
Reinforcement Learning: Coursework Assignment 1 (Semester 2, 2013)

Instructions

• This homework assignment is to be done individually, without help from your classmates or 
others. Plagiarism will be dealt with strictly as per University policy.

• Solve all problems and provide your complete solutions (with adequate reasoning behind 
each step) in a report in computer-printed or legibly handwritten form.

• For computational questions, include your code (e.g., Matlab commands) and all major 
numerical parameters involved. 

• Before you start to write a program, read all questions below carefully.
• Only the report will be marked. The code itself will not be marked, but will used to clarify 

any questions arising from the report.
• Use graphical representations wherever suitable. If you use numerical output for 

demonstrating your results, make sure that the numbers are appropriately rounded and 
presented in an accessible way. If your problem involves randomness, try to obtain a result 
that is representative for most of the possible realisations of the underlying random effects.

• This assignment will count for 10% of your final course mark.
• Please submit your assignment by 4 pm on 6th March as a paper copy to ITO as well as an 

electronic version via the submit system (including code).

Questions

Design and build a learning agent that operates in a grid world, specified in figure 1. The goal of the 
robot is on the top right hand corner, where the agent should expect to receive a reward. The grid 
world includes barriers which prevent certain actions from being used in corresponding cells. The 
objective of learning is to find policies that take the agent to the goal from all possible initial states.
In this problem, you may assume the following:
State: you know what square the agent is occupying at any given time.
Actions: N, S, E, W.
State transitions: Initially, deterministic and can’t pass through walls. Agent remains in the same 
square if it attempts a disallowed action. In a later section, we’ll modify this further.
Rewards: -1 for each time step, 0 for attaining the goal.

Figure 1: Grid world for Question 1. The green dot is one instance of an initial state and G denotes the goal cell.



a) Figure 2 shows you part of a deterministic non-optimal policy. Complete the policy as you 
wish (the intention is to avoid obviously optimal actions -- so complete this in a way that 
involves long detours). Implement policy evaluation, for Vπ. Give the resulting value 
function. Also show the corresponding greedy policy. Is it the same as the policy you started 
from? Also, describe the procedure in terms of key steps and any noteworthy design 
decisions.

b) Perform policy iteration to get the optimal policy. Again, give the resulting value function 
and corresponding optimal policy, as well as a description of key design decisions and 
outline of your procedure.

c) Perform value iteration using the same specifications as before. Compare the time taken by 
policy iteration and value iteration.

d) Consider the case where the right wall is made ‘sticky’, i.e., from states adjoining that wall 
actions do not succeed (i.e., leave you in the same cell) with probability p (initially, set p = 
0.4). Repeat the value iteration process for this system. Describe the changes to your 
problem formulation and depict the optimal value function and policy. Also discuss the 
effect of the parameter p on the optimal policy.

e) Implement the standard Q-learning algorithm to solve the problem starting from (i) a 
random initialisation or (ii) a state-action table that includes the policy in figure 2. Discuss 
the role of the parameters, the efficiency of this approach and the underlying assumptions in 
comparison to the other algorithms above.

f) Study the effect of eligibility traces. Where in the above approaches can they be useful? Can 
you show an advantage of replacing over non-replacing eligibility traces? 

g) Discuss (not necessarily based on further computations) how the above solutions scale to 
similar, but larger problems. 

[100 points (a: 10,  b: 15, c: 15, d: 15, e: 25, f: 10, g: 10)]

Figure 2: Part of a non-optimal policy - complete it as specified in the question.

If you have an questions related to this assignment, please contact your tutor or the lecturer.
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