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ABSTRACT

Building an indicator system of collaborative logistics performance oriented manufacturing industry using the
Balanced Scorecard, this paper puts forward20 evaluation indicators from five aspects, the level of information,
business process, finance, customer service ability, learning and development which builds the model of collaborative
logistics performance oriented manufacturing industry based on AHP and BP neural network. The model makes
analysis with AHP on collaborative logistics performance indicators for Wen ling automobile and motorcycle
manufacturing industry and treats the AHP evaluation results as the training and testing data which will be input into
network model to train and simulate test. The results show that the evaluation method of collaborative logistics
performance oriented manufacturing industry based on AHP and BP neural network is reasonable and feasible. It is
worthy of spreading in the related field of the performance evaluation.
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INTRODUCTION

Collaborative logistics, throughout the entire proiion process, pursuesinternal logistics, extetogistics and
shipping logistics and so on to meet the needsstbeners andprovide professional, timely, efficlegistics services.
We wish to achieve the logistics optimization gofateducing logistics cost and improving the custosatisfaction.
In oriented manufacturing management environmagistizcs performance is an important part of manuwifidgicg
overall performances and should try to integrateé @ptimize the logistics resources so that to prtentioe overall
logistics performance and also enhance the martetpetitive capability of manufacturing and compedit
advantage.

At present, the domestic and foreign related rebesaremainly aboutperformance evaluation of tie tharty
logistics and supply chain. Liu H T and Wang W Kpjut forward by using comprehensive fuzzy evaluatisethod to
choose the third party logistics providers. Yangyian and Pei JinYing [2] proposed DEA and AHP méttm
evaluate the logistics system which effectively bamad the advantages of the two methods and maéte tipe lack
of a single method.Chen Dongdong and PengJiyuarsé¢8] factor analysis method to performance evaluathd
sortingof supply chain,in order to grasp the kestdes which had influence to the performance ofpspphain and
helped the enterprise decision makers make sdeftifd rational decision. Wu Yisheng [4],througte tstudy of
enterprise logistics performance evaluation,progoaa instructional theory framework of how manufiaicty
enterprise made application to logistics perforneagealuation theory from the system and the wholatf view.
But Wu discussed in theory, not from the concretethod to apply and promote. So the paper firstlitdsu
collaborative logisticsperformance indicators syster manufacturing by using the Balanced Scoreeend then
makes a model of collaborative logistics perfornearariented manufacturing industry based on AHP-BP.
Afterwards,the paper makes Wen Ling automobile rfeturing industry as an example to apply and prtemehich
helps manufacturing enterprises gain a competitiseantage, improve enterprise performance, and rakske
supplement for the evaluation of enterprise logssgierformance theory in a certain extent.
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2.Build the model of collaborative logistics perfomance oriented manufacturing industry based on AHFBP
The performance indicator of collaborative logistiperformance oriented manufacturing industry, ks
characteristics ofthe complexity, uncertainty aladge number of quantity.And at the same time sitihe features of
nonlinear correlation between each other. Basethisnthis paper integrates the analytic hieransigcess (AHP)
combined with BP neural network for comprehensivaation. The analytic hierarchy process suppdstedxpert
system, can deal with the combination of qualim@tand quantitative problem and also can makesubpdive
judgment and policy experience from decision makgrsthe model which realize quantitative procegsBP neural
network has the ability of associative inferendghkspeed parallel processing, adaptive identificeand simulating
human thinking which can be able to find the nagdinmapping relationship between input-output aftéentific
training and study. BP neural network has the gadaaintages to intelligentlyinfer and predict ameldisadvantage of
that the network training process inevitably exmstslinear programming as result to fall into loo@himum point.
So this paper combining the subjective evaluatiwh @bjective evaluation, uses analytic hierarctocpss (AHP) to
give the weight of the indicator system so as t&asaup the defect in any assignment of weightseafal network
and to reduce the probability of its computati@ppred in local minima[5].

This model firstly determines the indicator weighihg AHP method in the performance indicator systmd
treatsthe results as the inputs of BP neural nétwidterwards,we can get the output results and théld the model
BP neural network.

The model of BP neural network uses the samplefdataaining and when the accuracy requiremerediaally met
the accuracy requirements, the paper makes simnlafithe corresponding data by fitting a good roekwo get the
collaborative logistics performance evaluation hssio be evaluated for manufacturing industry.

2.1 Build the hierarchical model of collaborative bgistics performance oriented manufacturing industy

The hierarchical structure model generally is diddinto three layers, namely the target layeredadh layer
andindicator layer. Establishment of logistics perfance evaluation indicator system is based orarald
Scorecard. After the discussion from the expertugrave build evaluation indicator system from fagpects. See
table 1.

Table 1An indicator system of collaborative logistis performance oriented manufacturing industry

Target layer Criterion layer Indicator layer

Customer service information system for completsrleg)

The level of information  Information transmission efficienays

Uil) System operator for information system of managertwelug)
Cargo tracking capabilitias{i)
Inventory turnover rata(zzl)
Business process Inventory loss ratet)
uy The utilization rate of per unit ares)
The effective work of transportation equipmaﬁﬁ
The human cos1$)
Collaborative logistics operation  Finance The logistics costt)
pgrformance manufaqtunng _ u® . @
oriented comprehensive evaluation u™3 Operating costsiz;

Logistics assets management IGA@

On time delivery ratelfl)
Customer service ability ~Accuracy of delivery rate’
u® .
4 The quality and safety of goods ra{@

Complaints handling rate)

Ability of logistics personnaugzl)

P (2)

Learning and development Staff training ratelg,
ugl) Maintenance rate of information systej@

The new technology application success téib

2.2 Build the model of BP neural network
The application of BP neural network for performamwvaluation is essentially based on the processioing data
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for Boolean vector approximation [6]. In this pagbe BP network is a kind of multilayer feedfordiareural network
and its neurons in the conversion function is madr sigmoid function, f(x)=1/(1+#.

(1)Determine the level of the BP network. Theowdticit is approximately arbitrary precision of apping from
input to output. So a three-layer BP neural netweank complete any N to M dimensional mapping andistelly
choose BP network with a single hidden layer neky@r

(2)Determine the node number of the input and dulpyer of the BP network. The external description
problemdetermines number of nodes in the netwangist and output neurons.The number of input langetes and
the indicator number of collaborative logistics fpemance evaluation should be the same. Using &i¢ators of
collaborative logistics operation performance maotifring orientedto simulated evaluation, so thevagk input
layer node number is 20. The collaborative logsstierformance evaluation value orientedmanufagjuisnthe
network output, namely, so the output node numbér i

(3)Determine the number of nodes in the hiddenrlaiee primary node number can be calculated acogtd the
formula ny=(n+no)“*+L or h=logN to determine the scope of the genefakpresents the hidden layer node number,
nerepresents input layer node numbegrepresents the output layer node number,L is &gértbetween 1 to 10). This

network hidden layer 8 is finally determined.
EXPERIMENTAL SECTION

3 Application example analysis of AHP-BP in collab@tive logistics performance evaluationoriented
manufacturing

3.1 Calculation weight of AHP hierarchical structure and each indicator

(2) Build judgment matrix.

As for the collaborative logistics performance ewion indicator system oriented manufacturingjtesxperts and
professors in the related fieldsto score the ev@mlnandicator system of evaluation. These exparnd professors
include the three logistics association expert @ Zhou, two experts of logistics and purchasingoagtion in

Zhejiang province, two senior leaderswho have ditepin collaborative oflogistics enterprises andnufacturing

enterprises in Wen Ling city and a senior leadeo studies on logistics enterprises and manufagjueimerprises.
The totally 10 questionnaires are sent out andréGaken back. The recovery rate is 100%. At lastmake data
collection and sort to calculate all levels of jotent matrix as followed.

1 Y3 ¥4 13 1 Y3 ¥2 1 1 ¥2 3 172
_3 13/234um=3 1 2 2 42 1 33
usl4 21 2 4% Ty Yo 1 g2 2 |y3 ¥3 1 %

3 ¥s ¥z 1 492 2 1 2 Y32 1

Y2 y4 14 12

1 Y4 Y2 2 1 Y2 ¥3 2 t s 23

w4l 4 8 w2 1 Y28 ¥3 1 ¥3 2
*7l2 ¥4 1 3% |3 2 1 4° |Y2 3 1 4
Y2 ¥3 13 1 Y2 Y3 34 1 Y3 Y2 14 1
(2) All levels of indicator weight and consistertegt
1) Determinate the weight of criterion layer
According to the above formula, we can get criteteyer factor relative weight as shown in table 2.

Table 2 Criterion layer factor relative weights

Factor uil) u(zl) ugl) ugl) u(51)
Weight | 0.0923| 0.2934 0.378L 0.1646 0.0716

At the same time, we can gEMAX=5.2118, CI=0.0529, CR=0.0473<0.1. As a restilis judgment matrix is
completely consistent and the weights are in tleeptable range.

2) Determinate the weight of indicator layer. Witle same method, we can calculate judgment matiasacteristic
value vector, thebiggest characteristic root amsistency test as showed in table3-7.

Table3 Indicator layer( uﬁ) — uﬁ) )
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) @) (2) @]

Indicator layer| uy | U7 | Uj3 | Uy, | Calculation results
u® 1| u3 | 12| 14
@ w=(0.0989,0.4074,0.1841.0.3036
U, 3 | Y] 2| 2 |MAX=4.0963
@ CI=0.0321
U3 2 12 1 1/2 | crR=0.0361<0.1
u® 4 | 12| 2 1

Table 4 Indicator layer (U —u$)judgment matrix judgmentmatrix

i @ @ @ @ i
Indicator layer| u3/ | Uz | Uy | Uy, | Calculation results

us 1| 2| 3| 12
us) 2 | 1| 3| 3 | w=(0.20450.4527,0.1067,0.2361]
AMAX=4.2148
u@ 13 | 13| 1 | 12| CI=0.0716
CR=0.0804<0.1
uf 2 | 3| 2 1
Table 5 Indicator Iayer(u(szl)— ugi)) judgment matrix
Indicator layer ugzl) ugzz) ug23) ugi) Calculation results
@ , | , | we(0143405338,02244,0.0984)"
Usy 1|y wa=4.2199
(2) C1=0.0733
Uz 4 1 4 3 | cR=0.0824<0.1
u@ 2 | 14| 1 3
u® 12 | 13 | 13 | 1

Table 6 Indicator layer(u — u$) judgement matrix

Indicator layer U5121) ufz) ufé) uf} Calculation results

2 w=(0.1603,0.2776,0.4668,0.0953)"
u 1 1/2 1/3 2

4 / / Awn=4.0310
u® ) 1 | 12 | 3 |C=00103

CR=0.0116<0.1

u? 3 2 1 4
u? 172 | 13 | 14 | 1

44

Table 7Indicator layer( u% — u@ )judgment matrix

ndicator ayer| U u u u alculation results
indicator ayer| u& | u2 | u@ | u@ | Calculation resu
u® 1 3 2 3
u@ 13 1 13 5 | w=(0.4324,0.1441,0.3286,0.0949
52 AMAX=4.1320
CI=0.0440
@
Ugs 12| 3 1 4 | CR=0.0494<0.1
u® 3 | 12| wa| 1

From the table 3-7, the secondary indicator layRr<less than 0.10, so all of these are througlttinsistency test.

3)Hierarchy total sorts

868



Chen Chouyong and Chen Liujun J. Chem. Pharm. Res,, 2014, 6(6):865-872

Table 8Collaborative logistics performance evaluatin indicator system of weights oriented manufacturig

Criterion layer | Indicator layef  Weights
u? 0.0091
@
0.0376
u(l) u12
1 @
ul? 0.0170
ul 0.0286
us) 0.0600
@
L0 u? 0.1328
’ u® 0.0313
us) 0.0693
u® 0.0542
@
o u? 0.2018
u® 0.0849
ug; 0.0372
u 0.0264
@
L0 u? 0.0457
! u®@ 0.0768
u? 0.0157
us 0.0310
@
" u& 0.0103
5 @
u? 0.0235
ug) 0.0068

3.2 The training and simulation example of the BP @ural network model

(1) Sample data

The sample data is through research from orienteghufacturing automobile collaborative logistics
industryperformance evaluation ofWen Ling city.

Panel of judges through the interview and the gomsaire survey on staff who are responsible far lttgistics
industry, makes performance score which has fieeles, weaker, weak, normal, strong and very steontfjthe
corresponding values are 1, 3, 5, 7, 9. We cathggberformance ratings in table9.

(2)Thenetwork trainingand data simulation

In the actual calculation, firstly, the indicatalue should be standardized treatment and malkeatiata in table 9
divided by 10, with unified to [0, 1].The first 1&ts of data used in the model of BP neural netweakning and
training, the rest of the other two groups to \atiédthe precision of the model.

In the program, we give the learning accuras®.000001, the number of training N=2000, learntogfficient
Ir=0.35. With the help of Matlab software, gradiel@scent method is used for training. Finally, rafté4 iterative
adjustments, it finishes the test and meets thi@nigarequirements of precision. The result is shawfigure 1. At the
same time, from the Figure 2, we can get the rebaltideal tropic of cancer and the optimal regji@s line are
basically-coincidence.
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Table9The performance evaluation indicators scorespecific value in the table)
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Fig.2Actual output of training sample and ideal ouput of linear regression analysis
RESULTS AND DISCUSSION

From the error analysis of the learning outcometheftable 10, the training results of BP neur&voek arealmost
consistent with the results of expert evaluatiod aror is within an acceptable range. So givertrthiaing sample

learning has met the requirements.
Table 10 Study result error analysis

Serial number 1 2 3 4 5 6 7 8
The training results 0.7700] 0.6501 0.5302 0.6600 50@D 0.5598 0.4999 0.6803
Expected output 0.7700, 0.650 0.5300 0.6600 0.50000.5600 0.5000 0.6800
Relative error 0.00389 0.0129% 0.0219% 0.0036% 7r%d| 0.0117%| 0.0310% 0.0102%
Serial number 9 10 11 12 13 14 15 16
The training resultg 0.4801] 0.570 0.6598 0.5300 6998 0.6500 0.5901 0.5999
Expected output 0.4800, 0.570 0.6600 0.5300 0.70000.6500 0.5900 0.6000
Relative error 0.00279 0.0200% 0.0045% 0.0171% 290®| 0.0068%| 0.0088% 0.0045%

After the training, it makes use of trained thragelr BP network and checks the input data respegtiVhe result is

shown in table 11.
Table 11The error analysis of the test results

The serial number 17 18

The training resulty  0.484f  0.6973
Expected output 0.5100 0.60Q0
Relative error 0.0253 0.09783

From above the results, it shows that using BPaieatwork gets the maximumrelative error is 0.@@bMetween
training data output value and the sample. The mami relative error is 0.03106% between respectatg dutput
value and the desired output. We can infer thavowit self-learning ability and the network performa are good,
and also suggests that the comprehensive evaluatitinod is effective.

CONCLUSION

The problems ofthird party logistics and supplyiohattract the attention of scholars and also haa@y research
results. But collaborative logistics performancdidator systemoriented manufacturing and evaluatiethod are
relative lack. This paper makes use of Balancede®end to design the performance evaluation indicgtstem. And
then, it puts forward a kind of model using AHP dned with BP neural network of comprehensive
evaluation.Through the collaborative logistics periance evaluation oriented manufacturing autoraobil Wen
Ling, the model shows that it's reasonable and rteuFrom the evaluation results, main researoblasions are as
follows.

Firstly, the determinationof indicator weight dltlalels with the AHP reduces the subjective randess. From the
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evaluation results, financial index weight rati®i8781 and business processindex weight rati®&3d. So the two
aspects accounts for as high as 0.6715. We carsutigt performance evaluation of logistics shetiiengthen the
investment and application in finance and busipessesses.

Secondly, when building the BP neural network,atkes use of the adaptive learning rate momentudiegredescent
back propagation algorithm-traingdxto avoid thealominimum value and improve the stability and @éfhcy of
training model[8].

Thirdly, AHP makes subjective into objective destdpand enhances the scientific and operation satdrthe
evaluation results by makingthrough the rationabiveassignment to have quantitative processidgrgeé quantities
of qualitative index. BP neural network has gredamive ability and can quickly absorb the knowlkedand
experience of experts to make more effective arelctibe evaluation results. Combining the methodldP and BP
neural network,it can provides a new evaluationhoétfor collaborative logistics performance evahatfor

manufacturing industry and the test shows that cehmgmsive evaluation method is effective.

However, collaborative logistics performance evitim method presented in this paper for the marnufang

industry also has some deficiencies in practicestllyj the rationality of established indicatorllstieeds further
improvement. Secondly, BP neural network model iregua certain degree of learning samples whicle lgreat
influence on the learning performance of the nenealvork model. But selecting the appropriate legrisamples is
a very difficult and complex. Therefore, aimingla problems and shortcomings above, it shouldidtbdr research
and improvement work. In spite of this, performapealuation model based on AHP-BP, easy to opepabejdes
new research ideas and ways of collaborative liegigierformance as the research oriented manufiagtundustry.
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