WalChine Leacrsig, Wi To W9

—— T

WL T oML
WWhot i WL

- Sambe| (4969). CompweS ach wxhout bemg explicitly. ptogrammed.

- Wit chell aproaram learfs § ws gerformance P on £ask T impeoves wit
explrieihce E.

~Weather ag E = 005X weather data. T= wedCt £o30Ys weather. P =was the
forecask Tight,
- ML aroWd ys: Xace cocognieion (T0Stagram), cecommendations (Netifix), seam

Ger (Genal), fraud detection (9ayPal), senerate AL (ChaxGTT).

Wby € moXtecs: Jata keeps gTowing and problems geX more complex. Nand-wiitken
Tules AT e CoStly v evror plone.

AT ve V\L

;A__'._[_ = any £eChniave Thall makes aptogcam sense, act A0 adapt Lo mimic human
behavous,
-lﬂl_,_= pact 0§ AT The machne improves bY learning fcom expecienCe.
-Chess program WS hand-wriekel tyloe. AL, not WL, Nothing ic lgacned,

Soom Lilter £caned 00wy mals: We. T vnptoves wth da'a

Works as dohg Smack

cmulate m"CB\hq&ﬂcv_
Yoec o 00 _maKy g
Leads +0

workenGCHR L arning £om Aata
eatn G Task, maEXITMISE pl TXOrmAdng

leacns neW Lhings trom a0
knowle Age

nxelligence, wedom

<Y,

Non-M\L way ve WL wa

W0 MU daka+ cules weveten by g umod - ONERELTS,
- Fruvk: T smooth G0d oranae VREN 0range. TF cmosth and ted \NEN. apyle.
- ML: dato T ancwese = lRarning o\gorithm 2 rules (the model).



3 branches

- Sieruiced: data has \abele (the might answec). Classikication, cedresSsion.
~Mai\¢ alteady marke d Spam Oc WL Som.

- Uneugecvised: o labels. chstering, gscociation.
- hrchase Tecords witth nogcoup names.

-Renforcemenk: lRArne £COM rewards. A gamg peogiam £hat 1mpcoves \JY Winting

and 10cng. Nt twe focus of this covrse.

X kinde of togk

~ Acsociakion (hacke L andlysic). hinge Lhot hagen togethec. PN X))
- Wsptedd [ beead) =0.7: 70% of bread buyers also biy chocdlake spread.

- \With customee attribuiee D- x| X, O,
-Cacsticotion: peedick a \abel
- ule: TEX >0, AN X 74, THEN A. Vhe howndaty s the diccrmbank.
-TF xempecatore > 35 AND hudity > 90% TREN suavy.
~Regressiom Pf"?-a\:c—\: a numbu'.y = Wh T owy, w £\0pe, Wy teccept,
-ML scor® feom Stakiskics, Dscrete Math and Programmig sCorec. T\'a“\,‘\g

Gnds each weight.

- Clhstering AT0W SimiI\GT tems, ™ labels. Lear® the cequldeities Ahe npvt.

~Grovp customets bY per fransac kvne, Fid smlar geicbres.
-Which 0ne.? NOmbet = teqtassion. Labe) 2 c\dcsifration No labels 2 Clustetila,

bought £ogethe r ¥ dscocation,

Pychon skack (WL has nd 0o )

“Numby: accays. SCiPy: Mumecicdl algor e hms, Makploclib: fots. pandac, tablec,
sckiC-learn: ML Agotithme,

W2, egleccun

Regression

-Sugeruiced. fredictS a contnuug valve 4¥om one oc mote Wariable s,
- X = ddepe™ent driables = Cetkures. \ = degendent varable target.

" Bostol datlihe L% columns co IM Lo LSTAT afe X. Hovse price 6 X
-Dees: wild Sp?,D.& £om Tempetatuce and \\\N\\c}k‘cy. HouSe price £vom S00mS and \an A
size. Stock onice. Car MPG £rom weight Gna hOCSe power

Simele lnege segressi0l




y© Bn T B‘Lxl
- § ITediCked voT\ab. O interceyt. By Sloge. Xy the single predictoc.

- Training =50d the O wwse line fits the poivks besk,

ow 4004 is the mode)

ecfor =y ~ 3
-Real Y = \b%, wedhcteds = 45 Ecepr = 5.

WSE = (A/n) £ (y - ¢Y
- Gauaring: plke and minus ectors caNNO% cancel Gnd by efTOISacre pumshu\ moce.
- Objecne: £ind £he A Xhat mitimice the MSE,
-P\so: MAE Z meah ok ly ~ g\ B = shase of VAcanCe explained, & ¢ refkec .

ey

Leost cauacec 9 hand
- x=1,2, 3, % y =3, &, 6,8 Means: X = 1.5,= 5.26.
Dy = 5(x - N - y) | £lx- x)*
90 ¥ GJ\
s R (s
s Pl i

-0, 8515=47 0,2526-4.7*25=40,.S0§= 10t L7x



- Gum = 030. WSE = 030 /& =0.075,
ML iple near Tegression

y= 95 t O T 911&1 t .+ 6“)‘.“
g =0 (x, = 1)
- Kice = B, + B, CRIM* By LSTAN + £, M + B, 015
-Glle examole: B = -4.56, 0.0, 065, 5471 Yow 8: CIM 028424, LSTAT 2993

M 5634

peice = -AGb - 0088 - Legp+ 2030 = 476
- qedl price 16.5, S0 khe ecror s b4
“Sighe: mote cme pr wofe LSTAT = \owec price. More Toome = higher plice.

Non-\inga = Te4Tession
-—'——"__"—‘._._._,__‘_\f________

-Use & whed Adstiaight ling Camnot St Price vs crime drope €ast, then €\0tkens,
-Chapes. \intac, auddTatic, cubic, polyhomia\.

ling = bad

Polynomial Tegresson

g =8t BX + Ok + ByK]

- \tick: cehame LURER TR K, Xy =K Now it i€ m\:\t\p\e hnedr fegres<ion, so\gd by
\east Squates.

-60(1\; minmsSe Xhe suvm ot Cqua\'e,d Ye;\a‘ba\g.

- Ovecfikting: egree top high The model memorises e +Tanmng wints and €als
o Mew 00es. \1dinefror Jfcx\\s,, Xecx eccror MNses.



A1) gm\‘]p_ ak \l?,‘& \{

True not-\ineac

“Non-hneay 0 8. Cannox be cenamed nko a hne SoINed by iteraking, Mo Closed
Lformula.
y F en T Qllﬁ
§= \Ogtec By + By %)
926 (4 + 8" (x-6,)) S-curve

%egulaczaton

= Qre\lo,\\ts ONec£itXing by oenalising lacge coefEicienis.
- Ridge: sgvaced penalty. Swrinks ai coekficienks. WSe \when many featutTes ace

hohly corcelated,
- Lassg: forces come coekgicents Lo exactly 0,50 & selecks featires. Dse when

m‘p featces mat xor
Rdge: MSE + 0B + 5% +_)
Lacco MSE + oDul + 1B\ + ..

- h=pendlty ctrenakh. o = O s plain rearecsion. Pk o Wwth GridSeatchCN.
- CAREFUL: the Slide soys V-\dg@ (1) and Lasso (L), The Standacd ¢ Widge =

L%, Lasso = LA,
Lab Cpde (BoctO®, cciki-leatn)
- This is *he votebook's oun code. Linge marked CAREFUL afe mistakesS oc vape

n \t,

- Every mode| s the came XX skepe pek The mode), kit On Lraning Tows, predict
kegct Tows, ¢Cote.

L Leadthe Jata

et ma-\:plothb.ﬂpb-’c as Pk
IMport pana\us as Qd

IMpO+ OmpY U5 np

# xhe row €ile stotes edch Lown on 2 lives, <o Teld it ac A\ wmbecs &irst
daxa_url * Wttp/b.Stak.cmie dwdatase Lslbocton'



caw_0€ = o fead_csvldata_ur), p= st , iprows=12, header=None)

4 ghe £he 2 \iDec 0f each town back into dne Tow p¢ L3 featyres
dokta = wphskack(Taw_d€valesl:a, 1, rav_d€.valuestd:d, 2T\)

R The ed nmbeT on every Second line € the Wouse e = the 0T qek ¥
Larget * To.w_,A-(-Na\b%S[ﬁ- w47

# one table; 13 named €eaLuce columns + the karget coluvan

boston_ok = pdlatarsamelne.c_[data, target], coOWmtS = pp agoond(TCRIM, ZN,
INDUS!, 'CHAS), Nox, W, 'age’, DTS, ‘eap, ‘TaK!, TreaTIo!, 'V, W GYAT],
(“tacgerD))

- CAREFUL. seg="\st" tunc but prilks Sym—.qxwammq nalic esCape S€qbency,
Covvece form sep=c\ot .

9 Lok ok E\f,&o\’c.a

boston_d£.describe)

 copy of the xable %ot ana\ysis
bk = boston_d£LT'CRIM, ‘Zn, "INWS, THAS, Wox!, 'RM', 'AGE!, 9TS', RAD, TAX,
PIRANIO, ¥, LSTAT, ‘target'l]

A Cerime Take dqdiNSt price: AFOQS €ast, Lhen £\atxens
.scatxer(hd€ CRIM, ba& taraet, Color=blue ")
p\txlabel"Criminal ate’d

oleyiabel(House Price")

p\h.ﬂ\oWL)

Wsx0 = b l'cRIw, Z-N1)
msto.nstl)

“AesCrive giyes count, mean, std min, aK g COlumn. hist shows how each columi ic
Sp\"@aa\.

3. Solix nto £rain and test

# one caldom numbet por TOw. Teue Labovt 80%) qoec 4o +raiing
dat = wpsandom.candlienlboson_d4)) < 03
tyawn * Wldat]

tect = bakl-dax]
~ medps WOL. The mode| karne from tram only. Nest cows cheCk khoneskyy,




-CAREFUL: no sRed, cp the Spht and enely ccate changl on each cup.

4. Smple INear regregsion (1 €eature)

£rom skleaen mpoT+ \mo,av_madw.\

reac = \inear_madellinear e grescionl)

+ Kwmuct be 39 (Tows x featuces), so use dovdle bracket e
e x = Op.asanyaretyleaaintCORIMID
tran_, = nposanyacraylicanlatgex 1D

4 fik = least <qudies $inds the best B
reqrfik (4rain_x, £van_Y)

ot (Coekhicionts: | reqrCoek_ )

peinvt (Inkerceyt. , vearinteccept )

# drow the frtted Woe ovee e tTaining poinks
p.sckte e cain.CRIN, £ran.tayget, oVr=biw)
pbegbtLerain_x, cear.coet_[0A0I*train_x + resrinkercept 0], )
-coek_ ic the slope 94., nterCest__is 8, coek_L0T00] takes the Mmber OUt ok the
29 artoy.
" The evalaton cefjs blank in the lab (an exercise). SXAMAArd veroom.
£est_X = nyasanyasTay(eesLiC'CRIN'TT)
xe5k_y = M.asAnyarsay(tesklUkorget'1])
Xest_Y_ = Rgcpredic tlest x)
Tt Mean ab50We oot Y0 £" Yo npmeantnp.absoluteltest _y_ - test_y)))
wrinklMean Squace Ector (MSEY 2267 nomeantlese_y_ ~ xest_y) ¥ 2))

“Lab Outpbt: couk -0408, ntevcert 23.99 WAE 592, MSE 6319,

b. Multiple \'\\\ea\‘\:g_jge_ggo,\\_ﬂizﬂt&\:ei)

Teq\ = \meaLmade\,L\t\ea\‘leqresslm\o

X = Np.dstryarcay(+5ainll LRIV, LSTAT, W T

y T nq.osawaﬁ'ﬂY(t\'mﬂ[\'_”(arqe't'll)

regefit s )

it ('Coehicients: ', V&j("-CO%‘F_)

eritt (Tnkeccept: |, Tegrinterceyt )
- Same model K Ow hac 3Columng. Edch feature gets s own .
-Twe evalvation cell ic bank in the \ab. S.umAarﬁ R S0

y_hat = regrptedickleectll'CRIM,LSTAT, RMT)




X = nq.usﬂnyarr(w(’c0.94:[['CQ-I\‘\','LSTP\T‘,'P-\“\‘]D
Y = fp.asaNyartay(£est I\ karge 1)
it ‘Residual cum ok ciuaves: %e2€ % np.meac(ly_wat “y) ¥ )
L (NGCWOnc® ceoce: 794 s regrccocelx, y))

- \Lob putpwt: coefs -0.084, 0608, $.07. Intercept -1 52 ‘ReSidual Sum 0% SavaTes’
2293 \ofance Scoce.73.

- cAREFUL: Lhat \abel s weong. A mean oF squaced efvore 15 the WSE, not the
Tecidbal Sun p& <quaces.

- \arofce SCore =WE 4 ¢ perfect

b. ?O\YOomm\ Teqression
—_——— -

£V0m SKeGernpreprocessing mport YolynomialFeatures
fr@n_x =0pasanyartay(tianll’CIWIY)

telm_y = i\\xascmyaWay(-\:ram[['—\:arget'ﬂ)
feck X = vpasanyactaylcestUCRTMII)

Lest_y = mosanyaccayleestl ' tasget' 7]

# deglee 2. Turn 4he Columh® ink0 3 Colvmns: 1., % k2
ooly = Polyromia\Fea tures(degree=1)
tram_x_goly = poly. 1t _£ranskormlerain_x)

# an ocdinacy Inedt e gression on Those cOWMOS = o chrve N %
€ = lineas_model.Linearedeessionl)
XCain_Yy_ = AL Lk Xan_x_paly, Xcain_y)
ot (Coetficients ', clf.conk )
erint (Tokeccept: | c\Q.\nterCE’.p-\:__)
- The refdme £rick: s\ fineae 0D, 50 ledek squares st works.

-CARERUL. tean_y_ ic am\d&ﬂo\\\\g name. £ refeens the mode, 10t ofedictions.
- The first coekficient s alwaye 0, becavce The column ot onec cepeldie the

ntecrCepk.

- \Lab, degreed coeks 0, 084, 0.008%. Tntercept -4 53,
-The deqvee 3 collc ave Hank i the Ilgh, STaNdACD Grcion
p0ly3 = PolydomialFeatyiecldegree=3)

Teal_X_ooW2 = poly3 G _traneformtran _X)
Nt linede_mode\.Lineareqressionl)

ck3Litltrain_x_poly%, tvan_y)

F deck 10us 4ot the same columns. £ransEorm ooly, Nevec &t agai



£est_y3_ = ckDpcedictlpolyLvanstormitest x))
- Labh, degree 3 MAE 533, WGEGARA, Bot ot than The straght line (MSE
6320).

£com Sk\ea\'n.\mn.aT__mDa\q,\ impol Q\dqe
fvom skleaenmode!_selection mpor & GridSederchCN

(\dq@ = ‘l\& Q%L)

# the enalty stremthe L0 tey
puramerers = Eaphatto.om, 008, 0.8, 4,40, 10013

3 for cach ovpha: splik team into © folds, xTaiwan &, sCoce o0 4, cereat

dge_cegrecsor = 6 dSearchlN(cidae, pavameters,
5c0rmq='n0.g_,mean_,a\nso\u’ce__*e\'ror', cV=5)

ridge_segfessor kit (tean_x, tran_y)

pr\n’chu}ga__chre,Ssor.bz ;t__params_)
pwwt(ridge_regsessor.best_score_)

-# "G using sk Tm\g@ mode!
néqe_,moa\e\ = Ldgelalha=a00)
ridoe_model. fittran_x, ’(.\'a\n_Y)

teSk_y_ * ridge_wodelpredict (est )
el Wean obsolite efrot. %2£ ¥, npmednl0p.abso\utel test_y_ - est_Y)))
w0 (' Mean Syuare Evcor (MGE). Z.2€" "Anp.mq,am(test__y__ - -test_y) *+9))

- Scoring s neaakive MAE becavs® ck\eacn alvays maximiseS.

- Lab outpue.best algha 0008, bect score 6.65, Then MAE 742, WSE gq.48.

- CAREFUL Lhe cedreh says apha = 0004 i€ besk, bWk the \OO xhel Lraws wikh
alpha = 800. The corcect \ine s Ridgelalpha=0.001), ov
rt)\qa_,regro.ssof.\')ec-t__@S't\maJwr___.

8. Lasso

from Skleatnlitear__mode| ot Lasso
- The ceaeCh framng And eualiation celle Bce biank i the \ab. Sqme attect ge
Lidae with LagsoD).
= Labovteut vest alpha 4246, best score ~BA.do, weh a CoMvetgence Wartng, \heh
Lacsolo\pha=L) WAE 798, MGe G822



- CAREFL: cgme mistake, \he seatch piCked be-bB, the \ab Lrained with olohd = 4
-CAREFOL: -8L 80 agomet Ldae S H5g means Xhe Lwo sedcches sed dikferentT
€CON N g, SO h0Se 4ty Nimberscannot he compated.

- CAREFUL: gidge and Lasso score worse (MAE 7.4) thGn flain regeession (292 on

the same Eeaxure. That comes £10m a dif€erent candom olit, Not Ceom +he
peNd\kLy.

- Awnalty on 00k UNscale d fe0XuTR does a\mosk nothing Yidge and Laceo
wattecwih many featuces, ccaled first.

W3 Tine Secies

- Yata n €me order. The model Teade khe past ond predic.t o futuie Nales.
-Euety Tow has a Ximestomt Tt £racks wrables aCtosS tume. Pointsdeend on

each othes, €0 never chuff\e.
-Univarioke: time is tye only NAepe ek vatiable. Monthly soles o\one.

TP

Multwaciale: moeg vaciab\es. Sakes plue weat her.

- Usw-.' fo¥ecasting (nexx monkh's cales), anomaly detection (049 netwock
actinity), paktef guglysis (weekend pra¥%e).

A\:JcOcOrx:_glation

-Houw 0 seres Te\ates to vts oW0 past. Lag k = k ¢Xerés bgck.
- ACF at \as K = corvalaeon Detween y() and {(170-

= A tallbac at \ag 4= a yearly sedcon.
- YACE =the Same, with Xhe shoctet lags cemNed.

- by hand. 12, 45, 14,18, 9.0, b9, 2.3 Megn 4724
- Peviotions: .29, -2-.2-9,-319, 074, 2471, 6T

" Top = sumok dentt) *denlX4) = 33.62. ot tom = Sum 0F dev* =B7.49.
- AcFL) = 3363 7 3749 = 0.235,

TTQ\\O\, SeasSona\iXy, c cle

- Trend: bng-tarm viSe of fall. Salec 40w as he cuctomer bIse grows,
- GeasoMaliky: Tepeats at a £xed 900. electriuy Wp BVLry evening. Tce ceeom by

eNetY syrmec,
-(,f W& ri5eS and £alls, 9y Mot Sixed. EconomiC boorns GPA Tecessions.
- Tesk cdn ¥ SGy Ww many Stes yntl Tepeats” Neg = 5000 No = cycle.



W AN

t-end seaGon cyc\e

SCaxonatity

= The skatickice ¢4y stable puer time.
= Jcondikions: conskant medn. CoNsealt NGTIGNCE. Conarinee depende on the \dg,
ot the £ime.
- Use. thok climbs exery moNkh: nox ska 100y Uee thot wobblec Acoung ONe

ovelage: ckat.ionavy.
“Fx atrend by Affelencing: y(e) - ytb). Once € = 4.
N2.15, 44,08, 20, 48,935 43, 4, 14, 94 4
- AVF kxest: ¢ <0.0% means S+ a-cionary.
\}/Y"
\/\/\/\/\/\ \/\/\/\/\/\
skotionity not

ARIMACo, 4, q)

Autoregressie Totegrated WoNing Average. FoTecaet s €Tom past \ilues and pact
EcTors,

"0 = avkorearocsve OTder umvec pf lags(pist valves)

- i :&\((0_\‘?;00\(\[3: tmec difgerenced to beCOMQ, s:-tat_mnar\(_ US‘UG\\Y 1.

“q % MONINg oneraae 0rdeS: pumbec. of ydst &5 TS,

. - ARIMAMLAL). & past vale, ddferenced once, b pact etor.

- The 106 tripe ™any ordecs and keeye £he lowecT ATC (F14, wih @ pendlty foc
extea ppcametocs)

Ctops: weualice, ACF and JACF olots, seaconal check, Stationary check, pick g, o,

CARTMA and SARIMAX

- SARTWMACp,d,4 X P.),Q,5) ARIMA s a Seasondl C.opy.5 = season length, B2 for
MONth|y d0%C.
-? seasonal AL srder. Y Sedeonal a‘\ﬁe‘r@(\cmﬂ_ Q ceosoNo\ WA Ocder.
- Seasonal differencing: yx) ~ yleAD.
-SARIMAX: GARIMA uis X, dutside (exogenous) varidbles. A wlday f\dg.
olidorsd by &
S 5Ra50NO\. AR past walnes, T A€ £evencing. MA pask eccors, X ex-ternd Vaciables.




Geaso0a\ ndex

-How X7 00g & ‘.er\od S Gaaivst anavetaqgl per\oaI_ o0 - G\e (g€,

Todex = peciod average ( owesall mean * B.00.
- Salec Y 20, 0,96, 45.X2: %4, 35, 28, 52. X% 23 40, 2, 68

Qual"tzr Todex

= Owecall mean 9‘\'-75- Doceasono\ise Q% of Y3 69 / L5364 = 28 49.
Lah code (skore saks, sta+tsmodels)

- TWis s he N0£CboOK'S ouncode, Lines matked CAREFIL ace mistakes pr Lraps
o .

L. Lood Xhe data

port WArengs

watniNgs £\ erwacning(ignoce ")
IO Dhtngy 05 B

impo\ & pondds as gd

#9384 tows, one pet oM otdered
ol

= tpsilleon. §rihwbusercontent . comicedeaput T sample/ e £s/heads/manlstore_dat
dﬂka,a* = pA.raad_c_s\J(uﬂ)

H keep the dote and the cales omouik, LUTN the date xext into weal daxes
sales_af = data__o€['0cder Date, SalesIl
soles_d4L0cder Vate') - oA-\:a J«a-l:e,t\me[su\ec _o€U'0ordes VateD

- CAREFUL: Sleecwarnwas( gnoce e Wde< evety wacning, i0cluding veedul ones.
- CAREFUL. assighing ko a sice of daka_df s pandas ge.—h‘tl(‘qut\\COpy Cose.
Safec: data_MIT. 1lcoyO).

9. Daily, £hen mronthly
e e e |
mpovt mQ’Cp\o-t\'{\J.py\)\ot as p\t

# many ordecs chace G doy: 0dd khem Uy pec Ady, I date ordes



daly_calec = (Sales__d£.avourby(Order Date X'SalesTsimO).cort_index())

daly_solesplok(figeie=(14, 5), Litle=lay Salks Record o the Soce’
x\abel=0rdes Jaty! yiabel*Tokal Salec)

olt.ge1dTrue)

. xxicks(rotation=45)

ohtight_iayoue O

pt.show()

# dally 15 00 jumpy. make The da’e £he ndex then add vy per wonth
d€L = sales _dkeex_index{'Order Yoke')

wonthly_cales = M. resampe(™E").cum()

oWt faurel €igcize=(30, 6))
o\.o\o(monkhly_salesl'Sales'], inewdth=3, c='ue’)

ot title("onthly Sales')
- Qaw oderc become 48 manthly Xotals. 'Me' = MONKN g, resample teeds a date

NIex.

oM statemodeleksa st atoos impori adkuller
fcom C'tGJcsmOa\e\s-qT aphicstsapots wmport olot_ack, pok_pack

ek c\\o_r_k__sta—h\onan’c;(t\meseme.c)-.
# ADF xest returnsa tiple. (0716 the cxatistic, [41 i tue pnaWL

cesilk * adfulec(Limesecies, avtolag=ATC')
p_Nalve = reguleti]

ik (EADF Sxat sk f\'esu\'t[t)]]' )
orin(K'pvolue: £y_valued)
otintUSeakionasty € p_wale < 0.05 else 'Non-Statuonary)

check_statuonaricylmonthly _slect'Sales'l)

ol __acklemonkhly_cales)
p\o—h,pac{(month\y__ga\eg)
p\t-ChD\a&(\

- Lab owtput: ctatictic ~4.49, p= 00003, Statwnary. The \ag 42 har st.ands out.
o yeatly cedson,

4 ARTWA, Loy ewery Ocdes, ke ATC



etk Heertoo\s
from ctotsmodelsteaarima.model wmport pRTMA

o = Tangelg, %)
d = cangelo, 1)

4 = Yange(Q, &)

# every Combination of p, & 24 x 2 x &= 48
oda = listlikeTto05eToduct(y, 4, o))

bect_aic = npnk
best_ocdet = Nole
\)aS‘t__modl’,\ = Nohe

€or otder 0 pda:
vy
mode! = ARTMA(mantRlY_salesS, prdeszorder)
teculte = model. fit()

% \ower AIC = bet et remembet the bese s0 fac
13 Tesuvits, aic s bo..S-\:__mc:
best_aic = nesultsac

best_ocder =ocder
bect_model = results

exCept:
CoOntinue

et iDL L'%est AR TWA ofdec: Ebe.s-l:_,ardgrl Wikh ALC: fhest_aicd)

Cinal_mode\ = A ITMALmontWly_sales, order-hest ordec)
cesuts = ‘ﬂnﬂ\_modz\.-&'t()
forecast _valves = recults.forecast (steps=12)

~Lab outyut: best ovdet (3,9, ), Al L065.76, wth a CawergenCeWarhing,
“CAREPVL: a hare except hdes euely ectof even Xyws Bettec: excepe EXception.

-CAREFDL. ADFsaid ctationary,yet the search picked o = % ATccammok Eaicly

coOmpace dikkerent d, because differancing changes the daxa being (ke

- CARBFUL: fhe model 5EAELD pn oy 4B NS, g focecast(ckeps#h]) predicte
2013.

B. Plot. and evalioke

ot ploxCmonehly _salest-12:Lindex, monthly_salesC-49.1, label=Actual, color=bue’,



linestyle=-!, markes=0')

0L fOeCask_nOlues.indeX, foreCast _Na\ue5, \label='Fovecack’, (;0|0\'“r0.&',
Woestyle="-, macker='x')

W legend()

from skleden.metTics wWpotC Mmean_absolute_ecrdc, mwn__;quared___ervor
obsetved * mon-l:h\y__sulo.;.-tm\(w)
mae = medn_absoluke_ectorlobserved, forec.asT _values)
mSe = medn_cauleed_eecor(ohseryed, foreCast _valies)

- Lab antowt: MAE 42745, MGE 2-38ed.

- CAREFUL. Obsetved e 2.017, £ £orecasT s 20A8. Dikfecent monehs, 9 thic
MAE 15 nok o Tedl GcCurdcy.

" Cocteck way: hold ovt £irsk. kcan® = mont hl _salecU-42], £it on Lea,
€ovecast 19 Compare with monthly_cales[-42.1.

b. SARTWA

plalqsilﬁ"h’
P.0Q s=4,4,4,\2

keom ceatsmode\s.tsastotecpacesarimon mpoct SARTMAX
model= SALIMAX(monthy_stles, ocder=, 9 ), sedsond_otder=LY,9, Q, <))

cesvite = mode . HtU)
£ovecact = resutsdorecastist eps=49)

shseryed = mont\\\y,Sa\eS.tm\U—Q—)
wmae = mean_absolute_ercoclobsewed, fovecast)
wée = mead_sauoced_ercorlobseed, £orecast)
o, 9, &) i€ the noemal pack, (P, 9, Q, S) the seasonal park, s * 49 months,
- Labouept: WAE 40642, MSE 45003 The labsbest model,
- CAREFDL: the sGme 901 aqoinst 2018 micmatich.
- CAREFUL: the SARIW\A oloX draws £otecask_vdues, Wwch 5 the ALTMA
focucast. Tt should draw Corecask.

7. SARTMAX
0/ 0\, Q= 1., d—, 1
Pl‘ DI QI 551' &': 1—, 1-1
skatioNar ity = False
Dveckblity = False



model = SARTMAK (monkhly_sa\es, ocdet=(o, 4, &), seaconal_sder=l?, §, Q, 3),
endorce_wwerebiitys statiOnacity, enforCe_stationaciky= sxakionat ity)
cesulks = modelfitO)
focrectst * Teculte.forec ast(stes=42)
- Lab ovtouk: WAE 43034, MOE 1.97e8,
-CAREFUL: £here s N0 eXog, €0 thic ¢ not redlly SARTIWAX, Tt s SARTMA wth
x00 cheCksSwitehed 0£¢.
-CAREFUL: enforce_imvectibiity VRS Lhe el stationaricy, nectibility 6
aeNel uced- Both aee FaleL, So the resulk € the sqwe.
= CAREFUL: e plot 0150 deave khe ARTMA focecack,

- A Feal SARTWAX pasSses Gn outside vaTable: SARTWAXCLEC, exoowoliday, ), and
focecostlckepshy, %ﬁbg‘(\:’c\lre__\\ol'w}«aﬂ.

“Lab canking: GARTVA 40682, SARTMAX 43031 ARIMA 49705, A mode) khat knows
the DRI ceason WhS.
- Bluays SoVE by time, a0d Score on months £he mode| PeNLT sow.



