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Abstract

Low-code frameworks strive to simplify and speed up application development. An essential mechanism to achieve these
goals is to have native support for the safe reuse and usage of parameterized coarse-grain components, providing developers
with strong guardrails and a rich software-building experience. OSTRICH—a rich template language for the OutSystems
platform—was designed to simplify the use and creation of such components. Thus, the application developer can quickly
reuse and assemble sophisticated and thoroughly tested application blocks. However, without a built-in composition and
evolution mechanism, OSTRICH templates are still hard to create and maintain. This sometimes requires the repetition of
code across different templates and creates a conflict between the customizations of the instantiated application models,
and the update and reapplication of a template definition. This paper presents a principled mechanism for using abstraction
in the creation of templates and simultaneously supporting the evolution of OSTRICH templates in applications after use.
First, we introduce a template composition mechanism, its typing discipline, and its instantiation algorithm for model-driven
low-code development environments. We start by extending OSTRICH to support nested templates and allow the instantiation
(hatching) of templates in the definition of other templates. Nesting promotes a significant increase in code reuse potential,
leading to a safer evolution of applications. We then introduce the support for customizable template instances, which allows
one to evolve templates’ code and then update a template instance without losing customizations performed in the generated
code. The present definition seamlessly extends the existing OutSystems metamodel with template constructs expressed by
model annotations that maintain backward compatibility with the existing language toolchain. We present the metamodel, a
set of annotations to support the extensions, and the corresponding validation and instantiation algorithms. In particular, we
introduce a type-based validation procedure for abstractions that ensures that using templates always produces valid models.
This work also extends prior developments on Nested OSTRICH with the support for safe customizations of instantiated code.
We validate Nested OSTRICH using the OSTRICH benchmark by identifying the degree of reusability that can be reached
in the existing sample of real templates and template uses. Our prototype is an extension of the OutSystems IDE that allows
the annotation of models and their use to produce new models. We also analyze which existing OutSystems sample screen
templates can be improved by using and sharing nested templates.

Keywords Metaprogramming - Low-code models - Metamodel - Templating - Typechecking templates - Model reuse

1 Introduction

Communicated by N. Bencomo, M. Wimmer, H. Sahraoui, and E. . .. .
Abstraction and parametrization are among the most sig-

Syrant nificant mechanisms in programming languages to promote
X Carla Ferreira modularisation and code reuse [22]. They are present in
carla ferreira@fct.unl.pt programming languages from basic function definitions to
Jodo Costa Seco sophisticated type systems [2] or type-level computations in
joao.seco@fct.unl.pt metaprogramming mechanisms [3, 7].
Hugo Lourengo
hugo lourenco @outsystems.com I NOVA University Lisbon, NOVA LINCS, Caparica, Portugal
Joana Parreira 2

ib.parreira@campus.fet.unl.pt OutSystems, Lisbon, Portugal

Published online: 20 May 2024 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10270-024-01178-w&domain=pdf
http://orcid.org/0000-0002-2840-3966
http://orcid.org/0000-0002-3293-9587
http://orcid.org/0000-0003-3680-7634

J.C.Secoetal.

Low-code frameworks strive to simplify and speed up
application development and abstraction is essential to
achieve these goals. The native support for the safe reuse
and usage of parameterized coarse-grain components in
OSTRICH—a rich template language for the OutSystems
platform [23, 24]. OSTRICH was designed to simplify the
use and creation of such components and provide devel-
opers with strong guardrails and a rich software-building
experience. The application developer can quickly reuse and
assemble sophisticated and thoroughly tested application
parts. However, without a built-in composition and evolu-
tion mechanism, OSTRICH templates are still hard to create
and maintain. This sometimes requires the repetition of code
across different templates and creates a conflict between the
customizations of the instantiated application models and the
update and reapplication of a template definition.

This paper is an extended version of [35], whose core
contribution is to complementarily improve the template
developer experience, in low-code frameworks, by allow-
ing the reuse and composition of coarse-grain components
in the definition of new templates. Previously, reapplying a
template to use a newer template version or to change the
arguments used, would cause all the customizations already
performed on the expanded model to be lost. We further
improve the experience for both template and application
developers by complementing template evolution with a redo
capability for code customization operations. To support
composition, we equip the template language OSTRICH [23,
24] with a built-in abstraction mechanism and, to support
evolution, we use a code customization logging mechanism
and a redo capability. Without nested templates, OSTRICH
only allowed for the top-level reuse of template applica-
tion components, integrated into the IDE functionality, and
any reapplication of a template would override previous
instances. We build on a library of components that encom-
passes templates with curated and tested functionalities, user
interfaces, and business rules, to build applications in a faster
and more reliable fashion. Without a composition mecha-
nism like the one introduced here, full-fledged application
templates would be cumbersome to create and impractical to
maintain.

OSTRICH templates follow an approach similar to other
model-driven low-code programming approaches, like tem-
plates in UML (MOF) [28, 40, 41] and MetaDepth [11],
where templates are instantiated in place by an external
mechanism. In OSTRICH, even though the instantiation
algorithm in [23, 24] is embedded into the behavior of the
development environment; nevertheless, it is not a part of the
semantics of the language. The main difference with model-
driven approaches is that OSTRICH produces code at the
same level of abstraction as the template definitions. In this
paper, we present an extension of OSTRICH where the defi-
nition of a template can be made by the composition of other
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templates. Templates are still part of valid OutSystems appli-
cation models that can be created, edited, and tested as normal
application components. No other related template language
has this characteristic. The default values for the parameters
and all the sample application elements used as placeholders
for a template instantiation are stubs created with the normal
low-code toolchain (IDE and compiler).

As an abstraction mechanism, OSTRICH templates rep-
resent code patterns that are commonly (re)used, allowing
for greater uniformity of the code, increased safety, and thus,
higher productivity. However, the most significant difference
between the use of templates and other abstraction mecha-
nisms (cf. functions) is that the result is open-box, i.e. its
result is intentionally visible, and editable. According to our
semantics, depicted in Sect. 8, instantiated OSTRICH tem-
plates replace the annotated anchor model elements with
ground model elements (without unevaluated annotations).
This means that all customizations performed to the result-
ing model are lost when the template is reapplied for some
reason. Thus, instantiating templates or any other form of
code generation is seldom the final answer to the developers’
requirements. Making a generic template even more generic
and equipped with a smart range of parameters does not
solve the problem and usually still requires some degree of
(post)customization. Customizations can be used to remove
elements that are not needed but are present in the general
template code, adapt properties that are not covered by the
parameters, or add code that was not incorporated in the
generic definition. The evolution of software produced with
templates can proceed in two, until now incompatible, ways:
to evolve the template definition or the arguments used to
instantiate it and reevaluate its applications, or to change the
generated code by hand thus losing the connection between
the template and the modified instance.

Our technical approach proceeds by extending the
OSTRICH metamodel with a richer set of annotations that
allow sample nodes to represent the composition of templates
by instantiation of templates inside the definition of other
(nested) templates. We next extend OSTRICH to support
customizable template instances by devising a bookkeeping
mechanism for the customizations performed to the ground
model that allows a log of operations to be reapplied, with a
degree of safety, after the core instantiated model is rewrit-
ten by reapplying the template. The base mechanism that
allows the reapplication of operations is the use of unique
identifiers that are assigned to all OutSystems model ele-
ments. Template models use an extension of the OutSystems
metamodel, thus their definitions are also tagged with unique
identifiers. Instantiated model elements receive new identi-
fiers computed from the "static" identifiers of the template
node elements and the template instantiation arguments. This
allows the tracking of instantiated elements and thus the reap-
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plication of the customizations that were performed in the
previous instantiations.

Our developments are complementary to prior work [23,
24] in the sense that they improve the experience of tem-
plate developers, by improving the quality of the template
library and supporting the evolution of templates, and the
experience of template users by letting them edit the results
without fear of losing their customizations. The previous
instantiation mechanism, integrated IDE, was external to the
language. Moreover, the validation of template instantiation
(typing arguments against parameter specification) was also
decoupled from the type system of the language. By defining
acomposition mechanism for templates, we allow for an even
more modular development and reasoning that reduces the
effort of producing templates and increases the reuse poten-
tial of the language. The approach is central to the GOLEM
project [17] where program synthesis is being used to gen-
erate component assemblies from high-level programming
concepts. One goal of this project is to find alternative assem-
blies of larger components or full-blown applications that
adapt to a considerable number of situations. Thus, the abil-
ity to change the template used is crucial. Also, machine
learning techniques can be used to identify common appli-
cation patterns in the large corpus of OutSystems code and
produce valid OSTRICH templates.

We present our model-driven approach via a running
example that gets abstracted from a concrete application
model of a screen to a reusable set of templates that can then
be used to build many different applications. The same exam-
ple is then used to illustrate the preservation of edits in the
presence of changes in the context of the application. We also
explain the instantiation and validation algorithm that is inte-
grated into our prototype implementation. The validation of
our proposal proceeds by using the same benchmark as [24],
further abstracting the examples with nested templates and
highlighting the reuse and sharing of smaller template user
interface components. We give an account of the language
impact in terms of reusability in the OutSystems’ library of
components.

Our contributions can be systematically presented as fol-
lows:

e A uniform composition mechanism for the OSTRICH
template language (Sect.2).

e A backward compatible representation of the model-
driven composition of templates (Sect. 3).

e A one-pass instantiation algorithm that accounts for
a wide variety of situations with cyclic dependencies
between model elements (Sects.4 and 5).

e An deterministic algorithm for computing identifiers of
model elements in template instantiation that supports
the correct reapplication of the performed customizations
(Sect.5.1).

e A typing algorithm based on symbolic information that
separates phases (compile and runtime) and accounts for
the composition of templates (Sect. 6).

e A declarative model for post-customizations of tem-
plate instances and corresponding reapplication algo-
rithm (Sect. 7).

e An account for modularizing templates in practice using
an industry-standard benchmark (Sect. 8).

2 Nested templates

In this section, we illustrate the concept of OSTRICH’s
nested templates by taking a new turn at modeling the appli-
cation illustrated in [24] and extending and modularizing itin
anew way. We illustrate how nested templates can be reused
and shared between different template definitions and there-
fore increase the productivity of software factories. Common
templates, such as the ones in OSTRICH benchmark [24],
contain styling options in user interface components, intri-
cate algorithms, or code patterns that developers want to get
right from the start and keep uniform throughout an applica-
tion. This promotes best practices on code reuse other than
clone and own [14] on every single code pattern.

Figure 1 depicts the final stage of the application model
in our example, which is an instance of the metamodel in
Fig.2 that depicts a fragment of the low-code language of
the OutSystems platform. OutSystems models follow a strict
hierarchical structure where, for each object in the model, we
identify the set of its children elements, available as a collec-
tion as named in the metamodel. Objects can also use other
objects with no restrictions by using their names in expres-
sions used to define the values for their attributes. For the
sake of simplicity, in this paper, we support the definition of
applications consisting of entities (database tables), screens
and some selected widgets. We define screens as containing
a tree of user interface widgets that can depend on entities to
display data.

Our sample application consists of an entity named
Product and a screen named ProductList. Entity
Product has three attributes: Description of type
String, IsInStock of type Bool, and DeliveryDate
of type Date. Screen ListProduct contains a wid-
get Table with an explicit data dependency to entity
Product, defined by the expression in attribute Source.
The table contains three Column widgets. All columns
include a ToggleVisibility widget that allows the end
user to manually control the visibility of the correspond-
ing column. The value of attributes Description and
DeliveryDate is displayed using a generic Value wid-
get. For the TsInStock attribute, we use a widget Icon
whose visibility is determined by the attribute’s value. The
pattern we are capturing in this example, a screen used for
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Fig.1 The instantiated
application

p : App

[

at1 : Attribute

4

s : Screen

Order =1

Name = Description
DisplayName = "Description"
Type = String

Name = ProductList

!

w1 : Table

Name = Product

at2 : Attribute

Order =1
Source = Product.List

at3 : Attribute

Order =2
Name = IsInStock
DisplayName = "Is In Stock"

Type = Bool

Order =3

Name = DeliveryDate
DisplayName = "Delivery Date"
Type = Date

(

w2 : Column

Order = 2
Title ="Is In Stock"

¢

5 : Col
w. olumn PR
Order =1
Title = "Description
w6 : Value

w7 : ToggleVisibility

Order =1

Value = Product.List.Current.Description

Order =2
Widget = wb

I

w3: Icon

w4 : ToggleVisibility )

Order =1

Visible = Product.List.Current.IsInStock

Order =2
Widget = w2

[

¢

w9 : Value w10 : ToggleVisibility | | w8 : Column
Order =1 Order =2 Order =3
Value = Product.List.Current.DeliveryDate Widget = w8 Title = "Delivery Date"

listing the content of a database table, is common enough
that we might want to abstract and isolate it into a reusable
template, parameterized by the entity to be displayed. Such a
template may, for instance, include an elaborate design that
one wants to propagate uniformly throughout the application.
Such a template can be modeled in OSTRICH as depicted in
Fig. 3, where annotations nodes are conservatively added (in
yellow) to a regular model. The root node of the template is
identified by property IsRoot set to true. The template
nodes are green-colored for readability purposes. Notice that
we still need all other nodes in a model to make it a valid
OutSystems application model but they are not part of the
template. In the example of Fig.3, node s1 is the root of
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the template; the Template Parameter annotations(tl
and t2) declare parameters e of type Entity and attr of
type list of attributes; the Property Value annotations
(t3 and t4) define the value of the related properties upon
the instantiation of the enclosing template; an Tteration
annotation (t5) defines that the referred node is replicated in
this point of the model and instantiated for each one of the ele-
ments of the given list; and a Template Application
annotation (t6) defines that said node will be replaced by
the instantiated elements of the referred template. Said tem-
plate, defining a column, defined in Fig.4. In that (nested)
template, Conditional annotations (t3 and t5) condi-
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Template Application

Abstract Object Template Parameter
Name: ID - params Name: ID
IsRoot: Bool Type: Template Type

Template: Abstract Object
Arguments: Template Parameter — Template Expression

DisplayName: String

Template Annotation <

Property Value

L.

J

annotations:

Name: ID
Value: Template Expression

( I I

) Conditional

App Attribute Entity Action

Screen

Abstract Widget Cond: Template Expression

Type: Type
{ordered}
attrs

ntiti

actions:

creens

~
{ordered} N {ordered}
Cursor: ID
) List: Template Expression
idget:

Iteration

widget
( f [ [ [ I

idgets

\l

ToggleVisibility Input Form Value Icon

Table Column

{ordered}

Value: Expression

Visible: Expression

columns

Source: Expression Title: String

Fig.2 The OSTRICH metamodel

tionally determine the widget to be used depending on the
type of the attribute.

Notice that types for entities and attributes use a special
name (N) to establish arelationship that needs to be preserved.
In this case, the type system ensures that the list given as an
argument includes only attributes of entity e. Such compile-
time names are inferred from the definition of the templates.
Fully integrating and checking such abstraction and instanti-
ation mechanisms in the OSTRICH language and prototype
is the core contribution of this paper. Note that template mod-
els can only be defined using a prototype of the OutSystems
IDE with support for OSTRICH annotations.

Prior work [24] presents a parameterisable version of the
model that instantiates this application given an entity as an
argument to a declared parameter. We then extended it with
the type system [23] that statically checks the dependencies
between parameters referred to above. In this paper, we fur-
ther increase the expressiveness of OSTRICH by allowing
the instantiation of templates inside the definition of other
templates, thus supporting the reuse and sharing of code
between template definitions. One challenge is to conserva-
tively introduce this extension, which means that OSTRICH
applications, with instantiation nodes, are still compatible
with the existing toolchain in the platform—compiler, edi-
tors, application builders, etc. The metamodel for OSTRICH,
depicted in Fig. 2, contains white-colored elements that cor-
respond to the metamodel of OutSystems applications, and
yellow-colored elements that correspond to annotations that
conservatively extend the metamodel. We have a uniform
approach to defining as a template any element with property
IsRoot setto true, and the instantiation of templates as the
application elements that contain the annotation Template

Application. Importantly, the instantiation node is not
required to be inside a template. Figure 5 illustrates an
instantiation in the context of an application that triggers the
instantiation algorithm.

Going back to the description of our running example,
node w2 in Fig.3 is repeatedly cloned, and each clone is
replaced by the instantiation of a template p2 . w2, with each
one of the attributes as argument (and the entity). Template
p2.w2 is defined by the node w2 in Fig.4 and its children
(colored in green). The depicted model is still a complete
model, which makes it possible to define and verify the tem-
plate in a context where some sample elements are used.
Notice also that Fig. 3 includes node w3, which is necessary
to make the application model valid. This node is discarded
entirely when node w2, a Template Application, is
instantiated. The creation of the main application, in Fig. 5, is
a regular application model with an empty screen annotated
with an Template Application annotation referring
to template pl . s1 (Fig.3). The template preprocessor runs
an instantiation algorithm and produces as a result the model
in Fig. 1. The definition of nested templates allows for the
reuse of the “Column” template in other scenarios, such as
the one in Fig. 6 that also includes search functionality and
another template instance of a form (p7.w3) to introduce
new elements (elided from the paper for space reasons).

The main challenges are related to representing standard
mechanisms as the definition of abstractions and the instan-
tiation of abstractions in a metamodel, representing those
as sound model transformations while maintaining back-
ward compatibility of the model in an industrial-grade tool.
The algorithmic challenge lies in calculating the dependency
graph between nodes and evaluating the transformations
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Fig.3 A template for tables
using a template for columns

p1:App

t1 : Template Parameter

1t

Type = Entity(N)
Name =e

[

el : Entity

Name = Sample

al : Attribute
Order =1
Name = First
DisplayName = "First"
Type = String

using a topological order so that the result of instantiating
some node can be used in another node. This is visible in
Fig.7 where the argument is a list of names that are used to
create attributes and said attributes are later used to create
columns. This means that a two-pass algorithm, one for cre-
ating nodes and another for assigning values to properties, is
no longer enough. Section 5 presents an algorithm that first
computes a sound order of instantiation and then uses it to
correctly instantiate all the nodes.

We end our template definition exercise with an example
of a complete application defined by a template. In this case,
the template (Fig. 7) replaces all nodes in a caller application
(Fig. 8) with instances of the template nodes.

3 The template metamodel

We refine and extend the metamodel presented in [24] so
that the application of a template can be uniformly used
in the application models. The metamodel (Fig.2) defines
the full language of annotations that can be added to nodes
in a OutSystems model. Uncolored elements correspond to
(a simplified version of) the metamodel for OutSystems
applications. The colored elements are the ones that were

@ Springer

)

t2 : Template Parameter

s1: Screen - -
Type = List(Attribute(N))
Name = List Name = attrs
IsRoot = true
? 13 : Property Value
w1 : Table PropertyName = Name
Value = "List" + {{e.Name}}
Order =1
Source = Sample.List t4 - Property Value
Filter = Search.Value  Troperty vaul

PropertyName = Source
value = {{e.Name}}.List

!

w2 : Column -
t5 : Iteration

pu—
’_/
=
-
o
|
|

Order =1

Title = "Sample Column" Cursor = attr

List = attrs

!

t6 : Template Application
w3 : lcon
Template = p2.w2
O.rcller =1 Argument (p2.w2.t1) = e
Visible = true Argument (p2.w2.12) = attr

introduced specifically by OSTRICH to support the defini-
tion of templates and template components.

Briefly, applications comprise multiple instances of
Abstract Object nodes. These include entities (cf.
database tables), entity attributes, computational actions (cf.
function declarations), application screens, and user inter-
face widgets. The original model describes more kinds of
nodes which were omitted here for the sake of simplicity and
space. Only the nodes used in the example were included in
this metamodel. Nodes of kind Abstract Object may
contain other nodes, thus forming a parent—child hierarchi-
cal tree structure like the one between entities and attributes.
Abstract Object nodes can also use other nodes. For
instance, widget ToggleVisibility uses its Widget
property to refer to the widget whose visibility it is con-
trolling. OSTRICH extends the OutSystems metamodel by
adding the following new elements:

e Template parameter annotation: declares a typed name to
be used in the template’s annotations.

e Template application annotation: instantiates a template
with given arguments and replaces the annotated node.

e Property value annotation: dynamically defines at instan-
tiation time the expression that establishes a property
value.
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Fig.4 The column (inner) 2:A e t1 : Template Parameter
template pe - App ) P
Type = Entity(N)
, t Name =e
e : Entity s1: Screen
- e t2 : Template Parameter
Name = Sample Name = List
Type = Attribute(N,T)
T ? Name = attr
a : Attribute w1 : Table "
13 : Conditional
|
Order =1 Order =1
Name = First Source = Sample.List Cond = attr.Type == Bool
DisplayName = "First"
Type = String i t4 : Property Value
PropertyName = Visible
® ) Value = {{e.Name}}.List.Current.{{attr. Name}}
w3 : ToggleVisibility w2 : Column
Order =1 Order =1 —~ t5 : Conditional
Widget = w2 Title = "Sample Column"
IsRoot = true - Cond = attr.Type != Bool
t6: Property Value
PropertyName = Value
I 1 Value = {{e.Name}}.List.Current.{{attr.Name}}
w4 : Value w5 :lcon  [@
Order =2 Order =3 ®
Value = Sample.List.Current.First Visible = true *o—
e Iteration annotation: replaces an element with a collec- e : Entity | @ p:App  |@— s : Screen

tion of elements, once for each item in the provided list.

e Conditional annotation: dynamically includes or excludes
an element, depending on the condition compile-time
value.

In relation to [24], we specifically added one kind of anno-
tation, the Template Application annotation, and
extended template expressions to allow references to tem-
plate elements.

The template-specific metamodel elements are treated as
annotations on the base metamodel. This allows us to main-
tain backward compatibility with existing tools, which can
just ignore the annotations, and at the same time facilitates
extending the tools that need to take advantage of the anno-
tations.

There are well-formedness constraints that are captured in
the metamodel directly and not in the type system that focuses
on constructing well-typed expressions in value properties.
Such constraints limit the kinds of nodes that can be used as
children of a node. For example, a widget Table contains
only widgets Column, and a widget Column may contain
any kind of abstract widget. Other rules, related to annota-

t

al : Attribute

Order =1

Name = Description
DisplayName = "Description"
Type = String

a2 : Attribute

Order =2

Name = IsInStock
DisplayName ="Is in Stock"
Type = Bool

Name = Product @————

Name = ProductList

t

t1 : Template Application

Template = p1.s1
Argument (p1.s1.t1) = Product
Argument (p1.s1.12) = [a1,a2,a3]

a3 : Attribute

Order =3

Name = DeliveryDate
DisplayName = "Delivery Date"
Type = Date

Fig.5 The creation of the main application

tions, need to be explicitly checked on the model. Examples
of rules are the absence of template definitions inside other
templates or the use of recursion in templates.
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Fig.6 Column template being
reused in a more sophisticated

p4 : App

t1 : Template Parameter

table template, with more

(sub)templates

1t

Type = Entity(N)
Name =e

[

—
el : Entit s1: Screen *o—'
Y ‘_/(_ Type = List(Attribute(N))
Name = Sample o \ame = List o Name = attrs
IsRoot = true
? ? t3 : Property Value
al : Attribute ~— PropertyName = Name
w1 : Table Value = "List" + {{e.Name}}
Order =1 o
Name = First grder =-1 Sample.List t4 : Property Value
DisplayName = "First" ource = Sample.Lis :
Type = Stiing ? PropertyName = Source
Value = {{e.Name}}.List
w4 : Input w2 : Column
| ] :
Order 1 Order =1 LBl
Name = Search Title = "Sample Column"
Cursor = attr

r—)

w5 : Form

Order =2
Name = AddElement

t7 : Template Application

Template = p7.w3
Argument (p7.t1) = e

4 Dependency analysis

During the instantiation process, each node in the template
is subjected to two operations: one to create the neces-
sary objects in the target app, and the other to set the
properties of those objects. The order by which operations
are carried out is relevant due to possible dependencies
between template nodes. For instance, in Fig.7 the name
of Screen sl is determined by the template expression
"List"+{{el.Name} } in Property Value annotation t3.
This template expression refers to the name of Entity e1, and
thus can only be evaluated after the properties of el have
been defined.

To determine a valid creation order, we build a dependency
graph that captures the relationships between the instantia-
tion operations. For each relevant template node', two nodes
are created in the dependency graph, with subscripts ¢ and
p to denote the CreateObjects and SetProperties
operations, respectively. Dependencies between nodes are

' Child nodes of nodes containing a Template Application are
sample models and are ignored. That is the case of node w3.
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)

t2 : Template Parameter

? List = attrs

w3 : lcon t6 : Template Application
quer =1 Template = p2.w2
Visible = true Argument (p2.w2.t1) = e

Argument (p2.w2.t2) = attr

established according to the rules presented below. Figure 9
depicts the dependency graph for the template of Fig.7 to
help illustrate these rules.

1. Objects created before initializing properties, e.g., p5. <—
pSp.

2. Parents created before their children, e.g., pS. < el..

3. For child collections where the order is relevant, siblings’
order must be preserved, e.g., w4, <— w5, for the tem-
plate of Fig.6.

4. Nodes whose template expressions in annotations refer
to other nodes created after the properties for referenced
nodes have been set, e.g., al, <= w2. Due to template
expression el . attrs, w2 depends explicitly on el and
implicitly, by transitivity, on its attributes. Note that we
want to evaluate el . at trs to the list of the attributes of
the newly created entity el, thus requiring the attributes
to have been fully processed by the time we start process-
ing w2.

5. Nodes with Property Value annotations whose
template expressions reference other nodes must have
their properties set after the properties of the referenced
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p5 : App 2 t1 : Template Parameter
IsRoot = true P Type = Name
y t 17 Name = entityName
C N t2 : Template Parameter
t7 : Property Value e1 : Entity s1: Screen - -
DY Type = List(Pair(Name, Type))
PropertyName =Name Name = Sample Name = List Name = attrs
Value = entityName
T r 13 : Property Value
t8 : lteration i . w1 : Table PropertyName = Name
al : Attribute Value = "List" + {{e1.Name}}
Cursor = attr Order =1
A @ Order = 1 _ .
List = attrs Name = SampleAttribute Source = Sample.List t4 : Property Value
DisplayName = "Sample Attribute"
t9 : Property Value Type = String PropertyName = Source
Value = {{e1.Name}}.List
PropertyName = Name , w2 : Column
Value = attr.fst Order = 1 t5 : Iteration

I

t10 : Property Value t11 : Property Value

PropertyName = DisplayName
Value = " + {{attr.fst}}

PropertyName = Type
Value = attr.snd

¥

Title = "Sample Column"

Cursor = attr

T List = e1.attrs
t6 : Template Application

w3 : Ilcon

Template = p2.w2

Order =1 Argument (p2.w2.t1) = el
Visible = true Argument (p2.w2.t2) = attr
Fig.7 A template of a complete application
Fig.8 The creation of the main
L 6 : Al t1 : Template Application
application (new) PRI e—— PR
Template = p5

Argument (p5.t1) = Product
Argument (p5.t2) =

[(Description, String), (IsInStock, Boolean),(DeliveryDate, Date)]

Fig.9 Dependency graph for the template of Fig.7

nodes have been set, e.g., el, < s1,, with el used in
"List"+{{el.Name}}.

The order by which operations are carried out is deter-
mined by a topological order of the dependency graph. If the
graph contains loops and thus no topological order can be
established, then the template is deemed invalid.

The previous version of OSTRICH [24] used a two-pass
algorithm that traversed twice the template node tree—first to
create all objects and then to evaluate their properties. A two-
pass approach only allows for model-level dependencies. An
example of such a dependency can be found in Fig. 4, where
widget w3 references widget w2 via its Widget property.
The dependency analysis introduced here allows for more
expressive templates in which dependencies can also occur
via template expressions, which may refer to objects that will
be created when the template is instantiated. That is the case
of Property Value annotation t3 in Fig.7.

5 Instantiation algorithm

Every application model, with or without annotated nodes,
is pre-processed when first published® in the platform.
Templates are expanded in the current model and can be
incrementally changed after their publication. For instance,

2 In the OutSystems platform publishing, an application corresponds
to, in a single step, generating code and deploying the application to a
cloud-based infrastructure.
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Algorithm 1 Template instantiation algorithm (Part 1)

types
Operation = AbstractObject x { CreateObjects, SetProperties }
Env = { Objects: ID — Object, CursorsPosition: ID — Integer,
Parent: x Env }

NewObjs: AbstractObject — (Env — AbstractObject)

input
baseld: ID
template: AbstractObject
targetParent: AbstractObject
args: TemplateParameter — Object
customizationOps: [ CustomizationOperation ]

locals

operations: Sequence of Operation

rootEnv: Env

newObjs: NewObjs
1: function INSTANTIATE(baseld, template, targetParent, args, customizationOps)
2:  operations <~ TOPOLOGICALORDER(template)
3 rootEnv < newEnv(args)
4:  newObjs < { getParent(template) > { rootEnv > targetParent } }
5:  for all (tempINode, op) in operations do
6 if op = CreateObjects then
7 parentsOfNode < get(newObjs, getParent(templNode))
8 for all (env — parent) in parentsOfNode do
9 CREATEOBIECTS(baseld, templNode, parent, env, newObjs)

10: else

11: objsInNode < get(newObjs, templNode)
12: for all (env > newObj) in objsInNode do
13: SETPROPERTIES(templNode, newObj, env, newObjs)
14:  for all op in customizationOperations do
15: APPLYCUSTOMIZATION(op, newObjs)
input

templNode: AbstractObject

targetParent: AbstractObject
16: function CREATEOBJECTS(baseld, templNode, targetParent, env, newObjs)
17:  if hasConditional Annotation(tempINode) then

18: if evaluate(getCondExpression(templNode), env) then

19: CREATEOBJECT(baseld, templNode, targetParent, env, newObjs)
20:  else if haslterationAnnotation(templNode) then

21: list < evaluate(getListExpression(templNode), env)

22: cursorName < getCursor(templNode)

23: for all (item, index) in list do

24: newEnv < beginScope(env)

25: bind(newEnv, cursorName, item)

26: bindPosition(newEnv, cursorName, index)

27: CREATEOBJECT(baseld, templNode, targetParent, newEnv, newObjs)

28: else CREATEOBJECT(baseld, templNode, targetParent, env, newObjs)

> evaluation environment

> map of template node and environment to new objects
> base id for instantiated objects

> root template object

> target parent object

> template arguments

> list of customization operations

> instantiation operations
> root evaluation environment

> current template object
> current target parent object

when pre-processing the model in Fig. 5, the algorithm finds
the Template Application annotation t1 associated
to screen s. The corresponding table template (pl.sl in
Fig.3), whose root is a screen element, is instantiated in
the target model to replace screen s and using the local
entity declaration Product and its attributes as argu-
ment. Since the model of a template is a valid OutSystems
model, pre-processing a template definition model, with tem-
plate declaring annotations, results in the application model
using the default values and ignoring said annotations. The
instantiation algorithm recursively replaces nodes annotated
with top-level Template Application annotations by
cloned and instantiated versions of the template model
referred to by said annotations.

The instantiated annotation Template Application
is linked to the resulting root node so that it can be refreshed
and reapplied if needed. As we will explain in detail in Sect. 7,
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changes made to the instantiated model are tracked so that a
template can be reapplied without those changes being lost.
Tracking is made possible by calculating the identifiers of
instantiated objects deterministically, which in turn requires
providing a base identifier for the instantiation algorithm.
A simple and obvious choice is to use the identifier of the
Template Application annotation.

We illustrate the instantiation algorithm (Algorithm 1)
using a template (Fig.7) and a target app (Fig.8) and the
inputs in the Template Application annotation tl in
Fig.8:

e baseId=t1 (id of the template application annotation)

e template =pb5 (template of Fig.7)

e targetParent =null (annotation t1 is applied to
an app, which does not have a parent object)
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Algorithm 2 Template instantiation algorithm (Part 2)

29: function CREATEOBJECT(baseld, templNode, targetParent, env, newObjs)
30:  id < calculateld(baseld, getld(tempINode), getCursorsState(env))
31:  if hasTemplateApplicationAnnotation(templNode) then

32: template < getTemplate(templNode)
33: args < map(getArguments(templNode),
(param, expr) — (param, evaluate(expr, env)))
34 INSTANTIATE(id, template, targetParent, args, [])
35:  else
36: newObj < createChild(id, targetParent, typeof templNode)
37: bind(env, getld(tempINode), newObj)
38: objsInNode < get(newObjs, templNode) U { env — newObj }
39: newObjs < newObjs U { templNode > objsInNode }

40: function SETPROPERTIES(templNode, newObj, env, newObjs)
41:  for all prop in getProperties(templNode) do

42: value < evaluateProperty(tempINode, prop, env, newObjs)
43: setProperty Value(newObj, prop, value)

input
prop: Property
44: function EVALUATEPROPERTY (templNode, prop, env, newObjs)
45:  if hasPropertyAnnotation(templNode, prop) then

46: return evaluate(getValueExpression(templNode, prop), env)
47:  else
48: value < getProperty Value(templNode, prop)
49: if contains(newObjs, value) then
50: objsForValue < get(newObjs, value)
51: if contains(objsForValue, env) then
52: value < get(objsForValue, env)
53: return value
input

op: CustomizationOperation

newObjs: NewObjs
54: function APPLY CUSTOMIZATION(op, newObjs)
55:  targetObj < lookup(newObjs, getTargetElement(op))
56:  if targetObj is null then

57: return

58:  elseif op is AddElement then

59: newld <« getNewld(op)

60: newElement < getArgument(op)

61: position < evaluate(getPositionExpresion(op), {})
62: clonelnto(targetObj, newld, newElement, position)
63:  else if op is RemoveElement then

64: delete targetObj

65:  else if op is UpdateElement then

66: prop < getProperty(op)

67: value < evaluate(getValueExpression(op), {})
68: setProperty Value(prop, value)

> property to be evaluated

> value is a template object

> operation to be applied
> newly created objects

e args = { entityName — "Product," attrs — [
("Description," String), ... ] }

e customizationOperations = [] (annotation t1
does not have any customization yet)

At each point of the algorithm, there is an active evaluation
environment used to evaluate template expressions. An eval-
uation environment (type Env in the algorithm) consists of
the following:

e Objects, of type ID — Object, a map containing the
objects that have been bound to the environment. These
include cursor values and newly created objects (Lines
25 and 37).

e CursorsPosition, of type ID — Integer, a map containing
the position of each cursor in the environment (Line 26).

e Parent, of type Env, the parent evaluation environment.
As is customary, evaluation environments are organized
hierarchically.

The algorithm starts by calculating the dependency graph
for the template (Fig.9) and uses a topological order of the
graph as the sequence of operations to carry out (Line 2).
The root evaluation environment, rootEnv, is initialized
with the arguments (entityName and attrs). The map
newObj s keeps the objects that are incrementally created by
the instantiation algorithm. The map key is a template node
and the value is a map associating an evaluation environment
with the object created from the template node using that
environment. This representation allows us to get detailed
information about all the objects that have been created for
a given template node (Lines 7 and 11), and also pinpoint
the specific instance created for a particular environment
(Lines 49 and 52). To bootstrap the algorithm, we initialize
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rootEnv: Env newObjs: NewObjs f : Env— Obj
entityName |"Product” null rootEnv |nu|l
attrs [("Description”, String), ...]

Fig. 10 Initial state of the algorithm

newObjs with a value that maps the template’s parent node
to rootEnv and targetParent (Line 4). In our exam-
ple, both the template’s parent node and targetParent
are null. Figure 10 depicts the algorithm initial state, and
Fig. 11 the state after processing operations p5.,el., al., and
al,.

The algorithm then proceeds to carry out the operations
already prepared. The CreateObjects operations start by
fetching all the evaluation environments and objects for the
template node’s parent (Line 7). For the first operation, p5.,
this corresponds to the initial and single value in newObjs,
which is {rootEnv + null}. Conditional annota-
tions (Lines 17 to 19) are processed as expected: if their
condition evaluates to true then the template node is pro-
cessed, otherwise itis ignored. For Iteration annotations
(Lines 20 to 27) for each element in the evaluated 1ist,
we create a new child evaluation environment. The tem-
plate node is then processed using the new environment. If
neither Conditional nor Iteration annotations are
found then the template node is processed normally (Line
28).

The CreateObject starts by calculating a new id
by calling function calculateId, which we detail in
Sect.5.1. Template Application annotations (Lines
31 to 34) are processed by recursively calling the
Instantiate function, using the calculated id as the base
id. The creation of a new object occurs in Lines 36 to 39,
using the calculated id. Notice that we store objects together
with the evaluation environment in newObjs.

For SetProperties operation, the process is straight-
forward. We fetch all the evaluation environments and objects
for the template node (Line 11). For operation al,, this
corresponds to {envl +— atl, env2 +— at2, env3
— at3}. Notice that we have three environments/objects
to process, which are the result of evaluating Iteration
annotation t8 while processing operation al.. The func-
tion SetProperties is called for each element of
objsInNode. Each property of the new objects is set either
using a Property annotation (if found) or by copying the value
from the template node. Consider, as an example, the envl
— atl case and property Name. The template expression
attr.fst (Property Value annotation t9 in Fig.7)
evaluates do Descriptioninenvironment envl, and thus
the Name of atl is set to Description. A special and
important case is that of properties whose value is a model
object, which must be mapped to the correct object in the
target app (Lines 49 to 52).
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Newly created objects are stored in the evaluation environ-
ments (Line 37) so that we can properly evaluate template
expressions that refer to template nodes. For instance, the
template expression el .attrsin Iteration annotation
t5 (Fig.7) refers to the (sample) entity e1l. When process-
ing this expression el is evaluated, as desired, to entity e,
according to rootEnv. The last step of the algorithm is
reapplying the customization operations (Line 14), which
we present in Sect.7.

The algorithm presented here represents a significant evo-
lution with relation to [24] where template instantiation is
external to the language, like in traditional model transfor-
mation processes [11].

5.1 Calculating identifiers

Algorithms went to the end One crucial element of the
instantiation algorithm is the calculation of model element
identifiers for new objects. The calculateId function
used in Algorithm 1 is responsible for calculating identifiers
for new objects in a deterministic way. This means that reap-
plying a Template Application node with the same
argument values results in the same final model. Function
calculateId starts by calculating a compound identifier
by concatenating the following information:

e Base identifier: the identifier provided to the
Instantiate function as argument.

e Template node identifier: the identifier of the node being
instantiated.

e Cursors state: information about the active cursors in the
current evaluation environment, obtained by calling func-
tion getCursorsState.

The function getCursorsState iterates the active cur-
sors in the evaluation environment and returns the following
information for each cursor:

e If the cursor value is a model object, it returns its identi-
fier.

e If the cursor value is of type record containing a field of
type ID then returns the value of that field.

e Otherwise, returns the cursor position.

The final value for the identifier is then calculated by hash-
ing the compound identifier value. Note that for the sake
of readability, we have used simple identifiers such as wl
and at1. The actual OutSystems model, however, uses Uni-
versal Unique Identifiers (UUID) which are 128bit in size.
This ensures a negligible collision probability for the hashing
function.

Tables 1 and 2 illustrate the process of calculating identi-
fiers. For example, in Table 1:
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p : App rootEnv: Env
Objects
’ entityName| Product
e : Entity attrs [(Description, String), ...]
p5 P
’ t el e
( ] CursorsPosition
at1 : Attribute at2 : Attribute at3 : Attribute T
parent:
Order =1 Order =2 Order =3 (_ parent pareni—]
Name = Description Name = IsInStock Name = DeliveryDate |
DisplayName = "Description" DisplayName ="Is In Stock" DisplayName = "Delivery Date" env1: Env env2: Env env3: Env
Type = String Type = Boolean Type = Date Objects Objects Objects
attr | (Description, String) attr | (IsInStock, Boolean) attr | (DeliveryDate, Date)
newObjs - Env—Obj - Env—Obj at |att at at2 al |ats
nal l ootEny | nal rootEnv |p CursorsPosition CursorsPosition CursorsPosition
5 attr |1 attr |2 attr |3
el : Env—Obj : Env—Obj
al M rootEnv | e env1 at1
env2 at2
env3 at3
Fig. 11 Algorithm state after executing operations p5., el., al, and al,
Table 1 Calcylat} ng ids fO? Line no Base id Template node id Cursors state Compound id Hashed id
template application t1 (Fig.8,
using template of Fig.7) 1 tl p5 0 t1:p5 P
2 tl el [ tl:el e
3 tl al [1] tl:al:1l atl
4 tl al [2] tl:al:2 at2
5 tl al [3] tl:al:3 at3
6 tl sl [ tl:sl S
7 tl wl [1 tl:wl wl
8 tl w2 [atl] tl:w2:atl bl
9 tl w2 [at2] tl:w2:at2 b2
10 tl w2 [at3] tl:w2:at3 b3
Table 2 Calcplat} ng ids fOF Line no Base id Template node id Cursors state Compound id Hashed id
template application t6 (Fig.7,
using template of Fig.4) 1 bl W2 0l bl:w?2 w5
2 bl w4 [1 bl:w4 w6
3 bl w3 [1 bl:w3 w7
4 b2 w2 [ b2:w2 w2
5 b2 w5 [ b2:w5 w3
6 b2 w3 [] b2:w3 w4
7 b3 w2 [1 b3:w2 w8
8 b3 w4 [] b3:w4 w9
9 b3 w3 [] b3:w3 wl0

e Line 1 corresponds to processing operation pS5.. The
active environment is rootEnv, in which there are no
active cursors and thus the cursor states is the empty

list. We get t1:p5 as the compound identifier, which
is hashed to p.?
e Lines 3 to5 correspond to processing operation al .. Tem-
plate node al contains an Tteration annotation (t8,

3 Remember that we are using simpler identifiers for the sake of sim-

plicity. The actually hashed identifiers are much longer.
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rootEnv: Env
Objects
entityName Product
attrs [(Description, String), ...]
p5 P
el e
s1 s
w1 w1
CursorsPosition

) 1L

parent parenl—]

env4: Env envb: Env env6: Env
Objects Objects Objects
attrl at1 attr | at2 attr | at3
CursorsPosition CursorsPosition CursorsPosition
attr |1 attr |2 attr |3

Fig.12 Evaluation environments created after executing operation w2,

Fig.7), which results in three evaluation environments
being created: env1, env2, and env3. The only active cur-
sor in these environments is at tr. Its value is neither a
model object nor a record containing a field with label
ID, and thus we use its position as the cursor state.

e The last three lines correspond to processing operation
w2.. Template node w2 also contains an Tteration
annotation (t5, Fig.7), which results in three additional
evaluation environments of Fig. 12. The only active cur-
sor in these environments is at t r. Its value is each of the
entity attributes created by al, respectively atl, at2, and
at3. Consequently, we use those objects’ identifiers as the
cursor state. Note that, in this case, the obtained identi-
fier is not directly the identifier of an object: template
node w2 also contains a Template Application
annotation (t6, Fig. 7. The obtained identifiers are instead
used as the base identifiers for each recursive call to the
Instantiate function, as illustrated by Table 2.

The approach that we follow to calculate the compound
identifiers ensures that no repeated identifiers are obtained,
which is required by the OutSystems model. We represent
the cursor state by an identifier field whenever possible so
that when reapplying a template we can preserve as much as
possible of the existing model. Note that by default the cursor
position is used as its state, which in cases such as our exam-
ple of Fig. 8 means that reapplying the template with a new
list of arguments may result in the wrong attribution of iden-
tifiers. Our algorithm accounts for an easy solution, though.
By changing the type of template parameter t2 of Fig.7 to
List (Triple(ID, Name, Type)), an explicit iden-
tifier value can be provided when instantiating the template.
In visual IDEs such as the OutSystems IDE such identifiers
can be automatically managed by the IDE, freeing the devel-
oper from maintaining them.
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6 Checking model soundness

In addition to the instantiation algorithm embedded in the
pre-processing phase of the publication process in ODC
Studio [30], we define a verification that checks the precondi-
tions for the instantiation algorithm to produce well-formed
runtime expressions. The use of a model-driven develop-
ment environment ensures that all models are structurally
valid by construction concerning the rules embedded in the
metamodel. The introduction of orthogonal model-defining
mechanisms, such as the use of templates, requires new vali-
dation methods. The first validation is that, when accounting
for all dependencies introduced by template annotations, the
model contains a topological order of nodes. The remaining
validation is twofold. On the caller side, one needs to check
the compatibility of the arguments used on each Template
Application node against the corresponding interface.
On the callee side, one needs to check the template defini-
tion against the specification of each parameter. We further
explore this topic in Sect.6.1.

We introduce the explicit validation of the application
models which are produced by templates in terms of the
node nesting rules that are allowed in the metamodel. The
immediately visible rules in Fig.2 are: an App can only
contain nodes of type Screen, Action or Entity; an
Entity canonly contain nodes of type At tribute; nodes
of type Screen may contain any kind of widgets (i.e. nodes
of type Abstract Widget); nodes of type Table can
only contain nodes of type Column, which in turn may
contain any kind of widget. Similarly, type-checking is per-
formed in all template expressions defining the value of node
properties, using the types of nodes and their properties. To
enforce the discipline defined by the metamodel, its cate-
gories are assigned to node types and include the rules in the
type system. Crucially, in the case of conditional nodes and
iteration nodes, multiple node types can be produced by a
single annotation. Consider the model fragment in Fig. 13,
the node type for the children nodes of w2 is NodeType
(ToggleVisibility, Value, Icon), and the set of
common properties is the one at Abstract Widget level.
Notice in Fig. 2 that ToggleVisibility, Value, Icon
do not have any local properties in common.

We assign types to nodes when defining the seman-
tics of template expressions. Namely, when defining model
nodes as parameters to templates. Each model node has a
type. Entity nodes have type Entity (N), with N being
a compile-time name or a compile-time (type) variable.
Attribute nodes have type Attribute (N, T) where N
is the name of the entity to which it belongs, and T is the
actual type (or type variable) of the attribute value it repre-
sents. For instance, if one refers to entity Product with an
attribute Description in an expression (Fig.7), it is rep-
resented by Entity (Product), and its attribute by type
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Fig. 13 A node with alternative

child node types w3 : ToggleVisibility w2 : Column
— -
Order =1 Order =1 t3 : Conditional
Widget = w2 Title = "Sample Column"
Cond = attr.Type == Bool
w4 : Value w5 : lcon t4 : Property Value
Order =2 Order =3 ¢ ' PropertyName = Visible
Value = Sample.List.Current.First Visible = true Value = {{e.Name}}.List.Current.{{attr.fst}}

Pt

16: Property Value

t5 : Conditional

PropertyName = Value

Value = {{e.Name}}.List.Current.{{attr.fst}}

Cond = attr.Type != Bool

Attribute (Product, String). When dealing with
records of attributes from an entity named N, we use type
RecordAttr (N). The label of an attribute of such entity
is of type LabelAttr (N, T), where N is the name of the
entity, and T is the type of the values it represents. We then
extend this language of types with standard types. Records
of elements have type {L;: T;'€1--1} where each label L;
maps to a type 7;. A label L has type Label(L). Note that
we omit types when convenient.

Besides defining new nodes of a target application model,
templates also define new runtime expressions that define
values of properties in the newly created nodes. To build well-
formed expressions referring to model elements, we require
extra information about the names used, namely parameters.
We introduced [23] a limited form of dependency between
parameters through their types. The particular case that is
interesting to capture is the relation between entities or enti-
ties and their attributes via a compile-time name. We describe
this mechanism in Sect. 6.2. Finally, in this paper, we sepa-
rate the runtime part of expressions and the compile-time
parts with a type discipline using the special type Box (T),
inspired by [10]. Although the source of our prototype can-
not be made public for intellectual property reasons, we
define and make public a textual language and reference
type-checking algorithm for the model presented here.* We
present a series of examples as accessory materials in the
repository.

6.1 Typing template applications
Since argumentsusedin Template Applicationnodes
may not be actual model instances yet, we use symbolic

information to check compatibility between arguments and

4 Please refer to the link https://github.com/jbp182/OSTRICH-OCaml

parameters. Since types of parameters may have unbound
names, we use unification to match types. Unification solves
equations between symbolic expressions, i.e., finds a sub-
stitution for type variables under which two terms match
[26]. Take the example of the template application in Fig.3
that instantiates the template p2.w2 in Fig.4. The inner
template (Figure 4) is parametrized by the compile-time
values with the entity type Entity (N) and the attribute
type Attribute (N, T).In Fig.3, e and attr are the
arguments used to instantiate the inner template. The type
of e, Entity (N'), is defined in the parameter annota-
tion pl.s1.tl. Since attr is an element from attrs
(pl.w2.t5), and attrs is a list of attributes of entity
e (pl.sl.t2), then attr has type Attribute (N’,
Top). Here, Top represents any arbitrary attribute type,
because attr is not an actual model instance, thus we do
not know its values’ actual type yet. Since Top behaves as a
wildcard before instantiation, it was omitted from the exam-
ple in Fig. 3. This approach is sound due to the immutability
of the attribute lists. Additionally, note that, in Figs.3 and
4, the compile-time name N appears with the same syntax,
despite being potentially different. Inside the same template
definition, a name N preserves its connotation. However, this
is not transversal between templates, i.e., templates can be
instantiated with N referring to distinct compile-time names.
Hence, we use names N’ and N to distinguish between in dif-
ferent contexts. By unifying argument and parameter types
(N,N’, T, and Top), we obtain the substitution N — N’ and
T +— Top, which is a valid substitution and ensures the cor-
rectness of the template application in pl.w2 . t6 (Fig.3).

The (formal) functional implementation of the algorithm
uses universal quantification to declare such names and
types rather than unification. In a low-code setting, it is not
expected developers to explicitly specify type variables. In
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the syntactically controlled environment of the IDE proto-
type, the experience of declaring new names is yet to be
designed. We use the implicit declaration of such variables
and unification to compare them in the case of template appli-
cation nodes. In the example above, the name N is used to
denote a dependency between types, which we explore next.

6.2 Type dependencies

Name (N), used in parameters pl.sl.tl and pl.sl.t2
in Fig. 3, is used to define the types of an entity and a list of
attributes. Recall that those names are, implicitly, universally
quantified. Quantified names are unique, opaque, compile-
time values that can be used to compare parameter types,
link, or distinguish one from one another. For instance, we
can detect if two parameters of two given entity types are
aliases or if an attribute type parameter is linked to another
attribute of an entity type. This is important when typing
template expressions that build runtime expressions that must
be (type) valid in the supporting model.

Template definitions contain nodes with mixed compile-
time and runtime expressions. We define a staged computa-
tion strategy [10] when verifying and evaluating expressions
to produce valid expressions and avoid harmful dependen-
cies between compile-time and runtime expressions (phase
errors) [4]. The algorithm depicted in Algorithm 3 detects
phase errors using a runtime type environment, r-env, and a
compile-time type environment, c-env. We restrict the typ-
ing of runtime expressions so that they only enclose other
runtime expressions and variables from r-env.

Consider the example in Fig.4, namely the runtime
expression of the Value property in p2.w5.t4 and
p2.wd.t6:

{{e.Name}} .List.Current. {{attr.Name}}

In this case, the syntax with double curly braces [24]
identifies compile-time expressions embedded into runtime
expressions. Notice that e and attr are compile-time
variables. When instantiated in compile-time with entity
Product and its attribute Description, this expression
evaluates to the runtime expression
Product.List.Current.Description, that may
be later evaluated to an actual string value. Both e .Name
and e.Label are compile-time expressions, that evalu-
ate to compile-time names, that are runtime expressions,
Product and Description, respectively.

In this paper, we delimit compile-time expressions using
the special concrete syntax { {E} }. In the functional imple-
mentation of the algorithm, inspired by [10], we use the
box constructor and the let box destructor. The two rep-
resentations are isomorphic, where a runtime expression is
enclosed by a box constructor and the use of the double curly
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braces corresponds to the use of a let box destructor for each
compile-time subexpression.

Algorithm 3 shows a fragment of the type-checking

algorithm limited to the expressions necessary for this
example. We use a context-based syntax E[M] to denote
an expression E with an inner compile-time expression
M. For instance, the expression above can be expressed
using contexts, isolating compile-time subexpressions, by
(O.List.Current {{attr .Name}})[e.Name].
Notice the typing of a runtime expression (M>) assembled
with another subexpression (M) in Line 15. The first guard
guarantees that A is a runtime expression, i.e., M1 has type
Box(T7). We guarantee that the remainder of the M; expres-
sion contains only runtime variables by typing M> with an
empty compile-time type environment (Line 16). The result
is a runtime expression with type Box(75). By replacing the
compile-time expression M with an identifier and looking
at our example above, we can isolate the second compile-
time sub-expression (u.List.Current.U)[attr.Name] and
proceed with the typing algorithm.

Within an entity, only its attributes are accessible, and
therefore, in the aforesaid expression, attr must be an
attribute of e for the expression to be well-typed. We ensure it
through: the entity and attribute types, which contain a com-
mon name N; the resulting types of the expression M. Name
(Lines 5 to 8), and the selection operation type represented
as “.” (Lines 9 to 14). Any attempt to instantiate the model
with an entity and an attribute of a different entity would not
satisfy the guard N = N’ (Line 14), and the type-checking
algorithm would reject the model instantiation annotation.
These dependencies between types of parameters allow the
definition of more diverse templates, by introducing restric-
tions to their applications and guaranteeing their appropriate
instantiation and the production of valid models.

7 Customizable templates

We now present the customization mechanism that allows the
tracking and reapplication of editing operations performed
after the instantiation of a template. In an editing environ-
ment where the edition of instantiated templates is seamless,
i.e. equivalent to editing the generated code as built by hand,
it is important to allow the reapplication of the templates
without losing the customizations performed by the devel-
oper. Scenarios of the reapplication of a template include the
changing of the arguments used, for instance, data sources
or lists of attributes to be shown. Template reapplication is
also particularly important when combining the abstraction
provided by templates with other, more automated, program-
ming mechanisms being developed by OutSystems that allow
one to alternate between known alternatives for a particular
widget in the application [37].



Going beyond templates: composition and evolution in nested OSTRICH

Algorithm 3 Typechecking algorithm (partial)

input

expression: Term

c-env: Env

r-env: Env
1: function TYPEOF(expression, c-env, r-env)
2 match expression with
3 x|x:Tecenv2 T
4: ulu: T er-env 2 Box(T)
5: M .Name | TYPEOE(M, c-env, r-env) = Entity(N) £
6 Box( {List: {Current: RecordAttr(N)}})
7 M .Name | TYPEOF(M, c-env, r-env) = Attribute(N, T) £
8 Box( LabelAttr(N,T))
9 M . M5 | TYPEOF(M, c-env, r-env) = {L; : T, €11}

1

> term expression to be typed
> compile-time environment
> runtime environment

10: and TYPEOF(M, c-env, r-env) = Label(L ;/€!-™)

11: and L./_jel“m C L,'iEI"" 4 Tj

12: M . M, | TYPEOF(M|, c-env, r-env) = RecordAttr(N)

13: and TYPEOF(M,, c-env, r-env) = LabelAttr(N’, T)

14: andN=N &T

15: M[{{M}}] | TYPEOF(M1, c-env, r-env) = Box(T7)

16: and TYPEOF(M>[u], EMPTY, r-env U{u: T1}) = T> £ Box(T»)
17:  end

Take the example depicted in Fig. 1, which is the target
model obtained from instantiating the template from Fig.7
with the model present in Fig. 8. One simple and natural cus-
tomization is to change the title of column w8 from "Delivery
Date" to "Expected Delivery Date". This can be done in two
different ways. It is possible to change the annotation node
t1 in Fig. 8, and modify the value in the list of attributes to
be created. But, in the context of an interactive and visual
system, the direct editing of the title property is not only pos-
sible but also simpler and more convenient for the developer.
The subsequent edit is to add an icon to the column of the
delivery date with an expression that checks if the delivery
date is less than a week from the current date and shows an
alert sign. This is only possible by changing the template
with more code to cover this case, hence impacting all future
uses of the template, which may not be intended.

Figure 14 shows the extension of the OSTRICH meta-
model (Fig.2) to support the tracking of customizations.
Associated with a template application annotation, we have a
sequence of operations of three possible types: adding an ele-
ment, removing an element, and updating a property value
of an element. All operations store the identifier of its tar-
get element, declared in the superclass Customization
Operation. Then,the Add Element operation provides
its main argument, the element to be added, the position
in which it has been added to the list of children of the
parent node, and the identifier that was assigned to it. All
the information stored is crucial so that an Add Element
customization can be precisely replicated. The Remove
Element operation does not need any parameter other than
the target element. The Update Element operation spec-
ifies the property and the value to be updated.

In the case of our running example, the modified model,
with the customizations depicted in red and the correspond-
ing log of operations in blue, is shown in Fig.15. Notice
that the title of node w8 changed, and a new node was
added (wl1l). We extend our semantics with relation to
[35] so that the application node (p) keeps the Template
Application annotation after its instantiation, and also
keeps a record of the sequence of operations that were per-
formed in the IDE under the instance’s root node. In this
case, the operations are represented by model elements o1
and o2. Notice that operation 02 has an extra element con-
nected to it, which is a copy of the element added to the active
model. In this case, the identifier of the target element (w8)
is retrieved from the editing operation in the IDE by pointing
and clicking on the element. In practice, the set of operations
depicts the differences between the model that was obtained
by code generation and the current model and need not be
the literal operations of the IDE.

Consider now that a new attribute called "Delivery Notes"
is added to the arguments of the application annotation node
(t1), depicted in Fig. 16. A related effect would be achieved
if the parameters were a database entity and their fields
had changed, as in the case of the template in Fig.6. This
edit invalidates the instantiated model under the application
(App) node p.

To bring the model up to date, the template should be
reinstantiated and thus be updated with the new set of model
elements and the customizations should be applied to merge
the two updates to the model (changing parameters and edit-
ing). In Algorithm 1, this is accomplished at Line 14, which
calls the ApplyCustomization function (Line 54) for
each of the customization operations. The function starts by
looking up the target element for the customization operation,
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Fig. 15 Target model with customization operations

@ Springer



Going beyond templates: composition and evolution in nested OSTRICH

[ )

at1 : Attribute e : Entity s : Screen

‘TC‘ Template = p5

t1 : Template Application

Argument (p5.t1) = Product
Argument (p5.t2) = [(Description, String), (IsInStock, Boolean),(DeliveryDate, Date),(DeliveryNotes,String)]

&
Order =1 Name = Product Name = ProductList

Name = Description

DisplayName = "Description"
Type = String ?
w1 : Table
at2 : Attribute at3 : Attribute at4 : Attribute
Order =1
Order =2 Order =3 Order = 4 Source = Product.List
Name = IsInStock Name = DeliveryDate Name = DeliveryNotes
DisplayName = "Is In Stock" | | DisplayName = "Delivery Date" DisplayName = "Delivery Notes"
Type = Bool Type = Date Type = String
w5 : Column w2 : Column w8 : Column
Order =1 Order =2 Order =3
Title = "Description" Title ="Is In Stock" Title = "Expected Delivery Date"
w6 : Value
Order =1
Value = Product.List.Current.Description

w7 : ToggleVisibility

o1:Update Element

Order = 1

Target Element = w8

Property = Title

Value = "Expected Delivery Date"

02: Add Element

Order = 2
Target Element = w8

Position = Last

New Id = w11
w12 lcon

Visible = Product.List.Current.DeliveryDate <= addDays(CurrentDate,7)

w13 : Column

Order =2 . Order =4
Widget = w5 w9 : Value Title = "Delivery Notes"
Order = 1
Value = Product.List.Current.DeliveryDate
w3: Icon
Order =1 w10 - e w14 : Value
Visible = Product.List.Current.IsinStock e
Order = 1
Order =2 Value = Product.List.Current.DeliveryNotes
Widget = w8
w4 : ToggleVisibility J
Order =2 o o Fer sl
w11 :lcon w15 : ToggleVisibili
Widget = w2 © — ggleVisioility )
Order =3 Order =2
Visible: Product.List.Current.DeliveryDate <= addDays(CurrentDate,7) Widget = w13

Fig. 16 Target model after reapplication of the template

and immediately returns if the object does not exist. Other-
wise, it changes the model according to the customization
operation properties.

As presented in Sect. 5.1, our algorithm uses a determin-
istic strategy to calculate model element identifiers. Since
the additional attribute was added to the end of the Template
Application annotation arguments list, all the model elements
that existed in the initial instantiation of the template will still
exist in the reinstantiated template with the same identifiers.
So, all customizations will still refer to the correct model ele-
ments and can be reapplied without any problems. Figure 16,
the add and update operations are straightforwardly applied
to the element with identifier w8 and the resulting model pre-
serves the edits performed by the developer. It contains both
the modified title, the added widget, and the new column.

In this case, an operation refers to an element that is no
longer produced by the template instantiation, the operation
is ignored not reapplied. For instance, consider that instead of
adding the new attribute DeliveryNotes we had instead
removed attribute DeliveryDate, i.e., we modified the
arguments of node t1 of Fig. 16 to consist only of attributes
Description and IsInStock. In this case, after reap-
plying the template some elements that had been generated
in the initial template application would no longer be gen-
erated, namely entity attribute at3 and column widget w8.
In this scenario, operations o1 and o2 would no longer be

applicable and would be ignored. They would, however, still
be kept in the operations list—it is always possible for the
developer to go back and change the template application
arguments to reintroduce the removed attributes, in which
case the operations become applicable again.

The use of identifiers captured from the user interaction
is a simple and direct way of storing and localizing the oper-
ations in the model. The base mechanism that allows the
reapplication of operations is the use of unique identifiers
that are statically assigned to all OutSystems model elements.
This is only possible because the instantiation algorithm in
OSTRICH generates new identifiers for the new elements in
a deterministic way (Sect.5.1), which means that all opera-
tions will be applied in the correct context.

This also means that the template developer should take
care to guarantee that reapplying the template will not result
in identifier mix-ups. In our example, nodes atl, at?2,
at3, at4 correspond to the (generated) entity attributes
Description,IsInStock,DeliveryDate,andDeliv-
eryNotes, respectively. These identifiers have been generated
in part from scalar values: the cursor index (see Table 1). In
turn, these identifiers contributed to the calculation of iden-
tifiers w5, w2, w8, and w13 (see Table 1), which correspond
to the table widget columns. Notice that operations o1 and
02 in Fig. 15 refer to column w8. If we had included the
new attribute DeliveryNotes in any position other than
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Fig. 17 Template instantiations

the last one in the Template Application arguments (node
t1, Fig. 16) we would still get the same identifiers but they
would refer to conceptually different attributes in the entity
and columns in the table widget, and thus operations o1 and
02 would be applied to the wrong column. As mentioned in
Sect. 5.1, the template developer can prevent the cursor index
from contributing to the identifier calculation by requiring an
explicit identifier to be provided (cf. react-like keys in new
elements). Such explicit identifiers can be automatically pro-
vided by the IDE and thus do not require extra effort for the
developers using the template.

Also, the position of the new elements in the list of children
of anode is not always deterministic and can have undefined
behaviors if the new template does not produce the same
reference element as in previous instantiations. In some situa-
tions, we can use default fallback values, like the last position
in the list of elements, or just ignore the effect of the opera-
tion entirely. For instance, eliminating an element that is no
longer present has the same effect if ignored, and adding a
new child element to an element that no longer exists in the
instance, does not make sense and can be ignored. A warning
may be issued for user awareness.

8 Evaluation

We evaluate the new version of OSTRICH by looking for
shared patterns in existing OutSystems screen templates. We
started by taking a random sample of 120K template instan-
tiations over a span of four years of generalized use in the
platform (Fig. 17), and then looked at the top ten (out of 70)
most used templates (Table 3). Collectively, this set of ten
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templates accounts for more than 50% of the screen tem-
plate instantiations that we sampled. A long tail dropping
significantly after the first ten can be observed in the usage
profile of templates depicted in Fig. 17.

A total of seven shared patterns were discovered (Table 4)
and represented as nested OSTRICH templates. The existing
screen templates were successfully modified to take advan-
tage of the new nested templates. We depict, in Fig. 18, the
reuse of templates in the new template definitions. The ini-
tially existing screen templates are on the left-hand side of
Fig. 18, and the new nested templates are depicted and high-
lighted on the right-hand side of the figure. The relations
between templates depict the usage of a nested template in
the definition of the other.

Finding seven shared patterns in this small set of screen
templates is quite significant, and demonstrates the level of
reuse that can occur in practice. Notice the case of nested tem-
plate At tribute, which is either directly or indirectly used
by all (top-level) screen templates. This template strongly
contributes to reducing complexity, since it allows to keep in
a single place the knowledge and rules about how to prop-
erly visualize an entity attribute based on its type. This is
best understood by referring back to Fig.4, which is a sim-
plified variant of the Attribute template and in which
only the Boolean type is handled. OutSystems has a total
of 12 different basic types with distinct visualization rules
that usually require specialized code, not needed when using
an Attribute template. The addition of seven shared pat-
terns to the initial set represents an increase in our library of
templates from ten to 17 (a 70% increase).

We have analyzed a small but significant subset of screen
templates (the top ten out of 70), but we anticipate that many
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Table 3 Top ten most used “screen templates”

Screen template % of total instantiations

List with charts 19.1
Admin dashboard 4.7
Detail 4.6
Dashboard 4.2
List 4.2
List with filters 4.0
Bulk actions 3.7
Simple form 3.7
Four column gallery 3.2
Account dashboard 3.2
Total 54.6

Detail

Attribute

Bulk actions

Fig. 18 Screen templates using the new nested templates

more shared patterns will be found in the remaining screen
templates. User-defined patterns and templates are at the core
of new developments in low-code platforms such as OutSys-
tems [25, 31], where a power user can define new patterns
and templates to be used by other users and also virtualization
and Al-powered synthesis mechanisms.

The introduction of nested templates in OSTRICH enabled
the creation of a set of reusable building blocks that the com-
plexity of existing templates and make it easier and faster
to create new templates. With nested templates, it is feasible
to produce templates that create full-fledged applications, as
illustrated by Fig.7.

The existing (nonparameterized) templates that we eval-
uated are all screen templates, i.e., they are used to create
screens and their user interface (UI) elements. As our run-
ning example shows, OSTRICH is not limited to creating
user interface elements. However, a considerable fraction
of an OutSystems module consists of Ul elements (Table
5). We sampled 897 OutSystems modules, of which 39.9%

contained at least one screen,’ with each screen containing
an average of 228.5 UI elements. The histogram of Fig. 19
depicts the distribution of the quantity of screens per number
of UI elements for our sample of 3681 screens. Screens and
their Ul elements correspond to 41% of the model elements
in the sampled modules (59% if we consider only the mod-
ules with at least one screen), which established an upper
bound on the developer effort that can be removed if every
screen is created from a template. We currently do not keep
information about which template (if any) was used to create
a screen and thus are unable to provide a lower bound. How-
ever, with the introduction of OSTRICH nested templates
and the ability to customize their instances we will have, in
the future, more information that allows us to properly assess
the impact of OSTRICH on the development time.

9 Related work

Model driven engineering As stated in [12], low-code devel-
opment is closely related to model-driven engineering, but
low-code principles, practices, and techniques have rele-
vant differences from the ones of model-driven engineering.
There are, however, intersection points between these two
approaches. In particular, templating as proposed here can
be seen as a Model-to-Model transformation (M2M) [9],
since our template annotations describe the transforma-
tions to be applied to an OutSystems model. However, we
argue that there are features in OSTRICH that could not
be fully addressed with M2M. Namely, OSTRICH provides
an integrated semantics of compile and runtime program-
ming constructs, which is possible because templating is a
seamless abstraction mechanism layered on top of the Out-
Systems metamodel. In contrast, M2M approaches as EMF
[38] or MPS [20, 33] define transformations as external to
the language itself (cf. ATL [1]). Moreover, the soundness
guarantees provided the type-checking algorithm cannot be
matched by M2M syntactic checks and semantic constraints
expressed in OCL.

Multistage programming In this approach, a program
is divided into different levels of evaluation, available to
the programmer through syntactic operators called staging
annotations [39]. To support the algorithmic construction of
programs at compile time, multistage programming has been
for several mainstream functional programming languages,
notably MetaML [39], MetaOCaml [21], and Template
Haskell [36]. Our approach is inspired by richer type-level
computations that reason about the structure of types and
produce custom code constructions [3, 7]. The innovation of
our work is the integration of multistage programming with

> OutSystems apps are usually split into modules dedicated to UL logic,
and data, which explains why modules with screens are a minority.
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Table4 Nested templates Nested template

Description

Labeled attribute
Pie chart

Listing

Table

Attribute

Filter

Pagination

Entity attribute with a text label

Aggregate data and display as a pie chart

Database data in a list format

Database data in a table format

Chooses widget for an entity attribute based on its data type
Applies a filter to a data source

Page-based navigation in a large set of data

Table 5 OutSystems apps

complexity Number of modules 897
Number of modules with screens 358 39.9%
Number of screens 3681
Number of UI elements 841,218
Average number of Ul elements per screen 228.5
Number of model elements in all modules 2,051,985
Number of UI elements in all modules 841,218 41.0 %
Number of model elements in modules with at least one screen 1,425,754
Number of UI elements in modules with at least one screen 841,218 59.0%
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Fig.19 Screen complexity

type-level computations, in a low-code context. Crucially,
we developed a typing algorithm to analyze nested template
code guaranteeing that a well-typed instantiation produces
well-typed code.

METADEPTH [11] is related to our approach to defining
a DSL with a “generic” layer supporting nested templates.
This layer allows the instantiation of high-level concepts at
a lower level in the chain of models. OSTRICH constructs
show/hide model elements and iterate over (compile-time)
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lists of (compile-time) values. These can also be expressed
in METADEPTH through generators between different level
models. The distinguishing feature between OSTRICH and
METADEPTH is the verification of model conformance. In
the latter and other UML approaches [16, 40], model con-
formance is performed on the instances after parameter
substitution. OSTRICH checks conformance statically by
verifying the template and its arguments at compile-time.
Program synthesis and live programming
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Typing and synthesis approaches based on holes in pro-
grams [18, 27] pursue the same goal of replacing a subtree of
the original AST with compatible expressions. This is similar
to our approach of replacing a node with its re-instantiation of
a template. A special representation is needed for the model
to act as a proper low-level model and a model that contains
extra information to be handled in the dynamic changes of
the code. Complementary to these approaches, works with
concerns directed to reconfiguration and the constant evolu-
tion of code [13, 34] take similar approaches to ours in the
sense that they also use a queue of operations to be (re)applied
to the volatile core code. We take a more flexible approach
by allowing for some operations to not have an effect if the
supporting elements are dynamically missing.

The combination of these two approaches with the reappli-
cation of customizations is useful in the setting of low-code
automated platforms like [37] where different template alter-
natives can be synthesized from evolving inputs.

General purpose programming languages Most main-
stream programming languages have some support for
metaprogramming. From the basic level of lexical macros,
like the ones supported by C, to bounded polymorphism, like
Java generics [2]. The latter is closely related to parametric
polymorphism [5] which abstracts the nature of the processed
elements and does not take advantage of the structure of their
arguments. As such, the concrete type or compile-time values
that are used as parameters have minimal impact on behavior
customization in the instantiated code.

UML templates Templates in UML [29] address model
reuse through the concepts of abstraction and parametri-
sation [22], with some variants proposed and instantiated
in EMF-based tools [6, 40, 41]. UML templating allows
for the substitution of parameters and cloning model ele-
ments to produce other diagrams. In comparison, OSTRICH
includes a full-fledged template language with constructs for
nested templates, iteration, and conditional annotations, sup-
ported by a strongly typed approach that provides safety
properties. Moreover, we have defined and implemented a
prototype for the formal semantics of the staged template
expression language that represents OSTRICH. Similar veri-
fication results can be obtained using OCL [16], like in [41],
or using contracts [8]. However, in both approaches [8, 41],
it is not clear how to verify, at compile-time, the instantiation
of model elements and the expressions being produced for
the model instance. As with UML, OSTRICH supports the
partial instantiation of parameters as it takes a conservative
extension of the template base model where all parameters
have default values. Unlike UML templates, our templates
are models that can be viewed, edited, and compiled by the
platform. This also accounts for a seamless evolution of the
existing tool ecosystem.

Template languages for web interfaces Textual template
languages have long enabled the creation of dynamic pages

by multidisciplinary teams consisting of web designers
(focused on design) and developers (focused on function-
ality) [32]. They allow intermixing imperative code with
template content, while others such as Handlebars [19] and
Mustache [15] take a simpler and cleaner approach where
the templates are purely declarative. OSTRICH draws inspi-
ration from the latter. In many such languages, it is up to
the template developer to guarantee that the template will
produce well-formed results. This is not a trivial task since
the template itself is usually not well-formed concerning the
target language grammar and thus the target language devel-
opment tools cannot be used to edit and validate the template.
OSTRICH addresses these concerns guaranteeing by design
that only well-formed models are produced. The fact that
templates are annotated model elements allows the evolu-
tion of existing tools to support defining templates.

10 Future work

Our approach allows a template to be reapplied even after the
result of the initial instantiation has been customized by the
developer. We achieve this by tracking the changes made to
the instantiated model in a list of operations that are optimisti-
cally reapplied whenever the template is reinstantiated. Initial
results are promising, but need to be subject to larger-scale
usability testing to confirm the usefulness of the approach.

We have considered an alternative strategy that builds
upon the existing merge mechanisms for OutSystems mod-
els, namely three-way merge. Recall that a three-way merge
is used when we are given two models evolved from a com-
mon base model. That is, given a base model Source and
two models Mine and Other resulting from editing model
Source, athree-way merge algorithm can integrate changes
made in the model Other into the model Mine in a mostly
automated fashion. In our scenario, if we take model Source
to be the model obtained by the initial template instantiation,
model Mine the one resulting from the developer customiza-
tion to model Source, and model Other the one resulting
from reapplying the template with new argument values, by
applying the three-way algorithm to these three models we
can in theory preserve the developer changes without having
to keep an explicit list of their operations. We plan to imple-
ment this alternative and compare it to the one presented in
this paper.

OutSystems product roadmap heavily focuses on Al-
assisted development [31]. OSTRICH will be instrumental in
several different steps of the developer journey. For instance,
when creating a new application from a human-provided
prompt the Al engine can work at a higher abstraction level
by selecting from a set of existing parameterized templates
and choosing their argument values, rather than having to
produce a complete description of the application’s code.
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11 Conclusions

We present an abstraction and composition mechanism for
the OSTRICH template language, that targets model-driven
and low-code platforms. By defining a composition mech-
anism for templates, we allow for modular development of
applications that reduces the effort of producing templates.
Our developments are complementary to prior work [23, 24]
in the sense that they improve the quality of the template
library and the job of a template designer.

We provide a uniform composition mechanism for the
OSTRICH template language that is backward compatible
with the OutSystems model and key in the model-driven
composition of templates. Our instantiation algorithm sig-
nificantly advances the state of the art. It accounts for a wide
variety of situations with cyclic dependencies between model
elements in one single pass. The semantics is based on a
topological order established in a dependency graph of the
different parts of model nodes. We also address the typing
of template definition and template composition based on
symbolic information that allows for separate phases (com-
pile and runtime) and to produce valid runtime expressions.
Finally, we evaluate our language and show that the lan-
guage allows for a greater modularization of templates in an
industry-standard benchmark.
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