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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 transmission 

almost stays in the angle of qualitative. So, in order to study the risk transmission process 

in project chain, the analytic model of project chain risk element transmission was 

established. In the beginning, the data mining method is introduced to acquire the risk 

elements transmission matrix and estimate the state of the risk elements through the 

previous state. Then, for ranking both probabilistic type and fuzzy type risk elements, 

probability and fuzzy numbers were transformed to interval numbers and ranking score 

was calculated by a ranking method. Finally, through the computation, the key risk 

element of different states can be obtained, through which decision makers can adjust the 

distribution of resources and control the key risk element. The analysis of a case has 

verified the validity and practicability of this method. 
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1. Introduction 

Risk management is one of the most important subjects of project management and is 

widely used in construction projects, software projects, finance projects and innovation 

projects. Although many scholars did a lot of researches on risk management and got 

many achievements, there is still much space for the further study of risk management in 

generalized projects from the aspect of risk element transmission. LI [1-2] considered the 

transmission effect in generalized projects and proposed the risk elements transmission 

theory. The theory gave the quantitative study on risk elements and paid more attention to 

calculating the final risk elements probability distribution from each risk elements 

probability distribution. However, these literatures were aimed at risk elements 

transmission of single project. With the rapid development of project management, project 

chain or multi-project has become a new research tendency. Papers [3-4] presented the 

concept of multi-project management and gave the qualitative research in practice early. 

Qi [5] studied on the impact of PMO for multi-project management of contracting 

construction enterprises based on structural equation model. Zhang [6] researched on 

game 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 chain and 

risk element transmission theory. Section 3 presents the analytic model of risk element 

transmission in project chain based on risk ranking method and data mining. An empirical 

example is presented in Section 4. Section 5 concludes the paper. 

 

2. Summary of Risk Element Transmission Theory and Project Chain 

The transmission effect widely exists in the world such as the butterfly effect. 

Fluctuation transfers from the source to the end and each middle state is influenced by the 

transmission process. In order to acquire the transmission process of project risks, the 

generalized project risk element transmission theory was proposed. The main idea of the 

theory is the quantitative relationship between risk elements and the final goal of project. 

The random or non-random variables transferring fluctuation to final goal of project are 

defined as risk elements. So the transmission process can be described as the fluctuation 

of risk elements transferring to other risk elements or project state and finally to the goal 

of project, for example, construction period of one step delay will lead to delay of other 

steps even the whole period. 

Project chain occurs in enterprise with the increase of investment and productivity. 

Projects share the investment, labor, and other resources, so resources used in one project 

occupies the access chance of other projects and lead to increasing opportunity cost. 

Otherwise, losses will also transfer to other projects because of the relationship of 

resources sharing. So the projects are connected by all kinds of resources, namely project 

chain, the resource in project chain can be viewed as the risk elements, as Figure 1 shows. 
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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 

dxxfxfxF )(log)()( 





                            (1) 

Where x  denotes the continuous probabilistic type risk element and ( )f x is the 

probability density function; ( )F x denotes the average information gained from the 

random event. For the discrete probabilistic type, risk element is measured as follow 

i
e
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Where K is a positive constant and 
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ep
 denotes the probability of risk element event; 
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p
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
. The base of logarithms are 2, e and 10; the unit of information are Bit, Nat and 

Dit respectively. Under most situation, it is hard to estimate the appropriate distribution 

and the objective data, so the fuzzy linguistic terms are always used in estimate the 

subjective event. Let A be a sub fuzzy set of risk element universe of discourse S . Any 

fuzzy type risk element ix
belongs to S . So the fuzzy risk element can be represent by 





n

i

ii xA
1

/
~



                               (3) 

Where 
[0,1]i 

denotes the membership function of the fuzzy risk element. Fuzzy 

type risk element can be also represented by a generalized trapezoidal fuzzy 

number
( , , , ; )A a b c d w

 as shown in Figure.2. If 1w  , it becomes a normal 

trapezoidal fuzzy number. 

 

 

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 out how 

these risk elements affect each other and lead to the risk state of project. The definitions of 

the model are as follows. 

Definition 1 State set of project chain { | 0 }S s s n   , denotes the different state or 

stage of project chain divided by the consumption of resources.  

Definition 2 Risk elements set
{ , | 0 ,0 }i jR r r i m j n m     

, denotes all risk 

elements caused by the resource allocation or other risk factors in project chain; ir means 

a probabilistic risk element and jr
means a fuzzy risk element. 

Definition 3 Risk elements transmission matrix
( )s s

ij n nA a 
, where 

s

ija
denotes the 

transmission probability from ir to jr
between state s and 1s  . 

Definition 4 Possibility degree(PD) of interval number. Assume [ , ]a a a  and 

[ , ]b b b 
are two interval numbers, and 

( )a a a   
, so the possibility degree of 

a b is presented as follow 

)()(

)}0,max()()(,0max{
)(

ba

abba
baPD












               (4) 

Where 
1)()(  abPDbaPD

. 

Otherwise, two fuzzy arithmetic operations are defined as follows to calculate the 

fuzzy type risk elements. Assume risk elements 
( , , , ; )i i i i i ir a b c d w

and 

( , , , ; )j j j j j jr a b c d w
 are tow generalized trapezoidal fuzzy numbers, and  means 

any real numbers between 0 and 1. 

Definition 5 Fuzzy arithmetic operation : 

);,,,(

);,,,(~

iiiii

iiiiij

wdcba

wdcbar









                    (5) 

Definition 6 Fuzzy arithmetic operation : 

)),max(;,,,(

);,,,();,,,(~~

jijijijiji

jjjjjiiiiiji

wwddccbbaa

wdcbawdcbarr





           (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 =1 to m and 
ji,

=1 to n 

Select count( jr
) as 

),|( srrnum ij  from database where risk element ir occurred and the 

state is s . 

Select count( ir ) as 
)|( srnum i  from database where risk element ir occurred and the 

state is s . 

Then calculate the transmission probability 
s
ija

as follow: 

)|(

),|(

srnum

srrnum
a

i

ijs
ij 

                               (7) 

 

3.3. Risk Ranking Method for Analytic Model  

Based on the data mining method, the state set 
{ | 0 }S s s l  

and the transmission 

matrix 
sA can be acquired. For quantitative representing, divide the risk elements 

set
{ , }R R R 

into probabilistic type and fuzzy type. The calculation steps of the 

analytic model are shown as follows: 

Step 1: For probabilistic type risk elements 
{ ,1 }iR r i m   

, acquire the initial 

probability 1( )iP r
 from risk register database when state 1s  . 

)1|(

)1|(
)(1






sRnum

srnum
rP i
i

                                   (8) 

Where )1|( sRnum denotes the total number of risk elements occurred in the first 

state. 

For fuzzy type risk elements 
{ , 1 }jR r m j n    

, set the initial fuzzy number by 

using the fuzzy linguistic term, as Table 1 shows. 

Table 1. Linguistic Terms and Relevant Fuzzy Numbers 

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 state 1s  , calculate the new probability
( )s iP r

of probabilistic risk 

elements. 
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
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                          (9) 

Where 
1s

jia 

denotes the transmission probability from jr
to ir between state 1s  and s , 

and1 ,i j m  . 

Aggregate the new fuzzy risk elements jr
based on the fuzzy risk elements in 

state 1s  and fuzzy number arithmetic operation defined in Eqs.(5)-(6). 

njmrararar s
mmj

s
j

s
j

s
j   1),~()~()~(~ 11

22
1

11          (10) 

Then transform 
s

jr~
into a standardized fuzzy number 

*~ s
jr

 based on 

Chen&chenc’method. 
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a
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a
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a
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                       (11) 

Where

 
ji

ijaK
,

)1,||max(

,
|| ija
denotes the absolute value and 

 || ija
 denotes taking 

the upper bound of 
|| ija
, mni 1 and 41  j . 

Step 3: Transform the probabilistic risk elements and fuzzy risk elements into the 

interval numbers in each state s. 

For probabilistic risk element
s

ir , calculate the average probability
( )iP r

and standard 

deviation
( )iSTD r

, then calculate the relevant interval numbers 
[ , ]s s s

i i iu u u 
 as 

follows: 

l

rP

rP

l

s
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i


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                                (12) 
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                           (13) 

Where l denotes the number of state and 
)( irSTD
denotes the deviation to average 

probability. 

mi
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Respectively, for the standardized fuzzy risk element
*

1 2 3 4( , , , ; )s

j j j j j jr a a a a w
, 

calculate the interval numbers by cut  .The value of denotes the decision maker’s 

attitude to the state; the larger the value of , the more attention was paid to this state. So 

the interval number
[ , ]s s s

j j ju u u 
, is calculate as follow. 

njm

w
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w
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j
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j
s
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j
s
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
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





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



1,
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34

4

12

1





                   (15) 

And the  cut set 
*s

jr of fuzzy risk element 

*s

jr
is shown respectively as follow. 
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Step 4: Rank the interval numbers 
{ |1 }iu i n 

 in each state s , where 1 s l  . 

There are n  interval numbers which consist of m  probabilistic risk elements interval 

numbers and n m fuzzy risk elements interval numbers. In a certain state s , Calculate 

the possibility degree matrix(PDM) of all n  interval numbers, 

nn
s
ij

s pdPDM  )(
                              (17) 

Where 
( )s s

ij i jpd PD u u 
based on Eq.(4). Then calculate the rank score of each 

interval numbers as follow. 

2,...1,
)1(

1
2

)(
1











nni
nn

n
pd

rScore

n

j

s
ij

s
i

                   (18) 

Where n  denotes the number of all risk elements. The larger the value of
( )s

iScore r
, 

the better the rank of risk element ir in state s , and the risk element ir is more likely to 

occur. 1

n
s

ij

j

pd



 denotes the sum possibility degree of the interval number 

s

iu
 larger than 

other interval numbers in state s . The maximum and minimum score is decided by the 

number n .  

Based on the steps above, choose the risk elements that have maximum rank score as 

the critical nodes. Then connect these nodes to be a critical risk path. Otherwise, based on 

Eq.(9), the probability distribution of probabilistic type risk elements can be shown as the 

frequency histogram. Respectively, the membership function of fuzzy type risk elements 

can be acquired. 

 

4. Example Analysis 

In this section, we apply the analytic model to deal with risk analysis problem in 

manufacture enterprise. A manufacturer always has multiple production lines, which share 

resources of enterprise, such as labor, cash flow, raw materials. Decision maker wants to 

know whether the resources allocation plan is appropriate so that he can adjust resources 

allocation to fulfill the production goals. Let 1 2 3, ,L L L
represent three production lines 

and 1 6,...r r
denote six risk elements caused by six resources allocation. Decision maker 

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

resources allocation. During the six risk elements, 1 2 3, ,r r r
 are the probabilistic type risk 

elements and 4 5 6, ,r r r
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 
1A ,

2A ,
3A ,

4A are shown in Table 2. 

Table 2. Initial Value of Risk Elements 

Risk elements Initial value 

r1 0.3 
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r2 0.5 

r3 0.7 

r4 (0.2,0.26,0.3,0.44;0.8) 

r5 (0.86,0.9,0.94,1;0.6) 

r6 (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 A1 ,A2 , A3, A4 

A
1
 r1 r2 r3 r4 r5 r6 A

2
 r1 r2 r3 r4 r5 r6 

r1 0.4 0.44 0.16 0 0 0 r1 0.36 0.18 0.46 0 0 0 

r2 0.21 0.53 0.26 0 0 0 r2 0.48 0.25 0.27 0 0 0 

r3 0.43 0.21 0.36 0 0 0 r3 0.39 0.28 0.33 0 0 0 

r4 0 0 0 0.55 0.1 0.35 r4 0 0 0 0.55 0.3 0.15 

r5 0 0 0 0.2 0.6 0.2 r5 0 0 0 0.1 0.7 0.2 

r6 0  0 0.16 0 0.84 r6 0 0 0 0.19 0.17 0.64 

A
3
 r1 r2 r3 r4 r5 r6 A

4
 r1 r2 r3 r4 r5 r6 

r1 1 0 0 0 0 0 r1 0.66 0.1 0.24 0 0 0 

r2 0.2 0.62 0.18 0 0 0 r2 0.21 0.32 0.47 0 0 0 

r3 0.29 0.16 0.55 0 0 0 r3 0.21 0.21 0.58 0 0 0 

r4 0 0 0 0.32 0.17 0.51 r4 0 0 0 0.55 0.1 0.35 

r5 0 0 0 0.33 0.67 0 r5 0 0 0 0.1 0.8 0.1 

r6 0 0 0 0.62 0 0.38 r6 0 0 0 0.39 0.19 0.58 

 

Based on Eq.(9)-(11), calculate the new probability and the new fuzzy number of risk 

elements from state 2 to state 5. Decision maker’s attitudes to each state 

are ={0.4,0.7,0.5,0.6,0.8}; based on Eq.(12)-(15), calculate the corresponding interval 

numbers of each risk elements from state 2 to state 5. Then calculate the possibility degree 

of interval numbers based on Eq.(4) and rank the interval numbers based on Eqs(17)-(18). 

The results of each state are shown in Table 4. 

Table 4. Results of State 2 to State 5 of the Manufacture Enterprise Example 

risk 

element

s 

state 2 state 3 

value  [u-,u+] score value  [u-,u+] score 

1 0.526 
[0.324,0.728

] 

0.161

0  
0.61818 [0.416,0.82] 

0.177

9  

2 0.544 
[0.443,0.645

] 

0.167

1  
0.35108 [0.25,0.452] 

0.096

7  

3 0.43 [0.3,0.56] 
0.120

7  
0.53074 

[0.401,0.661

] 

0.155

3  

4 (0.346,0.4,0.44,0.546;1) 
[0.384,0.475

] 

0.113

7  

(0.354,0.405,0.450,0.536;1

) 

[0.379,0.492

] 

0.133

8  

5 
(0.536,0.566,0.594,0.644;1

) 

[0.557,0.609

] 

0.192

3  
(0.577,0.631,0.68,0.768;1) 

[0.604,0.724

] 

0.201

3  

6 (0.578,0.674,0.772,0.9;1) [0.645,0.81] 
0.245

2  

(0.529,0.605,0.679,0.787;1

) 

[0.567,0.733

] 

0.230

5  

risk 

element

s 

state 4 state 5 

value [u-,u+] score value  [u-,u+] score 

1 0.8423106 [0.64,1] 
0.237

2  
0.69403977 

[0.492,0.896

] 

0.209

8  

2 0.302588 
[0.201,0.404

] 

0.096

2  
0.393770726 

[0.293,0.495

] 

0.090

3  

3 0.3551014 
[0.225,0.485

] 
0.1113  0.531026322 

[0.401,0.661

] 

0.148

0  
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4 (0.632,0.713,0.79,0.912;1) [0.68,0.839] 
0.229

4  

(0.541,0.611,0.678,0.786;1

) 

[0.597,0.699

] 

0.215

1  

5 
(0.447,0.491,0.532,0.605;1

) 

[0.474,0.562

] 

0.174

1  

(0.493,0.547,0.598,0.684;1

) 

[0.536,0.632

] 

0.164

3  

6 
(0.381,0.436,0.488,0.572;1

) 

[0.414,0.522

] 

0.151

8  

(0.487,0.551,0.613,0.712;1

) 

[0.539,0.632

] 

0.172

5  

 

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

2 is 6 5 2 1 3 4r r r r r r    
; ranking in state 3 is 6 5 1 3 4 2r r r r r r    

; ranking in 

state 4 is 1 4 5 6 3 2r r r r r r    
 and ranking in state 5 is 4 1 6 5 3 4r r r r r r    

. 

So the critical risk path is 6 6 1 4r r r r  
, indicating the critical risk should be paid more 

attention to avoid risks of resources allocation. It shows that the fuzzy risk element of 4r  

changes sharply from state 3 to state 4 because of the increased impact transferred from 

6r in state 3. And from the whole life cycle of production, the probability distribution 

histogram of probabilistic type risk elements is shown in Figure 3. 

 

 

Figure 3. Histogram of Probabilistic Risk Elements:(a)r1,(b)r2,(c)r3 

Respectively, the membership function curves are shown in Figure 4. 
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Figure 4. Membership Function Curve of Fuzzy Type Risk 
Elements:(a)r4,(b)r5,(c)r6 

 

5. Conclusions 

1) Through the model, the key risk route can be calculated, and in order to complete the 

overall goal of the project on schedule, decision makers can adjust the distribution of 

resources and control the key risk element according to the critical risk path. 

2) The generalized risk elements definitions of probabilistic type and fuzzy type are 

given, and generalized fuzzy numbers are used to measure the fuzzy type risk elements. 

The data mining method is given to acquire the risk elements transmission matrix. 

3) The analytic model of risk elements transmission in project is presented. Based on 

the risk elements transmission matrix, two types of risk elements are estimated. In order 

to rank both probabilistic type and fuzzy type risk elements, the probability and fuzzy 

numbers are transformed to interval numbers; the rank method is presented to find the 

critical risk path. Finally, the model is applied to deal with a manufacture enterprise 

example. During the risk transmission process, risk elements changes and the critical risk 

nodes are presented. The frequency histogram of probabilistic type risk elements and 

membership function curve of fuzzy type risk elements are also given. 
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