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y[t] = intercept + trend[t] + seasonality[t] + events[t]
+ summbeta[n] * Hill(Adstock(spend[mt])) + error[t]
error[t] ~ Normal (O, sigma’2)
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Performance / Brand ofg & xd el FXHE 7)o OF §2 B0 otefofof zid A|H2 HE =0l
712 AEA gride 917t 52.18F 2t 27| 13.04F0|0, Zt F7|0lct sin/cos St #E ALSFLCH EE &-ed-=37t &
o E0E A5 WMSHX| fEuct
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ZZRM-EY HY2 ALSAL o g o|HE/step Lot ALS Lot SHH0| =2 step =E3| AHS AA[SHA| g T
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|==-7|04-prior= EHA| 2 2H &
A

2t feature THR|et KPI Che| 2 staEL|Ch KPIE RIoM RS2 v HEIE 22 S X7 RX|=EE
calibrated prior precision= A 7| ofl S¢A| #=ste|ct

z[j,t] = (x[j.t] - mean(x[j])) / sd(x[j])
beta raw[j] = beta_standardized[j] / sd(x[j])
Var (bet a_standardi zed prior) = Var(beta_raw prior) * sd(x[j])"2

5.4 2A A
. O - o
e F M7 AL E2 FRo| 22 HIEE S20|H gt 2ot dHGHE JHE Eot= TFE5H7| OfE@&FLICh prior=
HdEE Fote 5 AX|eh & Jtsg 7tele 2 M of Huch o|d &9 e S8, FIH 712

Performance Marketing Library 10



5
1o

MMM 2 & A A ZEI0|UE 24 / AFZX CSVE MB{ 2 HE =X

6. Empirical-Bayes = HtA|

6.1 ZZHE Gaussian 241 ZA}

O] Y =H He| posterior MES MASHA| tHLICE ZEXELA sigma’E HIO|E{A|M plug-in FASHL, 1 gtoll =A
22 M3 Gaussian likelihood2t A1t prior/ tSt ridge penaltyE Z&all 7l Ha ol S 242 i Aptoz gt
sigma’77tX| 23t Student-t posteriortt 2t AE S joint posteriorZt OFL| 2t empirical-Bayes 241 ZAFQIL|C 22
UH2 S L2 AnE o] EEt Mol w27 A E L C

Li kelihood: y | beta ~ Nornal (X beta, sigma”2 |)

Calibrated prior: beta[j] ~ Normal (mu[j], Vv[j])

Posterior precision = X X/ sigma®2 + prior_precision

Posterior nmean = inverse(Posterior precision) * (Xy / sigma®2 + prior_precision * nu)

6.2 7| &2 M t35le} calibrated prior

e ZH7} gl AlFolle THEE S Eol& 28t ridge penaltyZF A2 =L ch AE-27} prior7} U= oA Aol = Al

Xl Normal(mean, variance) 2| precision0| M &g L{ct. 782 ZHAHZ 4 plug-in =&t prior penaltyE XHAE A 7|
ol HH nAHE HAF LT o] EAt= KPI ¢t #HZofl CHSt prior &0 ZE & EASHX| 2 sigma’ AFA| 2] posterior
=AM e HESHK| = Z&uH Tt

prior 2 CH T EEHEHAZ X5 ZHEDL 90% TS AlLHEL T prior7} gle &
= s, 21 90% F7H2 7HE Gaussian mixture2| +
rofile 7#7+2 & W24 02 QHE M ZAIL oL 2t

=
St mixture CDF 2 ¢|=¢lL|c},

F mx(x) = sumk weight[k] * Phi((x - nean[k]) / sd[k])
Cl90 = [inverse_F m x(0.05), inverse_F _m x(0.95)]

MZ 2| Alcte FA|SHA| o2
MCMCE Al&listR| gto 2 2 R-hat, effective sample size, trace plot2 AHlAteH 4= i&L|Ct st %S S LHX| otx ’
i gls 22 HMalgtct

=2,
SeteXolM wa BYEX H| &A1& posterior HAH 2L Y MELEA| ok

prior -2 40| HA| A 24 2X|go|ut 344 S posterior7t A& sHASHX| pb=

cHs KPI M &o] g0l 2t KPI7} E = = Ho|of KPI 2t 3248 38 FH6H| 225

M dE Ede e geo E-+H FH= H2tA AV A

Performance Marketing Library 11



MMM 2 & A A ZEI0|UE 24 / AFZX CSVE MB{ 2 HE =X

5
1o

7.2 0 R5-x5h-p o

OE!
B

20 207 Y o ELEX| gt=Ctd 211 0| 2| & MEHE alpha HIE 2 ctg ol G2 Lct alphaZt 25
ZE7} efziUch Geo MY X EE X H=Z MEfE w2 Al4tel Bt X|oe| ojx|at F &ET} Ol Rl o2 Ea
ZFR| A gt

adstock[t] = spend[t] + al pha * adstock[t-1], O <= alpha < 1
7.2 Hill Zs}
HBIEZ SN ec= 20| Z[Chgtel Heto| Z25t= adstock =F0|12, slope= |4 258 Al X&E0| HEFE F
718 B0t 20| E= TiHE EEELCHL

hill(a; ec, slope) = a*slope / (a"slope + ec”slope)

7.3 H MMO oz BHet

2t 290l M alpha x ec x slope £EE H|m g c 1A gride alpha = 0.0, 0.1, ..., 0.8; ec = sl L o| 2k

adstock &% 40%'60%'80% =2|%=; slope = 0.6, 0.8, 1.0, 1.4} HA tlI =l 22 % A st ZEXtetol THA|

7|2 thx Hekg D20, A 5 & o|F Al ZAZF Betguct o] thE HE2 FAE 7|2 7|02l 2t o4
ol Zol| AR E Lt profile fit 0| AH2 2|2 prior7| gle™ XD %o 48- M A| 480, prior7} StLEtE A2 M| 240

0|0, profileo| Z 2%t no-prior e =2 75 v 28 Cl.

7.4 profie 22 ™

prior7t 8= Lol Z1t E-FZHISF Mo FH2 HE HE stEE 2X| pfELch S e £ EE B0 of
£ zME2 iz et 1™ st profile 222 2tz XA st 5| BIC Xto| 2 75 gt ct On/Off &% prior= EtZl CHIE
alpha-ec-slope2 X 2|4 =2 #5110, Geo prior= A& adstock ratio® ZAx|= E}Zl 7|Zte] Hill o] 222 22 Al ¢t
flofl gt =7t priore 2 #1=S B2l 22 alphaecslopeZ CHA| A e gt Ct. prior7t = 22 o] HE
O B Eholl D&M st ChE HEo| 22 prior =AM AAHESHA| gb& L Ch
wei ght[k] proportional to exp(-0.5 * (BICk] - min(BIC)))
mean_m x = sum Kk wei ght[ k] * nean[k]

var_mx = sumk weight[k] * (sd[k]”2 + nean[k]”"2) - nean_m x"2
effective_candidates = 1 / sumk weight[k]~"2

S5t He

7|2 11 =X xDY one-at-a-time profile @ QIL|Ct, Cat B2 25AM0| = (o] 270 N ol CHsHM = A9 T
£ 2o 470 =gtz FIF MZAFHCE o] MeHE joint TIEt2 A& A& WA|SHX| et20f M| xH'E joint posteriorg 2
o|stx| et& Lt

5 M| et baseline knot A1 EH
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Goodle Meridian - Model specification

https://developers.google.com/meridian/ docs/ advanced-modeling/ model- spec

Google Meridian - ModelSpec API

https://developers.google.com/meridian/ reference/ api/ meridian/ model/ spec/ ModelSpec

Goodle Meridian - ROI priors and calibration

https://developers.google.com/meridian/docs/ advanced-modeling/ roi- priors-and- calibration

Goodle Meridian - Choosing treatment prior types

https://developers.google.com/meridian/ docs/ advanced-modeling/ how- to- choose-treatment- prior-types

Goodle Meridian - Collect data

https://developers.google.com/meridian/docs/ pre-modeling/ collect-data

Google Meridian - Geo selection and national data

https://developers.google.com/meridian/ docs/ pre-modeling/ geo-selection-national-data

Goodle Meridian - Model health checks

https://developers.google.com/meridian/docs/ post-modeling/ health-checks

Goodle Meridian - Model fit

https://developers.google.com/meridian/ docs/ post-modeling/ model-fit

Goodle Meridian - Model diagnostics

https://developers.google.com/meridian/ docs/ user-guide/ model-diagnostics

Google Meridian - Interpret visualizations

https://developers.google.com/meridian/ docs/ post-modeling/ interpret- visualizations

Goodle Meridian source repository
https: // github.com/ google/ meridian

=AM HE o=
0| A A= MMM methodology 1.1.02| empirical-Bayes =715 Gaussian ZAl, 229 profile 2 & H#, 48/ =7}
prior, Bt= AZE, HAZXEE 7|FC 2 AN E[QEUCEH StHe| 2 HAMI MHAM UHAS A EostM e
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