OL - \neso £0 WL
what 's ML?

- enables comeutess o learn wikhout R0 exglicitly proarammed (Artnye- Samuel,
2 900)

- Vo™ Wikchelk 6 pro gram lkarns €om experience (£) cegqarding a Lack (%) Xa
performance measiee (P), 1§ ks prIFOC™MaNCe myroves w. thaAL experience
- ¢.9- weathec fofeCasking Opp xpecience = hskolic.al weather dato, tack =
Wl’)‘\tfmﬁ today's we Gthe ook = cains 1 Not
- e\ world: £ace recognition, Spom kitess 0 emay, Tecommendakions (Net£\ik),

faud dexecTON (PayPa), gen AT (69T)
AT v WL

ﬂ[b\'oﬂa\ar') % C.W,G—'r.lhg a v‘—og\"a“\ t\\ﬂ-t can gg“g@, Gc't BL GAaPt ho mmic \\uma{\
beha Vious

- decicdon making
- simblating natuca) ntelligence toso\e Cowv\eX pepblems - leads x0\0CelligenCe

e W\sa|0m
- ML = subsR% of AT technique designed £0 make & machoe mgrove s

per%rmm\ce on Q Spac& ic task \Jr \eaching Letm dm—,ay.ememnce
- cregting Sel-\edenilg algorit wme & kiowledae

T thegesproavam w. hand writted cyles = AT but not ML (rothing s karned). spam
€ilte @A 6N ny mile = wl

<

daxa s nkormation?

- Aok 0 raw, uﬂpCOCQ-SS?-& facts, MWmbe g, £eXL oOc sy’mho\g- \ocltmg context, no
medning o0 1ES own

- \€oTmGLOM ddpq O\ yeocessed [ contertialized £0 make e meatngtul &
VSLEU. aNSWECS who, Whak, vhere, when

- 91K W yramid ata, Tofosmakion, Knowedde, \Nisdom) = wow raw £acts are
progressnely transtormed 0o dctionable human judaement




/4
[« \
[0 N

- 9. hserete, objeccive €aCts / obsetvatlions. most abindant, \east valved

(datablse of timestanys i p\‘OO\\LCJc codes)
-T. daXa cateorizes, colculated ( condensed £o give meanta (sales teport: Sa\es

A7 sales &)

K o synthesiced B analyzed +0 £ind PO NS, hlRs, cotinections. THE “ow
(A Y% on weekends cut \e\SWTe tem, promoted in K11 Newslet 4o rs)

- W dpplying knowledae £o make straxesic udgements. the “why', €oresyht,
LANCS bng Let™ (moNe advertising budget ¥ weekend)

why £ important
- qlobal volume of data £rom edte rprices €c keees qrowing pTOb\RMS go v mOce

complex Y automation

" hand-wrikken TWes = Coskly K ettor prone
- WaNE pYovide dako, extrack FLGXUTes. he algorichm €iguTes ot ves culesS ov

k50wn to produce Xhe resyft

0on"WL way NS ML way

- Yoth have the Some peeline. datoset - €oatiure exeraction 3 cule 2 resuit
~he 0nly difference i€ who Wikes The Tule

000 ML 2 human, 1sSue: khete T 100 mally pesible cases
- eq. TF snooth 8 oronge THEN orange _[% cmooth B rod THEN agole

- ML:give the algorithm loxs 0§ eXamples & it £ TS out XWR -y\es by rtsels

- _algotrtm = £he Code the progeammer wiicls. model = whak comes ouk Gkkec the
alagcithm \eacts fcom daXa —

cGeqocies 0f WL

S\maruiceo\ \o.Grm0g

enely examele bas the cotrect \abe) (photos ’cng,w\“co.t' ( ‘A0 .
- closs ikicakion: P\“ed\ch a speci€ic \ags \abel fom predefined ddka. which o0e s
\{i / “what k\“d i< \'t?“

detecmining € & £indncial profile £alls o bad /faic 1 9000
= Te X 780 ANDY 20, THENA. xhe kiveshold pumbetTs ace Lhe dhecrmnanes



- Te xemvatiwe > W AND wumidity 7 90% THEN synny 2 4 & 307 are xhe

A‘scrlm“\a“‘t W, g U L}
- \2gtRSSIN: p\'oj\C.t & continuous 1RA\ nbmber, oW much? 7 “how many?

R T w, p\’EJHLt WL score £rom S‘tat\stlfﬁ: Discrete Mat\\ &
Dcoaromming scoces = £ind xhe weight of each
oS5 ECTEDS | veqression

Cakeqoly  \abel o spec g imbes

Iﬁ

ctudent'ceract kina\ ccode

WNSUpet\iSed leacting

00 labels. machine needs +o find hidden tlctutes ;)n_t\‘:w.ss y 21O never ok
target ) only studieshow featyreg ve\ake tOROC oX

- cluskering | (9ourng orokiles) see ovesall charactecistiCs of ppl/ £higs, ofganize
X0 dickNck ceamedtS based on how Simi\ac they ore

- “Which 0€ these tl.lh\nqs belna Logether 0 o q(oupv_" 29. “yolg parentc” /7
"nealthy eatecs
- ols0: smilac pictutes, Cotedorizing DRWS

" assocatign (connecking eews, Tules): finds specifiC trigsers ( ks between ems

[ events £hoT fieg. hapoen at hespme £ime
- X hapoens, what @IS & \ikely £0 Wappen? e.g. vF buy B, 707 charce buy &
= hasket analysis

- dimensionality ceducC.tion 2 Saueezes many €edtures A0WN ko Lever
“2.9. dotasek 0% studenks, G ctident B0 foatures (SCOres ® S0 subjecte)

“most 0F the £eathees move Logethet (i qo0d At calcWlug, alco 900d ax a\\n
etc)

-50 * 3 wmath abiliky, lanquage ablity, ceeative Ab\lity
-fewer feakuces = Lacter L£TANING \ecs memoly, \ecs nase 2 plewent

neckittng, edeiee visvalsaton (ot on LD chact)
“cluskefing W& dimensiondlty Teduction?

- cliskening 2 Tows (qroues the samplec). ‘sroug’, ‘segment.’, "cmilac Customers.
- dimensponalrky Teduction = columns (KewRT feaLhtes). “too many £eatures”,
"Compress’, "wishatize n 20/ )"

othec learning Tyes



uNecy EXamPT 1a5 the corvect label|photos tagee

nde poth ecel 4CoupNg cuskomess by bewawour

- ¢Rmi~Supe TWSed (leans moce £ Supe TNIsed ): \abellmg daka § expensne, sponly label o
small patt = wodel leGens £rom these labele (ke Google Photoc)

- teiforCement: agent rgkes GCxions w ab enuir%{\ment & xS Tewdra of penalty
FORT Ume leacns whicy, actions Lar® most Rwat

PNIX), the ocsociation notGiidl

~"Che probabiliey 0F X, gen X

- VLS@\'@.O@‘\ hread) =0.7 > 70% 0k Cuskomers Whd by bee0d glco buvy Chic coveld
- WXEK, Dy = of the cuscomers Who are young ¥ singe (D) and bought bread (X),

he Lraction W aleo bought choc seread (X)
obability can neves be >4

tetms

- Colunn = £e.040e = iNdependent vatiable (X)

-0\ = Sonyle = o0he Aaka pownt

- facqel =y = degendent vaxiable

- 805 k0N kable: oNe Tow = o Somde (e house GTRG in B0ston) Ldcget = hovse price =

what we'te predickng
“oykhon Vbe: Numby Cactays), SciPy (wmericd\ algocit hws), watploe\b (phts),

patdas (tabes), scikit-learn (ML algocithms). T note bosk £ week

O~ Meqrecsiay

WhaT is Tegeession?

-Cupervised feedicts g contingus NOle £e0m ote OF moce wavigbles.
-K = iNdegendent uar'ua\)las = {Ratuces. Y= dependent udc oble = taVge k.

- BOSEON Jato: the b3 columns CRIM x0 LSTAT acre X House oeice 15X,
~Uges: wind Cp%@.d &om ‘to_mpg_ratu o and humm\a-\'.y. House pYice £om roomeong land

eize. Stock price. Car MP6 Lrom weight, and hocse yver.

simple linedr Tegiessin
? = 90 3 90’\&
3 QYBA\CtQ,d vac\able. by ntecceot. By Slope. X, £he Single pTEA'\CtOV-



-Training =€ind thed whose e £iils the yonke best.

Wow 900d 1S <he mode)\?

s v 2y 7§
el y = 406, gredictes § 245, Ector = L 6.
MSE = (A/n) & (y - 5
- Squalilo: pug cu\o\ mOYS € rors Canhot C.ancv,\, m\& b\g LU col¢ ace pums\\eo\ mice.
- Objective: find the B £hat mininise the MGE.
“Also: MAE = mean ofly = 3. 2> = shace of variance explained, 4 ic petfect.

T

\eact squdros by Wand

x=4,9,3 a4 y=9 4,6 8Vetns: & = 15, y =525,
By - Slh - U - ) 1 Six- O

6=y~ OX

peodbet | -

-Sum = 0,30. WSE = 0.30 7 & = 0.075.



mu\t1ple fitege Raression
—-——._.____,_._,_.___,__,__.—\_‘_,./—-—._/-‘~'_"—“"—'_‘“_

¥= 7 +Ouke + Bory T L+ Bk,
§= B (% =4)
“0ce = fy+ §y CRTW + B, LSTAT+ B3 W t6s DTS
-Clide examgle: B = -&.56,-0.08, -066, 5.4 71, Low B CHTM 02M 24, [ STAT2-9.9,
UM 5.624.
orice = 4% - 0.0LQ - 1646 + %080 = 476

- Real price 465 50t ho eveor ¢ 674,
- Gighs: more ceime oc more LSTAT 3 bowe e orice. More rooms 2 hghes price.

M0-\idear cegeession

“Use & when a Straght lne cannot Git. Price s crime dtops £ast, then £latkenc.
- S\\GQQ»S'- hnear, quﬂdm‘tlcf Cu\)\C, po\ynowﬂ\.

ling = bad

00\ynomidl regression

926, 1 X + 0,x> + O’

" ek Tename y, = %, %, = %7 x5 = %% Wow it i muliple AT Te gegsci0n, solved by
least Sauaces.
~Goak mmimise he cum 0fSquaTed Tes\dudls.

“OveckiChng: deacee 4o tigh. The model memocisec the tidinng poinke dnd £als On
mewoles. N\eain ecvor falle, ect evcor cisec.

00 simgle ok verkit

ocXudl pon-\ineas

- Nov-iimeas 0 O Caonot be cevomed nep a \ine. Solved by iCecating, no closed
formula,

j= 6t By %
§= 1000, + By + Byx,)



5 =0, ¢ (16, (% - B)) Scurwe

Te qu\GiZaton

~Yevents overitiing \Jr penalising large Coekficients.

- Mﬂ_"ﬁ saudred penal\ty. Shrinke all coef Cicients, Use when maty eatices are
hahly coctelated.
- Lags0: fotces some corfficients X0 exactly 0, S0t selecks feakures, Uce when
on\y a kew Leokvrs Mot
Ridge. WSE + WO, 8>+ )
vasco: WS T allpyl + B, + )
-0 = penalty stvength. o = 05 plain vegression Ak o wieh EridSearcncy.

- CARESUL. £he Shde slys Ldge (L) and Lasso (L2). The skandafd is wdge =
11, lacen = 14,

\abcode (Boston)

- hs s £he rotebook's own Code. Lines marked CAREFUL are mickakec oc eaps ©

.
- Every model s the come & steps: pick L mode), £1C 00 £5aining Tows, g“eA\ck

test cows, score.

L. 0GA the daka

ot matplo\byplot as oMo
impott pandls Gs
MoVt numpy Gs N

4 the caw ke stoces gach <own 00 2 lines, S0 Tead & as plod Nimberg Siest
data_utl = ‘wekp/ibstak.cmuedvldatosetelboston”

vow_df = Wread_csuldata_ue, e ¥t ', Skiptows=D:2, heade r=None.)

4 glie the 1 \nes 0§ each toun Sack wto one 1w of 43 featytes
daxa = Nphskackiiraw_dknawesti2, J raw 3€ vabecth:2, 231)

# xhe 31d tumbec oh evecy cecondline & £he WOYSE gTice = the tavget y
target * coaw_a£ valuesi4:2, 9.1

+ one table. L9 nomed €eature columns + the ‘k.ONﬂP.JC coOumD

boston_af = pd DaxoFcame(ty.c_Ldata, tarseL], columns * tp.appendTcrIw TN,
"TNWS!, 'CRAS, 'NOX! 'eW, AcE', 915, 'WAD, 'TAX, PTRATIO, %', LSTATY,
(favget'D)



CAREFUL: cop="\s+" cling but pcnTe St axwarning wvalid eScape seauenCe.
Correck form. Sep=r Vst

2. Lopk at twe data

boston_d€.decCeibel)

F copy o€ the tablefov analysic
bk = boston_A€TTCRTW, 7N, TNpUS!, 'CHaS!, 'Nox, ‘oM, ‘At DTS, LAY, 'TAX,
PTRANIO, %' 'LSTAT, targetT]

A coime Y0£8 oganskt otiCe: deoge Kast, then Hattens
fescattectbd£.CRIW, hdftaraet, color=blue)

p\’c.x\abal("(“:rtmma\ Yaxe"
d.ylobell House Peice)
plk.chow()

hicx0 = baETU'CRIM, 'ZN1]
heto.hiex()

- Ao,;(‘.\'\b@ qiNeS count, ™edn, SU, min, maX pec Column. hict chows how edch column is
Spread.

3. Solirt w0 £vain Gna test

# one random tumber per Tow, True (abovt 80Y) does 4o tranng

Aat = np.cavdom.candlienlboston_dc)) < 0.3

tr0n = ba€ldat ]

Xect = bM[-—AGtX
-~ means NOT.The medel \eatng &rom £Tamn only. Test cows check vt Wonestly.
- CAREFUL. no Seed, co The sph and enefly sCoce Change oneach Tul.

& Simple l\near yeﬂrw

£rom skledm™ (weo [ear _mode)

cege * \nedt_modellneacRegression)

# X st be -9 (rows ® €eatutes), so vee double brackets

tran_x = np.agsonyarcoy(trantlCRIMT)
teamn_Y =nyacanyarTay(tca WTtaraet)l)

# &t = kast squates finde the best 6



teac it (£raid_X, £rain_y)
print CCoeEficents: ) vege.coek )
vrmt L'T!\tv,r"c%p-t: ', rq,qf.mto_rco,pt_,)

# dcow xhe fked \ne pwc the LTANNG ponts

plescatter(Leain.CRIW, tTan.Lacgex, colov="blue)

ptolox(ran_x, vede.coef 010 Leaw_x + reqv.m»tercz?t—ml )
- coe ks the slope By, nkecCept_ s B, coek_T01T0] Lakes the mmber ouX of xhe
1) actay.
- The ex@lbation cel s blank 1 che Bb (an exescice). Stdndard yercin.

keskt_* = tp.acalyberoy(eese('CRIMT])

teek_y = np_a;o.nyarmthut[['wrngc‘ﬂ)

tect _y_ = TEﬂT.QFQ.&\Ct(_-\:@S't__M

peint("Mean absolite ersor: £.96" % tpmean(Netbeoltelkest_y_ - test_y))

ot C"Mean Sqvare Ecror (MSED: 26" 7 Do.medn((tect _y_ ~*ect_y)** 2))
- Lab oukpuk: 0ok 0X08, inteccoot 23,99, MAE 692, WSE 63.20.

6 Mu\kiple linear cedrescin € a S

fegy * ear_mode\Lineoresressonl)

X = vp.asanyarcdyleranil'CRIMLSTAT, e

Y = Mpasafyarvay(XiaMtacqet 1)

regeit (%, v)

peint (Coekficienke: ', \"2,5('@0@(__)

ot (TORerCeot: | rogr nercept )
-Same wodel, X now vag 3 columns. Each €eatute getls ts pwn B,
- The enalation cel i blgnk 0 4he lab. Skandard wersion:

N_hok = fegrpredict(testIUCRIW, LSTAT, Rw1l)

X = n.acanydreay(teseIUCRIM LSTAT, M)

y = vp.acanyar Tayl test[ Ukarget 1)

o0t ecidua\ sum of Sauates: Yudt" %o Dpmeanlly_hat = y) ™ )

wint(NanonCe scove. £25 % reqescorelx, )

- Laboutpvk: coeks “0.08%, -0605, 5.07. Totercept H.62. "Resdual sum o€ sauares”
2223 \aciance sCoce (7%,

-CARE FUL: khat label & wrorg. A mRAD X gupared eecore 1€ £he MSE, not £we

rp,c'uo\ua\ Sam O€ Saudcrec
- Natiance score =21 L s peckoct.

6. Polyno Ma| TegreSsion




Lrom sk\eatn.pteptocessing ot T RolynomialFeatutec
traw_x = pasavyaeray(tcanll'CeIW )

rain_y = (\p.aganyan'ay(tra;n[['turgzk'll)

tost_x =npacanyaridyltece (LCRIMD)

tect _y= Np.dsasyacvayleselU ' tacget1])

_‘# dl’.g‘—e@ L Xue® the column X into 3 colmanS: B, K, W
ey = PolynomialFeatuiesldegren=))
XOn_x_pdly = poly.£ik_tVanskormitra n_x)

X an oro\\na\-Y lineav Yegression on those colimps = & curve &
& =hneor_mode\LMearResresSionl)
traw_y_ = clLleeail_x_poly, £5ai0_y)
ornk (Coef&iconts: !, clEcoet )
ot (‘Inteccept: ' clintercept )
~The rename £7\Ck:sTil\ inear in B, so \east sguares sLill WOCKS.
- CARERUL, 4rawn_Y_ & o misleading Name. it cekbrns Lhe mode|, 10t
ptedictions.
- The firSt coeffcent & a\\nays 0, \Ja.C‘_auga Lhe colvmn of onee cepeals the
\(\-{:efcv.gt-
" Lab, dedqcee L copfs 0,-0.8%4, 00034 I“-teTceq-l: 24-89,
- The degree 3celie ave blank w the lab. Standded version:
iy = PlytomiolFeatucesidegree=3)

dt\'al\\_?'\__pd‘{g = qo\,»?.h__’cran;{arm(tram__x)
c\£2 = \near_mode\LineasRegeccion()
c36L(Xcain_x_p0o\y3, train_y)

# xost Towe get xhe Same colmis. Xclsform only, Nevecr €ix Ggain
12 5t_y3_ = cM2ocedick(ody3 AT anskorm test _x))

~ Lab, desvee 2 WAE 533, MOE 5440 ekt twad £ he stiaaht [ne (WSE 63.9-0).

1. dse
Ccom Sklearnlfeat_model mpori Ridqe
Ceom cklearnmodel_selection import GhdSearchC\

Tldq@ = Q-\ASQJL)

# the penaliTy strengtie 0 Ty
paramekecs = Ealpwa0.00%, 0.04, o4, 4, Ao, L0013



# or cach olpha: splik Xrain nto B €O\dS, 0 m 4, sCoce o 1, wepeat

Nidge_eqressoc = ridSeacchCNirdae, patameters,
scoting='Med_mean_abselute _ueror, cy=h)

Tdge_Segressoc fitleran_x, Tran_y)

pent(vidge_reqfe SSOr.hE.s-t__parqms__)
prntcidae_fearessorbest_Scote )

F “Lean wng bect fdge mode\’

ridge_wodel = Ridgelalpha=Ap)
no\ge__moa\e\.&.t(hram_x, tean_y)

xect_y_ = cidge_model gredictltest_x)
Qf“"\'—c‘“\em‘ absoluke efeor: %€ 'Anp.mv.ﬂn(np.abcolu'to.Ltach._J__ - xe_y))
it "Wean Savace Ersor (MSE), haf' ¥ npmeanltest_y_ - test_y) # 2))
“Scoving s Negokve MAE hecause sklearn Glways maXimses.
\ab output: best dgha 0.008, bect. score .05, Then Wag 742, WSE 839
- CAREFUL: he search Says alpha = 0004 s best, bk Lwe \ab khen Lcains wikh
oltha = A00. The Cortect Ine & Lidge(aha=0.00), Oc

¥ dga_,ro,g\‘ acsmbest__o.;tima-t )

8. Lagcso

£com ckleact\ineac_model mpott. Lases

~The seatch, Taining and eNaludtiot cells ase biank in £%e 1ab. Same eGttesn G5
idde wih Lasep()

- Lab oukout: bect a\pha be-35, besk ceore 8190, witth @& Coanvergence Wacening,
Then LaSSo(aIQhaﬂD; WMAE 733, WSE aB 3.

- CAREFUL: same mistake \he Seacch picked Ae-LB, £he Wb £rained wikh alpha =
),

- CAREFUL. -BL.30 agancx Ridge'sc ~6.65 means £he TLwo seatches used different
5COTINg, £0 those wd nhmbers candok be cOmpacres.

"CAREFUL. Ridge and Loceo sCoce worse (MAE 2.4 Thad glain Teacession (582 00
the some feotuce That comes &som g dikkereni cafdOM solt, not £rom™ khe

pu\a\t‘{.
A genalXy on 0Ne weclled £eatyte does Gmost Oothing. Bdae and Lacs, matter with

mANy £2aXUces, scoled fircy

03 - £ ime sevies




whot & a Lime Series’
WhaT 5 a Lime Seres

-Data m tme ovdet. The mode) 1edds £he gact add predicts future values,
" Every cow has a tumestame. It keacke varigbles accoss Lime. W0inke degend OO

e.0ch othel, c0 neves chutfle.

- Uviariate: time i€ the only ndependent \:ana\‘l‘q,r Wont by sales awne.
- Wulknaciote: moce wariablec. Sales plug weakhed,

'Um (Next mooth's sa\ec). o.nOMO\y detection LOda‘ et wock acxnity),
potecn analyss (Weekehd peaks),

aktococTelation

- Yowa sergs TRlates Lo ks ownast. Lagé® k steoS back.
- ACF ax \ag¥ = Coveeiation betueen y(x) avd Yt k)

- ptal bac o lag L1 - a yedrly seoson
- PACF = L he same, wi£h The chocter 1095 temoved.

- By havok AL, 16,14, 18, 20, 49,23 Megn 4.7.29.
- Devatons: “5.29, -2.29, <3429, 074, 2.7 414,67

- Top = sum ok denk) * deN(-4)= 33,63 wottom = cum 0% den* = 8743,
-ACtl) = 3363 7 8743 - 0380,

Avend vo ceasonalty uscycle

“Trend: lng-torm fice oF fo\. Sales gfOW a5 the cuStomel base growe.
- Segsonalily: regeaks at G fixed ggp Electeicy vp overy evemind. Iee cregm W

2Ny Shmmnec,
'_(:y’(_:_kg TiSes ang €alls, q0p noX 'F'!Kq,d_ Economic booms and TeCessions.

~Test can I say bow marny steps ntil '€ regeats? YeS2ceason. wy = cycle.

WA

tcend seaSon cyc\e

stat\onatity

- The statiSTICE ctay stable oveT time.
-3 conditions; O0stone mean. Colskant voriance. Covatianee Aends on Lhe lag,
not the tme.
"Use that Climbsevery month Mok skationafy. Yse that wobblee around pne
auetage: StGTionoCy.
- FiX o trend by dfecedCg (k) - y(£-1) Onca s A = 1.




419, b5, 10¢ 18,20, \g, 2.3 > +3, L, a4, +, -4, *4.
ADE kost o € 005 means skationary.
V\/\/\/\/\
skotionity ot

ARTMAC,, 2, a)

“AvkoRegeescive Inkegtated Moving AVecdge. Fotecasts keom yact valies and paisk
€T roys,

- @ Fabkovedrpssive otdec Nimber of \ods (pask Values).

“d = differencing: £imes di#ferenced o bacome stakionacy. Usially b.

~g * WONNY awerdoe order: Mumber of past efrocs.

- ALTWAML L, 1) 1 past \alve, dk€ecencedonce, A past ectOr.

- The \abtSiee many ordecs ang kerS the lovest ALC (hit, wikh 6 enalcy Fos
erra pavameters).

- Steps: usualisR, ACF and PACE ploks, seagona) Check, skGLIONOCY cyock pcky, 4, a

SARTMA Gond SpRIMAX

“SARIMALLA)(2D,06) ARTIMA lis a seasonal copy. s= seasol length, A fot
monthly data.
- P seasonal AR order. ) sedsonal d:-GQemnc_mﬂ_ Q ceosonal WA oTdef.
= Scasonal dvfferencing: yU:) - y(£-19).
" SARTMaX. SARTMA pluc X, outside Cexogenous) wGridblec. A holivay ﬂag.
- G cebeonl A% past valveS. T dfferencing. MA yast rrors. K extenal yariables.

<Racona) hdex

- How stcong a period € Against ad averase petiod. 100 = avecrase.
“I0deX = patod dvecage / oNerall mean *A.00.
- Savee Y120, 3,25, &5. X% 24, 25,13, 52. X% 2.8, 40,4, 59.

- Ovecall megn 3579, Deseasonalice Q4 of X358 /4.496% = WAL,
lab code (store sales)

\_._‘__,______‘___,_,—-t———————-—-‘———"""——""-



- Twi s the Nokebogk's own code. Lines marked CAREFUL ate mskakes of trogs m it

b.Load £he data

impoct whetihge ) “
wﬂmmgc.-{"d‘\:e?wa(n“\gst 1300 )
iMmpoTE Mumgy QS Do

MeOSL pandag Gs oo

# 9% tows, one pef tem Ofdeced
el

=Tt ps/vowop thubusecContent.com/t Tasaput c1/samgle/ redshe ade/main/store_dat
doL0_d€ = pdTead _csluri)

f keep k\e date and the calec amoulit, Turn £he date LR o teal ddtes
sales_ %= dato_dkLT0vdec Date’ 'SaksT)
sales_dfUorder Y0%e'] = ydxo_darecmelsales_d£U'0cder Date'l)

- CAREFUL. £\ ecwarmngsl” |gnoYa“) hides eNery Wwathing, incluA0g use £l gnec.

- CAREFUL: gssiging into @ Slice o daka_dg ¢ paldas’ Set tangWithCoy case.
Sofel: data_dgl U, 11copy().

Mpoct ma-t?btlt\J.pr\ot as p\t

# many orders Share aday: add them w pec day, in dale waec
dally_calec = (sales_dkqrouhy('Ocdec DateYr'SalusT.cumO).cort_index())

doly _caleco\otlfacize=(Mh, B), xitle=Yaly Sales gecod i the Store,
xlabel=0rder U0k, ylabel*Total Sales)

Ao TThe)
o\.xticksleoation=45)
ol tighk_layou )

I t.5how(Q)

#AGY s too umpy. make The date £he ndex, heo add up o MONLh
ALl = sG\e;__,A-F.CP."(_,\(‘AETxUO“AM Yate))
moothly _sales = MAsecample('WE ) suml)

o\ Cigure(Liqsize=(4.0, b))
olk.plot(monthly_salesUSales'], \inewd 423, c="blue’)
v\t.-tit\e(“\'\O(\Jc\\\y Sales )



- Qaw orders become &8 monthy rotals. "ME' = monih 0d. Te5amgle Deeds a date
\Ndex.

3. Geationanty, ACK, IACF

Ceom ckatemodels.tsastatLools mport. adfuller
Scom statsmOdels fayhics. keapots mpor X plot_ack, pox_oacf

dek Check_stationdrityltimesecies):
#AVF +ect Teturne a tuple. L0T s the ckatickic, (A1 s £he p-valve
result = adbulec(tmmeseries, aukolag=ATC’)
o_Nalie = ysukld]
wink(E'ADF Statiseic: Leeculetnld)
P wt(Kyvalue: £p__\la|u83l)
vt L'Stakonary’ & nalve & 0.05 elce 'Nov-Stationary)

check_stationacityCmonthly_salksl'Sales’))

dlot_aceCmonkhly_sales)
plox_pac{monkhly_ cales)
At showt)
- Lab owkpht: skatistic 449, p = 00002, Staxionary. The da A2 bar skande out: G
year\y ceason.

O ARIWA: Ly evetyotder, ket the \owesk ALC

gt kectods
Eepm ckltemode\s Xsadrmamodel mepri ARTMA

o =ranaell, %)
d = vangelo 3)

" = range(a, 4)

# Query Combnation ok p d, g & X I X & =48
pdg = \lS&('kzr-\:ao\S.p\‘OduC‘t(p, d, ))

best_aic = npink
b"-s-l:_._o\'&e,r = Nole
best_model = None

foc Ovder (0 Yy
Loy



mode! = ARIMACmonthly_cales, ordet2ocdec)
resulks = model fit()

R lowec AIC = betxel. cemember The best < fac
K resules.aic € besk_oiG
beck _aic * resu\esaic
best _otdec = ocder
beskt_model = recuts
eXCept:
Continve

o ink(£'besk ARTMA ordec: thect order? wikw ALC. Ebect _ac?')

€wal_model = ARIMACmonthly_<0ieS, ordec=bect _ocder)
esWts = final_mode\.fit()
Corecte _values = resuts foreCactlstepshl)

- Lab output best o-der (3,9, 3), Alc L065.76, Wilh a ConvesgenceWarting.

- CAREFRUL, a bare excRok hides every Reror, euen LYpos. beiter exCepk
Exception

“CAREFUL: ADF cGid skationofy, yet the Seacch picked d= 2. AIC canrwt £airly
compoce dikfetent O\, because dn-?(o.r%\\cmg changes the data \Jaing ‘ﬂ-t-tzd.

- CAREFUL: Tthe madel is Kxeted on al\ 48 monkhs, so fosecast(stLossld) predicts
LA 8.

6. Plok _and eNalyate

pit.p\o-h(month\y__ca\a,s[-'S-Q.;].ma‘ex, monthly_calesT-112.], labe\=Actwal, copv=hlve,
Woestyle="", matke$=0")

p\k.plox(£orecask_Nalues.index, Lorecast _valies, \labe =’ FoceCosk, color='ved’,
Vinestyle=""" mackec='x")

pleleqend()

I(Tom c¥learnmetTics \Mpor4 man_o\so\u’ca,errar, medn __Sq\kﬂf'E&___e.(TOT
ohserved = monthly_sales.cal(io)
mae = mean_abeoluxe_ervoc(dsecwed, €0recast_alves)
wse = mean_sawared_error(obeerued, forecast _valies)

- Labowtpu: MAE 43745 WSE 1.38.9

-CAREFUL: sbsesved s 2017, £he forecask ic 9018, Diffetent. monihs, o0 This MAE
5 Mt & real occhedcey.

- Coreect way: old out fivet, tvan = wmonen\y_salest21, £ on Lrain, forecqst



4.9, Compate Wit monthly_ salesC-19:],

6. SARIVA

pdazh 14
vDaec=14 0L 42

tom ctatSmodelctsa.statecpace.sarmax impor£ SALTMAX

mode\ = GARTMAK(manthly_Sales, ovdec=(y, 4, 50, seasonal_drdes=(P, 9, @, &)
cesul£¢ = modetfitl)

focecact = resukesforecact (skegs#i2)

obseryed = monthly_salescal(d1)

mle = meldn_abeo\ute_ercor(ohsrved, focecast)

mee = Meah_sgudced_ectordhserved, focecst)
{p, diq ) is the 00Tl eark, (P, 0,Q, s) xheseacona\ goct s =1 monkhs.
~Laboutput: VAE 10632, MGE 45208 The \ab's bect model.

- cAREFUL: the same 2047 adainst 904 8 micma£Ch.
- CAREFUL. the SARTMA ¢ok drows €orecast_values, Which s £he ARTMA €ocecask.

TX chould dtaw fovecast.

7.Gp IWAK

17} d, 6 = i . ﬁv

.0, Q,s5=44 0,12
ckatiohanty = False
overtibiliky = False

mode = SARTWAX (nonthly_Sales, ordes=(p, 4, a), 5easond_ordes=(¥, ), Q &),
enforce_ivertibility= statonarty, enforce_ctationarrey= stakinarry)
cesul45 = model L)
L0cecack = resultsfocecast(steps=12)
-Lab outplk: WAE 4-3035«, WSE 9.27¢8.
- CAREFUL: thace ic Mo exdg, 50 ths is ot sealy SARIMAK, Tt s SARTMA ity e
checks Switched o<

- CPAREFUL: o.n‘EoTCP._,m\lthib:h-\:y Lseckhe varigble statondriky. wver<ibhty ic
Nevel usea\. Lokh are False, €0 the vesult i £he Same.

- CAREFUL: ks plot also draws the ALTIWA (ogac&st.
- A o0\ SARTMAK pGcses dn ovtSide wavable SPRIMAX(trawn, eX og=ho\iday, )'

and forecast(stops=12, exoa=futuce _volday).



1.ah ranking SARINA 40689, SARTWNAK 12024, AR IWA 43745 A model that knpus
Lhe L2-month seoson wine.
"'A‘wa\fg Sph't br JC\mQ: G“A 5Core 0N \Y\O“‘“\S -t\\e MOAQ'\ WAAY SO



