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Problem statement and intuition. Given a set of input-output pairs < α0, β0 > . . . < αn, βn >
and N components f1, . . . fn, the goal is to synthesize a function f out of the components such
that ∀αi.f(α) produces βi. We achieve this by constructing and solving a set of constraints over f ,
passing those constraints to an SMT solver, and using a returned satisfying model to reconstruct
f . The key idea is that we define a set of location variables for each component and inputs and
outputs. The synthesis process then reduces to finding values for those location variables, which
then tell us which line of the program on which each component should appear. This requires
two sets of constraints: one to ensure the program is well-formed, and the other that ensures the
program encodes the desired functionality.

Definitions. We assume for simplicity that each component has a single output, and one or more
inputs. The inputs for the ith component, are denoted as −→χ i; its output, ri. Q denotes the set of all
input variables from all components; R the set of output variables from all components. Finally,
for all variables x, we define a location variable lx, which denotes where x is defined. L is the set
of all location variables:

Q :=
⋃N
i=1
−→χ i

R :=
⋃N
i=1 ri

L := {lx|x ∈ Q ∪R ∪ −→χ ∪ r}

Well-formedness. ψwfp denotes the well-formedness constraint. Let M = |−→χ | + N , where N is

the number of available components:

ψwfp(L,Q,R)
def
=

∧
x∈Q

(0 ≤ lx < M) ∧
∧
x∈R

(|−→χ | ≤ lx < M) ∧

ψcons(L,R) ∧ ψacyc(L,Q,R)

The first line of that definition says that inputs must be defined before outputs. ψcons and ψacyc
dictate that there is only one component in each line and that the inputs of each component are
defined before they are used, respectively:

ψcons(L,R)
def
=

∧
x,y∈R,x 6≡y

(lx 6= ly)

ψacyc(L,Q,R)
def
=

N∧
i=1

∧
x∈−→χ i,y≡ri

lx < ly

∗These notes are inspired by Section III.B of Nguyen et al., ICSE 2013 ...which provides a really beautifully clear
exposition of the work that originally proposed this type of synthesis in Jha et al., ICSE 2010.
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Functionality. φfunc denotes the functionality constraint that guarantees that the solution f satis-
fies the given input-output pairs:

φfunc(L,α, β)
def
= ψconn(L,

−→χ , r,Q,R) ∧ φlib(Q,R) ∧ (α = −→χ ) ∧ (β = r)

ψconn(L,
−→χ , r,Q,R) def

=
∧

x,y∈Q∪R∪−→χ∪{r}
(lx = ly ⇒ x = y)

φlib(Q,R)
def
= (

N∧
i=1

φi(
−→χ i, ri))

ψconn encodes the meaning of the location variables: If two locations are equal, then the values
of the variables defined at those locations are also equal. φlib encodes the semantics of the pro-
vided basic components, with φi representing the specification of component fi. The rest of φfunc
encodes that if the input to the synthesized function is α, the output must be β.

Almost done! φfunc provides constraints over a single input-output pair αi, βi, we still need to
generalize it over all n provided pairs {< αi, betai > |1 ≤ i ≤ n}:

θ
def
= (

n∧
i=1

φfunc(L,αi, βi)) ∧ ψwfp(L,Q,R)

θ collects up all the previous constraints, and says that the synthesized function f should satisfy
all input-output pairs and the function has to be well formed.

LVal2Prog. The only real unknowns in all of θ are the values for the location variables L. So, the
solver that provides a satisfying assignment to θ is basically giving a valuation of L that we then
turn into a constructed program as follows:

Given a valuation of L, Lval2Prog(L) converts it to a program as follows: The ith line of the

program is rj = fj(rσ(1), ..., rσ(η)) whenlrj == i and
η∧
k=1

(lχkj
== lrσ(k)), where η is the number of

inputs for component fj and χkj denotes the kth input parameter of component fj . The program
output is produced in line lr.

Example. Assume we only have one component, +. + has two inputs: χ1
+ and χ2

+. The output
variable is r+. Further assume that the desired program f has one input χ (which we call input0

in the actual program text) and one output r. Given a mapping for location variables of: {lr+ 7→
1, lχ1

+
7→ 0, χ2

+ 7→ 0, lr 7→ 1, lχ 7→ 0}, then the program looks like:

0 r0 := input0

1 r+ := r0 + r0
2 return r+

This occurs because the location of the variables used as input to + are both on the same line (0),
which is also the same line as the input to the program (0). lr, the return variable of the program,
is defined on line 1, which is also where the output of the + component is located. (lr+). We added
the return on line 2 as syntactic sugar.
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