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Barcelona: City of Knowledge

6+ inter-connected universities
promoting interdisciplinary and
international research
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Introducing the IN3 @ Barcelona (1/2)
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Introducing ICSO @ IN3 (1/3)
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Introducing ICSO @ IN3 (2/3) BRAs, Simheuristics, Learnheursitics
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Introducing ICSO @ IN3 (3/3)
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ICSO@IN3 Training in MSc & PhD Programs
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Industrial Partners & Industrial Doctorates
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International Academic Partners
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Part Il:
Math & Analytics for a Smarter World
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The world around us is becoming increasingly complex: globalization,
freight and people mobility, loT, e-commerce, sustainability issues, ...
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~~—7PrimeAir =

o, : . - R

Can we work for a better and more
sustainable world? (wiser world)




How can we support decision making in a complex world?

Big Data _
Analytics Data analytics

future

What is BBC Future? Latest Video
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if 1 > maxval then

/

else u';'h:.SocreQWoﬂd Of.. | Internet | Britain
e - How algorithms run Amazon's
if i 4+ £k < mazval then A areHiitad

1—1+k
end if Algorithms
end if (Solving & Searching Methods)



Analytics: describe, predict, and prescribe

I [

Open Thoughts
Ready for a SMARTer World?

#InternetComputing #SystemsOptimization #Logistics&Transportation
. #BusinessAnalytics #GreenSolutions #SmartEnterprises #locationBasedSystems

= Descriptive Analytics (DA) - processing historical 7
data to describe the real context. Data analytics

= Predictive Analytics (PdA) - forecast the future
with time series analysis, regression models, and
machine learning methods. LEARNING

MACHINE

= Anything else? Can’t we go smarter?

Optimization
= Prescriptive Analytics (PsA) - complex ——r
decision-making (optimization-simulation METAHEURISTICS

algorithms) SIMULATION




Different types of Optimization Algorithms

Jx) 4y

Exact Methods (l1ab problems?) (Meta-) heuristics (real-life problems?)

Matheuristics (real-life problems?)



Yes, but... something is missing...

Real life is plenty of uncertalnty'



What if we merge (Meta-) Heuristics with Simulation?

SIMULATION

if © > maxval then
10
else
if i + k < maxval then
1—1+k
end if
end if

Simheuristics: a smart tool for a complex world



We are also working on a new concept...
1l | L




What if we merge (Meta-) Heuristics with Machine Learning?

MACHINE
LEARNING

METAHEURISTICS

if © > maxval then
10
else
if i + £ <mazval then
11tk
end if
end if

Learnheuristics: a smart tool for a complex and dynamic world



OR/Analytics solve Complex Problems for Business
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Main applications areas
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Optimizing airline crew scheduling
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e-Math Courses become Global




Math Higher Education in the Internet Age
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Main Online Universities in Europe

y “dga"d‘ ";;siél;i&\
/'1 der:Jr e,
st edu"'a““;“m\m m
jon asst S\
# u'ﬂi“?"a‘:t dep
o NIE. courses

~ . ggiversitat | S NERS,t 1;15“:
erta Wgte teacher s
"fl_ deCatalunya N gss inter: . ,,v;-’/
\\mnewo‘l’n‘:a,,/w‘
Aqn
W
o BB
m & Open Universiteit (FDI'EELIENIC | | E
— | 4 www.ou.nl —
g = B UNIVERSITY
“ (] ‘L )
/—\

= £
. - AN UNIVERSITY OF
@ FernUniversitat in Hagen | LU — ( ) CYPRUS

INTERNAZIONALE UNINETTUNO Www.ouc.ac.cy

EADTU - European Association of Distance
<EADTY Teaching Universities



Traditional Universities Go Online and Global!
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Examples of Math-related Online MSc Programs
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Part IV:
New Challenges & Strategies




Global Math e-Learning: Educational Challenges

= In the past - Students of ‘traditional’ MSc and

000000000
PhD degrees are relatively homogeneous (similar ﬁ@fﬁ@ﬁﬁ@?
backgrounds, training, and skills)

= European Higher Education Area - Many new
MSc and PhD degrees are offered instead of the *
‘traditional’ ones. New MSc and PhD students #{ EUROPEAN.
come from different backgrounds. B,?('J%%rs‘g it e A

= E-Learning Globalization - MSc, and PhD
students from different universities, nationalities, cfarth:- - Globgteet
age groups, degrees, countries, etc. Students G lisiirs Sl
show heterogeneous levels of mathematical / r(:?lobaltzat(or?.
analytical / programming training and skKkills.

= Challenges - While some students show high
mathematical / analytical capabilities and skills,
they also show lack of other skills (e.g.,
programming languages, writhg scientific
documents in English, etc.), and vice-versa.




Example 1: Student with a Math degree

= Strong points: typically, good
mathematical background and analytical
capacity.

= Weak points: typically, lack of
programming skills, lack of ‘social’
background (e.g., Management
perspective), lack of ability to write
scientific documents in English,
sometimes lack of teamwork habits.

WRITING
SKILLS

= Challenge: to integrate the student in the
course and provide him / her with the
missing skills in a timely manner.




Example 2: Student with a Computer Sci. degree

= Strong points: typically, good
programming skills and algorithmic
knowledge, ability to learn how to use
new software.

= Weak points: typically, Ilack of
mathematical background and analytical
skills, lack of ability to write scientific
documents in English.

= Challenge: to integrate the student in the
course and provide him / her with the
missing skills in a timely manner.




Example 3: Student with a Management Sci. degree

= Strong points: typically, good writing
skills, management perspective, and
analytical skills; solid teamwork
capacities.

b s, §
e = L

= Weak points: typically, Ilack of
mathematical background and
programming skills.

= Challenge: to integrate the student in the
course and provide him / her with the
missing skills in a timely manner.



Strategy 1: Use ETL Sci. Programming Languages

>>> import math

>>> math.log (100, 10)
2.0

>>> math.log(100)
4.605170185988092

>>> math.exp(4) #e* " x
54.598150033144236

log(x, base)
logarithm of x to the given
base base is an optional
argument by default base
ise

@ python’

Community

Stats

GPU

‘.‘ L P X
biojulia l..

Opt

Quantum

Finance

2 :é"‘- A2

-

Sparse Math

...among others




Strategy 2: Use ETL Simulation Software
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Strategy 3: Use ETL Optimization Software

D'! Q Ly R *) s transportation.xlsx - Microsoft Excel ‘ﬂq
\_/ |Home!l]nsert l Page Lay(l Formulas l Data l Review ‘Vlew I Devf 9] Lingo - Lingo Model - transportation I = | B X4 P
fﬂ & Adal ~j12 - ||| Generall [ ay LINGO Window Help
2| (B 7 u-|A x| $ -9
gt il ) St Dlelalel o8 2l vEo| DRIER B
- |EAS-A] |[EE 68 58
|Clipboard | Numb¢ Lingo Model - transportation (el®@][=]
A3 v &‘ P
T A T B T D T ! A 3 Warehouse, 4 Customer Transportation Problem; —
LA . S ‘ " 7‘—J ! A1l data is imported from Excel, and the
;3, ! solution is also exported back to Excel;
4 Reno 35
L& | Chicago 25 SETS: =
| 6 Newark 21 WAREHOUSE: CAPACITY;
|7 _ CUSTOMER: DEMAND;
Customers Demand ROUTES ( WAREHOUSE, CUSTOMER) : COST, VOLUME;
San Francisco 15 ENDSETS
Dallas 17
St. Louis 22 DATA:
Miami 12 ! Retrieve the model data from Excel; Lingo Solver Status [transportation]
WAREHQUSE, CUSTOMER, CAPACITY, DEMAND, COST =
Unit Cost:  San Francisco  Dallas | BOLEY SIRANSRORTATION, XLIXN+ paiziles e
Reno 2 6 e Model Class: LP o -
X 4 : . ' onlinear:
Sg\f:rio g 5 ! The objective; State: Global Opt Integers: 0
[OBJ] MIN = @SUM( ROUTES: COST * VOLUME): S
- s < | m ] > Objective: 221 -~ Constraints
;gzz)’"e"s' Infeasiilty: 0 Totat 8
. S : Nonlinear: 0
Chicago E Lingo Chart - transportation [feiations 6
Newark C: . —Nonzeros
:\models\transportation.lg4
| & ||~ Estended Solver Status———————————— Total: 36
Total Cost: Solver Type: Nonlinear: 0
$221.00 (REHAR MO ( RENO, SAN_FRANCISCO) '
22.73% Best Obj: o o - Generator Memory Used (K)——
4 4 » W] Tranole %3 ! i Obj Bound: e
Ready | 23 | e
N Steps:  Elapsed Runtime (hh:mm:ss])——
Active: S 00:00:00

Update Interval: |2 Interrupt Solver | Close I

For Help, press F1




Strategy 4: Use ETL Stats / Analysis Environments

Fle £t View Project Wodapace Plots Tk Mep
0] Samenatricng s x O] fermatfotR » Bumsns - [T Woripace  Mistory - L
£l Dlsemcecasme Q /- Shun S | afource = CFleade [ Swves S impod Ostasets 3 Clear AN G tu IO
| 1 library(ggplot2) = bota
| 2 diamonds $3540 obs. of 10 varfables |
3 vien(diamonds) Valoes
| 4 summary(dfamonds 10"
| s avesize 0.7979
| 6 summary(diamondsiprice)
1 7 aves [=aan d |
{5 3- Work d]
> orkspace an
| 100p o
; Hist |
: istor |
13 |
14
! Toes Pty Packages  Melp =0 ||
I & Flom Fopoas Q. FOeran
141 0 (oo Leved R Seret =
Comscte = Diamond Pricing
x y z - ¥
#in.  : 0.000 Min. : 0.000 Min. : 0.000 LR -
15T Qu.: 4.710 13t Qu.: 4,720 1st Qu.: 2.910 - < LS
Median : 5.700 Medfan : S.710 median @ 3.530 Omman e[_
Mean 3.539 4 Pl t d f.l C d
rd Q 040 - FIOLS ana fties
Max. 1. 800
il . 0 Ll o e ~ b ) ) v i ' R Commander d _7 Am‘!
326 950 2401 3933 SI4 18820 Price VA g epth Tools  Quality Control DemosDTools Heb Mangy
> avesize <- round(mean(diamondsS$carat), 4) (A VI L S
> clarity <- levels(diamondssclar ity) . wa @ Dataset:|  mna del: [ Z <o active model>|
> p <= gplot(carat, price, 2% vns —_— -
. data=diancnds, color=clarity, o RS ll]R ridown |
. xlabe"Carar”™, ylabe"price”, . % e
. mafn="piamond Pricing™) { Density estimate.. Menus added by plug-insd
: format.plot(plot=p, size=23) L load ("E:/curr/eda, Boxplot. ecs.RDaca®)
> Carat with (minarets, Hi. o uency”, breaks="Sturges",
col="darkgray™) Quantie-comparison plot...
Scatterplot matrix... R code generated by the
Line graph... menus; you can also enter
XY conditioning plot.. vour own code and submit it.
Plot of means...
| Strip chart... ’|—|
Pie chart...
Output
. mosaiorassocplot =
1 30 graph » =
> load("E:/curr/e Save graph to file » jarecs.RDaca")
> with(minarets, Hist (Income, scale="frequency”, breaks="Sturges"™,
Hp e s Output produc
A ;lJ
Messages
'with the single-document interface (SDI); see 2Commander. "essage area :I
[3] NOTE: The dataset minarets has 1008 rows and 7 columns. _l




Strategy 5: Use ETL Math Environments

4\ MATLAB R2015b

G868 v v O B

GetMore hstall Package Curve Fittng  Optimzaton MuPAD PD Tuner System Signal Analysis

~ 0 X

i II

SimBiology  MATLAB Coder  Application

oL S CSedQ

2
Search Documentation pﬂ

K

&)

Database

Apps  App App Notebook dentification Compiler Explorer
FILE —ul
S A » ¢ » Users » P
Current Folder (A Editor - Untitied.m ® x es - Figure 1 Workspace ®
Untitled.m e Figure 1 lNamc -
1- r= (0:0.025:1)'; d 8 b
2= theta = pi*(-1:0.05:1); — 1 H e
3 - z = r*exp(li*theta); LL%::MA
&= w=2."3; 108 L;z
S
6= surf(real(z),imag(z),real(w),imag(w)) ' i
3= xlabel ('Real(z)') 804
B ylabel ('Imag(z)"') <
9= zlabel ('Real (w) ') 0.5 02 Command History ®
10 = cb = colorbar; 3 ‘ i A
11 - cb.Label.String = 'Imag(w)'; . 0 ¥ —end
3 L = if fig.Ch..
g 9 02 display('...
“ e “end
~if strcmp...
gz 1 086 display('...
—end
i —if stremp...
-1 4 display('...
1 Real(z) end
¢ actreport
Command_‘.‘imdc.s
>> edit )
>> Untitled edit actr
Jx>> $-- 10.02...




Strategy 6: Use ETL Latex Environments

HISTORY &

=
Ml PROJECT REVISIONS

verleof

145 | % Each section begins with a \section{title} comn
“s Introduction

14 tarti) creates a tall fir
1Calts> a la

141 FARSLE

part.

Méin Part

X takes complete care of your document layout

152 The presentation's content is summarized in the report in 4~pages.

155 The author should fill, but not exceed, this space. \\
156 The report should be a self-contained report, so that it can be understood
without studying additional literature.

1t Format

preferred.
160 Its appearance should be as close to this document as possible to achieve
consistency in the proceedings.

lhe references will be defined at the end of this .tex file in the bibliograpl

164 References should be cited as numbers, and should be ordered by their
appearance (example: " "...as shownin m{HOP96},...").

o SHARE }. PDF
B More « 4 ’Preview ‘ Manual

148 \PARstart{T}his} section introduces the topic and leads the reader on to the main

4 .. but you can insert a line break manually with two backslashes, if needed

159 Thereport can be written in \LaTeX{} or Microsoft Word, but \LaTeX{} is definitely

165 Only references that are actually cited can be listed in the references section.

JOURNALS
& SERVICES

HAUPTSEMINAR DIGITALE KOMMUNIKATIONSSYSTEME

Guidelines for Writing a Seminar Report

Firstname Lastname

Abstraci—The short abstract (5080 words) ks intended 10 give
the reader an overview of the work.

1. INTRODUCTION

HIS section introduces the topic and leads the reader on
to the main part

II. MAIN PART

The presentation’s content is summarized in the report in
4 pages. The author should fill, but not exceed. this space.
The report should be a self-contained report, so that it can be
understood without studying additional literature

111 FORMAT

The report can be written in IFIEX or Microsoft Word, but
BIgX is defimitely preferred. Its appearunce should be as close
to this document as possible to achieve consistency in the
proceedings

References should be cited as numbers, and should be
ordered by their appearance (example: “... as shown in [1].
.."). Only references that are actually cited can be listed in the
references section. The references’ format should be evident
from the examples in this text

References should be of academic character and should
be published and accessible. Your advisor can answer your
questions regarding literature research. You must cite all used
sources. Examples of good references include text books and
scientific journals or conference proceedings. If possible, cit-
ing internet pages should be avoided, In particular, Wikipedia
is not an appropriate reference in academic reports. Avoiding
references in languages other than English is recommended.

Figures and tables should be labeled and numbered. such
as in Table I and Fig. 1.

TABLE 1
SIMULATION PARAMETERS
Information message Tength T = TO000 bit
Radio segment size b = 1) bt
T

Rate of component codes
Palynomial of CompoBeat encoders

IV. FILLING THIS PAGE

4 ideul rman Ioantaa Code, Ral2
T T T

«
E/Nne

Fig. 1. Simwlation results oo the AWGN channel. Average throughpat & /o
vs Es/No

humanitate provinciae longissime absunt, minimeque ad eos
mercatores saepe commeant atque ea quae ad effeminandos
animos pertinent important, proximique sunt Germanis, qui
trans Rhenum incolunt, quibuscum continenter bellum gerunt.
Qua de causa Helvetii quoque reliquos Gallos som strasny pan
virtute praecedunt, quod fere cotidianis proeliis cum Germanis
contendunt, cum aut suis finibus cos prohibent aut ipsi in
corum finibus bellum gerunt. Eorum una. pars, quam Gallos
obtinere dictum est, initium capit a flumine Rhodano, con-
tinetur Garumna flumine, Oceano, finibus Belgarum, sttingit
etiam b Sequanis et Helvetiis flumen Rhenum, vergit ad
septentriones. Belgae ab extremis Gallize finibus oriuntur,
pertinent ad inferiorem partem fluminis Rheni. spectant in
septentrionem et orientem solem,

V. CONCLUSION
T'his section summarizes the paper.

REFERENCES
[1] 1. Hagenauer, E. Offer, and L. Papke. lterative decoding of hinary block
and convolutional codes. IEEE Traws. Inforw. Theory. val. 42, no. 2,
PP 429448, Mar. 1996,
12] T. Mayer, H. Jenkac. and J. Hagenauer Turbo basc-station cooperation
for intevcell imerference cancellation JEFF fur Cond Cowwnon (1CC)




Strategy 7: Promote Scientific Reading & Writing

Anatomy of a Scientific Paper

Are All Apples Red? Y Results: )
by We found four
Ida Cortland red apples, one green E
Abstract: apple, and two m
We examined several apples' yellow apples. L Figiirs 1

color. Although most are red,
some are not.
Introduction:

An age-old question is: are all
apples red? Maclntosh (1993)
thought so. G. Smith (1999) begs

Discussion:

Since we found one yellow
apple and two green apples, it
must be true that all apples are
not red. We concur with G. Smith's

to differ. We hope to resolve this findings.
issue once and for all.
References:
Methods: Maclintosh (1993) Journal of Fruit
We went to the local grocery Science. 4(3): 121-135.

store and bought one of every Smith, G. (1999) Apple Technology

apple they had. We took them Today. 7(3):4-8.

home and looked at them. Pomes and You, Volume 3, Issue 4 (2003) p. 8
\_ A /




Strategy 8: Teamwork for Complex Problem Solving

Complex
Problem Solvers

Analytical
thinking and
problem
solving




Strategy 9: Some Videos can Make a Difference

LR A COnrm Fe b Vew Npegee Code Befaiie Ben Taahs VGO Sedes el

a0

ATy b Py | TN P S P

—— -y

P ]

A 6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

>

if age > 16 :

print('You are old enough to drive')

else :

print('You are not old enough to drive')

if age >= 21 :

print('You are old enough to drive a tractor traile:

elif age >= 16:

print('You are old enough to drive a car')

else :

print("You are not old enocugh to drive")

if (Cage >= 1) and (age <= 18)):
print("You get a birthday")

elif (age == 21) or (age >= 65):
print("Yoq“)

Pl o 18:140/43:15

MR A8 L VAAC T ¢ Bsniim Duehbans Q

- WO

/Library/Frameworks/Python.
You are old enough to drive

“ " Process finished with exit

3 YouTube

ot Ll

1

Y

iﬁ
*§ _J) }u g\

L Lan

eV = .

P Pl o 5157843

INDUCTION|

Holds for all
Natural Numbers (N)

Prove the theorem for
N=1

If it holds for N
then it also holds for

, N+ = TN

L1

— .

@ e [« O



Part V:

Erasmus+ Network on Math e-Learning




Erasmus+ Jean Monnet Actions

Erasmus+ - Jean Monnet - Networks

Share

Erasmus-+

Length: 3 years
Maximum grant award:

EUR 300,000

Application deadline: 22nd February 2018 at 12:00

midday Brussels time for projects starting on 1st
September of the same year.

Jean Monnet Networks foster the creation and
development of consortia of international players (Higher
Education Institutions, Centres of Excellence,
departments, teams, individual experts, etc.) in the area
of European Union studies in order to gather information,
exchange practices, build knowledge and promote the
European integration process across the world.

The action can also support existing networks, specifically
those encouraging the participation of young researchers
in EU-related themes.

For further information on Jean Monnet Networks please refer to the Erasmus+ Programme Guide.



Erasmus+ Jean Monnet Actions

What does it support Who can apply:

A higher education institution (HEI) or other organisation active in the European

Who can benefit from it integration area, established in any country of the world.

Timetable HEIs established in Programme Countries must hold a valid Erasmus Charter for
Higher Education (ECHE). An ECHE is not required for participating HEISs in
What support is available Partner Countries.

These projects focus on activities that cannot be achieved successfully at a
national level and require the involvement of a minimum of three partner

institutions (including the applicant institution) from three different countries.

Hruartn annly

What does it support Timetable:
Who can benefit from it
Step Date

_ Publication of the call for proposals 25 October 2017

What support is available Deadline for submission 22 February 2018 (CET - Midday -
Brussels time)

Who can apply Evaluation period
5 months

How to apply Information to applicants
July 2018

How are applications selected Start date of action

1 September 2018




Erasmus+ JM Network on Math E-Learning @ EU

)

UNIVERSIDADE U . .
AVERTA ) T
B \ de Catalunya
Agh
Ll 12

HELLENIC .‘ E
OPEN

Open Universiteit
UNIVERSITY —

-—

=
The Open
University

/ TN\
2 <
TI () OPEN
. LN UNIVERSITY OF
@ FernUniversitat in Hagen 47 Y- ( ) CYPRUS
4'4' INTERNAZIONALE UNINETTUNO WWW-0UC:8C:CY)

3+ partners in 3+ EU countries; traditional
universities are also welcome!




Part VI:

Conclusions & More




Conclusions...

=  Math e-Learning is growing in importance

every year. I'E-LEIEA RNI NE

= More and more traditional institutions in
Europe and USA are offering online MSc
and PhD degrees.

= Heterogeneity of online global students
impose new challenges on how to teach
maths online.

= Some personal best-practices have been

discussed. These ‘strategies’ might help ®
to reduce the gap among different - I“
students in a global math education. Ju Ia

= Cooperation among existing online
institutions is more necessary than ever
if they want to keep their competitive
adavantage in such a global market.

Erasmus-+



.... & More

Call for applications for postdoctoral
research stays at the UOC

01/02/2018

UOC - Doctoral School grants
programme

Jean Monnet
Activities




10th Int. Workshop in Math e-Learning (e-math 2018)
Lisbon, October 15-16, 2018

Teaching Computer Simulation and Optimization
Online to Students with Different Backgrounds
A. Juan®, N. Campos, M. Nogal, C. Caliz

thanks!
ajuanp@uoc.edu | http://ajuanp.wordpress.com

(*) IN3 - Computer Science Dept., UOC, Barcelona, Spain

' Universitat s = Trinity College Dublin
U Oberta o m? Colaiste na Trionéide, Baile Atha Cliath guncet
de Catalunvya N The University of Dublin usiness
y School




