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Abstract
Choosing a route to reach a certain destination nowadays is convenient thanks to map and navigation services such as Google Maps, Apple Maps, Bing Maps, OpenStreetMap and many more. Those services also give users the most efficient routes possible using their own algorithm. But even so, we believe that choosing a route based on users’ criteria themselves will give them a more convincing result than map services. In this paper, we propose a way to choose a route using the Analytical Hierarchy Process (AHP). AHP uses criteria decided by users whether those be subjective or objective, compare the values then calculate the priorities, thus giving more convincing results to users.
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1. Introduction
The early definitions of a DSS identified it as a system intended to support managerial decision-makers in semistructured decision situations. DSS were meant to be an adjunct to decision-makers to extend their capabilities but not to replace their judgement. They were aimed at decisions where judgement was required or at decisions that could not be completely supported by algorithms [1]. A decision support system gathers and analyzes data, synthesising it to produce comprehensive information reports. The DSS can either be completely computerised or powered by humans. In some cases, it may combine both. The ideal systems analyse information and actually make decisions for the user. At the very least, they allow human users to make more informed decisions at a quicker pace [2]. Among many DSS systems, AHP is well known for its simplicity for making decisions.
The Analytical Hierarchy Process (AHP) (Forman and Selly, 2001; Saaty, 1999) is an excellent method for selecting competing activities using distinct criteria. The criteria can be quantitative or qualitative in nature, and even quantitative criteria are handled by a decision maker's preference structure rather than numerically [3][4]. It was developed by Thomas L. Saaty in the 1970s and has been refined since then. It contains three parts: the ultimate goal or problem you're trying to solve, all of the possible solutions, called alternatives, and the criteria you will judge the alternatives on. AHP provides a rational framework for a needed decision by quantifying its criteria and alternative options, and for relating those elements to the overall goal [5]. 
Well known map services like Google Maps essentially uses two Graph algorithms – Dijkstra’s algorithm and A* algorithm, to calculate the shortest distance from point A ( Source) to point B ( destination) [6]. Map services nowadays have many useful features available such as recommendations of places related to users, plan maker, real time traffic updates, and many more. Moreover they are free to use and can be accessible through most devices. However, choosing a route could also be done with AHP. AHP has some benefits because they took a more intimate approach from the chosen criteria and the given values of alternatives are all made by the users’ decision themselves. Thus giving the result that is more likely to be users’ ideal choice. The method described in this paper aims to use the user's subjective preferences to calculate the priorities of the provided alternatives.

2. Literature Review
Technology has grown so much that collecting information is an easy thing to do. However, that means decision making would be better, yet difficult to decide the most important. Because humans are poor at making decisions that involve many things to consider, much more so if the decision would be decided as a whole organisation or company. AHP is a powerful yet simple method for decision making, which gives users the opportunity to rate the criteria based on preferences. There are many research about map based AHP integrated with Geographic Information System to help make decisions, such as: the determination of the most convenient locations of Photovoltaic systems [7]; land suitability for bread wheat (Triticum aestivum) cultivation [8]; most suitable locations for eucalyptus wood-farming in Iran [9]; geospatial modelling for a sustainable urban development [10]; delineate and classify groundwater prospective zones in granito-gneissic terrain [11].
However, there are few applications of AHP used to choose travel routes. Moreover, the application of AHP for choosing routes is a rare thing to implement, because AHP doesn’t support navigation features. This method can only be applied for users who are familiar with the routes they’ve already known. This study analyses the implementation of AHP to choose the most suitable route.
3. Method
Analytical Hierarchy Process (AHP) is a multi-criteria decision making method that based on pairwise comparison inputs, weights are calculated by finding the dominant right eigenvector (EV) of a positive reciprocal decision matrix [12]. In this study, a main problem is presented as to give a practical example of AHP using spreadsheet software. The main objective is to help make the decision of which route a student should take from the administration office of the University of Jenderal Soedirman (point A) to the Engineering faculty of University of Jenderal Soedirman (point B). There will be 4 main routes available on this study, as shown in figure 1.


Fig 1. Map showing alternatives route shown in colours of blue, orange, green and green (picture taken from OpenStreetMap)
In addition to that, there are 5 criterias as judgement to weigh the solutions (alternatives), namely: distance, road conditions, petrol cost, traffic at seven in the morning, traffic at four in the afternoon. The four alternatives come from the routes on Fig 1, namely: Sokaraja route (shown in blue), Andhang-pangrenan route (shown in orange, a branch off from Sokaraja route), Dukuhwaluh route (shown in green), and Padamara route (shown in brown).
This study use the common way of AHP operated: 1) definition of goal and alternatives; 2) definition the problem and decision criteria; 3) assessment of the relative value or priority of each decision criterion; 4) calculation of the weights of the criteria and alternative's priorities; 5) analyzation of the inconsistency of judgments.
4. Results and Discussion
4.1. Definition of goal and criterias
This study aims to use AHP to help make decisions in regard to route selection. In this case, a student from the administration office of the University of Jenderal Soedirman (source point) wanted to go to the Engineering faculty of University of Jenderal Soedirman (destination point). To help achieve that, many things need consideration, especially about the route which a person will travel. Among many other things, we chose five criterias that will judge the best of a route based on our preferences: 1) distance; 2) road conditions; 3) petrol cost; 4) traffic at 7 am; 5) traffic at 4 pm.
4.2. Comparison of the decision criterion based on pairwise comparison
With those 5 criteria, compare them with respect to the objective using pairwise comparison to gain the priorities of each criterion. In pairwise comparison matrix, user need to judge and scale each criterion to each other criteria in range of 1 to 9, which 1: Equal Importance, 3: Moderate importance, 5: Strong importance, 7: Very strong importance, 9: Extreme importance (2,4,6,8 values in-between). The matrix allows users to enter a number showing the dominance of one element compared to another. Table 1 below shows the pairwise comparison decision matrix that we personally inputted.
Table 1.  Pairwise decision matrices of the criteria
	
	Distance
	Road conditions
	Petrol cost
	Traffic at 7 am
	Traffic at 4 pm

	Distance
	1
	0,142857
	2
	3
	0,5

	Road conditions
	7
	1
	6
	5
	5

	Petrol cost
	0,5
	0,166667
	1
	0,5
	0,5

	Traffic at 7 am
	0,333333
	0,2
	2
	1
	1

	Traffic at 4 pm
	2
	0,2
	2
	1
	1

	Total value
	10,83333
	1,709524
	13
	10,5
	8


4.3. Calculation of the relative value or priority of each decision criterion
From Table 1. Pairwise decision matrices of the criterias, next step is normalisation of the numbers by dividing each value by the total of the column. The result is shown on Table 2 below.
Table 2.  Normalisation on each value of the criterias
	
	Distance
	Road conditions
	Petrol cost
	Traffic at 7 am
	Traffic at 4 pm

	Distance
	0,092308
	0,083565
	0,153846
	0,285714
	0,0625

	Road conditions
	0,646154
	0,584958
	0,461538
	0,47619
	0,625

	Petrol cost
	0,046154
	0,097493
	0,076923
	0,047619
	0,0625

	Traffic at 7 am
	0,030769
	0,116992
	0,153846
	0,095238
	0,125

	Traffic at 4 pm
	0,184615
	0,116992
	0,153846
	0,095238
	0,125


Then, perform an eigenvector calculation on each criteria to determine the priority  by adding all the criteria values across the rows of the table and calculate the average. The result is shown on Table 3 below.
Table 3.  Eigenvector calculation of the criterias
	
	Distance
	Road conditions
	Petrol cost
	Traffic at 7 am
	Traffic at 4 pm

	Priorities
	0,135587
	0,558768
	0,066138
	0,104369
	0,135138

	Rank
	2
	1
	5
	4
	5


Lastly, check whether the judgement scale is consistent using Consistency Ratio. We will use Saaty’s original consistency ratio (CR) calculation:
	(1)
Where:
λmax	: Principal eigenvalue
n	: Size of comparison matrix
RI	: Random consistency index
In order to find CR, firstly the principal eigenvalue is obtained from the summation of products between  each element of the eigenvector and the sum of column of pairwise decision matrices of the criterias.
	(2)
	(3)
Random consistency index is used to see whether the CR is about 10% or less. The average random consistency index of sample size 500 is shown in Table 4. below.
Table 4.  Pairwise decision matrices of the criteria
	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	RI
	0
	0
	0,58
	0,9
	1,12
	1,24
	1,32
	1,41
	1,45
	1,49


Now the consistency ratio (CR) is able to be calculated. If the value of Consistency Ratio is smaller or equal to 10%, the inconsistency is acceptable. If the Consistency Ratio is greater than 10%, then need to revise the subjective judgement [13].
	(1)
	(4)
	(5)
4.4. [bookmark: _6fqpfad940p2]Comparison of the alternatives based on pairwise comparison
The alternatives will be 4 main routes namely Sokaraja route, Andhang-pangrenan route, Dukuhwaluh route, and Padamara route as shown in Fig 1. The comparison will be the same as criteria comparison, each alternative will be compared to another. However, there will be multiple comparisons because each of them will refer to each criterion. A comparison of alternatives based on Distance, a comparison of alternatives based on Road condition, and so on. The tables 5 to 8 show the pairwise decision matrices of each set of alternatives.
Table 5.  Pairwise decision matrices of alternatives based on distance
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	1
	2
	0,333333
	4

	Andhang-pangrenan route
	0,5
	1
	0,25
	5

	Dukuhwaluh route
	3
	4
	1
	6

	Padamara route
	0,25
	0,2
	0,166667
	1

	Total value
	4,75
	7,2
	1,75
	16


Table 6.  Pairwise decision matrices of alternatives based on road conditions
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	1
	1
	0,333333
	2

	Andhang-pangrenan route
	1
	1
	0,333333
	2

	Dukuhwaluh route
	3
	3
	1
	4

	Padamara route
	0,5
	0,5
	0,25
	1

	Total value
	5,5
	5,5
	1,916666
	9


Table 7.  Pairwise decision matrices of alternatives based on petrol cost
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	1
	3
	0,5
	3

	Andhang-pangrenan route
	0,333333
	1
	0,25
	2

	Dukuhwaluh route
	2
	4
	1
	5

	Padamara route
	0,333333
	0,5
	0,2
	1

	Total value
	3,666666
	8,5
	1,95
	11


Table 8.  Pairwise decision matrices of alternatives based on traffic at 7 am
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	1
	2
	0,333333
	4

	Andhang-pangrenan route
	0,5
	1
	0,25
	4

	Dukuhwaluh route
	3
	4
	1
	5

	Padamara route
	0,25
	0,25
	0,2
	1

	Total value
	4,75
	7,2
	1,783333
	15


Table 9.  Pairwise decision matrices of alternatives based on traffic at 4 pm
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	1
	3
	0,333333
	5

	Andhang-pangrenan route
	0,333333
	1
	0,25
	4

	Dukuhwaluh route
	3
	4
	1
	9

	Padamara route
	0,2
	0,25
	0,111111
	1

	Total value
	5,533333
	8,25
	1,611111
	19


4.5. [bookmark: _tm2h4udi2y12]Calculation of the relative value or priority of each alternatives set
The method to calculate priority is the same as before. First normalisation of the numbers by dividing each value by the total of the column. Then, perform an eigenvector calculation on each alternative to determine the priority  by adding all the alternative values across the rows of the table and calculate the average. Last is to find the eigenvalue to calculate the consistency ratio (CR). The results will be shown in the consolidated table for each of the alternatives set below.
Table 10.  Calculation of alternatives to determine priority based on distance criterion
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	0,210526
	0,277778
	0,190476
	0,25

	Andhang-pangrenan route
	0,105263
	0,138889
	0,142857
	0,3125

	Dukuhwaluh route
	0,631579
	0,555556
	0,571429
	0,375

	Padamara route
	0,052632
	0,027778
	0,095238
	0,0625

	Eigenvector or Priority
	0,232195
	0,174877
	0,533391
	0,059537

	Rank
	2
	3
	1
	4

	Eigenvalue
	4,248067317

	Consistency Ratio
	0,091876784 = 9,18%



Table 11.  Calculation of alternatives to determine priority based on road conditions criterion
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	0,181818
	0,181818
	0,173913
	0,222222

	Andhang-pangrenan route
	0,181818
	0,181818
	0,173913
	0,222222

	Dukuhwaluh route
	0,545455
	0,545455
	0,521739
	0,444444

	Padamara route
	0,090909
	0,090909
	0,130435
	0,111111

	Eigenvector or Priority
	0,189943
	0,189943
	0,514273
	0,105841

	Rank
	2
	3
	1
	4

	Eigenvalue
	4,027630921

	Consistency Ratio
	0,010233674 = 1,02%


Table 12.  Calculation of alternatives to determine priority based on petrol cost criterion
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	0,272727
	0,352941
	0,25641
	0,272727

	Andhang-pangrenan route
	0,090909
	0,117647
	0,128205
	0,181818

	Dukuhwaluh route
	0,545455
	0,470588
	0,512821
	0,454545

	Padamara route
	0,090909
	0,058824
	0,102564
	0,090909

	Eigenvector or Priority
	0,288702
	0,129645
	0,495852
	0,085801

	Rank
	2
	3
	1
	4

	Eigenvalue
	4,07128079

	Consistency Ratio
	0,026400293 = 2,64%


Table 13.  Calculation of alternatives to determine priority based on traffic at 7 am criterion
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	0,210526
	0,275862
	0,186916
	0,285714

	Andhang-pangrenan route
	0,105263
	0,137931
	0,140187
	0,285714

	Dukuhwaluh route
	0,631579
	0,551724
	0,560748
	0,357143

	Padamara route
	0,052632
	0,034483
	0,11215
	0,071429

	Eigenvector or Priority
	0,239755
	0,167274
	0,525298
	0,067673

	Rank
	2
	3
	1
	4

	Eigenvalue
	4,235775447

	Consistency Ratio
	0,08732424 = 8,73%


Table 14.  Calculation of alternatives to determine priority based on traffic at 4 pm criterion
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Sokaraja route
	0,220588
	0,363636
	0,196721
	0,263158

	Andhang-pangrenan route
	0,073529
	0,121212
	0,147541
	0,210526

	Dukuhwaluh route
	0,661765
	0,484848
	0,590164
	0,473684

	Padamara route
	0,044118
	0,030303
	0,065574
	0,052632

	Eigenvector or Priority
	0,261026
	0,138202
	0,552615
	0,048156

	Rank
	2
	3
	1
	4

	Eigenvalue
	4,174834805

	Consistency Ratio
	0,064753631 = 6,47%


4.6. [bookmark: _7a0zucy0wi33]The final result with consolidated priorities
Now the priorities of decision criteria as well as the alternatives have been determined. To make the visualisation easier and clearer to view the final result of AHP method, then all of the priorities should be gathered in one place. Table 15 below the result of this study. Among 4 routes available, the Dukuhwaluh route rank first with 52,42% of priority, second is the Sokaraja route with 24,23% priority, third is Andhang-pangrenan route with 15,99% priority, and ranked last is the Padamara route with 7,34%.
Table 15.  AHP result with consolidated priorities
	Travel route from the administration office of the University of Jenderal Soedirman to the Engineering faculty of University of Jenderal Soedirman

	Decision
	Priority
	Alternatives

	
	
	Sokaraja route
	Andhang-pangrenan route
	Dukuhwaluh route
	Padamara route

	Distance
	13,55%
	23,21%
	17,48%
	53,33%
	5,95%

	Road conditions
	55,87%
	18,99%
	18,99%
	51,42%
	10,58%

	Petrol cost
	6,61%
	28,87%
	12,96%
	49,58%
	8,58%

	Traffic at 7 am
	10,43%
	23,97%
	16,72%
	52,52%
	6,76%

	Traffic at 4 pm
	13,51%
	26,10%
	13,82%
	55,26%
	4,81%

	Average
	24,23%
	15,99%
	52,42%
	7,34%


5. Conclusion
Analytical Hierarchy Process (AHP) has been used to determine the priorities of which alternatives that a student should take if they wanted to go from the administration office of the University of Jenderal Soedirman to the Engineering faculty of University of Jenderal Soedirman, based on relative criteria. The Dukuhwaluh route shows the highest priority of 52,42% among other alternatives. Those results were obtained with pairwise comparison and calculation of eigenvector and eigenvalue. Although AHP could show a promising result, however it is not an effective way to make decisions about travel routes as it lacks map and navigation services. On another note, AHP could be a great way to determine priority for things such as tourist spots or vacation destinations, because those kinds of objectives much more likely involve human matters.
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