What is Learning?

Learning denotes changes in the system that are adaptive in
the sense that they enable the system to do the same task or
tasks drawn from the same population more effectively the
next time. -- Simon, 1983

Learning is making useful changes in our minds. -- Minsky,
1985

Learning is constructing or modifying representations of
what is being experienced. -- McCarthy, 1968

Learning is improving automatically with experience. --
Mitchell, 1997
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Why Machine Learning?
* Data, Data, DATA!!!

— Examples
* World wide web
* Human genome project
* Business data (WalMart sales “baskets”)

— Idea: sift heap of data for nuggets of knowledge
* Some tasks beyond programming

— Example: driving

— Idea: learn by doing/watching/practicing (like humans)
* Customizing software

— Example: web browsing for news information

— Idea: observe user tendencies and incorporate
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Analysis/Prediction Problems

* What kind of direct mail customers buy?
* What products will/won’t customers buy?

* What changes will cause a customer to leave a
bank?

* What are the characteristics of a gene?

* Does a picture contain an object (does a picture of
space contain a metereorite -- especially one
heading towards us)?

¢ ... Lots more
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Tasks too Hard to Program
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STANLEY: Stanford Racing

¢ http://www.stanfordracing.org

+ Sebastian Thrun’s Stanley
Racing program

* Winner of the DARPA grand
challenge

* Incorporated learning/learned
components with planning and
vision components
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Software that Customizes to User

Mils Lt View Go Dookmarks Options Directery Window nen neml

zlzszlelalale

WMJ]htm { fsnmeawisewire. som/Showlire , sme?Usine = N

| wnans g [vmals’xmv | Destmannns | e t Siaareh | Fenpia] sat 1
. HGWPChanedrarargon 2

Glick 1gre ¢ fake the dependericy quiz

5 Apow: | URL: s
ety
i
|t
belcw)
ity
b4 peclalor
° T ENES'I LIIMPREHE"SIVE WINE WEB SITE IN THE WORLD
lcome Lo the Windy Cily
LpeletEAERIAD e e =

CS 8751 ML & KDD Chapter 1 Introduction 6




Fa uononponu| [ sidey) aa¥ ® TN 15L8 SO

(Sururw eyep ur A[[eroadss) Ansnpur uippng o
saseq eyep o[dwis 03 parddy . ,
SHWI] ‘SSOUIAI}OQJJO FUISSISSE UO JIOM JUBOIUSIS
SO[QUIOSUD - swWILIoF[e 931s0dwo))

‘souryoeur 103994 Jaoddns ‘uo1ssai3oal ‘saa.a)
UOISIIIP ‘S}OU [RINAU :SWIYILIOT[B UO)RIOUSS-)SIT] »

:310q001 9yp Jo dip ay

SuruIed QUIYIBIA UI JUdsaId YL

n uononponu] [ sidey) aa¥ ® TN 15L8 SO

(suor1s109p peq proAe) aImny Y3 ur swejqoid refrwis
im pajuasard uoym a3pojmous] parmboe oy osnoy .
swa[qoid y3no) SUIA[OS Ul POAJOAUT
J1om Joquuowal (039 ‘Suruueld) sossodoid yoress Juung .

ploessoeg
jwelqoid

Suruied  [eonAreuy

o1 uononponuy | 1dey) aa ® TN 1$L8 SO
(pamorog Aorjod j1) ,
JUSUIDOIOFUIDI 2ININY 3SAYSIY 0} SPLa] ude) uonde :Adrjod « |/
uornouny j

Ko1j0d sonpoid o3 Furuwerord orweukp QuIfuo (BIP]

6 uononponuy [ 1dey) aax ® TN 15L8 SO
(313 J0U S0P JeY) BIEP) SISBQ BJBP UI SAI[BWOUR JOJ JOO] —
SoIn)esJ uoam}aq sdiysuorie[al [eolBWAYeW I0] JoO] —

SEOPL IO o

«sossepo,, ojur syutod dnoi3 - urdsny) .

(s9381S 203 OU) 2JRIPOULIAIUL INJBA : X x X
0} MOY - PAAR[OP Ik (SIUSWIIOJUIAT) JOBQPISJ :WA[qOI o x® o
X

. <« Wby umop 4 S

Y < < <« >y dng ,

«A ‘suonoe 9|qissod

Pl B |eob - o x X X

W< << uels-g 9 X ®x x%x

Koljod wa|qo.d X X
SUIIBT JUSWIDIOFUINY Surured| pasiarddnsun

8 uononponuy | 1o3dey) aAax ® TN 15L8 SO L uononponu] [ 1dey) aax ® TN 15L8 SO

Surprws jou si/s1 908J © Aym
JO (ere01pUI JBY) SONSLISJORIRYD) [opow Jojul :yoeoiddy TIN

£(1ou .10) s.1ay10 Yy f
ay1] Jo] v s3ulyy 252y} 240 AYM :9WEST 199G JWESIS UO UONRLIBA — )

;ormws & 3o1paid ($)01ISLI0I0RIBYD JBUAN o

®0l%e
~H®:

Surured T 1doouo)/uonedrfisse)

v

SwA[qOId JATOS A[QAT}OJJO 2I0W 0} FPA[MOUY|
unsIxe auIqUIO0AI :FUILLIBYT QAIIONPI(]
(*939 “s®e) 30901 © wIoj1ad
‘s103001D) Jo awed € uim “39) 80T pake[ap oAdIyor
03 soaow djeridordde ures] - SurILST JUSWIIOJUINY —
(-019 ‘ona reoneWIdYIEW Mou Jojul ‘sdnoid
Te[IUWIS 0jul S|ESTUIAYD Yedlq 3'9) SOnSLI)oRIRyD
MIU IOJUT 0 BJEP QUIWIEXD - SuluIea] pesiazadnsun —
(*939 ‘Anq JoWO0)SND B SIAYBW JRUM ‘UNJ SSB[O
SD B soyew jeym “39) SIOqUISW SSB[O JO SONSLIAJOBIRYD
AJnyuapr - Sutuies] uonedyyIsse[)/1dosuo) —
(1091100 pagjueIens Jou) SUOIIBAIOSQO WOLJ
93po[mouy] mau SULLIQJUI :FUIUIBY 9ALONPU]

SuruIed T QUIYIRIA] JO SBALY QWO




91 uonpnponu] | dey) T - TV :1#SS SO

{SWISAS
urures] [8o130]01q WOIJ 193 oM UBD SINI JBYA\ o
(d[oy 1oures] Jo o3pajmouy| Jord ued MOH .
(AI1qeUIBY JO SHIWI] [BO1)OI0AY) O} AIB JBYA\ o
(A9RINDOE JOUIN[JUI BIED ASIOU SOOP MOH
i oedur
uonejuasaidal sisojodAy Jo A1xo[dwos saop MOH
(AoeInooe
oouenyjur sojdwexe Jururen Jo IOqUINU SOOP MOH e

H(udym pue)
[19A suonouny djewrxoidde ueo swyyLIod[e JeYA, o

SuruIed T QUIYJRJA UI SANSS]

1 uononponu] [ sidey) aa¥ ® TN 15L8 SO

SwaISAS aseqere(q o

K100} UOJRWLIOJUT

A1097) [OIIUOD)

K1oo Aixerdwios [euonendwo)) .
Aydosoriyg e

SOIJRULIOJU] [BOIPIA PUB SOIIRULIOJUION]
A3ojo1qoinou pue A30[0YAS]

SonSNEIS o

00USSI[[OIU] [RIOPNIY

sourdiosi(q pare[oy

4t uononponuy | 1idey) aax ® TN 15L8 SO
(JreNEM “879) 31 3IM Aduow Jo s3o] oewr soruedwo) —
¢qnaqny oy} e ST o
93parmoury Jo uononpoid orjewone
‘eyep mel Jo sisAJeue JoJ sanbruyos) pepuaixe :SINGJ —
SIo)jew AOUDIOIIJO a1oyMm SuluIed] (N —
:50AN0ads1od JO S)10T .
SUWIQISAS 9seqejep pue
Surures| suryoew A[qeIOU ‘SBAIR [EIOAJS SOOBJIAIU]
(onss1 ue s1 AOUAIOIJO 9I0JIAY) PUR)
BIEP JO sjunowe 931 JO SISA[BUR U} :BOPI [BIOUDD)
yse nok oym uo spuadoq .
,(Sururp Ble(q ©9°1) saseqeie(
Ul AIQAOISI(] 93pa[mouy SI 1By

€1 uononponuy | 1oidey) aax ® TN 1SL8 SO

uoneIuAWLIAdX9 9A1}08 Aq SUIUIBOT
(pappoquia Surured] yim sofengue] Jurwei3ord e
PoOppaquid Jurtuied] M Sjuady
Surured] SUOOJI[ ‘QANB[MWINY)
BJep BIPOW-N[NUW SSOIOB UIBT
SPa9J SMaU pue
QoM SE [[om SB ‘soseq iep 9[dnnuI SSOIO. UIBdT

:30edwr Jo seare Jo s10]

SuruIed QUIYIBIA JO 2Imn, Ay,




