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Abstract: This paper introduced the current situation of biomedical cold chain logistics in China, finding that 
many of them have to be shipped with specific logistics surroundings to guarantee the quality. But there are only 
a few logistics enterprises under the permission of government, who – have to afford the distribution of all the 
country. This decides another feature of biomedical cold chain logistics – multi-variety and small volume with 
low profit. In order to save the cost and improve efficiency, this paper proposed a new distribution path selection 
method for biomedical cold chain: Bidirectional Dijkstra Algorithm. This paper also designed a table calculation 
method to further simplify the application of this method. Finally, this paper analyzed the application and 
limitations of this method in biomedical cold chain logistics area. Copyright © 2013 IFSA. 
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1. Introduction 
 

In recent years, biomedical technology gained a 
swift development. It is normal to use biomedical 
products in hospitals and some pharmacies 
nowadays. After all, biomedical products are playing 
a more and more important role in medicine industry. 
Although biomedical products are significant to 
human’s health, many of them are with relatively 
high cost and easy to be spoiled and lose efficacy, 
such as vaccines, blood serum, biological reagent and 
so on. For these kinds of biomedical products, 
transportation must be under strict control with cold 
chain. Cold chain logistics technique is also 
developing very fast in these years, which provides 
much support to medical cold chain. During the 
transportation of biomedical products, time and 
temperature are two significant factors. Logistics 

enterprises could use cold closet to stock biomedical 
products, while one thing they must take into 
consideration is cost. In fact, many biomedical 
products are kept in the cooler with ice as refrigerant 
to cut down the cost. However, there are also some 
kinds of biomedical products that should be kept in 
low temperature, where ice refrigerant could not 
reach. No matter in which kinds of situation, shorter 
logistics time would be always mean fewer 
refrigerant and thus less logistics cost. Besides, short 
time itself is a kind of value to logistics and 
biomedical products’ term of validity. 

In this case, seeking for a shorter path of logistics 
would be of great significance. With optimized 
logistics path, logistics department could save time 
and cut down logistics cost simultaneously. In 
addition, there is an obvious feature of multi-varieties 
and small volume in biomedical cold chain logistics 
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under the strict control of Chinese government. 
Consequently, it may not worth to design complex 
distribution paths optimization software for the 
design and operational cost would be very high while 
revenue is not much. One alternative way is to design 
a simple model to deal with this problem. By 
improving Dijkstra algorithm according to the 
bidirectional feature of logistics, this paper would 
offer a table based approach to solve biomedical cold 
chain logistics paths optimization problem. 
 
 
2. Dijkstra Algorithm and other Similar 

Path Optimization Algorithms 
 

Dijkstra algorithm is a classical model of paths 
selection. Ever since it was designed by Dutch 
computer scientist Edsger Dijkstra in 1956 and 
published in 1959, Dijkstra algorithm has been a hot 
topic and proved to be effective by many experts. 
During the past decades, never did the research on 
improvements and application of Dijkstra algorithm 
in different backgrounds have been stopped. 
 
 
2.1. Introduction of Dijkstra Algorithm 
 

Dijkstra algorithm is a solution to the problem of 
single-source shortest path algorithm. Designed by 
Dutch computer scientist Eze Hull, Dijkstra with 
specific procedures, it has a history of over 50 years. 
Dijkstra algorithm solves the problem of shortest path 
from vertices to other single sources in a directed 
graph (Li Yuanchen, 2004) [1]. 

Dijkstra's algorithm’s input contains a weighted 
directional digraph G, which has a source vertex 
named S. This paper represents the set of all vertices 
in G with V. Each of the edges of the graph is a pair 
of two ordered elements with direction and weight 
formed by two vertices. (u, v) represents that from 
vertex u to vertex v there is a path connected. This 
paper use E to definite the set of all edges, and 
definite edge weight by weight function  
w: E → [0, ∞]. Thus, w (u, v) are nonnegative 
weights from the vertex u to vertex v. Weights of the 
edges represent the distance between two vertices. A 
path between two weights is the path of all the sum of 
the weights of the edges. With known vertex t and s 
in the set V, Dijkstra algorithm can find the shortest 
path from vertex t to vertex s. That is, Dijkstra 
algorithm can calculate out the shortest path of a 
graph from a certain vertex s to any other vertices. 

The same as calculating the shortest path with no 
weights in the condition of breadth first algorithm, 
Dijkstra algorithm is calculated by phase. At each 
stage, Dijkstra algorithm always chooses the shortest 
path to the source vertex from all unknown vertices 
and declares that the shortest path from vertex s to 
vertex v is known. In the breadth-first algorithm, this 
paper defines the source point’s distance dw is zero, 
and the distance of other vertices is infinite in the 

initial state. As the algorithm progresses, we will 
approach each vertex and update the value of the 
distance dw with dw + 1. In Dijkstra's algorithm, the 
algorithm of computing processes is similar to 
breadth-first algorithm except the procession of the 
weight of edges. In the computational process of 
Dijkstra algorithm, the updated distance value 
between each adjacent vertex is no longer dv + 1, but 
dv + Cv, w. 
 
 
2.2. Literature Review on other Similar Path 

Optimization Algorithms 
 

Network shortest path problem is one of the core 
contents of graph theory and network optimization. 
In fact, a large number of real-world problems can be 
converted to SP problems to solve. The classic 
(shortest path, SP) SP problem is an old research 
topic, for ever since the 1950s of Dijkstra algorithm, 
a succession of scholars from various fields have 
been researching and exploring on shortest path 
problem in-depth. 

After the famous Dutch computer scientist 
Dijkstra’s famous proposition of Dijkstra algorithm 
in 1959, Dijkstra algorithm was used to solve such 
shortest path problem widely. In 1962, Ford made 
Ford algorithm (L. Ford, et al., 1962) [2], which can 
be used to solve he shortest path problem of all the 
nodes of network. In 1968, Hart, Nilsson and 
Raphael made famous heuristic search algorithms, 
namely the A * algorithm (N.J. Nilsson, 1999) [3]. 
This algorithm combined branch and bound method, 
dynamic programming as well as heuristic 
algorithms under given bottom boundary together. 
In 1982, Denardo described the use of dynamic 
programming algorithm to solve the static and 
deterministic shortest path problem (E.V. Denardo, 
1982) [4]. 

Dorigo proposed an ant colony optimization 
algorithm for TSP (Traveling Saleman Problem), 
which is also widely recognized by other scientists 
(M. Dorigo, et al., 1997) [5]. The TSP problem 
requires passing through all nodes of the network 
only once, so that consuming of the entire path that 
traversed all nodes could be the minimum. 

Genetic algorithms and other intelligent 
optimization algorithms are also used to solve the 
TSP through a lot of researches (M. Grotschel, et 
al., 1991) [6]. In 1997, Gen pointed out that the 
genetic algorithm could be used to solve the shortest 
path problem of static network effectively (M. Gen, 
et al., 1997) [7]. In 2009, Kolavali and other 
partners used ant colony optimization to solve 
multi-stage shortest path problem (K. Sudha Rani, 
et al., 2009) [8]. At the same time, Dong used 
simulated annealing algorithm to solve the shortest 
path problem of facility layout (M. Dong, et al., 
2009) [9]. 
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3. Improvements of Dijkstra Algorithm 
for Biomedical Cold Chain Logistics: 
Table-Based Bidirectional  
Dijkstra Algorithm 

 
3.1. Limitations of Above Path Optimization 

Algorithms in the Background  
of Biomedical Cold Chain Logistics 

 
Biomedical products, which are made through 

biomedical technology, are widely used in hospitals. 
In order to keep medical supply chain safe, Chinese 
government made strict regulation on the circulation 
of biomedical products. Thus, there are only a few 
biomedical cold chain logistics enterprises and they 
have to afford the task of ship biomedical products to 
almost all the local hospitals and pharmacies. 
However, as biomedical cold chain is still a new 
industry and the term of validity of biomedical 
products is a little short, the need of biomedical 
products in hospitals and pharmacies is not very 
much, which decides the distribution would be multi-
variety and small volume. Consequently, profit is not 
very much for one time of distribution. In this 
condition, how to control the cost would  
be significant. 

With the development of computer science and 
technology, a lot of improvements have been made in 
response to Dijkstra algorithm, just as the above 
reviewed. Many of them, such as ant algorithm, 
dynamic programming algorithm, are great success to 
the development of path optimization theory. But at 
the same time, logistics enterprises should also pay 
some attention to the practices of Chinese biomedical 
cold chain logistics industry, where most of the 
employees are with very bad education background. 
The advanced path optimization theories are not fit 
for them as they could not understand this method, let 
alone to use computer codes to seek best distribution 
path. Of course, logistics enterprises should not 
neglect the fact that biomedical cold chain logistics 
enterprises could install the software and train 
employees. However, this would be a huge project as 
there are too many distribution centers and 
employees and too many times of applying the 
software to seek best distribution paths. The cost 
would be very much, at least not affordable for some 
medium and small companies. In this time, Dijkstra 
algorithm may be better. After all, it does not need 
any software and advanced technology and easy to 
understand. This paper would focus on some 
improvements of Dijkstra algorithm according to the 
definite start location and destination feature of 
logistics.  
 
 
3.2. Bidirectional Dijkstra Algorithm 
 

Bidirectional Dijkstra algorithm is a kind of new 
path optimization algorithm based on the 

improvements to Dijkstra algorithm. Dijkstra 
algorithm is a kind of method to solve the problem of 
single source shortest paths. For biomedical cold 
chain logistics, start location and destination are 
already known before distribution. This is to say, 
logistics enterprises could try to adopt bidirectional 
search method to seek for shortest path. After all, 
bidirectional search would be faster if searches are 
carried by computers. In the introduction of Dijkstra 
algorithm, this paper has analyzed every step of that 
algorithm. However, if logistics enterprises took 
bidirectional searching method to seek the shortest 
path, in which step should the algorithm be ended? In 
the traditional unidirectional search algorithm, search 
is from source point to terminal point. As there is 
only one destination, it is not necessary to consider 
the standard of ending procedure. But the condition 
of bidirectional Dijkstra algorithm is not so simple as 
there is no sole terminal point during the search, as 
both the source point and the destination point are 
considered to be search start points. Besides, it is not 
accurate to use the path which is firstly combined by 
the search from two directions. The reason could be 
explained as Fig. 1. 

 
 

 
 

Fig. 1. Judgment of terminal point in bidirectional  
Dijkstra algorithm. 

 
 

4. Abbreviations and Acronyms 
 

Fig. 1 is a figure for the judgment of terminal 
point in bidirectional Dijkstra algorithm. Lmin and 
L1 refer to the shortest path and the second shortest 
path from direction of source search in sequence, 
while Rmin and R1 refer to the shortest path and the 
second shortest path from the direction of 
destination search. A, B, C, D are the vertices of 
Lmin, L1, Rmin, R1 orderly. This paper assumed 
the length of Lmin is 14, the length of L1 is 15, the 
length of Rmin is 17 and the length of R1 is 18. 
Then this paper assumed the distance from vertex B 
to vertex C is 19, the distance from vertex B to 
vertex D is 4, the distance from vertex A to vertex D 
is 9, the distance from vertex A to vertex C is 29, 
the distance from vertex A to B is 4, and the 
distance from vertex C to vertex D is 4. When the 
search from left direction (source direction) reached 
vertex B, and the search from right direction 
(destination direction) reached vertex C, both the 
left direction search and the right direction search 
would choose vertex D in the next search step as the 
length of BC is 19, while the length of BD is just 4, 
and the length of CD is just 4, too. Thus, the two 
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directions of search would join at vertex D. Then, 
the length of the whole path would be equal to: 
Lmin + BD + CD + Rmin = 14 + 4 + 4 + 17 = 39. 
However, this is not the shortest path from the 
source to destination. If this paper chose the path of 
Lmin + BD + R1, the length of whole path would be 
equal to: 14 + 4 + 18 = 36. This proves that it is not 
accurate to use the path which is firstly combined 
by the search from two directions. 

Although it is not simple to find out the step in 
which bidirectional Dijkstra algorithm could be 
ended, there must be a vertex owned by both the left 
direction search and right direction search that make 
the pathway the shortest path of the whole directional 
figure. This was proved by some scholars in 
Academy of Military Sciences (Jia Jun, Sun Jingyi, 
Hou Bing, 2010) [10]. Consequently, this paper could 
compare all the possible pathways through the joint 
where combination would be made according to the 
search of two directions and choose the  
minimum one.  

For instance, in Fig. 1, this paper could calculate 
out the length of all the pathways which are 
combined from L1, R1, Lmin, Rmin, AC, BD, AD, 
BC, AB, CD. 

Fig. 2 is a figure about the paths of biomedical 
cold chain distribution, vertex V1 and V10 are source 
point and destination separately. Vertex V2 to V9 
stands for the cities from source point to destination. 
The data in the cylinder represents the distance of 
two points. 

 
 

 
 

Fig. 2. An example of paths of biomedical cold  
chain distribution. 

 
 
 

First, this paper searched from source point V1. 
Vertices which are adjacent to V1 were searched. 
Then this paper got vertex V2, V3, V4, with the 
weight of 6, 7, and 8 orderly. Negative direction 
(destination direction) was searched from vertex V10 
to V5, V8, and V9 with the same search method. 
They reached vertex V5, V8, V9 with the length of 
15, 7 and 11 in sequence. Then, this paper went on 
searching vertices adjacent to V2, V3, V4, V5, V8, 
and V9 from two directions. In positive direction 
(source direction), this paper searched from vertex 
V2 to V5, with the total path length of 19; this paper 
searched from vertex V3 to V6, with the total path 
length of 16; this paper searched from vertex V4 to 

V7, with the total path length of 18. In the negative 
direction, vertex V5 had already been searched by 
positive direction, therefore, it was the first joint of 
two directions, with the whole path of V1, V2, V5, 
V10, whose length is 34. When searched from vertex 
V8 to V5, it also overlapped with positive direction at 
vertex V5, with the whole path of V1, V2, V5, V8, 
V10, whose length is 33. When searched from vertex 
V8 to vertex V6, it overlapped with positive direction 
at vertex V6, with the whole path of V1, V3, V6, V8, 
V10, whose length is 35. When searched from vertex 
V9 to vertex V7, it overlapped with positive direction 
at vertex V7, with the whole path of V1, V4, V7, V9, 
V10, whose length is 40. Finally, this paper chose the 
shortest one from 4 paths. It is easy to see, V1, V2, 
V5, V8, V10 is the shortest path, and its length is 33. 
This is in accordance with the result from Dijkstra 
algorithm. 

The search process could be carried in Table 1. 
V1, V2, until V10 represent the 10 vertices. Cross 
means the joint from two search directions, while ds 
and ps represents the distance from a vertex to source 
point and the vertex before that vertex in the path in 
sequence. Similarly, de and pe represents the distance 
from a certain vertex to terminal point and the vertex 
before that vertex in the negative direction of the path 
in sequence. If there were several T in the cross of a 
vertex, it would mean that vertex is the joint of 
several positive direction search and negative 
direction search. 

With the development of computer science and 
technology, we could also put this algorithm into 
computer program with C language or C++ language 
or other languages.  

Generally, the basic principle of the program 
should in accordance with the following steps: 

1. Set the source vertex s and destination vertex e; 
set the distance from source vertex s and destination 
vertex e to as ∞, set the distance from source vertex s 
to itself as 0; set the distance from destination vertex 
e to itself as 0, too. 

2. Set an algorithm to compute and update the 
distance following Dijkstra algorithm from both the 
source direction and the destination direction. 

3. When the search from two directions combined 
at a certain joint, an intact path would be found and 
the search following that line ended to avoid  
repeated search.  

4. When all the vertices are found, the search 
would be ended and all the searched intact paths  
were recorded. 

5. Find the shortest path with minimum function, 
and output the shortest path value with the sequence 
of vertices that has been found. 

6. If necessary, this program could also output the 
second shortest path value with the sequence of 
found vertices, the third shortest path value with the 
sequence of found vertices and so on. This could also 
offer more choices for the selection of optimized 
paths in practice. 
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Table 1. Table-based bidirectional Dijkstra algorithm. 
 

Initiation First stage (positive direction search) V Cross ds ps de pe Cross ds ps de pe 
V1 F 0 0 ∞ 0 F 0 0 ∞ 0 
V2 F ∞ 0 ∞ 0 F 6 V1 ∞ 0 
V3 F ∞ 0 ∞ 0 F 7 V1 ∞ 0 
V4 F ∞ 0 ∞ 0 F 8 V1 ∞ 0 
V5 F ∞ 0 ∞ 0 F ∞ 0 ∞ 0 
V6 F ∞ 0 ∞ 0 F ∞ 0 ∞ 0 
V7 F ∞ 0 ∞ 0 F ∞ 0 ∞ 0 
V8 F ∞ 0 ∞ 0 F ∞ 0 ∞ 0 
V9 F ∞ 0 ∞ 0 F ∞ 0 ∞ 0 
V10 F ∞ 0 0 0 F ∞ 0 0 0 

Second stage (negative direction search) Third stage (positive direction search) V Cross ds ps de pe Cross ds ps de pe 
V1 F 0 0 ∞ 0 F 0 0 ∞ 0 
V2 F 6 V1 ∞ 0 F 6 V1 ∞ 0 
V3 F 7 V1 ∞ 0 F 7 V1 ∞ 0 
V4 F 8 V1 ∞ 0 F 8 V1 ∞ 0 
V5 F ∞ 0 15 V10 T 19 V2 15 V10 
V6 F ∞ 0 ∞ 0 F 16 V3 ∞ 0 
V7 F ∞ 0 ∞ 0 F 18 V4 ∞ 0 
V8 F ∞ 0 7 V10 F ∞ 0 7 V10 
V9 F ∞ 0 11 V10 F ∞ 0 11 V10 
V10 F ∞ 0 0 0 F ∞ 0 0 0 

Fourth stage (negative direction search) V Cross ds ps de pe 
V1 F 0 0 ∞ 0 
V2 F 6 V1 ∞ 0 
V3 F 7 V1 ∞ 0 
V4 F 8 V1 ∞ 0 
V5 T, T 19 V2 14 V8 
V6 T 16 V3 19 V8 
V7 T 18 V4 22 V9 
V8 F ∞ 0 7 V10 
V9 F ∞ 0 11 V10 
V10 F ∞ 0 0 0 

 
 
5. Application and Limitation of 

Bidirectional Dijkstra Algorithm  
in Biomedical Cold Chain Logistics 

 
Bidirectional Dijkstra algorithm has a strong 

feature of weight calculation. Therefore, it could fit 
for the situation of biomedical cold chain logistics as 
there are definite source point and terminal point. It is 
a simple theory and easier to understand for 
biomedical cold chain logistics enterprises staff 
compared with other computer-based intelligent 
algorithms. In addition, during the distribution of 
biomedical cold chain, the state of roads may be 
different, or there may be strict distribution time 
requirements. There may also some limitation in 
speed for certain roads, or a cut down in speed caused 
by bad weather. At that time, bidirectional Dijkstra 
algorithm could also take them as weighted value and 
compute out the best distribution path. In addition, 
when we are making path optimization, the shortest 
path may be not the best one as we have to take the 
cost into consideration sometimes. In the 
bidirectional Dijkstra algorithm, we could also use 

cost as weighted value and seek for the path with 
lowest cost. This is very important to biomedical cold 
chain logistics as sometimes they do not have a tight 
time requirement and wish to low down their cost. 
What is more, bidirectional Dijkstra algorithm could 
also offer multiple best paths in sequence, which is 
also of great significance to biomedical cold chain 
logistics. As in the practical transportation, there may 
some emergencies and the best optimized path may 
break down. In that time, biomedical cold chain 
logistics could choose the second best optimized path 
to continue the distribution. In the end of this paper, a 
table-based bidirectional Dijkstra algorithm was also 
designed, by which employees could calculate out the 
best distribution easily without the need of learning 
any complex software or computer codes. This is 
especially fit for the situation of biomedical cold 
chain logistics enterprises. Besides, we have also 
offered the basic principles for computer codes to 
fulfill this algorithm. If the biomedical cold chain 
logistics have special expert in the computer based 
algorithm, they could also follow this principle to 
design a paragraph of computer program to fulfill the 
bidirectional algorithm. Finally, the bidirectional 
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Dijkstra algorithm could also be applied into other 
labor-intensive logistics industries or other small and 
medium-sized logistics companies during the course 
of distribution. For large business, it is also 
considerable from the view of lowing down cost. 

However, there are also some limitations. At 
first, bidirectional Dijkstra algorithm is not very 
intelligent compared with ant path algorithm and 
other algorithms. Besides, though this algorithm 
would be much faster than Dijkstra algorithm in the 
condition of computer calculation, if dealt by hand, it 
is a little more complex than Dijkstra algorithm. This 
means there may be higher efficiency if biomedical 
cold chain logistics enterprises used any intelligent 
path optimization software without the consideration 
of cost, or design the distribution paths only by hand. 
Bidirectional Dijkstra algorithm could fit for 
biomedical cold chain logistics enterprises better is 
just for its simpleness and efficiency in computer 
calculation as the computer would be very easy 
without needing to purchase any software. 
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