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|
| + 4
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(Gflv; E.) Where kv

£g:

Eg: Gt | gr(6) (=8 |

s

sel of veetars Vertices

E = set of -edges
Vi, Va2 are adjacent ( connected by one line segment) . Vi — V; ('i’d?c)

Vi, V3 are not adjacent

Vi—Va=V; s a path(walk) —> path of length 2 (bc. 2 edges)
Vi=Vg = Vg =Va =1y =Vs —Vy - Vv = path of length 7

“d(Vvi,v3) = distance from V, +o U; = lengtn of shortesk path belw. them.

L dly ,vs) =2

€g: dlv, ,vs) = 1
dlVslvg) = 7 Possibilities are: Vi— vV, —Vz —Vg —lrq = 4
Va TV —=Vi=Vem V= Vy 3 5
dalv,, Vq) =4,
vertices ,

_ diameter of graph = diam(G) = max. Of ail distances hetween every 2 diskin:

i-e. calculate distance betw. every #wo verfices (need not be adjacent). Then
“+ake maximum.

€g dCvz, Vvq)

=3
d(va,vq) =4

L3355 & S |
T

Seems diam(6r) = 4.

" Girth of groph ¢ Length of shortest Cycle. In this example , shortest cycle = 1 cycle

 girth = gr(a)= 19

L gr(L) =4

) S B
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D’\-Mc{" We say (a&,V,E) is connected If there is a_path betweer  every
2 padh, Vertices,

€q: Vi v
’ / y )
vy e
Ys Vs (W, V, E) Is connected, -
W.

" ewry edge is a path, bub hot every pathis an <dge

VAN

(r, V, E) is dnsconnecfed qre hot c¢onnected by pa:f'h)

( aF least 2 VerHces

(no cycles )

Def i A connectedd graph is Called a tree if it has girth = €°

Vi

D),

qu—S (Hukf- know aboul trees).
e

-+ Always Conn ected

« [E[=1VI- .
Very crucial Fad-f Behveen GVery 2 vertices, there is a Lmlgue pa’rh

Va,b € G, 3 pah.

‘ De{-‘ Al Connect-ed groph ts Called Comglelﬂc if every fwo Vertices are (onnected @

A

by an ' €dge.
E L] , |BERE : | , ,
7 | | | ! — K (a complete graph w/ 3 Vertices ).
BB N | . L |
T L o 'Ky’ means Q. complete graph W[ n Vertices, n &N,
) 00 L [0 . 5 ‘ |
ERNRAL -1 . I [ . |
S . |\ connected, but not Complete
LR e
NS 0 0 "t .= SN B
Def degree (3= | B of edges  that meef at Vi, WEV ‘
T T
i 1
0 N I M s O B S S N O I 0 3% 5 2 £ s 0 W A S 8 98
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Result + consider K. he degree of each vertex is n-1

Lef + 8i-partite  graph.
Consists of 2 sets of vertices, 'V & Vi
2 vertices  Within W (i=1or i=n ).

Eg.‘ Vi Vo vy
W Vi *T Vi.w,u F
Vy g

Va_ s di,V5T

and there s no -edge belween CVery

-

[()\_EF‘-‘ Bn‘m - bi partite graph, [V[= ntm, [Vi|=n rV:J =m
eg! ez,s 1 y

Vi \Y4 Ve

Vi=s5s

eg. B1o:q. (Vl"‘“'*

Resulb: A qraphis. a bi- partite if it contains no odd Cycles.

<9 v,
Vs \ Va
e $
4 This graphis Cg (Cyclc with 5 vertices)
» Not a bipartte.

‘l eg C4 is o bipartite

] ¥

| A
| v' l . f -
| IS a bi-partite. Draw C, as a bi partite.,
V3 v,
2
4
Vi Vai | ! ;
| Bz,z and Cq Qre Same Smph.
Ua =

| A,.‘;?acl-t- \Ch, Where N _is even, (s always..a . p bi partite,

not_a  bi partite bc J C4 vy =vs—vg )

1 1
i .
r; 1t
H
{ | 4
= ¥ p T I

1 ! ! " ‘
i ! J | '
i 1' ! -4 +-

| |
? B} et |
¥ |
i TSR

'

] L |
{
!
i i
i £ ! o e i - -  — e — 1 1 i
.!7 i -+ | |
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Def: Kn,m = complete bi-partite  graph ,

Vi Va Va
- .. W eea ® 1
: erte
\\H ‘ each vertex in Vi connected do| €very vertex m
AL doemfand] .\:\;‘.““‘-‘Vﬂ‘m Va2 by an edge \\j

By definition, Kn,mm will have no  odd cycles (bc: biparfife).
De‘af‘?e ofF J =m degree of .=n

[V=iv, T  degree (v) =3 VEV
.m FV; <9vs,vy, Vs § degree(\’)=2 v eV
Result: 2 deg(v) = 2lE].

vevr .
Sum of degrees of all vertices is twice The number of edges

€y K,,,

€91 Va Ve i )
’ 2degree(u)=3+3"3+-2 t3738+3
Ve V. ‘ = 20 \)‘))
El = {o.
Vs Vu Vs

Observe, Zdegree (v) will always be an even number.

D must have a Spanning tree, L.

Resul-+ Let D be connected graph. Then '
W,Spanning tree L s sub-groph of D = connected, no cycles, Vertices L=

Vertices D.

i-e. every ,graph must have a spanning tree (not unique)

connected
v v
,EQr. VE{I u Vi
y
|
‘ ~>
v > V2 Vi Ve
! D { | Ly
{ W 7
! f - Q)).)
| | | | ! J
? P || Lq,
[ 1] | | and so on, |
| } .1
|| Ll . and between every 2 vertices F! path.
zpuesﬁob-' Yse Dijkstma  algorithm +o find minimum qunm'n9 +ree
b ju, g V3 K Vs
L 3N NI - 3
| L laN s
- fvg T2 vy (%l Vs
D '-wezgh@d‘s_snwh-,f SRS SN S
AT T T T T ,
1 L L4 44 tr—t1T1TT p—t—o ! , .
Py qr o b ‘ ‘ i ‘
{ O T
{ | 5 T 90 . 0 Bl N 2 !
- I [~ HNEBER | 1]
{ ] A -4 ' —t : H
; NG R
i ’ g Tt 2 Qs daon s 4 eid
4 § * ' | ! 1 i B + 1 1 { | |
1 R LR D . Somtin. vt e 5 S W ENET SO SRS S SR
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SPNE
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-4

_‘ ¥ i !
S U Sy [ S SIS S SEITD JESUC. RS SHEOL (LT . S .
! " 1 1 i J
| i 1 i

Drawins the tree,

vt

V3

]

Va

HonewoRk 18

%

A\

Vi

. Assume sharting from vy.

Ve Vi
x o0
oo €0
&Yy oo
g% oo
EAREL

12"

12

done

Use Dijkstra’s algorithm o find the minimum

Spanning +Hea

116

_ A B c D E £ 4
Al o] e | = | 22| yr| o | o
D ',:ﬂj & | [2%]| 42| e | s°
E ¢ | gt GA [l o | 5P
o le? | e T 3% | Is7]
o @ e
e e X
Fl L ER
! il a ‘,

Assume Sl-c:rﬁng from A .

}
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| A | 8 c b | g | | & | H
A [o] g4 2A 54 o 0 - %0

c 8}\ \_‘:?;A' ‘r Le 3 € [=e} x | oo

D B 4l | 50 | 102 | ? | e
B € B8 | 102 | (F | o

a b 102 | 6B | oo

Gy SC" ;gf | 129
F 8% 7] 1nF
I+ | | f /I-WF |

L fe————1

2-M ay - 2018

Question: degrees of vertices Given
Con we construck a graph  USing the given degrees.

“

‘E£=43211‘1

. QuesHon: Is this :equcnca graphical ? .I'€:can you Construct a groph from this
Séquence

—F"r”.— dégrca 2 4.

s’ = 21,00, 1 Take one from next Y vertices
* 2,101, POl Descending
, Second degree v 2 '
5" = 0,0,0,0 !
Lo do ot : X x
b STt s can - M
F 3" can be Conshructed, then the Origmaf S‘cqucnce be graphically
cansfrur.bed. ! ] . 4 L !

: 53_ ”g., g-,:q,“.?, 1,1, 1, 1. Is this grmaphical?

Cdegloprez L ‘
| 87w 0,21.0n0/0, | Smph W/ dcgree, ~L s impessible + Therefore Semuence
{ g bt 4 + 3 's "lot- gf'q:\htcnl
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Q&W let D be connected graph. We say DJs Eulerian’ ('E“'C',C‘Cf“f;)d lf,,,/
We can make a path from a vertex V, S-t each edge Is visi 7

fo
tnce (Vvertices may be visited more thah once) and return back
V. \'0
v‘f Vf
Eel
v v, not Eulerian
3
an even Number

aizd. ' ‘ ' is
Result: A connected is Eulerian iff degree of each vertex
€9: Kg g is not Eulerian ( vertices in Vi has degree 3 .

cg K¢ Is not Eulerian (each Vertex has degree =1 5.

egt Kq /s Euleran (ecach Vertex has degree §).

Vi
%:
V3 ”
VT/ 1 deg (v, = 2 deg(v8)= 2 L))
74 deg(vz) = 4 deg(V3z)=2
ve vy o deg(Vs)= 2
deg(W)= 4
deg lvs)= 4

Graph /s Eulerian.

Def: Let D be a connccred graph. We say D is an Euler path. If we can mrmake a
path from Vertex V St each edge Is visited exacHy once (vertices may be visited
more than once) and end ab different Vertex Y.

. v
Y v

Eg. - [

v

X is Eulerian path.
v — -
Vs | eV Vi -V T VTV

‘AAco'nned“zd | graph [s an Buler path  iff Exactly 2 vertices are of odd m

degree.

RcSuH-l-'
nAAA

Eg:

|
|

. :‘)5 not an Euleran path, _
,\’.z de)) = 3 deg(v_,):g dag‘(vq) =3 deg(\fs-_)=1'
‘ (Hamiton cycle)

|
i
!
1
|
|
|

Mnikor;f Léf D be a connected graph.. We Say D s Hamilteni

once amnd  thep r‘.Ei‘umn V.

V,‘ I 3\;: Not  HamMonian. |

‘f Vg . | . Is Euleran. e
~' 1s net Euler path.
| F @
i y v VY, Proviem,
; f Vs t 'rraveh'ng Salesman /pcs+ office pet Hamittonian
Y - . Cannot be solved bc  graph is not Halenian
4 3“- i ] ,’
o e e s oot e S SO S -

I8

n if we can Mmake
L a pa#:‘from a \Vertex, V, st €ach Vertex In the graph is | Visited exactly
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ZLs hamiltonian. . S0 N : =1 .
\&' Vo=V = Vo~ V3— V’ ! : i ‘

. T ! { | 171
. ! vy ¢ — Vo -Ne+ Eulergn . .. . .. ot am
! zs. Ellen'ﬂn pm‘h { S - — g i

}

.6M ‘Suppos | | B [T ] ‘6_4-‘--_

fix)= 2 x’ +—7x"-2::. +c

e Mm‘”"”"‘" gf'aph fhcrals only one pafh ThCra mm pafh'= hamiltonian paih

. Find all ,I“a'h'oml r'oof-.r oF FIx) . _ £ SR S I £ ’~r—~—~ =1
= Polynom"al of degree 5. Max. 5 .roots ) il i I T — 1

|
./sa@ﬂ‘ml_',-w— »Af
cm:F are . 2,7,-2,6 €2. RN

T T T T T
’ AL m! Pﬂd a“ 'Fﬁdcr-s QF Coquhf- .»6 | I | ! [ _3 .77:‘_.—' ) = | ‘
5 211, &4 12,=h '3 -3l | | | [ ]} P 1!

CArd factors of leading coe fricient (2470 : R R

; ‘é 1'-2‘1_11~2- e R B S SR SRS S +— 3
Q | e e e e e ...-_.,...,,E-,_,,,,,_._....>.4m_ —

PDSS‘ue P‘aﬁor\ql ’Doﬁ ~ i- 3 _.1—,‘.1,., ,_i_ | o ﬁd-br- OF Ccﬂ‘f‘un" j VT""*** T T 1 |
=t 1 ;-.'1 4 £ I 2 - e NS SN S 'faCfDr of [ead'ns CO"‘IS‘,CI"I"- ]

6, "G, 3,"'3‘ (1] i | 11 | i
2/_1.; é.., -i | S 3 E ~ — ﬁ R
2

—t — — — -

—p—— v - ————— - - : ‘ i

|
| | ] |
._.-¢._.-...---. e f

2 | ‘ T { SRS SR S s e s e s oo »-j—;k‘l__‘.ﬁ.-.,,,,f,,,ﬁ___,_______

- check f(t),'.f(-u CFCL) | F () ‘f“ T T T T T I T T T T T

— o ] ] o T — 1 | T T—=F T 1T ‘ﬁg— —————

117 1 ;F nene OF 'l'hese f‘?““‘ 0 +h2n F(x) hqs no rohonal r;:oi: jjh__,——jkij;—v:_—:-w_—ri
”Wﬁwwwwhmmywwﬁlgi;j;fWW“ﬁt T

]S“PPOSG‘ o tiaae s ol T LT T T T T T ]

|Assume p. JS a pnme ramber . _Assume pis_factor of ol coeficients

. _except | leqd
T "C“’?’”‘:"h -I-F P = C"”S‘L"”f:-fﬁen-.f:b&)khqs Hpt-fno frahonal_,rooﬁ._o,uer_ﬁeg____ﬁ m9

- — '

j—r — - — —

j ﬁQ | Factors of 6,4_1 -1,2,-2, 9,13 e_r:?_ 'fﬁjﬁf’rmf"fi?-:'* BEEEEEEE
. | Factors op 1: A=t INnEESERNNE BN 1
‘Pmbﬁe f°°'3 .1;—,1,2 -2, 3,;-3,_&5 ‘ Ll LT T T T T

|
1 == +——i ! |
Pl | | 1

———1 ’2"-w"—*-~—"— - ———¢—~+——,Hﬁ~;ﬁfﬁ—«; L it (L Lo |
2[2,-“218“216,_,211J S I 1 | Pl ; ; R T U I S e

S | |
, o I 4 ‘T—*ﬂ‘% Tttt
R I - 1 ‘l~ 6 f.‘f{x) as pet no rq-hoan l—oof-s ! ki 2 aa e

O e | RN ]
R SuppaSe, fo) = 4x? + ?x [_T__j__l*_l 1™ | T T T T T T T+
! 1 1 . | |

N S I claim: f(x) has no._ n_)ofs OVcr ;ﬁ'ﬁcp || { . i

[ ! Pr“oOF' -f“at:e p=3 | |

1 i) imeneen e
Il .T,A,_“l,;,w,:f_qfqlz‘!q ,_,_7H,J:M |
O I L ,‘fﬂj-_l_a{_Jr__

N ) I has_no_rvofs over ¢

T

—
NN E—

—————— e —— 1 |
: ! ¢ K| ) | | his
1 [(ERowe ) 1
-

| S 50 S S

| | , {1 1 '
— D T SN SIS DU NN TS TS NS WS v W — E5R5 ! i h { ! | | | | i {
: O T e e e ! AL i
i | i 1 { | | ! i | | —t
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