WalChine Leacrsig, Wi To W9
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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-lineay 0 8. Cannok be cenamed ned a hne, Solved by iteraking, W0 C\osea
forvula.
¥ & 919%
§= \Ogteg By + By %)
§260( (L * 8 (x~6,)) S-vrwe

%egulaczaton

= Qr%\lu‘ts ONec£itXing by oenalising lacge coefEicienis.

- Lidge: Squaced pRnalty. Swtinks @ coekficients. Use when many featlies are
wahly coreelat ed,

- Lassg: forces come coekgicents Lo exactly 0,50 & selecks featires. Dse when
M Low featuces nat ter
Rdae: MSE + 0B + B,% + )
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: pick, £k, wedick, score.
Load and Sphe
umpt)\"(. Mumpy GS Oy, pan&as as ¢
wd = "\\'t-\:ps:f Nib.stax.cmved/dotase£s/bocton
caw_oO€ = pd1eld_Ceviutl, Sep=r"\et’, skiprowe =22, hedder=None)
data = pehstock Teaw_dknakecl:d, 7, tow_dfnaluesli:2, 0.71)
Xacaget = raw_dEvaliesti:), 21
names * CCRIW, 7N, INIS', /CHAS, Nox W' 'AGE' DTS, RAD", TAX PTRATTO' % L.STAT]
baf = pAlataFramelngc_tdata, £atget], climnsnames + Ut argex')
dak = norandom.randllenhdd)) < 0.3
fraw, xest = bdidaxl, bdfi~dax]
-13 featuce colympe V¢ the price. About B0 0f rows LTAW, the cest fest. Wo
seed, so Numbets Change every cun.




Sanple hneat tegression
Crom <ckleat impoct \ineas_mode\
Le@n_r = npasanyaceay(£TantlCRIM 1)
tcan_y = np.gsanyarrayleramlUtarget 10
cL9C = Ineac_model L ilearegresson)

Tegrfic(tram_x, tran_y)
pentlreqreoet_, rege.nkeccept )
xest_X = npacanyarvay(tes£tI'CRIMID)
xS = npasanyartay(testil'targes' 1D
tect _y_ * ceqrafedictltest v
wine(hp.mednlmabeoliteltest_y - test_y))) 4 MAe
wink(p.mean Ceest_y_ - test_y) ** 2.0) 4 MSe

-Lik needs 270 X, hence the doudle bTacket g Coef_ s By, wkecrtept__ D,

-Lab: coef 0508, preccert 1398 Mae 39, WSE 632,

Mutiple lineac reatession
Co\e = T'CRIW, LSTAT!, ‘.M
x_*t7 = npdednyasyay(rawtcois])
y_4v = N,.uganyarro.thra'\(\[f."ta\‘ga-h'll)
cege. £k _tr, y_4r)
% = Np.asadyotrayltestlcolel)
Y % npacanyarcaylee skl karqget 1)
prntlregrscovelx, y)) # R

-Lab: coeks 0,094, -0.605, 6.07. Inkecc®pt -4 62 %> 0.73,

Polynomial, degcee 3
fom skleatn.preprocessing impdc£ PolyromGlFeatures
poly = PolyromalFeaturecldegree=2)
Lo _x_poy = o\r.4E_teanstormltean_r)
cl€ = \wear_mode\LineacrLeqrecsionl)
C & leran_X_roly, £5an_y)
test_y_ = clkpredicklooly. teanskormitest 1)

- Bulds the Columns &, X, X*, k% Nesk rOwS use {cansform, nox £K_teansform.

- \Lab WAE 533, MSE B4 A9, woktec than the stcaight we (63-0).

g 9o and 0SS0
£70om SKleatnlineac_model wpock idge, Lasco
fvom skleatf.model_SeleCtion mpoct 6519Seatc oV
alwhae = Calha’ [0.00%, 001, 04, &, A0, 40015
Tidge = 6ridSearchCN(Ridgel), Glphag, cu=5, scotng='neg_mean_ absolrke e cT0c")
T:dqz.(\lc(-tra N_% %ea n_y)



penklridge.beck_pafams )
kect_y_ = ridqe.best_eskimakor_predictleest_x)

- Teies each alyha 00 % fo\de Gnd kep s the best Lagso.
Lo, s (alha 100) WAE 742, Lages Caigia 13 ke 738K Rt FE Vandon,

split, 50 b ot cOmpare wWrkh Lhe COWS above.
Scorec

£r0m cheacnmettics mport mean_absoluxe_estor, meah_squdred_eccor,
_¢écore

mead_obsobte_eccotltect_y, test_y_)
mean_squdred_eccos(teck_y, test_y )
v1_scoveltese_y, esk_y )

W2 Nime Secles

Time Secieg

- Dako in Lime ovdes. The model reads the yask and prediCAs future Volwes.
~ Every Yow has & tmeStamp. T tracks Vanables acv0¢S time. Points degend on

edch other, S0 nenet chuff\e,
- Dniwariate. times che Only desedde™M varable. Wontwly SRS dlone.
- Mutwariate: more variables. Sake plug weather.
Pees: (olecacting (neXt montp's cales), anomaly delection (pdd Network actn &y,

e0%ternanalysic (weekend peo&;).
AwocoTcelation

-How a series Telates 10 e own gast . |03 k = k Steps back
- ACF 04 Mg k = correlation between y(x) and y( k).

A ta“ bGT at |aj &49— ~-a Yo‘a‘-\y ;eaSOn.
- PACE = £he same, with xne chorter \ags Temoved.

- By hand: 32,86, 44,13,90, 44 2.3 vear 478
- Jeviak one 'S.lg, -.24, '3-9—9: 0.74, ‘)‘-7&, LA, b7\

~Tov=sum of dev(t) # den(t-L) = 2363, Lottom= sum ok den> = 8743
-pCEW) = 23.6% /8743 = 0285

Tm(\c}, sc,asmo\\\ky, Cvycle

) M\onﬁﬁtum 152 0¢C fall. Salks arow ac the customel hase aTows
- Seasma\iky: repeate Gk G Lixed ade. Electricity up everyevedisd. Tce credmn
e U S S

eNevY chimmec.,
Tycle: Tices and £alls, sap not £1xed- EConomic 00me Ond Fecessions.



“Test, can Tsay how many sCeps b0t ik vepeats? Xes=celson N0 = cyCle.

W AN

trend seaSon cycle
SxaxioNarty

-The statiskics ¢Xay ctable OVET Ximl.

% condtns: conskOot mean Casctant uatiance. Covaciance depende on the log, not
the time.

- Vet thak climbe e\ery movth nok stationary. ee that wobbles around one
avertge; S£atwnacy.

- ¢k a trend by diffecencing y(t) - y(-1), Once € d=1
-39, 15, 44,18,90, 49 23 +3-4, 14 2, A, A
- ADF tect 1£0.05 mRans stationary.

WAy

seationdly ot

-AutoRegrecoive Integrated YV Ayecade. Forecasts &rom gock valbes and
past ecors,

= abLoveqresswe ordec. nbmher o€ \ags (past “U“W’S)'
- A = dkFecenCing Limes differenced Lo bocome statonary. Ushally b
-4 * ™Oung dVecGqe Order: Mumber o€ past esrors.

- ALTVAML L), '\.past value, dffecenced onCe, b pock evvor.

- The, lab kris many ovders and Keeps the buest AIC (£, Witha genalty k0T extea
pavome L ece).

Sees: vsua\ise, ACE and PACF glots, seasond\ check, st.atonary cveC¥: pick o, 4, 4.

CARTMA dnd SARIMAK

'SW.‘[\!\ALQ,A;\)(P,V,Q,S) AR IWA p\“g a Seasar\a\ copy. ¢7 celeon \ant\\’ A2 {0(
mOnkhly dotd.

- P seasonal AR ordec. D ceaconal dkfetencing. Q ceasonal WA ocdes,
~Seasonal dkecencing y(x) - y(+-19.),

- M SPRLIVA gys x, artside (exodenous) variables. A holiday Kldg.
S seasonal. AR past volues. T difkerencing, MA yagk ecrote. X ertecnal



wariables.

Ceasona\ index

Tow sTong g WJFIOO‘ S Ggaips L AN Q\Jarqu_ par}gd_ A00 = avevage.
- Todex =pervd owerlge ( dueva@\ meah *8.00.

- Sales Y3 2.0, 30,26, 45. Y9.. 9.4, 95, 18, ©2-. X3 2.8, 40, 3}, ©9.

Quartef | Average

-Ovesal mean 2475, Deseasonalice Q% of 3. 97 4.4rap = 3949,

Lab code (Skoce Shlee, Skatsmodels)
,Slleg, SEALSmalS)

LOad\ Gdd up gt miNLh

b\ =
L.htJCpS:[ (O githubuSeccontenk.com/Trasaptri/cample/Teks/hedds/ monfsiote_dat

data_dk = pdread_csiur\)

sales_M = data_dETT0Cder Yake', SalecTTcopy()
SG\O.S,_&‘V‘E[OV&Q( Yatel = p&.'to_,dakw-{:m%tco\tc_ﬂ([b('A?.\‘ DateD

o\a.\y_,su\es = ca\e;__d{.groupby('l)rdu Date)['Sales'IsumO sort _index()
oMb = caks_dfset _index('Order Yoxe)
montnly Sales = 3£4.resample('MEN.Sum()
montnly_salesl'SaesToloc LAk lo="Wotthly SokS)
- 99g% ordet r0wSs become 4B monkhy points, ME' = month end. Daiy 00 iy
Stationacity, ACF, PACF
feom statemodelsteackattools meort adfuller
fom statsmodels.graphice.keaplots WhpOT T ok _ack, olot_pdck
o_value © adful\ee (ot y_sakeslSales'], au+olog="ATC L)
olot_ackmontWy_salec)

pot_pdctlmonkehly_sales)
-adfuller cexurns G Tuple, \[\Ag_\g Lo the pvalie Lab. 0.0002, SJCGtIONI‘-y. Log \)-

stands out & Lwe ACF.

ALIWMA, jowecx Al
mpOr X et tools

from StatsSmoedele.£caarimo.mode) 1meott ARTMA
Gom sklearn.meeics ot mean_abse\vie eccot o€ mae



sdles * wonthly_calesUSalec']
ATain, test = SG\%S.\\OC[:'&-‘)—L salesaloct 121
bRek_dic, bo_ct_omer = Dk, NoDe
£of otdeq in tectoo\c prodvcklc ange(%), rangetg), rangeL"r)):
ey
aic = ARIWACXan, ordec=ocder)fitOaic
except. ERception:
continue
& aic € besk_at:
best_aic, best_ocder = aic, OTder
fo = ARTMACETan, otder=hest otder).£it().forecastlcteys=42)
printlmae(tesk, £))

~Holde out £he V05T 12 wmonkhs. TTes g\l 48 combindLions 0£p, d, o
-La%: 0T 3 (0,2,2), ATC 1977, MAE 36598,

SAR-TWA
from statsmpdels.Xsa 550t eStoce.500mar import SAR TWAX
o A, q = &v, i, A
Y, Q5= 4,440
model = SALTMAKLLram, 0Tderdy, &, a), Seasonal_otder=(?, V), @, &)
tc = model €1t (). forecastisteps=d 1)

-Lab WAe A70L7. Much bettec than REIMM, because 1t kngws £'he 42 month
<easin.

CARIMAX Witha hoiday £lag

mONERS = sales.index mon
boliday = od DataFramefholday’ orsitlmolehe, T4, 82D * L3, dex=Salesindex)
base = dictCorder=(L, 0, O, trend='c, seasonal_ovder=1, 0,0, 490
plan = CARTMAX(kramn, **base) fikldisp=Fa\se)
bk x = SALIWAKCATan, gxog=holday\oc[Xranindex], **bace) £ L (digp=False)
f1 = plan.forecasx(steps=t2)
£2 = with_rforecactsteps®d, oxoa=holiday.bclrest.\ndexl)

- The 209 5 L Novermber and December. The fofecack veRdS 2x0g o 4he npyy
wOnths X00.

- Lab MAE 18294 wthout 1R flag, 47408 with (&

Swasondl \nder
trowm ctotsmodels.ts0seasond import sedsonal_decompdse
dec = seasonal_decomposelsales, model=mu\kigicatwe’ sivd=12)
\ndex = decSeasond.qroupbydec Seasondlindexmonth).ficetl) # 499

- Lab: Nou 47% and DeC 476 afe the ctcongese monthe, Feb 29 s the veakesk.



- Vepeaking last yeat's manth SCores MAE AEA6B, which beoxS GARTWMA here.

Alvays comease with thateimple baseime.
-Solit by xime. Scoee 0n monkhe the wodel never caw,



