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Query Optimization with Knowledge
Management in Relational Database

In Gl Nam®™ and Doo Han Lee'

ABSTRACT

In this paper, we propose a mechanism to transform more effective and semantically equivalent
queries by using approprialely represented three kinds of knowledge. Also we proposed a mecha-
nism which transforms partially omitted components or expressions into complete queries so that
users can use more simple queries. The knowledges used to transform and optimize are semantic,
structural and domain knowledge. Semantic knowledge includes semantic inlegrity constraints and
domain integrity constraints. Structural knowledge represents physical relationship between rela-
tions. And domain knowledge mainlains the domain information of attributes. The proposed system
optimizes to more effective queries by eliminating/adding/replacing unnecessary or redundant
restrictions/joins.
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CREATE DOMAIN S_NAME CHAR(20}:
CREATE DOMAIN STATUS SMALLINT:
CREATE DOMAIN CITY CHAR(15):
CREATE DOMAIN P_NAME CHAR(10)
CREATE DOMAIN COLOR CHAR(10):
CREATE DOMAIN WEIGHT SMALLINT:

CREATE TABLE §

{SNAME DOMAIN (S_NAME) NOT NULL. -
STATUS DOMAIN (STATUS),

CITY DOMAIN (CITY)),

PRIMARY KEY (SNAME):

CREATE TABLE SP

(SNAME DOMAIN (S_NAME) NOT NULL,
PNAME DOMAIN (P_NAME) NOT NULL).
PRIMARY KEY (SNAME, PNAME)
FOREIGN KEY SNAME, PNAME:

CREATE TABLE P

(PNAME DOMAIN (P_NAME) NOT NULL,
COLOR DOMAIN {COLOR),

WEIGHT DOMAIN (WEIGHT),

CITY DOMAIN (CITY)).

PRIMARY KEY {(PNAME):

(T8 2) 2elojMe) of
(Fig. 2) A sample relation
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SVAME | STAUS SNAE PNAE  PNAME  VEIGHT CITY
(PERSON_NAME) (PART_NAME)
| : |
citY NME  —— ¢ £& o]
@A o132
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(33 3) 25 o=
(Fig. 3) Dependence graph
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HA ® o2 ARE ZYIA Hed, o8 #
A otz RER #A olart TEE F&AH
e 99 Ty &47te] AALE FFI=
b AMEET & E4e F == Xof Yo T
Age e YAN TAZ Aol X, YE o
= A=(path)7} =AE o, K Y= AT
gz & ol X ge® Yo e F&€
F &g guEly, O ¥ JHIH F TA
ofzef] o# BA=E olyT HAEL HAH
(symmetric) o], gALE (reflexive)o]n, o]
A (transitive) o]t}

(2" M e HeA I (degree)7} 1e]8}
¢l =o¢l ==& Agsiged oe o8 d
Mg 2ot lolsiel = == A8 Z8
7] ¢k7] wEolth

A ZEaW FoA I === (27 49}
Zo] Ao Btk VA FRY =x=d A4}
L A= siblinge 22 £/ ot =589 £
QEE fAHE, ol 2 kE9 AAAA olF

=
o] At Ad$E 4dd Foattr, F_dmn,
F_rlne z £59 HAzxxz=29 XAHE /A
3, L_attr, L_dmn, L_ring Z} £7%9 =}A
o roge EIHE AL =Hd ==
(domain_node)ell 4] *attributelNOOFATTR ]&

struct relation_node {
char mark:
char relation[ TOKENSIZE]:
struct attribute_node far *attribute[NOOFATIR]:
struct relation_node far *sibling:

}:

struct domain_node {
char mark:
char domain[TOKENSIZE]: .
struct attribute_node far *attribute[NOOFATTR]:
struct domain_node far *sibling:

)

struct attribute node {
char mark:
char attribute[TOKENSIZE]:
char primaryflag:
char foreignflag:
struct relation_node far #relation:

struct domain_node far *domain:
struct attribute_node far #sibling:
}:
struct attribute_node [ar #F_attr, *L_attr:
struct domain_node far *F_don, *L_dwn:
struct relation_node far #F_rln, #L-rln;
(T8 4) BxO=i= 49 -=He|

(Fig. 4) Node Definition in dependence graph

ZHHE CHo[EMHOIN0A Kjalgizlol 2F 2ol =M 637

el el o] Euﬂo]oﬂ skH BE £4E=2 9] Folg

& A, &4 = (attribute_ node)ol e £
Ao] A&d Y oldxrzoz o] TOEH (*rela-
tion) 9} A<H T dx= 29| LK (*domain)
2 2% §X812 Yk
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HAL VeERE A4 SQL.e] WHEREZ <]
M AR EE ’Sﬂ]ﬁ‘j'hr-, LIKEs} IS NULL=F 2
e Edg 2AGNL A 28 TEFH -
—then)#} «(if-and-only-if) & Ah&3le] Feld
o

TEo A& EHE
Fojstd ok 2o

A28 ool A2 B
L=

ENFEHE

A3k

rule
1 1 =expression conneciive expression
expression
. 2 =term | NOT expression | (expression) | ex-
pression logical-op term

term

. . =facior comparison-op factor
factor

. I =constanct | attribute
conmective

Pi=— ] e
logical-op

: :=AND | OR

COMPpArison—op
lE= > = L=

(2% s (28 DA T Leolig
wog on) A2 R FRE dAA ©

)

o 1) Mgd Al FERHE AE7E 1000
;S.CITY =‘seoul'—P.STATUS=10

o 2) Bare] AAG giFd Als FERbe] A
= 50ET =T},

;P.CITY="'pusan’ OR P.CITY ="taegu’'—
SSTATUS>50

4. pestel Yejojel HH

41 eestE Meloje] £
2 =RoA Aee Welols] e thed
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Zrh

RA, 71=e SQLAce] dwHel wyel
SFWHAM ol&HE ditztel 3848 Ze=
oh(gd, ZAA RS [NOT] LIKE - st IS
[NOT] NULL#} z& 5d¥g 4L #9)

&5, SFWHd 4 FROMEREE ysko
sth( gl Be TxA xHos &Es
o A Eet)

A5, Bello)ldBL 2E JlgdlA Ba (am-
biguity)e] gi& ¥ *@%*o] =

A, 718 719 9 72 dZ=EE 2 5
e gErhsait

oldm 7B EAFL Xus FAdoje AT
(2% D)eA AAE doletso]~

N
b
tofr

COLOR(4)=black(5d)

SNAME(ZEA ©18)

STATUS(ZFE7F 4H)

% gls} Zo] E2ZL APz A AojoldA
Hlolg} gh(ei71 4= bBlack)sh #Ehd o]EH(COL-
OR, SNAME, STATUS B3 e £4 33
ol Ee] =, oY =2 2 AR
Zad BAANA § el A 3
g BASA HH e thes} 2ok

SELECT SNAME, STATUS

WHERE COLOR ="‘black’

2 2edte 2doe digent

select [X1, X2, X3, ---]

where Ul ROP1 V1 [LOP1 U2 ROPZ V2 ---]

(D: delel g, M: %4 Wolgl € =, ROP=
{=, >, <, >=, <=, <>}, LOP={AND, OR,
NOTleld, UeM, Ve(DUM), XeMe|t}.)

4.2 Zelojo HE|Y

A3ols] WR AP Hol@ T 4H A=

2ot 2AY & Ak AL Aole] Yury
@ ‘U ROP V’ow V7t wlelE @ Agst V
olth. WAHE 712 7%} a1 7

37e) Agoln Aps
Sofglog AZE Aotk & WeqE z} 73
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oi. —[D
r'r"‘

42.1 712 Fio} 2z lof oFt THY HHe

=

-
WA dAd BEE theel 939 Lel9) of
& T8 Dol ABAEE Sleno.

SELECT SNAME, STATUS
WHERE COLOR="black’;

2ol AR sk olde] Ae 4 ¥F
FTESE FEAY olgFH AHE Faiofey
ik t&—:f 38 golojo] 1o A @eelbes o

o] 4 akﬂo% 9o COLOR7 ‘black'®d
SNAME, STATUSE 7% + ¢y ¥2 g
P12 7lst Ss 7= d2sE zadde] A
2 4 At Aol $et o 4uE Ru
s FAdelzd] AP AL Agthe Forg
% ek 7 BAL $4 2 &40 248 i
o4 Be ZE A= oFAR=|, ok T4
9 Helgg B8l 4 B & At wo
A H S99 gHeldRe o Age) o

agln SELECTEe] 9=
6] S SAE Aol BAIRG F o)
aWo g ofFelx HUARE e,
A AgeE (3T 63 2o oY %i%:—

5 SP P

l_‘

SNAME STATUS S‘\JAME PNAME PNAME COLOR

ii

(PERSON_NAME)  (PART NAME)

(2 5) SNAMEZ} PNAME Afo|2] 2=
(Fig. 5) Path between SNAME and PNAME
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SELECT S.SNAME, S.STATUS

FROM S, 5P, P

WHERE P.COLOR ="black’ AND

P.PNAME=SP.PNAME AND
SP.SNAME=SSNAME ;

3] B AA® FROMEE Zg I3
1 ZEFY EE £4E& ol solEiddA
gro}l U AE HolBH(YLYZAA GRQUFY &
728 Az4Y £489 HolER(ZTFNA
CRQ)E #8le F4=o] A9, SELECTH}
WHEREZ oA A2g Heo[EH 9A] =oAdH
ol gl A THEE FIFRCh 7k QG
ruglFola P)dA Bd

—dee 2ER
— @ 4= FROMA
—qe] d4

F7he 48

A

B

mO

quene GRE, CRQ;
// GRQ : Queue for relation name in Goal
// CRQ : Queue for relation name in Condition
Explicity(char lopd[ ],char ropd[ ])
// lopd : left operand of a expression in where clause
// ropd : right operand of a expression in where clause
{

char temp[ TOKENSIZE],token[ TOKENSIZE]:

construct a GRQ;// select@e] RE £ 450 YyoldH&
GRQe] ADD#%ic}.
if (lopd is literal?) {
if (relation name explicit in ropd?) {
extract a relation name N in ropd;
if (not exist N in GRQ and CRQ?)
add N in CRQ;
}
else if (search relation name N attached a attribute on ropd,
in dependency graph) {
if (not exist N in GRQ and CRQ?)
add N in CRQ;
}
else
ErrorMessage( “Error ; Not Found Relation name !'\n");

BB HlojErslolA0A RAlR2|0| oIt o] EINE 639

}
if (ropd is literal?) {
if (relation name explicit in lopd) {
extract a relation name N in ropd;
if (not exist N in GRQ and CRQ?)
add N in CRQ:
}
else if (search relation name N aitached a attribute on lopd,
in dependency graph) {
if (not exist N in GR@ and CRQ?)
add N in CRQ;
)
else
ErrorMessage(“Error : Not Found Relation name !!\n");
1
for (each relation name : N in GRQ) [
if (relation name : N is exist i GRQ?)
continue;
else {
if (find a path P between N and a relation name in
GRQY)
the path P is a additional join operation
else
ErrorMessage( “Error : Not Found any path!!\n"};
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SELECT SNAME, PNAME
WHERE SCITY=P.CITY;

9 "Asj= dE Holeigte] FHF AZo] =
2ol EAdE Ao, 229 4A71 flol
ole] ¥HAAL AAE] HAd @A T £4%
Erlel vlm FARE R "ol A=de F7
& ttew ok WA SELECTHC Zad £4
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GRQd| ¥3 WHEREHS] zdts £489 ¥
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SELECT S.SNAME, P.PNAME

FROMS,P — F7lE A4

WHERE SCITY=P.CITY

¢S Aol £r7l8 FROMAL SELECT
He) £4%0] £2¥ HolBR(LuaeA
GRQ)? WHERE®S £4gc] 423 ool

(Faz)ZoA CRQEE =ugdelo]® Ape]a

7

il
flo

e

FuEEoE TP e

queve GRQ, CRQ;

// GRQ : Queue for relation name in Goal

// CRQ : Queue for relation name in Condiuen
Impheity(cher lopdf Jchar ropd[ 1)

// lopd * left operand of a expression m where clause
// ropd : nght operand of a expression in where clause

{

if (exist relation name in ropd) {
extract relation name RR in ropd;
extract zitribute name RA in ropd;
if (not exist RR in GRQ and CRQ?)
add RR m CRQ;
1

else if {search relation name RR attached a atiribute on ropd,
n dependency graph) {
move ropd to RA;
If (not exist RR in GRQ and CRQ?)
add RR in CRQ;
}

else
ErrorMessage(“  : Not Found Relation name! IN\n");
if (exist relation name in lopd) {
extract relation name LR in lopd;
extract attribute name LA in lopd;
if {not exist LR in GRQ and CRQ?)
add LR in CRQ;
}
else if (search relation name LR attached a attribute on lopd,
in dependency graph) {

move lopd to LA;
if (not exist LR in GRQ and CRQ?)
add LR in CRQ;
}
else

ErrorMessage(*  : Not Found Relalion name !1/\n");
if (find a path constructed only domain edges between

RR.RA and LR.LA
in dependancy graph)
domain integrity check is OK;
elee
domain imegrity check is FAIL;

rlror
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37E EZed G449 AA, Bd a0 <
Mozo ], J8ln B4 2AAY £ gl=
T7HE E4te] F7I itk o] Al 7bR] AL
EF & 47A AtE 750 Alg =
22 5.1,5.2, 5.3 A AAE 2o HAg
71¥E 2831 Z3E €= gngSey

void Optimize ; : Process()

for (each condition in WHERE clause) {
Delete();
Replace();
Append();
}
for (each condition in WHERE clause)
Find relation name of attributes in condition;
Make FROM clause with table names;
Output object code:
}

5.1 SElas ¢ite] mHiAH

Ze] : SELECT S.SNAME
FROM S,SP, P
WHERE S.8TATUS > 50 AND
P.COLOR ="*black’ AND
P.PNAME=SPPNAME AND
SP.SNAME=8.SNAME;

Het 22 Fo7t Qlu, Ea R Aol 4

A AHsl 0xc 28 3 3FAE de



el BFLE FTFELFE uiR| o] EAT 7
2 o] ﬂn]z]f#oﬂ 28] P.COLOR="black’” AND
P.PNAME=5SP.PNAME AND SP.SNAME=S.
SNAMES Rz Z70] 5oz A=A 2
T AUt} olel I o]Fe Foe UM &
kY ﬂw} GAREe] ¥ g-E o] g Zloln}
o2 EZad Aate] AALTEEoln)

inl Optmize . : Delete(C)
{

flag=NO;
for (each semantic rule I R in semantic wable) {
if (C=R) {
for (each conditon | G n WHERE clause) {
if (G=R) {

delete unnessary condilion;
flag=YES;
return flag;

oo x|
£ et e dE

A e} : SELECT P.PNAME
FROM P
WHERE P.WEIGHT > 5,

e ZAooi7t Am A AWelx el ‘FEe
WEIGHT?} 591 %&2 COLORE 2% ‘black’
oW, X-F2] COLORY ‘black’o|® EZ9] wei-
ght7l' Solt¥’g ejuly Ale] otz & E
o] 4% HE Ho|Eo| COLORZ 9194l 5

ArldE, 2uR|Ald o3 P.WEIGHT > 58k
R °“’—]’“% AMEE T e Bt 287

Aato) 7458 =4 COLOR=‘black’2.2 o
A + Al‘;]'
thEe EEFHY die
?Olf}-

'r2F1F£r$L

2o tiAsts ¢

int Optimize :

{

: Replace(C)

flag = NO;

LIS ool X|alZziol 25t 2e| Zi8E 641

for (each semantic rule : R in semantic table) {
if (C=R) {
if (connetive of R="*<~" AND
findindex{attribute of goal of R) {
replace C with goal of R;
flag=YES;
return flag;

o= A2 dato)
Ago] FUEE AeE &
A2 : SELECT S.STATUS
FROM S$SPP
WHERE P.CITY =‘seoul’ AND
P.PNAME=SP.PNAME AND
S.3NAME=SP.SNAME;

A Aol dis ‘FEe CITYZ seoulC’]
FZ2 COLOR= blackeltl'gte ud 2o
245t =9 ¥F "olEe] COLORE 494
o] =o] qiriy, P.COLOR='black’ ANDz}:=
E7AEA o]l 712 o, AHAAE Agetd]
o] 27 ¥ FEE YR 49T
e olEg Yoz HHE ¢ glen= ulg
o] Azto] shsated ok

&2 Ate] 27ME 9T gmEFelrh

int Optimize : © Append(int 1)

{
flag=NO;
for (each semantic rule ! R in semantic table) {
if (C = R) {

il (opr="~" AND findindex(attribute of goal of R) {
append a condtion with goal of R;
flag="YES;
return flag;

}

}
}
}
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(Fig. 8) Structure of program
Zz2¢-L2 CONS.CPPe} SRC2SQL.CeF OPT.
CPP2 F4=H9, CONS.CPPE (¥ 2)eA
A E vt 2& 3" DDLE 7le® 2o
A Aeg JHo R T HlolEL TAE
o, SRC2SQL.CE =H Eloldn wesid 2
ojolE dHo = 3t P TR F7hE ¥
wgelols gHUnh OPT.CPPE ¥&E SAL
Aoolg Yoz s AHne Yoolg 44
A 2o
EE UM dae 7 ZojE AT ZE
a9g et NP® ZRE thew o

[ CONS.CPP2| 4lgizEut e ool HolE

Holgw [ &£ A= | Tooy | ] 2 7] ) 47
5 SNAME |S_NAME |PRIMARY |X
5 STATUS |STATUS |X X
5 CITY CITY X X
SP SNAME |[5_NAME |FRIMARY |FOREIGN
Sp PNAME |P_-NAME |FRIMARY [FOREIGN
SP QTY QTY X X
P PNAME |P_NAME |PRIMARY |X
P COLOR |COLOR |X X
P WEIGHT |WEIGHT |X X
P CITY CITY X X

* T2 Ao = HelEL T2 A
ANT B39 DDL7|2=2 st BAHAT

O algoll ALBE jol=] x|Me|ole

s.status > 50 — p.color = ‘white’ ;
P.WEIGHT > 5 « P.COLOR=‘BLACK’;
P.CITY =‘SEQUL’ — P.COLOR="REL’;

O Al of 1 2XE cAoM ST | AF

// sre2sqle] da Az

> > > Source File
SELECT SNAME,STATUS
WHERE COLOR =‘black’;

riL
rr
ok
i,
[N
lo,

T

x SELECT SNAMESTATUS
attribute : SNAME — relation : &
attribute : STATUS — relation © §

*x WHERE STATUS > 50 AND
implieit Query
attribute : STATUS — relation : $

R COLOR="WHITE";
Implieit Query
atiribute ; COLOR — relation : P
Inferenced condition |
AND

+ PPNAME=SP.PNAME AND
+ SPENAME=SSNAME

>>> 5QL Code
SELECT S$.8NAME, S.STATUS

FROMS, P, SP — %718 FROM#
WHERE STATUS > 50 AND
- PCOLOR="WHITE' AND — #7}¥ =elas

- PPNAME=SP.PNAME AND
SPSNAME=S5S8NAME;

// opte} AR Z=
> Delete Process
delete conditions
P.COLOR ="WHITE'
— P.PNAME=SPPNAME

— SP.ENAME=SSNAME
j—— 3254 29

A2 24 vestE Rejoi ke A
E4¢l FROM =3, WHEREZE| M Ad =
A 2HP.PNAME=SP.PNAME AND SP.SNAME
=SSNAME) =3 7zt &£49 4% ZefoA
Hol 719 SQLol MAHIoH, o& uige
= oua xA(S.STATUS > 50— P.COLOR=
‘WHITE;)S ¥35l«d WHERE®AY =2t
2@ AH(P.COLOR=‘WHITE AND P.PNAME
=SPPNAME AND SP.SNAME=S.SNAME)
o] 24| HAZE Fojoirt AAAHUE

0 3 of 2: &5 daezs| i

>>>  Obgel Code

SELECT S.SNAME, S.STATUS
FROM S

WHERE S.STATUS > 50;

// sre2sqle]l 4¥ZER

>>>  Source File:

SELECT PNAME thagle Qo)
WHERE WEIGHT > 57  —

e SELECT P.PNAME
attribute : P.PNAME -+ relation ; P



ha WHERE WEIGHT > 5;
Implicit Qnery
attribute : WEIGHT — relatxon P

>>»>  SQL Code
SELECT P.PNAME
FROM P
WHERE

P.WEIGHT > 5;

/{ opisl HE g

»>> Replace Process
replace condition
P.WEIGHT > 5 —
P.COLOR="BLACK’

#7149 FROMZ

>>»>  Object Code

SELECT P.PNAME ———— #Hzzg 2o

FROM P

WHERE —!
P.COLOR="BLACK':

AeiEn 240 aeuq guoze oA
Az87) 9T dAol®, Az YHARYY v
39 Qsjolold 4 Yao| A% FROME

o] SRCZSQLE] Agixe] Frleo] A= SQL
delojrl FAEged, OPTY AgF v
2 2 (P.WEIGHT > 5 — P.COLOR = “‘BLACK’;)
& wigro® WHEREZA ‘P.WEIGHT > 57}
‘P.COLOR=‘BLACK”2 d# =L &g
 Uth

O A% of 3: SSEFIS st oAse] v}

// src2sqle] E#Esl
> Source File:
SELECT S.STATUS g3 F
WHERE P.CITY="SEOQUL’; j—
ki SELECT S.STATUS

atiribute : S.STATUS — relation: §

fid WHERE P.CITY ='SEQUL’";
Implicit Query
attribute ! P.CITY - relation: P
Inferenced condition : AND

+ P.PNAME=SP.PNAME AND

+ SP.SNAME=S.SNAME

>>> 5QL Code
SELECT S.STATUS

FROM 5, B, 5P %719 FROMA
WHERE
PCITY="SEOUL’ AND
+ P.PNAME=SP.PNAME AND
+ SP.SNAME=S5.5NAME;

AR ClO[ERHOlAN M KalE2I0) 2t Bo| ZHE 643

// opte] EeZEz
>>»>. Append Process
append condition

P.COLOR="RED’ AND

>>>  Objet Code
SELECT S.8TATUS
FROM 5, B, SP
WHERE

PCITY="SEQUIL. AND 3|zt 2 oo
P.COLOR="RED’AND
P.PNAME=5P.PNAME AND

SP.SNAME=S5.SNAME;

Hzd7 BA . SRC25QLe] 3% 4=x
FROMZ 3} WHERE®| 4 9] =¢2l¢4H(P.PNAME
=SP.PNAME AND SP.SNAME=S.SNAME)
I8 & 459 HeloldEel 27kE SQL
A7t AAdEgew, OPTe d3% oinF
A 2 (P.CITY = ‘SEOUL’— P.COLOR = ‘RED’;)
& Agetd g8 ZXE £ gle =TEP
COLOP=‘RED"e¢] #7} 592 &% + o
fH(BE 53" F=).
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