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1 PROBLEM
Scalable static analyzer needs a separate analysis technique. Given open program fragments, a
separate analysis computes summaries for the fragments in isolation then links the analysis results
to conclude the analysis for the whole program.

However, the design of these separate static analyses often relies on ad hoc techniques; design
of a systematic framework is still an open problem.

We propose using partial evaluation [6, 7] as the basis for a framework for separate static analy-
sis design. By partially evaluating a global abstract interpretation [4] with respect to each module,
we obtain its separate analysis result. Linking of these results is, in turn, achieved again by partially
evaluating the linking operator over the available separate analysis results.

2 APPROACH
Our core idea is that the summary of a module𝑚 should not be an abstract value, but the residual
analysis code 𝑠𝑎𝑚 derived from partially evaluating the abstract interpreter 𝐼 ♯ against𝑚.

2.1 Step 1: Module Analyzer Generation
The first stage specializes the generic abstract interpreter 𝐼 ♯ for a specific module𝑚. 𝐼 ♯ is a function
that takes a module and an abstract state, returning a new abstract state: 𝐼 ♯ : 𝑀 → Σ♯ → Σ♯. We
treat the module𝑚 as static and the input state 𝜎♯ as dynamic.

Definition 2.1 (Separate Analyzer by partial evaluation). Let PE be a partial evaluator. Given 𝐼 ♯

and a module𝑚, the residual analyzer 𝑠𝑎𝑚 is

𝑠𝑎𝑚 = PE(𝐼 ♯,𝑚) where 𝑠𝑎𝑚 ∈ CΣ♯→Σ♯ .

The residual code 𝑠𝑎𝑚 is semantically equivalent to the original interpreter specialized for 𝑚
(∀𝜎♯ ∈ Σ♯ . J𝑠𝑎𝑚K(𝜎♯) = 𝐼 ♯ (𝑚,𝜎♯)). The PE process has already executed all 𝑚-dependent logic,
leaving only operations dependent on the dynamic input state 𝜎♯.

2.2 Step 2: Analyzer Composition
Given these residual analyzers, a naive linker would simply execute them sequentially, passing
the concrete abstract state between them. Here, 𝑠𝑎𝑎  and 𝑠𝑎𝑏  are the respective analysis results for
modules ma and mb , and 𝑚𝑎 ⋊𝑚𝑏 represents the relationship 𝑚𝑎 →𝑚𝑏  between them. However,
executing a chain 𝑚1 → 𝑚2 → 𝑚3 as J𝑠𝑎3K(J𝑠𝑎2K(J𝑠𝑎1K(𝜎♯

𝑖𝑛𝑖𝑡 ))) is not truly compositional, as 𝑠𝑎2
and 𝑠𝑎3 cannot be evaluated together without the concrete value 𝜎♯

1 .
For compositional linking, we need to treat the link program itself as a target for partial evalu-

ation. We apply 𝑝𝑒 again, this time treating analyzer code 𝑠𝑎𝑎 and 𝑠𝑎𝑏 as static data and the input
state 𝜎in as dynamic data. This allows us to statically link the two residual analyzers 𝑠𝑎𝑎 and 𝑠𝑎𝑏
to generate a new analyzer 𝑠𝑎𝑎,𝑏 .

Definition 2.2 (Analyzer Composition with partial evaluation). For compositional linking, we par-
tially evaluate the link function, which is not compositional.

𝑠𝑎𝑎,𝑏 = PE(link, (𝑠𝑎𝑎 ⋊ 𝑠𝑎𝑏))
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Definition 2.3 (Semantics of link). The semantics of link, which is the target of PE, is to connect
the input and output and execute them. Given residual analyzers 𝑠𝑎𝑎 and 𝑠𝑎𝑏 and an input state 𝜎♯

in,
we can get the final abstract state:

link(𝑠𝑎𝑎 ⋊ 𝑠𝑎𝑏, 𝜎
♯
in) = J𝑠𝑎𝑏K(J𝑠𝑎𝑎K(𝜎♯

in))

The logic of 𝑠𝑎𝑎 is inlined into 𝑠𝑎𝑏 by PE which perform static reduction on the code of the an-
alyzers. Any static output of 𝑠𝑎𝑎 (e.g., a constant) is propagated statically into 𝑠𝑎𝑏 ’s logic, enabling
inter-module optimization before any abstract state is computed.

With this linker, we can link 𝑚2 and𝑚3 first, independently of 𝑚1:
𝑠𝑎2,3 = PE(link, (𝑠𝑎2, 𝑠𝑎3))

The result 𝑠𝑎2,3 ∈ C is a new residual analyzer whose logic fuses 𝑠𝑎2 and 𝑠𝑎3. The dynamic input
of this new analyzer is 𝜎♯

1 .

∀𝜎♯
1 . J𝑠𝑎2,3K(𝜎♯

1 ) = link(𝑠𝑎2, 𝑠𝑎3, 𝜎♯
1 ) = J𝑠𝑎3K(J𝑠𝑎2K(𝜎♯

1 ))
The final analyzer for the whole program can then be computed by composing 𝑠𝑎1 with the 𝑠𝑎2,3

artifact:
𝑠𝑎1,(2,3) = PE(link, (𝑠𝑎1, 𝑠𝑎2,3))

The result 𝑠𝑎1,(2,3) is a single, fused, highly optimized residual program representing the whole
analysis, whose execution on the initial abstract state yields the final abstract state:

∀𝜎♯
𝑖𝑛𝑖𝑡 . J𝑠𝑎1,(2,3)K(𝜎♯

𝑖𝑛𝑖𝑡 ) = link(𝑠𝑎1, 𝑠𝑎2,3, 𝜎♯
𝑖𝑛𝑖𝑡 )

3 SMALL EXAMPLE
To illustrate this approach, consider a simple imperative language where a program is a sequence of
modules. Each module can define variables and perform arithmetic operations, including accessing
variables from preceding modules (e.g.,𝑚𝐴 .𝑥):

Module 𝑀 F 𝑚 : 𝑆

Stmt 𝑆 F 𝑥 := 𝑒 | 𝑆1; 𝑆2 | ifz 𝑒 {𝑆1} {𝑆2}
Exp 𝑒 F 𝑥 | 𝑚.𝑥 | 𝑛 | 𝑒1 ⊕ 𝑒2

We define an abstract interpreter 𝐼 ♯ that analyzes these modules using a standard abstract do-
main (e.g., intervals).

let 𝐼 ♯(𝑀 , 𝜎♯in) = match𝑀 with

| (𝑚cur, S) → eval𝑆 (𝑚cur, 𝑆 , 𝜎
♯
in)

and eval𝑆 (𝑚cur, 𝑆 , 𝜎♯) = match 𝑆 with
| (x := e) → let v = eval𝐸 (𝑚cur, 𝑒 , 𝜎♯) in 𝜎♯[𝑚cur.x ↦→ v]
| (𝑆1; 𝑆2)→ let 𝜎′♯ = eval𝑆 (𝑚cur, 𝑆1, 𝜎♯) in eval𝑆 (𝑚cur, 𝑆2, 𝜎′♯)
| (ifz 𝑒 {𝑆1} {𝑆2})→ let vcond = eval𝐸 (𝑚cur, 𝑒 ,𝜎♯) in

F ♯
≠0 (vcond, eval𝑆 (𝑚cur, 𝑆1,𝜎♯)) ⊔♯ F ♯

=0(vcond eval𝑆 (𝑚cur, 𝑆2,𝜎♯))

and eval𝐸 (𝑚cur, 𝑒 ,𝜎♯) = match 𝑒 with
| 𝑥 → 𝜎♯(𝑚cur.x) |𝑚.𝑥 → 𝜎♯(𝑚.𝑥) | 𝑛 → 𝜂 (𝑛)
| (𝑒1 ⊕ 𝑒2) → let 𝑣1 = eval𝐸 (𝑚cur, 𝑒1,𝜎♯) in let 𝑣2 = eval𝐸 (𝑚cur, 𝑒2,𝜎♯) in 𝑣1 ⊕♯ 𝑣2

Here, 𝜂 abstracts constants into abstract values into a chosen abstract domain (e.g., intervals).
This choice parameterizes the definitions of the various abstract operators used in the analysis.
These operators include, for instance, the abstract arithmetic operations ⊕♯ (like +♯) which are
defined to correspond to their concrete counterparts (⊕). Other critical abstract operators shown
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are the join operator ⊔♯, which merges abstract states from branches and the filter functions 𝐹 ♯,
which enhance precision by refining the state based on the branch conditions (e.g., 𝑒 = 0) [9].

Let’s analyze a program with three modules𝑚𝐴 ⋊𝑚𝐵 ⋊𝑚𝐶 :

𝑚𝐴 : 𝑥 := 5;𝑦 := 10 𝑚𝐵 : 𝑧 :=𝑚𝐴 .𝑥 +𝑚𝐴 .𝑦 𝑚𝐶 : 𝑤 :=𝑚𝐵 .𝑧 ∗ 2
First, we apply the partial evaluator PE to the abstract interpreter 𝐼 ♯ and each module indepen-
dently. This generates residual analyzers 𝑠𝑎𝐴, 𝑠𝑎𝐵 , and 𝑠𝑎𝐶 . The resulting residual analyzers:

let 𝑠𝑎𝐴 (𝜎in) = 𝜎in[𝑚𝐴 .𝑥 ↦→ 5♯][𝑚𝐴 .𝑦 ↦→ 10♯]
let 𝑠𝑎𝐵 (𝜎in) = let 𝑣1 = 𝜎in(𝑚𝐴 .𝑥) in let 𝑣2 = 𝜎in(𝑚𝐴 .𝑦) in let 𝑣𝑧 = 𝑣1 +♯ 𝑣2 in 𝜎in[𝑚𝐵 .𝑧 ↦→ 𝑣𝑧]
let 𝑠𝑎𝐶 (𝜎in) = let 𝑣𝑧 = 𝜎in(𝑚𝐵 .𝑧) in let 𝑣𝑤 = 𝑣𝑧 ∗♯ 2♯ in 𝜎in[𝑚𝐶 .𝑤 ↦→ 𝑣𝑤]

Then, we can link these residual analyzers by executing them, passing the abstract state.
• 𝑀𝐴 analysis: J𝑠𝑎𝐴K(𝜎♯

init) = {𝑚𝐴 .𝑥 ↦→ 5♯,𝑚𝐴 .𝑦 ↦→ 10♯} = 𝜎♯
𝐴

• 𝑀𝐵 analysis: J𝑠𝑎𝐵K(𝜎♯
𝐴) = {𝑚𝐴 .𝑥 ↦→ 5♯,𝑚𝐴 .𝑦 ↦→ 10♯,𝑚𝐵 .𝑧 ↦→ 15♯} = 𝜎♯

𝐵

• 𝑀𝐶 analysis: J𝑠𝑎𝐶K(𝜎♯
𝐵) = {𝑚𝐴 .𝑥 ↦→ 5♯,𝑚𝐴 .𝑦 ↦→ 10♯,𝑚𝐵 .𝑧 ↦→ 15♯,𝑚𝐶 .𝑤 ↦→ 30♯} = 𝜎♯

𝐶

The problem with this approach is its lack of compositionality for re-analysis. If𝑚𝐴 changes (e.g.,
to 𝑥 := 7), we must re-run J𝑠𝑎𝐴K. This produces a new 𝜎♯

𝐴, which then forces us to re-run J𝑠𝑎𝐵K to
get a new 𝜎♯

𝐵 , which in turn forces us to re-run J𝑠𝑎𝐶K. For solving this problem, we can use our
PE-based linker to fuse 𝑠𝑎𝐵 and 𝑠𝑎𝐶 into a single analyzer 𝑠𝑎𝐵,𝐶 = PE(link, (𝑠𝑎𝐵, 𝑠𝑎𝐶 )):

let sa𝐵,𝐶 (𝜎♯in) =

let v1 = 𝜎
♯
in(m_A.x) in let v2 = 𝜎

♯
in(m_A.y) in let vz = v1 +♯ v2 in let vw = vz ∗♯ 2♯ in

𝜎in [𝑚𝐵 .z ↦→ vz][𝑚𝐶 .𝑤 ↦→ vw]
This fused analyzer 𝑠𝑎𝐵,𝐶 represents the complete analysis for modules B and C, optimized as

a single unit. The intermediate abstract state 𝜎♯
𝐵 is completely eliminated from the computation.

Now, when 𝑚𝐴 changes: We re-run the new 𝑠𝑎𝐴 with 𝜎♯
init to get the new 𝜎♯

𝐴 and single fused
analyzer 𝑠𝑎𝐵,𝐶 . We have reduced the re-analysis chain from two steps—𝑠𝑎𝐵 then 𝑠𝑎𝐶—to a single,
optimized step—𝑠𝑎𝐵,𝐶 , improving efficiency for incremental and compositional analysis.

4 RELATEDWORK
We propose a compositional analysis framework centered on analyzer fusion, which leverages
partial evaluation to specialize an abstract interpreter against a module, rather than computing
a simplified summary. This approach has strength in preserving the full precision of the original
interpreter without using expensive abstraction like symbolic execution, compared to prior work
on modular abstract interpretation [5].

This separate analysis based on partial evaluation fundamentally differs from logic-based ap-
proaches like Infer, which rely on inferring logical specifications (e.g., separation logic footprints,
incorrectness assertions) via bespoke engines like bi-abduction [2, 3, 8]. Our framework provides
greater generality, as it is applicable to any abstract domain (e.g., intervals, polyhedra) imple-
mented in a language amenable to partial evaluation.

Furthermore, analyzer fusion has similarities to incremental analysis techniques [10, 11]. While
traditional methods cache intermediate values and trigger a re-analysis cascade upon change [12],
our approach caches the fused computation itself. This pre-compiles the re-analysis work, elimi-
nating the propagation chain and enabling more efficient updates.

This methodology also shares conceptual similarities with staged abstract interpretation and ab-
stract compilation [1, 13]. However, their primary objective differs: they typically focus on accel-
eration to generate a faster analyzer for entire programs, whereas our goal is to enable modularity
and compositionality in analysis through partial evaluation.
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