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Abstract

Risk management in project chain or multi-project is becoming a hot spot in the field of
project management, however the analysis of project chain risk elements transniissi
almost stays in the angle of qualitative. So, in order to study the risk transmissio Ss
in project chain, the analytic model of project chain risk element tranSmissipn was
established. In the beginning, the data mining method is in odyced t the risk
elements transmission matrix and estimate the state oﬁisk el ts, through the
previous state. Then, for ranking both probabilistic fuzay typ®/risk elements,
probability and fuzzy numbers were transformed al numbersnend ranking score
was calculated by a ranking method. Finally, h the ation, the key risk
element of different states can be obtained, thrgegh which dgeisiolt makers can adjust the
distribution of resources and control the && elem%e analysis of a case has
verified the validity and practicability of’t\ hod.

\d
Keywords: risk ranking; risk el%{@ansm@}data mining; project chain
1. Introduction A ¢ G.)

Risk management is o@f the m %rtant subjects of project management and is
widely used in corlst% projects, s are projects, finance projects and innovation
projects. Althoug\h schol a lot of researches on risk management and got
many achievemg ere is s space for the further study of risk management in
generalized/projests from %sp ct of risk element transmission. LI [1-2] considered the
transmission,_effect in zed projects and proposed the risk elements transmission
theory. The theory g guantitative study on risk elements and paid more attention to
calculating the f?; I/ risk elements probability distribution from each risk elements

probability dis ion. However, these literatures were aimed at risk elements
transmission of Single project. With the rapid development of project management, project
chain or isproject has become a new research tendency. Papers [3-4] presented the
concep @ Iti-project management and gave the qualitative research in practice early.
Qi u ddied on the impact of PMO for multi-project management of contracting

(fuCtion enterprises based on structural equation model. Zhang [6] researched on
2 analysis and resources allocation in multi-project management. Jirachai [7]
employed liner programming to solve limited resource allocation in multi-mode project
under certain periods. George [8] used operation research methods to forecast cash flow in
multi-project. Many scholars used intelligent algorithms on resources and periods risk of
multi-mode or multi-project, such as differential evolution, heuristic algorithm, tabu
search and neural networks. Risk ranking also becomes a hot spot of risk management,
Chen [9] presented the fuzzy risk analysis based on new fuzzy ranking methods. Daniel
[10] employed the risk ranking to identify the key risk factors in target cost contracts of
construction projects. Brito [11] presented the use of risk ranking method in natural gas
pipelines project considering decision maker’s preferences. Wang [12] analyzed the
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drawbacks of traditional risk priority number and proposed the risk possibility number for
more reasonable raking based on maximum entropy theory. All these studies above got
many achievements, but some only analyzed risks qualitatively and there were no
literatures considering risk elements transmission effect in multi-project, and the critical
risks were also not identified effectively. So it is necessary to establish a generalized risk
element transmission model in project chain or multi project.

In reference to the papers above, in this paper, we presented a new analytic model of
risk element transmission in project chain based on risk ranking method. First, project
chain was defined with considering risk element transmission. Two types of risk elements
were defined and measured. Then data mining method was used to acquire risk
transmission matrix from risk registration database. The probabilistic type and fuzzy type
risk elements were transformed to interval numbers for ranking purpose. Through this
analytic model, a critical risk path was acquired and the frequency histogram and
membership function curve was also presented from the results of an example. \‘

This paper is organized as follows. Section 2 makes a summary of project d
risk element transmission theory. Section 3 presents the analytic model g@ lement

transmission in project chain based on risk ranking method and data minij mpirical
example is presented in Section 4. Section 5 concludes th@.’ Q
2. Summary of Risk Element Transmissi ory @%ject Chain

The transmission effect widely exists in the rld such the butterfly effect.
Fluctuation transfers from the source to the end and eachsmi state is influenced by the

transmission process. In order to acquife ansmissiomfifocess of project risks, the
generalized project risk element transmisSiQrr'theo proposed. The main idea of the
theory is the quantitative relationshi I%een ri nts and the final goal of project.
The random or non-random v ansferrl ctuation to final goal of project are
defined as risk elements. Sq thé mlssgo cess can be described as the fluctuation
of risk elements transferring er ri ts or project state and finally to the goal
of project, for examp truction g&l:@of one step delay will lead to delay of other
steps even the whole

Project chain EE enterpris§ with the increase of investment and productivity.
Projects share the=i tment, , ahd other resources, so resources used in one project
occupies the=agless’ chance,of Gther projects and lead to increasing opportunity cost.
Otherwise,s will @ransfer to other projects because of the relationship of
resources sharing. So_t jects are connected by all kinds of resources, namely project

chain, the resource i@oject chain can be viewed as the risk elements, as Figure 1 shows.

Project chain

Risk
element

Risk
element
Risk Risk
element element State s

Project 1 Project m

Resource
share
State 1

state

Figure 1. Risk Elements Transmission in Project Chain
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But, to further study, tow problems must be solved:

1) How to represent and measure risk element quantitatively;

2) How to represent the transmission process in project chain.

For the first problem, risk elements can be divided into probabilistic type and fuzzy
type from the view of uncertainty. Probabilistic type is described by probability
distribution based on mathematical statistics theory and entropy theory and it has the
characteristics of objectivity. Probabilistic type risk elements are always used to describe
the random event occurring in the transmission process. Incorporated with entropy theory,
Probabilistic type risk element is defined as a random event and can be measured as
follow

F (x)=—[ f()logf (x )ax (1)

Where X denotes the continuous probabilistic type risk element and f(x)weo
he

probability density function; F() denotes the average information gained
random event. For the discrete probabilistic type, risk element is measured

F(pe) = —Kg p: logp} $ & "

i
Where K is a positive constant and Pe denot@probabﬂ& oferisk element event;

Zpé=

. The base of logarithms are 2,e che unit\afs¥nformation are Bit, Nat and

Dit respectively. Under most situation rd ate the appropriate distribution
and the objective data, so the fuz uisti re always used in estimate the
subjective event. Let A beas y set 0 é lement universe of discourse S . Any
fuzzy type risk element Xi stoS,. uzzy risk element can be represent by

ﬂi Ix;
ﬂ ©
Where # @enotes ﬁ bership function of the fuzzy risk element. Fuzzy

type rlsk @also represented by a generalized trapezoidal fuzzy

number b C, d
trapezoidal fuzzy

O% 0.8 :

0.6 -

O 0.4 A
@ 0.2 A

as shown in Figure.2. If W=1 it becomes a normal

Figure 2. Membership Function of Generalized Fuzzy Number
So risk elements are described and measured by the probabilistic type using probability

distribution and the fuzzy type using fuzzy number. For solving the second problem how
to represent the transmission process in project chain, an analytic model is constructed in
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Section 3.

3. Analytic Model of Risk Elements Transmission in Project Chain

Transmission processes in project chain are accompanied with resource constrains.
Resources used in each project connect the project chain and form the risk state of whole
project chain. With the consumption of resources, risk state changes under the risk
element transmission effect. In this section, the transmission process leading to changes of
risk state will be presented. Data mining and risk ranking methods are employed to
establish the analytic model of risk elements transmission in project chain.

3.1. Definitions of Analytic Model

In project chain, risk states of each project are affected by the resource allocation and
other risk factors which can be defined as risk elements. It is necessary to find ol§ho
these risk elements affect each other and lead to the risk state of project. The defi of
the model are as follows.

Definition 1 State set of project chain S={s[0<s<n} netes the di t state or

stage of project chain divided by the consumption of res
o . —{r,F |0<] i< n—\y .
Definition 2 Risk elements set il , denotes all risk
elements caused by the resource allocation or other risk fact Si roject chain; i means

e r
a probabilistic risk elementand ! means rlsk eIe
(au)nxn

Definition 3 Risk elements tran@ {Q‘
transmission probability from ween ate and S+1.

Definition 4 P055|b|I|ty rval number Assume 27 [a".a ]and
b=[b",b"] are two numbers, w(a)=a’ , S0 the possibility degree of

a2Djs presente @
(a>b ,o(a) + o(b) -maxp” -a~,0)}
Q é w(a) + o(b) @
Where >b)+ Za)=1

Otherwise, two @ arithmetic operations are defined as follows to calculate the
ﬁ:(a'i'bl’cﬂdi;vvi)

a’
, where “"denotes the

fuzzy type <iskv elements. Assume risk elements and

. = a.fafc.,d ;w ) )
! ( ) ! J) are tow generalized trapezoidal fuzzy numbers, and A means
any rea@n ers between 0 and 1.

®®ition 5 Fuzzy arithmetic operation® :

/1®r _/1®(a,,b,,c,,d,, w;)
=(Axa, Axb, Axc;, Axd;;w) ©)

Definition 6 Fuzzy arithmetic operation® :
r@r —(a,,b,,c,,d,,w)@a(aj, i J, i

=(a; +a;,b; +bj,¢ +c¢;,d; +dj;maxfy;, w;))

W)

(6)
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3.2. Data Mining for Preparation

Data mining is widely used in project management to acquire the transcendental and
objective data from historical database. In the analytic model, the risk elements and
transmission matrix are got from historical database by follow steps.

Step 1: Establish a risk register database. Record the historical data observed from
similar project chain. Each record contains the risk elements occurred and the
consumption state of resources.

Step 2: Pretreat the database and select the distinct state into state set S,

Step 3: Select all risk elements occurred in one or more state into risk elements set R |
and acquire the transmission matrix from the database by using the follow method:

for S=1tomand i’j=1ton

num(r; | r;,s)

ri ) _
Select count( !) as from database where risk element i occurred

state is S.

g
Select count( ri) as num, |s) from database where risk element " oc@ nd the

state is S. @
S
Then calculate the transmission probability %i o follow:
Lo num(r; |6,5) \/
' hunt |s) \\/
O O
3.3. Risk Ranking Method for Analytie I\@

ate s%sj\gl O<s< I}amd the transmission

resentmg, divide the risk elements

()

Based on the data mining methodg
matrix A’ can be acquired.
et R={R\ R} jpyg proba type ar

analytlc model are shown,as, follows: Q
Step 1: For probaQ@ typ %
P(

efements
probability ' ! abase when state S =1.

ntltatlve
zy type. The calculation steps of the

={r,1<i<m} , acquire the initial

rlskr Q@;?
O nam(r; [s=1)

nurr(R |s=1)
Where "UMRIs
state.

For fuzzy type’risk elements
using th linguistic term, as Table 1 shows.

Table 1. Linguistic Terms and Relevant Fuzzy Numbers

(8)

enotes the total number of risk elements occurred in the first

" _IF <j<
R {rj,m+1_ )= n}, set the initial fuzzy number by

%

Linguistic terms Fuzzy numbers

Very-low (0.09,0.17,0.23,0.28;1.0)
low (0.2,0.26,0.3,0.44;1.0)

medium (0.4,0.48,0.57,0.65;1.0)
high (0.63,0.7,0.75,0.89;1.0)

Very-high (0.86,0.9,0.94,1;1.0)

Step 2: For each stateS >1, calculate the new probability F)S(ri)of probabilistic risk

elements.
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P(r) = a5 Py (r))
= )
s—1

as; . - r.r
Where ' denotes the transmission probability from ! to " between state S —Land S,
angI<hi<sm

Aggregate the new fuzzy risk elements i based on the fuzzy risk elements in
state S —1and fuzzy number arithmetic operation defined in Egs.(5)-(6).
I =(ay; ®F )@ (a,; @)@+ ® (ayfe!),m+1< j<n (10)

~3 ~g*

re . . r
Then transform ! into a standardized fuzzy number ! based on

Chen&chenc’method. V’
~s« 851 @jp Q53 Ajy
TGRS \y
O @
K= maxﬂaij |Ll) a | . Ha--
Where i ' U ldenotes the absolute &Q d ! notes taking

the upper bound of |aii|,1Si£n—mand 1<j< \/

Step 3: Transform the probabilistic risk elem and fuz2y wék elements into the
interval numbers in each state s.

* —
For probabilistic risk element " , ca%ave;gg%@wabilityp(r')and standard

S _ Ty1S— St
deviation STD(ri), then calculate eleva \ al numbers U _[ui Ui ]
follows:

KW
P )‘@@ (12
O STD@ -1 (13)
N

as

Where | denotes mber of state and STD(ri)denotes the deviation to average

probability.
\E u’ =r’ +STD(r,)
e

R ;vely, for the standardized fuzzy risk element '
e the interval numbers by & —CUL The value of @ denotes the decision maker’s
attitlide to the state; the larger the value of & , the more attention was paid to this state. So

. us =[ui,us"
the interval number ™) [J J]

(14)
=(a;,8;,,8;5,8j,;W;)

, is calculate as follow.
(ajz — a]l) X

J m+1<ij<n

_ (314—813)><O! J
R
! (15)

5% s

r . r . .
And the @ cutset ¥ of fuzzy risk element ! is shown respectively as follow.
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I a

= ot :{a,r-e[u?, i
(16)

Step 4: Rank the interval numbers {u;[1<i<n} in each stateS, where 1<s<I,
There are N interval numbers which consist of M probabilistic risk elements interval
numbers and N —Mfuzzy risk elements interval numbers. In a certain state S, Calculate
the possibility degree matrix(PDM) of all N interval numbers,

PDM? :(pdi?)nxn (17)

L= S>us
Where pd” PD(Y, _UJ)
interval numbers as follow.

based on Eq.(4). Then calculate the rank score of each

Scorgr®) =22 i=1.n,n>2
nx(n-1) Q (18)
Where N denotes the number of aII risk elements. Tm'{\%r the v@( core(r” )
the better the rank of risk element fiin stateS | a is ele@/Ms more likely to

Z pd; \ .

occur. 1= denotes the sum p053|b|I|ty ee of the' | number Ui larger than

other interval numbers in state . The um and um score is decided by the
number 1, a @

Based on the steps above, choos sk eI t at have maximum rank score as
the critical nodes. Then conne dest rltlcal risk path. Otherwise, based on
Eq.(9), the probability dlSth% pro type risk elements can be shown as the
frequency histogram. Respectiv th%ershlp function of fuzzy type risk elements
can be acquired.

*

4. Example An

In this iQ e apphy, the analytlc model to deal with risk analysis problem in
manufactu & rprise. facturer always has multiple production lines, which share
resources of enterprise, as labor, cash flow, raw materials. Decision maker wants to
know whether the r@‘ces allocation plan is appropriate so that he can adjust resources

allocation to fulfih the production goals. Let L. L, I‘3represent three production lines

and v \kaote six risk elements caused by six resources allocation. Decision maker
h

divides@ ole production cycle into five states by referencing the key points of

allocation. During the six risk elements, T2 5 are the probabilistic type risk

elévents and oI5 T are the fuzzy type risk elements. Decision maker defines the

linguistic term set to give the initial fuzzy number of fuzzy risk elements.
Based on data mining method and linguistic terms set, the initial values of six risk
elements set are shown as Table 2 and the risk elements transmission matrix

Al A* A® A*are shown in Table 2.

Table 2. Initial Value of Risk Elements

Risk elements Initial value
r 0.3
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Iy 0.5

I3 0.7

fa (0.2,0.26,0.3,0.44:0.8)
fs (0.86,0.9,0.94,1:0.6)
I (0.4,0.48,0.57,0.65:0.7)

According to the data mining method and Eq.(7), the risk element transfer matrix of
different states can be acquired, as Table 3 shows.

Table 3. Risk Elements Transmission Matrix A ,A%, A3, A

Al r s I rs e |A° n r s I rs s

rr 04 044 0.16 0 0 0 rr 036 0.18 0.46 0 0 0

r, 021 053 0.26 0 0 0 r, 048 0.25 0.27 0 0 0

r; 043 0.21 0.36 0 0 0 rs 039 0.28 0.33 0 0 *
Iy 0 0 0 055 01 035|n, 0 0 0 055 0.3 %
r, 0 O O 02 06 02|r 0O O 0 01 7?@

s 0 0 016 0 084|r, 0 0 0 019 f0.¥%%.s64
Al r s I rs e A" o\ & @/ e

r 1 0 0 0 0 0 rr 0.66 0.24 0 0

r, 02 062 018 0 0 0 |n, 0.21Q93 .47\(3( 0 0

r; 029 0.16 0.55 0 0 0 I 21 8 0 0

ra 0 0 0 032 017 051y 0 (V).SS 0.1 0.35

Is 0 0 0 0.33 0.67 0 0 0 0.1 0.8 0.1

re 0 0 0 0.62 0 0.38 o ¢ (@ 0 0.39 0.19 0.58

the new fuzzy number of risk
aker’s attitudes to each state
calculate the corresponding interval
e 5 Then calculate the possibility degree
e mterval numbers based on Eqs(17)-(18).

Based on Eq.(9)-(11), calculate the @Woba@

elements from state 2 to stat Deci
area-{0407050608}
numbers of each risk eleme

te
of interval numbers based on E 4) an
The results of each state own in

Table 4. Result\b&%te {b’s\te 5 of the Manufacture Enterprise Example

Ir|sk t state state 3
elemen
s u xw [uu] score value [uu™] score
1 0.526 Q\) ][0'324’0'728 0.%)61 0.61818 [0.416,0.82] 0'%)77
2 o@ ][0'443'0'645 0'1167 0.35108 [0.25,0.452] 0'396
3 l 0.4 [0.3,0.56] 0.1720 053074 [0.401,0.661 O.é55
4 3,0.4,0.44,0.546:1) ][0.384,0.475 0.%13 (0.354,0.405,)0.450,0.536;1 ][0.379,0.492 O.é33
‘ 36,0. 566)0 .594,0.644;1 ][0.557,0.609 0.%92 (0.577,0.631,0.68,0.768:1) [0.604,0.724 0.%01
6 (0.578,0.674,0.772,0.9:1)  [0.645,0.81] 0.245 | (0.529,0.605,0.679,0.787;1 [0.567,0.733  0.230
. [ [ 1Ty . [ 2 ) ] 5
risk state 4 state 5
element " .
s value [u,u] score value [uu™] score
1 0.8423106 [0.64,1] 0'2237 0.69403977 [0.492,0.896 0'%09
2 0.302588 ][0.201,0.404 0.(;96 0.393770726 ][0.293,0.495 0.%90
3 0.3551014 ][0'225'0'485 0.1113 0.531026322 ][0'401'0'661 0148
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4 (0.632,0.713,0.79,0.912:1)  [0.68,0.839] 0.229 | (0.541,0.611,0.678,0.786;1 [0.597,0.699  0.215

4

)
5 (0.447,0.491,0.532,0.605;1 [0.474,0.562  0.174 | (0.493,0.547,0.598,0.684;1 [0.536,0.632  0.164

] 1 )

1

3

6 (0.381,0.436,0.488,0.572;1 [0.414,0.522  0.151 | (0.487,0.551,0.613,0.712;1 [0.539,0.632  0.172

) 1 8 ) ]

5

From the results, the ranking of risk elements in each state are shown; ranking in state

. >rL>r>r > L . > >
21s >l>h>h>0h r4;ranklnglnstatefils >h>h>L>0L>0

L>0L>E>0>0>1T

; ranking in

state 4 is and ranking in state 5 is L= >l >G>0 > r4.

Pl Pl il

So the critical risk path is 4, indicating the critical risk should be paid more

attention to avoid risks of resources allocation. It shows that the fuzzy risk elemen;( of r40

changes sharply from state 3 to state 4 because of the increased impact transf
5 in state 3. And from the whole life cycle of production, the probabili@ﬁlbu

histogram of probabilistic type risk elements is shown in Figuge 3’. @
(a) QE\ V

tion

(b)
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Figure @)gram s;abilistic Risk Elements:(a)ry,(b)r,,(C)rs
Respecti@ne men&@b function curves are shown in Figure 4.
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Figure 4. Membership Function Curve of Fuzzy Type Risk
Elements:(a)r4,(b)rs,(C)rs

5. Conclusions

overall goal of the project on schedule, decision make adjust ution of

resources and control the key risk element according to K{l al risk p

2) The generalized risk elements definitions of %istic typ fuzzy type are

given, and generalized fuzzy numbers are used toymeasure th\mz type risk elements.
an

The data mining method is given to acquire the :isk elements tr ssion matrix.

3) The analytic model of risk elements tr ission i ject is presented. Based on
the risk elements transmission matrix, tw of risk e nts are estimated. In order

to rank both probabilistic type and f e ri ents, the probability and fuzzy
numbers are transformed to interva ers; method is presented to find the
is applie eal with a manufacture enterprise

critical risk path. Finally, the m

example. During the risk tr% proce%sk elements changes and the critical risk
nodes are presented. The fre cy his of probabilistic type risk elements and
membership function cury&ef fuzzy t isk elements are also given.
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