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Abstract

When traders with asymmetric information act strategically, public announce-
ments can convey crucial information concerning the higher order beliefs of other
traders. This is so even though the public announcement is uninformative concern-
ing the fundamentals of the market, We exhibit a case of trade which is fragile to
the announcement of a fact which is already known to all market participants.
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1. Introduction

Our understanding of the workings of financial markets has been greatly enhanced by
the significant advances made in the theory of asset pricing. However, the lack of any
convincing theory of the volume of trade remains a serious gap in our understanding.
Ross {1889} laments this state of affairs, and notes that any such theory of trading
volume will be difficult to reconcile with existing theories of intertemporal asset pricing,
since these theories are based on price taking behaviour aimed at incremental and
gradual portfolio rebalancing in the face of news. Events such as the crash of 1887, as
well as the magnitude of day to day fluctuations in trading volume sit uncomfortably
with the elegant, yet inadequate theories of asset pricing.

The literature generated by the 1987 crash has had some success in showing how
prices may be volatile, but has had little to say on trading volume. For Gennotte and
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Leland {1990), for example, the introduction of non-linear hedging strategies in an oth-
erwise linear, price-taking world introduces discontinuities in prices. Grossman {1983)
and Jacklin, Kleidon and Pfleiderer {1992) also emphasize the role of hedging strategies
and program trading. For Romer (1993), a discrete probability distribution over types
of traders with varying gualities of news means that one round of trading reveals in-
formation concerning the quality of tradess’ information. Bulow and Klemperer (1994)
is an exception to the tule that competitive price taking behaviour is assumed. They
examine price volatility in an auction market with fully sophisticated traders.

Our paper is a product of the view that the fuctuations in the volume of trade can
only be addressed adequately if account is taken of the strategic nature of trade, and
when the interaction of the beliefs of the traders is modeiled explicitly. Our aims in
this paper are modest, and our arguments are based on a specialized asset structure.
Nevertheless, we point to suggestive features which deserve further investigation. In
particular, we will show how the arrival of apparently uninformative news can propagate
large fluctuations in the volume of trade. Indeed, we can claim that in some cases the
public announcement of a fact which is already known by all traders can cause large
changes in trading volume. Although these announcements may seem at first sight to be
uninformative, they convey crucial information about the beliefs of others when placed
in the context of a game. |

Lo elucidate this point, it is instructive to contrast the role of uncertainty in games
from that in single person decision theory. Suppose that the uncertainty concerning the
fundamentals of the economy is represented by a state space @, and a trader has an
information partition over this space. At some state w, the trader knows that the true
state is in the cell of his information partition which contains w. Suppose now that there
is a public announcement to the effect that the true state is in some subset A of 2, but
that A does not intersect with the cell of the trader’s partition containing w. Suppose
now that there is a public announcement to the effect that the true state is in some subset
A of @, but that A does not intersect witht the cell of the trader’s partition containing
w. In single person decision theory, this announcement is completely uninformative
to the decision maker, since the decision maker’s private information dominates the
information conveyed by the announcement.

However, if trade is strategic, the optimal action of a trader at one state depends
on the actions of other traders at that state, and this raises the issue of what other
traders believe at that state. With asymmetric information, the beliefs of traders in
neighbouring states then become relevant. But then, the reasoning does not stop there,
since the beliefs of traders at these neighbouring states will depend on their beliefs about
the beliefs of other traders af a further set of states, and so on. Rubinstein’s (1989)
‘electronic mail game’ is an example of such an effect, and Monderer and Samet (1990)
and Geanakoplos (1992) discuss related examples.

The key to understanding the impact of a public announcement is that the announce-




ment conveys information by virtue of the fact that it is public, and hence its content
becomes common knowledge among the traders. Thus, although the announcement
may reveal nothing new in terms of the “fundamentals” to any of the traders, it often
conveys information concerning the higher order beliefs concerning these fundamentals.
In these circumstances, a public announcement which may seem uninformative can,
nevertheless, generate a significant impact. We exhibit a case of trade which is fragile
to such an ‘apparently uninformative’ public announcement and diagnose the reasons
for the fragility in subsequent sections. We begin with our model.

2. The Model

Two manufacturers of lightbulbs are in competition to meet a sizeable order for long-
iife lightbulbs from a government department. The department has set down a fixed
price, and has announced that it will condnct a durability trial of the twe brands of
lightbulbs. The brand which has the greater durability (in terms of the number of hours
' of operation} will win the order. The two firms have developed competing versions of
a revolutionary design of ightbulb which, in principle, could last forever provided that
the filament consists of pure tungsten. However, if there is even the tiniest amount of
impurity in the filament, the bulb has a finite life. Although the purifying process for

- - tungsten has come a long way, ti cannot be relied on to remove all the impurities. The

durability of the lightbulb is an increasing function of the purity of the filament.

The tungsten refining industry is dominated by a monopoly, and both lightbulb
manufacturers are supplied with the same grade of refined tungsten for their filaments.
Although the two lightbulb manufacturers have developed competing designs, the dura-
bility of the two brands is highly correlated, due to their use of filaments of identical
purity. We denote by # the level of purity of the tungsten used by both manufacturers;
¢ lies in the open unit interval (0,1).

The state space which underlies our analysis is given by the set of all triples (8, v1, v2),
where »; is the durability of the lightbelb of the #th manufacturer. We assume that the
density function over the triples {8, vy, v;) is atomless and continuous, and will denote
it by 7{-,-,-). We will formalize the idea that the durability of the lightbulbs increase
without bound as § approaches 1 in the following way. Assume that there is a strictly
. increasing function d which maps each & € {0,1) to a positive real number such that
d(f) — oo as § ~ 1. Then, for any given value of #, both v; and vy can take any value
within ¢ distance of d(#)}. In other words,

T v1,12) >0 df)~e< v <d{f) +eforallie 1,2}
L S

Let us denote by V; the random variable whose realization is v;, the durability of
the #th lightbulb. We will assume that ¥; can take any non-negative value. Each man-



ufacturer observes the durability of its own brand, but observes neither the durability
of its rival’s brand, nor the purity of the tungsten 4.

Of particular importance to our analysis is the density over the pairs {1, v2) obtained
from 7 by summing over the first compenent. We denote this density by u. Thus,

plog, v2) = ]1 7(6, v, vy)d8. (2.1}

Player 1 will form beliefs by conditioning on the realization of Vy, while player 2 will
form beliefs by conditioning on the realization of V3. From (1), u inherits the feature
that u(vi, vg) > 0 if and only if | v; — vy |< 2¢. Hence, upon observing the realization
¥1 = v, player 1 infers that the realization of V; lies within distance 2¢ of vy. The sup-
port of the density u is indicated by the shaded region in figure 1. Also, u is continucus
since 7 is continuous.

[Figure 1 here]

We will assume that there is a number » > § such that for every realization of ¥},
player ¢ attaches conditional probability of at least n that his rival’s realization is above
his own. In otherwords, 5 is such that, for j # ¢ and all v;,

[s.=]
f Wzl Vi=widz> 0. (2.2}
Z=uy .

This assumption has the effect that, however large »; is, there is a uniform lower bound
on the probability that the rival’s durability is greater than ;.

3. Trade

- We now turn to the description of trade. The game is played between the owners of
the two firms. There is a single consumption good. The two firms are assets which
lay claim to the consumption good at specified states. The payoffs reflect the “all or
nothing” nature of the competition between the two firms. The firm with the more
durable lightbulb wins the order, and yields one unit of the consumption good at the
end of the game. The losing firm is worth zero in terms of the consumption good. In
other words, firm 1 is an asset whose payoff is a random variable z; defined on the pairs
{11, v9) such that:

1 if 99 > v
{ - 1 = 1
2101, 1) { ) otherwise (3.1)



Then, firm 2 is an asset @3(vy, vo) such that 23 = 1 — 71,
Both players are risk averse, and have identical preferences given by the von Neu-
mann Morganstern utility funetion

ule) = ¢7, (3.2)

where 0 < o < 1, and ¢ is the level of consumption.

A trade t is an element of the unit square. Trade © = (#1,12) has the interpretation
of an exchange in which propertion #; of firm 1 is given up in exchange for proportion
iy of firm 2. Each trading game is indexed by a particular trade . The action set of
both players is {Accept, Reject}. We will contrast two distinct versions of the {rading
game.

(i} Trade in absence of announcement. For a given trade ¢, traders observe their
respective signals before choosing an action. A strategy of player 1 is a function which
maps each realization of his signal V; to the action set {Accept, Reject}. We will denote
by A; the set of realizations of Vi at which player 1 accepts {. Call 4, the acceptance set
of player 1. Denote by A, the acceptance set for player 2. Note that a player’s accep-
tance set depends on the proposed trade t.

The trade ¢ takes place when both playvers accept. Thus, for the pair of messages
{v1,v2), trade ¢ takes place if and only if {v1,v2) € A; x A;. The acceptance sets of the
players provide a convenient shorthand for the strategies of the players. An equilibrium
of the trading game in the absence of announcement for trade ¢ = {t1,%2) is a pair of
acceptance sets (Aq, Az) such that each player maximizes his expected utility conditional
on the realization of his signal. More formally, for any pair of strategies { 4;, A2), denote
by y1{v1,v2) the post-trade allocation of the consumption good for trader 1. It is given
by:

-_ (1 — il}zi(m, ?)2) + 1‘2:132(’1)1, Ug) if ('Ul, ?}2) € A; x Ag
wfvnv2) = { z1(v1, v2) otherwise (3.3)

Analogously, the post-trade allocation of the consumption good at {vy,v2) for trader 2
given strategies { Ay, A;) is given by:

(1, m) = tr21(v1, v3) + (1 — fg)oa(vr, v2) if (p1,v2) € Ay X Ag
BT zo{v1,v2) , otherwise

Apair of strategies (41, A2) is an equilibriem of this game if, for all 7,

E(u(y) | Vi) 2 Eu{u(z} | V). (3.4)

&



where E, denotes the expectations operator with respect to the distribution p.

(ii) Trade following announcement. In our alternative scenario of the trading game,
the players not only observe their own signals, but also receive a public announcement
from the supplier of the tungsten filament. The supplier of the filament announces the
results of a test which measures the incidence of cobolt in the tungsten. Cobolt is one
of a dozen or so possible impurities in the tungsten, but it happens to be the only impu-
rity which can be measured. Thus, the announcement of the cobolt content is, in effect,
an announcement of an upper bound § for the purity of the tungsten. From this, the
players can infer that the value of d is at most d(#), and from (1), that the durability
of both brands of lightbulbs is at most d(§) + «.

In terms of the players’ beliefs over the pairs (v, %2), the effect of the public an-
nouncement is to truncate the support of the joint distribution so that any realization
of V; above d(#) + ¢ receives zero density. Assuming that both traders update by Bayes
rule from the distribution u, the traders’ beliefs following the announcement are gov-
erned by a new density over the pairs (v1, v2) denoted by A, where the density of a pair
Ay, m3) such that (vy,ve) < (d(8) + €, d(8) + €) is given by

JE o 7(8, 01, v2)db
T [0 [ (8, b1, va)dvadv dE

* ‘while the density for a pair (v, v3) such that (vy,v2) > (d(8) + ¢, d(§) + €) is zero. The
stipport of X is illustrated in figure 2.

)"('Uiy'UZ) =

(3.5)

[Figure 2 here]

An equilibrium of the trading game following the public announcement is defined
in an analogous way to our first game, except that players now form beliefs from the
density A rather than the density g. Thus, a pair of strategies (A1, A3) is an equilibriuvm
of the trading game following the announcement if, for all ¢,

Ex(u(y:) | Vi) = Ex(ulzs) | Vi) | (3.6)

It should be noted that § may be much higher than the realized value of 4, in which
case the public announcement of § will not be very informative to the traders as to
the true value of d and their rival’s duribility. The observation of their own signal may
be far more informative concerning these “fundamentals”. In this sense, this public
announcement is apparently uninformative. However, by virtue of the fact that the
announcement is public, the players have access to the fact that it is common knowledge




that & is at most §. In turn, it is now commeon knowledge that the durability of both
brands of Hightbulbs is at most d(8) + ¢. This is the key insight which will allow us to
understand the contrast between the set of propositions presented below.

In stating our results, we will rele out the trade t = (0,0). Let’s say that 2 trade
is non-trivial if ¢ # (0,0).

Proposition 1. If the traders are sufficiently risk averse, there is 2 non-trivial
trade ¢ and an equilibrium of the trading game in the absence of announcement in
which ;411 = Az = %4_.

Proposition 2. For any o € (0,1), any non-trivial trade , and any equilibrium
{Ay, Az) of the trading game following announcement, 4y X A has measure zero.

Thus, in the absence of a public announcement, trade takes place if traders are suf-
ficiently risk averse, but the public announcement precludes trade, however risk averse
the traders are. Before diagnosing the reasons for the absence of trade in propesition 2,
let us work through the proofs of both results. We shall prove the first proposition by
exhibiting a non-trivial trade which is accepted in equilibrium.

Suppose player 1 has observed Vi = vy. Then, by (4},

E(u(en) [ Vi = o) < (1 —n)u(l) =1 - 7. (3.7)

The conditional expected utility following the trade (3, ) is given by:

E, (u (9:1 ; zg) -'01> =u (é) . (3.8)

There is some o* € (0,1) such that (3)*" > 1 — 5. Thus, for all values of & < o™, we
have u(2) > 1 - . In other words, the expected utility following trade is higher than
the expected utility of the endowment. An exactly analogous argument holds for player
2. Hence, there is an equilibrium in which the trade %, %) is accepted by both players
at evert state. Clearly, (%—, %) is a non-trivial trade. This proves proposition 1.

Let us now consider proposition 2. Let us suppose, contrary to proposition 2, that
Ay X Ag has positive measure for a non-trivial trade t. Then, there is an open set of
pairs {v1,v2) at which both players accept this trade. Let us denote by {V2 € Ay} the
event that the realization of V5 is in the acceptance set Ap of player 2. We denote by
Proby({Vz € A2} | Vi = v;) the probability of this event conditional on V3 = v1. In
other words, '

ff;eAz Avy, v2)dve
f;f:o )\(ﬁlgvz)d'vz

PI‘Ob)\({{fz e Az} { Vi= ’01) = (3.9)



Consider the set of realizations of V; for which player ¢ accepts trade, and conditional on
which ¢ attaches positive probability to player 7 accepting trade, where ¢ £ j. Denote
this set by V;. In other words,

V= {v; | v € A; and Proby({Vj € 45} | Vi = w) > 0} (3.10)
Let us denote by %; the least upper bound of the interior of this sef. In other words,
; = sup Int V.

Note that 9; is finite for both players, since it is bounded above by d(8} + .
Now, let us suppose that #; > vy. The expected utility of player 1’s endowment
given Vi = vy is Ex(u(z1) | V1 = v1) which is :

Proba{{Va < v} | V1 = v )u{l) + Proby({Vz < v} | V1 = vy )u(0). (3.11}

We know that u(0) = 0 and z(1)} = 1. Also, we know that X inherits from g the fact
that it is continuous on the interior of its support. Hence, as vy approaches #; from
helow, '

Ex(u(z1} | Vi = v) — Proby({Vo < 01} [ V1 = %y) (3.12)

Now, consider the expected utility of the post-trade allocation y given V3 = vy. It ist

Ex(uly) | Vi=n) = Proby({Va < vy and Vo ¢ Az} | Vi = vi)u(l)
+ Prob,{({V2 < vy and V5 € Ag} | Vi = vi)u(l — %)
+ PIOb,\({V'g Z (75} and VQ & Ag} i IVI = ’UI}H(‘E;}
+ Proba({V2 > vs and Vo ¢ Ag} | Vi = vy )u(0).

By hypothesis, ¥; > ¥y, so that
{‘Vz > v and V3 € A«z} - {Vg > @ and Vo € Az} (313)

But by the definition of ©y, we have #, < sup Aj so that the event on the right hand
side of (16) has probability zero. Hence,

PI‘Ob),({Vg > 7 and Vs € Ag} I Vi= ?31) =10 (3.14)

Since 1{0) = 0 and u(1) = 1, the continuity of the conditional probabilities implies that,
as vy approaches 7; from below, we have:

EA{%(yl) | Vi= ?)1) — PI‘ObA({Vg < B and Vz % Ag} i Vi = ’5})
+Proba({Va< By and Vo € Ap} | Vi =0 u{l — %)  (3.15)
< Probp{({Vo < %1 }Vi = T ),



where the strict inequality follows from the fact that 2(1 — #;) < 1 and the fact that
Proby({Ve < 71 and Vi € Ay} | Vi = ;) is strictly positive by construction. Thus, from
{15} and (18}, it follows that for an open set of values of viclose to 1, the endowment z;
of player 1 yields strictly higher expected utility than the post-trade allocation gy, which
violates the rationality of trader 1. Hence, our hypothesis that #; > Do is inconsistent
with equilibrium. Thus, in any equilibrium, %; < %;. However, an exacily anaogous
argument shows that the rationality of player 2 implies 7y > 72, which leads to the
absurd conclusion that % > ¥, > @&,. Therefore, our initial supposition that A; X A
has positive measure cannot hold. This proves proposition 2.

4. An Assessment

The arguments used in establishing our pair of results show that many features of the
model may be relaxed with affecting the results. For proposition 1, the continuity of
the conditional expectation and the uniform lower bound on the probability of a higher
type, as expressed by (3), are the only essential ingredients of the proof. For propesition
2, the argument rests on there being an upper bound on the support of the distribution
X. We did not make any essential use of the relationship between the distributions
and X, apart from the fact that A inherits continuity from pu.

In delving into the reasons behind the fragility of trade as witnessed by proposition
2, it is helpful to consider more systematically the beliefs of the two traders. In the
space of pairs {(vy,v2), the support of the density y is given by the diagonal band of
width 4¢ as shown in figure 1. The public announcement informs the traders that the
irue state is in the event §, where:

Q = {(v0, %) | v < d(B) + & (41)

~Thus, prior to the announcement of the event , trader 1 believes @ with probability
1 only at those values of v; which are at least distance 2¢ away from the highest value
of vy consistent with @Q. Thus, we may represent the set of points at which trader 1
believes ¢ as in figure 3. We denote this event by B1((}).

[Figure 3 here}

In turn, trader 2 believes B; (@) with probability 1 at those realizations of v; which
are distance at I¢ast 4¢ from the top edge of B1(Q). This allows us to represent the event
in which 2 believes that 1 believes @ as in figure 3. We denote this event as By(B:{@)).
Proceading in this way, we can consider events at which there is even higher order belief
concerning the event .



in particular, the sequence Xg, X1, Xg,- -~ define as Xp = @ and X, = Bo(B1{Xn1))
converges to the empty set, since each application of the operator By(B:(-)} acts as a
strict contraction of bounded size. One consequence of this is that the event in which
the svent @ is common belief is the empty set. In other words, prior to the public
announcement of {J, the event §J cannot be common belief between the two traders.
When ¢ is small, and the traders abserve low realizations of Vi, the event  may be
believed to a high order of iterated belief. Nevertheless, ¢ will never be common helief.

However, the effect of the public announcement is to render this event common
belief. It is precisely this feature which precludes trade, since a trader of a given type
v; enters the market only if he places positive probability on the trading partner being
a higher type. Otherwise, trade will make him worse off, for sure. If there is common
belief that the type of one’s trading partner is at most 9, then for any given level of
the risk aversion parameter o, a trader whose own type is sufficiently close to & will
withdraw from the market, since the probability of the trading partner being a higher
type is too small to justify trade. Since both traders can reason in this way, it then
becomes commeon belief among the traders that the type of one’s trading partner is at
most % — &, where & is the size of the interval of traders who withdraw. But then, the
traders can apply the reasoning again to conclude that it is common belief that the
type of one’s trading partner is at most 5 — 26. With each round of this reasoning, the
highest types of traders who remain are driven out of the market. In equilibrinm, all
traders are driven out.

When explained in these terms, our model has more than a passing resemblance to

the “lemons” example of Akerlof (1970). In both cases, traders with private informa-
tion on the value of their own endowment assess the likely consequence of trade, and
‘the traders endowed with the highest guality items withdraw from the market. The
difference between our model and that of Akerlof is that, in our story the withdrawal
of one side of the market leads {0 the withdrawal of the other side, whick in furn pre-
cipitates a further withdrawal of the first side. At the risk of mixing untidy metaphors,
we could dub the mechanism underlying proposition 2 as being a “double-sided lemon”.
Brams, Kilgour and Davis (1993) have discussed an example which also deals with such
unravelling arguments.

It goes without saying that our model is but one special case of an exchange economy
with differential information. It is an interesting open question as to how large the class
of econcinies is which is susceptible to the sort of arguments developed in this paper. For
the class of finite Bayesian games, Morris, Rob and Shin (1993) have shown that certain
general features of the information structure and of the underlying game can interact to
produce outcomes which magnify the effects of higher order beliefs. At a more technical
level, we can pose the general question as that of identifying the appropriate topology
over the set of infermation structures with respect to which outcomes are continuous.

Monderer and Samet (1990) is one paper which addresses this issue for abstract games.

10



One of the goals of further research will be to distill those essential features of richer
economic settings which make outcomes sensitive to higher order beliefs.

References

] Akerlof, G.: The market for lemmeons: Quality uncertainty and the market mech-

anism. Quar. J. Econ. 84, 488-300 (1970).

Brains, S., Kilgour, D.M., Davis, M.I>.: Ugravelling in Games of Sharing and
fxchange, in Frontiers of Game Theery, K. Binmore, A. Kirman and P. Tani
{eds.). MIT Press, 1993.

Bulow, J., Klemperer, P.: Rational Frenzies and Crashes, J. Pol. Econ. 102, 1-23
(1894).

Geanakoplos, J.: Common knowledge, J. Econ. Perspectives, 6, 53-82, {1992).

Gennotte, (G, Leland, H.: Market liquidity, hendging and crashes, Amer. Fcon.
Rew., 80, 999-1021, (1990).

Grossman, 5.J.: An analysis of the implications for stock and futures price volatil-

ity of program trading and dynamic hedging strategies, J. Business, 81, 275-298,
{1988).

Jacklin, C.J., Kleidon, A.W ., Pfleiderer, P.: Underestimation of portfolio insurance
and the crash of October, Rev. Fin. Studies, 5, 35-63, (1992).

Monderer, D., Samet, D.: Proximity of information in games of incomplete infor-
mation, mimeo, Faculty of Management, Tel Aviv University, 1990.

Morris, S., Rob, R., Shin, H.: p-Dominance and stochastic potential, University of
Pennsylvania, CARESS discussion paper #83-11, forthcoming in Econometrica.

Romer, D.: Rational asset price movements without news, Amer. Fcon. Rev., 83,
1112-1130, {1993).

Ross, S.: Discussion: Intertemporal asset pricing, in Frontiers of Modern Financial
Theory, volume I, Theory of Valuafion, S. Bhattacharya and G. Constantinides
{eds.}, Rowman and Littlefield, Totowa, New Jersey, pp. 85-96, 1929,

] Rubinstein, A.: The electronic mail game: Strategic behavior under ‘Almost Com-

mon Knowledge’, Amer. Econ. Rev., 79, 385-391, (1989).

11



Vg §

Ze

2e v—2¢ v v+Ze vy

[Figure 1]



vy = Vg

d{f]+e 7

2

¥

[Figure 2]



Vg &

) 7 )

{Figure 3]

¥

vy



E.,mx:_szw:fmm._cE:.Em?..:o_m3><ﬁ_m5
upeddesig aalge)] Jo Loy, Apng) payedoyny uy AN peivedsd [$01V. 7008
HBLA [Epuwy

pwe 192310413 onqo S[or) WAAR “HPpInY [1puued] Aq (SB[RG puw steing, L0-66
umg Auog undy

pue SO wydesy Aq  uolyeullofuy Jo onpep oy pue Fuygepdp safey Aswop, L0-66
yrerep ‘¢ of1oan) £q  soruouody Areuonujoan al ssaumopuey ewadied, 10-66
emrzfj 'H

Aq uopememooy edey pur sotosoger) [eiodwonajuf no saploung Lnend, +6-z6
uvewediaq Auig] A Jepopy el y-[ediui] o9 w sxse], o[dBINN, 60-E6

woswel[ig, AjoniL], pue

wiyg Juog undpy Ay Jueniealon) ¢ 0] Llessadan st joljey HOWGLOY) [oaw MOYL, TE-G6
upyy Suog UNAY] Aq UOISRIS@J JO FUIRY) © U] JUOL] JO MapIng ML, 1826
‘PuRlOl -y N ‘wreplesuLy fuos[siy

-pIedsssap TN PUR WBSHRp ‘ F[FRung I A£G Spe Soswmufiq poyanpy Joquy pun 2o
jouny o wusodwhy payg ap fo shupssoosg U] JUTWO0Y1I0] T0ISIOA [IUY PUN POSIADY
NAUAL [epuRy pue yeping sy Aq suopy) pue ‘Funpiepy ‘qoreey, 0806,
ey wsneyy £q (s1uely Avey yiim AnEwndeqng peupenguor), §5-26
00AY onaGe|

Aq  S1IRp 9[AZRG [BUNISsajorg ) sunly pue ‘upneindey ‘wogueleg esiwapY, 82-EG
siropy uaydang Aq preaddy anadoay ), uolspe(] v e@pepmony Swsiaey, L2-56
HJounder] g oy pue WK preyer). £q

SNBY Artedor ] a0 1M sPIIONGIY JO AYNYIS [B120g o] pue Sznbauy, 07-g6
Jounffer) (] oFoy £y 107 Adutenoy eaw seuouncsy porrpedy SQUsRYE, CL-EE
BLIOTY uaydwyg

Ay EHI0VT, 8, [PARORE Jo toneTziRisaen v o olpejaouy pue spereyg Bumiavy, YE-T6
stiopy usdolg Aq aapqmnbg rerewen W sjessy J0f wintwelg e)es-oy oYL, 5720

‘ spopy weydayg Lq s[000301 pue sewrer) asueiderry, ¥i-76

. STBMBISOF MALpUY

pue smaely 'V udaag Aq sewed) wepsedey] ur jrey deay)) Sumepop uQ, 156
ImSIRIL oAy pue fsedey

onung Aq eided) qua fogog Arejduop rrundo pue ‘senreg ‘fouopy 11, 276
) us|ly yief £q eedejelsg paxip v} HOIIRIOAROT), G106

syR Y OXIINY pue oY) oo)-0f Aq A0 Lesweyl oy pue Fujuresy, §1-76

srrop usydeig 4q  UopeuLIo] Jo snjuA ayy pue Lsusisisue;) i, 4i-G6
nsyepy oIy

pez og) ooy-ul Aq  sanery peyeadey) up Lyijeucyvy pepunoy pur uolanpul, 91-7§
[y Y38y £q PHOM 31 Jo sy

Auvw Lp1ang yitm BI0) BY], UDIIRWEQIU] dRgaunudsy Yua sawes) jeNdel, §1-76

IAIY U1 IO )1i0) HOIAA RUY pur pegiaey
WTLIAL [epuRy e

UOSULEHTI A, 9438 AQ  WOMYWHROIU] 3YEaLl ] Jopuy) e yaX] Arejsuopy pue Wemeg,, F1-06,
Asoat], Awoued jo pruinel uf syeadde Uojsiaa Y puR peastae)l

SIEM[180] MPUY e sLoW teitayg “us|y wijruesy

A9 UOTRIIDII] DEIDWUIASY PR SIRIISEOT oef 1IOUS YiM SPQANE PHALY, RT-06,
gounde wioy pur wnuopyy

preyn Aq soundey sjqBy Auedosg euopiee) jo fgeis [eoog o) UG, G108
uR[lYy

ujog Aq OnYEA DI, NURNTWICHE] MTBWIUIASY )M SUE) JoNIL[y 1) SBATINADU, {{-26
SPUROK S9A % A(  Sodpannyg jaaepy

ajopluiosu] wis serwonody sof Aaptgiedwon sayvoany jo Aion], ® spremol, OI-26
“EITITOUIGTOT] wl Fururon [300) 8T U0RIBA [RUY PUT postay]

SHUORY Y toyg Aq |, UOITRTLIOH] SUTSUIIASY pie SjoI[a(] Jo1]

SUOAURF0ISIS 1im SPRAY, ple DU ;RPeLE, O PR N0NULEOI] $20D BH| A, G6-T6
Lea-gge cdd

(2661 ysnBuy) ‘g AroaT] JWONsYT 6 [BUINGE U siesddy oisioa [euy puv pasiawy
RELHL Ul

' aflioory Aq ueppnporyuy (d1col], stren AIRUORUOAT 10 WnsdwidS 19r, 8006,
Hounderg woBoy

Ag BpRLY [R11R|LY 10) SANY GOEIO[Y OIS SWSIIRYaR © 03 BUlBUIWOD), L0-76
qoy [FRjey pue Lopued] ednipy Aq

(Suoneonddy pue Aosi], [eieuegy ¥ rungl Juot 9y w1 eLIaby jo UennjeAL, 90-26
B[Py IR Af S8ITIoUN 9HleT Ul $9X0])

(LK) »revixoaddy uoHe WIoy 2o un0AsY YiIm Se0IEE) JRIRTY Wl 594 [USS], §0-26
|y egh Aq

00 UDDUUMLCIU yBaAllf DY (UOIVRRIIONY DLRUIMASY Qs saurer) 108, 056
GOy epey Aq SIRAUISOAU] JO STUBUIULIAR(] Bi) puR Ayideleouy) ‘sa[es, £O-26

QoY Ry pue gy [neg Aq  Soneendcq A1snpuy pue 1MaWISAAU] (Y, T0-86
“ATO3Y [, HWOUOY JO [RUINGE U3 61 SUINHON[3I0} S| UOISEAA BT PHR POSlARY]

S[NWIAG T US0Ie[ pue uosjpnwey Arre

SRR [ 9I09) Af (SEWRY) W0g SAISUSYXI UL §INONGIE WO [RELION, Y10-T6

L6T9-POI6L Y emdpopepg
HrpUng PN
1Ay Asna0 BILE
SSHAVD
WA Y A[RY SN
0] Juipta Aq pauleiqo oq wes (seues o1 Jo
nodeur woly Fuiyep) 151 p1e(dwon v -siedn J BUDSOM, GL5E YD TUR0BI JO 451] ¢ 81 S1UL



unyg 3uog undyy pwe SUI0N

waydosg £ (SI9YFRP] [RIPURTLY UE OPRL], 1O SHDURIAROULY DTMRJ Jo joedwr, §1-F6
sprogy uaydayg pue uley msus1y Ag 252) [RISULD) ST, Pelag-d voumue), (1-¢§
sPUng [y UB0lop puv

wospnmeg Aure apreprey p ofosny £q | pamiqumby eisvanbeg stsedoly moyl, b1-v6
PORRYS LRUAY pue

wostantuEg A1 ey r adioen Aq suonmeleyu] snotadopun] pue nONRIOAYT, 6T-F6
goundery (1 whoy Lq sws]

-goIf sajeniploo’) poyeadey ur folawysq [RWiBd() 03002 10 VOTINOAT A U, E1-F6
[N -201Y L0921 A -9SOL PUR [UUPEN

ozuoalip [0y 10,0 Aq JIMOIE) 20N pue wWnqi[mby d1GouedF-000140, ], 1176
15 Buoinoyg puw

reamius wemlal Aq ANMOR YeLY 1o} puruiac vogoesuny] peonpup-Buieredieg,, 01-F6
ROYSIT SOLIEE 8P SODIETN

£G 210N [eNB0Sepa] Y PO UR[SRI[EAA S U1 ssaushbIu[} 10T JL0URY), G0-F6
7 Bunes Aq LONBULION] #eAlid Jopupy Aanopy A)powiuor), go-y6

{Lz-£6 womsiaa snotatad) Uy Xopy puw

sseny plar(l £q e1oniep egerduroou] ur uolvesouu] [epwenty Bupcadi] ojeled, L0-¥6
DIRURI[EA 01Uy pur tileyy ety feuuwyi) oapiessaly Aq suopenddy om],

pue yoeorddy jeisuan 'y :speyre sjeplmoou] ur LHuewndeqagy pourenisuory, b6
' (51-66 wowiar snotaerd) neyepy

oIy pe pouney ¢ woy £q  soselold 21qng 10 SEISTURYID U1 UGTIRIOAS], GO-¥6
yeuEA ostnp pue swewsSog yaig Aq Sapug olseng pur Bumurea, po-b6

nlesy Mstsyy pue juelr) wotmig £q  SSU0on() YseN pue sseuplof ‘Suuredieg, £0-v6
nolyz UMy pue wsorny ¢ prempr Aq Suypdweg peyneiig renusnbes,, t0-v6

msye ] oRYMY Aq Fuitosusyl peseyf-ese)) pue Lian paysdxi, 10-k6

goundter (1 w0y Aq goelorg

HIGN T ¥ JO UNISAGI] 81]) I0f E_m.ﬂv S8 SUISIHBIISEY 10 Hos[ay umﬁm,ﬁﬁﬁa Iy .:Q: 2E-06
BULRILD) 0IPURESR]Y pue

ssu0) pravcl A4 Seyrepy slalduosuy wr ooy [ruealy Fwaordw] ojaueg, JE-66
vlpanafy POSY Aq baw) YIRal jo uoIsIolg dIgng A1) pur oy ABolei, §7-66

, wennpRoig 0

Ry pue wenrey() 5 #er £q 890wy JeRIRIN] pUR seyry sfunyoxg uo Awuopy [0 S108jH]
pue sayey oBuayaxg padiag sepun Loijog Lrejouoly fo savspuedapu] Uny-I01s, GI-06

SB]JoA SOC[OYIN

Ar SuturesT [eraie[if] 1A GOISKII] SI9R map ui A1ddug puw purvws(], PE-£5
AT0aIL T, SHHOUCH] o [BUIRO[ 8171 91 SUIHOd}I0) UCIsloA fRUY PUR PasiAbYy

1ium

jfepuey] Ag ASUORY el Jo SEpe sy ui eiqimby jodsung 00 0N Y, 77064

JOIRD0) PUT S21UFEUA(] DMULOUCSA] JO [RUINOL o3 Wt BUIIOIY)I0] UOTIIBA [UUY PUE PASIADY]
MALM TRPURY (ASUOTY PUE UOHNDAT ‘UDIEIG, 170y

JPRUR[IA QJUOLY pUe REURIE) OIpUessaly Aq  SSIRDALG 9S8y

aqapdurodu] yum souuowoay aarueduwor) wogsmeaoxluy ogeie g duNI00 10, 13-E6
. Hroquoreq 301 4q
LISOINUT UOTUTHO) Y4Tm soures) Poyeade)] pue Alawq A1eUolin[oal] 's5aMaLIts,, 02-65
Mmsye ] CRIYIRY Aq ANirieoey puw COi[OAT, (1-26

afey ffsnsyy pue yuerd) wowg Aq | Loe ], duaed

-IBg] DEUWOTNY MOSWIOT T, 21§ AISHIGRY 277 JO UOT)REMISRIBIT) [RUIDIRD) V,, UR]-E£6.
DIIRMB[IBOJ MBIPUY PIUE YIBUINAN PIAR(]

Kq gvemlo[durg 9, 0o PRLIR] 1H 9SLY Ay} Puv SHISNIGS) AUMIL] 3aT1R|3Y,, L1-£6
sofos], 048Iy Ar| SI0N Y IUCTIRULIOIU] 94RALl J J8pu]) sBuessxy LIejeuol, 91-¢6
“KaGe1J, HIEioundsy ul SUInon}Iof ST U0SIos B PUR Pasiaay]

urgg Fuet ungy] puv spRas[Ised mwpUy ‘SO

ueidazg £q  Lrelsoonn sapi ey Jo jeyg o) pue afpapmouy jo yids(, o1-g6
msyepy oMY pue youwade (] adoy Aq  sjoeforg or(qng Joj swisiezyoely 1 worels
-tfoor) jo sonnjoar] o uonrisdoa’) of Yred ) Uo s15ply F8L] pue s101eNdY, FI-£6
fp [repuRy] pue sofory, onaqly Aq s901] pue deuop] ‘AuumSieg “yoresg, £1-06
S[AYUIMG " UDOSD[ PUR WOS[OnIHIRY

Arrer] ‘gyeprepy L eRrosry Ay | Sowiery w0 TEULLON U AMIBIDIIPUL [CINPORIG, Z1-C6
EHEBEOUON] U} BUIwos|31o) sL woigIea [RUY Pue pasTaz ]

ngg fueog unlyy

pue qoyj [eeyey ‘suioly uaydory £q , [0 GSEII0GG PR daURUIEO] SV, {186
ujyg Suog uesy

pue qoyf PRy ‘slirep Toydoty £q UOHRENON] PRI Puv Ajuressaoun STy, 01-66
staop waqdeyg £g  UOIEWICIU] 78Alif POPIE OMT, WIa spealdg yov DIF, G0-£6
esmeZ(y lanjorry £q  ApEend EImLWOoNAT Jo Aewido

AUBUA pue ‘400fET wsolued SYy “ealelajel] ewy[, Jo 9wy suowsdopui Wy, §0-€6
Yoy, p [ueg Aq

(Sorarouoyy of suoryeanddy gylm suoryenby] rerjussspi(y revoroun ] uo UL Y, LO-E6
4o

[Beyey £q L7uresleoty) puetssr] Japu [} s1emuo@iy 0] Sanusau] 911 W0 510K Y, 06
' qoy PRy pie

ropwes] oIyt G @otoq) ABojompoar, uny Huor) puw sp0py waRempuRd, 60-66




