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Proof: Choose your favorite flow f and your favorite cut (S, T'), and then follow
the bouncing inequalities: «q@)—j

lﬂ @ [by definition] |
= af (v) (7 é; O [conservation constraint]
vegsS

= ZZf(v—m;) — ZZf(u—w) [math, definition of ] i

— D
veES W VES U
—————

= Z Zf(v—w) Z Zf(u—w)\/ [removing edges from S to S]

VES weS VES u¢S —= e

= Z Z f(vow) — Z Zf(u—w) [definition of cut]
veS weT vES UET -

< Z Z f(v-w) [because f (u—v) = 0]
veS weT

< Z Z c(v-w) [because f (v—w) < c(v—w)]
veS weT

=[S, T|| [by definition]
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An augmenting path in G; with value F =5 and the augmented flow "
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Figure 10.7. Edmonds and Karp's bad example for the Ford-Fulkerson algorithm.
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Technique Direct With dynamic trees  Source(s)

Blocking flow O(V2E) O(VElogV) [Dinitz; Karzanov; Even and ltai;
Sleator and Tarjan|

Network simplex O(V2E) O(VElogV) [Dantzig; Goldfarb and Hao;
Goldberg, Grigoriadis, and Tarjan]

Push-relabel (generic) O(V?E) - [Goldberg and Tarjan|

Push-relabel (FIFO) o(v?) O(VElog(V?/E)) [Goldberg and Tarjan]

Push-relabel (highest label) O(V2vE) — [Cheriyan and Maheshwari; Tungel]

Push-relabel-add games = O(VElogg(y10gvy V) [Cheriyan and Hagerup;
King, Rao, and Tarjan]

Pseudoflow O(V2E) O(VElogV) [Hochbaum)]

Pseudoflow (highest label) O(V?) O(VElog(V?/E)) [Hochbaum and Orlin]

Incremental BFS O(V?E) O(VElog(V?/E)) [Goldberg, Held, Kaplan, Tarjan,
and Werneck]

Compact networks - O(VE) [Orlin]

Figure 10.10. Several purely combinatorial maximum-flow algorithms and their running times.
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