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Abstract. In this article, the routing problems are described. It is shown, that almost all routing 

problem can be transformed into each other. An example of the Mixed Chinese Postman 

problem is discussed. The article gives an overview of various variants of Chinese Postman 

Problem. For all problems the mathematical formulation is given. Moreover, the useful real-
life application is presented, too. Then, the article provides a table of possible Chinese Postman 

problems and identifies parameters that can be varied for obtaining new problems. Five 

parameters have been identified, such as: presence of set of edges; presence of set of arcs; 

presence of edges with cost, depending on traversing; the presence of set of required edges; the 
presence of set of required arcs. It was shown that by varying these parameters one can obtain 

tasks that were not described earlier but can be used in real life. Four new tasks were identified. 

Then it is shown that the Chinese Postman problem can be solved as another routing tasks 

through graph transformations. The method for transforming Chinese Postman problem into 
the Generalized Travelling Salesman problem is given. Then the results of solving the above 

problem are presented by simple algorithms, and their effectiveness is shown. The research is 

not over yet. The testing of other algorithms is planned. 
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1. Introduction 

The General Routing Problem (GRP) is a routing problem defined on a graph where 

a minimum cost tour is to be found and where the route must include visiting certain 

required vertices and traversing certain required edges [1]. The routing problems are 
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closely related to the logistic and transportation management. From the theoretical 

point of view, routing problems are mainly related to determining the optimal set of 

routes in a graph. In practice, the routing problems are not only the tasks of 

determining optimal set of routes, they are also the tasks of testing robots, the 

correctness of links in the application menu and operating systems, interactivity 

usability of web-sites [2]. The Travelling Salesman Problem (TSP) is one of the 

routing problem consisting in finding a minimal length closed tour that visits each 

city once. The TSP is one of the most well-known routing problem. Another practical, 

but less well-known problem is the Chinese Postman Problem (CPP). The CPP is 

finding a shortest closed path that visits every edge or arc of a graph. The CPP has a 

simple formulation and a lot of potentially useful applications, but today is poorly 

understood. 

The article gives an overview of various CPPs, provides mathematical formulations 

of problems, and describes the scope of the problem. In addition, the article cites 

references to the literature, in which the various ways of transforming different types 

of ARP to VRP is described. Also, the results of the current research of various 

algorithms for solving the problem of a Generalized Traveling Salesman Problem 
(GTSP) are presented. 

2. The Variations of Chinese Postman Problem 

There are a lot of variations of CPP. Below, some of them are described. 

2.1 The Windy Rural Chinese Postman problem  

The Windy Rural Chinese Postman Problem (WRCPP) is a special case of ARP, in 

which 𝐴𝑅 
⊆  𝐴, 𝐸𝑅 

⊆  𝐸, and the cost of traversing the edges is depended from the 
direction of traversing. 

WRCPP is a generalization of the CPP in a mixed multigraph. In original CPP 

problem, it is necessary to find a closed route of minimum length that contains all 
edges and arcs of the original multigraph at least once. In the real world, it is not 

always necessary to traverse absolutely all edges and arcs, it is enough to traverse 

only a certain set of them. Besides, the cost of traversing the edges depend from 

direction of traversing. The problem of this type is known as the Windy Rural Chinese 

Postman Problem, which is finding a closed route of minimum length that contains 

all required edges or arcs of the original multigraph at least once and can contains 

non-required edges or arcs, so, that the cost of traversing edges depends on traversing 

direction [5, 6]. 

Fix the edge {𝑣𝑖, 𝑣𝑗} (non-oriented pair of vertex) from 𝐸. Define (𝑣𝑖, 𝑣𝑗) as ordered 

pair of vertices, meaning the traversing an edge {𝑣𝑖 
, 𝑣𝑗 

} from vertex 𝑣𝑖 
to 𝑣𝑗 vertex. 

Note, that (∃{𝑣𝑖, 𝑣𝑗} ∈  𝐸)(𝐶(𝑣𝑖, 𝑣𝑗) ≠  𝐶(𝑣𝑖, 𝑣𝑗))                                                          (1) 

Let arc be (𝑣𝑖, 𝑣𝑗)  ∈ 𝐴 ordered pair of vertices, meaning the traversing an arc (𝑣𝑖,𝑗) 

from vertex 𝑣𝑖 to 𝑣𝑗 vertex. 



Горденко М.К., Авдошин С.М. Варианты задач китайского почтальона и их решения через преобразование в 

задачи маршрутизации. Труды ИСП РАН, том 30, вып. 3, 2018 г., стр. 221-232 

223 

We give a formal formulation of the WRCPP problem, extending it to the case of a 

mixed multigraph. 

Let 𝐼 = {1,2, . . . , |𝐸𝑅 + 𝐴𝑅|}, 𝐿 = {1,2, . . . , |𝑉|}. On the set of vertices 𝑉 of 𝐺 define 

indexation 𝑖𝑛𝑣 =  𝑉 →  𝐿, (∀𝑣𝑖 
∈ 𝑉)(∀𝑣𝑗 

∈ 𝑉)(𝑣𝑖 
≠ 𝑣𝑗 → 𝑖 ≠ 𝑗), 𝑖 =  𝑖𝑛𝑣(𝑣𝑖). 

On the set 𝐸𝑅 ∪ 𝐴𝑅 of 𝐺 define indexation 𝑖𝑛𝑒𝑎 = 𝐸𝑅 ∪ 𝐴𝑅 
→ 𝐼,  

(∀𝑢𝑖 
∈ (𝐸𝑅 

∪ 𝐴𝑅))(∀𝑢𝑗 
∈ (𝐸𝑅 

∪ 𝐴𝑅)) (𝑢𝑖 
≠ 𝑢𝑗 → 𝑖 ≠ 𝑗), 𝑖 =  𝑖𝑛𝑢(𝑢𝑖). 

The solution of WRCPP is the route 𝜇 =  (𝑣𝑙1, 𝑢𝑝1, 𝑣𝑙2, 𝑢𝑝2, . . . , 𝑣𝑙𝑘
, 𝑢𝑝𝑘

), which satisfy 

for the following [11]: 

𝑢𝑝𝑖
= {

(𝑣𝑙𝑖
, 𝑣𝑙𝑖+1

), (𝑣𝑙𝑖
, 𝑣𝑙𝑖+1

) ∈ 𝐸 

(𝑣𝑙𝑖
, 𝑣𝑙𝑖+1

), (𝑣𝑙𝑖
, 𝑣𝑙𝑖+1

) ∈ 𝐴
𝑖 = 1, 2 … , 𝑘 − 1  

𝑢𝑝𝑘
= {

(𝑣𝑙𝑘
, 𝑣𝑙1

), (𝑣𝑙𝑘
, 𝑣𝑙1

) ∈ 𝐸 

(𝑣𝑙𝑘
, 𝑣𝑙1

), (𝑣𝑙𝑘
, 𝑣𝑙1

) ∈ 𝐴
𝑖 = 1, 2 … , 𝑘 − 1  

𝐸𝑅 ∪ 𝐴𝑅{𝑢𝑝1
, 𝑢𝑝2

, … , 𝑢𝑝𝑘
} = ∅   

We denote by 𝐶(𝜇)  =  ∑
𝑘

𝑖 = 1
𝐶(𝑢𝑝𝑖

) the cost of traversing the route. 

Let 𝑀 is a set of WRCPP routes. It is needed to find 𝜇0  ∈  𝑀, where  

(∀𝜇 ∈  𝑀) (𝐶(𝜇0)  ≤  С(𝜇)). 

A lot of theoretical and computational works is devoted to WRCPP. WRCPP cannot 

be solved for polynomial time. In general, the problem of WRCPP is NP-hard [12]. 

2.2 The Undirected Rural Chinese Postman problem  

The Undirected Rural Chinese Postman Problem (URCPP) is a particular WRCPP 

which consists of determining a minimum cost circuit on a graph so that it is possible 

to traverse a given subset of required edges. 

DCPP is a special case of WRCPP, where 𝐴 =  ∅, and there is not edges, which 

satisfy (1). So, ∀{𝑣𝑖,𝑣𝑗} ∈ 𝐸, 𝐶(𝑣𝑖,𝑣𝑗) = 𝐶(𝑣𝑗,𝑣𝑖). 

The URCPP is known to be an NP-hard problem and it has some interesting real-life 

applications.  

2.3 The Undirected Chinese Postman problem  

The Chinese Postman problem in the undirected graph (Undirected Chinese Postman 

Problem, UCPP) is the original statement of the CPP problem, which was firstly 

introduced by the mathematician Kwang-Mei-Ko in 1960 [2]. 

UCPP is a special case of WRCPP, where 𝐴 = ∅, 𝐸𝑅 = 𝐸 and there is not edges, which 

satisfy (1). So, ∀{𝑣𝑖,𝑣𝑗} ∈ 𝐸, 𝐶(𝑣𝑖,𝑣𝑗) = 𝐶(𝑣𝑗,𝑣𝑖) 

If multigraph has Eulerian circuit then this cycle is a solution of UCPP. The algorithm 

for constructing the Eulerian circuit has 𝑂(|𝐸|) time complexity [5]. 

The Eulerian circuit is existing in an undirected multigraph if multigraph is connected 

and every vertex has an even degree. A multigraph satisfying the conditions for the 

existence the Eulerian circuit is called Eulerian multigraph. If the original multigraph 
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is not Eulerian, then for UCPP solution some edges must be traversed more than once. 

In other words, the multigraph should be supplemented with copies of some the edges 

to the Eulerian multigraph, so that the cost of the added copies of the edges is minimal 

[4]. 

2.4 The Directed Rural Chinese Postman problem  

The Directed Rural Chinese Postman Problem (DRCPP) is a special case of the 
WRCPP where a subset of the set of arcs of a given directed graph is required to be 

traversed at minimum cost [2, 8]. 

DRCPP is a special case of WRCPP, where 𝐸 = ∅. 

In general, the DRCPP is NP-hard for directed multigraphs. 

This problem also known as the Selecting Chinese Postman problem [8]. 

2.5 The Directed Chinese Postman problem  

The Chinese Postman problem in the directed graph (Directed Chinese Postman 

Problem, DCPP) is a special case of the WRCPP problem, in which defined on 

directed graph and all arcs should be traversed. In some articles DCPP also called 

New York Street Sweeper Problem [8]. 

DCPP is a special case of WRCPP, where 𝐸 = ∅, 𝐴𝑅 = 𝐴. 

If multigraph has Eulerian trail, then this trail is a solution of DCPP. The algorithm 

for constructing the Eulerian trail has 𝑂(|𝐴|) time complexity [9]. 

The Eulerian trail is existing in a directed multigraph if multigraph is strongly 

connected and outdegree of each vertex is equal to indegree. A multigraph satisfying 

the conditions for the existence the Eulerian trail is called Eulerian multigraph. If the 

original multigraph is not Eulerian, then for DCPP solution some edges must be 

traversed more than once. In other words, the multigraph should be supplemented 

with copies of some the arcs to the Eulerian multigraph, so that the cost of the added 

copies of the arcs is minimal [2]. 

2.6 The Undirected Windy Rural Chinese Postman problem  

The Undirected Windy Rural Chinese Postman Problem (UWRCPP) is an important 

ARP which generalizes most of the single-vehicle ARP and can be defined as follows 

[2, 9]. 

UWRCPP is a special case of WRCPP, where 𝐴 = ∅ and there is edges, which satisfy 

(1). 

2.7 The Undirected Windy Chinese Postman problem  

The Undirected Windy Chinese Postman problem is the NP- hard problem of finding 

the minimum cost of a tour traversing all edges of an undirected multigraph, where 

the cost of traversal of an edge depends on the direction [10]. 

UWCPP is a special case of WRCPP, where 𝐴 = ∅ and there is not edges, which 

satisfy (1). So, ∀{𝑣𝑖,𝑣𝑗} ∈ 𝐸, 𝐶(𝑣𝑖,𝑣𝑗) = 𝐶(𝑣𝑗,𝑣𝑖). 
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If multigraph has Eulerian circuit then this cycle is a solution of WCPP. The algorithm 

for constructing the Eulerian circuit has 𝑂(|𝐸|) time complexity [5]. If the original 

multigraph is not Eulerian, then some should be traversed more than once. In other 

words, the multigraph should be supplemented with copies of the edges to the 

Eulerian multigraph so that the cost of the added copies of the edges is minimal. The 

solution of the complement problem for a graph that does not satisfy properties (9) 

and (10) is an NP-hard problem. Thus, WCPP belongs to the class of NP- hard that 

cannot be solved in polynomial time [13]. 

2.8 The Mixed Chinese Postman problem  

Mixed Chinese Postman Problem (MCPP) it is a version of WRCPP, where 

multigraph consists from edges and arcs, simultaneously, and all of them should be 

traversed [11, 12]. 

MCPP is a special case of WRCPP, where 𝐴𝑅 = 𝐴, 𝐸𝑅 = 𝐸. and there is not edges, 

which satisfy (1). So, ∀{𝑣𝑖, 𝑣𝑗}  ∈  𝐸, 𝐶(𝑣𝑖, 𝑣𝑗) = 𝐶(𝑣𝑗, 𝑣𝑖). 

In 1962, Ford and Fulkerson proposed necessary and sufficient conditions for a mixed 

graph to be Eulerian. It is necessary and sufficient that in a strongly connected 

multigraph, the degrees of all vertices are even, and the divergence of each vertex is 

zero. If a mixed multigraph does not satisfy these conditions, then it must be 

supplemented by copies of arcs and edges to the Eulerian multigraph, so that the cost 

of the added copies of the arcs and edges is minimal. The addition of a mixed 

multigraph to Eulerian is an NP-difficult problem [13]. 

2.9 The Mixed Windy Chinese Postman Problem 

The Mixed Windy Chinese Postman Problem (MWCCP, also called WCPP) is a 

special case of WRCPP. In MWCCP the cost of traversing the edges is depended from 

the direction of traversing. 

UWRCPP is a special case of WRCPP, where there are edges, which satisfy (1). 

In many theoretical works it was shown that problem is NP- hard. 

2.10 The Mixed Windy Chinese Postman Problem 

The Mixed Rural Chinese Postman Problem (MRCCP) is a special case of WRCPP. 
In MRCCP not all edges and arcs should be traversed. There is a set of arcs and edges, 

which must appear in solution, other arcs and edges may appear in solution or may 

not. 

MRCPP is a special case of WRCPP, where there are not edges, which satisfy (1). 

In many theoretical works it was shown that problem is NP- hard [14]. 

We tried to build a classification of different CPP. Combine the existing CPP in a 

table containing the following criteria: 

• the presence of set of edges (A), 

• the presence of set of required edges (B), 

• the presence of edges with cost, depending on traversing 
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• direction (C), 

• the presence of set of arcs (D), 

• the presence of set of required arcs (E). 

The results are shown in “Table 1”. As we can see, there are four problems, which 

today are not existing (yellow cells in table), but also can have real-world 

applications. 

Table 1. The Classification of CPP 
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A - - - - + + + + + + + + + + 

B - - - - - + - - - - + + + + 

C - + - + - - - + - + - + - + 

D + + + + - - + + + + + + + + 

E - - + + - - - - + + - - + + 

3. Solving the Variations of Chinese Postman Problem 

In many sources was shown that almost all ARP problems can be transformed into 

VRP problems, predominantly in generalized travelling salesman problems (GTSP) 

[13, 15, 16, 17]. For example, in [16] paper is described how the Capacitated Arc 

Routing Problem can be formulated as a standard vehicle routing problem. This 

allows us to transform arc routing into node routing problems and, therefore, 

establishes the equivalence of these two classes of problems. A well-known 

transformation by Pearn, Assad and Golden [16] reduces arc routing problem (ARP) 

into an equivalent vehicle routing problem (VRP). However, that transformation is 

regarded as unpractical, since an original instance with n required edges is turned into 
a VRP over a complete graph with 3n+1 vertices. In [15] article was proposed a 

similar transformation that reduces this graph to 2n+1 vertices, with the additional 

restriction that a previously known set of n pairwise disconnected edges must belong 

to every solution. 

Thus, one can move from less studied problems ARP to well-known problems VRP, 

such as TSP and GTSP, which have a lot of different approximation algorithms for 

solving. 

In the next sections, we try to compare the simplest algorithms for solving the GTSP. 

Generalized travelling salesman problem (GTSP) is an expansion of well-known TSP 

(Travelling Salesman Problem). In GTSP all vertices of graph are grouped in separate 

clusters. The solution of GTSP is a minimum-cost route, which traverse each cluster 

exactly once. 
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4. Methods for Solving the Generalized Travelling Salesman 
Problem 

Now, we investigate the following simple approximate algorithms for solving 

GTSP: 

• Nearest Neighbor Heuristic (NN) [19]; 

• Repetitive Nearest Neighbor Heuristic (RNN) [20]; 

• Improved Nearest Neighbor Heuristic (INN) [21]; 

 Repetitive Improved Nearest Neighbor Heuristic (RINN) [22]; 

• Loneliest Neighbor Heuristic (NLN) [23]. 

To evaluate the developed algorithms, the source code was written in the 

C++language. 

Experiments was conducted on Apple Macbook Pro 13 a1502. Measurements were 

made of the executing time of the algorithm and the error rate of the solution. The 

results is presented in Table 1, 2, 3, 4, 5 and 6. Min(T), max(T) and M(T) means 

minimum, maximum and average time of algorithm working. Min(C), max(C) and 

M(C) means minimum, maximum and average error rate of algorithms. 

Table 2. The measurements of NN algorithms 

 

Table 3. The measurements of RNN algorithms 

 
 



Gordenko M.K., Avdoshin S.M. The Variants of Chinese Postman Problems and Way of Solving through 

Transformation into Vehicle Routing Problems. Trudy ISP RAN/Proc. ISP RAS, vol. 30, issue 3, 2018, pp. 221-232 

228 

Table 4. The measurements of INN algorithms 

 

Table 5. The measurements of RINN algorithms 

 

Table 6. The measurements of NLN algorithms 

 

5. Summary 

This article provides an overview of the known CPP. An attempt to systematize and 

classify these problems has been made. Mathematical formulations of new types of 

CPP was founded. The paper also shows that almost all problems of the ARP can be 

transformed to VRP. In addition, for solving the Chinese Postman problems the way 

of transformation it into VRP (mainly in GTSP) has been chosen. 
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At this stage, the research is not complete. It is necessary to investigate the various 

ways of transformation ARP is into VRP. In addition, it is necessary to investigate 

the various ways of solving the GTSP. And the key idea of future research is the use 

of transformation algorithms and algorithms for solving the GTSP for solving the 

different modifications of CPP. 
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Abstract. В статье описаны проблемы маршрутизации. Показано, что почти все 

проблемы маршрутизации дуг могут быть преобразованы в другие проблемы 

маршрутизации. Это продемонстрировано на примере задачи китайского почтальона в 
смешанном мультиграфе. Также в статье приведен обзор различных задач китайского 

почтальона (в зависимости от типа графа, функции стоимости и обязательности 

прохождения элементов графа). Для каждой проблемы дана математическая постановка. 

Кроме того, описаны примеры потенциально полезных приложений, где задачи могут 
быть применены. Приведена таблица различных вариантов задачи китайского 

почтальона и выбраны параметры для идентификации различных типов задач. Выделено 

пять параметров: наличие дуг, наличие ребер, наличие обязательных дуг, наличие 

обязательных ребер, наличие ребер со стоимостью, зависящей от прохода. Показано, 
что, варьируя эти параметры, можно получить новые задачи, которые могут быть 

полезны в реальной жизни, однако еще не описаны. Выявлены четыре таких задачи. 

Показано, что задача китайского почтальона может быть решена путем преобразования 

в другие задачи маршрутизации. Приведен метод, позволяющий преобразовать задачу в 
обобщенную задачу коммивояжера. Показаны результаты применения простейших 

алгоритмов для решения преобразованного варианта задачи (результаты приведены для 

алгоритмов ближайшего соседа и их модификаций). Исследование еще не завершено, 

планируется продолжать тестировать алгоритмы решения смежных задач 

маршрутизации и алгоритмы для преобразований задач в эквивалентные. 
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