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Introduction

The main objective of all Administrative Servicesrers (ASC), which are a formal part of
some Bulgarian municipalities, is to provide pubdind administrative services of the highest
quality. Public and administrative services areerdliservices and are comprised of two key
elements- the final service outcome achieved amddrent's experience while obtaining the
service. In order for administrative and pubkevices to be perceived to be of high quality, the
client's expectations and requirements should bé Migese clients requirements include easy
access, timely service, flexibility, high levelsaimpetence and politeness, to name a few. In order
to achieve a high quality and timely service, tH®CAs operations capacity to meet demand is of
particular importance. The management of servigacdy is an integral part of the operations
management decision making framework. These typdsasions in the services field are usually
made under great uncertainty and often in the alesehadequate quantitative assessment of the
relevant variables. Therefore, in order to increaféectiveness in the operations manager’'s work it
is necessary to employ more precise quantitativeatso

The purpose of this paper is to present a modebparations capacity planning and
management for public and administrative mass sesviThe methodology for the application of
this model is also suggested for services offeseABC of the Burgas municipality.

The effective management of service operationsiregjuhat the relevant managers make
decisions regarding the following:

< Forecasting of demand (number of customers)

< Identifying the necessary operations capacity (remolb service channels and staff)

< Deciding on staff scheduling
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Similar decisions in operations management arellysoeade after an examination of the
service system, following the gathering and praogssf the required data, an analysis of the final
results and the formulation of conclusions and meoendations for practice. In order to improve
the decision making process, it is useful to emplmdels, which provide quantitative dimensions
of the service system.

The main interest of the present paper is the sersystem for public and administrative
services, where queuing is a common occurrencevérgte it is necessary to always match
operations capacity and demand.

The main components of any service system arentsliservice channels, and a queue. In
this paper, operations is a term which encompabgesntering and accepting of customers into the
service system, organizing customers into a quetsiding the customers required service, and
the customers exiting from the service system. mhae reason for the emergence of a queue is an
insufficient operations capacity. Queuing is a camrmccurrence for mass services, where there is
a large size of arrival units (service centersndpemrt centers, banks, hospitals, call centers,
restaurants airports, etc).

A more detailed analysis of the service system shiwat queuing occurs when the arrival
rate (average number of arrivals for a given pembdime) exceeds the service rate (average
number of served customers per given period of )tinidscriminating between the above
mentioned components of the service system and iexamthe interactions between them,
indicated that one may view the queuing phenomemmra system and therefore an analytical
queuing model may be formulated.

It is clear that in the services, the managing gliaue is the approach through which, the
most optimal combination of demand and operati@psacity may be achieved. The queue takes
the form of client “inventory”, which acts as a ferfbetween demand and operations capacity. Of
course, the aim is to minimize this virtual storalgecause this is of no use to customers or staff
providing the required service.

Based on the above discussion, it is clear thairder to develop a model of operations
capacity planning and management for public andigidtrative services, it is necessary to study
the interaction between the arrival rate, servate and queue. The model and methodology of the
present paper is focused specifically on identythe operations capacity required to meet the
demand. This paper does not deal with estimatimgatimal operations capacity because the
optimal operations capacity aims to keep the tat to a minimum but does not necessarily meet

demand.
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Research methods

Queuing Theory applied for operations capacity plang and management of mass
services.

Because the delivery and consumption of a serwcerssimultaneously, the demand needs
to be met precisely as it arises. This requiregiceiorganizations to estimate and then provide the
right capacity at the right time. Insufficient aregter than necessary capacity leads to losségin t
short and long-term.

Queuing Theory offers the instruments most suitdbiequeuing cases. (Winston, 2004,
Fitzsimmons, 2004)

The main objective of Queuing Theory is to estdblige relationship between variablest
u M, where:

) —arrival rate (average number of arrivals for a giperiod of time);

i — service rate (average number of served cliemta ¢pven period of time);

M — number of working channels;

Thesel, p andM are the main variables of a service system. Whannohg and managing
services, it is necessary to identify the preciagpacity of the service system, which is directly
related to arrival rate and the service rate of the systdin.

In order to develop a model for the mass servilsdwery system, it is needed to precisely
identify the main characteristics of the servicsteg. In particular:

< Arrival process.

< Physical features of the queue.

< Queue discipline.

< Service process.

< Exit.

In order for the services system to be comprekehsdefined, in addition to the study of
its main characteristics, the relationship andratgons between these characteristics should also
be studied. Once all of the above has been studiedpossible to use Queuing Theory to develop
a model for the system.

The application of Queuing Theory follows the feliag assumptions: (Andronov,
Alexandrova, 2004)

1. Simple arrival process, which is a homogeneoussBniprocess.

2. Clients represent an infinite population
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3. Inter-arrival time is exponentially distributed,dathis means that the distribution of
arrival units for a given period of time is a Poisglistribution.

4. Service times is exponentially distributed

5. All clients are served on a first come-first ser¢(E@FS) bases.

The above discussed assumptions define the comgnacokpted system for mass service,
which according to Kendall-Lee notation (Winston,002) should be presented as:
M/M/n/FCFSéo/.

Once all relevant information about the servicetmyshas been collected and the system
has been described, mathematical modeling of atatheristics of the system is performed. It
should be kept in mind that all mathematical madgliepresents a certain simplification of any
given real life situation. This means that all dosions drawn from mathematical modeling

should be viewed with caution.

Model of operation capacity planning and managemeot public and administrative
services

This model is developed in four consecutive stegisguthe above discussed theory.

Step one In order to define the service system model acogrdio the theoretical
framework it is necessary to identify its main caments first and then establish whether or not
Queuing Theory assumptions are satisfied

< Arrival process

Arrival process is created by client demand foivery service. Those using public services
offered by ASC may be thought of as part of a greuih an infinite population. A customer
exiting a queue does not significantly affect tiistem probabilities.

Customers enter the system one by one, indeperadeobhe another and from a large
number of sources. This makes requests enteringyistem random by nature, and they form a
simple arrival process. The arrival process hahamgeable characteristics for any given interval.
During normal working hours, the arrival processgablic services has peak and non-peak arrival
intensity, and can therefore appear as changelfliime is divided into equal, one hour intervals,
the arrival process may be treated as unchangeltdediscussed simple arrival process meets the
assumptions of a homogeneous Poisson process. tatistical data is checked to ensure it
corresponds to the theoretical distribution ofrdiéeentering the service system.

The degree of customer patience is difficult to sue@ objectively. It is safe to say that

public service customers fall into two categorigsatient and impatient.
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The simple arrival process cannot be controlledwhg some other types of services are

controlled through specific decisions regardingrtienagement of demand.

< Physical features of clients and queue discipline

Every one of the six working stations is designedandle one or more similar types of
services jobs. Any given working station considt$wmo working desks (channels). The queue of
clients is one for each working station. Everydim client exits a queue and a service has been
provided, another client could immediately take/ties place. This makes the queue infinite in
population length. Queue discipline is characterias “first come, first served”, or clients are
serviced in the order in which they arrive

< Service process

Let us say thaM is the number of working channels, which providletypes of public
services. The service process is characterizedeijpotlowing features:

- Average service time for one clientor any given interval, which has a negatively
exponential distribution of probabilities;

- Maximum number of clients that can be served siam@lously corresponds to the
number of working channeldk

- Accessibility of servicing facilities — the systammcompletely accessible, because
the channels may accept any subsequent client imategd after serving the
previous client.

< Exit

Once a customer has been served there is a highalghty of the customer returning to the
source population and immediately becoming a comgetandidate for service again, because the
centre is the one offering the desired type ofisess

Step twa When the system is clearly defined with all its gaments, it is then necessary to
choose the most suitable mathematical model. Bagreithe characteristics identified in step one,
the studied system is identified as multi-chansieigle phase.

Step three To clarify the functioning of the system and towreonclusion regarding the
system’s capacity, it is necessary to calculatee¢hevant operational parameters. For the purposes
of this study, the relevant operational paramesticuld be calculated for each working station:
probability of no clientsPy average number of clients in the systdmm, average total time in

systemWs, average number of clients waiting in quelug, average time waiting in queud/q .
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Step four. At this stage, based on the calculated parameterslusions should be drawn
regarding the volume and utilization of the capaeit any given time interval. Once that is done,
decisions need to be made for possible modificatairthe system.

The volume of capacity is determined by the numieér channels M working
simultaneouslyand the average service time per customer. Inipeadhe operation managers of
mass services cannot influence the arrival ratégssnthey completely change the intensity by
including or excluding entire groups of clientsg(edemand by some villages of the municipality)
A change of the system’s capacity may be achiewednbdifying the service process in two
directions:

- By increasing or decreasing the number of workingnnels, depending on forecasting

of service demand

- By improving the operations for the purpose of dasing the average service time,

particularly during the periods when the arrivdera, is grater than the service rage,

In order to choose which operation parameters shbel estimated and analyzed, it is
important to identify the key indicator necessaoy the functioning of the system. One such
indicator may be the waiting time or queue lengtid also average total time in system or number
of clients in the system. The chosen indicator dithe one, which is most relevant for the specifi
nature of the type of service and the targets g@ebdnagement. If management aims to decrease or
eliminate the queud,q should be studied and calculated. In cases whetinggdime is limited,
data forWwg. should be estimated and analyzed and so on.heospecific example used in this
study, it is suitable to use both of the above meed parameters. A starting point in the analysis
could be to decide on a standard for a desiredngaiime length, so that clients will not have a
negative experience. Once a standard has beentedcapd based on the analyzed data operation
managers may decide with greater precision thetexacessary system’s capacity, which will

allow demand to be met and for management targdis aichieved.

Results and Conclusions

Methodology for application of the model with actudata from the ASC.

Employing this model and bearing in mind the typk service requested, specific
methodology may be offered, to allow the use of thodel with actual data. In this particular case,
observations and data regarding citizenship staasregistration were tested for a period of five
consecutive months, for one working station witlo thhannels. The methodology includes:

1. Identifying the main components of the serviceesyst
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This is the stage for data collection regardingrthenber of arriving clients for every one
hour interval, for a full working day and the awggaservice timet [min], for every client, per
minute. For every one of the five months and foergwvtime interval,l [number per hour] and
service ratqu were calculatedDue to the large volume, when testing the modéh\actual data,
the calculated parameters are not shown here).

The statistical data employed in this study wereynder Kolmogorov — Smirnov test of
goodness of fit. The results show that the arqfvatess has a Poisson distribution.

Physical characteristics and queue disciplinetifiethe queue as unlimited in capacity.

Service time is exponentially distributed.

2. The choice for a mathematical model for the system.

All above mentioned assumptions for the use ofuihgeTheory are satisfied. The system is
identified as two channeled, single phase. Usingnda#-Lee’s notation, it is presented as:
M/M/2/FCFSo/.

3. Calculating the operational parameters of the syste

The operational parameters calculated for eveey layur interval of the full working day,
for every month, with a different numb®t =1 + 4 working channels are as follows: probabitty
no clients,Py average number of clients in the systdrs, average total time in systeis |,

average number of clients waiting in quelug, average time waiting in queud/q .

4. Formulating conclusions regarding system capacityization and decisions for
possible changes to the operations capacity (ifeassary) through a modification of the service
process.

In order to reach conclusions, the length of theugLg and the average waiting tim@/q
[min], should be analyzed for the various humbewofking channels. Similar analyses may also
be performed for the remaining parameters of tis¢éesy, depending on the objectives of the study.

In the case of this study, if it is accepted that maximum waiting time for a client to begin
receiving service is 10 minutes, the results shioat it is sufficient to have a maximum of three
working channels simultaneously in order to meehaed. Bearing in mind the various levels of
demand during the course of a working day, thettem§ a working shift, and the need for staff
work breaks, the maximum number of staff needeihduhe peak periods is four. In this study,

two channels were used and it was shown that #padaty was insufficient. This could be fixed
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through the expansion of online public servicethefASC or by increasing the number of channels

working during the peak periods.

Conclusions

1. This model allows the processing of quantitativéadar the various parameters of the
system. It also allows the operations manager tkentlae appropriate modifications of
the system, depending on the key indicators deaiged.

2. This model may be applied for the purpose of opmmat capacity planning and
management for all mass service systems, whichvalhe formation of queues, such as
medical centers, supermarkets, airports, bankisceaters and others.

3. This model is suitable for emergency services. difference in such services is that the
operations capacity should be estimated to correspmthe maximum level of demand.

4. The testing of the model with actual data for adstiative and public services from the

ASC showed it to be applicable and useful in orgational practice.
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