Ch7nese 'Rcmognden The,of‘rﬂ

* Uy Goo(alb) = 1) S T 2 % wed (89) much Hhac -

xr=t (r*nod 0.) and %2=8 Lmod b)

Taea - Do Skippy clock watth 15 clock!s hond o cobitrasy k.
Now * C\Abog ‘o skeps oY Wil lbe bock and Qﬁd 7 ke ol (ad g
Repeating ; Vol doten oy b= [Eoly
it Go =1 % all posttfors Coverud.
Geo= g muiEplen %& orly coversd &, b

* By '\?;%out's T L= bvrrous Whew Gu+by=24

- Now, becauve L = (r,5) urﬂc\)mﬁ,\’; € = LremLm-Jct)) remLz.;\ﬂ)
Co-ordinate. rep. con e Leed o do ArtthmetSe !
1) (r)s) + (00,8Y) = (‘“ w8450 — addittve Shversen

2 (7.8) xm (7,8) = (F%a™, Sx58') — ok, Snversen

* CRT e Qrkboltﬂ}r*/_
m=0,"03".. Gn Onad GCD LCM_‘O.;\)el aOF ?-4:&
Prove Ve [eak Tnduction drom n=1.

For ony S\vura,...\ﬂn% whew ;€ |o,a02)

¥ I goch Ehak %= (med O2)
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Lecture-3G

Friday, September 4, 2020 12:50 PM

[vaezs 5 qcd (ay)=1)

P’
- Zn 3 cek of elements o} Zm Ltbn mulEpiteltve tnverse .

© Llements o}‘ Ze = Ues”, O con never be o un?‘cL

~ Nomber C% urvks 6” P“k = P\‘\_ Qk_\ p = Pr?m& J\»\4:3,

> [p-1) when W=1
S Now -, é\“ . p;*gP:aw P:n
Dy &eended CAT m= (v, M, ")
= wn (M) = tun () * om(E:) - -

(e )m-a)

= m [" ﬁ]h_\ﬂ] {_ J/
* Folexn's Toblent Fondtfon = ¢lm) J
-2y defo. | 20l= .

q gpelet 3 plon) = e ped

o\ t‘l’\l&
oV yocsl

|
- We con ol prove WY aeZn Z% FbeEZ st ab=0

0= OJacd ()
x Adgnmels Propertien
D) Y G EZn , Ot
) Yeezh ap €Zm — Closore
D NoeZt o Za=Zn — Pow by meg:,,a o, o ard Shos

* Exgmenb?at?on,— QE Zm, de z" o 2a % .- QU @ tfm_o.b)
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s not S modolan (\D\—m |

D

— d
= Tor 7% we 8 erend ko A=Z with Q%13 @ %=(a

* _E_‘-’,‘—Ef*l—s Tomient Vhsoem ™ ‘#Lm\ S oo Srallest 4 st =1

Nae ‘27': 5 ijzj— med m) — m =Pr?me > Fermat!s \fHe theorm
a4 (red P

pro:»(}\’ ﬁ"’%lwlﬁ,---xﬂ% where n—-<f>cm)
W= %y--  0Ongd W= (D (). . woher CLGZ::

‘Houo&\len; W= LL_{'J CClosmuL Pv—op.> =>lof\\=j_l

\mpor’tﬁﬂt duc’t'.'— Id- P % Prﬁ’me : }a soch Hot Yot 2: O_=6k (k % come %ts

Swoted W preof
- % wo coled " Generates of Zp* e “Q primyfve. Jwok 6(\ Z:“
— We con p>xfte Zo' oo 1,9, CE\*J.--C(]F_Q = %P-\= 1 b7 ETT.
Howeven, vorice thokt the exponents (ﬁorm O Zp-| L
= We con lobel Zp an Zp- oed Qo coleu\afons Hhesa ?& '%; S Mrowon,
IR S P ) P
- Ga\tﬁ’ra Z; ¢ Zen 5o Hnown S eagy 3 \ook deverse s not.

— Discrete \caL_‘.: %?wn‘a‘ ke Zo od HeZ);j he voku of 0& Zp St |37 =K
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Lecture-3H

Monday, September 7, 2020 4:50 AM

- For 0&Zn} con Seethat ofza® 3 c=d (rod ptm) qed (e fe)- 1

1) Deltne £ root 1= gRien z° jrde = T 3dst ed =L (mot ) then (a2)°: x
—alk ma.y/ma_\' not Exist 9 may /may not \oeun?cu.u.a_.

—* Eporentidfon, Srvesse Vo EEAx— (Mot T Sep. Secn majbe))

- T m s o produd o deinct primes 3 ¥a € Zm (ot aeZnl feskrtettor)
1) Mg car dor PioPase, Pus Constden Cones
‘.1) ‘\’.& ache.‘ PL"’])":L 5 Oje ex8sts LLrﬁC\p.n\xl. (above, 0EZm. Hf’_re‘Q&Zﬂ
k\"‘\’\Ethoc\, o Sahve s gu.bb 1Pke albove

* Squosab-

- Nolee. that Jor all M3y Geo(PEL)=d = Nok wel defrest]
- Elements §n Zm o& the dorm 2* ore colled Quod\"aﬁc. Qts‘{c\\.ul.b.

V> Corgidering. Zo 3 ol a"’“ e Quodratie Restduos. ez|a§:)

p-1)
1) ZeQRT, > ZL }1=j_

¢ a0 7/ 0-0 o k-0 {f «— 10 Zb 102 ban Goolef™) valian

be\ds ¢b o,be Zp s p-prime

E'S
VT B % odd) then Mo eQRp + o EQR,
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Lecture-4A

Wednesday, September 9, 2020 5:47 AM

- Llek B ond B o geks. Ack - Ael

or Brompe, look ok A=$, =2 ¢ $4Z b |
— DPredcokes Can be vwed s de&‘.’ne Sk ond v?ca—ve"sn!‘

Prediaii toSec - A= {2|PO=T{  Serto Prediake ! "Membesehip Pediate " 5 In(s)
— From gbove’, we con Olso de‘\?ne_ Cet operations n terms D& prop. caladus.

D 5> 88w - ~hEw) st = {xe s}

Al Q&Q-oposcﬂ:‘\,nm\ Calotuy
D SuTH PSD Vv +WTE ) 90T D> G A ST

| hatds )
(0]
HGTH FaS@D A ~hTE) = %G H ST

5) S8TH Sl ® »TE

- SCT con be wriken O» Vot LeS—> €T
=

5 8=T & V=« 1&54—>1&T_’—/_/J
=

¥ Thnduston- Exduslon'-

S
T

—_

L |R+5+T|= |R\+\s|+|'r|~[|R“S|+\R“T|"’|5“Tﬂ* |R“5’\T\

* Conkesion Bﬂt —

c ese fuolemmsest o [pusey oo fup o5}
G Rx5xT # (ReS<T bt Eccentioly the Same.

Y (peB)rC= (Axc) v (82 (An@)*C = (AxC) n (809 — Dftbuve |

Y Axg = (A<B) o(R*®) u(nxﬁ) — Complement
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Lecture-4B

Saturday, September 12, 2020 12:23 PM

Re\u&-ﬁ'ons |

o ®

~ A prediake dor S*S S Fhes ) | (a,y) € SXS

&

b Subeet A} 5% Jor Lhich predfal % brus
— Represernted on 2 R *d
- B get operokfons oppty ko RelakTors on welt.

» Coyasel~ AT= {(D|0:D ER]

*

Compositlon - RO Q- ﬂ,@"\')‘_:\"’-‘ (L) ER ond (w.Y) &R‘}

~ For Bod mabrfees sy (RoRDy =\, (R~ R‘wb)

- D.e.&\ex'we, - dxesSsy (DR \'D?oaorn&. s} bosl makriy=Trua

Trrefedvet ¥2eS3 (D4R — No edge o so)

&#9

= Symmebrie - ¥ () €645 5 () eR A (1D ER l R=R" jor bod

Agymmebric = T @DER then (5, §R. — Mo doude edgee Sa,9 heed not be diskinct]

At} Symmetric r T.d»@L;D eR ond (1ER Hhen 2=y 5 Jhob we usually mean.
— Trangitive - 2} aRbond BRe, ten 0Re. Trtronstbfve = Not transibfve

¢ RRER I amoy whols RACR

- Egyfvalence = Refletue, Sym., tronsiiia
+ GRen R we defire -

) Rellex?u& Closuse. — Smallest R'2R sk R' s Ndleﬁve

~ - ~ - — - -l - n -
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) Rq}lex?va Closuse — Smallest R'2R st R' i rejiedve
(3 Syrmetrle Closwe — Smaltese R 2R st R' & Symmetric |~ Ay u.n?w |
©

® Tronsitive Closuss — " trans’ tRe .

s Eggvolence Clansi= Eq¢@= {4 2R} how R i Syivaert:

- T} DNEND+$, then Eald=Eeld) F
()

— Psey Byl v &a@ ..=8§ A
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Lecture-4C

Wednesday, September 16, 2020 1:11 PM

« A brooste - At Symmekrie Relatfon s Aoyclic
tarsitiee — Symmetrie Relakfon & Cyelte
x PoniB6l Ordow Sebs '-
- e krow krat bmsewva—p&&mw_%mm& > Equhvalerme =
— Sillosly 5 Tronsikive - Rc&le:&‘.- At Symmetric;= Podflal ordove 2 £
Lt& Rrreflextve, Sbrict potl Ordene 4,7

— | Transs kove + ocyelic ¢ ngon7 orcluned. |—L**>

\

ocyclle teplocas S«;mmakr?r_\b Q’n cave L% E‘urdl:‘ivg)

s Q\E&g—,&vn) Po & ’m‘e&\e\(‘?ueJ GPo .
—Piec 3o cnepresented ke (S:R) 3 R 3o the relafon be?na applted ovex S
* Madral § M
— 2 S mosmal (s, R) 7€ 3- 1% wuch Hot %R
* " &‘r % > = Wil ke R as £

% % rRownal éor LS.\R) ?“- #‘ae S- {"} Such Emk d Ra &c'" em’iln::

— Need rot be l.\n\’t\,_u., or even &x%skent.

Howewes 3 & S s é‘fn"-\::J +hen they ded Bt |\ — Wel uxe d‘.’red;\\/ % thductfon.
Prove by st Ehductfon.

— Greakest Element - 265 st WES gex — Need rot &t
Smallent " - reS§ St Vaes ey

< Reflertve Reduckion of & I~ Relatfen dblafined on rermoving Setf-loops =T<
QGM’L Closurea j\’< > < SPo

* Iransrtive Qedu.ducm o $'

- E % 4o, reductfon > [Q.Eb - #meS—{a,b} sk a¢m \<t:\_> No Elerent s 6\0 NOt (L_tFUOS'b\/¢
- tronsi Eve |
— TronsiBve Closura oé, C -« \'“edud:.onl

— Exisks dor Fitke posets ;- Meed ok bed«:" 0 . <V
)

Q-gq& By Trducktfon ?—‘_"7 dofra by Sel&.

* Harce Diagi™ Draw —ronsitive reduction of (S,R) for Stmplicty.
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* Haree Diagi™ Drow +rorsithe reduckion % &R for Stmplicky.

* Bonﬁa Elemerts i~

—f- TESS 23 upper Pound 4T > NYeT, ge*t = Defte greskest LB and Lenst U
& " « % \ower bound %T-& HyeT, 24y \

‘% toedses., W ls unique
* _Igth/L'irm:-. Ordue - A poirs ase companalde .
4 Ordes. Exteension - e 6.5) 5 BR 25 extencn y, o-¢b—= aoRb

- We @n exterd Poser b totaly @rdnad &tﬁr—l—cpa\aa‘.’cnl San’ma

— Order Extendon Dr?ncfp\e s usally token o an ﬁ“r:’om‘lj
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Lecture-4D

Saturday, September 19, 2020 8:53 PM
G‘n?n :‘
- &hen posex (59); OCS &% acdceih ?&— O?.s\:o\:uﬂ\’ ordored .

te., ol dleinds, Elements @u reloked to each othes.

- A COrcfh means ™ oo Asklat, Elements asa campasalde.-
Mmﬂ?ra, Se\a——\uops can e present.

- ?naulo.h, Elemerts an boch cha®ns and @ﬁ-dﬂa?m&il) ¢ % on Ant-Choin |
r< - - = B

* From sy n(Chah N Aichain) <l

* Helght ol an Element - aes
- Hc‘-’a\-tL&}= Max leﬂath °h chofn With ‘a’ ox rMmasdmum.

This Wt be atleaxt 13- 0] = Wen dejfred for ftfe ©, 5% b

Aoy check t&. the Sek yowre cons?dm?na (kor \'-)efah\: %% O.Chogn\o
- De%?ne he?a\-t OJ. posek an - Shae ob, lonaes\: chotn T poset

= Max Lhe\a\'ts)
x % Litenally the hc?ﬂhl: Q) element Tn Hosse. dfo.éra.rn L**
- Lee AL= {0.' He?a\-tbé—_ } r ek % elements WENh some l")d'aht.
= An s on ankt- Cha?ng - Seple enough, prove by conkr.

- Ao, d—mrn Hasce's d‘\’o.amm y- We can see that ol Ak pontiton S Exockly.

M?rsl-\7‘s theorm - Ay e the leost numoern o&. Pcu-tbut?mr'\s Sto ARt-Chofns

N

Leke, trin. Numben = HelgHt of poset. All pankttfors reed ot be Prh,thouah
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We con See Hut each element lorﬂcst chafn muxt be $n dfd—qlcn_ent geks.

¥ Dilworth's thearm = Leant number o& chafns Puﬁl:?on"?nd S = \_Cnd\:h oé, l:cuajo:st anti-
cha’n

M?rsk7’5 thewrm'~ Leost Pumbey c:d, o-c Pomt?t? cn?nJS = Lena\:\\ 0& b?mcs’c chatn.
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Functions v (1A ®

- Maps elements & Domah Lo elements % Co- domcsn.

- > {yeR)| T=en, =y > Bemens d Co-domaln wich
g § 7 Seners § e o

=" both  domasn - Codordin asa oly ordernd p\oi\:ﬁ'na sk Te Poss?b(&

- Composition oqL &md—fn’ons > 3° GO <> TP & domlP

¥ Typeo °<\‘. Functions \-

1) Onto — -Su-ﬂjec‘:?on» Check Co-domaS
2 Ore-Ore ~ Checkh Adome®n - Bjec:b?ve
3) Biloe,d:?on - Beth ore-one ond Onto

»  LnvesdSole -

e

-3 Sed:?\;e > Invent‘i’b\;

~

d’lh =B

-+ % wooid ko be TnvertPble ?&& a?ﬁ qof@== Vzen
— Notfce thet §' need rokbe SventTble/unfy e

v \Oecomep Uiy 'Q— d. s b?je,cl:?an.
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Grqp_h_s
- Have many phygleol nterpretotions guch o sociol mebworks ond  the such.
- We L7P7cn\l7 o ort aro.?\'\s with &f_m comectfons  buk aood cohh&d:‘l’v?l:y.

NP-hard — A closs el problems cafthoul an effiefent Ago.

Oeyinftion Stle Giaphs

- A Spe am?\—\ G=(v,€E) whew V- Non empty m\d_*‘in"-{:a cek o} nodas

E ¢ {{a,bl\ abeVio b

- In tesums % relotfons;, O Simpe Jroph would be svmmebr?c and Zrrejlexive .

Dejiition Complete groph Rn — n moden, a posible edges prexent.

E = {{a:bz \ o,bev, CL—-’:b}

Cyle Ch — V= {V-a---a\""g_, E = { &\’:Nﬁ\ j=Uttl or (.‘i:n“‘j:l)}

@ N = numbes o& roden
\5C5

Bﬁpaxﬁ’be_ am.Ph - Gt V &% Poat\:?l:?ored ke vV, ond Vg 5 NO ed3¢ Ohin N, WYa
(o)
c ,b o EN, beVy
efestacemnd D
o

C,omF\ebe. pos-dite aro‘:h Rn”n;\ - “L\’\>=h, and n(¥D =na

Al possible edg on pruvert .
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T rwasforts — 'D&:Xru ch_u.n_nam , Chromatie numben

DEd'{n?H’an G_mph ISOI'V\O!'PH?SI'T\
- GiLg, M 2somorpic % ore > o Ju.\nbe,ll.'na c& anothe

“ FOFMG.U.‘/ ke C'h: L\'|JEI) ond Gla= LV‘UE’) oo ?6°WDFPH:C. _ﬁt 'H’\OLD., 3,:, o_ﬁjgc‘:?on

d-: M= Vi guch Bk {l—l—;"% €E, H}_ {&L”') . &LV)] ek,

_ M:\m’ moke®% °- A boolean makrix keep?nj Hrack o& WHch verdlesd  ann odfl’o.w-\-l:

= MNoejfictent algprithm Sn hnown 1o check 'id too grophs axa Tsomerphic

R

Ecdfn'fl:?un Subﬂr:#_\_

- G2 (ED % o subgeph o Ga(VaEa) Yf VIS V2 and EiCE;

Q..(Jj,?n'i fon Mok - A walk + Lenai:h k' W=zO ¢rem rode o to hede b & a Sequancy of redus
(Nou¥is- ;W) such ok Vo=0t3 vk=b and {vevuie E
Fath - A wolk with no rode ..M.peu:‘:?hj
Gele = A walk with Lz:‘: uhew, Vo=Vi ond o othue repeltfon occuss .

-~ A srnph 2 Q_cyc‘fc ?,& o cycle 3.13 its S\-Lbar’oph
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Qeafn'?\:?on Connect?? ky

- Lk u,v be hwo rodis. They one sotd bo be Conrected £ff 0. path/woati @fsts from
w tov.
= The relotfon Connected (Y] & equfvalence o robun.
eveny rede Sn relalid to ?I:suOLL

- ke eqpfivelence closxces s colled on Comecked Componerts .

g«:&"n'i ton D_;Qree o a Vexdex
- \

- The numbese fﬂ-edac» nfdent on the, Ventex.

dzaLv) = \{u.i{u._,VleE} )
Lemma_ 20 deg(v) = An(E) — evey edie & courted tuflar .
[_)cd?n?l:?on Qearee, Seqanta.
- Sorted Uist o} deare&b GJ_ oll vesdtSers n QU 8‘\’«m aro.ph.

- Thvasiont undar ﬁso(‘nu‘ph?sm. = T dfsprova Tsamorph?sm_) check HHte éfrst\

Defirbtion Eulesfon £rofl

- A wolk whieh Visths eveyy ’E_agé exnctly Once
Theorem  Eulesdon trofl exfsbs —> ok meet & odd dlara& rodex .
Define entexly) ond edt() 5 for al v othex thon Stank and end hove lenten( = |edt)
Eulesian Arcuft - a closed Eulexdan £efl = stonk ord end rodis are the same

Eulerlan cPreufk Es8sks <—> Nbo oddde.dr‘e& anp ol edaw % ore connected compone_r\t
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Qedfn‘.’{:fan Hom?jterton Cycle
— A gele whth Vidks oll|rodes exackly once.
- N e.“‘-’c?ent Olau‘?u‘m +o check f‘d, o mPh has o hor?lborfan cycle .

— NP - bhosd problem —

Defta?on Distonce.
- Srorkest walk bebueen fuso Podis &n 0 polin- (obVewsly |)
~ The Length g} sherkest poth 35 called diskoncs. (oo g ro pokh)
~ Graphs con be wed o model proholistic procesots | with shortest be”.nJ sk LPhely

- Diamekes, — the Lo.vﬂcd: d?:;to-ﬁu_ 2 oo j“"'Ph

x  Graph Colortng \~
+ We krow thot the postftions g o bi- pasdSte %m,:h con be "cdownd” 0 that ro ede exists
betioeen two rodin of-the same cdous. TThis &y sdid o be  prope. Cdowing.
DeJithfon |~ Q. furckfon C o Vs 1,-,k3 LY {j.;/z e -®DFc)
. 'C’ need ot be onts, Qb toe dort need 4o use Gl colouns.
EJHHMF Chromate Numbes. -
- The least number of clouxs neeced to propenty cdoun Graph §.
- Regrenenked oo %(e)
© T o groph conbe lusad g 'K cdounn ) X@ 4k = wed o fnd uppesn Pound ol A(E)
- Notfce trot o H %o subgaph ¢f G 5 () € H(E)
DI} Ko sbgapnd G = X@ =0 = ured o fird Lowen bound

4 X6
';)I%— Ch % s.nbt'rﬁph whhodd n = X(&)23
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- flso, rotlce thot X(G) & Fvarfant &o ?,SOMQrpH?smL
. Calo.t.\o.tomﬁ ')CLC'I) & an "NP- l')ahcv Pmb\em .
Pr-ocl:Tc_o.l oppl?m‘&ﬁons \‘e&m ke oo " Cnndlfcl: aro,‘)hn.

+ Rpoodite Groph -

Theorem A groph 8o Eﬂpmﬁtﬂr@f{: Contains mo odd cpele. = Ed' Cann $Gl < X&) £

< & eowy, prove by corbrediction . (“> Proad- 37)

+ Compleke. graphi~ "Clique’
Theorem  Let G hove ' medes. L@=h > § & Teorerpfic to Ko
< Trvomobfiky 5 - prove by contradictfen,
Difirttfon  Clip Nurkese 06D — The. losgeske subgroph of G hich 2» Yomorpic o au compleke greeh: W) > (@)

Trdependance Nurbere (@) - TThe numbes of pod2 in Lcoﬂebt S\b\cjrchH W o erlﬂu:. D 2 n/ al&)

+ We have 100 Lowes bourds Jor WG . We shall rew prove on uppes bound dor S .

Theorem= W(GE): NE@+L  cherg. 4G = rrox ordex g oo mede. 2o arcPhG.

* pr‘ove. by ?ndudrc\’on. Con be proved bT contradfCE?on even doaa{:UL

- The eq'u_o.m:y oldo dfbr oo d.’tlua, ond Cami on\\/\o — G+
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(’Dg&ﬁwed df} Hen m?l—('-’pedfo.c()
+ Some spedal aﬂhs_

[n=¢ ]
9 Poth qraph 7, = o~e—=—am-—+) Diheel qroph W (023) <\\
- V=42, ng, E- YD e (L CUNY =3 <|>
1P =2 c Vs (hadu 2oy E-] (0T tezd {(\wb,t)j
G-+
D laddon qrogb Lo = T T £ Groulon. Locldan, grph Cbn -
e A(Ln) =2 o .

« Tust cornect He endn
. \1=IL0,|?7>45_‘,-.,“1 A(cr)=F A when h=0dd
ERTRES NI |

X ﬂ@buﬂ' Qn

V - o n-bit E)Cr‘?nas 5 E — x;y oomrecked % they differ olyat o g'.’rj\e bk,

. C|ecml7 Joble Hot He damebese =

o Qn & h—resulm Bpantite goph, ond Qni & @ Snbﬂruph o Sn .
7 ¢

Poctitfen wrt posdhy preftc s Sth o 'O ond 'L swapectively

* RH&SQL Gl"ufﬁ— HC‘{n

V= P(8) when S={1,2, ,n§

KGn = Edys bl ron- #mpty Trkexsectiong
2\
Erdos- ko- Rods theorem.

E - drsjcﬁnt subsets o} Q,
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Al sek opesatlons con be extended o Grophs oo woell .
G(wE), GMED = U, n, 2,
G (YLE), GalVaED) = U, N
Proox of o groph; G = (VEYD, E'- [ | G, @neE

For jxyleE of C"lkj o.Pal:h(}rom X oy oJ,OiJ"QSt \Lergeh k' ghould efse.

x Cres prochtc\: -

% Lek C:hLVI)EI) ond G)g_(\/:uEn) . The cress P’bCI-ut_b GIKC—{1 S d&&f"‘f-d— b/ (\’\"V:LJF—) whesd

E - {_(U.“ua-) ) LVIJV”")]S wobese LLL,,V.)& E| ond (LLlJVQ &E1 .

* Bipotfke double covere — @' = GxKy 5 whew Ky & oo Blpantice qraph-

¢+ Hoo ol 'in‘.o ok G5 but % oo Biposdite spoca. -

¥ Rox poduck — 5,04y = LV|XVAJE>
E-= {'LU-\ULQ S Vl)l wheng_ (u.,v.)e,El ond Uy =Va

o~ (W) EEL and u =V

- Con be geenthat Q, O §n= Qrm
© e Uve fox producks B the ckln o Hammalr'ﬁ amph,
Hog = Kq O -- O Ky (0 &men)

— Con be seen Hot B 3’1’\@; l’ﬁypen.o.kb&b dor leR .

Graph Theory Page 19



Grogh Mokdhfeg

© A set g edges T o groph which dongt ghoxa ony vedkex Ss alled on a."motd'\'\’nﬂ."
ve, evoy rode aei:s mokched with olbmost ore other mode

« Trivielly, ¢ s> a I'Y\O_td\c\'r\d.

* A subset of Edgen, M, & Safd to be o pehqxusc Makehfng °1.& oll vedfar ase mopped
by 3t, 4R may or mey rot exdet.
F‘:nd'.’na the &m,taebt Possﬂble rwxpp?na S ot NPhowd, and ciﬂor‘ithnm; ds e8st.

¢ Mololtog & Bponbibe qpephn
ek G(X.Y,E) be He bipatite Jroph where X,y owe the disjoint. seks oqL VeskScer .

Deé;n‘.’\:'ion We dEd'.’ne G ma’cch?na i ke a Com?le!:e_ mcd:ch?r\& (}mmx =y E\& oll the rodes §n X 03t

matched 4o Qn  element o Y.

* I\Ic‘.’jhbouadmdb a

'Dea'l'n?-‘:‘ion Given G‘(\I,E) ond veV; nkd Ga- ¢ = PUL\’})= {L"l ‘EUJ"’ZGE]
se\ nbd g s = M= U M
ved
- Teke o Bpaxdite groph Gy, E). For S€X;
= Tt 1] <|5], we eoy thak the relhbounbood Soshriking

~— For some BeYsy Tt \"ILs)r\E,\ tle| , e say that the nbd &x S\\r?l‘k?ha_ So B
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“Theorem

Halle Theorem -

- R b‘-’[:mt’nhz_ amPh G,Y, E) haos a complebe ml:c.\'\fna dmm X toV Cl:@ o Subset 0& X un

B'_mé'_"—

S"\r‘?nk?na .
complete m{:d-\fpa — o shr?n\—k'fna subseE & eowy ehouah to prove ‘D7 cothrod?cH’om

fo Sh"f’nk"ma Subget —> compete rmtch?rﬁ s prove Vie Sjcn:vra trduction en %\

Peplication - The edg et of any brposdSte Jreph whena each verex hoo degree 'd’ | con be pantfifoned into

d’ probehigs
We prove this by trduckion ond. T polde Jor d-1.

Hipothest — For oogfen d21 485 Feldo

Skep - Cven thot dlegree o} each =+l T{ o dide pofect mrotzhfog S fourd | by Semaning these

edge and {rom hypotheris we geb the remafning d’ pocitions.
- Take o subset Sof X. Fof edgen comibg ok o S- dls|
# of edges efdenton )= d| 1]
ord e hrow that # of edges a:mﬁ’ra octtn S £+ of ecdgws Uctdert on MI(S)

5 lele \l—l(s)] = o Shr?n\{?ra% one mcdcdw?na ex?sbslo
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x Vedex Cover -
Deftritfon_ For 0. ghen graph GWE); C eV & safd tobe a verkex coven ?d- all edges G & Incidert
on atleost 1 vestex Sn C.
- TriPelly , o o Gr\ap\w G(LE) s Vv & obv. o vedex covor, and 80 S V- {ul W uweV
. !??rdf’rj the smallest possble vertex covert & an NP-pasd problem .
« However, we'll be abl conmect J.’r\d?na the smallaxst veskex covex With o madmum mokeh? N

and ths 3o \esy stronj e the coxe OJ‘ b”.Paad:?Ee SmP\ns.

Relcktond - For a. vextex cover C, mod:dw‘?nj ™M lc] 2|M|) Ql,,p a 3ML EY“GP\')-
HSn‘?js theorem — T o bipoodite arcxp\'\ : s‘uée, o} smallest vedex covere equals s’.’ée o} MaX. Prukch‘.’,v.

Pr‘io& by halls theorem

et C be the gmallest Verkex cover = Lek CnX=A, CAV-B Emujhl:osbowdw A, oo B woud

hold by Smmekry . Look?.g at A (-8 1 we a@n showthet Mo shn?nh?fzj Substt o A exfeks tn
Y-8, by cortradictfon.
> By hlls theorem 5 roleing from A-to V-8 addks. S edqes= (A
Shflosly from Bio Y-R > H edgen = &1

puk togethex, woe gek o ’*‘C“PP?"ﬂ of Sty I|Al+lel- lel, .

- We ded'u’ne a f"lax?m_t ma’cchf‘nj 1o moke (}?ndfnj smallest vesdex Coverw oo [tHe earsex .
—‘Dl:dfnﬂ:'laoh A ma&lw?rﬂ) M, % said to ke maximal f& add?nj o hew edﬂe would cauze ™M o skop
ba?nj o- mcrd:CHTnj-
- Con be converked o a_ verkex Covex Prtﬂ:y eaxily , Jusk ke both erdpoints oJ.

all eddeua W M.
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* _T_ndependant Set -

Deffnition A subset TV & trdependent set 3 ro &dae_ exists bekween any verdles in T,
Nottce Hot T & o Vexkex cover .

> ;-_‘,’nc\_?rﬁ 'Haa La}vﬂu:t ?nCLePe.ndant se_t Sb NP—"\G}LC{ (a32) LDEJ.L-
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[rees

" A tree Jo Sinply o Cornected osyelt graph.
Forest 5o sk deffhed 0» an acyelie graph. fny Subgreph of a forest (omtree) Sy also Jorest.
Luol— rode wth dearer; i.
Stokerertc - By tree wfith obleset tuo rodes bos atleast two Leaves .
@0 prove, Look ob the mudmol poth of the tree, and prove thot the endb axe LeaucQ

) De.\et?rﬂ a leal d~rcw\ o tree yPeldb amotten Hree. “This Pr‘OPQh\:\/ b wed ko

bave  frduckon on trees.

?,e_, lee"d'\?s PPOPO'L{Z? dt.ﬁ'tlon:) ‘H’lefr\duck?on SE&P 'l:D ae,‘t N- DOAJL, ‘b’E&d\mm Ln-rb hOd.lLD

Ex le
Todethn  Stokement — For o tree GIVE) 3 \E| =[Vl-1 (Conveme olsotral T [E|=|v[- 1= Groph % tree)

By Sductfon on V> |M=1 9 |El=2-L-0

dit M=n &or (r+) pods free N ik b/ delek?ﬁ 1 ad use h\/PoHNEb?s\
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+ Rosted treei-

— A tre With o spechl destynoted rode called e “neot”

- w 35 on arcestor of V, and V &y desenclont o} w3 W path from reot to v
posies through w.

~ Lea} = hanro dencendantsg .

+ Depth - Length qf the path from toot fo that rode

- Level £ - S&o&mdzboa»depﬁwf.

- Arfty — mox. Numbesc of cildren for a. rode
« Ful m-aytree & o tree with all nodes having Some pumbex o cHildaran

. Complete Lree bas all Jeoves ot He Same Jevel.
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