%23, Shoilest paths will ~ve b,

— Recall thal G= (‘{‘E,w) 5 o dineclel
w&iﬁuli 9;1.% Wil Bounce verlax el
We Aave to c:on})u'{é. LS(v) [vels
the s of shontist ditancs (& poilis P)

> @[jkstm ,‘batv&b the }M{rgcm n O(thggh) #)‘1%
&Muhu'ng hm—ﬂg’afﬁft Hfafj%t'i,

— j{\ﬁ hmfﬂ‘ifihrla Jb, wre C}thfc.mé 1h The
@nafy.&ib.
What 4o do Wl hfjaaivlq dtb?
PR Wﬁj"‘tﬁ ﬁjcﬂ?— heand ﬁ?af distance c:n.h%c
D bhﬁpﬂ- pb =00, ('ﬂwugl\ﬂe }:mﬂ 1 hg};}@

~ e “igﬂ Ghburme ’ﬁwl' ffm 0 o —ve C_yC_&_‘ :
; { 3 -:':»7_L
E’fj’” - p Sulpalh of Ray) ﬁ/)gmf’/
P sednsstyy Sy =5 while S(37)=40

e

10



/_H\eg’zam: BJC 6:(}530\1) A.m hp h\‘jﬂaﬁvﬁ iiycé_
thesy BhoAlesT palhs possers 0}5&}%{ Sudsbuclone

—— | e——

.n S“H’Q&” The. }m‘ﬁ 'F(b{}) w,"a&fe& Yo

’mag bu’(r ﬂ»m /"’/Lﬂ t -
ﬁ I x G/}D@;j) ffjamm@ ch,Bfﬂ X

oxgza?ﬂ ﬁ‘!ﬁj) b 7 5. 3
: N{;[C ’ﬂnﬂI P(» ) f’m,&a ’tr: Con AN Y. /\/_i
et the ned path e A
P(Ld‘ k The gheen e P@,x)ww&
: w(xi\ > g(}’,x) - MG’J)'{' L'J(PL)
< Buil, w@)Fwl) L wih).

=7 b‘-‘(ﬁH‘w [}’1) $D.
= ¥ 4 h@fa:fn'ﬁ cy Ao . A

— e make Tt #MMM arenalte 1o
o -l umive Jﬁaﬁmv\éjm




Ye idea e}L_f)&MmaH £ rod

~ Compiden }vaﬁ\b bro v wath o &q’é’.«b
b defne T & fe a htel one,
c‘b%hﬂ Hl:('uj,&,) to {)ﬂ E_E’ {&n.sﬁna

Dnce, we only comidih
b}m")!a_ #&Tl\bf D~ w:‘&

’fﬂa..vf' in "’-if&b

g iﬂ—t wb amh}?f A NELUADIVE :fagv—hu‘gaffﬁ?:).
Coxe 1 F(v},{) b L A *
_L_(_x{,;_) = L@{,{.—i) ,.

e 2: V(i) hap 4 edjes
L(v,2) = min L (e, 1)+ w(m,y) .

T (2 )eE

== L ("’; i): mfﬂ ( Lé‘j ‘:*'4): Mih L (xji—’?)-l- w(%ﬂ)) :
' (LU E

Bare cape: L(31)=0 & sTher L) 222(3,10, i@wef




B&@mﬂnﬂffa‘ad (5; G=V)E W) ) 4
Jor each v eV K
4 et LG1) < w(3v);
else Lfy1) « oo
L&A «o0;
For A= 2 t p
}aﬁ. f_ar:.z\ vel/ f
[ (v0) e L(yirtf);
o (ﬂ,v)éE—
LG )« min (LGs3),
L%, iA) 4+ wlnp) ),

:

Ctercise: ModiSy it Lo Jind ?(Ei)'

Jhesrerm (Bellpan Ford 1958): Given (5, 6=/E )
l;JtF'H\aLdt V’H’:fﬁt}é cyc_f&b; Wé. Clan CQM}MTE

f’ ET)(?),:'U) ] ) € V% wm O (Mh) 'hﬂf‘l /

NopA-

— ' Dynanc broganning i pleneatalion 50b o
¥ w(bdx Pr= (Pvi))).




- Yhe mabix L\,}aia\fm 5"1&@ Mﬂ-’bhﬁ
O (n): :/;dtgv = O(hm);

- Comrectings 1D fﬂéf > Gn eXause,

; %ﬁm%; ?L(wfh-y) } veVl 4 Te aﬂt;éd'
D

EXM*‘-—-’_ ot can te c{ﬂ]ﬂ in OGJ?") /S}mca,

jie_{‘—db{: Cﬁ\h You Cﬂmtcf W{fﬁ\.&—-f‘% 94&1}?

> Sﬁa’ﬁ@{: %aﬂib in e ,é’)?.ﬂ/&?hde.
htj’mtv& Cjﬁ:ﬂd) AD Nf—ﬂah,alr



okt
ko M
Ao
shodist halhs ¢
fosles,
)

” ljkﬂtu\
= O( w
M+’ .
x &’h) }v‘fwgfh) Jjﬂl
ﬂ __M 75@4:‘

— Bkl
> O;:fmt
i fon Ty
MFMo(m)jfm gl
| A
e

1 Ca
n LJ: ’Lﬂ
NJLS a’t\i:_&d ﬁvﬂL
wf/ijfnii e:ézaw(
fut
no

Y\ow y
D Q}\){yﬁﬁi&{rﬁﬂ {
UrSln, o
uf:’tuh:
e ?

_M
h&m\’%}m’%&
e
L Sind
2P)3 i
£k
J,

ceond
Aen
The
MAX
index vert
ex K
Al
/SHr:A

ﬁe% ;}jqﬂi
:_Jh('
L) 4
& & Hetlost
K <
ﬁ——pj é./'ﬂ
Y, Be

))

l"‘qM
/J:) :‘ m
e’% -




— Dhe recumive gcaﬁ.m MU{\ 42 Cady .
--'G?\bﬂ'\ P(ﬂﬂ) Wﬁd L— b >R—verpe _"J
|:>a35ﬂb J&

_,...7 Dk; (.n.”) = Dk_{(;}k>

"'\_--"'_'V"--.__.-'

k_1 (:"’; k-.) .&—I ('k'-':l)

— Case 2 (-‘LHJ) J\nfb Hﬂi— }!'ﬁ-ff/(
=D Dk (4.”) s ,1 (’k;_}) ‘

> D Gj) = min (’DR., G.;), D, ({,;J+]>,¢_,(kJJ*)>I
S 4,5 eln) & kelo..n)

> Bare cave: D, (4 ) w(-—...u) ..LJ( (w
P iacendy mmlrix e ssenliatlly

N W}]ai’, < ﬁﬁﬂ , no, 'ﬂ'lﬁ» @mahfﬁ
}onogmawwm m}vﬂﬂwﬂiﬁ{'ﬂ”

a’r_ eﬂc% k UAR a;m hxXn hnsfbux

- Rp; Gy We ma hate Wf{g‘ one hm_b?/‘ix?



T (%ULQ B an &Ma}[vbﬂ heodon.
Obpervation: 1) Dhe kth sow Jeslumn cjf s x
P Dy dotd nol c/zwge, -c.

D},\(ﬂl‘,k): q)k_{(‘{,k) &
Delk,s) = Dy (k3.

2) Jor i € CONIKS, The (s g)-1h enlny
6]L Mauax D Janﬂw oy.% baved on %
feth sow/colump.

— s yfﬂmb & ﬁimféé ,!:_s-eucfacgq/e:
?Eoyal\/\/wﬂmﬁ(@‘—‘ﬂ(ﬁfj w)) 2—
den i=11to n
Jon 4= 1t
f (éi;;)ef:‘) Dli;)e (%)
else i_—f (i:J) fo{,j]‘f" D
edye ’qu'ﬂ']‘f—m;
M k=11 n
Yoty a=/ 1o n

Fon g= to --m-.éa}{{:a{,>



(C&m’b?(.)
4 (0Li) > oLa k) + DLk ,57)
D4, ;)= Pli, k) + DLk,

5

i&mm@: M the end a]( k-t jﬁmﬁ% ’,Dﬁ}jj s e
’ee_v\:fﬁ O)( &LEI')_Eb't zymﬁ. M‘b?nj ih’té’zmeel«hé
Verdueed [— K],

Eg_i Cg_xehdj-e.) D

M_se: Rﬁwm fﬁﬁ b/ilﬁ’l—’[_ﬂb—t }?amf

Theorem (Hoyd, Werndell 1962); Given o grafh
6= (VEW, the all-bairs shorlot
balhe are compulatle in O 1vP) Time .

i GEWM—QWL z@w\fé’b on ﬁe_ i}}é
from The  Downce b

?&yieww?a@ dnales on Zje

max-inde X of an Antrumediale yenlex .




