CSE 4125: Distributed Database

Systems
Chapter — 6

Optimization of Access Strategies.
(part — B)

Jubair | AUST



Outline

* Importance of Query Optimization in DDB
(with Examples).



Importance of Query
Optimization in DDB
(with Examples)



Comparison between different
strategies

 We will see different versions of a query.

 Measure their cost and delay to see which one is
better.



Given Scenario

Input Query: P) cnum

N DEPTNUM=DEPTNUM

TN

PJ SNUM, DEPTNUM PJ DEPTNUM

SUPPLY
SL AREA=“North”

DEPT



Given Scenario (contd.)

* Profiles of SUPPLY, and SUPPLY,:

card (SUPPLY,) = 30000

card (SUPPLY,) = 20000

site(SUPPLY,) =1

site(SUPPLY,) = 4

* Profiles of DEPT,, DEPT, and DEPT,:

card (DEPT,) =10

card (DEPT,) = card (DEPT;) = 20

shum | pnum | deptnum | quan
Size 6 7 2 10
val 1800 1000 20 500
depthum | name | area | mgrnum
size 2 15 1 7
val 10 10 2 10

site(DEPT,) =2

site(DEPT,) =3
site(DEPT;) =5




Strategy - 1



Strategy — 1

PJ SNUM

|

N DEPTNUM=DEPTNUM

T T

PJ SNUM, DEPTNUM PJ DEPTNUM
SL AREA="“North”
UN l

A /U\N\

SUPPLY, SUPPLY, DEPT, DEPT, DEPT,



Strategy — 1 (contd.)

PJ SNUM

|

N DEPTNUM=DEPTNUM

/\

PJ SNUM, DEPTNUM PJ DEPTNUM

SL AREA=“North” | —---cem e
' Bring all to one site :
. and execute query.

UN |

' SUPPLY, SUPPLY, DEPT, DEPT, DEPT,

N o o o e e - - ——
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Strategy — 1 (contd.)

* Let us execute the query at site 2.

— We need to collect all the fragments there (assume in
parallel).



Strategy — 1 (contd.)

* Let us execute the query at site 2.

— We need to collect all the fragments there (assume in
parallel).

e Transmitted amount:

Xsuppiy1 = ?

e = e = e = = = e e e e mm e e e e e e e e e e mm e M e e e e e E e e e e e m e e e e e e

card (SUPPLY,) = 30000

snum pnum | deptnum | quan
size 6 7 2 10
val 1800 1000 20 500

_______________________________________________________



Strategy — 1 (contd.)

* Let us execute the query at site 2.

— We need to collect all the fragments there (assume in
parallel).

* Transmitted amount:
Xsyppryy = card(SUPPLY,)*size(SUPPLY,)*8 bits
= 30000*(6+7+2+10)*8 bits
= 30000*25*8 bits
= 6000000 bits



Strategy — 1 (contd.)

* Transmitted amount for other fragments:

XSUPPLYZ -

XoepT1 =

Xpep2 =

Xpep3 =

?

?

?

?

P I T e e e e e e I e e e e .

/" card (SUPPLY,) = 20000

|

i snum | pnum | deptnum | quan

i Size 6 7 2 10
val | 1800 | 1000 20 500

. card (DEPT,) =10

. card (DEPT,) = card (DEPT;) = 20

i deptnum | name | area | mgrnum
 size 2 15 1 7

. val 10 10 2 10
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Strategy — 1 (contd.)

* Transmitted amount for other fragments:

Xsuppry, = 20000*25*8 bits = 4000000 bits
Xpepry = O bits
Xpepr, = 10%25*8 bits = 2000 bits

Xoeprs = 10%25%8 bits = 2000 bits



Strategy — 1 (contd.)

Assume C,=0and D,=0
e TC(x)="7

e TD(x)="



Strategy — 1 (contd.)

Assume C,=0and D,=0
* TC(x) = C, + (sum of all the amount) * C,

= (Xsuppryr*--+Xpepr3) ¥C, = 10004000*C,
e TD(x)="
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Strategy — 1 (contd.)

Assume C,=0and D,=0

* TC(x) = C, + (sum of all the amount) * C,

= (Xsuppryr*--+Xpepr3) ¥C, = 10004000*C,
* TD(x) = D, + (largest amount) * D,

= 6000000*D,



Strategy — 1 (contd.)

Assume C,=0and D,=0

* TC(x) =C, + (sum of all the amount) * C,
=10004000*C,

* TD(x) = D, + (largest amount) * D,
= 6000000*D,

If D, = 10000 bit/second,

Transmission Delay = ? minutes

Jubair | AUST
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Strategy — 1

Assume C,=0and D,=0

(contd.)

* TC(x) =C, + (sum of all the amount) * C,

=10004000*C,
* TD(x) = D, + (largest amount) * D,
= 6000000*D,

If D, = 10000 bit/second,

Transmission Delay = 6000000* L

10000

Jubair | AUST

s =600 s =10 mins
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Strategy - 2



Strategy — 2

PJ SNUM

IN DEPTNUM=DEPTNUM

UN/\U
/

N

T

P peprvum PJ pepTnuMm PJ beptnum
PJ SNUM, DEPTNUM  PJ gnum pEPTNUM
SL aRea=“North” SL aRea="North” SL area=North
SUPPLY, SUPPLY, DEPT, DEPT, DEPT,



Strategy — 2 (contd.)

. First, performing
" local processing on
' corresponding sites

PJ SNUM, DEPTNUM

PJ SNUM

IN pepTNUM=DEPTNUM Still need to bring

all to one site and
execute query (like

J DEPTNUM

__________________________________________________________________________________
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Strategy — 2 (contd.)

e Performing local processing on fragments.

— Fragment reducers.

* Then sending reduced fragments to the executing site
(i.e. site - 2) in parallel.



Strategy — 2 (contd.)

e Transmitted amount:

XsuppLy1 = PJ snum

JN DEPTMUM=DEPTMUM

UN
Fl
DEFTNLUM Pl DEPTMUM Pl DEPTNUM
Fl SMUM, DEPTMNUM Pl SHUM DEPTNUM H
SL area="Narth® SL appa=oNorth® SL area="Narth®

|

SUPPLY, SUPPLY, DEPT, DEPT, DEPT,



Strategy — 2 (contd.)

* Transmitted amount:
Xsuppryy = Card(SUPPLY,)* {size(snum) + size(deptnum)} * 8 bits
= 30000*(6+2)*8 bits
= 1920000 bits



Strategy — 2 (contd.)

* Transmitted amount for other fragments:

Xsuppry2 =
Xpepr1 = °
Xpepr2 = °
Xoepr3 = ?

P SMUM

JN DEFTHUM=DEPTNUR

on /\UN
/\ T~

Fi DEFTHURM Fl OEPTHUM Fl DEPTHUM
P snum, oeptvum PJ s permium \ i
5L apEs="Narth SL pres="North® SL pReA="North
SUPPLY, SUPPLY DEPT, DEPT, DEPT,
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Strategy — 2 (contd.)

* Transmitted amount for other fragments:
X< ppry, = 20000*8*8 bits = 1280000 bits

Xpepry = O bits

______________________

o - - - - - - - - - - — - — - — - —————

/" card (DEPT,) = 10

- ~ : card (DEPT,) = card (DEPT,) =20
Xpeprs = Xpepr2 = 0 bits ’ :

deptnum name area | mgrnum

size 2 15 1 7

val 10 10 2 10

e e e e e e = e e = e = e e e e e e e e e e e e e e e e e e e e e e e =



Strategy — 2 (contd.)

Assume C,=0and D,=0

* TC(x) = C, + (sum of all the amount) * C,
=320000*C,

* TD(x) = Do+ (largest amount) *D,
=1920000*D,

If D, = 10000 bit/second,

1

Transmission Delay = 1920000*
10000

s =192 s= 3 mins



Strategy - 3



Strategy — 3

PJ SNUM

IN DEPTNUM=DEPTNUM

PJ peptnum PJ peprnum PJ peprnum

P snum, peptnum PJ snum, pepTUM ’
‘ SL area=“North” SL AReA=“North” SL aRea=“North”

SUPPLY, SUPPLY, DEPT, DEPT, DEPT,



Strategy — 3 (contd.)

PJ SNUM

IN DEPTNUM=DEPTNUM

UN
PJ DEPTNUM PJ DEPTNUM PJ DEPTNUM
PJ SNUM, DEPTNUM PJ SNUM, DEPTNUM SL
AREA=“North” SL Area=“North” SL aRea=“North”
[SUPPLY1: [SUPPLYZZ DEPT. : \ .
[DEPT, [DEPT,: 10 < [DEPT, :

snum=snum and snum=snum and deptnum < 10]

<
Clty = nth”] Clty — ”Ctg”] dEPtnum S 20] deptnum<20 ]



Strategy — 3 (contd.)

* North area includes only
department 1 to 10

* Orders from departments 1 to
10 come from suppliers of

PJ SNUM

IN DEPTNUM=DEPTNUM

Dhaka.
T~ UN
PJ pepraum PJ peprnum PJ peprnum
P) snum, epnum PJ snum, peptum SL

AREA=“North” SL Area=“North” SL aRea=“North”

[SUPPLYl: [SUPPLYZ: [DEPT1: [DEPT - 10 < DEPT. :

snum=snum and  snum=snum and deptnum < 10] de tnuin <20] [ 3°
city = “Dhk”] city = “Ctg”] penim = deptnum<20 ]
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Strategy — 3 (contd.)

Which implies —

area = “North” > depthnum <10
deptnum £10 > snum = snum and
city = “Dhaka”

IN DEPTNUM=DEPTNUM

UN

PJ DEPTNUM

I
I
I
I
:
I
M
I
1
1
I
I
I

North area includes only
department 1 to 10
Orders from departments 1 to
10 come from suppliers of
Dhaka.

T~ UN

T

PJ DEPTNUM PJ DEPTNUM

PJ SNUM, DEPTNUM

[SUPPLY,:
snum=snum and
city = “Dhk”]

PJ SNUM, DEPTNUM

[SUPPLY,:
snum=shum and
city = “Ctg”]

SL AREA="North”

[DEPT, :

deptnum < 10]
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SL AREA=“North” SL AREA=“North”

[DEPT,: 10 <
deptnum < 20]

[DEPT,:
deptnum<20 ]
33



Strategy — 3 (contd.)

Which implies —

e area= “North” > deptnum <10

e deptnum <10 ->snum =snum and
city = “Dhaka”

Assume —
* North area includes only
department 1 to 10
e Orders from departments 1 to
10 come from suppliers of
Dhaka.
T~ UN

" =

PJ DEPTNUM

EERREEETEEEEEED

IN DEPTNUM=DEPTNUM

L

PJ SNUM, DEPTNUM SL
AREA="North”

[SUPPLYIZ [DEPT]_:
snum=snum and deptnum < 10]
city — lthkH]
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Strategy — 3 (contd.)

Simplification using inference
 See Chapter 5 (5.2.5)

PJ SNUM

IN DEPTNUM=DEPTNUM

PJ DEPTNUM
PJ SNUM, DEPTNUM

SL AREA=“North”

[SU PPLYl. snum=snum and Clty - lthkn]
[DEPT, : deptnum < 10]

Jubair | AUST
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Strategy — 3 (contd.)

PJ SNUM

First, performing local
. processing on corresponding

Still need to bring all to
i one site and execute
. query (like strategy - 1).

sites (like strategy - 2) IN DEpTNUM=DEPTNUM

PJ DEPTNUM

PJ SNUM, DEPTNUM

SL AREA=“North”

_________________________________________

e e e e e e e e e e e e e e e e Ee e e e e e mm e e e e e mm e e e e e Em e e e e e e e e e e e e e e e e e e e e e e me e e e e e e e e e e e e e e
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Strategy — 3 (contd.)

e Performing local processing on fragments.

— Fragment reducers.

* Then sending reduced fragments to the executing site
(i.e. site - 2) in parallel.



Strategy — 3 (contd.)

e Transmitted amount:

XsuppLy1 = ?
PJ SMNUM

XpepT1 = ?

IN DEPTNLUM=CEPTMH LI

Pl CEPTHMUM
P SHUM, DEPTHUM

SL AREA="Nporth"

[SUPFLY,: snum=snum and city = “Dhk"]
[DEPT, : deptnum = 10]



Strategy — 3 (contd.)

* Transmitted amount:
Xsuppry1 = [Same as strategy — 2] = 1920000 bits
Xpeprp = O bits

Jubair | AUST
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Strategy — 3 (contd.)

Assume C,=0and D,=0

« TC(x) = 1920000*C,
« TD(x) = 1920000*D,

If D, = 10000 bit/second,
Transmission Delay = 3 mins



Strategy - 4



Strategy — 4

PJ SNUM

IN DEPTNUM=DEPTNUM

PJ DEPTNUM
PJ SNUM, DEPTNUM

SL AREA=“North”

[SUPPLY,:
snum=snum and city =

“Dhk”] [DEPT, : deptnum < 10]



Strategy — 4 (contd.)

- -~

e BRI (3) Send back
o “~._ theresult

~

(2) Perform __________ . . g PJ septnum N
JOIN /~ p) \ | !

; SNUM, DEPTNUM : : l

i i reduced DEPT, i | SL areacnortty |

| <---mTTTTTTT | ] i

i [SUPPLY,: i i |

| snum=sg[u)r:k’z’a]nd city = ,: \ [DEPT, : deptnum < 10]/

e - - —
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Strategy — 4 (contd.)

PJ snum
T Tl (3) Send back
(2) Perform JOIN el \\\ the result
T o TTTTTTTT T IN pepTNUM=DEPTNUM
i P] snum, depthum SUPPLYl
| JN
i PJ deptnum SL area = “North” DEPTl

I, \ ' ‘I
g PJ snum, pEPTNUM E (1) Send i i
i i reduced DE_P]-%. - --i SL AREA=“North” i
| <ot i |
[SUPPLY,: | | |
' snum=5|3|l;rr:1k’€’i]nd city = ,E I‘ [DEPT, : deptnum < 101,':

N o
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Strategy — 4 (contd.)

PJ snum
T Tl (3) Send back
(2) Perform JOIN el \\\ the result

T T T IN peprnum=DEPTNUM

i PJ shum, deptnum SUPPLYl

l SJ

P deptoum " oo o DEPT,
PJ snum, pepTvUM i ! |
| ' i (1) Send i i
I I reduced DEPT, | :
| R L. - SL AREA=“North” !
: AR : :
i [SUPPLY,: i i i
:\ snum=sggr:k’z’a]nd city = ! \ [DEPT, : deptnum < 10],

N o
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Strategy — 4 (contd.)

e Transmitted amounts:

XoepT1 = ?
— PJ SENUM
XRresult = ?

JN DEPTHNUM=CEPTHLIM

Fl DEPTMLUM
P ENUM, DEPTNUM

SL AREA="North"

[SUPPLY;: snum=snum and city = “Dhk"]
[DEPT, : deptnum = 10]



Strategy — 4 (contd.)

e Transmitted amounts:
Xpepry = O bits

Xeeuir = Val (snum)*2*8 bits = 1800*2*8 bits = 28800 bits



Strategy — 4 (contd.)

e Transmitted amounts:

_______________

val (snum)*

WHY ?? See Chapter 2
and investigate.
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Strategy — 4 (contd.)

Assume C,=0and D,=0

+ TC(x) = 28800*C,
« TD(x) = 28800*D,

If D, = 10000 bit/second,
Transmission Delay =2.88 s



Comparisons

Strategy Description Time
1 No simplification, no optimization. 10m
(very bad) All fragments are brought to one site to execute the query.
Simplification applied (Criterion -1 and 2).
2 No optimization. 3Im
(bad) Processing on fragments are done on the site locally.
Then, all fragments are brought to one site to execute the query.
Simplification applied (Criterion -1 and 2), .
3 Optimization applied (Fragments are reduced). 3m
(bad) Processing on fragments are done on the site locally.
Then, all fragments are brought to one site to execute the query.
Simplification applied (Criterion -1 and 2).
4 Optimization applied (Fragments are reduced).
: : 2.88 s
(good) Processing on fragments are done on the site locally.

Order of data transmission is changed.

Jubair | AUST
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Additional Reading

e Simplification using inference.
— Chapter 5 (5.2.5)



Practice Problems/ Questions

1. What will happen for strategy — 1 if the data
collection from all the fragments are done
sequentially, instead of in parallel?

2. What will happen if we skip the simplification via
inference on the operator tree and apply strategy —
47

3. What will happen in the comparisons if we execute
the query at site — 3?



