BEATIZTONOIHZH
ENEPQTHZEQXN

[avvne KwTidnc



2. UVOETO TTAPAOEIVUA

m 2ABA e 2 aAyopiOuoucg ouleucnc
NLJ
Sort-Merge join

m AUO access methods
Table Scan

Index Seek (we assume B+tree indexes that
are dense & in memory)

m KOoToG: apiBuog 1/0



" B
YTrevluuion

B T(R): #eyypapwyv 1nC R
m B(R) . # ogAidwv TNC R



"
KooToc: Table Scan

|

- Cost: B(R)
|
R



"
KooT1oc Index Seek
(eupeTnpio cuoTadwv-clustered index)

X

|

R.A=50 Index Seek

Cost: B(X)

[ (best case scenario)

R



" J
Index Seek (Conceptual)
(eupeTnpio cuoTadwv-clustered index)

Index:

R.A= 50

(44 ), (42;‘/) (50 , (51,)), (53,\2, (58,\{, (59,\)\

Data Pages: //

\ N\ N\

(44, john), (48, tim)

(50, anna ), (51, jay)

(53, bob), (58, mary)

(59, eric)

—

T(X) = 5 records

B(X) = 3 pages

V

Cost(X) = 3 pages




" S
KooToc¢ Index Seek

(non-clustered Iindex)

R.A=50

X

|

Index Seek

|

R

Cost: T(X)

(worst case)



"
Index Seek (Conceptual)

(non-clustered index)
Index: R.A250

2 N

Data Pages:

——
Cost(X) = 5 pages

T(X) = 5 records



" I
[Tapadeiyua

= B(R) = 1000, T(R)=5000
m V(R,A) =500
select * from R where R.A=761;

m Cost(no-index) = ?

m Cost(non-clustering index on R.A) = ?
m Cost(clustering index on R.A) = ?

m Size of the result in pages = ?



" I
[Tapadeiyua

= B(R) = 1000, T(R)=5000
m V(R,A) =500
select * from R where R.A=761;

m Cost(no-index) = 1000

m Cost(non-clustering index) = 10
m Cost(clustering index) = 2

m Size of the result in pages = 2



" N
KooTtog¢ NLJ

[ Cost for entire plan:
NLJ

Joi & | Cost (Outer) + | B(X)/(M-1) | x Cost (Inner)

7N\

A A




KooTtoc¢ Sort-Merge Join

—————————————————————

Merge-Join

Cost for entire plan:

|

I

|

1

DD OOoOo :

I Read B(X) Read B(Y) !
| == |
|

I

|

1

|

Write B(X) == \ Write B(Y)
' Sort Sort Cost (Left) + Cost (Right) +
Lo m o m e | 2*(B(X) + B(Y))
x/ R1.A=R2.A \Y
Epooov B(X)+B(Y) < M?
Left Right
B 1

R1 R2



KooTtoc¢ Sort-Merge Join

Merge Jom

Read B

1
I 1
I 1
I 1
1

: 4 ( ) |
== 1

: \erte B(Y) 1
1

! |
I 1
I 1

Cost for entire plan:

Sort

Cost (Left) + Cost (Right) +
2*B(Y)

Sorted on R1.A




KooTtoc¢ Sort-Merge Join

Cost for entire plan:

Cost (Left) + Cost (Right)

~ Sorted on R2.A

Sorted on R1.A




Sort-Merge Join

To KOOTOC aAAAQCel OTaV N Hia 1) Kal o1 OUOo
OXEOEIC 10000V €ival TACIVOUNUEVES




" I
[Tapadeiyua

m 2 xcoeic R(a,b) kar S(b,c,d).
T(R)=3000, B(R)=30 o€eAidec
T(S)=100, B(S)=50 oeAidec
M=11 oeAidecC
m ETepwTnON:
SELECT a,d FROM R, S WHERE R.b=S.b
m KooTtog SMJ, NLJ?



" N
AvaAuon SMJ

SELECT a,d FROM R, S WHERE R.b=S.b

m [lapartnpw:
1 KaBe pia oxéon €ival yeyaAutepn atro Tn d1abeaiun
pvAun (M=11)
1 B(R)+B(S) = 30+50 = 80 < 112
m EtTopévwcg Ba TpELel N atTodOTIKA €KOOON TOU
aAyopiBuou o€ 2 TrTepaocpaTa
m Kootoc SMJ= 3*(B(R)+B(S))=240 o€eAideC



" S
AvaAuon NLJ

m NLJ: ecwTtepikn n R (yiaTi?)
1 M=11
71 B(R)=30, B(S)=50
1 Mooec popég Ba diaBaow TNV
EOWTEPIKN oXEon S?
= [ B(R)/(M-1) =30/10=3
1 KéaTto¢ NLJ = 30+3*50=180




"
1010 TTPOPANUO yia M=8

m 2 xcoeic R(a,b) kar S(b,c,d).
T(R)=3000, B(R)=30 o€eAidec
T(S)=100, B(S)=50 oeAidec
M=8 oeAIdeC
m ETepwTnON:
SELECT a,d FROM R, S WHERE R.b=S.b
m KooTtog SMJ, NLJ?



" J
AvaAuon SMJ (M=8)

SELECT a,d FROM R, S WHERE R.b=S.b
m BR)>M,B(S)>M
Apa TouAaxIOTOV 2 TTEPACUATO
= B(R)+B(S) = 80 > M2 = 64
Apa 0€ UTTOPEI VO £QAPHOCTEI N ATTODOTIKN €KOOON
TOU aAyopiBuou
m Opwce B(R)=30 < 64, B(S)=50 < 64

Apa UTTOPEI va EKTEAECTEI N UN-ATTOOOTIKA £€KOOON O€
OUOo TTEpACUATa



" S
ATTOOO0TIKN €KOOON TOU aAyopiBuou
Sort-Merge Join (M=8)?

8

-

s ——— |

R (30 OeNideC)|— ¢ 1222 E
Y2 ~ 4 Merge-Join

V77 ;

% " |2

S (50 oeNideC) | — < E _

VA " 7

\

sorted sublists Ae @Tdvel N pvAun

(0EAwW 4+7=11 input buffers)



" J
EVaAAaQKTIKN eKTEAEON SMJ

sorted sublists

R (30 oehidec) —

N7

Merge-Join

S (50 oe)\iésq)\ Y77

<7////////////4

/
%

Sorted S

\

Na M=8 6a dnuIOUPYROOUME TIG TASIVOUNMEVES R,
S oT10 dioKo Kal NETA Ba yivouv merge-join



"
AvaAuon SMJ yia M=8

m B(R)=30>8,B(S)=30>8
m B(R) = 30 < 64, B(S) = 50 < 64
m K6oToC SMJ = 5%(30+50)=400



" SN
AvaAuon NLJ

Memory
m NLJ: e€wTtepik N R (yio1i?) ‘= =
1M=8 o i
-l B(R)/(M-1) |=[30/7 |=5
r1Kooto¢ NLJ = 30+5*50=280




Aoknaon 2

m Consider the following
SQL guery

DY DYDY DD
& G K ® N E

select R.B
from R,S,T
where R.A=S.A and S.A=T.A

Schema: R(A,B), S(A,C), T(A,D)




" B
AIVETQI TO TTAOPOAKATW AOYIKO
TTAQVO

N
<]
/ N
.
<]
RN
R S romR ST

where R.A=S.A and S.A=T.A



e
2 TOTIOTIKQ

m B(R) =10, B(S) =20, B(T) =16
m B(RJOINS) =19
mM=14

m YTT0B6£0TE OTI N OIABECIUN PVAUN
IoouoIPAlETAI AVAUETA OTOUC (PUOIKOUC
TEAEOTEC



Physical Plan P1

Ymo0eon: n yviun 1IcopgolpaceTal
avdapeoca ota 2 NLJ oTIYMIOTUTTA!
=7 oeNideg TO KGO Eva

Cost(P1)=Cost(X)+ B(X)/(M’-1) FB(T)

NLJ
AN
NLJ T
PN

R S

B(R)=10, B(S)=20, B(T)=16, B(X)=19

S
N B R s
abe” 22 &2
ag
a,
R as T
as % a,
a, a
a, as
| =2 =

Cost(X)=B(R)H B(R)/(M’-1) *B(S)
=10+ 10/6 [*20
=10+2*20=50

ETTouévwg:

Cost(P1)=Cost(X)+ B(X)/(M*-1) FB(T)
=50+ 19/6 [¥16
= 50+4*16
=114 I/Os



" S
Physical Plan P2

Cost(P2)=Cost(X)+2*B(X)+3*B(T)

W
7 0eNIBEC PvruNg X \
O KGBe TeAeoTNG — NLJ T

N
R S

B(R)=10, B(S)=20, B(T)=16, B(X)=19

S
[ & R
P{,% a2 ’q\\r
& A4
as
a,
R as T

as % a,
a a
a, as
[ 22 .

Cost(X)=50 (Trponyouuevn diapAveIQ)

ETTopévw:
Cost(P2)=50+2*19+3*16=136 1/Os

[Mpoooyn: utTtoBEcaue OTI TPEXEI

n atrodoTIKA £ékdoon Tou SMJ o€

duo trepAopaTa dIOTI:
B(X)>7,B(T)>7, kai
B(X)+B(T) = 35 < 72

(loodUvapa 1o X Ba dnuioupynoel 3 sublists (7+7+5)
kKai 1o T aAAa 3 (7+7+2), dnAadr) 6 CuvoAIKA Ta oTToia
MTTOPOUV av yivouv merge padi ato deuTepo BrAua)



Physical Plan P3 P
X Zz 4

Cost(P3)=Cost(X)+H B(X)/(M’-1) FB(T) a5R gg a2T
\ - 32

_— [N Cost(X)=3*(B(R)+B(S))=3*30=90

7 GENIBEC PVANNG X N Amwodoniki édoon SMJ 5ion B(R)=10>7,
0 KGBe TEAEOTAG —— SMJ T B(S)=20>7 ka1 10+20<7?
* ‘looduvaua 1o R Ba dnuioupyroel 2
/ \ sublists (7+3) ka1 10 S 3 (7+7+6),
R S dnAadr) 6 CUVOAIKA Ta OTTOIO

MTTOPOUV av yivouv merge padi oT1o
deuTEPO Briua M’=7

ETTouévwg:

Cost(P3) = Cost(X)+ B(X)/(M’-1) FB(T)

_ = 90+[19/6 1*16
B(R)=10, B(S)=20, B(T)=16, B(X)=19
(R)=10, B(S)=20, B(T)=16, B(X) = 90+4*16 = 154 I/Os



Physical Plan P4

Cost(P3)=Cost(X)+3*B(T) rnPOs0OXH!

SMJ

SMJ

PN

B(R)=10, B(S)=20, B(T)=16, B(X)=19

Cost(X)=3*(10+20)=90
(BA. TTpONnyouuevn diapaveiq)

ETTopévw:

Cost(P3)=90+3*16=138 1/Os

O16TI 7 < B(T)=16 < 72

(n T Ba TagivounBei TuNUATIKA 0€ 3
sublists (7+7+2) Ba otroia Ba yivouv
merge-join he TNV Non tagivounuévn X)



" BN
There are more plans...

m Plans that use indexes (INLJ)

m Change the order of the joins!!!
SJOINRJOINT
TJOINRJOIN S




KaAuTePO AOYIKO TTAQVO;

AN
/HA,B T
AN
R(A,B) S(A,C) select R.B

from R,S,T
where R.A=S.A and S.A=T.A



Query Optimization Problem

Pick the best plan from the space of
physical plans




"
Cost-Based Optimization
m Prune the space of plans using heuristics

m Estimate cost for remaining plans
m Pick the plan with least cost

Focus on queries with joins




"
Heuristics for pruning plan space
m Predicates as early as possible

m Avoid plans with cross products
m Only left-deep join trees



Left-deep Tree



Right-deep Tree



Bushy Tree

/N /N

ST



Consider left-deep tree & our join
algorithms

Outer relation
\/ Inner relation



'_
And now?

N
/N

S



Selinger Algorithm

m Dynamic Programming based
General algorithmic paradigm
Exploits “principle of optimality”



Principle of Optimality

Optimal for “whole”™ made up from
optimal for “parts”




Principle of Optimality

Query: R1D><I R2D>< R3 > R4 > R5

Optimal Plan: /><\
/><\ R5
VN

R3 R2



Principle of Optimality

Query: R1D><I R2D>< R3 > R4 > R5

Optimal plan for joining R3, R2, R4, R1



Principle of Optimality

Query: R1D><I R2D>< R3 > R4 > R5

Optimal plan for joining R3, R2, R4



Exploiting Principle of Optimality

Query: R1D<1 R2 D ><1 Rn

R2 R3 R3 R1

Optimal Sub-Optimal
for joining R1, R2, R3 | for joining R1, R2, R3



Exploiting Principle of Optimality

N\
N
S
N
It.

————————————————————————————————————

\\\I: \‘. Rj
/><\ Sub-Optimal
/><]\ R2 for joining R1,...,Rn

Remove (n-3)! plans from consideration




" A
Notation
OPT ({R1, R2, R3}):

Cost of optimal plan to join R1,R2,R3

COST({X,Y})=Cost of joining X and Y



" JE
Selinger Algorithm:
OPT ({R1,R2, R3}):
\(R11><1R2) ><] R3/
e
" OPT({R1,R2}) +COST ({{ R1,R2 },R3})

Min < OPT ({R1,R3}) + COST ({{ R1,R3},R2})

_ OPT({R2,R3}) +COST ({ R2,R3},R1})



" JdE
Selinger Algorithm:
OPT ({R1,R2, R3}):
\(R11><1R2) ><] R3/
e
" OPT({R1,R2}) +COST ({{ R1,R2 },R3})

Min < OPT ({R1,R3}) + COST ({{ R1,R3},R2})

_ OPT({R2,R3}) +COST ({{ R2,R3},R1})

\ Y J \ Y )

AvadPONIKOG UTTOAOYIONOC YT1roAoyiletal avaAuTIKA




"
Selinger Algorithm:

Query: R1D><1 R2><1 R3 ><1 R4

Progress
of
{R1,R2,R3,R4} algorithm

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2,R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

ANl

{R1} {R2} {R3} {R4}




" J
Selinger Algorithm:

Query: R1D><1 R2D><1 R3 ><1 R4

Progress
of
{R1,R2,R3,R4} algorithm

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2,R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

N el

{R1} {R2} {R3} {R4}




" J
Selinger Algorithm:

Query: R1D><1 R2D><1 R3 ><1 R4

Optimal Plan: ((R1><IR3) ><1 R4) ><]1R2 Progress
of
{R1,R2,R3,R4} algorithm

{R1,R2,R3} {R1,R2,R4} {R1,R3,R4} {R2,R3, R4}

{R1,R2} {R1,R3} {R1,R4} {R2,R3} {R2,R4} {R3,R4}

N el

{R1} {R2} {R3} {R4}




"
Selinger Algorithm:

Query: R1D><1 R2D><1 R3 ><1 R4



Principle of Optimality?

Query: R1D><I R2D>< R3 > R4 > R5

Optimal plan:
(found using exhaustive search) SMJ (R]__A = R2_A)

RN

TableScan

|

R1

Plan X

Is Plan X the optimal plan for joining R2,R3,R4,R5?




Violation of Principle of Optimality

(sorted on R2.A) (unsorted on R2.A)
Plan X Plan'Y
Suboptimal plan for joining Optimal plan for joining

R2,R3,R4,R5 R2,R3,R4,R5



" A
Consider

m Cost(X) =100
m B(R1)=100
m Cost(Y) = B(Y) = 90 < Cost(X)



Case 1: Use Plan X

Query: R1D><I R2D>< R3 > R4 > R5

Optimal plan:

SMJ | (R1L.A=R2.A)

RN

TableScan

|

R1

Plan X

Total Cost = Cost(X)+Cost(R1)+2*B(R1)=100+100+200=400




Case 2: Use optimal plan Y
Query: R1><I R2D>< R3 ><I R4 < R5

Sub-optimal plan:

SMJ | (R1L.A=R2.A)

unsorted \/
\

TableScan

|

R1

Plan Y

Total Cost = Cost(Y)+Cost(R1)+2*(B(Y)+B(R1))=
= 90+100+2*190=570




Principle of Optimality?

Query: R1D><I R2D>< R3 > R4 > R5

Optimal plan:

SMJ | (R1L.A=R2.A)

RN

TableScan

|

R1

Plan X

Can we assert anything about plan X?



Weaker Principle of Optimality

If plan X produces output sorted on R2.A then
plan X is the optimal plan for joining R2,R3,R4,R5
that produces output sorted on R2.A

If plan X produces output unsorted on R2.A then
plan X is the optimal plan for joining R2, R3, R4, R5




Note

m This Is a problem of us not stating the
Dynamic Programming problem correctly

Answer depends of how individual parts have
been solved

m Solution?
Make sorted-ness part of the “state”



Interesting Order

m An attribute Is an interesting order If:
Participates in a join predicate
Occurs in the Group By clause
Occurs in the Order By clause



Interesting Order: Example

Select *
From R1(A,B), R2(A,B), R3(B,C)
Where R1.A=R2.Aand R2.B =R3.B

Interesting Orders: R1.A, R2.A, R2.B, R3.B




Modified Selinger Algorithm

{R1,R2,R3}

1

{R1,R2}| | {R1,R2}(A) | | {R1,R2}B) | | {R2,R3}| | {R2,R3}(A) || {R2,R3}(B)
{R1}| [{R1}A)| |{R2}| [{R2}A)| |[{R2}B)| |{R3}| |{R3}B)




Notation

{R1,R2} (C)

Optimal way of joining R1, R2 so that output is sorted
on attribute R2.C



Modified Selinger Algorithm

Select *
From RI1(A,B), R2(A,B), R3(B,C)
Where R1.A=R2.A and R2.B =R3.B

{R1,R2,R3}

1

N AN _
{R1,R2} | | {R A | [{RLR2)®B) | | {R2,R3} | |{R2,R3}(A) || {(R2BR[(B)

= N TN
{R1} | [{R1}A) | |[{R2}| |{R2}A)| |{R2}B) | |{R3}| |{R3}B)




