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Abstract—Dynamic price in the hospitality industry is a
term to indicate the selling prices of hotel rooms that can be
changed at certain times dynamically. Based on the author’s
observation at Mercure Bali Nusa Dua Hotel, the process of
deciding the dynamic price level in the hotel is greatly
influenced by individuals hence highly subjective, therefore
prone to inconsistent pricing mechanism and decision which
in turn affects the revenue of the hotel. In this paper, the
authors propose expert systems combined with classical
probabilities to solve the problem. Fuzzy logic and forward
chaining are used to form inference rules that produce a
knowledge base of the system. Next, the classical probability
is used to calculate the confidence level of the conclusion.
The algorithms are tested with the price level of the hotel in
2018. The result shows an initial accuracy of 73.66% with
average deviations of 0.36. By classifying the deviations with
the rule-based classifier method, the accuracy increases to
90.77%. It is shown that the difference between the actual
data is small. The proposed technique potentially increases
the hotel’s revenue. The usability score of the proposed
system is 91.88, indicating the usability of the proposed
system is grade A and excellent rating.

Index Terms—Classical probability, dynamic price, expert
system, forward chaining, fuzzy logic

. INTRODUCTION

Bali is a popular destination both for holiday and
business purposes. In 2017, Bali was nominated as the
world’s best tourist destination by TripAdvisor, the
world’s largest travel sites [1] and had received numerous
awards to recognize the excellence of the island offered
for its visitors. In February 2019 alone, the total visitors
reached 400,000 people [2]. Besides, Bali is also a
popular venue for hosting international level meetings.
For example, UNFCC, UN, IMF, ASEAN, to name a few,
have conducted meetings in Bali. To accommodate this
development, Bali has become a place with the rapid
development of tourism facilities. For example, Bali has
about 4,874 hotels [3], [4]. Such a high number of hotel
rooms lead to tight competition among hoteliers. One
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strategy adopted by the hotel management to achieve
sales is a dynamic pricing strategy. This strategy is
effective to maintain its price to remain competitive [5],
[6].

In the hospitality industry, dynamic price is a term to
indicate the selling prices of hotel rooms that can be
fluctuated at certain times dynamically. Dynamic prices
are determined by taking into account hotel occupancy
rates and customer demands, both current and future [7]
to maximize the hotel revenue. The dynamic price of a
hotel is represented in levels that widely known in the
industry as rate level or price point. Based on our
observations at Mercure Bali Nusa Dua Hotel, the process
of deciding dynamic price level of the hotel was greatly
influenced by individuals hence highly subjective and
therefore prone to inconsistent pricing mechanism and
decision which in turn affects the revenue of the hotel [8].

An expert system is a computer-based system intended
to emulate expert knowledge in terms of decision-making
abilities [9]-[14]. Expert system characteristics are
making conclusions based on available information [9],
[10], [14]-[20], generating consistent conclusions [13],
and it serves as smart mentors who offer proper reasoning
process [12], [13]. For instance, an expert system in [9]
was implemented to identify diseases of chili plants. It
provides farmers with information and instructions on
how to recognize and handle chili plant diseases based on
expert knowledge. The expert system in [10] was used to
identify bean plant diseases. The system assists farmers to
diagnose the disease, which attacks their plants and
provides information to handle it. Also, the expert system
was used to diagnose the damage of city car common in
Indonesia [15]. The system provides information and
instructions to assist the reparation of the damaged
vehicles. These papers show that the expert system has
been widely used in decision-making problems. It
provides information and assistance to solve problems
based on the knowledge of an expert. Moreover, since it
is a computer-based, the conclusions generated by the
systems are consistent.

One of the key aspects of the expert system is the
inference engine, which contains the reasoning
mechanism and the thinking pattern of an expert to
analyze problems and to obtain the best possible
conclusion. Forward chaining is one of inference method
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of the expert system [9], [10], [15], [17]-[20]. The
method is effectively a search method or forward tracking
technique, which starts with existing information and
rules to produce a conclusion or goal [9]-[11], [15].
Forward chaining is a data-driven method; hence, suits
the requirement of an expert system which relies on
conditions or facts.

The conditions or facts faced by an expert system may
be hard to define. For instance, age and temperature could
not be determined with yes or no answer. Therefore, this
type of facts needs a different approach when
implemented with an expert system. Fuzzy logic is an
approach to represent values or data that cannot be
represented precisely in firm value (crisp) or into a
Boolean value (true or false) [16], [21], seemingly can be
used to manage those kinds of facts. By using fuzzy logic,
conditions, or facts can be grouped into a fuzzy set that
contains a specific range of value. For example, the age
of people could be divided into a fuzzy set of young and
old.

The certainty of the conclusion generated by the expert
system is measured using a term called the confidence
level. The parameter is based on a probability method
with a classical approach, known as classical probability.
This technique has been implemented in [9] and [20]. The
method has been used along with the forward chaining
method to calculate the certainty of conclusions obtained
from the forward chaining inference [22], [23].

When developing an expert system, it is useful for both
user and software developer to get some ideas on whether
the expert system being developed can be considered
good or bad. One approach to this assessment is to
perform a system usability test. A usability test is used to
gather user opinion regarding the usability offered by the
system. One standard method for this purpose is the
system usability scale (SUS). System’s usability score is
calculated based on the questionnaire presented to the
prospective users [24]-[26]. At the end of the test, the
score is compared with the SUS assessment chart to find
out the acceptability range, grade scale, and adjective
rating of the proposed system.

This study proposes an expert system using forward
chaining and fuzzy logic to assist the determination of the
dynamic price level of hotel and concept of classical
probability to assess confidence level of the conclusion
generated by the proposed system. The objective of this
paper is to develop an expert system as a decision support
system to assist the management of the hotel in setting up
a dynamic price level consistently and facts-based in
improving the hotel’s revenue.

Il. RESEARCH METHODS

This section explains the systematic plan of the
research and flowchart of the proposed system.

A. Research Schematic Plan

The research reported here is conducted in several
stages, as described in Fig. 1.

©2020 Int. J. Elec. & Elecn. Eng. & Telcomm.

Review Literature and
Observation of Existing Process

)

Implementation

Data Enowledge
Preparation Base Creation

v

Testing

System
Implementation

Accuracy
Testing

Usability
Testing

!

Discussion

Fig. 1. Schematic of methodology

The first stage is to review the existing process of the
dynamic price level of the hotel, including documents
reviews. The reviews find that the determining factors of
dynamic price level at Mercure Bali Nusa Dua Hotel are
occupancy rate, pickup public, weekend, event period,
public holiday, competitor occupancy, and competitor
price. Occupancy rate represents the percentage of rooms
that already occupied. Pickup public represents walk-in
guest reservations or direct booking on the hotel's official
sites. Weekend means the weekend determined by the
hotel. Event period represents whether a special event or
events take place in the hotel or Nusa Dua area. Public
holiday stands for a public holiday period determined by
the hotel’s management. Competitor occupancy means a
comparison of hotel occupancy rate with competitors.
Competitor price represents a comparison of the hotel's
room rate with competitors.

The implementation stage consists of three main
processes; the first is data preparation. Here, the datasets
and codes representing parameters and conclusions are
compared, and the fuzzy logic technique is applied to
produce fuzzy sets for parameter’s conditions and
conclusions. The second is the knowledge base creation;
here, the inference rules are created. Since forward
chaining is used, the rules are made based on parameters
and its fuzzy sets conditions to achieve a conclusion.
Further, the classical probability is used to calculate the
confidence level of the conclusions using the following
equation [9].

"Yes" Answer

E Total Questions

The confidence level is a term used to indicate the
certainty of the system’s conclusion. Finally, the third is
the system implementation; here, a graphical user
interface is developed to enable the user of the system to
interact with the proposed system.

The next stage is testing the proposed expert system.
The test consists of two parts, accuracy test and usability
test. The accuracy of the system is measured by
comparing the results with datasets. In this test, there are
two parameters: the percentage of accuracy and the mean
absolute deviation (MAD) value. The percentage of

Confidence Level = x100% (1)
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accuracy indicates how many percent of the system’s
results are matched with actual data in datasets. The
MAD value shows the deviations that occur between the
system's results and real data in datasets.

System usability is measured by using the SUS method.

A set of questionnaires is designed to collect the feedback
of prospective users. The answer is processed by using
simple statistics parameters. The result is compared with
the SUS assessment chart, as shown in Fig. 2.

In the final stage, we discuss the test results of the
proposed system. The system’s result and the actual hotel
price level will be compared to find whether the proposed
systems affect the hotel’s revenue. The usability test is
compared with the SUS assessment chart to find out the
acceptability range, grade scale, and adjective rating of
the proposed system [24]-[26].

Aeceptability Mot Accaptabla Marginal  Accaptable
Fangs: @
Grade Scals | | I | - ]
Adjactive
Fatinzs Worst Bex

Imagisable Posr Ok Good  Excelles: Imagicatis
|||||||||||||||||||||

¢ 1w 20 30 40 30 60 TO 80 S0 100

Fig. 2. SUS method assessment chart

B. System Flowchart

The flowchart of the proposed expert system is
described in Fig. 3.

‘ Fuzzy sets check

-

y —

‘ Inference Enowledge
Baze
v N

Get conclusion?

Confidence
staterment

Confidence level
assessment

Price level
recommendation

¥

Fig. 3. System’s flowchart

The algorithm starts with the preparation of data for
each of the parameters and then follows by fuzzy sets
check. Next is the inference process; each known
condition of the parameter is checked on the knowledge
base to find conclusion based on the conditions. When a
conclusion is obtained, the system displays some must-
answered questions to measure the confidence of each of
the known conditions. Then based on the answers, the
system will display price level recommendation. It
contains the conclusion obtained through the inference
process along with the confidence level of the conclusion.
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Fig. 4. System’s plan

Fig. 4 shows three methods that we propose to
implement the expert system. First, the fuzzy sets are
produced by applying the concept of fuzzy logic to the
data of each parameter. Next, the forward chaining
method is used to obtain a conclusion based on the
parameter’s fuzzy set and inference rules. Finally, the
classical probability method is used to calculate the
confidence level of the conclusion.

Il. IMPLEMENTATION

This section explains the implementation of the
proposed expert system, which consists of data
preparation, knowledge base creation, and system
implementation.

A. Data Preparation

Datasets used for this implementation is obtained from
Mercure Bali Nusa Dua Hotel. The data is sourced from
the hotel’s reservation reports of 2018, which consists of
322 datasets. The parameters are listed in Table I.

TABLE |. PARAMETERS

Ho. Paramater
1 Occupancy
2 Pick up public
3 Weekend
4 Ewventperiod

Ln

PBublic holiday (PH)

Compatitor occupancy

=

Competitor prics
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TABLE Il. FuzzY SETS OF PARAMETERS

TABLE IV. THE SCALE OF CONCLUSION FUzzY SETS

Farsmeter Coda Fuzzy Set Scals Fuzzv Sat Condition Scals
High = 86 Occ=95% Price Laval 1
Occupaney  prm01  Aledium 63% > 0cc=86% I 0]% = Do =255 Prica Laval 2
Low < 637 = = - ; ;; :
Pick Up m02 Exist Therz is pick uppublic iﬁ:{mc{ 20% Pn_c_ L'L_'l =
Fublic PIES otEmist o pickup public I - = Pf_lc zLavel l
Wazkend 03 Yes Friday and Saturday ch = 97% = Price Level 2
zzken prml3 — Sunday — Thumday I 03% = Oec=27% PricaLaval 3
Event Biz Tnternational svent B6%<Dec=94% Prica Laval4
P - a prm4  Meadium Hational svenr 813 =Occ=B6% PricaLavald
= Small o event v 73%<Dcc <B0% Price Level 5
Public Paak Christras and naw vear 65% < 0Oec=T1% PricaLaval &
Holidaw prm05 High Chinasa Naw Year and Eid W N/A Prica Laval 7
FH) © Low Anothar FH Bl <Occ<B6% PricaLaval 5
. HotPH MotPH VI T3% = Occ < 80% Price Laval6
Comp. (6 ?Itf:ium :: Fiﬂipéztzf =1 1% 65% < Occ=T2% Price Laval 7
Occupancy  © i.o-w ;.C;:-::up p.>-. " VII MNiA Prica Leval 7
Hish = Cc-mp: VIIT Nia Prica Laval §
Comp. Price prm{7 Tow = Comp
- TABLE V. QUESTIONS FOR CONFIDENCE LEVEL ASSESSMENT
TABLE Ill. Fuzzy SETS OF CONCLUSIONS Questions Answer
Dezscription Fuzzy Set Scale Are vou sure the ocoupancy rate is high? TesNo
I PricaLavel1-3 Are you sure there is pick up the public? TesNo
IIIII xﬂ 2 E cid Ei 1 T Are you sure thers is a national event held? TesNo
v pﬂc_ L_L'_lg - g Are you sure the public holiday is i pezk season? TesNo
Conelusion kekddciuts . - R )
one v Price Laval 2 Are vou sure the actmal ocoupancy rate betwaen VesNo
VI PriceLevel 57 01%:-95%7 o
VII PricaLaval 7
VIII Prica Laval 8

The possible conditions of each parameter are grouped
by using fuzzy logic to produce fuzzy sets, as shown in
Table Il. The same process is applied to the conclusion
used, which is the price level used by the Mercure Bali
Nusa Dua Hotel. The fuzzy set of the conclusion is shown
in Table 111

B. Knowledge Base Creation

The reasoning process is implemented by using
forward chaining method in which the inference rules are
formed based on conditions of each parameter. There are
144 inference rules to accommodate all fuzzy set
conditions from the parameters shown in Table Il. One
example of the rule is as follows:

“If prm01=High and prm02=EXxist and prm04=Medium
and prm05=Peak Then I.”

This rule shows that if the occupancy rate is more than
86%, and there is pick up public, and there is a national
level event being held and coincides with public holidays
during a peak season, then the price level is the price
level of group I. The next step is to obtain an exact
conclusion from the price level group based on the
occupancy rate. For instance, in the rule above, if the
actual occupancy rate is between 91% and 95%, then the
system recommends the price level 2.

Table 1V shows the occupancy rate conditions which
are used to obtain an exact conclusion from a price level
group.

The confidence level of the conclusion is calculated
based on the answers given by users. The questions are
listed in Table V. For instance, in the rule above, the
system has recommended price level 2 while showing the
following questions:

©2020 Int. J. Elec. & Elecn. Eng. & Telcomm.

For example, let us assume from those five questions
presented to the user, the total number of "Yes" answer is
three, then using equation (1) the confidence level is
obtained as follows:

Confidence Level = 2100% =60%

Therefore, for conditions which meet the inference rule,
the occupancy rate, and the answers of questions in Table
V, the system recommends the price level 2 with 60%
confidence level.

C. System Implementation

The system graphical user interface (GUI) is created
by using the PHP programming language with Laravel
5.8 framework and MySQL database. The GUI is
designed to directly show the question and answer pages
as the home page.

Fig. 5 shows parts of the questions given to users. The
answer to each question will be the basis for the inference
process to find the most suitable rule to obtain the
conclusion.

Fig. 6 shows temporary conclusions generated based
on the user’s answer. Here, users are prompted with
Yes/No questions. Fig. 7 shows the conclusion and
confidence level.

Price Level Recommendation System

What is the condition of the hotel occupancy rate?

Fig. 5. GUI for question and answer page
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Price Level Recommendation System

Price point recommendation : HDO1

Are you sure of the answer that has been given?

What is the condition of the hotel occupancy rate? High

Yes
No

Apakah ada pick up public (tamu walk-in / reservasi langsung melalui situs resmi hotel)? Ada

No

Bagaimana skala event yang di Hotel / Kawasan Nusa Dua)? Besar

sedang berlangsung

apat hari libur bersama yang sedang berlangsung ? Musim Puncak

Fig. 6. GUI for temporary conclusion and question for confidence level
assessment page

Price Level Recommendation System
Price point recommendation : HDO1, confidence level 100.00 %

Information :

Please double-check your answer, but f the answer you give is the actual condition, the recommended price level is HDO1

Fig. 7. GUI for conclusion page

IV. TESTING

Tests were conducted to assess the accuracy and
usability of the proposed system. The accuracy test
consists of two stages; the system’s accuracy and
deviation tests. Details of the tests are described below.

A. Accuracy Test

Accuracy tests were conducted in two stages; the first
stage is the system’s accuracy test, and the second stage
is the deviation test. The deviation test uses the rule-
based classifier method. The classification rule is applied
if the system’s results are similar or deviating by one
level above or below the actual data. For example, if the
system’s result is price level 5 while in the datasets shows
actual price level 4, 5 or 6, then that result is still
considered matched. The results of the first stage and
second stage tests are shown in Table VI and Table VII.

TABLE VI. SYSTEM’S ACCURACY TEST

Month  Datasst Match  Not Match %o ACC MAD
Jan 26 18 ] 62.23 0.39
Fzb 20 16 4 20.00 0.25
Mar 26 15 1 0515 0.04
Apr 20 15 5 75.00 0.50
Mav 31 22 ] 70.97 0.39
Juns 28 22 [ 78.57 021
July 28 16 12 57.14 0.61
Aug 31 24 7 77.42 0.29
B 25 20 5 50.00 0328
Ot 29 19 10 65.52 0.59
Mow 27 17 10 62.96 041
Dac 31 22 9 70.97 0.32
Total 322 236 26 731.66 0.36
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TABLE VII. DEVIATION TEST

Month Datassts Mlatch Mot match T ACC
Jan 26 24 2 92.31
Fzb 20 19 1 93.00
Mar 26 26 ] 100.00
Apr 20 15 ) 75.00
Mlaw E)| 28 3 90.32
Jun 28 28 ] 100.00
Jul 28 23 ) 82.14
Aug 31 29 2 03.35
Sap 25 23 2 92.00
DOet 28 22 7 75.86
Mow 27 26 1 96.29
Dec 31 30 1 96.77
Total 322 293 25 90.77

Table VI and Table VII consist of many data. The
datasets column shows the monthly total amount price
level in the datasets. The match column shows the
monthly total number of system results which matched
with actual data. The not-match column shows the
monthly total number of system results which was not
matched with actual data. The % Acc column shows the
percentage of the system'’s accuracy.

Moreover, the MAD column shows the deviation
between the system's results and actual data. The system's
accuracy test shows that 236 datasets out of 322 datasets
are identified as a match and 86 datasets as not-match.
Therefore, the average accuracy rate of the proposed
system is 73.66% with a mean average deviation of 0.36.

Using classification rule shows that the accuracy rate
increases by 17.11% to become 90.77%. These results
indicate that 17.11% of the data which was initially
identified as not match has a small deviation. For
example, in January, the initial result showed there were
8 data identified as not match with the system. However,
after the classification rule was applied, the total number
of not match decreased to only 2 data. This shows there
are 6 data which has a small deviation within one level
range.

B. Usability Test

A usability test was conducted by using SUS, as
described by Brooke in [24]. The usability score of the
proposed system was calculated based on questions
presented to the respondents. The questions are shown in
Fig. 8. User’s answers are calculated by following the
SUS standard scoring procedures, and the result is
compared with the SUS usability chart shown in Fig. 2, to
determine the system's usability.

Strongly Disazrze Stronsly Asree

1 Ithink that [ would like to use this product fraquently -

1
2 1 found the product vnnecessarily complex 1

N

3 Ithousht the product was =asy to us=

1

1 think that I would need the support of a technical person
to ba abla to vse this product

integrated

6 1 thought thers was too much inconsistancy in this product

1imagin= that most people would learn to us= this product
very quickly

8 1 found the produet very awlward to sse

9 I felt very confident using the product

%

5 1 found the various fonctions in the product were well |
| 3

1|2

1 nz=d to l=arn a lot of things befors I could zat zoing with

RN

3

HE

Fig. 8. Assessment instrument of SUS method

this product
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Fig. 8 shows a questionnaire sheet presented to
respondents. The questionnaire contains ten questions
with five answers ranging from strongly disagree to
strongly agree [24]-[26]. The results of the questionnaire
were tabulated and then converted by using SUS
procedures. The standard SUS procedures are, to sum the
score of each respondent, to multiply each of them by 2.5,
and finally averaged out to obtain the final system’s
usability score. The usability score is then compared with
the SUS chart shown in Fig. 2. The usability test was
carried out on four respondents who were part of Mercure
Bali Nusa Dua Hotel reservation team. Respondent#1
was revenue managers, Respondent#2 reservation
managers, Respondent#3 senior reservation staff, and
Respondent#4 reservation staff. The results of the test are
shown in Table VIII to Table X.

The results shown in Table VIII were converted using
SUS procedure. For each odd-numbered question, the
answers of the respondent were subtracted by one. For

each even-numbered question, subtract the answer from 5.

For example, if on the 1% question respondent answer is 5,
since 1 is an odd number, then the conversion score is to
subtract 1 from 5, which gives 4. If on the 2™ question
respondent answer is 5, because 2 is an even number,
then the conversion score is to subtract 5 from 5, which
equals to 0. The full conversion results are shown in
Table IX. The next step is, to sum the converted score of
each respondent. Finally, each of the total scores is
multiplied by 2.5. The final results are shown in Table X.
Here, the usability score of the proposed system is found
at 91.88.

TABLE VIII. USABILITY TESTING RESULT

Statammant P'ESP_'Jlndem FeSPf_?dant Fesp_n?dent Fesp:dent
a3 4 E] 1 7
0= 1 1 7 7

TABLE IX. THE CONVERSION VALUE OF USABILITY TEST RESULT
Fespondat Easpondat Easpondat Faspondat

Statameant 4] 47 a3 a
™ 4 4 4 4
iy 4 4 4 4
3= 4 4 4 4
1= 4 4 4 4
3 3 3 3 3
6™ 4 3 3 3
L 4 4 4 4
& 4 4 4 4
9= 3 3 3 3
= 4 4 3 3
TABLE X. SYSTEM’S USABILITY SCORE
Statement Resp_ﬂiidsnt RESP_G_E[IiE‘ﬂI Resp_o;ldsm Resp:;dsm
Total Ef 37 36 36
Total x2.3 93 923 20 %0
Eesult 81.93
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C. Discussion

Based on the accuracy-test described in the previous
section, it is shown that the initial accuracy of the
proposed system is 73.66%. By applying classification
rule that if the system'’s results are similar or deviating by
one level above or below the actual data, then the
system's result is still considered matched. With this rule,
the accuracy of the system increases to 90.77%. This
indicates that the deviation of the system's result from the
actual data is small.

Discrepancies occurred between the system’s results
and the current manual process highlight the inconsistent
and subjective nature of human-made decision as
illustrated next. Table XI shows four sets of data in the
datasets. The datasets have inconsistencies between the
conditions of the parameters and the conclusions taken by
the management team.

TABLE XI. EXAMPLE OF INCONSISTENCY IN DATASETS

No. Date Prm0Ol Pm02 Pmo03 Prm04 Prm05 Prm06 Prm07 Price Level
1 18-Jan-18 Low  Exist No Small NotPH Low High HDO7
2 25-Jan-18 Low  Exist No Small NotPH Low High HDO8
3 12-Feb-18 Low NotExist No Small NotPH Low High HDO7
4 26-Feb-18 Low NotExist No Small NotPH Low High HD08

As seen in Table XI, there are two different parameter
conditions from those four data. However, there are four
different conclusions taken. Let us say, the first and the
third row are the right decisions for the given conditions;
consequently, the second and the fourth row indicate the
inconsistency of the decision. The proposed system is
developed to prevent such inconsistency. By using
predetermined inference rule, the system determines an
appropriate conclusion based on the parameter conditions
given consistently.

Furthermore, we compared the system’s result with
actual data to find whether the proposed system affects
the hotel’s revenue. The comparison showed that the total
sum of the price level of the proposed system was lower
than the total sum of the actual data. Because a lower
price level has a greater nominal value than the higher
price level, this indicates the proposed system could
potentially increase the hotel's revenue.

The results of the comparison are shown in Table XII.
The actual-data column shows the total monthly price
level of the actual data. The system column indicates the
total monthly price level of the proposed system. The
actual data (IDR) column gives the total monthly actual
hotel revenue data in Indonesian currency IDR. And, the
system (IDR) column shows the total monthly hotel
revenue generated by the system. Table XII indicates that
the proposed system generates a lower total amount of
price level than that of actual data. However, it generates
a higher revenue of IDR 2,196,000. This table shows that
the proposed system could potentially increase the hotel’s
revenue by 0.88%. Although the increase is not very high,
with the consistency provided by the system, it shows a
promising start. A system that can provide a consistent
decision leads to steady improvement. Furthermore, the
usability score is 91.88, which, according to SUS
assessment chart, is in an acceptable range with grade A
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and excellent rating. This system can be used as tools for
decision-makers to keep them on the right track in
deciding the dynamic price levels.

TABLE XIl. COMPARISON OF PRICE LEVEL RESULT

Monh Actualdst System  Actual dats (I0F) 5;‘1';;*”1
(IDE)
Ton 153 e 18,422,000 18,470,000
Fab 107 104 15.557.000 18.056,000
Mar 157 198 18,023,000 15,048,000
Apr 123 113 14.751.000 15,066,000
May 181 157 34,554,000 34,733,000
Ton 158 158 31,718,000 37,345,000
Tal 125 112 31,849,000 32,443,000
Aue 107 114 36,586,000 35,364,000
Sep 138 W] 19.762.000 15.353.000
Dt 133 110 23,711,000 26,567,000
Nov 138 TES TE.504.000 19.170.000
Dec 191 183 74,624,000 34,952,000
Total 1504 1743 750391,000 152,387,000

V. CONCLUSION

This paper has presented an expert system as a
decision support system which uses forward chaining,
fuzzy logic and classical probability to assist hotel
management in setting up a consistent mechanism to
decide dynamic price level of their room rates.

The proposed system showed an accuracy rate of
73.66% with a deviation of 0.36. When combined with
rule-based classifier, the accuracy increased to 90.77%,
which indicates the system's result deviation was small.
Comparison between price level generated by the expert
system and actual data showed the proposed technique
could potentially increase the hotel’s revenue by 0.88%.
Further, the usability test found that the proposed system
score was 91.88. The value indicates that the system'’s
usability was perceived as a good decision support
system.
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Expert| System and Classical Probability for

Setting up Hotel’s Dynamic Price Level: A Case
of Four-StaI| Hotel in Bali
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Abstract—Dynamic price in the hospitality industry is a
term to indicate the|selling prices of hotel rooms that can be
changed at certain times dynamically. Based on the author’s
observation at Mercure] Bali Nusa Dua Hotel, the process of
deciding the dynamic lprice level in the hotel is greatly
influenced by individuald hence highly subjective, therefore
prone to inconsistent priding mechanism and decision which
in turn affects the revenue of the hotel] In_this paper, the
authors propose expert systems combined with classical
probabilities to solve the problem. Fuzzy logic and forward
chaining are used to form inference rules that produce a
knowledge base of the system. Next, the classical probability
is used to calculate the confidence level of the conclusion.
The algorithms are tested with the price level of the hotel in
2018. The result shows an initial accuracy of 73.66% with
average deviations of 0.36. By classifying the deviations with
the rule-based classifier method, the accuracy increases to
90.77%. It is shown that the difference between the actual
data is small. The proposed technique potentially increases
the hotel’s revenue. The usability score of the proposed
system is 91.88, indicating the usability of the proposed
system is grade A and excellent rating,

Index Terms—Classical probability, dynamic price, expertl
system, forward chaining, fuzzy logic

[. INTRODUCTION

Bali is a popular destination both for h()lidelmnd
business purposes. In 2017, Bali was nominated as the
world’s best tourist destination by TripAdvisor, the
world’s largest travel sites [1] and had received numerous
awards to recognize the excellence of the island offered
for its visitors) In February 2019 alone, the total visitors
reached 400000 people [2]. Besides, Bali is also a
popular venue for hosting international level meetings.
For example, UNFCC, UN, IMF, ASEAN, to name a few,
have conducted meetings in Bali. To accommodate this
development, Bali has become a place with the rapid
development of tourism facilities. For example, Bali has
about 4,874 hotels [3], [4]. Such a high number of hotel
rooms lead| to tight competition among hoteliers. One

—£
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strategy adopted by lhcl hotel management to achieve
sales is a dynamic pri¢ing.strategy| This strategy is
effective to maintain its price to rematn competitive [5].
(5]

In the hospitality industry, dynamic price is a term to
indicate the| selling prices of hotel tan be
fluctuated| at certain-t ynamically. Dynamic prices
are deterr m into account hotel occupancy
rates and customer demands, both current and future [7]
to maximize the| hotel revenueE‘he dynamic price of a
hotel is represerted in levels thut widely known in the
industry as [ e level or price point. Based on our
observations at Mercure|Bali Nusa Dua Hotel, the process
of deciding Li}-'111|111iclp1 wet of the hotel was greatly
influenced by individfals| ehly subjective] and
therefore prone to inconsistent)pricing mechanism! and
decision which in turn affects the revenue of the hotel [8].

An expert system is a computer-based system intended
to emulate expert knowledge in terms of decision-making
abilities [9]-[14]. Expert system characteristics are
making conclusions based on available information [9],
[10], [14]-[20], generating consistent conclusions [13],
and it serves as smart mentors who offer properfreasoning
process [12], [13]. For instance, an expert system in [9]
was implemented to identify diseases of chili plants. It
provides farmers with information and instructions on
how to recognize and handle chili plant diseases based on
expert knowledge. The expert system in [10] was used to
identify bean plant diseases. The system assists farmers to
diagnose the disease, which attacks their plants and
provides information to handle it. Also, the expert system
was used to diagnose the damage of city car common in
Indonesia [15]. The system provides information and
instructions to assist the reparation of the damaged
vehicles. These papers show that the expert system has
been widely used in decision-making problems. It
provides information and assistance to solve problems
based on the knowledge of an expert. Moreover, since it
is a computer-based, the conclusions generated by the
systems are consistent.

One of the key aspects of the expert system is the
inference engine, which contains the reasoning
mechanism and the thinking pattern of an expert to
analyze problems and to obtain the best possible
conclusion. Forweu‘d| chaining is one of inference method
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the expert system [9], [10], [15], [17]-[20]. The
method is effectively a search method or forward tracking
technique, which starts with existing information and
s to produce a conclusion or goal [9]-[11], [15].
F(:rweu'dchhaining i1s_a_data-driven method; hence, suits
the reqirement of an expert system which relies on
conditions or facts.

The conditions or facts faced by an expert system may
be hard to define. For instance, age and temperature could
not be determined with yes or no answer. Therefore, this
type of facts needs a different approach when
implemented with an expert system. Fuzzy logic is an
approach to represent values or data that cannot be
represented precisely in firm value (crisp) or into a
Boolean value (true or false) [16], [21], seemingly can be
used to manage those kinds of facts. By using fuzzy logic,
conditions, or facts can be grouped into a fuzzy set that
contains a specific range of value. For example, the age
of people could be divided into a fuzzy set of young and
old.

The certainty of the conclusion generated by the expert
system is measured using a term called the confidence
level. The parameter is based on a probability method
with a classical approach, known as classical probability.
This technique has been implemented in [9] and [20]. The
method has been used along with the forward chaining
method to calculate the certainty of conclusions obtained
from the forward chaining inference [22], [23].

When developing an expert system, it is useful for both
user and software developer to get some ideas on whether
the expert system being developed can be considered
good or bad. One approach to this assessment is to
perform a system usability test. A usability test is used to
gather user opinion regarding the usability offered by the
system| One standard method for this purpose is the
system 'usability scale (SUS). System’s usability score is
calculated based on the questionnaire presented to the
prospective users [24]-[26]. At the end of the test, the
score is compared with the SUS assessment chart to find
out the acceptability range, grade scale, and adjective
l'il of the proposed system.

This study proposes an expert system using forward
chaining and fuzzy logic to assist the determination of the
dynamic price level of hotel and concept of classical
probability to assess confidence] level ()me conclusion
generated by the proposed systetm. The objective of this
paper is to develop an expert system as a decision support
system to assist the management of the hotel in setting up
a dynamic price level consistently and facts-based in
improving the hotel’s revenue.

II. RESEARCH METHODS

This section explains the systematic plan of thel
research and flowchart of the proposed system.

A. Research Schematic Plan

The research reported here is conducted in several
stages, as described in Fig. 1.
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Fig. 1. Schematic of methodology

The first stage is to review the exis
dynamic price level ()f the hotel, i
TEVIEws LThc rey at the dClCl]'l]ll]ll]“ factors of
dynami sl l_dt Mercure| Bali Nusa Dua Hotel are

occupandy rate,= pic 1.L|#ub11(, iekend] event period,
public h(lIld(l'\’._ compethfor occu Hiil competitor

ing process of the
uments

price. Dccupemq;l_relte represents the pelcemelge of rooms
that already occupied. Pickup public represents walk-in

guest reservations or direct booking on the hotel's official
sites. Weekend means the weekend determined by the
hotel. Eve nllpperi()d represents whether a special event or
events take 'place in the hotel or Nusa Dua area. Public
holiday stands for a public holiday period determined by
the hotel’s management. Competitor occupancy means a
comparison of hotel] occupancy rate with competitors.
Competitor price represents a comparison of the hotel's
room rate with competitors.

The implementation stage consists of three main
processes; the first is data preparation. Here, the datasets
and codes representing parameters and conclusions are
compared, and the fuzzy logic technique is applied to
produce fuzzy sets for parameter’s conditions and
conclusions. The second is the knowledge base creation;
here, the inference rules are created. Since forward
chaining is used. the rules are made based on parameters
and its f'uzznsel.:‘Lfi'()ndili(ms to achieve a conclusion.
Further, the classidal probability is used to calculate the
confidence level of the conclusions using the following
equation [9].

"Yes|" Answer
Confidence Level = : x100% (1)
ZT()tal Questions

The confidence level is a term used to indicate the
certainty of the system’s conclusion. Finally, the third is
the system implementation; here, a graphical user
interface is developed to enable the user of the system to
interact with the proposed system.

The next stage is testing the proposed expert system.
test consists of two parts, accuracy|test and usability
test. The accuracy of the system '8 measured by
comparing the results with deltelsctsiln this test, there are
two parameters: the percentage of atcuracy and the mean
absolute deviation (MAD) value. The percentage of
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accuracy indicates how many| percent of the system’s
results are matched with acthal data in datasets. The
MAD value shows the deviations that occur between the
system's results and real data in datasets.

System usability is measured by using the SUS method
A set of questionnaires is designed to collect the feedback
of prospective users. The answer is processed by using
simple statistics peu‘elmelcrsJThe result is compared with
the SUS assessment chart, a3 shown in Fig. 2.

In the final stage. we discuss the test results of the
proposed system. The system’s result and the actual hotel
price level will be compared to find whether the proposed
systems affect the hotel’s revenue. The usability test is
compared with the SUS assessment chart to find out the
acceptability range, grade scale, and adjective rating of
the proposed system [24]-[26].

" bility Not Acceptable Marginal A:u%b].a

Fanges
Grads Seale [ 11 =1 ]
Adjective
. Warst Baz
Ratings lmagsatle Poor Good  Exceleer leumieatls

Ll bt el e

0 10 20 30 40 50 60 TO 80 S0 100

Fig. 2. SUS method assessment char

B. System Flowchart

The flowchart of the proposed system is

described in Fig. 3
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a i statement
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Price Igvel
recorfmgndation
v

(E.nd

The algorifhm starts wit
cach of the /parhmeters.4fd then follows by fuzzy sets
check] Neit i inference process; each known
conditlon of theé“parameter is checked on the knowledge
base to find conclusion| based on the| conditions. When a
conclusion is obtained! the system displays some must-
answered questions to measure the confidence of each of
the known conditions. Then based on the answers, the
system will display priceL level recommendation. It
contains the conclusion obtained through the inference
process along with the confidence level of the conclusion.
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Fig. 4. System's plan

Fig. 4 shows three methods that we propose to
implement the expert system. First, the fuzzy sets are
produced by applying the concept of fuzzy logic to the
data of each peu‘elmeter.LNext, the forward chaining
method is used to obtain a conclusion based on n
parameter’s fuzzy set and inference rules. Finally, the
classical probability method is used to calculate the
confidence level of the conclusion.

1. IMPLEMENTATION

This section explains the implementation of the

proposed expert system, which consists of data]
preparation, knowledge base creation, and system
implementation.

A. Data Preparation

Datasets used for this implementation is obtained from
Mercuref Bali Nusa Dua Hotel. The data is sourced from
the hotel’s reservation reports of 2018, which consists of
322 datasets. The parameters are listed in Table 1.

TABLE I. PARAMETERS

=z
o

Paramstar

Occupancy

Pick up public
Weekend

Event pariod

Public holiday (PH)
Competitor occupancy

7 Competitor price

SE RN EETE R U

126
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TaBLE IL Fuzzy SETS OF PARAMETERS

TaBLE IV. THE SCALE OF CONCLUSION FUZZY SETS

Parameter Code Fuzy Set Scale
High =86 %
Occupancy prm0l “Nedium 65%>0cc=86%
Low <63%
“Pick Up prm02 Exist There is pick up public
Public NotExist No pickup public
. Yeas Friday and Saturday
Weekend — pm3 —g5 Sunday - Thusday
Event Big International evenr
Period prm04  Madium National evenr
Small No svent
Public Paak Christrnas and naw vaar
i . High Chinesa Naw Yaar and Fid
Oty P03 oy Anothe: PH
NotPH NotPH
High > Compatitor
g:?'mv prm06 “Medium 1% Comp > 2.1%
pancy Low < Comp.
. , _High > Comp.
Comp.Price prm0 Tow < Comp.

Fuzzy Sat Condition Scals
Occ > 93% PriceLevel 1

I 91%<0cc<95% Price Laval 2
86% <Occ=90% PriceLevel 3

I N/A PricaLavel 1
Occ>97% PriceLevel2

m 95%<0ec<97% PriceLavel 3
86% <Occ=94% Price Levald

81% <0cc=86% PriceLevel4

w 73%<0cc<80% PricaLaval 5
63%<Occ<72% PricaLavel 6

v N/A Pricalaval2
81%<Occ<86% PriceLevel 3

% | T3%<Occ<80% PricaLavel 6
65%<0ecc<T2% Price Level 7

VII N/A PricaLavel 7
VIII N/A PriceLevel §

TABLE V. QUESTIONS FOR CONFIDENCE LEVEL ASSESSMENT

TABLE IIL. FUZZY SETS OF Con‘cu:swy( Q Answer
Dascription Fuzy Set Scale Are you sure the occupancy rate is high? Yes No
! PrigdLevel 1 -3 Are you sure there is pick up the public? Yes/No
1?1 /g‘{: t:::i ; — Are you sure there is a national event held? YesNo
_ v PricsLevald 8 Are you sure the public holiday 15 in peak season? YesNo
Conclusion v Price Level Are you sure the actual occupancy rate between YesNo

VI Prica Laval 5-7 91%-95%? B

Wi Price Lavel 7
AT PriceLeval§ For example, let us assume from those five questions

The possible copditions of each parameter are grouped
by using fuzzy Jdgic to produce fuzzy sets, as shown in
Table IIJ TheASame process is applied to lconclusi()n
used, wHich'is the price level used by the Mercure Bali
Nusa Dua Hotel{The fuzzy set of the conclusion is shown
in Table III.

B. Knowledge Base Creation

The reasoning process is iniplemented by using
forward chaining method|in which the Yaference rules are
formed based on conditidns, of each paramster | There are
144 inference rules to accommodate all Muzzy set
conditions from the parameters shown in Table II. One
example of the rule is as follows:

“If prm01=High and prm02=Exist and prm0O4=Medium
and prm05=Peak Then I.”

This rule shows that if the occupancy rate is more than
86%, and there is\}%ilup publig}, and there is a national
level event being held™ind coincilles with public holidays
during a peak season, then the price level is the price
level of group| I. The next step is to obtain an exact
conclusion fr the price level group based on the
occupancy rate. For instance, in the rule above, if the
actual occupancy rate is between 91% and 95%. then the
system recommends the price level 2.

Table IV shows the occupancy rate conditions which
are used to obtain an exact conclusion from a price level
group.

The confidence level of the conclusion is calculated
based on the answers given by users| The questions are
listed in Table V. For instance, in the rule above, the
system has recommended price level 2 while showing the
following questions:

©@2020 Int. J. Elec. & Elecn. Eng. & Telcomm.

presented to the user, the total number of "Yes" answer is
three, then using equation| (1) the confidence level is
obtained as follows:

Confidence Level = ; 100% = 60%

Therefore, for conditions which meet the inference rule,
the occupancy rate, and the answers of questions in Table
V, the system recommends the price level 2 with 60%
confidence level.

C. System Implementation

The system graphical user interface (GUI) is created
by using the PHP programming language with Laravel
5.8 framework and MySQL| database| The GUI is
designed to directly show the question an er pages
as the home page.

Fig. 5 shows parts of the questions given to users. The
answer to each question will be the basis for the inference
process to find the most suitable rule to obtain the
conclusion.

Fig. 6 shows temporary conclusions generated based
on the user’s answer. Here, users are prompted with
Yes/No questions. Fig. 7 shows the conclusion and
confidence level.

Price Level Recommendation System

What is the condition of the hotel occupancy rate?

Fig. 5. GUI for question|and answer page
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Price Level Recommendation System

Price point recommendation : HDO1

Are you sure of the answer that has been given?

Wit & the condition of the hotl sceupancy rate? High

Karwasan Murss Dest]? Bsar

5 Memim Pemcak

Fig. 6. GUI for temporary conclusion and question for cnuﬁdem:al kevel
assessment page

Price Level Recommendation System

Price point recommendation : HDO1, confidence level 100.00 %

Information :

Pieane Goubie-chack youUr Inswer, Bt f e SYEWET Yo GV IS e BCtus Comtion, the recommended price kvl iz HDO1

Fig. 7. GUI for conclusion page

IV. TESTING

Tests m conducted to assess the accuracy and
usability of the proposed system. The accuracy test
consists of two stages; the system’s accuracy and
deviation tests. Details of the tests are described below.

A. Accuracy Test

Accuracy tests were conducted in two stages; the first
stage is the system’s accuracy test, and the second stage
is the deviation test. The deviation test uses the rule-
based classifier method. The classification rule is applied
if the system’s results are similar or deviating b}-‘ljom:
level above or below the actual data]For example, if the
system’s result is price level 5 while i the datasets shows
actual price level 4, 5 or 6, then that resultLis still
considered matched. The results of the first stage and

TaBLE VIL DEVIATION TEST

Month ___ Datasats __ Match ___ Not match % ACC
Jan 26 24 2 52.31
Fab 20 19 1 55.00
Mar 26 26 0 100.00

“Apr 20 5 B 7500
May 31 28 3 90.32
Tun 2 28 0 100.00
Tul 2 23 5 5214
Aug 3 29 2 9355

“Sep 25 23 2 92.00
Oct 29 2 7 75.86
Novw 27 2¢ 1 9629
Dac 31 30 1 96.77
Total 322 293 29 9077

Table VI and Table VII consist of many data. The
datasets| column shows the monthly total amount price
level in the datasets. The match column shows the
monthly total number of system results which matched
with actual data. The not-match column shows the
monthly total number of system results which was not
matched with actual data. The % Acc column shows the
percentage of the system's accuracy.

Moreover, the MAD column shows the deviation
between the system's results and actual data. The system's
accuracy test shows that 236 datasets out of 322 datasets
are identified as a match and 86 datasets as not-match.
Therefore, the average accuracy rate of the proposed
system is 73.66% with a mean average deviation of 0.36.

Using classification rule shows that the accuracy rate
increases by 17.11% to become 90.77%. These results
indicate that 17.11% of the data which was initially
identified as not match has a small deviation. For
example, in January, the initial result showed there were
8 data identified as not match with the system. However,
after the classification rule was applied, the total number
of not match decreased to only Zjdata. This shows there
are 6 data which has a small deviation within one level
range.

B. Usabiliry Test

A usability test was pducted by using SUS, as
described by Brooke in [24] usability score of the
proposed system was calculated based on questions
presented to the respondents. The questions are shown in
Fig. 8. User’s answers are calculated by following the
SUS standard scoring procedures, and the result is
compared with the SUS usability chart shown in Fig. 2, to

determine the system's usability |
|

T T think that T would like to use this product fregueatly

Strongly Agree

second stage tests are shown in Table VI and Table VTI. [ s]«]5]
TABLE VL. SYSTEM'S ACCURACY TEST 2 Tl the ponbect iy el [t ]=]s]<]5]
Month  Datasat Match  Not Match % ACC MAD 3 1 thought the product was sasy to use | 1 | 1 | 3 | 4 I P |
Jan 26 18 8 69.13 0.39 4 Tthink that T would swed the et of a tachnical persen
R M M — 5 e N i | EE
Apr 015 3 75.00 0.0 g mcieepsteeent [ [ 2 [ [0 ]
Tay 31 p 3] [] 70.9 0.39 6 ]Ihmldr.ttue=utmmﬂ|umm|hkﬂvi:kbisnmdln| N | R | R | N | B |
Juns 28 22 6 78.57 0.21 N .
Tl 3 5 ¥ 57.14 0.61 il sl N IEN IR KR BN
7 7742 2 . e v o e

R S S — s C 1]
Oct 29 19 10 65.52 0.39 S Tt very confident ming the product [+ ]:]:0<]:5]
Nov 27 17 10 62.96 041 . , S
e e [ DT
o 21 2 73, L
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Fig |8, Assessment instrument of SUS method
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Fig. 8 shows a questionnaire sheet presented to
m:x)ndems. The questionnaire contains ten gquestions
with five answers ranging from strongly disagree to
strongly agree [24]-[26]. The results of the questionnaire
were tabulated and then converted by using SUS
procedures | The standard SUS procedures are, to sum the
score of eadh respondent, to multiply each of them by 2.5,
and finally averaged out to obtain the final system’s
usability score. The usability score is then compared with
the SUS chart shown in Fig. 2. The usability test was
carried out ()anour respondents who were part of Mercure]
Bali Nusa Dua Hotel reservation team. Respondent#1
was revenue managers, Respondent#2 reservation
managers, Respondent#3 senior rem/elti(m staff, and
Respondent#4 reservation staff. The results of the test are
shown in Table VIII to Table X.

The results shown in Table VIII were converted using
SUS procedure. For each odd-numbered question, the
answers of the respondent were subtracted by one ] For

each even-numbered question, subtract the answer frém 5.

For example, if on the 1™ question respondent{ answer is 5,
since 1 1s an odd number, then the conversion score is to
subtract 1 from 5, which gives 4. If on the 2™ question
resp()ndentl answer is 5, because 2 is an even number,
then the cdnversion score is to subtract 5 from 5, which
equals to 0. The full conversion results are shown in
Table IX. The next step is, to sunffilk converted score of
each respondent. Finally, each of the total scores is
multiplied by 2.5l1'he final results are shown in Table X.
Here, the usability score of the proposed system is found

at 91.88.
TasLE VIII. USABILITY TESTING RESULT
Fespondent Fespondent Respondent FHRespondent
Statement 41 42 &3 24
5 5 5 5
P i 1 1 1 1
ki 3 3 3 3
4= 1 1 1 1
ki 4 4 4 4
[ 1 1 2 2
i b} 5 5 b]
B 1 1 1 1
o 4 4 4 4 Fi
= 1 1 2 S i

TABLE IX. THE CONVERSION VALUE OF USABILITY TEST RESULT,
Raspondaxt Reaspondaxt Respondax Raspon

Statement

=1 =1 =3 =4
I™ 4 4 4 4f
I" 4 4 4 #
i 4 4 4 i
b 4 4 4 f4
bl 3 3 3 JAE]
[ 4 3 3 /3
i 4 4 4 { 4
Ll 4 4 4 /4
o 3 3 3 { 3
107 4 4 3 / 3
TABLE X. SYSTEM'S USABILITY SCORE
5 ent Respplxldent Respolidem Respojndenr Resp:fdt
b & # #
Total 38 37 36 36
Total x2.5 935 92.5 %0 %0
Result 01.88
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C. Discussion

Based on the acspracy-test described in the previous
section, it is shown™that the initial accuracy of the
proposed system is 73.6880| By applying classification
rule that if the system's resultg are similar or deviating by
one level above or below the gttual data, then the
system's result is still consiglered platched. With this rule,
the accuracy of the syst incfeases to 90.77%. This
indicates that the deviatiof of th¢ system's result from the
actual data is small.

Discrepancies occured between the system’s results
and the current manua)f procgss highlight the inconsistent
and subjective nat of human-made decision as
illustrated next. Tabje XIAhows four sets of data in the
datasets. The datas¢ts hgve inconsistencies between the
conditions of the pgramgters and the conclusions taken by

TABLE X1 Ffxam LEE INCONSISTENCY IN DATASETS
-Z\'o. Date  Pmu0} Pmj02 E_PEEH Pim05 PT‘II!Uﬁ Prm07 Price Level
1 18-Jan-18 Loy Ekist No Small NotPH Low High HDOT
2 25-Jan-18 Lofv  Fxist  No Small NotPH Low High HDOS
3 12-Feb-18 Lpw MotExist No Small NotPH Low High HDO7
4 26-Feb-18 Not Exist No Small NotPH Low High HDOS

condition

conse the second and the fourth row indicate the
incongisfency of the decision. The proposed system is
develbped to prevent such inconsistency. By using

predefermined inference rule, the system determines an
apprgpriate conclusion based on the parameter conditions
giygn consistently.

urthermore, we compared the system’s result with
tual data to find whether the proposed system affects
he hotel’s revenue. The comparison showed that the total
sum of the price level of the proposed system was lower
than the total sum of the actual data. Because a lower
price level has a greater nominal value than the higher
price level, this indicates the proposed system could
potentially increase the hotel's revenue.

The results of the comparison are shown in Table XII.
The actual-data column shows the total monthly price
level of the actual data. The system column indicates the
total monthly price level of the proposed system. The
actual data (IDR) column| gives the total monthly actual
hotel revenue data in Inddnesian currency IDR. And, the
system (IDR) C()lumnll‘:hows the total monthly hotel
revenue generated by the system. Table XII indicates that
the proposed system generates a lower total amount of
price level than that of actual data. However, it generates
a higher revenue of IDR 2,196,000. This table shows that
the proposed system could potentially increase the hotel’s
revenue by 0.88%. Although the increase is not very high,
with the consistency provided by the system, it shows a
promising start. A system that can provide a consistent
decision leads to steady improvement. Furthermore, the
usability score is 91.88, which, according to SUS
assessment chart, is in an acceptable range with grade A
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and excellent rating. This system can be used as tools for
decision-makers to keep them on the right track in
deciding the dynamic price levels.

TaBLE XIL COMPARISON|OF PRICE LEVEL RESULT

Morh Actusldsm Sysem Acaldam(@DR o
Yan 152 T84 15,422,000 18,470,000
Feb 107 104 5,957,000 16,056,000
Mar 197 196 15.023,000 _ 18.048.000
Apr 135 113 14.751.000 15,066,000
May 161 157 243584000 34.733.000
Tam 136 156 21718.000 __ 22.345.000
Jul 129 112 21,849,000 22,443,000
Aug 107 T4 76386000 25364000
Sp 128 135 15.062.000 __ 19.333,000
Ot 135 110 25711000 26.567.000
Nov 158 189 T8.904.000 B.170.000
Dec 101 183 34834000 24.952.000
Towl 1804 1743 350,391,000 353,387,000

V. CONCLUSION

This paper has presented an expert system as a
decision support system which uses forward chaining,
fuzzy logic and classical probability to assist hotel
management in setting up a consistent mechanism to
decide dymunijgrice level of their room rates.

The proposed system showed an accuracy rate of
@B 66% with a deviation of 0.36. When combined with
rule-based classifier, the accuracy increased to 90.77%,
which indicates the system's result deviation was small.
Comparison between price level nerated by the expert
system and actual data showed the proposed technique
could potentially increase the hotel’s revenue by 0.88%.
Further, the usability test found that the proposed system
score was 91.88. The value indicates that the system's
usability was perceived as a good decision support

system.
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Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word. Consider using the article the.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Article Error You may need to remove this article.

Article Error You may need to remove this article.

Sentence Cap. Review the rules for capitalization.

Article Error You may need to use an article before this word. Consider using the article the.
Missing "," Review the rules for using punctuation marks.

Article Error You may need to remove this article.

Proofread This part of the sentence contains an error or misspelling that makes your meaning
unclear.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Article Error You may need to remove this article.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
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Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word.

Missing "," Review the rules for using punctuation marks.

Missing "," Review the rules for using punctuation marks.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Confused You have used either an imprecise word or an incorrect word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

Article Error You may need to use an article before this word.
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Article Error You may need to use an article before this word.

Proofread This part of the sentence contains an error or misspelling that makes your meaning
unclear.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word. Consider using the article the.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.
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Garbled This sentence contains several grammatical or spelling errors that make your meaning
unclear. Proofread the sentence to identify and fix the mistakes.

Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word. Consider using the article the.
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Possessive Review the rules for possessive nouns.

Article Error You may need to use an article before this word. Consider using the article the.
Missing "," Review the rules for using punctuation marks.

Article Error You may need to remove this article.

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
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Wrong Article You may have used the wrong article or pronoun. Proofread the sentence to mak
sure that the article or pronoun agrees with the word it describes.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Missing "," Review the rules for using punctuation marks.

Article Error You may need to use an article before this word. Consider using the article the.
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P/V You have used the passive voice in this sentence. You may want to revise it using the active
voice.

Article Error You may need to use an article before this word.

Article Error You may need to remove this article.

Article Error You may need to use an article before this word.
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Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Verb This verb may be incorrect. Proofread the sentence to make sure you have used the correct fc
of the verb.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Article Error You may need to use an article before this word.
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Possessive Review the rules for possessive nouns.
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Article Error You may need to use an article before this word.

Wrong Article You may have used the wrong article or pronoun. Proofread the sentence to mak
sure that the article or pronoun agrees with the word it describes.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Prep. You may be using the wrong preposition.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Article Error You may need to use an article before this word. Consider using the article the.
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Article Error You may need to use an article before this word. Consider using the article the.
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Run-on This sentence may be a run-on sentence.

Prep. You may be using the wrong preposition.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Prep. You may be using the wrong preposition.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Article Error You may need to use an article before this word. Consider using the article the.

Article Error You may need to use an article before this word. Consider using the article the.

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agrees \
the verb.
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Article Error You may need to remove this article.
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Article Error You may need to use an article before this word. Consider using the article the.

Article Error You may need to use an article before this word. Consider using the article the.
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Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.
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