
I FF . Graphs .

Topic 1 . Bridge of kin is being .
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In the 18 th century , the Prussian city of kin is berg

was divided into form different landmasses by the Pagel river .

which are connected by 7 bridges :
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° Two nbrodges each from mainland to Kneiphof -

a One bridge each from mainland to house

• One bridge connecting knerphef and Louse .

Euler invested of one could give a town through the city

traversing all bridges exactly once .
. In 1736 , he shooed it 's
-

impossible to find such a route, while laying the foundations

of graph theory . . Idea i



• represent landmasses by abstract pathos ( vertices)

a represent bridges by line
segments C edges)

This makes what we call
"

multigraph
"

today :

Def 7.1 A multi - graph is a triple G - L V , E , n) where
-

• V is a set of vertices

" E is a set of edges .

a n i E → fix , y )
i X , y EV } assigning each edge an unordered

pain of endpoiho nodes .

In a word : a graph is a collection of nodes and edges .

Based on this definition , the map can be represented as .
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Def 7.2 An Euler walk in an undirected graph is a walk
-

'

( a sequence of alternating Vertrees and edges ) such that each



edge is used exactly once . If such a walk exists , the graph is

called traversable .

#
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we will show that our graph is not !

Ide
.

Cell the Stantz vertex S and furnishing vertex V .

critical observation :

every vertex that B not s or V must have

an even degree ( number of edges unheated . ).

why ? The only way to pass a vertex is to enter through an edge

and edit- through. another one .

Our graph has 4 vertices ( =3 ) of odd degrees , it's not

possible to find such a route .

All bridges were bombed in 1944
, only 5 of them rebuilt .

I Find an Euler walk in the modern day map .

TH
- kneiph①=Lom
-11¥

.



If÷÷⇒÷: .
•

soluethefellon-y-pb.es;

*
hBndapest

.

.

⇒

⇐⇒ft .

Emm

No vertex of odd degree . pessipk !
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z vertices with odd degrees , possible !



so 7"%
"

tB% """bk !
•
• Not interesting a.•

or

+•#
2

Topics Graph coloring .

A vertex coloring is a way of assigning a color in each vertex
,

sit two agdiauno vertices ( linked by an edge ) never have the

Same color ,

e.g , creating a map of a canting .

° Le 's interesting to know the minimal number of colors we need to

• Ion its vertrees .
it is called the chromatrenwmb.ee of the graph .

EiX . Party problem .

There are 12 mathematicians celebrating their birthdays in the

same week . It , B , C , . . .

, L . There are some people that are invited

to both pantries since they are friends with multiple of them :



e. g . Yu is inverted to booth Daniel & Elin 's party.

A list of people with Lemmen friends :

A- B . A - G
,
A - L

B- C , B .-F .{ c- p ,
c. µ , whoa , www.n.ua , number of

D-E
,

D- J .

timeslots for people u have parties?
E- F .

E - I
.
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minimal # of colons to colon the

J - k

tallowy graph :

K - L
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• Assume we can only use 2 colors :

I
red and blue . ①

-
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o. ①
⇒ K must be red

.
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( but B is already blue ) A ③ )
z is not enough ! we need another colon ton c .

a possible

coloring '

solve the folloiy problem : 5 students want to attend each other 's
y
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we need 5 colors because the graph is fully connected This
-

graph is called kg .

One step more :
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Topic 3 .

Shannon Swiech Fy game
.

-

consider a
game played on a graph with two types of vertices.

It , B
.
Each edge can be eaten colored or removed . There are two

players . short
,
and Cut

,
who take turns to move .

. On cut 's turn , they delete a non- colored edge

• On shorts turn
, they colon a existing edge



Cut wins if It and B are no longer connected

short wins of a colored path is connected between A aid B .

e. g . who will win ?
-

i) e- whoever
goes firstA B

ii) .
-
A- B

shmo
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In this case , short always wins even if cut has the first turn !

• A spanning tree in a graph is a selection of edges where the edges

are all connected and there are no cycles .

• Short Alway wins if and only if there are sub -trees

s , -1 , contains both A and B but don't have
any Lemmen edges ,



• Strategy : when even cut deletes an edge , find an

edge in the ocher tree to colon smh that it fix the broken

tree .

•
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What happens otherwise ? Either Cut has the winning strategy on

the
"

first uneven
"

has the ninny strategy .

Exercise .

Choose
yam

character and design your own graph

sit . you have
the wining strategy .


