CS 2o Combinatevial P\\goriﬂms and  Datan  Ctructures , g‘w‘mg 201§
e ctuce 2b : ngc\{o\\ Q‘)a(s‘.{‘\mﬁm
W Smo\\& how o Cmshewt o SPLLHM QPMS\\{U&F b\g Tandew SQMP““S ms‘mg effechvu vesictana .

anoh thew discuss how b o o ‘fc\sf \\MP\ﬁwew‘Co\Jﬁw and tle anfg @f patyix Concentvafion  Yosults.

Spectval apb Yox i matibn

Recall tlat o qegh R T¢ oan Goont approvinater of G T (-9 w ($609) € w (54D € (e wlsg),
For ol SeV. where  wWlS6(e) s the utal weipt of the adgpes e rossing S

We medtioned tat for any gegh G te w6 G-t appuximeter Ho ith OCv\LvSM/il> adges .

Too\ow& we gma a spectial  Qeneraliyation of thic nvtien.

Wi tay  a graph Hois o oan € Spectial  approimator a{ q i (\~EL>L%'£\\{,H’§(H“L>L({ L whare
Leg 1s the woghted Lapladan matvix of §

Or -Q,%L/:u\/Q\Qnt‘h&J (1-2) XTLgx $ XLy X € e XTL%X for all XGTKV\ oowhere n st numbec n{ Ve rlices.

Claim 1{: H s on Q/ggadm[ afprox]mah\r b{ CT tlen H ¢ an L-cul approximator Df (T

2600£ et SSV  and Xc eR" be charactenstic voctor  Such that AKgG)= | \\Qﬂ €S and 3ere otleruise
Une  H i¢ an g-pecval opproximatne of G e have L\»Q@qus <MLy ¢ (m}xJLCfo,
Note ot XTLgx:\\?EW\S QYW‘YJ‘Y . and thus ’XJL@,{XS = W)

\W\Qw%wm tlse Speciral approximation \\rv\\shae ok Ci-¢) w(éq&s)> < WQ%H(S\ﬂ < (xe) w(%q(g)) CASAVAN

The main Hlowem %dma NS \o‘a Cplelman and Srivactava , whidh Yo a gﬂv\uax\?%oﬁ\w\ ‘a{ Boncawe  omol

vecult about  out c\PPfox\mo\W

_T_l\Q’WL \;b\( o\n\a gfqPL\ G’K and\ >0, ‘tLQ“L Tg on QﬁSPQLJW&\ O\PPMXTMDLJWY H with D(h‘\;&)h—y lf’xgﬁ_g.

Rondom Sam?\h%

IRTS o Piﬂb"ﬁ D'{ o™ q?\vmx\\mtﬁws, 4l 'Pfao"f e’g §”FQL‘HQJ a‘@mx\mﬁvs s q[?o b& Cand.om S’O\MPNV\f‘
Withowt  lese UJY %u\nm\\ﬁh@ L Wwe 0Gtume Tt CT NS \mwa?&k‘td\ .
Racall ot LQi = ‘\%E L\Q , where L}B = (’Xr%p(’X;*XﬁT te the Laplacian matvis of M&L U.

Co, LCT TC . Qum e{ ™ Ls‘wlz) matrices .

We winld Uke 4o conglvact o S@QCHM awmx‘lmﬁwv b%)‘ Pkk‘w\% o Qubsel Df zdgag ond. Yo waght teom-
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gampl?v\() al 0o Khm
AR} J

The wf(o\mwwk NS very ql‘MF(Q.

Suppose n have a probability  distibution  poow( the adpes of G ond wi want o Pk & edpc,

imt‘m\\a, We=0 Hfor ol ukgﬁs eeE .

Too VEUS K pick o vandon colge @ oactevaing to the probalility distabution
Update Wae T W, t —\\g‘\;& .

et 1 be tle (Au\th mﬁg»\huk gm?k Wwith ol moest Kk positive weight guij(c,

THhis T tha algecithe.

\We havent c\miqﬁak what ¢ kK and  wWhat s Pe - TT Wil tuwin ot thet Pe g Pro?wﬁmm\

t the effeive Yehistonw  and k= o( h\o&w /c}) would b Qv\w&\z\-

Proo outling

First, obsere tat wa et tle \N;f\gkf AN Wf’\\éL Qudh that ELLH] ;LCW

Lot ey be e Tk 2dge we piCked  amo - = ﬁa‘ Loi  be 1ts walghted  Laplacion -
\ NN s A ] - = A
Then ELZ{] > EGE \(\FLLQ - v e 3¢ P\ctrzfm = EEE e Le-pa = QZGE _Pi: - KLG’T.
2 © X
, L
Tkuqcbv@, T:[LHU = Bl \ELZ\‘\\B = E‘Eiiﬂ = %\ K% - L(%

To prove tat H V¢ a good pectval  opproximator , We would lke o show Hat i€ & ¢ {a(gg ;mng,
Tlow H s “concentvated ¥ acound  1te JZKPQLTQTIm.

Thete ate diffaert mabiix  Conoatvation Tosutts  and  we use the \Cb((m‘m& ona by Bhlsweds ond Witer.

Theovem Lot 2 ba o Yondew hxn  Yzal S\Smmdﬁc PSD matix . Quwngq 2 4 RE(7) %\w Seme R2Z (.
Lot 21,21,“-/2& be th\q.vgn&kn% Copies e{ 2. T o\v\a ¢ e (m,\) . we have

Tz

k 2
P Geovr) 44 32 2 mogm} > Voo g UEE Y

Wae oscume Hlo Hoscem for o oand vl discess Tl ?“"’\[ (ater .
Tor intuitisn , think of El2)=1 {we Wil JZ,\JD,V\MUL% veducs o +hic Qaga)  Thew - He Heowsam
Qo\\ﬂs thott whan we K)\\ck o Yohpdom ety X wath e ,QXPQ&D{HW Tlat L\ E\/g,ra diraction 1S balanced /,/

N
: \ , T2)-1
1'& FTurthetmve  that T no ogtoema ¢ vary N\V\'Etulvﬁt\mk Tn <ome Afection ( 24R1T ’f}ﬂ small R) _
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tlen onee we adh Hoam Jﬁl&bcu( \\J?,\ua\(%S Arockiom 16 almock \qu(QV\LLdL// .

This ¢ in tle Same S?\\ﬂ{‘ s Q[\ernafH» boumol  In Tha 2calo¢ Cose .

/MT

Tn oue cosg , EL2)= LKLCT ondk

=1\

2y =Ll 5 oA Co the thesvem s Q\cokdha Wt we wont.

To bound k. K Cemains do  Set Pe n Such o wal thet 2~ = TL—P@ Le £ ‘E\K'Lq fw o mall R

{

Thot Y, we wneed to  Choose Pe Such +that L.;Lﬁ ?LR L(_( fm g Lmall R .

"E-G-Fedc‘\ v Yedstance = intuition

We Can gel Se Wwiwton  obont hew o el Pe A rom what e dvd for et gpesifiers.

T 2 s ok edpe, tlon we weld Gl to st pe to ke lage T make Swee et tHe {roph
1¢ not ecwoanected -

IF 2 is neide o Righlyy  connected  ubgraph , then we can et pa to be swall

Tt e proved tlat &szfcﬁ\»\% Pe Pro?wﬁm\ to +le ml&o;cwnad\‘viha a{— o Lw\mr%m value)  word A work

T CemStvut A CN&/Q\?MS?—{\QP

o< g\xc{m\ gPacg‘lf‘\cﬂlw, we Cafe  obowlt e Yelabion  botwern Viley and \}TL&\/_

7

1& Hate WS o vedbor v such et NTLgu N \/TL@{\/ tlen wir elould 2o Pe o bha LM&L
o Wty S\C\% Lg_ = Pg]‘R» LC;( .
jV\’%\(W“‘A Spaaking . tlete edges hawve \rx(&t Anfluence on tlhe %‘/&v\(m\% form , and we sheuld k%u?

“lom to P\(LQQ.‘(\ISL all W(Q‘RL ’€u~([\,\l

o exanple T{ @:]j Wt edge and e dont chooce Tt . tlen \/TLH\/ wouldh b very ATHmz»T
foom ViLgy foe thse vt st v@=1 ek v(pzo.

On tle tthae hard I{ &L:\\t\ V< on ;L&g& vith ey ?am\\d Ld\&bﬂ S tlew wh enover VTLQ\/ V< fa(&L,
VTLCTU TS much \m&u, and 2o we  Can gq{ehg et Pe to be Smal Tn thic cage.
Mo genacally, 1 221 ¢ an adge whete Hace ate Many oot Shet poths  botwsen thm
tlon wlerover \/TLQ\/ TG ko\(gz o tlan \JTLCX\/ s alse pauch loacgec and g0 can < Pe Smal .
The obove  oliscussion Chould lsad 4o Hhe comclution That T the effetive (atistanc lochwoen 1 anel ]
TS emall, then W Can et Po o be svall - Tt is bocame  wlongver  V'lev = (\/7'\/\3\1 I \Q{ie’

e tle \/o\tage ok\ﬁaruxct between Ul ond \/S (mgg , e (o»s oot rosretanc qu\l) He anacgy of

tlo qum balomes much \czr%u , ond thue \JTLq\/ << \JTLG{\/ amd 8o VB g a\cma to et ?L Sl
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Ceq v Reg GJ‘J): ALE Ry Vigy = L\J;«\/S{Lk , thaa \/TLE(\/ = k0~>

Aleo it should be cloac tlat  Somphap by 2dp-comnedivity wonld not vk, A edge =Y s
Connedbed by mrany  alge- ISt out ong paths  tlen Vley 18 voughly the Sawe as \f\qu )
ord wo ghould el Pa \a{&e.

o, we ghoWld gef Pe o ba ?ropwﬁwml 4o te @ﬁadm‘ut edstone . ag 2dgos ef Lﬁgl\ Qﬁzcﬁ\&
Y stane.  ove ‘\m?w#awt n ngm\;mg e ansrgy ok eledtne flow  CAle quodcatic f\@(mw

TL\Q‘ 'piQC\SL (\L\O\-t\\cv\ %L\wv\w\ &:,0. Lk £ R%(QAL(‘T Ig Tk oa ’F(oa'g‘ \/\IT’HAW\NT ,Q:g{,\gilm ?,

E‘?‘Ga«,ﬁvt esistona = ‘p‘oo‘F

The abwe Tntution ’)\Ac% Came up whon T om wr‘\f\hg +la note¢, andl ¢ it 1S \Tk_alua o howe wistake
The proof That T okeww of  ¥s purely algebamic .

Recall ot we need o choose Pe  Such tlat L, 2 po R LQ\ {w\r oL small R,

Tn goeral. Suppi we wowld Lk o find te Snallat o Swch thar A Z B ulen A2 Zo.

Tueh D assume ot B Ois invectible

L b
— T > =
Y AYX i[%AE “ _ <
W  nezed o check ot XT%X S V\XTRX & on St & KAT& Lol whern \)Q‘_B [

_b ~L
S Aax (B AR ) Sk

F 4,
To bound >\Mm< (AR )/ notice that <Sine A,E%{o/ we have B TAB o S, ond thuwe
-4 L ~L ~L
?\w\o\x(g AR ) < Tr(\% kR l) oS aw =2um o{‘ Q\t%lV\\IDVL\MLS and ol JZTSEV\VD‘LLAL& afe w\mmjﬂw‘w‘
Neow, ‘%o\( o wmewant - 2l A=l, and 8= L({ ,
e s T L L L) - ) = e oy o L) = (L oy = Regea
tlon L€ Nl ¢ Lo LQ{ = TY”Q LQLG(§ = Te Ul "X"QK HX\Q )= (W‘WD Lg{ @(",”va = ?\eﬁﬁh,J)

We &Lf L‘G 2 Rqﬁ U,])» L(T’

The \)Yorg Seems  nob ok%\g as< Lc,\ ie not daverfible . but Tt tg &dmuk“% bkmg,

The  oabsve ?m—ﬁ AES akq% when m,d\s?ac@ (e) < nu\\\g?acL (a) .

When x€ V\m\\%?k@. (%) s Y\\A“S’FQULLA) . than V\TE\X >XTEX:O ond o tle TY\Q%‘AWLT{WQI holol ¢ ’%\(\a\/\\aua.
Co, wa m\\a need t> (estvict tur attectite o Y A nml\SPaQ@U\) L omd Thes L vl Space ®).

. /
-EQLL\ Cuch X Con bKL witren  acs E

l\a foc come Y L, wheen EJV s ol pSewdo “lnuverse o'f R
NN 2%/1 Ve tha ‘S%&sz ‘(mjt o{ ’%JY

+/1 +/a
Tl\uxﬁwu ) \\% wo  have  \ounded ZET\% _ﬁ% g < ol ‘%‘S\’ oll \3 L wae hauve \vounded g%%— <ot ’g\w ot K.
uly X BY
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VSN o S [N, )—vaxu_ VAR < o -

+h A
TLL(L‘K%(L . \\—% W 1’\&\/0— \oouy\&y_)\ \T% AR % < ol ‘%%\( QH \3 . wa 1’\6\L/L \oomwd\ad\ E{,\L <A {b\( o K.
vy K'Y

T oul ase e e daar Ylat vw\\\g?qu LL@Q < v\u\\\s\squ (Le) , and. <o we have Tl —\Co((m‘m&.
LQW\MO\ L\\] '5\\ ‘RQ,%_ (\j\) - Lq

O\Ca‘ﬁ, ‘{QQQ\\ ‘t\.\o\t we warnt e choeSo ?l @wdr\ Hat Lli Pl R LCT .

Q\A tle above lemwma, we Should set Po ™~ PLWUV (e) .

Ragt (2)

Wa et nepd to Compute ETE Regrle)  and el P~ 2 Rege(a)

w tat T s a Fw\oa\o\\ﬁh,& At ion .

Tt - + +
}a Regs (1]) = \Ej (-2 Lg -7 = ‘\\i] Te wxmpm;xxth Y = ?J Tl Lelc)

+ — -
= T K(EJ L&) Lg‘ 3 = \r (L(f Lq) .
Note ot L&Lg :i \qu\T Wete W ane tha ﬁgjmuu{wg sf L(% , ondk Thus Haew ace -l Jz»‘&mvakm;

\ >,

. <+
o{ A and 1 jz‘\g/e\n\,pdw c{ el and So \r(Lq LCT )= Cum o’{’ ,a&/zv\vo\h,u = n—\.
Lovama EE Reg () = n-l

This s an imprtant fact ot 6 osays that thee cannet ba two wmany  important adges.

Theedoe |, (g can et Pe = ol o) and  thoas Le A Pe- (n-1)- Lﬁ and. wg have R=n-1.

n-y

Now . b\,s?vxsg ARl swede ~\Jintee ,  tle "fo\‘xh,\w, ‘\)YnLa\a\\\H\% ot LH 1S wot oo %- Q\VPrax‘vmﬁwa IS at most

~k N _k
in XXFQ ‘HK) = 2 n ,QXP( QU\—D»‘

gzﬁ‘m% = O(V\\“g“ /EL> L the VS Onvase ?o\x@xm\oﬂ Tnon and we have provad tle main theoam .

Toct  approximation

To \\MPKQW\QWT “the mgmtt\«m , ome needs  te Compute e sz;ﬁad%va Yesi<tance fw Q\/Qﬂa Lk&fb

To Compte affective vedistane , one neads T selia  Lv=s (xeexg)  ama then gt V-0,

Thete s a ot h\&o(‘\ﬂm to Comute. Lx=b in ngac |ineac Time | Wwhich we wall %M‘g net time.
Tuin with tlat , a ot \lmy\zmarﬁmﬁm may il take g(ml) Time

There 3¢ a wo Wik 1o &et o J&amk QFPYU{,WJ'\W AN %\Aickar , \,Lshg the Voo o{ dimonsion C2ducTiTn |

- < 1 t T+ Y
st , we  waite Rz{,\ﬁ QI,]) = C’Xr”\é\ﬂT L(? (?&;J‘L\‘)) = K’XIJXS; LLT Lg LCT (X;»’KP = (’?\‘r/’(\ﬂ LQ{ BTE L(T (“)(;»’}kj\
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— N N T+ N _ RN T T R L % R
Vst , wa  weite Rege Qi,ﬂ = (’x;»%@ L(Y (?&\\—’\c\)) = VX*\JX\Q LLT Lg LGY (X:—“&ﬁ = (’?\r%ﬂ LQ{ B R L% (“K;JXD
= EL% (’XT*’X\S)\\; wlare B V< tle wmxn Jzo\ggf\/uﬁqz Tadidance ynatix .
@D/ we Qare  about The \m\gtb\ s% ot most wo vectsts v dlimensiom n .

A al-kasn Yeqult  Showve That one an vedwoo thae Aimengisw 1O OUnSh) wirthout ckmghg e \u\gtk( %nmufuk

— m L
\LJLNO,W\ CT?\/lVL %xmﬁk vaCtove Wy o U, Wy E R and. ¢>DO B (ot Qkx m be Ou (Ow\d\m e ﬂ matix
~ & > ~ N . A N “ Yo
with ks 2 LOSV\ /g . Than P with \wohmpm% \ N o, We ave WCN all Po\wS s N
2 by
2

Ceewr ~uwilly, £ W Qs - Qb&j\\l s Qe |l U\rb\suj

)

Unfortanataly we wont do the Prosf . Tt s Qimlac to the proof of estimating fregunay weewet in
ot a S‘Q(Qam‘,ng, and Tha afQument s basek o Qu(wvHA%j\m Voound

This theem TS wseful ﬂ.\/zrﬁwu(c_

We o geing T apply the  dimandimw-veduction thosvem Lov tle vectors ’%L@jm;,

Tor e, we Wl compde 2= Q\z@‘ effdently and ghre ths  ollogn)xm wakix

Than, Whenovee we went 4o Compite \\Q&ng; 'XPU:: szwxy([ swe Juit need b owse two eoluns of 2,
ond can br done W O(kogh)ﬁma St 2ach Column i oFf  dimonsion ollogn) . ant so tla
bl Bme after 2 Yo compdak ts OLm) .

T comans o ghaw how 4o M?»KG. 2 n Olm) Bma w@‘n& a fasf Lq\v(qcim Svluec,

Fust, we tompuke GR . which can be deme  n O(km) = D(m) time cine B has mmly 2 myecns.

Thew _ 4ha —th fow ojy 2 3¢ “B\Ls‘t sz%wd t e T-th v of QR times L@T_

Thus SE 15 of the form Lgy e Sewe y o whick Gon be solud by Lgx =y in Sm) Hing

Thaefre e ttal Bne o Compete 2 2 OCm) .

Spielman and Jrivastava ehowed tlat tlase APPevXimerke- effodive (esistines are ,Qh&»&lx ]Cw Heo purpost

bjr csns%(mdﬁn(g Schhal SFafsif{Qrs Cand  wo ot tle def»j[g.

Matiix  Cencentvation (o?ﬁmm

\Wa J(\qa 4o prove Anlsweda - \wintec \\nswswvlﬂ\a.
The \Fws& stractuce T Simdlac o \:vouf B{* (L\mno-H bound - SQY\Q(D;\\\%QA\ ‘o e wabix Qﬁf\mf
Let X

o X e b Candem  nXn pattx \\v\d\qvamm“t and %\QMM{\(‘\\L.

[
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Contdar Hao \Uo\(ﬁa\ Swwm QJ\ = .

We want to bound Tha Probqhﬁ*\g et

Me

X

v
\

[0

St

. . ASk WML . .

[ ke Ckuvx-o-%{ - thse s aiquud o 2 20 o wlee o tonsidac tle waatvix zx?mawtm\g
S e

gv\??‘agﬂ, 9 k %il Q&tL .

Than Tl Q%gk> 2 >\N\m< Kﬁlxgks 2 SL)\JC Wage tha {NSJY ‘mﬂbﬂ&m’\a holds as ngké’
PR — A
w, Pl SedAT)= Pefa 2o ) £ Pl Tl 20 ¢ [ Tie gﬂ/g“ by Hartow,

Tkau;{wq, W \Sws% negd bt bound Eﬁ({ Q_>\g\< ﬂ L/\S‘W\SS thet X! are },\MFOV\MT,

ELTe (o)) = B[ Te (oM 15)]

N

E { T‘(‘ (Q)\YK Q_XSK*L\)] ( C’Io(d?h‘——\%m?‘gm T(“KLA+B> < Tr LKA'ZB > >

= By, x [ By [T((ngm,\m

- EX\,.,.,XH[ Te (E%K[KMKKX nﬂjﬂ
e A LT ( ;Yk[{ﬂq ~,QM““‘>}

Ty Y U E, TN - Truxgwﬂ

ey 0B (e (o)

( \Md\rqmnua e{ \L.‘>

(JT(GCSL Ts linear 3

I
m
X

K‘lv\upenouncm e\L X7>

(™~

(G Ao tm (AR < IRITL4))

!

e >\\(- ©
PD\a Tnduction . vos glﬁ E[ TVLQ/\SK\)B < N_ﬁ HEX( [«Q \]H T\’QQ\X > = n- \
= N =
Qvw L 1%011 omd TelIl=n .
ALk N
. e have P(( g\c %"CI} < C}\_Q 0 \HZEKM(']H,

{‘\ﬂdhé tlo gamy m(&umuwf 4o bound tla ‘)m‘oa\a?h*\a tlat g\( %’(ﬁti , ondh W &LJ\_

te (sl s b} < &z‘“( ]i\\r;u“‘]\\ +

‘ﬁfﬁ

U)o

,
Al

Now we Plove Ahlswede ~Winte«  n Tls %?efm\ Case wlen ELZ]ZI) and \atec Yedwe tloo

&QV\Q(@\ Cose bt this coase.

Theovem

ot 2 ba o Yondww hnxn  Yeal g‘ﬁmmﬂ,—h\)C PSD matrix. Quwegq TEl2)=1 and HZHSR

Lot 20,2y, .., 2¢ be \V\O\QPM&U& Qopies O‘S: 2. Ter anry e (0,01 we have

k 2
b L G-Owl2) 4 227 4 LHOELﬂ} > \ﬂmuFQ”Eky

i 4r
Vo= (21-ECn])/ R oso Ahat

X X 2
Now . shh 4t x € 2 Yy etRe and &= S L+ vwEX

2{00& We e

Tl )=o and Il <.

Ox el .
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of X3 are in -1, 4) o we hava  tle \(Aags(@LTﬁzL (vrecall L\—‘[\

Ae ol Jz‘\\g/av\\/qlu;

2T T P e helo)

T Lliows that EC )2 ELTanb X% ) = TAREOE) 2 oM EDE D

Note tlar B0OG) = G2 BL(2e-Ez)) ) = 5 ( E027) - BL29) )
LRQEEZ;L] 3 “\R—L Elizli 23] 2 %EEZ;) = %E[z»\].

Theefre, NELMN < )22 000 < e

gc, ?\uggiv\g ke (6) 5, we Inave

DN S
( H 2\\\:[2l]> >{—> ' 7\:\\& /e = 2w ,u\j< at + k?\
ge’t{‘\% t:ki/R NN A= i/m L, wa have
k N
Pt T 2s ~SEa |55 ) San ag(-s27/en) -

?‘mm\l\g/ to  veduw e %p_nemt Case = o qqi;gga( Cose . LT L= EE’LU.
+/7, +/>. */Z

s /
\Wae O‘WL‘A +lo  abive Hewem woith 2/: v El[2ZY) v and 2-2 0 2z vV

It 3¢ 205y 4+ check Haot U owsvks wlen Ut Tveclible L oamde T e ales e \CLN S?ﬂgu\ar 0

\/\S;'\g o ?SQVJXD*\U\VUSQ .

szumu.s

The main thasem 1§ T “tle ?Q’?{f \3\(,3 QP‘\Q{W\W\ and

“ G{qvk va(s\ﬁ@uh\m b"?& lf%yu,ﬁ\/u, estgtanec »

g(\v&éh\/q_ I ’QDLLU\/\I e Vmwv\%ouﬁm cfg Nick Ho\(\lug (2012 Course Y\DJDLS> ond Jowes |og

(205 Cource vxn%ag) , stgdo&\\a Ha fmmar o matix cencentration .

Lodac, Eo{{\sm«,g\f\elmn, and  Slvostava Provek that tlece W an %”SPQU‘\\(M §P0\rs\qﬁhr af Q("‘/f)

uigLs, S‘nm‘mx e Sk«r‘)‘ﬂg\\r\g Povsc r}ﬁ o Q?Qd\m\ wothod -

Thae m\godt\qm s detgpmmistic bwt  takes O(nY) timae -
?ecahtt\g o wae N\M?Yo\/ul ‘o BU\Z) 331,& V\S\W\S ey x N\u(ﬁ}:ﬁud‘\vz u’\>oL0xT@ \oxa Allow=Tnhw, L}%/ Belecthia

T i) Himsz .

1t e an Knhrzsﬁr\&% open FmLKaM whetle et can be  temchvucked  in
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