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Developing a Distributed System!
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Looking Deeper
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Out of Order Execution
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Fence Insertion
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Our Solution
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Outline
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CFG
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A Closer Look
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Maintaining Correctness
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Fence Insertion
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All Constraints
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Naive Solution
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Optimization
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Outline
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Reduction from Minimum Set Cover
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𝑈 = 𝑢1, 𝑢2, 𝑢3, 𝑢4, … , un

𝑆 = 𝑆1, 𝑆2, … , 𝑆𝑚

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 𝑆1 = 𝑢1, 𝑢2, 𝑢3 , 𝑆2 = {𝑢2, 𝑢4}



Reduction from Minimum Set Cover
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𝑈 = 𝑢1, 𝑢2, 𝑢3, 𝑢4, … , un :  Constraint Types,

Straight line program with 2n instructions,

Constraints with type 𝑢𝑖 𝑜𝑛 𝑣𝑖 , 𝑣2𝑛−𝑖+1 ,

(𝑣𝑛
2
, 𝑣𝑛

2
+ 1):The middle edge



Reduction from Minimum Set Cover
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𝑆 = 𝑆1, 𝑆2, … : Fence Types

We could many fences of 𝑆𝑖

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 𝑆1 = 𝑢1, 𝑢2, 𝑢3 , 𝑆2 = {𝑢2, 𝑢4}
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𝑈 = 𝑢1, 𝑢2, 𝑢3, 𝑢4, …

𝑆 = {𝑆1, 𝑆2, … }

Given Solution of Fence Insertion
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𝑈 = 𝑈1, 𝑈2, 𝑈3, 𝑈4, …

𝑆 = {𝑆1, 𝑆2, … }

Given Solution of Minimum Set Cover



Outline
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P



1- Constraint Elimination 

2- Finding Diamond

3- Decomposing into Paths

4- Solving for Paths 

Algorithm Overview
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Out of Order Execution!
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1- Constraint Elimination 

2- Finding Diamond

3- Decomposing into Paths

4- Solving for Paths 

4- Solving for Paths 

2- Finding Diamond

1- Constraint Elimination 

3- Decomposing into Paths



A Simple Path
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A Simple Path
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A Simple Path
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A Simple Path
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A Simple Path
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Structured
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A(C)FG
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Finding Diamonds
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Level 0
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Level 1
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Level 2
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Branch/Merge
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Algorithm
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Algorithm
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Fence Elimination
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Passing Constraints
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Spanning Constraints
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Control Dependency Preservation
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Decomposing into simple paths
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Absorption in a Path
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Emission in a Path
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Before
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After Level 0
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After Level 1
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The End!

49



Complexity

1- 𝐸 ∈ 𝑂 𝑉

2-Elimination: 𝑂 𝐶 + 𝑉

3-Finding Diamonds: 𝑂 𝑉𝑙𝑜𝑔𝑉

4-Decompsiton and Insertion: σ|𝑝| |𝐶𝑝𝑖|𝑙𝑜𝑔𝐶𝑝𝑖 + |𝑉𝑝𝑖|

⇒Polynomial Time!
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What about loops?
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Elimination
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Transformation

53
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Thank you



Probabilistic Smart Contracts: Secure Randomness on the Blockchain 

[ICBC 2019]

Propose a novel game-theoretic approach for generating provably unmanipulatable

pseudorandom numbers on the blockchain. 

Hybrid Mining: Exploiting Blockchain's Computational Power for 

Distributed Problem Solving [SAC 2019]

A new mining protocol that combines solving real-world useful problems with 

Hashcash.
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