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Granting facilities is an important part of every bank's operations. This part of
banking activities is economically important. With its operations, banks can provide
the transfer of resources from those that have directly invested to those who need
money, this repayment makes another people use these resources. Failure to repay
facilities on time will cause the bank's resources to stagnate and in the long will cause
the country's economic recession. It is important to monitor the correct allocation of
resources because if bank resources are used and unfounded payments are made, the
banks will not be able to pay the depositors and will become bankrupt. By examining
the researches in the field of banking, it was found that most of the researches have
focused on the optimal combination of the investment portfolio in the capital market,
and less researchers have paid attention to the discussion of the optimal combination in
the money market. Most of the researches that used operational and statistical research
methods were related to industrial issues, and less in financial issues and operational
research discussions were used. In the optimal portfolio of the combination of facilities
or investments, mostly the genetic algorithm has been used and less than other fuzzy
methods have been used in the conditions of uncertainty. Therefore, in this research,
the improvement of facility payment modeling has been addressed by using
convolutional neural networks and CNN-LSTM modeling.
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> # Structure of the data

> str(df)
tibble [1,658 x 18] (S3: tbl_df/tbl/data. frame)
$ customer_type : Factor w/ 2 levels "haghighi”, hoghuqhi": » G0 B Iy I S Gty B B B
$ gender : Factor w/ 3 levels "C","F","M": 3 223333333.
$ Toan_type . Factor w/ 4 levels "morabehe",” mosharekat_madan1‘ RO B &5, 385 8- Bh B BB Bl 1
$ facility_type : Factor w/ 2 levels "mobadelei","mosharekari”: 1112121111
S customer_career : Factor w/ 4 levels "azad", “"karmand”,..: 1 2 2 2NA22222
$ customer_income : Factor w/ 3 levels "daramad_bala",..: 2 3 22NA22222.
$ loan_department : Factor w/ S levels "bazargani","khadamat",..: 1222222222
$ collateral_type : Factor w/ 3 levels "1","2","3": 2 333333333...
S payment_date : chr [1:1658] "1394/07/27" "1400/02/05" "1400,06;25' "1398/09/12" .
S current_situation: Factor w/ 4 levels "faal", "mashkukolvusul", Z11313112.X3 T,
$ period : num [1:1658] 180 1095 1095 1460 1460 ...
$ approved_amount : num [1:1658] 3.5e+08 6.0e+08 1.2e+09 1.0e+09 5.0e+08 1.0e+09 5.0e+08 5.0e+08 2.
Oe+08 3.0e+08 ...
$ Toan_remaining ; num [1:1658] 3.91e+08 5.21e+08 1.30e+09 5.81e+08 2.98e+08 ,,,
§ interest_rate : num [1:1658] 24 18 18 16 16 16 16 16 18 18 ...
§ ghest : num [1:1658] 62484034 21466922 42933843 28062608 14031304 ...
S profit_rate : num [1:1658] 0.0266 0.0937 0.0937 0.1071 0.1071 ...
$ income_or_cost : num [1:1658] ©.9746 0.024 0.9759 0.0237 0.0239 ...
$ risk : num [1:1658] 0 0.333 0.639 0.333 0,333 ...
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- Data Cleaning
- Data Transformation
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tibble [1,658 x 18] (S3: tb1_df/tbl/data,frame)

$ customer_type ¢ Factor w/ 2 levels "haghighi”,"hoghughi”: 1 111111111

$ gender : Factor w/ 3 levels "“¢","F","M": 3 223333333.

$ Toan_type : Factor w/ 4 levels "morabehe","mosharekat_madani”,..,: 3112121111

$ facility_type : Factor w/ 2 Tevels "mobadelei","mosharekati™: 1112121111

$ customer_career : Factor w/ 4 levels "azad","karmand™,..: 1 22 2NA 22222

§ customer_income : Factor w/ 3 levels "daramad_bala",..: 23 22NA22222...

$ loan_department : Factor w/ 5 levels "bazargani"”,"khadamat",..: 1222222222

$ collateral_type : Factor w/ 3 Jevels "1","2" ,"3": 2 333333333...

§ payment_date : chr [1:1658] "1394/07/27" "1400/02/05" "“1400/06/25" "1398/09/12"

$ current_situation: Factor w/ 4 levels "faal”,"mashkukolvusul",..: 2111111111

$ period : num [1:1658] 180 1095 1095 1460 1460 ...

$ approved_amount : num [1:1658] 3.%5e+08 6.0e+08 1.2e+09 1.0e+09 5.0e+08 1.0e+09 5.0e<08 S5.0e+08 2.0e+0
8 3.0e+08 ...

$ Toan_remaining : num [1:1658] 3.91e+08 5.21e+08 1.30e+09 5.81e+08 2.98e+08 ...

$ interest_rate : num [1:1658] 24 18 18 16 16 16 16 16 18 18 ...

$ ghest : num [1:1658] 62484034 21466922 42933843 28062608 14031304 ...

S profit_rate ¢ num [1:1658)] 0.0266 0.0937 0.0937 0.1071 0.1071 ...

$ income_or_cost : num [1:1658) -1.95e+08 7.44e+06 -9.47e+06 4.49e+07 2.17e+07 ...

$ risk : num [1:16581 100 0 4.21 0 0 ...
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' - factor

' - numeric

* -missing value

° -data science

* -data frame

* -K- nearest neighbors algorithm
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kmres=kneans df n centers =k ,nstart = vo)
ss=sil houettekmres$cl uster, di st (df n))
returnmean(ss|[ Y1)
}
k_val ues=y:1
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dpl yr:sel ect (approved_anount | oan_renai ni ng,ghest profit_rate,ncone_or_cost risk)
Il 3 sesy 5 oS Lo 5L sl &7 il o Tal S sbad 5 0, S i Slzel Gl i) o e s o A 31 (ST s,
Lo 20 DRSS Lol el 4t Olas 53 K05 6la s 4 S (X) alool Lo sze AXK)  Siwens alasly ol 53 .48 slgaty 144
& S 6T jlel 8 el a3 G s abi a5 Ol (6,5 oMl LRliS®) das o Ol |y bead s le 4 o (X) aliold
2368 o3Il ol S48 Syl 4 (Y10 Chen BOSE)cul +1 5+ o 0T (a3 jlasl 03 does 355 0 okimine by slons (Sladl o=
S 65 n oS Az 0 0L ho Tl 5 ol 53 sl iy sloe 45 4 i 5 35 g0 4 g5 oS Sl ol 0ukins OLE AL 4 03 gukone
&Sl Lo Oy o Ll 5550 4k 5 ol SVl sdian QLIS - Sl o SYL 5 5l 3 s aslen sladd 5 g s 40 4k 5
b 25 KB 4 B B Sl el s 4 ans

Wthi ncluster sumof squares by cluster %

Vo AFFFO4YF ). YOFYVVO4YY
(/. between_SS /total _SS=ve. ¢)

b g )3 4 4 Ll g ol SO oS 0l oLl 5 g5 4 1) AVD/F Ol LOL AL =SS il s ainie (s 5 514 4 S0ken

Bl e 93 ad g Bl e b e eeie 5 S Sl asmile L Lol sl

etimal numibzer of clusters

Rl ls — — - - -
| T

= ."ll ™.,
=0 ¥ I R
o II.' ! S
= ;o T
<2
=SS
= !
2, !
P -
Er S LI !

ISHETE I <

1 ) bt 4 = ] i 1 £3 10

Flurmibyer of chisters Kk

4 g dgy Sl (7)J§.§

' - Silhouette Coefficient
- K-Means



V/\b)\m:// \Y’V)L@.»/YY‘JL/\JJBMJ;JA&«#}J'GALCMJJA

' a5 (S adgS 5958 ,Y A
2 kS o OBt T 5 (6,8 o Sike 6 5 laosls 35 Dle 311y it (6 sdyles 5 bl o b (e on s S Aot o2, S
100z 53 5 polie 4 ol Conlm 055 oS (sl O il bp O i 56 e b oS nRdOldS 85
Oyt ALalS daloun (50955 (Y1 ¥ GUO & OLNEIS)s s o b jme 38 o 0 6055 (slaosls 51 (S b asi o o) Sl 53 o Coslaosls
il 2
knedoi d. re<-pamdf n , k=Y, netri c = "eucl i dean" , stand = FALSE) (%)
knedoi d. re<-pamdf n , k=Y, netri ¢ = "nanhattan" , stand = FALSE)

5auﬁi):f4;;53SCMIa.\.i:jfa.su:wl‘_;.\;{d}s-‘_;lﬂO;pjswA:lBIALijlja:ﬁY 4 g5 Ao Sl 353 0 oaline &S shailenn

Cluster plot
et
- oY
Y
. b
.-"3’-‘—:t L 1"\\ — A IWEC fety
o b T =1
E = h [ =] =
+ b
- 101 - '|,_
b
)
15 B _I.U 4-\_!
Larm1 (<8 8% )
Sl g 4k (V) S
Ml g 3 ke Al S s b At e
Medoids:
ID approved_amount Toan_remaining ghest profit_rate income_or_cost risk
[1,] 1148 5.000000e+08 4,157526e+08 17889101 0.09369886 7893890 0.00000

[2,] 1424 1.204945e+12 1.600629e+12 93028258643 0.06284257 -24865811247 16.41918
Ghls Sla S 0L e o Loy & sy ail Sy 0L ke 5 Sluom S5 O 2 058 93 53 0l 2 o Wil o ) Silis &

..\;\uﬁ@}a_;u;&p‘_;tﬂﬁs;scﬁw@e\idamﬁ}ﬂ N S Gl Clas L 0L 2 g o3 g i ES )y 5 Sue el s

‘- k-medoids



Qt;c..b|r.\.sJa_{lfiﬁ‘_;uh_,..,;f!.\:,él.abk.zlgsé)fﬁﬁQQMQ&I:A:%

ORIR Lz olz.0

0313 e gazms

la osls (g5l OLLS—

b osls 5 5

bl sla esls LBl -

b S5 ol b s R
b oS S e

— 4",[?,, 6[5_

o0

- CNN ‘el Convolution % Activation Relu

HELRESIY é dropout E pooling
Fully connected ) Out put
Sss oerlr W) S
oW H Sabl.

ovae Sdl l odliinl b Gune S0k T,
£ 5 Gree 553k S o eslizal Waosls I g3k o2 S5 g odkomn Slbus ol (6l (o same mme (LSS I Goes Sk
25 G 6,83 (VY ANAN)AS o LIS 0Ll jae 3 Ses 5 Hltle el 8 (Y414 (Ngufor & others)cul il ¢, st
ods S5 oo (slaesty 5100l jha 45 o S0 L sl 3 555 o e3lizal pile 51 0Ll sl 4 OT 53 &7 ol (o s s 3l (5140 goms
23 oS g0 S8l oS Ll o la3555 el por plil 7 )l S o DM 35l 5 LILLI 3 0a L laas oyl S ol
b 35 Gree S0k das b b a5 5 Aas g plonil Slles 5 3,8 o ) (glacssss o S e L) 26 S Ll b e fool
by o K2 (Y10Al Machot & Others Juss o ploil (515 5 48 (o Joe OLsl o d3le 4T Gras gnae K 51 oslinul



V/\b)\.a..i:/ \Y’V)\@/YY‘J\M/‘JJQVJJJJ.A&-&)JJ&LCMIQ.J

Ll e ‘_;)'Lﬂdbécl:j‘\}l:..ﬁ)\.&a 6‘)‘3&%)‘(‘4{;&)@l@}ﬁ}&%}éb})}QVMJAL@} ssh g osls iiael assys
3 e il s 4 035 bl 53 ] 7 355 o e 13 ST ST (5 5 b 5T e d 4 T Sl A3 p (2 L S
05 S blos S5 uejf;t‘Md&;géuw.wab;wﬁ@,ﬁfoﬁu:d),bl,aumm,uo;;s;x?@
OV G 3005 5 o (S 5k 4 e o Jlab (5la0ys) 5 31 (5140 gozme ool Slawlos plonil (11 510 0L o sla033 55 Lo

CNN w455 1,1,

wr w4V S 30555 a S s et SlS laeSit oY L (sla o, S 1 skt ol 0l 125 4 L slaes S 51 CNN
&S 51 s CNIN s o3zl baosls 1 do 31t 8 358 g0 o g0 St pl JolS Il 35 g0 Joate G 0¥ 53 e gla Jsho
Oquab & 0Others )i, ,T oo ks 1y (s jodtoms sla S o3t 5 S S (a1 51 oslizl by S o oslizal bosls 53 o351 padhacks
i e 53 L1y (ST (glaosls sshie es 4 LBl sUe Dppe 4 bl e K8 Wil Goas (6,5 3L sladide in (63555 (Y0 NF
o2l 0313 48 gemme | 55 i) Aited (Gl oy go 41 45 esls (Sl (Goes (6,8 3L (Sladde 53 Lph LS sde oy g 4 Laesls 35l
Bt Sl a5 S e 4 M ey ey S s 3de s 4 5 16T ¢ e dlesl 1 S b (s g5 (S
0.3 S s ot 3o &G ws a gl sy cpl s (Y IVKKTIZhevsky & Others sl . gsde gleosls 4 4S™ glaesls
0T o pabmn (534 e (o313 o (51 s 303 S 13 ¥ 3) 3o Ol on o & (B o ik Sl s 2 p5 (S 33 s Jle Ol
sl Gl aleT i b e olinal Gaes (6,83L ladde (25507 (sl 5T om cpomen s 8 Ol e OT gl 4t
o iz o 31 i o e Sl 5 Jule Sl el oS sl (ateslisl e 5 55 edlitel Wi gleesls 5o p e 5 Sas
oslizul _35las Ba) 3| Ysame (i dm 4 0315 45 gozms o5 sl (Y-yrOle Hjelkrem |, Eilif de Lange )sss o oslizal Calises
ol 93l ok 0313 i i slzel 3w 4 400 5 hle3T Jidw 4 /N0 (i5seT w4 besls SIAVe (G pl 55 el 0dys §
okt 5 TRIU (G5ladled b 5 ¥ 87 o5l ks FF L a5l Y oS dal sl ot i 4Y w4 0¥ S 4 e a3
S ap ol b Y ol ol o dd oslizul Laasls sbul L2als ) ate 4 45" Conl ol (a5 Y o311 L MaxPoO0lINg Y ¢ o ol
ok (x5 /0 ldie L DIOpout ¥ G ¢ 50, ot 36,8 sl 6l S e e 1y Waosts sbal (6355 (Slaesls Hldie 55 a 45 ldie
A0 oy05 5388 Sl gme cpl a0 /D Hlade el 53 9 543 o eslil Jue ‘_;J:?.s\;_ Loy Bolar Codo ke 4 4yl
lrodls 4 (63555 laesls b ke 4 & Sl os (o s FlAMEN 4V o 0T 51 s Li5d o Ol olad Sy g0 0 Jibo b0
53 diph esls sdn DENSE 4Y & Wil b U o fls w65 w0 1) 3955 laesls o Spso 4w (pl 3 ph s eslinad (gun o
Solwdbe O3k 50505 53 b pss oY 5 ol o (o w TEIU (g5 ledla cl:)o,)}; VWAL Jsgl oY ol ol (o 5 DENSE 40Y 53 oty
el ol (o a5

CNN-LSTM Jaw 1,1,y

S8 3L 5 05,5 #F LLSTM a¥ e o sl 0t i ¥ S o301 il A L 3 5157 0¥ oS sl ol Y dir Juls ds )
b b eslial (63555 slaesls 3 Sde SYsb G S S5 skt 4 wY Gl Sl eld (o s ladlis
L MaxPooling «¥ ¢ T 51w A" W5 s & (83558 Slaesls ol (sl oS 4 &+ LSTM & return_sequences=True

WY e o AS o0 e [y Wrosls slal (63959 (Slaosls Hldas 93, 3 e Q,lj:fjk bl b a¥ ol il odd Cay 5 ¥ o1



Ol pas Ll 5 s osls s Sl Sl Bleail (5.8 55 s b g <31 5 50

350555 55 L DENSE LY &S (ulg 53 358 e o3lizul (gubn S5 (claesls 4 (63555 laesls fud Hskie 4 ST Cul eds a5 Flatten
el 0 iy o5 (6 5bwdlnd 05y

CNN-LSTM 9 CNN sl Jow (sl b lol sl ol )b1,Y

35 Jde 55 Sy awlin b ol ots 43§ i 53 LSS CNN-LSTM 5 CNN Ui 53 0 gl K 0 5 5,6 ¢ Sl digy joolyb am
Byl gy p OLSS Lyl

o157 (§3loticgy o2 S el 53 3,8 o 518 aslizal )50 ladde (35 5eT 13 53 & ol (53lutigs 208U Glasig sl .
el 0l OB

s DBl st Slay o o Kile 4o b ] 33,8 o Ol ealinad 3550 Jue (25 50T il 55 o el 3o b 5 el *
Wl sl O g 8 Jilews (511 422 b5 o

st (Y DOrmMann) s si s eslizul Jue 3 Shes ob 5o g oo 50T dnlp 53 oS Sl glajlos &K 20 el .
Sluaiws gw)s a4 05031 Gresls 5l deoys 4 &S das o Ol 5 Sl Conlie (sluains Plue (s e opl . Canl odd Ol C35 5l

REHIR

o 4Bl Juboxs Y
a4 e sl AT 5 oS a8 o &S84 Waslaged pl il 5 754 CNN-LSTM 5 CNN (ladate st 5 235 (slals o

el okt ad & i y3 Ve by ke 33 8 6l 55T ol e 3l oy s S plowil O 0
;j:o\k@bﬁf&JdTﬂ:ﬁ.Mli@jj}AT.uiT}):CNNdmdlﬂdesdh)\Aﬁ@bﬁf%jqﬂjAUL,.&‘_;\AJQL
e 53 13505 34Ty shailen il o il (lresls 5y Jute a5 s (gl b s ges 5 )T laesls (gl e Lo
V.AjuijjaTL;\Aa:l:‘_gjjjd.\»&brﬁaf‘_gjjba\{..\.’5‘-&@:ha:l:ﬂ&»\f@j}&@%\jd# el Jo e Olea s Col
2 Sl ooy Y 54y gl ol Olas 55 o ast Ol (Bb 515 Ates Sl g AVA/D W 233 Sl jo a3 i lzel (slaesls

.xfu:)'\ﬁ\,m:um\):c,:aéyw.u,gﬂtm.\;'@u:jlj&CNNJ#u;jfT&T;);sﬁ,iﬁb:@q&ugw@g

o.980 f N SN AN NI N NSNS N SN N\/\

[y

e o969

=

=]

= )
O. DGO

Traaming ascouracy
Valicdiation ascouracy

v v T v ~+— —1-
o =20 <0 © o so 1LOO
Epoch

CNN Jute 5 41 505(0) S



V/\b)\-&u:// \Y‘V)L@.»/YY‘JL/\DJBMJ;JAW}J'&LCMJ&J

0N Trmimireg lomm
Validation loss

O R0
D.O2 -
0020 -

Q.01 ™= -

0.01L0
-
3 / \
. 7 \ A
~ v

© =0 =0 1LOO
Eprach

CNN Jus glas i3 53() s )JQ

Slaslsges 4 by I 4 5 sl JS8 il asie 6 Sl Asb o 5 JS5 4 CNN-LSTM Jute Ut 5 235 s gos e
5 sl lesls (gl Jde st 5 S35 Ol 4 by e &Ky ST Llages il o 25507 T 5 55 CNN-LSTM Jus (ol s 5 &35
e s dinil 5 Olen 53 CNIN Juite O, CNN-LSTM Jute sl o s slis ) (lnosls (655 5 e Lot 5 S35 (gl 2yl 1o g0
3 GAIP L S d et a slaesls (55 Je 85 5T ol IV a5 S Ty s Laesls 1 JelST B 551 4 1l
Jule £ sazmn 5o Ll ST oo Iy (5 O a4 55T laesls 65y p dde B E5seT ST ol e 5o g oS G a4 AS e Iy alS
55 5 b 3l 035 AVAVY VNS 5 5 4y i sliel 5 50T (Slaosls (35 5 83 Oljse o 7S 4 | Sl 03 3y T Sl g
S8 Ol 4t 5 b el Sl oy D 54 g ba) e Olen 53 st O 457 (6o sl & Sl 03 28T 4 ) o)lsen Jbe sl

| au\.ﬁ'ufaj‘j.! \Ao)‘éj‘ ‘)»Kﬁll'.m; Jae ‘;‘:’.L@" BEE) Sl ol J’J‘fu*:‘ﬂ’:’ J.Ln-ﬂfg"_,.w‘ Cy‘}a ui‘J,iJUb Jde

Training ascocuracy

. x
s WValicdatian aacouracy

.90

e VV AW UVINY

0. 7920 -

Koiracy

OoO.92705

Oo.9700

O.9775%

O0.9D770

e =N -
o 20 A0 oGO 20 AO0
Epoch

CNN-LSTM Jus s Sls 50i(11) JSi



Olmbl pis Byl 53 oslssm Slas 5 Jb Bl (5,5 B 55 | Oilged 315 500

(SRS e s
Trasirvienes lenmes

st tionrs lomes
L

DO SO

€. e

Iese

wR

€ oo

OO0 7S

L )

e

o =0 RO oo o 1o

CNN-LSTM Jwe sl Hls gl (\Y)Jﬁi

S 5 dxl

54l Sl g gl 5L 53 55 sbadl LB Olsie 4 Dl ol 513, 5 1 (Vb Sl 51 el o (gbal bl s (Jle Sl 5o
23035 0 Seauls oo (GT 4 |z 48 0 Ol 53 Sl o ol Comal ¢ Oyl sl 3 5 & o Shuls Ol o sl Sl
ol S o i) 5387 (ol Sdail 5 kel laaslip Jlo el 53 gl 28 ctrlo 515k (IS nn g pde W3 4 eJ g L1k
Jolse olalis Jlis & bl 55 hags cpl 58 (o 550 Sl slasdl IS (1 o 6T 55 (6l e € Slago g5 0l 53 (555723 Lo
Jolse 5508 S0 TS5 5 ol Hub a ccalinn Julge DI 3E (3luli b 5 ails oSy S2alS 5 eSS (5)5Tapm 2 50
05,8 Mo (gl (gl 5 GLeSTISS 1 Inl ) 5S7de s 4 Oy (81 o g gy 2 Sy 5 03105 S35 2 ) b @358
sy &Sy A 5 (655 o s SRIP 2 30 Jalse (s o 5 0 8 slitel Dl 5 Ol 555 0L e 05 8 93 4 0L ke
55y 50 Juo b 3 5 &Sy 35T 5 40 Lo .ol 035 CNN-LSTM 5, CNN L;:Q;L;Jf:li e &5 b i cpl s Sl o s
635 2 CNN Jue s 015 <8 0l o LbojT gloosls 55, » CNN-LSTM 5 CNN (sladis s awlin j3.Caslods 4l
93 2 Sla a5 Lasb s AVANVAL s toleT glaosts Olea g5, » CNN-LSTM Jute cds il o SAZLAF L Ll 2ale3T (slaesls
1755 53 ONN Jie 2o (55l & 5 b s Sl o3l oal Tads 5 o (6,85 sla el 5 Wlodss 5557 GLSS Ll 3 55 U
AU bl es S Jos CNN-LSTM Jus 51 2 CNN Jote 8 25 5w 0155 oo o lo3T gloosls 95 0T VL Cds 5 35 50T

Ly ols s ﬂbdelﬁa}‘}d})ﬂdf-d}x‘ 4l g ke 3

SOl Qlol@%

s 53 5058 53 15 T 0L i (sla el 51K m 28l L 015 or eSSl L3 «dged S 55 Jige Jalse 68K 4 a5 b
sEF el s amand (S5 b e 3500 (it 0150 OT 5 odle 3500 nad o Ol 355 b Sl b 0L e



V/\b)\.a..i:/ \Y’V)\@/YY‘J\M/‘JJQVJJJJ.A&-&)JJ&LCMIQ.J

&1 S ldss

93 G ol Sl 51l 5 a T e ALl eslinal iy h Sl Sl 55 Gras 5,5 2k sladibe 4k I Ll e ST 0 Ky,
o les oslial o e 5 Jlo Pl 4

&Uo

APARCH L b Cila 100 ol oslatil iy ol G153 (VAR ¢ <550 jus]

b slad>/4 ;fﬂw&b’j} tugldo g3 boosls i gy ool 5,515 ey 0 (AYAY) (Lo ok ()55 ¢ I Ss (gl

e i e g (ALSTM) o ol 387 Y oo aliblom | pze 4S5 b g plie gl SIS sty s iy | Lol (VWAY)ead )3 (6 s ¢ L ¢ ool
FlS 58 p outige 0> 55l

Mo dS 33 (51 o por 2 )1 SIS Cond (5T i (5 3t 2K 5 035 oy Ol S 3 sy V¥4 ) ol Gs o cdil 5 sl Loy ¢ 815
O g g o1 Jle e I 2 aslilas {CAPM

200 plies Cond i g 1 o (550 (Slacsslons 3l OV F V) G n a7 Ol (U5 gy (o (Ble el el 3 5

A=Y amio Foyled ) U}"(CNNL;':’,E';",;'”@

axJllo) ég:’j/’"?}jﬁ/j L;‘éé/' S H ub}j/d.’@/bdb CJL»M}A&ZB/QM“M L;JL“‘ %.(\YQ“)‘;‘:‘ LLS‘)J&A'“L;J:{&A tfrJLé ‘4‘.‘“'43 L@JL&
.“'AJLQ.:-: LYG‘)JJ Q‘-g;la.j U’Jﬁ S pde (Garw &5 aalla2s l(QJL?u'dg’érL;)Jja

Sler S Il OT O bbes inls sl (Kol (4] 5 42 ) bSS Sia S (6 USO  llae Ky ooy 1o OYAF) 00150 sekimmn o3l s
S5 S (6 ,usSL

References

Ansari, A., Riasi,A., (Y+Y1). Customer Clustering Using a Combination of Fuzzy C-Means and Genetic Algorithms.

Adnan et al, R.M., (Y+Y+). Least square support vector machine and multivariate adaptive regression splines for
streamflow prediction in mountainous basin using hydro-meteorological data as inputs,J. Hydrol.

Armantier, O., Ghysels, E., Sarkar, A., Shrader, J., (Y+)¢). Discount window stigma during the 2007-2008 financial
crisis. J. Financ. Econ. VYA (Y), YYV-_YYe,

Al Machot,F. et al.,, (Y+)4). A deep-learning model for subject-independent human emotion recognition using
electrodermal activity sensors.

Bock, H., (Y« V). Clustering methods: A history of k-means algorithms Selected Contributions in Data Analysis and
Classification, . Y1)-YVY,

Bhandari, P., (Y YY). Missing Data | Types, Explanation, & Imputation. Revised on November YV, Y+ YY,

Bernanke, B., ( Y+ +%). The federal reserve's balance sheet: an update. In: A Speech at the Federal Reserve Board
Conference on Key Developments in Monetary Policy, Washington, D.C.

Bose, 1., Chen, X,, (Y +1°). Detecting the migration of mobile service customers using fuzzy clustering.

Chen, X.D., (Y+V). Analysis and research of common clustering algorithm in data miningDigital Technol. Appl., pp.
Yoy-yoY

Du S, Li J., (Y+19). Parallel processing of improved knn text classification algorithm based on Hadoop. In: 2019 7th
International Conference on Information, Communication and Networks (ICICN), Y1V-1V.,

Dormann et al, C.F., (Y+Y). Collinearity: a review of methods to deal with it and a simulation study evaluating their
performance.

Estivill-Castro V., Houle M.E., (Y-«+)). Robust distance-based clustering with applications to spatial data
mining,Algorithmica, ¥+ (Y), Y)1-Y£Y,

Guo,G., Wang, H., Bell, D., Greer, Y., (Y++Y). KNN model-based approach in classificationOTM Confederated
International Conferences on the Move to Meaningful Internet Systems, 4A1-447,

VY



oldl pae Ll 53 655005 a1 5 Jlo Blozil 58 Jai s b Mg €315 5 50

Howell, E., (Y+Y)). 4 Techniques To Deal With Missing Data in Datasets, Simple methods that can nullify the effects of
missing values, Published in Towards Data Science, Sep V.

Huang, X.Y., (Y+YA). An improved KNN algorithm and its application in real-time car-sharing prediction., Dalian
University of Technology, Daian, China ,M.S. thesis.

Huang et al., Huang J., Wei Y., Yi J., Liu M., (Y+YA). An improved KNN based on class contribution and feature
weighting. In: 2018 10th International Conference on Measuring Technology and Mechatronics Automation
(ICMTMA), YYY-Y3 T,

Henderi, T., Wahyuningsih, T., Rahwanto, E., (Y:Y)). ComparisonofMin-MaxnormalizationandZ-
ScoreNormalizationintheK-nearest ~ neighbor (KNN) Algorithm to The Accuracy of Type Breast Cance,
International Journal of Informatics and Information SystemVol. ¢,NO.)¢) ¥-Y .,

Khosroyani, M., Heydarpoor, F., Yaghoob-nezhad, A., & Poorzamani, Z., (Y+YY). An artificial neural network model
for predicting the liquidity risk of Iranian private banks. Int. J. Nonlinear Anal. In Press, Y-} ISSN: Y+ + A-TAYY
(electronic); http://dx.doi.org/Y +,YY +Vo/ijnaa.Y « YY, YAV A, £« VY [In Persian].

Khalila,S, Amritb, CH, Kocha, T, Dugundjia, E.,(Y+Y"). Forecasting public transport ridership: Management of
Information system by using CNN and LSTM Architecture, The /2th International Conference on Ambient
Systems, Networks and Technologies (ANT).

Krizhewsky, A., Sutskever, 1., Hinton, G.E., (Y+)V). Imagenet classification with deep convolutional neural networks.
Communications of the ACM T At - ., URL: https://search-ebscohost-
com.proxy.uba.uva.nl:¥ £ ¢¥/login.aspx?direct=true&db=buh&AN= ) YY ¢ €11 . Y&site=ehost-live&scope=site.

Mohammadi, N., Zangeneh, M., (Y+)1). Customer credit risk assessment using artificial neural networkslJ
Information Technology and Computer Science, A (¥), °A-11,

Ngufor, C., Van Houten, H., Caffo, B.S., Shah, N.D., McCoy, R.G.,(Y+Y%). Mixed Effect Machine Learning: a
framework for predicting longitudinal change in hemoglobin AZcJ. Biomed. Inform, ¢1-1V

Ole Hjelkrem.L , Eilif de Lange.P., (Y+YY). Explaining Deep Learning Models for Credit Scoring with SHAP: A Case
Study Using Open Banking Data, J. Risk Financial Management., YV(E), YY),
https://doi.org/Y +,Y¥4 < [jrfm) 1+ €. YY),

Oquab, M., Bottou, L., Laptev, I., Sivic, J., (Y ) £). Learning and Transferring Mid-Level Image Representations using
Convolutional Neural Networks, in: IEEE Conference on Computer Vision and Pattern Recognition, Columbus,
OH, United States. URL: https://hal.inria. fr/hal-++3)YYYV4, conference version of the paper.



https://doi.org/10.3390/jrfm16040221

