This short document briefly reviews some related concepts, which already ap-
peared in the literature. This discussion will be incorporated into the paper in future

revisions.

Al Najjar (1993) considers monotone and strongly convezr binary relations.! A
binary relation »= is strongly convex if for all € X, there exists a normalized vector
g(x) (ie., ||lg|]] = 1) such that (i) y = = and y # x implies that g(z) - (y —z) > 0
and (ii) for any normalized ¢ different from g(z), there exists 2’ such that =’ > x and
g - (2’ —x) < 0. Intuitively, if preferences are smooth and strictly convex, there exists
a unique hyperplane supporting {y : y = =} at x and g(z) is the normalized normal
to the hyperplane. The vector field g can thus be thought as a representation of the
binary relation »=. Clearly, g(x) is the unique normalized ordient of = at x. However,

the converse is not true. For a counter-example, consider the lexicographic order.

Another related concept is to assume convex preferences and to consider the neg-
ative of the normal cone (in the sense of convex analysis) of the upper contour set
{y : y = x} at x as a generalization of the concept of gradient (e.g., Guttiérez (1997)
and Bonnisseau (2003)). But this is nothing else than the set of decreasing ordients

of convex = at x and, thus, our concept also encapsulates this related notion.

Lastly, Shafer (1974) considers complete, continuous and strictly convex binary
relations (transitivity is not assumed) and proves the existence of a continuous func-
tion k : X x X such that (i) k(z,y) > 0 if and only if x = y, (ii) k(z,y) < 0 if
and only if y > x, and (iii) k(z,y) = —k(z,y). The function k£ can be thought as a
representation in that if z* maximizes %= on the convex set X, then k(z*,y) > 0 for
all y € X. From Proposition 3, we have that g - (y — x) < 0 implies y < z and y > x
implies g - (y — x) > 0. Hence, we must have that g(z*) - (y — z*) < 0 for all y € X.

This complements Shafer’s result.
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