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Performance and Scalability of OpenMP Programs
on Chip—MultiThreading Server

Myungho Lee" - Yongkyu Kim"™

ABSTRACT

Shared Memory Multiprocessor (SMP) systems adopting Chip-level MultiThreading (CMT) technology are becoming mainstream
servers in commercial applications and High Performance Computing (HPC) applications as well. OpenMP has become the standard
paradigm to parallelize applications for SMP mostly because of its ease of use. As the demand for more computing power in HPC
applications is growing rapidly, obtaining high performance and scalability for these applications parallelized using OpenMP APT's will
become more important. In this paper, we study the performance and scalability of HPC applications parallelized using OpenMP, SPEC
OMPL (standard OpenMP benchmark suite), on the Sun Fire E25K server which adopts CMT technology. We also study the effect of
CMT on SPEC OMPL.
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oto] EA1H HE]2EP(SMT: Simultaneous MultiThreading)
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Memory Multiprocessor) AlZ=8% 1 Algo] #d © BHA
3t 2 Aol AA 2AIHY e WEF AW 2=
Sun®] Sun Fire E2ZK[13]E & 4 Ut} EBKE 72709
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tHO]. OpenMP AM&-¢} 8 42
2] EF3}olth. OpenMPE H| w3
Eo) ¢ A 2 aRg WAt a3
Zwol H3th HPC ZokolA oS o we 7HFe e A
FEd g 277 F71g a2t OpenMP AAAE AHE:
of Wastg z2ade 4534 FF4E Eole A
43 F28 A7 9. B EEAAE OMT 7148
Fahgl &% SMP A18{¢l Sun Fire E25Ko]A OpenMP
NS AlgEe] WHElY HPC &8 T2 suited!
SPEC OMPL(OpenMP & 9% ZF WA9t3 suite)[11]9]
A5t B Bl A7 B o] &8 T2 £
d mAlE CMT 719 &% H7H8ksth

2 =39 dFE H3td $ge ¢, C++, Fortran
OpenMP Version 20 &< X943t Sun Studio 9 734
2 suiteS B-&31GH14] WA, Sun Studio 9 U 2ol A
AEshe AEs 17 89 Yy HFH FHAE A8
gto] Ztzhel wWiXvla 22O g ARYIP (Be FF
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fetching) 5o] glod, aude Zgafmst &4 F=E
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L2 AA e 3MBolth oz My £& o]#d CMT &2
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2.1 CMT AMe{e| of: Sun Fire E25K

@A A5l d' CMT 7|&S WA dEF AH=
£ Sun MicrosystemsAte] Sun Fire E2SK7F 9ith o] AH
T CMT7IES o439 $& =239 &9 A7t Az
Z(throughput)& 7|4 o8 FIMAIIEE 3¢ AL BF
2 AAHEAE o] A E UltraSPARC IV Z2 41X H&
He® ta glom 72709 ZRAM HJEo] A7t 279 &
AES, A2 AARZE 144719 2YES APANZ 5 9
EZ AAHAT o] HEL A2 Sund o]H A Al
A1 Sun Fire 15K} 28 of AA M| F w7t
Z 7t

Sun Fire EZBK AW & T4 7|2 FEXIEE UniBoard
olt}. Z} UniBoardw= Yl 7]9 UltraSPARC TV ZZAMA
£ R E TAHAA UltraSPARC [V 3= o
2 F Y 2dEeE ALY 2) Fx). 74749 249
EE Ads] HaAME stue F4E 7159 UlraSPARC
II Cu Z2AM(UltraSPARC IV o] Althe} Z2ANZA,
ol Mgl Ml Sun Fire 15Kl AH&8)307) AL&-®
o 2 ool = Zbzhe] UltraSPARC IVel+ wW2e AEE
g, Zojg 29 8MB 27]9 L2 AAE Y3 AA €2
(tag) & T8t gtk 12 AA+= F 9 lon a7)7)
16MB(Zo1% 8MB)o|tt. F 79 o] §& L2 A WA
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UniBoard?tl & tEE g (directory) 71¥k9] 7HA] 34 /X
ZZEZS AMEEY o Wy Ad 32 80GB/secolth
W2 A A7Hlatency)2 Imbench® lat_mem_rd €& A}
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2.2 Solaris 10: Sun Fire E25Ke| 7|& OS

Solaris 10 OS+ Sun Fire E25K AW & $138F 34
%S AFIHI0L Solaris 10 0SY 7l5 F MPO
(Memory Placement Optimization: ™= vz =39}t
MPSS(Muitiple Page Size Support: TF& #io|z] =7] A 4)
© OpenMP Z2I9] uA5 FHe oy Z&H22 A}
£49 g vk

« MPOE Solaris 10 0S7} &4 ZZAAA 1 =24
M7t A5 ke wHolAE FHTo] fol3Es E §
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EeZe] FHrol W &8 Z2addgA wRe A
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Translation-Lookaside Buffer(TLB)*|A¢] HZ 45
A48 dF 29024 &8 T2 4%E 3A
FEAE = g Bel7l® sir}. SPEC OMPLE o
£ frE AL3tE ¢4 ZEaPo A MPSS

%

2
7l%5o) el 2



140 JEMEE=2X A MI13-AT ®2=(20064)

3. OpenMPE #&t 2ZESHO X3

OpenMP9] 71249l A8 B2 fork-join EHojth((2
¥ 3 A0 2= ¥ 7L ] AAAE vhaE
2Y ert EAA warEQd AgE sl HE 2ol A7)
He AHAAM viaE s#d=e worker 2¥= E9 #©
(team)S AAs T BE 2d=E EAd HET0 33
of Ztdstm W@Pre] Eulbe X H(join)FE mlAE 29
= EAA #2489 A g AE3A @k OpenMPE AHE:
¢ HEs 2SS4 2209 Ede EA4FA gE v
£& AT 293 84 52 »EPs 28 AA4dT,
% 7]8}3} 31 (synchronization), & ®lo|ele HZatxz, M
2y = #AH FEE 7|23 59 ¥ & I
2 A3E 98 A Sun Studio 9 2ZE o] suited C,
C++, Fortran OpenMP ¥4 20% AYsts Axfdes =
78 X oo A EdAMe olEd tiald A3
ol rt,

ulAE AE

Y 4 v [ 2 v ¥ y v

(32! 3) OpenMP A&l 2

31 #uelee}t 2ete] X

Sun Studio 9 #AH L& OpenMP A A|o] So] AL&H
z2a9E¢ Hestd 0gF 2d=d 8 A9 ¢ e
=2 WYX, OpenMP #EFY kol B8] 2] (libmtsk) =
F AHEA 2 =9 43S sy, 2H= g9 #E,
713k, W8 A4 ~AEY T& ALerH14]. OpenMP A
Aol & AbgE WE3) dha e oA J1ed o B 58
A ZITE Sun Studio 9 AdY 2] ¢} libmtskE tHFgk 7]
HE AMESto] o3 v 8-S &<tk FU1gEte dH Aad
= HE£2 WE Jock MAYUE, locke2 AL&EE Had o
3 A (padding)®] A%, NHE E-] 72F A4 barrier
o] 48 &% 4 T WH To| AL I dolH
(shared data)ell tigt H v]4-& Zt 2= ~dof ¢l7] A
& FHdoEHE BAlste oz Hig A7, Ad
dlo] €l (private data) TFol] hE v L& 2y 28 5o
22 wdS g9 dozN(Fel et tal) ZaAzId
»# = HL(threadprivate) ®o]E Hd &3 8] &L 2y
= A& Holg &7 Al AA FH(false sharing)E HA 3}

off Lk
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AMEE 4 gl

* SUNW_MP_PROCBIND 27 ¥4+ OpenMP Z21
o) g ZZAA(ightweight processes: LWP)E2S
Z2AAMY v (binding) T} oA HIIHH 2
A= E0] & ZZAME olFdle AL gsoz
2HES o8 AMEE dlolEl7} Al Fol =S
A 2Eo] AXNEHEE Tt o]FA FozN A
¢ 45& AL F ok
SUNW_MP_THR_IDLE #7% W4& o] 4389 worker
2HY =7t 2ol EFHE 7itele $¢ 23 (spin)
o} £¥(sleep)dHZ YEE ALEAIL AAG 5 9
t 2= 5 9 JHZE v AL F B 2
A2 2P 2271 o4 7Hedt ZE2A
Al Zo9 AR 2 AN 2H3tE 3 2o
AsHEdAXA o]
SUNW_MP_GUIDED_SCHED_WEIGHT #7 W4+
GUIDED 2#AlE FZ& Al o AR chunk®]
A7) (chunk size)S AA Fo] QLo 74 (weight
factor) A& 7FeEE gt (V& 7b5Ale 10) A
8 7HE5A AEo] oA AHEate Rat(load)E FF
aA WEAL F Sl
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Sun Studio 9 AHYHEL OpenMPE A AY o]9]
of Z2ade] s A% 2= A3 FAYe FYPF
ok OpenMP Z2I3e] A534E Y% HAse A5 9
g3}, ~Zek(scalar) A3}, F= WY, 35 AN U
shr7ke]l A 3Hinter—procedural optimization), Hlo]E =g
HA J1se &Y, wWEE HAg, g, Z= &
(cloning), = #A7|(unrolling), AHF €} Y (skewed til-
ing)elell A7t A7F TFELE ol F 2 /XA WA
Argth

« 27 3 A3}

Sun Studio 92 "¢ B& Az AHg FYS 3 4
24 A&AAL re-association, AR AA, forward oA,
B718 34, Fo9 2ag 24& FZ gto= ofF A7)
7], ¥ % ¥ (induction variable) AH-4-9] A3} £ A=
A A(dead code elimination), &%24<] sub-expression A
(common sub-expression elimination) 5°] %1t}

« FX A3} A ALS-e] 33

Sun Studio 9 2o 2= WIS wry S A%
P& NAFgozN Arg A F294 MM B FEe

% 9ty FEZ EAdistribution), £ &4 (fusion), ¥
Al (interchange), X el ¥ (tiling), ¥= unimodular

O A

, I8 <Z(array contraction) 5% F3 3t}
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A= dolgE ZeHAste BHAE Addrh ZelHA]
& FH dolH 5& dolEHY xAtE(reuse) FEE 7|2
2 ddsdch A wE FR(EUH ALS T2 <)
et wjdel Aeart B Bae gdE HolE E%
Agdye AT 4+ Atk

cojdl B WY 3o WHRE 9T -

A Z2AAME B2 7% FYE(functional unit) &
A2 gk 28I Fo)F Mol E StalA] sl wH
Eo] o)qrissue)Hl i At olgjdt 7|5& o] 43}7]

SR EREREE ECERE S PEEEEETERT

Hdo 2 nfo

<

k. BN unroll-and-jam, 2ZE WA, T= 2AEY 5
3} 22 R o} gl

52 WAV I 93 A4 A3

Sun Studic 92 7t Alo]= o] HE(side-effect) ¥
A, ddelo] A(alias) ¥4, AA Z2o9 B4 gde
ok ofF BAL A o] &S HHE A7]7] A d

ole] dHolelx(layout) HA 3}, T dgtold, T4 EA,
34 A2 (propagation) & EFI chFd HAHste] AEd
.

<A WEs)

Sun Studio 9& Hlo|E] 2] F7|(dependence)ol TF
Yoz Fx 27 HPg
37t VSRR 8] 93 F=
HAE FX 29 A7|(granularity)E
3

2 #9381, YA} H5P 7

(& Hx

4. SPEC OMPL #ix|ot22] 45 &3

o] Zox $a]E SPEC OMPL HlX "= suited] thafAl
WA AW Aol 19 The OpenMP $8& Zz1d
o A% AH3 Aol @ $ele) W2 PEe vF
ol

SOt

Al

4.1 SPEC OMPL Hix|ot=

SPEC OMPL WlXv} = suite2 C ¢ Fortran® 2 243
obF 7HAY &8 Z2a¥ 52 FAHY 911 OpenMP
AAolg AMg3stel M3 =HAG11] o) WX vz £&
3L, Z)AFE, 714 RdY, £ 59 RobE dH3IeE
14T AT $8& ZEIY Bolth<E 1> #=x). 74 4
AukaE g A9 ZEAA A AP 64GB o144 HE
A& 9= v auug Wxva & $3Y57] 93
A= 64bit F2FTHE ALE3ME &% Alado] QA
Hr}
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(¥ 1> SPEC OMPL HiIX|0}=

ELE! 3§ ¥of 2399 <l
311.wupwise_l{ Quantum chromodynamics Fortran
313.swim_l Shallow water modeling Fortran
315.mgrid_] Multi-grid solver Fortran
317.applu_l Partial differential equations Fortran
321.equake_| Earthquake modeling C
325.apsi_l Air pollutants Fortran
327.gafort_| Genetic algorithm Fortran
329.fma3d_1 Crash simulation Fortran
33lart_] Neural network simulation C
42 85 = X3t
OpenMP 3§ Z2I9 A% HHgE 93t $g&
WA Sun Studio 9 HALHAA X Ysl= AF3] 27 ¢
F9 Agde FH(fast -openmp)E *}%'6}@ ztzhel W
Aota Z2aYs Adsd I8 e, 4% 24 =7

=

=

AHgate] Ztzke] WXt M o H—o—
7t *371‘ 23 v Fg&How APy

2ES Fohurt,
Ysted 9AS FHE F oheH g ¥
3

ahglok

oA 22" OpenMP AAlojst Hedo] Qi

Alg2 I

W2 52 3340 A-;lrﬂf& 37 Asde H=s
4 & AMRS AASEE dh (2Ze A3,
Fx 9y W2y AF 7= ﬁf‘a A3, a5 r—ﬂ°l
H ZgHy, 3% dA7 Al‘ e HH3 5
°}§)

Astdele] o Z2ade A5 YA AgA
OpenMP A Aol ol §3te] %713 WLsjo] F7ha)A
(32 ABAZ AUE OpenP ANIF 342 3
Moz Badeel A5 Aol s 39 4%

d% B2 ¢ e dE B, A9 3471 e
gasie 32sE TxE ddstty =&
] o] maﬁ} gosd A7le oldEd o & =
ek 315.mgrid | WX v}z oA
OpenMP A|A1o}& AHg3tel 4
no) A8 957 AL B9 2 FSol gBele] T
zo| S2e A% Yo AsAt AEAT ART
OpendP Aol €& £A FAUA2 Sfoiz 7

Z 58 Asor B SES g 229 3 3
F7h 2 %= BEgdetn 14" 25 Bagex g
= ek (o] 22 Avd A4 4Ue FI ver-

sioningolgt F-Emh) o] A3ty Az 64719 2
Y=g A48T ¢ 315.merid 1904 1099 s A
< ol & YA

GUIDED SCHEDULE A|Aj°7} €& OpenMP X &
2 387 ¥4 SUNW_MP_GUIDED_SCHED_WEIGHT

g Agstel 448 HEAE AQS Rat 9B e )

AXNA As F4E o8 F Yk dF Eof, SPEC
ON[PM(SPEC OMPLY ZA%o2A Z7+ 3719 ¢
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