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~~~ r~i~;r: c~ PRIORS AND THE DISTRIBUTED LAC FST!MATOR~

Hirotu~ u Akalke ’

1. 1% !  ‘ )t’UC1 I~~

Shitle r f4~ 1ntrod u~ ed t t~ r concept t 1  M~~’it hni”.t, ‘ n or, to develop a

B~~yes~~.in .t~~ ’-~to r i~ t the lag co e f t i ct t • n t~~ or th e sequence ol t~ pulae

responses , of .i linear sys tem . In t h t t s  appt ’ .~~h the “n or prc f c rence  of

t~~ t~ smoo ~~~~~~~ of the pat~ ern of a set of lag c o c f f i c t e n t s  lu  expreised

by a p?wri~ al nor*n l •f~~ tr Ibu t ton ~•r t~ .c fixed order difference, of

~. I~~~~ i o et  ! Ic tents .  Wi t h ~~~ appr opriati choice of  t!m :‘i r  i~ .t cr of

lie s~~ othness pr~ . r  it is found ~ ‘~ .it ~‘iiller
’s db.t r l h uted lag est i mator

can ;‘ro dti~~c “ C c u i t S  which i.it 1sf’. our p rior , or psychological , cxpe (  a—

tion ~‘t the smoo t hnes. of the p it  t i l o  of t~ o l.w coef fi~~i,nts.

On. ~~actic a1lv signt ’jcant pr. ’hle— in t~~e appl1~ ~t ion ~ Shil1er ’~.

• .r i t ~.it ’r is t~~i s  ch o i-e ‘~~ t ’ . va r ian ce o ’ thi spherical nor~~il prio r

~t r 1b ut1oi . In this pl%;o r we propose a pr actici l solution to this

r~~~l.a which is ob ta ined by maxlaii ing the lUi l fhood  of the Kiaveslan

mo~.l wt~~. respect t o  ~~r hvpt rparameter , the variance. A serious problem

shout ~h1Il.r
’s approach ts whet het the ~uasumptbon of c-i ’’t hnei~a of the

lag cnc fft~ ients I. a n a t u r a l  one. When the nu~~ er of significant

1The author is ~~~ ehil to Professor t.~. ‘\u~~, ~~‘a for the c t  f j ) ~~
leading to  the work repo rtod in th is  paper. Thanks are d i e  t o  Ma. E.
“rahata (or helping w i t h  the n u s i e r t i i I  ( or1;’~s t a t  i n . hIs work was
part ly ~aappn rted by the Of f i c e  of Naval Rec ’.ir~ h Contract N000l4— 7S—C—0 442
In the Department ‘ c t . i tis t t c . . St an ford t n i v ers i tv .

~~o’ Inst i !ute of t a t l s t ira l  ‘4at’u mat i Tokyo.



~~~ e ‘i  j e n t s  Is ej e&tcd to be ill ,~~~ ich Is of t n t~~~ C8NS w i t h

~i i r t  er lv or annual economic data , t his smoot t~,~~. , sst i r’ i !’t  u m.I v 0 ’ ?

he q u it e  .i.!s’q o t t o

A n it  ua 1 expect at ion ! or b i vpe , ‘ ‘ s i t  t at ion ..,r~ . t be ‘ he

.~~~~~‘.‘ t i~ns• of it ~~ h.sv I or of be .v t .~~ t i  r a ’  • r  1s t  it In the I ten tIefl( V

domain. The h i t ,~ c r i  1 of the squ.tr  i d  absolut e .- .~ •o  of t he ‘ i I v a t  I’..

of the . ;ii n. v respons e in . Ion wi l l  u provide a —‘ .- .s~. r i  of u

ness. f l i is measu re ..~ ~~~~~~~~~~~~~ icularlv •~
— . .•r r in ‘ o tm. of he I t

c o e f f t .  1 t n t s  and leads to the i !  in~~t ton o f  3 u- .~~~~~-~ ical ~.

smoot hness I

2 .  ~~~~~~~~ 
.• •  .- 

‘ 
, •

Cons: :.‘ r the stochast it 1 ta .  a t

U

(1) V — 
• 

i x ‘w
fl !. fl~~~’ fl

m d  w~ t en  ‘t r h. output • ip~~ t and s - n t ’, t ern  ~~ the

~V 5~~er~. r e-: . ~~~ -Iv . d e n s’  w~} is i~~ ’. : — .~~ t o be a sequence & rand. -~

‘..t r L ; i h I s- s  whi ~ . ure i ns te t - un tent  of 4
~ ) and are I tep . i ten t  lv I ‘ ‘ u ?  1—n

c a l l v  dls t r - 4 t 0 1 .iq u — y r . i~ with r’,’.ln ~er ’ and variant o~ . The re—

quenc v t ‘ ‘ p u’..’ function of the out p t  v the t ’~p- .t X 15 de iii.n

by

(2 )  A ( f )  — 
/ ~ •zp (—i2~m~



~.e pro pose to  utul.ur .- the ‘s ri. ’ ‘t  t in .- .- , ~t t h e  • teq uenc v res pon s e

function by

-p

( dA ( t ) 1
~ dR j dl

wh ere ~d A (f )/ d (  denotes the absolute va l ue ‘ f  & t  /d! and the In-

t eg r al is over -f l .S  ! ~~, 
O .S  . A.. iii obvious tr ori the defin It ion , a

large value ‘f  R means .i rapid ~l i - iaw e f t he sv.. ter  ch a r at  t . n .t i.c

against the , h,tii~ , ‘f  the , .;o s ’t i .  v cha racteristic o~ the t a i p ’ s t  • Thus ,

ac , .i t lr . R Is a - s i t. - of unsmoothrmes. ‘ f  A ( 4 1  . Since it ho lds

that

dA i ~ — (_ i2wa)a
m 

i ’’ ;-

we have

U
2 2(3) m a a

a.’

3. A l~) T ~Nr~ PRIO R

As in d is  s. .ned in Akalke (21 ~. . , n s I~~. r  t b .  ~ InIm1 zat Ion of the 

0 f t v

‘, 

\
2 2 2 2

Iv — x i , a% f l  rn n-mi m
n — ’  ‘— -° ‘  ‘ rn—I

3

ii -
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T~ 7
By a proper , he I .~ of c f .  constant ‘ t his t~ I ‘~imj,at Ion I . s t ~ t o  h.

t t t o r r ’ I t t a t  ion t~ t t w i t h  sma l l  sum of Squares •‘ the r e s l - I s ’ s I s  sit 1

also with smooth behavior of the frequency t -  ‘s ;’oao.e function .

The minim ization problem is transformed int o a s t a t i s t i c a l  ~‘i ’t It’~

by embedding It t nt~ - the maximization r ’ rob l t t ’  of

S~~ ‘~
‘ i ~~~~ 2 u  

2 2 \t’. ) o s ; i j —  - 
- lv  — cm x exp~ — --—- ~~ - ‘ a

L. 2
’ n.l~~ ~ a n—a 

~ ~ 2~ rn—i 
a

For a giv.n i • the f i r s t  f a c t o r  of a,..) obv iousl y a e” r . .’ nts  the

lihood ~ t t~~i•’ a,, ’ s . The second factor rep rese nts  - prior preference

on m
m
’a in the for m ‘t  a a - v — -i l 1 i s t r ib t i t  ion . 0 ar p r e f e r s- n - .’ on

i’i t 
~ is i t t  sp e c t t l a d  In  - .  and we assune • 1~~;t a  tp.- r prior

d L0 do
0 0

and c~ . This tho jce is based on t t — . ‘nsi~ .-r atbo n that it is

an ignorance p r ior of the pa rame?rm of a norma l d i u t t i h u t i o n  ‘ t •

where c is a rmon .’s ro - s ’ a i s t .~ nt • ~ ‘r the lu -o if ic a~ I ‘u of he use of

this i gnoran t ’ p r io r  dis tribution f o r  a t • ~ impar t ial p a t  f o r r i a nce , see

Ak aike (1).

it Bay esian model is thus defined by the f i t s  f t ~ r r I ’ t t  Ion

— 2 
— X t

and the (improper) prior di stribution

4
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I. ) — 

(zr
’ .‘)~ 

~A ’~ : a $ 2 
~~ —~~~ . I) 5 t ~~

)f  
1 )

wh~~rc v — (V 11 
~2• .... v ,,) , a — ( & ~~, a

1 i,~ and X and D

t’ i a ’s ;•e~ t lvi’ lv (Ms 1) and ‘1. (9+1) ‘ s t  a 1’ •‘~~; def ined by

x 1 X
0 

1 0 . . .  0

x, x
1 ~~~~~

. 0 0 2... 0
x —  • D —  •

L ~

‘, ‘
~ I ‘ ‘ 5

’~— M • . . : 
-

and wf i i’ r e  v t i n. es the Euc l idean norm of a vec t or y and ~A ’

deno ’ .- ’. t i , ’ dete rm inant ~~f ~ r . . j t r  I x  A and -
~~~~~ ~s - ’ ~ t ransposition .

~~~. D TER11I!~AT!ON OF THE IITPFR}’AR ,’h R

In his ort~~ina l work Shiller t43 dewienst i t t .’  ~‘v a numerical examp le

t he i nsens I I ~
- I t  v .t

~~ his • m a te  o the chc’ I. ~ f t t ie hvnerparameter of

his smoothness prior. This ~~~~~~~~~~ ‘ .sr . i —~ ’t  s t  i i’ r t ..~.;t ’n~Is t o  ~ of ~~~

~~.‘ ‘f ~ea -ons ide r  hj  ‘~ ins s ’ns i t  I v ity  as ;s proof o f  t b .  robustness of the

a - s ’ ’ .iin model and ‘ -a~~.’ it as a t~15~ if  I. it Ion for an arbitrary choice of

~~~~~~~~~ L i . ’ Ot f bi’ °‘.- p , -  pa~ p?’ . t s r ,  Scvi’r ’t b~~ s ’ s . . It is on ly ~‘f t i ’r: we know

t ie  true lag coe f f t c  I out  s that ‘ .‘ C in see t hat t hi’ • ‘~t I r .’~ . •‘s  b- i c  oh—

f a m ed d o - s pp ro ~~I~~’ a t c  f ’., t r i te  ‘ ‘ , ‘ f ! i c l en t s .  Thu* It is des i rab le  to

b i - .’ an object j -.- e lv - Ic !  m e d  p r ’  e d - i t s ’  f o r the “. 1 .’ t I n —  of the value of

t h e  ‘ • ‘ • .‘ r ’ i r i - - ,’ t , ’y

I

_ _ _  _ _ _ _ _ _ _  - -
~~~~~~~~~~ -~~- -~ --- ——- -‘ - - - - - -



1! ho pr ior di St  r I b it  Ion p ( - ‘ , -
~~ ~

) t s p a ‘p t- a • the likelihood of

the hv per paramete r w i t h  res;’.- ’ t t s . t he data v is del I ii.• -] t ’v

(7) n(v  ~
) p

~~I ~~• 
I 

•

A reas onab le ~-h.’ i’. r of is realized by maximizing the 1 i~~i’1 Ifo ’o’I

p (y Is) . Tb I t ‘ . - t • t t ’ r h. l~~t e r—i i nj I on of a ~:~~‘ t o  i-parameter i

i i  t e d  the method of Tv~~i’ II maximum ltk.’ l iho, ’,f by Good (3J . In s i t u

case th e di s t r I f ’ ai ton pa ,  i - ‘ ) given by ‘ - con sins an I — p a  n -e l  CO~~

monent . Ne’.’. r be !  o’s~~ • - n  each p.ar icular ~. 
- I on • t he improper t orn—

po nent can be cons idered is an appr oxima tion a v ..t  v wide l y  disp ersed

proper n o r  d ie tr ibut  f - i t . rh-u s we take (7) as t h ~ - l o t  m i t  ion -ti the

likelihood o f  the prior d l s t r i buz .1’ n  let m e d  f t v  ‘ ‘ -  and propose t I .  tot e

‘f A which maximizes p ( v 1~~
) . Obviously It would be r io ts ’  s’sjrable

to develop an ignorance—t-.- :.- prior of A • bit t ‘i t  present we leave th i s

-a ’ ;  3 ~ub tec t o f ft ir t ha’ r t .- c . ’ a r  - f t .

For .- p re ’ .,’,i f t a ’ ,• , -  I sn ‘-t~ .f.’ I defined by (5) and ~
) vi’ have

‘.-‘ ‘t’s ’ l I

p(v -a .- -’) ~
( t .~~~ j~~~) - ( :  ,) 1 , 2 f)D P ‘ ( 1

)

~
2 •

~
‘
~~~(cm— ~~ )

1 
~~~~ 2 - ’ 

S(~~)]

where — (X ’X  ~ D’ D) l 
,
~~~~~ .inI  S ( ’ )  ~v 5

2 
— u~~(X ’X + X 2 fl D )

Thu . we have

6

~~~ ~~~~~~~~~ -‘- ~~~~~~~~~~~~~~~~~~~~~~
- -—------- ---,--- ~~

-- ‘—- -- - - -  ‘•—- ---- -- - - --- - - - -  - - A



ply , ~
) - ( 1)( I) 2 

~‘(~~t S( 
~
) “ Ix ’ x + 

.‘ I .D12 
~~
2DD’ 1

2

By applying t b .  forma l h.ivt’ , procedure we ‘~,‘t the t. o, t i’rior mean of t

taid , They .are o iv en  by - i~~ and S(A)/(N —2 ) • a • - s t.o t Ive ly .  C o —

~astat tona1 y , .ind S(~~) can 1’. ’ obtained di ii - , I” b’ using the re—

l .tt ion

(8) S(~~) — Mm ~ — x~ ~~2 
— v a — X *  t~~, 

2

where

5 4

N v  f~ X
- . * — ~~~ ~ —

M 0 M AD

The si’,ire’h f o r  • b. whi. h r i sax ln izes  p(v 1 )
~) may pract ically be I imitc -f

t o  a -.. - of  f i n i te  dIs~ t , ’ r s  va lues of . S i n c e  we in,’ familiar with

f bi’ 1’ ’c likelihood ?. l !  lo t e s t  ‘. t . - s t j ’t~ I -  . we replace p (v lA) by

(— 2 )  ~~~~~~ ~ ( v l I s )  and t ry  ‘ ‘ I n i — i~~s’ I t .  Ignoring an addit ive constant ,

(—2) log p (v t  ~
) is ~:t v . - n  by

(0) L(’) — N log S (s) • log~X ’X 4  ‘ t YP — log !’
2DD’~

Ak~~jke t 2 1 t ea - hs’ I the same procedure t ‘a the det ermination of ‘
~ 1w

tJ~~~~~ j



If 
--_ _ _ _ _ _ _ _

using the maximum 1 i’.• ’I Ih.’..! •“st ima t a’ of ’ , ! Inst , ‘ a t  of d.’veloplu;c hi-

~~
- - .‘;‘c r ur I,t t  d ist r ihut  ion o f  -

~~

5, ‘~~“9 tul(;,A,~ X \Ml’! ES

To check the performance ‘t ~- o  procedure It was app 1 teal to the ~I,.t , a

• s’na,’ r a t ed by the  rel.a t ion

V l . ,~~z — O .~ ’ x  + 0 , . x  + i .- at n n—I n— 2

i- ,~ he 1 ;;’ i t  x w a s  the ‘. , —
~~ ‘ as t hit ;ss ,’ t it the second i- i,at’p ls’

U

Sb4 t ie r  .. .-p u’~d w v i ’, nor— 5 I with — a- sn ,‘ .- r. ’ and • () . ~~~~~ . The I s ’ nc
n

N i~ ! the t ime S~~’ t t ~ a ~~
- 

~~
- . 41a , The Bayesian model was - f a v . ’ lopt ’ -f w i t h  t f . ’

t e s t  lag M — l’~. Tb.’ se - t a - - h  for t b , ’ ninimun ‘1 L ( ’ )  was l i m i t . -

— 
t o  t t ,  values ~ • (k • --9 ,- -~~ —

~~~~~ and ~~ o- tt- Inimaun w ,ss

i t t  a I ned with k • —5 , lb.- ~
- or i’s’ ‘~iu’n.t ing .- -

~ I —ii t .- ii) i ‘~ ‘.- .‘n in

Tab le I .i i”n.~ -~-~~ t b the ‘ t i .’ param- ’ .- - and the  e c t i n a t o  obtained by

-arstim ing t h e  Sbj l le r ’ s -. ‘ ; ‘ t t t n . - ’ . ’ . p r i - ’ a f - ’ a h, - .e. end order d it ‘ s ’ rcnices

a — a
1 1

) — ( - i~~) ( t  • ‘t .l ‘4— 2 , The “it imate fa -a i ’ t s - d

by ShiIic’ r was obtained by pt t i ng

-2  1

1 — 2  1

1 —I 1

In (6) -in.! 5 - en — ‘ lo I n  1 ~ ing a h. c or t - cp”n i ing I. ( f o r  ‘ — 10 ~

(k • —5 .-- ~ 10) . ~he ml o f  ~~~~;— V35 - a t  t -a m e d  at k • I fl . Fain her in—

of k vito!,! produc e es t ”aa t c’s smoot her than a b i t  c iv .”i  in Table I

j 
-~~~~ - -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -—~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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Comparison of estimates. denotes t he es t i m a t e  ,‘1 t ,ilnod by the

smoothness prior in th. frequency domain. Shille r - t i - t o t s ’ s  the s ’ s a f m at e

obtained by assuming Shiller ’s prior for the second order dIfference s .

_ !~~~~~~~~~~~ _ 0 1 2 3 -.

Tr ue 1.1 -0 .” “1. . 0 0

-

~~~~ 

1.137 —0.440 0.230 0.OSO 0.017

0.203 0.186 0.170 0.154 0 .137

5 6 7 8 9

Tr ue 0 0 0 0 0

‘0 0,012 -0.000 0.003 0 ,04 ) 1 —0.00 2

chiller 0.121 0.105 0.089 0.072 0.056

m 10 11 12 13 14

True 0 0 0 0 0

0.00 1 0.00 3 -0.000 -0 ,~~
’V)fl —0.00 3

Shiller 0.040 0.023 0. 00? -0.009 — 0 . 0 2 5

U 15 16 17 18 19

Tr i te 0 0 0 0 0

-
~~~ -0.005 -0.006 -0.001 0 .0°’, 0.001

ShIller -0.04 2 —0.058 -0. 074 —0.090 -0.048

9
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~~~~~~~~~~~~

The result  ~tveai tn Table’ I demonscrat~’s l u -  no. o s s i t v  u? g r - .it

- - I ra ’  in applying Bayesian models . A lthou;’i i t h.- Shiller •st m i t , ’  is

~I.’ t i : ; t t e 1v in -~. ordance wi th  the pri or pie ference of smoothness It is

giv ing a - I i’ !  in i te lv  biased image ‘1 the t rut ’ I o f  s. resr~onse s,- ous’iu  0 ,

The sum of squared e r r o r s  Lt ’ s it .’ t t  i r r ite  & is def ined by SSE ~

hi - i s ’  a f o u o t e s  the t rue  p. i rsr ~ ’t . - r .  The values of SSE i t ,’  0.~~i ~iu

t o t  oo r estimate and t h s - SPifller est  Vt -at .’ , ‘ .- ‘ -;‘e t ! t’ .’Iv. !snothe’r

“- a it;re of inaccura~ y o f  an est imate -a is . f s ’ f  Ined by fbi’ stut— of

. ‘ t i o a t .  o ’ regression - le t  t ied by

SSE~R —

The v $1ao ’~ ‘ t SSER - a r . ’  ~,0008 and 0 . I~~’.’t lot - ut  ,‘st j r ’~.s te  an d

Shi 1.-n  e.t i—’.a , n.’spe. t I’.- - I v .  Thus the 1-’ 1,is tnt  t ’ I t u  ed by assuming

Shi ller ’s smoothness . n ior  seems to be ~-~~‘ - f  ; -  ing s ign i f icant  inf luence

on ‘be  est imat ion of  ra ’ cre s sio n . The result shown in ..bla’  1 is the

~i ’ c t  one o l - t . a I n , ’ ,~ in a series 0f three ex~ ’a ’r1r’ i’n t~~ all - , which nro—

i j u , t  ‘sint lar re’a~~~t s ,

One might arg ue tha t t he  -; - ‘ u ~~t ton w i l l  hs- reversed when the

present orior is applied t o  the case where Shiller ’s a - r i o t  is appro—

‘- n a t e . To check this poss ib i l i ty  the est ino - it . - ’; b,ic,- -! On t t ac tw o

ra riors v e t s’  obtained for a samp le t t - r ’ - the model ‘ rested in ~h i11r r ’s

-~ec ond example. The result is shown in Table 2. For t s -  purriose of

.‘r”~na rison the o n !tnarv leas t  squares es t imate . ,Ia’n. ’ t e - I  by 1,5 , Ic also

in- luded . The rc’o;l demonst r , i t .s  the a’xtremetv good -‘erformance of

th is  Shill er es t i m a t e .  This result Is a l r e ,’a lv a - e t ’ o r t , ° f  In Aka ike Ifl

l0

—---_ _ _ _ _ _ _ _

— —‘~~~~
- -  
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— 
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Table 2

Comparison of estimates. a
0 

and Shi lle r are as defined in Table I.

LS denotes least sousres estimate.

-- 
0 1 1 

- - - 3 _______

True .000 .000 .001 .004 .018

t a0 .004 .00S — .01) .031 .037

‘bilLer — .009 — .00 3 . ft~ -. .009 .017

1,5 — .010 — .021 — ‘ °-Y’ .037 .078

• 5 
________ 

6 
~
‘ 

_______________ 9

.054 .130 . .“i1 .352 - 399

- .006 ~~~~ .IOM .31 2 .378

Shtller .05 1 .134 ..‘ .? .345 .395

- .074 .255 .113 , .‘- - ,

• 10 11 
______ 

12 
_________ 

11 14

Trus .352 .242 ,130 ,0’~. .018

-

~~~~ 

.366 . lt ,-4 . 107 .055 .033

-b ille t- .362 .25 1 .134 , V7  .011

1.5 .359 .329 .046 .072 .04 2

m 
_ _ _ _ _ _ _ _ _  

16 17 lB 

Tn- ac  .004 .001 .000 .000 .O0()

— .016 — .020 .021 ,012
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and s oon si dered as a d. mo n n* - t ,a ion of the Drrtoami~nc. of our nt-u s’ - i u r,’

o t  the si-l i’ , t li - -i of . ‘Tb.’ p i rs i - t at  resu l t  -i l so shows tha t out est 1—

m-~t.’ Joes not show ~~~~ si gnifican t bias t u d  ‘ f a t  it i~ - l - s e r  to th~

Shill rr estimate t han to the least 5 f l - , . t a s’t. ,s t i~~ i a e ,  f l - a -  s~~ of sn uared

error s of th.~ , ‘ ‘ s t j m a t s - , SSE , is 0.0111 t o t  ou r .- ‘ s imat e , w h i le it is

0. - .‘~~
- f - a  th.’ Shiller estimat e . ‘~i ’v, ’i t h e 1 . . s s , th~ s- us~ o f sq uared

ert  ‘a ., o f regression , SSFR , is 0.0 . - ‘r our i s t  imate . whi le it -a~ ’ - ’ s

S r va lue 0,0005) t . - r  the - ‘ i l ! . - a  est  tmate . Th in ‘. , i ’ a - es t . that

the use of the present pr t on  in u sltt.,i a i.. ’n w ’- . - t - - Sh t t l e r ’s pr i or is

more 4sn ~t~ropr  i t t  is ‘‘.av t i. ’ a n.’cessir ilv induce sign i ‘ 1.- a t - ’ loss in I e rma

0~ be .s. - t i ra y of  regression .

#- , 1) !SCUSSIi)’~

Tb.- purpose of  t he p resent  paper has been ~~~~~- - fold. The f I r s t  Is

to intni - ducc a new smoothness prior which might f ind a w i - t e a  applica—

b ilt t v  than t b .  SMIler ’’. - - r fgina l a— .--thn,*s pr ior .  The second is

propose a prac tica ’lv usefu l oh l ec t i ’ .- s ’ lv defined nt - “ fur ,  ~or t he

chot -. a’ of  the hyp.t~’i rarai’ter. lb.- nurwnical r e ’ s u l t  s ~Ivcn in th,’ nh ’ —

ced ing ‘ec~ ion show tha t thesc ohj s -  tivea at. a t t a ! t~
,- i  ‘a f n l v  we ) ) .

sin.. s f  t~~tr —h-s t significant t r ’S s i ltS  (~ ‘ b e  nasmenl. ii ~emonstration

the possible ~ign1f1can t bias du, to the Bayesian modeling. Zn the

ft-m i~e,ian approach we specif y a-nil ps~ c h o I rg i . a l  e X p e ct a t io n  In the for t -

of .1 prIo r di*trlbut f t  and -.no s’e d to get a res a i l t which s a t i s f i e s

t h is  expecta t ion,  ‘~ur nuaert~~s) re~u1ts dr-a ri,s t icallv demonstrated

that thin satisfaction of p~y~ho1og ic~~1 .xrss..- a tton ma, ‘ -~~ Quite

12
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I

deceptiv e and misleading. Thai~ tsr.- t f . - i t  no unique bayesia n model

can be assured of a success in i t s  ;tr,& r ical sppli- .- .*i ion. The only

reason able p r - . .  ,‘,iur.’ would then be to pa “p.o.’- Sc - .- ,- a a !  possible Mav .’ hi an

model ’ s and compare the llkelih.’.’d’. of these ns de ls and , I! no. es,,.arv

and feasib le , develop a larler bayesian model using t ’ ,- s . - models.

..•r t a l u a l v  the smoothness prior In the f requent-v domain int roduced

in t h i s  paper is not quite ~a t i ’ .t.i. t ( ’ I V  t o  (‘over ever y it,,. t ical si-

t .a ton . When some dcl t o t  a is dit- l av in the to q~
-i st;.,.- is - - it - i , o f  ~.1i- , 

~~~~~ i.e.

when u~ , , . . . , a are e u - ‘- -~ - - f’s’ close a - - - . - — ot  some d “-) 1 d

it may be more appropria t e t i-i .uo s- .aur .- a prior distribution over the

possi ble de lay s d i t - i l, for s’ -.~~ b -f . replace t be del  i t t  i t  Ion of x

by x . Prac  a ica l i v  may be 1-,’ t t  .‘y - - y , - - -~~ - A C  ) in t he’n-ti-i

del tnt t li-in (3) of R by exp( I.’ A (  ‘ ) del I ne-d w i t h  noise t - ! o t sc r

.- ‘- osen integer . This r .- ; - l . a .  r -~ R ‘ (3) by

-
- ‘ 2

— ( •~~ ~~ a

‘- ‘d& ’a clearly demonstrates the s ’Ifec t f ‘ h.’ . ho i . r  of s~ . S ince we

dii - -i t  know whi ch v.’a i - i u . -  of ~ v’ should usc , Wi’ w i l l  asSume a prior

distribut ion o ver  a possible set of values of ~~~ . qai ft —as

* , 0, 1 . 2. 3) , and define the “ i t  . 1  t h ’ o i’’ of  each — - - i f . ’ ) liv

• s - - .;- -
~~ max L~~(~~) )  •

where max ! ,( ‘ )  deno t es the enaxlmwai of I ( \ )  def Ined by (q) f o r  a

‘‘I

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

-

~
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~~~~~~~
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~ 
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‘spe.’i~~te ehoic. of 
A 

~‘tth a prope r modif ication of  D in (6) we

a’esi y ,.v,- ta i’.’.ni- i’-,’ t o  he. t - i~a )  t lnt , -s’ i’rs , such a’. —0.5 , 0.S , 1 .S, .

The pr s, a t.- al Ut t lit v ~~f t 5 a t s  tY pe of - s - - proach nt’eci~ f u r t her i v e s t  iga—

‘i -in.

Whit is prac t ti -al lv -i’s-a - .- it-spur’ t han ~~~~ ref  iuao”i.’ t t  of C i,-

ht ’.- ,.’sjan mode l i-i t fi,- n”- i’ ,~nt ton of the 1 imite — 1 .~pp i  1’ a l ilt v of the

basic ~aa’ 1.’1 (1) a -  e ,.no:~~tc  ‘ m e  ‘a.-r tos , this is l u,- to th e  (ac t tha t

t here - Is u—- u ,al j y -a f.’i - - ff ’ .- k f t  -- i — the - -a p u t  v to th’ - ~ t . - - ’  x
0 5

‘~nlv In th . -.: - i ’ -a, -t a i  s i ’ - s t  t on whet.- th is  f ’ . - t hat ~ is n.- l 1 ~~jbl e can vs

he use of a he pre sent - -  - - f -  . Thu’s t t i- res ta l a repor ted In this

nap.r mu’s’ be .— o n s t  t , ’ t ’ - - a - .  on ly f t . -  sa ’~~.-r s tep  ! o) l o w i n r  h i.’ f i r s t

‘s ! is;’ - if  he or j g  I i.. ! - -‘nt a- I h,1’ ion - Sla t 11cr i n  S,a~ Ing the ‘ - - . -.-
~~

- s an

mode l ing a pa’ ,i&- t f - a l  p a -  - edure . ~
•u r a ’ - . - a  e laborat i o n of a be basic mode l

is defin ite l y me - .‘- .-ea t - ~ to ,tta~~.’ t a ’  — a - i  .- .t .a- ,’ wide ly -a r - i ’l iea b le t o  the

ana l y s i s  a’ co mp lex economi c time s en -s .

;_- ,~~
_ t~~~;.._ 

~~~

Ui ~r - a I ke , ~ t rotugu : “A Ni’w Look at  a b.- R,,v.’s ‘S t ‘-c,durp”. Momet rika ,
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ABSTRACT

Sh i t ita r ’s ~i ’ - artbuted lag eSt ir-,,it~ u a based on a smoothness prior

aIc ’~~un’a t ra t es the potent i ~ I cit he la:iv, - i i i  ,i iita r- ~~ h ~ - -, -,  i’. a ica 1 model

building. ~t’visrt~i ’l , - am ’~, when the numbe r c i t  ~igntI 1~ m t  lag ou- uicien t fi

is small the mssump t ton ~
- - ‘i ~. a t  ~~~~~~~ ~f 

1 i~ p~ t t,’i i of the lag - c i t ’ f

F cients may not be -i - ; - r :ia l i t  a’ . In th i-a ~., ‘ ,-r , to .~~- r  su ch —~~ ‘, t ! i . ,~~ i a : ~ - ,

the -a~ -ia’~~ hn~’ a ~ is assumed I a- t ~u e  h,’hiv i • ‘ r ci t he c it  f ii I a-rn - . v i  •‘w’ ’~i in

‘I,’ ~ a ’ , a~ ’ : f a ’.’ domain. This definit Ion leads to a $ noot ’i r a , -’ s  ;-~ i~~’ a-.~ 1.

-i part t cularly slop1.’ ‘ -~~! - - Num erical result s!ici— s ~~~ the ,- ‘ .t lr-~i1 - - a

based on this ~a~iccithrim ’ ’; -~ pr I - t  prcidun i’.m i~a u a ’d cea ~- ‘ amt  i-s of the i-il’ ‘ I—

Clint. where Shlller ’ ’m ~~~
- icr produces highl y h t - m - ~a~~ c~~t i o a t e s.  It is

a lso observed that ta - u -  new es t imator  a ’ r c d a - a a  , ‘- ~ 
a- u- - i- ~ ’ta - i ’-l ,- r e su lts even

when the Shi I Ier ’ ’~ pr ’ - r  Is mor e - u : - ’ a - - : -  - a~~.- , ~.- danger - Int roduc ing

a !~I- ms by . iva c r- . ina~ a Bayesian model Is -~~ ~~
—
~~

- - In ‘a - ’  discussion .
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