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INGRAINING HABITS OF
TIME-ECONOMIC CONSUMERS

By

Birger Wernerfelt*

The paper develops a new theory of consumption, in

which decisions are made in terms of habits rather

than as selected purchases. The consumer searches

for and receives offers of alternative brands as point
processes with controlled, but costly, intensity.

Since the user skills that are assumed to accumulate
with experience are not fully transferable, the consumer
will demand an increasing price discount to shift brands.

*The paper benefitted from technical comments by P. Protter.



This paper will present a radically new theory of consumers, based on
the idea that man is a limited-capacity information processor and has to

operate in habits, which are revised only if it is worth the time to do so.

1. TINTRODUCTION
This section will present the basic reasoning behind the theory of the

time economic consumer by means of an example.

a., An Example

Let us take an intuitive look at the way an agent faced with a time con-
straint will operate. In doing this, it is helpful to think in terms of a
particular example., Suppose that a person from country X, where one always
eats a local, nonexported fruit for breakfast, moves to the U.S. and decides
to have cereal for breakfast. The first time our cosmopolite goes out to buy
cereal, he is totally ignorant of the nature of the different brands and their
relative prices. If he has anything like an ordinary income and an ordinary
workday, however, it is a trivial conclusion that it does not pay off for him
to search out all the existing brands, read their labels, and check their
prices.

One way or the other, our cosmopolite makes a decision and brings home
a brand about which he knows very little, The problem now is, how is he
going to eat the cereal, e.g., with milk? with sugar? with fruit? what
fruit? and how much of each of the above? The point is that cereal is merely
one input into a process by which he produces a meal (this is the consumer
theory from Lancaster [1971]) and that he knows very little about the
production function. Here again, our friend will take a shortcut and try out
the brand in a particular, if arbitrary, combination. One reason for this is

that he logically cannot know how he will like things he has never tasted.



-2
Another reason is that even a trained chemist/biologist would not bother to
calculate the perfect mix in terms of moisture, sweetness, spiciness, etc.,
assuming that this could be done. So the decision made on the first day of
use is of a rough and ready nature; it is just not worth it to experiment too
much--the train leaves in seven minutes.

Depending on how the meal tasted the first day, the combination can be
revised in various ways on the second day; he might, e.g., use less milk and
more raisins. Further improvements can be tested on the third day, etc.,
until the box is empty.

When the cosmopolite goes out to buy his second box of cereal, the
situation is fundamentally different from the first time. He can still do
what he did the first time: gather information on a few brands, remembering
what he can from the previous search, then make a quick decision and bring
home a brand for taste experimentatién. He can also, however, make the

following argument: “The information I found is probably still valid; my
criteria have not changed and I have now gained some user skill (production
experience, if you want) with the brand I first bought.” If he is relatively
satisfied with his original purchase, buying the same brand again is clearly
easier in a lot of ways; he saves search time, decision time, and experimen-
tation time. His opinion of the first brand therefore has to be pretty low in
order to warrant not simply repeating the purchase., It is thus time-optimal
to develop a habit, a decision rule, according to which he buys the same
cereal every time.

Let us now think about the optimal strategy for searching out candidates
for alternative habits. Suppose that you want to take advantage of an offer
of a brand of cereal right now; depending on where you read this, it will

probably take you at least ten minutes to get to a supermarket and find the
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shelf with cereal. Once you are at the supermarket, you can, of course, get
information about several brands at little additional time cost, but almost
surely not about all brands. TIf you really wanted to investigate the market
at a specific point in time, it would probably take all day. 1If, instead,
you, are content to receive fewer, occasional offers--for example, when you
are already in the supermarket--this can be done at very low time cost. In
fact, many opportunities for easy acquisition of information/offers are
encountered every day; when we shop, read newspapers, chat with friends, etc.
Other opportunities, such as ordering a furniture catalogue over the tele-
phone, are slightly more time~consuming, but are still very, very cheap
compared to a complete search,

In particular, we can compare two searching strategies. 1In the first,
one takes the habits one by one and samples until one is satisfied; in the
second, one continually decides, for each habit, how easy a sample opportunity
has to be before one takes it. Because the former procedure is a special case
of the second, the optimal strategy of the second type will dominate that
of the first type. In this view, and contrary to the assumption made in
most economic search theory, the agent is to a certain degree alert to search
opportunities and uses some of them to check on his habits, the checks most
often having the form of price-quality offers. The amount of checking time
devoted to various habits depends on the riskiness (see Weizsacker [1971]) and
actuality of the related purchase situations. If, for example, you expect to
have to buy a new car soon, you will use more time reading, talking, and
thinking about it.

Let us now go back to our cereal consumer. Assume that he has decided
on his checking intensity for his cereal habit, and consider the rational
response to an offer from a new brand of cereal. Once the offer has been

received, the marginal search costs are zero; moreover, the decision to
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compare it to the brand currently used has also been made a priori., The
decision about whether or not to shift brands can therefore be reduced to a
weighting of three things: price, quality, and user skills. For the

user skills in particular, one has to assess the likely start-up level of
using the new brand and compare the learning speeds of both brands.

A particularly simple example, which I will call the case of semidiffer-
entiated products and will analyze more closely in the next section, is the
following. All brands are both different (in the sense that user skills
obtained on one will not transfer to another) and similar (in the sense that
they are expected to perform identically, utilitywise, for similar amounts of
user experience). In this case, the challenger brand is preferred only, if
it sells at a discount large enough to warrant the loss of accumulated
user skills on the currently used brand. (In Appendix C, I will look at the
case with partly transferable user skills and partly heterogenous products.)

The ingraining of a habit as it grows "older" is due to the fact that the
fixed cost of changing it will grow with the age of the habit, as one's user
skills grow with experience., This effect will lead to a decline in checking
frequency and the amount of price discount required for change. So learning
declines and habits become ingrained, in the sense that it takes more to
change them the older they are. (In a more refined analysis, one could see
this effect as counteracted by a general diffusion of brand-specific
information. )

b. More General Concerns

In the cereal example, it seems reasonable to define the habit in terms
of the brand, but the concept extends to many other cases. For some services,
such as lawyers, the habit is defined by the supplier, while purchases of most
branded goods represent a combination of two interdependent habits, one

associated with the store and the other with the brand.
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Ones does, however, perform tasks other than shopping-consuming in a
habitual way. Consider, for example, what you do between waking up and
arriving at work. In this limited period, you have to do a number of things
in the "best" possible way; and, if you are like most people, you have devel-
oped a set of only rarely changing rituals, habits, which you execute every
morning. These habits--e.g., the point in the sequence when you shave--can
be analyzed in exactly the same way as the cereal habit in the preceding
section. You could shave earlier or later, but doing so would force you to
learn how to shave in a more or less dressed, wet, and awakened state; and,
unless you change the whole sequence, most alternatives will necessitate an
extra trip to the bathroom (assuming that your current "production plan” is
efficient).

The example above is merely suggestive; clearly, people also perform
their jobs in habitual ways. The learning curve for assembly workers is a
result of the ingraining of more and more efficient habits on the part of the
individuals involved. The worker begins doing things in a certain order and
manner and learns how to execute that plan as he carries it out., Changes in
the plan will have to promise a noninfinitesimal improvement in terms of

efficiency or ease before they are accepted.

c. Theoretical Antecedents

While brand loyalty is a prominent concept in the marketing literature,
it has not so far been given an economic explanation. The economic theory of
habit (e.g. Lluch [1974], Spence [1981], and Weizsacker [1971]) has left the
rationality of habit formation unexplained and has not been linked to search

theory (e.g., Rothschild [1974]).
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The mechanisms used in this paper have close ties with the bounded
rationality school (e.g., Barnard [1938], Leibenstein [1976], Lesourne [1977],
Radner [1975], Radner and Rothschild [1975], Rothschild {1974], and Simon
[1945, 1957]), although the agent here is kept rational through explicit
introduction of the time costs resulting from limited information-processing
capacity (Bruner [1958], Haines [1974], and Jacoby, Speller, and Kohn [1974]).

Finally, it should be noted that models of this type are the implicit
foundation for all differential equation models of sales flow (e.g., Clembout
[1971], Phelps and Winter [1971], Wernerfelt [forthcoming 1982a, Ch. 7], and

Wernerfelt [forthcoming 1982b].

2. THE MODEL

In this Section, I will look at a formal model of the above reasoning.

2.1 Premises

let us consider an idealization of the cereal situation described above.
Our consumer uses n goods, each of which is available in many "semidifferen-
tiated" brands (or from many “"semidifferentiated” suppliers; these two terms
will be used interchangeably in the following discussion). As stated above,
the "semidifferentiated” brands are assumed to be different, in the sense that
user skills obtained on one do not transfer to another, and yet similar,
utilitywise, for similar levels of user skills. The consequences of partly
transferable user skills and partly heterogeneous brands are mentioned in
Appendix C.

I will allow the consumer to use his time in three ways: price scouting,
learning of user skills, and price bargaining withvhis current supplier.
The consumer is stupid in the sense that he does not learn from his price-

scouting experience; his probability distribution over the prices of suppliers
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other than his own is constant and unaffected by experience and time. The
consumer is furthermore constrained to follow a single cutoff policy in
relation to price offers, such that he accepts all offers below a given cut-
off value, which depends on the state variables of the problem. (This type of
policy need not be optimal, although it most often is.) I am considering a
consumer with habitual relationships to suppliers of each of n goods. These
relationships are continually checked as the consumer scouts for alternative
offers, which, depending on their attractiveness, are either dropped and
forgotten or taken up as substitutes for that of the current supplier. 1In
addition, the price paid can be influenced to a certain extent by bargaining
with the current supplier. The process governing the prices paid can be

written:
(1) dpi(t,w) = ai(t,w)pi(t,w)dt + dNi[Ai(t,w),pAi(t,w)Pi(t,w)], i=1,2, ...,

‘where

pi(t,w) is the price paid for the i'th good at time t for a particular

realization w of the process;

ai(t,w) is a scalar expressing the rate of price change which results

from the bargaining at t for a given w; and

dN[Ai(t,w), pAi(t,w)Pi(t,w)] is the increment of the process describing

the effect of price scouting.

Reflecting the randomness of search opportunities, offers arrive as in a
Poisson type process with intensity Ai(t,w), and are accepted if they are
below the cutoff pAi(t,w). So dNi causes no change in Py if an arriving of-
fer is above Pai while an offer below P,; causes p, to jump to that value.

As soon as the consumer starts a relationship with a new supplier, he

engages in efforts directed towards increasing the satisfaction he can get
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from the particular brand bought from the new supplier. As outlined above, I
will here assume user skills to be nontransferable, so that one starts from
scratch every time a new price offer is taken up. Thus, the process governing

the indices of user skills can be written as:

(2) dei(f,w) = ni(t,w)ei(t,w)dt + dMi[Ai(t,w),pAi(t,w),ei(t,w)], i=1, 2...n,
where
Gi(t,w) is the value of the user skill index of the i'th habit at t
for a given w;
ni(t,w) is the positive rate at which learning efforts cause the index
Gi to grow at t for a given w; and
dMi[Ai(t,w),pAi(t,w)ei(t,w)] is the process describing the effect on
ei of the takipg up of new price offers. As long as no new offer is
taken up, dMi causes no change in Gi, while arrival of an offer below
p,; causes Gi to jump to 1.
For simplicity, I assume that the consumer finances his consumption with

cash from a checking account which pays a certain interest. So the dynamic

budget constraint is
n
(3) ds(t,w) = [rS(t,w - ) p, (t,w)y, (t,0)ldt,
i=1
where
S(t,w) is the cash balance at time t for a given w;
r is the interest rate at which S inflates; and
yi(t,w) is the level at which the i'th good is consumed.
Now make the crucial assumption that the workings of the user skill index

are valued as purely volume-augmenting, such that the maximant can be written

as the expectation of
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() Joe PEUG(E, 0,500, ,A(,0),1(E,0), ot ,w) )t + B(O(T,w),8(T,6),p(T,0)),

where
T is the time horizon;
p is the positive felicity discount rate;
y(t,w) is the n vector of the products yi(t,w)ei(t,w), namely, the
perceived volume equivalent of yi given Gi;
A(t,w),n(t,w), and a(t,w) are the three n vectors with typical elements
Ai’ n, and a3
U[+] is assumed scalar-valued and Cz;
p(T,w) is the terminal pricé vector; and
B[+], the bequest function, is scalar-valued and C2.
I will assume that the consumer attempts to maximize the expectation of
(4), subject to (1); (2), and (3), by way of feedback control of vy, Py A, n,‘
and a. In particular, the problem is the construct piecewise continuous
functions §, ﬁA’ X, ﬁ, and o of S, p, 8, and t, such that the positive-valued
y; (£,0) = 3.(5(t,0),p(t,0),0(t,0),t) , i=1, 2... n

Py (E50) = ﬁAi(s(t,w),p(t,m),e(t,w),t) ,i=1, 2... n;

A

A (E,0) = A, (8(t,w),p(t,0),0(t,0),t) , i=1, 2... n;
ng (£,0) = 0, (5(t,0),p(e,0),0(e,0),6) i =1, 2...
o, (t,0) = &i(s(t,w),p(t,w),e(t,w),t) »1=1, 2... n

maximize the expectation of (4) for a given set of initial values s(0), p(0),
6(0), a given probability space over w, and diverse constraints.

In the following I will, for simﬁlicity of notation, suppress explicit
dependence on t and w.

Assume that U[+] and B[+] are nonnegative, bounded, and concave.

Using subscripts to denote partial derivatives, it is furthermore assumed that
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U0 for S+0+;
Uz >0 for z =y, S, a, =\, -n;

Uy—>°° for y+0+,

Ua+m for arat where —» < g < 0;
UZ+O for z = ), n+0+;

U,, <0 forz =y, S, A, n, a3

Uz z < 0 for Zs Zy being any two different arguments of ), n, —o;
12

Bz >0 forz =06, S, -p; and
BZZ >0 forz =6, S, p.

In this case, the optimal policy2 must satisfy the dynamic programming condi-

tions below3.

2.2 Necessary Conditions

The value function W(t,6,S,p) satisfies

‘ 5 n n
(5) 0= MAX -, {U(y,8,X,n,0) + W_[rS - 121 y;p 1+ 121 W o

A A

(g;’f)A,)\,n,O‘) i

11

n n
+ W, n,6, +W - oW - AW
j_Zl 91 t i-’zl 1

;\[Zw(t,el,...ei_l,l,ei+1...en,s,pl,...

+
e

I~
—

Pi<Pys
pi—l’pi’pi+1 L 'pn)fi(Pi)

+_ ) WE (I,
>p iti
Pi7Pps
where fi(Bg) is the probability that a received offer has value 5;. The

equation (5) is constrained by the initial conditions (6(0), s(0), p(0)), the

terminal conditions on W,
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(6) w(T,6,S,p) = B(6,5,p),
the dynamics (1), (2), (3), and the need for the control variables to stay
positive. I will now assume the latter problem to be academic and look at the
first-order conditions for internal maxima., The first-order conditions are,
for i =1, 2, ...n are;

@ vy =g,

(8) w(t’el’"'ei—l’l’ei+l"en’s’p1’"'pi—l’pAi’pi+l"°pn) =W,

P, .

_ Al —

(9)Uli - IO wpi (t’e]_’."ei—l’l’ei-{-]_'.'en’s’pl’..pi—l’pi’pi+1".
p )F. (p,)dp,,

(10) Un. = —we.ei, and

i i
(11) Ua. = —Wp.pi,

i i

where Fi(E;) is the probability that an offer received is below Ei.

v

Let me first look at Pyt If one defines the variables p = =, the con-

(<o) Bs e

straints can be rewritten as

v v v v v
(1,2%) dpi = (ai - ni)pidt + dNi (Ai,pA pi) ,i =1, 2... n, and
i

(3) ds = [rS -

_V
L y;p;lde.
1

1

([ =]

In this formulation, all traces of the variables 6, p have disappeared and
v v
search, as described by dN, can be seen as search for lower p. So the ori-

ginal complex problem has been reformulated into a very familiar omne, with
v
the trivial decision rule that all offers below the current p should be

p

taken. So the optimal value of Py call pz, is rt
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If we next consider A, (9) implies that an exogenous downward shift in

the domain of F(p), leading to higher values of F, will cause A to rise.

So search increases, if perceived potential increases.
Further comparative static reasoning, based on the assumed shape of

U[+], shows that a lower value of n, i.e., fewer goods, will lead to faster

learning, as measured by A, n, -a.

If we interpret the model as being concerned with a mass product con-
sumer, the price effect of bargaining, ap, is typically zero, since the
prices in the supermarket are given to the buyer. Apart from this case,
where no bargaining takes place, ap may be zero as a result of mutually
counter-balancing efforts from both buyer and seller. If we specialize our

model by thus setting o equal to zero, a couple of well-known effects

appear. First, in the absence of habit change, search will decline as the

upper limit of integration in (9) falls.
Finally, if we think of one of the goods, say the k'th, as represent-
ing all new, not yet consumed products, such that Gk =0, Y = 0, we find

that, ceteris paribus, novelty seeking will grow over time, as search in other

directions declines. (This, of course, requires slightly different properties

of Uy than those stated above).

3. CONCLUSION
This paper is an attempt to introduce a new dynamic theory of consump-
tion‘inspired by the brand loyalty phenomenon as used by marketers. While
the model shows the behavioral realism of bounded rationality models, it

has the additional attractive feature of portraying the agent as rational.
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Since the model can be used as a theoretical foundation for differential
equation models of market-share flows, it might be a useful building block

for further work in dynamic economic theory.

The University of Michigan
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APPENDIX A

THE ALLOCATION OF WORK TIME

If one thinks of jobs as sets of acts performed by sets of habits, one
can modify the model slightly to consider work habits. We will interpret
y. as the daily level at which the i'th act is performed;
p. as the time cost of each performance;
6, as the performance skill;
A, as the intensity with which one searches for better ways of perform—
ing the act;
n, as the speed with which one learns to execute the habit better; and
a, as the negative of the force with which one bargains with one's em-—
ployer for lower standards.
The only problem is that the dynamic constraint (3) fails to apply, so
I will look at A, n, —a as direct measures of the respective time uses,
remove them from the utility function, and introduce a static time constraint.

I now want to

(1) ,  uAX_, E[[ie P"UGT,8)dt + B(O(T),S(T),p(T))],
(y5p,54,1,0)

subject to the previous constraints, e.g. (1), (2), and
n

(13) iZl (A, +n.-a) <1,

where L is some positive scalar.

In this case, the optimal policy is bang/bang, i.e., all effort is

allocated to one of the A, n, —a, depending on the element

P,
Ai - -\ .
MAx{-/, W, ®ps1,)F ())dpy Wy 6, py [ 1= 1, 2, +ounl

1 1 1
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Therefore, in this model time/effort uses can be ordered on a scale and we

always pick from the top of the list. If the top element loses its position

by our attention, we can be said to "put out fires,” whereas if its position
is enforced, we "stay with a winner."4 TIf we set o = 0 and use the
assumptions made on U [+] above, we are in the "putting out fires" case and

the fires get smaller and smaller, reflecting declining learning speed.
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APPENDIX B

AN EXPLICIT SOLUTION

Let us look at

0 - n . .
(14) A E{fpe Pt o [(y,0,)% 10 S1a M),
(Y;pA,A n a) i=1
éubject to
(D dpi = aipidt + dNi(Ai,pAi) , 1=1, 2,eee, n,

(2) dei nieidt + dMi(Ai,pAi) ,1i=1, 2,.4., n, and

n
(3) ds = [rs - izl p,v, ldt,
where the constants (r, p, a, b, ¢, d) satisfy
0<r<op,
a, d < 0, and
1<0b, c,
and where all control and state variables are required to be positive at all
times. The initial values of p, 6, S are also assumed to be positive, and
prices can never go below P, > 0.
I will now use the theorems from note 3 in sufficiency (that is, veri-
fication) form. The shift to infinite time horizon is made for exposition-
al ease only.

For a candidate policy to be optimal, the value function should satisfy

n

° by cy dy
in Ci, %i -
n; oy W _(rs izl y;P;)

(15) 0= M (-1 (y;6)%
(Y:PA,A,T\,U) i=1

n n

+ W + 9 - - .
Z p,4P1 Z W, i W 1; Alfpowp (p;,1, )F, (p,;)dp,},



-17-

where

(16) E{e "'W[+]}50 for tsw
is a transversality condition, replacing the terminal condition (6) on the
finite horizon problem.

If one inserts the candidate policies (7) through (11) into (15), one gets

the following partial differential equation in W(S,p,6):

1 1

n L oay Pis. — =P i 4 2

(15) 0 =K Il [0 p;6;) (fpo lwpiFi(pi)dpi) (g, 0;) (Wpipi) ]
-oW + W rS,
s
a
where a_ = l a, and K, is a negative constant.
0 421 1 1

To solve this, we decide to look for a solution in the form W(S,p,0)

a
= WO (p, 9)S 0. In this case, WO shall make the following expression

constant:
1
n 1 a, p.o, b, c, d,
- ,1i,,11i0 — = 1,0 i, 0 i
I [(p.6,) “(J W F,(p,)p,) (W, 6,) (W p.)  ].
i=1 i’i 0 pi ivitti 6i i pi i
One may verify that this is the case for
P Loy P. X -z
0% _ n i6,—"i,fiv i, v . .v i dp.
(18) W = Ky ,gl [fpo ip; (fpo p; Fi(p;)dp,) il,
3; ¥ty by 0% .
i = e ————— = e % =
where KO is a .constant, X, Ci+di , and z; bi+ci+di SO Wk = WO S0

solves (17). Furthermore, the upper bound on the utility function, we can
make the transversality condition (16) stick, such that W* inserted into
(7) through (11) actually gives an optimal policy.

We thus find
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vy, = By S i=1, 2,.. ,n,
Py
* i =1, 2
pAi _pi—l- 1 =1, 2, »0,
0.
1
1 1 —
R T I
* =
A% B"Upo p; Fy(p,)dp,] fpo Py (fpopi F,(py)dp,1 “dp,
i = ]-, 2, LN ’n’
1 L _
Loyl Pyf % 7 Pl X P X
% =
n¥ =8 (p;(p;6,) [fpo p; F (p,)dp.] fpo Py (fpopi F. ()
i=1, 2, eee ,n,
a* = B —1- 'n* j_ = ]. 2 n
i o Bn i y Ly see y1l,

where are four constants.
By’ B}\’ Bn’ Ba

and
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APPENDIX C

TRANSFERABLE SKILLS AND HETEROGENEOUS PRODUCTS

If we allow user skills to be partly transferable between brands, such that

a switch to a new brand causes Si to jump to

0
ei = (ei - 1)\)i +1 ,0 < vi_s 1,
then the value of P, is given by
0
L
P19, -
i

If we generalize to partly heterogeneous brands, such that

vy =985

where My is a positive quality index which takes different values for each

brand, the value of Py is given by

Pi
0.
1

= =
I P
-

where ui is the value of the quality index for the candidate brand.
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FOOTNOTES

This simple form causes no loss of generality compared to y; (t,w)

1
fi[e;(t,w)], where f; > 0, but 1 need the linearity in yi(t,w).
The existence of such a policy cannot be gﬁaranteed at the moment,
although progress is being made for similar types of problems. See,
Goor [1973, thrm. 2.2] and Jacod and Protter [1982].
See Stone [1973, thrm. 4.5] and Boel and Varaiya [1977, thrm. 5.6].

Terminology is taken, from Radner [1975].

€ege,
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