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Abstract

Unmanned aerial vehicles (UAVs) are an indispensable component of future wireless networks. UAV can not only provide

edge-computing services but also act as a router to the backhaul for the user devices. In this paper, we considered the problem

of allocating communication and computing resources to UEs via UAV as a multi-dimensional knapsack problem. We used OR-

Tools to solve the multi-dimensional knapsack problem in order to maximize the utility of the UAV. OR-Tools solves the NP-hard

multi-dimensional knapsack problem with brand-and-bound algorithms.

I. INTRODUCTION

Unmanned aerial vehicles (UAVs) will be an indispensable

component in future wireless networks [1], [2], [3], [4], [5].

The application of UAVs in smart cities [6] includes federated

learning [7], [8], [9], [10], [11], surveillance [12], intelligent

transportation management system and terrestrial communica-

tion. Unmanned aerial vehicles can also be an integral part

of Space-Oceanic Networks [13], [14]. UAVs can not only

provide communication services to the UEs to the backhaul but

also provide computing services by acting as an edge server.

The contribution of this study is summarized as follows:

• We formulated the multi-dimensional knapsack problem

for the communication and computing resource allocation

to UEs through UAV.

• We solved the multi-dimensional knapsack problem using

OR-Tools which uses the brand-and-bound algorithm to
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Korea, under the Grand Information Technology Research Center support

program(IITP-2021-0-00742) supervised by the IITP(Institute for Information

& communications Technology Planning & Evaluation) *Dr. CS Hong is the

corresponding author.

RV

Fig. 1. System model

maximize the utility of UAV.

The rest of the paper is organized as follows: Section II

illustrates the system model for resource allocation to UEs

through UAV. Section III formulates the multi-dimensional

knapsack problem for resource allocation. Section IV gives

the simulation results, and Section V concludes our work.

II. SYSTEM MODEL

A UAV V is operating on frequency fv and has the back-

haul rate of RV as shown in Fig. 1. There is a set N of N

UEs to be processed by the UAV. The UAV has Computing
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P1: argmax
x

UV = xi ∗ ui (1)

s.t.
∑

i

xi ∗ ti ≤ TV (C1)

∑

i

xi ∗ ri ≤ RV (C2)

xi ∈ {0, 1} (C3)

Constraint C1 indicates that the total allotted computing

time can not exceed TV . Constraint C2 indicates that the total

allotted data rate can not exceed RV . Constraint C3 indicate

that xi is binary variable with xi = 1 if the resources are

allocated to UEi and xi = 0 if the resources are not allocated

to UEi. Problem P1 is Multidimensional Knapsack Problem

(MKP) [15], [16] which is attained by adding additional

weight constraints to the one-dimensional basic knapsack

problem (KP) [17]. This problem falls under Integer Linear

Programming (ILP) and is an NP-hard problem [18].

IV. SIMULATION RESULTS

The multidimensional knapsack problem defined in P1 is

solved using OR-Tools [19]. OR-Tools employs branch-and-

bound algorithms [20], [21] to solve the multidimensional

knapsack problem. We set TV = 20 and RV = 20. The ri, ti,

and ui for 15 UEs are as indicated in Fig. 2.

Fig. 2. ri, ti, and ui for 15 UEs

We used OR-Tools to solve the multidimensional knapsack

problem defined in P1. The selected items to maximize the

utility of UAV are indicated in Fig. 3. The total utility for

UAV is UV = 17.

Fig. 3. Selected UEs to maximize utility of UAV by OR-Tools

V. CONCLUSION

In this study, We formulated the issue of communication

and computing resource allocation to UEs through UAV as a

multi-dimensional knapsack problem. To maximize the util-

ity of the UAV, we solved the multi-dimensional knapsack

problem using OR-Tools. OR-Tools uses the brand-and-bound

algorithms underneath to solve the NP-hard multi-dimensional

knapsack problem.
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