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The article is devoted to the problems of advanced workforce manage-
ment systems WFM (Workforce Management) of post-NGN telecom-
munication operators, a formalized approach to the description of
extended WFM functionality and mathematical WFM models are dis-
cussed. The proposed approach allows to develop new WFM tools for
telecommunications operators to increase their performance, to man-
age more effectively the work schedules of engineering employees of the
company, visit customer sites, and control the workload of engineers in
real-time. Workforce Management systems (WFM) of Next Generation
Networks (NGN) are becoming more and more important. Compared
to the routine distribution of requests between telephone technicians in
the repair bureau of the old Public Switched Telephone Network (PSTN)
in the last century, the modern WFM system operates with a dispropor-
tionately large set of functions, a wide range of professional competen-
cies and key performance indicators (KPIs). In partnership with WFM,
other new information technology tools (IT-landscape) of the telecom-
munications operator, elements of BSS (Business Support Systems),
human resource accounting (HR) software, enterprise resource planning
(ERP) systems, other workforce planning, and management tools
employee vacations, the timing of basic engineering operations at the
operator's and customer's premises, and other support tools to optimize
the performance of the required work by personnel, increase productiv-
ity and reduce costs.
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Introduction

Workforce Management systems (WFM) of Next Generation
Networks (NGN) are becoming more and more important. Com-
pared to the routine distribution of requests between telephone
technicians in the repair bureau of the old Public Switched Tele-
phone Network (PSTN) in the last century, the modern WFM sys-
tem operates with a disproportionately large set of functions, a
wide range of professional competencies and key performance in-
dicators (KPIs). In partnership with WFM, other new information
technology tools (IT-landscape) of the telecommunications oper-
ator, elements of BSS (Business Support Systems), human re-
source accounting (HR) software, enterprise resource planning
(ERP) systems, other workforce planning, and management tools
employee vacations, the timing of basic engineering operations at
the operator's and customer's premises, and other support tools to
optimize the performance of the required work by personnel, in-
crease productivity and reduce costs [1-3].

From an operational point of view, WFM makes daily and
even hourly decisions on personnel asset management, allows you
to identify the most qualified, trained, and suitable telecom engi-
neers for a particular task, effectively engage them in this work,
optimize work schedules and movements, and carefully control
the work performed. And to do all this in an optimal way and in
real-time. That is why the elements of a formalized approach to
describing promising WFMs, mathematical models, and the study
of probabilistic characteristics presented in the article are certainly
relevant.

Workforce Management

Carrier Workforce Management System is a specialized soft-
ware designed to manage and optimize the use of the Operator's
staff. The business processes implemented by this system are
aimed at supporting the operational activities in the network, in-
cluding the organization and management of field workers: engi-
neers, repair teams, installation technicians, subcontrac-
tors/agents, etc.; organization of the work of operators of Call-
centers of a telecommunications company, geographically distrib-
uted work of employees at commercial units for the sale of con-
nections to the network (SIM-cards), service packages, the offer
of new telecommunication services, the contracts preparing, etc.

In the Telemanagement Forum's eTOM Telecommunications
Process Map, workforce management processes lie at the intersec-
tion of the Support and Availability and Resource Management
areas, i.e. Efficient workforce management is essential to support
day-to-day customer order processing and network troubleshoot-
ing. The task of automating the management of working time in-
variably confronts the telecom operator when the number of engi-
neers and tasks to be performed becomes such that “manual” man-
agement becomes difficult or even impossible [2]. In addition, tel-
ecommunications of the 21st century impose new tasks on WFM
that are not at all typical for traditional PSTNS. Firstly, the reality
of today's telecommunications is that a company's qualified engi-
neers represent something more than human resources, and more
than human capital - they represent a critical, intellectual asset of
the Operator, a combination of both tangible and intangible assets
— a creation of a modern NGN network. Secondly, and no less im-
portant is the growing cost of searching, maintaining, and provid-
ing improved working conditions for the specialists needed by the
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Operator, as well as optimizing their workload and maximizing
the efficiency of return. And thirdly, the growing demands for risk
management, as well as regulatory and contractual obligations as-
sociated with modern HR management.

Figure 1 shows the interaction of WFM with other systems in
the IT landscape, through which data is extracted, reformatted, al-
lowed to calculate values, make decisions, create of qualify rec-
ords, etc.
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Fig. 1. WFM interfaces in IT-landscape
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As can be seen in Figure 1, the implementation of a modern
WFM system in the IT landscape of a telecom operator, data inte-
gration with other OSS/BSS subsystems, data exchange with ERP
company resource planning systems, HR human resources, pay-
roll, etc. are mandatory.

WFM synchronization with all these systems reduces manual
data entry errors, significantly reduces the time required to ex-
change, download or retrieve data, simplifies and speeds up up-
dates, and increases the productivity of modern telecom manage-
ment. Accordingly, new models and methods for building the next
generation WFM and integrating WFM as part of the IT landscape
of post-NGN networks are needed.

Evolution of mathematical models of network management

Traditionally, the main probabilistic characteristics of the op-
erational management of communication networks were consid-
ered to be the following two: the intensity of the flow of applica-
tions to the operational personnel of the network A and the inten-
sity of servicing these applications u [2, 14,17].

The intensity of the flow of applications to the operating per-

sonnel A (1/hour) is understood as the number of applications per
unit of time to the engineering services of the Telco company for
the repair, installation, and modernization of telecommunications
equipment. In the context of this article, it is important to empha-
size that the intensity of the flow of these applications has never
been constant.
The non-stationarity of the flow of service requests was due to
certain situations in the network: regular repair and maintenance
work, commissioning of new switching nodes and stations and the
corresponding commissioning, laying and modernization of linear
cable structures, construction of base stations, commissioning of
new services, etc.
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The same can be said about the time of servicing orders by the
engineering staff of the Telco. The service time for one require-
ment Tb is a random variable that can vary over a wide range. A
random variable is fully characterized by a distribution law. In
practice, most often they accept the hypothesis of an exponential
distribution of service time, which occurs when the distribution
density sharply decreases with increasing time t. For example,
when the bulk of the requirements is served quickly, long-term
service is rare. With an exponential distribution of service time,
the probability of the event that the service time will last no more
than t is equal to

Ps(H)=1-e**

The average service time 1/ p is one of the most important
characteristics of service devices, which determines the through-
put of the entire system.

The load factor of engineering personnel with requirements r
is the most essential WFM parameter of a telecommunications op-
erator, which determines the value of p. With an increase in the
load factor of engineering staff R, the network maintenance costs
decrease, but at the same time, quality indicators deteriorate, and
hence the operator's competitiveness. Optimal management of
personnel work allows you to reduce costs and not worsen quality
indicators The calculation of the number of operational personnel
and the organization of work of the repair bureau (determination
of the value of 1) was carried out for certain time intervals of the
operation of the communication network, within which the flow
parameter A can be taken constantly.

Figure 2 shows a continuous flow function A(t) > 0, the aver-
age value of which can be considered constant over sufficiently
large segments of the time axis [tn, th+1]-
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Fig. 2. Partitioning the demand flow function into intervals

The problem lies in the size of these segments, i.e. the duration
of the intervals [ty, ta+1], on which the values of A(t) can be con-
sidered fixed. In ancient times, in the era of the public switched
telephone network (PSTN), when the life of the exchange was cal-
culated for 20+ years, this period was 10-15 years based on the
development plan for the communication network. With the ad-
vent of mobile communications and dial-up Internet access, this
interval has been reduced to 2-3 years, and now, when switching
to 4G/5G networks, it is generally measured not in years, but in
months [4,5].

Let us describe this problem in a slightly more formalized way.
The figures bounded by the graph of the function A(t), the abscissa
axis, and the straight lines t, t2, ..., t, parallel to the ordinate axis
(Fig. 2) are curvilinear trapezoids. From a geometric point of
view, the definite integrals of the non-negative function A(t) in the
intervals [t,, to+1] are numerically equal to the areas of these cur-
vilinear trapezoids. We need to take the value of the flow on each
segment constant and equal to the mathematical expectation An of
the flow function A(t) on the interval [t,, to+1]. The reliability A of
such an assumption is determined by the difference between the
area of a rectangle with a base [tn, tn+1] in Figure 2 and the area of
a curvilinear trapezoid with the same base, determined by a certain
integral

At

From a mathematical point of view, the reliability of the deci-
sions made is determined by the difference between the areas of
curvilinear trapezoids and the area of the stepped figure in Figure 2,
which in turn depends on the number of partitioning intervals N,
most likely, unequal segments. The segments of the partition are
chosen so that within each segment it is possible to approximately
consider the flow parameter to be constant, taking into account the
form of the graph of the flow function A(t) in Figure 2.

It is this non-uniformity of the intervals [tn, ta+1], the values of
which varied from one to two decades in the PSTN era to one to
two months during the transition to 5G, was discussed above.

Let us consider the re(e)evolution of mathematical models and
methods for constructing the IT landscape of a telecommunica-
tions company, including WFM, which is caused by these pro-
cesses of transition to 5G networks and, in particular, by an order
of magnitude decrease in the durations of [t,, t,+1] intervals.

On Figure 3 presents two approaches to the organization of
Telco management, which we can define with a certain degree of
conventionality as stationary planning by methods of queuing the-
ory (line 1) and dynamic control by methods of artificial neural
networks (line 2). Both of these approaches are present in varying
proportions today in the management of communication net-
works. The balance between these two approaches changes in this
way as the parameter x increases, the inverse of the stability inter-
val [ty, tar1] x=1/(tn+1 - t), increasing in a new way each time as
the complex operational management at the next stage of devel-
opment of telecommunications, as shown in Figure 3.

¥t Stationary fluting by methods of
queuing theory

Dynamic control methods of artificial
neural networks
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Fig. 3. Paradigm shift in post-NGN network management modeling
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As networks become more complex and transition to fifth-gen-
eration heterogeneous networks, the efficiency of stationary net-
work control planning in general [AG doctoral], and WFM in par-
ticular, is gradually decreasing, while new dynamic control ap-
proaches based, in particular, on artificial neural networks seem to
be very promising, which is discussed in more detail below in the
corresponding section of the article. But first, let's consider the ap-
proach proposed by the authors to the calculation of the probabil-
istic-characteristics of WFM.

Probabilistic characteristics of WFM

It should be noted that many software companies are working
in the field of WFM today, many materials are published on prac-
tical WFM engineering methods using artificial intelligence mod-
els, deep machine learning, neural networks, and other robust
methods of computer science [4]. Some of these methods will be
considered in the third part of this work.

The main goal of this section is different. It consists of the re-
search and development of a mathematical model of the probabil-
istic characteristics of WFM processes for super-complex high-
tech tasks that are carried out by WFM systems of Telco operators.
Many publications are also devoted to similar studies and mathe-
matical models. It deals with mathematical models of route opti-
mization, scheduling, finding the shortest path on a graph, statis-
tical analysis, mathematical planning methods, etc. Some of these
publications, which are closest to this study, are listed in the list
of references for the article.

We emphasize that the distinctive feature of this study is that
it is focused on WFM tasks in high-tech companies. The produc-
tion processes performed by postmen, pizza delivery men, and call
center operators are easier to formalize and, therefore, are man-
aged differently than the production processes performed, for ex-
ample, by engineers from Rostelecom or Megafon, who perform
different tasks at their facilities in different cases. connecting the
Internet, TV, building and setting up a WiFi network in a private
home or office, installing Private LTE base stations, etc.

Under these conditions, the theoretical foundations of the pro-
posed model are based on the following assumptions. The produc-
tion cycle consists of three phases. Phase 1 is the planning and
preparation in the WFM system of the i-th variant of the execution
of the j-th task by the engineering staff of the company with the
mathematical expectation of the execution time M[t;;;] and the
standard deviation of this time &1;. We emphasize that, unlike sim-
ple WEFM systems (mail, delivery of goods, Call-center operators,
etc.), the formation of a variant of execution in our case of com-
plex high-tech services, this time can be very significant and ex-
ceed the time of the work itself at the customer’s facility (for ex-
ample, designing a local office network, calculation, and purchase
of equipment at the facility, etc.).

Works at the customer's site, including installation and config-
uration of equipment and/or maintenance, repairs, etc., are per-
formed in phase 2 with probabilistic characteristics M[ty;] and o2,
respectively.

Phase 3 is the formation and analysis of a report on the work
performed, entering the relevant into the Inventory system, evalu-
ating the work of engineering personnel, transferring the equip-
ment of the facility to warranty / post-warranty maintenance, etc.
We denote the probabilistic-temporal characteristics of this phase
by M[ts;i] and o33, respectively.
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The mathematical expectation of the time spent on this option
i is determined by the formula
M[Tij]=%3

n=1

A'.Ir[t!HJ] (1)

Of course, a more significant character, in this case, is not the
average execution time of variant i, but the distribution function
of a random variable (probability density), which is not very dif-
ficult to obtain under the assumption that the execution times of
phases 1-3 are independent random variables obeying the normal
law distributions with parameters t and c:

. 2

= ::1‘755} ()

Depending on the nature of the set of tasks j = 1, 2, ..., K,
performed by engineering personnel at customer sites in the i-th
version of WFM, the random variable of the cycle time Tj can
obey the normal distribution law, exponential distribution, uni-
form distribution or Rayleigh distribution.

For a normal distribution, the probability that the cycle dura-
tion does not exceed a given value t is expressed by the known
relation [6]

7= M(Ti;
P{Tusr}:é[lw(%)}
0 2 (3)

where ¢(X) — Laplace function

2

.
P(x)= :rrfu exp(— ¢2)dt 4)
From formula (3) we obtain that for M[Tji]=t the probability

P{Tij<r}=3 )
is obvious that to calculate the efficiency of the WFM scenario i
of performing j=1,2,..., K tasks, checking the restriction of only
the mathematical expectation of the cycle time to exceed the
boundary cycle time 7 is insufficient. It is also necessary to take
into consideration the distribution function, or at least the second
moment of the distribution - the standard deviation.

But such a calculation for each variant i is very time-consum-
ing and excludes its implementation in real-time, when, for exam-
ple, WFM tasks are handled by Artificial Intelligence.

Therefore, it is proposed to keep the analysis of i-variants
based on the mathematical expectation M[Tji], but instead of the
boundary time of its execution t, choose another, smaller value,
which we denote by 1, guaranteed time of the working cycle.

The value of 1, is calculated in such a way that it corresponds
to a practically acceptable probability P. The exact value depends
on the specific application so that the probability Pg, for example,
would be at least 0.9.

The formula for t, is found from the following considerations.

Solving the equation
19— M[T ji
Pg=P{Tij<74} =% 1+ ¢‘(q—[1])}
7il2 (6)

for t, we get
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T = M[Tji] + aoj (7
here o — guarantee coefficient — is calculated by the formula

/2

a=———
H(2Pg—1) (8)

Using this technique, it is relatively easy to calculate the opti-
mal i-th WFM strategy from the set of possible strategies for each
operation interval [t,, th+1]. Such an engineering technique has
been implemented and successfully operates in the WFM system
of the Argus platform, for example. But back to Figure 2 of this
article [11, 12].

It is clear, that the effectiveness of the proposed mathematical
model essentially depends on the nature of the curve A(t) and the
duration of the interval [tn, ta+1]. Relatively speaking, it is possible
to calculate the optimal WFM strategy for a year, for a quarter, for
a month, and finally, to recalculate and change this strategy in the
middle of the working week or, even worse, during the working
day, it can hardly be appropriate.

Then we should return to Figure 3 and the consideration made
about the second curve in this figure

Neural networks in the Workforce Management

In recent decades, interest in neural networks has increased
dramatically, this is largely due to the opportunities that have
arisen with the widespread use of high-performance and relatively
cheap computers. The growth of computing power made it possi-
ble to put into practice the ideas expressed by the ideologues of
the study of artificial intelligence back in the 90s of the XX cen-
tury [9]. One of these ideas is the Hopfield neural network - a fully
connected neural network with a symmetric connection matrix,
the block diagram of which is shown in Figure 4.
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Fig. 4. Hopfield neural network block diagram

In the process of operation, the dynamics of such networks
converge to one of the equilibrium positions. These equilibrium
positions are local minima of a function called the energy of the
network (in the simplest case, local minima of a negative definite
quadratic form on an n-dimensional cube). The network can be
used to solve some WFM optimization problems due to its associ-

ativity, as well as to reduce the Lyapunov function during the net-
work operation [13]. This allows you to increase the quality of
work of the company's engineers, ensure automatic adjustment of
optimal routes for servicing facilities, and monitor the movements
of engineering and technical performers in real-time or using GPS
track recording.

A more detailed discussion of WFM optimization using the
Hopfield neural network is beyond the scope of this article. Here
we will consider the application of the apparatus of neural net-
works for Phase 3 of the WFM process.

Phase 3 of the WFM process discussed above is the analysis of
reports on the work performed, entering the relevant ones into the
technical accounting system, evaluating the work of engineering
personnel, calculating KPIs, checking and saving a photo report
from the facility, transferring the facility's equipment to war-
ranty/post-warranty maintenance, appropriate documentation of the
repaired and/or newly installed telecommunications equipment.

All these functionalities of the system help to reduce customer
service time, i.e. reduce the time for the selection of performers
and the time of the visit when calling the technical support dis-
patcher.

An effective automated tool for processing reports from engi-
neering personnel of a telecommunications operator from cus-
tomer facilities is a software subsystem that is part of WFM and
is based on an artificial neural network for analyzing reports S,

Bxoauoe
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Fig. 5. Fragment of a convolutional neural network for analyzing reports

During the operation of the report analysis network S,o, a pur-
poseful change in the parameters of neurons (weights of inputs W;
and thresholds Tj.) is carried out, to implement the output function
of the integral assessment of the report on the performance of
work at the customer's facility, the function F(X) = F(Xi, Xa,.., Xk).
Here xi (i =1, 2, ..., k) is a set of assessments of the performance
of one or another KPI based on the submitted report.

To manage and control the work of engineering personnel in
the field, an act signed by the client, a work order, passport data
of the equipment installed at the subscriber, and another 'selfie'
from the facility, are attached to each report on the work per-
formed, are used. a photo of the employee at the client or at an-
other place of work, which should also be attached to the report
on the work done (Fig. 6).

The fact is that employees of a telecommunications company
need to wear a uniform. It helps to identify their ownership, which
is important not only from a marketing point of view but also from
the point of view of customer safety.
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Fig. 6. Photo reports from objects

This is also why, after completing the work, the engineer sends
a WhatsApp report to the office, in which, in addition to indicating
the work done, the equipment installed, the time of arrival and de-
parture, photos from the place of work are attached, examples of
which are given here.

Starting from 2021, in connection with the COVID-19 pan-
demic, the mandatory wearing of a mask has been added to the
regulations for the work of engineers of a telecommunications
company at customer sites. The fulfillment of this new require-
ment by analyzing photographs from electronic order fulfillment
reports is verified by the neural network of Sg,.

Conclusion

The models and approaches proposed in the article allow the
WFM tools of a telecommunications operator to effectively per-
form their functions, develop and manage the work schedules of
engineering employees of the company, visit customer sites, dis-
tribute the load on employees with a given performance and add
any related events (vacations, days off, sick leave), plan and con-
trol the workload of engineers in real-time, and generate and store
reports on various indicators with the possibility of accruing bo-
nuses based on the results of work performed.

From a strategic point of view, the value of the proposed ap-
proach to the operation of a modern WFM system lies in its inter-
disciplinary thinking, which is based both on traditional methods
for calculating probabilistic and temporal characteristics, and on
models of business intelligence BI, artificial intelligence Al, ma-
chine learning ML. As a result of this, and in contrast to human
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resource (HR) management systems, financial and marketing sys-
tems, and other information systems of the IT landscape of the
Telecom Operator, the approach to WFM proposed in the article
considers the engineering and technical staff as the main inte-
grated investments of the Operator, which must be effectively
managed in network-wide to ensure maximum performance, max-
imum return on this investment.

This allows the Operator to introduce new network technolo-
gies and services more efficiently and effectively, to carry out the
strategic development of its NGN and post-NGN networks using
the engineering and technical staff available to the Operator, in-
creasing key performance indicators (KPIs) through advanced
WEFM system.
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MATEMATUNYECKUE MOZEJIN MOCTPOEHUNA CUCTEM WFM
TENNEKOMMYHUKALIMOHHbIX ONMEPATOPOB

Muxaun PeHomeHos, HayyHo-mexHuveckui ueHmp APTYC, 2. Cankm-llemem6ype, Poccus, m.fenomenov@argustelecom.ru
Jlee NonbdwmetiH, Mamemamuyeckas nabopamopus JTHMO, 2. Cankm-Tlemem6ype, Poccus, 1g090 107 @gmail.com

AHHOTauuA

Cratba nocesLleHa npobneMaTvke NepcnekTUBHbIX cucTeM ynpaenenus nepconanom YWFM (Workforce Management) TenekoMMyHuKaLm-
OHHbIX onepatopos noct-NGN, npeanoxeH popMann3oBaHHbIN MOAXOA K ONUCAHUIO paclumpeHHoro dyHkumoHana WFM, npeanoxeHsi
$yHKUMOHanbHas u MateMatuyeckas Mogenv VWFM ans nepcnekTMBHbIX MHPOKOMMYHUKALMOHHBIX CeTe onepatopoB ceasu. NpeanoxeH-
HbIi NOAXOA NO3BONAET pa3pabarbiBaTb HOBbIE MHXKeHEPHbIe MHCTPYMeHTbl VWFM, noebiware nx nponssoautensHoCTb, 6onee agdekTus-
HO ynpaBnATb rpadpukamMu paboTbl MHKEHEPHO-TEXHUYECKOrO MEPCOHaNa OMEPATOPCKOM KOMMAaHWUM, MyCKOHaNafo4HbIMU paboTaMu Ha
0obbeKTax 3aKa34yMKOB, a TaKXKe MJIaHUPOBaTh, ONTUMU3MPOBATb Y KOHTPOSIMPOBATh 3arpy3Ky TeNEKOMMYHUKALMOHHbIX MHXXEHEPOB B PEXU-
Me peasibHOro BPEMEHW.

Knioyeenie cnoea: IT-naHowacpm onepamopa ceA3u, ynpasneHue nepcoHanom WFM, knioyeebie nokasamenu s¢pgpexkmusHocmu KPI,
8epoAMHOCMHoO-epeMeHHble Xxapakmepucmuku BBX, any6okoe mawuHHoe obyyeHue DP, cucmembi BSS/OSS.

Jluteparypa

|. Goldshtein A.B. Two approaches for telecommunication networks management // T-Comm: TenekomMMyHukaLmu u TpaHcnopt. 2018.
T. 12. Ne 3. C. 57-63.

2. De Bruecker P, Van den Bergh J, Belien |, Demeulemeester E. Workforce planning incorporating skills: state of the art. Eur ] Oper Res
243(l), 2015, pp. I-16.

3. Nikhat Parveen, Saketh Ranga, Gouni Nishanth, Chaluvadi Sai Abhijith, Athmakur Harish Kumar Reddy. Work Force Management System
Using Face Recognition. Turkish Journal of Computer and Mathematics Education. Vol.I2 No.9, 2021, pp. 56-61.

4. Ibrahim Zeki Akyurt, - Yusuf Kuvvetli Muhammet Deveci, - Harish Garg, - Mert Yuzsever. A new mathematical model for determining
optimal workforce planning of pilots in an airline company. Complex & Intelligent Systems, 2022, no. 8, pp. 429-44l.
https://doi.org/10.1007/s40747-021-00386.

5. Cao H, Hu J, Jiang C, Kumar T, Li T-H, Liu Y, Lu Y, et al. OnTheMark: Integrated stochastic resource planning of human capital supply
chains. Interfaces, 201 1. No. 41(5), pp. 414-435.

6. Willis G, Cave S., Kunc M. Strategic workforce planning in healthcare: a multi-methodology approach. Eur | Oper Res, 2018,
no. 267(1), pp. 250-263.

7. lons0wmetH A., Yymaukosea E., Hukynun B. MNMpuknagHas reometpus ana Workforce Management // TexHonoruu u cpeacrea cBasu.
2013. No 2. C. 50-51.

8. Sheldon M. Ross. Introduction to Probability Models. Eleventh Edition. Academic Press is an imprint of Elsevier. 2014.

9. Llort N. & Garcia Amaia&Martinez-Costa, Carme& Mateo Manuel. A decision support system and a mathematical model for strategic
workforce planning in consultancies. Flexible Services and Manufacturing Journal. 2018. 10.1007/s10696-018-9321-2.

10. Ross Sparkman. Strategic Workforce Planning: Developing Optimized Talent Strategies for Future Growth. Kogan Page; 2nd edition,
2023.

I'l. Hukynun B.B., lMemposckuii H.O., @eHomeroe M.A. WFM kak uHcTpyMeHT ynpaeneHuss Employee Experience B koHTakT-ueHTtpe //
"BectHuk ceazn", N212, 2020. C. | |-14.

12. Carmen R,, Defraeye M., Van Nieuwenhuyse . A decision support system for capacity planning in emergency departments, International
Journal of Simulation Modelling, 2015. Vol. 14, No. 2, pp. 299-312.

3. Tanya Moore and Eric Bokelberg. How IBM Incorporates Artificial Intelligence into Strategic Workforce Planning
https://www.shrm.org/executive/resources/people-strategy-journal/Fall20 | 9/Pages/moore-bokelberg-feature.aspx

I4. Jun Woo Kima, Sang Chan Parka. Flexible Workforce Management System for Call Center:A case study of public sector. Asia Pacific
Management Review, 2007, no. 12(6), pp. 338-346.

I5. Workforce asset management book of knowledge / Lisa Disselkamp, editor. John Wiley & Sons, Inc. 2013.

16. K. B. Priya Iyer, Fernandes Jeyshree Felix. A Cost Effective Mathematical Modelfor Strategic Workforce Planning. International Journal
of Engineering and Advanced Technology (IJEAT) ISSN: 2249-8958 (Online). Vol. 9. Issue-2, December, 2019.

I7. M. Sivasundari, K. Suryaprakasa Rao, R.Raju. Production, Capacity and Workforce Planning: A Mathematical Model Approach. Appl.
Math. Inf. Sci. 13, 2019. No. 3, pp. 369-382.

T-Comm Tom 17. #1-2023




