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A THEC~Y OF MONEY AND F INANC IAL INSTITUT IONS

PART 33

ON THE VALUE OF MARKET T.NFC*NA~r ION
5

by

Martin Sbubik1fr~

1. IN1RODIK TION

this paper a model is presented of trad e where ind iv iduals have

differing sets of informa t ion and are able to trade in inf ormat ion pr ior

to trad ing in comaodi ties or cont ingent comoodities. This paper concen-

tratss upon modelling and the conceptual prob lema which most be overcome

th construct ing models which reflec t adequately the process of trade in

information. General proofs of ths existence of equilibr ia and the stud y

of their proIJ~~~ as will be gLven in a subsequent jo int paper with P.

Dube)’.

Although this paper is written to be self-conta ined, it is related

with a series of models presented in previous papers oy ~ wbik,~ Shipley, 2

5’fbi. work relates to Depart ment of the Navy Contract .. l4-76 -C-0~~~._ ’
issued by the Office of Nava l Research under Contract Aut hor ity l~ 047-006 .
Hovever , the content does not necessarily reflect the pos ition o r E ~~~~~~~~~~policy of the Department of the Navy or the Gover nment , and no official
•ndorsesent should be inferred .

The United States Government has at least a royalty -free , ncnexclu-
sive and irrevocable license throughout the world for Government pur poses
to pthliah, translate , reproduce, deliver , performi, dispose of , and to
author is others so to do, all or any port ion of th i. work.

**Ufl~ ip author wishes to thank Pra deep Dub.y for a valuab le discussion .
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4 Shapley and $hub ik,3 Dubey and Shubik 4 and several others .5’6’7 The stu d y

of the func t ioning of ma rkets us ing money and/or other financ ial instru-

ments poses many sub tly interrelated proble me . The approach ad opted in

th is series of papers has been to isolate them as much as possible, to

stud y them separately and to pr oduce models which combine more than one

phe nome non only when needed to understand a new phe nomenon which depends

~~on the iteract ions of several phenomena.

In the model presented below a closed trad ing economy (the usua l

Wa lrasian model) is modelled as an n-person game which can be studied

for the existence of noncoop erat ive equilibria . The followi ng additiona l

features however are added . “Nat ure” randomizes to select which state

the economy is in. This type of modifica t ion has been considered by Arrow8

4 and Debreu9 in their treatment of trade in cont ingent comeod it ies • That

treatment however was limited to models in which all traders have the same

level of uncertai nty. In more recent work , and using different approaches

Radner1° and Dubey and Shub ik11”2 have cons ider ed trade where the traders

have d if ferent information concerning Nature ’ s move .

The wor k of Dubey and Shubik was based upon a specific model of

the tradi ng process which will be described below . Several other models

could have been used • The specific prob lem posed in modelling an exchange

economy as a single simultaneous move game of strategy has been discussed

in detail by Shub ik . Re has suggested that there are essent iall y four

basically different models, al though many sli ght variations can be con-

I sidered. Shubik1’14 Shapley and ghubik3 and Dubey and Shubik 4 have con-

sidersd tlwee of these fo*g~ models . No of them will be utilized here .

~~~~~~

. (
~ 

both of th. models of the tradi ng pr ocess used here have the traders

k the ir payme nt s in a co odity money. A more realistic model would

_ _ _  - - 
____ 

~~~~~

.•
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4
call for the use of a fiat money or credit. This featur e can be added

to the work described, however in order to do so bankruptcy cond itions

must be introduced in order to accou nt for the possibility tha t in an

economy with credit an ind ividual may not be in a position to cover his

debts . This feature is not crit ical to the understanding of the market

for information hence we do not add it here . Discussion of models with

ban~~uptcy is given elsewhere .6’ 15

The key addit ional featur e to the model presented here is the in-

troduction of specific markets for information and a mechanism which prices

the information.

2. MOD!LLINC TRADE WITH NONSYWIETRIC INFORMA TION

1 2.1. I~Øe with Honsy~~~tric Information Conditions
Suppos e that there are n traders , g states and otfi cousnodities.

The i*l~~ comeodity is used as a means of payment in the manner descr ibed

below. The preferences of each trader i can be represented by a utility

~ k ik ik ikfunc t ion of the form Z P ~~(x1 , x2 , •.., x114 1) which is concave and

specified up to a linear transformation. Each trader i has an init ial

b~mdle of goods of (4k, 4k, 
~~~~ ~ .4l in state k where A~~~> oj

kfor i — l , ..., n , j — l, .•., ci , k — l , .. ., g and A~~> O  for

all j , k (4 — 
~~ • Furthermore there are at least two traders

vhe desire any coi od ity j m any state k

Ther. are g states of Nature where the kth state occurs with

probability •
k

There are gm trading poets, where each post seus one cont ingent

co od it y suc h as “ora nges if state 2 occurs .” A move by a trader is an

- -
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assigneent of the otfl5t comeodity to the gin trad ing posts. It is

possible that the ind ividua l may have to bid without knowing how much

comeodity money he has . In which case we must spec ify a rule to convert

his bid into one that is feas ible . The easiest way to do this is by

scaling back his bid in all markets in proport ion .

At this point the reader may feel that the model is grossly un-

realistic. First people do not bid by splitting money among a group of

“target goods ” without knowing how much they are going to buy in advance.

Furthermor e even if this wer e the case , the rationing convention which

calls for a scal ing back of all bids is not necessarily reas onable . The

author is well aware of the validity of these observat ions . Yet the model

is defended on two grounds. First, it is one of the sinç lest completely

( defined process models of trade . Second, that there are othe r mor e com-

plicated mechanij me which will lead to substant ial ly the same results.

We now complete the definition of the model. All cont ingent goods

4 are offered for sale at the trad ing post wh ich deals only in good

j  under state k • We may regard the post as trad ing in “opt ions.” If

you buy an option and state k occurs you will obtain an amount of good

j • If state It does not occur you will have still paid for the opt ion

but will Obtain nothing.

U you happen to be informed before you buy that state It ha. or

has not occurred you will know in advance whether a purchase of the opt ion

will be wor thwhile • It is as thou gh each cont ingent good options tra d-

ing post were a black box where ind ividuals are paying for a share of

the contents • Those who ar e informed in advance are able to ‘ see into

1.. the box” to determine whether it is empty or ful l before they bid . The

others find out only af ter they have bid .

-
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As the notat ion for the general case is rather complex and the

full mathematical treatment of this model is g iven in separate papers ’1’ 12

it is easier to proceed by present ing a specific example in detail .

Let us consider an economy with two types of traders. There are

traders of t ype I and n2 of type 2. There is one coimeodity and one

comeodity money and two states of Nat ure . Traders of type 1 are informed

about the state of Nature befor e trade ; traders of type 2 are not informed .

A move by a trader of type 1 or 2 ii a triad of nuObers, the per-

cent age of his income to be spent on the option mar ket for good 1 in state

1, for good 1 in state 2 and the percentage of comeod ity money to go un-

spent .

£ strategy for a trader of type 2 is the same as a move as he has

t no information prior to making his choice . A strategy for a trader of

type 1 wil l consist of six nuubers, one triad of b ids for state I and

another triad for state 2.

An initial endowment for a trader i of type s is

~~~~~ 541; s42, s42) where the subscript indicates the type of good

(here there are onl y two) and the superscripts indicat e the player type

(s) the player ’s “name” (i) and the state of the system.

A strate gy of a trader i of type 1 i.e given by

(1b~’, ‘be, ~b~~ ; 1b~~, h142, 1b~
2) . Because a trader i of type 2

cannot distinguish among states his strategy is (2
14, 

2b~, 2b~)

The actual registered bid of a trader will be sca led up or down

to coevert proportions to actu a l amou nt s • Let the scaling factor be

for trader £ of t ype 1 if stat. It holds . Then

1:- f
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1 
3

~ 
1r~~ ~b~k 

— ‘A~~j  j  2

For a trader of type 2 th is is

t 2r~k 2b i 
— 24k

j—l -~ ~~

The difference between these two cond it ions is that for traders of type

1, bids change with th, state , while for traders of t ype 2 they do not .

If state It exists a trader i of type 1 obtains the following

amount of comeodity 1

1 1k l.01k Itii r1 ~~~x —I I n n
r~~~~i4k + t 2r~~~

2
i4

i—i i—I

The extensive form of the bidding game representing this marke t

can be represented as follows:

P0

0
1 

Nature moves

(IS
Traders of type 1
move with knowledge
of the state

P

Traders of type 2
move without know-
ledge of the state

- 

noas i

- - . 

~ 1rm~
-
~ — - —
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22. AJL Explicit Example

We consider a trad ing economy with one good, one commodity money

and two states . Tr aders of type 1 have endowments of 10 if state 1, 2 if

stat e 2 and traders of type 2 have endowments of 2 if state 1, 10 if state

2.

There are a1 traders of type 1 and a2 of type 2. All have a

large amount of money M in either state. Each traders of either type

has a utility func t ion of the form :

(1) U1 — log 44 + y~

where (4, 4~ 
y5 are final endowments of the cont ingent goods 1 and

2 and money • There exist separate markets for x1 and

Traders of type 1 move with knowledge of the state and traders of

type 2 without this knowledge (see Figure 1). Nature randomizes with

probabilities ~~ — — 1/2

Let the symbol b~j k stand for the bid of trader i of type J

at market It under state s . b uj k sta’ids for a bid wh ich is state

independent . The omission of a superscript ind icates summat ion, e.g.

bik 
— Z b1

~~i
A trader i of type 1 atte mpts to maximize

C
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b~
11

(2) fl~ - ~~~~og(l0n1+ 2n2)- 11 21 - b~~~ + ~b~~ +b 211 
~~~~~~~~~ 

2n)

+ 0 - b~~
1 + ~~~~~~~~~~~~~~~~~~~~~~ ~~~~

bt12

+ ~b~
2 +b 22

1 ~~~~ log(2n1+ lOn 2) 12
2 

22 
- bt’2

+ (b~
2 +b221 (2n~~~l~~ )).

A trader 3 of type 2 attempts to maximize

I b32
~ I b322 21 22

(3) t4 — ~log(l0n1+ 2n2) 21 ~
-ii 4 !lo 2n1+ 1On2) 2 2 j ~ - b1 -

+ 4(2b2’+41) (lOn1+ 2n2)~ 
+(2b

22 +b
~

2) 
(~~1~~~0Tt2)

In (3) a simplificat ion has already been made which can also be

made for (2). spec if ically because a tr ader of type I knows that “box 1”

is e~ ity under state 2 and “box 2” ii empty under state 1 we may set

b~~
1 — 0 a b~~

2 
. A trader of type 2 does not have this advantage .

Further, first order cond it ions for maximization give us:

b~~ +b2 h 1 ~~
t14

~~~2

(5) - 

b~
2 +b 22 1 + 2n1+10n2 

— 0

C (6) - 

b2~~~~~] 

- 1 + 
~~~~~~~~ 

a 0

I

t

. -~~~‘r~~~~~~’ .~~: 
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(7) - 

~~2 + b l~] 

- ~ + 2n1+ 10n2 
- 0

We limit ourselves to the case where n1 
a n2 — a and cons ider

a type symmetric noncooperative equilibrium (T.S.N E.). We may replace

b~~ by and for ease we drop the superscript for the ind ividual

trader thereby reinterpreting b~~ as the bid of a typical trader of

type j • Rewrit ing the equa t ions (4)-(7) we obtain

1 1 5(8) 
~~~~ 11 ~~b1 n(b1 +b )

(9) - 

n042+ b 22 ) ~ 
-

(10) 
b~~ 

- 

u(b21+b~~) 
- -

(11) 
~~~~~~fl(b22+ b~2) (~~~~~)2

For n ~ . we obtain b~~ — 142 a 1 , b21 a b2~ — 1/2

If we assumed that traders of type 2 also had full information

we wou ld obtain as a solution

11 12 21 22b1 — b 2 — 1 — b 1 — b 2

When traders of type 2 have incomplete informat ion, the payoffs

will be

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - - - . - - . ___________



(12) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

= log 8

(13) ‘~ -
~~ log 12(~.) + log 12(~.) - .

~~
. - + ~(2)(~~ +

— log 4

When all have complete information, the payoffs are:

(14) fl1 — f l 2 1og 6

The payoffs for finite n can be calculated from the general solu-

tion to equations (8)-(ll). This is a straightforward and not partic u-

larly edifying computational problem and as it is not necessary to the

t~. main thread of the argument in this paper, the calculations are not given.

3. MODELLING TRADE IN INFORMAT ION

3.1. Preliminary Observat ions

In the context of a communication linkage such as a telephone wire

it has been possible to define a measure of the amount of information

which can be transmitted. The work of Shannon 16 on in~~rnmtion theory

answers many basic questions on the measurement of the amount of infor-

mation, but is not concerned with the value of the message to the recipients.

h ere the stress is upon the value of the different messages which

can be sent to the various partic ipants . The total amount of information

in the system can be measured in ~~annon ’s sense it is log2 g where g

is the n~~~er of recognizable states • We are concerned however with the

worth of thoie messages . If there are g possible states of Nature,
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an ind ividual may be in any one of 2~ information states . Each infor-

mation state is represented by a partit ion of the g states of Nature

into information sets. These information sets describe the abil ity of

an ind ivid ua l to distinguish among states of Nature . Any states which

belong t o the same informat ion set of an Ind ividua l cannot be distingu ished

by that ind ividual. A better name for an information set might be a “lack -

of-infor mation” set .

If two individuals have different information about the states of

Nat ure they might wish to trade in infor mation . The formal theory of

games treats the partit ion of choice points into information sets as a

4~stum of the description of a game . Here we are going to allow for trad-

ing in messages as part of the structure of the moves of the game. The

( .  result of these trades will be that ind ividuals who buy information may

refine their information sets before they bid in a market for options or

cont ingent commodities .

3.2. Message Tradin g ~o.t s

A trad ing economy will now be descr ibed in three stage s • Nat ure

randomizes among g states • Then similtaneously all ind ividuals go to

(at most) 2~ message trad ing posts where they offer to sell or buy

information. The specific mechanism is described below. After trade

in information has been comp leted each individual now sim.dtansously bids

in a market of the type described in Section 2 where his inf ormat ion sets

are given by the refinement of his or ig ina l informa t ion sets with thos e

he has purchased .

( ) The information purchased at any message trad ing pos t is that the

state of the system either is or is not a msmber of the infor mation set

.- — -
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at that message trad ing post . A simple example will he lp to make this

clear . Cons ider an economy with 3 states of Nature and 5 traders . Their

information sets are as follows :

Trader 1 distinguishes 1, 2 or 3.

Trader 2 distinguishes 1 from 2 or 3.

Trader 3 distinguishes 2 from 1 or 3.

Trader 4 distinguishes 3 from 1 or 2.

Trader 5 cannot distinguish among 1, 2 or 3.

There are formally 2~ message trad ing posts where one can pur-

chase the answer to the question “Does the current state of the system

belong to your infor mation set? ” The null set and the set of all states

I can be elimina ted .

In the example ab ove there will be 6 message trad ing posts which

might be active .

At Post 1 the question is: “Is the system in State 1?”

At Post 2 the question is: “Is the system in State 2?”

At Post 3 the question is: “Is the sys tem in State 3? ”

At Post 4 the qusetion La : ~I. the system in States 2 or 3?”

£ At Post 5 the question is: “Is the system in States 1 or 3 pul

At Post 6 the question is: “Is the system in States 1 or 2?”

At Post 1, trad er s 1 or 2 can sell and 3, 4 and 5 might wish to buy .

At Post 2, traders 1 or 3 can sell and 2, 4 and S might wish to buy .

At Post 3, t raders 1 or 4 can sell and 2, 3 and 5 might wish to buy .

At Post 4, traders 1 or 2 can sell and 3, 4 and 5 mIght wish to buy .

j () At Post 5, traders 1 or 3 can sell and 2, 4 and S might wish to buy .

At Post 6, trad er s 1 or 4 can sell and 2, 3 and 5 might wish to buy .

— ‘
~~~~~~~~~~~~~~ I -

~~~~~~
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(
If the system were actual ly in State 2 the messages wou ld be:

At Poet 1 no

At Post 2 yes

At Post 3 no

At Post 4 yes

At Post 5 no

At Post 6 yes .

The specific functioning of a message tradi ng pos t is as follows .

Any individual who can answer the ques t ion to be answered may offer his

information for sale at that post at a price he specifies . He may only

sell his information at the message t radi ng posts. He caonot offer for

( — sale information which ha doss not possess .

Any buyer who wishes to purchase information specifies the pr ice

he is willing to pay for it at the message trad ing post. All actions

by sellers and buyers are simultaneous . No buyer has the opportunit y

to resell th, information he has bought prior to bidding in the fina l

market for goods .

We have several alternative methods of modelling the fixing of

the pr ice of information and the clear ing of the message markets • We

explore severa l of them.

For simplicity we assume that there are no transactions costs in-

volved in the purchase and sale of information.

It is natural to ass~~~ that the sama answer can be supplied from

a single ind ividual to many quest ioners . Hes~ e we may regard each supp lier

~
, •

~~ 

I as offeri ng an unlimited supply of information. This is shown graphi-

cally in Figure 2a. An alterna t ive, less reasonab le, but wel l defined

mechanism is where each supplier is credited with the abilit y to sell

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~ 
~~~~~~~ 

_ i ’
~ - - __________
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4” his informa t ion only once . This is shown in Figur e 2b (drawn for 5 offerers

and 5 potentia l buyers) .

~; 

~II ~;: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(a) (b)

FIGURE 2

In Figure 2a we see that as each offeror can supply all demanders

C. we need a convention for deciding who will be picked . Is a manner some -

• what reminiscent of the Bertrand pr ice duopoly model the convention adopted

is that supplier with the lowest price is chosen. If his price is higher

than any buyer will pay, no information will be sold . If it is less than

or equa l to the pr ice offered by some buyers the seller with the lowest

pr ice, say p~ will supply all buyers who are willing to pay p~ or

more . Suppose tha t s buyers are willing to pay or more, then the

reveoue of sp~ will be pa id In toto to the seller of the information.

If there is a tie for the low pr ice, then th. seller s share the revemue.

Thus if there were r sellers with the lowest pr ice each wou ld obtain

sP j/r

If we adopt the other convent ion which credits each sel ler with

the ability to sell only one unit of informat ion than a more conventiona l

C supply diagra m as is shown by U ’ in Figure 2b can be drawn. We may

me a. th. rket clearing convent ion the pr ice determined by the inter-

- •• - • ~~~ - 4 ’

~ — -
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~~~

section of $8’ and DO’ . Under this convent ion if th is pr ice is say,

p* (as shown in Figure 2b) then 3 buyers will buy information at the

pr ice pe and the first two sellers each obtain p~ while the rema in-

ing income must be split betveen the two marginal sellers . A simple con-

vent ion would be to randomize or another reasonable convent ion would be

to share the income .

A third model that we might wish to consider is as follows . If

there are k states of nature 2k parameters C
j  ~ 0 where I — l~ ...~

are introd uced . These are pr ices assigned to the .*ssage t rad ing posts .

Any buyer who wishes to buy must pay C
1 

however only sellers who have

rag istered their willingness to sell obtain any payments • Furthermore

• if r wish to sell and s wish to buy each seller obtains sc
1/r

3.3. SoIl ing Information and the Extens ive Form
• In order to bring the sale of information into a formal market

structure we have had to impose severa l severe restrictions on the corn-

eunication and information system. In particular it is mportant to note

the following:

(1) The uncertainty is only about the outcome of an exogenous

random variab le with given probabilities.

(2) There are no markets for “spy information,” i.e • information

concerning strateg ies or moves of others .

(3) Ind ividuals either keow about or form beliefs about the oc-

t curre nce of certa in events based upon their keowledge of the

probabilit ies used by Nature and upon the ir information sets .

In this model there are no othsr factors which make one in-

d ividual more expert or believable than another.

_ _ _ _ _ _  -
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(4) There is no coimnunication or dealing outside of the model ,

hence informal arrangements for the pooling or quick resale

of information are ruled out .

(5) Because there is no coimnunication net beyond “the rules of

the game” and because there are organized message trading

posts it is possible to guard the trade in informat ion and

to prevent the appropriation of information without payment .

All of the condit ions noted above are undoubtedly str ingent but

are needed in order , at least, to be able to capture one recognizable

property of message sending and information evaluat ion which can be treated

in a fully formal game theoretic manner .

Before the game tree can be fully defined one more feature must

( be specified . We assume that after all traders have purchased or sold

informa t ion they are informed of these sales and purchases prior to bidding

in the markets for contingent comeodit ies

Figure 3 provides the extensive form for the example provided in

2.2 for the case n1 — n2 — 1 • Nature moves f i rs t  randomiz ing with

• — 1/2 • Trader 1 decides either to offer or not to offer his

information for sale • For simplicit y in this example we choose the third

convent ion for pric ing information, i.e. a pr ice is set as an outsid e

perameter hence the informat ion purchase or sale decision is actually

binary.

After the t rader s have bid for or offered infor mat ion they are

told who has bid or offered thus even if trader 2 decided not to buy he

is told if trader 1 had or had not mads the offer to sell. Thi. is re-

(~
) flected in the infori ticn sets shown for trader 2’s move to bid for

goods.

• • _ • ••• •~~w•,,t~~~~_
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4. NCNCOOPERATIVE EQUIL IBR IA MW TRADE IN IBF~~NATION

4.1. Two Difficulties

There are two conceptual difficulties which pertain to all two

stage games which are not solved adequately here. However, it is con-

jectured that, at least for large markets , neither difficulty is fatal.

The first concerns our ability to define a state dependent noncoopera-

tive equilibrium and the second is to show that there will be a unique

equilibrium.

It is argued elsewhere6’7 that the introduction of fia t money and

a bankruptcy law of the appropriate type may help uniqueness . It might

be conjectured that we could usefully regard these games as consisting

of two stages . In the first stage informat ion is traded . Then in the

( sec~~~ stage the traders check to see what trad ing game with nonsymestric

information they are in and bid accord ingly. An example will show that

a state strategy may not a lways be reaso nab le .

The example selected in 2.2 was pick d to have a unique noncooper-

ative equilibrium for purp oses of illustrat ion.

4.2. lolut iops to the Exam ple

• We now consider the example presented in 2 2  to serve as the second

stage for a game with informat ion trad ing as described in Section 3.

• £11 three convent ions are cons idered . They are the two illustrated in

• Figures 2a and 2b and the setting of prices for messages parametrically.

___________ • 
•
• •- -•• ----—

~~~~
T-, •

~
-
~~~• ,• ~~~~~~~~~~~~

- • -• ••‘
~
•• ••
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(a) The Bertrand Case

If an ind ividual is allowed to collect revenue fr om the multiple

sale of the same message this market can be regarded as precisely the

equivalent of a Bertrand price oligopoly with each seller with a supply

of a cost less good sufficient to saturate the market • The only noncooper-

ative equilibriua,if we consider state strategies, has all sellers pro-

viding information at zero price . However suppose that there were only

two sellers of informat ion. ~~e might use a threat strategy amounting

to “i will not offer information for sale ; if you do not, I will play

the second stage as a one stage game ; if you offer information I will.

bid in such a way as to cause you a loss relative to what you would have

obtained with no sale of informat ion .”

( • When there are many individuals in a market it might be argued

that these types of threat cannot rea lly be coumsinicated or carr ied out

and state strategies are more reasonable. Even this is not necessarily

always true .

(b) ~~stric ted ~~~~~
If the message market is as shown in Figure 2b then it has bean

argued elsewhere14 that the only equilibr ium for this type of market re-

quires that all sellers charge the same pr ice . If there are more seller s

than buyers at a pr ice of zero this becomes the equiva lent of the Bertra nd

case. If there are fever sellers than buyers at a pr ice of zero then a

positive price can be suppor ted .
• The restriction on message sales might be reasonab le for copy-

righted material but for “forecasting” knowledge or “trade secrets ” it( • 

doss not app ear to be warranted.

- 
- .-•

~~

•--•• • • •
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I I  
_ _ _ _ _ _(c) 
~~
j  Pr ice Parameter

A way in wh ich the reprod ucibility of information can be accomo-

dated without introd ucing extreme competit ion among the sellers is to

have a market agent fix pr ices to the h ighest levels consistent with all

purchasing full information.

Reconsidering the limit case as n -‘ for the exa mp le in 2.2

we observe that information can coninand a positive price . Suppose that

individual i were to consider his position g iven that all 2n-1 others

had obtained information. In effect he would know that the price of a

future for state I or state 2 is 1/6 . Thus his payoffs can be given by

(15) n h.’~~~log 6x + 4 l o g 6 y _ x _ y + 1 + M

( where x and y are his expend itures on futures and M is the amount

of co~~od ity money held by him . We see tha t even though all others are

inf ormed and even though he may be informed of their strategies this still

does not give him the inf ormation about Nature that he needs . All he

knows is that every one else will use strategies of the form :

“If state 1 then (1,0); if state 2 then (0,1), ” but as he cannot

distinguish state 1 fr om 2 he still has to split his bid even though he

can calculate that the price of either future will be approximately 1/6 .

We can observe that x — y • 1/2 and the expected payoff to the uninformed

trader is

log 3 + H

by buying information he can convert this to:

( )
log 6 - c +)(

‘~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _
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where c is the cost of the information; thus 0 < c < log 2 are prices

wh ich will suppor t the purchase of information.

In testing for equilibria we may note that as others are more in-

formed the va lue of informat ion to the remainder may change. Suppose

that all traders of type 2 have not purchased information. By consider-

ing the solution to the example in 2.2 a single trader without informa-

tion obtains log 4 + N • If he buys informat ion he obtains log 8 + N - c

~e will purchase information if 0 < c < log 2 • In this example the value

has remained the same. This equality appears to be an artifact of the

particular example.

• 4.3. Further Problems

( The models presented above are offered in an attempt to isolate

some specif ic siiiçle aspects of trade in economic information. In part i-

cular th. appr opr iation, reproduc ib ility and transmission of iniformat ion

are isolated by the forma l rules of the games governing the message market

centers • The demand side of the market is then sti4ied in the third model

vers ion by attach ing a parametric pr ice to the message at each message

~~~ket.

This apprøach of isolating properties of the exchange of informa-

tion is clearly so limited that there are several further problems which

wou ld require more elaborate modelling to invest igate the.. In part icu-

lar we do not deal with subjective probability. Furthermore the analys is

presented here is not dynamic.

A key question that has been asked in the economics of f inance

( ) and infor.ation* is ‘~does the market pr ice of a stock ref Lect the full

11lee for eumple.

- ~~~~~~ ~~~~~~~~~~~~~ •T~~~
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discounting of insider information?” In terms of the analysis presented

here this is not a completely well defined question unt il the following

specifications are made (a) is the model envisioned to be in the context

of a closed economic model or Walrasian system? (b) does it have subjec-

t ive probabil ities? (c) can information be traded? (d) are pr ices given

to the traders or do they evolve from the trad ing?

In the context of this analysis if we assume a Walrasian model

with no subjective probabilities, and prices which evolve from trade the

answers suggested are : (1) If no inf ormation is traded then the price

system does reflect the differences in infor t ion and the price system

will not be that given by the competitive equilibrium . (2) If informa-

tion is traded , depend ing upon the mechanisms of trade and the control

on reprod uction, transmission and appropr iation, the message markets will

go act ive before the conisod ity markets and pr ices in the conniodity markets

will be influenced by the pr ior exchange of information.

The complex activit ies in preparing crop estimates, making economic

or stoc k market forecasts , assessing the success of new technology, find-

ing “deals ” mergers, acquisit ions or other new transforma t ions and recoin-

b inat ions of assets are all examples of trading in infor mat ion. Forecasters

are pa id, finders fees are often paid and insiders exchange information.

The markets are there , but given difficult ies in appropriation and cotumu-

nication they are hard to formulate . The models presented in Section 3

are a first attemp t to formalize some of the elements of information

markets .
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( 4.4. Institutions and a Price for Am nesia

The remar ks in this section may be regarded by SOme as somewhat

cryptic and are based heavily upon the elaboration of a prev ious model. 18

They are noted as a warning against making the assumption that because

the value of more information to some may suppor t a pos it ive pr ice, then

more information is necessarily optizm l for the system as a whole . The

reverse may be t rue, as is shown in an examp le noted in the paper referred

) to here .18 If this is the case then we could conce ive of a “message

amnesia” market, i.e. a marke t in which certain ind ividus l.s are pa id or

“br ibed ” so that they will “for get ” informat ion. This possibility can

be modelled in a manner as suggested in Section 3, but a working market

system for “amnes ia” has not yet been constructed . It appears that the

solution to this problem lies in the construction of rules of the game
18which can be interpreted as certain rud imentary institutions .
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