CSE 4125: Distributed Database
Systems
Chapter — 5

Translation of Global Queries to
Fragment Queries.

(Part — F)
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Topics to be discussed —
« Simplification of Distributed Query

Question type:

[*Fragments and a query Is given */

Now, answer the following questions.

1.

1.

11l.

1v.

Draw the operaror Iee.

Perform step-by-step transformations to simplify the operator tree. indicating which rule and
criterion 1s applied at each step.

Transform the simplified query into fragment query by applying canonical expression based
on the given fragmentation schema.

Write the equivalent query obtained from the simplified tree,
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Consider the following global relational schemata.

EMP (EMPNUM, DEPTNUM, NAME, SAL, AGE)
DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Corresponding fragmentation schemata:

EMPl - SLSALS35KEMP DEPT1 = SLMGRNUM =375 DEPT

DEPT, = SL —a7aDEPT
EMP, = SLga; <35k EMP 2 MGRNUM =373

Q: PJ EMP.NAME ((EMP JN DEPTNUM=DEPTNUM SL MGRNUM=373 DEPT) DF (SL SAL > 35K EMP JN
DEPTNUM=DEPTNUM SL MGRNUM=373 DEPT ))

Now. answer the following questions.
1.  Draw the operator free. [2]

1.  Perform step-by-step transformations to simplify the operator tree. indicating which rule and [5]
criterion 1s applied at each step.

i1.  Transform the simplified query into fragment query by applying canonical expression based [2]
on the given fragmentation schema.

1v.  Write the equuvalent query obtained from the simplified tree. [1]
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Pre-requisites

e Reconstruction idea of Horizontal and Vertical
fragmentation.
 Union operation for Horizontal fragmentation

* Join operation for Vertical fragmentation

QGiven, EMP has 2 horizontal fragments:
EMP, and EMP,

EMP



Transforming Global Queries into
Fragment Queries



Some Rules/Properties

Properties
* RNINR© R s 1 They will be used to remove
c RUNR© R w2 common sub-expressions in the

simplification of operator tree.

RDFR< 0 ) 3
RNJIJNSLFR«> SLFR = 4
RUNSLFR <R m—) 5
R DF SLFR <> SLnotTF R = 6
(SLF1 R) NJN (SLr2R) <> SLr1ANDF2 R e 7

e (SLF1R) UN (SLr2R) <> SLriorF2 R~ e 8

* (SLF1 R) DF (SLF2R) <> SLF1aNDNOTF2 R s 9
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Example 1

Consider the following global relational schemata.

EMP (EMPNUM, DEPTNUM, NAME, SAL, AGE)

DEPT (DEPTNUM, NAME, AREA, MGRNUM)
Corresponding fragmentation schemata:

EMP, = SLspp<3sxEMP DEPT, = SLmgrNuM =375 DEPT
EMP, = SLsgp >35x EMP DEPT, = SLmgrnum =373DEPT

Q: PJ EMP.NAME ((EMP JN DEPTNUM=DEPTNUM SL MGRNUM=373 DEPT) DF (SL SAL > 35K EMP JN
DEPTNUM=DEPTNUM SL MGRNUM=373 DEPT ))

Now. answer the following questions.
1.  Draw the operator free. [2]

1.  Perform step-by-step transtormations to simplify the operator tree. indicating which rule and [5]
criterion 1s applied at each step.

ii1.  Transform the simplified query into fragment query by applying canonical expression based [2]
on the given fragmentation schema.

iv.  Write the equivalent query obtained from the simplified tree. [1]
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Operator Tree

PJ EMP.NAME

/F\

/JNDEQUMDEPTNUM /J NDEQUMDEPTNUM
EMP SL vernUM=373 SL saL > 385K SL merNUM=373

DEPT EMP DEPT



Finding Common Sub-expression
Any common portion?

P‘J EMP.NAME
/ QUM DEPTNUM / DEPTNUM DEPTNUM

EMP L vicrRnUM=373 SAL > 35K L viGrNUM=373

DEPT EMP DEPT



Finding Common Sub-expression
Any common portion?

P‘J EMP.NAME
/ QUM DEPTNUM /

DEPTNUM DEPTNUM

————————————

EMP L vicrRNUM=373 I SL SAL>35K' L vicrRnUM=373
DEPT EMP DEPT
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Finding Common Sub-expression

Any common portion? NOW?

PJ EMP.NAME

f
DF\\\\\\

SL SAL > 35K
IN bEPTNUM=DEPTNUM \
/ /JN TM:DEPTNUM
EMP SL MGRNUM=373 EMP SL MGRNUM=373
DEPT DEPT
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Finding Common Sub-expression

PJ EMP.NAME

Common sub-
expression

l PR \ S
DEPTNUM=DEPTNUM 7T T TTTIRITTTTTTTTTETTTTTTTETNS .

i ‘; , \
R : ' Rll JN DEPTNUM=DEPTNUM ‘=
i EMP SI'_ MGRNUM=373 i i EMP S'L |\/|GRNU|\/|:37qI
‘\\ DEPT //l :\ DEPT Ii

-

\ /’
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Finding Common Sub-expression

RF m@l—[}@m
TL MGRNUM=3
P‘J EMP.NAME EMP DEPT
'l/'_""""""""""""DI_: _________________________________
I
I
I \
/ SL SAL > 35K
R R

——————————————————————————————————————————————————————————————
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Finding Common Sub-expression

F=SAL > 35K

______________

N
\

s’
_______________________________________________
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Finding Common Sub-expression
ST [T

RE JN peprvUM=DEPTMNIM |

F = SAL > 35K | ( N |
| SL \GRNUL=3T3 |
P‘J EMP.NAME E EMP I‘.‘IEPT E
4 DF 3
i SL s
LR R ,’
\

S -
_________________________________________________________

We can writeitas  --> R DF SL: R whichisRule 6!
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Removing Common Sub-expression
T [T .

F = SAL > 35K RT IN DEPINUM-DEPTNUM |

PJ empnamE \

| SL MGRNUM=3T3 |

P ~. i i
) \ ! !

-----------------------------

N OEEm N EEm R EES O EEE O B § S § BN § EEE O EEE O ESE § ESE O ESm B Emm B Em B
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Removing Common Sub-expression

F=SAL > 35K

PJ EMP.NAME

S

L not (SAL > 35K)

----------------------------

i EMP DEPT
!

-----------------------------



Removing Common Sub-expression
T [T

r
PJ RT+ JN DEPTNUM=DEPTNUM |
EMP.NAME i

1
SL yigrvi=373 |
1

. -
-------------------------

SL SAL <= 35K
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Removing Common Sub-expression

PJ EMP.NAME

SL SAL <= 35K

------------------------------

JN DEPTNUM=DEPTNUM

SL MGRNUM=373

e T M —
S S N

—————————————————————————————

Can you apply Criterion 1 and/or 2 on this tree?
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Simplification

Applying criterion — 2

PJ EMP.NAME

SL SAL <= 35K

/‘:J wTNUM

SL MGRNUM=373

EMP DEPT

G. M. Shahariar | CSE, AUST

20



Simplification

After Applying criterion — 2

PJ EMP.NAME

JN DEPTNUM=DEPTNUM

N

SL SAL <= 35K SL MGRNUM=373

EMP DEPT
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Simplification

Q transformed:

After Applying criterion — 1

PJ EMP.NAME

JN DEPTNUM=DEPTNUM

O

PJ NAME, DEPTNUM

SL SAL <= 35K

EMP
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SL MGRNUM=373

DEPT

22



Canonical Expression of a Fragment

d Given, EMP has 2 horizontal
fragments: EMP, and EMP,
DEPT has 2  horizontal
fragments: DEPT, and DEPT,.

J How to convert this tree so that
the leaves becomes  the
fragment?

—Consider  the reconstruction
property  of Horizontal
Fragmentation.

—Replace the leaf with the sub-tree of
the reconstruction expression.

Query

PJ EMP.NAME

JN DEPTNUM=DEPTNUM

/

PJ name, bEPTNUM PJ beprnum
SL saL <= 35K SL vicrNUM=373
EMP DEPT
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Canonical Expression

PJ EMP.NAME

/‘] DEPTNUM=DEPTNUM

PJ NAME, DEPTNUM PJ DEPTNUM

SL SAL <= 35K SL MGRNUM=373

——————————————————————————————————————

>

m
<
o
'_\
m
<
o
N

____________________________________
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Canonical Expression

Do you think it is still simplified? PJ empnave

Can we apply Criteria 1 and/or 2 ? ‘

PJ DEPTNUM

1
? ! PJ name, DEPTNUM | !
| SL saL <= 35k i i SL mernUM=373
\ /' A I
/UN UN
EMP, EMP, DEPT,  DEPT,
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Canonical Expression

PJ EMP.NAME

Applying Criteria 2 - ‘

/‘] DEPTNUM=DEPTNUM

PJ NAME, DEPTNUM PJ DEPTNUM

SL SAL <=35K SL MGRNUM=373

UN UN

2N N

EMP, EMP, DEPT,  DEPT,



Canonical Expression

PJ EMP.NAME

After Applying Criteria 2 - ‘

/‘] DEPTNUM=DEPTNUM

PJ NAME, DEPTNUM PJ DEPTNUM

UN UN

SL Q\ / S‘L MGRNUM=373
|

EMP, EMP, DEPT, DEPT,
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Canonical Expression

PJ EMP.NAME

Again Applying Criteria 2 - ‘

/‘] DEPTNUM=DEPTNUM

PJ NAME, DEPTNUM PJ DEPTNUM

i N

UN UN
|/ T
|SL SAL <= 35K S‘L MGRNUM=373

EMP, EMP, DEPT, DEPT,
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Canonical Expression

PJ EMP.NAME
After Applying Criteria 2 - ‘

JN DEPTNUM=DEPTNUM

<

PJ NAME, DEPTNUM PJ NAME, DEPTNUM PJ DEPTNUM PJ DEPTNUM
SL SAL <= 35K SL MGRNUM=373
EMP, EMP, DEPT, DEPT,
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Canonical Expression

Q . PJ EMP.NAME
fragments - ‘

JN DEPTNUM=DEPTNUM

T

UN UN
PJ NAME, DEPTNUM PJ NAME, DEPTNUM PJ DEPTNUM PJ DEPTNUM
SL SAL <= 35K SL MGRNUM=373

EMP, EMP, DEPT, DEPT,



Equivalent Global

: I:)‘JEMP NAME ((EMP

I‘JNDEPTNUM =DEPTNUM SLMGRNUM =373
| DEPT) DF (SLSAL>35K EMP

I
‘J |\|DEPTNUM—DEPTNUM SLMGRNUM—373

| .
| Q fragments -
|

: I:)‘JEMP.NAME ((P‘JNAME,DEPTNUI\/I
! SI—SAL<:35K EMPl UN I:)‘JNAME,DEPTNUM

[
1 EM PZ)) J |\IDEPTNUM:DEPTNUM

| (PIpeprnum DEPT, UN PIgcorvum
' SLyvigrnum=37s DEPT)))

and Fragment Query

\non-distributed )

| -
I : Q transformed -
I

[
I:)‘JEMP NAME ((P‘JNAME DEPTNUM

I SI—SAL< =35K EMP) ‘JNDEPTNUM DEPTNUM
I (P‘JDEPTNUM SLMGRNUM =373 DEPT))

(distributed )
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ND—<

Steps for Global query to Fragment
Query (summary)

1. Generate the equivalent operator tree (Tgq,,) fOr the given

query (Qgiobar)-
Find the common sub-expression (R) from T,

2
3. Apply rules to remove R and obtain simplified tree T, oveq:
4

. Apply criteria — 1 and 2 on T,,,eq {0 Obtain final simplified
— operator tree T sformed-

5. Apply canonical expression on T, «omeq t0 ObtaIN the
canonical form T ., nicar-

6. Apply criterion- 1 and 2 on Typonica t0 0OBTAIN Tpoments:
7. Write the query eragments from Tfragments.
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Example 2

EMP (EMPNUM, DEPTNUM, NAME, SAL, AGE)
DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Consider the following global query:
((SLFl EMP JNy,_p DEPT) UN (SLg; EMP |N,_g DEPT)) DF (SLgz; EMP JN,_g DEPT)

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.

Imagine, A= B = DEPTNUM

a) Draw the operator tree.

b) Perform step-by-step transformations to simplify the tree, indicating which rule and criterion is applied
at each step.

c) Write down the query from the simplified tree.

d) Transform the simplified query into fragment query by applying canonical expression on the simplified
tree. Consider, EMP has three fragments - EMP; , EMP, and EMP;
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Operator Tree

DF

/\

SL
JNA 5 ‘ 3

SL ) \ SL{\ EMP DEPT

DEPT EMP DEPT



Finding Common Sub-EXxpression
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Finding Common Sub-expression

Any common portion?
DF

/\

UN SL

/\ N
S‘L i S‘L § /AB\
IN a-s JIN a-g EMP DEPT

/N N

EMP DEPT EMP DEPT



o

Finding Common Sub-expression

SL g
T N 0
EMP DEPTE
]

__________________

Any common portion?
DF

__________________
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Finding Common Sub-expression

Any common portion?
DF

—————————————————————————————

I I

: /\ ! |

i - R

i SL SL , i

n .

\ R R

e ————————————
i JINa-s

—————————————————————
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Finding Common Sub-expression

Any common portion?
DF

—————————————————————————————

'I, UN \‘ SL F3
[
i ! R
\ Sl SLe, |
- o
1
VR R /'l

—————————————————————————————

—————————————————————
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¢

I

I

:U)
1
I
1~
EZU
L C
[ Z
2
(O
| T
lI\J
Y,
Il
I

:(/)
n [
1
|I—‘
10
120
I n
o
‘--

Removing Common Sub-expression

Any common portion?

DF

"S'L""/\SL
: F1 ORF2 ! ‘ F3

I
u ! !
| R |
' R

pmmmdmmmmmm s m e N

s
5
-
M
&

—————————————————————
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Finding Common Sub-expression

Any common portion?
DF

SL ¢ SL g3

—————————————————————
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Finding Common Sub-expression

Any common portion?

—————————————————————————————————————————————————

( ‘.
! 1
! 1
| /\ |
i SLe SR
! 1
| -
l\ R R /'I
We can write itas SL ., R DF SL ; R which is Rule 9! '_I___e:c_l_:_él__f_l_s)_lilf_Z_'
EEMP DEPTE

—————————————————————
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Removing Common Sub-expression

Any common portion?

[ "
: SL k4 anDNOT F3 !
i :
; R i
N e e e — -
' Let F4=F1OR F2 '
e it \
e e e e e e m e : ( JINa-p 1=R
E SL g R DESL s R=SL F4AND_N_O_T_F_3_: i /\ :
EEMP DEPTE

—————————————————————
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Removing Common Sub-expression

SL (F1 OR F2) AND NOT F3

R

------------------

[ JNas-p

| 1
| 1
| 1
I |
|EMP DEPT |
| 1

—————————————————————
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Removing Common Sub-expression

—————————————————————————

/, ™
I SL (F1 OR F2) AND NOT F3 E
: i
: i
I JIN A-p ]
VAN i
1 ]
1 ]
: i
\ EMP DEPT J

_________________________

Can we apply Criterion 1 and/or 2?
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Simplification

Applying Criterion 2 - s
(F1 OR F2) AND NOT F3

Why? IN =g

/N

EMP DEPT

v

Because in the original query, all SL ; SL , SL ; were applied on EMP relation.
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Simplification
Q transformed:

N A-3
After Applying Criterion 2 -

SL (F1 OR F2) AND NOT F3

EMP DEPT
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Canonical Expression

How to convert this tree so that the leaves

 Given, EMP has 2 horizontal becomes the fragment? _
fragments: EMP,, EMP, —Consider the reconstruction property of
EMP, ’ Horizontal Fragmentation.
| N A=p

—Replace the leaf with the sub-tree of the
reconstruction expression.

SL (F1 OR F2) AND NOT F3

N N N RN R N S N SN NN NN S N S Sy

UN ) DEPT

’—————————_\
N o

N N NS NN NN NS NS NN NN B NN BN B
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Canonical Expression

Do you think it is still simplified?
Can we apply Criteria 1 and/or 2 ?

(

iSl— (F1 OR F2) AND NOT F3 |
--‘ ___________________ /

UN DEPT
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Canonical Expression

Applying Criteria 2 -

EMP, EMP, EMP,
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Canonical Expression

After Applying Criteria 2 -

N A=p
UN
SLF SLF SLF DEPT

]

EMP, EMP, EMP,
Let F = (F1 OR F2) AND NOT F3
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Canonical Expression

Q fragments :

JN A=B
UN
SLF SLF SLF DEPT

]

EMP, EMP, EMP,
Let F = (F1 OR F2) AND NOT F3



Equivalent Global and Fragment Query

EQ fragments - (SL(Fl OR F2) AND NOT F3 EMP, UN SL(Fl OR F2) AND NOT F3
! EMP, UN SL(FlORFZ)ANDNOT rs EMP3) IN ,_5 DEPT
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Exercise 1

Consider SUPPLY and DEPT both have two horizontal fragments.

<) / —~ >0 ‘]' ,\:,
W LY 1

Now. answer the following questions.

1.

1L.

1v.

Draw the operator tree.

Perform step-by-step transformations to simplify the operator tree. indicating which rule and
criterion 1s applied at each step.

Transform the simplified query into fragment query by applyving canonical expression based
on the given fragmentation schema.

Write the equivalent query obtained from the simplified tree.
G. M. Shahariar | CSE, AUST
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Exercise 2

Consider the Fragmentation Schemata and answer the questions of Exercise 3.
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4,

Exercise 3

Consider the following global relational schemata.

EMP (ID, NAME, SAL, AGE, MGRNUM, DEPTNUM)
DEPT (ID, AREA, DEPTNUM, MGRNUM)

Corresponding fragmentation schemata:

EMPl - SL.‘{AL{ZEKEMP
EMPZ = SLHAL e ZSKEMP
DEPT, = SLapga—"North DEPT
DEPTE = SLAREA ="South" DEPT

Also consider the following global query.

P]name, area(((SLsap - 255 EMP [Nip_1p SLapga —-Noren- PEPT) DF (SLsap <pskEMP
JNip=1p SLarga ="North DEPT)) NIN (SLagga = “North~ (EMP JNip—;p DEPT)))

Now. answer the following questions.

1.

11,

111,

1v.

Draw the operaror rree.

Perform step-by-step transformations to simplify the operator tree. indicating which rule and
criterion 1s applied at each step.

Transform the simplified query into fragment query by applving canonical expression based
on the given fragmentation schema.

Write the equivalent query obtained from the simplified tree.
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Exercise 4

EMP (EMPNUM, DEPTNUM, NAME, SAL, AGE)
DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Consider the following global query:

((SLgy EMP JN4y_p DEPT) DF (SLg, EMP JN4_p DEPT)) NJN
((EMP JNs_p DEPT) UN (SLgz EMP JNu_p DEPT))

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.

Imagine, A= B = DEPTNUM

Draw the operator tree,

Perform step-by-step transformations to simplify the tree, indicating which rule and criterion is applied
at each step.

Write down the query from the simplified tree.

Transform the simplified query into fragment query by applying canonical expression on the simplified
tree. Consider, EMP has three fragments - EMP; , EMP, and EMP;
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Exercise 5

EMP (EMPNUM, DEPTNUM, NAME, SAL, AGE)
DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Consider the following global query:
((SLpl EMP JN._gp DEPT) UN (SLg; EMP JN,_p DEPT}) NJN

((EMP JNy_p DEPT) DF (SLpz EMP JNs_p DEPT))

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.

Imagine, A= B = DEPTNUM

a) Draw the operator tree.

b) Perform step-by-step transformations to simplify the tree, indicating which rule and criterion is applied
at each step.

c) Write down the query from the simplified tree.

d) Transform the simplified query into fragment query by applying canonical expression on the simplified
tree. Consider, EMP has three fragments - EMP; , EMP, and EMP;
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Exercise 6

Consider the following global query and answer the questions from (1) to (111).

(SLpy,RJIN,_;S) DF (SLp,R JN,_;S)) NJN (RJIN,_,5))
UN (SLgy ovp vorr2 RIN =5 S)

1) Draw the operator tree. [2]

11) Perform step-by-step transformations to simplify the operator tree, indicating [5]

which rule and criterion 1s applied at each step.

111) Write the query from the obtained simplified tree. [2]

Iv) Transform the simplified query into Fragment query by applying canonical expression.
Consider relation R has three and relation S has two horizontal fragments.

Here,

F1, F2, F3 can represent any condition. In this example consider none of them are same.
Imagine, A and B represents the same attribute of two different relation R and S.
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Exercise 7

Consider the following global relational schemata.

EMP (EMPNUM, ID, NAME, SAL, AGE)

DEPT (ID, NAME, AREA, MGRNUM)
Corresponding fragmentation schemata:

EMP, = SLspp<3sxEMP DEPT, = SLmgrNuM =375 DEPT
EMP, = SLsgp >35x EMP DEPT, = SLmgrnum =373DEPT

Q: (({Sﬂm 255 EMP Nyp 1 DEPT) DF (SLygz <35 EMP [Nip_ip DEPT)) NJN (EMP JN;p_;» DEPT))
DF (SLsar > 255 anp Aok >25 EMP JNip—jp DEPT)

Now. answer the following questions.
1.  Draw the operator free.

1.  Perform step-by-step transtormations to simplify the operator tree. indicating which rule and
criterion 1s applied at each step.

ii1.  Transform the simplified query into fragment query by applying canonical expression based
on the given fragmentation schema.

iv.  Write the equivalent query obtained from the simplified tree.
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