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.



00 simgle ok vevkit

True not-\ineac

“Non-hneay 0 8. Cannox be cenamed nko a hne SoINed by iteraking, Mo Closed
forvula.
y F en T leﬁ
§= \Ogteg By + By %)
226, ( (4t Bx - 6,)) S-curve

%egulaczaton

-9c events ONec£itXing by oenalising lacge coefKiciens.
- Ridge: sgvaced penalty. Swrinks ai coekficienks. WSe \when many featutTes ace

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

M £ow featlces mat xor
Rdae: MSE + B> + 8,7 +_)
Lacso: WSE + ol0ul + 1B\ + ...
- h=pendlty ctrenakh. o = O s plain rearecsion. Pk o Wwth GridSeatchCN.
- CAREFUL: xhe Slide saye V.'\dgﬁb (1) and Lasso (L), The Standacd ¢ Widge =

L, Lasso = |A,
Lab cpde (BockdD, ccikic-leatn)

~ Every model ic the same & stees: olck the wode\, £t on TeaiNg Tows, ywedick
tect cOws, sCole.

4 Lood the datg

# numpy Aoes Lhe makhs, sandae holds he Lable
umo\"t Numpy G¢ Op, pandac o< 13

F the cow £ile ctotes each town on 2 Wnes, So tedd & Gs plai™ Pumbere £i5¢t
ue\ = “Mtps/NAbstak.cmuedv/dat osers bocton
taw_o = pdread_cewur, Sepsi"\et", cKiptows=2.2, headec=None)

# glae £he 2 \iDec of cach town back indo one row 2% B3 Featwes



data> sphskackiraw_okvauest:2, 1, Taw_dfvaluestdn-, 2.11)

# the 3rd number on evecy Second NG ic £he house wice = +the faraet y
taraet = caw_d€natvesih), 2.3

# bl one koble L9 vamed Seature Colbmpe T £We kataekt Colhmn
rames = UCRTW,'Z-N, TNJUSCHAS,'WOX', ' M AGE" DTS, LAY, TAX P TRATTO! %, LS TA
bd€ = oddatarramelog.c_daxa, target], coumncztames + UtarseeD

2. Split inko tSad and test

# one rondom tumbec per cow Yrbe (ahput 30%) goes o tvaining
dat, = ng.randsm.candllentbd€)) < 08

X £7qin = Xhe True cowsS. kect = khe cest (~ meats WOV

£c0W, Lest = bd<[dat], bdft-dgs]
- The e | \egros from Lean only. \est rowsale KepX hidden 10 check & honestly.
- No seed, 50 the Solilt ond ewety SCoTe change onedch Tun.

3 Smple Wneac Togcecsion (1 £ootive)

£70m sklearn MeOTL lineat_model

FX wwstbe 270 (tows x £eatures), 50 wee double brackets
tcGin_x = np.aca\\yarmy(-(:\‘a'm[['oV—I\*’\']h
K607 = ppasanyarcayCtranl'tdraet' 1)

i pck he wmode), then X = \eask squdces finds the beck B

Ceql” = linear_mode|Linearee geescionl)
reqr it (xran_x, xtam_y)

# coek 5 the slpe B, ntercert S &g
PUink(Teav.coef_, Tegr.intelcepk_)

# gedick the tesk Tows the model has pevet seen
test_x = Npasanyoccay(tectlU'CRINMID)
toesk_y = Mposanyatsay(keskl{'carge£' 1))

test_y_ = ceqrpredict(test_x)

# WVaE = aweldge <i-e oX ‘e osroc. MGE = ol 09¢ Sauared EcTov

mivtlnpmeantngabeolutelect _y_ - Xect_y)))
vk Cnp.mean(leest_y_ - test_y) ** 9))



- Whole. b\ocK: €3¢ orice * 8yt O, CRTMon £raf, £hed measure how wiOng X s 0N
xR5%.
~ Lah: coek 0408, ntecceet 23,99, WAE 599, MSE 62.0.0.

& Multiple \Weace TRTRSSIoN A Q‘bat-““"sj

#* same model, Dow 3 ngut colymns
cols® LCRIM, LGTAT W]

X_tr = neasanyactay(tanlcosl)
y_tv = Vp.ﬂca(\ya\'ray(kram[(‘-turqq,-l:'ll)
fegefit(x_xe, Y_4c)

# 9 slopee (one poe feature) dnd 1 inkercepr
pnn-t(regr.cod » ro.q?,mterce\at__\

# scove gives ™ shaee o€ khe OCIce VAT ton p,;&p\amw‘, 1 2 eerfock
X = Np.acanyarcayleestlcols)

y = lacanyartay(testirtavge £ 11)

W int(vear.ccotelx, v))
“Nothing chalges eRcept X has 3 Columis. Each featute geXs 5 own )
-Lob: Coeks -0084, -0.605, 507, Tnkercept 4.52. R* 073,

5 Polynomial regression (degree 3)

Lrom skleacnpreprOcessing mport YolyhomialFeatures

F turn he cOlumd x 040 & comne: &, X, & w3

poly = YlyhomiaiFeatucesldeqree=3)
Xean_x_poly = o0\Y.£i_transform(tran_x)

4 a0 Ordnary lNedr Tegeession on khoce 4 cOlumns = @ curve © X
cl£ = linear_model.L neacRegressionl)
cE.&-‘c(‘tTmn__x__poly ; “Cra'ﬂ‘_..‘l)

# tock TOUS a@X the come colim0S. LransLorm oy, tever L Ggai0
tost_y_ #cK.ovedick(yolyLranst ocmlkest X))
TS 1S khe cehAMe £Tick: Lhe mode) 1s cxill Wneds w 6, s0 Rask canares skl

Works,
- fik_tvansform 00 £ain leatng how £obuild the cOb™MNS, transkocm On Le5Y just

Causes i
-Lab WAE 623, WSE 5418, bettel than the Sraght \ne (Mse 63.20).



£com SKedcolnear _model mpork Lidge, Lassy
£rom cklearnmodel _selection ettt 6e1dSeasc WCN

# £he peMlLy Steengkhe 0 toy
alphac = Fagha: 00.004, 0ok, 0.b, A, 10, 10073

# foc each olgha: Sp\it 4rain inks 5£0\dS, Xran on 4, ccore on 4, Teweax
Tidae = 6ridSearchCN(RAgeQ), alphas, cu=6, sCoring='neg_mean_abeolwke_etsoc')
cdgeftean_x, £raw_y)

# the alphd with Lhe best avelage scocp
Wik ridge best _orams )

F best _eskumdtor 5 already cefit wth kynat abha. tice i 0n teck
teck_y_ * cidae best _ectimator __gredict(tect_x)

~ 6ridSearchiy ocks aloha wixhout xouching the test Tows. SCoring ic negative WAE
becauSe sKleOCn always marimsRS.

-Lagsd: €he same D\OCK wixh LassoD) o place o€ Mrdae ).

- LGh: Ridae (alpha B00Y MAE 780 Lagep (000G 4 ) WAE 734, from o dkkecent Tandom

colit, sp donot comeale wtl £he scoces ghove.

1.5coces in o0 e

£r0m cKedeNme£TiCS mport mead_absolite ercor, medn_Savaled_ercor,
)-_gCoce

# Alwaye (ecue valves, predictions)
mean_absolute_errar(eest_y, test_y_.)
mean_sauaced_error(test _y, test_y_)
c2_scoreltestT_y, xect_y )

- Came tumbe'S o5 the Nomean Wes ahoue, wthobt weting £he fprmu\a.
W% Titae Seces

Time seriee

-Dat g\ £ime order. \he mode)\ TeGde the odst and predcte Sulute Nalvee,

- E\\E-\’Y ow has O.JC\“'\(’,S":G‘NP. I-t -t\‘qdcg \uaV igbles actoss time, Pons a‘ﬁpen& on
Lach okhes, S0 never Shutkle,



- (_)ngg_@-. time isthe only ndepndent va\"tab\eMo‘\-\:h\y sales alowe..

- Mulenvariae: more Weiables. Sales olis wedihec.
_ UCQG.' €0T@Ca5't|“5 L‘\P,Y\t mon‘hh I'g ga\zs . ﬂnOma\Y d&'tQ.C.JC\Dn Laﬂ‘d Nefwork GC-\'.N\tY);

edtLerh analysis (Weekend puake).
Aut ocoree\aton

© VoW g So ¥ ies Te\ALes 10 vks own pact. Lag k= K skegs hack
~ACF Gk lag k =Coccelation bellueel yie) and y(+-k).
- Atall batak lag 42 = a yeafly season.

“PACE = Lhe same, withLhe ShoTtet lags Temowed.
-uy hand: 2, 16,44, 4.8,20,48, 23. wean L7.94.

- Deviakions: 5.9g -22g, 7399, 074, .74, 8.7\ B4,
- Top =sum 0% delx) * dewt-L) = 33.63. botom = Sum of devt = B7A3.

- ACF1) =33.6% [ 87.43 = ¢28c.
Trend, sedeonaliey, cycle

- Trengd: long-tesmtise of €all. Sales grow ds Xhe customer base guovs.

- Seaconality, Teoeals att afiked gap. Electricity up enery eVe™d Icecream bo
euery summer.

- cy\e: Tises and £alle, 900 ok fixed, ECONOMIC byoms ard TRCESSI1OMS.

- Test: can Tsay how many ckege Wit cepeats? Xes= season No = cycle.

W AN

trend segSon cyc\e
Skationality

- the statisticestay stoble ver iR,
9 coMhitionS: conskant mean, CONSTanX vacidnee. Covaniance o\P.pD.M‘S on £he lag, nok
he Lime.
-Use xhat Climbs evety month; not stdtionaty. Use thak wobbles around one
aNerogR. stationGey.
£k a et by differencing y(4)- y(£1) once 3= 4.
- A2, 45,44, A8, 20,00,%2 2 +2, 4 4 42,4+
- ADF test: p< 0.05 means stalioacy.




v\/\/\/\/\
skationdty ot

- AutoRe grecsne Inkeqroted Moving Avetlge. ForeCacts Krom Kt \aues and
pdet eccore.
~ 97 autoreqressiye ocdlc: nimber of \ags (past ualves).
- d = dikferencing: ximes diferenced Lobecome ckakionary. Dsually 4.
~a = MONINg GNeYaaR dTdel: MmbeT o oask ercore.
- ARTMAU L A ) A past valie, dékerenced yncq & oast ercOc.
- he labxtee maly ofders and keeps £he lpwest ALC (fit, with a penalTy £oc
X ATa parametefs),
- G5, wualise, ACF and PACF plotes, seaconal check, stationary check, eck o, A, o

SALIMA and SARIMAX
- SARTVALp,3,:2)(P.9,2,5): ARTMA pluc a seasonal Copy. ¢ = s20SO™ length, 42 foc
wonthly AMta.

-9 ceasonal AR 0T der 0 ceasonal dkfecencing @ sedsonal WA ocdec.
-Seasonal dikfecencing y(£) - yeela).
- GARTMAX: GARIMA plis X, obtside (erogendus) vatiab\es. A holiday Xlag,
- G seasonal AR oo alues. T dikkerencing, MA p0Sk eTTors. K ex£efnal varables.

Seasona\ nALX

W00 strong @ petiod 15 dgaet an aNet8dY porpd 400 = avesage.
- Index * mciod avetage {oveco wean * 400,
- Sales X120, 90, 15, 45, Y204, %6, 2.8, 52 X%: 28, 40, 31, 59,

- owecall mean 2476 Deseacona\ise Q& of Y2. g9 1 4064 - 9949,
Lab code (ctore SANS, statsmodels)




4 9dgn ows, o™ pot ikem ofdered
url =

Chvkeped/ caw.girthubuse Teonkent.c om/te dsaputrifsample/Te £/ headslmonn/skore_da
AG‘C.G__&‘G = pdread_csulucl)

H keep only the dake and the sales amount
sales ot = data_d[['0cdes Vote 'SalesTAcopy)

# the date.s are ext TUT™ them ko Tea\ O‘G‘W_S <o ?am\ac can sOc< and qeoup
hem

sties_AfU0cdec Yatel = ko _datetimelcales_dEL'OTder Date')

H many ovAe s Shace o day: add Lhem by poc aly, \n dake Ocdec
daily_salec = Sales__ Ak growby('Ordet Yate ) Sa\es' 1sum(.coct__index()

# 3aily s o0 jumpy. maKe Lhe dake the wdeX, £hed add i er OO
a1 = caleS_dk.cex_index(Order Dok e')
monthly_slec = &(L\‘zcamo\zL'ME')sumO

monthly_calest Sales'T.glox( title=Manthly Sales’)
-Wwle block: caw 0T3S become e cledn series of &8 mo0thly xotals. ME'?
month end.

- vesGmple Only works when the nde” 5 & dlxe.

1. Check cxatonacriLy, ACE, ACE

—_—*—'-—'_‘—'——F"_'_\——'—M_.———‘_,_‘_‘_.———_—\‘/_.——‘
Ceom statsmode\e tea stOhkools ot adduler
froan ctatsmodele.qrdphic.e. Lsapote mpork dot_ack, P\Ot.—?ac‘{:

# MR Lesk cetl™S g ke, ikem 11115 £he o wolve
p_value = adku\let(monenly_sawes'Sa\es], avkolagATC YA

H o < 006 meane Statonary .
mntUstationocy' i o_walue < 005 else Mot s 10NCY)

# ACF: coceelaton wih each pask lag. PACF: each \ag by vesel
o\ot__acklmonkhly_sales)

p\ox _pacflmonthly_sales)
- This tels us & (ikCerence oF N0L) GNd whethet there & a £2a500.

“Lab, ¢ = 0.0002-, stationary. The lag Mo bGe Stands ovt, 50 @ yeatly seacon.

9. ARTMA, vy ever ovaes, kee \ove



im0V T 1Lectools
£Tom ctatemodels.tsaarima.mode) import. ARTMA
fcom cklearnmetoics impal e mean_abSolute e Tror as mae

# f;p\\'t by Time, Nevecr r‘a\\o\om\y-. last b2 mongng Gre khe tesk
Sales = monthy__calest'Sales']
Ao test * sales.ocl:42], 50 \es.Nocl-42. )

’Fs-turt With the Worsk posSible ecore
best_aic, beck_ordec = np.|(\€, Nobe

Hevery lp, &, a) wity ¢ 0-3, & 0-2, 4 3= 48 combiPatons
$oc ordor 1 itect0os.prodicTirangelt), conge(2), lngel4))

# £t and cead ite NIC. come ordecs Clach, S ckip those
iy

aic = ARIMACkrain, orderzocdet)£H).aic
eXCepk Excepton

Continue

F lowet ATC = bet ket £t €oc ts size, cemember the best s, fac
€ aic < bect _anc:
best_Onc, beck_ordes =aic, ovdes

# otk £he winnee and forecast £he 42 he\d-out wOnths
fo = AUIMACkra, 0cder=hest_ocder)ft().fotecast(steps41)
printlmae(test, 4c))

~\wole bloCk: a gridseacch by havd. AIC cwooses the dedec, WAE o0 khe hidded
motehe W0es ik,
- Lab: order (0,2.,0), ATC 79177, MAE %6598, The Sorecast & neacly #at Gndh

mis¢esS the Seoconal swinos.

a SARIVA

Arom statsmadels tsa statespdcesarmax ImporL SARTWAX

H cotmal gact (4, 3, a) a0 ceasonal pact O, 9, Q, €). 5 = L% months
Q A, a = tl 1-, ﬂ'
P.o.as®4 4,4,

moode\ = GARTMAR(xrain, otdes={p, dy 4), seasonal_ovder=(p, 0, Q, 5
£c = model£it().Socecastlcteps=42)



- Sawe 655 g SAXTMAX, Juck wWikh no out.cide varable
Lab: MAEA70L7. Hal€ o ARIMA'c e5c0v) because 1k knows The paltecrn regats
eneY 49 months,

5 SARTMAK et 0oty g

+ xhe oukcide variable X: 1 €oc Novembet and Jecember, elce 0
wonkeRs = cales inde x.month
widay = od DakaPrame(Uholday’: np.swlmonths, (4, 19.1) * 4%, index=sales.index.)

# setkings shared by boen models
bace = deklordec=(4, 0, 0, xrend=c! Seasondl_ocder=(4, 0, 0, 42.)

# mode\ b v €lag
fain = SARIMAX(Lram, *hase).fit(disy=Faice)

% wmode) 2: Gme, due The flag foc the teaining wonths (e ro9)
with_X = SARIMAX Lt rain, exog=holidaylocltramindex], ™base) fit( disp=Falce)

# €or ecaSting wih X teeds the Klag foc £he Luture months oo
€A = plank ocecask(5xeps=Ad)
£1 = wih_x.coTecostlsteps=02, exsa=hondaylocltest.ndexd)
- whole Yock afaie x5t 0% whether +the flag helys, Two models, denticd\ except
foc .

-X wwS e known in ao\uan,r_,__ A calendar Hag . NomOTT WS woathet s not.
- hase Unpdcks the dict Nto keypr-g Gravments. dicyFalse hideg The ftng log,

- Lab. WAE 18220 wixhovt the S\dg, 47408 wikh L.

_b. Seasonal wder

‘E(‘OW\ S-\:a'tcmoéo.\s.-\:sa.swcmal ‘“\w({ CEO.SO“GL,AECON?OQQ—

H spit  Lhe series wto trend X sedson X \aE-\—,OW,\'
dec = seasona\_decomposeleales, mode)=mulxiplicatwe’, peci0d=42)

# LW season pact CRpeGXE avecy year. take o0 value per wo0EN, X 400
A2k = doc seasonalarouybyldeC seasonalindex month)fivc£() * 40g

- 400 = of average Month. Lab: Noy 474 Dec 175 stronges Fob 39 weakest.

- RepeGi™ |gct \(P,Gr's same mondh sc.otes MAE ‘qu_ba ond beaks GARIMA ho ce..
Nways compace with That smple boseling,

= Spht by time. SCoTR o0 moths £he mode] e e saw.



