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- enobleS compytore £O learn Wthout being exglicitly programmed
(Arkhoy Samvel 1953)

- Tom Mixchell = g yroacam leatns £rom expecience (€) cegarding G
xack (X a performance measute () if ks pecfocmance
InpTONES ) Xhad eXpelience
g, veakher forecdsting dppexcience = Wistonic. dl wedthel datq

tadk =gteaicXi0g Lodays weokher pcrf =1ainNsor oot

-teal world = €ace recogntiOn spam Kilkers o email ceCOMmMENAaXions
(NeXAWR) €egud detection (Paytal) gen AT (cPT)

AL ye WL

-AL (broader) Y credting & proaclm L gt can sense aet & adavk o
mmic liman behavour
decision MAKing
- cwvlaking Maturg) inteligeNce to solve complex gro\n\ems = leagds ¥
\i\t?_"tganco_ . 2 \N‘Sa\Om
"W\L = subset ok AL
- echnmie des ghed Lomake amaching improve 1ts vecfotmance 0N &
specific. tack by karnng £com data B exoefience
-Creating se\Elearning @lgocithme T knowedse
- chece progtdm w hand-weitked rules = AThvt nok ML (Nothing ¢
\eacned)

“cpom LRl Xc0ined N WY mails = WL

(2

data ws intocmation
AGLANS 0T MmOTION

-d0%d = cOW unproCessed facte Mumbers text of symbole

~lacking context DO mEANING o0 LS OwR

- pLormation = data alr oV0ceSced OV Contextuahzed Lo make
mealito-Ful X usecy)

T ONSWECS who whok wheCe when
- DT¥W pramid (Pata Informakon Knowledoe Wicdom) = how cou

facts ave prosrecsively £ransformed wLo actnable human
Nagement




A\
/ %\
A

-9 = disciete ohiective €acke or observatione
- moct thundant koce alied Ldatabase of LimeStames &

PrOGUCE codes)
-1 :data catq,qarxlﬁo‘\ calcv\ated of condensed +0 gne medning

(cales cepovt sales A 2 sales ©)

K= oo cynxhesice d¥ analyed Lokind patterne Tules conpeCTions
- £\ how (A 7 Bon weakende bz \esure item Promoted ® T

newsletters)

W = Gpp\qu k(\O’N\ZO\jﬁL xp wmoke skcatege jup\gq,mo.\\ts

“xhe Wy foresight  ethics long tetm (mowe Gd\}gf"’f]S\ng budget
2 weekend)

MeOoCxalce

- globa volume o€ data ko™ eNkerprises 2tC keRpS atowng & problems
get moce complex 2 auwtomation

~hand-wrikten fules = Costly W eScoc prove
= huma0s prO\nd% dota eXtrlct Leatures

- Xhe a\goTikhe £1ouTes put S cvles oo £S swn £O pvOAUCE e cesvlt

non-ML s ML

- bokhhave the same poe\e dataset = feakure exkraction =
Tule = result
- heon\y dhikference ¢ whd WIS Ly rule
~ oML = human
-1sShe thece © 100 Mady poscible CASLS
- 29 TF smooxh X orange THEN orange
“ I cmooth Need THEN agple
- ML = gne the ggorithe 106 of eXamples B Cqures out the Tules

by itsel
- a\gorithm * the Code the proatoMmMec wiikes

- mode) = vhat comes WL afte~ the a\gocithm ledrns £rom data

cateaories

swelviced

- enRry exomle hac the correct Vabel (ohotos toqal’—&‘ cak Oc, 309)
- classfication * predict aspeciC class label £vom pcedefined diiq

“WhiCh one s it of whatkinds ik
~ detecmning € a £wanciol profile £al\s to bad or £air ot g4o0d



“16x Y6, AND Y7 £, Then A

-4 threchold Mmhers ace the disComdngs

- 1¢ xemperatire 7 % AND vty > 90 THE W sunny 3L & %07
aee the diccrimnalite

- IF payment. history € 57 AND length of ccedit Wistory & 30% AND
type 0€ credit & B0Y% THEN bad
= M = p\‘er)frct a conlinuous Tea\ tumber
~ how much of how maty
Ty uktwg
- oredict WL score fTom Statictics Dicccrete Maxh &
Programmingscotes 3 find The weighe o£ each

daSSr-FmGt\on reg(o,GS\o

cGteqoty / \abel a $peC&IC numbet
which buc ket ?

cxudent'cexact final SCOTR

unSLpL 1S
- no \ahele

- wmachne Neede €0 £i0d hdden stiuckbees mecsy data

never \oks at Lorgety only studies how £edtures relate o edch
othes

- CluctecingLarouping prokiles) seeoverall characteristics of oo\ o
+£hingS Ocgamze +0 Aistinck ceamenkts hace d on how s"\mnla\"gehw
are

- which o€ JWese things belong xogether i @ grovp eq Young paTeNtS 1/
hellehy eatels

- groupng cbSLomers hy Lhew past tlancaCtuvne
- £1ndilg Sinlace petures and catlgocizing news
- Cluckering cvz Mobody gove khe grours @ Name be£ocehand

- ggsocakion (_Qanmc.{-_mq i ems les) £ N
el rules) finde speCifiC +c _
links betwean tems or eve™ts That £ve, hagpen at The cAREEfhe

- f X hapens  whok else g \ke\Y 4o hapren 2aif Yoy A 709
chanCe \Juy v
- zbaskekt analyss

- o\\me.nsmnah-!r_r veduCtion 2 caueezZes many feotwres aow 10 fewer

- g datase T of studedts cach Student B0 feltyces (sCofes n
50 <ub Ja,c-\—.e:)

moSt of the Ledkures move fo gethec (&
at alin etc)

- 502 3 wath dhiliky \anguage ablity creaxie abilty
- Lower features = Caster tlaining €SS memoly less moise =

preventoverfitting easer visualisation (lo 0n 20 chart)
~clustering ug dmelconalixy fedyct pn

009 X calculus also gp00



-clustering = cows (grougs £he comples)

“geovp  SLgTeNL similar CuStomecs

- dimensionality feduckion * columne (fever feoxures)
" £00 many fedtures Compiess uswlize m 2Doc 39

other types

W
Suget\ised a\l \abelled wotas tanqed cat oc AdS
unsugetuced W labelc grouping cus£Omess

f.L00 0393 + AM00 untagged

Cewltras game AT +L win ang

e CupecI ELd
Teinkorcement

- semigupecyised (1eale moce £0 <choecrvised) labeling data s
expelsie <o only label G ewmall part = mode) learts &rom thece \abels
(ke Google Thotos)
- TQ,\“-QOTC@“\BW‘: = aﬂ@httakms actidNS \ a0 etwivonmeNe BL q&ts
ceward 0c penaley = ouee tme \eor S whch dculs earn most

ceward

QNS

- khwe pFOha\;ﬂ\tY 0% X giNen X
- Plsoread | breod) = 0.7 3 T0% o€ cuctpmges Who buy beedd alco by

chOC. SpTeda
Y\ X, D) % 0f khe chictome s who are young K cnge (0) and bought

Wead (X), the £ract ion who alsd Sought Choc Spreda (X)
- probability can newet he 7 4

Terms

- colmo = feature = ndepende™ yacable (K)

- row * sawgle = one daka ponk

“targek vy © degendent vaciable

- Bocton Xable one Cov = a 50™Ie (png houce GTRA I Boston)
- 4aTgek =house price - what wece predicig

- python s = Numpy (airays) SCily (numet icalalgoTithms)
maxplotlth (flots) pandde (Lables) sckikdearn (ML @gorithme)

-no notebook ths week

exom Chock

- E T 9 £or ascevacy
- ¢plm £\t 3 E = mals macked coam O Mot and T = decde W a
New M3V 5 50am and P =shace & gets riahk

- which task gnd \,)\\Y
—orice Of a wevd CON ¥ teqression Cuz The answel s g tumbec



- 1S oc fail 2 class€ication cyl Xhe ahewet ic a labe
~ Chckomesavoups With no names = clustering cuz thereare w \abels
“eople who bby biead dsobuy read Y acsocioton W7 ik ks things
that Wippenioge Lhec
~ chperViced 0T NOL Y does the dotl WANL Lhe Cght onSver
- AT of ML 2\ tnything kaened €rom data
T mR bpe
- Classificat ion oM cegrecsion Gee both cupervised
- clustering afows Tous ahd dimensionaliey redicton sheinke columas

" llgotithm = the code ohd wode\ = what e code \edrhed
- feotuce = cOMN =X and Xatget = 7

week

Tegiession

-sypervised Igocithm that predicks o continuovs valve Scom one o¢
moT ¢ voriables
- house priCe 240 2 ceqresSIN cuz the ancwer is a Mmbec 00 @
sCole
- o0 o N0 spam FN0L Tegreccion iz the dbswer 1S & IGbe)
- K= ma‘?.pzvr)«w‘h \mnablec= -(-QG".U("Q.S
-X = dependent varioble = ka(ﬁEt

- Boctonkable = £he 49 columds CRIM 40 LSTAY are K and houce
pVic s X

o L

Xagk Leatutres

m temperatice humidity plessure wind Speed

WOUS g t00mS L.oa0€poc land Size Wouse prick

stocks profit sectot month econdmy
3a50/ine weight holce povey engine

:

“a\l £ afe Tegeesson cuz evevy tatgek is a N bec

Simple linedc

? = eu + 9\*&

- 5 =predcted \aciabl
B, =wkercepk 2 the valie of § when x ¢ 0
" Oy =5\0%2 3 how much § changes WheN x goes yp byl
“X = thesingle eredicor

-g= g tdIr gt x=Lwe ey &4

-s\ide example X4 = 064 Tooms
~ Lraimng® find £he B ghose \ne fits the powts best



o0V gnd mekrics

oy =Y F
“TRa) y2465 and predicked 9= 16 35crpy = 4.5
MSE = (W) £ (y - Y
- Suacig Y olug apd MRS efTors Cannot cance! and big ecTorS afe
Aniched more
- QIE_@&’S-EE of Ineas reqression = €ndthe & Lhat minimise xwe MSE
- WAE = medn of |y -9l
“eccors0d 0408 03-2 WMAE = L0/ 4 =025
- same Wnits Gs yso it edde g 05f BY0.9.6 o avecage
- !\ig_j wnedl ot the ;quaved e oS
- same efrore Y 0.30 7 &= 0075
- one big mies domnakes i cuz ok the sauare
- RMSe = {MSE - back n £he uniks of y
-9 = sare of he ygraton 0y ENOk Lhe modelerlails
- = perfect
- 0= M hektec Than G\\uays que c<ing the mean
0.73 = explads 797 of xhe \aeiation

least Squdses

"k=1234%andy:=34 68 3K=25and 7= 525
B = S(x -RXy -§) 7/ S(x - x)
Bﬁy '94,5(

6 =85S/ 5=1.7
B, =595 -47*25=40
3 =40 +47x



WSE = 030/ X = 0075

\‘\\J\-EI\)\/% \iDearT

328y + Byt Orxy T .. T Bixa
g=6% (x4
Mrice 6, +6, CRIM * B, LSTAT * B3 &M + B4 DTS
- same el wih one B ot feakure
- S\de exdmyle 3§ = T-&e6b -00d -0e5 HAT]
0w 3 = CRIM 028424 gnd LSTAT 2983 ard M 5624
price = X586 - 008 * 0.2849% 005 %2993 +547 » 6O
ociCe =456 -0.00g - 46.4-6+ %030 = alb
“Teal price 465 3 ofvOv = 674
- Teo&u\g the SQne
—mius o0 CRIM and LSTAT = wore crime 0r ™More low status
pe0ple means \oWet rice
= p\US on v-\‘\ w072 00MS meals \\lgh@\' pice

NON-\iNLac

Tce it when the dataconndt be £ by & stedighk line
- oriCe V& Come 10¥e drop fask then flattens ? o W0 micses
the bend

- shapee = lineat and quadcatic and cubic and polyno T

ling = bad

A mial

§ =8, TOX + B x> + Dy’
- kcick 2 rename Xy = and X, = x* ang xg = x3
§= 90 + By t B.x, T B
-now it e\ Ciple linear teacesson so least Sauaces colues it
- goal * midimise the sum ot sauared cecduals belueel yand §
-oweTHEting = xhe mode | memorices the £raifing p0inks angd fails 0N
“ew O0eg
- Aeqree 40 cheve theovgh \g p0Nte 2 Lraw ector neaY ¢ gnd Xest
ertoc large



-Sign 7 tcan ervoc Lalls while £est ertor cises
-Una‘e.rﬂ"ctmg = khe w00l 5 o0 simple £0c the pakecn
- ckvaight \ing gn0 cUeved cloud » both xran 0 teck ool stay

high

00 simgle ok vevrkit

actbal %on-hoedr

“ysa ton-linear function ok the paramterse

- how t0 tell = cOn T renome The X Letms and gek G p\diN climot B
kimes something
'9\ z ea i 917\ T BQ_Y\I < yes sO k& 15 G-tr\““\?.(l\' \i\g

S ol 2
b 93 t ™% A g0 AVZ B, s savoced
“§=0, T .0,k ¥ 10 cuz+woh ace mult iplied

521090, + Bixy +Bxe) P Wz B cite wside The log
“§ %/ (4 T+ B % -8,) Y ciz B 1510 a powec and g dNEION 3 G
cheve
- no Fotmuld awes 8 dicectly + £ound by repeating swa\l impsovements

cegularization

- pUVRNkS oNerk ki bY adding 6 ehalty on lacge coefhicients
Ridge = WGE + a8, t 8,* +.)
Lagso = MSE + B\ +1B,0 + ..)
- Ldge = squared serollY 3 chtinks enety ook ficient towacd 0 but tevec
0 0
~vee Wheh many Coatures aee highly corvelated

- 80 tear duplicate colmns » Ridae keeys allA wth swmaill
coetficients

- Lasso = abso\vte pena\ty = fpces some copkficents ko exackly 0 =
feat e Se\Rctwn

= Uge Whep ONly a few feaxures mattel

“same 40 colimns LSS0 Keepg 2 of 3 and ZE¥0e€ £he roct
- 4 % gunalty chreNgeh

- & =0 plapn \ineGi vearession

“dwecy big?all coeffiCients vear 0 = underfit

‘p\ck & with 6ridSearthCN
- CAREFUL the s\ide weikes Ridge (LL) ahd Lasse (L)

~the skandacd Noming is WAGL = L2 and Lasse = LA
- & asked 2 decc.ribe whakt each one d0es ds we\l o the nome

900d practice




Dok on the shdes

- look fitst ~ Scotkel each featife vs £he Latget and Spox chrves
and out\ece

- 5p\X wik y @ Seed Sp Tesulkes Teplat

tvam_kest_splik(X, vy, xest_oze70.2, random _sta ,d_ﬂma)
- baseline Y a\wdys pro,&'\ch'mﬂ the wean gwes - = 0 and Xhe model

musk beasr
- start with a line then check the residua) plot o€ eveor e §
- tandom cloud = fine
- chrve = Weong shapeso Xy olydom ol
“funnel Y Ehe exror grows Wikh §
Pick the degtee wikh cT0cs WliddLio™ on tanand fewer by the Xost
<cole
- Ridge Gna Lasep ~ scale £he £20°CuTeS firch and fie he SCaler o0 Lran
only

G »seacCh powes OF A0 £hen Use the alpha the celreh eturns
- \eaklge = anything £itded on test tows Y a Pipehne prenents

maKe__p|Qﬂ.\'imf_gta\\éa\‘égcﬂlaro, ?OlynOMiG\Fea"WFQ.CU)—),
Q.o\getu\p\\mﬁ—))
- corffCrnt sizes ave only CompGiable uhen featuces are scaled
= which mgdg|
“hoe kifst 7 polynomal & the cesdus Corve - %dge i many
correlaked €oXucec ™ Lagso 10 drap USe\RSS ones

exam Check

- ovedick by hand = flug £he TOW 0§ = B + Oy xy +... and add he
<CYme
- BYYOT = Tedl minuS otedicted 60 MGE =maan o€ the Saliared
ecto\s
- €03 4 by WaNd ? khe W0 east Sqlares f0cmulas £hen +he tabie
- \inear of 1ok = check i £ s a plan SUm 0% O M spmekhing
-oNeT B pe inderkk Y compare kedinetTor Wk XesX otror
“Ridge OF LASSO ¥ chtink all N5 zefo Some
- TegTession o Classikica£iod ¥ pumbec \S \abe)
- MR ws
- WAE vs MSE ~ abeolite vs Sq\aored\
RS a shate and nox o ermor = wigher ic hetter

-coek_ = <lopes Gnd Nteecept = B
-fie_teanskorm on xrain and kranstorm only on test

-&k leatne £ ahd yredct Uses O

\ab Code

~This 15 £he Motebooks own code



- Linec morked CAREFL Ore mictokee Or £VGyS s £
" Euery model s the came & skers pick £hemode) £t on KTaling Fows
wedicX test ows scoce

lbod

mpor+ matelotlib.pypot as vk
mpOCk paldac s yo
MeoT™t OOy as Qp

A £he cQw Flo ctoces each Lown O X lifec, 0 cead it G5 glon
Oumbers &ivse

daxo Wl = “hktpl Nbstak convedu/ Aata;etcf boston'
(aw,df p()u.reac}__cS\lL adat.a_ucl, ep? “\¢t', SKiprous=10, header=None )

4 g\R the 2lines of each £own back L0 one cow 0f L3 £eatyreg
data = nphstack([raw_dfvaluesl:2, -, raw__a\G.ua\\m.Stﬁ-:ﬂ., 41D

# £he 3rd sumbes on euety seco®d \ne s the house ovice =xhe
tocgekl y
trget = cow_ddvaluecll:1, 11

# one table: 1 Damed featucee columng T the target colymp

boston_df = pa\DataFvame(.npc _Tdota, £Ovget], columns =
Op.append(CCRIW, "ZN', TS, 'CHAS' Wox', RW' 'AGe!, VIS, ‘oA
YAX, PTRATION ‘b, LSTATY], [tatgo_t']))
- CAREFUL: sep="\c+" Tns huk pritee SyntaxWaT™la: nyald escape

Seabence. CoTec 4 “OW\: SP_\FT“\S*'“

exploce
bosion_of.describel)

# copy o€ The tabk &0t Ahalyeis
de; haston _AErrCIw, ‘2N, INIUG, 'CRAS, NOX!, B, AGE', 'DIS),
'2A), TAX, PTRATIO, '), LSTAT, "Larget ]

# crime rate aqamst pViC.e: AT0pe €act, then flaxtens
o\sCat ter(bie.CeTM, bdk.taraet, Color="biue")
p\*..?%\ﬂbv,l[“(‘/r mina) Late")

o\ ylabel"Houce Price")

nE.show()

ko = haStL'CRIM, ZNT
histo.h 51O

'JP_Scr]b@_ gwes count mean s’(.A ™mih max eel colump
- hsk Showe how each column s SpTeGo



ik

# ohe. Tandowm tumber et TOW. True (ahoue B0 ss £otronng
dot = tp.random.candllenlbocton_dAE)) < 0.8
£7a0 = b3t )
test = bdti-dax]
~ ~meane NO\
- The mode! leacns &rom XA only
- Tesk Tows Check it honestly
- CAREFL o seed <o 4he Sphve and evely ¢ccocre change O edch tun

SwaQ\2 |inear

Lcom sKIRGCN mpory \mear,moée.l

Tegt = \nele_modelledareegressiont)

# X must be 2D (cpws X Ceatures), sp yee dovble brackeks

tian_x = Dp.asanyareay(Lrant'CRIMTT)
XraD_Yy = Npasdnyatcaylerain (target'1])

# fik =\east s6uaTes Finde the bect %
\‘Q,g\—.gﬂ'. (tea n_K, -\:\‘G'I“__Y)

vt ('Conthicents: ', fegc.coef )

prInt U‘Intemegt-_ ', reqv.m)ce\:_ce?t.-)

# draw the Stted [De Over the Lealing Pnts
ptscottetCeram CRIM, Lion.tacget, COIDT="blue)
otlotltram_x, reqv.coef_L0ATOIHEain_x + vegrinterceet L0, -1
“coed_ s the cbee By, Mo rcept_ 156, coef_[01ro] xakes xhe
Mumber ovt of tThe 1-Y al Oy
-The evaWakion cell s blank i the \ab (an execcise)
- Standard version
xest_x* Npadsanyattay(kest(1'CeIMT])
Tect_y = npasamyarray(tect ([MtarexT)
test _y_ * reorpcediCCLest _x)
it ("Mean absoWte eccor: %2f" % tp.mean(ne.absduteltest_y -
tect_y))
orinel"Mean Sauare Ecrov (MSED Yn ¢ ¥ np.meantlLese_y -
tosk_y) ** 1)
- Lab swtpuk = coek -0.408 ntesceot 1399 MAE 590 WGE 6349

mult iple [0RAT

egt = linear_modelbinearReqtescion()
% = 0p.asanyoctay(teanl TCRIM LSTAT, W)
y = DpasonyofVaytrantl't acge £'T1)



vegrAt (X, y)
™ (coekeiCients. !, ceqrcoes_)
&0t (Tnteccept: !, cegrankercept )
-Came model X now vas 3 Colbmns
- Each fealuce gofs iks pwn %
- The evalvaton ce\ls blank in the lab
-CxaNdarad s
y_hak = regrpredictCeestlU'cR W, LSTAT, &M 11)
X = 0p.asanyarcaykes£il'cR T, LSTAT =MD
y= npasatyaitay(test(Teacget T
ot Residual cum of sauaves: 426" Y nemednlly wax - y) *¥ 9))
et (Nasignce <co%e: %18 % ceqvscore(r, y))
-La% aukput = coets 0034, -0.605, 507
- Totelcepe-4.50
- Residual sum ok capares 20.0.%
-\ariance score 0.7%
- CAREFUL hat\ghel 1S wrong
~ P MO0 o calared efvorsic £he WSE nothve residual g of

$qlaves
- \ocionce <core = B2

-4 g pevkect

eolyNoma
from SKleGetoTepcrdCRES5INg oot PolynomialFeat vres
tron_% = puasanyarcayl Xranll'ceTMTD
Wall Ly = np.a;anyurrayttmm[['tavge’c'lﬂ
test_x = masayartayltes£lT'ceIN)
test_y = Np.asdnyarvay(Le st lege £71)

# degree 2. Lo Lhe colin X 00 3 columns: B, x, x*
90\1 = Polynomidreatures(deqree=1)
tron_x_poly = polyLvt_trans€ormiteain_x)

# dn KA0Gry [Nl reglescon 0N £hose Colimis = a4 cuSve D %
i€ = Ineac_wmodellinearegressiont)
xran_y_ = Ak Aeltrom_x_poly, tcam_y)
wint CCoeflicienks: | c\ecoek )
otink (ITnteccepl. ', cifincescept )
The Mename £MCK skl hnede N6 60 leGst Squases STl works
- CAREFUL: teain_y_ 16 a misleading name. €t fekurne LLhe model,

ok ofedictions

= The &5t coefkicient ic alwayg 0 becouse Xhe column 0§ onec epeats
the ntercept
-Lob, degree 2 covfe 0, 0,344, 0008%



-Tntetce ot 2483

“The e 3 cels are blank m xhe lab

- GxaNdaCd v sl
0ly2 = YolyvomialFeatyres(degree=3)
team_x_poly3 = vo\y?.&t_’cmvs(OVm(-{:mm__ﬂ
K% = hneav_wmodelLineareqressionl)
d{&(ltLuam__x__polyS , TVGin_y)

H +est cows get Xhe S colmns. +Tanskorm only, fewer &t agan
test_y3_ = c)£3.pedictl poly3 Atans€ormlixest _x)

“Lob degree 3 WAE 5.33 WSE 6440
-Bettec thanthe ctraght \ne (MGE 63.20)

Ridee

from skleacnlineds_mode\ mport Ridge
f5om sklearnmadel_celeckion import GeidSearchCV

co0e = Ridgel

# xhe enaty crenakhs o £y
paramRXers = Fa\pha'[0.008, 008, 04, 4, M0, 10013

# €oT RACh awha colit krail WEo S £oldg, tead On &, scor® on b, Tepedk

Mdge__VTegtessor = 6rdSeacchWCN(Tidge, QO ameters,
scocing=0eq_medn_absolvte_ervor, cu=6)

r\o\g e_ ceavessor£ it tan_x, tro A

peik(Tidge_cegrescorbect_patame_)
orinklridoe_ceqrecede.bect _scoce_)

# “xran vswg beck Tidge model"
nidg_model = Lidgelaloha=800)
ndqe_mao\e\f eltran_x, tean_y)

tesk_y_ = ridge_modelorediCeltest _x)

orint("Men absoluke esror Lo mmean(npabsolnte(test_y -
xesX_yM)

orine("WMea® Squace E-ror (MWGE): Yo £ Y, Np.meah((test _y_ ~
kost_Y) #* )

- Scoring 5 negartive WAE becayse s¥1eGTD “-'E“gs PE——
- Lab oukpvt = best. alohg 0004 bect score 17

- Then WAE 742 WGE 9829
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Nidee__Teqressor.best_estimator_

Las<D




frow skearn\inear _model wmeoct Lassoe

- \he seacch, Lraning and enaludr cells are blank o X\e zh. Same
pattetl ac Ridge wikh Lassol)

-L0b ovtgre beck alohd AeBo heck coore -BL.GD with a

CoMetgeNceWarning
- Then Lassolalha=A.) MAE 739 WSE %831

-CAREFUL come mistake

= The sedvCh me&A Ae-bS thwe \ab ff(lme.d Wik h a\ph& 24
-CAREFUL -390 againcy Widges 6,55 meals the two searches

hed o€ fecent ¢coring 0 those Lwo pombecs Confo be Compated

- CAREFUL widge and Lasso <core wotse (MAETA) £han plain c29ression
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- That comes from a dfferent candom split ok Erom Lhe penalty
- A genalty on one unscaled featuce doesalmostT Nothing
- 1dge and Lasep mattec wih many features scaled ficst

wo oK 2

Xime seTi\es

- doto nhk e deder = the model reads the piSX and predicts
Lt ure walves
- evety YOW has a timestdmg
- i€ telcks Var\ab\eg actoss Time
“winks depetd ob each sTher o nevec chukkle the cowe
- monthly sales Jon L0 Dec D tLime Series it the order Carcies
e pattern
- heights of 30 sxudente N0t 7 fyme seT10S CUL the 0T AL meanS
Nothing
- UOINGCiake = £im 15 The arly Ndepende N vatiable
mont iy sales alofe = uwhivatiate cz wepredict sales &eom LS

oW poSE
- muttngrio e =more than 0o nderndent \ahable

- cales plus WeatherANA Wodays 2 multnvacite cit oXhec coumne
help predict
~USe casec
- foreclsting = predict fukule valves Lrom hWistory
= hexk WONERS caleg or xrattic in 30 minvtes  frecastng Wz
Lhe GNSWET 5a future vale
- onOwaly detectioN= detoct wwsual behoviout
- 009 Network dckiviky OF a SLionae transaction - anomaly CuZ
breaks Lhe usual @ltecn
~ Wt g rn aNaYss = find teends and seasonal etfects and changes



-hgher Sales on weekends OC peak hours 0k powef Use 3 glXel ™ cuz
we describe what cepeats

aulocorTelaxion

T hOW 0 seres relates ko IS pwn jask Valves
- xels % pact obcervations O ucefy) inkormatkion €o- predicting The

Luxure
'h‘l k= KSkaps hack 3 loa 2 = +we value o dayc hedore
- ACF at lag = correlation between y(L) and L-k)
~a o\ var ax \ag 42 o0 money dafla = @ yeafly seosOn cuz L
wonh looks ke the came monkhlast year
“PACE = Lok between YLt and YK af £5 remoung Whak T lags 0
between a\reaa\y explon
-2a0 af€ect.e MY only theough Feb ¥ ACE ak \aa % is Wiah and PACE
ot a3 2 \snear 0
-PCE = tokal lnk And PACE = dicect WO only
~which bacs count = only Xhe ones pvkSide the chdded band
batad =061
- 48 months 3 band =028
“l09 0 ic always & sp gpote 1t
- by wand 5 4245 4588 9.0 1923 wikh mean 47.08
- dewations 5.9 499 =929 074 274 A7V BTA
top =2 deult) * dentxd) = 3363
bottom = £ dey* = 8749
ACF(L) = 3363 ( 8743 = 0980

ceNd sedsonality Cycle

- xrend = \0(\3 term Ncrease oc decteqgse
“an pline SEoSe clowly se\is mote 3¢ s customer base Qrows =
£re0d cbz 1T Keeys g0ing 002 way
* g&aioga_\\iyf Gpoternthax < 9499'0‘{5 ata p\"o.d'tc’cob\w Civeo
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- Youcly Aouly weekly mon-ehly guarecly o yeocl
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- Qic\ne pascendets peak every Yedr
- _cycle ® rigs and falic whose Timing o length oce N €ixed

LCOMMIC LXpaMSONE angd Tecessine = cycle ChZ nobody cansay hOW

long each one \ogke
T tesk dCan TSoy WOW many steps Ukl v repeats



-yes Yseasonalky

WV AN

trend seaGon cyc\e

ckationatity

" the statisticdl chavactemetics stay stable ower time

T xbvee conditidns
- coVeXant mead

" Cobstant variance
~CONGianCe o\P-OQmAS N the \ag ano nox 20 Xhe time

- consumptio® that climbs evely month = nok sCationary cuz the

medn Keeps moving
- CoNsUmpTiIon £8at wobbles AW one Guerdge win cteady spread

= stokwndcy
- why ik maARTS 3 ARTMA ggsumes g skationaty ce vies

& a qrend by dfferencing @ ceplace yik) wikh ple)- ML)
49 Lo 444300 M 2T 513 -1 +& +) L A

= Xhe climb 1S gone and the values Wowes avound Lg
" AF oSt Checks 'k
"0 005 2 ckatonaly
- lab 2 ¢ =0.000% sdskaxonary
"o * 040 2 ot statonaly so difference once and test ago®
Ve

AR ITMA

- Auko p-eqmsg.\.q, Integetted Vouing Avecage 71525 past Nalkes o
foceCast the future
“p * GUEOTeO LEENe peger = Mmbel of loas

"% = % %oday dewendS on khe last 2 valies
- 42 Wow many £iMeS the serves S drkkerenced +o become

¢tox Ondry
- wualy b to comove g trend

T a =moumng Guetage ocdet n\m\)ra.r ok past ecVoce \Aco)\
- a =\ 7 4oday alsp Cortecte for khe lagk forecack erior

} AQIMAU'- A—, )21 poSt walue and differenced onCe ahd 1 pagt

Ecior
IC = SCorR for comparing 0O » X qualey weh @ yenalty for

extrd pdrametere



- lower s betkes
- AIC 740 s M065 — pick 10
-steps foc bulng ik
- wsualizaton
- ACF and PACF glot
- 5easo0gl VaraHoN modg|fin g
- ¢tationacy Check
-ideMikY ¢ 3 a €05 Che non c0asona) patt

CALIMA

- Gogsona) ALTMA = PRIMA exkended £ir dato withseasonal
Qatkﬁf‘ )4

-havd\es periodic Sluckuations sp tosecasts seasonal &G0 be ke
SARIMAG, 9, )0, D, Q &)

“pd a =%he nON seasonal pact gs © RRIWA

9 = seasonal dutoregressive oF oer

-D = seasona) dikferencingordec ¥ (&) - yleta)

- Q = seasonal Movil\ g avelTage 0T der

- 5% lengLh of £he Seacon 3 49 fof munthly dota
- GARIWAULL AL A 800D 2 the same Theee deas aga bt \ooking

L9 montwsbock

- cOMponen£s = Seasond\ OGN out oveatecswe GG Ntegcdted dnd moving
GVelcoe

SARTWAY

-SARTIMA Gith & R03UN0WS 4472560TS 3 al50 uses extecrnal vacablee

- G = seaconal = peciodic patieche We weekly or oY yeally
cyc\es

-AR = aukoregresSR - [ink botween 4he CUTCENE yalue and renions
Walves

T = nkeglated - &iﬂu‘encmg 40 make the 507125 stationary

“MA = moving OVerage Y the cuctent valie dopends on paSt erTor
Leims

- X = gx0qetops redressots Y extetnal variables Lhat may affect The
et 15

- a Wliday fag 0c @ promo or Lhe wedkhec ¥ X cuz L Comes
£rom ovteide the ceries

" wust be knoun foc the months being €orecact
= Jhich gne

- ™ ceason 5> ARIMA
-ceoson > SARIMA

- ceasonphs @ knowngutside varable - SARTMAK




seasonal naex

" not on £he Siides
“how £XT00 @ RT0A & asamst anavecoge per0d > 400 = auLTage

ndex = QU‘\Oa\ aNergge ( Overall Weo® * 400

“cales N =20 209545 and X2 =924 30 23 S and X3 =98 40 21

—— i

- ovevall mean = 34,79
- Q4 ndex L4964 2 Q& sells abowt G50% above an avecage guarter
deceaconaliced QX o0f X2 =9 / L.A%4 = 3943

h00s0a o 4 4

- 0L o0 £he s\ides
-~ £8et Y ADE on the sevies
2 €006 24 =0
- e\se dikkerence o0Ce ald test C\gaﬂ\A Facely ™ore Xhan 1
- cead ACY and PACE on the dikferenced <eciBS and not. the Taw e
-ACF cute off asker lag pand ACFRAOLS s\0uly > AR(p) 0 p From
PACEand o= 0
- ACF cuts ok & afrec lag a and PACF €ades c\ouly 2 MA(g) 50 4 from
ACF and =0
- Wk fade Slowly Y mixed 50 Stoft with(d, o)
- cikg o&k = the bacg drdp nside the bandand ctay twere
~€adeS = xhe bacrs shr¥ bk by bt

= PACF baTS aitaide The band gt \ag L and 9 ooy~ p %2 and =0
- season 3 ACF spikes ot 12 ad 14 medhc =49

- seasona Sglkws (ao\q, glowly = ):4
- 9 &rom PACF Ot lag 4.9, and Q &tom ACF at lag 12 “usualy g of 1
- ced] tlots Gre mesSy Fuse the™ Lo @ Liret guees thel try

Meighbours G0 cOmpare ATC
- only Compare ATC between models WS £he came o and D

- check L he £t 2 reciduars shond Iopk \ke noce Wih ng bar oukside
the band

- evaluate st by Xme and Wold ouk the \ask Seacon and beat Tepeat

last yeor
- the \ab = AR v = 0.000% c04:=0 2nough a0 Lhe qﬁa ack of d=0.
ovee onfferences

2Rham check



= Dame the pattetn = fixed qdp \S seasona\.t\f and Vo fiXed 960 s cyCle

and one Arection 15 £rend

" stakonary o not » cheCk mean and varance over Lime of Tedd
xho AVFp walue

“dikfefence by hava 2 suberact Xhe peevious yalve

- ACF by hand ? deniations xhen top over bottom

~ vead SARIMAULA A1 14 12) 2 name each of The 7 numbees
-oCK 4he madel = Seasonor Dot g0d owkSide At able ot not
-52asd0a! index byhand = period onerage over ovetall mean Times 400
- Mk S
- ACE= xotal ok apd IACE = et tink
-2 ceMoNes o £rend ond ) femoves g season
" Geount e post o TTOTE and not wst values
- lowe AIC icbettel andlower VAE is he TAer
- Mever chukkle and rever o\t & +img 2T1es Tandomly

\Gb Code

- This S twe potebooke own code
- Lines mavked CAgepyL are mistakesor teaps o if

load

mpoc L WatTninge
warhnge 1\ ecvacniNas( “igrore")
Mmport. UWMPY aS ng

impOt 900005 aS ¢

# 399% Tows, one pec velm ocdefed

url =Wetps//rawgthubusercontent.com/rdcaputcif
sample/ Tefe/heads/man/stote_Jdataset coy'

ddto_oF = pdread_cevlud

H Keep The date and the Sales amount, TulM the date £ext wnto
red\ dotes
coles_d€ = data_d&i['ordec Jake, 'Salesd]
sales_oML'0rder Daxe'l = pdko_datetme(sales_d<C'Ocdec Jate'])
-CAREFUL: flteraarnings(“ignoce ) tides ewely warming, inc lydin gvsekul
ones

- CAREFOL: ascigning Mo a siice of data_dk s pandas' SextingWithCopy
case. Saker: data_dftl.. \.coyQ

MO matplotib.gyplot as ol



# many 05AeTS chdre 4 day. add LY i per day, in date order
daily_salec = [.SGIBS_,A-F.QVOW\JYCOFdQ\"
Doke Y'Salec'T.sum0).cor__index())

daily_ca\eSpbot(€igsize=(4.4, ©), Litie=Daily Sales Record in he Store’,
rlobeF0cdec Dote!, y\abe\="Total cales"

pHacidl Neue)
exkicke(rotation=4g)
vt _layoue
p\t.S\'\ﬂw(.)

# daly 500 Y. make the dake the wndex, thed add up per
™ONLh

M1 = sales_A.set_index(Order Date)

monEhly_sa\es = dk.o cample (ME . sum()

oit.£igvre(Cigsize=(AY, 6))
vi-t.qlo-ttmoi\"c\\\y _salesUSales], Inewid£h=3, c?b\we)
peikleC Montny SQIG,C“J

- ‘)-qw OF&Q(S \JQCONQ L\'a moﬂ'\'-h‘r 'to'ta‘g

- V\E = monthend
- resample Needs G da‘e ndex

stationarity ACF Yo7

£rom Skaktsmode\c.tsa.sTatkools mpot adtulec
krom skatsmode\caraphiceXsonos impott plo4_ac £, ot _jack

Aek check_stationarty(tL mececie Sk
# APF test teturns a tugle. Wl ic v ctawstic, Wlis 4he
ovolune

cesuit. = ackulertimeseties gut plag=ATc")

o_Nolue = recultli]

ot (FAPF Stokietic: Leesu\LL0TY)

ocinkovale: L_value )

orintlStationaly f o_ualbe < 0.05 ke Noo-Skationary?

check_statonac |-I:y(monti\\y_sale,c['9u\es'])

g\ot_uc&(monkh\y_cales)

plo_gacHmonkNy_sales)
olt.show()
- Lab ooyt stokisec 459 o = 00002 Stotionary

- T \ig A2- bac stands auk a yeacly season

SE

impO- T tectoole
£70m staremodels. xso.armamode! oot ARTMA



o = cange(d, 4)
= cange(0, 3)
q- Td“geto, b")

H ewety combination o€ p, 3,44 R 3 xbr = 48
pAq = liseliter+oolc.produc xly, 4, q))

beck o = Dpink
besk_ocdet =None
bect_mode\ = None

Lor ovdet in pda
"Cr‘Y:
model = ARIMACmonkhly_sdles, ocdec=ordec)
resulte = modelfit()

# lower AIC = bei tec. Temembec Xhe best <o fac
& cesvies.aic £ best_ac:
st _owe = cesiteac
best_ordec = prder
best_model = resulke
exCepk:
continve

ot £'Best pRIMA aor. Whest_ocdetd wiy, MIC. Lhest_aich)

£ingl_wmode\ = A@IMAtmon-\:hly_sa\zc, ovderzbeSt_Ocdec)
cesulks = Cinal_mode\.£ix()
focecast_vales = Sesultsforecast(stepss))

aboytut = best order(3,1, 3), NIC b065.76, with a
ComeTgenc.eWatning

CAREFUL G have excepk “Wdes every e TOr even typds

- belkel except Exceptiol

~ CAREFUL PO c0d ctotondey yox the cearchpicked & = 2

-ATC canvt faicly compiee dkferent d because differ encing chdnaes
xhe data beihg fiteed

-CAREFUL the mode! ic it ted on all 48 months <o
Corecostlstepst) o) ka8

eva\uat e
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labe!=Actual, color="viue’, lneskyle®-, marker=o')

olt.olot (forecast_vales.ndex, oveCaskt_nolves, \abe|-'"Forecact,
color='ved, \nestyle="-', macker=v)

tlegendO

from skleoth.met vics impoct meal__absdute _eccox, medn__squdred_evror



obeRTVed = monthly_sales talldl)
moe * wmedn_absolwte_est or(ohserved, focecact _values)
mse = \Y\wcm__quﬂW,d__B(‘ coclobcecwed, 'Eo\"q,('_ast__\iq\ue,s)
~Lab owkout =WAE 43755 WGE 1138
-CAREFUL phseryed s 2087 the focecast s 2003
- Dikfetent months 50 £hS MAE (s wox ateol accutacy
" CoWeCk vay: hald out ficst. Xeain = monkhly_salest:32], £ on kraw,
forecast 19, Compare wilh monthly_salest-3a.]

SAR.IMA

P A"\ = A'l \'l‘d'
0 Q¢=14 4 42

£Com crarsmodelstsdstatecice.canimar mpprt SARIVAK

wode| = SARTMAXCmONNy_sals, ordec=(p, d, o), seasonal_ocder=(y,
), Q sh

Fesuits = modelftQ)

forecdst = tesuitsdorecast(stepch o)

dbsesved = monthly_sa\es-cacha)
MmO = mean_absolke_eccorobsetved, Lorecast)

M52 = mean_cauared_errorlshseryed, €orecast)
" (o d &) 5 thendema\art (P ) Q s) khe seasond\ odr

“5= 19 months
- Lobovkeut = MAE L6l WMCGE 518

- The labe bect model
- CAREFUL thesame D0A7 against FHOLB mswmatch

- CAREFUL: £he SARLIWNA ok draws €ovecast _walies, which is the
ARIMA forecast. 1L should dtaw foreclck

CALIWAK

P, 0\, a4, 4, A
PYlas=144M0
stationarity * Falce
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Q, 9, u\‘FDT(‘_vJ___m\Iu’Clbl\pt\F ctatonact Y Q'“-Ro‘-'cp‘__g.tot‘o“ar‘tyz
stq-t\onaﬂt\,)

Tecbles = model fie )

Corecact = results. Lorecast(steps=Aa)

“Lab bk put =WAE 13038 M&e 03708
CTAREFUL +herg s N0 eXOg <0 thic 5 00t ceally SARIWAX
- Tt s SARIMA G\ two checks switChed ogf
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- N real SARTMAX passes an ovkside watiable. CARIMAXILran,
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