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The task to develop and use economic-mathematical models that increase the speed and quality of
decision-making is becoming acute in terms of increasing competition at the banking service market, and in the
consequences of the need for permanent increase of economic efficiency of banking institutions. Currently
most of the decisions are made by banks in an expert way or on the basis of single calculations of economic
efficiency of individual projects taking into account the available statistical data on the dynamics of
macroeconomic processes. Problems of this kind are usually implemented on the basis of stochastic economic-
mathematical models that are based on the knowledge about the probabilistic characteristics of the simulated
parameters. For their construction it is necessary to observe rather harsh conditions on implementation of the
above considered processes that it is difficult to realize in practice. Hereby, to solve a multi-criteria
optimization management problem of a retail unit of a commercial bank we suggest using dynamic economic-
mathematical models that include control actions and a vector criterion of quality. The tools under
consideration focus on the increase of efficiency of decision-making in the field of the control of the staff
amount, as well as in the sales system of a retail unit of a commercial bank. The stages of the creation of
dynamic models and an algorithm for the solution of the vector optimization problem have been worked out.
For the solution of the optimization problem of the management of a retail unit of a commercial bank we have
made calculations for the set of practical tasks in the software environment Delphi 7. And the results obtained
during the calculations have been illustrated. The analysis of the results has been made and the selection of an
optimal solution has been explained. The suggested method for the vector optimization is characterized with
significant practical application as it can be used as the basis for the development of systems to support
management decision-making in various areas of the banking sector. Further works in the field will be devoted
to the complication of the suggested tools by expanding the phase vector of the management system of a retail
unit of a commercial bank by including additional quality criteria for the implementation of the management
process under consideration, as well as through the solution of the problem of dynamic economic-mathematical
modeling of the process of optimization of adaptive management of the similar process.
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B ycnoBusax ycmiieHUs KOHKYPEHIIMH Ha PhIHKE 0aHKOBCKHX YCIYT M, KaK CIEICTBUE, HEOOXOAUMOCTH
MEPMAHEHTHOTO TIOBBIMICHUS HKOHOMHYECKOH 3()()EKTHBHOCTH EATETHHOCTH OAHKOBCKHX OpTaHU3aIiA
aKTyalqm3upyercs 3agada (QOPMHPOBAaHUS H  HCIOIB30BAHMSA HKOHOMHKO-MATEMaTHUECKHX  MOJEINEH,
MO3BOJIAIOIIMX B 3HAYUTEJIBHOM CTENEHU YBEIUYHUTh CKOPOCTh M KAauye€CTBO NPHHUMAEMBIX YIPABJIECHYECKUX
pemennii. B HacTosmee BpeMs OOJBITMHCTBO TaKUX PEUICHUN OAHKHA MPWHUMAIOT AKCIEPTHBIM ITyTEM JINOO Ha
OCHOBAHHHU PA30BBIX PacueTOB IKOHOMHYECKOH 3()()EeKTUBHOCTH OTAETHHBIX MPOCKTOB C YYETOM HMECIOIIUXCS
CTaTUCTUYECKUX JAHHBIX O JAMHAMHKE MaKpPOIKOHOMHMYECKHX MPOIECCOB. 3aJayd TaKOTO Poja, Kak MpaBuUIIo,
peamu3yroTcs Ha 0a3e CTOXAaCTHYECKUX IKOHOMUKO-MAaTEMAaTHYCCKHX MOJENIcH, OCHOBAHHBIX HAa 3HAHUH
BEPOSATHOCTHBIX XapaKTEPUCTUK MOJCIUPYEMbIX MapaMeTpoB. i1 MX MOCTPOCHUS HEOOXOIUMO COOJIOIATH
JIOCTATOYHO JKECTKME YCIIOBHSA Ha peajiM3allil0 pacCMaTPUBAEMBIX IPOIECCOB, YTO TPYIHO BBIMNOJHUTH Ha
npakTuke. B cBs3M ¢ 3TUM I pelieHusT MHOTOKPUTEPUAJIbHOM ONTHMHM3aLMOHHON 3aJaud yIpaBJICHUS
PO3HHYHBIM TOJpa3IeieHHeM KOMMEPYECKOro 0aHKa IpeajiaracTcsl MCIONb30BaTh NWUHAMHYECKIE YKOHOMHKO-
MaTeMaTHYECKHE MOJENH, B KOTOPbIE BKIIOYEHB! YIPABIIAIOIINE BO3IECUCTBUS U BEKTOPHBIN KpUTEPUH KAaueCTBa.
[IpemnoskeHHBI HHCTPYMEHTApHil HANpaBIICH Ha MOBBIMICHHE (P(EKTUBHOCTH NMPUHATHA pElICHHN B 00JacTH
YIOPaBJIEHUS! YUCIECHHOCTBIO MIEPCOHANA, a TAK)KE CUCTEMOMU MPOJaX PO3HUYHOTO HMOAPA3AEICHUS KOMMEPUYECKOTO
Oanka. Pa3paboTaHbl STambl CO3MaHUS AWHAMHYCCKOW MOJCIH W alTOPUTM pEUICHHS 3aJadd BEKTOPHOU
onTuMM3anuu. Jlyig pelieHus paccMaTpuBaeMOM ONTMMHU3ALMOHHOW 3aladd  YIpaBJIE€HUS PO3HUYHBIM
no/ipa3jieiecHHeM KOMMepYecKoro OaHka B mporpammuoii cpene Delphi 7 mpowmssenens! pacueTsl st Kimacca
MPaKTUYECKHX 33714 ¢ WJUTIOCTpaIeil MOIyYeHHBIX pe3yIbTaToB, MPOBEJCH X aHAINU3 M BRIOPAHO ONTUMAJIbLHOE
pewienue. IlpeasioxeHHbII METOA pelleHHs 3aJaud BEKTOPHOM ONTHUMU3allMM MMEET BBICOKUWA IOTEHLIHAI
MPAKTUYECKOTO TPUMEHEHUS] B KadyeCTBE OCHOBHI pa3paboOTKW cuUCTEeM JJIsl  TOAJEPKKH IPUHATHS
VIPaABICHYCCKAX PEUICHUNA B Pa3NUUHBIX cepax OaHKOBCKOW AeATeNbHOCTH. I[IepCIEKTHUBBI HCCIIEI0BAHUS
BKJIIOYAIOT YCJOXHEHUE MPEIJI0KESHHOTO HWHCTPYMEHTAPHS MyTeM pacHIMpeHus ()a30BOro BEKTOPA CHUCTEMBI
VOpaBJICHUS PO3HUYHBIM IIOJpa3/IeICHHEM KOMMEPUYECKOro OaHKa TIOCPEACTBOM BKJIIOUCHHS B Hee
JIOTIOJTHUTEIILHBIX KPUTEPUEB KauecTBa Peaju3allii PaccMaTpUBaeMoOro IMpolecca yIpaBiIeHHUs, B TOM YHUCIE 3a
CYET pelIeHMsl 3aaud IUHAMUYECKOT0 3KOHOMHUKO-MATeMAaTHYECKOTO MOJAEIUPOBAHUS MPoLecca ONTUMHU3ALUN
aJJalTUBHOIO YNPAaBJICHMsI aHAJIOTHYHBIM IPOLIECCOM.

Kurouesvie cnoga: Ounamuueckoe 3KOHOMUKO-Mamemamuieckoe MoO0enuposatue, 3a0auyd 6eKmopHOU
ONMUMU3AYUY, KOMNBIOMEPHOE MOOeIUpoganue, IQP@PeKmugHOCms — cucmemsl  YAPAGIeHUs, YNPAGIeHUe
YUCTIEHHOCMbIO NEPCOHANA, CUCHEMA POZHUYHBIX NPOOAXdC, KOMMepUecKull OaHK, po3HuuHOe noopaszoenenue.

Introduction

he issues related to the

efficiency of bank management

are significantly important. In
terms of unstable financial behaviour of an
external environment the managers of any
bank considering the constantly changing
“regulators” demands strive for risk
minimisation and net operation profit growth
of the business. At the same time the field is
rapidly developing, modern technologies and
e-channels of selling are being implemented.
Competition in the field is still significant
despite the participant amount decrease. In the

response to constantly increasing demands of
customers both in service rate and service
quality representatives of the banking service
market have to improve the activity rapidly in
order to be constant operators at the banking
service market. Micro-lending organizations
and other companies providing financial
service but that are not considered to be banks
also compete with the latter. Constant strategy
specification and tactical approaches to
management in lending agencies are also
considered to be competition tools. Marketing
approaches for customers’ attraction including
advertisement also have a significant impact.
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Management of the  resources
including personnel is an important trend to
achieve significant efficiency of bank
management. Considering rapid development
of remote channels of service the necessity to
maintain a chain of additional offices network
regardless of whether they are leased or
owned is still acute. In addition to the network
maintenance the issues related to the upkeep
of personnel working with costumers and
their amount decrease are quite urgent [1-3].
The existing staff should work as efficient as
possible, besides standards of sales should be
involved, and deviation from the planned
indicators should be controlled. As a rule
decisions that determine the banking business
development are made on the basis of expert
opinion of the members of the board of the
bank and other persons whom decision-
making depends on. Decisions based on
particular  financial calculations of the
activities are made rather seldom [4]. And the
cost of the error in a poor decision is often
very high, as it can lead to significant
financial damage. In addition to possible
losses the efficiency of the staff resources that
were attracted from the market on the
decision-making basis is rather discussible.
Employees are not paid bonuses that they
could have been paid when the planned
indicators had been received in the event of
erroneous decision to hire them as a result of
the absence of the expected economic effect
of their work. Quite often the staff has to
perform functions unusual for their duties,
look for opportunities for retraining, or
change jobs. In case a decision on the massive
reduction of the staff is made employees are
dismissed, and are forced to register in the
employment centres or move to less paid
positions.

An information and analytical decision
support system, which provides the access to
quality data for their operational analysis
significantly increases the efficiency of the
banking process management [5-7]. The
system quickly and efficiently assesses the
consequences that are expected in case
particular management or financial decisions
are made and it helps to select the most
efficient one [8; 9].

A management or financial decision
support system includes a set of interrelated
methods, software and hardware that
automatically implement a set of data of
various reports containing the necessary
information for decision-making [10]. The
most modern systems can offer various options
for such solutions [11-13].

The application of economic-
mathematical models and methods including
machine learning technologies, neural
networks for Big Data analysis and other tools
makes the management of particular objects
or banking activity process more efficient
[14-17]. The use of the latest approaches
allows us to obtain results to find solutions to
the problems that were not taken into account
in the original algorithms, as the system itself
is trained over time on the results of banking
activities. It should be noted that the global
transition to the use of digital technologies is
currently at an early stage of the development
and concerns mainly only a part of banking
processes (mass sales campaigns, identification
of customer needs, etc.). At the same time,
with regard to management decision-making
related to strategic or short-term planning,
these processes are in their infancy.

Thus, the issue related to the
application of an economic-mathematical
modeling to improve the speed and quality of
management  decisions in  banking s
significantly important.

The creation of an economic-
mathematical model for the management
of a retail unit of a commercial bank

he procedure for the dynamic

economic-mathematical model

creation in terms of the
investigation of the optimization of the retail
business management of a bank is described
here. Similar mathematical models for
economic systems are presented, for example,
in the works [18-20]

We shall consider input data and
peculiarities of management decision-making
for a retail unit of a bank operation in case the
number of employees and sales standards for
their various roles change. Similar models for
banking activities, only in a more simplified
form, were considered in the works [21; 22].
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The following symbols should be
introduced to construct an economic-
mathematical model for the decision-making:

n is a number of main “portfolio”
products for individuals (e.g. mortgage, car
loans, deposits for individuals, debit cards,
etc.; n € N; where N is the set of all natural
numbers here and further in the article);

m is a total number of employees’
roles who dispose products for individuals
(some roles have sales responsibilities for
several types of products, others — only for
one product; m € N);

x (1) = (x1(£), %5(0), ..., %, (1)) € R”
IS a vector describing a portfolio volume for
each bank product during the time interval t

in thousands of roubles (t € 0,T —1 =
={0,1,2,...T — 1}; T € N), at which each the

i coordinate x;(¢) corresponds to the

portfolio volume value of the ™ bank

products type (i € 1,n); here and further in
the text for keN, R¥ is k — dimensional

Euclidean vector space of column vectors;

y (®) = (31(6), y2(8), ..., ym (1)) € R™ i
a vector describing the quantity of the bank
personnel roles during the t(t € 0,T —1)
time period, where each j™ coordinate yj(t) is
the value of the employee headcount of the j
position type (j € 1,m) according to the
staff schedule;

A®) = |la;@®|.i € Lnje1l,mis
a matrix of monthly sales standards at the

time interval t (t € 0,T — 1), a;;(t) is a
normative amount of the soled products of the

i type by the employee of the | role, in

items (i € 1,n,j € 1,m);

z= (24,2, ..,2,) € R™ is a vector
of labour costs per each product type sale
considering the “sales funnel” (i.e. time spent
on consulting all customers regardless of their
decision to purchase the product), hr.;

H = (hy, hy,...,hy;)" € R™ is a vector
of portfolio amortization coefficients of each
group (type) of the product per month
(portfolio depreciation), %;

S = (sq,8,..,S,) €R™ is a vector
of mean receipts of each product sold, RUB,
thous.;

u(t) = (ul(t),uz(t), ...,um(t))' € R™
is a vector entering a quantity of each staff role
(amount of people) for t(t € 0,T —1),
where each jth coordinate w;(t) is the value of
the number of added staff units of employees
of the j" type of the role (j € 1,m).

The dynamics of bank product
portfolios for individuals will be described by
a system of quasilinear recurrent equations
below:

Yj(t +1) = Yj(Tt) + uj(Tt)' uj(O) =0,
n=1-EQ),

. x(t+1) = x;(t) =k "15? + )

+s; XLy ai(0) [y (0 + 5 (@®)],
\ te€e0T-1i€1mj€Eln,
where the following symbols are used:

x(t+ 1) =(x1(t+ 1), x2(t+1), ...,
x,(t+ 1)) € R™ is a vector of bank product
portfolio volumes during (t + 1) time period;

y(t+1) = (yi1(t+ 1), y2(+1), ..,
ym(t+1))" € R™ is a vector of quantity of
the different roles of employees (number of
people) at the time interval (t + 1);

TEN: T LT,

E:R! > Z is a function of a number
aliquot.

The system (1) under consideration
allows us to simulate the dynamics of a
multistep process of managing (control) the
structure of the portfolio of banking products
for individuals depending on the given initial
conditions and on the choice of specific
management decisions: changes in the
number of employees and the establishment
of sales standards for them.

A vector entering the number of
employees at a bank retail unit u(t) =

= (u; (), uz(0), ..., um (1)) ER™ and the
sales standard matrix A(t) = i € 1,n,
j € 1,m at the time interval t (t € 0,T — 1)
are the control actions in the system, that needs
the following constraints to be introduced:

u(t) € Uy (¢, y(t — 1),y(t)) < R™,
U, (8) = fu®: u@®u®©),u@), .., u™ ()}
c R™ N, €N,
y(@) = (1(8),y2(8), ..., ym ()" €R™,
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(vj € Tm)A(Y k € TN,): |uf(6)] < 0,1 y;(¢ — 1);

XM,y (t) <10000; (2)
A(t) € A (t) € R™™ A (t) = {A(t): A(t) €
€ {AD ), AP (),...,AMI ()} c RP™ M, €N,

vkel M,
i € L,njelm;
((vi e ﬁ)/\(v,- e Tm): ()

= 0) ( min = [ (k)(t)zi] = Tmax)'

((vi e To)A(vi € Tm):a{(®) 2 0) A(val () > 0):

a0z 2 01-3%, [0 2],z € R} (3)
where Ty, 1S @ minimum value of time to sell
banking products per month, min., Ty, iS @
standard value of working hours per month,
min.; N; is an amount of possible control
actions u (t) at the time interval t (N; € N);
M, is an amount of possible matrixes A(t) of
sales standards at the time interval t (M; € N).

At the same time the following phase
restrictions must be introduced for all
t eoT-1:

x(t) € X1(8),y(t) € Y1 (D),
X,(8) = {x(@®):x(6) = (1), 2(8), .., xa(D)) €
ERMVi € 1,n: x;(t) = 0},

Y0 = {y@:(0) = (1.0, 2(6), ., Y () €
ER™Vi € 1I,m: y;(t) > 0}. 4)

Within the task under consideration
we establish a restriction that control actions
can be applied no more than once every 6
months.

We shall describe a set of quality
criteria that can be used for the assessment of
the results of possible implementations of the
process that is described by the system (1) —

4).

“ We shall catalogue a pair @(-) =
={u(),A(D} € U(), that makes a valid
program control at the time interval 0, T,
where u(-) = {u(®)} o7 AC) =
= {AO}yeg7=1; VEEOQLT - 1:U®L) =
= Uy (t,y(t — ), y(1)) x A, (0),

U(0) = U;(0) x 41(0); UC) = {U®)}, 57—
are multitudes of all valid program control

actions at the time interval 0,T in the
dynamic system (1)—(4) under consideration.

We shall designate x(T) =
= @57(T; x(0),u(*)) afinal state (at the time
interval 7) of the trajectory x(*) = {x(O)},57
of the phase vector x(t) = {x(t), y(t)} €
€ R™" (t €0,T) of the system (1)—(4),
that describes the dynamics of the
optimization process under consideration at a
time interval 0, T, that corresponds to the set
{x(0),u(")} € X(0) x U(-), where X(0) =
= {x(0)} x {y(0)}.

Then for all possible variants of the
sets {x(0),u()} € X(0) x U() the quality
criterion of the control process in the system
(1) — (4), that describes the dynamics of the
process of optimization of complex program
control of the number of employees in a bank
retail unit and the system of sales during the

time interval 0,T can be estimated by the
following terminal functions (the process
quality indicators) [23; 24].

A functional of a bank retail unit
profits

We shall add additional parameters to
the model under consideration:

v = (v, vy, ..., ;) € R™ is a vector
of the salary size of the employees of each
roal, P, thous.;

r=(r,1,,..,5) € R" is a vector of
interest and transfer income rate for each
portfolio type, % per annum;

¢ = (cy,¢3, ..., ¢,)" € R™is a vector of
interest and transfer income rate of expences
for each portfolio type, % per annum;

q is a value of administrative and
economic costs per month, excluding salary
costs, P, thous.

Then the target function

d)él—lT)(E(O),ﬂ(-)) for the optimization of the
complex program control of the number of
employees at a bank retail unit and the system
of sales at the time interval 0, T is calculated:
oF) x(0) u()) =pM =
z (o I () Xt — 1) - (-
)= Xitivyi®) —q) =
= FY (o7 (T; %(0),u(-))) = FR (x(T)), (5)
where p(t) is a bank profit value for all types
of products individuals cumulative, P, thous.,
during the time interval t (t € 1,T); p(0) = 0.
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The maximum value is an optimal
value for the functional.

Cost Income Ratio (CIR) functional —
the ratio of the transaction costs to the
transaction income of a bank retail unit

The target function q)%(%(o),a(-))
for the optimization of a complex program
control of the number of employees at a bank
retail unit and of a sales system that
demonstrates the Cost Income Ratio (CIR)

value for the time interval 0,T, is calculated
according to the equation:
®2(%(0),%()) = CIR(T) =
=1 (X5 (0 + @) _

T X () + 2yt = 1) -5 (i — )
_ @ m = —. (2, =
=57 ((pO,T(T: x(0), u( ))) = FO_AT(X(T)): (6)
where CIR(t) is a ration of transaction costs to
transaction income of a bank retail unit in
cumulative, %, for the time interval ¢ (¢t € 1, T);
CIR(0) = 0.

The minimum value is optimal for the
criterion.

Functional of the share increase at
the individuals’ outside funds market

Let m(t) to be the individuals’ outside
funds volume for the time interval t, P, thous..
The market volume forecast for future is
made by a bank macroeconomic research
centre on the basis of official forecasts of
macroeconomic indicators.

The bank share growth at the
individuals’ outside fund market is calculated
according to the formula:

P (F(0),8()) = b(T) = 22— =& =

_ ZieXi(T) _ ZiepXi(0) _

m(T) m(0)

= FS (par(T; %(0),7())) = F2(%(T)),
B ={b:b = (by,by,..,b.) €RC,c <
<nVi € 1,c: 0<b; <nb, €N}, (7)
where L(T) is a volume of bank retail
liabilities, P, thous., for the time interval 0, T;
b(T) is the bank share growth at the
individuals’ outside fund market, %, for the
time interval 0,T; B is a set of natural
numbers, that the indices of the x(t) vector
coordinates correspond to. The coordinates

determines the parameters of the bank
liabilities portfolio (B < N).

An optimal value for the functional is
a maximum value.

The feature list (functionality) that
characterises the quality of the process under
consideration may vary according to the
strategic objectives of the financial institution.
Strategic goals are determined by a bank
management and depend on the external
economic situation, on the behaviour of
competitors, and on internal achievements or
problem areas of the company. A list of three
target functions that includes the income of a
bank retail unit, CIR and a share growth at the
individuals” outside funds market is
considered as a part of the task solution.

On the basis of the target functionals
®{D(%(0),u(),  @Z(x(0),u())  and
®(%(0),u()) described by the ratios
(5)—-(7) to determine the quality of
optimization process of the complex program
control of the number of employees at a bank
retail unit and the sales system we introduce a
generalized target function @g57(x(0),u(")).
The values of the latter for all possible valid
implementations of the sets {x(0),u()} €
€ X(0) x U(") at the time interval 0,T are
calculated in accordance to the correlation:
Dgr(%(0), () = Ay - @S (%(0),u()) —

—1z - @ (%(0),7()) +

+13 - @2 (%(0),u()) =

= 1, - F2 (por(T; 7(0),70))) -
—2z - F2 (p5z(T; %(0),1()) ) +

+13 - FS2 (97 (T:%(0),7()) ) =

=1 - FR (D) - 1, - F2 (%)) +
+13 - FS(%(T)) =

= 41 - F2 (x(1), y(1)) -

1+ Fyp (x(1), y(D)) +

+13 - F2 (x(1), y(T)) =

= F(X(T)) = F(x(T),y(T),
Vie13:2,=0; Y3, = 1. (8)

The generalized target function
@57 (x(0),u(-)) is a scalar convolution of
vector quality criteria d)%(f(o),ﬁ(-)),
®2(x(0),u()) and  ®((0),u().
Scalarization of vector target functions is
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described in [25] in details. Moreover,

weighting coefficients A;,i € 1,3 demonstrate
the importance of each quality criteria in
terms of the impact on the selection of the
retail management strategy of a bank. The
coefficients may be varied and simulation
results may be analyzed. Usually their values
are determined on the basis of the opinions of
a person or a group of persons making
management decision. In addition, different
methods of expert estimations are used for
processing and generalization of opinions.
They are the method of comparative
importance of criteria, brainstorming, Delphi
method, method of scenarios, etc.

Thus, the optimization of the complex
program control of the number of employees
at a bank retail unit and of the sales system
can be expressed in the following way.

For the optimisation process of the
complex program control of the number of
employees at a bank retail unit and of the
sales system that is considered at a particular
time interval 0,7 and described by the
discrete dynamic economic-mathematical
model (1) —(8) and for the particular initial
phase vector x(0) = {x(0),y(0)} € R™*"
these two valid software controls H(e)(-) =
= (u@®),A®MN}e () should be
distinguished at the particular time period in
order the linear terminal target function value
®57(x(0),u()) determined by the
correlation (8) was the maximum in
comparison with all other values valid for this
function corresponding to other pairs of valid
software controls, i.e. the optimality condition
described below was executed:

P (T) = @o7 (7(0), 7)) =
@57(x(0),u()) =

_ o _
= no-elenot  Por (X0 10)
—2y q>(2) x(0),u()) +

+13 - ®(X(0),U()} =

= max
u()={u(),A()}et()

=F(¥©(n)) =

= max _ {44
7()=(u(),A0)el()
- FD (por(T; %(0),1()) ) -

—Az - F2 (o7 (T;%(0),4())) +

+1; F<T( (T %(0),4()))} =

= 1 FR (9ar (1370, 790) ) -

- (¢or (1370, 790)) +

+25- FD (0o (1:7(0),590)) ) =

= A F7 (OD) -

—1, - g;@@xn)+a-¢@@&xm)=

(1

= A F7 (@), @) -
—1y - FD (1), (D)) +

2 (x@m),y@m) =
= (f<e><T))= (x@m,y@m) =
F (x©),y© () = FO);
Vie13:4,=20; Y3, 4 =1, 9)
where £ () = pgr (T; %(0), 7€) =
={(x©(T),y©(T)}.

The output results of the optimisation
process of the complex program control of
the number of employees at a bank retail unit
are a set of data {u(®(-),A®@ (), Fe(T)},
where u(® () = i
of optimal values of the vector of entering of
the number of employees at the bank retail

i @y = {4 i
unit, A@ () = {4 (t)}tEO,T—l is an array of
optimal values of sales standards matrices of
banking products by employees at a bank
retail unit, F®)(T) is an optimal value of the
quality functional at the final time period T.

Thus, the procedure for the optimal
solution of the task under consideration can
be used on the basis of the obtained
formalized description of the economic-

mathematical model of the bank retail unit
management.
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The algorithm for the optimal
software management of the bank retail

unit
e shall consider an algorithm
for the optimal program
control of the number of

employees at a bank retail unit and of the
system of sales they make in a particular
practical case study that is considered to be a
particular case of the general economic-
mathematical model (1) — (9).

Given n=8, m=7 and the
parameters of the system (1)-(9) are
described at the time interval 0, T during the
time period t(t € 0,T ) with the data:

T = 6, i.e. the number of employees at
a bank retail unit may change at 6 months
intervals — not often than ones every six
months;

x(t) = (xl(t),xz(t), ...,xg(t))’ € RS;

x4 (t) is a consumer loan balance (CL);

x,(t) is a mortgage loan balance (ML);

x3(t) is acar loan balance (CarL);

x4 (t) is a credit card balance (CC);

xs(t) is a balance at individuals’ time
deposits (D);

xe(t) is a balance at personal debit
bank card accounts (DC);

x,(t) is a balance at individuals’
securities accounts (S);

xg(t) is a balance at salary card
accounts (SC).

An array of the values of the
coordinates of the wvector x(t) that
characterise the portfolio of bank liabilities
includes the following values: B = {5, 6, 7, 8}.

The wvector of the number of
employees:

y(©) = (1), y2 (1), .., ¥, (1) € R7;

y,1(t) is the number of sales managers;

y,(t) is a mortgage lending manager
headcount;

y3(t) is a direct sales specialist
headcount;

y.(t) is a headcount of senior
specialists in direct sales;

ys(t) is a headcount of salary project
managers;

ye(t) is a headcount of managers
working with partners;

y7(t) is a number of specialists
working with private individuals.

The initial state of the phase vector
x(0) = {x(0), y(0)} € R*> at the time moment
t =0 is known.

Constraints (2) on the discrete control
value u (t) = (uy (0), up(t), ..., u;())’ € R7
foreacht € 0,T — 1 is suggested to be:

u(t) e Uty (t=1),y(t) = {u(®):u@®) €
€ {u®®),u@®),uP®}cR’,vke13,
u® (1) = W), uP @), ..., u @) e R,
y@®) = 1), y2(®), ., y7(1)) ER7,
yt—=1) =i (t=1),y.(t = 1),..,

y,(t — 1)) €R’,

vj € L7,u9(0) € (-, € ©); 0,1, (0)},
uwOwm =01yt -1,

7
Zyj(t) < 10000,
j=1

yi®) =yt —1) +u(t— 1),

i.e. N, =3, forallt € 0,T — 1. Herewith the
control u (t) determines the first multiplier of
the generalized control action u(t) =
= {u(t),A(t)} € U(t), where u(t) = u®(¢t) €
e Uy(t) forallt €0, T —1andk € 1,3, and a
single initial control value u(0) = u®(0) =
=0, € U;(0), Te U;(0)={u0)} - a
singleton array is suggested to be specified for
each k € 1,3, where 07 =(0,0, ...,0)" is a zero
vector of the R” space.

In accordance to constraint (3) a
sequence of matrices A;(t) = {A(t): A(t) €
€ {AM(t), A® (1), A®)(t)} is specified. The
latter includes three matrices, i.e. given
M, =3, for all t€0,T—1. There each
corresponding  matrix  A®(t) € 4,(t)
(k € 1,3) at each time period t (t € 0,7 — 1)
determines the second multiplier of the
generalized control action u(t) = {u(t), A(t)}
€ U(t), where A(t) = A®(t). It means that the
program control can be simulated under
different matrices. At the same time it
assumes that a single initial value of the sales
standard matrix A(0) = A®(0) € 4,(0) is set
for each k € 1,3.

Then the modeling algorithm for the
solution of the optimal program control of the
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number of employees at a bank retail unit in
the presence of vector target function of the
type (8) may be presented as the
implementation of the following sequence of
actions.

Step 0. Initial data generation.

0.1. The natural number T €N s
introduced that determines an optimisation
period of the process under consideration
control.

0.2. The initial value of the phase
vector x(0) = {x(0),y(0)} € R*® is formed
fort = 0.

0.3. The vector u(0) = (uz(0), ux(0), ...,
u,(0))’ € R7, that determines the singleton
U;(0) = {u(0)} in accordance to constraint
(2) is formed for t = 0.

0.4. The matrix A(0) that determines
the singleton A;(0) = {A(0)} in accordance
to the constraint (3) is formed for t = 0.

0.5. A set of real numbers (1,15, 13),
Vi€ 1,3:4,20; Y3 4 =1, that determines
the coefficients of the vector functional ®gr
is introduced. The values of the latter are
formed by the ratio (8).

0.6. The  actual
F©(T) = =10 is formed.

Step 1. Generation of a set of possible
control actions.

A finite set of all possible program
controls at the time interval 0, T is formed:

Ul) ={ul):al) ={u),A0}

u() = {u®})eor=1,40) = {AO}eor=1,
vt € 0,T — 1,
u®) = Wi (), uz(®), ., u7 (1)) €RY,
A(®) = ||ai; (@) ||iex7 € R,

JELB
y(® = (110, 52(0), ., y,()) € R,
yt=1) = (y1(t — D, y,(t — 1), ...,
y;(t—1))" €R’,
Vj € 1,7,u;(t) € {—uj (£); 0;u; (1)},

7

numeric  value

4(©) = 01-y;(t = 1), ) y,(6) <10000,
Y(0) = y;(t = 1) + 4yt — 1),

A(t) € A1 (1) = {AD(D), AP (1), A® (0},
U(0) = Uy(0) x A1(0) = {u(0),A(0)},

that consists of K, = 97%(T~1 elements of
u® (), k € 1,K,.

Step 2. Generation of a final phase
vector of the system.

2.1. Start of cycle 1 by the integer
variable k € 1, K;.

2.2.The control action #®() =
= u® (), AV} e TE), where 7®(0) =
= {u(0),A(0)} is formed.

2.3. The value of the phase vector
x0(T) = (x®(1),
y®(T)} = gz (T; £9(0), 7™ (),
where £ (0) = {x®(0),y®(0)} =
= {x(0),y(0)}’ € R*> is calculated in accordance
to the dynamics equations (1).

Step 3. Generation of the value of the
vector functional.

3.1. For the phase vector x¥)(T) =
= (x®(T), y (D)} = oo (T; 2% (0), 7 ()
that corresponds to the k™ program control
a® () = u® ), A8 ()} € U() in accordance
to the ratio (8) the value of the functionality
F (f(")(T)) is calculated according to the
formula:

F (,g(k)(T)) —F (x(k)(T),y(k)(T)) =
=1 Fo(,_lr) (x(k)(T),y(k)(T)) _
—p - F2 (x®(1),y® (1)) +
+1s - F (x® (1), y© (1)),

32,1 F(20(1) > FO(T), then
proceed to section 3.3, if not, to section 3.5.

3.3. The values of the real variable are
generated: F(¢)(T) = F (f(") (T)).

3.4. The array of the control actions is
generated: 7 () = a® () = (w®(),
A(k)(.)} eU().

3.5. The end of cycle 1 on the integer
variable k € 1, K.

Step 4. The representation of the
modeling results.

The following parameters are calculated
as a result of the algorithm step implementation:

4.1. The actual number F®(T) is an

optimal value of the vector quality criterion for
the process under consideration.
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4.2. The actual array u‘® (") =
={u®(), A®MYeU() is an optimal
program control for the process under
consideration, where u(® (") = (u® (0)};co7=1;
A® () = {A® Oheor=1; UC) = {UO}reor=T1-

4.3. The actual array € (+) =
= 90, y@0) = @ O)esr,
{y©()}teor=1} is an optimal trajectory for
the process under consideration, i.e. () =
= por (5%©(0),79()),2(0) =
= {(x©(0),y@(0)} € R,

4.4. The results are presented in a
user-friendly form, such as graphs or tables.

The end of the algorithm.

It is significant that the elements
@) = @), A9} e () and FO(T)
that were obtained with the algorithms under
consideration meet the optimality condition
(9), i.e. they are the solution for the problem
of optimization of the complex program
control of the number of employees at a bank
retail unit and the sales system if a vector
target function of the form (8) is presented.

The algorithm we have suggested to
solve the task of the optimal program control
of a retail unit of a commercial bank in the
presence of a vector target function can be
implemented in the form of a computer
modeling system. We shall consider the
suggested implementation of the algorithm in
a particular case study.

Generation of the initial data of
computer modelling of an optimal program
control of a retail unit of a commercial
bank and the results of its implementation

e shall consider the task of
optimal software program
control of the number of

employees and sales of a bank retail unit,
described by the relations (1) —(9) with the
following initial conditions:

The initial condition (if t=0) of the
phase vector x(0) = {x(0),y(0)} € R and
of the sales standards matrix A(0) is known.
The sequence of matrices {A(t)},g7—1 is
suggested to be set for the control process
under consideration. The matrix A(t)
corresponding to the time period ¢t (t € 0,T — 1)
in the sequence of matrices determines the

second multiplier of the control action. It
means that the process of program control
under different sets of such matrix sequences
can be simulated.

At the time interval t=0 the sales standard
matrix A(0) = A®(0) € A,(t), k € 1,3 has the
following specific form:

Matrix A(0)
6 8 6 23 23 4 28 0
/022000000\
6 12 0 23 23 4 0 0
le 12 0 23 23 4 o o |
0 0 0 0O 0 0 0 315
019 6 0 0 0 0 0
0 0 0 23 23 27 28 0

The initial values of the following
parameters are set:

z = (200, 500, 200, 50, 50, 280, 40, 35);
H = (10.75, 5.0, 13.0, 6.2, 5.0, 7.0, 8.2, 3.0);
S = (150, 1827, 720, 38, 280,68, 340, 50);

u (0) =(0,0,0,0,0,0,0);

x(0) = (140 000 000, 160 000 000, 35000 000,
42 000000, 300000000, 70000 000,

140 000 000, 80 000 000);

y(0) = (1636, 215, 250, 155, 42, 35, 1830);
v = (60,70,40,56,52,58,40);
r=(13.0, 10.4, 12.0, 15.2, 10.0, 6.0, 9.2, 9.6);
c=(10.0, 10.0, 10.0, 10.0, 8.0, 0.1, 9.0, 0.1),
g =900 000; m(0) =1 100 000 000,
m(18) = 1400 000 000.

And the following constraints:

Tnin = 9600; T,qy = 11040;
(i=2)A(Vi€57):a;=0;

(i=5 A{=7)ap=0;
(Vie25AN({i=7)a;=0;
(i=2)A(Vi€56): ay =0,

Aijs = 0, Qi = 0; Vi € 2,6: aj; = 0;
(Vie1,4) A (Vi€ 6,7):ag=0.

Let A = {0.2,0.2,0.6}.

The algorithm under consideration to
solve the task of optimal program terminal
control is implemented for the class of
practical tasks in a form of a computer
simulation system in the software
environment Delphi 7.

Then we describe the results of
computer simulation.

The sales standards matrix A(t),t €
€ 0,T —1 is a control action in the dynamic
system (1) —(9) under consideration and its
possible values were generated in accordance to
the existing constraints.
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Taking into account the existing
restrictions on the sales of particular banking
products by different categories of employees
(in accordance with the specialization of
employees), as well as the data on the
profitability of the respective portfolios and
labour costs for the sale of the products, we
consider 3 options for the values of sales
standards for each product per month
presented in the corresponding matrices
A® () k € 1,3 with the maximum values of
sales standards for each product (column).
The forms of each of these matrices are
presented below.

Matrix AW (t) (CL)

19 3 6 23 23 4 28 0
/0 22 0 0 0 O0 O 0 \
30 3 0 23 23 4 O 0
|30 3 0 23 23 4 0 0 |
o 0 0 0o O 0 0 315
\0 3 47 0 0 0 O 0/
0 0 0 23 23 27 28 O

Matrix A®) (t) (ML)

6 8 6 23 23 4 28 0
/0 22 0 0 0 O 0 0 \
|6 12 0 23 23 4 0 0 |

6 12 0 23 23 4 0 0
| 0 0 0 0 o 0 0 315 |
\0 19 6 0 0 O 0 0 /

0 0 0 23 23 27 28 0

Matrix A®)(t) (DC)

6 3 6 23 23 12 28 0
/0 22 0 0 0 0 0 0 \
6 3 0 23 23 21 O 0
6 3 0 23 23 21 O 0
0o 0 0 0 0 O 0 315
0 3 47 0 0 0 0 0
0 0 0 23 23 27 28 0

The modelling process for the solution
of the task of an optimal program control of
the system (1) —(9) was considered at the
time interval 0,T = 0,18 with an opportunity
to change the possible control action u(t) =
= {u(t),A(t)} at the time intervals t €
€{0,6,12} c 0,18, and the following
conditions were suggested to be met:

(0) = {u(0),A(0)}; vVt € 0,5: (t) = u(0) =
= {u(0),A(0)}; vt € 6,11: ui(t) = u(6) =
= {u(6),A(6)} € U(6); vVt € 12,17: U(t) =
=7(12) = {u(12),A(12)} € U(12).

Then under the specified initial data
and restrictions for the control actions the
array of all possible program controls is

formed. The array is determined by the set
U() = {u®(), A®()}perry; that consists of
Kig =972 =9 elements u® ()=
={u® (), A® ()}, kel, Kyg, and the array of all
possible phase trajectories x™)(-) =
= x®0),y® O} = goas(; £%(0), 7™ (),
kel,K;g, of the dynamic system under
consideration corresponds to it. The set is also
consists of the K;5=9'* elements, where
vkel, Kig: a() = @®O}eors v®() =
= u®})eots AW = (AP O} eos;
vte0,18: ™ (t) = u® (1), AR (t)} € U(t).
The array of possible final phase
conditions of the system of the form: % (18) =
= {(x9(18),y® (18)} = pgza (5 2%(0), 7))
corresponds to the set of all possible
trajectories. At the same time single a priory
given  initial  sales  standards, i.e.
vke1,3: A (0) = A(0) are suggested to be for
each trajectory at the control interval 0,18.
The values of particular and generalized
quality criteria of the process under

consideration are calculated for each k™ final

value of the phase vector ¥ (18) =

= (x®(18),y®(18)} = ¢575(18; 2% (0),u™ (),

kel, K, in accordance to the formulae (5) — (8).
Then an optimal program control

u(e)(.):{u(e)(.)’A(e)(.)} el() =

= @), A9} o5 € UC),

the corresponding trajectory

HOIOE {x("’)(-),y("’)(-)} =

= Y15 (18;92(6)(0),a(9)(-)), the real number

F)(T) that is an optimal value of the vector
quality criterion for the control process under
consideration and an optimal value of the
final phase vector x(¢)(18) =
= (x(9(18),y©(18)} = ¢515(18; £ (0), a9 (")),
where () (0) = x(0) = {x(0),y(0)}  are
calculated on the basis of the algorithm for
the modelling of the optimal program control
of the number of employees and sales at a
bank retail unit in the presence of a vector
target function of the form (8).

The computer modelling results are
presented in Tables 1, 2, and in Fig. 1.
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Table 1
Optimal implementation of the control
of the number of employees

u®©(t t 0 6 12
u, (1) 0 163 | 179
u,®(t) 0 21 | -19
u; 4 (t) 0 25 27
ASI0) 0 15 | 17
us©(t) 0 4 4
us (1) 0 3 3
u, @ (t) 0 183 | 201
Table 2
Optimal implementation of sales standards
control
t 0 6 12

A1) A*(ML) | A(CL) | A3(DC)

Fig. 1. Control action implementation
of the number of employees u(©)(t)

The generalized criterion value in the
case is @(©)(18) = dyg (Y(O),ﬂ(e)(-)) = 0,7966.
Fig. 2, 3 and tables 3, 4 present
possible implementation of the control of the
employees’ number equal to u(t), u®(t)
when the optimal control implementation of
the sales standards is A©)(¢t).
Table 3
Control action implementation
of the number of employees u™(t)

u® (t t 0 6 12
u, D (t) 0 -163 | -147
u, D (t) 0 -21 -19
u; W (t) 0 -25 -22
u, (M (t) 0 -15 -14
us M (t) 0 -4 -3
us M (t) 0 -3 -3
u, D (1) 0 -183 | -164

Fig. 2. Implementation of the control action
of the number of employees u™ (t)

The value of the generalized criterion is
S (18) = @5 (7(0), 77 () = 0,1504.
Table 4

Implementation of the control action
of the number of employees u®(t)

u®(t t 0 6 12
MAG) 0 0 163
u, @ (t) 0 0 21
u; @ (1) 0 0 25
u, A(t) 0 0 15
us@(t) 0 0 4
us @ (1) 0 0 3
u,A(t) 0 0 183

Fig. 3. Implementation of the control action
of the number of employees u® (¢t)

The value of the generalized criterion is
®?(18) = dyrg (E(O),E(Z)(-)) = 0,5643.

Thus, as it has been mentioned before
a trajectory corresponding to the optimal
program control for which the value of the
generalized criterion of the quality of the
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above considered process implementation at
the final moment of time is the maximum in
comparison with similar values for other
trajectories corresponding to admissible
program controls is considered to be the most
efficient to form the dynamic system (1) — (9).
Control when the number of mortgage
lending managers is decreasing during the
time periods t =6 and t =12, and the
amount of other employees is increasing is the
most efficient for the dynamic system with
the parameters values specified before. When
sales standards are established, maximum
attention during t = 6 is paid to consumer
credits and during t = 12 — to debit cards. In
this case the value of the generalized criterion
is 0.7966 for t = 18, and that is the absolute
maximum.

The main results obtained during the
implementation of the economic and
mathematical modelling method  under
consideration that has been used to solve the
problem of optimal program control of the
number of employees and sales of a retail unit
of a commercial bank are listed below:

— the existing methods used to
increase the speed and quality of the
implemented management  decisions in
banking sector indicating the importance of the
issue under consideration and the demand for a
dynamic economic and mathematical model
for the research of the management of a retail
unit of a commercial bank have been assessed,;

— a list of steps to achieve the
necessary result by developing a dynamic
economic and mathematical model to simulate
the process of managing the number of
employees and sales of a retail unit of a
commercial bank has been described;

— an algorithm for the task of
dynamic economic-mathematical modeling to
optimise the program control of employees
amount and sales rate of a retail unit
commercial bank has been suggested;

— the selection of the most efficient
solution for the task under consideration has

been based on the developed computer
modeling system in the Delphi 7 and on the
modeling results.

Conclusions

new dynamic  economic-
mathematical model to
improve the management of

the personnel amount and the sales of a retail
unit of a commercial bank has been described
in the article. The application of the model
allows us to solve one of the tasks of the
process — the formation of an optimal amount
of the employees, as well as the determination
of the necessary sales standards to provide the
best values of the quality criteria of the
management process.

Complication of the suggested
economic-mathematical model by the
expanding the phase vector of the system and
the inclusion of additional quality criteria for
the implementation of the process under the
investigation is a promising direction.

In addition the developed dynamic
economic-mathematical model may become
the basis for the creation, implementation and
application of an integrated information and
analytical system to support management
decision-making in the banking sector. Taking
into account the fact that the problem of vector
optimization of the process of control of the
number of employees and sales of the retail
unit of a commercial bank that has been
considered in the research is included in the
scope of activities of both personnel services
of a bank and financial departments, planning
departments, as well as business departments, a
wide practical application of the developed
model in various activities of the banking
organization is possible. At the same time, the
use of dynamic economic and mathematical
models significantly increases the efficiency of
a commercial bank, accelerating and
optimizing the management decision-making
process. It makes a credit institution more
competitive and flexible in relation to the
changes in the external environment.
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