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Overview

• Static analysis for deriving bounds on the expected resource 
usage of probabilistic programs 

• Fully automated using off-the-shelf LP solving 

• Multivariate polynomial bounds on the inputs 

• Prototype implementation and benchmark design*

*available upon request at channgo@cmu.edu

mailto:channgo@cmu.edu


Simple Programs

Simulates a random walk that ends 
when the walker passes the boundary 

Each time unit: 

• Goes forward 1 step with p = 3/4 

• Goes backward 1 step with p = 1/4 

What is the expected value of 
elapsed time?

Current 
position Boundary

Cost 1 time 
unit
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Trapped Miner
A miner is sent to a mine n time 
independently 

With p = 1/2, the miner is trapped 

When being trapped, 3 doors to open 

• Door 1: takes 3 hours to safety 

• Door 2: takes 5 hours to the mine 

• Door 3: takes 7 hours to the mine 

What is the expected time to reach 
safety?

0: safety, 1: 
otherwise

number of 
independent sending

number of hours in 
channel
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When being trapped, 3 doors to open 

• Door 1: takes 3 hours to safety 

• Door 2: takes 5 hours to the mine 

• Door 3: takes 7 hours to the mine 

What is the expected time to reach 
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7.5max(0,n)

0: safety, 1: 
otherwise

number of 
independent sending

number of hours in 
channel



Base Functions

Potential & Rewrite 
Functions

M := 1 | x | M1 ·M2 | max(0, P )

P := k ·M | P1 + P2
Program

User Interaction 
(max degree, 
assumptions,…)

Abstract 
Interpretation

Base & Rewrite 
Function Generator

Linear Constraint & 
Objective Function 

Generator
LP Solver

CFG Builder

Bounds Errors

Analyzer

Architecture
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c1 [p] c2          : probabilistic branching

id = e bop R    : sampling assignment
R is probability distribution

if * c1 else c2   : non-deterministic choice


