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Abstract - Optimized costs could increase hotel revenue. However, based on observations, there are various methods that can be
used in cost optimization, this indicating the possibility that there are other methods that can be used for this purpose. This study
aims to propose application of data mining using the K-Nearest Neighbor (KNN) method to optimize costs by classifying
feasibility of addition of raw materials for food and beverages based on data such as number of requests, supplies, usage, and
purchases. Data used in this study is raw materials data for hotel food and beverage during January and February 2019 which
amount to 152 data. Furthermore, data cleaning process applied to eliminate incomplete and duplicated data. This process
produces 99 data that has been clean. Based on results of application and testing of the KNN method using confusion matrix, it is
known that the value of k = 3 gives the best classification accuracy results of 80%. Then the classification results are represented
in the form of graphs that are used as a basis for consideration of cost control. Based on this study, it was concluded that data

mining using KNN method can be used in optimization of Hotel's Food and Beverage Costs.

Index Terms—Costs Optimization, Data Mining, K-Nearest Neighbor, Confusion Matrix.

I. INTRODUCTION

PTIMIZING food and beverage costs is a concern for

every company that presents food and beverage,

including hotels. Hotel revenue can be increased if
unnecessary expenses can be anticipated. In research [1]-
[5], [14] which discusses cost optimization, it is known that
there are various methods thatcan beused in cost
optimization in a process. This indicates possibility that
there are other methods can be used for cost optimization.
Due that, it’s necessary to know bases used to determine the
method in cost optimization.

To begin, from research [1] - [5] authors found that cost
optimization can be done if the data such as number of
requests [3], [4] stocks [1], [5], usage [2], and purchases
data [1], [5] is known. Author concludes that the main
points are in the data. Furthermore, research [6], [7] gave an
idea about method in optimization hotel's food and beverage
costs using data mining by classifying the feasibility
of adding of raw materials for food and beverage based on
data such as number of requests, supplies, usage, purchases,
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hotel occupancy. Classification method used is K-Nearest
Neighbor (KNN) method which according to research [8],
[9] found that the KNN method is better than other data
mining methods through performance comparison testing in
a case. Based on that, purpose of this study is to apply and
test the application of data mining in optimization of hotel's
food and beverage costs by classifying the feasibility
of adding of raw materials for food and beverage using
the KNN method.

The next section explains literature review. then in
section Il describes research methodology. Next, in section
IV describes application dan testing of KNN method. Then
based on these results, conclusions are given in section V

Il. LITERATURE REVIEW

To find out methods that can be used in optimization of
hotel's food and beverage costs, authors conducted a study
on the literature with a discussion of cost optimization. As
mentioned above, several previous studies have shown that
there are various methods that have been used for cost
optimization. For example, study of Azizah & Oesman [1]
discussed how to optimize the cost of product distribution
using the Saving Matrix and Generalized Assignment
approach, then Pratiwie et al. [2] discussed how to optimize
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the cost of meeting nutritional needs using genetic
algorithms, Ali et al. [3] discussed how to optimize the cost
of road construction maintenance projects using the
stepping stone method, and study of priyo and paridi [4]
discussed how to optimize the cost and time of construction
projects in building construction using the Time Cost Trade
Off method. This indicates possibility that there are other
methods that can be used in cost optimization.

Furthermore, research leads to the purpose to know the
bases used to determine method in cost optimization. Based
on research [3], [4] it is known that optimization of costs
can be done if the number of requests is known, in the study
explained that the number of requests data can show the
urgency of an item, so that the supply of goods can be
monitored and costs can be allocated optimally . Then from
research [1], [5] it is known that data on the amount of
stocks and purchases must also be known to be able to
optimize costs. By knowing the amount of stock, it can be
estimated that the purchase of goods is needed or not, so
that excessive expenditure can be reduced. Furthermore,
from the research [2] it is known that in addition to the data
mentioned earlier, data on the amount of usage must also be
known. This is because if the amount of usage is known
then the movement of an item can be identified, whether the
item includes goods with fast moving or slow moving. So
that, procurement of goods can be planned better. Based on
this, the authors conclude that the main point to be able to
determine the method in cost optimization is in the data.

Based on these findings, authors then studied other
literature to find other methods that can be used for cost
optimization, where research [6] [7] gave an idea to applied
data mining in optimization of hotels food and beverage
costs by classifying the feasibility of adding of raw material
for food and beverage based on data such as number of
requests, supplies, usage, and purchases. Furthermore,
classification method used in this study is the K-Nearest
Neighbor (KNN) method. This method was chosen based
on research [8] which conducted a performance comparison
test between KNN and Support Vector Machines (SVM) for
classification of diabetes. The study found that performance
of KNN was better than SVM. Next is research [9] which
conducted a performance comparison test between KNN
and Naive Bayes for classification of work status data. The
study found that performance of the KNN was better than
Naive Bayes.

I1l. METHODOLOGY

A. Research Location

The research took place at the Mercure Bali Nusa Dua
Hotel, in the accounting department cost control section

B. Data collection methods

--Interview, conducted to Mr. Hery Suryawan as person
in charge of cost control section of Mercure Bali Nusa Dua
Hotel. This method obtained raw material data for hotel

food and beverage during January and February 2019,
furthermore this data will be used as data sets.

--Observation, conducted in daily cost monitoring
process. This method obtained procedure for monitoring
costs including checking number of sales, supplies, usage,
and number of purchases

--Literature review, conducted in the literature related to
data mining, especially the KNN method. This method
obtained theory, how to applied and how to test KNN
method

C. Data Preparation

Data preparation is carried out in three stages as follows
[10] - [12];

--Data Selection, data obtained from previous stage is
selected according to the research needs.

--Data cleaning, at this stage, the selected data is
checked to ensure that data is unique (not duplicated) and
complete (all data has value)

--Creation of New Data, cleaned data (unique and
complete), arranged in new table for the application of the
KNN method

D. Method Application and Testing

Application and testing of KNN method is applied to
training data obtained from data sets, namely raw material
data for hotel's food and beverage during January and
February 2019. KNN method is applied and tested through
the following stages [11]:

--Determination of K value, K value used in this study is
K=3,K=4andK=5

--Calculation of distance between data evaluated with
training data, calculation of distance is done using the
following formula [12]:

n
Distance = Z(X%mim-ng - XTestmg)2 e (D)
i=1
With;
Xiraining = Training data of-i,
Xresting = Data to be evaluated
i = Training Data
n = Total of Training Data
--Determining the closest neighbors as much as K value,
after the distance between all training data and data to be
evaluated has been obtained, then the closest neighbors as
much as K value is determined
--Accuracy testing with confusion matrix, in confusion
matrix, accuracy can be calculated by knowing the value of
TP (actual data is positive, classification data is positive),
TN (actual data is negative, classification data is negative),
FP (actual data is negative, classification data is positive),
and FN (actual data is positive, classification data is
negative) [13].
TP+ TN
Accuracy = o TN ¥ FP + FN

100%.......(2)
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E. Results Analysis

At this stage method results are represented in graphical
form to determine the cost of raw materials between food
and beverages during the January and February 2019
periods which must be controlled so that strategies for cost

optimization can be proposed

IV. APPLICATION AND TESTING

A. Data Selection

Data used in this study are data from stock report,
sales and occupancy during January and
February 2019 with total amount of 152 data. Details can be

purchases,

seen as follow

No Item Actual Purchased Sold Occ
1 Aperitif Rp922.912.00 Rpl.089.035.00 Rpl66,127.00 83
2 Arcoroc Rp0.00 Rp0.00 Rp0.00 42
3 Beef Import Rp2.034,000.00 | Rp6.894250.00 Fp4.8360,230.00 19
4 Beef Local Rp3.687.650.00 48
5 Beer Import Rp4.354.033.00 94
6 Beer Local Rp2.138.709.00 Rp20.675494.00 86
7 Bendorf Rp0.00 Fp0.00 Fp0.00 63
g Butter Rpl.634.00000 | Rpl4 26366300 | Rpl2629.663.00 87
9 Candies Rp0.00 Rp0.00 Rp0.00 75
10 | Canned Food | Rpl484,361.00 | Rp5,/33,255.00 | Rp4.248.894.00 79
71 | Wine Rose Rp130.067.00 Rpl,16153800 | Rpl 02247100 90
75 | Wine Special | Rp389.541.00 Rp2835.944.00 Bp306.403.00 83
76 Wine White Rp1.501.22000 | Bp6.109.044.00 Rpd 608.715.00 56

Fig. 1. Datasets January 2019

No Item Actual Purchased Sold Occ
1 Apenitif Rp490.000.00 Rp922912.00 Rp432.903.00 33
2 Arcoroc Rp0.00 FEp0.00 Ep0.00 39
3 Beef Import Rp357.000.00 Rp2.916,000.00 92
1 | BeefLocal Rp2,636,31000 | Bp7.034.160.00 02
3 Beer Import Rp2.094.990.00 | Rp7.419.170.00 3. 95
6 Beer Local Rp2.548.056.00 | Rpl15.018335.00 | Rpl2.47027 90
7 Bendorf Rp0.00 Rp9.400,000.00 Rp9.400,000.00 83
g Butter Rp2.030.500.00 | Rp7.615.000.00 Rp3.584.500.00 36
9 Candies Rp0.00 Rp0.00 Rp0.00 67
10 Canned Food | Rp779,635.00 Rp4.043,190.00 Rp3.263.531.00 63
74 | Wine Rose Rp74.500.00 Rp288.067.00 Rp213.567.00 92
75 Wine Special Rp370,064.00 Rp380.541.00 Rpl10477.00 05
76 | Wine White Rpl1.043.646.00 | Rp6,210.031.00 Rp3.166.385.00 90

Fig. 2. Datasets February 2019

B. Data Cleaning

Data cleaning is performed to ensure that datasets is
complete and no duplicated data. This process reduces the

amount of dataset to 99 data

No. Ttem Actual Purchased Sold Qce
1 Apentif Rp922.912.00 Rp1,089.039.00 Bpl66,127.00 23
2 Beef Import Fp2.034,00000 | Rp6.894.250.00 Rp4.860,230.00 42
3 Beef Local Rp2.757,300.00 | REp6,444.850.00 Rp3.,687,630.00 79
4 Beer Import REpo1 Rp3.267.267.00 Ep4,334.933.00 48
5 BeerLocal Fp2.138,709.00 | Rp22.834203.00 | Rp20,675404.00 o4
6 Butter Rpl1.634.000.00 Rpl2,629,663.00 36
7 Canned Food REp1484361.00 Bp4.248.854.00 63
g Cereals and Crackers | Rp678.068.00 Rp4.633.607.00 7
9 Cheese Rp3.262,223.00 Epl13,044.330.00 75
10| Chicken Fpl,097.861.00 | Rp28.177.872.00 | Rp27,080,011.00 79
48 | Wine Rose REpl39,067.00 Rpl.161.338.00 Epl,022.471.00 90
48 | Wine Special Rp389.541.00 Rp8935.944.00 Rp306.403.00 23
30 | Wine White REp1.501.220.00 | Bp6,109.544.00 Bp4,608,715.00 56

Fig. 3. Cleaned Datasets January 2019
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No. Ttem Actual Purchased Sold Qce
1 Apentif REp490,000.00 Rp022912.00 Rp432.003.00 33
2 | BesfImport Rp337.00000 | Rp2016,00000 | Rp2,339,000.00 39
3 Beef Local Rp2.636,31000 | Rp7.934.160.00 3.277.830.00 92
4 Beer Import Bp2.094.990.00 | Rp7.419.170.00 Bp3.324.180.00 o2
5 | BeerLocal Rp2,548,05600 | Rpl3,01833500 | Rpl2470,270.00 | 95
6 | Butter Rp2,030,50000 | Rp7.615,00000 | Rp3,384500.00 90
7 Canned Food Rp779.639.00 Rp4.043.190.00 Rp3.263.331.00 83
g Cereals and Crackers | Bp457.110.00 REp3.380.381.00 Rp2,023.27 56
9 | Cheese Rp2,773,38500 | Rpl3 26825500 | Rpl240487000 | 67
10 Chicken Rp331,810.00 Rp20,072,861.00 | BEpl8.541.042.00 63
47 Wine Rose Rp74,500.00 Rp288.067.00 01
48 Wine Special Rp370,064.00 Rp389.541.00 ; 03
49 | Wine White Bpl1.043,646.00 | Rp6.210,031.00 Bp3,166,383.00 80

Fig. 4. Cleaned Datasets February 2019

C. Creation of New Data

Cleaned data is arranged into a new table with the
addition of the "Status" field which indicates the feasibility
of adding of the item. The status given to each data is
determined by cost control section of Mercure Bali Nusa
Dua Hotel

No. Item Actual Purchased Sold Occ Status

1 Aperitif Rp522.912.00 Rpl1,089.035.00 Rpl66.127.00 83 Not Feasible
2 Beef Import Rp2,034,000.00 | Rp6,894.250.00 Rp4.860,250.00 42 Not Feasible
3 Beef Local Rpl73 Bp6.444.950.00 Rp3,687.630.00 79 Not Feasible
4 Beer Import Rp912.33400 Rp3.267.267.00 Rp4.354.933.00 48 Feasible

5 BeerLocal Rp2,138.709.00 | Rp22.834.203.00 | Rp20.675494.00 94 Feasible

6 Butter Rp1,634.000.00 | Rpl14.263.663.00 | Rpl12.620.663.00 86 Feasible

7 Canned Food Rp1484361.00 | Rp3.733.255.00 Rp4.248.804.00 63 Not Feasible
g Cereals and Crackers | Rp678.068.00 Rp4.633.697.00 87 Feasible

9 Cheese Rp3.262.22500 5 75 Not Feasible
10 Chicken Rpl.097.861.00 Rp27.080011.00 T Feasible
48 Wine Rose Rp139,067.00 Rpl.161,338.00 Rpl.022471.00 90 Feasible
49 ‘Wine Special Rp389,541.00 Rp805.944.00 Rp506.403.00 83 Feasible
30 Wine White Rpl1,501,220.00 | Rp6,109.044.00 Rp4.608.715.00 36 Not Feasible

Fig. 5. New Datasets January 2019

No. Item Actual Purchased Sold Occ Status

1 Apenitif Rp490,005.00 Rp922912.00 Rp432.903.00 33 Not Feasible
2 Beef Import Rp357,000.00 Rp2,916,000.00 Rp2, 000.00 89 Feasible
3 BeefLocal Rpl636,310.00 | Rp7,934.160.00 7,830.00 92 Feasible
4 Beer Import Rp2.094.99000 | Rp7.419.170.00 324,180.00 92 Feasible
5 Beer Local Rp15,018335.00 70279.00 25 Feasible
6 Butter Rp7.615.000.00 o0 Feasible
7 Canned Food Rp4,043,150.00 3,331.00 83 Feasible
g Cereals and Crackers Rp3,380,381.00 22327100 36 Feasible
9 Cheese Rpl15,268,255.00 | Rpl12.494.870.00 67 Feasible
10 Chicken Rp331.819.00 Rp20,072,861.00 | Rpl19,541,042.00 63 Feasible
47 Wine Rose Rp74,500.00 Rp288.067.00 Rp213.567.00 92 Feasible
48 Wine Special Rp370.064.00 Rp380.3541.00 Rpl0.47700 93 Not Feasible
45 Wine White Rpl,043.646.00 | Rp6,210,031.00 Rp3.166,383.00 90 Feasible

Fig. 6. New Datasets February 2019

D. Application and Testing of KNN Method

To find the most optimal K value, KNN method was
applied to the January datasets which were divided into 30
training data and 20 testing data. As mentioned above, the
K value used in this study is K = 3, K =5, and K = 7.
Method application obtained results as follows

MNo. Item Status Status (M)
1 Testing Data 1 Feasible Feasible
2 Testing Data 2 Mot Feasible | Not Feasible
3 Testing Data 3 Feasible Feasible
4 Testing Data 4 Feasible Feasible
5 Testing Data 5 Feasible Not Feasible
6 Testing Data & Feazible Feazible
7 Testing Data 7 Feasible Feasible
19 Testing Data 19 Feasible Feasible
20 Testing Data 20 | Not Feasible | Not Feasible

Fig. 7. KNN Application Result with K =3



MNo. Item Status Status (M)
1 Testing Data 1 Feazible Feazible

2 Testing Data 2 Not Feasible | Not Feasible
3 Testing Data 3 Feasible Feasible

4 Testing Data 4 Feasible Feasible

5 Testing Data 5 Feasible Not Feasible
6 Testing Data 6 Feasible Feasible

7 Testing Data 7 Feazible Not Feasible
19 Testing Data 19 Feasible Not Feasible
20 Testing Data 20 | Not Feasible Feasible

Fig. 8. KNN Application Result with K =5

No. Item Status Status (M)
1 Testing Data 1 Feasible Feasible

2 Testing Data 2 | Not Feasible | Not Feasible
3 Testing Data 3 Feasible Feasible

4 Testing Data 4 Feasible Feasible

5 Testing Data 5 Feasible Feasible

6 Testing Data 6 Feasible Feasible

7 Testing Data 7 Feasible Not Feasible
19 Testing Data 19 Feasible Not Feasible
20 Testing Data 20 | Not Feasible Feasible

Fig. 9. KNN Application Result with K =7

Furthermore, classification accuracy is measured using
confusion matrix and obtained results as follows

No. K Value Accuracy
1 K=3 20 %
2 KE=3 63 %
3 E=7 75 %

Fig. 10. Classification Accuracy Results

Based on these results, it is known that K = 3 gives the
best classification accuracy results which is 80%. So that K
= 3 is stated to be the most optimal K value among those
three options. Furthermore, K = 3 is used for application of
KNN method in February data

E. Results Analysis

After KNN method is applied to all datasets, then data
that classified as not feasible is represented as graphic as
follows:

B Food

W Beverage

lanuary February

Fig. 11. Classified Not Feasible Data

Graph shows that data with the biggest not feasible
classification on January data is on food raw material which
is 14 data from a total of 20 classification data and data with
the biggest not feasible classification on February data is on
beverage raw material which is 13 data from 25
classification data. So that, to be able to optimize costs it is
recommended that cost control to be focused on raw
materials for both food and beverages that have the biggest
not feasible classification data based on results of KNN
method application

V.CONCLUSION

Based on above description, it can be concluded that
KNN method can be used for classify feasibility of adding
of raw material for food and beverage with classification
accuracy of 80%. To optimize costs, cost control should be
focused on raw materials for both food and beverages that
have the biggest not feasible classification based on results
of KNN method application.
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