— ———

R e T T

D _qroph theory

A{[ gcar{m in Pais [fflw{ are 'qu?ft,

I—DUC: A Sﬁmr(z Smf"l G = (Vr EJ et V@-’,’;d; Vv etk gcljgg E e z {u,tf} ]u,vf\/s‘ )

\We 367

PO, R -

E.oy ‘]\E’ F=labl, e=tad) -
J‘

Va“'{{(.eg, o qw.’)\ é are aal_jace.mf' tF 'HA&-ﬁ s an k%e .(
f = iab3 €L, axb
A vodes a5 pedoat b oo e £ F

A srAFIm al[.gw; 6905 LVLJA s A %2 of 'H'Te O A Za ; N PHUL\‘BMFJ.,
gerple whive  fwo w»*us wety be comectedd by sevecal edges (€ s now o mulfese T

qef

s a

,rwa[(‘?} ol a v&—‘(e,( gy have Seve~al prs

- e
'5,5_. Loop - " Mu“i@"’ft‘i’ /\
A &

A W&'jlﬂ‘*eﬂl 5?*(";_ a (wfe#)_qmph with & w:gkf—fuudam e e T @[C?f ).

Mu.’ ZveHBecE e,=EUr""f2 s 'HA& 502F of h&ﬁlﬂ!’a’s of a vg—‘!sx U,

| ey = {l/l/fujf is The Jﬁm of o~ wiex w n a S:hFLﬁ ﬂrmpll- ]00‘595"‘3 “Pj“}:"(“}
oo Immfrffjmrln- A grnPL-n 5 reﬁular o{: dgjree t hc VM&V/: Cﬂfu;:

%, 2%,

Eﬁ— Ny =
oy
q\/ (1)

.

D’f: A df&*&&ﬂl (Wu“; Jﬁmrh 5o ﬂta“PL\ where M}’ 5"{_?& (AN a }18‘!0‘ Guth o
foil. Aldenotively - Edyos ave pairs of vetices .

Au) = [ Tece | e=tuv) for some ve V” W+d".9'“
L Atwr s= [[ee€ | exlvin) for some veV] | indegree
Revmorle: A (d;)gmpln tom be @M&l o5 o telabion wly % twine E. R 4
5yhhwfﬁ'c o "H/w, 3vmp\'a’1 iy Mvdf‘“&'fd




e e e R N e i i

Howdlshodeing  Lomma:
2’_ cﬂ(vl = 2 / 5/
I velr

(Hm we use thd a logp codebuler 2 fo the Sum oF 1"&&0%,@5.)

!cpr;ltorym wowber  of vodies with on odA digree s eenn.
i [ fveV [ devodAld] ¢ 20V

E.g: W '-‘-(Z'fz'—'r"“}; Z{-'}S”f*i}) 5 the GOMFM& j"PI” on h Leties.
e — . .4 P m gy -

:

P‘H s @& Fa\‘H,, with i v&"-‘l((‘ws . :--;— “ ':

B ¢
C. b @ crele with vetces .\/

Lol i

: I"yfb"'mbs: V= 19137 (27 vedices |
E> ifwvjif_é’_m;_v_.,-sqz

oo-—-o;q h=3-" @

/ [09.0) 400

10 — 4

ey - hs 2

w: T’»\,B Dd_famy V\’ﬂd'f?x A= (ﬁ,.)) of & jrﬂrL, oo I\/[x!'\/, raoite: x with

) ek

073 5 7 iF G 5 S;Mpfc
(0] o#*&rwijz

= #éb%es i?,j}
= J.FF &Ejes [",’J)

= S wlls)

(i) €

i‘(’ 6 is a Nu{,}(;j[aﬁl,)
W 6 s a otrgmph

o 6 s meHed outd (,Q:a-u'{epp

Eq: )
7
el

Val’hivjﬂ: d i Coronit g\celplns et lewe fle same 0‘13-"“““‘7 Wt bocorse e (bl

are -Fgrﬁaﬁgh )




e e e e e e e s Y s

oA® o 11
o ‘.-—-_‘ce 101 . («r ve
Noo

A b = 10

Def:  Tuo simple  geaphs G H ore igemorphic G off i ther & o bijective  funtion
€: Ve) = E(6) suh tl  juvieE(6) & (e, Cwl e E(Y)

d
q 4 @: 1 =Y a
i c eib
2> 4
2 3 8 Gi— de

Tha wawg o two 3“,1,1»; deesa+ webe i clear  \vphlhe- 'Hney are  Sovetphic,

i umbnownn (4L %7) vethey there & av a{gon”fw Hot  ecides i po(yhow\fa{ fome if
two g'ﬁpﬁif e f{pMé‘rplﬂr‘o- (ac-\[uaﬁ bayud! quas:-pdynom,u(,)

DF: A voll /froil fpath v« stquoce  vieque, of velices w.. v, and edlges
ooy, Such thit ;s lug,u .

A frail bor no repedad edyes , o pith wo repeated  vehees.

A closad wi(z_/c:rcaff/cyo(e 5 & Waf(c/‘!‘rai(/,oa.'f‘liﬂ withh €, = §é .,
TL»L l&vgﬂw of o closed wull i Tha numbe- o edyes

1Le;w Lot 4 G the ljscony rodbin o (ol Jik)peph Than (A%, is Hhe |
I Numberr oF walls foomn j +oj of (24491"{/3 le . 1

P(‘“’F‘ (thqcffﬂlﬂ], s An-"' I = (:;":) O\QCI -Hl\l s bei- D]C wer(le s ﬁ‘om r+D) Q1C
w/\a+L\ 0 eﬂ{‘*“b 'h? 5:.‘}

o cdu—m
e b= e+ : (_Akq);d (H A (2_ Aw (A!«.l )
il W

A w(k ﬁvw\ t 'Fo _) o‘F {,&va‘ﬂ‘l lesn T walle (wM t "{o v of C'&tnjﬂv ohe ‘g&w&;‘(

by a wallk ofF [.e«aj“« & Lows w o 3
o




pgz A Srﬂr'n is (5{'”'3[7) comneded for avy fuo veties w flore o2 walle |
Fm;.q k 'ILD v A JTS‘“PI" is \'MIY CD"'MC{GA € +Ll¢ U"'fl&*[:f"ﬁfj 3(::[9[-1 [w(HAm'} o’h—ad:m)

v credad. A bidge w4 geph w5 an alye Vbow remoral lnreares e wmber of

Cobnected wﬂpﬂh%+5 5

DefF:. B 15 & subamr‘a oF & # H s a Igmr[n (5{: the  snme {7’95} wirrth
vI(KH) ¢ V(e) ax  E(H) e E(C)

DF. A (smple) Guph i bipadkde if s velices con be coloured it Two  tobors
t-"é’d and blue  such thot 6‘"331 w(}, comect w*ﬂws of diffe-ont eol Oury .

Theorew (kiwig 7936) : G s bipartte F andd 9"[7 it G codlaig o eyele of WU %ﬂnf

lgroo{; =) El@\f 57.:(5 vf‘s?'fs 'Hw..%'-z wvwﬁwr- JF ye ad el vazJ.‘:.es.

& wilo. 5 G v comecded. Fix u ool olor o blue. For auy  path from w fo v ofF

OGPD" Lb.,b.p, DD(G(- e red vk for @en L%f{n color v b(ue, T_Fr‘.r bvol-’lfq Caurg o‘f

evenn c7cfz (&43%1_ -

{D&ﬁ A Eulbinen Trail is o frmil ot wes atry edse exatly owce.

M’*" A ecomected L‘N A Ejmm carcoit i ok mL?; it all ik vedices e o |
m degyee .

Poof: = (n ouny tirenit entny wdex i odeced as Hen ac it ued  op Fomf’
0{ ﬂ@pwfum,

S Wudon on the wumbee of edyps: e olges = G = s wwected, beg ouly oue
vetice . (A erl« withoot vefices avd o afges i dFrwhhtoffA_)

Ofhecwise Lot W/ e ooy crcut G (‘Hnd c’rxr‘ﬁs, ';{‘,,.-f Wym‘, chose oy 4"{_‘3‘— Unugeel So ﬁ\rﬁ

CW”‘IMW. UM‘[-.‘{ you Il/\r‘F ~ s‘rw'[.'hﬁ WJ@;) My 15 Hhire an e‘fﬂe Yo can e > e Ogggree. Ccviﬂé\"'m-

Lot G"—'(V(’G), EKGJ\GCUJ)’-G' heed not e conneded , (ef é,, -- G, be The Lomw[z(f
CDMpoMS UF G'A 19“ CM'" OOPHFM\/T"' Wl CAn 'F:nd o Eh(&»{ah C"f‘cul‘f bY iﬂtlug+10h Sinee

He bae sadly fowor edoprthon G, i ard W bove of last o wilpr i oommn.

TLM'E?FO-‘-& M,,,-L\[ﬂf\,/ o be  covtinped b an Enlerion C:f—Cur‘f"
o




e b B e e e —

Trees ord foreds

D&F: A et is o apiph wilhat cpeles (ol ocyclic). A leaf s 4 e ek algge j
A e s o coh;eo‘[@d Forect.

— =

‘me ET &5 a tge o af (et 2 vetices, £ bor of lead 2 leoFs
} e e - —

(roof < VI(tT) awd E(T) are Fute . = T covlaiar o warkikan] Im‘Hn which has 2 (lafs.
4

H-p\a/—g cear it hasc '{0 be & maricel Fu“ﬂﬂ?‘ (£ one of ‘qu, fuo wliees & wmaafzﬂ"
'A, auoﬁ,-w( voete x |"L W(‘f'm be Ew:‘fe.

Defintion: A GUbﬁerL\ H # a qmp!n G is sFu"h?v-j 1F e vetier are He some .

e S e o i L e ———

-

Theoeem B A tonvected Swrlw vy & Spanivg tee. - B |

We  conn  renove 9}5_65 ar vaj afp Mecexmry onk ‘HN, teveinder s o +re£_

TheowmA. Let T be = Smrh.m e Q(Lov:hﬁ e gqu‘va(u-n';
(1) T is « tee
(2) f%y fwo wedices are  onmedod b7 o vuigee peth

@) T & oweded ot ey e&fge, U 2 &"‘Jﬂe (M:h.‘\mal[? owecked ). if y el
revioue jurf One. w’ge. it o dacommectad.

(A) T by wo C}"’-tff and aauivb Qny eofje 7:‘6(&5 A 6P/ou’ (hm‘m_{y ncﬁ{,‘c)

‘ Thtorowa C- A 3'""{" 5 o tee ¥ avd only iF it i owmeded Al vl =1Ef+q [

Fns:cﬂ&/], (1) = (2) . Ofrwice iF wOMfﬁf nf e conmedleld or would heve o cyofe.

(2)= (3):  Sice ony two rvedices ae conmectedd | T & commeched. \Sqryo!r. ec £ s

ne brc"ﬂge &Y E\jej would @either lenre o ofi.rwhnwf‘a?’ﬁcapl\ ofr kRN e
pran would et hove been unged.

(3) ‘2(4)= An edae in & c7c{,e cand be o &idge. Swee T i conmected ao@:f,‘;ﬁ
oA 94%4; Mu[d c.-.gm(o; o cyc&.
Q)= ) ¢ aofdhg o celoe ymfds & c?cka, = T is cometed. suce a :/:rc.{.e
werldl  que 2 raﬂtru lefween any fue w-{;ucs_ v the 57.:!’2_ "
C PooF oFf B As Coaj as Hhee 5 a honaﬂ-ér:ofje, fowove F (ﬂlunvy (3) of Haoans A).
>4




Peoot of C: liduction  on (vl . vleq o &I =0, MET N BEAEY
[F T be T with o l66F ctmoed, [viT)] = [veT)] <1, lECTI=1EM]-2

=y pwtrile tver )l sag s 1l +a *a = [ (7)) + 4

L—P}d- ‘_[ ! bﬁ e Srd\lﬁlﬂ TMS +r{£ ﬂ‘F ’T’
(vit)l = Lle® =2, [verol =1 Ett] +1

—_—

Ve = vl )l =) |gm =gt = T=T'

HMotrix — feee H@om
How oy SP“M"E tees are W a @mplﬂ:

'H'@’I‘l'hni (Gpﬁ{éﬂ AT

—— = — Y ———

lgt E(6):= # spauning {rees
G\e ... smrla wﬁ‘&.‘hzﬁ( 67 rb\mo\a’t:j F
6/5 s = jmpL obfaned by cpﬁfmd;t,p P

= Tle)= zisel+2lei)

& 4

a2 - (1T (Ry) < e

- T 2

Pocf: Tle ot of ,rmb“y foezg @ fle o(ajo.‘u.'i onon  of spamirﬁ feees wﬂ{a?hihﬁ e ond
C-,Fo\h-nw:j "-ces ho‘(’ c‘,on{'o..:q}hj & -
More ﬂ%nﬁw{n ¥ G is & \uﬁj'-rLrb@ ﬂrer!,. wih  ws E(6) 2 I

bF L W b o~ Subgenph o 6. The, wilt) == Tl w(e

eckEli)

Z(G) .'5ﬁ¢ s of ‘Hrc M'H#s of ‘H»t Sfmhlmj ‘f‘rte; ot & v ‘2_\” Tr‘*’“'?} = '&’(G)

T spammivy dre € EELT)

E-%'.' 7 (J@L ) = T ( d@t ) + e T (AC:BL) = abe +abd + acd + beel + e[y«d](brc)

DF The &3"“ mgtrix  of o geaph 5 A = 0‘2;@(0‘3{%),”.,0{{%))‘

-~
| L %m i & wbumx ralbl,, is cR(v) = wawv}‘
3 Wv) e£T6)




e e N — A AR R 2 S R N  m—

Theortm: Lot w=lvie) , 2., 2 the chenvntuss of O-A , Oe of these equetc O,
wlog.: P=0 . Thew z(6) = ﬂl-.' A" A

Equ‘-mﬂwﬂvr clel = M([D—A)"r") whoe (p'ﬁ}-}- € obfained by remeving row i awd
Coltarman @

o g9
o~
L .

f_""\
»
>
£
=
1]
~
b
—~+

I
~
o
™
S
=
b
-
G~
+
[
B
Eae
G-
+
™
]
G~
re
—
£

Spmrva fhee of wminimal wgl._t_

sord edyes by welt wiea) & & \wlew )

=¥
For | Forn 1 to m:
F E(T7) v e; is acyelic
T.;{-ﬂ = T; ve
else
Toen v= Ty

iF |E (T, )| sn-n

L.. rehniin

Remorle” [l & o “gretdy olgordln " = 044 Gt Looking cdge

[T T el . sy eadt Mt g
Qs

a)‘T'

is acyc.{sf_ b}, courtr wction

.) TLL O-{fj&‘h‘Hﬂ“'ﬁ r'eo'\fj\tj "['lqﬁ ['C,'Lo\l-h Aa‘;‘em'}" _suggr_-,o;ﬂ_ —,:u-q i 5'10{ COW"leCffG?

.—-—-—-—-\) =
@ € @ ;& - z +LI"1 kmjl(ol-' el er gdg{ed e, becaure
—rt. g"l:” i3 NP’C[:L-

T & o it v U ij: See gmaF i rateoid .Q)H;u_g

%



M 'amv;dé a ‘fmmwr-&. For arwfly ﬁ{San‘fLWS.

OfF Lt E @ a s, I (fe Sé*ofl?wcfepudm*sds) a @by of subhds o E

’

(M1) & eX

(My) Bor, ME AcB = Asl
(_/\13) Af@ el 5 !5} ={‘41|l +1 '-:) 3 é C'B\"q & Ave GI (“tx{,i’m\?e Axiﬁmsn)

Thew (E,T) i a Matoid , if M2 aad My are satisfied it7s eolled v ""'kPWJ"’kS‘?'Am'

Thore G is & geph , T:= | F €€(6)]| F acyetic § |
S (E,T) i a MdAoid

Post: A1: B i afored, 2. B o foret = ACD s a foed

As; A B elge sths of spoming forets Bl =|Al<, fuld edge e ¢ B\A such that Ace
6 o foreit: .Sgﬁao_m A b couneced oulmpawi's s T2

Sor: 3 eecB\A Hat B it in any  of Hese oowfow‘f';. couit edges

El

oy o et S [e(Blg,)] € lveml-

s
=

=5 :.7;|E(B!Vm)/ < éi(fvmrl—«:) = |Aal

B hins wore taa |4 edyes o flore exist; an edge wet i oy B/vn;-}
o
6r¢¢¢l7: (E.L) wideod, w: € =R

sort € by we.:'jh'f' wite, ) ¢ ... S$wilen)
7.0
for i>1...m

F Tive el

Loffmi'hoh: A basis of N woteoid 1§ AW inclutionwtee warlimal EM(I:.MJ{-W"[ sek J

——

o s - =
} TI?CD%: @reef/‘y I‘B'Qluphj A b\s&; o ikl W\"D(# p '{'LW\* s Zwte) s M;"".‘M"L "“(’0‘:7 ol 693!55 ’
'I 26T

bmgc: T s & raximal imofcpwa(w‘f‘ s ns in Wreuslenl .
S wie) mimal: [t T= B k] st € <8 wlts) . Suppese B« Eéq-.ﬁh}(w({,;,}l___f wi(b.)

s oa bosis wth  Swb) < Sowlb) . Lok ies wn [5] Wik < wid)]
bel3 beT

|
e |




L T, =t 4. 1, 8B b b

r

[

=R b eBYNTL, - T, ol L
V(B;) < \-/(Q;J‘f-w”:),ﬁa 5@47 SLL:wfd have clioos en (;)J- ;;,H,M o‘F +:

3 with u(éj) < W(f-_;] exists  because all bases lhove the Same cordinality | CW—;{;,;)

it d

Thesren : Sﬁt{;paSQ (E(.I'.') slisfres M4 My sdd Pt for Auy W:ﬁ[‘"{““‘ﬁmb’}.‘ﬂh &R
He 5,“9(7 at[jor{‘th.\ produces o arinal inlependent st Ae I ol Hat B ey &
eeh

miivanl  olong Al i sl she i BT Then (E,T) sodishoes 215, betcg i @ vadboid.

PmpF: (s haga ¥ lap L gfj ln :L_ have e sanme wﬁit‘m(ﬂlr‘ -Surapox, (Q,E?FI v-wux,’w.a[,

lal < 18l. # ae) = Z/; cell

(we it dofernive 20 v a Satable My}
1+ £ D"”fﬁ-kau

for any £>0  geeedy eAucty B3

wilB) =[2] > (Al +7
wB) = |a.8l + (1+e)|\B] =[A]+ £]A\B]|

= dhose £ & f;\BJ
show (€,I) sdubes My: lob ABET, 1B =141+, \te) = § © e&A
1 2eB\A
= X otheruie (4o be formmated )

ﬁme&y f,{\otp;g.r all of A ﬁr‘lS{. Sitee !’q{‘c-ll{.?f A

is  nol  peneimanl

Suppose Beec@\A: Auve el =5 geeed chooss [ pl elomants of weght X, wloe + &
He sze of vy besic  Call s st A'

Abo: 3 bans B' = B¢ V&= Gumd  EAYY 5 sl x(t-la1) = x(+-1A))
WwA(B*) € [B\al «xlp-181) « [B\A [+ x(F-talca) g \AlAl) & 185l o
=) choose x> JG\A/, Hew B (B Swial but jreeaf). cAurned Al 4

1%
o

Peins aéan‘ﬂﬂm : G commedded, r any vertfex
61_-‘-: V(6N + i T = a, \4_ i ft-}
whilz Q #@

v = o vedex i R vkeded th T
R = Qw

T Tu{e]{ Ve V-'r‘-*f\/]

with an Gﬁfgr: & #F waideant wjﬂf‘

| V—

Pﬁ'l'm 5 A ju‘.cdy a[yon’"nh, bt H.p,z, U ne I‘\ﬂd‘-‘(r‘ofd uudu-l,y;.,.g_



Netwprles

Take G, &~ wc»'lrou-ﬂrl Aireeted gmpin. The distanse (iwjﬁ] ofF 4 rm‘H« @ s

E.q.

/zﬂ[
N éﬁ—ﬂfﬁ—@

Wwhat=s  He best r;p\'ﬂn Frome @ 4 @7— We prf.-&lM" s N'ﬁarﬂ.lqws:
1.) Dijldee 75 (19C0) | sugle sourte , ouly for wiE = n?
-!_;W\@ C,Jahnf)(ur',r O’( [vl (_,95 vl + (€] )

2.) [oellvapin~ Fordk= /oore 3 _5&»:7l¢ spuree | Wt € -2 R (allows nagorbry wj‘ﬁs J
Tiew cowplesity: & (v] |€()

2 "
54 F(gyJ'-k/w-sLA!l gl da{,\:;;a , Lorks GvI*) time

Pﬁkd‘m's a@oﬁ-ﬂ,m
DQ(V‘_I :Z(D V=
o oﬂw\.ﬁ_u.
.=V
while & =+ @
ik ue R uwdh min dew
& - @\ fu)
b FER , (UFr)EE
| et = wmin (dir), dew rv(u,r))
i diw) +wilur) < Ader
dery = Alu) & wtin )

e

E'ﬁ': We use D,‘J[g;(ms o‘gof"‘!kw\ on the ﬂ"‘l”"” obore.

Ne|a]2]3]4]8
O oo | oo | oo |co| @
5] 2 B oo oo | 0O
gdlal4 )& (|8 |
el 214 [ & |5 |10

Reworle Dijldters A{ﬁu-:ﬂ.»‘ chooses He min w;f,h‘f W beAneen @ ond
Thig 15 eoled  freadth -érj'l'-smrJn.

S wAe)
ecf

VAQ ,




e E———— - —— . o S S . NP —

R T ——

Bollwion ~ Ford~ Moore  Alapeithm —
cﬁ[v} 4—2 o Ve N

0o oflervise

Lev) = (_avD'Hq of r_)gﬂ‘l { _H‘#
] ike

5{'310-3 o
L\:‘LL Trud.'.
>,
modiFed = Fulse Exa'mryﬂa-_
'Ft?l-‘ ué‘\/ * \/o " L(Vc}-'O/ Gtr’\/n):o
Ltw = s‘[c,,o
for €= (o) cE
W rvy v dean) vwite) 'a./ >;/

motlfied = Teug
’/|q\

Aiv) = Aeul + wde)

Levy = Livy e / /r/zj\

FF et Ma{if(-‘cﬂ(
f'b*w—ln 6)\

elee (F ACF‘ (v~
rE/fu:‘h hgéad-'ue, C;y(,((. (ﬂ"‘b{"’)

else

s{&‘w = S‘{e,p + 1
ez}

We give @ aomple  of fhe execution of te RBEM algorithm oo 4 jr"/ﬂ’“ with
o p\gf)wfut c,yc(.e,

=3 # 2 =25 1‘ =&
L/,A\ \/‘—-—')\.{? _—‘;\/2'-—- %{ sTep -

Ffa?o{ ~\Sorghall - %0’ (b 5 e ow(ja cenrey hrale'x
o A=V -
gE(u,V} = -
wlu) (unv)eE
oo m(Ln—\-M‘_sd
For- wn & v
for eV
\c:eor- w eV
¢ ) {V.«W} ( (W)
AR = winf i « g }

F At <o
trtor hﬁf)a{‘-v& cyofe




Flows

Lef G GC [~ Ue‘\jw‘foi 3FAP£| with & M«h@y\"u w}b"’—ﬁ\ﬁ,‘f‘:oh wofs - ”2'4 i —f_p\b,.r_. o
notke &5 o5 fle Sowree W My (A (s) S0 ) et b woilt + a5 Ha Md_/s;h&
w Vo () o). T @:E5 R s a flew

1) WeeE . O<Be) € wie)

) V¥ weV\ist) . S @ ewur = 2 Plow
[V t

Cuulel W ee

The value of e flow @ 15 walld) = 5 Ocw

o
(suee

Lermsma :
L We will pove Hat vl () = Z ¢ cu,+)

| (u-f1eE

.ﬂvoﬁ 2 @ tsu) + 2 ;_&C\qul = Z_¢(e) ek
e eek

vest  u

(5,01 \_t:‘i"—ef\—/
SIS
20wty + 2 S by = S G

i i, ek
(utlee T t £

DEF.’ Lot ‘SEV, 5“-’5, +¢5, Then (S5, WS is  called o et zqny eolje. frow S
VS s called crossing the cat- The mpac:"y of o ot s l5VS) & 5 wiawvl _

(u)6E
usS A4S

A wd s mimmat i s capacly is el among all cats o flow s wokmal # s uvnlee

s psimal oo 6l lows

"'_LJ"!M&- W{' [é’ S C(S,V\\S) for d\h},_é el all cuts @(\S,V\S)

Procf :
slip] = z( 5 ¢ - Zwufvf) L Sblam - 5 b < (s, ns)
wed (q,\e:E i) eE :eﬁs u:i'lt;s
=0 oepf foru=s 4 L
edges fon € To VS gty o VNS 4o S
&z
.

= mjmj F'“Hﬂ P for o ew b o (uworioded ) P““H‘ foowm 5 1o + wifl

Vo seP bosigd © vk diches: 00) € i)
W oeelP tomvpsed baduverds: dre) > O




e L B S — — - e e —_— i - e T ek e T e e L I P ———

Theorem: (o8 © e o flow. Then the fllovig ae equivalon:
| (A ) verl ( fé) %  maXimal

! (2) tHee is no aujm'f:w Fm‘H-. tor- &
(3) wal(@®) = c(S, V) for some S

1 O S A = .

Proof; (a) =5 (2). Suppose P s an aﬁmi::? patl. Cov stract 6;%.% flow :

S,z i wle)-dle) , 5= min dle) £z win { 5,,8.)
eef eefl’

Forsa\ boclrwgil

- brer+ e e formd pdge J s« byger flow

i

Qre- ¢ e bochiord odge
b ce) oflerise

(2)» ) Suppose fhope s wo M.ﬁwf;lfj peth,  consteuct the cut
&= foev | 3 cwngpentivy  prib from £ % v |

se S5 +eS o (5WVS) & a el For forwarl wiibibdfl

Qe) =), for backwods crossivg zc%es Oe) = 0 (Meruise Hae would be an m,jnqeﬂ.mﬁ

poth) Tle proviess (pmma than gies (from the proof of it)

val(é) = S Ple)- 5 ey = c(s,v\S) -0
2 foresd e lnduod

(3) 25(7) Skt wvth a cul such Hat uaf (é).—. f_(srv\s) vohich 4("!&&@}« ‘9‘._1,55' ‘uﬂa‘f
He fow i marxial  cice for ay S ald) €  (S,v\5)

W crossivg edges we have

i

[ Thtsem . A vaximal flow exists !

L . |

Proof s FwE>WV a, aujkﬂad'!:wﬂ Pf‘”’f merseses vall @) b), af least one. For adicwal

\.,,0;311{3 mif&p(’}’ 'F v €= IR = Aar Cq'_}l-\{;lnt\ou} ‘f;'“'b{-‘o-: ( (s \aﬁi' Zé} 5 R )
. &
ESHFAQL 59{' bas & warimuna. e

g

IICOFG{LNT val of waex -Flow = ca\yﬁ\a“(y o wat=cut.

Ford Fuf-t\'-&-sor' Aﬁﬂ%h
C{i,l (e) =0 Wetk
while 3 %Mw#?ng peth for &,
B, e) = {B:ter+& e forward
G.ce) - ¢ o badvord

fﬁ; le) ofberise

—_—

Do A €0 6 e XK?' s called & ,pa—fcc‘f' ma\[c['linj F
\)(xdlx E-Ilyf-f?' - (x,y)e/v\.




—_—

1

De XnY

~

- dt:'ijo;hf‘ s,o/#s .

—
Halls warriage fheorer (= (7]

[avew )| 2w

_|
f D odmits o petet wuling &€ Vwex :

pJ\DO’LI =% .z
& add o souce  wath ij&eA edge of we +o X, ot oo (cr i (wge P ges
PMM X 7" 60%85 Mﬁ“ﬂ wﬂhf s (Nh .4 '["-’ s H""&b‘f‘ + 'I_Lm 'H~z wfw.. 0.,6 o mwﬂﬁow
s the size of He (logedt wabehing .

use Pa—ﬁ(ed' M'{”otq}hj.

(1s)uXo? , XAX vr\7 o it]) 5 & winimal et S('{;' !’&""'j e Maﬂhfhj

') \?Q./V()‘() {a:a\u;e wxyy) = =
bJ g( S,V\S)[ _S.'-l" {5'} UEU? C,(S,\/\S): {X\S(\;"‘“IYMI

f

1x] beeauwge 1512 [#(R)] 3\15‘«:1
(f\”dwl'j

>

) e (5,N\8)

o [x\RI+(F] 2 g+ [X]=1x]

( siuaple, wellivected ; o weghied )

Hgm Fd'oh auw 6“"{’"5

Def 4 geeph G s hamildowa, F # contuns o hawmillontan  cpele | which  wisds
ey wottx 85‘0\6'“‘1 ouce .

L _?0-"9' epproc<h

M"—‘- IE o« AP - v = M——@.—Wm& ("LD’ r-L&Ufc F C i L‘lrﬂm‘“’d‘mﬁ'ﬂ)

DF Lk G be o goph, b [GT = (UE ) wth &EER
Eai= & " EI-.M £ gé'; v {&rfu,v?dig;l oe{u?‘if(l”’l Z l"!;
E is  the sef E, such that Ay + devy <« IV o all  cu,v) égtﬁ
i< WM ﬂtﬁsun of G

};L;M G s hanlionon & L[EDN s hawltouan

Froot: =5 Taval (Heroe are only ap%}u added Yo he 4(.95“.-;)

Q’-_-_- bqfr)ase H— m & b 1o rertr cycfe i 'H'-r. CLOS“M., é’UL G o5 hD" lﬂﬂ\th‘D“\"G«h




e — e —— — —

Lt G by e ey cctabing fhe clware whee dbe Tt edie onwnr ¢ Erzea)\ECe)
QFPM@"S- Lol -Hut. vedices  w H. vEXA,, X,z W

(v,%:) eE(6) = w,x,,) ¢E(C) for i€ 12 n-1}
=) &G{MJ < # vo*!-‘ces dther thow u net cpr‘rﬂﬂy bzﬁ*c a m;yloéor a’F v

= nh=-1-dev)

=Y ﬂc"tul + &Gtvl € h-4
= tuv) weald st hate Geer {;u+ e 6; LDhJ'}ruci'tﬁ L6 [9/

a

____':';)j ks cow F&k U{ar“ h 'I”'{ (\’.C‘{urg S

CD]‘PCG”'Y @ {V( TS } dli:u} -rOELV,\‘ “", V a's =y G s me;l‘khah [Dr& 4‘?56) |

ﬁf A ScAF[n * F&N«N— of 'r!nu-e g obvxwinﬁ &F C » K= such that no fuo
eobgr alezeet (U:v‘;‘f of v.gr-fugg]

( E5 X i g)co“m- suce it cow be e Lile ‘\L!"TS : °\\‘II}'/
{

\

[Tkwmw: sy owk g ove  hef plovnr ]
A\

‘ 'DGF A ﬁ;lcg QF o G(I‘mw:mD O‘F a ﬂf""rh I r'*“-’ﬂ-‘\oh Geunded [;’y 8%55- [

|  Theorerna (Calens paL,L.mm forwals ): [V | <(e] +|F| = Z Ao M;, drving  of o
i’_ plonge ﬂm["‘é G :Jhﬂét)(ﬁ(,()

Poet:  mdlieon on fFi:m |F| =7 S Gisatee = [viale)s [F] =2

| . V“;-;“K,
Bl 3 fomaclm o fees |, LA G' - G\e (e s poet of o0 cyele coue it boundy ngaces)
= Iv'| = |wvl, '] <lel-1 _, IF'=lFl~

MQIEDF 2~V (ele[+]f = vl (lef-a) +1el-1 = (vi=lel+(F|

=

L)

Tmeg\ & .S;MFifr ‘nl‘:&mr', CUﬂﬂéﬂ‘EﬁLw = ;E’ < 31 vl - é "
23 _r,:\mf;[.;, flfd\mw', cannected oo #t‘qmg(,eng €] = 2Iv| = 51




———————————ssee s i i TR R e T R e
FMO'F-‘ _(‘) o , § £ foee | £ has 3 t'wquj;‘,‘j eﬂ%eg} J &S PEl s i ‘I(J' (7}3 CudSE S-'Md'_:i':[:f.},)
Jz
£ £2€g| : o = 2lul-31E] 4 3l

5 3|F & &
e ¢ 3yl —31&| + 21E] =6

= QIVI"IE'H
no ogles: 4 (Fl € zlel 0 =2lvi-2(el +2|pl - &4
¢ 2] ~21el <15l =4 = 2ivl-lEl=4
|
’. Covolluey - K55 1 nat FC"‘“_""‘ ‘ MB_ _f_h’f__r_w_“:r_ o e S e R el
o 6 “frivm =& [l = ¥ WKe : vl =5, “:-J'L%J:/!O
PN}G’(.‘ K},} has 1 fe j{{sf IV & ? 5 i

mm (-’:5-'4!'51'0"4[’-' ijh&r] G B Fﬁwmp—

1 &5 G hag 1o Suéﬂmloiq which 15 & ‘
sobdivision of 1(3’3 of /{_..,

i

Gragh aﬁamm‘m_; |

\ D‘f G um(JtElvﬂfﬁfr‘{; .S}MF{E» ) 'Hn_w o~ 'Fuqo{'wh C: W V -5 I"-',...r "'-i & called o
propor verfex wtﬂurﬁna F it vabices buwve Qiblovord  ooloars. (£1,--+) are the aslour ).

Z:E-) E"f---r'i 5o~ F@P-ﬂ—' 4‘&5 wtwr'mj Fomer et &fjts Linve dHr ot colours.

e - == - - :

I Lanwon: G= (GEY €= (v EJ wl»vo. Vo= E (e fle E & e § intident éﬂfljz.s w G
o & 3 & povte odis cdowig oF G &) T is & popar Vetes sloian W G
P¥ 3 " rer j

Remarl < C & ewled He (ne j:gh of
E.n: -
- ¢ i ‘ G L PN

Rewpla. - /L. 5 hot & Line jrnl,?L 0% 0\-/?7 gru-Plﬂ

DeF: Tle chromabic numbu- L 6) i the sl humbe- of olourt o propo- \,-(/"ﬂg ﬂ
c_p{,n\.l.l';ulj ;'Fb 6. P

59.) 2 (lew) = n ‘
3 & bpotte = 2(6) -2

Thaoraen: € plower 2 HCE] €4 ( Y ~colour titorom ) ]

Posf: Appct 2 Haolew (na36 %) & CO‘“{?"'LW’ [ reddu e d)nob(.ow', ww-f«"h'-’ clecled (ﬂ"“\wuiﬂj costs )




IR ————— e — o — ——E., Tll e e —

T]n.egrw-a (; PCWW_ =) 75(6) €& (

B e S M Sl e SR ey SISy e e By S e Py S s

Pock: M A, (G) ¢ T, bewwe: supp>se J (6)26
=y 2lEel = 2v Acwv) ‘?’ g Ivl
it W ﬂ(weaepy L’”& Qj I'EI s ‘31\/! b éf LII/ "“’W‘F /5 a M“mﬁfaﬁoh.
L\'j’ v {DL a VP/-‘LG‘(' of M'.uivvu.t_ %m& dhd {,&{‘ ér = 6\{.,} .

By fad petsoin /Z(G') C2 2 (’}4(.) = 4 , uie wduchron tﬂmg{L{I“ on Gn )
COUE/OQLV] < 5'. i Uiz agH' c,o[,od.ﬁ own Vv

Corse DQWJ =5,

[f Va, -V use ow A wﬂoum,wbﬁcﬁfﬂ' ! R

Gorwie . wlon. asume v ho lur i

Ve Lt Gt; be Hee guéﬂrprl, of GI whose vedices ore eolpurdd
7

wrl’{» i ot j 'ic‘,ﬂyﬂ-qf with ‘H’\L Wpa..d;w 30?9&5.

IF v and v, ae  in J;p{y%+f‘“‘;¢hr’om+ of (_”;-'.

i)
= v v fH_m qu.rg, Z( colou 7

L s

) switeh H"-L oloury w» owe COh-ffoM

RS

ofthnvaie Suppose Vi,V arz i the some eowporent 0 F G-‘:j b o i fyd

= Jpth B: vuv% C"ms
Fpth B vieowg w6y

=) Heue he b be a vedex v both patbe. L?V (@ A ae r‘u\tf/‘.@é{?‘:@)

=

M The &”W{flftlcfmhfa{a'xtc’rx) is Hie nowmber of (Ma.p&'r vertex C.D(»G'urfuys oF G
with % colours

EB‘! J’f\_‘ ey XKAB.x) = xlw-a)(x-2)
w?c‘:m A toulours
P _— s _—a =\ ’X(P,z) = u.(x--ﬂ }}
b S e
’K-{ .-. ",X) = )(3 (Q.Hff&wr{ £2 I rm(ﬁl!‘ﬁﬁ{ W"\(f(,c_(

=

'3
XK (Kn,x) = X(5=4) =~ =t +) ) %(F’L,y): >‘=()<--1')W‘T 7 (th,x):xw

Thoorams H( G2 | o (6N w) = B{Gle,x) Go wuy oo £ 6 E

——

-
i

Poof Oy proper vefex ooty of  G\e u afur o proper viorfe cpﬁounlg ity m
of G/p, e=tum) (6 He colowe of w v are He smme] o &~ prope vertey  calourinn
-o-F- G ( F fle colowis of wv are U‘W‘ﬁ gl{yl;.“;? 4 6\9 . )

o




S — —— e ————r———— e

Theorows HLC.x} & & ra(7haw\:¢|..

Poct: Ingathion om lel«1vI
D KfGx)=x © @ r:fc-(vfwo"—-"“c

coe [El =0
tove (€I S PLEix) = (G \e,x) - H{(GCle,x)
W ‘
= rcCymM?u{ — v’ot}f“‘-"h-?l.
o

@ Cahnf::‘ha"'oﬁcs

—

Gren & fmle b A, HFor eoch nelV' vt i [Aa] : e A<t ,Tr_f?wm&:w of

An  owrwar "‘"39!"* be: o) om l_exftcc.;f formula ' : [/3,,,’ o £, -0l 1

o) & rewttence:  [Au] = 0] Ao | ,[/-9-! &

) Awm oryMFL'J{:c Forrula (/.1“} ~ h"e_h-'}?-w:-l , o) oaw AI_'gM:%LM

counbing _prinapalc

Lt A, C be fiude gk
s #w BFad Aol = [Al+18]

) |AxB] = [al- 18]
L) £ Al 1Bl bijedwe = [Al = |8l

=
, el ”

IIDW&L‘ 5\950\'!’?‘3: L‘d‘ A= 'fo"r.--- 0\\,,3, B = ii‘Ja,--- i’l--.T P [’2_ = AXB
EW ﬁ:r.’ri(%fb)'ﬁ'all, R.{j :5_[&,&:]‘}6!2}0\@,43
|

nt =Y “‘tl = E_R.,j = ﬁ-ki,'

.! ,jl-" !"1
|

t‘ﬁ'} Tilw) = Averege Number of Aeviseors 0.{-' hlfv}&r}‘ ‘w{ww A sl

"

P A.. &
(_(6)- P e L | p‘&u‘czls M.-(I‘rH‘!iu‘
-'2“‘-"_"“": ‘-’-ercﬁcrm“mgm, & 5(6}1(4*142-&3»23 Q)éc‘?ﬂ/ﬂ*: 2—(3+3+ lﬁ-”-ﬁ-’]d-’?) = 2&-‘?—_{
& L i V) %% L (=
See Ot Mmﬁuhns Cuky DU~ FOWTS

%pu(.f ot o or,ﬂbt}hy?[eg a"‘ %_LL,"‘J' gzl-?— + &(1) = 2_")_ . @,(4) . (-0‘_9{'0}
. ¢

Conghonut Lrror

i P.'fg govlnole - Pr‘mc';pf—g 8 SLL\UbFﬁd'lPrir-Z;p )
' Aay e P, pori- wise igjoint [Aq - L f‘t,'l v e

g :.).3::lp-';|’]"

olernalively - £.1a= 8] i [ALX Bl =2 3 (B r{(-#}(b” 52 (M,; g )




