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Artificial Intelligence

Lecture 15

Making Complex Decisions
Chapter 17

Robot Example

*Imagine a robot with only local sensing
— Traveling from Ato B [T (= .
— Actions hawe uncertsin . | "_*l"

results — might mowve at
right angle to desired

— We want robot to “leam”

how 1o nawvigate in this
getaly il

*Sequential Decision Problem

similar to 15-puzzle problem

How is this similar and different from 15-puzzle?

— Lei robof posiion be
the blank tie

- Kaep lesulng movemant
commands

IR R

— Ewentually 3 sequencs

Tipw= T ow b eyl o ww ps

of commands will cauea -_."'." i -.' Tl '...".'_'...Z e

rodat to reach goal

Ciuir pyoniad oF Bro wyorid i s tnluis

How about other search techniques

* (Genefic Algorithms

— Let each "gene" be s
sequenceof L, R, U, D
= Langth unknawn

|||||

= Paar fegdidack

« Simulated annealing? L L LT

Markov decision processes (MDP)

=|nitial State

- 33

=T ransition Model
— Tis, 3.5

* Howdoes Markoy apply here?
* Unceriainky = posside

=Rewsard Funcbon
— Rig)
" Formach stabe

Building a policy

«How might we acquire and store a solution?

— Is this a E2arch problem?
* IS evenging?

= Ayald lecal mins

— Avold dead ends

=

— Avald neadiess repaifion e 11

Fey chservation: if the number of states is small, consider
evaluanng srares rather than evaluanng acton seguences
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Building a policy

+Specify a solution for any initial state
— Construct a policy that outputs the best action for any
state
» polilcy = x
« pollcy In elate § = x{E)
— Complaete policy covers all potential input states
— Optimal policy, &°, yields the highest expaected utility

« Why expected?
— Transitons ae sischasic

Using a policy

* An agent in state =
— = is the percept available to agent
On*s} outputs an action that mazimizes expected
utility

* The policy is a description of a simple reflex

Example solutions

Striking a balance

* Different policies demonstrate balance betwesn

risk and reward

— Onmly interesting in stochastc environments {not
deterministic)

— Characteristic of many real-world problems

* Building the optimal policy is the hard partl

Typos in book![«[«<]«[a] [«]«]~]=
i =) |4 ¥ |E3
. 1 . ' T AR =T 0 TN
1 1 - | o | = i - |1 + = =
e V=1=10] [+ =+ [+

— AR Paje i = 3 i
Figare 1T.2 2 &0 optreal pobey Ferithe stechost i awpersee b s LB RT ]

ik rewsrenral sbee ik Cmend pele ks B fear diirem gl M s
Attributes of optimality

“We wizh to find policy that maximizes the utility of
agent during lifetime
— Maimize W[sg, 54, 53, --.. Sl
*But is length of lifetime known?
— Finite: horizon — number of state transitions is known
« Afar timasiep N, nathing matters
— Ullsg. 54, 52, ... 5n)] = UilSg, 51, 53, .- S Spes. Spel] fOr
all k=0
— Infinite horzon — always opportunity for more state
transitions

Time honzon

*Consider spot (3, 1)

— Let horizon = 3 v ||~ | —|ED
— Let horizon =2

— Let horizon = 20 | t =
— Let horizon = inf :

— Does n* change? I T T

*Monstationary optimal policy

Page 2



Evaluating state sequences

=Assumpton
— It say | will prafar siate a to state b famorrow
| must alea =3y | prefer efate 3 o state b today
- Siale praferances are statlonary
=Additive Rewsards
— U[{a, b. €, ...}] = Ria) + R{b) + R{c) + _..
=Discounted Rewards
— U[{a, b. €, ...}] = R{a) + yRIE]) + ¥R + ..
O v I8 tha diecaund facior batwaan 0 and 1
* \What dices this mean?

Evaluating infinite honzons

* How can we compute the sum of infinite
horizon?
—Uf{a.b.c. ...}J]=Ri{a) + R(b) + Ric) + ...
— If discount factor, =+, is less than 1

r' :l:"':"'-'"":l Tl:l_- -I-r|l:‘-||- E-.'I'IIII'\- 'I-I|l'd'. II-

- nate R, ks fnite by definttion of MDA

Evaluating infinite honzons

* How can we compute the sum of infinite
horizon?
— If the agent is guaranteed to end up in & terminal
state eventually

= We'l nevear aciually have  comgare Infinke strings of
Efdies

» We can allow v 1o be 1

Evaluating a policy

* Each policy, =, generates multiple state sequences
— Uncartainty in transitions according to T{s, &8, 5')

* Policy value is an expected sum of discounted
rewards observed over all possible state

SequUENCES

- argrnax e AEVIES

[#

Building an optimal policy

“Walue lteration
— Calculate the utility of each state

— Use the state utilities to select an optimal action in
esch state

— Your policy is simple — go to the state with the best
wrhiliity
— Your state utifibes must be accurate

= Through an Heratlve procees you asslgn comect valuee o
the slale uility values

Utility of states

* The utility of a state sis...

—the expected utility of the state sequences that might
Tolloner it
» The subsequent etate sequence 16 a funcllon of =(E)

* The utility of a state given policy mis...

Uz = F L T s} | w.ap=s
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