
An “Ethical” Game-Theoretic Solution Concept for Two-Play er
Perfect-Information Games

Joshua Letchford
Department of Computer Science

Duke University
Durham, NC, USA

Vincent Conitzer
Department of Computer Science

Duke University
Durham, NC, USA

Kamal Jain
Microsoft Research
Redmond, WA, USA

Problem Description and Our Solution Concept

The standard solution concept for perfect-information extensive form games
is subgame perfect Nash equilibrium. However, humans do notalways play
according to a subgame perfect Nash equilibrium, especially in games where it
is possible for all the players to obtain much higher payoffsif they place some
trust in each other (and this trust is not violated). An example of a game with
this structure is the centipede game (pictured below).
We introduce a new solution concept for two-player perfect-information games

that attempts to model this type of trusting behavior (together with the “ethi-
cal” behavior of not violating that trust). The concept takes the subgame perfect
equilibrium as a starting point, but then repeatedly resolves the game based on
the players being able to trust each other.

Subgame Perfect Nash Equlibria

The standard game-theoretic approach to solving this game is to simply use
backward induction. If player 2 gets to move, he maximizes his utility by mov-
ing left, resulting in the utilities(0,2). Anticipating this, player 1 will choose
to move left in the first move, resulting in the utilities(1,0). This is the unique
subgame perfect equilibrium of the game.

A Simple Ethical Solution

Note that both players would prefer the rightmost outcome, which has utilities
(2,1), over (1,0). Is it reasonable that player 2 would go left knowing that
player 1 chose to go to the right instead of taking the utilityof 1 for going left?
We argue that it isn’t, and that player 2 should be able to reason that player 1
could have went left, but instead chose to move right “trusting” player 2 to do
the “right” thing and go right.

A More Complex Example

While guaranteeing the other player the utility from the subgame perfect Nash equilbirium
is a good start, it isn’t enough to give a unique definition to what ethical play might be in
more complex graphs (such as the graph below). However, an iterated form of the above
logic does lead to a unique solution that is Pareto optimal, meaning that the solution is better
than all other solutions for at least one of the players.

Two Algorithms for Finding the Ethical Solution

We propose two algorithmic definitions of this concept. Bothof these algorithms follow an
iterative process of finding an intermediate solution, thenmodifying the search process be-
fore solving the tree for a new solution. In the first algorithm, Iterated Backward Induction
with Modified Preferences (IBIMP), we modify the preferences of the two players. In the
second algorithm, Iterated Backward Induction with PrunedLeaves (IBIPL), we modify the
tree to remove unethical leaves.

Iterated Backward Induction with Modified Preferences (IBI MP)

In a given stage of IBIMP, player 1’s primary goal is to obtainthe utility that she could
have achieved in the previous iteration; player 1’s secondary goal is for player 2 to obtain
at least the utility he could have achieved in the previous iteration; and her tertiary goal is
to maximize her own utility. That is, given that she achievesher own base utility, player 1
temporarily sets her own interest aside and attempts to ensure that player 2 obtains his base
utility; once that has been done, she pursues her own utilityagain. Once a solution is found,
then the new values are noted, and game is solved again. The underlined nodes in the graph
below are the first, second and final solutions.

Iterated Backward Induction with Pruned Leaves (IBIPL)

Instead of modifying the preferences based on the base utilities, in this formulation we
simply remove all the leaf nodes for which at least one player’s utility is lower than the
base utility. After removing all of the leaves for one iteration, we use normal backwards
induction to find the next solution. The underlined nodes in the graph below are the first,
second, and final solutions.


