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Who am |

Independent consultant since 1996
specializing in Oracle and Peoplesoft setup,
administration, and performance tuning

Member of the Oaktable Network @i‘l@.b‘_el“ﬁ

25+ years in database management
DL/1, IMS, ADABAS, SQL/DS, DB2, Oracle

OCP certified DBA -7, 8, 82 9;
Oracle since 1993 (7.0.12)

Mathematics major from University of Stuttgart
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Tuning by swapping Predicate Sides?

el __cpu _pio lio _rows sql text
0.16 0.16 0 10,996 35 selecta.c1,b.c1,c.cl1fromtla, t2b,t3c
where a.n1 =:n1 and b.n1 =:n2 and a.n2 = c.n2
and a.n2 =b.n2

0.07 0.09 0O 10,787 35 selecta.c1,b.c1,c.cl1fromtla, t2b,t3c
where a.n1 =:n1 and b.n1 =:n2 and a.n2 = c.n2
and b.n2 =a.n2
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Tuning by swapping Predicate Sides?

id _cost card operation rows _elapsed cr_gets
0 1239 SELECT STATEMENT

1A 1239 199 HASH JOIN 35 0.160 10,996
2A 1204 8 HASH JOIN 35 0.090 10,706
3F 112 39 TABLE ACCESS FULL T1 39 0.010 979
4F 1092 80 TABLE ACCESS FULL T2 70 0.080 9,727
5 34 4800 TABLE ACCESS FULL T3 4,800 0.020 290
id _cost card operation rows elapsed cr gets
0 1229 SELECT STATEMENT

1 6 24 TABLE ACCESS BY INDEX ROWID T3 35 0.070 10,787
2 1229 113 NESTED LOOPS 71 0.070 10,783
3A 1204 5 HASH JOIN 35 0.070 10,706
4F 112 39 TABLE ACCESS FULL T1 39 0.010 979
5F 1092 80 TABLE ACCESS FULL T2 70 0.050 9,727
B6A 3 24 INDEXRANGE SCANT3 2 35 0.000 77
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Focus

» Join Cardinality and the Principle of
Inclusion

» (Cases where the basic formula fails
» Histograms and Join Cardinality

» Where Histograms improve the Cardinality
Estimate

» Alberto Dell’Era’s Join Cardinality Algorithm

» Can Histogram make things worse?

» Upgrade Issues
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Principle of Inclusion

“principle of inclusion”
each value of the smaller domain has a match
in the larger domain

This 1s obviously true for joins between foreign keys and
primary keys.

join cardinality = card, * cardg * join selectivity

join selectivity = 1/max(ndv,, ndvy)
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Principle of Inclusion

PK FK
ok C2 ; 2
SQL> select'A'||a.id c1, 'B.'||b.idc2  -—-=== ——=-- 3 b 4
fromj1 A, j2 B A.2 B.2 : 6
where a.id = b.id; A.4 B.4 673
A.6 B.6 8 » 8
20 SELECT STATEMENT A.8 B.8 9 > 10
20 HASH JOIN A.10 B.10 11 > 12
20 TABLE ACCESS J1 A.12 B.12 g
20 TABLE ACCESS J2 A.14 B.14 14 > 14
A.16 B.16 I > 16
A.18 B.18 17
A.20 B.20 18 "
20 20
20 rows selected.

Join cardinality = card, * cardy * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
= 20*20 * 1/max(20, 10 ) = 20
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Cl Cl
SQL> select 'A'||a.id c1, 'B.'||b.idc2  --———= ————-
fromj1 A, j2B A.11 B.11
where a.id = b.id; A.12 B.12
A.13 B.13
20 SELECT STATEMENT A.14 B.14
20 HASH JOIN A.15 B.15
20 TABLE ACCESS J1 A.16 B.16
20 TABLE ACCESS J2 A.17 B.17
A.18 B.18
A.19 B.19
A.20 B.20

10 rows selected.

Join cardinality = card, * cardy * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
= 20*20 * 1/max(20, 10 ) = 20
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Principle of Inclusion violated

1 21

SQL> select'A||aid c1, B.|pidc2 ~ C1 C2 2 22
fomj1Aj28 T ; o
where a.id = b.id; 5 25
no rows selected. g %g

1 SELECT STATEMENT 8 gg

1 HASH JOIN 10 30
20 TABLE ACCESS J1 ]; g;
20 TABLE ACCESS J2 13 33
14 34

15 35

16 36

17 37

18 38

19 39

20 40

Join cardinality = card, * cardy * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
= 20* 20 * 1/max(20, 20 ) = 20
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C1 C2 ; ;
SQL> select 'A'||la.id c1, 'B.||b.id c2 oo . 3 <\ /> 3
fromj1A,j2B A1 B.1 1} < > 4

. . 5 <« » 5

where a.id = b.id; A2 B2 6 < > 6

A3 B.3 e <
40 SELECT STATEMENT A4 B4 9 < > 9
40 HASH JOIN A5 B.5 o I
20 TABLE ACCESS J1 A6 B.6 10 10
20 TABLE ACCESS J2 A7 B.7

A8 B.8 <>

A9 B.9

A.10 B.10

A.10 B.10

130 rows selected.

Join cardinality = card, * cardy * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)

=20 * 20 * 1/max(10, 10 ) = 40
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“Symmetrical” Skew

45 60
40
35 50
30 40
25
0 } 30
15 ‘ | 20
0 I
A L i
- Ml ;
1 51 101 151 201 252 31 1 51 101 151 201 268
With histograms Without histograms actual
| Id | Operation | Name | Rows | | Id | Operation | Hame | Rows |
| 0 | SELECT STATEMENT | | 21350 | | 0 | SELECT STATEMENT | | 11730 |
|* 1 | HASH JOIN | 121350 | |* 1 | HASH JOIN | 111730 | 23568
error 9,4% error 50.2%
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“Anti-symmetrical” Skew

45 60
40
50
35
30 40
25
30
20 | ---------------------------------------------------------------------------
15 | ‘ 20
10
g | T ' R
- LAt '
1 51 101 151 201 252 N 101 183 233 263 333 383
With histograms Without hustograms actual
| Id | Operation | Name | Rows | || Id | Operation | Name | Rows |
| 0 | SELECT STATEMENT | | 10381 | | 0 | SELECT STATEMENT | | 11730 |
|* 1 | HASH JOIN | 110381 | | |* 1 | HASH JOIN | 111730 | 2712
error 282.8% Brror 332.5%
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“Random” Skew

60 - 45 7
40
50 -
35 1
40 A 30 1
o 25 spesnqeessnesnanananperannanihanennnespanapansdiannnennnnetunnerannaeanasnnanas
20 1
20 4 15 1
‘ 10 1 ‘
yim AR kil |
: o e L
1 51 101 151 201 268 1 51 10 151 201 252 31
With histograms Without hustograms actual
| Id | Operation | Name | Rows | | | Id | Operation | Name | Raows |
| 0 | SELECT STATEMENT | | 152770 | | 0 | SELECT STATEMENT | [ 11730 |
|* 1 | HASH JOIN | 15270 | | |* 1 | HASH JOIN | 111730 | 11328
error 3h% error 3.5%
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Testcase Rowcounts

walue count
1 Ly |
= 13
= 17
= 1=
10 =5
15 111
15 =31
17 =1
13 37
=0 =4
=1 =4
P, =
=3 =9
25 =3
= P,
=0 193
=1 13
32 =0
33 47
35 =4
33 =21
A5 17
A5 <11
" 15
A5 15

walue count
. | <11
= 13
e 193
= 15
= 33
10 =21
15 =30
17 1031
19 =31
=1 =20
P 19
2B =1
=30 104
35 =1
33 a3
A0 15
A3 =30
a7 =4
a5 17
=3 25
=0 LT
(= | 25
=3 13
=] = 22
3 17
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Cardinality Actual vs. Estimate

table column NDV density nulls lo hi av Ig Dbkts
TEST1 N1 25 3.0601E-02 0 1 48 3 13
TEST2 N1 25 2.8248E-02 0 4 79 3 14

select count(0) from (select a.cl, b.c1 from testl a, test2 b where a.n1 =b.nl)

COUNT(0)
38074

1 row selected.

id cost card operation

0] 9 SELECT STATEMENT

1 1 SORT AGGREGATE

2A 9 42,665 HASH JOIN

3 4 1,000 TABLE ACCESS FULL TEST1

4 4 1,000 TABLE ACCESS FULL TESTZ2
id PREDICATES

2 Access= ""N1'="N1"
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Histograms

EF walue bkts count pop EF walue bkts count pop
1 1 1 all 0 0 4 0 O 0
2 = 1 i 0 1 5 1 i 0
4 15 2100 1 5 fi 4 200 1
5 1B 1 all 0 b = 1 all 0
i 17 2100 1 i 15 1 all 0
5 20 2100 1 5 17 2100 1

10 22 1 all 0 10 21 1 all 0
11 2h 1 al 0 12 2h 2100 1
15 a0 4 200 1 14 a0 2100 1
1B 32 1 i 0 15 3 1 i 0
17 33 1 all 0 16 43 1 all 0
15 a3 1 i 0 17 47 1 i 0
15 4k 1 all 0 18 B 1 all 0
20 45 1 i 0 19 b3 1 alll 0

A0 1000 20 b= 1 all 0

20 1000
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Join Histogram

Walue Count1 Count2 Pop-1 Pop-2 Pop-J
1 il o 0
4 O O O
5 S0 O O
7 200 1 1
= il =l o o 0
15 100 S0 1 O 1
165 50 O O
17 100 100 1 1 2
20 100 1 1
21 S0 O O
22 50 O O
CJ’ H 2B | 100 o 1 1
a0 200 100 1 1 2
32 50 O O CJ H _l_ 2
33 50 O O
a0 all Al o o 0
43 S0 O O
A5 50 O O
A7 S0 O O
4m ] . ] I 0
B0 S0 O O
53 S0 O O
79 S0 O O
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Contribution of Join Popularity 2

0.030601 0.028248
Yalue Count-1 Count-Z Pop-1 Pop-2 Pop-J card
S a0 a0 III O III
15 100 al 1 O 1
16 S0 III III
17 100 100 1 1 2 10,000
20 100 1 1
21 a0 O III
22 a0 III III
26 S0 100 III 1 1
30 200 100 1 1 2 20,000
32 S0 III III
33 S0 III III
a5 S0 a0 III O III
43 al O EI
A5 S0 III III
a7 S0 O III
______ 48 &0 | ol [ o
B0 a0 O III
B3 a0 O III
30,000
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Contribution of Join Popularity 1

0.030601 0.028248
YValue| Count-1| Count-2 Pop-1 Pop-2 Pop-l| card
= S0 il O O 0
15 100 a0 1 0 1 2,829
= S0 [ O
17 100 100 1 1 =2 10,000
20 100 1 1 2,829
21 ]l EI O
2 S0 [ O
26 a0 100 0 1 1 3,060
S0 200 100 1 1 2 20,000
G S0 [ O
33 S0 O 0
Gl il il EI EI O
43 il [ O
46 S0 O 0
a7 il EI O
______ a8 &0 | @m0
B0 il O 0
B3 il J O
38,710
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Contribution of non-popular Values

0.030601 0.028748
Value| Count-1| Count-Z2 Pop-1 Pop-2 Pop-l| card
= il il O O O
15 100 ]l 1 O 1 2,825
165 a0 O O
17 100 100 1 1 2 10,000
20 100 1 1 2825
21 50 O O
22 a0 O O
2B 50 100 O 1 1 3,060
=0 200 100 1 1 2 20,000
G a0 O O
33 a0 EI O
a0 a0 a0 O O O
43 50 O O
A5 a0 O O
A7 50 O O
______ a8 sol | @l [ O
B0 50 O O
B3 50 O O
400 3320 3,955
42 665
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Oddities - Asymmetry

EF walue  bkts count pop EF walue | bkis count pop
O -4 0 0 0 o -7 0 0 0
1 -4k 1 all 0 1 -3 1 il 0
2 -30 1 il 0 2 -k0 1 il 0
3 -33 1 il 0 3 47 1 il 0
4 -32 1 il 0 4] -43 1 il 0
5 -30 4 200 1 5 -30 1 il 0
9 -Zb 1 il O 7 =30 21 10d 1

a2 1 all 0 5 -Zb 2100 1
121 -20 20 100 1 ) -2 1 il 0
14 -17 20 100 1 120 -17 2 10d 1
159 -1b 1 all 0 13| -15 1 il 0
17 -15 20 100 1 14 -5 1 il 0
18 -H 1 il 0 18 -7 4 200 1
20 -1 2100 1 15 -5 1 il 0

20 1000 1 20 -4 1 50 0

20 1000
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Oddities - Asymmetry

Yalue| Count-1 Count-Z?2 Pop-1 Pop-Z2|Pop-l card|
-9 ] a a QO a
-63 ] S0 o ] o
-50 ] S0 a QO a
-48 ] o o ] o
-47 ] S0 a ] a
-45 S0 o o ] o
-43 ] S0 ] ] ]
-358 S0 S0 a ] a
-33 S0 a a O a
-32 S0 a a ] a
-30 200 100 1 1 e 20,000
-25 S0 100 a 1 1 2,805
22 S0 a a O a
=21 ] S0 a a a
-20 100 a 1 a 1 2,825
=17 100 100 1 1 2 10,000
-16 SO a a ] a
-15 100 S0 1 O 1 2825
-9 SO ] i a ] a
-7 o 200 a 1 1 56512
-5 ] ] i a ] a
.| oL S0 oo U
-1 100 ] 1 ] 1
300 250 2,104
46,172
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Oddities — another Asymmetry

9.2.0.7>explain plan for select 1 from t1 a, t2 b where a.n1 = b.n1;

| 1d | Operation | Name | Rows |
| O | SELECT STATEMENT | | 46172 |
| 1 | HASH JOIN | | 46172 |
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Oddities — another Asymmetry

9.2.0.7>explain plan for select 1 from t1 a, t2 b where a.n1 = b.nl;

| 1d | Operation | Name | Rows |
| O | SELECT STATEMENT | | 46172 |
|1 1 | HASH JOIN | | 46172 |

9.2.0.7>explain plan for select 1 from t1 a, {2 b where b.n1 = a.nl;

| Id | Operation | Name | Rows |
O | SELECT STATEMENT | | 47855 |
| 1 ]| HASH JOIN | | 47855 |
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Halving “Mystery”

Join column 1 25 unique values Join column 2 25 matching distinct values

Frequency histograms with 25 buckets for both columns

EF value | counts | pop EF wvalue | count=s| pop
1 1 1 - 1965 1 195 1
=2 = 1 ] S92 =2 195 1
= = 1 - sS55 = 19 1
=1 =1 1 - =1t =1 195 1
= = 1 - 950 = 195 1
= = 1 - 951 = 1 O
- ra 1 - 9522 - 1 O
=S = 1 ] 955 =S 1 [
= = 1 - 954 = 1 [l

10 10 1 - 9355 10 1 [l
11 11 1 - 955 11 1 [l
122 122 1 - 957 122 1 O
15 1= 1 - 955 15 1 O
1 14 1 ] 959 1 1 [
15 15 1 - 990 15 1 [l
15 15 1 - = L= | 15 1 [l
17 17 1 - = L 17 1 [l
15 1= 1 - 995 15 1 O
19 19 1 - 994 19 1 O
=2 = 1 - 995 =2 1 O
=1 =1 1 - = L ) =1 1 [l
. g, 1 - = L= . 1 [l
2= “Z= 1 - 9495 2= 1 [l
=y | =y | 1 - 999 =y | 1 O
25 5 1 - 1000 25 1 [l
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Halving “Mystery”

T
0
T
L
0
§
H
2

Count A

195
1595
1595
195
1595

Count- Pop -2

;
-
?
T
-
T
-

—

— | —
= (OO0 ([0 T[4 | [N [=

-
hJ
| | | | | | | | | | | | [ | | | |
Qooooooooooooooooooooao”nf
Q0000 oooooooooooono0) ===
0|0|0(0|0|0(0|0|0(0[0|0|/0|0|0|0|0|0|0|0]=|= ===

| s |t | | e | s [ e | e | e | | s | e | ek | | s | | k| e |

QooCoco0o000ooC0000OooCo00a0

A4
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Special Cardinality

Join column 1
50 unique values and height-balanced histogram with 25 buckets

9.2.0.7 and 10.2.0.2 10.1.0.5 and 10.2.0.1
EP | wvalue | bkts| count| pop EP| value | bkits| count| pop
O L O O O (1] 1 (1] O O
L = 1 = O 1 = 1 = O
= 4 1 = O =2 S 1 = O
= =] 1 = O 3 . 1 = O
< (=] 1 =2 O 4 = 1 =2 O
5 10 1 = O S 11 1 =2 O
=] 12 1 = O 5 15 1 = O
L 14 1 =2 O - 15 1 = O
(=] =] 1 = O (=] 17 1 = O
= 185 1 = O = 19 1 = (W]
10 20 1 = O 10 21 1 = O
11 =22 1 = O 11 23 1 =2 O
12 =24 1 = O 12 25 1 =2 O
135 26 1 = O 13 25 1 = O
14 285 1 = [l 14 =249 1 = O
k= =0 1 = O 15 31 1 = O
= 32 1 = O 16 33 1 =2 O
17 a4 1 = O 15 35 1 2 O
185 aB 1 = O 1= 37 1 2 O
19 =3 1 = O = 39 1 2 O
=20 A0 1 = O =20 41 1 2 C
=21 422 1 = O =21 43 L = O
22 44 1 = O 22 45 1 =2 o
23 A5 1 = O 23 47 1 = O
=24 45 1 = O =24 49 1 = O
25 S0 1 = O 25 =1 1 = O

27 © Wolfgang Breitling, Centrex Consulting Corporation Hotsos Symposium March 4-8 2007



28

Special Cardinality

Join column 2
20 matching distinct value. Histogram gathered with “size 25”

9.2.0.7

EP | value | bkts count pop Value| Count-1 Count2? Pop-1 Pop-?2 Pop-l| | card|
1 1 1 40 ] 1 ] A0 ] ] ]
. = 1 40 ] = . A0 ] ] ]
= 3 1 40 ] 3 ] A0 ] ] ]

= 4 = a0 1 4 . a0 ] 1 1 a0
5 5 1 40 ] 5 ] A0 ] ] ]
G E 1 40 ] 5] = A0 ] ] ]
(=) v 1 40 ] 7 ] A0 ] ] ]

10 = = a0 1 =] = a0 ] 1 1 a0
11 = 1 40 ] =] ] A0 ] ] ]
12 10 1 40 ] 10 = A0 ] ] ]
13 11 1 40 ] 11 ] A0 ] ] ]

15 12 = a0 1 12 = a0 ] 1 1 a0
16 13 1 40 ] 13 0 A0 0 0 0
17 14 1 40 ] 14 = A0 ] ] ]
18 15 1 40 ] 15 ] A0 ] ] ]

=20 16 = a0 1 16 = a0 ] 1 1 a0
21 17 1 40 ] 17 ] A0 ] ] ]
22 15 1 40 ] 15 = A0 ] ] ]
23 19 1 40 ] 19 ] A0 ] ] ]

=5 =20 = =]} 1 20, 2 so o 11 a0
22 = ] ] ] ]
24 = ] ] ] ]
S0 = ] ] ] ]

24 SB0 2659

=]}

Oracle 9.2 creates a height-balanced histogram for the first join column and for the second, creating | 4=

the condition for the special cardinality: the lower of the high values is also a matching value
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Special Cardinality

Join column 2
20 matching distinct value. Histogram gathered with “size 25”

10.1.0.5
EP | value | bhkts count pop Value Count-1| Count?| Pop-1| Pop-?2 Pop-l| | card|

S0 1 1 S0 1 1 (] 50 (] 1 1 S0
100 2 1 50 1 2 (] 50 (] 1 1 50
150 3 1 S0 1 3 1 a0 (] 1 1 S0
200 ! 1 S0 1 4 ] 50 ] 1 1 50
=250 5 1 S0 1 5 1 S0 O 1 1 S0
300 =] 1 S0 1 =] O S0 O 1 1 S0
350 i 1 S0 1 v 1 S0 O 1 1 S0
400 8 1 S0 1 (=] ] S0 ] 1 1 S0
450 =] 1 S0 1 =) 1 50 (] 1 1 S0
S00 10 1 S0 1 10 (] 50 (] 1 1 S0
S50 11 1 50 1 11 1 S0 (] 1 1 S0
B00 12 1 50 1 12 (] 50 (] 1 1 50
Ba0 135 1 S0 1 13 1 a0 (] 1 1 S0
Fod 14 1 S0 1 14 O S0 O 1 1 S0
Fi=ln 15 1 S0 1 15 1 S0 O 1 1 S0
(=]H]N 16 1 S0 1 16 O S0 O 1 1 S0
g50 17 1 S0 1 17 1 S0 O 1 1 S0
900 13 1 S0 1 15 (] 50 (] 1 1 S0
250 19 1 S0 1 19 1 50 (] 1 1 S0
1000 20 1 S0 1 200 o &) o 11 S0

21 1 ] (] (] (]

23 1 ] (] (] (]

S0 1 ] (] (] (]
2 ] ]
1000

Oracle 10.1.0.5 creates an incorrect height-balanced histogram for the first join column and a
frequency histogram for the second without the condition for the special cardinality.
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Special Cardinality

Join column 2
20 matching distinct value. Histogram gathered with “size 25”

10.2.0.2
EP | value| bkts count| pop Value| Count-1 Count2 Pop-1 Pop-2 Pop-J| | card|

=11 1 1 S0 1 1 0 S0 0 1 1 S0
100 2 1 S0 1 2 1 S0 0 1 1 S0
150 3 1 S0 1 3 0 S0 0 1 1 S0
200 4 1 S0 1 4 1 S0 0 1 1 S0
=250 = 1 50 1 5 0 S0 0 1 1 50
300 S 1 50 1 =] 1 S0 0 1 1 50
350 i 1 50 1 v 0 S0 0 1 1 50
400 (=] 1 50 1 (=] 1 S0 0 1 1 50
450 = 1 a0 1 =) 0 S0 0 1 1 a0
S00 10 1 a0 1 10 1 S0 0 1 1 a0
S50 11 1 a0 1 11 (1] S0 (1] 1 1 a0
E00 12 1 a0 1 12 1 S0 (1] 1 1 a0
E50 13 1 a0 1 13 (1] S0 (1] 1 1 a0
Fo0 14 1 S0 1 14 1 S0 (1] 1 1 S0
Fi=1n] 15 1 S0 1 15 (1] S0 (1] 1 1 S0
(=] H]] 165 1 S0 1 16 1 S0 (1] 1 1 S0
=50 17 1 S0 1 17 (1] S0 (1] 1 1 S0
[100 15 1 S0 1 15 1 S0 (1] 1 1 S0
S50 19 1 S0 1 19 (1] S0 (1] 1 1 S0
1000 20 1 S0 1 20 1 &0 o 1 1 S0

22 1 ] ] ] ]

24 1 ] ] ] ]

S0 1 ] O O O
=2 (] Q
S0
Oracle 10.2.0.2 creates a correct height-balanced histogram for the first join column and a 1050

frequency histogram for the second with the condition for the special cardinality.
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Revert to “standard” Formula

The algorithm reverts to the standard formula
join cardinality = card, * cardg * 1/max(ndv,, ndvg)
if
» if LMV is NULL — no matching values (in the histograms)

» if HPV® is NULL — no popular values in CJH
» if LMV > HPV — all popular values < any matching value

@ Highest Popular Value within the CJH
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No Matching Values

1 13 ] EP| value| bkts| count| pop EP|wvalue| bkis| count| pop
2 13 2] 13 169 o 1.0 o 0O

3 13 3| BoS 5944 13 g 13 mg ?
4 13 4 13 1649 1 4 i £ a

5 13 5 13 163 15 B 14| 7000 1

BE| B3S & 13 as4d.4 15 7 1 sa0l 0
7 13 7 13 1649 16 10 1 50 ]

e 13 a 13 169 16 11 1 a0 ]
o 13 9 13 169 17 14 1 50| O

10/ 13 I 169 A [ N — U —"
11 13 11 13 169 18 18] 1 SO O

18 19 1 s0l o

12| 13 12| 13 169 @ 93 1 eal O

13 13 13 13 164 19 23 1 a0 1]
14 13 14 13 1649 20 25 1 a0 0

15 13 15 13 159 20 1000 20 26 1 50 ]
165 13 16/ 13 160 20 1000

17 13 17 13 164

18] 13| |18 13 1eg e
19 13 19 13 169 .
=0 13 a0 13 169 | Id | Operation | Name | Rows |
21 13 1 13 1 1
a0 13 29 13 169 | 0 | SELECT STATEMENT | | 40000 |
23 13 23 13 164 [* 1 | HASH JOIN | | 40000 |
24 13 24 13 164 | 2 | TABLE ACCESS FULL| J1 | 1000 |
25 13 25 13 159 | 3 | TABLE ACCESS FULL| J2 | 1000 |
2B 2B 13 O e

1000 1000 21606

Gathering histograms of “size 20” for the distribution on the left produces the
histograms on the right — with no matching values
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No Popular Values in CJH

1 = 1 = a7k

2 1 2 1 1

3| 2 3| 72 o134

4 =] 4 =] 25

5 7B 5 7B a7 7b

B 1 B 1 1

s Bo F| bBo AR24

=] = =] = a1

== == a7k

10 1 10 1 1
11 b4 11 b4 4096
12 13 12 13 165
13| 7B 13, 7B a7 vb
14 1 14 1 1
15| BO 15| &O 300
16 2 16 2 4
17 75 17 75 ah25
15 1 15 1 1
19 72 19| 72 o154
20 2 20 2 4
21 s 21 = akX25s
22 72 221 72 o134
23 3 23 3 =
24, 50 24| 50 2500
25 459 25 45 2401
1000 1000 B7d4.24

VYalue| Count-1| Count-2| Pop-1| Pop-2| Pop-l|
L S0 50 ] 0 0
3 S0 50 ] 0 0
4 S0 50 ] 0 0
5 S0 50 ] 0 0
7 S0 50 ] 0 0
(=] 50 50 a O O
=) 50 50 a O O
11 50 50 ] O O
12 50 50 ] O O
135 50 50 ] O O
15 50 50 ] O O
165 50 50 ] O O
17 50 50 ] O O
19 50 S50 ] O O
20 50 S50 ] O O
21 S0 S0 ] O O
22 S0 S0 ] O O
23 S0 S0 ] O O
24 S0 S0 ] O O
25 S0 S0 ] O O
1000 1000
PLAN TABLE OUTPUT
| Id | Operation | Name | Rows |
| 0 | SELECT STATEMENT | | 40000 |
| * 1 | HASH JOIN | | 40000 |
| 2 | TABLE ACCESS FULL| Jl1 | 1000 |
| ICI| TABLE ACCESS FULL| J2 | 1000 |

Gathering histograms of “size 20” for the distribution on the left produces the

joint histograms on the right — with no popular values
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All Popular Values < Any Matching Value

1 7 0 Value| Count-1| Count-2| Pop-1 Pop-2 Pop-l

2 7 2 14 95 1 ¥ 0

3| 832 3 7 5524

4 7 4 7 49 = g d

5 7 5| 7 49 3 500 1 1

5 7 5 7 49 4 S0 o o

e I e E S — :

= 7 9 832 AE24 g 0o 1 1

10 7 10 7 49 11 S0 a0 ] ] ]

11 7 11 7 43 18 il Sl [ a [

22— E— o 25 50 sa. o o o

14 7 14 7 49

150 7 150 7 44 PLAN TABLE OUTPUT

16 i 16 7 49 - -

17 7 17 7 49

15 7 15 7 4D | Id | Operation | Name | Rows |

15 7 19 7 L e

20 7 20 7 49 | 0 | SELECT STATEMENT | | 40000 |

g; ; g; ; jg |* 1 | HASH JOIN | | 40000 |

= - = > e | 2 | TABLE ACCESS FULL| J1 | 1000 |

o4 = o4 = 49 | 3| TABLE ACCESS FULL| J2 | 1000 |

25 7 25 7 A9 e
1000 1000 12778

Gathering histograms of “size 20” for the distribution on the left produces the joint

histogram on the right — with no popular values above the LMV
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Upgrade Trap

create table j1 as select rownum id, mod(rownum-1,508)+1 n1
from dual connect by level <= 10160;
update j1 set n1=n1+3 where mod(n1,4)=1 and id <= 3556; -- =7*508
update j1 set n1=n1+2 where mod(n1,4)=2 and id <= 3556;
update j1 set n1=n1+1 where mod(n1,4)=3 and id <= 3556;

0 40 80 120 160
9.2.0.7 10.1.0.5 10.2.0.2
EP value EP value EP _ value
0 1 0 1 0 1
2 4 1 4 2 4
4 8 2 5 4 8
6 12 3 8 6 12
8 16 4 9 8 16

5 12
6 13
7 16
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summary

» Little Benetfit for properly designed FK joins
unless significant “symmetrical” skew

» Frequency Histogram provide the best source for
improved cardinality estimates — except for “halving”

» Height-balanced Histograms in particular can be
volatile.
Use of skewonly can avoid problem scenarios

» Histograms are “high maintenance”
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