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@ Credits

A Almost exclusively Survey and Opinion
talk

A Most work not mine.

A Intro CS work that is mine is joint with UIC
Lecturer Pat Troy; privacy preliminary
iIdeas that are mine joint with Kent Law
School Prof. Richard Warner.
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Core Academic
Beliefs and Values
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|. The most significant impact
we will have on society Is
educating our students.
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ll. A research university Is
a great place to get an
undergraduate education
and to be a faculty

member.
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Ill. Every well -educated
college graduate should have
mathematical reasoning and
problem -solving ability that is
normally obtained by
studying at least some post -
high - school mathematics.
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V. In the early 21 St century,
It IS much more important
that every well -educated
college graduate study
some computer science
than mathematics.
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@ Outline

l. Why CS/computational thinking is vital for
t oday eCs, limemlrarts majors.
1. Intellectual ideas, especially process
2. Understanding how world works
3. Computational thinking skill set
4

. Citizenship
Il. How to teach it, & maybe also certain CS
majors
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@ What is computer science?

A Biology = study of living things; chemistry
= study of structure and composition of
matter

A What is computer science the study of?

A Computer Science .| study of computers!

I Also NOT study of how to use IT tools (Word,
Matlab, write a web page, etc.)

A Computer Science is the study of:
| Processes ° Algorithms © Programs
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~ @ What about IT Fluency?

AIT skills are important, but:

I Very widely needed trade school skill, not part
of liberal higher education

I May be completely appropriate some places
to have a whole coll eg:
something different

I Should eventually migrate to Ki 12 world

IEasy to mix I n few wee|]
what | Om di scussing to
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@ The Two Cultures
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Learn Programming to Re-Think Process
¢) Everywhere

A Alan Perlis argued that
computer science should be part
of a liberal education.

I Explicitly, he argued that all
students should learn to
program.

A Why?
I Because Computer Science
IS the study of process.

I Automated execution of
process changes everything
A Including how we think about
things
i Process: an even more
Important notion than rate of

change
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@ Problems as object of study

A Can the problem of sorting N words into
alphabetical order be solved in a # of
steps proportional to N? To N * log N?

A Can the problem of determining if an N-
line computer program terminates on
specific input be solved in # of steps
proportional to N? To 2N? At All?
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@ Undecidability

A Determining whether
program halts is
Unsolvable

(undecidable)
problem.

A Fundamental result of
Alan Turing, Father of
CS, Il n 1930 (

A Philosophical,
mathematical,
practical implications.
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e Power and Fear of Algorithms

And this is that decisions which are going to affect a great

A The Economlst (Sept_, deal of our lives, indeed whether we live at all, will have to be

taken or actually are being taken by extremely small numbers

2007) Spo ke to the of people, who are normally scientists, The execution of these

decisions has to be entrusted to people whe do not quite under-

algorlth ms that ContrOI US, stand what the depth of the argument is. That is one of the

consequences of the Japse or gulf in communication between

y e t W e d On 6 t | scientists and nonscientists

There it is. A handful of people, having no relation to the

T Cred|t Ratings Adjustab|e will of socicty, having no communication with the rest of so-
’ ciety, will be taking decisions in sectet which are going to affect
Rate Mortgages, Search our lives in the deepest sense.
Rankings ~
Y NA handf ul of pe
S 7 will of
The )

Economist ith the

Nbe
Business by numbers - Algorithms 4 sedtet

The Economist. London: Sap 15, 2007, Vol. 384, |ss. B546; pg. 94 3y affect

uuIl ves I uie ueepest
sense. 0
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@ Computational Thinking

A Algorithms are one
Important example of
Computational
Thinkingi Ways of
thought common to
computer scientists.

A Other examples
I Order of growth

I Layering/abstraction to
manage complexity

University of lllinois
at Chicago
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Computational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

omputational thinking
CI)uJ]LL on the power and

limits of compuring
By processes, wherher they are exe-
¥ cuted by a human or by a
machine. Compurational
methods and models give us
the courage o solve prob-
lems and design syscems thar no one of us would
be capable of tackling alone. Compurational think-
ing confrons the riddle of machine inelligence:

can humans do better than compurers? and
What can computers do betrer than humans? Mose
fundamentally it addresses the question: Whar is

compurable? Today, we know only pares of the
answers to such questions.

Computational thinking is a fundamental skill for
wne, mot just for computer scientists. To read-
g writing, and arithmetic, we
rarional thinking to every childs analytical ability.
Just as the printing press facilitated the spread of the
Rs, whar is appropriacely incestuous abour this

hould add compu-

vision is that ¢ and © facilitare the

cisely. Staring rthe difficulry of a problem accounts
for the underlying power of the machine—the com-
PUng device that will run the solution. We must
der the machine’s instruction set, its resource

nts, and its operating environment.

In solving a problem efficiendy, we might further
ask whether an approximare solution is good
enough, whether we can use randemization tw our
advantage, and whether falsc positives or false nega-
tives are allowed. Compurarional cthinking is sefor-
mularing a seemingly difficult problem into one we
know how o solve, perhaps by reduction, embed-
ding, mansformation, or simulation.

Computational thinking is thinking ecursively. It
is parallel processing. It is interpret
and dara as code. [t is rype checking as the -mu.ll
ization of dimensional analysis. It is e
both the virtues and the dang,
ing someone o something
is recognizing both the cost and power of indirect
addressing and procedure call. Tr s jud a pro-
m not juse for corre 2

thetics, and a 5

spread of .'umpur;nm'..ul thinking.
C umput.\tlur..d thinking involves solving prob-

md understanding human

neepes fundamental

Having o solve a par [u.u].ll pr
How difficult is it ro solv

way to solve it Compurer science rests on solid the-
oretical underpinnings ro answer such questions pre-
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ance.
Compurational thinkin
decomposition when arracking

s mples

of cor
tion for a problem or
of a problem ro o

n approp
deling the rel
ir rractable. Ir is usir
o describe a system’s behavior succinedy and
: It is having the e can

Iy use, modify, and influcnce a | complex

em withour understanding irs every derail. It is

confid
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@ Order of growth

A Before | die, U.S. undergraduate tuition
and U.S. medical care cost rates of
Increase will change.

A Order of growth studies whether growth in
resources to solve size-N problem grows

Pro
Pro

Pro

nortiona
portiona

nortiona
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yto N or NlogN
y to N2 (or N3)
y to 2N
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@ Abstraction managing Complexity

A Coffee mug is porcelain made of mixture
of molecules composed of atoms
composed of electrons orbiting nucleus of
protons and neutrons, each composed of
guarks.

A Molecular vibration, quantum effects, etc.,
at various levels

A Humans evolved to pour morning coffee

without worrying about quantum effects!
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@ CS Abstraction Example: Encodings

A But we can interpret these
numbers any way we want.

T We can encode information in
those numbers

A Even the notion that the
computer understands

numbers Is an mterpretatlon

I We encode the voltages on wires
as 00s and 10s,

wires

interpreted as

YYYYYYYY
= R = I = R = =

eight of these defining a byte e
I Which we can, in turn, interpret as
a decimal number
UI University of lllinois Department of Computer
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.Layerthe encodings as
~ want

AOne encoding, ASCI I,

iIlf thereodos a byte with
that 1 tos a string, PO

A We can string together lots of these
numbers together to make usable text
iA77, 97, 114, 1070 is

i
iAi60, 97, 32, 104, 114,
A <ref= 0 HTML) (
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