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Introduction

Distributed Databases

Internet

LAN |

H, Ho>

Need to distribute transactions of databases that might have

m Remote Tables
m Fragmentation
m Replication

m Migration
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Distributed QP

Single-Site Query Processing

result
reject execute .
delay 'hree Main Components of a DBMS
scheduler m Transaction Manager: query processor
plans and translates queries to set of

primitive operations

m Schedular: schedules the primitive
operators to obey ACID properties

m Data Manager: efficient use of memory,
maintain durability of transactions
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Distributed QP

Distributed Query Processing

Sl S2
GTM; GTM,
! !
LTM1 LTM2
} !
LS1 LSQ
.
LDM; LDM,

DDB Architecture

m Each site runs local transaction manager (LTM), scheduler, and data
manager

m One or more sites run a global transaction manager (GTM)

m Slow part of distributed query processing is network communication
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Distributed QP

Distribution of TP: GTM Plans Execution

branch
BEGIN TRANSACTION T1 CTM sortcode bname cash
UPDATE branch 34 'Goodge St' 8900.67
SET cash=cash-10000 branch; =
WHERE sortcode—56 A it
branch
UPDATE branch b hy —
SET cash=cash+10000 ISR = orteode | brapch e
WHERE sortcode=34 sl 25 e w
branch 56 'Wimbledon' 94340.45
COMMIT TRANSACTION T1 E> 67 'Strand’  34005.00
Sa

m GTM must transform transaction into sub transactions for each site

m remote tables/fragmentation — breakup transaction into fragments

m replication — read only transactions goto one site, read/write transactions to all
sites

m migration — change query plans with migration
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Distributed QP

Distribution of TP: Example 1

BEGIN TRANSACTION T1

BEGIN TRANSACTION T1-1
UPDATE branch

UPDATE branch SET cash=cash+10000 LTM;

SET cash=cash-10000 WHERE sortcode=34

WHERE sortcode=56 COMMIT TRANSACTION T1_.1

GTM

UPDATE branch BEGIN TRANSACTION T1-2

SET cash=cash+10000 UPDATE branch

WHERE sortcode=34 SET cash=cash-10000 LTM,
COMMIT TRANSACTION T1 WHERE sortcode=56

COMMIT TRANSACTION T1.2
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Distributed QP

Distribution of TP: Example 2

BEGIN TRANSACTION T4-1
SELECT @X=SUM(cash)
FROM branch LTM;
WHERE sortcode<50
BIEER TRANSACTION 1% COMMIT TRANSACTION T4_1
SELECT SUM(cash)
FROM branch E> e BEGIN TRANSACTION T4.2
COMMIT TRANSACTION T4 SELECT @Y=SUM(cash)
FROM branch LTM,
WHERE sortcode>=50
COMMIT TRANSACTION T4_2
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Distributed QP

Distribution of TP: Example 2

BEGIN TRANSACTION T4-1
SELECT @X=SUM(cash)
FROM branch LTM;
WHERE sortcode<50

COMMIT TRANSACTION T4_1 BEGIN TRANSACTION T4
E> SELECT ©@X+@Y E> GTM
BEGIN TRANSACTION T4.2 COMMIT TRANSACTION T4
SELECT @Y=SUM)(cash)
FROM branch LTMo

WHERE sortcode>=50
COMMIT TRANSACTION T4.2
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Distributed QP

RA Equivalences: Selects over Horizontal Fragmentation (1)

Query Pattern

Sl SQ

Ri(A, B, C) Ra2(A, B, C) _
T1(A,D, E) T2(A,D, E)

Query Plan

NDB(P,) = |R|.RowSize(R)
NDB(FP,) = | 0a=n R|.RowSize(R)
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Distributed QP

RA Equivalences: Selects over Horizontal Fragmentation (2)

Query Pattern

S1 S2
Ri(A, B, C) R2(A, B, C)
T1 (A7 D7 E) TZ(A7 D7 E)

P,
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Query Cost

NDB(P,) = |R|.RowSize(R)
NDB(P,) = | oa=n R|.RowSize(R)




Distributed QP

SQL DML: An Implementation of the RA

SQL SELECT statements: Rough Equivalence to RA

SELECT Asi,..., A,
FROM Ry,...,Rm

WHERE P, <:> Tar,. AvTPuA. APRL X .. X R
AND

AND Py
SQL SELECT implements RA 7,0 and X

T'bname,no Tbranch.sortcode=account.sortcodeAaccount.type="current’ (bra nch x account)

SELECT branch.bname,
account.no
FROM account , branch
WHERE account.sortcode=branch.sortcode
AND account.type='current’
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Distributed QP

Horizontal Fragmentation In SQL

Distributing a query over Horizontal Fragmentation

m Selection of horizontal fragment decided using o

m WHERE clause (o) may determine only certain horizontal fragments are used for

a query
account;
no type cname rate sortcode
100 ’current’ 'McBrien, P.’ NULL 67 Query Distribution
103 'current’ 'Boyd, M.’ NULL 34 .
107 'current’ 'Poulovassilis, A." NULL 56 SELECT account.rate
125 'current’ 'Bailey, J.’ NULL 56 branch.bname
FROM  account
accountp JOIN branch
ho type cname rate sortcode USING(sortcode)
101 'deposit’ '"McBrien, P.’ 5.25 67 WHERE account.type="deposit’
119 'deposit’ 'Poulovassilis, A."  5.50 56 AND account.no=101

account; = Oyype— ‘current’account
m Only send to Sz

accounty = Oiype£ ‘currentaccount

P.

s
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Distributed QP

Vertical Fragmentation in SQL

Distributing a query over Vertical Fragmentation

m Selection of vertical fragmentation decided using 7

m SELECT clause (7) may determine only certain vertical fragments are used, but
must ensure JOIN and WHERE clauses (o) can be processed.

Query Distribution

account; accountp
no type rate  sortcode no cname SELECT account.rate
100 ‘current’ NULL 67 100 '"McBrien, P.’ branch.bname
101 'deposit’ 5.25 67 101 '"McBrien, P.’ FROM account
103 ‘current’ NULL 34 103 'Boyd, M.’ JOIN branch
107  ‘current’  NULL 56 107  'Poulovassilis, A.’ USING(sortcode)
119 'deposit’ 5.50 56 119 "Poulovassilis, A.’ WHERE account.type='deposit’
125 'current’ NULL 56 125 'Bailey, J." AND account.no=101

m Only send to Si
B accounti = Tno,type,rate,sortcodedCCOUNT

B accountz = Tno,cnameaccount
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Distributed QP

Worksheet: SQL Queries over Fragmented Data

no
100
103
107

125
S1

no

101
119

Sa

account;

account
type rate?
‘current’ NULL
"current’ NULL
‘current’” NULL
"current’ NULL

account
type rate?
'deposit’  5.25
'deposit’  5.50

sortcode

sortcode
67
56

= T'no,type,rate,sortcode (Utype=currentaCC0UNt)

accounty = 7o, type, rate,sortcode (”type#currentaccount)

accounts

Tno,cname (Ttype—currentaccount)

accounts = o, cname (Ttypes£currentaccount)

P.J. McBrien (Imperial College London)

no
100
103
107

125
S3

no

101
119

S4

Distributed Query Processing

account
cname
'"McBrien, P.’
'Boyd, M.’
"Poulovassilis, A.’
'Bailey, J.’

account
cname
'"McBrien, P.’
"Poulovassilis, A.’
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Distributed QP

Worksheet: Distribution of Transactions (1)

LTM2:

BEGIN TRANSACTION TA_2
UPDATE account
SET rate=5.5
WHERE type='deposit’
COMMIT TRANSACTION TA_2

GTM:

SELECT =
FROM LTM2

P.J. McBrien (Imperial College London) Distributed Query Processing

15 / 40



Distributed QP

Worksheet: Distribution of Transactions (2)

LTMS3:

BEGIN TRANSACTION TB_3
SELECT no
FROM account
WHERE cname='McBrien, P.’
COMMIT TRANSACTION TB_3

LTM4:

BEGIN TRANSACTION TB_4
SELECT no
FROM account
WHERE cname="McBrien, P.’
COMMIT TRANSACTION TB_4

GTM:

SELECT =
FROM LTM3
UNION ALL
SELECT =
FROM LTMA4
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Distributed QP

Worksheet: Distribution of Transactions (3)

LTM2

BEGIN TRANSACTION TC_2
SELECT no, rate
FROM account
WHERE type='deposit’
COMMIT TRANSACTION TC_.2

LTM4

BEGIN TRANSACTION TC_4
SELECT no,cname
FROM account

COMMIT TRANSACTION TC_4

GTM

SELECT =
FROM LTM2 NATURAL JOIN LTM4
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Distributed QP

Worksheet: Distribution of Transactions (4)

LTM1

BEGIN TRANSACTION TD_-1
SELECT COALESCE(SUM(rate),0.0) AS total_rate,
COUNT(rate) AS no.rate
FROM account
COMMIT TRANSACTION TD_1

LTM?2

BEGIN TRANSACTION TD_ 2
SELECT COALESCE(SUM(rate),0.0) AS total_rate,
COUNT(rate) AS no-.rate
FROM account
COMMIT TRANSACTION TD_2

GTM:

SELECT (LTML1.total_rate+LTM2. total_rate)/
(LTM1.no_rate+LTM2. no_rate)
FROM LTM1,LTM2
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Distributed QP

RA Equivalences: Joins over Derived Horizontal Fragmentation

Query Pattern

Sl SQ

Ri(A, B, C) R2(A, B, C)
T1(A,D, E) T2(A,D, E)

P

Query Cost
NDB(P,) =
|R|.RowSize(R) + | T|.RowSize(T)
NDB(P,) =

IR x T|.-RowSize(R x T)
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Joins over Remote Tables  Architecture

Executing Distributed Joins over Remote Tables

Sa
S movement

g account mid no amount tdate
i e el 1000 100  2300.00 5/1/1999

100 'current’ e 67 1001 101  4000.00 5/1/1999

101 'deposit’ 67 1002 100 -223.45 8/1/1999

103 ’current’ 34 1004 107 -100.00  11/1/1999

107 ’current’ 56 1005 103 14550  12/1/1999

119 'deposit’ 56 1006 100 10.23  15/1/1999

125  'current’ 56 1007 107 34556  15/1/1999

1008 101 1230.00 15/1/1999
1009 119 5600.00 18/1/1999

Suppose we want to execute

S1 : account X movement
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Joins over Remote Tables  Architecture

RA Equivalences: Push project inside join

Query Pattern

S1 Sa

R(A,B,C) T(A,D,E) S1: magp(Rx T)

Query Plan

Query Cost

NDB(P,) = |T|-RowSize(T)
NDB(P,) = | wa,p T|-RowSize(map T)
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Joins over Remote Tables  Architecture

RA Equivalences: Push select inside join

Query Pattern
Sl S2

R(A,B,C) T(A,D,E) S1: op=n(Rx T)

Query Plan

NDB(P, |T| RowSize(T)
‘ ’ E m NDB(P,) = | op=n T|.RowSize(T)
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Joins over Remote Tables

Data Metadata

branch
bname
"Wimbledon’
'Goodge St’
'Strand’

cash
94340.45
8900.67
34005.00

sortcode

movement

amount
2300.00
4000.00
-223.45
-100.00
145.50
10.23
345.56
1230.00
5600.00

tdate
5/1/1999
5/1/1999
8/1/1999
11/1/1999
12/1/1999
15/1/1999
15/1/1999
15/1/1999
18/1/1999

mid
1000
1001
1002
1004
1005
1006
1007
1008
1009

no
100
101
100
107
103
100
107
101
119

Architecture
account
no type cname
100 ’'current’ 'McBrien, P.’ NULL
101 'deposit’ 'McBrien, P.’ 5.25
103 ’current’ 'Boyd, M.’ NULL
107 ’current’ 'Poulovassilis, A." NULL
119 ’deposit’ 'Poulovassilis, A."  5.50
125 ’'current’ 'Bailey, J. NULL

key branch(sortcode)
key branch(bname)
key movement(mid)
key account(no)

movement(no) 2 accou nt(no)

'k
account(sortcode) ¥ branch (sortcode)

rate? sortcode

Metadata

column column
name size name
account 6 cname
amount 4 mid
bname 32 movement
branch 3 no

P.J. McBrien (Imperial College London)

size
32
4

9

4

column
name Size
rate 4 l]account| = 6
sortcode 1 |branch| =3
tdate 4 |[movement| = 9
type 8
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N A0 Ll Av<itectire
Quiz 1: Number of Network Data Bytes Required for a Query

T'no,amount

account

What is the number of network data bytes (NDB) required for the above
distributed query plan, if the selectivity of the query oigate>9-Jan-2017" 1S %?

8 16 48 144
~ P.J. McBrien (Imperial College London) Distributed Query Processing 24/ 40




Joins over Remote Tables  Architecture

Example Comparison (1)

Query Pattern

Sl S2 SELECT account.no,
movement.amount
[SP FROM account
1 JOIN movement
USING (no)
WHERE tdate>'9—Jan—2017"

branch
account

movement

Query Plan

Tno,amount

P,

Ttdate>'0-Jan-2017'

—)

T'no,amount

Ttdate>‘0-Jan-2017"

P.J. McBrien (Imperial College London) Distributed Query Processing 25 / 40
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Joins over Remote Tables  Architecture

Example Comparison (1): Distributed Query Plans

Direct Execution of Query

S2toS1 = RowSize(movement) X [movement|
(A+4+4+4)x9
144

Project and Selects Pushed inside Join

S2toS1 = RowSize(mno,amountmovement) X |Tno,amount Ttdate>'9-Jan-2017' Movement|
= (44+4)%x6
— 48

Optimisation Rule

Pushing selects and projections inside a join will always make the query more
efficient (unless the selections or projections where “rivial’, in which case it will
make no difference).
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Joins over Remote Tables  Architecture

RA Equivalences: Direct and Semi Joins

Query Pattern

S1 Sa

R(A,B,C) T(A,D,E) S1: Rx T

Query Plan

Query Cost
NDB(P;) = |T|.RowSize(T)
NDB(P,) =

|7TAtt(R)nAtt(T) R|-ROWSize(WAtt(R)ﬂAtt(T) R)+
|T x R|.RowSize(T)

TCAtt(R)NAtt(T)
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Joins over Remote Tables

Example Comparison (2)

Query Pattern

S1

branch
account

S2

FROM
movement S ic

WHERE

Ttype="deposit’

Architecture

SELECT account.rate,

movement.amount
account

JOIN movement

USING (no)
account.type='deposit

I T'no,amount I

é Jrno.rate |

I Ttype="deposit’ I

I movement I

account movement

account

P.J. McBrien (Imperial College London)
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Joins over Remote Tables  Architecture

Example Comparison (2): Distributed Query Plans

Py

Trate,amount

S2t0S1 = RowSize(mno,amountmovement) X |Tno,amount Movement|
= (44+4)x9
= 72
| T'no,rate | | T'no,amount |

| Otype='deposit’ | | movement |

account
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Joins over Remote Tables  Architecture

Example Comparison (2): Distributed Query Plans

Semi-Join

Py

S1toS2 = RowSize(moaccount) X |TnoTtype—"deposit’ ACCOUNE
-
= 8
S2toS1 = RowSize(mno,amount movement) x
| Tno,amount MOVEMENt X Ttype—'deposit’ @CCOUN|
= (4+4)x3
total = 32

| Otype='deposit’ | | T'no,amount | | Tho |

| account | | movement | | Otype="deposit’ |

account
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Quiz 2: General Efficiency of Direct Join compared to Semi-Join

Comparing the Direct Join plan P; with the Semi-Join plan P;, for any query
Q is it the case that

Always Always Sometimes
NDB(P,) < NDB(P,) NDB(P,) > NDB(P,) NDB(P;) < NDB(P)
Sometimes

NDB(P;) > NDB(P;)

D, N () @l | DBl €y e 0



Joins over Remote Tables  Architecture

Example Comparison (3)

Query Pattern

Sl SQ SELECT account.rate,
movement.amount
branch movement Sli FROM account
account JOIN movement
USING (no)

Query Plan

Trrate,amount

movement

account

account movement
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Joins over Remote Tables  Architecture

Example Comparison (3): Distributed Query Plans

Py

T'rate,amount

S2toS1 = RowSize(mno,amountmovement) X |Tno,amount Movement|
(4+4)x9
= 72

| T'no,rate | | TTno,amount |

| account | | movement |
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Joins over Remote Tables  Architecture

Example Comparison (3): Distributed Query Plans

Semi-Join

P

S1toS2 = RowSize(moaccount) X |mhoaccount|
— 4x6
= 24

S2t0S1 = RowSize(7no,amountmovement) x

|Tno,amountMoOvement X account|
= (44+4)x9
= 72 —~
total = 96

| account | | Tno,amount | | Tho |

| movement | | account |
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Joins over Remote Tables  Architecture

Worksheet: Joins over Remote Tables

directory
telephone  name charge
1000 Adams  10.00
1001  Jones 120.25
1002 Black 344.00

1003 Khan 243.50 business
1004 Smith  44.00 telephone rate column  bytes
1005 Brown -100.00 002 A telephone 5
1006  Patel 200.00 1004 B UEINS 6
1007 White 222.00 1006 B charge 4
rate 1
Sl 52
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Joins over Remote Tables  Architecture

Worksheet: Tname,rate0charge>300.00business x directory

(1) Direct Join

. __ | 9charge>300.00 directory| 1
introduce fl - |directory| )
S1— S2 = RowSize(Ttelephone,name directory) X | ocharge>300.00 directory|
= (546)x fid

= 11fid Bytes
(2) Semi Join

. | Ocharge>300.00 directoryXbusiness| 1
introduce f2 - |business| -3
S2 = S1 = RowSize(Ttelephone directory) x |business| = 5b
S1 — S2 = RowSize(Ttelephone,name directory) X | ocharge>300.00 directory X business

= (5 + 6) X fgb = llfgb
Total data transfer=>5b + 11f2b Bytes
For current data, total data transfer = 26 Bytes
(3) 11f1d = 5b + 11 fab

b __ 11f _
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Joins over Remote Tables  Architecture

RA Equivalences: Local and Remote joins

Query Pattern

Sl SQ
R(A,B,C) Egé,’?,’cE)) S1: Rx Tx U

Query Plan

Query Cost

NDB(F;) = |T|.RowSize(T) + |U|.RowSize(U)
NDB(P;) = |T x U|.RowSize(T x U)
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Joins over Remote Tables  Architecture

Example Comparison (4)

Query Pattern

S1 So SELECT branch . bname,
account.rate ,
S . movement.amount
1 FROM account
JOIN movement USING (no)
JOIN branch USING (sortcode)

account

branch
movement

Query Plan

Tbname, rate,amount

T'hname,rate,amount

I Tbname, sortcode I Trate,amount, sortcode

|7"no rate, sortcode I Tno, amount

branch
account

movement

I account I I movement I
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Joins over Remote Tables  Architecture

Example Comparison (4): Distributed Query Plans

Local Join

T'bname,rate,amount

SptoS1 = RowSize(mno rate,sortcodeaCCOUNt) X |Tno, rate, sortcode@ccount|
= RowSize(7no,amountMovement) X |7no,amountMovement|
= (4+4+1)x6+(4+4)x9
= 54 + 72
= 126

I Tbname, sortcode I Trate,amount, sortcode

I o, rate, sortcode I T'no,amount. I

I account I I movement I
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Joins over Remote Tables  Architecture

Example Comparison (4): Distributed Query Plans

T'bname,rate,amount

RowSize (7 rate, amount, sortcode@ccount X movement) X
= | Trate amount, sortcode@ccount X movement|

= (4+4+1)x9

81

I Tbname, sortcode I Trate,amount, sortcode

I Tno,rate, sortcode I Tno, amount

I account I I movement I
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Quiz 3: General Efficiency of Local Join compared to Remote Join

Comparing the Local Join plan P, with the Remote Join plan P,, for any
query @ is it the case that

Always Always Sometimes
NDB(P;) < NDB(P,) NDB(P,) > NDB(P;) NDB(P;) < NDB(P,)
Sometimes

NDB(P;) > NDB(P;)

D, N () @l | DBl €y e e



Joins over Remote Tables  Architecture

Example Comparison (5)

Query Pattern

Sl S2 SELECT branch .bname,
account.rate ,
branch . movement . amount
account EEEE 52' FROM account
JOIN movement USING (no)

JOIN branch USING (sortcode)

Query Plan

T'bname,rate,amount

T'hname,rate,amount

I T'no,amount. I I Trate,bname, no

I Tno, rate, sortcode I Tbname, sortcode I

movement

I account I I branch I

Distributed Query Processing
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Joins over Remote Tables  Architecture

Example Comparison (5): Distributed Query Plans

Local Join

T'bname,rate,amount

S1to Sa = ROWS'Ze(ﬂ'nc,rate,sovtcodeaccount) X |7Tno,vate,scrtccdeaccountl
= ROWS'Ze(ﬂ'bname,sovtcodebra"‘:h) X ‘ﬂbname,sovtcodebrancm

(4+4+1) x6+ (32+1) x 3

= 54+ 99
= 153
I Tno,amount I I T'rate,bname,no I
movement m
I T'no,rate,sortcode I I T'bname,sortcode I
I account I I branch I
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Joins over Remote Tables  Architecture

Example Comparison (5): Distributed Query Plans

T'bname,rate,amount

S1toSz =  RowSize(7ate, bname,nodccount X branch) x
= | Trate, bname, nod@ccount X branch|

(4+32+4) x X6

240

I T'no,amount I I Trate,bname,no I

movement m

I T'ho,rate,sortcode I I T'bname,sortcode I

I account I I branch I
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