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WME G hEFHHIF, Bellman-Ford EERIREEE false.

3/15



BF H/AIETRIEIER
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MR G hEFRIR, Bellman-Ford &EjxRYRE{EE false.
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i tH X BB SR

E TR A B IERATT LAME :
On the | V(G)|-th pass
AT —RBMIRIRIE, WRMNTFESED (v 0),

v.d > u.d+ w(u, v)

BA v —EHELIF LHE LB FAIFFEE .
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i tH X BB SR

E TR A B IERATT LAME :
On the | V(G)|-th pass
AT —RBMIRIRIE, WRMNTFESED (v 0),

v.d > u.d+ w(u, v)
WA v —EELIREFE LB IR 2]

HH XA TR
W oo FFIRIEE v.d AEERGE, BRE—1 R (8% v) HAT
PR, BE T XA 5IR.
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The original graph
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The original graph G after |V(G)| — 1
passes
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The original graph G after | V(G)| — 1 G.m after | V(G)| — 1
passes

passes
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po vo
U1
@ the cycle
V2
\ J U3
Vo
® @
_ Us
@
\ > Visited nodes during the
G.w after | V(G)| passes search

Bid vis fRiCHET YT R/ ELIHENE, AEIRIG R BN KRG
BT RIEIR AT IAFTEDER EFRB RIS
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Algorithm 1 Bellman-Ford with Negative Cycle Output
1. function BELLMAN-FORD-MOD(G, s, w)
2 INITIALIZE-SINGLE-SOURCE(G, s)

3 fori=1to |V(G)|—1do

& for edge (u, v) € E(G) do

5: RELAX(u, v, w)

6: end for

7: end for

8: for edge (u, v) € E(G) do > One more pass
9:

if v.d > u.d+ w(u, v) then
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Algorithm 2 Bellman-Ford with Negative Cycle Output
1. function BELLMAN-FORD-MOD(G, s, w)
2 INITIALIZE-SINGLE-SOURCE(G, s)

3 fori=1to |V(G)|—1do

4 for edge (u, v) € E(G) do

5 RELAX(u, v, w)

6: end for

7 end for

8 for edge (u, v) € E(G) do > One more pass
9: if v.d > u.d+ w(u, v) then

10: VT = U > What happens if a | V]-cycle?
11: return NEGATIVE-CYCLE-AUX(v) > Only one cycle
12: end if

13: end for

14: return an empty vector

15: end function
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Algorithm 3 Output the negative cycle found with node v
1: function NEGATIVE-CYCLE-AUX(v)
2: let ¢ be a vector to hold the cycle
3 let vis be an empty array of size | V(G)|
4: create a pointer p initially pointed at v
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Algorithm 4 Output the negative cycle found with node v

1: function NEGATIVE-CYCLE-AUX(v)
2: let ¢ be a vector to hold the cycle

3 let vis be an empty array of size | V(G)|

4: create a pointer p initially pointed at v

5 while vis[p] == false do > break at second visit
6: vis[p] == true > mark the pointed as visited
7: p=p.m > visit p's parent
8: end while
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Algorithm 5 Output the negative cycle found with node v
1: function NEGATIVE-CYCLE-AUX(v)
2: let ¢ be a vector to hold the cycle

3 let vis be an empty array of size | V(G)|

4: create a pointer p initially pointed at v

5 while vis[p] == false do > break at second visit
6: vis[p] == true > mark the pointed as visited
7: p=p.m > visit p's parent
8: end while

9: lett=pand p=pm

10: while p # ¢t do

1: push pinto ¢

12: end while

13: push ¢into ¢ and return ¢

14: end function
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IE A 4IERR

M E1&3H) BF Eix RMHE— Nk B k. MREXRHAEN SR
I, ATRAEM—AMHRIEE4E inCycle, MRS ABT—1HMA
A#ARig, AR s & HiX A IR HL IR LRI BT =T LR

ERRXA AR ERMAXRET O G hEERF, A
3(u,v) € B(G), v.d> u.d+ w(u, v)

SERALL A4S B L

(a). FIIRE G.r IR —E R IR,
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IE A 4IERR

M E1&3H) BF Eix RMHE— Nk B k. MREXRHAEN SR
I, ATRAEM—AMHRIEE4E inCycle, MRS ABT—1HMA
A#ARig, AR s & HiX A IR HL IR LRI BT =T LR

AR EENEBRENXBET: B GHhEERRE, B
I(u, v) € E(G), v.d > u.d+ w(u, v)
MERRIA TSP A RE AR AL

(a). BI3RE G.m PHIFR—ERHIE.
(b). #£ G.m M v FFG, IBE 7 R —EREIRBIIR;
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#it 1 (B RELAX ER¥HE L)
MNFEETR v,

v.d < 0, v==,
v # NIL &

v.d < +00, O.W.
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#it 1 (B RELAX ER¥HE L)
MNFEETR v,

v.d < 0, v==,
v # NIL &

v.d < +00, O.W.

#i 2
MR Gr AEIFHE s.d=0, B4 Grm B—18UL s AHRBIHL.
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#it 1 (B RELAX ER¥HE L)
MNFEETR v,

v.d < 0, v==,
v # NIL &

v.d < +00, O.W.

#i 2
MR Gr AEIFHE s.d=0, B4 Grm B—18UL s AHRBIHL.

© AR EERASBER G KIBENE .
- ERAIRIERE . v.d < +oo T EBIIN Go7,

- HF s.d=0, BENE s HEZBH REAX mBEHT, BRENE s
BERXTE. s BRHRT A
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iE8A (a): FREIFEBRHIR

g Gom FREFFEAESAIR ¢ = (v, v, -, v) (0 = ),
ERE—MEHEMN G.r IR (v 1, ).
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iE8A (a): FREIFEBRHIR

Bi& G.m PEFEIERIR ¢ = (vo, v1, .- -, 0x) (V0 = v),
BRE—MHRMMN G.r B982 (ve1, v).

RFBHERIFEHR

v = vk > Vgp—1 + w(vk_1, Vk)

= (vp—2 + w(vg—2, vr—1)) + W(Vk—1, Vg)

=1 + Z w(vi_1, ;) > Uo

i=1

FE-
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iEBA (b): —EREHRFIIR

EHEE 1 AT AT 48R
RIZIEE v FEREKRIIF, RAIFIKERRFE s HMFIEH s.d=0.
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iEBA (b): —EREHRFIIR

L 1 AT AT 4R

BRIZRE vr SEEEHIIR, RAIKAERRE s /LR s.d=0.
IeAt G.or P IIRMBERE s Bl o MRERE, MR G sB vl
BREFERRE. AT RERENE—BRBESLENRI T, RiE
Path-relaxation property, v.d=4(s,v) ANAIREBHEHT. 5

A(u, v) € E(G), v.d > u.d+ w(u, v)

FE-
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iEBA (b): —EREHRFIIR

L 1 AT AT 4R

BRIZRE vr SEEEHIIR, RAIKAERRE s /LR s.d=0.
IeAt G.or P IIRMBERE s Bl o MRERE, MR G sB vl
BREFERRE. AT RERENE—BRBESLENRI T, RiE
Path-relaxation property, v.d=4(s,v) ANAIREBHEHT. 5

A(u, v) € E(G), v.d > u.d+ w(u, v)

FE-

G, AFERAFHKER [V(G)], & |V(G)| Rt /BT ERIIR
ME—BECEWNtiE N Gr 7. FIAMRERE s REEEE
Ik, RATUMETRMMAT T, —ESHER.
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Bt 18] & 2% BE 534

- BELLMAN-FORD BRTEIEZEE O(| V]| E)
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- BELLMAN-FORD HIRFEIEZEE O(| VI|E])
- IR EEZRER O V]) + O V]) = O(| V)
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Bt 18] & 2% BE 534

- BELLMAN-FORD HIRFEIEZEE O(| VI|E])
- IR EEZRER O V]) + O V]) = O(| V)

BREEREMAR O VI|E)
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o4 ER T K ): b a2

TR ERNE, EXRHAENHAF RAFE:
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o4 ER T K ): b a2

TR ERNE, EXRHAENHAF RAFE:

WA ES s, WFRENSR v, ERBEB (s,0) (v, 1), RF
L s B AR A M —IBEsE A9 BELLMAN-FORD BJIF].
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o4 ER T K ): b a2

TR ERNE, EXRHAENHAF RAFE:

Unreachable Reachable
AN ES s f ¢, XX FERAEHNA v, ERFE (s,0) A (v, 1), RF

L s AR A M —iBEBHE A BELLMAN-FORD BJIFT .
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o4 ER T K ): b a2

Unreachable Reachable
AN ES s f ¢, XX FERAEHNA v, ERFE (s,0) A (v, 1), RF

B s = AR sl — i S BT B BELLMAN-FORD BJIF] .
REERE: 02|V)+ O(V] x (|El+[V]) = O( VIIE| + | V?).
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