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Abstract 
With the rapid development of e-commerce and the rise of offline retail errand business, 
how to quickly distribute goods to customers while ensuring timeliness and low cost has 
become an urgent problem to be solved, and optimizing the distribution route through 
efficient planning algorithm is a feasible solution. Therefore, aiming at these problems, 
according to the actual situation of distribution, considering the collection of goods from 
multiple pickup points and the limited distribution resources, which can not meet all 
distribution needs but can only choose to distribute some needs, we construct a Pickup 
and Delivery Team Orienteering Problem with Pickup Option model. At the same time, 
because the model not only needs to optimize the distribution path, but also needs to 
make decisions on the pickup points of each demand to maximize the total distribution 
revenue, we design an Adaptive Large Neighborhood Search algorithm to solve the 
model, and designs a variety of efficient destroy and repair operators based on the 
characteristics of the model to expand the search space of the solution adaptive strategy 
is used to select efficient search operators to improve the search efficiency of 
understanding space. In addition, in order to improve the performance of the algorithm 
and avoid falling into the local optimal solution, a new solution acceptance strategy of 
Simulated Annealing is introduced. Finally, a large number of examples verify the 
effectiveness of the proposed model and algorithm. 

Keywords  
Pickup Option; Limited Distribution Resources; Pickup and Delivery Problem; Team 
Orienteering Problem; Adaptive Large Neighborhood Search.  

1. Introduction 

With the continuous progress of global digital technology, e-commerce industry is also 
developing rapidly. Convenient and fast online shopping has gradually entered people's life. 
Since the rise of e-commerce, the physical retail industry has suffered a strong shock and its 
market share has shrunk significantly. In order to meet the public's shopping channel 
preference, the retail industry has gradually turned to online. The development of e-commerce 
industry has promoted online shopping to gradually replace traditional shopping methods and 
become an important channel to meet people daily needs, this gave birth to a large number of 
new logistics distribution modes. In this context, the Pickup and Delivery Problem (PDP) is 
more and more widely used. 
In the traditional Pickup and Delivery Problem, the requirements are paired, and a pair of 
requirements has only one pickup point and one delivery point. However, with the continuous 
development of e-commerce and retail industry, various new logistics distribution scenarios 
are emerging. In some new logistics distribution scenarios, there is a customer demand that can 
be met by multiple pickup points. Under the "one-to-one" distribution mode of traditional 
Pickup and Delivery Problem, the dispatchers are required to pickup the goods at the 
designated pickup point and then delivery them to the corresponding delivery point, so as to 
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complete a pair of demand distribution tasks. This distribution mode causes a great waste of 
personnel and transportation capacity, and is not suitable for these logistics distribution 
scenarios. There are a large number of Pickup and Delivery Problem scenarios with multiple 
pickup points in real life. In these logistics distribution scenarios, each delivery demand can 
pickup at multiple pickup points. The distribution platform selects the best pickup point for 
picking up according to the distribution path planning, and can also pickup for multiple delivery 
demands at each pickup point, so as to reduce pickup operations and distribution costs. 
These new logistics distribution scenarios are inseparable from the support of the logistics 
distribution industry. In order to reasonably plan the logistics distribution route, reduce the 
distribution cost and meet the needs of customers, Vehicle Routing Problem (VRP) came into 
being. In the traditional Vehicle Routing Problem, most of them assume to minimize the 
distribution cost under the condition of unlimited distribution resources. However, with the 
rise of e-commerce industry, the social demand for logistics is also growing rapidly. Urban 
logistics gradually presents the characteristics of large distribution scale, scattered customer 
location, large customer demand but small order volume. When the demand for express 
delivery, intra city distribution and takeout explodes due to the peak meal period on festivals 
and weekdays, there are often situations where the logistics distribution resources cannot meet 
the distribution demand. According to the assumption of unlimited distribution resources in 
the traditional vehicle routing problem, enterprises must maintain sufficient resources to meet 
all customer needs, but customer needs are uncertain. If resources are allocated according to 
the peak demand, a large number of manpower and vehicles will be idle. Based on this, some 
scholars introduced the Team Orienteering Problem (TOP) into the Pickup and Delivery 
Problem and proposed the selective PDP (SPDP), that is, in the case of limited resources, visiting 
customer needs as much as possible, each demand has corresponding profits, and the goal is to 
maximize the total profit. The part exceeding the distribution resources can be subcontracted 
and distributed by others. 
Based on this, we studied the Pickup and Delivery Problem with Pickup Option and the limited 
distribution resources, and puts forward the Pickup and Delivery Team Orienteering Problem 
with Pickup Option (PDTOPPO). In this problem, each delivery point can have multiple pickup 
points to meet its cargo needs, and each pickup point can also serve multiple delivery points, 
and all vehicles must meet the delivery demand as much as possible within the given maximum 
driving time, so as to obtain greater total profit. Aiming at the proposed problem, a 
mathematical model of Pickup and Delivery Team Orienteering Problem with Pickup Option is 
constructed. A new example is designed to fit the problem studied in this paper, which is solved 
by Adaptive Large Neighborhood Search (ALNS). In the same example, the results are compared 
with those of the Pickup and Delivery Team Orienteering Problem without Pickup Option, and 
the results verify the economic significance of the problem studied in this paper. 

2. Literature Reaview 

2.1. Pickup and Delivery Problem 
Compared with the traditional VRP Problem, the difference between PDP and VRP is that VRP 
Problem generally involves only one demand of picking up or delivery, while PDP problem 
involves two demands of picking up and delivery in the process of distribution. Parragh et al. 
[1] studied and summarized the PDP problem in detail, and divided the PDP problem into 
distribution first and then collection, integration of collection, delivery and distribution, mixed 
distribution, etc. When the customer demand is only the pickup demand or delivery demand, it 
can be regarded as a VRP Problem, and all customer points can be inserted into the path. Golden 
et al. [2] used to insert the pickup point in the delivery path and allow the pickup point to be 
accessed at or before the delivery point. Casco et al. [3] used the saving algorithm to insert all 
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delivery points in the path first. When the remaining distribution volume can not meet the 
delivery demand, insert the pickup point into the position before the delivery point in the path. 
Gribkovskaia et al. [4] studied an important classification of PDP, one to one to many problem 
(1-m-pdp), that is, the demand of all customer points comes from the distribution center, and 
the goods of all customer points must return to the distribution center. 
With the development of reverse logistics, the problem of collection and delivery has attracted 
more and more attention. Among them, three types of PDP have been widely studied: Vehicle 
Routing Problem with Backhaul (VRPB), Mixed Vehicle Routing Problem with Backhauls 
(VRPBM) and Vehicle Routing Problem with Simultaneous Pickup andDelivery (VRPSPD). Toch 
et al. [5] defined the VRPB as that the same vehicle must complete the delivery requirements of 
all customer points on the same line before accessing the customer points with return pickup 
requirements. Golden et al [2] defined VRPBM as that the same vehicle's access to customer 
points has no constraints on the order of pickup and delivery requirements, but each customer 
point can only have pickup or delivery requirements. Min [6] defined VRPSPD as that each 
customer point has pickup demand and delivery demand at the same time. When the vehicle 
serves the customer point, it needs to unload and then load before leaving, so as to ensure that 
each customer is served only once. The author uses the method of clustering before sorting to 
solve the problem of goods distribution and recycling between a distribution center and 
multiple distribution nodes under the limitation of vehicle capacity and number of vehicles. 
Dethloff [7] studied the VRPSPD problem based on the VRPB problem, established a 
mathematical model, and designed a hybrid heuristic algorithm to solve it. 
The solution methods of PDP are mainly divided into two categories: accurate algorithm and 
heuristic algorithm. In terms of accurate algorithm: Ropke et al. [8] proposed a Branch and Cut 
algorithm (BC) for PDP with Time Windows (PDPTW), which can accurately solve the problems 
of 8 vehicles and 194 customer needs at most. Ropke et al. [9] proposed a Branch and Cut and 
Price (BCP) algorithm on the basis of Ropke et al. [8]. The algorithm calculates the lower bound 
of the problem by solving the linear relaxation problem through the Column Generation 
algorithm, and improves the lower bound of the relaxation problem by adding effective 
inequalities to improve the performance of the algorithm. The results show that the effect of 
the algorithm is better than BC. Baladcci et al. [10] combined Integer Programming, Column 
Generation and Duality Theory, proposed an accurate BCP based method for solving PDPTW. 
In terms of heuristic algorithm: Nanry and Barnes [11] proposed Tabu Search (TS) algorithm 
for solving PDPTW combined with classical standard neighborhood search operator. Based on 
the VRP with Time Window (VRPTW) standard example, Solomon [12] constructed a PDPTW 
example to verify the effectiveness of the algorithm. Bent and Hentenryck [13] proposed a two-
stage algorithm for solving PDPTW. Firstly, Simulated Annealing (SA) algorithm is used to 
optimize the number of vehicles, and then Large Neighborhood Search (LNS) algorithm is used 
to optimize the total cost. The experimental results show the efficiency of the two-stage 
algorithm proposed by the author. 
2.2. Team Orienteering Problem 
Chao et al. [14] studied the Orienteering Problem and put forward the concept of Team 
Orienteering Problem (top). Because the Team Orienteering Problem is more in line with the 
actual situation of logistics distribution, it has become a new hot issue in the field of logistics 
distribution. Scholars have done a lot of research on this kind of problem. Tarantilis et al. [15] 
proposed the Capacitated Team Orienteering Problem (CTOP) under the condition of Limited 
vehicle capacity. Archetti et al. [16] extended the TOP to Set Orienteering Problem (SOP), and 
divided customers into different subsets, called clusters. At least one customer in each cluster 
can be served to obtain corresponding profits. Angelelli et al. [17] put forward the Cluster 
Orienteering Problem (COP), which can obtain corresponding profits only when all customers 
in the cluster are accessed; Vansteenwegen et al. [18] studied the TOP with Time Windows 
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(TOPYW). Merwe et al. [19] proposed a Team orienteering Problem with Time Windows and 
collaborative constraints based on simulating the material protection problem during field fire 
escape. In this model, the demand point must be served by a group of heterogeneous vehicles 
at the same time within a given time window. Chami et al. [20] combined the TOP with the 
Pickup and Delivery Problem and proposed the Pickup and Delivery Team Orienteering 
Problem with Time Windows. Peng et al. [21] proposed the Pickup and Delivery Team 
Orienteering Problem with Transfer based on Chami et al. [20]. Most Team Orieering Problems 
assume that the profit of each vertex is fixed. However, some scholars have found that under 
some special scenarios, the profit collected by each vertex is variable, depending on its service 
time and other factors. The longer the service time, the higher the profit that can be collected. 
Erdogan et al. [22] took a fishing problem as an example. The fish quantity at each location is 
not fixed, and the legal fishing time at each location is limited. Under the limitation of time 
budget, we may not be able to collect the maximum profit at each visited vertex. Therefore, we 
should not only determine the visited vertex subset, but also determine the appropriate service 
time of each visited vertex, so as to maximize the total profit.  
The solution of TOP is also a research hotspot of scholars, and many accurate solutions have 
been proposed. Butt and Ryan [23] proposed an accurate algorithm for Column Generation, 
which can accurately solve the problem of up to 100 customer points when the number of 
customers in each path is small. Recently, Boussier et al. [24] proposed an accurate method to 
solve the Team Orienteering Problem with Time Windows. This method combines Column 
Generation with Branch and Bound algorithm, namely Branch Price algorithm. Keshtkaran et 
al. [25] also studied the Branch Price algorithm for accurately solving the tTOP. TOP is an 
extension of vehicle routing problem and also belongs to strong NP hard problem. Accurate 
algorithm is difficult to solve large-scale problem in the expected time. Therefore, some 
scholars have studied the heuristic algorithm of this problem. Lin [26] proposed Multi Starting 
Point Simulated Annealing algorithm by combining the advantages of Simulated Annealing 
algorithm and Multi Starting Point Mountain Climbing algorithm strategy, which can minimize 
the possibility of falling into local optimal state. Bouly et al. [27] proposed a meme algorithm 
combining Genetic Algorithm and Local Search algorithm. Sevkli and Sevilgen [28] proposed a 
Discrete Particle Swarm Optimization algorithm, namely Discrete Enhanced Particle Swarm 
Optimization algorithm. Roozbeh et al. [29] proposed an Adaptive Large Neighborhood Search 
algorithm, which can solve large scale problems, but the solution speed is slow. 

3. Mathematical Model 

Distribution route of Pickup and Delivery Team Orienteering Problem (PDTOP) is shown in 
Figure 1, PDTOPPO adds pickup option based on it. PDTOPPO can be described as: a group of 
homogeneous vehicles start from the depot, serve a group of customer needs, and return to the 
depot after completing the service. Customer points are divided into pickup points and delivery 
points. For each delivery point, there are one or more pickup points to distribute goods, and 
each pickup point can also supply goods for multiple delivery points. Under the condition of 
limited vehicle capacity, it can not serve all customer needs. Each customer point has time 
window restrictions, vehicles need to be served within the time window, and the loading 
capacity cannot exceed the vehicle capacity. The location of the customer point is known, and 
for a group of demands, the pickup point must be visited before the corresponding delivery 
point, and all vehicles cannot exceed the maximum travel time constraint. The goal is to 
maximize the total profit. The supply relationship of the transportation network is shown in 
Figure 2. For example, pickup point 3 can supply goods for delivery points 11, 12, 13 and 14, 
while delivery point 13 can be distributed by pickup points 3 and 4. 
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       Figure 1. Distribution route of PDTOP             Figure 2. PDTOPPO supply relationship 

 
3.1. Parameters and Parameter Description 
The parameters and parameter descriptions used in the mathematical model constructed in are 
shown in Table 1. 
 

Table 1. Parameters and parameter description 
paramater paramater description 

 1, 2, ,P p   pickup points 
 , 1, ,p pD n    delivery points 
N P D   all customer points 
0V P D    all customer points and depot 

={1, 2, ..., }K m  vehicles 
C  vehicle capacity 

ip  profit of delivery point 
iq  demand of delivery point 
iC  quantity of pickup point 

ijt  vehicle travel time from i to j 
 ,i ia b  time windows 

k
ijx  vehicle k traveled from i to j is 1, otherwise it is 0 
k
ijz  

vehicle k visited delivery point j and its ith pickup point is 1, 
otherwise it is 0; 

k
iS  the time when the vehicle k starts to serve the customer point i 
k
iL  maximum load capacity of vehicle k leaving customer point i 

3.2. Building Mathematical Model 
According to the problem description and the parameters in Table 1, the mathematical model 
is constructed as follows: 
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Where, M is twice the total demand of the delivery point. The objective function (1) is to 
maximize the total profit; Constraints (2) indicate that each delivery point can be accessed at 
most once; Constraint (3) means that at most one pickup point can distribute goods for the 
pickup point; Constraint (4) indicates that the vehicle departs from the distribution center; 
Constraint (5) means that the number of vehicles used does not exceed the maximum number 
of vehicles; Constraint (6) indicates that vehicles departing from the distribution center need 
to return to the distribution center; Constraint (7) indicates that a pickup point can deliver 
goods for one or more delivery points; Constraints (8) represent the relationship between two 
types of decision variables; Constraints (9) represent the time constraints of the order of 
customer points visited; Constraints (10) represent time window constraints of customer 
points; Constraints (11) indicate that a set of demand pickup points need to be accessed before 
the fixed delivery point; Constraint (12) means that the driving time of the vehicle cannot 
exceed the maximum driving time; Constraints (13) and (14) represent the load constraints 
passing through the pickup point; Constraints (15) and (16) represent the load constraints 
passing through the delivery point; Constraint (17) means that the quantity of goods at the 
pickup point shall ensure the supply of goods required by all delivery points pickup at this point; 
Constraint (18) means that the loading capacity of the vehicle during distribution cannot exceed 
the vehicle capacity limit. 

4. Algorithm  

Adaptive Large Neighborhood Search is developed from Large Neighborhood Search algorithm 
(LNS). Based on LNS, ALNS allows a variety of destroy operators and repair operators to obtain 
better neighborhood solutions. Before the start of the algorithm, ALNS assigns an equal weight 
to each destroy operator and repair operator. In the process of algorithm search, ALNS will 
dynamically adjust the weight of each operator according to the quality of the solution 
generated by the operator, give higher weight to those operators with good performance, and 
give lower weight to those operators with poor performance, In the subsequent search, the 
operator with good performance has a higher probability to be selected and can quickly find a 
better solution. The dynamic adjustment process of its operator is also called adaptive process. 
The flow of ALNS is shown in Figure 3. 
4.1. Destroy Operator 
The destroy operator removes the customer points in the path in a specific way. For the 
PDTOPPO studied in this paper, the pickup point and delivery point are linked. For each 
delivery point, there are one or more pickup points to supply it. When destroying the current 
solution, this paper selects the delivery point as the analysis object, In the path where the 
selected delivery point is located, if its pickup point only supplies for this delivery point, then 
this delivery point will be removed and the delivery points supplied for it will be removed. If its 
pickup point supplies for other delivery points in addition to it, then only this delivery point 
will be removed. According to the characteristics of PDTOPPO, three destroy operators are 
designed in this paper, namely random destroy operator, worst destroy operator and related 
destroy operator. 
4.1.1. Related Destroy Operator 
Correlation destroy operator is proposed by Shaw to solve VRP. The core idea is to delete some 
similar requirements to obtain new and better solutions. This paper proposes a similarity 
parameter R (i, j) to measure the correlation between demand i and demand j. and the smaller 
R (i, j) represent the higher the correlation between the two requirements. The value of the 
similarity parameter is determined by the distance between two requirements, the difference 
between the access time of two requirements and the difference between the demand quantity 
of two requirements. Its calculation formula is as follows: 



Volume 3 Issue 2, 2022 

DOI: 10.6981/FEM.202202_3(2).0062 

512 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 

( ), ( ) ( ), ( ) ( ) ( ) ( ) ( )( , ) ( ) (| | | |) | |A i A j B i B j A i A j B i B j i jR i j d d S S S S q q           

 
The parameters 𝜑, 𝜒 and 𝜓 represent the weight of the distance between two requirements, the 
difference between the access time of two requirements and the difference between the 
demand quantity of two requirements respectively, and A (·) and B (·) represent the pickup 
point and delivery point of the requirements respectively. If only a few or no cars can serve the 
two sets of needs, the two needs are highly correlated. 
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Figure 3. The flow of ALNS 

4.1.2. Random Destroy Operator 
The random destroy operator can be regarded as a special case of the related operator when 
the parameter p = 1, that is, randomly select q demands to remove from the current solution. 
In the problem studied in this paper, when selecting the demand pair, we should take the 
delivery point as the research object, then analyze its pickup point, and finally select the 
removed customer point for removal. 
4.1.3. Worst Destroy Operator 
Compared with other operators, the worst destroy operator is inefficient. It needs to traverse 
each delivery point in the path, calculate the reduction of path cost when removing each 
delivery point, and record it as the removal cost of the delivery point. Because in the problem 
studied in this paper, each delivery point has a certain profit, Therefore, when calculating the 
removal cost, the loss of profit shall be deducted, calculated in the removal cost calculation 
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function, and the supply of the pickup point at this delivery point shall be considered to judge 
the removed customer point. Finally, select the delivery point with the highest cost to remove. 
4.2. Repair Operator 
The repair operator inserts the customer points removed by the destruction operator into the 
path in a specific way to find a better path scheme. we study the problem of PDTOPPO. Due to 
the characteristics of customer points, we need to consider the situation when inserting 
customer points into the path. The delivery point is the research object. If there is a pickup point 
that can supply goods for it in the path, insert the delivery point directly into the path. 
Otherwise, insert two customer points: the delivery point and the pickup point of the delivery 
point. 
When there is no pickup point of the delivery point to be inserted in the path, two points need 
to be inserted in one path, which are selected delivery point and the pickup point of the delivery 
point. For the selected delivery point object, there may be multiple pickup points serving it. In 
order to select the appropriate pickup point and the location to be inserted into the path, it is 
necessary to calculate the change of the path cost of inserting the selected pair of points into 
the path, that is, the change value of the path length relative to the profit. Since the vehicle starts 
from the distribution center and returns to the distribution center after completing the 
distribution task, the path starts with customer point 0 and ends with customer point 0. 
4.2.1. Best Repair Operator 
The best repair operator, also known as greedy repair operator, calculates the cost of inserting 
the selected customer point into each location in the path in each iteration, and selects the 
location with the lowest insertion cost for insertion. In the Pickup and Delivery Team 
Orienteering Problem with Pickup Option, there is no requirement for the insertion of pickup 
point. The profit is reflected by the delivery point, and the delivery point is the research object, 
When there is a pickup point of the delivery point in the selected path, the cost of each location 
after the delivery point is inserted into its pickup point is calculated directly. When there is no 
pickup point of the delivery point in the selected path, the cost of inserting this delivery point 
and its two customer points into the path should be considered. When calculating the cost, 
subtracting the profit of the inserted delivery points as the cost, and call different insertion 
functions according to the number of inserted customer points. 
4.2.2. Random Repair Operator 
The random repair operator randomly selects any path in the path set and inserts it into any 
position in the selected path for the customer points that are not inserted into the path. The 
core idea is to use randomness to insert the customer point into the path. During the insertion 
operation, it is also necessary to consider the nature of the customer point. Take the delivery 
point as the analysis object. If there is a pickup point in the path that can supply goods for it, 
insert it into the onboard position behind the pickup point. Otherwise, it is necessary to insert 
the delivery point and its corresponding pickup point randomly in the path, and ensure that the 
pickup point is located before the delivery point. When selecting the pick-up point, if multiple 
pickup points can supply goods for the selected delivery point, in order to minimize the total 
distribution cost, select the pick-p point with the shortest total distribution path to distribute 
goods. 
4.3. Operator Selection 
In the iterative process of ALNS, the weight is assigned to each operator, and the roulette 
method is used to select the operator used in each step. Suppose there are k operators with 
weight i, then the probability that operator j is selected is . In the iterative process, 

in order to select the operator with good effect and produce a better solution in the subsequent 
iterations, an adaptive strategy is adopted to adjust the weight of the operator. Before the 

1
/

k

j ii
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beginning of the iteration, the weight i of each operator is assigned to 1, and then after each 
iteration, the operator weight is updated according to the following rules: The destroy and 
repair operation produces the global optimal solution with a score of σ1. The destroy and repair 
operation produces an unprecedented solution, which is better than the current solution, with 
a score of σ2. The destroy and repair operation produces an unprecedented solution, but it is 
worse than the current solution. There is a certain probability that it will be accepted, with a 
score of σ3. Among σ1 > σ3 > σ2. After each destruction and insertion operation, repeat the 
procedure as i+1 = (1 - r)i + rσ3/α3 calculate the operator weight, where α Indicates the 
number of times the operator is selected, σi represents the fraction of the operator in this 
iteration, and r represents the utility of the operator. The closer r is to 1, the more attention is 
paid to the score of the operator in this iteration. 
4.4. Stop and Accept Criteria 
In order to avoid falling into local optimization, Simulated Annealing acceptance criterion is 
introduced in this paper. For the solution that does not appear in the iteration, if it is worse than 
the current solution, it is accepted with the probability e- (f '(x) - f (x)) / T. Where f(x) is the objective 
function value and t is the current temperature. With the increase of the number of iterations, 
the temperature decreases at the rate of c, t = t * c, 0 < c < 1. When the number of iterations 
reaches the set maximum number, or there is no improvement after n consecutive iterations, 
and the maximum running time is reached, the algorithm will stop searching and output the 
current optimal solution. 

5. Numerical Experiment 

For the problems studied in this paper, there are no existing examples that can be tested 
directly in the literature and example library at home and abroad. Therefore, this paper 
modifies the standard example for solving PDP proposed by Li and Lim, and designs a new 
example suitable for PDTOPPO. 
The ALNS algorithm in this paper is written in C++ programming language. All examples are 
compiled in Visual Studio 2019 and run in the environment of AMD ryzen5 4600u 2.1GHz 
(16GB) and windows 10. The relevant parameters of ALNS algorithm in this paper are set as 
shown in table 2. 
 

Table 2. Parameters of ALNS 

paramater paramater value 
maximum iterations 2000 

maximum iterations without inprove 200 
operator weight update parameter r 0.1 

operator score σ1 33 
operator score σ2 9 
operator score σ3 13 

SA initial temperatureTstart 0.05 
SA cooling coefficient c 0.99975 

related destroy operator paramater𝜑 9 
related destroy operator paramater χ 3 
related destroy operator paramater 𝜓 2 

related destroy operator factor p 6 
worst destroy operator factor pworst 3 
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5.1. Small and Medium Scale Examples 
In order to verify the solution effect of ALNS on small and medium-sized examples, this paper 
designs a small and medium scale example lc-40-1, which has 13 pickup points and 27 delivery 
points. The vehicle capacity is 200, the number of vehicles is 2, the driving speed is 1, and the 
maximum driving time is 1000. 
 

Table 3. Solution results of lc-40-1 
Number Status Number Status Number Status Profit 

1 N 15 Y 29 Y  
2 Y 16 Y 30 Y  
3 Y 17 Y 31 Y  
4 Y 18 Y 32 Y  
5 Y 19 Y 33 N  
6 Y 20 Y 34 Y  
7 N 21 Y 35 Y 379 
8 N 22 Y 36 Y  
9 Y 23 Y 37 Y  

10 Y 24 N 38 Y  
11 Y 25 Y 39 Y  
12 N 26 Y 40 Y  
13 Y 27 Y    
14 Y 28 Y    

 

As can be seen from table3, for the example lc-40-1 with 40 customer points, under the 
constraint of maximum driving time, the existing transport capacity cannot meet the needs of 
all delivery points, delivery point 24 and delivery point 33 are not accessed, and the total profit 
is the sum of the profits of all delivery points except delivery point 24 and delivery point 33. 
This often occurs in the actual distribution. Under the constraint of the maximum distribution 
time, the distributor cannot complete the distribution of all orders. In order to ensure the safety 
of the distributor and the needs of users, orders exceeding the capacity range cannot be 
distributed, and the platform can arrange the distribution to other personnel. 
 

Table 4. Small and medium scale examples 
 V1 V2 Avg Best  V1 V2 Avg Best  

lc-30-1 2 2 293.8 297 lc-40-1 2 2 375.4 379  
lc-30-2 2 2 297.6 300 lc-40-2 2 2 378.6 82  
lc-30-3 2 2 301.2 305 lc-40-3 2 2 377.8 380  
lc-30-4 2 2 309.4 312 lc-40-4 2 2 368.8 372  
lc-30-5 2 2 307.2 309 lc-40-5 2 2 366.2 372  
lr-30-1 2 2 308.8 312 lr-40-1 2 2 367.8 371  
lr-30-2 2 2 286.4 290 lr-40-2 2 2 372.4 380  
lr-30-3 2 2 296.2 301 lr-40-3 2 2 372.0 380  
lr-30-4 2 2 299.4 303 lr-40-4 2 2 377.8 385  
lr-30-5 2 2 296.4 300 lr-40-5 2 2 370.2 372  
lrc-30-1 2 2 296.6 302 lrc-40-1 2 2 275.4 377  
lrc-30-2 2 2 301.8 307 lrc-40-2 2 2 368.8 372  
lrc-30-3 2 2 309.6 311 lrc-40-3 2 2 377.5 379  
lrc-30-4 2 2 297.0 301 lrc-40-4 2 2 380.2 382  
lrc-30-5 2 2 304.2 307 lrc-40-5 2 2 379.6 380  
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In order to further verify the solution effect of ALNS, 30 small and medium scale examples are 
designed, including 15 examples with 30 customer points and 15 examples with 40 customer 
points. The solution results are shown in table 4. In the process of solving small and medium 
scale examples by ALNS algorithm, each example is run repeatedly for 5 times, and the average 
solution of the results is recorded as AVG and the optimal solution is recorded as Best. The 
solution results are shown in table 4. 
It can be seen from table 4 that ALNS can solve small and medium scale examples. In all 
examples, the two vehicles given are all used. It can be seen that for the calculation with small 
profit value, such as lc-40-4, the overall transportation capacity is insufficient due to the 
insufficient number of given vehicles or the limitation of the maximum driving time of vehicles, 
which is not enough to access all delivery points, so only part of the profit is obtained. 
5.2. Large Scale Example 
In order to verify that the ALNS algorithm proposed in this paper is also effective for large-scale 
examples, this paper designs a large-scale example lc-100-1 with 100 customer points, which 
includes 34 pickup points and 66 delivery points. There are 6 vehicles starting from the 
distribution center. The serial number of the distribution center is 0, the serial number of the 
pickup point is 1-34, and the serial number of the delivery point is 35-100. The maximum 
capacity of the vehicle is 200, the speed is 1, and the maximum driving time is 1000. The 
solution results of the example are shown in table 5. 
 

Table 5. Large scale example 
Vehicle Pickup points Delivery points Profit Total profits  

0 2, 6, 7, 17, 34 35, 36, 38, 41, 44, 54, 61, 62, 63, 65, 87 152 

 
 
 
 
 
 

934 

 

1 4, 9, 18, 30 
37, 39, 40, 49, 55, 56, 

57, 60, 79, 92, 98 
157  

2 10, 11, 20, 28, 29 
47, 50, 51, 53, 58, 59, 64, 

66, 69, 71, 72, 74, 75 
183  

3 13, 22, 23, 33 
42, 43, 46, 48, 52, 68, 

81, 82, 83, 97, 99 
154  

4 14, 16, 24, 31 
76, 77, 78, 80, 84, 88, 

93, 94, 96, 100 
139  

5 15, 21, 25, 32 
45, 67, 70, 73, 85, 86, 

89, 90, 91, 95 
149  

 
As can be seen from table 5, for the example of 100 customer points. Six vehicles visited 26 
pickup points and 66 delivery points. Under the constraint of maximum driving time, the 
vehicle can serve all delivery points. For the traditional Pickup and Delivery Problem, if the 
delivery point is accessed, the corresponding pickup point will also be accessed. Serving 66 
delivery points also needs to pick up goods at 66 pickup points. To obtain the same profit, you 
need to visit 40 more pickup points, which increases the distribution time and the length of 
distribution path. In the PDTOPPO the pickup point in one path can distribute to multiple 
delivery points, which optimizes the distribution resources, reduces the access to pickup points, 
and reduces the length of distribution path and distribution time. If the oil truck distribution is 
used, the fuel consumption cost can be reduced, and the electric vehicle distribution can be used 
to reduce the power consumption. 
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6. Conclusion 

Based on the distribution mode under the new logistics scenario, considering that there may be 
multiple pickup points for each customer's needs, we put forward the Pickup and Delivery 
Problem with Pickup Option, and considering the customer's requirements for distribution 
time, the actual distribution resources are limited, the distribution process has time constraints, 
and the Team orienteering Problem is introduced. This paper constructs a mathematical model 
of the Pickup and Delivery Problem Team orienteering Problem with Pickup Option. A new 
example suitable for the problem studied in this paper is designed, and an Adaptive Large 
Neighborhood Search algorithm is proposed to solve the example. 
The problems studied in this paper not only provide a theoretical basis for the distribution 
planning under the new logistics distribution mode, but also consider the safety of distribution 
personnel on the basis of ensuring the distribution efficiency, reduce the labor intensity of 
distribution personnel, and reduce the red light running, retrograde, speeding and other 
situations affecting traffic safety in order to complete all distribution tasks, and optimizing the 
distribution path and serving the customer demand as much as possible under the limited 
distribution resources, which can bring greater economic benefits to the enterprise. 
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