0 ~ k<o to ML

Wha<x is ML7

“enables compters Lo learn without bend explicitly progcammed ATEhur
Somue), 4959)

= Tom Mitchell: G program kATDS keom expetieice (E) veqdtding G tack
(V)R g pef€0rmanCe measuc® (D), i€ its e eiOrmdnee WETONES .
that exerience

-~ 2.g weatther fovecastin 9 dpp: eXpefenNce =hictorical wedkther
Aaxa, tosk * predicing “oday's weather, pevk.zrans /ot

- real world: £ace TRLINN, st £itecs memail, recommendakions
(Net £lx), £caud detecton (FayPal), genhI (6I)

AT v ML

- pT (broader) Ycrebiing & prddCOM Ligk cansense, act & adapt
0 mivic Muman behaviout

~ALCISION making

" Simblat\ng nakucal intelligence to solve complex groblemsS 9 \gads
£0 nte\ligence * wsdom
- ML =suheeX o€ AL xechniaue desSigned X0 mA¥L A maching improve s
et X0 ™mance on g cpac 1L ask by leattung £-om ddta % erpetience

" cevating se-learning algorihng 2 knowledqe
- ches€ program W Wndweted cules =AT huk not WL (noThing 1S
learned). Spim Cilkes XcoRd on my mails = ML

data v INCOmnation?

- dota: caw, \!\\p\"t)cassc’.a\ €acts, mumbeve, RXT OF Sym\Jo\S. laCking
cONeRX, v MeaniNg on s Oown

- idocmation: dat o o\c. proCesses [ Contextialized Lo moke it

meaningful B useful. answers wh0, what, where, whed
“0TKW pyeam d Oata, InFormbtion, Know ledge, Wisdom) =how caw

focte areprogrecsnely trancformed nto actionable Wwman
jidgement

A\

s



. dscrete, dbjectie facts (obcervatone. most dbundant, leact
\alied (database 0f timestames X product codes)
-T. data categorized, ca\cy\ated ( coVdenced 0 gwe meating (slles
Tepory: sales A > clieg ®)
- K. 00 synthesised X onalyzed to find paxterns, viles,

conmeckions. £he “how' (A > b on Weekends bz \ewcure rLem,
provved \n Lo DewsSletLacs)
- W applying knowledge £0 make stiategc Wdaements. the ‘why',

%OFQSIj\\t, ekhics, ‘0“3 term (move adugri €109 buﬂ‘gp,-[—, -
weekend)

why ve's important

- alobal wlme of daka from enceserses ot keeps growng K probloms
Jet Mmove compler = guromation

~ hand-werkten Tules= coskly & erv0¢ prone

- hmans proNide 20xa, extract featuces. £he algocithem figuces
ohk ks cules on kS OMN Lo produce khe Tesult

000 ML way ve ML g
~boTh hove the SAML pip€hne: AG{QSE-!: = ‘F&a-hurp_ exkcactioN S e 2
Fecult

- the oy Akketence i ahs weikes thy cule
—m(\'\"\\p 2 Nmanp. 1esul: thete « oo maly qOCS\bIz CasLs
- 2.3 TF Smooth X ovange THEN oranae. IF cmookh X red THEW
apy\e
- ML:gne the algocithm loxs of examgles & it €iguces owt £he Tules
by itsetk
- dlgoTithm = the code The programmec Writes. model = what comes
ovt afior xhe a\gorithm \edens keom data

cateqOties ok ML

SuperNised \eatning

" euety eramp\e WaS Lhe correct \abe (photos tlaged “cak” / "&05")
-classi€ication: predick a speCific close label £com pVeo\vJ{mu) data.-
“which Ove igik? [ "\A\\OH: k'ma\ ic ik
-deteemining ik o fNanciay QVD'E\\O. fo\\s 40 bad/ *£ar/ 5003‘
- I6 X7 p, AND X2 B, THEN A the £hrechold Numbers are the
d\CCr\“\ma(\tS

“TFtemprature 7 24 AND bumidiky > d0% THEN sunny = B & 907,
are the dscriminants

- Tegresson; sedict a cantinuobe veal oumbes. ‘Bow much?' / "how many”
-y = we T peedicEML seoce €50m Statistics, Dicceate Makh



¥ PeogtomtNNg scocec = find the weigwk ok each

M
classi€icoton | Searession
COtegoy ( \abel { G e \iC qumbe
Wheh buckex? | "WOW much’

"00ss (al  (student’s exa

VAN €COC ¢

b supervsed learning

T

-00 \Ghels. machine newds Lo Goo hidden structvees n mesey data.

Neverl00Ks ak tacget vy, only ctudies how feaxuces relate +o each
other

- custeling (Jrobpwng woies):see owerall chavacterskics of gl /
’c\“f\js, oTQaNLe +o AistincX se gments bosed on how smIAT khey Gre
- “which O Chese thnasbelong togethecin o geow” o, "young
otents /f wealkhyeaxess'
-aleo: cimilde pictures, categonziNg news
" _aS50CIaK0N (Contec L ing Lems, rues): €0ds specific tiggers / links
betueen \Lame /euetks that £rea. happen Gk The sa™e £ime
=& X hapgens, what elee 5 lkely Lo \\o\?pen?“ eq. € buy A, 70% chance
byy b
= Wske L anllysis
- imensionGlity redkXioh 3 caueezes many €eatures dogn to fever
- e.0. datacet ok S‘Cuo\ent;, eoch student S0 KeGrures (sCotes W
50 cubects)

- wost of the £ROANT®S moye Togethe (£ gopd ax calcuVus, dlso
4000 Gt alin )

- 50 23 math oblity, \inguasl apiit,, credene abiity

- fowet £elklces = fastec £rlinng, less memory, \ess noNSe

orevent owr§it g, eagier visualicakon Glot o) chart)
- clsterings dimensivoality veduction

- c\bs‘to.r.nﬂ - [OWS (qm\:ps the 5amp\ec). graup', “cg_gmen{", "Similae
customers

- dmensionahy reduc tiod 9 columns (fewer featuces), “too many
€eatures, ‘comprecs”, Visualze 29 ¢ 20"

olchec \earning Lypes

_W
Type ancuey key [exam \e
Supeviced UVETy BRomple Ma¢ The corvect el ghotos <oaged “cax’/"doa"
l NShyesuised no labele, £ aS path 1t5Se ac-Ouping TR TOMENS by behaviou
w

semi-cupeTWeed [only some examles have labe\s 400 £agqeed thotoc T 40,000 unkngaed
teiforCemani /Yo tabek, onty eewdicds oc Roa\ties | game AT gets +4 for wihing, ~1 foc losne

-cgmi~Supesuised (leans more o sUQeﬂhSB&). lobe\liNg daka ¢
expensive, SO oﬁ\\( \abel a MG\l pact 2 model la™s £rpom Thece
labels (ke coogle Photoc)

- renfoccement: dgent takes actions \n an epursiment & ge.ts
reward o pRNAXY ¥ o\el e 1e0T0S which actigns £aen moSt rewdrd



RO, Ehe asseciationotion

- 'the pfObabl\r\‘.Y oL Y, gen K
- Uspread | 15ead) = 07 - 70% ok cuckomers who by beedd also buy

choc Spreao\
PR, D)= of 4he cuskomers who are young ¥ single (D) and bought
bread (X), the £ractionwho aso YOught choc Spread (X

= plohabilvty can Dever be 2 4

Xelrme

Tolwn® = feature = Ndegendent vargply (X)
- 0w =5awple = 0NR dakd pont

~*0fget =y = dependent VOcriable
“boston table: ong cow = & samole (one fouce aved nvoston). targe =

Muse price — What we're predicking
“pYthon \bs: N“mPyLaWﬂYS). i (nbmerich Algorichme ), mdxplotlib

(plots), gand0s (tab\es), sckitearn (ML aladrithms). 20 notebosk
T hs week

00 - cQTesSI0n

what i€ re,gwcc'\on?.
Cupetuised. Piedcts & continuoie Valie £Tom 0N 0T moT® \acriables.
- X = ndeeendent Naciables = features. X = dependent varable =

tarje,t_
-5 0N data. the A3 columns CRIM 40 LSTAT ace K. Nouse price

s V.

“Uses: wind Speed £Tom Lemperakute and Wmidy- House price £T0m
coome AN Iand cize. SLock peice. car MY6 From veghk and horee

power,

Simple linear TeqressSion

{I\ 390 + 91X1
- $ oredicked wariable. By wrercagt. O, Sore. x, the snqle predicor.

- Traing = Kind the & whoce line Sits the pints bect.

how go0d 15 The moade\?

efeor =Y~ §



-gedly = 169, otedicted § =16 Ervoc =46,
WVSE = (M) £ (v - §)*

- Sauacing o\WWg AN MINUS 2rc0re canot cancel, ond big ecrorg dre
oViShed mote.

~Obectwe: fnd the B that wnmise Lhe VSE.
-Also: WAE. * meah ok \7 = ?\. 2= ahare of wariance explained, L

pe\"‘Fo,c-t_
}V

\least squares by hand

- x=42%4y=3 % b, & Weans: X = 1.5, V= 525
6, = (k- ’xXy -P [ Zx - R
Ba = Y = 9.’)’;

- Gam 20.20. WSE =090 / 4 =0.07%.

mul-t'\p\e \0ele Teqrescion

§=0, tOxy + Bxy, T T B
§=O0K(x=4)
- Price= Oy t+ 6, CRIN + B, LGTAT + £,@M + & 115
- Side tXample, b = [-4-56, 0,08, ~0.56, 6X7Y Low B CRTM 023424,
LSTAT 2993, e W 5.631.
riCe * -&6b - 0019 - 4pab + 2080 =476

- Real ptice 865, so the esror S 614,
- Gigns: moce Clime of mote LOTAT 2 pwec grice. MOre tooms = ghec
pUICL.

Mon“linedr cegression




- Use i when g stiaight wne cannot £it. Price us Chime deops £ask,
Then fattens,

- Chopes: linear, avadcaxic, Cubic, po\ynom G\,

ling = bad

oo\@om‘\a\ T2gie 500

520, 1 Ox + B,x> T B

- Teckrename x, = x, X, =12, x5 = K. Now it 1s milkyple \ineac
Tegrecs, solved by \edst squaces.

- Goal: iniSe tWe Sum o€ squared YRSiduals,

-OnecCikking degree £00 Wgh. \he M0Ae| Memol1ses he £TaNINg poinks

————
and £ayl5 en Dew ones. \TGIN efcoc falle, £est ertor cices.

00 simgle ok verkit

acual Mon-\inkar

- Non-lweac W . cannok be renam,a\ o & lite. Solwed b)’
itecating, M Clogey formua.

y: 99 2 3 6117\
§= \Oﬂten - 9;,";, “\t' 917\1)
26,1 (L +6: & -H, ) Scurve

e qulavization

- Prevents over£rcting by penalicwng \atge coefficients

‘}ﬂ&sﬂ\“ﬂf%\ eena\ty. Shrinks al coefficient s, Vse whed many feakbres
ace highly cOrcelated.

lasgo: focces come coettcients 0 exacktly 0, 50 it selecks

featuces DR ahel only 0 few feakites matter,
Ridg: MSE +x(d* t B> + )
Lassd: MWSE + a8\ + 10,1 + )

ok = penaily cxVength. =015 plaim cegreccion, Yick of with
GridSearchCN.

- CAREFUL: X\he clide sayS Ridge (La) and Lasen (LD), The standara

¢ Rdge = L2, Laceo = LL.
0\0'1(\5 Bgles<ion Q(OQBV\Y

-4, 100% firct, ccatter eBChLearyce v XATOLL. oick fearures that




Wove . the £aeget, spot cires & ovtiers

- % gt 0 seed S0 resute TepRok Legw_teck_cpktlX, y,
keSt_size=04, Tandow_state=41)

- % baseline: alwdys predicting £he mean gives 7= 0. 8 model mbst

beat knat
- & stact w o line. esidua) pox lerror ve §: vandom clovd = o¥.

Curve =Wrong ShGe€ 2 polynomial Cunnel = woenen error
- 6. pick the degree W Crossvakdakion on £Tail, tever by tect score
(else %8s ic Mo longe Unseen)
- 6.R199e ( Lassy scqle features £irst (StandardScaler), Lk the
5Caley 00 {Tam ooly
-7, A\pha: seasch yowets ok A0 (0.001 ... 400), £hen use the aloha the

seacCh rexWns
-B.\eakage :anyrhng fieted on test Tove (scaler, wly, dlpha). o

Pireine prewent g
make_pipe\ine(StandacdScalet(), PolynomialFeatucesl L),
Q'm\gz(a\p\\a“ﬁ-))
-9, coekficients: 5iZes Only comparahle when featytec are scaled. higbly
Cotcelated Featuces Y wstable coefficients
- whth mekvic?
= WAE: -\3\\0. +av 59,‘('5 bhite, Qorgwmg b ovtliece. “O-Q-‘F by 5.9 o0
ONET00L
- MSE: munishes big msses. RMSE ={MSE, back in The target'’s
ks
R no wniks, shate 0% wdeiance explamed. &+ pectect, 0 = some as
+he MmN
- which mode|?
~line £ivek > golyhomial & residuals carve @ 2392 £ many
cofcelated &eatures ¥ Lascp t0 deop useless €odkures

lab code (Boston)

- This & the Nokebook's own code. Lifes marked CAREFUL Gee wist gk
AN -\'.TQQS i k.

~Every model s the same A stees: pick the model, £t on teaining
rows, predict t est rows, score.

b.Load xhe data

mpoT maxplothib.oyelot ac elt
mpoTt pandds Gs pd
mpor£ TUMPY oS Mo

7 the caw file stores each oWt on 2 lines, €0 ead & as pan
numbers £irsk



dara_vrl= wEto(ihskak.comu e dax aceterboston”

\ ]
taw_df = pdeedd_csuldaia_un, sw\sT 1 ckiprows=21,
headec=None)

i gloe £he 9 Wihes 0f each town back inty one Tow 0 43 features
daka = vehcxacKTraw_dEnaluesl=a, 1, cav_dfualesis.d., 211

# khe 9rd number 0n envery second Iive 15 £W 1OKSE price = the
xarogek y
‘ta\'_‘je»{: = Tﬂ\“__&&-\lﬂ‘“ﬁ’ﬁ[&—:a—r 213

# ohe kqble: 43 named featurg comdSs + the tadcgel column
bost.on_a% = 1d.0atoFrameng.c_[daxa, tocget], columns =
spapendLUCRIM!, 7N, TNDUS, 'CRAS' woX, oM, AcE', D15,
0, TAX!, TXRATIO, W, LSTATY, ['kacaex])
- CAREFUL: sep="Yst" tunc buk oTi4s SyntaxWacDing invalid wsCoe
5€quenCe. Cotrect FoT™: Sep=T"\c+"_

2. Look at the datd
hoskon_df.deccribel)

+ cowr of 4he cable £or analysis
ha£ = boston_d4tr'cRIM, ‘Z-N', ‘TNDUS!, ‘cHAS, 'NOXK! ‘M. AGE' DI,
RAY 'TAX, PTRATIOY, 'V, 1STAY, %acrget ]

A Crime 10X ggainst of \CR: drspe Fack, Lhen Clatrens
p\escorter(bacCRIW, bdkxataek, color=bue)
ptxlobe\C'Crimmal Rate")

olt.y\abelC"Wouse Peice)

pt.show()

hist 0 = ha£lCCRIM, 'ZW1T]
hstohst()

- describe gives Colnk, mean, std, win, maX per columi hisk hows
how edch colimn 1S Spread.

3. Solt o Leanand tect

F one andom oumber por Ow. True about B0%0) 9025 to xvaning
dat = oprandomSandlienChoscon_a)) < g3
e = boktdax ]
tect = bMI-dat]

-~ means NOT, The modellearns from ool gy, Test rows check &
honeskly.

- CAREFRUL: seed, 50 the sphl and ewely sCore change on each yn,

&, Simple lineat tegression (b feature



£Co sklearn wme0Tt INRAT_mode\
Teal = WNede_model.LineacRearessonl)

H X must be LD (come X feakyres), 50 use doubie brockets
Xtain_x = np.asu(\yo.rmyt"cco.'ln\'.['(/\)-IV\']D

train_y = npasanyactoytraint{tocse £ 1Y)

F £t = \eask squaceS G0ds the est b
regrfit (Kraid_%, team_y)

print (Coef€iciente: ', Teqvr.coef_)
ovi™E ('Tntercept: | RaT.inMterCept )

Hdcaw the Gted \ine ows the Lraling pots
p.scat et ran.CRIM, cran.kbeget, colot=blue)
peplot(teain_x, T@QF_COQ.-@,EU][U]*"EVG'ID—K + Tegr.keccept_[0Y,
)
coef_ 15 The sbpe Dy, wiercept_ s 4, CO@(__[O][O] xakes the
mmbet ot 0 £he 9-Y Areay.
- The evapation cel 6 blank o the lah (an exercise). Stondasd vecsiow,
tesk_x = M.asaoyarvayleestilCRIW)D)
rest_y = MpocaWactay(tect [{ tarqet T)
test _y_ = vegrovedict(frst_x)
S Mean absolute otTo%: %e2€" U tpmean(np.abedutelkese_y -
xest_y)))
orimt( Mean Saudee Errpe (MSED: %4 Y Np.mean((test_y_ -
tost_y) ** 2))
-Lab ovkout: coek 0408, ntercert 23.99, MAE 592, MSE 63.2.0,

5 Mu\Liple linear cegression (3 features)

cear * hnede_modelLinearRegeession()
= np.acanyorrayCeramlUCRIV, LSTAT' '\ TD)
Y * np.acanyasTOy(£ranil'cacraex1l)
regr.fic (%, )
print (.'CGe'“\UM\-tS'. : 29 Coek )
eint L'In-te\'c_o,pt; . rv_gr.\nmfccpt__)
- Game model, X tow W53 columds. Each featuie geXs te own b.
~The Rvaluatiof coll is biank i 4ne \ab. Standacd Nersn:
y_bat = reac.predictCeestil'ORIW, L STAT, 2 M1D)
x = np.asdvyattayltestir'CRTVM, LSTAT, RMTD)
y = Dpasonyarcly(test Ul «arget' 1)
peineU'Residua) Sm 0% cavaces: L% £' % Opmea(y_hat = ) *¥2))
rcintUNaance ¢Corg. %€ Y, Tegl.sCorelx, 22
- Lab owiput: coes -0.084, -05605, 5.07. TorecCept -4 5. "Lesdual sum
ot Squo.res“ 2.223. \aviahce Score 0. 13,



-CAREFUL. xhak \abel s wrong. A mean o€ cquated eieore S  he MSE,
MOt the Tesidhal shm ok Squares.
- \graneRscore = % 4 is perfect.

6. Polynomal regrec vt

£iom sklearnoteprocessing impdct Polynomialfeatuces
tean_X 2 npasanyarray(tean[U'CRTM YD

trow_y =masanyacrayteanll'tacge £'11)

test_x = npdsanyarcay(testlUCRIM1D

Yest Y = npacatyarcay(Lest{Ttatget T))

# dearee 1. Lurn Lhe COUM® & 0kp 3 cOvmes: 4, x, x?
po\Y = PolynomalFe ot uresidearee=1)
£Cam_K_e0V = poly. £t _tcanskormLean_x)

# an ordNaCY lnedr Teqression on ThOSE Colvnns = @ curve 0 X
¢ = linear_model.Linedceegeession()
xsain_y_ = At lran _x_po\y, Xean_y)
orint (Coetbicients: |, clcoek )
ernt (Tntevcept: | dhinkercept )
- The Tename £rick: et tineae 0 B, €0 et cabares still wyeks,
-CAREFUL: £vain_y_ s a micleading nome. £1X re<urts £ he model, Mot
predr ICXiole.
“The Cicsk coekficent i a\ways 0, becq\,sg £he column of onee Tepeats
the inteccept.
- Lab, degree 2. coe kS 0, 0340, 00085 Tak ercept 20089,
- The de gvee 3 cells ave block in the \ab. Gt 0ndAr S e sion:
oo3 * PolynomialFeat iwes(degree=2)
tran_r_phN3 = wly3 € _ ransformeson_x)
c\€2= ineac_modellineatResessionl)
€3t eCvan_x_poly3, tsam_y)

# ST rowc get the came columns. teomstorm only, vever &t agan
toct 3 = k3Bpredictlpoydiranckormtese_x))

- Lab, degree 3 VAE 533, MSE 5440 Bekter thar Lhe stedight
ing (MSE 63.20).

7.Ridge

trom ckleaenNinear_model 1mpocT Ridge
Leo™ sklarnmodel_selection mpott 6ridSeacchCN

rdae * %idgeQ

t e penalty ctrengths o iry
eafametecs = {a\ha'00.001, 0.08, 08, 1, 10, 10013



# €0c each dohd: sgi'T tygin ™o B ko\ds, team o0 &, cCore on b,
cepedx

Y\dgﬂ._,i'e_fj\'ESSOT = eno\gzorch(,\l(.ﬂ&j& parumgtgrs’
Scorun5=‘n0.q__me0«n_a\JSowkv,__erTOY'. cvEh)

Tidge_cegrecsor Hit(Letin_x, £rain_y)

Qﬁn-t(.ndgo.__\' egrResovbest_g0rams )

q\'\ﬂ’((ﬁ |Jg@.___r0. qTeScor .blS’c___SCO\‘e,_,_)

H 4o 1sing beck T1d 92 mode "
Tidge_mode! = Ridgelalpha=300)
no\qe,_mode\{'Hcttmm_x, Xv0wn_y)

xest_y_ = Tidde_mode\predick(tesk_x)
orinklVedn gheolute etrot: %95 Y, No.mRan(np.absolieelLest _y_ -
teck _Y))
wnt. L Mead Sauare Ercoe (MSEY: %,.9.6' 7 dp.meonlltest _y_ -
xese_y) ** 1))
~ Gcoring i NegotnNe WAE hECausa, skie.a™n a\ways MOXIMELS,
-Lab outpuk: best apha 0.00), beck ccore -655. Thed MAE 749, MGE
4a.28.
TAREFUL: £he spaceh says dlgha = 0001 i€ beet, byt the \ob khew
tro0< witn alsha = 400. The correct ling is RidgeCalpha=0.008), or

Cidge_rearessechest _eetimatior .

B. Lascod

Leom cllealn lnear_mode\ impdr+ Logso
- The seatch, £.eGNNg and eua\Wwakion celle are blank in £he \ab. Same
ptlecnas Q.\o\gq, weh Wassel).

-Lab ovtput, best alpha 1edb, best. scoce -BL.A0, wkh a
ConveTgenceWarnng. \Wen Lacsolapma-t) MAE 739, MSE %3891 3
- (,AQEFUL‘. same Wictake, The se.arch picked be-is, the lab Traine

with olha = 4.
-CARERUL: -BL 90 against Pdae’s "655 means the w0 sLATChes uSLd
Mefecelt SCOTINgG, coxhose {wo tumbecs cannst LB Compared.
- CAREFUL: 1d9e and Lasso Scoce wrSe (MAE 74 Xnan plain regreScion
(542 on the same featute. That comes from o AfLerent candom

Spl\t, ot {Tom +the pe.ncg.k,r_
- Apendley ON one unstolk- A geqtuce does almost noxhing. Ridee god

Lasso Matter wih many featutes, Scaled frek.

03 - Lime Seciec

what 15 Gtme secies?




Datq 0 ime OTARY. The model 2d0s the 00St ond predict e fukuce
va\ves.

-Ewery OV hasS a tmeskomp. I+ £facks vanables acress Lime. lont ¢
IRpend o0 Lach ot het, 5o NeNer shukkle.

“Dowatiate: £ime s the only mdeendent Vaciable, MWonthy soles

alone.
- Wiwgegke: more yarGb\es. Sales plys wedthes.

_— -

- Uces, forecastmg (NeXxk wont s sakes), anomaly detecton (odd
petwock actviY), mitecn Gnalysic (wee¥end reaks),

awtocorrelation

-Yow 0 ceVies telatestd XS own post. Lag k = k steps back.
- ACF 0% \ag k = Coveelaton between yit) 000 y(tk).

-A<a\ bYo< ax lag 12 = o yedcly season.
- WCF (partial) = Vink between YU'-) and y(t-¢) after Temoving what

£he \dgs 0 between alf. exgon
-9, Jun sa\es akfect Mac only thiough Feb? ACE at lag 2 \ooks high,
PACE at lag2 s MeGT D
~ ACF = kokal ok (heCt + gacced along). WMCF = ditect linkonly
- which bats count? oy kne ones oitiside twe chaded band bald =
Agb( Vo €0F 4B monkhe =028
-\ag 0 1sawdys &, opore (&
- byhand: 32,05,04 43 90,149,293 Mean 4729,
- Yewiations: 598 -4.94d, -394, 0.7, 07, 174, 674,
-~ Top = sum 0€ dev( ) * den(t-4) = 3363. Lot tom = sum of do? =

37.49.
-ACF(L) = 1365 / B7A3 =0.330,

xfend s seasonality v Cycle

“Trend:braetm rce Or £all, Sales grow as XN customer base grows.

- Sedsona\ly: ceolats ot a fixed aap. ElectriCiLY o euery eue Mg,
TCe cveam bp BVLTy Shmmer.

~ cycle: Tisec and £als, gap ot £ixed. Econdmic boowms and T€.Cessions,
- Test, can Tsay bow maty 5eof W kil 1t cepeate? Yeg = season. No =

cyCle.
trend seaGon /\i\)
5 GX0naTiTy
sttt i e

The ctatiskcs stay stable over £ime.

- Jconditions: conctant medn. Constant variane g, CONITIONCE depeNde
o £he \dg, not the time.



- Vee 4hak Climbs avecy wonkh: ot skatwnacy. Use chak wobbies
acoulg one Qvesdge: Skatisnac

-Fx & xTend by ditferencing: yL’cg- y(x~4.), Once ¢ d=h
- 19, 05,44 A3, 00,48,23 2 +3, 4 +4, +9, -\, A

“ADF xect. p & 006 means skationary.

V\/\/‘/\/\
seationoty

ot

MNIMAG, d, o)

“AvtoRegressiwe Totegrated WMouing Ac-dae. Fotecasts £Tom past
valves gnd plst ecvocs.

“g= avkoleqTessive otaet: mumber 0% \aos (past volues).
-d = dif€etencing times hfLerenCed 1o beCome ctatonacy. Usvallyh.
~ a = moung Guelage order: nombe T o€ pdst o TTOVS.

- AV-IV\AM—A—;A') L% past vA\ue, duf'Few,ncac\ ohce, % 909“7 eryor.

-The \ab ties maW orders and keeps The \ovest AIC (i, wikh a
pelalLy £of ext sl parameters).

- Skegs: wisvalise, ACF and PACF plot s, seasonal check, stotionacy
check, pC¥ 0,4, a

SARIWA and SARIMAX

- SARTMALpA,4)(PD.Q,5): ARTMA glug G sedstnol Copy. < = Season length,
B2 Lor mohwly data.

- 9 coasong) AR OFdec. D seasonal dikkerencing Q sedsonal MA
order,

- Gebsonal diffecencing: vy - ylt-42),

- ARTMAK. SARIMA plus X, outSde (ex0genus) varighles. A Wo\day flag

-G seasonal. AR pock valuee, Tdiktetercing. VWA past. eccorg, K
eXXecnal varab\es-

Sedcona| ndex

- Yow 5% e0ng apes\od g Againe L Gn aNeT09e gocind. 100 Z a\e. Y g2
- INdex = period oNet3ae [ pyecal\l mean * Ag

Sales ¥4:20, %0, 15, 4S. X2. 24, 96, 28, &1, Y3 28,40, 94, 59

Qi o

L9

-ovefall me0 2475 Deceasondlise Q& of Y2. 5g( L4364 - 3843,



cho0sinNg o, 8, g (Mo on £he Slides)

L. d £ret, ADFON The seriog ¢ < 0062 A = 0. o\se dviecence once
% XRS% agdin, rarely more than i

- 9. Tead ACF & PACF on the dk€erenced series, NOL the caw OMe

- 3. o &g ksom khe chapee:

Ap*(.Q) P (‘O‘m PA F, q~ 0 .

MA(4): 4 Yom P , 0%\

mixed: stack (4, &, L)

“cute 05K = bars drop inside the hand X ckay there. ‘tadec" =
Gh(-l\\ks b\'t \JY bl"(

9. MOF bacsovkside the band ax 1ag 4 ¥ 2 only, ACF shrinking
cowly > p=2,943=0
-X. segsan, ACE spike s 0% \9, 948 .. Lq
- seaeona\ cokes£Gde siowly = V=14

¥ &com PACF ot \ag 42, Q €com ACF 6 lag 19, ucua\ly 0 or 4
- keepd + D at 2 ov less
- 5. 20l plots Are mecsy ¥ ucekhe plots L0 @ sXATXNG gvess, £hen

{1y 0eighboucs ¥ compdee ALC

- only compare ATC hetwetn models V. the same 4§ Y
- 6. check the €it: Te53ualS chould be nose. Tesidual ACF w. 1o bar

oukside the bang, LivngBox p 2 0.06 = €ine
- 7. 0800 gt by fime., ho\d owthe \ast cgason, beat "cepeat
lact ﬁeﬂr“. Tepdr £ MAE n Lhe alqta's WMt
“Which mode\’
- N0 season — ARIMA. ceason ~ SAQIWA. season + an ovkSide
wonable known oweod (hdiday, promo) » SARTMAK

- the \ab ACF spke ok 42 ¥ 5249 ADF = 00002 ¥ 3 20 S enouah, Sp
he 5\"\()\'5 d=1 o\w.\"ak'\‘HE\'P.nco,S

lab code (store cales)

~ TwiSic the nokebod¥'s gan code. Lines marked CAREpy ore
mistakes or trags \n k.

L Load twe data

iMnplct WIT0NgS

Jarvinge fikecwarnmngs® gnore )
\pOT L numwy as Dp

wdT X pandac 05 ed

# 99g4 covs, ove et item otderpy
ufl
="htpes/raw.gthhusercontent.c omv4rdsaputn/sample/ reks/heads/mains



data_d % = edread_cevlinl)

# keep The date and the sales amounk, Lucn Lhe dote Lext o
real dates
soes_d% = dota_ofi[0rder Vake, Sales]
sales_dfU'Dcder Yake '] = P(-Jco__&at,e‘t'|m®(sa\u__&ﬂ'm&e\’ Date' )
- CAREFUL. fittervarningl gnoce”) hdec every warning, nCIbdhing

useful ones.

~ CAREFUL: as59n0g into @ Shce 0f datd_d€ is pandas’ So ' xi0g\NihCopy
cace. Safec data_dKTL.T1copy().

1. Qc\tly, £he™ month

Wt £ makplok\b.pyplot oc ot

R wally xdeTs chatk a day: Gdd them W per day, © date ofder
daily_sales = (cales_d&.gtouwby(Ocder Yak e )U'Sake'lsum().50x_ndex())
daily_salesylok(kqeize= 14, ©), tile=Valy Sales Record i £he
Ctote!, Kabel=0rder Vate!, ylabel=Total Sales)
At gcid(Trie)
woxticksCeotation=45)
tght_\ayout ()
p\-\’..G\\O\\O

& a‘ady S 00 Mmpy- make the ddte che ndex, then add up pey
Mon-th
481 = sales_okset index'Order Date")

monthly_cales = dKl.cecamolelME) sunm)

MAaurelfigeize 280, 6))
st plotCment bly_saves'Saies'], \newidkh=2, C.="blng)
o\£.x t\e(™Monkhly Sales™
- 0w 053RS become 4B wonthly totals ME = monLh end. Tesamae
veeds a dgke ndex.

feom st.atsmodelesa.ctat ook wmpork adfollec
Lcdm stotsmodRisgraphic.c.tsaplots import plok_ack, MoX_jack

dek check_ctatunacty(timeseties):
# ADE tesk retuins a tupk. 01 & khe Statiskic, AT s ihe
pualee
fesult = adfullerCemeseries, Gutolag='AIC")
o_Nale = cesyith]
winkENIF Stakistc, Eresvltr01%)
vt (K yualve, EQ__VG\W}W



ornkCStationary & p_yale < 009 else Non-Statonary)
cheC¥_stationacity(monthly_calecl'Sales\)

oo _ack(monehly_sales)
pbx_mctlmonthly_sales)

pltshow()
- Labowtevt ckatiskic -444a,p 200002 Staxonacy. helag 42 bar

sande ouk:G Yeacly season.

& pRIMA; ecy Ocder, Keep £he lowest ATC

pote Kevoo\s
£com S-to.‘tsw\odo.\g.tso..a\‘\mﬂ.modv,\ mport ARTIMA

v = vange(n, X)
a= comge(l, 2
a = congel(, %)

:# enery combi0G-tion o€ 1, a\, A RI KA =43
po\q = |ig -’C(\-\:%T‘tDO‘S.‘!rOa\IAC.‘h(_p, Al 9\))

beg't_—q;c = M. m&
besk_ordec = Nong
besk_model = None

Lol ovdec in pdg,
'tr\(-.
mO2e! = ARTMa(monkhly_sales, Ocder=ocdec)
cesilee = model £140)

# lowee AIC = bextec. cemembec Xhe best 5o Kal
& Tesutsaic ¢ best_aic:
bect_aiC = reulks.aiC
best_otder = Order
hest _model = g sults
exCept:
Coltinue

pAnt(E'Bect ARIMA ovdes: £best  orderd wih AIC. thecx_ac 3"

Cinal_mpde! = ARIMACmonthly_sales, ot dec=hest_order)

eSS = final_model.£ix0)
fovecast_vaWwes - resyheforecastictops=12)
"Lah oukput \)P.S‘t oraec (3; i 33; ATC 4’065761 \"‘th a

CoMecgence Warning,.
-CARERUL: a bare except M5 query erTor, eved typos. better:
except EXCepL N,



- CAREFUL: ADE caid skakionary, yex the seacchpicked d= 2. AIC
cannok £aitly Compote Jddferent d, because difkerencing Changes the

datd beng fit ted

'CAQEFUL the model i& Gtted on all 43 mont\\S,SO
forecOstlste pS"ﬂ—?—) predicks 2008,

5. Mot and evaligre
p\t-plo(monty_salecl-12:1index, monthiy_salest-49.1,
\Ghe\=Ackual, color='blue), weskyle="-, marker="s')
plt.plot(£ovecact_values.index, €orecast_valueg, label=Forecask,
co\ov='ced’, \nestyle=-~', markef=x)
p\h_\zsendo

Eeom cKlearhmet rics impock mean_absolute _eccor,
mON__SqUdTed__exror

0bSRrVed = monthly_salestail(19)
™mae = mean_absolute_errovlobserved, £orecast_values)
mce = me ol _Squared _ervol(obse cNed, f0-eCast_ Nalues)

-Lab oukwk: WAE 43745, WSE 2284,

- CARERUL. observed & 1007, khe forecost is 2,04 3 9dEetant months,
50 thic MPE S ot 6 ceal accur aCy.

" Cocreck way: Wold oyt FieSt traid = monkhly_salest:-40, e on
xvai®, £ocecast 49, compare with monthly_salest-4.2:1

6. CARTWA

‘),g\,q-:l, Lfi
0,Qs-=4,4,4 42

Ceom ctalemodel5xs50.6t0£8SPacR.CATIMAR imoor4 SARIMAK

mode! = SARTMAX(monkhly_sales, ovdec(p,d, q), 20500 _ocdec=(P,
D, Q, £)

reshles = mode kit

forecast * Tecultsforecastleteps=42)

ohsetwed = wonthly_Salestal(1)
e = meaf_absobte_erfoclobserved, Socacast )
mse = wean_ssuaced_Revotlobse rued, korecask)
-(g @, @) 18 the normal a1, (P, D, Q, 5 the ceasonal pdek. =42
months.

~ Lab obtput: WAE B06LD, WSE 4.5208. The lub's bect mode).

CAREFUL. e same 2041 gganet 2043 micmokch

- CAR.EFUL, the SARTMA Jox draws €oveCact_ualves, which 15 £he
ALTIMA forecact. Te cWuld dcaw forecast.



7. SARTMAX

0o 6 = b, B—, A

P, ,Q5:4,4,1,12
stakionary * Falce
\Wertibiigy = False

mode! = SARIMAX (monkchly_cales, ordecy, 8, a), seasonal_ovder=(P,
Y, Q, 5), endovce_iwertibillyz skaxiohariky,
eMorCe__ctatunarey® ckationacity)

reSiiks = model£it0)

focecast = resilks.forecast(skeps=h1)

- Lab Outpu"c: MAE 13031—, MSE 9—.370-8-
-CAREFUL. there ic nO exos, 50 NS ¢ ok ceally SMIWAK. Tx 5
SARTWA with two Checke Swikched o4,

CAREFUL: entorce_imectiblity uses xhe wriable stationafity.
mw,\‘tl\nluty i€ nevet USeo, BoLh aceFalse, sOTHe egylt 1S the Same.

-CAREFUL: its plot algo drane the MLIWA fococact,

-A real SARIMAX wssRe an vk Side waciable: SARIVAX (era,
e‘&oq=ho\|day, ), G0 foTecactletersi L, o_)\ag‘—'%tbrz_hoh&ayl

~Lab vorkng SATvA gpra, SARTMAX 43024, ARTWA 43745, A made
TLhal knows e L9~monich ceason wine.
- Plaoys spht \Jy Time, and SCOTL oD monehs e mode) Never sow.



