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William Gladstone o seeiing
Micael F"aradav’s experimenks:

“Bub, after all, what use is k?”

“Why sir, there is every prababai&j
Ehak you will soon be able to kax ik



ﬁaradaj A his Labora&cr:} ot the Royal Institution, Londown.,
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This file comes from Wellcome Images, a website operated by Wellcome Trust,
a global charitable foundation based in the United Kingdom.



Radium was discovered
bv Marie Sklodowska-
Curie and her husband
Plerre Curie on 21
December 1¥9¥%, in a
uraninite (pitchblende)
so\mpi.e..

Acc, 90-108 - Science Service, Records, 19205-1970s,
Smikthsonian Inskitution Archives






We must not forqget that when
radium was discovered no one
kinew that ik would prove useful in
haspi&af

The work was one c;)ﬂf pure sclence,

Marie Curie
Lecture at Vassar College, ‘Poughw‘eefysia, New York (14 May 1921). In
Cambridge Editorial Partnership, Speeches that Changed the World, 3.



And this is a proof that
scientific work must not be considered
from the point of view of the direct
usefulness of it,

It must be done for itself, for the b@.&u&v of

science, and bthen there is always the chance

that a scientific discovery may become Like
the radium a benefit for humanity,

Marie Curie
Lecture at Vassar College, ‘Poughw‘eefysia, New York (14 May 1921). In
Cambridge Editorial Partnership, Speeches that Changed the World, 3.



Science s abouk d&s&overj not just about
sotvi,v\g) hunian prabt&ms«

Poetic

Abs+traction

Rei Orlin
Math with Bad Drawings:
Iluminating the Ideas that ‘Shapa Cur Qa&ti&v



WHAT’S YOUR
FAVORITE SUBJECT?

KNOT THEORY
ME NEITHER

j

The Kot Book: Kotk Jokes and Pastimes (abbributed to Martin Scharlemann)

1994, Colin C. Adams,
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The branch of kot theory was
originally inspired by a scientific
problem - the quest to understand

“ether” - before the theory of akoms
came alowg,




The branch of knot theory was
originally inspired by a scientific
problem - the quest to understand

“ether” - before the theory of akoms
came alowg,

Although the questions related to
kinots were obsolete as far as the
scientific motivation was concerned,
mathematicians remained fascinated,



Robert J. Aumanin Aid his
doctoral thesis i knok
theory, in the fifties.



“One of the things I proved in my doctoral
thesis is that alternating knoks do not come
apart, ever. This resulk is very easy to state,

buk ;

I worked very hard own this F:'ro-blem, and
the result had not been kiowin before; and,
it is absolutely useless.

Who cares! Right? No!! Wrong!l”

Aumainin RI, Pure science and a[o?tied science,
Rambam Maimonides Med 2, 2011;2(1):e0017. Published 2011 Jawn 31.
doi:10.5041/KMMI 10017




“Grandpa, can I pick your brain?”
“Sure, Yacov. What’s up?”

“What are Linking numbers?”
“Linking numbers, in kot Ehearj?"
“Yes, in knot Eh@.c}rv."

“Why are you interested in Linking numbers, why
are you interested in kot theory?”

“Well, we are s&u,ciwmQ lkknot theory in medical
school, and the pro{@_ssar taliced Fo us about
Linking numbers, I didnt understand what he was
saying, and I dont think he understood it either.
S0 I am asking you: what are Linking numbers?”

(October 2004.)

Aumainin R, Pure science and a[agi.i,ed science,
Rambam Maimonides Med 2, 2011;2(1):e0017. Published 2011 Jawn 31.
doi:10,8041/KMMI. 10017




Science

Rei Orlin
Math with Bad Drawings:
Iluminating the Ideas that Shape Cur Qeati’iv



The writhe of the m
diagram is now the
sum, 0f all the
ncidence numbers.

and define the incidence number of a crossing to be:

The Linking

MMMbQT‘ LS O i_ LA | W +1 if the crossing is like \/\

uavariank! J
-1 if the crossing is like \




At the moment, the bacteria appear to be
better ot undoing knots than humans,

The bacteria can Sip the DNA on one side
and join ik back together on the other side
Fraducihr\g a very knobkked DNA.



Pabrick J. Kiger
“The ‘Pv&kagmrean Theorem Makes Cownstruction and <GPS Possible”
% November 2019, HowStuffWorks.com.




"This theorem and those
related to ik have given us our
entire system of measurement:
It allows PLL@%S to navigate in

mm&y skeies, and ships to set
their course, ALl &GPS
measurements are possible
because of this theorem.”

Pabrick I, Kiger
"The Pythagorean Theorem Makes Construction and &S Possible”
% November 2019, HowStuffWorks.com.,



How does bhe
&PS Llocate 30%?

1f you happen to khow
that you are at a
distance x; from some

place sy, distance x, from
some other place 5, and
finally, ot a distance x;

from a place 53, then you
can find your position,



Spherical Geome&rv and a
Likttle bit of reta&&vi&v!

Once you kirnow three
accurate distances from
three specific locations, it is
an easy matter to F@LQ& Eheir
tntersection on a two
dimensional map.



| The mathematics of GPS

= The intersection of two
spheres 1s either empty or a
circle.

The circle will intersect a
third sphere 1n at most two
points.

This geometric fact 1s the
basis of GPS since other
factors can be used to
eliminate one of the two
points as being an
irrelevant solution to the
problem.




[1 Clip slide

'I;exénder Grothendieck

The Grothendiecie
gy\equaif,&j

The Max-Cuk
probtem and
QFQFLE,CO\EiOMS
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Applications of the max-
cut problem

Partitioning a set of data points into groups
of closely related observations can be
nmodelled as a max-cut Probtem« The points in
a group or cluster should be more Close or
similar to each other than they are to points
i the other cluster. It also occurs in the
analysis of spin glass nmodel,
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(of the graph on the left).
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The cut norm of a m x n makbrix A is

defined by setting

(a5)]| =max| D, ay,

o i dass
cut el jel

Where A= a; and the moaximum is talen

over all subsets I and I of the index sets:
11,2, ..., mi and {12, ..., n}, respectively

The cubt-horm is the same as the size of
the wmoax—cut!
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o 1k is not hard bto show Ehab Ehe cub-norm is
equﬁv&i&h& to the opera&or NoT M



o 1k is not hard bto show Ehab Ehe cub-norm is
equﬁv&i&h& to the opera&or NoT M

® 41 Alloy = Allqms 2 Al where

cut’



o 1k is not hard bto show Ehab Ehe cub-norm is
equﬁv&i&h& to the opera&or NoT M

® 4|Allcye = lAll ot = NlAll ey where

cut — o—>1 = cut?

o Il =sup {| 3 aysi|  1sil. 151 = 1}
L)



o 1k is not hard bto show Ehab Ehe cub-norm is
equﬁv&i&h& to the opera&or NoT M

® 4Allcy = llAll o1 2 lIAllcyy where

cut — o—>1 = cut?

o Il =sup {| 3 aysi|  1sil. 151 = 1}
L)

® Thus one may wish to ﬂompuﬁe Al 1. Buk
Ehis is not easy either.
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® The 2-summing norm y(A) of the makrix A
is defined by replacing the scalars s and
b in the definition of ||A]l.._; by unit
vectors A an arbitrary Hilbert space as
follows.
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vectors A an arbitrary Hilbert space as
follows.

y(A) = sup { | Z a;{%; ;)
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9xi9yj = (fz)l}



® The 2-summing norm y(A) of the makrix A
is defined by replacing the scalars s and
b in the definition of ||A]l.._; by unit
vectors A an arbitrary Hilbert space as
follows.

o 1) =sup {| > alx,y)

l,]

9xi9yj & (fz)l}

° y(A) is equivatev\% to the norm [|A]|

oo—1



® The 2-summing norm y(A) of the makrix A
is defined by replacing the scalars s and
b in the definition of ||A]l.._; by unit
vectors A an arbitrary Hilbert space as
follows.

o 1) =sup {| > alx,y)

l,]

9xi9yj = (fz)l}

° y(A) is equivatev\% to the norm [|A]|

oo—1

A
@ Indeed &QR’&MS the SMP?QMMM ||14}/|(| : overy

all 1 x 1 mabrices A, we obtain the
Grrothendieck constant K-(n).

oo—1
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Appimd vs., Pure

2010 International Review of
makthematbical Sciences:

' Distinction between (i) pure and applied;
(it) wathematics and stakistics.

They have produced an ncreasingly
neqgative effect ... bv skressing divisions
rather than the umaﬂfjivxg effects,

> The features that unite mathematical
sciences dominate those that divide them,
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Why khowledqge for the pure sake of

khowing is gqood enough to jus&if‘fv
scientific research

Sheila Patel, Dulke Univers&v



Duke University biologist Sheila Patele has
foced criticism from Lawmakers over her
research into mantis shrimp and trap-jow
ants, with some calling her government-
funded studies a waste of taxpayer money,

But according to Patelk, not only do her
findings have important practical
applications, but scientific inquiry is most
fruitful when knowledqge is sought for iks
owi sake, not to \}us&{v budqets.

RS News Hour Commem&a\rt}



https://www.youtube.com/watch?v=hb0hxuM-TeM

Computer assisted proots



 Formal verification is a rapidly growing field
of compuler assisted proof verification.

 Formal verification offers an assurance of
correctness far beyond other forms of testing,

In safeby critical systems, even an occasional
failure is not acceptable.

The driverless trains of Paris mebro use
formal systems for verifications of their
algorithms,



o As formal verification Grows . power,
one could hope to use it many other
areas and to a much greater extent.

o Yeb - this is a swmall field with a small
communilty working in it so that the
potential for making significant
contribution is high.
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A tanlk that drives itself. A drone that
picks its own tarqgets. A machine gun
with facial-recognition software.

Sound like science fiction? Weapons
powered by artificial intelligence are
already here.

Jonah M. Kessel /The New York Times



Killer Robots Aren't Regulated. Yet.

“Killing in the Age of Algorithms” is a New York Times

documentary examining the future of artificial intelligence

and warfare.

19:10

Al Is Making It Easierito Kill (You). Here’s How.

Jonalh M. Kessel /The New York Times



Al expert calls for end to UK use of
‘racially biased’ algorithms

Prof Noel Sharkey says systems so infected with biases they cannot
be trusted

A Facial recognition technology has also come under scrutiny. Photograph: Fanatic Studio/Gary
Waters/Getty/Collection Mix: Subjects RF




Senators Protest a Health Algorithm Biased Against Black People

A study found that the formula discriminated against black people by counting health care costs as an indicator of iliness.

o




Recruitment algorithms are ‘infected with biases’,
Al expert warns

Ashleigh Webber Unconscious bias, Artificial intelligence Equality & diversity Latest
News, Recruitment & retention. Pre-employment screening

; ¥
'y
R, 1

Shutterstock

The use of algorithms in “life-changing” decisions, such as recruitment, should be
stopped immediately as they are often “infected with biases”, according to an
expert on artificial intelligence.




BLOG 05 SEPTEMBER 2019

Algorithm Bias in Credit Scoring: What's Inside the Black
Box?

By Maria Fernandez Vidal, Jacobo Menajovsky

As digital financial services (DFS) expand around the world with the promise of improving financially excluded customers' access to more affordable
products and services, the growing use of algorithms opens opportunities but also the possibility for unfair bias and discrimination.




The past few years have seen gnowing
recoghiticin thal machine leanhing ratses
novel challenges for ensuring non-

discnimination, due process, and -
understandability th deciston-making.

I particular, policymalkers, requlators, anc
advocates have expressed fears aboubthe
potentially discrimi.vm&orj impact of machine
learning, with many calling for further
techinical research inko the dangers of
thadvertently encoding bias it automated
decisions,



Should Climate change

concerin vou?



No challenge poses a
greater threat to our
children, our planet,
and future generations
thawn climate change.



There is no doubt left about

causation economy - carbon

emission - global warming -
climake ﬁ&%&SET‘OPk@.‘

The possibility of unexpected changes
is very much there.

The finiteness of the world did not
play a role in the past. There was
enough room for polluting it.
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The Trouble with monsoon and the
threatening problems with the great
rivers caused by the melting of the
Himalayan glaciers will cause
mi,sercz sooher and more heavily i
India than most other places.



The Trouble with monsoon and the
threatening problems with the great
rivers caused by the melting of the
Himalajav\ glaciers will cause
m&sercz sooner and more ke&v&iv LA
India thawn most other Ftacesq

Technological research into efficient
agricultural practices (and food
Produ{:&mv\, LA gemef‘at) must be

continued vigorously,






Basic science research deserves
suppar& because in Ms&arj, Ltk was
always true that research pursued
for E;%s owi sake was what led to

huge, generally unexpected,
technological consequences that
made Life in the world easier.

But itk should also be empk&sised Ehak
basic science cannol work on order.



Peter Hiqgqs, the British Fhvsicisﬁ who gave his
name to the Hiqqs bosown, believes no u,m,vers&v
would employ him in Eoc&av’s academic system

because he would not be considered
“praduc&iv&” enough,

The Gruardian, Deca Aitikenhead F-'?ri,cia:j, Dec &, 2013



‘Pk?’SE&Es& doublks worlk
Liee Higqs bosown
identification achievable
Mow a8 academics are
exp@.c:&ed to ’w‘eep
churining out papers’

Peter Hiqgqs, the British Fhvsic‘isﬁ who gave his
name to the Hiqqs bosown, believes no umivers&v
would employ him in %ociav’s academic system

because he would not be considered
“prc:a-duc&ive” enough,

The Guardian, Deca Aitlkkenhead ﬁrid&:}, Dec &, 2013
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Conkinuous Evaluation
0f research is no qood

o Evaluation of research outpub ot
short intervals is doing more
harm than qood.

o While the volume of our research
output has nereased over the
ears, the dep&h is certainly
acking,



Some thoughts for the future
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o Evaluakion of research should be based
on the quality attested by experts in the
field in the form of repor&s. Sharing
them would do a Lot of qood.



Some thoughts for the future

o Evaluakion of research should be based
on the quality attested by experts in the
field in the form of repor&s. Sharing
them would do a Lot of qood.

8 For instance, mandate that debailed
reviews of research projects be sought
for making a funding decision and then
share them with the concerned
researcher,
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recoqgnised.,
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Recoqnising the value of
teaching

o The effort necessary to impart high
quality teaching hasnt been
recoqgnised.,

o The impact of Lively and well
prepared lectures is usually ighored.

o On the ground that teaching
evaluation is sub\}e&&v&, Lk is mosﬂj
lgnored,



Thawnle You




