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,)



y=0,r(4 +6,"(x - B S e

Te qu\GiZaton

~Yevents overitiing \Jr enalising large coekticients,

- Mﬂ_"ﬁ Squareo\ pﬂ.na\‘ty. S\\ﬂnkg all coek Eicients, Use when many Ceatvees are
hahly coctelated.
- Lags0: forces some coefficients €0 exactly 0, 50\ selects feakires. Use 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 =
L2, Lagcso = 4

d0oing redfession er 09erly
m@\'_ xor each £eGXNCL W& kdrgek. pck eakures LNt moye W the
XacqeX, spotl CheveS B outiiers
0. sphk w. 0 seed €0 resyits TROR0%: xrain_tesk_colik(X, v, Xest_size=0.2,
caldom_state=41)

- 3. baselne: always yredictg The mean gwes B> = 0. a model wmist lat that
- 4, stack wa e cesdual ot (eteor V5 9): tandom cloud =0k. clirye = Weong share

2 po\yhomidl. Lunnel = Uneven ereor
- . yick £he degree . Crose—VaAIdation o0 trawn, dever bY kesk scoce (else €T 5

no \00ge T unseen)
- 6. Ridae ( Lass5o: scale featuces fivek (SxandosadScaiey), i+ the scalec 0N tran

ooly
- 7. alpha: seatch powete of 10 (0,001 .. 100), wen use the aloha the sear Ch

ceturne
- 3. leakage = oMehing fitted o0 tesk vows Lecaler, ply, algha). @ Moehine wevenCs

e

make_tipu\ine(StandardSc.alec(), PolynomalFeatvres(®), Ridgelalpwa=1))
- g. cpeflicionts: szes aly comparable when featuies ace ccaled. highly

Cotrelated feakuces 2 unstable coeflicients

~ whieh wmeteic?

- MAE: 0 khe tacset's unks, Lorguta o pukliers. otk by 59 on average”
“W\GE. puliehes big ™sces, FMGE = VMSE, back 0 the target's Whiks

Q% nounks, share of NGCIONCE explaingd, b cecfeck, 0 * Same as the mean
- which model?



- e 6Tk polyNomial € TesiIMAS curve ¥ +1dae € many cotreloted featyces
Lacsoxd dedp useless fedtures

\ab_code (boston)

“This & the M*—ebOOk 3 Own Code, L10es matked CAREFUL are wistakes Oc X aPs 0\
- Evecy wWdel s khe Sdme & cteps: 9CK the model, £ on traming Towg, sredic

tect cOWS, Score.

L. L0ad the data

mpot L ma-tp\othb.pyp\at as el
wor L pandas as )
pdvC dumpy o 0y

# he rav ke skoves each tOwn on L knes, <0 tead & as Pl numbecs €irst

daxo_ucl = "\\tte:/ /\bstat.cmuedw/ dataset s/boston
vow_o& = pd.cead_csuldakd_ur), sep="\5+", Skipc0WS=1, heodec=None)

7 e the 2 WNes o€ eACH X000 hack wto oe Tow 0% 83 featires
data = mhstack(lraw_dCnawest:2, 3, raw_dkvalvesri:2, -9-1D

R the T nimber o0 evety second line ic khe houg® price = Lhe target y
xarget * Tav_dfualuesii:), 2]

4 one Lable: 13 nGmed fedture cOlimns T xhe Lacget colump

-

S

boston_adk = 1dDatarramelng.c_Ldaka, tacqe L], columns = nq.Oppen A CCRTW, ZN,

TNIUS', 'CuAS, 'WOK, 'LW, 'PGE, D18, 'RAY, 'Tax’, PTRATTO, &', LSTATY],
[tacgetD)
- CAREFUL, ser="tet’ Tuns bu prints SyntaxwWarning Mvalid escape sequence.
CorteCh focm: Sepr Yot .

bocon_af.describe()

H Copy of xhe table for analyes
WM = boston_dECT'CRTW, 'ZN, TNIUS, CRAS, NOK', LW, 'AGE', WIS, '2AD,
TAK, 'PTRATIO, ' 'LGNAT, “%arge+]

# crme rote againet Wice: dedps fact, xhen Flatyens
ol SCat kes(hde.CRIM, bAEatorL, coipr='blye’)



pt.x\abelCCrimingl Rate"
olylabel("HOuSe Peice ")
p\'t.ShO'NU

hsto = bACLCRTW' "ZN1]
h1§JCO.\\l§'\'.L)

- dReceibe gupscOINL, megn, Sd, ™, MO Rr coied. hist chows how each column
15 Spt‘o.ad.

3. S ot an

# one FANAOM nimber e 0w Teue (Gbouk 30%) 90eS X0 £cailing
dat = no.candom.Tand(\enthoston_3f) < 0.3
£rain = bd€ldak]
test =bMl-dax]
~~weats WOT, The wde! leatne £eom rain only. Tect Tows cheCk 1t horestly.

-OPEYUL: (0 seed, o the Split and ewery sCore change on edch run,

O Smnp\e \mea\M&SSlan (A {c,atm:a)

£com sKigarn mport Ineac_mode

ceav = \neac_modellneacRegressionl)

R X must be 279 (cowe x feakutes), souce dovble hrackets
xrain_x = tp.asanyartay tranll'CeTWIY)
krod_y = w.osatyasayleranli'taret'1])

# £k = RSt caulies findS khe best B
regt. et Cecon X Lran_y)

ptint (Cortficents: ', regrcoef )
pCine ("Tokelcept: , vegrdiercept )

# deaw Xhe Fitted live ovec khe Lraning pointe
ohesCat tes(tran LIV, krantorg®t, coor=biwe')
tplotCArin_x, cegr.coef _toll0l*ecam_x + reqr.m-te\‘cept_ml )
- coef_ 15 the S\op B, wievCept o By coe€ 0101 £akes the numbec ovt of
£ 2-) aeray,

~The evalvation cell s bignk p xw ab (an eﬁ%\‘tl;w)- St anded \E S 1o
xeSt_F = macinyactay(xest TUCRIMT)

tesk_y * mpasavyarrayCtestlltarge<1D



ek Yo = cegeoredicL4est )

orin ("Wean obsolte gecor: 49€° Y npmeanlnpabsoute(tect y - Lest_y))

it CMeald Suuare Erroe (MSED: 125" ¥ no.meantleest_y_ ~tect_y) ¥ 2.))
- Lab oweouwt: coef -0.508, wteccept 23.99, wAE .82, WSe 63.20.

5. Mu\tinle lidear cegrecsion (3 keatue 25)

vege * Inear_modellineacRegeessonl)
x = maslnyacrayCtranlTeRIW, LSTAT,M1D
y = npgsanyartay Leawll'karge+'11)
reqr.£1L (x, P
pcnt ('Coek&iCinke: ", Teqtcoef_ )
print CToxercest: !, Tegeinteccepk )
- Same mode, Xtow has 3 Columpe, Each £earucre gets 145 owh B.
- The evaationcell  blank I £he \ab. Standard vercon
y_Nat = cegrpredic£leest LUCRITMILSTAT 2 W11)
x = pposanyarcayLees£WCRIW, LS TAT, AMTD
y = pasanyorcay(test U 'xarget' \D
orinkC Lesidual sin of satees: LA % npmeantly_hat = 1) ** 1)
eciot(Nanance scove: Te2€' % veqr.ccocalx, V)
- Lab ovkyut: Copf -0.09%, -0.606, 507, Totercept 457, Residual cum of tha\'e.§
1223, \andnce SCOce (.73,
- CAREFUL: that label is wrong. A mean 0% squiced Brrors e xhe WSE, ot £he
ceSidudl Sum of sahares.
\deiance score = 5.4 1S perect.

€rom skleacnereprocessing mpert PolynomdiFeatures
frain_x * np.ocOyarsoy( £rawlT'CRIWID

raf_y = Sasanyortaytranlltacget' T

tese_x = nposanyacrray(£eceLICIMT)

e St_y * 0p.asanyac vayl tmst[["tafgmk'lb

# degree 2 turn the columd x wko 2 colomne: 4, x, W*
ply = Polynomia\Featuresdeqree=2.)
TLrad_x_edly = goly.€C_xTanskormltran_x)

* an Oro\mar linedc \egresson N +wse COU™DS = g curve N
c\€ = \inear_ modo,\merv_egre,;s\onO



tras_y_ = ckAECeran_x_poly, Xtain_y)
p\'l\\t L'C0z€ -\‘-\C'\o.nts-. ', Q\I(.wlz,&__)
print (ToketCegk: !, cikinterCept )
" The rename teck: ctill inear n &, so\e st squaTes ctill wocks,

TCAREFUL: £can_y_ s @ msleadng name. fit reXurne he model, N0X pTediCions.
- The {st coe€bcient is alwdys 0, becouse Xhe colum ok mes cge g ¥he ntavcep.

- Lab, degree %icoegs 0, ~0.844, 0.0084. TeeSCRot 94 g9
-The degree Jcells ace ATk ™ the \ab. Staddard e fsion.
oolY% = PolynomiaiFeatutes(degree=9)
£rain_x_poly3 = poly3-£_trans£ocmtram_x)
cl€d = \nRar _mode L NeasRegrecsionl)
N3 Atleran_x_w3, tran )

T teck tows @t the Same columps, tTANSEOTM Only, sever €1t again
kest_y3_ = cKh3predic£(poly3. Lransfocmitest_x))

“Lab, degree 3: MAE 6.33, WOE 5449 getrer xnan khe ctrdight hng (MSe. £3.0.0).

7. Q-l&jv,

feom sklearnlinear__model impOt Lidge
5o cllearnmode|_selection ‘meocx bridSeatchCV

Tidge = Q—uc}ge()

T <he pend\Vey chcengths o try
aameters = E'dpha'L0001, 0.04, 0A, 1, 40, 40013

# Coc each alpha: colik Xcan Nko B £0\dS, kram on 4, scOte on A, cepeat
ridge_ceqeessor = brdSearchCN(ridge, garametecs,
9corung='nag__mean_a\aso\uta_,erro\“, C‘FS)
ridge_ceqresconFtlevan_x, Lean_y)
int(cidge_Yegrescor.besk_params_)
prmt(rtdgw__reg\'o,s;OT.\Dest__scr)re,_)

% "Xcain USNG bect cidae model"
vidge_mode! = Q-ndga(a\pha“\,oo}
T\r} 5@_’_“\0& ?;L"F\t(t(‘a 1“__,7‘: ca “\__r)

xest_y_ = cidge_modelpredict (tect _X)
rnk("Mean absolute ecvor: 425 % tpmeantnpabsoiteltect_y_ - tect_y)))
orint(Mean Sqare Eerot (MSEY:. %,.2¢" % pmean((test_y_ -tesk_y) ¥* 2))



- Ccoving ic veqatiNe MAE beCause ckieam aways ™A Imices.
- Lab ovtput: beck Alghd 000, beSX score -85, Thet MAE 7.41, WSE 9999,
-CAREFUL: the sedech Saye algha = 0004 5 bect, Buk the \Gb £hen trowe wikh alpha
=400. The correek \ing 1« Ridgelalpha=0004), ox
ridge_ Tegrecsot.best _estmatiol_.

Q. Lagso

€rom cklearnlneor_model iwpst Lacco

= The ceacrch, £r0N0g and evalvakioncells are bank it khe lah. Some patkern oc
Qidge with LaceoQ).

- Lab auteut, bect aloha LebB, besk scove -81dg, with a ConvergenceWarnifg Then
Lascolalpha=4). WAE 7.3a, MSE 9332,

- CAREFUL. Same mistake. he search picked bo-46, Xhe \ob Leained withalpha = 4.

- cPREFUL: -84 80 ogainst Ridge's 655 means the Lwo searChes used
NEEeTet 5cocing S0 +hoSe two NumberS cantot. be compared.

- CAREFRIL: Qm\qe and Lasso sCore worse (MAE 7.4) than plain Tegression (5.92)
on the sGme feaxure. That comes from a difLefent candom split, MWL £c0m the
pano\'ty.

-A penity onone uosCaled feotufe does a\most Nothing, Lidge and Lacey
moktec wikh many £eathies, ceqled first.

what ¢ a +ime <o ries’

- Doxa m Lme ordec. The model cedde the paSt ahd FedCx5 CutuTe vlues.
T kvery mow has a tmectomp. Ik tracke Vaviable s across time. Povnks dzpeno\

o0 eaChother, SoNRNeC shukkle,
-onarake: 4ime s the only 13€eeNeT e iabie. MonLhY sales alone.

“Mukwatiate: wove Nacriobles. Salks oluc weathet.
_‘—‘—x‘—t——_—l——'_‘—
- Uses: Fo¥ecasting Loext woth'S cates) gnamaly detection
: (dd Netwock
activiky), pattecn analysis (weekeNo 0 40). B Ml
QutoCoftelation

- How a 6BS 125 relates £o vts oun pdst. Lag k = k skeps back,

"ACF ok lagk = corcelation bekueen K40 and yli-k).

-p «al bar at lag A2 =a yearly season-

-Pack Gartal) = ik betwee® y(x) and ylx-k) akter Temoning whak the lags




betweenale. 9,1&9\0'\\\
-e.q Jan sa\es ak€RCA War only “cheough Feb 3 ACE at \ag 2 looks high, PACF ax

lag2 s near 0

- ACF= tokal \ink (Aifeck + sced along). PACE = direct link o0y
- Which bars coutk? only khe 00LS oikside f\\% shaded bavd. bond =496 7 V. foc B

monthe = 023
- lag 0 15 a\waysl, gnote 1t

-ty havok: 42, 45, A%, 43, 20, 49, 23. Vean 4700,
- Deviatong: -9 -2.29, -999,0.78. 274, L7, a7\,

- Top = sum 0% dev(t) * denx4) % 9363 Gottom = sum ok dev? =875,
-Act(a)= 3363 ( 87.43 = (.386.

tsend ys coasonalicy S Cycle

-j_‘:E‘l‘_’\_'- longxecw nise ov £all.Sales arow ds£he cistome hase glovs.
- Geasonglty: cepedlsat a fixed 9oy EleCeicity Lp evecy eveling. [co coeOM jp

BVECY Summec.
-Cycle: Tisec and kol g2p nox kixed. Economic booms and cecessions.
“\R5t: cal T cay how maly steps yntil (& w_‘,m)cs". Xes = ceacon Wo = CyC\e.

AN

t-end SedaGon cyc\e

stukictariey

oot e e
-3, CoNNEIONS: conctant mean. CONCXANE ardnce, CONGTIANCR derends g0 The lag,

Nok the time.
- Do that chmbs =wRly month not stakwracy. Use that wobbles around one
Guecdqe: Stationacy.

- X atrend by differencing: y(E) -y Once s 4 = 1,

- 49,145,044, 18, 90,89,93 > 43, -4, +4, 2, 1 +4
-pUF tesk: p<' 0.06 means £0-£i100aATY.

\";/\A/\/\
skationaty ot

P IMACp, O a)

- AutoRRatessive Tnteqiated Moyng Average, Forecasts £iom past wauesand past



0 s,
7 Qbkore gressive Ocder: numbet of 1345 (past uahes).

- d - differencing times diffecenced ty become stationary. Usually 4.
- ac mﬂ\llﬂj (vefage ordec: symbet ok st efvols.

“ARTMACLAAD: ¢ past valle, dfferenced once, 1 oast eTeof.
- The lab £Cee ™Ay 0vdeTs and keepS the bwest AIC (£it, wikh a woaley foy

exkTa potametess)
_S-\',tbps: wsua|-|5e, ACF G“a\ PACF p\O"(..g, 5e0s50nal ChQ.Ck, ;tat_m$a(-y CI\ECF, p\(.\‘ 0 d’
a.

SARIMA ond SARTWAY

“SARTMAG, A, 0(0,0.Q,5) ALTMWA dlic o ceaconal copy.s = seoson \ength, L9 for
moNthly dota.
-¥ ceasonal AR peder. D seasonal dikferencing. Q seasonal MA order.
- Geaconal dhferencing y(4) - y(t49.),
- GARTIMAX: SARIMA pluc X, obkside (ex0aenous) yariabies. A hohvday €laa.
S seaconal AR past wales. T ddffecencing. WA past ecT0rS. K external Vaciobles.

" How stcong apeni0d i€ Ggaing4 AN GNerade peciod, 100 - Guecoge.

0dex 2 goriod awetage / ovectll medn  4qg
Saes X420, 30, 15,45, X2:9.4 35, 18, 6. \3. 28, &40, 24, 59,

QuarTecr AvBcrage

-ocal mean 3475, Deseacomalise aa 0f X% 5a 74.4304 = 3343,
choosing p, A a (00t sthe clidee)

- . d€irck. AVEON the ceries. p< 005 34 = 0. wise dfference once X Loctlgain.

calely moce £han L

2. 'ead ACF & TACE onthe Mkforenced ot es, N0t the caw ONe
- 3 o W 4 £rom Lhe chapes:



. )

I potxeln model
PACE cuts offok<er \ag o, ACF £ades S\oWIAR(p): ¢ £rom PRCF, 4 =0
ACF cute off astter lag o, WCF Fades 500V ALg): 4 £Tom ACF, p* 0
bath(c : WIALA 50 W,
- “cuk< ok€" = bars Arop nside the band B stay there. “fades” = shrwks brt by
bix
- 2. ICF bars outside the bond ax log 4 Ko only, ACF sheinki0g sowly 3 ¢ =
2,4%0
4 seasoh ACY coikes at 12, 14 ¢ =42
- seacdnal Spikeg -Faa\e S\Ow\y 20=4
-0&rom Pack ot lag V2, @ €rom Ack ak \ag 12 usually 0 or 1

- kegp d t 0 ak 2 or lecs
6. vedl ploks Gre messy ¥ se the plote £or a sTLarking guess, then tey Neighbours

% cowpace ATC
- oMY Compore ATC betwpen models w.the came d ¥ D
-6, check the &t Tesrduo\s should be NOiSe. cesidtal ACE w no bac outside the band.
Liuwng-box o > 0.05 = £ine
1. evalvate: sp\it by time, Wld out the last ceasol, bedt ‘repuatiost year”,
et MAE M the AGXASuniks
- Which model
“n0season ¥ ARIMA. seaeon = SARIMA. season T an out.side varabe khown ahead
(holday, prome) - SALTMAX
- twe lab ACF cpke oL 49 2 ¢ =) ADF yp = 00002 > d = 0 cehowah, ¢p Lhe Qi‘uﬂ"s
d=12 OVEV"dI‘F‘FQrE{\cp_g

lab code (cxpee ¢

- Ths i€ the nolebook’s pyun code. Lines matked CAREFR(L are mistakes of trags
o X

L. Load thedata

meort wWatmiigs '
warninge flteswarningel'ignore )
Mo T DUMPY as ©p

st pandas as pd

# 2934 ows, dNe e Ke™ pedeted



'gl

='W/ (rawathibucercontent.com v dsaputeilcamle/ tefsiveadsimantstore_datasetcey”
dakta_d€ = pa.cetd_csulucl)

#eep £he date AN LW sales gmoutt, turp Lhe dok® text Mo Teal dates
salec_gt = daxa_okLT0tder ate’ SalesT

ctles_AUOVAer Date'] = Qd.to_()«at&t\me(SG\QC__(M[O"‘&@( Date'l)
-CAREFUL: Slteswarnmgelnore) hdes every wariing, 0c\vdifg useul ones.

~CAREFUL: asagning W0 G Sice of data_d€ & pandas' SeteingWthlopy cace.
Cake: dara_adfil.. eopyO.

2. Daily, £hev™ month\
wpoc+ matplotliboyplot as ok

F w0y ocders chare o day: 6dd thew Up pee day, in dale prdyc

daly_calec = (sa|&s,A-Q.5rOupby('DTa\3r Paxe X'SalesTsuml).sorx_ndex())

da ly_sa\es.plot(Kigs17e=(A0, 5), xitle=Daily Sales Record i the Skoce,
xabe\='Order Vote, yiabe'Total Sales')

Atoridl Teue)

el xticks rotation=45)
ol T right_layout )

pHe.chow()

H daly s too JUmgy. Make thedate the index, Then add up pet month
Ath = sales_d€.set_ndex(Ocdes Y0ke)
monthly_sales = &4 resamelelMEN.com()

oWtk qurel€igsize=(A0, b)) |
ettplotCmonthly_salesU'Sales'], \newdth=?, c= blue)

peitielU"Wonthy Sales"y ‘
- QoW ordets become A8 monthly totale. ME'= month end. Tesample nReds a

daxXe ndex.

2. Cxatondiky, ACF, PACF

srom statsmodels.tel stattools murk adgulec
Evom Statemodelcqrathics.xstploxs wmpoct olot_ack, ook _pack

deft check_statuonacity(t mececwes).
F ADF ect cetuns a tuple. [01 ¢ £he stakcte, (M e the oi\ve



tesu\t = adbullerCtimesecies, outo\ug"AIU)

p_NGlve = sesuttd]

et (EADF Stakskic: Erestroly)

pTI“-b(f'p"Vﬂ‘h@: (.p__\[ﬂ\u%})

rin(Statuondry' H p_value <005 elcg Non-Stationacy?

check_ctationaritylmonewy_salesCSalecT)

ploX_acF(monxhly_sales)

plot_pack(monthly_sales)

p\'t.‘;\\t)\ﬂ(.)

Lab oveput: stakstic 459, =00002, Stotiondey. The \ag 42 bar c€aNdS out: a
yearly sedason.

. PRIMA £ty every ocdes, keep thelowese AIC

mpott rkectoole
£om ckarsmotels Lsa.arimamode) meoTt AR IMA

o = range(0, &)
&= cangel 0, 3)
A= \‘ange(o, '\)

# every combinaien of o A ol x3 x & =43
0 = hiet(tertons.oroduckly, 4, qﬁ

best_ac * np.inE
best _prdec = Nove
beSt_model = None

fov ovAer i\ pr}«q:
t\'y:
wmodel =ARIMACmonThly_cales, seder=order)
Tecults = mode ) &ie()

# bwer AIC = bettel. cemembetr the bP_St s fav
£ cesuwtsac < hesa(:__a\c:
bect_acC = resy\is.aic
bect_ocder = otder
best__model = Mesiits
exceot:
CoMximpe



i (Fest ARTMA otder: fhesk_ordecd wih ALC: thest _aic)

£nal_mode = AR TMA(wonthly_sales, ordec=best _0cder)
resvite = final_model. £t
focecast_vales = tesulte fotecask(ctepsl)
- Lab obeolk: bect ovder (3,9, 39, AlC 806676 WD o ConvecgenceWasning.
= CAREFUL: & bace except Mdes euery eceor, ewen Lypos Bettec: except
EXception,
- CAREFUL: ADF S0 stationary,yet the sedech picked d =2, AIC cannst facly

compare dibfecent 4, because Aiffeucencing Changes The data being fiteced.
- CARERUL. the wodels Littedonall 4B monkhs, sp Lorecast(ctop=11) oredicte
2018,

&. Pot and evaluc ke

p\-h.‘;\ot(mon-thly_,sa\es[“&ﬂ.:l\n&x, month\‘(__.sam;\'_-ﬂ-l,.l mb&\"AC'thc\\', colov="Yue,
Inestyle="', markec=o"

A\ taok(forecost _valec.ndex, orecask_values, labe\=Focecdst!, colpr="ed,
Westyle="-"", marker=x"

it le gend0)

fcom skleacrtmetcics Impoc mea\\_abSO\chq,__er\'or, me&n__CquarP.&__o_rror
phSec\Rd = wmonthly_sales.tal(ia)
mae = mo.an__c\\:Co\utz_er\‘or(o\:so.\"\m,)t, GOFech’c__\la\uG.g)
wmse = mean_cquaced__ertoc(obsecued, Locecast_values)

~Lob outpvt: MAE 43745, MSE 2 38.9

- CAREFUL. obserued i€ 2007, 4he fovecast ic 2008, Dikfecent moliehs, so This
MWAE Dot a teal accyracy.

" Corceck woy: Wold out ficst, train = montlhly _caleSLA], i on £aip,
foveCack La, COMQEATT it month\y_sa\u[“\.ﬂ.

6. GARTMA

P A:q "ﬂ'f 1':&‘
.0 Qs:=4,00 0

feom ctaAsmodelc.AsastatesioCe.sarimdR imp ek SARTMAX

model = SALTMAX monthly_sales, peder=(;, d, q), Seasonal_ovder=(Y, 9, Q, 5))
recpits =modelfi()

forecact = recults forecastlsteps=11)



dSecved = ma“th\y_sgleg.ta n4a)

mae =mean_absote_ertor{obsecied, forecast)

mse = mean_squaved_e rror(obsecved, fovecast)
~ (p, A 4)s the Notmay eork, (P, D, Q, ) £he ceasonal part. ¢ = L2 mopky e,
- Labowtout: MaAg Aobl2, MSE 1.5208. \he labs best mode\.

- CAREFUL; the came Q0LT aqanst 2008 mismatch,
- CAREFUL: the SARIWMAplox jraws £oveCast_values, whch s The ARTMA

forecast. TL Showd dtow £otecact.

7. SARIMAX

™ A, R = A—, 1, N

.0.Q s=4, 4,0 42
statonariky = False
ect bty = False

model = SARTMAX monkhly _sales, 0Tdev=(p, d, o), Seosona\_or dev<(0, 9, O, 5),
enkocce_nvertiblity® skationanty, enforce_crakxonanty= statotarity)

resite = mode\£ikl)
forecast * realks.forecact(skeps=12)
- Lab outob: MAE 33024, MSE 2378,

-CAREFUL: therg is no ex0g, €0 WS 1S not Teally SARTMAX Tx is GAQIVA with Two
checks ewtched of€

-cAREFUL. enfotce_invectibinty uses the varable staxio0arity. lnuer.{—,|\3t\|ty 15 NeerT
used Loth are False, 55 the tesult ¢ the sAwme.
- CAREFUL: iee ot dlso draws £he PRIMA focecast.
- A cea\ GARTMAX dS6es an putside yariable: SARIVAXXcam, e%08=holiday, ), and
fosecosk(steps=R1, exog=kuture_holiday).

- \ab canking: SARIMA 40682, SARIMAX 43031 ARIMA 43745 A mode) £ hat ¥Noue
the L9-monty season wins.

“AWGyS gplik by e, Gnd ccoce v mONERS Xhe model never saw,



