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Abstract. The equipment procurement contract performance evaluation is an important means
to effectively solve the problem like “inefficient progress”, “low targets”, and “increased costs"
in equipment procurement. This paper defined the concept and connotation of the performance
of equipment procurement contract, and proposed the equipment procurement contract per-
formance evaluation, including influence factors analysis, evaluation indicators establishment,
evaluation model construction, calculating results, etc., constructed four-dimension equipment
procurement contract performance evaluation indicator system consisting of quality, schedule,
funding, and service, and constructed the equipment procurement contract performance evalua-
tion model based on BP neural network, and carried out a case analysis. The research conclu-
sions provide a reference for the evaluation practices of equipment procurement contract per-
formance.

Keywords: Equipment procurement contract; contract performance evaluation; BP neural net-
work.

1. Introduction

In order to fully understand the status of the equipment procurement contract, accurately discover the
problems and weaknesses in the performance of the equipment procurement contract, and improve the
performance of the equipment procurement contract, it is urgent to carry out evaluation research on the
performance status of the equipment procurement contract. This paper put forward the general idea of
equipment procurement contract performance evaluation, established the evaluation indicator system
of the equipment procurement contract performance, built the evaluation model based on BP neural
network, and conducted case analysis, in order to provide a reference for equipment procurement con-
tract evaluation.

2. The guideline of equipment procurement contract performance evaluation

2.1. The definition of equipment procurement contract performance evaluation

The equipment procurement contract performance refers to the equipment contractor abides by the
equipment procurement contract, fulfills the contract obligations, and provides high-quality weapon
and equipment. The fulfillment of the equipment procurement contract is an important part of equip-
ment procurement contract management. It is crucial for the military and contractors to execute the
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contract and fulfill contract rights and obligations in accordance with the law. It is significant for im-
proving the quality and efficiency of equipment procurement.

The equipment procurement contract performance evaluation refers to methods including both
qualitative and quantitative to make objective and scientific value judgments on the equipment pro-
curement contract performance based on the terms and objectives of the equipment procurement con-
tract and evaluation indicators and standards, provides a quantitative reference basis for decision-
making. Weapon and equipment have the characteristics of complex technology, complex objective,
an inefficient system, prolonged lifecycle, and huge investment, which cause great risks in the perfor-
mance of equipment procurement contracts. Therefore, it is urgent to carry out the equipment pro-
curement contract performance evaluation, supervise the equipment procurement contract performance
from multiple dimensions, and improve the quality and efficiency of equipment procurement contract
management.

2.2. The process of equipment procurement contract performance evaluation

The process of equipment procurement contract performance evaluation includes: analyzing influenc-
ing factors, establishing an evaluation indicator system, constructing an evaluation model, and calcu-
lating evaluation results, as shown in Fig.1.
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Fig.1 The main steps of equipment procurement contract fulfillment evaluation

2.2.1. Analysis of the factors influencing equipment procurement contract performance

From multiple dimensions, multiple perspectives, and multiple levels, this paper analyzed factors af-
fecting the performance of equipment procurement contracts, including personnel, quality, progress,
risks, costs, etc., provides a reference for building an evaluation indicator system.

2.2.2. Evaluation indicator system of equipment procurement contract performance
This paper constructed an indicator system for equipment procurement contract performance evalua-
tion in terms of quality, progress, funding, and services.

2.2.3. Construct an evaluation model for equipment procurement contract performance
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This paper constructed an equipment procurement contract performance evaluation model based on
BP neural network, including defining parameters, training models, and validate models. (1) Define
the parameters, determine the number of layers of the BP neural network model, the number of nodes
in each layer, and the corresponding transfer function and training function; (2) Train the model, es-
tablish a training sample set to train the model, and calculate the weight values and thresholds of each
layer to obtain a well-trained model; (3) Test the model, establish a validation sample set to validate
the model, and validate the result of the model. If the results are positive, the model is established; if
the results negative, the model needs to be retrained and adjusted.

2.2.4. Calculate the result of equipment procurement contract performance
According to the equipment procurement contract performance evaluation model, estimate the equip-
ment procurement contract performance result find out the problems or weaknesses.

3. Equipment procurement contract performance evaluation indicator system

Evaluation indicator is an important parameter for understanding the performance of equipment pro-
curement contracts and helps to strengthen the management of equipment procurement contracts.
Geng Weibo et al. [1] (2020), Cai Wanqu et al. [2] (2018), Song Cuiwei et al. [3] (2014), proposed an
evaluation indicator system for the performance of equipment procurement contract and conducted
case analysis. Ji Lichao et al. [4] (2019), Li Zhengying et al. [5] (2019) analyzed the problems and
risks in the performance of equipment procurement contracts and put forward countermeasures and
suggestions. The equipment procurement contract performance evaluation indicator system construct-
ed in this paper included 4 primary indicators and 8 secondary indicators, such as quality, progress,
funding, and service, as shown in Tab.1.

Serial number Primary indicators Secondary indicators
1 Quality assurance Al
2 Quality A Quality process A2
3 Quality result A3
4 Progress B Progress completion result B1
5 . Funding management C1
6 Funding C Result of expenditure C2
7 . After-sales service D1
8 Service D Contract service D2

Tab.1 evaluation indicator system of equipment procurement contract

3.1. Quality evaluation indicator

Equipment quality evaluation indicator A refers to the process of fulfilling the equipment procurement
contract and the quality of the equipment after completion, which includes three secondary indicators:
quality assurance, quality process, and quality results.

3.1.1. Quality assurance evaluation indicator

The equipment quality assurance evaluation indicator Al focuses on the quality management system,
quality assurance program, and equipment production readiness status. This indicator is a qualitative
indicator, obtained through expert scoring, with a score of O to 1.

3.1.2. Quality process evaluation indicator

The equipment quality process evaluation indicator A2 focuses on the management of equipment pro-
curement supporting equipment, equipment research and production process management, and sub-
standard product management. This indicator is a qualitative indicator, obtained through expert scor-
ing, with a score of 0 to 1.
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3.1.3. Quality result evaluation indicator

The equipment quality result evaluation indicator A3 focuses on the equipment qualification rate (key
parts qualification rate, important parts qualification rate, and general parts qualification rate). This
indicator is a quantitative indicator, calculated by Formula 1, with a score of 0 to 1.

X +0.6xX,+0.4xX,
Xp3 = 3

M)

Among them, Xpa represents the evaluation score of equipment quality results, % represents the

pass rate of key parts, X represents the pass rate of important parts, and %3 represents the pass rate of
general parts.

3.2. Progress evaluation indicator

The equipment procurement progress evaluation indicator B refers to the completion result of the
equipment procurement contract fulfillment schedule. This indicator is a quantitative indicator, calcu-
lated by Formula 2, with a score of 0 to 1.

X X

contract ~ “actual
X

< Xeontract (2)

_ X actual
XB - contract

0 Xactual > Xcontract

Among them, X represents the evaluation score of equipment procurement progress, Xactual repre-

sents the actual value of equipment procurement progress, and Xoontract represents the value of equip-
ment procurement progress agreed in the contract.

3.3. Funding evaluation indicator

Equipment procurement expenditure evaluation indicator C refers to the funding management and use
after the completion of the equipment procurement contract, which includes two secondary indicators:
funding management and funding expenditure.

3.3.1. Funding management evaluation indicator

The evaluation indicator C1 of equipment procurement expenditure management focuses on the spe-
cial situation of equipment procurement expenditures, the rationality of expenditure, and the timeliness
of payment of contract expenditures. This indicator is a qualitative indicator, obtained through expert
scoring, with a score of 0 to 1.

3.3.2. Expenditure evaluation indicator

The evaluation indicator C2 of equipment procurement expenditures focuses on the relationship be-
tween actual expenditures of equipment procurement expenditures and contractual expenditures. This
indicator is a quantitative indicator, calculated by Formula 3, with a score of 0 to 1.

X

Xcontract

Xeo = X,

actual <
Xactual - Xcomracl (3)
contract

0 Xaclual > X

contract
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X . . . X
Among them, “CZrepresents the evaluation score of equipment procurement expenditure, “acwal

represents the actual value of equipment procurement expenditure, and Xoontract represents the value of
equipment procurement expenditure agreed in the contract.

3.4. Service evaluation indicator
Equipment procurement service evaluation indicator D refers to the performance of the equipment
procurement contract, including two secondary indicators: after-sales service and contract service.

3.4.1. After-sales service evaluation indicator
The equipment procurement after-sales service evaluation indicator D1 focuses on the inspection of
equipment delivery to the army after the completion of the equipment procurement contract, training,
equipment instruction manuals, and technical information, equipment problem handling, and technical
support for special tasks in wartime and emergency. This indicator is a qualitative indicator, obtained
through expert scoring, with a score of 0 to 1.

3.4.2. Contract service evaluation indicator

Equipment procurement contract service evaluation indicator D2 focuses on contract management
such as contract signing, modification, dispute settlement, and contract information management. This
indicator is a qualitative indicator, obtained through expert scoring, with a score of 0 to 1.

4. Evaluation model of equipment procurement contract performance based on BP neural net-
work

4.1. Fundamental

In 1986, Rumelhart, Hinton, and Williams proposed an artificial neural network error backpropagation
training algorithm (referred to as BP (Back Propagation) algorithm). The BP neural network is a com-
plex nonlinear system composed of a large number of simple neurons interconnected, as shown in
Fig.2.

Error reversal

(learning algorithm)

Expected output veetor

Input layer hidden layer output layer

Fig.2 BP neural network structure

Suppose the BP neural network includes n input neurons, m hidden layer neurons, and p output
layer neurons. The transfer function of the hidden layer adopts the Sigmoid function, and the output
layer transfer function adopts the linear function. The mathematical description formula is:

X; =a(2wi‘j’><xj +w})  i=12L m;jj=12L n
(1) hidden layer: i=
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Yo =D W XX +W)  h=12L pk=12L m
(2) output layer: k=1

Among them, X; and Yy, respectively represent the output value of the i-th hidden layer neuron
and the h-th output layer neuron; wi‘jJ and wp, respectively represent the weight between the two lay-
ers of neurons; o represent the Sigmoid function.

4.2. Evaluation model of equipment procurement contract performance

4.2.1. The basic structure of BP neural network

Establish a three-layer BP neural network model for the equipment procurement contract performance
evaluation. The number of nodes in the input layer is 8, which is the eight secondary evaluation indi-
cators for the equipment procurement contract performance, and the number of nodes in the output
layer is 1, which is the evaluation value of the equipment procurement contract performance result, the
hidden layer nodes are set to 17, and the topological structure is 8-17-1, as shown in Fig.3.

Sra (B
s 17 1
Fig.3 Neural network topology structure of the evaluation model
A total of 25 samples for the equipment procurement contract performance evaluation are selected,

80% of the samples are randomly selected as training samples (20 samples), and 20% of the samples
are test samples (5 samples). Known 20 sets of training sample data, see Tab.2.

1 2 3 1. 18 19 1 20
Quality assurance Al 08 |07 105 ...... 0.5 1 0.68]0.88
Quality process A2 0.85[0.75] 0.6 |...... 0.55]0.56 | 0.85
Quality result A3 0751 06 | 0.7 |...... 0.52] 0.6 [ 0.86
Progress completionresult B1 | 0.9 | 0.8 [0.85 ] ...... 046 [ 0.72 ] 0.9
Funding management C1 0.86 059035 ...... 0.75]10.68 | 0.86
Result of expenditure C2 095[068]068]...... 0.56[0.68 ] 0.8
After-sales service D1 08207210721 ...... 0.35]0.75]0.82
Contract service D2 0.84 1065058 ...... 0.5210.78 [ 0.72
Evaluation results 0.88] 0.7 0621 ...... 0.55]0.66 | 0.82

Tab.2 Sample data table

4.2.2. Training result

Run the BP neural network model to reach the allowable error of the network after 50 iterations of
training, and the model construction is completed. The error change process during model training is
shown in Fig.4.
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Performance is 1.33156e-024, Goal is O
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Fig.4 Training process

4.2.3. Model validation

Use 5 sets of test samples to validate the model, and the verification results obtained are shown in
Tab.3. It can be seen from the table that the maximum absolute error between the calculated result and
the actual value is 0.029, and the minimum error is 0.0086. Assuming that the absolute error value is
less than 0.02 as the standard, and the accuracy rate reaches more than 75%, the model is established.
It can be seen from the table that the accuracy rate of the equipment procurement contract performance
evaluation model is 80% (only one test sample exceeds the error), which shows that the equipment
procurement contract performance evaluation model is established.

1 2 3 4 5
Actual value 0.85 0.72 0.65 0.71 0.61
Calculated 0.84137 0.69021 0.63664 0.69973 0.62647
Difference 0.00863 0.02979 0.01336 0.01027 -0.01647

Tab.3 Comparison of output results

4.3. Case study

Taking four equipment procurement contracts as an example, using the trained equipment procure-
ment contract performance evaluation model, the performance evaluation conclusion of the equipment
procurement contract is obtained. It can be seen from the Tab.4 that the performance of equipment
procurement contract A is positive (0.88); the performance of equipment procurement contract D is
negative (0.33). There are problems in quality results, progress completion effects, contract services,
etc., leading to the negative overall evaluation result.

Contract A | Contract B | Contract C | Contract D
Quality Assurance Al 0.75 0.35 0.85 0.42
Quality Process A2 0.85 0.45 0.85 0.55
Quality result A3 0.68 0.23 0.78 0.25
Progress completion resultB1 0.75 0.65 0.92 0.38
Fund Management C1 0.85 0.58 0.85 0.48
Result of expenditure C2 0.56 0.67 0.83 0.56
After-sales service D1 0.72 0.82 0.85 0.45
Contract service D2 0.84 0.52 0.73 0.35
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| Evaluation results | 083642 | 063522 | 07839 | 033 |
Tab.4 Case analysis results

5. Conclusion

With the in-depth advancement of competitive equipment procurement, the performance of equipment
procurement contracts has increasingly become an important aspect of inspecting the quality and ef-
fectiveness of equipment procurement. Therefore, it is particularly important to do theoretical research
on the evaluation of the equipment procurement contract. In accordance with the principle of “refined,
operable, and quantifiable”, this paper established an evaluation indicator system for the performance
of equipment procurement contract from the four dimensions of quality, schedule, cost, and service,
and uses the BP neural network model to carry out the equipment procurement contract performance
evaluation. In the next step, we will further study the evaluation indicators and standards of equipment
procurement contract performance, establish a quantifiable evaluation indicator calculation model, and
improve the credibility of equipment procurement contract evaluation.
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