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Abstract

Objective: To address problems in the knowledge discovery process of current
alliance data, a visual analysis system model for alliance data is designed to
enable collection, mining, and visual analysis of historical information. Method:
A visual analysis system model for alliance data is constructed, a big data plat-
form is built, and the usability of the model is verified. Results: Experimental
results show that the system can effectively perform visual analysis on massive
historical data and support decision analysis. Limitations: The current visual
analysis result views can be further enriched. Conclusion: The system can per-
form visual analysis on the alliance’ s historical data, providing scientific data
support for decision-makers.

Full Text

Visualization of Coalition Data Based on Multi-View Co-
operation
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School of Computer Science & Software Engineering, Tianjin Polytechnic Uni-
versity, Tianjin 300387, China

Abstract

[Objective] This paper proposes a visual data analysis system model for coali-
tion data to address existing challenges in knowledge discovery, enabling the
collection, mining, and visual analysis of historical information. [Methods]
We constructed a visual data analysis system model, built a big data platform,
and validated the model’ s usability. [Results] Experimental results demon-
strate that the system effectively performs visual analysis on massive historical
data and supports decision-making analysis. [Limitations] The current visual
analysis result views could be further enriched. [Conclusions] The system can
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visually analyze historical data from library alliances and provide scientific data
support for decision-makers.

Keywords: Coalition Data, Big Data, Visual Analysis, Borrowing Records
Classification Number: TP311, G350

With the rapid development of information technology, multi-institution data
sharing coalitions have become increasingly common. A major challenge facing
such data coalitions is how to effectively organize and mine meaningful results
from massive information resources while establishing an interactive data min-
ing model. Visual analytics is a science and technology that employs interactive
visual interfaces to assist users in analyzing and reasoning about large-scale
complex datasets. This approach can address problems arising from informa-
tion overload and ineffective communication, discover deep potential knowledge
hidden within massive resources, reveal deeper connotations of results, and en-
hance result comprehensibility and cognitive accessibility.

Library alliances represent a prime example of multi-institution data resource
sharing. Exploring methods to mine library alliance data resources offers valu-
able insights for coalition data resource development. This paper uses the Tian-
jin Library Alliance big data as a case study, relying on visual analysis methods
to achieve knowledge discovery, decision analysis, and policy formulation.

To integrate high-quality resources from Tianjin’ s university libraries, the Tian-
jin Municipal Government began constructing the Tianjin University Joint Digi-
tal Library in 2002. This library alliance includes 26 libraries from 17 municipal
institutions (excluding Tianjin University and Nankai University), while also es-
tablishing gateway-based interlinking with the existing Unicorn systems of Tian-
jin University and Nankai University to enable shared bibliographic data. The
core mission of the library alliance is to establish a joint bibliographic sharing
system for Chinese and foreign language books and periodicals, achieving bibli-
ographic and technical resource sharing among member libraries, and automat-
ing library operations including acquisition, cataloging, circulation, periodical
management, public inquiry, and interlibrary loans to improve the automation
management level of Tianjin’ s university libraries.

After 15 years of development, the joint library has accumulated vast amounts
of collection data and reader borrowing records. Applying data mining technol-
ogy to quantitatively analyze reader borrowing history can reveal personalized
reading needs, with mining results serving as data references for literature pro-
curement decisions in various libraries. This can improve the quality of literature
resource selection and collection utilization rates, making literature procurement
more objective, scientific, and rational.

Existing research on university library book procurement primarily focuses on
single-library data analysis. Zhao Yingchun employed grey relational analysis to
evaluate the importance of various book categories in university libraries, com-
prehensively considering factors such as collection volume, borrowing volume,
key discipline construction, and reader needs and evaluations to scientifically
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assess the importance of different book categories. However, this analysis only
examined broad book categories, representing a certain limitation. Yin Jijun
analyzed and researched the application of neural networks for intelligent book
procurement, designing an intelligent book procurement system model based
on improved genetic neural networks. Li Yuan et al. utilized fuzzy comprehen-
sive evaluation to analyze borrowing data and establish a fuzzy comprehensive
evaluation model for university library literature procurement, determining rea-
sonable procurement budgets for different literature resource types.

In the big data context, some scholars have explored book procurement models
and applied data mining technology to support university library book purchas-
ing plans. Although Chi Chunjia et al. discussed the feasibility of applying
data mining in book procurement planning, they did not provide specific exam-
ples. While Feng Na provided examples, the data was based on questionnaires,
resulting in strong subjectivity.

Domestic research on multi-library book procurement remains limited, with even
fewer studies employing visual analysis methods. Book classification informa-
tion represents hierarchical data, and hierarchical data visualization has always
been an important research area in information visualization. Related work
primarily falls into two categories: node-link diagrams using explicit represen-
tation and space-partitioning methods using implicit representation. Node-link
diagrams represent parent-child relationships between nodes as connecting lines,
which clearly display hierarchical relationships. Space-partitioning methods use
blocks with certain areas or volumes to represent individual data nodes, with
treemaps and their variants being representative examples. Compared with
node-link diagrams, space-partitioning methods generally allocate most space
to leaf node presentation, making it difficult to identify hierarchical or adjacent
relationships among non-leaf nodes. In practical applications, data composi-
tion has become increasingly complex, with most data possessing not single but
multiple data characteristics simultaneously. For such complex data, Chen et
al. proposed employing two or more visualization methods to address the limi-
tations of existing visualization and visual analysis methods designed for single
data characteristics.

To observe, understand, and master results from different perspectives, we em-
ploy multiple views to achieve effective organization and expression of massive
resources from different dimensions, designing and implementing a coalition
data visual analysis system.

3 Coalition Data Visual Analysis System Model

Our coalition data visual analysis system model is based on the Hadoop platform,
using HDFS as the massive data storage platform. The entire model includes
five components: Hadoop infrastructure, data collection, data preprocessing,
data analysis, and data visualization, as shown in [Figure 1: see original paper].

The modules are described as follows: 1. Hadoop Infrastructure: Provides
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operation interfaces for Hadoop distributed data (index library, Hive data ware-
house, analysis library) and the MapReduce parallel computing framework. 2.
Data Collection: Collects corresponding data according to specific require-
ments. 3. Data Preprocessing: Performs deduplication, noise reduction, fea-
ture extraction, and related tasks to prepare data for visual analysis. 4. Data
Analysis: Includes text vectorization representation and performs association
analysis, statistical analysis, and other analytical functions on preprocessed data.
5. Data Visualization: Conducts visualization based on the D3 visualization
component.

This paper uses library alliance data to validate the model’ s feasibility, focusing
primarily on the data preprocessing and visual analysis modules.

3.1 Data Preprocessing

The data preprocessing module must handle borrowing data and collec-
tion data. Borrowing data contains five fields: ID, timestamp, institution,
barcode, and username. However, due to historical reasons, some library
data encountered issues during consolidation into the joint library: -
Data type 1: 1907863|CJ495415|2014122615| R A% 4E | K=, where
the second, third, and fourth items are out of order. - Data type 2:
1907864 |M121478912014122615| & % Bt /8 |C00624610| E* &, where the
second item is redundant data.

To address these issues, each data record must be formatted into a unified
structure, with field positions swapped or removed for non-compliant data.

Each collection data record contains barcode and call number information. Since
a book’ s shelf position may change, one barcode may correspond to different
call numbers. For example, barcode ZY8027501 corresponds to call numbers
including D125/4, D125/1, D125/C, D125/A.L.X, DO8/ELX(LS), and D751.664.
Extracting classification numbers from call number sets requires a branch-and-
bound algorithm.

Input: Call number set S
Output: Classification number

The algorithm traverses the set, taking the first character of each element (0
n length) to form set K. It then calculates the weight w_j for each element
k_jin K, selects the k_j corresponding to max(w_j), and extracts from S the
subset of elements whose first character begins with k_j to obtain S_1. The
same process is applied to the second character of S_1 to obtain S_2. This
operation continues sequentially for the i-th character of set S to obtain S_k
until the number of elements in S_k becomes unique.

3.2 Data Visualization

For collection and borrowing data with hierarchical and multi-dimensional char-
acteristics, we designed three views to display hierarchical structure information
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and multi-dimensional attribute information of books.

1. Collection Book Display View

For representing hierarchical relationships among collection books, we se-
lected node-link diagrams as the display view. To represent quantity com-
parison relationships between different categories in the tree structure, we
chose weighted trees for result presentation. A weighted tree displays each
node’ s weight alongside the node itself, using node size to represent weight
magnitude. We employed the open-source weighted tree component Vizuly
as the display view for the hierarchical structure of collection books.

2. Comparison View of Borrowed Books and Collection Books
To analyze the utilization rate of specific book categories, we define the
book borrowing ratio ir as shown in equation (1):

lent

stock

where i represents a book category, stock represents the collection quan-
tity of that category, and lent represents the borrowing quantity of that
category.

To represent quantity differences among different book categories, we de-
signed a second view where each book category is expressed by an arc seg-
ment and two triangles conveying three dimensions: collection quantity,
borrowing quantity, and borrowing ratio. Using D3’ s arc generator as the
basic graphic framework, where each arc contains information including
start angle, end angle, inner radius, and outer radius, we implemented
this view using a polygon layout algorithm.

Polygon Layout Algorithm:
Input: Arc sequence arc_a, data, parameters , |,
Output: Arc sequence arc_b, arc width w_ i, triangle vertices

Arc width calculation is shown in equation (2):

w,; = [formula preserved as in original]

Arc point coordinate calculations are shown in equations (3) and (4):
x = sin(0),0 € [1, 6]
y = cos(6),8 € [1,6]
External point coordinate calculations are shown in equations (5) and (6):
x = [formula preserved as in original]

y = [formula preserved as in original]
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When =1,2,4,is= ;when =3,5,606,ie= .

In this paper, the polygon layout algorithm parameters are = 100, =
[value], = [value]. Additional required parameters include: outer radius,
arc start angle s, and arc end angle e.

3. View of Books and Libraries

To understand the relationship between books borrowed by readers and
libraries, we designed a third view. With 26 libraries in the university joint
library system, we abstracted the relationship between book categories and
libraries as a graph G(V, E), where vertices V represent book categories
and libraries, and edges E represent relationships between book categories
and libraries. Since book categories are independent, different libraries are
independent, and book categories and libraries are mutually independent,
G forms a bipartite graph. For bipartite graph visualization, we referenced
components from Pasha’ s work on bipartite graph visualization.

Books can be divided into 22 major categories by classification number. This
paper selects industrial technology books for case analysis, focusing on analyzing
the borrowing ratio of this category and its borrowing patterns across different
libraries.

4.1 Data Sources

The data used in this study comes from the Unicorn library automation manage-
ment system of Tianjin’ s university digital libraries, covering the period from
system implementation to February 2015.

4.2 Visual Analysis

1. Collection Book Analysis

The hierarchical structure of books in the university joint library is shown
in [Figure 2: see original paper]. From Figure 2: see original paper, we
can clearly observe the relative relationships among book categories: indus-
trial technology books are the most numerous, followed by literature, eco-
nomics, and language/linguistics, while aerospace and astronomy/earth
science books are relatively scarce. This phenomenon relates to the ma-
jors offered at the 17 institutions—for example, only Civil Aviation Univer-
sity of China offers aerospace programs, and none offer astronomy /earth
science programs.

2. Comparative Analysis of Borrowed Books and Collection Books
The comparative analysis of borrowed books and collection books is shown
in [Figure 3: see original paper]. The inner ring represents collection
quantity for each category, orange triangles represent borrowing quantity,
and blue triangles represent borrowing ratio ir. From Figure 3: see original
paper, we find that literature books have the highest borrowing ratio ir
at 47.2%, indicating strong reader demand for this category. To further
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display borrowing patterns of subcategories within the 22 major categories,
we selected the industrial technology category for deeper analysis, with
results shown in Figure 3: see original paper.

Figure 3: see original paper reveals that automation/computer science
books have the largest collection quantity, while weapons industry books
have the smallest. Automation/computer science books also have the high-
est borrowing quantity, while atomic energy technology books have the
lowest. The top three categories by borrowing ratio ir are light indus-
try /handicrafts (28.2%), automation/computer science (24.3%), and ar-
chitecture (21.4%), with atomic energy technology having the lowest ratio
(1.6%). The generally low borrowing ratios reflect low utilization rates of
collection books, consistent with the objective reality of reduced demand
for paper books in the internet environment.

3. Analysis of Books and Different Libraries
[Figure 4: see original paper| displays the relationship between different
book categories and libraries. The university joint library system com-
prises 26 libraries, and this view enables analysis of borrowing patterns
for the same book category across different libraries and different cate-
gories within the same library.

Analysis of borrowing patterns for the same book category across differ-
ent libraries is shown in [Figure 5: see original paper]. From [Figure 3:
see original paper|, we identified three industrial technology subcategories
with borrowing ratios ir exceeding 20%: automation/computer technol-
ogy, architecture, and light industry/handicrafts. Figure 5: see original
paper shows that automation/computer technology books account for 49%
of industrial technology books borrowed by readers, with the top three li-
braries being Tianjin Polytechnic University Library (26%), Tianjin Voca-
tional Normal University Library (14%), and Urban Construction College
Library (12%). Figure 5: see original paper indicates that 58% of architec-
ture books are borrowed by Urban Construction College Library. Figure
5: see original paper shows that light industry /handicrafts readers are pri-
marily concentrated at Tianjin Polytechnic University Library (45%) and
University of Science and Technology Library (18%), although Fine Arts
College Library readers account for only 8% in this category, Fine Arts
College Library shows particularly high demand—Figure 5: see original
paper reveals that Fine Arts College Library users borrow 32% of light
industry /handicrafts books. This may relate to school majors or reader
preferences, requiring further investigation. This data can serve as a basis
for allocating procurement budgets among different schools and for further
allocation within schools across book categories.

Further analysis of the three categories with relatively low borrowing rates
is shown in [Figure 6: see original paper]|. From Figure 3: see original
paper, we identified three categories with borrowing ratios around 2%:
atomic energy technology (1.6%), mining engineering (2.0%), and metal-
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lurgical industry (2.3%). Readers of these three categories are primarily
concentrated at Polytechnic University Library and Industrial University
Library, but Figure 6: see original paper shows that Medical University
Library readers account for 6% of borrowing in these categories. While the
reasons require further study, this data reflects reader demand for these
categories, enabling procurement staff to make purchases based on reader
needs.

The view can also analyze different demands of different library readers
for various book categories, as shown in [Figure 7: see original paper| and
[Figure 8: see original paper|. We find that readers across all libraries gen-
erally show high demand for automation/computer science books within
the industrial technology category, particularly at medical libraries, which
should be considered during procurement to address these readers’ needs.

Through multi-dimensional visual analysis of the alliance library’ s collection
data and reader borrowing records, we identified the problem of low book bor-
rowing rates in alliance libraries. Multi-view visual analysis methods not only
more clearly display data hierarchical structures but also facilitate natural inter-
actions such as hierarchical drilling down and rolling up. Experimental results
can assist libraries in book procurement activities. Although this paper uses al-
liance library data for case analysis, the proposed visual analysis system model
remains effective for other coalition data, enabling effective visual analysis and
discovering potential knowledge hidden behind the data.
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