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The Conshan T B\§ =\ JZy\{WCLS ot o tal mdgb“\k& {(m minns the tetel ‘w\f,s»w‘mg Llow ot each voitex T
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Tha gmod\ nows  1¢ tlate b\% d&ﬁh% thig Simple -u*\mm%\‘m, Tl total anechy 15 dszcruns‘m&.

=)
L 2vmrns Lﬂ,harga ?mFrovumanU> IWL AQ(§>}\‘O ) et ﬂtt‘ac(%) /Eec Yo
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Theve ofo oo W\o\r\\% cxﬁo)o,s to \,\)wna abewl .

In principle,  {oom the 2Nnecgy TmProuwﬁt (2mma
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(\/\59. et nead thig —fzu,f Q\a\;hc\&(\é , %6 ol Jvus'f sketch  the fxr&wmgvd? . Congides ony C\Adm- qu\acz 2arh

?q”\,"]a \)A The Tvee Pxﬁz\ Eb thoo U\:}(,\g/ law o Tt —gwnd\mw\ewht Q\a(_ULS/ ha p%ﬂ»s have the Cama
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Duol Problom

To boumd tla Conugrgenee (ot g define  a oot program o measuce  Hle Pm%wss to optime J(b
TL alce tumg out that the dual ¢ w&qﬂm\ n O}\{{T\V\\m& the LTAKL vactor Tn Our ‘%Tm\ Solution .
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b
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PYDofF Conardec % K{— k. ETN[ L
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t 1
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\1&&{
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Note +hat XLJ?\ < DFT?HMQ\ becance  Hew P(\xmwl optima tolutine  saticfies A{\ .
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\&U&U oo oo bower Lownd ™ the opﬁm;d ?(\mal voalne

=T > 5. S -
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méﬂ{.

eFK —FG‘R

Wi T ¢ TNt
Given  werR V"‘\“\\;\&WC P\% ALJE-E} 1S attained.  wWlew tle %Yo\d\ev\% w.et

WC XS 3ero
The %{qrﬁuf

> o
< QRF*EVE

Fhow tho gfmﬁewf Ts ')QZ(B when

N

Revserte i«-)\/ Seo et \;; S’aﬁk‘f\\ﬁi +ha \mlta\gg law .
= > aS >
P€7 Bi > .g: R\B\) = \/\)BV B wheeg W s o‘\\\q&m\ N \’\/R_:-L
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\> -
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Tor Al \)a\\r of Pf‘\mwl dual F\'O%fﬂm& s Judbé Yo see tlat Hae electwc {(M vects

and  thoo (»{raspm\r}ﬁqg VD\TAKL vecher  axe fu@‘\\o\l Y)ﬂma and dual 2olutom  with

=2 - >
e game olfedve volu CLTREL = VLY = &t 2na gy b
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Distane to  Optmality
[4)
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the difforine  betvaen the primal and the dual ‘oL\juh\/sL values L which Server as an upper bownd 5 the distanc.
Trom te proof of the eqde law Hoan ta eqcles  are satisfied , thn e Can we e tvae b define
tle \;al‘mgL Vo ctov .
Qo, the tdea hore 1s b wse the e T 4 define a dual feasble olubion .

?‘m a (reot) vectex s d\p:%v\a Vg =0 and «?w Qoch wactex Tx S, AQ%,\L Vi = = ‘(Z—gp\ ‘
2 Pyg

We  call this  the Avee nduced voltages , and &q?(?’?) the d‘,ﬁgrmm betern e Pv\ml ond dual values

w)

2 (el =
M"\_K%‘W) o Tlow  vacter %é(KE and  (ts P nduwced Vn(fa&i,& \761\3\

- . > >
cY-8(Fp) s e (30 = 2 _oad)
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QeR-T \V3
> 5 5 s . 5
xoo pf0) = £RE - (>Vb-vly) = gRE - TR Ly (omie B2 5, $low coservatio)
. o L.
i \‘?E \”T"ﬁ‘\}* >\‘?&E (Vl‘\@{w N %ﬂ; ‘GS RV\\(VJ3
- Bp o Copds )

1@@“ tl\sﬁi Vi o= > ‘(‘1&’@ \ou(\ e d;z{—\m\\,‘glﬁ\f\ 0% Ao nduced \/ﬂ[hi&&)

_ePyg

~ — N = — E < = j ra
we  hoave Y V\S ‘EPTS V{{Q erjs\( %L QGPTS hE %9. .
N - i o . _ >
sc QeT . ‘{‘;3—(\/“»\/\]) =0 , awd —fw \\’3 &V \(\‘S{»\B - L\/T»\/AB = \’“,g\j ME:?TS\”»{{L = Yijjﬂij“kzbﬁ\’@ 0 = QCQ%)’
2
>

Thacefore,  gapC £,0) s T S0y

28T .

?f Obala\n\\\‘\ﬂ?) 0\‘\8'\7\\\9\4&\\% low - stvetch E?an n hg seg

Trrem tha SL?\QYSL% '\W\\wo\f\hg l2mma T«{ e {‘m tle “Eunokmmawfo\l QKACLL CQ o than tha thugl,és

=
hacreases b\é _ﬂﬁ wlete R V¢ toted Yesistana m\m’j the fundomental cycle..
Re

pRg
Trom tle Arae jop lemma, tle distme to optimalihy 1o at wost EEVT S, D
Ce

Th princple, e can checdk  Which  fundamentnl uﬂdb corvtvibites mest o tle Summatiom and jﬁTZQ ",
but tlat  taket too much tima.

The Yoa hoce ¢ o Smm?kz Trom a pcaba\;‘whta AY etvh bution P ovec the 2dges S0 tlat tla
ch\yufmk decx anse DJY ene(gy 1 Pm?wfm\m\ o tle dstane te ‘c\ﬁ\mahha.

S Re AS \
L

b% -
2 5
—1 iy . - ‘ . . = - écm(?> Y VR oA~ N
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ax v TR RS CR)

kS )
C s 7
Than | 4o Axpectad dacrmse ei? o 2nefy < J&%{Aa[ 4o 2 \DQ.‘M = 2 L R o )

ok Re 26T A Yy Re
2 > )
- A S ACJL( > ~ i Q :?
i —{F ~ 3 (5.9

Theredors , the gap cdecreaias &Lmﬁv\uua . I,L.E[%a?(?tjj 3} < (%—(L()JCEI XC‘P(]?D }\/D)X _

The Cinve(genta Tate c)\@\mv\ds on ol s, Tle Smaller Hle fga%ﬂ,r‘

what ¢ oL TE 3 2qeal o Re

LeRT (o

Cwlere gach teew Yo le (atio mfr tle vesistanc of
the Path and  the vegistance of tha gok&z.

Think of  vo as the distane of the odfe. Then we Wart do minimye  4le averoge ratie  of tl olistan
e\L 4o Aver pathe and  tha A stan @ o,\[ +la ;w(gag‘

IT Vs a netudml obect that prople have Stwdied befeve

Civen  distoncs do on Tla edges  and oo bree T, the stvatch of an edpe T3 ooefined as

d
’G‘ZP Md\\c \NL@(L ng_ 1s ”(‘LQ UV\\\W ‘k\(g,{, PQ/’H/\ CO‘V\P\LC{\\V\&/ JCLL JC\ND JZV\_O{PU;N{‘S b‘f Q.
€Y 38

Wi want 4le 3tvetch t be gmall L go et :stf WS‘H\& +le tvee  ( tle Q.w‘plasf ﬂ?‘“"&:ﬁ g/ko,zjh}'t
Tnorease e S hevtest Pqirk Ays toanie  vwwch,

Thete s« tw& e of recearch  ond  the turcat hest Known vasult TS 4l {a[(mﬁn@@,

.ILQM\M_ (Abmkam—Ng\mm\> Fov ar\\a &\ra?l\ 6‘[/ tlee wxiste a %?th\w\j o with  otal Stvetch

O(M(mgh&ngh&n) and 1t Can be «F—aw\d T OQmLDgY\ (og[agh) Time.

US:r\% s Hoovam wth Te=dg o wae ge,% +lat o= O(M Lo&vx lv&(v&hv;

Initial  colutmm  and  numbec of “fecations

We ate close: Just need 4o find o Qood onowgh wrtal Selwtion  and tompute tha numbor of- o atisws
M:hg tle tonvaigene (odte gecved  above Qm‘mg o low  stveth qum:ng ’W%)-

An oy Tntial solution that Vs not twe bad tan be  obtained frem a (o sivetch Spanning rac.

Gian a tree T, we Can define o flag sobtim by wring wely tle sdges n T (g we Jwt
Sond ona it of Flow from ¢t T Jut send V6 aleg the teac path )

The Ll ngerth s as  Hollows.
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© Cm“?\;m a  lsw givetda %Pahw\mg e U ond d\mﬁm {0 as tle Flow Solwhion o(;z,qfinu\ s~ |
@ ?Qm‘v 3 S%szy;
- Y andsm Smw?\z a nem~ten Q&lga e with ?mL. “*i and jﬂ‘ix tle %nmmav&m\ CAado_ CQ‘
-
@ Reburn  tThe ~Hver Inducd Voﬁ?ﬂgx_ Solution e]ﬁ —F
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To W?ML T owth He e colution, fcf Lach idlg& U . jwsb gendl ’?WTUP ‘FLU\«/ \vax ) J

o\lmg tle 4w T Coninchy —Schwar2
) > v > 2
— ( /) ‘(‘L / /
Then QIC%O> =2 Y, ? Forr (a > < X ( > -— > e %oﬁ ()
[Aay LEE: ge ?L/ &Y JJ&E: 26P,/ Xe 2le®r zePzz
< S T o 3 )
eeT ( QréE . L&’?Q’ (‘2/ E C {LO?T\
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npe 6 ooty = bY PR — - .
Cehange of Swmradtion) KJ&E ey, Yo ) L) o €<\C°?T) o
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e

Hfzv\uv Tl %Lm A¥S an ((+{37f0\\7ww\mﬂ1m In the ’EX\‘N\QL \b(c%(owv\.

%\3 S’Lﬁ\\hg k= &ln ‘%\' Sormg F>D . W %a% +le XA’I) T ot m™ech F‘ C(:L?WT)'

— dwal
o7 T
Lt Il = W —— SRIAARY
> * T o> BN 1 S>0\T T >0 >t > 2
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2
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£ qap(hoU) € 8 8 Fpr) = B I Vet I

!
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gb} “UK;VDVT\\C NS % n‘jbv(\kt 5 o&'ﬁz( 6\9&\% = Ol wm \o&ﬁ \o&\u%‘ﬂ - km& Qlﬁ&%&f\ﬁ»

= g( w Lo&h Lo&%s e cotions \/ﬁd&v\g \DS(B& Yarmg -

One wecation = data Stvuctuces

T 31& an (1+F>'mwrox\ma{]m, e D\kgadﬂ«m need < 6(M> Ttertions , which  looks c\\ruda ~+vo rany..
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~

Ahe wWhole ﬂkgb(\\t]ﬂ""\ Rl Yuns in OLM\oKlr\ bg%) time -

L27 Page 7



Tw 2ach  Tteralion , we SO\MP\L o nen-tvee HA‘SL with \chalﬁﬁ% Plj ( which can ba X)(‘L*W\?LC{“LA})
ond ‘HJLV\ %{Al(\é .OE",}S Y\L{L “to &Eﬁmm‘w\k < and fun q\)d&kk {&é—§i+?’ '?n\( 2ach 2¢ C\‘j

st we  wse on odrzxg ‘€b\l the Llow o tle new-trec ;u{jzb

The  tyea doaton Qivuctuie  Ts OKATM S‘;W\P[k .
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We need o data  stvwdbure o Suppwt  Tve opLcatims

~ quary (V) - cetowin E?qi Q\CL,

— update L) s et B e, e for svey 2o Pi

With +lece bwo b\)“wﬁm&, Wwe  Can Lm?w‘tn E&% Va\cl \'3\/& {Q*\ww‘mg %‘“”Z}L\D* %wzr% (SO

and ?Q(%«M —§&6£L+Q %\/ 2och QéC‘lj \gé Q«ﬂﬁng update (3,5.) ord  update G,-1) .
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Tlow  +hese -huo DFQ(O&\F\J Can o %{\(o&gk&f@/wmo{(a \\VV\'P[JUV\EV\JCQ& N E’)UD&V\\ Bme

But wlen Ho dree ¢ not bolanced . £ ceuld take  Dheac Twe fv ks s{\ﬂa&h{wwo{ Teplemotalion.

The idea 15 +o  uce Ha centec ¢ Ao break 4he tver nto Compoments  Such Halt oach QmFm\Qﬁ 132
e at most nja .

Than  tle contec  betemer Tl voot of the gcubtvers , and we fSrd cewters in The  Qublieeg o
brsak  dlop Ceeuesivaly | Qo ot _eack Component 1 of  testant $ye in D(Logh) O(Q[DJcL\,

Whn do:ﬂg s tree detomposition . e stwe Tnformaline absd e overlap of the path  Ps. and
all etlec paths Por.

Adtar thak . vlon we call goys Q) o we rebuon ey gl b quany 1 GY L and guary g 0> TS answarsd
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