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Abstract

One of the key topics in computational social choice is elec-
toral control, where an election chair seeks to influence the
outcome of an election by actions such as adding or deleting
either candidates or voters. In the most simple model—for
which control has been thoroughly investigated for many vot-
ing rules—an election is given by candidates and voters who
have preferences over the candidates. We consider electoral
control in the context of parties that nominate candidates and
study the computational complexity of the possible president
problem. Specifically, we focus on Schulze voting, a rule that
stands out due to its numerous desirable axiomatic proper-
ties. Our main result is that the possible president problem
for Schulze voting is NP-complete.

Introduction
Electoral control marks the beginnings of computational so-
cial choice (COMSOC), initiated by a seminal paper by
Bartholdi III, Tovey, and Trick (1992) who introduced con-
structive control where an election chair seeks to make a
favored candidate win by actions such as adding or delet-
ing either candidates or voters. Following up, Hemaspaan-
dra, Hemaspaandra, and Rothe (2007) introduced destruc-
tive control where the chair’s goal is to prevent a despised
candidate’s victory. Since then, control has been studied for
a large variety of voting rules (see, e.g., the book chap-
ters by Baumeister and Rothe (2024) and Faliszewski and
Rothe (2016) and the many references cited therein). In
addition to voting, the study of control has spread like a
bushfire over many other subareas of COMSOC, includ-
ing fair allocation (see, e.g., the work of Aziz, Schlotter,
and Walsh (2016)), cooperative game theory (see, e.g., the
work of Kaczmarek, Rothe, and Talmon (2025), Kaczmarek
and Rothe (2024b; 2024a), matching under preferences (see,
e.g., the work of Boehmer et al. (2021) and of Chen and
Schlotter (2025)), group identification (see, e.g., the work
of Yang and Dimitrov (2018)), participatory budgeting (see,
e.g., the work of Faliszewski et al. (2025)), judgment aggre-
gation (see, e.g., the work of Baumeister et al. (2020)), as
well as opinion diffusion and social networks (see, e.g., the
work of Bredereck and Elkind (2017) and of Castiglioni et
al. (2021)).

Turning to control in voting again, one of the most re-
cent papers is due to Maushagen et al. (2024) and in par-

ticular studies standard control scenarios for Schulze vot-
ing, complementing earlier work on control for Schulze
by Parkes and Xia (2012) and Menton and Singh (2013).
The voting rule of Schulze (Schulze 2011) has been widely
used in practice due to its many desirable axiomatic proper-
ties: As the title of Schulze’s paper (2011) says (and with-
out defining these notions here), among other properties it
is monotonic, clone-independent, reversal-symmetric, and
Condorcet-consistent. For example, Schulze voting has been
used for decision-making by the Wikimedia Foundation,
Kubernetes, the Debian Vote Engine, and the Pirate Parties
of several countries, including Sweden and Australia.

We also study control in Schulze voting but not for the
standard setting of controlling elections without parties that
is used by the above-mentioned papers (Maushagen et al.
2024; Menton and Singh 2013; Parkes and Xia 2012). In-
stead, we will study control in Schulze voting for elec-
tions with parties. In the real world, this model arguably
is more relevant, as political elections in almost all coun-
tries involve parties who nominate their top candidates (or,
representatives). This model was introduced by Faliszewski
et al. (2016) and has also been studied by Cechlárová et
al. (2023) and Schlotter, Cechlárová, and Trellová (2024).
In particular, Faliszewski et al. (2016) consider the possi-
ble president problem for plurality voting and study it in
terms of its computational complexity. In this problem, we
ask whether all parties can nominate exactly one candi-
date such that the nominee of a distinguished party wins
in the reduced election (where only the nominees run).
Cechlárová et al. (2023) study this problem for a variety
of other voting rules, including scoring rules (k-approval
and k-veto), Borda, Condorcet-consistent rules, maximin
(a.k.a. the Simpson–Kramer rule), and Copeland. Besides
their computational complexity results, they also formulate
integer programs to solve this problem and perform ex-
periments on real-world and synthetic data. In addition to
a classical complexity analysis, Schlotter, Cechlárová, and
Trellová (2024) study the possible president problem also in
terms of its fixed-parameter tractability and parameterized
complexity. All these papers also consider the closely related
necessary president problem.

Our main result is that the possible president problem for
Schulze voting is NP-complete.



Preliminaries
An election (without parties) is represented by a pair (C, V ),
where C is a set of candidates and V a list of votes over C,
each given as a linear order over C (other ways of preference
representation, such as approval ballots, are not considered
here). For example, if C = {c1, c2, c3, c4}, a vote of the
form c3c1c2c4 means that this voter prefers c3 to c1, c1 to c2,
and c2 to c4. For C ′ ⊆ C, we use the notation

−→
C ′ to indicate

that the members of C ′ are ranked in an arbitrary but fixed
order (e.g., they can be lexicographically ranked) and we use
←−
C ′ to give them in reverse order; e.g., if C ′ = {c1, c3, c4}
then
−→
C ′ is the vote c1c3c4 and

←−
C ′ is the vote c4c3c1. Further,

given two candidates c, d ∈ C, let W (c, d) denote the two
votes −−−−−−→

C \ {c, d}cd and cd
←−−−−−−
C \ {c, d}.

For example, with C = {c1, c2, c3, c4}, W (c1, c2) denotes
the votes c3c4c1c2 and c1c2c4c3.

To determine the winners of an election, a voting rule
is needed; we will focus on Schulze voting (Schulze 2011)
due to its numerous desirable axiomatic properties. This vot-
ing rule is based on the strength of paths in the weighted
majority graph (WMG) of a given election (C, V ): The
vertices represent the candidates, and two candidates c to
d are connected by a directed edge from c to d if and
only if the edge weight is positive, which is defined as the
difference DV (c, d) of the number of voters preferring c
to d minus the number of voters preferring d to c. Since
DV (c, d) = −DV (d, c), it is enough to present the edges
with positive weight in the WMG, and edges with weight
zero can be omitted. Now, given a WMG of an election
(C, V ), define the path strength str(p) to be the weight
DV (c, d) of a weakest edge (c, d) on p. Further, for any two
distinct candidates c, d ∈ C, let

πV (c, d) = max{str(p) | p is a path from c to d}

be the strength of a strongest path from c to d. Finally,
a candidate c ∈ C is a Schulze winner of (C, V ) if
πV (c, d) ≥ πV (d, c) for each d ∈ C \ {c}.

Note that there always is at least one Schulze winner; that
Schulze winners can be determined efficiently (i.e., in de-
terministic polynomial time) through clever graph-theoretic
algorithms (Schulze 2011; Sornat, Vassilevska Williams,
and Xu 2021); that any two Schulze winners, w1 and
w2, have the same strength of a strongest path, i.e.,
πV (w1, w2) = πV (w2, w1); and that Schulze (along with
many other nice properties) is Condorcet-consistent: A Con-
dorcet winner (i.e., a candidate who beats every other candi-
date in pairwise comparison by a majority of votes), if there
exists one, is also the unique Schulze winner.
Example 1. To illustrate the Schulze method, consider the
election (C, V ) with the WMG in Figure 1. It is easy to see
that the strongest paths from candidate c4 to all other candi-
dates each have strength four: Candidate c4 has a direct edge
to c3 with weight four. Furthermore, there exist paths from
c4 to c1 and c2 via c3, each with strength four. Now con-
sider the paths that lead to candidate c4: The only incoming
edge to c4 with a weight greater than zero is the direct edge

from c3. Since path strength is defined as the weight of a
weakest edge on the path, this means that it is not possible
for any candidate to reach c4 on a path with strength greater
than two. It immediately follows that the following inequal-
ity holds for all candidates d ∈ C \ {c4}:

πV (c4, d) = 4 > 2 ≥ πV (d, c4).

This shows that c4 is a Schulze winner of this election and
that there can be no other candidate who fulfill the criteria
of a Schulze winner, making c4 the unique winner of the
election.

Figure 1: WMG for Example 1.

As we will study the computational complexity of deci-
sion problems related to control of elections with parties,
we assume the reader to be familiar with the fundamental
notions of complexity theory (see, e.g., the standard text-
books (Garey and Johnson 1979; Papadimitriou 1995; Rothe
2005)): Complexity classes such as P (which stands for “de-
terministic polynomial time”) and NP (“nondeterministic
polynomial time”), and the notions of hardness and com-
pleteness based on the polynomial-time many-one reducibil-
ity, denoted by ≤p

m. Specifically, for decision problems ∆
and Γ, we write ∆≤p

m Γ if and only if every instance x of ∆
can be transformed by a polynomial-time computable reduc-
tion ρ to an instance ρ(x) of Γ such that x is a yes-instance
of ∆ exactly if ρ(x) is a yes-instance of Γ. A problem Γ is
NP-hard if for each ∆ in NP, we have ∆≤p

m Γ, and Γ is
NP-complete if it is NP-hard and in NP.

We now introduce our model of elections with nom-
inations that has been studied in the literature by Fal-
iszewski et al. (2016), Cechlárová et al. (2023), and Schlot-
ter, Cechlárová, and Trellová (2024).

An election with parties is represented by a triple
(C, V, P ), where (C, V ) is an election as defined above and
P = {P1, ..., Pn} is a partition of C into n parties, i.e.,
n⋃

i=1

Pi = C and Pi ∩ Pj = ∅ for all i, j ∈ [n] with i ̸= j,

where [n] means {1, . . . , n}. No matter whether it is applied
to an election with or without parties, a voting ruleR deter-
mines the same set of winners: R(C, V ) = R(C, V, P ) for
any partition P of C.

Let (C, V, P ) be an election with parties. A nomination
N ⊆ C is given by all parties nominating their top candi-



date, i.e., |Pi∩N | = 1 for all Pi ∈ P . Further, (N,V ) is said
to be the corresponding reduced election, where all votes in
V are restricted to contain only the nominees from N . Each
party is represented by its nominee in (N,V ). Winning for a
party then means that its nominee wins in the reduced elec-
tion. Let R be a voting rule. In the unique-winner model, a
party is said to be theR winner of (C, V, P ) if its nominee is
the onlyR winner in the reduced election (N,V ),1 whereas
in the nonunique-winner model, a party is said to be an R
winner of (C, V, P ) if its nominee is an R winner of the re-
duced election, possibly among several other R winners of
(N,V ).

This approach has been taken by Faliszewski et al. (2016),
Cechlárová et al. (2023), and Schlotter, Cechlárová, and
Trellová (2024) who also introduce and study two closely
related problems (presented here in the nonunique-winner
model2):

In the possible president problem for some voting rule R
(denoted by R-PPP), we are given an election (C, V, P )
with parties and a distinguished party Pi ∈ P , and we ask
whether there exists a nomination N ⊆ C such that Pi is an
R winner of (C, V, P ). In the necessary president problem
for some voting rule R (R-NPP), we have the same input,
but the question is whether Pi can nominate a candidate that
is an R winner of the reduced election regardless of whom
the other parties nominate.

The problems PPP and NPP are inspired by the pos-
sible and necessary winner problem for elections (without
parties) that were introduced by Konczak and Lang (2005)
and further studied in more detail, for instance, by Xia and
Conitzer (2011), Betzler and Dorn (2010), Pini et al. (2011),
Baumeister and Rothe (2012), and many others. Here, we
will focus on Schulze-PPP.

Example 2. Consider the election with parties (C, V, P )
and its WMG shown in Figure 3, where candidates from
the same party share the same color. Only two nomina-
tions are possible, since both parties {c1} and {c2} con-
tain only one candidate, whom they must nominate. Party
{c3, c4} chooses whether to nominate candidate c3 or can-
didate c4; the two resulting nominations are denoted by Nc3
and Nc4 . The only Schulze winner of the reduced election
(Nc3 , V ) is c3, as c3 beats c2 directly and has a stronger
path to c1 via c2. In the reduced election (Nc4 , V ), c2 is the
only Schulze winner, since c2 beats both other candidates
directly.

Note that, by definition, a party is considered a winner
if its nominee wins the reduced election. This means that
the parties {c2} and {c3, c4} both win the reduced election
in one nomination, so choosing either of them as the dis-
tinguished party produces a yes-instance of Schulze-PPP.

1This means that if two or more nominees win the reduced elec-
tion (N,V ) according to R, none of the parties that have nom-
inated them is an R winner of (C, V, P ) in the unique-winner
model.

2This model has been considered by Faliszewski et al. (2016)
and is also adopted here. Note that Cechlárová et al. (2023) and
Schlotter, Cechlárová, and Trellová (2024) consider the unique-
winner model.

Making {c1} the distinguished party yields a no-instance of
Schulze-PPP, as there is no possible nomination in which
the party wins.

Figure 2: WMG for Example 2. Edges have weight two.

Electoral Control with Nominations: The
Possible President Problem

The main result of this section is stated in the following the-
orem.

Theorem 1. Schulze-PPP is NP-complete, even if no party
contains more than three members.

Proof. Given an election (C, V, P ) with parties and a dis-
tinguished party Pi ∈ P , we guess a nomination N ⊆ C
and check whether Pi’s nominee is a Schulze winner of
the reduced election (N,V ). This is possible in polyno-
mial time, since Schulze winners can be determined effi-
ciently (Schulze 2011; Sornat, Vassilevska Williams, and Xu
2021). Hence, Schulze-PPP is in NP.

To prove NP-hardness of Schulze-PPP, we provide a
≤p

m -reduction from the 3-SATISFIABILITY (3-SAT) prob-
lem: Given a pair (X,K), where X is a set of boolean vari-
ables and K a set of clauses over X , each the disjunction
of three literals over X , we ask whether there exists a truth
assignment of the variables in X that satisfies the conjunc-
tion of these clauses, i.e., of the corresponding boolean for-
mula in conjunctive normal form with exactly three literals
per clause. 3-SAT is well-known to be NP-complete (Karp
1972) (see also, e.g., (Garey and Johnson 1979; Papadim-
itriou 1995; Rothe 2005)).

Our goal now is to construct a polynomial-time com-
putable function f such that for each input (X,K), we have

(X,K) ∈ 3-SAT ⇐⇒ f(X,K) ∈ Schulze-PPP.

Construction. We construct the function f as follow. Let
(X,K) be a given instance of 3-SAT. Let k = |K| be the
number of clauses. Define the set C of candidates as follows:
For each clause Ki ∈ K of the form Ki = (l1 ∨ l2 ∨ l3),
where the literals li are variables from X or their negations,
we add three literal candidates to C: li1, li2, and li3. Let Li be
the set of literal candidates corresponding to clause Ki ∈ K,



and let L =
k⋃

i=1

Li be the set of all literal candidates. In

addition, we add three more candidates to C: x, p, and z; so
C = L ∪ {x, p, z}. We partition C into parties as follows:

P = {{p}, {x}, {z}} ∪ {Li | i ∈ [k]}.

The list V of votes can be seen in Table 1. The set L of
literal candidates is subdivided into two subsets: Any literal
l ∈ L belongs to X+ if the corresponding literal is an un-
negated variable from X; and it belongs to X− if it is a
negated variable from X . Accordingly, we say two literal
candidates negate each other if they correspond to the same
variable, one unnegated and the other its negation. Recall
from Section that for any two candidates c, d ∈ C, W (c, d)
denotes the two votes

−−−−−−→
C \ {c, d}cd and cd

←−−−−−−
C \ {c, d}.

Votes For each

W (x, lij) lij ∈ X+

W (lij , l
n
m) lij ∈ X+ and lnm negates lij

W (lnm, p) lnm ∈ X−
W (p, z)
W (z, lij) lij ∈ L

Table 1: Votes V for the reduction in the proof of Theorem 1.

Finally, let P1 = {p} be the distinguished party for which
we want to check whether it possibly contains a Schulze
winner in some nomination.

Obviously, the transformation f can be computed in poly-
nomial time.
Proof of correctness. To show that this reduction is correct,
we first observe the following property of the constructed
Schulze-PPP instance (C, V, P, P1).

Claim 2. Let N be any nomination of candidates by the
parties in P . For the reduced election (N,V ), we have that

πV (p, e) ≥ πV (e, p) for all e ∈ N \ {x, p}.

Proof. Since p, x, and z each are the only candidates of their
parties, they must be nominated by them, so {p, x, z} ⊆ N
for each possible nomination N ⊆ C. The remaining nom-
inees come from the literal candidates, exactly one for each
clause. For any nomination, we have the following:

• We show πV (p, z) ≥ πV (z, p): It holds that
πV (p, z) = 2, since the only edge going to z is the
edge from p to z with weight 2. Furthermore, it holds that
πV (z, p) = 2 if there exists a literal candidate l ∈ N
with l ∈ X−, since in this case there exists a path of
strength 2 to p via l. If there does not exist such an l ∈ N ,
we have πV (z, p) = 0.

• We show πV (p, l) ≥ πV (l, p) for all l ∈ (L ∩ N): It
holds that πV (p, l) = 2, since p has an edge of weight
2 to z, and z has an edge of weight 2 to all l ∈ L. Fur-
thermore, we have πV (l, p) ≤ 2, since the strongest path

from l to p cannot have a weight greater than 2, since
the WMG of this election has no edge of weight greater
than 2.

This completes the proof of this claim. ◁

The next claim, which is based on Claim 2, gives a nec-
essary and sufficient condition for p to be (or not to be) a
Schulze winner of the reduced election corresponding to any
nomination.

Claim 3. Let N be any nomination of candidates by the
parties in P . Then p is not a Schulze winner of the reduced
election (N,V ) if and only if πV (x, p) > πV (p, x).

Proof. Suppose that πV (x, p) > πV (p, x). Then, by defini-
tion, p cannot be a Schulze winner of the reduced election
(N,V ).

Conversely, suppose that πV (p, x) ≥ πV (x, p). Then, it
follows from Claim 2 that p is a Schulze winner of the re-
duced election (N,V ). ◁

Using Claim 3, we can now prove that the reduction is
correct.

Claim 4. For each instance (X,K) of 3-SAT, it holds that

(X,K) ∈ 3-SAT ⇐⇒ f(X,K) ∈ Schulze-PPP.

Proof. We show both implications of this equivalence.
(=⇒): Suppose that (X,K) ∈ 3-SAT, i.e., we have a yes-

instance of 3-SAT. Hence, there exists a truth assignment
of the variables in X such that the corresponding boolean
formula in conjunctive normal form evaluates to true, so in
each clause at least one literal has the value true. Choose
one such literal from each clause and let Ksol be the set of
these literals. In particular, note that Ksol does not contain
any pair of literals that negate each other:

Ksol ∩ {¬l | l ∈ Ksol} = ∅.
Now, consider the Schulze-PPP instance we have con-
structed. Let Lsol denote the set of literal candidates cor-
responding to Ksol and consider the nomination

N = Lsol ∪ {p, x, z}.
By Claim 3, p wins the reduced election (N,V ) if and

only if πV (p, x) ≥ πV (x, p), since x is the only candidate
who can beat p.

Since there are no edges with positive weight going to
candidate x, we have πV (p, x) = 0. Consider now πV (x, p).
The edge from x to p has weight 0, which implies that
πV (x, p) ≥ 0. A path from x to p with path strength greater
than 0 exists if and only if there exists a path from x via
two literal candidates negating each other (in that case, we
would have πV (x, p) = 2). However, since the nominated
literal candidates correspond to a satisfying truth assignment
of the given 3-SAT instance, it is impossible that two literal
candidates can be nominated that negate each other. Hence,
we have πV (x, p) = 0, and thus πV (p, x) = πV (x, p).
Claim 3 now implies that p is a Schulze winner of the re-
duced election (N,V ). Therefore, there exists a nomina-
tion in which the distinguished party P1 contains a Schulze



winner. We have shown that (X,K) ∈ 3-SAT implies
f(X,K) ∈ Schulze-PPP.

(⇐=): Conversely, we show that when we start from a no-
instance of 3-SAT, then the resulting Schulze-PPP instance
must also be a no-instance. Suppose that (X,K) is a no-
instance of 3-SAT. Then there does not exist a truth assign-
ment of the variables in X satisfying the given boolean for-
mula. Thus, no matter how we choose one literal per clause,
every such choice of literals must contain a pair negating
each other (otherwise, we would have started from a yes-
instance of 3-SAT).

Consider now the election we have constructed, and for
any such choice of literals, if the parties nominate the cor-
responding literal candidates, they also contain a pair negat-
ing each other. Since the pair of literal candidates negating
each other occur on a path from x to p in the corresponding
WMG, we have πV (x, p) = 2. At the same time, we have
πV (p, x) = 0, since candidate x has no incoming edge with
positive weight. Hence,

πV (x, p) = 2 > 0 = πV (p, x).

By Claim 3, p cannot be a Schulze winner of the reduced
election. It follows that the distinguished party P1 does
not contain a Schulze winner, and we have shown that
(X,K) ̸∈ 3-SAT implies f(X,K) ̸∈ Schulze-PPP. ◁

This completes the proof of correctness of our reduction,
and it follows that Schulze-PPP is NP-hard.

Note that our reduction has the property that no party
in the election constructed from the given 3-SAT instance
contains more than three members. Hence, we have NP-
hardness (indeed, NP-completeness) also for this restriction
of the problem Schulze-PPP.
Example 3. Let us illustrate the proof of Theorem 1. Sup-
pose we are given the following boolean formula:

Φ(x1, x2, x3) = (x1 ∨ x2 ∨ x3) ∧ (¬x1 ∨ x2 ∨ ¬x3).

Obviously, Φ corresponds to a yes-instance
({x1, x2, x3}, {{x1, x2, x3}, {¬x1, x2,¬x3}}) of 3- SAT,
as Φ can be satisfied by setting x1 to true and x2 and x3

to false. Note that this truth assignment makes the first
literal in the first clause and the third literal in the second
clause true, so Ksol = {x1,¬x3}.

Let (C, V, P, {p}) be the corresponding instance of
Schulze-PPP constructed in the proof of Theorem 1. Fig-
ure 3 (left) shows the WMG of the election (C, V ), with
all candidates, not only the nominees of the parties. Now,
Lsol =

{
l11, l

2
3

}
is the set of literal candidates correspond-

ing to Ksol. According to the proof of Theorem 1, the five
parties nominate the candidates in N = {p, x, z, l11, l23}.

Figure 3 (middle) shows the WMG of the reduced election
(N,V ). It is easy to see that p is a Schulze winner of (N,V ),
as

πV (p, z) = πV (z, p) = πV (p, l
2
3) = πV (l

2
3, p) = 2,

πV (p, x) = πV (x, p) = 0, and

πV (p, l
1
1) = 2 > 0 = πV (l

1
1, p).

Now consider the following boolean formula:

Φ′(x1, x2, x3) =(x1 ∨ x2 ∨ x3) ∧ (¬x1 ∨ x2 ∨ x3)∧
(x1 ∨ ¬x2 ∨ x3) ∧ (¬x1 ∨ ¬x2 ∨ x3)∧
(x1 ∨ x2 ∨ ¬x3) ∧ (¬x1 ∨ x2 ∨ ¬x3)∧
(x1 ∨ ¬x2 ∨ ¬x3) ∧ (¬x1 ∨ ¬x2 ∨ ¬x3).

It is easy to see that Φ′ is not satisfiable. Hence, no mat-
ter how we choose one literal per clause, every such choice
of literals must contain a pair negating each other. For con-
creteness, suppose we have chosen the first literal, x1, from
the first, third, fifth, and seventh clause; then the third lit-
eral, ¬x3, from the sixth and eighth clause; and the sec-
ond literal, ¬x2, from the fourth clause. However, the sec-
ond clause, (¬x1 ∨ x2 ∨ x3), remains, and whichever literal
is chosen from it, it must negate one of the already cho-
sen literals. Suppose we choose the first literal, ¬x1, from
the second clause, which negates x1, the first literal from,
e.g., the first clause. Then this choice of literals corresponds
to the set L′ =

{
l11, l

2
1, l

3
1, l

4
2, l

5
1, l

6
3, l

7
1, l

8
3

}
of literal candi-

dates, and if the eleven parties nominate the candidates in
N ′ = {p, x, z} ∪ L′, a part of the WMG corresponding to
the reduced election (N ′, V ) is shown in Figure 3 (right; but
here restricted to the candidates in

{
p, x, z, l11, l

2
1

}
). Here, p

is not a Schulze winner of the reduced electon, since x has
a path of strength 2 to p, via the literal candidates l11 and l21
that negate each other, whereas p has no path to x, so

πV (p, x) = 0 < 2 = πV (x, p).

Similarly, p is not a Schulze winner of the reduced electon
corresponding to any other nomination of candidates by the
parties.

Conclusions and Future Work
We have studied the possible president problem for Schulze
elections, arguably one of the most interesting and most
widely used voting rules in practice. We have shown that
this problem is NP-complete, which adds to previous re-
sults about it for other voting rules (Faliszewski et al. 2016;
Cechlárová et al. 2023; Schlotter, Cechlárová, and Trellová
2024).

In future research, we propose to also study the neces-
sary president problem for Schulze elections, which we con-
jecture to be coNP-complete. Further, since we have shown
that Schulze-PPP is NP-complete even if no party contains
more than three members, it would be interesting to see
if this problem is in P when the parties are restricted to
have at most two members. Relatedly, what is the param-
eterized complexity of Schulze-PPP for reasonable param-
eters such as the largest party size;3 is it fixed-parameter
tractable? The techniques of Schlotter, Cechlárová, and
Trellová (2024) might be useful to answer this question.

3The number of parties would not be a reasonable parame-
ter: Schlotter, Cechlárová, and Trellová (2024) have shown that
for each voting rule with efficient winner determination (such as
Schulze), PPP with only a constant number of parties can be solved
in polynomial time.



Figure 3: Three WMGs illustrating the proof of Theorem 1
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