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It is well recognized that many solution concepts are not robust to changes that, a priori, appear
to be strategically innocuous. The most striking such instances involve sequential equilibrium and the
coalescing of moves (such as representing an agent’s choice from three actions as a single choice rather
than two sequential choices). Consider the classic example in Kohlberg and Mertens (1986, page 1008-9)
reproduced here in Figures 1 and 2. The only difference between the two extensive forms is that in T
player I makes his choice from {T.M,B} all at once; while in T°, player I's first choice is from
{T.{M,B}}, with a choice of {M,B} being followed by a further choice hetween M and B. The outcome
"2.2" is a sequential equilibrium cutcome of the extensive form I'! but not of I'™. The unique sequential
equilibrium of T'” is (M,L).
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Figure 1—r!.

The outcome (M,L) is also a sequential equilibrium outcome in Tl Infact, M,L)isa sequential
equilibrium in every equivalent extensive from.* Further, it can be shown that regardless of what payoffs
are assigned to the terminal nodes of I (as long as these payoffs do not create ties across terminal

nodes), any sequential equilibrium of I'” is also a sequential equilibrium in every equivalent extensive

lDepa\rtment of Economics, 3718 Locust Walk, University of Pennsylvania, Philadelphia, PA 19104-6297.
*Department of Economics, 1180 Observatory Dr., University of Wisconsin, Madison, WI 53706.

3IMEDS, Kellogg Graduate School of Management, Northwestern University, 2001 Sheridan Road, Evanston,
IL 60208-2001.

4To verify this, we need note only that (M, L) is a normal form sequential equilibrium. See Mailath, Samuelson
and Swinkels (1993).



Figure 2—T7.

> So, examining T captures all restrictions that sequential equilibrium could impose in any

form.
strategically equivalent game.® One might then conjecture that T'! is the "wrong™ extensive form, while
T~ is the "right" one.

In general, one might hope to resolve the lack of robustness of sequential equilibrium by
restricting attention to a "right” extensive form, where the right extensive form would depend only on
the structure of the game and not on payoffs.—" Can we always find an extensive form that captures only
such sequential equilibrium outcomes, and further, does so for any generic assignment of payofts to
terminal nodes?

In the following example, we show that the "right” extensive form can depend on the magnitudes
of payotfs. Thus, one cannot determine a right extensive form tor using sequential equilibrium based on
the structure of the tree alone. Note that this example does not depend on any "non-genericities™ such
as ties in payofts across terminal nodes.

Consider extensive forms ', T and I in Figures 3, 4, and 5, where we will be assigning
payotfs to y and z. The normal torm of each of these games (perhaps after deletion of redundant pure

strategies) is:

YThis follows from the observation that for any generic payoff assignment, a sequential equilibrium in T'2 must
be a normal form sequential equilibrnum.

The idea that different extensive form games may be strategically equivalent is put forward by Kohlberg and
Mertens, who argued forcefully that certain transformations of an extensive form, such as coalescing of moves are
“strategically irrelevant.” These transtormations have been studied by Thompson (1952), Dalkey (1953), and Elmes
and Reny (1993). Successive application of these transformations allow one to move between any two extensive
forms whose normal forms ditfer only by the addition or removal of duplicate pure strategies.

7Every game has at least one outcome that 15 sequential in every equivalent extensive form game: in particular,
a proper equilibrium of a normal form induces a sequential equilibrium in every extensive form with that normal
form {see van Damme (1984) and Kohlberg and Mertens (1986); Mailath, Samuelson, and Swinkels {1993) identify
a superset of proper equilibria, called normal form sequential equilibria, that also are sequential in every equivalent
tree).
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Suppose tirst that y = z = 1. It is easy to check that the unique sequential equilibrium of r
is given by (B,¢,L). This is alsv a sequential equilibrium of I and T°. However. the extensive forms
I'? and T have additional sequential equilibria, in particular (T,¢,R). This might suggest that the "right”

extensive form is T'?,
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Figure 3—I'.

But now suppose that y = z = 3. The extensive form T has a unique sequential equilibrium
given by (T,r.L). This is also a sequential equilibrium of T and T*. However, T and I'* have
additional sequential equilibria, in particular (B,£,L). This suggests that the "right” extensive form is I3,
not T4,

This example suggests that the desirability of an extensive form, and the restrictions that
sequentiality imposes in that extensive form. cannot be interred solely from the structure of the tree. An
alternative is to work with all equivalent extensive forms simultaneously, which can be done by

abandoning the extensive form and conducting the analysis in the normal form. Doing so leads
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Figure 5—I°.

naturally to the concept of normal form sequential equilibrium (Mailath, Samuelson, and Swinkels

(1993)).
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