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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 appropriately 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 integrity constraints and
domain integrity constraints. Structural knowledge represents physical relationship between rela-
tions. And domain knowledge maintains 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 S

(SNAME DOMAIN (S_NAME) NOT NULL.
STATUS DOMAIN (STATLS),

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):

(2% 2) sijolde of
(Fig. 2) A sample relation
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struct relation_node {
char mark:
char relation{TOKENSIZE}:
struct attribute_nnde far *attribute[NOOFATTR):
struct relation_node far #sibling:

I

struct domain_node {
char mark:
char domain[TOKENSIZE]:
struct attribute_node far fattribute{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 far *F_attr, *L_attr:

struct domain_node far *F_dmn, *L_dmn:

struct relation_node far #F_rln, tL_rin:
(28 4) Z&az Ao ==X

(Fig. 4) Node Definmon in dependence graph
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COLOR(A)=black(Zd3)

SNAME(Z3# °1&)
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SELECT SNAME, STATUS

WHERE COLOR =‘black’
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select [X1, X2, X3, -]

where Ul ROP1 V1 [LOP1 U2 ROP2Z V2 -]
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SELECT SNAME, STATUS
WHERE COLOR = ‘black’;
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SELECT S.SNAME, SSTATUS

FROM S, SP, P — A" FROMZE

WHERE P.COLOR =‘black’ AND — gy 9

P.PNAME=SP.PNAME —\ij Z718 A4
SP.SNAME=S8.SNAME ;
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queue GRQ, CRQ;

// GRQ : Queue for relation name in Goal
// CRQ : Queue for relation name in Condition

Explicity(char lopd[ J,char ropd[ ])

// lopd . left operand of a expression in where clause
// ropd : right operand of a expression in where clause

— 4o HEH

{
1

char temp[ TOKENSIZE],token{ TOKENSIZE];

construct a GRQ;// selectde] BE £4 9] Yyo]dy g
GRQo| ADDg.
if (lopd 1s hteral?) {
if (relation name explicit in ropd?) {
extract a relation name N in ropd;
Il {not exist N in GRQ and CRQ?)
add N in CRQ;

|
i

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");

THAE TIOIEHHI0IAGIA RIAIZIZ|0N 2I8t ZI9f Z|XE 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 attached a attribute on lopd,
in dependency graph) {
if (not exist N in GRQ and CRQ?)
add N in CRQ;
}
else
ErrorMessage(“Error : Not Found Relation name !!1\n"):
}
for (each relation name : N in GRQ) {
if (relation name : N is exist in GRQ?)

continue;
else {
if (find a path P between N and a relation name in
GRQ?)
the path P is a additional Join operation
else

ErrorMessage(“Error : Not Found any path!!!\n");

SELECT SNAME, PNAME
WHERE S.CITY=P.CITY;
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SELECT S.SNAME, P.PNAME

FROMS,P — F71E A

WHERE S.CITY =P.CITY

41ngdEZ Ao A FrtE FROMAEE SELECT
Bl £A4E0 &2%" HolEH(FmEFAA
GRQ)z} WHEREHS] £4E0°] &9 Hol&
(gxe|FodA CRQHEE T o ddlo]lE AollA
gAste Aol Y, YA FgH H o
£ 94 ToAe o] E4Fel A 3o} RIlHEHT
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queue GRQ, CRQ;
// GRQ : Queue for relation name in Goal
// CRQ : Queue for relation name in Condition
Implicity(char lopd[ ],char ropd[ 1)
// lopd : left operand of a expression in where clause

// ropd : right operand of a expression in where clause

{

if (exist relation name in ropd) {
extract relation name RR in ropd;
extract attribute name RA in ropd;
if {not exist RR in GRQ and CRQ?)
add RR in CRQ;
}
else if (search relation name RR attached a attribute on ropd,
in dependency graph) {
move ropd to RA;
if (not exist RR in, GRQ and CRQ?)
add RR in CRQ;
}
else
ErrorMessage(“ . Not Found Relation name!!!\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;
1
else if (search relation name [.R 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 Relation name !'!1!/\n");
if (find a path constructed only domain edges between

RRRA and LRLA
In dependancy graph)
domain integrity check is OK;
else
domain integrity check s FAIL;
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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;

51 #uRs A4 HH

EYa® Aue AAE FERHAY Ze B
4 YR8 $¢ 2™ d zAANY A7}
t}h. F25E Aie) AAE o8 T ¥Wet
e ok
A o] : SELECT S.SNAME
FROM S, SP, P
WHERE S.STATUS > 50 AND
P.COLOR ="black’ AND

P.PNAME=SP.PNAME AND
SP.SNAME=S8.SNAME,;

Aot 22 "t lz, Y Aol A Yo
‘FEake] Ae 508t 2W 2 FFAE HLe
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$ o) 9ol 4o oja) P.COLOR="black’ AND

P.PNAME=SP.PNAME AND SP.SNAME=S.

SNAMES 3%t 20| §nz AAse] 3
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int Optimize . : Delete(C)

{
flag=NO;
for (each semantic rule : R in semantic table) {
if (C=R) {
for (each conditon : G in WHERE clause) {
if (G=R) {

delete unnessary condition;
flag=YES;
return flag;

5.2 QI Hito2 of i

&Y ez dAE tEH 2L 48
F3tdd 49 € + Ao
d el : SELECT P.PNAME

FROM P
WHERE P.WEIGHT > 5;

Aol Zooi7t 3 x| Aol A Yo ‘RE
WEIGHT7} 591 %Z¢] COLOR:= 2% ‘black’
olnj, 2X o) COLOR7} ‘black’o]® EZ o] wei
ght7} 5ol ojmd =4jo] gickm sxh &
& o] F$ RE HlolEo| COLORZ YA &
UHE, oujx| Ao s P.WEIGHT > 5g}
Ae A9y A8 & Ye B Z&H
Abo] 7458 Z7H COLOR='black’e.2 tj
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int Optimize . . Replace(C)
{

flag = NO;

SHE COlEtH0IA0 A RIAlZ (0l 2Bt Bl AIMBl 641

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

53 SRSTIF oiet Adef &7}

HAAZ olzid iy BUay Al abx)
S AZE Aibo] YL o, L33 2
Ego] FHHE A%E AT £ Ut

Zde] . SELECT S.STATUS

FROM S,SP,P

WHERE P.CITY =‘seoul’ AND
P.PNAME=SP.PNAME AND
S.SNAME=SP.SNAME;

Aol Heold s ‘BF2 CITY7} seoulol®
5F2] COLORE blacko|th gh= o|ujE x]24] o]
ZRsn £ BE go|Eo] COLORZ Qg4
o] o} 9igtd, ‘P.COLOR=‘black’ ANDz}=
74l 4ol FriE o, dYANE A3l
o] o B3 RFELE $HHoz HYH
g ol2g ddez AP + Yoz ¥
o) Aol st Wk

e AN 3718 A% FmYFolch
int Optimize : : Append(int i)
{
flag=NO;
for (each semantic rule ; R in semantic table) {
if (C =R) {
if (opr="" AND findindex(attribute of goal of R) {
append a condtion with goal of R:
flag=YES;
return flag;
}
}

}
}

6. 4¥ N A

2 =2 AR 7iyge IBM-PC 3871F
MM Co C++2 FHEEHYeH, T2280] 2}
PEL (2¥ 6)3 & 7A4L Adoh
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ELa uene 4o | Vv s |
" L g |
Fs.m | "«—' SRC2S0L. C qu [oer.cee ]
& &2 TN
e e R e I r'""‘i‘_““‘]
JESEECTY S SR C=UL NN B SN EELUREE A
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Aol 2 |
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(Fig. 6) Structure of program

x323¥2 CONS.CPP¢} SRC2SQL.Ce} OPT.
CPP2 FA=1u, CONS.CPP= (T¥ 2)dA
A vle} e #3d DDLE 7jed o)
A Rog YdHo st =gl HolEE 743}
o}, SRC2SQL.C= =wd Hol¥3 vetd 3
ojolg YdHoZ dho] AYE FEo] FUiE <
Rk ojo] g 2 ¥k OPT.CPPE ®¥gd SQL
Folojg ¥ g st HstE Fejojg A
& ot

BE YgoM dAE zt dojg 74" Z=2
a¥g 3t MYy Fxke o 2o

S CONS.CPP2| A#2nt MAME Zoi¢! ElolE

EEEEIEE R E RN IEE R

S SNAME [S NAME |PRIMARY X

S STATUS |STATUS |X X

S CITY CITY X X

SP SNAME |S NAME |PRIMARY |FOREIGN
SP PNAME |P NAME |PRIMARY [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 ]

x T2 Agels ol HelEe -2
A g3 DDL7I22 &t A=A

0O Aol AFRE 2|o|X| X|A&ol&

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

[ A8 of 1: 2X& coliofA BE R aiate] At

// sre2sqle) 44 A3
>>>> Source File
SELECT SNAME,STATUS
WHERE COLOR = ‘black’;

b SELECT SNAME,STATUS
attribute : SNAME — relation : S
attribute ; STATUS — relation | S

i WHERE STATUS >> 50 AND
Implicit Query
attribute : STATUS — relation : S

i COLOR="WHITE";
Implicit Query
attribute ; COLOR — relation : P
Inferenced condition .

AND
- P.PNAME=SP.PNAME AND
+ SP.SNAME=S.SNAME

>>>  SQL Code
SELECT S.SNAME, S.STATUS

FROMS, P, SP —— Z7}" FROMH
WHERE STATUS > 50 AND

+ P.COLOR="WHITE" AND F7td z2Ed
+ P.PNAME=SP.PNAME ANDT

SP.SNAME=S.SNAME;

// optel e Ez
>>>  Delete Process
delete conditions
P.COLOR =*WHITE'
~ P.PNAME=SP.PNAME
+ SP.SNAME=S.SNAME

>>>  Object Code
SELECT S.SNAME, S.STATUS
FROM S

WHERE S.STATUS > 50; ]

PEERE
— A we

Hejdn A vesd deddA 43E 3
wol FROM A3, WHERERA dd 2
o AH(P.PNAME=SP.PNAME AND SP.SNAME
—SSNAME) 23T 2 £4¢ &% dellold
Wol #7b9 SQLol AAHYeH, ol s
2 omA =4 (S.STATUS > 50— P.COLOR =
‘WHITE' ;)& S3ld WHEREZXdA EIdad
2914 AH(P.COLOR = ‘WHITE" AND P.PNAME
=SP.PNAME AND SP.SNAME=S.SNAME)
of 4AE HAsY Aslolrt AHEUE.

O A% o 2: X MRl A

// sre2sqle) AT
>>>  Source File :
SELECT PNAME
WHERE WEIGHT > 5,

i SELECT P.PNAME
attribute | P.PNAME — relation : P



b WHERE WEIGHT > 5;
Implicit Query
attribute ; WEIGHT — relatlon P

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

#71¢ FROMA
P.WEIGHT > 5;

// opte] A Az}

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

j HAHsd He

P.COLOR="BLACK";

>>>  QObject Code
SELECT P.PNAME
FROM P

WHERE

A2z 24 EEAHAd ddeRe dAHE

AEs7) AT dAleln, Hx JFUd de
shg AojojolA] YeFd Y o]d¥z FROMAE
o] SRC2SQLS] AAFo| F7hslo] e4d SQL
Fojol7t A= Adem, OPTY H¥F 9ou)y
%] 4] (P.WEIGHT > 5 — P.COLOR = 'BLACK’;)
£ wlgbe 2 WHEREZ A ‘P.WEIGHT >5'7}
'PCOLOR='BLACK"Z WAHUSE #Ug
% ok

C 49 ol 3: 38FT8 S Aite] =7t
// src2sqlel A Az}

>>>  Source File :
SELECT S.STATUS
WHERE P.CITY='SEOUL;

weste A9
I

i SELECT S.STATLUS
attribute : S.STATUS -+ relation : S

b WHERE P.CITY ='SEQUL";
Implicit Query
attribute : P.CITY — relation : P
Inferenced condition : AND

- P.PNAME=SP.PNAME AND

- SP.SNAME=S.SNAME

>>>  SQl. Code
SELECT S.STATUS
FROM S, P, SP
WHERE

#7td FROM3

P.CITY ="SEOCL AND
P.PNAME=SP.PNAME AND
SP.SNAME=S.SNAME;

ZHAE HIOJEIHIO I~ KIAlZi2|0 215 29| X[H5t 643

// optet ¥ Az

>>>  Append Process
append condition
P.COLOR="RED’ AND

>>>  Object Code
SELECT S.STATUS
FROM S, P, SP
WHERE

P.CITY ='SEOUL AND #H3tE oo
P.COLLOR ="RED’AND
P.PNAME=SP.PNAME AND

SP.SNAME=S.SNAME;

Aaldz ¥4 SRC2SQLeY Hyx Azd
FROME 1} WHEREo| e %<ld4+HP.PNAME
=SP.PNAME AND SP.SNAME=S.SNAME)
2eln 2 £4%9 Yeoldwo] #7kE SQL
Aoloi7t M4sYen, OPTY AE ¢ug
=] 4] (P.CITY = ‘SEQUL’— P.COLOR = ‘RED’;)
& Atgdtd Z&E FUE 5 de 2PHEEP
COLOP=‘RED")¢] 7} H&& #YE + A
THEE 533 Z3F).

518 Sl Al 7Hel

: = wEe Asstac A
77 24 Aae A doletu ol
I PERE D 7&4 £33 BAE Edso
ol 712 71 o 9 Flol A FAHE 2
4 HRE WERc gud A4e =0 B2
4 g3 ond Ra4 BYe Tysm o=
W2 A Auolzd §aislel el A A
A olggh £9Q Holge FEH A4z 9
od A4¢ FEsn A9 HeUE AT BEA
Hoz Al4EL. E¥ & =RoAE A A
Eg Aol BHA AEoly Aol R
Moz 4oY wesy g U doz
Y + As JMe ANstd AgRE el
3 Ry Ued AYE AT & U= BAE
A g sk,

2 =BdA AR F2E ony YEE B
44 2743 AEe AN dolelol AAH
& Fasied S8 $89 & AT A
A4g e ANuels Axdolt BETF A
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-{mjz
i
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