GRAPH THEORY PART II

BEGINNER CIRCLE 4/24/2016

1. FINISHING UP FROM LAST WEEK

Adrian has an obsession with sorting things. He is having a party next week, and decides that he
will rank the 50 guests by popularity. He will say that one person is more popular if they have
more friends at the party. However, he finds that this is impossible, no matter who he invites and
how many friends they have. This is because there are always at least two people with the same
number of friends. To help him out, we will show that what he is trying to do is impossible by

proving the following statement:
There must be at least two people with the same number of friends.

(1) For a proof by contradiction, we first assume the opposite statement is true. What is the

opposite of the statement:
There are two people at the party with the same number of friends at the party?

Use full sentences for your answer.
Eoan RRISON nas o unigue (ASSexOnt) oo of
frends  ar dve pary.

(2) Can you turn this problem into one about graphs? What are the vertices? What about the
edges?
Boaon person 15 represerdedh WY ol yertex  gng a
Treraswp  between o PEOMC 1S e pre sere o) loy
The  eage heweon Ttwe  verhces
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(3) Let X be the number of friends (at the party) a person at the party has. What are the possible
values of X?

X=0 +o 41

(4) Why does this tell us that there is a person who has 49 friends? Why does this also show
that someone at the party has no friends? Explain in full sentences.

Since % can Fake an B0 valwes  gnd Here  ove. B
PEOPR, eath Wi o arfSoront™ nuvber  of  Brlenad

Cacv of Ane S9 peope  wawst LR gsSigned  to @

PEYEON oy e BaR, | Wn o Periouwosr ,  Soweon®  \s assigned

4o andt SaveOve  se % assigned O

(5) Why is it that the person with 49 friends is friends with everybody in the room?
There  arc GO peope N e roonn andl Sovwe tne

Sofdends  with 49 people (e ST person
beang  Anenatelnves) o Maotre  TRendS  govin

aNehone |

(6) Why is it impossible for someone to be friends with everybody in the room?
We  alsa @nowed =Woy  Sameone o e Qo hos
Q Lrends o e packyy SO e wapossive Soe
e parson Wit 44 Belenas Fu e fTeiena o VA
everdwee (0% Aoy axe WOt TClendr  WE e
persvn i o Telewa 8)
(7) Conclude that there are two people that have the same number of friends.
We VWoNe veoaoned a  ORTCoadlction ;) S0 W W ywapostilole
o NN T hoane o WAGWE  howboor of  PriendS.
TreveRare,  Aere  YAASY b e leasy Awes DROPR
WM Fhe Sawse  Nuwbbers of  Aelend s,
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2. WARM Up

Suppose you work at a post office. Your boss has asked you to map out a post carrier route for your
town which has mailboxes along the streets in the layout shown below. However, the following
requirements must be satisfied:

(1) You must start and end at the post office.
(2) The post carrier must check all the mail boxes.
(3) As gas prices are expensive, the route should not repeat any streets.

Can you find such path?  =Twis <™ 2 done as  weavre  are  vortices

WA oad aegree .

POST OFFICE
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Last quarter, we showed that a statement is logically equivalent to its contrapositive. In this prob-

lem, we will use a proof by contrapositive to show that if a graph has an Efficient Cycle, then every
one of its vertices has an even degree.

(1) Recall that the contrapositive of the statement
If A then B.
is the statement
If (not B), then (not A).
What is the contrapositive of the statement:

If a graph has an Efficient Cycle, then the degree of every vertex is even.
Use full sentences for your answer.

R et 1S of \least  ore  vyearkix ik add degret,
ron e gropn does oy one an et ens
cHe

(2) If a vertex has an odd degree, why can’t every one of its edges belong to a cycle? (Hint:
Think about the number of times you enter and exit a vertex.) Explain in full sentences.

A ode st antrers andl XY e verex ) S0

LN evvhedy / XY gy GoverS 0N eNSIAL N e
ot edges

(3) Why does this show that if there is a vertex with an odd degree, there are no Efficient
cycles? Write your solution down in full sentences.

I o Vertl N0 odd degpet;,  Avon  NOY evony
edce  oelongs TO o WOT, NN WMEANS g

S NoY e any gy onal o0 edges are

Lojeveah .
(4) Conclude that if a graph has an Efficient cycle, then all of its vertices have even degrees.

Ay we Ynove  shaod Hae CNTRC GPOS T we \naeve

VOO e adGinal svovemony,  whnion S SOV A\ Ny

~a e c,ﬂs\r\“k'fe:\po‘afﬁ%\;c .
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3. APPLICATIONS OF EFFICIENT PATHS
Problem 1. A piece of wire is 120 cm long. Can one use it to form the edges of a cube with edges
of 10 cm without cutting the wire?
e 0o “5‘:\0\\-\{:&\ ML oge Gne Avand R R o 9\(»&\@\:’\ s VA
Hee  Corners 0% vertiecg 4
— --*l‘f‘
Ao “there ove vervices Wi 0dd aegree;  avy efciery hos
~ N Mot Ouey v BINGE waee
doeSy  ex Sy ;) gy Wi o waaee oy ob Q

Problem 2. Let’s go back to the original hallway problems one last time. Convert the problem
into graphs (you may use your answers from last week) and either write down an efficient cycle or
show that an efficient cycle does not exist for the hallways shown below.

1.
A B
B D
| \ ABCD A
mke_? %
b@"v———fvmm».—m.w el .
A@——w-—«% . Nexyhees ®
A
° odd  degree s
=
an - eFR alonsy

i D AN doesa™
ex Sy |
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3‘ A Uexrn @S ¢ anah ©
O =Y \(‘Q\\JQ o Q\Wt
J \ N o e ane
P g

o\ Aesn
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R o
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o

SIAN

Problem 3. Given what we currently know, if we had a graph with vertices of all even degrees,
would we be able to conclude that an efficient cycle must exist?

No.

WE NN 0 gn efficieny g maust \ove o\l vervices of

even  degree 5, bud vy We canvorse

14 N

(For exampr ) WS red \pon S\ne \oe B Wy s e vue

TN AR ot CAS Ane GANST AT Ware Noa WS e
A, ,

S o “tvue Y
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4. PROBLEM SOLVING USING GRAPHS

Problem 4. Can you write the digits 1 —9 in a row so that the sum of adjacent values are divisible
by 5, 7 or 13? For example,4 —9 — 1 works, but 1 —6—2 does not. (Hint: Turn the problem in to a
graph! What should the vertices be? What about the edges?)

Problem 5. In the country of Numbers, there are cities numbered 1 through 9, and there are
highways between every two cities. Each highway is labeled with the two digits of the cities it
connects. For example, the freeway from City 3 to City 5 is called “The 35”.

(1) Ivy enjoys the number 3 and will only drive on a highway if the highway number is divisible
by 3. Is it possible for her to travel from City 1 to City 7? Explain why or why not in full
sentences. -

Tne, VI Twe 2%

(2) Adrian loves the number 9, and will only drive on a highway if the highway number is
divisible by 9. Is it possible for him to travel from City 1 to City 97 Explain why or why
not in full sentences.

He  conngy y 0% eyt ave Vo \/\\‘ghwasﬂz \eoding R ity A

UL R @l o \on Q.
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Problem 6. Dani is designing a new set of corridors for Math Science which are to be safe in the
case of an earthquake. Each corridor connects two rooms together. Every room must be connected
by a series of corridors and rooms, but the number of corridors that one has to travel through to

get to any other room isn’t so important. Here is an example of a corridor system that would work,
and one that would not:

(1) Due to budget cuts, Dani is ordered to build a corridor system for three rooms that uses the
smallest number of corridors. How would she do this?

©
/\
/ \
O O

(2) Dani is ordered to build a corridor system for five rooms that uses the smallest number of
corridors. Can you come up with two different floor plans that work?

, ¢ O
Q. @/ ‘

S~
SN
O

(3) Dani wants to design a corridor system for five rooms that is still usable if a single corridor
collapses. How many corridors does she need to build?

o

e

(ﬂ)“_’,ﬂ, e (D
1;
[\
N S
\Q ,—'// 7
N Q"/
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(4) Due to a market boom in the corridor building business, Dani is instructed to make every
room connected to every other room with a single corridor in a building with five rooms.
How many corridors will Dani have to construct?

(5) Can Dani build the corridor system described in the previous question without having two
corridors cross each other? Explain your reasoning in full sentences. nNjov o o

S‘«‘g\d Do Once v ok 4 verviees | pne il loe voxea iy

e

p
S ‘,/'/
,s/ ’
s
&
1/

Ravseves™ | W D ROWAOAT L vy )W o : \

Problem 7. Last week, we showed that the sum of the degrees of vertices ina graph was twice the
number of edges.

(1) Describe briefly why this is true.

Eoon edge LONVYECRS = 2 veroes N & odas 2

Yo e  Aotol degeee .

(2) Using the previous problem, conclude that every graph has an even number of vertices with
odd degree.

W Aneve. W an A A bers of yertices  eantA

oA degree ) Hhon T Sovn of Ane degvees

VST Ve bk — O\ = wADoRS\\ole

45 e Suana naust e VN |
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(3) On the first floor of the Math Science building, there is a giant lake with 7 islands in it.
Every island has 1, 3 or 5 bridges, and the bridges may connect to the shore or between
islands.

(a) Can you put bridges in the following picture so it satisfies the above conditions?

(b) Is there a way of placing the bridges so that they satisfy the above conditions, and no
bridge connects to the shore? Explain why or why not in full sentences.

NO v Eaodn  verd®x has odd degree > v an 0o

“owpor o slandd Neorfces) it oadd degres

Woold Ay wWene

(4) Using the above as inspiration, prove that the number of people who have ever lived on
earth and who have shaken hands an odd number of times in their lives, is even.

IV OUSERANNUVAVCS Tl A VAV \a¥s B oV W R N pen(ie  can \ve. rUpre BT o\

A% a grapn. W= TN oo of Tenatie wviva o
SNakes e phd Ao 0% Finaes W g AWNEY
13 eddy Ywoa Y s ob al Svokes IS ©0d
WIS CarreSpoviady TR ann gdla 0 gree SO -

TS S Aot o1e VR AAMSE  qias suuee e SSAsL
NOIR A MGty U5 =hice e V\\)\M\QU‘V« e kAN,

SO W on o ve  evon .
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Problem 8. Previously, we used triangles numbers to show that

nx(n+1)

142+3+...+n=
3 n >

This problem will show another proof of the above using graphs.

(1) Draw a graph with 5 vertices.

© O

[a) O
]

(2) Select a vertex and then draw edges from that vertex to every other vertex. How many
edges have you drawn?

(3) Select another vertex and then draw edges from that vertex to every other vertex. How
many new edges have you drawn?

P KX

// ) Ve \ 3

>,
A

(4) Select a third vertex and then draw edges from that vertex to every other vertex. How many
new edges have you drawn?

(5) Repeating this process, how many edges do you end up drawing? (Represent this as a sum
of the number of edges you drew on each step.)

Ax )\ =\0Q

11
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(6) Now suppose we have a graph with n + 1 vertices. How many edges do you draw for the
first vertex? The second? The third? ... The n— 1th?

N -\ n-2 \

ANNY

(7) Repeating this process, how many edges do you end up drawing? (Represent this as a sum
of the number of edges you drew on each step.)

L2 2% v (= W)aOn=2y y

(8) As-every vertex has the same degree, what is the sum of the degrees of the vertices?

Thert  Gre, Ny vornes ara ROV et oegret

oW e won e L

(9) How does this show the result that we want? Answer in full sentences.

Tne e LU0 \\S @SX'\“ ce ‘IV\/\{, V\\&W\\O@r\ BQ’ . QQ‘%&E 3
N i nt \U\
g T HOYON awennvers o A9 Ls \3 -

e Pent  odmd Sgean TReens (M Thox aae

VO™ of QV@\ES(S; RS V2L ) o
i Uny

-3

Sa LAY LD o =
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