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An (s, t)-flow with value 10. Each edge is labeled with its flow/capacity. - é@@)
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An (s, t)-cut’with capacity I5. Each edge-is labeled with its capacity.
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Legend:
— - — International boundary

(®  Roilwoy operating division

é}-— Copacity: 12 each woy per doy.

Rcguired flow of 9 per doy toward
destinations {in direction of arrow)
with equivalent number of returning
trains in opposite direction

AN copacities in /1650 of tons} €0Ch Way per doy

Origins: Divisions 2, 3W, 3E, 28, 3N, i3S,
12, 52(USSR), and Roumanic

Pestinctions: Divisions 3,6,9 (Polond);
. B (Czechosiovavekia); and 2, 3 (Austria}

Alternative destinations: Germany or East -~ |
Germany :

Note 11X at Division 9, Poland

Figure 10.1. Harris and Ross’s map of the Warsaw Pact rail network. (See Image Credits at the end of
the book.)
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Proof: Choose your favorite flow f and your favorite cut (S, T'), and then follow
the bouncing inequalities:

Il af(s) [by definition]
= Z of (v) [conservation constraint]
VES
= Z Zf(v—w) — Z Zf(u—w) [math, definition of J]
vVES W VES U e = =
= Z Zf(v—w) — Z Zf(u—w) [removing edges from S to S]
VES weS VES u¢S

///j

= Z Z f(v-w) — 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, Tl [by definition]
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A flow a weighted graph G and the corresponding residuatgraph Gy.

Ivdm)rwelk/f ows  bow  trudhh mere.
(or less) Plow o be pushed

%r‘ou\\jk G @dﬁe-' C”Q‘









MW %Wmuy\/ ‘ECS chAQ/ M/bﬂofl@ wﬂé\c’i
: ot Vestees O\lCGSL/

— (C(u-v\o - £ (~) £ =y

(S 1IN

2
Q( =) & V=W LS N E




An augmenting path in G; with value F =5 and the augmented flow f.
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An augmenting path in G, with value F =5 and the aujmentea flow f'.



R e G AR S
i

Ve @P ol WE G,










Clewn, TR D 1o o mevmumn Flow,

/—% GQ lﬂwﬁ@ F&%

Nse Prs \90\% 2\ YﬂSjer JaIESN %\)‘.
—> [ ol T

\@L VS ad ‘

A



Ie G@ hes e St [%ﬁ) Hind
’S' — Gt of \verdeos et s oo recch

Claimm (S}V'Q 1S a OU\JC




T pwedia
SHert ) Abw,%
Bufd et Aﬁ)
(3 -
0({‘@ C\/((/;>
AL -
hov! ~

WES (¢
S
é(l) S)?/@LV />

Ol
. C~ <
Q& g%_ém Sape
Com
%’\’t\ (VRIS g(i{::oﬁ%)
$)
(v )

Au
JQ,W\.Q/Irl—
Ay &
Bw\f’é’j/ (i;@ ate ﬁ)
£ | oV
! o
()

(
,Y.\ r\/-e/




U)%y ol Hus mkjm\ﬁ SW?
\_QQ, G QSS%m‘j @&d/\ f’)aﬂ ?u@%&S OC%
leasd e per - Lint— - el Py

Op ot beHet b7

Figure 10.7. Edmonds and Karp's bad example for the Ford-Fulkerson algorithm.
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A flow f in a weighted graph G and the corresponding residual graph Gy.
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A flow f in a weighted graph G and the corresponding residual graph Gy. "‘X
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Technique Direct With dynamic trees  Source(s)

Blocking flow O(V?E) 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(V2E) - [Goldberg and Tarjan]

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

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

Push-relabel-add games - O(VEIogg/(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(V2E) 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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