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An Efficient Query Rewriting Technique Utilizing Semantic Information
and Materialized Views

Jae-young Chang'

ABSTRACT

Materialized views which are stored views of the database offer opportunities for significant performance gain in query evaluation by providing
fast access to pre-computed data. The question of when and how to use a materialized view in processing a given query is a difficult one attracting
a significant amount of research. Whether a materialized view can be used in answering a query depends on the relationship between the view
and the query. Proposed in this paper are new ways of utilizing materialized views in answering a query. Semantic relationships are used in
addition to syntactic ones. We also utilize a materialized view in answering a query even if it has relations unrelated to the query. We first
show the conditions for testing whether a materialized view can be utilized in answering a query and then present the algorithms for testing

the conditions and reformulating a query with a materialized view.

FI9E : dAR(Materialized View), A9 XH2|(Query Processing), 82| X7M(Query Rewrite), /0IY&(Semantic Information)
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C33  subproj(Q, R) C subproj{v, R)

C34.  C U subcond(v, R)7} cond(Q)sF 9mH &3
oln c9 7 HAEC] (subproj(v, R) U attr(rel
(Q)— Ryl Exzte 214 c7F a4t

g thge Ao Eg2 Q9 U F FAo|t

E; iplproj(@)s[Clcrel(Q) — R, v]

[+ =l
W FE ol dEA t e ol t e E3YE TS
a0 qx dEEe Holw .

eCase l: te@Q=teE,;

R={r, =, 7,003 rel(@)— R = {s;, -, s,t0letil
748t ol ¢ e o9, +& AT FEE t(r), -,
t(rn), t(s1), o H(s,) 0l EATT e C340 o3
t(ry), =, t(r,) subcond(v, R)E W&t C32 <93
try), -, Hr)ERE ARHE ¢, e 07} EA8Y, ot
A C34e A8l t(r ), o t(ry), tls)), o ts) T CE
GEFHLZ 1, t(s)), -, Hsy)E CE WEFY Ao
R o1, ts), o, Hs,) BEREH FAEE ¢ e E7F EAE
I o] FER 9 #2 FEEEFH AAHHNDR 9
A gt
eCase 2! teE; =t e @

te Ey7b t(v), t(s)), . (s, ) ZHE AFHAG 7HA
3 o] REEL ¢8 UHIY 293 ()7 (), o,
tr, ) 2EE AASATE vatrT 2L v 7} EHES
roatrZ BRE F AtHattrE r, e R Aol vt
), WA (), o Hry), Hs)), e (s, ) CE TR
Tt (), t(r) T subcond(v, R)E THEIER ((ry),
o t(r )= subcond(v, R)E WEITHE AMES 44 ¢
F drk wEA C340l AHA cond(Q)E C U subcond
(v, )%} YuH o2 FAOIER ((r,), -, t(r,), tis), -,



t(sp) ¥ cond (QYE WETTE ARAHOE ((r)),,t(r,),
), (g ) 2ERE AAHE FE ¢7F A48 o] 7
L 19 e FEERYEE MAHJLEE 19 dAJTH
O
C31& rel(v)9} rel(Q)te] TBE Yool EA3}
71k 9 =g C2.10 vsA @std zdo|tt whef R
o] APl v Q9 #HHE o AR EF3lu
QA Fornz yi= Qo HyPFHAH o8& + gtk C32
E rel(v) — R thst Z7o] QoA 2% RY FEE
& AABA] Wolopditte WS yebAT thA] LA,
rel(v) — RS subcond(Q, R)& WE3e R FEEY W
A oW 9 wHME <t Ak C33#% C34= vl
A Rl #EE FEUE nesEs C229 C23& ozt
FAF Z7o|dh. wgA C21~C23& (C31~C349 &H
& A2 B 4 vk EyolA Rol ol 23} A9 At
& voll A olv] FYEdonz RO HoHEL v2 U
A5 wEA BN E Q% FXA BFHE A7) A8,
QoA B 1 o9y U Me AxE AR 3}
A Ark

[4 3.1]
chgel delsh AARE mASA.

Q : p [sales.item, sales.vol ] s [sales.item = ‘doll'] c [sales]
v : plsales.item, sales.vol ] s [sales.item = item.item,
item.category = ‘toy’] ¢ [sales, item]

A7 A R = {sales}ol L v {sales.item = ‘doll'}o] Tha|A
RS HFEREIT FF subproj(Q, R) = subproj (v, R) =
{sales.item, saleswol }o]|22 C330] wtEHt} wixeto g
CE (salesitem="doll}2 B3t C34% FA TFdrh
metd v QY A3 FHAHo ALEE F don & o
o AxAdd Ao @& g 2k

Q : plv.item, vwollsfv.item="doll'] c[v] O

4. 29 M7y S1YF

£ BoAE GARE olgact BE AT 92
g5g ANST gneze (42 3319 24 C31~2A
C34% BFAE B ATHE 29 £,F AAoE ¥
goz THd

41 g1g|&

AARE o3 AAB ATAHNI] AAE $4 A
ARe) AETHA ¥ BUdokath A e A
AR (42 338 C31~C348 W= 718 FFeE
A, 53 (32% FERES AFAE $9¢ ¥az @
o oA AARS AE7ksA dRE Buse 2udE

o0 FEot HNRE BB a8 o MIY 7I¥ 667
€ AN Add RERES HIse FFE WA AA

HES 73%“'3}% e (27 20 AMAH UG 9
& o7k 234 Cco dEA rRE FEERE
e 7te AS5E dudd: A FEd Retd fetd 7
Zt R¥} subcond(v, R)O EA3te £ ZHEE FA4E
O Fol @A AANE zHol wEEHT, @9 & while
FZult}t Reeroll EASHs ol FAHE rel(v) - Ret
o ddlojHo] Reerell F7HEi, 2 W] x4

Jd 7184, Aoz »o RE HoldF 2 2
Eo] 77} Rset# Jsetol F7FE A o] g4= TRUEE ul
5ty 13A ¥o FALSEE ub&eic)

Preserve(v, R, C) T

{
@ Rset = R, Jset = join conditions in subcond (v, R)
@ While (TRUE)
©)) If Rset=rel(v) and Jset = join conditions in cond(v)
return TRUE
@ Among cond (v) ~ Jset, pick a join condition ¢ of r;
and rj where ri € Rset and rj € rel{v)- Hset
® If such a condition does not exist
retumn FALSE
® If r; is joined with rj on a foreign key and subcond(v,
Rset) U CU {c} semantically implies subcond(v, rj).
Rset = Rset U {ri}
Jset = Jset U{c)
else return FALSE

(38 2) RERE 0iFE dBshs YIEE

(29 2)9 LuEE o83 [F 33]d wek F
QE AHEsle AAd AAR v& 18 + U= HE A
Zote dngEe vay 44 74 5 dd. (a¥ 3)
o oA dndELS C31~C347F € iH TRUES
wetsln a9z gow FALSE—E— HP@*‘E}E}. o] ¢mF
X O @t C31& AFse &L, @2 (¥ 2)
o] g Preserved o] 43ld C3.2-a— Asse FEolt.
@A cx 414 Heod do g E(query graph)E
o] gste] PAE & Utk & CE subcond(v, )% FAY
Aol o YRE AAFn GAHE 2AEZ FA%
W odth ma A cond(Q)7} subcond(v, R)E M| H L2 ¢
A&, C U subcond(v, R)7} cond(Q)9 2u]H oz FX
7t HE CcE Y AAE F U

Is_Usable (@, v)
{
/* Testing C3.1 */
@D R=rel(@Q N rel(v)
@ If R is empty, return FALSE
/* Testing C32 */
@ If Preserve(v, R, subcond(Q, R)) = FALSE)
retum FALSE
/* Testing C3.4 */
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/x Testing C34 */

@ If there does not exist a set of conditions C such
that C U subcond (v, R) is semantically equivalent to
cond(@Q)

retum FALSE

® if there exists an attribute referenced in C but not in

(subproj (v, B) U attr (rel (Q) - BY)
return FALSE
/* Testing C3.3 */
® if (subproj(@, R) - subproj (v, R)) is not empty
return FALSE
return TRUE

(D2 3) MARS AlRIIsME AFSe Y¢2E

RewriteQuery(Q, v)
{
@ If Is_Usable(Q, v)
@ rel{Q’) = (rel(@-R) Uv
@  pro(Q) = proj(Q)
@ cond(Q') = C

5g JHer AARE o &3}

nyEe (23 4)9 Zo] vjnF 7t
ga A 48 ‘Rl CFoixl A2l Q9 voll WiEiA, Fer
Is_Usabled o|83to] 49 Q& Adsted AAw o7 ©f
LM 712 AEah v ol fo] shEdithd ArAdH
Ao @9 2t T4 249 7l(Q), proj(Q7), cond(Q)E
T3 gt

Awrpel e

a8 479

42 gme|Eel AlzZt 2XZ(time complexity)

d18]% RewriteQuery®) N7t Hl§-2 @ F s Us-
able®) Azt vigol| wet AAPY [s_Usable £33 &g
= Preserve® A &3 244 1Y cE AAd=d
o3 ulgo] o) AAET Preserved A oulA A
= Q9 7+ 2ol zA dEld AZelordth webA cE

dlolgwol 2ol Ho® ouH zope] Foji @l EA
s 2ol 279 £ A(constant)E 7HEE o, [14]]
A ARow Ao adzg o] &3 o(chHuel ArA ¢
A g wad ¢ Aok web daFe] Preserves

A7F H2e 0(c®)7F A £33 cE AdstEE A
2348 A2se 4L 98w o vy dudE Is.
Usable®] A7+ vl &L 0(c*)7F "k olH & AZh &L
AARe g8 AsAe HugAz [(FeE 3319 25l
)& A7k Bl golth At B BANE nHE [
3.119) z=Add dgaiAE ol d(CL), £4(CL2¢ Cl4),
Z2AAECL)Y AF ¥ #ATE AFee Aduo)
oy, Azte] 485 Fo AR Ao vehd
Zelnz A2 FEE 4 gtk WM A HEE o)

o,

Agxor &4 /M5d HAARE ATH “H 73 A
& pIUE dugE RewrzteQuery°] 2 T
5| Aolot AR Aoyt dAvht R 7}°ﬂ wpek 4
HA g ou] AEy FEIREQ NS d8ste] dARF
gl o gAdchd A%-e dojetulo] oM oy
oulH Ake] o Fgke WA "ok ey AA ’b‘%“’ﬂ
A ow A Aeke] 7 g strets Folzl defsh A
Ho| #Ag onA ke v BA ¥om =i 4¥Y
A ZE o o) shsatth mhebA oo Agte A
AFe 48 %}% Mo AF FAH AHE2 A
A 54 %}% o) 7dsE AAHA dofof N &

9ed vl 4 delg SR ¥ 4 A

>

011‘ r

3

o?:i

ol B =RoA Alekd Ao Ay 2t o
& A% A8 TPC-H dlolebulo] 2[17]

£33 A3 435 gt AFe 3gelA Add &
asl zn%u 27e 889 AY 499t &) 24
golol Hote] Xy A4S

% HwEc}h o,

3240 A Xil‘*ﬂ AulgrE ol &F Ho AHrAd diw
AuARE AAEVI7L ofelE RuE of

oo
A
E
Jr
fo
2
s
ﬂlﬂl
ma

°

o T oox 0 kAN o mo Ry
¢
ot
BN
o
o )
gk
oo
=
Y
1o
=
=
rSL
oZL
olf
o

43 4ol st adeE Ae Ak A4 o
Qe 4 Sl Aol U@ B77E ALY B7Fs sl
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BE AGS ol&% Ao A4 U 2
kg Atk AEE st 4ol AAG darels

58 F719) A E 22e SUN Ultra2 =12
flo]eflo] 23 Oracle &% o] &3}

5.1.1 HlolEjHo]

B TPC-HE A #<)(aggregate query)d %<
7het7) AE A Xégl% HolZ B =8& A Held digt
AR 51A gkonty, of xFvkE FAHS] ¥nt ofyet
duk oo ig Aol Aol Aol HstA Fob A
Ao Mestgch dolglela: (19 5)eA Hynt
9} 7o)l PART, SUPPLIER, LINEITEM, ORDER, CUST-
OMER®] 574¢] HlolE&2 FA®ch 1goA gaiis o
tute] BAE Z@ach TPC-H alx|vka - ubeh d

2

PART.

LINEITEM H ORDER H CUSTOMERI
SUPPLIER

(22! 5) TPC-H GIO|EHHOjA




A dolgol2e 27 0ME FHEPOH 7 Hol&
o 71879 AH2E FEAAL

5.1.2 AA5et 29

AARE FF7] A8 74 dARE FAAE F Aol
A GgA A=A e HolEe]l THHEE HdAn Hold
LINEITEM2 =& dA9 Foo fFsES gt 4
A& TestE 98 AE &of(selection predicate):= 713
34 Fekerm =91 #9(join predicate)s 7|®7]9 7] E
718 Fxd= $HE Abolg 54 #ollequal predicate)tt
& 7HEsRt Z2AE SAHEL AARo £FE 7§
ol BolA 10%~40%9 45 FAHz dgsiy =
€ AARE 7R HolEEy o AFsIgon 7 A4
o AHoellA 7|2 Helge 7|7 ZRAedd 1
7ol QldAE FHEQr) ol HAARE o] &sle] ATA
g Aol a3 ke Aoe i AL vad o <
920 d3e HEE A A 37 &M Ao 4
A5 Aol Aol FArstt Beojo] £FE= 2 HolEe
H4E FAM 0%~30%9 A4S FIAURE Hdsie =
ZAE £Ao) xS I olf= z AR Aeg
AT 88 5 e AL w017 M.

5.1.3 v]& 29

2 wEdME HEE 9lste [9lelA Aete dy W&
Y d(linear cost model)& °F7F A vl & ZdE o] &3}
gtk o] v mde My u]g 2de HolEe £5 1
g 248 1% gHE do Qo Wig MY v go] Lin-
ear Costd 79 2 A&o|x 8% 882 Mod Linear
Cost= a3t 2ok

Mod. Linear Cost = Linear Cost x n(rel(Q))

of AlN n(rel(@)E FlOR] AR rel(Q)l EAT
& Hol#Es 8 e,

52 AF Za|

AgE S5t 20709 AARE FAAE Heldo +35
stela GA TR Aold 700079 Aol i ¢
A5 AP (2¥ 6)2 Ao xgH HolEe
o wE& Helo] W A A7HE HelFErh Pre-method
T THE #Aus 1 71Ee] WHE Yehie B
ol A At F3E Ao A7 UL HE3 Aol
o} o] aydelA Ry upel o] Aejo] EFHE HolE<
Fofl Al Extel o AFHE ol Eao Foln
Al (2FA A Original queries) %49+ o}U2} Pre—method
o o3 AFdE Hele] vls) FL& g Holz itk
(29 6)9 A= FANZ AHE ZE doe g Ht
A8 A7 ekl Zojoh, watA o] Fup= zh A4
Z1HEE AP 7hed Aol ohel ¥ XF 4
olE T3 HFHS v

40

35

30

Al 25 [
2t 20
(Sec) 15

Holgel 5
(2% 6) HolE =0f whE o] MaAIZH

<E 1>E 959 FES BHoFn g

® Avg. Ratio (all) : Original queries®] thgl v]&2] 3
T H&

o Diff Query Ratio : Original queries®t THEA 274
g Aeje] v &

e Avg # of Candidates : 373 AE 27 A8 A+4
d FH Hoe] Hit

(E 1) 22 859 Hlu

Avg. Ratio(all)| Diff Query Ratio | Avg. # of Candidates

Pre.-Method T% 41% 08

Ext 69% 49% 19

Original queries®] d%°| sl Extol 23 2] u]g2
Hit 8] &L 69%=E Pre-method2] ¥]&(T7%)°] #l& F
2 A& Holx v}, DIff Query Ratior ¥ =%o] #
A&k 719 e] Pre.-method| 8|3 Original Queries$} th&
B2 A A9s et NS HoFa gt vpx g
S & Avg #of Candidates= Extold % #og 37
) AAdEe FR doe] 71 Pre.-methodol 4= E
o Hl& A FUEHA €& HoFa Ytk o=
=ol AAF Wgo] 71E whiel s #4 Fhg
A S7HA7A G1E Be F8% AARE g4 =
& 2dFE Aol

vpAgte 2 (g 7)& Extd] & A7Add Aeo) o
8 AAFY Fo] WE HiF Y AL HoFEh o I
Holl A 9~107071419] HAFol dislixe LAR F71
F7 el we} WA Aol Hem vlszg v &R g
& AT £ 3l 28y 1 o4 AAHd dEAE
AR F7 FolsteE AR Hoo A A9
FaEA gt 2 olfs AR F7) FNEFEE #
AR AAfEe] Aod § glr) WEoloh

HEHo = o] A B =Fo] A F4d Ho
AT el 718 A E 23 FEH B2 7%
AAFES 94T £ 2SS HodFu o vE A4 8
AollAe Ao e AR 4 29 e 22 o
2] 7k agle] web tdstA vEebd = loy gifEg
A5 B =RoA AA g gaE z2d o Ao A4
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(38 7) dHRe 0 e 2o ds
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0 ARE §8F PHE ANRALH, 2 HFeE FE
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F7h Ao ATAe #88 F e PHE A7 AY
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