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A Study on the Performance Analysis and Improvement Procedures
of Nested Loops Join

LIU CHEN

Dept. of Computer Engineering of Pukyong National University

Abstract

In a relational database that is a foundation for the information system, there is a
significant performance difference depending on the amount of data. Insufficient
understanding about a variety of functions in a database leads to numerous performance
degradation problems. Of them, the join performance problem accounts for a great part. It
is because most data processing requires one or more tables except in very rare cases. If
joins are used correctly, it could bring a great advantage of improving performance. There
are three kinds of joins, and this paper would like to study the nested loops join that is the
most basic join.method in a relational database. To date, a great number of studies have
investigated improvement methods for the main cause inducing the performance problem
of nested loops join. In-addition,.the experienced persons working-in the field improve the
performance of nested loops join by experience. However, there is no procedure to
systematically improve the performance of nested loops join. Therefore, this paper
analyzes potential factors in causing a performance problem at each step while executing
a nested loops join through some experiments. It would like to propose a procedure to
verify and improve the performance problem of nested loops join through the analyzed
result.

The performance problem of nested loops join could be improved systematically by
following this procedure. In addition, it helps the database tuning novices easily
understand the principle of nested loops join, and could find factors having an effect on

the performance to describe them in accordance with the procedure. Furthermore, if

VIII



programmers, who do not specialize in databases, also acquire this procedure, it is
expected that the future program quality would also be improved. It is expected that the
procedure to improve the performance of nested loops join proposed in this paper could

have a great help also in the actual working.
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A ROWID2 B ROWIDS C rowrpg | T z ROWID100
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Leaf Node
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SELECT ROWID
, DBMS ROWID.ROWID OBJECT (ROWID) OBJECT ID
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, DBMS ROWID.ROWID BLOCK NUMBER (ROWID) BLOCK_ ID
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3) SYEY HE x3] 2 At B

CREATE TABLE T
AS
SELECT *
FROM ALL_OBIJECTS
ORDER BY OBJECT_ID;

CREATE INDEX T_OBJECT_ID_IDX ON T(OBJECT_ID);

CREATE INDEX T_OBJECT-NAME_IDX ON T(OBJECT_NAME);

oY W FE2H 98 235 2 AR 99 Hol2/adux 44

13149} 2e SQLE E|o]E @ F=7F OBJECT_IDao. & QEE =2 T
o] & AASFIL, OBJECT_ID € OBJECT NAME Zz+zte] sk ¢1E A~ &}

AR

EXEC DBMS_STATS.GATHER-TABLE_STATS (USER, ‘T");

SELECT I.INDEX_NAME, T.BLOCKS TABLE_BLOCKS
> I.NUM_ROWS, I.CLUSTERING_FACTOR
FROM USER_TABLES T, USER_INDEXES I
WHERE T.TABLE_NAME = 'T'
AND I.TABLE_NAME = T.TABLE_NAME;

29 15. 2926 A =3



INDEX_NAME TABLE BLOCES NUOM_ROWS CLUSTERING_FACTCR

T OBJECT MAME TLK 1071 73414 38061
I _OBJECT ID IDX 1071 73414 1045

29 16, 2H2HY Ay 23 A%

e 28T AH 7A7F Hels 55 (TABLE_BLOCKS) ol 77ha= H|
oel7} & AHEH SS dwsta, wmE S (NOM_ROVS) ol 7H7h-2 2
= oA dse dugn. ¥ A BAE FPT 1 FE2HY A

TS
Ade A3 edkgel Agste b 24& med.
(1) Counter®FE st AAs}.

(2) Q92 2z 555 A5FH 2704 ZasiA I ROVIDE

(3) A 93 Y Qs Wm=Y B2 s wE A g

Fro] E= W3 ok ttE wnlt} Counter ¥ &b 1% F7HA1 1t}

(4) 2=70& &53tuA, <5 Counter® 7k

o

SelsEe AE2A

TeH o] &S AASHHA] OBJECT_ID=Oo. = AHga, o] Aol s A
sk QIElA(T_OBJECT_ID_IDX)e] S A~HE ZHE7F Holg AA &=
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INDEX1 TABLE1

coLl1 | coL2 | RowID ROWID | coLl | coL2 il
ABB 121 7
@ ABB 125 10
— ABC 122 9 . 12 ABC 123 o
%) ABC 123 12 [ @
ABC 123 32 (-=-- 32 | aBc | 123
ABC 124 46
ABD 122 52
BCA 125 62
BCA 126 64

2Y17. AgAY: AYHY BB

2. NS AHEHA ok FS

Qe 28\ A Folvkal SeletE QEA S ALg s Rk 497}

0]
2R

1) Qe Ayl 7kEa

ol

AR&AF7E 4 (Function) W AAF2H(Operator) && AR&3to] &4 o
= Aol WA3S vl g aE ARgskA XE ¢ Slvh. R 23
G5 Ad Ebdol LAHA dobA HolEfH| o] A

H =
PAG ] Az ALg B FE 9

ﬂ g
X
=
>
N
nl
s
1

24



£ 1. d9& dyo] 73 Abel 2 73 et

olg~ Y J1Z A Y ot

SELECT * SELECT *

FROM X FROM 2 Xl

WHERE SUBSTR( MY ,1,2) = "[fsh’ WHERE XY LIKE '(fsts’

SELECT * SELECT *

FROM AM& FROM Al2

WHERE S0 * = WHERE =0 = /

SELECT * SELECT *

FROM =& FROM =&

WHERE TO_CHAR(ZAl,'vYyvyyMMDD') = :DT WHERE 2!/ A|>=TO_CHAR(:DT,'YYYYMMDD')
AND 2/ AI<TO CHAR(:DT,'YYYYMMDD')+

SELECT * SELECT *

FROM )24 FROM J2H

WHERE A& || &Y = 30 5220 WHERE g =
AND X2 = TR

SELECT * SELECT *

FROM 3| & ALK& FROM 3| 2ALXIE

WHERE 3|25 || AN&EHS = :sTR WHERE 3|2 S = SUBSTR(:STR,1,2)
AND A|EHS = SUBSTR(:STR,3,4)

2) NOT AAkA} AFg

NOT SA4Fzb7E 9l AQol= BaTreed| Al 2He el ~ S A <)dt =
= Ftol A2k HEg dxE Akgsts ARG AA ElolE 7ol

AR felsh,

3) IS NULL/IS NOT NULL A}&-

T flal, A HeolEs &7 ¥As FaA 3e

n

D FErkelA el AxAE

3l glo]E9] o8] Qdl A7} WHEREE Q] Z Aol AL&% -5 RBO (Rule-

Baced Optimizer):= 21 =99 2], CBO (Cost-Based Optimizer)+=
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£ 2. N&d 87

T& A5 &
DBMS Oracle 11g Release 2 (32bit)
Operating System | Windows 7 Professional K Service Pack 1
Cpu Intel® Core™ i7 CPU 860 @ 2.80GHz 2.80GHz
Memory 8.00GB
User Interface SQL Plus

B ool A¥S 317 &) ztz 377 g2 A7vlaa AE Aat

E g Aoy . Ay &7)nl 7S #3499 ).

_ HR_DEPT HR_EMP
499 | S5 @) | 23
ENV_ 1 500 10
ENV. 2 1000 20
ENV_3 1500 30
ENV_4 2000 40
ENV_5 2500 50
ENV_6 3000 60
ENV_7 3500 70
ENV_8 4000 30
ENV_9 4500 90
ENV_10 5000 100
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E 4. 2 2700 74
TABLE_NAME COLUMN_NAME COLUMN_TYPE
HR_DEPT DEPARTMENT_ID NUMBER (4)
DEPARTMENT_NAME VARCHARZ (30)
MANAGER_ID NUMBER (6)
LOCATION_ID NUMBER (4)
HR_EMP EMPLOYEE_ID NUMBER (10)
FIRST_NAME VARCHARZ (20)
LAST_NAME VARCHARZ (25)
EMAIL VARCHARZ (25)
PHONE_NUMBER VARCHARZ (20)
HIRE_DATE DATE
JOB_ID VARCHARZ (110)
SALARY NUMBER (8,2)
COMMISSION_PCT NUMBER (2,2)
MANAGER_ID NUMBER (6)
DEPARTMENT 21D NUMBER (4)
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SELECT /*+ LEADING(D) USE NL(E) */*
FROM HR_EMP“E, HREDEPT D

WHERE E.DEPARTMENT_ID =-D.DEPARTMENT_ID
AND DEPARTMENT NAME ='IT';

Adae] A4
SELECT /*+ LEADING(D) USE_NL(E)
INDEX(E HR_EMP_©1B _DEPTID)*/*
FROM HR_EMP E, HR_DEPT D
WHERE E.DEPARTMENT_ID = D.DEPARTMENT_ID
AND DEPARTMENT_NAME = 'IT';
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| Id | Cperation
0 | SELECT STATEMENT |
1] NESTED LOCES
2 ] TAELE ACCESS FULL| HER DEPT
" 3 |

TABLE ACCESS FULL| HR EMP

| Id | Cperation | Name |
0 | SELECT STATEMENT [ I
1 | NESTED LOOPS [ I
2 | NESTED LCOPS |
3| TAELE ACCESS-FULL | HE_DEPT
hd 4 | INDEX E&ANGE 3SCAN | HR_EMP_DEPTID|
F | TABLE ACCESS BY INDEX ROWID| HR EMP |
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kel olel~: HR_EMP(DEPARTMENT ID)

SELECT /*+LEADING(D) USE_NL(E)
INDEX(E HR_EMP_DEPTID)*/*
FROM HR_EMP E, HR_DEPT D
WHERE E.DEPARTMENT_ID = D.DEPARTMENT_ID
AND D.MANAGER_ID > 200
AND JOB_ID = 'IT PROG';
A3 olel ~: HR_EMP(DEPARTMENT_ID, JOBID)

SELECT /*+LEADING(D) USE_NL(E)
INDEX(E HR_EMP_DEPTID_ JOBID)*/*
FROM HR_EMP E, HR DEPT D
WHERE E.DEPARTMENT_ID = D.DEPARTMENT_ID
AND D.MANAGER_ID > 200
AND JOB_ID = 'IT-PROG';
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D.DEPARTMENT_ID

)

P_DEPTID)*/*

HR_DEPT D

ol L3269}

"o,

AND D.MANAGER_ID > 200

HR_EM
"IT_PROG';

)

WHERE E.DEPARTMENT_ID
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SELECT *
FROM HR_EMP E , HR_DEPT=D
WHERE E.DEPARTMENT_ID =-D.DEPARTMENT_ID
AND D.DEPARTMENT_NAME = 'IT'
AND E.HIRE_DATE >= TO_DATE('19000101','YYYYMMDD');
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| 0 | SELECT STATEMENT I | 9| 246 | 2574 {4)1 00:00:26 |
|* 1 | HASH JOIN I | 9| 246 | 23574 (4)| 00:00:26 |
I* 21 TABLE ACCESS FULL| HR_DEFT | 11 35 | 10 {0y 00:00:01 |
I* 31 TABLE ACCESS FULL| HR_EMF | 41420 | 2386K| 2562 (4)1 00:00:26 |

I 30. As VR Az HE A Ad3A

A AGS B TH FIZ QS AREEA FUTE. ol FE O]
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SELECT COUNT(*)

FROM HR_DEPT D 1
WHERE D.DEPARTMENT_NAME = 'IT';

SELECT COUNT(*)
FROM HR_EMP 1@A E 107
WHERE E.HIRE_DATE >= TO DATE('19000101','YYYYMMDD');
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Agdel qlulas A4E Foth Auxs AME F Fo AgAHe

| Id | Operaticn | Hame | Rows | Bytes | Cost (3CFU)| Time |
| 0 | SELECT STATEMENT | | g | 46 | 2566 {4y 00:00:268 |
|* 1 | HASH JOIN | | 9 | 846 | 2566 (4)| 00:00:26 |
| 2| TABLE ACCESS BY INDEX ROWID| . HF DEPT | 11 35 | 2 (0)| 00:00:01 |
I* 31 INDEX RRNGE SCAN | HR_DEFT_DEFTHM | L | | il {0y 00:00:01 |
[+ 4| TABLE| RCCESS FULL | 'HR_EMP | 41420 | 23B6K| 2562 {4y 00:00:268 |
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| Id | Operaticon | Name | Rows | Bytes Cost (ECPU) | Time |

| 0 | SELECT STATEMENT | | I ada | 201 {0y 00:00:03 |
| 1 | HNESTED LOOES | | | | | |
| 2 | HESTIED LOCES | | 9 | g4a | 201 {0y 00:00:03 |
| E IRELE RCCESS BY INDEX ROWID| HR DEFT | 11 35 1 2 {0y 00:00:01 |
|+ 4 | INDEX RARNGE SCRN | HR_DEFT_DEFTHM | 1 | 1 {0y 00:00:01 |
I+ 5| INDEX RANGE 3CAN | HR_EMF DEFTID | 135 | | 2 {0y 00:00:01 |
I+ & | TAELE ACCESS BY INDEX ROWID | HE_EMP | I 531 | 193 {0y 00:00:02 |
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| Id | Operation | Name | Rows | Bytes | Cost (3CPFU)| Time |

| 0 | SELECT STATEMENT | | | 48 | 14 (0) ] 00:00:01 |
| 1 | NESTED LOOES | | | | | |

| 21 NESTED LOOES | | | g48 | 14 {0y 00:00:01 |
| 31 IABLE ACCESS BY INDEX ROWID| HR_DEFT | 11 35 | 2 {0y 00:00:01 |
|* 4] INDEX RANGE SCRN | HR DEFT DEPFTHM | 1] | 1 {0)| 00:00:01 |
|* 5| INDEX RANGE SCRN | HR_EMF _DEFTID HIREDT | 9 | 2 (0) ] 00:00:01 |
| & | TABLE ACCESS BY INDEX ROWID | HR_EMP | 9 | 531 | 12 (0) ] 00:00:01 |
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| Id | Operation | Nams | Bows | Bytes | Cost (3CPU)| Time |

| 0 | SELECT 3TATEMENT | | = | 448 | 5 {0y 00:00:01 |
| 1 | NESTED| LOCES | | | | | |

| 2 | HESTED LOOES | | | 46 | 5 (0} 00:00:0L1 |
| 3 TRBLE ACCESS BY INDEX ROWID| HR DEEFT | il 3501 2 (0) | 00:00:01 |
I* 4| INDEX BRNGE SCRN | 'HR_DEFT DEFTHM | i | | ol {0} 00:00:01 |
I* 51 INDEX! RANGE SCAN | HR EMP DEFTIL HIREDT | & | | 2 {0y 00:00:01 |
| & | TABLE ACCESS BY INDEX ROWID |, HR EMP | L | 531 | 3 {0y 00:00:01 |
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