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Skipulag fyrirlestrar

@ 35 ara doktorsafmaeli. Vardi doktorsritgerd 19.mars 1986 (Estimation
and Prediction ARMA models

o Sogulegt yfirlit, préun fagsins, val mitt & framhaldsnami.

@ Hugmyndafraedi matsadferda i 200 ar. Undarlegheit i
alyktunarfraedi(inference), Lindley métsoégn ofl.

@ Mesti sennileiki (maximum-likelihood), Bayes, pre-test, James-Stein.
Fordémar borga sig.

e Mijukir fordémar (smoothness-priors)

@ Notkun & mjiukum fordémum vid sundurlidun aldurs- og
kynslédaahrifa. Kennslubékardemi og praktist deemi um préun & tidni
sjalfsviga i aldri og tima. | samvinnu vid Hogna Oskarsson gedlaekni.

o Lokaord
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Ségulegt yfirlit

o Fyrir 200 arum gatu menn (t.d. Laplace) reiknad likur & ad fa 3svar
somu Gtkomu er peningi var kastad upp 10 sinnum.

@ Ef peningi hefur verid kastad 10 sinnum, vid fengid 3svar sému
atkomu, hvad segir petta um peninginn?

o Petta leiddi til umraedu um ,,inverse probability". P.e. hendingin
(rand-variable) Y, er mald 10 sinnum og Gtkoman er y1,. .., yio.

o Gert er rad fyrir ad kostin séu 6had og ad P(Y = 1) = 6. Hvad segir
pessi atkoma (summa kastanna sé 3) um 67

o 0 er 6pekkt og ég vil nota gognin yi, ..., yio til ad alykta um 6.
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@ Hin bayesiska nalgun gerir rad fyrir ad lysa megi vissu (6vissu) um 6
med likindadreifingu. P.e. 6 er hending (random-variable).

e Gangurinn er pannig ad fyrirframvissan er sett fram med 7(0) og
eftir-4-vissan med:

W(@‘yl, . -Y10) XX :D(yl7 .. y10\9)7r(9)

o Vid kollum fallid L, L(8]y1,...y10) = P(y1,---y10]0), sennileikafall
(likelihood-function) og fallid P, fall af y1, ..., y10, likindafall
(probability-function). Atridi ad ordin hljomi ¢likt.

o Ef fyrirframvissan (fordémarnir) i pessu tilfelli er beta-dreifing,
7(0) o< 0271(1 — 0)P~1, pa eftir-a-vissan lika beta-dreifing.
Fordémarnir eru ad medaltal peningsins sé a/(a + b). Ahrif
fordomanna hverfa med vaxandi fjolda malinga.

o Eftir-a-dreifinginn inniheldur allar upplysingar um 6. b.e.
ltotal = ldata + lprior-
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o A 19. 5ld gerdist ymislegt, t.d. gat Laplace giskad a massa Japiters og
Satranusar. Til vard kaltar sem t.d. Spanos kallar biometric tradition.

@ Undor lok 19. aldar kom fram madur Pearson-eldri sem setti fram
ymsar hugmyndir (Pearsonian kerfi af dreifingum o.s.frv).

@ Upp ar 1900 kom fram gudfadir natimatolfraedi Fischer, sem umbylti
alyktunarfraedinni. Pearson-eldri hafdi talid ad hlutverk tolfraedi vaeri
ad lysa gégnum. Fischer taldi hlutverk télfraedinnar vera ad setja fram
visindalegar alhafingar. Hann rokstuddi ad adferd mesta-sennileika,
maximum-likelihood, vaeri g6d adferd (i einhverjum skilningi optimal).

@ Fischer atti i deilum vid ymsa menn, t.d Neyman og Pearson yngri um
talkanir & kenningapréfunum.

@ Kenningapréfanir gengu Gt 4 ad gdgnum vaeri safnad og athugad hvort
fengin utkomma veaeri 6sennileg gefid Hp rétt. Fischer og
Neyman-Pearson deildu um hvernig talka skyldi petta.

o | gréfum drattum fer petta pannig fram ad reiknadar eru likur &
fenginni atkomu eda étralegri, p-gildid, og ef p-gildid er litid er alyktad
ad um marktakan (significant) mun sé ad raeda.
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Lindley paradox

@ Madur ad nafni Jeffey blandadi sér i deilurnar. Hann vildi leysa malid
og notadi bayesiska nalgun. Nalgunin er gréflega:

@ Set fram Hy, t.d. § = 1/2. Set fordéma a-priori likur 7y & ad Hp sé
rétt. Par med er a-priori odds 7y /71, (71 = 1 — mp). Pegar gdgnum
hefur verid safnad ma reikna eftir-a-odds,

likur & Ho rétt
Bayes-factor=BF= %
o Jeffey lagdi til, ca. hafna Hy ef BF er litid, sampykkja ef BF er stért.

o Afleidingin, meiri deilur.
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Use of p-values

An example from Young and Smith (2005, p. 77).
@ Bayesian testing is based on the Bayes-factor:

_ P(Hop true|data)

BF =
P(H; true|data)

@ Large values of BF support Hy, small values support Hj.

@ Suppose X is binomial B(n, ), Hy : 0 = 0y, Hy : 6 # 6y. The prior
under H; is uniform, U(0, 1).

@ The observed data is X = x. Then

BF — (n+1)!

= x!(n — X)! 96(1 — Go)n_x.
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o Lets say n =100, 0y = % and x = 60. l.e. § = 0.6.

@ What should we say about Hy?

@ The classical z-value is 2, so we should reject Hp if o = 0.05.

o However, BF=1.09, that is the Bayesian says we have increased our
support for Hp.

@ This impact is much more dramatic if n is large.

@ How should this be interpreted in practice?
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My interpretation:

@ If someone tells me a about a study that shows a small but
"statistically significant"(e.g., p < 0.05) in a very large dataset. This
usually means: Increased support for Hy (which is typically no
impact).

@ Bayarri and Berger (1999) give a review article, "Quantifying Surprise
in the Data and Model Verification". Several prominent statisticians,
J.M. Robbins, D.K. Pauler, B.P. Carlin, M. Evans, D.V. Lindley, X-L.
Ming, A. Gelman, M. Mouchart, T. O'Hagan, L.R. Pericchi, D.A. van
Dyk complement with advanced discussion.
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@ Hypothesis-testing and p-values are complicated issues. Try to avoid
them. A lot of smart people have been trying to figure them out for
decades. "Could Fisher, Jeffreys and Neyman Have Agreed on
Testing?", Berger (2003) | think this is still an open problem.

@ Spanos (1999, page 725) on the debate Fishers/Neyman: Fisher and
Neyman would turn in their graves if they were to find out how the
modern textbook hybrid on hypothesis testing managed to reconcile
what they considered irreconcilable differences! .

o Lindley (1999) segir: My personal view is tha p-values should be
relegated to the scrap heap and not considered by those who wish to
think and act coherently.
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@ Hubbard and Lindsay (2008, page 82) on Fisher's p-values: his widely
misunderstood and defective p-values blanket the empirical literature.

o Gigerenzer[The empire of chance, p. 106] says: Although the
debate[Fisher Neyman] continues among statisicians, it was silently
resolved in the "cookbooks"written in the 1940s to the 1960s, largely
by non-statisticians, to teach students in the social sciences
statisticians, "the rules of statistics". We call this compromise the
"hybrid theory"and it goes without saying tha neither Fisher nor
Neyman and Pearson would have looked with favor on this offspring of
their forced marriage

e Hagfraedingar geta kynnt sér: The Cult of Statistical Significance, eftir
Ziliak og McCloskey. Heilbrigdisstéttir: Why Most Published Research
Findings Are False, eftir lonnadis.
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A medical example:

@ Recently | attended a lecture on the connection of consumptions
fish-liver-oil /fatty-oil (lysi) and the risk for prostata cancer (Brasky
et al., 2013).

@ The study design was:

@ A lot of data that needed some massage, pooling and coordination.

@ Some runs of (a misspecified) Cox-proportional hazard model.
© Result: An odds-ration just above 1.

@ My interpretation: Fish-liver-oil is quite safe.

@ Other examples: Vaccinations of influenza and measels, genetically
manipulated vegetables, etc.

@ If you need 10.000 or more observations to get a "significant"impact,
you may have increased support for your null hypothesis being true
(almost true).
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Beware of "metaanalysis" /big-data

@ Some may want to increase "power"and merge many studies and
pretend that their n just got larger.

@ They may say: We are well aware of the Simpson paradox and
therefore we have performed som /? tests. | find the /? test somewhat
intransparent.

@ Boos and Stefanski (2013) give an overview of the statistics of
meta-analysis. My impression is that the Bayesian approach is more
conservative.

@ The model uncertainty has to be take account for. Do no take
Cox-proportional hazard for granted.
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Matsadferdir, mesti-sennileiki ofl.

@ Steerdfraedileg sonnun [a fyrir um ad ML adferd hefdi optimal-eiginleika
begar fjoldi malinga stefnir & éendanlegt.

o Ef meta 4 1 eda 2 tvo medaltdl i normal-likani pa er ML einnig best
mealt med MSE=mean-square-error.

@ Pad var pvi afall pegar Stein sannadi upp ar 1950 ad pegar vidd likans
vari 3 eda meira p4 maetti finna betri metil.

o | fyrstu héldu menn ad petta vaeri staerdfraedilegt peculiarity og ad
menn gaetu aldrei skrifad nidur formaluna.

@ Upp ar 1960 fundu menn slikar formalur. Paer reyndust naskyldar
Bayes-adferdum, p.e. eins konar empirical-bayes.

Helgi Témasson Adgreining & ahrifum aldurs og kynsléda: 19-03-2021 14 / 42



Framhaldsnam

o Eg hafdi laert steerdfraedi, laert um tolfraedi og timaradir, forritad
timaradir o.s.frv. Tveir Gudmundar héfou ahrif Gudmundur
Gudmundsson og Gudmundur Magnisson.

e For i framhaldsnam i ekénometriu (hagrannséknir) til Gautaborgar par
sem hinn fraegi H. Wold hafdi verid. Konunglegur
ekénometriuprofessor, Anders Klevmarken baud mig sérstaklega
velkominn.

e Herman Wold, hafdi pr6ad ARMA likén og haft tvo frega
doktorsnemendur, Joreskog, og Whittle. Herman Wold hafoi litla tra &
beirri ekondémetriu eftirstridsaranna sem nefnd voru ,,simulaneaous
models". Hann sagdi ad simultan likén veaeru skemmtileg staerdfraedi,
hagfraedin vaeri bara ekki simultan. Hann ytti vandamalinu til Jéreskog
og utkoman vard LISREL:

n=Bn+T&+ (.

o Klevmarken var dhugasamur um mikréekénometriu, hvernig félk eydir
tima inni & heimilum o.s.frv.
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Eg var latinn lesa frega bok i lik-
indafraedi eftir Whittle. Likindafraed-
Peter Whittle B ] in er leidd at med pvi ad byrja a

ey a0 skilgreina vaentanlega gildid i stad
PrObablhty bess ad byrja & ad tala um hlutfalls-

via Expectation B |cga tidni atburda i endurteknum til-
Third Edition B raunum. AEtti ad henta hagfraeding-
um og 6drum sem hugsa i veanting-
um vel. Inniheldur Markov likan fyrir
tekjudreifingar par sem rokstutt er ad
tekjudreifingar hafi Pareto tail. Pbvi
var fyrsta hugmynd ad doktorsverk-
efni fyrir mig um tekjudreifingar.
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Champernowne var fraegur Englend-
ingur. Vinur Alan Turing. Peir hdnn-
udu skaktdlvu, TuroChamp ari 1948.
Notadi hans nalgun i verkefni til ad
setja upp Markov-likan fyrir tekju-
préun. Leida Gt jafnvaegisdreifingu
o.s.frv. Empiriskt verkefni med mikilli
forritun.

D. G. CHAMPERNOWNE & F. A. COWELL
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e - e .
' oows —mesmsnea.— Eghafdi forritad Box-Jenkins adferd-
IN MATHEMATICAL AND IMPLICATIONS OF FRE-TEST . , . . . . .
MANAGERIAL ECoNowics - ANP R vercs o irnar og pvi taldi leidbeinandi minn
ad pessar hugmyndir hentudu meér.
‘Markmidid veeri betri spar og hlut-
draegni i parametermati pvi ekki svo
heilagt. Fér i skiptiprogram til Pur-
B B 'due og kynntist sanntraudum Bayes-
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Undir lok doktorsnamsins var ég lat-
inn taka heimspekinamskeid i adferd-
freedi félagsvisinda. Las m.a. bessa

$445/N6s2

ausal Inferences bok eftir Blalock. Judea Pearl vitnar
Nonexperimental ‘ i hana i book of why. Hermann Wold
Iaknseerta{A(.:glalock, o hafdi birt greinar i Econometrica um
etk e causality. Einhverjir Amerikanar koll-

in

udu hina ekénémetrisku nalgun Wold,
Swedish school of causality.  Sbr.
Nébelsverdlaunahafa, Granger, Sims,
ofl.
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ACARIANNE FRISHS Leidbeinandi minn var Marianne
. . | Frisén. Han eftir m.a. unnid i voktun
F1nanc1a1 surveillance. Pr6ad m.a. kerfi til ad
vakta inflaensu ca. 2000. A kafla i

Surveillance

pessari bék um voktun i fjarmalum.
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Pre-test (algengur praxis) og James-Stein

@ Hugsanlegt ad flétta saman test, p.e. Hyp:parameter=0, og metil

@ Pad eru til fraedi um ,pre-test” metla p.e. ad bainn er til metill sem er
samsettur ar préfi og t.d. LS-metli, b. Hugsum okkur einfalt linulegt
likan

y=XB+e E(e)=0 E(ee') =02l

Ef kenningunni Hp : R(3 = r er ekki hafnad er notadur metillinn
b*=b— (X'X)'R'(R(X'X)*R)"Y(Rb — r)

Petta ma skrifa sem einn metil &4 pann hatt ad:

B = I[O,c)(u)b>|< + l[c,oo)(u)b
Heér er u préfstaerd sem segir til um hvort Ho er hafnad og /(s /) (u) er
fall sem tekur gildid 1 ef s < u < r og 0 annars.
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e MSE = mean — square — error = bias® + variance, er malikvardi a
gx0i metla.

@ LS=least-squares er best-unbiased, pannig ad framfarirnar eru i ad
minnka varians miki® med sma bias. Pre-test metill hefur litinn varians

ef Hyp er nsestum rétt.

Helgi Témasson Adgreining & ahrifum aldurs og kynsléda: 19-03-2021 22 /42



Empirical-Bayes

Pre-test atferlid er hlutdraegni i att ad Hp.

Menn héldu lengi ad fyrir linulegt likan vaeri ekki haegt ad finna metil
sem hefdi laegri MSE en least-squares metill

@ Pad kom pvi & 6vart pegar Stein(1956) syndi fram & tilvist sliks metils.
e Skdmmu sidar fannst slikur metill (James og Stein(1961)).
Bis=(1—a/b'b)b (1)
P.e. OLS metillinn er minnkadur adeins. Ef 0 = 1 ma t.d. nota
a=K-2.
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o E.t.v. er erfitt ad sja hvernig ménnum datt petta i hug.
@ Haegt er ad rokstydja formalu (1) med reglu Bayes.

6 ~ N(0,72lk) a priori vissa um 6 (2)
Z|6 ~ N(8,02%Ik) (3)
likan fyrir meelingu, Ef gert er rad fyrir ad o =1

pé er vissa ad lokinni melingu samkvaemt reglu Bayes

0|1Z ~ N(Z(1—1/(m* + 1)), Ix/(1+772)) (4)
E(1/x*(K)) = 1/(K - 2)
b.e.
E(K-2)/Z2'Z)=1/(m?> 4+ 1) (5)

Vantanlegt gildi bayes-metilsins i jofnunni er:
Z(1-1/(7 +1))

Ef 7 er 6pekkt og metid med j6fnu (5) faest:
0z = (1—(K-2)/2'2)z

sem er hlidstaett James-Stein metlinum (1).
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Umrada

o Merkilegt fyrir margra hluta sakir. Hér eru gégnin notud tvisvar, a big
no-no in statistics, badi til ad alykta um 0 og til ad giska a fyrirfram
vissuna, varians i prior.

@ A pessum arum voru sterkir flokkadraettir, Bayesista versus
frequentistar. Stein-adferdirnar voru sannanlega gédar i frequentist
skilningi.

@ A seinni arum er miklu meira umburdarlyndi rikjandi og flokkunin
Bayesistar adrir ekki eins afgerandi.

@ Menn eru meira afslappadir gagnvart Bayesismanum, badi af
heimspekilegum astaedum og taeknilegum.

o Fordémar borga sig, betra ad peir séu nalagt réttu, bara ekki halda of
fast i pa.
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Smoothness-priors
o Meli breytu Y, daldriaatimat,a=1,...,Aogt=1,...T.
o Vil alykta um E(Y3¢), b.e. AT medaltdl, malingar eru AT.
E(Yat) = aa + Bt + 7at, til einféldunar 6hadar og, V/(Ya:) = a2

@ Hugsum okkur ad vantanlegu gildin séu puntar a4 samfelldur ferli
y(a, t). Einnig ad ferillinn sé mjakur:

Py(at) _, Pyat) _, Py(at)
(0t)? ’ (0a)? ’ dtda

=0.

o [ discrete aldri og tima:

A2y(a,t) = y(a, t) —2y(a, t — 1)+ y(a, t —2) =0,
A2y(a,t) =y(a, t) —2y(a—1,t)+ y(a—2,t) =0,
Auey(a,t) = (Yar — Yar—1) — (Ya—1,t — Ya—1,6-1)-
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@ Pessa diffur-operatora maskrifa 4 fylkjaformi.

1 -2 1 0
1 -2 1 0 0 a1
D, = 0 ' 0|, a= ,
: - aa
| 0 0 0 1 -2 1]

@ Dg er svipad, nema pvingad 31 = 0,0g fyrsta linan byrjar (-2 1).

@ D, er adeins floknar i venjulegri r6d eru mest 0, tveir -1 og tveir 1.
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@ Haegt er ad meta likan med hlidarskilyrdum:

min (y — 9)"(y — 9)

a7ﬁ
D,a =0,
DgB =0,

o Hlutafleiduskilyrdin D, parf ekki ad nota.

@ Petta er jafngilt pvi ad meta linulega trend 1 aldri og tima.

Yat = U + 013 + 02t + Uat, V(uat) = 0-2'
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Synidemi ar R

nl=10

n2=8

aa=rep(l:n1,n2)

tt=vector (mode="numeric",length=0)

for (ii in (1:n2)) tt=c(tt,rep(ii,nl))
y=rnorm(nl*n2)+aa+2*tt

Da=Dasmooth(nl)

Db=Dbsmooth(n2)

xxmat=sparse.model.matrix(”-1+factor(aa)+factor(tt))

xxinv=solve (t (xxmat) %*%xxmat)

bhat=xxinv*%t (xxmat) %*%y

R=bdiag(Da,Db)
betar=bhat-xxinv/*/t (R) hx¥%solve (R%*%xxinv*%t (R) ) %*%R%*%bhat

lm(formula = y ~ aa + tt)
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Im(formula = y ~ aa + tt)

Coefficients:
(Intercept) aa tt
0.4185 0.9642 1.9631

diff (betar) [1:3]
[1] 0.9642157 0.9642157 0.9642157

diff (betar)[10:13]
[1] -10.060688 1.963123 1.963123 1.963123
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Smoothness priors

@ Hugmynd er ad i stad D, = 0 séu skilyrdin D, = €, par sem € eru
litil.

@ Svipad fyrir Dg og D,

e Nota petta til ad setja fram prior um E(Y5,;). Priorinn gengur at & ad
medaltdlin liggi & surfaci sem séu nalaegt lausn a hlutafleidujofnukerfi(i
aldri og tima).

@ Eins og i dllum hlutafleidujofnudaemum parf randskilyrdi, hér set ég
b1=0,11:=0,t=1,...,Togv,1=0,a=2,... A

@ Parameter sem met skal er:

0:(al7"'aaA7627""5T77227"'7’7/47—)

o Til ad lausn sé a hlutafleidunni parf einnig skilyrdi 4 a1, ap og fFo.

@ Pessir 3 parametrar fa stéran a-priori variance (eru metnir at fra
malingum). Hinir eru pvingadir af smoothness skilyrdum.
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Baysisk framsetning er pvi:
Y =X0+u, u~ N0, ),
R.6 ~ N(0,A),

0 --- -+ 0
1 0

"""ooogo»—l
o
—_

1
>

O O O O o

O O O O o
..o
(e}
&
(e}

i.e.
6 ~ N(0,R-IAR.TH)
s Il * .
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@ Hér er X grunnfylki (full-rank) fyrir myndrimid, design-matrix,
vektorar sem erum ad mestu 0 og 1. | 6rdum hagnytum getur X t.d.
verid byggt & marglidum,Fourier-féllum eda Wavelets.

@ Vantanlegt gildi Bayes posterior dreifingarinnar fyrir 0 er:
Egayes(8) = (X'X + (RTIARLT) ™) 71Xy

@ Hér er gott ad nota fylkin eru sparse til ad spara minni og reiknitima.
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Nokkrar myndir

Mynd: Synidaemi 10x8
Helgi Témasson
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Mynd: Restricted 10x8
Helgi Témasson
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Mynd: Smoothness-prior
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Hagnytt daemi/Hogni dskarsson

e Fyrir liggja gdgn um tidni sjalfsviga fyrir 70 aldurshépa i 39 ar.
Edlilegt likan er:

Yat = NatOar + €at.

Par sem Yj; er fjoldi sjalfsviga a aldri a 4 tima t. 0, eru likur 4 a0
einstaklingur & fremji sjalfsvig a aldri a & tima t. ny; er fjoldi
einstaklinga & aldri a 4 tima t. Meta parf 2730 medaltdl.

e X grunnfylkid inniheldur 1 eda 0 og réd at er margfoldud med n,t.
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Mynd: Smoothud tidni per 100.000, saenskir karlar, A, = 0.002, A\g = 0.001,
Ay = 0.0005.
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Lokaord

@ Smoothing studlar voru ekki optimeradir.

@ Haegt ad reikna varians fyrir gefna smoothing studla. Held ad pad sé
erfidara fyrir optimerada smoothing studla.

@ Overdispersion var hverfandi.

@ Heér var notast vid normal nalgun & binomial maelingum. Ef maeld tidni
er mjog lag gaeti verid skynsamlegt ad vinna med Poisson-médel beint.

o Kannski er betra ad maédellera cumulative-hazard.

o Afstada min til p-gilda er svipud og til afengis. Vil ekki banna pau,
eins og amk. eitt salfreditimarit hefur gert. Naegir ad vara vid peim.

o Bayesiskar adferdir hafa ordid reiknivaenni med arunum.
Traarbragdagjain hefur minnkad.

e Forrita of sjalfur til ad tékka af staerdfraedilega nidurstodur (Fortran,
C++/Rcpp, Gretl, R, Octave, Julia, Python/Pylab, ...)
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