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ABSTRACT

Using simulationtechnology, a procedulie proposedor a big datadriven servicelevel analysis for a

real retail storeFirst, a data generator is designed to randomly select a sampateeodpected number of
customersor sampling data om certain day from a larggcale dataset of sales predefined. Second, the
clerk schedules are inputténto a data tablereatedusing Excel. Finally, simulation modeling mimics
the service process of the retail store to examine and analyoeidtmnerservice levelbased on the
selected data aritie inputted clerk schedules. The proposed procedure forabaglgven servicelevel
analysis shows the relatiorbetweenthe influencingservicelevel elements between theumber of
customes coming into stores, the frequency of customers, and the aveuatmmerservice time.The
procedure is generic and caasly be used to examine the service level in the remote past or to analyze
and forecasthe future

1 INTRODUCTION

Innovations in ICT move business intelligence toward more {scgie business data utilization to
improve business performance in retail eoninents.As a new trendn operation strategy, franchise
chains of convenience stores in Japan are using big data collectepbfriarof salessystems (POS$p
make decisiomaccurately and quicklywhere the iy data is defined asrgescalepoint of sales(POS)
datathat requirespecial datgprocessing technologies or advanced analytical technologiesder to
create business intelligenda particular a high level of service is a significant competitive advantage
analyzethe quality of custome servicewith largescale POS datd herefore, a customizable and flexible
servicelevel analytical tool iscurrently anurgent needfor the operation managers of franchise
convenience stores in Japan.

In this paper, a procedure @big datadrivenservicelevel analysis for a real retail store is proposed.
First, a datagenerator is designed tandomly select a sample of an expected number of custamers
sampling data oa certain day from a larggeale customer dataset of sales predefined. Second, the clerk
schedules are inputtedto a data table using Microsoft Excel. Finally, simulatmoadeling mimics the
service process of the retail stores to examine and analyze the service levél stbrebased on the
selected data and clerk schedules inputted, where the service level is defined estageeof customers
served witln afixed time period.

Simulationis a general methodology designed to be used to evaluate and esfif@eti®on system
performance. Ithe logistics and service industries, simulation is used as a powelfgdinagand design
tool in performance managementiwad and Takakuwa (2008) presented a procedure of simulation
modeling for instore merchandizintp examine customer flows in retail storasdMiwa and Takakuwa
(2010 presented a simulation analy$is optimization of staffing problems at a retail stofakakuwa
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and Wijewickrama (2008) developed a discretentsimulation to optimize docter schedules in all
departments of an outpatient hospital wandthe Nagoya University hospital. Wijewickrama and
Takakuwa (2004) presented a simulation analysipatient flow aiming to shorten waiting time by
identifying an optimum doctor mix. Liu (2009) discussed a simuldtebased approacto optimizea
retail store’s personnel planninggrticularlyby usingPOS dita. The objective of this study is to prepo
a customizable and flexible servilgel analytical tool to analyze and understarejuality of customer
service particularlyby usinglargescale POS data

2 CHARACTERIZATION OF CUSTOMER VISITING FREQUENCY IN THISSTUDY

The convenience stori@ this study is a franchise store thfe FamilyMart Company Limited on the
campus of Nagoya University, Japdime shop’shours of operatioarefrom 7AM to 11PM. Sales items
are goods that are commonly soldapanese convenience sirauch as basic gy items, magazines,
comic books, soft drinks, and snack foods.

Through a collaborative study between Nagoya University and FamilyMart, the company has
constantly providd POS data from the store frais openinguntil the present day for eight years ttis
section, aconsiderable portion of theiennial POS data associated with the service level analysis is
carefully reviewed to analyze the characterizatiortudtomers'visiting frequency of the convenience
store. Thereafter, several frequency patt@incustomeraredrawn based othe data coefficients.

By analyzing largescale POS data collected fraime storein this study, the number of customers
every 15 minutes for a weekday period is illustrated in Figure 1. The ipgaktthis store was rdrday
lunchtime (approximately 12:00RP#00PM) andduring class break (approximately 8:30AMB:45AM,
10:15AM-10:30AM, 2:30PM-2:45PM, 4:15PM-4:30PM, and 6:00PM-6:15P®®cause customer
waiting time is often lengthy during the peak time of weekdaiogs, a flexible servicelevel analytical
tool needgo be developed to analyze and understhaduality of customer servici this store.

Figure 2 shows a part ohange in the number of customers aberpast yearsThefourth period and
the sixth period reflect the central tendency of traffic during the wodekvin the main semesteiianvo
period datasets called “Dataset for Spring Semester” and “Dataset for Felbt8 are designed to
select and create simulation entities uredemination irthis paper, as shown in Table 1pArtionof the
results of quantifying a correlation coefficient between each number ahteist at the quartdrour is
shown in Table 2. This result provides evidence for a greater degeeénefr relationship with the
period datasets designdgspecially, this resuls important in the simulation modbecausehe datasets
areused to generatbe relative number of customer entities.
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Figure 2: The change in the number o§tmersduring the work veek

Table T A six-week period for dtasets

Period Nd Period Date
1 Winter Vacation-1 1st week (e.g. 1/1~1/7)
2 Resumption of Fall Semester 2nd~5th week(e.g. 1/8~2/6)
3 Spring Vacation 6th~13th week (e.g. 2/7~4/4)
4 Spring Semester 14th~ 30th week (e.g. 4/5~7/31)
5 Summer Vacation 31th~38th week (e.g. 8/1~9/26)
6 Fall Semester 39th~51st week (e.g. 9/27~12/22)
7 Winter Vacation-2 52nd week (e.g. 12/23~12/31)

Table 2: Correlationaefficients of number of customers in 15-minutéeirvals

71 712 713 714 i 7/8 719 7/10
mn Pearson Correlation 1 .819(*) .909(*), .903(*) .925(**) .942() .861(*) .896(*)
Sig. (2-tailed) 1.24896E-16] 2.84318E-25| 1.76833E-24| 7.85172E-28| 5.42117E-31| 7.92101E-20| 1.61424E-23
7 Pearson Correlation .819(*) 1 .854(*), .885(*), .869(**) .849(**) .881(*), .890(**),
Sig. (2-tailed) 1.25E-16 3.06783E-19| 3.09285E-22| 1.38718E-20| 7.57534E-19| 7.45327E-22| 8.75158E-23
1 Pearson Correlation .909(%) 854() 1] .892(**) .896(**) .928() 867(%) .928(*)
Sig. (2-tailed) 2.84318E-25| 3.06783E-19) 4.25403E-23| 1.74753E-23| 2.80987E-28| 1.9859E-20| 2.61353E-28
71 Pearson Correlation .903(**) .885(**) .892(*), 1] .914(*%) .912(**) .852(**), .904(**),
Sig. (2-tailed) 1.76833E-24| 3.09285E-22| 4.25403E-23| 6.55477E-26] 1.04225E-25| 4.33174E-19] 1.36113E-24
7 Pearson Correlation .925(**) .869(**) .896(*) .914(*) 1 .921(*) .892(*) .881(*)
Sig. (2-tailed) 7.85172E-28] 1.38718E-20| 1.74753E-23| 6.55477E-26 4.07332E-27| 4.14417E-23| 7.33459E-22
78 Pearson Correlation .942(*) .849(*) .928(*), .912(*) .921(**) 1 .869(*) 917(*)
Sig. (2-tailed) 5.42117E-31| 7.57534E-19| 2.80987E-28| 1.04225E-25| 4.07332E-27 1.44665E-20| 1.66319E-26
719 Pearson Correlation .861(*) .881(*) .867(*), .852(*), .892(**) .869(**) 1] .877(*)
Sig. (2-tailed) 7.92101E-20] 7.45327E-22| 1.9859E-20| 4.33174E-19| 4.14417E-23| 1.44665E-20 2.02953E-21
210 Pearson Correlation 896(*%) ,890(*) .928(**) .904(**) 881(**) 917(%) 877(™) 1
Sig. (2-tailed) 1.61424E-23| 8.75158E-23| 2.61353E-28| 1.36113E-24| 7.33459E-22| 1.66319E-26| 2.02953E-21

**_ Correlation is significant at the 0.01 level (2-tailed).

3 PROCEDURESTO EVALUATE AND ESTIMATE SERVICE LEVEL

3.1 The Procedures

The objective of the procedures proposed is to evaluate and edtmaatestomer service level in the
store using largescale POS data. The service level is a performance measure within théhatdee
defined as the percentage of customers served watfixed time period, known as the service level
target. For instance, when 95% of customers were served within one nineusertice leveils simply
denoted as 95/60 seconds. Fitls¢, datagenerator is designed tandomly select a sample of an expected
number of customerser sampling data ol certain day from a laregecale customer dataset of sales
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predefined.Here,the data generator is designedVisual Basic for Applications (VBAPf Microsoft
Excel. Some studies is related to simulation analysis making use ofgdataator Takakuwa and
Oyama2003, Takakuwaand Shiozak004, Takakuwaand Okada 20Q5Second, the clerk schedules
are inputtednto a data table using Microsoft Excel. Finallynslation modeling mimics the service
process of the retail stores to examine and analyze the service level cftoeeslbased on the selected
data and clerk schedules inputted

As shown in Figure 3, the procedures to evaluate and estimate custons lewes in the store are
itemized as follows:

[Step 1] An expected number of customarsampling data on a certain day from “Dataset for Spring
Semester” or “Dataset for Fall Semester” is selected randomly in Visual Bagipglications (VBA) in
Microsoft Excel, as shown in Figu#e The customedataset of sales arlde customedataset of detailed
sales are shown in Bees 3 and 4. The two transaction number columns contain matching data to relate
the two tables.

[Step 2] Using Microsoft Excel Power Query, detailed sales al&eetrieved and stored in a new
datatable. Sales data and selected detailed sales dd& (mplete datset”) are used to perform a
simulation model.

[Step 3] Clerk schedules data are inputted to a data table defiimedMicrosoft Excel, as shown in
Tables 5 and 6.

[Step 4] Simulation modeling mimics the service process based on wheffloash register service
demonstrated in Figure 5. ASgure 5 shows, the service process of payment checking can be done by
one salesclerk (a) or two salesclerks (b). The occasion of (b) can serve moneesish@an (a) in the
same time period.

[Step5] Simulation results, such as the service level, are obtained. For instance, dge austomer
waiting time for each interval is examined as a performance measure of simeiigtesiments.

[Step 6] The simulation output is checked to see whethesdhdce level is satisfied; if not, it
indicates that the clerk capacity is insufficient. Therefore, another saleseletlk o be added to the
interval in which the service level is minimum. Step 3 is repeated uatildtvice level target is satisfied.

“Data-set for Spring

Semester” Clerk schedules

and “Data-set for Fall
Semester”

STEP 4

y

Simulation model

l STEP 5

Output: STEP 6

Customer dataset of
Complete dataset detailed sales
(File: Detailed Sales Transatioh)

Customer service level

STEP 3

Figure 3: Procedures.
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Figure 4: Excel VBA for selectingada.
Table 3: Customer dataset eles

St Registe| T fi Time of | Time of Cust No of | Total FLIJag on Flag on | Name| IC |Flag or| T i
Date of Salep ~ "¢ | Store Namg <core| | ransaction g qq Sales ustome FIM, Age| Sales| Sum of smg Using IC| of IC | Card | Using ransactiont \jame of Transactiol

ID No. No. R Type Prepaid Code

(hour) (min.) Items| Sales Card Card | Card | No. | Card

2008-07-01 | 54858 Nagoya-Ul 01 7 10 24 03 20sM_ |2 225 0 0 NonIC|0 0 1000 Regular Registration
2008-07-01 [ 54858| Nagoya-UL 01 8 10 24 03 20s ™M |1 160 0 0 NonIC|0 0 1000 Regular Registration
2008-07-01 | 54858| Nagoya-Ul 01 9 10 24 03 20's F 3 130 0 0 NoniC|0 0 1000 Regular Registration
2008-07-01 | 54858| Nagoya-U} 01 17 10 28 03 20s ™M |1 144 0 0 NonIC|0 0 1000 Regular Registration
2008-07-01 [ 54858 Nagoya-Ul 01 18 10 29 03 20sM_ |1 100 0 0 NoniC|0 0 1000 Regular Registration
2008-07-01 | 54858| Nagoya-Up 01 19 10 30 03 20s™M_ |1 100 0 0 NonIC|0 0 1000 Regular Registration

* F/IM: Femal / Man

Table 4: Customer dataset of detailates

Time of| Time of Item Name of Truck- Gl e paeloy Name of No. of| Total
Date of | Store Register| Transaction| Detail Name of Item FM . |Designate( 3 Detailed Detailed |Registel B ¥
Store Nami Sales [ Sales Group| goods in Delivery Nominal| Sales|Sum o
Sales ID No. No. . No. Group Code - Goods No| Sales Sales ID
(hour) | (min.) ID region No. N a accout | Items| Sales
Transaction| Transaction
2008-07-01 54858 Nagoya-U. 01 7 10 24 1 174Chilled Juice |1743234] ;e‘-,’ji':es 325320 |01 2400 (Included T403 Food |1 80
Sandwich-1st Smoke
2008-07-01 54858 Nagoya-U. 01 7 10 24 2 02 Deliver 0253222|Salmon &. |246103 01 2410 (Included T403 Food 1 143
i Cheese
Chocolate
2008-07-01 54858 Nagoya-U. 01 8 10 24 1 09]Sweet Bread (0911689 D2 340610 01 2400 (Included T403 Food 1 160
2008-07-01 54858 Nagoya-U. 01 9 10 24 1 153Sugar Candy |4755869 (B:i‘(l)llgrsweel 340049 01 2400 (Included T403 Food il 130
Boss No
2008-07-01 54858 Nagoya-U. 01 il 10 25 i 42]Coffee 4212331 Sugar 190 266224 01 2400 (Included T403 Food il 115
| Time Interval | 7:00 | 7:15 | 7:30 | 7:45 | 8:00 | 0oo | 1945 |
[ Time Interval No. | 1 I 2 3 ] 4 5 [ - T aa
Clerk No. Clerk name Starting time Over time Working Quarterhours| ~ Working Hours
1 Staff 1 1 33 32 8.00
2 Staff_2 1 27 26 6.50
3 Staff 3 27 44 17 4.25
4 Staff 4 22 44 12 4.00
12 Staff_12 2 19 17 4.25

3.2  Application

This section will discuss the applied procedures in an actual loaSeep 1, the sales daftaom 1 July,
2008areselected in this study. The number of customers who appearedl&vernuteson this day is
shown in Figure 6ln Step 2, detailed sales data relate®tepl areretrieved and stored in a new data
table using Microsoft Excel Power Query. Selected sales data and selected detailed salésalbsd
“complete dataset"are used to perform a simulation modelStep 3,clerk schedules datareinputted

to a dataable defined using Microsoft Excel, as shown in thbl& 6above.
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The simulation models were created using Arena (Kelton, Sadowski, and SturrotkT2@lgelected
simulation parameters are shown in Tahld-or Steps 4 and 5, the AS clerk schedules for the peak
time and the simulation output for the customer service level are showgure Band Table 8. The
simulation models are run for 50 replications and then verified afidated. Figure 7 provides an

Gaku and Takakuwa

illustration of one part of the animation from the AS-IS model.
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Figure 5:
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Figure 6: Number of customerpearing gery 15 minutes.

Table7: Selected simulation parameters.

Parameter

Name

(b) by two clerks

(a) by one clerk

1st clerk

2nd clerk

Removing Timg

Scanning Time

TRIA(4,6.61*n,6.61*n+3.04)

TRIA(2,3.17*n,3.17*n+2.48)

TRIA(2,3.65*n,3.65*n+2.61)

Picking Time [TRIA(1,2,3) TRIA(1,2,3) -
Packing Time [TRIA(2.40,4.29*n,4.29*n+2.18) TRIA(2.40,4.29*n,4.29*n+2.15) -
Paying Time |TRIA(8,12,20) - TRIA(8,12,20)

Returning Time]|

TRIA(1.5,2,2.5)

TRIA(1.5,2,2.5)
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Computer simulation is a methodology that can be used to describe, analyze and gfedtat di
effects of alternatives of the performance of a complex buspmesesswithout thelimiting assumptions
(Kelton, Smith, and Sturrock, 2014). In Step 6, to improve the customer waiting time doeinpeak
time intervals, scenarios are designed by increasing the number k& aleduty. For instance, if the
clerk capacity is insufficientn the 12:00~13:00 interval in scenario 1, then another salesclerk member
needs to be added to the interval time period in which the service level is migtiepsl 3, 4 and 5 are
repeated until the servidevel is satisfiechs shown in scenario 3. FigiB shows the number aferks for
each scenari@nd TableB shows the service level for each scenario compared with the current personnel
allocation status.

The proposed procedure for the big ddiaen servicelevel analysis shows the relation of the
influencing elements of the service level between the number of customers cotirgjones, the
frequency of customers, and the average customers service time. In this case, theeseiviem Ibe
improved form 87/60 to 97/60, as shown in Figure 9.

Table 8: Summary for each scenario.

AS-IS Scenario 1 Scenario 2 Scenario 3
Average Service Level 87/60 90/60 94/60 97/60
Peak Interval Total Number of Service Levgl Total Number of Service Levgl Total Number of Service Levgl Total Number of Service Leve
Salesclerks Salesclerks Salesclerks Salesclerks
10:00-11:00 4 43/60 5 50/60 5 50/60 6 100/60
12:00-13:00 5 38/60 5 39/60 6 99/60 6 100/60
14:00-15:00 4 61/60 5 68/60 5 72/60 5 71/60
Bin M= Imh B Bow
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Figure 8: Number of clerks for eactemnario
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120

Service Level
Average: 97/60 14:00-15:00: 71
15:00-5:00: 100
100 7:00-8:00: 96 16001700 99
8:00-9:00: 100
9:00-1000: 99
1000-11:00: 100
80 11:00-1200: 100

17:00-1800: 100
18:00-1900: 99
19:00-2000: 99
20:00-21:00: 100
21:00-22:00: 99
22:00-23:00: 98

12:00-1300: 100
13:00-1400: 98

60

40

Average Waiting Time (sec

20

21:00
21:35
22:10
22:45

Figure 9: Service level ¢enario 3).

4  CONCLUSIONS

(1) Simulation technology witta data generator designed targescale POS data can provide analytics
to empower even more operation management flexibility in customer servicasyste

(2) Procedures tcevaluateand estimate service legelising simulation technologwre described
presenting actual examples usthgcustomer service system of convenience stdiles.procedure is
generic and can easily be used to examine the service level in the remote fgasinalyze and
forecast the futurdt canalsobe applied to analyze tledfectof the incremental arrival @ustomers.

(3) It must be stressed that actlmigescalebusiness data such as POS deith advancedsimulation
analytical technolog are effectivefor analyzing and improving the complicated performance of
customer service systems.
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