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Abstract: The fourth party logistics which acts as a new role will increasingly play more and more important functions. 

In this paper, for a given deformation problems of 4PL providers’ evaluation, We builds up a fourth party logistics evalu-

ating indicator system based on four factors, which are quality, technical abilities, collaboration and price. Besides, we 

studies the analysis methods of grey correlation model and gives the definition of the correlation coefficient. Then we 

quantifies the index system and gives different weights to all evaluation indexes by calculating the grey relational grades. 

The studies show that different variable factors on the impact of choosing the fourth party logistics suppliers and it is 

more suitable in the practice than traditional methods. 
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1. INTRODUCTION 

The fourth party logistics (4PL) supplier is an integrator 
of supply chains, which integrates and manages different 
resources, abilities and technologies possessed by the com-
pany itself and complementary service suppliers, as well as 
provides a full set of solutions to supply chains [1]”. Accen-
ture consulting company proposed three possible applica-
tions or modes of 4PL: knowledge intensive, project-tailored 
and integration mode. Many companies are playing a crucial 
role by relying on 4PL suppliers, such as Manugistics Group 
Limited providing technologies to Amazon, i2 Technologies 
Inc. and JDA Software Group providing services to 3M 
Company, UCC.net Inc. and Vertical.net providing to Wal-
Mart. These technology suppliers are assumed to play a 4PL 
role, have extended the remit of 4PL to use it as a key ele-
ment of their orientation and developmental targets. 

In recent years, several factors have combined to create 
fertile ground for 4PL companies’ growth, including: the 
growth discreteness and capability imbalance of 3PL suppli-
ers; logistics management ability differentiation and the de-
mand instability of industrial and commercial enterprises; a 
high deficiency of logistics professionals; an insufficient 
applicability of logistics information systems; and bottleneck 
problems in logistics infrastructure. In current practice, 3PL 
companies lack the strategic specialty of operating whole 
supply chains and related technology and, as such, actually 
integrating the supply chain process, while 4PL offers clients 
distinctive and extensive supply chains solutions by harness-
ing the best 3PL businesses, technology suppliers, manage-
ment consultants and other value-added service suppliers, 
which is impossible for any single company to achieve.  
 

Thus, methodically choosing 4PL suppliers in the process of 
establishing supply chains and evaluating their performance 
have become increasingly important aspects to consider. 

To date, there have been few studies conducted on the 
evaluation system for 4PL suppliers’ performance in China, 
mainly owing to the fact that 4PL has recently gained mo-
mentum there, with significant differences in the mode de-
velopment. A significant proportion of 4PL suppliers work-
ing in the Chinese market have an IT background or have 
evolved from a 3PL businesses, while fewer 4PL businesses 
have the genuine capability of integrating all logistics re-
sources. In addition, the logistics statistics system is very 
weak, making it difficult to generate a persuasive index 
evaluation system. In this paper, the author constructs 
evaluation principles and a theoretical model for 4PL suppli-
ers, with reference to past study findings on performance 
evaluation of supplier subsystems, and further discusses the 
index weight’s grey relationship methods. As for the ques-
tion of whether or not choosing the 4PL, this is beyond the 
current discussions and potentially a subject for further re-
search.  

The earliest and most influential research on supplier se-
lection is was carried out by Dickson (1996), who summa-
rized 23 criteria for a supplier’s performance evaluation by 
analyzing 170 questionnaires that were completed by pur-
chasing agents and managers [2]. The findings revealed fac-
tors such as quality, delivery and previous performance to be 
very important. Following Dickson’s study, Weber, Current 
and Benton conducted a literature review of 74 papers re-
garding the supplier selection process, and found that price 
was the most discussed element, followed by delivery, qual-
ity, production facility capacities, geographical location, 
technical competence, management and organization. By 
conducting surveys on 110 purchasing managers in the 
world’s top 150 companies, Simpson (2002) analyzed the 
statistical data and pointed out that a continuously improving 
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capacity, partnerships, customer relations, exchange factors, 
equipment and environment are also among the most signifi-
cant indicators in evaluating a supplier’s performance [3]. 

Based on those findings, we lists quality (focusing on 
service), technical competence, synergy and price as four 
crucial selection standards, and establishes a 4PL supplier’s 
index evaluation system as follows: 

 (1) Quality: in contrast to the services provided by a 
third party, a 4PL supplier mainly offers comprehensive so-
lutions and concentrates on intellectual resources support 
(including consulting, training, project management). In this 
context, clients’ satisfaction level, management experience 
and credit rating are key indexes for reference.  

(2) Technical competence: A 4PL supplier’s capability in 
supply chains integration should be based on powerful in-
formation technology, while information systems compati-
bility (including abnormal situation treatment), advanced 
equipment and process design standardization are necessities 
for a professional consulting company. 

(3) Synergy: a higher level of cooperation is needed if 
4PL support is introduced, including clients’ response rates, 
the coordination of business activities, and the controllability 
of supply chains.  

(4) Price: it’s necessary to consider costs when 4PL is in-
troduced, up to and including considerations of the fourth 
party’s financial and capital condition, in order to avoid cer-
tain risks. 

In order to simplify the model and avoid relativity be-
tween the indexes, we use quality, technical competence, 
synergy and price as the common first-class indexes to ex-
amine one 4PL supplier’s comprehensive competitiveness, 
and based on that set the first-class index variables. In prac-
tice, enterprises face the selection of several 4PL suppliers. 
For example, one enterprise may value such variable factors 
as research and development (R&D) capability of the fourth 
party’s technological indicators and information systems 
compatibility, while another may focus on advanced equip-
ment and process design standardization for the same tech-
nological indicators. Hence, a subdivision of variable factors 
should be adjusted and set up in line with these varying cor-
porate preferences. Furthermore, when companies investi-
gate the influence of variable factors during certain time pe-
riods or compare the same first-class index among different 
4PL suppliers, the following determination method for Grey 
Relationship Weight may be adopted. 

2. DETERMINATION METHOD FOR GREY RELA-
TIONSHIP WEIGHT AND THE STEPS APPLIED 

A Grey Relationship refers to uncertain relationships be-
tween certain factors, such as, specifically, between systems 
factors and main behavior factors. The Grey Relationship 
analysis is a method for analyzing and determining the de-
gree of influence between factors or factors’ contribution in 
measuring the main behavior, based on a microcosmic or 
macroscopic approach of the behavioral factors sequence [4]. 
The method is mainly used in quantitative analysis of the 
dynamic development process of a whole system, as well as 
to determine index weights, which can be widely applied due 

to the unnecessary typical distribution rule resulting from 
incomplete sample information.  

The traditional determination method for the grey rela-
tionship weight generally selects all indexes as a subse-
quence, and the indexes directly reflecting the evaluation 
purpose as a reference sequence; the method then builds in a 
grey relationship factors subset for the grey relationship 
space. Based on this, the grey relationship degree between 
each subsequence and reference sequence can be obtained, 
and each index weight may also be gained after sorting [5, 
6]. The detailed steps are as follows: 

(1) Set reference sequence or main sequence, expressed 

as ))(,),2(),1(( 0000 nxxx=  

(2) Set comparison sequence or subsequence, expressed 

as ))(,),2(),1(( nxxx
iiii
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Additionally, Bonian Li proposes a method to determine 
the index weight with vector cosine (hereafter referred to as 
the improved grey relationship method), which constructs 
optimal and pessimism sequences according to the index 
value of multiple index evaluation solutions. Li’s method 
also calculates optimal and pessimism deviation rate ma-
trixes and then, for each index, computes the cosine for the 
corresponding vectors of two matrices, and normalizes to 
obtain each index’s weight [7]. Details of the improved grey 
relationship method are as follows: 

(1) Generate the evaluation matrix. First, m indexes are 

set for the index system with n evaluation factors, so that an 

evaluation matrix is obtained as 

),,2,1;,,2,1()( njmiaA nmij === , where
ij
a  denotes 

an index value of the j evaluation factor for the i evaluation 

index, which is obtained after the initial data’s dimensionless 

quantity treatment. 

(2) Select reference sequences, including the optimal se-

quence U and pessimism sequence L , where 

T

m
uuu ),,(U 21= , and T

m
lll ),,,(L 21= . When the index is 

benefit-oriented, the maximum optimal sequence U  and the 

minimum pessimism sequence L  should be chosen. In con-

trast, if the index is cost-oriented, the minimum optimal se-

quence U  and the maximum pessimism sequence L  should 

be selected.  
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(3) Determine the relative deviation matrix among U

and L , including the optimal deviation matrix 
nmijrR = )(  

and pessimism deviation matrix 
nmijsS = )( , where 
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 (4) Set up each evaluation index’s weight. First, calcu-
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c  to obtain the indexes’ weight vector 
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 (5) Calculate the correlation coefficient matrix, includ-

ing the optimal correlation coefficient matrix 

nm
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, and pessimum correlation coefficient 
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to Formula 1, where )(
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vector 
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i
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(6) Calculate the correlation degree. The optimal correla-

tion degree of solution j is 

=
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whole solution can be attained. 

With respect to the specific evaluation models, we use 
the traditional grey relationship method to analyze the varia-
tion trend in the degree of correlation between variable fac-
tors at different time periods for a 4PL supplier’s technology 
index, and the improved grey relationship method to evalu-
ate the comprehensive indexes for several 4PL suppli-
ers[8,9,10]. The following section provides the case numeri-
cal study. 

3. CASE NUMERICAL ANALYSIS 

1. Model 1: a certain 4PL supplier’s technology index X 
(reference sequence) is mainly affected by R&D ability, sys-
tematic equipment capacity and staff quality. Due to incom-
plete information, we first subdivide those three factors and 
then determine R&D investment X (in RMB10,000), average 
staff years spent in education X (Year), information systems 
investment X (in RMB10,000), and achievements’ marketi-
zation degree X as the comparative sequence’s influence 
factors, to obtain the following numerical values shown in 
Table 1. 

A dynamic matrix of the grey relationship can be ob-
tained as follows with DSP, a software programme used in 
the Grey Relationship dynamic analysis: 

 

0.702690.643340.795020.63850

0.496450.691110.5925260320.0

58921.086517.075555.082092.0

XXXX
4321

 
The matrix indicates the influence of various variables on 

the technology index in the overall period and sub-period. 

During the overall period from 2006 to 2014, the impact on 

the technology indexes of the 4PL suppliers, from large to 

small, present as 
4213
XXXX >>> , suggesting that the 

information systems investment has the largest effect, fol-

lowed by R&D investment and the staff’s average number of 

years spent in education, while the achievements’ marketiza-

tion degree has the least influence. However, in the sub-

period, that situation changes slightly, especially from 2010 

to 2014, when the average number of years that staff spent in 

education rose to number one in terms of influence, followed 

by the achievements’ marketization degree. This short is 

mainly owing to the fact that the earlier information systems 

investment requires workers with the corresponding techni-

cal competence, which then produces a more significant in-

fluence on the technology index with the recovery of the IT 

industry and the quality improvement of practitioners. From 

the initial data, we may see that with an improved staff edu-

cational level, the marketization degree of the suppliers’ 

achievements also increases. 

2. Model 2: Enterprises undertake a comprehensive 
evaluation based on the indexes of quality, technical compe-
tence, synergy and price for multiple 4PL suppliers. This 
evaluation matrix is shown in Table 2, where the rows repre-
sent the indexes and the columns represent the evaluation 
objects. For example, is expressed as the score of the j 
evaluation object with respect to the i index (the data are 
drawn from [7]). 

 (1) Determine the optimal and pessimism vectors with 

T)473.0,71.5,70.6,08.10(U = , and T)599.1,30.3,75.3,2.5(L = . It 

should be noted that quality, technology and synergy here 

are benefit-oriented indexes, while price is a cost-oriented 

one. 

(2) Determine the relative deviation matrix among each 

solution U  and L  : 

Time period 

2006 - 2014 

2006 - 2010 

2010 - 2014 
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(5) Calculate the correlation degree. The optimal correla-
tion degrees of object j are 0.6848, 0.9293, 0.5982, 0.7680, 
and 0.5520 respectively, while its pessimism degrees are 
0.6935, 0.5663, 0.8241, 0.6080, and 0.8952 respectively.  

 (6) Conclusions. The optimal correlation degree is or-
dered as 2 > 4 > 1 > 3 > 5, while the pessimism correlation 
degree is ordered as 5 > 3 > 1 > 4 > 2. Therefore, the enter-
prises may give priority to the second 4PL supplier. 

According to model 1, enterprises may indirectly under-
stand the influence of different variable factors on 4PL sup-
pliers’ technology index, which then provide evidence for 
management decisions. In addition, the enterprises may 
compare the variation trends in the variable factors when 
different 4PL suppliers have a similar technology index, in 
order to evaluate their advantages and weaknesses. However, 
according to model 2, the enterprises not only obtained a 
single index’s correlation degree of 4PL suppliers, but also 
the weight for each index, in order to finally achieve the tra-
jectory of optimum to pessimism, displaying a wider appli-
cable range compared with the traditional grey relationship 
method. 

Table 1. Technology index of 4PL supplier. 

Year 
0
X  

1
X  

2
X  

3
X  

4
X  

2006 5.60 0.87 15.8 8.12 0.30 

2007 5.70 0.56 16.2 6.36 0.35 

2008 6.90 0.81 16.5 8.54 0.41 

2009 6.80 0.68 16.8 7.01 0.46 

2010 7.00 0.87 17.4 9.47 0.46 

2011 8.10 1.18 17.5 12.40 0.50 

2012 8.40 0.97 18.0 10.07 0.51 

2013 9.00 1.04 18.4 11.63 0.60 

2014 9.20 1.65 18.5 20.14 0.62 

Table 2. Comprehensive evaluation matrix for 4PL suppliers. 

Index Object j 
X  I  U  L  

1. Quality 

2. Technology 

3. Synergy 

4. Price 803.0313.1473.0599.1473.0

30.354.582.371.54.73

3.755.254.206.705.20

6.609.725.2508.1020.5
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1.599

3.30

3.75

5.20
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CONCLUSION 

(1) An objective weight determination process is needed 
when a 4PL’s evaluation index system is constructed, and 
also in such a way that combines with an enterprise’s prac-
tices when ready-made supply chain performance models 
such as SCOR and SCPR are used. The findings in this paper 
suggest, firstly, that the type of fourth party should firstly be 
determined (e.g. by importance, in which case it may be di-
vided into preferred, important, commercial or partner; or by 
time span, such as short-term, long-term, permeation-
oriented, alliance-oriented or vertical integrated), according 
to the suppliers’ relationship management rules. Secondly, 
the first-class index system should be decided with respect to 
different types of suppliers. Thirdly, variable factors should 
be selected based on the enterprises’ preferences for building 
evaluation systems. As for whether or not the introduction of 
the 4PL and its evaluation should be conducted by the enter-
prise itself or outsourced to professional management con-
sultants or financial consulting companies, the enterprises 
need to judge this on their own account [11]. 

(2) The enterprises should also pay attention to the short-
term and long-term behavior of the selected 4PL selected, 
and revise their evaluation system accordingly. As the fourth 
party has the ability to integrate management consultation 
and the 3PL suppliers’ capabilities, serving as the only “con-
nector” between clients and logistics information suppliers, 
they are arguably the leading logistics suppliers. In the short 
term, especially at the 3PL’s initial or transitional stage, lo-
gistics business still plays a dominant role, resulting in the 
limited function of the fourth party in the sense that it will 
still take some time for the fourth party to progress from a 
main non-logistics business to the management epicenter 
throughout the supply chains. In the long run, due to larger 
demand elasticity for the fourth party, the enterprises’ 
evaluation index preference will also change correspond-
ingly, so the evaluation system needs to be revised in a 
timely manner.  

(3) Ultimately, what the 4PL needs is simplicity and 
transparency, rather than just large size and 
comprehensiveness [12]. Although the benefits in adopting 
the solution provided by a single 4PL supplier lie in a unified 
systematic structure, relatively low support costs and average 
operating platform costs, there also exist certain risks in 
over-dependence on a single information system. More im-
portantly, an unprecedented and unified technology solution 
to maximize clients’ value requires a collaboration between 
consulting, technology and logistics companies to realize the 
full desired design, implementation and operation. 
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