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Data Processing Workflow

Extraction

Transform & Load
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Insight

OpenAlex dataset

OpenAlex

Snapshot A works
from institutions
Amazon S3 topics
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Works
463 million

Authors
115 million

Institutions
102 thousand
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Topics
4.5 thousand

Subfields
252

Fields
26

Domain
4
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Transform - Data Deduplication

* OpenAlex files contain
historical snapshots

pl.max({"updated date").alias("max_updated_date™),

* |dentifies the most recent j
record for every works, oot
institutions, and topics S e

t/openal ks/*/*.parquet’)
join(
latest ks_selector_df
left o d","updated dat
ight d","

» Ensuring updated_date o
types match across
different sources
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Transform — Entity Resolution & Merging

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

2022-05-27
2022-05-27

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

id

merge_date P id . rqa;gnjmn_id P

[PK] bigint bigint
3123023596 56067802
78570951 56500836
161076350 64295750
182273258 103163165
56657469 126193024
8821215 126193024

. display_name

linked to the correct current S :
_ 56067802
entlty 56590836
64295750
103163165

126193024

Université de Rennes

Monash University

Indian Institute of Technology Ind...
Florida State University

Londaon Metropalitan University
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Transform - Data Normalization & Standardization

« Some data is nested, domin
"flattens" the data rid fid fid:

‘https://openalex.org/subfields/2804", ‘hitps://openalex.org/fields/28°, ‘https://openalex.org/domains/1",
‘disp... ‘disp...

« Ensure data types of
corresponding columns l
are consistent across

d iffe re nt tables tO subfield_id subfield_name field_ id field_ name domain_id domain_name
e n h a nces inte rope rabi I ity EE:zj "Cellular and Molecular NeurGS:r. Ij: "Neurnﬁcien:'r' iﬁj "Life Su:iem::r

between datasets
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Transform — Aggregation

Final join and aggregate all
data to produce a clean,
multi-dimensional dataset
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institution_id publication_year topic_id publications_count

4605

4605

4605

4605

i16

1935

1938

1938

1938

1938

i32

11666

12068

12094

12845

13133

u3z2

topic_name
str

"Color Constancy and
Calorimetr...

"Management of
Hyperbilirubinem...

"Hemoglobin Function
and Regula...

"NManagement and
Treatment of Tu...

"Architectural Geometry
and Art...

subfield_name field_name

str str

“Atomic and “Physics and
Molecular Physics, ... Astronomy”
Perinatole;;g:?érgs‘: T
“Biochemistry,

cell giclegy Genetics and Mol...

"Pulmenary and

Respiratery Medi.. fdeione
"Visual Arts and "Arts and
Performing Art... Humanities”

domain_name
str

“Physical
Sciences”

“Health
Sciences”

“Life Sciences”

“Health
Sciences”

“Sacial
Sciences”

type institution_name
str str

. *lllingis College of
“education” g

Optometry"
“education® "”"“"‘Z;f‘!'fﬂg;r;’f
“education® "”"“"‘;:f;'fniir;f
“education® "”"“"‘;:f;'fniir;f
education” “lllinois College of

Optometry"

country
str

“United
States”

“United
States”

“United
States”

“United
States”

"United
States”
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Overcoming "Out of Memory" errors

mergedid_df = ( ‘
lazy()

° Leverage data W|th Polars' | pl.DataFrame (mergedid_df | lazy () |
Lazy API (via .lazy())

df =
* Collect the data with engine T eptcat,
="gpu’” for the final ot tetes
materialization Soint
. | ="left"
* Physical GPU hardware: S e

NVIDIA GeForce RTX 4080 I::ii;:x?;;?iijgii_ijild“}.iS_nDt_HUll{}}
X 2 )
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Research Topics Analysis — Regional Level

Filter Research Topics Trend Analysis for Hong Kong Universities and Global Patterns

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

Research topics subfield
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Research Topics Analysis — Regional Level

¢ Ide ntlfy the key resea I'Ch tO pIC, - Filter Research Topics Trend Analysis for Hong Kong Universities and Global Patterns
interest across various UGC —l S |
universities in HK § ¥

* Analyze the development and e | & i /
evolution of research topics to oy f. T /

understand their changing
patterns across different
institutions

Research topics held

Research topics subhield
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Research Topics Analysis — International Level

« ldentify 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

The University of Hong Kong
W Libraries
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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

D

Local Institutions

Select All

COHKU [JCUHK [JHKUST OPolyu

CCityu [JHKBU Oy CEduHK

Global Institutions

Select All

CHarvard icL OMIT CINTU

ONUS [JOxford CPKU CPrinceton

LISNU [Jstanford [Msinghua U of
Melbourne

Cuc [CucL CuTokyo [I¥ale

Berkeley
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Local Peer institutions

Selected top global
institutions
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Research Topics Analysis — Departmental Level

» Assess the performance

| ] L] L]
Faculty & Department ' [ Global VS HKU publications by year
of different internal units v 0e puteaons by
R Search @ Global publications @HKU publications
H Select all 4.5M
~ [ Faculty of Architecture @
S 40Mm 2
~ [l Faculty of Arts = g 2
S 3
. ~ [l Faculty of Business and Economic... S 35M 2
(=9 3
» Identify faculty R : :
X
) ~ M Faculty of Education g > T
department and - -
2014 2016 2018 2020
~ Il Faculty of Law Year

S Ch OI a rS i n VO I Ve d i n to p \\: : :Ezti j zjz:lc:ciences Research topics by HKU scholars’ publications ‘ | HKU scholars' by publications
emerging research topic
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Research Topics Analysis — Departmental Level

« |[dentify gaps where faculty /
department lag behind global
trend which help % :
management in making data-
centric decisions on future
research directions, funding, :
and talent recruitment | |
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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

The University of Hong Kong
“ Libraries
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Integration of linear programming in
evaluating database subscriptions
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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

1“ 2026 M Librories Farum
X |
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 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.

B8
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" 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.
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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.
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Gather and Analyze Data

« Usage Data

« COUNTERS- TR_J1: Journal Requests (Excluding OA_Gold)
COUNTERS Usage

1000 | @~ Database A
=d= Database B
== Database C

800 A =) Database D
== Database E

600 -

Total Item Requests
P
o
o

M
o
o

£ The University of Hong Kong
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Gather and Analyze Data

Total Monthly Costs
Total Monthly Usage

Cost per Usage —

Monthly cost per usage

45 1 ~@- Database A
A =&~ Database B
40 1 == Database C
@)= DatabaseD
U 35 1 == Database E
(@)}
© 301
-
e 2D
S
=20
1)
S 151
10 A
-
5 -
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Gather and Analyze Data

« Calculate the rolling monthly return

Ce—Cy
Ci 1

R =

Where:

Compute monthly returns
= I = Rolling monthly return

= (; = Average cost per usage for the current month # compute monthly returns

» (; | = Average cost per usage for the previous month for s in mp.columns:

date = mp.index[8]

pré = mp[s][date]

for £ in range(l,len(mp.index)):
date = mp.index[t]
prl = mp[s][date]
ret = (pri-pr@)/pré
mr.at[date, 5] = ret
prég = pril

e The University of Hong Kong

Libraries
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Gather and Analyze Data

Database A B C o E A B C D E
Jan-25 503 252 123 230 74 Feb-25 0424929 0.546012 0640000 0411043 -0177778
Feb-25 353 163 75 163 90 Mar-25 -0.360507 -0.447458 -0.440299 -0.128342 -0.174312 | - T T T T T A
Mar-25 552 295 134 187 109 Apr-25 0202614 0.365741 0313725 0.154321 -0.331288 | Other ste ps: :
Apr-25 459 216 102 162 163 May-25 0052752 0119171 -0.081081 -0.338776 0.065359 : ; gg 2 P E:: :]O?/aal:l ;?_‘téler : |
May-25 436 193 111 245 153 Jun-25 -0.041758 -0.089623 0370370 -0.089219 1.428571 | . mat I’iF))( :
Jun-25 455 212 81 269 63 Jul-25 -0.086345 0070707 0227273 0046693 0.000000 : 3. Convert data frameto 3 |
Jul-25 498 193 66 257 63 Aug-25 0.121622 -0.100000 -0.297872 0168182 -0.045455 | numpy m atrix :
Aug-25 444 220 94 220 66 Sep-256 0.090909 -0.022222 0305556 -0.079498 -0.518248 :_4 e |
Sep-25 407 225 72 239 137 Oct-25 -0588473 -0.537037 -0.510204 -0.582897 -0.483019 T T T
Oct-25 989 486 147 573 265 Nov-25 0396893 0.159905 0.300885 0270510 0.007605
Nov-258 708 419 113 451 263 Dec-25 0490526 0.512635 0.189474 0.616487 0643750

Dec-25 475 277 95 279 160

The University of Hong Kong
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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

ey Tha_l..lniversity of Hu;ng Kong
Libraries
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Set up the optimization model

# Number of variables —
n = len(symbols) Core problem definition:

1. Minimize the risk
# The variables vector 2. Set up expected returnto 2% (0.02)
x = Variable(n) ]

3. The weights (x) sumto 1. It
# The minimum return guarantees a 100% fully invested
req_return = 8.82 pOthOliO

4. Must be non-negative

# The return
ret = r.T*x

# The risk in xT.Q.x format
risk = quad form(x, C)

# The core problem definition with the Problem class from CVXPY
prob = Problem(Minimize(risk), [sum(x)==1, ret »= req return, x »= 8])

£ The University of Hong Kong

&« Libraries
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Solve the optimization problem using Python

Optimal portfolio

try:
prob.solve()
print ("Optimal portfolio")

Database |Investment
Percentage

for s in range(len(symbols)):
print (" Investment in {} : {}% of the portfelic”.format(symbols[s],round({188*x.value[s],2)))
29.20 print (Moo ")
° () print {"Exp ret = {}%".format(round(lee*ret.value,2)))
print ("Expected risk = {}&".format({round(18@*risk.value**&.5,2)))

2 ° 2 9 % EKCEE:;nt ("Error")

Optimal portfolio

A
B
C 20.1% @
D
E

Investment in 1 29.2% of the portfolio
Investment in 1 2.29% of the portfolio

&
E
() Investment in € : 28.1% of the portfolioc
31 .83 /0 Investment in D : 21.83% of the portfolic
E : 16.58% of the portfolio

Investment in

1 6.58% Exp ret = 5.77% o ot

Expected risk

The University of Hong Kong
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Result Summary
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Monthly cost per usage

o

N
o

)

W \\

=@= Database A
== Database B
=afe= Database C
@) Database D
=w& Database E
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Optimal portfolio

Database |Investment

m O O ® >»

Percentage

29.2%
2.29%
20.1%
31.83%
16.58%

£ The University of Hong Kong
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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)

The University of Hong Kong
W Libraries
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