Tliﬁﬁf‘c&"y abof"'}/\wx runs 10 Con\PlC‘ffo'\f
let e Le an wawlered 50{75.

Zf e’s aa{s are Ja ot-ffero:\‘f A/M ‘fre&s
L‘«pﬂy éiﬂe a Wigz

k) @S ends are 0 +lc same Z/n(, fme)
agely red rule.




Carrectpess of A/m@, rale:
€ = ma thoforeo( cJ(7¢ aCrods cw”.

Te mn Fee ao«"’u‘-\?y all blwe edyes, no
red ones.

If e adt . T ¢ find f»-h( n 7 CO-'\’\&C}"&.‘
ﬂmls of 5) 60/(70 ‘3' oh /oaﬂu orM!;y ent.

Swip € odf & Fo give T’

c(e)¢ cle’) by Jne rule,

c(e) 2 cle)) by ninimality of T
T sutishes invacignt ifter e 15 blne

(Cwaﬂﬁ"y Can o-\(/v olCur ;'f ﬁi,.pl/ CoS‘fS:)




Correctness of red role:
= moX w\oo]ve.ol 60‘(7(, on Cyole.

T= MNa free Oot\‘h;l\;? a” /;/uc &dd&% ne réot

onog
IF e in T, dekte € from T, fid tde € on
cycle [oter g €) recsnnectity fws facs,
foom T by swagpige for e in T.
c(e)> cle') by red pule
cle) s <(e) by miaing )ty of T







Shortest  Paths
Digrmoh with edge weights [costs, dhistances)
Shortest Pat:( From 5 £t Pa&.( of ponmum oty | W{
Prodlees “
single paie s given §,E, fd g shortest path from sﬁé

single SOt givgn S, Fiod S hotest s brom S 1o 4l
reackeble verdices R

ol puirs< A shordest smtle dotseon ol ,)a;psﬁ
Cases :

acyc/fc

ro negative wts

(7 &nw,

[P Ia.mw\) (,ﬁc.>




/"mfwiies:

l T a slortest kA from s tot f dlere is ns
regatie (tota] wh) ook on g patd deom s 4ot
I Hee is no swh cpele, Here is & Sdortest pytd
het s Simpl [ro repested vcrfu>\

Il e ey cyele rephabl from S fden T churtest
pHl drees foted ot s cockind gl e
Fadabl ow. 5, ol hee pubds gt chortest i
in gragh.

New jw/“ £d o negedive oyele or (aStract 4

Shortest pth e

[5:,27/@- Sowe projlem 1S CExErA ))




éf/(,,\ G Sloa.\r\?y ‘ff\el'»Tf‘QO'ﬁ“’{ &T S,
/{[\/): free. wi Jngm thov s T q
shortes A Fren P

o
Yes i Here |s ne.&w} wit{ 0(/V>" clyw) <dly)

Ep'bc, rt/axa'ffot\ abu‘l"”\m fo 1[;‘\04 4 }Aor‘fe.(‘f
path teees
V{[S)?O, 0‘(\/‘)’00 for v#Ss

wLI/Q. Jeobe, (V)w) wi 0‘(")*6'{\5'”) <d[\*’)
to d0)z ALY+ clen)s plu)=ve

M/v) is Q[w&.yS ')L,(e wt o[ Soml s-v fqu}

£ a/yi#\”\ SfOPS mr\o{ F 0(&’(1\05 A fl‘e&)
n(CZ»S't é(, a Shortest /m‘f-( Free

5‘f°f$ I[f o /)8,7 O/C,[C

/0/37 M;r\'hl{(\.S d(w)?d(v-)+c(\/‘)w> ,4\ V:P(w>)




Swowse. Toack o sp free. Lot x & such
ot df)> 57x distarca [z P b 4 stertest
otk Ao 5 o x, 0 )5 Pe distaece, Fromn 5,

o) Fesh ety alowy Pk Het ATe) <Al lv).
Ton AN+ el A Poclur) = AT < d L6,

{’fb’s (9?45 e /(and d?r‘ccﬁcf\ o*?( Sp Fren, %&S‘L)

fmppoSe, edge. reaed en a((?sm‘*lm crepteS 0 cvck,
5 /

Ten it mes) Lo & negative cycle.

\/ \I
S } Jw\,:“

M(

o’/f./v>+ ci'./v")bé,( g//w) =z dﬁr)-d‘/w)* C[v')h/) <30
e

:M.

k .
. SN N
_Hnr{\ on;,_ﬁd‘ 076,6 ~ [q ngy.)l - 0/[«-;&: J" (/‘
-:1

+ M
{1

el
Ly
-1 » . “/‘} :, /’)by




la;e,?,‘«:y ang| Scanm‘xf algari Hom:
L=jst; ds)=0; 43z fur vES,

wﬁ;/e L#}z{ 0(02
remove y fmx\ L3
stan ()i o0 tach [y, w) oke
if oAlv)+ c[v',vf) 40{[1\/) 1ien
Zp{[w>=p{6-)*«3(v)w§j P{w>=l/3 264 W7L°L§z







e

[l ]

Ay

i



L3

(&2 3

)

14y

17

B



. ro ~
Angrlios toaranicag) xoning 0P

. Y ..
’ . - - ’ g . 7 J -
D AT e J;."g‘,\g\m? orl.e

.

N w4mmed Samancsdl ana® gy saieo

4
4
£
e
b4



-~
Ganw} raset FIr D Eopenimg order
’ l ¢ .
Nau\'fam Z, I DN / ard .}\,ﬁ/“/) ?’Afﬂ/‘ L.

Py
) L .
PA&S"" Q- Seo ST

¢
-

phese. k2 zega of st sdjel * [
o‘m‘{f\? f»(a% k=4

Alsy plpze k) all dishaco: oo shuwtert ppide
of kil a dewer edye: we conrect

: r
9 ;«!)' .3 or  Hew P!\ n ¢ f?'f)

= D (hn\) +:me.



i I / )
/“Si:'")‘w.j 1 C.;Jf;%.\} Fvi\{:s.iajg "",‘f'of n-"i Fies?d £pn

) n P{j.;«' 2 rﬁ;‘fg\. Pf?‘s MJ : '? d’,'{:‘ P.
A /"Q‘?ﬁﬁ*""\ Gjr‘i.’*‘i..

A
a"f ’Vfr*‘il RAR 7"{711’1’ \,‘,“iﬁ :F fg{y\'
. y'/wﬂ f¢s’f» \p{, \ v l/!r-«*ﬂ /, "‘!)j
2 Al /4}'(‘{" m\)fP/ a* \u y/»"ail‘ﬂdély’nin
g / L, *4 '1/«:*: v,

V ' \ Lo
_{1 {?’. ’BA" c s "‘;?.,*v’j":4: o’\ : .‘ _:‘t‘%?}a‘\v:-: - & = s\ﬂ s .1-/7;/.
¢
2

] i ™ ; ¢ -
Mg, S r”/f”?’ oy Yol \7 /i/ JL/ ",.: !Q'c?‘.’
f:ar "ﬂ\j’ ‘PQ ENGE LR L3 l‘a V /:: N : ':’ér‘ .

L - ) . ’ »
/‘il g"?. !"05}; :'!. * jy 3‘7\‘ ,t\—?ﬁ! 3 ‘\\ f€\+q4 } /'f. 5/{\‘11 ~F e ;7‘ P{"ﬁ"i(
troe s 4 .7(!//\_”. mie, Hree. .







:m}&}\oe.ﬁs m%aACC\:
m~ J@\mp\a’\ W 299 N ‘-\SAG*OAOM 1 q»Sr\
9ant2h ovhalget ¥d oo gniznsoal
/“.\ M) N 2w "\’\\‘@ Yok *1,\% AR
J W e*'n'\

290ty ikt e ZRadsd A
Le (0) 3o o dm = 2tohod B

st () +m) O

e T 1L LT

-—___-,'-—M \

- -

R -~ N
A ?
sl pm2
""Q/«\S “ren
Y3044
71\:3-&3;;;8 ;0 7\@\§\ h-’l \‘T '.“ M ,}é}\] . ‘L.msm.)/{g-‘ 3%
! (,_,___.:’, v
L L1
"
(Dto\mw\\O*‘r_,‘S\,*M\ O ED"I\






) f)‘fv%e IQM%@ 3

[% :D!hlg'%’ﬂi Q/C\m + Ae/j_‘/’”\\\
J 9)@//]/}5\ WA ~ )[ f/(



Hed;r]’strc SQArCAS Zez‘ 6[1/) be an eSfIMAte

of fhe Aistance from v Ty the Joal Z.

Use D'JASfra's d{fom'ﬂm with A(v)+ e;@;{

as fAC J'G/CC*I'Q/) CI‘I'fG/‘I.on-

7—/46 m&f/{oo( worié.r /.1[
8(V) S,Z/V,w) "C/W) 7{;'“ a// V)w
( Estmate e i's a4 consistent Jower-

bouna( on He ac fua/ ﬂf’;}fﬂﬂéz-)

In Euclidean (7"1,0& the Avstance

“05 fAe N e V) //f&;" woné;,

Hart, Nilsson, Ratael (194 2)




M_{_C Sé”%: Let e@) ke oA Estlmptbe

0/ / {c/ pﬁff'm/;&, 7/';rv\ vV Fe He \70&// veren T

ﬂf(. lé,’kfpl’ﬁ/f /C;//Wc"j ;/:,»\ ) {"UA’ @b/i‘"/ }'é: %ﬁn/’-&r

Ve v wl 4] /&) i e[v) M i e

72//‘5 /;’&ﬁ/‘c/( ¥ L’W‘Pa:g]/ /:y(,
6[{/) < ZK’;W)“ Cﬁ*) ’/cs‘r a M Vo

Eﬁ!ﬁ/‘»/xf‘rj & )T a CO‘AD‘/‘r’w /G’Ve’.f /4)”’\"'{

A /-’\]G- A &/f\’&/ [yé ’f/M(\&L. -

) . v ¥z
b;{"ﬂd% af f»(e, Yo 4 XV '//fdf W(s/‘/é}-

//4,-%) /1//'/750'\) /2 bp [/75‘/'3



R )f /c/:'{
J{/,L s /{;7 R LEN




- L
™

I

s

o et

Bidirectronal Search: Search /érwg,-,{ /;‘
and bacl:waro( from T Con<urrent//

%52&:/\9 He Sfo,::,o:n, rule CO,.,.e‘* /SH
fricky, especialy for bidipectional -
heuristic Search.

1y

mSs




