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In this paper, we modelize a Decision Process of an agent where Inertia and Reactivity Aspects help to
converge to Stable Routines. A decision is a move. We consider an agent who can only take incremental
decisions, moving step by step on an unknown landscape, due to limited knowledge of his environment,
resources, efforts, energy, money or time constraints. The agent explores around to be able to compare
incremental advantages and costs of moving (changing). The agent reaches a stable routine, stops moving,
and prefers to stay there, when advantages to move are lower than costs to move. Inertia is modelized by
costs to move quickly (Reactivity is the learned ability to move quickly in a cheap way). We apply our
“Worthwhile to Move Approach" (Attouch/Soubeyran, 2005, [6]) to build “Cognitive Versions of Varia-
tional Inequalities" for “Second Order Dynamical Gradients Systems with Inertia" (“HBF" differential
equations). In this model, we have mainly insisted on costs to move. Advantages to move (the other side
of the balance which drives a “worthwhile to move decision") are detailed in Attouch/Soubeyran (2005),
[6]. To save space the annex concentrates only on costs to move.

Keywords: Inertia and Reactivity, worthwhile to move process, costs to move, improving with cost
of improving quickly, second order dynamical gradient process, differential inclusions, viscous and dry
friction.

1. Introduction

In daily life, every agent has a lot of problems to solve. A problem is defined by a list of
criteria or aspects which are not fully satisfied. In this case the problem will be said to
remain partially solved or partially unsolved (this view depends of how the agent sees the
bottle, half full or half empty, depending of his character, resilience, ability to deal with
unsatisfaction, ”aptitude au bonheur”, neighbours opinions...). The degree of resolution
of a problem is the vector of the degree of resolution of each criteria which matter to define
the problem. The agent feels some unsatisfaction (deception) when at least a problem
remains partially solved or unsolved. This means that the degree of resolution of some
criteria which matter to define this problem are not at their maximum, if a maximum can
be defined precisely.

Problems to solve are of various kinds: in Economics a consumer can be hungry and
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feels some unsatisfaction not to eat enough in terms of quantity and quality or can be
unsatisfied to buy a good at a too high price, a producer can search for a new technology
(a new way to produce a final good), in Psychology an agent can search for a higher social
status...

The agent feels some satisfaction (contentment) when he has succeeded in improving the
degree of resolution of some criteria which characterizes a partially solved problem. We
define the position or performance of an agent by the vector of degree of resolution of
all the criteria which matter to define his unsolved problems. A choice is defined as a
move from one position (performance) to another one. In real life, an agent does not
optimize. He only tries to improve his position, more or less, moving from one position
to a better one, where he succeeds in improving the degree of resolution of some criteria
which characterizes some partially unsolved problems.

But to improve his position, an agent will have to bear some (several) costs of improving.
The simplest decision rule he can use is to compare “Advantages and Costs to Move" and
take care that “Improving implies some Costs of Improving".

Costs of Moving are central to our model, as well as Advantages to Move, using some
Exploration Process to evaluate this balance or comparison at each step.

We have developed in Attouch/Soubeyran [5] a basic model which modelizes this balance
between advantages and costs to move, " Improving and Satisficing Enough by Exploration
and Exploitation on an Unknown Landscape”. In that paper [5] and the revised version
"From Procedural Rationality to Routines: A Worthwhile to Move Approach of Satisficing
with Not Too Much Sacrificing” (2005), we proposed a Cognitive proof of the Ekeland
Theorem as a by product (see also Martinez-Legaz/Soubeyran, 2003, [34] for a model of
Choice by Rejection of Alternatives which do not Improve Enough, but without explicit
comparisons between advantages and costs of improving).

In the present paper, our goal is to examine such incremental dynamic decision process
which balances, step by step, between advantages and costs to move when the speed of
decision making matters much, especially when moving quickly is costly. In these cases,
Costs to move present Inertia aspects. At the opposite, Reactivity is the ability to move
quickly, at a low cost. ”Learning to Learn” is the best way to become more reactive.
This is the major goal of all modern organization, after a first phase of mass production
during the industrialization period, and a second phase of product differentiation. Agents
and modern organizations enter now in a new phase where reactivity represents a major
ability to be able to be the first to capture new opportunities and to enter new markets.

In these two cases Second Order dynamics are at work. The second order gradient process
with Inertia of Attouch et al. [7], [4] (2000, 2002) presents such a cognitive aspect. The
HBF and DIN equations (Attouch et al.) are important special cases (as an equality)
of these kinds of ”Cognitive Variational Inequalities” described in Attouch/Soubeyran

(2004, 2005) [5], [6].

2. Solving a Problem as Moving on an Unknown Landscape

Consider an agent who has a problem to solve, some action to do, a choice to make.
Choosing is an action, a move on an unknown landscape.

The agent tries to solve this problem step by step, i.e., incrementally, and at the same
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time tries to make more explicit an initial rather vague and unknown objective, i.e., the
unknown utility of the partial degree of resolution of the problem. The utility of the full
resolution of the problem is unknown (the objective is not necessarily bounded). Then, at
each step, the unsatisfaction of the agent is not precisely defined, while the contentment
or satisfaction is revealed after exploration around.

Let z = (x;)ie; € X be a performance, i.e., the vector of all the degrees of resolution
x; € [0,7;] C R, T; < 400, of all criteria ¢ € I that the agent considers concerning this
problem. The set I is the set of all criteria which matter for this problem. Let g(z) the
per unit of time gross utility (or valence) of the degree of resolution x of this problem.
For example g(x) = > ,c; ttigi(x;), where each real number g;(x;) € R, is the per unit
of time gross utility of the degree of resolution x; € [0,7;] of each criterion i € I, and
;i > 0 are weights that the agent attaches to each criterion, relative to his problem. Let
g=sup{g(z),z € X} < +oc.

If g(.) : € X — g(x) € R, is bounded, (i.e., § < 400, and more precisely g = 1
when the problem is completely solved) and if the agent starts from some given perfor-
mance r € X where he feels some unsatisfaction, i.e., [g— g(z)] > 0, and is able to
move to a new performance y such that g(y) > g(z), his contentment will be §(z,y) =
l9(y) — g(2)] / [g — g(x)] > 0, while his deception will be w(z,y) = [7 — g(y)] / [[g — 9(2)]],
for [§ — g(x)] > 0. This was the case for our Cognitive approach of the Ekeland Theorem
where g < 400 (see Attouch/Soubeyran, 2005, [6]).

3. The Present Exploration-Exploitation Phase [z]

We suppose, as in Attouch/Soubeyran (2005), [6], that the agent does not know globally
his landscape, made both of the per unit of time gross utility g(.) and the local physical
and physiological moving costs C(z,.) to be defined later, but can discover them only
locally, step by step, by exploring around a given known present performance x € X.
At each step, the agent builds or tries to discover his unknown landscape around some
performance z, namely (g(.), C(z,.)).

In our model, the agent wants to solve a problem quickly enough, without suffering of
too much temporary sacrifices. The goal of the agent is to improve his per unit of time
gross utility step by step, by exploring around, to try to reach his ambition level or final
goal g, which is an estimation of the unknown supremum g of ¢(.). Each step, the
agent has unknown costs to move and hence intermediary payoffs. He wants to satisfy
step by step endogenous constraints, to be discovered each step by exploration. These
constraints impose not too low (for example non negative) intermediary payoffs, which
are the difference between local advantages and physical and physiological costs to move.
They represent the desire to make, each step, not too high temporary sacrifices, because
the agent has some preference for the present. Exploration costs can be chosen step by
step and are lost once they have been spent (like fixed costs). They are very different
from physical and physiological costs to move. They can be included in a lot of different
ways in this balance between step by step local advantages and costs to move: from time
to time, at the end, or at each period, in an adaptative way or not... The way the agent
includes these costs of exploration in the balance modifies the speed of improvement of
his gross utility. The case of a group of agents is even more complex, because the group
can escape to time constraints by hiring engineers to explore around. To save space, we
will present here one of the simplest way to include costs of exploration in the balance,
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restricting our model to the case of one agent.

For us exploration is not a move. It is a static phase of preparation to action, before
moving. It represents the preliminary phase necessary to estimate advantages and costs
to move, by mental simulation, gathering information,..., estimation...

Consider a given period of length ¢(x) where, starting from a known given performance
x € X and a known valence g(z), the agent both

i) first tries to enjoy for the per unit of time gross utility g(z) of his present performance
x € X, (note that the per unit of time net utility will include some per unit of time
maintenance costs, see below) and

ii) tries also to explore around to try to improve enough from performance z to a new
performance y which improves with respect to z : g(y) — g(z) > 0.

Let A(x)t(x), 0 < A(z) < 1 be the portion of time spent to exploit (to enjoy the per unit
of time gross utility ¢g(z)) during the phase of length ¢(z), which offers to the agent the
total gross utility A\(x)t(x)g(x), spending some costs of maintenance A(z)m(z)t(x) > 0,
which are costs to be able to repeat performance z during this portion of time. The per
unit of time net utility u(z) = g(x) — m(z) is in fact the difference between a per unit of
time revenue or gross utility g(z) and a per unit of time cost of maintenance m(x).

The total net utility to repeat performance x over a portion of time of this period is
U(z) = Mo)t(z)u(x).

Let [1 — A(x)] t(x) be the portion of time spent to explore around z, spending a per unit
of time effort of exploration k(z) > 0. The total costs of exploration are, over the period

K(x) =1 = Xao)]t(x)k(z).

During this exploration-exploitation period the total intermediary payoff is F'(z) = U(z)—
K(x), i.e., F(z) = t(z)f(x), where

f(x) = Ax)g(x) — [Mz)m () + [1 = Ma)] k(z)]

is the per unit of time intermediary payoff (net gain).

The lenght t(x) of the exploration-exploitation period is a choice variable which partially
determines the strenght of the exploration process. This per unit of time intermediary
payoff f(x) can be troublesome because it includes both exogenous and endogenous terms.
The per unit of time gross utility and maintenance costs (g(z), m(z)) are exogenous (given)
and must be discovered, each step. The long term goal of the agent is to improve step by
step, from g(x) to g(y) > g(z). The per unit of time cost of exploration k(x) is a choice
variable which determines partially the intensity of the exploration process, together with
the choice of ¢(x) and A(z).

To simplify the exposition, and to better understand what is given (exogenous) and what
can be chosen (endogenous) we will consider the simple polar case of identical and constant
per unit of time maintenance and exploration costs: m(x) = k(z) =k > 0 for all z € X.
We will also suppose a constant portion of time devoted to exploration, each period:
0<Az)=A<1.

Then, the per unit of time intermediary payoff of the agent reduces to f(z) = Ag(z) — k
and f(y) — f(z) = Ag(y) — g(x)] . These remarks will greatly simplify the expression of
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advantages to move A(z,y), to be defined later. This model supposes that, each step,
the agent is motivated to explore, because he wants to reduce step by step his remaining
unsatisfaction g — g(z) > 0 by improving his valence g(.). Animal spirits (motivation
to improve, like curiosity, needs...) push him to explore again and again. Once he has
discovered a new improving performance such that g(y) > g(x), the agent knows that he
will explore again to try to move and improve again in a near future.

In this model, we do not address the much more complicated and fascinating questions
like: how much to explore, when to stop exploration, when to recover or to do not include
exploration costs in the step by step balance between advantages and costs to move, in
order to improve the speed of improvement? (the trade off between higher temporary
sacrifices and a higher speed of improvement, the quality, the speed and the cost of
decision making).

Starting from x € X, the exploration costs K(x) allow the agent to explore around
performance x, within the exploration set E [z, K(x)].

This exploration process allows the agent to discover both

i) the a priori unknown per unit of time gross utility g(y), and the per unit of time
maintenance costs m(y) for all y € F [z, K(z)].

ii) the unknown Physical and Physiological Costs to move from z to y, namely C(x,y)
for all y € E'[z, K(z)].

The Exploration phase can be divided into two successive steps .

First, the agent has to materialize his motivation to move. The agent will try to improve
his valence from g(x) to an unknown g(y) > g(x), vy € E |z, K(x)]. Let I [z, K(z)] C
E [z, K(x)] be the subset of performances which improve his valence with respect to
x € X. For each y € I [x, K(z)], the incremental per unit of time advantages to move are
[9(y) — g(x)] > 0. But, before having the ability to exploit (to benefit of) the incremental
improvement g(y) — g(z) > 0, there is, within the exploration phase, a second step which
is necessary to evaluate and estimate the costs to move from z to y, namely the physical
and physiological costs to move C(z,y).

Then, a new dynamic phase [z,y] follows, moving from the present static phase of
exploration-exploitation [z] to a new static one [y] .

4. The Moving Phase [z, 9]

Suppose that the agent has decided to move from z to y, leaving a temporary routine
phase, or static period of exploitation-exploration [z], to enter a new temporary routine
phase [y]. He is now able to decide to move or not (to choose between moving or not)
because he has estimated by exploration during this initial period [z], the balance between
advantages and costs to move. More precisely, he has estimated both the per unit of time
advantage to move f(y) — f(x) = A[g(y) — g(z)] > 0 (be careful, not the total advantage
to move A(z,y) to be defined later) and the total cost to move C(z,y) > 0 from z
to y. Let t(x,y) = h > 0 be the estimated time spent to physically move from z to
y # x, and c(x,y) > 0 the per unit of time cost to move spent for that purpose. Then
C(z,y) = c(z,y)t(z,y) = c(x,y)h. Let d(x,y) > 0 be the distance between performance x
and y, and e(x,y) > 0 the effort, or per unit of distance cost to move. Then the physical
cost of moving is C'(z,y) = e(x,y)d(x,y). It depends both on the effort e(x,y), and on
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the distance between performances x and y. The modulus of the speed of moving from the
present exploitation-exploration phase [z] to a future one [y] is p(z,y) = d(z,y)/t(z,y).

The relation between the per unit of time cost to move c(z,y) = C(x,y)/t(x,y) and the
per unit of distance cost to move e(z,y) = C(z,y)/d(x,y) is

t(z,y)e(z,y) = d(z,ye(z,y) <= c(z,y) = p(z,y)e(z, y).

Notice that the per unit of time advantage to move \[g(y) — g(z)] > 0 and the cost to
move C(z,y) from z to y are known by the agent within his exploration set, i.e., for all
y € Elz, K(z)].

The agent has a Bounded Rational behavior because he has chosen to pay (via exploration
costs) for the ability to be able to compare locally advantages and costs to move. This
definition of Bounded Rationality is more precise and more operational than the one
pioneered by Simon (1955), [45].

5. The Future Exploitation-Exploration Phase [y]

If we consider the temporary routine phase [x| where the agent both exploits and explores,
at some time the agent has to decide when to leave this temporary routine phase [z] (i.e.,
to choose the length ¢(x) of this ongoing present phase) to move and enter a new temporary
routine phase [y] .

The agent continues the temporary routine phase [z], as long as he has not founded
(estimated), by exploration, some new performance y whose estimated valence improves,
ie., g(y) —g(x) > 0. Then, the agent has to estimate the cost of moving C(z,y) to be
able to compare advantages and costs of moving. We turn now to the estimated total
incremental advantages to move A(z,y). They depend on the length ¢(y), chosen ex ante,
(it is a choice variable for the agent) of the new temporary routine phase [y] and of the (per
unit of time) incremental advantages to move, f(y) — f(x) = A[g(y) — g(x)] > 0. Notice
again that the length ¢(y) of the new temporary routine phase [y| is a choice variable for
the agent, as well as the length ¢(z) of the previous temporary routine phase [z].

These estimated total incremental advantages to move are

Az, y) =t(y) [f(v) — f(@)] = At(y) [g(y) — g(x)] > 0.

The Costs to move of the agent incorporate a hidden part, an Opportunity cost, which
represents the loss of exploitation during the moving phase ([z],[y]) of length t(z,y).
These opportunity costs are O(z,y) = t(x,y)[g(z) — k] = hg(z) — k], if t(z,y) = h,
because the agent stops to exploit during the moving period.

6. The Decision to Move or Not: Dynamic Gains

The decision to move. Within his exploration set, the agent decides to move from
some performance z to a new performance y € F [z, K(z)], if the advantages to move are
greater than the costs to move, i.e., if

A(z,y) > Clx,y) + x(2)O(z,y),

where x(x) € {0,1}.
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The agent can decide to include or not the opportunity costs to move O(x,y). If he
decides to do it, then x(z) = 1, while if he does not include them, x(x) = 0. The
advantages to choose to do not include them is to be able to obtain more easily an y such
that advantages to move are greater than costs to move. To accept some sacrifices can
be rewarding because this can speed up the improvement process by saving some time
necessary to find some new performance such that advantages to move be higher than
costs to move (this constraint becomes easier to satisfy).

Each step, because of a persistent feeling of unsatisfaction, as long as the residual un-
satisfaction (g — g(z)) > 0 persists, the agent will have the motivation to choose to pay
some preliminary costs of exploration around z (time, effort, physical and psychological
costs and money). Then, he will be able to decide in a limited rational way (only around
x, within F [z, K(z)]) when to decide to move. This will be the case when, for some
y € E [z, K(x)], the estimated advantages to move A(x,y) are greater than the estimated
costs to move.

Dynamic Gain. The dynamic gain of an agent groups together the costs of moving
C(z,y) + x(2)O(z,y) attached to the moving period [x,y] and the future intermediary
payoff t(y) f(y), attached to the future period [y] .

It does not include the present period [z] in the balance which helps to decide between
moving or not from x to y. This dynamic gain is, when the agent decides to move,

G [z, y], [yl =t(w) f(y) — Clz,y) — x(2)O(z,y).

If the agent decides to stay at z, the dynamic gain reduces to G [(z, x), [z]] = t(y) f(z) —
C(z,z) — x(x)O(z,z) = t(y) f(z), because both C(x,x) and O(x,x) are equal to zero.

The difference A(z,y) = G [[z,y], [y]] — G [([z], [z]), [z]] is equal to
A(l‘,y) = A(x,y) o C(SC, y) o X(%)O(l’,y)
The agent prefers to stay at z, i.e., not to move iff A(z,y) < 0fory € E [z, K(z)],y # «.

7. Stable Routines

If no y # x exists such that A(x,y) > C(x,y) + x(z)O(z,y), either the agent chooses
to explore more, in a set E' [z, K'(x)] larger than E [z, K(x)], or he will choose to stop
exploration and prefer to stay at . In this case, performance x will be said to be a stable
routine.

Definition 7.1. z* € X is a stable routine with respect to the exploration map x €
X Blz, K(@)], it A@*,y) < C(",y) + v(z)0(",y) for all y € E 2", K (")),
y# .

In our dynamic model of decision making the agent behavior is governed by Bounded
Rationality in a sense similar to, but more precise, than the formulation given by H. Simon
(1955), [45]. The main point to be understood is that the agent has first to decide to
explore around if he wants to be able to choose between moving or not. To choose between
moving or not is costly: ex ante exploration costs are necessary to be a bit rational (i.e.,
to give some partial justification to prefer to move from z to y than to stay at z). The
agent has the obligation to pay some fixed cost to have the permission to see and to be
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able to compare between moving or not, taking this decision in a limited rational way.
Then, it is costly for an agent to be able to rationalize a decision (to give himself some
good reasons to move or not), even if, finally, the agent decides to do not move. For us
this is the essence of Bounded Rationality.

8. Incremental Improving and Worthwhile Decision Process

We will say that it is worthwhile for the agent to move from x to y, after some exploration
around z, iff the advantages to move are greater than the costs to move, i.e., iff y € W (x),
where

W(z) = {y € Elv, K(2)] : A(z,y) > C(2,y) + x(2)O(z,y),
e, Alz,y) > 0}.

Our model presents a strong Anchoring effect (Kahneman/Tversky (see Gilovich/Grif-

fin/Kahneman, 2002)) where the agent decision is based on a comparison with what he

has just done before and not between any two positions, starting from nowhere. Our

model of choice formalizes incremental improving moves around successive performances.

We will consider a sequence of successive worthwhile moves x,,.; € W(z,),n € N, where
r =z, and y = T, q1:

y € W(z) <= A(z,y) > C(z,y) + x(2)O(z,y)
= At(y) [9(y) — 9(z)] = c(z,y)t(z,y) + x(z) [g(x) — k] t(z,y).

Let t(xz,y) = h >0 and t(y) = [1 + y(x,y)] h > 0 where 1 + y(x,y) > 0. Then y € W(x)
iff

ML+, y)]hg(y) — g(z)] > [x(z) [g(z) — k] + c(z,y)] h
= AM1+(z,9)] [9(y) — 9(z)] = x(z) [9(x) — k] + c(z, y).

We have c(x,y) = p(z,y)e(x,y). This leads us to the following definition:

=

Definition 8.1. It is worthwhile to move from z to y iff y € W(x), i.e.,
AL+7(z, )l l9(y) — 9(=)] = x(2) [9(x) = K] + p(z, y)e(z, y).

9. Inertia: Costs to Move Quickly

Costs to move present Inertia when it is costly to move quickly, i.e., costly to change speed
in a short period of time, for example when the agent starts from a zero speed, or stops
to end with a zero speed. This is the case when the cost to move per unit of distance
e(z,y) is an increasing function, both of the distance d(z,y) from x to y, the initial speed
v =v(z,y) at , and of the variation of the speed, Av. Formally e(z,y) = e [d(z, y), v, Av].

Suppose that the set of performances X is a Hilbert space, with the distance d(z,y) =
lly — z|| between performances x and y. Let ¢(x,y) = h > 0 be the estimated time spent
to physically move from z to y # z, and v(z,y) = v = (y — z)/h the vectorial speed to
move from x to y. We have d(z,y) = ||y — z|| = h||v(z,y)||. The norm of the speed to
move from x to y is p(x,y) = ||v(z,y)| = d(x,y)/t(x,y).

The total cost to move from z to y is C(x,y) = c(z,y)t(z,y) = c(z,y)h, where c(z,y) > 0
is the per unit of time cost to move from z to y. Let e(z,y) > 0 be the effort or cost to
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move per unit of distance. Then, the physical cost of moving is C(z,y) = e(z, y)d(z,y) =
e(z,y) ||v(z,y)|| h. It depends both on the effort, or cost per unit of distance e(x,y), and
on the distance between performances x and y.

Remember that the relation between the per unit of time cost to move c¢(z,y) = C(x,
y)/t(z,y) and the per unit of distance cost to move e(x,y) = C(x,y)/d(z,y) is

t(z,y)e(z,y) = d(z,y)e(x, y)
= c(z,y) = [v(z,y)| e(z,y) = p(z,y)e(z, y).

Then y = =+ hv € Efz, K(x)] is equivalent to v = (y — z)/h € F [z, K(x)], where
Elz,K(z)] =2+ hF [z, K(z)].

Our basic example will be the “linear case” where

e(w,y) = eld(x,y), (v/|[v], Av)] = &d(x,y) + B(v/[v]], Av),

ie.,
e(z,y) = a|v||h + B(v/|[v|], Av), with & > 0,and 3 > 0.

This formulation describes Inertia. It means that the cost or effort to move e(z,y), per
unit of distance, is first an increasing function of the norm of the speed to move |v||
and of the time spent to move h. It also increases with the improvement of the speed to
move Av, more and more as this speed is higher. Inertia represents the difficulty to move
quickly, which increases with the speed of movement. Consider to simplify the case where
the agent moves to the right, on the real line x € R. Our formulation modelizes the two
opposite cases where

i)  moving is more costly when the agent increases his speed of moving, from v > 0 to
v+ Av, with Av > 0. Then (v, Av) is > 0 and the cost of moving increases.

ii) moving is less costly when the agent reduces his speed of moving. Suppose that the
agent reduces his speed from v > 0 to v+ Av, with Av < 0. Then (v, Av) is < 0 and
the cost of moving decreases.

Take the ratio between the length of an “exploration-exploitation” period and the length
of a moving period, —1 < 7y(z,y) < 7 lower than a given constant vy > 0.

Take also x(z) = 0, i.e., the agent does not consider opportunity costs of moving. Then,
a worthwhile move from x to y is such that

AL+ Rlgy) — g(@)] > c(z,y)h = [[v(z, y)l| e(z,y)h, ie.,
AML4+][g(y) — g(z)] > |Jv(z,y)|le(z,y), ie.,
[1+9]g(y) — g(x)] = |lv|lelv]|h + Bllv][{[v/[lv]], Av)

where o = a/A > 0 and 3 = 3/\ > 0.
We finally obtain

Proposition 9.1. In the linear case, it is worthwhile to move from x to y iff

[1+][g(y) — g(x)]/h > afv,v) + B{v, Av/h).
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10. Convergence in the Discrete Time Version

The central questions for these “Dynamic Worthwhile to Move Process" are convergence,
and finite time convergence.

Consider first the discrete time version. In this discrete time framework, a worthwhile to
move process is defined by the variational inequality z,+1 € W(z,), n € N, such that

[L+9] [9(zng1) = g(n)] [h = v, vn) + B(Vn, (Avn/hy)), Where v, = [Tp11 — 20] /I
and Av, = U1 — Up.

There are two polar cases: i) for an isolated agent, or ii) for a group. An agent alone is
limited by time constraints. A group can escape to them partially.

i) With Opportunity Costs for an agent alone. The worthwhile to move condition
is [1+7(z,9)] 9(y) — g(2)] = x(2)g(z) + p(z,y)e(z, y). Let x(z) = 1.

It can be written in the discrete time case as

[L+ 9] [9(zns1) — 9(20)] = g(20) + pren.

Suppose that the ratio vy(z,y) = =, between the length of a moving phase and an
exploration-exploitation phase is bounded above —1 < ,, <~ for all n € N. Because g is
bounded above, and ¢(z,) is not decreasing, then g(x,) — ¢*, and [g(zp41) — g(x,)] —
0. Then the right hand side of the inequality tends to zero, and the right hand side is
greater than g*. The process stops in finite time.

ii) Without Opportunity Costs for a Group. This is the case for a Group which can
escape to time constraints by asking workers (engineers) to explore around. In this case,
opportunity costs disappear. Exploration costs are external to the agent and just add to
other costs. More formally, the length of the exploitation period is t(x), (and not a fraction
of it, At(x)). During this period #(x) the gross utility of the group is t(x)g(z), exploration
costs are K (z) = t(z)k(z) and maintenance costs are t(x)m(z). The intermediary payoff
of the group over this period is F(x) = t(x) [g(x) — m(z) — k(x)]. In the case of one
agent (alone) we have F(x) = t(z) [Ag(x) — dm(z) — (1 — N)k(z)], 0 < A < 1. During the
moving phase of length ¢(x,y) the agent (a group, a firm) continues to fully exploit and
stops to explore around. The group gets t(z,y) [g(z) — m(z)] from exploitation during
this period. If he decides to move, he pays the moving costs C(z,y). If not, he pays
nothing more. The difference between its net gain between moving or not during the
moving period is only the moving cost C'(z,y). Then, Opportunity costs disappear. We
are in the situation examined by Adly/Attouch/Cabot (2004), [1].

11. Continuous Time Version

Consider a path of “worthwhile moves" ¢t € T+ z(t) € X. Let h — 0. Then, we get
the cognitive variational inequality z(t) € Q[z(¢)] iff
[ +1(Vgle@)], () = (ali()] + BlE@]], [2(2)]),

where 2(t) = [z(t),#(¢t)]. The HBF [7] and DIN [4] Equations of Attouch et al. (2000,
2002, ...) represent important special cases of our “Dynamic Worthwhile Process to Move"
as equalities rather than as inequalities. The dynamic gain of the agent is

Alz(t), 2(t)] = [1 +Vglz ()] — ali(t)] — BLE(H)].
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The Cognitive Variational Inequality is
(A[=(t), 2(1)], 4(t)) = 0 <= 2(t) € Q[2(1)].
The function ®[z(t)] = [1 + v]g[z(t)] — éin(t)HQ is the dual of an energy function.

Comments about Inertia:

Agents change only with difficulty, but why is change difficult? Organizational Ecology
defines Inertia as change which is slow relative to environment (Hannan and Freeman,
1984, Rumelt, 1990). This comes from specialized investments in physical assets and social
structures. Organizations have “cores" which are very difficult to change relatively to more
peripheral elements. Evolutionary Economics explains Inertia via Bounded Rationality,
Routines, and Tacitness (Nelson/Winter, 1982).

Routines bound skills and capabilities. They are the skill set and the memory of the
agent.

In Management Sciences, the main sources of Inertia are five. Distorted Perception-Dulled
Motivation-Failed Creative Response-Political Deadlocks-Action Disconnects. Distorted
Perception coming from Myopia, (the unability to look into future with clarity), Denial
(a defensive behavior, which is the rejection of information that is contrary to what is
desired or what is believed to be true). Denial may stem from hubris or from fear.
Information Filtering rejects information which is unpopular, unpleasant or contrary to
doctrine. Grooved Thinking rejects informations which deviate too much from orthodoxy
and mental habits. Dulled Motivation describes the lack of sufficient motivation to change,
due to the abandonment of costly sunk specific investments. Failed Creative Responses
concerns the difficulty to choose a direction because of the complexity of the choice, the
speed of change (things happen too fast), inhibition and reactive mind-set (problems are
natural and inevitable), or inadequate strategic vision. Political Deadlocks come from
the three main sources of disagreement among agents: difference in personal interest,
difference in beliefs, and difference in fundamental values. Action Disconnects comes
from leadership inaction (lack of vision, lack of leading by example, attachment to status
quo, embedding in routines in complex process with great tacit aspects, where changing
one part of the process requires to change a lot of other parts.

12. Cognitive Second Order Gradient Process with Inertia

In this section, we consider some continuous time versions of our cognitive variational
inequality. We show that the modelization of inertia via costs to move quickly is quite
flexible and allows to cover various situations. Of particular interest are the trajectories
for which equality (instead of inequality) holds, which is precisely the case of the dynamics
associated to second order gradient process with inertia. This important fact provides a
natural bridge between our model and dissipative dynamical systems with inertia from
physics and mechanics.

A) “Viscous friction" and costs to move quickly. That’s the basic example which
has been introduced in the preceding section. Noticing that d/dt[(1/2)|z(t)]]?] = (@(t),
#(t)), the continuous time version of the cognitive variational inequality can be rewritten
in the following form:

(L +7y)d/dtlglz(®)] = allz(®)]|* + [3/2]d/dt[| & (t)[|].
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The cognitive interpretation of this differential variational inequality is clear: trajectories
which satisfy are such that the instantaneous rate of gain is greater than the instantaneous
costs of changing position and velocity. This variational inequality bears close connections
with mechanics and physics. To see this, let us rewrite it in the following form

d/dt[(1 +v)gle(t)] — (B/2)12(OI"] = all()]*.

If we think to g (a gain function which is to maximize) as the opposite of ¢ (a cost function
which is to minimize), and after changing signs, we obtain,

d/dt|[(1+7)elz®)] + (B/2)l2)]°] < —allz(t)]*.

The physical interpretation is now clear. The quantity E[z(t),z(t)] = (1 + v)plx(t)] +
(8/2)]|z(t)||* is the global energy of the system represented by z(t) at time ¢, it is the
sum of the potential energy (1 + 7v)p[z(t)] and of the kinetic energy (3/2)]|Z(t)||*. The
above variational inequality

d/dt[E[x(t), (1)]] < —all2(t)]

expresses that, along trajectories of the differential variational inequality, the global energy
is dissipated (o > 0) following a certain rule. We have a dissipative dynamical system
with the physical energy as a Liapunov function. Symmetrically, when returning to the

cognitive situation with ¢ = —p, we have an expansive dynamical system with entropy
v

Tlz(t), &(t)] = (1 +7)glz(®)] = (B/2)2(t)]*
and the cognitive variational inequality becomes
[d/dt]Wle(t), &(t)] = af|z(t)]*.
Of particular interest is the case when equality holds, i.e.,

[d/dt] [z (t), 2 (t)] = aflz(t)]*.

Solutions of this differential equation can be obtained (among others) by considering the
trajectories of the “heavy ball with friction” (HBF in short) dynamical system (which is
expressed here with g = —¢),

(HBF) : Bi(t) + ai(t) — (1 +~)Vglz(t)] = 0.

Indeed, we can easily verify that for any trajectory z(.) of (HBF) the following equality
holds (take the scalar product with #(¢) in (HBF)):

Bli(t), &(t)) + alla(®)]* = (1 +7)(Vglz(t)], &(t)) =0

that is,
[d/dt] [(1+y)glz(t)] — (8/2)[l2()]*]] = allz(t)]]>.

Because of its central role in physics ((HBF) is a model example of a damped oscillator),
the (HBF) equation has been intensively studied in the linear case (g quadratic). More
recently, the interest of this dynamical system in optimization has been put to the fore in
Attouch/Goudou/Redont (2000), [7]. Thanks to its inertial properties it allows to explore
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local maxima of g, see also Aubin/Lesne (2004), [9] for a related but different approach.
In such a context, it is important to be able to work with a large class of gain function
g (or potential ¢). A central question is the study of the asymptotical behavior, as time
t — +00, of the trajectories of (HBF). Noticing that (1++)[d/dt]g[z(t)] > a||z(t)|*, one
can easily obtain, after integration, and using the assumption sup{g(z),z € X} < 400
that f |l(t)||?dt < 4o0o. When g is smooth, by using (HBF) equation, one easily
obtains that, for any bounded trajectory of (HBF), one has sup{||Z(¢)]|, t > 0} < +o0.
This, together with [™ ||l#(t)[|?d¢ < +o0, classically implies that lim; . o @(t) = 0.
Returning to (HBF) one can easily derive that lim; . V]g[z(¢)]] = 0.

Note that this holds for any smooth gain function g which is bounded from above and
for any bounded trajectory of (HBF). As a consequence, any limit point T of such a
trajectory is a critical point of ¢ (x(t,) — T for tx — +o0). The crucial point is
that, without any further assumption on ¢, it may happen that the whole trajectory
does not converge (counterexample of Redont [7] which holds in X = R? with a C!
function, and further improved by Jendoubi with a C'*° function). Thus, one needs to
make some further assumptions on ¢ in order to ensure the asymptotical convergence of
the trajectories of (HBF'). The main cases where positive answers to this difficult question
have been obtained are:

a) The convex case (i.e., g concave) has been solved by Alvarez [3]. The convergence result
has been recently extended to the case of a quasi concave function by Goudou/Munier
[24], [25]. The proof relies on Opial’s lemma.

b) The real analytical case has been solved by Haraux/Jendoubi [26]. It relies on the
Lojasiewicz inequality, see also Bolte [15].

¢) When the critical points of g are isolated, the convergence of the trajectories of (HBF)
follows from an easy topological argument. As a striking result, one can prove that
for such Morse functions then, generically with initial data (position and velocity), the
trajectories of (HBF) converge to a local maxima of g. All this subtle analysis comes
from the fact that the cost of moving for small changes is low. This corresponds to
viscous friction in physics and gives rise to the global energy expenses for moving costs
0+°° |&(t)||?dt < +o0, which is not enough information in order to ensure convergence
of the trajectories. This makes a big contrast with situations where the corresponding
L' estimate holds 0+°° |(t)||dt < 400, which clearly implies the convergence of such a
trajectory. This makes a natural transition with the next situation where we consider dry
friction instead of viscous friction, in which case this L' estimate on the velocity holds.

B) “Dry friction" and costs to move quickly. Let us consider the case where
e(z,y), which is the cost to move per unit of distance between performance z and y,
is given by e(x,y) = a + B{v/||v||,Av). We call it, and this will be justified below,
the dry friction model. Note the big difference with the previous situation e(z,y) =
ad(z,y) + B(v/||v]|, Av) where small changes of position are costless (essentially free).

Now, in this dry friction model, small changes are costly, and we shall see that this is the
main explanation of the good stabilization properties (as t — +00) of the corresponding
differential variational inequality,

(1 +)d/dilg[z(®)]] = allz(@)]] + 5(E(1), #(2)).
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Equivalently
d/dt[(1+7)glz(t)] = (B/2)|2(0)]1*] = allz(®)]].

Clearly, for any trajectory x(.) which satisfies the above inequality

o et < [1 +Allsupg — glxo)] < +oo,

and the convergence of z(t) as t — +o00 to some T € X holds. Of particular interest are
the trajectories provided by the following differential inclusion from mechanics (X = R"
for simplicity) (“heavy ball with dry friction")

BE(t) + 0Pli(t)] — (1 4+7)Vglz(t)] 3 0,

where @ : R" — R is a convex function which satisfies ®(0) = 0 and ®(§) > «||¢|| for
all £ € R™. Here 0® stands for the subdifferential of convex analysis.

Note that the assumption ®(§) > «|¢]| for some o > 0 is equivalent to 0 € intd®(0). In
mechanics, the term 0®[2(t)] can be interpreted as a dry friction force. The model situa-
tion is ®(§) = «||¢|| in which case 0P (§) = a(£/||£]]) for € # 0, and 0P(0) = aB(0,1). The
mathematical analysis of the above system has been developed in Adly/Attouch/Cabot
(2004), [1]. Let us first make the connection with our variational inequality: the convex
subdifferential inequality 0 = ®(0) > ®[&(¢)] + (2, —&(t)) holds for any z € 0®[#(t)]. Tak-
ing account of the fact that z(.) is a solution of the heavy ball with dry friction differential
inclusion one can take z = —(3%(t) + (1 +v)Vg[z(t)] in the above inequality. One obtains

(=0E(t) + (1 +7)Vgle(t)], &(t)) = [a(1)].

Using ®(£) > a[¢]| (that’s the dry friction assumption!), we get

d/dt[(1 +v)glz(t)] = (B/2)2(O)II"] = allz(®)]

that’s our variational inequality.

In the model case ®(§) = al[£]|, noticing that for & # 0 the set 9P(€) is reduced to a
single element «&/||€||, we have for all £ # 0, (0P(€),&) = (a&/|[£]],€) = «l|&]] and for
£=0, (00(£),&) = 0= «l|&]|. Note that 9P(0) is bounded. In that case

dfdt [(1+7)glz(t)] = (B/2)12(0)]*] = ellz@)]

and we can say that trajectories of the heavy ball with dry friction provide equality in
the case (&) = «||£]|, this as a particular case of the general differential inequality. The
asymptotic behavior of the trajectories of the heavy ball with dry friction differential
inclusion exhibits some striking properties:

1. As we already stressed, any trajectory x(.) of this system converges, let z(t) — T,
as t — +00.

2. Any limit 7 is an equilibrium which satisfies (1 +~)Vg(T) € 99(0).
In the model situation ®(§) = «||£]|, this expresses that ||[Vg(Z)|| < /(1 + 7).
Taking ¢ = a/(1+7), we have an equilibrium corresponding to Ekeland’s € variational
principle.
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3. Generically with initial data, convergence holds within a finite time, i.e., for each
trajectory there exists a finite 7' < 400 such that x(¢) = T for all ¢t > T. For a
detailed presentation of these results, one can consult Adly/Attouch/Cabot [1].

C) Costs to move far from the natural steepest descent. A natural dynamic in
decision sciences, physics, ... is the steepest descent dynamics, i.e., ©(t) = —Vg[z(t)].
Indeed, Vg [z(t)] provides to the agent the best local direction in which to move in order
to make increase his gain function. Accordingly, the agent pays attention not to deviate
too much from this natural direction and costs to move quickly are naturally attached
both to ||z(¢)]|* and ||Z(¢) — BV g[z(t)]||>. This yields as a cognitive differential variational
inequality, with b > 0,

d/dt[(1+7)glz®)]] = allz ()] + (b/2)[d/dt]||2 ()]
+[1/2]d/dt|li(t) — BVgla(®)]]*.

As a model example, let us consider the case b = 0 and v = «af, and show that the
trajectories of the following dynamical system (DIN)

i(t) + ai(t) — BV gla(t)]E(t) — Vglz(t)] = 0

are solutions of the above differential inequality.

Set U(t) = (1+aB)glz(t)] - (1/2)||Z(t) — BVg[z(t)]||* and compute ¥(t). After derivation,
and using the (DIN) equation, we obtain

U(t) = all(t)* + Bl Vgle ()]

Hence
d/dt[(1 +)glz(t)]] > all#(®)]]* + [1/2]d/dt|i(t) — BV glz(t)]]*.

The above dynamical system is called the dynamical inertial Newton-like system, (DIN)
in short. It has been studied by Alvarez/Attouch/Bolte/Redont (2002), [4]. It is an inter-
esting model for decision making, the geometrical damping term Vg [z(¢)] (t) prevents
undesirable oscillations. This open perspectives towards similar developments for gradi-
ent systems in the context of Riemannian metrics, which is a largely open question for
second order dynamics.

13. Conclusion

In this paper, we have modelized Inertia and Reactivity Aspects of Decision Making
which help to converge to stable routines. Inertia represents the costs to move quickly
and Reactivity the (learned) ability to move quickly in a cheap way. We have applied
our “Worthwhile to Move Model" (Attouch/Soubeyran, 2005, [6]) to build “Cognitive
Versions of Variational Inequalities" for “Second Order Dynamical Gradients Systems
with Inertia" (“HBF" differential equations). The model is the following.

A decision is a move. The agent is motivated to move to fill unsatisfied needs (advantages
to move). The agent cannot fill his needs in one step. The agent is forced to accept to move
step by step on his landscape, due to limited knowledge of his environment, resources,
efforts, energy, money or time constraints. There are costs to move. The agent explores
around to be able to compare incremental advantages and costs of moving (changing). The
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agent reaches a stable routine, stops moving, and prefers to stay there, when advantages
to move are lower than costs to move. We have classified costs of moving in two branches:
low (or high) costs to move locally (viscous or dry friction). This classification helps us to
revisit Second Order Dynamical Gradient Process (Attouch et al., 2002). In this model, we
have mainly insisted on costs to move. Advantages to move (the other side of the balance
which drives a “worthwhile to move decision") are detailed in Attouch/Soubeyran (2005).
To save space the annex concentrates only on costs to move.

Our model has already succeeded in giving a Cognitive approach of the “Ekeland € Varia-
tional Principle". We expect a lot of other applications of our “worthwhile to move model"
both in Economics-Management and in Game Theory, concerning Stable Routines as rest
points of “Worthwhile to Move Dynamic Games" for a population or for groups and
sub-groups. In Applied Mathematics, our model can allow us to give Cognitive versions
of Proximal Algorithms, Decomposition Algorithms, Direct Search Methods... (see At-
touch/Soubeyran, 2005, for a list of applications like the Ekeland Theorem and other
possible applications).

14. Annex

Typology of Physical and Physiological Moving Costs: Costs to Change Ac-
tions. We classify Physical and Physiological Moving Costs in four categories: Costs of
Dissimilarity, Costs to Start Actions (Fixed costs and Excitation costs), Costs to Stop
(and Inihibition costs), and Costs of Reactivity (costs to move more quickly).

There are several types of Costs of doing (building and choosing) new actions which are
influenced by the past. There are fixed costs to start an action (training or preliminary
“echauffement"), costs to get some speed, costs to stop, and cancel your speed to be
able to stay there. Inhibition costs are the costs to forget and leave what you are doing
now to do something else. Excitation Costs (costs to allow adrenaline invasion) are often
necessary to start some new action.

Costs of building new actions increase with the Degree of Dissimilarity with past actions.
They are well known by Psychologists (see Ehrlich, 1975) who insist on the fact that
similar actions (contiguous actions, mediated by intermediary actions...) following a given
action are much easier to be done that disconnected actions belonging to different fields
of competences.

Dynamic Costs to change actions concern Costs of Reactivity which increase with the
speed the agent wants to built or do some new action (costs to do quickly and to stop
quickly, i.e., Inhibition Costs as seen before). They are very important and somewhat
ignored by economists. Reactivity is one of the more important feature of modern orga-
nizations, which follows Mass Production and Economies of Varieties aspects. Reactive
processes are now essential to be able to produce new products to benefit quickly of some
opportunity before the entry of rivals.

Some references are not cited in the text. We give them for an introduction to some
subjects related to our “Worthwhile to Move Approach".
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