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Abstract
Implementing sound static analyzers for new languages re-
quires significant time and effort. We show that it is possi-
ble by partial evaluation to automatically retarget existing
abstract interpreters for new languages. Given an existing
abstract interpreter for a source language and a definitional
interpreter for a new target language, we can derive a correct
abstract interpreter for the target language by partially evalu-
ating the abstract interpreter with respect to the definitional
interpreter. We demonstrate our method on mini-languages
and show that it is possible to mechanize the process with
MetaOCaml. Our approach suggests a promising direction
to reduce the burden of building new analyzers from scratch.

Keywords: Partial evaluation, Abstract interpretation

1 Introduction
Abstract interpretation [Cousot and Cousot 1977] provides
a systematic framework to construct sound static analyzers
by overapproximating a concrete semantics for a language.
While abstract interpreters can be designed in a principled
manner following a recipe [Rival and Yi 2020], it is time-
consuming to model both a concrete semantics of a language
and a corresponding abstract semantics. This burden is com-
pounded when an analysis designer repeats the process for
every new target language.
We propose automatically deriving abstract interpreters

for new languages from an existing abstract interpreter. We
show that partial evaluation [Futamura 1971, 1999] of an
abstract interpreter for a source language, using the seman-
tics of target languages written in the source language in a
form of a definitional interpreter [Reynolds 1972], leads to a
retargeted sound abstract interpreter for the new target. This
eliminates the need to build analyzers for new languages
from scratch.
Furthermore, we demonstrate using mini-languages that

our approach is mechanizable by retargeting an abstract
interpreter written in (BER) MetaOCaml [Calcagno et al.
2003; Kiselyov 2014].

2 Our Approach
There are three languages in play: aMeta-language, a Source
language, and a new Target language. The meta-languageM
is the implementation language of the abstract interpreter
for language S, which also serves as the source language of
a definitional interpreter for the new analysis target T.

Our goal is
given a concrete interpreter ITS for T written in S (a “con-

crete T-interpreter,” see section 3.1), and
given an abstract interpreter I♯S

M
for S written inM (an

“abstract S-interpreter,” see section 3.2), to
derive an abstract interpreter I♯T

M
for T written in M (an

“abstract T-interpreter,” see section 4).
A key observation is that partial evaluation PE in the

M-language (section 3.3) allows for a fully automatic deriva-
tion of an abstract interpreter for T. In section 4, we show
that the retargeted abstract interpreter is indeed sound:

Main Theorem (Correctness of a Retargeted Abstract In-
terpreter). Retargeting an abstract interpreter I♯S

M
with re-

spect to an interpreter ITS results in a sound abstract inter-

preter I♯T
M

≜ PE(I♯S
M
, ITS).

We finish by presenting a mechanized mini-example in
section 5 to illustrate our approach with MetaOCaml.

3 The Ingredients
Notation. We distinguish programs and values of each lan-
guage using different typefaces and colors, e.g., p forM-, p for
S-, and p for T-programs. Explicit language name subscripts
may be used when they are helpful, e.g., PM, PS, and PT.
Given domains D1 and D2, we denote the product as D1 ×D2,
disjoint union as D1 + D2, and (Scott-)continuous function
domain as D1 → D2, where × has the highest precedence, +
has lower precedence, and → the lowest; × and + are left-
associative, whereas → is right-associative [Reynolds 1998].
We denote the set of partial functions from 𝑋 to 𝑌 as 𝑋 ⇀𝑌 .
Angle brackets denote semantic tuples, e.g., ⟨𝑣1, 𝑣2⟩ ∈ D1×D2
when 𝑣1 ∈ D1 and 𝑣2 ∈ D2. (·?·:·) is the semantic conditional
operator.
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We now present the ingredients of our recipe. While our
recipe is tuned to be readily applied to the mini-example
of section 5, exact signatures for semantic functions and
domains may be adapted to other forms.

Definition 1 (Syntax and Semantics). Let VM be the set of
values inM, whereVM is closed under productVM×VM ⊆ VM

and continuous functions (VM→VM) ⊆ VM; andSS andST be
the sets of states in S and T. LetPM,PS, andPT be programs of
each languageM, S, and T. Then we have concrete semantics
functions

JpK ∈ VM, JpK ∈ SS → SS, and JpK ∈ ST → ST

for all p ∈ PM, p ∈ PS, and p ∈ PT. □

Moreover, each domain of defining-language values should
be able to encode the programs and the values of the defined-
language—this is expressed in definition 2.

3.1 An Interpreter for the New Language
The first ingredient is the semantics of the new language T:
a definitional interpreter ITS. This is written in the source
language S for which we have an abstract interpreter I♯S

M
.

For an interpreter to accept programs of the target lan-
guage, we need to embed the program and the initial state
of the target language into the source language.

Definition 2 (Encoders and Decoders). An input encoder
⌈·, ·⌉ST ∈ PT × ST → SS is a function that encodes a T-pro-
gram and a T-state into an S-state. This induces an output
decoder ⌊ · ⌋ST ∈ SS ⇀ ST, which is a partial function, where⌊

⌈p, σ⌉ST
⌋S
T
= σ

for all p ∈ PT and σ ∈ ST. We overload the notation for the
lifted decoder, that is, for any σ ∈ ℘(SS) we have

⌊σ⌋ST = {⌊σ⌋ST | σ ∈ σ}. □

In practice, encoders and decoders are usually part of
an interpreter as parsers, and we can assume that they are
available. For brevity, we shall omit the subscripts and su-
perscripts of encoders and decoders as they can be unam-
biguously inferred.

Definition 3 (Concrete Interpreter). A concrete T-inter-
preter ITS ∈ PS is an S-program that accepts an S-state that
encodes a T-program and a T-state, and returns an S-value
that encodes the evaluation result. That is, ITS satisfies⌊

JITSK⌈p, σ⌉
⌋
= JpK σ (1)

for all p ∈ PT and σ ∈ ST. □

Note that equation (1) enforces a few requirements on S.
S-language should be expressive enough to encode the pro-
grams and values of T, and to write an interpreter for T.

3.2 An Existing Abstract Interpreter
Now we need the second ingredient: an existing abstract
interpreter for S, I♯S

M
. This is written in the meta-languageM

for which we have a partial evaluator PE.
We define the abstract domain and the concretization func-

tion for the source language S in which the abstract inter-
preter I♯S

M
operates.

Definition 4 (Abstract Domain and Concretization). The ab-
stract domain S♯

S of S approximates the concrete domain SS
with an approximation partial order ⊑S. An abstract state
can be concretized to a set of concrete states using a mono-
tonic concretization function γ ∈ S♯

S → ℘(SS), where for
any σ

♯

1, σ
♯

2 ∈ S♯

S, we have

σ
♯

1 ⊑S σ
♯

2 =⇒ γ σ
♯

1 ⊆ γ σ
♯

2.

Moreover, we overload the notation of encoder and decoder
for programs and abstract states, that is, we have ⌈·⌉ ∈ PS +
S♯

S → VM, ⌈·, ·⌉ ∈ PS × S♯

S → VM × VM and ⌊ · ⌋ ∈ VM ⇀ S♯

S,
where

⌈p, σ♯⌉ = ⟨⌈p⌉, ⌈σ♯⌉⟩
and ⌊

⌈σ♯⌉
⌋
= σ

♯ . □

With definition 4, we can define a correctness condition
for an abstract S-interpreter I♯S

M
.

Definition 5 (Abstract Interpreter). An abstract S-inter-
preter I♯S

M
∈ PM is an M-program that accepts an S-program

and an S-state, and returns a sound approximation of the
evaluation result with respect to the concretization γ, as
defined in definition 4. That is, I♯S

M
satisfies

σ ∈ γ σ
♯ =⇒ JpK σ ∈ γ

⌊
JI♯S
M

K⌈p, σ♯⌉
⌋

(2)
for all p ∈ PS, σ♯ ∈ S♯

S and σ ∈ SS. □

Again, equation (2) imposes requirements on the expres-
siveness ofM. The meta-languageM should be expressive
enough to encode the programs and values of S, and write
an abstract interpreter for S. In addition,M should be able to
construct and represent tuples and functions, which explains
the requirements in definition 1.

3.3 Retargeting using a Partial Evaluator
The final ingredient for automatically deriving a retargeted
abstract interpreter is a partial evaluator for M: PE ∈ PM ×
VM → PM.
Definition 6 (Partial Evaluator). A partial evaluator PE ∈
PM × VM → PM accepts two inputs,

1. a program p ∈ PM that accepts ⟨v1, v2⟩ ∈ VM, and
2. a value v1 ∈ VM,

and returns a specialized program that accepts the remaining
value v2 ∈ VM. That is, PE satisfies

JPE(p, v1)K v2 = JpK⟨v1, v2⟩ (3)
for all p ∈ PM and v1, v2 ∈ VM. □
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From equation (3), we can specialize an abstract interpreter
with a target program by substituting I♯S

M
for p:

JPE(I♯S
M
, ⌈p⌉)K ⌈σ♯⌉ = JI♯S

M
K ⌈p, σ♯⌉ . (4)

This is essentially the first Futamura projection extended to
abstract interpreters.

4 The Correctness Theorem
Before we show the main theorem, we prove the correctness
of a meta-level analysis.

Lemma 1 (Correctness of a Meta-level Analysis). Analyzing
a T-program using an abstract interpreter I♯S

M
along with the

concrete interpreter ITS is sound.

Proof. Suppose we are given a T-program p and a T-state σ.
Then by substituting ITS for p and ⌈p, σ⌉ for σ in equation (2),

⌈p, σ⌉ ∈ γ σ
♯ =⇒ JITSK⌈p, σ⌉ ∈ γ

⌊
JI♯S
M

K ⌈ITS, σ
♯⌉
⌋

=⇒
⌊
JITSK⌈p, σ⌉

⌋
∈
⌊
γ

⌊
JI♯S
M

K ⌈ITS, σ
♯⌉
⌋⌋

Then from equation (1),
⌊
JITSK⌈p, σ⌉

⌋
is precisely JpK σ. Thus

the analysis JI♯S
M

K ⌈ITS, σ
♯⌉ subsumes the concrete evaluation

JpK σ when decoded. ■

Main Theorem (Correctness of a Retargeted Abstract In-
terpreter). Retargeting an abstract interpreter I♯S

M
with re-

spect to an interpreter ITS results in a sound abstract inter-

preter I♯T
M

≜ PE(I♯S
M
,
⌈
ITS
⌉
).

Proof. Given a partial evaluatorPE that satisfies equation (3),
we can partially evaluate the abstract interpreter I♯S

M
with

respect to the interpreter ITS as
I
♯T
M

≜ PE(I♯S
M
,
⌈
ITS
⌉
).

We now show that the specialized I
♯T
M

is indeed a correct
static analyzer of T. Fix a T-program p and a T-state σ. Given
σ
♯ such that ⌈p, σ⌉ ∈ γ σ

♯, from equation (4),
JI♯T
M

K ⌈σ♯⌉ = JPE(I♯S
M
, ⌈ITS⌉)K ⌈σ

♯⌉ = JI♯S
M

K ⌈ITS, σ
♯⌉

and from lemma 1, this soundly approximates the evaluation

JpK σ ∈
⌊
γ

⌊
JI♯S
M

K ⌈ITS, σ
♯⌉
⌋⌋

Thus the specialized abstract interpreter I♯T
M

is correct. ■

5 A Mechanized Example
We now present a concrete example that demonstrates how
our approach retargets an abstract interpreter I♯S

M
for a source

language S to an abstract interpreter I♯T
M

for a target lan-
guage T. For mechanization, we use MetaOCaml to be the
meta-language M. This example illustrates how our method
works in practice and highlights the properties of the result-
ing retargeted abstract interpreter.

Consider mini-languages T and S:
PT p ::= ADD n | MUL n | p; p

ES e ::= n | ∗e | e + e | e ∗ e | e == e
PS p ::= skip | ∗e = e | p; p

| if (e) {p} else {p} | while (e) {p}
T is an assembly-like language with a single register, e.g.,
ADD 42; MUL 3 returns (σ+ 42)× 3, given an initial register
value σ. S is a structured language with a memory that al-
lows arbitrary assignment at natural number addresses, e.g,
∗(13 + 37) = 0 transforms the value at address 50 to 0.
Given the integer value domains VT = VS = Z and state

domains ST = VT as a single register value and SS = VS as
an array of memory values, the semantics J · K and J · K and
the encoder ⌈·, ·⌉ are given as follows:

JpK ∈ VT → VT ⌈p, σ⌉ ∈ VS

JADD nK ≜ 𝜆σ. n + σ JMUL nK ≜ 𝜆σ. n × σ

Jp1; p2K ≜ Jp2K ◦ Jp1K

⌈p1; ...; pk, σ⌉ ≜ σ :: 2 ::
k++

i=1

[
(pi = ADD n ? 1 : 2), n

]
++ [0]

JeK ∈ SS → VS JpK ∈ SS → SS

JnK ≜ 𝜆σ. n J∗eK ≜ 𝜆σ. σ[JeKσ]

Je1 + e2K ≜ 𝜆σ. Je1Kσ + Je2Kσ

Je1 ∗ e2K ≜ 𝜆σ. Je1Kσ × Je2Kσ

Je1 == e2K ≜ 𝜆σ. (Je1Kσ = Je2Kσ ? 1 : 0)

JskipK ≜ 𝜆σ. σ J∗e1 = e2K ≜ 𝜆σ. σ[Je1K ↦→ Je2K]

Jp1; p2K ≜ Jp2K ◦ Jp1K

Jif (e) {p1} else {p2}K ≜ 𝜆σ. (JeKσ ≠ 0 ? Jp1Kσ : Jp2Kσ)

Jwhile (e) {p}K ≜ 𝜆σ. (JeKσ = 0 ? σ : Jwhile (e) {p}K ◦ JpK σ)

To elaborate on the encoding ⌈p, σ⌉, we place the register
value σ and the program counter—initially 2—at the first
and second addresses. Each instruction is stored with an
alignment of two words: the first cell stores the operation
code—ADD is 1 and MUL is 2—and the second stores the argu-
ment. The program finishes with the operation code 0 for
halting. We omit the presentation of PM, VM, ⌈·⌉, and JeK
of MetaOCaml (M) for brevity. The encoder ⌈·⌉ is a typical
parser that embeds the AST of an S-program or an S-value
into its correspondingM-datatype representation.

Now we can define the concrete T-interpreter
1 ITS = while (∗PC) {
2 if (∗PC == 1) { R = R + ∗(PC + 1) }
3 else if (∗PC == 2) { R = R ∗ ∗(PC + 1) }
4 else { skip };
5 PC = PC + 2 }
where macros R = ∗0 and PC = ∗1 are used for convenience.

3
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The abstract interpreter I♯S
M

parameterized by the base
value abstraction is shown below in (pseudo-)MetaOCaml.
Brackets .<. . . >. wraps code to generate, and an escape .~

represents a hole inside the code template.
1 let I♯S

M
(p, σ♯) = evalp

♯(p, σ♯)
2 where evale♯(e, σ♯) = match e with
3 | n → .<𝜂(n)>.
4 | ∗e → .< .~σ

♯
[.~evale

♯(e, σ♯)] >.
5 | e1 + e2 → .< .~evale

♯(e1, σ♯) +♯
.~evale

♯(e2, σ♯) >.

6 | e1 ∗ e2 → .< .~evale
♯(e1, σ♯) ×♯

.~evale
♯(e2, σ♯) >.

7 | e1 == e2 → .< .~evale
♯(e1, σ♯) =♯

.~evale
♯(e2, σ♯) >.

8 and evalp♯(p, σ♯) = match p with
9 | skip → σ

♯

10 | ∗e1 = e2 → .< .~σ
♯
[ .~evale

♯(e1, σ♯) ↦→♯
.~evale

♯(e2, σ♯) ] >.

11 | p1; p2 → .< .~evalp
♯(p2, evalp♯(p1, σ♯)) >.

12 | if (e) {pt} else {pf } →
13 .< let v♯ = .~evale

♯(e, σ♯) in
14 F ♯

≠0(v
♯, .~evalp♯(pt, σ♯)) ⊔♯ F ♯

=0(v
♯, .~evalp♯(pf , σ♯)) >.

15 | while (e) {pb} →
16 .< let v♯ = .~evale

♯(e, σ♯) in
17 .~evalp

♯(p, evalp♯(pb, .< F ♯

≠0(v
♯, σ♯) >.)) ⊔♯ F ♯

=0(v
♯, σ♯) >.

The parametrizable knob is given by the extraction func-
tion 𝜂 [Darais and Horn 2019; Nielson et al. 1999] that ex-
tracts the abstract value from a single concrete value. Ab-
stract operators are defined correspondingly: abstract opera-
tors +♯, ×♯, =♯ correspond to +, ×, =, respectively; ⊔♯ is an
abstract join; and F ♯

≠0 and F ♯

=0 filter abstract values based on
the predicate ≠ 0 and = 0, respectively [Rival and Yi 2020].
To ensure termination, we have also modified the above

code into an open-recursive style in the actual implementa-
tion, à la Abstracting Definitional Interpreters [Darais et al.
2017].

Performing the specialization by applying ITS to the above
function, we get the retargeted abstract interpreter I♯T

M
=

PE
(
I
♯S
M
,
⌈
ITS
⌉)

as1

1 let I♯S
M ITS

(σ♯) =

2 let v1 = σ
♯ [σ♯ [𝜂(1)]] in

3 let σ♯2 = F ♯

≠0(v1, σ
♯) in

4 let v3 = σ
♯

2 [σ
♯

2 [𝜂(1)]] =♯ 𝜂(0) in

5 let σ♯4 = F ♯

≠0(v3, σ
♯

2) in let σ♯5 = F ♯

=0(v3, σ
♯

2) in

6 let v6 = σ
♯

5 [σ
♯

5 [𝜂(1)]] =♯ 𝜂(2) in

7 let σ♯7 = F ♯

≠0(v6, σ
♯

5) in let σ♯8 = F ♯

=0(v6, σ
♯

5) in

8 let σ♯9 =

9 σ
♯

4

[
𝜂(0) ↦→♯

σ
♯

4 [𝜂(0)] +♯
σ
♯

4 [σ
♯

4 [𝜂(1)] +♯ 𝜂(1)]
]
⊔♯

10 σ
♯

7

[
𝜂(0) ↦→♯

σ
♯

7 [𝜂(0)] ×♯
σ
♯

7 [σ
♯

7 [𝜂(1)] +♯ 𝜂(1)]
]
⊔♯

σ
♯

8 in

11 F ♯

=0(v1, σ
♯) ⊔♯

I
♯S
M ITS

([σ♯

9 [𝜂(1) ↦→♯
σ
♯

9 [𝜂(1)] +♯ 𝜂(2)]])

where the subscript ITS indicates that the source code I
♯S
M

is
specialized with respect to the concrete interpreter ITS.

1The open-recursive style has been manually restored to a recursive style
for presentation.

Notice that while the retargeted abstract interpreter I♯T
M

is
written in the meta-languageM, the (abstract-)interpretative
overhead is eliminated and the structure of the interpreter ITS
is closely mirrored: two abstract joins in lines 9–10 mirror
the if-elif-else structure of the loop body, and the recursive
call in line 11 mirrors the while loop of ITS. This is a classical
phenomenon in partial evaluation [Jones 1996].

Moreover, observe the key advantage of our approach: I♯T
M

reuses the abstract operators +♯ (line 9) and ×♯ (line 10) from
the existing I♯S

M
to analyze the T-programs ADD n and MUL n,

resulting in a sound analyzer (main theorem). Our approach
enjoys the inherited properties from the existing (abstract)
interpreter, as observed by Reynolds [1972].

6 Related Work
Meta-level Analysis. The effort to automatically keep the

analysis of JavaScript (JS) programs in sync with the rapidly
evolving ECMA-262 [Guo et al. 2025] specification motivated
the development of a meta-level static analyzer JSAVER [Park
et al. 2022]. JSAVER targets a low-level language IRES, which
is used to describe the semantics of JS. By applying a meta-
level analysis to a definitional interpreter of JS written in
IRES, JSAVER can analyze JS programs. In this specialized
setting, JS and IRES share the same base value domain.
We extend this work by
1. providing a language-agnostic framework, even allow-

ing source and target languages to have different value
domains; and

2. addressing the performance limitations mentioned in
their work through partial evaluation.

Partial Evaluation. It is well known that partial evalu-
ation of an interpreter with respect to a program leads to
compilation of the program—this is called the first Futamura
[1971, 1999] projection. The compiled program is essentially
a specialized interpreter that does not need to traverse the
AST of the original program, which eliminates interpretative
overhead [Jones 1996].
The same idea of improving analysis performance by ap-

plying the first Futamura projection to abstract definitional
interpreters [Darais et al. 2017] was demonstrated in staged
abstract interpreters [Wei et al. 2019]. Since the analyzer is
specialized to the target program, the (abstract) interpreta-
tive overhead is eliminated, resulting in efficient analysis.

Peralta et al. [1998] proposed a method for partially eval-
uating a definitional interpreter for an imperative language
written in constraint logic programming. The resulting spe-
cialized interpreter—an imperative program compiled into
a constraint logic program—can then be analyzed using an
existing static analyzer for logic programming languages.
While their approach produces an efficient representation
of individual target programs, our approach yields a general
analyzer applicable to any program in the target language.

4
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Note that we stage an abstract interpreter with respect
to a definitional interpreter for a new language rather than
an analysis target program, representing a fundamentally
different use of partial evaluation compared to prior work.

Reusing Abstractions. Reusing abstractions for static
analysis is an ongoing challenge. Skeletal semantics [Bodin
et al. 2019] can be used to derive abstract interpreters by in-
tegrating meta-language abstractions with language-specific
ones [Jensen et al. 2023]. Composing modular analysis com-
ponents has been proposed by Keidel and Erdweg [2019],
which employs arrows meta-language [Hughes 2000]. An
open-source static analysis framework Mopsa [Journault
et al. 2020] leverages OCaml’s extensible variants to easily
define new targets and reuse abstractions compositionally.

Our method follows a top-down approach of recycling an
entire abstract interpreter to retarget to a new one, instead
of composing analysis components in a bottom-up fashion.

7 Discussion
Our recipe for retargeting abstract interpreters can drasti-
cally reduce the effort required to develop static analyzers
for various applications. For example, a JavaScript static an-
alyzer such as JSAVER [Park et al. 2022] can be retargeted to
analyze React applications using a React definitional inter-
preter like React-tRace [Lee et al. 2025].

We are currently working on identifying the properties of
the retargeted abstract interpreter—for example, the effect of
the semantic gap between the source and target languages, its
precision and performance characteristics, and approaches
to inheriting analysis sensitivity for the target language. We
believe that our recipe can be extended to provide a knob
for analysis designers, enabling sensitivity control over the
analyses of target programs.
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