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DISCUSSION 

CHI-FU HUANG*: This paper is a typical example of how a seemingly simple 
observation can be pushed far to show interesting results. It is well known that 
in an Arrow-Debreu equilibrium with more than one date, the implicit prices for 
Arrow-Debreu securities over time are linked in a special way to prevent arbitrage. 
Professor Garman goes a step further to recognize that those implicit prices form 
an evolution semigroup. In the continuous time case, given that the infinitesimal 
generator of the implicit prices semigroup exists, he demonstrates that an 
arbitrage-free price system must satisfy a differential relation. This results in 
continuous time is the interesting part of this paper. Professor Garman fails, 
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however, to provide conditions under which the infinitesimal generator exists. 
Without those conditions the contribution of this paper cannot be properly 
accessed. My own feeling is that those conditions will be very restrictive. 

Many people working in the area of arbitrage and contingent claims pricing 
believe that the theory is preference free. That this is not the case has been made 
clear by Harrison and Kreps [2]. This paper suffers from that conventional view 
too. 

In what follows, I shall give some specific comments. 

1. In the discrete time finite states case, the existence of nonnegative implicit 
prices follows from the no simple free lunch condition. In the continuous 
time case, however, the no simple free lunch condition is not sufficient for 
that. The underlying commodity space and the sense of continuity of agents' 
preferences are not specified in the paper. Once they are properly specified, 
then no free lunches insures the existence of nonnegative implicit prices; 
cf. Kreps [3, Lemma 1] 

It seems that the nonnegativity of implicit prices is not sufficient for 
them to form a semigroup. Strict positivity will be needed. The conditions 
for the existence of strictly positive implicit prices are that the underlying 
commodity space be normable and separable; cf. Duffie and Huang [1, 
Proposition A.1] (For the definition of simple free lunches and free lunches 
see Kreps [3]). 

2. One sufficient condition for the infinitesimal generator to exist is that the 
semigroup be uniformly continuous on some Banach space. So we first take 
the commodity space to be a separable Banach space. Then one sufficient 
condition for the semigroup to be uniformly continuous is that the implicit 
prices be continuous processes and be bounded above. (The former makes 
economic sense. It simply says that agents' preferences are such that 
consumption at adjacent dates are almost perfect substitutes.) There is no 
Banach space, however, such that its normed-dual is continuous bounded 
functions. Thus, rather than talking about no free lunches we may have to 
resort tolthe concept of viability, cf. Kreps [3]. 

3. The conditions under which a finite dimension Markov structure can be 
identified will be severe in general. Without imposing equilibrium, the 
identification of such a structure seems formidable. 

To sum up, I think this paper introduces a new methodology into the theory 
of arbitrage. How fruitful the methodology is will depend in large part on how 
restrictive its underlying assumptions are. 
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