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Abstract 

 
A variant of the well-known Assignment Problem is studied in this paper, where pairs of assignments are conflicting, 
and cannot be selected at the same time. This configures a set of hard constraints. The problem, which models real 
applications, looks for a complete assignment that minimizes the total cost, while no conflict is violated. In this paper, 
we consider a previously known mixed integer linear program representing the problem and we solve it with the open-
source solver CP-SAT, part of the Google OR-Tools computational suite. An experimental campaign on the instances 
available from the literature, indicates that the approach we propose achieves results comparable with, those of state-
of-the-art solvers, notwithstanding its intrinsic conceptual and implementation simplicity. The solver adopted is also 
able to provide heuristic solutions quicker and better than the heuristic methods previously discussed in the literature. 
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1. Introduction 
The Assignment Problem is a well-known optimization problem with direct applications in several fields such as 
personnel scheduling, task assignment, job shop loading, facility location and workforce planning. Instances of any 
practical size can be solved efficiently in polynomial time using, for example the Hungarian algorithm (Ahuja et al, 
1993; Kuhn, 1955). The focus of this work is on the Assignment Problem with Conflicts (APC), a problem introduced 
recently in Öncan et al. (2019), which is an extension of AP with additional conflict constraints that forbid pairs of 
assignments from happening at the same time, imposing therefore hard constraints. The APC deals with finding a 
minimum weight perfect matching such that no more than one edge is selected from each conflicting edge pair. 
 
Classic optimization problems with conflicts have been studied extensively in the last decades, due to their practical 
implications, and their extended computational complexity in their general settings over the standard problems. For 
example, it is possible to trace studies on knapsack problems with conflicts (Bettinelli et al., 2017; Coniglio et al., 
2021); on spanning trees with conflicts (Zhang et al., 2011; Samer and Urrutia, 2014; Carrabs et al., 2019a; Carrabs 
et al., 2019b; Carrabs and Gaudioso, 2021); on shortest paths with conflicts (Cerulli et al., 2023); on set coverings 
with conflicts (Saffari and Fathi, 2022; Carrabs et al., 2024) and on maximum flows with conflicts Şuvak et al., 2020; 
Carrabs et al., 2025). 
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There are several practical applications of the APC. For example in container terminals, where arriving containers 
(VA) have to be organized in the yard locations (VB). Containers with certain characteristics – typically related either 
to size, weight or priorities – cannot be stacked on top of each others, leading therefore to conflict assignments 
(Montemanni et al., 2007). The costs of the assignment can be related to other real-world factors such as distance from 
the ship and the yard location. These settings configure an APC to be solved in order to optimize yard operations. 
Other similar applications of the APC are in general warehouses or multi-compartment vehicles (Donati et al., 2003), 
where goods with certain characteristics cannot be stored next to each other (e.g. food and toxic products). In personnel 
scheduling problems (e.g. airlines rostering) there might be incompatibilities between people, that should therefore 
not be assigned to the same team. This can be translated into straightforward conflicts within an APC. 
 
Theoretical results on the computational complexity of the APC, together with some approximation results, can be 
found in Darmann et al. (2011). Further results on special polynomially-solvable settings were presented in Öncan et 
al. (2013), together with some heuristics and lower bounding schema. More contribution for the APC can be found in 
(Öncan et al., 2017a; Öncan et al., 2017b), where some Mixed Integer Linear Programming models, exact 
Branch&Bound methods and heuristic ideas are introduced. The concepts of the last two papers were later summarized 
and extended in Öncan et al. (2019), which remains the reference work for the problem under investigation. 
 
In this paper, a mixed integer linear programming model for the APC is considered and solved by the open-source 
solver CP-SAT, which is part of the Google OR-Tools (Perron and Didier, 2025) optimization suite. Successful 
application of this solver on optimization problems with characteristics similar to the problem under investigation, 
motivated our study (Montemanni and Dell’Amico, 2023; Montemanni et al., 2024; Ceschia et al., 2025). The CP-
SAT solver is designed to work in a multi-thread environment (com- patible with all new processors) and can be seen 
as a portfolio-strategy with some limited data exchange among the different threads.  An experimental campaign on 
the benchmark instances previously proposed in the recent literature is also presented and discussed. 
 
The overall organization of the paper can be summarized as follows. The Assignment Problem with Conflicts is 
formally defined in Section 2. Section 3 discusses a mixed integer linear programming model to represent the problem. 
In Section 4 the approach we propose is compared with recent state-of-the-art methods from the literature. Conclusions 
are finally drawn in Section 5. 
 
2. Problem Description 
The Assignment Problem with Conflicts (APC) can be formally described as follows. Let 𝐺𝐺 = (𝑉𝑉𝐴𝐴 ∪  𝑉𝑉𝐵𝐵 ,𝐸𝐸) be a 
complete bipartite graph, where |𝑉𝑉𝐴𝐴| = |𝑉𝑉𝐵𝐵| |, |𝑉𝑉𝐴𝐴| ∩ |𝑉𝑉𝐵𝐵| = ∅, and 𝐸𝐸 = �{𝑖𝑖, 𝑗𝑗}�𝑖𝑖 ∈ 𝑉𝑉𝐴𝐴, 𝑗𝑗 ∈  𝑉𝑉𝐵𝐵} is the set of possible 
assignments. A non-negative cost 𝑐𝑐𝑖𝑖𝑖𝑖 is given for each {𝑖𝑖, 𝑗𝑗} ∈ 𝐸𝐸. Moreover, a set 𝐶𝐶 = �{𝑖𝑖, 𝑗𝑗}, {𝑘𝑘, 𝑙𝑙}�{𝑖𝑖, 𝑗𝑗}, {𝑘𝑘, 𝑙𝑙} ∈ 𝐸𝐸} 
represents the conflicts among pairs of assignments. The objective of the APC is to find the perfect matching of 
minimum cost between the sets 𝑉𝑉𝐴𝐴 and 𝑉𝑉𝐵𝐵 that uses at most one edge from every conflict of 𝐶𝐶. 
 
A small example of an APC instance and a respective feasible solution are depicted in Figure 1 and Figure 2, 
respectively. 
 
 



Proceedings of the 7th Asia Pacific Conference on Industrial Engineering and Operations Management 
Bangkok, Thailand, March 25-27, 2026 
 

© IEOM Society International 

 
 
Figure 1. An example of a APC instance is presented, where conflicts are indicated as colored edges. Costs are omitted. 
On the right, a feasible solution is represented. Observe that at most one edge is used for each color (conflict) and 
some blackedges (not involved in any conflicts) are added to complete the matching. 
 
3. A Mixed Integer Linear Programming Model 
In this section, a model for the APC, previously discussed in Öncan et al. (2019), is presented. A variable 𝑥𝑥𝑖𝑖𝑖𝑖 takes 
value 1 if the edge between 𝑖𝑖 ∈ 𝑉𝑉𝐴𝐴 and 𝑗𝑗 ∈ 𝑉𝑉𝐵𝐵 is selected, 0 otherwise. The resulting model is as follows. 
 

 
 
The objective function (1) minimizes the cost of the assignment selected. Constraints (2) impose that each element of 
𝑉𝑉𝐴𝐴 has to be assigned to exactly one element of 𝑉𝑉𝐵𝐵 through the feasible edges. Constraints (3) impose that each element 
of 𝑉𝑉𝐵𝐵 has to be assigned to exactly one element of 𝑉𝑉𝐴𝐴 through the feasible edges. Inequalities (4) model the conflicts, 
imposing that at most one of two conflicting edges can be selected. The domains of the 𝑥𝑥 variables are finally specified 
in constraints (5) (Figure 2). 
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Figure 2. A feasible solution for the instance represented Figure 1 is depicted. Observe that at most one edge is used 
for each color (conflict) and some blackedges (not involved in any conflicts) are added to complete the matching. 
 
4. Computational Experiments 
In Section 4.1 we describe the benchmark instances previously introduced in the literature, and used for the present 
study. In Section 4.2 the experimental settings and the algorithms we compare with are described. In Section 4.3 the 
approach we propose is compared with the other methods available in the literature. 
 
4.1 Benchmark Instances 
In the literature, the only available benchmark set for the APC is – to our knowledge – the one proposed in Öncan et 
al. (2019). We will therefore adopt these instances for our experiments. The number of nodes in the left hand-side of 
the bipartite graph G = (V 1(G) ∪V 2(G), E(G)), indicated as |V (G)|, takes values between 15 and 500. Conflict pairs 
are generated at random, and the number |E(C)|of such pairs is between 5000 and 200000. 
 
A total of 135 test problems were introduced, but only 130 can be used for the experiments reported in this work, due 
to some inconsistencies in the available dataset. 
 
We refer the interested reader to Öncan et al. (2019) for a comprehensive description of the instances. 
 
4.2 Experimental Environment and Settings 
The model discussed in Section III has been solved with the Google OR-Tools CP-SAT solver (Perron and Didier, 
2025) version 9.12. The experiments have been run on a computer equipped with an Intel Core i7 12700F CPU. The 
experiments for the methods previously appeared in Coniglio et al. (2021) and against which we compare, were run 
on an a machine equipped with a 2.2 GHz Intel Core i7 processor (no more information is available), which according 
to http://gene.disi.unitn.it/test/cpu list.php is 3 or more times slower. 
 
The methods involved in the comparison are: 
 

http://gene.disi.unitn.it/test/cpu%20list.php
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• LS: Local Search heuristic algorithm discussed in Öncan et al. (2019), although the original concepts of the method 
had already been discussed in Öncan et al. (2018); 

• RDS: Russian Doll Search heuristic algorithm discussed in Öncan et al. (2019); 
• BIP: best results obtained by solving with CPLEX 12.7 (IBM, 2025) the two Binary Linear Programs presented in 

Öncan et al. (2019), although the model had already been introduced in (Öncan et al., 2017; Öncan et al., 
2018); 

• B&B: Branch-and-Bound approach (with the best settings) presented in Öncan et al. (2019), although a preliminary 
version of the method appeared in Öncan et al. (2018); 

• CP-SAT: the mixed integer linear program presented in Section III solved with Google OR-Tools CP-SAT solver 
version 9.12 (Perron and Didier, 2025). 

 
The methods considered cover those available in the literature, up to our knowledge. 
 
4.2 Experimental Results 
The results are summarized in Table I, where for each group of five instances identified by the values of |VA|and |C|, 
the average of the optimal solutions is reported (Opt). All the methods considered were run for a maximum of 3600 
seconds on each instance, and for each group of instances the following 
data are reported: 
 
• Gap %: the average optimality, calculated as 100·V al−Opt Opt , where V al is the value returned by the  method. 

This value is reported only for heuristic methods; 
• Sec Best: the average computation time in seconds required to retrieve the best solution found. This  value is reported 

only for heuristic methods; 
• Sec Tot: the average computation time in seconds required to prove the optimality of the best solution  found. This 

value is reported only for exact methods. 
 
The last lines of the table contain the averages of the indicators tabled for the different methods. 
 
The results suggest the following considerations. First, the Local Search heuristic is the only option when very quick 
solutions are required, although the quality of such solutions is typically a few percentage point off the optimum. In 
case longer computation times are allowed, CP-SAT is the best option, able to find all the optimal solutions in less 
time than the RDS heuristic, that also show a small but not null optimality gap. However – also considering the speed 
of the computers used for the experiments – the exact method BIP seems the best option, since it is able to provide 
proven optimal solutions quickly, although the method has the advantage of taking the best of two solutions. When 
comparing the three exact methods, they present comparable average computation times, but the behaviour on the 
different problems appears different: BIP is the more robust method, with balanced times among most of the instances, 
although the method suffers on the larger instances; B&B is very fast on the easier instances but it suffers heavily on 
the difficult instances; CP-SAT shows balanced performance but with over-long computation times on a few groups 
of instances that deteriorate the average performance. 
 
In conclusion, BIP seems the best option for all the instances apart from the largest ones, on which B&B scales better 
and should be preferred. CP-SAT positions itself in between the two methods with an overall balanced behaviour 
(Table 1). 
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Table 1. Computational Results. 
 

 
 
4. Conclusions 
A formulation based on Mixed Integer Linear Programming for the Assignment Problem with Conflicts has been 
considered and solved via the open-source solver CP-SAT, part of the Google OR-Tools computational suite. 
 
The experimental results indicate that the approach we propose has performances comparable with those of the state-
of-the-art exact solvers available in the literature, notwithstanding the minimal implementation effort required for our 
solution. The CP-SAT solver used as a heuristic method appears to be superior to the tailored-designed heuristic 
methods previously introduced in the literature, given the relative short computation times required to retrieve high 
quality solutions. 
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