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ABSTRACT 
Aiming at the many problems in research resource management in private universities, this paper 
takes the integration of research resources in international business discipline of Xiamen Institute of 
Technology as an example, proposes a global integration and dynamic allocation model of research 
resources in distributed computing environment based on mobile agent (DCMA), and designs a 
dynamic bidirectional matching method of tasks and resources (DBMM) in order to improve the 
effectiveness of distributed computing. Experiments show that the proposed DBMM algorithm 
outperforms the LDCP algorithm and the hierarchical node sorting algorithm (SNLDD) in three metrics, 
namely, scheduling length, acceleration ratio and computational efficiency. Compared with LDCP and 
SNLDD, the scheduling length of DBMM algorithm is shortened by an average of 19.89% and 11.81%, 
the acceleration ratio is improved by an average of 19.77% and 9.26%, and the computational 
efficiency is increased by an average of 10.74% and 3.72%, which further improves the resource 
utilization rate of distributed computing system. Experiments were conducted using the research 
resource integration model, which achieved better efficacy in terms of probability value, goodness-of-
fit, and stability of research resource integration in international business disciplines compared with 
the gray correlation analysis method. This paper provides an example reference for distributed 
computing system to realize research resource integration and efficiency improvement. 
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1. Introduction 

With the deepening of reform and opening up, the rapid development of China's society and economy 
has led to an increasing demand for higher education personnel. Coupled with the lack of national 
investment in education, the demand for private colleges and universities has further increased. 
Therefore, more and more private capital has been invested in the field of higher education, founded a 
large number of private colleges and universities [1-4]. The discipline of international business is the 
study of multinational enterprises in the international market for business activities, is China's private 
colleges and universities focus on the development of the discipline, which is mainly the study of 
international trade, international markets, international investment and international finance and 
other areas of knowledge and theory [5-8]. The research object of this discipline is multinational 
corporations, and the research content involves the development of international markets, the 
operation of international trade, international investment decision-making, etc. And with the 
acceleration of globalization, the discipline of international business has received more and more 
attention and importance [9-12]. 

The integration of research resources in international business discipline means that scientific 
researchers in the discipline enhance the efficiency and quality of research by integrating various 
resources, including literature databases, experimental equipment, talents and so on. It can help 
researchers avoid duplication of labor, reduce the waste of resources, and improve the output 
efficiency of research results [13-16]. However, research resource integration also faces some 
challenges, such as data security, academic cooperation and resource cost, etc. Through reasonable 
solutions, these challenges can be overcome and the maximization of research resources can be 
achieved. Only by continuously improving the methods and mechanisms of scientific research 
resource integration can we better promote the progress and development of scientific research [17-
20]. 

This paper firstly explores the realization path of private university research resource integration 
based on distributed computing, on the basis of which a global integration and dynamic allocation 
model of research resources based on mobile Agent is constructed. At the same time, a dynamic 
bidirectional matching method (DBMM) for tasks and resources is designed to enhance the 
effectiveness of distributed computing system by modeling the characteristics of tasks and resources 
and calculating their bi-directional integrated matching degree. Then, in order to verify the 
effectiveness of the proposed DBMM algorithm, it is compared with the LDCP and SNLDD algorithms 
in the dimensions of scheduling length, acceleration ratio and computational efficiency. Finally, Xiamen 
Institute of Technology is taken as an example to analyze the superiority of this paper's research 
resource integration method in the task of research resource integration in the discipline of 
international business. 

2. Integration of private university research resources based on distributed 
computing 

2.1. Distributed computing 

Distributed computing is a computing model in which a computing task is decomposed into multiple 
subtasks, and in parallel on multiple computers or nodes, these subtasks are executed, and the results 
of the computation are integrated to obtain the final result. Distributed computing has the following 
characteristics: 
1) Since the computing resources in a distributed computing system are distributed over multiple 
nodes, the system has high reliability. Even if a node fails, other nodes can still continue to work 
without affecting the operation of the whole system. 
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2) Distributed computing system can fully utilize the parallel computing capability of multiple 
computing nodes to achieve high-performance computing. Through the parallel execution of tasks, the 
system can complete large-scale computing tasks in a shorter period of time, improving computing 
efficiency. 
3) The distributed computing system has good scalability, and can dynamically increase or decrease 
the number of computing nodes according to the demand to meet the growing demand for computing. 
This scalability allows the system to flexibly adapt to computing tasks of different sizes and 
complexities. 
4) The distributed computing environment has a high degree of flexibility and can be customized and 
configured according to specific application scenarios and needs. Users select appropriate computing 
resources and algorithms according to their needs and adjust the parameters and configuration of the 
system to achieve more flexible and efficient computing. 

2.2. Integration of scientific research resources based on a distributed information sharing platform 

This paper takes Xiamen Institute of Technology as an example to explore the integration of research 
resources and effectiveness enhancement of international business disciplines in private colleges and 
universities. It is found that Xiamen Institute of Technology, as a private university, has problems such 
as resource dispersion, insufficient computing capacity and data silos in the integration of research 
resources in international business disciplines. For this reason, this paper introduces a distributed 
computing system and realizes the effective integration of scientific research resources in 
international business disciplines by constructing a distributed information sharing platform. 

Distributed information sharing platform is an effective way to realize the Pareto improvement of 
research resources integration. Information sharing can be realized by constructing a distributed 
network information platform covering all elements in the field of scientific research resources, and 
its specific realization arrangement is described below. 

2.2.1. Realization of scientiϐic research resource information release. The realization of scientiϐic 
research resource information release is a prerequisite for realizing the effective integration of 
scientiϐic research resources in private universities. First of all, in view of the security and operability 
of the platform operation, the membership system and audit system should be implemented. If the 
researchers want to enjoy the services of the information platform, they should ϐill in the real 
information according to the relevant requirements and register as members of the information 
system platform, so as to facilitate the audit of the information of the researchers and the contact 
between the researchers. After registering as a member, researchers can choose the corresponding 
interface, or resource supply platform or resource demand platform to release the information they 
need according to their own needs. 

2.2.2. Realization of matching transactions of scientiϐic research resources. The realization of 
matching transaction of scientiϐic research resources is the key to realize the effective integration of 
scientiϐic research resources in private universities. When the amount of resource information on the 
system platform is gathered to a certain scale and the supply and demand are basically equal, the 
platform can be utilized to match and trade the corresponding resources. Researchers can ϐirst search 
for the information they want through the search engine of the information system platform, directly 
in the research resource database. If there is suitable information, they can contact them for price 
negotiation, on-site veriϐication, signing of contract, physical delivery and so on. If there is no suitable 
transaction at this stage, you can post the information you need on the corresponding interface 
according to the above requirements, so as to facilitate other people's search and matching. 

2.2.3. Statistics on indicators related to scientiϐic research resource integration platforms. The 
statistics of the relevant indicators of the research resources integration platform is a reϐlection of the 



3530 WU AND SU 

 

realization of the effective integration of research resources in private universities. As the manager or 
operator of the scientiϐic research resources integration platform, the statistical analysis of the 
indicators reϐlected in the system platform, such as the number of visits, member registration, 
resource concern rate, etc., can better understand the current operation of the system platform and 
make corresponding modiϐications in a timely manner, such as based on the statistics of the number 
of visits to the website, the popularity of the information system platform can be quantitatively 
reϐlected in the rate of concern, and if it is found that visits are gradually decreasing, it means that the 
popularity and concern rate of the system is declining, and measures should be taken, such as 
increasing the publicity of the system. If it is found that the number of visits is gradually decreasing, it 
means that the popularity and attention rate of the system are tending to decline, and thus measures 
should be taken, such as increasing the publicity of the system and improving the service functions of 
the system to attract more researchers. 

2.2.4. Arrangements for corresponding safeguards. The good operation of the front stage cannot be 
separated from the perfect guarantee of the backstage. While constructing or operating the 
information system platform for integrating scientiϐic research resources of international business 
disciplines in private colleges and universities, corresponding guarantee measures are also needed. 
1) Talents, to break the shackles and restrictions of the household registration system and social 
security system, the comprehensive use of a variety of incentives (such as knowledge incentives, 
cultural incentives, trust incentives, etc.) to encourage the flow of talent and interchange. 
2) In terms of funding, it is necessary to optimize the funding structure, increase the investment in 
basic fields, and effectively improve the development potential and follow-up power of scientific 
research. 
3) In terms of the source of scientific research funding, we should encourage and support the 
participation of socialized funds in the process of integrating scientific research resources, so as to 
supplement and enhance the vitality and strength of scientific research resources integration through 
the intervention of socialized funds. 
4) In terms of equipment, it is necessary to eliminate image projects, the concept of “seeking for 
completeness” and “fear of the future” thinking, and strengthen the utilization of scientific research 
equipment based on the concept of sharing and common prosperity. 
5) Project, real-time tracking project declaration or projects under construction, encourage the 
majority of researchers to share the projects they have applied or are applying for, and at the same 
time to increase the transparency of project approval and project cooperation, improve the enthusiasm 
of researchers. 
6) In terms of achievements, we should encourage the majority of scientific researchers to strengthen 
exchanges between the industry, academia and research institutes on the basis of protecting 
intellectual property rights, accelerating the industrialization and commercialization process, and 
improving the utilization rate of achievements. 

On the basis of the above scientific research resource sharing, it should also strengthen the 
investment and support of network technology construction of the system platform, and guarantee 
the structure and realization of the system platform with solid financial backing and technological 
support, and should strengthen the network security technology, and prevent the damage and attack 
of malicious behaviors with solid security prevention technology. Finally, there should be 
corresponding laws and regulations on the management of scientific research resource sharing to 
ensure the order, legality and efficiency of scientific research resource integration. 
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3. Model for integrating and allocating research resources based on distributed 
computing 

This paper constructs a global integration model of resources based on mobile Agent and proposes a 
dynamic bidirectional matching method of tasks and resources, so as to realize the global integration 
and efficient allocation of research resources of international business disciplines in private 
universities based on distributed computing. 

3.1. Global Integration and Allocation of Research Resources Based on Mobile Agents 

3.1.1. Structure of the model of global integration and allocation of scientiϐic research resources. The 
model structure of integrating and allocating research resources of international business discipline 
in private universities based on multi-agent (intelligent Agent and mobile Agent) distributed 
computing [21] environment is shown in Fig. 1, which mainly consists of three parts: distributed 
cluster research resource service agent e-DRSB, service provider cluster and researchers. 
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Fig. 1. Model structure of scientiϐic research resource integration and allocation 

1) e-DRSB. e-DRSB is constructed by Xiamen Institute of Technology or a third-party university to 
realize global integration and dynamic allocation of distributed university research resources. The 
service provider is responsible for providing various physical resources and registering the resource 
index information in e-DRSB. Researchers can apply for resources to e-DRSB, which is either a member 
of the cluster or a general demand customer. Mobile Agent can help e-DRSB, service providers and 
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researchers to realize the network interaction, improve the intelligence of the system, reduce the 
network trafϐic and shield the speciϐic details of the interaction. 

The e-DRSB is the core of the whole system, including user-oriented Domain Agent, Mobile Agent 
management artifacts, Public Agent, CARBA/ARB bus and Resource Service Agent. 

2) Service Provider. Service providers can establish mobile Agent platform based on ARB bus 
according to the needs, for large universities to establish complete mobile Agent platform, and for 
small universities to download the core components of mobile Agent platform. They provide and 
distribute usable resources to the network, and deϐine, distribute, monitor and manage their resources 
in a standardized way, and at the same time interact locally with Mobile Agents from the ϐield. 

3) Mobile Agent Model in Distributed Computing Environment. In a distributed computing 
environment, a mobile Agent (denoted as DCMA) encapsulates the information and requirements of 
the resources needed by the user, migrates to the host where the service provider is located, and 
interacts with it locally to obtain the required resource information. Here, DCMA is modeled uniformly 
and a canonical model BPG for mobile agent is proposed.The structure of BPG model for DCMA is 
shown in Fig. 2. 

Among them, the perception component senses the external environment and makes certain 
abstraction of related information. The information parsing sub-component extracts important 
information and stimuli from the external environment and transforms them into a form that can be 
processed by the system and submits them to the information conversion sub-component. The 
conversion sub-component models the information and stores it to form the Belief of the DCMA.Each 
DCMA plans its behavior based on the set of goals, travel plan, its own state and experience, establishes 
a sequence of recent actions, and informs the decision management component. The 
Decision/Management component is responsible for the coordination of the components, and its 
inputs are the action plan generated by the Planning component, the notification from the Perception 
component, and so on. The execution component responds to the outside world by making appropriate 
actions based on the action commands from the transmitter. 
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Fig. 2. BPG model structure of DCMA 

4) Behavioral Interaction Process Based on Mobile Agent. In the interaction process with the service 
provider, the Mobile Agent makes a resource request and detects the attributes of the resource one by 
one according to its encapsulated resource attributes and requirements. The behavioral states and 
changes of the Mobile Agent are shown in Figure 3. 

When the Mobile Agent migrates to the service provider, it makes a resource request and enters the 
running state. The mobile Agent in the running state enters the waiting state as it waits for information 
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from the service provider. When the waiting time Tw is too long, an exception is thrown. The mobile 
Agent in the running process may also have an exception for various reasons. When the exception is 
resolved, it is re-run, otherwise the task is canceled. When the execution is smooth, then the task is 
completed, i.e., it is determined whether the service provider's research resources meet the 
requirements. 
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Fig. 3. Behavior state change in the interactive process 

3.1.2. Global integration of distributed university research resources. Under the distributed 
computing environment, each service provider encapsulates the scientiϐic research service resources 
provided by mobile agents and submits them to e-DRSB to realize the registration of shared resources. 
Based on the ontology, e-DRSB analyzes the information of these scientiϐic research resources such as 
type and functional attributes, extracts the key information of scientiϐic research resources and stores 
it. When there are resources to be registered and modiϐied, e-DRSB is responsible for registering and 
updating the resource information at the appropriate location. 

1) Shared research resource class information model. The university research resources in the 
distributed computing environment have a wide variety, huge quantity, and huge difference in 
performance and characteristics. Therefore, only the organized and abstracted research resource class 
information is stored in the shared research resource library of e-DRSB. The shared research resource 
class information model is represented by a 4-tuple: 

  ResClass= RCName,RCSt,RCPrS,RInfList  (1) 

 RCPrS={RCAbiS,RCKeyAtriS}  (2) 

 ResInf={Name,Enterp,Address,URL,State}  (3) 

Where, RCName denotes the name of the research resource class, which uniquely identiϐies the 
research resource class, RCSt describes the frequency of use of the resource Rf . RCPrS describes the 
attributes, characteristics, etc. of the research resource class, including the capability attribute of the 
research resource, RCAbiS, and the key attribute, RCKeyAtriS. RInfList describes the speciϐic resources 
and their key information contained in the research resource class. RInfList describes the speciϐic 
resources contained in the research resource class and their key information descriptions, Name 
indicates the name of the research resource, Enterp indicates the research resource provider, Address 
indicates the address where the university is located, URL indicates the speciϐic network address of 
the research resource, and State indicates the status of the research resource, with 0 being busy and 1 
being idle. 

2) Access and access mechanism of shared resources. Access frequency Rf  deϐines the number of 
times a certain type of research resource (denoted as resource class) is used Cs   within a certain 
period of time T . i.e: 
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Number of visits

Current time Last detection timeR

Cs
f

T
 
 

 (4) 

All the research resources (ResA) are divided into priority access resources (ResP) and general 
access resources (ResU) and placed in the priority access resource indexing library and general access 
resource indexing library, respectively. Among them, the priority access resources are the Rf  higher 
resources, which are prioritized to be retrieved when they are used. General access resources are the 
resources with Rf  lower. Therefore, there are: 

 ;ResP ResU ResA ResP ResU      (5) 

Meanwhile, based on the type and ontology of research resources, the shared resources are 
classiϐied into Priority Access Resource Class iRPC  and General Access Resource Class iRUC . Each 

iRPC  or iRUC  contains multiple Research Resource Entities PR  or UR , viz: 

 1 2{ , , , }i i i ihRPC PR PR PR   (6) 

 1 2{ , , , }i i i iqRUC UR UR UR   (7) 

where ,h q  is the number of research resource entities. 
Therefore, there are: 

  jiRPC RUC   (8) 

  jiRPC RPC   (9) 

 i jRUC RUC   (10) 

    1 2 1 2, , , , , ,  i i ih j j jaPR PR PR UR UR UR      (11) 

    1 2 1 2, , , , , ,i i im u u unPR PR PR PR PR PR     (12) 

  1 2 1 2, , , } { , }i i ig j j jzUR UR UR UR UR UR     (13) 

That is, resource class iRPC  is unique in the deϐinition of a research resource. The same resource 

entity ijPR  belongs to only one resource class. 

When a shared resource is accessed, the system determines the research resource class to which the 
resource belongs based on the ontology. Then access according to the following rules: 

(1) Find the prioritized access repository for matching resource class iRPC  . If the matching 
resource class is successfully found, a Mobile Agent is dispatched to interact with the service provider 
based on the resource 1 2, , ,i i ikPR PR PR  location. The access frequency of resource class iRPC  is 
+1. 

(2) In addition, follow the same steps to ϐind the matching resource class jRUC   in the general 

resource repository. 

3) Displacement strategy for shared research resource classes. For shared research resources, their 
status is dynamically changing due to the frequency Rf  of access, i.e., Rf  is higher in a certain time 

period iT  and when it comes to the next period 1iT  , Rf  will be low. Consequently, this results in 
the scientiϐic research resources moving between the prioritized and general resource pools. 

For this reason, a threshold value for the frequency of use of objects in the research resource class 

minf   is deϐined, minf   determined according to actual needs, and a hit rate of 70% is generally 
guaranteed for ϐinding research resource entities in the prioritized access repository. Detect and 
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calculate the scientiϐic research resources in the prioritized resource indexing library and the general 
resource indexing library respectively at regular intervals T . If the current research resource class 
ResC is used minResCf f  frequently, the resource class ResCR  and the speciϐic resources it contains 
are placed in the priority resource indexing library, otherwise, they are placed in the general resource 
indexing library. 

3.2. Methodology for dynamic two-way matching of tasks and resources 

In this paper, we propose a Dynamic Bidirectional Matching Method (DBMM) for tasks and resources 
for wide-area distributed computing environments [22]. The DBMM process is shown in Fig. 4. The 
method generates modeled descriptions of task requirements and resource capabilities by analyzing 
diverse task requirements and resource capabilities characteristics to simplify the matching process 
between tasks and resources. On this basis, the task-oriented matching degree and resource-oriented 
matching degree are defined to portray the preferences of task perspective and resource perspective, 
and the two-way comprehensive matching degree of task and resource is defined based on their two-
way consistency and two-way complementarity, so as to quantify the degree of fitness between task 
requirements and resource capabilities, and realize the efficient matching of diversified task 
requirements and resource capabilities in wide-area environments. 

Feature modeling
Construct a uniform formal description

 

Dynamic bidirectional matching

Preliminary screening

Bidirectional comprehensive 
matching degree

 
Task requirement model

t
  

Resource capability model
p

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Resource to match degree

 
Task to match degree

Dispatch Feedback  

Fig. 4. DBMM process 

3.2.1. Task and resource characterization modeling. For the convenience of description, this paper 
sets the tasks and resources as follows: 

1) Use task matrix  1 2 3, , , ,
T

MT t t t t   to describe all existing tasks in the computing platform, and 

set that there are M  computing tasks in total, and these tasks cannot be cut again in the subsequent 
scheduling and execution process. 

2) Resource matrix  1 2 3, , , ,
T

NP p p p p   describes all the computing centers in the computing 

platform, and it is set that there are N  computing centers, which are geographically dispersed but 
interconnected in the network, and these computing centers contain multiple computing resources 
such as computation, storage, application, network, and so on, and thus each computing center can be 
regarded as a “resource aggregate” containing multiple computing resources. Therefore, each 
arithmetic center can be regarded as a “resource aggregator” containing multiple arithmetic resources. 
Based on the above setting, DBMM characterizes the resource demand on the task side and the 
resource supply capacity on the center side to extract features that can be used to support the 
matching process. 

Task requirements are proposed by the user and are a description of the amount of resources to be 
occupied by the submitted computational task, the desired resource state, and other elements. Among 
them, the amount of resources refers to the amount of arithmetic resources. Therefore, each task t  
can be described by a quintuple consisting of computational cores requirement tC , storage capacity 
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requirement tS  , transmission bandwidth requirement tB  , estimated working hours tpredT  , and 

application requirement tA , as shown in equation (14): 

 t t t tpred tt C S B T A     (14) 

Each arithmetic center p  can be described using a tensorial group as shown in equation (15): 

 ,limit ,run ,wait ,used ,sed ,limit         p p p p p p p p p pp C C C C S S B B T A     (15) 

where pC  denotes the total number of cores in the arithmetic center. ,limitpC  denotes the maximum 

number of kernels allowed to be occupied by a task. ,p runC   denotes the number of cores that are 

running. ,p waitC  denotes the total number of cores required by the task. pS  denotes the total storage 

capacity of the arithmetic center. ,usedpS   indicates the used storage capacity. pB   indicates the 

maximum data transfer bandwidth allowed by the arithmetic center. ,p usedB  indicates the occupied 

network bandwidth. ,p limitT  denotes the maximum computing hours allowed by the arithmetic center. 

Set  2 3, , ,..p appl app appA A A A  indicates the application deployment of the arithmetic center. 

3.2.2. Dynamic two-way matching strategy: 

1) Preliminary screening. When performing dynamic bidirectional matching of task demand and 
resource capability, preliminary screening of the task demand model and resource capability model is 
ϐirst required to remove task-resource pairs whose task demand does not match the resource 
capability, so as to simplify the subsequent matching process. The preliminary screening constraints 
are shown in equation (16): 

 

,limit

,uscd

,uscd

,prod ,limit

t p

t p p

t p p

t p

t p

C C

S S S

B B B

T T

A A


    
 




 (16) 

2) Matching degree deϐinition. The task-oriented matching degree mainly considers the impact of task 
execution in the corresponding resources on the global resource utilization, in order to ensure the 
utilization of global resources, it is necessary to select the resources with higher degree of similarity 
to the task for matching. Therefore, DBMM constructs a three-dimensional vector t


 (containing the 

computational core requirement tC  , data storage requirement tS  , and transmission bandwidth 

requirement tB  of the task) to represent the task requirements, as shown in equation (17): 

 ( , , )t t tt C S B


 (17) 

Meanwhile, the total number of cores pC , the total storage capacity pS , and the maximum data 

transfer bandwidth pB  of the computing center are constructed as a three-dimensional vector p


 to 

represent the resource capacity as shown in equation (18): 

 ), ,( p p pp C S B


 (18) 

The task-to-match degree ,t p  indicates the degree of similarity between task requirements and 

resource capabilities, and its value ranges from (0, 1), as shown in equation (19): 
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 , ( , )t p c

t p
S t p

t p
 

 


 
 

   (19) 

When task t  is assigned to the computing center p  for execution, the computational, storage, and 
network resource occupancy of this computing center is shown in equation (20): 
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 (20) 

For multiple arithmetic centers, the computation, storage, and network resource occupancy of each 
arithmetic center is mapped to the range of values (0, 1] using the min-max normalization method, as 
shown in Equation (21): 

 min

max min

L L
L

L L

 
  (21) 

where L  can be the computation , ,t p compL , storage , ,stort pL , and network resource occupancy , ,t p netL  

of the arithmetic center p , while maxL  and minL  represent the maximum and minimum values of 
multiple arithmetic centers' occupancy of a certain type of arithmetic resources. Considering the 
global load balancing and the load of each type of arithmetic resources, the value range of the resource-
to-match degree ,t p  is set to [0, 1), as shown in Equation (22): 
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The deϐinition of resource-wise matching degree takes into account the global load balancing factor 
in the min-max normalization process, and the idle degree of resources is obtained by using the vector 
mode after normalization, which can visually reϐlect the load situation of various types of resources. 

DBMM deϐines a bi-directional composite matching degree based on task-oriented matching degree 
and resource-oriented matching degree, which considers and weighs the preferences of tasks and 
resources. The value range of the bi-directional composite matching degree ,t pM  is set to (0, 1), as 

shown in Eq. (23): 
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The bi-directional composite matching degree ,t pM   is a weighted sum of the arithmetic and 

geometric means of the task-oriented matching degree ,t p   and the resource-oriented matching 

degree ,t p  to represent the trade-off between the two in terms of bi-directional consistency and 
bi-directional complementarity. 

3) Scheduling Program Design. Due to the matching strategy, each task in the task matrix T and each 
resource in the resource matrix P that has been initially screened can be computed to obtain a two-
way comprehensive matching degree ,t pM  , and the resource with a high matching degree is more 
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suitable for the task, i.e., the task is assigned to the resource to obtain higher computational 
performance and better utilization of system resources. 

The bi-directional composite matching degree ,t pM   weighs the task-oriented matching degree 

,t p  and resource-oriented matching degree ,t p , i.e., the trade-off between the “best-fit resource in 

the task perspective” and the “best-fit task in the resource perspective”, and is adjusted by parameter 
  . With parameters 0    and 1   , Eq. (23) expresses the bi-identical consistency and bi-
directional complementarity of task-oriented and resource-oriented matching, respectively. In the 
experiments, the value of parameter   is 0.5, which aims to balance the bi-directional consistency 
and bi-directional complementarity between task-oriented matching ,t p   and resource-oriented 

matching ,t p . 

Based on the bi-directional comprehensive matching degree ,t pM  , DBMM can select reasonably 

suitable resource-task pairings to generate efϐicient scheduling schemes. In generating the resource 
matching scheme, the resource matching is performed sequentially by prioritizing the submission 
time of tasks in the system. For each task, DBMM arranges it with ,t pM  of all resources in descending 

order to set the set of optional scheduling targets for the task, and uses ,t pM   as the basis for 

scheduling scheme generation. When a task has the same ,t pM   with multiple resources, the 

resourcewise matching value is used as the basis for the ordering. For a resource with a large resource 
matching degree, selecting it as the scheduling target can effectively balance the global resource load 
because of its high degree of idleness. If the resource direction matching degree is also the same, either 
one of them can be selected as the scheduling target. After the resource matching scheme for a task is 
determined, the DBMM feeds it back to the computing platform and dynamically updates the resource 
occupancy in the computing platform. 

4. Research on the Integration of Scientific Research Resources of International 
Business Disciplines in Xiamen Institute of Technology 

In order to explore the effectiveness of the proposed model of research resource integration and 
allocation based on distributed computing, this paper takes Xiamen Institute of Technology, a private 
university, as an example and analyzes the improvement of the effectiveness of research resource 
integration in the discipline of international business after the application of the model. 

4.1. Introduction to Xiamen Institute of Technology 

Xiamen Institute of Technology (XIT) is a full-time general undergraduate university approved by the 
Ministry of Education of the People's Republic of China and founded by Xiamen Renwen Investment 
and Development Co. The predecessor of Xiamen Institute of Technology of Huaqiao University, which 
was founded in 2009, was approved by the Ministry of Education of the People's Republic of China to 
be converted into Xiamen Institute of Technology (XIT) in 2015. After the transfer as an engineering 
college. In order to ensure the development of the college, there are many laboratory construction 
projects, which require a large amount of funds. Therefore, in order to overcome the difficulties of 
insufficient funds after the transfer, it is necessary to effectively integrate the disciplinary research 
resources to enhance the effectiveness of its resource utilization. This paper focuses on the research 
resource integration of this private college in the discipline of international business. 

4.2. Scheduling Optimization Experiments for Distributed Computing Environments 

This paper constructs a model for integrating and allocating scientific research resources based on 
Distributed Computing with Mobile Agent (DCMA), therefore, the effectiveness of the optimization 
method of distributed computing scheduling should be verified before the allocation of scientific 
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research resources, i.e., the effectiveness of the proposed Dynamic Bi-directional Matching Method of 
Tasks and Resources (DBMM) should be explored. 

4.2.1. Preparation of the computing environment. The performance experiments on the dynamic 
scheduling of tasks and resources for the DBMM algorithm are done on a high-performance distributed 
computing platform as shown in Table 1. This environment adopts the mainstream blade architecture 
in the market, and the peak computation value can reach 4.8 trillion times. The distributed memory 
system program design method based on message passing (MPD) is chosen to be used, and the 
function library software is MPICH 1.5. 

Table 1. High-performance computing server conϐiguration 

Configuration 

item 
Quantity Main performance index 

Computation 

node 
32 

Dell PowerEdge M000E, CPU: 8 16-core processors, 20GHz. Memory 64GB. Hard disk 320 GB- 

SSD. 40GB-IB card. 2 Gigabit network cards. 

Management 

node 
1 

Dell PowerEdge MI-000e, CPU: four 10-core processors, the main frequency of 2.0GHz. 

Memory 32GB.Two 300G-SAS hard disks, supporting array. 40GB-IB card. 

Memory node 1 

Dell Power Vault MD3620f storage array example, cache 4GB, support cache protection. 

Support RAID0, 1, 3, 5, 6, 10. Each cabinet contains 12 hard disks. The actual capacity is 10 

disks × IT. 

Connection 

mode 
2 Mellanox:M4001F-Infiniband switch cross block, FDR: 40Gb/s, QDR and FDR10:40 Gb/s. 

4.2.2. Performance evaluation indicators. The scheduling performance evaluation metrics used in 
this experiment are shown below: 

1) Normalized Scheduling Length (NSL). The scheduling length (SL) actually represents the shortest 
time to complete all tasks using a certain scheduling strategy. In order to facilitate the analysis and 
comparison, it needs to be normalized, i.e: 
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where CPT  denotes the set of nodes on the critical path of a directed acyclic graph (DAG). 

2) Speedup ratio (S). The speedup ratio S of a parallel application is deϐined as: 
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and 1 S M  , M  denote the number of arithmetic centers contained in the distributed computing 
platform. T  denotes the set of tasks. 

3) Efϐiciency (E). Efϐiciency is deϐined as the proportion of time that processors actually spend on 
computation during the entire scheduling process: 

 
S

E
M

  (26) 

Not surprisingly, 1 1M E  . 
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4.2.3. Experimental Procedure and Analysis of Results. Simulate parallel applications using random 
graphs, the generation parameters of the graphs mainly include the number of arithmetic centers: 10, 
20, 30, 40, the number of tasks: 100, 200, ..., 1000, the computation cost: [0,50], the communication 
cost: [5,100]. Randomly generate 1000 task graphs of parallel applications, respectively use LDCP, 
SNLDD [23] and DBMM algorithm in this paper to calculate the scheduling scheme for each task graph, 
count the average standardized scheduling lengths, speedup ratios, and efϐiciencies, and compare and 
analyze the performance differences of the algorithms. 

1) Normalized scheduling length. NSL is related to the number of arithmetic centers, in order to make 
the results valid and objective, under the condition of the same number of arithmetic centers, the 
average NSL of the three algorithms generating schemes with the number of computational tasks in 
100, 200, ..., 1000 total 10 cases is shown in Fig. 5. The shaded portion of the ϐigure indicates the 
average NSL difference between the different algorithms. 

From Fig. 5, it can be seen that the average NSLs of LDCP, SNLDD and DBMM all show an increasing 
trend, which is consistent with the theory. In addition, the average NSL obtained by the SNLDD 
algorithm is significantly smaller than that of the LDCP algorithm, with a maximum difference of up to 
22.78%, and is independent of the number of arithmetic centers. When the number of tasks is small, 
the DBMM algorithm proposed in this paper is comparable to the SNLDD algorithm, but when the 
number of tasks is larger than 400, the DBMM algorithm is superior to the SNLDD algorithm, which 
reflects the advantage of adapting to large-scale parallel applications. And when the number of 
computing centers is 20, the average NSL of DBMM algorithm significantly outperforms that of LDCP 
and SNLDD, which is 19.89% and 11.81% shorter, respectively. 

  

(a) M=10 (b) M=20 

  

(c) M=30 (d) M=40 

Fig. 5. Calculation results of standardized scheduling length of different algorithms 
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2) Acceleration Ratio. The speedup ratio is a measure of the performance improvement that can be 
obtained when a parallel application is executed on different numbers of arithmetic centers. Since 
there are 10 cases of parallel applications generated by random graphs, due to the limitation of space, 
only the speedup ratios obtained when scheduling with 10, 20, 30, and 40 arithmetic centers for a total 
of 6 task quantities of 100, 200, 400, 600, 800, and 1000 are given as shown in Fig. 6. 

From Fig. 6, the speedup ratios of the three task scheduling algorithms, LDCP, SNLDD, and DBMM, 
are related to the number of tasks and the number of arithmetic centers. When the number of tasks is 
small, the speedup ratio is not proportional to the increase in the number of arithmetic centers, and 
when the number of arithmetic centers exceeds a critical value, the speedup ratio decreases with the 
increase in the number of arithmetic centers, which confirms the scientific assertion that “it is difficult 
for any program to be fully parallelized, and linear speedup ratio is only the highest goal for the pursuit 
of the parallel algorithms in an ideal situation”. It confirms the scientific assertion that “it is difficult 
for any program to be fully parallelized, and linear speed ratio is only the highest goal pursued by 
parallel algorithms under ideal circumstances”. From the experimental results, it can be seen that the 
speedup ratio of DBMM algorithm is better than that of SNLDD and LDCP, and the trend is more 
obvious when the number of tasks reaches 1000. With the increase of the number of arithmetic centers, 
the acceleration ratio of the algorithm can be improved to some extent. Overall, when the number of 
tasks reaches 1000, the acceleration ratio of DBMM algorithm can be maximally improved by 19.77% 
and 9.26% compared with LDCP and SNLDD, respectively, which can achieve the effect of shortening 
the running time of the parallel program and improving the computational performance of the system. 

   

(a) The number of tasks is 100 (b) The number of tasks is 200 (c) The number of tasks is 400 

   

(d) The number of tasks is 600 (e) The number of tasks is 800 (f) The number of tasks is 1000 

Fig. 6. Calculation results of speed up ratio of different algorithms 
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3) Efϐiciency. Efϐiciency reϐlects the utilization of computing resources of the computing center by the 
parallel application scheduling process, and its level directly determines the advantages and 
disadvantages of the scheduling scheme. According to equation (26), the efϐiciency is linearly related 
to the acceleration ratio, so using the same experimental method described above, the efϐiciency 
calculation results of different algorithms are shown in Figure 7. 

When the problem size is small, the efficiency is low, but when the number of tasks increases, the 
efficiency increases, which is due to the fact that the arithmetic center needs to compute more tasks, 
so the time required for coordinating the communication work of the arithmetic center becomes 
relatively less, which is in line with the actual situation. The experimental results show that the average 
computational efficiency ratio of DBMM algorithm is improved by 10.74% and 3.72% compared to 
LDCP and SNLDD, respectively, which can reduce the waste of resources in the scheduling process of 
parallel applications. 

   

(a) The number of tasks is 100 (b) The number of tasks is 200 (c) The number of tasks is 400 

   

(d) The number of tasks is 600 (e) The number of tasks is 800 (f) The number of tasks is 1000 

Fig. 7. Efϐiciency calculation results of different algorithms 

4.3. Scientific research resources integration experiment 

In order to prove the effectiveness of the research resource integration and allocation model based on 
mobile Agent distributed computing proposed in this paper, an experiment is needed. The 
experimental object is selected as 6834 categories of scientific research resources of international 
business disciplines in Xiamen Institute of Technology, and 800 categories of scientific research 
resources are selected for integration, and the experimental results are tested and analyzed by relevant 
test methods. The method of this paper and the gray correlation analysis method are respectively used 
to carry out the experiment of scientific research resources integration and analysis. Based on the 
obtained distributed calculation results, the probability of integration of different scientific research 
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resources under the statistical analysis of the 2 different methods is analyzed in comparison with the 
actual probability value, and the results of the comparison of the probability of integration of scientific 
research resources are shown in Figure 8. 

Analysis of Figure 8 shows that the probability of scientific research resource integration using the 
model of this paper coincides with the actual value, mainly because the model of this paper can first 
calculate the matching probability of different scientific research resource integration processes, 
extract the characteristics of scientific research resource integration, calculate the number of basic 
faculties of scientific research resource integration, and then carry out the analysis of scientific 
research resource integration based on it, which makes the method of this paper to analyze the 
probability of scientific research resource integration of the international business discipline coincide 
with the actual statistical results. The method of this paper analyzes the probability of scientific 
research resources integration in international business disciplines, which is consistent with the 
actual statistical results and lays the foundation for the further realization of scientific research 
resources integration in international business disciplines. 

 

Fig. 8. Comparison of probability of scientiϐic research resource integration 

To further justify the use of this paper's method to fit the analysis of the process of integrating 
scientific research resources in the discipline of international business, the residuals of the correlation 
test are used to initially determine the goodness of fit, and the formula for calculating the goodness of 
fit is given using equation (27): 
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where new represents the coefficient of determination, y represents the degree of equation fit, and Q 
represents the residual sum of squares. 

The goodness of fit of research resource integration analysis under the comparison of 2 different 
methods is shown in Figure 9. 

Analyzing Figure 9, it can be seen that the goodness of fit of the method of this paper is better than 
the gray correlation analysis method, which is mainly because the method of this paper is mainly used 
to obtain the task and resource characteristics of the scientific research resource integration 
characteristics of the discipline of international business, and to calculate the bidirectional composite 
matching degree between the main scientific research resource integration, based on which scientific 
research resource integration analysis is carried out, which makes the method of this paper better 
than the gray correlation analysis method, and makes the method of this paper better than the gray 
correlation analysis method. The fit of this paper's method for scientific research resource integration 
is better. 
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Fig. 9. Comparison of goodness of ϐit was analyzed by different methods 

Analytical experiments on the integration of scientific research resources in the discipline of 
international business were conducted using the methods of this paper and gray correlation analysis, 
respectively. The robustness (%) of the 2 different methods for research resource integration is 
compared, and the results of the robustness comparison are shown in Figure 10. 

Analysis of Figure 10 shows that the robustness of this paper's method is better than the gray 
correlation analysis method when using this paper's method for college students' education resource 
integration. This is mainly because this paper's method optimizes the efficiency of distributed 
computing by analyzing the matching relationship between tasks and resources, thus realizing the 
global optimization and dynamic matching of the process of research and education resource 
integration, which makes the robustness of this paper's method for research resource integration 
superior. In summary, it can be seen that the global integration and allocation model of scientific 
research resources based on distributed computing constructed in this paper can effectively improve 
the overall effectiveness of scientific research resources integration in international business 
disciplines in private schools. 

 

Fig. 10. Comparison of robustness of different integration methods 

5. Conclusion 

In this paper, we design a dynamic bidirectional matching method (DBMM) for tasks and resources 
oriented to distributed computing, and construct a global integration and dynamic allocation model of 
scientific research resources based on mobile agents, so as to realize the efficiency improvement of 
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scientific research resources integration in the discipline of international business in private colleges 
and universities. 

In this paper, the DBMM algorithm and the average NSL of LDCP and SNLDD algorithms show an 
increasing trend. Among them, the average NSL of SNLDD algorithm is significantly smaller than that 
of LDCP algorithm, and the maximum difference can reach 22.78%. When the number of tasks is 
greater than 400, the DBMM algorithm is significantly better than the SNLDD algorithm. And compared 
with LDCP and SNLDD algorithms, the average NSL of DBMM algorithm is shortened by 19.89% and 
11.81%, respectively. As for the speedup ratio, DBMM algorithm also outperforms SNLDD and LDCP 
algorithms, and achieves the maximum improvement of 19.77% and 9.26% when the number of tasks 
reaches 1000, respectively. In addition, the average computational efficiency of DBMM algorithm is 
improved by 10.74% and 3.72% over LDCP and SNLDD, respectively. It shows that the DBMM 
algorithm proposed in this paper can shorten the running time of the parallel program, improve the 
computational performance of the system, and reduce the waste of resources in the scheduling process. 

Xiamen Institute of Technology is selected to conduct an experiment on research resource 
integration in international business discipline. The experimental results show that the global 
integration and dynamic allocation model of scientific research resources proposed in this paper can 
accurately describe the correspondence between the integration of scientific research resources, with 
less analytical error and better robustness than the gray correlation analysis method, which can 
effectively improve the overall effectiveness of scientific research resources integration in 
international business disciplines. 
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