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Accelerating of Genetic Image Network for Image Classification
by Parallel Computation using Computer Cluster

Kunihito YAMAMORI, Takuya YOSHIDA, Masaru AIKAWA

Abstract

Recently, the number of digital images we have is increasing as popularizing cellular phone with digital
camera. To manage these digital images, some researches investigate new technologies for automatic image
classification. Since image classification technologies depends on target images, it is difficult to decide what
kinds of techniques and classification threshold should be used. To solve this problem, a technique, called as
Genetic Image Network for Image Classification (GIN-IC), has been proposed that builds an image classification
algorithm automatically. However, GIN-IC requires a huge computation time. In this paper, we propose a
high-speed GIN-IC with master-worker parallel computation model. A master broadcasts an individual to all
workers, them workers compute the fitness in parallel by using a part of training images. These fitnesses are
collected to the master, and the master calculates final fitness by summing up all the collected fitness. We
implement our method in a cluster computer, and evaluate computation time until building suitable algorithm
that classifies digital images into two classes. Our method achieved four times faster than that of serial model

with a master and six workers.

Keywords: Genetic programming, Image classification, Parallel processing, Cluster computer

1. [FLC&HIC

AR, U A AR OE K L2k, REDT
A VA NVEBEBEAPFTAET D2 ENE o TET,
9 LI RSB ORB A AT THET 272D Okkx 720
BHATONTNDN, —RICEBOSFITING L+ 25
BIZKREIKEFETHZ LD, HHTLIHET LT X
L OB/ HAE & 73 2 KB O TR e X 72 fE
D—o&ENDY,

ZOFBEICR L, bR EZERY AND Z & TEBSY
BT TY XL ORERRHREORE % BT
GIN-IC ( Genetic Image Network for Image Classification ) 2
PRESNTND, GIN-ICIE, Hiffile7 4 L2 &Ry B
U — 7 RICHABEDED L THBSET NV TY A L%
R L ZOMBE DTS EBEH T 7 7T I 7 GPYY
WZ X > Tlilifkd 22 & CHROEBRSET LTY X5
HHEEET D FIETH D, Fio. £7 T AHEME~
DEIEVFETHDH Z LR, 27 7 AAMEICE N T
18T 72 i JEFEE % 7k 3 SVM ( Support Vector Machine ) &

a) THHEMTEE ez
b) &S AT L TR 2E A
¢) HIRF RS oA BB W S Bl o 2 — Bl A

R4 LA EO SRS E NG BN D 72 EAEMER RSN TH
%, LD L, GIN-IC 121, WL D OFEEN TR > TRV |
FO—DZHREROMERH 5, T, GIN-ICO~
— A L5 TWAGP TUIE LIZRIEICET N D720,
k2 72 @ b O T T 59,

GP DEER(LFIETIE, EAREREEEOHSERIC
EILCHINA %475 2 & TERB(LT D BET AN
B<HWBND, LovL, GIN-IC Tk R L
DR S IR WELEBRRE 28R L TR 0 . RN EIT
ERWIEDEET VT CE RV, BIOWSUETIE L
L Cik, ME—DMasterX ROl 21TV ), MasterD F5{#
O F THEEOWorker N ULELZ 43 L, WHNZAELZAT 5
Z L CTE#EIbL9 D Master-Worker ET V3 H 5,

ARFFE T, GIN-IC OULEFEREHE 2 B L L,
Master-Worker 7 /L% H\WCIFL L 7=GIN-ICZ 7 7
A 5 BN A R EIC S U LB A AR 2 &
T, WHHRIZ K 220 % E EWIZEHET 5,

2. Genetic Image Network for Image

Classification ( GIN-IC )
2.1 GIN-ICOBE

GIN-IC TlE, B DT 4N E2E2 T 4 — R T4 T — R



246 5N

=

T e

=

ol

b

i

B A2

Fv U= RIS DD 2 & TEgESET LT Y
ALHEFRB LGP WA DY Of#ELE1T 9,
X1 IZGIN-IC D7 v —F ¥ — b &R L, LLTICEHEE
AT 5,
L WIERA R

T U NEEE LR T D,

2. FEKRERL
BRABIEZITV, THEEEART D,
3. FMmEEE
B Y > 7 AR B EMRFIC L o T
T R O FEAME 2 R E D
4, FER - IR
FEAME 2 i, ROBUE KA ERRIRT S,
5. PLAMEREM

FAHNCAT B T AR DL 2 34§ %,

C START D
A,
—

FlIEAR
A i 5
IR - Ik
N__-.'Esi.-—-

e

| PUT LRl |

X 1. BRI D GIN-IC 7 v —F ¥ — k

2.2 {EREE

GIN-IC T L » CTHEEIN D EGET LT U X AT,
ANF1 7 — R, BGER ) — R, FEERME  — R, #EE
J— R, W/ — ROSTEFHD ) — Rl Lo THERSh
574 —R74U—FNlOxy hT—7 L LTREIN
D

GIN-IC T L » THEEIN D EG T LT U X AT,
JRERIZRE U CEB AR ZITV, B D R & fhi
Lizth, BN L > CTHE LN BB % I % 1T
I EWVIWMNTITOND, o, KHE/ — NIZIZAT)
— N, B AS ) — R RgEh s — FOERE S — R
71/ — ROIEIZ 7 — RE&EF3No0.0 2> BIEICEI V IE b
Do

KR — RO AN &R OoRT, 2B, £1o [H
%1 &iX. AJ — RICHET 2IRE SR, & L < ki
B — RIZE DB CERSINZEGBOZ 2L,
ME) &, FRERE ) — NI L 2B TH LNz

BeE, b L<IIEE ) — NIC X A0 TR S
oz L&t

F1l. Xy NT—7 %WLT 5/ —FK

J—F AN 7
AN/ —F LS [CIEES
RIS ) — {5 3
R, — R [ B
A/ —F HfiE Hi
/=K $fiE $fE

GIN-IC @ 7 — FiZi%, #£1 TRT LI, HEHiRE AL
ETD /) —RNEEMEEAETD ) — RBFET D0,
J — RHEIOEER K LHIR 2320 2 LERHTL 5, B
EHITIFEL T O & 5 2k OHIRD 5,

o [HRAH ) — R ~DAT]

AT1 7 — R, ERER ) — RO B4 AT HE,
® ReHEf ) — F~D AT

A7 — R EGER ) — RO Bk T HE,
o FEHE/—F~DAS

R — N R — N OB EERR AThE,
e i/ —FK~DAJ

Frgsht 2 — N 5 — RO ThE,

A TIBMRIZ K 2B OBIRDIZINT, 74— R 7+
J—RBIRy NT—0 THDHID, /— R~DAFITTH
B0/, —REBELD /) — REBO/NEIW — R ICHIBR
=P AS) T, AN/ — REEL EiREH ) — e
T, FeEdh ) — e F, B — F%k4 L L, &
BIBEIC L > TR — ROBNREDL D Z Lidhne
LIZBE. NEBD ) — F~DANTD /) — FESG %
PAUFISRTREAPNICIND 5 2 & T, /iR L=t o HilR
BERTLHIENTE S,

- -
60— —

& N EZBHODO/— FPEBER ) — R Tholih
0<G<N

& N EBHOD/— FMPFEEEML  — N ThoThh
0<G<I+T

® NFHO/—FREFE/—RFThoiGs
I+T<G<N

® NEHDO/—FMPHII/—FTholhh

I+ T<G<I+T+F+4

GIN-IC TliZ, A Lcmg oy v A8 2 —IRJT
DOILFINAEH L THRIZTRE L, ZOo#EB I L
THEEBAEIEERTT S, BETEIX, A1/ — RZERT
RCD /) — RiZHoWT, /— ROUBNEEZ R a—F
EANTITED ) — REFEIRICGR T 5 2 & TRET 5,



7 I AL My ¥ a—% %7z Genetic Image Network for Image Classification O EFI AL Z X % &AL 247

J— ROt s /) — F~DOANEITFEETH 5720, &
BT RNTEE RO XTI TRIA I NS,

J — R oL, Ak LzkRE T o 7 Ak
EENDT=0, a0 BTk, HARRICEEL S
Z %/ — N Active node )& 528 % 5. % 72\ 7 — N Inactive
node )MEHET B, 72, 7 4 VZITIZA T 72 L1 AT,
2 ANIOLOBFET D70, RFlIER LIFET D,
FOD, BETEERY hT—27 & LTETEEITIE,
Inactive node R FI 2 BERLITEANE T 5, B TR OH %X
2R L, ZFOBGFRICL > TRBESND XY hU—
7 KEE A 3R T, 2T, Nod, 2, 3, 5. 7D/ —
RIZIASZ 4 VB2 EXE LT DTz, 28 B DATIT
B3 TIFA MG STV D, £72.No. 8,11 @/ — i Inactive
node 72D CRIERIZEIE STV 5B,

No.l No.2 No.3 No4 No.5 No.6
[e[0]0]alo]1fe]1[2]b[1]2] £[2[3]lg[0[3}

\_{NO] No.§ I\{o.‘) No.10 No.11 outl out?
h|4I2IgI4|0I| i [6]5]k[6[7][k[8]7][9]ft0]
)= Rigihi (2) [] DRy hT—2 BT
J—F#e (1) PSRV
) = KORBINE 0-10 :AJy)—F&E

a,b,e,f,g h,i,jk i LE7 N5
R B

2. BRI

D> : somitauns 7 —
l():mﬁl—r
1
{ Ot

L—»:/—meﬁ

3. BIFROR Yy hU— 7 HERE

)
1
1
i
AT .
V] e —
1
]
]
1
1
1
]

2.3 BEERRELHAIRETIL

GIN-IC Tl HAURRET /L E LT (144 ) ESE T
NDEHRIE 2 L TR0 | BEAERIEIC TR R
DHEFNTND,
FPIRARIZOWTHIAT 5, SR RIL, 22R%
BEP, I, BT (BB TFRO—3F ) BT
T D, FRERPRAE LSS, Bt T BB TR
ThiuL, ZOEEFHENEY 15 5 #FH T —HRELEUE
STEREIND, /— ROLBNFEZ RTBIETETH
AU B — B RHEERH  — L B —
OFHT TV N TR > TEREEND, £DT
O, THGER ) — FRFHEERL ) — FIcEp D) &
W T SRR RIS, KTV O/ — NuE—
BRI D,

WIZHARZRET VIZHOWTHAT 5, GIN-IC THW
LTV HRAZMRET L (144 ) ES OUEEFIAZ LUF
WZRT,

L BMERLE LTI X LIS EIRAERT D,

2. BUERICK LR FHRIEZ ATV FER 24 a1
AT %,

3. 2fERoN, KEMEEZD ERERT 5, 2L,
I REESEEAAAET 2583 F Rk E2EET 5.
LSO ZIIRT 5,

4, BTHRMEZMEZLTOIUZET L Z D TROVWES
T BB Z ROBUER L LT 2. ~RED,

ZOMRIZET VORI, GP Z AWV A EOME
LT &< ZT b 2 IR /T sl fig |z L 5 (ko
EWERFAE LIS NWZ & TH D, (1+4) ESTIE, ik
D 3. THEEZESE UCRIR - WIKEAT 5 72D, IS
WAL D 2D o T 6 THIERREEICE(b 3 Z 0 15 5,
ZDT=D D7 MEEE T b b oER R FEAE LI <,
NI RBNITO Z &M TE B, £/, 2D (144 )ES
IXGIN-IC LRk 7 4 — R 74U — RElxy NU— 7 H%
EDFEL%E H DCGP ( Cartesian Genetic Programming ) ¥
THERAINTEY . ERMICZOFEDMEIRIhTH
D,

3. GIN-ICOiiF|{t
3.1 Master-Worker& 7 /L

Master-Worker® 7 /Ui, ME—DMasterS 2R D LLE D
ATV, HE D WorkerldMaster DFEE O T, JLEE %
ST 52 L TEE b E BIETWAE A TH D, W
HOFWIIILL T OFIRTITh b,

. Master/XWorkerlZxf LALERZ 12F] 0 24T 5,
2. & Workerl35 2 HIVZBEAT, £ O R & Master
~IET,
3. MasteriXWorker2» bR &2 Z TS, HIV Y TTW
ROVLEEA TR > TV DA 1. ~R 5,

ZOFEOFRIL. WorkerDPERER /33 2 WEL D
RENE— TR THLEMIZAN B ThhD Z LT
b5, IR Worker G H S D L\ MLER A AT S 4172
Workerld, AHSET E TOREMBRWZDLIAEID Y
ToHNDEHEIID < 2D, W EMERET: Worker i
BV IRV 2 AT X du 7= Workerl, JUBESE T F TORE
AN DR EZF D B TondEEITZ L 2D,

R L LTI, B OWorker (2% L, MasteriZME— &
WIHRTHD, Worker3HE % 51T &, BIROHIEZAT 5
Master ~DRAM AR E <720 | BAROPEREIME T 2 2
nrndH s,



248 O ORF LK E 425
3.2 #FHIGIN-IC 4, FEERLER
TAKEBRIC L0 . GIN-IC 2R QBRIERT 12 k3 5 &40 41 EEBBIEENSA—AKTE
PROMFRER OFH 24T o 72 & 2 A, ALBEFERRT O KM AWFIETIEL, GIN-ICOFHISESR TH & vz A
FHIEFHBEICER SN TWD Z RN ho Tz, K4Z T LIEANMEIGEE SIS H2 7 T AFEMEE G L, &

SR D JLPR IS D F RIS R AR T,

[ S
B 7wk

[ EGLE S
R
B i - Wik

[ 4. GIN-IC DR OEIG (% : 1000)

DT DAL T, FHIEFTH % L Master-Worker
T L BAFNNERZ AT 5 Z & CrRE &K
FIGIN-ICZ R T 5,

ﬁﬂmNmTi KPR BHAATRE (2B 4 A Worker )
DT N—FI55 0 T WorkerlZEI D él“C?”_J:“C HT@
%m_%w@¢®&ﬁ@ﬁﬁ%ﬁooit (e
FEOT7a—F v — hERT,

Master

) 4
ﬂ{f‘l‘* i | A kieiims
LT
IRCIETEEE Iéy‘"’l LR |

I

RS
[ IR - ik

Worker3
MLk AR |

.j

[Counteaem__] | < — kiR

% 5. A% GIN-IC ® 7 2 —F v — b

1. MasteriZ4=Worker IZfEAE#HRE 7 20— ¥ v 2 b7
50

K- Workeri$E| D 24 C o407 Zihl b5 CREmE 2 =R
7%, * OER %A Master IZ1E1ET 5,

Master(EZ 1L 5 ORRFNZ KD, FA&H72EROFAH

(EREE T

]

WALERDOGIN-IC & A7 FGIN-IC D ALERRGR] % i35,

2R, AWEEIZIIMIT Pedestrian Database 20D #1735 [

B4 FEANEIE I Vision Texture DD 7 7 A F v [H{
& world-space.com D B B 2 WD, 0 7 VBRI

7T AEFIZ800 BAE L. EDHH 5 100 F % Bl
7% 0 7008 A PLAMEO SN A m# & L CERT .
F7-. WEOY A X164 x 128[pixels] TH—L, 7' L —
AL — AT ZE M LT D Al 3 D G D & 612~ 7
FHISEBR 21T D 7 T AL B B a— X Ot E 32
12, GIN-IC D/NF A—=F 2R3 IZENEIURT, £,
FEBRIHEHT D 7 4 L ZIZHOWTIEIA T 2 Blofask,
KROT7 4 & D—Flad ([TRT

v
(b)IE NS %
X 6. B A LG o—

1

K2 7AW aL Ea—X DT
R — P& 1285
7ty Yk 208/ — R
Zat Intel (R)Xeon (R)3060

@ 2.4GHz

a7 427 /T ety
AAAEY 16.0GB// — K
Ayve—VBETAT T Mpich2 ver.1.2.1p1

a) http://cbcl.mit.edu/software-datasets/PedestrianData.html
b) http://vismod.media.mit.edu/vismod/imagery/VisionTexture
¢) http://www.pn-planet.co.jp/pn-photo/index.htm



7 I AL My ¥ a—% %7z Genetic Image Network for Image Classification O EFI AL Z X % &AL

3. Ml EBRTO/NT A —X

RTA—HE 2R EAH

3k 100,000
R ) — N 100
e — N 100
WE ) — F& 100
JEIRIE B 0.02

Fd4 FEHTBT 42D

V=) ez T4 IVEL
SEvE{b. Sobel,
[LHEEZE 25 | 2fEfk, BIBAHE,

=0y, B el
RME, FHIE,
P cEhh 17 | HoRfiE, S,
RPH, R AL
gL, WL

A 18 | 7 A NEH#,
BfE, % 7l

4.2 EBHEREER

Worker £t & 28k & 72 & & OUHERFR D2 L 247 12
R, RE. KT AR TR, 10 BIRRAT L7k
DOYEHEZ TR L TN D,

7 225, Worker A Hi°3 Z & TALBRRR I3 B
THLTLDHERTE D, FriTWorker BA6DIFIZIE, &
UALERDOGIN-IC (2 ~ALBRRER AN /41 i S T
5. LML, Worker 5142 7253 [T L7ZBFIZEER, 50
56 12 LR O MBI O RAEERITNE < o T D,
FE 72, Worker #7431 DFHITERAFDGIN-IC LD b 4L
FREFE A EEI L TN D,

NS DRIAE LT, Master-Worker [#] D@15 R 23 %
Z2bDd, EEOFMERE 21T 5 BE. Master-Worker [#]
TR ROFHHE DO ESZE N TN D, FHHEFHE D
JLER X, Worker 07358 2 %1% £ 4 Worker23MH 249 2 31 E
BRI/ 72< 72D, DX, Master-Workerff 01815
EHIEZ < 720 REOBERERITENT 2, 20729,
Worker 0% 107713 BRI ] O BRSNS o T
LEZB5ND, F 7= Worker£ 731 DEFIZ-OUTlid, Worker
DL T 2R EDBRAEOREE D SR, i#
BRI D4y, BRI L7 FZ 2 b D,

249
] B HEREEGIN-IC
20000 -
O3 GIN-IC
5 15000
= _
% 10000 ~+-Jt-----{  L-mm--
=
5000 +-Jt----{ b feed  feeee H ----- ’*
0 T T T T T 1
k1 2 3 4 5 6
Worker%k

7. Worker #2595 ALEREFRY
5. HhYIZ

GIN-IC 1%, Wi#ESET VI Y X LOEETIEO—DT
HY, TANEEBINTDZ & THREDOILIESCRR S
FADISHLH/HTED, L, TAITY XLAOHER
55T E TICE KA LERF A LI L W O BN H 5,

AHFFETIX, GIN-IC oEdbx B & LT, WHHET
HED—-2>T & % Master-Worker &7 /L2 L., ZhlimE 4
ZWorker Z & 2431 D Z & TR B L ALER & 4= Worker
N L TIT 9 WHIGIN-ICE IR LTz, Fiz, BRAHE
DGIN-IC & WFIGIN-ICE 7 7 A Z o v a—X FIZ5
B U AL A bl 5 2 & TR L ORFEER T o T2,

EBROFREREN S, BRAETOGIN-IC & g LT,
Worker$£736 DI FIGIN-IC T IFULERRFRE 2 5976% 4AE 9
HZENTE -, ZOZENS, AFEOREFEITE
HTHDHEVZD, Lo L. Master-Worker [H 01813 IR5[H]
DA Worker 02 LG - 7 ALERIRE ] O S8 12 13 2
HIpnoT,

SHOFEE LTI, FAPBEICL 2BEOR LI
[ D BRSO 0D 43 KE R 2 ek A L 7 B8 oD AL BRIRG R D Ik
NETFLND,

SEXH

D W R AR OBUR &A%, HEae
SAHICEE, Vol 48, pp. 1-24, 2007.

2) Al E—, Hl RS, KB KT, BRE O
Genetic Image Network (2353 < B[R 7 /L2 U X
Lo HEMREE, N THIRET 53, Vol. 25, pp. 262-271,
2010.

3) fHEE K& BEMT eSS IV, HEEEKE
HRURS, 2001

4) B EE SRR LRI L o
FIEBEERN T 0 7T I v 7 Omdi, HiRE:
K¥BE B LR, 2012.

5) I F. Miller: Cartesian Genetic Programming, Natural
Computing Series. Springer, 2011.



	工学部紀要2013.pdf



