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AP OF
CONPUTER SCINCE

We built computers to expand our
brains originally scientists build
computers to soluve arithmetic,

but they turned out to be incredibly

useful for many other things as
well:
running the entire internet, lifelike,
graphics,artificial brains or
simulating the
universe, but amazingly all of it
boils down to just flipping zeros and
ones.
Computers have become smaller
and more powerful at an incredible
rate.
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There is more

computing power in your o

cellphone then there was in

the entire world in the mid :
60s.and the entire Apollo
moon landing could have
been run and couple of

Nintendo {2
computer science is the SN/
subject that studies what Jabd
computers can do. It is a4 /

,,-n""ﬁ “ V4

diverse and over lapping 1" ©
field but I'm going to split it
into three parts. The
fundamental
theory of computer science,
computer engineering , and
applications.

WE’LL START WITH THE
% FATHER OF THEORETICAL COMPUTER
SCIENCE: ALAN TURING

who formalized the

concept of a Turing machine which 1s a simple
description of a general purpose

CcOmputer.

Yeople came up with other
designs for computing machines but they are all equivalent to a Turing machines
hich makes it the foundation of computer science.
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® Turing
machine

A Turing machine

contains several parts: An infinitely long tape that is split into cells there

is also a head that can read and write symbols to the tape, a state register
that containing symbols. Stores that state of the head and a list of possible
imstructions.

MONITOR Py

CPU
MOTHERBOARD

-l
L _.4’ f L: MOVE WisT
LMovE T
3 FLIP DI T

N\
1 s
123: STOP

Every problem that is
computable by
a Turing machine is
computable using Lambda
alculus which is the basis of
research in programming
languages.
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COMPUTABILITY THEORY

ATTEMPTS TO CLASSIFY WHAT IS AND ISN'T COMPUTABLE. THERE ARE SOME PROBLEMS THAT
DUE TO THEIR VERY NATURE, CAN NEVER BE SOLVED BY A COMPUTER, A FAMOUS EXAMPLE

IS THE HALTING PROBLEM WHERE YOU TRY TO PREDICT WHETHER A PROGRAM WILL STOP
RUNNING OR CARRY ON FOREVER. THERE ARE PROGRAMS WHERE THIS IS IMPOSSIBLE TO
ANSWER BY A COMPUTER OR A HUMAN. MANY PROBLEMS ARE THEORETICALLY SOLVABLE BUT
IN PRACTICE TAKE TOO MUCH MEMORY OR MORE STEPS THAN LIFETIME OF THE UNIVERSE TO
SOLVE,

,and computational
complexity attempts to categories these
problems according to how they scale.
There are many different classes of
problem that fall into each type.
There are
a lot of real world problems that fall
into these impossible to solve
categories, but fortunately computer
scientists have a bunch of sneaky tricks
where you can fudge things and get
pretty good answers but youw'll never
know if they are the best answer.

An algorithm (s a setoff
Instructlons Independent of the hardware
or programming language designed to
solve a particular problem. It (s Rind of
tke a recipe of how to bulld a
program and a lot of work s put Into
developing algorithms to get the best out
of computers. Different algorithms can 123456738
get to the same final result, like
sorting a random set of numbers into
order, but some algorithms are much
more efficlent that others this (s studied
In algorithmic complexity

123456738




. information theory studies properties of
information and how it can be measured,
stored and communicated. One application
of this is how well you can compress data ,
making it take up less memory while
preserving all or most of the information
but there are lots of other

applications. Related to information
theory is coding theory. And cryptography
is obviously very important for keeping
information sent over the intemet secret.

There are many different encryption
schemes which scramble data and usually
rely on some very complex mathematical
problem to keep the information locked
up.
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These are the main
branches of theoretical
computer science although
there are many more

® logic,Graph theory , computational
geometry , automata, theory , quantum
computation , parallel programming

Formal
Methods
_ and data
** ... structures
o o “u r-;;a‘;: NETICMRGICINACT c.n-.;ss :::::

(2 41

THEORETICAL COMPUTER SCIENCE MOTHERBOARD

9

o« P

Y ATer
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computer Engineering

Designing computers 15

difficult because they have to do so many different things. Designers need to
try and make sure they are capable of solving many different kands of problem
as optimally as possible. Every single task that i1s run on the computer goes
through the core of the computer -

i
L

the GPU SeEBUG |

| :
e &

When you are dotmg
lots § different things at the same time , the (PU \ /
' needs to switch back and
forth between these jobs to make sure eveTything
gets done In a reasonable = |_SCHEDULING, |
time. This Is conmtrolled buy a scheduler | which 1=
chooses what to do when and bl | _
r LY ;
mmwwmmﬁzﬂ;ummmmt Ll
difficult problem. Multiprocessing helps speed gv av e .‘?
things up because the CPU has several .
cores that can execute multiple [obs in parallel. Lol
But this makes the job of the
scheduler even mone comp lex
CPU —
O TRAL [ 1T l— MULT|PROLESSOR,
£afiie, . Il |
INPUT E:;';‘ BUTPUT T
_t‘!:I%"ﬂ'::’ — FPGA
.I A ""_,..an-r, BLOLK
:..-m‘r“ “ T B INTERCOMMECTION

}:-IMP‘UTJ’EIJ.FFH}T‘

\M__:‘:S'-.IIT-:H Box
BB TCONMMECT BLOCK
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ON TOP OF THE RAW HARDWARE
THERE ARE MANY LAYERS OF SOFTWARE

WRITTEN BY PROGRAMMERS USING MANY DIFFERENT
PROGRAMMING LANGUAGES.

A PROGRAMMING LANGUAGE 1S HOW HUMANS TELL A
COMPUTER WHAT TO DO AND THEY VARY GREATLY
DEPENDING ON THE JOB AT HAND FROM

low level languages high level languages
like assembly ike python or JavaScript for
coding website and apps

In general, the closer a language is to the hardware, the more difficult it is for humans to
use. At all stages of this hierarchy the code that programmers write needs to

be turned into raw CPU instructions and this is done by one or several programs called
compilers. Designing programming language and compilers is a big deal , because they are the
tool that software engineers use to make everything and so they need to be as easy to use as
possible but also be versatile enough to allow the programmers to build their crazy ideas.

SOFTWARE AND PROGRAMMING LANGUAGES & TAVASCRIPT

PYTHON JAVASCRIPT WEB APPS
PHP PERL BROWSER = Ay
SWIFT saL

;TAVA C# APPLICATIONS ) r C
C++ d OPERATING. SYSTEM A R o ASSEMBLY

ASSEMBLY BloS A COMPILERS

SILICON A MACHINE CODE
—
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The operating | OPERATING SYSTEMS |
system is the most important piece of pr— -
software on the computer as it is what "| :__

|

we

interact with and it controls how all of 2 2N [
the other programs are run on the A VD
hardware, and engineering a good , v = V&
operating system is a huge challenge. AL O
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This brings us to software engineering: writing
bundles of instructions telling the computer
P ORMAL what to do. Into logical

METHORS =\ instructions in a specific language, make it as

@ \"ad efficient as possible to run

" ) . - = and as free of error as you can. So there are

(%gjﬁz’p\'_ ' many best practices and design

philosophies that people follow.
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Gme other important areas are getting many computers\
to communicate and work together to solve problems.

Storing and retrieving large amounts of data. Determining
how well computer systems are performing at specific
tasks , and creating highly detailed and realistic graphics.
Now we get to a really cool part of computer science,
getting computers to solve real world problems. These
technologies underline a lot of the programs, apps and i ancygs | LML,

szsites we use.
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Gmputers extend our brains multiply our cognitive abilities. TD ARTIFICIAL INTELLIGENCE
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forefront of computer science research is developing computer
systems that can think for themselves: artificial intelligence.
There are many avenues that Al research takes, the most
prominent of which is machine learning which aims to develop
algorithms and techniques to enable computers to learn from e R Ty
large amounts of data and then use what they've learned to do upeavised

something useful like make decisions or classify things. And

Qhere are many different types of machine learning. / mﬁ_&; T :
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/Closely related are fields Iike\

computer vision trying to
make computers able to see

objects in image like we do ,
which image uses image
processing techniques.
Natural language processing
aims to get computers to
understand and communicate
using human language , or to
process large amounts of data
in the form of words for
analysis.

FIND THE

This commonly uses another
field called knowledge
representation where data is
organized according to their
relationships, like words with
similar meanings are

NATURAL LANGUAGE PROCESSING

CHATBOTS =

clustered together. -HEY L \
. . . MREVARBIT! | oo

Machine learning algorithms i

have improved because of the PROVE IT! TN

large amount of data we give KNOWLEDGE REPRESENTATI

them.
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Big data looks at how to
manage and analyze

large amounts of data to get
[ 816 DATA | value from it. And will get

‘ even more data from

the internet of things,
adding data collection and
communications to every
objects

{ 7
| f

INTERNET OF THINGS | -
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COMPUTATIONAL SCIENCE BENCHMARKI

Hacking is not a traditional academic discipline but
definitely worth mentioning. Trying to find weaknesses in EEH NUANERICAL
computer systems, and take advantage of them without
being noticed. Computational science uses computers to ' g
help answer scientific questions from fundamental physics , o
to neuroscience... BIOWFORMATICS

LOMPUTATIONAL
CHEMISTRY

IO N J

v & COMPUTATIONAL SCIENSE |
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i and often makes use of super computing which
Nkl throws the weight of the worlds most powerful
ﬁ“ﬂ | computers qt very _large problems,_ often in the

\ area of simulation. Then there is human
(VRTUAL REALITY]  [siyeaTion] computer interaction which looks at how to
T (UnhzwTeo newmy] (MR ETE) ST design computer systems to be easy and
in ,:"g.? | A intuitive to use. Virtual reality, Augmented
Filhoa 1 !§§ 5_ Reality and Telepresence enhancing or
| I " L] replacing our experience of reality.
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ROBOTICS

And finally Robotics

which gives computers a
phusical embodiment ,
from a Roomba to trying to
make intelligent human
like machines.

ROBOTICS
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So that is Map of computer science , a field that is still developing
as fast as it ever has despite that fact that the underlying
hardware is hitting some hard limits as we struggle to miniaturize
transistors any more, so lots of people are working on other kinds
of computers to try and overcome this problem. Computer have
had an absolutely huge impact on human society and so it is
going to be interesting to see where this technology goes in the
next one hundred years.

Who knows, perhaps one day, we'll all be computers...
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