CSE 4125: Distributed Database

Systems
Chapter -5

Translation of Global Queries to
Fragment Queries.

(part — A)
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Outline

Query Transform.
Operator Tree.
Simplification of Operator Tree.

Equivalence Transformation for Queries (step-by-
step).

Transforming Global Queries into Fragment Queries.
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Query Transform (contd.)

Steps for Global Query > Fragment Query:

1. Non-distributed (Equivalence Transformation
for Queries ):
* Query > Operator Tree.
* Operator Tree > Simplified Operator Tree.

2. Distributed:
* Global Query > Fragment Query.



Equivalent Expressions of Queries

* le PJ NAME, DEPTNUM SL DEPTNUM =15 EMP

* QZ: SL DEPTNUM =15 PJ NAME, DEPTNUM EMP

Q, < Q,



Operator Tree

* SUPPLY (SNUM, PNUM, DEPTNUM, QUAN)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Ql. PJ SNUM SL AREA=“Dhaka” (SUPPLY N DEPTNUM=DEPTNUM DEPT)

* Operator Tree for Q1: Plsyum

SLAREA=”Dhaka"

‘]NDEPTNUM=DEPTNUM

/ N\

SUPPLY DEPT
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Simplification of Operator Tree

Criteria to simplify:
Criterion — 1:

Appropriate introduce of SL and PJ in the tree.

* To get rid of unnecessary attributes.

Criterion — 2:

Push SL and PJ as down as possible in the tree.

* To avoid working on large results (i.e. result of JOIN).



Simplification of Operator Tree (contd.)

e SUPPLY (SNUM, PNUM, DEPTNUM, QUAN)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Operator Tree for Q1

PJ SNUM

SL AREA="“Dhaka”

IN DEPTNUM=DEPTNUM

/ N\

SUPPLY DEPT
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Simplification of Operator Tree (contd.)

* SUPPLY (SNUM, PNUM, DEPTNUM, QUAN)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

Operator Tree for Q1 After applying Cr-1

PJ cnum P snum

SL _u ”
SL AReA=“Dhaka” AREA="Dhaka

| >
JN _
‘IN DEPTNUM=DEPTNUM DEPTNUM=DEPTNUM

SN

PJ peprnum,area
SUPPLY DEPT PJ snum, peEpTUM ’

SUPPLY DEPT
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Simplification of Operator Tree (contd.)

* SUPPLY (SNUM, PNUM, DEPTNUM, QUAN)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

After applying Cr-2
Operator Tree for Q1
S PJ cnum PJ snum
1= SXAREA=”Dhaka" JN DEPTNUM=DEPTNUM

SL AREA="“Dhaka”

N .>/\

IN pepTNUM=DEPTNUM DEPTNUM=DEPTNUM

/ \ / \ PJ SNUM, DEPTNUM PJ DEPTNUM

PJ
SUPPLY DEPT PJ snum, DEPTNUM DEPqUM’AREA SUPPLY SL AReA=“Dhaka”
SUPPLY DEPT DEPT

Jubair | AUST 10



Practice Session

QZ: I:)‘]EMP.NAME ((EMPJNDEPTNUM=DEPTNUM SI'MGRNUI\/I=373 DEPT) DF
(SLSAL>35K EMP JI\IDEPTNUM=DEPTNUM SI'MGRNUI\/I=373 DEPT ))

 Operator Tree for Q27
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Practice Session (answer)

Q2: Pleysp name ((EMP INpepryum-peptnum Shvernum=3zs DEPT ) DF
(SLsar > 35k EMP INpeprnum=pertvum Shmernum=37s DEPT )

EMP

DEPT EMP DEPT
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Practice Session (answer)

Q2: Plgysp name ((EMP INpepryum=peptnum Shvicrnum=azs DEPT ) DF
(SLsar > 35k EMP INpeprnum=pertvum Stmernum=37s DEPT))

EMP SL MGRNUM=373

DEPT EMP DEPT
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Practice Session (answer)

Q2: Pleysp name ((EMP INpeoryym-peptvum Stvcrnum=37s DEPT ) DF
(SLsar > 35k EMP INpeprnum=pertvum Stmernum=37s DEPT))

N DEPTNUM=DEPTNUM

N

EMP SL MGRNUM=373

DEPT EMP DEPT
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Practice Session (answer)

QZ: I:)'IEMP.NAME ((EMPJNDEPTNUM:DEPTNUI\/I SI‘MGRNUM:373 DEPT) DF

(iSAL > 35K EMP JI\IDEPTNUM=DEPTNUM iMGRNUM:373 DEPT ))

N DEPTNUM=DEPTNUM

N

EMP SL viGrRnUM=373 SL gar > 35k SL MGRNUM=373

DEPT EMP DEPT
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Practice Session (answer)

QZ: I:)'IEMP.NAME ((EMPJNDEPTNUM=DEPTNUI\/I SI‘MGRNUM=373 DEPT) DF
(SLSAL>35K EMP mDEPTNUI\/I=DEPTNUM SI‘MGRNUM=373 DEPT ))

JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM
EMP SL vernUM=373 SL saL > 35¢ SL vGrNUM=373
DEPT EMP DEPT
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Practice Session (answer)

QZ: I:)'IEMP.NAME ((EMPJNDEPTNUM=DEPTNUI\/I SI‘MGRNUM=373 DEPT) %
(SLSAL>35K EMP JNDEPTNUI\/I=DEPTNUM SI‘MGRNUM=373 DEPT ))

DF
JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM
EMP SL vernUM=373 SL saL > 35¢ SL vGrNUM=373
DEPT EMP DEPT
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Practice Session (answer)

QZ: EEMP.NAI\/IE ((EMPJNDEPTNUM=DEPTNUI\/I SI‘MGRNUM=373 DEPT) DF
(SLSAL>35K EMP JNDEPTNUI\/I=DEPTNUM SI‘MGRNUM=373 DEPT ))

P‘] EMP.NAME
DF
JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM
EMP SL vernUM=373 SL saL > 35¢ SL vGrNUM=373
DEPT EMP DEPT
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Equivalence Transformation for
Queries (step-by-step)



Given query and Operator Tree

Q: I:)‘IEMP.NAME ((EMPJNDEPTNUM=DEPTNUM SI‘MGRNUM=373 DEPT) DF
(SLSAL>35K EMP JNDEPTNUM=DEPTNUM SI‘MGRNUM=373 DEPT ))

PJ
Operator Tree for Q: FMPNAME
DF
JN DEPTNUM=DEPTNUM ‘JN DEPTNUM=DEPTNUM
EMP SL \igrnUM=373 SL sar » 35k SL merRNUM=373

DEPT EMP DEPT




Finding Common Sub-expression

* Any common portion?

P‘] EMP.NAME
DF
JN DEPTNUM=DEPTNUM ‘JN DEPTNUM=DEPTNUM
EMP SL vernUM=373 SL saL > 35¢ SL vGrNUM=373
DEPT EMP DEPT
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Finding Common Sub-expression

* Any common portion?

PJ EMP.NAME
DF
IN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM
EMP SLmernum-373 2 Slassse SL mernum=373
DEPT EMP DEPT

Jubair | AUST
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Finding Common Sub-expression

* Any common portion? NOW?

PJ EMP.NAME
/ SAL>35K
DEPTNUM DEPTNUM JN DEPTNUM=DEPTNUM
EMP Sl— MGRNUM=373 EMP SL viGrRNUM=373
DEPT DEPT

Jubair | AUST
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Finding Common Sub-expression

PJ EMP.NAME

~_ Common sub- DF

expression \

SL SAL > 35K

' IN peprnuM=DEPTNUM , IN peprnUM=DEPTNUM

—> R / \ i / R
EMP SL viGrRnum=373 i EMP SL MGRNUM=373
DEPT DEPT

N e e e e e e e e e e e e e e e e e e e e e - N e e o - - - ——

Jubair | AUST 24



Removing Common Sub-expression

PJ EMP.NAME

DF

N

SL SAL > 35K

___________ /
~
N
\
\
|
I
I

DEPTNUM DEPTNUM

AN

. EMP SL viGrRNUM=373 i

N e e = - - ——



Removing Common Sub-expression

PJ EMP.NAME

DF

N
;‘ SAL > 35K

R



Removing Common Sub-expression

PJ EMP.NAME



Removing Common Sub-expression

PJ EMP.NAME

Avoid loop ‘



Removing Common Sub-expression

PJ EMP.NAME
Properties ‘
DF
c RNJNR©R N
c RUNR&R SL,
e RDFR&0 /
« RNJNSLFR < SLFR R

RUNSLFR & R

R DF SLF R <> SLnotF R

(SLF1 R) NJN (SLr2 R) <> SLF1anDF2 R

* (SLF1R) UN (SLF2 R) <> SLF1orF2 R

* (SLF1 R) DF (SLF2R) <> SLr1anDNOTF2 R



Removing Common Sub-expression

 RDF SLFR & SlLnotr R

PJ EMP.NAME

3
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Removing Common Sub-expression

PJ EMP.NAME

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

.
*

| RDF SLF R < SLnotF R ]/
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Removing Common Sub-expression

PJ EMP.NAME

SL NOT (SAL > 35K)




Removing Common Sub-expression

PJ EMP.NAME

SL SAL <= 35K




Removing Common Sub-expression

PJ EMP.NAME

SL SAL <= 35K

P e e e I R T I A e e e e e e

II IN DEPTNUM=DEPTNUM
1

N

(92)]

I
L MGRNUM=373

N e e o - - ———



Simplification
* Now apply criterion—1 and 2

PJ EMP.NAME

SL SAL <= 35K

IN DEPTNUM=DEPTNUM

SL MGRNUM=373

EMP DEPT



Simplification

e EMP (EMPNUM, NAME, SAL, TAX, MGRNUM, DEPTNUM)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

PJ EMP.NAME

* Applying Criterion — 1

SL SAL <= 35K

IN DEPTNUM=DEPTNUM

/

PJ NAME,DEPTNUM, SAL P)
DEPTNUM

SL MGRNUM=373

EMP DEPT
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Simplification

e EMP (EMPNUM, NAME, SAL, TAX, MGRNUM, DEPTNUM)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

PJ EMP.NAME

* Applying Criterion — 2

SL SAL <= 35K

IN DEPTNUM=DEPTNUM

/

PJ NAME,DEPTNUM, SAL PJ
DEPTNUM

SL MGRNUM=373

EMP DEPT
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Simplification

e EMP (EMPNUM, NAME, SAL, TAX, MGRNUM, DEPTNUM)
 DEPT (DEPTNUM, NAME, AREA, MGRNUM)

PJ EMP.NAME

* Applying Criterion — 2 ’

IN DEPTNUM=DEPTNUM

/

PJ NAME,DEPTNUM

PJ DEPTNUM
SL SAL <= 35K SL MGRNUM=373
EMP DEPT
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Transformed Query

QT: I:)JEMP.NAME ((PJNAME,DEPTNUM SI‘SAL<=35K EMP) JNDEPTNUM=DEPTNUM
(PJDEPTNUM SI'MGRNUM=373 DEPT))

PJ EMP.NAME

l

IN DEPTNUM=DEPTNUM

PJ NAME,DEPTNUM PJ
DEPTNUM

SL ¢ o
SAL <= 35K SL vGrNUM=373

EMP DEPT




Transformed Query

Output:

QT: I:)JEMP.NAME ((PJNAME,DEPTNUM SI‘SAL<=35K EMP) JNDEPTNUM=DEPTNUM
(PJDEPTNUM SI'MGRNUM=373 DEPT))

Input:

Q: IDJEMP.NAME ((EMPJNDEPTNUI\/I=DEPTNUM SI‘MGRNUM=373 DEPT) DF
(SLSAL>35K EMPJNDEPTNUM=DEPTNUI\/I SI'I\/IGRNUM=373 DEPT))

Q< Qp




Summary

Equivalence Query transformation steps:

1.

Generate the equivalent operator tree (T, for
the given query (Qgopa)-

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

3. Apply rules to remove R and obtain simplified tree

T

removed*

Apply criteria—1and 2 on T,,,,,.q tO Obtain final

simplified operator tree T.,. rormed-

Write the query Q,,..sformeq from T

transformed*

SO' leobal & O~transformed



Transforming Global Queries into
Fragment Queries



Why transformation?

* Previous Q. ormeq ONlY Works on global relations
(i.e. DEPT), but what about the fragments (i.e.
DEPT,, DEPT,)?

* Need to map the query over the global schema
(Quransformeq) TO @ query over the fragmentation

schema (eragments) .

Jubair | AUST
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Why transformation?

* Previous Q. ormeq ONlY Works on global relations
(i.e. DEPT), but what about the fragments (i.e.
DEPT,, DEPT,)?

* Need to map the query over the global schema
(Quransformeq) TO @ query over the fragmentation

schema (eragments) .

— We take the final tree (T, .tormeq) from the previous steps
and transform it, so that it works on the fragments.

Jubair | AUST
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Canonical Expression of a Fragment
Query

PJ EMP.NAME

l

IN DEPTNUM=DEPTNUM

PJ NAME,DEPTNUM

P‘j DEPTNUM
SL sar <= 35K SL viGrRNUM=373
EMP DEPT

T

transformed



Canonical Expression of a Fragment
Query

PJ EMP.NAME

e Say, DEPT has 2 horizontal ,
fragments: DEPT, and IN [ EPTNUMDEPTNUM

DEPT,,. - \

e How to convert this tree so PJ NAME,DEPTNUM

PJ DEPTNUM
that the leaves becomes
the fragment? oL saL <= 35k SL veRNUM=373
EMP DEPT
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Canonical Expression of a Fragment
Query

PJ EMP.NAME

e Say, DEPT has 2 horizontal ’
fragments: DEPT, and IN [ EPTNUMDEPTNUM

DEPT,,. - \

e How to convert this tree so PJ NAME,DEPTNUM

PJ DEPTNUM
that the leaves becomes
the fragment? oL saL <= 35k SL veRNUM=373
— Consider the reconstruction
: EMP DEPT
expression.

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

Jubair | AUST
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Canonical Expression of a Fragment
Query

PJ EMP.NAME

e Say, DEPT has 2 horizontal ’
fragments: DEPT, and IN [ EPTNUMDEPTNUM

DEPT,,. - \

e How to convert this tree so PJ NAME,DEPTNUM

PJ DEPTNUM
that the leaves becomes

the fragment? oL saL <= 35k SL veRNUM=373
— Consider the reconstruction D it et aN
expression. | |
I
’ / \ l
| |
| |
I
\ DEPT, DEPT, |

N\ -

N —— — — — ———

Jubair | AUST

48



Canonical Expression of a Fragment
Query

PJ EMP.NAME

Do you think it is still ok? ,

IN DEPTNUM=DEPTNUM

PJ NAME,DEPTNUM

P‘j DEPTNUM
SL sar <= 35K SL MmeRNUM=373
EMP UN

/ N\

DEPT, DEPT,



Practice Session

PJ EMP.NAME

* Apply criterion -1 and 2 ,
/JNQ/I—DEPTNUM

PJ NAME,DEPTNUM

P‘j DEPTNUM
SL saL <= 35k SL MmeRNUM=373
EMP UN
DEPT, DEPT,
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Practice Session (answer)

PJ EMP.NAME

I

IN DEPTNUM=DEPTNUM

TN

PJ NAME,DEPTNUM

[ PJpeprnum \:

| |

_————d L
I I P
Sk saL <= 35k ! i Sl vernum=azs E
: e W
l SrmmmmmTTTTT l
EMP . UN :
I pmmmmmm

/./ \:\
DEPT, DEPT,
Jubair | AUST
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Practice Session (answer)

PJ EMP.NAME

IN DEPTNUM=DEPTNUM

P name,DEPTNUM
UN

L sar <= 35K / \

EMP PJ pepnum PJ beprnum

93]

SL MGRNUM=373 SL MGRNUM=373

DEPT, DEPT,

T fragments
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Practice Sessmn (answer)

- -~

e N

PJ EMP.NAME

I

IN DEPTNUM=DEPTNUM

/

PJ NAME,DEPTNUM

P beprnum
SL st <= 35¢ SL verNUM=373
EMP DEPT

U U

transformed

PJ NAME,DEPTNUM

I—:__> SL SAL <= 35K

EMP

e ————

-

L

PJ EMP.NAME

I

UN

PJ DEPTNUM

SL MGRNUM=373

IN DEPTNUM=DEPTNUM

PJ DEPTNUM

SL MGRNUM=373

N e e e e e e e e e e e e e e e e e e e e e e e == T

Jubair | AUST
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Practlce Sessmn

- -~

/’ PJ EMP.NAME
* Write the equivalent query | ’
Q fragments from T transformed- E IN
! DEPTNUM=DEPTNUM
i PJ NAME,DEPTNUM UN
________________________________________________________ 1___,| SL SAL <= 35K
@ Q . :
' fragments* !
g ' EMP PJ DEPTNUM PJ DEPTNUM

P] EMP.NAME ((PJ NAME,DEPTNUM
Slarcessi EMP) wovveevvecessiinenene

SL MGRNUM=373

SL MGRNUM=373

N e e e e e e e e e e e e e e e e e e e e e e e == T

_____________________________________________________________
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Practice Sessmn (answer)

- -~

PJ EMP.NAME

1
1

1

1

I

1

[}

1

1

L}

' IN DEPTNUM=DEPTNUM

P name,DEPTNUM
UN

' SL sar <= 35k \
. - |

Q fragments* . PJ
'\ EMP DEPTNUM PJ peprnum

PJEMP.NAME ((PJNAME,DEPTNUM
SI‘SAL<=35K EMP)

INpeprnum=oertnum (PIoeptaum
: SLyigrnum=373 DEPT; UN

 Ppeptnum SLMGRNUM =373 DEPTz)) .......................................

_____________________________________________________________

SL MGRNUM=373 SL MGRNUM=373
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Global query to Fragment Query
(summary)

Q global .

PJEMP.NAME ((EMPJNDEPTNUI\/I=DEPTNUI\/I
SI‘I\/IGRNUM=373 DEPT) DF (SLSAL>35K

EEMPJNDEPTNUM=DEPTNUM
SI'I\/IGRNUM=373 DEPT ))

_____________________________________________________________

_____________________________________________________________

Q fragments:

PJevipNaME ((PJNAME,DEPTNUM
 SLsp <-35¢ EMP)

INpeprnum=oertnum (PIoeptaum
: SLyigrnum=373 DEPT; UN

PJDEPTNUM SI'MGRNUM =373 DEPTZ))

Jubair | AUST

% distributed)

_____________________________________________________________

ynon-distributed)

Q transformed:

| I:)JEI\/IP.NAME ((P‘l NAME,DEPTNUM

SLsai<-35¢ EMP)

JNDEPTNUM=DEPTNUM (P‘IDEPTNUM
SI‘MGRNUM=373 DEPT))
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Steps for Global query to Fragment

4.

(1.

Query (summary)

Generate the equivalent operator tree (T, ) for the
given query (Qgopa)-

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

Apply rules to remove R and obtain simplified tree
T

removed*

Apply criteria—1and 2 on T, ,,,,eq tO Obtain final

simplified operator tree T,,. formed-



Steps for Global query to Fragment
Query (summary)

1. Generate the equivalent operator tree (Tyiopal) fOr the
given query (Qgopa)-
. < 2. Find the common sub-expression (R) from T ...

Apply rules to remove R and obtain simplified tree
T

removed*

4. Applycriteria—1and2onT,_,,.q t0 Obtain final

simplified operator tree T,,. formed-

5. Apply canonical expression on T, «.rmeq tO Obtain the
canonical form T_

anonical®

6. Apply criterion-1and 2on T, /to obtain T¢ o ments-

anonica

7. Write the query Qq..ments TrOmM Trooments:



Practice Problems/ Questions

e Text book: exercise 5.1



