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Abstract—Historically, discrete-event process simulation wa
used first and most often to the study and benefitof
manufacturing processes. Its domains of use have esdily
expanded during approximately the last half-centuryto include
supply chain operations, computer networks, healthcare, and
retail service. All of these economic domains exhibintense
competitiveness. The application of simulation premnted in this
paper involves a local, traditional grocery store dcing
competitive pressure from an encroaching “big-box’chain store.
As a countermeasure, management wished to assesdepdial
investment in a self-checkout system to supplemerstaffed
checkout lanes. An analysis using discrete-event qoess
simulation greatly aided this assessment of the diy of self-
checkout lanes to improve customer service by reding wait
times.

Keywords—Process simulation; retail service; busiseprocess
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. INTRODUCTION

shopping experience. A recent retailing study [6] repor&

of respondents bought groceries from big-box stored) asc
Wal-Mart and Target, in 2013, and 96% of respondents had
plans to purchase groceries from these retailers in 20b$eTh
bigger, low-cost alternatives have applied significant qunes

to the smaller, locally owned grocery stores thatsémeggling

to keep their customer base, as more big-box grocergssare
built.

Self-checkout systems have played a major role in
promoting convenience within the customer experience. In
2010, self-checkout suppliers realized $524,100 worldwide and
project an 84% growth over five years [7]. Self-dtwad
technology can dramatically reduce customer wait tisved
save on labor costs (essentially, the customer does mitica o
work); big-box stores have exploited these competitive
advantages.

Increased competition from a recently opened 24-hour big-
box grocery store has encroached on the customer base of a

Discrete-event process simulation has long been used tocal traditional grocery store, the client of this patj The
improve operations in manufacturing, warehousing, and supplstore owner wishes to analyze potential investment infa se
chain operations. More recently, its use has expanded yapidtheckout system. At the cost of significant capitakstinent

into general transportation, computer networks, call ezent

retail service, and delivery of health care. The lastof these
inevitably involve business process modeling, as discLiss
[1] with particular emphasis on call centers. Explicitlythe

($17,000 per self-checkout stand), installation of onéotw
such stands may potentially improve customer satisfadtipn
virtue of checkout options and reduced queuing times).
Furthermore, self-checkout stands will presumably redudé st

retail sector, [2] used simulation, coupled with examination oworkload and labor costs, and these reductions would

virtual reality environments, to model and improve tettire
facilities. Also, [3] applied simulation to improve siaff

policy at retail checkout in a pet-supplies store. Gase study

[4] describes the application of simulation to the rdogiarea
of a large retail store. Even more recently, [5] &gpboth

predictably become more significant over time as regular
customers who select the self-checkout stands bedome
familiar and comfortable with their use. The store awne
sought consulting assistance, and specifically the cantisiny
verification, validation, and analysis of a discrete-¢yencess

simulation and data envelopment analysis (DEA) to theimulation model to assess potential return on investment.

logistics of the dairy department and its associategly chain

(critical because of high spoilage concerns) of supernsarket

and hypermarkets.

II.  CONTEXT OFPROJECT
Big-box grocery stores have attracted customers &way

I1l. DATA COLLECTION AND ANALYSIS

The client grocery store is open seven days a weef f
6am until midnight; the store owner was adamant about not
changing this policy. Cashier staffing levels during tberse
of each 18-hour day were readily available; with sigakout

smaller traditional grocery stores with low prices ahé t lanes on the floor, no more than six cashiers are evduty at
convenience of “one-stop” shopping for everything fromany one time.

produce to paint supplies. These big-box grocery stdfes o
the advantage of lower prices, more product options, la&d t
additional benefit of self-checkout systems for a quic

Kk

Next, data were collected concerning arrival rates of
customers. These data were observed over two 18-hour days,
one a weekday and one a weekend day. Project time dotsstra
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unfortunately prevented the collection of data for edcthe manager resource is seized and remains with the customer
seven days of the week, although both the client and thesanalghroughout their checkout and is then released. Obsemsati
were well aware that shopping rates differ among botlitke and literature suggest that the store manager’'s atteigion
weekdays and the two weekend days. To assess the magnitudeded for 5% of customers. Likewise, the self-scan gashie

of the approximation thus required, and prepare for latemttention may be needed to assist customers at thecael
sensitivity analysis, the generic data in [8] proved highlycheckout. The self-scan cashier resource follows timesa
useful. process as the store manager, and 25% of self-scanmarst

. . (a markedly higher proportion than at a cashier) require
h NEXt’ four cate?gorles of data were collected concertiiag assistance. The model assumes, in accordance with
checkout process: observation, that all customers who enter the storetnaifisit

1. Checkout times at a cashier in the grocery store unddhe entire model process of shopping and checking out, so
study. neither reneging nor balking occurs.

2. The amount of time spent shopping (interval between entry In the base-case model, customers use only the cashier
and checkout). checkout. The number of cashier checkout lanes available

. . . follows a schedule based upon the actual staffing scheflule o

3. Checkout times at a self-checkout stand in a similar gyoce {,o grocery store. In some of the scenarios testedoroers
store. could use either the cashier checkout or the self-sczckobt.

4. The proportion of customers electing the self-checkoutlistorical data suggest that 60% of customers use tligecas
option in that store, based on a comparison of line lengtHgheckout and 40% use self-scan checkout. In the model,
at the cashiers and the self-checkout stand(s). customers choose the shorter checkout line of the titlo ties

oing to the cashier checkout. The actual breakdown in the

The arrival data and the checkout-time data ((1) and (3§cenarios varied around 67% using cashier and 33% usfag sel
were then analyzed with the help of a distribution fif#t  gcan.

namely Stat::Fit®, in search of closed-form distribng o o ) ]

Capab]e of representing the interarrival times, Shopp[ngg; Verification and validation teChnlqueS [12] included
and checkout times within the simulation model. ThesStructured walkthroughs, detailed “step-mode” examination of
interarrival times were accurately characterize@xonential ~ the animation (automatically built as the simulation meuk$

(i.e., Poisson process) with means varying by timeagf (and bth)., and close monitoring of the output metrllcs:-setﬁn vs.
weekday versus weekend) during the 18-hour time the store ¢gshier checkout, average customer wait time, and ezashi
open. The Shopping times were triangu|ar, with a modéltl'lza.tlon; to matCh historical and collected data. lﬂdﬂbels
significantly less than the mean. The checkout tirheth at a  for number of arrivals, self-scan checkout customeashier
cashier and at a self-checkout stand, were also veaglyne checkout customers, and cashiers available were usedifp v
triangular and approximately symmetric (modenean). The and vallda_lte the arrival rates, customer checkout Hoeerk, _
probability any one customer (whether single shopperoifyfa and cashier schedules. In addition, status plots for _cashler
group) would use self-checkout was represented as Béynoulcheckout and self-scan checkout were used to verify and
with parameter dependent upon the lengths of the cashier aM@lidate the utilization rates. After adjustments to thedel
self-checkout lines. Observation also suggested assumid correction of errors, the final model coordinatecb%
independence of successive customers’ choices thereby matferance with system observations and historical data.
Examination of a sequence of choices made by customers
under steady-state conditions revealed neither positive nor
negative autocorrelation among the choices made by After verifying the model within the simulation teamda

V. OUTPUTANALYSIS AND RESULTS

successive customers. validating it with the store owner, 100 replicationsaofull
week (Monday — Sunday, with hours of operation from 6AM -
IV. MODEL BUILDING, VERIFICATION, AND VALIDATION midnight) for each of four scenarios: zero (base cds®),

three, and four self-scan checkout scanners were ruradt w
already known that removing one cashier lane would free
Simio® simulation software [10], [11] was used to build sufficient floor space for two self-scan checkouts — indeed,
the simulation model of the grocery store. The modéties appeal of self-checkout lanes is their relatively lopace
are Customers, and the servers are Shopping, Cashiequirement. Therefore, the scenario of adding one s |
Checkout, and Self-scan Checkout. The model also has tweas never included in the analysis. Since the model is a
resources: Self-scan Cashier and Store Manager (ir®jmi  terminating system, inasmuch as the store opens empiy-
“resource” is immovable, appropriate here). Customersrentidle at 6am daily, no warm up time was necessary [b3fhé
the model and arrive at the store entrance accordinanto three experimental scenarios, since the number of caif-s
arrival rate table. After arriving, customers then peacéo checkouts was varied from two to four, the cashierclkinat
shop in the store for a length of time from one toysirinutes.  schedules were updated accordingly.
When the customers have finished their shopping, they travel
to one of the checkouts and spend a random amount oftime
checkout, from fifteen seconds to five minutes, beforénexi
the store. While at a cashier checkout, a customerrezpyre
the assistance of the store manager. When this odwistdre

With reference to the most important performance iogtr

the output results were examined on the basis of 95% two-
sided confidence intervals. Since 100 replications were run,
these confidence intervals were gratifyingly narrow and
without overlap. These results indicated that replacing wo o



the cashier checkout lines with two self-scanners wauld, making the probability of self-checkout time-dependent)cto
recompense for the (significant) initial investmentoduce lead to profitable fine-tuning of staffing decisions. Teakia
several worthwhile improvements: longer and more nuanced view, the success of this ptogact

1. Reduction of average waiting time at a cashier frbaove piqued interest of other small and/or local merchants and
) businesses in the analytical power of simulation andhéf it

; . 0
5 minutes to below 2 minutes (more than a 60/oCan potentially provide.
reduction).

2. Reduce weekly labor cost by 14%.

3. Achieve a wait time of less than 3%z minutes at eachef ACKNOWLEDGMENTS
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4. Leave the average cashier utilization nearly unchanged.
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APPENDIX
TABLE . OUTPUT PERFORMANCEMETRICSRESULTS
Experiment Max # Cashier | Cashier Self-Scan | Avg Cust. Wait| Avg. Cust. Wait| Weekly
P Checkout Laneg Utilization | Utilization (Cashier) min | (Self-scan) min| Labor Cost

No self-scanners 61.94% - 5.16 -- $5,034.p4

2 self-scanners 4 62.17% 36.80% 1.77 3.13 $4,304.64

3 self-scanners 4 62.07% 33.58% 1.00 1.19 $4,304.64

4 self-scanners 4 62.09% 32.70% 0.90 0.90 $4,304.64




