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Introducere

1. Retelele neuronale artificiale — o tendinta :

promititoare in utilizarea sistemelor cu * creating machines which could be able to replace them

- in the performance of different human activities. Due to

inteligenta artificiala

impunator din aceste doleante.
Intentiile oamenilor de stiintd de a combina tehnica si

manifestat odatd cu aparitia primelor calculatoare electronice,
la mijlocul anilor 'S0 ai secolului XX. Formarea modelarii
logico-simbolice de inteligenta a creat domenii noi, cum ar fi

artificiala. In ultimul deceniu, inteligenta artificiala si sistemele
bazate pe aceastd inovatie s-au dezvoltat destul de intens:

informationala cauzata de lumea de pe Internet.

Dupa Conferinta de la Dortmund din 1956, care este
considerata primul forum stiintific la care s-a introdus
conceptul de inteligenta artificiald, dezvoltarea directiei

sisteme informatice — abordarea simbolica si numerica.

»simboluri” si ,,cautare”, introduse de oamenii de stiinta
Allen Newell si Herbert Simon. Conform teoriei lor,
sistemele cu inteligentd artificiald functioneaza In baza

” "

. network  applications in
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Introduction
1. Artificial neural networks — a trend in

- artificial intelligence systems applications

For thousands of years, humanity has dreamed of

De mii de ani, omul a visat la crearea masinilor - the emergence and development of the scientific strand

- < - S S .. . of artificial intelligen re wi
care sa-l poatd inlocui in diverse activitati. Datoritd - © artificial intelligence, today, we are witnesses as to
aparitiei si dezvoltarii directiei stiintifice de inteligenta :

artificiala, astdzi asistim la realizarea unui numar : ) s i
; - and the performances of informatics systems with human

> conscience began at the time of the emergence of the first
performantele sistemelor informatice cu constiinta umana s-a : computers in the rmddle of th.e >0’ Of. the Zch century.
- The approach of logic-symbolic modelling of intelligence
. created such strands as heuristic programming and
- machine intelligence, and started ideas for establishing

programarea euristica si inteligenta masinilor si a pus inceputul computer systems that worked analogically like the human

ideii de a crea sisteme informatice, care functioneazd n -

analogie cu creierul uman — asa-numitele sisteme cu inteligentd = = . . . .
B! ’ gett . basis of this innovation have developed intensively at such

. a pace it is comparable in scope with the information

ritmurile sunt comparabile, ca importani, cu revolutia . revolution provoked by the global network, the Internet.

how some of these dreams may come true.
The ambitions of scientists to link data processing

brain — so-called artificial intelligence (Al) systems.
During the last decade, Al and the systems created on the

After the conference in Dartmouth in 1956

~ (which is well known as the first scientific forum on Al)
. the development of the scientific strand has been
. characterized by the appearance of two different
. approaches to presenting objects in these types of

stiintifice se caracterizeazd prin aparitia a doud abordari -

radical diferite In reprezentarea obiectelor in acest tip de - information systems — symbolic and numeric.

The symbolic approach relates to the so called

Abordarea simbolici se referd la asa-numita . ‘classical artificial intelligence”, on the basis of which,

Hinteligenta artificiald clasicd”, bazatd pe conceptele de the terms 9f ~symbols and “search” were 1nHo§uced
. by the scientists Allen Newell and Herbert Simon.
. According to their theory, Al systems work with

. symbolic-modelled knowledge,

and as the first
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cunostintelor simbolic-modelate, iar primele aplicatii ale
inteligentiei date le-au constituit sistemele-expert.
In cadrul abordarii numerice, 1in

artificiald, sunt gestionate cunostintele, implicit

artificiale, algoritmii genetici si sistemele de simulare.

pentru a simula anumite functii ale creierului uman.

problemelor specifice. [4]

ponderate intre neuroni.

poate fi divizata in trei directii:

psihologie matematic;

2. Ca elemente incorporate, la nivel de hardware -
sau software controlere, in diferite aplicatii -
industriale, in special, la tipurile de vehicule -

ingineria de -

robotizate
proiectare;

in productie si

3. Ca mijloc de prelucrare a datelor economice |

empirice.

Obiectivele specifice [1], care pot fi atinse prin :
utilizarea retelelor neuronale artificiale, se referd la :
financiar, *
prognoza pietelor financiare si a primelor de asigurare, :
de analiza a pretului de bunuri, pe de o parte, si analiza :
de risc a creditarii, prognozarea comportamentului fortei :

de muncd si modelarea macroeconomicd, pe de alta : ¢ S ° ¢
- hand, and, on the other hand, risk analyses in crediting,

administrarea investitiilor, managementul

parte.

Punerea in aplicare a retelelor neuronale artificiale :
moderne se reflectd in dezvoltarea diferitelor hardware :
acceleratoare si neuroprocese speciale, puse in aplicare

pe bazd de cristale de specialitate si de lucru in : )
- development of various hardware accelerators and

Producitorii globali creeazd retele neuronale : specialized neuro-processors

artificiale in forma de aplicatii software cu urmatoarele : !
- fuzzy logic.

conformitate cu principiile logicii partiale.

caracteristici:
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inteligenta -
- does not possess a verbal form and is used
reprezentative, care nu au o formd verbald, dar sunt -
folosite inconstient si, de multe ori, intuitiv. Principalii -
reprezentanti ai acestei tendinte sunt retelele neuronale -
- simulation systems. All these are in hardware or
Toate acestea sunt programe sau surse tehnice, proiectate -
- simulation of specific functions of the human brain.

Retelele neuronale artificiale sunt un model -
electronic relativ ,,brut” al structurii creierului uman, in -
care informatiile sunt stocate ca ,,probe” (modelul -
reflectd realitatea). Abordarea metodelor de salvare si -
repartizare a informatiei, in forma modelului, serveste ca -
un nou instrument de prelucrare a datelor pe calculator — -
aceasta nu include programarea traditionald, ci crearea -
de retele masive paralele, instruite in rezolvarea -
- [4].

Intr-o formd mai generald, retelele neuronale -
artificiale pot fi descrise ca o retea paralela de elemente -
simple adaptate — neuroni, care interactioneaza cu lumea -
reald din jur similar sistemului nervos biologic [2]. Din -
punct de vedere al ingineriei, ea reprezintd un sistem -
foarte dinamic, cu o topologie regizata grafic, care poate -
procesa informatii prin schimbarea de stare ca raspuns la -
o intrare constantd sau puls [3]. Functionarea corectd a -
acestui tip de retea depinde de ordonarea fluxului de -
neuroni, de alegerea functiei activate si conexiunile -

applications of Al strand expert systems.

When applying the numeric approach in Al,
knowledge that is represented indirectly, and which

unconsciously - having an intuitive character - is
processed. The main representatives of this strand are
artificial neural networks, genetic algorithms and

software form, and are developed to aim for a

Attificial neural networks are relatively “raw”
electronic models of the human brain’s structure, the
information in which is stored as “patterns” (models
reflecting reality). The approach of storing and
recognizing information in the form of models is a new
tool in computing — it does not include traditional
programming, but the creation of massive parallel
networks which are trained to resolve specific problems

In short, an artificial neural network could be
described as a neuron network of simple adaptive
elements connected in parallel, which interacts with
objects in the real environment, analogically to the
biological nervous system [2]. From an engineering
point of view, it is a strongly distributed dynamic
system with the topology of a directed graph which is
able to process information through changing its status
by replying to a constant or pulse input signal. [3].
Correct function of such types of networks depends on

- the neurons arranged within them, the selection of an
in prezent, utilizarea retelelor neuronale artificiale
- the neurons.
1. Pentru a simula comportamentul inteligent pe -

baza cunostintelor acumulate in neurostiinte si -

activating function and the weight connections between

Nowadays the application of artificial neural
networks could be outlined in the following three ways:

1. As means of modelling intelligent behaviour

on the basis of accumulated knowledge in
neurobiology and mathematical psychology;

2. As components embedded like hardware or

software in controllers in various industrial
solutions, mostly in robotic production and
as a means of engineering project
development;

3. As a means of empirical economic data

processing.

The specific tasks [1] which could be achieved
by the assistance of artificial neural networks refer to:
investment management, finance management,
financial markets forecasting, insurance premium
forecasting, predicting available stock prices on the one

work force behaviour prediction, macro-economic
modelling, etc.

The hardware realization of contemporary
artificial neural networks is expressed via the

made using special
crystals and operating according to the principles of
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1. Procesarea limbilor — existd multe aplicatii -
pentru a converti textul in discurs si vorbirea -

in text. Unele programe au potentialul de a

proteja vocea (de recunoastere a vocii), de a -
traduce in limbi diferite, de a verifica greselile -

de ortografie etc.

2. Recunoasterea caracterelor — aceste aplicatii pot
fi folosite de cétre diferite institutii financiare -
pentru colectarea informatiei de la formularul -

completat si inscrierea in baza de date.

3. Recunoasterea modelelor — astfel de sisteme -

sunt utilizate pe larg in evaluarea costurilor -
asupra -
calitatii produselor. In sfera protectiei, se cer :

monedelor valoroase si controlul
aplicatii de detectare a obiectelor specifice.

Procesarea  semnalelor prima

Corporation a stabilit

autovehiculelor.

5. Prelucrarea datelor — in domeniul finantelor.
Retelele neuronale artificiale sunt folosite la -
evaluarea riscului de credit, atunci cand se acorda -
imprumuturi, carduri de credit si in prezicerea -

ratingului de credit al titlurilor de valoare.
6. Servocontrolul controlul
complexe este dintre

una cele

care guverneaza procesele.

Material si metoda.

2. Utilizarea retelelor neuronale artificiale pentru

a prezice evaluarea titlurilor de valoare

retea -
neuronala artificialai ADALINE a fost creata -
ca un supliment la metodele de reducere a -
zgomotului in liniile telefonice. lar Odin -
un program de -
prelucrare a gazelor emanate de motoarele -

sistemelor -
mai
promititoare aplicatii ale retelelor neuronale -
artificiale. In vederea dezvoltirii unui astfel :
de sistem, pentru un proces specific, este -
necesard configurarea manuald a formulelor -

Global producers create artificial neural networks

-as software applications with the following

- characteristics:

1. Language processing — there are many
existing applications capable of converting
text into speech and vice versa. Some
programs have the capabilities of voice
protection (speech recognition), different
language translations, spelling, etc.

2. Symbol recognition — such applications can
be used by different financial organizations
for information collection from completed
forms that have been saved in a database.

3. Pattern recognition — such systems are used
massively in the value evaluation of precious
coins and in quality control. In the area of
defence, some applications are implemented
for the location of specific objects.
Signal processing — the first artificial neural
network, ADALINE, was created as a noise
reduction application for telephone lines. On
the other hand, the Odin Corporation has
created a program for monitoring the exhaust
of engines of different motor vehicles.

5. Data processing— in the financial field,
artificial neural networks are used in credit
risk rating when granting loans, credit card
approvals and bond credit ratings.

6. Servo control — complicated systems control is
one of the most promising strands of artificial
neural network applications. In order to
develop such a system for a specific process,
one needs to manually set up the formulas
which manage the processes. In the oil
industry, artificial neural networks are already
used for refining process improvement, and in
NASA they are used for controlling and
manoeuvring the space shuttles.

In ultimii ani, producatorii de retele neuronale -

artificiale, au depus eforturi pentru a implementa -
principiile logicii fuzzy in aplicatiile lor. Existd o -
tendintd in dezvoltarea de neuroni neclari (neuroni vagi), -
care nu oferd un simplu raspuns de ,,da” sau ,,nu”. Astfel -
de sisteme hibride functioneazi, de obicei, cu neuroni -

conventionali si neclari care pot efectua anumite studii,
comparand informatiile si corectand erorile comice.

Logica fuzzy, retelele neuronale artificiale si -
algoritmii genetici sunt cele trei componente principale ale -
asa-numitului calcul moale (soft computing). Notiunea, -
explicati mai popular, este inteleasd ca fiind un set de -
metodologii care lucreazi sinergic si oferd oportunititi de -
prelucrare flexibili a informatiei pentru a permite -
Tehnicile soft -
computing pot fi folosite cu succes pentru rezolvarea -
problemelor multidimensionale si, anume, sarcinilor care -
au un numir relativ mare de variabile de intrare, asa, de -
exemplu, este problema titlurilor de valoare de prognozi -

rezolvarea situatiilor din viata reala.

nominald, ceea ce constituie o sarcind de clasificare tipic

Material and method

2. The use of artificial neural networks for

bond credit rating predictions

During recent years, the vendors of artificial
neural networks have attempted to embed the principles
- of fuzzy logic in their applications. A trend can be
- observed toward fuzzy neuron development, which
does not give simple answers such as “yes/no”. Such
hybrid systems (working both with common and fuzzy
neurons) will be able to be trained through a
comparison of information and correcting any errors
found within.

Fuzzy logic, artificial neural networks and
genetic algorithms are the three main components of so-
called soft computing methodologies. The term can
popularly be explained as a sum of methodologies
which work synergistically and present possibilities for
flexible information processing that can deal with real
, situations in life. The techniques of soft computing
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multidimensionala si dificil de rezolvat cu ajutorulf

programelor de calculator traditionale.

Dupa cum stiti, titlurile de valoare emise pot fi -
cumpdrate si vandute sau date cu Imprumut, fiind oferite -
guvernelor sau investitorilor marilor companii. In prealabil, -
la primirea fmprumuturilor prin intermediul titlurilor de -
valoare, este necesar sd le fie evaluatd bonitatea pe baza -
situatiilor financiare (bilantul si conturile de venituri) si -
asteptdrile, in ceea ce priveste dezvoltarea lor economica -
viitoare. Cei mai multi investitori nu au resursele necesare -
pentru a efectua o astfel de cercetare dificild i care necesita -
mult timp, astfel, Incat acestia recurg la serviciile agentiilor -

de rating.
Ratingul de credit al societdtii sau guvernului
il constituie o masurd de risc, in cadrul céreia se

estimeazd dacd clientul respectiv este in stare si -
sau titlurile de wvaloare -

plateasca contributiile,
cumparate vor fi returnate. Diverse agentii de rating
(Standard & Poor, Moody, Fitch, Duff & Phelps si

colab.) iau in considerare atat efectele cantitative — -

rentabilitatea companiei si valoarea datoriei restante,

cat si factorii calitativi — aptitudinile de management

si previziunile economice pentru organizatie.
Analizat fiind dintr-o perspectiva holistica, ratingul

respectiv este rezumat, in evaluare alfabetica, de la -

A — cea mai inaltd clasd de rating, gradul maxim de
siguranta, la ,,B” — unde sunt clasate persoanele ce

au Intarzieri emitente sau neindeplinirea obligatiilor -

contractuale.

Deoarece activitatile agentiilor de rating acopera o -
multime de momente confidentiale, multi cercetatori au -
incercat sd formuleze abordari alternative la prognozarea -

evaluarii titlurilor de valoare.

Ultimele lucrari s-au concentrat pe utilizareaz
diferitelor metode statistice, prin analiza de regresie -

liniard [8] si analiza discriminantelor liniare [14].

Ulterior, metodologia de tehnici conventionale de
analizd statisticd a fost criticati de multi oameni de -
stiintd si a devenit cunoscutd si aprobata prin ideea cd, in -
rezolvarea unor probleme complexe de clasificare, ar -
trebui sd se aplice retele neuronale artificiale, seturi -

fuzzy si sisteme-expert [7].

Un exemplu practic de rezolvare a problemei de -

prognoza a ratingului de credit al titlurilor de valoare,

prin utilizarea unei metodologii artificiale a retelelor -
neuronale, este prezentati in articolul omului de stiinta -
indian J. Sethuraman [16], in care acesta descrie relatia -
dintre situatia financiard a societitii si a ratingului de -
credit atribuit. Scopul lucririi — de a investiga in ce -
miasurd acest lucru va determina analiza experti de -

agentia de rating.

J. Sethuraman construieste o retea neuronald -
artificiali, cu 45 de variabile de intrare, care sunt mapate -
intr-un set de 15 clase discrete, se exclud reciproc din -
ratinguri si pot fi atribuite titlurilor de valoare. Un numir -

mare de variabile poate acoperi cat mai multi, posibili,

parametri financiari ai companiei, datoriti cireia, o retea -

neuronald artificiala fara supraveghere poate ,,invita”

Revista / Journal ,, ECONOMICA” nr.2 (92) 2015

could be applied successfully in resolving multi-
- dimensional problems, i.e. tasks which possess a
relatively great number of input variables. One instance
is the task of bond rating prediction, which is a typical
multi-dimensional task and is hard to solve via
traditional computational programs.

As is well-known, the emission of bonds is a free

trading loan granted by investors for other companies or
governments. The buyers of bonds have to make an
evaluation of the credibility of the loan-receiving
organization based on its financial statements (the
- balance sheet and income accounts) and expectations
- for its future economic development. Most of the
- investors do not have enough time to make such a time
- consuming and difficult investigation and therefore use
the services of rating agencies.
: The assessment of a given company or
- government credibility is a measure of the risk that it
- will be able to pay the instalments for the granted loan
- and to buy back the emitted bonds. The various rating
- agencies (Standard & Poor’s, Moody’s, Fitch, Duff &
Phelps and others) measure the influence both of
- quantitative (the profitability of the company and the
- volume of the outstanding debt) and qualitative
- (managerial ~ skills, economic  forecasts  for
- organizational development) factors. The overall
- analysis is summarized using a letter rating: from A —
- the highest rating having maximum security, to ,,B” —
- the emitter slows down or allows their obligations to
become overdue.

Due to the fact that the activities of rating
agencies cover many confidential points, many
- researchers have tried to formulate alternative
approaches for bond rating predictions.

: In earlier works, they have concentrated on
- various statistical methods used for analyses such as
linear regression [8], and linear discriminates [14].
Later on, the methodology of conventional techniques
for statistical analyses was criticized by many scientists
and, as a result, the idea of applying artificial neural
networks to solving complicated classification tasks,
- fuzzy sets and expert systems was put forwards [7].

A practical example of solving the task of
- forecasting bond credit ratings through the use of the
methodology of artificial neural networks can be found
in the paper by the Indian scientist Sethuraman [16],
where he describes the rate between the financial
statement of a given company and the credit rating
assigned to it. The goal of his work was to explore how
this evaluation is influenced by expert analyses
- performed by a credit agency.

J. Sethuraman constructed an artificial neural
network with 45 input variables, which matches a set of
15 discrete and mutually exclusive classes of ratings, to
which bonds could be associated. The large number of
- variables permitted the use of possibly more company

financial parameters, so that the artificial neural
, network could be able to non-observably “learn” the
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relatia dintre date. Pentru a instrui reteaua, autorul - data dependencies. The author used several algorithms

utilizeazd mai multi algoritmi: for training the network:
1. Abordarea bazatd pe o retea neuronald — o - 1. An approach based on neural networks — a

retea de Kohonen sau harti cu auto-organizare - Kohonen network or self-organizing map;

(9], [11], [12] si [13];
2. Tehnica de cluster pe baza neclaritatii

[9], [11], [12], [13];

- 2. A cluster technique based on fuzziness and

instrumente neclare [6]; - fuzzy means [6];

3. Sistemul de neuron-fuzzy — retele Kohonen - 3. A neuro-fuzzy system — a fuzzy Kohonen
neclare [17]. - [17].

Variabilele de intrare, alimentate la o retea - The input variables sent to the artificial neural

neuronala artificiald, includ metrici financiari care - network included financial metrics describing the size
descriu dimensiunea companiei, rentabilitatea, - of the company, profitability, liquidity, obligations,
lichiditatea, obligatiile, data infiintarii, iar alte date - foundation date, etc., as shown in table 1.

sunt prezentate in tabelul 1.

Tabelul 1/ Table 1

Intrare variabile in modelul Sethuraman / Input variables in Sethuraman’s model

Raportul dintre profit pe dividende si marimea
vanzarilor / Ratio of value of profit before
dividends/value of sales

Raportul dintre valoarea medie a creantei si valoarea
medie a activelor circulante / Ratio of average value of
debtors claims /average value of current assets

Raportul dintre venitul Tnainte de impozitare si
marimea vanzarilor / Ratio of value of profit before
taxes/size of sales

Raportul dintre valoarea medie a capitalului de lucru si
valoarea tuturor activelor / Ratio of average value of
turnover capital /value of all assets

Raportul dintre profitul de dividende si valoarea medie a
capitalului angajat / Ratio of value of profit before
dividends /average value of the borrowed capital

Raportul dintre valoarea medie a capitalului de lucru si
marimea vanzarilor / Ratio of average value of turnover
capital /value of sales

Raportul dintre venitul inainte de impozitare si rata
dobanzii la titlurile de valoare / Ratio of value of
profit before taxes/value of interests rate of bonds

Raportul dintre marimea datoriilor pe termen lung si
valoarea neta a companiei / Ratio of amount of long term
loans/net value of the company

Raportul dintre profitul dupa impozitare si valoarea
tuturor activelor / Ratio of value of profit after the
taxes/value of all assets

Raportul dintre valoarea creditelor si a valorii nete a
companiei / Ratio amount of all loans/net value of the
company

Raportul dintre valoarea vanzarilor si valoarea tuturor
activelor / Ratio of value of sales/value of all assets

Raportul dintre valoarea creditelor si valoarea tuturor
activelor / Ratio of amount of all loans /value of all assets

Raportul dintre valoarea vanzarilor si valoarea
activelor circulante / Ratio of value of sales/value of
current assets

Raportul (venituri din exploatare — ratele dobanzilor la
titlurile de valoare) si valoarea tuturor activelor / Ratio of
(operative profit — bonds interest rate)/value of all assets

Raportul dintre valoarea vanzarilor si valoarea
capitalului angajat / Ratio of value of sales/ value of
the borrowed capital

Raportul dintre valoarea veniturilor totale si a valorii nete a
companiei / Ratio of value of income /net value of the company

Raportul dintre valoarea netd a companiei si valoarea
tuturor datoriilor / Ratio of net value of the company /
value of all liabilities

Raportul dintre profitul operational si valoarea tuturor
activelor / Ratio of operative profit /value of all assets

Raportul dintre valoarea rezervelor si valoarea tuturor
activelor / Ratio of value of reserves/ value of all assets

Raportul dintre valoarea profitului operational si valoarea
capitalului angajat / Ratio of operative profit /value of
capital employed

Durata medie 1n zile de plati cétre creditori / Average
time in days for payments to creditors

Raportul dintre valoarea profitului operational si vanzari /
Ratio of operative profit /value of sales

Durata medie in zile de creante / Average time in days
for claims to debtors

Raportul dintre veniturile 1n termeni de bani si vanzari /
Ratio of cash value of the profit /value of sales

Raportul dintre durata medie de plati catre creditori in
zile si lungime medie de creante, in zile / Ratio of
average time in days for payments to creditors/
average time in days for claims to debtors

Raportul dintre veniturile in termeni de bani si valoarea
tuturor creditelor / Ratio of cash value of the profit /value
of all loans

Raportul dintre valoarea medie de inventar si valoarea
medie a activelor circulante / Ratio of average value
of stock/average value of current assets

Raportul dintre veniturile in termeni monetari si valoarea
capitalului angajat / Ratio of cash value of the profit
/value of capital employed
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Raportul dintre valoarea medie a stocurilor gi marimea
vanzarilor / Ratio of average value of stock/ value of
sales

Raportul dintre valoarea medie stocata in active in
numerar si costul mediu al activelor circulante / Ratio of
average of the saved cash means/average value of the
current assets

Raportul dintre valoarea medie a stocurilor si valoarea
medie a capitalului de lucru / Ratio of average value
of stock /average value of turnover capital

Raportul dintre valoarea medie stocatd in termeni
monetari si valoarea activelor circulante / Ratio of
average of the saved cash means /value of FMCG assets

Raportul dintre valoarea medie de inventar si valoarea
medie a activelor totale / Ratio of average value of
stock /average value of the common assets

Raportul dintre activele curente si vanzari / Ratio of value
of current assets /value of sales

Raportul dintre valoarea medie a stocurilor si valoarea
medie zilnica a costurilor de productie / Ratio of
average value of stock /average value for daily
production costs

Raportul dintre activele curente si valoarea tuturor
activelor / Ratio of value of current assets /value of all
assets

Suma totala a activelor / Total value of assets

Raportul dintre activele curente si valoarea datoriilor
curente / Ratio of value of current assets /value of current
liabilities

Mairimea vanzarilor / Value of sales

Raportul costurilor activelor circulante rapid si activelor
totale / Ratio of FMCG assets /value of common assets

Data infiintarii companiei / Foundation date of
company

Raportul costurilor activelor circulante rapid si a
datoriilor curente / Ratio of FMCG assets /value of
current liabilities

Raportul dintre valoarea costurilor de publicitate,
distributie si marketing, si valoarea vanzarilor / Ratio
of advertisements, distribution and marketing costs
value/value of sales

Raportul dintre veniturile in termeni monetari si valoarea
(platilor curente pentru pasivele pe termen lung + ratele
dobanzilor la titlurile de valoare) / Ratio of cash value of
the profits /value of (current payments on long term
liabilities + bond interest rate)

Raportul dintre cantitatea (costul total al materiei prime + energie + costuri indirecte + tarif de plata pe ora + alte
cheltuieli de exploatare) si valoarea vanzarilor / Ratio of value of (common cots for raw materials +energy
+indirect cots +wages + other operative costs) / value of sales

Toate variabilele de intrare trebuie

de cazuri clasificate corect si incorect,
ratingurile de credit pe termen lung cu privire

instrumentele de datorie ale diverselor companii de -
productie, datele companiilor indiene CRISIL. Din tot -
setul de antrenare, care contine 170 de intrari din toate
clasele de rating, a fost selectat un set de testare din 33
de intréri, acoperind toate clasele de rating. Datorita -
complexitétii problemei, e necesar ca scara de evaludri -

sd fie redusa la sase clase principale.

Pentru a compara ratingul titlurilor de valoare din
setul de testare, specializat dupa cei trei algoritmi de mai -
sus, cu indicatorii de date ai agentiei CRISIL, autorul -

foloseste doud tehnici: 7Tehnica de reducere

dimensiunii esantionului prin componentele principale -
si Tehnica de reducere a numdrului de variabile prin
utilizarea regresiei liniare multiple. Rezultatele obtinute -

sunt prezentate in tabelul 2.
Rezultatele obtinute
urmatoarele concluzii:

ne permit sa

1. Cea mai apropiata coincidentd cu previziunile
agentiilor de rating o demonstreaza utilizarea

algoritmului-neuronal fuzzy.
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sa fie -
prezentate intr-un formular standard normalizat. Pentru a -
madsura acuratetea prognozei, autorul calculeaza numarul -
folosind -

tragem

All input variables were represented in a normalized
standard form. In order to measure the accuracy of the
forecast, the author calculated the number of correctly or
- incorrectly classified cases, using the credit ratings for the
- long term debt instruments of different production
companies as given by the Indian credit agency, CRISIL.
From whole training set, which contained 170 records about
- all classes of ratings, a test set of 33 records was selected,
- covering all classes of ratings. Due to the complexity of the
problem, it was necessary for the scale of the rating
assessments to be reduced to 6 main classes.

In order to be able to compare the bond ratings
from the test set trained through the three algorithms
cited above with the indicators provided by the
CRISIL agency, the author applied two techniques: a
- technique for reducing the dimension of the sample
through an analysis of the principle components and a
- technique for reducing the number of variables
through the use of multiple linear regression. The
- results are summarized in table 2.

From the results, we can derive the following
conclusions:

1. The closest correspondence to the forecasts

by rating agencies is provided by the use of
neural-fuzzy algorithm.

la

a



INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA / INFORMATICS, STATISTICS AND ECONOMIC CIBERNETICS

Tabelul 2/Table 2

Exactitatea previziunilor in modelele Sethuraman / Prediction accuracy in Sethuraman’s model

Algoritmul / Training
algorithm

Tehnica de reducere a dimensiunii
esantionului / A technique for reducing the
dimension of the sample

Tehnica de reducere a numarului de
variabile / A technique for reducing the
number of variables

Procentul de cazuri in
care ratingul prevazut
coincide exact cu
valorile specificate de
catre agentie /
Percentage of cases
where the predicted
rating coincides exactly
with the one provided

Procentul de cazuri
in care ratingul
prevazut este cu un
grad mai mic decat
cel precizat de
agentie / Percentage
of cases where the
predicted rating is
one class below the

Procentul de cazuri
in care ratingul
prevazut coincide
exact cu valorile
specificate de catre
agentie / Percentage
of cases where the
predicted rating
coincides exactly
with the one

Procentul de cazuri
in care ratingul
prevazut este cu un
grad mai mic decat
cel specificat de
agentie / Percentage
of cases where the
predicted rating is
one class below the

by the agency one provided by the provided by the one provided by the
agency agency agency

Harta auto-organizarii /
Self-organizing map 33% 79% 52% 76%
Mijloace mobile /
Fuzzy means 47% 79% 55% 81%
Reteaua instabila a lui
Kohonen /
FuzzyKohonen
network 51% 80% 62% 80%
Regresia liniara /
Linear regression 45% 76% 48% 76%

2. Utilizarea tehnologiei de reducere a - 2. The use of a technique for reducing the

numarului de variabile, inregistreaza rezultate
mai bune. Si ambele tehnici pot fi folosite cu -

succes in formarea retelei neclare Kohonen.

Un alt exemplu practic de utilizare a metodelor de -
calcul soft computing, in prezicerea ratingului titlurilor -
de valoare, e discutat in articolul autorilor, Perkins si -
Brabazon [15], care au inventat un model de retele -
neuronale artificiale compuse din perceptroni cu multe -
straturi. Un fapt special in studiul celor doi autori este ci -
au folosit un algoritm genetic, pentru a automatiza -
procesul de selectie a variabilelor de intrare, alimentate -

la intrarea retelei neuronale.

Combinand avantajele ambelor concepte, autorii -
au proiectat o retea neuronald artificiald creatd de -
perceptroni multistratificati hibrizi, care Incearci si -
dovedeascd doui lucruri: 1) eficienta modelului pentru -
delimitarea titlurilor de valoare cu reiting investitional si -
ratingul non-investitional; 2) capacitatea modelului de a -
prezice, cu exactitate, clasa de rating a titlurilor de -

valoare de clasa A, BBB, BB si B.

Avem dat esantionul de studiat din 667 de
companii nefinanciare cu instrumente de indatorare pe -
termen lung, pentru a obtine estimari ale agentiilor de -

rating de la A la B. Pentru studiul retelei alese de 20 de
variabile financiare majore (dimensiunea companiei,
rentabilitatea, istoria de rentabilitate,

modificarile -
activelor totale in ultimii trei ani etc.), marimile claselor

number of variables provides better results.
Both techniques could be applied for
training fuzzy Kohonen networks.

Another practical example of soft computing
methods, used to predict bond ratings, can be found in
an article written by Perkins and Brabazon [15], who
developed a model of an artificial neural network
composed by multi-layer perceptions. The specifics of
the research by both authors are that they applied a
genetic algorithm in order to automate the selection
process of input variables fed to the neural network.

By combining the advantages of both
concepts, the authors established an artificial neural
network composed of hybrid multi-layer perceptions,
with which they tried to prove two points: 1) the
usefulness of the model in distinguishing bonds with
investment and no-investment ratings; 2) the
capability of the model to predict exactly the rating
class of bonds for the classes: A, BBB, BB and B.

A sample of 667 non-financial companies with
long-term  debt instruments  which  received
evaluations from rating companies from AAA to D
was examined. For network training 20 main
- financial variables were selected (the size of the
- company, profitableness, history of profitableness,
- change in common assets during the last three years,
etc.), of which the values for the particular rating
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individuale de rating sunt diferite pentru fiecare -
companie. :

Esantionul generat aleatoriu de 50 de genotipuri -
binare este responsabil de structura perceptronilor -
individuali si de setul de variabile de intrare (Fiecare -
genotip descrie 23-bit siruri de caractere binare, in cazul -
in care primii 14 biti indicd daca aceastd variabila este -
de intrare, iar restul, se folosesc pentru un anumit nivel -
ascuns in nodurile retelelor neuronale cu functia de -
activare). Retelele neuronale artificiale sunt instruite de -
trei ori pe algoritmul intoarcerii raspandirii greselilor -
(back-propagare). :

Ca urmare, retelele neuronale aratd 83.08% de -
exactitate intra-Group si 81.43% exactitate extra-Group, -
in clasificarea binard a fitlurilor de valoare cu rating -
investitional si neinvestitional, separate in sapte seturi de -
grupuri de date. Tabelul 3 prezintd exactitatea studiului -
prognozei ratingului a titlurilor de valoare, clasificate in -
patru clase separate.

classes are different for every company.

A sample of 50 binary genotypes, every one of
which was responsible for the structure of the
specific perceptions and the set of input variables,
was generated randomly (every genotype is
described using a 23- bit binary string, in which the
first 14 bits show if a given input variable is used,
and the rest of them show if there is a hidden level
within the neural network's nodes and the type of
activating function. The artificial neural network was
trained three times through the back propagation

- algorithm.

As a result, the neural network gave 83.08%

- internal group accuracy in the binary classification of

the selected bonds with an investment or non-
investment rating, isolated in 7 groups of data. In
Table 3 below, the accuracy of the prediction of
bond ratings is shown, differentiated in the fourth

- classification groups:

Tabelul 3 / Table 3
Exactitatea prognozei in modelul Perkins si Brabazon /
Prediction accuracy for Perkins and Brabazon's model
Valoarea prognozata /
) Predicted value A BBB BB B Total
Valoarea curenta /
Current value
A 34.29% | 48.57% | 11.43% | 5.71% | 100%
BBB 14.29% | 68.57% | 17.14% 0.0% 100%
BB 2.86% | 28.57% | 40.0% | 28.57% | 100%
B 2.86% 8.57% | 34.29% | 54.29% | 100%
Modelul construit reprezintd 48.75%  din The model provides a 48.75% average

exactitatea medie prognozatd. Pentru a studia mai precis -
rezultatele, autorii calculeazd, In continuare, ce procent -
din ratingurile prezise coincid cu cele actuale. In asa -
mod, se ating 92,5% ale exactitatii de clasificare, ardtand -
prezenta unei discrepante relativ slabe intre cele doua -
tipuri de variabile.

- was

accuracy of forecast. In order to perform research
that is more accurate, the authors additionally
calculated what percentage of the predicted bond
rating assessments coincided with those that were
current. In this way a 92.5% classification accuracy
achieved that showed relatively weak

- discrepancy between both types of values.

Concluzie -

Retelele neuronale artificiale constituie o -
tehnologie promitatoare, deoarece acestea pot recunoaste -
informatiile intr-o mare baza de date, modele, tipare si -
prelucreazd informatiile necesare, datoritd capacititii lor -
de a Invita. Ele sunt folosite pentru a rezolva o serie de -
probleme economice: selectarea marfurilor, productia de -
proiecte de marketing, aprobarea de credite, verificarea -
si respingerea cardurilor de credit, controlul asupra -
proceselor de lucru etc. -

Deosebit de interesantd este aplicarea retelelor -
neuronale artificiale in cadrul mecanismelor de piatd din -
domeniul finantelor, in estimarea ratingului titlurilor de -
valoare corporative. Utilizarea unui sistem hibrid-neural -
neclar si retelelor create de perceptroni multistratificati
poate recunoaste modele si pe baza abordarii deductive -
de a lua decizii in baza cunostintelor umane colectate. in
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Conclusion

Artificial neural networks are a prospective
technology, because they can recognize information
in large databases using patterns and templates and
can process the desired information due to their
capabilities of being able to learn. They can be
applied in resolving a number of economic problems
the selection of goods, marketing project

- preparation, the approval of loans, checking and

rejecting credit cards, working process control, etc.
Their application in the field of market

mechanisms, finance and predicting the rating of

corporate bonds is quite interesting. The use of

- hybrid neuro-fuzzy systems and networks built from

multi-layer perceptions permits pattern recognition
and deductions based on accumulated human
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pofida utilizarii informatiilor financiare despre
companiile din diverse sectoare ale economiei, aceste
modele sugereaza posibilitatea de a distinge diferitele
clase de ratinguri ale titlurilor de valoare si a genera
valori prezise, apropiate semnificativ de valoarea
determinatd de agentiile de rating.

knowledge. Nevertheless, by using financial data on
companies from different sectors of the economy,
these models have demonstrated the capabilities for
distinguishing various bond rating classes and
generating prediction values which are significantly
closer to those of rating agencies.
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