CSCI 4830, Sec 007 Professor Mozer

Machine Learning  Fall 2001

1

Assignment 6

                                                                                               Assigned:  Tuesday, N ovember 27, 2001

                                                                                                        Due:  Tuesday, December 11, 2001

In th is assignment, you mu st p ro gram a simple  simulated  environ men t a nd constru ct a reinforcement

lear n ing agent tha t discovers the op timal (shor test) path through  the environ men t to  rea ch a goa l. The

agentś enviro nme nt will look like:

Each cell in this gr id is a  state in the enviro nme nt. The cell labe led ^I~ is the initial state of the agent. The

cell la beled ^G~ is the goa l state of th e  a gent. The black cells are b arrie rs˙states th at are inaccessible to

the  ag ent. At each time step, th e a gent may move o ne cell to th e left, r ight, up, or down. The environment

does not  w rap aro u n d. T hus, if t he agent is in the low er l eft corner  and t ries t o move down, it will remain in

the  same cell. Likewise, if the agent is in the initial state and tries to move up (i nto a b ar rier), it will r emain

in the  same ce ll.

You shou ld imple men t a Q lea r ning algor ithm tha t sele cts moves for the age nt. Th e algo rithm should per-

for m explora tio n by choo sing the action with th e maximum Q va lue 9 5% of the time, and choosing one of

the  remaining three  actions at ran dom the rema ining 5% of the time.

The  simula tio n r uns until the agent reaches the goal state. The  reward at the  goal is 0, but at eve r y other

state is ˘1 (because it takes energy for the agen t to move). Be cau se  this simulation has a finite r unning

time, you do  not n eed to use a discounting fact or, i.e., you ca n set the parameter g  (d escr ibe d in  Chap ter 13

of the b ook) to on e. Also, be ca use the  environment is deter ministic, yo u can set the p arameter a  (which I

will descr ibe in class) to zero, which yield s the exactly the alg o rithm i nTabl e 13.1 of the book.

Write up

Your write up s hould incl ude the followi ng:

¯ a gr aph showing number of steps required to re a c h  t he goal as a f uncti on of l e a rnin g  trials ( one ^ trial~ is

          one run  of the  agent through the environment until it r eac hes t he goal).  When you make y our graph, it

          will be ver y noisy if yo u plot each l earning trial s eparately. Thus, you may want to plot av erage number

          of steps over 10-trials blocks.

G

I

CSCI 4830, Sec 007 Professor Mozer

Machine Learning  Fall 2001

2

¯ a figure showing the  po licy of your agent. The policy can be summa rize d by making  an  a rray of ce lls

          corresponding to th e states of the enviro nme nt, a nd indicating the direction (up, d own, left, r ight) that

          the a gent is most likely to  move if it is in  that state.

¯ a figu re  showing the value function. The  value function can be summar ized  by making an array of ce lls

          corresponding to  the state s o f the environ men t, and ind icating th e minimum  Q valu e asso ciate d with a

          sta te in the  corresponding cell. The  value fun ction  thus in dicates the number o f steps to th e goa l

          assuming th e o ptimal action accordin g  to the Q table is chosen.

¯ In additio n to runni ng the simulation with an exploratio n  rate of 5% , try 1% and also 20%. Plot t he learn-

          ing  cur ve s for these different exploration rate s. You shou ld find th at the lower explora tio n rates lead to

          slower lear n ing but higher a symptotic perfo r man ce.

Advice

Here is a suggestion a b o ut how to modularize y our code:

¯

          read_environment : read a layo ut of the environment, including in itial an d g o al states  and obstacles,

          fro m a  file. (If you wish, you  can make your code less general pu r pose an d hardwire  the  environment

          into your code.)

¯

          update_state : given the current state a nd a n a ction, deter mine the agent́ s  next state.

¯

          determine_reward : given a state,  dete rmi ne the agent´s rewar d as a result of moving in to that state.

¯

          choose_action : given a state, choose an action base d  on the current Q table.

¯

          initialize_q_table : reset the Q values to zero

¯

          update_q_table : given the  previous state, an action, the current state, and an immed iate reward

          obtaine d, upda te th e Q table  accordin g to Eq uation 13. 7 of the text