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1, It is proposed to study how the demand of rationally acting men for an asset
or contract depends on its liquidity.

1.1 Nan's behavior is called rationsl (consistent) if, faced with the same alter-
natives, he will make the same choices. While the actual behavior of men is not
consistent, the implications of consistent behavior, or the so-called pure economic
theory, deserve study for two reasonss (1) as a possible first approximation to
the description of actual behavior; (2) as a set of practical norms which, while
derivable from the general norm of consistency, may be easier to apply in special

cages.

2. LIQUIDITY

Let Xqs X3 = rates of input of a certain service (in man-hours, machine-hours,
etc.) in years O and 1 respectively. If x > x , and the asset or contract that

1”0
yields the service is expanded, 2 price, po, is to be paid, per unit of input

added. Ir 1:1< x., and the asset or contract that ylelds the service is reduced, a
certain amount, pO[; is released, per unit of input subtracted. The ratio H(0< £41)
will be called liquidity. Of the cases drawn on GRAFH I, we shall consider line bb
as sufficiently realistic, though cc is somewhat more general.

2.1 Special forms

2.1.1 Liquidity as marketability of an aszet. Here po-f = geccrd-hand or scrap

value of a machine, the selling price of a (non-standardized) resl estate after
advertising or agent costs, etc. In perfect market (single shares, bonds, grains)
é’ = 1. Note (on GRAPH I) that continucus line dd ordinarily used for monoroly
does not meet our case as well as do cases bb or ce.

)
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2.1.2 liquidity as we:l.od. .coqrertibmﬁtz of an asset. Hers f- 1 implies cost-
less change of physical firm or location. For rew saterials, f is larger than for
finlahed (*specifio”™) goods.
2.1.3 Liquidity of contracts. Here ! {1 'u' the dissolution of contragt antails
legal penalty or some other cost.
2,2 Thae following extensions will not bs attempted here:

2.2.1 If one admits (a) preference for present vs. future; (b) change in

market prices, then the ratic between two momey costs must be
replacaxi by & ratio betwesn two margiogl utilities (a “marginal rate
of substitution”).

2.2.2 Hovison might be axtended beyond 2 time-units.

3. UBORESS oF TITON

3.1 A modal (R » sise of semple).
3.1 8t gosplete information spproached.
3.1.1.1 (Special oase: N = <1 and all probabilities » O or 1y gertainty).
3.1.2 8= 0: Igoorence.
313 0 N{wr s incomplete information.
3d.3.1 (Special case: N grows in time: sequential information).
- 32 A1l probabilitiss lmvolved hers are subjective.
3.3 it least parts of the model oan be mummmwlzm
are degrees of bedief not depending on observed frequencies; provided the fimm can
saloe choices batwasn bete.
34 Extension to “epdinmal ties® will not be dimoussed here.
33 lm m (1.1) saxinises ﬂ’u expeoted (= mesn) value of utinty.*

%soe Maseurable Utility and the Theory of Assets, Oowles Commission Discussiocn
» Boonomice 206, 2264 presentsd at Madison mesting of Roonometric Socisty,
Mme,m. |
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ke CFFLCT W' LIQUIDITY ON LLVAND IN CASL OF CERTAINTY

u;l The firn knows (as inm 3.1.1.1) that x input units will produce in years 0
and 1, raspectively, T(O(x) and Tfl(x) output, measured in money units. Write
X, =% 8 7. Firm chooses, at beginning of year 0, those values of i:, y that
paximise two-yesrs' profit g = :0 * 5 where

2, " ﬂo("o) '-’o"o’ 3 " 'Klfxa * )~ P X - W
where g = 148 y20; g =& if y ¢ 0.
Problen: Investigate the effect of £ upon x and y for a given change in the
production function.
L.2.} Choose units so that po el
L.2.2 Assume a one-parametric “shift® in production function, thua:

1[v(xJ " 1'[,‘(2; +u) (i.e., total cost needed to produce a given output
/ is changed by a oonstant) '

4.2.) issume, as on ORAPH I, that marginal product function is linear,
Wolx)=b-xfey T (x) =t = (xsu)o; e>0,
C3 &l CHARTS of this paper, b= i, ¢ = 1,
lu.z.h Fromnowonnwﬂtexforxo;mdxoyfor:r
4.3 The probler: becomes: "X , ¥ are values of x , ¥ that maximize
s(x, y)-n+hu-:2/zc+a+b(x¥y+u)-(x+y+u)2/2c-2x-qy,
Ihlr.q'-li.fy.zo;q'zu'ch;a-comknt.
‘spress X , 9 as functions of both u end £,
4.3.1 Bepecially, show that, given the shift u > O (incresss in total cost for
given outpus), 2 is smaller when = 0 than when .Z = 11 ORAPH II.
by &lntionofh-). Putting on/dx = 2e/2y = G, solve for x, y:
y=y(u, q) = 20(1 ~q) ~u
x*x(u, g~ c(db=2+q)

Case 1. Perfect liquiditys J = 1, hence q = 1. i-x(u, 1.)-.;3(1:--1)13ee
yeyul)=-u j A
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Case 2. Imperfect liquidity (See GRAPH III B); O ¢ (( 1.
(> ) for values of u such that y(u, 1) > Oi
?-y(u;l)ﬂnu,asinmal
2 = x(u, 1) = (b - 1), 2s in Case 1
us 0
(4 ) for values of u such that y(u,1) ¢ O and that even y(u, £ )¢ O3
Foyta, L)=»220- L) ~u
X=xfo,1)=c(db~2+7F)
ay2@d-L)>0
(¥ ) for values of u such that y(u, 1)< 0¢ y(u, AT
Yo

ds%_g_l-o,ﬁ-c(b-l).ufz

Ocug2l-2)
b.h.1 Meaning of the intexrvals (ol ), (B ), (¥ ) in terss of capasity.

In (ol ) the shift of production function calls for an increase in input
after year 0. Thls means also an increase in capacity as the asset aoquired or
contract made at the begimning of year O was such as to suit the initial input 2,

In { 4 ) the shift calls for decrease of input. In this case, if the second-
hand price of the agset = O, part of capacity created in year O may remain umised
during year 13 that ia, it was not ebsurd to plan in year 0 for unused capacity
in yeur 1.

In ('Y ) the shift in production function would call for decresse of imput if
the second-hand price equaled the price of new equipment; but with & lower second-
hand price it is prefereble to start with smaller caphoity in yser O and to main-
tain 3t unchanged, and fully used, in year 1.

4.5 Probles of several (n} kinds of inputs (and, correspondingly, several kinds
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of assets or contracts), each having diiferent liquidity /,i (L=1, ..., n).
porticnal t

-~

rind the best inltial inputs ﬁestmants) %" and the best increments }i, 9‘; for
successive yearsl, 2, ..+ &8 functions of 4" and of & known shift u in the pro-
duction function. It is conjectured that (ss on GRAPE III B), 22/af¢*% > o.
li.6 We conclude that differences in the ligquidity of verious assets affect the
relative demand for them even under conditions of certainty. Examples: till
money, and pipe~line stocks held to provide for predicted changes (seasonal or
otherwise) in production and market conditions.

5. EFFECT OF LIQUIDITY ON DEMAND IN THE GENERAL CASE OF COMPLETE INFORMATION
{3.1.1) :

5.1 HNotation: Small lettera; non-random variables (quantities and functions)

Capital letters: variables that are in general random
Roman letters: quantities (mostly)
Oreak letters: functions (mostly)
5.2 it the bezimning of year 0, the production tunciion Tto(x} for that year is
knoan, but the production functioen for thie next ysar is random. Specifically,
.rophce equation in L.2.2 by the following:
T, T x+0)
where the "randos shift* U has probability density function ¢ (V).
5.3 We shall assuse £U = O and denote EU° by o °
best investment (best initiel input) 20 depends upon iiquidity £ and upon riski-
ness o"z of the contract or assst In question.
.k The two-years' profit s in 4.2 becomes (putting P, * L and writing x far x 3
x +Y for X L.2.b) __
Ze2x, %) -n;ocx)-au motx+r+nl-xe-qr,

+ Ve shall discuss how the

wiore Q » 1 4f ¥ 2 0; Qe f ifrY ¢ O.
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Hare Y, and therefore Q, is random, becsuse the choice of best valus far ¥, %o bs
made at beginning of year 1, will depend wpon the value which the shift U will have
taken by thea. At the beginning of year 0, the firn determines:

(s) the ("best*) valus 3 of x, and
(®) the (M") function ?( P
such that if X = ¥ and T~ %(0), then the expestarion €2 has & naxtmm, 1.0.
es®, fwly ezl 7@
for any x, ¥ (cf. 3.3), or
e3(R, % (U}~ max, x, €32

S1.1 Z = zl + 22 is used here as a sample case of utility function of Roney
profits instead of & more general one, say «J(zl, za)s ef. 2.2.1. Expanding &)
ioto Taylor series (as in Yarshall, Principles, Math. Appeundiz IX) we approxizsate
€ @ by a linsar cowdination of €2, the varianceg of %) and 2, (somatines called
"risks"), their correlation etc. The firm 1s thms concerned with higher moments
and not only with the luns of prafits.
5.:1.1 In the expsnsion just zenticnsd, the cosSficieat of the variance of 2,
(11, 2) is 'aaw/azf « Omly if this iv negative, i.e. if the marginal uti-
11ty of yrolit decresses with prafit, i3 there "risk aversiom® {of. Friedmen and
Sevage, JPE, 15L8).
5.1.1.2 Further generalization of the utility function might make it dependent on
other commodities besides monay--e.g. power (for a firm's nEnager ), coasuners!
goods (for the householder).
5.4.1.3 Howaver, the simple utility function ¢ (zl, z.‘,) * 2, + % =2, and hence
the maxinizing of & Z,will suffice to illustraks the main propositions of this
paper.



5.4.1.4 The statemsnt of 5.1 15 equivsient to the Newmsnn-MNorgmetern definiticn
of strategy. See also A, Hart'a cmtritution %o the Sohulbs meworisl valuaes ond
Ny paper oni Wsasureble Utility and Theory of asssts, p. 20,

S.Ai.2 We also cmit here the extension to horiscns of sope than twe time-wnits,
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S.5 W shall show that
(5.5.1) “"‘x"‘"7 £zl 3)] = Max_ Eu:? z2[x, §©)] 3
for this, it sulfices to show that
(5.5-2) vaxy 3 [, y] = Evex, 2 [5ym].
Supposs that '
(5.5.3) vax, 2 [z, y@)] =2 [x F0)] 5
that is, for any U, 2, 9
2 [x, "jwﬂ 2 zfxp0)];
maltiplying by ¢ (¥) (non-negetive) and swmiing over O,
E2{s,3m] 2 £2[x 5],
£2[x, 7)) Nax, Ez [, );(0)] ;
This, by (5.5.3) is equivalent to {5.5.2); hence (5.5.1) is proved.
5.6 ‘Therefore, to find Q, '7‘, we proceed as follows: solve
(5.6.1) 2a(x, T)/2T =0
for ¥, obtaining Y = ?(U), which involves x. Subatituting,
(5.6.2) Ealx, I) = £ 2 FWII=E2
now a function of x only. Then solve for x the equation
(5.6,3) d&zfax = 0;
it will be satisfied by x = %.
5,7 Apply this 1o the case of linsar marginal product function (4.2.3). The
problen in L.J becomes: '
"Frite 1’ - 7(0;45); Vex+ T+ U then % and ?(Ulf) are a constant and a
function thet maximise
Ei(x, I) = n +'htx-‘12/2c 48+ bV -~V 20 - 2x - QI,
where @ = 1 if »(u, 1) 2 03 Q «£12 y(v, 1)< 03 and fu=o,
Bxpress %X 86 a function of liquidity £ and of the paraneters of the probe-
bility function f{ﬁ), such as the variance, 0_2 - &Uz, of random shifte of the
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woduction function. In particular, find the signe of /25 ¢ and OxL-- .*
5.8 Proasding as in §.6.3), we obtain, for the three interwals anslogous to those
in b.bs
{eh) for U4 (b =1) - xt a(v) wc(bul)ex~-Us¥ee(b=-1); Qa1,
(f) tortze(~£)exr FO)=cOd-L)~2-T3Veoo(d-L)a=f.
({) torc(b~1)=x< U el wd) - x:
POESTR EF PR I
Proceeding further, as m_(s.a.a, G.5.0
dn:z/dx-b.-a-‘i/ca,/::l o~ R+ u)/fe] ¢ (B)av

. -
of "t [Tt = o,

-t Y
where ap * (o &)k -3, u = (b~ 1) -3
5.9.1 Note: At perfect liquidity £= 1, the equation in 5.9 yields

2= (b -1, |

independent of the randon shifts, and identical with the solution in ki, Case 1.
5.9.2 On GRAFH 1V, the equation in 5.9 is plotted for ¢(U) nornal and for £= 0
and l- Lt xis expressed a9 a function of .
$.10 To find the sign of 3IX/3# , differentimte the equation in 5.9 with respect
to £, and write for the cumilstive probability function /‘ $ ()T = p(n) >0.
We obtain B

(9%/9 € ) - {1 Cpmy) - pmy) e c,'ﬁ(ml)J-c,lz{a ]

andsi.ucec:O,andnlg Wy, ’ﬁ(nl}( y(nz),

O/ 2 ©

That is, initial investment increases with liquidity.
.11 Tt can be further shown that investmént X decreases with increasing varisnce
of the random shift. By introducing UF = U/~ , a rendom variable wikh sero mean,
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unit variance and a probability density function ¢*(!J*), Herman Chernoif has

shosm that for continuous distributiorn fumctions,

gf-i;- - / KA )a*(u*) a™/ [ 1 :/ ’_11 ?s’(u*)du"jg o,

Ry !

whers n; = mi/g- (L =1, £). (The equality sign applies when L=1: zee 5.9.1).
5.2 Chernoff has shown, moreover, that investment % is bounded as followss

(5.12.1) as g* —>0, X —»c(d - 1)3

(5.22,2) as O =din, % -—,c[b ~2+f0+Q -f) lf’*(O)l ’
where 't/f*(m) - / B F (U*)d,U*, 80 that, for symmetrical functions, tf*(O) - 1,2,

While (5.12:3 simply repeats the result obtained in the case of certainty
(Lo4: Case 2, for u = 0), the result (5.12.2) is interesting: as the variance
of the random shift increases indefinitely, investment does not fall to zere; for
example, 1f 4 = O and the distribution is symmetrical, ¥ approaches (b - 3/2)c.
(See GRAPH IV for the more special case of normal distribution and for b = kL,

c =1},

6. NOTE ON THE REVAINDER OF THE PAPER
The pessible role of liquidity under conditions of incomplete information

{called "uncertainty® by F. Knight as I understand him),with ignorance as the
limiting case, can be only sketched cut here as a program. The work to be done
would essentinlly apply the principle of maximized utility to actions based on
limited data. This idea, in its epplication to statistical inference, was
developed by Abraham w a3 early as 1939. (One of the more recent papers is
"Poundations of a Ceneral Theory of Sequentisl Decision Functions,” Econometrica,
1948). The following remarks ain mainly at a.cqua.tnti.ng general economists w;t-h
this approach of stetistliclans.
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7. THE CASE OF IGNORANCE

7.1 Examples of ignorance as defined in 3.1.2:
7.1.1 The firm knows the production funmction () the liquidity £of the asset
or contract in question, andtwo values, u, and uz,that the shift u of the production
function can take; but it has no information to estimate probabilities attached to
these two values. It has to choose x, y.
7.1.2 OSame as before but, instead of two constants ul'and u,, the firm knows that
$(U), the probability distribution of the random shift U, has zero mesn and is
normel, but the variance cr2 is not known.
7.2 1f the unknown conditions (v, & ) were determined by a rational
opronent in a geme, & rational choice by our firm , in case 7.1.1, would be as was
shown by von Neumann and Morgenstern: it would "minimax the loss," i.e. make a
choice of x, y such as to obtain:
Min, o Haxu[- z2(x, 75 W)} ;
and, in case 6.1.2, it would "minimax the expected value of the loss,"
Minx’7iiaxa_[— f:_ Z(x, 7 {U); o‘“}
7.2.1 In words: In a game, choose 2 policy {x and y, or x and 7) such tbat, even
if the unknown conditions (u or ¢ ) should turn out to be the ones most adverse to
tiils pulley, the expected gain (z or fi Z) would be at least as large as the
expected gain  that would result from any other policy, and from conditions wmosi
adverse to that other policy.
7.3 If conditions are not determined by &n inimical rational opponent, there is
no reason for this maxlin of behavior. L. J. Savage has sugzested (orslly) that
nol the loss but the "regret" be minimaxed: the "regret! being the diiference
between the gain actually obtained and the gain that would be obtained if choice
had been made in full knowledge of conditions. Thus, the firm chooses the policy

that would yield, in case 7.l.l.,
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- "~ - . - . 1
(7.3.1) *Jlnx,y Max, me,y z(x, ¥5 1, ) | z(x,- Yiw)],

where i = 1, 2. And in the case 7.1.2 the policy should yield

4 X ; . C - 1
(7.3.2) M*nx,yma L"’a“s,,? C2(%, 75 8) = JZ(x, ¥3 8)§,

where s are the values that can be taken by o,

(CHARTS VI - VII, to be supplied later )
7.4 It is [elt, and bas been confirted by tentative numerical examples/ that the
optimal policies thus determined would involve liguidity Z But. I have not worked

ovut the problem in detail.

8. THE GENERAL CASE OF INCOMPLETE INFORMATION

8.1 Vie now modify the example 7.1.2 as follows:

The firm knows the production function T%, the liquidity f of the asset or
contract in gquestion, and knows that 7‘/ (U), the distribution of random shifts,
is normal with zero-mean. In addition, it can obtain, in the year 0, certain
data, to be denoted by Do’ that are related to the future random production shifts
U. For example, the numbers D may be sample previews of crops. Denote the
(unknowm) joint distribution of D_, U by ) (D,» U). In particular, < may be
chgracterized by variances and regrsssion coefficients. To choose a peolicy means
to decide how to react to information D , i.e. what functions -, ¢ will yield
optimal initial investment X = E (I}o) and optimal increment in year 1, Y= & (Do};
determined on the basis of information in year O. Applying the principles of

7.3.2, we have to choose {:;, € 8o as to ohbtain

mz’e Max o (L&ax&’e ¢z~ £ 2),
where Z = 2 'LE ® ) 6(D°)J and 4 (U, D) i3 an unknown joint distribution
function.

8.2 Again, it is conjectured that if the optimal decision functions-say, E, E —
are cctually evainated for our economic examples, they will turn out to depend on

1icquidity.
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8,3 In F.l, the only data conaldered were those available at beginning of year 0,
D,. Actually, further data, aay'nl, will become available in the course of that
year. Then Dl mist be included as argument in the joint distribution function )
and in the decision function €. This will affect the optimal values of E, €.
§.3.1 In particuler, it will probably turn out that if the liquidity of the asset
i3 low, 1t is advantageous (i.e. it will "miniwmax the regret") to have less of it

during the year 0, in order to wait for additional information. Thus, "sequential

information® listed inm 3.1.3.1 as & sp2cial case, is likely to be of importance

for the theory of liquidity.

(Correction: Wherever the word GRAPH appears, it should be replaced by CHART).



Liquidity of Assets and Contracts under Complete Information
by Jacob Merschak

GRAPH I
P
p = price (per input unit) paid P # : &
or reteined by firm P‘ b
= input rate in year 1 b -: Q .
X" initial input rate’ '
/ -—d
c
/
i
d '
0 My
x
0

aa: perfect liguidity: ,e = 1
bb: imperfect liquidity (admitting discontimiity): £ = IQ/iP = constan’ < 1
cc: ditwo, £ variable ¢ 1

dd: lmperfect liquidity (continuous case).
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Ligquidity of iAssets and Contracts under Complete Information
by Jacob Marschak
GRAPH IJI

Optimal initial.input'(ib) and optimal change in input (¥) as functions of a
known shift (u) in production-function.

(A)r Perfect liquidity (£ = 1)
(B): Varying degrees of liquidity (£ = 0, 1/2, 1).
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Limrtine vaiuas of best initlal prrut {kp} ankd hest change in input

~

{y = 7 {li ,asfunctions of & random chift U, symmetrically distrabuted with

e
zero mean, and with standard deviation insreasing indefinitely ( & —> o j;

two alternative degrees of liquidity f Af~f O3 1) of the asset or contract in

gquestion are assumed.
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the case of certainty ( ¢ = 0) plotted on CGRAPH III, for u

comparison is as follows:
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‘560 = 2 1/2

24

Since this graph is comtructed for mean U = O, it can be compared with

= 0 only. The

T=0

y= 7(0) =0

) ¥y = ?‘\0) = 1/2




Profit 2

hegret r

Profits and regrets as functions of investment (initial input) x,
assuning that optimal change (y) in input will be chosen. TFuture
shift (u) unlmown. Liquidity (7)=0O-.

Locus of maxinal regrets: ABC. Point of minimax regrei: B.

Hence best investment at L=0: x = 2.5

(Compare vest investment at £ *l: x = 3.0)
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ILiquidity of Assets and Contracts under Complete Information

Amended version of Sgetion Tt

7.1 Examples of ignorance as défined in 3.1.2:
7.1.% ie firm knows the production function Tl',o( ), .the liquidity ,5 of the asset
or contract in question, and a set (u) of values, that the shift u of the produc-
tion function cantake; but it has no informaticon to estimate probabilities attached
to each of these values. It has to chcose %, ¥.
7.1.2 Same as before but, instead of a set (W) of constants, the firm knows that
#(U), the probability distribution of the random shift U, has zerc mean and is
normal, and that standard deviation o-is an element of a set (i) of constants.
7.1.3 The two cases 7.1l.l and 7.l.2 @mn be considered as special cases of the fol-
lowing: ‘The form and all but 5ne paraneters of @(U) are knowrm. In case 7.1.1,
o =0, and &U is unknown; in 7.l.2, 6 U =0, and ©° is unknown.
7.2 If the unknown conditions (u, T) were determined by a rational opponen’ in
a game, a raticnal choice by our firm, in case 7.1l.1, would Se as was shown by
von Neumann and Morgenstern: it would ‘minimax the loss,"™ i.e. make a choice of
x, ¥y such as to obtain:

Min_ _ Mex [ =z(x, y3u)] 3

XY u
and, in case 6.1.2, it would "minimax the expected value of the loss,"

Minx,?) Max [ ~ &z, i (U); o] |
7.2.1 1In words: 1In a game, choose a policy {x and y, or x and )? ) such that, even
if the unknown conditions (u or ¢ ) shoui‘d turn ocut to be the ones most adverse to
this policy, the expected gain (z or £ Z) would be at least as large as 'the
expected gain that would result from any other policy, and from conditions most
adverse to that other policy.

7.3 1If conditions are not determined by an inimical rational opponent, there is
=10~
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nc reason for this maxim of behavior. L. J. Savage has suzgested (orally) that |
not the loss but the "regret" (or "aiss¥) be minimexed. In the case 7.1l.l, the
"regret," r, is the difference between the zain actually obtained and themin
that would be obtained if choice had been made in full knowledge of conditions.
We shall work out this case first.
7+3.1 We define regreﬁ: _

r = Max 5 2{X,¥; ) - z(x,fr;‘u) = r(x, ¥, U}, |

The firm chooses X,y sc as to achieve

Min = Max r(x,y, u) = ¢{x, ¥, 1), say.
X,y U in @) 35 s Vs y Say

We are interested in the effect oi‘-iiquidity .é upon best investment, x.
7.3.1.1 The profit-maximizing values Q,’} derived in L.l depended, in g.eneral,
onu: x -=?c(u); ¥ = ;(u), say. For a given u, the regret

r(x, v, u) = 2(X, ¥3 u) - 2(x, y; w)
is a quadratic in x, y, because the profit z is: see L.3. When (x, y) = (:?, ’3;),
r reaches its maximum value, zero, It suffices to‘ consider, for each u, the
relation between r and x when y = 3*(11) s Yiz.,

r(x, ¥, u) = 3(x, V5 u) - 2(x, T, u). |
Again,ir(x, ?, u) is a quadratic in x, with maximum value zrero reached when
X = ?(u) = ,x\. Therefore

r(x, /y\, u) = = (x -?c)?'/c, |
This is represented by each of the three parabolas r = r(x) in the Loygx_‘ part of
CHART VI. Their vertices have abscissaﬁ?, derived in L.). We shall denote thenm,
for each of the three intervals (o), (8), (¥), by :;E&, %, and X _ (u),

A J

respectively.
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7.3.1.2 Suppose, as on CHART VI, that the set () consists of the following
values of 11 One or more values in (of); one cr more values in (/3); cre rasue
in (¥ d==gay 1/2. 1t is seen that the minimox regren ' = i" is given by the inter-~
secilcn of the two exireme parabolas; the abscissa of this point is, by symmetry
(since the two parabolas differ with respect to their abscissas only)
X = (§+ 2'6 )2 =c(@2 -3+ 4)/2.

Ir. this case X increases with ,f .
7.3.1.3 Note tnat this solution applies whenever the two knowm bounds of u lie
in (o) and (f3) respectively.
7.3.1. As a limiting case, this includes one in which u can take any real value.
Note also that the seme solution is cobtained in the case of complete information
about the symmetrical (e.gz. a uniform) distributioﬁ g(U) with O~ = ¢ ¢ ses
(5.12.2)“.
7.3.1.5 If the two bounds of u do not lie in @) and (A) respectively, it is
seen, by inspecting the values of x inur.lté\?c iz either an increasing function of
V4 or dces ﬁot depend on £ . |
7.l Proceed now to the case 7.1.2., Here the minimax regret, T, is replaced by
the "miniwmax mean value of regret” '

& chi ? (U};O’J,

¥in Uax
Xy cin(e)

where RCx,?(U);O") = Phxx 72@, 7(U);Cf) - Z(x, 7 (U)s07)

= z@,}‘(n);cﬂ - ZCx.7 V) o)
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Since E_? ir 5,7 is a quadratic in.x, &R is a quadratic that, for a given 15 ’
has its maximnwen value, zero ab x = :'c‘, ‘7 =? » Reagoning as in 7.3.1.1 and uacing
(5.22.1), (5.12.,2), we obtain.
(1) =20+ 2] 2=
¢[2b-3 40+ 1-4) ¥ *0) /2;

7.h.2 Since §*(0)< 1, we note thai for ﬁ( 1, the value of X obtained in 7.4 is

£

larger than that obtained in 7.3.1.), 7.3.1.23 %o know that & U = O and be ig-
norant about ¢ justifies smaller curtailment of investment than to know that
ST = 0 and be ignorant of a U.
Tois3 We have by {7.h.1) d?c/d.é » O0: the size of commitment (asset or contract)
increases with its liquidity, if the firm is ignorant zbout the variance of the
future randon ghi{% in production cosi, |
7.5 In a more gensral case, <& is known to be contained vetween two bounds,
=IEED s P Then, for a given .g 5

L3 =%o, )+ 25, 4,

Therefore, by 5,10, dx/d£ 7 0. (Use CHART IV as an example: mark X fc-rae* 0

and for 4@"— 1/2).



