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Abstract

In order to improve the performance of relational databases, one has to reduce the
number of disk accesses necessary to transfer data from disk to main memory. The paper
proposes to reduce the number of disk I/O accesses by vertically partitioning relation into
fragments and allowing attribute replication to fragments if necessary. When zero-one
integer programming model is solved by the branch-and-bound method, it requires much
computing time to solve a large sized problem. Therefore, heuristic solutions using genetic
algorithm(GA) are presented. GA in this paper adapts a few ideas which are different from
traditional genetic algorithms, for examples, a rank-based sharing fitness function, elitism
and so on. In order to improve performance of GA, a set of optimal parameter levels is
determined by the experiment and makes use of it. '

As relations are vertically partitioned allowing attribute replications and saved in disk,
an attribute replicating vertical partition method by GA can attain less access cost than
non-attribute-replication one and require less computing time than the branch-and-bound
method in large-sized problems. Also, it can acquire a good solution similar to the
optimum solution in small-sized problem.
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FAZY Azl FAY FEHE Adar] fdd 4 AEASHY FUAHY HFE
ZAY $5¢ HES Aol . o] A AdH HIE FF f(s)E A G 6)F AL



40 F FF -3 AL BAY dlolEvlol 29 23 dAdAM fARYL 8% 4 FE FARY Wy

14 = Lfﬁ(s)

227505

s=1

s=12..... , L (3. 6)

314 $Ese A% 2A

d Ade UG RYH A&HE AN E APz AgE FAFE(E(s)dl 2ASS §A
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2E zERNNOR JHR 1, 7] $49 o) IDL = 4, EAMA i9 B W5§ SELi=l,
d#olNe B|E 4(CDL(cardinality)d #< ZE QHA 52Uz & Fate Ao
88 uxA gonzg) CDL=12 34

B AT7olM AgE fAHge 45AYL A LuASL C/C+ 2 T2aY o,
Pentium 150 Mhz 7124 PC A 3 sgoh

4.1 #FANYY viAAST HA 5

41.1 viZh¥s9 A4

T+AAY ] FAAY T siARFGA we Zolrt Ao £ 7N AA e FAHYY
daE o JAde ZVIL), Ad 23 359 AT, FFEY Hx 2HAE F = (Frax,
Fumin), FE2A} A4ra4e] H G v &(P), Qo] AR HEu &Py , TAHH £U 8
(Py), ZZAY 7| HB1E YXNuAZAHOZ PYHSo Isn FEUXNSAZL TR
GHE 33 ML) EY RESAHS T2 $AAND MEADLIE, & Lt Lie
vl & A4 ol A o] FAM: oA 19 @A Wxolc}

2 d7eA & g a7l L = 100, Az 4% T = 200002 a3t

412 visias HASLE A 48 '
FAMYAA WARE F52] Ao B ITE De Jongl3llel 93t A ANE H

32, Greffenstte[30Jo} ojs) FA3He HHY dARF £& 284S 27 A8 AP
o] &394, De Jong® ATE N At £ Schaffer et al[29] HFAYYHA H29y
o2 wWARS HAHg e 3 Sk Davis(22]e] o3td fAsHYe AA7 #3890
A Y ATolAM oA AN B GE FYSA AL 5 g B AFANA AAE
T #AHEe AEAHA FAAEAE 9 JIEES A8 U wdEd AFHA /A
Hol A AHEFH D e wAESe FE AT £ A3, AR AEFe) $EEFS Folo}
Lige ’ h

Z1EdTo dud APE T 4 vAES £ Fuigddel gid APAY £F
(115 2o [E1]3 Zo] Ad¥elA e dARTe] & EF 6702 fiwe] £3
= AdaEe) e @)sh AdaEAe RAe(T)e 42 L=100, T=200022 14 3ttt &z
el Qi FEL F Y dAE o EF HHE A ASHE sy
EE FEXESE GEE [#3]3 29 [H3]2 64709 FEXF] Jdovt R EUS YehY
gt stA7HA 2 [(BAIMENIAAE 82T JetdT Ad e &4 &2 dsty [
2lst Zol &Ale A7t & 5709 EA tiste] A 33Y WESt Yt wHA
F H43d9 5= 64+5+3=960 3] o|tt.

oo

¥ 1 v/l 3H3 A A8HE 4 FF

AL z3 Crossover Mutation | 'EAA #9 L L
¥ F(F) Rate(P,) Rate(®,) TUEE) :
(205, 95) 10 0.002 02 0.4 04

(275,25) 0.8 0.005 0.4 0.6 06
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E2 dAEs 315 A9 A89E 24

Prob. No. 1 2 3 4 5
Size of Prob.
(ransaction*att 6*6 8*g 10*10 12*12 14*14
ribute)

[R4)= 2t BASC) dsted 64709] $Z2FHES 38 B2 FYsjo] oW Ao P

S¢ veran. [Eshe (B4 gol 49AFZ 2old BEEES L8N Sol
sl AL Rolth & fANY dNA FAY AE 2 A wa} QAR S5
GER diAES $F 202 Few At A o [ESM dehd ®3 go A
94 EAol 9 744 $58 BUYEE YHlE £22T0) g2oE AE 9 & Ao

®3 wARRY 522

azMy Aoz Crossover | Mutation |3 A < 1, L
TEw g =E Rate®) | Rate®,) | TYEE®)

1 (205,95) 1.0 0.002 02 0.4 04

2 (205,95) 1.0 0.002 0.2 0.4 0.6

62 (275,25) 0.8 0.005 04 0.4 0.6

63 (275,25) . 08 0.005 04 06 | 04

64 (275,25) 08 0.005 04 0.6 0.6

E 4 Z op/iEse FE2H0E .33 2 A9 o FFF

Level cb no 1 2 3 4 5
9740.33 19791.33 21871.00 23787.67 60521.00
2 9887.33 20098.00 22150.67 24084.67 59409.67
3 9664.00 19764.67 21845.33 23801.00 60076.33
63 9666.67 19708.67 21793.33 24051.00 60116.33
& 9662.67 19542.00 21280.00 24097.33 60516.00
B3 9749.95 19890.08 21826,24 2419024 60125 85
EZ2Hx} 93.19 . 232.22 271.50 249,81 813.80
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¥5 Z EASY ¥ FE =Y AT &9

Ranking Prob.no 1 2 3 4 5
1 13 25 8 18 50
2 58 43 37 47 35
3 26 14 6 1 52
63 34 53 28 31 13
64 a2 54 39 29 16

413 AA wAdsF £E9 23

412749 Agd 93 ZA we}t G 47 G4 S JeEE dfAdse fER
& 47 2. B A7 AT FAdHE duEd EAY Yoz sty 9
Ao AR RE A Udly BEFHoZ $48 A4S JHUz A FEZFS FA
dof gt o) FEZFE Fohlr] At I FAEC q3t dPAHghe] vERdE 2
¥t A2 g2z, FAIFT F2E o183 ol Aige A7 . (H6]L [E 4]9
APZAde] Hages BF A7ae AR Yl Rolx, o8 d BFE A F£X& o)
o] Zt FEx Y AFZAAE FA FEde ind £ Aok EAd @A B2 ga
Angel EXE AE 7] A3 B QFME Wi £ES0 ©E A¥EFy A=
g Ex(i, j)(i=1 23 ,64), (=1,2, 5)2 AYeyn, gk £ EFHAE
zt2y Aver(j)e} STD(G)Z Al &tk Ex( i, j ), Aver(j) , STD()o) wta} A4, D3 go) &
FE2EIH FA dstd 2& FT3 ¥F Norm(, j)§ T3

A o

Ex(i, )y~ Aver ()
STD()) 4 1)

Nori, J)

Norm(i, jje +&2% iz, £4 jo Hate g4% @3z BxG )& 2z A73¢ &
ot &, B4l jol ¥ RE $22%e] FFARF Aver()S ¥ Z3d Ex(, )7 o= AE
J 8445 UYshiests E2Es STDGC dg Adad 272 Jdeag 28ez
Norm(i, )7} 09] 7A74&4% BA jol 98 +22% i ga4%50 FEgl Az, 2
ATE Had BAZZ £A7 LFE e 220 v A450] $4EE Y
A, ~

[R6le 7 BAS} £E2Fo) Wk Norm(i, )9 %3 BZRE Yehdch £ [E7]o0 4
v EF A7 A9 PERe 28Aeon HAR Aot (X7l DA B AT
AN fASEe GAYE0] A $5E FEZYE 180T o] £ T AAARRE
2zt HEAS F = (05, %), 45T A4 AL P = 08, SAWe| A HEE P, -
0.002, TAAHY EYJEMP) =02, L = 04, L, = 06 22 vewdl.



46 # F3-3 A9 BAY voleinol2s B2y HANN FANYL o &¥ 4 FH FARY Py

X6 wHEIYPAA dolA JAFE AFE ZF3S g3 AF

ob.no.

Level 1 2 3 4 5 Nom(i)=| 83
-0.10 -043 016 -1.61 0.49 -0.30
1.47 0.90 1.19 -042 -0.88 0.45
-0.92 -0.54 0.07 -1.56 -0.06 -0.60
62 0.25 -0.41 -1.66 -0.31 -0.05 -0.44
63 -0.89 -0.78 -012 -0.56 -0.01 -047
64 -0.94 -1.50 -2.01 -0.37 048 -0.87

X7 EEPTE A HFoez &9 QY ANFY $522H A5

ed | wauz | MmO g | saue Norm(i)]
1 18 -1.01 33 44 0.00
2 58 -0.96 34 49 0.02
3 4 -0.87 35 22 0.04
30 21 -0.04 62 39 0.82
31 41 -0.03 63 28 0.98
32 55 -0.01 &4 29 109

42 HAvNESF FFEAAY AY

418N E F58E FHARYEAE £7) 98 S3AYY oA SS) o Fz
F2%e 24 9ok B BANE Z ARG e 4138N ANG $22F (F
(205, 95), Pc =08, Pm =0002, Pn=02 Ly=04 L = 06)0% A5z, &Ae
717t g 12709 ZAE dRE B2 IS EXNGAYE o4t T FBEE 55]'31311
HEE A48 2 234 71¥E AHgste HFE A 2A-H03)Y vla 49e S99
. A@o AlsHE A 379 BA Wi ol [E8] v} Ut

2
0

E8 AY 4R £A9 Wss 77

Probao. | 1.2 3.4 5.6 7.8 o0 | 112
y Si}fr&ob. 515 6:6 848 0400 | 1212 | 14014
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Aol wiAEFd P A7 L = 100, AHZA 359 48 T = 400002 44
a1, 10008 At #HA Tt e Ado]l et god Y HAE FRI=F A
Ao FAHY g3 FAAE AEL LuYFEES FIL o ook vEhdE He ghel

g F ezg, 74 FA dio FAsY d2E563 WHE}Y 7MY 5 HE NNEAT
8 #st ¥l SR A@dIe [#Old vEhy o [H9]9) FAE FUE FALYNA
%e AFet vud TR, FEHE Y, HFE AL FEHE FANEE A8
o] Bl HHEE&E Yebdo [HEIJA EATARE A&t HFE, TEE Al A9
EAlel =)o) wel AdFo] AFHer FriE weA FAY A7 E A Ao
Aol 2asER dYPolA A9 s

9 7€ 9479 ¢35 v LALE8(%) v
( 3 23 Z%S wele] v L)

pron BT | u1 g e | NIZ M WA [ZHEB A SRS R
1 68.06% 68.06% 71.10% 71.10%
2 64.74% 64.74% 68.82% 68.82%
3 27.87% 27.87% ) 3876%
4 39.32% 39.32% . 47.24%
3 33.47% 32.54% . J50.38%
6 36.00% 36.00% . 42.55%
7 . 22.54% . 33.23%
8 . 32.35% . 38.00%
9 . 29.50% . 42.35%
10 . 38.47% . . 45.81%
11 . 32.53% . 38.39%
12 . 48.07% . 51.06%

[E9] oA Yeld AF Zo] Hodt ALe2 F 5 g EXNTFAYEL o048 uFE,
TE3 &9 HAHsE & dFNA ANE FAAYLE FEF ANDUA EF Afen e
A9 A HAZHG Aot e Rz dEnt £ EA weA uEdAge) i
Ael7b & & o, WFE dngFe TAAH} vzt =g dFdEo] 58 FA A
o 17.84%, 12H EAoA AL 299%E HT 781%= YElg),

5. 4 &
EJRHE PoolMe RE A4S WAE A ROoDE Ydo|Me 43 $usd v
2 AZHE2H EAAAE AAT W b A 59 vuTe Ad2ste AHx 04

o
HasAd = QU
A7 e £49 FEE 388ty a3 A2 JFE FaAE F de FEF

o2 g8 HAoF Aol 2850 FAHY FAA H2ZE + Uk olAY FAE Bt
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