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- Lels K ask pbeervokiohs hold useful mEotmation £oc predcting
the fukuce

- lag k> K skepc WOc¥ —\aq 2= the vae 2 aays befoce

- corcelation be L weed two co\mws x and y
r2a(x - Ky - PIIVER - « £y - P
- from -4 40} and 0 megns Mo Skcaght Ioe link

" ACEOL g k = corralation betwegn yLE) and yl-k)

- Gtall bor 0% lag 4y oo mon£Wy AGEG 2 a yRATTY Sedspn vz £his
wonky, Yooke \ke £he came month last Year

- PACF = \ink betwe e YL'\") ong \[(_t'k) aftec comontng wWhit Ahe lags in
between dlready explain



- Jan a%fecs Mar only through Feb > ACF atlag 915 Wiah and
PACF oX \ag2 S near 0
- PCF = 4okal \nk and PACF = dicect \ink ony
PACFL) = ACFL)
PACKD) = (y -0 (4 - 52
- =0.335 and 1, = 0.268 3 (0269 - 0A43) /(4 -08°8) =442
ACE(K) = = den(t) * dev(t k) [ £ dev?
- ey = valbe = huS The me an
- which bars covnt = only the ones outside the shaded band
band = 1.6 / ¥
- &8 months = band = 098
- \ag 0 s always 1 €0 gnove i
- by hand 242 1544 8890 1923 vy, mean 1724
- deviotne © T5.29 -2.28 399 074 078 AL ST
top = £ devlt) * deulx-1) = 3363
boktom = £ dev = 3743
ACFL) = 3363 [ 87.43= 0385

tTend seasondliky cycle
- tcend = ong Xet™ e redse oV dectedse

——————

- a0 oohne Stove Sowly cel\e more as 115 Customet base grows =
{7e0d cuz k& Xeeysqong pne wWay
" seasondhity = g attetn Lhat teeeols gt 6 gredictable fixed

ntecval

~ hourly daly weeK\Y monehly quarkerly oc yeacly

- electiicity se up eVecyenenng Y Sedsonal CUZ the ot ¢ GlwaySs
one c}aY

- shpermdrket SOlec W wery @q,e\cu\a\ a0 hokel bookiNge up eNe Ty
liday nd Co Cream e eVerySwmer

-aWline gassengecs Rak every yedr
- cyCR = Tigeg and fale whoce timing and \ength afe ™t fxed

-ecOnomic expGN<ione aNS TeCRSSIONS . cyclo. cuz noboJY Can say how
lohg each one \as+s
- test 2 chol SAy how many Steps Wil vt vepeats
- ye5-Y sedsohovly

- — Cxle

tcend seaGon cycle

ctGxipnacity

_——
-the statistical charackecistics sTay Sta ble over time
-EhreR Conditiong



-constant mean
- constont griance
- CNGT00Ce A2eenAson the \ag and nok o0 the Lime
medn = (4/n) 2 y
variance = (/D) 5 (y - y)*
covariance gk lag k = (An) £ (4Lx) - Y)f.yL-h-k) )
- Congumpxdn that climbs euely month 2 ot ctotonaery W7 The
mean keeps moNing
consumption That wobblogatou®® one aneclae wwkh steoadyspread
stationary
- why e matters 3 ARIMA gesumee G Skat.ohacy series
- £ix a11end by dikfecencing 2 reglace ft) wikh () - yCeb
“1285 0418 09 4993 343 4 4 2 -4 4l
- ke climb ic gone And khe yales hoveer Geound L3
W) =k - gL
seasonol wlt) = y(t) - ylke-s)
-ADF tect Checks ik
- €0.05 - skatwhory
“lab ¥ o= 00002 so stationaty
- p = 0140 - nok skaxionary SO dtference once and £est asdin
() - YY) = ct g yCeh) T oft)
- the £eck 06¥5:C g =0
-3 = 0 Yot stationaty atd g bebow 0 2 staxionocy
W
Wy Y

skationity ot

ARTMA

- Auto Regrescive hkegrated Moving Averade - uses ydet values to
forecast the €uture
-0 = ol oregressive otder =Mimber ok lags
Tp22 Yeoday depends onthe \AST 1 \alues
Ap-(p)\'(’c) = BT aw(—\:'l) + ag.yU(.'Q.) t .. telt)
= d=how ™Ay Limes the ceries 1S dufferenced to hec.Ome statonary
- SO 10 comove a LTend

T 87 mouig BRTOR prgdo o qumbet 0% st erTovE used
-4 =09 todayUlse cocvecte €O the lagt f0recast ereor

WALa) () = ¢+ elt) + bheltd) + belt-2) T ...
-o(£) = Lhe ecroc AL time & = ceal wmivg £orecas+
- ARTVMALL, B &) 2 4 a5t Glue and Qif€etenced OVCL and 4 past efvor
W) = £ - b
wt) =c + awlt\) +ete) t belet)
- 0 =A% wegNTS grdh = WA weianks and ¢ * cOncXant




-ATC = SCOTe £or Comparing models = Kit alalky Witha penalty €or
2ARtCa pocometers
-lowe ¥ is better
-AIC 790 ve 1066 2 pick 720
AIC = 2k - 2 (L)
- & = pumbec o€ pdrameters and | = Wkelhood = how well the model fits
= MOT2 POCAMELeTS Taise & ond hetter Sk lowere 1€
- ctaps %or biidwng it
= wisvalization
- ACF and PACE olot
“seaconal NAeidiion modelling
- skationaty check
~detiedy o daq for the non ceaconal pack

SALTMA

- Seaconal ALIMA = ALTMA xtended Soe daka with Seasondl
odtterns

“Handies periodic Sluckudtone so t £0cecdst ¢ Sedsolal data berter

SAP‘I“A(Q, d, qXP’ ). Q9
-0 0 a = The non seaconal pock as wn ARIWA

- 0 = ceasonal avtoresressve ovoel
- D=seasonal dkerencing orde~ = YL - y419)
Q = Seaconel MNO3 GveTdae OraRr

- ¢ % lengkh ok The c2aS0M ¥ L9 £oc monthly daka
“CARIMALLA A AAL2) > the came throe \MROS again but
boking 32 wmon{ths back
W)= ¢t owle1) t belt-1) + Auwledn) + Brele ) + o(t)
-Aand b= the ceasonal weightts

- compone e =g acongl and ab-eotesressive AN ntegrated and
mo\ing Qvecage

SALTMAX

SARIVA pith X0 9en0us req\ecsoTs 2 GISO USec extecng VA< oh\e S
-G= seagonal '*pa,ﬂaohc paJctW\S ke weekly OV monkhly or ro_arly

cycles
- AL = gutorearessne ok hetween the curredt value a0G peRNIOuS

vahe g
L= \WCEﬂYG’CQ.A A ditferencing £o make the series Skatonary
WA =wnOVNg averade = the curtedt vale depends o past ervor
Xetng
-K = g x09enobs Tearessers ~ exterial variables that may offect the
P ARUAS
-q ho\ua\ay flag ot G promd OF the weatper K Chz £ Comes £rom

oukside The cetes




- it must be known £or che wonths beita forecack
AX) = SARIMA part + B (L)
- x(4) = the owtsde vaciable and g= ks weight
- \0bcyyle flag ? § = exera sales 0 & WOWJBY month
“Which OO

-0 se.ason— ARTWVIA

- cRason T SARIMA

- £2GSON plus & Known DutSide vatiable @ SARIWMAX

5. GsONA\ NALK

-tot oo AWe shidec

“how ctcong o petiog\s agaNs T an avecd e penod 210 = average
ndex = pefiod avesase [ ovecoll mean 400

- sales XL =903 25 &6and Y2 = 2% 9% 2.8 69 0\“0\ X3 - 28402\ 59

- NetO\\ megn * 3476 ﬂ
-4 ndex 14264 > @t sells abovk 604 aboye anavetage spartec

decedeonaised Q& of X3 =5g [ 1.4964 = 3443
deseasdnaliced = actual  Lindex 100
forecast = lpyel » AR X [ 100)

-Yeu?) &0 \n Q4 2 40 x 44968 = 69 4

choosing o 0\q

-N0k on the Sides
- & fiest 2 ADF on the ceces
"p < 0.06 - & =0

Rlce difkerence once and test agdn ? cGrely moce than b
~tead ACF and PACE an The Akferenc.ed Sevies and vot the FGw One

- YACF cuks ok aftec lag pand Ace €odes sy ¥ ARLY) 0 ¢ £1om
BCE and q =0
-ACF Coks 056 ofal lag gand PACE Gadec dowly = WAL 50 4 ko™
ACF andp = 0
- bokh fode S\ow\y 9 mired €0 statt witw (ﬂ—, &, LY
~ CuEs okk = the bars dr0p wede xhe band ond sty thece
- £ades = khe bacs shewk by by bie
-IACE bars outcide he hand 0X ldg 4 and 2 only > 0=2and 4 = 0
- 5e500 3 ACF spikes ak L2 and 24 mean s = 12
- Seasond\ spikes code glowly 2 D=4
- P &vom PACE g4 \a9 19 and Q fcom ACF ot ldg 49 2 usv@\y g ot 4



- R4\ loks ate meesy = use them £ota firsT quess khen ey
Neighbours atd compare ATC

=~ OMY compare ATC botween models with Xhe came o and D
- check the Six 2 cesduals shovld ook \ike Noic€ with nobar ovxcide

xhe band
- ovluate ~ et by xime gnd hold out Ehe lask seasen and heat
fepeat AT yeac

-t lab ¥ ADF p= 00002 s0d = 01¢ enough and the grid pick ok d = 2
over ¢ik€etenCes

eXam check

- nome the pdttern ) Hked gap € Sedsonality and no fined aGp \c
yc\e and 0ng AireCriod s trend

-¢laxionacy o N0k 2 Check medn and vaciance over Lime or ce0d the
AW o value

- df€erence by hand 7 aibtcdet khe prevvie valve
- ACE by haNd > deviations then £0p ONEC bokLom

- TeGd CARTMACLA A4 AA 29) 2 Dame edch ok the 7 nimbers
-oCk the model Y Season 0F Mot and cvkside vanable or ot
“seasond) WX oy hand 3 0 gvetage ovet Ovecall mean times 400
LIS

- ACF = xotal ik and WCE = dreck hink

~d Temoves G Lrend and V' temones o ceosOn

- o COWNLS pask eV ¢ and not pdst \alves

- \ower PIC shektel and \ower VWAE i¢ hetter

- neNeY chiu€fle and nevesselik G £ime Secries Tandomly

lab Code

- skore chles wih ;JCQJC.CNOAE\S
lbad

data_df = pdread_csvlur))
cales__ € = data_dflU'Ovder Pgke', 'Sales'l]
ctles_MUO-der Date'l =ydko_dokemelSales_a&U'0rdet Date'))

L . TRad_Csv 3 ceade the Aa8X srder cous
92 double brockets keeps only £he dGke Gnd £We Sales columoe

3 pdxo_dokekime > Xurns the daxe £exk ingp ved datec so they
can be 50r4ed ond 47 0upe J

daily X0 montwl

day_cales = alRs_ 3£ .qroughy(Ocders
Dot 'Sales' 1suml).cort _indexl)

d£L = cales_dt.sex_indext'ovder Date’)



mookhly_salec = d€A.v2sampleC'WEY.sum()
b atoutby 2 puke Towe with Xhe Same dote Xogethec
92 sum YAAAS &he salesof Lalh date
2 Sort_ndex 2 wls the dates norder

4 5"—“‘"“9\?" 2 makes the date Lhe Tow label which recomple needs
6 reelmilelC™ME) 9 groups by monkh eNd angd sum 0dds each month - 43

pD\(\'tg
skationGerikY ACF YACK

vecutt * adfullec(timeseres, awkolag='AIC’)

o_Nale = cesu\t AT

dot_ac£Cmonkhly_sales)

plox_olcElmonthiy_sales)
L adfullet ¥ uns the ADF 4esk and retut™s seyecal phmbets
9. recwWt0) = the tect Statistic ond cesutL] 3 thep value
3 olot_oC L 2bav per \dg showng the cOCrel@idon wiy £hat \ag

& p\Ot__pGC‘E - Lhe same £or The ditect Ik ofly
-\ob = ctatiskic 449 andy ? 00002 <0 stax 100y and khe lag 12

W stonds ot
ARIMA

wWa = lisklertoos gwoduce(ranqgell, &), tangeld, 3), rangeld, 4)))
£or OTdet M p&q:

mode\ = ARTWALmonthly_sale, order=otder)
w5 = wode At

€ resuttsac < besk_QiC:
!DP.S‘\'.__GK: = vesSulks.aic
besk_Ocdec * otder
restlts = AR TMACmoOn&hy_sales, ovdet=best_gwder)€ k()
Covecast_Nalues = resilts. forecast (s epe=12)
b ieecko0\e.pToduct > every combinaton ok o and & and o > & x 3 * &
- 43
% ARIMA > makes the mode\ £0% one ovdes
I 6k 22cEimMOLRS & fidm Lhe data
& rpculkcac — &S ATC and Lhe loop Keeps khe \owe St
6 forecastisteps®1) = predicks £he next L2 months
- khe 10b weaps £he fit N £TY and except 0 ovdecs khak ctash are
C\prﬂ.&
- lab = hest order (3,%,3) wihAIC 406575
-CAREFL ADF cold SEAONGCY yox the Sedcchwcked d = 2
- CARESUL the model s Ehted on all 48 monthe So the fofecast S
for 2048

enolvate




pbserve d = monthly _cales.4ail(1-2)
mae =mean_absolke_gecorlohserued, forecast _vaes)

mse = mq,an__squum&_er FO(‘LD‘JS&F\IEO\, -Forecas,)c___ua\w_s)
L £ai(A2) - the \ask A2 ToWS = the montheof 2047
9 mean_absolite_Breol 3 WAE betwee® £he Teal valves G0 £he foTecasy
3 mean_sauared ecror T WSE
- \ab™ MAE A3746
- CAREFUL 0bseived i 2047 aNd £he £orecastic 1048 5o XS WAE s
noT a real dccuvlacy
- corvect woy Sk on wonthly_ca\esTA2) Lhen Fotecast A then
Compate With monthly_SaleSC-12:]

SARIMA

0 %4 = &-, 4,0
v Q=44 4,0
wodel = SAR TWAXmonthly_cales, ordec=(o, &, o),
seaconl_ovdes=(?, D, Q, 5))
ceculks = model £itl)
forecact = resu\tsforecaststegs=42-)
b order = khe rormal 0T

i 8 SQGSoi\a\__orc\zr = Xhe ceasonal potx with s=19 monkhs
9 CARIMAX - £he c\asé used £oc SARIMA X oo

& fit and focecast a5 n ARIVMA

- lah = WMAE 10642 whch 1S the best of Lhe twree

SARTVAX,

model = SARTMAR(monthlY_<ales, order=(,, & o), seasona_ocaes=(P,

D Q,s), eofocte_inverkbiliky=statenariky,
enkorce_stationacity=statonatity)

L enforce_skationatity=False * lets twe AR park bo non stationacy

2 eokovce _inveskibiuey=Falee - lets the WA porL be non vertible

“lab > MAE 13091

- CAREFUL 1o exoq 5acsed cohic 5 CARIM A with Lwo CheC¥S ok

and ot a reql SARIVAX

~aved! one = SARIMAX(L fap, eXo3*Wo\day, ..) and Sorecastlckeps=1l,
exog=tutute_holida y)

- CAREFUL che SARTMAGNS SARIMAX b5 dyaw £ovechet_udives
which s £he ARTMA forecast

“cdnking > SAeTWA A06L2 then SARIMAX 42028 then AR TMA 4374



