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Graphs

 An undirected graplor simple agraph is a set of
with connecting some points.

e The are calledhodesor vertices and the
are callededges
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Example graphs

Graph (a)

Figure 1:Examples of graphs
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Note

 No more tharone edgas allowed between any
two nodes
 The ISccalled

thedegreeof that node
* In Figurel, Graphs (a), (b)?
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Note

 No more tharone edgas allowed between any
two nodes

 The ISccalled
thedegreeof that node

 In Figurel, Graph (a) each node has the degree 2
in Figurel, Graph (b) each node has the degree 3
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Edge representation

* In a graphd that contains nodesandj, the
represents thedgethat connects and;

 Theorderof: andy doesn’'t mattem an
undirected graph, so the pairs ;) and
represent the

* Because the order of the nodes is unimportant,
we can also describedges by setsuch as
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Note

In a directed grapithe edge(z, 7) has as the
and as
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Formalizing the graph

o If VVisthe of a graph(z and /' Is the
we say thaty = (V| )
 Hence, one canmpecify a graplby a or
by specifying

 Example: a formal description of the Graph (a)
In Figurelis:
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Formalizing the graph

o If VVisthe of a graph(z and /' Is the
we say thaty = (V| )
 Hence, one canpecify a graploy a or
by specifying
 Example: a formal description of the Graph (a)
In Figurelis:

G=({1,2,3,4,5},{(1,2),(2,3),(3,4).(4,5),(5 1) })
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Graph usage

o Graphs are frequently usedroresent data

 Examples:
1. nodesmight be andedgedanight be the
2. nodesmight be andedgeanight be

e Sometimes, for convenience, we may
of a graph, thus obtaininglabeled
graph Figure?2
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Example labeled graph

‘IHHIEHE”
San
Boston Francisco

Figure 2:Cheapest air fares between cities

Ilthaca
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Subgraph

A graph IS asubgraplof a graph
if 11 C 15
Note: theedges of/ are the on the corre-

sponding nodes, Figur®
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Example subgraph

Graph H

Subgraph?

Figure 3:Graphd/, a subgraph off
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Graph paths

e A pathinagraphis acquence of nodes
connected by edges

e A simple paths a path thatloes not repeat any
node

e A graph is connectel every two nodes have a
path between them
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Graph cycles

o Apathis acycleif it

A simple cyclas a cycle that
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Trees

o Agraphis areeifitis and
sFigure4

e The INn a tree are calletkaves

e Sometimes there iIss
called theroot
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Example graphs

A path A cycle A tree

Figure 4:Path, cycle, and tree
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Directed graphs

e Ifthe of a graphs instead of
lines the graph is directed graph

 The a particular
node is theoutdegreef that node

 The a particular
node is thendegreeof that node
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Example directed graph

(D ———®
N

Figure 5:A directed graph
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Formal description

* The formal representation ofcarected graplts
is (V, E/) where and

o Example: formal description of the graph in
Figure5is
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Formal description

* The formal representation ofcarected graplts
is (V, E/) where and

o Example: formal description of the graph in
Figure5is

G=({1,2,3,4,5,6},{(1,2),(1,5),(2,1),(2,4),(5,6),(6,1),(6,3) })
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Note

e A path in which
IS called adirected path

* A directed graph istrongly connectett
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Example directed graph

The directed graph in Figur@ represents the relation
that characterizes the gameissors, paper, stone
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A game representation

Figure 6:The graph of a relation
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Applications

e Directed graphare a handy way of depicting

o If Ris abinary relatiorwhose and
s, l.e.,,R C D x D, alabeled graph
G = (D, F) represents: with

o Graph in Figureb illustrate this fact
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Strings
e Strings of characterare fundamentei
in CS
e Thealphabebver which strings are defined
with application

o Alphabetis a
. of the alphabet are theeymbols
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Notation

 We use and! to designate
alphabets

* \We also use to denotesymbols of
an alphabet

 Examples:
Y1 = {0,1}

22 — {a,b,C,d,e,f,g,h,i,j,k,l,m,l’l,O,p,q,r,S,t,u,V,W,X,y,Z}
F — {OalaX7Y7Z}
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Strings over an alphabet

e A string over an alphabeg a
cusually written next
to one another

e Examples:
if ¥, ={0,1} then IS a string oveb;

if o ={a,b,c,...,z}then IS a string ovep.,
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String properties

o If wiIs a string ovel, thelength ofw, written

wl, Is the

 The Is called theempty
string, written ¢

 Theempty stringplays the In a number
system

o If lw| = n, we can write
W= wWWy... Wy, W; € 22,1=12,....n
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More properties

e Thereverseof w = wyws . .. w,, Writtenw’, is

wR:wn...UJle

o A string z is asubstringof w if w = xzy for z, y
not necessarily the empty strings

 Example: cad Is a substring odbr acadabr a
andz = abr a, y=abr a
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String operations

e Concatenationtwo strings and
Y = y1Y2 - - - Yn, Dy CONcatenation define a new
string 1y = Y1Y2 - - - Yn

e The concatenationz . .. x, k-times is writtenz”

e Lexicographic orderingts the familiar
of strings, where strings
strings
 Example: lexicographic ordering of all strings
over = {0,1}is
{e,0,1,00,01,10,11,000,...}
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Language
A languagas a over a given alphabet.

Let > be an alphabet,.” be the set of all strings over
>, andlW C >*. Then we have:

e > is afinite set of symbols. Far,y € >, x andy
are distinguishable symbols.

o > Is formally defined as theemigroupof words

generated by the operation {) over
the alphabekl. Thegeneration ruleare:
l. e X*

2. Foreachr € X, x € ¥*.
3. Ifz,y e X*thenxoy = xy € X*.

e I Is alanguageovery..
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Fundamental problems

For > an alphabet and C >* a language the
following are fundamental problems:

® |anguage specificatiomevise a specification mechanis$$i/;, that
stringsx € L strings iny € ¥* andy & L.
Examples language specification mechanisms?

® |anguage recognitiordevice a recognition mechanisR\\/;, that for
any stringr € ¥ t € Lorx ¢ L.
Examples language recognition mechanism?

® |anguage translatiolet L; and L, be languages over the alphabEts
andXlo, f : X1 — Yo afunction andF' : X7 — X5 the semigroup
homomorphism induced by. Device a translation mechanism
T: L, — Lythat of X7 andX3 on
L, andLs.
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Boolean logic

e Boolean logias a mathematical system built

around and , called
boolean valueand often represented byando),
respectively

e Though conceived as

snow this system is considered to be
thefoundation of digital electronics and
computer design

* Boolean values are usedsriuations with two
possibilitiessuch as or voltage, or
proposition,yesor no answer
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Boolean operations

Boolean values are manipulated by boolean
operations:

 Negation or NOT;-:

e Conjunction or ANDA:

e Disjunction or OR\V:
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Boolean operations
Boolean values are manipulated by boolean
operations:

 Negation or NOT;-:
—0=1;-1=0

e Conjunction or ANDA:
ONO=0;0AN1=0;1AN0=0;1A1T=1

e Disjunction or OR\V:
Oovo=0;0vi=1;1v0=1;1vl=1
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Boolean expressions

. are used to
iINto more compleXoolean
expressiongust as the F
and x are used to construet

« Examples:Let P and(@ be Boolean values
representing the truth of statements “the sun is
shining" and “today is Monday":

® P A(Q represent the truth value of statement:
“the sun is shining and today is Monday"

® PV represents the truth value of statement:
“the sun is shining or today is Monday"
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Other Boolean operations
* Exclusive OR or XOR¢:

e Equality,«:

e Implication, —:
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Other Boolean operations
* Exclusive OR or XOR¢:
00=0,001=11060=1,101=0

e Equality,«:
0—0=1,0-1=0;,1<0=0;1-1=1

e Implication, —:
0—0=10—1=1;1—0=01—-1=1
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Properties
e One can establish variouslationship among
Boolean operations

. can be expressed
of AND andNOT by the following identities:

PVvQ = =(=PA-Q)
P—(Q = =PV

Pe@Q = (P=Q)N(Q—P)
P®Q —(P <« Q)
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Distribution law

e Distribution lawfor AND andOR comes in
handy while manipulating Boolean expressions

e Thislaw is to distribution lawfor addition
andmultiplicationin arithmetic:

ax (b+c)=(axb)+ (axc)
e Boolean versiontwo

PA(QV R)equalsPAQ)V (PAR)
PV (QANR)equalsPVvQ)N(PVR)
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Note

Thedual of the distribution law foradditionand
multiplication In general, I.e.

a+ (bxc)=# (a+b)*(a+c)
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