
Water Science and Engineering, Dec. 2008, Vol. 1, No. 4, 107-113
ISSN 1674-2370, http://kkb.hhu.edu.cn, e-mail: wse@hhu.edu.cn

This work was supported by the National Science and Technology Plan (Major Project of the Eleventh
Five-Year Plan, Grant No. 2006BAB04A13).

*Corresponding author (e-mail: feng.jingchun@163.com)
Received Jul. 9, 2008; accepted Dec. 1, 2008

Reliability model of organization management chain of
South-to-North Water Diversion Project during
construction period

Feng Jingchun*1, Zhou Yang1, Hong Yuzhen1, Zhao Shixin2, Ren Xiaoqiang1

1. Business School, Hohai University, Nanjing 210098, P. R. China
2. Office of the South-to-North Water Diversion Project Construction Committee under the State Council,

Beijing 100053, P. R. China

Abstract: In order to analyze the indispensability of the organization management chain of the
South-to-North Water Diversion Project (SNWDP), two basic forms (series connection state and mixed state
of both series connection and parallel connection) of the organization management chain can be abstracted.
The indispensability of each form has been studied and is described in this paper. Through analysis of the
reliability of the two basic forms, reliability models of the organization management chain in the series
connection state and the mixed state of both series connection and parallel connection have been set up.
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1 Introduction

The management chain of the SNWDP during the construction period facilitates the
passage of management orders, business transactions, message transfers, etc. The reliability of
the management chain directly affects the smoothness and effectiveness of these processes. For
this reason, it is necessary to study the reliability of the management chain in regard to
governmental management relationships, contract relationships, client relationships,
supervisory and guaranty relationships, and relationships within the SNWDP organization. The
SNWDP depends on the reliability of each relationship within the hierarchy of the management
chain as well as the reliability of relationships among entities at equivalent management levels
(both series connection and parallel connection).

In the present work, based on the two basic patterns of series connection and parallel
connection of the management chain of the SNWDP, studies on the reliability of the
organization management chain have been conducted and reliability models of the organization
management chain in both the series connection state and the mixed state of series connection
and parallel connection have been set up.
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2 Purposes of reliability study of organization management chain
The purposes of setting up the reliability index of the organization management chain and

the optimum models are as follows:
(1) To contribute to improving the stability of the management chain network: The

management chain of the SNWDP, influenced by several elements, is a complicated dynamic
system and is very random. As a probability index, the reliability degree can effectively
evaluate the systemic working stability of the management chain of the SNWDP.

(2) To provide technology for the plan of the management chain: The management chain
network of the SNWDP should have the requisite smoothness and working capacity to
guarantee that each relationship is regular and effective, thereby strengthening its flexibility
and certainty. Moreover, the reliability of the organization management chain enhances
emergency mechanisms for accidental incidents.

(3) To contribute to improving the efficiency of the management chain: In order to satisfy
the minimum reliability of the management chain and ensure the fulfillment of essential tasks,
the integrated structure is appraised and function strategies are compared.

3 Basic forms of organization management chain

The management chain of the SNWDP during the construction period consists of the
organization management chain, the work breakdown structure (WBS) management chain, and
the mix of the two. The relationships of the main body of the SNWDP include: the
governmental management relationship and trade relationship between the government and the
project legal personnel; the client relationships between the project legal personnel and the
agent construction or management enterprises; and the contract relationship between the
project legal personnel, consultation enterprises, work contract enterprises, supervision
companies, and supply enterprises. According to each relationship of the main body, the
organization of the SNWDP during the construction period has several forms of management
chains, as shown in Figure 1.

According to various relationships in the organizational structure of the SNWDP, the
management chain can be described in basic forms, while the main factors can be represented
by dots, expressed as letters or numbers. Crunodes are connected to a string according to some
method and order, thus forming a management chain (Chen et al. 2004; Wang et al. 2002; Wu
2003). The basic pattern of the management chain of the SNWDP has two forms. One is series
connection, and the other is parallel connection.

The organization management chain of the SNWDP is complicated, and it is difficult to
calculate its reliability, so it is necessary to abstract its basic forms (series connection state and
mixed state of both series connection and parallel connection). By studying the reliability of
the basic forms, an evaluation of the reliability of the organization management chain of the
SNWDP can be conducted.
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Figure 1 Model of management chain of SNWDP during construction period

3.1 Basic form in series connection state

One of the basic forms of the organization management chain of the SNWDP is the series
connection state, shown in Figure 2.

Figure 2 Basic form of organization management chain of SNWDP in series connection state
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3.2 Basic form in mixed state of both series connection and

parallel connection

The other basic form of the organization management chain of the SNWDP is the mixed
state of both series connection and parallel connection, shown in Figure 3.

Figure 3 Basic form of organization management chain of SNWDP in mixed state of both series connection

and parallel connection

4 Constructed function of minimum reliability and invalidation
probability of organization management chain

4.1 Basic unit reliability

The reliability of the organization management chain of the SNWDP depends on both
node reliability and arc reliability. It is necessary to analyze and compute the reliability of each
node and arc in the organization management chain. The computation load of the reliability of
the management chain is directly proportional to the number of crunodes and arcs. Because
some crunodes and arcs belong to the same project or the same main body, and their activities
are correlated, it is difficult to distinguish them. It is also difficult to compute the reliability of
crunodes and their following arcs, thus greatly increasing the computation load (Awakul and
Ogunlana 2002; Lyneis et al. 2001).

In order to compute conveniently and reduce the computation load, node i and its
following i-j arc are combined to construct a basic unit of the organization management chain,
expressed by (i, j). For those final crunodes without following arcs, it is assumed that a
following arc exists. Moreover, both the number and the reliability are assumed to be 1.

In the basic unit of the organization management chain, the relationship between crunodes
and arcs is connection in series. The reliability of (i, j) is

-ij i i jR r r= (1)
where ijR is the reliability of the basic unit (i, j), ri is the reliability of crunode i, and ri-j is the
reliability of arc i-j.
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4.2 Basic unit invalidation probability

According to the reliability of the basic unit of the organization management chain, the
invalidation probability is

Pij= - - -1 (1 ) (1 ) (1 )(1 )ij i i j i i j i j iR r r r r r r− = − + − + − − (2)
where Pij is the invalidation probability of a basic unit of the organization management chain,
and other symbols are the same as in Eq. (1).

The basic units in the organization management chain are comparatively clear and
independent, so, if it is difficult to compute the exact crunode reliability and arc reliability, the
reliability of a basic unit can be computed directly with the approximate estimation method,
thus making the computation of reliability of the management chain more convenient. At the
same time, the number of basic units of the management chain is just half of the total number
of crunodes and arcs, so the computation load can be greatly reduced.

4.3 Constructed function of minimum reliability

If variable xij expresses the connectedness of the organization management ring, then
1    if ( , ) is a normal open path, and

0   if ( , ) is an abnormal open path
ij

ij

x i j

x i j

=

=
(3)

Therefore, P(xij = 1) = Rij is the probability of the organization management chain in the
normal state, and P(xij = 0) = Rij is the probability of the organization management chain in the
abnormal state.

As the crunodes of the organization management chain are independent,
( ) 1 ( 1) 0 ( 0)ij ij ij ijE x P x P x R= × = + × = = (4)

where E(xij) is the expectation value of the BULL variable.
Therefore, the probability of the organization management chain in the normal state is

equal to the expectation value.
Suppose that there are S kinds of minimum path from l to m, expressed as

1 2, , , , , ,n ST T T T⋅ ⋅ ⋅ ⋅ ⋅ ⋅ which are formed by rings in series. The formula is

( ),
( )

n

n ij
i j T

T x x
∈

= Π (5)

where ( )nT x is the constructed formula of the minimum path, and xij is the connectedness of the
management ring. From l to m, the constructed formula of the entire organization management
chain can be expressed as:

( )1 ,1

( ) ( )
n

S S

n ij
n i j Tn

x T x xπ
= ∈=

= = Π Π (6)

On the basis of Eq. (6), the formula of the minimum reliability of the organization
management chain can be constructed as follows:



Feng Jingchun et al. Water Science and Engineering, Dec. 2008, Vol. 1, No. 4, 107-113112

( )
( ) ( )

min
1 , 1 ,

1 1
n n

S S

ij ij
n i j T n i j T

R E x E x Rπ
= ∈ = ∈

= = =Π Π Π Π (7)

where ( )E xπ is the expectation value of ( ).xπ

5 Reliability model of organization management chain
5.1 Reliability model for series connection state

In Figure 2, the model of the organization management chain in the series connection state
reflects a unidirectional management relationship. This organization management chain
includes seven basic units: A, B, C, D, AB, BC and CD. The minimum path set is
xABxBCxCDxAxBxCxD.

According to Eq. (7), the minimum reliability of the organization management chain in
the state of series connection is shown by Eq. (8):

( )

( )

min
1 ,

AB BC CD A B C D
1

1 1

          1 1  

n

S

ij
n i j T

S

n

R E x

E x x x x x x x

= ∈

=

= − − =

=

Π Π

Π
( )AB BC CD A B C DE x x x x x x x (8)

5.2 Reliability model for mixed state of both series connection and

parallel connection

In Figure 3, the basic pattern of the organization management chain includes both series
connected relationships and parallel connected relationships. The basic pattern of this
organization management chain has nine basic units: A, B, C, D, AB, BC, CD, AC and AD.
The minimum path set is

( )AB BC CD A B C D AC CD A C D AD A D,  ,  x x x x x x x x x x x x x x x

According to Eq. (7), the basic pattern reliability of the organization management chain in
the parallel connection state can be obtained:

( )

( ) ( ) ( )

( )
1 2 3

min
1 ,

, , ,

AB BC CD A B C D AC CD A C D AD A D AD A D

AB B

1 1

          1 1 1 1  =
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where n = 1, 2, 3, T1 is the path of xABxBCxCDxAxBxCxD, T2 is the path of xACxCDxAxCxD, and T3

is the path of xADxAxD.

6 Conclusions

(1) The reliability of the organization management chain directly influences the key
indexes of management order, business transactions, and information transfer of the main body
of the SNWDP during the construction period. Therefore, it is necessary to study the reliability
of the organization management chain regarding various relationships, such as those of
governmental management, contracts, clientage, supervision, coordination and guaranty. It is
also necessary to set up calculation models of reliability so as to conduct quantitative analysis
of each relationship and interface and to overcome the disadvantages of qualitative analysis,
thus making management of the SNWDP more scientific.

(2) The management chain of the SNWDP during the construction period consists of an
organization management chain, a WBS management chain, and a management chain that is a
mix of the two. This paper describes a study on the reliability of two basic forms of the
organization management chain of the SNWDP. Its principle and results can be used as a
reference for studies on the reliability of management chains.

(3) This study on the reliability of the series connection state and the mixed state of both
series connection and parallel connection lays the foundation for setting up models of,
analyzing and calculating the reliability of the organization management chain of the SNWDP.

Acknowledgements
The authors are grateful to the Office of the South-to-North Water Diversion Project

Construction Committee under the State Council.

References
Awakul, P., and Ogunlana, S. O. 2002. The effect of attitudinal differences on interface conflicts in large scale

construction projects: A case study. Construction Management & Economics, 20(4), 365-377.
Chen, G. H., Wang, Y. J., and Han, G. W. 2004. Reliability-based supply chain construction. Industrial

Engineering and Management, (1), 72-74. (in Chinese)
Lyneis, J. M., Cooper, K. G., and Els, S. A. 2001. Strategic management of complex projects: A case study

using system dynamics. System Dynamics Review, 17(3), 237-260.
Wang, X. H., Tong, Q., Zhang, Y. Q., and Yuan, Q. H. 2002. A research on the theory of the chain

management model in the enterprise. Journal of Shandong University of Sciences & Technology (Social
Science), 4(1), 78-80. (in Chinese)

Wu, L. M. 2003. The discussion of management chain theory. Journal of Wuhan Polytechnic University,
22(4), 83-85. (in Chinese)




