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a b s t r a c t

To compare two architectural designs or to characterize them, some numbers are needed. These numbers
are said to be covariants.

In this paper, we present a software prototype that generates a floor plan design and its adjacency
graph for a given set of data, and computes some mathematical covariants associated with the obtained
design. In addition, we discuss and demonstrate the usefulness of covariants in comparing the archi-
tectural designs and in obtaining a best design among many possible solutions.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The concept of an invariant appeared naturally in geometry in
response to the need for the classification of figures. In concrete
terms, what distinguishes the following three sub-figures in Fig. 1?
Geometrically, the first sub-figure is a straight line, the second sub-
figure a rectangle and the third one a spiral. A general line in the
same plane intersects in at most 1 and 2 points respectively for the
first two figures, while it meets the spiral in infinitely many points.
Although the numbers 1, 2 and ∞ do not fully describe these fig-
ures, yet they characterize and distinguish them from other geo-
metrical shapes. Interestingly, these numbers remain unchanged if
we apply certain geometric transformations, like isometries or
scale changes. Thus the number of intersection points is an invariant
with respect to a restricted set of transformations, which can be
specified.

If a number or a mathematical object associated with a geo-
metric configuration remains unchanged with respect to a certain
group of transformations then this number or mathematical object
is said to be an invariant (with respect to the specified group of
transformations).

For the shapes in Fig. 1, the angles of intersection are certainly
not invariant under rotation, but we can say how they behave.
Therefore, the angles of intersection are relative invariants or cov-
ariants, with respect to rotation.

If we know precisely how a number or a mathematical object

associated with a geometric figure behaves with respect to a
specified set of transformations, we call it a covariant.

For a better understanding, consider the rectangular floor plan
in Fig. 2A. After rotating it by 90°, as shown in Fig. 2B, its area
remains unchanged while its width (dimension measured hor-
izontally) and length (dimension measured vertically) are chan-
ged. Hence the area of the rectangular floor plan is an invariant
while its width and length are covariants, with respect to the
transformation rotation.

In the literature, there exist some work where the concepts of
invariants and covariants were introduced and studied [1–4]. In
this paper, we will explore more about them. Also, we will de-
monstrate their usefulness in identifying and classifying the dif-
ferent architectural designs, which will present them as a very
powerful tool for the architects.

To proceed further, let us consider the plus-shape floor plan,
illustrated in Fig. 3, which is generated using the algorithms given
in [5]. A plus-shape, as shown in Fig. 4A, can be visualized as a
shape made up of 5 rectangles, as illustrated in Fig. 4B. In this way,
the plus-shape floor plan in Fig. 3 is generated by adjoining
5 rectangular blocks where each of them is best connected1 and is
constructed using the spiral-based algorithm given in [6]. There-
fore, we call the plus-shape floor plan described in this paper by
spiral-based plus-shape floor plan and represent it by F mS

P ( )
(floorplan plus-shape spiral-based) where m is the number of
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1 A rectangular floor plan is best connected if it has n3 7− edges in its ad-
jacency graph where n is the number of rooms i.e. there does not exist any other
rectangular floor plan with n rooms whose adjacency graph has more than n3 7−
edges (for details, refer [5]).
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rooms given by the architects. Also, its graph is represented by
G mS

P ( ) (graph plus-shape spiral-based). A spiral-based rectangular
block (or floor plan) is denoted by FRS (floorplan rectangular spiral-
based).

If it is required to produce a larger rectangle by arranging

different size rectangular pieces (without changing the width and
length of rectangular pieces), undoubtedly there would be some
empty spaces (or extra spaces) inside the produced rectangle.
Therefore, we can see the presence of empty spaces as white
rectangles inside the F 16S

P ( ) in Fig. 3, which we call by inner extra
spaces.

If 5 different size FRS are adjoined to generate a FPS, again there
would be some empty spaces, which we call by outer extra spaces,
as shown in Fig. 3.

In [6], it has been illustrated that a FRS is congruent to 7 other FRS
which are best connected and one can be derived from other by
four types of mappings i.e. translations, reflections, rotations, and
glide reflections (the last being a combination of a translation and
a reflection). For better understanding, refer to Fig. 5 with eight
congruent FRS (with no extra spaces), called by spiral1, spiral2,
spiral3, spiral4, spiral5, spiral6, spiral7, and spiral8 FRS respectively.
As an example, we can see that the F 16S

P ( ) in Fig. 3 is constructed
by considering spiral8, spiral6, spiral4, spiral2 and spiral1 FRS for
the central, left, upper, right and lower positions respectively
(these positions are illustrated in Fig. 4B).

From Fig. 3, we can notice that, for the construction of a FPS, five
FRS are required which are placed at five different positions and
each FRS can be generated in eight different ways, therefore, for a
given set of data, 8 32, 7685 = FPS can be generated, which is a big
number. For example, in Fig. 6, a FPS is generated from spiral1,
spiral2, spiral3, spiral1 and spiral6 FRS for the central, left, upper,Fig. 3. A computer-generated F 16S

P ( ).

Fig. 4. A plus-shape rectilinear polygon and its division into rectangles.

Fig. 5. 8 different FRS congruent to each other.

Fig. 6. A computer-generated F 16S
P ( ).

Fig. 1. Understanding the concept of invariants and covariants.

Fig. 2. Invariants and covariants associated with a rectangular floor plan.
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