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The crisis of architecture is a crisis of form, therefore new approaches and
definitions are necessary. The children´s game of Hide-and-Seek seems extremely
relevant to learn the complex interplay of social interaction and space. What if its
hiding places were to be designed by an architect? Is there a method to relate the
rules of the game to the number, design and layout of its obstacles in such a way
as to create a successful game?A possibility to tackle this problem is the use of
metaheuristic solvers. But even for the simple game of Hide-and-Seek, their use is
confined to cases with a very limited set of obstacles and players, since the time
needed to calculate the fitness function increases rapidly. To overcome this we
suggest the use of statistical methods to develop a heuristic fitness function based
on properties which can be directly computed from the values of the genotype.
The resulting function makes is possible to solve the given problem using a
metaheuristic solver not only for the simple cases with 3 or 4, but also for those
with n obstacles.
Keywords: Architectural Systems, Metaheuristic Solver, Generative design,
Decision Making, Machine Learning

INTRODUCTION
The current crisis of architecture is a crisis of form,
which has become a victim of its own success. New
approaches and deﬁnitions are necessary to overcome the increasingly meaningless experiments of
"anything goes". If form in architecture could be extended to include the spatial aspects of social interaction and these could be connected with objects that are formed to have an eﬀect in such interaction, a long needed link between "form" and
"function" might be provided. What is conventionally conceived as "architecture", i.e. objects like buildings, would merely become one group of elements
in complex systems of operative architectural forms.
Such autopoietic architectural systems would only

exist as long as complementary forms of interaction
and forms of objects continually connect to each
other. (This deﬁnition was formulated by Harald
Trapp in Dichte Distanz (2013)) Digital design methods are well suited to simulate such systems, but
are lacking an architectural theory and are struggling with the amount of data to be handled even
in simpler cases such as children's games. Nevertheless an operational deﬁnition of architectural form
might have to begin there, as some of these games
are fundamental to the individual`s development of
the concept of space. In particular, Hide-and-Seek
seems extremely relevant to learn the complex interplay of social interaction and space. What if its
hiding places were to be designed by an architect?
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Is there a method to relate the rules of the game
(which could be interpreted as constraints on the random movement of players, e.g. children) to the number, design and layout of its obstacles (which could
be interpreted as constraints on the random movement of objects, i.e. architectural design) in such a
way as to create a successful game? Fortunately in
Hide-and-Seek not only the rules for the movements
of the players, but even the game´s success can be
rather simply deﬁned. Like all good games it has
to challenge its participants, but should avoid frustration (of course, these parameters are debatable,
but they seem reasonable enough as a basic assumption). Therefore all players involved (seeker, hiders)
should have an equal chance to win, which means
not only the seeker can ﬁnd hiders, but also the hiders
can escape, if being closer to the centre than the
seeker before being detected.
As simple as the deﬁnition of the rules and success in the case of Hide-and-Seek might be, coming up with a design even for the most simple layout proves rather complicated. The game challenges
the design through aspects of vision (from where
can a player see what?), movement (which routes
can a player take to explore the ﬁeld?) and distance (what is the diﬀerence in distance to the centre between the diﬀerent players?). Metaheuristic
solvers have been used to ﬁnd valid/good solutions
solving layout-problems in many diﬀerent instances
(e.g. (Elezkurtaj and Franck 1999) (Donath, König
and Petzold 2012)). (Metaheuristic-solvers can be
used to solve optimisation problems without knowing speciﬁcs about the problem. Therefore they can
be applied to a variety of problems. Depending on
the type e.g. a genetic solver, diﬀerent strategies e.g.
evolutionary principles are applied to search through
possible solutions, trying to ﬁnd the best solution.
The quality of a solution is deﬁned by a single value,
its ﬁtness. Finding the best solution is not guaranteed. Through plugins to existing CAD programs e.g.
Grasshopper3d, they are made available to a broad
audience.) But other than in most cases, the architectural form here is not restricted to a ﬁxed object
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which houses a function, but interpreted as a continually changing operation. Such a deﬁnition tends to
promote not to ﬁnd or produce successful architectural forms, but to invent them or "to breed" as DeLanda (2002) suggests. Because of the combination
of moving and perceiving players within a modiﬁable
playing ﬁeld this seemingly easy task becomes rather
complex, and needs therefore a simpliﬁed approach
to generate layouts.

HIDE-AND-SEEK SETUP
The game consists of at least three players, one
seeker p(s) and two hiders p(hi) with equal properties
concerning vision and movement. The seeker starts
from the ﬁxed centre point (red dot, ﬁgure 1) and will
start to visit the obstacles one after the other always
taking the shortest path moving along the grey lines
in ﬁgure 1 representing all possible shortest path. He
ﬁnds a hider (green dot, ﬁgure 1) as soon as he makes
visual contact with him crossing the blue lines (ﬁrst
line of sight). Each hider is concealed behind one obstacle and tries to reach the centre before being detected by the seeker. As all players move with the
same velocity, a hider can escape and thereby win by
reaching the centre before the seeker, if he is closer
to the centre as the seeker (isochrones represented
by the dotted lines, ﬁgure 1) before he has been detected. The deformation of these circles is a result of
the obstacles blocking the direct path from the starting point to the hiding positions.
The obstacles o(i) are positioned around the centre, perpendicular to the direct lines from their centres to the centre of the playing ﬁeld. The number
of obstacles shall exceed the number of hiders by at
least one. In order to obtain diﬀerent layouts, the rotation around the centre of the diﬀerent objects can
be changed in discrete steps (±0.1π). In a second
test-scenario each obstacle itself can rotate around
its centre within a given range (-0.4π to 0.4π;±0.1π).
The seeker starts at the centre of the playing ﬁeld
and moves to all possible hiding points, one after the
other, following the shortest path until all hiders either have been found or run free. If the seeker ﬁnds

Figure 1
Possible layouts; On
the left is a layout
where the obstacles
are perpendicular
to the straight line
from the centre of
the obstacle to the
centre of the
playing ﬁeld. On
the right each
obstacles is also
allowed to rotate
around its centre.

more hiders, than can run free, the seeker wins s. If
more hiders can run free, than the seeker ﬁnds, the
hiders win h. Otherwise the game is a draw d.

GENERATION OF RESULTS
For the smallest layout possible, three players (one
seeker p(s), two hiders p(h1,2)) and three obstacles o(1,2,3), there are three diﬀerent combinations
where players can hide (AB, AC, BC) and six diﬀerent
paths on which the seeker can visit the obstacles (SP
ABC, SP ACB, SP BAC, SP BCA, SP CAB, SP CBA) .
!
v(p, o) = o
· o!
(1)
ph ! · (o − ph )!
The results for all these 18 possible game-variations
v (Equation 1) are computed until either all hiders are
found or have run free. Based on this simulation the
quality of the layout can be measured through a ﬁtness function f. To vary the playing ﬁeld, the placement of the obstacles around the centre of the playing ﬁeld can be changed in discrete steps (±0.1π). In
a second version, additionally the rotation of each
obstacle around its centre can be changed (-0.4π to
0.4π;±0.1π). This can be done randomly and then the

best layout can be picked. Another possibility is to
use a metaheuristic solver such as simulated annealing or a genetic algorithm.
As mentioned above, the quality of a layout (ﬁtness f ) can be deﬁned rather easily, as seeker and
hiders should ideally have an equal chance to win.
For this, the chance to be found should equal the
hiders chance to escape by reaching the centre before the seeker. Thus the game would ideally result
in a draw. The number of draws d of a possible layout
can be measured against the diﬀerence between the
total wins of either the hiders h or the seeker s. This
seems to result in a valid ﬁtness function. The more
quotient 2 approaches 1, the more attractive the layout for the players (because there are fewer "frustrating" results).
d
f (d, h, s) =
≤1
(2)
d + |h − s|
However, this function ignores the diﬀerence between draws on one hand and hider / seeker wins on
the other hand. As long as the hiders´ wins equal the
seeker´s wins they can exceed the number of draws.
E.g. d=2 h=8 s=8, this would result in a ﬁtness of 1
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and therefore in a perfect layout even so the number
of draws are not very high compared to the number
of runs where the hiders or the seeker wins.
To overcome this problem, equation 2 has to be
multiplied with the number of draws divided by the
total number of game variations.
d
d
f (d, h, s) =
·
≤1
(3)
d + |h − s| d + h + s
To examine the ﬁtness function behaviour, randomly
generated numbers for d,h,s were used. Figure 2 illustrates the relation between draws, hiders´ wins and
seeker's wins. It shows that the higher the ﬁtness, the
lower the number of hiders´ wins and seeker's wins,
whereas the total number of draws increases but is
not necessarily maximized. This could be seen as insuﬃcient, but enables to keep the ﬁtness value as a
relation with a ﬁxed upper limit of 1. Furthermore this
allows comparing layouts with diﬀerent constraints,
numbers of obstacles and/or players.

If considering only the rotation around the ﬁxed
centre of the playing ﬁeld, chances can be evened
out to a certain point (Figure 3, left), since the side
from which an obstacle is approached does not play
a role. The obstacle farthest away is the worst obstacle to hide. If the obstacles are arranged in line, the
seeker always wins. Further it shows that no groups
are formed but the obstacles tend to be evenly distributed around the centre of the playing ﬁeld. In this
case the metaheuristic solver was able to ﬁnd a layout
with a ﬁtness of 0.397. The same result was also found
after a few tries when the layouts were randomly generated. This suggests that the problem with this limited set of constraint is rather simple and a lot of possible best layouts exist.
Only when allowing the obstacles to rotate
around their centre, a more evened out layout can
be generated (Figure 3, right). In this case the bestfound layout had a ﬁtness of 0.667. At ﬁrst sight the
resulting design seems similar, but a closer inspection now ﬁnds the farthest obstacle as the one where
most hiders were able to run free. This is due to the
fact, that the side from which the seeker approaches
starts to play a role as soon as the obstacles are rotated. When the seeker approaches the farthest obstacle from the left side the hider has the opportunity to run free, since the distance to the centre of
the playﬁeld is greater from the position where the
seeker ﬁrst sees him than from the hiding position.
This is clearly visible in the isochrones in Figure 3 or
Figure 4.

SOLUTION-SPACE COMPLEXITY

In our research, a readily available metaheuristic solver (Grasshopper, Galapagos) without any further modiﬁcations was used to generate layouts for
the game of Hide-and-Seek. The best-found layout(s)
can be seen in Figure 3.
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As shown for the smallest version of Hide-and-Seek
with three players and three obstacles, metaheuristic solvers can be used to generate a layout, as the
ﬁtness function can still be calculated within an acceptable time. But when adding only one obstacle to
this setup of Hide-and-Seek, the amount of possible
game variations rises to 144 (compare to Equation 1),
quickly increasing the computational time, making it
infeasible to generate a layout through the utilization
of such techniques.

Figure 2
Randomly
generated results
for d (green), h
(red), s(blue) and
the resulting ﬁtness
(equation 3).

Figure 3
The left diagram
shows a best layout
found (d=10, h=2,
s=6; f=0.397) if the
obstacles are not
rotated around
their centre. The
right diagram
shows the best
layout found (d=12,
h=3, s=3; f=0.667) if
the obstacles are
allowed to rotate
around their centre.
The dotted lines
show the
isochrones for each
hiding position. The
red part of a circle
shows the number
of found hiders,
whereas the green
part shows the
number of hiders
that where able to
run free. The lines
are an overlay of all
possible paths that
the seeker took to
visit all hiding
points.

Further the number of distinct possible layouts
strongly depends on the discretisation of the layout
and the amount of obstacles placed. When the rotation around the centre is limited to steps of ±.1*π
(or={0,.1,.2,... 1.9}) and three obstacles have to be
placed, then there are 3ˆ19=1 162 261 467 possible
layouts. Adding an obstacle increases the amount to
4ˆ19=274 877 90 944 layouts.
With this quick increase of complexity in both the
ﬁtness function and the solution-space it gets infeasible to use metaheuristic solvers to ﬁnd good layouts
for setups with more than 4 obstacles and more than
3 players (1 seeker, 2 hiders).
This observation is not only valid in the case of
the game of Hide and Seek but also has been reported in other cases (e.g. 'Graphical Smalltalk with
My Optimization System for Urban Planning Tasks'
(Koenig , Treyer and Schmitt 2013) and seems to
make what Faucher and Niver (2000) described as "inverse design" inapplicable in daily design practice.
("Inverse design" can be referred to as design by intents, used as constrains to a form and not as form by
itself.) An analytic approach is needed!

AUTOMATING GENERATION OF HEURISTICS
As simple the game of Hide-and-Seek might be,
the use of metaheuristic solvers is conﬁned to cases
with a very limited set of parameters, since the time
needed to calculate the ﬁtness function (the analysis of the layout) increases rapidly. Therefore other
methods have to be found to generate or evaluate a
layout. Simple heuristics can provide an answer to
the problem. As shown by Gigerenzer, Todd et al.
(2000) simple heuristics (e.g. 'Take the Best'), working with limited amounts of information, can provide
a good base for decision making, especially in cases
where it is infeasible to take into account all available
information.
These researchers demonstrated their approach
on the prediction of school drop out rates. Based
on a set of collected data they applied four diﬀerent
strategies: 'Take the Best', 'The minimalist', 'Multiple
Regression' and 'Dawes's Rule'.
In the case of e.g. 'Take the Best' a set of ranked
cues is used to compare two diﬀerent solutions. The
ﬁrst occurrence of a diﬀerence in a cue is used to determine which of two solutions is better. To achieve
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Figure 4
Game play
variations of the
two layouts.

the ranking of the cues the algorithm has to be
"trained" upfront. The ranking is interesting beyond
pure prediction. It enables to identify which parameters are important to the problem and which are not.
'Take the Best' could be used for the ﬁrst example
of our Hide-and Seek, where the obstacles are only allowed to rotate around the centre of the playing ﬁeld.
However, as will be explained, it performs bad for the
second example where the obstacles are also allowed
to rotate around their centre.
Therefore in the case of Hide-and-Seek we had to
use the strategy of 'Multiple Regression'. A thousand
random results where generated for both examples
with and without obstacles rotated around their centre. (The Random class of the .NET framework is used.
The documentation ensures an even probability from
a ﬁnite set of numbers. Since the random numbers
needed are limited (max 4/solution) enough random
numbers are provided.) For each generated layout
the ﬁtness and other properties, such as the average rotation of the obstacles around the playing ﬁeld
centre or the average distance between the possible hiding positions, were saved. These properties
can be chosen at will, but the computational time to
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compute these parameters has to be limited. Since
the problem was explored upfront, the observations
made when looking at the best layouts should be
taken into account when choosing the properties.
These data were used as training set to ﬁnd another function that would remodel the ﬁtness function as good as possible but with less computational
eﬀort. In a ﬁrst step each property was used to compute the correlation of the property and of simple
transformations of the property (xˆ(-1); ln�(x)) against
the ﬁtness function values. In a second step an iterative process (Branch and Bound) was applied to try if
the correlation could be improved through multiplication of the diﬀerent cues.
For the ﬁrst example (obstacles are without rotation around their centre) 18 diﬀerent properties were
examined. The best correlation to the ﬁtness function was found when the relation between median
and average angle between all pairs of obstacles o
(Equation 5) got multiplied with the relation of the
geometric average angle between all pairs of obstacles and the angle that would distribute the obstacles equally (Equation 6). With this combination a
correlation to the ﬁtness function of r=0.8182 can be

Figure 5
The left scatter
plots shows the
best-found
correlation of a
single cue. The
right scatter plot
shows the best
combination of two
cues.

Figure 6
The left scatter
plots shows the
best-found
correlation of a
single cue. The
right scatter plot
shows the best
combination of up
to six cues.
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achieved. However, as can be seen in the left scatterplot of ﬁgure 5, the performance increases only
slightly when using multiple cues ('Multiple Regression') over using only the best correlating cue ('Take
the Best').
median(∠(oi=0...n , oj=0...n ))
(4)
uf 0(o) =
avg(∠(oi=0...n , oj=0...n ))
uf 1(o) =

avg(∠(oi=0...n , oj=0...n ))
π
2 |o|

uf (o) = uf 0 · uf 1

(5)
(6)

It shows that this example is rather simple and even
though the layouts were randomly generated, many
of them are as good as the best layout found by the
metaheuristic solver. The found correlation is high.
Therefore the found linear regression line can be
used to estimate the ﬁtness function with a minimum
of computational complexity. Furthermore the positive correlation of both selected cues suggests that
an equal distribution of obstacles across the playing
ﬁeld would generate the most satisfying layout.
For the second example 85 diﬀerent properties
were collected. Here the best correlation (r=0.3824)
of a single cue (Figure 6 left) was the average distance
along the shortest path between all pairs of hiding
positions hp.
This cue was not included when searching for the
best correlation (r=-0.4909), taking a maximum of 6
cues into account. Instead of the average distance
the geometric average distance along the shortest
path between all pairs of hiding positions was chosen. Nevertheless this suggests that when through
the placements of obstacles the shortest path between two hiding points is maximised the chances
on the layout between hiders and seekers are evened
out.
Another cue selected the maximum of the diﬀerence between all distances of the closest and the farthest point of an obstacle to the centre of the playing ﬁeld. This cue suggests that an obstacle, which is
oriented nearly in line with the straight line between
the centre of the obstacle and the centre of the play-
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ing ﬁeld is better than an obstacle perpendicular to
this line.
Both of these observations are in line with the
observations made from the generated examples but
they are only loose clues since each cue cannot be
evaluated by itself, which would be done when applying the 'Take the best' strategy, but only in combination ('Multiple Regression'). Further it can be noted
that the best-found layout produced by the metaheuristic solver was not reached when randomly
generating layouts. This suggests that the ﬁtnesslandscape for the second example is more complex.
However, since the initial ﬁtness function cannot be
used for larger layouts, the found linear regression
line provides an acceptable tool to estimate the ﬁtness function.
The found regression lines can be used to estimate the ﬁtness and generate layouts of diﬀerent
sizes. (Figure 7) Note that the number of players is
of no importance for the generation since no simulation is preformed but the ﬁtness function is estimated
based on geometric properties. In the ﬁrst example, the estimated ﬁtness function can be computed
directly from the values of the genotype, which improves computational time manifold.
For the second example more properties have
to be computed and some of them make it necessary to construct all possible shortest paths between
the hiding points (compare Figure 1). This makes the
computation of the estimated ﬁtness function more
complex in comparison to the ﬁrst example, but still
way cheaper than the original ﬁtness function.

DISCUSSION
The game of Hide-and-Seek is a good testing ground
for simple heuristics for two reasons: in the deﬁnition introduced by Harald Trapp (2013) it constitutes
a very simple form of a complex architectural system and therefore represents a promising example
for a new deﬁnition of the relationship between form
and function in architecture. Neither "form follows
function", nor form as an aesthetic or signifying object, but the dynamic connection of two types of

Figure 7
Two layouts with 10
obstacles,
generated through
the use of the
regression line
computed for both
examples on the
left, with obstacles
rotating around the
centre of the
playing ﬁeld. On
the right, obstacles
were also allowed
to rotate around
their centre.

operative architectural forms. Deﬁning "Hide-andSeek" in this way, the simple design task to develop
a functional (= successful) layout for the distribution
of obstacles, which cannot be solved with traditional
methods, can be approached. The operative dynamics of both the movement and perception of the players, as well as the ﬂexibility of the layout of obstacles
interact with a complexity that can only be digitally
simulated. To develop an algorithm generating layouts that are "ﬁtter" and therefore more successful
with the players, has to begin with a research of the
correlation between arrangements of obstacles and
hiders and the success of the players.
As the possible game variations increase exponentially with the number of obstacles and hiders,
heuristic ﬁtness functions provide a highly eﬃcient
tool extrapolating data learned form the smallest
setup possible, producing complex arrangements
close to real time. Thus they might become a valid
tool for the design practice in the future. In this paper, the game of "Hide-and-Seek" is interpreted as a
complex architectural system whose design requires
the development of a heuristic ﬁtness function. But
still a metaheuristic solver has to be used to ﬁnd a

good layout/design. More research should be carried
out to investigate under which circumstances other
generative approaches could be successful to generate designs procedurally without any iterative process.
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