
Eng Int Syst (2019) 4: 213–220
© 2019 CRL Publishing Ltd Engineering

Intelligent Systems

Investigation of Economic
Financing Mode Management of
Supply Chain in Pharmaceutical
Enterprises

Yanyan Zhang∗ and Ying Meng

School of Economy, Shandong Women’s University, Ji’nan, Shandong 250300, China

In China, small and medium-sized pharmaceutical enterprises are a special group of enterprises, which not only make a significant contribution to the
national economy, but also play a significant role in the livelihood. However, due to the relatively small size of small and medium-sized enterprises,
capital shortage is very likely to occur in the development process, and the high investment and high risk in the pharmaceutical industry can lead
to financing difficulties. In order to solve the above problems, this paper briefly introduces the situation of capital shortage in the supply chain of
small and medium-sized pharmaceutical enterprises and the receivable financing mode used to solve the problem of capital shortage. After that, five
experts evaluated six factors influencing financing efficiency, namely, financing cost, risk, term, institutional norms, degree of freedom and capital
arrival rate, of enterprise X. A comprehensive fuzzy evaluation model is used to evaluate the efficiency and possibility of four receivables financing
modes. The results showed that the weight A of the six factors; the efficiency of four receivables financing modes is non-recourse factoring mode,
recourse factoring mode, pledge mode and securitization mode, from high to low. This led to the conclusion that enterprise X should give priority to
the receivables financing mode without recourse factoring.
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1. INTRODUCTION

Currently, small and medium-sized pharmaceutical enter-
prises have great potential for competition in China’s phar-
maceutical market. Therefore, it is supported by relevant
national policies and has made important contributions to
China’s economic development. However, limited by the size
of enterprises and the fact that most of them are just starting
businesses, it is often easy to suffer from capital shortage.
[1] Proposing financing to financial institutions has become
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the main means to solve this problem. At present, small
and medium-sized pharmaceutical enterprises are financed
more by bank credit. However, in the traditional credit
model, [2] these small and medium-sized pharmaceutical
enterprises are affected by their insufficient development
and imperfect bank credit mechanisms, which leads to a
long-term low credit rating and difficulty in obtaining credit
financing. Financing difficulties for small and medium-sized
pharmaceutical enterprises are as follows. The first is that
the small and medium-sized pharmaceutical enterprises are
often in urgent need of loans and are high risk. Second,
small and medium-sized pharmaceutical enterprises are not
large enough in scale and have a lack of stable capital
accumulation. At the same time, due to their small scale, they
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Figure 1 Schematic diagram of shortage of funds in pharmaceutical enterprises.

lack awareness of financial risks. Third, due to the small scale,
the overall assets of small and medium-sized pharmaceutical
enterprises have more liquid assets, and the changes are fast,
which makes it difficult to get mortgage loans. Finally, small
and medium-sized enterprises usually start quickly or have
low operating income,which leads to a higher operating risk in
the evaluation by financial institutions. These are the reasons
why financing of small and medium-sized pharmaceutical
enterprises is difficult.

At this time, supply chain finance, a new financing mode
[3] was proposed, which connected financial institutions,
small and medium-sized enterprises in the supply chain with
logistics, and alleviated the financing difficulty of small
and medium-sized pharmaceutical enterprises. Yan et al. [4]
designed a supply chain financial system (SCF) consisting of
retailers, manufacturers and commercial banks with limited
funds, and a two-layer Stackelberg game model with banks
as leaders was established. They compared and analyzed the
optimal strategies in financing schemes such as traditional
supply chain without capital constraint, SCF without credit
guarantee and SCF with full credit guarantee. The results
showed that, based on the appropriate guarantee coefficient,
some credit guarantee contracts can realize the profit maxi-
mization and channel coordination of the supply chain system
and achieve the super coordination effect. Yan et al. [5]
established a two-layer Stackelberg game model with banks
having the leading role and manufacturers as the auxiliary for
the supply chain financial system. Through the comparison
with two typical cases of non-financing scheme and unlimited
credit line financing schemes, the important interaction
between operation decision and financial decision in the
supply chain financial system was found. The conclusion was
that different interest rates and credit lines affect supply chain
operation. Jin et al. [6] studied a supply chain financing
system composed of retailers, suppliers and risk-averse banks
with limited funds. By introducing the insurance policy into
the supplier financing model, a mathematical optimization
model was established, from which the optimal inventory
and insurance decisions under different circumstances are
derived, namely, the insurance without information, the
insurance with information symmetry and the insurance
with information asymmetry. In this paper, five experts
were employed to evaluate six factors affecting financing
efficiency, namely, financing cost, risk, term, institutional
norms, degree of freedom and capital arrival rate of enterprise
X. A comprehensive fuzzy evaluation model was used to
evaluate the efficiency and possibility of four receivables
financing models.

2. FINANCING MODEL

With the development of the economy, the market competition
at home and abroad is more and more fierce, and the division
of labor in social and economic activities is more and more
complex and detailed. For large enterprises, due to their
relatively independent industrial chain, social division of
labor and relatively free distribution of resources, they are
less impacted by competition than small and medium-sized
enterprises. For more small and medium-sized enterprises,
which are important components of the national economy,
due to their small size, it is difficult to gain a foothold in the
fierce competition market by relying on their own resources.
Therefore, small and medium-sized enterprises need to keep
close contact with other enterprises in the upstream and
downstream of their supply chain, and strive for enough
external financing to help their own development.

As shown in Figure 1, the supply chain of small and
medium-sized pharmaceutical enterprises is divided into
procurement, production, storage and sales. [7] In the three
links before the sales link, the enterprise’s capital is in the
state of expenditure, even in the sales link, before the income
is in the state of expenditure. Therefore, it can be found that
the capital gap of enterprises mostly appears in the purchase,
production and sales links. In view of the above supply
chain financing problems, receivable financing mode can be
adopted.

Receivables financing mode [8] is that small and medium-
sized pharmaceutical enterprises apply for financing from
banks and other financial institutions, similar to traditional
credit loans, but the collateral for financing, the receivables
from the buyer will be obtained by the enterprise. For the
treatment of accounts receivable, this mode can be divided into
accounts receivable pledge financing and accounts receivable
buyout financing. For the treatment of accounts receivable,
this mode can be divided into accounts receivable pledge
financing and accounts receivable buyout financing, both of
which mortgage the relevant authority of accounts receivable
to the bank. But the difference is that the latter will inform the
buyer to deliver the money to the bank, and the former is more
suitable for the medical enterprise in urgent need of money.

Accounts receivable financing mode connects the supply
chain of enterprises with financial institutions, and its process
[9] is shown in Figure 2. Firstly, the seller, i.e. small and
medium-sized pharmaceutical enterprises, signs a transaction
contract with the buyer, i.e. the core enterprise downstream
of the supply chain, and delivers the goods stored in the
warehouse. Secondly, the buyer shall check and verify the
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Figure 2 Receivable financing mode flow.

goods upon receipt of the goods, issue accounts receivable
documents and deliver them to the seller after passing. Thirdly,
after the seller gets the documents, it uses them as collateral
to apply for loans from banks and other financial institutions,
while the buyer makes a guarantee for the seller and makes
a payment commitment to the financial institutions. Fourthly,
after the documents are examined and approved, the financial
institution shall lend money to the seller according to the
stipulated standards. Fifth, after receiving the loan, the seller
uses it to purchase raw materials for production to produce
the next batch of products. Sixth, the downstream buyer sells
the goods and obtains payment. Seventh, the buyer shall
make payment to the financial institution after receiving the
payment. Finally, the financial institution shall cancel the
contract between the seller and the institution after receiving
the payment.

3. CASE ANALYSIS

3.1 Basic Information of Enterprise X

3.1.1 Background Information

Enterprise X is a pharmaceutical circulation enterprise in XX
province, which mainly produces drugs for treating infectious
diseases. Its main business is the wholesale and retail of
drugs, health care products and medical equipment. The
main business objects are large medical institutions and chain
drugstores. Its business model is shown in figure 3. Raw
materials are purchased from raw material suppliers. After
producing the goods, they are wholesaled to large medical
institutions and retailed to chain drugstores.

3.1.2 Enterprise Accounts Receivable

As shown in Table 1, in recent years, the operating income of
enterprise X has been constantly increasing. However, there
are a lot of accounts receivable shares in the process, indicating
that credit sales exist in the process of increasing business

income. [10] It can be found from the table that in recent years,
accounts receivable accounts for about 50% of total assets in
the medium and long term and accounts for about 30% of
operating income. Although accounts receivable with a higher
proportion makes the total assets of the enterprise appear to
have increased significantly, in fact accounts receivable does
not belong to working capital and cannot play a substantial
role in production and operation. At the same time, the growth
rate of total assets and operating income is about half of that
of accounts receivable. In the long run, it will lead to rapid
growth of the total revenue of the apparent enterprise, but the
actual lack of liquidity to maintain production and operation.

3.2 Analysis of Receivable Financing Mode of
Supply Chain

3.2.1 Factors Set

The financing efficiency of an enterprise’s supply chain
accounts receivable is affected by many factors. This paper
refers to several factors recognized academically at present,
and finally selects cost, risk, deadline, institutional norms,
freedom of freedom and capital arrival rate as factors affecting
the efficiency of receivable financing. [11] Therefore,different
weights should be given to different factors. [12]

3.2.2 The Weight Set

Although the six main factors affecting financing efficiency
are selected, the effect of each factor on financing efficiency
is different in the actual evaluation. As shown in table 2,
different evaluation languages are used to reflect the weight
of factors, and the language is converted into triangular
fuzzy number for quantitative analysis. This paper invited
5 professionals to evaluate the six factors selected. In this
paper, five professionals are invited to evaluate the six factors
selected. The evaluation terms are limited to the language in
table 2. At the same time, since five experts have different
qualifications and opinions, the evaluator should be given
weight to ensure the objectivity of the evaluation.
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Figure 3 Business model of enterprise X.

Table 1 Accounts receivable proportion of enterprise X in recent years.

Annual Accounts
receivable/ten
thousand yuan

Total
assets/ten
thousand
yuan

Proportion /
%

Operating
income/ten
thousand
yuan

Proportion /
%

2012 3878 7869 49.28 13641 28.43
2013 4735 10145 46.67 17791 26.61
2014 6698 13491 49.65 22741 29.45
2015 9008 18681 48.22 28281 31.85
2016 11591 21525 53.85 32539 35.62

Table 2 The language used to reflect the weight and the corresponding triangular fuzzy number.

A language that reflects weights Triangular fuzzy number

Make a big difference (0.8,1.0,1.0)
Great influence (0.5,0.8,1.0)
Affect the general (0.2,0.5,0.8)
Less affected (0.0,0.2,0.5)
Basically no effect (0.0,0.0,0.2)

In this paper, the weight of experts is set as 0.3, 0.3, 0.2,
0.1, and 0.1 according to their work experience.

3.2.3 Evaluation Sets

The evaluation set is the collection of evaluation results of
various factors. The impact of various factors on financing
efficiency is evaluated as high or low.

3.2.4 Membership

Membership [13] is the possibilty of making an evaluation
on the evaluation object under a certain project, and the
value range is between 0 and 1. There are three modes of
receivables financing: pledge, factoring and securitization,
among which factoring is divided into non-recourse factoring
and recourse factoring. The pledged financing mode is the
mode of applying for financing from financial institutions

with accounts receivable as collateral. The pledged accounts
receivable has the right to be disposed of freely or by a
third party. This financing mode is usually applied when
the enterprise is in urgent need of funds, which belongs to
short-term financing. Factoring financing mode is a mode in
which the receivables generated after the transaction between
small and medium-sized enterprises and core enterprises are
transferred to factoring companies to obtain financing. The
factoring company is usually a commercial bank, and the bank
is the new creditor after the transfer. The risks arising from
receivables shall be borne by the bank. Among them, the
factoring with recourse fails to transfer the risk to the bank
completely, while the factoring without recourse transfers
the risk to the bank completely. Securitization mode is
a financing mode that converts receivables into securities
in asset securitization institutions and then puts them into
capital pools to issue securities in the financial market. The
membership degree of the six influencing factors in the
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Table 3 The degree of membership of influencing factors under different accounts receivable financing modes.

Financing
model

Membership Cost Risk Deadline System specification Degrees of
freedom

Capital
arrival rate

The pledge
way

High 0.8 0.4 0.3 0.7 0.4 0.9

Low 0.2 0.6 0.7 0.3 0.6 0.1

Non-
recourse
factoring

High 0.4 1.0 0.8 0.7 1.0 0.5

Low 0.6 0.0 0.2 0.3 0.0 0.5

Factoring
with
recourse

High 0.7 0.6 0.5 0.8 0.7 0.6

Low 0.3 0.4 0.5 0.2 0.3 0.4

Securitization
mode

High 0.8 0.1 0.4 0.2 0.8 0.2

Low 0.2 0.9 0.6 0.8 0.2 0.8

four methods is shown in table 3. For enterprises, efficient
financing efficiency is conducive to their development. Based
on the above data, this paper made a comprehensive judgment
on the most efficient of the four methods.

3.3 Analysis Results of Receivable Financing
Mode

(1) Weight of six influencing factors

According to the triangular fuzzy number in table 4 and
the expert weight set above, weight A of the six factors
was obtained by using the formula: [14] Triangular matrix
function = expert weight * triangular fuzzy number matrix,
and normalization. The weight A of the six factors is
0.25,0.23,0.15,0.05,0.1, and 0.23.

(2) Four kinds of fuzzy comprehensiveevaluation of financing
efficiency

According to Table 3, four evaluation matrices are estab-
lished.

PPledge =

⎡
⎢⎢⎢⎢⎢⎢⎣

0.8 0.2
0.4 0.6
0.3 0.7
0.7 0.3
0.4 0.6
0.9 0.1

⎤
⎥⎥⎥⎥⎥⎥⎦

PNon - recourse factoring =

⎡
⎢⎢⎢⎢⎢⎢⎣

0.4 0.6
1.0 0.0
0.8 0.2
0.7 0.3
1.0 0.0
0.5 0.5

⎤
⎥⎥⎥⎥⎥⎥⎦

PFactoring with recour =

⎡
⎢⎢⎢⎢⎢⎢⎣

0.7 0.3
0.6 0.4
0.5 0.5
0.8 0.2
0.7 0.3
0.6 0.4

⎤
⎥⎥⎥⎥⎥⎥⎦

PSecuritization =

⎡
⎢⎢⎢⎢⎢⎢⎣

0.8 0.2
0.1 0.9
0.4 0.6
0.2 0.8
0.8 0.2
0.2 0.8

⎤
⎥⎥⎥⎥⎥⎥⎦

Then the efficiency of the four receivables financing models
is calculated according to the fuzzy comprehensive evaluation
formula [15] N = A ⊗ P where N is the comprehensive
evaluation model, and ⊗ is the synthesis method of weight
and evaluation matrix. The comprehensive evaluation of the
final financing efficiency is shown in table 5:

As shown in Figure 4, the efficiency of four receivables
financing modes is non-recourse factoring mode, recourse
factoring mode, pledge mode and securitization mode, from
high to low. Among them, the probability of high financing
efficiency of non-recourse factoring is 69.9%, the probability
of high financing efficiency of recourse factoring is 63.1%,
the probability of high financing efficiency of pledge is
53.8%, and the probability of high financing efficiency
of securitization is 42.2%. That is to say, through the
evaluation of the six influencing factors of the enterprise,
five experts finally found that the enterprise’s choice of
non-recourse financing mode of receivable financing has the
greatest possibility to make the financing efficiency high. In
conclusion, enterprise X should give priority to factoring
without recourse when choosing the receivables financing
mode, and then consider other financing modes to improve
the financing efficiency of the enterprise.

4. ANALYSIS

The financing mode based on supply chain is divided into:
pledge mode, recourse and non-recourse factoring mode and
securitization mode. In the case of Company X, the above
four supply chain financing modes were analyzed. The first
is financing cost, which is essentially the reward provided
by one party who uses capital to one party who owns
capital The institution that provides the loan in the pledge
will make a comprehensive evaluation on the enterprise and
its downstream customers and approve the corresponding
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Table 4 The triangular fuzzy number of the evaluation of influencing factors by different experts.

Factors Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

Cost (0.8,1.0,1.0) (0.5,0.8,1.0) (0.5,0.8,1.0) (0.8,1.0,1.0) (0.5,0.8,1.0)
Risk (0.5,0.8,1.0) (0.8,1.0,1.0) (0.5,0.8,1.0) (0.5,0.8,1.0) (0.5,0.8,1.0)
Deadline (0.5,0.8,1.0) (0.2,0.5,0.8) (0.2,0.5,0.8) (0.0,0.2,0.5) (0.0,0.2,0.5)
System specification (0.0,0.2,0.5) (0.0,0.0,0.2) (0.0,0.2,0.5) (0.0,0.0,0.2) (0.2,0.5,0.8)
Degrees of freedom (0.2,0.5,0.8) (0.0,0.2,0.5) (0.2,0.5,0.8) (0.2,0.5,0.8) (0.0,0.0,0.2)
Capital arrival rate (0.5,0.8,1.0) (0.5,0.8,1.0) (0.8,1.0,1.0) (0.5,0.8,1.0) (0.8,1.0,1.0)

Table 5 Efficiency distribution of four receivables financing modes.

Financing model The pledge way Non-recourse
factoring

Factoring with
recourse

Securitization
mode

The financing
efficiency

High Low High Low High Low High Low

Possibility 0.538 0.462 0.699 0.301 0.631 0.369 0.422 0.578

Figure 4 Probability distribution of high and low efficiency of four receivables financing mode.

amount. 80% of the corresponding amount can be obtained
at most if the quality of receivables of Company X is
excellent. Considering the interest after one year which is
the time limit for pledge credit, the cost rate is 4.67%. In
the factoring mode, in addition to the normal loan interest,
the enterprise also needs to pay a certain factoring rate. As
the nonrecourse factoring completely transfers the risk to the
bank, the factoring rate is higher generally, and the cost rate of
the recourse and non-recourse factoring is 4.88% and 4.95%
respectively. In the securitization mode, the enterprise gives
the loan to the corresponding institution and then divides its
future cash flow generated into different shares of securities
for sale, and the loan and interest are repaid with the funds
raised by the sale of securities. In addition, the cost of
securitization includes the financing expenses, so the cost rate
is 4.08%. On the premise that other conditions of the four
modes are similar, the lower the cost of financing, the higher
the efficiency of financing. In respect to the financing risk, the
way the pledge takes the transaction between enterprises as

the guarantee of loan, means the risk remains in the enterprise
itself; once the transaction between enterprises breaks, it
will be difficult to repay the loan. As a small and medium-
sized pharmaceutical enterprise, the downstream customers of
Company X also include retail customers such as drugstores in
addition to stable hospitals, which are relatively unstable. In
recourse factoring, there are still some risks because of the
reservation of recourse. In non-recourse factoring, there are
basically no risks for enterprises because the creditor’s rights
are completely transferred to banks. The securitization mode
is similar to the factoring mode, which completely transfers
the power of receivables to banks, so there is basically no risk
in credit, but the return of funds is slow because of the small
scale, small fame and low recognition and poor circulation
of security, and the inflation and policy adjustments in that
period may lead to difficult recycling of the principal. In
terms of financing term, the pledge mode is limited to line
of credit within one year, while the factoring mode has no
time limit due to the transfer of loan ownership, and there was
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also no time limit for securitization, but interest shall be paid
regularly. In terms of the regulation of financing system, it
is more dependent on the maturity of the capital market. The
higher the regulation, the more likely the banks are to adopt
the factoring mode, so the system is more standardized. As the
securitization mode is still in the initial stages, the regulation
system is not complete. In terms of financing freedom, the
pledge mode is the most restricted,so it is necessary to indicate
the purpose of the loan, while factoring and securitization do
not have to bear the risk because of the transfer of power, and
the purpose of the loan is not limited. In terms of the fund
availability rate of financing, in pledge and factoring modes,
the enterprise needs to be audited. In particular, the factoring
mode transfers risks to the factoring business, which will be
more strict in the audit. The securitization mode has more
complicated operations, involves more institutions, and has
the lowest fund availability rate. Based on the above analysis,
it is concluded that the non-recourse factoring mode is more
suitable for Company X

5. CONCLUSION

Firstly, this paper briefly introduced the shortage of funds
in the supply chain of small and the receivable financing
mode used to solve the problem of capital shortage. Then,
five experts evaluated six influencing factors of enterprise
X. A comprehensive fuzzy evaluation model was used to
evaluate the efficiency and possibility of four receivables
financing modes. The results are as follows. First, based on
expert weight and the triangular fuzzy number of experts’
evaluation on the six factors, the weight A of the six factors,
cost, risk, duration, institutional norms, degree of freedom
and capital availability, was obtained, 0.25, 0.23, 0.15, 0.05,
0.1 and 0.23, respectively. Second, the efficiency of four
receivables financing modes was calculated based on weights
of the six factors and the membership of the six factors
under the four receivables financing modes the using fuzzy
comprehensive evaluation formula. The efficiency of the four
modes was non-recourse factoring mode, recourse factoring
mode, pledge mode and securitization mode, from high
to low. The enterprise should give priority to non-recourse
factoring when choosing accounts receivable financing mode.

REFERENCES

1. Sun, Y.Y. and Shi, X.T (2019). Construction of advertising
media based on block chain and dynamic communication.
Engineering Intelligent Systems, 27.

2. Caniato F, Gelsomino L M, Perego A, et al. (2016). Does
finance solve the supply chain financing problem?. Supply
Chain Management, 21(5)534–549.

3. Lekkakos SD. and Serrano A. (2016). Supply chain finance
for small and medium sized enterprises: the case of reverse
factoring International Journal of Physical Distribution &
Logistics Management, 46(4), 367–392.

4. Yan N, Sun B, Zhang H, et al. (2016). A Partial Credit Guarantee
Contract in a Capital-constrained Supply Chain: Financing
Equilibrium and Coordinating Strategy. International Journal
of Production Economics 173, 122–133.

5. Yan N, Dai H, Sun B. (2015). Optimal bi-level Stackel-
berg strategies for supply chain financing with both capital-
constrained buyers and sellers. Applied Stochastic Models in
Business & Industry, 30(6), 783–796.

6. Jin W. and Luo J. (2017). Optimal inventory and insurance
decisions for a supply chain financing system with downside
risk control. Applied Stochastic Models in Business & Industry,
33(1).

7. Li, S.C. (2018). Evaluation of Mismatch Effect of Financing
Structure Based on Data Envelopment Analysis. Engineering
Intelligent Systems, 26.

8. Hofmann E. and Zumsteg S. (2015). Win-win and No-win
Situations in Supply Chain Finance: The Case of Accounts
Receivable Programs. Supply Chain Forum An International
Journal, 16(3), 30–50.

9. Huang H. and Zhang J. (2016). Recourse accounts receivable
factoring financing ratio research based on multinational supply
chain International Conference on Service Systems and Service
Management, 1–4.

10. Yang, T. T., Sun. Z. H., Su, Z., Feng, H.L., and Deng, R.L
(2016). Towards risk evaluation algorithm of PSC ship-selecting
system based on hierarchic analysis and grey integrated cluster-
ing method. Computer Systems Science and Engineering, 31.

11. Sindani M N L. (2018). Effects of Accounts Receivable
Financing Practices on Growth of SMEs in Kakamega County,
Kenya. Expert Journal of Finance, 6.

12. Darko E A, Adarkwah S, Donkor F, et al. (2016). Management
of Accounts Receivables in Utility Companies: A focus on
Electricity Company of Ghana (E.C.G.). International Journal
of Academic Research in Business & Social Sciences, 6(11).

13. Li J, Zhang Q, Yan F, et al. (2016). A cloud model-based multi-
level fuzzy comprehensive evaluation approach for financing
credit of scientific & technological small-medium enterprises.
Journal of Difference Equations & Applications, 23(1):1–14.

14. Chu K. (2015). Risk Assessment of Rail Transit Financing Mode
Using Land Reserve Based on Fuzzy Comprehensive Evaluation
Method.

15. Zuo H. (2015). Spain and Portugal: 1979 International Sym-
posium registration form Applied Mathematics & Information
Sciences, 9(4), 2185–2193.

vol 27 no 4 December 2019 219




