2

s Weka:

= Yale: yet another learning environment
= http://www-ai.cs.uni-dortmund.de/SOFTWARE/YALE/index.html

= http://www.kdkeys.net/forums/

(eg,

/KDD)

Autonomous Learning Vehicle In a Neural Net (ALVINN): Pomerleau et al

Navlab-5 (1995). 70mph . "No Hands Across America"
http://iwww-2.cs.cmu.edu/afs/cs/user/tjochem/wwwi/nhaa/nhaa_home_page.html



http://www-ai.cs.uni-dortmund.de/SOFTWARE/YALE/index.html
http://www.kdkeys.net/forums/
http://www-2.cs.cmu.edu/afs/cs/user/tjochem/www/nhaa/nhaa_home_page.html
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?
(Power Law of Practice)
http://www.h4ns.net/checkers/index.html
http://www.zipschocolatechip.com/puzzles/checkers/checkers.htm
b , V(b) =100
? b , V(b) =-100
2 b L V(b)=0
(e.g., / )? b + V(b) = V(b) b b
2 b’
’ , operational
legal move P
?
feature (e.g., ,2 )
ChooseMove: Board — Move ( ,or policy)
V: Board > R ( )
V: Vi bp, rp = , s bk, rk =
:V  operational btv"f: '
V(b)=w, +w,bp(b)+w,rp(b)+wbk(b)+w ,rk(b)+wgbt(b)+wgrt(b)



http://www.h4ns.net/checkers/index.html
http://www.zipschocolatechip.com/puzzles/checkers/checkers.htm

V(b)
V(b)
Viain(b)

Vyan (b) =V (Successor (b))
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(LMS)
REPEAT
b
error(b) . Arthur Samuel(1901-1990) :
error (b) =V, (b)-V(b) Playing checkers at SAIL
i w; © with teletype ~1970
w, «w; +c-f; -error (b)
c
D
?
?
?
?
?

. : “fitting”

. (e.g., )
. ( )

. ( )

. (e.g., / )

- taxonomy




supervised learning
examplesx,f(x)) —approximation f(x)
2
unsupervised learning
: , (codebook )
observatias x x distance metric d(x,,x, ) — discrete codebook f(x)

?

reinforcement learning

. : f <x, f(x)>

: ( )
. state/rewad sequence{(s‘ S)iA<i< n} —policyp:s—a
? C )
f <x, f(x)>

¥ = (X, X5 X5, X)
Xg ———>

x
e
X
9
x
[
x
IS

o|u|s|w|N|k|o
OR(O|FR|O|O |0 K
Rk~ |o|o|o|r
o|o|r|o|r|o|r
==l =l=] 2
olo|o|r|r|o|okS

Xit, yit, Fr(tixtxtgxt) >t
{ M xtxtyxt,xt) }o> (txt,xt;xt) >t




« |[ASB|=|B]|IAl
s |H*>H|=]{0,1} x {0,1} x {0,1} x {0,1} — {0,1} | = 22* = 65536

.
2 0 0 0 0 0 ?
i 1 0 0 0 1 ?
[ 2 0 0 1 0 0
3 0 0 1 1 1
4 0 1 0 0 0
= 7 s f 5 0 1 0 1 0
9 — 6 0 1 1 0 0
29=512 (65536 ) 2 5 I n 0 3
8 1 0 0 0 ?
9 1 0 0 1 1
10 1 0 1 0 ?
11 1 0 1 1 ?
12 1 1 0 0 0
13 1 1 0 1 ?
14 1 1 1 0 ?
15 1 1 1 1 ?
n
| |
. h
and
[ ]
. (Water = Warm
=« don’t care Water =?
. Water=9
n

Sky AirTemp  Humid Wind Water  Forecast
< Sunny ? ? Strong ? Same >

= : EnjoySport
Sky AirTemp _Humid Wind Water Forecast EnjoySpt
Sunny Warm Normal ~ Strong ~ Warm Same Yes
Sunny Warm High Strong  Warm Same Yes
Rainy Cold High Strong  Warm Change No
Sunny Warm High Strong Cool Change  Yes

n

u

. X: Sky, AirTemp, Humidity,

Wind, Water, Forecast
¢: EnjoySport: X — {0,1}

H:
., ?, Cold, High, ?,?,?
D
H h D X

A=)




instances X

hypotheses H

° o

° o, h, \
h2

[ ]

X, = <Sunny, Warm, High, Strong, Cool, Same>
X, =<Sunny, Warm, High, Light, Warm, Same>

<, = Less-Specific-Than = More-General-Than

Find-S

Instances X
o X5 e

X, = <Sunny, Warm, Normal, Strong, Warm, Same>, +
Sunny, Warm, High, Strong, Warm, Same>, +
X3 = <Rainy, Cold, High, Strong, Warm, Change>, -
X, = <Sunny, Warm, High, Strong, Cool, Change>, +
s Find-S

.

. h

hy
. | ——— \

\_Wm

Hypotheses H
h[)

VaVA AN
AAS

. .
h,=<0, 0,0, 3, 3, B>
h,=<Sunny, Warm, Normal, Strong, Warm, Same>
h, = <Sunny, Warm, 2, Strong, Warm, Same>

h,= <Sunny, Warm, ?, Strong, Warm, Same>

hg = <Sunny, Warm, ?, Strong, ?, ?>




i Find-S

candidate-elimination

h c D
D <x,0(X)>
AR=c(X)
Consistent(A, D)=(V{x,0(x))e D) A(X)=c(X)
H D
D heH

VS, ={he H| Consistent(/,D)}

consistent

5

iList—Then—EIiminate

s VS« H

H

. ( XSy oy
. greatest Jower bound (GLB)
. VS, =

: General Boundary
. VS, G:
. = VSyp ="

: Specific Boundary
. VS, S:
. = VSyp =
. S G

w VS ={heH|(@seS)(IgeG)g=s,hs,s}
XSpy=Ex oy

; L = most general)

. (x,0(0) Vs hX)=aX)
h
= /S
I<Sunny, Warm, ?, Strong, ?, ?>l l <Sunny, Warm, ?, ?, ?, Change> l
‘ <Sunny, ?, ?, Strong, ?, ?> ‘ ‘ <Sunny, Warm, ?, ?, ?, 7> ‘ ‘ <?, Warm, ?, Strong, ?, 2> ‘
[<sumy,2,2,2,2,2> | [ <2 wam,2,2,2,2> | [ <2,2 2 Stiong, 2, 2> |
. ©) ©)

S:

<Sunny, Warm, ?, Strong, ?, 2>

<Sunny, ?, ?, Strong, ?, ?>

<Sunny, Warm, ?, ?, ?, 7> <?, Warm, ?, Strong, ?, ?>

T~ N

G | <sunny, 2, 2,2, 2, 2> <2,Warm, 2,2, 2, 7> |




1/3

2/3

= d G
xS d S
. S
.S h S
=h d
= G h
( VSip ) ,svd )
=S S

s G«H
 {<?,...,7>}
s S«H
« {<O,..,0>}
n d
3/3
= d

s,| @00000 |

d;: <Sunny, Warm, Normal, Strong, Warm, Same, Yes>

f

S1 ‘ <Sunny, Warm, Normal, Strong, Warm, Same> ‘

d,: <Rainy, Cold, High, Strong, Warm, Change, No>

f

[ d,: <Sunny, Warm, High, Strong, Warm, Same, Yes>

SZ = SB ‘ <Sunny, Warm, ?, Strong, Warm, Same> ‘ d,: <Sunny, Warm, High, Strong, Cool, Change, Yes>

)
J
1
}

S,

‘<Sunny,’?, 2,Strong, 2, 7> <Sunny, Warm, 2, ?,2,?>  <?, Warm, ?, Strong, ?, ?>
A " —

G,

G;

(30=(3.1=(32 <?2,2,2,2,2, 7>




<Sunny, Warm, ?!
yes
<Sunny, ?, ?, Strong, ?, ?> <Sunny, Warm, ?, ?, ?, 2> <?, Warm, ?, Strong, ?, ?>
query
G: <Sunny, ?,?,?,?, 2> <?, Warm, ?, 2, ’7@ ‘
u ?
. ?
= <Sunny, Warm, Normal, Strong, Cool, Change>
= <Rainy, Cold, Normal, Light, Warm, Same>
= <Sunny, Warm, Normal, Light, Warm, Same>
u H
: <Sunny, Warm, Normal, Strong, Cool, Change, Yes> " : or
: <Sunny, Warm, Normal, Light, Warm, Same, Yes> L] H
S: <Sunny, Warm, Normal, ?, ?, ?> .
? . H o
, <Sunny, Warm, Normal, Strong, Warm, Same> u
= S G uncertainty
L}




