
Assume that bath have denities say fx fz
and that X E L
It is required to estimate X given the

observed

realization of the sum Y X Z in other

words ta find a Barrel meaurable function
112 1111 such that

2.4 E E X g AP
E E E X g y

for any otter
meemabh function g

Nate that such g satisfies g Y EL since 2.1

with g
O and

g x 121 2 x 8411 La Ée
imply EE g x E Y ET X Ltd

Moreover if g satisfies
12.2 ET X J Y g x o

forany meanadle g
meh that Ecg y Cto then

2.1 also bald
In fact if Et NX g x 3 2 the claim is trivial
and if Et X g a too then

Et g XP E LEE X 2 Et X got
and we can write



Et x getH ET X g
x g x g x1 E

E E x gait Et ga g x Zeta got
The best inequality also suggests that I g inch
Alet alia satisfies 1.11 then g should

be egad
ta g on any set A suck that PLXEA1 70
tr ath ward gand ga mut be equal

on the

support of the law ay Y

Does such a function exit
Yes we can give

an eylicit construction wing2.2

Et X g 4 get x gcxtzllglxtzlfxtlfzltlde.dz
T and I haveduitin and one independent

III ex girl glulfxcafz.lu x da da

glut f nix gcallginsfxklfe.lu wax
du

The latter would vanish if
Salt gullfx Hfa in a da o

for all in which leads to chaare

gin Yg a



Hence Ah best estimate of X given Y is the n n

12.3 giant bing.gl ij Ia Etx1x3lal

i e the Baye formula for the conditional expectation
off x giver X

and let y be a sub t algelaof F

DfE the conditional expectation of X 20 with
respect to g is a nav denotedby Etx Ig a

which it g meerardle ie

fu EE Xi g W EAD E g FA E CK

and satisfies

Et X EENg 1 AT O KA Gg
Is this definition correct Dae then exit wchno
And is it unique Yes

theorem Madan Nikadym let X XX be a
measurable space you be a t finite measure an V is

a signed measure absolutely cantinamen with respectto
then then exit an X measurable

function f Ja
taking values in NU I 01 such flat

VIA Sa fix pedal A EX



J is called the Radar Niready
derivative a deity afc

8 with reject to fr and denoted
dye It is unique

up to fr mall sets

Now consider the meandle space r g g seesigns
algebra of F and define a nonnegative set function
at g
2.4 Q A JA X Pedal ET XASA AEY

This set function in a nonnegative t finite neame take
the petition Dj j L X L ite joie then

Dj Et X 1 I xeej.jo to even if EEX o

That Q LCP i r PLA 0 I QUI o fallen fromthe
baric properties of the blague integral but an easy
verification it as fallones letMiljanbe a legend of
simple n o and that Xj P X for example

X 112 1 tacks illness

I ar more generally

Xj tix 1 pin BI E F xin GM

Since Et Xj 1 7 xin P Bin AA 0

by monotone camergence QIAI EE XAA E by.netj1AF

Applying the Radan Nikadym Ahearn F Capt P mall

sets r v S movable with reject ta g inch



that ad Sdn VAEg
This f it said to be a verian af Et X1g to

emphasize it uniqueness up to P null net

Etty cut defeat
For general r v X define XI merlo X

Et x ly Et Ig ETX IG XEmaid x

if no x x account with positivepraldility III inland
Nate that Etx g may be well defined even if

whenEENinat

Forexample let g Ft F X and suppose thatEExt EENo

Sa EEN it not well defined but we still have
EEX Ig EE Xt ly EEX ly Xt X X

mate that I Xt ta 11 X p in a null net

Éthgt ignite t algebra generatedby the finite petition
Dj E F j let m U Dj d P Dj 70

Any g measurable a v S it necenarily constant on each
set Pj Sugar or the contrary that it takes twovalues

on legDj say X's x then I w XCal E x ADj and

w X w 2x A D are disjoint cullet of D and hence

not in any
attend Di i tj therefore bath event cannot

be in g which contradict de f meannliliy g X
So for any r v X we get

EEX g ul Ei a Dp a



The caritant aj are found from E

Et X Éaj 1 a Dpi so i e in

which leads to

Etrigan Eight is cat

Teiaitaetifaeadttthn.at
t algebra generated by a v i e

F THE T Y B BE BURI

Given x in a pair of a v Et X 1014 is written

sometime as E E X 1 Y

Moreover it can be shown that farany tix meandle
r r Z there edit a Bard function E such that
2ul E Mal This applies in particles ta ETH ly
and this function it denoted sometimesby Et XIY yl

t ii sane
Sub J algebrasof F Then

a linearity EE ax by 1g a Ett 1g t l Et YIg arein

e monotonicity X E Y a s implies Et X1g Z EEY1g a 7

c identity an L Y If X is g meannelle theX EEXlg as

In particular C Etc g forany Cantat C Elk
d conditional Jensen's inequality If 4 i IR IR it

can nee and Et 14 x 13 Lto then



Et UCH IG 7 Y E TX197 a s 2L

Important Corollary KEE Xig Il I 11Mp pal
e pulling outwhat is known If Y is g meaurdle and

X Y E E i Ahmet y ly y Et X ly a s

f E projection If X E L then S EE Xig minimizes

Et X 912 over all g measurable random variables EL

g tarver property If HE y then

EE EE XIg H Et X 1 It a I

h irrelevanceofindependent information If It is independent

of g TCM then

ET X It G H ET X Ig a I

In particular if X is independentof It then
Et 1 It E E X as

i substitutionproperty an freezing lemma let himan in

be a Bard function If X is g mean nelle ha Mel
and Y is independent ay g then

Et heX Y 1g E th la MI la x

j CMON I I f OE Xu Xue a s for all men and
Xm X Ed then

EE Xu lg P Et XIg a I

K C FATOU If Xn 70 a forall MEN and limeXnEl
An

Et him Xm Ig E him Et XnIg a s



l c Dom If Ital E Z for all men and some ZEL't
and if Xn 7 X a s then

EE Xu 197 Et X IG a and in L

Ija sequence of disjoint events then

2.5 PC UAi g E P Aj19
so are in tempted to think that for any fixed
w EA P A 19 a Et 11A ly a is a meanie

an A In general this is wrong became
2 T only bald P a and we need to check
2 T for an uncountable number of sequences
Hence the intersection of all null at for which
12.5 fails may pile up to

a set of positive praldilly
Nevertheless in mact interesting situation we can

share that this does not happen

Definitional transition kernels

let Ge Ge and Ga Ye be tea meanelle

space An unman malized transition Kernel

from beige to Ga Ga is a function
Q Ceega 7 to D that tatisfie
i for all X E G2 Q k o is a mean an Ga Ga
ii for all AEge the function X H Q x A is

ge me malle

If Q x Ga I forall X E 62 Q is called a

transition kernel or ugly a kernel



If Ge Ga and Q x Get l for all E Ge E
then Q it called a Menkar transition kernel

on Ge Gel
An funnarmelized I transition kernel Q is said
to admit a denity with respect to the pacitive
measure pr on Ga if there exits a man negative

function q Ge x 62 7 to o measurable
with respect to George such that

ACK A qlx.gl play A Ege

The function of it then called an lannermalted

transition denvity function

ff.im
aeneilag space cnet.pl let g be a

sub o algebra of F let S 8 be a measurable

space and let X A 75 be a random element

in S A transition kernel Q Qxig R xft store
is called a regular conditional distribution of
X given g if
Q w B P X E B g a Pais OBEY

f S MF and Nal w the

regular conditional distribution of X if it
hits is called the regular conditional palalility

an F given y In this case



Pg la Bk Qxigiw B P X E BIg la P BigKat
2 Regular conditional distribution donotneed to

eat when S is too large

Mitigates
space s is said to be a Bond

space for a nice space if it is isomorphic
to a Bard whet of 112 ii e if there exits
a bijection e S IN such that batheande

l

are meannadle

Any Palich space complete separablemetric

space is a Borel space

Imagist ne oalgebra of F and let S 8 be
a Bard space Any random element Xin i s

admits a regular conditional distribution giveng
Bmgmentfgtth perian theorem with Remark 2.6 11
we have that if the probability space under camidenation AFIP is the canonical space of Borel space

valued

random variable then regular conditional probabilities

given any g E can always bedefined on the whole F

Far more general A Fir we still can always define
r c p but on certain smaller t algebra
For example let X be a real edued random variable

defined an f Rif P and GEF We can always



define Pg Ax TIX toned by E

Pylant Bl Oxygen B BE BUR

Pg is called the conditional peldilityof X giving

And this will suffice if we are only
interceded

in computing conditional expectationoffunctionsapplied
tax

MIIita random man get and at
h IR 7 IR be a Barrel meamable function
such that h IE C Then

Eth X I g lol Sanh at Qxiglarda P a s

h Xiii Pg la dal Pan

IEEIi
We know that since Et X 1 Y Et X NY

in Oct meanelle then E TX 14714 h Yul for
same Band function h
the conditional expectation of X given the

value

of Y may be defined by Et X Y y hey



that is Et X I Y y may be regarded as a ed

version of the conditional expectation induced
an IR ly the transformation Y a and thus

Bard needle rather than J Y meeurdle

If B E BCR

Et X1 Y g Py dy Sphly Px dy

yep
hot a Plan fy.gl X14 CalPldw

Sy rep Cal P da

Since in patiala hey Py dy 1,4114
Pedal

any Awe
choices of h ly have the same integral

for every B EBLIN
and hence must be equal

Py a e

the condition probability of A EF given Y y i

then defined as

PIA I Y y ET YA I Y y Px a e

Ther PLAdX y in a Band mean alle function

Py a e unique satisfying

PLA n y Bl S P A1 X y Py dy

L



A Arennitian Kernel Q x y ly B IR xD IR stored
is called a regular conditional distribution of X

given Y y if
i HB GB R I yay 1B in a Randmeannelle

function
ii by feed Excy y is a polarity meanie

on B R

iii For each BGB 1121Qx y ly B PIXIBI Agl Pea

they'd t be too no Then

a I a regular cand ditrilation of X givenMy

ii If Q x y and Exly are regular candi dirt

of X given Y
and given by respetively

th
Q x y w B Q x y x w B t BEB and

W 4N with NE text and ping o

iii Is g is Rael means the lab At EI lg XYID
Et g xx Y y Ii glx t Exley y del P

A matter application of tranitian Kernels in the

following version of Falin's theaen

MjÉmg meaner Milica on a meander space

E E is uniformly o finite if the exit
a decomposition E U Am with An E E and

cantant kn 70 uh Ift th EN tie I peiAu kn



theoremI Generalised Falini I

let Ea Ee p be a meme space with p being
T finite Let Ez Ez be a meandle space

let e Eek z 7 1kt be an unrarnelixedtransitionkernel such that the family of meanies
T Cee alle ee is uniformly O finite then

e 7 meanie V an Er x Ez Eco z inch
that
VCAc x Aa

A
Clee Az putdee

If g
E e x E n s IR is a function Ee Er

731114

measurdle and the integral of g with regretto w exits Alen the function
ee a Je glee ez e leader

is well defined p a e it is meamelle and
it integral with respect tape exists and in equalto

12.61 JeetErg
d JE f Eagledelete deal feeder

theorem Gevedited Tonelli
Assume the same notation of theorem 2.11 Then if
g

it EeoEz Burt measurable and

See f e lg
series e er dez Mcded Lto

then g is integrable
kith respect ta v and the formula

2.6 hold



i e
denities of the r o involved

The following revet allure to find Bayes formula

for more general conditioning t algebra

theorem Bayes formula
Let R F P be a pal space carrying a r v X and

let g be a me r algebra of 7
Aim me that there exists a regular conditional

probability meanie pedal X on g and it

has Radeon Nikadym density car with respect
to a t finite mean I can g

Pl B IX e x S wit X du

Then for any E MIA such that

EEIECXTCoetletecaisslngigiiff.si
where Px is the law of X

Mafia that
12.88 Et ECHIGI W dg w

where Q is thesigned measure defined by
Q B El Call Paul BEg



Then Jan any BE g
P B EE E EAS IAN7 PLBACK a Plan

Mr

K Y P Bl X m Px dry

Tip p
Cain X dnt Px du

2.9 I f Sinclair Px
du XEdm

e Image meanie Meaner
I Fulini's Ahearn

Alia for any Beg
Q B EE ECH ISB EE ECK EE D ITCA

J G u PlB 14 1 Px du

fine al Elwin X du Px edu

2.10
p Elul wit Px du XIdol

Nate that A LEP and by 129 PLL X lang
and hence all a Q L2 X
So for any BE g

B dg a P du dat la dig w XCdo

while on the alla hand



B S dog a x du K B Eg
Since B is arbitrary we can Candide

dog a dog a digcan t a s

Moreover since

pl w dat a o Julyday o PIdw

In 11191 lolol dat a Xcom o

We can write

g car Ija p a s

Finally 2.91 implies that day a InelwialPxdu

and 2.101 implies that day a f a ecwatPxde

which together with 2 g allan un to conclude

pÉY g is generated by a random variable Y
and there is a t finite meme V an B IR and
a meamrolle function rly x 20 Sa that

Pl Y E A X x
A rig

x reedy

then fan ECH EL

meeee s t.is t



Proof
We can write

PAA P YEA E EE PL YEA INN ET P YEA I Alex

Et SA r ly x VIdyll x Et rig Xlv dy

JA Et rly x Vidyl

Al Fubini is theorem

Define ily Et regex and define

12.12 twixt I iffy
a Tcxiall so

O I Yall o

Any g measurable set in by definition a

preimage of
some A under Yeah that is for

any B
E g there is A E BCR such that

By wi Ya E A Then

J Clan x Plant fgh Pedal

a 17,5 Peldy riff icgividyl
JA rly x Vidy PL YEA I X Pl Bl X x

Hence 2.11 follow from 2.7 with with givenby
2.122 and X du P a hate that aCylonMrnarrator

and denominator cancel out



HI

1ME j p be a copy of theplaids
space R F P then 2 12 reads

12.131 Et Ela 1g ÉE ÉY
where É denate expectation on R F P
and X i is a copy of X defend

in this auxiliary

probability space
m

2 pay and 2.13 hold Uber X
and Y are random vectors

Fingering natation in after and
pexeaxltn YIII.IT an

for the regular
conditional distribution of X given

x Nate that is absolutely continuous with
respect to the law

of X



2k

iii.ie
with the following structure

Xj is a Marker process with the trenitian

Kernel A x der and initial distribution
pident that it

P X E BI FI V Ija A Xia del Pa

Where It n T Xo Xel Xj e

PIX GB plant O BE BCK

Yj is a random sequence inch that for
all j 70
PLY E BI If FY J M Xi del Ras

with a Marker kernel M x du which has
denvity fix cut with respect to some o finite
measure Yedu an B R

ifeng.fi eetn solution of the recurve

equation
2 in Kilda fgfj.FI1 1f.pi



subject to U

2.95 to dx ftp pk
let f 111 1111 be a Bard meanelle function such
Alat Et If x 11 Cta for each j so then

Etf Xj Ig flat tej dit pas

pref
Xj Y t it Manker with trenitian kernel

A x edu 8 un V de

PCXiEA YjEB IFYe VFfc
Et Et expert aye Fj v F e Fj v5 e

Et Alyea Et Meyer 7 v71 ft u Ft
Et 1 gxi.ca I V1Xj vivian FI V F

JaI V niv v der A Xj i idn

The regular conditional ditrilitia of Yo Yj1 given

IT is given by
P Y Eto YjCAj1718 El Dgy.es Hey ear P Ai just II

Et NEXEA 1
Yj cAge Sy81Xy nj Vldnj I



Sto Ja 81k no 8 Xj nj v duo Vida

then by Remark 2.17

eiecxnie.mn E I Y I
We introduce the natation

L XCal Y 11 81Xilai Yi

and mate flat

É t XCall L xCal Y 171

Li e X lil X EEE X a 8 Xj lil Y Ff

Lj e Xial Y Si Ela Ha til
A Xj eat du

then

erectile EEEIIYIYET.li

ii it
L



2C

i
hii i ii i

Renate by Taj dx the regular conditional

distribution of X given 74 Then the last

equation needs

Sinecarican
eternity.tt iIiihijI

integralwithrespectto

it sina.si 1 i iiis athedoubleintegral

and by arbitrariness of E 12.141 follows
To prom 2.151 we can write

In Ela Rotate Et E Xo I

Y t.siiitt
which yield 2.15



2Idfiltereytterferened
Here we will give arm alternative proof
to 17.14 using the reference measure netted

It requires stranger arumptions an X Y

but give additional insight on the structure

of 3.14 and it is useful in the continean
time care It is bored on the following

term

lemma2LI
let Cr F be a meannelle space and ht

P and E be two equivalent probability
meanie an F i e p a P Penate ly
Et 1g and EE lg the conditional

expectations with respect to GEF under
P and P Then for any X E L

12.11 Et X Ig ÉÉeÉÉgy

Eiht we prove that the
n hrs af

2.16 is well

defined P a s

Pl Et Ey 187 0 E I 1 LET 187 01



2.2CET AL Et 187 01 If
É EN EtIgÉFÉE 1277 0

clearly the n his af 2.16 is g meamiable and

for any A Eg

FELIX EE.IEigTIUAT
EIIX ÉÉÉÉgT A dat

EI XII 11A ÉtÉÉIgy l1AÉtd

O which verifies the claim

this lemma suggests the following way of
computing the conditional distribution Find
or reference measure P equivalent ta P under
which the computation of the conditional

expectation would be easier undly one choose

p such that X is independent of g and
use 2 16



We will aim me the following structure fat
the alienation process

all other assumptions remain

the lame

Y h Xj j
where hill 7111 it Bared

meamalle and Sj pro is an i i d

sequenceof a a independent of X such
that I has punitive dervity glut so
with respect to the Celeign measure

Pls Er Jj yields
let's verify the claim of Theorem 2.19 under
this assumption
Define Fj Ft V7 Ftv 5
12.171 Ii Xt I fifth 70

and

dI w Ej Nwl Yall

Hence P in a pulalility mean or Fj
which is abialutely continues with rept ta

the restriction of P or Fj Indeed

P r Et djcx.AT EE II EFFIE
Et II Fugitt



5 1 4 Et I l II athght.tt Iqiuildm
du

Et
in y I q h Xi tail duo du

win E f It Jing h til milder
ri actistui Et IsLayla

2
dri du

Under the mean I the random pacey X Y
look absolutely different

i the distribution of the process Y Y y carineider

with the distribution of 9 lo I underP

ii the distribution of the peace X Xo Yi is
the same under both meanies P and P

iii the paces X and Y are independentunder P

Let's check this properties the proof it bared on

the following computation
let Y O be Boredmeannelle banded functions from

Rite to It then

ÉtyExild Egil
Et 41 19141 Ii xx

Et 4WM.I.EE n

L



Et 4 X G heats i hail si It Ay 3k
Et 4 x 4thlater hlxiltui.I.FIMIIqcuilduid

Et 4 x 4 h to tho h x tu If q hexiltuilda d

EE YIN I 01m ing II quit du do

Et 4 x Et 01st
Now

i Fallacy by taking4 I and the arbitrarinessof4
in Fallows by taking 4 1 and the arbitrariness of Y
iii If i and ii held

É t YIN ACH ET YIN ETACID
É t 4 X1 É t 4 N
it I

which due to the arbitrarinessof 4and of yields iii

By lemma 2.20 for any hounded meamelle fending
Eigexilitis ÉÉ1YE if

can Éi8Eg



Where dat I f x y 2.1.8 it due to the 2.4

independence of X and Y under P
we un notations

of Remark 12.16

Next

É t g Xj al I f xceil Yea
E I g x call Et I Xiii yall ti xp

girl É t d Xli Yea Xj a Px du

I in glut j du

On the other hand

É t g Xj will I f XCal yea

Et Iii xia tallÉtgexical 9kigif.fi j.l
EtIj cxcatcaillipgal 9ltigg.fi A cxjelailidu

inglut
9ltigj.fi A Is du j di

Since g is arbitrary
we get the recursion

12.19 Ci du Ji 91tigtf.it ACsidnlei.eldsl



Finally by 12.181

Eegstills 3 SingTffitt
and Ur can compute Tj dx from theorem 2.1

by normalizing
rican gift

Nate than in this case y la Yi g Nj hall

pemak2lt
The previous computations suggest that in order to

find Tj del ke can find solve the linear reunion

for film in equation f 19 The meanie ej du

is called the unnarnalized conditional distribution



i
an nat

any practical At each time step they
require at least two integrations We are computing
random measures which are infinite dimensional
objects

KE.tt aeeeaginitedimenuanduithreira
to a function f if the right hand side of

Etf Xj 17 Jen Tejeda

can be parametrized by a finite number of
sufficient statistics of Y

The evolution of Tej can be infinite dimensional
while the integral af to against a specificfunction

f may
admit a finite dimeriand filter

there is no easy way
to determine whether a

nonlinear filter is finite dimensional In feet
few dimensioned filters one known



sina.fi mEt
a finite state space S Lae nad

Then it Makar kernel is identified with
the matrix A of transition probabilities

A em P Xj am I Xj e ae

let po be the initial distribution of X i.e

poll P Xo al l l d

Suppose that the aberration paces Y Yj zoo satisfies

PCYj EA FI V F e red let id

Nate that each ve du KV dug 8m du see no

generality it last by aiming that Veedu feltVidi
fear some t finite meme V on B 112 and denote fe
The conditioned distribution TC dx cc If Sai and it
can be identified with the density Tej which is just
a nectar of conditional palalittie PCXj al It attend
Then female 2.14 writes a

ti diydagfgfj.FI y
where fltiklfeltiliifdltillt.to p

and I x1 EdItil e Rd

Alternatively one can calve the unnamalised equation

j diag fltill At ej e lo p
and then TC lil test



thanks to the properties of Gaussian random actors

MIfidenfreata x with calves in India Ganusian if
Et expli xx explixtm I Ik x

for all XE Ird for a vector m and a nonnegative

definite matrix K

One can check that me Et X and K Car X

Moreover if the characterti functionof a random
nectar is the exponentialof a quadratic farm
this nectar in nececiarily Gouvion
Gaussian vector play a very special role

in probability

theory Far stadestic filtering the fallowing pyertie

of Gauri an rectal are relevant

Thtrandam vector X E 112m and Y E IR be such
that X Y farm a Gandhian nectar in 112Mt

Then
1 Any affine transformation of X M is a Gaussian

randan variable In particular Z b t AX
with a nectar b and a matrix AA is a Gaucian
vector with Et Z b t A E tx and Car Z Acarat

2 If X and Y are orthogonal they are independent
1 the appaite direction it obvious



3 The regular conditional distributionof X giant
Y is Gaussian P a I moreover

Et X 1 Y É TX IN
car X 14 ET X EE XX X EEXINYI Y

car X car X Y car Y t car X Y

Maffett Eee xx in an Coffel function of t

But car X Y is not a function of
Y in the

sense that it does not depend on the

particular value of Y tha wi above

of Thea
2.23

let Z X N E IR and M b B Z E IR

B Bx By E IR
mtm be In

E TM EENBZ b BEEZ b B FIX BEN

Car M Car BZ B car Z B

In Bill il
let A EIR

y Et en x'MI little Beta Et exp i XtB Z EE

ti camion a little Bet
exp 12 Xt BowralBt x

Ming Ref 2.22 we getthet U is fannin with



mean Et le and covariance matrix Car bl X

taking By O and Bx A ve get that

t b A X r N I l AEEN A car x At

2 Let Xx E 112m Xy E 112 then

Et eixtcx.tl eitherx Xx Eir e Xx l 1114,1444
1 will B Id e pinta Mtn

at

gyf
eitxett ft'tcarexnxx.eixyettlfxjou.cl

Cow X Y O
El X and Y are independent

3 Recall that X É T X 14 it arthagand to Y

and thus by 127 they are alia independent

Then

Et e pl i XI X É et x Y

Et exp i XI X É Exit
and on the other hand

Et e pl i X E Tx 1471 Y

éiIxÉt Efendi x Y

sa

Et en Y exp it Étx 9 Eterplittex Etna

Since x Étx it is in thelinearity xx
we have that

I exp i II EXÉED f ti carIX Étxmd



exp 12 II car X É exit x 21

and

Eteittin anti
ÉÉIÉ I ÉÉÉII

Incat or wanted to pane

Canvider the linear model 2.10 and 1.11 where

the sequence I and E are Gaussian as well as

the initial conditions Xo Xo

Then the process X Y are Gaussian andby
comma 2.23 Ah conditional distribution of X
given Ff in Gannon too

Moreover the parameter mean and camiance are

governed by the Kalman Bucy filter equation
in Theorem 1 T

Thination in theorem 2 I can be found

using the recursion for the nonlinear problem
In particular for any Bard mean idle E such that

Et Elt 17 cts we have that

El Elt IF a flat to exp 111 du

where Pj and I are generated bythe Kalman Buy equation
Mare models for which finite dimensional folks
are known but their practical applicability it

unally limited


