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Abstract: Given the intense competition in the market, modern economic system is filled with more and more
uncertainties. Logistics system is a support system of social economy, connecting social production and consumption.
When a problem occurs in some parts of the logistics system, it can lead to social and economic collapse. Therefore, it
is important to study the reliability of the logistics system. This paper focuses on network reliability of typical logistics
system. Firstly, the logistics system is classified into two types. And a detailed description of the role of logistics unit in
the two types of the logistics system is made. The computation method on reliability of the four kinds of typical
logistics system is then derived based on the calculation and mathematical model of reliability of typical system. Finally,
a specific case is given to illustrate the calculation of the reliability.

1. INTRODUCTION

The current state of economic society makes people
more concerned about the reliability of service, and its
reliable conditions are becoming more and more
demanding. Now the economic system is becoming
increasingly unreliable because of the intense market
competition. And also the logistics system is the support
system of social economy, connecting the production of
society to the consumption of society. Thus, the network
reliability of logistics system has become a concern of
the society. In the logistics system, if there is a problem
in the link, it can cause the collapse of whole system.

Reliability is a new engineering discipline which is
used to analyze the stability of service quality. As an
important part of design and operation, reliability
research has been widely used in communication, water
supply and power system. However, in logistics,
reliability analysis is less applied.

Logistics system is a whole system composed of
many logistics units, and its network reliability is of
great importance to the operation of society and
company. For a company in society, the network
reliability of logistics system can directly affect the
normal production and operation of the company. For
example, to those companies that use technology such as
JIT (Just In Time), the network reliability of logistics
system is an important basic premise to make the
production run. So it is very important to analyze the
network reliability of logistics system.

2. RESEARCH REVIEW

The research on the network reliability of logistics
system is a novel direction, many experts have pointed
out the critical role of reliability analysis in some papers
and periodicals. However, there have been many
achievements in the application of reliability theory and
other related reliability research.

Yu (2007) studied the reliability and optimization of
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the logistics system, connected the reliability of logistics
system with its composition unit and service ability,
establishing a method to measure the reliability of
logistics system and analyzing how to make the logistics
system cost and ability achieve the best under specific
conditions. Zhou (1997) used system reliability, created
a mixed block diagram for the reliability of the terminal
handling system of professional bulk cargo and studied
the reliability of the system by using enumeration
method. Wang and Dong (2000) used Markov process to
analyze the reliability of logistics system network
transportation, and made a solution.

Chen A. and Yang H (1999) analyzed the factors
influencing the reliability of logistics system, such as the
combination of the system, the delivery time, and the
ability to serve, and suggested that the redundancy of
logistics service capability can directly or indirectly
affect the reliability of logistics network. Since these
experts focus on the reliability of military logistics, they
did not value control of logistics cost, indicating that the
applicable environment they have analyzed has a great
limitation. Lodewijks G. (2006) improved RFID, to
enhance the reliability of logistics system, and made
measures to improve the accuracy of RFID. Keith J.
(1995) started from the reliability of the equipment, and
consider the impact that factors such as cost, operational
training and monitoring have on equipment reliability.

3. CLASSIFICATION OF LOGISTICS SYSTEM

The logistics system is composed of the organic
combination of various logistics units, and can be used to
analyze the logistics unit from different perspectives,
which can be classified for identifying different logistics
systems.

The first type of logistics system is from the aspects
of various functions of the logistics system, the various
functions of the logistics system can be regarded as the
logistics units of the logistics system, which suggests
that the logistics unit of this kind of logistics system
includes transportation, warehousing, distribution
processing, loading and unloading transportation,



distribution, logistics packaging, etc.

The second type of logistics system regards every
organization shown in the practice by logistics systems
as each unit of them, that is to say the logistics unit of
such logistics system is: suppliers, producers,
distributors, retailers, consumers, etc.

3.1 The first type of logistics system

In the first type of logistics system, the role of each
logistics unit:

(1) Transportation. Transportation plays a key role in
the process of material transfer in the whole logistics
system, which connects production with consumption,
achieving the purpose of production and the expectation
of consumers.

(2) Warehousing. In a logistics system, warehousing
is a buffer between production and consumption, which
guarantees the value and value-in-use of goods.

(3) Distribution processing. The distribution
processing improves the efficiency of processing, thus
improving the efficiency of the whole logistics system
and saving the cost of the whole logistics system.

(4) Handling. The handling links the logistics
activities, making the whole logistics system run more
smoothly.

(5) Distribution. Distribution improves the whole
logistics system, making the whole logistics activity
more rationalized. The end benefit of logistics activity is
improved, thus improving the efficiency of the whole
logistics system.

For each unit in the logistics system is each
subsystem of logistics system such as transportation,
warehousing, distribution processing, etc. But in this
article, these subsystems are seen as logistics unit for the
analysis reliability of the entire logistics system (Kun
Fu,2011).

3.2 The second type of logistics system

In the second type of logistics system, the role of
each logistics unit:

(1) Supplier. The role of suppliers in the logistics
system is to input raw materials, which is the starting
point of the material flow of the whole logistics system.

(2) Producer. The producer is the starting point of the
output of the logistics system, which is an indispensable
link in the logistics system.

(3) Distributor. In a logistics system, distributors are
an important part of the market. In the whole system, this
link is not indispensable.

(4) Retail trade. The retailer is the terminal of the
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output of the logistics system, directly connecting
consumers with the end of the circulation of merchandise,
which is also an important link in the logistics system.

(5) Consumer. Consumers are the end point of the
flow of goods in the logistics system, which is an
indispensable link.

4. ANALYSIS OF RELIABILITY OF TYPICAL
LOGISTICS SYSTEM

4.1 Typical logistics system

This paper introduces the classification of logistics
system in section 2, this paper studies the typical
logistics system of logistics unit, such as transportation,
warehousing, distribution processing, handling and
distribution, which is divided into typical series logistics
system, typical parallel logistics system, typical series-
parallel logistics system, typical parallel- series logistics
system for detailed analysis.

4.1.1 The first type of logistics system

Typical series logistics system structure diagram, as
shown in Figure 1.

4.1.2 Typical parallel logistics system

Due to the fact that the logistics system cannot be
completely parallel, the parallel system of one kind of
logistics unit can only be analyzed. Take distribution
processing as an example, as shown in Figure 2.

Distribution
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Figure 2: Typical parallel logistics system structure
diagram.

4.1.3 Typical series-parallel logistics system

Typical serial-parallel logistics system structure
diagram, as shown in Figure 3.

4.1.4 Typical parallel - series logistics system

Typical parallel-series logistics system structure

diagram, as shown in Figure 4.
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Figure 4: Typical parallel - series logistics system structure diagram.
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4.2 Mathematical reliability model of typical system
4.2.1 Mathematical reliability model of series system

If the system is composed of n units, and the units are
independent of each other, one of the units’ condition
does not affect the operation of another unit. Only the n
units are running can the whole system run, that is to say,
the system is a series system composed of n units, just as
what is shown in Figure 5.

— 1 2 n

Figure 5: Structure diagram of series system.

So the reliability of the whole series system is: he
whole series system is:

", = H n,
®

general reliability

Reliability of unit i

The reliability of the series system is multiplied by
the reliability of each unit, so the more units of a series
system, the less reliability of the whole system.

4.2.2 Mathematical reliability model of parallel
system

If the system is composed of n units, and there is
only one unit running, the whole system works; The
entire system fails only if all of the n units are not able to
run, which means this system is a parallel system
composed of n units, just as what has been shown in
Figure 6.

Figure 6: Structure diagram of parallel system.

(1) A system with two units in parallel

In a parallel system consisting of only two units in
parallel, the probability that a unit is not working
properly is: p; = 1 - My; The probability that another
unit is not working properly is: p, = 1 - M,. The
probability that the two units are not working at the same

time is:
poxp,=Q=M)AQ=M) =1~ - M, +MM,T
he reliability of the whole system:

M, =1-p xp, =M + M, — M,

(2) A system with n units in parallel

There is n units parallel to the system, the probability
of the first unit of which runs improperly is: p; =1 - My;
The probability that the second unit does not run
properly is: p, = 1 - My; The third one is: ps = 1 - M3
and so on. The probability that the number n unit is not
working properly is: p, = 1 - M,. The probability that
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the n units are not working at the same time is:

pyxpyxeexp o= 0= M)A =) (L= )
The  reliability of the whole  system:
M, =1—-p xp, x-xp = I—H(l—MJ,)
i=1

4.2.3 Mathematical reliability model of series-parallel
systems

As shown in Figure 7, a series system is regarded as
a unit, and then parallel to the two units together, which
is called a series-parallel system.

1 2 n

1H 2 n

Figure 7: A structure diagram of a series-parallel system.

In a series-parallel system, the reliability of the first
series system and the second series system are:

n

M, = M

T i

1=1 , The probability of non-normal operation
of the first system and the second systemis: p=1 - MT.
The probability that the two series of series systems are

not working at the same time is:
pxp==0U=-u)A-M)
The reliability of the whole series-parallel system:
M, =1-pxp=1-Q0Q-T]u)
i=1
4.2.4 Mathematical reliability model of parallel -
series system

As is shown in Figure 8, a parallel system consisting
of two units as a unit, and then the n units are strung
together to become a parallel-series system.

1 2 n
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Figure 8: A structure diagram of a parallel - series
system.

The reliability of the first set of parallel units is:

o _ _ 2
My =1 = A=) ; The reliability of the second set of

T _ _ 2
parallel units is: My =1-Q M) ; The reliability of
the third set of parallel units is:
T _ _ 2
Wy =1=0=U)" " The reliability of the number

o _ _ 2
n set of parallel units is M, =1-0-M) . And then
this n group of parallel units, overall and parallel - series

system reliability is:

T 1

Myo= M, x My xex M= [0 =@ = a,)]
i=1

4.3 Calculation method of reliability of logistics unit

Many logistics units are composed of a logistics
system based on a certain link, and the reliability of the



overall logistics system is analyzed to determine the

reliability of a single logistics unit (Zhenjie Zhang,2013).

The reliability of the logistics unit refers to the
probability that the service provided by the logistics unit
in the specified conditions and time will remain in the
specified error limit (Yunfeng Zhang,2015). The service
capability curve of the logistics unit Figure 9, The
standard service curve expressed by the meter curve for
the hope that the logistics unit can achieve;

N curve denotes the error limit of a logistics service
specified by the logistics unit; P curve represents the real
logistics service curve provided by the logistics unit.
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Figure 9: The service capability curve of logistics unit.

Among them, in the interval [t1, t2], [t3, t4], [t5, t6],
the logistics service provided by the logistics unit
exceeded the required margin of error, so it was found
that the work of the logistics unit was not reliable. In the
interval [t2, t3], [t4, t5], the logistics service provided by
the logistics unit did not exceed the required margin of
error, so it was determined that the operation of the
logistics unit was reliable. Assuming the reliability of
this logistics unit is My, then
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ta b The KTH observation of the logistics
service provided by the logistics unit exceeds the starting
and stopping time of the allowable deviation
range,(k=1,2,3,...,n)

Te-mm Total observation time
The number of logistics services provided by
the observed logistics unit exceeds the number of
allowable deviations

5. CASE STUDY

5.1 Case introduction

The reliability of typical logistic system is analyzed
by an example of company A, a domestic logistics
company. A company's logistics system includes
transportation, warehousing, distribution processing,
loading and unloading, and distribution. Among them,
there are two modes of transportation: road
transportation and railway transportation. There is only
one place for warehouse and circulation processing; The
handling is divided into manual handling and forklift
handling; There is only one way to deliver. Therefore, a
company's logistics system structure diagram, is shown
in Figure 10.

Handling
manual Z1

Distribution P1

Handling
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Figure 10: A company's logistics system structure diagram.

Rail transport Y1 and road transport Y2 form a
parallel subsystem, the manual loading and unloading of
Z1 and forklift handling Z2 also form a parallel
subsystem. The two subsystems form a tandem system
with warehouse C1, distribution processing L1 and
distribution P1.

The service capability curve of the logistics system
of company A in the 100 days is shown in Figure 11 to
17, and the reliability of the logistics system of company
A is analyzed.
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Figure 11: Railway transport Y1 service capacity curve.
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Figure 12: Road transport Y2 service capacity curve.
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Figure 13: Warehouse C1 service capacity curve.
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Figure 14: The service capacity curve of distribution P1.
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Figure 15: Manual loading and unloading of the service
capacity curve of Z1.

0 - : >
12 45 T

Figure 16: Forklift loading and unloading of the service
capacity curve of Z2.
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Figure 17: The service capacity curve of the distribution
processing L1.

5.2 Case study and analysis

According to the calculation method of the reliability
of the logistics unit and the service capability curve of
the logistics unit of A company in 100 days, the graph
can be obtained,

Reliability of the rail transport Y1:

(25-5) + (63-37) + (97-90)

M, =1-

100
Reliability of road transport Y2:
(38-20) + (68-48)

= 0. 57

M, =1 = 0.62
100

Reliability of warehouse C1.:

Vo—1-— (51-26) + (88-73) 06

“ 100
Reliability of distribution processing L1:
_A9-7) + (93-80)

M, =1 =0.75
100

Reliability of manual handling of Z1:

w, =1-2=18 _ 13

Z1

Reliability of loading and unloading of the forklift
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29 — 16

truck Z2: w,, =1 - = 0.87
Reliability of delivery P1:
M, = -8 =1 g

A parallel subsystem is formed by the rail transport
Y1 and the road transport Y2, and the reliability of this
parallel subsystem can be obtained according to the
reliability calculation method of typical parallel logistics
system:

u,
= 0.57 + 0.62-0.57 x 0. 62 = 0. 8366

In this paper, the reliability of the parallel subsystem
can be obtained according to the reliability calculation
method of the typical parallel logistics system:

M, = M, + M,,~M, M

Z Z177 72

=0.73+0.87 —0.73 x 0.87 = 0.9649

A company's logistics system is composed of the two
subsystems and warehousing processing C1, distribution
processing L1, delivery service P1 form A cascade
system, according to the typical logistics system
reliability calculation method, can be concluded that the
reliability of the whole logistics system:

M, = M M. M, MM

A ¥ CLU'm L1 27T P

= 0.8366 x 0.6 x 0. 75 x 0.9649 x 0.85 = 0. 31
The reliability of the logistics system refers to the
probability that the service provided by the logistics
system in the specified conditions and time will be kept
in the specified error limit. The reliability of logistics
system is the ability of logistics system to achieve the
desired effect under certain conditions and time. So
reliability is the probabilistic form of reliability, and
reliability can directly reflect reliability.

Therefore, under certain conditions and within one
hundred days, probability of A company's logistics
system running normally to provide logistics service
within a specified and allowable deviation range is 0.31.

= My, + M, ~M, M
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Figure 3: Typical serial - parallel logistics system structure diagram.

71



	1. Introduction
	2. Research review
	3. Classification of logistics system



