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if (x > 5) {
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    } else {
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solver(                ) = { x = 6, y = 9 }

Useful in program testing, verification, bug finding, etc.
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optimizes programs, etc.

runs faster

symbolic
interpreter

concrete
interpreter

informs

derives

Our approach: partial evaluation

deriving symbolic-compilers from symbolic-interpreters 
via metaprogramming (Wei et al., OOPSLA 2020)
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execution meanwhile permitting parallelism and search heuristics?
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Challenge:  how can we compile nondeterministic symbolic 
execution meanwhile permitting parallelism and search heuristics?

Solution: generating code in continuation-passing style
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def g() =
  if (sym_cnd) {
    x = 42
  } else {
    x = 100
  }
  return x

cnd

ret

y = g()
z = y + 1
...

g
call

z=y+1

static control-flow graph

...

Represent the rest of the execution as a function k in the generated code
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def g() =
  if (sym_cnd) {
    x = 42
  } else {
    x = 100
  }
  return x

cnd

ret

y = g()
z = y + 1
...

g
call

z=y+1

static control-flow graph

...

Represent the rest of the execution as a function k in the generated code

continuation k
Invoke and fork

k(s1); k(s2)
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Represent the rest of the execution as a function k in the generated code

continuation k

Save and pause

scheduler.put(() => k(s))
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Represent the rest of the execution as a function k in the generated code

Save and pause

scheduler.put(() => k(s))

continuation k’

Dispatch and resume

k’ = scheduler.get(); k’()
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Represent the rest of the execution as a function k in the generated code

Save and pause

scheduler.put(() => k(s))

Dispatch and resume

k’ = scheduler.get(); k’()

Parallelism for Free

new thread { k = scheduler.get(); k() }

scheduler.put(k1) scheduler.put(k2)
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GenSym Implementation & Evaluation

● GenSym
○ Compiles LLVM IR to C++
○ Written in Scala/LMS as a staged symbolic interpreter
○ Implements path forking, switching, and parallelism using continuations

● Benchmarks
○ A subset of GNU Coreutils (using POSIX file system and uClibc library)
○ Average program size 28334 LOC of LLVM IR

● Performance evaluation
○ Compared with KLEE, a state-of-the-art symbolic interpreter
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Single-thread pure execution time (sec) 

excluding solver: 4x faster on avg

GenSym - Evaluation
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Single-thread path throughput
 (paths per second) of 1-hour running: 4.3x on avg.

GenSym - Evaluation
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Speedups using more threads

  4th - 3.6x
  8th - 6.7x
12th - 9.3x

GenSym - Evaluation



More in the Paper

● Design and Implementation

● An example of compiled code

● Parallelism

● Compile-time optimizations

● Generative environment modeling

● Evaluation details (optimizations, 
compilation overhead, etc.) 25



Conclusion

compiling symbolic execution to continuation-passing style to 
build high-performance and parallel symbolic execution engine

✦ Semantics-based compilation
✦ Zero interpretation overhead

✦ Effectively express concurrency/parallelism
✦ Allow using path-selection heuristics

✦ GenSym: artifact available and reusable

https://continuation.passing.style/GenSym 


