KIPS Tr. Comp. and Comm. Sys.
Vol.4, No.10 pp.337~342 pISSN: 2287-5891

ot
ot
ogt
0%

MEl H HIOIZEI0ldE 2&8 &% oAl dhe|s 337

http://dx.doi.org/10.3745/KTCCS.2015.4.10.337

Performance Enhancement of Parallel Prime Sieving with Hybrid
Programming and Pipeline Scheduling

Seung-yo Ryu' - Dongseung Kim™

ABSTRACT

We develop a new parallelization method for Sieve of Eratosthenes algorithm, which enhances both computation speed and energy
efficiency. A pipeline scheduling is included for better load balancing after proper workload partitioning. They run on multicore CPUs
with hybrid parallel programming model which uses both message passing and multithreading computation. Experimental results
performed on both small scale clusters and a PC with a mobile processor show significant improvement in execution time and energy

consumptions.
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Algorithm: par_prime_gen

Input:
A[2:N] - Array for marking.
A[j]=0 for all j=2, 3, ... , N.
Output:
P - Set of prime numbers.
P={ j | A[j]=0 }.
Variables:
id - Processor id.
np - Number of processors.
S - Array of SP.
Procedure:
1. if (id = 0)

Find prime numbers less than \/W and

save them into the array S in increasing order.
2. Distribute A[\/W:N] and S to np processors with
selected partition policy.
3. Each processor sieves A by S, ie. each marks for
the multiples of SP.

Fig. 2. Pseudo Code of par__prime__gen

3 KPE VN Aole] g e F
Qe olgatel N olate] Aol

oo rlr 2
I

2] Fatg ZAMAARSE ol AR dAEtE A 9
Eig=s

A% B WA o8 Ae, 2 Z2AAE AA Nej

tiste] agE SPE Ao g wj¢ AAE A}

ol EUH 7} Z2AHAME ALl A widE SP Y4

T AA" wid AE e Folnz fds Ae¥dE A

= 7 22 A7 fEAH R 3 AE reduction(=2] A4k
[

2) Wg #
e B dAe W AT Raet A BE 4ol
ool m=N/2744¢) 35E Vm olstel PR vs

=zl Mt BE N7kR 9] A4eE /N o
SPE H| A2 A At #Hele] Halrh Ao AATFS o

il
2
N
of
oly
s
B

e e FRSE A 9A =
B9 reduction AAte] o fiok AT WEAAS =0
7] 98 BEFEE F/A7IE AA &g Fee 2y &

3) vpolzeiel

sfo] el £& WA A 2] Fof Hedt 54
Hetste] Ase NAF A B wAelth WA, ZEA
AEol e (ring) 2 HMEAALS IAsta Jdvtar 7Hg3n
7 ZEANE #9272 239 wjd AR gient
Y, ZRAME Y B 8 2ol spe| M SE
gurerh A4 4ol ddE §F, 7t ZRAMNE AT A
Ag s ddE Aol FRHM, 74 ZRANE A
AolAl FFHAE AE v ZRANE ddetn, Al
e ZEAMZEE e Ad dRE dado} Hlis A
e AP o] S wHEste] KE Ad did] H&F
ANE FRAT old, A9 UHE AFste AHS Uy
SHAI W, reduction AR FaEkA] eh=h gpojzehel W
< Ash 89 dRE ol&F HaF AVE 99 Ade=
gt ol wid E&olvt He £ Ao el A4
o tesh fome #4¢) 3ts vl o Aeitt. a4
g spolxmeiel WA 2 BE xZ2AN7F T3 A4S g4=

dlof vt ZRAAZ w4 AE AYstn v ZSiS A

4% 4 gloke Wil ArkFig. 3 F2).
spol el A E T vle mdel AL A4S, W)
d Ast SE T R el wAstel CPU e o]
] 3T

soy/zZzAzt 4 PTE 5 JES v F e =
ZAAZ G AFes A Z2ANEE AP g
Y @ AUFES ol BA ANS FY & Ack
T, WA B8 A4gS vste] ne Apgel Hom,
U210 Aol FRHAA g AW L F Ak 3
AW BE TZAA 4GS FEE T L6 A4 A
Aeok H ML 9o FH YT WAT £ 9

T Yem
E718 FrE AbdEloF @tk Fig. 3 & wlme #7
FEsto] HFE A dtojzeql £ W 24 55
Bk Pyt Pyl 47ie] soj7h AdS s, &
Wme] gl e Soh Ax §~S, Ag~AE $3Y
ATk ty~te= 2 HAF A7 (sieve) 2GY AlEF AlZtol
HA ol 2 a0l FoI Gl el sieveS AlAHEE
o)F tFH /A 7 soj= Aol AT Aef I9
EAA o2 BAEHEA sieved e

go & 2 o o o

So | S1 Sz | 53
Ao Ay A

Po P, P,

to || [sieves,. A0 | [ieve(s,. A) | [sieve(s, . A) | [sieverss . A)

ty || sieves,. Ap] | [ieve(s, . A2 | [sieve(s, . As) [[sieverss . A)

t;5 [sieve(ss, Ag)] | [sieve(s, Ad] | [sievels;, A)| [sievess, A2

L 4

Fig. 3. Workflow of Pipeline Scheduling in Quad-core
Shared Memory System



340 ZEMeIEl=2X/EFE 2 S8 AL X4T [10=(2015. 10)

Table 1. List of Experimental System

CPU Intel . Intel Intel
Sojnele Aumde Felse F4Y CPUE ol B0 | TS0 | N9k
MPI &21[8]& A1 9ataL, OpenMP[9]= 7t HE| Lo 3 FH Clock speed 2.53GHz 3.40GHz 1.83GH
WA vEe FHok ol AAES FAstgeh mepy = Number of cores 2 ! !
ZAA 18 MPI Z2A 29 e, 8 Yo ZaA) Cache size 3MB 8MB 2MB
A= OpenMP 2 =0 oS5t RAM size 8GB 8GB 4GB
2% FHNO B3 2 49, W Ash sE Azt 5 [DDcomdy 0B S0GE LSWGB
AR AFET A9 04E AYshe @9 ) F A% Configuration | {0 Pt o g pe
A%h AR S Aol Wt AA Aol Bk
A w49 S5 GAAUAE v 828 4
23+ QES A 922 27)E Ibyte ALEHATE WA B3 SOF aaziwsl A% Fd 3434 wWd 2d
n7}e] MPI Z2A 29 Z2A 20kt m7je] OpenMP 2% WAS Fdste]l E7200 S 2H A @St AFelA
dES A8E 9Y o BAV)S WA BES Fig ash o IR AL WA AE L9 SOE Sndes
o} (1) HA FE Z2 M2 POV} sieving prime set S& A3 A&ttt Fig. 5% SOE duzlso] A3 A& N3 N
St B8 ZRA|ARE broadcast 3Tk (2) thEo® 7 TR = HEAZIRA S dotm, NS ON(, N=10)] o
Az W £ B SJstel e A apg guy O SN 7 AN WG FuwAel W S8 uH
Aok ZeAls 2o g 2@ gaow g wa gye I FTR ALE ASAUCH, WA wAd YAE 22
AHE-3ke] sieving 2 ©] % reduction 914+ 59 A 2 A stole] F(Np)7b S7hetell whe Ad Ajgke] fhaehs wb
2 AR () AR FRWE Zadar oA w2 O HE EE WA 294 Ran 2 S e 6ol
fﬂ_‘:_i %:41_7154_—1—,_7 (4) Z} ./_yli'ﬂ_‘:_"l:— ] O]EE}-?_] ﬂc}_;;}gi 5‘21_1—6]_ % TLH, HHOE:‘ T"f.‘ﬁe]' HJ—/L]Q/] sieve ;5}01—:1] 3?‘01] /\21635]{_ reduction
Bl 24 AA 29 (pipeline_sieve) & =354l HTh 228 = el HAd Sk Ao FAAn
of Wag A AU FH ARYS o] 8T sfo|zefel ¥
Ao A9 R¥E © v 45e /9T £ v BXeraon &2
(s) 700
600
@ O o
400
(1) [ : Find and broadcast § |r; ] Zzz 1 :SN
(2) [ Distribute A by array partition scheme ] 100 +
¥ it ]
/l\ [ set partition array partition

(3) @ 'Tr;l \\T{,/\ 'L\m-1/"
' Fig. 5. Execution Time of Two Load Balancing Schemes in
4) pipeline_sieve( Parallel Prime Generators
1] 1)
Fig. 4. Workflow of Hybrid Prime Generator Fig. 6& A5 & @40 AFed Z2AA 519 5 37F
o] W& sieving®} reduction GAFe] A& A|zre] 1 Eo)
t}. sieving?} reduction®] A& A|7te] 3to] SOES ZA A

5. &g A &4 & A73} A9l dAA oM, ol B3 A Akl JFS
= 298 Fasint 48 Ay HE Ao NpE F7H

HE SOE ¢85S 283t 372 Table 190 A 2l&tiTh Aol e} sieve A4S A Az 7HA8}3, reduction
AL A R @AM RPE Ao 7+ Intel E7200 Abe] AE A7 F7betE AL T S )k sieve 14t
CPUE #3t 4ule] PCE F%¥ E7200 222, Intel o] A% AR &= Nt 2743 we gastE Ags
i7-3770 CPUE 423k 2t 9] PCE T34 i7-3770 22| 2H, wolom Ag £a Ao A4 sieving FGe #He
83 A48 CPUS Intel N2930S ek PC 3 tolt), 5% Aol Wojde & 4 otk 39 reduction G4 N7t 5
H S8 2HE 7I7HIE ojuyl ~9X]F o] &3t UEYAE Vs Ad Azto] Frtetth ol o] Ut FUleH
TFE3AT 7 Ao A 255 B H ME NoZ, A 7t ool wid A9l A7) WEA AR reductionoll AF

3 ZRAA Tl = N2 B7)eHh 5= AA dolge A= (Md A9 A7) x ZEAA



so]e] F)o]BE reduction A4kel A kol Frhsty] i
ojtt, AH o R AL ZRAA Fo| 7t FTIhghe] uf
2} sieve 94ke] A A &R reductiono] 9JE A&
AZE 2717 SAEA dEHE $A €

Execution »0g
time
(s) 350

300 +
250 +
200 - B reduction
150 - u sieve
100 +

50

0 4

N,=2

. N =4

o N=8

P

Fig. 6. Execution Time of Sieving and Reduction Operation
in SOE Algorithm with Set Partition Scheme when N=10"

Table 2= W $3 P42 A839S WAL P
BE A Aieo] g Tojol nja Zolw Agiae] wz
EAT Eolth mols] Falge Ay ARe JEom (2
o] e A7k + zolo] Aal Azkel Aughow Axksa
o el Agiael 14 ge sole] Agiwe] ult 10|
W, B molHE 10 olshel g Mt 49 AdE 5
sl N7b 2255 ol Aol #EH AL HAT £
ATk ol ;elel 7k FoksHA wulel el A9l £
o Aoz ¥EYel J|Agh v No| A7 A
of wle] W] T L FAE RIS AT 5 ot
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