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:D&P‘ For o o‘igra\Plﬂ D and ‘M;VED)

dist(wv) = min # edges on directed n-v path
= o i{ no uv ?O\-HI\.
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:D&P‘ For (o) o‘igraPlr\ D 0\'\0‘ ’M;VGD)

dist(wv) = min # edges on directed n-v path
= o i{ no uv ?O\-HI\.
diom (;l)) = max (dist(wv): uve D), dist(uv) x-)
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:DQ‘P‘ For Q o‘igraPlﬂ D and ’UVGD)

c;{nS'l‘(u V)- MIN 'H:Qdﬁes on leQC‘I‘Qd U-V 'PO\‘H'\
= o i no uv O\‘H'\

diom (D) = max (clist(av): uwc]) disl(u.v) « =0)

D, (n, r) = l_ar~gest s4-r~on3|% Covmec:l'ea‘ component of ) (nr)
3 path {rom any \/erjrex s any oHher
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:DQ‘P'° For a o‘igraPlﬂ D and ’MVGD)
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Smople rondom walk on on undirected qroph
G-’—(V,E) — o{eg(v)Z#—/\Q'@l’\looUFS of Vv = -ﬁ:{w : SV/""}GE}
XZCX;,iEO) Mo«"(ov cl’\axm,

Pow = P(Kurw| Xi=v) = {i/desm $ IvuwicE

O OH'\er'uoiSQ
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Smople rondom walk on on undirected qroph
G-’—(V,E) — o{eg(v)Z#—/\Q'@l’\looUFS of Vv = -ﬁ:{w : §v,w}€E}
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P POz X ) { O Otherwise
Stationary dist: G comected = stat. dish T unique, T = dea /2)|E].

Macrkov chain reversible
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SiM’P\Q PO\Y\O‘OW\ wq|< on on undirected EYEP»_‘-
G-’—(V,E) — o{eg(v) = # neighbours of Vv = #{W : SV/""}GE}
W= CXU (EO) Mark oy chain,

Pow = P(Kurw| Xi=v) = {i/desm $ IvuwicE

O Oﬂl\eru\)iSQ

S“‘o\'\-io\n(}rg dist: G connected = stat dist T unique, T(v) = dey (V)/ZlEl.

Macrkov chain reversible

Swmople rondom walk on o directed groph

D=LE) Ao\eg)““(v):#%wZ vwéE—z deg(v) = #5uU: uve E ¢
X=(Xi,20) 2{1/%5@; § owweE

O Otherwise
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Smople rondom walk on on undirected qroph
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Smople rondom walk on on undirected qroph
G-’—(V,E) — o{eg(v)Z#—/\Q'@l’\looUFS of Vv = #{w : §v,w}€E}
X:CXU‘.B/O) Mark oy chain,
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O OH'\er'uoiSQ

Stationary dist: G connected = stot. dist T unique, T(v) = deg W/ 2|E]

Macrkov chain reversible

Sipr\e randowm w0\||< on o directed 3F_0\P£

D=LE) Ao\egf(v):#%wi vwéE—z deg(v) = #5uU: uve E ¢
X=(Xi,20) 2{1/%5@; § owweE

O otherwise

S+O\‘\'io\n0r‘5 dist. G Siggnﬁl_vj connected = stat dist T unique, T(v) = 7?
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Results 2 - S"’O\“-isnarkﬁ distribotion

(Pro‘:osi'l'ior\ (Grusko,l??-%)i T he lo\rseg'l' CWPQ,,\Q,\-} Do(n,r) of D)
s with high probability the unique

recurre v’\i’ cmeOV\QV\‘I'.

Corollary: Simp,e rondom walk hos unique stat dist T whp.
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’PFOFOSH‘;OY\ (Grosl\o,l??%): TL\Q lo\rseg'l' CWPOV\QI\‘} Do(n;f‘) a{: D(ﬂ"-.)
s with high probability the unique

recurrent component,

Corollary: Simple random cyalk hows unique stat dist T whp.

Theorem (A-B, Balle, Perarnav):

- 11051 = (14C¢) + 05D

Trﬂ\ﬁ)(gn J —'rm}n=n




RQS’MH'S ) S+0\-l-i6narl5 disl*rﬂku{-.'of\

’PFOFOSH‘;O{\ (GrOSl'\o,’97-3): TL\Q lo\rseg'l' CWPOV\QI\‘} Do(n;f‘) a{: D(ﬂ"-.)
s with high probability the unique

recurrent component,

Corollary: Simple random cyalk hows unique stat dist T whp.

Theorem (A-B, Balle, Perarnav):

- 11051 = (14C¢) + 05D

Trﬂ\ﬁ)(gn J —'rm}n:n

i.e. Viso; TP( Tmnx> V\-|+€or -“_wuox< n'l-i)-—)O
A SIS



RQS’MH'S ) S+0\—l-icn0\rl5 disl'r*}ku{-.'of\
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recurrent component,
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A (People's H)S“'Or‘j of +he Diameter of Random Graphs

D(n,r) (l 9 33) Teakhtenbrot ¢ Bordin: diom (D(V"r\) = OPU°3 n)

G (n,r) (|982) Bollobas & de lo V€30\= TP(\J-.GM(G("")‘ ‘°Sr-|(|°5“)l€ [’ 5,'5])
— 1
( \) (19F4) Buctin: A /logn =09 Tio- point concentration.
P( dian(G(n,2) €f|legn AL, Lloas nf+13) = |

( |98)) Bc”oLaS: ('\)3|03ﬂ= Exflic'.l- 4o Pcil\-} concentrabion,

P(diam (G 2)= Uogan]) =p (n) | P (diow (G 2 lloganlsl) = Po(n),
PP (n) = |
(2010) Risrdoni Wormald - G (#,2)

W1 bived: diom (G (0 24)) = (1+2 ¢;) log, 1t + Op (1)
Y =03 2 _peint concentrotion.
PYORREIOE OliOM(G' (n, '/\/n)) = O((") + O (-ﬁ)

d(n\ = (+o0) 32 log((A-} ) |
(see also Ding-Kim-Lubetzkq-Peres 2010)

'Raxnc)om edae wenjH-s
- Bhamidi £ von der Hofstad > Conv. in did, complete groph

—Afmmeelor e AG('\“) Clogn + op(logn)
- Ding- kuM'L“L’f+Z|<j -Peres - G(n,r), C—|°34+O (l69\03n)



A 'People's H)S"’Or‘j of +he Diameter of Random Graphs

D(n,e)  (197%3) Trakhtenbrot & Bacdin: diowm (D(0A) = OP("‘S n)

Ge)  (1992) Bollobas s de lo Vega: P(|diam (G (0.~ log., (logn)| € [-5,57)
— 1
) (19F4) Buctin: )\("\/bﬁn = 09" To- \003f\+ concentration.
P( diowm(G(n,2) € logq ], Llsas nf+13) = |

( |93’)) Bollsbas: (n)3|03_f_l" Exfl.‘c'.l- 4o Poi/\-} concentrabion,

P(diam (G (n, 2)= Uogan)) =pi(n) | P (diow(Gln, 2 )=lleganltl) = pa(w),
PP (n) = |
(20|O) (Rfioro’om*'f Wormald - G(n,’lﬁ)

W1 bived: diom (G (0 24)) = (1+2 ¢;) log, 1t + Op (1)
Y =03 2 _peint concentrotion.
PYORREIOE Ji0M<G— (n, '/\/n)) = O((") + O (7‘,—')

d (n) = (+001) 52 log((A-I\* n)
(see alse D'"3 Kim- LuLfkaj -Peres ZOIO)

Random eo’ae weljkh
- ‘.Bb\am c)l £ von der Ho‘FS"'oa - C_o’\\l o o\s} COMP|€-|-Q Srapk

—Afmmeelw e S G@T), Cloyn + op(logn)
‘D'"3 kum-LMLf'ka‘:j -Peres - G (n, r‘) C|o3,\+() (’og\Ole)
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Observation :|dist(u,v) = mind jek: NT NN () +¢]

) oBFS lwks ke BFS on complete r-orY tree
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Observation :|dist(u,v) = mind jek: NT NN () +¢]

) oBFS lwks ke BFS on complete r-orY tree
HQuriS'l‘iCS: 2)  BFS laoks like BFS on o Poisson (r) GakHon-WeTson tree.

3) out- nblids much wmore reqular Han in-nbhds so ia- nbhds

Cavuvse 0“"3 -P)MC'I‘UQ'I‘{GHS ‘N cAfS'faV\CG’S.

For node u, lef |<(u)=w\inﬂ<'-|N,:(u§|>’\03"'n§

Prop+ diam(Dea) = mgx kont (1o00) logn

PV‘QO'F io'eqi
. ) L | wh rj« nv\
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A"' ‘CiFS‘I' 1 was C\-ero\icl
k(u)‘min?k'-lN,:(mP’ \ogqng d;qM(D(ﬂ,p)) — M;X k(u)+ (I+o,,(')) \ogrn

/PQP‘ M % k(u) = (I+ o(l)) Crloﬂi’l

First 47y f understand oo single vertex .



A+ 1Cir‘s+ 1 was a?ro\id“‘
|<(u)=min§|<'-|N;(W|>’\og'4n§

/PQP‘ M oX Ku) = (1+ o (1)) Crlogn

First 47y f understand oo single vertex .

Ideo‘ (A‘Hr\r-c\'jo\? Nﬁ_j) K'mg)mo\v\', Mcbio.rm}o{} R;orolawé.l/\)orvwalo\', Beres'mcki, Gon-}e_r"}, Mo ~ters £ S}dorovm;.-.)

‘._ov\g—JrQrM grouuH/\ s due +o SUr-viv'af\j |ir\eo\3e5.

Let T ~ Poisson(ed GW, oot P

diom (D(n.r)) = g kon+ (1+0¢0) log.n

P(T=e0)=¢s

|-s

c

—rS

So\3 \/C-—l_ survives U; v \,.a\S 09 many J?SCQV\O\N\E.




A+ 1Cirs+ 1 was c\fro\id“‘
|<(u)=min§|<'-|N;(u)|>’\og'4n§

Prop: mox K(u) = (I+06(0) C.logn

First 47y f understand oo single vertex .

IAQO\ (A-Hnrc\go\f Nﬁj/ K}f\f)w\&n'; Mcbiarm}o{', RQorolo\V\é.l/\)orvwalo\', BQ"QS"’%C-M, G0ﬂ+ef‘+, M&P‘l’ﬂ‘s E S;dorovm;.-.)

LoA3—+erm grourH/\ is dve to SUr-viv'af\j I;r\eo\\%es.

Let T ~ Poisson(d GW, oot P

s (Do) = g ke (172,) g,

P(T=o2)=s

|-s

c

- S

gq3 \/C-—l_ survives U; v \,.ms 09 many J?SCQV\O\N\E.

NB= #{SUFVNOF_S N ﬂengg IS 'mcreo\'sin3 N

N




A"' ‘CiFS‘I' 1 was C\-ero\icl
keuy = min Tk:INZ(W)I > [ogting C];am(p(,,,,p)) = max ka+t (1+0,m) log, n

/PQP‘ M o k(u) = (14 001)) Crlogn

st +f“¢j + understand o %ir\ﬁle_ vertex .
IdeO\ (A-’r\y\rc\go\? Ne_j) K'mg)mw\', I\/\cbiarm;o\; RiordantWormald; Berestycki, Gontert, Ms~ters £ Siderover; )

Long-term growth is dve to surviving |ine ages.

LQ."' T~ POiSSon(f3 Gl/\), roct ID TP(T=°<’\—'S I-s =e—r's

Soxj \/G'_r suUrvives 'l<c Vv \/\U\S oo many o‘?gcev\O\od\'\'S
NB: #{survivors in %eng% IS 'lACreo'\Sin3 mog

PP has & surviving clildren) = P Poisson(rs) = &)
B hos . surviving chldrenp suruves)= 5 p(Pos1=e)
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keuy = min Tk:INZ(W)I > [ogting C];am(p(,,,,p)) = max ka+t (1+0,m) log, n

PQP VV\L?W( I(('M) = (l-(' O(I)) Cr]ogn

st +f“¢j + understand o %ir\ﬁle_ vertex .
IdeO\ (A-’r\y\rc\go\? Ne_j) K'mg)mw\', I\/\cbiarm;o\; RiordantWormald; Berestycki, Gontert, Ms~ters £ Siderover; )

Long-term growth is dve +o surviving |ine ages.

LQ."' T~ POiSSon(f3 Gl/\), roct ID TP(T=°<’\—'S I-s =e—r's

Soxj \/G'_r suUrvives 'l<c Vv \/\U\S oo many o‘?gcev\O\od\'\'S
NB: #{survivors in %eng% IS 'lACreo'\Sin3 mog

PP has & surviving clildren) = P Poisson(rs) = o)
P hos . surviving chldrenp survies)= 5 p(Posr=e)

fp(‘o hos A4 SOrViving child \ P Guf‘ViVes) =<’ fP(PoiSSOI\US)z ')

= S—l- (r_Se—r'S) - re—r-s



A"' ‘CiFS‘I' 1 was C\-ero\icl
keuy = min Tk:INZ(W)I > [ogting C];am(p(,,,,p)) = max ka+t (1+0,m) log, n

/PQP‘ M o k(u) = (14 001)) Crlogn

st +f“¢j + understand o %ir\ﬁle_ vertex .
IdeO\ (A-’r\y\rc\go\? Ne_j) K'mg)mw\', I\/\cbiarm;o\; RiordantWormald; Berestycki, Gontert, Ms~ters £ Siderover; )

LoA3—+erm growth is dve to Su:-viv}r\j I;/\eo\\cjes.

LQ."' T~ POiSSon(f3 Gl/\), roct ID TP(T=°<’\—'S I-s =e—r's

Soxj \/G'_r suUrvives 'l<c Vv \/\U\S oo many o‘?gcev\O\od\'\'S
NB: #{survivors in %eng% IS 'lACreo'\Sin3 mog

PP has & surviving clildren) = P Poisson(rs) = &)
P hos . surviving chldrenlp surves)= 5™ p(Posor=e)

fp(‘o hos A4 SOrViving child \ P Guf‘ViVes) =<’ fP(PoiSSOI\US)z ')

= S—l- (r_Se—r'S) - re—r-s

So P(QXO{-Hj 1 survivor |n 3@/\ 3) = IP(.’I. SUFVIVOT | N 3Qn 1)3 _ (re—r—s)‘s



keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

Prop: mox Ku) = (1+0()) Clogn

First 47y f understoand oo single vertex  u.

P(exocdly 4 surviver in gen g = E’_rs)g 2 P(exactly 4 individual in gen. 9)



keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

Prop: mox Ku) = (1+0()) Clogn

First 47y f understoand o single vertex  u.

P(on{“j 1 survivor in gen N 5 = (f' e—rs‘)ﬂ . [P(exc»d'lg A individual in gen. 3)

Bock to in- neighbeurhoods of M.
_IAQO\: (RiOrCXGV\“/\)GPW\O\lO{) For- k—{ |0\f'6€, 'QO\S+ CD%‘HS L,\\O\ﬂ -l'o l/\ave_ O < N;(u)< rt
e~ _
\_un]\Leln! s ‘I‘O I/\O\V& Nk_{(u) = | .




keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

Prop: mox Ku) = (1+0()) Clogn

First 47y f understoand o single vertex  u.

P(on{“j 1 survivor in gen N 5 = (f' e—rs‘)ﬂ . [P(exc»d'lg A individual in gen. 3)

Bock to in- neighbeurhoods of M.
_IAQO\: (RiOrCXGV\“/\)GPW\O\lO{) For- k—{ |0\f'6€, 'QO\S+ CD%‘HS L,\\O\ﬂ -l'o l/\ave_ O < N;(u)< rt
e~ _
\_un]\Leln! s ‘I‘O I/\O\V& Nk_{(u) = | .




keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

/"DQP: I/V\lf‘v( k(u) = (l-(- O(l)) Cr]oﬂn

First 47y f understoand o single vertex  u.

P(on{“j 1 survivor in gen N 5 = (f' e—rs‘)ﬂ . [P(exc»d'lg A individual in gen. 3)

Bock o in- nei ghbourhood s of M.
Tdea: (Riordon=Wormald) For k-1 large, least E’filj Loy 4o have O < N, W< r
by’ 4 have NG =1
CostPlo<INyaw|< r*) £ PUIN =1, 0< N <Y
= PON !, Ny (v)>0)
2 PING W=D PP (D) GW suvives)
= (e )t s

t




keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

/"DQP: IN\qu( k(u) = (l+ O(l)) Cr]oﬂn

First 47y f understoand o single vertex  u.

P(on{“j 1 survivor in gen N 5 = (f' e—rs‘)ﬂ . [P(exmcﬂg A individual in gen. 3)

Bock to in- neighbeurhoods of M.
_IAQO\: (RiOrCXGV\“/\)GPW\O\lO{) For- k—{ \owg)e, 'QO\S+ CD%‘HS L,\\O\ﬂ -l'o l/\ave_ O < N;(u)< rt
e~ _
L_un]|l<e|3.' s ‘I‘O I/\O\V& Nk_{(u) = |°

CostPo<INyawf< r*) = PUNL =l 0« NeWh<r?)

2 PN Ny (w)>0)
2 PN =) PP () GW survives)

= (re )t s

2ot
KPQP ~or k—]L_ ’o\hSG’ o\f\J k}{ SMO\” L/\(kz ( ))

QI\OUSIV\ JrL\0\+ GW o\ppmx}mo&ion LS %000\)
PlosIN;w|<rt) = O (rem)<



keuy= min Tk INZ(RI> ogin d;am(p(n,p)) = max k(u)+ (140,m) log, n

/"DEP: IN\U?‘)( k(u) = (l-(- O(I)) Cr]ogn

First 47y f understoand o single vertex  u.

P(Q"O‘C“j 1 survivor in gen N 5 = (f' e—rs‘)‘ﬂ . [P(exc»d'la A individual in gen. 3)

Bock to in- neighbeurhoods of M.
'Ide_o\: (Riordon“/\)br‘mﬁld) For- k—{ lO\f'e)e, 'QOxS}L CD%-HS L,\\O\ﬂ '{'o l/\O\VQ- O < N;(‘M)< r
e~ _
L_uw]|l<e|3.' s ‘I‘O I/\O\V& Nk_{(u) = |°

CostPo<INyawf< r*) = PUNL =l 0« NeWh<r?)

2 PN Ny (w)>0)
2 PN =) PP () GW survives)

= (re )t s

t

2ot
’PQP ~or k—{ Io\hge omoA kJJ( SW\O\” L/\(kz ¢ ))

ef\ouslr\ H«O\{' SN o\ppr‘cx}mo\-}bn LS %000\’
PlosIN;w|<rt) = O (rem)<

Heee! rt=login.  Then (Fe™) "= -1+ O(loglegn)



Bounding the diometer: wrap-up.

keuy = min Tk:INZW)I > [ogting d;qm(p(,,,p)) = moax kau+ (1+0,m) log, n

Prop: max ku) = (I+()) € logn

Plo<IN m|<rt) = @ (re)<™

At =log?n Then (r.e-fsy"t:lw when | = Cr log, n +O(|o<\>)lbgn)



Bounding the diometer: wrap-up.

keuy = min Tk:INZW)I > [ogting d;qm(p(,,,p)) = moax kau+ (1+0,m) log, n

Prop: max ku) = (I+()) € logn

Plo<IN m|<rt) = @ (re)<™

k-t

He_r*ef (\Jc :—lo‘jqﬂ- TL\QV\ (T‘ e—r'S\ - LV\ wl«en k = (E = IOC\’),-Vl +O('°3[®SV\)

So it k>Cnl03rV\+C|03|03VL Haen |E{#3u:l<('U\)>,k2§]__eO
k < Cnlog-n — C |03|031\ then IE[# ilu:k(u)}k%\ —5 o3



Bounding the diometer: wrap-up.

k(u)‘min?k'-lN;(Wla \og)”ng d;qM(D(n,p)) = M%X k(U)+ <|+°p(|)) \ogrn

Prop: max k) = (I+()) € logn

Plo<IN m|<rt) = @ (re)<™

He_r*ef (\Jc ;Io‘jqﬂ- TL\QV\ (T‘ e—rsyl"’t: LV\ wl«en k = C- |ocsrn +O('°3[®37\>

So it k>C,~l03.-V\+CIo3l03VL Haen |Ef#§u:l<(u)>/kﬂ——e®
k ¢ Cplog-n = C |03|03r\ then IE[# ju:L(u))kg\ —5 o

mirst moment method = k) ¢ Cr}ogrn + O (lglog n) w\'\P
Yecond moment method = k() > c-logr n-0Oeglogn) hp

l
Count E[# pairs tyv st k(n)>k, k() > =



Boundﬂ\ﬂ T rmox 0\"\0‘ Trmil\

View NZ(W) as o moze
(TrQO\SUff AT U.)

Maze is h-hard -Ij; every PO\H\ {-\r\om N;(U) o U \/\0\5 2> h +_2(1‘P—S-



Boundﬂ\ﬂ Tmox A 1T min

View N:k(UJ aS O M0 Z€.
(Treﬁsurﬁ AT U.)

Maze is h-hard -I¥ every PO\H\ {-\r\om N;(U) o U \/\0\5 2> h +_1(1‘P—S-

Teap:
A verfex w with \Nf(w)r\ N;k(u)\ﬂ. " |




Boundﬂ\ﬂ Tmox A 1T min

Vieuw N:k(UJ aS O M0 Z€.
(Treaxsuff Ot U.)

MazZe is h=-lhard ]{’ _veryY \DO\H/\ Lrom N;(U) Jou has 2 h ‘I'_10_\P_3.

Teap: A
A vertex w with \N*(w)r\N\:k(u)\ﬂ. e
(P_QP-I'? N;k(“\ is h-hard ond z v

1 ot least one ’PO\JT\/\ of |en3“\ A
from U o N;k(uﬁc then
'lT('IA) < rl-k



Boun0‘3n3 T rmox 0\’\0‘ Trmil\

View N:k(UJ aS O M0 Z€.
(TrQO\SUff Ot U\.)

Maze is h-hard -Ij; every PO\H\ {-\r\om N;(U) o U \/\0\5 2> h -|-_|~_o_\p_3,

Teap: X
A verfex w with \N*(w)nN;k(u)\ﬂ. e
T')_Q’P:_IQ N;k(“\ \s 'l\-ll\oxr‘d oand z v \Y N—(
q ot |east one ’Poxjt\r\ of |€'_V\3‘”\ A Proof: Tadhis cose « (v)
from U 4o N7, (W) 4k B, (T)
™M 6 N\k( 3 en > R(XK¢ Ms‘k(m).\}zﬁ_m Eu(—Lu\

n) < ~%-h _
-lT()\r ‘>/r_9~ .PL\



Bova‘Ug T rmox 0\’\0\ Trmif\

View N:k(UJ aS O M0 Z€.
(TrQO\SUff Ot U\.)

Maze is h-hard -I{‘ every PO\H/\ {-\r\om N;(U) o U \/\0\5 2> h -|-_¢~_o_\p_3,

Teap: X
A verfex w with \N*(w)r\N\:k(u)Fl. e
KP_Q’P:__’L—? N;k(“\ is h-hard and z v\ NE
q ot |east one ’Poxjr\r\ of |en3“\ A Prosf: Tadhis cose )
from U do N, (W) 4 B (T)
™ o) N\k( 3 en > IP“(XK¢MS-I<(1A).Jzﬁ,—thu(—Lux
T(U) < t-h S -t . Pﬁ

Fact: Whp, f_o_r all U
For k:(l_i)\cﬁrV\J N;k(‘IA\ QSsevvlimnﬂ atree so s wL\P \,\—\,\o\ro\ U,\: (1-—2.13\03,}’\)

Also "“\'\P 3 poer\ of lenertW < Log QGSV\ *to Ns—k (W)°



Boun0‘3n3 T rmox 0\’\0‘ Trmil\

View N:k(UJ aS O M0 Z€.
(TrQO\SUff Ot U\.)

Maze is h-hard -I{‘ every PO\H\ {-\r\om N;(U) o U \/\ms 2> h -|-_|~_o_\p_3,

Teap: X
A verfex w with \N*(w)r\N\:k(u)Fl. e
KP_Q’P:__’L—? N;k(“\ is h-hard and z v\ NE
q ot |east one ’Poxjr\r\ of |en3“\ A Prosf: Tadhis cose )
from U do N, (W) 4 B (T)
™ o) N\k( 3 en > IP“(XK¢MS-IK(VB).\}zﬁ,—thu(—Lux
T(U) < t-h S -t . Pﬁ

Fact: Whp, J_-\_o_r all U
For |<:<I_£)\°3rV\J N;k(‘IA\ QSS'QV\'hmnﬂ atree so s wL\P \,\—\,\o\ro\ U,\‘; (\-—223\03,}’\)

Also "“\'\P 3 poer of lenertW < Log QGSV\ *to Ns—k (W)°

_ (-39

hp.

So Taay = muax—n(u) < -k n



Boun0‘3n3 T rmox 0\’\0‘ Trmil\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

(
Twin 2
=t |+ ol rd




Boun0‘3n3 T rmox 0\’\0‘ Trmil\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

(
Twin 2
=t |+ ol rd

Proof  For all v, B (Tusd) >
)

Se Eu(—[v:-) Sl+d r
So 'nT(u)>/(|+o\-n°‘)“m'E




Boundﬂ\ﬂ T rmox 0\"\0‘ Trmil\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

(
Tin 2 I+ ol rd

Proof  For all v, B (Tusd) >
)

Se lEq,\(Tv:-) Sl+d r
So T(“))(HO\'(\J)_E;

LowER BOUND ON Twin FOLLOWS SINCE  d=0+e)(I+ c)lear N



Bova‘Ug T rmox 0\’\0\ Trmif\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

l
Mein 2
" |+ ol-rd

Prool: For all Vv, B, (Tusd) >
d

So Eu(—[v:-) l+dr
So T(@)(Ho\-ﬂ")é\

LOWER BOUND ON Twip FOLLOWS SINCE  d=0+ea) I+ clegr N

MP?Q_F E’&Uid: C,QV\S',O’Q(‘ verdex maximizing k().

U R

lc=kn)



Boun0‘3n3 T rmox 0\’\0‘ Trmil\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

l
Mein 2
! |+ ol-rd

Procl : For all vV, B (Tusd) >
A

Se Eu(—[v:-) Sl+d r
So _IT(M)>/(|+O\'P°‘)_E;

LOWER BOUND ON Twip FOLLOWS SINCE  d=0+ea) I+ clegr N

MP?Q_r E’&Uid: C,QV\S',O’Q(‘ verdex maximizing k().

§ V/
—O0—0o——o0~ -~ ~

U D

lc=kn)
M u <t \/igﬁ Vo maay [ r\k_{:\]
-\-im&g \OQ‘(?QF'Q FQO\Q\/\EAS U



Boun0‘3n3 T rmox 0\’\0‘ Trmil\

Lower bound: ITf D is strongly connected, ©-re9), diometer d then

l
Mein 2
! |+ ol-rd

Procl : For all vV, B (Tusd) >

Se EBul(TH) <+ d
So 'IT(M)>/(I+0\-(\°‘)_E;

LOWER BOUND ON Twip FOLLOWS SINCE  d=0+ea) I+ clegr N

MP?Q_r E’&Uid: C,QV\S',O’Q(‘ verdex maximizing k().

§ V/
—O0—0o——o0~ -~ ~

U D

lc=kn)
M u <t \/igﬁ Vo maay [ r\k_{:\]
-\-im&g \OQ‘(?QF'Q FQO\Q\/\EAS U

So ELITA> rtE(T]S r 7 )

- (= Crto ()






i((u)=min§|<=|N,:(w|>’ \03”n§ CI;“""(—D(V'J‘)) = M;X kouy + (l-l-o,,(')) \ogrn

Pp_opz oY kw) = (I+ o()) C,. ]oﬂn
“irst try +o understand o Sif\&le_ vertex .
Tdea (A-@La\ga? N&_j) K'mg)wv\', McDiormid; RQoro\avx?l/\)orvwalo\)‘
S-}uo‘g BP OQ SUrVIVOrsS.
Let T~ Poissan(™d GW, P(T=o)=s. I-s =¢e
50\3 \/G-_r survives .l-(" Vv \/\a\S 09 many o‘i’SCQV\O\O\V\J(S.
L_q;l P ]oe f‘oo+ o‘(\ T, ZT—#SUrvivir\j cL\ilJrcf\ 6(1 ,D

’\P(P has A Surviving cL'.lJren> = TP( Po}sson(r‘.S\: 0\)
P(P has A SUr‘VfVif\a cl«;la'l’ef\“) SUrViveS): S_I- ]P(PoiSSOI\(f‘S):O\)

—rS

P(p hes A soeviving C\/\ilol\ P socvives) = 7' P Poisson(rs)= )

= S_|- (rSe—f'S): r_e—r
= (1-9)

—Iﬂ\‘- For‘ k—{ |0~f‘6€, IQO\S]L CDS_H:S t,qc\\Lj —l-o L\ave_ O< N;(M)< r‘t
N~

\—uw]{Lelﬂ )

S

isto have N (W =1,
Cost: PUNyaw)|< 2*) = PUIN, =1, 0% NJ () < Y
= PON_ =1, Ny (w)>0)
2 PN @I=]) PP () GW survives)

¥ Survivors in 9en k 1s 'mcreo\sin3 n e



