Introduction, Start Chapter 1
8/27/24 and 8/29/24

Announcements:

e This is a math course with systems
applications. Prereq: CompSci 201,
Compsci 230 or equiv.

e Course web page:
www.cs.duke.edu/courses/
fall24 /compsci334
Familiarize yourself with all parts
of the web page.

e Flipped class - reading/quizzes
BEFORE

e Read Chapter 1 in the Linz/Rodger
book for next time.

e Complete the reading quizzes on
Canvas before class.

(Due to Drop/add, QZ01-QZ05
turn off Sept 10, 11:45am!!)

e Course bulletin board: Ed
Discussion (get to from Canvas)
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e Course participation required!



What will we do in Compsci 3347

Questions

e Can you write a program to
determine if a string is an integer?

9998.89 8abab 789342

\Q/Q/%

e Can you do this if your machine
had no additional memory other
than the program? (can’t store any
values and look at them again)
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e Can you write a program to
determine if the following are
correct arithmetic expressions?

)

(((((a +b) + ¢) x d(e + £)))))

e Can you do this if your machine
had no additional memory other
than the program?

N1©,
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e Can you write a program to
determine the value of the following
expression?

(34 + 7 % (18/6))) W

e Can you write a program to
determine if a file is a valid Java
program?

%Q | \NW@% a Co l‘ /{f
Qv /‘/Tkef(ﬁj/()@/\l

e Can you write a program to
determine if a Java program given
as input will ever halt?

no h@@k
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Language Hierarchy

Grammars

unrestricte

Automata

Tuﬁng

grammar,

CFG
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regular
grammar

All Languages
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Power of Machines

automata Can do? Can’t do?
00O /\)'Z(O J~OC 2o (=K
FA ¥ gw
docer Al
(no memory) [N €D NPV
Ve (& nizt CdW\g?%“M
PDA o o\t
(stack) <Ll <P
orp € €C\0hl
™M C m OK :
(infinite) Q;CQ( w A \/\OM

ryw(/W\dk“a/
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Application

Compiler

e Our focus - Question: Given a
program in some language (say
Java or C++) - is it valid?

e Question: language L, program P -
is P valid?

e Other things to consider, how is the
compilation process different for
different programming languages?

(Java vs C++47)

C++
program

Prog.cpp

executable

. prog.exe




Stages of a Compiler

C++ program

lexical analysis | Q A\ (ﬁ
;% tokens V W\ /J}r
!
syntax analysis / \V\
parse tree

code generation 2\ 0

¢ {@O

assembly language program
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L-Systems - Model the Growth of

Plants

ENSRANR
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Chapter 1 - Set Theory

A Set is a collection of elements.
A={1,4,6,8}, B={2,4,8},
C={3,6,9,12,...}, D={4,8,12,16,...}

e (union) AUB= %j <, 4/ b %i
e (intersection) AﬂB— L/ %é

D 55,2, 54 Fravilvct

e (member of) 42 € C? %M
e (subset) BCC?

= A
e B=
e (product) AxB= ?/ ?> ( CF>[| %\(;2%
e [AxB|= |2 (40, ([49) -
o) € BNC? N0 )ﬁm(:g(/g’
o (powerset) 25= "
=T h, ?25?(/5?35 e 725, ”OA[QW
24, %‘%?/T; fﬁ}l
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Example What are all the subsets of

(3,517 %¢/§é§/;§g/%§/ }

How many subsets does a set S have?

S| number of subsets

0 /
1 =
;<
3
4
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How do you prove? Set S has 2l
subsets.

Technique: Proof by Induction

1. Basis: P(1)? =

2. L.H. ) J‘”
Assume P(n) is true for 1,2,...,n @

3. L.S. ‘
Show P(n+1) is true (using I.H.) (

13


rodge
Pencil

rodge
Pencil


Set S has 25! subsets.
Proof:

| B ol
1. Basis: 26) - C? //M;\a if/[{iﬁlf\edf@‘

Sl
2.LH. Assume )" < +o YQ
K\MWW% >0 b0 )P\ng
[S/ér\
3.18. Show [, | S/ = | e
vhele arc ™ substs
— L@ one O] ¢m i~ ot o =
[ & _
== Tv3af Ls 4.<
by Th. T pas A AT
Shas AN | FhE SubsAS [ Tf

a (0()9&% Q(/(CV) éMbﬁ@L (/\);\'H/l 7\ /}q
OF 22 % numper o ¥ cnpsttz T 1Y

N :2/17)
A S0 /
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Ch. 1: 3 Major Concepts

e languages
e grammars

e automata
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Languages

e ). - set of symbols, alphabet
e string - finite sequence of symbols

e language - set of strings defined
over X

alphabet >

Examples

e¥ =1{0,1,2,3,4,5,6,7,8,9)
L={0,1,2,..,12,13,14,..}
o YX={a,b,c}
L={ab, ac, cabb}
o Y={a,b}

L:{a”b”]n>0} gazb CM% /D;
%( > ;KﬂdQ/@%W

Stopped here
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Notation

e symbols in alphabet: a, b, c, d, ...

e string names: u,v,w,...

Definition of concatenation

Let w=ajas...a, and v=b1by...b;,

Then wov OR wv= a\bfz, .\Qﬁ/o,b? .
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String Operations

strings: w=abbc, v=ab, u=c

e size of string

w| +[v] =/

e concatenation

US — VVV — VOVOoOV —= O’l/ﬂb@%

QUO:?\
o il = OW

o fovftu= T

e ab o \= C{b
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Definition

>* concatenate 0 or more

Example

¥ = {a,b}

o= 2R a ,b,aq,ab, W/bb/%mﬁ
Y+ §\2&/? ?\E

Examples

> ={a,b,c}, Li={ab,bc,aba},
Lo ={c, bc, bee}

o L1ULy = ?ab }7() f\\m) C )9((—%

eLiNLy= “hce

== 5 <

e [1NLy = é“&**%b(g

o [1olg={xy|x el and y € Ly} =
;@c)@b%/ . @\bchcg

CZ b= S\/L(\)}h65
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Definition

LV = {\}
[? = Lol
[3=LoLol

r*=1VurLturturs...

Lt=L'urL?ulLs...

20



Grammars

\(ﬂ .
\ .
/‘&iﬁ jGrammar for english va NCUAQQ

V-
75\)“< <sentence> — an ey e %/
\< <subject><verb><d.o.>

<subject> — <noun> |
: - ok

<article><noun>

<verb> — hit | ran | ate

<d.o.> — <article><noun> | <noun>

<noun> — Fritz | ball

<article> — the | an | a
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Examples (derive a sentence)

Fritz hit the ball.

<sentence> —>

<subject><verb><d.o>
<noun><verb><d.o>

Fritz <verb><d.o.>

Fritz hit <d.o.>

Fritz hit <article><noun>
Fritz hit the <noun>
Fritz hit the ball
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Can we also derive the sentences?

The ball hit Fritz.

The ball ate the ball

Syntactically correct?

Semantically correct?
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Grammar
G=(V,T,S,P) where

. . Caly e
e V - variables (or nonterminals) W\Q(F\OL

e T - terminals

e S - start variable (S€V)

e P - productions (rules)
x—y x€(VU T) ", ye(VUT)*

Definition

w = 7z W derives z

X . .
w = z derives in 0 or more steps

w = z derives in 1 or more steps

Definition of Language of a grammar -

L(G)
G=(V,T,S,P)
L(G)={weT"|S = w)
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This figure goes with the next grammar

—
iy JFLAP : (grammarancchn,jff) - O X
File Input Test Convert Help IEI
Editor | Multiple Run |

Start| Pause Step [Noninverted Tree |w :P.'able URIEC 'S 3 |

Input aaccbb : Input ‘ Result

iﬁ lab Reject

~ Input Field Text Size 'E‘or optimization, movel. aCCb Acce pt

‘"‘Table TextSizje_} i aaCCbb ACCGpt
T O laaccb Reject

S —aSb |} |

S — acch

: -:-:E Load In| uts” Run Input: ” CIear” Enter Lam
Input a string to begin. e PLES | SIS




Example

G=({S}, {a,b}, S, P)

P={S— aaS, S— b}

L(G)= ?A/ 68’@5) ﬁt%(’crL) S
= 2 @AYk [ n=o%

Example
L(G) = {a"ccb" | n > 0}
G= S= oSbh J OLCCJD

Example

G=({S}, {a,b}, S, P)

P={S— aSb, S— SS, S— ab}

Which of these strings

aabb, abab, abba, b%bab can be generated

by this gra?hmar? Show the {) /\/@/\“{ hexs
derivations. —

L(G) = %L& g?q\{ nuﬂl()a 0% Oi? €9f>@

nunber o hS  Gnd Ser e/ry the” lo
ﬁf s O /‘/’th'Ch’ﬂj %};Zé
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Automata

Abstract model of a digital computer

input tape

i a a b b a b %

tape head

control unit

storage

(optional)
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