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Program Synthesis



Synthesis: modern view

Reference Implementation

Test Harnesses

Input/Output Examples



Example

bit[W] avgSpec(bit[W] x, bit[W] y){
    
  bit[2*W] xx = extend@signed(x, 2*W);
  bit[2*W] yy = extend@signed(y, 2*W);

  bit[2*W] r = rshift@signed(xx+yy, 1); 
  return (r[0::W]);
}

bit[W] avg(bit[W] x, bit[W] y) 
implements avgSpec{
    
    return 
}



And 8 seconds later…



Early successes



Concurrent 
data-structures

•
•

•

•



Paraglide [IBM] 
Synthesis of concurrent code

✓

1  int take() {
2   long b = bottom – 1;
3   item_t * q = wsq;
4   bottom = b
5   long t = top
6   … 1  int take() {

2   long b = bottom – 1;
3   item_t * q = wsq;
4   bottom = b
5   long t = top
6   …



Lessons

•
•

•



Reverse engineering 

•
•

•

•



Reverse engineering



Reverse engineering



FlashFill



FlashFill

•

→



Exciting Directions: 
Reverse Engineering



Framework Models for 
Symbolic Execution

•

Event-Driven
Framework
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Screen

Application

Event B

API Calls

Event A [Environment]
Timer
GPS
User



Pasket

Framework

Tutorial
Program

API (classes, 
methods, types)

Design 
PatternsLogs Pasket

Framework 
Model



JPF w(/o) Synthesized 
Model

•
•

• setVerticalTextPosition

•



Verified Lifting

•

•



Optimization 
then and now
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Java to SQL

List getUsersWithRoles () {
  List users = User.getAllUsers(); 
  List roles = Role.getAllRoles();

  List results = new ArrayList();

  for (User u : users) {

for (Role r : roles) {

         if (u.roleId == r.id)

            results.add(u); }}

  return results; }

SELECT * FROM user

SELECT * FROM role

convert to



Join Query

→



Example: MultiGrid



Example: MultiGrid



Speedups



Exciting Directions:
Synthesis for Synthesis



Solvers are hard to write

•

•
•

•

•



Sketch Simplifier
if(nfather->type == LT && nmother->type == LT){    
  // (a+e<x) & (b+e<x) ---> a+e<x when b<a
  if(nfather->mother->type == PLUS && nmother->mother->type == PLUS){
    bool_node* nfm = nfather->mother;
    bool_node* nmm = nmother->mother;
 
    bool_node* nmmConst = nmm->mother;
    bool_node* nmmExp = nmm->father;
    if(isConst(nmmExp)){
      bool_node* tmp = nmmExp;
      nmmExp = nmmConst;
      nmmConst = tmp;
    }
    bool_node* nfmConst = nfm->mother;
    bool_node* nfmExp = nfm->father;
    if(isConst(nfmExp)){
      bool_node* tmp = nfmExp;
      nfmExp = nfmConst;
      nfmConst = tmp;
    }
if(isConst(nfmConst) && isConst(nmmConst) && nfmExp== nmmExp){
      if(val(nfmConst) < val(nmmConst)){
        return nmother;
      }else{
        return nfather;
      }
} } }
  



Performance

•
•



Bit-vector encoding



Benchmark Family Solved by CVC4  →  Our Solver

Log-slicing (79) 33 → 62

ASP (365) 240   → 288

Mcm (61) 40 → 43

Brummayerbiere2 (33) 28   →  29

Float (62) 59 → 60

Brummayerbiere3 (40) 23 → 24

Bruttomesso (676) 623 → 623

TOTAL 1046 → 1129

Solve more problems



Cross domain 
performance

Solver 
Domain 

log-slicin
g

asp mcm brumma2 float brumma3 brutto

log-slicing 62 58 36 59 32 35 35

asp 227 288 255 227 236 253 240

mcm 39 38 43 40 39 39 41

brumma2 29 28 28 29 29 29 29

float 57 57 59 57 60 60 59

brumma3 22 22 25 22 23 24 23

brutto 607 606 623 609 623 623 623



Exciting Directions:
Quantitative Synthesis



STOKE

•

•

•



Prophet/Genesis

•

Test 
Suite

Ranked list of patches
All of which pass test suite

Developer chooses correct patch
Goal: rank correct patch first

Prophet

Patch Generation 
System



Visual Concept 
Learning
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Synthesis vs. ML

•



Synthesis > ML

•
•

•
•
•

•
•



ML > Synthesis

•
•

•
•



You can do this too!



Synthesis Infrastructure

•
•
•

•
•
•
•

•
•



Conclusion

•

•

•


