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Abstract—We present a sound and complete algorithm for
the detection of independent variables in linear temporal logic
formulae. These formulae are often used to specify reactive
systems. The algorithm is based on the use of model checkers.

Index Terms—linear temporal logic, reactive systems, indepen-
dent variables, specification decomposition, A/G contracts.

I. INTRODUCTION

Specifications of complex reactive systems (that interact
with their environment [5], [6]) are often written in Linear
Temporal Logic (LTL). It is important to have methods decom-
posing complex specifications into independent and simpler
sub-specifications [1]–[3]. One strategy here is to identify a set
of variables independent of each other [1], [3]. [1] proposed an
algorithm for solving this problem based on the use of a model
checker. This algorithm, we call it DC, was developed in
the context of Assume/Guarantee Contracts, which explicitly
handles pairs of specifications, (S1, S2), where S1 and S2

represent, respectively, assumptions about the environment and
the promises of the system under those assumptions [9].

Providing an example showing that DC (and its previous
version presented in [4]) is incorrect and explaining why, we
rectify this in a new algorithm, Partition: it adapts DC but
also introduces a relevant change that allows us to prove its
soundness and completeness. Finally, we remark that although
Partition deals with LTL formulae, it can also be used with
Assume/Guarantee Contracts.

II. CORRECTED PARTITIONING ALGORITHM

We assume the reader is familiar with the syntax and
semantics of LTL [7]. For the purpose of specification, the
set of variables in LTL formulae is divided into two disjoint
subsets: I , the set of input variables controlled by the en-
vironment, and O, the set of output variables controlled by
the system. Infinite traces over variables I ∪O are denoted by
σ = σ0, σ1, · · · , σj , · · · . For any j ≥ 0, we have σj = Ij∪Oj ,
where Ij ⊆ I and Oj ⊆ O. When σ is a model of an
LTL formula φ, we write σ |= φ. For example, consider
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φ = □(p → #a), where I = {p} and O = {a}. Let
σ = {a}, {}, {p, a}ω such that at state 0 the value of variable p
(resp. a) is False (resp. True); at state 1, both p and a are False;
and from state 2 onwards both p and a are True. Then σ |= φ.
Given an LTL formula, we are interested in those sets of
variables that operate independently of each other. This notion
is captured by the following definitions (from Definitions 3 and
10 in [1], and Definition 4 and Corollary 1 in [8]).

Definition 1 (Projection formula):
Let φ(I,O) be an LTL formula, such that V ⊆ O =

{v1, . . . , vn1} while V = (O \ V ) = {w1, . . . , wn2}. The
projection formula of φ over V , denoted as φV , is the
formula φ(I, V, w′

1 · · ·w′
n2
), where w′

j (1 ≤ j ≤ n2) is a
fresh variable. Similarly, the projection formula of φ over V ,
denoted as φV , is the formula φ(I, v′1, · · · v′n1

, V ), where
v′j (1 ≤ j ≤ n1) is a fresh variable.

Definition 2 (Independent Variables):
Let φ(I, v1, · · · , vn1 , w1, · · · , wn2) be an LTL formula and

let V = {v1, . . . , vn1
} ⊆ O. The set V is independent in φ if

and only if ((φV ∧ φV ) → φ) is a valid formula, i.e, for any
trace σ, if σ |= (φV ∧ φV ) then σ |= φ.

Algorithm 1: Partition
Input : I,O, φ
Output: Partition of O into sets of independent variables

1 clusters, R ← {}, O;
2 while R ̸= ∅ do
3 choose p ∈ R;
4 V , passed ← {p}, False;
5 repeat
6 V ← O \ V ;
7 passed, σ ← CheckValidity((φV ∧ φV )→ φ);
8 if not passed then
9 D ← ParseTrace(O,φ, V, σ);

10 V = V ∪D;

11 until passed;
12 clusters ← clusters ∪V ;
13 R← O \ (

⋃
S ∈ clusters S)

14 return clusters;

We present Algorithm 1 Partition, inspired by [1].
Partition divides O into sets that are independent in φ. We
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proved the following properties of any set V of the partition
returned by the algorithm: 1.) V is independent in φ 2.)
V is minimal, i.e. no proper subset of V , other than the
empty set, is independent in φ. The former constitutes the
soundness of the algorithm Partition and the latter shows
its completeness. The proof of correctness, the logical meaning
of both projection formulae and independent variables, and the
whole formalisation can be found in [8].
Partition queries a model checker (line 7) about the

validity of a formula. If the formula is not valid, the answer
is a counterexample σ and then passed = False. Otherwise,
σ = None and passed = True.

The running time of Partition is polynomial in the
number of variables in O multiplied by the cost of each query
made to the model checker.

Algorithm 2: ParseTrace
Input : O,φ, V, and the trace σ provided by Partition
Output: a variable that, for sure, depends on V

1 passed ← False;
2 constraints ← False;
3 while not passed do
4 Z = {z ∈ V : z ∈ σi ↔ z′ ̸∈ σi at some state i ≥ 0};
5 z ← any variable in Z;
6 constraints ← constraints ∨ ♢(z ↔ ¬z′);
7 passed, σ ←

CheckValidity(constraints ∨ ((φV ∧ φV )→ φ));
8 return {z};

We explain Algorithm 1, Partition, with an example.
Example 1: Let φ = □((p → #(v ∧¬t))∧ (¬p → #(¬v ∧

t))∧ (v → #(¬w∧u))∧ (¬v → #(w∧¬u))) where I = {p}
and O = {t, u, v, w}. Partition could start by selecting w
in O (line 3) and asking a model checker (line 7) to check the
validity of Φ = ((φ{w} ∧ φ{t,u,v}) → φ). Assume the model
checker returns σ1 = {t, v′}, {t, t′, w′, u′}, {t, t′, w, w′}ω ,
which is a model of ¬Φ. At this point, we know that {w} is
dependent in φ and Partition calls to ParseTrace (line 9).

Now, the iteration of ParseTrace starts in line 4, calcu-
lating Z = {t, u, v} and choosing a variable in Z (line 5).
Assume ParseTrace takes t, constructs ♢(¬t ↔ t′) (line 6),
and checks the validity of the formula ♢(¬t ↔ t′) ∨ Φ
(line 7). The model checker could respond with σ2 =
{v′}, {t, t′, w′, u′}, {t, t′, w, w′}ω and a new iteration is made
with Z = {u, v}. If ParseTrace chooses v ∈ Z, the model
checker ensures that ♢(¬t ↔ t′) ∨ ♢(¬v ↔ v′) ∨ Φ is
valid. Then, the iteration stops and ParseTrace returns {v}
to Partition, which adds v to V (line 10).

Now, V = {v, w} and the iteration of Partition goes on
checking the validity of Φ = ((φ{v,w}∧φ{t,u}) → φ) (line 7).
Suppose the model checker responds again with the coun-
terexample σ2. ParseTrace is called and Z = {u}. In this
case, ♢(¬u ↔ u′)∨Φ is valid and ParseTrace returns {u}.
Partition adds u to V and now, ((φ{u,v,w} ∧ φ{t}) → φ)
is valid. Thus, the set V = {u,w, z} is included in clusters
(line 12). At the end, Partition finishes dividing the
variables of O into two clusters: {u, v, w} and {t}.

III. APPLICATION OF THE ALGORITHM IN LTL
ASSUME/GUARANTEE CONTRACTS

Formally, a contract is a tuple C = (I,O,A,G), where both
A and G are formulae over I ∪ O. C is said to be an LTL
A/G contract when A and G are LTL formulae. The algorithm
DC proposed in [1] (Algorithm 12) decomposes an LTL A/G
contract received as input, into several subcontracts, treated
independently to simplify the synthesis problem.
Partition is like DC except for two points: Check

Validity and ParseTrace. In fact, the difference in
CheckValidity is in the formula with which the model
checker is consulted, and is not significant. DC uses projection
formulae and Definition 2 to construct two queries: one for the
assume A and the other for the guarantee G. The difference
with respect to the second point is much more important.
ParseTrace function in DC examines a counterexample
provided by the model checker and simply returns the set of all
variables that behave differently. Formally, ParseTraceDC(σ)
= {z ∈ O : z ∈ σi ↔ z′ ̸∈ σi at some state i ≥ 0}.
Our ParseTrace function is more complicated and returns
a single variable only when we are sure that there is a
dependency between the variable and the set V .

The execution of DC on contract (I,O, true, φ), where
I,O, and φ correspond to Example 1, could return (depending
on the counterexamples provided by the model checker) a sin-
gle cluster formed by {t, u, v, w}. However, {t} and {u, v, w}
are independent in φ. While DC is not complete, replacing the
ParseTraceDC function in DC with ParseTracePartition
makes DC sound and complete. Moreover, this change does
not over-compromise the efficiency of DC.

DC has been tested with good performance for small
synthesis tasks, allowing designers to manage complexity
and synthesise designs that are not feasible with other tech-
niques [1]. We expect our method to benefit the LTL-based
Assume/Guarantee Contracts community, where DC is used.
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