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Objectives

e After completing this lesson, you should be able to
do the following:

e Undertand the meaning of usual operations
e Become familiar with very simple execution plan
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Row Source Operation Description

e Unary Operations

e 1- Access Path

e 2 —Other Unary Operations
e Binary Operations

e 3—Joins
e N-ary Operations

e 4 — Other N-ary Operations
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1 Structures / Access Paths

STRUCTURES ACCESS PATHs
1. Tables(1-2) Full Table Scan
Rowid Scan

2. Indexes to access tables
B tree (3-4-5-6-7-38)
Index bitmap (9 - 10)

Index Scan (Unique)
Index Scan (Range)
Index Scan (Full)

Index Scan (Fast Full)
Index Scan (Skip)
Index Scan (Index Join)

3. Tables organized by :
Cluster

Hash cluster
10T

© 00 N O O bk wwDhPE

Using Bitmap Indexes
10. Combining Bitmap Indexes
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1.1 - Full Table Scan

e Performs Multi-block Reads
(here DB_FILE_MULTIBLOCK_READ_COUNT = 4)

e Reads All Blocks Below High Water Mark HWM
> >:
B|B|B|B| |B|B|B|Bi{B

e Filters rows

select * from emp where ename = 'KING';

| Id | Operation | Name | Rows | Bytes | Cost |
| 0| SELECT STATEMENT | | 1 | 22| 2|
|* 1| TABLE ACCESS FULL | EMP | 1 | 22|

1- filter ("EMP"."ENAME"='KING)
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1.2 - Rowid Scan

SQL> explain plan for

2 select * from emp where rowid="AAAJSQAAFAAABSVAA Ch
| Id | Operation | Name | Rows |Cost |
| O| SELECT STATEMENT | | 1 | 1]
| 1| TABLE ACCESS BY USER ROWID|EMP | 1 | 1]
\Block 6959 — Row 2
B B B B B

dd, dE A g

=p-12145, VH, V, 20, ...
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Sample Table Scan

SELECT * FROM emp SAMPLE BLOCK (10) [SEED (1) [

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)|
| O| SELECT STATEMENT | | 4| 99 | 2 (0)
| 1| TABLE ACCESS SAMPLE|EMP | 4| 99 | 2 (0)
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Types of Indexes

* Index storage techniques:

e B*-tree

e Normal

e Descending

* Reverse key

e Key compression

e Function based

* Index Organized Table
e Bitmap (Stored in a B-Tree)
e Domain indexes
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Branch

Leaf

ORACLE

Root /

B*-Tree Indexes

Index entry

Index entry header

Key column length

Key column value
ROWID

Table Data retrieved using Rowid




Index-Organized Tables

Indexed Accessing
access on table index-organized table

; YL gﬂiﬂ

s
L e
.l/.r N ROWID F '

- I—T—Non-key columns
| Key column
Row header

v
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Index Scan

Types of index scans:

* Unique
q B-Tree index IX_EMP

e Range (Descending)
e Skip
e Full & Fast Full

e |Index join % \

B : block o4 HH

Table EMP

B B B | B B B




1.3 - Index Scan (Unique)

index UNIQUE Scan PK_EMP

AN

create unique index PK_EMP on EMP(empno)

select * from emp where empno = 9999 ;

| Id |Operation | Name |Rows |Bytes|Cost |
| O|SELECT STATEMENT | | 1 | 32| 1 |

| 1| TABLE ACCESS BY INDEX ROWID|EMP | 1 | 32| 1 |

|* 2| INDEX UNIQUE SCAN |PK_ EMP | 1| | |

2 - access(EMP.EMPNO=9999)
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1.4 - Index Scan (Range)

Index Range SCAN I_DEPTNO

create index |_DEPTNO on EMP(deptno) %/ \

select /*+ INDEX(EMP |_DEPTNO) */* from emp —

where deptno =10 and sal > 1000; "‘ "‘
Start key (10) (19) Stop key

| Id |Operation | Name |Rows |Bytes |Cost |
| O|SELECT STATEMENT | | 4 | 128 | 276 |
|* 1| TABLE ACCESS BY INDEX ROWID|EMP | 4 | 128 | 276 |

|* 2| INDEX RANGESCAN | _DEPTNO| 5| | 9]

1- filter(EMP. SAL>1000) - Throw out non-matching rows
2 - access(EMP.DEPTNO=10) - means read data from Index, Table
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Index Scan (Range)
Descending Index

Index Range SCAN IX_ D

create index IX_D on EMP(deptno DESC) %/ \

select /*+ INDEX(EMP IX_D) */* from emp

where deptno<30  order by DESC; 4 ."(
(30) start key No Stop key

| Id |Operation | Name | Rows |Cost |

| 0| SELECT STATEMENT | | | 1|

| 1| TABLE ACCESS BY INDEX ROWID| EMP | 9] 1 |

|* 2| INDEX RANGE SCAN |[IX D | 1] 2 |

2-  access(SYS_OP_DESCEND(EMP.DEPTNO)>HEXTORAW('3EEOFF)
filter(SYS_OP_UNDESCEND(SYS_OP_DESCEND(EMP.DEPTNO))<30)
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. Index Scan (Range)
Function Based Index

Index Range SCAN IX_FBI

create index IX_FBI on EMP(UPPER(ename)); %/ \

—>,

select /*+ INDEX(EMP IX_FBI) */ * from emp 4 4

where upper(ENAME)  like 'A%" Start key (A%) Stop key
| Id | Operation | Name | Rows | Cost |

| 0| SELECT STATEMENT | | 1] 1]

| 1| TABLE ACCESS BY INDEX ROWID| EMP | 1] 1|

|* 2| INDEX RANGE SCAN | IX_FBI | 1] 2|

2 - access(UPPER(EMP.ENAME) LIKE 'A%
filter(UPPER(EMP.ENAME) LIKE 'A%)
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1.5 - Index Scan (Full)

index Full Scan |_DEPTNO Y

NN

select /*+ INDEX(EMP |_DEPTNO) */* from emp
where sal > 1000
and deptno is not null No start key No Stop key

order by deptno ;

>
7,

| Id | Operation | Name |Ro ws | Bytes| Cost |
| O| SELECT STATEMENT | | 13| 416 | 826 |
|* 1| TABLE ACCESS BY INDEX ROWID| EMP | 13| 416 | 826 |
|* 2| INDEX FULL SCAN | | DEPTNO | 14| | 26|

1 - filter("EMP"."SAL">1000)
2- filter ("EMP"."DEPTNO" IS NOT NULL)
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Index Scan (Full)
Reverse Key Index

NS

index Full Scan IX_RV Y
No start key No Stop key
select /*+ index(emp)*/ * from emp where empno > 77 00;
| Id | Operation | Name | Rows | Cost |
| O| SELECT STATEMENT | | 6| 358|
| 1| TABLE ACCESS BY INDEX ROWID| EMP | 6| 358 |
|* 2| INDEX FULL SCAN | IX_RV | 6] 26|

2 - filter(EMP.EMPNO>7700)
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1.6 - Index Scan (Fast Full)

LEGEND:
SH=segment header
R=root block
B=branch block
db_file_multiblock read count = 4 L=leaf block
multiblock read multiblock read
> >
E- Lol ]sB L
discard discard discard
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7 — Index Scan (Skip) (1)

SELECT * FROM employees WHERE age BETWEEN 20 AND 29

[r]

|

Index on (GENDER, ACGE)

Bl

M10 M16 M20 M26

B2

F10 |[ F16 |[:F20:|[:F26:|| F30
F11 || F17 [|:F21:|f:F27:|| F31
F12 || F18 |[:F22:| F28 || F32
F13 || F19 |[:F23:|f F29;|| F33




Index Scan (Skip) (2)

| ndex on (DEPTNO, SAL)

/
T N

select /*+ index_ss(EMP IX_SS) */* from emp where SAL< 1500;
| Id | Operation | Name |A-Rows |Buffers |
| 1| TABLE ACCESS BY INDEX ROWID|EMP | 6 | 4]
|* 2| INDEX SKIP SCAN |IX_SS| 6 | 2]

2 - access("SAL"<1500)
filter("SAL"<1500)
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1.8 - Index Scan (Index Join)

create index |_ENAME on EMP(ename)
create index |_SAL on EMP(sal)

select /*+ INDEX_JOIN(e) */ ename, sal from emp e;

| Id | Operation | Name | Rows |Cost |
| O| SELECT STATEMENT | | 409 | 66 |
| 1| VIEW | index$_join$_001 | 409 | 66 |
|* 2] HASH JOIN | | 4009 | |
| 3| INDEX FAST FULL SCAN|I_ENAME | 409 | 33|
| 4| INDEX FAST FULL SCAN||_SAL | 409 | 33|
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ID | Name G |C Rowid
1 Jan Boonen v BBl 47.389647.0
Bitmap Indexes 2 Andreas Walter M DE 41.389647.1
3 Lech Barwicki M [FR| 41.389647.2
. 4 Muriel FRY F 41.389647.3
Index Bitmap IX_B2 — El
R 5 ChristianBoure M [FR 41.389647.4
stored in B*Tree | ndex I
6 Thomas Guilleminot M [FRY 41.389647.5
Table 7 Dena Feinblat F JEN 41.389647.6
EMEA PERHK 8 Sijmende Roo M NL 41.389647.7
9 _Doody Atraktsi M JE 41.389647.8
L r Bitmap pieces 10 Jamesqemomm M - 41.389648.0
- DE-. NOIK <iored in leaves 11 Steve Dixon v JURN 41389648 1
12 Andrew Hambelton M [l 47.389648.2

Key Start Rowd End Rowd Bitmap
>._ BN (1 00000000000
H|41.389647.0 | [41.389648.2 ][0 0000000000
FR| 41.389647.0 | [41.389648.2|[00 1 1 11 000000
>[IC] [41.389647. 0 | [41.389648.2 |[000000 101000
NL [41. 389647.0 | [41.389648.2 |[0000000 0000
> [UK [41. 389647. 0 | [41.389648.2 |[000000000 111
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Bitmap Indexes Example

Bitmap
1 00000000000
0 0000000000

00 1111000000 | Dtmapfor
— = —— key value FR
000000 101000

0000000 0000

000000000 A 111

I Bit for 8 th record is set because row
has value ‘NL’ in column COUNTRY

Key Bitmap

M | 0 0 |
Bitmap for
F {000 00 00000 <4+
! key value F
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1.9 — Bitmap Index Access

SQL> SELECT * + Key value = 'FR'
2 FROM EMEA PERF TEAM T
3 WHERE country = 'FR; [FR 001111000000]

SQL> SELECT * FROM EMEA_PERF_TEAM T WHERE country  ='FR";

| O|SELECT STATEMENT | | | 1 (100)]
| 1| TABLE ACCESS BY INDEX ROWID | EMEA_PERF_TEA M| 4 1 (0)
| 2| BITMAP CONVERSION TO ROWIDS| |

I* 3| BITMAP INDEX SINGLE VALUE | IX_B2 |

3 - access("COUNTRY"='FR")
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1.10 - Combining Bitmap Indexes (1)

SQL> SELECT *
2 FROM EMEA PERF TEAM T
3 WHERE country = 'FR' or gender ='F

FR

ol111/11110l0l0l0l0|0| |1 TABLE ACCESS BY INDEX ROWID [EMEA_PERF_TEAM|

| 2| BITMAP CONVERSION TO ROWIDS| |
OR | 3| BITMAP OR | |

|*4| BITMAP INDEX SINGLE VALUE|IX_B1 |
0/0{1/0{0/1/0/1/0/0|0| 5| BITMAP INDEX SINGLE VALUE|IX_B2 |

4 - access("GENDER"='F')
5 - access("COUNTRY"="FR")

0/1/11}1}1/0/1/0/0(0
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Combining Bitmap Indexes (2)

SQL> SELECT *
2 FROM EMEA _PERF TEAM T
3 WHERE country = 'FR’ and gender ='M’

FR

ol111/11110l0l0l0l0|0| |1 TABLE ACCESS BY INDEX ROWID [EMEA_PERF_TEAM|

| 2| BITMAP CONVERSION TO ROWIDS| |
AND | 3| BITMAP AND | |
[*4| BITMAP INDEX SINGLE VALUE|IX_B1 |

1/1{0[2(1/0/1{0|1/1({1| |*5| BITMAP INDEX SINGLE VALUE|IX_B2 |

4 - access("GENDER"='M")
5 - access("COUNTRY"="FR")

0/1/0/1/1/0/0/0/0(0|0
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Bitmap Operations

e BITMAP CONVERSION
e Can be TO or FROM ROWIDS

e BITMAP INDEX

e Single value lookup
* Range scan

0 |SELECT STATEMENT |
1| TABLE ACCESS BY INDEX ROWID |

e Full scan 2 | BITMAP CONVERSION TO ROWIDS |
3| BITMAP M NUS |

|

|

|
° BITMAP MERGE I*LEE)|| BEI;Ir'IMMA:PINDEX(gTNGLEVALUH |
PS BITMAP AND / OR i* 6| BITMAP INDEX SINGLE VALUE]|
e BITMAP MINUS

* 7| BITMAP INDEX SINGLE VALUE |
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2 - Other Unary Operations

e SORT & HASH (GROUP BY — UNIQUE)
 BUFFER (SORT)

e IN LIST ITERATOR

e VIEW

e COUNT STOP KEY

e (MIN/MAX) / FIRST ROW
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2.1 — SORT & HASH (1)

e SORT

e AGGREGATBIingle row from group function
A * UNIQUE To eliminate duplicates
/

e JOIN: Precedes a merge join
« GROUP BYORDER BX-or these operators

+ HASH
. UNIQUE
« GROUP BY
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SORT & HASH (2)

Don’t rely on the GROUP BY or DISTINCT to ORDER
BY returned rows.

If you want to have rows ordered, use ORDER BY
clause.

ORDER BY]

A
L
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2.2 — Buffer (sort)

 BUFFER (SORT)

select ename, emp.deptno, dept.deptno, dname
from emp, dept
where ename like 'A%';

| Id | Operation | Name | Rows | Cost |
| O| SELECT STATEMENT | | 21 | 10|
| 1| MERGE JOIN CARTESIAN| | 21 | 10|
|* 2| TABLE ACCESS FULL | EMP | 4 | 2]

| 3] BUFFER SORT | | 5| 8]

| 4| TABLE ACCESS FULL | DEPT | 5 | 2]

2 - filter("EMP"."ENAME" LIKE 'A%")
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2.3 — Inlist Iterator

Every value executed seperately
create index |_DEPTNO deptno = 1 deptno = 2
on emp(deptno);

select * from emp

where deptno in (1,2);
select * from emp

where deptno =1

or deptno=2;

| Id | Operation | Name |R ows |Cost |
| 0| SELECT STATEMENT | | 5| 2]
| 1| INLIST ITERATOR | | ||
| 2| TABLE ACCESS BY INDEX ROWID| EMP | 5| 2]
|* 3| INDEX RANGE SCAN | |_DEPTNO | 5| 1]

3 - access(DEPTNO=1 OR DEPTNO=2)
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2.4 — View (1)

create view V as select /*+ NO_MERGE */ DEPTNO, sal
from emp ;

select * from V;

| Id | Operation | Name | Rows |[Cost (%C PU)|
| O| SELECT STATEMENT | | | 3 (1 00)|
| 1| VIEW |V | 14| 3 (0)]
| 2| TABLE ACCESS FULL|EMP | 14| 3 (0)]

ORACLE



View (2)

* View operation is executed separately
« All rows from View are returned (Id=2)
e This resultset is then joined to DEPT with nested loops

| Id | Operation | Name |Ro ws | Cost (%CPU)|
| O| SELECT STATEMENT | | | 7 (100)]

| 1| NESTED LOOPS | | 3] 7 (19)

| 2| VIEW | | 3] 4 (25)]

| 3| HASH GROUP BY | | 3| 4 (25)]

| 4| TABLE ACCESS FULL | EMP | 14| 3 (0)]

| 5| TABLE ACCESS BY INDEX ROWID| DEPT | 1] 1 (0]

|* 6| INDEX UNIQUE SCAN | PK_DEPT | 1] 1 (0]

6 - access("V"."DEPTNO"="D"."DEPTNQO")
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2.5 — Count Stop Key

e COUNT STOPKEY

rownum < ~value™
e STOP previous operation when count is reached

« EXAMPLE
Fill a table with plenty of ‘1’ and only some ‘9’ at the end.

Run a query to output the ten first ‘1

Run same query with the ten first ‘9’
If the value in question is frequently occurring

(e.g. ‘1’) then only a small number of buffers are
required (Buffers = 12)

- |f the value in question is NOT frequently
occurring (e.g. ‘9’), then almost the whole table n

(Buffers = 3984)

to be retrieved

>

>

lll

lll

lll

lll

lll

lll

l9l

l9l

ORACLE
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2.6 — (Min/Max) / First Row

e Stop accessing the data after first value is
returned

e That’s an optimization introduced on 8i
e Works with Index Range / Full scan

select min(id) from t; -> MIN(ID) = 1

| 1| SORT AGGREGATE |
| 2| INDEX FULL SCAN (MIN/MAX)| T_IND |
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2.7 — Partition Access Path

e Only CBO seulement
e Partition (pruning)

e compilation / execution

 Depend on partition type
e Same Access Path for pruned partitions
e Partition wise join
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e PARTITION RANGE SINGLE

WHERE n1 = 3 AND d1 = to_date('2007-87-19',...); ——2>>
WHERE nl = :n AND d1 = to_date(:d1,'yyyy-MM-DD'); =——————=>>

e PARTITION RANGE INLIST

WHERE n1 in (1,3) AND d1 = to_date('2007-07-19',...4————--—-=>

e PARTITION RANGE ITERATOR
WHERE nl = 3

e PARTITION RANGE ALL
WHERE n3 > 3000;

e PARTITION RANGE EMPTY

WHERE n1 = 5 AND d1 = to_date('2007-87-19',...); ——>>

e PARTITION RANGE OR

WHERE nl = 3 OR d1 = to_date('2007-07-19',...); —_—

e PARTITION RANGE SUBQUERY

WHERE tx.dl1 = t.dl1 AND tx.nl1l = t.

A sals ez [eaaslas i [as

(351 2d] 27| 28]z 3031 32|53 3¢5 3
EEErNEODREEE
EEEDECEDEnnm

t & tx Range Partition (ni1,dl):
2

nl and tx.id=3; —=—=>

. 2.7.1 — Partition Range (1)

Pstart Pstop
31 31

Key Key
Key(I) Key(I)
1 37

1 48
INVALID INVALID

KEY(OR) KEY(OR)

KEY(SQ) KEY(SQ)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec d1



2.7.1 — Partition Range (2)

e PARTITION RANGE SUBQUERY Pstart  Pstop
«  WHERE tx.d1l = t.d1 AND tx.nl = t.nl and tx.id=3; ——>> KEY(SQ) KEY(SQ)
e PARTITION RANGE ITERATOR —_—> 25 37
o WHERE nl1l = 3
e PARTITION RANGE Multi Column —————>  KEY(MC) KEY(MC)

e WHERE d1 = to_date('2007-07-19', 'yyyy-MM-DD");

t & tx [25] 26| 27]] 28] 20] 36][ 31] 32][33] 4] 35] 3¢
Range Partition (nl1,d1) E@@E
[ g 2 3] of s] e[ 7] 8] offzefrs]z2]

dl

>
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2.7.2 — Partition Hash

e PARTITION HASH SINGLE Pstart Pstop
- WHERE nl1 = 3 AND d1 = to_date('2007-07-19',...); —> 23 23
e WHERE nl = :n AND dl1 = to_date(:d1,'yyyy-MM-DD'); —> Key Key

e PARTITION HASH INLIST
« WHERE nl1 in (1,3) AND d1 = to_date('2007-07-19',.. ———> Key(I) Key(I)
« WHERE nl = 1 AND d1 in (to_date('2007-07-19',...

 PARTITION HASH ALL — > 1 32
«  WHERE nl = 3 ;
e PARTITION HASH SUBQUERY ——> KEY(SQ) KEY(SQ)

e WHERE tx.dl = t.d1 AND tx.nl = t.nl and tx.id=3;

25| 26| 27] 28] 29] 36] 3132
17] 18][19] 2021 ][22 23] 24
oJre]r]12]13[14][15] 16
PARTITIONS 32 (EEEBHDEEHE

ORACLE
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2.7.3 — Partition List

e PARTITION LIST SINGLE Pstart  Pstop
WHERE n1 = 3 AND d1 = to_date('2007-67-19',...); —>> 31 31
WHERE nl = :n AND d1 = to_date(:d1,'yyyy-MM-DD'); =——=> Key Key

e PARTITION LIST INLIST

WHERE nl1 = (1,3) AND d1 = to_date('2007-07-19',...;—> Key(I) Key(I)
e PARTITION LIST ALL

WHERE n3 > 3000; —_— 1 48
e PARTITION LIST SUBQUERY

WHERE tx.dl = t.d1 AND tx.nl = t.nl and tx.id=3; ———=> KEY(SQ) KEY(SQ)

e PARTITION LIST EMPTY
WHERE nl = 5 AND d1 < to_date('2007-07-19',...); ———> INVALID INVALID

t & tx List Partition (nl1) 1|| 2|| 3|| 4|| 5
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3 Joins

e A join defines the relationship between 2 row sources.
e Ajoinis a method of combining data from 2 data sources
e |tis controlled by join predicates which define how the

objects are related

SELECT e.ename,d.dname

FROM emp e, deptd

WHERE e.deptno = d.deptno

AND (e.job ='ANALYST'
OR e.empno = 9999);

—

Join predicate

ORACLE

Nonjoin predicate




3.1 - Join Methods

* Nested Loops
* Merge Join
* Hash Join
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3.1.1 - Nested Loop (1)

SQL> select ename, e.deptno, d.deptno, dname
2 fromemp e, deptd
3 where e.deptno = d.deptno
4 and ename like 'A%’

EMP DEPT
ALLEN 10 ACCOUNTING
ADAMS 20 » 20 RESEARCH
@) SALES
OPERATIONS
@®
NON matching Rows
Output Rows
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Nested Loop Join Plan (2)

| SELECT STATEMENT
| NESTED LOOPS
TABLE ACCESS FULL

___*__
P WNERO

INDEX UNIQUE SCAN

2 - filter(E.ENAME LIKE 'A%')
4 - access(E.DEPTNO=D.DEPTNO)

I
| TABLE ACCESS BY INDEX ROWID|DEPT
I

____________ Nested loops

| EMP Table access

(Right/Inner/Driven table)

| PK_DEPT

Table access
(Left/Outer/Driving table)
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Nested Loop — Prefetching (3)

Table Access by

create index |_DEPTNO on EMP(deptno) Index Rowid EMP
naex Rowi

Table Access Full
select empno, ename, dname DEPT

from emp e, dept d
where e.deptno= d.deptno ;

Index Range Scan
| DEPTNO

| Id | Operation | Name |Ro ws |Cost |
| 0| SELECT STATEMENT | | 14| 6|

| 1] TABLE ACCESS BY | NDEX RON D| EMP | 4] 1]

| 2| NESTED LOOPS | | 14| 6|
| 3| TABLE ACCESS FULL | DEPT | 4] 2|

|* 4| INDEX RANGE SCAN | | DEPTNO | 5] |

4 - access(EMP.DEPTNO=DEPT.DEPTNO)

ORACLE



EMP

ALLEN
ADAMS20

Sort Join Key

A

@)

Z 4

3.1.2 - Sort-Merge (1)

DEPT

20 RESEARCH
SALES

10 ACCOUNTING
OPERATIONS

Sort Join Key

1A
/

©)

M (eDr%e

ll Output Rows

select ename
, d.deptno
, dname
from emp e
, dept d
where e.deptno = d.deptno
and ename like 'A%'
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Sort-Merge Join Plan (2)

| Id [Operation | Name |
| 1]MERGE JOIN |
|* 2] TABLE ACCESS BY INDEX ROWID| EMP |
| 3] INDEX FULL SCAN | |_DEPTNO]
Merge I* 4| SORT JOIN I
| 5| TABLE ACCESS FULL | DEPT |
Row sorted on Join 2 - filter(ENAME LIKE 'A%
4 - access(E.DEPTNO=D.DEPTNO)
2 4 filter(E.DEPTNO=D.DEPTNO)
® G
Index Table access

access
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3.1.3 - Hash Join (1)

EMP

ALLEN
ADAMS 20~

Y

omri

L

Output Rows

DEPT

20 RESEARCH
SALES

10 ACCOUNTING
OPERATIONS

Probe Hash @

SQL> select ename, d.deptno, dname
2 fromemp e, dept d
3 where e.deptno = d.deptno
4 and ename like 'A%’
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Hash Join Detail (2)

T2 T1 Build Table

T2 Probe Table

— ON disk ;: —

Bitmap Vector

P.IP [P Pp

“No hope”
rows discarded

(T [ [T [T

Pl P | P
(T2) | (T2) § (T3)

(13 Maybe "
rows written to disk

"No join"
rows discarded

Joined rows returned
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Hash Join Plan (3)

Hash join

Table access
(Right/Inner/Driven table)

. Id |Operation Name
Table access by Rowid ' _____ 'pl ________ |
(Left/Outer/Driving table) |* 1| HASH JOIN |
| 2| TABLE ACCESS BY INDEX ROWID|EMP |
|* 3] INDEX RANGE SCAN |I_ENAME|
| 4| TABLE ACCESS FULL |IDEPT |

1 - access(E.DEPTNO=D.DEPTNO)
3 - access(ENAME LIKE 'A%

Index Access :
filter(ENAME LIKE 'A%
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Partition-Wise Join

Table 2

Part 2

Part 2

Part 3

Part 3

Full Partition-Wise

No Partition-Wise

Dynamic Partitioning
Based on Partition Key

Table 2
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3.1.4 - Cartesian "Join"

SQL> select ename, e.deptno, d.deptno, dname
2 from emp e, dept d where ename like 'A%'

EMP

DEPT

BLAKE 30
ALLEN 30
ADAMS 20
SMITH 20
WARD 30
JONES 20
MARTIN 30
CLARK 10
SCOTT 20
KING 10
TURNER 30
JAMES 30
FORD 20
MILLER 10

20 RESEARCH
30 SALES

10 ACCOUNTING

40 OPERATIONS

Returned Rows(8)

0 |[SELECT STATEMENT

| MERGE JOIN CARTESIAN| |
| TABLE ACCESS FULL |EMP |
| BUFFER SORT

| TABLE ACCESS FULL |DEPT |

2 - filter(EMP.ENAME LIKE 'A%")

I

| 1
* 2
| 3
| 4
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3.2 - Join Types

e Ajoin operation (whatever the join method) combines
the output from two row sources and returns one
resulting row source.

* Join operation types include the following :

e Join (Equijoin — Non-equijoin)
e Quter Join

e Semi join - EXISTS Subquery

e AntiJoin - NOT IN Subquery

e Star Join (Optimisation)
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3.2.1 - Join

e Equijoin
SELECT e.ename, d.dname FROM emp e,
dept d where e.deptno = d.deptno;

e NON Equijoin
SELECT e.ename, e.sal, s.grade FROM

emp e, salgrade s where e.sal between
s.losal and s.hisal;
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3.2.2 - Outer Joins

e A join returns rows where criteria match the
specified join condition:
 where emp.deptno = dept.deptno

e An outer join also returns a row if no match is

found:
* where emp.deptno(+)=dept.deptno

DEPTNO DNAME  EMPNO ENAME

30 SALES 7900 JAMES
40 OPERATI ONS
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1.3.2 - Outer Joins (2)

e where emp.deptno(+)=dept.deptno
e outerjoin
e Hash Join Right Outer

_ Hash Join Right Outer (10g)
Outer Join

DEPT EMP EMP DEPT
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3.2.3 - Semi-Joins

Semijoins only look for the first match

SQL> select c1 from t1

2 where cl ='foo' AND

3 exists (select null from t2

4 where tl.cl =t2.cl)

T1 T2
f00 | =y 100 i | Output row
eek foo

foo —_— These rows are not
touched by the semijoin.

yuk
bar Join would give: foo foo foo foo
foo Semijoin gives: foo
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3.2.4 - Antijoins

SQL> select c1 from t1

2 where cl notin (select c1 from t2)

Reverse of what would have been returned by a join: in case
of a match the Oracle server does not return a row.

T1 T2
foo foo
eek |==—— foo

foo

yuk

T1 T2 bar
collL

| = | Output row

Join would give: foo foo foo foo
Antijoin gives: eek
Minus gives : eek
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3.2.5 - ANSI Join Syntax

e Cross / Natural Join
e Left / Right / Full Outer Join

S p S
>—E8f—1 gomn —f2) ON | condition N
col
USING — (— name —)
\ J list

| tab
JOIN }— ref

—{~ CROSS §
e . . \ :
NATURAL g

tab__ [ | tab :
b—res ]| FULL |f| OUTER JOIN %—ref >
| LEFT | ) §
p - ON ——condition
| RIGHT ) .

USING ——{col name list) ——)
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4 - Other N-ary Operations

 FILTER

« CONCATENATION
« CONNECT BY
 UNION ALL / UNION
 INTERSECT

« MINUS
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4.1 - Filter (1)

e Accepts a set of rows
e Eliminates some of them
e Returns the rest

—\
/
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Filter (2)

select deptno, dname from dept
where not exists (select 1 from emp
where deptno=dept.deptno);

| Id | Operation | Name | Starts | E- Rows | A-Rows |
I* 1| FILTER | | 1] | 1]
| 2| TABLE ACCESS FULL|DEPT | 1| 4|1 4 |
|* 3| INDEX RANGE SCAN |I_DEPTNO | 4| 2] 3|
) —
1- filter (1S NULL) —»X
[— _>
3 - access(EMP.DEPTNO=:B1) =
— U)
—
— /
filter is [ NOT EXISTS (select 1 from emp
where emp.deptno = :b1) ]
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4.2 - Concatenation

create index |_SAL on emp(sal);
create index |_DEPTNO on emp(deptno);

select /*+ USE_CONCAT */ * from emp where deptno =1 or sal=2;

| Id | Operation | Name |R ows | Bytes | Cost |
| O| SELECT STATEMENT | | 3| 111| 4|

| 1| CONCATENATION | | | | |

| 2| TABLE ACCESS BY INDEX ROWID| EMP | 1| 37| 2|

|* 3| INDEX RANGE SCAN |1_SAL | 1| | 1]

|* 4| TABLE ACCESS BY INDEX ROWID| EMP | 21 74| 2|

|* 5| INDEX RANGE SCAN | _DEPTNO | 2 | | 1]

3 - access(SAL=2)
** 4 - filter( LNNVLSAL=2))
5- access(DEPTNO=1)

** LNNVL generated by 'OR'
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4.3 - Connect by

e connect by "without filtering"

2 child operations
e start with
e Connect By

e connect by "with filtering"

3 child operations
e start with
e Connect By

 switch to no filtering, only if PGA
IS too small
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4.4 - Intersect - Minus - Union (all)

« INTERSECT
« MINUS

« UNION ALL

e Accepts sets of rows
* Applies union rules to determine the output
* Does not remove duplicates

« UNION

e Accepts sets of rows
e Applies union rules to determine the output
* removes duplicates

v A \w K
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Summary

e At the end of the part, you should have learned :

e The meaning of usual operations
 Be familiar with very simple execution plan
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