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 I. Reasons for timely dissemination 
of knowledge in mathematics
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Dissemination of knowledge in the early years

Thales of Miletus (625 BC – 547 BC) — commonly considered the “Father of Rigorous 
Mathematics” 

Pythagoras of Samos (570 BC — 495 BC) — perhaps the best mathematician during those early 
years

       Unfortunately, the followers of Pythagoras established an exclusive brotherhood that kept the 
findings (in mathematics, science, and religious doctrines) strictly secret.

       Luckily, about 250 years later,

Euclid of Alexandria (325 BC – 265 BC) — “Father of Geometry” undertook the greatest effort to 
write and compile “The Elements”, that consists of 13 Volumes to summarize, describe, and 
explain all of the rules of geometry that we use today. 
Volumes 1-6: Plane Geometry;  Volumes 7-9: Number Theory; 

Volume 10: Exodus’ Theory of Irrational Numbers;  Volumes 11-13: Solid Geometry.


       Euclid’s work has significant impact to one of the greatest mathematicians of all time: 

Archimedes of Syracuse (287 BC — 212 BC) — as a teenager, Archimedes was educated in 
Alexandria, by the followers of Euclid 



The birth of Calculus
         Isaac Newton (1642 — 1727) and Gottfried Leibniz (1646 — 1716)  

Their bitter dispute over priority in the development of calculus significantly delayed further 
advances. 


•Newton’s “Principia” was published in 1687, two decades after his ideas were almost fully 
developed.


•"Leibniz’s Calculus” was actually compiled and written even later, but by L’Hopital, in 1696.


Note: 
• Newton called has invention: the "science of fluents and fluxions”.  

• Leibniz not only coined the invention by “Calculus", but also introduced both the integral sign and the 
derivative symbol d/dx.  

• The bitter dispute between the two giants separated the English-speaking mathematicians from those in 
continental Europe.  

• In fact, while significant advanced took place in Continental Europe, mainly by the 4 Bernoulli family 
members and Johan Bernoulli’s student, Leonhard Euler (1707 – 1783), mathematical developed had been 
relatively much slower in England.



Two of the best mathematicians of all time
 Leonhard Euler (1707 – 1783) and 


Carl Friedrich Gauss (1777 — 1855)
The completely opposite publishing styles of Euler and Gauss: 

• Considered the most prolific mathematician of all time, the collected works of Euler fill 60 to 
80 quarto volumes  

    (see: Digital library of the "Euler Archive”: http://eulerarchive.maa.org. As a comparison, 
Shakespeare's Henry IV, Part 1 was first published as a quarto volume in 1598).


• On the other hand, Gauss often withheld publication of his discoveries. After his death, the 
discovery of many novel ideas among his unpublished papers extended his influence well into the 
remainder of the nineteenth century. 


Note: While Gauss is widely considered the very best mathematician that ever lived, Euler  

          had significantly bigger impact to his peers and followers. 


In addition, Euler is the only mathematician with multiple “numbers” named after him, including: 

1. e = 2.71828.., 

2. Euler-Mascheroni constant \gamma = 0.5772..., 

3. Euler characteristic (the number of vertices minus edges plus faces of a polyhedron),
4. Euler’s cavitation number in fluid dynamics, etc. 

No one else has more than 1 throughout in the history. 
    Gauss’s constant is: G=0.8346268…, defined by the reciprocal of the the arithmetic-geometric mean of 1 and 
square root of 2, by proving that it is equal to the beta function at (1/4, 1/2) divided by 2\pi.


https://en.wikipedia.org/wiki/Quarto_(text)
http://eulerarchive.maa.org
https://en.wikipedia.org/wiki/Henry_IV,_Part_1


2. Current means for dissemination 
of research findings



Traditional means for dissemination of new 
findings relevant to Data Science: pros and cons

•Private home pages 
•Institutional websites     
•Specialized journals: SIAM, AMS, IEEE, etc.
•Conference Proceedings
•Edited volumes
•Monographs
•researchgate.net 
•arXiv.org



What should academic publishing look like?

Easy and 
open access 

for all

Community 
driven

Empowering 
researchers 
to review 

their peers

Opportunities 
for everyone 

to 
understand 
cutting-edge 

research



Open access articles will overtake subscription articles from 2018



Technical journals on Data Science
     With its origin within Computer Science, dated over 3 decades ago, but quickly 
became a major area of study in Statistics, particularly in data analysis and data 
mining, Data Science has become an interdisciplinary research area. 


Existing technical journals of Data Science include:  

(1) EPJ Data Science (http://epjdatascience.springeropen.com) “open-access”

(2) Big Data Research  (http:// journals.elsevier.com)

(3) International J. of Data Science and Analytics (http:// springer.com) “2017”

(4) International J. of Data Science (http:// inderscience.com)

(5) International J. Research on Data Science (http://sciencepublicationgroup.com)

(6) Big Data (http://liebertpub.com)


All of these journals specialize in Business, Economics, Computer Science, Geoscience, Life 
sciences, Social Science,  e-Commerce, Health Care, Environment and Climate, etc. 

   With the exponential growth of information explosion, it has been clear, even 
over 10 years ago, that innovative analytical and computational methods are 
needed to meet the need of processing and understanding massive and 
unstructured data. 

http://epjdatascience.springeropen.com
http://journals.elsevier.com
http://springer.com
http://inderscience.com
http://science
http://publicationgroup.com
http://liebertpub.com


3. Introducing 
the first mathematics journal on 

Data Science
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The first mathematics journal on “Data Science”

Mathematics of Computation and Data Science (MCaDS)

is the most recently founded specialty section of the open-access journal  

Applied Mathematics and Statistics
  

published by “Frontiers” in Lausanne, Switzerland 

http://journal.frontiersin.org

formally launched in September 2016, with Journal Manager  

Daisy Hessenberger, Cambridge University Ph.D. in Mathematics  

http://journal.frontiersin.org
http://loop.frontiersin.org/people/213194/overview


Founded in 2007 by EPFL 
neuroscientists Henry Markram 
& Kamila Markram 

 ALPSP Gold Award for 
 Innovation in Publishing 
2014



Frontiers collaborations and 
membership

and 44 Institutional Members, including:



69 
Submitted 

Articles

402 
Editors on 

Board

Open access journal: Community driven open 
access journal launched in May 2014. Currently 
consists of 11 specialty sections

46k+  
Downloads  

& Views

Interactive review process: Collaborative and 
efficient peer review managed by experts.

Post publication analytics: Maximizing the 
visibility of your articles in a trackable way.



Newest specialty section within  

“Frontiers in Applied Mathematics and Statistics” 

Mathematics of Computation and Data Science (MCaDS) is a new 
specialty section that provides an opportunity for the interaction 
among applied mathematicians, including computer scientists and 
statisticians; other scientists, including physicists, chemists, 
biologists and biomedical researchers; as well as those engineers, 
who are interested in the computational aspects of Data Science.

146 
EDITORS

4000+ 
VIEWS & 

DOWNLOADS

27 
COUNTRIES

Launched 
September 

2016



Newest Specialty Section 
Mathematics of Computation and 
Data Science (MCaDS) 
(launched in Sept. 2016)

140+ 
Editors on 

Board

Call for 
Submissions

Call for 
Research 

Topics

Founded by Chief Editor: Charles K. Chui, 
MCaDS aims to peer review and publish high 
quality results that cover all mathematical 
aspects of Data Science (to be elaborated in the 
next slide)

Scope: Provides an opportunity for the 
interaction of applied mathematicians 
(including computer scientists and statisticians) 
with other researchers, and in particular, data 
scientists.

Research Topics: Encourages prospective 
organizers of Research Topics to submit proposals 
to this Specialty.

mathematics@fronteirsin.org



What does MCaCD publish?
— an interdisciplinary journal that publishes: 


1. original research papers, 

2. survey articles,  
3. innovative computational algorithms,  
4. documented computer codes,  
5. tutorials,  
6. numerical modeling, 
7. simulation and exciting experimentations,  
 

with emphasis on data processing, understanding and visualization.  

The mission of this journal is to provide a common platform for communication among 
mathematicians, statisticians, computer scientists, physicists, biomedical scientists, 
engineers, and other researchers for sharing their innovative approaches, effective methods, 
and interesting experimental results, that are instrumental to the advancement of Data 
Science.



12,00
0 

publishe
d

Collaborative 
Peer Review

• Authors, reviewers and 
handling Associate Editor 
interact directly with 
each other in the online 
review forum.

• Names of editors and 
reviewers published on 
final version of paper.

• Average of 3 months from 
submission to publication



List of Associate Editors
including 9 invited speakers in this conference

   1. Haiyan Cai

2. Shivkumar Chandrasekaran

3. Ole Christensen

4. Johan Marthinus De Villiers

5. Frank Filbir

6. Massimo Fornasier

7. Say Song Goh

8. Qingtang Jiang

9. Jan-ao Lian


 10. Hrushikesh Mhaskar

 11. Volker Michel

12. Michael Ng

13. Sergei Pereverzyev

14.Gerlind Plonka
15.Daniel Potts
16.Juergen Prestin
17.Holger Rauhut
18.Lixin Shen
19.Qiyu Sun
20.Wenchang Sun
21.Jianzhong Wang
22.Hau-tieng Wu
23.Haizhao Yang
24.Yiming Ying

  25. Daobao Zhang
  26. Ding-Xuan Zhou 


http://loop.frontiersin.org/people/279424/overview
http://loop.frontiersin.org/people/288473/overview
http://loop.frontiersin.org/people/283759/overview
http://loop.frontiersin.org/people/287775/overview
http://loop.frontiersin.org/people/280916/overview
http://loop.frontiersin.org/people/380697/overview
http://loop.frontiersin.org/people/287500/overview
http://loop.frontiersin.org/people/285137/overview
http://loop.frontiersin.org/people/284087/overview
http://loop.frontiersin.org/people/281015/overview
http://loop.frontiersin.org/people/293076/overview
http://loop.frontiersin.org/people/348218/overview
http://loop.frontiersin.org/people/288454/overview
http://loop.frontiersin.org/people/385981/overview
http://loop.frontiersin.org/people/279423/overview
http://loop.frontiersin.org/people/281479/overview
http://loop.frontiersin.org/people/288462/overview
http://loop.frontiersin.org/people/279484/overview
http://loop.frontiersin.org/people/283728/overview
http://loop.frontiersin.org/people/355985/overview
http://loop.frontiersin.org/people/285182/overview
http://loop.frontiersin.org/people/181600/overview
http://loop.frontiersin.org/people/364141/overview
http://loop.frontiersin.org/people/358028/overview
http://loop.frontiersin.org/people/377992/overview


Partial List (of half) of the Review Editors
	 1.	 Ronny Bergmann (Duke) 

	 2.	 Jean-Luc Bouchot (Aachen) 

	 3.	 Chao Chen (Stanford) 

	 4.	 Wolfgang Erb (Luebeck) 

	 5.	 Jun Fan (Wisconsin, Madison) 

	 6.	 Christina Frederick (Georgia Tech)

	 7.	 Juegen Frikel (TU Denmark) 

	 8.	 Christiane Fuchs (Helmholtz Zentrum, Munich)

	 9.	 Zechang Gan (Michigan, Ann Arbor) 

	 10.	 Tingran Gao (Duke)

	 11.	 Christian Gerhards (Vienna)


12. Xin Guo (HK Polytech)  
	 13.	 Martin Gutting (Siegen) 

	 14.	 Xiaoming Huo (Georgia Tech)

	 15.	 Mark Iwen (Mich State) 

	 16.	 Jojannes Kepler (Linz)

	 17.	 Matthieu Kowalski (Paris-Sud)

	 18.	 Felix Krahmer (Tech Univ Muenchen)

	 19.	 Stefan Kunis (Osnabrueck)

	 20.	 Quoc Le Gia (New South Wales)


21. Shi Lei (Fudan) 
	 22.	 Jakob Lemvig (Tech Univ Denmark)

	 23.	 Song Li (Zhejiang)

	 24.	 Baobin Li (Chinese Academy of Science)

	 25.	 Songting Li (Courant institute of Math Science)

	 26.	 Wenjing Liao (Johns Hopkins)

	 27.	 Yanzhu Lin (NIH)

	 28.	 Chen-yun Lin (Toronto)

	 29.	 Ping Ma (Georgia)

	 30.	 Peter Massopust (Tech Univ Muenchen)


	 31.	 Syvain Meignen (Grenoble)

	 32.	 Sayan Mukherjee (Duke)

	 33.	 James Murphy (Johns Hopkins)

	 34.	 Thomas Oberlin (Toulouse)


35. Sergiy Pereverzyev Jr. (Innsbruck) 
	 36.	 Stefania Petra (Heidelberg)

	 37.	 Wenlian Qiao (Merrimack Pharmaceuticals)

	 38.	 Karthik Raghuram (Apple Inc)

	 39.	 Christian Rieger (Bonn)

	 40.	 Jose Romero (Vienna)

	 41.	 Rayan Saab (UCSD)

	 42.	 Jens Struckmeier (Hamburg)

	 43.	 Li Su (Academia Sinica, Taiwan)

	 44.	 Xingping Sun (Missouri State)

	 45.	 Xiaolai Sun (Duke)

	 46.	 Ronen Talmon (Technion)

	 47.	 Sui Tang (Johns Hopkins)

	 48.	 Sarah Vallelian (NC State)


49. Maryke Van Der Walt (Vanderbilt) 
	 50.	 Silvia Villa (Milano)

	 51.	 Patrik Wahlberg (Linnaeous Univ, Sweden)

	 52.	 Yi Wang (Auburn)

	 53.	 Yi Wang (Syracuse)

	 54.	 Junhui Wang (CUHK)

	 55.	 Yanfei Wang (Chinese Academy of Science)

	 56.	 Frank Werner (Max Planck)


57. Qiang Wu (Middle Tenn State) 
	 58.	 Jun Xian (Sun Yat-sen Univ)

	 59.	 Jie Yang (Univ Illinois, Chicago)


60. Qi Ye (South China Normal) 
	 61. Xiaosheng Zhuang (CUHK)
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List of published papers

Efficient Spectral Estimation by MUSIC and ESPRIT with Application to Sparse FFT
by Daniel Potts, Manfred Tasche and Toni Volkmer
Published on 29 February 2016, Front. Appl. Math. Stat. doi: 10.3389/fams.2016.00001

Mimicking Directed Binary Networks for Exploring Systemic Sensitivity: Is NCAA FBS 
a Fragile Competition System?
by Fushing Hsieh and Kevin Fujii

Published on 28 July 2016 Front. Appl. Math. Stat. doi: 10.3389/fams.2016.00009 

Machine Learning Meliorates Computing and Robustness in Discrete Combinatorial 
Optimization Problems
by Fushing Hsieh, Kevin Fujii and Cho-Jui Hsieh
Published on 01 November 2016 Front. Appl. Math. Stat. doi: 10.3389/fams.2016.00020 

http://journal.frontiersin.org/article/10.3389/fams.2016.00001
http://loop.frontiersin.org/people/279423/overview
http://loop.frontiersin.org/people/320574/overview
http://journal.frontiersin.org/article/10.3389/fams.2016.00009
http://loop.frontiersin.org/people/345405/overview
http://journal.frontiersin.org/article/10.3389/fams.2016.00020
http://loop.frontiersin.org/people/345405/overview
http://loop.frontiersin.org/people/362797/overview


List of published papers (continued)

Regularization by the Linear Functional Strategy with 
Multiple Kernels
by Sergei V. Pereverzyev and Pavlo Tkachenko
Published on 03 February 2017, Front. Appl. Math. Stat. 
doi: 10.3389/fams.2017.00001 

Extract Fetal ECG from Single-Lead Abdominal ECG by 
De-Shape Short Time Fourier Transform and Nonlocal 
Median
by Li Su and Hau-Tieng Wu

Published on 22 February 2017, Front. Appl. Math. Stat. 
doi: 10.3389/fams.2017.00002

http://journal.frontiersin.org/article/10.3389/fams.2017.00001
http://loop.frontiersin.org/people/288454/overview
http://loop.frontiersin.org/people/380682/overview
http://journal.frontiersin.org/article/10.3389/fams.2017.00002
http://loop.frontiersin.org/people/393766/overview
http://loop.frontiersin.org/people/181600/overview


Two samples of 
Inaugural papers 

(authored by Associate Editors and co-authors) 

EDITED BY
Charles K. Chui
Stanford University and 
Hong Kong Baptist 
University

REVIEWED BY
Maria D. Van Der Walt
Vanderbilt University, USA
and 
Xiaosheng Zhuang
City University of Hong 
Kong, Hong Kong

Extract Fetal ECG from Single-Lead Abdominal ECG by De-
Shape Short Time Fourier Transform and Nonlocal Median

Li Su and Hau-Tieng Wu

Research Center for Information Technology Innovation, Taipei, Taiwan
Department of Mathematics, University of Toronto, Toronto, ON, Canada

The multiple fundamental frequency detection problem and the source separation problem 
from a single-channel signal containing multiple oscillatory components and a 
nonstationary noise are both challenging tasks. To extract the fetal electrocardiogram (ECG) 
from a single-lead maternal abdominal ECG, we need to solve both challenges. We propose 
a novel method to extract the fetal ECG from a single-lead maternal abdominal ECG, 
without any additional measurement. The algorithm is composed of three components. 
First, the maternal and fetal heart rates are estimated by the de-shape short time Fourier 
transform (STFT), which is a recently proposed nonlinear time-frequency analysis 
technique. The beat tracking technique is the second component which is applied to 
accurately obtain the maternal and fetal R peaks. The third component consists of 
establishing the maternal and fetal ECG waveforms by the nonlocal median. The algorithm 
is tested on two real databases with the annotation provided by experts (adfecgdb database 
and CinC2013 database) and a simulated database (fecgsym), and provides the state-of-the-
art results. We conclude that with the proposed algorithm, the fetal ECG waveform and the 
fetal heart rate could be accurately obtained from the single-lead maternal abdominal ECG. 



Efficient Spectral Estimation by MUSIC 
and ESPRIT with Application to Sparse 
FFT

Daniel Potts, Manfred Tasche and Toni Volkmer

Faculty of Mathematics, Technische Universität Chemnitz, Germany
Institute of Mathematics, University of Rostock, Rostock, Germany

In spectral estimation, one has to determine all parameters of an 
exponential sum for finitely many (noisy) sampled data of this 
exponential sum. Frequently used methods for spectral estimation are 
MUSIC (MUltiple SIgnal Classification) and ESPRIT (Estimation of Signal 
Parameters via Rotational Invariance Technique). For a trigonometric 
polynomial of large sparsity, we present a new sparse fast Fourier 
transform by shifted sampling and using MUSIC resp. ESPRIT, where the 
ESPRIT based method has lower computational cost. Later this technique 
is extended to a new reconstruction of a multivariate trigonometric 
polynomial of large sparsity for given (noisy) values sampled on a 
reconstructing rank-1 lattice. Numerical experiments illustrate the high 
performance of these procedures.

EDITED BY
Charles K. Chui
Stanford University and Hong Kong 
Baptist University

REVIEWED BY
Ronny Bergmann
University Kauserslautern, Germany
and
Hyenkyun Woo
Korea University of Technology and 
Education, (South) Korea



5. Case study: 
Samples of forthcoming publication
Computational algorithms with documented codes
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Polar representation of real-valued functions
from Hilbert to Hardy-Littlewood and to Gabor

The Hilbert transform of a real-valued function f (on the real line or a bounded interval) is given, respectively, by: 

 In view of the development by Hardy (of Hardy spaces) and Littlewood (of the boundary value problem), the notion of 
“complex signal extension”  

introduced in the pioneering paper, “Theory of Communication”, published in 1946 by J. IEE, by  the Nobel Laureate 
Dennis Gabor  using the Hilbert transform, can be called “analytic extension”, since the extended function is analytic 
in the upper half complex plane. 

      Taking the real part of the polar formulation of the analytic extension yields the following formulation of the 
given function: 

 with 



Mathematical model for blind-source signal decomposition

      As an application, if a given signal f can be 
decomposed as the sum of n sub-signals: 

then Gabor’s analytic extension, applied to each sub-
signal, yields:  

30



Ad hoc and popular approach: 
Empirical mode decomposition (EMD) 

 
introduced by N. Huang along with 8 co-authors 
published in the 1998 Proc. London Royal Society 

EMD consists of two stages: 

• The sifting process is applied to decompose the given signal f(t) as a finite 
sum of, say K, “Intrinsic mode functions” (IMF’s) and a remainder, R(t), 
which is an “almost” monotone function, with minor noticeable oscillations.   

• Extend each IMF to an analytic signal via the Hilbert transform, followed by 
taking the real part of the polar representation of the extension to yield

31



The sifting process
 to decompose the given signal into sub-signals, called intrinsic mode functions (IMF’s)

Sifting process (see top image on right) 

• Apply cubic spline interpolation to the local maxima 
of the data function to yield an upper envelope  

• Apply cubic spline interpolation to the local minima 
of the data function to yield a lower envelope 

• Compute the mean of the upper and lower envelopes 
• Subtract this mean from the data function  
• Repeat the above procedure to the difference of the 

data function and the mean 
• Iterate the same procedure till the mean of the upper 

and lower envelopes is near “0” 

Intrinsic mode functions, IMF’s 
(see 6 IMF’s in bottom image)  

• The difference of the given data function and the 
(first) sum of the means obtained from the sifting 
process is called the first IMF C_1 

• Consider the sum of the means as a new “data 
function” and apply the sifting process to obtain the 
“second sum” of means.  The second IMF C_2 is the 
difference of the first and second sums of the means 

• Repeat the same procedure till the sum of means 
does not have any local extrema; i.e. is monotonic 
increasing or decreasing 

• The monotone residue function may be considered 
as the “trend” of the the data function

32



A mathematically rigorous, robust and local approach:
Signal separation operation (SSO)

 Let h be any sufficiently smooth compactly supported 
lowpass filter. Then the SSO is defined by 

Here, a > 0 is used for adaptive adjustment of the lowpass 
window width. 

33



Computation flow diagram of SSO
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Computational scheme

(1) The SSO scheme extracts the precise number of sub-signals directly 
from the thresholded output, for each (fixed) time instant, t. This number, M,  
is determined by the number of clearly separated “clusters” (see an example 
in the next slide). 

(2) Extrema estimations for each of the M clusters yield the M  “IF markers” 
for this fixed t.

(3) Finally, using these IF markers as input to the the same SSO (without 
changing the parameters) the blind-source signal can be separated into M 
sub-signals.

35



Illustration of SSO output clusters 
for each fixed time instance t

Source of example: Hau-tieng Wu, Patrick Flandrin, and Ingrid Daubechies (Adv. Adapt. Data Anal., 2011)
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Illustration of SSO output clusters 
after thresholding 
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SSO extracts M = 2 components 
and yields 2 IF’s (in black, below),  

from the IF markers 
and 

2 sub-signals (in black, on right)
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Another example
where the original (input) function f (t ) (minus the noise) is unknown

39



SSO discovers 4 IF markers 
and extracts 4 IF’s

40



 Output of SSO also displays 4 cosine functions 

with coefficients = 2, 1, 1, and 2 

41



 Manuscripts under preparation 
for submission  to our open-access journal:

Mathematics of Computation and Data Science

Joint work with Hrushikesh Mhaskar and Xiaosheng Zhuang

A. Algorithms and documented codes for fast computations  

B. Extension to irregular discrete-time signals and time series, with algorithms 
and documented codes                       

C. Applications to the higher dimensional settings, with algorithms and 
documented codes

42



Thank you 
for 

your attention
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 Any questions?
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article types
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