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Abstract

Modelling decision problems using Bayesian netwaskextremely valuable especially in case of isse&sted to uncertainty; it
is also very helpful in constructing and undersiagdsisual representation of the elements and tredations. This approach
facilitates subsequent application of Bayesian neksychowever there can be situations where usimglsi Bayesian networks
is impractical or even ineffective. The aim of thigicle is to present object-oriented Bayesian nets/(OOBN) in the context
of modeling investment risk. OOBN not only allow dewosition of a complex model into individual olieceflecting different
groups of issues (for example risk areas) but alsav modeling time dependencies between thosectshje

The use of object-oriented Bayesian networks isgmtesl using an example of urban regeneration grof@t the basis of
a complex construction project the author preséoth advantages and disadvantages of OOBN in tefnasagnostic and
prognostic efficiency.

In course of the research it has been observeddindtg the construction of large Bayesian netwdties possibility to
automatically generate node probability tableses/wseful, as it significantly accelerates corittom of this type of models.
The author also indicates additional recommendationthe field of defining object-oriented Bayesiagtworks instrumental
in assessing investment risk of complex constraghimjects.
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1. Introduction

Risk management as integral part of investmentsga®takes a special meaning in the multidimenkpoaess
of preparation and realization of construction potg. The characteristics of a final product makis type
of projects unique, therefore risk management aakimg investment decisions involves inherent urzisty.

Bayesian networks (BN) (described in more detapublication [7,10]) are useful in modelling invesnt risk,
as they help to describe and understand the sityatire a visual representation of its elements ratations
between them, simplifying the application of bustructures at a later stage. There are howevertypes of
situations where use of a simple network (i.e.direpresentation of all elements) is impractigateen ineffective.
Such situations include complex problems, wherentioelel has too many variables (nodes), as welitaat®ns
where it is necessary to represent time sequenbe. sblution to the above difficulties is decomposit
of a complex model down to its single objects, Whiepresent different groups of issues, and cam ra@gresent
time dependencies between objects [8]. This pajpes at presenting the first aspect of object-ogdnBayesian
networks (OOBN), which is assessment of the investmisk of complex construction projects usingeaample of
urban regeneration (excluding the time aspect oBN@odels).

2. Application of OOBN in therisk assessment of urban regeneration projects

Modelling investment risk using OOBN can be esgbciaseful in the initiation and preparation phasdéshe
project. Special types of risks occurring in suchjgcts (described in detail in publications [2],[[5], [6], [9])
make the investment risk of urban regenerationegtejvery difficult to assess, especially at thgaihstages of
investment process. “Due to lack of historical dai@wing to assess the probability of occurrentesmecific
circumstances (risk factors), as well as high lesfetomplexity of urban regeneration, it can beestathat such
projects involve not only risk but an inherent utaimty. In case of this type of projects the stmddtools and
methods of quantitative risk analysis (for exampesessment of the risk factors register, evemt arlysis,
simulations using the Monte Carlo method) do nopl@p[2]. Those methods are based usually on simple
regression statistical models, which require spebiktorical data. What is more, such methods matybe able to
model the relations between the system elements.

In the risk assessment the commonly used efficigndicators (such as NPV, IRR) are insufficient, the
research has proved, the project may be financiaiyrofitable and have a high risk level due td {leanclusion
based on analysis of four urban regeneration pio@empleted in Gdansk [11], [12], [13], [14]), addspite that
authorities still decide to conduct this types afjpcts. This is caused by the fact that in denisitaking process
other, non-financial factors are considered.

A holistic approach to complex projects is necegsirallows to assess the level of risk takingoirgccount
relations between specific elements of the pro¢ask factors), creating a network of interdeperdes. This
approach is made possible using Bayesian netwdhesir use allows to effectively apply existing kredge base
(expert knowledge) to build the network’s structgire. to identify the significant elements andatgns between
them), as well as its parameterization (defining #trength of those relations) through node prdipatiables
(NPT). Bayesian networks allow the updates of thigal probabilities of all elements of the netwatthrough
addition of new information from tests and obseprat This in turn reduces the uncertainty and afide build
updated risk scenarios, resulting in more informedision making.

Simple, direct representation of all risk factansai complex project is not an optimal solutionati@viate this
situation in the course of research an object-te@Bayesian network has been created.
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3. Research model

The Bayesian network model, as a representatigislofactors and their groups, generating urbarmegation
investment risk was built in specialized softwargeAaRisk [1]. This model in local approach accodatsrisk
factors identified during expert polling as havisignificant impact on potential increase of coste do additional
works required to complete the project (the totainber of risk factors included in the risk registeas therefore
reduced from 98 to 42). Apart from risk factors/ime with methodology of constructing a Bayesiatwork, the
model includes also nodes (variables) allowing tmlet the condition of the project. The followingriadles were
defined: background, symptom, problem and interatedones. The background variables (green in Bignd
symptom variables (pink in Fig. 1) when populatathwnformation about actual project conditionallto update
assessment of real risk level in the project. Tteblem variables relate to diagnosis or progndgibit(blue and
dark blue in Fig. 1) and the intermediate varial{@snge in Fig. 1) are those which states caneotlicectly
observed. They play animportant role in the prsce$ obtaining the correct conditional dependenod a
independence and / or for the effective inference.

| Risk associated with I~
diagnostics

Fig.1. Example of a local structure used to asdeggadation risk (input node marked in grey)

Data necessary for qualitative analysis (relatimetsveen specific objects and risk factors), as aeljuantitative
analysis of the networla(priori probability, node probability tables - NPT) wadabed during consultations with
experts. In the context of probabiligypriori it has resulted in constructing histograms représg the frequencies
of selected probability values of defined risks weence. NPT definition was based on expert's amihaa’'s
knowledge, used also during their automated geperat

The goal of model verification is to check if thenstructed model generates correct and logical arssim line
with expert’'s expectations. In order to achieves theveral phases of verification have been conduttsed on
scenario analysis and sensitivity analysis usimgato charts. The abovementioned analysis was nsednly to
verify the correctness of model outcomes, but myaiolidentify the factors, which occurrence sigrafitly affects
urban regeneration investment risk.
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Risk associated with construction conditions

Fig.2. Object-oriented Bayesian network for theanrbegeneration investment risk structured in Ageslasoftware (global approach).

Table 1. Concepts used by AgenaRisk software in @@®delling.

Graphic representation for global view

Characteristics

OBJECT

| - Degracation

[:} Risk associated with diagnostics

Cegradatian risk

\J

specific dependencies structure, separated frobagfoodel,

local network view of OOBN, grouping the most sfggant risks identified into thematic
substructures, forming part of global model,

initial object (without predecessors) has only atitpodes, final (without successors) has
only input nodes, intermediate includes both irgnd output nodes,

more flexible than direct representation of alliaates, which gives wide possibilities of
constructing alternative relations and analysidgsif scenarios (replication of the basic
feature of object modelling — abstract aspect)

OUTPUT NODE

Risk associated with diagnusticsl}

in AgenaRisk software marked in green,

has to be of the same type as input node (in trielmmdes are marked as ranjexhd
include the same set of possible states, so intismaan be passed (set of marginal
probability values represented by the histogram),

can be connected to input nodes of several objects,

node allowing to pass information between objedssble in local view of individual objects
and in global OOBN view

INPUT NODE

[::l Risk associated with diagnostics:

in AgenaRisk software marked in blue,

has to be of the same type as output node anddiethe same set of possible states, so
information can be received (set of marginal prdiiglvalues represented by the
histogram),

it is possible to connect only a single output naitl a single input node,

node allowing to pass information between objedssble in local view of individual objects
and in global OOBN view

" Ranked variables — variables, which states arereddon a scale, for example low, medium, high.
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Keeping in mind the goal of building object-orieshtBayesian network [6], the identified risk factdtsgether
with other abovementioned variables) have beenpmrdunto 8 separate objects (thematic substrugtpresenting
different areas of urban regeneration investmeit (frig.2).

Global representation of dependencies betweenfapebjects, as defined during expert consultatiand based
on author’s experience is shown on Fig.2. Samplectstre of dependencies between each variableemtbdel
(in their local approach) is shown in Fig. 1. Itimsportant to note that relating specific modelnedats in their
global approach, requires prior definition for eatfject of the input and output nodes within lostalictures (nodes
visible in Fig,2). Those nodes are crucial in pagdnformation, therefore their detailed charast&ss has been
presented in Table 1.

4. Senditivity analysis

The network of dependencies, built as OOBN modak heen constructed in order to support the process
of arriving at a conclusion in the circumstancesuotertainty. It is important not only to know tfieal level
of urban regeneration investment risk, but alsgsiiidy above other aspects, to know the factoesa&@rthat impact
the risk level the most. To achieve this goal asiiiity analysis has been conducted, which by dléfis used to
verify the correctness of model outcomes, howevan also be an element of risk management through
identification of key risk areas.

Tornado graph for p{Urban Regeneration Investment Risk (RIR) = High)
Current value p{Urban Regeneration Investment Risk {(RIR)= High)= 0.503

-01 00 041 02 03 04 05 ng 07 08 08

P{Construction conditions = Low) 0.047 P{Construction conditions = High)

P(Tender procedures = Low)

P(Tender procedures = High)

FiLegal regulations and financing = Low) P(Legal regulations and finaneing = High)

P({Logistics and project coordination = Low) P(Logistics and project coordination = High)

PiSuppliers risk = Low) P{Suppliers risk = High}

P(Degradation = Low) P(Degradation = High)
PiDiagnostic conditions = Low)

P({Diagnostic conditions = High)

F{Historical conditions= Low) P(Historical conditions = High)

Fig. 3. Tornado graph for the target node UrbageReration Investment Risk (RIR) taking the steligh.

The purpose of the model sensitivity verificatioasato check if propagation of information generateomes
that are in line with expert’'s expectations. Toiaeh this Tornado charts have been generated fdiegtithe
minimal and maximal values & posteriori probability for each possible state of the targetle if specific
observations are input into the model. What is irtgpd, the OOBN model is taking into account pmsstic
scenario representing extremely negative conditadngban regeneration projects so the outcombaesensitivity
analysis can be used in for risk and uncertaintgagament.
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Tornado analysis presented in Fig.3 is a summargooisiderations regarding the object-oriented Bayes
network. It represents the impact of specific sulzstires (risk areas) on urban regeneration investmsk (target
node) assuming unfavourable conditions of urbaemeration projects.

Taking into account those observations it can beloaled that the key impact on urban regenerativestment
risk has the area related to the construction ¢immdi (object no V on the Fig. 2; fluctuation obpability for the
target node range from 4.7%+70.6%). Such high impmacaused by the direct relation between theatdes,
however it should also be noted that the realinapibase of construction investment process briagsther the
impact of four other risk areas (diagnostics caadg, the level of degradation, logistics and cawation as well as
suppliers, what can be observed on the Fig. 2).

Slightly smaller, but equally significant impact tire target node has the akdla— Tender proceduresndVIl —
Legal regulation and financindNarrower range of variance of the probabilityweafor the above areas is a result of
indirect relation to the target node (a result ofstruction limitations of AgenaRisk software). Titiek related to
tender procedures brings together the impact ofdther areas, therefore any change in conditiormbjefct | or 111
can significantly increase risk level of tendergadures.

The following areas have an indirect and decreasimact on the target node (urban regenerationsinvent
risk): risk related to logistics and project coomtion, supplier risk, level of degradation andgdiastics risk.
Fluctuations of probability in the above areassanglar and relatively small, but any change initltenditions can
have significant impact on the risk related to ¢arion conditions.

Relatively the smallest impact on urban regenemativestment risk has ardd — Historical conditions its
variance of probability for the target node fitthe range of 44.8%+52.3%.

Results of this sensitivity analysis as well as hanof simulations can be used in the next phases#arch to
help direct actions related to risk mitigation.

5. Conclusion
5.1.General observations

Among the scientists and practitioners of risk nggmaent there are opinions that quantitative rislyais
makes sense only if the parameters required foastsessment can be precisely defined. It is hamtsist the
impression that a completely objective and facedassk analysis of construction investment progemds not exist,
taking into account that every construction projectonsidered unique. As a consequence it carldimed that
conducting this type of analysis for holistic pidfg characterized by complexity, including a numifesubjects —
active and passive participants in the investmentgss, is pointless. The number of variables ittipgthe time
and cost of the investment, as well as its scopeqanlity is so big that it is difficult to defirthe impact of specific
risks on the basic project assumptions. Does tleaimthat such analysis should not be conducted?

In the opinion of the author urban regenerationjgmts require a holistic analysis both qualitatiaed
guantitative. There are difficulties in precise lgpes of potential time and cost of investment ilon. The
multiplicity of various cost factors and action®{mnly construction related) that form parts dbam regeneration
projects makes such analysis lose its practicaleval conducting calculations and simulations wdaddextremely
difficult. As was shown the complexity of urban eegration projects requires taking into accounsahtelations
between identified risk factors, which adds anothger of complication. “From the risk managemdandpoint, it
is more important [than defining time and cost sihe of the investment] to identify critical risladtors, that
threaten project realization in the within the giieme and cost” [15]. Because of the abovementiamasons in
this paper only the level of risk related to a giveban regeneration project has been analyzedflasted in the
level of probability of certain occurrences (thgatn such approach the prognostic and diagnaspect of OOBN
is applied, as it allows to identify in the modeétvariables (risk factors) that have the mostiic@mt impact on
urban regeneration investment risk.

The constructed Bayesian network is object origraed together with previously created risk regifdems an
integrated approach to risk management in complexsteuction investment process that has high lefel
uncertainty. This uncertainty is mostly caused bique and social characteristics of urban regeioergtrojects,
resulting in the need of unconventional approadtistomanagement.
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Bayesian networks considered in this paper are ritbest as object oriented, because they have some
characteristics of this type of modelling. The mattvantage of OOBN is the possibility of modellioigjects that
are more universal and inherently consistent, whigks wide possibilities in various risk scenamoslysis. Using
AgenaRisk software it was also possible to creath ocal (Fig. 1) and global structures (Fig.2).

Using Bayesian network for modelling we have seversys of representing the uncertainty relatedrtalyzed
objects. Other than node probability tables ingheposed network the concept of variance is alsal.udnother,
not applied in this paper, way of expressing theeutainty is the inclusion in the model construct@utility node
(or nodes), which allows to reflect the investajsproach to risk (approach used in decision modé&l® use of
utility node is disputable. If the basis of makithg decision using the utility node are real firahgalues (loses
caused by risk occurrence, diagnostics costs, ficests of additional works etc.) it is difficult ergue such data
(the topic described in more detail in [4]). Howevkthe decision maker’'s preference are expressedon-
measurable numeric values they introduce into #tevork another element of subjectivity that is viyderiticized
in subject literature and by risk management ptiaogrs. In this context the approach proposedis paper is
more credible and objective.

5.2.Conclusions and observations regarding OOBN mautglli

While constructing large networks the ability tot@uatically generate node probability tables sigaifitly
speeds up the process. After deciding the righthemaatical function or function of probability dismtion and
establishing its parameters (mean and variancesssdeby experts), it is possible to automaticaliyeyate the
tables. In order to verify conditional probabil#iereated this way it is recommended to convemaoual mode of
data input to “sharpen” the extreme cases of cimmdit probability. The use of automated genera¢sults also in
other risks. While inputting the parameters of mthathematical functions one defines, among othbesyariance,
being a reflection of our opinion regarding the rage value of distribution (in AgenaRisk softwahe tvariance
value is related to the level of certainty, it d@ninterpreted as the precision of inputted infdromg. Defining this
parameter’s value at low level of certainty (higtiean 0.1) causes the output to become vague oriesggnificant,
therefore in large models it is necessary to detghrameter close to zero, which results in highedel sensitivity
to the simulations conducted. This observationigsiicant as object-oriented Bayesian networksegalty have
issues with information propagation. Connectingdbgects into larger network causes the informaiigut on the
edges of OOBN can have insignificant impact onfthal result. Due to that the correct definition afitomatic
distribution function on the high level of precisits even more significant

To conclude there is one more significant limitatimf OOBN. Using object-oriented Bayesian netwaltews
conducting the complete calculation only in the te@h of prognostic, because information is passelg &om
predecessor object to the subsequent one. Diagrzetulations are not possible, because the piregetdject is
not impacted by the observations populated in thEseguent object. In the global view the informatioput into
the network is only passed forward, which providegrognostic calculations. The option of backwar@pagation
(diagnostics) is still possible however in the lostaucture of each object.
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