CSE 4125: Distributed Database

Systems
Chapter — 5

Translation of Global Queries to
Fragment Queries.

(Part — D)
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Topics to be discussed —

* Some properties/rules for query simplification
* Finding common sub — expressions in operator tree
* Removing common sub-expressions using the rules



Some Rules/Properties

Properties
* RNINR© R w1 They will be used to remove
*c RUNR©R 2 common sub-expressions in the

simplification of operator tree.

RDFR< 0 e 3
RNJNSLFR <« SLFR mmmp 4
RUNSLFR &R m—) 5
R DF SLFR <> SLnoTF R = 6
(SLF1 R) NJN (SLF2R) <> SLr1aNDF2 R s 7

* (SLF1R) UN (SLr2R) <> SLFiorF2 R~ e 8

* (SLF1 R) DF (SLF2R) <> SLF1aNDNOTF2 R e 9
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Finding & Removing
Common Sub Expression



Example 1

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



Given query and Operator Tree

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

PJ EMP.NAME

\
/ \

JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM
EMP SL MGRNUM=373 SL SAL> 35K SL MGRNUM=373

DEPT EMP DEPT




Finding Common Sub-expression
Any common portion?
l‘)J EMP.NAME

/DF\

JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM

EMP SL \igrNuM=373 SL gaL> 35K SL iGrRNUM=373

DEPT EMP DEPT

G. M. Shahariar | CSE, AUST 7



Finding Common Sub-expression
Any common portion?

l‘)J EMP.NAME

/DF\

IN pEPTNUM=DEPTNUM IN pEpTNUM=DEPTNUM
9 i
EMP SL vigrNUM=373 2V SLigar > 35k | SL vigrNUM=373

i I

DEPT EMP DEPT
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Finding Common Sub-expression

Any common portion? NOW?

PJ EMP.NAME

/ SAL>35K

DEPTNUM DEPTNUM

/ \ JN QJMDEPTNUM

SL MGRNUM=373 EMP SL MGRNUM=373

DEPT DEPT
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Finding Common Sub-expression

PJ EMP.NAME

Common sub-

expression
l II/ IN pEpTNUM-DEPTNUM A ST k? """""""""" “\
R i Ry IN pEprNUM-DEPTNUM i
| | | / \ |
1 | 1 1
I : : !
i EMP SL yigraum=373 | i EMP SL viGrNuM=373
I | ! i
| ' = 5 ‘ |
\ ] i :
\\ DEPT // | DEPT I:

\
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Finding Common Sub-expression

RE m@l—[}@m
TL MGRNUM=3
PJ EMP.NAME EMP DEPT
........................... LS

/ DF A

I

I

I \

/ SL SAL > 35K
R R

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

r}f ---------- l- ------------------
R + JN DEPTNUM=DEPTNUM
F=SAL> 35K | \SL
i MGRENUM=3
PJ EMP.NAME EMP DEPT

'I” DF \\

i \

I

/ SL F
R R

——————————————————————————————————————————————————————————————
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Finding Common Sub-expression
P [T

r
R 'I'-.'— JN peprvUM=DEPTMNIM |
1
]
]
]
]
]
]
]
]
]
]

N

1
SL nigpvim=373 |
1

F=SAL>35K

PJ EMP.NAME

/

N
o
s

7~
7~

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

We can write itas ~ --> R DF SL; R whichis Rule 6!
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Removing Common Sub-expression
T [T

F=SAL>35K R "-.L— JN pepTNUM=DEPTNIM |

PJ EMP.NAME i \ i

| SL MGRNUM=3T3 |

A IR -~ i i

N \ ! :

I : | EMP DEPT i

1 T ———

! SL vorr
' |
' I
' |
\ R /
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Removing Common Sub-expression

F=SAL>35K

..........................

e Su,

’ \
i

R "-.L— JN pepTNUM=DEPTNIM |
PJ EMP.NAME

1
SL niepvum=373 |
1

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

SL nor (SAL > 35K)
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Removing Common Sub-expression

__________________________
-!"I.. h"h
S %
/ \

R+ JN DEPTNUM=DEPTNUM |
1 1

N

1
SL yigryvine=z73 |
1

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

PJ EMP.NAME

SL SAL <= 35K
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Removing Common Sub-expression

PJ EMP.NAME

SL SAL <= 35K

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

JN DEPTNUM=DEPTNUM

SL MGRNUM=373

e TN M —
R ——————

—————————————————————————————

Can you apply Criterion 1 and/or 2 on this tree?
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Example 2.1

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



Given query and Operator Tree

Q: PJ gyipname SL mornum=373 (EMP IN pepryum=peprnum DEPT ) DF
(SL gar > 35x EMP IN pppryym-perrnum PEPT))

PJ EMP.NAME

SL MGRNUM=373

DEPTNUM DEPTNUM JN DEPTNUM=DEPTNUM
/ SL AL~ 35K

DEPT
DEPT

EMP




Finding Common Sub-expression

Any common portion?

PJ EMP.NAME

SL MGRNUM=373

- DF\

DEPTNUM DEPTNUM JN DEPTNUM=DEPTNUM
/ \ e :
. SAL>35K |
DEPT ~--] ---------

G. M. Shahariar | CSE, AUST

20



Finding Common Sub-expression

Any common portion? NOW?

PJ EMP.NAME

SL MGRNUM=373

DF

/

DEPTNUM DEPTNUM S SAL> 35K

L
/ \ L IN pEPTNUM=DEPTNUM

DEPT
EMP DEPT
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Finding Common Sub-expression

Any common portion? NOW?

PJ EMP.NAME

SL MGRNUM=373

Common sub-

/ DF\ expression
:’ N peprNUM-DEPTNUM \‘= SL saL> 35K l
i / \ 4 \ YR
: : : DEPTNUM DEPTNUM :
; : I !
| EMP DEPT | | / \ i
=\ /’ i EMP DEPT i
TTTTTTTTTTTTTmTT T ’ \ g,

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

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

-.‘_

JPJ[EPTFULIDEPTNUH

/\

PJ EMP.NAME

A

SL MGRNUM=373

DEPT
_________________________________ %
»”~ NN e
U4 \
I' DF \
i i
] 1
! SL SAL > 35K '
i i
1 R \ 1
] 1
i i
: 1
\ R |
\ U
\\ ___________________________________ ’

G. M. Shahariar | CSE, AUST

I‘--————————————-'--'l-I

23

-



Finding Common Sub-expression

F =SAL > 35K
PJ EMP.NAME
SL MGRNUM=373
I/ DF
i I
| SL
1
i R
i
i
\ R
\

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

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

JN DEPTNUM=DEPTNUM

/\

DEPT

__________________________

I.‘—-————————————-'--'l-I
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Finding Common Sub-expression

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

JN DEPTNUM=DEPTNUM

F=SAL>35K

PJ EMP.NAME

o ——————————

7]
=
eS|

/\

DEPT

T

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

———————————————————————————————————

We can write itas  --> R DF SL; R whichis Rule 6!
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Removing Common Sub-expression

P Lo
F = SAL > 35K ; JN DEPTNUM=DEPTNUM E —R
l)‘J EMP.NAME E / \ I
SL MGRNUM=373 ;‘1. =P PER )
( -‘ \i
: SL norF :
; :
; i
; :
R

N oEEm N EEm § S O EEE O B § S § BN § EEE O EEE § ESE § ESE O ESm B Emm B w8
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Removing Common Sub-expression
e \

| J—
JN peprvune=pePTNUM | — R

P‘J EMPNAME i / \

SL MGRNUM=373

1
1

1

1

1

i 1

\ J

‘ N e e ul

SL SAL <= 35K
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Removing Common Sub-expression

P‘J EMP.NAME

SL MGRNUM=373

SL SAL <= 35K

———————————————————————————

N

————————————————————————————

7

o e e e e
N -

Can you apply Criterion 1 and/or 2 on this tree?
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Example 2.2

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



Given query and Operator Tree

Q: PJ gyipname SL mornum=373 (EMP IN pepryum=peprnum DEPT ) DF
(SL gar > 35x EMP IN pppryym-perrnum PEPT))

PJ EMP.NAME

SL MGRNUM=373

DEPTNUM DEPTNUM JN DEPTNUM=DEPTNUM
/ SL AL~ 35K

DEPT
DEPT

EMP




Finding Common Sub-expression

Any common portion?

PJ EMP.NAME

SL MGRNUM=373

Apply Criteria 2

Apply Criteria 2
DF

T

JN DEPTNUM=DEPTNUM JN DEPTNUM=DEPTNUM

N [

SL gar > 35K
EMP DEPT
DEPT

EMP
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Finding Common Sub-expression

Any common portion?

PJ EMP.NAME

DF
DEPTNUM DEPTNUM /JNQJMDEPTNUM
EMP SL MGRNUM=373 SL SAL > 35K SL MGRNUM=373

DEPT EMP DEPT
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Finding Common Sub-expression
Any common portion?

l‘)J EMP.NAME

/DF\

IN pEPTNUM=DEPTNUM IN pEpTNUM=DEPTNUM
9 i
EMP SL vigrNUM=373 2V SLigar > 35k | SL vigrNUM=373

i I

DEPT EMP DEPT
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Finding Common Sub-expression

Any common portion? NOW?

PJ EMP.NAME

/ SAL>35K

DEPTNUM DEPTNUM \
/ \ /J N QJMDEPTNUM
SL MGRNUM=373 EMP SL MGRNUM=373

DEPT DEPT
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Finding Common Sub-expression

PJ EMP.NAME

Common sub-

expression

l I/ IN pEpTNUM-DEPTNUM A ST k? """""""""" “\
R i Ry IN pEprNUM-DEPTNUM i
| i | |

i ) i )

I : !

i EMP SL vigrNUM=373 i i EMP SL MGRNUM=373E

: ' i i ‘ i

1 | 1 |

i ] I )

N DEPT / l‘ DEPT }
----------------------------- - \\ ,/
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Finding Common Sub-expression

RE m@l—[}@m
TL MGRNUM=3
PJ EMP.NAME EMP DEPT
........................... LS

/ DF A

I

I

I \

/ SL SAL > 35K
R R

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

r}f ---------- l- ------------------
R + JN DEPTNUM=DEPTNUM
F=SAL> 35K | \SL
i MGRENUM=3
PJ EMP.NAME EMP DEPT

'I” DF \\

i \

I

/ SL F
R R

——————————————————————————————————————————————————————————————
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Finding Common Sub-expression
P [T

r
R 'I'-.'— JN peprvUM=DEPTMNIM |
1
]
]
]
]
]
]
]
]
]
]

N

1
SL nigpvim=373 |
1

F=SAL>35K

PJ EMP.NAME

/

N
o
s

7~
7~

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

We can write itas ~ --> R DF SL; R whichis Rule 6!
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Removing Common Sub-expression
T [T

F=SAL>35K R "-.L— JN pepTNUM=DEPTNIM |

PJ EMP.NAME i \ i

| SL MGRNUM=3T3 |

A IR -~ i i

N \ ! :

I : | EMP DEPT i

1 T ———

! SL vorr
' |
' I
' |
\ R /
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Removing Common Sub-expression

F=SAL>35K

..........................

e Su,

’ \
i

R "-.L— JN pepTNUM=DEPTNIM |
PJ EMP.NAME

1
SL niepvum=373 |
1

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

SL nor (SAL > 35K)

G. M. Shahariar | CSE, AUST 40



Removing Common Sub-expression

__________________________
-!"I.. h"h
S %
/ \

R+ JN DEPTNUM=DEPTNUM |
1 1

N

1
SL yigryvine=z73 |
1

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

PJ EMP.NAME

SL SAL <= 35K
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Removing Common Sub-expression

PJ EMP.NAME

SL SAL <= 35K

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

JN DEPTNUM=DEPTNUM

SL MGRNUM=373

e TN M —
R ——————

—————————————————————————————

Can you apply Criterion 1 and/or 2 on this tree?
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Example 3




Operator Tree

/\

L peprnum= 10 / \
/ \ SL peprvum=10  SL pnum=rpr

PNUM SL PNUM = P2

DEPT SUPPLY SUPPLY DEPT SUPPLY



Finding Common Sub - Expression

Any common portion?

SL peprvum = 10,/’-“““““515 ----------- / \

l ‘.
i / \ i L peprvom=10 SL pnum=rpi
1 1
: ‘ :
: I
DEPT :‘SUPPLY SUPPLY ,: DEPT SUPPLY
\\ ,,

SN . S N N NN SN BN B NN BN BN NN BN B BN NN B R
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Finding Common Sub - Expression

Any common portion?

SL pgprvum=102""  DF RN / \

DEPTNUM 10 SL PNUM =PI

DEPT ( 'SUPPLY SUPPLY DEPT SUPPLY
\ /,

We canuse Rule 9. SL;, R DF SL,, R = SL ; snprnvorm R

\

72)
=
0
Z
c
<
Il
=
72
=
-
Z
c
<
|
o
[\

i ————— -
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Finding Common Sub - Expression

Any common portion?

need proof? / \

DEPTNUM 10 SL PNUM =PI

\

o T ———————————

DEPTNUM 10 PNUM =Pl

DEPT

SUPPLY DEPT SUPPLY

) R —————

——————————————
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Need Proof?

SL pyun - p SUPPLY

SUPPLY A SNUM | PNUM | DEPTNUM | QUAN
SNUM | PNUM | DEPTNUM | QUAN ! Pl ! 10
| - | o 3 Pl 1 30
5 - 5 ” 5 Pl 2 50
3 Pl 1 30
p Py : 10 SL pnunvi=p2 SUPPLY
5 Pl 2 50 B SNUM | PNUM | DEPTNUM | QUAN
6 P2 1 60 2 P2 2 20
4 P2 1 40
6 P2 1 60
A DF B -
SNUM | PNUM | DEPT | QUAN SNUM | PNUM | DEPT | QUAN SNUM | PNUM | DEPT | QUAN
NUM NUM NUM
1 Pl 1 10 2 P2 2 20 1 P1 10
3 Pl 1 30 B 4 P2 1 40 - 3 Pl 30
5 Pl 2 50 6 P2 1 60 5 P1 50
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Finding Common Sub - Expression

Any common portion?

/\
N N

DEPTNUM 10 PNUM =P1 DEPTNUM 10 SL PNUM =PI

DEPT SUPPLY DEPT SUPPLY



Finding Common Sub - Expression

Any common portion? NOW?

Common sub-
expression UN

R Vo
I : [
1 I 1
: L /
: L
1 1 1
i SL DEPTNUM = 10 SL PNUM =PI i i SL DEPTNUM = 10 SL PNUM = P1
i L
I I I
I I I
I I I
I I I
\ P
\._ DEPT SUPPLY , \  DEPT SUPPLY

—————————————————————————————
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Finding Common Sub - Expression

--------------------------
-~

__________________________________________
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Finding Common Sub - Expression

--------------------------
-~

- /N IN\
SL peprviM =10 SL pntv=p1
/T TSI _—_—_—_—_—_—_—_———————— N
DEPT SUPPLY

—————————————————————————————

.
/

We can write itas  --> R UN R which is Rule 2!
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Removing Common Sub - Expression

‘\

R — I NJN ii

/ \ |

1

]

]

]

L ]

( I SL pEpTNUM =10 SL pxuni=p1 |

. ]
. R'!
. |

N DEPT SUPPLY

_____________________________

———————————————————
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Removing Common Sub - Expression

—————————————————————————————

NIN
I ]
1 1
1 1
1 1
1 1
1 1
: / \ :

1
i SL DEPTNUM = 10 SL PNUM = P1 i
i :
1 1
1 1
] I
! }
‘.. DEPT SUPPLY 7

—————————————————————————————

Do we need to apply criteria 1 and/or 2?
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Last Example

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

Consider the following global query:
[(SLFl EMP |N,_p DEPT) UN (SLg; EMP |N,_pg DEPT]) DF (SLgy EMP |JN,_p DEPT)

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.
Imagine, A=B = DEPTNUM
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Operator Tree

DF

/\

UN IN , _p

/\ o )

IN -8 IN -8 ‘

EMP DEPT
SL 1 SL 0
\ /\ \ /\

EMP DEPT EMP DEPT



Finding Common Sub-Expression
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Finding Common Sub-expression

Any common portion?

DF

/\

UN

. H/\SL F2
| |
ﬁ NA\B &\I AB\

EMP DEPT EMP DEPT

G. M. Shahariar | CSE, AUST

SL
L‘]}VAB\
EMP DEPT

58



Finding Common Sub-expression

1on?
Any common portion’ Common sub-

DF expression

\
\
1
1
1
1
1
1—— N
.
1
.
1
1
1
1
1
1
/
4
\
\
1
1
1
1 N
- -
1 )
1 \]
1
1
1
1
1
1
1
1
7
4
pmmmmmmmmmmm=
\
1
1
H-I—I
Z |
> 1
[ :
@
1
1
1
1
1
1
1
1
1
1
/]
/
ﬁ————————————’
)

EMP DEPT

_____________________

™~
/ l

—————————————————
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-eXpression

Any common portion?
DF

Finding Common Sub

lllllllllllll

o —————————
B

-

o TS S ——

SL ¢
|
R

lllllllllllllll

--------------------------_,

f"-----------[j,N“-----------*

60

B ——
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Finding Common Sub-expression

Any common portion?

DF

————————————————————————————

'I, UN \\‘| SL F3
I 1

i /\ ! ‘

: ] R

S SLp, |

. .

\ R R lll

S . S S S S BN BN SN BN NN BN BN BN N BN BN N N

We can write itas SL ;; R UN SL , R which is Rule 8 !

s
5
-
M
&

g
i —— — —— — ——

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

Any common portion?

iSL F1 ORF2!

‘ I
I ;
; |

R I
‘ L)
‘— lllll /

G. M. Shahariar | CSE, AUST

n,
7
L=
UI!-‘I

s o o B
i —— — —— — ——

—————————————————————

62



Finding Common Sub-expression

Any common portion?

DF

SL ., SL ;3

————————————————————

s
5
-
M
&

r
(¢~}
H
e
.h
v-q
[a—y
o
=
e
(\®}

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

Any common portion?

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

pommEE—-_—_—_T—_T—_———————~
N
=
o]
.b
7]
=
s
(98]

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

-------------------‘

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

Any common portion?

*
m r mm " mm o = o

R
\ ------------- -
' Let F4=F1 OR F2 |
____________________ J
D i .
--------------------------------------- \ f IN s-3 1=R
1 SL g4 R DF SL 5 R =SL ¢4 sxp NoT F3 R; i /\ ]
EEMP DEPTE

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

SL (F1 OR F2) AND NOT F3

R

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

————————————————————————

I,, \\\
{ SL (F1 OR F2) AND NOT F3 E
| |
| i
l IN ,_3p i
i /\ i
1 ]
1 ]
1 ]
| i
‘\\ EMP DEPT ,:'

————————————————————————

Can we apply Criterion 1 and/or 27
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Exercise 1
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Exercise 2

L1~ Consider the following global relational schemata.

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

Corresponding fragmentation schemata:

EMP, = SLgsj < 5cx EMP

EMP, = SLgy; - ycx EMP
DEPT, = SLapga—"Nortn DEPT
DEPT, = SLypra—+sousi DEPT

Also consider the following global query.

P name, area(((SLgap~ 255 EMP JNjp_ip SLarea —Nortn DEPT) DF (SLgpp <psxEMP
JNip=1p SLarga ="North® DEPT)) NN (SLggea = "North (EMP [Njp_1p DEPT)))
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Exercise 3

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

Consider the following global query:
((SLpl EMP JNy_p DEPT) DF (SLg, EMP JN,_g DEPT)) NJN

((EMP JNy_p DEPT) UN (SLgz EMP JN,_p DEPT))

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.
Imagine, A=B = DEPTNUM
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Exercise 4

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

Consider the following global query:
((SLFI EMP |Njs_g DEPT) UN (SLg; EMP JN,_p D'EPT}) NJN

((EMP JNj_p DEPT) DF (SLgz; EMP JNy_p DEPT))

Here,
F1, F2, F3 can represent any condition. In this example consider none of them are same.
Imagine, A=B = DEPTNUM
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