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Motivation

• Big data (Variety) => connect information

• Different data formats (Relational, tree data) => cross-model join 

• Worst-case join optimal join (less intermediate result in worst case)
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Motivation

• Theoretical interest
• Q1: Size bound for tree pattern
• Q2: New worst-case optimal algorithms

• Application
• Data lake
• Polystores or multi-model databases
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Size bound of query

• In AGM worst-case model, a table’s size is the full combination of the 
attributes’ unique values.

• Find the size bound of R(A,B,C)  (O(𝑁2))

• by R(A,B) ⋈ R(B,C)  ( )
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⋈

𝑂(𝑁) 𝑂(𝑁)

Max 𝑁𝐴 ∗ 𝑁𝐵 ∗ 𝑁𝐶

𝑁𝐴 ∗ 𝑁𝐵 ≤ 𝑁

𝑁𝐵 ∗ 𝑁𝐶 ≤ 𝑁

𝑁𝐴 ∗ 𝑁𝐵 ∗ 𝑁𝐶 = 𝑁2

A B

𝑎1 𝑏1

… …

𝑎𝑛 𝑏1

B C

𝑏1 𝑐1

… …

𝑏1 𝑐𝑛

Unique values

Bound tables

Solution

Find size 
bound

By: 𝑁𝐴 = 𝑁𝐶 = 𝑁
𝑁𝐵 = 1



Linear programming simplicity

• For simplicity, do logarithm (log𝑁) for both sides.

6

Max 𝑁𝐴 ∗ 𝑁𝐵 ∗ 𝑁𝐶

𝑁𝐴 ∗ 𝑁𝐵 ≤ 𝑁

𝑁𝐵 ∗ 𝑁𝐶 ≤ 𝑁

Max 𝐴 + 𝐵 + 𝐶

𝐴 + 𝐵 ≤ 1

𝐵 + 𝐶 ≤ 1

𝑁𝐴 ∗ 𝑁𝐵 ∗ 𝑁𝐶 = 𝑁2

By:
𝑁𝐴 = 𝑁𝐶 = 𝑁

𝑁𝐵 = 1

𝐴 + 𝐵 + 𝐶 = 2
By:

𝐴 = 𝐶 = 1
𝐵 = 0

𝑁1 Unique values

𝑁0 Unique values



Complex query example

• By AGM, we can
• Find size bound
• Construct worst-case instance
• 𝑂(𝑁4)
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Max 𝑃 + 𝑉 + 𝑅 + 𝑆 + 𝑋 + 𝑌 + 𝑇 + 𝑍 + 𝑈 +𝑊

𝑃 + 𝑉 + 𝑅 ≤ 1
𝑃 + 𝑆 + Y + U ≤ 1
𝑅 + 𝑆 + X + T ≤ 1

𝑋 + Y ≤ 1
𝑋 + 𝑍 +W ≤ 1
𝑌 + 𝑍 ≤ 1

𝑇 + 𝑍 + U ≤ 1



Tree pattern query (tree join)

• Tree data: XML, JSON

• Pattern query:
• “A/B”, find value matching where A is the parent of B

• “A//B”, find value matching where A is the ancestor of B
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{
‘A’:”a1”
‘C’:”c1”
‘A’:{

‘B’:”b1”
}

}

A

B

{
‘A’:{

‘C’:{‘B’:”b1”}
}

}

A

B

PC path AD path

JSON1 JSON2



Worst case for tree pattern

• PC path: 𝑂(𝑁) => constraint 𝑎 + b ≤ 1

• AD path: 𝑂(𝑁2) => constraint 𝑎 ≤ 1; b ≤ 1

• We assume the tree instance or node of each attribute is O(N).
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Size bound for tree pattern
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𝑎 + b ≤ 1

𝑎 + c + d ≤ 1

𝑎 + b + c ≤ 1

d ≤ 1

𝑎 + b ≤ 1

𝑎 + c ≤ 1

𝑑 ≤ 1

𝑂(𝑁3)
Not

correct
𝑂(𝑁2)

• However when combining branches and AD:
• More constraints than PC and AD
• Alternative constraints



Find size bound for tree pattern

• Size bound
• PC is constrained to O(N)
• AD is not constrained
• Alternatives when with branches and AD path

• The size bound is the maximum among all alternatives
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Worst case optimal join

• One attribute at a time

• Compute result by all related tables

• R(A,B) ⋈ R(B,C) ⋈ R(A,C)

• Property: projection result is always no more than final result with 
the same constraints
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Max 𝐴 + 𝐵 + 𝐶

𝐴 + 𝐵 ≤ 1

𝐵 + 𝐶 ≤ 1

Max A or B or C ≤ 1 ≤ 3/2
Max A + B ≤ 1 ≤ 3/2
Max B + C ≤ 1 ≤ 3/2
Max A + C ≤ 1 ≤ 3/2
Max A + B + C ≤ 3/2

𝐴 + 𝐶 ≤ 1



Worst case optimal join

• R1(A,B) ⋈ R2(B,C) ⋈ R3(A,C) solution1:
• Step1: Find result of R(A) by R1,R3
• Step2: Use R(A) to find result of R(A,B) by R1,R2
• Step3: Use R(A,B) to find result of R(A,B,C) by R2,R3
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Max 𝐴 + 𝐵 + 𝐶

𝐴 + 𝐵 ≤ 1

𝐵 + 𝐶 ≤ 1

Max A ≤ 1 ≤ 3/2
Max A + B ≤ 1 ≤ 3/2
Max A + B + C ≤ 3/2

𝐴 + 𝐶 ≤ 1



Worst case optimal join for CMCQs

• Challenges
• Decode and use positions to match
• Positions are irrelevant to final result
• Some patterns (multiple branches, ancestor-descendant matching) are 

easy to scale massive result

• Contribution:
• Path result first and remove the irrelevant position values
• Join simultaneously both relations and PC-path
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A

B C

R(B,C)⋈

A

B C

R(B,C)⋈

A

⋈



CMJoin Algorithm

• Tree  data => 
intermediate data

• Path result =>
project-out non-
branch position
value

• Generic worst-case 
optimal join 
between tree data 
and relational data
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Evaluation

• Diverse datasets and 
complex queries

• Less intermediate result 
=> faster respond time
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Application

• Mostly theoretical interests

• Yet
• Like nested loop can be speeded up by Hash join
• Complex queries can be processed in worst-case optional way to avoid 

huge intermediate results

• Current industry
• MarkLogic
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Thank you

More questions:

yuxing.chen@helsinki.fi
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