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Abstract

Multi-disk data allocation problem examined in this paper is to find a method to distribute a
Binary Cartesian Product File on multiple disks to maximize parallel disk I/O accesses for partial
match retrieval. This problem is known to be NP-hard, and heuristic approaches have been applied
to obtain sub-optimal solutions. Recently, efficient methods have been proposed with a restriction
that the number of disks in which files are stored should be power of 2. In this paper, we propose
a new disk Allocation method based on Genetic Algorithm(GA) to remove the restriction on the
number of disks to be applied. Using the schema theory, we prove that our method can find a
near—-optimal solution with high probability. We compare the quality of solution derived by our
method with General Disk Modulo, Binary Disk Modulo, and Error Correcting Code methods through
the simulation. The simulation results show that proposed GA is superior to GDM method in all
cases and provides comparable performance to the BDM method which has a restriction on the
number of disks.
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Procedure GA()
begin
Initialize Population;

While termination criterion not reached do
begin

Evaluation;

Reproduction;

Crossover;

Mutation;

end;
end.

a8 4. §3A daEE 72

Fig. 4. Structure of Genetic Algorithm.
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Algorithm Ax}Edwo]|

MO0.: POP-POS < 0.

M1.: Do step M2-M9 p times.

M2.: BucketVector < population[POP-POS].

M3.: MUT-POS < 0.

M4.: Do step M5-M8 2" times for BucketVector.

M5.: MUT-COIN <« a random value in the range [0, 11.

If MUT-COIN > P-MUT goto step MS,
Select mutation site j randomly,
such that 0 < j< 2" -1, (j mod m). + (MUT-POS

mod m).

Exchange the buckets positioned at j and MUT-POS
MUT-POS <« MUT-POS + 1

POP-POS < POP-POS +1

a3 7. sdde] daH&

Fig. 7. Mutation Algorithm.
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5o NERY(similarity template)e|ct. & Eo]
2717b #0102 #Akd 3 00010, 01010, 10010,
11010 £& dix3ch 39, 27Imf o] 2 o] 8+

Aokl BAT F A e thest 2k s
2719 Hell dhated

A

Algorithm v}Ft]2=d|o]ell=]

G1.: Population Initialization.
G2.: Do step G3-G9 until the algorithm is convergent.
G3.: Map buckets of each population to disks using

disk mapping function f

Compute fitness value of each string by appling

fitness function Fitness.

BEST-POP < string with the highest fitness

value.

G6.: Call Reproduction.

G7.: Do step G7.1-G7.3 NPOP/2 times.

G7.1.: Pick two strings randomly from PARENT-
POP.

G7.2.: Call Crossover

G7.3.: Put the created new strings in CHILD-POP
and remove from PARENT-POP.

G8.: Call Mutation

GY.: Copy CHILD-POP to PARENT-POP

a8 8. tbF tl23 dHolg wix] dxEF
Fig. 8. Complete Algorithm
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Fig. 9. A Sample b_sherma H.
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Fig. 10. Effects of mutation rate and population
size.
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Fig. 11. Effects of generations.
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Table 1. Simulation parameters.

| n ‘ pop. size JP—CROSS| P-MUT ‘ rnaxgen'

5 50 06 0.005 1500
6 100 06 0.006 3500
7 100 06 0.005 5000
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Table 2. GA Versus GDM method for n=5.

No. of Disks Torr Tea Teom Lo Toa
Topm
2 22857 22857 22857 0
4 133 140% 20 0.30
6 12857 13286 20 034
8 10476 11048 14857 0.26
10 10476 10857 14857 0.27
12 10476 10714 14857 0.28
14 10476 10667 12571 0.15
16 10 10095 11429 0.12
T WA AdeMe ECC Wlsk BDM ¥hAlale]
A v 2E 3k Lol A9 v} o] F
P Ae3E Tame] 4) 28] Adpolelel

o AR AR 7Rl 9dek ECC HbAle: £)a=329)
gl Wijt AghS FR 3 AjtE ZE w4
7 3t AF Algska, BDM WA
7He Aoz d8A k. E 5& ta3l Sl diFt
A7 272& H7I18F AejolA vlngt A5g RojFr),
¥ 5% ECC9 BDM?| $5 A7k 3o &84 [7
19 % el AAE 23S 8sigick E 5604

A} G2l EE o] 43 obF tla defg WA
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TRE S+

Hi= uje} zho] Aok WhAle ECC WAl mxR]
%327t BDM ¥A#= vt 2495 Agds o
= Qlek oleidt mAHel Zsfe AlokEl wiale] T~
28] ol dlat ARe] Sl Ao} gl Al W
flo] AR ¢ Gl ST PEUS weiFo
H 3. n=64v} GDM Wl 7}9} A5 win 4
3}
Table 3. GA Versus GDM method for n=6.

No. of Disks  Torr Tta Tepm Leon-Toa
Tepm
4 1638 17651 24578 0.28
6 15120 1604 24578 0.35
8 11446  1.2681 1.7349 0.27
10 11446 12575 1.7349 0.28
12 112656  1.2063 1.7349 0.30
14 11266 11792 1.3976 0.16
16 10180  1.0873 1.2891 0.16
k23 4. n=7%v GDM A7) A5 vja 2

5}
Table 4. GA Versus GDM method for n=7,

No. of Disks Torr Tca Tepm Lo T
Tepm
4 20680 24577 30476 0.19
6 18163 20092 3047 034
8 13061 16634  207% 0.20
10 12993 15466 20719 0.25
12 12517 14310 2078 031
14 12449  1.3469 1.6443 0.18
16 10612 13131 1.4538 0.10
18 10612 12711 1.6443 0.23
20 10612 12229 1.4538 0.15
22 10644 11973 1.3217 0.09
24 1044 1.16% 1.4538 0.20
2% 1044 11438 1.2459 0.08
28 10644 11239 1.1448 002
30 10644 11142 14519 0.23
32 1.0068  1.0931 1.1292 0.03

E: 3 5. ECC, BDM ##¢] A5 vl A3}
Table 5. GA Versus ECC, BDM methods.

Config. Torr Tecc Taom Tea
53 1.048 1.086 1.2% 1106
63 1145 1143 1.398 1.268
78 1.306 1.361 1656 1653
8.16) 1.142 1.213 1539 1537
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