COL 351:
Analysis and Design of Algorithms

Lecture 32



Max-Flow: Edmonds-Karp-Algorithm-1

Edmonds-Karp-Algorithm-1(G, s. £):
1. Initialise f = 0
2. While(d s — ¢ pathin Gf):

2.1 Let P bean s — t shortest-path in Gf

2.2 Letc,,;, =min{c(e) | e € P}

2.3 Foreach (x,y) € P:
If (x,y)isforward edge : f(x,y) =f(x,y) + ¢,,;,

If (x,y)is backward edge : f(x,y) =f(x,y) — ¢,
3. Returnf.
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Claim:
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Time Complexity:
O(mn(m + n))



Observations

Claim 1: The distances of vertices from s in G, can only increase with time.
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How many iterations?

Claim 2: Total number of iterations is

O(Total number of times edges disappear from Gy).
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What causes disappearance of an edge from G,
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What causes reappearance of an edge in G;
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How many times can an edge disappear/re-appear?

Claim 3: An edge (x, ) can disappear/re-appear in G, at most O(n) time.
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Max-Flow: Edmonds-Karp-Algorithm-2

Edmonds-Karp-Algorithm-2(G. s. 1):

1. Initialise f = 0
2. While(d s — ¢ pathin Gf):

2.1 Let P bean s — ¢t path of maximum capacity in Gf

2.2 Letc,,;, =min{c(e) | e € P}

2.3 Foreach (x,y) € P:
If (x,y)isforward edge : f(x,y) =f(x,y) + ¢,,;,

If (x,y)is backward edge : f(x,y) =f(x,y) — ¢,
3. Returnf.

OWMWM .
O(m leg, FY) X O(W%%>

P lh—

Claim:
Number of

iterations is

O(mlog, F)

No of tonatins Time o furd oo capaily patn



Observations

[ :

Claim 1: If in graph G, the value of (s, r)-max-flow is F' then there must
exists an (s, 7)-path in G of capacity at least (F/m).
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Observations Fact: Fuk21, 0 < (-L) =g

1 X
Claim 2: The smallest x for which F <1 — —) 1s smaller than 1 is
m

at-most (m log, F).




Observations

Claim 3: We can find an augmenting path of maximum capacity in
residual graph G;in O(mlogn) time.

If x{, ..., x, are in-neighbors of y, then

MaxCap(s, y) = max <min <MaxCap(s, x;), c(x;, y)))
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