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Born to B-Tree
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History...

SQL MySQL
Creation 1986 (1974) 1995
Last 2011 2015 (5.7)
Version | hiip://modern-sqgl.com



http://modern-sql.com
http://modern-sql.com

L's limits,
oW, .. = ) . . i
- So | was thinking we should
t of da el =
nt of data switch to NoSQL. ['ve prepared a
3-month battle plan. Here, look!

Framework refact:
_ training worksh
internal tool updates... Wait a minute,
let me just check
something...




“Here You go. It's called an
index, and it just made Your
gueries 20 times faster. ..

- Dude, missing
indexes? Senoushy... }

CommitStrip.com




Application

Framework




Law of Leaky Abstraction

“All non-trivial abstractions, to some degree, are leaky.”

http://www.joelonsoftware.com/articles/LeakyAbstractions.html
J. Spolsky, 11/11/2002



http://www.joelonsoftware.com/articles/LeakyAbstractions.html
http://www.joelonsoftware.com/articles/LeakyAbstractions.html

[ Application 1

Framework




10U RE DOING IT WRONG. .

o matter how hard you try, it is impossible to fax



UNDERSTAND SQL

memegenerator.net



PERFORMANCE

EXPLAINED

http://use-the-index-luke.com

ORACLE’
DATABASE

%} gbmf. Server PosirsSQL
ERADATA

MmuDB

http://coding-geek.com/how-databases-work/



http://use-the-index-luke.com
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http://coding-geek.com/how-databases-work/

-_._ ¥ F oy -'-I"'. '-i'— l"|.-.|-|l-'i ]
o a5 B Ouiire
._ x - datiE -,_..\_-..'h. ::' ‘,Ill-d":.-'l. '“-_'. el f"ﬂ. e
g B oM il ""_'I' £l fenrg) m," Tl
; . .'I‘J B e o el L ‘FI i “du ‘.'h:r -Hi-."'rl.l-- -- Flllll]-j-l
Lo ] r - L s oudl By gl LB I'I-ll--’rI ":-"l'| [, ¥ _I' I"" +- L
L g g e L -|-|.. =1 | il .
SO i IR L o e
e WY - Y M R e T = =
r.'\-__. . ||::| 1 porip s — I".-:..-n ot P 1
; Y F T - g . " I-|' = A 3 &= |-‘II-"-¢ 111_-. I -.‘ il on 7 i e i 1% ¥
Y "IN L = i iy o Fi= Ch st B T l'\'_"l"l"l"ll. T -..J.,_.l:.IJ' gl | r
r Lt K- - TP el (T -—.. | o l-hl Ko r‘— o — i w = LA l-ﬂ:l et e b=, Tl il
. 4 il .l.jﬁ"' E gy, 1--:.:.1-.-:-r.—._—-|||:.a.p.,,--| '.—-._._. P T VAR AT 4 '
! ] '1I-|I-?r-_::-\. }"“i I'"H'u-'l-l:-'- T e T ey O L ‘.r .'r:l." i
N : B v i B g e e Fagi™ S i ] ] =F ..
I . — .y | ';—' -.-_._.-“.._l__' "" - l' "i-.:f__'.":':' .

_-11.' i

R

.#1

- - i - R T L . i i
“u - = [




memes constant s [ogarnthmic === |inear === guadratic



memes constant s [ogarnthmic === |inear === guadratic

Not relevant !




Tables

Back to basics...



row (0

row 1

row 2

row 3

row 4

rnwn

Array

column0 column1l column2  column 3
Robert 55 manager USA
Alex 23 developer GER
Jennifer 35 manager FRA
Robert 45 CEO USA
Charles 32 DBA UK

s
Alice ‘ 34 developer ‘ ITA ‘




Array

column0 columnl1l  column 2 column 3

row 0 Robert 55 manager USA
row 1 Alex 23 developer GER F u I I
row 2 Jennifer 39 manager FRA Table
row 3 Robert 45 CEQ USA Sca n
Fih Charles 32 DBA UK
O(n)

2w

rown Alice ‘ 34 developer ‘ ITA ‘




B-Tree

...or not to be...



Binary Search Tree

136

2

.
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Index unique scan

B+ Tree / Database index O( IOg n)
<1367
<807 decision nodes <398?
o & / \
<40? <90? <250? <7527
g i ‘ > P e N
<10? <507 <857 <100? <200? <3007? <500? <9507?

~ ~— 2 P B ha S~ T
10 40 Pl 50 || so 85 B 90 [ 100 |5| 136 |5 200 |->| 250 || 300 |->| 398 Bf 500 5| 752 || 950




Index Unique Scan O(log n)

SELECT * FROM table WHERE 1d = °?

SELECT * FROM table WHERE id != ?

SELECT * FROM table WHERE id + 10 = 7



Index unique scan

B+ Tree / Database index O( IOg n)
<1367
<807 decision nodes <398?
o & / \
<40? <90? <250? <7527
g i ‘ > P e N
<10? <507 <857 <100? <200? <3007? <500? <9507?

~ ~— 2 P B ha S~ T
10 a0 Pl 50 || 80 || &5 B 90 |5 100 |5 136 | 200 | 250 || 300 || 398 B 500 || 752 B 950

Range scan O(n)




Range Scan O(n)

SELECT * FROM table WHERE 1d BETWEEN ? AND ?

SELECT * FROM table WHERE 1d > ? OR data = ?

SELECT * FROM table WHERE id > 0



Text Search
LIKE operator



LIKE 'WI%ND' LIKE 'WINXD' LIKE 'WINA%'

WIAW WIAW WIAW

WIBLQQNPUA WIBLQQNPUA WIBLQQNPUA
WIBYHSNZ WIBYHSNZ WIBYHSNZ
WIFMDWUQMB WIFMDWUQMB WIFMDWUQME

WIGLZX \ WIGLZX WIGLZX

WIH \ WIH WIH

WIHTFVZNLC Y WIHTFVZNLC WIHTFVZNLC
WIJYAXPP \WIJYAXPP _ WIJYAXPP
WI'AND WINAND WINAD
WINBKYDSKW _WINBKYDSKW  _.--=" WINEKYDSKW

WIPO3] " WIPO3 WIPO3]

WISRGPK ¢/ WISRGPK WISRGPK

WITIIVQJ ; WITIIVQJ WITIIVQJ

WIW ;o OWIW WIW

WIWGPIMQGG WIWGPIMQGG WIWGPIMQGG
WIWKHLEJ WIWKHLBEJ WIWKHLEJ

WIYETHN WIYETHN WIYETHN

WIV WIYJ WIY]



Range Scan O(n)

SELECT * FROM table WHERE text LIKE ‘abc3s’

SELECT * FROM table WHERE text LIKE ‘%abc%’

SELECT * FROM table WHERE UPPER (text) = ‘abc’



More nodes!

Logarithmic base



Leaf Nodes

Branch Node

48.4A1B
43 9F 71
46 A2D2

46 . 8B 1C
53 A'E# ﬁhl
53 aD 79

55.9CF6
5? B1C1
5? 50 29

67.C468
33 FF 9D
83 . AF E9




4 A Y.

46: 8B 1C
53 ; ADAL
53: 0D79

vl

§9£F5
; 57 : B1C1
57: 5029

i « A



Data access
The hidden cost



{sorted)

Index Leaf Nodes

11: 3C AF
13:F391
18 : 6F B2

it

21:2C50
27 | OF 1B
27 5255

Table

(not sorted)

Ai3ail:2
Ai27:5:9

ATHE DS

XidiT:2

vt

341 0D 1E
354453
39 245D

A1t 1:5

AS3EIR!3

= o

X iy

A:18:3:6
Ail13i7:4




Index Leaf Nodes
{sorted)

"l.'_

|:'\.
a9

a¥ 3

S -
11 3CAF
13:F391
18 : 6F B2

o

21 258
27 : OF 1B
27 5255

vt

348D 1E
35: 4453
39 245D

Table

(not sorted)

A'34'1'2
Ai27:5:9

A'39:2'S
Xi21:7:2

A1t 1:5

A'35:8'3

X:i27:3:2

AMIBI3I'E
Ai1317:4

R
Table access by RowID O(17)



Clustering

Index-Only scan



Index Only Scan O(log n)

SELECT 1d FROM table WHERE 1d = ?

SELECT * FROM table WHERE 1d = °?



Multl-column index

Order matters!






Index-Tree

F A
L
“» P Al &
":‘S} _{_-"..-"' {L{;-__.-' _‘}q“' % &5
Rl g S A ——
g 3 fg‘* ﬁ‘? < 123 : 28 : ROWID
& 4 O 123} 21 & ROWID
o LA . L - a Wil
121 25 [ Laa s an 123 : 27 * ROWID
: 123 i 27
196 + 30— | -2 J'T
: 125 ! 30 Yl
Ay 126 ' 38 \ 124 : 10 : ROWID
b "4 124 } 20 : ROWID
125 : 3@ : ROWID

EMPLOYEE ID, SUBSIDIARY ID



27-DEC-78 19 28-DEC-70 ! ROWID

[ ] 4
R a r ] e fl rSt ©1-JAN-71 6 —81-IAN-71 3} ROWID
/ @5-JAN-71: 3 \ B1-JAN-71: 6: ROWID

; ©2-JAN-71: 1:ROWID
@4-JAN-71: 1:ROWID
3

85-JAN-71 ROWID

vl

A6-JAN-71: 4! ROWID
@6-JAN-71 ! 11} ROWID
5 @8-JAN-71: 6: ROWID

WHERE ", \LT

Scanned index range

subsidiary id = ? \BE-JAM-HE 6 @8-JAN-71: 27 | ROWID
AND date of birth BETWEEN ? AND °? ST AT R T

12-JAN-71: 3 29-JAN-71: 17 : ROWID

vl

P AN

89-JAN-71 ! 17 } ROWID
9-JAN-71 ! 3@ : ROWID
12-JAN-71: 3 :ROWID




27 12-SEP-6@ 26 : 91-SEP-83 ; ROWID

A
] ] l}f
E u a I It fl rSt 27 : 25-JUN-69 —=| 27 : 23-NOV-564 : ROKID
7 36-GEP-F3 \ 27 | 25-JUN-69 | ROWID

vl

27 : 23-SEP-69 : ROWID
Scanned index range | | 27 : @8-JAN-71: ROWID
27 ' 26-SEP-72 ! ROWID

vl

27 ! 94-0CT-73 | ROWID
27 i 18-DEC-75 i ROWID
" 27 ¢ 16-AUG-76 ! ROWID

WHERE . / 0,
subsidiary id = ? \ 27 | 16-AUG-76 27 | 23-AUG-76 : ROWID
AND . o o 27 14-SEP-84 —»| 27 3@-JUL-78 : ROWID

date_o'f_blrth BETWEEN ? AND - 30 ; 36-SEP-53 \ 27 ; 14-SEP-84 | ROWID

27 : @9-MAR- 88 ; ROWID
27 : @8-0CT-91 : ROWID
30 : 39-SEP-53 ! ROWID




Range Scan O(n)

SELECT

SELECT

SELECT

SELECT

FROM table

FROM table

FROM table

FROM table

WHERE

WHERE

WHERE

WHERE

idl

idl

id2

1dl

2

AND id2 > ?

AND 1id2

2



Sorting

Use the index, luke!



3 days ago

2 days ago

yesterday

today

SALE_DATE

PRODUCT_ID

Y

Scanned
index range



SALE_DATE PRODUCT_ID

wé
3daysagof-co-=--f-i-----
2daysagof ~ | -
3 I
yesterday F == == ==~ -====-| | | 1ppocsible
Co-—---p---—-—-——=| | indexjump
today [{SSESIN | - | i1




Grouping

Use the sorting, luke!



Top-N Queries

Avoid full table scan!



Offset

Pagination helper






SALE_DATE

3 days ago

2 days ago
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Join

Combinatorial power!



...LA FIN DU
MONDE,




Quter relation

-
- — e

Nested Loop Join

10

11

Inner relation



Hash Join

- BucketD = 10 | 0 B 100
0 ‘ . Bucket1 = 11 1
18 Bucket?2 = MNovalue
hash .~
148 function ' Bucket3 | 13
g b of the by
R— hash table

Quter relation Inner relation (in-memory hash table)



Merge Join

60 | 70 ‘ Relation a

12

80 ‘ Relation b




Join ordering problem




Statistics

Best execution plan









1 Query

(

1 Index
Speed vs (Memory and Speed update)



And now?

e Slow Log
e EXPLAIN



PERFORMANCE

EXPLAINED

http://use-the-index-luke.com

ORACLE’
DATABASE

%} gbmf. Server PosirsSQL
ERADATA

MmuDB

http://coding-geek.com/how-databases-work/
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