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Figure 1: Adaptive GUI Layout in Java: resizing the window updates fuzzy constraints determining the widgets and their layout.

ABSTRACT
A graphical user interface is equipped with an adaptive layout when
it holds the ability to dynamically adjust its layout and structure of
widgets based on conditions that evolve over time coming from the
end user, the platform used, and the environment. More specifically,
such a layout automatically adapts itself depending on the window
dimensions of the application, the screen resolution, and the screen
size, thus posing a series of constraints that, sometimes, could not
be entirely satisfied together at once. To cope with this variation, we
formulate the adaptive GUI layout as a fuzzy constraint satisfaction
problem in which the solver attempts to satisfy the most important
constraints first, such as an appropriate widget selection, then the
least important constraints after.

CCS CONCEPTS
• Computing methodologies → Vagueness and fuzzy logic;
• Human-centered computing→ Graphical user interfaces;
Web-based interaction; • Social and professional topics →
Software selection and adaptation; • Software and its engineering
→ Constraint and logic languages.
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1 INTRODUCTION AND BACKGROUND
Adaptive layout refers to the ability of a Graphical User Interface
(GUI) to dynamically adjust its layout and structure based on evolv-
ing contextual conditions [1] coming from the user, the platform, or
the environment [3]. More specifically, an adaptive GUI layout au-
tomatically adapts itself to changing screen sizes, resolutions, and
user preferences [6] and helps users get the best user experience
by resizing the GUI to fit the available screen real estate [18]. A
retrospective view of practices for supporting adaptive GUI layouts
shows that they largely evolve over time: purely imperative algo-
rithms that are hard to trace (e.g., the right-bottom strategy [17]),
state-space search (e.g., the binary tree search [17]), rule-based
systems [4] to grid-based systems [14] and constraint satisfaction
problems (CSP) in forward [10] or reverse engineering [9]. Another
potential practice is to design a modular GUI that can be easily
rearranged at runtime by involving reusable GUI components and
custom layouts that can be swapped in and out, thus enabling the
layout not only to be reshuffled but also restructured and subject
to widget replacement, such as in widget promotion/demotion [2].
The use of fluid layouts ensures that all elements of the design can
adapt to various dimensions by changing the size and location of
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Figure 2: Adaptive GUI Layout in JavaScript: resizing the window updates constraints to locate and size its regions.

the GUI elements [19]. Frias-Martinez et al. [7] states that giving
control to end users reduces the effect of incorrect adaptation at the
price of an additional effort required from the users. To compare
adaptivity to adaptability, they noticed that, for a digital library,
users not only performed better in the adaptive GUI, but also they
perceived it more positively. Users’ cognitive styles have a direct
impact on how users perceive adaptivity.

The ‘Nokia Applet [11] expands and collapses its GUI hierar-
chy of widgets according to the screen sizes, resolution, and user’s
task: to manage a set-top box, a media player, and a smart TV.
When a device is working, its GUI part is expanded in the layout,
while other parts are collapsed with an animated transition [5]
between. PlastiXML [4] defines the plasticity of a point as a set
of (𝑥,𝑦) coordinates where the GUI can change according to dis-
play size and resolution constraints. Instead of solving the GUI
layout problem analytically, Raneburger et al. [13] adopt a two-step
heuristic approach in which GUI layout parameters are specified in
a platform-independent manner via reusable transformation rules.
Adaptive layout for Automotive UIs (AAUI) [8] generates GUIs
for in-vehicle interaction, for which screen constraints are known
at design time and, thus, do not require run-time restructuring.
OR-Constraints [10] solve the adaptive GUI layout by accommo-
dating several variations of the aspect ratio with the ORCSolver
adaptive GUI renderer.

2 ADAPTIVE GUI LAYOUT BY SATISFYING
FUZZY CONSTRAINTS

We formulate the problem of the adaptive GUI layout as a fuzzy
constraint satisfaction problem (FCSP) [16], an extension of the Con-
straint Satisfaction Problem (CSP) already used in [9, 10]. The FCSP
defines a series of fuzzy constraints, which are not necessarily en-
tirely satisfied (since they are fuzzy), and considers the satisfaction
degrees of these constraints. In the formulation, fuzzy constraints
represent the mapping between widgets and desirability 𝛼 as their
satisfaction degrees. They enable us to represent naturally the grad-
ual rules of the widget desirability without introducing any other
objective functions. After the formulation, we can apply an FCSP
solver to obtain various solutions, including suboptimal ones. FCSP
solvers search combinations of assignments of variables that satisfy
most constraints, but not necessarily all, with the priority given to
the widget selection.

An FCSP consists of a finite set of variables𝑋={𝑥1, 𝑥2, ..., 𝑥𝑖 , ...𝑥𝑛},
a finite set of domains of values 𝐷={𝐷1, 𝐷2, ..., 𝐷𝑖 , ...𝐷𝑛} associated
with each variable and a finite set of constraints𝐶 = {𝑐1, 𝑐2, ..., 𝑐 𝑗 , ...𝑐𝑟 }
where a constraint 𝑐 𝑗 denotes a fuzzy relation 𝜇𝑅𝑘 on a subset of the
variables 𝑆𝑘 ⊂ 𝑋 [16]. 𝑆𝑘 is called the scope of 𝜇𝑅𝑘 : a constraint is

associated with its membership function, whose value is computed
by an assignment to the variables in the scope of the constraint.
This value is called the satisfaction degree as it expresses how the
assignments to the variables satisfy the constraint. The minimum
width of a normal widget is the sum of the width of the widest one
of its items, and the width of the control parts such as a vertical
scroll bar, a radio button, and a check box. The minimum height is
defined by the type of widget, its item size, and the item height item.
Since an FCSP requires the satisfaction of the fuzzy conjunction of
all fuzzy constraints, the satisfaction degree of the whole FCSP is
defined as the minimum satisfaction degree. Consequently, solving
an FCSP is considered equivalent to finding the assignment yielding
the best satisfaction degree of the problem from all combinations of
assignments, for which various solvers exist such as JFSolver [12].
To completely address the adaptive GUI layout, constraints for se-
lecting widgets depending on their type and size are as important
as constraints for determining the location and the arrangement of
these widgets to preserve their structure.

To go further in this line of research, new layout rules should be
incorporated to evaluate the relation between problem scales and
solving times, and to consider other FCSP algorithms. For example,
constraints between sibling widgets can be added for keeping the
same types and states among them. In the current implementation,
we use the forward-checking algorithm, but our method is not
limited to it. Formulated as FCSP, the layout problem allows us to
use suboptimal results; thus, we can also consider adopting local
search or hybrid algorithms such as Spread-repair-shrink (SRS) [15].

OPEN SCIENCE
Implementation details are accessible at https://takty.net/fwl/ and
in the GitHub repository at https://github.com/takty/fwl. A demon-
stration of the version implemented in Java with JRE is accessible
at https://youtu.be/Vvv1RRmZkuU and of the JavaScript version
at https://takty.github.io/fwl/. We also maintain a YouTube playlist
of videos demonstrating several examples of adaptive GUI layouts
from the old ones to the most recent ones.
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