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Abstract. This paper presents a sound and complete proof system for
Dependency Quantified Boolean Formulas (DQBF) using resolution, universal reduction, and a new proof rule that we call fork extension.

1

Introduction

Dependency quantified Boolean formulas (DQBF) extend quantified Boolean formulas (QBF) by Henkin quantifiers ∃x : Y. ϕ, which bind a variable x and also
specify a dependency set Y of universal variables that x may depend on [17, 22].
Henkin quantifiers allow us to succinctly express the existence of functions satisfying quantified constraints (see Section 3). For example, we can formulate the
existence of a function add : B32 × B32 → B32 implementing the axioms of addition in 32-bit addition: ∀x. add (x, 0) = x ∧ S(x) = x + 1 ∧ ∀x, y. add (x, S(y)) =
S(add(x, y)), where x + 1 stands for the increment-by-one operation encoded as
constraints. To show that the formula is true, we have to find an implementation
for add that only depends on two inputs
DQBF enables elegant encodings for interesting applications such as bounded
reactive synthesis [9] and partial equivalence checking of circuits [14]. Its elegance
and expressiveness make DQBF a potential candidate logic to serve as the interface between algorithms and applications in synthesis, verification, and artificial
intelligence that require impractically large encodings in other logics such as
QBF and propositional Boolean logic (SAT). Recently, there has been a surge
of interest in practical algorithms for DQBF [11–15, 32], but their performance
is still unsatisfactory [8]. We argue that this is due to the lack of suitable proof
systems.
Resolution is one of the fundamental proof rules for first-order logic [7]. It
says that given two clauses (x ∨ a1 ∨ · · · ∨ an ) and (¬x ∨ b1 ∨ · · · ∨ bm ) we can
infer the clause (a1 ∨ · · · ∨ an ∨ b1 ∨ · · · ∨ bm ), which we call the resolvent. The
best known application of resolution is the conflict analysis step of the conflictdriven clause learning (CDCL) algorithm, which is the basis for modern SAT
solvers [26].
While resolution is sufficient to prove or disprove any propositional Boolean
formula, we need a second proof rule for QBF. The universal reduction rule says
that we can delete a literal of a universal variable from a clause, if no variable in
the clause may depend on it, i.e. no existential variable in this clause is bound in
the scope of the universal variable. Resolution and universal reduction form the

Q-resolution proof system, which plays a similar role for QBF as resolution plays
for SAT [6]. Some of the recently popular algorithms for QBF, QCDCL [20, 33],
CEGAR [18,19,24,27], and Incremental Determinization [23], can be phrased as
variants of Q-Resolution [28].
While resolution is complete for propositional Boolean logic, and Q-resolution
is complete for QBF [6], resolution and Q-resolution were shown to be incomplete for DQBF [1, 2]. The only known complete proof systems for DQBF resort to expansion or (similarly) annotating literals with partial instantiations
of the universal variables [2]. While expansion is widely used in preprocessors
for QBF [4, 32], using expansion as a solving technique is less popular due to
its often excessive memory requirements. Instead, most of the popular solvers
for SAT and QBF rely on resolution in their reasoning. A resolution-style proof
system for DQBF might therefore help to lift efficient algorithms to DQBF.
In this paper, we present a resolution-style proof system for DQBF, called
Fork-Resolution. It uses resolution, universal reduction, and, to achieve completeness, introduces a new proof rule called fork extension. Fork extension is
derived from the extension rule from extended resolution [29] and says that, given
a clause (a1 ∨ · · · ∨ an ∨ b1 ∨ · · · ∨ bm ), we can infer the clauses (x ∨ a1 ∨ · · · ∨ an )
and (¬x ∨ b1 ∨ · · · ∨ bm ), where x is a fresh variable. The key insight in this paper
is that it is sufficient to apply extension to a specific type of clauses that we call
information forks.1
An information fork is a clause that contains variables with incomparable
dependency sets. Consider a DQBF with a single clause ∃x1 : {y1 }. ∃x2 :
{y2 }. (x1 ∨x2 ). To satisfy the clause with a Skolem function, we have to decide in
which cases the clause is satisfied by x1 and in which cases x2 is responsible for
satisfying the clause. As x1 and x2 have disjoint dependency sets, they cannot
depend on the value of the other variable. So the only way to make sure the
clause is always satisfied is to require that one of x1 and x2 is always responsible
for satisfying the clause. In other words, there must be a constant that indicates
which side of the clause is responsible for satisfying the clause. With the fork
extension rule, we introduce a variable x that represents this constant. We split
the clause into two clauses (x1 ∨ x) and (¬x ∨ x2 ) and introduce x with the
empty dependency set (∃x : ∅). In general, the decision of which side of the
clause has to satisfy the clause must be decided based only on the information
that is available to both literals, i.e. the intersection of their dependency sets.
This paper is structured as follows. We introduce basic notation and definitions in Section 2 and provide an encoding of functions in DQBF in Section 3. In
Section 4, we introduce the Fork-Resolution proof system and prove its soundness and completeness. Section 5 demonstrates that Fork-Resolution can disprove a formula for which Q-resolution is incomplete. We briefly discuss how
Fork-Resolution is separated exponentially from other proof systems for DQBF
in Section 6. Section 7 discusses related work.
1

The concept is loosely connected to information forks in reactive synthesis of distributed systems [10].

2

Dependency Quantified Boolean Formulas

Dependency quantified Boolean formulas (DQBFs) over a set of variables V are
generated by the following grammar with starting symbol ψ:
ψ := ∃ v : {v, . . . , v}. ψ | ϕ
ϕ := 0 | 1 | v | ¬ϕ | ϕ ∨ ϕ | ϕ ∧ ϕ ,
where v ∈ V , and {v, . . . , v} stands for a finite subset of V . Quantifiers in DQBF
∃x : {y1 , . . . , yn } specify a single existential variable x and also a finite set of
universal variables {y1 , . . . , yn } that x may depend on. We call {y1 , . . . , yn } also
the dependency set of x, denoted dep(x). The variables that occur in dependency
sets are the universal variables. All variables that are not universal are called
existential variables. We say that a quantifier ∃ x : Y. ϕ binds the existential variable x in its subformula ϕ. To simplify the discussion, we assume that existential
variables are bound at most once and that universal variables are never bound.
A DQBF is closed if it only contains universal variables and bound existential
variables.
In the following we define the semantics of DQBF for which we assume that
the reader is familiar with the natural semantics of propositional Boolean formulas. An assignment y to a set of variables Y is a function y : Y → B that maps
each variable y ∈ Y to either 1 or 0. Given a set of variables Y , we denote the
set of assignments to Y with 2Y . Given a propositional formula ϕ over variables
X and an assignment x0 for X 0 ⊆ X, we define ϕ(x0 ) to be the formula obtained
by replacing the variables X 0 by their truth value in x0 . By ϕ(x0 , x00 ) we denote
the replacement by multiple assignments for disjoint sets X 0 , X 00 ⊆ X. A Skolem
function fx maps assignments to dep(x) to B, interpreted as assignments to x.
We define the truth of a DQBF ϕ with existential variables X = {x1 , . . . , xn } and
universal variables Y as the existence of Skolem functions fX = {fx1 , . . . , fxn },
such that ϕ(y, fX (y)) is satisfiable for every assignment y to Y .
A literal l is either a variable x ∈ X, or its negation ¬x. We use l to denote
the complement operation that gives the literal with the negated value of l and
we define var (l) to be the variable that the literal contains. Given a set of literals
{l1 , . . . , ln }, their disjunction (l1 ∨ . . . ∨ ln ) is called a clause. As usual in the
community, we use set notation for the manipulation of clauses. A clause C is
called tautological if it contains a literal l and its complement l. We use vars(C)
to denote the variables occurring in C.
A propositional formula is in conjunctive normal form (CNF), if it is a conjunction of clauses. A closed DQBF is in CNF if its propositional subformula is
in CNF. Every DQBF ϕ can be transformed into a closed DQBF in CNF with
size O(|ϕ|), preserving satisfiability. In the rest of this work we assume DQBFs
to be in CNF.
We extend the notation of dependency sets to negated variables (and thus
literals), dep(¬v) = dep(v). Applied to clauses, dep(C) denotes the union of the
universal variables and the dependencies of the existential variables in C.
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On Quantification over Functions

Our interest in DQBF is rooted in the fact that we can encode existential quantification over functions. In the following, we present a transformation that allows
us to eliminate functions from a formula. For the (first-order) theory of equality
and uninterpreted functions, there is a similar transformation, called Ackermannization [5]. Unlike Ackermannization, the transformation below is linear in the
size of the formula.
Consider a formula ϕ = ∃f : BN → B. ψ. We can turn that into an
equivalent formula ϕ0 that does not use f . Let f have k function applications f (e1,1 , . . . , e1,N ), . . . , f (ek,1 , . . . , ek,N ) in ψ, where ei,j are terms. We introduce fresh variables f1 , . . . , fk and dependency sets X1 , . . . , Xk , each Xi =
{xi,1 , . . . , xi,N } consisting of N fresh variables, for the function applications. We
then define ϕ0 as
∃f1 : X1 . . . .∃fk : Xk .
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f1 , . . . , fk represent the same function. If f1 and fi have different values for some
“input” x∗ , we set x1 = xi = x∗ and see that f1 = fi is violated. Transitivity of
equality allows us to avoid encoding the pairwise equality explicitly.
The second conjunct of the formula states that if f1 , . . . , fk represent the
outputs of this function for the k function applications, the formula where we
replace the function applications by the fi has to hold.
The constraints can be transformed into a CNF of linear size with the Tseitin
transformation [29].
If ϕ contains multiple functions they can be replaced independently, by first
introducing new variables such that no argument of a function contains a function application. Then replacing one function does not affect the function applications of other functions. So, the linear increase in size does not multiply
over multiple applications of the function elimination and we only get a linear
increase in the size of the formula overall.
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The Fork-Resolution Proof System

The Fork-Resolution proof system consists of the following three rules:
Resolution [7]:
C1 ∪ {l}
C2 ∪ {l}
C1 ∪ C2

(Res)

We call the clause (C1 \ {l}) ∪ (C2 \ {l}) that is obtained by the resolution
rule the resolvent of C1 and C2 and we call var (l) the pivot. The resolution rule

is only applied when the resolvent is not a tautology, i.e. does not contain two
complementary literals.
Universal Reduction [6]:
C

/C
var (l) ∈
/ dep(C \ {l}) l ∈
C \ {l}

var(l) is universal

(∀Red)

Fork Extension:
C1 ∪ C2

dep(C1 ) 6⊆ dep(C2 )
dep(C1 ) 6⊇ dep(C2 )
x is fresh
(FEx)
∃x : dep(C1 ) ∩ dep(C2 ). C1 ∪{x} ∧ C2 ∪{¬x}

The fork extension rule introduces a new quantified variable x to split a
clause into two parts. The dependency set of x is defined as the intersection
of dep(C1 ) and dep(C2 ). We only apply fork extension to clauses C1 ∪ C2 that
consist of two parts have incomparable dependency sets (dep(C1 ) 6⊆ dep(C2 ) and
dep(C1 ) 6⊇ dep(C2 )). We call such clauses information forks.
The idea is that for each assignment to the universal variables one of the
two parts C1 and C2 is “responsible” for satisfying the original clause C1 ∪ C2 .
The variables in C1 and C2 , however, may have different dependency sets, and
so they must coordinate their responsibility only based on the information that
is common to them.
A recurring theme in the proofs to follow is that we consider how variables
can be defined only in terms of the variables that they share clauses with. The
following definitions help us to zoom in on the neighborhood of a variable.
Definition 1 (Projection of assignments). Given two sets of variables X
and X 0 with X 0 ⊆ X and an assignment x to X. We call an assignment x0 to
X 0 the projection of x to X 0 , if x0 (x) = x(x) for all x ∈ X 0 . We denote the
projection of x to X 0 with x|X 0 .
Definition 2 (Projection of Skolem functions). Let ϕ be a true DQBF
in PCNF, let C be a clause in ϕ, and let f : 2Y → 2X be Skolem function.
We call a function fC : 2dep(C) → 2vars(C) the projection of f to C, if for all
assignments y to Y and variables x in C it holds f (y)(x) = fC (d)(x), where d
is the projection d of y to dep(C). We denote the projection of f to C with f |C .
In the following lemma we recall the soundness of resolution and universal
reduction and we prove the soundness of the fork extension rule.
Lemma 1. The fork-resolution proof system for DQBF is sound.
Proof. We show soundness for each proof rule individually.
Res. The resolution rule is as usual, with the exception that it is possible to
apply resolution to tautological clauses, in which case the resolvent is subsumed
by of C1 ∪ {l} or C2 ∪ {l}. For all other clauses soundness follows from the
soundness of QU-resolution for DQBF [2, 30].

∀Red. (Similarly in [1]) Let l be a literal of a universal variable x and let C
be a clause with l ∈ C and l ∈
/ C and let x ∈
/ dep(C). If the DQBF is true,
there is a function fC mapping assignments d to dep(C) to values fC (d) for
the existential variables in C, such that clause C is satisfied. In particular, C is
/ C. Since
satisfied for each assignment to the universals setting l to 0 because l ∈
fC is independent of x, we know that after removing l from C, the clause is still
satisfied.
FEx. Let Q. ϕ be a true DQBF in PCNF with quantifier prefix Q, universal
variables Y , and existential variables X, let C1 ∪C2 be a clause in ϕ, and let x be
a fresh variable. We show that Q. ∃x : dep(C1 )∩dep(C2 ). ϕ ∧ C1 ∪{x} ∧ C2 ∪{¬x}
is true by constructing a Skolem function fx : dep(C1 ) ∩ dep(C2 ) → 2{x} for x
that together with fC , satisfies the (new) constraints.
Consider an arbitrary Skolem function f for Q. ϕ and let y be an assignment
to Y . We fix fx (y|dep(x) ) to be 1, if C1 is not satisfied by y or f (y), and we fix
fx (y|dep(x) ) to be 0, if C2 is not satisfied by y or f (y). In case both C1 and C2
are satisfied, we (arbitrarily) fix x to be 1. The case that neither C1 and C2 are
satisfied contradicts the fact that f is a Skolem function.
Let us assume that for the given y and Skolem function f one part of the
clause is violated, which we assume w.l.o.g. to be C1 . To prove the correctness
of fx we have to show that there cannot exist a second assignment y0 to Y
that agrees with y on the variables dep(C1 ) ∩ dep(C2 ) but violates C2 instead.
Assuming that there is such an assignment y0 , we can construct an assignment
y00 to Y that agrees with y on all but the variables of dep(C2 ), and agrees with
y0 on the variables of dep(C2 ). Since y and y00 agree on dep(C1 ) ∩ dep(C2 ),
assignment y00 violates both C1 and C2 , which contradicts the satisfaction of
C1 ∪ C2 . The soundness of the FEx rule follows by way of contradiction.
t
u
The central insight of this paper is that when we eliminate information forks
from a DQBF, we can eliminate existential variables using resolution like in
QBF. Eliminating variables may introduce new information forks, so in general
we have to alternate fork extension and resolution.
The following lemmas show that after fork extension and variable elimination
the clauses to which they were applied become obsolete and can be removed.
Theorem 1 then shows how the lemmas can be put into action to obtain a sound
and complete algorithm.
Lemma 2. Let Q . ϕ ∧ C1 ∪C2 be a DQBF in PCNF with quantifier prefix Q
and let x be a fresh variable. Then Q. ϕ ∧ C1 ∪ C2 and Q. ∃y : dep(C1 ) ∩
dep(C2 ). ϕ ∧ C1 ∪{x} ∧ C2 ∪{¬x} are equivalent.
Proof. Soundness of the FEx rule was proven in Lemma 1. The other direction
follows from the soundness of resolution and the soundness of removing constraints and unused variables.
t
u
Variable elimination by resolution is a well known technique for SAT and
QBF [3, 6]. Given a propositional formula ϕ in CNF over variables X we can

eliminate a variable x ∈ X by adding all resolvents for pivot x and removing
all clauses with literals of x. We denote the formula obtained through variable
elimination elim(x, ϕ).
Proposition 1 (Variable elimination [3, 6]). Given a propositional formula
ϕ over variables X and a variable x ∈ X. Then for all assignments x to X \ {x}
we have that elim(x, ϕ)(x) if, and only if, ∃x. ϕ(x).
To lift variable elimination to DQBF we need a stronger property of resolution. Instead of expressing the notion of equivalence between ϕ and elim(x, ϕ)
via existential quantification, we provide a function with minimal dependencies
resolving the quantification.
Lemma 3 (Variable elimination with dependencies). Given a propositional formula ϕ in CNF over variables X and a variable x ∈ X. Let X 0 ⊆ X
be the set of variables occurring together with x in some clause in ϕ but not x
itself. Then there is a function fx mapping assignments to X 0 to assignments to
x such that for all assignments x to X \ {x} we have that elim(x, ϕ)(x) if, and
only if, ϕ(x, fx (x|X 0 )).
Proof. Let ϕ0 be the clauses that contain a literal of x. For every assignment x0
to X 0 , we define fx (x0 ) as the value that satisfies ϕ0 , if one exists. If there is no
such value, we arbitrarily fix fx (x0 ) to be 1.
“⇐=”: Whenever ϕ is true, also elim(x, ϕ) must be true, because of the
soundness of the elimination rule and because removing clauses only makes it
easier to satisfy the formula.
“=⇒”: Let x be an assignment to X \ {x} such that ϕ(x, fx (x|X 0 )) is false.
If a clause that does not contain x is violated, then also elim(x, ϕ)(x) is false,
as it contains the same clause. Otherwise, a clause C containing x is violated.
By choice of fx we know that x is chosen to be 1, but also for value 0 not all
constraints could be satisfied. Thus there must be a clause C 0 that is violated if
we changed the assignment of x. The resolvent of C and C 0 is violated for x. t
u
Next we show that leaf-existentials in DQBFs without information forks can
be eliminated through resolution. We call an existential variable x in a DQBF
ϕ a leaf-existential if all existentials x0 in ϕ have a smaller or incomparable
dependency set than x (dep(x) 6⊂ dep(x0 )).
Lemma 4 (Similarly in [31], Thm. 4). Let ψ = ∃x1 : Y1 . . . . ∃xn : Yn . ϕ be a
DQBF without information forks. Further let x1 be a leaf-existential. Then there
is an equivalent DQBF ψ 0 = ∃x2 : Y2 . . . . ∃xn : Yn . elim(x1 , ϕ).
Proof. The soundness of resolution immediately gives us that ψ =⇒ ψ 0 . We
prove ψ 0 =⇒ ψ in the following:
Let ϕ00 be the conjunction of all resolvents with pivot x1 . Let ψ 0 be true and
let fx2 , . . . , fxk be the Skolem functions proving ψ 0 to be true. Further, let X 0

be the variables occurring in ϕ0 . By Lemma 3 we obtain a function fx1 for x1
mapping the assignments to X 0 \ {x1 } to B such that ϕ0 [x1 /fx1 (Y 0 )] and ϕ00 are
equivalent. We can transform fx1 to a Skolem function for x1 with domain Y1
by inlining the definitions for the other Skolem functions, as dep(X 0 \ {x1 }) ⊆
dep(x1 ) due to the lack of information-forks and x1 being a leaf-existential. t
u
Theorem 1. A DQBF is false if, and only if, we can derive an empty clause in
the Fork-Resolution proof system.
Proof. We provide an round-based algorithm based on the proof rules. Each
round consists of two steps. The first step is to eliminate all information forks
using Lemma 2. The second step is to eliminate a leaf-existential with a dependency set of maximal size using Lemma 4. The proof system does not allow us
to remove clauses as suggested in Lemmas 2 and 4, but additional clauses can
never impede the derivation of the empty clause.
The termination guarantee for the (Q-)resolution proof systems for SAT and
QBF can be easily established, since variable elimination reduces the number
of variables in the formula. However, Fork-Resolution introduces variables with
the fork extension rule, so its termination guarantee is based on the dependency
sets that occur in the formula: Each round reduces either the number of existentials with a maximally sized dependency set or the size of the maximally sized
dependency set. The lexicographic ordering of the two provides the termination
relation.
t
u
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Example

We demonstrate the proof system along an example. We use a shortened version
of the example used to show incompleteness of Q-resolution for DQBF [1]. The
formula states ∃y1 : {x1 }. ∃y2 : {x2 }. (x1 ∧ x2 ) ↔ (y1 = y2 ). The formula states
that the existential variables y1 and y2 have to be equal iff x1 and x2 are true.
But y1 and y2 can each only see one of x1 and x2 and thus cannot coordinate
to satisfy the constraint. That is, the formula is false. The propositional part of
the formula can be represented in CNF as follows:
y1 ∨ y2 ∨ x1

(1)

¬y1 ∨ ¬y2 ∨ x1

(2)

y1 ∨ y2 ∨ x2

(3)

¬y1 ∨ ¬y2 ∨ x2

(4)

y1 ∨ ¬y2 ∨ ¬x1 ∨ ¬x2

(5)

¬y1 ∨ y2 ∨ ¬x1 ∨ ¬x2

(6)

Despite the formula being false, we can see with a little effort that all resolvents of the clauses above are tautologies. This demonstrates that Q-resolution
for DQBF is incomplete [1].

The Fork-Resolution proof system can disprove the formula as we show in
the following. Variables y1 and y2 are leaf-existentials, and all six clauses are
information forks. Applying FEx to clauses (1) to (6) introduces variables t1 to
t6 with empty dependencies (∃t1 : ∅. . . . ∃t6 : ∅.) and yields the following clauses:
t1 ∨ y1 ∨ x1

(1a)

¬t1 ∨ y2

(1b)

t2 ∨ ¬y1 ∨ x1

(2a)

¬t2 ∨ ¬y2

(2b)

t3 ∨ y1

(3a)

¬t3 ∨ y2 ∨ x2

(3b)

t4 ∨ ¬y1

(4a)

¬t4 ∨ ¬y2 ∨ x2

(4b)

t5 ∨ y1 ∨ ¬x1

(5a)

¬t5 ∨ ¬y2 ∨ ¬x2

(5b)

¬t6 ∨ y2 ∨ ¬x2

(6b)

t6 ∨ ¬y1 ∨ ¬x1 (6a)

Next, we derive six resolvents as listed below. Their names indicate the pair of
clauses they originate from. (We drop universal variables by universal reduction.)
t1 ∨ t4
t3 ∨ t6
t4 ∨ t5

(1a4a)
(3a6a)
(4a5a)

¬t1 ∨ ¬t5
¬t2 ∨ ¬t6
¬t3 ∨ ¬t4

(1b5b)
(2b6b)
(3b4b)

Resolving clauses (4a5a) and (1b5b) gives us (¬t1 ∨ t4 ), which we resolve with
(1a4a) to get t4 . Similarly, we resolve clauses (3a6a) and (2b6b) to get (¬t2 ∨ t3 ),
which we resolve with (t2 ∨ t3 ) to get t3 . Resolving t3 and t4 with (3b4b) derives
the empty clause.

6

Separation from other Proof Systems

Our definition of resolution admits universal variables as pivots and thus includes QU-resolution [30]. This already gives us the result that Fork-Resolution
has exponentially smaller proofs for some formulas than D-IR-calc and ∀ExpRes [2]. For the other direction consider a QBF, where the FEx rule cannot be
applied and Fork-Resolution coincides with QU-resolution. IR-calc and ∀Exp-Res
are exponentially more succinct on some formulas than QU-resolution [2].
The question whether without resolution on universal variables Fork-Resolution proofs can be exponentially more succinct than proofs by D-IR-calc is open.

7

Related Work

Previous (sound and complete) proof systems for DQBF rely on universal expansion or instantiation [2], which is also the basis for DQBF solvers, such
as iDQ [13]. Earlier DQBF solvers relied on a search procedure generalizing
DPLL [12], on generating refutation proofs of increasing size [11], or on expansion in symbolic datastructures [15].
In QBF, clausal abstraction is a technique to split clauses with variables in
order to separate the quantifiers [18,24]. Clausal abstraction is applied when the
dependency sets of two parts of a clause are different but ordered, while FEx is
applied when they are incomparable.

The Bernays-Schönfinkel class of first-order logic, also called the effectively
propositional fragment (EPR), and DQBF are related in that they share the
same complexity class NEXPTIME [21]. Translations between the two logics
are known. Like iDQ, EPR solvers rely on instantiation and a number of proof
rules that are quite different from SAT solvers and QBF solvers. A recent attempt to run an EPR solver in the QBF competition suggested that EPR is
not competitive on the type of problems in the QBF libraries [16]. Hence, by
lifting the resolution-based solver technologies from SAT and QBF to DQBF,
Fork-Resolution may enable solving new classes of problems.

8

Conclusion

The beauty of DQBF lies it its unified representation of propositional variables,
quantified variables, and functions. It offers incredible succinctness but presented
a big challenge for practical solver development. In a recent work solvers for SAT,
QBF, and DQBF were compared on encodings of the same problem [9]. The
experiment showed that current DQBF solvers on their compact encodings fall
far behind QBF solvers on the longer QBF encoding, and even SAT solver on the
much longer propositional encoding of the same problem. This suggests that the
current solving technologies for DQBF are unable to leverage the succinctness
of DQBF encodings. Arguably, instantiation and expansion—the currently used
techniques for solving DQBF—are aimed at making a DQBF more QBF-like.
So it is maybe not that surprising that directly encoding the problem in QBF
outperforms the DQBF approach.
In this paper, we presented an alternative approach to DQBF. The ForkResolution proof system is sound and complete and lifts resolution to reasoning
about functions without instantiating their inputs. This opens new paths in the
development of practical algorithms for DQBF. It remains to show that efficient
algorithms can be built based on Fork-Resolution.
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