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Query processing

m Translate the query from SQL into relational algebra

Evaluate the relational algebra expression

Challenges
m Many equivalent relational algebra expressions
O—sa/ary<75000(7rsa/ary(insrrucror)) Vs 71—sa/ary(O—salary<75000(""751?”/6’150’())

m Many ways to evaluate a given expression

Query plan
m Annotate the expression with a detailed evaluation strategy key values
B Use index on salary to find instructors with salary < 75000

m Or, scan entire relation, discard rows with salary > 75000
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Query optimization

m Choose plan with lowest cost

m Maintain database catalogue — number of tuples in each relationn, size of tuples,

m Assess cost in terms of disk access and transfer, CPU time, ...
m For simplicity, ignore in-memory costs (CPU time), restrict to disk access

m Disk accesses
m Relation r occupies b, blocks
m Disk seeks — time ts per seek

m Block transfers — time tr per transfer
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Cost of query processing

m Selecting rows, depending on key, index etc

)
m External merge sort Tg (—

m Processing joins

Nested loop join
Block nested loop join
Merge join

Hash join
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Query optimization

m Choose plan with lowest cost
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Query optimization

m Choose plan with lowest cost

m Find names and course titles of courses taught by instructors from Music Dept
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Query optimization

m Choose plan with lowest cost

m Find names and course titlgs of courses taught by instructors from Music Dept
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Transforming expressions

H name, title H name, title

|
7 x
‘ cm:?\

H course_id, title

odept name = Music
A year =2017

. N
/ /m \

instructor / \

teaches

O ylar=2017

instructor teaches course

pt_name = Music

I l course_id, title

course
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Maintaining a database catalogue

m n, — number of tuples in r é&\'\uw‘f-

m b, — number of blocks used by r CDS\“ s)) q,m

m /, — size of a tuple in r

f, — blocking factor of r, how many tuples fit in a block

V/(A, r) — number of distinct values of attribute A in r

m Store distribution of values as histogram

gtqu

T\,_(_ (¢& (Y) )
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Estimating output of an operation

m Selection

m Simple, range, conjunction, disjunction V (A{”/7
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Estimating output of an operation

m Selection
m Simple, range, conjunction, disjunction T n,r T
. ¢ R |
= Join A ~
m Keys and non-keys Cr‘/\ ‘f‘y? - Yi
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Estimating output of an operation

m Selection

m Simple, range, conjunction, disjunction

m Join

m Keys and non-keys

m Projection
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Estimating output of an operation

m Selection

m Simple, range, conjunction, disjunction

m Join

m Keys and non-keys
m Projection

m Aggregation
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Estimating output of an operation

m Selection

m Simple, range, conjunction, disjunction

m Join

m Keys and non-keys

m Projection

Aggregation

m Set operations
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Estimating output of an operation

Selection

m Simple, range, conjunction, disjunction

Join

m Keys and non-keys
Projection
Aggregation
Set operations

Outer joins
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Join ordering
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Heuristics

m Perform selection early
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Heuristics

m Perform selection early

m Perform projection early
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uristics

m Perform selection early
m Perform projection early

m Perform most restrictive selection/join first

i lw v, lewmm th advaney
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Transactions

er\zwmwj Qk%lr—wabm

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 11, 11 Nov 2026  11/16



Desirable properties

m Atomicity ~ lnduwi sdle t‘fM‘WN
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Desirable properties

m Atomicity

m Consistency
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Desirable properties

m Atomicity

m Consistency

m Isolation A hranes adhvr. thadd Wb “lorng sk
pmlb-l von sarhes
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Desirable properties

m| Afomicity
Cénsistency A,C[b w’r(/(}?i.f
Isplation P

m| Durability
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Desirable properties

m Atomicity

m Consistency

Isolati ‘ '
m Isolation M. 'L )

Durability l ( J
ACID properties w PW‘M
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Transaction logs

m Log each update before it happens
m Rollback updates in case of failure ﬂ.d'lm loo 'AW"

log | | undo
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Concurrent execution and schedules

'Trmcfu So .fm.. MR

T,: read(4); T,: read(4);
A =4 = 30; temp :=A * 0.1,
write(4); A=A — temp;
read(B); write(4);
B:.=B+ 50; read(B):
write(B). B:= B+ temp;
write(B).
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Concurrent execution and schedules

A =p=low .

I

read(4)
A=4-50
A4S0 write(4)
read(B)
B:=B+50
10S0 write(B)

commit

read(4)
temp:=A4%0.1 4§ -94S

A=A — temp .
write(4) > §65

read(B)
B =B+ temp
write(B) nysS

commit
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Concurrent execution a m

T, T,
read(4)
temp:=A=x01
A=A — temp qw
write(4)
read(B)
B := B+ temp
write(B) W™
commit
read(A4)
A=A4-50
QSo write(4)
read(B)
B:=B+50
| {50 write(B)
commit
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Concurrent execution and schedules

C,M,('M,WMJ’ 3thedutles dl d
read(4)
A:=A4-50
Q%50 write(4)
- read(4)
temp =A % 0.1
A=A — temp 855
write(4)
read(B
B:= .’@
LDSO writ
commit
read(B)
B:=B+temp 4+4%
write(B)
commit 1 ! LP..\’
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Concurrent execution and schedules

T T
< v I I t 1 2
Brd” tonuwmrerk ¢ read(4)
A=A4-50

. read(4) — U
\A"\Ak %] ’hv(— W ‘k M temp =A % 0.1
. A=A — temy

R ‘W‘ ey et W/ [ wiTta)

C/ read(B)
50 write(4)
subcdide. 4 read(B)

B:=B+50

write(B)

comiriit
Bo= B+ temp
write(B)
commit
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving

m Serializable schedule — equivalent to some serial schedule
—4

?
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the same value where at least one is a
write

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 11, 11 Nov 2026 16 /16



Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the same value where at least one is a
write

m Conflict equivalence — one schedule can be transformed into the other by
reordering non-conflicting operations

Swap vahnn h Aonsfis
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Serializability

m Serial schedule — each transaction executes as a block, no interleaving
m Serializable schedule — equivalent to some serial schedule

m Conflicting operations — two operations on the same value where at least one is a
write

m Conflict equivalence — one schedule can be transformed into the other by
reordering non-conflicting operations

m Conflict serializable — can be reordered to a conflict-equivalent serial schedule
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Conflict equivalence

7 T Y] T,
read(4)
A=4-50
write(4)
read(B) read(4)
B:=B+50 temp :=A % 0.1
write(B) A=A — temp
commit g write(4) 419
read(4)
temp == A % 0.1 (‘L
A=A — temp \M
write(4)
read(B) read(B)
B := B+ temp B := B + temp
write(B) write(B) (D€
commit commit
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