CSE 4125: Distributed Database

Systems
Chapter—5

Translation of Global Queries to
Fragment Queries.

(part — B)
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Qualified Relation

PJ EMP.NAME

l

N DEPTNUM=DEPTNUM

PJ NAME,DEPTNUM PJ
DEPTNUM

SL cp( o
SAL <= 35K SL vieRNUM=373

EMP DEPT



Qualified Relation (contd.)

IN DEPTNUM=DEPTNUM

RN

PJ NAME,DEPTNUM

SL SAL <= 35K

EMP

PJ EMP.NAME

l

Say, DEPT has 2 fragments:
DEPT, and DEPT,.

DEPT, : SL geptnum <- 10 DEPT
DEPT,: SL geptnum > 10 DEPT

P] DEPTNUM

SL MGRNUM=373

DEPT




Qualified Relation (contd.)

IN DEPTNUM=DEPTNUM

RN

PJ NAME,DEPTNUM

SL SAL <= 35K

EMP

DEPT,

PJ EMP.NAME

l

Say, DEPT has 2 fragments:
DEPT, and DEPT,.

DEPT, : SL geptnum <- 10 DEPT
DEPT,: SL geptnum > 10 DEPT

P] DEPTNUM

SL MGRNUM=373

UN

DEPT,




Qualified Relation (contd.)

IN DEPTNUM=DEPTNUM

RN

PJ NAME,DEPTNUM

SL SAL <= 35K

EMP

[DEPT,: deptnum <= 10]

PJ EMP.NAME

l

Say, DEPT has 2 fragments:
DEPT, and DEPT,.

DEPT, : SL geptnum <- 10 DEPT
DEPT,: SL geptnum > 10 DEPT

P] DEPTNUM

SL MGRNUM=373

UN

[DEPT,

: deptnum > 10]




Qualified Relation (contd.)

PJ empname Say, DEPT has 2 fragments:
, DEPT, and DEPT,.

N DEPTNUM=DEPTNUM DEPT1 :SL deptnum <= 10 DEPT

PJ NAME,DEPTNUM PJ
DEPTNUM

SL cp( o
SAL <= 35K SL vieRNUM=373

____________

_[R:aR] | EMP

UN

4
\

[DEPT;: depthnum <= 10] [DEPT,: deptnum > 10]

- - - - - ————



Qualified Relation (contd.)

* A Qualified relation —
— |s a relation extended by a qualification.

— |Is denoted as a pair [R : gR], where R is a relation
called body and gR is a predicate called
qgualification.

e Qualifications can be seen as an intentional property
possessed by all the tuples of the relation. For example
all the tuples in R satisfies qR.



Algebra of Qualified Relation

* We know relational algebra uses relations as
operands.

— For example, SL; R

* Algebra of qualified relation uses qualified relations
as operands.

— For example, SL; [R : gR]



Rules of Algebra of Qualified Relation

Rule 1: SL; [R: gR] = [SL R : F and gR]

[ACCOUNT ,: ID < 5] SL ¢/ry - g [ACCOUNT ,: ID < 5] [SL g7y - o ACCOUNT ,:
ID < 5 and CITY = dhk]
D | name | cry
1 a | dhk D | NAME | cIT¥ D | NAME | cTy
2 b | dhk 1 a | dnk 1 a | dhk
3 C ctg 2 b dhk 2 b dhk
4 d ctg
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Rules of Algebra of Qualified Relation

Rule 1: SL; [R: gR] =2 [SL:R : F and gR]

Rule 2: PJ, [R: gR] > [P), R : gR]

Rule3:[R:gR]CP[S:qgS] =2 [RCPS: gR and gS]

Rule 4: [R: gR] DF [S: gS] = [R DF S: gR]




Rules of Algebra of Qualified Relation
(contd.)

Rule 5: [R: gR]UN [S: gS] = [R UNS: gR or gS]

Rule 6: [R: gR]JN [S: gS] = [RIN:S: gR and qS and F]

Rule 7: [R: gqR] SJ; [S: qS] = [RSJ:S: gR and gS and F]




Simplification of Horizontally
Fragmented Relations



Q: SL deptnum =1 DEPT

Example

SL deptnum=1

DEPT



Example (contd.)

SL deptnum=1

e

[DEPT,: deptnum > 20]

[DEPT,: deptnum <= 10]
[DEPT,: 10 < depthum <=20 ]



Example (contd.)

* Now, apply algebra of qualified relation.

/ i \
SL
dept =1
SL deptnum=1 R

/ SL deptnum=1 \

[DEPT,: deptnum > 20]
[DEPT,: deptnum <= 10] \
[DEPT,: 10 < depthum <=20 ]



Example (contd.)

e Check if any contradiction.

[SL deptnum =1 DEPTl deptnum:l and UN [SL deptnum =1 DEPTl deptnum=1 and
deptnum <= 10] / \ deptnum > 20]

SL deptnum=1
SL deptnum=1 R

/ | SL _ i \
! dept =1
: eprdm [DEPT deptnum > 20]
[DEPT,: deptnum <= 10] \ ..... TR
S . [DEPT,: 10 < deptnum <=20]

_______________________________

[SL yeptnum -1 DEPT,: deptnum=1 and deptnum > 10 and
deptnum <= 20]
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/

1
1
1
1
I
1
1
1
1
1
I
1
1

17



Example (contd.)

-

e e e e e e e e e e = e e e e e e e e e e e e e = =
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Example (contd.)

SLy(0) « @
PJA(0) < 0
* Apply the predefined equivalence RCP0 0

transformations RUNO < R
| RDF 0~ R

PDF R < 0

N
R ’ RINp @« 0
L ~ RSJp 0 0

| R0
SL deptnum=1 ' 0SJr .

________________________________
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Example (contd.)

P e I 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 = =
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Criterion - 3

Criterion - 3:
 Push SL down, then apply algebra of qualified relations.

* Substitute the selection with empty if the qualifications
contradicts.

SL deptnum=1

T

[DEPT;: deptnum > 20]
[DEPT,: deptnum <= 10]

SL deptnum=1

[DEPT,: deptnum <= 10]

[DEPT,: 10 < deptnum <=20]



Criterion - 3

So, from now, you also have to apply criterion — 3 after
applying criterion — 1 and criterion — 2.

SL deptnum=1

SL deptnum=1

—

\ \
/ [DEPTl; deptnum <= 10]
[DEPT;: deptnum > 20]

[DEPT,: deptnum <= 10]
[DEPT,: 10 < deptnum <=20]



Simplification of Join between
Horizontally Fragmented Relations



| SUPPLIER (snum, name, city) | oiosieTTonTTTIITTm oo

| | SUPPLIER, : SL j, - g SUPPLIER
+ SUPPLY (snum, pnum, deptnum, quan) ' SUPPLIER, : SL ..., _ s SUPPLIER
------------------------------------------- I . city = ‘ctg

Plsnum 1 SUPPLY,: SUPPLY S) SUPPLIER,
SUPPLY, : SUPPLY SJ ... SUPPLIER,

1
[}
1
b e e e e e e e e e e = e = e e e e e e e e e e e e

N

SUPPLY SUPPLIER

snum=snum

Q: P, (SUPPLY NJN SUPPLIER)




Example (contd.)

____________________________________________

 SUPPLIER (snum, name, city) SUPPLIER, : SL g - e SUPPLIER

 SUPPLY (snum, pnum, deptnum, quan)

Bl shum, pnur , aeptnum , quan) | SUPPLIER, : SL ¢, - 1y SUPPLIER i
_ _ Flsnum ' SUPPLY, : SUPPLY S -qnum SUPPLIER,
* Apply Canonical Expression  SUPPLY, : SUPPLY SJ .1, g SUPPLIER, |
UN

[SUPPLY,: SUPPLstum /

= SUPPLIER.snum and [SUPPLIER,: city = ‘dhk’ ]

SUPPLER.city = ‘dhk’ ]

[SUPPLY,: SUPPLY.shnum = [SUPPLIER,: city = ‘ctg’ ]

SUPPLIER.snum and
SUPPLER.city = ‘ctg’ ]



Example (contd.)

| SUPPLIER (snum, name, city) | oiosieTTonTTTIITTm oo

| | SUPPLIER, : SL j, - g SUPPLIER
+ SUPPLY (snum, pnum, deptnum, quan) ' SUPPLIER, : SL . _ .. SUPPLIER
""""""""""""""""""""""""""" I . city = ‘ctg’

SUPPLY, : SUPPLY Sl SUPPLIER;

snum=snum

[SUPPLY,: SUPPLY.snum
= SUPPLIER.snum and [SUPPLIER,: city = ‘dhk’ ]
SUPPLER.city = ‘dhk’ ]

[SUPPLYZ: SUPPLY.shum = [SUPPLIERZ: C|ty - lctgr ]
SUPPLIER.snum and
SUPPLER.city = ‘ctg’ ]



Example (contd.)

____________________________________________

' SUPPLIER (snum, name, city) SUPPLIER, ; SL ;. - -gn SUPPLIER

 SUPPLY (snum, pnum, deptnum, quan)

il snum, pnum, aeptnum. yquan) | | SUPPLIER, : SL ;.. _ .. SUPPLIER i
. SUPPLY, : SUPPLY SJ .-, SUPPLIER, '
* Push NJN down & UN up | SUPPLY, : SUPPLY SJ (1, menurm SUPPLIER,
NJN
e T J —
. [SUPPLIER: city = ‘dhk’] |

l
. =SUPPLIER.snum and
\ SUPPLER.city = ‘dhk’ ] g

______________________

1
I
N e e e e, e, e, e, —,——————— - ———
1

_______________________

" [SUPPLIER,; city = ‘ctg’ ]

NJN T




Example (contd.)

SUPPLIER (snum, name, city)
« SUPPLY (snum, pnum, deptnum, quan)

___________________________________________

e Push NJN down & UN up

____________________________________________

SUPPLIER, : SL . . nc SUPPLIER

' SUPPLIER, : SL ;.. _ . SUPPLIER |

SUPPLY, : SUPPLY S SUPPLIER,
 SUPPLY, : SUPPLY SJ ;. .1 SUPPLIER,

snum=snum

_________________________

_________________________

- ———— —— - ——

( [SUPPLY SUPPLstum
SUPPLIER.snum and
. SUPPLER.city = ‘ctg’ ]

N e e - ———

_______________________

" [SUPPLIER,; city = ‘ctg’ ]

- NJN T




Example (contd.)

SUPPLIER (snum, name, city)
« SUPPLY (snum, pnum, deptnum, quan)

___________________________________________

SUPPLY,

SUPPLY,

____________________________________________

' SUPPLIER, : SL g, - e SUPPLIER
| SUPPLIER, : SL ¢, _ iy SUPPLIER
. SUPPLY, : SUPPLY SJ SUPPLIER,
' SUPPLY, : SUPPLY S| SUPPLIER,

snum=snum

snum=snum

SUPPLIER,

SUPPLIER,



Example (contd.)

SUPPLIER (snum, name, city)
« SUPPLY (snum, pnum, deptnum, quan)

____________________________________________

SUPPLIER, : SL ¢, - g SUPPLIER

___________________________________________ | SUPPLIER,: SL ¢, - 1y SUPPLIER i
Flsnum ' SUPPLY, : SUPPLY S -qnum SUPPLIER,

* Push NJN down & UN up ' SUPPLY,: SUPPLY SJ 1o SUPPLIER, |
UN

NN NJN NJN NIN
SUPPLY, SUPPLY
' SUPPLY;  SuPPLIER,
SUPPLIER, SUPPLY,
SUPPLIER,

SUPPLIER,



Example (contd.)

SUPPLIER (snum, name, city)
« SUPPLY (snum, pnum, deptnum, quan)

___________________________________________

// NJN \\\

SUPPLY, su

\ SUPPLIER,

N e e ——————

1

NJN

SUPPLIER,

» SUPPLIER
SUPPLIER;
SUPPLIER,

city = ‘ctg
snum=snum

snum=snum

SUPPLY,

NJN

/7
/

! NJN

" SUPPLY,

e i — — — — —————————— T

SUPPLIER,

\
I
I
I
I
I
I
1
I
I
I
I
I
1
)

SUPPLIER, ,/

____________________________________________

SUPPLIER, : SL ¢, - g SUPPLIER
SUPPLIER,: SL
SUPPLY, : SUPPLY S
SUPPLY, : SUPPLY S

[}
1
b e e e e e e e e e e = e = e e e e e e e e e e e e



Example (contd.)

| SUPPLIER (snum, name, city) | oiosieTTonTTTIITTm oo

. i SUPPLIER, : SL .., _ «yo.r SUPPLIER
| SUPPLY (snum, pnum, deptnum, quan) SUPPLIERI- oL city = ‘dnk
___________________________________________ 1 2 .

city - ‘ctg' SUPPLIER |
P) - |
snum 1 SUPPLY,: SUPPLY SJ - -coum SUPPLIER, !
e Check for contradiction ' SUPPLY, : SUPPLY SJ m-gnum SUPPLIER, !

UN

NJN NJN
SUPPLY,
SUPPLIER, SUPPLY,

SUPPLIER,



Example (contd.)

____________________________________________

SUPPLIER, : SL ¢, - g SUPPLIER

| SUPPLIER (snum, name, city) :
___________________________________________ UN ' SUPPLIER,: SL

 SUPPLY (snum, pnum, deptnum, quan
' (snum p P quan) . ity g SUPPLIER :
| SUPPLY,: SUPPLY SJ .- -coum SUPPLIER, !
* Apply criterion - 2  SUPPLY; : SUPPLY SJ snumesnum SUPPLIER,
PJ
snum
/ PJ shum
NJN NJN
SUPPLY,
SUPPLIER, SUPPLY,

SUPPLIER,



e —— — — — — — — — — — — — — — —

Criterion—5and 4

Criterion - 5:
Push JN down and UN up.

o —— — — — — — — — — — — — — — — o g,

/ " #
UN
SUPPLY, /

SUPPLIER,

SUPPLY, SUPPLIER,

i.  First, collect data (UN)
ii. ThenJoin (NJN)

\ﬁ————————————————————/

e e e e e

/s N
// \
/

' P'J snum
I
I
I UN
I
NIN NIN NIN NIN
| / \
I
I
| SUPPLY, SUPPLY, SUPPLY, SUPPLIER
| SUPPLIER, SUPPLY, '
I SUPPLIER,
| SUPPLIER,
I
I . . . .
| i.  First, dojoin (NJN)
I ..
| ii. Then collect data (UN)
\ (this is called distributed join) ,
N ///

— e e e — — — — — — — — — — —
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Criterion—5and 4

Criterion - 4.
Eliminate JN between fragments that do not contribute to results.

o —— — — — — —— — — — — — — — — — — — e e g,

SUPPLY, SUPPLIER,

* NJN NIN NJN NJN
NJN NJN / \
SUPPLY, SUPPLY,
SUPPLY,

o — — — — — — — — — — — ——

I
I
I
I
| SUPPLIER, SUPPLY,
I
\

SUPPLIER, SUPPLY, SUPPLIER,

——— e —— o — — — — — — — — — — — — — —_——— e — e — — — — e — — —— — — — — — — — — — ——— ——
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Simplification of Vertically
Fragmented Relations



Simplification of Vertically Fragmented
Relations

* To determine a proper subset of the fragments which
is sufficient for generating result for a query.



Example

Global schema:

EMP (empno, name, sal, tax, mgrnum, deptnum)

Fragmentation schema:

EM Pl =SL deptnum <=10 P empnum, name, magnum, deptname
EMPZ =SL 10 < depthum <= 20 PJ

EMP3 =SL deptnum > 20 PJ
EMP,=P)

(EMP)

empnum, name, mgrnum, deptnum(EM P)

(EMP)

empnum, name, mgrnum, deptname

(EMP)

empnum, name, sal, tax



Example (contd.)

EMP; = SL geptnum <=10 P (EMP)

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP; =SL deptnum > 20 PJ (EMP)

EMP,=P)

empnum, name, mgrnum, deptnum

empnum, name, mgrnum, deptnum

(EMP)

empnum, name, sal, tax

Q: PJ name, sal EMP PJ

name, sal

EMP



Example (contd.)

EMP; = SL geptnum <=10 P (EMP)

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP; =SL deptnum > 20 PJ (EMP)

EMP,=P)

empnum, name, mgrnum, deptnum

empnum, name, mgrnum, deptnum

(EMP)

empnum, name, sal, tax

Q: PJ name, sal EMP PJ

name, sal

|

empnum=empnum

TN

EMP, UN

EMP, EMP,



Example (contd.)

EMP; = SL geptnum <=10 P (EMP)

empnum, name, mgrnum, deptnum

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EI\/|P3 =SL deptnum > 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP4=PJ empnum, name, sal, tax (EMP)
Q: P name, sal EMP P) hame, sal
JN empnum=empnum
[EMP,: true] UN
[EMP;: deptnum <=10] [EMP;: deptnum > 20]

[EMP,: 10 <deptnum <=20



Example (contd.)

EMP, = SI-deptnum <«=10 P (EMP)

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP; =SL deptnum > 20 PJ (EMP)

EMP,=P)

empnum, name, mgrnum, deptnum

empnum, name, mgrnum, deptnum

(EMP)

empnum, name, sal, tax

Q: PJ name, sal EMP PJ

name, sal

|

JN

empnum=empnum
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Example (contd.)

EMP, = SI-deptnum <=10 P (EMP)

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP; =SL deptnum > 20 PJ (EMP)

EMP,=P)

empnum, name, mgrnum, deptnum

empnum, name, mgrnum, deptnum

(EMP)

empnum, name, sal, tax

Q: PJ name, sal EMP PJ

name, sal

|

JN emme:empnum
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Example (contd.)

EMP; = SL geptnum <=10 P (EMP)

EMP2 =SL 10 < deptnum <= 20 PJ empnum, name, mgrnum, deptnum (EMP)
EMP; =SL deptnum > 20 PJ (EMP)

EMP,=P)

empnum, name, mgrnum, deptnum

empnum, name, mgrnum, deptnum

(EMP)

empnum, name, sal, tax

Q: PJ name, sal EMP PJ

name, sal

[EMP,: true]



Parametric Queries



Parametric Queries

* Sl include parameters values that are not known in
compile time.

 When parametric queries executed, the user
provides values in runtime, which are bound to
(substituted for) parameters.

* Example: SL jepinym = gx DEPT



Simplification of Parametric
Queries



Example

Q: SL geptnum = $X OR deptnum = $y DEPT

SL deptnum = $X OR deptnum = $Y

DEPT



Example (contd.)

Q: SL geptnum = $X OR deptnum = $y DEPT

SL deptnum = $X OR deptnum = $Y

UN

[DEPT,: deptnum > 20]
[DEPT,: deptnum <= 10]

[DEPT,: 10 < depthum <=20 ]



Example (contd.)

Q: SL geptnum = $X OR deptnum = $y DEPT

UN

SL deptnum = $X OR deptnum = $v
SL deptnum = $X OR deptnum = $Y P P

SL deptnum = $X OR deptnum = $Y

[DEPT,: deptnum > 20]
[DEPT,: deptnum <= 10]

[DEPT,: 10 < depthum <=20 ]



Example (contd.)

* F1:$X<=100R $Y <=10

Q: SL geptnum = $X OR deptnum = $y DEPT

e F2:($X>10 AND $X <= 20)
OR ($Y > 10 AND $Y <=20)

The CUT performs UN of only
CUT * F3:3$X>20 OR $Y > 20

some of its operands

F2

SL
deptnum = $X OR deptnum = $Y
SL deptnum = $X OR deptnum = $Y 0 g

SL deptnum = $X OR deptnum = $Y
[DEPT,: deptnum > 20]
[DEPT,: deptnum <= 10]
[DEPT,: 10 < depthum <=20 ]
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Example (contd.)

* F1:$X<=100R $Y <=10

QUESTION: What will happen *  F2:($X>10 AND $X <= 20)

to the tree for $X =1, $Y = 35? OR ($Y > 10 AND $Y <=20)
CUT * F3:$X>20 OR $Y > 20

F1 F3

F2

SL
deptnum = $X OR deptnum = $Y
SL deptnum = $X OR deptnum = $Y 0 ?

SL deptnum = $X OR deptnum = $Y
[DEPT,: deptnum > 20]
[DEPT,: deptnum <= 10]
[DEPT,: 10 < depthum <=20 ]
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Additional Reading

e Get the intuition behind all the rules of algebra of
qualified relation.

* Proof of rule — 6 and 7 of algebra of qualified
relations.

— Understand what is happening in each line of the proofs.



Practice Problems/ Questions

e Text book: exercise 5.2 (a) and (b)

— N.B: usecriteria—1to 5
* Text book: exercise 5.3, 5.4 and 5.7



