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ABSTRACT : Assessment of network connectivity in this study was done by using a special 

matrix operation. The quality of connectivity is measured based on network performance 

comparison value, between those of existing road network against those of expected road 

network. This network connectivity quality is derived into three aspects: number of 

connected nodes, total shortest path distance and total road length. The quality of the road 

network connectivity for the Truck Class 1 can be concluded as follows: The connectivity 

quality of the existing road network, in order to be equals to the expected road network 

needs an addition of 2 nodes: freight terminal 1 and freight terminal 2 and needs an addition 

of 1 ringroad and 2 access road,  while warehouse in the existing road network must be 

abolished.  The difference of total roads length between the existing network compared to 

the expected road network is 12.77 km, equal to a ratio of 0.76. Therefore, the existing road 

network requires an addition of 12.77 km in order to achieve the same quality as the 

expected road network. The total shortest path distance of the existing road network is 

infinite (∞) and the one of expected road network is 295.44 km. 
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1. INTRODUCTION 

The quality of transport infrastructure, especially roads and terminals are very influential 

on the development of a city, since transportation plays an important role for the mobility 

of people and goods. Further more, this development will affect the improvement of 

economic development. The quality of the road must be assessed not only in terms quality 

of road segments and intersection, but also in terms of the overall network quality of the 

road network.  

The research about the road network quality, especially the of connectivity quality in 

Padangsidimpuan city has never been done. Therefore, this research was conducted to 

assess how good or bad the road network quality in Padangsidimpuan cities at this time. In 

2014 a research has been conducted to develop a quality assessment method for road 

network, where all the calculations were done using some special matrix operations and 

algebra min-plus matrix operations to calculate the shortest path. This method will be used 

in assessing the road network quality in Padangsidimpuan city. The reason for using this 

method because it is easy to used, it needs just Microsoft Excel software for calculations 
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(Suprayitno, 2014, Suprayitno, 2015) . Moreover, application of this method aims to introduce 

a new method that can be used as a reference for the analysis of the road network quality 

for those who want to do a study of the road network quality assessment.  

This paper is focused on assessing the quality of the major road network connectivity in 

Padangsidimpuan city. Later on the connectivity quality value can be used to find a solution 

for quality improvement of road network connectivity in the future. 

2. LITERATURE REVIEW 

2.1  Network Model 

The network model is composed of two elements: nodes and links (Suprayitno, 2014, 

Suprayitno, 2015) The nodes consist of three components: regional node, intersection and 

auxiliary node. While the link is the road segments.  The network model is presented in the 

following Figure-1. 

 
Figure 1. Network model 

2.2  Special Matrix Technique 

Quality of road network connectivity will be calculated by using special matrix in the form 

of a square matrix. Number of columns or rows indicates the number of nodes. This matrix 

technique needs three types of special matrix, i.e. basic matrix, expanded matrix and 

identification matrix (Suprayitno, 2014, Suprayitno, 2015). Three types of special matrix are 

presented in Table 1. below. 

Table 1. Three Types of Special Matrix 
Basic Matrix  Expanded Matrix  Identification Matrix 

BM 1 2 3 4 

 
EM 1 2 3 4 SR 

 
EM 1 2 3 4 SR IR 

1     
 

1      
 

1       

2     
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2       
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 Expanded Matrix 

Expanded Matrix is always an expansion of a basic matrix, it contains: row, column and 

matrix summation (Suprayitno, 2014, Suprayitno, 2015). The summation formula is presented 

below. 

m. E = m. B + SRi + SCj + SM  (1) 

SRi = Σ mij  

SCi = Σ mij  

SM = Σ mij atau Σ SRj atau Σ SCi  

 Identification Matrix 

Identification Matrix, most of all is an expansion of an Expanded Matrix, to contain certain 

identification, based on Expanded Matrix Value, for certain characteristics of the network 

(Suprayitno, 2014, Suprayitno, 2015). 

mei. I = m. E + IRi + ICj + SI  (2) 

IRi = C1 for IRi = mathematical condition, else C2  

ICj  = C1 for ICj = mathematical condition, else C2  

SIR = Σ IRi  

SIC = Σ ICj  

 Distance 

 Direct Distance 

Direct distance between nodes is calculated using the following formula 

(Suprayitno, 2014): 

m. D = √mD2  (3) 

m. D2 = m. DX2 + m. DY2   

m. DX2 = m. DX ∗ m. DX   

m. DY2 = m. DY ∗ m. DY   

m. DX = a. sumcX − a. sumrX   

m. DY = a. sumcY − a. sumrY   

              Where: 

m.D = The matrix of direct distance between nodes 
m.D2 = The square matrix of direct distance between  nodes 
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m.DX2 = The square matrix of the difference an abscissa x between nodes 
m.DY2 = The square matrix of the difference an abscissa y between nodes 
m.DX = The matrix of the difference an abscissa x between nodes 
m.DY = The matrix of the difference an abscissa y between nodes 

 Shortest Path 

The shortest path can be calculated using the Min-Plus Algebra (Suprayitno, 2014). 

The formulas are as follows. The MSP is calculated by using the spreadsheet. 

MSP = MLL
min⨂ (N−1)  (4) 

   Where: 

MSP = The matrix of shortest path distance 
between  node i to node j 

MLL = The matrix of link length 
N = Number of nodes 

Mechanism of matrix power Min-Plus algebra (Suprayitno, 2014) is as follows: 

m*
ij = min (mi1+m1n, mi2+m2n, mi…+m…n,…….min +mnn) (5) 

The following is an example of virtual network to calculate the matrix of shortest 

path distance. The network consists of 5 nodes connected by 8 links (Suprayitno, 

2014) as presented in Figure 2. Using Microsoft Excel the matrix of shortest path 

calculation is show in the following Table 2. 

 

Figure 2. Virtual Network 

Table 1. Calculation on MSP 

1 1 2 3 4 5   1 2 3 4 5 
 

      

1 0 6 3 10 99  1 0 6 3 10 99 
 

      

2 6 0 2 99 9  2 6 0 2 99 9 
 

      

3 3 2 0 2 6  3 3 2 0 2 6 
 

      

4 10 99 2 0 3  4 10 99 2 0 3 
 

      

5 99 9 6 3 0  5 99 9 6 3 0 
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2 1 2 3 4 5  3 1 2 3 4 5  4 1 2 3 4 5 

1 0 5 3 5 9  1 0 5 3 5 8  1 0 5 3 5 8 

2 5 0 2 4 8  2 5 0 2 4 7  2 5 0 2 4 7 

3 3 2 0 2 5  3 3 2 0 2 5  3 3 2 0 2 5 

4 5 4 2 0 3  4 5 4 2 0 3  4 5 4 2 0 3 

5 9 8 5 3 0  5 8 7 5 3 0  5 8 7 5 3 0 

2.3  Quality of Road Network 

The quality of the road network can be derived into three components: quality of 

connectivity (connectivity and accessibility), quality of traffic flow and quality of coverage 

(Suprayitno, 2015). The model used is a very simple network consisting of lines (segments) 

and node (the center of regional activities, transportation terminals, junction or point 

geometry aids) (Suprayitno, 2014). Network quality components are represented in Table 3. 

below. 

Table 2. Network Quality Components 
Function Quality item Explanation 

To connect different 
nodes of the region 

Connectivity How well the nodes are connected each 
other. 

Accessibility How well a node can be accessed from the 
others and vice versa. 

To flow the traffic Traffic flow itenary The itinerary quality for each pair of 
origin-destination. 

Traffic flow fluidity The traffic flow performance: speed, delay, 
stops – traffic engineering. 

To cover the region Coverage How well the region is covered. 

Density How good is the network density part. 
Source: Suprayitno, 2015 

2.4  Connectivity Quality  

The connectivity quality deals with how well the nodes are connected each other by road 

network (Suprayitno, 2014). Connectivity is important because an increasing of connectivity 

can decrease traffic on arterial streets, reduce travel time, create shorter travel distances 

and reduce the number of vehicle-kilometers travelled, provide continuous and more direct 

routes for travel by walking and biking, provide greater emergency vehicle access and 

reduced response time, provide improved utility connections, easier maintenance, and 

more efficient trash and recycling pick-up, lower speeds and reduce accident severity, 

better accommodate transit use (toolkit.valleyblueprint. org, 2015). Figure 3. and Figure 4. 

below shows the benefit of connectivity and efficiency of connectivity (Lehigh Valley 

Commission, 2011). 
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Figure-3 Benefit of connectivity 

 

Figure 4. Efficiency of connectivity 

The relative degree of connectedness within a transportation network (Information on 

webspace ship.edu, 2015) : 

High connectivity = low isolation, high accessibility. 

Low connectivity = high isolation, low accessibility. 

Connectivity quality measures can be defined (Suprayitno,2014) as follows: 

 Connectivity Quality in Terms of Number of  Nodes Connected 

This is a comparison between the number of nodes connected in the existing road network 

against the number of nodes connected in the expected road network. The formula is as 

follows: 

CQN = ∑ EXNN

∑ EPNN⁄   (6) 

Where: 

CQN = connectivity quality in terms of nodes connected 

ΣEXNN = number of nodes connected by the existing network 

ΣEPNN = number of nodes connected by the expected network 

 

 Connectivity Quality in Terms of Total Shortest Path Distance  

The connectivity quality in terms of total shortest path distance will be calculated in two 

ways: first, total of the shortest path distance of the existing road network compared to the 

total direct distance of the existing network and second, the total shortest path distance of 
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the existing network compared to the total shortest path distance of the expected road 

network. 

 Compared to the direct distance, the formula is as follows: 

CQDD = ∑ EXNSP

∑ EPNDD⁄   (7) 

         Where: 

CQDD = connectivity quality types 1 

ΣEXNSP = total of the shortest paths 

distances between nodes 

ΣEPNDD = total of direct distance 

between nodes 

 Compared to the expected networks, the formula is as follows: 

CQSP = ∑ EXNSP

∑ EPNSP⁄   (8) 

 

  
Figure 5. Road network Padangsidimpuan 

city 
Figure 6. Road network will be reviewed 
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Figure 7. Road network model will be reviewed Figure 8.  Existing Road network model for Truck 

Class 1 

 

  
Figure 9. Expected road network model for Truck Class 
1 

Figure 10. The nodes coordinate map 

2.5  Data 

Nodes Coordinate data are obtained from Google Earth. The coordinate data will be used 

to calculate the direct distance, as the first step of assessing the connectivity quality. The 

nodes coordinate of the existing road network and the expected road network are presented 

in Table 4. and Table 5. bellow: 
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Table 4. Nodes Coordinates of Existing Road Network

 
 

 

Table 5. Nodes Coordinates of Expected Road Network 

 

2.6  Calculation 

The connectivity quality is measured based on performance comparison, between those of 

the existing road network against those of the expected road network. This connectivity 

quality is derived into three aspects: number of connected nodes, total shortest path 

distance and total road length.  

 Direct Distance Calculation 

The direct distance is an important variable in network connectivity quality assessment. 

Therefore the first step to be done is to calculate the direct distance between the nodes.  The 

direct distance calculation is executed by using the Eq. 3. The result of direct distance 

calculation can be seen in Table 6. below.  
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Table 3. Matrix of Direct Distance 

 

 Road Segments Existence of The Existing Network for Truck Class 1 

The existence of road segments for truck class 1 is presented in binary numbers matrix. 

Number 1 means the segment exist, while the number 0 means no segments. Matrix of road 

segments existence will be used to calculate the total road length of the existing network. 

The existence of road segments for truck class 1 is presented in Table 7. below. 

Table 4. Matrix of Road Segments Existence for Truck Class 1 

 

 Roads Length Calculation for Truck Class 1 - The Existing Network  

Matrix of roads length for Truck Class 1 is obtained from matrix intersection of road 

segments existence for Truck Class 1 with a matrix of road length of all segments. The 

calculation is done by using the matrix extraction operation (Suprayitno,2014) as follows: 

m. M = m. X π m. E  (9) 

m. Mi,j = m. Xi,j∀ m. Ei,j ≠ 0   

where: 

m. M = Matrix of roads length for Truck Class 1– The existing network  

m. X = Matriks of roads length for all segments – The existing network  

m. E = Matrix of Road Segments Existence for Truck Class 1 

π = Extraction 
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∀ = If 

The value of 99 indicate that the road length is infinite (∞), thus the nodes indicated are not 

connected, this gives indication that road network is not well connected. The calculation 

results can be seen in Table 8.. 

Table 5. Matrix of Roads Length for Truck Class 1 - The Existing Network  

 
 

 Shortest Path Distance Calculation for Truck Class  1 - The Existing Network  

The shortest path distance is calculated by using Eq. 4 and Eq. 5. The result can be seen in 

matrix of the shortest path distance, presented in Table 9. below.  

Table 6. Matrix of Shortest Path Distance for Truck Class 1- The Existing Network  

 

 Identification of Connected Nodes for Truck Class 1 -  The Existing Network  

The number of nodes must be connected are four (4), nodes: 7, 77, 78, and 79. Identification 

of connected nodes can be obtained with this conditional: IRj= 0 ∀ SRj = 0, else= 1 and ICi= 0 

∀ SCi= 0, else= 1. Quality of nodes connected can be seen in Table 10. bellow.  
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Table 7. Identification Matrix of Connected Nodes for Truck Class 1 - The Existing Network 

 

 Calculation for Truck Class 1 - The Expected Network  

Matrix of roads length, matrix of shortest path distance and identification matrix of 

connected nodes of the expected network for Truck Class 1 are calculated by the same way 

and the results are presented in Table 11., Table 12. and Table 13.  

The connectivity quality of the road network for Truck Class 1 is presented in Table 14. 

below. Those were calculated by using Eq. 6 - Eq. 9 

Table 8. Matrix of Roads Length for Truck Class 1 - The Expected Network  

 
 

Table 9. Matrix of Shortest Path Distance for Truck Class 1 - The Expected Network  
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Table 10. Identification Matrix of Connected Nodes for Truck Class 1 – The Expected 
Network  

Result 

3. CONCLUSIONS 

The quality of the road network connectivity for Truck Class 1can be concluded as follows: 

Number of nodes connected for the existing road network are 2 nodes, while those for the 

expected road network are 5 nodes. The ratio then is 0.5. The expected road network has 5 

nodes which should be connected, because the warehouse in existing road network must be 

displaced and added by 2 new freight terminals. The connectivity quality of the existing road 

network in order to be equals to the connectivity quality of the expected road network then, 

it needs an addition of 2 nodes: freight terminal 1 and freight terminal 2, while the 

warehouse (node ID 7) in the existing road network is abolished. Then, those nodes must 

be connected each other by new road network. 

Table 11. Connectivity Quality of Road Network for Truck Class 1 

Quality Aspect Value Ratio 

Nodes 

connected 

existing 

Number of nodes need to be 

connected 4 
node 

50 % 

50/100= 0.5 

Number of nodes connected 
2 

node 

Number of nodes unconnected 
2 

node 

expected 

Number of nodes need to be 

connected 5 
node 

100% 
Number of nodes connected 

5 
node 

Number of nodes unconnected 
0 

node 

Shortest 

path 

distance 

existing 
Total of shortest path distance 

∞ km 
∞/295.44= ∞ 

expected 295.44 km 

direct distance 130.42 km ∞/130.42 = ∞ 

Roads 

length 

existing 
Total of roads length 

39.77 
km 

39.77/52.54= 0.76 

∆= 52.54 - 39.77= 12.77 km expected 
52.54 

km 
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The shortest path distance of the existing road network is infinite (∞). It means there are 

certain nodes which are unconnected. The shortest path distance for the expected road 

network is 295.44 km. The ratio is then ∞. In order to achieve the expected road network 

quality it needs 2 addition of nodes and all must be connected each other by road network. 

Total roads length of the existing road network and the expected road network are 39.77 

km and 52.54 km respectively, with a difference of 12.77 km and a ratio of 0.76. Therefore, 

the existing road network requires an addition of 12.77 km in order to achieve the same 

quality as the expected road network. 
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