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Allocation)

(Dae-Young Ahn, Sang-Wha Lee, and Hae-Sang Song)

2 ¢

B =FdAE NP-Complete ¥7¢ &8t thF 023 doly ¥jx 242 sidslr] gg Hd §42 dna2g et
gk o] EAlE vz &Y Ay W@Ao|l T EXEE Binary Cartesian Product Filee] dlol8] E25& tjAazofy
olo] wWiAsle WS e Aotk o FAFE AAs7] Hste] AAHUW DAGA WAL &3 FAHA YmE] E{Genetic
Algorithm) ©. 2 4], o]z AIEAY 2 WAlo] vld] taz 5o dig 11]‘3?— PedME $53 AHE ATTS B
FAo AlEF A Algto]l UF AA 2 &9 uolg FA dd AlEdolAE of#@A = T Ho] Ul B =5
AME DAGAS NEdola A7t 9&8 93 waozA 239 Eﬂ!:(%Dimensnon Torus) 718k HE {FAz duas
(ParaDAGA)S At} ParaDAGA_ A AF 2yE vvto g MAHON, v Zaad Axddr TEY wAEx
g AFH AlgHolENA FAHES TS A goH ATE Fdtol, ParaDAGAY] AlEdlold ¥ gro] Axd] 3
T %S B45UE, ParaDAGA "Hlo] DAGA Wdl dla] £53 ARE AT 5+ XS Ay, Ay 4ns
ParaDAGA ¥4lo] &3} 431152 DAGARY 4naZE: £33 Al B o, Fopd Ae 25388 HelZo)

Abstract

This paper presents a parallel genetic algorithm for the Multi-disk data allocation problem, an NP-complete problem.
This problem is to find a method to distribute a Binary Cartesian Product File on disk-arrays to maximize parallel disk
I/O accesses. A Sequential Genetic Algorithm(SGA), DAGA, has been proposed and showed the superiority to the other
proposed methods, but it has been observed that DAGA consumes considerably lengthy simulation time. In this paper, a
parallel version of DAGA(ParaDAGA) is proposed. The ParaDAGA is a 2-dimension torus-based Parallel Genetic
Algorithm(PGA) and it is based on a distributed population structure. The ParaDAGA has been implemented on the
parallel computer simulated on a single processor platform. Through the simulation, we study the impact of varying
ParaDAGA  parameters and compare the quality of solution derived by ParaDAGA and DAGA. Comparing the quality of
solutions, ParaDAGA is superior to DAGA in all cases of configurations in less simulation time.
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Fig. 1. Multi-disk Data Allocation Problem: Example.
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Fig. 5. Parallel Genetic Algorithm based on distributed
population structure.
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Implementation Details of Simulator & Execution Environment.

A2l 4291 2t} Max_Gen & Ho) AlE# oA At
& Yehlis b5 | Pl & 4 =5 T2A 20 Y
Fold M AAF Avlo|th P9} P, FHA &
1EF TP Bad WA Al Fux wujek B
Ho] 80|31, FREQ,,,t ANEHIAY +3 Ans
G FE F71E JEpdY R 25 3AE T A2
o TEARA == A2 A AgE ¥y E
AET procagmr T NF =20l S o]

BA 29 AXNAZA, 4709 o] == EZ A2 214
ZHID)7t A= o] ATk FREQuymution & Nuigranss = O] 2
T =T ZZAX ZHY] o]F Ao W3 HREA, o
F F719 o|F Al A= AA9 5 Jepdch
OY 78 32E ZTEAA FYEE ¢SS By
o 325 X2A2E INPUT FUZRE A B o
A WE g 442 F, Ny, N =5 Z2A2E A
A3t x= @2 WE F3P5 AF}EE
£ FoF k& ZRAXIY dF EEEA
(@D-torus)el W}t Z = ZzAA wlt} o] AR
(proc,cqmor)® WEL, FREQumigrution ™ Npgrans SEE
LINK s}do] A3t LINK 3o A4d 2t ==
Z2 Az HFee FRE G = Z2AA0 A

T=
-



2004 38 TAB =

E 1. ParaDAGAS| gl iz
Table 1. Input Parameter for ParaDAGA.
Parameters Remarks
Nsubpop AB ALY
Max_Gen o) Aoy A S
| Pouy| HE AT ZA7(AA )
Pc crossover rate
P m mutation rate
FREQ, ¢pori +3 A3 BTE F7)
Seed Random A4 7] seed
E:d 2. ParaDAGAS| o|F Hi%
Table 2. Migration Parameter for ParaDAGA.
Parameters Remarks
DPTOCpeighbor ol xx T A ID
FREQMgration O]'Zl" ‘714‘7]
Nmz'g’rants O]?TL' 7.1,]21]94 4:

Algorithm Host()
1. Get Algorithm Parameter;
2. Forking the node processes and starting
execution;
. Make and send neighbors & migration
information to each process;
. Send the Parameters of GAs to each process;
. Wait until all of the node processes complete
the execution of Node();
Report the simulation results;

6.

8 7. F ZZMA0M THEE SAE ¢Ne|E
Fig. 7. Host algorithm executed at the Main Process.
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Q). =& ZZHAE |P,| A7 27 AATLE &
How AAsn, Add z7] AAL distd Max

_Gen W 5gH oz 4304 GnelFe 78 59 7]

2=
E
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Algorithm Node()

1. Receive data and Algorithm parameter
from Host Process;

2. Randomly generate initial subpopulation,
P;

3 Puw: =} Prigrans = {}

4, For Gen=1 To Max_Gen

5. fitness_calculation(P,;U Pgans);

6. P, = reproduction(Py,U Prygrants)s

7. Pmigranys = {}’

8  crossover(P,,,);

9.  mutation(P,,,)

10.  If (Gen mod FREQ, pati6n == 0) Then Do

11. Send copies of n migrants to the neighbor
process,;

12. Receive migrants(n x number of neighbor)
from neighbor;

13, Pigams = received-migrants

14, end if

15, P= P,

16.  If (Gen mod FREQ,,,+ == 0) Then Do

17. Write the fitness of the best individual to
the OUT file;

18. end if

19. end for

20. Send the ending message to the host
process,

a2 8 TE ZZMANAM FYss E 2402|E
Fig. 8. Node algorithm executed at the Node Process.
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Table 3. Configurations & parameters chosen for experiments.

T -T
Configu|| Population Maximum —ﬂ%ﬁl
. . . DATA
ration size Generations %)
(6,4) 100 3500 1.9251 17
(6,8) 100 3500 1.3681 19
(7,4) 100 5000 2.6071 26
(7,6) 100 5000 2.2526 24
& AgwT

3) DAGAS ParaDAGAE 2 Ald] 4(the number
of generations) TH& Az ¢uElFE FPAZTh

BE QY A9 32 4 7 SEH 6 Y 4
HE FJFg golw, F #4958 wEAY T,
= ul /19 FAAAN TR A s Had %kOW}.

2. 01F 37|92t 0|F HA 4o IY

E 4= oF 7719 st olF A o]% w=f
Agse A9 £ Wil U A9 2#E nelZ
th Eolq et B9 gl R T, @) 4

g ztelE vERA Fold, AT DAGAYA 33
T~ T,

Lo~ Ton gol )¢ ParaDAGA 45 $4& terd

opt

th X 494 BE vk} Zo] ParaDAGAT 2& 739l
A DAGA Rt} 9538 2A9E ATl o]F AA|9
71 09 A%, F M8 AT AR o)Fo] Y& 7
Sl DAGA 2t} £2 A7E BoEr) o3 43
AF42HE shte] AALE o2 Y AR AXTE
e 5Y3oz FHx dugEs FY8Y, o
AB AATE Fo Holx Ul o]Fez2RY o ¢

g A7t dojd FEo] e A& ¢ F U ““31
® 48 B9, olF F7)o) 50 A e o|F AA
7F 24 wjoll, 23 o]F F717F 100 wiE olF AA
F71 6 Wl 4 £33 A0 E dE F USE BAF
T, o|2HE ANE ALY o|F A F7L o]F F
719} wel &F g 7 del ¥E guEFe] A3
S HAYE 4& & USS & F Utk o[ F FI &
< AgollE olF AA 47t BolAH WE duEe
718 92 £ AR5 EYAQ st wjHY
Ay ARz dAo] o EA HOoZH, shte A
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Table 4. Results with different numbers of migrants and migration interval.
Migration interval
50 Gen. 100 Gen. 150 Gen.
n, m ) ] ; .
(n, m) DAGA Migrants Migrants Migrants Migrants
0 2 6 10 2 6 10 2 6 10
6, 4) 1.9036 1.8433 1.7831 1.8524 1.8072 | 1.8192 1.7951 1.8027 | 1.8403 1.8554 1.7831
(6, 8) 1.3207 1.3604 1.2701 1.3003 1.3102 | 1.3405 1.2403 1.2901 | 1.3102 1.2802 1.2950
(7, 4) 2.5547 | - 2.4572 2.4606 2.5228 24786 | 2.4766 1.4489 2.4708 | 2.4509 2.4295 2.4747
(7, 6) 2.2092 1.9956 2.0001 1.9834 20201 | 2.0002 2.0058 1.9838 | 1.9883 2.0070 2.0001
Taug 1.9907 1.8948 1.8784 1.9147 1.9040 | 1.9091 1.8725 1.8881 | 1.8974 1.8930 1.8882
Tav — To t
—L O (o) 19.8 14.8 12.7 14.8 14.2 14.5 12.3 13.3 13.8 13.6 13.3
opt
(%) - 5.0 7.1 5.0 5.6 5.3 7.5 6.5 6.0 6.2 6.5
Number of subpopulation : 4
Size of subpopulation : 100
Migrant selection strategy : Best
Aol hdt AHQA KA dugdF 83 22 525 3. O|F A MEHO| CHEH &
7t 57] QFolth, WiRel] olF F7\7t A AL, o|F A B e T2 A U ARE 0] 93 T2 A2 o
A F7F A2 ARt & A5 £2 495 B F AZ ", oFAL AAE MAsE Wil
A3 Qe ol 4 A AU NG AHR Y § ParaDAGA® 3 A Ad&gFS FAE oy

Aol A Rel & & e FEo] o]F AR 7} oj= A
T 2 #%E 7HAokEE UEdY.

19 99lA 118 AA o]F7t 7 == ZR A2 A
g1 Qe AATd Fv S HoFe o
A, (68) TAANA o] xE ZZANXZ o]FHE A
o] £71 MBE AAF A7]9 0%, 2%, 6%, 10% 4 d),
AE AAZ Wi Idgte] B WsE Jepit. 1
Holl Al e uls} o] o]F7} §lg wo] wats, o]F
7F Qe Aol B AANEE TS AA Atold
i gte] A HAaR 9 G Aot AXE AE
A 4 gler, AdHez o £& A8 7€ & 9
&5 BYEh oy, B HAY )9 gtopd
Aol ¢eAdol vEsAlE F5S ¢ 5 Aok A
2& AAY o]F & ME AAHTY & o F1L
Udog FHS: NG FaA A WolyA & &
oz2H, & o9& ot A7 g B ¢
o AFAE Fold FES ¥ FE IS ¢ F
tt.

=z

=,

o o)
= AA

A AEE FHAT. & A7 B2 L HA o A
£ AFshe AA AEiE Zehde Ao ofys,
ParaDAGA7} DAGA Rtk &) $5% 448 A3 &
AE=AE dot B9 Rolnz, dutyow 7 &
Hexe Jdodd(Random) B H4-
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¥ 58 49 4Adg BoFed, 45544 WAl
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B BoE S T oA A Aol F8 ¢
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Table 5. Results with different migrants selection strategy.

Migrant Selection Strategy
Best Random
(n, m) DAGA Migrants Migrants
2 6 10 2 6 10
(6, 4) 1.9036 1.8192 1.7951 1.8027 1.8373 1.9743 1.9036
(6, 8) 1.3207 1.3405 1.2403 1.2901 1.3434 1.3313 1.2409
(7, 4) 2.5547 2.4766 2.4489 2.4708 2.4504 2.4033 2.5116
(7, 6) 2.2092 2.0002 2.0058 1.9888 1.9849 1.9927 1.9815
Tavg 1.9907 1.9091 1.8725 1.8881 1.9040 1.9254 1.9094
Tav — Ta t
— (%) 19.8 14.5 12.3 13.3 14.2 15.5 14.5
opt
(%) - 5.3 7.5 6.5 5.6 4.3 5.3
Number fo subpopulation : 4
Size of subpopulation : 100
Migration Interval : 100
E 6 AHZel o dzol e Y AW,
Table 6. Results with different number of subpopulation.
Number of Subpopulation
4 9 9
(m, m) DAGA (Popsize=100) (Popsize=100) (Popsize=50)
Migrants Migrants Migrants
0 6 0 6 0 6
6, 4) 1.9036 1.8433 1.7951 1.7879 1.7590 1.3922 1.3409
(6, 8) 1.3207 1.3604 1.2403 1.3012 1.2168 1.8373 1.8132
(7, 4) 2.5547 2.4572 2.4489 2.3931 2.3576 2.5310 2.4247
(7, 6) 2.2092 1.9956 2.0058 1.9752 1.9582 2.1121 1.9694
Tuvg 1.9907 1.8948 1.8725 1.8646 1.8229 1.9681 1.8870
Tau — To t
— 55— %) 19.8 14.8 12.3 11.8 9.3 18.1 13.2
opt
A (%) - 5.0 7.5 8.0 10.5 1.7 6.6
Migration Interval : 100
Migrant selection strategy : Best
He g8 YolHE tF tazed A48 B4 A uE B4 BAZ ¥BGT, ¥E f94 udE
gaH o2 AABIYY.  ParaDAGAS 232
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