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Outline – Query Optimization

• Overview
• Relational algebra level

– Algebraic Transformations

• Detailed query plan level
– Estimate Costs

– Estimating size of results
– Estimating # of IOs

– Generate and compare plans
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Generate & Compare Plans

Given a logical plan:
1. Enumerate physical alternatives 

(straightforward)
2. Estimate costs
3. Pick best one

Problem: takes too long!
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Observation:
plans share pieces (“sub-plans”)…

Generate & Compare Plans: Improved

Combine Enumeration and Selection

1. Enumerate small sub-plans & estimate costs
2. Prune (remove) “sub-optimal” alternatives
3. Enumerate ways to assemble sub-plans into 

larger sub-plans & estimate costs
4. Prune again (keep only “optimal” sub-plans)
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… Keep building larger “optimal” sub-plans
… Eventually generate “optimal” overall plan
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Dynamic Programming Approach

• Level 1 sub-plan: join of 2 relations (plus access 
methods) NLIndex-

• Level 2 sub-plan: join of 3 relations

IndexScanSScanSequentialR

Hash

NLIndex-

Hash

Hash

SortMerge

Hash
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• …
• Level n sub-plan: join of n+1 relations

Generate Logical Sub-Plans

• Only generate logical sub-plans that conform to 
heuristic rules
Example:

S

S.C  R.C =

5  A =σ
S

x

S.C  R.C =σ

5  Aσ
S

S.C  R.C =

5  A =σ

5  A =σ

S.C  R.C =
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R
S

R

5  A =σ
R SR

Generate Physical Sub-Plans

• For each heuristically-chosen logical sub-plan, 
try all combinations of physical alternatives
Example:

S

S.C  R.C =

5  A =σ S

S.C  R.C =

5  A =σ

HashJoin, NL, … HashJoin, NL, IndexNL, …
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R RSequencialScan, 
IndexScan

SequencialScan, 
IndexScan

Pruning

• Estimate cost of each physical sub-plan
• For each sub-plan with identical input and 

output, keep only:
– Optimal plan overall
– Optimal plan for each “interesting order”

– Ordered on some field

• Discard the rest
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Example

SELECT *
FROM R, S, T
WHERE R.A = S.A AND S.B = T.B

• T(R) = 30,000 B(R) = 300
• T(S) = 100,000 B(S) = 1000
• T(T) = 20,000 B(T) = 200
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• V(S,B) = 25,000
• V(T,B) = 10,000

Example (cont.)

SELECT *
FROM R, S, T
WHERE R.A = S.A AND S.B = T.B

• Memory Size: M = 102
• Index on R.A (all non-leaves fit in memory)
• S.A foreign key onto R.A
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Example (cont.)

For simplicity:
• Assume: join tuple size is sum of sizes of 

component tuples
• Assume: always write out intermediate results
• Consider the following strategies:

– Nested-loops
– Index nested loops
– Sort-Merge join
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Level-1 Sub-Plans (No X-Products)

SortSSortR

MergeJoin

SortTSortS

MergeJoin

S

SeqScanSSeqScanR

sNestedLoop

SeqScan SeqScan

sNestedLoop

T

SeqScanTSeqScanS

sNestedLoop

S S SeqScanS

sNestedLoop
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SeqScanS SeqScanR

SeqScanS IndexScanR

NLIndex-

SeqScanT SeqScanS
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Cost of Level-1 Sub-Plans

SortSSortR

MergeJoin

3900  B(S))  (B(R)3  Cost =+⋅=

SR

SeqScanSSeqScanR

sNestedLoop

SeqScan SeqScan

sNestedLoop

3300  B(S)
2M

B(R)
  B(R)  Cost =⋅⎥⎥

⎤
⎢⎢
⎡

−
+=

4000  B(R)
2M

B(S)
  B(S)  Cost =⋅⎥⎥

⎤
⎢⎢
⎡

−
+=
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SeqScanS SeqScanR

SeqScanS IndexScanR

NLIndex-

⎥⎢

201000   T(S)  T(S) B(S)  Cost =++=

Cost of Level-1 Sub-Plans (cont.)

SortTSortS

MergeJoin

3600  B(T))  (B(S)3  Cost =+⋅=

T

SeqScanTSeqScanS

sNestedLoop

S S SeqScanS

sNestedLoop

3000  B(T)
2M

B(S)
  B(S)  Cost =⋅⎥⎥

⎤
⎢⎢
⎡

−
+=

2200  B(S)
2M

B(T)
  B(T)  Cost =⋅⎥⎥

⎤
⎢⎢
⎡

−
+=
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SeqScanT SeqScanS
⎥⎢

Pruning Level-1 Sub-Plans

SortSSortR

MergeJoin

SortTSortS

MergeJoin
3900 3600

S

SeqScanSSeqScanR

sNestedLoop

SeqScan SeqScan

sNestedLoop

T

SeqScanTSeqScanS

sNestedLoop

S S SeqScanS

sNestedLoop

3300

4000

3000

2200
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SeqScanS SeqScanR

SeqScanS IndexScanR

NLIndex-

SeqScanT SeqScanS

201000

Level-2 Sub-Plans

• What is the size or R     S?

• Recall: S.A foreign key onto R.A

• T(R     S) = T(S) = 100,000
• B(R     S) = 2 x B(S) = 2,000
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Cost of Level-2 Sub-Plans

SortT

MergeJoin

sNestedLoop  B(T))  S)(B(R     3        
 S)B(R       3300  Cost

+⋅+
+=

SortT

SeqScanSSeqScanR

sNestedLoop

S)B(R     

 S)B(R       3300  Cost

⎤⎡

+=

11900        
( )))( (

=
3300

sNestedLoop
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11300 

 B(T)
2M

S)B(R     
  S)B(R      

=

⋅⎥⎥
⎤

⎢⎢
⎡

−
++SeqScanT

SeqScanSSeqScanR

sNestedLoop
3300

Level-2 Sub-Plans

• What is the size or S     T?

• T(S     T) =         T(S)T(T)          = 80,000
max{V(S,B),V(T,B)}

• B(S     T) = 80,000/50 = 1,600
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Cost of Level-2 Sub-Plans

SortR

MergeJoin

 B(R))       T)(B(S3        
      T)B(S  2200  Cost

+⋅+
+=

sNestedLoop SortR

     T)B(S

      T)B(S  2200  Cost

⎤⎡

+=

9500        
( )))( (

=

sNestedLoop

SeqScanT SeqScanS

sNestedLoop
2200
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10200 

 B(R)
2M

     T)B(S
       T)B(S 

=

⋅⎥⎥
⎤

⎢⎢
⎡

−
++SeqScanR

SeqScanT SeqScanS

sNestedLoop
2200

Winner

MergeJoin9500

• Selected plan: Cost = 9500

SortR

SeqScanT SeqScanS

sNestedLoop
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• Selected plan: Cost = 9500
• Worst plan: Cost > 201000
• Benefit from optimizer: 20x speedup!
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Arranging the Join Order:
The Wong-Youssefi Algorithm (INGRES)

Sample TPC-H Schema
Nation(NationKey, NName)
Customer(CustKey, CName, NationKey)
Order(OrderKey, CustKey, Status)
Lineitem(OrderKey, PartKey, Quantity)
Product(SuppKey, PartKey, PName)
Supplier(SuppKey, SName)

SELECT SName
FROM Nation, Customer, Order, LineItem, Product, Supplier
WHERE N ti N ti K  C t N ti K

Find the names of 
suppliers that sell a 
product that appears 
in a line item of an 
order made by a 
customer who is in 
Canada
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WHERE Nation.NationKey = Cuctomer.NationKey
AND Customer.CustKey = Order.CustKey
AND Order.OrderKey = LineItem.OrderKey
AND LineItem.PartKey = Product.Partkey
AND Product.Suppkey = Supplier.SuppKey
AND NName = ‘Canada’

Challenges with Large Natural Join 
Expressions

For simplicity, assume that in the query:
• All joins are natural
• Consider Right Index only SNameπ
• Consider Right-Index only

One possible order

RI

RI

RI

RI
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RI

Nation

INDEX
Canada''  NName =σ

Customer Order LineItem Product Supplier

Multiple Possible Orders

SNameπ

RI

RI

RI

RI

INDEX
Canada''  NName =σ
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Order LineItem Product Supplier Nation Customer

Wong-Yussefi Algorithm:
Assumptions and Objectives

• Assumption 1 (weak)
Indexes on all join attributes
(keys and foreign keys)(keys and foreign keys)

• Assumption 2 (strong)
At least one selection creates a small relation
– A join with a small relation results in a small relation

• Objective
Create sequence of index-based joins such that 
ll i di  l   ll
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all intermediate results are small
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Hypergraphs

NationKey NNameNation

Customer

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

ProductSupplier

CName

Quantity
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• Relation hyperedges
– Two hyperedges for same relation are possible 

• Each node is an attribute
• Can extend for non-natural equality joins by merging nodes

LineItem

Small Relations/Hypergraph Reduction

NationKey NNameNation

Customer
Nation is small 
because it has the 
equality selection 
NName = ‘Canada’

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

ProductSupplier

CName

Quantity

a e Ca ada
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LineItem

Nation

INDEX
Canada''  NName =σ

Pick a small relation 
(and its conditions) 
to start the plan

Small Relations/Hypergraph Reduction

NationKey NNameNation

Customer

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

ProductSupplier

CName

Quantity

Remove small relation 
(hypergraph reduction) 

and color as “small” any 
relation that joins with the 

removed “small” relation 
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LineItem

Nation

INDEX
Canada''  NName =σ

RI

Pick a small relation 
(and its conditions if 
any) and join it with 
the small relation that 
has been reducedCustomer

After a bunch of steps…

RI

SNameπ

RI

RI

RI

RI
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Nation

INDEX
Canada''  NName =σ

Customer Order LineItem Product Supplier
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Multiple Instances of Each Relation

SELECT S.SName
FROM Nation, Customer, Order, LineItem L, Product P, Supplier S,

LineItem LE, Product PE, Supplier Enron
WHERE Nation.NationKey = Cuctomer.NationKey

AND Customer.CustKey = Order.CustKey
AND Order.OrderKey=L.OrderKey
AND L.PartKey= P.Partkey
AND P.Suppkey = S.SuppKey
AND Order.OrderKey=LE.OrderKey
AND LE.PartKey= PE.Partkey
AND PE.Suppkey = Enron.SuppKey

Find the names of 
suppliers whose products 
appear in an order made 
by a customer who is in 
Cayman Islands and an 
Enron product appears in 
the same order
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pp y pp y
AND Enron.Sname = ‘Enron’
AND NName = ‘Cayman’

Multiple Instances of Each Relation

NationKey NNameNation

Customer

Li It L

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

LineItem L

Product P

Supplier S

CName

Quantity

LineItem LE

Quantity
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SuppKey PName PartKeySName

Product PE

Supplier Enron

Multiple Choices are Possible

NationKey NNameNation

Customer

Li It L

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

LineItem L

Product P

Supplier S

CName

Quantity

LineItem LE

Quantity
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SuppKey PName PartKeySName

Product PE

Supplier Enron

Multiple Choices are Possible

NationKey NNameNation

Customer

Li It L

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

LineItem L

Product P

Supplier S

CName

Quantity

LineItem LE

Quantity
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SuppKey PName PartKeySName

Product PE

Supplier Enron
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Multiple Choices are Possible

NationKey NNameNation

Customer

Li It L

CustKey Status          OrderKey

SuppKey PName PartKeySName

Order

LineItem L

Product P

Supplier S

CName

Quantity

LineItem LE

Quantity
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SuppKey PName PartKeySName

Product PE

Supplier Enron

Multiple Instances of Each Relation

RI

RI

SNameπ

RI

RI

RI

RI

RI
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Enron

INDEX
Enron''  SName =σ

PE

LE

LineItem Product Supplier
RI

Nation

INDEX
Cayman''  NName =σ

Customer

Order


