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Abstract. Obtaining of reliable enough estimations of investment quality is a complex task, since there is no universal
indicator of capital recovery probability. Classification is a very important aspect in decision making. This means the
prescription of projects to the particular classes. Very often it is stated that classes in decision making are determined by
the particular parameters, i.e. the efficiency of technical and technological decisions, credit value determination of the
project, etc. This article presents a verbal method of determining investment risk in construction. The problem under
consideration is investment assessment depending on the risk level. Formally the problem is stated as multicriteria clas-
sification one. A hierarchical approach to considered effectiveness indicators is proposed. The proof of effectiveness of
the method is presented. A procedure of method application is described for a practical task.

Keywords: investment risk in construction, decision-making, verbal analysis methods; methods of solving multicriteria
classification problems, estimation of efficiency of investments

1. Introduction

Investment risk management is a common practice of
any bank providing loans for projects. The evaluation
of credit risk should be made at various phases of the
project [1, 2]. It may be stated that risk management
implies that all the procedures should be rigorously
followed at any phase of the project, the risk expo-
sure depending on the output and accuracy.

Making a reliable qualitative analysis of the invest-
ments is a complicated problem [3], since the crite-
rion for assessing the probability of capital recovery
has not been found yet. There are many indicators
(factors, criteria), which should be taken into account
[4, 5]. Each such criterion influences the capital re-
covery probability. Besides, credit classification for
bank internal needs should take into account some
other parameters of credit projects and debtor com-
panies. The total credit quality is complex enough
function of its distinct components. The circumstances,
under which the bank works, are continuously chang-
ing because of general economic situation change.
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That is why the rules of credit quality assessment can
currently base only on a bank top management policy
and an experience and an intuition of a bank leaders.

Ranking the investment projects according to risk ex-
posure may be performed by the experienced bank
loan operator or by aggregating the judgements per-
ceived from bank experts. Both methods may be used
in evaluating the investment projects.

Classification is a very important aspect in decision
making. This means the prescription of projects to the
particular classes. Very often it is stated that classes
in decision making are determined by the particular
parameters, i.e. the efficiency of technical and tech-
nological decisions, credit value determination of the
project, etc. Classified projects are described by as-
sessing various efficiency criteria that could be both
qualitatively and quantitatively expressed.

In fact, many different methods for solving
multicriteria classification problems are widely known.
ORCLASS method, as an ordinary classification, was
one of the first methods designed to solve these kinds
of problems [6]. Then more recent methods appeared,
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such as DIFCLASS [7], CLARA [8] and CYCLE
methods [9]. Verbal analysis approaches to the assess-
ment and classification were applied to analyse and
assess bank loans.

In multicriteria environment it is hardly possible to
achieve this without resorting to special techniques.
This article presents verbal method of determining
investments risk in construction.

2. Formal problem statement

Given:

G — a feature, corresponding to specified purpose of
the task (a value of investment project and so on).

K ={K|,K,,...,Ky }— a set of criteria, by which each
alternative (investment project) is assessed.

Sq :{"f}v-wkyqvq} — for q = 1,..., N — a set of estima-
tions on criterion K,w,—a number of grades on cri-
terion K9; estimations in S  are ordered by increasing
typicalness for the feature G;

Y = S,x..xSy — a state space of alternatives to be clas-
sified. Each alternative is described by a set of esti-
mations by criteria K|, ..., K, and can be presented
as a vector estimation yeY, where
V=01 Y20 Yn)» ¥, is an index of estimation from
S , Set.

c=1{c,.. C, } — aset of decision classes, ordered
by increasing degree of expression of feature G.

A binary relation of strict dominance is introduced:

(x,y)eYxY| Vg=1..N
P:{ y)e YxY| Vq } 0

> .
xq_yq Eiqo'xqo >yq0

It is easy to note, that this relation is antireflexive,
antisymmetric and transitive. It is useful to consider
also reflexive, antisymmetric, transitive binary relation
of weak dominance Q:

Qz{(x,y)e YxY|Vg=1..N, X, 2 yq},

Goal: on the basis of DM preferences to create
imaging F: ¥ —>{V;}i=1...M , where ¥, — a set of
vector estimations belonging to class N,), satisfying the
condition of consistency:

Vx,yeY:xeY,yeY (x,y)e P=i>j. )

3. Verbal decision analysis methods for
classification of alternatives

In this chapter some most frequently used verbal or-
dinal classification methods are considered. All these
methods belong to Verbal Decision Analysis group and
have the following common features [6]:

1. Attribute scale is based on verbal description not
changed in the process of solution, when verbal
evaluation is not converted into the numerical
form or score.

2. Interactive procedure of classification is per-
formed in steps, where the DM is offered an
object of analysis (construction investment
project). A project is presented as a short set of
rankings. The DM is familiar with this type of
description, therefore he/she can make the clas-
sification based on his/her expertise and intuition.

3. When the DM has decided to refer a project to
a particular class, the decisions are ranked on the
dominance basis. Classification of the project
makes available the informaion about other
classes of projects related with it by the relation-
ship of dominance. Thus, indirect classification
of all the projects can be made based on one DM
decision.

4. A set of projects dominating over a considered
project are referred to as domination cone. A
great number of projects have been classified
many times. This ensures error — free classifica-
tion. If the DM makes an error, violating this
principle, he/she is shown the conflicting deci-
sion on the screen and is prompted to adjust
them.

5. In general, a comprehensive classification may be
obtained for various numbers of the DM deci-
sions and phases in an interactive operation. The
efficiency of multicriteria classification technique
is determined with account of the number of
questions to DM needed to make the classifica-
tion. This approach is justified, because it takes
into consideration the cost of the DM’s time and
the need for minimizing classification expenses.

Let us review several most used methods in more
detail.

Method ORCLASS [6]. This method (Ordinal
CLASSification) allows to build classification subse-
quently, to check the information for consistency and
to get general decision rules. The method uses a no-
tion of the most informative alternative, classification
of which allows to implicitly assign to the classes
maximum number of other alternatives. ORCLASS
takes into account possibilities and limitations of hu-
man information processing system.
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Method assessment: The disadvantage of the method
is low effectiveness due to great number of questions
to DM for building full classification.

Method CLARA [8]. This method (CLAssification of
Real Alternatives) is based on ORCLASS, but is de-
signed to classify not full set of alternatives (Y space),
but some given subset. Another common application
of CLARA is classification of full set with large
number of exclusions, i.e. alternatives with impossi-
ble combinations of estimations. In both cases CLARA
demonstrate high effectiveness.

Method DIFCLASS [7]. This method was the first to
use dynamic construction of chains covering Y space
for selection of questions to DM. However, area of
application for DIFCLASS is bounded to tasks with
binary criteria scales and two decision classes.

Method CYCLE [9, 10]. CYCLE (Chain Interactive
Classification) algorithm overcomes DIFCLASS re-
strictions, generalizing the idea of dynamic chain con-
struction to the area of ordinal classification task with
arbitrary criteria scales and any number of decision
classes. The chain here means ordered sequence of
vectors (x;, ..,x;), where (x;,,x;)e Pand vectors

1

x,,, and x, differs by one by one of the components.

Method assessment: As comparisons demonstrate, the
idea of dynamic chain construction allows to get an
algorithm close to optimal by minimum number of
questions to DM necessary to build full classification.
An experience of ordinal classification system appli-
cation demonstrated that problem formalization, intro-
duction of classes and criteria structure allowed solv-
ing the classification problem using high effective
methods.

The method can be successfully applied to classifica-
tion of investment projects after definite revision of
decision classes and criteria used.

4. Verbal analysis of the investment risk

Classification of projects is one of the multiple crite-
ria problems within the framework of decision mak-
ing system [11-14]. Such problems can be solved by
CYCLE technique developed at the Institute of Sys-
tem Analysis of the Russian Academy of Sciences [9,
15]. The latter technique allows the classification to
be developed in a series of successive steps, check-
ing the conflicting information and arriving at a gen-
eral method of solution. The method described takes
into account the possibilities and limitations of the
human data processing system [16].
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Method CYCLE

Let us consider metric p(x,y) in discrete space Y de-
fined as:

N
p(x’y): 2|xq _yq| .
q=1

Let ys define index of vector ye Y (denoted as ||y[)
as pl0, y), that is the sum of its components. For vec-
tors y, y € Y takux, 4ro (¥, y) € P, pacCMOTpPHM MHO-
KECTBO

A, y)={veY|(xv)e Q0. y)e 0},

that is a set of vectors weakly dominating y and
weakly dominated by x. Having denoted y" = (1, ...,
1), y"=(w,, ..., w,), it is easy to see that A(y",y") co-
incide with the entire space Y. We also introduce a set

L(x,y)= {v e A(x, y){"v” - M} ’

2

that is vectors from A(x, y)set equidistant from x and
v (here and from now on dividing is done without a
reminder). We will need numerical functions CY (x)
and C* (x) defined on Y, which equal correspondingly
to maximum and minimum number of class allowed
for x, that is a class for x not violating condition of
consistency (2). Let us consider vector x classified and
belonging to class C, if for x the following condition
is true:

CV(x)=Ct(x)=k.

Let us define procedure S(x) (spreading by domi-
nance). It is assumed that classification of x is known:
xeY, (that is CY(x)=C%t(x)=k ).Therefore for all
yeY suchas (x,y)e P and CV(y)>k function CY(y)
is redefined so CY(y) = k. Similarly for all z € Y such
as (z, x) € P and CX(z) < k function CL(z) is redefined
so Ci(z) = k.

Basic mechanism of the CYCLE algorithm.

Let us denote D(a, b) — procedure of classification on
A(a,b) set using the idea of dynamic construction of
chains linking vectors a and b. It is assumned that (q,
b) € P, classes of vectors a and b are known:
acY,,bey,.

The algorithm is as follows:
1. For each vector x € L(a, b) the steps 2—4 are
done.
2. If a class for y is unknown (C%(x) < CY(x)) then



VERBAL ANALYSIS OF THE INVESTMENT RISK IN CONSTRUCTION

y is presented to DM for classification. Suppose,
xeY,. The spreading by dominance S(x) is be-
ing done.

The condition of consistency is being checked (2).
3. If r < k and (a, x) € P then perform D(a, x).
4. If r < k and (a, b) € P then perform D(x, b).

During classification of vector x on the second step a
DM can make a mistake, and a pair of vectors
x,y€ Y violating the consistency condition (2) ap-
pears. Procedure R of resolving contradictions consists
in following. Let us denote the set of vectors explic-
itly classified by DM as E. So while £ contains a pair
of vectors violating (2) such a pair is presented to DM
with a proposition to change a class for one or two
vectors. After that functions CY and CF are redefined
to their initial values and spreading by dominance S(v)
is done for each v € E.

Generally speaking, parameters of the algorithm in-
cluding number of questions to DM depend on the
choice of vector x on the first step. The following
heuristics is proposed: among all not yet classified
vectors from L(a, b) set one chooses the object, which
explicitly dominates maximum number of unclassified
vectors. That is, one chooses vector

* =
x* = arg Xga{(b)Hye Y|(x,y)e P or

(v.x)e P, p(x,y)=1, CH(y)<CY(y)} .

At the very high level CYCLE algorithm looks as fol-
lowing:
1. For each v € Y possible classes are set to CX(y)
= CYy) =M.
2. DM is presented vectors y”and y”, spreading by
dominance S(y’)and S(y”) are done.
3. If classes for y’and y”differ then proce-
dure D(y”,y") is performed.

Algorithm features: Statement 1. At the end of
CYCLE algorithm the space Y will be fully classified,
that is Vye Y CL(y) = CL(y).

Proof. Let us consider a chain in the form
RO =(y'..... y,....¥”) . Under C(x) we understand a class

for vector y. Vectors y and y” are classified by DM

at the second step of CYCLE algorithm. We make an
assumption, that C(y)<C(y"), because if
C(y")>C(y”) then the condition of consistency (2) is
violated, and if C(y")=C(y”) then classification is
trivial.

Performing procedure D(y”,y”) on the first step a com-
puter chooses, and then present to DM for classifica-
tion some vector x* =R~ L(y”,y"). This intersection

consists of only one vector due to Lemma 1, which
will be proved later. To fix the idea let us assume that
IyI< [ <l¥l <[y, since the case [y|<[x||is con-
sidered analogously. From condition of consistency (2)
one can conclude, that C(x°)<C(y”). There are two
cases:

C(xy)=C(y"), in this case all vectors on the part of
the chain R° between x° and y”are assigned to the
same class, consequently, vector y is also classified,;

C(xy)<C(), let  us consider  chain
R! = <x°,...,y,...,y"> and repeat for it the same specu-

lations as for chain %0, namely — a procedure D( y”,

1Y) is performed, a computer chooses and present for
a classification vector x! =R!' N L(y”,y")and so on.

Thus, subsequently building chains R° %!, ..., contain-
ing y we either find fully classified part of the chain
(as in first case), or get to chain %! of length 2, since
it is easy to see, that |9(i+1| =1/2|9§f|+1.

But the algorithm ensures that before starting proce-
dure D(v, u) both vectors v and u are already classi-
fied, and therefore vector y will also be classified.

Lemma 1. For any x, y € Y such as (x, y) € P and
for any chain R=(x...,y), cardinality of the set
RN L(y,x) equals to 1.

Proof. Since for any vector ve R the condition (v, x)
€ Qand (y, v) € Q is true then R < A(y,x). Accord-
ing to the definition, a chain contain exactly one vec-
tor with every value of index in interval |y||.|]x], and

therefore [+
2

Statement 2. A classification build with the help of
CYCLE algorithm is consistent that is a condition of
consistency (2) is satisfied.

Proof. Assume there are some vectors y*, x* € Y such
as they violate consistency condition (2):

x* y*e P,x*e Y,y*e Y, k<L 3)

Vector y* was either explicitly classified by DM (y*
e E), or there are x!, x> € E such as x!Px*Px? and
y', y? € Y. In first case it is considered that x' = x* =
x". Analogously, either x* € E, or there are x!, x> € E
such as y’Py*Py? and y!,y?eY, . However, proce-
dure R guarantees satisfaction of (2) for £ set, that is
in particular from (x!, x?) € P due to transitivity of P
(since: x'Px*Py*Py?), x! € Y, y* € Y)) we can con-
clude that £ > /, and this contradicts with (3). Thus,
the condition of consistency (2) is satisfied for entire
space Y.
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5. Risk classification and description of main
criteria used

After a series of iterations, carried out under methodo-
logical control of consultants from ISA RAS the fol-
lowing final decision classes were chosen (Fig):
la. The highest quality (Hi class): the investor meets
all the requirements, being completely reliable,
a credit line is available to the investor, the limit
of crediting is defined.
1b.High quality: a comprehensive analysis of the
company’s performance and the investment
project has shown high probability of the inves-
tor’s satisfying all the requirements of the con-
tract.
2a.Sufficient quality: the investor may be faced with
minor problems in meeting the requirements of
the contract.
2b.Low quality: the investor may be faced with
more serious problems in meeting the require-
ments of the contract.
3. Poor quality: the investor has problems with pay-
ing loan interest though able to cover the loan.
4. Losses: the investor is unable to cover the debt.

At the lowest hierarchical level, 6 groups of efficiency
criteria were formed: debt service according to the
investment project; evaluation of the investment
project; the importance of the investor to the bank;
reliability of investor; evaluation of the financial state
of investor; stability and potential of the investing
company. More detailed description of the above
groups is given below.

1. The group “Debt service according to the invest-
ment project” includes: evaluation of debt serv-
ice; liquidity; prediction of debt service cost; suf-
ficiency of debt service.

2. The group “The evaluation of the investment
project” includes the criteria of probability and
the conditions of making preliminary changes de-
termining the quality of the project analysis.

3. The importance of the investor to the bank is a
separate criterion.

4. The group “Reliability of investor” includes:
state of investor; evaluation of the behaviour of
the investor’s representative in negotiations; cred-
iting history; some evidence proving the absence
of compromising information about investor.

5. The group “Financial state of investor” includes:
current accounts and current assets in the bank;
type of financial stability; debts to other banks.

6. The group “Stability and potential of the invest-
ing company” includes: general level of compa-
ny’s management; availability of long — term
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objectives and plans to achieve them; stability of
the company in the context of other related fac-
tors (i.e. economic situation, market changes) in
the period of crediting.

The above groups of 6 attributes can be easily trans-
formed into some more general groups (1 and 3, 3 and
4, 5 and 6) under the following headings:

* substantiation of crediting;

+ evaluation of debtor as an enterprise;

+ financial state and the potential of debtor.

It is now necessary to classify by risk all possible in-
vestment projects by their multicriteria description.
The quality of results obtained should be validated
thoroughly.

Initially a classification is built on the second layer
inside of the efficiency criteria group. The role of
classes is played by general marks of first layer of
hierarchy. After classification these general marks are
filled with concrete sense. Then a classification on the
first level of hierarchy is built. As a result we get de-
cision rules for determining the risk level for any in-
vestment project.

DM can tell the risk of investment project on the ba-
sis of available information. One should note, that it
is possible t use criteria of first hierarchy level only.
Having difficulties in assessment DM can use more
detailed second layer. The possibility to use second
hierarchy level exists even for particular first layer
criterion..

6. Conclusions

The risk of construction investment project was de-
fined by a verbal analysis based on the classification
decision support method CYCLE, allowing the risk
evaluation according to the specified classes by the
suggested criteria of determining risk exposure level.

As comparisons demonstrate, the idea of dynamic
chain construction allows to get an algorithm close to
optimal by minimum number of questions to DM nec-
essary to build full classification.

The developed method was validated by solving ac-
tual problems of selecting the best variants of con-
struction and reconstruction investment projects. The
investment projects selected were implemented.
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