GRAPH CONNECTIVITY



GRAPH CONNECTINITY

ob A woulk ‘lS a Se,c‘ue,nc.e_ 0'2 \Ief—hc_es
Vi Vie,Vira, o h Ve

S."'. Q\IQX“ \/\",\IJ.H ‘IS oWn 9.0(36
(L534[43




GRAPH CONNECTINITY

woul(( 1S a Se,c‘UQ,V\C.Q_. o-g ver—llc.es
\/L)\)H'( \)H-?.) T VK

e,uex% \/\'\,‘IJ-H IS owm ee(ﬁe,
({,434[&)

% l/~)2— cawv wa.“c 'e(owx a -‘-o L Lu‘t‘
V\o{' ‘efovvx O ‘\'o C.




GRAPH CONNECTIVITY

A wal(( s a Sequence o-e ver—lic.es
R A

o b
ot. every \/\'\,VJ-H 1S oW ee(ﬁe,
(1§ (Léjd[«}
: 3 t/*)Q— Comlo_a_,[k 'e(ow\ o -‘-o L,Lu“‘
c V\o{' -Qrow\ o *\o C.
2

A ‘poc\—\« s o walk w'AL A‘ls-[-.mc"' veitices




GRAPH CONNECTIVITY

A \/U"}@x X s Connec'('e,cl ‘\'o o~ \Ie_c'tex t] <'m G'>
'\12 *\'\ke_(e, 1S & ?acH\ ‘gﬂ’)W\ X '\'0 j



G-RPAPH CONNECTINITY

A \NJ‘}?’X X 1S Covw\e.c;(‘e,tl ‘\'o o~ \Ie_c'tex :] Cm G—>
'\12 '\'\hexe, s & fﬁ‘ﬂ‘ ‘Qrow\ X ‘l’o j
K___/

Cov \cL S 6\3 ' \,)ou\\c_h



G-RPAPH CONNECTINITY

A \NJ‘}?’X X 1S Convxec'(‘e,l ‘\'o o~ \Ie_c'tex :] Gv\ G'>
'\12 '\'\hexe, s & fﬁ‘ﬂ‘ ‘erow\ X ‘l‘o j
k—“‘/

Cou\cl/ 50\3 ”\,)ou\\f.h
\{L '\'\kere, ‘IS an )(-3 wu\\c n G' '\'\n@\rx '\'\ne,ce, \$ aw x-‘j Po\:\'\f\ " G

[‘Dfooe ?]



G-RPAPH CONNECTINITY

A \M,(‘\'?,X K 1S COV\V\Q.C:('QA “'o o~ \Ie,('ke.x t] (‘m G—>
'\1‘11 -Phexe, s & fﬁiﬂ‘ -e(‘owx X +o j
K"“/

Cou\l Sa\3 ”\,)o»\\ch
\{L '\'\\Qre, ‘IS an )(-3 wu\\c n G' '\'\n@\rx '\'\ne,ce, \$ aw x-«j Po\:\'\f\ " G

Lb P\o\f- ‘\'L\e, s\\oc‘\'QS* )(-U W’\-\\’- '\'\«N" 1s \no{' a ‘:N"L-



G-RPAPH CONNECTINITY

A \!Q,(‘\'QX K 1S COV\V\Q.C:('QA ‘\'o o~ \Ie,('te.x t] (‘m G—>
'\1‘11 '\'\«e(e, s & fﬁiﬂ‘ ‘g(‘ow\ X “'0 j
K"‘/

cou\l Sa\3 ”\,)OL\\L“
\{L '\'\\Qre, ‘IS an )(-3 wu\\c n G' '\'\/\Q,vx '\'\ne,ce, \$ aw x-«j Po\:\'\f» " G

L) P‘o\f- ‘H'\e, s\\oc‘\'Qs"( )(-t] wo»\\c -\\w\-t- s wot a FOAL.

\“( \M\)S+ L\mlo, o \‘Q,?Q.o\‘\'e,& \lerjtex, U



G-RPAPH CONNECTINITY

A \!Q,(‘\'QX K 1S COV\V\Q.C:('QA ‘\'o o~ \Ie,('te.x t] (‘m G—>
'\1‘11 '\'\«e(e, s & fﬁiﬂ‘ ‘g(‘ow\ X “'0 j
K"‘/

cou\l Sa\3 ”\,)OL\\L“
\{L '\'\\Qre, ‘IS an )(-3 wu\\c n G' '\'\/\Q,vx '\'\ne,ce, \$ aw x-«j Po\:\'\f» " G

L> P;o\f- 'H'\e, s\\oc‘\'es"( )(-U wo»\\c ‘\'\«oc" s \no"’ a ‘:oc‘-L.
\“( w\oS‘l' L\Mo, o \‘Q,?Q.oc\e,& \lerjtex, w} X....Uh---lk..-.(j



G-RPAPH CONNECTINITY

A \!Q,(‘\'QX K 1S COV\V\Q.C:('QA ‘\'o o~ \Ie,('te.x t] (‘m G—>
'\1‘11 '\'\«e(e, s & fﬁiﬂ‘ ‘g(‘ow\ X “'0 j
K"‘/

cou\l Sa\3 ”\,)OL\\L“
\{L '\'\\Qre, ‘IS an )(-3 wu\\c n G' '\'\/\Q,vx '\'\ne,ce, \$ aw x-«j Po\:\'\f» " G

L> P;o\f- 'H'\e, s\\oc‘\'es"( )(-U wo»\\c ‘\'\«oc" s \no"’ a ‘:oc‘-L.
\“( w\oS‘l' L\Mo, o \‘Q,?Q.oc\e,& \lerjtex, w} X....Uh---ol*..-.(j



G-RPAPH CONNECTINITY

A \lujrex X 1S covw\e.c;('e,l ‘\'o o~ \Ie_('tex :] Cm G—>
'\1‘11 '\'\«e(e, s & ?&:U: ‘g(‘ow\ X “'0 j
K—"/

—

cou\l Sa\3 ”\,)OL\\L“
\{L '\'\kere, ‘IS an )(-3 wu\\c n G' '\'\/\Q/V\ '\'\ne,ce, \$ aw x-«j Po\:\'\f» " G

L) P‘o\f- ‘H'\e, s\\oc‘\'Qs"( )(-t] wo»\\c -\\w\-t- s wot a FOAL.

\“( w\oS‘l' L\Mo, o \‘Q,?Q.oc\e,& \lerjtex, w} XUhL_;o_lj(j

(amoye



G-RPAPH CONNECTINITY

A \lujrex X 1S covw\e.c;('e,l ‘\'o o~ \Ie_('tex :] Cm G—>
'\1‘11 '\'\«e(e, s & ?&:U: ‘g(‘ow\ X “'0 j
K—"/

—

cou\l Sa\3 ”\,)OL\\L“
\{L '\'\kere, ‘IS an )(-3 wu\\c n G' '\'\/\Q/V\ '\'\ne,ce, \$ aw x-«j Po\:\'\f» " G

L) P‘o\f- ‘H'\e, s\\oc‘\'Qs"( )(-t] wo»\\c -\\w\-t- s wot a FOAL.

\“( w\oS‘l' L\Mo, o \‘Q,?Q.oc\e,& \lerjtex, w} X....Uh---ol*..-.(j
t—~—

(amoye

g ConNTRADICTION



GRAPH CONNECTIVITY

A 3(qPL\- s covw\e.c;(‘e,(l x./L\/36>

Qe

l’e Qde_f\j fo«:lf OQ \IQ,(“\‘;CQ_S' '(s Corw\ec.‘\‘o,cl



GRAPH CONNECTIVITY

A f)”\Pl"’ \s covw\ecjre,i x,//\/35>

@——

o—

l‘e Q.\Ie,f\j fa:lf DQ \IQ.(“\';CQ.S' '|$ cww\e,c.‘\‘o.cl

\2 VQ.C"‘QX X °|s Conho.c,'\'e,l "\'O \IQ-\"\'QK 3

'\'\'\Q,V\ '\’\r\e,tj ale in ‘\'\AQ. Sowe CoW\POV\va“‘,




GRAPH CONNECTIVITY

A ﬁco\plr\. \s conV\ec:{'eA "././_\45>
]‘e e.de_v\j fa:lf OQ \Ie.(“\ﬂce.c s c.orW\Qc.‘\'Q-Cl Z‘j

\2 VQ.r"‘Qx X °|s Conhec,'\'e,l "\'O \IQ-\"\'QK 3

'\'\'\Q,V\ '\'\'\Qlj ale in ‘\'\/\Q. Sowe CoW\PoV\Qw"‘,

\2 X g< 3 alfe .|y~ 'H'\Q, Sawme COW\FOV\Qv\'L

‘od‘l’ X 2< Z odafe V\o'\'
""\'\Q\r\ 5 2(2 afce V\o-".



G'\VQV\ G” Tewovye A& \IQC*Q.)(': G——\/
2 Coy has move componends Hhan G, Fhen

V 1S & cu-\- vu-\-e_x.




G'\\IQV\ G" Tewmoye o \IQ(*Q.)(': G——\/
|£ G—-—\/ \’\o\s W ove CO\MPOV\QJ\'LS ‘\'\/\ov\ G, "'\'\va

AV \/
&/ \o/"

CVJ & vertices




G'\VQV\ G” Tewmoye awn erl
|£ G \’\ 32 E G‘—Q-
- as Wmove CO\MPOV\QJ/\'LS ‘\'\/\ov\ G "'\'\Qw

e 1S o cu-\' Q.Q‘ﬁe,.




G'\\IQ.V\ G’, Cewmoye awn e,clge 3 G——e,
Hl C—-e, \’\as wovre C.O\MPoV\Qv\‘LS ‘\'\/\ov\ G, +\'\QV\

e 1S o C,U'l' Q.G\ﬂe,.

v

A
N/ \
AN

c.u'\' eéﬁes

o——-=0




Cla:lvv\: oL c,x)'\' 6430, CAv\H ‘oe o\ o~ c\acle.

COL ct)c\e_ IS o- POCHI\— w/ S‘('o\("\' =evul>



C laim :

oL c,w\’ 6432, C,ow\:“ t)e, o\ o~ cnoke.

(a. CUC\Q, s o PaCHN w/ S‘{'o\("\'=2w1>



Cloﬁlw\: o (',t)'\’ 6430, qu\:“ t)e— o\ o~ G\Joke.
(a. CUC\Q, s o PaCHN w/ S‘{'o\("\'=2w1>

%

— —>

@Q@

l

\~
\ A



.,,Cov\“‘cl'- ‘|'e o 15 o cu’l‘ e,c\je "'\nQV\ 3 0\,‘0 s:‘.

(8 TS V\O‘(' c.oV\V\Q.C.‘\'QA "o ‘o % G—Q.

el S

¢



...Cow\'lz }2 e s o cut ec\je then 3 0\,‘0 s:‘,
(8 s no*L C.oV\V\Q.U\'QA -‘o ‘o n G——Q.

Qo 0&“ Po\"\'LS 'e('OM o. '\‘o \o " G vse ¢

T E




...Cow\'lz }2 e s o cut ec\je then 3 0\,‘0 s:‘,
(8 s no*L C.oV\V\Q.U\'QA -‘o ‘o n G——Q.

Qo 0&“ Po\"\'LS ‘e('ow\ (> '\*o \o " G vsSe e.,

;.Q, _\"(O\\IQ(SQ Qn"X:j“‘lD LJ\\Q\"Q Q.f--)(—j.

T LE




...Cow\'lz }2 e s o cut ec\je then 3 0\,‘0 s,-‘,
(8 s no*" C.oV\V\Q.U\'QA -‘o ‘o n G—Q.

Qo 0&“ Po\"\'LS ‘e('ow\ (> 'Lo \o " G vsSe e.,

;.Q, _\"(O\\IQ(SQ Qn"X:j“‘lD LJ\\Q\"Q Q.f--)(—j.

;L

Bo" ]Q e 1S on a C\’c\e




...Co\m"'l: }2 e s o cut ec\je e 3 0\,‘0 s,-‘,
o [ nO'(' C.oV\V\Q.U"QA "‘o ‘o v G——Q,.

go 0&“ Po\"\'LS ‘Q(‘ow\ o. '\*o \o " C‘ vVsSe e.,

;.Q, _\'(O\\IQ(SQ &--'th“'l: L\)\\Q\’Q Q_=-X—ﬂ_.

B\)" ]Q e 15 on a \
L C\’C,&
; _\LQv\ Wwe Cawn wa.\\’- —Qcovv\ O 'ko x)




scodd s e i w ook edge Hhen T 4k sd,
& ts V\O‘(' co\nnec‘\'QA J(o ‘o n G——e.

go OL“ Po\‘\'LS ‘Q(‘OW\ o- ’\*o ‘o " G’ Vse e

e ‘ho\\m.(so. o"xij w\\ere Q,—-SZ\C]'.

‘o Bo" '|Q Q 1S on a c,\’c\e,

_HnQv\ Wwe Cawn \a)o\-\\L -Qcow\ [ ‘\'o ><,
— \,)a.\\g ¥c°M X 'ko lj, w'\'H\o\)‘\' usiv\j Q,,




scodd s e i w ook edge Hhen T 4k sd,
& ts V\O‘(' co\nnec‘\'QA J(o ‘o n G——e.

go OL“ Po\‘\'LS ‘Q(‘OW\ o- ’\*o ‘o " G’ Vse e

e ‘ho\\m.(so. o"xij w\\ere Q,—-SZ\C]'.

‘o Bo" '|Q Q 1S on a c,\’c\e,

_HnQv\ Wwe Cawn \a)o\-\\L -Qcow\ [ ‘\'o ><,
— \,)a.\\g ¥c°M X 'ko lj, w'\'H\o\)‘\' usiv\j Q,,

omA walk ‘efovn Y 1o L




scodd s e i w ook edge Hhen T 4k sd,
& ts V\O‘(' co\nnec‘\'u& J(o ‘o n G——e.

[go OL“ Po\‘\'l«s 'e(ow\ o- ’\*o ‘o " G’ Vse e

e ‘ho\\m.(so. o"xij w\\ere Q,—-SZ\C]'.

‘o Bo" '|Q Q 1S on a c,\’c\e,

_HnQv\ Wwe Cawn \a)o\-\\L -Qcow\ [ ‘\'o ><,
— \,)a.\\g ¥c°M X 'ko lj, w'\'H\o\)‘\' usiv\j Q,,

omA walk ‘efovn Y 1o L

COMNTRADICTION




Clo«-im: Qe.vv\w'mg o CO"' e,clse, Qz("»ﬂ)

ncreases "'\\Q. v\u\m\oer o-e COMpoV\Qx\"'S lmj 1



ClO\-IW\ QQW\O\I‘\V\g [ CU"' Q_Clse, Q,=(X,5>

Increases '\'\AQ_ v\u»«\oer 0'e' C.OW\POV\QJ\.'LS th i

T’:)FQS oQ Ve.r“ex POCM‘S (a.*:) n C" \/
-‘) no FOL—\'L ex'\s'{-s lpe:\'we.ev\ o & L < v
ii) Sowme Paﬂ\ exists ... % :



Cla-im: Qemov'\ng o CU"' e,clae, sz(";5>

increases '\'\ne. v\u\m\oer 0'2 C—OW\POV\QJ\."'S [9\3 1

TUFQ,S oQ \!e,c*ex Foc.cg (a'b> " G . \/
o) nwe Fa:\'L e.xis‘(‘s Ipe:"wc_@\ oL & L e 5v
! V\o‘k o;“ PO\,'\"I\S' LQ—‘\'NQ-QV\ o- & L, wuse e %

)
D) all Pox.'\'\/\S use e
(f oth Qx\s"-s>



ClO\-IW\ QQW\O\I‘\V\g [ CU"' Q_Clse, Q,=(X,5>

Increases '\'\AQ_ v\u»«\oer 0'e’ C.OW\POV\QJ\.'LS th i

T’:)FQ,S oQ \!e.c*ex Fodms (a}:) v C—: '\/
o) wo Fa‘\’L exis'{‘s Le_“'we_zw o &L a. 5v
b o Eoc\"/\S' Le:"wo_o_v\ o &L wse e %
D all Poc\'\'\s use e
[



Cla—im: Qemoxl'\ng o CU*’ Q—JSQ- Q—=("1§j>

incvreases '\’\v\Q, V\u\m\oef 0'2 C_O\AApoV\QA"S LD:] 1

T\OFQS oQ vecrtex pou €S Ca’b> w G \/
°) wo F“‘\—L exists betwean o &L < \/
‘) o EoC\"AS' LQ—'\’UQ—Q\I\ v & L, wse e ¢ 5
g—i) o\,“ Po\.'\'\t\s wse e
l'e ‘Fo\"'\:\. P vses <

L g fL;——J’\L’

X () Y




Cla-ivw: Qe.vnw'ma O~ c,o*' Q'ASQ' Q,=(X,5>

necreases ‘H\Q. V\U\M‘DQF O'Q C.O\MPOV\QA"'S vaj 1

T‘:)FQ,S oQ vectex FoC.cs (a,‘o) w (e \/
o) wo Fa:\’L ex'\s‘('s LQ_“'\JQ_QV\ o &L e 5v
b no Eo\:\"e\s Le:\'wo_o_v\ oo & L wse e 4

VZ) o\,“ Poc\'\ns use e

1‘@ ‘DO\“'\:\. P vses <

L > & PaJrL QR c\oeSw'1L (—C\_\j\b

X 0, Y




Cla-ivw: QQW\Wma O~ c,o*' Q'ASQ' e = (X,5>

lV\U‘QO\sQS ‘H\Q. V\U\M‘DQF O'Q C.O\MPOV\QA"'S LJ 1

Tt)FQS O‘Q \Ie.("\'o.x Foﬂ.cs (a’b) i G :
o) no Fa:\’L ex\s‘('s Le_“'we_ev\ o & L v
g‘) o '\'L LQ—‘\'NO—QV\ O & lo wse <

2) oJ( Po\.'\'\'\s use e

U@ ‘Do\“'\« P vses <
L > & PaJrL QR c\oeSw'1L f@j\b

"\'\\QV\ Q 1S o\ & c.\’c.\ Ve o 3




Clo»im: Qe_vnw'ma O~ c,o*' Q'ASQ' Q,=(X,5)

necreases ‘HAQ. V\U\M\OQF O'Q C_OW\POV\QJ\.{S l‘)j i

T\:)FQS oQ \Ie.("\‘e-x Foﬁufs (OL,B) n C’3 \/
o) o Fa:\’L e_x'\s‘('s Le:"we_zv\ o &L

b Vo Eo\,'\"c\S' betwean o &L use e
Vz) Al Po\:\'\'\s use e

CoNTRADICT|oN

1‘@ ‘DO\"'\:\. P vses <

L > 2: PaJrL Q c\oeva'{' @j\b

—\'\\e_v\ o .|s onN a c.\ic.‘e, X 0, 3

bo"’ c,u'\' ecljes on\"{' e.x'ner on C\{c,‘-es



ClO\-IW\ QQW\O\I‘\V\g [ CU"' Q_Clse, Q,=(X,5>

Increases '\'\AQ_ v\u»«\oer 0'e’ C.OW\POV\QJ\.'LS th i

T’:)FQ,S oQ \!e.c*ex Fodms (a}:) v C— . '\/
o) wo Fa‘\’L exis'{‘s Le_“'we_zw o & L a. 5v
b o Po\,'\"AS' LQ—"'NQ-Q.V\ o & L wse e %

D all Poc\'\'\s use e
Type O o 1wk ollicked by comovel ob



ClO\-IW\ QQW\O\I‘\V\g [ CU"' Q_Clse, Q,=(X,5>

Increases '\'\AQ_ v\u»«\oer 0'e' C.OW\POV\QJ\.'LS Lh:] i

T’:)FQ,S oQ \!e.c*ex Fodms (a}:) v C— . '\/
o) wo Fa‘\’L exis'{‘s Le_“'we_zw o & L a. 5v
b o Po\,'\"AS' LQ—"'NQ-Q.V\ o & L wse e % L

o~

D all Poc\'\'\s use e

T‘”?Q— O or i: "‘°J( Os‘Q'QQ,C."Q/A LU fQ.W\OUO\\ 02 e

T‘“:Q, Q- : .‘W\?\;QS (& COV\V\QC((S ’{o X \ou“ V\o‘(( '\‘05 - C"'Q-
& L C-ov\vxe,c:(cs ‘\~o 3 L)o"' no"€ -‘-o X %



ClO\-IW\ QQW\O\I‘\V\g [ C,l)'(' Q_Clse, Q,=(x,5)

Increases '\'\AQ_ v\u»«\oer 0'e' C.OW\POV\QJ\.'LS Lh:] i

T’:)FQ,S oQ \!e.c*ex Fodms (a}:) v C— . '\/
o) wo Foc\'L exis'{‘s Le_“'we_zw o & L a. 5v
b o Po\,'\"AS' LQ—"'NQ-Q.V\ o & L wse e % L

o~

D all Poc\'\'\s use e

Type O oc Lo ek alecked Ly comonel ob e

T‘?FL Q- : .‘W\?\;QS (& COV\V\QC‘(S ’{o X \ou“ V\o‘(( '\‘O:,] - C"'Q-
& L C-ov\vxe,c:(cs ‘\~o 3 L)o"' no"€ -‘-o X %

QTSY”’ Q— PQ{"L.\“';OU\S one C.ow\Pov\a.v* ;n{‘o ‘\‘\,)o.



Clo»iwﬂ szv\oxl'mg o~ c,u"' e,tlse, Q,=(X,3>

Increases '\'\AQ_ v\u»«\oer 0'e’ C.OW\POV\QJ\.'LS th i

¥ Q. Cown OV\‘ 'C()Q.c:(' ‘\'\\Q, C.OW\POV\Q.V\'\' l‘l's in,
Sa '?ows own CoV\th’\'eJ S(AFLS
> )



Clo»im: Qe.w\w\v\g ~ cot e_clse, e,=(x,5>

incvreases '\’\v\e_ V\UW\LQV O'Q CO\MPOV\Q«\"'S bj i

¥ e Cow OV\\ gee.& '\'\\e, C.ompono,v\'\‘ |J(s in,
So -?ows own C—owne,c:‘ecl Gf‘AFLS g
Pfoo'g l) cow‘\(o\ \c,‘kﬂow x 5

SUFPose, G e ‘/\as >,.3 cow?ov\cv(‘(.



Clo»im: Qe.w\w\v\g ~ cot e_clse, e,=(x,5>

incvreases '\’\v\e_ V\UW\LQV O'Q CO\MPOV\Q«\"'S bj i

¥ e Cow OV\\ gee.& '\'\\e, C.ompono,v\'\‘ |Jrs in,
So -?ows own C—owne,c:‘ecl Gf‘AFLS g
Pfoo-g L > )

cow‘\(o\ \c,'lﬂow

SUFPOSQ. G‘ e ‘Aas ,~3 COW?OV\?-V\"S'. BOK‘L,C- v Aigeexw\"' cow\‘:avxe.v\“s‘.



Clo»im: Qe.w\w\v\g ~ cot e_clse, e,=(x,5>

incvreases '\’\v\e_ V\UW\LQV O'Q CO\«APOV\Q«\"'S bj i

)E 2. Cown OV\\ ‘C()Q,c;{' ‘\'x\Q, C.OW\POV\O,V\'\‘ r{-g in, (s & L
So -?ows own C—owne,c:‘ecl Gf‘AFLS g
Pfoo'g L cow‘\(o\ \c,'kﬂow x 5

SUFPOSQ. G‘ e \Aas > 3 COW‘POV\U\-“g 30\ L c IV\ A ‘QQe:rQV\“’ CO\MPOV\U\.“S‘

.\vx G—' &\\ Poc\'\«s a—>b vse e } w\oj o —> % —ry =}



Clmim: Qe.w\w\v\g ~ cot e_clse, e,=(x,5>

incvreases '\’\v\e_ V\UW‘DQF O'Q CO\MPOV\Q«\"'S bj i

)E 2. Cown OV\\ ‘C()Q,c;{' ‘\'x\Q, C.OW\POV\O,V\'\‘ r{-g in, (s & L
So '?ocus own Covw\e,c:‘ecl GraFLs g
Pfoo-g L > )

cow‘\(o\ \c,'lﬂow

SUFPose. G o has >3 cow?ovw-v&?. Bo\,L,c o diderant cow‘;awuc‘f.

va G’,-—-&“ Poc\'\«s a—>b vse e } w\oj o —> % —ry =}

_all ?ocuAs a-yC vsSe e



Clmim: Qe.w\w\v\g ~ cot e_clse, e,=(x,5>

incvreases '\’\v\e_ V\UW‘DQF O'Q CO\MPOV\Q«\"'S bj i

)E 2. Cown OV\\ ‘C()Q,c;{' -\-\\ e Cow Pon O,V\'\‘ r{-g in, (s & L
S [/ ‘? ocvs own Covw\e,c:‘ecl GraFLs g
Pf oo£ L 8 3 C

cow‘\(o\ \c,'lﬂow

SUFPose. G o has >3 cow?ovw-v&?. Bo\,L,c o diderant cow‘;awuc‘f.

va G’,-—-&“ Poc\'\«s a—>b vse e } w\oj o —> % —ry =}

gos\\ ?ocuf\s a—5C VS e{".e Xy Tre




Cla_im; Qe_w\ov\v\g o~ c,u{’ e_clae, e = (x,5>

incvreases '\’\AQ. \'\()\MLQF 0'@ C.OW\poV\QA"S LJ\j 1

* e Cown OV\\ c‘ee,c:(‘ ‘\'\\O_ C.OW\POV\Q.V\'\' l‘l’s in, o L
So ‘?Ows own C—av\ne,c:‘ecl G(APLS g
P(oog' L x Y c

C.OV\“N‘O\ \c,{'low

SUFPose. G‘ e LRS /-3 COW?OV\U\"?. ch“o,c. T Ai-ege,ro,w(' caw‘wvxev\"s‘.

KV\ G"-—-o\“ ?0&'\""5 G—%L> usSe € } w\oj 0~——>)<—>j —>L,

}-(2 0_—->)<—>j — &

| poths a—5c vse e
— o\t pa G blc in same C.owPoneu‘\'



Cla_im; Qe_w\ov\v\g o~ c,u{’ e_clae, e = (x,5>

incvreases '\’\AQ. \'\()\MLQF 0'@ C.OW\poV\QA"S LJ\j 1

* e Cown OV\\ c‘ee,c:(‘ ‘\'\\O_ C.OW\POV\Q.V\'\' l‘l’s in, o L
So ‘?Ows own C—av\ne,c:‘ecl G(APLS g
P(oog' L x Y

C.OV\“N‘O\ \c,{'low C

SUFPose. G‘ e LRS /-3 COW?OV\U\"?. ch“o,c. T Ai-ege,ro,w(' caw‘wvxev\"s‘.

KV\ G"-—-o\“ ?0&'\""5 G—%L> usSe € } w\oj 0~——>)<—>j —>L,

2 O3 X —ry—>C
G blc in same C.owPoneu‘\'

R ooy sx
3'_"4 ?no’\' o- QU"' QASO.

L\o\“ ?OCU"S a—5yC USe €



Recap

\3 A c,u'\' e,ql,ac, C,q\r\,q t)?— o\ O~ CUCAG.

Q_) Qe_w\oxl‘mg (& C,U"' else, Q,=(X,5>

incvreases '\’\\Q. V\U\M\OQF 0‘2 C—OMPOV\QJ\"'S b\j 1



TREES : ConNECTED ACYCLIC GRAPHS

[~

o



TREES : ConNECTED ACYCLIC GRAPHS

L

ForesTs : Acvcuic GRAPHS  (collections of L coes)

~ <

o,




(

{



(l

{

(1

2



(3 S ovv\oc?\\s>



V=1 \/22 \/'-'-3 \/:4.

./' o e
(3 15 emocgh) [/'\V‘ M_.













"'(‘ee, = '\'\nexe, \& a Ow}qoe PoAL l)e;‘wem every pa,]r o-() vex“':ces



'\-(2.2. o _"\’\QXQ, ;S a oMqoe ‘P&-'“A LQ“’NQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

ﬁ o'eot' Omg \ler{-\ces a,b : 8 ‘Do«:"\'\ Qx'm“’s (‘H@eg ave Cownec’l'a.clﬁ

next ¢



tcee
‘Hnexe, \&
v
nqoe ‘P&AL\ L
et
Weaen every pa.' ‘()
e 0 vectices

é Q'QO(' av)
o Y vectices a b
FOSQ 4 | |
N FNH’\S. [+ § ‘Doc"\« e.x'us“’s (‘\‘
avxe Cownec;l'q_AB



'\-(2.2. o _"\’\QXQ, ;S a oMqoe ‘P&-'“A LQ“’NQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

ﬁ o'eot' Omg \ler{-\ces a,b : 8 ‘Do«:"\'\ Qx'm“’s (‘H@eg ave Cownec’l'a.clﬁ

o SU??ose > FOJ"/\S.
DT



} thee is @ ow
Cee S \I\QXQ, \S a quoe ")a"L l)e;"»Je.Qv\ Q\Iercj Pa:w 0‘() vox“';ces

ﬁ o'eot' Omg \ler{-\ces a,b : 8 ‘Do«:"\'\ Qx'm“’s (‘H@eg ave Cownec’l'a.clﬁ

® su?Fose > FoJ"r\s, I
a



'\-(2.2. o _"\’\QXQ, ;S a oMqoe ‘P&-'“A LQ“’NQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

—%> o'eot' Omg \ler{-\ces a,b : 8 ‘Do«:"\'\ Qx'm“’s (‘H@eg ave Cownec’l'rzAB

e Suppose > oths.
e AN S

v
: b

&



"-(QQ. o _"\’\QXQ, ;S a OM}qoe ‘PO\-'HA l)&“’»JQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

- o'eot' any vectices a, : & ‘boc\'\« exists  (drees ace cOvmeol'a-AB

* Suppose > FO\-’('L\S. < : 7 .@\/.

C\{C‘Q : Con"’f‘udnc'('\ov\ o‘P‘ a'

+fQQ. acy c,\ 1C



"-(QQ. o _"\’\QXQ, ;S a OM}qoe ‘PO\-'HA l)&“’»JQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

- o'eot' any vectices a, : & ‘boc\'\« exists  (drees ace cOvmeol'a-AB

. SU??ose >2 FOCH'\S. .< : 7 .< : ~.y

<= \A)\moc\- L Ffo?e,c-"'\e_g do we weed o peove ¢

C\{C‘Q : Con"’f‘oulnc'('\ov\ o‘P‘ a'

+fQ.Q. acy c,\




"-(QQ. o _"\’\QXQ, ;S a OM}qoe ‘PO\-'HA l)e;h.)e.ev\ Q\IQ(j pa,]c 0‘() VQT“';CQS

- o'eot' any vectices a, : & ‘boc\'\« exists  (drees ace cOvmeol'a-AS

* Suppose > FO\-’('L\S. < : 7 @\/.

< o ¥ Lo every d vectices o Pd'\" exists then Sf“PL s Comcdé

C\{C‘Q : Con""f‘mdnc'('\ov\ o‘P‘ a'

+fQQ. acy c,\ 1C




'\-(2.2. o _"\’\QXQ, ;S a oMqoe ‘P&-'“A LQ“’NQQV\ Q\IQ(U pa,]c 0‘() VQT“';CQS

- .ro any vectices oL, : & ‘:oc\'\« exists  (drees ace cOwneJ'u\S

roppese O pethe N f\\/'*/

< o ¥ Lo every d vectices o Pd'\" exists then Sf“PL s Comc&é

C\{C‘Q : Con""f‘utjnc'('\ov\ o‘P‘ a'

+fQQ.. acy 0\ 1C

° .\'p om\:) 9_ vujﬁces AL oOn @ c\1cle"\'\r\QV\ -‘\/\Q\? a¥e own ?/2 Pa‘H\S

bot We OSSUWME ov\'\qoe ‘m’r\\s

?

So vo oL vqrjﬁces AL on o c\1cle,.
LP mcba\'tc
&



‘FO{' Ow\3 comnec:\'e,c‘ ﬁ(‘axe\x,

+ree, & evenj ee‘ae 18 & c,u'\' uljo,



FO( Om3 COWch'\'e,o‘ 3(‘0\?\'\’

+(‘QQ, &= G—\Ief\j e,clae. 1S & co‘\' Lcljo,

= \jAj/U A}Qo(‘ aw\ “TQ,Q, = UV\;que, Fm“'l«. 'Qfow\ ¥ ‘\'o j




FO( Om3 COWch'\'e,o‘ 3(‘0\?\'\’

+(‘QQ, &= G—\Ief\j e,clae. 1S & co‘\' Lcljo,

= \jAj/U A}'eor am “TQ,Q, => Ui qoe, Fo:”«. 'Q(‘ow\ >'4 ‘\'o j
= x:j . ot else




FO( Om3 COWch'\'e,o‘ 3(‘0\?\'\’

+(‘QQ, & G—\Ief\j e,clae. 1S & co‘\' Lcljo,
= \jAj/U A}'eor am “TQ,Q, => Ui qoe, Fo»‘”«. 'Q(‘ow\ ¥ ‘\'o j
= x:j . cot else

< suppose S(o\F\m # tcee. thew ... 7




FO( Om3 COWch'\'e,o‘ 3(‘0\?\'\’

+(‘QQ, & G—\Ief\j e,clae. 1S & co‘\' Lcljo,
= \jAj/U A}'eor am “TQ,Q, => Ui qoe, Fo»‘”«. 'Q(‘ow\ ¥ ‘\'o j
= x:j . cot else

< suppose S(o\F\m =% 4cee
T»\QV\ .ll(' x\o\s o c.\,c,‘e,. 4)

<




FO( Om3 COWch'\'e,o‘ 3(‘0\?\'\’

+(‘QQ, & G—\Ief\j e,clae. 1S & co‘\' Lcljo,
= \jAj/U A}'eor am “TQ,Q, => Ui qoe, Fo»‘”«. 'Q(‘ow\ ¥ ‘\'o j
= x:j . cot else

< suppose S(o\F\m =% 4cee
T»\QV\ .ll(' x\o\s o c.\,c,‘e,. 4)

\/\)Q \howe Ff‘ovecl: A c,u'\’ e,elae, C,O\V\:“ L)Q- on o cnole.
g0 ¢




FO( &03 covmec,'\'e,c‘ 3(‘0\?\'\’

+(‘QQ, & e—\lef\j e,olae. 1S & oo‘\' ﬂ,cljo,
= \;/U A}’eof am “TQ,Q, => Ui qoe, FOA-L' 'Q(‘ow\ ¥ ‘\'o j
= x:j . cot else

< suppose S(o\F\m =% 4cee
T\I\QM .ll(' \\o\s o c.\,c.‘e,. 4)

\/\)Q ‘\owe Ffovecl: A c,u'\’ e,clae, C,O\V\:“ L)Q- on o cnole.

ﬂO'\' e.\lenj QASQ 1s & cu'\ eége.. (COI\)TRAD\CT\OQ)



,:EA\/E§ . vectices oxe ole,sree, i




LEAVES . vectices m@ o|e,3ree, :f.

Vs —

8 V%2, then T has > 2 Leaves



LEA\/ES . vectices m@ o|e,3ree, :f_

Vs —

8 V%2, then T has > 2 Leaves

Cov\s}olo,f ﬂmses* P""“"' in 1, \/1.., Ve
(k32)



LEA\/ES . vectices m@ o|e,3ree, :f_

Vs
e

8 V%2, then T has > 2 Leaves

Cov\s}olo,f ﬂmses* P""“"' in 1, \/1.., Ve
(k32)

0V #0ed then &
Vv \/

| py X



LEA\/ES . vectices m@ o|e,3ree, :f_

Vs —

8 V%2, then T has > 2 Leaves

Cov\s}olo,f ﬂmses* P""“"' in 1, \/1.., Ve
(k32)

X
lB \I,#QWQ, thew V/ N

| py X

X#\/L (vw'\' on Poc"l\)
w\n?



LEAVES . vectices m@ o|e,3ree, :f.

Vs —

8 V%2, then T has > 2 Leaves

Cov\s}olox ﬂmses* P""“"' in 1, \/1.., Ve
(k32)

X
\2 \I,#QWQ, thew V/ N

| py X

X#\/L (vw'\' on Po\:"l\)
(X:‘-\l; would create C-\fc\eb



LEAVES . vectices m@ o|e,3ree, :f.

Vs —

8 V%2, then T has > 2 Leaves

Cov\s}olox ﬂmses* P""“"' in 1, \/1.., Ve
(k32)

X
\B \l,#’»Qeo:e’ thew V/ N

| py X

X#\/i (vw'\' on Po\:"l\)
(X:V; wouu c.fe.oc‘e c-\1c\e,>

—WQX\ X\/‘ "‘\/\4 : ,Qovnse;r PchL



LEAVES . vectices o-e o|e,3ree, :f.

Vs —

8 V%2, then T has > 2 Leaves

Cov\s}clox &\SQS'( P""“"’ in 1, Vi oo Vi
(k32)

X
\2 \l,#’»Qeo:e’ thew V/ N

| py X

X#\/i (vw'\' on Po\:"l\)
(X:V; wouu c.fe.oc‘e c-\1c\e,>

H\QX\ X\/‘ "'\/\4 : Qovnae,r Pc\:l'L.: CONTRADICTION

go \l‘ zc \’k- g Qeawes



\Q‘ V oS o Reae n "'Tee_ T) then T-v is a ‘{'(‘ee



‘Q‘ Vv 1S o Qeae " ‘\'fee, T, then T-v is a +<‘ee

-TQW\ovinS Vv o\oQSV\'l' crente °-‘1°-\<’-$-



‘Q‘ Vv 1S o RM " ‘\'fee, T, then T-v is a +<‘ee

-TQW\ovinS Vv o\oQSV\'l' crente °-‘1°-\<’-$-

-fevv\o\[ins ¥ AOQSV\"[' A.\SCOV\V\QC;\-. \Y4

(\”-76 CO'[' VU“l'O-X ') T—-v s COV\V\Q.C"'Q.J)



‘Q‘ Vv 1S o Qeae " ‘\'fee, T, then T-v is a +<‘ee

-TQW\ovinS Vv o\oQSV\'l' crente '~‘-‘1°-\<’-$-

-fevv\o\[ins ¥ AoQSv\'l' A.\SCOV\V\QL{-. \Y4

(\”-76 CO'[' VU“l'O-X ') T—-v s COV\V\Q.C"'Q.J)

L—p'\g ¢ wece o cut vec“e.x‘ thea 30\"0 (au.fv)\pqﬁv) %3

oms Pac“\. a-—)L vv\os{ vse V.



\Q‘ Vv 1S o Reae " ‘\'\“ee, T, then T-v is a +<‘ee

-TQW\ovinS Vv o\oQSV\'l' crente '~‘-‘1°-\<’-$-

-fevv\o\[ins ¥ AoQSv\'l' A.\SCOV\V\QL{-. \Y4

(\”-76 CO'[' VU“l'O-X ') T—-v s COV\V\Q.C"'Q.J)

L—p'\g ¢ wece o cut vec“e.x‘ thea 30\"0 (au.fv)\pqﬁv) %3

oms Pac“\. a-—)L vv\os{ vse V.
‘W\ QO\C‘(I

\“\'\/\Q. OV\\:S \;o\:“r\"
(Tf \)V\\O\ue ?AL;)



\Q‘ Vv 1S o Reae " ‘\'\“ee, T, then T-v is a +<‘ee

-TQW\ovinS Vv o\oQSV\'l' crente '~‘-‘1°-\<’-$-

-fevv\o\[ins ¥ AoQSv\'l' A.\SCOV\V\QL{-. \Y4

(\”-76 CO'[' VU“l'O-X ') T—-v s cowv\e.c"'e.a[)

L—p'\g ¢ wece o cut vec“e.x‘ thea 30\"0 (au.fv)\pqﬁv) %3

oms Pac“\. a-—)L vv\os{ vse V.

/\j
o dadk " Bot v is o dead end:
\“\'\/\Q. OV\\:S ‘;o\:“r\

(Tf uvx‘,o\u(,_ ?W\'Lg> COM'\ l)e. Pu(‘“ OQ S\)CL [ & _&-\-_L



\2 V 1S o Reae " "Teo, T) then T-v is a “'(‘ee

T\IL';S o-“ows Vs ‘\'o VsSe .\V\Q‘UC,"'.IOVL



12 v s o Qoo in free T, hew T-v is a Tree

TWis ollows s lo vse ndvetion
ex: 'l-e |\/(T)l =n > 2L Hen lE(—r)‘ = n-41



12 v s o Qoo in free T, hew T-v is a Tree

TWis ollows s lo vse ndvetion
ex: 'l-e |\/(T)l =n > 2L Hen \E(—r)‘ = n-41

?2= Base case: =2 o+—o +ewial



12 v s o Qoo in free T, hew T-v is a Tree

TWis sllows vs Yo Use induetion
ex: 'l-e |\/(T)l =n > 2L Hen \E(—r)‘ = n-41
?2= Base case: n=2 o—o +eviol

\‘\v“m'“\esis: -Qo( 24kdwn statement Lous_



12 v s o Qoo in free T, hew T-v is a Tree

TWis sllows vs Yo Use induetion
ex: 'l-e |\/(T)l =n > 2L Hen \E(—r)‘ = n-41
?2= Base case: n=2 o—o +eviol

\‘\sﬂm'“\esm: -Qo( 24kdwn s“ac('eme.w* Lo\Js
guPFose T L\as 14" vex'l‘\ces F\V\c‘ [ & Qex() v Z( cle,‘e:,-e.



12 v s o Qoo in free T, hew T-v is a Tree

This ollows vs 4o vse induetion
ex: AN =n %2 Ahea [E(T)] = n-4
ob: Base caser w=2  e—s eivial
Hypothesic - foc 2 ken , statement bolls.

gUPFosQ T L\as 14" vu'-l-;ces, F\nJ O~ Qeo:() v Z( Je,‘e,-,-c.,
s V \\ae‘ c\ﬂ-s(ee. 1, So we Az\e,“e, i e.clﬁe,.



12 v s o Qoo in free T, hew T-v is a Tree

This ollows vs 4o vse induetion
ex: AN =n %2 Ahea [E(T)] = n-4
ob: Base caser w=2  e—s eivial
Hypothesic - foc 2 ken , statement bolls.

gUPFosQ T L\as 14" vu'-l-;ces, F\nJ O~ Qeo:() v Z( Je,‘e,-,-c.,
s V \\ae‘ c\ﬂ-s(ee. 1, So we Az\e,“e, i e.clﬁe,.

° T-V s o "\'feo.’ w/ n-1 Ve.r-\—\'ces - n-2 eJSes.



12 v s o Qoo in free T, hew T-v is a Tree

This ollows vs 4o vse induetion
ex: AN =n %2 Ahea [E(T] = n-4
ob: Base caser w=2  e—s eivial
Hypothesic - foc 2 ken , statement bolls.

gUPFosQ T L\as 14" vu'-l-;ces, F\nJ O~ Qeo:() v Z( Je,‘e,-,-c.,
s V \\ae‘ c\ﬂ-s(ee. 1, So we Az\e,“e, i e.clﬁe.

° T-V s o "\'feo.’ w/ n-1 Ve.r-\—\'ces - n-2 eJSes.

° PQP\ACQ v o “'o“ﬁ.‘ eéacs =n-241 = -4



P( 0\!2, Y l\/('\'l n >2 Hhen lE(_r)‘ = n-41

A\So “fue— . -gor COVW\QC’l'e.J G- w'u'\\« n»i ve.r-\ic.e.s,
2 lE(G-)‘ = -4 then G e a teee

S ee P 354"

AlSo cle'e;\nes SPawwl;nj Jrre.e,s —> COV\AP |60



DISTANCE [N GRAPHS

\ J(ab): S
/

&(Q(E) = RQ\Aﬁ“'\‘\ 0‘? Sl\or‘}es{ Pa\'H\_ LQ“MQQV\ o %( L

Mmoce in COMP-[60



