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Abstract:

The aim of this research is to build an early warning model to predict the failure of Syrian
private banks using machine learning techniques. To achieve the goal of this study, two
criteria were used for classification, a successful or a failed bank, by relying on three
criteria: the ratio of Liquidity to Obligations; provided that it exceeds 20%, according to
the decision of the Central Bank of Syria, the Efficiency of Solvency; provided that the
capital is not less than the bank provides for 8% of the mass of risks according to the
requirements of Basel Il and, finally, the Liquidity Coverage Ratio of not less than 100%
according to the requirements of Basel I1l. Then, six machine learning techniques were
used, namely: Logistic Regression, K-Nearest Neighbors, Decision Trees, Random Forest,
Neutral Network and Naive Bayes. The data was collected from the financial statements of
private banks published in the official website of the Syrian Commission on Financial
Market and Securities. For the quarterly period from 2011 to 2020. The study found the
possibility of predicting bank failures using machine learning techniques, as the Natural
Network model achieved the highest accuracy of predictions among the six used models,
with an accuray of 93.2%, followed by the Decision Tree, which achieved an accuracy of
92%. Followed by the Random Forest model, which achieved an accuracy of 91.3%,
followed by Logistic Regression, and finally k-Nearest Neighbors, which achieved an
accuracy of 89.51% and 85.58%, respectively.

The study concluded with a set of recommendations, the most important of which is the
adoption of neural networks, decision trees and random forests when predicting financial

failures of private Syrian banks, traditional and islamic banks.

Keywords: machine learning, logistic regression, decision tree, random forest, nearest
neighbors, neural networks, financial risk management, early warning system, financial

failure.
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M Cagiaailly Cayad 2l

i) G A DA (e Byl ZIAY) @hstia sl Ju iRegression JlaiY) - o
ARl 2aa (S 135 clilad) (e S 2ae JA) e bl aiall bl jrially (i)
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4 Roman Chuprina, Machine Learning in Banking — Opportunities, Risks, Use Cases technical journalist
covering AI/ML, 10T and Blockchain topics with articles and interviews, 2021, P1

46 Introduction to Machine Learning, The Wikipedia Guide, 2021, P1

47 Hurwitz, Judith, Kirsch, ibid, 2018, P15

48 Hurwitz, Judith, Kirsch, ibid, 2018, P15

49 Tutorials Points PVT LTD, Machine Learning, India, 2019, P11
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51 Hurwitz, Judith, ibid, 2018, P15

52 Nilsson, Nils, Robotic Laboratory, Introduction to Machne Learning, Stamford University, Department of
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58 Hurwitz, Judith, lbid, 2018, P15
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%5 Nolsson, Nils, ibid, 1998, P121
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56 Nolsson, Nils, ibid, 1998, P122
57 Nolsson, Nils, ibid, 1998, 123
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node), split, n, loss, yval, (yprob)

* denotes terminal node

1) root 416 185 not failed (0.44471154 0.55528846)
2) Current Assets Ratio>=0.5555072 211 47 failed (0.77725118 0.22274882)
4) Cash Flow>=1.763136e+10 126 5 failed (0.96031746 0.03968254) *
5) Cash Flow< 1.763136e+10 85 42 failed (0.50588235 0.49411765)
10) Banks Deposits< 3.180099e+09 53 14 failed (0.73584906 0.26415094)
20) Cash Flow>=3.711578e+09 39 4 failed (0.89743590 0.10256410) *
21) Cash Flow< 3.711578e+09 14 4 not failed (0.28571429 0.71428571) *
11) Banks Deposits>=3.180099e+09 32 4 not failed (0.12500000 0.87500000) *
3) Current Assets Ratio< 0.5555072 205 21 not failed (0.10243902 0.89756098)
6) Current Assets Ratio>=0.4785574 44 13 not failed (0.29545455 0.70454545)
12) Cash Flow>=3.27625e+10 20 8 failed (0.60000000 0.40000000)
24) Banks Deposits< 4.159001e+10 12 1 failed (0.91666667 0.08333333) *
25) Banks Deposits>=4.159001e+10 8 1 not failed (0.12500000 0.87500000) *
13) Cash Flow< 3.27625e+10 24 1 not failed (0.04166667 0.95833333) *
7) Current Assets Ratio< 0.4785574 161 8 not failed (0.04968944 0.95031056) *
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not failed not failed failed not failed not failed failed failed not failed

16 15 14 13 12 11 10

not failed not failed not failed not failed not failed not failed not failed not failed

24 23 22 21 20 19 18

not failed not failed not failed not failed not failed not failed not failed not failed

32 31 30 29 28 27 26

not failed not failed not failed not failed not failed not failed not failed not failed

40 39 38 37 36 35 34

not failed not failed not failed not failed not failed not failed not failed not failed

48 47 46 45 44 43 42
not failed not failed not failed not failed not failed not failed not failed
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56 55 54 53 52 51 50 49
failed failed not failed failed failed failed failed failed

64 63 62 61 60 59 58 57
failed failed failed failed failed failed failed not failed

72 71 70 69 68 67 66 65
failed not failed failed failed failed failed failed failed

80 79 78 77 76 75 74 73
failed failed failed not failed failed failed failed failed

88 87 86 85 84 83 82 81
failed failed failed failed failed failed failed not failed

96 95 94 93 92 91 90 89
failed not failed not failed not failed not failed not failed not failed not failed
104 103 102 101 100 99 98 97

not failed not failed not failed not failed failed not failed not failed not failed
Levels: failed not failed

RStudio zalin e alaeYh daldl dac) 1 juadll

GULS iy & Al clhalid) o bl Bad aadiul jal cbly i d
Clsall s3a (5aalia 520 (e Aol Ailial) claaliall Jles) o 55104 ledals ¢ lasl
o eV sl ddee o (Kly JeaVl Wibyee i Clsad A clelils malidl o6
g5l gl deags A duganll adll A5)ke (Ko g LAY die Mefinl ae il die
dppudl Cijliadl Jad 5l B 2 3salll s3sn Aiyee JUlly ¢ HLaaY) due 3 Dledd) pdl pa

Al

 gtil) il e Audedl) L) 2 lie 4.2
STl 2l )

(6) o) Jsxall
Gl yas bl 4l
Prediciotn
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55 40 da b Uadl) g ¢ Jlall Jsdll (ymdeie Capas

(8) o8, J<al
1) gl Lladl g
RandomForest (formula = Classi ~ ., data = train)
Type of random forest: classification
Number of trees: 500
No. of variables tried at each split: 5
OOB estimate of error rate: 9.62%
Confusion matrix:
0 1 class.error
0 214 17 0.07359307

1 23 162 0.12432432
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o laeVl sl dlee 0 oSy Jea¥l daglae (68 g & clalglal malind) BB )
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Al gl LRl dds
Prediction
Actual
! 0 1
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1 3 34

RStudio geliy e slae ¥l &ald) dac) 1 jaadl)
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:Naive Bayes gl 3k 4
s bl Clegens Bk gl AllaaY) (Bayes) b dnli e zisadl 1 Jes

Al Allead) DA e P 3O Jlaa) sy 3 il agis a3y jadl)

P(c[x)=(P (x]c)*P(c))/P(Xx)

:J (GITEN

bl x Jid Eun) Mad x Galall gsi sie ¢ Galall gaasl (il JWasYl s :P (] X)
(Al

LAl gl JlaaY) sa :P(c)

Slai ¢ Ealall gig vie x lall gsasl il JLaa) sa <P (x| )

fek Lo g magaill s aladiuly gl alall

Y =S 3 b LS i(Normalize) bl aulsi 1.4

cpll by S8 5 ey ghal=S WS a1 laaly oyl e 3324

R e (e %20 5 (il Gl lead (e %80 die anay

S gl cupull clily Je caneanll gulai S :Naive Bayes caial (guli 3.4
e Jlda) JS 4dlie dn) DS ccaiaill paatal dudajpdll el laa¥ly Al @Y laay)

(TR

(11) 23, J<al
gl b caan
A-priori probabilities:

nb_train$Classification
0 1
0.6442308  0.3557692
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sad oAl
s Alall Jadll Amjra e Cilian (50 38 Cupaill Gliue (0 %64 o
LS Jaall dmpre Cijlias (585 8 il e (40 %35 e
bl ¢ b puiall Aagiall dudayall YWY L]
3 Jsad) goene s Jadll dimpes W Lo Cijlad) Canatdl sl Jlaa) e
LS yall Jlasd 0.047 5 «Js¥) il JlaadU 0.053
s M Jaill e Cijlias W e Cijliadll caiail byl JlaaY) e

LS il Jlaad 0,065 JsY) oyl Jiad0.77 58 Jseal!) gsanae

Conditional probabilities:
Total . Assets
nb_train$Classification  [,1] [,2]
00.05362588  0.04701036
10.07764284  0.06034005

JW L) o I Jaall Lmjaa ye Wi Ao Gijladd) Canneatl ayill Jlaa) o
LS apal) JlaaY) s 0,125 J¥) Jaydl) Jlaa¥) s 0.24 52
Sl il Lm e Cijleas W o Gijlaadd) Cainanl dajall Jlaay) G WS o

Tyl JLead 0.05 5 S dapdl) JLsdU 0.10 58 Jlall oy coa

Capital
nb_train$Classification [,1] [,2]
0.2406947  0.12380441
0.1010250 0.05348536

Gsin G I Jadll dapee e W Gle jliad) canal dayall Jlasy) e
LS apal) Jlaal) s 0,145 Jg¥) oyl Jlaa¥l Cas 0,12 58 ASlall
Goin o I Jaall Ay Gijlias @ Ao Cijloadl) Caviatl o ydll Jlaay) o

LS ayall Jlasd 0.59 5 Js¥) oyl JLaad 0.06 s» dslall
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Property.Rights
nb_train$Classification  [1] [,2]
0 0.12569167 0.1418397
10.06369271  0.0594903

Jadll cia JW Jaall Aapee e W o Gajleaddl caneaal il Jlasy)
LS al) Jlaa¥) s 0,195 Jg¥) apdl) Jlaa¥) Gavs 0.13 5o il
Jadll Gua el Jaall dayea Cijloan Wil Ao Cijlaadd) Caneatl il Jlasy!

LS apal) Jlasd 0.109 5 Jo¥) Aaydll Jlaad 0,129 sa sl

Operating.Income

nb_train$Classification [1] [,2]
0.1374235  0.1926800
0.1292228 0.1097112

onyy s W il dcajee e @ Gle caliad) canatl oyl JlaaY|
L il Jlaal) G 0.18 5 Jg¥) oyl Jial) caus 0.17 58 agasd)
Sl Jadll dayee Cjlias W Lo Cijladd) Caiail Japill Jlaay) of WS

LS il JlasdU 0.25 5 Jo¥) apdll JWiad10.22 58 pgasdl din) Cavs

Earnings.Per.Share
nb_train$Classification [1] [,2]
0.1702681  0.1844073
0.2269392 0.2572479

Ao crn I Jsill Loajen ye gl o Cijlad) ol oyl Jlasy)
Juaa¥) s 0195 Jo¥) Jhydll Jlaa¥l aus 014 58 il ey Ja)

S| g g
S Jaill dmjee Cjlas el e jlad) Caineatl Japall Jlaay) of LS
Jlaad 0.099 5 Jo¥l apdll Jiadl 0.13 s Ayl aan J2d) il

B I S |
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Net.Income..after.tax.
nb_train$Classification [,1] [,2]
0.1447394  0.19184554
0.1305138  0.09985519

oaie e ) Jadll dajee e L e jliadl) ol Jayal) Jlaal e
Jlaa¥) Crun 0.0904 5 Jg¥) oyl Jla¥) Cava 0.0609 58 <ijladl) adlay
L Sl oyl

A Jdll dajae Cajlian L o Cijladl) ol il Jlia¥) of LS e
Jlaad 0.0155 5 Js¥) apill Jaiad 0.008 s <ojlanll il e Cava

Banks.Deposits
nb_train$Classification 1] [2]

0.060979261 0.06048966
0.008457665  0.01550172

oaiie e W Jadll dajee e Ll e ijliadl) Canat Jayal) JlaaYl e
0.023 5 Jg¥) oyl Jaia¥) s 0.02 58 ($Sal) Cipanll Cavn 53ea ¥y 283
LS il Jlaa¥) s

i e M J3dll A e Cijlan Ll Gle Cjliad) Canail Jpal) JlaaYl e
JLad 0.055 5 Js¥) oyl JLand 0.048 8 (53Ssall Cipeaal) (sal Baa Y1y Sl

S| g g

Cash.and.Balances.with.the.Central.Bank
nb_train$Classification  [,1] [,2]
00.02038139 0.02321176
1 0.04805830 0.05553098
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oie e M) Jsill Lcapea g2 L e ciliad Caineatl oyl JlasY) e
il JLaaVl Gaus 005775 I oyl JLaa¥l Gava 0.05 52 ailasll Jlea)

. oal

-

S Jaidll dmagee Cijlias W o jliad) Caiadl Japal) Jaay) of LS e
ol Jlasdd 0103795 Jo¥) aydll Jlasd 0.14 58 adlagll Jlea) Gava

|

Total.Deposits
nb_train$Classification  [,1] [,2]
00.05239368 0.05775185
10.14282226 0.10379568

e ) Jadll A yea e Ll e Goliadd) Caieail sl JWisY) e

hodl Jlaiay) s 003655 JsY) ol Jlas¥) s 033 5o il Y

e Caea M) Jill da jre G laae Ll e Cajliaall Cagiatl oyl JlaisY) o
) il Jeiadl 0.0595 5 sV ol Jeiad 0,084 54 el SN

Commitments
nb_train$Classification [L1] [,2]
0 0.03338359 0.03650998
10.08423491 0.05952761

o e W Jadll dayee e Ll e ijliadl) canal Jayal) JlaaYl e
i) JLiaY) s 0.055 5 Js¥) ol Jlanl) s 0.059 2 AL Jpual)

. oul

Daaie s ) Jadll A jea Cijlas W e Cijliaall Criieatl il JlaaY) e

LSyl Jlaad 0.0459 5 ) oyl JLasdU 0.03798 5o ALL Jpual]

Liquid.Assets
nb_train$Classification  [,1] [,2]
00.05933120 0.05551251
10.03798231 0.04593692
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oie e S Jsill Lapee e Ll e jliadl) Caiatl oyl Jlasy)
Juaa¥l Gan 0.0275 Js¥) aydll Jlaa¥) can 0364 s Aghsial) Jgual|

L Sl oyl
e e I Ll A jre Cijlas Ll e cajlianll Criieail oyl Jlasy)

LS ayal) JLaad0.0486 5 Jo¥) aydll Jlaad 041 5o Alglsall Jsual)

Current.Assets
nb_train$Classification [,1] [,2]
00.3645051 0.02707203
10.4134270  0.04865050

oie e S Jsill Lmpee e Ll e ijliadl) Caiatl oyl Jlasy)
0.087 8 Ly Josaill (ya Jaall Jlaa] o Lalil) Cajliaall 525l # L)1 o)y

LS yal) JlaaY) s 0,026 Jg¥) ol Sl e
i e el Jdll A jae Cijlian L e cajliadl Carail oyl Jlaay)
0.097 sa slenu¥ly dasaill o Jaall Jaa) ol Lalitl) Cojlaall 353l # L)1 bl

LS ayall Jlasd 0,032 Js¥) oyl Jlasd
Net.Interest.Income.Total.Financing.and.Investment.Income
nb_train$Classification  [,1] [,2]

00.08713383 0.02632172
10.09751886  0.03235095

oie e JW Jaill dajes pe L e Cijliadl Caianl Jayall Jlasy)
Juia¥! Gaus 0.0149 5 Jo¥1 oyl Jlia¥) Gawa 0.013 2 Jalill Jaally Ja)

S| g g
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e s L Jdll A ee Cijlian Ll e Cajliadl Caail oyl Jlasy)
il JLaadl 0.01015 Jo¥) Aapill JlasdU 0.0136 g8 Jalil) Jaally Jaal

. oal

-

Income.and.Comprehensive.Income
nb_train$Classification  [,1] [,2]
00.01346968 0.01491083
10.01364133 0.01015111

oie e S Jsill Lapee e Ll e ijliadl) Caiail oyl Jlasy)
Juaa¥) e 01175 Js¥) oyl JWin¥) Gaun 0.816 52 Alghtiall Joua) Ao

L\ g g
oaie e I Jill A e Cijlas L e cajlianll Caieatl oyl Jlasy)

LS sl JlasdU 0,035 Jo¥) il JWiadl 0.9 5o dlglaiall Joea! Ao

Current.Assets.Ratio
nb_train$Classification [,1] [,2]
00.8163161 0.11715438
10.9338059 0.03177757

oie e S Jsill Lapee e Ll Lo pjliadl) Caiatl oyl Jlasy)
Jlany¥) s 0.1175 Jo¥) il JLin¥) cus 0182 8 AL Jpal) Ao
P | g g

i e el Jadll A jae Cijlian W e cajliadl Carnail oyl Jlaay)
il JLasd 0.03065 JsY) Jpall Jlisd 0.0645 s ALl Jsua) A
. oal

Liquid.Assets.Ratio
nb_train$Classification  [,1] [,2]
00.18222093 0.1175091
10.06453899 0.0306040
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oie e S Jsill Lapee e Ll e jliadl) caiatl oyl Jlasy)
G 02149 5 J¥) aydll Juia¥l us 026 58 Jona¥) ) JWl Guly A
LS syl Jlaay)

oaie e M Jll A ra Cojlas Ll e cajlianll Casieail oyl Jlasy)
ol JLasd 0,118 5 Jg¥) oyl Jisd 0,09 58 Jsea¥) ) Jlall Gl A
|

Capital.to.Assets.Ratio
nb_train$Classification  [,1] [,2]
00.26023937 0.2147975
10.09034419 0.1183372

oie e S Jsill Lpee e Ll e jliadl) Caiatl oyl Jlasy)
Jlaa¥) G 0.0006 5 Js¥) Aaypill Jlaal) Cava 0.0075 58 Jsual) Ao i)

S| g g
i e el Jadll dimjae Cijlian W e cajliadl Carail oyl Jlaay)
il Ol 0.00088 5 Js¥) aypdll JLaadl 0.00788 s Jsal) lo Silall

. oal

Return.on.Assets
nb_train$Classification [,1] [,2]
00.007546591 0.0006146983
10.007883927 0.0008858494

oie e JW Jaill dcapes e @ e Cijliadl Gl Jayall Jlasy)
Js¥) il Jlaa¥) e 0.0309 58 Joa¥) Jaa) ) aall Jal) da

Syl JlaaY) s 0215
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eiie s W (L3l A yee Cijlas Wi Lo Gaijladd) Caneatl il Jlaay!
0.1035 Jg¥! ayall Jlasd 0.2652 58 Joa¥) Maa) M sl Jaall dus

S sl (s

Operating.Income.to. Total. Assets
nb_train$Classification [,1] [,2]
00.3094496 0.2102583
10.2652178 0.1034747

oie e S Jsill Lmpee e Ll e jliadl) Caiatl oyl Jlasy)
0.2455 Jo¥) ayill Jaa¥) i 0.03 58 Jouad) Jlan) ) ailash Jlas) Lo

LS sl Jlaa¥) s
i e M Jill A gra Cijlas L e calian Caieail oyl Jlasy)
0.13145 Jo¥) ayall Jaadl 0.67997 2 Jpa¥) Jaa) (A adlagh aa] 4o

Syl Jlaad

Total.Deposits.to. Total. Assets
nb_train$Classification [,1] [,2]
00.3079919 0.2451640
10.6799721 0.1314342

oie e S Jsill apee e Ll e pjliadl) Caiatl oyl Jlasy)
Gaea 0.0013 5 Js¥) oyal) Jlia¥) cas 0,002 58 Jsa) Jawsie o ilal)
LS oyl Jlasy)

ot s el Jdll A jae Cijlian W e cajliadl Carail oyl Jlaay)
Jlaad 0.00065 Js¥) ayall JLaadl 0.00177 2 Jga¥) Javssia o lal)
- SEI aydl

Return.on.Average.Assets
nb_train$Classification [,1] [.2]
00.002033516 0.0013190886
10.001771011 0.0006038552
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oie e S Jsill Lmpee e Ll e jliadll Caiail oyl Jlasy)
G 0.00061 5 Jg¥) il Jlaia¥) Gus 0.0075 2 AL Bgin Ao )

LSyl Jlasy|
i e M Jill A gra Cijlas Ll e cajlianll Casieail oyl Jlasy)
Juaadl 0.00088 5 Jo¥l ayill Jlasdl 0.00788 s ASlall Ggin o il

- SEI ayadl

Return.on.Equity
nb_train$Classification [[1] [.2]
00.007546591  0.0006146983
1 0.007883927 0.0008858494

oie e S Jsill Lapee e Ll e jliadl) canatl oyl Jlasy)
Js¥) aydll Jaa¥) s 0.005 5o Slodl) 2 L)1 Maal ) Slsil) (gp0 Jaall das

LS sl JlasY) G 0.00033
onaie e el Jdll A jae Cijlian W e cajliadl Carail oyl Jlaay)
IV il JlasdU 0,005 sa sl ~U) sl ) ailsil) g0 Jaal A

‘é_al_d\ gh)ﬁ\ JlaaU 0.0004 4
Non.Interest.Income.for.Total.Interest.Income
nb_train$Classification [,1] [,2]

0 0.005099956  0.0003379263
10.005057733 0.0004007166

oie e JW Qi dcapes pe @ e Cijliadl Caiail Jayall Jlasy)
Gan 0,025 Js¥) pdl) Jlaa¥) Gua 017 sp Auia¥) cdlelead) o 2L

S Lyl Jlasy)
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i s W (L3l A yee Cijleas Wi Ao Gijladd) Caneatl il Jlasy!
Juaadl 0.044 5 Jo¥) il Jlaadl 0193 g dwia¥) clalaall (e 2 LY

B | I P |

Profits.from.Foreign.Currency. Transactions
nb_train$Classification [,1] [,2]
00.1739535 0.02378673
10.1931198 0.04493646

oie e S Jsill Lapee e Ll e jliadl) caiail oyl Jlasy)
Gien 0.1395 Jg¥) il Jlaal) Gavs 013 s diaall e gyl aadll ~ L)

LS syl Jlaay)
oaie e I Jill A gra Cijlas L e calian Caieail oyl Jlasy)
JLaad 0.0945 Jg¥) apdl)l Jlasd 0.132 s sl e (goud) akadll ~ L)

L SBI ayidl

Gains.from.Revaluation.of.Structural.Parts
nb_train$Classification [,1] [,2]
00.1312695 0.13953964
10.1321737  0.09420838

oie e S Jsill apen e Ll e pjliadl) Caiatl oyl Jlasy)
) s 0.85 5o Glsall (ya Ja Maa) ) Gyl Jd el Jasl) ds
LS Ll JLaa) Gaus 0.01188 5 o1 oyl

ot e ) Jdll A jae Cijlian L e cajliadl Carail oyl Jlaay)
JLaadl 0.8498 sa Slsll (e Jaal) Jlea) M cheall 8 el Jaa dus
LS apal) Jlasd 0.015 5 Js¥) oyl

Pre.tax.Operating.Income.to.Total.Interest.Income
nb_train$Classification [,1]  [,2]
00.8510433 0.01188545
10.8498191 0.01503752
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oie e S Jsill Lmpee e Ll e ijliadl) Caiail oyl Jlasy)
Caen 00925 Jg¥) Aaydll Jleia¥) Crn 0455 98 Jguad! ) 2ol ol A

LA Loyl Jlasy)
oaaie e I Jill A gre Cijlas Ll e cajliaall Caieail oyl Jlas)
Jlaad 0.0738 5 Js¥) Aaydll Jlasdl 0,465 58 Jga¥) ) 2ilsdll lay) das

Interest.Income.for.Assets
nb_train$Classification [1] 2]

00.4555714  0.09207623
10.4655711  0.07383249

oie e S Jsill Lmpee e Ll e jliadl) caiatl oyl Jlasy)
oY) oyl Jlaa¥) s 0309 58 Jpa¥) langia o il Jaal) dus

LS ayal) JLaa) s 0215
ot s ) Jadll dimjae Cijlian L e cajliadl Carail oyl Jlaay)
0.1035 Js¥) il Jlasd 0.265 s Jgad) Javsio o il Jaa) dus

S ) Ol

Operating.Income.of. Average.Assets
nb_train$Classification [,1] [,2]
00.3094496 0.2102583
10.2652178 0.1034747

oie e JW Jaill dapes pe @ e Cijliaddl Gl Jayall Jlasy)
il Jlaa¥l s 0,029 Jg¥) ) Jlasy) s 0.418 58 (gaiall (gal)

. oul
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ot e M) Jsill A pae Cijlas W e Cojliadl Caiiatl il JlasY) e

LS oyl JLasdU 0.08 5 Js¥) o pdll JLaadU 0,095 sa (gaiill (gl

Cash.Flow
nb_train$Classification  [1] [,2]
00.04180466  0.02931695
10.09599860 0.08398950

Jias G AJ0Y ) malipd) ans Las¥l lie o 5ol 2300 pladnuls : gl 3.4
tdlall Jsdll Capemdl) g (1) o)) i e (Jlall Jill Cipamal) iyt pie (0) &)
o e el Jadl) Caiail dapea e Wl Caliadll clpall alaaa [1] sl 8 4l aas
st e IS 8 L I Jadl Canail dajen Cijlias \galidd [302] 5 [44] o)
Ciyliany dayre Cijlas (o ddalisa b [345] 5 [302] <[259] <[216] <[173] ¢[130] <[87]

bl (L) Ll A pen e

(12)@@\

Z 3l b aladauly gl
[1]0000010100000010000000000000000000000000000
[44]000210212111117171221211111111110110111111121001101
[87101001010100000010000000000001100121200000000
[130]0000000100000110000000010010000000000000000
[173]0100000001000000100100001110110101011011000
[216]1101010102211101110112111100001010012121211111111
[259]11111001022111111111111111110110101011121112111
[302]110111101011111000000000000110101111101212110
[345]011011110210212121111111100101111117112121111110100
[388]10101111121111111111121111110111
Levels: 01

RStudio zealiy Ao alaieWh Lalll dlae] 1 jaadll

2l e oyl die e a8l &5 A z3saill Aijlhe &5 oz dgaill A8 Adjeal 1z 3galll 452 4.4
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(13) @, Jsal
gl b g 48
Total Observations in Table: 416
Total Observations in Table: 416

| nb_test$Classification

prd | 0] 1| Row Total |
| | I |
0 | 196 | 4| 200]
| 0980 | 0.020 | 0.481]
| 0.848 | 0.022 | |
| | I |
1| 35| 181 | 216 |
| 0.162| 0.838| 0.519]
| 0.152| 0.978] |
| - I |
Column Total | 231 | 185 | 416 |
| 0.555 | 0.445 | |

| | I |
RStudio zealiy Ao alaieWh &aldl dlae] @ jaadll

Lzyeall Cojladll dasmia 5aalie 196 25 %90 & zisall 38y of aa3 kel J<al o
saalia 75 Sl Lu:u ‘:JLJ\ dﬁxﬂ]z\mﬂ\ )31; thmﬂz\.;eM saalia 181‘3 ‘_ALJ\ d&eﬂ
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:Neural Network — dsuasll CilSuEd) .5

Glosbeall Ja) &3 o g cdanasll I Laa) lod aladinly (655 zsa by Jal (e
03 yia (alan) 5 s ukiall) dad saie JS) raad JISDU deaadall diall 3 (clilull
A gl l L) s Assmall A A8l g dad el
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