
CS 310: Algorithms

Instructor: Naveed Anwar Bhatti

Lecture 21

Few Slides taken from Dr. Imdad’s  CS 510 course
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Administrivia

• Assignment 4 will be released on Wednesday 

• Assignment 1 and 2 marks will be released on Thursday

• Assignment 3 marks will be released on 30th November



Quiz 5 – Question 1 Solution

3

1

Value

18

28

28

1

Weight

6

8

8 2

7
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3
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2

C = 11

In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.
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In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.
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In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.
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In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.
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In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.
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In the class, we discussed the knapsack problem. Now, let's modify the rules slightly. You are allowed to 
split items into 1kg portions. Given the table below, devise the MOST OPTIMAL ALGORITHM (period) 
that can maximize the total value of items that can be placed in the knapsack.

// List of items, each with a value and a weight
items = [(value1, weight1), (value2, weight2), ..., (valueN, weightN)]

sort items by (value/weight) in descending order

capacity = 11
total_value = 0

for item in items:
    if capacity > 0:
        take_weight = min(item.weight, capacity)
        total_value += take_weight * (item.value / item.weight)
        capacity -= take_weight
    else:
        break

O(nlogn)

O(n)

Time Complexity

O(nlogn)



Quiz 5 – Question 2 Solution
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In the class, we discussed Segmented Least Squares problem using dynamic programming which has the 

running time complexity of O(n3) (shown below). How can we improve it? You don’t need to write the 
pseudo, just explain it in few lines. 

Pre-compute least squares error e(i,n) for every possible 
segment, which takes O(n2) and save it into matrix. This 
would allow later e(i, n) to be calculated in constant time 
using pre-stored calculations, reducing the overall time 
complexity to O(n2)
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Chapter 7:
Network Flow

Section :
Maximum Flow – Min Cut Problem



13

Flow Networks

Source Sink 

A network of pipelines along which water can be sent
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Flow Networks
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Flow Networks
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A network of pipelines along which water can be sent

B

The goal is to flow as much water from S to T as possible

3
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There are TWO restrictions:
• A pipeline cannot carry more water than the weight of the corresponding edge
• No vertex can store any water
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Flow Networks
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Flow Networks

Source Sink 

S T
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A network of pipelines along which water can be sent

B

The goal is to flow as much water from S to T as possible
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Is this the best flow (the largest amount of water that can be supplied)?
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Flow Networks

Source Sink 

S T

A

C E

D

A network of pipelines along which water can be sent

B

The goal is to flow as much water from S to T as possible

3

3

4

2

1

5

3

1

5

10

2

2

2

4

4

4

2 + 4 = 6

Is this the best flow (the largest amount of water that can be supplied)?
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Flow Networks

Source Sink 

S T

A

C E

D

A network of pipelines along which water can be sent

B

The goal is to flow as much water from S to T as possible
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2

2
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4
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4

2 + 4 = 6

Is this the best flow (the largest amount of water that can be supplied)?

How do we determine that a given flow is the maximum possible?
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Max Flow – Problem Formulation

A Flow network: A directed graph with weights on edges

• Models a transportation network
• Edges can carry traffic and nodes switch traffic between edges

• Highway network: vertices: intersections/interchanges, edges: roads
• Communication network: vertices: switches/routers, edges: links
• Fluid networks: vertices: junctures where pipes are plugged, edges: pipelines
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Max Flow – Problem Formulation

A Flow network: A directed graph with weights on edges

• Models a transportation network
• Edges can carry traffic and nodes switch traffic between edges
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Max Flow – Problem Formulation
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Max Flow – Problem Formulation
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Max Flow – Problem Formulation
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Max Flow – Problem Formulation
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Max Flow – Min Cut
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Min Cut (s-t cut)
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Max Flow – Upper limit
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Max Flow – Upper limit
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Max Flow – Upper limit
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Max Flow – Upper limit
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Max Flow – Bottleneck
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Max Flow – Algorithm (first try - greedy)
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Max Flow – Algorithm (first try - greedy)
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Max Flow – Algorithm (first try - greedy)
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Max Flow – Algorithm (first try - greedy)
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Max Flow – Algorithm (first try - greedy)
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Max Flow – Problem with the Algorithm
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Max Flow – Problem with the Algorithm

S T

A

B

1

1

1

1

1

1



68
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Max Flow – Problem with the Algorithm
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Max Flow – Problem with the Algorithm
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No s - t path in the remaining graph
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Max Flow – Problem with the Algorithm

How can we resolve this issue?

Next Class
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Max Flow – Problem with the Algorithm

How can we resolve this issue?

Next Class



Thanks a lot

If you are taking a Nap, wake up........Lecture OVER
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