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AbstractThe last-mile, which is the final stage of delivery, has great meaning for both consumers and suppliers.
Consumers first form user experiences with a company in the final delivery stage, and the efficient last mile delivery
for suppliers must be achieved by guaranteed delivery time window and minimized delivery cost in energy and time.
Execution feasibility is also important, because the optimal route is optimal only when it is actually executed by driv-
ers. In this study, we aim to create an optimal route with high feasibility and minimal energy consumption for green
delivery. The proposed method minimizes the sum of volume-weighted delivery time of packages and determines the
priority of the visit by considering clusters made from the zone ID sequences systematically extracted from the col-
lected delivery routes. The optimal route is generated by determining the order of visits of inter- and intra-clusters
through local search based minimization. Case studies using the actual delivery data provided by the Amazon Last-
mile Routing Challenge in year 2021 show its efficiency in achieving green delivery.
Keywords: Routing, Clustering, Local Search, Optimization, Energy Consumption Minimization

INTRODUCTION

The size of the global e-commerce market in 2020 was $4.280
trillion, 27.6% up from the previous year, and expected to grow to
$6.388 trillion by 2024. Establishing a company’s delivery strategy
has a great impact on securing competitiveness and securing cus-
tomer trust. The last-mile is the final stage of delivery and has great
meaning for both consumers and suppliers. Consumers are the first
to form a user experience with a company in the final delivery stage,
and this user experience has a great impact on their loyalty to the
company. Efficient last mile delivery for suppliers achieves cost mini-
mization and enables them to acquire loyal customers [1]. Last mile
delivery is also the most inefficient part of the current logistics pro-
cess, and the cost of this process accounts for 53% of the total logis-
tics process. In the past, fast and damage-free delivery was important,
so the delivery route was set based on the shortest distance, but
now it is necessary to create an optimal delivery route that takes
into account all of the reduction in delivery time, cost optimization,
customer requirements, and carbon emission minimization. In fact,
in the case of UPS, a U.S. delivery company, chose a route that does
not turn left in countries where vehicles drive on the right. Through
this, various goals such as fuel saving and safety were achieved, as
well as shortening the delivery time by reducing the waiting time
for signals and creating a route that reduced the possibility of colli-
sion with a vehicle coming from the opposite side [2].

Since creating an optimal delivery route has become an import-
ant task, most delivery companies create optimized routes by reflect-

ing various factors such as safety and efficiency, but actual drivers
tend not to follow the optimized route. Unlike delivery companies,
experienced drivers take into account their tacit knowledge of the
complex operating environment when serving customers on a daily
basis. Leveraging this tacit information to improve route planning
is critical to safer, more efficient and sustainable last-mile delivery.
Accordingly, Amazon and MIT held the Amazon Last Mile Rout-
ing Challenge in 2021, and the challenge can get a better score the
more it creates a route that is most similar to the actual delivery route.

Last mile delivery route optimization can be defined as a kind
of traveling salesman problem (TSP). TSP is a problem of generat-
ing a route that visits all cities once at the minimum cost given the
cost of moving distance and required time between several cities
and each city. If the global search algorithm is used to solve the TSP
problem for N cities, the time complexity is (n1)!. Therefore, as
the number of visited points increases exponentially, it is one of the
NP-hard. The local search technique is widely used to find the ap-
proximate solution of TSP and LKH algorithm that is known to
be the most efficient among them, and found many of the best opti-
mal solutions known so far. Dorigo et al. conceived an idea from
an ant colony, proposed ant colony optimization, and applied it to
various types of TSP [3]. Holland proposed a genetic algorithm
inspired by Darwin’s theory of evolution [4]. Brady tried to solve
TSP through a genetic algorithm for the first time [5], and Nagata
et al. solved large-scale TSP by introducing the edge assembly cross-
over method in the crossover process of the genetic algorithm and
suggested how to do it [6]. In this study, our objective was to mini-
mize energy consumption by designing a delivery route that reduces
the amount of package and time required. To accomplish this, we
conducted our study using the dataset from the Amazon Last Mile
Routing Research Challenge and utilized Google’s OR-tools with a
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local search algorithm during the optimization process.

BACKGROUND THEORIES

1. Traveling Salesman Problem (TSP)
TSP is a problem of finding a route with the minimum cost when

there are several cities, and when the cost of moving from one city
to another is given in terms of time, distance, etc., visiting all cities
once and returning to the starting point. The time complexity of
the TSP visiting n points is (n1)! [7]. Since the optimal solution
search time increases exponentially as the number of visited points
increases, therefore, recent studies have been conducted to solve
TSP using heuristic methods.
2. Local Search Algorithms for TSP Solution

Local search is a heuristic technique for solving computation-
ally difficult problems. It is a method to iteratively find a better solu-
tion in the current state using the objective function among several
candidate solutions. Representative local search algorithms for solv-
ing TSP include simulated annealing (SA), genetic algorithm (GA),
and k-opt-based algorithm, which is an edge swapping algorithm
[8-10].
2-1. 2-Opt, 3-opt Algorithm-based Optimization

The 2-opt and 3-opt algorithms start with the basic concept of
untwisted edges. In the case of 2-opt, as shown in Fig. 1, two ran-
dom edges are selected, the existing edges are removed from the
nodes where the edges are connected, and new edges are connected.
At this time, only the case shorter than the original length is selected,
otherwise it is skipped. When connecting two new edges, the im-
portant thing is to make a complete tour without creating a sub-
tour. In this case, the number of possible 2-opts is only one. Simi-
larly, 3-opt is a method of selecting three edges and selecting a new
edge that makes a complete tour [11].

Although the 2-opt method derives an answer faster than the 3-
opt method, the 2-opt method is highly likely to fall into the local
optimal solution and has a characteristic that the direction of the
route is reversed.
2-2. Optimization Based on LKH Algorithm

The multiple use of 2-opt and 3-opt is called k-opt, and the
LKH (Lin-Kernighan-Helsgaun) algorithm is a method based on
k-opt. It generates an optimal path based on the k-opt, after divid-
ing a large problem into multiple regions. When dividing into mul-
tiple regions, methods such as k-means are used. After dividing into
several regions, the divided subtours are merged, and k-opt is per-
formed again on the merged tour to make the route correspond-
ing to the local optimal solution close to the global optimal solution
[12,13].

3. Evaluation of Route Execution Feasibility
The evaluation of the derived delivery route calculates the simi-

larity with the delivery route taken by the actual delivery person
through the sequence of deviation (SD) and the edit distance with
real penalty (ERP). ERP is a method of mathematically measuring
the similarity of two sentences by calculating the minimum num-
ber of operations required when converting to another string [14].
The score function provided by the challenge is as follows:

(1)

where A is the actual delivery route, B is the derived optimal deliv-
ery route, and SD is the deviation between A and B delivery routes.
ERPnorm is the travel time penalty for the difference between A and
B route, and ERPc is the number of differences between A and B
route. Since the actual route A and the optimal delivery route B each
consist of a stop string, the similarity of the string can be measured
using ERP. As the difference between the optimal delivery route
and the delivery source’s actual route increases, the score increases.
For randomly generated routes, the average score is 0.8 to 1.2. In
this study, we tried to create a route that is likely to be chosen by
an actual delivery person through the corresponding score, and
this score was defined as feasibility.
4. Energy Consumption Calculation

We derived energy consumption from the carbon emission cal-
culation formula. The basic way to calculate carbon emissions from
transport is to multiply actual fuel consumption by CO2 emission
factor. However, if the fuel consumption cannot be accurately esti-
mated, the fuel economy method, the ton·km method, and the rate
method are alternatives [15].

In this study, the approximate energy consumption was calcu-
lated by multiplying the transport weight by the transport distance
as in the ton·km method. However, we used the volumetric weight
method to estimate the weight because the Amazon Challenge only
provides the dimensions of the products shipped. Also, since the
score function provided by the challenge imposes a penalty based
on the travel time, the transportation amount was calculated using
the travel time instead of the distance.

tij=Travel timeij×(Total volume weightPackage volume weighti) (2)

where tij is the energy consumption and Travel timeij is the travel
time from delivery point i to j, and Package volume weighti is the
sum of the volume weights of the total packages at delivery point i.
In this study energy consumption tij is calculated by multiplying the
value obtained by subtracting the Package volume weighti from the
total volume weight by the travel time.

LAST-MILE ROUTING DATA ANALYSIS

1. Data Definition
In this study, last-mile routing optimization was identified and

carried out in the form of adding various constraints to the exist-
ing TSP. With the existing TSP, it is difficult to reflect the tacit knowl-
edge of the driver when creating a route with given data. Therefore,
it is necessary to add a constraint that can reflect tacit knowledge
when creating an actual route. Referring to the data provided by the

Score  
SD A, B  ERPnorm A, B 

ERPc A, B 
-----------------------------------------------------------

Fig. 1. Untwisted edges after edge swapping using (a) 2-opt and (b)
3-opt.
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Amazon Last-mile Routing Challenge in Table 1, we created an
optimal route ted using the station, delivery location coordinates,
travel time between delivery locations, and the dimensions of the
package to be delivered.
2. Selected Data for Route Creation
2-1. Actual Delivery Sequence

The actual sequence is the delivery route actually performed by
the driver, and includes the route ID and the stops. The result of
plotting the actual delivery route through the python folium library
is shown in Fig. 2.
2-2. Station

Station means a local terminal that receives goods from Ama-
zon’s fulfillment center and drives them to end customers. As can
be seen from the station code the Amazon challenge, 5 cities and
17 stations are given, and a route must be created starting from the
station and returning to the station. The data of this challenge rep-
resents 6,112 routes from 17 stations in 5 cities: Austin, Boston,
Chicago, LA, and Seattle. Station names are ‘DAU1’, ‘DBO1’, ‘DBO2’,
‘DBO3’, ‘DCH1’, ‘DCH2’, ‘DCH3’, ‘DCH4’, ‘DLA3’, ‘DLA4’, ‘DLA5’,
‘DLA7’, ‘DLA8’, ‘DLA9’, ‘DSE2’, ‘DSE4’, ‘DSE5’.
2-3. Package Data

Package data contains information about the goods to be deliv-
ered, including dimensions, date of the product to be delivered, the
service time it took to deliver, and data on whether the delivery

Table 1. Provided data
Route data Coordinates, starting point, zone ID, actual delivery route
Travel times Travel time between destinations
Package data Package size, number of packages delivered per branch, time window, delivery vehicle information, delivery date

Fig. 2. Actual delivery route.

was successful or not. In this study, to minimize the amount of trans-
port, the size of the packages was converted into a volumetric weight
commonly used in transport. The time window of the package data
represents the customer’s preferred delivery time zone and represents
a specific time range. The time window was judged to have a sig-
nificant influence on the route creation, but since the time win-
dow was so wide that there were cases where the time window was
12 hours, there was no significant difference compared to when
the route was created without consideration. However, in this study,
a path was created so that it could be reflected even if the range of
the time window is narrow.
2-4. Route Data

Route data contains information about the delivery point: the
coordinates of the delivery point, the starting point, and the zone
ID, the departure date, and the capacity of the vehicle. In particu-
lar, in the case of zone ID, it is assigned to each delivery point, and
as a result of comparing the actual sequence with the route data in
the order of the actual delivery sequence, most consecutive points
consisted of the same zone ID. Through this, it was discovered that
a kind of cluster was formed based on the zone ID.
2-5. Travel Times

Travel times data includes time values from one delivery point
to another. In this study, the value required to minimize the target
transportation volume is distance, but we used travel time data to
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indicate the distance because a travel time penalty was given to the
score function. Therefore, assuming that the speed of the delivery
vehicle is constant, the amount of transportation was calculated
using time, not distance.

PROPOSED METHOD

The proposed method is a kind of cluster-first, route-second
(CFRS) method. CFRS is a method of clustering all delivery desti-
nations and finding an optimized route for each cluster [16]. The
zone mentioned later refers to the cluster of CFRS. Zones are set
by delivery companies according to specific rules, such as distance
standards, capacity that can be delivered at one time, and apartment
complexes. This study does not deal with the zone creation method,
but assumes that it has already been set according to a specific rule,
and that the actual delivery data that can extract the delivery order
between zones is accumulated. Using this, we propose a method
to solve the feasible last mile delivery TSP problem.
1. Objective Function and Overall Flow Chart

For last-mile delivery, the TSP formula is modified as below:

(3)

Subject to

min  tijxij
j i , j0

n


i0

n


Fig. 3. Flowchart of route creation.

(4)

(5)

(6)

(7)

(8)

(9)

where tij is the weighted delivery time as shown in Eq. (4), i, j
are delivery points, xij is 1 when driving from city i to city j, other-
wise 0. V means the set of all delivery points {0, 1, … n}, and the
objective function of the basic TSP that minimizes the delivery
time is (3). Constraints (5) and (6) mean that the next visit point
and the point before arrival must be one, and constraint (7)
removes the subtour that does not visit all stops. In constraint (8),
set the M value to a sufficiently large number to set priority when
visiting different zones. Constraint (9) is a time window constraint
that limits the minimum visit time li and maximum visit time ui

when visiting city i [17].

tij   Travel timeij Package volume weighti

xij 1 i V
i0

n


xij 1 j V
j0

n


xij S  1 S V, 2 S n  2 
j


i


tij
tij   M if i and j belong to different zone

tij otherwise



li Twi ui 
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The overall flow chart of the proposed model is shown in Fig. 3.
Find the zone ID constraint in the model build process and apply
it to 13 routes in the model apply process. In the model apply pro-
cess, clustering is performed using the zone ID sequence derived
from the build process, the priority is determined, and a new dis-
tance matrix is constructed by multiplying the travel time by the vol-
ume weight calculated using the package volume. Optimized routes
were generated using a Google OR-Tools routing model based on
zone ID sequences and distance matrices. Google OR-tools is an
open-source software that supports optimization programming. In
particular, in the routing model, it is possible to solve TSP that reflects
various constraints, and optimization is possible by inputting each
visit point and distance or travel time as a matrix.
2. Execution Feasibility Improvement by Adding Priority Visit
Constraints after Clustering Based on Zone ID
2-1. Extraction of Zone ID Sequences from the Collected Delivery
Routes

LKH-AMZ, the best solution method so far, creates a route that
minimizes the travel time, and its execution feasibility is obtained
by considering the prespecified zone ID sequence.

Similarly, in this study, zone ID-based clustering was used. As a
result of comparing the route data in the order in which the actual
sequence was delivered, it was found that the delivery point forms
a kind of cluster based on the zone ID because most consecutive
points have the same zone ID. Each zone seems to be set based on
the distance, and the study was conducted assuming that the zone
ID acts like a postal code indicating a kind of region. Zone IDs were
not assigned to all points and missing values were present. In the
case of missing values, the zone ID of the nearest point was assigned
based on the distance.

In the zone ID example of Fig. 4, there are English capital let-
ters and numbers at the positions of A, 0, and B, and there is a
specific clustering pattern to visit. The capital letter at position A is
identified as the largest cluster, the position at 0 as a smaller clus-
ter, and the capital letter at position B as another cluster belonging
to A-0. A-2.xA, A-1.xA. It can be seen that the delivery point is
visited in the order of A-1.xB and A-1.xC. It can be seen that A-2

Fig. 4. Zone ID example.

Fig. 5. Algorithm sequence.

and A-1 are tied together, and in A-1.xA, it can be seen that the
number in position 1 in Fig. 4 changes while the capital letter at
position B in Fig. 4 is fixed. The number of positions of 1 is a bit
irregular, but when moving to the next cluster, there is a specific
pattern. If the previous cluster proceeds in the order of 1, 2, 3, the
next cluster proceeds in the order of 3, 2, and 1. That is, the num-
ber at the position of 1 can be said to be the smallest unit cluster
including the delivery point, and the entire zone ID can be said to
be a symbol representing clusters of different sizes.

However, we wanted to learn a repeating sequence from the data
of the build process. Because following this pattern too much can
lower your score. If there is a previous sequence for a new input
value, the most repeated sequence is selected, and if there is no
previous sequence, the Zone ID sequence is extracted by applying
the above pattern. Clustering is carried out step by step according to
the order of zone IDs mentioned above, and then the order of visits
inside the cluster is determined using OR-tools as shown in Fig. 5.
In general, applying clustering to TSP has the advantage of reduc-
ing computation time. This study uses zone ID constraint-based clus-
tering to help prioritize visits. Even non-Amazon datasets often
require setting up a place to visit first, such as the same apartment
complex, to solve the last mile problem with many delivery points.
2-2. Zone ID Sequences as Priority Visit Constraints

Therefore, in this study, in the ‘model build’ process, repeated
Zone ID sequences were recorded according to 17 stations appear-
ing on 6,100 routes excluding test data. In the ‘model apply’ pro-
cess, given test data, it contains the zone ID of the new data and
acquires the most repeated sequence first. If a previous sequence
exists for a new input value, the most repeated sequence is selected,
and if there is no previous sequence, the zone ID sequence is ex-
tracted by applying the rule mentioned in 4.2.1. The result is shown



Feasible last-mile delivery routes with reduced energy consumption 2401

Korean J. Chem. Eng.(Vol. 40, No. 10)

in Fig. 6.
3. Minimization of Delivery Time Multiplied by the Volume
Weight of the Delivered Product for Minimal Energy Con-
sumption
3-1. Volume Weight

First, we created a constraint on the order of cluster visits using
the zone ID, and then generated a new distance matrix by multi-
plying the travel time between each point by the volume weight of
the package. The weight of the delivered item is needed to calcu-

Fig. 6. Example of zone ID sequence derivation result.

Fig. 7. Distance matrix corrected by multiplying volume weight by travel time.

late the volume, but for this challenge, we only provided the dimen-
sions of the delivered item. Therefore, the volume weight was used
instead of the weight of the delivered product using the volumetric
weight method used in transportation. The commonly used formula
for volume weight is as follows:

V=(length×width×height)÷5000 (10)

We weighted the distance matrix by subtracting the volume weight of
products delivered at each delivery point from the total volume weight.
In the case of ‘RouteID_fffd257c-3041-4736-bbe7a-5efea8af1173’ in
the model apply process, total volume weight of the delivered goods
for the entire route is 420.3396 kg. The value of 4.7254 was multi-
plied by all the travel time values corresponding to ‘JN’ of the dis-
tance matrix to give weight. An example of a new distance matrix
generated by the above method is shown in Fig. 7.
3-2. Minimize Energy Consumption

A local search was performed based on the Google OR-tools to
generate routes that minimize defined weighted delivery times using
the generated distance matrix. Computed by adding the last point
of the previous cluster and the starting point of the next cluster to
the matrix. Set the route so that the last point of the previous clus-
ter is at the beginning of the array and the starting point of the next
cluster is the last point. A final route was generated by arranging
the generated route in reverse order. Optimization was performed
with the OR-tools routing model using the generated distance matrix
and clustered forwarding points. The local search metaheuristic
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was used as the search parameter, and the time constraint was set
to 1 second because fewer than 10 points were optimized. Fig. 8
shows an example of clustered points and the modified distance
matrix between them to apply to the OR tools.

CASE STUDY

1. Amazon Last-mile Routing Challenge
Delivery companies such as Amazon create routes that optimize

safety, experience, sustainability, and efficiency, but actual drivers
tend to deviate from the calculated route and use factors that are
not reflected in the optimization model to last-mile [18]. There-
fore, Amazon and MIT held the Amazon Last-mile Routing Chal-
lenge from March 15 to June 18, 2021, and the challenge was to
find the most efficient route as a type of TSP. The provided data is
divided into two major categories: the model build process and
the model apply process. In this study, a certain zone ID pattern
was found in 6,000 routes provided in the build process and applied
to 13 routes in the model apply process. Most of the teams that
participated in the challenge focused on predicting the zone ID
sequence, and did not use all of the provided data; therefore, we
tried to conduct research in a way that minimizes energy consump-
tion by using the volume of package data. Using the travel time and
package size provided by the challenge to achieve the goals of zone

Fig. 8. Clustering result using zone ID sequence to be applied to OR-tools.

Table 2. Mean score
Clustering Clustering-Volume weight Existing best (LKH-AMZ)

0.01434 0.00796 0.01198

Table 3. Route generation result (energy minimization route generated in this study vs. LKH-AMZ generation route)

Route ID Delivery
points

Total
volume
weight

Score (feasibility) Delivery time Transport volume (time (s)
×volume weight (kg))

Proposed LKH-AMZ Proposed LKH-AMZ Proposed LKH-AMZ
15baae2d-bf07-4967-956a-173d4036613f 193 758.40 0.005931 0.005138 11,833.5 11,765.8 90,300,930 093,638,563
3f166f0e-fd2e-47ab-96a0-6cbc99cc6eef 166 477.99 0.003076 0.002664 11,453.0 11,371.5 53,466,290 058,078,315
5486294a-503f-4346-b8a9-862e988cbe7c 151 455.35 0.002214 0.011459 13,685.6 13,402.2 63,880,382 063,704,610
693060a6-88bb-4324-9e9c-925d5240263c 168 476.95 0.028327 0.019886 10,792.7 10,344.5 50,223,827 053,733,531
7f5d87f0-c39f-434f-bf3f-b159ef321909 182 679.58 0.002265 0.025431 13,303.4 13,376.9 88,296,381 105,394,929
9475872b-287f-4c2c-8e29-887766a4e090 187 585.39 0.002218 0.030303 12,116.1 12,031.5 70,128,988 077,530,243
a8f0009d-e50a-49c9-84d3-f9885ad14a54 140 363.56 0.007433 0.044267 10,706.7 10,457.5 39,542,905 040,738,747
bcc07fea-86d2-41e4-9a58-cfc78956dcc7 140 300.74 0.006367 0.006849 10,445.6 10,362.1 31,666,817 036,473,963
d1a8c3dd-fa67-455c-a68d-af2fd6aa5d91 154 655.97 0.028571 0.076737 10,031.3 09,655.3 68,370,661 080,005,971
e6687a05-2453-4edc-b86c-7558ab6d93f6 105 517.52 0.004982 0.004728 05,980.4 05,839.7 31,731,116 039,095,158
2b8df66d-fcd4-438e-931c-3b84b36a5c6b 133 675.44 0.004318 0.089490 10,904.3 10,403.4 74,413,237 077,160,912
f3261fad-5f97-44f6-ae7f-cf169f5d6452 158 540.12 0.005741 0.017077 10,698.2 11,023.3 59,304,606 068,983,656
fffd257c-3041-4736-be7a-5efea8af1173 174 420.33 0.002069 0.001550 12,309.2 12,212.5 50,900,484 052,668,450

ID sequence prediction and energy minimization, we outperformed
other teams that only reflected zone ID predictions.
2. Results

As seen in Table 2, when a route was created using only clustering
using the zone ID constraint, the average score was about 0.0143,
and it was confirmed that the route created using only the con-
straint was very similar to the actual delivery route. For ‘RouteID_
fffd257c-3041-4736-bbe7a-5efea8af1173’, which had the highest score
right after clustering, the route created right after clustering was
0.0025. In the case of clustering and weighting in the same path, it
was confirmed that the score improved to about 0.0015. In the same
path, the score of LKH-AMZ, which is the existing best solution, is
0.0020, showing a value in between.

Through this, it was confirmed that even if only the zone ID
sequence was accurately predicted, an excellent path required by
the challenge could be generated. In addition, when LKH-AMZ was
used, it was confirmed that a path close to the shortest path was
generated even if the zone ID could not be accurately predicted. In
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this case, it was confirmed that better results could be generated
because the travel time penalty for the ERPnorm, that is, the path
difference between A and B, was minimized in the score function
provided in the challenge. Therefore, in this study, the result gen-
erated through the simple greedy algorithm after clustering was
changed to the local search basis to further reduce the travel time.
In addition, when checking the actual delivery route, it was con-
firmed that there are often cases where people visit a different place
before a point that is close to each other. Therefore, it was judged
that there would be additional constraints, and a new method to
minimize energy consumption was suggested, and an excellent route
could be created through the proposed method.

The result of creating 13 routes in the model apply process is

Fig. 10. Proposed route ‘RouteID_fffd257c-3041-4736-bbe7a-5efea8af1173’.

Fig. 9. Actual route ‘RouteID_fffd257c-3041-4736-bbe7a-5efea8af1173’.

shown in Table 3. The route proposed in ‘RouteID_fffd257c-3041-
4736-bbe7a-5efea8af1173’ is the same as in Fig. 10, and it was con-
firmed that it proceeds similarly to the actual route and LKH algo-
rithm route in Fig. 9 and Fig. 11. In the case of transport volume,
when the volumetric weight was added, it was 50,900,484, and in
the case of LKH AMZ, it was 52,668,450. In the case of movement
time, when weight was added, it was 12,309.2 seconds, and in the
case of LKH AMZ, it was 12,212.5 seconds, confirming that there
was no significant difference.

When examining ‘RouteID_5486294a-503f-4346-b8a9-862e988cbe7c’,
which is one of the routes with the highest score difference from
LKH-AMZ, it was confirmed that there is some difference in the
first visit clustering method. The actual route of this particular
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path is the same as shown in Fig. 12, while the routes obtained by
applying each algorithm are depicted in Fig. 13. In the case of LKH-
AMZ of Fig. 13(b), it seems that there is a tendency to focus a lit-
tle more on the shortest distance than the algorithm proposed in
this study, and it was confirmed that it is focused on reducing the
travel times penalty rather than accurately predicting the zone ID.
Accordingly, we propose a path that is about 1% faster than the path
proposed in this study by about 155 seconds on average in all paths.

However, the average score was 0.011989, confirming that the pro-
posed method of this study, which score was 0.00796, produced a
better route on average.

Through the derived route, the proposed method of this study
was able to reduce the amount of transport, and it was confirmed
that the travel time was not significantly different from the current
best solution. In addition, by using the zone ID sequence derived
from the existing route and the weighted travel time value, we suc-

Fig. 11. LKH-AMZ route ‘RouteID_fffd257c-3041-4736-bbe7a-5efea8af1173’.

Fig. 12. Actual route ‘RouteID_5486294a-503f-4346-b8a9-862e988cbe7c’.
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ceeded in creating a route more similar to the actual route.

DISCUSSION

Among TSP-related studies, no dataset larger than this one based
on actual delivery cases exists. This study is unique in generating
feasible routes that actual delivery agents are likely to choose and,
therefore, can demonstrate more meaningful research results in real-
world situations. Thus, a feasible route means that our proposed
model and the route chosen by the actual drivers are very similar
in the actual delivery situation. In this study, the zone ID sequence
was predicted using the historical data of the model build process,
and the weighted travel time was used to optimize and success-
fully create a path similar to the actual path. Unlike previous studies,
we obtained energy consumption simply through volumetric weight.
Based on this approach, we designed an algorithm that was able to
achieve a result superior to the best known value. Referring to the
‘Just pass through’ case, the first team in the challenge with the origi-
nal best solution, the original LKH had a score of 0.07, and the
score when using the LKH-AMZ model with domain ID con-
straints was 0.011989. Since the LKH-AMZ model added the zone
sequence-based clustering condition to the existing LKH model, it
was confirmed that the feasibility increased according to how accu-
rately the zone sequence was predicted. From this, it can be inferred
that Amazon planned the delivery route by dividing the zones. In
addition, in the case of the time window, which was considered as
one of the important constraints, the given time interval was as long
as 12-24 hours in many cases. In the case of moving along the zone
sequence, it was confirmed that most of them were satisfied, so it
is not a constraint that significantly affects the score in this chal-
lenge. In this study, referring to the case of UPS, a US delivery com-
pany that tried to achieve the goal of saving fuel, it was attempting
to create an eco-friendly route by minimizing energy consump-
tion. In addition, the zone ID sequence prediction of the Amazon
problem was also performed, creating a highly feasible, economi-
cal and eco-friendly route. As a result, it was very similar to the actual
delivery route and was able to generate better results than the exist-

ing best solution. Thus, it is judged that Amazon’s last-mile delivery
also tends to reduce energy consumption by scheduling by reflect-
ing the size or weight of the delivered product.

CONCLUSIONS

With ever-increasing size of the global e-commerce market, the
establishment of a company’s delivery strategy and the execution
have a great impact on securing competitiveness and customer trust.
In solving the challenging inefficient last-mile problem in the cur-
rent delivery process, this study proposes a new method that gen-
erates routes guaranteeing minimum energy consumption and high
execution feasibility and shows its top-notch efficiency against the
actual delivery data provided by the Amazon Last-mile Routing
Challenge in year 2021.

LKH-AMZ, the best solution method so far, creates a route that
minimizes the travel time, and its execution feasibility is obtained
by following the prespecified zone ID sequence. However, the pro-
posed method minimizes the sum of volume-weighted delivery
time of packages and determines the priority of the visit by con-
sidering clusters made from the zone ID sequences systematically
extracted from the collected delivery routes. The optimal route is
generated by determining the order of visits of inter- and intra-clus-
ters through local search based minimization of the sum of volume-
weighted delivery time of packages.

Compared to LKH-AMZ, the proposed method shows reduced
energy consumption by 9%, improved delivery feasibility by 40%,
with only 1% increase of the total travel time on average for the
given 13 routes of the challenge validation set. Although the pro-
posed method could generate routes with higher feasibility, there
was one certain case where LKH-AMZ scored better, because both
methods failed to generate good feasibility routes and the score of
LKH-AMZ resulted better when multiplied by the travel time penalty.
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