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Abstract: Embedded systems are present in a lot of solutions making our lifestyle safe, easier
and comfortable. Pairwise comparison theory was a milestone in decision making science
because the modern society has a lot of situations where decision making is mandatory by
boards of Governors, committees, city councils, panels of experts, etc. A Python implementation
of pairwise comparison was presented having Airbnb as a case study base representing a
search portal for decision support situation.
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INTRODUCTION

The contemporary city is characterized by the informational phenomenon, with the
propagation in its environment of electronic devices, digital networks of communication
and information, as well as the internet. Terms such as Digital City, Virtual City, Telecity,
Smart City, among others are used to refer to this new city that appears in the
informational wave and the network society [14], [1].

Embedded systems are present in a lot of solutions making our lifestyle safe, easier
and comfortable. The embedded system is a computer system designed to control a lot of
different devices like cellular, washing machine, microwave, television, lift, rocket, life
support machine, and much more [13].

A decision-making methodology was introduced by Thurstone in 1927, his
methodology was based on the pairwise comparison (PC). It was a milestone in decision
making science because the modern society has a lot of situations where decision making
is mandatory by boards of Governors, committees, city councils, panels of experts, etc [6].

In the minor or major level embedded systems are used to decision making having
been used since to control room temperature as well to control airplane flying. In all of
these cases are used a combination of hardware and software [7].

Python is a modern program language used to a large number of purposes, also is
multi-platform and can be embedded in small or minimal hardware devices, depending on
how limiting the devices actually are [8]. Therefore, the main purpose of this work was to
present a PC algorithm developed in Python that could be used as an embedded code in
any solution as a PC module.

BACKGROUND

The PC is described by [4] "as a powerful inference tool and knowledge acquisition
technique in knowledge-based systems". The Analytical Hierarchical Process (AHP) can
be employed integrated with PC to classify and organize decision options by importance or
preference order [12], [3]. Preferences of n stimuli are established to be estimated its
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priorities. The values of stimuli called relative weights are distributed into a reciprocal
square matrix A = [aij]
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where ajj > 0 expresses the relative importance of two stimuli i and j. Also, each ajj has
the reciprocal value ajj = 1/ ajj. A PC matrix A is called consistent if ajj - ajk = aik for every |,
j, k=1, ...,n. While every consistent matrix is reciprocal, the converse is false in general.
There has been an ongoing discussion regarding the better method for finding solutions to
a pairwise comparison matrix, but because simplicity and mathematical elegance will be
used Geometric Means (GM), and the Eigenvector (EV) methods [2], [11].

The GM is given by
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v; = :[Iaﬂ
J=1
and the EV is given by
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Considering an example with three stimuli where a expresses stimulus 1, b
expresses stimulus 2, and ¢ the stimulus 3 still considering that a expresses preference
over b, and b expresses preference over c this example would be represented by
reciprocal matrix like that:

1 a b
A=|1/a 1 ¢
1/b 1/c 1

After defined the reciprocal matrix is needed to verify matrix consistency. [5] proposed
a way to do the verification using what was called a new consistency measure (CM).

PROPOSED METHOD

For this work were used bibliographic research, and case study methodology. In the
bibliographic research were studied papers referent AHP theory and its practical
application to make decision support, also were studied others topics related to this work
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theme. In addition to bibliographic research was used a case study for help to
comprehension regarding AHP practical application [15].

Depending on the purpose are defined attributes and its weights to use into AHP
calculation to find the percentage of the attributes to decision support. For the purpose of
this work were used the attributes and its respective weights shown in Table 1. These
attributes were extracted from Airbnb property information result [16].

Table 1 — Attributes and its weights of decision
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Table 1 show that were used price, cleanliness, and location how attributes which
were enough for this work.

Defined attributes and its weights of the decision, the next step was to process the
calculation based on AHP methodology. For it was developed a computer program in
Python language where was inputted all data to processing and calculation (Algorithm 1)
[9], [10].

Algorithm 1 - Python program develped for this work

from scipy import stats as st

2 import numpy as np

3

4: # Array columns: sequence, Price, Cleanliness, Location, index value
5: options = np.array ([ [1, 42, o, 0, 0.071,
6: [2, 50, 4, 5, 0.071,
7: [3, 50, 5, 5, 0.07],
8: (4, 41, 4, 3, 0.071,
9: [5, 48, 5, 4, 0.071,
10: [6, 48, 0, 0, 0.071,
11: [7, 41, 5, 5, 0.07],
12: [8, 45, 0, 0, 0.07],
13: [9, 48, 3, 4, 0.01,
14: (10, 41, 0, 0, 0.01,
15: [11, 50, 4, 4, 0.07],
16: [12, 48, 4, 5, 0.0],
17: [13, 47, 4, 4, 0.0],
18: [14, 48, 0, 0, 0.071,
19: [15, 35, 0, 0, 0.071,
20: [l6, 50, 0, 0, 0.07],
21: [17, 45, o, 0, 0.07],
22: [18, 45, 0, 0, 0.071,
23: [19, 48, 0, 0, 0.011)
24:

25: a = np.array([[1 , 7, 5 1,

26 [0.143, 1, 0.33371,
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27: [0.200, 3, 1 11)

28

29: a_sum = np.sum(a,axis=0)

30

31: gmean = np.array( [st.gmean(a[0]),

32: st.gmean(all]l),

33: st.gmean(a[2])])

34

35: priority = np.array( [ gmean[0]/np.sum(gmean),

36: gmean([1]/np.sum(gmean),

37: gmean[2]/np.sum(gmean)] )

38

39: lambdamax = np.sum( np.multiply( a sum,priority ) )

40:

41: CR = ((lambdamax-3)/2)/0.58

42:

43: options[:,4] = (options[:,1] * priority[0]) + ((5-options[:,2]) * priority[1l]) + ( (5-
options[:,3]) * priorityl[2])

44:

45: index value = np.argsort (options[:,4])

46:

47: print a

48: print a_sum

49: print gmean

50: print priority

51: print lambdamax)

52: print CR

53: print options[index value]

54:

In the Algorithm 1 was presented the algorithm responsible for processing, calculating
and showing results of information inputted. In line 1 and 2 was included Scipy and
Numpy libraries to be used in the program. In the lines from 5 to 27 was defined the
dataset, attributes, and parameters used by the program. The calculation was done in the
commands found between the lines from 28 to 45. The results are performed and
classified regarding weights of each option and are printed on the screen by commands
from the line 47 to 53.

RESULTS AND DISCUSSION

The Airbnb was founded in 2008 in San Francisco, California by Brian Chesky and Joe
Gebbia. Currently, Airbnb is present in more than 34.000 cities in 191 countries with more
than 60.000 guests, and connecting people around the world offering service to help to
find an accommodation [16].

Entering the desired destination, dates, and additional filters a guest can seek a room
or property to rent. After submit desired principal data of filter is returned a result list with
all found rooms presenting other property features and characteristics like price, general
location, pictures, rate, and availability. The guest chooses the room and book using
Airbnb's request and payment systems [17].

For the purpose of this case study were used the following filters: Entire home/apt; 1
Guest; Price Range = $35CAD to $50CAD; Neighborhoods = Downtown Toronto;
Amenities = Wireless Internet; and Property Type = Apartment. The searching was made
by June of 2016. After submitting filters to Airbnb were returned data shown in Table 2.

Table 2 — Airbnb search results
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Option Price Cleanliness | Location
1 42,00 0 0
2 50,00 4 5
3 50,00 5 5
4 41,00 4 3
5 48,00 5 4
6 48,00 0 0
7 41,00 5 5
8 45,00 0 0
9 48,00 3 4
10 41,00 0 0
11 50,00 4 4
12 48,00 4 5
13 47,00 4 4
14 48,00 0 0
15 35,00 0 0
16 50,00 0 0
17 45,00 0 0
18 45,00 0 0
19 48,00 0 0

Criteria of a decision were processed by own program developed in Python (Figure 1)
to calculate rates of priorities based on AHP methodology.

Figure 2 shows partial results of processing. In the Figure is shown Priority column
with a rate of criterion based on the matrix of weights, supported by sum and geometric
mean calculation, as well is shown lambda maximum calculation and consistency ratio to
check the consistency of criteria.

Figure 2 — (a) AHP results demonstration, and (b) percentage of attributes Priorities
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Results of the Python program (Figure 2) were compared with Concluder program
results (Figure 3) to check consistency and results.

Figure 3 — Concluder AHP results, (a) percentage and (b) chart representation
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After that rates of priorities were applied over data results (Table 2) from Airbnb to find
out the better option to decision support. The results are shown in Table 3.

Table 3 — Options sorted by index value
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Option Price Cleanliness | Location Index value
15 35,00 0 0 26,15
7 41,00 5 5 29,96
4 41,00 4 3 30,41
10 41,00 0 0 31,30
1 42,00 0 0 32,34
8 45,00 0 0 34,23
18 45,00 0 0 34,23
17 45,00 0 0 34,23
13 47,00 4 4 34,61
12 48,00 4 5 35,15
5 48,00 5 4 35,26
9 48,00 3 4 35,42
6 48,00 0 0 36,42
14 48,00 0 0 36,42
19 48,00 0 0 36,42
3 50,00 5 5 36,53
2 50,00 4 5 36,561
11 50,00 4 4 36,80
16 50,00 0 0 37,88

In Table 3 the data results are presented in the index value order (5th column) that
is an information based on the weights of price, cleanliness, and location previously
defined.

CONCLUSION

A Python implementation of pairwise comparison was presented having Airbnb as a
case study base representing a search portal for decision support situation.

This work was limited by the dataset, group of filters, and the attributes used.
However, those were enough to demonstrate how PC and AHP concepts can be applied
with success in real and simple situations.

It is a contribution for PC, AHP, and computer science application studies by showing
how to apply theoretical concepts to the practical solving problem.
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