CS 761 : Randomized AlSorItlnms , gFrinj 2018 ., Waterloo

lecture 13: Local \emma

Local lemma 15 a  wseful ol in Probabilistic methods  With  Vario us applications.

We will ¢ee <omz basic QKQN?LZS and an Tn‘w\(uﬁai application ,  ond then o recent bf&mkfjk(bl«f)« by Mosec

n lrmk?hz the mathodd  Crnsbructive .

Lovasz local lemma

let TLELLE,L b o set o‘f QBG\J\// events .

A J(‘x\ﬂ}?cal Soal 1n l)rolmw:gﬁa method is To Show that there s an outcome With no bad  euents occured.

For Lxample in 3u\em{‘m§ Ramszg jrth;, the bod events are that Some Subsets  afe monschrematic .

Our 3ba[ ¢ to Show that Pr C hﬂ EJ >0

; , an oufeome  With ho bad 2uents.
=1

—

There ore  Soeme  <ituabone when  thie Tt Qﬂxég v chow ¢

= when the events EE B, are Vm*\‘ua[(a Thd&z{;m\dnnti

= When ):1 ?r&gl\ <1 . e, \.\Jll\zh +th& WUnion bvuni CL[DP\TQS,

Local (emma  can be ¢2en as a

)
union  bound .

clewwr  Combinabim of these. \We can think of It as a local

We Smﬂ that an evant £ ¢ mu ua(hd Tmy{j@()éyydlr\t u{ the events BBy, L E, Of 'Ew Ohé Subset LU

we  have Py QE | EI\ = Py (E} RS

€L

Pr () doesnt U\angl o hodter  what haFFancA In E,,,_\Jzn.
Definition A okepzmama 0 o-ph Lor o Skt of ewnts E_..,E, is a 3ru(>L\ =B with \/:S;b,uhs

Or\(* “QN lét <n fL\Q Q\/Q,V\'t \E“ IS ‘mmfb\mtgb ]\nd\(Lqu\c{Jar\‘f_‘ o-{ fL\L Q\/Qh*g -{I E\S l Ll\;j\> % Eg .

Theovem (Lovisz local luv\ww\ﬁ Lot EH,“) B.obe o set OJI 2venfs . gu?Pwk te "FD\\M‘\V\SS hold

@ Pr (EQ < \)

@ The  movimunm d\Q&XLL in the dn?ev\&fz,nua Ts ol moest ol

@ quxeél.

The \ocal lemma Can  be \n*"qurvazd( N \\f the wnlon bound OPPIMS Lom((na then theee 2xists a jcod oute sme .

The {lokkow?ng s the br"\@‘mm\ ?rns{» b& Lovdss , which % non-comstructive: Tt Chlké proves the existence cf o Saud

outeome . Withowt an eflclent  oleocithm to £iad such o Qood oufeome .
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We  wall \Num’f the Yecewt o\\gmﬂf‘nm\c P{DD“’: loter . <o tha br?f‘mal Prmf

% oP{{ma( .
E(ooi QOQ‘\‘TMO\D

(WS prove. b\g tnduction  tlax P‘P(\Qg E\) >0 o tha %TSL e’% <.
To P{ovm the , Tlee T8¢ on  intermediata S{"LP gL\wmg gt P((EK\

T <
Tes & ) Ee
The proof  Strucfure T \ka thic Pr<\\93__\$\1\ Eﬂ >0 D Py &EK\ 0
= br (O

T ) s
Teg stz | ‘) = IF
TeSalgln ET} >0 = &

Teslsl=z
S

= P :~ < ) 0O f\,

> P Qs:\s\w»\ L) ‘1? SRS (T(‘S:mth E\B >0

?Trst, wa prove PrC ‘C\ E}) >0 O\sSuvvﬁng the P\’stuleu& ngs
vesS

The

Th thhe Cko;\r\ ora P{O\/Lr\.
base case  whan  [Sl=1 ¢ casy

ok

Pr (‘iﬂi (-Pe(ED = L-p >0,
TFor  the  Tnductive Step,  witheut  logs of Euue\ttﬁa LWL aSSume

Sif\k,l,m,lzx.
Then. Pr (0 ED = Pe(E 1 Q)

=1

7D =

// condiBimal \)rokcﬂm\(?h&

1

(1- 7 (%[0 5))
(1- 7@ >0

\Y
ol
i

i
e E’jm e

/o induckon L\j\ao*ktﬁj

Next . we Pro\/i P‘(‘ QEK L \QS g\v Sl\)

a%sm-\\y\s +tha qu\am %fg\)s

in  the chan
To do this o we dIWVde  the 2uente Yato ftwo tj?”

acte \Drovnr\.
bogedl A ts &&Eav\z}\m\m& on k-
g =ftes | Qoesl  ag S eS| e BEL.

Tf 1st=1Gl, then  Pr CEL O T V= PeCED €b . and wire done.

So, we ossume  1S1>1C,) .

Lot Fg = Qgg . b= Qsi and Vg, = Te&a W that To=Tg 0k,
Then, Pr (R VEY = PrCE AT o P (B 0Fg 1 Fe, ) Pe(F,) P CEeO | Fo)

Pr (T Pr (F, LFD Pr(F))

The  Numer otov

Pr’ (TS\ \\:h_\
i Pe (Ee 0 | Fo)

< Pe (T‘—k 1Fel) = be (By) ¢

=R OO E L §)

TL\L Aznona r\q‘%ﬂ

P - ‘\ma Tr‘leaY\AﬂV\LQ.
i Po (R 1 F)

I

L= Pe (Y B 10 E)

vee, St ! e B
2\ - ES, Pe Q EK \Qg%} // wnion Eouv\xk
AR Tzes, 2p /' induction L\k\j?gwm\s cas 1s,] <18l
2 |- dep

/] wax degree @ ssumphion @
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2 _&—z . // O\QSLAMFﬁW @

leg thew back . woe have Pe (EK\FSX s P /(‘1) = IP This QD\MPU.YQS the Tnoluction g{‘LP4 ]

Bagic exomples

(emmo -

We chow  Two  classical Qmm?\u of o\\;\?l\m{\m o& local

(O _x-sat

Given o boodlean ’Gormm(m with exadha kK variebles Tn each claue. we would like o find q  ruth

O\q{wgnmxt o the varables  Cuch that Q\/u([j clowe T SaBsfied . where 2ach clawse Ts a rMSjundﬁon o{ k variables

€9 SRR IR NN CAYAVEND I (LUXv%e ) A OV Xude ) ond X=T,%=F. %= T, xq=T i¢ o satmﬁj:n{r assignment.

Thie Fro\auw\ 1< NP‘CMFLAL n Sev\u:ﬂ) but we can prove that ﬁ@ 2ach variable oppears In het too W\omét clouses

than there g a\waﬂj a, Qaﬁsﬂ‘m(gj ass?jnmen‘(

k
oappear in more  than T = 7—/4H< Clomges _

Theotem I\C o variablet  in a k-SAT %o(rvmtcx

{1'\0\ “H'\Q ‘bemm(a, has G Qmﬁf%‘m% &CS:Enmant—

P‘rﬁai Consiker o Tandom !kSi\\gr\ma_v\f where  cach Vadable s et ™ true with Prokmb;t\d—\g /5 ?ndz?and\zht—lﬁ

et E] be the bod evint that +he 1-th clouwse ¢ not Satiefied LZ] the Candons Qﬁsﬁghmnv\‘f

Since 2och cdawe 15 o d?gjw\d%m\ of kK variables , this event %awens with Probahth‘% p= PrUE‘biél?

Note that the event Ty 3¢ mutuelly ndependent with othec eusnts that do not Shace varables with E; .
4 P

k -
G ke mMoximum dzgru d I~ the d&\ﬂr\dz\nca j(a\D],\ ¢ at most kT < \<<7‘/<H<§i l\(l.

k~1 -k
Since. Q&P <40 M2 D=1, Ahere 18 an  oubteme with no bad evets , honce o Sqﬁsfwﬁ‘lng ossignmmfg

@ Edse- disioint  paths
N v )

Ghuan o 3((,\?1(\ with k FcﬁFS X(S‘,tD,(%ﬁtQ‘..,(sk)tr\33 o We wewld ke &y %no\ o path P; Canwzdﬁ‘ﬂj

S7 and t)  Such that the Patb\s );?1,?1,,.,1%% ore eotﬁz dds]o‘mt.

Thas ?ro\auw\ s alse N?»Cmv\?lm“t , but wWe con e (ocal lemma +5  Show that there 1is O»lwm\,}s A Qolut m r—f

+the \)o&s\‘o\u_ Povths do not Share tos yvmma Qdﬁu wth  2oadh  other.

“Thesrem Tovr cach  2stsk, et @ be o collection of L porths Cwnu%‘mj 3 andk T7

guwom 2ath ?ofﬂr\ n Q)( doog net Shace atij/u with  mwe that C Pc&cl«g in @j {w Ii‘\\ ook SKC/LSI_
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Then there 35 o oy +5 choste  Pi€Q 2o that  the pocths QP‘,.,.,PKK oe aag[»dws]a,ﬂf
Pvnufj Consiker o randowm Qmezr\\menf “+ha 't fw L <hgk _ e choose o Candew, ?mfk ?; 6@[ conmtﬁwj 83 and T

et E“'S be the bad event that P and P oare ot 2dge okrs]om.

Sinee o path in 07 shace edges with ot mest Q paths in P57 ondk theve are L paths Tn @

-

we  have P = Pe (EI,} ) < C’/ L.
Sinca ELS 1 ‘mu%uo&ha Tr\z{ui)and\iﬂ’ with all  events EICS' \,\J\f\lh \114% j\ f/& ’E ande 3/${‘1)35 ’
we  have the  Imaximum d,QSTQL A In the d\zvlv\&anus Sro\P\ﬂ ¢ ot west 2 k.

As Qd\? < Rrc/L s | \:Ld dur o\Ssum?b‘w, the tlocal (emma FMF\IES thot thece s an dulcome

owﬁ the &YFQ(‘\MQV\T with no bad events. henw on Zdi{~oﬁ5}0]ht path Solution . D

Packet  routing
Q

Wae ore %\\/JLV\ an  undicected TRP\“‘ anh K \Da\(&, \,\jl’\e‘(‘L 260 \)a\\r has o Sturce Vortex ST, o dlestination  vectex t;,
and o path Pr o We woud Like 1 sand o padeet  from ¢ o 1 O»fw\f Paﬂ\ Pro o leick

Tn each Time step.  at mct owe  packet con tansvese  an @‘gi‘

A packet Can  wdt at o node at ony Hme Step. (\JJL assume  that the ramory ot each node it ammSA,>

A schedula {m a Set of Facu’u SFQC\ﬁES the t‘\m’m§ of  the  movemedts a{ the Po\tkeﬁ a(m“& thair
\{ls\ud\‘\/t \)qﬂ«s (e, when & wove  and when 1o wort )

The 30& is b fnd o Schedule o mintmie the hme 1o voute all the packets.

Lok b be the Mmoaximum diStonce  traveled by o pocket (e, moxdimum poth {Qn\ffk),
et ¢ be the maximum hHumber of Packets that must tyansvese o s?nglz :uiﬁa (V2. moximum QOnSes*Hom}
Then_ 1t is clear Thet Gh% Qchaedele  mugh tequite  at  least D Cctd) Steps to Baish.

A var\gm& tesulk bV% Ll?gMcm,Mag&s and Rap  Shtws that There I1¢ Alu%; o Schedule mg‘mg OCcxd) shF;.

The s a very ghnj rasule . s Tt is Tadapendent of k.

Thstend b& m‘ms Chernoff + wnien bound ., the ono{ wses Chernoff bound  + local lomma  Clocal wniom bound) .

TFov Simpleity . we just show o weakec c2sull. which % gBil Tndependent of k.

o) (\cg*cuo\ﬁ )

Theotem. Thote 15 a scheduwle  With OC (exd) Craw) Nnumber n{» STLQ_ES,

Where o 15 a comstont  and Lo&*(n) Vs the number of ("X 1t takes o br‘mg n +t <1

6Csab
(. Note that (DK*(*\) jrmg VIZ(\a Slb\,\)\n . Q;K [G\S)j (1 - \> = g )
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Prcsi Wae assume Withowt lo e b{~ jmnerml[hé that c=d
Tor eoch chkt—f, c\ggign ow i tial ukaﬁag From L2, ad]  HFor ¢owme mmgtant ™
We {R(s‘t comsvder oo {elaxad  verSon of tleo Pn\:\zm, wherr  the  pacleet can &0 withowt Qma mmm\,ﬁm

(e, without wa}’c‘m& et o nede ) towacds Tt ol stnation

nothis (olosd vaSion ) ¢ ot wst G v o).

gb) tho total Fwme neaded (&

Poctition  the time  Twnle  pariods |, eack Pa("\oo{ bmv'm% Ind steps.
We will Show that with Fus?ﬁ\/L ?rbha\vm*\a that e2ack KLASL has wstsﬂov\ ot most Ind .
C Q%&.&L o fnc ‘O\a ou{ RQSWM?*\\W\B i Z2och Pg(‘loz}\ ,re. < Ind Packeu u&u\\& Thak QA&Q W tlat Feﬁni.

Then ,<Fw 2och  pactod |, we Can  think of Wt os o Sub~?roblnm with = lad andk A= dndk .

Then . v each Su\;ProLLQV\,“ Wa D\\:\)hﬂ the <Soma Pprocoduce &om\m({, le. odd o (oandom d\d&% ia [(tho('],
PD\(H‘HS\'\ the Bme inte Pnr(od\s of Un (‘)\J = ndnd S%EFS, So  that 2ach ?{(\od\ hos YMAX Ymlm C,W&!Q%‘Hmn

ot et Qr\d/iQanrk , ond Q%o owm

The bose cote is uhen ¢ andk A are  Constonts n whith  ceage  the navve OQCd\> &\Sb(;ﬂ\w‘ is 0\150 OQC*A)
— . * .

o reduce *tha \)reum Wt Constont  Adistance and  Constant cmgzsbSﬂ, wae ‘jmt nie & Ol (o& (c%d\ﬂ UM SIEn S .
In coch level. wo blw o the cchedule ":3 a factee of 144

oLLU&*L&&)) >

Qo the {—Tnm\ schedule  takes OC (c+d) (1x ) 5%1?5, and each eo\gq ’sowied \73 at mest sne })Ac&zf ot a Hhme .

\Dtcﬁﬂ@ua) tle Pvas—f ENS ke thig

et break ™o pedieds with Ond cteps

&

\ % ¢ ; f : ‘ : —

o \ 5 2 4 N A DNESEY ~ . Cita) & B (QEYBEN

4 \‘\ Q,V\J\ iho\_
7’ \
) \ schedule thig withowt
‘f\.\n,u\ M gac VQ{\OIJ\ W ", \‘ W"HTLQ ?@5
) ' 2R ()

ol WESNCEEVI VN ol - i\ 3 ol Cread ) blow
orokew n lag poc -t \73/ N ) e wP
2 vt —_—

g‘ach has Q\AQV\J\ e Q%ﬂ_?g. ! / \ In le\o‘\
/
/ ) \ cihedule Az withowt m&u ke Qr\*@\)
/ \ « >
, e¢ 0 “
) S tolkes o OHaY) blow p lavels
tlon 2och %\A\JFFDL;\Q_M Ts / N 8 5
\ 4 L ¢ Aale  Lhis takes
broken Into (4o Lnlnd N Tiaa) Ll 0k cchednl
L tn Ln d / N Ante e A e = olits) Usvv.r
/
\
partods. gach has e Gl 4 Y Constant
Inlnlnd  Bme Q*L\)S' Schadule tlis  withowt  Conflicks
/ &

toales a Londtmwmb \;kmvv

L13 Page 5



Lnlnlnd e %hL\’S‘ ) schadule this withowt  Conflicts
€ falkes a Comgdmat \;LWVF

go)“t'b{lir\\(s;\ ~the Frnof) Tt remaint o prowe +ha *Fa[(m‘mj lemmao using Checoff bound local lemmen. o

L 2hima When ® s a largg enowth Constont | eoach ?utoo\ has  maximum  Congestion € Qndt with Fasiﬁw\ F{ahaem%_

Yoo Let Pp be the bad ovent that edge  f has Longestion > And Tn Seme \)ercoé\.
Tirst . e bound  the maximum degrae  in the Aanndghca %MFL.

Note *hat whether  Ae happans  depends zmhﬂ ov the ab most ¢ pockete  that wse e
Two avertt A, ond A{ are N&c?gm&avﬁ( unlesy there T gume Pmkct nee botl, @ Ond W[
Covae +hare ove at mogt < ch\ca‘cs and gach  cuch PkaLt pessas f‘v\vmf\m ot welT o&uldu,

<

Ae ¢ o(a(?md&d on ot west  cd 2uants. Hene Tl max dagfu <= o\l,

Now wea bound the ?ro\co\\atuﬁa that A;L }\QP\dans, Thys s jmf a Jcmm‘m\ application Of» the C}\grmﬁt bound .

Toch chtod\ & oof ku\gtk Qnd .

Sace  there € an el Coandom da(ab in [14‘*0{]‘ the \:voba\,:mb that o packet uss  an Qolgz e in a4

?mﬁm\w peclod ¢ At most nd /@d) -

B3 there afe ¢=d  packets. EC % packaets vﬁ‘v\i e in a pzrlod\] € nd /o Call i< number M-

Eﬂ Cheenofd bound P‘([ CMXQC\\‘W of an lukgm ot o pecied 2 Ind ]

= Pr L CW&QQ\\\S\A of an lv‘ﬁm ot a \)u?ed\ > C \+Lo<—ﬂ) f’\}

< J.i—/ M < 2 KH‘S)}A
< & QH%BL\*S)} = Q H‘S)

o . And
= Q%» i Sinee = nd /o ond § 2o

Q%TB << &i{x fov Sqa x> 2 N \M&L CNST(M\T)

Une there ode ok most O Thwme omes b‘j unon bound . Pr L AL) € wd 0\74/(x = ok“g,

Qo, Cr-d'}_gg\ = KQd(\ < 1 WC\N A2 4 . Honee | \O\a local (ﬂmM/ tlo s o Cheica cf the ™itial

C)\g,\mss Such that no PQ(?DdL has wgmﬁw mve. than  Indl

()

Ef{ficest Algorithme for local Lewmma

How 1o {\W\d\ oan  owlcome (q&. a m&as{\s\\g ms“gwmwf) whose Lxstonce 1< guaanted, \oa 4o \ocal |@mma >
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Tn —gadJ Sinee the ?(uba\oﬂ'\tg towldl ba \/Q(a Swall , wae dont SZ\cPut thet o fondom outeme Will  do |

ond 1T <eems & ba a vmd dx\‘ﬁ\‘wlt ql&w‘tm:c tosk Uke \\{mo\w\& a nudle ™ a Km&gtmk”

There s a le l'\‘\sh\(\a about {ﬂm\‘mg Q{ﬁuanr o\\goﬁthmg fw local (emma , With a vecnt bvmkikaﬁh.

To lustrote  thae \1()\!29&/ o Swst {DU\AS om Tl k-SAT ?ro\oULm

O_N&M{e_o{ﬁ © It s noncewstructive L gw‘m& no Yhea how to {?«\a\ fuch oan  butome .

T:o\r\é esuMe  There, s A ‘E(wwwwk oLz\uL\v?z& bv() Rack .

Let me Just oy to gl & very bacf Tdaa here See MU 6.8 A detls.
Tor e fmw\awwk b wok, o Stromgec condition Ve osSumed 1 2ach  vaiable apprars ool wost
1= fk clowuges {w some 0<x< 1l (nskead of = Zk/é*k)_
The q\gnrithm has  two phaces
© Tt o candom “partial”’ asdgnest  (aach clawse with of least  Kfa vadables vomain wnasigned ).
Ugw& tle local lemma imtf with the %im\{u &SSumPﬁm (1= 1“) ot can be proved that  the
Poctial Solubion can be axtended v a {m golution. This S‘w,? s @vsa T—§ ® Ys Swgll szmjk
@ H{ter the  nitial meml ass?gww\zv& . PYove tlat the ok,a?mdmoé Xm\v‘v\ 75 beokon by Swall pleces,
where  each Pl hag ot most O(ko& M) avenls . S gach Clawse has K vodiades, wa can
do axhaustive Stacch in 2ach e in polynomial fime v fad o Saﬁsf\@g asipument  Whose

2xigtence. s gmrm\hd\ b& tle local (emma 'n p\m @

The L calt Favt s b chow tlat aach Pnu s a'{ g;sq OUOXWQ ) bxa a CC\\’IL‘fw! (‘,mn*n‘v\d mgum,\‘t‘

Recent  braskthrowph \9\6 Rebin Moser.

The o\{jnr‘x’tkm 1S QurFrTS‘mg\\A SEMFLQ. Tt woc known ™ the exvuﬂ but vy one knew oo 4o omahagl T

Al garlt\/\w\

Ttk %x an mdzr‘mg D{» the clowmses C, ¢

go\uo_—gAT // the Mmeain FYD [-4%N
TFind &  Yandem o\sﬁ&;wme»\* o—{» the vartables.

Tev 1 <1 sm

L13 Page 7



I’% C\\ s not Lot S{UU)\

t]y C Q‘\B

v CCD /7 subroudtine

Subsbtute the varicbles In C With new randew valwes

Wil there s o clawe D thet Shares  Variobles with € and D s not Satis fied

Choote  Such a4 D with the QSmallest fndex . Fix (D).

Anm\%sk * Note that once we called  Fix () and  veturned to  the lop in the moin pregram C;  wil|

Comodn  Ratisfied  affer  2ach  Fix (Cp i Pintshed  Tn the (ooF o 3>7 b& tle  YZlursive

’?TX\"\S natwee  of FT\(QC&).

Qo > when  the M n koe? is %V\\\S hed . all the QLD\\ASLS Wil be Sebi _V% od

But Tt Seems  that  the Prog{am Can Yvun intd  an \\r\\cin\%szv LSDF ond. never fiyﬁ&l«\zd.

Bnd. vt Soems \/ULa OU-Hﬁc,m(% R anahﬂgz thig %LScrItL\m with  udh o QW?\‘\CQT;LJ\ dqundar\cg Struchure

Tdaa: Meser Came up with  a  rvemarkable ?rm{-, He showed that f  the Q,L_ga(zf\ﬂw\ koel nyt  tecminalte

In o Ceasonable  amount of  time . then we can Comprass {ondomw bits ms‘mj fowee  bits |
whitch  i¢ ?m?cgs‘vk\z | (See MO L%QF%LW S
_Rondom bits » Suppose tha algoeithm  rune vt steps but ndt suteescful yet

hsw many fondom  bitc (ASULZ,

Th the ‘amg‘mn‘u\S Cowe wed o random bits ’{:v“( the 1niBeal QSS\‘SV\W\EV\TA

Then, for coch Fix(e), woe wed k& vandew bits fmr the clouse C.

Lo, the Hotel number of  vandom bite weed s nttk.

Ewcoo\"m%t Now, we 3how \ow o Comprass these tondswm bitc \\{ t XS

lo\(gz ZnDuKL\ .

The ldaa s to  trace the 9xecubiom of the O\[gaﬁ’c]nm‘

7

Wwioun { oot

“"“‘) e 2 FIRCCH ® Tx(C,)
IR P“
/” O
Fixca), o ?‘”95 " °
4‘\€ /\\ f' A(\G
i @v o i
/,ﬁ Fwle) . o se o
! . ‘. . n o .
W chy}s' :
~ \
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s B (e

T (c,y’?< .

oW
Eix (ﬁq) _;“((CS)

—

Tixep

T ocur sishe  1n

‘QOKLG\,QQ

“Tha Qr\cooUnS Qcheme TS g

@ Use

o+ Lugllrv\ bits 4 Yﬂ?\'uant

ond. S Bn .

AN NI AV LN

\/—\/ﬁ_/

Ff&(((g) YeCuriism ¢ ' n Tix (Cn}

Yelursisws  In

clowse . \where the (egim bite 7

30—\7\5 {\(W "tLL Coot '&W (o}

wied  To o Yepresent  whidh clante B g0 fo .

@ Use O+Ko§ld\ bits 4+ Yepregent %u‘mg fom  the Curcent clawce to  omother clawse n the  Yewrsiom  tree.
\AJ‘M& \Ogu’\ bits ¢ enough to S\ng‘f\/& whickh clouse 4o g + 2
Bocoause 2ach clause thares vyvoariobles with at most o othee clawses . S wa Just nzed o ramembec
which r\USWDW 0{' the current cloawse that we Qo T .
@ Use 14 4o m?ruu& 30\”\& wp 12 the back oarrow n the  Tecucsion  hrae .
when we Sea A at the voob . the a\gucith\m Yerminates .
@ When  the a\goﬂ%\nw\ tarminates we Ctmewmbec  the n  bits in the vaedablec.
CDW\EUﬁ,Qa’\'\ Tt shwuld  be clear ’6’0\“ He Q,hCod.{r\S we Cown  fawver The axecution of the qlgoriﬂw\.
Hevo haony bite  have  we  used ?
As the moin Yoot Dy\lé calle m clouses Ua\a the  previous  afgument that Ci Yemoined sabcficd  once

T (G s called ) L e

Theca

?‘mo\uﬁ/ n \D:TS %{ @

[ONK-S + < {QPQ n

Thetefwa .

guPP“gQ

Qince  Tandow  bits
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