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 بحث يسخم
 

 

Abstract: 
Traffic flow and tours represent one of the most important issues in what is known as city 

planning since their results show how the main street, hi ways, and intersections look like and 

how they are connected to each other to give the maximum performance and traffic flow during 

the different time intervals including the rush hours.  

In this paper we present a traffic model for AlNajaf City based on graph theory, Minimum 

Spanning Tree, and Shortest Path Algorithms. The model shows the best network paths and 

alternative tours for the traffic flow in the main streets and intersections in different rush hours. 

Different tools and software were used in the implementation of the proposed model, including 

MatLab( Matrix-Laboratory ) , AutoCad, and others. 
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 الخلاصت :
يًثم حذفك حشكت انًشٔس ٔيساساحٓا ٔاحذة يٍ أْى انمضايا فيًا يؼشف باسى حخطيظ انًذٌ لاٌ َخائدٓا حظٓش كيف حبذٔ 

حذفك حشكت انًشٔس الأدا  ٔػطا  أفضم لذس يٍ شٕاسع انًذٌ انشئيسيت ٔحماطؼاحٓا ٔكيف أَٓا حشحبظ يغ بؼضٓا انبؼض لإ

انُدف الاششف ًذيُت حشكت انًشٔس نيمخشحا نحمذو ْزِ انٕسلت ًَٕرخا . خلال فخشاث صيُيت يخخهفت بًا في رنك ساػاث انزسٔة 

شذ خًمانًُٕرج يؼطي أن.يساس ألصش ٔخٕاسصيياث انحذ الأدَى خٕاسصيياث شدشة الايخذاد راث ، ػهى أساس َظشيت انبياٌ

بذيهّ نخذفك حشكت انًشٔس في انشٕاسع انشئيسيت ٔانخماطؼاث في ساػاث انزسٔة أنٔانًساساث انطشق أفضم يساساث شبكت 

 ٔغيشْا، أٔ احٕكاد ياحلاب،  بًا في رنك في حُفيز انًُٕرج انًمخشذ بشايح يخخهفت ٔلذ اسخخذيج أدٔاث ٔ. انًخخهفت 

     

I. Introduction 
Graphs and graph theory are widely used in different applications, one of which is the city 

planning. This represents the most important applied concept of graph theory[1,2]. Minimum 

Spanning Trees, shortest path, Travelling Sales Person Problem, Maximum and Minimum flow are 

the critical concepts used in city planning. Graph theory applications can be listed and not limited to 

the following[2,3,4]: 

1. Network Design 

2. Route inspection problem 

3. Travelling Sales Person Problem 

4. Network flow 

5. Maximum and Minimum flow 

6. Networks of communication 

7. Data organization 

8. Computational devices 

9. Flow of computation 

10. Websites structures 

11. Linguistics and Natural Languages 

12. Study molecules in chemistry and Physics 
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13. Sociology, Biology, mathematics and others 
 

I.1.Literature Review 
The following are some related works in using graph theory for traffic flow control and city 

planning: 

1- ZiyangLv, YanruCai, Jixin Chen, and Lurong Wu suggested an intelligent control for the traffic 

lights using graph theory, where traffic lights in intersections can be controlled depending on the 

flow in different directions [3]. 

2- Elvin J Moore, “Maximum flow in road networks with speed-dependent capacities application to 

Bangkok traffic”,where traffic flow problem is studied, in which edge weights represent road 

capacities (maximum vehicles per hour) that are functions of the traffic speed (km/hr) and traffic 

density (vehicles per kilometer)”[4]. 

3- Manuel Appert and Laurent Chapelon, “Measuring urban road network vulnerability using graph 

theory : the case of Montpellier’s road network”, where the authors postulate that the network 

morphology, structure and level of congestion can be influencing factors. Two vulnerability 

indices which pinpoint accessibility loss in the city by removing links and vertices one by one, 

have been developed to assess the network's vulnerability” [5]. 

4- Mees, P. “A centenary review of transport planning in Canberra, Australia”. The paper presents a 

study of specific type of transportation planning in the city of Canberra[6].  

5- Jaworski, P.,  Edwards, T. , Moore, J. and Burnham, K."Cloud computing concept for Intelligent 

Transportation Systems”. The paper presents a method of deploying cloud computing in 

designing and implementing an intelligent transportation system [7].  

6- Liu Xi, Gong Li, Gong Yongxi, and  Liu Yu “Revealing daily travel patterns and city structure 

with taxi trip data”. The authors in this papers showed that data collected from taxi trip can be 

used to extract the knowledge of travel patterns that can be used in optimizing transportation 

system yield [8].  

7- Tizghadam, A. “A graph theoretical approach to traffic engineering and network control 

problem”. This paper looks at the problem of traffic engineering and network control from a new 

perspective. A graph-theoretical metric, betweenness, in combination with a network weight 

matrix is used to characterize the robustness of a network. Theoretical results lead to a definition 

of ”criticality” for nodes and links. It is shown that this quantity is a global network quantity and 

depends on the weight matrix of the graph”[9]. 
 

II. Graph definition 
A graph is an ordered pair G = (V, E) comprising a set of vertices or nodes V together with a set 

of edges or lines E, which are 2-element subsets of V (i.e., an edge is related with two vertices). 

The vertices belonging to an edge are called the ends, endpoints, or end vertices of the edge. A 

vertex may exist in a graph and not belong to an edge [1,2,5].For an edge {u, v}, graph theorists 

usually use the somewhat shorter notation uv. There are many types of graphs, some of which are: 

1. Directed graph 

2. Undirected graph 

3. Weighted graph and unweighted graph 

4. And many others 

Graph can be represented in different ways such as: 

1. Adjacency matrix  

     A two-dimensional matrix, in which the rows represent source vertices and columns represent 

destination vertices. Data on edges and vertices must be stored externally. Only the cost for one 

edge can be stored between each pair of vertices. 

2. Incidence matrix  

  Atwo-dimensional Boolean matrix, in which the rows represent the vertices and columns represent 

the edges.The entries indicate whether the vertex at a row is incident to the edge at a column. 
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3. Adjacency list  

     Vertices are stored as records or objects, and every vertex stores a list of adjacent vertices. This 

data structure allows the storage of additional data on the vertices. 

4. Incidence list  

    Vertices and edges are stored as records or objects. Each vertex stores its incident edges, and 

each edge stores its incident vertices. This data structure allows the storage of additional data on 

vertices and edges. 
 

III. Problem Statement  :  
Solving the problem of traffic flow in AlNajaf city by applying graph theory such as Shortest 

Path, Travelling Sales Person Problem(TSP) (The travelling salesman problem or travelling 

salesperson problem asks the following question: Given a list of cities and the distances between 

each pair of cities, what is the shortest possible route that visits each city exactly once and returns to 

the origin city?),Minimum Spanning Tree(MST) where a spanning tree of a graph is just a subgraph 

that contains all the vertices and is a tree, and the MST is a spanning tree with minimum weight,  

Minimum and Maximum flow and Graph Mining techniques to find out the best routes during the 

city rush hours. The city map is first converted into a graph where each intersection is represented 

by a vertex and the roads and streets were represented  by the edges connecting the vertices. 
 

IV. Proposed Model Methodology 
1. Converting all the streets and intersections in AlNajaf City into a weighted graph (in both 

directed and undirected) 

2. Allocating of the weights (Distances between intersections) according to the scaled map of the 

city. 

3. Applying different graph algorithms including (MST, Shortest path, TSP and others) on the 

original city graph to find out which path to follow during the rush hours and the best vertices set 

connecting the city graph. 

4. Different cut locations were studied and step 3 is repeated to get different route alternative The 

time schedule for the research project is show in figure(1). 

 

 
 

IV.1. Minimum Spanning Tree Algorithms 
 

1. Prim’s algorithm [1] 

The algorithm starts with a tree consisting of a single vertex, and continuously increases its size one 

edge at a time, until it spans all vertices. 

 Input:  

A non-empty connected weighted graph with vertices V and edges E 

 Initialize: 

Vnew= {x}, where x is an arbitrary node fromV,Enew = {} 
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 Repeat until Vnew = V:  

o Choose an edge {u, v} with minimal weight such that u is in Vnew and v is not (if there  

are multiple edges with the same weight, any of them may be picked) 

o Add v to Vnew, and {u, v} to Enew 

 Output:  

Vnew and Enew describe a minimal spanning tree 
 

The time complexity for Prim’s algorithm with adjacency matrix representation of the graph 

is given  

by O(|V|2), whereas a binary heap and adjacency list representation have time complexity  

O((|V| + |E|) log |V|) = O(|E| log |V|). 
 

2. Kruskal Algorithm [1] 

KRUSKAL(G): 

1 A = ∅ 

2 foreach v ∈ G.V: 

3 MAKE-SET(v) 

4 foreach (u, v) ordered by weight(u, v), increasing: 

5 if FIND-SET(u) ≠ FIND-SET(v): 

6 A = A ∪ {(u, v)} 

7 UNION(u, v) 

8 return A 

The time complexity is given by O(E log V) 
 

IV.2. Dijkstra’s Algorithm (1)  
The shortest path from one vertex to another 

1  S := empty sequence 

2  u := target 

3  while previous[u] is defined:   

4  insert u at the beginning of S 

5  u := previous[u]                                        

6  end while ; 
 

IV.3.  Dijkstra’s Algorithm (2) 
 1  functionDijkstra(Graph, source): 

 2 for each vertex v in Graph:                                 

 3 dist[v]  := infinity ;                                   

 4                                                                  

 5 previous[v]  := undefined ;                              

 6 end for 

 7       

 8 dist[source]  := 0 ;                                         

 9 Q := the set of all nodes in Graph ;                        

10                                                                  

11whileQis not empty:                                       

12 u := vertex in Q with smallest distance in dist[] ;     

13 remove u from Q ; 

14 ifdist[u] = infinity: 

15 break ;                                             

16 end if 

17           

18 for each neighbor v of u:                               
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19          

20  alt := dist[u] + dist_between(u, v) ; 

21  ifalt<dist[v]:                                   

22  dist[v]  := alt ; 

23  previous[v]  := u ; 

24  decrease-key v in Q;                            

25  end if 

26  end for 

27  end while 

28  returndist; 

29  end function 
 

The running time is given by  O(|E|+|V|
2
) = O(|V|

2
). 

 

V. Results 
Figure (2) shows the basic landscape of AlNajaf city as approved by the official authority, this 

landscape is first converted into a graph where the intersections are represented by vertices and the 

roads and streets are represented by the Graph Edges. All the weights (Distances) were allocated on 

each edge as shown in figure(3) with the distances shown in table(I). 

 

 
 

Figure(2). AlNajaf City landscape. 
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Figure(3). Graph Representation of AlNajaf Landscape 

 
Table (I) Samples of the Distances Between Different Nodes 

(Intersections)of AlNajaf City Graph. 

 
 

One of the most powerful technique in city planning technique is the use of graph theory for 

designing network systems, one of which is connecting the city intersections with one traffic light 

controller, finding different alternative paths for traffic blocks, redesigning the city traffic flow and 

others. To achieve such applications, the graph representation of the city is processed using 

Minimum Spanning Tree and Shortest Path Techniques to get the best paths and tours. Figures(4) 

and (5) show the output for the best paths. The subtotal and the final distances are shown on the 

diagrams, and the distances with the routes are shown in Table(II).. 
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Figure(4). Minimum Spanning Tree for the Traffic Plan (with total distance 76109 m). 

 

 
 

Figure(5). Shortest Path From Vertex (1) to all Other Vertices. 
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Table (II). Distances for shortest path from intersection (1) to all other intersection . 
 

 
 

 

Figure(6).  Breadth First Search Technique for AlNajaf City Graph Landscape. 
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Figure(7).  Depth First Search Technique for AlNajaf City Graph Landscape. 

 

One of the most important graph theory application in city planning is what is known as Depth 

First Search(DFS) and Breadth First Search(BFS), which can be used for searching or traversing a 

graph. Figures (6) and (7) show the results of applying these techniques on AlNajaf graph. The 

result of traversing is show in the following: 

Breadth First Search (BFS) 

Starting from a specific node(intersection) and visit the children of that node and then repeat 

that recursively. The output is given by the following sequence of intersections: 

1 

3   5   8   12 (The children of node 1) 

2   4   6   34   7   10   13   15 (the children of nodes 3, 5, 8, and 12) 

33   23   24   35   51   20   22   16   14   11 

25   36   46   43   48   19   21   9   18  

26   38   45   44   47   49   42   50   17   28   27   30 

32   37   39   41   29   31   40 

 

Depth First Search (DFS) 

Starting from a specific node (1) and go through a specific path to visit the nodes until the last 

node in the path, then moving backward to a previous node and repeat recursively. The result is 

given by the following sequence of nodes (intersections): 

1 

3  2  5  6  7  8   10   16   9   11   15   12   13   14   18   17   30   29   28   19   20  21  22  23  24  25  

35   34   33 

51   43   38   37   32   26 

27  

31 

36   45   46   44   50   49   48   47 

39   41  

40 
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VI. Conclusions 
Graph theory can be expressed as one of the most cruicial technique that is used in city 

planning in general and traffic flow in specific. The work in this paper aims to study the traffic flow 

in AlNajaf city throughout the use os graph theory such as Minimum Spanning Tree ans Shortest 

Path Techniques. The diagrams in figure(2) shows AlNajaf city landscape, which has been 

converted into a weighted directed graph in figure(3), where the intersections are represented by 

vertices and the roads are represented by the graph edges. Figures(4) through (7) show the results of 

applying different graph theory algorithms. 
 

VII. Discussion 
All the weights shown on the graphs represent real distances. Applying Prim’s algorithms to 

find the MST gives the tree shown in figure (4) with total distances 76109 m which can be used as a 

guide to redesign and construct the city traffic and to give a good estimation for the total cost 

required to connect the whole city. Figure(5) shows the shortest path from intersection (vertex 1) to 

all other vertices with the total shortest distance attached to each vertex from which alternative 

paths can be estimated in case of traffic blocks or any other cases. DFS and BFS were applied of 

AlNajaf graph which gave the results show in Figures(6) and (7). 
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