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Motivation

University league tables

Scientist citation indexes

Desire of administration to follow formal (=objective?)
procedures

Research activities getting closer to other industries
(because of twofold processes)
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KakK aTto penaetrca B8 CoeauHeHHOM KoponescTtse

¢ RAE [R E F frO M 20 14] Increase in number of highly-rated and highly cited outputs

produced by the UK
* Eve ry 5-6 yYears 160 000 Category
* Qver fields of science . B« ouputs

Top 1% of cited papers
. Top 5% of cited papers
. Top 10% of cited papers

e Evaluation of each UnDep
by a high peer commission

120 000

100 000

Number of outputs produced by the UK

80 000 /
* Final rates
60 000
. 40 000
— P1% - 2 (National level)
— P2% - 3 (International level) ™" =

_ P3% B 4 (ngheSt Internat|0n ﬂ RAE period (2001-07) REF period (2008-13)
— P4% - 4* (Groundbreaking)
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Researcher’s impact: sum of products
In five areas

* Research and presentation of results (number, quality)

* Science functioning (journal editing, running research
meetings)

* Teaching (knowledge transfer, knowledge discovery)
* Technology innovations (programs, patents)
* Societal interactions (popularization)
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Novel results 1: two methods, one
application

* research results — measuring by mapping to a

taxonomy of the domain (manual)
e Science functioning (journal editing, running research meetings),

teaching knowledge discovery (supervising) — unsupervised
aggregation of criteria for stratification

» technology innovations and societal interactions — nothing,
no data of academics

* Applying to the domain of data analysis

B. Mirkin Seminar 21 October 2015



Results 2: two methods, one application

* Method 1: Unsupervised aggregation of criteria for
stratification Linstrat

 Method 2: Taxonomic rank (TaxRank) by mapping results to a
taxonomy of the domain (manual)

* Application to the domain of data analysis
—Taxonomy of Data analysis
—Sample of Data analysis scientists
—TaxRank scoring with a manual mapping
— Aggregate Criteria: Panoramic[TaxRank, Citation[3], Merit[3]]

B. Mirkin Seminar 21 October 2015 8



Method 1: Convex combination of criteria

* Input: set of criteria f,, f,..., f,, over an entity set /

* Qutput: set of weights w=(w,, w,,..., w_) so that I is divided in K
strata over




Method 1: Strata versus Clusters
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Method 1: Criterion for unsupervised stratification
W to minimize the strata widths: projections of

entity points on f to fall as near to strata centers
as possible
min i )3 ffww; — k)’

k=1ie8 j=I
M

such that E wi=1
=l
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IVICULIIUU L. LiljoLltl Al = viloupCli vVioTuUu I otlldtrtivauivil

Minimize alternatingly:
- Initialise W randomly

- given weights \V, find K centers ¢, and strata S,

- al Ak ™ :
- gjve ‘-ﬁ:‘ M ) flnd W
5 min 2 > (Y xijwj—cx) ket

w.C.S k—1ics, =1
M

such that E wi=1

j=l1
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N3meHeHne Kputepma = MameHeHune arperaumm
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Method 1: Testing
Linstrat - Method for unsupervised K stratification
The winner,
at modest number of criteria (less than 20),
not so wide strata

* Tested over synthetic datasets (accuracy)
* Tested over real datasets (centrality over KS-distance)

 Compared with other stratification heuristics (Pareto
boundary extraction, linear program, etc.)



CHuHTeTHYCCKHE zIaHHble ( ODJIOB 2014)

(5) (E)

CTtpaTbl OT OpUeHTauum w
(a) w=(0.5,0.5), (6)w=(0.8 0.2),
(8) w=(0.2,0.8)

CTpaTbl OT TONLWMUHDI
r) 0=0.05, (n), 0=0.1 (e) 0=0.2

CTpaTbI OT UHTEHCUBHOCTM.
9=(0.5,0.3,0.2) (3)9=(0.7, 0.2, 0.1)
(1) 9=(0.8, 0.15, 0.05)

CTtpatbl OT pa3maxa:

(K) @=0.05, (n) =0.1, (m) p=0.5.




MeToAabl, ydacTBOBaBLUME B CPaBHEHUM

MeTtopg ctpatudumKkaumm Ab66peBuartypa m

MeTop nuHelHo ctpatuduKkaumum Linstrat-Q c

MCNONb30BaHMEM KBaApPaTUYHOTO Linstrat_Q
nporpammmnpoBaHuUA
Metop nnHeitHoOM cTpatudmKaymm Linstrat Ha

. Linstrat_E
OCHOBe€ 3BO/IIOLMOHHOU MUHUMMU3ALUN
Crpatudumkauyma c nomoublo npasmna bopaa
(Borda count) o
Metop ABC- KnaccudpumKaumum Ha OCHOBE IMHENHOM
ontumusaumm secos (Linear weights optimization) LWO
PaH>kunposaHue no samaHuio (Authority ranking) AR
Crpatudukaumna obvegmHeHmnem rpaHuy, NMaperto s

(Paretostrat) rkin Seminar 21 October 2015

[Opnos 2014]

[MunpkunH, Opnos 2013]

[AneckepoB, XabuHa, LLiBapLy,

2006]

[Ramanathan 2006]

[Sun et. al 2009]

[MunpkunH, Opnos 2013]
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Method 2: rank of result is rank of the taxon in a Domain
Taxonomy that
has emerged or been drastically transformed because of it

Domain

Rank 1

Ad.1.1 A.l.1.2 Ad13 A1 A.l.2.2




Method 2: rank defined by taxa emerged or drastically
transformed because of results:

ﬂﬂﬂﬂﬂ

Rank 1 A B

Ad.1.1 A.l.1.2 Ad13 A1 A.l.2.2




Method 2: Scoring quality of research results

* Choosing domain (Data analysis)

* Defining taxonomy

* Sampling scientists

* Choosing their results

* Mapping them to taxonomy

* Scoring Taxonomy rank of scientists
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Defining Taxonomy: Pattern classification
Duda/Hart/Stork (2001) - poor

Pattern classification

_— \ T

Pattern recognition De5|gn Learning

Segment Data cZIec /N Supek{
Unsupervi

Feature extract; Model salectio
Evaluation

Classification Traini
Reinforcement



Defining Taxonomy: Core Data Analysis Mirkin (2011)-
poor

Data analysis

AN VAN

Categorical Quantitative  Categorical Quantitative
(Classifier) (Regression) (Clustering) (Principal CA)
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Defining Taxonomy: ACM CCS 2012 - good

Subject index | Subject name

L. Theory of computation

[.1. Theory and algorithms for application domains
2. Mathematics of computing

2.1 Probability and statistics

3. Information systems

3.1. Data management systems

3.2, Information systems applications
3.3. World Wide Web

3.4. Information retrieval

4. Human-centered computing

4.1. Visualization

3. Computing methodologies

5.1 Artificial intelligence

3.2 Machineslearmingoe 2015




3.2.1.
3.21.1
3.2.1.2
3.2.1.2.1%#%
3.2.1.2.2%%
3.2.1.3.%
3.2.1.3.1%#%
3.2.1.3.2%%
3.2.1.3.3%#%
3214
3.2.1.4.1%#
3.2.1.4.2%#
3.2.1.4.3%%
3.2.1.4.4%%
3.2.1.4.5%#%
3.2.1.4.6%%
3.2.1.4.7%#%
3.2.1.5.

Defining Taxonomy: ACM CCS 2012 Lower level good

Data mining

Data cleaning

Collaborative filtering
ltem-based
Scalable

Association rules
Types of association rules
Interestingness
Parallel computation

Clustering
Massive data clustering
Consensus clustering
Fuzzy clustering
Additive clustering
Feature weight clustering
Conceptual clustering
Biclustering

s viregrestonerghibor search
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Sampling scientists

Data (from Google):

—research publications/results

— citation [total #, #10, Hirsch index]

— “merit” [PhDs supervised, (co)-editing, plenary talks]

30 leading scientists in data analysis, data mining, knowledge discovery

Diversity: About half are from the USA, 2-3 from each UK, Netherlands,
China, Russia, etc.

Diversity: From three-four thousand citations in Europe to a hundred
thousand citations in the USA



Alexander N. Gorban

Andrew Mccallum

Anil K. Jain

Bernhard Scholkopf

Boris Mirkin

Christos Faloutsos

Daphne Koller

Fionn Murthagh

Geoff McLachlan

Geoffrey Hinton

George Karypis

lan H. Witten

Inderjit S. Dhillon

Jiawei Han

Sample of scientists:

5,5,4

4,4,4,4,4

5,5,5,5,5

5,5,5,5,4,5

5,5,5,5,5

4,5,5,4,5

5,5

5,5,5,5,5

5,5,5,5,5

5,5

4,5,5,5,5

5,4,6,5,5,5

5,4,5,5,5

anonymous

3,88
3,50
4,50
3,90
4,50
3,77
4,80
4,50
4,50
4,80
3,86
3,86
3,86

4,90

73

100

29

71

29

81

29

29

74

74

74


http://scholar.google.com/citations?user=D8XkcCIAAAAJ&hl=ru
http://scholar.google.com/citations?user=yILa1y0AAAAJ&hl=ru
http://scholar.google.com/citations?user=g-_ZXGsAAAAJ&hl=ru
http://scholar.google.com/citations?user=DZ-fHPgAAAAJ&hl=ru
http://scholar.google.com/citations?user=MpNtL58AAAAJ&hl=ru
http://scholar.google.com/citations?user=nd8lQQIAAAAJ&hl=ru
http://scholar.google.com/citations?user=5Iqe53IAAAAJ&hl=ru
http://scholar.google.com/citations?user=TXVjaz4AAAAJ&hl=ru
http://scholar.google.com/citations?user=1bYCHtsAAAAJ&hl=ru
http://scholar.google.com/citations?user=JicYPdAAAAAJ&hl=ru
http://scholar.google.com/citations?user=ElqwScwAAAAJ&hl=ru
http://scholar.google.com/citations?user=BSFdGw0AAAAJ&hl=ru
http://scholar.google.com/citations?user=xBv5ZfkAAAAJ&hl=ru
http://scholar.google.com/citations?user=Kv9AbjMAAAAJ&hl=ru

Results: Linstrat aggregate citation at 3 strata

CITATION =
0.5*Total citat+0.5*Citat_over10+0.0*Hirsh_Index



Results: Linstrat aggregate merit at 3 strata

MERIT =
0.22*#PhD+0.10*Conf_Ch+0.69*Edit/AssocE)
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Results:
Aggregate taxonomic rank, citation, merit correlation

Tr Cit Merit

Tr -.12 -.04
Cit 31
Merit

Citation/Merit (.31): Scientist’s Popularity
TaxR versus Cit|Merit: No Correlation



Results: Aggregate criterion 1

Panoramic =
0.80*TaxRank + 0.04*Citation + 0.16*Merit

B. Mirkin Seminar 21 October 2015



Results: Aggregate criterion 2

2 Bepcma = Changed from Bepcum 1:
- Taxonomy drastically streamlined
- Results of 8-10 papers (not 4-5) taken into account

- 6 scientists from the sample have TaxRank drastically
increased (Linstrat will decrease the weight)

B. Mirkin Seminar 21 October 2015
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15t Taxonomy: ACM CCS 2012 -5 nodes of rank1l

Subject index

Subject name

L.
[.1.
2.
2.1.
3.
3.1.
3.2,
3.3.
3.4.
4.
4.1.
3.
5.1
5.2

Theory of computation
Theory and algorithms for application domains
Mathematics of computing
Probability and statistics
Information systems
Data management systems
Information systems applications
World Wide Web
Information retrieval
Human-centered computing
Visualization
Computing methodologies
Artificial intelligence
Machineslearmingoe 2015
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BTtopaa TakcoHomMusA « AHann3a AaHHbIX» (OYMNLLLEHHAA
OT MOBTOPEHUMN) — 2 y31a paHra 1

Hassaﬂwe npeamera |

Information systems
Information systems applications
World Wide Web
Information retrieval

Computing methodologies

N

: ol R
- | ]

Artificial intelligence
Machine learning
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Results: Aggregate criterion 2

2 = Changed from 1:
- Taxonomy drastically streamlined
- Results of 8-10 papers (not 4-5) taken into account

- 6 scientists from the sample have TaxRank drastically
increased (Linstrat will decrease the weight)

Panoramic Second =
0.12*TaxRank + 0.02*Cit + 0.85*Merit

Panoramic_First =
0.80*TaxRank + 0.04*Citation + 0.16*Merit

B. Mirkin Seminar 21 October 2015
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CONCcLUSION 1

A method for assessment of quality of research
involving

—(i) ranking,
—(ii) mapping to taxonomy

* This activity should be further pursued by us as innately
related decision analysis and choice

e Should result in both methods and substance



CONCcLUSION 2: Researcher’s products in 5 areas

* Research and presentation of results
— Publications
— Presentations
—Funded and unfunded projects

* Participation in Science functioning
—Journal editing
— Running research meetings
— Refereeing
—Research cooperation
— Research societies
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CONCcLUSION 3: Researcher’s products in 5 areas

* Teaching
—knowledge

* Lectures

* Seminars

* Projects

* Consultation

* Assessments and exams
e Textbooks

—knowledge discovery

 PhD Students
¢ Resea rCh StUdentS B. Mirkin Seminar 21 October 2015 36



CONCcLUSION 4: Researcher’s products in 5 areas
* Technology innovations
—Programs
—Services
— Patents
— Industrial consultations

* Societal interactions
— Popular books
— Articles
—Blogs
— Networks
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CONCcLUSION 5: Expected results

* |n substance:
— Developing a system for assessment of research impact
— Maintaining the system
— Taxonomy of field(s) of science
— Cataloguing research results and researchers
— Forum for discussing taxonomy and results

* |n methods:
— Improving the concept of Taxonomy
— Methods for relating paper texts and taxonomy
— Methods for taxonomy building using research texts
— Methods for mapping research results to taxonomy
— Ranking impact of results
— Aggregate rankings




