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ДОДАТОК А

Лістинг коду веб-клієнту

package.json
"peerDependencies": {
    "react": "16.3.2",
    "react-dom": "16.3.2",
    "react-intl": "2.4.0"
  },
  "engines": {
    "node": "9.x",
    "npm": "5.8.x"
  },
  "dependencies": {
    "@material-ui/core": "3.9.3",
    "prop-types": "15.6.1",
    "react-redux": "5.0.7",
    "react-router-dom": "4.2.2",
    "redux": "4.0.0",
    "redux-thunk": "2.2.0",
  }

actions.js
export const calculate = ({ dependent, independents }) => dispatch => 

postJson({
  uri: 'http://localhost:8080/rest/regression/_multiple',
  body: {dependent, independents},
}).then(results => dispatch({
  type: 'RECEIVE_REGRESSION_RESULTS',
  payload: results,
}));

bankingIndicators.js
export const MONEY_IN_BANKS = 'MONEY_IN_BANKS';
export const DEPOSITS = 'DEPOSITS';
export const SHARE_CAPITAL = 'SHARE_CAPITAL';
export const NET_INCOME_AFTER_TAX_DEDUCTION = 
'NET_INCOME_AFTER_TAX_DEDUCTION';
export const ALL_INDICATORS = [MONEY_IN_BANKS, DEPOSITS,
  SHARE_CAPITAL, NET_INCOME_AFTER_TAX_DEDUCTION];

indexReducer.js
import { combineReducers } from 'redux';
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import regression from './regression';
const rootReducer = combineReducers({ regression });
export default rootReducer;

regressionReducer.js
const initialState = {
  regressionParameters: undefined,
  rSquared: undefined,
};

export default (state = initialState, action) => {
  switch (action.type) {
    case 'RECEIVE_REGRESSION_RESULTS': {
      return {
        regressionParameters: action.payload.parameters,
        rSquared: action.payload.rsquared,
      };
    }

    default:
      return state;
  }
};

RegressionContainer.jsx
import React, { Component } from 'react';
import { connect } from 'react-redux';
import PropTypes from 'constants/PropTypes';
import { bindActionCreators } from 'redux';
import { Checkbox } from 'material-ui';
import Button from '@material-ui/core/Button';

import * as regressionActions from '../actions/regression';
import {ALL_INDICATORS, NET_INCOME_AFTER_TAX_DEDUCTION, 
SHARE_CAPITAL, DEPOSITS, MONEY_IN_BANKS} from 
'../constants/bankingIndicators';

const styles = ({
  component: {
    backgroundColor: '#FFFFFF',
    borderRadius: '4px',
    boxShadow: '0px 1px 3px 0px rgba(0, 0, 0, 0.2),0px 1px 1px 0px rgba(0, 0, 0,
0.14),0px 2px 1px -1px rgba(0, 0, 0, 0.12)',
    overflow: 'hidden',
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    padding: 20,
  },
  title: {
    fontWeight: 'bold',
    margin: '15px 0px',
  },
  flex: {
    display: 'flex',
  },
  description: {
    marginLeft: 10,
  },
  checkbox: {
    width: 20,
  },
  marginTop: {
    marginTop: 15,
  },
  resultDescription: {
    fontWeight: 'bold',
  },
  resultExplanation: {
    marginBottom: 8,
  }
});

const indicatorsTranslations = {
  [NET_INCOME_AFTER_TAX_DEDUCTION]:  'Net  income  after  tax
deduction',
  [SHARE_CAPITAL]: 'Share capital',
  [DEPOSITS]: 'Deposits',
  [MONEY_IN_BANKS]: 'Money in banks',
};

class Regression extends Component {
  constructor(props) {
    super(props);
    this.state = {
      selectedDependent: undefined,
      selectedIndependents: [],
    };
  }

  render() {
    const {actions, regressionReducer} = this.props;
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    const independentValueName = this.state.selectedDependent
      ? indicatorsTranslations[this.state.selectedDependent]
      : '';
    const rSquaredInPercent = regressionReducer.rSquared
      ? Math.round(regressionReducer.rSquared * 100)
      : undefined;
    return (
      <div style={styles.component}>
        <div style={styles.title}>
          Select independent indicator
        </div>
        {ALL_INDICATORS.map(indicator => (
          <div style={styles.flex}>
            <div style={styles.checkbox}>
              <Checkbox
                checked={this.state.selectedDependent === indicator}
                disabled={this.state.selectedIndependents.includes(indicator)}
                value={indicator}
                onClick={() => this.setState({ selectedDependent: indicator })}
              />
            </div>
            <div style={styles.description}>
              {indicatorsTranslations[indicator]}
            </div>
          </div>
        ))}

        <div style={styles.title}>
          Select independent indicator/s
        </div>
        {ALL_INDICATORS.map(indicator => (
          <div style={styles.flex}>
            <div style={styles.checkbox}>
              <Checkbox
                checked={this.state.selectedIndependents.includes(indicator)}
                disabled={this.state.selectedDependent === indicator}
                value={this.state.selectedIndependents}
                onClick={() => {
                  const selected = this.state.selectedIndependents;
                  if (selected.includes(indicator)) {
                    selected.splice(selected.indexOf(indicator), 1);
                  } else {
                    selected.push(indicator);
                  }
                  this.setState({ selectedIndependents: selected });
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                }}
              />
            </div>
            <div style={styles.description}>
              {indicatorsTranslations[indicator]}
            </div>
          </div>
        ))}
        <div style={styles.marginTop}>
          <Button
            variant="contained"
            color="secondary"
            onClick={() => actions.calculate({
              dependent: this.state.selectedDependent,
              independents: this.state.selectedIndependents,
            })}
          >
            Calculate regression
          </Button>
        </div>

        {!!regressionReducer.rSquared && (
          <div>
            <div style={styles.title}>
              Regression results:
            </div>
            <div>
              {`The model explains the dependence of dependent value from the
              selected factors by ${rSquaredInPercent}%.
              It means that ${100 - rSquaredInPercent}%
              of influence are left to another factors not specified in this model.`}
            </div>
            <div style={styles.marginTop}>
              The selected independent values have the following effect on the result
value:
            </div>
            {regressionReducer.regressionParameters.map((parameter, index) => {
              const {
                bankingIndicator,
                value,
              } = parameter;
              const valueShort = value.toFixed(5);
              const parameterName = indicatorsTranslations[bankingIndicator];
              return index !== 0 && (
                <div style={styles.marginTop}>
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                  <div style={styles.resultDescription}>
                    {parameterName}:
                  </div>
                  <div style={styles.resultExplanation}>
                    {`In case of ${parameterName} ${valueShort < 0 ? 'decreasing' :
'increasing'} by 1 mln UAH,
                    the value of ${independentValueName} will be increased by $
{Math.abs(valueShort)} mln UAH`}
                  </div>
                </div>
              );
            })}
          </div>
        )}
      </div>
    );
  }
}

Regression.propTypes = {
  actions: PropTypes.object.isRequired,
  regressionReducer: PropTypes.object.isRequired,
};

const mapStateToProps = state => ({
  regressionReducer: state.regression.regression,
});

const mapDispatchToProps = dispatch => ({
  actions: bindActionCreators(regressionActions, dispatch)
});

export default connect(
  mapStateToProps,
  mapDispatchToProps,
)(Regression);
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ДОДАТОК Б
Лістинг коду веб-серверу

pom.xml
<?xml version="1.0"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0
http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.anna</groupId>
    <artifactId>regression</artifactId>
    <version>1.0.0</version>

    <properties>
        <java.version>1.8</java.version>
    </properties>

    <build>
        <plugins>
            <plugin>
                <groupId>org.springframework.boot</groupId>
                <artifactId>spring-boot-maven-plugin</artifactId>
            </plugin>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <configuration>
                    <source>8</source>
                    <target>8</target>
                </configuration>
            </plugin>
        </plugins>
    </build>

    <name>regression</name>
    <description>regression</description>

    <dependencies>
        <dependency>
            <groupId>org.springframework.boot</groupId>
            <artifactId>spring-boot-starter</artifactId>
            <version>1.5.7.RELEASE</version>
        </dependency>
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        <dependency>
            <groupId>org.springframework.boot</groupId>
            <artifactId>spring-boot-starter-web</artifactId>
            <version>1.5.7.RELEASE</version>
        </dependency>

        <dependency>
            <groupId>org.springframework</groupId>
            <artifactId>spring-context</artifactId>
            <version>4.3.11.RELEASE</version>
        </dependency>

        <dependency>
            <groupId>org.springframework.boot</groupId>
            <artifactId>spring-boot</artifactId>
            <version>1.5.7.RELEASE</version>
        </dependency>
        <dependency>
            <groupId>org.springframework.boot</groupId>
            <artifactId>spring-boot-autoconfigure</artifactId>
            <version>1.5.7.RELEASE</version>
        </dependency>

        <dependency>
            <groupId>org.springframework.cloud</groupId>
            <artifactId>spring-cloud-commons</artifactId>
            <version>1.2.2.RELEASE</version>
        </dependency>

        <dependency>
            <groupId>org.springframework</groupId>
            <artifactId>spring-web</artifactId>
            <version>4.3.11.RELEASE</version>
        </dependency>

        <dependency>
            <groupId>com.fasterxml.jackson.core</groupId>
            <artifactId>jackson-core</artifactId>
            <version>2.9.6</version>
        </dependency>

        <dependency>
            <groupId>com.fasterxml.jackson.core</groupId>
            <artifactId>jackson-databind</artifactId>
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            <version>2.9.6</version>
        </dependency>

        <dependency>
            <groupId>org.apache.commons</groupId>
            <artifactId>commons-math3</artifactId>
            <version>3.6.1</version>
        </dependency>

        <dependency>
            <groupId>org.projectlombok</groupId>
            <artifactId>lombok</artifactId>
            <version>1.16.20</version>
            <scope>provided</scope>
        </dependency>
    </dependencies>
</project>

WebConfig.java
package com.anna.config;

import org.springframework.context.annotation.Configuration;
import org.springframework.web.servlet.config.annotation.CorsRegistry;
import
org.springframework.web.servlet.config.annotation.WebMvcConfigurerAdapter;

/**
 * Configures web app parameters
 */
@Configuration
public class WebConfig extends WebMvcConfigurerAdapter {
  @Override
  public void addCorsMappings(CorsRegistry registry) {
    registry.addMapping("/**")
        .allowedMethods("GET", "POST", "PUT", "DELETE", "PATCH");
  }
}

RegressionApp.java
package com.anna;

import org.springframework.boot.SpringApplication;
import org.springframework.boot.autoconfigure.SpringBootApplication;
import org.springframework.cloud.client.discovery.EnableDiscoveryClient;
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import org.springframework.context.annotation.ComponentScan;

@SpringBootApplication
@EnableDiscoveryClient
@ComponentScan({"com.anna"})
public class RegressionApp {
  public static void main(String[] args) throws Exception {
    SpringApplication.run(RegressionApp.class, args);
  }
}

RegressionController.java
package com.anna.rest;

import com.anna.dto.MultipleRegressionDto;
import com.anna.dto.MultipleRegressionResultDto;
import com.anna.service.RegressionService;
import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.http.MediaType;
import org.springframework.web.bind.annotation.RequestBody;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RequestMethod;
import org.springframework.web.bind.annotation.RestController;

@RestController
@RequestMapping("/rest/regression")
public class RegressionController {
  @Autowired
  private RegressionService regressionService;

  @RequestMapping(value  =  "/_multiple",  method  =  RequestMethod.POST,
consumes  =  MediaType.APPLICATION_JSON_VALUE,  produces  =
MediaType.APPLICATION_JSON_VALUE)
  public  MultipleRegressionResultDto  getRegression(@RequestBody
MultipleRegressionDto regressionDto) {
    return regressionService.getMultipleRegression(regressionDto.getDependent(),
regressionDto.getIndependents());
  }
}

RegressionService.java
package com.anna.service;

import com.anna.dict.BankingIndicators;
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import com.anna.dto.MultipleRegressionResultDto;

import java.util.List;

public interface RegressionService {
  MultipleRegressionResultDto  getMultipleRegression(BankingIndicators
dependent, List<BankingIndicators> independents);
}

RegressionServiceJdbc.java
package com.anna.service;

import com.anna.dao.RegressionDao;
import com.anna.dict.BankingIndicators;
import com.anna.dto.MultipleRegressionResultDto;
import com.anna.dto.RegressionParametersValuesDto;
import org.apache.commons.math3.stat.regression.OLSMultipleLinearRegression;
import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.stereotype.Service;

import java.util.ArrayList;
import java.util.List;

@Service
public class RegressionServiceJdbc implements RegressionService {

  @Autowired
  private RegressionDao regressionDao;

  @Override
  public  MultipleRegressionResultDto  getMultipleRegression(BankingIndicators
dependent, List<BankingIndicators> independents) {
    List<Double> dependentValues = getListByIndicator(dependent);
    List<List<Double>>  independentValues  =  new
ArrayList<>(independents.size());
    independents.forEach(indicator  ->
independentValues.add(getListByIndicator(indicator)));

    List<Double> finalValues = new ArrayList<>();

    for (int i = 0; i < dependentValues.size(); i++) {
      finalValues.add(dependentValues.get(i));
      for (List<Double> independentValue : independentValues) {
        finalValues.add(independentValue.get(i));
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      }
    }

    OLSMultipleLinearRegression  multipleLinearRegression  =  new
OLSMultipleLinearRegression();
   multipleLinearRegression.newSampleData(finalValues.stream().mapToDouble(d
-> d).toArray(), dependentValues.size(), independents.size());

    double rSquared = multipleLinearRegression.calculateRSquared();
    double[]  regressionParameters  =
multipleLinearRegression.estimateRegressionParameters();

    List<RegressionParametersValuesDto>  regressionParamsValues  =  new
ArrayList<>(independents.size() + 1);
    regressionParamsValues.add(new RegressionParametersValuesDto(dependent,
regressionParameters[0]));
    for (int i = 1; i < regressionParameters.length; i++) {
      double value = regressionParameters[i];
      BankingIndicators indicator = independents.get(i - 1);
      regressionParamsValues.add(new RegressionParametersValuesDto(indicator,
value));
    }
return MultipleRegressionResultDto.builder()
      .parameters(regressionParamsValues)
      .rSquared(rSquared)
      .build();
  }

  private List<Double> getListByIndicator(BankingIndicators indicator) {
    switch (indicator) {
      case DEPOSITS: return regressionDao.getDeposites();
      case SHARE_CAPITAL: return regressionDao.getShareCapital();
      case MONEY_IN_BANKS: return regressionDao.getMoneyInBanks();
      case  NET_INCOME_AFTER_TAX_DEDUCTION:  return
regressionDao.getNetIncomeAfterTaxDeduction();
      default:  throw  new  RuntimeException("Incorrect  indicator:  "  +
indicator.name());
    }
  }
}

RegressionDao.java
package com.anna.dao;
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import java.util.List;

public interface RegressionDao {
  List<Double> getMoneyInBanks();
  List<Double> getDeposites();
  List<Double> getShareCapital();
  List<Double> getNetIncomeAfterTaxDeduction();
}

RegressionJdbcDao.java
package com.anna.dao;

import org.springframework.stereotype.Component;

import java.util.Arrays;
import java.util.List;

@Component
public class RegressionJdbcDao implements RegressionDao {
  public List<Double> getMoneyInBanks() {
    return Arrays.asList(
      551081281.15d, 500860529.59d, 415443523.08d, 411282079.10d,
      381724868.28d, 377566292.38d, 221131028.11d, 172764481.07d,
      215217184.25d, 228755796.19d, 315234821.82d, 297086846.11d,
      223020138.24d, 193044277.32d, 244301720.58d, 216385531.48d,
      187008114.47d, 141509629.45d, 177420102.26d, 189564075.86d,
      230806824.93d, 228353978.22d, 182576806.70d, 159371480.78d
    );
  }

  public List<Double> getDeposites() {
    return Arrays.asList(
      446218040.25d, 455611168.48d, 397529127.44d, 373019155.45d,
      375020937.28d, 364768147.13d, 258811086.73d, 193742852.84d,
      403015743.77d, 172600504.01d, 146110295.67d, 175507614.64d,
      189759050.78d, 172959227.53d, 219144342.97d, 224253777.06d,
      253354325.80d, 234861036.76d, 197363352.71d, 254468651.77d,
      209358375.68d, 177551612.17d, 200682728.33d, 149670906.72d
    );
  }

  public List<Double> getShareCapital() {
    return Arrays.asList(
      475429794.04d, 504832668.48d, 511951241.91d, 510821763.32d,
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      511921836.90d, 511810991.88d, 507748159.66d, 518177900.86d,
      507936111.36d, 525031820.09d, 513559637.91d, 506195901.62d,
      519113892.48d, 507473774.63d, 509751030.49d, 507862333.48d,
      510441764.21d, 503958279.70d, 499706112.94d, 510909698.38d,
      509962205.09d, 512407895.31d, 510007520.31d, 507719271.55d
    );
  }

  public List<Double> getNetIncomeAfterTaxDeduction() {
    return Arrays.asList(
      -22460985.10d, 7780634.35d, 12531908.81d, 13598867.02d,
      15166300.18d, 14584161.02d, 14856236.96d, 16816664.16d,
      10251664.31d, 23593663.50d, 12212623.37d, 8157704.89d,
      12925708.21d, 11302049.28d, 9715430.18d, 14652556.31d,
      20798752.06d, 10466409.91d, 8571597.36d, 14435582.53d,
      11497880.94d, 14153052.63d, 14913817.00d, 9561518.03d
    );
  }
}

MultipleRegressionDto.java
package com.anna.dto;

import com.anna.dict.BankingIndicators;
import lombok.Data;
import lombok.NoArgsConstructor;

import java.util.List;

@Data
@NoArgsConstructor
public class MultipleRegressionDto {
  BankingIndicators dependent;
  List<BankingIndicators> independents;
}

BankingIndicators.java
package com.anna.dict;

public enum BankingIndicators {
  MONEY_IN_BANKS,
  DEPOSITS,
  SHARE_CAPITAL,
  NET_INCOME_AFTER_TAX_DEDUCTION,
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}

RegressionParametersValuesDto.java
package com.anna.dto;

import com.anna.dict.BankingIndicators;
import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;

@Data
@AllArgsConstructor
@NoArgsConstructor
public class RegressionParametersValuesDto {
  private BankingIndicators bankingIndicator;
  private double value;
}

MultipleRegressionResultDto.java
package com.anna.dto;

import lombok.Builder;
import lombok.Data;

import java.util.List;

@Data
@Builder(toBuilder = true)
public class MultipleRegressionResultDto {
  private double rSquared;
  private List<RegressionParametersValuesDto> parameters;
}



77

ДОДАТОК В

Слайди презентації
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ДОДАТОК Г

Апробація результатів роботи

Тези «Дослідження методів аналізу даних за допомогою часових рядів для
створення банківської інформаційної системи»
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