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Abstract. Most existing food delivery platforms lack responsibility when it
comes to route planning. This often results in uneven assignment of orders or
difficulty in arranging orders for delivery drivers. These issues have led to loss
of consumer rights and reduced revenue for delivery platforms, as well as neg-
ative feedback and evaluations. To address this problem, it is necessary to first
resolve the issue of uneven distribution of orders. In this paper, we propose using
the Genetic Algorithm (GA) to solve the order assignment optimization problem.
By utilizing GA’s strong global search ability, we can achieve fair assignment of
orders, optimize delivery routes, and balance revenue distribution. This approach
creates a fair competition environment for delivery drivers and improves service
quality, ultimately leading to positive feedback from consumers and creating a
win-win situation.
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1 Introduction

In the era of the COVID-19 pandemic, people have increasingly been cutting back on
eating out and staying at home, which has led to a rise in the use of delivery platforms
for daily necessities. According to the Market Intelligence & Consulting Institute (MIC)
in Taiwan, an investigation found that 72% of consumers have experience using delivery
services in 2021. Among the most popular platforms, foodpanda has 78% and UberEats
has 61% market share. However, the sudden influx of orders during peak hours can often
lead to a misestimation of the delivery staff’s ability to take and deliver orders, resulting
in uneven distribution of orders and causing delays or disputes between consumers and
couriers. This can ultimately harm the platform’s reputation.
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This paper will discuss the use of metaheuristic algorithms for solving multi-
objective optimization problems in delivery operations [1]. The approximate optimal
solution can be effectively found by considering multiple factors such as the number of
delivery personnel, the number of orders, service quality, delivery revenue, and deliv-
ery distance. The goal is to balance the rights of the delivery platform, delivery staff
and consumers as much as possible. The algorithm will help assign suitable orders
to delivery staff, ensuring timely delivery and reducing complaints from consumers.
The multi-objective path optimization problem is an NP-hard problem [2, 3], which
makes it difficult to solve using traditional algorithms. Therefore, this study proposes an
architecture based on Genetic Algorithm (GA) to find a solution to this problem.

This paper is divided into five sections. Section 2 provides background information
and related work on the Genetic Algorithm (GA) and Traveling Salesman Problem (TSP).
Section 3 uses linear programming to define the delivery order problem. The simulation
results of our proposed method are presented in Sect. 4, and the conclusion is given in
the last section.

2 Related Works

2.1 Genetic Algorithm (GA)

The metaheuristic algorithm can give a combinatorial optimal solution at affordable cost
through the objective observation and principle. The so call cost can be temporal, spatial
or anything which can be defined [4]. Furthermore, the metaheuristic algorithm refers
to the use of past experience or rules to define a random search methods in a population
or individual. Compared with greedy-based algorithm, although the solution cannot be
guaranteed that is definitely better, the concept of the conditional random process can
avoid the local optimum and find the approximate optimal solution. Moreover, in a very
hard problem, the cost will be less than the greedy approach. Therefore, these methods
are widely used in much more applications which has the demand of optimization. The
common and classical algorithm are Hill Climbing, (HC) [5], Simulated Annealing,
(SA) [6] Ant Colony Optimization, (ACO) [7] and GA [8], etc.

GA was proposed in 1975 by John Henry Holland. It is according to the Nature
selects, the fittest survives theory to choose the solutions. This mechanism is to reserve
the fitness value better’s solutions to weed out the poor fitness values solutions. GA
major focus on the optimal solution search with combinatorial objectives. It has since
been used in many fields such as scheduling optimization [9], data mining [10], finical
prediction [11], process management [12], etc. The basic GA is the simulation of the
gene evolutionary process the process including Selection, Crossover, and Mutation.
The solution of the random combination is an individual that is generally represented
as a set of sequences and named a chromosome. In the initialization of GA, the initial
population is created that including several chromosomes. Then GA will choose two
chromosomes to operate crossover and mutation. It can be getting new solutions and
comparing which solutions need to eliminate. In general, the eliminating solutions have
poor fitness values. The process of selection, crossover, and mutation are continuously
iterated until the termination condition is reached.
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Fig. 1. Schematic diagram of the deliverer Fig. 2. Schematic diagram of delivery staff
delivering the order stacking orders

Some scholars have used GA to solve the Vehicle Routing Problem (VRP). This is a
path planning problem for vehicles starting from warehouses and delivering goods. The
similarities with this study are the characteristics of delivery from point A to point B
and continuous delivery to different places and finding the shortest path [13]. Therefore,
this study also GA will be taken as the main method.

2.2 Traveling Salesman Problem (TSP)

TSP is a classic NP-Hard problem proposed in the 19™ century [14], which is still
being studied in the field of discrete combinatorial optimization problems. The problem
is defined as a set n cities where the distance between any 2 cities can be explicitly
calculated. When the salesman’s travel speed is at the same speed, find the shortest
circuit to start from the designated city to visit each city without repeating it, and finally
return to the starting city. If the exhaustive method is used to find the best solution for n
cities, the time complexity is O(n!). Therefore, the more cities you visit, the less you can
solve in a reasonable time. This paper wants to solve the problem of the deliverer’s food
delivery. However, this problem is more difficult than the original TSP that this problem
considers the scenario which includes multi deliverers and the multi paths. Optimization
problems with multiple variables and multiple objectives are practical problems for many
complex engineering optimizations. The biggest difficulty is that when optimizing for
a single goal or variable, it is necessary to exclude conflicts between other goals or
variables, resulting in poor results for other goals or variables [14]. For example, the
problem defines three salespeople and nine cities, to meet the conditions all 3 salesmen
must travel to 3 cities, each city is visited by only 1 salesperson, and each salesperson
does not repeatedly visit the cities that other people have visited at the same time.

3 Problem Definition

The delivery platform need to make order P divided the deliverer C. P and C is the sets
P={P,P,,...,Pyp}and C = {Cy, C, ..., C,}. The coordination of the partner store
S is the set S = {S1, S2, ..., So} The delivery path assigned by the deliverer C; is noted
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as R and R include the partner store Sy of the order P; that will be passed through.
It can be noted as R = {{py, p2.....px}. {s1.52,....5y}|pi € P,si € S}. When the
platform divided the order to deliverer C; is consider the between partner store - Sj and

find a deliverer that is closer to the partner store The distance of that deliverer arrnl;es at
the first store is d 1[‘;1 . When the deliverer finishes the job that can obtain the new order
the flow is shown in Fig. 1. In addition, the platform also supplies the deliverer have
much order to send at the same time its names as stacked orders that is shown in Fig. 2.
The number of stacked orders varies according to the settings of each delivery platform.
When the deliverer is not choose stacked orders, the deliverer unknown the next order
or the store’s location is near or far, which cause much more problem in delivery. If the
deliverer chose stacked order method, the food delivery path will be shown after the
platform accept this request. If the deliverer finds the path is not expected, the deliverer
can abandon the order, but it may cause delays in overall delivery. The stacked orders
have to be competed from the each deliverer, otherwise the meaning of fairness will
disappear.

The delivery platform’s Business Model is to build customer brand loyalty [15].
However, once the order is delayed, the consumer will lose trust in the platform. The
optimization problem of the delivery path can be regarded as a TSP, and the optimal
path can be obtained by a metaheuristic algorithm to shorten the delivery path of the
deliverer. It’s just that this only addresses a single TSP. Generally speaking, a delivery
platform will have many delivery people delivering meals at the same time. It means that
the Multiple Traveling Salesman Problem (MTSP) is still not solved. The deliverer can
obtain enough orders and each order has a reasonable distance, Making every deliverer
receive fair dispatch and remuneration, and consumers can also receive orders within
a reasonable and fair time so the platform can conform to the reasonableness brought
about by the principle of fair labor, and the consumer is reduced complain at the same
time.

The distance of the deliverer path is D =d 1”’ + ;;1 i:l d;tW This paper hope
that each deliverer receive at least one order. Therefore we use any two D and D% to
find the standard deviation ojj. Our main purpose is to pursue the minimum total distance
and at the same time consider the minimum difference between the individual distances
of each courier, which means that each deliverer C has received orders, which means
that this mechanism is fairer. The linear programming model is as follows:

n
Minimize E ) 1p1
1=

S.t.

0;ij~0,i # j,i,j <mn,

p is the fitness function which means pursuit the lowest standard deviation and the
shortest total distance that is shown in the following:

1 1
p= - X
YD YT Y o

D
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4 Proposed Method

This paper proposed the mechanism is use GA-based MTSP optimization. The first step
is to randomly generate the orders P;, stores S;, and deliverers C; to combine into a chro-

mosome. The initialization phase defines a lot of chromosomes Z = {Z;, Z5, ..

and then operate the selection, crossover and mutation to create the new chromosome.
Finally, the population will reserve the best chromosome via evaluation until the termi-
nation condition is reached. The process is shown in Fig. 3. The overall operation is as

follows:

| c+p+s |

Z, Random chromosome population i

L2 Jlz |[ % |

termination
conditions

randomly selected
number of four
21,223,274

According

to p to sort

A

y

Zy, sort according p

A 4

Choose the first Z;

!

Show the results Z;

Choose the best of two Z;,Z,

y

A

Crossov

er 21,2,

|

Generate Z3,Z,

|

Mutation Z3,Z,

A

y

Put Zy,25.73, 2,
inZy,

End

Fig. 3. GA algorithm delivery Order Assignment flowchart




0NN AW~

10.
11.

12.

Genetic Algorithm-Based Fair Order Assignment Optimization of Food 127

. Randomly generate P;S; and C; to combine into chromosome.

. Generate the multiple chromosomes to population Z.

. Randomly chose 4 chromosomes from Z.

. Define the fitness function via Eq. (1).

. Choose the top two Z and Z, depending on the sorting results of the fitness function.

. Randomly invite 30% of Z; and Z; individually to exchange for crossover.

. The new chromosomes ZzandZ4 will be created that is shown Fig. 4.

. Take the random order between the non-deliverer position and the non-route last
position in a chromosome for mutation such as the position of P»S> and the position
of P4S4. Arrange and combine the store coordination (5>, S4) and consumer coordi-
nation (P2,P4) of P»S> andP4S4, and select the shortest combination and put it back
to the position of chromosomeP; P4S54S5>. The mutation rate is set 30%.

. Putthe Z1, 75, Z3, Z4 into the Z that is shown in Fig. 5

Repeat the above steps until the termination condition is reached.

After terminating the iteration, sort Z, according to the smallest standard deviation

and the shortest total distance in ascending power, and select the first chromosome.

This chromosome is the best solution in the whole domain. The calculation is over.

Z3 Cy | PsSs| P7S7| P3S3| Cp | PeSe| P2S2| C3 | P1S1| P4Sy

g

2
D
&=

&< -

Z4 Cl P7S7 P4S4 CZ P3Sg P1$1 C3 PGSG P555 stz

Generate new chromosomes

Z3 | €1 |PsSs [P2Sy [P3S3 | C2 |P1Sy |P7S7 | C3 | PeSe | PaSs

Z4 C1 [P35z | P4Ss | Cz | P3S3 |PeSe | C3 | P1Sy | PsSs | P7S7

Fig. 4. Schematic diagram of GA’s crossover



128 M.-Y. Tsai et al.
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Fig. 5. Schematic diagram of GA’s Mutation

The goal of this study is to make the deliverer who can use the system to obtain
sufficient quantity and proper distance to reduce the occurrence of order grabbing by
deliverer.
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5 Simulation Results

This experiment uses C# to build and cooperate with winform’s rapid development fea-
tures, and then refers to Chart components for data visualization that is shown in Table 1.
When the algorithm staring, an object name and random coordination should be created.
The main thing is to randomize each deliverer and order and then combine them as evenly
as possible that is shown in Table 2. The population initial total distance is 3157.35. The
standard deviation is 431.94. We can find that the distance of SalesMan_003 is 1451.99
and the distance of SalesMan_001 is 258.66 that there is a significant difference between
each other. It is not met the fairness of this paper. After many iterations, the resulting
population is significantly improved that the distance of SalesMan_003 is reduced from
1451.99 to 629.3 and the distance of SalesMan_001 is increased from 258.66 to 628.80
that the difference is closer. Although the total distance raises to 3446.71 after the opti-
mization, the standard deviation is reduced to 41.94. This result has met the fairness.
This is because when each deliverer has an order and their standard deviation ate similar,
it represents the delivery distance of each deliverer is also similar so that the waiting
time of the consumers are also more balanced.

Table 1. Experimental environment

Type Tool
Development Visual Studio 2019
Platform Winform
Language C#
Framework Net Framework 4.8
Visualization Chart
Data source Randomly generated coordinates

This paper still has unresolved issues, such as the stack orders situation. Therefore
how to use GA to optimize this problem is a major point in the future.Since the order of the
store to the consumer cannot be reversed so that the path looks complex and messy that
is shown in Fig. 6. For example, the coordination of SalesMan_002 is [28, 27] the former
coordination represents the store coordination. The latter one represents the consumer
coordination. The last index is the order code. We can see that the SalesMan_002 got
three orders that the orders index are 002,008 and 011. This deliverer starts from [28, 27].
Firstly, this deliverer should go to coordination’s [115, 184] of store of StoreCost 002 to
take an order and then deliver this meal to the consumer [92, 193]. Then this deliverer
continue to go to the coordination [26, 144] of StoreCost 008 to take the second order
and go to the consumer [192, 44] to deliver the order. Then return to the coordination
[16, 140] of StoreCost 011 to get the third order and finally go to deliver the meal to
consumer [153, 68] to finish the task.
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Table 2. Simulation results

Population initial value Optimal distance Distance difference
DChVC‘ty men Distance Path coordinates Optimal distance Optimal coordinates Difference
coordinates
SalesMan_000:[119,175]—
SalesMan_000:[119,175]— StoreCost_017:[63,40][60,83]—
SalesMan_000 34026 StoreCost_009:[146,122][122,4]— 646.10 StoreCost_005:[53,107][100,54]— 4305.84
[119,175] StoreCost_010:[75,60][166,106]—> StoreCost_014:[76,113][186,121]—
StoreCost_002:[115,184][92,193] StoreCost_013:[176,114][19,12]—
StoreCost_001:[28,27][188,32]
SalesMan_001:[166,30]—
SalesMan 001 SalesMan_001:[166,30]— StoreCost_004:[7,59][77,107]—
[166,307] 258.66  |StoreCost_000:[119,175][166,30]— 628.80 StoreCost_010:[75,60][166,106]— +370.14
StoreCost_018:[136,74][32,191] StoreCost_015:[121,4][21,120} >
StoreCost_003:[51,56][83,7]
SalesMan_002:[28,27]—~> SalesMan_002:[28,27]—>
SalesMan_002 444,64 StoreCost_005:[53,107][100,54]— 749.15 StoreCost_002:[115,184][92,193]— 30451
[28.27] StoreCost_011:[16,140][153,68]— StoreCost_008:26,144][192,44]—
StoreCost 001:[28,27][188.32] StoreCost 011:[16,140][153.68]
SalesMan_003:[188,32]—
StoreCost_008:[26,144][192,44]—
StoreCost_017:[63,40][60,83]—
StoreCost_003:[51,56][83,7]— SalesMan_003:[188,32]—
SalesMan_003 1451.99 StoreCost_012:[49,141][180,61]— 62930 StoreCost_016:[14,194][167,105]— 82269
[188,32] StoreCost_015:[121,4][21,120]— StoreCost_018:[136,74](32,191]—
StoreCost_006:[42,106][104,184]— StoreCost_012:[49,141][180,61]
StoreCost_013:[176,114][19,12]—
StoreCost_004:[7,59][77,107]—
StoreCost_014:[76,113][186,121]
SalesMan_004:[115,184]—
SalesMan_004:[115,184]— StoreCost_000:[119,175][166,30]—
SalesMan_004 66179 StoreCost_019:[139,192][39,101]— 79333 StoreCost_006:[42,106][104,184]— 13154
[115,184] StoreCost_016:[14,194][167,105]— StoreCost_009:[146,122][122,4]—
StoreCost_007:[11,193][170,96] StoreCost_019:[139,192][39,101]—
StoreCost_007:[11,193][170,96]
Total distance: 3157.35 Total distance: 3446.71 +289.39
Standard deviation: 431.94 Standard deviatio: 68.59 -363.35

It can be found from the delivery route of SalesMan_002 that this research can
improve the method of increasing stacking orders and optimize the route to be shorter.
If StoreCost 008 and 011 are stacked for delivery, a new route can be generated:

StoreCost 008Join011
[26, 144][16, 140][153, 68][192, 44]

The SalesMan 002’ starting coordination is [28, 27]. Firstly, the deliverer came
to coordination [115, 184] of StoreCost 002 to obtain the meal and then deliver it to
consumer [92, 193]. Second, the deliverer came to coordination [26, 144] of StoreCost
008 to get the meal for [16, 140]. Finally, the deliverer will go to coordination [153, 68]
of StoreCost 01 to obtain the meal then deliver to coordination [192, 44] to consumer.
The optimization paths between three consecutive order can be found.

In the future, in addition to adding the method of stacking orders, this research will
continue to strengthen the data visualization part, so that the coordination of merchants
and consumers are more clearly marked, and directional optimization reading is added
to the behavior route.
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Fig. 6. Simulation topology

6 Conclusion

Food delivery platforms have become inseparable from human life. But the current
popular platform just allows the deliveryman to grab the order by himself. This is not
fair. Therefore, the main purpose of this study is to propose a fair delivery platform,
which takes into account the ability of each delivery person and the time it takes for the
meal to reach the consumer. It turns out that we will be able to set the delivery path and
it can have fair and effective characteristics to achieve the highest net value for all. In
the future, we will consider the situation of stacking orders to make the process closer
to reality. Besides, In the future, we hope the proposed method can extend to annoying
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work in life such as operating room surgery scheduling, production line automation
scheduling, etc., making work arrangements easier and more reasonable.
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