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We study the proposition thnt if it 1s common knowledge that en allocation 

of assets 1s ex-ante pareto efficient, there 15 no further trllde gcnerated by 

new information. The key to this result 1s that the inforroation partitions and 

other characteristic~ of the ag~nts must be common knowlcdge and that 

contracts, or asset ffiarkets, must be complete. It does not depend on learning, 

on 'lemons' problems, Dor on egreement regarding beIiefs and the interpretation 

of information. Thz only requirement on prefcrences 1s state-additivity; in 

particular, traders need not be risk-aversa. 

\.le also prove ÜiC converSE: result that "no-trade results" imply that 

traders' preferencês can be represented by state-additive utility functions. 

We analyze why exarrples oÍ other widely studiüd preferences (e.g., Schmeídlcr 

(1989» allow "speculative" trade. 



-------- -

1. Introductlon 

Can a market be sustained by purely speculative trade? Can differences in 

pr1vate information alone generate trade? Beginnlng from en initial allocation 

which 15 ex-ente (i.e., given the prior beIiefs before the receipt of private 

informatlon) Pareto-cfficient does the existence of private information enable 

traders to deslgn "bets" which other trnders wi11 accept? We require initial 

allocations to be Par~to-efficient so that tr~de will not occur because of 

gains which could be realized even without differences in private information. 

Milgrom and Stokey (1982) pioneered the line of research to enswer these 

quest1ons. They show that if it is common knowledge that a trBde Is feasib1e 

and (weak1y) preferred by alI traders to the zero trade (not trading st alI) 

then alI traders roust actually be indifferent bet~een this trade and the zero 

trade. What is the reason for this "no trade result"? lf trading takes place, 

traders' actions roust balance and each trader must benefit'from the trade. 

Does a tráder's knowledge that someone 15 willing to engage in a trade reveal 

information that the trace cannot be carried out? In the case of two traders, 

fór example, does a proposed trade signal to a trader that the trade cannot be 

beneficiaI to him? 

The purpose of this paper is to analyze the hypotheses a model must 

include under which a no-trade result holds. We then briefly discuss several 

violations of these conditions and how these vio1ations can lead to 

"speculative" trade. 

Suppose it was common knowledge that a trade was f~asible and des1rable to 

a11 traders, This in:pli-es that traders' priors and information parti tions are 

themselves common knowledge. A trader must know precisely the forro the 

private inforroation of another tradcr takes (and must know that everyone 
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knows ... ). Consider two arbitrary information partitions, one which we wlll 

call ex-ante and the other cx-post (Intuitivcly, these ara the partitions 

before and after a piece Df information has been reccived. Ex-post, however 

does not moan here that ~Jll lnformation has been revealed, so that what we call 

ex-post pare to optimality 1s not state-by-state efficiency). By definition, it 

1s common knowledge (with respect to the ex-post partitions) that a trade i5 

desirable if and only if it 1s common knowledge that the initial allocation 1s 

not ex-post Pareto-efffcient. Consider an ex-ante re-allocation which includes 

the new trade. One ean prove that this re-allocation Pareto-dominates the 

initial allocation. These arglments turn out to be independent cf traders' 

preferences. In particular, traders' preferences need not be concave (nor even 

transiti.ve or increasing). Thus it i5 not true that risk-loving traders will 

engage in ex-post trading to increase the randomness of their allocation. Such 

riskiness should alrendy be a property of the initial efficient allocation. 

The above arglments also turn out to be independent of the ex-post 

information partitions. The ex-post partitions do not have to be linked to the 

ex-ante partitions in any way. In particular, ex-post parritions do not have 

to be refinements of ex-ante partitions. Therefore thc no-trade result cannot 

be a consequence of any informatíon conveyed by a proposed trade (or by the 

desire to trade). This rules out adverse selection as an explanation of no­

trade. 

To summarize, the three main points Df the above argument are the 

following. First, co~on knowledge of priors and information partitions is 

necessary for the desirability and feasibility of a trade to be common 

knowledge. Second, for a broúd class of preferences if it 1s corr~on kno~ledge 

that an alloc8~ion is not ex-post Parcto-efficient thcn the allocation cannot 
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be ex-ante Pareto-effic1ent. This second point 15 a (generalized) restatement 

of the Ml1grom-Stokey theorem. Third, the result does not depe~d on the 

traders ~learning" from the trade. The 1nab111ty to trade does not occur 

because a proposal to trade reveals informat1on which mod1fies a trader's 

eva1uation of the benef1t of a real1ocat1on. Thus, the no-trade result 1s not 

due to a "lemons problem." These points, we hope, help e1ucidate the exact 

nature of "no speculat1ve trade" theorems. 

The above arguments 1ndicate that provided common knowledge of the 

desirab11ity of trade is assurued, one can prove a ~no-trade theorem" in a very 

general setting. It would be interesting to see how general this setting can 

be. We therefore prove a converse result that no-trade theorems hold for 

arbitrary forms of pr1vate information (i.e., for arb1trary information 

part1t1ons) only if traders' preferences can be represented by state-additive 

uti1ity functions (assuming the regularity conditions of completeness, 

transitivity and continuity). We analyze by example why preferences which 

violate this condition (Schmeid1er (1989), Gilboa (1987» allow for retrading 

~fter the arrival of new information. 

Papers which examine prob1ems related to the one we address include Cave 

(1983), Geanakoplos (1989) and, in particular, Rubinstein and Wo1insky (1989). 

These papers focus on the logiea1 representations of know1edge and the implica­

tion of different representations for "egreeing to disagree" and Milgrom-Stokey 

type results. We foeus on the role of preferences and learning in "no-trade 

results" within the context of a general (but standard) exchange economy. 

2. General Conditions for a "No-trade" Result 

Consider the fo11owi.ng exchange economy (\.1e will follow the set-up of 

Mi1grom and Stokey (1982) c1ose1y. We analyze uncertainty in terms of sta~es 

5 



of the ",orId. Let S be the sSOIple space, and S the algebra of events. \.le 

take S to be finite Rnd S to be the col1ect1on of alI subsets of S. Let 

ISI - M. The state of the world i5 described by an element S of S. Suppose 

there are n traders. The private lnfo~etlon of trader 1 1s descr1bed by a 

" sub·algebra g~nerated by ". partit10n on S. Wc will 1dentlfy the trader's 

" " private information ,~ith Pi and also wlth Pi(s), the member of the partition 

which contains s. 

Although the setting can be generalized, for simplicity we will assume 

that there are 1 commodities in each state of the world and that the 

consumption set of each trader is Each trader 1 1s described by 

(a) his endowment e
i

: S -+ Ri 
+ ,.. 

(b) his information partition Pi 

(c) his preferences ~i' which belong to a set D. 

We define preferences to order commodity bundles contingent on subsets of 

S; ~1 also defines a relation on 1 R x E, the commodity set given the 

occurrence of an cvent E. To be precise ~. is defined by 
~ 

i 
1s a binary relatlon on R+ x E. 

the m 2 -tuple. 

We require ~. (E) 
~ 

to be complete, trallsitive and continuous (by continuity we mean that the sets 

(x: ~i(E)y) and {x: ~i(E)x) are closed in Ri x E for âny y and E). 

Given bundles 1 
x, y e R x S we wi11 write x?;. (E)y 

~ 
if the restriction of 

on E 15 not preferl'ed \:0 thE: restriction of x on E. 

w~ do nct impose any conditions on the relationship between ~. (A) 
1. 

and 

y 

~i(B) for subsets A and B of S (and in particular between ~1(A) and 

~i(S»~, One of the pu~~oses of our paper is to derive the restrictions on ~i 

required by no tradc theorems. The purpose of introducing this particular 

definition of ,prcferences is to be able to talk of preferences over consumption 
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given the information of a trader p(s) once a state s has occurred. The 

set D in which preferences lie is therefore a subset of the set of complete, 

transitive and continuous preferences. ~e will study different additional 

hypotheses on D later on. 

Let ti: S ~ RI describe trader i's net trade of the I commodities for 

each state of the world. A trade t - (tI' ... , tn) ls feasible if 

ei(s) + ti(s) ~ O for alI 1,5 

and 

Definition 2.1. An allocation is ex· ante Pare to optimal if and 

only if there is no feasible trade t such that for alI i, x + t ~i(S) x, with 

strict inequaIity for some i. 

Let PI , . ", Pn be another set of partitions (which may or may not be 

the same as P
l

, ... , P
n

). Although there is no necessary connection between 

P1 and Pi' we will call the Pi's the ex·post information partitions. If 

the P.'~ are the information partitions generated by a proposed re·trading 
~ 

(after the arrival of private information), then the most natural circumstance 

15 that Pi should in fact be a refinement (possibly a degenerate one) of Pi 50 

that agents are learning as time goes by: otherwise agents would be forgetting 

some information (and knowing that they were going to forget it). However, in 

order to study the role of learning in the result we consider a model where 

learnlng does not necessarily take place. 

~e will also want to define efficiency with respect to PI , ... , Pn given 

the occurrence of a state s. 
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Definition 2.2. An alloeatlon x is ex-post Pareto-optimal at s if and on1y 

if there is no f~asible trade t sueh that for alI i. x + t ~1 (P i (s» x wlth 

striet inequality for some i. 

We begin w1th Aumann's deflnition of common knowledge. Let Qi be the 

sub-algebra generated by 
th P

i 
•. i.e. the set of events which the i agent knows 

about. 

Definitlon 2.3. Let Q - Ql n n ~ (the "meet"). Let s be the true 

state of the world. An event A (S 1s said to be common knowledge at s if 

there exists B (Q with s (B and B C A. 

Intu1t1vely. the meet 1s the set of events which everybody. indiv1dually. 

knows about (i.e. without pooling their knowledge). The meet 1s generated by 

the finest common eoarsening of the partitions. 

The next result studies the role of common knowledge of information 

partitions and priors in the relation between ex-ante Pareto-optimality and no-

trade. Suppose that after a state s oecurs it 1s common knowledge that a re-

allocation is feasible and preferred to the initial allocation when traders 

have information defi~cd by P1(s) •...• Pn(s). One can then construct an 

ex-ante trade whichwill Pareto-improve the initial allocation. This 1s true 

no matter what ex-post ~nformation partitions are used. even partitions which 

are not refinements of ex-ante partitions. Note that if a property (e.g. 

feasibility) of the ex-post trade is common knowledge then this implies that 
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the ex-post partition P
l 
•...• Pn are also common knowledge. Yhat allows the 

construction of a Pareto-dominating trade is that th€ common knowledge aspect 

of the hypothesis implies that there is agreement between traders of the 

existence of a set B C S in which gains from trade are possible. The fact 



that any 1nformation partitions can be used means that it is not information 

revealed by trade whlch is driving the no-trade resulto The property of common 

knowledge is a statement about what traders with dlverse information can agree 

upon. And any event which can be agreed upon (no matter what partitions are 

used) can be 1ncluded in state-contingent contracts (trades) ex-ante. 

A utility function U defined on the consumption space R!n x S 1s state­

additive if U(x) - ~ W(x(s),s) for some function W defined on Rin x S. 
S(S 

Note that a Von Neumann-Morgenstern ut11ity funct10n is an example of a state-

additive utility function. A preference ordering ~i can be represented by a 

utility function if there exists U such that x >i y if and only if U(x) > U(y). 

Proposition 2s8: Let S be common knowledges Suppose traders' preferences 

can be represented bystate-addit1ve utiIity functions. The initial allocation 

e 1s ex-ante Pareto-efficient if and only if there do not exist partitions 

(a) 

.... P , a trade t and a state 
n 

the partitions 

knowledge ,. 

s' ( S such that, at s': 

and the prlors are common 

(b) 1t is common knowledge (with respect to Pl , ... , Pn) that 

e + t Pareto-dominates e. 

Proof: See Appendix. 

Note that one of the primitives of the model, the ex-ante partitions 

~10 .s·o ~n do not ~nter the statement of proposition 2.8. The "only if n part 

of Proposition 2.8 can be restated to get (a slight genéra1ization of) Theorem 

1 in M~~grom and Stokey .(1982). 

Proposition 2.9: Under the hypotheses of Proposition 2.8, 5uppose that the 

initial a1location e. i5 Pareto-efficient. lf it i5 common knowledge at s 
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that t 15 a feasible trade and that each trader weakly preferst to the 

zero trade then every ngent 1s 1ndi[ferent between t and the zero trade. 

lrQQf: Let PI , ... , Pn in the hypothesis of Proposlt1on 2.8 be the 

part1tions of traders including \"hatcver infomation 1s conveyed by the trade. 

Suppose there exists a trader j vho strongly p~efers t to the zero trade, 

then e 1s not ex-post Pareto-efficient. But, by Proposition 2.8, e w1I1 

not be ex-ante Pareto-efficient, a contrad1ction. Q.E.D. 

10 

Proposition 2.9 impIies that, if traders' preferences can be represented 

by state additive utility functions, then Pare to improving trade cannot occur 

after the arrival of any sort of new private information whenever the initial 

endowment 1s eff1c1ent. We argue that Proposit1on 2.9 holds because the 

partit10ns PI , ... , Pn in the h)rpothesis of Proposition 2,8 are arbitrary. 

Proposition 2.8, however, allows arbitrary partitions because the result is no! 

about the learning induced by trade but because the property of common 

knowledge is a statement about agreement bet,~een traders. Note also that we 

only require that preferences can be represented by state-additive utility 

functions, In particular, utility functions need not be eoncave. 

Let us now study a "converse resul t" to Proposi tiün 3.8, ~e want to kno'w 

what eharacteristics an exchange economy must hav€ for a "no trade prop0rty" o: 

the Milgrorn-Stokey type to be true. Given an exchange econorny defined as in 

the beginníng of section 2 let us say thót this economy satisfies a "no-traclr: 

property" if the following holds: for any of preferences (from the set D), 

information partitions. 8nd cndo\<1l!~nts to consumers. Pareto- irnproving trade is 

possible after the arrival of ne\.' infolination onl)' if the initial endoW'Ilients 

are not (ex-ante) Pareto efficient. We want to find the largest set D of 
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preferenccs 2uch that :lf trcners' pref€renccs are within this set, then the "no 

trade propctty" holds for th'3 exch~\1ge econ:,m;' in \-lhic.h tr.aders' preferelices 

are chosen froTIl D. It turns o;;t that. the h;rpothcsis of state-additivity found 

in Proposl tion 2.8 is '·nccesr..::n:y" <i.S .... ell. Thus, for llny exch~nge economy, if 

preferences are !lot ;;t;H.e - addi tive then ve "ill be able to find li di.stributlon 

of preferenccs, ~ndo';:;-:'mt5 Bnd info~ation p;::rti tions runong traders such that 

these endo)-';0~nts are I"X~ ente cfi: id.ent but: h1.reto- improving trade csn occur 

after the arríval of ~Ol!lt: p.::rt:ic'i12l: private ínfonn3tion. In section 3, we 

illustrate this result by examini~g lhe most widely studi~d cxample of non-

additive pr~ferenccs. 

For 8 "no-traoe" thcorem to he non-trivial, there r':;\lst exist Gome: 

allocDt1ons which .sre 1-':.:efen:ed to others, !ia \·!C , .. ill liSSi.Llle that for 8.11 

traders i, for 811 s (s therc exist con;;,;odit)' bun<lles x,y with 

x(s) '" y(s) such thst X >. y. 
1 

Propositio1l.2. 10 : Com;ider the follo\áng concitio:) ",hjc11 we term the "no-trceJe 

property": ",'h[;n~vcr c 15 P.:!rcto-cfficient end it 15 C0mwon knowledge that: t. 

15 feasible and weakly prefcrred by every trader to the zero-trade then each 

trader 1s indifferent D2t'W'cen t and the z;:;·ro-trade. C~msider tIl'.' set of 

complete, transítivc, nnd continuGus prefercrlccs. Let D be the largest 

subset of prefcr .. :riC'(>s such that for every possible assigrcr,ent Df prerercnces I 

endowments and ex-ante in[01:1Mltion partitioy.s to tradeX'é' thE- no-tTnde propcrty 

holds. Then, trad.::rs: prefercnces can bc rqJ::-csent.eu by stélte-additiv€ 

utility functions. 

Proaf: Sce Appendix. 



3. An Examcl~ 

Proposition 2.8 tel1s us exactly what hn'otheses il'ust be altercd to 

generate si tuations in '.'hich trace occul"s. Hcrc 'Wü discuss an example 

nlustratin~ the role of these hYT'0t'ncses. 

There ha:> been [~on;e rccent intc:rest in cecision rnaking under uncertainty 

which differc::ntit1tes b~t"'een kno"i11 t>risks" and unl~nown "uncertainties." The 

distinction bet,,7ecn risk and uncertainty vas proposed by Knight (1921) and has 

been deve10pcd rigorously and appliüd by Bewley (1986), Scr~eid1er (1982), 

Gi1boa (1987), Dow Bnd ~2rlanB (1988) and othcrs. "Uncert&inty" i5 

"axiomatized" as resiou:Ü probabili.ty which is not assignecl to states of t:he 

'World. Gilboa and Schmeidler devclop 8n axio~atic theory of prefercnces based 

on expected utility theo'ry wi::.11 nort- nddi tivE: probabllí ty t1~asures. l'hese 

8xioms are not sufficicnt to guarantQe state-additivity. By proposition 2.8, 

'We would expect trade to b'3 possible. l'hat trade does occur, however. 

surprises our intuition given som~ previous results which we wi11 now mentio~. 

T)ow and \Jerlang apply Lhe Gilboa-':'chmeidler fral1!e""ork to portfo1io decision 

theory. They show that there vi.H be a range of prices at which an agent 

neither buys nor sells short 8n o.S Sf' "i: , COilt;.Lrtl)' to i..;-.e prt::di,;t.lvú vf &xpected 

utility theory. Thi~ ~ee'1!S to iT\cEcate that thc r-rt::sence Df uncertainty ""0lüd 

tend to inhihit active trade. Anot:her indication tl:at tlncertainty causes 

inertia is Gilboa an1 Schmeidlcr's (1986) re~ult that maximízing expccted 

utility vith non-addi ·~l".Y'? priors is (rouE-hl)') equivalent to maximizing the 

minimum,of cxpected ulility ovel- a set of prior distributions. 

Here we give 6n cxa~plc oí a situatjon with uncertainty concerning stntes 

of the world in which (;x- post (~rec,,13tívt') tl"<,dit,[ OCC'.1rs even ,,'hcn the 

12 
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initial allocation is eX-ElTite Pareto-efficient. Tbc Ienson for this is that 

some of the pure uncertainty (in this exarnple, alI of the uncertainty) i~ 

resolved by the inforreation received. With some of the uncartainty gone, the 

range of prices út ·,'hich an q:;ent woulcl trade becomes ::-.srrower. 'When 1 t 

becomes narro": enough that i t no longer overlaps that of another agent, 

mutually ben~ficiel trBdc is possible. 

There ~re thre2 stetes of nature S'" (l,2, 3). There are t\io tradCl"s. 

" Trader 1's infonnation pet't~tion P1 - {{1,21,{3}}, Tra.der II's inforrnation 

partition P
2 

- (S}. Tr.nd~r I's prior probability asses~ment i5 non-additive 

and must be specífied for alI subsets cf s. Let trsder 1'5 priors be p -1 

.1, P2 - O, P3 - .05, P13 - .3, P23 - .65, P12 -.3 ~here Pij 15 the 

probability th~t dther statc i or j viU occur. Trader 11 há.s additiv<: pI'i0rs 

.3, q3 - .6. Ccnsíder the trade t ~ (-2,3,1) \;here the i
th 

coordinate is a tr.-:msfer from trader 11 to tn~der I. The eXf.-ectéd value af a 

random variable X "ith proh.:'ibj Uty distribution P is given by 

E X - J O P(x ~ o) -1 do + ~O~· P(x ~ a) da. l1)us, as~uming risk-neutrali ty the 
p -'O 

value of the trade to trader I (ex-ante) i5 E t - ~.05, símilarly the value of p 

t to trader 11 is E (-t) - 2 > O. Since E t < O, t is not a Fareta-
q p 

impruvlllg tradé. 

Suppose state S OCC\ll"S. Since Bayes' rule 15 not applicable in the case 

of non-additive probabilíties. we must specify 8n nlternative. 1'wo 

generalizations of Bayes' rule ...,;hich éxtcnc non-additive prob30ilities eTC 

Dempster's and Shé\fer's ru1es (see ShafeI' (1976». \Je use t::tese rules, ",rhich 

are equ~valent, in QUI' example. If state s - 1 or s - 2 occurs 

whi le ir 5 - 3 E (tIP1(3» - 1. 
P . 

Since 
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" 
P2 - (S), Eq<-tIP2(s» ;2, for ali 

~''''~. 7> "., 

post Pareto- illlprovlng.' ) ," 

S f S. t 15 ex-

In this example, the pr~s('nce of uncertainty inhibits trade ""hen there 1s 

no 1nformation sbout the stntEc of nature (ex-ante). Private 1nformation 

resolves some of the uncertcir:ty of trader I, who then becornes \,;1111ng to 

engage in the trade. 



Appendix 

froof of PrQPositton 2,8 (Milgrom-Stokey) 

Suff1ciency: follm~s immedlately by taking PI - -P -{S}. 
n 

Necessity: Because of (a), (b) 1s well-defined. Let there exist s' ( S, 

partitions and t such that under ...• P , it 1s corrmon 
n 

15 

knowledge at s' that e + t Pareto-dominates e. Let R denote the meet of 

... , P . 
n 

Let R denote the meet of PI , ... , Pn' Thus, for every s ( R(s'), 

since state-additivity on S will induce state-additivity on subsets of S 

(Debreu (1959», S Ui(ej(s) + ti(s),s) ~ S U1 (e i (s» for alI 
sEP

1
(s) . sEPi(s) 

'* i - 1, ...• n with strict inequality for some j. Consider the trade t 

* '* defined by t (5) - t(s) for s c R(5'), t (5) - O otherwise. 

Let Qi denote the subpartition of R(s'). Suppose 

where for 

Let K. -
1. 

x. ~ x .. 
1 J 

S U
1

(e
1

(s) + t.(s),s) - S [S U.(e.(s) + t i (5),5)J + S U.(e.(s),s) 
scs 1 st:K. seP.(st 1. S-R(s'/ 1 

1 1 

> S U. (s. (5) ,s), which contradicts the Pareto optimality of e. 
S 

1 1 se 
Q.E.D. 

Proof of Proposition 2.10: We need to show that if n - 1 (out of n) traders 

th 
have state additive preferences then the n traders mU5t also have state 

additive preferences. Consider a two-person exchange economy; the extension to 

an N-person economy 1s straíghtforward (define the N-person economy in such a 

way that only the two person re-allocation need be considered). Let Pl' P2 

be traders' ex-ante partitions where P1 - p~ • P. Consider states s, S' 
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where s' I ~(s). Suppose a >l(~(s»b,e ~l (~(s'»d. We will &how that 

(a,e) >l(~(s) U p(s'»(b,d). Suppose that (b,d) ~l(P(s) U P(s'»(a,e). Let 

eles) - b(s) for s (P(s) and eles) - d(s) for s (P(s'). Let trader 2'6 

endowments be deff.ned by e
2

(s) - eles) for s (S/P(s). e 2 (s) ~ e2(s) - a(s) 

+ b(s) . for S (P(s). Let trader 2'8 preferences be defined by the fol10wing 

slmple state additive utility funetion (lt i8 posslble to define a more 

"appeallng"· utility function for trader 2 but the fol10wing 15 the slmplest): 

SI for some ordering of the m states in S). whcre U satistifies 

U(e
2
(s),s) ~U(x,s) for alI x ( R! 

+' SfS/P(S) and 

U(e2(s) - a(5) + b(s),s) i! U(x,s) for alI x f Ri 
+ 

for s f P(s). 

Now suppose s occurs. Consider the trade t deflned by b(s) + t(s) - a(s). 

Note that the ex post partitions PI , P
2 

are ldentiea1 to P. PI - P2 - P. 

Thus, e
1 

+ t >1(P1 (s»b, e
2 - t ~2(P2(s»e2 and t 1s a Pareto-improving, 

feasible trade. Since P is arbitrary we have that preferences satisfy the 

"sure-thing principIe." Let P(s) - A, p(s') - S/A. Suppose that allocations 

z, z', y, y' satisfy z - z' y - y' for a11 s (A and z - y z' - y' on 

S/A. Assume Suppose y' t!. z' 
1 

on A. Then z - y' ~. z' 
1 

on A 

and sinee z - y on S/A, y ~i z on S. Thus, z' >1 y' on A. Since 

z' - y' on S/A, z' >1 y' on S. A s)~etric argument shows that 

imp1ies z >1 y. Thus, z >i Y if and on1y if z' >1 y'. 

This last condition, together with completeness, continuity, and 

z' >. y' 
1 

transitivity imp1its (Debreu (1959» that preferences can be represented by 

state-additive utility functions. Q.E.D. 
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