
Lecture 10: Context-Sensitive 
Analysis

17-355/17-655/17-819: Program Analysis
Rohan Padhye and Jonathan Aldrich

March 9, 2021

* Course materials developed with Claire Le Goues

1(c) 2021 J. Aldrich, C. Le Goues, R. Padhye



Context-Sensitive Analysis Example
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Key idea: Separate analyses for functions called in 
different ”contexts”.

(“context” = some statically definable condition)



Context-Sensitive Analysis Example
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Context 𝝈𝒊𝒏 𝝈𝒐𝒖𝒕

Line 6 {x->N} {x->N, y->N}

Line 9 {x->Z} {x->Z, y->Z}



Context-Sensitive Analysis Example
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Context 𝝈𝒊𝒏 𝝈𝒐𝒖𝒕

<main, T> T {w->Z, Z->Z}

<double, N> {x->N} {x->N, y->N}

<double, Z> {x->Z} {x->Z, y->Z}
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Context 𝝈𝒊𝒏 𝝈𝒐𝒖𝒕

<main, T> T {w->Z, Z->Z}

<double, N> {x->N} {x->N, y->N}

<double, Z> {x->Z} {x->Z, y->Z}

Works for non-recursive contexts!
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Context 𝝈𝒊𝒏 𝝈𝒐𝒖𝒕

<main, []> T {w->Z, Z->Z}

<double, [6]> {x->N} {x->N, y->N}

<double, [9]> {x->Z} {x->Z, y->Z}

Works for non-recursive contexts!



Recursion makes this a bit harder

7(c) 2021 J. Aldrich, C. Le Goues, R. Padhye



Key Idea: Worklist of Contexts

8(c) 2021 J. Aldrich, C. Le Goues, R. Padhye



Key Idea: Worklist of Contexts
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Key Idea: Worklist of Contexts
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Key Idea: Worklist of Contexts
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On Precision: Why return ⊥ when analyzing?
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Exercise: Try running zero analysis on this program



On Termination and Complexity
• Add to worklist C x H times (C = #contexts, H = lattice height)
• After each analysis, propagate result to N callers
• O(C x N x H) intraprocedural analyses
• = O(E x H) where E is #edges in context-sensitive call graph

• Is C finite???
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Types of Context-Sensitivity
• No context sensitivity
• Call strings
• Value contexts
• k-limited call strings
• k-limited value contexts
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Limited Context-Sensitivity
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No context-sensitivity

K-call-string context-sensitivity

Value-based context-sensitivity



In Practice
• Value contexts = same precision as arbitrary-length call strings

o Only former guaranteed to terminate, but still very expensive
• If flow functions are distributive, more efficient algorithms exist (e.g. 

IFDS)
• K-call strings is often used for general analyses
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OOP: Dynamic Dispatch
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OOP: Dynamic Dispatch
• Which function (method) is being called?
• Depends on what objects variables can point to
• Objects can be allocated on the heap
• Next up: Pointer Analysis
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