04 ~ k<o toV\L

Wha<X is ML7

“enables compters Lo learn wikhut beng explicitly progeammed ACthur Samuel, 1999)
- Torn Mikchell. @ pC0gTam learns €Tom exgecience () reaavding G tack () & a

perLocmance MEasurg (P), & ks pecformance Motows w. that experenct
- 2.0, wedt hor FOecastifg 0ow: Exgerience * hetocial wedkhet daxa, task =

oredcking Loddy's weather, peck. = rans / ok
-Tedl wotld: €dce recogakion, cpam filters i Bmall, TecommendatioNs (Netklin), £-gud
detteCeion (Yaylay), sen AT (69)

AT Ve ML

= alLbroa&ev) 2 Crelting G yrogrom thot can sense, act & Gaapt 10 mimC heman
behavioww
- de.crciOn mOaKiNg
- cmalaking Natheol inkelligence £o Solye comix prob\ems 3 \eads +o nxelligence *

WEdom
- WL = aibse’ 0K AT technigue decigned to make amaching improve (LS rerformance 0 O

gp%c\(lC kask by l.AYN™Ng £rom datg X eXpecience
ceeaking se\€-learning Glgorithms 7 Knowledge
- c\ess proggm W hand-writken fules * AT but oML (noxhing s learned). Spdm &ltec

Lrained o0 ™Y mlilc =W

e

ddta s nLormagtion?

- datg, Tav, wpcocessed £ACKE, numbers, texk of symbols, lacking context. 1o medning
on e OWD

- Mormotion: data ale. processed / contextualized o make & meaning £y % usefu\.
answers why, what, whe e, when

DKW pytamd (Datq, T0Eormaten, Koowe e, Wisdom) = how raw £acks are
progressively keansformed ©t0 actionoble hyman Judaement




- 0. disceele, obective FaCkS / phservatione. mosT abunddvl, loast walwed

(databace 0f TLimestomps H p(‘Oo\uc-t codes)

-T.daka categocined, colchlated [ condenced to give weaning(sdles cepoct: sales A
? cales ©)

- K. wfo synthesiced & olalyZRd X0 £i0d poctecns, Tules, cOMMRCEONS. xhe how (A >

L 0N weekenNds cuz leisute eem, pfomoted N 1cr‘|. newslekels)

- W opply 09 knowledge Lo make Stroteaic Mdoements, the "why“, foresahk, exhics,
long tecm (move advec+ticita hydaet + weekend)

Wiy it's important

-q\o\m\ wolume 0F daxa £70m entecprises ete keeps growing & problems god wore Complex 2
awtoma-tion

- handweit L on V\es = Coskly Herror wone

" humans yeowde dakd, extrack €edkbtes. £he algotikhmeigures oyt ves tules ot (k& own
X0 YWORUCe Lhe vesult

GiER e ey

- both have The <Ome pigeling. datogg.{; —?Qea’cure ertrackron » rule ¥ recile
- xhe only difkerence 15 who Weikes The Tule

-n00 ML 3 homan, isSue: Lhece 1400 many 056l cases
- 2. IF smootn B orange TREN prgage. IF cmosth W red tren apile
-ML: gine the g\gocrikhm lots 2f examples &L figures out the cules by itsele

- Glgonthm = the code the plogrammec wres. mode) * what comes OWE agfter Lhe
A\QOT WM e AT daka

categocies ok ML

S\m,r\us'bd Rarnin

- eery examgle e €he correct label (photos Xagaed “cak’ (*A0g")
Class ficakion: rredctaspecitic clags\abe) Krom redefined data "which one is 7' (
what kind «« K7

- deterwining € a €\nancal pvokile falls €0 bad / £aic( good

“IFX > B AND X 90, THEN A the tareshid pumbecs gre xhe disc.omNants
" IF temperature” % AND huenidCy ¥ 0% TREN guony > W & 90% are the
disC.imnants
- Tegression: gred et 6 cOMetious cedl nymber. "how much?" 7 how ™Ay
Sy Zwx + we predict ML score from Statistics, Dscrete Math & Yeogramming
scOTRE = £ind Xhe weight 0F each

U )

cakeaocy ( bheaspecificoumber |

"wheh bucket? {*how much

ctudent'sexact £inol ccore




N Sbgetyised leatning
- 0o labels. machine needs to knd hidden ctruckires m weSSY data. newer loks at
xarget v, only ctudies how featlvies relate £ each otver
~clusteciNg (giouging prokiles) See overall charac teristics 0€ ppl / thingg, orsanze o
MetinCL ceqmente based on how Smiacr £hey are
v ]
= Which 0( these Lhngs beleng toge tier it o acoup? ed. ‘youlg parentc” // “hw\’c\w
Laters
- algo. smildar piCtures Catedorizing NRWS
~ assoc dXioN Lcom\ec-\:mg kewe, Tules): finds specific triggers ( lnks between e ms(
evente xhot & 2q. happ@(\ gt thesgme time
- V£ X happens, what eise ¢ \ikely £0 happen?" e.g \f buy B, % chance buy ©
= hasket analysis
- dimensionality ceduc tion 2 SqueBleS mapny felkures AowWn ko Lever
“0.9. dotasuk 0§ students, eaCh stide vk B0 foatures (SCOres 0 S0 sub ects)
“wost OF the £eaxtees move Logethet (£ good at calcWue, a0 gopd ae alin etc)
-50 2% math abiliky, \quha_tjo. a\m\'l'ty, cleative Gbl\rty
- £eWec featutes = fastec £Tan0g, lecs memocy, less n0se 3 plevent ove T £1&ting,
edgiet vishalsation (ot on 2) Chart)

- clustering v5 dimensionality veduckion? .
-clistering 2 TOWS (gToups The ga“\\!\eS). "qfaup", ‘SEgmen-t , SimiaT customets
- dimensionaliey reducion 2 columns (kewe faatuces). o0 many features),

"compress’, "wevalZe i 2.9 1 3’

0theC \edening £ype s
eximpie

Lyoe fovswel oy~ |
chpeTsed every exBmple WOE the correct \abiphotos tasged cak [ ‘dog"
UnShperuISea no |ubv,ls, Gind< paty risel gV OupINg cUsxOmexS by behawious

SCEMITSWPRT\STA 0
cenforceme it o

- semi~syperviced (\als moce to sugecvised): lobeling data is exgencie, so Only label
asmall part = ™odel learns from thece labels Uike Gota\e Photos)

- rewkorcement: GoeL tokes ackions N oN eDNTONMENT R gots reward oF penalty 7
oec £ime lgdens which o\ garn wOST ceward

PCXIX), Xhe gecociation nokation

- "the probabiliky 0€ X, given X"
~Wspread | bread) = 0.1 2 707 of cuctomess who buy bread also by choc cp\eadh
-POXI X, D) = of the cuskomere whO GTe young X SiNgle (D) and bought. Wread (X)), the

Xeacio® \who als0 boiaht choc gpread X0
- peobabi\ity cannever be 7 4

Lerme



“colum( = fe.a’curof ndegeNdent yariable (KD

- coW = samgle = 0Me data edINk

- Xavget = y = dependent wariable

-%0ston 'ta\nla: one cow? g cGmple (O0e Wouse ated © Bpston). £ArgeX = house rice
what we're predicting

- orthon lbs: Numby Cactays), SciPy Crumerical algorithms), makzloxlb (yo+s), pandlas

(cables), skt learn (ML algorithme). no no%e bo0¥ ks week

02 - ¢ LTRSS 10N

what IS ceqressOn’

-GuglTy 54, Peedictsa M Va2 €dm ONe OF more, vosiables.
- X = ndegendent griobles = features. X = dependent Wriable = *acget

- Boston dota e 12 co\umne CRIM to LSTAT acre X Wouse peice s X.
-Uses: wind cpred KT0m tempe Tadture and humidity. Hovse TiC.e £Tom T00™5 gnd land
size. Stock peice. Cax MPG fcom waight G horsp power-

sl linear Teqcescion

e 6, t AN
Y pvea\‘cteé wGeioble. §; interceyt. B, cloge. Xy £he sinvgle pcedictor,

“\roatnng = find xne 9 whose line €its Yhe pointe bRSt.

N 4000 is he. wodel”

eccof 2 y- ¢
- Realy =469, peedicted 9246, Ercor = L6.
WSe = (1./{\)2- (.\f - y)"
- thormg-. p\bs and MIMUS eYocs canno£ canCel, and by efroc-¢ are p\smc\\wd moTL.
- Obeckne: £ind the & that maimse the WGE.
“Alco: MAE Z medn of ly - ol W2 = share of vaciance prpanied, 4 i€ rerfect

ey




h.act squares by wonad
o e e e

-x=1,2 3%y 23, & 6 BWNeare x =26,y =515
By = (X ~ KNy P/ -r)
B,y -Bx

-Gy = 0.20. wsg = 0.30 1 &= 0.075.

multip\e linear segression
92 O+ BOyxy t BiXa + ..+ Oke
$ =0 n:=M)

- fFrice = D, + 5, C¥IM + D, LGN + p,2M + 9, PIS

- Slide example: §= [-4.56, -009, -0.55, 6471, 20w & CRIM 028194, LSTWT 9993, pM
0.63)

ohce = -&6k - 0014~ 16.46 + 20.80 = 9.76
-Real wice 166, €0 £he error ¢ 6.7%.

“Cigng: mole Coime o more LSTAT 7 Wwer riCe. Wore Tooms * Wighe Y price.

fo0\ledr Teqrecscion

- Vse & when a ctra-‘gh't line cammot. kit. Price ws crwme drops fast, then Slatiens.
-Shﬂpa.c: linedy, q\AOA\‘o't'xc, cubc, pO\ynomial

\ing = bad

Po\ynowa\ Tear 255100

9 = 90 -1- BLY\ +91r\1 + ng\g
- Trick Tename x, = x, Xy = X%, %, = k% Now it 15 m\Tig\e peqr 2gTess0n, solued by \egsk
Sabares.



~Goal: miDimise the Sum ok cqumw\ tesiguals.

- overfit tipa; c\c,gr'w 00 high. The mgde!l MewmoTISeS ihe LTaiting 00 ES and €ais on
new ones. Tram & Or falis, tesk ervoc ises.

00 sirgle ok vevkit

aCual 0N Ineac

- NorlinRat m B. Cannek be Tenamed weo a \ine.Solved by Leraking, 00 cloced £ocmblo.
§y = 95 Tt 6,_1)&
¥ = b%Leu T 9;_)&&_ + 99_7\1)
g=B/ At By (x - 8,)) SCuve

cequlariZzation

- Prevents overditting by penalising large coetCicents.

-%d g2 squoted penalky, SIOKE all CoefFicients, Use when many fedxbres GCe highly
coctelotRd

- Lasso forces some cefficents Lo @xackly 0 Sowt selects feakuces. Use wheh ANy o
£fow features mak ey,
edge Mo + olB* + B,> + .)
Lasse: MSE + D\ded t lgl\ y 1

- 4 % penalty strenglh. g = 0 ¢ plaid Ceafescion. Pick ot with GridSeacchC\.

-CAREFUL. t™hes\ide cays Lidge (L) and \Lasso (L), The skandatd i widge = L2, Lassy
JE

Ao Teqression plopecly

-4 \ook §icst. scattec each feature v £arget. pCk Ceakucres that move . Lhe
tarqex, Spot curwes | ouXliere
- 2. gyhk w, 05220 5 cecuits Tepeat: rain_Teck_co\itlX, ¥, e _sizez03,

Tan AO\Y\__S{GJC.P."L\'Q.)
- 9. bace\ing, AlWayS predicting the mean guec R* = 0.a mode| mist beak £nat

- & start w. a Wne. tesdvdl got (ervoe vs §): vaNdom c10W = k. Curwe = widhg shape
polyhomial. ‘Funno_l = bnenenetcor

- 6. piCk the degree W. CTosSValdation ov cam, fever by test scote (ese test ic no

loNges vngeen)

“b. Wdae [ Lagso: scale featyres £irst (StandardScalec), €t the sCaRY gy xcam oply

-7. dlpha: seacc  wotes 0630 (0.001 .. 100), then use the aipha Lhe search rexucts

8. leakag = otything fitted ON teck rows (Scalel, ply, algha). a Pipeline prevents it
make_gipelite( SkandardScaler(), folytomalFeatures@), L dgelalphazA-))

-8, coefficiente: Sites dily compacable when featuces are ccaled. highly corcelated
features ~ Unctable CoetfiCienks



= WhCh metec?

“WAE: n the to\'jﬂ-'ts wit s, focging X0 dutlere, "0£€ by 5.2 on avecage”
- MCE: mniShes ha misses. RMSE ={ MSE, back n the ’carge,t'; kS

Y o iniks, ehace of NGridnCe exploined 4 werkect, 0= same dg the medD
- which Mode|?

- \ne firet = golyromia\ f ceS\0uals curve ¥} Ridge € many corvelated £eatires =
Lasey £.0 arop uSeless Leaticres

\ab Code (Boston)

- Thg 15 the noTebook's owe code.Lines macked CARERIL are msxakes oc tyape 10 (t.
T EvetY model 15 Xwe SGme & ckerS:pek the model, St 0N TeGInNg Tows, predic t test
cOWS, Score,

L Load the daka

mEOCX mtp\Ot\l\J.ng\O-\: as o\t
impott pano\nc as pd
wgor X nbmpy ac p

# £he raw C\e skO2s gach town on 2 \ineS, ¢o Tead T dg gain MumbesS first
data_ue\ = htkg/Nibotakt.conbndu/ dakases/vost on
Taw_d% = yhtead_cevldata_ue\ sep="\st', sKyfowms=19 headec=None)

# gue the % lnes 0€ edch xown hack no one Tow of A% £eltuces
Aaxl = nghstackllvas_d£.vauesl:1, ), av_o&aluestd:d., 211

H ihe v numbes 00 every <econd \ing ic the howse ¢Fic = L he kGTgex Y
tatrget = Nw__o\(.\la\uo,sm-::l, 923

# one toble. 43 named €ogt,p, colomps + the £arget column
bocton_of = gd chtaFrameanc [data targo,’cl Columne = M.opeendCTUCRTIW', 'ZW),
‘INIVS, ‘CHAS', NOX, W, 'AGE", 0TS, '2AY, TAX' TxATIo, &, LSTATV],
['-{:argo.'cl))
- CAREFUL: seps \;+ cuns buk prints Synta Warnng: invalid escape seauence. Cotrect
Cofm: sep=c Yot

2. Look ot the daka
bos*ton_ dX.desceibel)

# Copy of the table for aralyss |

bAt = boston_d&LI'CRTW', ‘2N, TNDUS!, ‘CHAS, 'NOX!, '\, 'h6E, 9IS, Rap: TAK,
TYRANIO, 'Y, LSTAT, Kaveet'T]

R coime cate Gaainst wice: Mpe kask, xhen dartens

pltscatku(bo\Q CY%TW, bd€ xacaek, coloc=blve”)
t.x\abe\( Criminal Qate’)



o Yobe\Cwowse frice”
ereshow()

hexo = ba4{I'CRIM 'Z.N'T]

hsto.hict()
- describe, gwes counk, medn S£o, MR, WAX per cdumb. hist showg how eaCh Column 'S

cotead.

# ove random mbecr @t Tow. T<ue (gbout. B0%) goes £0 trainng
dat = np.candom.candlienthoston_d£)) < og

tran = bdkldat]

test = badl~daxl
-~ means NOT. \he model learns €tom g Only. Tect Tows Check 1t hoveskly.
- CAREFUL: Wseed, coXhe Split and every scofe change on edch .

4 Simp\e lineac reqression (1 feakuse)

from cKlearn meovt lineat_model

feac “ linear_modelLinearfentessont)

4 X wmuse be 20 (rove x feakures) so Wse double bracket e
£rGin_x * np.osanyorray(ecainl CRIMI1)

kean_y = 0pasatyartay(teain[UCarget '11)

# -ﬁt = \east ¢qubees finds £he beck O
ege.bi (£ran_x, tcain_y)

T (CoesCicents: ', Tegr.coef )
otine (Tntercept.', Teorinkeccepk )

F drav the fkted \ine ot £he Lranng oS
ptscoteec(tranCRIW, coaineardet, color=blue)
P plok (K Gin_X, (‘9.5\'-509.4_,[0][01*&\‘01“__7\ + Veqrintetcept_\L07 -
- ek _ isthe sloge By, inteccrpt_ 16 By coek TOT0T 4gkes The number out o€ xhe 29

asray.
- The evatuatien cell s black inthe \ab (an exercise). Scandacd werson

xest % * maslnyarcayCtestic ¥y

teck_y = NasanyarTay(test{arget'11)

tect _y_ = roscredcltest_x)

ok "Meal gbspluke ereor 428 % npmeantnp.absolvtelkest_y_ - test_y)))

prvkl Mean Sauate Eccor (MSEX Y2 £ % vo-mean(leest_y_ - +es X_y) M 0y)
- Lab owkob: cor€ -0.408, nteccept 2398, WAE 592, \Se 63.20.

5. Wu) reafescion (3 feature

fear = [0ear_modellnedreqression()



% = Dp.0chnyarcay(tvanflCRIM LS TaT, . W'D
y = Rpasanyaeroy(£tainlCearqgesld)

rTegr.fik (x, y)

ing. CCoeflicents: |, Teqr.Conf )

plinte L'Inkercgpg: p Tegr.cheTc,e%t__{\
- Game wodel, X Mow hag 3 columns. EAChGeatyece OLX5 115 own 6.

- The avabaion cell 15 blank in he \ab. 55080859 wersion
y_hat = reareTedctlLectll'CRIW, LSTAT oM D
x = 0p.asalyof Tay(teslICRIW, LS TAT,RMTD)
Y = vp.osanyacray(eestilarge L'
prinl(Residual cum OF cauaces. Yed£" % Npmedn(y_hat - y ** )
wink(Navarce score: %28 % cogfscorelx, y))
- Lab owouk: couks 0.0%, 0.600, 6.07. Interceps 1.5 "Residual cum of squares” 123
Naciatce 5coTe 0.79.
- CARERUL, *hat \abe) 15 wrong. A mean 0€ squacedeY V0TS s £he WSE, not The Tesidual
s pf SoLACeS.

- Naniance scoce = R*, 1 ¢ perfect.

6. Po\ynomial regression

£rom Ck‘&ﬂrl\.p\"ﬂ.praco,sgu\g import VO\WDNIG\FQGJC\W?-G

Leah X = np.osalyarraylecant'CRIM T
trawn_y = np.asanyartayteanlarge £ 1D
tect_K = np.astnyorrayCtestICRIWID
xoct_y = p.aSafyacTay(te st L4argex 11)

+ degree 2t xurn khe coumn X int0 3 columns: &, %, x*

poly = VOIYHOWaFeaturac(o\e.QrEe=ﬂ
Lran_x_poly = poly.£ix_transLovml£ran_x)

'# an Oro\ma\‘y |neas regeescipp o0 thoce Columis = a Chrye 0 X

ck = \ineaft_model Linear Rz gression()

Ceain_y_ = ckkik(Erain_x_poy, £voin_y)

wint (CoefhiCients. ! d(.coe-(-__)

pent (Tnteccept: ', cl-‘«'—.m’cercre.pt)
~ The cefame tiick <l [i0eGe in D, 50 \east cauBres Skl wocks.
“CAREFUL: Xcaw_y_ ¢ a miSleading o™ fit setucns Lhe model, Dok predickions.
- e &iret coefleient s ahays 0, becayse The Colmn of Mes repeat o £he nLefcept.
- Lob, degree % coeks 0, 0.3%), 00084 Intecceot 2433
- The deatee 3 cells ace biank imthe \ab. Standard uer<ion:

wly3 = PolynomialFeatutecl de gree=3)

£cON_%_polyd = o0ly3. £ _transformieran_x)

3 = \inwar_mode\.Lineocregeession)

chS.E\Jc(Jcram_,x_'p oly3, JCTO.'I!\_Y)

# tost cows get the some colimhs. XSansfolm only, nevel ke Gaain



rost_y3_ = okZpcedictlpolyd. Leanckorm(est _x)d
~ Lab, degqvee % MRE 633, MSE 6L 9. berter £han the straght \ine (MSE 63.9.0).

7. Lidge
£rom sklearnineac_model mport Ridae
om skledrn.model_seleckion mpoct GridSearchCN

Vidge = “io‘gﬂ.o

# the pefalty STTLOQENS o £y
parameters = £a\ohaL0.008 004, ob,4, Vo, 4.001%

# for each apha: clik Leain 040 © fads, £Tom on &, score on 4, Tepeat

Cidge_ fearessol = GTlo\Sea\'chC\/(ﬂJge, pGrdmete 15, SconiNa='nea_mean_absoWte_evroc,
CN=h)

ridge_ceqressor.fit (Xcan_x, Lraw_y)

evink(cidae_ve gressorbese_params_)

Wnt(Tidge_teqressorbest_ccove )

# "kran usng besk Tidge mode!"
) \&ga___moo\a,\ = Ldgelaipha=A.00)
ridge_ model. € (teaih_x, tTan_y)

Xest_y_ = Tdge_modelpredick(test_X)
peink("Wean obsolvke ervoc Tk Y np.meof(np.absolute(tesk_y_ - test_yd)
pr'm’c(_“\'\ean Sauat® Ector (MSE) 26" 7 np.meantltest_y_ -tect_y) ** o))

= Scoting \s Negative WAE becabee skleat™® alwayYs maximisec.
- Lab dukwt besk alpha 0.001, bect score 4.55. \hen MAE 749, MSE 2833

-CAREFUL: the cedcch cays algha 0008 ¢ bect, Wt the \ab £nen £cains it b dpha =
8.00. The correct WR & Ridaelaleha=0.004), o ridge_te gTecsoc.best_estimatdcr_.

B. Lasso

fom cklearnlinedc_wmodel vmpott Lasse
“Twe stavch, traning and evaluat on celle are blatk 0 the lab. Same pattetn oS v.m\gv, with

LagsoQ).
- Lab ovtput: best alpha 4eLS, bese scove -BLA0 with o CoMetgenCeWarning. Then
Lassola\wha=d-): wag 739 MGe g8.92.
- CAREFRUL; same mictdke. The 20 picked 4,15, the \ab trained witth alpha = 4,
50 Xhose tyo timbets cannot be compared.
- CAREYDL: Ridge and \assd score WOTse (MAE 74) xhan plad TP.%(Q.SGion (.92 on the
some feature. \WAL comes from a different candomSAt, notteom the penaly.

“A penaly 0N one UnsC.aled €eature doos dlmosk nothng Ridge and Lasso makiet wth
™A feltuces, schled VSt



03~ Lwe ceces

- Dota 0 time order, The model co0ds £he poct and pledicts Guture vakes,
" BV cou has a Limestamp. It £racks vociobleS aceoss time. Ponts derend on each

sXheT sp pever shukfie,
- Univosiae: Lime 5 the onlydependent Varab\e. Monthly sales alone.

- Whnarate more vanablee Stles oluc weat hec.
- ljso,;;_\f&_j__q/gi_ng (hext month's sales), afomaly o\o.’cect,on(w‘o\ De otk act\\x'l-ty),

pottecn analysic LweekeNd poaks)

abtocorvelation

~How @ Series celakes £o rts Own psk. Lagk =K stees back.

-ACY ax lag k = correlotion between (O ond y(t-k),
-A Lol bar atlds 12 = a yeacly czason
- Pﬁc_\: (paStia)) = \ink betveen YOO and YL K) af4erT cemoving what the \ogs in between
alr, exgain
- ©.9 Jan sales atfect Mar 00N theough Feb 2 ACF ak lag - 100ks Wigh, PACE g \ag 215
Neac 0
-Ac; = kotol \nk (dwect T pasged aVon9). VacF =direct linkonly
~oheh bave count? only the onec ovkcide the SRS hand. hand =436 ( " n. Lor 4Bmonkhe
=028
- laq 0 5 a\ways \., ignore 1
- By hand: 42, 45, A% 48 20,44, 22 Mean 1798
- Doviations: 4,28, -1.99, -3.98, 0,74, 274,478, S74.

“T0p =sum 0 devlt)* den(x-b) = 33.63. Botrom = Sum of dord = 87.43.
-ACFW) =3363 /8743 = 0.335.

tcend V¢ Seacondlity \& cyCle
Lcend \¢ Stacondivly W& Cy-1®

- trend: loNg-kerm Tiseoc €o\l. Sales asow s The customet hase giowe.

= i Xs

Seoetlliky: T20U0 i g kixed gap EleCkricity upevery exening. Ice cream vp enery
Summesr.

Tyle: rises and falls, dap nox kixed. EcOnomic b0omS and secessions,

- Tect: Can I say how many steps nkil ik copeats? XeS = ceason.No= cycle.

W N

trend sedSon cyc\e

Stafionafiky

- The Skaist1CS stay stable over Time,
-2 condkions CoNSEANY mean Consknt VAT iance. CoNATONL ,}.q,\ﬂa“&g o0 the Idg, Do xhe



e,

Use that chimbs every month. not stationary.Use Xhat wobbles arpund one avefage:

skatipnary.
“Fx 8 trend by dffereocing () - k) once, €4 = 1.

- 39,805,804, 43,290,149, 93543 1, +4,+0, 4, +4.
- MF LeSk:p £0.00 medns SeationNGoy.

M
sk ationaty ot

ARIMALp, 4, 4)
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- The lab tiee many OTdecc and Feeps LW lowect AIC (£, wik) O PLnal\ty €or extta
PATAMEALTS),
-Skeps wevaiise, ACE and PACE p\oks, seasondl check, staxionGey et pick o, A, 4

SARTMA and SARTWAX

< SAQ—TMP\(?,d,q)LP,D,Q,S): ALIMA p\uS a Seasonal Copy. € = $eascon \Qf“ﬂt\\p 1.9 Loc mont hly
A a.

= 5205000\ AQ seder, ) sedsonal d'l{{eTenc_mq_ Q Sedcona\ MA otder.
-Seasondl dikerencing Yle) - Yedd ).

- GARTMAX: SARTMA ¢lus X, outside (Rxogenols) \ardbles. A holiday €lag.
-G sedednal. PR pack valies. T Mk cencing, MA oSt 2T 0cs, X external NGiables.

Seacond) magx

= Yow SkcroNg o mmo\ 'S G9aMSk an AveCage gecipd, A0 = Owetdge.,
- TOALX = peT0d NeSaal / owecall mean * A00.
- Gales ¥1: 20, 30, 25, 45, Y2, 9%, 95, 18, 52. X%: 28, &0, 34, .

- NG\ mean 94,75, Deceasonalise Q& of X% 59 / V4364 - 9G.49,
Choos\nNg 0, o\, a (not on the Slides)




-1.4 L5t AV onehe Secies. p < 00524 = 0 olgp dfference once & test aaain. cavely
more That 4

-2 cedd ACE & FMCE on the differenced seties, not XWe rau one

9. o & g 4rom the shages:

tte mode)
PACE cute o€ £ aftec lag o, ACF fades s\owpAR (o) v fcom PACE, 4 =|0

ACF cuts oAE Gkt av laq 4, PACE €ades <lowly “P\(E\)Z a €0m ACF, p =0
Y mixed:sCatt (A, &,EJ
- "cuks 068 = bacS diop nsde the band X skay Lhere. €4deS = shrinks bit by bit
- 2.9.9ACF YacS outside the band ot \ag 1 & 200ly, ACF chtinkingslowly 2 p= 2,40
- &_season ACF spikes at 49, 1% ¥ 5 =342
- 5eaS00a\ spkee Fade clowly 2 0=4
- ¥ &com PACE ak lag 42, @ €Tow ACF ok \Gg L2 wevally 0oc &
- Keap d + 0 ot 2 ov \ess
- 6. ceol ploks are messy uce the foke for o SLATANg guess, £hen 4ry neghboure ¥
complc AT
= only compGere AIC between qodels o the same & P
- 6. check the §it. veciduale shold be apise. recidual ACE W. Do bl okteide the batd.
Ljunj-gox ") >005 = e )
- 7. ealate: goic by time, Wold ouke the lastseassn, Yeat Tepeat \dst year, reprt
MAE N the daka'sumks
- which model?
-0 60600 3 ARIMA. cedsSon - SARTWA, season T Gn oukeide vasable knoun ohead
L\\O\l&ay, ¥Como) SAEIMAK
-the \ab: ACE Sok® ok B2 =Yg = 42 PIF o =00002 3 A= 0 is enovah, sp the qTid'sd = 2
onec-diftecences

lab code (store cales)

- Thie 1€ the Notebook's 0wd Code. Linec marked CAREFUL are wstakes 0 £TGpS N k.

4. Lodd the data

npoVt Wactings
war0ings-kitecwarmingsl ignore )
mpo""( numeY as My

wpoct pandas 05 pd

#3394 Towe, Ne ¥ o™ scdered
el
"Wt Aps/ 7 vaw gt by Sereontent.com/tTdSap£t i Samp\ef @45 heads/man st ore _dakase

data_a€ = pdread_csn(url)

# kegp khe date ond xhe sales amount, £uen Lhe date text X0 tea\ dates
sales_d€ * data_ 3L 'ocder Date!, ‘SalesT]



ctles_dELOTdRr Date] = 1W£0_datetimelsales_dMOrder Vate'D)
~CAREFUL: Slerwarning<l gnore") hides everywarting, nc\udifg useful ones.

~“CAREFUL: ascighing W0 @ Sice of data_d€ i pandas' Selkng\WthCopy cOse. Safet:
data_dft L. TcogyO.

9. Jaily, thes monthy
mpoct matp\oklib.oyplot as ol

F wavy 0rdets share a day: 639 Lhem wp o< doy, in date ovdec

daly_calec = (sales_dk.qroueby(Drder PoteNT'Sales'Teuml).cor_ index())

danly_sales.dothisne=(44, 5), Likk=Daly Sales Record w the Stor,! wabel'0tdecr Date),
ylabe " To4al Sales)

pt.grid( Newe)

it xticks(rotGtion=45)

At xaghe_\ayout()

olt.chon()

# daly 1S too JumQY. make the date X pdex, £t add up gz Mmonth
df\ = sglec_dkset_ndext'order Vaxe')
monenly_cales = d£1.reSamglel MED.SimO

o\t L iquie (£ 9 e=(4g, b))
tt. oot Crmonthly _salest'Sales'd, [newidth=3, c=blve"
pletrtle("Monthly Sales™)
- AW 62T S Yocome 43 monkhly £ota\s. 'WME' = monkh end. cesampR Needs @ dokl ndex.

3. SLationarity, ACF, YACE

fom skatcmodelc. £5astatioole wyort adtuiler
tom Sta’cSmode\s.qrap\\'tc;.-tsap\ots mpor T pot_ack, F\D‘t_OGC‘F

dek check_cxakionar Lyl timeseries):
R APF koot vekurns o tuge. (01 ¢ The staticxic, (1] the pn0le
cesult = adfiler( Lmeseries, avtolag' ATC)
o_Valpe = csuikd]
on0E(EADF Statistic: Leesuleloly)
pT\\\Jc(.'E'r\lqlue._ {.p__,VCX\U\P.y)
int('Stat onary' & ¢_value < 005 else 'Non-Seationary’)

check_stationatieplmontnly_sales['Salec'T)

p\ot__ac&tmm\’c\\\r_,sa\as)
px_packlmonthly_cales)
p\e.show()

" Lab dvkwt: staxistic -4.4g, v = 0.0002, Skationary. The \ag 42 bar stands gyt o
yeacrly seasol



& ARTIWA: tryewry ordef, keeo the lowest ATC

impoc T ertooks
€Tom <t atsmOde's.t s3.aema.mode) impOrt ARTWA

¢ * range(0, %)
¢ = range(0, 3)
a = cahge(0, &)

F ewery combination 0f p, A, a4: & x 3 X & = 43
pda = lisk(ikerto0ls.pcoducklo, d, a))

best_aiC = ok

best_order * Nove
becx _moddel = None

oy oro\ar 0 po‘q-.
vy:
model = ARTMACmonthly_sales, 0¥ der=order)
ces\s = model it ()

4 \owee PTC = beXtec. cemember the best so far
it cesulteaw <hect _aic:

bect_gic = resulteaic
best_otdecr = ocder

best__model = recults

LXCRpL:
colixinye

pﬂ“'t((“:est AR.IWp Ofdef: £\mst_ar&o,r! with ATC: Evest_aicy')

€nal_mode\ = ARTMAGwonehly_sdleg, ocdes=hect _order)
YeSults * Ji\na\,mr)a\o,l.%’co
forecast _\aluec - TeSuks.fotecastctepe=11)

- Lab ovtout: best order (3,2,%), ALC 406576, with & ConvergenC ewacning,
“CAZEFUL. & hate except hdes LNRMY ooy, Cven tYQOS. veter except ExCeption.

~CAREFUL: ADF sa skt onary, yet the search picked & = 2. AIC cannok €antly COMpaTe

di€Cerenk o, becovse Mflecencing changes the 20x0 heing €ixted,
- CAREFUL £Me mode| is€rxed onoll 48 monthe, 5o foceclsilsteps™dd) predicks

2018

B. Plot and eugluate

oltpbtlmoniehly_salest-40:Tindex, movthly_calesC4g.1 labeFActual, coloc="biue,
lNestyle="', marke='0")

o\ k.plot Uforecdsk_valiesindex, forecact _vabes, label-Focecast’, colorced’, \iteskyle=--'
mﬂﬂic,r""f\')

o\tleqend()



Lrom skleacn.metrics meort mean_0bsolute_ercoc, Wean_Savdced _erios
observed = monthly_saks.tal(A2)
made = wea®_ghsoke_ecror{obcerved, forecact _walues)
MSe = meal_ssuared _ersoclohserwed, £ocecast_values)
- Lab Oviput: WAE 43740 WGE 99300,
- CAREFUL: obcered i« 2087, 4he Corecact (s LOLB. Dicecent matths, so e VAE ic
not @ el aCCilacy.

“CovTec  way: hold out &irse. £rain = monthwly_saiest:A 2], £ ontvown, forecase La,
compare WD monthly_salesT-30.).

0. SARTMA

p,d,q=d—, ﬁ—,ﬂ—
b0 as=4,4,4 12

from Statsmodels.tsa statespace.carmax \wedek CARTMAK

wode! = SAQ.TMP\K(mon—tth_salec, ovder=le, d, 5), Seacona\_ovder=(P, V, Q, s))
Cechles = madelfit()

forecast = resv\tsforecastseeps=ia)

obserwed = monthly_sales.tai(1e)
MOe = wedn_absolte _ercor(observed, fOvecast)

wmse = medn_Sabatred_error(observed, forecast)
-(p, d a) 15 the Mdema) part, (P D, Q,5) the seasonal part. s =42 monthe.

- Lab ovtpur: MAELOB6A D, MSe 1528 Tpe \abcbest model.
- CAREFUL, The same 2087 agounsT 2048 mismatch.

- CAREFUL. the SARIMA Ot deaws kocecask_Nalves, wyich s khe ARIMA fovecact. Tt
Should ITAW fovecact.

7. SARIMAX

o &, q = ﬂ—, 5‘, 1.

) Qs=8, 14 40
510 0navtY = Falge
ettty = Faise

model * SAR TMAXUmontaly_sales, ¥det=Lo, d, a), ceasondl_ovder=Y, 9, Q, s),
w&orca_muuhbhkf c’cak\ono.nty, et\-FO(cz_,CtatIOOGﬂ-tr= sXax 000 \J(.y)

resuits = model.Sx()
€ovecast = cesults forecask(stes=1a)
- Lab outout: MAE 83034, MSE 23708,
- CAREFUL: knese i Mo ex0g, SO thic s 1ot Teally SARTmax 1€ SARIMp withTwo
Check swwehed ok,
- CAReelL: enkorce_imetebity Yses the wriable statonariey. wertibhey s never

veed. B\ ace Falce, sothe cesulk 5 Lhe Same,
- CAREFUL: ttc plok also Acdws the ARIMA Lorecast.



- A Teal SARTMAK pacsSes ol ow\-.;\& vavioble. SARTWAK (xca, eXxog=holiday, ») aNo
forecacklcteps=12, exoq%uture,ho\\dﬂy).

-Lab tanking SALTMA 10612, SARTWAK 49031, NTMA 43745 A wmodel X Wk knows Lhe
L9 -month Seaseh wins.
" Alays splik by time, and score g months the mode\ nevee saw.



