
AR
TI

FI
CI

AL
 IN

TE
LL

IG
EN

CE
 C

ON
CE

PT
S 

IN
 S

econ


d-
Or

der
 

Cy
bernetics







52

 CONSTRUCTIVIST FOUNDATIONs vol. 16, N°1

sible experiments or observations (“choice 
space”). If we look more deeply into the 
machinery of this complex process, we see 
a large number of agents, i.e., scientists, 
working on their individual proposals for 
the correct L. In that sense, they play the 
role of the walkers for the physics com-
munity agent. Based on the models already 
developed, there is a strong preselection for 
L, similar to the distinction between green 
and red walkers in Figure  2 of the target 
article. However, they are following FSX 
themselves. Their individual number of 
future choices is determined by academic 
success, e.g., by the number of citations, 
or by the number of interviews offered 
later for academic positions. This space is, 
again, entirely different from the text space 
in which the Lagrangians (L) dwell. Each 
of these walker-Lagrangians is intended by 
the author to be published, which means 
that its position in text space must differ 
sufficiently from the positions of all other 
walker-Lagrangians. This is very similar 
to the agents in Figure 1, above, where no 
two agents can come too close. At the same 
time, it is favorable in view of the number of 
citations one might expect to keep in close 
proximity to similar published walker-
Lagrangians. As a result, scientists tend to 
assemble in swarms studying similar lines 
of attack to a problem, and this can be em-
pirically observed (Shifman 2012). We can 
conclude that the development of physical 
theory follows FSX on several levels.

« 9 »  As the search for the correct La-
grangian continues, it has acquired more 
and more terms over time. As of today, the 
Lagrangian that tries to unify all interaction 
forces (except gravity, however) consists 
of more than 150 terms and takes about a 
full page to be written down legibly (Shivni 
2016). Since each term (or group of terms) 
enables completely new classes of experi-
ments to be accounted for, the total num-
ber of choices in choice space is multiplied 
by the number of new experiments a term 
allows for. Hence, choice space increases 
roughly exponentially with the number n 
of terms. Hence, predictive density scales as 
en/n. As this is monotone and strongly in-
creasing, it tends to the formation of larger 
and larger formulas for L, such that there is 
no convergence to a “beautiful” (i.e., simple) 
theory in sight. The search for mathematical 

“beauty” is a major driving force in this field 
of physics (Hossenfelder 2018) and rests on 
the idea that the beauty we see in theories 
of nature can come only from the inher-
ent beauty of nature itself. This reasoning, 
however, is logically stringent only from a 
strictly positivist point of view. A construc-
tivist approach would rather appreciate that 
the theory can only describe a version of 
“nature” constructed by an observer. This 
version may then well (or, rather, is bound 
to) have inherited structure from the ob-
server through the process of symbolization. 
Hence the “beauty” may well reside exclu-
sively “in the eye of the beholder,” to use a 
proverbial phrase.
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> Abstract • While we agree with Horn-
ischer et al. that there is an apparent 
similarity between the Future State Max-
imization principle and von Foerster’s 
Ethical Imperative, we suggest that the 
former can be seen as a computational 
overlap with the latter rather than its 
computational interpretation. Further, 
we reflect on the connection between 
these two concepts and the theory of ro-
bust control.
Handling Editor • Alexander Riegler

« 1 »  In their target article, Hannes 
Hornischer et al. reflect on the Future State 
Maximization (FSX) approach for describ-
ing the behavior of multi-agent systems 
developed earlier. The authors highlight 
the difference between FSX and traditional 
machine learning (ML) methods as FSX is 
forward-looking and explores possible fu-
ture options rather than being backward-
looking and relying on past data, which is 
common in ML. In this way, FSX follows the 
spirit of reinforcement learning (RL). The 
main claim of the target article is that FSX 
is a computational interpretation of Heinz 
von Foerster’s Ethical Imperative (HF-EI) 
that reads: “Act always so as to increase the 
number of choices.” However, we suggest a 
more nuanced approach in this regard. We 
suggest that FSX is not merely a computa-
tional interpretation of HF-EI. Rather, both 
FSX and HF-EI can be seen as overlapping 
projections from different realms onto the 
space of agents’ actions. Agents can be either 
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artificial agents in a computer or entities in 
a natural setting. In the next paragraphs, we 
elaborate on this proposition in detail.

« 2 »  First, both FSX and HF-EI focus 
on the intrinsic motivation of agents to have 
a larger number of options available. HF-
EI is indifferent with respect to other pos-
sible objectives that the agent might have, 
which may be in contradiction with it. In 
other words, as an ethical imperative, HF-
EI can ignore the other agent’s objectives. 
It is not evident that FSX can or should be 
positioned in the same way. In §§19f of the 
target article, an example is presented where 
the agent’s behavior is being determined 
solely by FSX. In this example, FSX and HF-
EI conform with each other. However, in 
several other examples, the agent or a group 
of agents act so as to achieve a certain prac-
tical objective. In Example 1, the agent aims 
to collect a higher reward. In Example 2, 
robots aim to collect information about the 
environment.

« 3 »  As an imperative, HF-EI sup-
posedly dominates over any other possible 
objective if the agent has one. In contrast, 
the relations between FSX and any other 
objective(s) that an agent might have can be 
different. In Examples 1 and 2, for instance, 
the future options included in FSX seem to 
be only those that are compatible with the 
other objective of the system, rather than 
any options. It is a very important aspect 
that challenges the perception of FSX

« 4 »  Furthermore, while HF-EI calls 
the agent to consider any options, in the 
examples of the FSX application presented 
in the target article, these options were con-
strained by the model design. For instance, 
in the example considered in §§19f, avail-
able options are going North/East/South/
West or staying put. We would expect that 
an agent that had an intrinsic motivation 
according to HF-EI would “discover” also 
the possibility of diagonal moves (e.g., going 
North-East).

« 5 »  The next issue to which we would 
like to draw attention is that HF-EI does not 
specify whose number of options should 
be maximized – the agent’s own options of 
those of other agents in its environment. In 
many cases, there is a tradeoff between the 
number of one’s own options and the num-
ber of options of others. The FSX implemen-
tations, however, all seem to focus on the 

number of options of the considered agent 
only (Charlesworth & Turner 2019: 15363).

« 6 »  HF-EI emerged in the 1970s in a 
certain cultural, economic, and social con-
text. As any ethical concept, it cannot pre-
tend to be absolute. Ethics is a product of 
a choice of humans that is, at least to some 
degree, conscious. For example, in the 21st 
century, humanity broadly embraced the 
idea of sustainability. The prominent mile-
stone of that is the adoption of seventeen 
Sustainable Development Goals (SDGs) by 
the UN by all countries in 2015. According 
to the definition given by the Brundtland’s 
Commission, sustainable development 
meets the needs of the current generation 
without compromising the next generations 
with regard to the possibility of meeting 
their needs.1 Formal computational models 
are considered as one of the ways to better 
grasp uncertainties of the future (Riegler 
2015; Gash 2020: §33). The commitment of 
the current generation to leave to the next 
generations as many possibilities as possible 
to be able to satisfy their needs seems to be 
compatible with both EI and FSX.

« 7 »  On the other hand, there are ex-
amples in nature where organisms seem to 
follow the FSX principle without relating 
themselves to any ethical considerations. 
For example, stem or tumor cells maximize 
the number of future options available to 
them – i.e., to stay undifferentiated as long 
as possible; differentiation to a specific cell 
type implies reducing the number of fu-
ture options. In both cases, maximizing the 
number of options seems to be a survival 
strategy rather than ethics.

1 |  Cf. “Report of the world commission on 
environment and development: Our common 
future,” United Nations General Assembly, 1987. 
http://www.un-documents.net/our-common-
future.pdf

« 8 »  In practice, maintaining a large 
number of options is costly. Cost should be 
understood in the broad sense in relation to 
searching for, storing, assessing, and decid-
ing on these options. Hornischer et al. touch 
upon this issue in §4, mentioning the costs 
of maintaining a model; we suggest that this 
issue requires greater attention. It is a signif-
icant challenge both for living creatures and 
artificial agents. For example, it is known 
that humans who have to choose from many 
options are prone to decision fatigue (Vohs 
et al. 2008). Artificial agents would also re-
quire more power, memory, and time to 
process a higher number of options. Thus, 
we suggest introducing some kind of a “flex-
ibility penalty” for a higher number of op-
tions to be processed.

« 9 »  Furthermore, maximizing the 
number of options for oneself can incur 
costs for the other agents operating in the 
same environment. As we discussed in §6 
above, it can also put constraints on the 
number of options of the others, which rais-
es broader ethical considerations.

« 10 »  In practical implementations 
of FSX, it may not always be necessary or 
even desirable – if costs are taken into con-
sideration – to maximize the number of 
options. We argue that the preferred multi-
plicity of options is tightly connected with 
the amount of information available to the 
agent who makes a decision. The less infor-
mation she has, the broader the space of op-
tions she may need to keep open. However, 
when the agent is close (in some sense) to 
achieving her goal, she may not need to keep 
many options – given that doing so implies 
high costs. Moreover, trying to maximize 
the number of options, she can even miss 
the target. As an illustration, in the next two 
paragraphs, we refer to two examples.

« 11 »  The first example is from chess. In 
chess, when making a move, players typical-

Target setA → ← B 0 T/2

No info Full info

T t

Figure 1 • A simple homing guidance problem 
for two points in one-dimensional space.

https://constructivist.info/16/1
http://www.un-documents.net/our-common-future.pdf
http://www.un-documents.net/our-common-future.pdf
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ly strive to maximize the number of avail-
able options. A larger set of available options 
makes winning the game more likely, and 
vice versa (Charlesworth & Turner 2019: 
15362). An empty set of available options 
indicates a checkmate or a stalemate for a 
player. However, when a player clearly sees 
a way to checkmate her opponent unavoid-
ably, there is no reason for her to maximize 
the number of future options. Rather she 
should merely execute the order of the win-
ning moves. If, on the contrary, she wished 
to make a move that would increase the 
number of available options, she might lose 
the advantage of the game.

« 12 »  The second example comes from 
the theory of robust control. Consider a 
simple homing guidance problem. The agent 
operating in a one-dimensional space aims 
to reach a target by a given time T by steer-
ing its acceleration. However, the agent does 
not know from which of the two different 
points, A and B, it has started. Points A and 
B are equally remote from the target (see 
Figure  1). To be able to select a successful 
control, the agent needs to observe a signal 
from the environment to identify its posi-
tion in relation to the target. Assume that 
until time moment T/2, the agent is not able 
to receive any information. From T/2 on, the 
agent receives a signal that allows it to iden-
tify the initial point without ambiguity. The 
optimal course of action in this case is to stay 
put while no information is available and, 
once the information starts to arrive and the 
initial point has been identified, to acceler-
ate left or right, accordingly. Acting thus, the 
agent leaves herself the maximum number 
of the options available on the “no informa-

tion” stretch and chooses the only option on 
the “full information” stretch. Any deviation 
from such a strategy, e.g., to accelerate in any 
direction on the “no information” stretch or 
stay put once the full information is known, 
would lead to a suboptimal resource use or 
even to a failure to achieve the target set. 
This example is similar to the Buridan’s ass 
paradox, illustrating a problem of decision 
making between equally attractive options 
and a necessity to make a choice to achieve 
the objective (Rescher 1960). The presence 
of information about the options plays a de-
cisive role in this example.

« 13 »  In the agent homing guidance 
problem described above and many other, 
more complex problems of this kind, before 
executing any action, the agent needs to 
create a portfolio of controls allowing it to 
achieve its objective in each possible scenar-
io of the uncertain environment and other 
agents’ actions. This means that relying on 
its model of the problem, the agent explores 
the solution space corresponding to these 
scenarios. This exploration yields a tree-like 
information structure that drives decisions 
(Figure  2). Bifurcation points correspond 
to time moments in which new informa-
tion arrives (i.e., t1, t2). In the bottom part 
of the tree, which has only few branches, the 
agent has little information. Consequently, 
she has to choose an action from a narrow 
set that contains actions leading to the target 
in all plausible scenarios under this avail-
able information. As time goes on and more 
information becomes available, the agent 
progresses through the bifurcation points 
to branches corresponding to the unfolding 
scenario (Strelkovskii 2015). This explora-
tion procedure is very similar to the concept 
of “walkers” from the target article (§21). 
Note that in both FSX and the theory of ro-
bust control, we do not use any knowledge 
regarding other agents and their objectives. 
We only rely on the knowledge of how the 
actions of the other agents impact the objec-
tive function of the considered agent.

« 14 »  As the last remark, we wish to 
support the authors’ reflection that FSX “im-
plies mitigating uncertainty through the in-
crease of uncertainty” (§5). Indeed, keeping 
more options available often allows agents 
to reduce risk. Portfolio diversification of 
investment is a prominent example (Wagner 
& Lau 1971).
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Figure 2 • A tree-like information structure 
that drives an agent’s decisions. Different 
scenarios are schematically denoted by dif-
ferent colors.
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