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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)
}
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