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Abstract

The Diversified Top-k MaxSAT (DTKMS) problem is an ex-
tension of MaxSAT. The objective of DTKMS is to find & fea-
sible assignments of a given formula, such that each assign-
ment satisfies all hard clauses and the k assignments together
satisfy the maximum number of soft clauses. This paper
presents a local search algorithm, DTKMS-DIA, which in-
corporates a new approach to generating initial assignments.
Experimental results indicate that DTKMS-DIA can achieve
attractive performance on 826 instances compared with state-
of-the-art solvers.

Introduction

Given a propositional formula expressed in the Conjunc-
tive Normal Form (CNF), the diversified top-k MaxSAT
(DTKMS) problem is to find k assignments such that each
assignment satisfies all hard clauses and the k assignments
together satisfy the maximum number of soft clauses. As
a variant of MaxSAT, DTKMS is considered to be a bi-
standard optimization problem balancing relevancy and di-
versity of results. DTKMS has a wide range of practical
applications, such as social networks, network routing, and
combinatorial auctions. Recently, Zhou et al. proposed a lo-
cal search algorithm for DTKMS, called LS-DTKMS (Zhou
et al. 2023). They focused on designing the heuristic process
but allocated limited attention to generating the appropriate
initial assignments, which is known as a major process af-
fecting the performance of local search algorithms.

This work aims to enhance the performance of local
search algorithms for DTKMS by developing a new diver-
sified initial assignment generation strategy. This strategy
works in the form of unit propagation driven process, which
is based on a decimation approach for MaxSAT (Cai, Luo,
and Zhang 2017). The strategy assigns variables iteratively
in a controlled way instead of generating a random assign-
ment. Specifically, we first assign variables in unit clauses in
a set of selection order to perform unit propagation. When
unit propagation cannot be applied, we design a heuristic to
select unassigned variables. The two processes, unit prop-
agation and the heuristic, work alternately until an initial
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assignment is generated. With this strategy, our algorithm,
DTKMS-DIA, is able to perform a broader exploration of
the solution space and achieve a good result.

Diversified Top-k MaxSAT Problem

Given a set of n Boolean variables, X = {x1,x2,...,2,},
a literal is either a variable itself x; or its negation —x;. A
clause is a disjunction of literals, i.e., ¢c; = 1 VIo V... Vi,,.
A clause containing one literal is called a unit clause. A
CNF formula F' is a conjunction of clauses, i.e., F'
c1 Neca A ... A cp. An assignment « for F' is a mapping
that assigns each variable to true or false. Given an assign-
ment «, a clause is satisfied if at least one of its literals is
true. Given a formula F' = Hard U Soft, whose clauses are
divided into hard clauses and soft clauses, the Maximum Sat-
isfiability (MaxSAT) problem is to find an assignment that
satisfies all hard clauses and maximizes the number of sat-
isfied soft clauses. An assignment « is called a feasible as-
signment iff it satisfies all hard clauses of F'. The soft clauses
satisfied by « is denoted by sat(«). Given a set of feasi-
ble assignments S = {aj,as, -, ax} of a MaxSAT for-
mula F, sat(S) is the total soft clauses satisfied by S, i.e.,
sat(S) = sat(a1) U sat(ag) U -- - U sat(ax). Given a for-
mula F' = Hard U Soft and a positive integer k, the Diversi-
fied Top-k MaxSAT (DTKMS) problem aims at finding a set
S with at most k feasible assignments such that these fea-
sible assignments in S satisfy the maximum number of soft
clauses of F, i.e., |sat(S)| is maximized. Given a DTKMS
formula F', we define S as the solution of I, the clauses in
sat(S) as the solution-satisfied soft clauses, and the clauses
in Soft\ sat(S) as the solution-falsified soft clauses.

The process of unit propagation working on F' is as fol-
lows. If a unit clause [ is contained in F, assign [ to true,
remove the clauses containing / from F' and —[ from the re-
maining clauses. The above operation is executed iteratively
until no more unit clause remains.

DTKMS-DIA Algorithm for DTKMS

In this section, we propose the algorithm, DTKMS-DIA,
which alternatively performs solution construction and solu-
tion updating procedures until a given timelimit is reached.
The solution construction procedure generates & feasible as-
signments to build a solution .S. Then, the solution updating
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procedure is executed. This procedure maintains the solu-
tion S by constantly replacing an old feasible assignment
with a new feasible assignment so that the solution S sat-
isfies a larger number of soft clauses. Indeed, both proce-
dures benefit from a feasible assignment generation algo-
rithm and prefer the algorithm to return diversified feasible
assignments. To obtain such assignments, we develop a new
diversified initial assignment generation strategy, which is
a primary influence factor on the efficiency of local search.
This strategy works in the form of unit propagation driven
process, assigning variables one by one until a complete as-
signment is produced. If there exist unit clauses, it selects
a unit clause in priority order: hard unit clauses, solution-
falsified soft unit clauses, and solution-satisfied soft unit
clauses. Then the unit propagation is performed. When a
conflict is reached during the unit propagation, the vari-
able contained by the selected unit clause is reassigned to
the value in the last feasible assignment. If there is no unit
clauses, the strategy selects an unassigned variable accord-
ing to the following heuristic and assigns it to a random
value. In detail, the heuristic chooses m variables (m is
an integer parameter) randomly from the set of unassigned
variables, and returns the one with the greatest score(x),
where score(x) = A\ X pre_order(z) + Ao X num(z)
(M < 1,X2 < 1). Here, num(z) denotes the occurrence
of the variable x in the solution-falsified soft clauses and
pre_order(x) represents the assigning order of the variable
 in the last initial assignment. The larger the pre_order(z),
the later z is assigned. In general, the diversified initial as-
signment generation strategy uses unit propagation to guar-
antee that the initial assignments are determined in a con-
trolled way, and the heuristic to guide the exploration in the
trend of the diversity. After generating initial assignments,
they are improved by local search so that feasible assign-
ments in different search areas are found.

Experimental Evaluation

We evaluate DTKMS-DIA on 826 instances from the main
unweighted track in MSE 2023, the benchmarks from the
top-k track in MSE 2020, and an application of DTKMS,
called Diversified Top-k Clique Search (DTKCS) (Wu
et al. 2020), whose benchmarks are from DIMACS graph'.
To ensure DTKMS-DIA can solve DTKCS instances, we
model them into DTKMS instances using the usual encod-
ing (Li and Quan 2010). In the experiment, we compare
DTKMS-DIA with the state-of-the-art local search solver
LS-DTKMS (Zhou et al. 2023), which is the best DTKMS
solver so far. We set the parameter & to 2, 3,4, 5, and thus ob-
tained 826 x4=3304 DTKMS instances. Each instance was
executed by each solver ten times, and the average results are
summarized in Table 1. We report the number of instances
in each benchmark set (in brackets), the number of instances
where both solvers found the same number of satisfying soft
clauses (#Equal), and the number of instances where a solver
found a better solution with more satisfied soft clauses than
the other (#Better). As seen from the table, DTKMS-DIA is
overall the best solver on these benchmarks.

"https://github.com/LyreRabbit/DTKMS
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LS-DTKMS DTKMS-DIA
Benchmarks
k  #Better #Equal #Better #Equal
2 2 6 13 6
3 0 7 14 7
DTKCS @) 4 0 10 11 10
5 0 9 12 9
2 0 50 23 50
Unweighted 3 0 53 20 53
Top-k (73) 4 0 53 20 53
5 0 56 17 56
2 90 40 602 40
Unweighted 3 72 162 498 162
MSE23 (732) 4 61 417 254 417
5 10 544 178 544
Total 235 1407 1662 1407

Table 1: Summary of the comparison of DTKMS-DIA and
LS-DTKMS, where the timelimit is 600 seconds.

Conclusion

We propose a local search algorithm for DTKMS problem,
called DTKMS-DIA, which contains a new diversified ini-
tial assignment generation strategy. The experimental re-
sults demonstrate that DTKMS-DIA exhibits higher effi-
ciency due to its ability to generate better solutions on more
instances. In the future, we will develop more optimized
techniques and conduct comprehensive studies into the real-
world applications of DTKMS.
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