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ABSTRACT

We present an ongoing work towards a programming approach for
Graphical User Interfaces (GUIs), where structural operations on
GUI data structures (such as inserting, removing, or reorganizing)
can be declaratively specified and their implementations automati-
cally generated. Concretely, we investigate how the type-theoretical
notion of containers, an abstract formalism for specifying data struc-
tures, can be used for defining manipulatable GUI structures that
have (multi-way) dependencies between their elements.
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1 INTRODUCTION

Graphical User Interfaces (GUIs) let users observe and edit variables
in (possibly complicated) data structures. Users can interact with
these variables through widgets (such as input text fields, check-
boxes and sliders), but they can also manipulate the data structures
through structural operations, such as inserting, removing and re-
organising widgets [9]. Implementing GUIs that allow for such
operations can be difficult, in particular when variables in the data
structures are somehow related to one other, such that interactions
with one widget may cause changes in others—structural opera-
tions do not only add or remove variables, they also modify the
relations between them.
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We describe an ongoing work towards a GUI programming ap-
proach where structural operations can be declaratively specified
and their implementation automatically generated. The specification
contains both the data structure underlying the GUI and the rela-
tionships between the variables within this structure. The goal is
that the generated code will keep the critical relationships between
GUI variables up-to-date, even as the structure is changed. We build
on two lines of our past work, applying new theoretical tools to
tackle new challenges. First, we rely on dataflow constraint systems
for maintaining relations between GUI variables [4, 5]; they provide
us with a systematic way of expressing relations between variables.
Importantly, they can concisely describe multi-way dependencies,
where the direction of the dataflow between variables depends on
in which order users interacts with different widgets. This is in con-
trast to contemporary GUI programming, where relations between
GUI variables are often maintained in ad hoc manner (e.g., by code
in widgets’ event handlers).

Second, we take as a starting point our prior work on a DSL for
specifying GUI structures [7-9], and investigate a new conceptual
basis for it: we turn to the type theoretical notion of containers [1]
for defining GUI structures, reusable structural operations for them,
and (multi-way) constraints between the elements of the structures.

Containers are an abstract formalism for specifying a large class
of data structures, including algebraic data types [2]. In particular,
all the usual data structures used in GUIs [8] can be represented
by containers. The theory of containers includes operations for
combining containers, which represent building GUIs from smaller
components, and for mapping data from one container to another,
which can be used to represent structural operations. Furthermore,
containers abstract over “physical” implementation details of data
structures (e.g., whether grids are lists of rows or lists of columns).
Containers are therefore promising as a basis for a natural and
convenient framework for representing GUIs.

2 CONTAINERS

To understand how we apply containers to GUI programming, we
first give a brief introduction to containers in general.

A container consists of a (possibly infinite) set of shapes, and for
each shape, a set of positions in which values can be stored. We use
S < P to denote a container where S is the set of shapes and P is a
family of positions, indexed by S, i.e., for each shape s € S, the set
P(s) specifies the positions of s which can be filled with data [1].
One often uses functional notation for P, such as A-abstraction and
pattern-matching, to specify the positions in a given shape.
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As an example of a container, consider the list data structure.
The shape of a list is its length, and for a list of length n, there are
n positions to place data in the list. The container representing the
list data structure is therefore List := N < Fin, where N denotes the
natural numbers and the family Fin denotes a canonical set of n
elements, i.e.: Finn={0,...,n—1}.

Another basic container is Id := Fin1 < Ax. Fin 1, which con-
sists of one shape with a single position. This represents the data
structure with a single field of a generic type.

There is also a container for optional values. It has two shapes:
the first one has exactly one position for placing data, and the
second one has no positions for placing data. This data structure is
thus represented by the container Fin2 < {0 — Fin1;1 +— Fin0}.

One can similarly define containers for grids (two-dimensional
lists), different variations of trees, and other data structures com-
monly used in GUIs.

A container S < P is a specification of a data structure and does
not store data itself. An instance of S < P for a data type X, denoted
[S « P] X, is a data structure specified by S < P and filled with
values from X. For instance, [[ List] Int is the type of lists of integers.
Specifically, an instance of a container is (i) one of the container’s
shapes, together with (ii) a lookup function that maps every position
in the shape to the value that is stored at that position. To get the
value at a position, one must provide the position as argument to
the lookup function.

3 CONTAINERS FOR GUIS

The correspondence between GUI models and containers can be out-
lined as follows: the data structure of the GUI model is represented
by a container, GUI variables are represented by positions in the
container, and relationships between GUI variables are expressed
as extra structure on the underlying container. A GUI model con-
sisting of several components is constructed from the containers of
each component using well-known [2] operations for combining
containers, such as products and compositions.

Simple combinations of components in the GUI are represented
by products of containers. For example, consider a GUI model con-
sisting of two components, represented by the containers S < P and
T <Q, respectively. These two must be combined into one container,
underlying the complete GUI model. The shapes of this larger con-
tainer are pairs of shapes from the first and the second container,
and the set of positions is the disjoint union of the positions of
each container with the given shape. This product operation on
containers is denoted by _ X _ and defined as:

(S<P)x(T<Q):=(SXT)<(A(s,t) = P(s) + Q(1))

A GUI model consisting of components placed inside a larger
component is represented by composition of containers. Natural
examples are tables for tabular data where each cell of the table
is an individual GUI component. This construction assumes two
containers: the outer structure S <t P and the inner structure T < Q.
The composition, denoted (S < P) o (T < Q), is then a large con-
tainer which has instances of the inner structure placed within the
positions of the outer structure. The shapes of this large container
are pairs of a shape of the outer component and for each position
in this shape a shape of the inner component. The positions are
then the disjoint union of the positions of all the inner components.
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Formally, the definition of composition is:

(S<9P)o(T<Q) = (Ps) > T) | As0) > > Q(p))

seS PEP(s)

We have also found natural interpretations for other operators for
combining containers [2].

Structural operations on GUIs, such as inserting, deleting or re-
ordering values, can be specified using linear container morphisms,
a class of functions between containers which gives control over
insertion and deletion, and prohibits data duplication. For exam-
ple, an operation which inserts a single element into S <t P can
be described as a linear container morphism from (S < P) X Id to
S < P. Dually, deletion of a single element is described by a linear
morphism in the other direction: namely, from S <P to (S < P) x Id.

When a GUI specification is constructed by composition of sev-
eral components, these structural operations can be specified for
each of the individual components and then lifted to the larger
structure, providing reusability [8].

Containers also enable us to define dynamic constraint systems
which depend on the shape of a GUI's model. A constraint in a multi-
way dataflow constraint system [4, 5] represents a relation over
GUI variables and has a set of satisfaction methods: procedures that
enforce the relation. Each method specifies which of the variables
in the constraint are inputs and outputs, and the procedure enforces
the relation by computing values for the output variables from
values of the input variables. The constraint system solver uses the
inputs and outputs of the methods to plan [4] a dataflow, that is,
picking one method from every constraint.

We represent a method procedure as a function from one con-
tainer instance to another; the positions of the input and output
containers are, respectively, the input variables and output variables
of the method. A constraint is a function that for every shape in the
GUI model computes the set of positions that are related, together
with a set of satisfaction methods on these positions.

4 CONTRIBUTIONS

We explore a connection between two seemingly unrelated areas
of programming, graphical user interfaces and type theory, and
provide a basis for formalising aspects of GUI programming, which
may eventually improve how GUIs are programmed. In particular,
container operations enable using containers as core building blocks
for GUI models, and structural operations in GUIs can be expressed
as linear container morphisms. GUI models with explicit shapes and
positions enable specifications of dynamic constraint systems [7].

We are currently formalising these concepts using the proof
assistant Agda [6]. Using the formalisation, we plan to develop an
(extensible) set of base structures with structural operations and
patterns for relating GUI variables. A future goal is to make this
way of building GUIs easily accessible to programmers (possibly
unfamiliar with dependent types) through a library or a DSL.

The (simplified) definition of containers above only supports
GUI variables of the same data type. In our Agda formalisation,
containers are specified over a family of types [3]—this is necessary
for GUIs where variables can be of different data types.

Future work also includes connecting these specifications to GUI
views, so that models and views are synchronously updated [7].
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