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Max-Flow: Edmonds-Karp-Algorithm-1

Claim:  

Number of 

iterations is 

O(mn)

Edmonds-Karp-Algorithm-1( ): 
1. Initialise  
2. While(    path in  ): 

2.1  Let    be an    shortest-path in   

2.2  Let  

2.3  For each  : 
If   is forward edge :   

If   is backward edge :   

3. Return  .

G, s, t
f = 0

∃ s → t Gf

P s → t Gf

cmin = min{c(e) | e ∈ P}
(x, y) ∈ P

(x, y) f(x, y) = f(x, y) + cmin

(x, y) f(x, y) = f(x, y) − cmin

f

Time Complexity: 
O(mn(m + n))



Claim 1: The distances of vertices from  in   can only increase with time.s Gf

Observations



How many iterations?

Claim 2: Total number of iterations is 

.O(Total number of times edges disappear from Gf )



What causes disappearance of an edge from  Gf

x ys t

x ys t

 is 
Forward edge  

in 

(x, y)

Gf

 is 
Backward edge  

in 

(x, y)

Gf

P

P



What causes reappearance of an edge in  Gf

y xs t
  must lie 

on augmenting  
path 

(y, x)

P

P



Claim 3: An edge  can disappear/re-appear in   at most  time.(x, y) Gf O(n)

How many times can an edge disappear/re-appear?

x ys t xys tP P’

 Before disappearance of 
 (x, y)

 Before reappearance of  
(x, y)



Max-Flow: Edmonds-Karp-Algorithm-2

Claim:  

Number of 

iterations is 

O(m loge F)

Edmonds-Karp-Algorithm-2( ): 
1. Initialise  
2. While(    path in  ): 

2.1  Let    be an    path of maximum capacity  in   

2.2  Let  

2.3  For each  : 
If   is forward edge :   

If   is backward edge :   

3. Return  .

G, s, t
f = 0

∃ s → t Gf

P s → t Gf

cmin = min{c(e) | e ∈ P}
(x, y) ∈ P

(x, y) f(x, y) = f(x, y) + cmin

(x, y) f(x, y) = f(x, y) − cmin

f



Observations

Claim 1: If in graph , the value of -max-flow is  then there must 
exists an -path in  of capacity at least .

G (s, t) F
(s, t) G (F/m)



Observations

Claim 2: The smallest  for which  is smaller than 1 is  

                at-most .

x F(1 − 1
m )

x

(m loge F)



Observations

Claim 3: We can find an augmenting path of maximum capacity in 
residual graph  in  time.Gf O(m log n)

If   are in-neighbors of , then x1, …, xt y

MaxCap(s, y) = max
1⩽i⩽t ( min (MaxCap(s, xi), c(xi, y)))


