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Abstract
The article is concerned with optimization of the winter main-
tenance of the selected stretch of roads within the Strakonice 
district by applying the graph theory. 
The graph theory and the Chinese postman problem are 
applied in case of the winter maintenance of the specific 
selected section of roads. The article also includes the eval-
uation of performing the winter road maintenance so far. The 
results of optimization are compared with the present state and 
economically evaluated at the end.
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1 Introduction
Optimization of the winter maintenance route is, basically, 

the traffic problem, and, hence, the roads need to be transformed 
into the form of the continuous flow chart (transport network) 
defined as a final set of nodes and stretches, in which case it is 
necessary to meet the basic prerequisite for the transport net-
work, i.e. to be continuous so that there is at least one path for 
each pair of nodes connecting both nodes. Also, the structure 
is allocated to each stretch – e.g. the price or length expressed 
in suitable units – e.g. in the units of length, price for the use 
of the stretch, etc., whereby the network becomes evaluated.

“The graph in which all edges (nodes) are evaluated is 
referred to as “edge (node) evaluated graph” (Cejka, 2016).

2 Solution of Winter Maintenance Issue using the 
Graph Theory

For the needs of the winter maintenance optimization, the 
so-called Eulerian path and Eulerian graph can be used (Polya 
et al., 2010). In graph theory, the Eulerian path is a trail which 
contains every edge exactly once (Fig. 1). This term was intro-
duced by the Swiss mathematician Leonhard Euler (1707-
1783). He solved the problem if it is possible to go across 
seven bridges over the Pregel River in Königsberg (Russia), 
each only once, and to return to the initial point (Chovancova 
and Klapita, 2017; Simkova et al., 2015).

“The graph which can be covered by one closed stroke is 
called Eulerian path” (Yu et al., 2017; Lu et al., 2017).

Fig. 1 Eulerian path, Source: Authors

1 Department of Informatics and Natural Sciences, Faculty of Technology, 
The Institute of Technology and Business in České Budějovice, 
Okruzni 10, České Budějovice, 370 01, Czech Republic
2 Department of Transport and Logistics, Faculty of Technology, 
The Institute of Technology and Business in České Budějovice, 
Okruzni 10, České Budějovice, 370 01, Czech Republic
*Corresponding author, e-mail: cejka@mail.vstecb.cz

47(2), pp. 106-110, 2019
https://doi.org/10.3311/PPtr.11170

Creative Commons Attribution b

research article

PP Periodica Polytechnica
Transportation Engineering

Winter Maintenance Optimization by 
Graph Theory

Jiri Cejka1, Rudolf Kampf2*

Received 19 January 2017; accepted 02 August 2017

mailto:cejka@mail.vstecb.cz
https://doi.org/10.3311/PPtr.11170


107Winter Maintenance Optimization by Graph Theory 2019 47 2

Based on the graph theory, Euler reformulated the problem 
and proved that the Eulerian path does not exist in the graph 
created upon the map of Königsberg city as Fig. 2 shows. Only 
the Eulerian graphs can be drawn at one stroke. If the seven 
bridges of the city of Königsberg do not form the Eulerian 
graph, it proves that the bridges cannot be crossed this way.

Fig. 2 Königsberg Bridges graph. Source: Authors

2.1 Chinese postman problem
The Chinese postman problem is, basically, a problem of any 

postman anywhere in the world. The thing is that the postman 
must go through all the streets of his district and return to the 
point from where he started and to walk as least kilometres as 
possible. In other words, we have a non-oriented continuous 
graph with the edges evaluated by positive numbers and it is 
necessary to find the shortest closed sequence which would con-
tain all graph edges (Cejka et al., 2016; Bartuska et al., 2015).

If the graph is Eulerian, i.e. if there is a closed Eulerian path 
in it, the task is solved by this Eulerian path (Kawarabayashi 
and Kobayashi, 2015). 

If there is no Eulerian path in the graph, the sequence must 
go through some edges twice or more times to visit all edges. It 
is, however, possible to construct the shortest sequence which 
would go through each edge only once or twice at most.

The repeatedly gone-through edges in the shortest sequence 
which contains all graph edges forms a system of paths con-
necting always two vertices of an odd degree. Such paths are 
disjoint, i.e. no edge of the graph lies on the two of such paths 
(Smetanova, 2015; Zitricky et al., 2015).

3 Route Optimization
Fig. 3 shows the highlighted risk stretches of the route. The 

points on the roads with inclination where the traffic situation 
often gets worse in winter or even the transport stops due to 
the trucks stuck in snow or due to icing are marked in red. The 
next stretches – marked in blue – are the stretches of roads in 

an open landscape where the wind forms the snow banks on 
the snow coverage. 

Fig. 4 Shows the selected stretch of the winter maintenance. 
For the route optimization, it needs to be transformed into the 
evaluated flow chart.

Vertices are marked v1, v2, v3…., v11 and are evaluated 
as per the prioritisation. Graph edges are evaluated as per the 
length of the edge between two vertices (Di Matteo et al., 
2016). The Table 1 shows the distances between the vertices in 
metres (Cejka, 2016; Kampf et al., 2012).

Fig. 3 Risk stretches on the maintenance route. Source: Authors

Fig. 4 Route of the selected stretch. Source: Authors

As Fig. 5 shows, the flow chart contains also the multiple 
edges which represent the roads I/22 and II/172 and which need 
to be treated in both directions as to their width. The road I/22 
needs to be treated as a priority since it is of the 1st priority and 
needs to be treated within three hours. The road II/172 is of the 

Table 1 Length of edges between individual vertices in m

1 2 3 4 5 6 7 8 9 10 11 12 13

v10v11 v5v6 v2v3 v1v2 v4v11 v7v8 v4v10 v5v9 v2v4 v4v7 v7v5 v4v5 v11v1

2 061 2 313 2 340 2 386 2 550 2 725 3 422 4 488 4 560 5 561 6 388 6 395 9 496

Source: Authors



108 Period. Polytech. Transp. Eng. J. Cejka, R. Kampf

2nd priority with the maintenance time-limit within 6 hours, but 
it is merged with the road I/22 into one circuit. The length of 
these roads is 47,788 m, the average speed of the maintenance 
mechanism is approx. 30 km/h and the time of maintenance is 
approximately 1 hour 36 minutes. The distances between indi-
vidual vertices and the distance travelled are shown in.

Local road between Mnichov and Krty

Stretch of 1st priority, maintenance in both directions
Stretch of 2nd priority, maintenance in both directions
Stretches of 3rd priority, only road spreading (snowploughing by the plough 
share – ensured by suppliers)

Fig. 5 Evaluated flow chart. Source: Authors

Now, the roads of the 3rd category, namely III/17210, 
III/02215, III/02218 and III/02219 are left to be treated. The 
flow chart in Fig. 6 shows all edges usable for passing these 
roads. 

Local road between Mnichov and Krty.

Stretches of 3rd priority, only road spreading  (snowploughing by the plough 
share – ensured by suppliers)

Fig. 6 3rd category roads. Source: Authors

4 Optimized Route
The shortened local route between the villages of Mnichov 

and Krty-Hradec is suitable for optimization – the non-techno-
logical part of the stretch will be further shortened.

The graph in Fig. 7 shows that the graph has 4 vertices of an 
odd degree – v2, v4, v5 and v9 and there are only two edges left 
for pairing as interconnecting of vertices v10 and v11 forms a 
loop which can be merged with the edge v4v5 (Stopka et al., 
2015; Kampf et al., 2012; Klapita, 2012).

Fig. 7 Optimization variant. Source: Authors

The shortest pairing is pairing of the edges v2v4 and v5v9.
After inserting the multiplied edges in the original graph, we 

will obtain the closed Eulerian path as shown in Fig. 8. 

Fig. 8 Closed Eulerian Path. Source: Authors

By inserting the distances and searching for the matrix 
(Table 2), we will obtain the shortest passage of the route of 
this variant, namely from v2→v4→ v5→v9→v2.

Table 2 Length of edges between vertices – travelled distance

v2v4 v4v5 v5v6 v6v5 v5v4 v4v7 v7v8 v8v7 v7v4 v4v2 v2v3 v3v2  

4 560 6 395 2 313 2 313 6 395 5 561 2 725 2 725 5 561 4 560 2 340 2 340 47 788

Source: Authors
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Table 3 Matrix of distances between vertices

 v2 v4 v5 v9

v2  4 560 16 509 23 476

v4 4 560  11 949 16 437

v5 16 509 11 949  4 488

v9 23 476 16 437 4 488  

Source: Authors

4.1 Proposal of Stretch Route Optimization
The variant proposed for optimizing the route of the selected 

stretch is the one which shortens the non-technological travel 
of the salt spreader most, it is most continuously passable and 
provides a good access to the above-mentioned stretch on the 
road III/17210.

5 Evaluation
Evaluation of the selected stretch optimization concerns 

only non-technological travels of the salt spreader trucks from 
the viewpoint of the distance travelled, time and economic 
impact. The costs of one kilometre of travel amount to 50.70 
CZK (The value is taken from the internal accounting of the 
Road Administration & Maintenance of the South Bohemia 
Region, Strakonice plant, and includes the costs of material, 
fuels, wages, repairs and maintenance and the overhead costs).

Comparison of the original and optimized routes calculate 
for one salt spreader as to the saving of distance, time and 
costs. After optimizing, the total route of the salt spreader will 
be reduced by 11,228 m and the non-technological travel by 
4,736 m, i.e. saving of 240.12 CZK per one departure of the 
salt spreader. Expressed as a percentage: optimization will save 
10.25 % and 21.32 % of costs of the non-technological travel 
of the salt spreader.

6 Conclusion
The analysis shows that during maintenance of the selected 

stretch as per the Plan of Winter Maintenance, the salt spreader 
travels more “empty kilometres” of non-technological travels 
than it is necessary.  

The route optimization by applying the Chinese postman 
problem shortened the route by 11,228 m in total and the 
non-technological travel by 4,736 m, which generated the sav-
ing in costs per one salt spreader in the amount of 240.12 CZK, 
i.e. a saving of 21.32 % as compared with the original route.

The saving for the average winter season with 27.5 travels of 
the salt spreader would amount to 130.24 km of non-technolog-
ical travels and 6,603.17 CZK in costs.

References
Amiroudine, S., Caltagirone, J.-P., Erriguible, A. (2014). A Lagrangian-Eule-

rian compressible model for the trans-critical path of near-critical fluids. 
International Journal of Multiphase Flow. 59, pp. 15–23.

 https://doi.org/10.1016/j.ijmultiphaseflow.2013.10.008
Bartuska, L., Cejka, J., Caha, Z. (2015). The application of mathematical meth-

ods to the determination of transport flows. Nase More. 62, pp. 91–96.
 https://doi.org/10.17818/NM/2015/SI1
Cejka, J. (2016). Transport Planning Realized Through the Optimization Meth-

ods. Procedia Engineering. 161, pp. 1187–1196.
 https://doi.org/10.1016/j.proeng.2016.08.538
Cejka, J., Bartuskova, P., Bartuska, L. (2016). Application of mathematical 

methods in transport and logistic area. In: APLIMAT 2016 - 15th Confer-
ence on Applied Mathematics 2016, Proceedings. pp. 225–235.

Chen, K.-H., Liao, C.-N., Wu, L.-C. (2014). A Selection Model to Logistic 
Centers Based on TOPSIS and MCGP Methods: The Case of Airline In-
dustry. Journal of Applied Mathematics. 201, ID 470128.

 https://doi.org/10.1155/2014/470128
Chen, X., Li, X., Zhang, Y. (2016). 3-Regular mixed graphs with optimum Her-

mitian energy. Linear Algebra and its Applications. 496, pp. 475–486.
 https://doi.org/10.1016/j.laa.2016.02.012
Chovancova, M., Klapita, V. (2017). Modeling the Supply Process Using the 

Application of Selected Methods of Operational Analysis. Open Engi-
neering. 7(1), pp. 50–54.

 https://doi.org/10.1515/eng-2017-0009
Di Matteo, U., Pezzimenti, P. M., Garcia, D. A. (2016). Methodological Pro-

posal for Optimal Location of Emergency Operation Centers through 
Multi-Criteria Approach. Sustainability. 8(1), pp. 50-61.

 https://doi.org/10.3390/su8010050
Grossman, J. W., Kulkarni, D. M., Schochetman, I. E. (1994). Algebraic graph 

theory without orientation. Linear Algebra and its Applications. 212–
213, pp. 289–307.

 https://doi.org/10.1016/0024-3795(94)90407-3
Kampf, R., Lizbetin, J., Lizbetinova, L. (2012). Requirements of a transport 

system user. Komunikacie. 14, pp. 106–108.
Kawarabayashi, K., Kobayashi, Y. (2015). The edge-disjoint paths problem 

in Eulerian graphs and 4-edge-connected graphs. Combinatorica. 35, 
pp. 477–495.

 https://doi.org/10.1007/s00493-014-2828-6
Kerivin, H. L. M., Lacroix, M., Mahjoub, A. R. (2012). On the complexity 

of the Eulerian closed walk with precedence path constraints problem. 
Theoretical Computer Science. 439, pp. 16–29.

 https://doi.org/10.1016/j.tcs.2012.03.014
Klapita, V. (2012). Optimization of logistic chains in the intermodal transport. 

Logi-Scientific Journal on Transport and Logistics. 3(2), pp. 57–64.
Lu, Y., Wang, L., Xiao, P. (2017). Complex unit gain bicyclic graphs with rank 

2, 3 or 4. Linear Algebra and Its Applications. 523, pp. 169–186.
 https://doi.org/10.1016/j.laa.2017.02.031
Polya, G., Tarjan, R. E., Woods, D. R. (2010). Hamiltonian and Eulerian Paths. 

In: Notes on Introductory Combinatorics. Modern Birkhäuser Classics. 
Birkhäuser Boston.

 https://doi.org/10.1007/978-0-8176-4953-1_13
Schmerl, J. H. (2010). Even and Odd Eulerian Paths. Ars Combinatoria. 97A, 

pp. 97–99.
Seyffarth, K., Wang, C. D. (2005). On eulerian and regular perfect path double 

covers of graphs. Discrete Mathematics. 293, pp,. 237–250.
 https://doi.org/10.1016/j.disc.2004.08.038
Simkova, I., Konecny, V., Kapusta, J. (2015). The definition of the freight road 

transport criteria. Logi-Scientific Journal on Transport and Logistics 
6(1), pp. 120–129.

https://doi.org/10.1016/j.ijmultiphaseflow.2013.10.008
https://doi.org/10.17818/NM/2015/SI1
https://doi.org/10.1016/j.proeng.2016.08.538
https://doi.org/10.1155/2014/470128
https://doi.org/10.1016/j.laa.2016.02.012
https://doi.org/10.1515/eng-2017-0009
https://doi.org/10.3390/su8010050
https://doi.org/10.1016/0024-3795(94)90407-3
https://doi.org/10.1007/s00493-014-2828-6
https://doi.org/10.1016/j.tcs.2012.03.014
https://doi.org/10.1016/j.laa.2017.02.031
https://doi.org/10.1007/978-0-8176-4953-1_13
https://doi.org/10.1016/j.disc.2004.08.038


110 Period. Polytech. Transp. Eng. J. Cejka, R. Kampf

Smetanova, D. (2015). The second order lagrangians-regularity problem. In: 
APLIMAT 2015 - 14th Conference on Applied Mathematics, Proceed-
ings. pp. 690–697.

Stopka, O., Cejka, J., Kampf, R., Bartuska, L. (2015). Draft of the novel sys-
tem of public bus transport lines in the particular territory. In: Transport 
Means - Proceedings of the International Conference. pp. 39–42.

Yu, G., Qu, H., Dehmer, M. (2017). Principal minor version of Matrix-Tree 
theorem for mixed graphs. Applied Mathematics and Computation. 309, 
pp. 27–30.

 https://doi.org/10.1016/j.amc.2017.03.034
Zitricky, V., Gasparik, J., Peceny, L. (2015). The methodology of rating quality 

standards in the regional passenger transport. Transport Problems. 10, 
pp. 59–72.

 https://doi.org/ 10.21307/tp-2015-062

https://doi.org/10.1016/j.amc.2017.03.034
https://doi.org/ 10.21307/tp-2015-062

	1 Introduction
	2 Solution of Winter Maintenance Issue using the Graph Theory
	2.1 Chinese postman problem

	3 Route Optimization
	4 Optimized Route
	4.1 Proposal of Stretch Route Optimization

	5 Evaluation
	6 Conclusion
	References

