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Abstract
[Purpose/Significance] The degree of matching between resource investment
plans of both parties in the technical competitive intelligence service process is
an important factor affecting the service process. To address the coordination
problem between service providers and recipients in the technical competitive
intelligence service process, a decision-making method for technical competitive
intelligence services is constructed to enable both parties to better cooperate.
[Method/Process] Based on describing and evaluating the matching of techni-
cal competitive intelligence service schemes, a satisfaction matrix for technical
competitive intelligence service scheme combinations is established, a matching
model for technical competitive intelligence service schemes is constructed and
solved, and finally the optimal combination of technical competitive intelligence
service schemes is determined under the condition of considering the success rate
of each scheme. [Results/Conclusion] A practical example demonstrates that,
based on evaluating the matching of technical competitive intelligence service
schemes, using a bilateral satisfaction matching decision method to find sat-
isfactory solutions acceptable to both parties is effective and feasible, and the
application of this method can promote the effective implementation of technical
competitive intelligence services.

Full Text
Abstract
[Purpose/significance] Whether the resources invested by both parties and the
control of the service process are matched is an important factor affecting the
smooth progress of competitive technical intelligence service between the two
sides. Aiming at the coordination of the competitive technical intelligence ser-
vice between the service provider and the service object, this paper proposes a de-
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cision analysis method to make the two sides cooperate better. [Method/process]
On the basis of description of technology competitive intelligence service scheme
and matching evaluation, this paper constructed the matching matrix of tech-
nology competitive intelligence service scheme. Then, technical competitive
intelligence service scheme matching model is constructed and solved. Finally,
the optimal combination of technical competitive intelligence service scheme is
determined under the condition of considering the success rate of each scheme.
[Result/conclusion] On the basis of evaluating on the matching of the compet-
itive technical intelligence service, an illustrative example is given to indicate
that it is effective and feasible to use the decision analysis method of two-sided
matching to find the acceptable scheme to both sides and satisfactory solution.
The application of the method can promote the smooth development of the
competitive technical intelligence service.

Keywords: competitive technical intelligence; service scheme; two-sided match-
ing; decision analysis method

Preamble
Vol. 62 No. 10, May 2018. Research on Optimal Service Decision-Making for
Technical Competitive Intelligence Based on Two-Sided Matching. ChinaXiv
Cooperative Journal. Su Huishuang, Liu Ruiqi, Ma Qiang, et al. Research on
optimal service decision-making for technical competitive intelligence based on
two-sided matching [J]. Library and Information Service, 2018, 62(10): 70-75.

Introduction
Previous research has systematically constructed a theoretical framework for
technical competitive intelligence services based on open innovation theory,
knowledge management theory, and competitive advantage theory, proposing a
service process centered on key intelligence within technical competitive intelli-
gence services [11]. Related research is relatively mature and has been applied
in numerous fields.

3. Optimal Service Decision Method for Technical Com-
petitive Intelligence Based on Two-Sided Matching
3.1 Description of Technical Competitive Intelligence Service Schemes

Technical competitive intelligence services require both service providers and
clients to invest certain resources, necessitating that both parties clarify their
resource commitments before service commencement. That is, after comprehen-
sive consideration of their own resources, each party proposes several resource
provision schemes. Assume the scheme set proposed by the technical compet-
itive intelligence service provider is 𝐴 = {𝐴1, 𝐴2, 𝐴𝑖, … , 𝐴𝑚}, where 𝐴𝑖 rep-
resents the 𝑖th scheme, 𝑖 ∈ 𝐼 , 𝐼 = {1, 2, … , 𝑚}; the scheme set proposed by
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the service client is 𝐵 = {𝐵1, 𝐵2, … , 𝐵𝑗, … , 𝐵𝑛}, where 𝐵𝑗 represents the 𝑗th
scheme of the client, 𝑗 ∈ 𝐽 , 𝐽 = {1, 2, … , 𝑛}, and assume 𝑚 ≤ 𝑛.

The schemes can be defined from three dimensions: (1) Resource Input Di-
mension, including personnel input, information input, and knowledge level.
Personnel input can be described from aspects such as the number of personnel,
individual quality, and participation time. Information input can be described
from aspects such as completeness of information input [10] and information
sharing willingness. Knowledge level can be described from aspects such as
professional knowledge reserves of personnel and their education levels. (2) Or-
ganizational Structure Dimension, including top decision-makers, project
leaders, and participating members. Top decision-makers can be described from
aspects such as understanding of technology development direction in the field,
grasp of service strategy, and identification of main elements constraining the
service [23]. Project leaders can be described from aspects such as accuracy
of instruction communication, service participation level, and coordination and
communication during the service process. Participating members can be de-
scribed from aspects such as familiarity with business content, cooperation har-
mony, and professional knowledge comprehension ability. (3) Management
Process Dimension, specifically including scope management, quality man-
agement, schedule management, and cost management. Scope management can
be described from aspects such as overall service scope definition, intelligence
source scope definition [24], and intelligence result scope definition. Quality
management can be described from aspects such as intelligence source quality
and intelligence result quality. Schedule management can be described from
aspects such as intelligence planning progress, intelligence collection progress,
intelligence processing progress, intelligence analysis progress, and intelligence
feedback progress. Cost management can be described from aspects such as ser-
vice cost estimation, service budget preparation, and service cost control [25].

3.2 Matching Evaluation of Technical Competitive Intelligence Ser-
vice Schemes

Both service providers and clients hope to use schemes that consume fewer
resources while achieving cooperation objectives. For example, both parties
wish to invest fewer personnel, reduce their own responsibilities when defining
scope, and select quality standards favorable to themselves. If the schemes
used by both parties do not match well, it will lead to inefficiency, poor result
quality, and service process obstruction during technical competitive intelligence
service—outcomes neither party desires. Therefore, only when the matching
degree between the two parties’ schemes is high can sufficient coordination of
cooperation interfaces and effective service development be ensured.

If the technical competitive intelligence service provider selects a certain scheme
𝐴𝑖, then 𝐴𝑖 can be matched with all schemes 𝐵 = {𝐵1, 𝐵2, … , 𝐵𝑗, … , 𝐵𝑛} pro-
posed by the client, resulting in 𝑛 combinations. Thus, the provider needs to
determine which combination is most favorable when selecting scheme 𝐴𝑖, i.e.,
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which has the best matching performance. Similarly, the technical competitive
intelligence client must also complete this matching evaluation. Based on the
above definition of technical competitive intelligence service schemes, a match-
ing evaluation index system can be established from the three dimensions of
resource input, organizational structure, and management process. Using meth-
ods such as Analytic Hierarchy Process (AHP), corresponding weights can be
determined. Then, both the service provider and client can use fuzzy comprehen-
sive evaluation and other methods to evaluate and rank scheme combinations.
Assume the evaluation index set is 𝐶 = {𝑐1, 𝑐2, … , 𝑐ℎ, … , 𝑐𝑔}, where 𝑐ℎ is the ℎth
index, and the corresponding weight set is 𝑈 = {𝑢1, 𝑢2, … , 𝑢ℎ, … , 𝑢𝑔}, where 𝑛ℎ
is the weight of the ℎth index in the technical competitive intelligence service
scheme matching evaluation index system. On this basis, both parties take
one of their own schemes as a benchmark, form scheme combinations with all
schemes of the other party, and evaluate and rank these combinations through
calculated evaluation values. For the evaluating party, the higher the ranking
of a scheme combination, the more favorable it is to them.

3.3 Establishing Satisfaction Matrix for Technical Competitive Intel-
ligence Service Scheme Combinations

If the technical competitive intelligence service provider selects scheme 𝐴𝑖 and
the client selects scheme 𝐵𝑗, assume the provider’s satisfaction with this combi-
nation is 𝛼𝑖𝑗 and the client’s satisfaction is 𝛽𝑖𝑗. From the connotation of scheme
matching and satisfaction, the higher the matching evaluation of a scheme com-
bination, the higher the satisfaction of the evaluating party. Therefore, satisfac-
tion 𝛼𝑖𝑗 and 𝛽𝑖𝑗 can be expressed as:

𝛼𝑖𝑗 = 𝜑(𝑟𝑖𝑗), 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽

𝛽𝑖𝑗 = 𝜑(𝑡𝑖𝑗), 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽
where 𝜑(⋅) is a strictly monotonic decreasing function satisfying 𝜑(𝑥) > 0,
𝜑(1) = 0. Thus, according to equations (1) and (2), calculate 𝛼𝑖𝑗 and 𝛽𝑖𝑗
(𝑖 = 1, 2, … , 𝑚; 𝑗 = 1, 2, … , 𝑛) to construct satisfaction matrices ̃𝐴 = [𝛼𝑖𝑗]𝑚×𝑛
and 𝐵̃ = [𝛽𝑖𝑗]𝑚×𝑛. The sum of satisfactions of both parties for a scheme combi-
nation is called the bilateral overall satisfaction, denoted as 𝛾(𝜇)𝑔, where 𝜇𝑔 is
all scheme combinations of both parties, 𝑔 ∈ 𝐺, and

𝛾(𝜇𝑔) = 𝜔1𝛼𝑖𝑗 + 𝜔2𝛽𝑖𝑗, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽

where 𝜔1 and 𝜔2 are the weights of both parties in overall satisfaction evaluation,
satisfying 0 ≤ 𝜔1, 𝜔2 ≤ 1, 𝜔1 + 𝜔2 = 1.
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3.4 Constructing the Matching Model for Technical Competitive In-
telligence Service Schemes

Based on the satisfaction matrices ̃𝐴 and 𝐵̃ of both parties, introduce 0-1 vari-
able 𝑥𝑖𝑗, let

𝑥𝑖𝑗 = {1, 𝜆(𝐴𝑖) = 𝐵𝑗
0, 𝜆(𝐴𝑖) ≠ 𝐵𝑗

where 𝑥𝑖𝑗 = 1 indicates that the provider’s scheme and the client’s scheme may
be an optimal match, and 𝑥𝑖𝑗 = 0 indicates they are not an optimal match, thus
constructing matching matrix 𝑋 = [𝑥𝑖𝑗]𝑚×𝑛. Since the provider has 𝑚 schemes
and the client has 𝑛 schemes, there are 𝑚𝑛 scheme combinations available.
For any scheme combination (𝐴𝑖, 𝐵𝑗), to ensure stable cooperation, it must
either be superior to combinations of 𝐴𝑖 with other client schemes or superior
to combinations of 𝐵𝑗 with other provider schemes [26-27]. Therefore, it should
satisfy the following constraint:

𝑥𝑖𝑗 + ∑
𝑘∶𝑟𝑖𝑘<𝑟𝑖𝑗

𝑥𝑖𝑘 + ∑
𝑙∶𝑡𝑙𝑗<𝑡𝑖𝑗

𝑥𝑙𝑗 ≥ 1, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽

Based on the above considerations, establish the following single-objective opti-
mization model:

max 𝑍 = 𝜔1 ∑
𝑖,𝑗

𝛼𝑖𝑗𝑥𝑖𝑗 + 𝜔2 ∑
𝑖,𝑗

𝛽𝑖𝑗𝑥𝑖𝑗

subject to:
∑

𝑗
𝑥𝑖𝑗 = 1, 𝑖 ∈ 𝐼 (4b)

∑
𝑖

𝑥𝑖𝑗 ≤ 1, 𝑗 ∈ 𝐽 (4c)

𝑥𝑖𝑗 + ∑
𝑘∶𝛼𝑖𝑘>𝛼𝑖𝑗

𝑥𝑖𝑘 + ∑
𝑙∶𝛽𝑙𝑗>𝛽𝑖𝑗

𝑥𝑙𝑗 ≥ 1, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 (4d)

𝑥𝑖𝑗 ∈ {0, 1}, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 (4e)

In this model, equation (4a) is the objective function; equations (4b) and (4c)
indicate that since 𝑚 ≤ 𝑛 is assumed, each row in matching matrix 𝑋 has
exactly one element equal to 1, and each column has at most one element equal
to 1. Since the above programming model is a 0-1 programming model with 𝑚𝑛
variables and at most 2𝑚𝑛 feasible solutions, research by D. Gale et al. shows
it must have feasible solutions. Therefore, optimization software packages such
as LINGO 11.0 and CPLEX 9.0 can be used to calculate the optimal solution.
Through the establishment and calculation of this single-objective model, the
optimal matching set for technical competitive intelligence services based on
stable matching conditions is obtained.
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3.5 Determining the Optimal Combination of Technical Competitive
Intelligence Service Schemes

To further select the optimal service scheme combination from the optimal
matching set, define the arithmetic mean of both parties’ matching evaluation
results for a scheme combination (𝐴𝑖, 𝐵𝑗) in the optimal matching set 𝜇∗ as
the matching degree 𝜙𝑖𝑗 of that matching scheme. Although in 𝜇∗, both the
provider and client have found optimal satisfactory matching objects for their
proposed schemes, for either party, the implementation difficulty and applicable
environment of their own schemes differ. In other words, during service partici-
pation, any party will evaluate all its own schemes from aspects such as difficulty
level, contribution to its own development, and environmental requirements, re-
gardless of cooperation and scheme matching. Therefore, in the optimal service
scheme selection process, if the final effect of implementing a matching scheme
selected by both parties from the optimal satisfactory matching set is 𝜎𝑖𝑗, then

𝜎𝑖𝑗 = 𝜙𝑖𝑗 × 𝜋𝑖 × 𝜋𝑗, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽

where 𝜋𝑖 is the provider’s judgment of the success probability of its own scheme,
and 𝜋𝑗 is the client’s judgment of the success probability of its own scheme,
satisfying 0 ≤ 𝜋𝑖, 𝜋𝑗 ≤ 1. Finally, compare the calculation results of 𝜎𝑖𝑗 for
all matching schemes in the optimal satisfactory matching set to prioritize the
optimal technical competitive intelligence service scheme combination. A higher
𝜎𝑖𝑗 indicates better coordination effectiveness after combining the schemes of
both service parties.

4. Numerical Example
Organization A is a professional technical competitive intelligence service in-
stitution that can provide competitive intelligence services to clients. Mean-
while, Company B needs to obtain competitive intelligence through external
forces to enhance its competitiveness. To ensure smooth cooperation, after fully
considering both parties’ existing resources and technical levels, Organization
A developed three alternative service schemes (𝐴1, 𝐴2, 𝐴3) for Company B’s
needs, while Company B proposed four coordination schemes (𝐵1, 𝐵2, 𝐵3, 𝐵4)
to support Organization A’s service work. Both parties considered their actual
situations and constructed evaluation systems from three dimensions—resource
input, organizational structure, and process management—determining evalu-
ation index weights through expert scoring. On this basis, both Organization
A and Company B used fuzzy comprehensive evaluation methods to evaluate
the matching performance between their own schemes and the other party’s
schemes. For example, the matching evaluation results of service provider
scheme 𝐴1 with client schemes (𝐵1, 𝐵2, 𝐵3, 𝐵4) are 𝐸11, 𝐸12, 𝐸13, and 𝐸14 re-
spectively. Similarly, using Organization A’s other schemes as benchmarks, the
matching evaluation values with all of Company B’s schemes were calculated
sequentially. Considering space limitations and that both AHP and fuzzy com-
prehensive evaluation are relatively mature methods, the calculation process is
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omitted here, and the matching evaluation results of both parties are presented
directly in Table 1 and Table 2 .

The matching evaluation results are converted into preference order matrices.
After organization, matrices 𝑅 and 𝑇 are obtained as:

Assuming the satisfaction function is 𝜑(𝑥) = 1/𝑥, according to equations (1)
and (2), calculate 𝛼𝑖𝑗 and 𝛽𝑖𝑗 (𝑖 = 1, 2, 3; 𝑗 = 1, 2, 3, 4) to construct satisfaction
matrices ̃𝐴 = [𝛼𝑖𝑗]3×4 and 𝐵̃ = [𝛽𝑖𝑗]3×4 as follows:

⎡⎢
⎣

0.33 0.50 1.00 0.25
0.50 1.00 0.33 0.25
1.00 0.50 0.33 0.25

⎤⎥
⎦

and ⎡⎢
⎣

1.00 1.00 0.50 1.00
0.33 0.33 0.33 0.50
0.50 0.50 1.00 0.33

⎤⎥
⎦

Assuming both parties have equal influence on scheme matching selection (𝜔1 =
𝜔2 = 0.5), construct the single-objective optimization model according to equa-
tions (3) and (4) and solve it using the LINGO 11.0 software package. The result-
ing matching matrix is 𝑋∗ = […]3×4 = […], with an objective value 𝑍∗ = 2.165.
The satisfactory matching result is 𝜇∗ = {(𝐴1, 𝐵3), (𝐴2, 𝐵2), (𝐴3, 𝐵1)}, meaning
Organization A’s scheme 𝐴1 matches with Company B’s scheme 𝐵3, 𝐴2 matches
with 𝐵2, and 𝐴3 matches with 𝐵1. Both parties can make further selections
within this matching set, while scheme 𝐵4 remains unmatched.

Based on the bilateral scheme matching evaluation results, the matching de-
gree 𝜙𝑖𝑗 is calculated using the arithmetic average method. The matching de-
grees for scheme combinations in the optimal matching set are 𝜙13 = 71.1009,
𝜙22 = 70.0897, and 𝜙31 = 71.1239. From the perspective of cost, revenue, and
actual operational conditions, Organization A estimates the success probabili-
ties of schemes 𝐴1, 𝐴2, 𝐴3 as 80%, 60%, and 40% respectively. Company B,
considering the enhancement of core capabilities and impact on existing busi-
ness, estimates the success probabilities of schemes 𝐵1, 𝐵2, 𝐵3 as 90%, 70%, and
50% respectively. The final implementation effects for all matching schemes in
the optimal matching set are calculated as 𝜎13 = 28.4403, 𝜎22 = 29.4377, and
𝜎31 = 25.6046. The final ranking of bilateral optimal matching combinations
by matching degree is 𝜎22 > 𝜎13 > 𝜎31. Therefore, selecting the optimal service
scheme combination formed by Organization A’s scheme 𝐴2 and Company B’s
scheme 𝐵2 is most beneficial for the smooth development of bilateral service
work.

Conclusion
This paper addresses the bilateral scheme matching problem in the technical
competitive intelligence service process using modeling and optimization ap-
proaches. The main contributions can be summarized in three aspects:

(1) Proposed a matching-perspective-based decision-making ap-
proach for technical competitive intelligence services. Aiming at
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the current situation where existing research rarely involves intelligence
service decision-making processes, this study establishes a decision-
making approach centered on scheme matching and optimization from
the internal logic of both parties’ scheme selection, based on three
dimensions: resource input, organizational structure, and management
process. Compared with existing research, this approach better aligns
with the realistic context of technical competitive intelligence services and
helps explore how to improve service quality from the micro perspective
of decision-making subjects and processes.

(2) Constructed a technical competitive intelligence service scheme
matching model. Based on evaluating the matching performance of
technical competitive intelligence service scheme combinations, satisfac-
tion matrices are constructed. A single-objective optimization model is
established with the objective of maximizing bilateral satisfaction and the
main constraint of ensuring stable cooperation. Solving this model yields
the optimal matching combination set.

(3) Designed a method for selecting optimal matching combinations.
Considering the main factors in scheme selection, an evaluation method
for the final implementation effect of matching schemes is designed, taking
into account factors such as implementation difficulty, actual value to the
party, and environmental requirements, thereby enhancing the operabil-
ity of the matching-perspective-based technical competitive intelligence
service decision-making method.

In summary, the optimal scheme selection method for technical competitive
intelligence services based on two-sided matching proposed in this paper can
help service providers and clients judge the implementation effects of different
scheme combinations and make reasonable judgments based on their own cir-
cumstances, thereby ensuring smooth service implementation. This method is
applicable to intelligence service decision-making scenarios where both parties
have multiple resource allocation schemes to choose from and can conduct suf-
ficient communication and negotiation on the service process. However, the
process of determining the optimal technical competitive intelligence service
scheme combination does not provide a method for both parties to estimate
the success probabilities of their own schemes, which needs to be addressed in
future research.
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