04 ~ k<o to\L

Wha< E_‘f\L?

“enables comprters Lo legrn wikhout bemg explicitly progeammed (ATEhur Samuel,
1959)

“TomMitchell: & orogeam kams fom exyenence (€)ceqarding a task (TyHa
pet £OrmaNCe measuc® (D), € its lformdnee \WOTONES w. thol experience
2.a. vedihe Forecasting dppekpenence = hoEOT\cal weakher datq, kask

= orediCting todg ys weathey, et = tams / Mot

- ceql wrld face Tecognrtion, sam filters 0 emay, vecommendations (Net£\x),
feaud JexecTON (PayPal), gen AT (60T)

AT ws VL

- AL (broader) 7 creaking & pf ogeaim £hax can censt, act X aadpt %o mimic
human behavious

- deceitn making
-~ Simwlaking natuca) teelligence 1050 Cow\eX problems 2 leads x0
wteliaence + wisdom
- ML =subsRX of AT techniguie designed £0 make & maChOe ingioNe its
oerformance on G Specikic £ask by \eacting from IGL A B eXpetieice
- creating se\€-\eGeniig algoit wme knowledae

" theg5prigTam w. hand wrtten cyles = AT but not ML (rotWi0g 5 arned)
spam K\eT Lrained o0 Wy mads = ML

G D

daka vs n<ormat ion?

-0 taw, wpcocessed €acts, numbecg, £exk oc symboS. lackngcontext,
N0 Medning o0 1ES own

- KT MGLON Adiq O\r. yeocessed [ contexThalized &0 make v meoningful
% ysekul. answecs who, whak, vhece, when

- 9T W wyramnid ata, Infotmaxtion, Knowedde, \Nisdom) = how raw £acts are



progressely £ vansfocmed ko actisnable human Judaemen<{

/A

i

- 0 dserete, objecive €aCtS / obsetuatiions. most abundant, \east valved

(databdst of Limeskams i oroduCe codes)
-T. daXa categorizes, colculated ( condensed Lo gve meanty (sales report:
cdles A 7 slles b)

-k r‘\fo Synthesiced B allolyzed +0 £ind pokxecDS, yles, connections. The
"how" (A Y% on weekends cui lei5We wem, prowmoted in KT, Newsiot +ors)

-\ app\Y g kowledge o make strakesic vdgemetts. the ‘why', €ocesght,
LANCS Iong Tetm (move advertisng budaet ¥ weekend)

why it's mportant

-qlobal\ wwne 0k data £vom entetprises Rtc keeps growing X problems get
more complex - automat on

- hondwrikken TWes = Coskly R efToT prone
- Wmals plovide doka, extrack $2AXUres. Lhe Glgorithm £iguTes out ks VL5

o0 \ks0wn to pYoduce Xhe resyit

fan-ML way vs ML way

- bokh have the Same gipeline: datastt = foature exxraction 3 yl 3

tesult
" khe o“‘y Ai&&&(e\\('_?a s whp writec t\\e Tuie

- 0O0-ML = human, 1Ssue. £heve © tp0 many pssible Cases
- 2.0, IF smookh X ovanae \HEN ovange T¢ smooth & ced THEN apgle
“ML: give the d gorikhn ok g 0k examples B & Ciguces o he culec by
itcol
- 0lg0TithM = xhe code the PY04ammec WOHEes. ‘wode) = what Comes Oik aktec
the algerihm learns &rom data

categories o€ WL

SWpRTNISE |oarhing

wely exdmglg has £he Corfect labe! (ﬂ\OtaS tagaed cat’ f{a"iat;) which

- rlaccidiC A4 w0y 0 vorfir Ancs 10D Cedm see.de-Line.d



AMA Y VI WY T AW W T o [T 11 W W —

one i vk? [ What kind 15 7"
“determning ¥ o finatcdl prokile £ailstobas  faic ( s0d
-IF X 75, AND XY O, THEWN A +he theechold nimbess ace he

deCliminante
-TF temperaice 7 3L AND humdity > 90% THEN cupny > 345 0% are xhe
Aiccr minanLs . T
- CeqreScon. oredict qco“kmuo\,;ro.olnum\:q,r. how much? { “wow many’.“
Ty =Wt wprediCx ML scote £rom Statistics, Disceete math &

Programming scores = £ind he weight 0% each

classkeott
cat g0t / label

“\P“'NC‘\ buc_k Qa‘hq .‘\O\J “\uCl\?.'

Wehpetrviced \earhing

- 00 \obels. machOe pgeds £0 £ind hidden SETuCTLILS \n MegSy AO{Q Never

looke at. tatget y, 00y ckudies how feokuTes colaty o LOCN opher
- cluskecng Lgroupng prokiles). see avevall charackeriskics of pol 7 Xhiwas,

o ganize £0 distinct seaments boced ob how cwnlar They are

““which o€ These Jc\nmgc belong tdgethet N @ group? €., "young paren’cs (/
"healthy eaters’

- also: amilac 9ICEUTRS, cat egorizing neves

-a¢s0ciakioh (Convectingiteme tiles):€nde Specific £rigaecs / links beween

tems / evente Lhatirea. haged ok the Samp me
"% X hgpuns, what else i€ Wkely £o woope” e F buy A 0% chadce buy
b

- =baske . andlysrs
Jimengonality reduction ¥ sqleezes WV featuces down 1o fevec

- &.q, JOXASLL 0k Studenks, egcl student SO featuves (scores in 50 subjeCic)
- m0£X ok khe features move togekher LK good ak calculvs, also 0p0d &% gl

etC)
= B0 7 3 malh ab\iLy, nquage abiity, creatne ablity
" fewee features = Laster tTaNNg, leSs mEmoTy, \ess noiSe = prevent
duerfitking, ea5ec visualisat.o® (ploX on 29 Chart)
- c\usto.r"mq \I5 d\mws‘o‘\alvty ceduCtion? "
- C_\us-tp_rmq ows (arOups the samples). "grony’, ‘cogment , St

c_bc-tome.rs

s J iz A AR AT v ca N e A el e BB e e

b L SR, o



P ANTUS ALY T ST T COIMMID LYLWEY TeUENT2S ) -0V many
Ledtutec, "c.omro.-;s“, “\lrSua\ﬂ_B in Q.v{ 20"

okhoc RaArMiNg cyre s

Type answet key examyle
) TN Rhntngte w0 g covrect \abel phatoe tagued "cax | "doq"
UNShpeT IS "o fabels, Knde path stk g oupINg cs tomesS by behaviout
SRM I"SupBINIS LA [N Some EXamples WaNe laole U £a90e? 1hosp ),000 9904
cenocceme 0kl i jabels, OV rewacds oc genalties (odme Bl glis +4 for winQifg, 4 %ov vsing

e e P T

- Seti-cyerviced (\eons tore to SUperNISea ): bbel\'mq datais expenciNe, s

only \abel a small gact > mode) ledets £5om these labels (ke Goo%e Photoc)

-Teinkovcement: agent tokes detiong it on environment X geks reward or
rtally Yo timelgdens which ot oS garn most Ceward

PCNIX), XN gecociation notation

- "“he p\'obab'l\'l-tr ot X, qiven 3

- Wspread | beead) = 0.1 2 707 o€ cuctomers who iy bread also by choc
sg(reao\
U, D =0k £he customers who are young & angle U9) and baaht beead

(), Lhe fraction who a\eo bayght <hC sread (X)
- orobabilLy can never be 74

e MS

" cOlmn = feleyce = ndepeNdent vargple (X)
- ¢ow =sawmple = 008 dakd pont

-kafaet =y * dependent VOCable
Loston 4able: ong v = G samele (sme hoyce ated i Locton). taraet = hovse

price = whakt we're predicking
'pYJ(hD(\ \ibs: N“mPyLGWGYS)' i (nhmerical Glgﬂ\'\-\:hmg), mdLplot b (p\O'\',S),
p003AS (ablec), sckit-learn ML alaorithms). 00 notebosk this week

02 - <eqeresSion
wha' s v&jrzgsmnq

= Supewsg_a, bredicte g conkinuove valug Foom onk Oc ote \mﬂablec.
" K = ndegndent vaciablec = feakifes. X = deendent WAriadle # tacqe k.

~boskol dota: the B2 comne CRLTM 40 LOTAT are X. Youse orice s X,

“Nro.c. \A]I“A cadnd Etra L0mmnncAties anld himidd v YACo weirn Feam —anenC
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Simple \NeaY Tegreesion

§=0pt Oy
3 p\'e&lcteo\ aeiable, 9:: nNeelCept. 9; g|qu,, ) the cingle pw.o\\ctor.
- Teaning = £ind The & whose lne fits £he wpnts best.

hov 9009 i5 khe model’

eccoc =y
-Yedl y=b68, wedictedd = 15 Ercor = 1.6
MSE = (W) £(y ~ 3P

- Squarmq:p\us ano mivg eCr0c< Conlot canCel ; aNd b1 9 eorsale gun I€hed moTe.
-Objeckive: god khe B that mivmise the MOE.
_‘—'—-._,—,__._—-—

- P\so: MAE = mean ok Iy ~ gl. B = share 0% variance oxgained, b ic perikect.

e

leost squares by hand

-x=4,2 3,64 y=9 468 Meghe X = 25 72625
b, = S(x- Xy - R ICERE
Ba 9 = 9&‘7&




- Gum =030, N\SE =030 ( & =0.075.

mblciple \iIneAY regrescion

=6 + Oyt Ok, T .. 1 By,
g = BT (rg = 1)
e 28+ O CRTMN 0, LSTAT + 85 W + Oy VIS
-Sude exomple: = [-4.56, -00g, -0.55, 6477 Low B: CRTN 24494, L STAT
2993, PM 563
price = “40b-0.049 - 4646 + 3030 = 4.7b

- Real pricedbg,so the 70T S 674

-Signs: more Crime 05 wmoce LSTAT = logec orice. More Tooms 3 wghe e
pCe.

Vn-lifleac Yeqrescion

- Use e when astraight line cadot £k, Pece us clime deops €ast, Lhed
hattens,
- Ghapes: Wnedd, quaf)u\‘ okiC, cubic, p0lynoral,

ling = bad

oo\ynomial T gre sciph

§ by +Oux T OX + Hpd
= \eck: ventme Xy = X, K, * x?, xg"‘f\g_ Now 1+ iS wu\Liple hnedr ceareccion,

Solved by \east Sabares.
Hoal: mipmise The Sum 0 sqhoc 7 reSiguals.

- Overfitiing: degree too high. The model memorigpg the training ponts and
£ails on ew ones, TTain ervOv €alls, tesk 2ccdc TiSes.

e e Wy



_—;/ /. \J i V
X0 simgle ok veskit

aCxual non\wneac

- Novveat iy B, Canndt be (‘Q,i\amla nto a line. So\%o\ by o0k a, 00
c\osed fotmula,
9\ = 60 + 9117\
7= bﬂ(eg + 917\1 t 917\,)
=0, (A 18 x - 6)Scwrw

TeqU\TiZat 0

- Prevents puetkixting by penalsing \orge coeflicients.
= P-qo\ge: squared Pela\ky, Chiinks o\l Coefficents. Dee wheD wmany feokuces

oce Wahly corcelaxed,
- Lasco £otcec Some coethicents o exdcxly 0, so vt Selects featuces.Use

“when oy 0 €o $edtures makery.
Ridge: MGE T a2 + 68 + ..)
Lasso: WSE t d\8| + 10,0 +.)
- OL= pendly cteenath &= 0 igp\lail regrescion, Pick o with 6ridSearchCN.
- CAREFUL: X\ 5jide says Ridae (LD and Laseo (L), The ckandara s Ridge

£ 19, Lasg, = L4

AONg TegTeScion plogef]|

- 0ok fiest. scotkereachfeatice \S tacget. pck features that move w.
the xaraRt,spok cvrves & outliere

). Split W.& sgogd S0 resu\ks Tepeat. tran__est_sglit(X, ¥, tecx_Sae®.2,
candom_ctate=49.) . Y .
-2 boceline: a\WGys redicting £he mean dives > = 0. g Wodel myct beat That

- & ctart . g Ine. Tegidua) pt. (Rrcol ve §): tandom Cloud =ok. Cutwe = weong
Shope 2 polynomial. uone\ = yngven e os
" B ok £Me degree w. ce0s5aWAGLO0 o0 x1aim, never by test score (elce

£S5+t 15 N0 \onget upseen)
- b.2idge ( Lasse scale Seatures first (StandardScaler), fk Lhe scalet on

XA only
= 7. GlghG: Sediceh govets 0% A0 (0.004 .. 4.00), then uSe the Glpha the selech

Feewrng
- 8 \eakage = anythng fiited oN £est covs(scalec, poly, A\pho). o PioeliNe



preNents
make_ppeline (SxandacdScalecl), forymomaiFeatures(®), Bdgela\pha=t-))
- 9 cOekficients: 51125 only compdioble when featucesare scaled. highly
cocve\aked Ceotiwes 3 unstable coetficients
-which mexric?
= MAE: D dhe target s toits, €oraniNg £o ovtliecs. ok€ by 5. on average'
MSE: panswes bigmisces. RMGCE = [ WCSE, back 0 the tataet's unvte
-R% nouniks, Share of VArIanCe exglamned. L pectect, O = came o5 the mean
- whiCh mogdel?
“Ive €05t > polynowial 1f cesidvdic cucve  Ridge | many correloted
featuree ¥ Lassy *o drop wSeless feakvres

lob code (boston)

-Ths i xhe notebook's owl COAE- Li%eg mﬂ‘ba‘ CAREFUL are mistakeg OC
teape © L.

“Euely model ic the sawme & stees:pck Lhe mode|, £ OO Lraining Tous,
rediCt Lest tows, sCore.

4. Load khe daxa

Impoct mﬂtp\o't\ib.prloJc as o\t
impoct pGVAGS as po\
mpt Numpy @S Mp

# xhe ran £le skoces eachtown on L \hes, <o cead it G plain Dumbecs
fiest

data_vcl = et/ \ibskat.cmuedu/ Aakase’c"c hoston"

row_ok = ydread_csuldato v, 0y e+, skiprows®22, heoder=Nole)

# ge the L lnes of eoch Lown back intd one cow of 13 Leax\res
datq = no.hstackilraw_d€Nolesl:1, -], row_dkwalest:2, 911)

F £he 3rd nlmbec on avecy Second line s £he house price = the tocget Y
tocget = raw_d£fnaluestd-2, 21

4 one table: 43 ndmed feature columne + the tacget columu
bockon_d¥ = w Vaxafeamelnpc_Ldata, £aTqek ), coums = npappendL'CRIM,
W, 'INDUS' 'cnpS, ‘NOX, ®M, 'Ace’, 915", 2.AD, 'TAX. PTRATIO, ¢,
"\ 6TATY], Ctargex'1)
- CAREFDL: cop'tst" cung buk prints Syntaxwarning: vvalid esC.ape Seavece.

£ oae~e—_ | o s = Ml



LoV L £V SEO=T \ST
% Look at the data
bocton_dfdescribel)

# Copy of the avle Xor andlysis :
bak = hocton_SETCCRTIW, 'Zn' 'TNDUS, 'CHAS, 'NOX', W, Aée!, 015, 'eAd
TAK!, PTRATTO, 'Y, L s TaT! 'ta raet 1]

A crime rate agdinst poice: AT0pS fas, then Adtitens
At scottec(bdt ORI, hd £ tacqes, Cobr=blw)
p\exiBbe) (' Criminal Rate")

elt.ylabe !l Hovse Price’)

pHe.show(Q)

histd = hdTICLIN, 'Z.N'T]
\\\cta.\ustO

- degctibe g\es count, meqn, ctd, min, WA pee coumb. hist shows how each
cOlum® 1€ SpTedo.

2. Solit. iI0to train AN kest

# one Tandom Numbec pet cow, True (about 80%:) goes to taidng

dat = nyrondomTandClenChoskon_d€)) < 0.8

train = bAldat]

tosk = YM~dat]
= meahs NOT. The model learns £7om train only. Test cows chec® & boneskly.
- CAREFUL: no ceed S0 the cp\ and enefy score Change on edich Sun

& Simple lineat TeoYessl (L fedture)

£50om skleacn impoct linear_mode\

Fege * Inedr_wode\Lne aregeessond

* X must b 279 (tows % Ratures), o vse dobble brackets
tean_x = vpasany aerayl £ contl'c®IM11)

kcain_y = pasatyarray(teainlU'target 11)

# fit = \east cqubces finds £he beck 0
2ge.f (ran_x, £cam_y)
0l (CoesCicents: ', Tegr.coef )

SR £ © . et i \



PLINk L LMercept. , Vel W eecclpx_J

F draw the fkced \ine ouer £he LTAINNG p0mks
ptScoteec(tLranCRIW, Letineardet, color='blue?)
. ploe (X Gin_x, ceqv.coef L0100 txvrain_x + Teqrantevcept LO7 ")
- woe¥_ i5the s\oge Oy, inteccepok_ \& By coek_TOT0T £gkes The number out
ok Lhe 2-p gevay.

= The enaluation cell s b\uvk ™ Che \ab (ah E.?W.FC.\S?/)- Standted werson
xest_x * mactoyarcayCtestirckImlD

teck_y * MuasanyarTay(testl{targe €' 11)
tect_y_ = roarsredcalest_x)
ok Mea® abssluke ercor: 425" % npmeantnp.absolvteleest_y_ -tesk_y)))
prnkl Mean Squate Eccor (MGE): %28 Y vo-meat(lcect_y_ - Test_y) "
1))
" Lab oukobt: coe€ -0.408, nheccepk 1399, WAE 549 WSE 63.20.

5. Wl rearescion (3 feature

feqr = [ilear_modellinedregression()

X = 0p.0cOnyarToy LG nlTCRIM LS TaT W]
y = fpasanyacro{£7anlCLarse£])

regrfik (x, y)

it (Coefficients: o veqr.Coof )

pPline ('Inkercq,p.\—,: LT r.\nherce&%_e‘
-Same wodel, X now has 3 columns. EaThkeatyce QL%5 X5 own 6.

- The svalbaton coll 15 blank in the \ab. SxandaTd wersion
y_bhat = rearevedicttectll'CRIW, LSTAT 21D
x = vp.dsayor ay(tes£lI'CRIN LS TAT,AMTI)
Y = vp.osanyacroy(testiiasge L'
ovink(Residual sum OF squaces. Y2k % Npmeat((y_hat - y) ** 1))
mat(Navarce score: %28 % cegrscorelr, y))

- Lab duiouk: coeks “0.0%%, -0.606, 5.07. Intercepe 1.5 "Residual cum of
sauares’ 29.9-3. \Nociance score 0.73.
- CAREFUL, 4hat \abe) s Wrong. A medn o€ squacede T TOVS 5 the WSE, ot The

feSikad) SuM of cauacee,
-\ariance scoce = R* 1 ¢ perfect.

6. Po\ ynomial regression

€rom c¥leacrnoreprocescing mport PolynomaiFeatvcee
teah_X = np.asallyarvay(ecantC'CRIM' 1D



Tain_y = np.ascavyarvayteoinUearge £'JD
kect X © np.asanyorrayCtestllCRIWTD
Xest_y = np.aSaNyactayttesct Ll4argec\1)

+ degree 2t xurn khe cOmn X int0 3 columns: 4, w, x*

poly = RolynomialFea turecldegeee=2)
Lran_x_poly = poly.Lix_tranc Lot tran_x)

# an ordinGly Ineas re cescion o0 Thoge Columbs = a Clityg 10 X
Y 9

clk = \ineat_model Linear®e gression()
t\'"a'n\__y_, = (‘.l-F.(i-t(tm\n_,x___po\yl £ram_y)

oint (CoetfCients. ! cl6.coek_)
prine (Toteccept: , clentercept )

- The cetome thick Tl [iNeGe in B, So least gqvaces Seill wocks.

CAREFUL: Xrawn_y_ ¢ a m\slwa‘mg vame- £t eturns £he model, Mok
wedictione.

“The £iret coeflicient 15 alays 0, becluse the colump 05 0nes cepeat ¢ Lhe

wieSce gt
- L.ab, degreg - coeks 0, ‘0.8‘\-4.,0-0036(- Intercept 24.83.

- The degre, 3 ceVls ace blank imthe \ab. Standard version:

w3 = PolynomalFeaturest de gree=3)
£cQ0_X_polyd = po\/'}.-F‘-t,tra!\s-FOrmUcram__x\
c¥? = \inwat_mode\.Lineaceegression()
cE3&k (L ran_x_poly3, £Tam_y)

# Test cows gek the same colbmbe, LTancLolm only, nevel fie Gaan
xast_y3_ = Wkpcedicklpold.t cancform(eest _x))

- Lab, degTee 3 MAE 533, moe A9 berter Lhan the straght \ine (MSE
62.20).

7. 110\39.

Loom ;\C\aarh.ll(\wr,\w&a\ mpos £ V_\&qe
o™ skedrnmadel _seleCton impotk GridSearchCN

a9t = Ldgel)

A khe R0y cteelgehs £0 £ty
parameecs = E‘a\p\\a':Y0.00‘L, 004, 04,8, Ao, 10017

# £oc eoch alho: Splik a0 ko B fo\ds, tram on 4, score on 4, \epeat



ridge_cegiessor = 6ridSeofchCN(ridqe, eacameters,
SconM=Nea_medn_abeOhke_erroc!, CN=0)

fdge_rearessor.€ititcan_x, cran_y)

otk (fidge _ceqcessor.best _patame )

erinklridae_cegressot.best_cC.ove_)

# "tran veing best tidge medel’
ridae_model = LidgeldlphazL00)
\'tdfjm_md&e\.{\t(tram_&, 'tm\n__y)

Lock_y_= T|o\qe,m09\el.pred\c’c(te5-t__70
pUink("Mean absolite ervor: 7.2€° Y mp.nean(vp.Gbsoliteltesc y_ -
te;t_,.ﬁ)))

p\"ﬂ\‘t(."\‘\o,m\ Savlre Eftor (MSEY. Z24" % tpmeant(test _ y_ - xest_y) * 2))
Sc‘_ormg 15 Negative MAE because SKIRaTD adwoys maxmises,

~Lab 0bout: bost Glght 0.004, best scoce 0.55. Then MAE 7.4, MSE 80.34.

- CAREFUL: the Ssedech <a ys algha = 0001 1S bes, buk the \ah then Xc&INS
with dova = 100, The Coccrect we is Ridgelaipha=0.001), or
rldqe___rzgre.sct')r.\m;t__esk.\ma-hor__.

8. LasSc0

Crom sKleatnlneac_model mpott Lasso
- The seave™ £iaihing and evaldeion cel\ctre Wank nthe \ab, Sme potiern
as Ridge with Lagso().

- Labovkovk: best aha be-L5 best score 84.90, with a
ComergenceWarnifg Then Lassolaeha=L): MAE 739, WSE a3 3.,
- CAREFUL: some mistake. The searchpicked 82780, the lab Xrawed with

G\Qi\a ey
- CAREFUL: -g1a0 19005k 2.d 52’ -6.55 megne the LwWo sacches used dikfetent
LN, s Lhose two tumbecs cannot be compares.
- CAREFUL: dge and Lassp sCore worse (MAE 740) that plain Tegeession
(5.9.) o0 the came featyrg, That COMes feom a dkfeceN random solik,

N0t Ecom the peoo\Ly.
- A penalty On One inscakd Feature does amest Nothing. Ridge afd Lasso

ma‘ttE.\' Wrth maly footuces, scaluo fivsk.

0% - Lime SPc1es




- Daka w time order. The mode| reade +he pct AN PV%\IC-\'—G&“*“’“’ \alues,

- Buery fovhas o Limestawmp. I tracke waeables across time, Pointe
deqend o edch okhet, <o vevec shuf€le.
- Unasate: Lime is the oMy nderendent vanable. Monthly Sales Glope.

- Mt wardte: moce vatables. Salec s weGLher.
- Uses: £orecastifg (hext month's salec), on0MOW ool 4in (0dd metwork

ac_'t\\nty), vattaﬂ\ analysis (weekend peake).

autocovselation

How G setes te\aXes 40 1< own pass_ \ag ¥ =k stegs back.
- ACF ot 103 k = correlation e eween y(&) and Yt
A tall bav atlag 12 = ayearly ceason.
-IACF lparkial) = |\ vk betweeny(L) andyli-k) after removing wha'l thelags in
b:;;_\;o_en a\r, explam
- 2.9. Tan sales akkect Mac only £hrowgh Feb 3 ACFat lag 2 \ooks wgh, PACF
atlag 2 s vear 0
- ACE = Lokal lnk (direct +pasced olong). PACE = dicect Wnk only
- vhich bars couwnt? oMy €% O0eS oukSide -tho,s\\ao\aA hand. band = 4.36 7 {n. §or
4% wonkhé =028
'\Qq 0 aways L, gnore L
- %y Kand: L2, 15,44, 43, 20, 49, 93. Mean 1724
Devations. 629, “2.9.9,-329, 0.7, 274 A7\, S,
- op =cumof den(L)* den(td) = 23.63. wotlom = gym o€ dey? = B7A%.
- ACE(4) =33.63/ 8743 = 0.38

Lrond v seasONaWky vs cycle

-Trend: bngterm vise oc £a\. Sales gron as khe cuSkomec base growe.

"Seosonality: repeats Gk G £iXed gap. Electeiciky W every exening. ICe
Crea™ up Bnety shmmer.

- OyCle:icses and €a\ls, gap not fixed EWNomic booms 0N TeC.es¢1ons,
“Teck: can T sayhowwmod skegpe until & repedes? Yo =seacm. Wp = CyC\e.

W AN

trend sedSon cyc\e



¢ £\ 0NA ity

- The statstics stoy stabe overtme.
- 9 conditions: conskant mean. Conckdink WGTIGNCL. Covarianc.e depeddsS on
W \ag, 2ot The xwe.
~Usg hat DS euoy wonkh MO stakonacy. Use £hak wobbles acaund one
average: STatonry.

-Fk o trend by dikkerencing: y(t) - y(x-8). Once isd= M.

-0, 46,04 43,20,89, 23> 13, -4, +4, 42, b, +4
- PYF tect: p € 005 meads stationary.

T
Wy N

skationaty not

ARIMA(p, ¢, )

AvtoReqeessie Integrated Woving AUETGSQ_, ForecasTs £eom pdst \Nalwes
Gna past et ics.
= gutoregiescive otder: Numtet of lags (plck values),

N
-d = df€efencng Lmmec di€fecenced X0 bgcome ¢tationary, Usually 1.
=% MOUNY ANRTAQL 01des: Mimbe~ Of pacy ecTors.

- ARTMALA A): 1 1oct. value, dikferenced pnee, 4 pact ector

~The lab tcieS many otdecs and kezes the lowesk AIC (£ik, wih a pefalky oc
extra pacametevs).

“Gkeps: wskalice, ACF and PhCt ploks, ceasonal check, statonary Check, pick e,
d.r Q.

SARTWA and SAR TMAX

- GARIMAG,A,4)(P0,Q,¢): ARTMA plus a ceasendl Copy. & # se@son lenakh, 42 for
monthly dato.

= P cean0l AN order. § ceasond) dfkeTeNa\Ng. Q seasonol WA sedec.

- Ceasonal dkferencing yee) “y(t12).
-SARIMAK: GAR TMA slue K, ukside (eXogenous) Nariables. A haiday fas

- G spasonal AR pagt valies, T J‘&Eeienc\hq. MA 10sk ectoce, K Q,)k'ttbrho.\
variables.

sedgoNal index

- How strom aqﬂ.rwd i€ daanst an ave<age per\od 800 = avetage.



- IodeX = period average /overal mean * 400,
- Sales XL 20, 30,25, &5.N% 2.4, 36, 23, S1. \3. 28, &0, 9\ 59,

Quorter )Averdae |Index

- Ovecall mean 34 75 Deseaconatise Q4 0€ X3. 59 /L4904 = 3343,

choo<\0g Or a\, a (Mo onthe S\'lc}?,§\
e S W E, N WO BN R

-4 d€irsk. ADF on the Sevies.
aaan. carely more thand

-1 Tead ACF & PACF on the difteceNced cenes, Mk the Mw one
= 2_ P ¥ a Leom Lhe Shapes:

(attery

PACF cvte o€ ok et \aa g, ACF fudes clowAlp): o Eom PA
ACF cuts o&f afCec l0a o, PACF £ades sbuly MA(q .q &vom ACY, o = 0

0 <005 2 4= 0.kt dffetence once ¥ rect

- 'evté 068" * bars droy\Nside the hand ¥ stay thete, 'Fao\a_S“ = kS he
by bit

“o.3. YACF bars outside che band at \ag & B 2 odly, ACF shrnking c\owly 3 o=
% a=0

-4 seacon ACF sgikes at 49, 24 ¥ 5 =13
- seasonal spikes £ade siowly 2P =4

- P from PACF at \og A%, Q £roy ACF at log 49, wsually 00T 1
“keep 3+ Vot 2 oc \Res

- 5. ce) ploks ave messy = uee khe plots €07 a SkartingQuess, thed Ty
NeighbOUTS X Compace ATC
- only Compare AIC between modelc w. the came o X 9
b check £he it Fesdualsshowd be noise. vesdwl ACF w no baroukside the
band. Ljung-Hox ¢ > 0.06 = £ihe

- 7 evaluate: spbik by time, hold 0wt the last ceacon beat ‘epeat last reor’,
repote NAE 0 The 40%as bts

- which mode|?

- 0 Szason ~ ARIMA. seacon = SAR.IMA, SeG<00 tdn outside AT able known
aneda Lha\ua'q‘f, promo) = Sap TMAX

“xhe \abACF spkeat 42Y 5= 49 AT ;20000 23:05 eNough, so the



M id's & = L owec-diffecelces

lab Code (store soles?

- This i€ £ he 10k book's Own code. Lines marKed CAREFUL ave mictakes OF
trape i it

1.L.00@ the daxa

———— e ——————————

ol £ wdetihg 5

\:Urm\gc.g \ecwacin 35(“ :an\"m“\
Mgt mpy ac Np

wmporL pandas ac pd

# 999% rowe, One pec veem X deled
U

="t s/ aw gk hwbusReconkent.Com/trdsaputri/comp\e/ref s/ NeadS main/store._
dota_ 4% pdread_csvur)

:ﬂk"-’e\‘ ke date GNd Xhe <aleS gmoutt, tuch Lhe AGLL fext kO Teal dotes
coles_d€ = datld_d£lUOvder pate, Sales'tl
sales_dt'ocder Date] - 0dto_datetimelsales_d€['Ocdec Date"])
- CAREFUL: filtecwatnmnge("ignore") Wdes enecy varmng, iNcluding ucekul ones.
- CAREFUL: assamta \nts dlice of data_dk 15 pandas SextingwWithCopy case.

Saker: data_dL 11 copyl).

2. Daily, £het monLhly

impotT makp\okliboyplot as e\

F many 0cdeT€ sharg o day: add Lhem up pet day, 0 doke ovdeT

aaily_cales = (sa\es_ % groupby('Ordec Dote Y Sates IsimO)sdx_\ndex(D)

day_saleso\ox(fgsize=(44, ©), itl=Pany CaleS Record m the Stove,
Xlabe\='otder Dotz yiabe\="Tot ol Soles”

ol cid( Trye)

t.xticks(eot ok ion=46)

eetight _layout(

p\t.ShO@O

# daly 5 £00 Pmpy. ma¥e the date the index, then add up per wmonth
ML = cales_Afset_ndex(order Jate)

n.l\l'\"" LL- cala~ - jf‘ﬁ r—ﬂ‘m—lnr‘\lr"\-.--r \



MWV LY SRS T AALIUTIREL TS LSUWIL

olt.Ciaute(£igsize=( L0, )
.ol Llmole Wy _cales'Sales'], newidh=3, c=biye’)
dtetleC"Monthly Soles™
- Raw ovdecs beCome &8 monk Wy £0xa\e. ME' = month end. Tesdmple teeds a
dote ndex.

N arity, POF, PACF

fcom statswmodes.tsaskatkools \mostx ad€ullec
£com ctaksmode\cgeaphicstsdplots mport ok _ack, p\ot_pack

dek cweck_stationamtyltimeceries):
# ADF test retwins o tugle. 101 ic £he sot\STic, 1115 the p-value

cecule = adfulec(Limeseries, avtolog=RIC)

p_nalie = resulelil

ok (FADF StaklistiC: £ro sy [013

p (Ko value: Lr_valve?)

il UStationaty’ if o_vawe <006 else Not-Stationary)

check_stationaritylmonthly_salestSales' 1)

vot_ac€(monthiy_sales)
ook _pac€lmonthly_cales)

p\"C.S\\OWO
Aab dhtpht: stakistic .49, o= 0000L, Stakionary. The lag 1% bat stands
out: o YRGly ceason,

&, ARTMA: Ly guery order, Kegp the \owRet pIC

impott (Lertools
£vom Seakemodelstsa.avimd.mode! imeort ARTMA

p = Tange(0, ®
& = tavngel0, 9)
4 = ra\\qﬂ.w, L\')

F every combinaton Ko A adx Ix 4= 48
oa = istLite 005 prodic Ly, & o)

best _a = ppint
becik_ofder = None



best_mode) = None

GO(‘ 0\"&0"\' 0 pa\q:
£y
model = ARTMACmonthly _Salks, ocdec=ordel)
cesults = moder€ix()

4 lower AIC =hetter. remember thg Wesk <o facr
vk Tesules.aic < bas’c_ﬁma:
best_oic. * cesults.aiC
best _0cdel = prder
best_wmodel = recylie
ercept:
continve

o (f'vect A TNA order. Ehest_orderd wth alc. f\,est’_a\cy)

€nal_mode\ = ARIMACmonkhly_cales, ovde c2best_otder)

cesvikS = Linal_model it ()

Lovecast_vakes = Tesules forRcact(steps=tn)
- Lab oukput: best order (3, 2, 3), ALC 1065.76, who CotveTaenceWatning,
- CAREFVL: 4 have excegt hdes 2Nery erros, eved typos. Betier: exCept
Excepkion.

- CAREFUL:ADF sqid stationary, vt the search ncked d= 2 AIC cannok kgicly
CoOmpace dfecent A, bRCause dif€esencilg changes the Adta beim fitked.

-CAREFUL: Xhe wodel ¢ fcted o all &8 ™ONthe, op Corecactlcreps=ha)
peediCs 2048,

5 Wt and eugluaxe

JE oot monthly_salest-42.1:0dex, monkhly_sakst-A2:1, \abel=Ackva\, Color=blue’,
Inescyle=-, marker='")

pleglotfosecast _ualesindex, focaclst _ualues, \abe\=Forecast’, color='ced,
\neseyle=--', macker="x")

ol leaend()

Leom ckledrnmettics wmpoty medn_absslute_exvor, medn_squaled _ereov

obsecVed = monthly_sales tayi(12)
mae = wean_absolnte_ercotlohseted, forecast_valies)

™sSe * meal_Squared_ervor(ohserved, forecack _udues)
-Lab obkput: MRE 43745, MSE 1.38ed.



~-CAQEFUL: obgcerved s 2047, the Covecast s 2088, DifLecent monthe, SO Xh\g
MAE 5 Mot o real accucacy.
- Corfoct vay: holdouk £icst, Xvan = monkhly_salesUAal, €t on team,

forecact Ly, compare with mont Wy_salest-42.1.

6. SARIWA

p,d, q = bAoA
?,9,Qs5=4,5849

€Tom statsmodelctsastatespmCe.canmax meort SARINAK

mode) = SARIMAX (monThly_sales, ocdec=(p, & ), seasotal_ordec=(p, ), Q, s))
resdts = mode\ k()

corecask = cesulke forecast(stes=4a)

Obsetued = moﬂ—th\y_sa\es.tan(‘lﬂ
mae = medn_absauke_ervorlobserved, fq')re.cost)

msl = mean_sgudled_ervor(obsetyed, Xocecast )
-(y 4 c\) S khe nocmal pact, (7, 9, Q, 5) The sedsenol pate. €= 12 months.
L ab outpue, WAE L0BLD., WSE 45268 The lab's bes+ madel
- CAREFUL. twe same 2047 Ggainst L0A3 miStatCh.
- CARERUL. the SARIMA plot ATqwsFovecact_udlvee, whCh s Lhe ARIMA
forecask. Tt shou\d drow forecask.

1. SARIMAX

Q:A' q:\'r&-&
v: Dfo s"ﬁ'l d’! 'L:h'a'

stationarity = Falce
ﬁ\\m,rk\\ilh—b‘f = Falsl

wodel = GARTWAK(MOnLWY_SAeS, gder=ly, d, a), seasonal_oscdet=(¥, 0, Q, 5,
endorce_muectiblty: s£otiONGCILY, RNLOTCE_station arity= staxion acky)
ceses = model .Sk ()
Cocecast = cesules.fovrecask(skepshd)
- Lab arkput. WAE 43034, WSE 2,378,

- CAREFUL: there & ™ BXdg, 0 Thic s Not realy SARTIMAK. T4 « SARIVMA
Wik twd Checks switched o€k,

- cheEFUL: pnkorce_ivertility Uses the wasiable sxallonacity. ovestibility
i Never uced. BoXh gre False, 0 the tesuly ¢ Lhe same.

-CAREFUL.: ik nint meadcGwS Tho. ARTW A fdro c et
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" A cogl SARIWAK passes an ovtside vanable: SAQIMXUC\'GH\, emfht)\ldoy,
), ond £ocecasklskep=bd, exog=futute_toliday).

-Lab tanking SARIMAA06L 2, SARTMAK 43031, ARTWA 43745 A wmodel that
Koows +he ﬁ.ﬂ.'mm\th ceacon WINS.
- A\ways SpWt by X €, and scoce on months the model MRwet Saw,



