $&-|- > F]t %f network 3 load » -] 0 & € 3 4c waiting
time: & 2 > 4% & 473)3F 5 SMPs } > waiting time ¢ *% < > {2 communication
#. % o ¥ network s » ﬁig&_@i 0

w0 R E B A feiE fecluster of SMPs eskay 0 A iraE 2~ % cluster of
SMPs etk i soo R & 8 K vs day o ¥ b A i * d Dr. D. Feitelson
"'1- ‘@ 3£ e Parallel Workloads Archive # b} ciitraces o P aviz B izhe 7 7 3F

% Logs of Real Parallel Workloads from Production Systems > £_4p i % %\\P e
RRHT DT -
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