week L

whatis ML?

- enablec COMpukets %0 larn WENOLT being exghcitly programmed
(Arthut Samuel, 4-963)

- Tom Witche\l # dproaclm \edres from ergeienc.e (e) ¢ Rqarding a
task (1) & a performance ™measheg (P, 1K HS perfotmance imptoves v
thatexpetience

-2 g weakhecr fofecasting agr eXRT1eNCe = historical welther data,
Lask = predicing Lodays Weokhe gocf = taine [ ok
vedl world = &ace Tecognhikion, Spam £ilters M ema, fecommendakions
(Net§lix), fraud decection (Paylal), gen AT (6YT)

AT yve WL

-pT Chedader) Fcraatig @ proatom £hat can sefse, ack X adapt €0

wimic uman be haviour
-Aecision Mok Ing
- smuldtng natueal NteNaenCe to solve compler yroblems Y \eads 4o

ntellgence T wisdom
"ML= cubser 0F AL
- XechnaVe designed tp make o maching MpTove 1ts pectormance ON G
speCific Task by \earning from daxd Y expeciehce
~credting sel€ learning algovikhms 3 Knowledge
- CheSS rogrom w hald-weikken e = AT buk not W (nokhing 1S
\earoed)
~ 5pam e\Xec trawed o my ™aile= ML

Ce D

data s NEoTmativn’

- _dokd* cow, nprocessed facts, pimbers, £eXX or symbole

“ocking context, no meanng 00 kS pwn
- nEormation = data alv grocecsed ( contextualied to mike it

meomngtul & yseful

T ANCWRTS Who, what, whe e, when

- pIkW Qy\'ﬁm\A (Doxq, T.“-FDF“\Q'E\OG, K“D\N\ao‘q?ﬂ Wicdom) Z\ow (G
£acts gre wogressively Lransformed 10to ackionable human

Ndgement




A\
[« \
[0 N

-0 = dtccmta, oh jective facte [ ohsecvatne
“most abundatt, \eask valued (A0aNaASe of £imestamys &

pe0duCE COdec)

- 1 =daka cateqorized, calcuated / Condenced %0 giNe ™mEaning

(sales cegoct cales A Y Sales B)
- K = w0 synthesiced b~ analyzed 40 fnd pdt+erns, rules,

conneC.ehe
“%he how (A 2 bon weekeNds cyz leisure tem, vOmOted ™ £1)
newsletecrs)

"W = applying Kowledge 4o moke ctrakeac pdgements
“the why, focecight, etihics, \ong term (move adwetiising budget =
veekend)

why X' imporant

- globa) voume of dota €50m entecyTicts elcketos growing &
peoblems et move comglex  alkdOmakion

- Mnd-weikten Tules = CostY X eeroc prone

“hWomans provide Aatu, extcdc.« ‘Ql’.a‘tuVP.C

- the GlgoNithm Kiglees OWT s cules on g pun X0 produce the resilk

non-ML way ve ML wa

~ bot hhON £he same pipeline dakastx = feakure extrackion - rule
+ Tt

-the only diffecence € who wikbes Xhe -ue
~oon ML 2 human

TS LWL ¢ k00 valY goscibR cases
- g TF cmookh & ofa0ge THEN orange

~ IF smapt B Ted THEN apple
- ML =gne the GlgoTithm lots of examples & T €igutes out the rules
\'))’ kecelk
" algorithm = £he Code the programme Wetes

- model * what comes Okt afxer the algotithm leacne €7om dota

categories ok ML

Shyericed leatning

" overy example g the cOrtec 4 label (photos taq:_»,ef]‘ cat [ 30q)
}W“  pcediCx a;pec|€'[c. class label € com wede iNed data



“Which one s &7 £ what kind ic
" dexerm ning € a £inanc. gl ovo£\e falls +o bad ‘Ea\r ( 300&
- TE X 20 AND X 75, THEN A

-the £heesho\d numbers ace the discrimingnes
- I¢ tomperature 7 AN humdity 7 907 TREN sunny 2 34 & 907
0c€ xhe dicCeminatts
-cegressiod = predict a Continupus Ceol umber
= how wech? 7 how many’
-y= vt
- Qt‘?.o\\(‘_t WL ccote Fom Stakrsttcs, Discee+e Moth &Pr05rammmq
scoves ? £ind the weaht € eoch

c\assfcation | cegeession

LRSS 2O \goT ™Y
/""—_—/\—-—-—r--._.———.\___,__.—-

- no \abels
- machine Needs 4o find hidden structures o messy aatq
“dene’ \odke at Larget Y, ony skudies how features rglote toeach

okhet

- cluetering (qroup\ng profiles) €ev dwerall charackecictcs ok o /
things, ofganize 10 Mstinct Seqments baced on how SilGT They ate

~ which 0f These ’chnngs belong together wa 9T ow” 2g youha parets
(( wealtly eaters
~ ale0 = similat piCtirge, COERIITIZING neve
-Gssociatol (connecting items, cu\es) finde crecikic teigaers/ WWeE
between eme [ euente £hat freq happen Gt the same time
-if X Wappens, whot elet s \ikely £0 hapren?eg &y A, 707 chance biy
|2

- = baskeX GﬁG\YSuS
- a\lme\\s'uona\\-ty ceducion 2 caveezes Moy features down t0 fewver
- 0 dakaset 0% students, eacy student 0 kedtures (cCotes n
00 subjects)
- MmO 0F the featlutes move kosetther (i a00s ok calcuius, also
900d gt a0 etc)
50 = 3 matlh ability, \aNguage abiity, creative abil ity
- fewer featuves = faster teaiting, less memory, less nose
et evett oye ek in 9, eaSec \iskaheOXiOn (plot on 2D Chact)
—clustering s dmencooity reduction’
- clustering @ «ows (groups £he Samples)
- grdup, 23Me0 T, SIMIAN customecs
- &fme(\smnq\‘,tr reductio® 2 columns (Fewer features)
- t0p many £eatlces, compress, Vishalize 0 29 7 9N



OLRRT leartg kypes

examgle

uNsupetiSEd xse ROup\Ng cuStomars by b€ hdvwvuc

cemiTSupRTviced| 2Nl Some examples have labels \00 kogged ghotgs + 10,000 wntcoged
reiMortement | o \ahels, only rewdeas ot pentl\kies | game Al gt torwm

- semisuperuised (LA moce to superused) labelingdatg \¢ explncive,
so only \abel aswma\l it > model kATNs €com £hese \abals (ke
Google Photoc)

-reMorcemedt = ggent +akes actions in on enviconment & gts
CeWaTa O oty 3 over Xine lRarns which actions 200 moct
Mewald

- The evobability 0f X, given X
- Agpread \beead) =072 70% o€ cuskomers who buy bead aco buy

choc. splead

- XX D) = of The CostOmers who aofe LOu“f‘l R cndle M) apd
\:oquc bread OK), xhe £raction who also 00ughy choc spread (X)

- Praba\m\nty can pevec be > A

XermsS

- Colinn = £e0ftuce = plegendent variable OX)

- vOW = camp\e = pne Agtg powt

- targex =y = dependent \dciable

- boskon x0ble 00e Tow = a sample (one hovee afeq © BOSHON
- tavget =huse orice Y what wece pcediCting

- prehon hbs - NumPy (areays), S Py Cnumericol a\goviehms),

matlotlib (olote), yandos (tab\es), scikit-leara (ML a\ﬂbr\’(.h\‘\G)
= 0 notebook this week

we g % i

whal ¢ vegressioW

- Supefviged
-Ocedicts o continuoys volue £iow 0N 0T wore vatiables

“X = Ndepeddent Vacidbles * Leatures

-X = dependent vacable = tavaet
- B0500 daka = the 13 comds CRIM £o LSTAT are X
“Yowse price & X

-Usee = wind seed feom tempetatute and Wiy
~ House price &com Toomeand \ond ile




- Skock price
- Car PG fromwerght and hotse powet

Simple WNEaT Tegression

y = 90"' AN
"3 prediC.Led \Norable
- B, kRcCept
- 6& <loge
“ %, the swale predictor
- \raining = £ind the B wiyee line fits £he ponte best

how 5004 15 he, mode \?
etV = ¥y~ ¢

- Real y =465, wedict ed g A

-Error=4p
WSk = B/ E (y - p1

" Squacing = pus ahd minug erToTe ddonot cancel, and big eScocs are
pumshu\ mno<e

-Objective = Fi0d the B that s the MGE

- Pleo WAE = medn ok ly - $

- * = csvace 0% vatidnce @Kplﬂiﬂ?.o\, Lo pecrfeck

e

legst cabores by tond

“x=4,9,% &

-y=%4%,6,3

-VMeong x =15,y=5.05
0, = £k~ XNy - [ £0x - XY
By =y - Bix



4= |

Y K')_'\(‘['y#prod\kc{ % = ?&Y_

"B, =85/5=4.70,25626-47*26=1)
~ 60§ =10t 4.x

- Shen = 0.20
-Wce= 0301 4 - 097

mu\tile lingg~ TRQCLESION

9= 0p + By + B%; + .t Bxg
§= 0K (xg = W)
Price =6, + 8, CO™ + 9, [GTAT + B LW + 64 1IS
- Slide exdmple: B = -4.56 005, -0.65, 5.471. Qow 8. CHIM 0aila 4,
\LSTAT 29.92, M 6oL

ovice = 456 -0M 9 - Lp.ae + 2080 - 4,76
220l peco 105 €0 £he ecror € 674

Sio0S = move Chime o WoTe LSTAT ? lpwel pece
-Moce 00ms - \igher price

- Use 1 when O ctTaighi \iNe a0l £ix
-Price ve come draps fuct, hen flattens

~ Shapes = inear, aadratic, Chbic, po\ydomial

ling = bad

po\YDO™A TegresSion

526, + B +Ox* +ox°
T ek Tendme X 2 X, xg = o ST §

“Now 1t 5 multiple INoC cenression, soved by kast cquacees
- Goa) = miimic® The <btn o€ Saugred TesiAWa\S

3



-ovecfikting = deqree £0p high
- The model memofices the training poiEs Gnd £ails on Pew ones

- Traimn eveov kals, xect o0V rgec

0o simgle ok U@“E it

actual non~\\ear

- Nov-\inear in &

€Camot be Tenamed \ntoglne

- SolNe.d \’Y Xecaking Qo Closed Cormula
§ =8 8%
5 = 0alBy + 917\1: B ,x,)
g B, (L + 8, x -5y)S-Cheve

cegu\dsiation

\_‘_‘_‘_'—'__'_/I-P-d—————_"‘—-—

- Veeents pypcfikeing by penalicing lacqe coefficients
-Ridge = cquared ena\y

- Sheinke all coekficienes
- Uge when many featires ate hghly corcelated
Ldsgp = f0cces some coefficiente Lo exactly0, so e selects

Ceatures
- Ug when 00ly o Sew fedtuTes mattes

Ridge: MCE + (B, +6,> +.)
Lagso: WSE Talig,l + B0 + ../
™ = ehalkky Strength
"o =05 plan cegiession
- Yk o wikh OridSearchey
- CAREFUL the clide saye Lidge (LL) and Losso (L2)
- The ctandacd ic Lidge = L2, Lacep * LY

a\a'mg Teg\eSS10n ovopef\y

~look €75k = scater each €eakure  target

vick €eaturec that wmiNew the target, spot Curwes B out les

-spit W a Seed soREWES cepeat: tTa n_test_split(X, .
test_cize=02, ravdom__ctate=49)

“baselne Qlways predicting khe mean JiNes R* = 0
- @ mode\ st beat That

“skacx w a hne

- tesiua) plot (2707 ys 9) randem cloud = ok
" cueNe = WE0Ng Sshape - polynomial

- funnel = uneven ervor



-pick the degree w cross validalion oo Xcamn, nevec by test score
Ce\se tesk S no longRtT unseet)
" Ridae / Lasco ccale featureskivet (SkandardScale), £k the
sCalec 00 LT ail only
Tigha = €RArC\ POwets o€ L0 (0.004 .. 100), £hen use The deha the
search Tekuchs
- legkage = anything Gtced on Xest rows (scalet, ooy, olowa)
- a Ppelne prevents &
moke_oipehnelStandardScalec(), Yolynomio\Features(d),
Qi&ﬂl(a\ph(l"'ﬁ.))
-coRE€\Cients = S1185 Only comparable when kegtyres are ccaled
~ahly corse\ated Leatucres 9 unstoble coetlicients
- which me41c?
- MAE = in khe Largets ke, £0TqvNg o outliete

- ok% by 2900 awetTage
-MGe wn\che; b‘g MISELS

- LWMSE = ¢ MGE, back I +the £aTaR%S units
-2 00 wnts, Shace 0§ NGCIONCL exXplained

- 4 peckeck, ¢ = same as the mean
~which medel?
- \in@ fits£ ~ polypomial F tesidudls CosVe 3 Ridge & many

werellted fedtures = Lasso to dvop USelege feokures

lob code (Beston)

- Twé s the notebOoks pwn Code

- Linee macked CAREFYL are wetakes or traps o

-Evefymode! s Lhe same & SERpS pick the mode), £t on raning cows,
predCE Lesk ows, sCore

Load The data

imeott wakploxliboyplot as o\t
\mpo T pandas as pd
mMeO T nutgy aS N

# the caw €le ctOres cach 4own 0N % \nes, so Tead (£ dg pan

Members Grst
data_ur = wetedllibstat.conuedw/ datase kel boskon

vaw_d * p&.f‘@.aa‘_'cg\l(da’(ﬂ_hrl, Sl’.p-‘-“\;-f—"’ SKipeowe=11.,
headec=None)

# glue The 2 lings of edch Lown baCk indp ove cow ok 49 £eldXures
data = nohstaCk(lrow_d€nalesta, 1 vaw_d&Nakesth:., 21

A the A oumber oo exery cecond \iNe 15 the Rolge price = The



taroe y
taraet = Taw_dfualuesti:d, 0]

# ove Table: L named feature columns T the taraet column
bocton_d& = dlataframelne.c_ldata, £arget], co\bmns =
NeGpeend(C'CRTIM, 'ZN', TNIS, C s, NOX, 'R\, 'AGE', 'DIS,
'RAD', "TAK, TTRATTD, &', LSTAT ], (4aTee tD)
-CAREFUL: 500"\t TUns buk print g Sy axWatming: MNolid 25Cape
SequenCe. CorseCt form: sep=r"\st

Look at +he datg
boston_dfdescribe)

# copy OC the kable $0c analysiS

bA & = boskon_dfIUCRIM, ZN, 'INDUS!, 'CHAS, 'NOX! 'R W', 'AGE,
DI, LAV, Rax: TRATIO, ', 1LSTAT, “target']]

#ccme vate Agdinst rerce: deops £det, £hel flattens

Ak.ccat e r(ObALCLTW \hkaraex, color=blue’)

ol xlabelC* Criminal Rate")
dt.ylabe\l House Peicg")

pit.showl)

hisk0 * LOLTT'CRIW, 7 1)
e onsTO)

= descrbe giNes count, mean, Std, min, MAX per colimn
- hict shows how each column s Spread

Spie WO {ean and test

# one random Mmbet per Yo Neve Labovt B07) 40es 10 £TAINNG
dax = Dyrandomsandllen(bocton ) < 08
train = béfldat]
tesk = bdkl~dat ]
= ~means NOT
" The model karps &rom Ledn ohly
“Test vous cheCk it hone<stly
~ CAREFUL no seed, 50 the selit and eNecy scove change on each i

Simple lineat fegeession (A fegture)

£rom cKledrn wmeor £ lineac_mode)
regr = \inear_modellinearRegeession()

+ K must be 2.-V (Tows x Leatures), S0 use double beackere
LIAN_K = pacalyarray(xrantl'cRIMII)



Train_y = t\p.aSGBYQWGyL{ra\“[['quat']J)

T £k = lwast saares Gnds the best B
regr.fik (Lead_x, £aain _y)

Tk ('Cor€Ecients: ', regecOek )

et (Totetce ot ! regr.nteccert )

# deaw the ftted e over Lhe teantg ponle
itscattedtranCRIM, teantaraet, color=blue)
Heplotleran_x, cegr.coek L0 xcaim_x + cegf.intercept (04,
")
- coef_ s the siope By, keccert_ B,. coek_T0I0] kakes the
numbes ou OF Lhe D acray

- Whe evaluation Cell ic blank i x\he b Lan eXerciSe)

- S'bana\a\—a\ WRe500
test_X = np.asolyascayltesk [[CRIM'TD

test_y* Np.asanyatcaylilet [Ukacgex1D)

test_y_ = Ceg\‘.pf&dnct(.k?.s-\:_x)
ot ("Mean absolute ertoc: 794" 9, np.meanCnpabsolvte(test_y_ -
-l—.es-'r.__yn)
orit("Wean Savat® ervoc (MGg). £.2£" 7 npmeanlitese_y_ -
test_y) * 2)
- Lab outpuk = coef -0.408, wieetcert 23_99, WAE 532, MCE 631

“‘\ulk\?‘e lineac reqtession (3 'Fo.aturas)

Tegr = Weac_modell near®egrecsion()
X % np.asanyartay(4vainfUCRIM, LSTAT,RMTD
y = npasanyacraytcantltacoet )
fearfit (X, 7D
ot (Coetficente. | cear.coes )
aint (Tnketeepk: ' Tegr.0efceok )

- Game model, X oW hac 2 columps

- gach feature gexs ke own p

- The evalidtion ce\\ic blank in £he 1ab

- Standard Ve csion
y_hat = cearpredice(tectlUCRTW LSTAT, e \11)
% = Np.Beanyartly(test LTCRIW,LSTAT, M 1D
Y = vp.asanydrtayl test(t'xarget 1)
prm'\i“?.c.;\&ua\ sum of squatec: .25 Y np.mo.cm[Ly_)\a-\: - y) ** 1))
wint(Naraoce score. hIAE A Teqr.SCorelx, y))

- Lab outpie = Cop s “0.0%, ~0.605 6.07

“ITntecClet 4 52

Residual sum 0f squares 1293

-NatnCe scoce 073



- CAREFL  hoX Iabe) is wrong

= A medn ok sabaced eTToTE s the MSE, not e cecdual cym of

SqWares
-\drignce cCore = >

- L g erkeck

VolyDomid\ Tg gcession

£lom ckleGTnpreplocessing import PolynomaiFeatuyes
£r0in_x = dpasdnydr ray(Lrant TCRTM AT
train_y = fp.asanyarvly(ranltarge£11)

test_x = npastnyacrvaylrestilceMD)

tec_y = np.asa(\ya.r\‘ay(-\—.e.st[[‘targv,t']])

# degtee 2. e Xhe columd ® ko 3 colimne 4, e
wly = PolynomialFeatures(degree=0.)
£ran_x_poly = paly.¥'\-t_,tranc&om(ﬂam__x)

T an ordnary linear- Fegreccon On LWOSE Colomns = d cWrVe v X
M = \near_wodel.Linearegression()
tram_y_ = oM ftlran_x_poly, Xtain__y)
et (Coefbicents, | c\f.coet )
print (Inkercept: !, c\Cintercept_)
- The tename trick ¢kl Inear n B, so\east Sguares stil works
- CARERUL. train_y_ s a micleading name. £k euroS Lhe wode|,

DOt pfedickions

“The €iret coefk0e™C s aluays 0, becluce the colim ok onec fereats
twe ntercept

~Labh, dearee 3 Coefs 0, -0.8%%, 00034

& I‘\chrcept 2482

- Ine degteg % cellcdee blank in the \ab

~ Standacg Vetsion
poly3 = PolynomialFed turesldegree=3)
teain_x_polyd = poy2.£1t_transtormiteain_x)
c\$3 =lineac_mode\ Linear®eqvecsionO
S35 Ltran_x_poly3, tral_y)

R tesk cowe gek Lhe same coumbs. £eancform otly, nevet €k agawn
test_yl_ = cFeredictpply.Aranchormltesct_x))
~Lob, dearee 3 MAE 533, MSE 5439

" Betkec than the stiaighe ne (MSE 6320)

Widge

rom sklearn.\inear_mode\ ™Mporx Ridae
£oom cklearnmodel_seleCtion meott EridSearchCN



992 = dge()

# the penalty strengthe 4o Ay
pavameters = £aloha00.008, 008, 04,1, 10, 40013

R foc edch Algha: s\t Leain inko 5 €o\dg, cam on &, Score on 4,
cCoeat

cidde_cearescor > OridSearchCN(1dge, ydrameters,
;C.or\nq"neq_mv,m\__absomte__ar\‘a\", cN=6)

cidgR _te 9cessov. Sk (e rlin_X, tyain_y)

ovnk(ridge_tegressocheckt_paroms_)

pr\n‘t(_r‘dgq,_ragressor.\at;t__SCOre,)

F “Crain Wsing best cidge mode /"
ﬂ()\ge__mﬂa‘@\ = Q-\O‘jc(dpha:'wﬂ)
rtdgo._,moéu.&\’c(.‘tram_,ﬁ, ’U‘G‘“—Y)

Xest_y = cidge_modelpredictltese_x)
otk (ML ghopiue ecroe: K" Y no.meantnpabsoteltesk y_ -
-\:ect__y))J

orint("Megn Savdee Error (WSE): 725" ¥ nemeanltest _y_ -
tesk_y) ** 2))

- Gcol\g 5 Negative MAE becaust skieacn aWaYs moximises
-Lab oukovt = hect Glpha 0.00\, best ccore -655

-Then WMaE 142, WS¢ 94.3g
-CAREFUL: Lhe search says aloha = 0001 is busk bik he \ah khen
keans wih alpha = 400, The Corvect jing 1s Lidgelalpha=0.008), oc

ridge_Veqressorblet _ectimlior

Lassd

Crom skie 6en. \ineac_model impdTt Logso
- The cearch, Xeainng and eva\otion celle ace blank in £he b, Same
attern 0¢ Ridge wikhLass00)

- Lab outpet besy @ighd de-bg, best score -BLI0, with a
Converaence Warning

- Then Lagsolalpha=b ) MAE 7.3, WSE 43.2)-

TAREFUL <Ome mistake

- The sedirch picked 1e-16, the lab teaned with dipha =4

- CAREFUL -84.30 ogonet Pdsec 6,55 meane the Lo searthes

wsed dklecent ScomiNg, SO h0Se £00 numbecs camot be cormpaced
CAREFUL Ridge gnd Lagso score wovse (MAE 7.4) xhao gam
egeescion (592 on the same feature
- Thak comes from a Aifferent vandom sglii, not €rom the penalt y
= Apenalty on one wnsC.aled keokhre does a\most Mot hing

- Ridge AN LasS0 mat ter wh many £Ratuves, scakkd L5k



week %

-Patg © e ocdec

- The MOdel ceads Xhe past ond predicks Future volues

“ENeTY Tod has @ Ximestamp

- T% kvacks \Nacidbles AV 0<S £ime

- Poinks AgpRnA 00 2ach otwed, So menec shyLLle

- Univofiate = yme i the only ndepefdent yacdble

o V\O(\th\y sales a\ohe

- Multaria e = moTe Nayr ables

Sales olus weather

- kes =Mﬁ CreX & wonths sales), anomaly deteckion (odd

NeTworkdctmnty), pattern analysic (weekend peaks)

outocorielation

- How a 5ees Telates 40 ks own 1S T
- lag ¥ = ketops back
- ACF ot a9 k = corcelation betveen Y1) a0 y(x-K)
- A tal Yor ak lag 42 = g yeasly seasen
- PACE (oartial) = link betwean y(£) and y(tK) aster remonna whak
£he lage W betveen olf LXpldin
" eq JOO sales atfeCk Mo only £htOugh Feb ACY aX lag 7 \ooke
high, WeE gt lag % ic near 0
- ACt= t04g| \ink (Bivect + wssed alons)
- WACE =durect Link only
- which bave cownt? gnjy Lhe ones DLES\AL the shoded band
- band =436 /o
- £or 48 manihs =09-8
-lagd 5 always A, groTe i
“by hand = 49,45, 44, 18,20,49,13
“Mean 17.29
- euiakions = 5.24,-2.99, -394, 0.74, 278, L7, s\
- Top = cum 0f deut4) *devle ) = 3363
- Boktom = sum ok Jey? = 8743
-ACF(L) = 3363 ( 8743 = 0385

tiend 5 seasonaliky V¢ cycle
Llend \5 Se050haley N> cycle

- Trend = long~term rige or all
-Sales 9row 65 the cusieomer hase Geows

Seacondlity = Tepedts dk o fxed gdp
T ElctriCHy bp evecy evem



" TCe cclm up BNLCY Symmer
~Cycle =715es ana £a\\¢, gor nok fiXed

-EconomiC bogme aNd eclesions
- Tesk can T say hoy many steps untilig repeats? Xes =season

WV AN

trend seGGon cyc\e

cTatlohgr ity

- Thestatickics sXaystable Over ime

-% conditione = conet ani mean
- Constant variance

"~ CoNacriO0NCe depnds on the lag, x xhe tme
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