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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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tibble [1,658 x 18] (S3: tb1_df/tb1/data.frame)

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

$ gender : Factor w/ 3 Tlevels "Cc","F","M": 3223333333 ..

$ Toan_type : Factor w/ 4 Tevels "morabehe",''mosharekat_madani™,..: 3112121111

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

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

$ customer_income : Factor w/ 3 levels "daramad_bala",..: 2 3 2 2 NA 2 2 2 2 2

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

$ collateral_type : Factor w/ 3 levels "1","2","3": 2 333 333333...

$ 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™,..: 21 11 111111...

§ 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 2.0e+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 ...

$ 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 [1:16587 100 0 4.21 0 0 ...
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L. Data Transformation
2 _factor

% _ numeric

* _missing value

5 _data science

6 _data frame
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avg=function(k) { ()

km. res=kmeans(dfn ,centers = k , nstart = 25)
ss=silhouette(km. res$cluster, dist(dfn))
return(mean(ss| ,3]))

k_values=2:6

avg_sil=map_dbl(k_values , avg)
fviz_nbclust(dfn , kmeans , method = "silhouette")
dfn <- df/.>.

dplyr::select(approved_amount,loan_remaining,ghest,profit_rate,income_or_cost,risk)



TA oplad / Ve o/ pSwas Jlw /1o, cosoae dagdy ade 4oyl

Il 53 smnsy 5 o8l Ja g Sl sl & Bl e Wl S (vt ﬁ)ﬁ‘u’-“’“}‘:ﬂﬁ‘ S iy e s o Ashee 31 S 'SC s,
L o D(X) S ol el g Olen 55 555 (sl 13 4 o (X) oot Jonn g2e A(X) St sy ol 3 4.8 slgaiy V44
@ G LT Slasl S (sl ad g K s bl a SKonp Ol 6,8 il LRLiS(X) das e Ol 1) bad g ple 4 S (X) alols
335 6,8 oIl ol B4 Sy cul 4 (Y0100 Chen BOSE) ol +1 5+ o 0T (85 ltel 03 gdous 1353 oo ockmiv by slome (slaad
6{:&5«;;@6M;@ow,uab-,.@t),>,wgp,,@u};@w,ﬁzma};«f@iamumwugn 03 5udoue
S Gl bale Coygo 4 by a5 ol SVl odias OLES - Sl 0 SYL 5 0,0 sy e Glaad o g ainy ge At

L 25 JSKE @ BB s Sl edaT s 4 4
Within cluster sum of squares by cluster (¥)
7.134004e+24 1. 253211e+24
(/. between_SS /total SS=75. 4)
Dl s o )3 4 oS Lol § 55 50 o) SO o 0315 oliamstl s g 41y AVD/F 05 TORAN-SS sy o aieiie o 5 51 o7 45 SSloa
il e 93 ad g SR o g ABb e atia 5 S Sl asmile L el

O ptimal number of clusters
100 ;

D_FS

D50+

Ryerage sihouete widtn

1 =2 3 <3 S (] s 8 L=} 10
MMumber of clusters k

W a3l (8) IS8
P P PRV PE Y SLN X
3348 e bl T 1 6,8 o Kke 6 5 besls 35 Ol 31 1) bad s (g odiled 5 il o o B 5 oo ooy s50) Aol (.;,_J;Jt
s gae 53 55 palie 4 S oule 035 (S sy ol Ss Sl i S Late 6 e b S Medoids Wi
s ALalS Alonn (g0 i (Y1 FGUO & OEIS)s s o 3 yme 38 4 2SUn 5 laosls 51 SS b as s o 02, S ol s . nlaosls

ilee 5
kmedoid. re<-pam(dfn , k=2, metric = "euclidean" , stand = FALSE) (0)
kmedoid. re<-pam(dfn , k=2, metric = "manhattan" , stand = FALSE)
5O 55 0 4o 6 ol 03 8 oslinal (a5l e g eweldil Alold Sl 5030 Y 4l g dig Sn 355 o odalie S lailan

1 _ Silhouette Coefficient
2_ K-Means
%_ k-medoids



v o 095 0l g0 Ysho 5D Wllie fpie

Cluster plot

=
g 0 A\ cluster
= [=7]
e s [=]=
—
-10
-15
o 20 40
Dim1 (49 9%
Gl S gy s (V) S
A e 3 A Sl sy b shuad s e
Medoids:
ID approved_amount loan_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
SLls Slas 35 0 e oS Wloys 8 iy il Sluomdy Ol 2t 5 Olu S5 0L e 05,8 93 53 Ol 2t o dibgr ol Solis &

u\a‘aJ}J&.ijhL;b‘)&bd.jm;;:@‘ﬁgdth)J)?Y\?&Jdb‘:uwu\;ukj&n)a;ijgigﬁ‘))uwu\ﬁT)J

o9 Sexslr.0

W osls (g3l OLSG—

s o3l 5 4e—

bl (sl ol Bl -

s S o o S
b o2y 551 IS 5y

"

St 4..2_59— ——— Sl g5-

“

-CNN é Convolution [====| Activation Relu

-CNN-LSTM e dropout h pooling

¥

Fully connected ) Out put

Fass ol () S




TA oplad / Ve o/ pSwas Jlw /1o, cosoae dagdy ade 4oyl

oy Sbasl.

eae (SBACS ookl b Gaos (s oL 1

5 Gt 5SS n o3l Waosls 51 (3L e (5 odkomn Slislowe plowl (51 (£ gan ae LA I Gos S 5L
25 Gt (5,5 L (VY AANAN) LS o ) 0Ll jae 3 Shas 5 Jltle wlul , 8 (Y14 Ngufor & others)cul b o, 55t
u&d,ﬁ:;Mduw,jlgu\pJrﬁji..\ilel,\:{l)u,:@uu:ﬁ\_-,,:u;mulL;\?QQT)M\{;M\@MJ}M@\«;M
235 ¢S 5 D33 oS ol gla35)5 plalr e o plnil ST GLaslST ST o ASSLI 3l 5 LIBT3 oa L laae ) oS o
b Goes 83k daaoe oo Lo (s 5 5 e planl Slas 53,8 o ) olasnss 4 AS e ) Wb oSG sl b ae Joo!
by as i (Y10Al MaChot & Others Juss o plail (25151 5 &S oo Jor 0Ll oo dile 7 Grar (a5 S e3linl
LBl gr (g5l b w5 Sl Hltie (5hls b me 51 ST a5 Sl (s 5 5 Ol 5 63505 &Y 4w Jold 5 358 0 031 35 58T s,
2k Joe (bl b 4 05 b e 33 (o1 457 350 e dlie ol HSI AT 2y 5 b 5T e s 4 & Gl s o s b S
085 &S5 blods LS5 e 8l ¢ omae 540 (slaaY ST il 55 S ys (g oS ST (oS (5 ub | kT e 5 s 05 &S 5,8
VS G 3o (55 5k a1 e o Jlab (a0 55 31 (5140 goomn ol Slisloma plowil 612 10 Ol S0 (5100355 5 Lo

CNN uae 45 1.1.1

wor Y S 5 Ogp a4 ed fuaze WalS saaSs 4Y i sla 0, 1 ghte ol otd 1S5 4Y s slaets S 51 CNN
65515 s CNIN wiS” o3lizal Laosls 31 dom5l e 457 35 o0 cor g0 LSS ol oS JUasl 35 0 Jomte sdm 4Y )3 oz sls Jshe
Oquab & others ), 5T o o 1) 5 jodoms sl S o3l 5 2o oS (sla KI5l oslizal b 5 S o o3lizul baosls 53 51 edbedas
D Al e 3 L 1y ST Glaesls et es 4 AL sde D) 4 L e K8 Wil G (6,8 5L ladde in 63505 (Y0¥
2l 3l 4 gazme ol 5 Wew) izt Sy Sy g a4 &S olaesls Gl (Gues dpfili ladde 53 . Lsh S sde O 4 Wasls S5l
B Gl 5 (S Do 4 G e s 35 s g3de S 1 T ¢ e dleel 1S L (s pie g5 (S
€35 m o gt sde S5 @ a gl gy cnl 3 (Y IVKKTIZNEVSKY & Others st o gsde glaesls & S (slaesls
0T o gains (5348 lin o313 o (6l s 2313 S ) ¥ 5) ke 15 0 5 40 (i i Sl e 50 58 (S 39 1 Jlie Ol
sl 6l ST i b esliel Gas (6,85L Sladde (2550 sl B5eT i ormen 3 8 Ol 4 g OT (sl
e iy o 31 e 0 e 8l 5 e sl el i (61 il i 5 355 m oalinel ik slaosls (535 1 badie 3, Shes
oslizal 33las 53, 31 Ygens ¢ idu d 4 0313 4 sazes =5 sl (Y-yrOle Hjelkrem , Eilif de Lange )s s o oslizal Celisns
ol 93 sl o 03l janass amtelzel Jidu 4 A0 5 ileST dw 4 700 (i idu 4 Wesls JIAVY (Gss pl 53 Sl ois 8
ok s TelU (g5ldlas CU,VJ;;U'\M e PP L a8 WY K dul sl oks (i Y 4 4N S 4 Je s
S op Ol b4 pl ol ol o3linul baosls slal JialS | ghte 4y 45T Sl 0l (i a5 ¥ o1l L MaxXPOOIING 4Y ¢ e ol
ol (a5 +/0 ldie L DIOPOUL &Y ¢ ¢ 351 1t 5 6,8 sl (gl S o i |y oosls slal (63555 (gloosls Hldie 55 8 53 ,ldis
5 a3 00 053 a 55 48 Sl gae cpl 4 +/0 ldie bl 53 5 3sd e eslizel Jie (6,85l slaly Sola Codo shte 4 4V ol el
Slaesls 4 (63555 sWosls Jds jskie 4 &S Sl o oy w5 FIAMEN &Y 5 OT 1 oy s o Sl Bolal g0 0 Jle sla0 s
53 Lisd eals gt DENSE 4 @ il b US o bt &S5 w0 1y (63555 lresls s g 4 Y ol 558 e ealizal (a5
ledled D 5 0955 53 b pss &Y 5l okd i TRIU (G5Ladled Wl 5 0555 VYA L Jgl 0¥ ool ot o DENSE Y 53 el
sl 0 (a5

CNN-LSTM Juo ¥4 1



AN e 385 0lisS g Y5l 5 dllio fpie

S8 5L 5 05,5 7F LLSTM Y o s il ot a5 ¥ S 031l ki A L 2 J 6187 oY ¢S5l .ol 0¥ i Juls Je o)
(S b ealimal (63555 laesls 5> Do SYob Gl S (Sl skt 4 4 Gl ol sld Cu s sladlis
L MaxPooling 4¥ e 0T 51 o &S M5 (5,5 (52503 slaesls plas g & 18 » LSTM & return_sequences=True
WY G (o S 0 i | Wosls bl (83555 (sbesls i 53 a5 Lldie o S 5 Obl b 4V cpl il edd (s ¥ o3Il
50555 35 LDENSE LY ¢ (ulg 53 35 e oalizul (a5 (laosls 4 (63555 Slresls b shte 4 a5 ol ol a5 Flatten
ol okl oy 25 (6 5Ldlad O 5

CNN-LSTM g CNN sy Jow 81y Jolol™ (sl sl s Y.

55 e 53 glacds awlis U ol oz 48 8 15 53 LS CNN-LSTM 5 CNN Ui 53 0 6l K e 50 ¢ jlo ange byl 4w
s ey QLSS Ll

ohsT (3lvag: (.;,_,}in ol 53 5,8 o 513 eslial 5yse die piseT dnlp 3 & Sl (g5ludigs ‘.;wiﬂ Glodig bl .
ol 0 Sl

o Ol st Sl e ke 438 Wb dowtl 53 3,8 o 513 eslinel 3550 Joe 5eT 15 53 4 Sl 52 Wb (55 sl .
Wl lin O g S Jilos (512 42258 b5 )

el 53 (YA DOrManN)w se o oslizul Jue 3 Shas byl g Jbe il sl p 55 a8 Sl laslns 5 20 jel4l .
Ghodiws w3 4 0031 laesls I doys 4 oS das e Ol 5 Conl Canlie lyazs Bluw Gl Hlae cpl ol ol Sl 35 Hlire

Lol

s 4Bl fulos.Y

e a dbe 25T AT 3 a8 U8 o S8 Lo balsses cpl i tibon 5 =54 CNN-LSTM 5 CNIN (gladite o 5 235 (sla sl g
Wl o 4 S a5V r b Je 53 sl 5 peT ol e sl ety 8 plowil O o

53 Olje & by o &5y T ylsses kil oo p550T AT 5 53 CNIN Uit (g1 ot 5 55 (glasls sas 4 by o o S 5 A o5l gla JK2
i S35 i3 503 31 a8 gailen AL e v slzsl (slaesls (555 p Jbe o 5 S35 (6l el o s 5 55 50T Slaesls (gl ke s
25 3T Slaesls (555 5 e 33 a4 55k 4 AT Iy s Laosls I ST s 331 4 sl Je gkt e Olos 3 S
3 ol odeny 1N 254y gl oo Olon 3 on Lot Olze (3 b 515 Ateam Sl 50 ZAV/D VU 33 1 ooy 55 miaslizel (slasals

ST 3l 1) el adl 5 ol g b Jde 5 sl o3l 5 331 e CNN Jhé;yT%T,;);svﬁ}iﬁb:@wgﬁ@

o.oss0 - |" V_M me
o275
(o L= Rl e b
=
[
= Oo9e5S
=
=
=
(o =] &1 o Ry
o955
. DS0 R -
—— Training accuracy
waliclation accuracy
. D25 T T T T T T
(o] 20 3 [=le] =20 1LOO
Epoch

CNN Jue s )l}j&d‘(«)k}g



TA o)LA_ﬁJ/ ARSI J\_Hl_g/ P_Lu.k_“uJLm /IJ)_ZQQ_”))_”).\_,O U_J.\_bjj_gﬂ_l_c 4 )

—_— draining loss
walidation loss

o025

Oo.OoOZ20

Logs

O.O1lsS

OO0

(=) 20 <3 (1] =0 1Oo0
Epoch

CNN Jus las ls si() s )Jﬁ,&

Slaslssei a4 by o 4 5 sl JS (l painte 4 K0ka il 5 IS5 4 CNN-LSTM Jute st 5 285l yas s
5 sl slesls gl Jue ot 5 083 Ol 4 by e K5 0T Jlsges il o 5507 T 5,3 CNN-LSTM Jue 6l s 5 235
g 4 aail 5 Olen 55 CNIN Jte G s CNIN-LSTM Joe il e o slze!l (glsosls (655 » Jee Uast 5 085 (6l s (2w )bl e
}ﬁ‘}‘)l{&%ﬁd}g—jﬁ‘suasb Sy gy dde Zés J'Z)'}AT (afl\“ Al o 3l Ay 5 LS Iy s Waesls ‘_A.elfizf.du&jlﬁ@)\.\ili
Jobe g gamme 3 Ll S o Iy (6 2t 28157 & (35 00T (sloodls (555 p e S35 35 00T 2T Jorl e 55 (oo & (g 0 S (o0 Iy 1S
555 (Bb Sl 03 LAYV 3 TAVIAD 5 4 i el 5 5 paT Slaesls (69 SB35 Do cp a8 oS Sl 03 T o
53 Olje 4t 5 b el ol oSl ey 4070 o5 a0 ol ol je Ol 3 ot Ol s 45 (55 5b 4 Sl 03 5818 4 5 o)) sen Jbe (sl

.@\o.\,‘;u:)'lﬁm.ab)'l&;,.\f’lz,ﬂsd.\ﬁcﬁtgﬁjwlamu;)'lju:ﬁ)\{;Jmf@ltpya\ﬁwg.u

—_— Traininmng accuracy

o-=29810 7 walicdation accuracy

O 9805

Oo. 929800 —

oO.9795

oO.929790

Accuracy

o975

o970

o997 75

D27 7O

(o) 20 4 [=1e] S0 1o
Epoch

CNN-LSTM Jute &5 413 05V V) U

DO 200

— Training loss
walicdation loss

o.O1L s

(== T

oo s

Logs

OO oo —
(= BLs Le prg
D.OO50
OO0z — k\—_‘\’——h‘
(=] 20 =2 [=J=] [=1=] 1LOoOO
Epoch

CNN-LSTM Jute gl l5 505 (V1) S5



o e 385 0lisS g Y5l 5 dllio fpie

S5 doms

5wl Clld Jgy g ale s L 93 53 slaml B Olsie 4 Slawse ()13, 5 5 (2L Comal 1 mal g (gLl b 5 (Jbo Dl o
33 035 0gms saaals ol BT & |z 355 0 Oldir 53 Sl 3o cpl Sl (g Oyl slal 3 k3 § o Ko 0L > sloul Esly
ol S e il 5538 (oalaml Sty 5 SaOle slaaalip Jlo el 55 (bl (28 casle I3l (B anm s pde 5 4 oy 15k
Jolse olalis DU a Il 53 2ass ol 33,8 o S5l b bl S (6l oS T 550 (510 g5 & Sl o 5 0l 53 (S05T2 50 Lome
s 56 5035 S a5 T S 5 ol 5ok & ccalibee Julse Dl ST (Gilubiz U 5 wils &) a5 5 eSSl 5T 5w 5 550
0355 M (sl (soad i GLESTSS Sl Il 558 de o & Oy 8l o Camlod sa gy 2 sy 5 (S05T0 50 S35 2 1y ond (53,5,
s oSy 22T 5 655 o RIB 2 S3e Jalse s p & e 5 5 8 sl Clasil 5 Ol (555 0l 2 05 8 55 4 O e
iy e dde b3 sm 5 Ky 3557 5 0 e ol 035 CNN-LSTM 5 CNN e (6,850 Je oK o1 b tash cpl s ol 0l
655 2 CNN Jue s 0l <8 Ol5 oo S2lesT slaosls 55 » CNN-LSTM 5 CNN (sladde s aulin js.Cmlods aistls
55 2 Sl a5 bLtib s ZAVVA L il il (slaests Olea (555 » CNN-LSTM Jute ds sl o ZAAYY Ll iule3T (slsosls
175 55 ONN Jie 2y (5510 & 45 b s Sl o3 il ol s 53 o 6,87k sla el 5 oy (3557 LSS sl 5 5 Jute
AU s llcwtos S Jos CNN-LSTM Juts 51 20 CNN Jute 87 05 5 4o 0155 oo SiolasT sboosls g5y 0T 5YL &8s 5 55 50T

.-LJ‘)}%U_«MJA,&LA}T&L&GJ‘)G})J{@? 8y Ll andl g e 9o

Sl Olalgly

s 55 515 m 53 1y 6T 0L 2t gla malyl 31 eSKn mdls L Ols oo WSSl 53 o Sitls 53 530 Jolse 6,8 K 0 ar g L
spsa s by lelsn s matnd G S5l At 3smd gt 015 or OT o gdhe 5508 (vl 5 oo s b ol b 0L 2

&1 wlaxs

23 G ol saal Sl il e T e Auled eslital ity Comla Sl 55 Geas 6,800 ladie 4 1 Wil5 o ST 01 Kiagy
sl oabiad 5 e 5 e iles 43

é.glkn

APARCH L 6 Cilay 10/ 0/ (oolatil iy p ol 513 o 3 OYAR) (a5 |
ol lactly 3 Slase b i) 5 duslis 3 boosls i g fuloei 3,5 )57y s (\FRY) (o (ol (658 ¢ J s gl
e il S s g (LSTM) ok 0l68™ Y oo alisl e 4K b g plze] (olo CoylS™ Ctls o s o Lol (\WAY)eazd )5 (6t ¢ L ¢ ol
Sl 58 owtige 53 S5l
O j 513 51 e por 2 )l IS Coocd (ST il s 2K 5 5 031 oy Ol oS sl OFA0) el ¢ G o el 55 830 3 Ly (81,
O i g o1 Jlo e 10 2o aslilas {CAPM
300 plger Con it 93 ot (5 3l (Slaslane 3,17 (VF N e ad e ¢ pead TN Ol SUly () oo o Be b el

AEERIPEVIVI SN FA K AJ)JG(CNNMM@



TA oplad / Ve o/ pSwas Jlw /1o, cosoae dagdy ade 4oyl

4xJlas) gg;jﬁ_;,,,@j b spp ol loslizal b Jlo Sl go g lboo] g dowe (65l iy (VWY o 2e (Sl s ¢ Lo cdragd ¢ Lo
Yosled Yoy50 ¢ (SO s Jg S e (Gane 5 anlad (o yloei ST (635 50

Sl S ol OT Sl bbs anls sla ) (S8, (4] 5 a2y 15 Sis i (IS  lilos K g oty VFAF) 01 5 sdoma w031 Kt
S S 6,1

References

Ansari, A., Riasi,A., (2016). Customer Clustering Using a Combination of Fuzzy C-Means and Genetic Algorithms.

Adnan et al, R.M., (2020). 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., (2015). Discount window stigma during the 2007-2008 financial
crisis. J. Financ. Econ. 118 (2), 317-335.

Al Machot,F. et al., (2019). A deep-learning model for subject-independent human emotion recognition using
electrodermal activity sensors.

Bock, H., (2007). Clustering methods: A history of k-means algorithms Selected Contributions in Data Analysis and
Classification, . 161-172.

Bhandari, P., (2022). Missing Data | Types, Explanation, & Imputation. Revised on November 11, 2022.

Bernanke, B., ( 2009). 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, I., Chen, X., (2015). Detecting the migration of mobile service customers using fuzzy clustering.

Chen, X.D., (2017). Analysis and research of common clustering algorithm in data miningDigital Technol. Appl., pp.
151-152.

Du S., Li J., (2019). Parallel processing of improved knn text classification algorithm based on Hadoop. In: 2019 7th
International Conference on Information, Communication and Networks (ICICN), 167-170.

Dormann et al, C.F., (2013). Collinearity: a review of methods to deal with it and a simulation study evaluating their
performance.

Estivill-Castro V., Houle M.E., (2001). Robust distance-based clustering with applications to spatial data
mining,Algorithmica, 30 (2) , 216-242.

Guo,G., Wang, H., Bell, D., Greer, Y., (2003). KNN model-based approach in classificationOTM Confederated
International Conferences on the Move to Meaningful Internet Systems, 986-996.

Howell, E., (2021). 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 17.

Huang, X.Y., (2018). 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., (2018). An improved KNN based on class contribution and feature
weighting. In: 2018 10th International Conference on Measuring Technology and Mechatronics Automation
(ICMTMA), 313-316.

Henderi, T., Wahyuningsih, T., Rahwanto, E., (2021). ComparisonofMin-MaxnormalizationandZ-
ScoreNormalizationintheK-nearest ~ neighbor (KNN) Algorithm to The Accuracy of Type Breast Cance,
International Journal of Informatics and Information SystemVol.4,NO.1,13-20.

Khosroyani, M., Heydarpoor, F., Yaghoob-nezhad, A., & Poorzamani, Z., (2022). An artificial neural network model
for predicting the liquidity risk of Iranian private banks. Int. J. Nonlinear Anal. In Press, 1-11 ISSN: 2008-6822
(electronic); http://dx.doi.org/10.22075/ijnaa.2022.29118.4071. [In Persian].

Khalila,S, Amritb, CH, Kocha, T, Dugundjia, E.,(2021). Forecasting public transport ridership: Management of
Information system by using CNN and LSTM Architecture, The 12th International Conference on Ambient
Systems, Networks and Technologies (ANT).

Krizhevsky, A., Sutskever, 1., Hinton, G.E., (2017). Imagenet classification with deep convolutional neural networks.
Communications of the ACM 60, 84 - 90. URL: https://search-ebscohost-
com.proxy.uba.uva.nl:2443/login.aspx?direct=true&db=buh&AN= 123446102&site=ehost-live&scope=site.

Mohammadi, N., Zangeneh, M., (2016). Customer credit risk assessment using artificial neural networkslJ Information
Technology and Computer Science, 8 (3) , 58-66.

Ngufor, C., Van Houten, H., Caffo, B.S., Shah, N.D., McCoy, R.G.,(2019). Mixed Effect Machine Learning: a
framework for predicting longitudinal change in hemoglobin AlcJ. Biomed. Inform, 56-67

Ole Hjelkrem.L , Eilif de Lange.P., (2023). Explaining Deep Learning Models for Credit Scoring with SHAP: A Case
Study Using Open Banking Data, J. Risk Financial = Management.,, 16(4), 221,
https://doi.org/10.3390/jrfm16040221.

Oquab, M., Bottou, L., Laptev, 1., Sivic, J., (2014). 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-00911179. conference version of the paper.



https://doi.org/10.3390/jrfm16040221

ov

< o 008 0lisS 09y Ysbo 5 dllis yfpic




