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Abstract—Aiming at the problems of low accuracy, recall,
coverage and push efficiency of university archives business data,
a university archives business data push system based on big data
mining technology is designed. Firstly, the overall architecture
and topological structure of the university archives business data
push system are designed, and then the functional modules of the
system are designed. Using big data mining technology to mine
user behavior, modeling according to user behavior sequence,
and designing a model to predict user behavior sequence based
on hidden Markov model theory. Finally, the user behavior
sequence is analyzed, and the factors such as user collaboration,
similarity of user behavior sequence and data timeliness are
comprehensively considered to push university archives business
data for users. The experimental results show that the proposed
method has high data push accuracy, recall, coverage and push
efficiency, and can effectively push the required business data for
users.
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. INTRODUCTION

With the rapid development and popularization of
information technology, the student file management
information system in colleges and universities mainly
manages the information related to student files. Relying on the
basic platform of campus network, it plays an increasingly
important role in teaching and management applications. As a
powerful tool, big data mining technology can help university
archives departments to better manage and analyze massive
data, and discover hidden laws and knowledge from it. The
traditional student file management information system
generally adopts the client/server architecture mode or
browser/server architecture mode, and adopts the centralized
management mode. All the information is stored in a database,
and the scale is getting larger and larger in colleges and
universities. Many colleges and universities have multiple
campuses. This mode obviously cannot meet the requirements
of improving the efficiency of college student file
management. With the rapid development of Internet
technology, the data produced and faced by Internet users are
increasing, which makes people face the dilemma of
"information ocean". Therefore, the recommendation system
came into being and became the first choice to help users filter
effective information from massive information [1], [2]. When
the recommendation system is applied to the data push process
of archives business in colleges and universities, users'
experience is not good because of the sparse data of archives
business, one-sided similarity calculation of users or items and

poor real-time recommendation results [3]. Therefore, it is of
great significance to study and design an effective data push
system for university archives business. The design goal of the
push system is to provide an efficient, flexible and intelligent
data push platform to help university archives departments
manage and utilize data better. The system analyzes and mines
the archives business data of colleges and universities through
big data mining technology, thus providing valuable
information and insight. We will also customize the push
content for each user according to individual needs to ensure
that users can get the most relevant information in time.

Pan, H et al. [4] proposed a five-layer push system
framework, which is divided from bottom to top: the
perception layer, the filter layer, the sorting layer, the rule layer
and the application layer. At the same time, context awareness
technology is applied to the data push process to achieve the
push of business data. This method has the problem of low
accuracy of data push. Zheng, Y et al. [5] reduced the initial
data set by using the characteristics of static Sky-line points.
Then, according to the characteristics of the searcher moving in
the obstacle space, a distance intersection model is constructed,
and a pruning strategy is proposed by using the model and the
attributes of the data object. According to the pruning strategy,
the data objects that have no influence on the query results
when the inquirer moves are filtered, so as to reduce redundant
data and get the filtered candidate data set. Finally, according
to the non-spatial attributes of data objects and the
characteristics of mutual dominance, the events that affect the
candidate data set are determined, and these events are used to
refine the candidate data set, further reducing redundant
calculations and obtaining the result set at the current moment.
Jelodar, H et al. [6] established an automatic data
recommendation system based on user interest classification.
The system includes offline module and online module. The
offline module processes and cleans the historical storage data,
extracts the user's interest characteristics, and forms the user's
interest database submodule; The online module uses the
recommendation engine to cluster and correlate the information
in the user interest database sub-module, and finds the book
information similar to the user interest data, forming a
preliminary recommendation set sub-module. This method
takes a long time to push data. Moreover, the pushed data is
too single, which leads to the problems of low push efficiency
and low coverage. Panda et al. [7] proposed to realize effective
access control of medical data with forward and backward
confidentiality, and medical service providers stored patients'
electronic medical records in the cloud to provide high-quality
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medical services. Attribute-based encryption is a promising
encryption technology, which can realize fine-grained access
control of outsourced encrypted data. In this paper, an
attribute-based encryption scheme is proposed to support the
update of access policy, and it also provides forward security,
backward security and user revocation. Performance analysis
shows that the scheme has high communication and computing
ability, and is suitable for devices with limited resources, but
the push accuracy of this method is low. Nour et al. [8]
proposed the access control mechanism in the named data
network, and the information center network was recently
proposed as an important candidate for the future Internet
architecture to solve the problems existing in the current
Internet host-centric communication model based on TCP/IP.
This paper provides a detailed and comprehensive investigation
of access control mechanism in named data network. The
access control in named data network is studied by
comprehensive method. Firstly, the paradigm of information
center network is summarized, the change from channel-based
security to content-based security is described, and different
encryption algorithms and security protocols in named data
network are introduced. Then, we divide the existing access
control mechanisms into two categories: access control based
on encryption and access control independent of encryption.
Each category is classified according to the working principle
of access control. Finally, the experience and lessons of the
existing access control mechanism are summarized, and the
challenges of access control based on named data network are
pointed out, and the future research direction is emphasized,
but the push recall rate of this method is low. Zhang et al. [9]
put forward the monitoring of industrial sewage outlet water
pollution based on web crawler and remote sensing
interpretation technology, and took Luanhe River basin as the
experimental point, combined with web crawler and remote
sensing interpretation technology, put forward a feasible and
efficient method to obtain sewage outlet data. Grab industrial
information and spatial location data on the Internet, and get
the location of industrial sewage outlet through remote sensing
image interpretation. The distribution of main industrial
sewage flowing into the tributaries of Luanhe River basin is
simulated. By comparing the results with the actual data
collected during the field investigation, the accuracy and
reliability of the developed method are verified, but the push
coverage rate of this method is low.

In order to solve the problems in the above methods, a
design method of university archives business data push
system based on big data mining technology is proposed. This
method designs the overall architecture and topological
structure of the university archives business data push system,
and analyzes the functional modules of the system. Using big
data mining technology to mine user behavior, modeling
according to user behavior sequence, and designing a model to
predict user behavior sequence based on hidden Markov model
theory. On this basis, the user behavior sequence is analyzed,
and the factors such as user collaboration, similarity of user
behavior sequence and data timeliness are comprehensively
considered to push university archives business data for users.
The research shows that the proposed method has high data
push accuracy, recall, coverage and push efficiency, and can
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effectively push the required business data for users with good
push effect.

Il. SYSTEM DESIGN

A. Overall System Architecture

The client side of the university archives business data push
system adopts the client server mode, namely C/S, and the
system adopts the B/S (Browser/Server) mode on the browser
side. In general, it follows the classic three-tier architecture,
which includes the presentation layer, application layer, and
data layer. The system architecture of the university archives
business data push system is shown in Fig. 1.

As it can be seen from Fig. 1, that the presentation layer is
mainly the university archives business data push mobile
terminal and PC browser. The application layer, situated in the
middle of the three-tier architecture, consists of the control
layer, the business logic layer, and the basic service layer. At
the bottom is the data layer, including the data access layer and
the data storage layer.

The display layer is mainly Android mobile terminal and
PC terminal browser, which respectively displays user login
interface and administrator login interface. The user end views
the file business by logging into the Android mobile APP. The
implementation method mainly uses the Android Activity and
Fragment drawing interface, and the implementation
architecture mainly relies on the Android operating system.
The PC terminal mainly manages the system by logging in to
the WEB page, which is realized by JavaScript+HTML. The
execution architecture consists of a browser and an operating
system.

The application layer is the main part of the data push
system, which includes three parts to complete different
operations. The control layer includes the control of terminal
access, which is mainly composed of parameter analysis and
session management. The control layer analyzes the file
business type, and hands over specific operations to the
business logic layer for processing; The business logic layer
includes the specific services of user management, data
publisher management, data management, intelligent push
management and other functional modules. The basic service
layer includes resource caching, resource access control, web
crawler and vectorization processing, as well as data pro-
cessing services and data analysis services. The functional
modules of the business logic layer are implemented based on
the construction in the basic service layer. The basic services
offered provide functional support for the aforementioned
business operations. The mobile terminal is realized through
MVP mode, and the PC terminal is realized through
Spring+Spring MVC+MyBatis. The execution architecture is
composed of browser and operating system.

The data layer is composed of two components: the data
access layer and the data storage layer. It mainly stores user
data, archive business publisher data, business data, comment
data, etc. of the system. The operation of structured data in the
system is completed by MySQL database. Unstructured data is
stored in files by data preprocessing.
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Fig. 1. Overall architecture of university archives business data push system.

In order to maintain the complete extensibility of the
system, the system is divided into Controller layer, Business
layer, Service layer and DAO layer when implementing the PC
side in combination with the specific SSM framework. The
business publisher logs in to the system through the browser,
accesses the JSP page, and calls the service of the Service layer
through the Controller layer.

The request sent by the business publisher to the server first
enters the Controller layer. Through the controller layer's
control of different businesses, dif-ferent businesses can be
distributed to the Business layer to call specific business logic
code. The Busi-ness layer encapsulates the database operation
ser-vice and the interface provided by the Service layer to the
outside. The database operation service can directly call the
DAO encapsulated by Mapper. The specific SQL execution
statement is implemented in XML. The results are returned to
the browser for dis-play through the database operation service.

B. System Topology

Since the university archives business data push system is
aimed at users in different geographical locations, the business
publisher on the PC side also publishes business in different
work areas [10], [11]. The work nodes are distributed in
different locations, so the university archives business data
push system designed by the proposed method adopts a star to-
pology structure, as shown in Fig. 2.

The topological structure of this system is mainly divided
into three parts: the network segment where the university
archives business data push system is located, the network
segment where the third-party organization is located, and the
part that communi-cates directly with the Internet. The system

is set up inside a communication, with separate WEB server
and database server. The WEB server completes the request
and response of PC end business publishers and mobile
terminal users to the system functions. The database server
stores the data information used in the system, including
relational data and non-relational file data. At the same time, to
ensure concurrent access to the system, the proposed method
uses Alibaba Cloud's nginx load balancing to connect to
multiple WEB servers. In this network segment, the three roles
of system administrator, business administrator and
communicator are divided to manage the business information
and user information of the system. The roles in the system are
connected to the system through the firewall. External users do
not need to go through the firewall to access the system, which
ensures the speed of external users' access and the security of
the internal network.

Through this topology design, different access modes are
set for various roles in the system.Whether tourists or
registered users, authenticate users [12], [13], use mobile
terminals to register and log in to the sys-tem through wireless
settings, and complete corresponding queries and other
operations. There are three types of file business publishers:
correspondent, organization publisher, and individual
publisher. The communicator is in the system network
segment, the organization publisher is in the third-party
organization Ethernet, and the individual publisher is free and
can be directly connected to the Internet. The system
administrator and news administrator are in the LAN of the
system layout to manage user information and file business
information.
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Fig. 2. System network topology.

C. System Function Module

According to the requirements of archives business in
colleges and universities, the functional modules of archives
business data push system in colleges and universities are
divided, and the specific steps are as follows:

Step 1: Demand analysis: It deeply understand the specific
needs of university archives business, including interviews
with university archives managers, questionnaires or research
on existing business processes, with the goal of clarifying the
specific requirements and objectives that the system needs to
meet.

Step 2: Function identification: Based on the demand
analysis, identify the core functions required by the data push
system of university archives business to meet the daily
operation and management needs of university archives
business.

Step 3: Module division: It group and modularize the
identified functions. The division of modules should follow the
principle of high cohesion and low coupling, so as to ensure
that the functions of each module are relatively independent
but can work together. The function of the data push system of
university archives business is shown in Fig. 3.

1) Push management: You can query the push task
records of push users and the records of accessing push pages;
Users can also manually add push accounts to the policy

server; At the same time, the user can also query the push task
record of the active push customer and the record of accessing
the push page [14].

2) White list management: This module is mainly
responsible for adding users to the white list if they do not
want to receive page push reminders, and then adding and
deleting the white list if they do not want to be pushed in the
future.

3) Customized push management: This module is
responsible for adding and modifying the customized push
task of the recommendation file business, and is responsible
for performing association rule function analysis [15], [16] in
the background, and applying the results to the foreground to
batch add or delete users of customized recommendation
products, and formulating push rules.

4) Push statistics: This module is mainly used to make
statistics and analysis on the business data records of each
push file in the push system, and present the results to the
administrator in the form of a summary table.

5) System management: The system management function
module primarily encompasses various functions such as
system department management, user management, authority
management, password modification, role management, and

log query.
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I1l.  THE METHOD AND IMPLEMENTATION OF COLLEGE
ARCHIVES BUSINESS DATA PUSH

A. User Behavior Analysis

Considering that each user behavior sequence may
represent a certain "interest” of the user, and the "entity" of the
"interest” is the university file business page pointed to by the
behavior sequence. Therefore, user behavior templates are used
to record various “interests” of users and their corresponding
behavior sequences. The generation rule is to take the user
identifier as the name of the file. Each line in the file records a
behavior sequence and the identifier of the file business that the
behavior sequence points to. This file can be generated
synchronously in the process of user behavior sequence
extraction.

B. Similarity Calculation

The university archives business data push system designed
by the proposed method mainly adopts the idea of user
collaborative filtering [17], [18]. The recommendation system
based on collaborative filtering needs to find the collection of
items or users' nearest neighbor points through similarity
calculation, and then carry out the next recommendation work
according to the relevant information of these nearest neighbor
points. The search of recommended file business data is
divided into the following two steps:

e Find the nearest neighbor user of the current user
through user feature similarity calculation;

e From the behavior sequences of these neighboring
users, we can calculate the similarity of user behavior
sequences to find the file business data that the current
user may be "interested" in.

1) User feature representation and user feature file: The
main data input that the system relies on is the various
"filtering and provocation" selected by the user when
searching, so that users and data, users and users, and data and
data in the system can be associated through user behavior
sequences, which can reflect the characteristics of users or
data. Therefore, the proposed method takes the user behavior
sequence as the original data, uses the vector space model to
represent the user, and converts the feature vector Sexpressed
as:

B = {(g1,w1), (g2, W2), *+, (Gn, Wn)} (1)

Among them, w; is the i feature items weight of g;,
indicating that the current user's behavior sequence or behavior
template the appears times of g; ; Characteristic item
g;indicates a behavior included in the user behavior sequence;
n indicates the type of user behavior in the system.

In order to improve the efficiency of user collaborative
search, the proposed method records the feature vectors of all
historical users in the form of feature files. This file is a text
file, each line of which is composed of the historical user
feature vector exported from the user behavior template and the
number of this behavior template.
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2) User similarity calculation: The common vector-based
similarity calculation methods in recommendation systems are
as follows:

a) Cosine similarity: Cosine similarity is a commonly
used method in information retrieval for measuring the
similarity between two documents [19], [20]. It involves
treating the feature vectors of the documents as vectors. The
cosine similarity is determined by the angle between these two
vectors, with a smaller angle indicating a higher degree of
similarity, the more parallel they tend to be, and parallelism
means they are completely similar. The calculation formula is
as follows:

BXEi— WaiXWp; )

n 2

Sim (ua: ub) = n 2
i=1Wai*Zi=1Whi

Among them, u,, u, represent users eigenvector of a,b;
w,;,Wp; respectively represent eigenvectors u,,u;, of elements
i.

The advantage of cosine similarity is that it is not affected
by the size of vector module and the calculation is simple.
However, when encountering high-dimensional sparse vectors,
the accuracy of similarity calculation will decline.

b) Pearson correlation coefficient similarity: In cosine
similarity calculation, two user feature vectors are regarded as
two independent variables, but in reality, there may be some
connection between them. Especially in the scoring vector
based on "user item", there is a certain relationship between
different users' ratings of items. Therefore, Pearson correlation
coefficient is proposed to measure the approximation of two
users [21]. The calculation formula is as follows:

BXZSESab(WaS_ma) X(Wps—mp)

@)

Sim (Ug, up)" =

JZSESub(WaS_mll)Z XZSESab(WbS_mb)Z

Among them, S, indicates the user a, b subscript set of
common features; s express an element in S, ; Was, Wps
respectively represent eigenvectors u,, u, of elements s; m,,
m,, respectively represent the average weight of u,, u,.

Considering that in the process of college archives business
data push, the feature vector of online users is extracted from a
behavior sequence, and a behavior sequence contains fewer
repeated behaviors, the obtained feature vector of online users
is basically a binary vector. Therefore, the similarity calculated
by Pearson correlation coefficient is basically equivalent to
cosine similarity in effect, but its calculation process is
obviously more complex than cosine similarity, so the
proposed method uses the cosine value of the vector as the
similarity of user characteristics.

3) Similarity calculation of behavior sequence: In general,
the number of items found through the current user's nearest
neighbor set is still quite considerable, and through previous
analysis, it can be seen that each user's behavior sequence is
associated with at least one university file, and different
behavior sequences of the same user may reflect the user's
more subtle interests and preferences. Therefore, the current
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user's interest preferences can be more accurately predicted
under the direction of the adjacent user's behavior sequence.

An action sequence mainly contains two aspects of
information: the relative order in which the user actions in the
sequence occur and the value of the actions. Therefore, the
similarity of two behavior sequences can be measured from
two perspectives, namely, behavior similarity and behavior
value similarity.

Define S a behavior sequence the behavior state string of B,
which only contains the name of the behavior in B, without the
value of the corresponding behavior. Meanwhile in S, the
string representing a behavior name is regarded as a state,
which is an atomic weight and is indivisible. The calculation
formula of the behavioral sequence B;, B, of the behavior
similarity of X;pmeq (51, 52) is as follows:

max|Lien(B1),len(By)]
max|Lien(B1,B2)]

Xsimseq (Bl' BZ) = X Sim(ua'ub), (4)

Among them, B;, B, represents a common subsequence;
Lien ()indicates the number of states contained in the behavior
state string; max|[ Ly, (B;, B,)] express the number of states
S1, Sy contained in the maximum common subsequence of.

Values of the same behavior are comparable, and the
relative order factors between states should also be included in
the scope of value similarity. So, the behavior sequence B,
B, value similarity of Sgmyame(B1,B2) 1S based on the
maximum common subsequence of s;, s,, the calculation
formula is as follows:

max[(Xsimseq(B1,82)] (5)

max|[Ssybseqcount(B1,82)]

Ssimvalue (Bl'BZ) =
Among them, Ssypseqcount (B1, B2) express the number of
the same public status values of B, B,.

Finally, the behavior sequence B, B, the similarity of
Ssimp (B1, B2) given by the linear combination of behavior

similarity and value similarity, set parameters z =
0XLen(S1) : .
, the calculation formula of Sg;,,,;, (B;, By) is
max[Lien(s1) Lien(s2)] simb (B1, B2)
as follows:
Ssimb (Bl' Bz) = (1 - Z)Ssimseq (51' 52) + Ssimvalue (31, BZ)

(6)

Among them, ogis a constant between 0 and 1, used to
adjust z. Because according to practical experience, the
importance of value similarity and behavior similarity is related
to the ratio of the number of two behavior states. Generally, the
closer the number of behavior states is, the greater the
component of value similarity.

C. User Behavior Prediction

The user behavior prediction of the proposed method is
mainly based on a set of hidden Markov models [22], [23].
First, relevant machine learning methods are used offline to
train the prediction model parameters of various behaviors
from historical data; Then, according to the partial behaviors of
current online users, a finite step Markov process prediction is
performed to obtain a relatively complete sequence of user
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behaviors; Finally, this behavior sequence is used to guide the
push of university archives business data.

1) Prediction model of user behavior sequence: The user
behavior sequence prediction model of the proposed method is
a model systemcomposed of multiple “single two-layer"
mixed state hidden Markov models designed on the basis of
hidden Markov model theory [24], in which each sub model is
independent of each other and deals with the prediction task of
different types of user behavior sequences.

The difference between the "single two-layer" mixed state
hidden Markov model and the traditional hidden Markov
model is that its state setSthe contained state elements can be
divided into two categories: ordinary state elements and
double-layer state elements. The double-layer state is mainly
introduced to simulate the double-layer condition in the "filter
condition". The detailed description of the model is as follows:

a) Status and observations: In the model, the name of a
behavior in the user behavior sequence is regarded as a state,
and the behavior value is regarded as the output value of the
state. Corresponding to the front search function page of the
college file business data push system, the type of the "filter
condition" tag is considered as the status, and the "filter
condition" represented by the "filter condition" tag is the
output value of the corresponding status.

b) Transition probability and initial state vector: In
order to reduce the complexity of model calculation, when
designing the transition probability matrix, the two-layer state
is reduced to a common state, and the root state is used as its
representative [25], [26]. From any stateitransfer to a two-
layer statejtransition probability ofa;;. It can be calculated by
the following formula:

@jj = Yses; Pis X Ssimp (B1, B2) - (7)

Among them, s is j substatus collection for an element in
S; ; pis is status itransfer to statusjsub state of probability of s.
Similar to the transition probability matrix, in the initial state
vector, the two-level state is reduced to a common state for
processing.

¢) Probability vector of observation value: For the
double-layer state, the observed values are also divided into
two layers. For the root state, all its sub states are regarded as
its observed values [27], [28]. Therefore, the double-layer
state i of k output probability of observation values b; (k) is:

b;(k) = XiZ1 k=1 vk J) X a;; (8)

Among them, vy (j) indicates a sub state k of j the
probability of output values.

2) Prediction of user behavior sequence: The prediction of
user behavior sequence is to start from a given state, predict
the subsequent states and the output values of the states in a
limited step, and generate a more complete sequence of user
behavior [29]. According to the finite stage optimal decision
theory of Markov process, the prediction process is to find the
starting point from the specified state in the transfer matrix
n step state transfer to obtain the maximum utility of the
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transfer path. Define the utility that can be obtained in each
step of decision-making, and the predicted result of user
behavior sequence is:

Y(i,)) = a;; X max[b; (k)] 9)

D. Historical Project Recommendation

Historical project recommendation is to push the university
file business data related to historical users to current users.
The recommended method is top-N. First, the recommended
item set is found by combining user collaborative filtering and
user behavior sequence search[30]; Then use the relevant
sorting strategy to sort the data in the file business data set
according to its sorting weight; Finally select Nbusiness data
is pushed to users.

1) Historical item search: The search of historical items is
to use the similarity between the characteristics of the current
user and the historical user, and the similarity between the
behavior sequence of the historical user and the behavior
sequence of the current user as a clue to filter out the item set
that may meet the interests of the current user from the
historical items. The specific process is divided into the
following steps:

a) User behavior prediction: Use the prediction model
to predict backwards n step according to the behavior
sequence entered by the current user, to get a more complete
sequence of user behaviors s. The size of n is related to the
number of behavior states entered by the current user, the
more states there are, the small the n is. The maximum
number of states contained in a user behavior sequence in the
system is 9, then the calculation formula of n is as follows:

V—y(@j) 9>yG))
S A D

b) Finding user behavior template based on user feature
similarity: According to the current user behavior sequence s,
generate the user's feature vector, calculate the cosine
similarity between the historical user and the current user's
feature vector, and take out the similarity greater than the
threshold o, user behavior template file.o;can be adjusted by
the experimental feedback data.

2) Ranking of recommended items: The ranking of
recommended items comprehensively considers factors such
as feature similarity between users, behavior sequence
similarity, popularity of business data and timeliness of
business data, calculates the ranking weight of business data,
sorts it, and finally generates N list of recommended items of
file business data. The specific process is divided into the
following steps:

a) Calculate the total feature similarity of users
associated with data: One file may be related to multiple
users, so the overall feature similarity of file business data
simusers(c,S) is the user behavior sequence s similarity
between the generated characteristics of the current user and
those of all neighboring users containing the data Ag;,, (¢, u;)
which is calculated as follows:

Ssimusers (C, S) =nX Ssimusers (C, S) X Asim(cr ui) (11)
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b) Calculate the total similarity of the behavior
sequence associated with the data: One file business may be
related to multiple user behavior sequences, so the similarity
of one file business behavior sequeNnce Ss;pstrings (s, @) is the
behavior sequence and prediction sequence associated with
s the similarity S5 (s, ;) Which is calculated as follows:

Ssimstrings (5' Q) = ZqiES Ssimb (5' Qi) (12)

¢) Calculate the popularity of data: Count the humber
of different users associated with each file business, and
calculate the popularity of each data. The calculation method
is as follows:

Z(@i) = exp{m/ XL, 6L, N} (13)

where, Z(i) indicates file business data i popularity, m is
the total number of related users.

The values of function §(i, j) is as follows:

5G.7) ={1 ML g
' 0 m; $ I]-

where, I; represents a collection of items contained in a user
behavior template.

d) Calculation data timeliness: The timeliness of data is
determined by the online time and current time of archive
business data. The greater the timeliness, the more innovative
the data. The calculation method is as follows:

T(1) = exp[(tc = t)/p] X Z(D) x 6(i,j)  (15)

Among them, T'(i) represent data i timeliness; t. represents
the current time; t; represent data i online time; ¢ represents a
constant greater than 0.

e) Calculate the sorting weight of data: Based on the
above factors, the ranking weight of a university's archive
business data is:

W(l) = {:1 X Ssimusers + {:2 X Ssimstrings + 53 X Z(i) + 54 X
T() (16)

Among them, ¢; is the influence factor of each factor,
which is set through experimental effect feedback or artificial
experience.

f)Generate recommendation list: According to the
sorting weight of file business data, the data is sorted from the
largest to the smallest, and is selected the first N to generate
recommendation lists to return to the user.

IV. EXPERIMENT AND DISCUSSION

In order to verify the overall effectiveness of the design
method of university archives business data push system based
on big data mining technology, it is necessary to test it. Before
the test, prepare three virtual machines and modify the
corresponding host names to miniOl, min02, and mini03. Next,
set their network mode to NAT and modify their IP addresses
[31]. Then modify the hosts file of each machine to configure
the mapping relationship between the host name and IP
address. Close the firewall of each machine and restart the
machine. Finally, configure ssh password free login between
virtual machines. Now the Linux environment is ready.
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Set five datasets, labeled as Dataset 1, Dataset 2, Dataset 3,
Dataset 4, and Dataset 5, specifically, it includes the following
contents:

Data set 1: Student file data: This data set contains students'
personal information, such as name, gender, date of birth,
home address, contact information, etc. It also contains
academic information, such as enrollment date, major, course
results, rewards and punishments, etc.

Data set 2: Staff file data: This data set contains personal
information of staff, such as name, gender, date of birth,
contact information, etc. It also contains professional
information, such as position, employment date, education,
work experience, etc.

Data set 3: School business data: This data set contains
various business data of the school, such as school curriculum
arrangement, examination arrangement, activity arrangement,
etc.

Data set 4: User behavior data: This data set contains the
behavior data of users (students and faculty) in the system,
such as login times, pages visited, time spent on pages, links
clicked, etc.

Data set 5: System log data: This data set contains the
running logs of the system, such as error logs and operation
logs.

Use the proposed method, reference [4] method, reference
[5] method, and reference [6] method to conduct business data
push test in the Linux environment, and use the accuracy rate
Precision , recall rate Zg...u , coverage rate C,, as an
evaluation indicator of the method. Accuracy can measure the
accuracy of pushed data, recall can measure the integrity of
pushed data, and coverage can measure the satisfaction of
pushed data to users' needs.

Accuracy P, indicates the ratio of the number of test sets
contained in the recommended data list to the number of all
recommended items. The calculation formula is as follows:

Pre = 2% 100% 17

where, A indicates the number of correctly predicted
samples, B indicates the number of recommended samples for
all users obtained from the test set.

It can be seen from the analysis of Fig. 4 that when the data
push test is carried out under the same test environment, the
data push accuracy of the proposed method is the highest and
relatively stable. The data push accuracy of the reference [4]
method and reference [5] method fluctuates greatly, and the
data push accuracy of reference [6] method is stable but
relatively low overall.

Recall rate Zg,.q; indicates the ratio between the number
of user recommendations and the number of items that users
have acted in the test set:

Vol. 14, No. 11, 2023

Zecan == X 100% (18)

where, C indicates the number of samples that all users in
the test set have had historical behaviors.

According to the test in Fig. 5, compared with the test
results of the method in reference [4], the method in reference
[5] and the method in reference [6], the recall rate of the
proposed method is higher, indicating that the proposed
method has good recommendation ability in the field of large-
scale business data push.

Coverage rate C,, represents the ratio of the number of
recommended items to the total number of items, and its
expression is as follows:

C,,=BIDX100% (19)

Where, Drepresents the number of samples in the entire
dataset.

It can be seen from Fig. 6 that under different data sets, the
data push coverage of the proposed method is more than 90%,
which indicates that the proposed method includes many types
of data pushed by users with full coverage, and the coverage of
the reference [4] method, reference [5] method and reference
[6] method is low, which indicates that when the above
methods are used to launch data push, the pushed data is
relatively simple and cannot meet the needs of users.

The time required for the proposed method, reference [4]
method, reference [5] method and reference [6] method in the
process of data push test is shown in Table I.

Precision/%

Precision/”s

8

Precision”e
Precision/%

(c) Reference [5] method (c) Reference [6] method

Fig. 4. Accuracy test results.
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Fig. 6. Coverage test results.

Daaset 1 Dataset? Dataset 3 Daaset4 Datasets

(d) Reference [6] method

DATA PUSH TIME OF DIFFERENT METHODS

Vol. 14, No. 11, 2023

Data samples/piece

Data push time/s

Proposed method Reference [4] Method Reference [5] Method Reference [6] Method
100 52 9.8 7.6 8.8
200 5.8 10.5 8.3 9.6
300 6.3 11.3 8.9 10.5
400 6.9 12.2 9.7 11.2
500 7.4 13.0 10.4 12.7
600 7.7 14.9 11.7 135
700 8.2 15.4 12.6 14.4
800 8.6 16.6 13.7 15.6
900 9.1 17.3 14.9 16.8
1000 9.5 18.1 15.6 17.3
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Analysis of the data in Table | shows that the da-ta push
time of the proposed method, the reference [4] method, the
reference [5] method and the refer-ence [6] method increases
with the increase of the number of data samples, but under the
same data samples, the push time of the proposed method is far
lower than the other three methods, indicating that the
proposed method has high data push efficiency.

To sum up, when the data push test is carried out in the
same test environment, compared with the methods in [4], [5]
and [6], the data push accuracy of the proposed method is the
highest and relatively stable; The recall rate is high, the data
push coverage rate is above 90%, and the push time required is
much lower than the other three methods, which shows that the
proposed method has high data push efficiency, and the data
pushed for users contains more types and covers all the fields,
and it has good push ability in the field of large-scale business
data push.

V. CONCLUSION

On the one hand, it takes a lot of time to screen the data,
and it is difficult to find the data you need from a large number
of data; On the other hand, it will make a lot of redundant
information become “hidden information” in the network,
which cannot be obtained by ordinary users. In this context, a
data push system is proposed. At present, there are some
problems in the design method of data push system, such as
low push accuracy, low recall, low coverage and low push
efficiency. Therefore, a design method of university archives
business data push system based on big data mining technology
[31] is proposed, which is of great significance and provides
decision-making and management support for university
management departments. Through the data push function,
timely and accurate data transmission and information sharing
can be realized, and the efficiency and quality of university
archives business can be improved. In this paper, the overall
architecture and functional modules of the system are designed,
and according to the characteristics of users' behavior, the push
of university archives business is realized. It is verified that the
data push accuracy of the proposed method is the highest and
relatively stable. The recall rate is high, the data push coverage
rate is above 90%, and the push time required is much shorter
than the other three methods, which can effectively push the
required business data for users in a short time. Provide more
intelligent and scientific decision-making and management
support for university management departments, and improve
the efficiency and quality of university archives business.

The prospect of future research work can be carried out
from the following aspects:

1) Dig deep into the archives business data of colleges
and universities: In the future, we can further expand the data
sources, including students, faculty, courses, scientific
research projects and other dimensions, in order to obtain
more comprehensive data information. Mining hidden rules
and trends in data can help university management
departments make better decisions and management.

2) Data security and privacy protection: In future
research, we need to pay more attention to data security and
privacy protection. Explore how to use emerging technologies

Vol. 14, No. 11, 2023

such as blockchain to ensure the security and credibility of
data, and study the methods and technologies of privacy
protection to protect sensitive information of individuals and
institutions.
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