BUCHAREST UNIVERSITY OF ECONOMIC STUDIES

Doctoral School of Cybernetics and Economic Statistics

DOCTORAL THESIS

Presented and publicly supported by the author:
ANDREEA 10ANA D.C. CHIRIAC

Doctoral thesis title:

COMPUTER INTELLIGENCE METHODS FOR ANALYSIS OF
FINANCIAL SITUATIONS

Doctoral thesis support committee:

PhD. EMILIA TITAN (Chairperson) — ASE Bucuresti
PhD. MIRCEA GEORGESCU (Referee) - Universitatea Al. I. Cuza lasi
PhD. VALENTINA VASILE (Referee) - Universitatea N. Titulescu Bucuresti
PhD. dr. FELIX FURTUNA (Referee) - ASE Bucuresti
PhD. ADRIAN COSTEA (PhD Supervisor) - ASE Bucuresti

Bucharest, 2024



1.Table of contents

2.SUMIMARY ...cciiiieniiiienniiiensieiiessieissssieissssisissssistsssssstssssssssssssssssssssssssssssssssssssnsssssssssssssnssssssnssssssnssssssnsssssansssssanssssss 2
3. ACKNOWLEDGIVIENT ... cceuuiiiteeniiiiennieinensieisassisissssssissssssssssssssssssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssanssssss 3
4. TABLE OF CONTENTS...cccteicneettiniiissssneesssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnssnss 4
S.INTRODUCTION ...cooiiiiinnneeniiiisissssnsesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssss 5
6. CURRENT STATE OF RESEARCH (FROM RELEVANT SCIENTIFIC LITERATURE) .....ccccovvvummeriiiiissssnnnnensssssssssnnseesssses 9
6.1. THE NEED FOR COMPUTER INTELLIGENCE IN BUSINESS ANALYSIS ....eeeuveerureeruueesireesseessreesiseesseessseesseessseesssssnsessssessnsessnnes 12
6.2. BUSINESS DIFFERENTIATION THROUGH COMPUTER INTELLIGENCE ..eeuvveeureesureesureesseessreessseesseessseesseessseesssessnsessssassnsessnnes 12
6.3. THE FOUNDATIONS OF COMPUTATIONAL INTELLIGENCE ....vvttesuvreeeeuteeessereeesuseeesnuseessssseeessnsenessssseeessssesssnssesssssseessnnnees 14
6.4. ARTIFICIAL NEURONAL NETWORKS. ..vveeeeuvretesaureeeesuseeessssseessasseessssseeesssssesssssssesssssesssssssssssssssessnsseesssnsssssssssesssnsssesssnsees 16
6.5, FUZZY SETS AND SYSTEMS ..eeuuteeeeureeeesereeesauseeessnseessssseessasseesssssesesssssesssssseesssssesssssssesssnsssessnsseesssssssessnssesessseesssssees 19
6.6. GENETIC ALGORITHMS ....vteteiuttteeeurteesaereeesausaeessnseeesnsseeeesasseesssssesesasssesssssseessnssesssasssssssnsssesansseesssssessssssesssssseessnsees 28
6.7. NEURO-FUZZY SYSTEMS ..utveeureerueeesseeesueessseeessreessseesssesssseesssesssseesssesssssessesssseesssesssessssessnsessssessnsessnsessnsessssessnsessnses 29
6.8. COMPUTATIONAL INTELLIGENCE VS. STATSITICAL APPROACHES ....veeruveersreesuueesreesiseessseesssessssessnsesssseesssessssssensessnsessnsessnnes 33
6.9. ADDING VALUE TO BUSINESS USING COMPUTER INTELLIGENCE +e.uvveesuveesureesuueesreesiseessesssseessessnsesssseesssesssssssnsessnsesensessnnes 34
6.10. COMPUTATIONAL INTELLIGENCE IN THE WORKPLACE ..ee.vveesuveesureessreessreessseesseessseessseessessssessnsesssseesssesssessnsesssessnsessnnes 35
6.11. THE FUTURE OF COMPUTATIONAL INTELLIGENCE euvveeuveesuveesureesseesssessiueesssesssseesssessssessssessnsessssessnsesssessnsessssessnsessnses 36
6.12. FINANCIAL PERFORMANCE ... vteeeuvreesausreeesanseeesssseeesassesesassessssssesesssssesssssseesssssesssasssesssnsssesssssesssssssssssnssesssssseeesnnsees 39
6.13. ASSESSMENT OF FINANCIAL HEALTH eetuvveteeeureeeesureeesaseeeesasseessssseeesssssesssssseessnssesesasssssssnsssessnsseessssssssssssesssnssseessnsees 39
6.14. FINANCIAL PLANNING AND ANALYSIS AND BUSINESS PERFORMANCE MANAGEMENT ...vveeievrereirreeeennreeessneeeeesnsseeessseeessnees 39
6.15. OBJECTIVES OF FINANCIAL ANALYSIS AND PERFORMANCE MANAGEMENT ...vvteivreeeeureeeesnreeesrreesssnseeessseesssssseesssssesssssees 41
6.16. FINANCIAL INDICATORS ...ttt eutveentreeseeesueeanseessusesssseesssesssseesssesssseesssesssseessesssseessseesssessssessnsessssessnsessnsessnsessssessnsessnses 43
6.17. USEFULNESS OF FINANCIAL INDICATORS ....uevtttteeeeesaunnteeeeeseaaauueseeeeesssaaunseeesesssasannseneeesssesannssnesesesesannssseeeeesssannnnseneees 43
6.18. GENERAL PERFORMANCE IMEASURES ....uuutttttteeesesauteteeeeesssauseseeeeesssaaunnseeesesssasnnseeeeeeesesanneneeesesesannsnseeeeesesasannsenees 44
6.19. LIMITATIONS AND TRAPS OF FINANCIAL REPORTING .....uvttteeesesauuereeeeesssaaunreeeresesasausseneeeeesesannnsseeesesesannssseeesesssannnnseeeees 45
6.20. WHAT IS A FINANCIAL IMODEL? ... vttt eeuttteesitteeesutteeseutteeesatteeessubaeesausteeesabbaeeaabeeesaasaeessabeteeanbeeesaasbeesssbeeesnnsaeesannees 47
6.21. APPLICATIONS FOR FINANCIAL IMODELS «.vvvteeuuveeeesureeesaseeeesasseesassseeessssessssssessssssesssasssssssnsssesasssssessssssssssssessssnssessnnsees 48
6.22. BEST PRACTICES IN MODEL DEVELOPIMIENT w.cvtttttttterereeeeeeeeeeeeesereseeeeseseeseseseseeeseeseteeeeeeeeeeeeeeeeeeemeteteetemteeeeemmemmmm 50
6.23. COMMUNICATION AND PRESENTATION OF FINANCIAL INFORMATION ...eeeuvveresrreeeesnrreesanneeessseesasssesessssssssssssnesssssessnnees 53
6.24. BUSINESS PERFORMANCE MANAGEMENT ...cttttttttttttrtreeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeeetemte.... 55
7. OBJECTIVES ....coeiiiiiiiirnereeiinisisssssseesssssssssssnssessssssssssssssssssssssssssssssssssssssssssssesssssssssssnsssssssssssssnnssesssssssssssnnsassssess 60
8. METODOLOGIA CERCETARIL...vcueeuiueireenreeseseisessisesssessssssessssessssessssssessssessssessssssssssessssesssessssssensssessosesssssssssses 61
9. RESEARCH METHODOLOGY .....cccccoiinmreniiisisssssnnresssssssssssnssssssssssssssnssssssssssssssssssssssssssssssnsesssssssssssnnsesssssssssssnnsanss 66
OBJECTIVE L....uiiiiiiiiiiieiiiieeniiieneiiisssisissssisisssssissssstsssssstsssssstsssssssssssssssssssstsssssstssssssssssssssssssssssnssssssnssssssnssssssnnsns 66
TESTING MULTIPLE MODELING TECHNIQUES FOR THE DEVELOPMENT OF COMPUTATIONAL INTELLIGENCE METHODS ....vveeeruvreeernenenenn 66
(0] 2] L I LY =30 R 66
9.1. ANALYSIS OF THE FINANCIAL PERFORMANCE OF SOME COMPANIES OPERATING IN DIFFERENT INDUSTRIES AND LOCATED IN
DIFFERENT REGIONS. ...uvvteeeueteeessuesesesusseessasssesasssssessssssssssssessasssssssassssssssssssasssssssasssssssasssssssssssesanssssesssssssssnssesssnssssesssnes 66
9.1.1. China — emerging market — profitability analysis of Chinese BANKS...............cccceeeevveveeecveeeeiiieeeeiivaesnnn 66
9.1.2. USA and Canada - Annual Financial Data Analysis for Hybrid Metrics - Various Sectors .............c.ccccuu... 75
9.1.3. USA and Canada - Statistical Analysis of Real EState StOCKS...........ccueeecceeeeecieeeeeieeeeieeeecree e 87

9.1.4. Europe - Combining regression and clustering for financial analysis - various Sectors................cc.......... 93



OBJECTIVE 3. ettt ettt st e bttt s bb e e e s ea b et e s e be et e s sb e e e s aab e e e s e ba e e e sba e e e e aa b et e s e sne e e snnee e e areeesaans 106

9.2. ANALYSIS OF CHURN PREDICTION ...tttteteeeuuerteeeesesaaunseteeesesasaunseteeesssssasssseeesesssaassssseeeesssannsssseesesssesmsnsseeeesssassnnseeeees 106
(@121 O I L PPNt 115
9.3, BANKRUPTCY ANALYSIS 1..vtuvesueeeeesseesseessesseesssessessssessessseesssassssssessesssesssesssesssesssssseesssesseesseenseassesssessesssemssesssenssessees 115
9.3.1. Bankruptcy prediction using financial iNQICAOrS ...............uveeeiueeeeeciiieeeccieee e et e eeceeees e e e saeaeesnnes 115
9.3.2. Bankruptcy analysis using binary 0giStiC r@GreSSioN .............ccueeeecuveeecireieesiieeeeciteeesiiteaeesireeeeessesessnses 119
9.3.3. Bankruptcy analysis Using NEUIAI NETWOIKS ............cc.uueeeceeeeeeiieeeeciieeeeieeeesiteeeeeetteaeestraeessaaasessseseesnsees 124

10. CONCLUSIONS......ccteiiiitnniiitneeitensietiensiettensestensestenssestsnssesssnssssssnssesssnssssssnssssssnssssssnssssssnsssssanssssssnsssssanssssss 156
11. BIBLIOGRAPHICAL REFERENCES .......ccceuiiiitmniiiiennieiiennieiiensiesiensosiensesisnsosssnssssssnssssssnssssssnssssssnssssssnsssssanssssss 159
BOOKS ......eeeieiceteeeccteesrcsseeesessseessessseessssssesssssssessessasessasssssssssssessessssessassnsesssssnessessanesssssasessessnsesessanessessanassssnnns 159
ARTICLES .....ceeeeiiceeeeecrteeeccseeeesesseeessesseeesessssessssssessessssessessssessssssessessasesssssnsesssssnessessasesssssnsesssssnsessssanessassnsassane 160
ARTICLES / CHAPTERS PUBLISHED IN WORK VOLUMES ........coooviiiiinntiiinnnniiinnnissssseisisssesssssssssssssssss 160
PAPERS PUBLISHED IN PROCEEDINGS OF SOME CONFERENCES U..........ccceeeevteiiinneeericnnnessssnesssssanessenanns 161
ELECTRONIC SOURCES ......ccocortiiiireteiinsnesiissnnessessnnessssssssssssnesssssanesssssnsessssnssssssnnesssssnsessssanasssssnnessassnnessssanns 161
L3 ANNEXES ... iiieiiiiitiiiiieiiiiteeiiiieaesiienesttenssstiensstmessssstessssstesssssssssssssessssssenssssssnsssstssssssssnsssssansssssansssssansssnss 163
14. LIST OF ABBREVIATIONS AND ACRONYIMES .....cituiiiieniiiieneisiimneisiienesimensssimensssmsnssssmsssssmssssssmsnssssssnssssssnssssss 171
15, LIST OF TABLES.....cccuiiiiiiiiiiniiiiiiiiiennnsissssiiinnsnsssssssssimssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssss 173
16. LIST OF GRAPHS ....ccuiiiiiiiiitiiiiiiiiiiitinssssissiiisnsssssssssiimssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsasssssss 174
17. LIST OF ANNEXES .....ociiiiiitiuuiiiiiiiinnnnsssisiiiimmmsssssssiimssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 175

2.Keywords

Statistical analysis; Neural networks; Logistic regression; Financial analysis; Computational

intelligence.
3.Synthesis of the thesis

In recent years, the field of computational intelligence has emerged as a powerful and
innovative approach to financial statement analysis. This interdisciplinary field combines elements
of artificial intelligence, machine learning, statistics, and data mining to develop intelligent
systems that can process and analyze large volumes of financial data. By applying computational
intelligence methods to financial statements, researchers and practitioners can gain deeper insight

into the patterns, trends, and relationships that underlie financial performance.



This PhD thesis delves into the field of computational intelligence methods and their
application in the analysis of financial statements. Emphasizing the importance of financial index
analysis for financial performance assurance, this study investigates the integration of regression,

clustering methods, modeling, financial forecasting, and neural networks.

The initial section highlights the need for computational intelligence in business and elucidates
its differentiation as a valuable tool. The fundamentals of computational intelligence are explored,

highlighting their ability to improve business practices.

The subsequent sections present the research objectives, the main aim of the study and the

methodology adopted.

Finally, the paper examines the objectives set by using different statistical methods. These
objectives are the comprehensive analysis of previous research using computational intelligence
methods, identifying the determinants that encourage financial institutions to use these methods,
examining the financial performance of different companies operating in various industries and
regions, experimenting with multiple modeling techniques, analyzing churn forecasting and
bankruptcy along with neural network exploration. The obtained results are then interpreted,

leading to conclusive insights.

In conclusion, this scientific work explores the application of computational intelligence
methods for the analysis of financial statements, having all the initially set objectives achieved and
explored. Delving into various statistical techniques, modeling approaches, and neural networks,
this research elucidates their value in improving financial performance assessment, forecasting,
churn prediction, and bankruptcy analysis. The findings contribute to the existing body of
knowledge in the field, highlighting the importance of using these methods.



