
 

Recap SSSP Dijkstra weighted nonnegativeweights

DijkstraCG.ws
1 For each VEV RuntimeUElttvlloglvll2dist.lv DwFibo.Heap3parent v

4 dist s O
5 Foreach VEV
6 PQ Push v dist r Add v w distlv
7 While PQ.ISEmpty as thekey
8 U PQ ExtractMinct
9 For VE Adjiu
10 If dist.lv Sdistlu twlu.v
11 distlv dist.la twLair
12 parent v u

13 PQ Decreasekey v distlr



1 A isshortestathAPI

Insteadof startingfrom a single source want
shortest paths between all pairsof vertices
U VEV

If weights are nonnegative we can run Dijkstra
fromeachuEV Runtime is IV light V1 El

If weights are negative we need to use BellmanFord

instead andthe runtime becomes muchworse IV El
Wewill improvethis to IVP using the FloydWarshall

algorithm See textbookfor Johnson's alg achieving

the better Irilogultivl.IE 1

Remarks Weallow negativeweights but assume no negative
cycles

distmightbe
undefined

2

Shortestpaths are simpleand inparticularhaveatmostv1 1edges



Weassumeinputgiven as adj matrix So for witV
it u v

war flightof u v if Utv and un EE
if utv and un E

UseDP

Attempts

Subproblem For a VEV the costof shortestpath
from u to v using atmost kedges

Guess next to last vertex
emo

u y
Recurrence

DPCU.vn wCuiv

DP u.v.k minIDPCu.y kDtwCy.v
YEV

DP u v Wl I yields thefinaloutput
for a given un pair



Runtime

IVP subproblems VI timesubp

V14 runtime

Attempts
Guessmiddlevertex

REEFFE
Recurrence

DP un 1 WLAN

DPlavik min DPCU.y.to 2 tDPCy.v.k 2
yEV

Runtime

Inflight subp IV time subp

lvpl.glv1 runtime



E Warshall

Label the vertices V11.2 v1

Subproblems unEV KEIO 1,2 V1

DPCu.vn givesthemincostofpathsfromutov
that only use verticesfrom11.2 k as
intermediate nodes

Recurrence

DPCuiviofwla.nu
DP a v k minCDplu.vik

ll.DPluik.bytDPlk.v.k 1

Onlytwopossiblecases onlyflies k 13
only11,2in kt

2mF 2 8 38
Final output is DP un V1 forall un
Runtime IVP supp c time subp

IVP runtime


