
Optimization II Problem Set

Exercise
Suppose you have a list of 5 items.
The weights and values of each item are listed in the table below:

Item 1 2 3 4 5
Weight (kg) 1 2 1 3 4
Value ($) 4 6 3 7 8

If you can carry at most 4kgs, find the optimal solution to this problem using dynamic programming.
Note: This is probably small enough that you can logically argue what the optimal solution

is. The purpose is to practice and sink in the concept of dynamic programming, though, so
try and solve the problem using only that.
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Exercise
Consider the following graph.

Compute the shortest path from vertex A to every other vertex.
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Exercise
Consider now that some of the edges represent one way streets, that is, travel can only be done in the

direction the arrow is pointing. The new picture is below.

Compute the new shortest paths from vertex A to every other vertex.
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Exercise: CHALLENGE 1
John has many activities to do.
Each activity has a certain start and finish time. Moreover, each activity has a certain value to John.
Below, you can find an example of such a list of activities (conveniently ordered from smallest to greatest

end time).

Activity number Start time End time Value
1 0 100 2
2 50 150 8
3 80 170 6
4 150 180 7
5 120 190 4
6 140 190 2
7 200 210 5
8 180 220 4
9 210 260 5
10 190 270 9

John can only do at most one activity at a time. He wants to do the set of activities that maximize his
total value.

1. What is the set of activities chosen by the rule that chooses the activity with smallest end time among
all available ones?

2. Is such set of activities optimal?

3. Let v(i) be the optimal value considering activities 1, . . . , i. Suppose you don’t pick activity 10 in the
optimal solution. Can you write down the value of v(10) as a function of v(i), for some i < 10?

4. Let v(i) be the optimal value considering activities 1, . . . , i. Suppose you do pick activity 10 in the
optimal solution. Can you write down the value of v(10) as a function of v(i), for some i < 10?

5. Can you find the optimal solution to this problem?
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Exercise: CHALLENGE 2
Disclaimer: This was adapted from a question available at orchallenge.org

In the world created by Suzanne Collins, the evil rulers of the Panem nation force its twelve districts to
send a teenage boy or girl (as a tribute) for the annual Hunger Games. The tributes must fight to the death
in an arena, with a sole survivor remaining. This year’s arena is a vast wilderness area.1

Katniss Everdeen is taken from District 12 to compete in this year’s Hunger Games. She has survived
the game so far, but her survival backpack is now empty. On the third day of the game, 30 minutes before
sunset, she fortunately finds a map of her surrounding area marked with the locations of 20 different survival
items. Since it is too dangerous to travel around in the dark, Katniss has 30 minutes to fill her backpack.
However, she has two problems:

1. She can carry at most 30 pounds.

2. She knows that some items are more important to her survival than others.

Therefore, she must choose her items wisely. Each item is given a survival value. The weights and the
survival value of the items are given in Table 1.

Fortunately for Katniss, all items are in her path to her planned hideout spot. Therefore, she will go to
the locations of all the items in the order given by Table 1. It will take her exactly 1 minute to travel from
the location of one item to the location of the next (and also from her current location to the location of the
first item and from item 20 to her hideout spot). In addition to travel time, it will take Katniss an extra
minute to pick up an item, if she decides to do that. If she does not pick the corresponding item, then no
time is wasted.

Katniss’ goal is to choose which items to pick to maximize the total survival value of the items she
collects, while arriving at the hideout location in at most 30 minutes.

Item Weight Survival value Item Weight Survival value
(lbs) (lbs)

1. Sleeping bag 9 15 11. Arrows 5 10
2. Dried beef strips 5 14 12. Flint 6 9
3. Nuts 3 10 13. Towel 1 2
4. Bow 10 25 14. Tent 25 50
5. Night vision glasses 10 15 15. Coiled wire 7 5
6. Slingshot 10 3 16. Bottle of iodine 5 12
7. Peetas medicine 15 30 17. Extra pair of socks 4 10
8. Flashlight 3 5 18. Matches 1 2
9. Knife 3 7 19. Mockingjay Pin 2 2
10. Water 5 15 20. Rain jacket 12 25

Table 1: List of survival items, their weights, and their survival value

How can you solve this problem via dynamic programming? (no need to actually obtain the optimal
solution, just describe how it can be done)

Hint: Similar to the weight capacity being a resource that is consumed, consider time as a second resource
to be consumed and adapt the dynamic programming seen in class to this problem

1Collins, S. (2008). The Hunger Games. New York: Scholastic Press.
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