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Previously
▸ Constraint-based search: sketching

Today
▸ Constraint-based search: component-based synthesis

Roadmap
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Component-based synthesis
(Loop-free programs)
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0010 0101  à 0000 0010

Trick for an optimized program:

Adding 1 to a string of ones turns the next zero to a one: 

000111 + 1 = 001000

int W = 32;

bit[W] isolate0 (bit[W] x) {      
bit[W] ret = 0;
for (int i = 0; i < W; i++)  

if (!x[i]) { ret[i] = 1; return ret;  } 
}

Example: Least significant zero bit

0010 0000  à 0000 0001



Example: Least significant zero bit 
bit[W] isolateSk (bit[W] x) implements isolate0 {

return !(x + ??) & (x + ??) ;
}

bit[W] isolate0Sk (bit[W] x) implements isolate0 {
return gen(x, 3);

}

Sketch 1

Sketch 2

User still needs to write 
a program sketch

generator bit[W] gen(bit[W] x, int bnd){
assert bnd > 0;
if(??) return x;
if(??) return ??;
if(??) return !gen(x, bnd-1);
if(??){
return {| gen(x, bnd-1) (& | +) gen(x, bnd-1) |}; }

}



Example: Least significant zero bit
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int W = 32;

bit[W] isolate0 (bit[W] x) {      
bit[W] ret = 0;
for (int i = 0; i < W; i++)  

if (!x[i]) { ret[i] = 1; return ret;  } 
}

0010 0101  à 0000 0010

0010 0000  à 0000 0001



Component-based synthesis
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Component-based synthesis
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Component-based synthesis

Functional specification

A library of components 
+ 

Functional specifications 
for components

Find a program that 
implements ! ", $ using 

only given components

Enables hierarchical synthesis! 
User can extend library by specifying a synthesized 
program as a new component in the extended library.

+

‣ Component-Based Synthesis for Complex APIs. POPL, 2017
‣ Look for the Proof to Find the Program: Decorated-Component-

Based Program Synthesis. CAV, 2017
‣ Component-Based Synthesis of Table Consolidation and 

Transformation Tasks from Examples. PLDI, 2017
‣ Jungloid Mining: Helping to Navigate the API Jungle. PLDI, 2005



SMT encoding?



SMT encoding: component semantics
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!! "!, $! : $! = ¬"!

!& "&, "&6 , $& : $& = "& ∧ "&6

"!"#(#"$, #%&')

()*: component library
+!": ∪(component inputs)
+#$%: ∪(component outputs) 



SMT encoding: syntactic well-formedness

I O
+  1

!
&

f(I):
1. O_1 := f+1 (I);
2. O_2 := f! (I);
3. O_3 := f& (O_1, O_2);
return O_3;

To obtain program, we need to find:
▸ which component goes into which location
▸ from which location or program input does 

component get input arguments



SMT encoding: syntactic well-formedness

I O
+  1

!
&

f(I):
1. O_1 := f+1 (I);
2. O_2 := f! (I);
3. O_3 := f& (O_1, O_2);
return O_3;

Use location variables for 
every input and output of components!



+  1

&

!

-&!"

-&!

-&&

-'!"

-'!
-'&
-'(&

∈ {1,2,3}0,1,2,3 ∋

f(I):
1. O_1 := f+1 (I);
2. O_2 := f! (I);
3. O_3 := f& (O_1, O_2);
return O_3;

(723 = 1 (823 = 0
(7! = 2 (8! = 0
(7& = 3 (8& = 1 (86& = 2

If . is an output variable for component /,  
(9 is the location where / goes.

If . is an input variable for component /,  
(9 is the location from where / get its input.

SMT encoding: syntactic well-formedness
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SMT encoding: syntactic well-formedness 

&
),+∈-!"#, "#$

:" ≠ :$ ∧

&
% ∈'(),

&
"∈*$, $+,$

:" < :$ ∧

&
"∈-%&

0 ≤ :" ≤ > − 1 ∧ &
"∈-!"#

|"| ≤ :" ≤ > − 1

Every program location has 
exactly one component

Every variable is initialized 
before use 

( : set of location variables
()*: component library
:: number of components
;: : + |>|
+!": ∪(component inputs)
+#$%: ∪(component outputs) 
+:      +!" ∪ +#$%



SMT encoding: dataflow semantics

$?%$$ : &
",$∈*∪,∪-

:" = :$ → B = C Relating the input/output 
variables of the components 
and the program

( : set of location variables
()*: component library
:: number of components
;: : + |>|
+!": ∪(component inputs)
+#$%: ∪(component outputs) 
+:      +!" ∪ +#$%



SMT encoding: synthesis constraint

∃&, #. ∀,, -. $789 & ∧ "!"# # ∧ $?%$$ ,, -, #, & → " ,, -

Quadratic in the number of componentsSolve using CEGIS



Component-based synthesis
(Loop-free programs)
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Inductive Component-based 
Synthesizer

candidate implementation

add input/output example

succeed

observation set D

Validation

Your verifier goes hereBuggy Ok

SMT Solver
Is solution semantically 

unique?

I/O Oracle

fail fail
succeed

yes

no

Distinguishing input



Today
▸ Constraint-based search: component-based synthesis

Next
▸ Stochastic search

Summary


