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Design and Implementation of a Light Particle Swarm

Optimization Algorithm Using MapReduce
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Abstract : In PSO, each particle represents a possible solution in the solution space. In
an iteration, all particles move by simulating the behaviors of birds. After a number of
iterations, particles move expectedly more and more close to the global best solution.
With the emergence of Big Data, MapReduce, a parallel processing architecture
proposed by Google, has attracted the eyes of many researchers. MapReduce is highly
scalable and fault tolerant. It has been successfully adopted in many large information
services. In the literature, researches had tried to implement PSO using MapReduce. In
each iteration, the utility function of particles is computed in parallel by invoking a
MapReduce job. However, the cost of MapReduce invocations is high. As a result, the
benefit of parallel processing is significant only when the utility function is complex
enough. We propose a light parallel PSO algorithm based on MapReduce architecture.
In a MapReduce invocation, particles move for several iterations independently. Thus,
the number of MapReduce invocation is reduced. Experiment results shows that the
time for PSO to convergence is reduced. However, particles will not move close to the
global best solution if they compute the utility function independently for a long time.
In our experiments, when particles move for two or three iterations in a MapReduce
invocation, the performance of the proposed method is high and the cost is

significantly reduced.
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Hadoop # # ¢ » ¥ 5 1. JobTracker4% ;% % 4 A MapReduce ix 7+ » § 3% %
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¥ ¢ > Master & #k*z 7 5 JobTrackerf-NameNode *F > & 7 TaskTrackerf-

DataNode #2 5 - f§ & 7 & e #_Master & £ » 5 # = Worker e & ¢ o

12



Bk 7 B P Mapping BB Reducing
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Mango Apple Apple, 1
G 1 Banana, 1 Aoble. 2
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Mango Apple Grapes Apple oo ’ 1
Grapes Apple Grapes, 1 anana,
Orange Mango Grapes, 1
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Mango Banana Orange Mango | —» Mango, 1 Mango, 4
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Orange, 1

Bl 2- 5 ~ MapReduce % ] Word Count

B 2-5 % MapReduce iz 4] §& &) > B & {7 p g 3-8 & B H 3 o7 b=t i
BALInpUtARF Y FF S E S I o InpUt AR R RRE R Y H R RN R B S
B | TP TIE R O RED oA A e Map E a8 BERTR- ORI Y K
e Map #2358 $8 4 & {738 i 14 key/value ¥4 Map i& & %%@]4 eI
key s * B~ H 3 @ value 3 e 1 A &8 3 - = » A€ 37 TR e
P 2 key B o BAp e dokey BIE R - B 2Rt o @ e 7 Reduce T ixeh
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2.4 s FHEKFIFE 2

PSOif & 2 £ 5B 5 el 87 5 7 % E i 4§ ¥ 2 (Bio-inspired
algorithms)(Kennedy and Eberhart, 1995) > s* #f chjf & 2 E %5 :EH- 0 4 F 04 B3 1 -
Yol 8 BB P FEE o PLE R 4 ERD S E T TS
THRENEH

fRA-LER AR GALRERBAF YR WL AT -
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PSO:# & ;2 11 T3 (Particle) ; k%o 4 fpFnd o s 340 AL AT R
Pih- iR P AL E G HREBERER O ESRS e {riRd ) g PSR
FHEHRAz T AP0 e fed B> BB - I B B REF LB FfE o

B EAD AT B R S B AT REZ R > TS RS Ay
BE AFX BRI LSRR HEHET L% AT L B
B RHEBEERIS » KL PR PR ARG Sk
P a8 enig s @ (fitness value) » &k 2| #7 0t 32 8 F B ¥ o A AR F FIF B AR R e

F12- 64757 o

x;o=rand() or heuristic()

l Initiaﬁzation | v;p=rand() or heuristic() ~ foralli

‘ Update the velocity of every particle | Vi =V AC P rand () * (bx - )t G *rand()*(gb-x;,) . foralli (1)
‘ Update the positiot of every particles | Xjp1=Xi Vi . forallid (2)
l Calculate the fitnesls of every particles | fitness(x;,.) ., foralli (3)
l Find the best fitncsj among all particles | g;’: ;’;igll ’::i’)‘) . for all i )

[ Output gb and related information |

Wl 2-6 ~ PSO & + % 1
B LT OBE LY GRS 2B AT b G OB

FHpe I B EE R B RE A (FTEMR EE% 0 b R aD

&
S
fisu
™
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i
e
t\t
=y
4y
Wy
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(s
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95
pIN S
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ot
(75
ey
&

TSN T R

itk - At E xR A T RZEY - BiEEE v € R R R (Vi)



B b it g% (bog) e B & 5% (b)) K- TATH B & K (V044) 0 BT - (tH])
HHAAPERE D] B X ISISNY NGRS Blice 73 gt > Si- Kk
- R RES R EE -

xR o C Gy A B2 ¥ oo rand() & 4T[0, 1] T B AT B B 0 AN
TR A F ik ATOB e R Ry ) 2R E A £ ()R HER S ()p L g
giii)FERagsk o 2° (bx; — x) N E2 o3P B 5ok (bx) B oz Bt
poAvinardRe o A (gh — xRl R AR E A # ok B i 55k (gb) 0 BTAR ¢
FRATIRA > A L WEMOL I P IR AEML B A 2 G
WA IRT P L BEMG K AR R 0 At Brand() R F SR S T AR Y N
g

FlifEABE - F vF b ~oe%k 2 o PSOA@E B p riﬁ%é’f'l%aizz»ﬁv%f@; » 17
FIF P EATAABOGELT 0 B L RAREAEY 0 #3855 P & i (Huand
Eberhart, 2002) ~ #g4’ 5 % g (Van den Bergh and Engelbrecht, 2000) ~ *= {744 & R R
42 (Clerc, 2004 ; Messerschmidt and Engelbrecht, 2004) & -

MapReduce 7 4k 2118 » < /];Je_l ¢ %5 PSO &MapReduce  § 7313
(McNabb, Monson and Seppi, 2007) » % > Ji& * » P~{8 {247 ei9= % (Sadasivam and
Selvaraj, 2010; Aljarah and Ludwig, 2012) - #g iz e 4 2+ & ;% & ;2 (Lin, Shen, Sung,
Lam, Lin and Lai, 2013; Shen, Zhou, Lin, Sung, Lam, Chen, Lin, Pan, Chiu and Lai,

2013; Aljarah and Ludwig, 2012) » 4= 2+ MapReduce:-L {7 it GA» 3 § R4F = % o
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Initialization

Y

Update the velocity Update the velocity
of particles of particles

Update the position
of particles

Update the velocity
of particles

Update the position Update the position Map
of particles of particles Phase

Calculate the fitness Calculate the fitness Calculate the fitness
of particles of particles of particles

Reduce
Phase

‘ Find the best fitness among all particles
I

No .

— Meet @iiltgrlaoftermlnatlon I ————

Yes

® 2-7 ~ PSO *t MapReduce 7t F (Feh— B E ¥+ chigip

f]fu;k ot dedgut F T30 B E 02 Y PSSO GAY I - MapReduce 7 1
+ o A REHEF AoBI2-7#77 - 4rMRPSO: MapReduce particle swarm optimization

(McNabb, Monson and Seppi, 2007a) BIAKERE LIRS ERRE

\F;

5 e e MapFi s B #B-F 5 H A 1 = B B ¥ %% aReducefd fr o o 3t F B

kot @ L B g B b EFFARSTEL AMapfF RS E L FEEF RS
AEE . A pReducelf LA £ R F i &> EHFEMEE-E L FHRE

. o

hB2-7¢ > AiEE i R3] 0 MRPSO:E (75 — it B 0 ¢ fad - X

MapReducei# & - ¢ >*MapReducei# & &fxd = k4§ 0% » %McNabb, Monson,

and Seppi(2007)#% ! fvm ~ ¢ o 1EH F TIMRPSOT 7 i & @ * i @ Sl b
EaR ) R

% 15 % (2013) @ * MapReducez. T (7 i 33 B s\ F B B 2 aih e ¢ o BT

7 PSO #&-MapReduce F — & 4p B F & ™ % MapReduces? 4% = #ic & iy PR F 5% o

W2-85 3% Jh @ i 0 B
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run time
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. . A ) . . . . . . J
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number of task

B] 2-8 & 7 # [ #ic & slave ¥7 task & (7 pF
T KR k3% (2013)
JEB2-8% 13 B > taskBcF £ 308 Bl 0 1 % taskik B ] S B E
MR B EHRE (TPER :#taskﬁ:c% < A4 %ﬁiz B ARERPREIRE M4z R
W origd o Ftaskdx 5 pF - F (TP 7 A (A% > H sy 2rtaskEicE A S ¢ o

AT TR VO 3 TRE Eod - i MapReducesnis & £ 4P § % o0 Bk 1% (2013) 0

ThHHe Y o BERB2-8F MDD FtaskBc B AW B2 n(n LD FE)RF L B
FEeE o F AFT Y Ataskerlic R b oernk 25 TR B2 o

d 3 RI2- 8¢ 5 T f2 B fx s MapReduce & - - TR A A o @ A
MRPSO®I2- 7% M gLE T~ BR % 3 BHE PR (L A7) L8 Ff2)- T THE
(FHEMEEf2)- = » 7 HRE 5 (TP F_AReducefs k& 7 47> A MapReduce s
AT AT gy e f3T) 0 d Y fcdeReducery BB 0 € T B L B Mapeh? B
S5 kB TE S > & @ N Reducesns A ¢ 1t frdsMapins A ki@ F 0 F A

F R D R HE B = kok % KPSO - MapReduce § 1T T acpE B A&

* o @ 3 20 T E 0 Reducers Bk iE 1) % 4 Ex#» MapReduce et #ic o
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3177 %4
c;’%;ﬁfﬂ s ¥ LT R H SR PSOE (TR 0 B P R SRR T H K

FPSO Lt B HA B EfApF S A5 7 F 5 Ak 2 (2013 P %Y T UFRF X
fc#eMapReduces= & ¥ % 4 & &MRPSOZ #¢ - 7 123 JRPSO fi& {7 { A7T#
R B i R eRIRA B 0 ATIE R e Aot B R PSOR 1135 4 0 T 5 H R PSO
FREFEEe R RLDERF > A2 ),%MRPSO: MapReduce particle swarm
optimization (McNabb, Monson and Seppi, 2007a) ® » v #f+ 24 £ B~ 3728 ~
S i i B9 A Maply B0 fie i A e 3R A AT IR 3 p 3 R K
M Reducefy R F 5 FM A G B E DB RN PRIFZ 5 FRMBEK - Flt
MRPSO =3 f[f] © Jeit § &1 e 35 FR(LATHAR S & f3)- e # 1 5 4p

mip@BATE ¢ o A s #-% MapReduceE b { 5 2o I :2i@PSOH E o
4ot A3 ) MRPSORE (75 - ezt B g > € Fods — =t MapReduces# & - d 4z
B AT eRR A A Bt AFT R 3R ¥ R ° PSO i MapReduce 78 ¢ 3 R =0 i
¥ ﬁh{/ﬁ\ > Reduce=t #ic ki T B & KA A o 2 BREA G AE Lupg 4 o W
FA R BAORCDEAR Y L LE B A R F 0% o BRI R - S TR
R HiTEl 2B RS BT - I REX AEF R OERF > JBEFRF o

A E R AR - R AT L RERER G TEE R IR
BRI VAR S -h N S E R R ’1*14 ZMapfgfc g ks » &3 - T gE
Reducefy & » @ #3885 — BT aMapld £ ibp 228 ~3 (s » g 7 H i 3 fd
B BEFE IR TEGR IO EENALTENERT AR B
T P A Pk 2 R 5 o 32 x ReducerF 2 B i e 3 Ak i B B A R
(ATENETRRE -
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AR o d AR SRPSO S #ep 2§ o Efi2 S EE %PSO -

[ AT WAL |

Bl 3-1 -~ 4= & % PSO >+ MapReduce % # } s 4

o

3.2 F %

BEBR &Y A g Mk A MapltEbp 4% ch= i 1= 910k 0 ff B
ke g i B Maphy Bb g 0K 10 & T da S B Maply B R A8 71 1 Rl ig
* Reducefg £ > @ § 8+ EMapfs £ b p 82k > &7 k3 EMaprd = 18 (72
f$ BI:& » Reducef# £~ » b+ & Mapfs &b p 3% éh=x €3 3]10=% » F gt
#pde o B¢ EEAR - A g Mapfp b p 3% o s 1pF - P EMRPSO - £ 7
F+ AMaphs f = 18 (71=x {8 P& » Reducef# £ » F]pt % Mapfs b p 02 =t #ic 5 1
pE o> Hpm s P MRPSOsf 4 § - ke o

d AR IPSOFE 2 e 2y Y oW AP M AR F AR ERF AR
S auTy o F AR RS 4R s e B R 5 12100 0 KRR H i
FRE B E o

7 Sk 31 A 38 KR 77 % 4 W] £ Griewank function~ Rastrigin function -

Sphere function ; i #% Griewank function ~ Rastrigin function:p -8 18 7 % fd%3
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Foacs
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B
ERCRRE Y B e S S ﬁ{PSOiﬁ’E;‘é’ﬁ AT 2 R %
ZEMAARALEREF TR L FFBINEAFE > ERBAF AL ER
HT o %{PSO&%’%‘;& RFEFA AT R B - BRRIGL 5 267

AR T A > s
M AP SN e fe e aa FOE

(@) Griewank function

N . 1 n Xi v e y A
S AR () =05 izlxiz— 7i1=1cos(\/—il_)+1 N iR R aaR

RFRZEFRE 600<x <600, i=12..n

BoliE f(x)=0,x=0,i=12,..,n

B 3- 2 ~ Griewank function 12 &4 W B
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(b) Rastrigin function
SR () =10n+ Y (x? —10cos(2mx)) o N b jEg A

REEfAZ R 0 —512<x <512, i=12,..n

B fz: f(x) =0 x=0i=12,..,n

B¢l 3- 3 ~ Rastrigin function 72 &4 %

(c) Sphere function
St f(0) = Y () onh Rz EaER
PlEfEE FEF T -512<x <512, i =12, ..n

Bolfz: f(x) =0, x =0,
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1. # 5% - % Griewank function ~ Rastrigin function - Sphere function ‘¥ i& {7 4= 4 1*
IR A Map Fp B b p 4% 12 10 » X2 BINang HEE -

2. § 5% = % Griewank function ~ Rastrigin function - Sphere function '# % i& {7 4= 4>

Lenh BT A Map g p 0% 11 10 » TR = Ba i B i o
3. M RIS H P SRR TEZRZ BIN AN A Map FFE D
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Fri A&REE
4.1 s kipe ¥ E APk S¥cK
AT g B A AT 10 5 F S 2 K HadoopZk 3t » B ¢ - 5 e BF ¥ 5 master
e worker> & 5 g ##% % 13.30 GHz CPU ~8GB :z{% 4% ~50GB A @7 & ~ ubuntu
12.04 1£¥ % ¥ ~Hadoops~# % 1.2.1> % > & gheomap task#ic & B 7 o PFL (7213 -
Ho Ag s #icd 581923 » A %100 2 % 5B =t ¥ % 360
d 3 RATE A FE ~ 4FIPSOAR B Sl 3K T A BB AN E R T k2 B
pt AT 3PSOz 4p M % #ic®_% % Eberhart, R. C. and Shi, Y. (2001)#73 & ek % >
¥ob Ry A % & T mSearcheng, & 0 i@ B G| > demSearch_1 5 AMap
Fe B b p 3% 1= i€ » Reducefy £ it (7 ¥ ® ehds it omSearch_2 % a-Maprs & b p
% 2= i » Reducery B8 (7 H R e 18 > 10T U iEde > F 2% 2 A MapkE B b

fH% 15110 kg i+ -
42 3 %H P
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& @ function & p 8ok F 47 400 B 40 Tt = Bfunctiondnd: — RA-dnm % A
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SPER 2 FBEMapIp i 40 = B A FIA0% Ak i B % 0 5

4T
T

sn

% BfunctionF g8 & E i B E T L E> % S=xaMapibp #% < #k -

B — AR Ao E 2 Pk

= B erofunction 2 4p F 4~ 4 8 B 4 0 12 Griewank function 3 &) - © & § H 7
Griewank function? ¥ Mapiib p 3% ch=i icf_% > > B i o iE ¥ £ - i~ 4
#% % > @ Rastrigin function ~ Sphere function’s 3 & p - A~ 4%k 5 Flt & B
functionen® — R A4=dnE ¥ 4p e > Mapib p 8% =t B8 1= 3110t » LR 1
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TeEMA R REER > T DL BfunctionE R A F i B E TR A
gMapib p #% =< #ic o
3. W F
g7 FAa~ 42 F %R EAF A4 4B 2 F % > % RGriewank function s jz 3¢
Mapib p 4% ch=c #ic £ B+ @ 8 (7 ot ¥ 5% o

43 F k%5

1. 7 A= dp itz 9 o
THEEIPAAINT A BT REE AT SRR R
AL EHEPEE SN B BB R E AP Sigh D ) R L H AR
Wb i Mapibp 4% = dic > 2 Bl4-1% 5 - mSearch 18 & B £ 975750 5 /)
pF > @ omSearch 104,:8 & R R £ 157 9283 L » X0 8 &g 0 - L HF
mSearch_1e 38 8 pr i 5 AFT g #5 S8 2 R E REfeE R EL R B 5idh
SEREHMEAE affdhy 28 Nl LR AE B4 = #cchimSearch A 5]

B e N BepF o H B E AR R B R ik o

Griewank function
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04:48:00 \\
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= 02:24:00
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B 4-1 - # F 44 & Griewank function p& ¥ g
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Griewank function
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16 == Search_2
14 =—f=mSearch_3
1.2
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1
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£ 08 \\
i
06 ==i==mSearch_&
04 %\ s Search_7
0.2 w1 3EEMCH_B
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o . = mSearch_a
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iterations === Search_10

Bl 4-2 - # I 4= 4~ & Griewank function i & i& - # @]

B 4-2 » Griewank function & Map b p #2 7 b X HpEF g BE 0 7 F
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6 H & (8- =X

if s i

A hiEeo
Rastrigin function
0620000
04:48:00 L\
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= 02:24:00
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—time
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Map3 E #8 21X 8

B 4- 3+ # F 4~ 418 Rastrigin function p & [§)

4347 k3 Mapibp 3k 13 10 = pF > F #1107 PR > i R E S
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Fitness

35

Rastrigin function

== mSearch_1
== mSearch_2

=== mSearch_3
i 1 SeErCh_4
= m Search_5

== mSearch_&

st mSearch_7

s i Search_8

mSearch_9

=== mSearch_10

300 350

360

[ 4-4 > Rastrigin function = Map b p #0% 7 X HpPF e B g0 273 b ik

Bl 4-4 -~ % I 47 408 Rastrigin function if /& & +* #i ]

2B FRRBENLRER] B EMap bhp 3R 2510 HEE-
B iF e
Sphere function
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04:48:00 \\
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Sphere function
0.9
0.8
=—frmSearch_1
o =fli=mSearch_2
08 == mSearch_3
% 05 i Search_4
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£ os4 ====mSearch_5
0.3 T =@—=mS5earch_&
0.2 ] mSearch_7
mSearch_8
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4&‘ mSearch_9
0 - — T .
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Bl 4-6 ~ % I 4~ 4~ & Sphere function i Ji& & " #2 §]

®14-6 » Sphere function 2Maph p #% % b = S B B 50 57 b S Bk &

ERBENLAGC] > 2 AMaphp EEIR R - e BEA S G

F4-1~ 3 Firde B 360 K R b i

Griewank Rastrigin Sphere
Mapit g #2515 | 050875123 0.000000127 7.11E-15
Mapib i % 255 | 0035773774 0:000000079 1.54E-18
Mapib f 4% 3= 0.062806706 0.000016358 9.19E-20
Mapi p #2% 4= | 0036956582 0.006616965 6.99E-15
Mapib i 0% 5% | 0052458438 0.000011800 4.66E-18
Mapil i #7756 | 0036971567 1.711970552 2.02E-15
Mapib i 4% 7= 0.018530766 2.005487919 2.73E-10
Mapib p #°% 8= | 0034430378 0.995450295 2.05E-10
Mapib i 0% 9% | 0045201166 0.020321972 8.32E-10
Mapib p #2% 1055 | 0 070455675 0.000288000 3.78E-07

A4S B RS  AMap® b pE S R B R L R g

TR A RS SE R R
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Griewank function
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