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On Game Information Dynamics
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1-1 Asahidai, Nomi, Ishikawa, 923-1292, Japan
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Abstract. This paper is concerned with game information dynamics.
Information and information kinetic energy are derived using existing
models. Based on Einstein’s special relativity theory, it is suggested that
when the velocity of information particles is slightly smaller than the
speed of light, our mental concentration increases enormously.
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1 Introduction

A central problem in game research has been to obtain the relationship between
information of game outcome and game length (or time), e.g. [4]. Here informa-
tion of game outcome represents the data, which is the certainty of the game
outcome. A natural extension is to obtain, e.g., information velocity and in-
formation acceleration. Recently, game information dynamic models have been
proposed based on fluid mechanics ([2]). In the models, information is mathe-
matically expressed as a continual smooth function of the game length (or time).
The two models are expressed, respectively, by

Model 1: ξ = ηn, (1)

and

Model 2: ξ = [sin(π/2 · η)]n, (2)

where ξ is non-dimensional information, η non-dimensional game length (or
time), and n a positive real number parameter. The value of the parameter
n might depend on fairness of the game, strength of the two opponents, and
strength difference between the two opponents. Information dynamics may be
discussed using these models. Information kinetic energy, for example, can be
obtained by using Model 1 or Model 2, following the definition in physics. It is
considered that game information is closely related to emotions of observers or
players ([3]).

The main purpose of the present paper is to clarify how information and
information kinetic energy depend on game length, using previously proposed
game information dynamic models ([2]).



2 Information Dynamics

Game information dynamics are, e.g., information, information momentum, in-
formation force and information energy, in relation to game length or time during
a game. If information particles have mass in our brain (or informatical world)
and flow exactly the same as fluid particles in the physical world, it is possible to
discuss information dynamics. We have observed similarities between informa-
tion momentum, information force and information kinetic energy with respect
to game length. Therefore, we feel it is sufficient in the present study to consider
only information kinetic energy. We assume that information particles flow as
electromagnetic particles (photons) or electrochemical particles in our brain and
form a homogeneous fluid.

Since Model 1 is expressed by (1), non-dimensional information velocity (first
derivative) is

dξ/dη = nηn−1. (3)

Since Model 2 is expressed by (2) the non-dimensional information velocity
is derived as

dξ/dη = n · π/2[sin(π/2 · η)]n−1 · cos(π/2 · η). (4)

Non-dimensional information kinetic energy Ek is defined as

Ek = 1/2 · φ · (dξ/dη)2. (5)

Under the assumption of a homogeneous information fluid, non-dimensional
information mass φ = 1, and thus (5) becomes

Ek = 1/2 · (dξ/dη)2. (6)

This particular case has been considered. It is possible to calculate the value
of Ek by substituting either (3) or (4) into (6).

Figure 1 shows how non-dimensional information kinetic energy Ek depends
on non-dimensional game length η for Model 2. When n ≥ 2, Ek increases with
increasing η, takes a peak value and becomes zero at the end. However, the
larger the value of n, the greater the peak value of Ek as well as the value of
η at which Ek takes the peak value. When n ≤ 1, Ek decreases from an initial
positive value to zero with increasing η.

3 Discussion and Conclusion

The slowing of time in a moving inertial frame with constant velocity v, has
been derived by Einstein([1]) as follows,

∆t = ∆t0[1− (v/c)2]1/2, (7)



Fig. 1. Non-dimensional information kinetic energy Ek against non-dimensional game
length η for Model 2.

where ∆t is the elapsed time on the first inertial frame with velocity v, as seen
by an observer on the second inertial frame, and ∆t0 the elapsed time on the
second inertial frame. This denotes that the greater the velocity v is, the slower
time proceeds on the first inertial frame, and vice versa.

Let us consider the case that the information particles (on the first inertial
frame) move with a constant velocity v, relative to our body (the second in-
ertial frame). Assuming again that motion of information particles reflects our
emotions, when v ≤ c, we may feel as if time stops, for the elapsed time on the
information particles, corresponding to the first inertial frame with velocity v,
becomes nearly equal to zero, as to be detected by a sensor on the second inertial
frame. For example, when an event proceeds on the first frame with constant
velocity v, the elapsed time on the first inertial frame is shorter than that on
the second inertial frame. This means that the time on the first inertial frame
proceeds slower than that on the second inertial frame, so that a sensor fixed
to our body (the second inertial frame) perceives the event, being compacted
within a shorter time on the first inertial frame. This may be the reason why
our mental concentration increases with increasing velocity v. It is inferred that
when v ≤ c, our mental concentration increases enormously, and thus we can
possess very high potential to overcome any problem or difficulty. Under this



situation, a player equipped with high mental concentration in games such as
Chess, Shogi, Go, Base Ball or Soccer can choose the best move or play.
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