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SUPERMARKET SIMULATION USING SIMSCRIPT IL. 5
Vahap TECIM (%)
OLET

Simiilasyon nrogramlama dili SIMSCRIPT 115 ile biiyiik bir siipermarketin
isleyisinin ortaya konmas: amagianmakradir. Eie alinan rnek modelde kasada ve de-
partmanlarda bufunmas: gereken eleman sayilari belirlenineye c¢alisilmaktadr.
S iipermarkette altr deparitman bulunmakta ve yalnizca gﬁn!z’i’k departmaninda kuyruk

-

olusmaktadir.
Model asagida belirtilen varsqyimiari ig-erhzektedir:

(1) miigterilerin gelisi birbirnden bagimsizdir ve dakikada bes

misteri gelmektedir,
(2) kuyruk kapasitesi sinrsizdir,
(3) miisteri kaynag: sinirsizdir.

Simiilasyon ‘modc li miiyterilerin ortalama bekleme siiresinin kasada yakla,wk
bir dak:lm ve giinlik (1aze dilim et ve peynir) departmanmda yakla,s:k 30 samye ol-

masi gerektigini ortaya koymugtiir:
(1) Giinliik departmaninda 3 eleman qahyrfwh,
(2) Diger departmanlarda I eleman gefekli,

(3) Kasada 11 elemana gereksinim duyulmakradir.

1. GOAL

The purpose of this simulation study 1s to understand how a supermarket
works by analyzing the characteristics of queues and the other working utilities
of the system. In pz{niculzir this study attcmpts to find out what resources coud
be added or omitted 1o help the customers doing their shopping and 1o satisfy '
supcrmarkct pohc,y We should try to rcduce the length of qucues and waiting
time at the cashier and at the ordering desk’ and also to obtain a gencral 1dea of
the shoppmg:, preicrences of Luslomcrs

~ The simulation study is undertaken to determine the following:

(*) Ars.Gor.D.EU.LLB.F. Ekonometri Boliimii.
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a) The maxinium and mean waiting tune in queuing for each department,

b) The maximum and average number of customers in the queue for each
department,

¢) The work of clerk(s) in utilization for each deparment,
d) The maximum and mean ‘é]ueing time for each cashier,

¢) The maximum and average number of customers queuing for each
cashier, - - ' '

1) Cashier utilization (multiple qucue, multiple SCrver).

2. ASSUMPTIONS

The assumptions behind the model simulation were justified by actual ob-
servations of a large supermarket in downtown Ottowa during the period No-
vember to December 1991.

- A1 5:00 am the supermarket opens its doors at 9:00 pm, but clerks and
cashiers, continue working until all the customers have been served. Simulation
time is 13 hours a day (13*60=780 minutes a day). This program was first run
only ior one day, and then for one week; however users can run this program
lor as long as they wish, provided there is sufficient computer memory space
and disk space.

The supermarket has 6 departments: grocery, vegetable, deli, meat,
cheese and bakery. The user of the program has the option of changing the fol-
lowing parameters to rcach the best combination to suit his necds:

(1) Mcan interarrival time,

(2) Duration of time to run the simulation, -
(3) The numbcr of grocery department clerk(s).
(4) The number of vegelable department clerk(s),
(5) The number of deli department clerk(s),

(6) The number of mcat department clerk(s).

(7) The number of cheese department clerk(s),
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(8) The number of bakery department clerk(s),
(9) The number of cashiers.

When a customer arrives at the supermarket he may go 1o onc or two or
all depanmcnts The grocery, vegetable, meat, cheese and bakery departments
arc sclf-scrvice: customers do not have 1o line up in those departments. Only
the deii department has a queuc and its service area is a single queue. muliiple
scrver system. On arrival at the deli as..,panmeﬂ tne customer has (0 go to the
ordenng counter, if clerk(s) arc busy then the customer has 10 line up and wait
for scivice. After being served, the customer has 1o go to thg cashier and he has
to linc up if there is a queuc, after paying he may leave the supcrmarkel This
simulation is based upon the following assumptions: unlimited queue length
(both of them, deli department and caehiei' check), arrival from an mﬁmtc
source and { md]]y customer arrival 1s g,xponcncu‘.u Inicrarrivai.

3. C()NCEPTUAL M()DEL *

Generating abinary number for each department. First the customer is
assigned a number for grocery department, if the number is 1 then he will go to
this department, if the number is O then he does not want 1o go this department.
And 1n the grocery department, if he has a problem (for example may be he can
- not find a particular itcm, etc.) he will ask a grocery clerk and then he will con-
tinuc his shopping.If he does not have any problem he helps himsell. Afier the
grocery department he may go to the vegetable depatment and his choice again
1s expressed by a binary number. If vegclable department bmary number 1§ 1
“then he will go L0 this department and SAME procedure opcraltcs in the grocery

dcpartment. So in lotal CVCry Lusmmu has 6 shoppmg chmccs matching the six
dcpartments.

N..ilurdlly aficr a Luslomcr has been served at the deli department at the
’ ord(,nnu counter the a,lc,rk(s) occomes idle unicss another customer is waiting,
i s0 the clerk will continue serving customers as long as there arc customers in
the queue. The same procedure operates for cach cashier.

After being served (all departments depend on the customer's choice-
binary number) the customer has 1o go to the cashier. The cashier service is a
multiple qucue, multiple scrver systcm. The customer first looks at all the line-
ups. if onc cashier is frec he will go there directly. Otherwise he will £0 1o the
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cashier who has the shortest queue. But after he will look again abd at that time
he pays attention to the customers' items in their shopping carts for each cash-
ier. After he will choose the cashier which has least total items in that queu

Table 1.Init1al Values Of The Model Simullation
(All Times Are In Minutes)

| Department Probability Of
- Asking Clerk

Clerk’'s Work Time |Number Of Items {Cust.Spend Time
(Unif()rl'llly diSL.) (Rand()m N ) ' (Per I[cm_Unlf)

ch,se 0.50+0.25

In Tablel, the second column gives the probability of customer's asking I
the clerk(s) for something for cach department. For example first row customer
has a 15% probability of asking something from the grocery clerk(s). The third
column gives the clerk’s work time for each dcpanment they are uniformly dis-
iributed. The fourth column gives the number of items which a customer may
buy in cach department. They are integer random numbers. The last column
shows the customer's lime spent for cach item in- each department. They are
uniformly distributed 100.

- We assume that the intcrarrival times of customers are independent cxpo-
nential random variables with a mean of 0.2 minutes. That is, mean interarrival
ratc=> cuslomers/pcr minute. All the data and customcr’s proccsscs arc con-
firmed by the manager of the eupcrmarkct For cach customer every item which
the customer buys at different department is recorded. For example, the cus-
tomer will buy at lcast onc or at most 13 itecms in the grocery department. Per-
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haps this department has 120 or 150 items, but the customer will buv at most
13 1tems on cach shopping trip. The number of items to be pitrchased influenc-
es the length of time the cuqlomer spcnds in a given department.

1.ORGANIZATION OF THE SIMULATION MODEL

The customers arrive at the wu,., rarket independentiy After arriving,
the customer has to know which department he will go to. All customers go
through the same proccss when they arrive at the supermarkei. The customers
follow this direction: Vegetable dep. —> Dcli dep. --'-\ Grocery dep. —s Mcat |
dep—» Cheesce dep. —} Bakery dep. ‘

There are 3 processes.

- (a) Process ARRIVAL. GENERATOR,geneiates customers’ arrivats.
10c customers can arnive until time is less than simulation time (SIM. TIME)
which in our model is 780 minutes. And mean inicrarrival time is 0.20

(0) Process CUSTOMERcexpresses the customer's total behaviour, except
for cashicr check at the supermarket. The customer's total shopping trip is only
Onc proccess becausce this way it 1s very casy o foilow the customer. At the be-
ginnig we assign zero to some local variables. VEG, DELI, GROC,
MEAT,CHEESE and BAK cxpress customer's shopping choices for each de-
partment, then the customer knows where he will go to. variables VEG.
ITEMS, .., BAK. ITEMS cxpress the cusiomer's items which he will buy at

ditfcrent dcparlmcnls.

thn the customer arrives al ihe supermarket he will go ﬁrsl to 1ac gro-
~cery department. - If the binary numbecr (GROC) 1S 1 then the customer will
- make a purchase in this department, otherwisce he doesn't want 10 g0 to this de-
partment. After arriving at the grocery dpatment he has a 15% probability of
- asking somcthing from lhc grocery cierk. 1f the number is Icss than 15, then he
will ask somclhmg_ from the clerk, but if the clerk is busy, he wili wait until the
clerk is frce. And we arc muisunng the customer's waiting time to gether some
i Sldllbllcdl information. Allcr the customer buys some items; in the grocery de-

partment he can buy at lcast I and at most 13 items, and he will spend uniform-
ly 0.3540.15 minuics in purc,hasmg_, cach item.
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If the customer decided to go 10 the grocery depatment, then the si;nul.a-
tion time should wait until he finishes his purchases in the grocery department.
For that reason we decided to model most of the customer's behaviour as only
one process for each customer.when the customer completes his shopping trip
in the six departménts he leaves the process and goes to the cashicr check out.
Sometimes one cusiomer's shopping takes a long time and at the same time oth-
“er customers in the supermarket can pass that customer. This process covers all
the possibilities for diffcrent kinds of customer. the other 5 departments have
the same procedures 9¢xcept for some changes of the deli dpanment; in the deli
department the customer has to go to the counter desk and he has to wait for
the clerk's service). '

(C) Finall y after being served in all the departments the customer has 1o
g0 to the cashier with his items. For that reason process CASHIER. CHECK
~acepts the customer with his items.The customer goes to the cashier, if one is
free, otherwise he will g0 10 the c,d‘;hlcr which has the shortest queue, but later
he decided to choose the cashicr who has the Icast total itcms in that queue.And
the cashier works uniformly 0.20+0.10 minutes for each item. Afier paying for
his items the customer may leave the supecrmarket. And we gather additional
statistical information from the cashicr check- out. |

. Our RESOURCES are CLERKS for cach department and CASHIER
clerks have checkout delay and total items which we arc calculated from the
number of items per customer. Cashiers arc multiple queuc multiple server, for
that reason we should kcep important data on each cashier. We use this infor-
mation for customer's choice of line up for the cashicr check -out. If the cus-

tomer knows how many total itcms waiting for cach cashicr, then he can
choose the cashier who has fewest 1tems.

We defined the variables for statistical inforation in the PREAMBLE
section. We-usc TALLY command o get statistical information from the time-
indepcndent variable dnd ACCUMULATE commdnd lor lhc time- dcpcndcm '
variablcs.

ROUTINE READ. DATA rcad some data from the terminal and report
wriles simulation results to the file or terminal. With routine INITIALIZE we
creatc all our resources. Further the number of clerks of in cach department 1s
sct in this section. All rc,marks were placed 1n lhns program .Tablc 2 gives us

253



Siper market Simulation Using Simscript

global va..ables a..dihcir_.ncaning. Defintiion of local variables is given in the
SIMSCRIPT program. ' ‘

Table 2. Model- specific variabies for the supermarkct system.

Vanables ' Dcfimition
AVG. CAH. QUEUE. LENGTH Time average numbar of customers in the casnier gueue.
AVG. GROC. QUEUE.LENGTH  Time avarage s.amber of customer in the grocery \vege
o i lable,dch,etc.) qucue. - , -

CASHIER UTILIZATION Uuh!dnon of the particular cashier,

CUS. GROC. ITEMS . Numbher of itema which the customers buy from the gro

_ ' cery wb ., deli, ete.) depatment.
DELAY. IN QUEUE. GROC D(,“w in queue of a particular customer in the groc ery
' e - {veg, deh, eic.) department. :

GROC. UTILIZATION Utilization of the grocery (veg eic.) clerks.

MAX. CA5H. QUEUE. LENGTH Mammum number of cust. in the particular cashier queue.

MAX. CHECKOUT. DELAY . Maxunum chu}mu* delay of customer in the pamculm
‘ i . cashier gucue. o :
MAX.DELAY IN .QUEUE.GROC Maximum dclay in queue of a cusiomer in the paricu lar
' ¥ ~ cashier queue. * *

MAX.SHOPPING. TIME Maxithum shopping time of a customer. .
MAX.GROC. QUEUE. LENGTH  Maximum number of customers ini the grocery (vcgeia
' e ble, deli, etc.) queu.

MEAN CHECK()UT DEL AY

Mean checkout delay of Qusli)mcr in lhc particular cash 1er
quecuc.
MEAN. DELAY.IN.QU EUE GROC  Mean delay in queuc of a cualomcr m the grocery (veg,

deh, eic.) depariment.

MEAN.-GR()C. ITEM 2 ' ‘Mean grocery items sold during the q1mulaus:m nmc
MEAN. INT. TIME Mecan interarrival time. _ e
MEAN. SHOPPING. T]ME Mecan shopping ime of a cusiomer.
NUM. CASHIER ‘Number of cashiers. |

~ NUM. GROG. CLERKS - Number of grocery (veg., delietc.) cierks.

- SHOPPING. TIME | Shopping time of a particular customer.
SIM. TIME ~ Amount of stmulation time.

-~
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GENERAL ASSESSMENT OF THE MODEL

The simulation program may not be complicated enough to cover every- '
thig, but 1t 1s sufficientl Y complex o solve our baqlc conceptual model. And
the solution is acceptable for this supermarket.

We VERIFY this model seacral times to get an acceptab]e solution. Es-
pecially we tried to obtain real data. And we tied different combination of
clerk(s) for each department and cashicr. Finally we obtained a satisfactory so-
lution not an optimal solution; and almost the same as the system worl\mfy in
the real supermarket whcrc wc collected our observed data.

RESULTS

~ After several runs of this program we decided that grocery, vegetable,
meat, cheese and bakery departments should have 3 clerks, because when look
at the results in the Appendix, there is a mean declay in queue about 10 seconds
for first 5 department and one minute for the deli department. Thse are accepta-
ble. Eleven cashicrs arc necded; the cashicr mean delay in queue is about one
minute. . '

Figure 2. Max and Avg. Cust. In Queue

- Figure 1. Max and Mean Delay In Queue
(For 5 Departmant) . o

i (For 5 Departmant) .
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Figure 1 shows us mean LC]dy in qucuc and maximum delay in queue for
each department. Only deli department maximum walling time 1S higher than
the others, because every customer has 10 line up and wait for clerks services.

Figure 2 shows us the average and maximum number of customers in
queue for cach department. Almost the same solution as we got in the previous
graph. Only deli gepartment h.,.a . a big qucue but the average is acceptable for
the customer. ' '

Flg,urc 3. Clerks Luil; /.atmn (%) Figure 4. Max and Mean Delay In Queue
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Figurc 3 shows us clerk utilization for each department.Only the deli de- :
~partment has 3 clerks; the other dcpartmcms have one clerk. And deh depart-
ment's clerk utilization is hmhcr than the other dcpatmcnts

The cashiers’ position is dif I"crcm because they arc inde pendent mulllpic
qucuc, multiplc scrver. Figure 4 shows us maximum and mean delay in queus
for cach cashicr. In particular the graphing ol mean delay in queuc almost same
for all cashlcrs This shows us that wc scpcralcd customers quite correctl. Be-
causc the customer choosces the cashier who has the lcast total items in pamcu- .

lar qucuc, dnd mcean waiting time and mdx1mum ‘wailing time is accepiable for
the customer.
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Figure 5. Max and Avg. Cust. In Queue
(For Cashler
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Figure 5 shows us the maximum and average number of customers in

queuc. This gives us almost same information as the previous gparh in figure 4.
Maximum 3 or 4 customers in the queuc. This is more acgeptable.

The cashiers utilization give us important information about how many
cashiers we should hire. Of course this information should combine with the
first two scts of data about the cashiers. But if we hire 30 cashiers we will
probably se¢ mean and maximum delay in queuc is zero and average and maxi-

~mum number of customers in queuc is zero. But cashier utilization will proba-

bly be very low.For that reason utilization is very important, espemally we
will know how the customer's choice works for the cashier check. And the
m,anager does not want very low utilization for his clerks.
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about90%. And this satisfics the manager. As we see in ﬁ*m,uﬁ the first cash-
icr utilization is higher than the sccond one and the second cashier utilization is
higher than the third onc ctc.ic. utilization is decrcaemg, bccausc “ag,h lime
customers choose the first cashier who has least total itmes in its queue. Each
limca cuslomer will 100k hrsl at cashierl, diicrwards cashicer 2,..., and 50 on
up 1o cashier eleven. ‘ ' .

in the appendix we cmlosc, the SIMSCRIPT program and some outputs.
The first oulput 1s a sausfactory solution; the other two Oulpuis are presenied to

. show why we choosc the first sct of results. We can compare their maximum
~and mcan dle)’ in qucuc, average and maxnmum numbcr n queue, deart- '

ments Lk,rks and cashu,rs Ullll/dll(‘m

¢ P

Finally we found that maximum shoppmv umc 1s 14.54 minutes dnd

mean ehoppmg_, LM S 4 66 minutcs. Figure 7 ¢ gives us (under our assumptions)

- how many items were sold during the snmulauon time. And the supcrmarkct
served 3914 customers in a ddy
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ABSTRACT

10 understand how a large supermarket operates a simulation model was
created using a simscript prOgram The model will help to determine the num-
ber of cashiers and clerks. The supermarket has 6 deparl;ments but only the deh
deprtment has a queuing system.

Further it was as*qumed that:

(1) customers arrive mdepcndcmlv ol cach other dnd on average
five customers arrive, cach minute.

(2) there 1s no fixed limit to the length of a queue,

(3) there 1s no [ixed limit to the number of customers.

Fhe simulaion model indicated that with average dclay 1n cashier line up
ol about onc mmuu, lor cashicr and about 30 seconds in the deli department:

(1) the deli department .should hzwc3 clerks,
12) in each other department one clerk was sufficient,

(3) cle cven Ldshlus are nu,dcd
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