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ABSTRACT

Fourth-party logistics, as a new concept, has been impacting the logistics industry. Along with the devel opment of
Fourth-party logistics theory, logistics industry will make great progress in developing. This paper gives a brief
introduction of operation mode of fourth-party | ogi stics and a comprehensive analysis on theintegration mode. Based
on those researches, this paper also builds a model of optimum distribution of resources in fourth-party logistics,
regarding minimum cost and time as objective functions, which are solved after being transformed into path, and
provides countermeasures of customers. This paper may make contributions to the forth-party logistics and gives
direction on the integration of resourcesin logistics network from the perspectives of time and cost.
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1. INTRODUCTION

Fourth-party logigtics, isshort for 4PL, anew logistics
operation mode in recent years, which has plenty of
advantages of the integration of logisticsresources. It
mainly providesintegrated solutions of supply chainwith
integrating scattered third-party logistics companies.
Fromthe perspective of fourth-party logigtics, this paper
givesintegration and optimum allocation of logistics
resources. Fourth-party logistics can improve operation
efficiency by reintegrating, coordinating and optimizing
the resources, meanwhile, provide the solutions and
countermeasures according to cusomers demand. In
this paper, we regard the minimum cost and time as
objective functions and make tasks and resources
matched inlogistics activities. This paper may help to
explorean efficient approach to integrating thelogistics
resourceswith systematic research on the characteristics,
operation mode and resource allocation of 4PL, with
deep insight into the logistics theory, and make
contributionsto thedeve opment of fourth-party logigtics

Inthe 1992, some scholarshavedready put forward
the concept of fourth-party logistics. Actually, fourth-
party logisticsisan integrator in supply chain, which
provides an overall solution with its resource in
information and management, instead of offering service
inanodel. Themain playersinfourth-party logistics
are consulting companies or computer service

suppliers?. Thereisno corresponding link in existing
logistics system. So the fourth-party logistics is
congtructed with the base of third-party logistics,
regarding information technology asitscore?.4PL and
supply chain management may have positive effect on
enterprises. So logistics company should pay much
attention to integrating the upstream and downstream
enterprises, and even get cooperated withthe enterprises
those at samelevel to achievethe goal®. In summary,
thefourth-party logiticsisbased ontheexisting logigtics
systems, which can be regarded asthe integration of
socid resource.

Asfor resourceintegration, at the end of 20 century,
therewas somescholars put forward theidea of selecting
logistics service suppliers with mixed integer
programming model. Other scholars research the
problemthat 3PL service suppliers seectionunder the
forth-party logistics, and solve the mode which regards
optimal cogt and customer-satisfied timewithAnt Colony
Optimization. Based on these, Paul put forward the
definition of virtual organization and its functions,
recognizing thet thereason why theorganization canexist
isbeing supported by along-term cooperative network,
which ultimate goal isto provide the solution of logistics
integrationto customerswithin certaintimes.

According to those researches, it can be concluded
that theresearch onfourth-party logisticsis concentrated
onlogigticsaliance, virtua logigticsalianceand supply
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chan network. Theresearch ondlocation of fourth-party
logigticsislimited in theory, whose practiceistill being
explored.

Frg, thispaper givesabrief analysis of fourth-party
logistics based on its current Situation. Second, it
proposes an integration mode of 4PL and points out
that thekeyto improving the efficiency ishaving dynamic
optimization and decent coordination on integrated third-
party logisticsand customers dermand. Findly, this paper
givesthe resource allocation mode, which considers
minimum cos and time as objectivefunctions, and solves
thefunction to gainthe optimal solution.

2 THEANALYSISON OPERATION MODE OF
4PL

Service System

Fig.1 The Flow Chart of Fourth-party Logistics

Fourth-party logistics is compromised with multiple
enterprises, which are supported by third-party logistics
service supplier, excellent technique service suppliers,
consulting companies and management companies that
cooperate with each other and provide cusomerswith
excellent solutions. The operation mode of 4PL can be
divided into threetypes'®:

Coordinationmode: Theenterprisesin fourth party
logistics can be seen as part of third-party logistics, what
isworking inthe 3PL enterprisesand managed by 3PL
enterprises. And the 3PL enterprises provide various
solutionsto different customers.

Integration mode: It isanintegration of thewhole
industry and providing apublic information platform. 4PL

enterprisesintegrate thefunctions, informetion resource,
science technology and their abilities of 3PL service
suppliers. Inthismode, 4PL enterprisescanbe seenas
a band connecting the 3PL service suppliers and
customers, aswell asaleader of whole organization
alliance. But thereisaproblemthat if thereisno enough
business and expected revenue, they cannot integrate
the 3PL enterprises.

Innovation mode: 4PL enterprises play a role of
manager and leader, integrating the multiple resources
and considering the differences of variousindustries,
provide service with various customers and fill the
shortcomings of 3PL enterprises.

It can be concluded that 4PL service suppliers
alocate the logistics task and resources with the
perspective of whole supply chain. They canredesign
and rebuild thetrangportation paths and nodes, optimize
the operation efficiency, strengthen the strain capability
and shortenthe delivery time. Meanwhile, 4PL service
suppliers canstrengthen the ability of management and
controlling intheaccurate transportation, storage and
delivery, so asto achieve the goal of sharing advantages
and resources. Under the dynamic Situation, 4PL service
suppliers can allocate the resources and make the
warehouse, vehiclesandlogigticsdigtribution centersrun
smoothly to improve the efficiency, optimizethe paths
and reduce cost.

3 THE ANALYSIS ON RESOURCE
ALLOCATION OF LOGISTICS
RESOURCES

Thispaper proposestheideathat the key to alocation
of logisticsresourcesisdigributing thelogigticstransport
tasks of logistics demander according to the various
request and congtraintsto aternativelogisticsresources
reasonably, which major task is choosing thelogistics
service suppliersand resource nodes and complementing
the optimal allocation of tasksand resources. Itsgod is
meeting thevarious demand of customersand proposing
the different solution. That means using the optimal
combination of logigtics and resourcesto make suppliers
try their best to obtain advantages.

During the optimum allocation process of logistics
resources, the4PL enterprisesare supported by the 3PL
service suppliersto providetheir cusomerswith various
solutions of supply chain. Soit isof vital importanceto
make useof 3PL service suppliersreasonably to provide
service with high quality and efficiency, which refersto
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the scheduling of 4PL service suppliersand integrating
the resources, information and ahilities of 3PL service
suppliers. Inthis paper, werecognizethat what mentioned
above is the main idea of the process of logistics
resources dlocation, whichisshownasfigure2.

Fig2. The mode of logisticsresourcesin 4PL

After customersplaying an order and forming alogistics
task, 4PL enterprisesintegratethosetasksand separate
them into different part. Then, they use reasonable
allocation system to distribute the tasks to different
resource nodes, which implement the task of
transportationand other logigtics activities. Asshownin
thefigure2, different logistics service suppliersprovide
the different resource nodes. Because of that, during
completing the alocation of resource nodes, the 4PL
enterprises complete the choosing of logisticsservice
suppliers. At find, they transformthe question into the
optimal routing and solve and optimizethe question.

So the essence of 4PL management modeisbeing
supported by the resources provided by 3PL service
suppliersand offering logistics servicesto cusomerswith
high quality, efficiency and variety. It may help to utilize
and coordinatethe 3PL service suppliersto satisfy the
demand of customers Itsultimate purposeisto distribute
thevariouslogigticstasksto 3PL service providerswhich
settleinthe network, according to customers demand,
providing thetwo setsof solutionsfromthe perspective
of shortest timeand minimum cost.

Inthis paper, the 4PL network isseenasawhole.
We separate thelogistics demand into two parts, which
arelogisticstasksand logistics activities. Thelogistics
resources in 4PL network reflect its information,
technology, 3PL service suppliersand thelogisticsnodes
provided by those 3PL service suppliers.

Thereislittle possibility to reach the condition that
resources and information are shared completely, for
the reason that it's of great difficulty to integrate the
resources of multiplelogistics service suppliers. Base
on the circumstances mentioned above, inthis paper,
we assume that those logistics service suppliers

cooperate with each other and provide their logistics
nodes. But they till attachto their logistics enterprises
and keep their independent paths.

Itisof top priority to digntegratethelogisticsdemand
tasksand logisticsresources, fromthe perspective of
4PL, and optimize the allocation according to a
reasonable sysem. Thedetall operation Stuationisshown
as Fig.3, which consists of the logistics tasks
disntegrating, metching logisticsresources, sdecting 3PL
service suppliers tentatively and making decision of
logisticsresource node.

Firg, thereisadisintegration of logisticsdemand and
resources. Every logistics task can be divided into
ddivery, transportation, warehousing, processing and so
on. Thelogisticsresourcescan bedivided into different
resource node according to the various enterprises.

Second, there is atentative selection of logistics
suppliers settling into the network. Because of the
differencesof their resources, abilitiesand those provided
sarvices, thereisno possibility thet al thelogigticsservice
enterprises can meet every logisticstask. Soinorder to
improvetheservice quality and efficiency, there should
be anevauation systemto select the service suppliers.

At last, the logistics resource nodes of logistics
service suppliers should be sorted out, analyzed and
selected. For thereason that different logisticsresource
node hasdifferent service capability, thesslection should
be conducted according to the cusomers demand and
gpecific conditionto choosethe most suitable resource
nodeto completethefina mission.

Different tasks have different request for the
uncertainty and fuzziness of logisticsactivities. Inorder
to facethat problem, the preliminary work isconducted
by manual operation, which conssts of making decision
of the scale of logistics tasks, requested time of
customersand each kind of cost. Thenaccordingto the
different situation, the optimization and allocation of
logisticsresources should be conducted. Fig3. shows
the mode of optimization of resource alocation.

Figure3 The mode of | ogisti cs resources allocation



4 Xinlong Hu,Wei Lin, Juan Kong

Inthe Fg.3, thelogigticstask gatheredin orderswill
be sort out according to actua condition. Theoretically,
every logistics task consists of delivery, transport,
warehousing and processing. Inthisarticle, in order to
simplify the calculation and consider the practice, we
only take delivery and warehousing into account.

Generadly, it isnecessary to integratethe network
and formabrand new logistics network systemfor the
reason that thereis an overlap of transport paths and
resourcesamong the 3PL service suppliers. Based on
these, webuild themodd withmultipletarget, consdering
time(T), cogt(C), quaity(Q) and srength(S). Commonly,
there should be a reintegration of logistics network
formed by logisticsenterprises, and forming abrand new
logistics network system. Inthis article, the logistics
resource nodes are integrated by logistics network,
belonging to different logistics service suppliers. The
resourceintegrationof 3 PL network isshownin
Fg.4.

Fig.4 The resourceintegration of |ogistic enterprises

ItisshownintheFig.4 that thelogisticsresource
nodeswhich covered by enterprise A isnot completely
samewithenterprise B. The nodescovered by enterprise
A are C,,C,,C,,C, and the node covered by enterprise
Bare ¢.c,.c..c.. Wecanseethat thereisaduplicate
part of nodes.

After beingintegrating the network of enterpriseA
and enterprise B, the duplicate part of resource nodes
are C,,C,,C,. Thelogisticstask intheduplicate city and
the start city can be completed by enterprise A and
enterprise B together or chooses only one enterprise.
So thereisarising the problemthat selecting the service
suppliers. Thispart will be andyzed inthefollows. Also,
the partsc,,c, that don't have an overlap till belong to
thelogigtics service suppliers. As mentioned above, it
reflect the complementarity of logistics network and
expanding therange of logistics service.

Intheintegrating process of logistics network
mentioned above, the advantages can be concluded as
follows

First, after theintegrating the network of logistics
enterprise whose coverage used to be limited, it may
help to expand the cover of serviceand increasing the
number of customersinthewhole system.

Second, thelogigticsnetwork sysemmay help every
enterpriseto sharethelogisticsinfrastructures. It can
make great contribution to achieving thegod of sharing
theinfrastructuresin acomplete sysemwith deding the
order, transportation and warehousing to improve the
resource utilizationrate, avoid the resource waste and
decreasethe cost inthelogistics process.

Last, the logistics network helpsto reducethe
response time greatly. After received the orders, the
network canordinatethelogigicsresourcesand achieves
thegod of resource sharing, promoting the cooperation
among logistics enterprises and cutting down the
responsetime.

4 RESOURCE OPTIMAL ALLOCATION
MODEL

4.1 Model Assumptions

It isassumed that there exist threethird-party logistics
service providerswhose quality of servicerank highso
that cusomers demand can be completely satisfied after
customers' placing an order and logistics tasks being
formed. Figure.5 showsan dlocated logistics network
picture.

Fig.5 Logistics network schematic diagram of CAINIAO
Network

At first, transportation costs of each logistics service
providers among urban resources nodes should be ensured.
The thesis counts the quantity of logistics resources nodes
provided by logistics service providers and the nodes scope,
then ensures the required conversion costs when there occur
logistics conversion activities in each urban resources
node(conversion cost among all enterprisesin each urban node
is cons stent and fixed.). Secondly, logistics resources having
been allocated, corresponding storage and handling costs
would be generated when there occur conversion activities of
logi stics service providers at | ogi sticsresources nodes so some
other fees brought by conversion should be ensured.
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Index value
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multiple service
providers between

(2) Lines between resources node cities represent

different logistics service providers and one line
stands for one logistics service provider. (C,,C;)
represent multiplelogisticsservice providersbetween

C nodes of CAINIAO .c.) o
i Network "5 fesources node 1. two resources node cities. For example, (C,,C,)
comresponding meansthat there arethree optiond logistics service
information of providers between urbanresourcesnode 1, 2.
company k between choosing company k ) o ]
city 7. between resources node (3) &y isamulti-dimensional vector. It represents
% €y i.] corresponding informationof corresponding logistics
By =(C.T service providers. i, j respectively represent
.5.0)
2 connected urban resources nodes of a;,,. K
°°‘1“E‘1‘1‘§;:2‘;§‘5““ representsthelabdl of corresponding logisticsservice
_ 7 provider.
collection of all H={H.H, . .H) N .
R optional paths and o (4 a;,, =(C,T,S,Q) rq)rmscorr@ondlng information
! tbanfiodes P collection of optional of resourcesnodei ') - C gtandsfor Correajondlng

Parameters

transportation
costs of logistics
enterprise k between
C, cuew T

ik

resources node 1, J

logistics capability
of enterprise k
between resources
Sz o,

ik
ik

node .Fj

storage and
handling costs of
. logistics enterprises
C, conversion at T.

resources node |

paths

time spent of enterprise
k between resources

node 1. J

quality of service of
enterprise k between

resources node 1. ]

the tume needed for

loading . unloading
and storage of logistics
enterprises conversion

at resources node JT

Decision variables

0-1 variables; when
choosing service

0-1 variables; when
there occurs conversion
activities of logistics
service providers at

©)

cogts, T represents corresponding time; Srepresents
corresponding logistics capability; Q represents
corresponding quality of service.

R isacollectionof al optiond pathsand resourcesnode
cities. For example, R, ={v,,2,v,,1,v;,3,v,} represents
that from originating gation s to termind sation t,
logistics service provider 2 is chose between
originating station and resourcesnode city 1 when
passing by resources node city 1 and 3; logistics
service provider 1 ischose between resources node
city 1 and 3; logistics service provider 3 is chose
between resourcesnode city 3 and termina station
and so on.

(6) All the above-mentioned optional logistics service

providersare high-quality supplierswho can meet
therequirements of service. They all have sufficient
capability to complete customers’ logisticstasks.
Logisticsfactors between urban resources nodes

X provider kK the Vy . include logisticsenterprises’ conversion costsand
value =1 resources node ] the conversiontime among logistics service providers.
_ Meanwhile, originating station and terminal station
0-1 vaniables; when areall known and timeat the originating stationis
. R: passed resources Set to zero moment.
i node JT . the value
=1 42MODELING
Through the above table, we can see its significance

A path optimization model of CAINIAO network’s
logisticstasksbased on costs, time, logistics capahility
and service quality is set up here. The above analysis
canobtain:

represented by each symbol:
(1) ¢ represents logistics resources node city after
alocating logigicsnetwork.
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Total cost w= transportation cost C, among resources nodes
+ conversion costs C, of serviceproviders at resources nodes.
Introducing decision variable Xy , when Xy =1, it meansthat
the k logistics service provider is chose to provide service
between urban resources nodei, j ; otherwise Xy, = 0.

C=3 Y Y Cxu(R) M

i=1 j=1keH

Not every logigticsresources node would take place
providersconversion activities. In order to conveniently
study conversion costsgenerated a thenodes. thethesis

introducestwo decisionvariables y,,y,. When y, =1, it
means that R, passes by logistics resources node;j,
otherwise y, = 0; y, = 1 meansthat logistics service
providers conversion would take place at logistics
resourcesnode j, otherwise y, =0.

C, =ic; Y,¥(R) @

So during thetrangportation processof entirelogigtics
tasks, total cost of logistics process can be expressed
&

C=C,+C,=
anznlzcijk)ﬁjk(&)"‘ic}yj' yj(&)

i=1 j=1 keH

©)

Time factor: Logistics time mainly includes
trangportation time 1, among logisticsresourcesnodes
and logistics enterprises conversontime T, at logistics
resourcesnodesinthethesis. Among them:

T.= ii Z-rijk)ﬁjk(&):

i-1 -1 keH

N @
T, :ZT,‘ Y yj(&)

Total logisticstime can be expressed as.
L=T+T,

=iiZTi,-m,-k(&)+gT;yj Y(R)

Thelogigticscapability and service quality of service
providersonly need to meet cussomers' requirements,
which have been retreated in the above-mentioned
supplier logisicscomprehensive evauation processand
passed theinitia screening. It canbe expressed as:

Cugomers commissioned amount

A= Loadingx;, (R)) ®)
Customers expected servicevalue
R = Credibilityx, (R) (6)

Through above andlysis, mathematical model of this

chapter canbe expressed as:
W= ()
min) > > Cixu(R)+2.Cy; ¥ (R)
i=1 j=1 keH j=1
st }n An Z-I—ijk)gjk(&)"‘i-rjlyjylj(&)STIME (8)
Loadingx, (R,) < Ay
(i=1.2,~--,n;j:1,2,~~,n;ke H) (9)
Credibilityx,, (R) < Ry,
(i=12m =12 nkeH) (10)
= V'...'\/i'k_v_'...’\/t P
R = (v, j )e 1)

(i =12,---,n; J :]_'2'...,n)

Intheabove formula, thischapter respectively takes
formula7 and 8 as objectivefunctions. The objectives
arerespectively thelowest cost and the shortest time:
when calculating thelowest cost, formula8istaken as
time congraintsto ensuretimerequirement; formula9is
taken as service capacity constraints to ensure that
selected logigticsservice providers are ableto complete
logigticstasks, formula 10 is service quality constraints
so asto ensure that service qudlity of logistics service
providers can meet customers demand; formula 11
guaranteesthat selected trangportation routes are subsets
of p.

To amplify the calculations, thethesisestablishes
virtual nodes. For example, C, isset to virtual paths of
three providers under different nodesc,,C,.C,,.
Following the principle of never turning back, the cost
of blocked nodesisinfinite, which is set to 10000 for
convenience. Thenthrough corresponding collating, a
corresponding tableisobtained. By lingo programming,
optimal path integration can be solved, whichis also
named asthelowest cost and the shortest time.

5 EXAMPLEANALYSIS

Now there are a group of small electrical appliances
which need to be shipped fromcityc,to cityc,. During
the transportation process, they would pass by five



Optimum Resources Allocation in Fourth-party Logistics 7

trangitional cities c,,c,,---,C,. Thethesis assumes that
therearethreelogisticsserviceproviders s, s,, s,inthe
network to satisfy the requirements of logistics tasks.
Thelogigticsnetwork composed of theselogigtics service
providersisshownin Fig.6. Now we need to choose
gopropriatelogigicsnodesand logigtics service providers
inthelogisticsnetwork to achievethelowest cost inthe
shortest time. Then the question converts into path
optimization question.

Before solving themode, severd hypothesis should
be made: after customers’ completing the orders, the
systemwould respond in time so some problems like
time delay or postponing would not happen during the
process, cargo conversontimeisignored during thecargo
transshipment processwhen calculating becausethetime
isvery short; conversion costs of logisticscargo at the
same city’s resources node is fixed and unchanged.
Referringto somerelated thessand literature, logistics
enterprise converson costsamong all urban nodescan
be obtained.

Duetotheprocessof evduatingand choosng service
providers sdectedlogisticsserviceprovidersareadl adle
to meet the customers' demand of service quality and
logistics capability. So information matrix of logistics
service providers g, =(C.7,s,Q can be simplified
intoa,,, = (c.7). Trangportationcost ¢, andtime T, among
nodesmainly includetwo section, whichare cost during
transportation process, cost during conversion process
and transportationtime. Logisticsenterpriseconverson
time is ignored in the hypothesis so only includes
trangportationtime.

(10, 18)

(25, 15)

Fig.6 Logitics cogts schematic diagram of CAINIAO Network

Table.2 conversion costs at logistics urban nodes

Enterprise  Enterprise  Enterprise

S1 S2 S3

Enterprise S1 0 5 4

Ng fe Enterprise S2 5 0 7
Enterprise S3 4 7 0
Enterprise S1 0 4 7

N((:);l ¢ Enterprise S2 4 0 8
Enterprise S3 7 8 0
Enterprise S1 0 5 8

N((;;i ¢ Enterprise S2 5 0 6
Enterprise S3 8 6 0
Enterprise S1 0 6 8

Ng;le Enterprise S2 6 0 10
Enterprise S3 8 10 0
Enterprise S1 0 7 6

Ng;le Enterprise S2 7 0 9
Enterprise S3 6 9 0

After calculation, the lowest-cost route

iss’c,Zc, D, It meansthat nodec,ischosefrom
originating stationsand logistics serviceprovider 2is
responsiblefor trangportation; then node c,ischoseand
logistics service provider 2 is responsible for
trangportation; findly reaching termind station t, logistics
service provider 2ischoseinthetransportation process

fromnode city to destination. Total costisRMB 41.
Because transfer processtakes|esstime, thethesisignorethe
time spent on transfer process. Network diagram as shown in
Fig.7 can be obtai ned when resel ecting thelowest time of each
journey.

$2(22, 30)

$2(12,16)
S2(6, 10) S1(25, 15)

3 (37, 20)

$1(20, 15)

Fig.7 Logigtics Time Schematic Diagram

Theobtained shortest path is. It meansthat node is
chose from originating stationand logistics service
provider 2isresponsiblefor trangportation; then nodeis
chose and logistics service provider Lisresponsblefor
transportation; finally reaching termind station, logistics
service provider 3 is chose during the transportation
process from node city to destination. The total time
spent is46 hours.

It can be concduded from theabove operating results
that logisticstransportation tasks aredivided into three
stage and logistics service provider 2isresponsiblefor
trangportation task in every stages after calculation so
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that thematching of logisticstasksand service providers
isachieved inthelowest-cost trangportation process. In
thetransportation process, the cost spent islower than
other three paths. Inthe sameway, in the shortest-time
trangportation process, logigicstrangportation tasksare
dividedinto three stagesand logistics service provider
2,1, 3 arerespectively respongblefor transportation tasks
30 asto achieve the matching of logisticstransportation
tasks and service providers. In this transportation
process, trangportationtime needed is shorter than other
transportation paths . Compared the model with single
logigtics service provider’scompleting the sametasks
alone, time spent of the former model isshorter, which
verifiesthefeashility of the model.

6 CONCLUSION

Thethessestablishes4PL resources optimumcollocation
model and the lowest cost and the shortest time are
respectively taken as objectivefunctionsso asto provide
several solutionsfor customers. The thesishopesthat
research of thisarticle can not only give somereference
to 4PL’sdevelopment but also play aguiding rolefor
resource integration of logistics network from the
perspective of time and economic cost. Certainly, the
stuationwill becomemore complicated and cumbersome
intheactual operation process 0 some further systematic
research and exploration are needed inthefuture. The
cooperation of logigtics service providersisbound to
involve interests digtribution problems. However, the
thesisfailsto do research on thissection, whichisthe
premise and key factor of 4PL’sintegrating resources
and is worth further research. In the resources
optimization allocation problem, thethesisassumesthat
cogt and timearedl known but fallsto consder additiona
timeand cog caused by someemergenciesand additiond
request of somelarge package. So, themodel needsto
be strengthened and improved into amodel whichiis
closer to red situation and real operating procedures.
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