CS 24\ - Ngoﬁ’d\ms , QPring 2wl . Ur\‘.\le\‘sT"ca of  Wateclo

L-Qctu(t 14 - 'D\Ar\amic. on&MMm\n& ™ %ra\?ks
\/\)Q \'\O\UL Seen

)
“ines ond  on  tvess.

dxay\wv\\\c P(og(f\w\m\mg o

TDJ\M& we  wnill see O{L&ham]g Progmmm\m& on SraPI\SJ Mﬁ\mg o IW\F(YVJED\“t P(o\oumi,

al\-pairs sheytest Paﬂ«s ond  the vaveling galesman Pm}o[zm

Q?ngle—sm(u Shrvtest ‘Do\tks with o\r\o‘xtvoma ngc \mjngS

ihewtf A Acecked %I’D\EL\ Gi(\/,E}, an onga RQV\&‘U(\ KQ ‘Fw ek . a wvertex S

(}uftgmf- The <chovtest Po\ﬁa LQ_V\S’H'\ %m ¢ 4 all verBees tely.

Thig \){o‘oum i 2olued L/Lg‘mg D?]ksiw\'s OJSD\’\\H«M in the SPQdo\l Cate Wwhare tla u(gz Langftkg are

nswngaﬁvl. D‘\&ksk\(n\/s algoﬁt%m Cuns  in heac-linear  timg

Tt twine sut that &Hm?vxg mga‘n\/a nga lszngﬂ\g makes  the Pmkum Cmng‘dgmbla hatdar .

Tiret |, lets See \Jma DYJ\QSJNDJL Q\SD{\\%L\M o{oegv:t work  1n this  wove g(mzfq\ Sefﬁnj,
Tn D:jkgm’s m?(mm) the Ub o to

mantain o et RV Yo that distlu) i CW})mfgd\

Cﬂ(g(ﬁ\\a {w VER , ond  then we gmzd&[é grm the Cet R \DE] odding o vertax \/é‘(R close ot~

o R e
. V//vu
The grudué a\gmiwm does et maintoan  This  Thvariont  anumere . e
a <o ¢ 7O><
In the 2xample  In Ak picture . the vartex

v o tg closest to g ond

D?jk&&a's Wil add W f‘wgt, bul MtV * 4 oc¢ +le Pcdﬂa Q,L:X,x/\/ is o{' nggtk -4,

be canse D'{ the (\/U\g) V\agc&?\-v& QAKQ X\ .

\With  thig \ufﬂ\j stort . DT}tS‘hm’s o\\gbﬂt\nw\ vl odoh w oand W e R

Onla o&ku a While, Vertex x ¢ oadded , and than we \FQ,MI&Q tlat +Huowe ¢ a  Shoker Po\ﬂ\
‘{w Y '}C\\YD\A&L\ X

At Llet Bime. we know that

+le distantes o W and w  ate nel C/mv\\?ufsuk Cm(icﬂj

1—& we want o %‘\x i, we need o wse  tHhe new le\sfo\r\ggv o \Vj o LAPJ\Q,{L tlo distan +<

woandt w, but tlan

wa Can ho longer  Soy tlet  Qach wvertex s wla “»szqu\/’ e

Thie e whare  we st The  neac-Unear  fiwma me\exﬁ-g Lo SDLv‘wng tle  move g{hem\ Proufml
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Thie e whare we st The  neac-Unear  fiwme me\eﬁf\a Lo Sbtv\vng thle mowve g{hﬂ(w\ PrOHIm.

1 =0t
Nggmﬁw_ Q%dig /
D<
-1 \1
Anvthec  Tssue of kav‘w\g Y\LSM\‘\/L Mf" \Q,ngﬂ\g s that  Llece may bo Y\Q&ah\\/l Q(&du_ ?D\>o
T
Then, ’%YD‘N\ s s t. we can &o ofound haioﬁv\\/L Qnda g \mav\a Bmes o we §
wank , and  So the  Choytest PQ'H« distance 1¢ et wall- dz%ni&.
We  wall &moka o&gm?tw\s +~  wlve e {oum“g P(Dblgmg:
Given o dicected &ka, check [E s thewe ¢ o ma&qh\/g. LLr\itlx\ Lndg C Y. EQQ,QQ <o .
- 1& G has no mgﬁm‘w ckadzh eolue +le STwSlz—Sumu Shevtest PQT% P(cb(zm,
Bellman-Fovd  Alporithm TET 6.%)
)
Irnbation
A\J(\,\w&\« D‘.Skﬁ\/m’g q\gnﬁﬂam w\ma not C/swvn?utsz, all  olistan s UN(uﬂn n sne poss - Tt oWl

W »

Cmm?mta/ e distances v eme Vertices (,muﬁlé\
T the above Q\cakaQJ d\\ﬁ[\&] will be C/ﬁ\m\m’(ﬂ—éx Cmrzcﬂud.
With YW\S,\\-& we do D?‘Jkﬁm'& m\gbﬁt\nm qga\n, thon W woud &Q‘t drst U (Tglf\t .

oM .

With he mwe D\ibsﬁvo\'gg wo  would Tthen gd AisTV)  osyrect  and <o

Hew many Bmel we need e do 3

TL% +le ng\\ has no V\Q&aﬁVQ C/\&(,LQC) +lote Yo @ Chotect Paﬂ\ With ot moest n-1 xo(jzs)
N b\a \'»zpw‘o\g DTjhs%m(s ngm\\“ﬁ\f\m n-1 Bmes. o choud have C/m\\thad oll ¢ hwvest Pcﬁt\ olistances
Cm(uﬂ\z) . ond tle time omv\?\ax‘\f\a ve  obout OCnm).

This s \Dag‘\mua +tle  Rellman tovd Qk&c\ﬁt\mm,

RZCM( Yenda

To {wm\:y 4o above ides, o Wil prove that ”V the &“"W hos  no mgm‘m eycles (<o
Thot ghovtect Porth distances  are well-olefinsd) . Then we  maintain medlé all  Shyvtest
X)o&k\g with ot mest 1 Qc}izg . and LM\MJQQ ~k ?nd\md\‘vu\a \Q{m =1 4 1=n-1.

ot D) ke tha shotest poth distane from ¢ to v

ms‘mi at et \ Qi&esr

Tritlally, DLo)=0  and D (v,0)= oo for all Uel-<.  This ¢ te bose

Casa
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A&gum‘m& DLuY) o2 WP\/&QA Qm(ld\n ‘%}‘( all veVl ﬁ\/ 120, Thie ¢ tHe Taductbm hUPrH\lm
T 4l TV ngweve gtg?, wae would ke s mpﬁk Dv,i+1) Uwu;gt\«a \%{ all yely.

A ?o\H\ with of ot 1141 Qd{u ’gwsn\ ¢ B U omusk b Cw\n& ”@{m o PMLLW with ot mogt 7 ZD{KQS

W
3 N /—VO
%w b w \Cw an 1Y\~M\SL\bW w c{» v - > TR0V
Thetefors | D(v,7+1) = ™in { DW,IY . wmin { Dwi) !lw?yz} ,
W~ uvek
Do we c\(&quO\ hafoce - O tlel i< ne f\igcvﬁ\/n, cndz, Hoawe 1w a  Shevbest PMR Ao <

v wWwith ot mott n-1 eo\;&u (\\“f v e Yeochable  fvom ) .

Qo % ¢ arough to Compute until T=nel, o distv) = Dlu,n-1).

Time Cmgex?{jg Ghven IDIGVAD {v all vel , 1t tokes Wn«ok&&Lw) R o CSYV\Y\V\"JL D(wjfl\_
Y e toted Ve o CMYW&L D(\,\)J\;+\> \%\/ o\u welJ tokoc D( Ee\) Tn«okl&(uf)): O(m> i

And Lhwe  tla totel Bme LMPlewaé i< Q(mms,

21‘)0\&_ gm?\amﬁ A natve }my\zmeﬁoﬁm m%uinru SICe Sporca

Notice that to  Compute Dl is)  bweN, we S‘”& reed D)y ovel  and  dwmt need

DW‘S) At 357\1 Thevefove - wi Con throw  Thoe awou and ﬁust wie  O(n) epace -

gnm(sur/ vmc\{-d«?ns tle  mbwibon  that  we

Simple. Lootithwm The m\gorﬁ\/wv\ Can be m™made Quin

monbisned  in o \;gg‘mwj.
dist[S)=o . Actlvl=0 Y vel-<.
Loy 1 Fom 1 b -1 do
o weV do

y{:w Soch QJ\&L wu el do
T et Tl Q< disttv)

AtV = istlld * Ly andk Docont Tvl= .

This ¢ the  Bellmon~TFordh  al &DMM.
}’\Q\/L

o see thak  we ol heed two mra\\ﬁu Sms% ol e tlake \A&\V\g SN2 O\\Hm\g could %an

4o nteemediate Alstonmies  Swallec . and tkua Cemain T be uppec bounde  of  the trwe
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Astanec . <o Vbs‘w\& ﬁg\&rxr wppey bounds wowld not

Shevtest  poth  tveo
Ev& %‘:\\b\fm& ‘o QASLS L?QHV\JY[\J], \V, ) ooowe would Ulke o

Now, wie  hove Man\a terebone Tn the subeomost \wF, RS

huwet .

(Ltwin o Shovkact ?&TL\ ”ﬁrw St ov.

ho Luwizr cleor thot  we have o Tyes

Shrnchue Ao e chedest poths

Tn ’gmc,%/ Tt Pbsﬁbk{ o have o duicectadk %LK:L o tlee Jukgu (pmvxﬂﬂ, v) . bux +L13
muet Afsvm o mz&oﬁn‘vq Q\Adm,

Lovmman 1’% tlave s o directed Qusc\& C in 24425 (Pmmiiﬂ,\/\ ,otlan e

Ct&cUZ C muwst Lo ngmﬂv,a u\XdQ RS }eL lo < o,

{o0b Lot +he kad,z C b ViVa,ouVe _ With vy v, € © 09 Isiskl and  Vpy, B
Assime £hatt Vv 1 b Lese edge Tn dhe cycle addad by the  olgecithm.
Coridas  tha wvalwe lstlur)  right befove  the  update .
By the dafinbim of  paent (), we hove  distTuind BodietTuddd Ly, H 2515k

Nete {\'\a,t Whew  we _g\\(t't Cet  *heo quamt ,

o \IV\O_%\,&»L\\{‘\A ko\é\g ol on L%\&LT{\,&)

buwt later  AiskTv:) could deciesne and 11 maud b sme on }nggv\a[‘\‘ng‘

Now , when wo ek pmzv& Tl =V, Yt must be becsuge  dist Ty > dastly ]+ R\/KVJ at
latt time .
X LS -
Adding all thase Kk inegoltiee o we have 2 distly) > 2 dsstly) + 2 Yo
QQ %,«9 =\ = Qe
anok  this implies  that :Leﬁ ke <00
g% tle (amnio {mp\\‘ls that T}L tlex ave no hu&ﬂ\‘vg ck@d&g, then tleve ore e C_L&d)z_g
I the zobiu C \)mzu\% Evﬂ)m}_
Aggum‘w\& that ,@\/rm% wverkex  Can  bo  YRached —E\\rw veekax S tlen X,\/Jl\lé Veetex  hac JL\(C\QH:;'

S ‘\r\cm{w\g M&e in L\)m;@n‘ct\ﬂ,w\) L, ond tlece

ondh <o Tl ﬂ,d\iﬂ_s

(?o\(u@t(unzub st ’{WT\’\ a

?u\vxi'w\g o\wzwé {\rw <.

Acected

ot no  Arecke & Q\gt\l&

\r:\a e LE mma

e, o a t™Nax Witk ﬁo{&ﬂs

L kT 6.0)

No.&o((\v . Cuqdﬂ&
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Na&mt\vm Cuqcl!zs L kT 6.20)

Tdeas

Th the Relman-Ford O«\Sb(\\t%m‘ we See  that T all wwked owb when tlece ace ne vugab‘vz deu,

The Bellman-TFovd olgorithm  SEI works ) W there e negaBive cydes

Aftec b Theeatione. TE Wil Compute  the ghedest path distane froom 2 & v wing ot
stk Ld\gqj.

e ‘yﬁg% weed tle fack  <hat T{ “lere o ne V\lg%ﬁ\/L u&c\‘l\, than e &msﬁ need b
va\mf& ot mett n-l szcabone Clen ken-1) > {ﬁ‘v\d\ thae Ahsvtect \30&1« ohigtome g

K% 4loce oga Y\ngfa:h\\lz C\Qdu’ Hon  we wWill xx\)ut Had Dkv/k\%fog as K>w .
-1
— )

Tor sxompla L in bl graph xoﬂ/okct’ , e DLELB) =2 L DLELEN=-6, DL g)=-1, ond soom

On +the sthec hand , VL *lete ot no Mgmw %du) then W Repeck thot DGLN)=Dlvon-)
fov ol oy

%, am\ah‘wkng \’ﬂ WFM‘MS Dl n) and Dlv,n-1) Hor all vEV, we Can oetermine  whetheo

‘o &rapb\ has o V\zgm{\f\/n. Qu\\d& oc et .

A Ssm\.«?ﬁm

Tn ¥ J%e\\s\,v‘w\& LW GSStme tlat R\/nra virfex  Can  be  Caeachad ﬁYm Q.
o bl P\(‘D\OKQM o% i\zﬁhot‘mg V\JL&quo, C/\chs ,othae e without  lesg b{— &&muo&?ha Ince we
Can  Yaskhdict ouwe oxtenBonm Sb{m%% esnnected gm?b\mntg ond e  lRarnk {\(W Lo]

how o \d\qﬁsm all g—hmgla Csnnected (ﬁm}?meﬁg in lneae ©Ome .

OLDS{(\/OK\&S
We make +he above 1dgecs pfu_igg \oa “lo {o[kw‘m(f clame .
Claym 1 Tt e Rraph  has o v\a&qﬁva Qnda o othen DOV S -0 whin kD00 fiv Soma vel/,

Yoo Thic {muwls {Yw “tha dj,{'in:ﬁtv\ a% D, &) and the Q&SMM\?‘HW thats szszmé veetex  Can

be  vuadeed ’(\rm NN O

Clom 2 1{* e gm?k hate o Y\;L&qﬁvq u:\du) then Dln) =D, n- {»{ all velV.

?foo£ Am& QK/AQ\JL NS V\v\'\fhllgoﬁ\\\\/fb . oamdh S We Can 0SSume  the Chevtak path has no %cmg‘
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ond  *hlowg V¢ e«\» \-QV\%-H\ ot st n-1. 4

Claim 2 T4 Dlun)=Dlun-1) fov all velV, Llon the graph has ne negative cycles
106 TL D) =Dl ) fee all veu | then DLwnt) = Du,n) foroall vel
bocanie the  Cooucrene valoBond  ore e Qome |
Move paasly, the (tturmes  ace DILMY = min { Dy, n-D), win "R Dlu,n-) * ’QW%H ().

W WEE

go/ Dlontt) = »min ‘2 D(U,Yﬂ) y\:‘\m "Q Dluw,n ) x p\u\\/l)‘[]

wuete
> pan % Dy, e an\v;@l j; Dl ) & 9\\'\\/7—)% (b2 tanss D) =Dlu,n-1) \oa asswwl:ﬁm)
= Dl (because of %))
Hznka,\'p\a inoluction DK\J,K>: Dk\/ﬂ\*\) ’E‘b{ ol k2 n-1 o and YThuc DL\)J k) s \Cihﬁl&
when kDo ‘%N all vel .

%\& clam 1. flow afe No V\lgq—ﬁva Qla(,\lg Tn the sgw?%, -

Nebie +ho e Qame FYD@’{* o in Clam R Shows Tlat oc LWS oS DL\/,\(*1>: D v kD \7\)6\j)
Hon woe Coan glrv? in Hhat Yeratiem  with ol tle  dhistances C/S\N\?wthk Wa'ltthj,

Thic pyovides an 2ol Termmation  vule  that e weful ™ ot (wheen Rhortest path have few adpec )
P 4 P P

A\gm e

Clavms 2 anwd ‘hgg&ur Rm\;ka ot e Can check Wwlatlec o0 (im?\\ os o magcdn‘vsL (L[Gdl o> nol®
in Oy Hme s bka mﬂ?\m\n@ D,nd Yu ond check whathee DQnd) < Dlwn-D for Ssme well.

How do we Tnd  a negotive g\t\gu ‘\{ oaoagts (e wlen Dlwn) € D, n-1d  Fov some w) ¢

Here we ostume  that  we we  Ha 6(\/\1)g§\>au o\\gm\ﬁt%m e csm?wb*ng Dn) L and thet
we have  steved ?amﬁ(m,ﬂ\ - u ‘«~§ Dow,ry = O Cuom=1) + Lo

Tirsk, sine Dluun) < D0wn-A) | e keow that the  poth P fron 2 W Witk Avtal
length  D0wn) st heve zxacﬂa noedges 5 as TE ke path P ohat ot moest n-l edges,
we world  have Dlun-1) = Dlw,n).

A podh of  langth n muwsk have o vopated vertex . ond thus o cycle  C

We elaim ot C must ba oo negative Cf\dl‘ P o//CD/ N /

< C
Suppmz rot L Yhet O N mr\—mgc\ﬁvp

Then, we can S‘(\K? tleo CL&cLL C + &nﬁt a \yq*c\,\ ?/ with '%zwu lo’x&ki and
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Rangth (P < Qahgw(?) gince C e non-negative

But ok would imply et DCwn-1) € fongth (BD gince B7 has ot most -1 2dpes
andk thas  Dlw,n-1) < h“&wuﬁﬁ € Langth (P = D, n) A CovbvadicBm .

L. o cycle € muwk be negative -

?JKJ %mmr\& sut  tle Fquﬁs \Ag"m& tThe  Steved V\{mmo&(m/ e Can %r\d\ P and thus the Qi\dg C.

This &S‘wu an Olmn)—Hme m\&or\»{:%m 4 '%V\O\ on Y\QSG\,\\\\/Q, Qndz,u\sihg (W) SPQQ'

gyo&%ﬂiuﬁ‘dzm& a\gm‘\t\«m" Thate 15 olgs  on OLwn) —Hme a\gbﬁﬁ\am v&‘hg mlé Dn) S})ﬂf& {w

%n&n& a v\g&cﬂﬁ\ve, oﬂc\z. The detadils  ate move. inuvolved  owmde wue (Llytf T ok e to OKT (’)-LD],

Al-Paics  Shevkest Pathe TPy £.67)

Ih?wt5 0 Acecked (&fD\EL\ G(i(U,E}, an Qd&a hm&{\r\ SLQ -Fw PYASS

(}ujﬁj@vft- T]r\l Q}'\Ntﬁ,S% P(xﬂz\ LQV\S{L\ ’E«M IS “+ ‘k‘ P —%\{ QH g/'%é\/,

Wa an solve this problem by Lsing Rellman-Fovd fov all geV . The wowd teke OUAM) e,
which could ke O Lhan  m= B0,

It s ?ass‘&z\z o lve the  olbpatc shertest Pqﬂ\ PVD\D\EW\ in D) ﬁmc\,m?n& o o&:ﬁ%rm%
Cecurvena Celation.

We wall ?KESJLV\JC Tl \F[v\éd\’b\)argkm\\ OxlEbYTTL\W\.

Recurcente

Sinte we ofe  ntecasted in cm?h{%v\g all-pairs Shevtest paths 1t omakes Sente 4ty croate ymoca gml,?m};kmg,
N Stor ‘mfwmmﬁm fw gach Ppair of verBees .

Lot ©le vekex Set V be {L2..n).

?eltm‘mg ?(u%&wargkaﬂJ et D(LJ“,K> be 4l shertest Pqﬂn l,angﬂ\ fvw Tt J‘ wla MSU\C()
verfices %1_,@ as  nteomediate veicer  w the SM?L\'

The boase cases  ove DU,j,o} = 9\75 i+t eE omd DLLj,o}zoo L \15 §E , <ne DLI,J‘,D)

s o\skrng +he ¢hsrtest path LJU\&H\ f\(m DR S without ULSYAS W\é intermediate  \so¢tex.

(Remark: The choia of  Hhe %m\oFrang donl  lovk vmj natural . A wove  nofweal  Chotwe g
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Parhaps D/U,S,!ﬂ , Which mpruevﬁts thae  Shoviest path \lv\gﬂ\ \c‘rm b S Mw\ng ot st L sw(ju,
o n tha Rellman- Fovd Eﬁﬁng' But 1t tums out thatr  the ?\b\am\/\)wskmﬂ %w\a\wo\olams

%mstar Cmy;wbmﬁwn Wo leave 't o< o %.,Jg‘h‘m v Qee \N\,L% D/G,S,Q) wont Lok mwdl)

A cume DU,E,k) arz  Computed c,wu&(z\ v all },J\g\/,

We wowld Lke b wse Hoam  to Computa Db,j,kﬂ} v all \,jé\/.

The omly dFffocenc between DU}),HW ond DCLLK) s that Db,j)m) allows Jo we  vertex
lxl og an Intermediate  Vectex  winta DL\J,@ % not  albwed.

To  we  vertex kel og an  intromediatr  Vartex SN qu Lotwean 1 and J o we need
o go Brem Tk kel L oond then Do ki1l ‘J

What s tha  optimal oy o de 3t Kmmg wtvd fukndl as inteemadiate wﬁ&g)?

O{‘ course , we Wil wee o sherteck path ’6\(% TN kA (m?»\S ):l,..»,l<5 a¢ intermediate \/arf\‘uQ,
ond o Shocdest  patl, L xd o 3 (w\\a using  veerBag  in y\l,wkﬁ as intermediate vzrﬁf/u)

Note Hat wae domt reed &5 use vactax ktl move than ownee, Siaee tHaete are WMo ‘(\!ZKDL‘H\/Q cﬁdas

Theeefre . DGR = min § DGERKD L DULKRLE) & DO, KD | ke e fist

T2rm CenSidars the ?oﬂ\g not going ﬁL%m\«SL\ ), while tle tewewd torm  ceniidec FKHL( that wee kil

kﬂ

“S"“&%“ K 5 Lsing o3
loud-Wo¢s it \J
@] O‘
- 1 )
With +le Yaowranwe . 3t i< gﬁa\gﬁﬁmwmo& T tvowslate nbd an qlgbnﬂww
(lM\aYmhg gy\/n.g a\?cﬁ\‘\n %M T+ \\\
weing L1, ke ) )

Du,}b\:m 9?&&5 . DG, 0)= 43 bije®
’%w £ from 1 4 n do
\%Y \ {;‘m 17 4 n do
—gw 3 {\(m 1 4 n do

Db,‘),kﬂ) = min { DG k) D ks )+ DL\<+\,3A<>7§ \

Ot chm\{n% T Tt ghould be clear tlat 1 g @’Qr\g}.
Lo, +o c/qm?\,xa o\[\f?a\\f Qhsvte st ?o&th Tt s o\\wmas fas%zr +lan mg?mg Rellman— Fovdk  n Hmes
whith  has  tme Cw?lm‘\&va Blim)  whae  m=5laD fov a tennected Smw\ and Could be QL.

Hewever \'% sne. S sy\\\a Tnterested  in C}ng[}u&ou(u G hovtest ?o&ks L then Rollman- Fovd 1%
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kaoﬁss fo»sifa( .

Txecate & \We \2ave Y o o 2xorcise o Tebuen e 9 hsvtest PKJCL\S.

QEQH ?m\gkam * It has been a LWS g%m\ot\mg open \)m‘o\,am whottoe tlage ¢ A i\f\k\g 2ub—cnlolc
od&w\xﬂ\w\ (1o with rw'\vﬂh& Hma OLr\g#Q3 foe o Costant €0, Qm\é OQF\“LFH>> ‘?W

C/msiw%w\y\g all ?a\( Shsvtest Paﬂ'\S.

_[(aw.\‘mg Salesman  Problen, [ DPV 64]
jr\E\,\k! An undacected gm?\q CT:U/)E) owith o MW—hQSQﬁVQ id\ga Qm\gﬂq SL;‘J ﬁy all ?,j e\J.

Om&ﬁuﬁ(c AN O‘SCKL C +lat  wvisttes ,Q\/ua vartex szqucha Sl ond m?niw‘n%es

The name er +la ‘Fw‘ohm GV ES {Yﬁm the  motvation tlot o alesman

wornts  to f@(\t)\ o Shwtesk uc B viad Q,\/g(:} C\\ﬁa onok &o homae .

N we WLl ghow v e lact \)m% o{— this  Ccouwrse , thig \)ro\okzwx TS NP -hacd .

There < oo nalve o\\goﬁ%kw\ oo this Prn\ﬂ\zM) ‘oLA Qmwvxé(q*m‘hg all Pugs‘ybu wmmg R
Tl crkies .

This Wil Toke @(V\ln‘v\s Lme . It bzumes 4oo glow  when Nz 13

\We ?rq;zn\‘ o Ohsr\atw‘\c \)\(cg({,\mw\\yng slwbo~n  that can F{o%a\o(\g wovke \A? ~ n=2%0.

ReCnttonc
The A\\tgw\% o{ the ?mmm s Haft - I not gmm%lq  camember ml\& +he ¢ hoviest
?qﬂ\s, but olto wlal verbBws tlat wae have uisited  ( So dhat wa keow  what ot
vactices Vet to wiat).
The (Leomsence. 1o unlike Jz.vu%ﬂ\‘mx that we have <een Qo fmrl beeawee Tt has vam\anaHa
many S\A\v\)ro\a\ﬁms.
et (1L S) ba the shertest path o go fema Lot 1, with verties Tn § on the path.

Note that we dent Care obeut the r}(&m‘mg s{ victRas Tn 9 Tn tha PQ\L%, and. this T wlerg
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Lo Weedup  over ‘the nalve a\gm\wﬂw\ S CWMOE f\(w
L we hows Computad R, V) Covrackly o all :/J“e\,‘
tlen  min ¥ et W %2;15 Tt longth of o i cyde that
visks 2uivy vertax Q(ACH\a once .
The  base Coase oo Q(\,Xﬁ,ﬂ])i L 9 eV
Suppse we have Gwpubad CLTL 80 coveectly o all qubsety 8 of Sz ko, te (Sk=k
We wold Lk to wse Llam 5 compute CLTLC) v all subets S of e kil
T compute CGLS) g € with Isimkel we Just owasd o Ty el possibilities of
the ceewd last wvertex on e path

Note “hot the <Lewnd last vertex must b on the \sockh S, omd o{— Couree

tla bett oy o veach tHae sewswd last yoctox S 18 tp el o s hsvtest \FOLJYII\ {l(m 1
+ 3 thot Vvisits zwun vectax  n gﬁi‘\% S e

Tlr\szmjc\wsz) C(y,8) = min ‘{ QC},S'%TSD + ,0\3\7}
J

Aloorithm  omok o—m\%u@i%

We laave T o an execase  to  witte O \)Stl&do%d&\ ef tho Q\LEb{\\tL\M,
Lt\:ﬁ f\xl EW\KL C/w\y\ﬁ,(T*’\ﬁ - “:LQ(Q_ ol o thrlhﬁ Sm\o\)(o\;hm\g _ foch \(‘JLQGW\\Fv\r\i O(h) ﬁﬂ'\k %
Compute - v tle total Bme MP[J&(\\{WA e OG22,

The main dfouglsack ts That o ganL mvuu% is @(rmlh).

Cbnckud\h% xemavrk * \We hauvr <een Maw(\ JL‘(QW\P\!LS ondk  Struckures  to okas?gh o/(anam;g
'Pm&mmwmg Q\gm‘&hmg‘ %w/\ Bnes  tveed o }‘”’LPM'

With the \NL\V e{ hewe wovle P(o\olams ok %upp\nmzﬁm(a exercicec. L wa])z ot Yo will
be Lanmitltar  with +his ham:WA With  which Y o cowld golve o much ng{h
alast of  neAnvial Pm\ouMg +on u{wsp

D\SDO\M\(_ ?\(hg(ﬁmm\ﬁng % an ‘\Mpmhw% an ok mq&\ ook gm\szm\ Tﬂuﬁmw% Solva ?mkumcj

TL\QL \Csza it o tsrma Wp wWithe o Sned\ C2cucrene (elation with %JLU\) %mhpwc\o(lm&
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