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|-DIVERGENCE FUNCTION IN PROJECT EVALUATION

Beran

Summary

The adoption of new construction production techgs involves some degree of hazard
to project developers. This is especially true whesw knowledge is not tested

on technical or commercial scales. In these stnatiproject hazards are difficult to

analyze. Risk analysis is a new discipline thatedwines the success of technical
economic projects. We can divide risk analysis itwm branches a) construction and
design risk analysis and b) economic risk analyBigevelopment in construction and

technology carries new hazards, which endangertreanti®n projects. In economic risk

analysis, the entire project on a wide risk scalanalyzed along with its influence on

efficiency and commercial attractiveness. In thesalyses, it is essential to use time value
calculations because all hazards are usually @kedsthrough their time dependent

influence on the costs and benefits of projects.

Keywords: Divergence, divergence function, risk analysisjgubevaluation, economic
analysis

1 Introduction

The decision-making in its technical design is mrportant step in the attainment of
technical rationality and economic transparencyweler we are able to set up the main
framework for solutions as the maximum rationakistiment volume

Imax = NP e teco (1a),

whereNP is net profitand is given as a hypothetical profit per year gpgke 14 , where

ris the expected interest rate This pronouncement might be easylijfx was really
constant and ndta(t, ...), where three dots is an easy way to deal Wifiethcycle cost
(LCC) parameters, quality, architectural attracte®s, location of investment in any
decision focus. However tHgax gives us a frame for more sophisticated methodcdbg
approaches, that are able to solve such a comgiiGatheme presented here as dots. The
evaluation of economic data in long time perspeciw difficult andlong-term goods
(housing) andvery long-term goods (urban structure, roads, infrastructure) need
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evaluation. There might be useful a rough evaluatio the basis of the search fowith
maxdifference in (1b)

maxy . [NP(t)- Imalt) - LCC(t)] for t=1, 2,..., LC (1b).

We will present this aknax and its value will indicate the rational sustaiedlfe cycle of
the building construction in substance. In expras$l) we will simplify the situation and
discover the possibility of evaluation of differenion variants given by coskt).

2 An example of the assessment of maintenance costs

For a graphic assessment of maintenance costsatstothere was chosen an illustrative
example of a brick laid apartment house constraoctbject (Holubikovd, Novakova,
2007). The construction is carried out by a cladsiechnology with five aboveground
floor levels. The construction object is being solvwithout a basement. The basic
descriptive data gives the followinfab. 1. When assessing costs the situation was for
simplicity reduced to constantly spent amountsafinite time periods. It is supposed that
percentage maintenance costs will in a more didiar@ horizon be subject to increase
(see the assignmentTrab. 2).

Tab. 1 The basic object information

Built-up area (f) 49275
Utility area (nf) 16461
Enclosure area (i 3113
Technologies blockwork
Price 14 881 000 CZK

Tab. 2 Percentage maintenance costs (var. 1)

Coefficient of deterioration (Var. 1) ... (%)

% (1-20 let)| % (21-40 let) % (41-60 let)| % (61-80 let)

0,6 1,1 15 2,1

Tab. 3 Percentage maintenance costs (var. 2)

Coefficient of deterioration (Var. 2) ... (%)

% (1-20 let)| % (21-40 let)] % (41-60let)| % (61-80 let

0,66 0,7 1,8 1,9

The postulating of percentage ratios is chosenradlastrative assignmeht For any
practical solution there would be necessary a rttmmugh analysis of a project involving
a more detailed subdivision of time scales andviddal construction elements in the

! Variation in the assignment can occur from thewvpieint of a different approach, for example of the
manager of the object, towards the total conceptahtenance.
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structural object (more details @apova et al. 2005, Pragivska, 2006). For the needs of
this task assessment such an assignment is {&&e.1l, 2) sufficient. There is
schematically typical as a structural object afflaith three flats on a landing depicted in
Fig. L. The resulting cost values on structural objectsntenance for both variants are
given inFig. 2 and result from the assignment of the entry vagiresn inTab. 2and3.
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Fig. 1 Scheme of living house

Comparison of Progress 1 and Progress 2 without time factor
Cost in CzK =>e=Living house (var. 2) (12 flats)
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Fig. 2 Two variants of cost progression without time facto
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It is necessary to keep these data as entrieshatotliey can be subject to a wider
professional discussion on their evaluation (dethih Beran et al., 2006). In the opposite
case of a constant assignment the general usatiilitye presented method is significantly
limited.

In Fig. 2there are given cost progressions for a monitpextbd of 80 years without
considering the time factor. The different underdiag of the structural object
maintenance comes from the assignmenigain 2 and3. The followingFig. 3 depicts the
maintenance costs with the time factor considematiois possible to monitor the different
strategies in chosen time stages (20, 40, 60, &bs)yeat which there is arrived at the
varying excess of maintenance costs. Typically $itigation is obvious from a symbolic
notation of costs

Var.l Var.2

N(4Oa260Iet) < N(4Oa260Iet) (1)
Var.1 Var.2

N(60a280|et) > N(60a280|et) (2)

whereN represents maintenance costs in defined timevadte (40 up to 60 years and 60
up to 80 years) for defined variants (Var. 1 and.\2a

Comparison of Progress 1 and Progress 2 with time factor
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Cost in CzZK
=>&=Living house (var. 2) (12 flats)

14 000 000

12 000 000 - -~ == ===
10 000 000 - -~ = ===
8000 000 - -~ ===
6000 000 -~~~ mmm oo RS
4000 000 1 --------=---mmmm oo

2000 000 +---=----=--=--=-s=-somsosaooa- PR -

‘v‘f.YOYO.‘?

"0 e e ATATAT EPRRARN’

0 HEEEEsEEEEEs LSOO AR o
1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Fig. 3 Two variants of cost progression with time factor
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3 Theory of the divergence function

The set of decision factoFscan be both one-dimensional (concerning one decfsictor)
and multi-dimensional (concernimgdecision factors). To create a difference in tleaaf
one-dimensional evaluations of two variants fornegke A Z means finding the distance
between the evaluatios(h™;h?). Similarly a two-dimensional evaluation requifesding
d(h",h"5:h%,h%). We will use and modify a form of notation takftfom Czisar (1991).
We will mark the divergence between the evaluatibrvariantsA and Z as D(A| 2)
possiblydiv(A||2), whereh® = (0, HfY,..., H},...,H)>0 andh? = (W, If,..., j,...,Hn)>0
are vectors of individual evaluations. The caldolatof the divergence as proposed by
Czisar (1991), Beran (2006) is

D(A[[2) = X (WyIn(hy/ ) - 1y + ) (3)
=
for all j=1,2,...n of decision factors of the set. Hhis general notation can be
symbolically expressed for vectors

a=(a,,a,,..a,) (4)
b=(b,b,....,) (5)

wheren X, . When fixing the terms of their divergence witle thelp of the I-divergence
relationship there is then validated

D(a||b)= zla |og(%l'j (6)

or its modified alternative

D(a||b)=i(an ln(%j-an +b.] ()

i=1 1
When applying the procedures there is then rendeakdl that
D(a||b)# D(b| a) (8)

The function (3) we will call the functiohdivergence If the evaluation of the variaht
is the starting point evaluation (given, referdntistandard, normative and suchlike)
solutionh”®, h®, h®,... presents a variable solution. VariaAtendZ are theridentical on
the basis of the functiohdivergence only if all elements of the evaluation are equ/al
andh?. Two variantsA andZ are on the basis of thalivergence function (2) equivalent
whenD(A||2) = 0.

The following Tab. 4 clearly gives the calculation of divergence pragien for
individual variants including their mutual compans The second and the third column
represent calculation costs for the maintenanceagants 1 and 2. In the fourth column
there is assigned a referential variant to whiah dther variants are compared. The last
two columns are the resulting values of the divecgefunctions for var. 1 and 2.

2 The referential variant can be considered for elanas a maximum, a minimum or as a result
established to a certain level of reliability.
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Tab. 4 Calculation of divergence

10 000 000 -

8 000 000 -

6 000 000 ~

4 000 000 ~

2 000 000

I \_/_@_f!_a_r_‘!?___________L____R_Qf‘?_r__\_/QGI_QF_L___________D!\_/_E%f_g_‘%ﬂc_?_9@'9@!@?[9’].-.
vear \é\?;:orl? \(\(j;:orz? C (possible) VectorD(A|IC) | VectorD(B||C)
_______ 1 | 101784 | 111962} 2000000 | 1595098,3 @ _ 15652793
_______ 2 | 103820 i 114202 : 2000000 : 15890562 @ _ 1558846,4_
_______ 3| 105896 : 116486 i 2000000 ; 15829343 :  1552330,0
_______ 4 | 108014 | 118815 | 2000000 | 15767320 i 15457295
_______ 5 | 110174 : 121192 | 2000000 i 15704483 @ _ 1539044,0
_______ 6 | 112378 : 123615 2000000 i 1564082,7 : _ 15322728
7. ] 114625 i 126088 | _ 2000000 _: 15576342 | 15254151
.8 | 116918 | 128610 | 2000000 _: 15511022 | 1518470,2_
_______ o | 119256 : 131182 : 2000000 : 15444858 @  1511437,3
10 | 121641 ;133805 2000000 : 15377843 | 1504315,8
1117124074 1364817 2000000 | 1530997,0 @ 1497104,8_
12 | 134204  147624; 2000000 : 15032382 : 14676322
.13 | 137859 : 151315 2000000 i 14942159 i 1458059,3
5] 9481325 | 8578342 2000000 | 72732938 | 69125252
s ] 9907985 | 8964367 2000000 | 79467106 : 64831724
A 10353844 9367763 2000000 | 8670056,6 | 7097254,9
8 ] 10819767 9789313 2000000 | 94464616 | 7757526,5
19 ] 11306 656 10229832 2000000 _: 102792361 | 8466900,5_
80 11 815456 10690 174 2000000 11171881,3 | 9228459,2
155340855,8 142204244,8
D(AIIC) D(BJ[C)
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In Fig. 4 it is seen that for a mutual comparison of Vaant Var. 2 there was chosen
a referential variant on a level of maintenancex8<00 000 CZK. Both variants are then
evaluated in relation to the I-divergence function.

Calculated divergence progression among the assigagants and the referential
vector are given ifrig. 5. From the definition of a divergence relation theesults that if
the compared value is the same as the referemggltbe resulting divergence is zero. The
more the values differ, the higher they go in djegice values. This quality is clearly
obvious around the 50 year time period.

Cost in CZK —\/ector A (var. 1)
14000000 =8=\/ector B (var. 2)
=== C (possible)

12000000 +--------"-""""""""“"""""""""—"—"—"—"—"—~ - =>=Vector D(A||C) ----
—6=—"\/ector D(B||C) ‘

10000000 --------- - y
8000000 -
6000000 -
4000000 -

2000000 &8

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Fig. 5 Cost progression and progression of divergencewect

In the initial phases both variants are distanifithhe referential variant. With the passing
of time also the maintenance costs grow and apprte referential variant. In this time
phase the divergences approach the zero levelhdnfihal phase of monitoring the
development of Var. 1 and Var. 2 we come to theasmg out of the costs from the
referential variant and at the same time thus ® riising of the divergence vectors

(D(AC), D(BIIC)).

4 Conclusions

Practical cases of using construction objects & tmaintenance at the present time
show that in many cases there does not exist aeptunl approach to this complex of
problems. The result is then the subsequently ailimctions of structural objects, which

lower the original standard assigned by a projéct.a worse case the use of the
construction object is even thwarted or leads nmtéd cases to their total demolition. In

the proposed regime of the management it is negessalecide whether it is functional

and feasible in future.
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The given illustrative example in schematic vieweddf the possibility of the
evaluation of more viewpoints on this complex ablgems. The final choice should be a
rational view on the solution of this problem, ugsior any decision the example given by
the theory of I-divergence functions.

This contribution was made possible within the fearmark of the activities of a research
centre CIDEAS at the Faculty of Civil Engineering, theech Technical University in
Prague (2007).
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