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Trend analysis of research topics 
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Data Processing Workflow
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Transform - Data Deduplication

• OpenAlex files contain 
historical snapshots

• Identifies the most recent 
record for every works, 
institutions, and topics

• Ensuring updated_date
types match across 
different sources



   

Transform – Entity Resolution & Merging

• Data often merge, data might 
still be tagged with the old ID

• Create list of "all possible ids" 
to connect historical data with 
their current counterparts, 
ensuring that all records are 
linked to the correct current 
entity



   

Transform - Data Normalization & Standardization

• Some data is nested, 
"flattens" the data

• Ensure data types of 
corresponding columns 
are consistent across 
different tables to 
enhances interoperability 
between datasets



   

Transform – Aggregation

Final join and aggregate all 
data to produce a clean, 
multi-dimensional dataset



   

Overcoming "Out of Memory" errors 

• Leverage data with Polars' 
Lazy API (via .lazy()) 

• Collect the data with engine 
=“gpu” for the final 
materialization

• Physical GPU hardware:
NVIDIA GeForce RTX 4080 
x 2



   

Research Topics Analysis – Regional Level

Examine trends in research 
contributions from UGC 
Universities at HK over the 
years



   

Research Topics Analysis – Regional Level

• Identify the key research topic, 
interest across various UGC 
universities in HK

• Analyze the development and 
evolution of research topics to 
understand their changing 
patterns across different 
institutions



   

Research Topics Analysis – International Level

• Identify emerging research 
interests to align strategic 
initiatives with global academic 
trends

• Gaps: specific research topics 
that have continued growth in the 
number of publications for global 
institutions while showing a 
continued decrease for HKU 



   

Research Topics Analysis – International Level

Assesses HKU's research 
against local peers and 
selected global top institutions to 
identify strengths, areas for 
improvement, and opportunities 
for collaboration in key research 
areas

Local Peer institutions

Selected top global 
institutions



   

Research Topics Analysis – Departmental Level

• Assess the performance 
of different internal units 

• Identify faculty, 
department and 
scholars involved in top 
emerging research topic 



   

Research Topics Analysis – Departmental Level

• Identify gaps where faculty / 
department lag behind global 
trend which help 
management in making data-
centric decisions on future 
research directions, funding, 
and talent recruitment



   Enhance Research Support and Collection 
Development
• Precision Recommendation

• Analyze impact within emerging and niche fields
• Recommend the latest scholarly resources to the research community to 

maximize their visibility and impact

• Anticipating Collection Needs
• Track trending research topics, evidence-based collection investment 

decisions to ensure effective resource allocation

• Strategic Alignment
• Collections are current and comprehensive, aligning with institutional 

research priorities
• Deeper understanding of contemporary research landscapes, ultimately 

enhancing resource allocation and strategic planning 



   

Integration of linear programming in 
evaluating database subscriptions



   

Evaluating database subscriptions

• Involves assessments using a variety of criteria
• Cost and Budget Considerations

• Cost-Effectiveness

• Analyze potential cost-per-use, particularly when considering renewals

• Usage Statistics

• Utilize standardized metrics (like COUNTER-compliant data) to track the number of 
sessions, full-text downloads, and refused access events to understand actual use

• EZProxy logs capture user activity and access to library resources. They offer 
invaluable insights into user behavior and resource utilization.



   

Linear Programming (LP) optimization

• Linear Programming (LP) is a powerful business analytics tool 
that uses math to find the best outcome (such as, maximize 
profit, minimize cost) from choices, given limited resources 
(time, money, materials)

• Solve complex optimization problems for business cases

• Stock market employs linear programming (LP) to create a 
balanced investment portfolio that provides both protection and 
opportunities
• Maximize expected profits while minimizing associated risks.



   

Problem Scenario

Peter aims to conduct a usage analysis on a database package 
comprising five databases. His goal is to develop a strategic 
framework that optimizes the cost per usage to enhance 
performance.

To achieve this, Peter plans to apply economic planning 
principles by employing linear programming to maximize 
expected profits while minimizing associated risks.



   

Gather and Analyze Data

• Usage Data
• COUNTER5- TR_J1: Journal Requests (Excluding OA_Gold)



   

Gather and Analyze Data



   

Gather and Analyze Data

• Calculate the rolling monthly return 



   

Gather and Analyze Data

Raw data table Return matrix

Other steps:
1. Compute mean return
2. Compute covariance 

matrix
3. Convert data frame to a 

numpy matrix
4. …………………



   

Use Python to solve the optimization problem

• Python library used: CVXPY
• Python-embedded modeling language for convex optimization 

problems

• Express the problem in a natural way that follows the mathematical 
model



   

Use Python to solve the optimization problem

Core problem definition:
1. Minimize the risk
2. Set up expected return to 2% (0.02)
3. The weights (x) sum to 1. It 

guarantees a 100% fully invested 
portfolio 

4. Must be non-negative



   

Solve the optimization problem using Python

Optimal portfolio
Database Investment 

Percentage

A 29.2%
B 2.29%
C 20.1%
D 31.83%
E 16.58%



   

Result Summary

Optimal portfolio
Database Investment 

Percentage

A 29.2%
B 2.29%
C 20.1%
D 31.83%
E 16.58%



   

Limitations

• Complexity with Large Problems
• Computational complexity can increase significantly with the number of 

variables and constraints, leading to longer solve computational time

• Assumptions About Data
• LP assumes all parameters are known with certainty. 

• Many real-world situations involve uncertainty in parameters (e.g., 
demand, costs, resource availability)



   

Thank You
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