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The Material Modulation of Objects

Since the materialist interpretation of Gilles Deleuze’s work by Manuel DeLanda, the philos-
opher and author of Intensive Science and Virtual Philosophy, we saw raise the idea of a flat 
ontology, where all objects obtain an equal ontological status.1  Suddenly, the hierarchical 
classification collapses in favour of an equality of “ontological dignity to each individu-
ated thing”, as explained by Tristan Garcia.2  Thus, “a cutting of acacia, a gene, a computer-
generated image, a transplantable hand, a musical sample, a trademarked name, or a sexual 
service [are becoming] comparable things.”3  In this context, where the objects are now side 
by side, it still seems necessary to specify the terminology in order to develop a coherent 
discourse. First, we acknowledge an initial contrast between the non-material objects and 
material objects.4 Among the elements of the latter group, we dissociate the natural objects, 
those generated by growth and evolution, from the artificial objects, created by man. This 
paper will mainly focus on the designed and fabricated objects; so-called material-artificial 
objects. The distinction does not presuppose any superiority of inferiority in comparison to 
natural objects, or even to non-material objects, but rather serves to distinguish the objects 
on which the discipline of architecture is based. 

RELATIONAL OBJECT VS NON-RELATIONAL OBJECT
From there, let us analyze the influence of such an ontological flattening on recent archi-
tectural theories, with a particular attention to the generative process behind the form and 
matter of the object. This last point will be the main element in our argument. An interesting 
debate is currently taking place between architects defending the idea of relationism and 
those advocating an object-oriented ontology (OOO).5  This ideological confrontation is 
intimately related to the theme of this conference, by numerous questions concerning the 
autonomy of the architectural object.

First, the relationism approach, arising mainly from an architectural interpretation of deleu-
zian philosophy, is interested in the generative processes underlying the object, such as 
flows, intensities and connections. The resulting projects are dependent to their relations 
with an almost exhaustive network that defines them. Architecture becomes informed; 
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either by the influence of contextual forces on soft bodies, or by a series of topological 
deformations, or even with parametric differentiation of components, in reaction to their 
immediate environment.6  On some occasions, the material parameter will be embedded in 
the equation, through a relation of intensity. This will lead to a performative architecture, 
often explained as a material system inspired by biological structures.7  The most extreme 
version of relationism has surfaced in recent years, with the infamous parametricism of 
Patrik Schumacher, who theorizes architecture as a communication system, where the latter 
would be the only entity to be considered fundamental.8 

This “radically flat ontology […] however, also a radically relational ontology” raises an issue, 
as stated by Graham Harman in Objects and architecture where “entities have no autono-
mous reality, but gain their reality from those other things with which they interrelate.”9  As 
if the object’s properties would be “vaporized into an infinitely interconnected empire.”10 

In contrast, we find at the other end of the theoretical spectrum the object-oriented 
ontology, aiming above all that the “concrete entities again become a central philosoph-
ical problem.”11  By rejecting the correlationism position, Quentin Meillassoux constructs 
a philosophy where objects can be addressed ‘in itself’ at the center of a metaphysical 
scheme which requires, on our part, to admit that they do not exist only in relation to us.12  
Thus begins a philosophical study of the existence of objects. Thereby, they earn an existen-
tial autonomy, and this brings a lot of questions concerning their relations with each other, 
with their context and with us. Graham Harman elaborates in detail, throughout many of 
his writings, a version of a hermetic ‘object’, by expressing a non-relation of things.13  In this 
model, the object acquires autonomy mainly by its formal singular design, but little is know 
about its material formation. For his part, Timothy Morton has a more nuanced argument, 
almost at the edge of relationism, with the concept of the mesh. It represents a kind of web 
without center or limits, through which all living and nonliving objects are interconnected.14  
An analysis of this concept reveals that it is more akin to the idea of symbiosis rather than 
holism, as it first seems to be implied by its general definition.15  This can be explained by a 
weak connectivity between the elements of the mesh, meaning that the objects belong to 
a single horizontal network, which was originally defined as a flat ontology.16  It also implies 
that the elements in the mesh are interacting with some others, without necessarily being 
in relation to all others; an important distinction. That is how they act in symbiosis since the 
objects are not reduced solely to their relations, due to a mesh that supports some degree 
of separation and difference. Thus, in this variant of OOO, the object accidentally loses some 
autonomy, as explains Morton: “nothing exists all by itself, and so nothing is fully ‘itself’.”17

Like the majority of exchanges between philosophy and architecture, the influence of 
object-oriented ontology on architecture should mainly be at the level of a metaphor in the 
theoretical development of the project.18  However, its greatest benefit for our discipline is 
to refocus the research and design on the architectural object itself, whereas it is consid-
ered an autonomous element. Mark Foster Gage, architect and associate professor at Yale, 
will even suggest that this ontology is some kinds of antidote to the various ailments that 
paralyzes the architectural discipline today; like parametricism, economical and political 
pressure, sustainable necessities, etc.19  Whether one is skeptical or not with this statement, 
one is forced to admit that architecture can be predominately justified by its own existence, 
through a spatial and formal design of the architect, without being in a state of dependency 
with few key relations.20 

However, if we return to the central purpose of this paper, we should not isolate the work on 
the formal aspect of the object from its material characteristics and its context. The object 
has much to gain from a relation with its physical environment, in order to exchange infor-
mation contributing to its material organization. A separation between form, matter and 
the immediate context, would be an unfortunate return to hylomorphism; an Aristotelian 
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doctrine where every being, individual, or object, is made up in complementary manner of a 
shape and a material. From the Greek Hylé (matter, wood) and Morphé (form), this concept 
puts in direct opposition form and matter; the first is active while the second is totally 
passive.21  The material would then be the indefinite receiver of a singular form, an idea 
initially enunciated by Plato in Timaeus, with the ‘fundamental wax’.22 

Although these two perspectives, relationism and OOO, seem difficult to reconcile, we 
intend to explore the theoretical potential of their thin intersection. In other words, we 
are asking if it is possible to design an architectural object that could demonstrate a formal 
autonomy by a non-relational design, and a material autonomy through a relation to its 
physical context? To answer this question we need to dig into the philosophy of matter and 
form, and eventually explore the potentials of new tools. 

MODULATION
First, the French philosopher Gilbert Simondon developed the concept of modulation, in his 
doctoral thesis L’individu et sa genèse physico-biologique, throughout the revision of hylo-
morphism.23  According to Simondon, there is a missing element at the center of this mecha-
nism, an element that could characterize and revealed how form and matter interacts with 
each other in a specific operation: 

“The hylomorphic scheme corresponds to the knowledge of a man who remains outside the 
workshop and consider only what enters and what comes out; to understand the true rela-
tion between form and matter, it is not enough to even enter the workshop and work with 
the craftsman: we would need to enter the mold itself to monitor the operation of material 
formation, taking place at various levels of physical reality.”24 

Simondon decides to address the lack of information of this ‘black box’ that represents 
hylomorphism, and introduces the energetic parameter of ‘force’ in the equation. With it, 
he establishes the conceptual core of the technical operation which gives rise to an object 
having form and matter. The result is an ‘interactive platform’ between the three compo-
nents, what could eventually be referred to as a system. 

Simondon will support its theoretical reflection using a concrete process; the produc-
tion of clay bricks. With the use of real material, the brick can’t result from the applica-
tion of an idealized parallelepiped form on clay, as stated by the hylomorphism with its 
abstract matters. There must be an “effective technical operation [that] institute a media-
tion between a given clay mass and this notion of the parallelepiped”.25 The wooden mold 
will accomplish this task, not by imposing its form on the clay, but by bringing it to equilib-
rium. The mold will guide the material expansion, through a slow process of stabilization, 
and this is done by a force reaction between the solid walls of the mold and the malleable 
matter.26  This process will continue until an equalization of forces at every point, leading 
to a uniform distribution of clay, where movement is no longer possible. To be precise, this 
can be described as a material modulation, rather than a usual molding because the mold 
does not form directly the clay, but it is the clay that fills the shape of the mold. Moreover, 
Deleuze provides a clarification on the difference between modulation and molding, 
wherein modulation admits a continuous variation of matter, from a steady state to another. 
As he explained, “modulate, it is to mold in a continuous and variable manner, but we could 
also say that molding is to modulate in a constant and finite manner, determined in time”.27 
The ‘in-between’, the energetic element between the mold and the clay, solves the prob-
lematic initially raised in hylomorphism:

“The relation between matter and form is not thus made between inert matter and form 
coming from the outside: there is an operation common to and at the same level of exis-
tence between matter and form; this common level of existence, is that of force, coming 
from an energy momentarily transported by the matter, but extracted from a state of 
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the total inter-elementary system of a superior dimension, and expressing individuated 
limitations.”28 

It is through this relation of force that form and matter are determined, and as emphasized 
by Pascal Chabot, “the relation is not mysterious” as implied by hylomorphism, “it is simply 
physics”.29

MODULATION OF DESIGNED OBJECT
We learn from Simondon that the relationship between form and matter is not an active / 
passive transmission as explained by the hylomorphism, or an autonomous form performing 
in isolation on the material like some version of OOO, nor an absolute relational exchange 
where entities have very little autonomy as described by parametricism. It is rather an ener-
getic dialog between two equally active and autonomous components, namely form and 
matter. This last part is the most important in the context of this article, as we discover that 
the autonomy of the object emerges from both its form and its matter. Of course, these 
are two completely different types of autonomy. First, an intellectual or creative autonomy 
is assigned to the object by the design intentions of the architect. That is the formal and 
spatial characteristics that will define it, like the mold in Simondon’s example. Then, a phys-
ical or structural autonomy will be achieved by the stabilization of matter, in dialog with the 
designed shape; like the clay, which finds equilibrium in the mold.

Since form and matter must find equilibrium by modulation, Simondon explained that the 
object could persistently be in a state of becoming, bifurcating from a potential phase to 
another according to the multiples forces acting on it.30  At this point, the relation between 
the object and its physical environment becomes crucial. The variations of force will trigger 
a phenomenon of metastability, which describes a far-from-equilibrium phase in ther-
modynamics.31  This means that if the object changes its form or even its context, matter 
should amend its internal organization accordingly. Such condition exceeds the simple idea 
of stability by considering the potential energy in the equation. The resulting asymmetric 
fluctuations of energy allow the system to adopt various structures over time, according to 
a multi-phase logic. Consequently, the object stabilizes when “the good form is no longer 
the simple form, nor the geometric shape, but rather a significant form that establishes a 
transductive order within a system of potential realities.”32  The metastable modulation 
eventually leads to a deletion of boundaries between form and matter, between the outside 
and inside of the object, between its composition and its constitution, as the first brings the 
other to equilibrium, and the second gives it a physical objectivity. 

Let us now translate this concept of modulation in the process of architectural design. While 
the formal autonomy stems in a relatively linear way from the design intentions of the archi-
tect, the material autonomy by modulation is more arduous to reveal.

For that, we need to include material data in the design of an architectural object. Once 
this is accomplished, is matter becoming active? Does it produce a material modulation of 
object? As an answer, we suggest considering the algorithmic routines of topological opti-
mization as a means of digitally generate the material formation. To express it succinctly, 
topological optimization is a method of calculation producing an optimal distribution of 
matter in space, with respect to its structural behaviours.33  Through a continuous evolu-
tion of ‘structural shape’, this process attempts to maximize the performance of the struc-
tural system, while minimizing its weight.34  From a theoretical perspective, topological 
optimization allows a precise understanding of material behavior, by a feedback between 
form, force and matter, and the generations of so-called optimal solutions, according to 
predefine constraints. The latter arise primarily from the relation between the object and 
its context, by the force of the immediate environment that will act on it. A digital simu-
lation will evaluate the information to help determine the distribution of the material. The 
material becomes a flux, a “material-forces rather than [a] matter-form”, carrying its own 
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singularities, like its strength, its elasticity, its porosity.35  By an active and iterative reac-
tion, matter solidifies the lines of force in space. Thus, we get a metastable system, depen-
dent on variations of its environment that can trigger a bifurcation at any moment. Although 
some architectural theorists bring the idea that information would have killed the concept 
of structure, it is the opposite with topological optimization; this process will develop the 
structure directly from the information.36 

However, one must understand that the optimization algorithms don’t usually have formal 
or manufacturing logic associated with their calculations. So, when used as the sole gener-
ative element of the object, they tend to impose a certain ‘truth of the simulation’ on its 
actualization. On the one hand, this ensure a certain material autonomy to the project; 
autonomy that is developed through a retroactive relation between the object and its envi-
ronment. However, the hylomorphism is then reversed, with an active matter imposing it 
law on a passive form. This usually results in the generation of highly differentiated struc-
tures, exhibiting excessive topologies, reminiscent of some natural structures such as bone, 
trees, and others.37  For us, the main interest of topological optimization does not lie in its 
ability to reproduce the natural processes, or even in generating a perfect structural opti-
mization, often at the expense of other architectural parameters. We are rather interested 
in an objective understanding of matter under the effect of force, and to discern how this 
could truly informed the material autonomy of the object.38 

Although we are close to a solution regarding our original problem, there are still some 
links to be established. The main one would be: how to use topological optimization, and 
its active matter, while developing in parallel the formal autonomy of the object? We must 
project ourselves into the mold, as wished by Simondon, to monitor the operation that 
takes place between form, force and matter. It is important that the structure of the object 
could be capable of differentiation, recognizing the qualitative differences that only a matter 
subjected to force in its organization can demonstrate. From there, it seems clear that the 
architect must have a strong involvement in this process, by joining the design intentions to 
the results of the topological optimization. 

1

Figure 1: Topological optimization; 
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NEW THEORIES, NEW TOOLS
Some new digital platforms will addresses this potential link between the formal and the 
material autonomy of the object. In general, they offer the opportunity to optimize the 
internal structure of a designed form. First, Autodesk Within introduces a structural lattice 
within the boundaries of the object, similar to the support structure found in 3D printing.39  
This lattice is then informed by a simulation of loads distribution and will modify its 
topology, mainly the dimensions of its members, in order to provide an optimal reaction to 
the physical stress. In this case, the aim is clear; reducing the weight of the designed object 
while maximizing its performance, without any interference on its form. However, this 
procedure gives rise to a complete separation between the outer form and the optimized 
matter inside. Thus, these two aspects demonstrate a certain degree of autonomy, besides 
being considered active, but are easily separable, leaving the object in a certain phase of 
incompleteness.

A second software, Monolith, will fill this deficiency by providing a voxel modeling engine.40  
Similarly to a pixel, which is the elemental unit of an image, and to a bit, which is the unit 
of information; a voxel is a volumetric pixel.41  Each voxel has its precise location in the 
three-dimensional volume that it forms, and may adopt different material properties. 
Unlike conventional modeling techniques, such as the Boundary Representation (B-rep) or 
surface modeling, voxel modeling creates an inseparable bond between form and matter in 
the design, considering that the shape is resulting from an aggregation of material voxels.42 
Paired with the development of a new class of 3D printers that can print several types of 
resins at a time, it becomes conceivable to precisely program the formal composition and 
the material constitution of the object.43  Each voxel may now have different material char-
acteristics: flexibility, rigidity, transparency, opacity, or even a mixture of all that.44  Since 
form and matter becomes the immediate result of a creative process, the influence of the 
designer on the object is almost absolute. Thus begins a new episode of 3d printing, leaving 
behind many years of formal prototyping, by incorporating gradual variations of matter, via 
what we could call a digital modulation. 

When combining this modeling technique with topological optimization, which Monolith 
allows, each voxel becomes informed and can meet the exact structural requirements, by 
changing its constitution. This result in a material gradient inside the object, ranging from 
strong to weak organization, or even from rigid to flexible. It ultimately provides an opti-
mized structure that meets the original design intentions. It also offers a viable solution to 
the main question of this paper, both in theory and in practice. 

Figure 2: Monolith; Topology optimiza-

tion and multi-material 3d printing, 

Model by Panagiotis Michalatos and 

Andy Payne, 2015.
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