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RECAP

• CBS 
• Parameterized Programs 

• Sketches : A language to write Parameterized Programs 
• Language  

• Imperative language 
• Unknown Constants 
• Harness/ Test-harness  
• Generators : Allow complex parametrized programs  

• Recursive  
• Higher-order 



Constraint-Based Search



What is an Encoding





Solve the constraints









A small change: specs rather than i/o



Example : Sketches



Constraint-based search 
Over sketched Space
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Overall Strategy

Sketch 
with 

harnesses
Symbolic 
Execution Simplification Encoding Solver



Symbolic Execution



Semantics of a simple language

• What does an expression mean? 
• An expression reads the state and produces a value 
• The state is modeled as a map  from vars to values 
•

• Ex: 
•
•
•  + 

•  >   

𝜎
𝒜⟦ ⋅ ⟧ :𝑒 → Σ → 𝑖𝑛𝑡

𝒜⟦𝑥⟧ = 𝜆𝜎 .  𝜎(𝑥)
𝒜⟦𝑛⟧ = 𝜆𝜎 .  𝑛
𝒜⟦𝑒1 + 𝑒2⟧ = 𝜆𝜎 .  𝒜⟦𝑒1⟧𝜎 𝒜⟦𝑒2⟧𝜎
𝒜⟦𝑒1 > 𝑒2⟧ = 𝜆𝜎 .  𝑖𝑓 𝒜⟦𝑒1⟧𝜎 𝒜⟦𝑒2⟧𝜎 𝑡h𝑒𝑛 1 𝑒𝑙𝑠𝑒 0 

e:= n | x | e1 + e2 | e1 > e2  

c:=  x := e | c1 ; c2 | if e then c1 else c2 | while e do c 



Semantics of a simple language

• What does a command mean? 
• A command modifies the state 
•

• Ex: 
•
•
•

   

𝒞⟦ ⋅ ⟧ :𝑐 → Σ → Σ

𝒞⟦𝑥 ≔ 𝑒⟧ = 𝜆𝜎 .  𝜎[𝑥 → (𝒜⟦𝑒⟧𝜎)]
𝒞⟦𝑐1; 𝑐2⟧ = 𝜆𝜎 . 𝒞⟦𝑐2 ⟧(𝒞⟦𝑐1 ⟧𝜎)
𝒞⟦𝑖𝑓 𝑒 𝑡h𝑒𝑛 𝑐1𝑒𝑙𝑠𝑒 𝑐2⟧ =

𝜆𝜎 . 𝜆𝑥 .  𝑖𝑓𝒜⟦𝑒⟧𝜎 = 1 𝑡h𝑒𝑛 (𝒞⟦𝑐1 ⟧𝜎)𝑥 𝑒𝑙𝑠𝑒(𝒞⟦𝑐2 ⟧𝜎)𝑥

e:= n | x | e1 + e2 

c:=  x := e | c1 ; c2 | if e then c1 else c2 | while e do c 



Semantics of assertions



Symbolic Execution



Concrete execution: Example 1



Symbolic execution : Example 1

https://madhu.cs.illinois.edu/cs598-fall10/king76symbolicexecution.pdf



Symbolic execution : Example 2



Symbolic Execution



What about loops?



Symbolic Execution  : example 3



Symbolic Execution  : example 3

σ = {x → X, y → X + X, i → 2}



Symbolic Execution



ϕ : H → ℤ





Symbolic Evaluation of Commands



Symbolic Evaluation of Commands
• If statement



Symbolic execution of sketch : example







bit[W] isolateSk (bit[W] x) implements isolate0 { 
  
 return !(x + (??1)) & (x + (??2)) ; 
}

𝜙 𝜙

Example

• Goal: Find a function from holes to values 
• Easy in the absence of generators 

• Finite set of holes so function is just a table



Framing the synthesis problem

• Generators with recursion need something more
generator bit[W] gen(bit[W] x, int bnd){ 
    assert bnd > 0; 
    if(??1) return x; 
    if(??2) return ??5; 
    if(??3) return ~geng1(x, bnd-1); 
    if(??4){ 
        ... 
    } 
} 

bit[W] isolate0sk (bit[W] x)  implements isolate0 { 
     return geng0(x, 3); 
}

because the same syntactic instance of a hole is supposed to have different values for different instances of the generator.



generator bit[W] gen(bit[W] x, int bnd){ 
    assert bnd > 0; 
    if( (??1)) return x; 
    if( (??2)) return (??5); 
    if( (??3)) return ~geng1(x, bnd-1); 
    if( (??4)){ 
        ... 
    } 
} 

bit[W] isolate0sk (bit[W] x)  implements isolate0 { 
     return geng0(x, 3); 
}

𝜙

𝜙 𝜙

𝜙

𝜙

Framing the synthesis problem

• Generators need something more

Make  a function of a hole 

and a Context

ϕ



generator bit[W] gen(context , bit[W] x, int bnd){ 
    assert bnd > 0; 
    if( ( ,??1)) return x; 
    if( ( ,??2)) return ( ,??5); 
    if( ( ,??3)) return ~geng1( , x, bnd-1); 
    if( ( ,??4)){ 
        ... 
    } 
} 

bit[W] isolate0sk (bit[W] x)  implements isolate0 { 
     return geng0( , x, 3); 
}

𝜏 

𝜙 𝜏

𝜙 𝜏 𝜙 𝜏

𝜙 𝜏 𝝉  ⋅ 𝒈𝟏

𝜙 𝜏

𝒈𝟎

Framing the synthesis problem

• Generators need something more 
• The value of the holes depends on the context



Solving Constraints: 
CEGIS
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Logistics

• Reading assignment due on Sunday. 
• The 1-2 page proposal, due on next Friday. 

• Something similar to the Sec. 1 and 2 in the papers. 
• A concrete example showing inputs to the synthesizer. 
• How does algorithm roughly works on the example. 

• A class test 10 marks: 
• October 1, Tuesday 
• Syllabus, TBA


