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compute  d(s,u) Jor all ueV
(Also, encode shortest pat\n iv\\co)

S\l\o{‘t&st Pat\/\s form & treﬁ



Preliminaries:
If eége, ue('\sa%ts are uniform (e Wlup)=1, ¥ (ny)é€ E)
Jastest a<\§oh’c|/\vn \S breédtﬁ ‘F(rst search QZFS)
Oy m) Lime.
Nﬁgatwe edge ueglﬁcs?
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zg trongactions - \owa*—sell
= Shortest paths are well defined
Cdleu) oy loe V\eg&twc) provided

there are wo V\e(,gatwe-wt u(,c\u‘

The more times
You 80 arovnd
t\/\'\s \ODP) t‘/\C

lover the cost
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path from Yo u. (prcc\[53= null )
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Di\)ké'tfé; A\Qo‘ori'e\wm:
_ Simp‘e &g’(éee\\a. olgoﬂtlnm for Sir(galexh?uroe s.p.
— Discovered in 1456 bv Diitch comp. S
Eds(ger Db\qtm
-~ The best foom a u%rs’c-ca,sa ?cﬁpuﬁ\)c.
More Pra(i\'ca\ - A ‘Searc‘/\

Dasics: Maintains. Forall ve V
c!):\ll = urrcnt Aisteme. estivv\afe
There s @ PAJ(\\/\ Swp ¥ o( tlf\is it
bout m('\sdl'\t not be shortesT JWIZ8(6v)
Pre&i\ﬂ: Prc&cccssor based on d-value
If w=pred I thew -
IIV] = dTul+ wluv) A

Relaxation:
‘Perbga'tcs 6‘/\01"(',&)( Pét\m :For(,aafc)
one ecge at a time prediul

RN
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Overview:
-Toit: dlsle o ; dlvie oo o0
B Repea’V
- 56\6(i UN PV 0 LSS 6é \/C\ff@x b\;\*l\ Mmin cl-\/aluc
| - App\%} relax on all owgabméa e%ga
Detmls:
- Store uanccssec] \lchCic_es In & Pﬂ'af'\'tg
queve, sorted oy d-values
= ’P\(‘iov:Ctla. (f)\)cuc operc‘tiov\J:
Build intial - On)
Extredt min - Cj(lg n)
Decrease kew - (j(lggvx)

ditkstro (G=(VE), w, s ) » source
2y~ S RN
for each (v eVV) 7 weights
| dLuleoo; pred Lule wull

dlsle0
Q"‘pﬁohtlé %ucue sorted L‘c’) d-values
(,\Lhi_le (Q is not @nptv} since dlv]

way have

w e Q.extractMin () d/\a;aoeﬂ

Jor eadn (ve Ad; L) 5 ©

— _relax (u,v) + upo\atc Q if y\eccssbr\a_
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E,d, C T p.b ..... » <
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CDW&IV\CJS GCO\\ow JCWW\ t\nc v\wt |6VV\vwa_
[dor ueV, dTul-estimste SCsn)=trve dist)

Lewmma: Tor all we'l
(M Tf dTul # 0, there epists 3 paJcL of this cost
@) After u is Procuscé) QU.U\]= 5(5,0\)

Proot:
(O Follows loé induction + Fact Hnat c\-valuu
are defined \08 relax op:
dlu] diu)

o N T
Jivle d I+ wlu,yv)

(2> Suppose not. Consider the first
vertex u, where dIwl# dGu) after
processing . By 0), dLud > d(,u) ®

- Let & be the set of Proces ed ver tices
priov: Jo u.

- The true shortest pat\\ S U ut
Finst Jump outside of 8- |et (X,9) Le
this edge. Lpomlola‘ X=§, Y=u)



dlul ¢ J(\a}

/al\ >0

dIx1=8Gu) diyl= 3Gs,9)

A\raé\g /

Processed

- Sinee o ervors Up 10 row
3Lx1= §(,x)°
= Since ¥ was proc,e,ssu\) relax (')z,\iﬂ SQJU
d(,téﬂg) RIERE w(x)\j\
= écs,’x)’f w(w,g)
=4 (5,3)© Lsince this is the tue
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- Since u i procasd next ) toe kpow
diunl< d1v] ®
- Since Cécge, wﬁi&;{'\h 20, J(S)U\)Z CSLS,‘:))
- Putfing this Tcgct%orr
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T 1

\
contradi dion \

QED.



Ruvmigj time: w= 1Vl wm=1E|
A - Outer \oop — n Ttimes
; - extvact min - \%Jn time
- velax - once for eadh eé\gc - m times
- vpdate key value - lggv\ time
C> - Fibonaci \/\eép - 00) avv\oftizcw\
Total : d(v\\cagn +wm lczg V\\

F\\oona(u; \l\ﬂépi O(V‘l?g\’\ T W\)

Dijkstra  assumes edéfc weg[ats ave 20.
What i vot? (But wno neg. wst aycles)

Give an eqéé\mp\c t\/\a-t show that
D{)kstrai 6lgowi,t\\/wn il Gwnervect Jcivxa\

é-\lé]uc) \{: even owne (’,A(ge, (pst < 0.




Rellman- Ford Aggori’dx\m 2
- Solvec the < i»eg le Souv e J\/\ovta‘l'
Pa‘b\n prolo. Jor ar‘oi’c\rer% ec\cge,
Uccigkts - Mo veg. cost cvc\u.
- Tuvented 1455 (prc—éa‘cu ’DDkJ’C(é'.)
= Super J\W\p\e but slower then

Di\jkdtfé - d(wm) vs. Olm+ Y\Igh)

Basic idea:
- Relax op. propagstec distances Forwerd
- Rather then b&'\vg clever just

repeateé\v& apply To all edgcs

Example:
- Tin each phase applv& relay (u v), ¥ edges (u,v)




bellman ford (G=(V,€), w, ék)/dourw
for eodh (VvEV) T weights

| JLule oo '\)NA Lule M\“)s

dlsleo

r_eﬂgat / velax all téga unti | converge

converged € true

for each ((u, )€ E)

re\ox (u,v)

if dLv] o\mv(\gcé

Conv e@eﬁ e falce

it

until Lwnve\(rgaﬂ
[Pi‘cé links Acfiv\c an iV\vev'tCJ S.p- 'Eree,]

Running Cime:  n=1Vl w=IEl
- Eacl repca)r |oop takes Om) Fime

- Wil show conversence within n-1 iterations
- Total time: OCam)

Cofrect pess:
Kog—— Consider Yy J‘/\oftut paﬂ/\
- Eadh iterstion of the repeat |oop
pmpaé)ates distances one more eégc



it @D @@

- B& mduction: Aftey \(t\'\ ‘tevation,
all vertices whose shortest pct]/\

has < k e%:es have diul=d(,n)

- 1€ wo neg. cost cg)cles Ly shovtest
pat\A has ¢ wn-\ e%gu (no vepeats)
=2 BC“W\BV\‘ Foré Lov\vf’,{g’cs wn’tL
Geyect Q\'\stav\ces in < wn-| iterstions.
&Uw\mm‘g:
iiggk«gourcg Shortest Paths in Dégvéplxi
-~ Nonnggative WeG'L\ts
’.Di\j\cstra - G(h\%gm t m)
- f\)eg wcigkts (V\o V\g. cvclu)
Bellman-Ford - On-w)



