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° Ea(_,b\ i+eraﬁon: Pﬂ.\j O é)-!:-klc'-()ﬂ for +ol meMJ or
@ £3.220PT for +3 Componil

End up with k-adt vadue £ (-0 0PT (K dane <o

o Cur cent C‘*:t_ ?‘
{gu S?-/--b; Sr} "A

)
. T J A€ A fhat crosses
at Lagt two Si) ’HNU‘ 8r€€dl£ﬂ

Cujr Wp_s n A
o Pay "t“_orr G 2 componenls,
sahsties .

| .49
A} = {AE—_U: w(9sA) £ TOPT}

# =0,
& computed in Pﬂﬁf:}%m




Formal froof [A1=0(2'w)
Recaldl: assume for covtradiction Hak (A= 0(2")
o Buld  k-cut iteratively, beginaing with 7V§
» Fach tecathon: Py Q)é)-t-kf'-()ﬁ o +ol Com porant, or
@ £3.EroPT for +3 componuil
Ead up with k-wk vadue <, (1-€) OPT (k Aame enough)

can do @ as shown before |
SE\u} for each A€

o Cur ent C“:t_ Q e\t CosSSes Mo Y
{s;; Sz-f-n‘, Sr }' (i-E. A ﬂSI - ¢ or S. VSI)
o (fDSSeS ore O

. T4 4 Aeﬁ-) “+hat crosses
ot Lasgt two 81) *Hf\am gr‘eediﬁﬂ

Cuk w;&s n A
0 Pa'j L?:—OPT O C.SMPS\'\UJE |
Sﬂjﬁs{'—i@& ® ,

o Firs+ |1teathon :

A

*

| .49
A} = {AE—.U: w(9sA) & TOPT}

—0,(n
m(?uh)_a\ n f)ﬁ%%m




For‘modl ?ﬂ)o‘P (ﬂ)t:O (DKVL)
QRQQKQ,QZ assume Jor cowtradichion Hrak (74;\2_0_(3“;1)_

° Bw&cl k—cuA™ S
» Fach fecahon: Py 0 é;.__k__

Herahvely, beginaing with V%
oPT for +2 womponent, or

@ égt—‘fDPT for +3 OSVY\PDYLEM'K

)
. T§ J A A +that crosses
ot Lasgt two Si} *HNZM 8@2&1&3

Cuj IZAgP_S L 9A
0 Pa‘j L?—OP'I' S
SajﬁS{-its ®

comnponenl, |

wh  vedue ,6(!-2) oPT (k Aame m"‘ﬂ"‘)
can do @ as <hown bn‘fb({

)
\E\sa} for each Ae: -);,.
e tar CoSses N0 O

(ie. ANS; = Por S ¥S;)
OC UossSeS o Si

|

| |49
A} - o= {AEUZ UJ(aE,A) < TOPT}

A =0
}4() WPM in f)é%%m

ot mo St Qr such
possi bt(ihes, iamm



For‘maﬂ ?@D‘P‘ (A)t:O (DKVL)
QRQU&QZ assume Jor cowtradichion Hrak (74;\2_0_(3%)_

o Bulld  k—cut™
. Eaclr 1terahon:

Heratively, beginning with IV§
ij @é)-%()m o +ol meMJ or"

O, ég.t—‘fDPT for +3 Componail
End up with k-ad vadue £ (-0)0PT (K danye enaugh)

o Firs-‘— Heraﬁon;

)
. T4 4 A€ A that crosses |
at Last two Si) Fran 8”3@4‘%

C(JJ\F QAQP-S n A
0 Pa'j “:[:-OPT He
Sahishes Q.

can do @ as shown before

componenls, |

)
SE\SJ&) for each AGA': -)/)
e t\her CoSsSes Mo ¥
(ie. ANS; = @orS ¥Si)
o ([0sSSeS one 3;”\),
)
9('[;“() @CL" AG?Q'
+  interse IS

|

| .49
A} - {A‘:—_U UJ(B@A) é TOPT}

=00
b computed in Pﬁ%%m

ot most Q" such
Po&si pilites, iamrt

based on which 35



Formal foot: (A1=0(Q') | 4=l -ene
uRQUbQ,Q: a SSUWL for cavtradichon Hrok (74;‘\2_(1@\&“) \%\:Okﬁn) |
o Bulld  k—cuf terahvely, beginning with V3§ | £ computed in polytime
0 Ea(_,b\ ecathon: PGl.tj G)d_;!:-k-i-()p'r tor +2 CMP'DMJ or

® ¢3.Er0PT *or +3 Componeuis

Erd up with Kok value £ (-0 0PT (K A enough)

can do @ as shown before
| E\sg dor each Ae/4)~‘ fat most Q' sach

Po&si pilites, ia nmwre

+
f-'a"CLL("{;"E’J‘;t CSLL}' ?‘ e\ther COSSes Mo o
1) Y2y, 20 57 (i.E. AN, = Q‘Snrs. VS;)
or ([osses ore S;/\l’ )

)
0 I‘S’ a Aeﬁ- -‘H-La’l‘ CroSSes 9”’”‘? each Aey@ loaswl on L»S‘f\-'dﬂ S}

ot Leasgt Two 81) «Hnﬂx\ gr‘eedifﬂ + (nterse S
cuk  edges 1N oA Since \%\?ﬂlknﬁ/ gjmup orth =2Jn sefs

. Pa'j \‘?—OPT G 2 componels, |
Sﬂjﬁg{'}ﬁ% CD ,

o First 1terathon:




Formal foot (A1=0(Q') | A=l -ene
uRQUbQ,Q: a SSUWL for cavtradichon Hrok (74;‘\2_(1@\&“) \%\:Okﬁn) |
o Bulld k-t terahvely, beginning with V3§ | £ computed in polytime
0 Ea(_,b\ ecathon: PGl.tj G)d_;!:-k-i-()p'r tor +2 CMP'DMJ or

® ¢3.EroPT *or +3 Componeuis

End up with k—cat vadme S (1-¢) oPT (k ARame enough)

can do @ as shown before

| Else, {or each Ae/4)~‘ ot most Q' sach
et COSSeS MO S‘._)/)Possibifihesj iamrt
(ie. ANS; = Gor S ¥S:)

N oc (f0sSeS ore Oj
0 ’L{- a Aej'dr “H‘ta’l‘ CrosSses group each A:\El,?‘? based on which S;
+ (nterse S

ot Leagt two Si) %ﬂm 8-"&@&1}3
cuk  edges 1N oA Since \?@\?ﬂlkn\/ gjmup orth =2 sefs
'F“\na\ N CFD‘S.Siﬂﬁ ()air‘ I Ynat caﬂ?wp

7 Pa'j "tﬂ-OPT e ) componeB,
sahishies O 6 IE N b )
| , ot +2 (pmporwiR tor A== OFT, Sakisfprg (D

o First 1terathon:




| A} = {A*E-.Vi W(aeA)éL'?OPT}
4| =0, (n)

—> A computed in polytime
k .




| 541 = {A‘Z—.V? UJ(aeA)éL'POPT}
4| =0, (n)

—> A computed in polytime
k .










, ) _

Com LA_(—U(\ A’ A} - {AE—_U: w(aﬁA)z_:"_'.FopT}

o Tdaa: modified Kor%ef-g'f‘ein a%orf-l'hm_ . \}f\;?ﬁ)m "
k .

While G \as Sk vertices Lot
o (pnivact random eAf)q, (pmpor"h\maﬂ o Wdﬁ""t)

o N\Ulai pamﬂ-ﬁQ JZ.&GQS
Vor each of ‘\'W?- D.K SL.L\DSL*S, Ouj'()(ﬂ' Hhe Sex ‘F’Drm.ﬂ-al bia uncoh‘h'acﬁhj Ao

o Repeat poly (n) times
Simiflar aAa-QAJSIS; ana..%ee prob ulure whon  verh@s fost (c=n, 04w k+1)



COW\ Lk_h n A') ‘ A‘: ‘= {AE—.U: W(aeA)éL'?OPT}
B o b \ anj : %] =0, (n)
o Ldaa: modi i ed K er-Stean orithm i O ples
k .

While 5 \as Sk vertices LeSt: |
o (privact random QA‘:—)Q, (Pmpor’hm_o 1o wu@kt)
4 PQWMQQ .Q&GQS

o M -
Vor M:Ca of ‘k'\r\ﬂ- D.K SLL\DQL*S, Ouj'()(ﬂ' Hhe Sex ‘F’Dl'm.ﬂ-A L’.‘)lé uncoh‘h'achhj | o4

, Repeat poly () times
RQ—? ? j —&JQJAPQ UW P VQC‘HCQS Kﬂ‘?‘t ((:: v\} n_(/ “ k'H)_

Shnlﬁar aAﬂ-Q‘JS‘;S; ana_%ae Fm\o
o bL‘FT)r‘QT- (m]n \(-—-@o\') < (K_I)_agrwo. |



, ) _

Com L/k_(—“(\ A’ A} - {AEU: w(aﬁA)é"_'.::_qopT}

o Tdaa: modified Kor%ef-g'f'ein a%orf-l'hm_ . \j\;?ﬁ)m "
k .

While 6 \has Sk ver ces feSt:
© Cﬁ“’\ﬂld’ f't[ﬂBl-DW\ QA?)Q' (pmpor’h\grmp o we,iﬂl,ct')

o N\Uai pamﬂ-ﬁQ .QCQ\GQS
Vor each o ‘Hﬂﬂ- DF SLL\DS'?-?&S, OU*P(A' Hhe Sex ‘F‘DrmﬂA bla unmh‘h'acﬁhj | o

o Repeat poly (n) times
Stmifar af\ﬂ‘-Q‘JS‘;SI ana.ﬂnjae prob Culure whan ¢ vehices fost (c=n, 04w K+1)
. (mn k—-cu*)é.(l(-l)-agw"' |

P([%h?ﬁl: wW(%A) 2 l—:? OPT
2 We o é e







Se ks with Smwﬂg‘(
\poun e es found .



E)Lam{J'(.'-

Q is "perfectly balonced": W% =2 2opT ¥

{Acv w(9sA) & l—-ﬁop"r}

w«\ =0, (n)
sk Cﬂmpd@‘ in f)ﬂ%%m




Whak o S " balanced ¢
Example: S is "perfectly balonced”: w(S)=ToPT ¥
Cpuﬁo‘ ‘E(‘l‘j "‘Ah'“ﬂ 74 {ACV w(Dc_,A) OFT}

h A 2 {A"—V w(BeA)’—'LﬁOPT}

4| =0, (n)
A C@mpw\d i Mﬂ%m




Waak o S "balanced”

R

E)Lampk? 8 1S ”Fﬂ"&dlj balonced " : W(DGS");'QOPT ¢
o Could ‘Erﬂ hbng A= {AQV: w@eA)é—E—Ol’T}

2
o Prololem: Can lhave ‘;4' > (O (n?). i
N —) (ecursion s Tl k) 2 Q(n?)-T(n, k")

|
Slues o nZK/ N %uw‘.

| .49
A} = {AE—.U: w(9sA) & TOPT}

\94«}‘ —-":OK[H) |
& computed in poligtime




1419

. - T N\ — : \SA’I::OK[”)
Cyample: S s "perfectly baluncd"s W(%6S)=F0PT ¥i | i v i

 Could 4y Aaking 4= §ASV: W) £ LorT]

o Probolem: Can have \f-‘“ > QO (n%
— cewursion (S T, k) 2 Q(?)-T(n, k-1)

Slves +o VLZK/ O %ow“
o Messaqe: Canact restart frowm sceate lh eaclh time, Keep glo bal

measunre ot progress.



_M_'gu—baﬁﬂce_al“z h A‘} = {AE—.V: w(aﬁA)éL-FOPT}

E)LCUMP'C 8 < ”f_ﬁr{'&"'lj balonced " : W(DGS'.):%OPT i k L?I;?;S)m e
o Could try Aaking 4= 2 AcV: w(Bc,A)é%ow}

o Prololem: Can lhave A= Q(n?)
—) cecursion s Tln, k) 2 Q(0n?)-T(n, k-l)

Sqlves o n?'k/ o caow“
o Messaqe: Canact restart frowm sceate lh eaclh time, Keep glo bal)
measurk ot ()t"Dgr“eSS;
o E\/eﬂﬁ "mmst W& \D{MLL\ oNn QA 1arﬂje A (ij \Al?ﬂ(n‘)})




_M_'MQCQ_A“Z h A'} = {AE—.V: w(aﬁA)éL-POPT}

. - T _ : \SAEI::OK[”)
E"“‘“P"' 8 I3 {Fir{'ecuj balonced " : W(DGS'-)"%OPT it | f"r)_mem in polaybime

 Could 4y Aaking 4= §ASV: ) £ LorT]

o Prololem: Can |have A= Q(n?)
—) ecursion s Tln, k) 2 Q(0?)-T(n, k-l)

Selves *o n?’k/ o %uw“

make Sure we make vauﬂl,\ pro gress,

s loased on {ree ch,‘dnﬂ [ﬂwmf’ 2008].

0 ?\’"D 3Fe,$$



e [Thonup'©8] Can Comprti in py(m
i + f n POy ) hme @ set j: o’g; fo' (n)
panning rees ot 6, st. for anj min k—*a,ﬁfU S’
~/

Hore oxists Te T Anad coosses S €2k Ames

@
T



Thorup's Tr .
ee Vack
HW‘ [’TMP'OR] Can Compute ly( | N
+ f (" Foj n) time & set j O{_ fo' (n)
/

Hore oxists Te T Anad crosses S €2k Ames

=4
-
ccosses 6=2k-2 timeS



Thorup's Tr :
ee tack
HW‘ [’TMP'OR] Can Compute ly( | N
+ f (" Foj n) time & set :E O{‘ fo' (n)
/

Hore oxiste Te T Anad crosses S €2k Ames

-
-
ccosses 6=2k-2 tmeS
for every way O dolite €3ak-2

‘rhorup's Mmin K- G aﬂﬁo: for each TET
o P
éﬁlﬁs O’GT m‘,\ yne. Q-HML csvnponﬂ.n'l's |n+D

( Componerts, Compate fha min K-cut vallve.



_

lcee as QA Mmsur( o Progress

o Suppose st condains this Comp: @
A T



_

lcee as a Mmsur( o Progress




_—

lcee as QA Mmsur( o P('Dgress
5 S“PPC’& ﬂ Csyd‘ains %]5 COYVIPI




lcee as QA Mmsur( o P('Dgress




lcee as QA Mmsur( o P('Dgress




_—

(cee as a Measure oF Progress




_—

(cee as a Measure oF Progress




T

[cee o5 a Measure of Hrogress

ur 4 prpgress: how ma eal:aes
N\QGS e O P 6 T‘? MEA & SO ’Fﬂrj m-Q:J ng.i-i "-D
comaining (Ak-N-5 edges T (n*F fime)

’_E,\' \744:“'[& Ouw\ gAGA Q.#V'j >ﬁ QAﬁQS ot T/ then e malce fm:)rnzss_



_—

(cee as a Measure oF Progfus

do Qe mMmany Epl.gu ot T"

0 Gunssinj Ae;4 is | worth g
S edqes § 1 o dolste (in Therup's bm‘h-ﬂlgrm aﬁﬁu) | )
o on & 5) We Can quass es In <Kn t‘nrwa.
AsS L 9 7 \A\ n ::9 3cam ”beai bruﬁ e
F T have we Ao Qstsd 7

Qs ot T/ ’t'[/IU\ e makﬂ- fm:)f‘ﬂss.

T [Al=n" ond dAcHA oy >p e
E.9. || =04, so 1§ 3S;e A aating 22 edges of T, A banch on A






M
o Suppose G is "oadanced": W(0pS) =L OPT forall Si

o 1o make Pmaoessj ‘Eﬂal \947) \AI:OK(n -e)) St
45, c A4 Cuthng =5 iﬂlﬂzS ot T.



M
o Suppose G is "balonced "t W(96S) =5 0FT hor all i

o 1o make pmaress/ ‘Hﬂal 5‘47) \54|:OK(V) -e)) ¥g
S €A cuthng =4 edges of T (Ow exsh becase ouy B

¢ 4kt Ay
K



_BM
o Suppose G is "balonced "+ 1(BS) =L OPT hrall S;

v 1o make pmaress/ ‘Eﬂal 5’47) \54|:OK(V) -'(‘)j ¥g
S €A cuthng 24 edges of T (Ow exsh becase ouy B

345 ¢ dk-tny

Thm Lk sk=3 AV w(365) £ 0TS Than, | AL <1 :



M
o Suppose G is oadanced" s W(0pS) =L OPT forall Si

» 1o make progress, find 54) \;4]-;0‘(0 -e)} s4
]S €4 cuthng =9 edges 3 oF T (On exshs Lgc%g o4y _\ff.\q)
T Lok k=] ASV: w(2e8) €3 0r ], Than, [ Al <1 -

3
PL: Use axtremal result’ 4y I)ﬂ zn(nS’.?S)/ Fhom ~ sek ABC

ACA

>



M
» Suppose G is “oadanced" s W(0pS) =L OPT forall Si

o 1o make pmat*ess/ ‘Fmal 54) \54|=O,((n -“')) St
1S, €4 cuthng 2 4 edges of T (One. exists becasse avg 1rS

o Lok k=] AV w(28)< 2orr]. Toar, [Al€ W e

K
pr. Use extremal cesadt & [A[Z Q) dhun J st ABC



M
" Sup(oso. G s ”baﬂﬂﬂﬁia'“: N(QGS‘):-%-OPT ‘Fora_QQ S

. To make progress, find S\ Al=0.(dFe), st
_3 Si 6«‘4’ C“-H"“j 2q Mﬁzs of T (Onﬂ. Q_Xlsh be canse vy 123
Thn: Lok 54 EACV w( 3(5)4——0"7} Then, | Al € g ’”4)
or. Use extremal cesult: i |A] > (37), fhn 3 wk AB,C



M
o Suppose G is “oadanced" s W(0pS) = OPT forall Si

o 1o make pmat*ess/ ‘Fmal 54) \54|":-OK(O -“')) St
1S, €4 cuthng 2 4 edges of T (One. exists becasse avg rS

Thm: L eX & ::{ AcV: w(aegi)é-?;OPT}_ M} \/J" . n&?’. ¢ ‘J_\S‘_E_‘.‘.gl-l)
Pl Use extremal resullt: T IAI > Q(n®"), Ahen - sek ABC

CU\* oUA A/B/C? paj 2 %}OPT -'-'--:Z:k—i"OPT ‘FDr' +?‘ CSMPDWTS
(onshuct Cur iWVdﬂ, cost < OFT, Cordadichon
| an M\odf vam-fo-QJS'l'



AQ@O(‘IH\W\ Out e



AR@O(‘IH\W\ Out e
LA

A =1A: w(OeA) £ . £°‘°T ool DTM 9‘} (H | = Ok( “))

AN = SA w(dph) €2 E0PT and orAl=4%  (141=0da™)



AQ ocibthm OQutline
- A

A =1A mw [3cA[=a  (|A%1=0p00)

-—{A BGA)L&"&O’PT ond lgTA‘:Lf} (M:q\ :Ok(ng‘%))
o 45 e A~ or }{_‘(/ fhon con branch and make proqress.



_ Alaoritnm Oulline
LA /4 = 1A w(rA)=05
AL =1A: WA =L}
A {A NU}@M ).5- £o\°‘r o ‘Dﬂﬂl“—‘&} (\7‘?\:0 (n))
EA 36)\ E—EDPT and ]aTA|:3} (\Allzo:(ﬂa.}s))

-—{A w(%6A) 4.2}3_&0\01- ond lng“:Lf} (\ At = Ok(ng‘?s))



Aﬂgoriﬂ\m Qut e
| o AO - {A: w(orA) = 075
AN = 1A WA =45
= A WA £ S0 ond  [3rA[Z2S (1472 040)

A3 = T A w(dph) £320PT and 1:A1=3F  (143= 0™

K

AY = JA w(dph) £25E0PT and orAl=4F (1A% = 0la*™))

SLAPPDSQ Y\ S‘. \n Oﬁd ot 'W\HSAE) \Q. QQ_Q S with 11
comporactvely Large w (9657).



AQ ocithm OQuilune

L A= {Aj WEA)=0T  ocdls Sw(A) = 20T, 2 (OrAI=4k=4



{ AQ OriH\m O\f(hm,

Lot AO: A w(BTA):O} ecld S w — =4k~
A = 1A W(OA) = fL}yxﬁr s Tule) = 2071, 2 [BrAl= i
= 3A PN £ FE0r ond - [OrA[R2S (A71=00)

A3 = 1A w(QGA)égiing ond ]BTA|:3} (\Aglzok(na‘j’g))

o
A = A w(%eA) 52‘%;&3?” ond lgTA‘:Lf} (\ Al :Ok(ng‘%))

SU“PPDSQ ne S In aﬂﬂ ot ’%95'5) e, ol S with
ompo v ely large W (965)).

Rur sine  average w('aTS;):Lﬁ;—q-é_ 4} Mas (S “wmost i



AQ ocithm OQuilune

o _SA- =
LA Jdc = {A w(BTA)- O‘S' recadll: S w(9A) = QDPT/ ZkQTAlZQ'k*L['

2 i ..‘ AL ~ d
A =1A: w(OeA) £ k;“:} o DT'Al_a} (\7“‘ \:Ok(“))

A3 = T A w(dph) £220PT and 1:A1=3F  (1421= 0™

Cémpum-ﬁ\laﬁj Rﬂfﬂ(’./ W (2¢97).
Bw‘\’ SINCR. averaqe w['aTSi):ﬂ—k-—q'éLl' ‘H\is \S “WS"'“ Si'

So Yhore must bo Some S:: . |9TS{| 9, with WPMJ‘NLQ:) sall w(‘aGS;)



Lo AO: A w(STA):O} ecd S w — Jd0 =4k~
A=A W(dA) = j_})i/’»‘r Gl S w(deA) = 201, 2 (OrAl=bl=4
= 3A A £S5 and  [DrA[R2S (A% = 000

A® = 1A wﬁg@*)é%giw 2:A=3F  (1431=0le™)
=3
-54“ :{A: w(?@A) 52;%—'0\9'\' ana lgTAl:Lf} (\ A’-‘\ :OK(YL?'?S))

gupposa ne S I o) ot ,\Mg; e ol S, with [DTS;I_é‘-t \have

comporatively large W (9651,
) g W)= e s 18 ot S

So rare. sk . e S+ [arsi| 25, with comparmy
((7_)2‘;) )& — {A bJ(aeA) é(l—i\k[l/g_ T MA (BTA’ = BTS (\ )4,(3] - Ok(n(l i.)[!.))




{ Alaocitam Outlne

Lp AT = 1A w(@rA) =0 § oeall: S _ B e b

AN = 1A WA = i}jiﬁr e Tulied) = 3071, 2 {Br Al
Az':{Al w@@,A) é‘%gi 0’0-9‘ ‘DT'Al:;l} ()ﬁ“g\:ok(n))
A=A WM LT and |21 A[=3 (1,43 | = O(a*™)

>

(770
A = A w(aeh) £2TE0PT aad orAl=4F (1A = 0(w*™)
gupposa ne S I o) ot ,\Mg; e ol S, with [DTS;I_é‘-t \have

Cﬁ'\pom{"\u&j h"ﬂﬂz W (2¢97).
Bul since Guerage W(QTSi):ﬁ%éLF} s s “most i
So here must oo soma ;1 [Bri 25, with Comper

@"26} ){'B — {A bJ(aGA) < (H:f/o‘ 0PT and DTA} — B 73 (\ 24'6] = Ok(n("%))
L default bound

thm‘ -a SI ir‘ SDW\?. AJ' S‘D) bm(‘,kﬂ on QM A\ mmod‘ﬁd

693 small w('&)@g;)




Re cucsive Akﬂo At



Re cucsive Akﬂo Aam

: Rap\aca T wth forest



a ‘Prqvious a!'f)umtz/d'f have S\ack/‘ 18 \Dwﬂ QS W& ShQ.Q N?..Q.cn
b dalte (\-€)2k edges, Can shil make proqress



Recumsive Algo nthm

o Previous arf)uw»/rh have  slack; as \o\nj 08 we shll need
to delade (\'Q"’l\ﬁ Qﬁ\ﬂesj con  shll make proqre 3

» Ownca we Ve MadQ Lo W ?ma(‘essl bm—t’-"’&’f‘& r‘ema'i‘n(fla

Qs (\lke ’ﬂ(@m‘o\S 3‘30}



Open Queshons



_Open Queshons
(Qoaner ouwdlﬁsis 7 Bokrer constont  Fhan 198

— Now (Aas JU\@% ne2dod +o loreak |5



_Open Queshons
(Qoaner MaijSiS 7 Bokrer constont  Fhan |98

— Now (Aas JU\@% ne2dod +o loreak |5
Cov{J@Chmi 1‘9 \}Ag\ 2 9(_({[3)/ -‘\’fNW\_ g A/ Bjc,:

(&

-/
(Qﬂsﬁ \ower \OUMG\ oY —Q(V\g))



_Open Queshons
(Qoaner ouwdlﬁsis 7 Bokrer constont  Fhan 198

— Now (Aas JU\U,% ne2dod +o loreak |5
Cov{J@Chmi 1‘9 \}Ag\ 2 9(_({[3)/ -‘\’fNW\_ g A/ Bjc,:

(&

-/
(w'j \ower \o-:rww\ D’E' —Q(V\g))

ol imply stigetly betec hoii s



