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MODELING THE ALLOCATION
OF SOURCES OF FUNDING IN BANKS

Abstact. Funding in banks has a significant role, since, unlike companies, banks are 90 percent functioning at
the expense of borrowed funds. On this basis, the attracted resources are the main source of funding for the activities
of second-tier banks. Moreover, when redistributing funds in a bank, namely directing certain attracted resources to
active operations, the order of this redistribution is important. That is, what raised funds should be used as sources of
funding for certain active operations of banks.

The solution of this kind of problem in banks is possible with the use of linear and dynamic programming. The
article presents an example of the use of mathematical statistics to determine the optimization of the allocation of
funding for relevant active operations that can bring profit to the bank.

Keywords: funding in banks, linear programming, profit maximization, sources of funding.

Introduction. The traditional distinctive feature of banking is the purchase and retention of assets
with a longer maturity and lower liquidity than their liabilities. Solving the problem of bank funding is an
important example of a precautionary motive for maintaining liquidity. The rates that banks offer loans to
individuals and legal entities, partly depend on the cost of funding. Banks in determining the cost of
funding also take into account the liquidity risk associated with the financing of long-term assets with
short-term liabilities.

Banks receive financing from four main sources: retail deposits, corporate deposits, debt securities
issued and capital. More than a third of the funding of large banks accounted for deposits of individuals.
Another third is accounted for by corporate deposits. Short-term and long-term loans constitute a large
part of the remaining third of funding sources.

Attracting funds is only the first part of the problem of banks. The main task arises in their effective
allocation to the implementation of active banking operations that generate income.

Literature review. Effective use and management of attracted financial resources is a key aspect of
building a strategy for any bank. The system of financial resources management is aimed at optimizing the
structure of assets and liabilities in terms of their urgency, quality and price characteristics, as well as the
prevention of losses in the process of activity [1]. In this regard, modern second-tier banks focus on the
use of modeling tools, analysis, quality assessment, rational use of attracted resources [2]. Some authors
propose to use simulation modeling since funding considers the tasks of managing financial resources of a
banking institution [3]. This approach allows us to take into account a large number of analyzed variables
and a high level of uncertainty of simulated situations, as well as to reduce the complexity of mathematical
analysis of dependencies.

A.L Veselov in his work considers the use of mathematical modeling to build a matrix of funding in
banks [4].

Effective banking funding T.N. Ivaschenko compares with the productivity of labor in the economy.
As the main sources of funding, the author proposes the issuance of Eurobonds and the conduct of IPO by
banks. Eurobond issuance, the author indicates, is the prerogative of a long term and lower interest rates
[5]. At present, the international bond market dominates (80-90%) belongs to eurobonds. At the same
time, there is a possibility for banks to issue various types of short-term and long-term debt obligations [6].
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The study by Dimitriu M.C., Oaca S.C. recognizes the importance of developing a model that can be
empirically tested to increase the efficiency of the funding process in banks. In fact, it is a mixed
methodological approach that allows you to use the advantages of both qualitative and quantitative
methods. Since the effectiveness of the transfer pricing model depends on various economic conditions
and cannot be universal, the study uses a variety of qualitative data to ensure the use of the most
appropriate structure [7].

Selyutin V.V. and Rudenko M.A. they used an approach to mathematical modeling of cash flow in
bank assets and liabilities based on partial differential equations. This approach reflects the process of
changing assets over time and at the “age” [8].

Faure and Gersbach are exploring the factors affecting the creation of money by banks. So, when
prices are tight, the monetary system collapses, and capital requirements can restore the existence of
equilibria with finite money creation, and in some cases can even realize the first best distribution [9].
A.P. Salina tested the Altman model on Kazakhstan banks [10].

Research methods. In order to optimize the distribution of funding in banks, we applied the methods
of linear and dynamic programming. The use of combinatorial optimization allows you to determine the
direction of distribution of funds, and the Bellman model makes it possible to determine the optimal
amounts that need to be sent to fund relevant active bank operations.

The task of linear programming can be represented as the following objective functions and

constraints [11]:
Z Z C(@, j)xij

i€EA JET
inj =1pnajeT
i€A
inj =1pnai€A
JET

xij =20pnnsi,j€eAT

Where x;; — purpose of funding the i-th attracted resource for the j-th active operation of the bank.

It should be noted that x; takes the value 1 if the attracted resource is assigned to fund the
corresponding active operation and 0 otherwise.

The meaning of the Bellman model is as follows. If the i-th system is currently in the S;; state at the
beginning of the stage, then all subsequent resource allocations xi are selected to be optimal with respect
to the state of S;. Thus, with such distributions, funding efficiency is maximized at subsequent stages i + 1,
i+ 2, ..., N before the formation of the optimization process:

N
E; = Z fi (SisXis1)
i=1

Each transition from the state of S; to the next is characterized by a cost function at the current stage d;
+1 (Si, x;+1), which depends on both S; and the time period and the applied resource allocation. Therefore,
it is necessary to determine the optimal distribution of the resource x;, which will ensure the optimal
effect of the distribution of funds, i.e.:

E;(S;—1) = max (F(S;_1,x;) + E41(5}))

The presented equation is the basic recurrent equation of Richard Bellman [12].

Results. Table 1 presents the options for return on investment of the respective attracted funding
funds. Projects involve investments in relevant assets for profit. It is required to determine the optimal
distribution of investment funding, which allows to maximize profits.
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Table 1 - data on profitability when using the appropriate resources

Resource Project 1 Project 2 Project 3 Project 4 Project 5 Project 6
Deposits 10,1 11,2 7,8 6,4 9,2 10,2
Wholesale deposits 12,3 15,1 10,3 11,1 13,0 11,2
Interbank loans 10,4 11,0 9,21 12,1 9,3 9,9
Bonds 9,8 11,3 12,0 9,0 8,7 8,9
International Bonds 8,8 9,4 10,11 11,12 12,1 9,1

Based on the available data, it can be noted that the mathematical model of the problem will be
reduced to the following restrictions:
Restrictions on funding resources:

X1 T X tX3+Xet+ X5 +X6=1
Xp1 + X2z + X3 + Xog + Xo5 + Xp6 = 1
X31 T X320 T X33+ X34 + X35 + X36 = 1
X41 T Xap T Xa3 + Xag + Xys + Xy = 1
Xs1 + Xsp + X553 + Xs4 + Xs55 + Xs56 = 1
Restrictions on projects (investments in assets):
Xt Xo X3 x4 tx5 =1
X2+ X+ X3+ Xgp T X5 = 1

X3 T X3t X33+ Xaz +Xs3=1
X4t Xos T Xsa T+ Xgs +Xs4 =1

X15 + Xp5 + X35 + X5 + Xs55 = 1

X16 T Xo6 T X36 T X46 + Xs56 = 1

Given that the goal is to maximize profitability, the objective function will take the following form:

10,1X11 + 11,2X12 + 7,8X13 + 6,4X14 + 9,2X15 + 10,2X16 + 12,3X21 + 15,1X22 + 10,3X23 + 11,1X24 +
13,0X25 + 11,2X26 + 10,4X31 + 11,0X32 + 9,21)(33 + 12,1X34 + 9,3X35 + 9,9X36 + 9,8X41 + 11,3X42 + 12,0X43 +
9,0X44 + 8,7X45 + 8,9X46 + 8,8X51 + 9,4X52 + 10,1 1X53 + 11,12X54+ 12,1X55 + 9,1X56 — max

The initial matrix (data of table 1) is modified by multiplying all its elements by (-1) and then adding
them with the maximum element of the matrix. At the same time, the modified matrix should not contain
negative elements:

; 3,9 7,3 8,7 5,9 4,9 i
2,8 0 4,8 4 2,1 3,9
4,7 4,1 5,89 3 5,8 5,2
5,3 3,8 3,1 6,1 6,4 6,2
6,3 5,7 4,99 3,98 3 6

Now we will reduce the matrix in rows. For this, at least one zero will appear in the previous matrix.
Then we perform a similar reduction along the columns of the matrix. In each column we define the
minimum element. After subtracting the data of the minimum elements, we obtain a fully reduced matrix:
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(110 34 48 2 ]
28 0 48 4 21 39
1,7 1,1 289 0 28 22
220 07 0 3 33 31
33 27 1,99 098 0 3
0 0 0 0 0 0
0 0 0 0 0 0

We carry out a search for a feasible solution by trial and error, in which all assignments are with zero
cost. To do this, we fix the value (1; 2), and remove the remaining zeros in column 2 and line 1, that is,
eliminate zeroes in the cells (2; 2) and (6; 2). As a result, we obtain a matrix of the following form:

1,1 [0] 3,4 4.8 2 1

D8 [0-] 48 4 21 39
1,7 1,1 28 0 2,8 22
P2 07 0 3 33 3,1
33 27 1,9 098 0 3
0 [-0-] 0 0 0 0

Since there is no possibility to create a system of six independent zeros in the resulting matrix, since
there is only 1 zero in the matrix, the solution is invalid. Similarly, we carry out the modification of the
matrix to obtain the optimal matrix, which will allow us to calculate the optimal value of profitability with
an appropriate distribution. Thus, the final matrix will look like this:

0, [-0] 34 38 1 [0]

1,8  [0] 48 3 LI 29
1,7 21 3,80 [0] 28 22
12 07 o] 2 23 21

33 3,7 2,99 0,98  [0] 3

[0] 1 1 [-0-]  [-0-]  [-0-]

Thus, the matrix shows the optimal distribution of funding for active bank operations. In particular,
according to the data received, individual deposits are better directed to fund the project 6, corporate
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deposits to the project 2, interbank loans to the project 4, subordinated bonds to the project 3 and

international bonds to fund the project 5. With this distribution the maximum value is reached:
Pmax =102+ 15,1 + 12,1 + 12,0+ 12,1 =61,5

Let's see what amounts should be allocated to fund the relevant active operations of the bank
(projects) in order to maximize profits. Table 2 shows the possible returns from investments in the
relevant projects with an investment of 4-10 million KZT of funding.

Table 2 - The distribution of funding amounts

Investgle ;tza;n ount, Project 1 Project 2 Project 3 Project 4 Project 5 Project 6
4 7,3 10,2 6,8 74 8,2 10,0
5 8,1 11,1 10,8 11,4 12,0 12,3
6 5,6 12,1 9,5 11,2 9,7 9,9
7 8,2 11,3 12,0 9,0 8,7 8,9
8 10 11,4 12.1 10,0 11,2 10,9
9 9,2 10,4 11,8 11,9 12,3 12,1
10 12,3 11,7 11,1 10,8 12,0 12,4

We use the method of dynamic programming, namely the method of direct sweep to optimize the
distribution of funding amounts. The first stage is a conditional optimization, at which i = 1. We believe
that all funds in the amount of 10 million KZT are used to fund the project 1 (Table 3).

Table 3 - The conditional optimization matrix fori=1

Xi 0 4 5 6 7 8 9 10
X f2(x5) / Fy(x1) 0 7,1 7.3 5.8 8 11 9 11
0 0 0 7,1 7.3 5.8 8 11 9 11
4 7.3 7,3% 14,4* 14,6 13,1 153* | 183* 16,3

5 8,1 8,1 15,2% 15,4% 13,9 16,1 19,1%

6 5,6 5,6 12,7 12,9 11,4 13,6

7 8,2 8,2 153 15,5 14

8 10 10 17,1 17,3

9 9,2 9,2 16,3

10 12,3 12,3

In table 3, on each diagonal we determine the highest value (marked with an asterisk) and enter them
into the table of values (table 4).

Table 4 - Conditional Optimization Values

Sy 0 4 5 6 7 8 9 10
F»(Sy) 0 7,3 14,4 15,2 15,4 15,3 18,3 19,1
X| 0 4 4 5 5 4 4 5

In the next stage i = 2. Let us determine the optimal distribution of funding between projects 1 and 2.
In this case, the Bellman’s recurrence relation will have the following form:
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F5(S2) = max (xz < 52)(g2(xz) + F1(Sz — x2))
With this ratio, the conditional optimization matrix will have the following form (Table 5).

Table 5 - The conditional optimization matrix for i =2

X2 0 4 5 6 7 8 9 10
X3 £3(x3) / Fa(x2) 0 7.3 14,4 15,2 15,4 153 18,3 19,1
0 0 0 7,3% 14,4% 15,2 15,4 15,3 18,3 19,1
4 7 7 14,3 21,4% 22,2% 22,4 223 25,3%

5 6 6 133 20,4 21,2 21,4 21,3

6 8 8 153 22,4% 23,2 234

7 9 9 16,3 23 4% 24,2

8 9,8 9,8 17,1 24,2

9 6.7 6.7 14

10 10 10

Similarly, as in the first stage of conditional optimization, we determine the maximum values along
the matrix diagonals. Similarly, we determine at each stage of the conditional optimization, we enter the
data in table 6.

Table 6 - Conditional Optimization Values

S, 0 4 5 6 7 8 9 10
F5(S») 0 73 14,4 21,4 22,2 22,4 23,4 25,3
X 0 1 0 4 4 6 7 4
S, 0 4 5 6 7 8 9 10
F4(S3) 0 73 14,4 21,4 28,2 29 30,4 31,2
X3 0 0 1 0 4 4 6 6
S, 0 4 5 6 7 8 9 10
Fs(S4) 0 73 14,5 21,6 28,6 35,4 36,3 37,6
X4 0 0 4 4 2 4 5 4
Ss 0 4 5 6 7 8 9 10
Fe(Ss) 433
Xs 0 4 5 6 7 8 9 3

With appropriate distributions, the Bellman ratios will have the following form, respectively, at each
stage:

F3(S3) = max (x3 < S3)(g3(x3) + F>(S5 — x3))
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F4(S4) = max (x4 < S4)(ga(x4) + F5(S4 — x4))
F5(Ss) = max (x5 < S5)(gs(xs) + F4(S5 — xs5))

We start the distribution from the end. In table 6, F¢ (Ss) with distribution of 10 million KZT provides
the maximum value equal to 43.3. It turns out that the funding of the project 6 should be allocated 3
million KZT. The remaining amount will be:

10 - 3 =7 million KZT

Now we will consider Fs (S4) with the distribution of the remaining 7 million KZT, the maximum
value will be 28.6. It means that 2 million KZT should be allocated for funding project 5. Similarly, we
consider all the results in table 6. As a result, funding for project 4 will be 1 million KZT, project 3 - 1
million KZT. On funding projects 1-3 remains 3 million KZT. According to the data received, it is
proposed to maximize the return on the entire amount to fund the project 1.

Thus, the optimal allocation of the funding amount of 10 million KZT will be as follows:

Project 1 3 million KZT
Project 2 0 million KZT
Project 3 1 million KZT
Project 4 1 million KZT
Project 5 2 million KZT
Project 6 3 million KZT

Findings. Considering the previous calculations, we obtain the following results. Individual deposits
in the amount of 3 million should be directed to fund active operations of the project 6. Interbank loans
can fund project 4 operations in the amount of 1 million KZT, subordinated bonds fund project 3
operations in the amount of 1 million KZT, international bonds - project 5 operations in the amount 2
million KZT. The remaining funds in the amount of 3 million KZT (corporate deposits) should be directed
to fund the project 6. As a result of this distribution, an optimal distribution of funds in the amount of 10
million KZT is achieved.

It should be noted that the tasks of this nature the bank should consider the sequence of actions and
sources of funding. This mechanism can be used in banks for rational funding.

O0X 336.717.06
A. K. BakamoaeB

Kacnuii KoFaM/IbIK YHHUBEpCHUTETI, AlMathl K., Kazakcran
BAHKTEPJE KOPJIAH/IBIPY KO3AEPIH bOJIYAI MOAEJIBAEY

AHHOTauus. baHKTEep/ae KOpJaHIbIPYy MaHBI3/bI peire ue, ced6ebi KoMIaHUsIapFa KaparaHaa OaHKTEp TapThUIFaH
KapaxxaT eceOiHeH 90 maiibi3ra xyMmbIc icTedni. OcbFaH opaif, TapThUIFaH pecypcTap €KiHII AeHreineri OaHKTepAiH
KBI3METIH KOpJIaHIBIPYAbIH Heri3ri ke3i Oonbin TaObuiafbl. bynan Oacka, OaHkTe Kapaarrapibl KadTa Oemy, aram
aliTkanna Genrini Oip TapThUIFaH PecypcTapibl aKTUBTI OpHANACTHIPY Ke3iHZIE OChl KaiiTa Geiy TopTiOi MaHbI3[bI MOHIE
ue Oonanpl. SIFHM KaHAal TApTBUIFaH KapakaTtTapAbl OaHKTEpAiH Oenrimi Olp aKTHBTI ONEpalUsUIapblH KOPJIaHIbIPY
Ke37epi peTiHje naianaHy Kaxer.

bankTeri MiHAETTEP/IIH OCHI TYPIiH ChI3BIKTHIK XOHE IMHAMUKAJIBIK OaFmapiaManay apKbUIbl ey MyMKiH. Makanaia
OaHKKe Iaiia OKeJeTIH THICTI aKTUBTI OoIepalysuIapra KOpJIaHAbIPYIbl Oeiyli OHTaiIaHAbIpY YILIIH MaTeMaTUKabIK
CTAaTHCTHKA 9IICTEPiH KOJIaHy MBICAJIBI OepiiireH.

Tyiiin ce3aep: GaHKTepAe KOPIAHABIPY, CHI3BIKTHL OaFaapiaaMaay, aijaHsl >KOFapbUIaTy, KOPIaHABIPY KO3aepi.

VK 336.717.06
A. K. BakamoaeB

Kacnmiickwii obmecTBeHHbIH yHUBepcHuTeT, AnMatel, Kazaxcran
MOJEJHUPOBAHUE PACITPEAEJEHUSA HCTOYHUKOB ®OHANPOBAHUS B BAHKAX

AHHOTaI.lI/lﬂ. q)OH,HI/IPOBaHI/Ie B 0aHKax MMeeT 3HAYUMYIO POJIb, IMTOCKOJIBKY B OTJIMYHEC OT KoMmaHuii 6ankm Ha 90
IMPOLCHTOB (byHKU,I/IOHI/Ipyl-OT 3a CUCT IPHUBJICUCHHBIX CPCIACTB. HCXOZL?[ H3 3TOTr0, NPUBJICUCHHBIC PECYPCHI SABJIAIOTCSA
OCHOBHBIM HCTOYHHKOM q)OHI[I/IpOBaHI/IH JACATCIbHOCTU 0aHKOB BTOPOI'0 YPOBHH. Bonee TOrO, IpH MnepepacrnpeacICHun
CpE€ACTB B 6a1-11<e, a MMCHHO HaNpaBJICHHUU OIPCACIICHHBIX IMNPUBJICUCHHBIX PECYPCOB Ha AKTUBHBLIC OIICpAllMU Ba>XHOC
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3HAQUCHHE HMEET TOPSAAOK JAHHOTO mepepacrpeneiieHus. 10 ecTh Kakhe MNpPUBICUCHHBIE CPEICTBA HEOOXOIMMO
HCIIONB30BATh B KAYECTBE HCTOYHUKOB (DOHIMPOBAHMS ONMPEICICHHBIX aKTUBHBIX OIEpalnii OaHKOB.

Pemenne [naHHOTO poAa 3amadyd B 0OaHKax BO3MOXKHO C MPUMECHEHHEM JIMHEWHOr0O W JUHAMHYECKOTO
OpOrpaMMHUpOBaHus. B crarhe MpPEACTABICH NPUMED HCIONB30BAHUS METOIOB MAaTEMATHYCCKONW CTATUCTHUKH JUIS
OIpe/IeiCHHs ONTHMHU3ALMHU pachpeaeineHus (HOHAUPOBAHHMS HA COOTBETCTBYIOLIME AKTHBHBIC OMEpally, CIIOCOOHBIC
MpUHECTH OaHKY MPUOBLIB.

KawoueBble ciioBa: GoHaupoBanue B OaHKaX, JHMHEHHOE MPOrpaMMHUPOBAaHKE, MAKCUMHU3AIHS TPUOBUTH, HCTOUHHKU
(dhoHaMpOBaHUSI.
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