Welcome to CS 126!

(_ CO5 id Lecture i Introduction ]

Introductery survey course
s Ao prerequisites
*basic principles of computer science
slearn to use computers effectively
scheekh FAGS on wab

Topics introduced:
* hardware ond seftware systems
« programming in C and other languages
ralgorithms and data structures
s theary of computation
*applications o solving scientifie problems

R

I."'-. #include «<stdio.h>
| mairnil
{
peintcf {"This iz a C program\n");

@. How did the computer selantist die
in the shower?

A, The instructions on the shampos said
"Lather, Rinse, Repeat’




Outline

e Administrivia

*What is “computer science”?
- What it’s not
- Why we learn it
- Syllabus (long answer)

* An example
- A simple machine
- “Science” behind it

* Conclusion
- CS is about abstractiorfshort answer)
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The Usual Suspects

* Randy Wang (rywang@cs)

* Lisa Worthington (lworthin@cs)

* Spyridon Triantafyllis (strianta@cs)
* Jie Chen (jennifer@cs)

* Petru Chebeleu (chebeleu@cs)
*Ben Gum (gum@cs)

* Alexey Lvov (lvov@math)
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To Get Started

* Visit course web page:
- http://lwww.cs.princeton.edu/courses/cs126

* Get course packet from Pequod (ready by 9/227?):
- for more general information

* Go to lab tomorrow (9/17, 10-11:50, 1:30-3:30, CS101
- to get on-line

* Decide which precept to go to

- Visit course page for preceptor assignment
- contact tmhill@cs to make time changes

* Go to precept on Monday (9/20)
- to get remaining questions answered
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[ 0% nné Survival Guide :I

* Participate in precepts
Friday: progrom mihg n:.:.ig AmEnts S reEviEw
Monday: qu'l: zesfeNercises

* Keep up with the course materials
» read over handouts when you get them
v wiww, . Princeton.EBU coursed S csiid
« prepoare for precepts

“Keep in touch
il
i yrece pre{s

affice hWours
affer class

*Use tha simplast fool that gets the job done
¢ Understand your program
i
+ what would the machine da7
& find the first hu.g
* develop programs '1:1|:r|'.rll.'r|.'rnllu.|
= plan multiple lak sessions

= Askh for help wher you need i+

'F‘Ml PR miche




Tips

*“CS126 survival guide”

* More...
- Come to lectures angrecepts
- Do readings, exerciseas well as program assignments
- Find a “system” that works best for you

- Read, understand, and borrow from example code before
writing your own

CSs126 1-6 Randy Wang

Outline

o Administrivi

* What is “computer science”?
* An example
® Conclusion
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* (Why don’t we call chemistry “test tube science”?)

What Is CS?

* What CS is not
- CS is not programming, just as

- Biology is not about learning to use a microscope

- Programming is merely a tool

*Why we

- Appreciate underlying principles and limitations
- “Meta-learning”: learning how to learn

eWhat is i

learn it

t?

- Syllabus (long answer)
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Lecture Qutline

INTRODUCTION (1 lecture)

. Abstract machine example

PROGRAMMING FUNDAMENTALS (7 lectures)

Pi.

g
. Arrays/structs/lists ——
. Card game example
. AbTs

. Recursion

. Trees

c
Unin

ARCHITECTURE (5 lectures)

Al

TOY

Az, TOY /simulator

A3
Ay
Ag

. Boolean Ingi.-:
- Sequential circuits
. Machina urgnni:nﬁun

" Tuke it a for a .rpr:ﬂ
in the parking lo.

| Going to traffic
| school.

f“ﬂ;&mi‘irg wp the hood. |
I'_.Ffﬂ.-‘—n-'in'ﬂ,_:; @ Car.

| Making your own car. |



[ Lecture Qutline (continued) J

THEORY OF COMPUTATION (& lectures)

Ti. REs and F3As

Tk.
T1.
T4
Ts.
Té.

SYSTEMS

Turing machines
Formal langquages
Computability
Algorithms/Complexity
NP-completeness

(5 lectures)

5. Java

51. Java/Graphics

%3. Compilers

54. Operating systems
5c. Applications

REVIEW (i lecture)
Ri. History/Course review

Fundamental laws
and mathematics.

Driving buses—-
big "systems" to
provide serivices.

Model-T's.

Outline
o Administrivi
- Whatis“computersecienee™?
* An example

- How to make a simple machine
- What we can do with it

- “Science”
® Conclusion

behind it
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A Simple Machine

* \Want
- a machine that outputs a random sequence of Os and 1s

* Some basic terms
- a bit: a student who's either male or female
- a storage element (cell): a seat that can hold one student
- aregister: a whole row of seats

- a shift register: when clock strikes, stand up and take the seat
to your right

- a “linear feedback shift register”: ...
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[ An Abstract Machine ]

Simple abstract computional devica

Linear feedback shift register (LFESR)
&8 § 9 [ L - ; ! I =]

RROTROaNe0]

Machine conzizts of u BITS, or o=1 values
Bit wvalucs l:'hn'rl.gl. at discrete fFime ]Jl:lﬂ"ﬁ-
Bit values at time T+ completely determined
by values at time T
T 10 8 B 7 E 5 4 3 2 1 0 10%3
Tel L 1 9 B 7T & 5 4 3 2 1 0
L) & b gk t
"HOR” of twe bits [additlen mod al
i i different; o if sama
a b atk

—mmmmmme- aAb = (a+h) med 2

=R 1] Q
o1 1
14 1

o

11
Magic propertiea:
b=k =
a®e = o
[a=b]l*bk = a=(b*k) & a=s = a



[_ LFESR axample j

G =
rT"l:'ilD':'ﬂDlﬂ
.l'rl-t'l'jl-"’ll"l ﬂ

110100001 0gd)

10100001001

1o 0001lpo0a02fo

L RO DD I1O0DI1Ol0

e 100110010 \'\'ﬁﬂﬂ.

Bi¥s “look’” rondem (but aren't!]

What Is It Good For?
Message Encryption

P | o |
. | LFBSR . LFBSR |
| 1 | | |
| Random ! <?§ i Same Random
| Bits I3 Bits |
Message! '® ! ' Message
l H+H i — i > [13R1] | l
- _E_n_c_rQ 6 tTo_n_ o - _D_e_c_ry_ p_t i_o_n_ -
Machine Machine

*Use LFBSR as a component in an encryption/decrypti
machine

e Cool detall: “+” and “-" can be xor; so same machines!
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[: US-:-HS “Random’ Bits {for Encryption _}

L Convert message teo bitstream

] E M ] ] [=] (] [ 1 T
1oeadporedpraodeotospiioapiiicpitegpoogiacet

& 3end bit=by-bit XNOR with "ra . bitstream

Chrigingl message
10010001010110000

Rawdowm dbnn 1 np1100 10000110

1911012100011061100
En:'r]]'ﬂ'rnfl Hﬂ'.m.t—; ¢

0011000010111 001
11110i01000L13100101
1010000100000 0L031100

E Hluu,l looks randem to alyond rtndihg it

L01301110001101100010010100001001100001011100
W T H R E A F B z

# Receiver has identical mackine
LSecretlyl provide receiver with initial Fill
Receiver computas XOR wit ME “randem’ Bitsd

Encryprrd Messa [.5/"“’
101103211 0002101 10001 01002100002011100

Nt o
e fhoa100100001108eT 010501 111010100011200102
Manshim
].I:“Z}JJ.III#]I:I.D{‘-I]I]].DJ:FI.II]I]:I.
B o H E ¥

ﬂﬁgirruf.ubm;}; lhl::j* o

jie)

a Works because (a ~ bl *b =a*(b*bl=a,

e

Now the “Science” Behind It

* Are the bits really “random”?
* How long would it take before the bit pattern repeat its

* Will the machine work equally well if I xor the 10th and
4th bits?

* How many cells do | need for my LFBSR if | want to
guarantee a certain degree of security?

elf?
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[ Properties of shift register "maching” J

& Clocked

Contrgk start, stop: or "lead”
Pata: initial values of bits (i)

& Built frem wvary simplé components
s “eleek” (Fegqular electrical pulse)
® -lF-I.I.‘iri:i:u.IIq coftrolled shift r:.gl:.*n.'r call
remeémbers value wuntil cleck “ticks'
= Some wires input’, seme Tpufput’

% 5cales to handle huge problams
i cells yields 1 thousand randem bits
1e cells yields ¢ million randem bits
3e cells yields 1 billion random bits

& BUT, need 4o uﬂtrsium] abitract machipe!

(higher math needed to know NOR taps)

*ame bosic principles wused for computar
s cloched
+ all built fram switehes with feedback
*confrol, data
* abstraction aids understanding

Outline

® Conclusion
- CS is about abstractions (short answer)

CS126 1-19 Randy Wang




Abstractions Involving LFBSR

W

«—DCeII A | Xxor

\

Random
Bits < LFBSR

Encrypted : Clear
Message* | ENCryption=— 1o ¢

Encrypted . Customer
Message® | €Shopping=— g qers

® Bigger boxes made of smaller ones, hide details behind interface
® “Science” at each step for design decisions
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[’:nnpuﬂ.r Systems and Abstract Machines ]

& Layars of abstraction
s precisely define o simple mochine
use it te build a more complex ons
s develop complax systams by building
inereasingly mere complicated machines
simprove systems by substituting
rew (better] implementations
of abitract machines at any level

& Im.|l.'|-: af u.b:'.-rrnﬂﬁﬂ

-_'-_:r-ﬁlp-lt plece of hardware
= canverts fill to "randem’ bits
= can use ‘randem’ bits for ansryption
= can ust ancryptlen for internet commerce

- m layers of abstraction

= complen piese of hardware
CPUY, keyboord, printer, rfuru.!t. device

= maching Inh-guu.,l'. p'r-u-gru.lrl'mg
» Softwaoare systems
editor (emacsh create, modify files
compiler (eel fransform program
to maching instructions
pperating system (Unixl: invoke programs
& windowing system [Xk
illugion of multiple computer sysfams

[72)



