CompSci 334 Spring 2026 1/8/26  1/13/26
Introduction and Chapter 1

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/
spring26 /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 Jan. 22 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

\
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)

g
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e Can you write a program to
determine if the following are
correct arithmetic expressions?

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

((((((@ +b) +¢) x d(e + f))\)))

e Can you do this if your machine

had no additional memory other
than the program?
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e Can you write a program to
determine the value of the following
expression?

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

L

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

W | 6&8“%&%

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

WO %mrgb\{m
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Language Hierarchy

Grammars

unrestricte

Automata

Tuﬁng

grammar,

CFG

T

regular
grammar

All Languages

"\ Rec. Enum. Lang.#"|

A Regular

Lang.
> >

Context-free Lang.

-
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machine
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automata
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Power of Machines

automata Can do? Can’t do?

FA | |
(no memory) mjVJE Sﬁ (> Q\} p (054 h Y
PDA ol *\“““ﬁ = e Jalmate
(stack) e plers NS NP
™ ca{mﬁﬂﬁ@ oleciolt

(infinite) e~ P( /£ halts
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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

tokens

syntax analysis

parse tree

code generation

¢

assembly language program




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= é |, < \%( CP /6/(%
e (intersection) ANB= /| \q/g
OCODZ?)Z) 217{) (o

e (member of) 42 € C? %@é |

o (subset) BCC? Ns <~y Aat 1
e BNA CD? W

*Bl= 5

e (product) AxB= 6 ’a (/'AQ/Q%Q }(L/Z>/

§ N2 -
o |AxB|= 5 190, (e Db D ), (2 206,

o) c BNC? N D

* (powerset) 23:% d | 22%/% sz/ggé/ 2
2285 57,95, %4 ,?E/@Qﬂ%
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Example What are all the subsets of

{3,5}?é @%é 2{% 2%/%2

How many subsets does a set S have?

S| number of subsets

0 ?
1 2
2 ]
3 D
4 | (o
N
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How do you prove? Set S has 2l
subsets.

Technique: Proof by Induction

1. Basis: P(1)? 6(\«%\\{4){/ \‘V\gjrg\m (€

2. 1.H.
Assume P(n) is true for 1,2,...,n

3. L.S.
Show P(n+1) is true (using I.H.)
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Set S has 2/°! subsets.

Proof:
) e W\QV\# .

. . B Ovz{ €
1. Basis: )gf/ O %ﬁioi ) /
2. I.H. Assume 215/ I‘%ﬁw@ Jo ﬂtmwm

gﬁ cubsd 5 S <o Alf fé\‘—f\

Fhad-Hhne au
Q/M 6mb§€“@§

T(AMQ MY Q(QMQV\;;j_’ TU%QECS
/M Q\[\ S A ]~m_—r—
S) )/\0\50:\}& §w}W7{'Q az%f bo[lﬁq (0%94

cochh with o added |
o A numden of 5AbeT2 A T

3.1.S. Show grof )g):ﬂi\z)
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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

> =10,1,2,3,4,5,6,7,8,9} 00 %L

L={0,1,2,..,12,13,14, ...}
o Y={a,b,c}
L={ab, ac, cabb}

o Y ={a,b}
L={a"b" | n >0} = ? p\L, QA Iﬁb/ dmb%%
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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= @, oy QD Do . b

a4
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String Operations

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

e size of string
w| + v] = (o

e concatenation
V3 = VVV = vovov = O\\Q&Lbfdﬁ
o0 =?\ g mply S1mnG
= ¢ hbou
o [vvfiuw|l= &
eab o A= qp
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Definition

>* concatenate 0 or more

Example

>, = {a,b}

3 :%@)0&\ JD/ ﬂtax&cé,bw/bf/)ﬁaﬁ, //E
ot= E¥-24%

Examples

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

e [1ULy = g&b,bc/ﬂ)od)hffz

e LiNLy=7het

Li=="—]

o LiNLy = Z*/%bcz

o [1olg={xy|x el and y € Ly} =

o @bbe, @bt bt hbehebec,albac
ubmac) Ay b(cé
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Definition

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

r*=1VurLturturs...

Lt=L'urL?ulLs...
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Grammars
Grammar for english

<sentence> —
<subject><verb><d.o.>

<subject> — <noun> |
<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. \/BW)/

The ball ate the ball Vg§p

Syntactically correct? \/gp

(

12

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

e V - variables (or nonterminals) Cm\m[z:?
e T - terminals \«\%0 | (\OW
e S - start variable (S€V)

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

V\@grlec@s)f sNC

w = 7z W derives z

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

w = z derives in 1 or more steps

Definition

Definition of Language of a grammar -

L(G)
G=(V,T,S,P)
L(G)={weT"|S = w)
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Example

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

P—{S— aaS, S— b} é
L@)=5b , aob, ogash, . -
e v S

L(G) = {a"ccb" | n > 0}

G=5=,"h )aa@k |

Example
G=({S}, {a,b}, S, P)
P={S— aSb, S— SS, S— ab}

Which of these strings
aabb, abab, abba, babab can be generated
by this grammar? Show the

derivations. ) o W
L(G) — %weif//ﬁumm(% a5 K%RWO N ?g

)ﬂ( ﬁ af\d for every a there is a b to the right of it.
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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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