CS 466/ 666 Algoritkm ‘Desixr\ and Analns\s . SPr“m% 2019, Waterlvo.

Lecture 2 : C‘wapl« o\lxorit\nmg

We  wil g{mkg Some Tnﬁru{%r\(g \m\mim}&ed\ m\gwﬁ%ms fw 3ra?% Pmblzms . ‘mduoﬁy\g (ongesf ?aﬂx, minimum cwts.

Ond AR mum S?o«wh\mg trees We Wil See  that Q(rzmzﬁava Pra\ga%‘\&\\sﬁc Toheos Qe a\(eadg very ?omar{mk.

Color (‘,odiv\% 0]

Coloy cod}ng s & Cool ’technﬁ%u +o dxu‘»gh ° “FIXLd\ Fo\mw\ﬁ{r Tractably © (FPT) m[ﬁbrléhmg.

Consider  the k-path problm where  the objetivae is 4o find 4 path of length at last kK

The brute forca alporithm  tokes O(n) time

Cinee  the [onglﬁ Paﬂ\ Prnblu\,\ N I\JPﬂng)dL, we do not  expect that this Fvob[zm Can be Solved n Fn[ﬂnnmv‘a{
time for every K. but we could hopa 1o solve  the Pmb(qm whan k¢ small.

We Say o problem s fixed  porameter Avactable f  thare i an qkfomm with mm:j time  O(FK) - 1)

where € 15 on absdute.  ConStant | T2 the Pammﬁu < does net Qppear  in +ha QKFor\@nT 07[ n .

It 6wt cdear hw o dﬂg‘\jn Such on Oukgo(:t)ww\J and  The coloy Cod‘m(g; JracL\hT%u NS %u\xh ¢ reative .

A[godt]nm is SWMF\Q +o  deScribe

Color each wvertey \w\dtz?qno(mﬂa with o un?{ww\ Candsm  Coloy ‘\C\KM {’\,1,“,,1(3.
Search for a Teolorful ¥ kepath  (a path of lanpth ko with ko dlistinct colors)

4

If Swh a path  <an be Aound. rvoturn Ha K-path Found  otherwise Ceturn TN

. The clever obServafiom s —“hat 1+ 15 sasier o golve the Lo(orfu] K-path Prubum.

Dunoamic  Drogramming
d ™) ¢

Weo cketch e oknwaw?c F{O&YO\MMW\\SS algcﬁ&lw below (mnwj han—PfaLah?mﬁL X ot the wmain Jfo(us
e{- thic  QsurSe . >

QL&P?DSJL W %‘\( ~thao STD\Y&'\“S Vertax ¢ ( ot most n PDSSTETUﬁesy.

Tor cach vertex v and Afor each lsi<k . we vemember  all chs%{L Molor gubsets ” of  Colovful path of

\er\gﬂx -1, S%mrfing —grm IS on o\ thﬂr\g at V.
Netice that <ince  the path i colorful, Wt s immmw to have no MPMW& vee Thees .

k
Fov o Pammw T, we need b sfove at mest <7>51k Subsets at  a  vertex Vv

Lot ws  denste  all  +£hese  gubsets }JJ DP (v,7). It s obuious 4o CSW\PMT!L PPy, 1),

DP) Fov all v, we can Qm?w‘fk DP(u_ 1) Q{—Hc??h'ﬂg s ‘Fo/(m\ﬁ.

Once wa have (‘,\wv\vvf\‘,u;\
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Tov  om {0\81 Wy IWC o colov Swubset € s in DPWwW)  and Celoe ) ¢ net n 8 L then Wi
odd  Cr{wlbe@  DPH) G Ao an el b toks at mest 0GR time .

Hence, we tan tompuke  DPCV,140) B all v dn Fime OC25m) ime givan  DPLLD) for all .

Once we Computed  DP(0K) v all v. we fetum SYes” 3 DP(LKD TS non-trpty  for some v
otherwise we veturn “No” This tokes Bme  OL k-5 m).

?'ma\hg, we JW% all Sfmﬁnﬂ vichas . and  the ha]  runtime s OCk 2“mn).

Sucerss  probability what s tha Pvabtxb‘\l‘\ﬁa thot  the u(SorTHﬁm Qu\uud\s?
w &

Quppam tlece s a Pm’k P ofr (Jznfﬂ K n tha gm?y.
When wo  Colsy the werbees O{ p Thiapanoﬁﬁn‘“n owndh L/W\\V‘]C‘D‘/W\ ‘Fo\r\o{mlau the Pfo]valﬁ f\x‘hg that P becsmes
colorful s KU/ 2 &F Crecall Thet &%= Z, 37 ).

- o(K -
TL\uqﬁwg, b% VLPLOMV\S +the &\jnr?fhm Q(Qk} Hmes . the 'fo\ﬂmrz PY“‘MAIQ“HZ} T at mest (W,Qk> 2)5\0{0.

Thot s_ with probablihy 3 - w0

, tlure ¢ tne  execution  With P bz\(r\j Cc[wf\,\/ and tha O&JI\RM\IL
Erogro\mm\ng qlgwi%m Wit find it L sueh o Poaasts

The overall Cm?layﬁ’\g S OCk- QQEUK en ) Tixed pacametec tractoble

Defmhdmﬁgath: Tt s PDSS}HQ to OLQ(QV\&W\%Q 4his O\\&b(\\t\r\m b\é Ws\hg olmost k-wise Tr\d&_‘)&ln_d&mﬁ vafiables | and

oleds v o determimsfic o»\&orlt%m that s o{Tﬁ?mtf o Cema wp with otlerwise .

Color cOd\‘wx(g ond Tts varants (Lg, Tandom MFmﬂﬂ{W) e a \/ua{m\ %Lc]nmqgu n dzs?jn?hj TPT a(jorf&%ms_

Rondowized  minimum cut [ MU 14, MR (0.2]

Pooblam @ T e mintmum  cut mem . Wwe are Qwen 0w ww‘z\%\«md\ und W ected gva\% G=(u, ) , and

+he objective Ts o {‘H\J\ 6 migimum  Qubset w? 2dges T et S Hat G- s discomnected -

,&&\_Q\L_;d\_“ﬁ.? A SNH‘(\?\L sbsorvatiom s thal &  minimum oot is aloe O wan ST cut <€oc Some g, t

R0, sne con Cﬂw?uiz min =t eut %( all a4 ond teke & "inimum  one , and Tthis natve a\gocrfmw Vrz%«lwu
2 N . R

n Calls a% maximum St €l ( which can  be Solved  in R)oham)m‘\p\i time \

Thewn , one  pbserves +hat i< &zv\ou&k ‘o “)\AS& {‘\x an qrsj‘\‘t(n_rza verebax ac 2 awnd jmﬁ C/DMP\ATQ.

min et X xccr all ?osgt\o\z T, ard thie 3\‘\/& an m\gm‘.&\rxm Th n W\m\{\m e -

Dp{“u{m?n}ﬁ{:\(‘, (‘.Lny\f\fl’\w\: ?m/ [ \.\L\‘\(U +ave 0\0\10\,\ Wk~ Gt h\'b\)kaw\ LLLMS sV d\\~(4TO\ALt 'TL‘KY\ h’\\\V\ Q*Jt (/v;t .
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Detorminishic

Q\&o{\t]mw: Tov o while |, Thre &\c\oal Win- ol \nb\okow\ geems v diffrenlt  than min -t ont |

Then, Matulo C1937) gve o iy i a\&mttlﬁw\ +lat Computas  win-cwt  in o (WIED) tima .

Hig naw Ydae s Ao do o gmx?l,\ Ceacch  owde \\okm\{qﬁ% an Q_d\&ﬂ. that con be corntvacted and (‘Q\)Lat-

R&hd\om:?le,()\ Q_lg&{}’t%wf

kwgar Canna \AF wkh e Vdea a% (andom  (ontraction and ‘\’V‘?YD\/QJ\ T cunBms

4o hé(\\l\l))\,dlnkk NS —\Cs\s\-yr Vo n Cquemﬂ\g i 1 et E\/W\&\Awﬂa, he fove o noat- linzac Bre SQ[EO

Q\(&g{\»tlmml f»\» e minimuem wnt P\'O\o\Q\N\) wWhich s \/un& \w\hwasﬁr\& v S\Ar\w\\%\y\&_

Hova . the O notation  hides  Ssme Fclzj[cs 'Eo\d?ﬂ/ n the Tunbme o_.g. O(hﬂoin\) = '6@\1\'

We will ?(zsa»ﬁ( an O(l\/m—%\\vxm a\\jb(\\f\qw\ and mevtiom how WU can be \wmyrovo_ok to 6({\/\1)

Ka(qujs alpsrithw ¢ very  Simple .
) 3 %j P
While  tlace  ace  more than —twe veeBies v grA\b\,\

Vick o vondom SUJ\,&Q and  Cewlvact Tl e smd\?«a‘\vdts

Owtpwt o 2dges botween  the ww{m}v\% veree s .

%Y /
E% Qmﬁwacﬁhg an Qé\gq, wo Maan o 70\4»&1{} tle two a“&?umh as « S?r\gkz vetax | ?Mﬁ{v\g both o the gom dda

See e picture balrw  fromn the book ‘oa Mitzenmachee and vas\l,

1
5 5 5 Oﬁ
34 134 1234
2 2

fab A suecesstul run of min-cut

1 1 1
5 5 N
34 345 .
2345
2 2

(b)y An unsuccessiul run of mim-cut

1 3

Obseevation * Each wertey Tw an “intermedioke gyof\)\,\

is o Subtet of vaicas 3n the snginal ngL.

Co, each et noan Tnte crediatn g(u?L\ C/SY‘(LS’EMS BATECUUVE SRR T o or\xﬂno\\ %(A?L\‘

Heawk , & m™Min—tut in an “wwWlocmediale %ro\?\v\ e at least  a wineonl n the of‘:g‘ma\\ 3(0«]31\.

Thewem  The ?mbah‘\k\\h/é ot the a\ﬁo(7‘thm outpwls & minlwmem i T¢ oat leagt 1/th0,

whete  h 1S the  hwmber b«g vertices  n the \H\Fb& 31(0\?],\

Dyook Lt F b oo mimmum et and lot k= Bl b tle numbec of adoes i L
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whete  h 1S the  number c«? vertices  Tn thae ‘me’v TD‘PL"

]@“{Do:& Lot F b oo minimum ok

and lot K = h:l be tlo number ojy Lo\gzg ‘In _}:

14 wso never  contlad an 2dge n T et e R\&of\‘t\'\w\ onds, tlen  tle al&cr‘\t\nm Qulcaedd .

What Yo Ale \)(o\oq\a‘\\fﬁ\% tlat  an J&o\gt Ta b 3s tewtvacted  n the T-th Ttacation
B\é “tla obsarvatipn

oot winmaat value in ftle Ttk Thecstism T ak

lask &

Note that & plies that 2uary verlex Ty of d\ag(u at [ast Kk oc othowie we can discomnecd
o S\vv\g\e Vertax {(ow\ tle STO\PL\ \0\3 \”@w\w‘m% less 4han  k migu,

TL\WL‘{WL/ +le humbe € 9'& JU}\-SLS in 4le  T-th Teration  Tg ot loask (Y\’\\+D‘\< /2,

Sine wa \)\\U@ o Candem Qd\gQ to

Contract , thae ?mlm\amwg ot we Pk an 30\31 i T
. >
\‘S at mos \‘/ ( QV\*\)(OK/L> =

n-ltl

So, +la K)xo\:a\\o‘\\‘\\\a et F oueedves wntit e and 18 ot laask

2 PN G Sk SR SO SO S
(\“T>‘(\*%‘T (\”?) = n h-lopa T F BT aln)

XW\?\"O\/‘\V\% Quccess ?mbamug A Sl\m\m wowy ¢ o repeat the Whele Poocadure ‘(‘f\Omxé e,

gu\\)?v&& we Vm?u% 'gc{ Tt times

+
>

Tlaon +tle ‘ga\\\wft P{DLAD\\]T\;% V¢ ot raesh L \ - ‘/\LV"OB

—x <t , <

Recan  that

which com Yoo daived ‘g(w _\\aakw QX’PQY\S\\TN\

X C ® od. 1 Cevied Sswa bogc calomlns | 2.8 Sﬁwm&l aw(ox>

5 t ~ >t
TLQ,(Q,&V‘(ILI R\* Y\Lw—\)\> < g D o

o
Qo ,T'{ we et kK= 10 nln-) , tlaw —(:m‘\\v\(z \wo‘oa\el\zga < Q0 -

Runming time : One  Lyowdisn  Can be wplemented ™ DLV\l) N me (an exgccise n date  structures)
_Runving time b ,

ond +thus tle tal Hme QMFL“\\W ¥ OCV\QW

\—IME}D\/\\E@ (\;ww\\mg Pmeo Tha O\nvaxﬁm 16 that the J\yo;\\m(t Pro\gm\?\ﬂ&\a V< ohlg \G\(SQ/ neac *lo  ownd Q{,
ong executation , while Tt g V‘”‘é tmall v the ‘ruz&\mvﬁmé

Lo } the tdaa e Hat  wa b\r\kg
\(;L?Qoﬁ( tla koﬁg( \&Q(oi\\ws bt ot e 9—&\/\\8 \\{'l(af\:ﬁ\n%

Prctorically o e 6nt) algortthm,
v e %1 % § S“ orinctions oWl ot mudh batter  to de & i‘:%&
{ l {i O/L \\/}\ 3 te roclibng
e~
W Twdependest  {apatitions

Y‘JLPJLALT Lu&(n) Hmas
See move  detanls

in [HMR o). This s called +ha Ké\(ger~ Stein a\gcr?ﬂ'\m C1893%).

Cw\imﬁm\__mw An niecesing covollary  of  the Fhesvem ¢ that  tlee are alt most
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An ‘m&z(uﬁr\g cwol(m% DJY thae Hlesvem ¢ tlat  tlee ave altt most

Combmatoriol  Stvuctue -
C)val‘) mn—oals Y an undivectaed gmpl\, bocause 2ach  min—ult  Quruvived  with ?m\mbit‘d—a

| ~ -~
A\k?B and. the svedts that two  oiffecent  win-w®  surive ace o\ISJomt. This > o

y\gywt(”,\ﬂzx\ tatement o Prove u\S:ng osthoc L‘\r&wW\RV\t§~

(3]
Mintmum  E-onl “Thae a\&n(?ﬂw\ Con be oxtanded Yo 3]\/& Qa Y\D Mgm‘dﬁb\m ’For ‘{\mo{?ng

oo romimum  keout L which 38 hewbavial te do b\ﬁ a  doteeminitiic Q\&D(\\t\nmv

Netlee tlat tle  minimum K-l problem i< NP-hasol - kK 3 gTin as an inpwl.
Com ﬂuu\ mnd?f% +the o\\forﬁ%m 15\9( the wWinimum s-t  cul 'F(bbum?.

Questin -
Con wou d&g‘\&n a “GR%T o\\gb(ﬁw ’%\( C/swyu\%hg 8\0¥>tx\ ve tex Cswwd‘\v\f\ha.

QQ en %maa‘r\w :

Ramork ©  After we studied gm?\q s?mxi%‘cm‘m\, we Coan  odiscunss KRVKEr’A near Vinkoar Dme  mh-eat qumm.

Minimum gPann‘mg + cees LMR 10.3)

a Y‘P\Y\O{B‘YV\\\EQA Unear  Hywe O\kh‘(\ﬂ'\m —gw the  Clagsieal  minimum SFam}wf ren prob(zm,

\/\JsL \,\I‘“ ?rmuxt
Wo  0CSume Without  loss cf Sev\uthg that ol Qd\:ga \Mz\gkﬁ are  oisBnct 3 In Pa\rﬁmlqr there s a un?%u

Pain mum Spann) v\g traee.

%oru\ukk/s a\gw\\ﬂw\/\

?NS&/ wa vevisik o classigal o\\&u(\.ﬂ\m *6« MST ) kKnown o

Vviw to  the Solutiow, wheve  vw i<

the Rov cukals m\gmﬂm .

Th 2ach Vtecatiowm. {w oo vertex v, we add tle Qd&L

MInYmum wde Oﬂwvv\é the Q&gas Incident on .

e xz&&e_ Wit

Obserwe that 2ach Jukgm odded  twust be In the MsT (mwé?),

Mleo, % 3 -QC\/&\& to %2e  +hat n eadh teatow  we add ot least ‘”/1 L&SLS o Heo colution.

Then we can cmbroct  tle (‘/MEUMMZ ™ the current Solution  omd rwﬁmﬁ this oncz(ﬂwa.

gir\cz Q\mr\g Ttorotion decreages  te nuwber 6& vertices bvé L\auﬁ, thete are ot most (bjﬂ {tacatims
ond the total (Mm\‘m& Limae g O(m\m&r\ >
> Thls s an 7W\\7m“tanf Ml{%h\vﬁm —for +ho a{g)ory"t%m.

Hlo\v\g arijm and UJ@H zokjl with mg}:uf g forast
( think of 1 ac a candidate Pc’\rﬁq\ Soluhon  of MST\ . we Smﬂ on adgn e=(wv) S

Q ‘gm st F

G(Tver\
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TFﬁ\wv% \\1[ w and Vv is  Connected E\é a (mn?%m) path Pav in ¥ L oand evary U{jl in Tu has
a wz\gh amaller thon  the wight ot wv.  Otherwise, we say  the adge e=(u,u) 1S T«KTKM.

The  poiet of the definition Ts that an ?wkwva edpe o ot m(ohj to any MST, he mattec what T
6 Cas stherwiie we Can add gome edpe 0 R b Craste o cycle with th edge Ly and we can
Swap these two eAij t fovm  another SPmn‘mS trze  with  [owec wx\j;b\t), Co_ f we can fird some T
Lov which  an edpe e is ?/kmvﬂ‘ wve Can Saf@(j clelete  the Lokgz o frw “the Smpk

On the ofher hand, f on edpe ek F i F*“W . then Tt moans that @ can be wsed o ?m\)m\u tha
carcent pactial  Qoluten T by oithee o(acrgm“mj the weight of the fovest o okzcrmc\nj the wmumber of

Connectad CM\PMMTS g{ T.

MST  Verificotion  alporithm = The main tool  behind the  linear time Q\Smwm i o deterninistic
Bnear Hime o\tgmwm to vm{a whether o tvae 1s an MST . Moveover. (U can rapert ol
+heo TW\ec\v% ngu @JY tla Pru?wd golution  F.

Theorem [ Dixon- RmcLﬁTa(‘dw\ 3 Komlds 5 k‘mS] Coiven & walg\nm&\ Sra?k CT:(V,E) ond a fovest F .
oll  F-henvy edres can be identified in OCIVICIED) time.

This (s o zwm(g vasult - We Wil sk prove Tt

Wa Wil \‘\u\sﬁ we 11 ac o black box T remsue o\l ¥~L\m\/\3 2dpes o \‘nggjﬂj 7 e XMFLA

Rondom sawhhj © The madn ddaa In the randomized M&or:tm is h wie  Yondom gw\;mj.

Suppose. W gaw\?u enth eukgg with Vve\o«»;:kﬁd P (z. keep the 2dp with pwg b and  olelete  the
edge with peob 1-p) omd Ccomsider the m;u[ﬁhé swbpraph  G(p) of (.

The axpectad  numbec of 2dpes n G s plEGEL

We fird o mininaem Spanning  focast Foor GG (as G may not be comnacked D, which  can  be
done  fastec  than 1n § at G(L@ has fawor Ao\jul

Than. we tun e MST  verificstion alzjmmﬂ with B oas the Tnpd L and remove all Foheavy edpes in G

+o obtenn &, and then we ﬁ,‘no& an MST n G which L\DPE‘?\AHU has  much  fewer ld\geg than &

J
The hopz 75 thot there Vs o chelce of p <o “hot  both @y(@ an G( hoave very \Caw sui\gu.

,A_V\%i&,'- The “3 Q/g tle m\alngm‘s T to analﬂgt I oww w\amé ?—USH ngzs are a 6{; o thlege ave
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14

QXQC_HS +he JLd\KES Yomoined  In G[

Lomma The Qpected  number e{ ?—NSL\T eo\fo,s in G i et most V\/P,

Proo& In the ommkns?s, L?a tle Pr‘md?(L D{ Aeferrad  checision

(that tle vandem chelcel are  vevealed

when we need them ). we Can oasSume that  the @(i{u €,.%5. ...y are Sovied bZ} ‘\nc(us‘mj w:ﬁgﬁu

and Wwe ConStruck ETQPB bgé —fL{FF?nj Coins in this evder .

Note that +thic e sv\lu% f\w tho m\ahﬂg\\s . andh Wwa Cannet  affovd  do anek the ,@L&gs in tha &lforf£hm

Whethoyr N Zé\gl e, 1S I_[?Sk+ d\g_ygné\s m\\\a o which  Subset oJY Ldﬁu " Q... 21, Q?Ymm n C:r('@)

Let the gubset of adpes @, e awur‘ms ™ QCV) be Ei.
An adge e ¢ ?JKEH oond wha W a7 comnetts hwo  covnmectad Components in R, rggard(l,u& of-
Whethe e e s Chogen in G{(?) ov not.

T

-\C ey s chosen 1n @r(p}) than €7 Wil by one n—? tha _Qd\fl.&' in tho i mam gPAhV\\lﬂJ fmlst o T—\C os s not

chosen  in CTQT:), 4hen 27 Wil be  an F'Ltg\ﬁ ILDJ&\&)SL in G{ og 1t can be wed to I""‘FTOVK +he ‘wagf .

Now, 1§ n-y ?—hgm 2dges  are Chogen n G(PD, than &) WAl be commected  and Ehere Wil be no

nea_

F-light edge after that .

o, the OSMSHW s hew many ?»hSM u\ﬂas are  Comcideed ‘cxa‘g\wu we choose -l Y"UKV\T edSes in G(Fjg

Tov Qvu\g F»ngf »Q(*S[L} toYs chosen n QTL?) with Pr‘o\ooﬂo\k?ﬁg P So . the ix?ed‘szj\ Numb 2 af ?’[ight

(Ld\&)u that  we “Qmsidu(ui\l/ s /\&; baqu Wwe Chose  ®ne  Qudh ?»L?SM mgc n @CP) This s +he &xlszctd\

numbs o f

o 3Lwd\r?c fondswm  variable  where the twecess \)\ro\gthlﬁb o‘f 2ach trhal T P

Tkg(qﬁmg\, BQ\C\WQ we choote  h-l T»UEM zd»gu n G(LF> “+he Qxyez:tg_d\ numb ec 0{' F—\IXMY {dfcj thot o

“oemsidecrd” Y g otk U\*\)/P, ond “hese oare Lxactly the \ifleL\t 2dges T G, o

Mﬁmi @ Congtvuct C‘((p) b\a  Andom ngF\‘m,g‘
@ Tﬁnfﬂ Q& yhinimum SPD\V‘V‘\’V\S Ff‘“/q‘s‘r T in GTL]F)

@ USQ {LA MST \jerw\ﬁ(o{t\wﬁ‘n Olgoy:f%w\ {’V Y2 mo\/a RH I’L\LA\/\G ,Ukjcs h C’I 1o -F)wm %}.

!

@ Tind  a minimum Qvo\mﬂr\i tTree  in Cq

The wagud\ N bl 0\(» Kdglg n G\(\Q ¢ P ond the xx\mc‘md number o% QDLSLL Y Cj/ v ﬂ/F

The best chotce of P Ts \):Eﬂ‘ , Se 4hat both 3m1>ks have Sr:\ Q,Ok&zj.

This S\\\/LS we o rowtavial OCma Srm Kogm} Mgm‘dl«m L owhidh 3¢ inear when W\Zhla&zm;
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Recursive  algorithm * A Xold\w\ Principle in q\ghrﬁ\nm o\aszgw\ ' that when we have a Xooo\ Tdea | wa
S

Should ayply 1t rums\\vdﬂ , 8o that e gosd lhea s Lsed ovar omd ovec agatn.
The —€D{Low‘,y\3 Yoo e {‘w\a.\ ﬁlgon\{%w\
@ Redwcey +the %r@l\ nge \a\a /g bg \’mmﬂ(\j thrae  ttecationg 9{» Eov&\/kc\/s Ox[fe(fﬂ\m.
@ Set ’?1‘% ond  Conghvuct CTC\Q Findd o0 wiinimum S‘Fo\nw‘m& ’fb\f&ﬁ: T b{ G(F) fQCL\(S\\\/JLK%.

@ Run the wmST \/a(‘\{\‘caf\m\ o\\iar‘\ﬂw\ o C_T ms‘mg T and Temove all \?4\10\\/14 »zolja& n CT ﬁ)jtwm G(

?‘\Y\O\ QA Minimum SFQWY\\IHS g o’f 6'/ XQMA(ST\/QL%‘

Time cmg\m&% et TOen) e the axpectsd {wm?ng Bme on a SMF\\ with  m 2Ages and N verbeas

. — m N N n
Theh we have the vrocurrzace v elafion Tlvn) € TCo, g )+ TOg. ) 4 cimin),
e— e
MEE e GO MET in & which has (n/g)/L = R adpes

Tt 15 eosy ¥ chak that TGvn) € 2CUmtn) s & golwtion.

This lingar time q\gn\'\\ﬁ]ﬂm I} \’>LA \car&gr‘ klein ond TOL(‘}O\Y\ (@A) .

Rtﬁmnu.s UV) Blon, Yuster, 2uick. Co[vr¥o00\‘m&.
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