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Abstract

In this research, based on the historical statistics of the deposits of a private bank (Ansar
bank before merging) into four different categories (funds), we are looking for the results
and prediction of bank deposits in each of the categories, using machine learning prediction
methods for the first time in internal studies. In this forecasting method, the superiority of
the machine learning method is confirmed due to the examination of all the time changes
of the data in a large volume (from the beginning until now). Forecasting the above deposit
statistics for bank decision makers in the future according to the economic conditions can
be the basis of macro banking decisions. The results show that partly stable long-term
deposit and stable deposit will take a downward trend in the future in the Ansar bank,
and unstable and interest-sensitive deposit will also take a downward trend. Qarzol-ha-
sa-ne deposit has an upward trend, although it has always fluctuations similar to sin-cos
fluctuations. It should be noted that this machine learning prediction method is a stable
method without sensitivity analysis and has high reliability. According to this research,
paying attention to long-term and stable deposits as well as Qarzol-ha-sa-ne is of great
importance in the bank’s budget.

Keywords: Deposit, Machine Learning, Quadrilateral, Regression Methods.

JEL Classification: G1, G14, G10.

1. Assistant Professor, Department of Statistics, Faculty of Sciences, Bu-Ali Sina University, Hamadan, Iran (Corresponding
Author). Email: e.nasiroleslami@basu.ac.ir

2. Ph.D in Economics, Faculty of Economics and Social Sciences, Bu-Ali Sina University, Hamadan, Iran.

3. Professor of Economics, Department of Financial Engineering, Faculty of Management, University of Tehran, Tehran,
Iran.

4. PhD student in Economics, Department of Economics, Faculty of Management and Economics, Science and Research
Branch, Islamic Azad University, Tehran, Iran.

5. Master of Financial Management, Tehran, Iran.

Citations: Nasiroleslami, E., Saniee, E., Abbasian, E., Fathpour Kashani, R. & Gheysari, N., (2024). “Prediction of Bank
Deposits by Machine Learning Method”. Journal of Applied Economics Studies in Iran, 13(50): 137-167. doi: 10.22084/
aes.2023.27444.3564

Homepage of this Article: https://aes.basu.ac.ir/article 5216.html?lang=en



Nasiroleslami et al.: 0 ’/L‘{, //KU/,L/;;LLUW E

1. Introduction

One of the most important market strategies to optimize bank operations is to provide
a bank deposit management model along with customer-oriented management (Sinki,
2001). Therefore, the management of various types of deposits of a private bank is
considered here. It is very important that different bank branches have attracted the
most deposit groups, including interest-sensitive deposits, service-sensitive deposits,
etc.

Considering the statistical role of banks in the economy and the different share of
cost-generating and non-cost-generating deposits in the entire banking system, each
bank should optimize its optimal share of short-term and long-term deposits, etc.
Therefore, one of the most important things of interest to bank managers as a variable
influencing the banking industry is to know the status of bank deposits, which the
bank's activity largely depends on. Therefore, bank managers are interested in knowing
what the total amount of bank deposits will be at a certain time in the future. Forecasting
the amount and change and fluctuation of deposits can help banks in planning and
decision-making. Therefore, in this bank, according to the different types of deposits
that exist, the forecasting of each of the above deposits is done in the form of
forecasting methods. so that it can be a basis for the future decision of the bank.
Therefore, based on the total statistics of the bank's four-way separate deposits that are
described, their optimal amount is predicted in the future with new methods to be a
guide for each of the branches in the marketing affairs of their customers.

2. Method

One method to predict deposits is to use the process of regression equations. So that we
estimate the equation function using past data and then the optimal value is estimated
for the future. For example, consider the interest-sensitive deposit. The process of its
equation is estimated in the past and then the appropriate model is selected. After that,
based on the mentioned equation, the optimal amount of the deposit is obtained in the
future and in the coming days.

A better way to predict data is to use the fuzzy logic method and predict the future
and play with the data (machine learning) instead of the regression method. Fuzzy logic
is a form of multi-valued logic in which the logical value of variables can be any real
number between 0 and 1 and themselves. This logic is used to implement the concept
of partial correctness, so that the degree of correctness can be any value between
completely true and completely false.

The application of this logic in software science can be simply defined as follows:
Fuzzy logic goes beyond the logic of "zero and one" values of classical software and
opens a new resource for the world of software science and computers, because it
allows the floating and unlimited space between the numbers zero and one. He also
uses and challenges in his logic and arguments. Fuzzy logic extracts and applies new
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values "may go" or "go if" or even "probably go" from the space between two values
"go" or "don't go". In this way, for example, the bank manager can go beyond the logic
of "we will give a loan" or "we will not give a loan" and say: "We will give a loan if..."
or "We will not give a loan but..." Fuzzy logic did not make its way out of universities
for more than twenty years after 1965 because few people understood what it meant.
In the mid-80s of the last century, Japanese industrialists understood the meaning and
industrial value of this science and applied fuzzy logic. Their first project was a fully
automatic guidance and control plan for the Sendai underground train, which was
planned and built by Hitachi. The result of this successful and impressive design of the
Japanese is simply summarized as follows: the start of the train's imperceptible
movement (impact shocks), imperceptible acceleration, imperceptible braking and
stopping, and energy saving.

From now on, fuzzy logic very quickly made its way into the technology of Japanese
audio and video devices (including not shaking the digital film image while the
cameraman's hand was shaking). Europeans started industrial use of fuzzy logic very
late, in the mid-1990s, after the wave of scientific debates about fuzzy logic had
subsided. In the fuzzy logic method, actually the changes of the first, middle and...
future times are effective.

Artificial neural networks are a general and practical method for learning real-
valued, discrete-valued and vector functions from samples. Neural network learning is
resistant to errors in data and is used in the interpretation of visual scenes, speech
recognition and robot control strategy learning.

3. Conclusion

As it is clear from the forecast charts, the forecast for each of the deposits has been
obtained in the next 350 days, which in fact, in the charts above after the vertical line,
is the forecast obtained according to the machine learning method and its capabilities.
As can be generally predicted from the graphs, the long-term, somewhat stable deposit
and the stable deposit will take a downward trend in the future in the said bank, and the
unstable and interest-sensitive deposit will also take a downward trend.

It should be noted that by predicting each of the deposits, it is also possible to predict
the bank's budget, which of course is possible considering the optimization of this issue.
Regarding a small number of graphs, as can be seen, the distance between the predicted
value and the actual value is a bit large, which, however, considering that the machine
learning method seeks to predict based on all past information by weighting the data
over a period of time, and the fluctuations in some data are high is, this slight deviation
can be justified, while the regression method is another method of forecasting that can
make a forecast based on a little information in the past and not just all the information
of the past, while it ignores the fluctuations of the early periods, but the deviations
during the forecasting period However, each of these methods has its own limitations,
which in this article was based on the machine learning prediction method.



Nasiroleslami et al.: ©) ’/L‘{)// KU/ ) L_/;"; L«, Gbs m

Acknowledgments
In the end, the authors consider it necessary to appreciate the statistics and information
department of Ansar Bank for improving and enriching the text of the article.

Observation Contribution

In this article, Ebrahim Nasiroleslami: presented the initial idea and modeling and
estimation of the model, Ehsan Saniee: collected statistics and information and data
analysis, Ezatollah Abbasian: research management, theoretical foundations and
analysis of research findings and results, Reza Fatehpourkashani: research background
and Nagin Qaysari. have been in charge of critical review and reading.

Contflict of Interest
The author declares that there is no conflict of interest while observing publication
ethics in referencing.



Oyl (5355 (s3laid] lalre ole doliliad
VYVY-FVYX 0 SligpSdl bl VY YY-Ya¥e: ol (cLlo

https://aes.basu.ac.ir ;a5 colwosg :
Ol coliad s Lo gy o851  slosa pols g golasdl pole 3uSal colazdl oS &yt X

Jlio A3 0 0jl>| dl>xs &) Creative Commons Attribution License jg>to ¢ 0 Aiuwg) § ol (ulf)a.&;...,_a,i & ety 3> @

. *
|
9 o)l Ao ey > Al gl Uil 4y 5 L 5l il (g S 1 bogio )iy STyl &y ailols 1y 0y Sl ‘T/di’.’%’

oosdibe (S8l Lligy At SOl SLAD I pw (s i

e (S LS, 958 Ly T el Az i ] oS pcs ]

gy 1allie £ 93
& https:/dx.doi.org/10.22084/AES.2023.27444.3564 : b duwlis
V¥V /0¥ a0 2 yinyady )l VPV /oY s dlyyo gy
WYY i an

cilisee (429) (sddiwd jlan 50 pleal 5l b (jLasl) pogad SOb o slodyw (Su)l Lol oluly (ibs o2l 5o
e Lo gy 3l ealitwl Ly b giidinws 51 Sy 50 SSb (slbod prus (i § 22l 45 i ol Lo
crile Sk By coenl (St o9y ol 59 05 plasl (SIS wlalllas 53 sbeuss gl ile 5pS3L
sloodym Lol i i 3528 00 5 2l 350 (005355 1l 1) grmag o 33 Loodls (laj s S punye Jdo
oLss gl asl (SSb 35 elonona slie 15 o (3Bl sl 4 a3l oaial 15 SOb oS iosenal (6l B9
inlgd 393 4 yoie STb o 0ul 5 (g digy Ll by (ASysboas g Lk (9456 waaails 03y 45 dn3 0
42551 )13 (g9 Wgy Al 2,8 B3ps )T Ainlgs 395 A (o3 A9 a3 gus do el 9 L B3y g i8S
By ccmble §r0b (hm haz Ghgy 2! 45 2,5 €85 Wb ol ALBID (rginS - gz @blogs dnd SULogs oylgen
s olib g waesl sbospw 4 dngi( foaghy ool Galhe )15 (AL ST el g conl cpwlus Judod 131 g yl0L
155158 STL dn gy 55 (YU coronl jl sl 048 i o

oSy sl ey )l sonblosSal oy 1y 5lgdalS

G1,G14, G10 :JEL _guiaib

(Jgtms dtangs) ool oo (L e g sl515 sl pole 5u8tsls ¢ylol 05,8 JLoliusl N

Email: e.nasiroleslami@basu.ac.ir

ol colden i e g oislo eloxn! pole ¢ Slazdl 3uSizsls cobazdl (1S5 .¥

Email: ehsansaniee(@yahoo.com

Lol clyag el oBiasly cegpie BuSiasls ¢ Jlo awdige 09)S dlazbl sbewl .Y

Email: e.abbasian@ut.ac.ir

ol el e oShuol D31 08l cclinines g pole dnly dbasdl g oo suSitsls 5aSasld lasdl 0g,8 wlazdl (¢S5 (comisls ¥
Email: r_kashanil@yahoo.com

ol el ool ST 01 ¢ Jlo g pada wity] uoliislS .0

Email: Ngheisaril 7@yahoo.com

loodyw (i) (OFY) (iS5 B 5 iy o Lol gz tallie (lwlie ¢ lunt ¢ crio tpuplpl ¢ odu¥lpnn :adlis 4y gl
doi: 10.22084/ae5.2023.27444.3564 ASYAYY (8o )Y ¢y (63529 (g3bas®) s aaliduad . pailo (6580b gy 40 SOL
https://aes.basu.ac.ir/article_5216.html?lang=fa :4s s Slolw 5 Al Lol dxio



sl 215 (s3baBl SolxSlao doliLiad d,'/&{’ {/b/ 6 22 s

doddo .Y

S slrod g oot Jio Bl SSL Cllos (gilodinre caz @ik buplin gt S
Sl Sy slrod s oS 5 Ell o e gyl (V) o Shm) 2l oo (ylacs e Sy e ST 5
ooy, 51 (oA Sl il canh 4 el e slemms odge ol 2513y siide sl 43 aogucs
Sopp ol Gagty Ol 5 Sloa)S Gl i 1) g dd 4y ol gw 4y (ol 03 Slesl 03y

Wl ya8as oail) byl )

o JS' )3 5358 g ljia 3o (slood s Cilises oo g dluaiil ) oSSl (gyle] 15 4 425l

5 S epllis A0S g |y 355 g okodily g oolisS glmed s Ainty whens sl o Sl b (SOl
Cang j) Ml (Sl o ISk (g it lgieds (b e A8MEd )90 3 l90 ke
S SiodBe WSOl o ppte gyl 3 0 o 4 Sty (00l Sl dlad S il LSOl (sl s
Olog 9 3 5 e moie S92 Jalg ja8dn 01l 1 uxe (loj 53 SOb (slaod s JS 50 4 Sl
gl & a2l j550 SOL o 11 fled S8 UL 4y (S el 5 (g50020b 0yl ) Sl oo W03 s
365 o Loy (e D) B 5D 598 (slrod s I Suyp (e 51 S99 45 (glod yp il
sty S Lol ool S &gy olislon! 0l SOb ST (6 S maomad (sl (2live Wl b
33,5 o (S e sy boal ) bl Ay e 9 00 03> 7y 45 UL (p2gylen (SUSE

Al 293 b i SbylL jeel )3 cand 1 G ol oleialy B

Epoge Slodl g 515 (She Y

Juisar Giag cnl 53 1o Ut sb o cumtl Bl i (685 oo s lalllas 3 45 sl
oi Come dr gl prien (Sl odh 5 (U5 058 Slalllas (sluayy Wod i oS 5 (i
Dy daled el BB auls ol 039 digS pl imgh 0 pl aS aiad cusddy Hlie] BB Couonl ol

5 eSSl ¥+l sloiial 3 (655 00 Sl culs 53 (olisl lue 5 SSL Blals Lol 5l
Gl s losly (oliais g3 4y 1y (S /V+ 9 53 oAb pamgund 5 aogund (5 kil Slunsle
JUy 35kke A-YEAD 1 Slyls g 3,15 03w Uy 3)leo FFAYAD jLail ogins L NF- o ol j5 Ll
Sl 53 Sl ol o)l e Sllae s .l 3,Lle FYYFSY SSb ol ollael Mg st bl oo
Cute b gloiio glaal )y ol Jlay8 0 35 095 (chal > Cunidg 5l b cpl il o /A 3905 5
b oo JUy 0)ldee YYAY UL L2l dgw g 0390 Sy 3,LeAY YA

25 41 ys10 SOl (61003 pes Elgil ¢(5)3503 ppas s (sloog,S 5 Sl ) zaod Yl sl oluslyy

Canl o3



HW s s

(39w 5 (bl ) Jgl dg gLrod pos @

Joleo ] 3005 9 e A o 93,5 o BT ooy Sl Aluwd ] 4y 1Ck0ad (45,1 (5003 yow -
Sl e Awsdl o 8 clalas Jro sl ol oo Y

oz b B 53 a8 33,5 o B baod o ) 4w 4 1o ;5] Ui 5103y -
il (25 (s Gyl elal D98 105 Ol 033k £ L g 0 dbml (s

O3S 9 s A 48 33,5 o 3! baod ps Jl atn ] 4 iCeondy],S Ui (51203 yass -

ledsjgy reolisS slaclus 5 oluids slacls st cwd S (slaod pus a5 740+ Joleo

YL ol s g Cla duje a5 30,5 o M) od il a4 iCiond 5 (R0 ypuw -
sty sy b dlusy

(550 (wlwl ) 093 ang SLrod s @

Wi Sy po 88 2LS (9 (50D g -
lies §pdiod w2l Sy & ol Lol g 039 S o 98 1SS (G LBO poaw -

Lg).’.bo.))m LSL“C)L’ ab)l).e Lu]).w u»Lm])J FLER Y ‘s)l.&ab.)).._w :QL:JL{ ‘539.\.}& dtﬁbb)ﬁw -

b Se s J—ate b 9335 (o0 e ol Sile sl (857 s b ar iy (6)8aile ()8 5T Jolis
A8l (s

295 o 45 0o sgus oo 1 VL lood ypw 4 1OLSL (0D ppww -

(©losd (bl ) oo d2g SO3ppws @

Clo a5 33,5 o Ml < pdied e oz b jl anedl 4 155 g S A wlaws (5l003 pw -

D)8 o 2] L Loyl Byl sl g S (g9 03938] 455l lodd &l e Waod puo

L\ éb)b 9 03¢ @M‘*@‘-‘W C)Jo ;§\: 4 J.x».o Y L{_Lbb.)){‘_w :QW ‘\.2 uﬂLwé ‘5&53#-’ -
D)8 o gl b i (gom il Mg 81 CBan
Lb closs el dalgay (5803 5 (g pisod s o, 1l Oload a4 (wlans (520 ppuw —

Psian yee Cwdd (£ pedyw sz b (S Ohled (ol o pli8l Gl e pldl & cu s (S

oy ool poiine @ )jguods oS ditd 13503y 5l atod ] canlio Jgome yobas (SSb &L closs

Lgd oo (JB S5 gblie Sy pd g p ablie Sy



ol 2 ol s i td D Ll’,, K o 53l b E

Lo il )3 29 5 el b g (ol 5l a8 A leed e 13gmw &9 (ol (51203 yw -
00 oo )»b o el e Lials

(Ol owwlyp) o ke avg sodppw @

Lm_)l_....& d”‘ S99 .\_leL;o wdluo)s dl.mob).s_w &y )l 0Dy L)"l },J.;")MJ EQH -
J.:yw Ao yh lmuluo LJ" GAM.CI

SOl g (g yiato Cpmlo B 0155 bl SSb &S ol plus 25yl Awad] 15 48 8 yw Cluws -
Lﬁ”)b )l ..\J]yuﬁ ul_u.o- UJI )l Jl&.ul l.» 9 p‘_wb).ﬁ “\"l“"’Lfo CL..B] d)lb- lep 83y Jﬁ.& )5]4..04.»
S

G0 90 & 055);:‘ ALJ‘ oS J_wl.:uﬁ JLM:&» )l ):.J [ VWYY L dl.b:o)).,f_w :QMDU,S BDM -
Y PYE SRR Y )| o oS el "j e C).A.acl.‘a’.?f ) yom— )l )9]&.:: .b)b 34>9 0329 9 ol Q..\.aota'ﬁf
g anlo i cdnlodus (slood puw jolaio g deolisS 83y Al il iy 3> Wlg o HlAS00 pwo
505 095 AL don jd il &S s dalods

O5ST Jg 039 dlusgy J 90 4LsiS j> a8 il o JLocSs 1y (slaod ppus 1000 B pauw -

Gae Sl 4y p3ye Jilos g o cloylil s 5 oo Sy 5 o8 ey ey (clood ppo pass
ol &l 21330 Aol 55 ooy ()5l

2l I8 )sbdy aiwn Golite oo by (o8 e sl )3 bod yw g9 ol 11203 paawr g9 liw —
Kb sl 29 d S Jdoas a5 55 o aidS 35 lyliel 5 dsbicilos (485 (glaod yw 4 Wod yuo

ABb o i

&S Cwl 0ais sl ()8 o LBb )5 Sy 0 SSL S glrod yw oo g (dw i &)

03B sladllae SOL (slaodjpus )3 (ile (630k ho) & (St 29000 g BBl S5 e
Sl gl gy duwy oo yaiey 1wl oails D

ol obgy gy 3l ealaiwl b wed ddlllas ;5 (VYA0) « Joolaiols g uw» ¢ €oxsjouidl Lo yule

dj])l ‘é)b Lgl!bo.)),:_w U d‘)’ uJJ..o c.\_wbuﬁ Comlus JJ?U 9 )LS) ‘_Ju.bu Psan as (o
dalllas b 1V 0 Jos ailiiadiign (Wod paw) molie juxos 50 Jdo oyl 5l eslauwl b ailen eSSl b )8



EM s s

calisee Glowasal jl Juols ol (gilwandd 5 Judov caa (o)lid b piw g )l38lp 5 SaSTL colgsys
Slo sy | Erdpn 41 25 s 31855 ) 5 0,5l (TS (slogp i 5 3 ojg>
JS Gl (WAA-IYAR) Sloj 390 (sl aS oa s ool ol W 03l (6)913,5 (glp Sliue g (glailsulss

385 VE 3o ol o 0 48,8 Jlaid (6 ] Diges sl 00b plosil (o guad— F53) Sl (slasiL
ok 485 1233 anliae (gl Bpo jamsiie 5 Come (bl 5 Bl iglan 5 o (sl ele
PPy 9 A (©3gxio yuww odi] L i 53 (6)li503 yeuw Mgy a5 A o LS aind ol Lol
Al go M 8103k &5 £l 0101 )3 03 s oz g (53503 133 (2 52,

ClacSiSS 5l onlinl b 153,85 aw 395 g, (WAA) « lpplisl Loy ¢ « JlyglcSas (6 ppo?
%S g (058 S8 o iy b clle Jo (gimn ae sloaSid (sla e 5,509 5 (bl
|y kisy9e K3k sl o] el S8 4 Jlo lie lod b ooy (e it sl S (e
WAV cla o Sloj 3jb (b aogas L G aleMbl jl laans b yg05] (slp diles 8 yxe
S e (Sl (gm0 395 () (SIS (Gmote OlF (s Il om Ol crl 52 g 0ab eoli]
el sl o Al ) 99 () Aulie &y cPgiumn (s sloaSid 3g) 9 (ARIMA) ailyl
S s (ras aaSed Uiy, o cul o ) (Sl alble @ pg0n Bl (slaod o e 1 s
isleie ) ARIMA bg) 4 canms (5 20

S5 oS Sl ) o S (a3 sjyaslin ST apSee b (VAVY) TGLegSy
)L.A.cl aa_wy gw.gr\ LngLg)J]).._w‘ W) LS‘)’. .)95 L9,~0.’>o 5 (\‘\V;) \'Obm 9 «L')’ﬁ% (J"l?»
O S el 6o ol adilS aale 53 5 WS 5 5yl L S 3 (By—an 58 )
L3200 odlaswl d'o”b
ol il 03,8 I8 (6 bSOl ldas 39040 5 SSL (gbood s (5950 (VARY) Y«uulél”%»
Jens 55 5 48)5 )18 () 3)90 Sl (slood y—u (598 dgue US55 ddja JpuS ool Clalllas
)3 angidye0 UL Cllos )0 Cudbge (J ol (59,8 5l Ll (g)bw claasly flojlw 5 (o)l5L UK
(5)lib slolas g bl iol38l 4 da il jaysm ()DL Caris a5 il 03,5 0Ll pin e gl 055

Gl B0 Bde byl by dalge jo a8 Wbl o SOb 831001 poo Jolge 1 (S bl o Olyuss Jbsyo

I, Kumar
2, Klabin and the others
3. Chorafas



ol 2 ol s i td D Ll’,, K o 53l b E

Copdo gol Jilod Jold SOL slaalyls 5 baod jpas dos (gilivtingy ()1 Sllllas glgil 51 (5

3l S 53 0y 0 edizs (Vo20) "o lSan 5 L jam ssilon (53,31 (sla)lS 53 o conl (4500
Y5 50, Sdes byl slojlre JUS )3 (HBSOL i 3 ()l g (0SS > slaiy) Jobos
el Jim LS it ol 395 Alie y> (Y2 05) €SOy il oad 0391 (SOl (SinSid g
Vo by ool Alie (ul 53 plous g5 Sy Lo 30 B 1) S5 o s 3 (sloges

A8l oo Sy Ghg) B hgy oS Al b Lol e 59l

Capdo ;0 dads OULKGl 5 azdhy, el o o Slae Caonl ay (Vo0 V) L)Kan 5 € Solg,aib

GBore Sloply BAUS s Jolge (cwoyp 40 by (g2)40bp Slodlatnl b (Vo 0Y) o) e g € s jo>

..\uo-‘b).s uby )

(103 ypus Ao o el & sl SBSTL 53 355 Adlllas )3 (Y- 0)) e g €gSg
IS 0 jlie A Lioli8l ol addesh s a8 a bl o S5 v el g dilfg o )& yow)S
(J);) SNg e clod pw ol eSSL ol 55 03y glgil 1 Sopm 13 ol 51 liae 4o (b (gl youn
Lo D38 )y Crnl oo iy g aeolieS (M) (35 0 puf (120D yeww g idodidy g deolisS
Dgd o 4i8)S a5y Jhe 3 5 (g yrel)l g (gylade slacudgaste Jold Jde slacudgasre

Al 1538 (lod pww O3 (g L > 48" Wdgy Aiime (V2 VY) €yl g €500

250 b (g ygldgmw pd ol jwrds Caso]

OERYF W9y 9 Je T

slrosly jloslatil b oS’ g by il o hYolo g5y Loy 3l oolaiw] Wod paw sy (sl o9y SO

83 o «Jlio yobods 3950 03] (eSS diagy sl 0] (sl s g wijon (eSS |y SVolao @l 42338

CB] Cslio (g8 s g 39500 035 (o5 ALBIS 53 ol Aolee g s Jai )3 1) 390 & ol

Al oo Candds 0] clijg, g oal 5D 03y A Hlde ygje Aslee wluly o] 51 us D945 oo

63 g oxnl miie 5 65 Bhie by il edliul (S Sy (o) sbras bhodly (e )3 sy be)
hbio 5y o 50 4 o3gr byl slaslate 51 JSTE 4 65l slate auib o (T pmile (6 pS0L) laodls b

[ N S

. Heffernan,Mathews and Thompson
. Baysian

. Ticijan Perusko, PhD

. Maschine Learning

. Fuzzy logic



WW s s

Sty potche (665 )54 jolaiady Blate ol bl ol 055§ Sy g sho e i due Bl oo b e

A5k u;”msﬁ m)ag)lplfcﬁ S o Wlgi o swwyd (l5ee a5 (g ysbods D o (645,80 Si>

Bhie | 5L slate 9,5 Gy igS cpl o3l yobds plgi oo |y )lBle pole > Blaie cnl )18

aibly 5 )13l s pole (slos (sl bt (orie 5 43y 5118 SeudlS oISl 5 €Sy g pauo? sla )]
903,88 &g sla JYawl 5 slaie )0 50 1) SO g a0 dlael o dgamel 5 jolid (gliad 1y (i LiS o
b «pmgp L dde slaybi)) gy b g > (550 93 o sl I (5 Blaie S 0 Ao
re (Jle e S Sind 8,5 (o S 5 03,8 gl Sl g 2)s Jlash (o b € ST gy 0
plo» L €oud oo ple? glaio 5l 11,8 0ilgi o 18 )5l SO (ool aiBl My elailly oy 5 e SGL
Fom JuwVe Gl 58 slate Koo (Jg uid o plg? b € ST ead o0 plg 19950 g 433) Kpopted ol
xS phe dnd Lalgl 53 39 03,8 S 1y 4l (line (S 208 1) fcdlioly g 4 aolSiisls 5123050
Loyl 59 gl 18,5 554, 1) (656 (slate g wBlys |y ple oyl (giaiio B3] g Lae (5 (o Sanio 43S
bl g (G)aaly (2lin €8 b lawgs & 29 (Gl joed oy slld 5395 plos S g colin )b
ogneal &8 o SIET 09 5 g0 aodS g8l o3l jboas a5 xS ez 5 (3390 ok ol dom A

Br Span ) (2524 p0 g (wgunal (il 5 oy (gucnel (18, S OIS b (sl s laplS)

A.LQ>)1) usbob leu.u‘) 6)9‘9_.4; 9 u;’9""’ dLhoK'f_wJ d)9j9.5w 20 & )‘J—AW Lg)lﬁ dhm o u;‘ )'
L33 dmd Lawlgl 3 a pd Hlows B Sbgyl (Hh ppld cawd i) eas Jlioud Wld pead a5,
30,8 5T o 51 mio oali ol (g3 slate b alaily 13 ele slacou zge awled 5l (oMo

5 ke A i (> wlgi 650k Sl ) 9 IS Dy | Syas (e (oA
oS 3D g il polio odld jd lalled flie o ae &b (60500 (Cwl diged (g9; 5 (5l

.J)IJ J)g)lf ng) J)A.S Lg}’)'])lw] Lgl.mdﬂfbli 9 Cuduo yadl (6 pgad Srdsws

Claacl Bay (LS sloaSd jl a8 ) 150k (lapim jl (ogime (pae (oSl ddlllas

Sloass it b ool pady Juate slassly diwd jl gl 5l ¢ odaw ol > .ol a8 I pledl clonds as b
e g (Conl S0d oy slagg s o (6399 (l yidan) 00,8 €l yd jlude (s (Slag3g)9 351y o oS
) oldonas jl Chds W glee S50 lp S (o0 perize |y billad (ogidy & 08 o ariile | i
@ bawgio jobody plaSym a5 3 cme Vo1 Ll e 45 355 00 03 (e58 Jlie (sl oS o Ale> Mo
13 sl i ol a0l 5 45l Sl 93 3 uas cullsd it Juate 1503 cuas VT
o3ty Olose—al oyt lgie Gl Jbo ol b 08 oo iy oot o 93 cpl G 4B V-7 a0

=

2 olacl e cpl 13 a8 wad o as i 4l Vo7 dgas (5 1y (B yole pgaal el (Jlie (gly 9,5

I, Artificial Neural Network



ol 2 ol s i td D Ll’,, K o 53l b H

Silse Ollos 3l il i mae g ;> SleMbl (il )08 e o 4Ky Hbisss
j osliwl pae Al ool (sbao 11 5l (S e o Ll Gluac! | ool dlas (59,5 &S C]
csly goaste slaty oSl A ol 2929l bl oo 093 so plol d2lg (631 2l Lawwgi &S (g5lge Sliwloxe
35 poike pE O yguody \L;...S)S s il (59)y (omas S sladol y ST Lol conds L;‘>‘)Jo (emas e
b bl cl s amas saS b 5 by aas S oS ol dgn gl LS e IS
5l aiwd 90 Aoy )l oluolp 2 e (g3l Jde amae dSid > s mas b b S
(_s.au.u)) (smas leb‘\s.u.u Pewp (oS dlﬁ&u& LY ‘Jﬁ‘ 09; fJJlaJ; )15 (smas dtﬁm\gu.u S9yp ulﬁ.&?w

(Jle ysbas fpalodd 39 poste o Smuwg & (rdle 653k (93 o 03w (sloodld (55l Je

Ol JHS Cua it 3 Gr—dle 653k 355 o )18 ol ldyge Sl &7 sl oS I (S
Tt ey g S oo o0litsl (1S (1S Lo 1 ST abl o gy 3l (Bl SleMbl ol Jinogi]
B9y Owe Ll 5 Lo Balituslyjge 9y 4 3950 gnine (pmas ASS (550k Lo (530

D)1y 05 sl S el ol el

@SRy 5 45 2yl b oddih b oladigel (55)0 Ban b g Nl ye (BN ©)5od ladiges
Syl gy il dylge pl 5l oS 5L g s il S Wl o Bun U lade A lyyed p
23l (39,9 Ansarn b Ansart 31 5 b jgbas .l polio ,59 clodly blie 3 puac (slaaslis

> 2i3b 29, O(Ansari,. ..., Ansary ),

1w0 + wixl + w2x2 + .. >0
O(Ansarl,.....,Ansarn){ w0 + wlxl + w2x2 + +wnxn }(\)

—1e gm0

Mo (g )l &S 3948 oo bl € g s plidy doly (29 b (pmae KD G 35,8 Dged

5 ) (e ab i (Whwl) ol Jlke 51 ke pl ST o dralone |y o (a3 oS5 5 03,8
o slae 2 dle 5250k 3,518 g ool (98 s 19yl 030 [ =) (298 Spguoinl 2
by sl el lagyjs 2510 lon im edle 53k ) 33k 5 Cmol bayig W1 jglate ol
laosls (B 29— oo oolatwl Wy (193 o8| (izen 9 gz (98 sl ys 1 lagyjg (2,5
W (958w yoSl 1 2l (Jad pdyginnains slaosls (B9 5 Jsl wia)oSUl 5l Al (o s gaivatuns
A8 o o3zl oy (9,5 1y (e Jo5 o 9 31 0 (938 o2 )90 oS o odlits] e S (41,
ol S oo 02l Bl o (epan (mas A by (p pedlituly & LD ey o )oSl  p oS

!, Sequential
2, Learning Maschine
3. Backpropagation



i e

sl ) logjs W o9 w68 & el Bl gt 98 oo 5 W (58 o6l 51 (sl
Al o FHEM PR b yie gl ;0 iyl 5o Lol S o i Sl 151 sleasls b W gy

Sl oSl cpl 5HA s (o il gandiwd b (slaodly oS pl &y as gl o J)ledy (0 o ool
Cas |y lad 1y 208" (hgy cpl e oo okl odly o yiw Culpdyd o osld lpss 9 bayje 0,510

23l Ll bty yoSUl plo &

2 G g odly £
o2l Wnod yw 51 S5y ALBIS S0 )5 Loy 4o (oIS i) >

dl.tbob).g.w L;J‘S‘)J )'b?‘u \\‘"/\/\ [\ \Y“\Y/\/\ @)b )‘ &L dl.tbo.)‘b U»Lwl).) CJL.J‘J{ 3.5)*“: -

ol o3 Oy 4 3 o

Ol (2 00y Nig

250,000,000

200,000,000 1400 1
150,000,000 8010
100,000,000

50,000,000

TS Y o

oo gaBL) YE oo 5,958 UAY (59,8 51 WL o (g0 g (S, Wig, 1) UKW

Fig. 1: The historical trend of unstable deposits from 1392 to 1400

5 AV la Lo ;5 o] sy g 85,15 (3gmo gy SSb yd LS o (slrod yuw 3gub oo odmlie 45 4365 o
il o b o gl I i AA
)].394.3 V¥ JLW Lay/ v/ (’*_u)l.\.)‘ &ﬂ.}.dlﬁobl.} L)»Lw‘); C—’L,."g ‘539»& dubb)g:—u) -

b o ¥ Hlbge Gygo 4 SlSL (609050 (glaod ypw (SaSTys



0t 3mtyE g3l ol lhro dobiLund d'/Lf’ K 7 53l b “

ul.u‘sa GO G 00 g
35,000,000

14000101
30,000,000
25,000,000
18980101
20,000,000
15,000,000

10,000,000

5,000,000

(G LaBL) V€0 v 95,958 UAY (59,8 51 O o (65900U (sWod yowr (S )b Wigy iY UG

Fig. 2: The historical trend of partly unstable deposits from 1392 to 1400

5 omb L@ polie 1ol 3 Gl o (0995l (glood o Cl oamliio LB YU Jlog0s 5l 45 w565 lon
0, 4y 9 00,8 Iy g eV @ il das 5l o)L @ dway WA JLw Llol 5l Lol caing b

AW 5 SSL @l by (glood yww 395 0 sl o F jldg0d 1 a5 yobo lan 3LSL (50D pmiws —

Sl B 0 &S 6ysbds Llodes (63920 0)lser L3 L (glaod puw MBI (63500 Ngy a5 LS o (sla0d paw
od o a5 amd o lis SSL slrosls dmas AY o liwsl Juasd o .ilazsls ooy b GG o)lge

Gl 0 Jo3 wls b



o i e s

OLSL 00 ppuw

350,000,000
14000101

300,000,000 A

250,000,000

13980101
200,000,000
150,000,000
100,000,000

50,000,000

0

(Budios glaaxdl) YEw o o259, BAY (93908 51 LI b (gbod puw (S )l g, Y SO

Fig. 3: The historical trend of stable deposits from 1392 to 1400

WAVl blgl 5l a8 ams o s @ld b (635056 (slood pw 155G 63908 U (51203 yrw —
L;_..;bl el 039 (635010 6,90 LSL 639.»[: dL‘MJ)*-w gy L ysba Lo .Cawsl 03 So dua

lasly

Oli b go90 U 00 yuw

100,000,000
90,000,000
80,000,000
70,000,000
60,000,000
50,000,000
40,000,000
30,000,000
20,000,000
10,000,000

0 —— —

14000101

13980101

(Galios gaBL) (Yo v 5,958 UAY (35,958) Wl b (390U (god yow (S ,U wigy 1€ S0

Fig. 4: The historical trend of partly stable deposits from 1392 to 1400



ol ST M “

g Jd ©yge 4 SlieS slred s (Sl W) OIS 03 e

Ql.f.) rQ-S o.b).»..w
14000101
160,000,000

140,000,000 01
120,000,000
100,000,000
80,000,000
60,000,000
40,000,000
20,000,000
0 L 4

(a5 (GaBL) (V€00 (122)9,8 U AY (3359,8) S (gl03 o (S )b g 10 JSUS

Fig. 5: The historical trend of low stable deposits from 1392 to 1400

) sl 0391 (63500 L i SlipS (5lood pas Ky ensl smlita B YU J3gas jl 45 w555 lan

Cuol odmlie JBB YL j> & Wlazslb YU g ol & (b 3)lee 51 S j0
Lmo.)).;.mdf)b ‘5)[.} Baﬁwdwl 03¢ u.;[:o;i;b )l c\.....o.)u] )l )]é.;.))yo «_gql.’ :‘5)‘9: bbn.u)—

Gl g fab &8 Car ool 3l )l B s D)> J1 B 093 A5 > oguad SlcSOL > L gl o
2l oo dsdo SOb (gl sl b (sl A ie (el g gy

Sala 00 yam
14000101
250,000,000

13980101
200,000,000
150,000,000

100,000,000

50,000,000

(‘_9:5:6 wadl) (VY€ o098 G AY O.gb)”.é) &l (g o g,y T UK

Fig. 6: The trend of current deposits from 1392 to 1400



o i e

Klodgy (e39m0 Ly (o)l (6lood yuuw cansl 020lie L jl3905 1 45" 43S lon

Ny dy G b A bl o i 9 Al 53w abdodidy 03wl jslaie (M0 83 paiw —

bl 4zl 25 SSL 5> Gaesily glaos

IR VIRV P
350,000,000

300,000,000 14000101
250,000,000 l-

200,000,000 13980101
150,000,000

100,000,000

50,000,000

(3aios gdBL) d(YE++ (93958 UAY (195,958) Cosouidy (sLood yow gy Y JKU

Fig. 7: The trend of long-term deposits from 1392 to 1400

93 Lol s (g39mi 8g) (SOl ool (glmod yus ceaol s1nlio LB Y fges 1 oS 435S e
Sod i Loy 3] Jlw 93 dgas )3 Cawl astiiie Haged | aS g ysb lan .l oud  Jo35 Wgy ool ]
9 (b (o S 5 51 8,5 iy 9 £y ORI J34 ggudge cpl Jd> sl o Jg35 osanily
il o Gledils Oygods AL jd (6513800 o Jiled ialS doxs )
il Al a5 8] 59y YO+ 50 SeolisS (glaed pas (S, Ky 4 ST 1000l g5 B gy —



ol ST M “

oo oligS

250,000,000

200,000,000
"

150,000,000

100,000,000

50,000,000

(B gaiBl) d(YEv e (95958 UAY (395,98) 51 ©s0dlisS 83 pw (S, Wigy A JSW

Fig. 8: The historical trend of short-term deposit from 1392 to 1400

e 035 (8393 L5 dapy AV 55 1 toolisS 83 e ool snliiie L5 YUy yl5g05 j1 45 s o
& agl S0 e (gl (g yidnn Caonl &S pl Jdoas lod S e (6 pids cawlis eolisS (slaod peuw

.J.Slob)f L\.u ) F)y

L)’l 5.)).3..» LSLQ’LSA“"MJ ﬁL.w L Cuud (o guas> ;g)l.: c\uodluo)s 3.))15...» :Mlub)ﬁ 3.:).3..» -

Al SSb opl (gl e &S5 S ol &5 ol ALBD (i il b g (gl @50 Ug) S

EVUWE 1) - SN
45,000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

0

(Galio aBL) (V€0 v (95,958 UAY (125)958) duusdl 1558 (6005 yow S ,U Wiy A S

Fig. 9: The historical trend of qarzol-ha-sa-ne deposits from 1392 to 1400



o e

ol 3 Sygan 4y gy YO+ 3 Caodd &y (ol B3 pan  Su,l L) 1C0AS & (wlaws By —

Lol (3920 L.,)m Codd & wlas 8y Cuwl odaliie b aS” 4565 ylor

250,000,000
200,000,000 1400 1
150,000,000
100,000,000

50,000,000

0

(3afod aidl) (YE++ (125,908 U AY (125,9,8) SUb Coodd ay (ol B3yt (B, gy 1Yo JSUS

Fig. 10: The historical trend of sensitive deposit to the bank service from 1392 to 1400

JLw [ 5l (dgruo W)y Cwodd & wluws 53 pew ol odnliie LB YU jlges jl a8 4365 lan

D b a (i bl 5l S 0 aull il 48,8 068 4SS F L (egr0 gy dudy VYRS

L u.ul_wb- Eb).,:_w ol oamliio JJLQ JJ.) )'.)34).3 )l &S b;ulo.h :QM & ‘yLMAA SQH -
ol Jop s

60,000,000

50,000,000 f
40,000,000
30,000,000

20,000,000

10,000,000

0

(3aios (gaidl) ((VE++ (395,958 UAY (125,958) CWagound &y (gl B3 gt (S, U Wigy 1) JSd

Fig. 11: The historical trend of sensitive deposit to the bank facilities from 1392 to 1400



0t 3mtyE g3l ol lhro dobiLund d'/Lf’ K 7 53l b “

A% sloald s blsl 5l s g atisly Jo35 Lgy Mugand 4y laws 03 i 395 o0 008 Liie a5 4365 jlan

Gl 48,3 395 4y (dgm0 Mgy 0y (| Ay

(Ve 0029598 BAY (133)93) 5l g dy (ol 83 s (S )l Mgy 10gmmwr u»l.wo- Eb).;,.w—

Sgw 4 polus

500,000,000
450,000,000 \_,,\

400,000,000 ~—r
350,000,000
300,000,000
250,000,000
200,000,000
150,000,000
100,000,000

50,000,000
0

(3o gadl) (VY€ o (123,908 UAY (123,9,9) SOl 39w s (b B3y (S U 1YY JSS

Fig. 12: The historical trend of sensitive deposit to the bank profit from 1392 to 1400

Canas 0)bS 4 WAY L byl 53 (63920 B9y dgmw 4 (wlus 03y Gl saliio LB a5 4363 ylon
@‘ay@wMzaﬂswl&lgﬂhm&nga.wlou‘_;”sw,wlo:;&ﬁy@
slaJlo 1 55 0 b Canliw 4 o gil S o Ih yuis )] Olysd 0 a3 b g 0391 ol s dgun
b (6)l500 pw 4y pdyo yieS bl (puz e g Cdodily g GdeolisS (glod e D90 &y LialS i dwe 3]
ol 03L8] 35l apad pl 5ol dgw &5
oS L2l el elsln Ll )3 Scmaile (65053 (g bl 2 dols (gl iy -
Lo st Sl )loges mildnise orile (6500 Uiy 4 Loodh ity s podld 95 o 9550
Col b (sloodld 393 ol bad g ably o 43905 Kg, baimd LS jo B lad 4 3¢5 b .l b O jgu0ay

DpS 2 Oygo (i Ng) wlolp (Egia &S



8

oh)Son g oMw¥luai

< x10
25 T T T T
1
2 — \ —
N-"/. = 1,»"‘.‘
15 -1
1+ e > e -
A/ 7 } N 'J
> _.‘J’ e ‘
0s o ! i
0 1 1 1 1
0 500 1000 1500 2000 2500
.(('y.ﬂbu’: 3 ‘_glhd:él.:) 000l gS B gt (St s 9 Mg, VY IS
Fig. 13: Trend and prediction of short-term deposit
10
18 T T I
16 = —
"= 1 “/fr". -
J"',“',, Vv
|
12 i/ -1
10~ < n =1
~f™ A |
I N }” N .. >
8 M [ =
') /x' = I ,\ :
"y 4 ~ YU
6 \ Iy v
4
2
0 | | | |
0 500 1000 1500 2000 2500

(35 (aBL) UGS B3y (S 9 Mg, 1V € JSWS

Fig. 14: Trend and prediction of low stable deposit



s

1ol $3—)S ‘;QLA_.A""I SrlaSlhao doliLiad

<10’
45 T T T ]
‘ f
| A 4
35 A\ l“ .
\ N Ak
AR
“ 1y 'i'(ﬂ !
3 WA o |
JANW
q
25f ‘ b \ v -
f ATAR
' o X ‘l |"’
L il )
‘ r]
2F A\ ATV -
) \ b
151 \ AT =
.lA \ £AJN
il = _,_"- A A 1 ol
l SN
05} 4
0 | | | | |
0 500 1000 1500 2000 2500
(3o (L aidly) w15 58 B paawt ot ylt § Wiy 1Y 0 S
Fig. 15: Trend and prediction of qarzol-ha-sa-ne deposits
. x10°
9 T T T ]
45 ’ o
S 31
ir -
251 =
2k 3 & —
i -,JJ
151 % 1
‘ T
L ”
05 -
0 | | |
§00 1000 1500 2000 2500

(Bl SadiBl) sgm 4y b B3 ypaws (St ol 9 Mg )T JSS

Fig. 16: Trend and prediction of of sensitive deposit to the bank profit



[P Ermm e

w108
25 T T T
M
2f v 4
N
/
)
¥ N
| 1N
15 / -
»
/
/
/
1= -
A ) [
A A "
A (, MW
A, e
05 ,‘*-‘*."I ¥ \h y\"kj -
i . _f'\ll
3 = ;;;J“M.:.w W i N ,‘»~“;f-:~‘
(NP LA g
Arenp s>
0 1 | | 1 |
0 500 1000 1500 2000 2500
(Bedod L ABL) Caond 4y (ol 03 purwr 1YY IS
Fig. 17: Trend and prediction of of sensitive deposit to the bank services
ot T T T T
5H 1 .
S
et
4
Ll
. V4 o
-:‘! "
.(rJ
r
2 s ¥
4 &
0 | | | |
0 500 1000 1600 2000 2500

(8805 (S aBl) CWlgeansd 43 b B3 s iy 9 Mgy 1IN JSUS

Fig. 18: Trend and prediction of of sensitive deposit to the bank facilities



s

1ol $3—)S ‘;al.m_ﬁl SrlaSlhao doliLiad

257 10* I
2 .
N
A LT .'
‘f‘ W/
L i ]
|
.-"
f
£
ik -
|
A AL
al d ."1‘ & L]
05 AT 3
gl W
T 'y - o el
\.-"'---:".';“ gy | .",_I_-___.J,"‘ Tl gt i
bt phae e e
L ! I
] 500 1000 1500 2000 2500
Baiod adl) o cws i gy 9 Syl 30w IR JSS
Fig. 19: Current deposit and its forecasting process
10"
9 T T
1
8 -
mr -
6~ -
5 _
3
of | ]
1+ - -
' e . —— T — e -
i I ! L !
0 500 1000 1500 2000 2500

(Gfio gaBL) LS U (g59ua b 3 g 1Y+ JSUS

Fig. 20: Trend and prediction of of partly stable deposit



asr

25

05

[y wrrmm e

10’
I I I I
L
b | i.‘l-
I Yy |
|
ey
d/
L R _
P,
.Ir)
A
i .
| | | |
1] ) ] 1000 1500 00 2500
(3uod (aidl) o G i gy 9 O o (639U 85w 1Y JSUS
Fig. 21: Trend and prediction of of partly unstable deposit
25 T T T T
? p'd
&,
/
/ v
Koy
15 / -1
»
1/
/
1~ —
A r-l
A _w"w" A
J K\ i
05 N AR
- - oo A
" Aﬂjj‘;‘v"/,’\ o ;J’pT'_r Fpann
,.L’ e ~ Ny
0 1 1 1 1
0 500 1000 1500 2000 2500

(daiad' dl.be\.:éb“) ‘)i o Mgy g O o1 B s Y'Y JSS

Fig. 22: Trend and prediction of of partly stable deposit



0%

s

1ol $3—)S ‘;alm_ﬁl SrlaSlhao doliLiad

35

500 1000 1500 2000

(Gaios Baidl) ol iy g 9 Sdeily 03 s YT JSUS

Fig. 23: Trend and prediction of of partly stable deposit

500 1000 1500 2000

(30 (Sl (o (S piy Wigy 9 LS L B3 pumw (Y E JSWS

Fig. 24: Trend and prediction of of stable deposit

2500



HW s s

w980 3l o3l g pile 6353k B9 & (i Sl & gl Sl SlaS Cs -

Gkl e o A 300 )0 Sl candiwd bodly a5 Jls) Wodld Jo 3 o od aeS
oS 9 39850 431 Waodly (o 4 (mldid) gy wed Sl ol )3 J Lo oS 398 00 g Sl
O § Comlua Judod 986 (gl 9 oo o3l pdy iie g dlwgy @y I &S nl 4 a2l &Sl
Sl ol gy ol sblze Sl (o e Ablioe ilse 92k slaanly Slus 4 da gl pertie (sla (o)l
2 g0 (pl a3 o (650l |y Lodld w)gd (glaml I osly 35 gl i 9 Slypuss ol wly oS
lae ol gy ol (555 (294 03 &3S 3,90 oS iy 8395 cod JU3 (S )S) P9
Sbabe) plo & S Gaphn @lad (p S Gedle (653b w2)e8 (al (2L 023 ST (slags 95

Al oo b 1y edle (6 x50L

S5 4ot .0

ol j) YO+ 3500 3 dod s 31 Supp sl (e sl pasiibe (nghn l)lged 4 G5 lan
Oigy 4 dogil &S 0 Bb e i (9908 b3S 5l an YU glalages jd aBlgys ST il odo] Cwdds
el (i BB aylages I S gbods a8 yobs ol il ool Cnds o (slacabil g cpdle (oS0l
58,5 Malgd 365 4 ygr50 SSb o] 3 Jop K9y ik 8y g SLEL (639356 wtodidy 83y
8,5 Nl 395 & (o3 Ng) 5 S & e 5 Ol 83y
a8 0, dgr g 38 Sl dadgr i Sl daed I Sy dw e Loy cdd S5 pl a s
odnlie 45" 4363 Lo b yldgad jI (Sl sl (oguas )3 WSl o s Faudge (pl (jlwdigg 4 axgily 4]
S5k Gy Sl & g ooty o8 El 35 o (o8l ke b g ke Aol 335 e
g Al o Sloj e b yd odly 4y 2 yje b Al b8 GleMbl &S slowy e JWda il
597 G35 97 S 2] s el a5 B oS Gl ) kb 35 ool S o 3 bl
&3S SleMbl 4l Byo &5 ¢ 41358 > LSl GleMbl oluslys w15 o 45 03l oo i 6y
899 Job 3 1y llysul Jg 15 0 00030 |y adgl slmoygd clilwgs a5l Jlo saisb a iy o i
ol a8 a3 1) 398 d by (slacadgize by cnl | Sapn Jloyads 45 a0 (Ll e

A olzel edle 65650k St (by) 4 Al

&35l

4 oS Big) 5 S sl slall SSb Ml g el i3 oS aib e p5Y 38 2 B stns (LG

Aoles Jy08 dllie e



sl 215 (s3baBl SolxSlao doliLiad d,'/&{’ {15/ 6 22 s

1) Bl g5 ¢ 34850 gult o LBl Jdow 5 (o)l Jlie ¢ 30 Co pie po—w bl gs oy Judou
Sl oage a1y (oolasl Sled b g 1550wy Bliug g g (3800 digudiy

&8ls LS

aluls

5l oslil b eSSl 8ylas g mlio (5985 (g5luwdige? (WWAY) p51 (3o 0lle o ¢ blaias ¢ g lisl -
=Y (V) Q090 o o o ppcto jlbfois dolilias «( )l pl lpplo SOL iasdllas 5)90) (Jod (535,400

https://jfmp.sbu.ac.ir/article_94704.html .\dA

Jde (2lb» (WYAY) clsmo 6l oy Dl yd ¢ alaloslj y s 5050 ¢ 5yl fput] pl (615550 —
Shl Cupto g (o (cwdige dbxo &S i 3 b (2 9 (L UL (mpie jolate 4 (5L
AV=V0 (V) ¥ bl

sisy o olpl g)ls Ol (Sl EMpuwd dige oS 5 L(VWAD) cdunw 0dljes,S S —
SANY X (o ol ) g oo dolilind K5 S @lopis Jww y)de 1,8 & a5 ] ealasanl b (goliasdl
DOI: 10.22108/amf.2016.21105

dllbcb)]aa u»l..w‘); OO )l)l.: PRI ‘nLQ‘_#: S L)’“"’» (\YA\C) A ed).».ol 9 o> ‘031)9”.:- -
https://jte.ut.ac.ir/article_18272.html V¥ :(Y) ¥\ « golatd] Clii> dolidad Kdbgyyo

Lol 33 (b slrod pw sl ob5,» (WWAF) ()] 1ol8 (jgsieme g ¢ gdpodonme o il Supid —
https://journals.iau.ir/article_558966.html .A\=£Y :(¥V) A « golaid] ¢ jludio ol dolilas

.\‘W—\VO :(\V) O cu/)_// d);‘@_g/ L;L‘b()“—‘b})—’ :f_o/ ! oY .«)‘.)1 e‘ )

https://ijer.atu.ac.ir/article_3872.html?lang=fa
2 oleel OMpuwd (6585 diupe S 5 s (=0l (g5l Jie? (WYAD) (L poMe <03l S s —

NV (F) Y oM ) G d s Lol i agi s Koliel g o Gl wh s
https://ilr.isu.ac.ir/article 76998.html



HW s s

$oslizsl b 5,5 (6 )uS3l 05,5 53 SOl ol siiko duws (gjlodia (WA olos LisS 5 ¢ slag) e —
DOI: 10.22051/jfm.2019.24698.1981

sl gy (slae s plocw dww (gjliodinn? L(VWAF) cdpran ¢ (268 g fdoudie ¢ puiiadd fluugs o5yl liS —
doi: NAY=WO (WA ol lac g il Coypdo o ingiy SOl e
10.22108/jpom.2017.21552

adlllas) reoolasdl (cla it 3 alg digs oS 5 Cpe® (WAY) (608 ¢ yldols g & pmme d)] oo —
DOR: 20.1001.1.25383833.1387.2.5.7.9

S o8 iily L sy bls slodegazo g Spiilo (o3 SOL o L] AYAF) el gl gdg05w0 —
OIS e

Jols dows (S 15 (6105 Al yus (95 Al 1P L(WVAY) (s g (D905 5 fall e ¢ lawle —
doi: 10.22056/ijir.2013.03.01 NAR=YAD (¥)¥ ccows dolicing

ool )5 4l bl Kaig0s SSL S oyt (g5l (WWA) b ( wle g el ol o g —
o i) (6)9ld g lisins pole &)ljg ol ya I olKiily uis)|

allas) SOl S Sy 1 5o Jolgs» (VWA caisSas Bl _abouSs g taon] eoliy oy —

OY=YY X blg el Jud s oo il dolil i Kol SOy (6050
https://journals.srbiau.ac.ir/article_4970.html

- Abbasian E., Mahmoudi, V. & Armian, S., (2013). “Optimum portfolio selection based
on markowitz mean-variance model: A case study of an insurance company”. [ranian
Journal of Insurance Research (IJIR), 3(5): 185-199.
https://doi.org/10.22056/1jir.2013.03.01 (In Persian).

- Abdolalizadeh Shahir, S. & Eshghi, K. (2004). “Application of genetic Algorithm in
portfolio selction problem”. [ranian journal of Economic Research, 5(17): 175-179.
https://ijer.atu.ac.ir/article_3872.html (In Persian).

- Allred, A.T. & Addams, H. L., (2000). “Service quality at banks and credit unions:
what do their customers say?”. International Journal of Bank Marketing, 18 (4): 200-207.

- Andreloni, L., Barga, M. D. & Carluccio E. M. (2007). New Frontieres in Banking
Services. Berlin: Springer.

- Askarzadeh, Gh., (2006). “Mathematical Modeling for Determining the Optimal
Portfolio Composition for Credit Facilities in Financial and Credit Institutions”. Journal of



ol 2 ol s i td D Ll’,, K o 53l b ﬁ

Islamic Law Research, 7(4): 107-130. https://ilr.isu.ac.ir/article 76998.html?lang=en (In
Persian)..

- Barfield, J., Raiborn, C. A. & Kinney, M. R., (2000). Cost Accounting: Traditions and
Innovations. Fourth Edition, South — Western College Publishing, Ohio.

- Chiang, A. C., (1994). Osnovne metode matematicke ekonomije. Third Edition, Mate,
Zagreb.

- Chorafas, N. D., (1991). Obiettivo profitto-dal controllo dei costi al pricing
nell'impresa banca. 120 Edibank-Iceb srl., Milano.

- Cox, D. & Cox, M., (2006). The Matematic of Banking and Finance. John Wiley &
Sons Ltd, Chichester.

- Daei Karimzadeh, S., (2017). “The Optimal Portfolio of Shared Contracts of Iranian
Commercial Banks in Economic Sectors (based on Post-modern Portfolio Theory)”.
Journal of Asset Management and Financing, 4(4): 17-28. Doi: 10.22108/amf.2016.21105
(In Persian).

- Ekhtiari, M. & Alam Tabriz, A. (2014). “Optimizing the portfolio of banks' resources
and expenses using linear programming (case study: Bank Saderat Iran)”. Financial
Management Perspectives Quarterly, 5(12): 134-158.
https://jfmp.sbu.ac.ir/article 94704.html (In Persian).

- Freixas, X. & Rochet, J. C., (1999). Microeconomics of Banking. The MIT Press,
Cambridge.

- Harvey, M., Myers, M. B. & Novicevic, M. M., (2003). “The managerial issues
associated with global account management”. Journal of Management Development, 22
(2): 103-129.

- Heffernan, S., (2005). Modern banking. Chichester: John Wiley & Sons Ltd,.

- Helliar, C., Cobb, I. & Innes, J., (2002). “A longitudinal case study of profitability
reporting in a bank”. The British Accounting Review, 34 (1): 27-53.

- Hussain, M. & Gunasekaran, A., (2001). “Activity-based cost management in
financial services industry”. Managing Service Quality, 11 (3): 213-226.

- Khaluzadeh, H. & Amiri, N., (2004). “determining the optimal stock portfolio in the
stock market based on relevant theories”. Economic Research Quarterly, 41(6):
https://jte.ut.ac.ir/article 18272.html (In Persian)..

- Kosha, E. & Gharib, 1., (2019). “Optimization of Ansar bank's Customer Loan
portfolio using genetic algorithm (Case study of Ansar Bank)”. Journal of Financial
Management Strategy, 7(4): 125-150. Doi: 10.22051/jfm.2019.24698.1981 (In Persian)..

- Kwan, S.H. & Wilcox, J. A., (2002). “Hidden cost reductions in bank mergers:
Accounting for more productive banks”. Research in Finance, 19: 109-124.

- Lapin, L. L., (1987). Statistic for Modern Business Decision. Fourth Edition, HBJ,
Orlando.



ﬁm R

- Mehrara, M. & Sadeghian, S., (2008). “The management of optimal loan portfolio in
banking sector: the case study of the Bank—e Saman”. Financial Economics Quarterly,
5(2): 116-134. Doi: 20.1001.1.25383833.1387.2.5.7.9 (In Persian).

- Nocedal, J. et al., (2006). Operations in Linear Programming. Printed by: Springer.

- Porzarandi, E. et al., (2012). “Designing a mathematical model to predict the structure
of assets and liabilities in the banking system”. Journal of Financial Engineering and
Securities Management, 4(15): 51-77. https://fej.ctb.iau.ir/ (In Persian).

- Presco et al., (2012). Designing Banking Deposit Management, by Optimization,
Croatian Operational Research Review, VOL. 2.

- Shahiki Tash, M. M. & Mohammad Pour, K., (2014). “evaluation of the Market
structure of bank deposits in [ran”. Quarterly Journal of Economic Modeling, 9(3): 61-81.
https://sanad.iau.ir/journal/eco/Article/5589667jid=558966 (In Persian).

- Sinkey, S., (2001). Banking Activities. The British Accounting Review.

- Stephen, W., (2007). Linear Programming With Matlab. Societ with Industrial
Mathematics

- Yazdan Panah, A. & Abbasi, T., (2011). “Optimizing the asset portfolio of a sample
bank”. Master's thesis of Al-Zahra University, Ministry of Science, Research and
Technology (In Persian).



