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m A walk in G is a sequence of vertices vg, v1,..., Vv, € V such that

(Vi,viz1) € E for all i. An (s, t)-walk is a walk where vp = s and v, = t.
m The length of a walk is the sum of the edge lengths >, ¢(vj, Vit1).

m The distance from s to t in G, denoted dist(s, t), is the length of the shortest
(s, t)-walk, dist(s, t) := mins r)-waik w £(W).

remarks:
m (s, t)-walk containing a negative length cycle = dist(s,t) = —o0
m no (s, t)-walk containing a negative length cycle = shortest walk is a path
= shortest walk < n — 1 edges and is of finite length
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m given s, t € V, find a minimum length (s, t)-path or find an (s, t)-walk with a
negative cycle (= dist(s, t) = —o0)

m given s € V, compute dist(s, t) for all t € V

m determine if G has any negative cycle

remarks:
m negative lengths can be natural in modelling real life
m e.g., demand/supply on an electrical grid, negative cycles manifest as arbitrage

® negative lengths can arise as by-products of other algorithms, e.g., flows in
graphs
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Dijkstra’s Algorithm, with Negative Lengths?

Dijkstra’s algorithm: greedily grow shortest paths from source s

N
N

remarks:
m greedy exploration, ordering vertices v € V by dist(s, v) — without updates!
— algorithm assumes the distance only grows as the graph is explored

= assumes all edge lengths are non-negative
7/27
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S — vy — -+ — V; Is a shortest (s, v;)-walk, for i < k
if ¢ is non-negative, dist(s, v;) < dist(s, vj+1) for all i

(1) Cut and paste. (2) Clear. O]
remarks:

m shortest walks are shortest paths, if no negative cycle

m Dijkstra's algorithm defines subproblems by restricting the graph by dist(s, -)

m /dea: parameterize subproblems by number of edges in a walk, and allow
updates to dist(s, -)
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If there are no negative length cycles, then for all v € V,
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Overview (II)

today:
m shortest paths

m with negative lengths — Bellman-Ford in O(mn) time
m all-pairs — Floyd-Warshall in O(n®) time

next lecture:
B more dynamic programming
logistics:
m pset?2 due R5 — can submit in groups of < 3
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