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An Adaptive Materialized Query Selection Method
in a Mediator System
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ABSTRACT

Recent researches which purport to ;nmgraw distributed information have been concentrated on developing efficient mediator systems that
not only provide a high degree of autonomy for local users but also support the flexible integration of required functions for global users.
However, there has been little attention on how to evaluate a global query in a mediator. A global query is transformed into a set of its
sub-queries and each sub-query is the unit of evaluation in a remote server. Therefore, it is possible to speed up the execution of a global
query if the previous results of frequently evaluated sub-queries are materialized in a mediator. Since the integration schema of a mediator can
be incrementally modified and the evaluation frequency of a global query can also be continuously varied, query usage should be carefully
monitored to determine the optimized set of materialized sub-queries. Furthermore, as the number of sub—queries increases, the optimization
process itself may take too long, so that the optimized set identified by a long optimization process may become obsolete due to the recent change
of query usage. This paper proposes the adaptive selection of materialized sub-queries such that available storage in a mediator can be highly
utilized at any time. In order to differentiate the recent usage of a query from the past, the accumulated usage frequency of a query decays
as time goes by.

FINE : OiCI0§0lEf (Mediator), O[S HEAIAH (Heterogeneous Information Systems), GIO|E| PMi&i(Data Mterialization), ¥aHaE
ol xal(Distributed Query Processing), 22i#(Decay Rate)
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o2 W 2mE DA geoh FUA TARYE
o Wge AUYSTE FAE A5 W) R 4 ©sh
2ol Auslolact. $EAY FAAY (L, L9 FA
U8 C(L,.mare A ©)% 2o] ZE TAHFEY ]
Azulge) goz Vit £@ FANE C(L,,mod)E
4 0% o) RE FAREAY AU $Y Foz 4
T mebd, $8A TRAY (L, L)Y AAAE
H8e 4 @ 2ol F wg o= wUWT

(s ;, mod) = size(s ;) * f1 4

c(s,, mat) = size(s;) - f} 5)
£

C(L 1, mat) = 2 c(s;,mat) (L= {s1,s3,,54)) (6)

i=1

C(L ;3 mod) = 2 c(s;mod) (L= {sps1,5ks2.""2Sn))

i=kt1
V)]
Cost(IP(L 1, L)) = C(L |, mat) + C(L ,, mod) (8

(e 11 949 F22493% md w7t g A wm U w,
g Hge w3 W HEd goz FIAWT. wA,
CW, U Wy, 1) = C(W1, 1)+ C(Wy, I,) (I; € {mat,mod})
o]t}

) Wi=(ar.az . a)), Wo=(as1,a442.,a,) 8 1L

&}

C(W, U W,I) =h§10(ahv1i)

n

k
=h§l C(dh,I.') + 2 C(ai.li) =C(W1vli)+C(W2-Ii).

i=kt+1
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o AHulgg Ze BFEAY FEAEE = Ao v
tojolejoll A N2E FEAY FHAYE AAddF e
Aol He wmitoolg] Al2de] dAFe e} HEFY
g w2 A @9 4 Gl g Z REF99
F 7R pEwy 9 oo mE X6 &E AL o &
Zlgteg Zk REAdYe FRAYYEE AANE FLT 24
Q1 o]5g AAgt Z} REAGE FARLEAYY FYH
gy g2 FAGREAe] AgHu g v} EFE T
AEA2 @este Aol Ajulgo] Hun T L&Ho|
7] o HEHY s A o5 4 9% o] 3
BrA9 Aenga FAREZY Ay L] 2 Fe
Lid2

2(s;) = c(s;, mod) — c(s;, mat) (9)

E#, BE 229 A 59 oI5 6(9)E 4 10%
2ol Ael=ls], FAAY (L, LS AA o5& A
A9 AF L, o153 2ok

G($)= Fats) (10)

Gain(IP(L {,L,)) = G(L ) 1)

agez FEAE IP(L,, L)Y AA o5& 4 (12¢%
Zol FEE F Ut wekA AA o]So] Hujrl A o]
W AA A6 E-e F47 Aok

Gain(IP(L,, L)) = C(L ULy, mod)—G(L;) (12)

(A9 2] 999 FEZYAF w,t w,oll b3 4 722
o] A o5 G(wWy)T G(wy)olEn & o F REA
o A o159 # G(w,U W) Z F-249 Y9 o]
E 6wy 6w #ez BAIY weEd, G(w,U
W) = G(W3) + G(W,)°lth

%) Wy=(a),az,a), m=(ak+1,ak+2."',ﬂn)a}1

&AL
” k ”
G(w;Uwy = iglg(ai) = '_:Z;g(a.-)+i=§lg(a,-)

=cwy+6(w,) N

I, o5 74 FEZe ARE FA Y o
8 AFT $E4=E 1A e gA, 052
=gt FEAoe FEYEE A HW $Fo 2 F
A7t AR R} € FEo] ¥7] WEA vdd
ole9 FHE AFFTY EEE 1LY o|5E FE
299 3712 FFEAFY. ol HWolS(ng)ol2ta A

OICIOIOIEd Aladel HEX ATt Ho MUY 89

33, FEA9 5,9 Aol 4 (13)7 Zo] AN

ng(s;) = g(s;)/size(s ) 13

42 R HHTHAY

vltdolgldMe FEAe F4AER 7R &
A 3 mEA HEste M2 FEAY FEA
Yol Agsojop et a2 7]E FAEAHE0-11]
B 7 REAYE THEE 7 A= F /A PYPE BEF
2d YAE & dE RE FEA FEAYY &S
H287] g FEF9e 57} TS @4ET0| 7]
dErHes F7Ho HARNAS FYed §2 AL
o] "gsle, mtdely Alxge] HAFY THE Bl A
48 FEAY TEAYE B FEEAY 7YYl 2
BHAE "o FEAY gEudo] ¥ 2H TEAYE A
g gAle) REde B8AE} 24 %e F Uk ole
HAg sy oA AF WAHE FERY &8
Hejoll w27 A3 gomz HIo FEF #4Y
HE rgstA Rejo HHe REAS FEAYAAE &
A% 4 vt wEA, & =EdAE g 202 HF
o FEAe TAAYE W3] Astd FEAY AT
AAYE (B9 21 Aj@rt

(49 21 AATAA(Practical Implementation Plan)
FEAIIY 59 vtjoolele AFFL T7F & W, S
o BRE REAY ds Ayol59 Av|¢ez HHW
&M BA2EE ngl(S) = {s),52,,85 .5, 0122 AL o}
A, EHEA2E ngl(S)E ng(s;) = ngls 1), s Si1 €S
of A dEsta, wef F Al o] 3o FEAY Y AHtol
5 a7zt 294 2y 37 2 REAYU 9 & &4
& Zed AATIEAY PIP(LL L) U39 £Ad o
2t A9 olu SAMIYLE ngl(S)E WD NGL[1..n)l
osiA AHel=, NGLIi1E iHRAE & Aol5E #:
REAY 5,8 ongic}

(@Al Li=0
[94 2] For i=1 to # do
if size(NGL[i]) < T— Size(L]) then
L} < LiU{(s;}
(@4 3] L;—S-L; W

AATAAYS) FARPEANE St (B9 I 2
of B¢ TANFEANEZ THSC} ¥ RRAYSS
85 FAREEIIZ F) @)

(A9 31 &4 A3 5142 9] (Definite Materialized
Sub-queries)

FEART 5o AATAAY PP(LY, L) & 8§F
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FAFREA pse FAHSEEAY Y Lo BEAFH
o2 [H9 2094 AdH F A &MIYXZE agi(L])S)
ngl(S)e FEHQ A (prefixy FEHAE9 Ajtelth A

mebd, FARY LA WY L] $4 FASREY
ge #AYEAY AY L19 MY & ATelSun o 2
ATI5E R

(3 3] AATEAE PP(L}, L)Y F239 FF S
WalA FASEEAAIY Lio] ZF § FAREER
foja, L19] A7|7F FolA wrdolg e AAF 27|
o Zvd AATEAY PIP(L;,L)E HHolth F, L]
= DS°l1, Size(L})= TO1A PIP(L;,L3)v #HHolth,
%) FEAAY 59 AATAAY PP(LY, L7 $
o A8 USIUD &AL 22, max_ng(S)E FE
A9 3 59 Ao AfolSolBn 3k, min_ng(S)E
HaAqrol 5ol 3t olwf L19] HAF o9 L39 H
A vl dd) L, =Li-aUbst Ly=L;-bU2E 5
3z 999 FAAY IP(L,, Lyol itk 33t
L}=DSo|E&

min_ng(a) > man_ng(b) @
Size(L})=To)BE [49] 2]d 2a)A,

Size(a) = Size(b) )
2 O 4 @ A,

G(a)> G(b) ®
webA, (A 21, A @ A Al A

Gain(PIP(L3,L3))— Gain(IP(L 1, L,))
=GILD-G(Li—aUb)
=GLD-GLD+G(a)=G(b)>0

webd AATEAY pp(Ly,Ly)E ¥tk B

ayeg, AAFEAY PIP(L L)Y E&AL A3
B2 A Liol hF & FAEEAY DS 27)
o vl&o osjA AAAT @A, e 39 siA md
olo]e o] 7FE&AFF s F TFAFRERYS} Z
Aste Hlgo] wE AZATFEA Y] FLHAANRR, A
TFASREAGI} A5 v go] ADSFE AATEAY
PIP(Li,Ly)9 &&Ac] $349rh

43 A X3to| $YAH

HAg A& Y3t B2 A|o| Basnz A
R &asde] tg B2 FHAYY HYu|$
o] Wste & #EAsAA FriHoz HAG HH3 YA
A& e AL e 583 HAoth weA, 7 REA
o] @8u o] AF WA HE dA FEAY FIA4 Y
o] fFEAC] AH3HY) W] FEAYge F4ueid] uje
A REAY FEYHE AFAso gk FEAY FEA
oz FEHO Ju 4 REAgdz H23I 57 A3
FHU Avd J|EHol g9 AR FEAoe ggul
7t 2ol LA Aolr] wEe FASREAZ A s}
© Aol ¥ &g&AHolm, AL} HI2IFry Ay
BRAe g4ulzHT J|EHolEY Mo AF Hy
g Fo|7] o FARLEAAR Felsh= o) o 2&F
ojt}, W, AR H2g49 Wyt Jals4e
Bgtng ady FAIRELZ WA E o) ¥ 584
olx, THMIFE-FAE BT P25 THEAFE
TRAFREANR WA Ao o A&Hoth wef dA) ¥
A9 FAAYY Aeu|go] o o) FEIA Yohd
N2 A FEAYE waA Astolof gt dA)
22 FEAY P(L, L) B3] Cost™(IP(L, L))
T B FEAYY JPF AT AdHAD HH &
olgti A3, Cost™™ ™ (IP(L,, L)) 7V A9 #
Aol oA Aol AeH|Bolzta Helsn], YR
BrA rEAge 4 (128 #5g o I3 AL
et

| Cost™(IP(L,, Ly)) = Cost™™*™™(IP(L,, L))
| Cost™=*(IP(L,, Ly))

>u (12)

oY u HEHEEZ vEH, AHEATL At o
U EHEN Hoo FEA TaAYS Hu&H A
Wil o3 dojx AH| &9 & H&E v w
A, v 88§48 & ZHToER NEE HHI 9
ARE 24 5 Utk HE5Ee 19 Fol AETF A
2 HH43 LS AF P, A2 HHde &
318& p& 2Fete AN AFA Az

ol ol ol9elkE FAHSFEHY dud HAA
B9 7)EEolEol ZPilo] LANE o Ao ML 49
A#e] =77} ol e FAHe A7IBY AAM Frjdo]
Bl 7H88%E 234 B¢ A2 FEAY 7EAYE
AAsor @t ol olf Wil viddolHe AFE3t
of Zgoldte £3 4 wvitk Bdad HAH3E AF
YA =Hol AAHY BEHE FAAUY o]8 FA )
A3l widdolE o YA AFELE Frtete Wl sl
ghep 712 EolBe Aoz s FEAe AFH=77}
old AMAr|ETG Frtste mTlolE e AFEFte] A
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5. 8 o #3 B4

B mEd A AgtE daEEE thekd wFd A Hot
at7] 18t o8 7hA] AEE FPsAh £ B &
Wy AWE e o difie] AFAA 300709 K
Aol Abgstglen, vreelee] AA AFFIHE 3GB
2 dFsidn, AARETTEL vteelHe AA AT
e 20%E AHESHATH =3 2 RE8Ae 7] Ax 2
71 10MBell 4 200MBAFe] ol A ZH-& 7 AAdshgl o, A
v ZgNlned 7|EeHolEe] AN N ot
37 A AFs] HEke ME & 7 R 218
Agsidch A AWA 2o AHERRY] J2I e 71 e
Bo] 7as|Fe] Hl&o] 80:20%0 AOEK RATIOIC| 2}
o o&a, E g ZaE 50:509 HES RE AR
°|& RATIOZeE}iL 3tk 2k 2o1e] REFelEe 30008
o] A 2 ABAEHFE 919 v &l wet AFFA AL
Art. v o z FEAeEe] Aol WAL F§-
old FEHe] Axte] OlulellA 108 Atolell A AF Al
AAAHEE stdom, 43 AFHE Al 4 d¥sL
1084 F3ske] Hagho s TS

2 A AgtEls dATEAYe ae4E 1ds
st zote daeElEe UukAHQl #7184 W (branch-
and-bound method), ©&-% <% ¥ (greedy method), &4
=2 19 (dynamic programming) Al 7hAe] #H 3t
7 AsE wlustgch Al A Y oA E71d S
HHe Age ¥ Ferh (Y e FEAL AFd ot
2 #7} o559 ao]lZ uehdd, Agtd ¢xEF PIPE &
29 R o B o5& X FHZEZaYY
UETHE o AL o5& g AL ¥ F Ak

(719 5% ohdd A3 s A9 Ay &7 H
A3l Age e M| gate] Hit Zol&d vtk &
AL dlolEo] g A&l HAH3} Aurt opd gl HEH
st WA i v]Eg vlwsty] S8k RATIOI 2719
RATIOZ2 271 Zhzbo| wis] 3 W #H A3} w3 v &
wto g vt oju) RE REAE £ FEIGYHo
29 gelshe 71Ey mldeoly WHES MODE x£#3
Act. HoFH e RATIOI oA Ay due]F PIP
E FAYyoag g3l v&nd 54%9 FAE B
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seod, Aty ¢nF FHE AYrhs 18%9 Aol&
Bk =8 RATIO? 204 Aete dagF PP
SRR g ge|dae] H&Ro} 40%e] #HAE Mg
on zgte dneF HAH3 A= 20%2] AolE B
k. mEkd, ZAalE)ge] FAESE TAS W vk
Zagch Ay FaeFoA EE FASEAL S
3] HEHes A FASEAe 27 RATIOl =
10| A= 90%, RATIOZ 210)A= 84%E A 8+4 ).

(28 6)2 (2 4) 2 (23 59 22 4y g9
HAH gl A7k v g JeRIY, FE24E9 T F7
45 HAs FYPAT A3t 2A DA A 4
Epdich v E FHZ2 a7 Pio] (27 5A HKe]
Xz} AT o 7Hte]l AT HAH3E FAsH=d s
AZHE BREAEe At Frkgel wetA VsiEeH e
Eojue AL ¢ F Uk £ F435A Wy Ay
G2 F PIPSE A A9 st (28 HelA
HEo] Heu|goe] PIPRTY ¥ Brls HAE ¢ £ vk ¥
#H o2 RATIOI 2218} RATIO? 2119 FHAS A
9] Fdsiet.
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(¥ 72 RATIOI 2%} RATIOZ =I1eA4 2zt A9
of e A&2A AHEA o] Wste] upel Atd ¢
glFe] Aeuge] WEE Yepdn v 8388 p7t e
TH MEL HAHE} FAH] AF FAHI] WEgd Fo &
Suige H Wi Bog ZAEHA HEEE BT

ghde] A¢td @xeF PIPE vWdeo]E 9] JAIuH 7}
Zigueic HHsHE FAAt (2F 8L JAH 9
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o whebA], AN HIE S u JAHFH] &L 0%0]
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