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INTRODUCTIOR (MOTIVATION)

‘The mailn purpose of the Intreduction is to explain the motive-
tion for the selection of problems and the mamer in which they are
approached in the present study.

The reader should be warned that the formulation of the
Introduction is hsuristic rather then rigcroﬁ.s, though a more rigor-
ous formulation is possidble and plamned for another occasion, The
reader's indulgence is requested where the discussion covers well-
known "c¢lassical® ground or goss in directions not obviously of
ralsvance to the subject matier under discussion,

Also, a number of questions are left unanswered, same undoubted-
ly due to the writer's ignorance. Comments and criticism are, there~

fore, highly welcome.

The present study is intendsd as a contribution in the field
of economic organlization. Without sttempting at this stage a
rigorous definition of the latter concept, we may think of economic
organization as a set of (legal or customary, say) rules imposed
on human behavior,

1/

The interest in slternative economic crganisational structures~

Yy
Either or both adjectives preceding the term "sitructure™ may
be omitted when the context permits it.



is not new in economics, witness the classical debate between the
doctrines of "laissez~faire” versus "interventioniam,” ®capitalism®
("free enterprise") versus "socialism," or "centralization" versus
"decentralization.® 2/

In such debates, two types of qusstions arise 2/ :
(a) the relative Y digtribution of welfare of the different members
of the community wnder alternative organizationsl structures;
(b) the extent to vhich the resource allocation induced by alterna-
tive economic structures tends to maximize the absoliute level of

welfare gives its relative distribution among community members.

Economics has traditionally (and especially so in recent times)
focused its attention on the sscond problem ("(b)"), although there
have been important attempts to develop the concept of a soclal wal-
fare function which would encompass both (%(a)" and #(b)"),

Those unwilling to postulate the existence of a social welfare
function must content themselves with only a partial ordering of
alternative positions of the economy 5/ 3 consequantly. they must

Z7

The terms in quotation marks have undergone considerable changes in
their meaning; however, the subject of debate has always been the desira-
bility of alternative economic organizational structures.

}/ Our formulation here uses terms such as "relative™ and "absolute™
welfare which amack of measurable and transfersble utilities. In what
follows rigorously defined counterparts of the terms used will be given
in a mammer not, involving eithsr property.

-1-*/ As between community members.

5/ The position of the economy is characterized by its production and
consunption patterns and is, of course, to be distinguished from the
economic structure which is an organizational concept.
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be prepared for the possibility that their conclusions with regard
to alternative sconomic structures will be only in the nature of a
partial ordering.

2,1 In the present day state of thinking among economists, it
seems natural to (partislly) order the aliernative positions of the
economy in terms of the "Parcto-optimality™ concept, dccording to
the latter, a position x is (socislly) "better" than ¥ if no
member of the community prefers Y to x and at least one indivigual
prefers x to - -6/ 4 position 3 is than said to be Pareto-
optimal (or, simply, optimal) if no other position is "better” thsn
2o

2:,2.0 Clearly, given the technology and available resources, a position
X may be Pareto=optimal for ona set of individual preferences and
not for another. On the other hand, a position ¥ might be such
that it could not be expected to be Pareto-optimal for any ®plausible"
(likely to occur) set of preferences, (Similarly with varying
technologies, the preferences being fixed.)

If one believes to have more information about the "plausibility”
rather than actual occurence of various preference patterns, it
becomes worthwhile to distinguish positions according as to whether
they are capable of being Pareto-optimal under a "plausible® set
of preferences. Such positions may be calied eligible (for Paretow
optimality) with ‘regard to a given class C of preference and tech~

O,
¥ This formulation allows for the possibility that the individual
orderings are partial,



nological condition. Y

22,1 Koommans® concept of efficiency may be regarded as an instance
of "eligibility® for a particular class, say Go s of preference
and technological conditions, viz. when an increase in the availa-
bility of same goods without a descrease is any of the others is
always regarded as an improvement, (See f2] pp. 59-60.}

3.1 The economic phenomenon "regulatsd" by the organisaticnal
structure is a process over time., Because of constant changes in
the "enviromment" {technology, tastes, etc.) it is natural to assume
that the economy may easily find itself at a non-optimal (or even
non-eligible) position., It then becomes natural to appraise an
organigational structure in terms of its tendency to push the econo-
my toward a (steady state) optimal (or at least eligible) position.
Ideally, one would then ask that the structure be such as to make
(ateady state) optimal positions into the (only!) equilibrium
points of the dynamic process, that this equilibrium be stable and
that the speed of convergence be maximized. &

%hen uncertainty is introduced into the picture, the concepts

/g _

This corresponds to Arrow's definition of "efficiency” in [1],
p-
§/ These requirements are closely related to those of optimality

interpreted as a oriterion of ordering alternative time patterns as
points" in the commodity space with separate "coordinates® for each
commodity at each point in time. The formulation of the text while
somewhat less satisfactory on logical grounds has been chosen at this
stage to simplify the exposition.
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of equilibrium, stability, and speed of convergence must, of courss,
be properly defined, sgy in stochastic terms if probabilistic un-
certainty is postulated. 2/

3.2.0 In observing the economic processss, one notes that certain
activities would be wmnacessary if everycrie were omniscient, These
information processing activities are quite likely to be among the
fundaental difference of zlternative economic structures }2/ and
hence assume a basic role in our study.

It becomes worthwhile to study the "technology" of information
proceessing., For consider two alternative organisational structures
differing only with regard to the way in which information is pro-
cessed; then it may well happen that one of them requires for infor-
mation processing more of certain resources without requiring any
less of others. If the "performance characteristics” (aspeed of
convergence toward optimal equilibrium, etc,) are the same, it
follows (under the usual assumption) that the structure requiring
more resources is not "efficient® (in Koopmans' sense).

On the other hand, one must, of course, take into account the

fngrformance characteristics" when the latter do differ.

3.2.1 'The remarks of 3.2.0 concern & subject which, in principle,
is well known to be of relevancs in debates concerning problems of

economic organization., As an example of such awareness we may mention

¥/
Again, this can be fitted into the concept of optimality in an
appropriately dsfined space,

10 '
_/ Individual motivation aspects (e.g., the problem of "incentives")
form another group of such differences.
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the argument often raised in opposing adminietrative interventions
in economlc affairs (e.g., price control), namely that business

firms are forced to spend money and energy on filling out numerous
questiomaires and that government payrollis are increased through
employment of individuals who must read such questionnaires. Lack
of appreciation for the economic role of the merchant partly falls

in the same category.

302.2 In fact, it is extremely difficult to appraise the resource
requirements and ‘‘performance characteristics" of alternative ine-
formation processing structures. For that reason, one is often
satisfied with even fragments of infqrmation on this subject.

Even in fragmentery form this problem has been investigated
almnost exclusively against the background of a particular class of

econonic etructures o which we mgy refer as that of market structures,

It has been my objective to develop a conceptual and analyti-
cal framework for consideration of a broader claass of structures;
an attempt in this direction forms a later part of this study.

For th:l.a.purpose it sesmed essential that one should be able to
formulate the theory of the market phenomena in a more agbstract and
generalized manner than had previously been done,

The need for generality in this context becomes particularly
apparent when it is considered that dynamlc and uncertainty aspects
are essential for the probtlem at hand. H/ The abstract approach,

&/

I will conceds that I had a prior independent interest in the
possibility of extending the results of welfare economics and activity
analysis to dynamic and probabilistic situations.
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on the other hand, makes it easier to treat the phenomena of the
market in what one might call “functional® (as distinct from
"descriptive”) manner which scems more suitable for later utili-
zation in the comparative analysis of organisational structures.
Thus the emphasig in the early part §f this study is on the
market aspecte of the eccnomic process, with considorable generali-

ty as to the nature of the commodity space.

4.0 Let us now confine ourselves to problems arising in market
structures,
The outstanding characteristic of these structures is that
all individuale are assumsd to act freely in what they regard as
their best interest, except for actions interfering with the freedom
of others, Thus, for instance, the use of violence is axcluded and
no one can be forced to trade vAth others if he does not wish to.

Let us define as advantageous an action {productive, exchange

or gifts) which raises at least one person's utility ]-'—2/ and lowers
nobody's.

We shall epesak of a structure as ¢ogperative L/ provided equilib-
riwn prevalls if and only if no advantageous gsctions are possihle

for any group of indlividual s

iz
=/ This term is used here to cover even those cases where there is
no real-valued indicator and even if the underlying ordering is partial.

13/

= A more fully descriptive term would be something like "self-
interest cooperative" since it implies an effart toward utility moximi-
zation for every individual,
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It 48 “almost self evident® &/ that in a cooperative market
structure (I) an equilibrium position must be optimal; and further=
more, that (II) every optimal position, if attained, is an equilibe

riwm position.

Lol.1 One might raise the question whether this formulation does not

Lo2

fail to take into account the possibility of the so=called externak

diseconomies, @.2., the factory smoke muisance. To make our formu-

lation correct we must do one of two thinge: either {a) treat the
gmoke as part of a deal which must be compensated for to be advan-
tageous to smoke recipients, or (b) assume that all actions affect
only those participating (i.e., absence of external economies or

diseconomies),

The terms of exchangs in the market may or may not be un:l.fom.lﬁ/
Under the assumptiona so far made there is reason to expect non-
uniformity, if only since ws have not excluded the typs of preference
function which would lead an individual A to want to give gifts
to B but not to C,

‘We may find it usaful at this stage to introduce the related

concept of subjective virtual uniformity: it consists in the

existence, for every pair of goods, of s ratio of exchange (relative
price) at which every individual expects to be alle to exchange
arbitrary amounts of comunodities held, a different ratlo being ime

Ly
13/

Cfu Wicksall, [ ]’ ppo 82“"30

In the sense that, for any two goods, all sxchanges are made

in the same ratio.
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possible for any amount. lé/ 1/

L3 We may now note that assumption of cooperativeness (4.0) also
bad in it a subjective virtual element, since for equilibrium to
prevail it was assumed necessary that no advantageous actions are
(subjectively?) possible,

In particular, it mey happen that when equilibrium is estab-
lished it possesaes the special property of subjective virtual
uniformity, though in general this need not be the case;, of course,
if an equilibrium is established under conditions of subjective
virtual uniformity, thes cooperativeness assumptlon implies that it
must be optimal, i.e., L.l (I) holdas.

16/

=4 Hence two conditions are inherent: (1) every individual be-
lieves price to be independent of his (feasible) actions; (2) the prices
expected by different individuals are the same. The second condition
corresponds to absence of "discrimination.® The first is usually con-
sidered to follow from the “atomistic™ assumptions {ef. Pareto's be-
havior of type I, [ ], po )o

1/

It may be noted that the usual proofs of non-optimality of
resowrce allocation under monopoly (or monopsony) make essential use of
the uniformity assumption.

Now where arbitrage is possible such uniformity will prevail,
but it follows from L.l. {I) that optimality is preserved since arbitrage
does not isolate the postulats of cooperativeness., On the other hand
where the uniformity assumption implies noneoptimality, it must be that
the requirement of uniformity contradicts the postulate of cooperativeness,
i.e., there are still mutually advantageous zctions possible (of a dis-
criminatory type, of course). Hence it would seem that the "natural®
(i.e., cooperative) courses of events monopoly does not lead to non-op~
timality, unless its existence is dus to "artificial®™ (e.g., legal) re-
strictions. (These conclusions do not follow if compensation is im=-
poesible.)
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The condition of (subjective virtual) uniformity does, how-
ever, make a differsnce with regard to the validity of L.1l. (II).
For it is conceivable that there might exist optimal positions
which are not equilibrium pointe enjoying the property of subjec~
tive virtual uniformity, (We shall refer to the latter as uniform
equilibria.)

As long as altruilsm, envy, etc., have not been ruled out from
the preference functions, this possible failure of 4.1 (IT) subject
to the condition of uniformity is only natural (ef. 4.2 above),

However, such fallures are also knowmn to occur wﬁen the assump-
tion of gelfishness (or of "individualistic" preferences) is made,
viz, that an individual's utility -1-§/ does not depend on the
possessions or consumption of others,

The classic example of swh a failure is, of courss, that of
"increasing returns®™ where at the optimum uniform equilibrium is
impossible.

On the other hand, it turns out that, subject to the assumption
of selfishness, there exisis an important class of cases where every
optimal position can be regarded as one of uniform equilibrium,

[I.ec, given that the economy is at an optimal point, there
exists a set of uniform subjective virtual prices which would mahs
salfish individuals want to stay where they are. It 48 important
to note that in general, there will be other sets of price ex.
pactations producing the same result.]

Thie class 1s characterized by the convexity of certain sets

187

Cf. footnote (12) in 4.0 above.



and functions, both on production and consumption side, e.g., non=

increasing returns, non-increasing marginal substitution rates, etec.

Lok Most recent studies, including this one, are concerned with
the poibilitﬁr of uniform equilibria for a market. 1—9/ Of course,
when cases such &8s those of inereasing returns are congidered one
must give up something to obtain a useful proposition different
Irom 4.1 (II). Two approaches are poassible. One is to require
less than full uniformity, as above defined, but to retain some
restriction on the terms of exchangs. 3-0/

The other is to retain the uniformity requirement but to abandon

the assumption gy that individuals will not leave any advantagecus
actions unsxploited. -2-‘-?/

h.5 The search for uniform cooperative equilibria at optimal
points (or for .something analogous when uniform cooperative equilib-
rium at an optimal is impossible) reveals a conviction that uniform
cooperative aquilibria have same highly deairable propertiee which
are not necessarily present in (non-uniform) cooperative market
squilibria whose existencs at any optimum is guaranteed by L.1 (II).

If wo had a precise formulation of these properties; say
we might try to see which ones
[ Pl’ Pz,‘.'”,l’K , could be present in any cooperative equilibrium
when increaging returns prevail. Unfortunately, I have not been

able to find in the existing literature any rigorous formulation

7

Among the classica, Walras put emphasia on the uniformity
condition in arguing the optimality of free competition, of. s Pe
20/ See Arrow and Rurwicz
a/ Implicit in what we have callad cooperativeness}
-22/ E-go, the principle that price should always equal marginal

coat, even though monopoly prevails. {Cf. Marshall, s Do o)
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5.0

w12

of such a set of properties.

It seems fairly certain however, that these properties have
& great deal to do with the efficiency of the information-— Pro=
cessing aspects of the market phenomena.

In particular the desirability of uniformity appears to be
related to the possibility of decentralizing the decision-maicing
process. But even here, two important points require further
study. First, the precise meaning of decentralization in this cOn=
taxt. Second, the conceivable undesirabiiity of decentralization
in precisely those cases wheras uniformity fails (e.g., the case of
increasing returns) .

A further interesting charactsristic of most contributions
in the field is their tacit assumption of the existence of nunéraire,
since prices (and not merely exchange ratios) arve used, From the
viewpoint of the existence of uniform equilibria this assumption
is unimportant and can be dropped. It is clear, however, that the
existence of money (either as ruméraire, or also medium of exchange)
makes a great deal of difference in terms of the facility of com=
municating information. Yet here again rigorous treatment of the
problem does not seem to have been undertaken.

The assumption of the existence of money as a medium of ex~
change is perhaps also implicit in that certain units (firms, re-
source owners) are maximizing their (money) profits, rather than
utility directly.

So far we have been discussingthe nature of the equilibrium

point itself, but not the mammer in which convergence toward
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601

equilibrium occurs. ?_2/ In this field sven less is known. The
rogults of Arrow and Hurwics indicate those certain "natursl® ad .
Justiment patterns may be conducive to stability, But I am not
aware of the existence of a result showing that adjustment patterns
which are (in some sense) "rational” from every individual ‘s view-
point produce stability of equilibri un.

Whether an individual is ¢rying to move in the direction of
an optimum, or trying to verify that his present position is op-
timal, there is an obvious advantage in having a criterion which
is a continuous function of his position. For suppose that it is
the individualis objective to maximize an entity (say, real-valued)
whose variations over the (commodity or activity) space are quite

arbitrary. Clearly, an inspection of all point.s of the space would

~ bs necessary. Even if only approximate maximigation is required,

nothing can be done without certain continuity properties,
This point is of importance in that it seems reasonable later
to require that the price (regarded as a functional operator

assigning to each point of the commodity space a certain real number,
its "valuation") be not only additive (this corresponds to the

uniformity requirement) but also continuous,

In petting up a model of the economy, as we shall subsequently,
there arises the question whethér the "activity" approach should be
used, In it there exist activity variables,l and points in the
commodity space are selected indirectly through decisions concerning
the activity varizbles.

]

Cf, Samuelson, 3 Arrow and Hurwicz.
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Since the preferences refer to the commodity space, it ia
posa.}.ble to avolid any explicit treatment of the activities, con-
fining oneself to the commodity space exclusively. The latter is the
traditional approach and has recently beer used by Arrow and Debreu,
while Eoopmans, Dantzig, Kuhn and Tucker have followed the former.

It should bs noted that by appropriate formal devices it 1s
alwgys possible to go from the "commodiiy” to the "activity-commodity®
language and vice versa, Hence what matters is primarily expediency
and this tends to depend on the field of prospective application.

In the presant study both formulations are used.

6,2 The problem considered in section 4 above is usually treated
on the assumption that all resources are owned by one of the in-
dividuals in the group for which Pareto-optimality is being achieved,

In general, this need not be ths casss the resources do con-
stitute a restriction on what is fsasible; but there may not exist
an individual owner whose utility is being maximized, It is here,
however, that the results of (linear and non-linear) programming
{whether "commodity" or "activity") theory are interesting, for they
show that when rescurces ares not omned individually, it may be
expedient to postulate ficiitious "custodians" and "managers,®

who behave like individual utility (profit) maximizers 2/ (cf.

Koopmans, { ], pp. 93«95.

The recent contributions on the existence of competitive
equilibrium pointe by Debreu and Arrow also go in this direction,

It may be noted that from the viewpoint of the general pro-
position of 4,1 the existence of unowned resources must be classified
undar "external disseconomles."
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Pricing in Additive Groups

2:103.2 As has been pointad out in the Introduction, Sec. 4.2,

the cass of uniform pricing ia of particular interest to the
economist, though the precise rsasons for this interest do not
sean to be well underatocd.

Now the function of the price, viewed as a functional aperator,
o8y w on the space % of commodity "bundles,” ia to assoclate
with each commodity bundle 22/ w W a certain real number, say
the Walue® w (w) of w . |
i bundle w itself may be viewed as a collection of objects, in
sthich case it is natural to define the operation of additlon on

W by

1 1t
¢ n ? " f r =
wtw ew U W or W /AW /\.

1.6., the sum of two disjoint bundies iz their set-theoretic union.
For the addition so defined, ¥ forms an additive commutative
semi-group with the empty set as the identity element of addition.

On the other hand, we may dispense with the set-theoretic
motivation and simply postulate that ths comuodity space is a
samigroup of the above type.

Furthermore, instead of camnodity bundles we may consider
transfers of such bundles, say to or from a given person. Let

w € W‘ mean the transfer of w %o that person, = w the trane-

374

wmgybeinyorinz 0
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fer of w from that person. Then the space W of all transfers

becomes an additive commutative group while w plays the role of

the non=negative “orthant."

Now the uniformity property of the price operator may be ex—
pressed as the additivity of w*, in the zense that

w*(w" & w“) = w*(w') + wﬁ(vz")

for all w ’ - € W

Since the property of additivity of w is only meaningful
in virtue of the existence of addition in W (or v ), the prob-
lems of "uniform® pricing cannot well be discussed unless the
cammodity (commodity transfer) space is an additive commutative
seml-graup (group). 28/

Following customary usage wa shall from now on refer to W as
the commodity space, omitting the word "transfer," while W' will

sometimes be called the non-negative part of the commodity space.

Thus the assumption that W is an additive group ﬂ/ is in =
sense minimal for the problem at hand, and it would be desirable to
attack the problems of pricing for additive groupa. So far this
hag not been done, the rigorous treatment being confined to various
linear spaces which form & subclass of additive groups, The case of
indivieible (discrete) goods indicates the need for going outside

the class of linear spaces.

%/

It can be shown that the (semi~) group properties, e.g.,

associativity and commutativity ars inherent in the intuitive concept of
uniformity as understood in economica.

2/

We shall understand that the addition is commutative.
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Reasons can also be given why one should wani w to be a
continuous function in e sultable %topolozy.

Once W ig sasumed a2 topological space, thers are grounds
for requiring that W be a topological growp, i.e., that additlon
be continuous. 2—3/

201.3.3 Convexity and separsting hyperplanes in sdditive groups.

The queztion now arises how one should go about developing the
theory for the general case of W assumed to be an additive topo=
logicel group. Reflection indicates that the concepts of crdsring,
convexity, and hyperplanes, already available for linear spaces,
must be generalized to groups of ths tyve considered. Problems
of ordsring will be treated in a later section (3), while those
of convexity and hyperplanes will now be discussed briofly.

We may start by stating the theorem which can be expected to
be crucisl -in any extension of the results on existence of equilib-
rium (uniform) prices to the case of additive groups. This theorem,
as stated by Klse ([ 1, po ) for linear epaces says roughly
this: "Let (1) A and B bs two convex sets in a linear space
X with interiors, in eny, disjointj suppose further, that (2)
es.ther {(a) \X ia finite~dimonsional or {b) at least one of the
gets 4, B possecsages an interior. Then there exlsts e hyperpiane

geparating A from B.* .?.2/

s

< The following facts are worth nothing. Lst W be a linear normed
opace and let w* be additive. Then the continuity of w* implies its
(real-) homogeneity and boundedneas: also, if w® 4is isotone and W'

poasosses interior, it follows that w" la continuous.

/
29,
Arrow's treatment in [ ], can be extended without difficulty to
topological linear spaces since ths above theorem is virtually all that
is necsssary. This is done elascwhere in this study.
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¥e have underlined the terms which, for our purposes, must bé
"reascnably® defined for groups in such a manner as to coincide
with the usual definitions when applied to linear spaces, We shall
suggesy such definitions in what follows. LO/
I. Convexity. (a) If G is an additive group and x ¢ G, we
write 2x tomean x + x and, ingeneral, mx tomean X + X + ... + ¥
(m terms),

(b) Lot x', xn be slements of G. Define the set S, 1 <" of

?

all elements x = such that

n

x ¢ G
and
] [ ] W n t t Ri
K x + X x =(X + £ J)x
for some real numbers oCs s af;" with
<20, "0, L'+ <" > 0.,

et §x', x" denots the closure of va’ xt o (gx', <" is the

] -]
analogue of the segment connecting x , x o)
() A sst A =G is satd to be convex if and only if with

] L4
any two points x , x it also contains the “segment" §x' L
»

(This definition does not imply that a convex sot met be

closed).
II. Hyperplans. As in linear spaces, we may define a hyperplane
R & set

I have profited from discussing the convexity concept with
Professor Reinich of the University of Nichigan and Professor Rosenbloom
at tho University of Minnesota. :
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o

{wew s w (w) aa’}

where W' 4is an additive continuous functional and o a fixed

real numbar,

2.1.3.k Supposs now that with definitions such as those in 2.1.3.3
or analogoua, the separating hyperplane theorem is valida _3}/ Ona
may conjecturs that the usual theorems on the existence of unifomm
prices at efficient or Parecto-optimal points would follow. }—2/
Thus it seema extrsmely desirable to encourage investigations as
to the validity of the separating hyperpleane theorems in sdditive

topological groups.

2,1:3.5 It should be clear, however, that such a& theorem would not
establish the poasibility of & uniform price system whare indivisi--
bilities are not only present but are also assumed to imply lack
of the needed convexity properties (e.g., increasing retumns).

In fact, it would be of interest to see to what extent the
reagone given for the plauwaibility of the convexity assumptiona
for (finite-dimensional) Linear spaces 2/ retain their validity
when applied to more genersl additive groups,

2,1,3.6 Ooing in the "other direction,” we msy be interested not only

3/
It night be necessary to introduce some additional hypotheses
for groups which are not linaesr spaces,

2

z/ We may note that the converse theorem (vis, that a point of
coupotitive= or saddle-point-equilibrium~ is efficient or Pareto-opti-
mal) can immediately be seen tc be valid in additive groups, The proof,
of course, does not use the separating hyperplane theorem. €f. 4.1 (I)
in ths Introduction, as well ag the remarks concerning 4.l (I) in sec.
4.3 of the Introduction.

33/

Cf, Koopmans as quoted by Arrow, | ls po
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in various convexity properties, but may want to have same different-

iability properties at our disposal. _2&/ These are obtaingble if

s assume the relevant linear topological spacss to bs Banach

spaces and use the concepts of “he Frachet (or Gateaux) diffarentialsaw {+)
= asewhere in this study we present same results of this type.

In the writer's opinion, they are of interest from the vicw-

point of application when one wishes te go beyond mere existence

theorems. This would bs egpecially the case if dynamic problems

were to be considered.

2/ These are of particular value when the usual convexlty postu-
lates fail.

22/ I do not know whether a more general theory of this type exists.
(+)

Cfa Hille, [ ], po



