CS Q6o g\aedm\ gro\?h 'tlr\eorg , Q?ring 2018, Waterloo.
Lecture & : Hisher order Ckeegar's Ine%wxl'rtg
We ¢ee a vecent génemh\sa{\\un u—f U\MSUS \me%mwﬂa relo&?n% the  k-h Q\‘SCY\\/Q\\ASL 9{ the ﬂorma(;‘SaaL

LaFlm\m\ matix o Pa(f\\tTDn\\ni the Src\?h into  k du‘s]o?hf Sparse cuts .

Higher cigenvalues and  Qgraph multiway partitioning

Rqain. for Smplicity |, We  ascume the graph s d- cegulac.

Let = 5L be 4o novmalippd  Laplacian mabix , With effeavalues 0= A )y s € ), <2

It is an execcise 4o show that  Ae=o ™ ond only I tle ngA has at loast k comected Comprments.

In otlec words, M=o I ond only M thue ave dispint subsets S G S €V with P = 0, whets
G danstes the tonductonce of T

Similac to +the pattern that we have 2een in previous lectures | tye il Show that this Spectral charactariptiv
allows  w¢ 4o prove a %mnﬁmﬂ\& gxznamhg»ﬁr]w L that A s small Tq‘ and. sv\(% T{ o ara
disjount cubets S LC, L Qv all wWith  emall  conductana .

Let & (&) = ™0 max QR be  +the k—wm,a Conduct ance Djt the S(G\?]ﬂ G.

1.8, - Sk e 1€3¢ k
085 =¢

The “gc“‘ﬁw\\r\% Yesult T coalled +lo Lﬁgl\awwoﬂlr Qkaa&er(g MQ%WV“%'

Thesvem [ LoT12) e < (&) € ol IN -

Anotlevr  aeseacch group algo \)mwd o Qmilac yesult mg“mg o{{{famnt Jcrzdm?%ug, which shesws that
e d\qxzv\duwc% K can b ?mProvad\ Lms‘d\umua }f we  Cvagtvuct S\Tgkﬂa %Ewl( OATSJ‘WT Tpacse eals,

Thesvem U LoTin, LRTY ) be(E) € ol Po%ogwﬂ Mg .

Roth  results  wware \mg?\\(m \o% Tle vecult n UABS (D] tlat }fr Xk ¢ Small fw a (argx& £,
Han  thece  wxigts a Wt < wWith ¢(§) = OQSN’J onad <]~ N{/K .

W ™ oy gmo\\a Ho recult in UTARC 10l lotee when wae talk about Yandom walke gYﬁPhi.

The direction = Ac € ¢ () ¢ called the Loty ditection , omd the other dcaction ¢ e hard direction .
Aga\m He 2051 divection can be tean ac Ehm,ﬁmg that A Tt a relavation o’? tle k~waZL Farﬁﬁﬂﬁ'\}

?Yc\olaw, while the hacd olicection can  be S2en o¢ fouwd‘vhg al&wtwm —FN 4o velaxation
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We  will m\\% prove the hard dicectin , omd  leave ta casy diredtim as o homework Prob/gm.

Q\?u’ma\ Jamkz&d‘m%

Wao  howe ?\/ovu}\ “+ e WCD“W\‘Q{ ceoult  when  wae P\ro\/md CL\QQ&Q{& InQ?DAAaL(\»JnS .
Lomwmor  C Chooper® ‘(Gum(?bng} GTVM\ X & th , “thleove. 1< an Q%H(Iavﬁt o\\fgm\‘tlawv ( e \\S\A/Q(LF v OJKD(ITL;M 3
that %w{g Q < QMPPU) Such that q> s) = 2RGO | whare 2upp )= g 3 \ X“\#D?J 'S the

<
Support o& vecfor X ond Re0)= X &x s the Rayleioh wotient of x.
PP v jleish g f

Tt Ap Vs Small . then we know Ahat Hew are k twtlr\ngwa\ eipenvectors gach with  Small Raalﬂt\gl\ %«Mﬁawﬂ
\We  can Onpp\\g Ckm&Q(/s rouvxoUV\g on  fach QTgev\va_Chz( to Wc“w\ok o SPO\(S'L wt .
(Note Haf 4 cxw\% 4o abous lewmma, we dont need X to ba owm zigzmvzdgr o Just o that RGO s Smaﬁ\>

e the K vectore owve wﬂ\o&omo«\ 3 }nmit?mn, s Q\(\)Qc‘f Haot tle Sparse cute Pygo(ucsuk loxg

C\AM&QY& (ouvxot?v\(g on Them are QKAT”UL O(T”ﬁuewf (Q\K\ \ma\j‘w& the k vadors are all gb,lﬁ *\/ﬁdws)

Qo, thic Suggp_gts tlat tlow ore k d\T—Huu\t Sparse b n tle Rraph L and it chould  ba
?ogg‘\um to  Combine them 4o Lok oﬁsJ“o‘mf packe ity n the gra\?%‘

Tt 3¢ not cleae  how o Procmd with  This ldea, }w(\ dmliwg\ with  eech  vectocr \lV\OkQ’\)QV\dLQV\,t[\A»

Thstead, we fToke o vsve &ko\oal view thot  considers  gll tHe K vectors at tla ame time.

ok U b2 on nxk wetiy  whate the  Toth column e the Ttk &T&}wvzﬁw L. U= {vl,\ﬁ VS
|

Tov anch vertey Se\/ . we mop 3 ot Jth row vf U, dencsted \O\a Uj, o ——
= |

Wa  think nff thic maps vartex 3 T o Po‘mT n o the ko diwansional o . :
— U

This Ty whet e wean \Q\a tla pectra le;add‘m% af the gr,,\{al,\_

The %Pec&(o\l emhm{a;mg s O\Lt\m\kg nsed  In pmﬁul hewaistics fw %rc\?% k/wo\% Pw’t?ﬁw‘mg ‘)Qf Some Hime .
One ?o?m\a( hewrighe  Tg  to aw\é Come  \wall-knoun gemw‘m cmsm\ng o\\gwit]ﬂw\s/ ih particalar +hs
K —reons a\godﬁw\, to  Ppartition the powt et In the gpectval kmkzdding into K Qroups , and
use +hic Po\(%ﬁ\m\\m& o ocwt the graph into K Sets.

It i« Y2ported that thic heuaistBe  wevks very well  in applications | cuch o< imape Szimenmﬁw and

Aak o Qtuetu‘mg, but o theoretical guo\(m\ﬂu were known abowt  These  heuistes.

The Woofs of  +he ingke(»ord\ar Q\ugu/& Iv\e%mmg Con be Ceen as onving v:&wm\mké e P;avﬁmwmck
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%LMX(O\Y\JBLQ_ o& Some Vo iarts mag» thic 4\'\3\)2 sf a\go\'fﬂqmgfjmsﬁfbﬁvxg tle wse o—{ “+ e ngCf\(D\l —em\o@dd}nj.

Tsotyo E\& condition .

TFor tha SPQUWo\\ Parf\\t\ov{\v\% 1o pmvzm mgt‘fu\ 3n\cwm0\+7t7vw Hor ws o ‘Fl‘v\o{ k OUS‘JDNT Spavse cuts.

O hecestary conditiow 1S That the po‘mts chould be YU\SW&H% well Spread  owt (sz.& \{ all

\

tle vertlces ore w\\a vvxo\Wzd into b“\a Fwo dighinct \)D‘MTS In W\K , then  wz have he  cluw howy

+o '%y\o\ k d\k‘\c\v\f SPA(_Q (wts ‘FM kﬁlj_

Ae \Sou mma ZxFeLJ(‘ “+lhis Kind o’% bod Coasts  would not }\q?Pm becouwse the k vectors ara thhogmml\

The %uuﬁor\ ¢ how to  wse the mfkugm&\i%\g o g‘;\m WS \ASQ'%M\ Conditions fw c[u&ngﬁn&

Rocoll ot U T¢ the nxk matrix  wWece o =th clume ¢t Toth Jzigzwzd‘w,o\n& Uj denotel  tle S—H\

Cow O’% U, the k-dimensional Pu“\hf aScoiatod o vectex S h Tthe SPQH\{M meedd\lyﬁ‘

TL\KLV\ UTU: I B \;zw;& H\J\ Co(mmns 0’? \) (NES

orthonormal

T n T
Note that LU=1 can alse  be watfen oS E U- Vg =

We Say —+he vectors U],.,.,U,\HKK are n Ysa\«opa CondiBlon \Cw the {Zotkw‘mg (Qos0m .

Cloim (3 sotropy conolition)  For omy ¥eR" with W21, e have 2 SAVYEY
3

n >
(oo V=1 S xXu'lux=x'x=1 D 1ixTE‘U;U:T>>< = LU

| B

x
<
<
X
1

M

T‘m\s claym So\l:xg

~

) on W

thet for any direction Yéﬂ{K, 1l Sum e{ “he Square e{’ +the ?ﬁfjecﬁon a{ X

XS Q%mm\ to one . -

To gai on Ydea , Suppote U=Us=.0 = UQ: %ek\g Cthat the {\«gi L vl all wapped o the Same ?u\v\t\3>}

n > —9‘ U\\ 2.
then the clam imples that 4= T <AL UDT 2 3 <m0

n A 2
On thae other handk - TS:\ HU‘\\ = 2 =k \hecs vy is tle

T-th Q\‘gehvedﬁzr La‘f unt \QY\S{']/\>A

Tl'\em'gare, \{ we  Think o{ the macge of

o pomt v 3 U, then the abwe  discasgion S o

that thae total wmals W\a\pyzd\ to the lame Fu‘m‘r Y ¢ ene. while the total masc g k.

Thok <. 0“\"(} LK frmdim e'\[ +le total wace  1s mapped to +ha  2ame ?D\mt'

This, for JLXWWP\@) thows that =the vertices Coanmot o mappd o less than K distiack Fo‘m‘l‘s , ond

that'c \N‘ma the bad cates that we mantisned ot happen  In the S?Qd\/oxl lm\ako{ddné‘
Grmmz%\“& thic Tdea. Suppose U, U.,. Uy

afe all Pointing o similac dicetion . guch  that obs(tr,\jz\%,,
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E\a Qeﬁﬁ‘\n% X = U’,L, tle \\SO‘WD?\/& Conditon  Tells we

that
ST 05t = T T e g 3 3 MU () 2 € Y 3 o
- LU 2 2 > = ——a Us -~ A (- > (1-2€ .
=1 gl \ =, Nugh <UL, U2 VA Vs il o 05 =\ \ i 1\\\\)‘\\_
2L
This tmplies that Sl € T . When s

is  close Tto onw.

This ¢ Souﬁ‘mg tlat \)dw&ﬁ h \/ﬂ(% Drarlar ol cection  Con C_En’(ka ot wost X

X _\\2 Paction of- Astal mase
So, ba L/\S]hg o dicection o{ the powts o gmM ws to o clwster tla po\ntg

we  wee  that  tha
Fo‘w\tg will oy magma\;(a weall Spraad owl .

Clustecing Ms‘m& dicectiong
[

We ’QO(W\M[&L the  obove  discwssivne  into o lemma -

Tor o verlex \k e mass n{»

PN

is  defined as TUNL

BRVA

Recall that tla  tetal

mags NS

WMs

Tor two weetces T’S‘ W def‘m& the distone 6\17133 o0l H &*U%\\ (inStesd o{- Tuclidean dis%mm)
T oy
! )

Note  +hat OKL\\,:Q M 8‘13, wiieca @}:\ s tle zxvxghl between Uy and UJ

| emma Let  S<ey  be Such that oku,])sa Lo all ‘\,]\eﬁ_

Then 3 Num < =

Tes RN
vw_oaj_ Tsr twe  wnit  vecters  wv,

Vick owm Q&‘Eﬁ\’ma Vortey SES

2

Nw-vll = Hm\lﬂlulll~ Wuud> = 27 24U, U, owd So

uuD = |- OGL\A,V)

2
and  Gwsdac  the untt vectr VU Alus
The tsetiopy clam far 1= 3 < Gy eI ol Y W
1< o (s\»é clay SMAQ T = 3o \\\5\\ ~- MY g \ \\U:]\\' \\\JT\\

(\nka oo m\ng )

2
> O 'S lo wmPtiow
DI U1 Uy e st

To &??k\;é the lemma, Wwa  will  chyose Ay

|
30 ‘tLDVJC Vo = L*i ng\\g whan &:l—j_
Wa will m\vd take & subset QO with diemetec » (e okhpéa ‘61/363)
Then, «he

lemma  implies  that 2ach  Yuch  subset hoot  wass ot wwest \'*Zlfk.

<, after Aaking k-t Subsete, the Yemedaing mase ¢ still at least L
| §

S (o ﬂ({z) ’Fra(ﬂbr\ U{ tLSL htxl mass.
Thic will emsue  that we can form k gmu\)g o{ &(\TO Hraction of mass &;LA c(udu‘mﬁ mg‘mg Al(ectibng .

This  distance  Tunction Cusing dcadions ) 1S weed o a plactical  heuristic

before [NTW ol ] .
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Disyint  Clusters

The previows gection  Shous that bad cages won't ‘mp\mw HE we  dv the dushdng based  on  directions

Tn  Lhis Section .

we Think abput  the gaod Case  When the %Pzdw\\ immm}dng va% Sivgs what  we

woel ko clugkers that ave ’qu apact ’%rw each other.

g\q?cm tae oare k (}\TS\P\V\t Subcete S.S%, ., S Qud that  och has woss A and d(@;,%)z% ‘dz,j

whew AL, ) == win { ) | aes, \96337]-

Con w2 Conclude +lat thesa mesFmg\ ok d\ls“so‘mf sparce cuts  In the gmﬂl?_

Rauleigh  Quoetients
LR

|- U),Ul,.u) Ua QTRK be dhe ?Pact\m\ QMMOKD(TV\J o{» the grm?l,\.

We can  define  +the Emﬂ\e‘(xk %mt‘xeﬁ 0'& tle QFaUtro\l em%uioﬁn% oy Y HU USH

\ Tuill

Nite that [lus-Uyl =

o

QU Ay - U ﬂ\ Csum of +he &k Qucmhnod‘u}
SO

?TVH\’

(\3,\)1%‘)\ (tle Jth  Coordinate g the Stk er&em/utor>

Lok R(\/k\ - ‘i’v\&\] M -V Lj)\ (i“JY AQ . whare AL on d %i Qe ]uq Qhotthands n—f- *ho  numecator oand  olenommator

AT v,0” By,
AV
5
Thenw obcerve that the Raamgk %mm of the SFed‘(a\ emk@m:n} [ _Q:—M_§€W\D~x uvk\skk.
Y By l1<Qsk

{=1

On 4he other hond, f we have a i()adm\ Qm‘aaddﬂng ' RF with Rnalm&ﬁ\ %mﬁen% SIS

than we con  also find o one  dimenslonal Qm‘ced\oﬁng with Rmé\z]gk %mﬁuf < «,

&
The ‘(Qo\gw\"mg s Ymilar 2 we Wwite tle Ra%\nlg\r\ %\wﬁﬂvf O{” tle Qpeﬁrml Qw\\;add‘mg as M R
B B
=
where A&, El ore the sSums af the  1-th  coordinate .

<
Than, P _F‘\\P\ < Qi:\ Ay , oand o the best coovdmate has Rmamgk %\Aﬁtaﬁ he [o\rge( than that of oo
L8 EKEQ
Q=

& — Amensiswnal Lw\kndd‘m&

\Crw N k— o mensional ew\\;ed\d:ng, we Can find o QPo\rie tut b\% Brst fkst\ﬁd?n& +to the |loest coordinate

and  then s Ckuggr \(‘o\Av\dWhg in that coordingte to obtain a Sparse cut.

The E\m«

Now wWe afe (YLD\J\\% to o\vxokha)‘qk the %omi Cale .,
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Trom *the pbove discussion, we Know +hat the \Qq%kgrgk Q\M»%mt e& the S\)e_d\(o\\ ;aMLzokd\m% W€ XK,
In the qood Cose, thae ok digjant Subsets 8. S5, o, SkeV, each has mass L and ou%;,gpzé S
We would ke to  comSbuct K gpectval lmbeokdlngs %,’wz,;,ﬂh o swch cthat Y s on{2 Supported
on SR Gue. in 2y, 2very vertex 1 Sp s mapped To the zeco vector ).
T we can do this in such & wey thet Raylalgh Qustiont of  Abg i seall for all 1<fek | tlen we
Con opply  the Arqument Tn the above distussion o edwce to the best coordinate in Py

an we  Can O\’?Y\VA “he Ckm&u »rmv\d?wg Lewmma  ts obtan o g?o\(u it wrth SuPPorf on S}.

The Important guestion  1s how o Consbct g amdk  uppec bound Tts Royleigh PostionT .

The mest natucal \Mlha to  Aefine /1//1 1S

Yp O = % Oy TSy

0 otlrrunie .

S.W\Plg Yo 2er0 opuwt QVML&UA;% outsyda g(&

¥ v o
The Raylag quationt of Yy s ﬂ%“*%tp“l / \\ ’ v 4 ¥
\V,

A, Iyl

R “U%UJ‘\\} N, host”

\’“&—“C"gx,t)&gl

= i .leQy, Jeg

Cb\fhpa(a oo the Ro\%\u‘\&h %xmﬂen’( of the %\;ad\m\ Javv\\azziobnzg of U,
%\ML lli 1 Kb\a ou<t o\sSum?t\m of tle %moL uy;) And \Z HU]\TZ K/ +la  da2nominator e{ /\%L NS

eV

PN .
T [0\

WL( Times +ho densmmator o{r V.
Q\er\\a, each term  in the ficst Summation Of /\-X/L ¢ oat mest that in V.

The Fv\hz(;as*ﬁv\g Cose 1S fw those qdﬁzs weth el oand “Jéqg’

P

Tor those 941&15‘ Tt Cewtributes NUs e VQ_ while  TT contributec HU\/UJ” n U,

%\é OUY B Swmption @}3 N a(;j)Zé . tle mallest UUTAJJU one could Qe i L;

_A/@LS““V
20 z o

HU;\\@X‘&Q © O 6 7 MU S

Tlxnzreqﬁcre, each term in the  humerator  of ’\PK vooat st ”%} times that bf tle C/wru\ﬂmok‘mg

1
Term e Ul and thes the numerator of Ay 16 ot st "o times tle numecator of U

kA
Cwb\m%, the Rqamgk Fustient of Vg i at wect T{ times  Ha Rayliph Quatient sf V. and thus R(%)s—g;k_
., ‘mé U\%‘ger/j (bunfi?ng, we KQT o Sparme Gt ggjg S with CPCSé) < ?@k

ASSW\MS 4 3¢ o constant. then we &eJt 1% d?g‘}a‘wﬁ S pacse cuts nqﬁ conductance O(Skkﬂ.
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Smooth (ocalization

TIn the %er\ua( Case . we uge A Qimilac gk\(odmm.
We would  like v Find ko digivme subsets L% S SV Such that
® Egg I \)7\\1 2 &Q\) ,  or Q%mvo\lehﬂg \ESSL\\U;\\l 2 &LLK E‘ nU;\\L {Or t 1€0¢k

@D desezes g 1637k, where A SLED= win ACa k).

O\S\;Sg)

IWL we Con do this, then we would Uke o define  k d\s}o\mﬁ Swoported {mndﬁbr\& ’\P,"L{/l;-.\,’\ﬁk-'\/%fﬁk with

. A
Ra\almgk %mtxzﬂ R(f\h)é = as  aboue .
There s one technical Tssue  here
There  are 3ome ?o‘m‘vg :} § Qu...v SK but ace Vary clote t™> Some Po\vﬁt ]6@1 St
In tWs case, when we define WJ/}Q \;3 Rereing out ,cL\Ju\gc\,\in& outside  Sg J :

Tha bhgw ol this edge n AP T lgp® %(p 017 - which  cowld be  ymuch Lacger  than HU?”UWI,

TL\O\ vatio H O - L‘\)\ Conld oo Unbounded and  the fum«bgkﬁum Omoinsig does not  work.

\\U‘\’Uj\]

To hondle thic Tssue . we uwse +ha condition that (s, Sj) 226 4o %\\/1 nws  Semg (om Ty \\Sm\,bkkké)/
decveose the bu\&ﬂ\ 'o‘i’ “le Po“mts cloge o ?l o Qece.
ve(ma((ﬂ, for each &Sy, (ot d (3, S Q)= e

\SSQ

We  define 0 = wmax g \- ‘M\J’:a R b} ook /\PQLP: Q“J Uj_

ALLyd

\

}‘E d\ng,O 24$ , then Yty =05 ?'E o\(},gﬂé &, O decreases hr\m(\\a with a i(oFai“

)
Se Se
. f et
\w‘l .\_,_, 0 s o ‘
shacp localidatie by ecoing out Smosth baalation with  Slope T

E\é d\m\ng o sth Lgu,&%ofﬂ\w\/ tho WCQ\LMMZ clam  chows that the <Some JUJMJq(rJDLrM wa(jslﬁ sl vk,

Claim ( Qmosth (‘oco&?jaq%\\wv \]K\J/LU}‘VLLJN\ < U*‘Z‘) \{U;ng\\ for all TSGE,
Yoo Note that \c;‘cs‘\ SéokUi) , 08 AGLS) ~d(isd < okujj).
NP - PI = 1 es U= cguyll = 11 &Ui -¢ju; + ¢50; o5l
<ley-eyilvl + \c‘\\\\)rk)j\ < lep-eg oyl + tus-o3,
Nots thott the Liost Tarm \QT‘Q\S\“U{“ £ % d‘t‘\]51 Jg \\ U“. - \l\ ol = Jg\l Vi \L\\\i)\‘l\\ UJ\\
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Whith  this Q*LL"\V\‘\@V\) daim, we ore about Ho Complete o })‘(DD{.

Poctition v\g Space.
The difficelk case  Ssems to be when the  poits distab uked QVU\L% in the <pace | in whidh Tt TS ot
claoc  how o find  the d\\&j\f\ht Nays Sl/ ., gk with  the \”gz{,u‘\r(,d properties.
N N - . . . k-l . N v - . L
The dea ¢ +o ‘Fm%&mv\ the  directions in S (tle  k-dimensional QF}‘”@ inte cubes each with Side \engtl\ LJzK
Q Thic cube O\fS\Awev\’% is Pra_sgyd”a(i n EUZ] )
All the Pu‘mfs with  divections in the Same cube afe Puﬁ Tito a  bleck.
A
The diameter in each  cube 1s Lk = 56 -

Bg the ‘\sofom lemma »  the \?o‘w&s in @odh block  hag  mass <

\
To  construct O\‘ys“xo‘wﬁ S Se sV where  each g] hat mats & 5

blotks  so that +theic mase 1s at  least 1/1.

Sinee  no blodk s oo L\Qoma _ o0t T a\\«m\as ?uss\\ale,
?‘mm\tﬂl We  need o Quacantee that the <ets are & fow apact.
To oo thys, for each cube - wae delete odl the directions Hhat are o'ﬁ distane ot wmost ‘[L@l ’grmﬂ Some Lok

and  then we delete all +the \)o'\ﬁs wWith  thote diredthne Tn the Qorranwd\‘mS block -

%\é d\u‘mg <o, tha 'C\(mdfw 0{ the voluma 0{ 2otk cube Yemoinedk vs wadl, @L
Loy
L \& e
C \'“@KA z (- %k—\&>

Tkam{—orz, ‘\\L we choote @ LAmTfn(w\la rondom  tyanslation o{ the PQ(&HIDV\ . tha QXPQ(%(L&\ +otal

Mmooe  (emoved TS Ohhﬁ \/Lf 5, andl This 18 mall ev\omgk So that 1t doesnt affect the SrouF]nS argum{,ﬁ.
N t $ T s
ow, The gets Sy afe at leagt «{o\( o\?o\rt wWith =S T qe

So. fu\tew}ng our  plan  ( with gmosth Luuhyﬂﬂon) , WL Can  ConStruct ollsio\mf Supported  functions .

och  wWith RO\LALLTS\/\ %m;ﬁlnf OQ Kéi) = O(kv)\t> P ond  hence we gﬂ.‘ k diS]D\NWT

subsets  with  esmductanwe O K0 ) \oud Ckmge( vow\ok;h&

Discnssisns
The tighter bound O ( kLSX@) ¢ obtained bﬂ Lsme Yondsm ?a(ﬁﬁw\\v\g NLLaLw{\CK,\JL
dieveloped  in metyic Qm\oad\z}dng.

- The bound @K(G\\ < OL Fo\\g\ugk@ S)CQ < \)ro\/ﬂd\ \o\a Ws?ng Svme  dimension  Yeductlon 'tﬁ_(}\n‘y%ul_
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to Ceduce the <pectral Lmbeddin romm k- dimenslonal pace o O(lep ) =ochimensipnal  Space.
g ] b ; P

Thic  bound s Hgﬁ s ghown \ov& Tho nolsy \/\Lﬁ\)HTC/M‘OL Lxarple Cwe W?SH folk. about loter).

The m(go(\{\w\ in LLRTUIR) Very Q?mFle, (’m?\ﬁcsz_ thee QPLLWM ﬂmhxdqi?mj, Cronecote  k

Yandom  directiong Xy, X

“

Put pant ] b cluster L TF <Y, 2 <opym> v
Thg 1s it but the OJ\DL\V\\S\\S s less

Intuitive
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