PPEECs 6.036: Introduction to Machine

E»l’_:.!:Z-CTRICAL ENGINEERING Lea 'N | N g

AND COMPUTER SCIENCE

Flnal exam -

f Thurs 12/16 1:30pm |
Lecture start: Tuesdays 9:35am  [2€€ Canvas for full info,

Who’s talking? Prof. Tamara Broderick

Questions? Ask on Piazza: “lecture (week) 11” folder
Materials: slides, video will all be available on Canvas
Live Zoom feed: https://mit.zoom.us/|/94238622313

Last Time(s) Today’s Plan
|. Supervised learning |.  Decisions change the
. Unsupervised learning state of the world
. Decisions incur loss but . State machines
don’t have broader effect [Il. Markov decision

processes (MDPs)
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Decision-Analytic Assessment of the
Economic Value of Weather Forecasts:

The Fallowing/Planting Problem

RICHARD W. KATZ
National Center for Atmospheric Research, U.S.A.

and

BARBARA G. BROWN®* and ALLAN H. MURPHY
Oregon State University, U.S.A.

[ https://en.wikipedia.org/wiki/Sowing#/media/File:Simon_Bening_-_September.jpg |

[ https://en.wikipedia.org/wiki/George_Washington_Carver#/media/File:George_Washington_Carver_c1910_-_Restoration.jpg |
| Katz, Brown, Murphy 1987 ]



State Machine



State Machine

« § = set of possible
states



State Machine

« § = set of possible

states
LOOr Soll



State Machine

« § = set of possible

states
e X = set of possible @
iINputs



State Machine

« § = set of possible

states
e X = set of possible @
iINputs

plant, fallow



State Machine

« § = set of possible

states
e X = set of possible @
iINputs

plant, tfallow



State Machine

« § = set of possible

states
e X = set of possible @
iINputs

e 55 € S:Initial state

olant, fallow



State Machine

« § = set of possible

states
e X = set of possible @
iINputs

e 55 € S:Initial state

olant, fallow

' Example |}




State Machine

« § = set of possible

states
e X = set of possible @
iINputs

e 55 € S:Initial state

olant, fallow

' Example |}
So = rich




State Machine

« § = set of possible

states
e X = set of possible @
iINputs

e 55 € S:Initial state

e f:Sx X =S8
transition function

olant, fallow

i Example
So = rich



State Machine

« § = set of possible

states
e X = set of possible @
iINputs

e 55 € S:Initial state

e f:Sx X =S8
transition function

fallow

' Example |}
So = rich



State Machine

« § = set of possible

states ‘ ;
e X = set of possible @
iINputs

e 55 € S:Initial state

e f:Sx X =S8
transition function

plant

fallow

' Example |}
So = rich



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

' Example |
So = rich



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
st = f(sg,plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) =



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) = poor



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

plant

| Example
So = rich
s1 = f(sg, plant) = poor



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible
outputs

plant

| Example
So = rich
s1 = f(sg, plant) = poor



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs " I
— rich
* g:8— Y :output So = TIC
fqunction ° oL — f(Soa Plaﬂt) — poor



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs " I
— rich
* g:8— Y :output So = TIC
fqunction ° oL — f(Soa Plaﬂt) — poor



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs

* g:S8 — ) :output
fqunction " s1 = f(so, plant) = poor
* e.g. g(s) = soil-

Moisture-sensor(s)



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

LOOr Soll

outputs
* g:S — Y :output
]EqUﬂCJ[IOﬂ p 51 — f(S(), plant) — POOT;
* e.0.9(s)=s 91 :9(31) — poor
* e.9.g(s) = soil-

Moisture-sensor(s)



State Machine

S = set of possible
states

X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs
* g:S — Y :output
fqunction " s1 = f(so,plant) = poor;
* €.9.9(s)=s y1 = g(s1) = poor
o8 so = f(s1, fallow) = rich
* e.g. g(s) = soil-

Moisture-sensor(s)



State Machine

« § = set of possible
states

e X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs
e g:85 — ) :output
fqunc’[iOﬂ P s1 = f(sg,plant) = poor;
* © (S) =S 1 = g(s1) = poor
9 9B/=s so = f(s1, fallow) = rich;
* e.g. g(s) = soil- Y2 = g(s9) = rich

Moisture-sensor(s)



State Machine

« § = set of possible
states

e X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs
e g:85 — ) :output
fqunc’[iOﬂ P s1 = f(sg,plant) = poor;
* © (S) =S 1 = g(s1) = poor
9 9B/=s so = f(s1,fallow) = rich;
* e.g. g(s) = soil- Y2 = g(s2) = rich

Moisture-sensor(s)



State Machine

« § = set of possible
states

e X = set of possible
iINputs

e 55 € S:Initial state

e f:Sx X =S8 fallow
transition function

e ) :setof possible

plant

outputs
e g:85 — ) :output
fqunc’[iOﬂ P s1 = f(sg,plant) = poor;
* © (S) =S 1 = g(s1) = poor
9 9B/=s so = f(s1,fallow) = rich;
* e.g. g(s) = soil- Y2 = g(s2) = rich

Moisture-sensor(s)



State Machine

« S = set of possible
states

« X = set of possible
iINputs

e 55 € S:Initial state

c :SXX =S fallow
transition function

e )V :setof possible

plant

outputs
e g:S5 — ) :output
%nction " s1 = [(so, plant) = poor;
* © (S) =S 1= gls1) = poor
998 =s so = f(s1, fallow) = rich;
* e.g. g(s) = soil- Y2 = g(sz) = rich

Moisture-sensor(s)



S = set of possible
states

X = set of possible
iINputs

so € S initial state

f: XX =S
transition function

Y : set of possible
outputs

g:S — Y :output
function
* €.0.9(s)=s

* e.g. g(s) = soil-
Moisture-sensor(s)

plant

LOOr Soll

fallow

s1 = f(sg,plant) = poor;
y1 = g(s1) = poor

so = f(s1,fallow) = rich;
Y2 = g(sz) = rich



S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8
transition function

Y : set of possible
outputs

g:S — Y :output
function
* €.0.9(s)=s

* e.g. g(s) = soil-
moisture-sensor(s)

fallow

LOOr Soll

plant




S = set of possible

states

X = set of possible

iINputs

so € S initial state

f:SxX
transition

— S
‘unction

Y : set of
outputs

g:S—)Y
function

* e.g.g(s)
* e.g. g(s)

moisture-

NOSSIble

. output

=S

= soll-
sensor(s)

fallow

LOOr Soll

plant




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

LOOr Soll



plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f: XX =S fallow
transition function

R
reward function

LOOr Soll



plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

R

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

R

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

R : — R

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

R : X — R

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs
so € S initial state

f:SxX =S8 fallow
transition function

R:SxX —R:

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs
so € S initial state

f: XX =S fallow
transition function

R:SxX —R:

reward function
*c.g. # bushels in harvest

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs
so € S initial state

f: XX =S fallow
transition function

R:SxX—=R:

reward function

*c.g. R(rich, plant) = 100
bushels

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f: XX =S fallow
transition function

R:SxX —R:

reward function

*e.g. R(rich, plant) = 100
bushels; R(poor, plant) = 10
bushels

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f: XX =S fallow
transition function

R:SxX —R:

reward function

*e.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S8 fallow
transition function

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

LOOr Soll




plant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

f:SxX =S fallow
transition function

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

LOOr Soll




olant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

LOOr Soll

L - fallow
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels




olant
S = set of possible
states

X = set of possible
iINputs

so € S initial state

LOOr Soll

I N fallow
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels




olant

()

S = set of possible

states

X = set of possible DOOr SOl
iINputs

so € S Initial state plant

T

transition model

R:S§x X —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels




1

()

0OOr SOl

plant:

S = set of possible
states

X = set of possible
iINputs

so € S initial state

T
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels




S = set of possible
states

X = set of possible
iINputs

so € S initial state
T 0
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




S = set of possible
states

X = set of possible
iINputs

so € S initial state
T 0
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10 - 0.0
pushels; R(rich, fallow) = °
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*e.g. R(rich, plant) = 100
pushels; R(poor, plant) = 10 - _
pushels; R(rich, fallow) = 0.1 0.9
R(poor, fallow) = 0 bushels

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushelsi ?(poor, plant) = 10 01 09
pushels; R(rich, fallow) =

R(poor, fallow) = 0 bushels - 0.01 0.99

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushelsi ?(poor, plant) = 10 01 09
pushels; R(rich, fallow) =

R(poor, fallow) = 0 bushels - 0.01 0.99

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushelsi ?(poor, plant) = 10 01 09
pushels; R(rich, fallow) =

R(poor, fallow) = 0 bushels - 0.01 099

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushelsi ?(poor, plant) = 10 01 09
pushels; R(rich, fallow) =

R(poor, fallow) = 0 bushels - 0.01 0.99

0OOr SOl

* [ransition matrix for “plant™ action:




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model

R:SxX —R:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0OOr SOl




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

0OOr SOl

r 0.1
transition model
R:-Sx X —>R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 10
pushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels




0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model 0.05
R:Sx X —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

r 0.1
transition model 0.05
R:SxX —=R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

T:Sx X xS —R: 0 1
transition model 0.05
R:SxX —>R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

T:Sx X xS —R: 0 1
transition model 0.05
R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

0OOr SOl

0.9
= P(St = poor | St.1 = rich, Xi.1 = plant)

T:Sx X xS —R: 0 1
transition model 0.05
R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

DOOr Soll

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

0OOr SOl

0.9
= P(St = poor | St.1 = rich, Xi.1 = plant)

T:Sx X xS —R: 0 1
transition model 0.05
R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

DOOr Soll

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

so € S initial state

0OOr SOl

0.9
= P(St = poor | St.1 = rich, Xi.1 = plant)

T:Sx X xS —R: 0 1
transition model 0.05
R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

DOOr Soll

0.98



0.99

S = set of possible
states

X = set of possible
iINputs

sy € S initial state 0.9

O | = P(St = poor | St.1 = rich, Xi.1 = plant)

T:Sx X xS —R: 0 1 N
transition model

R:Sx X —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0OOr SOl

0.05

DOOr Soll

0.98



0.99

S = set of possible
states

X = set of possible
iINputs
0.9

SO E S . Inltlal State — P(S’[ — poor | S’[—1 = riCh, Xt-1 = plant)

T: S XX xS —R: 0 1 = T(rich, plant, poor)
transition model

R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.05

()

DOOr Soll

0.98



0.99

S = set of possible
states

X = set of possible
iINputs
0.9

SO E S . Inltlal State — P(S’[ — poor | S’[—1 = riCh, Xt-1 = plant)

T:SxX xS$S—R: 0 1 = T(rich, plant, poor)
transition model

R:SxX —R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.05

()

DOOr Soll

0.98



Markov Decision Process (basically)

e S = set of possible
states

e X = set of possible
iINputs
0.9

° 1Nt '
SO E S . Inltlal State — P(S’[ — poor | S’[—1 = riCh, Xt-1 = plant)

e T:S§xAX XS —R: 0 1 = T(rich, plant, poor)
transition model

e R:Sx X = R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.05

0.98



Markov Decision Process (basically)

e S = set of possible
states

« X = set of possible
iINputs
0.9

° 1Nt '
SO E S . Inltlal State — P(S’[ — poor | S’[—1 = riCh, Xt-1 = plant)

e T:S§xAX XS —R: 0 1 = T(rich, plant, poor)
transition model

e R:Sx X = R: fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.05

0.98



Markov Decision Process (basically)

S = set of possible
states

» A = set of possible
actions

e 55 € S:Initial state

e T:-Sx A XS —R:
transition model
e R: S XX —>R:

reward function
*c.g. R(rich, plant) = 100

pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.9

= P(St = poor | St.1 = rich, Xi.1 = plant)
0.1 = T(rich, plant, poor)

0.05

fallow:

oushels; R(poor, plant) = 1C

0.98



Markov Decision Process (basically)

S = set of possible
states

A = set of possible
actions

e 55 € S:Initial state

e T:-Sx A xS —R:
transition model
e R: S x X —-R:

reward function
*c.g. R(rich, plant) = 100

pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.9

= P(St = poor | St.1 = rich, Xi.1 = plant)
0.1 = T(rich, plant, poor)

0.05

fallow:

oushels; R(poor, plant) = 1C

0.98



Markov Decision Process (basically)

« § = set of possible
states

A = setof possible

actions
0.9

° 1Nt '
SO E S . Inltlal State — P(S’[ = poor | S’[—1 — riCh, At-‘l = plant)

* T:SXAXxS—R: 0 1 = T(rich, plant, poor)
transition model

e R-Sx AR fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.05

0.98



Markov Decision Process (basically)

« § = set of possible
states

A = setof possible

actions
0.9

. i .
so € & initial state = P(St = poor | St.1 = rich, Aw1 = plant)

* T:SXxAXxS—R: 0 1 = T(rich, plant, poor)
transition model

e R:-Sx AR fallow:

reward function

*c.g. R(rich, plant) = 100
oushels; R(poor, plant) = 1C
pushels; R(rich, fallow) =
R(poor, fallow) = O bushels

0.99

0.05

0.98



Markov Decision Process (basically)

« § = set of possible
states

A = set of possible
actions
0.9

° . : '
1" S >< AxS = R: = P(St = poor | St.1 = rich, At1 = plant)
transition model 0 1 = T(rich, plant, poor)

e R:SxA—R:
reward function fallow:
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1Q

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

0.99

0.05

0.98



Markov Decision Process (basically)

S = set of possible
states

A = set of possible
actions

e T:SxAXxS —R:
transition model

e R:SxA—R:
reward function
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1C

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

e A discount factor

0.1

fallow:

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)
= T(rich, plant, poor)

0.05

0.98



Markov Decision Process (Pasically)

S = set of possible
states

A = set of possible
actions

e T:SxAXxS —R:
transition model

e R:SxA—R:
reward function
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1C

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

e A discount factor

0.1

fallow:

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)
= T(rich, plant, poor)

0.05

0.98



Markov Decision Process

S = set of possible
states

A = set of possible
actions

T: SxAxS —R;
transition model

R:S§xA—R:
reward function
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1C

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

A discount factor

plant:

0.1

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)
= T(rich, plant, poor)

0.05

fallow:

0.98



Markov Decision Process

S = set of possible
states

A = set of possible
actions

T:-SxAxS—R;
transition model

R:SxA—R:
reward function
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1C

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

A discount factor

plant:

0.1

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)
= T(rich, plant, poor)

0.05

fallow:

0.98



Markov Decision Process

S = set of possible
states

A = set of possible
actions

T: SxAxS —R;
transition model

R:S§xA—R:
reward function
*c.g. R(rich, plant) = 100

bushels; R(poor, plant) = 1C

bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

A discount factor

plant:

0.1

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)
= T(rich, plant, poor)

0.05

fallow:

0.98



Markov Decision Process
plant:

0.99

« § = set of possible
states

A = set of possible
actions
0.9

° . : '
1" S X AxS = R: = P(St = poor | St.1 = rich, At1 = plant)
transition model 0 1 = T(rich, plant, poor)

e R:Sx A—-R: . s

reward function

*c.g. R(rich, plant) = 100
bushels; R(poor, plant) = 1
bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

e A discount factor




Markov Decision Process
plant:

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)

S = set of possible
states

A = set of possible
actions

e T:SxAxS —R:

transition model 0 - = T(rich, plant, poor)

* R: ng«“ — R: . Definition: A policy 7 : S — A 9
reward function specifies which action to take
*c.g. R(rich, plant) = 100 .

IN each state

bushels; R(poor, plant) = 1
bushels; R(rich, fallow) =
R(poor, fallow) = 0 bushels

e A discount factor




Markov Decision Process
plant:

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)

S = set of possible
states

A = set of possible
actions

e T:SxAxS —R:

transition model 0 - = T(rich, plant, poor)
* R: ng«“ — R: . Definition: A policy 7 : S — A 9
Eewalg | UﬂCl’[IO? o specifies which action to take
e.g. R(rich, plant) = in each state

bushels; R(poor, plant) = 1
bushels; R(rich, fallow) = \* Question 1: what'’s the “value”
R(poor, fallow) = 0 bushels of a policy?

e A discount factor




Markov Decision Process
plant:

0.99

0.9

= P(St = poor | St.1 = rich, At1 = plant)

e S = set of possible
states

A = set of possible
actions

e T:SxAxS —R:

transition model 0 - = T(rich, plant, poor)
* R: ng«“ — R: . Definition: A policy 7 : S — A 9
Eewalg | UﬂCl’[IO? o specifies which action to take
e.g. R(rich, plant) = in each state

bushels; R(poor, plant) = 1
bushels; R(rich, fallow) = \* Question 1: what'’s the “value”
R(poor, fallow) = 0 bushels of a policy?

* A discount factor « Question 2: what'’s the best
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What it | don't stoglo farmm

3ooorsoH

\ R(rich,plant)=100
* | R(poor,plant)=10
R(rich,fallow)=0
R(poor,tallow)=0

. Problem 1 000 bushels today> 1 000 bushels in ten years
e A solution: discount factor v: 0 < v <1
e Value of 1 bushel after ttime steps: 7" bushels

 Example: Whats the value of 1 bushel Eer year forever?
V_1+7+7 + =14+ vA+v+y"+--) =147V
V=1/(1-7) E.g.7:0.99:>V_1/O 01 = 100 bushels

« Vi(s): expected reward with policy 7 starting at state s

Vr(s) = R(s,m(s)) +v 2.y T(s,7(s),s)Vr(s)

 |S|linear equations in |S| unknowns
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