
TDT4121
Assignment Lecture Week 43



Network Flow



Main idea

Lots of problems can be modeled as flow through a network
- Traffic flow, water flow, gas flow etc.



Network consists of nodes and edges

• Each edge has a capacity constraint
• There is a starting node (source) and a goal node (sink)



Network consists of nodes and directed edges
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Network consists of nodes and directed edges

• Each edge has a capacity constraint
• There is a starting node (source) and a goal node (sink)
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Problem: what is the maximum flow possible?

• Idea: send flow from 1 until maximum capacity is reached.
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Problem: what is the maximum flow possible?

• Idea: send flow from 1 until maximum capacity is reached.
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Problem: what is the maximum flow possible?

• Idea: send flow from 1 until maximum capacity is reached.
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Max flow reached!

• The maximum flow equals the sum of all flow going into the sink (red)
• Max flow = 3 + 6 = 9
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Trial-and-error takes too long for more 
complex graphs
• How can we find the maximum flow for any given network quickly?



Solution: Ford Fulkerson Algorithm

• Main idea: as long as there is a path from start to finish (source to 
sink) with available flow, send flow along that path. Repeat this until 
there is no such path left



Example
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Step 1: set all flows to 0
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Step 2: find apath from S to T
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Step 2: find a path from S to T
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Step 2: find a path from S to T
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Step 3: identify the minimum capacity along 
this path
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Step 3: identify the minimum capacity along 
this path
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Step 4: send flow equal to the minimum 
capacity along this path
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Step 4: send flow equal to the minimum 
capacity along this path
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Step 4: send flow equal to the minimum 
capacity along this path
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Step 4: send flow equal to the minimum 
capacity along this path
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Repeat until there is no path left
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Repeat until there is no path left

0/3

2/2

0/7

0/4

S

A

D

T

B

C

2/9

2/8

0/5

S -> D -> C -> T
1. Select path
2. Find minimum 

capacity along path

0/7



Repeat until there is no path left
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Repeat until there is no path left
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Repeat until there is no path left
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Repeat until there is no path left
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Repeat until there is no path left
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No more paths -> maximum flow reached
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No more paths -> maximum flow reached
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What is the time complexity of this?
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What is the time complexity of this?

3/3

2/2

1/7

4/4

S

A

D

T

B

C

3/9

3/8

4/5

0/7

1. Find augmenting path O(E) for DFS
2. Identify the minimum capacity along the path O(1)
3. Update the flow along the path O(1)

This is repeated at most f 
times, where f = max flow



What is the time complexity of this?

3/3

2/2

1/7

4/4

S

A

D

T

B

C

3/9

3/8

4/5

0/7

1. Find augmenting path O(E) for DFS
2. Identify the minimum capacity along the path O(1)
3. Update the flow along the path O(1)

This is repeated at most f 
times, where f = max flow

O((E+1+1)*f)



What is the time complexity of this?
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From max flow to min cut
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Theorem states that the maximum flow equals the 
total weight of the edges of a min cut
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Theorem states that the maximum flow equals the 
total weight of the edges of a min cut
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Assignment 6
Network Flow





Create two sets A and B such 
that s is in A and t is in B, and 
that there is no overlap 
between the two sets

Set A: Nodes reachable from s 
after the cut
Set B: Nodes not reachable 
from s after the cut 



Set (A,B) such that there is no 
path from s to t. 

Set A: Nodes reachable from s 
after the cut
Set B: Nodes not reachable 
from s after the cut 

How to:
- Delete edges until you have 
such a set



Set (A,B) such that there is no 
path from s to t. 

Set A: Nodes reachable from s 
after the cut
Set B: Nodes not reachable 
from s after the cut 

How to:
• Delete edges until you 

have such a set

• Capacity: Sum of the 
deleted edges

Hint: There are four such cuts



Hint:

• Flow is the amount that leaves s 
and enters t

• Is this the maximum: Can more be 
sent using alternative routes? 

• What is the flow? 



Hint:

• Flow is the amount that leaves s 
and enters t

• Is this the maximum: Can more be 
sent using alternative routes? 

• What is the flow? 

If you know how to solve a) and c), you can solve b) and d) as well ;-) 





For all such tasks: Draw a graph and try to contradict the statement
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Step 1: 
• Find a path from s to t
• What is this paths maximum 

flow?



Step 2: 
• Send flow backwards



Step 3: 
• Update capacities



Step 3: 
• Update capacities

Continue doing this until you have no more paths from s to t







Hints: 
• The hospital has an 

overall supply and 
demand for blood

• You have donors and 
recievers (green)

• You have an constraint 
between these groups 
(yellow) 

How can each of theese 
hints be translated to a 
network flow? 



Having solved the other parts of this assignment, you can solve this applying the same algorithms to your answer in a!
(There are also other ways to solve i) if you want to try)


