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Abstract
View-based development is an important technique to manage
complexity and facilitate cooperation in the development of mod-
ern and complex systems of systems. This approach places high
demands on view definition languages used in the development
process. First, such a language needs to be approachable and ex-
tremely versatile so that developers from diverse backgrounds are
able to use it and can define views for a diverse set of different tasks.
Yet, the language also needs to have a precise and formal semantics
so that it is possible to integrate the work performed on various
views in a controlled manner to obtain a coherent overall system.
In this paper, we continue previous work of equipping the NeoJoin
view definition language with a formal semantics that is based on
triple graph grammars (TGGs). This paves the way for obtaining
automated and incremental synchronization procedures between
models and views that come with high formal guarantees for their
behavior. Simultaneously, our work serves as a further case study of
the expressivity and usability of TGGs. We identify one gap, namely
convenient support for the translation of overlapping queries from
the view definition language, and tackle that gap by introducing a
skip semantics for TGG rules, i.e., allowing to skip certain actions
a rule prescribes, depending on the application context.

CCS Concepts
• Software and its engineering→ Semantics; Systemmodeling
languages; Traceability.
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1 Introduction
Views are an important part of model-driven development to man-
age the complexity and consistency of models. Both are frequent
issues in the development of cyber-physical systems [12]. View
definition languages are used to define the available view types,
i.e., view metamodels [19], and model-view transformations. A
number of view definition languages have been proposed [7], how-
ever, these languages lack features desirable for the development
of cyber-physical systems, such as expressive transformation oper-
ators, and bidirectional and incremental transformations [28].

This work is licensed under a Creative Commons Attribution 4.0 International License.

The NeoJoin language [29] combines the definition of view types
and model-view transformations in a query-style, SQL-like lan-
guage. Its syntax and transformation operators make it accessible
for modeling experts as well as software and system engineers. In
order to provide a bidirectional and incremental implementation
of the transformation operators, König et al. proposed to generate
triple graph grammars (TGGs) from the view definitions [27]. TGGs
provide a thorough formalism, including forward and backward
operationalizations for the grammar’s rules that can serve as the
basis for automated and incremental synchronization processes.
Based on their work, we present a worked out application of TGGs
for deriving model views, highlighting prospects and challenges
of their application. In detail, we extend the operators defined by
König et al. with three special cases: aggregation, cross-product
joins, and overlapping queries. We find that TGGs offer high formal
guarantees but only limited support for the treatment of attributes
and for parsing of the same model element repeatedly to represent
it in different ways in the view.

As our second contribution, we extend TGG rules by a skip
semantics, based on our idea of effect-oriented graph transforma-
tion [26], and newly develop operationalized variants of TGG rules
with skip semantics. We then use the defined skip semantics to
suggest TGG rules for overlapping queries. While this paper is
confined to continue the foundational translation of queries from
the NeoJoin language into TGG rules, we at least briefly highlight
which formal results we are confident to obtain based on this in
the future.

We start by discussing related work in Section 2 and by intro-
ducing our running example and relevant background in Sections 3
and 4. In Section 5, we present more complex queries from the
NeoJoin language whose translation into TGG rules remained open
in [28], and we develop our solutions to these challenges in Sec-
tion 6. In Section 7, we conclude, providing a prospect of the formal
results that are now in reach, given the translations we develop in
this paper. In In Appendices A to C, we provide further technical
details and additional examples we omit from the main paper for
space reasons.

2 Related Work
Closest related to this paper are (i) other works developing view
definition languages and (ii) case studies of TGGs in other con-
texts. Regarding (i), Bruneliere et al. provide a survey of model
view approaches, however, only a limited number of them provides
query-style view definitions with bidirectional and incremental
model-view transformations [7]. Most notable are OpenFlexo [20]
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and VIATRA Viewers [10]. In contrast to NeoJoin [29], neither of-
fers a unified DSL for the definition of view types and model-view
transformations, with OpenFlexo providing multiple DSLs and VI-
ATRA Viewers using annotations to define the view type. Closely
related to this work is the transformation approach taken by VIA-
TRA Viewers, which builds on EMF-IncQuery [33] and thus uses
graph patterns as model queries. The graph patterns are specified
in a textual syntax and matched against a model instance using
Rete networks [13], which store partial matches and use these to
recompute matches upon changes to the model. TGGs have also
already been employed to derive views of models [3, 24], however,
in these works of Jakob, Anjorin et al., the focus is on restricting
the kinds of allowed TGG rules (to gain efficiency) and to not mate-
rialize the view (to avoid data duplication) – two topics not further
considered in this paper.

Regarding (ii), TGGs have been applied in a range of different
scenarios; we here discuss papers that reflect on the pros and cons
they experienced when using TGGs. Hermann et al. [23] used TGGs
to translate satellite control procedures, Blouin et al. [6] to synchro-
nize between a textual and a visual representation of models in the
Architecture Analysis and Design Language; and Buchmann and
Westfechtel [8] to bidirectionally and incrementally synchronize
between class diagrams and Java code. Generally, these applica-
tions of TGGs were successful and their formal underpinning and
declarative and approachable nature proved to be advantages. Still,
in each of the works the authors had to somehow modify or extend
TGGs, in particular to tackle rule management and scalability issues.
Finally, Anjorin and Buchmann [1] investigated situations that are
especially challenging for TGGs. They identified three situations,
namely (i) ignoring certain elements; (ii) the treatment of attributes,
in particular, when the same information is represented structurally
in one model but numerically in the other; and (iii) related models
that are to be parsed in opposite orders. With our introduction of a
skip semantics for TGG rules in Section 6.3 we provide a solution
for their first challenging situation.

3 Running Example
To illustrate the problems we are facing when implementing our
query language with TGGs, we present a small example from the
domain of system modeling and simulation. In our example, we
have two models: a blocks-and-ports model for simulating hard-
ware components and a model describing the sensors available in
our hardware components. We show the metamodel of our blocks-
and-ports model in Fig. 1. The top level entity of this Simulation
metamodel is a Model, which contains Blocks and Connections. As
the connections between blocks are not relevant for our examples,
we will not explain them in more detail. A Block, on the other hand,
has a name and a number of input and output ports, represented
by the classes InPort and OutPort. Further, a Block can be associ-
ated to multiple sensors, identified by the attribute sensorGroup.
Multiple Blocks can be associated to the same sensors, i.e., have the
same value for the attribute sensorGroup. In- and OutPorts have a
name and a type. In addition, we show our Hardware metamodel,
describing the available sensors, in Fig. 2. A Component, which
represents the same thing as the Model from our blocks-and-ports

Model
name: String

Block
name: String
sensorGroup: Int

Connection

InPort
name: String

OutPort
name: String

DataType

name: String

blocks (*)

inPorts (*) outPorts (*)

type type

Simulation

Figure 1: Examplemetamodel for the simulation of hardware
components, consisting of connected blocks and ports. The
references from and to the metaclass Connection are dashed,
as they are not relevant for our example.

model, contains a number of Sensors, which have an ID, a resolution,
and are part of a sensorGroup.

Notably, the system models for which we want to define and
derive views consist of pairs, namely a blocks-and-ports and a
sensor hardware model. This is, views project and combine their
information to fulfill specific information needs. While, principally,
such pairs (or, more generally, tuples) of models can be considered
as a single model over a combined metamodel, the queries we
address in this paper at least partially owe their complexity to the
fact that they combine information from families of models into a
single view. As an example, consider the system models and view
presented in Figure 4. In the view, we see all blocks associated to
sensors with a resolution greater than 16. Developers could use
this view to analyze the blocks and check whether they support
the high resolution data from the sensors.

4 Background
In this section, we recall TGGs (Section 4.1) and summarize which
kind of model queries have already been translated into TGG rules
by König et al. in [27] (Section 4.2).

Component

name: String

Sensor
id: String
sensorGroup: Int
resolution: Int

sensors (*)

Hardware

Figure 2: Example metamodel for sensor hardware.
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4.1 Triple Graph Grammars
Triple graph grammars (TGGs) are an established formalism to spec-
ify the correspondence between models that are situated at different
levels of abstraction [2, 32] and have already previously been used
to specify views of models [3, 24]. In this section, we recall TGGs,
the languages they define, and the operationalization of TGG rules,
which is the basis for using TGGs for advanced model management
tasks like model translation or synchronization. We introduce these
notions formally here, where we need the corresponding notation
in Section 6. Other notions are presented intuitively, and we pro-
vide references to the relevant literature for their formal definitions.
For readers unfamiliar with TGGs, we use our running example in
Appendix A to illustrate each introduced concept.

Variants of TGGs and their languages. We define triple graphs
using the formalism suggested by Golas et al. [18] that slightly
deviates from the original definition from Schürr [32]; however, we
use a set theory-based definition (instead a morphism-based one as
Golas et al. do).

A triple graph is a typed graph (i.e., it is possible to assign recur-
ring roles to its elements) consisting of three distinguished parts
being subgraphs of the triple graph: the source, the target, and the
correspondence graph. Intuitively, the source graph captures a model
in one modeling language (e.g., some design model of a system), the
target graph captures a model in another modeling language (e.g.,
some abstracted view of the design model), and the correspondence
graph serves as a structure to allow for tracing between both.

Definition 4.1 (Triple graph). A triple graph is a tuple (𝐺,𝐺S,𝐺C,

𝐺T), where𝐺 is a graph and𝐺S,𝐺C,𝐺T are subgraphs of𝐺 , referred
to as source, correspondence, and target part, such that:

(1) The set of nodes 𝑉𝐺 of 𝐺 is a disjoint union of the sets of
nodes 𝑉𝐺S ,𝑉𝐺C ,𝑉𝐺T .

(2) Every edge 𝑒 ∈ 𝐸𝐺 of 𝐺 maximally belongs to one of the
edge sets 𝐸𝐺S or 𝐸𝐺T ; in particular, the edge set 𝐸𝐺C is empty.

(3) Every edge 𝑒 ∈ 𝐸𝐺 that neither belongs to 𝐸𝐺S nor to 𝐸𝐺T
is directed from a node from 𝑉𝐺C to either a node from 𝑉𝐺S
or from 𝑉𝐺T .

To further enhance the expressiveness of the considered models,
triple graphs can be attributed, i.e., nodes can carry values for
various attributes. A general formalization of the attribution of
graphs can be found in [11].

Triple graph grammars are a declarative, rule-based formalism
that describe how twomodels from the source and the target domain
co-evolve. This defines a correspondence-relation between pairs of
models from the two domains by stipulating that two models are
in correspondence when a triple graph can be derived, starting at
the empty graph and using the rules of the given grammar, such
that the one model is its source part and the other its target part.
While the grammar defines correspondence on the level of models,
the correspondence links in a triple graph define correspondence
on the element level. TGG rules are monotone, i.e., they only create
structure and do not delete. Intuitively, a TGG rule requires a certain
pattern to exists, extends that pattern, but only does so if further
specified forbidden pattern are not present. As advanced concepts,
TGG rules can manipulate attribute values of graph nodes [5] and

be equipped with so-called negative application conditions (NACs)
that restrict the context in which a rule is allowed to be applied [4].

Definition 4.2 (TGG rule. Application). A (TGG) rule 𝜌 = (𝑟 : 𝐿 ↩→
𝑅,NAC, C) consists of a plain rule 𝑟 , a set NAC of negative applica-
tion conditions, and a set C of attribute constraints. The plain rule 𝑟
is an injective morphism 𝑟 : 𝐿 ↩→ 𝑅 between triple graphs 𝐿 – the
left-hand side (LHS) – and 𝑅 – the right-hand side (RHS) – of the
rule; the LHS 𝐿 of a rule is also referred to as context of the rule.
The set NAC is a set of triple graphs such that 𝐿 is a subgraph of
each of them. The set C consists of Boolean expressions, regulating
the attribute values appearing in the LHS 𝐿 of the rule. A rule 𝜌 is
applicable to a triple graph 𝐺 if there exists an injective morphism
𝑚 : 𝐿 ↩→ 𝐺 that (i) cannot be extended to a morphism 𝑞 : 𝑁 ↩→ 𝐺

for any of the graphs 𝑁 ∈ NAC and (ii) induces an evaluation on
the attribute values of the LHS 𝐿 such that every condition 𝑐 ∈ C
is satisfied by it. Application of a rule then means to extend 𝐺 by
𝑅 \ 𝐿 (the node- and edge-wise difference of 𝐿 and 𝑅) at the loca-
tion indicated by𝑚, obtaining a triple graph 𝐻 as result; formally,
this amounts to computing 𝐻 as a pushout of 𝑚 and 𝑟 . Such an
application, or transformation step is denoted via 𝐺 =⇒𝜌,𝑚 𝐻 ; a
sequence of transformations via 𝐺 =⇒∗ 𝐻 or via 𝐺 =⇒∗

R 𝐻 if one
wants to indicate that all transformation steps have been performed
applying rules from a set R.

A further feature that has been developed for TGGs is multi-
amalgamation. Being established in the area of graph transforma-
tion [17], Leblebici et al. transferred it to TGGs [31]. Multi-amalga-
mation equips certain rule elements with a “for-each”-like syntax,
enabling one to concisely express that a certain operation should
be performed as often as possible. A kernel rule specifies elements
that are to be matched or created (depending on which side of the
rule they appear in) once, i.e., it is an ordinary TGG rule. Additional
multi-rules extend this kernel rule by further context elements and
elements to be created. Their application semantics is as follows:
Given a match for the kernel rule, the kernel rule is applied exactly
once at this match. The larger context of each multi-rule is matched
as often as possible, extending the match of the kernel rule, and,
for each such match, the elements declared to be created by the
multi-rule are created at that match.

TGGs consist of sets of TGG rules and are used to define various
languages. Two models from the source and the target modeling
languages are considered to be consistent to each other when there
exists a triple graph in the language of the given TGG such that the
source and the target model are its source and target parts.

Definition 4.3 (Triple graph grammar. Language). A triple graph
grammar (TGG) consists of a set of TGG rules P. The language of
a TGG is the set of triple graphs derivable via the given rules from
the empty graph, i.e., L(P) := {(𝐻,𝐻S, 𝐻C, 𝐻T) | ∅ =⇒∗

P 𝐻 }.
Importantly, all features of TGGs we considered (NACs, attribute

constraints, and multi-amalgamation) increase the expressiveness
of TGGs, i.e., allow one to define languages that cannot be defined
using just plain rules [34].

Operationalization of TGG rules. TGGs as introduced so far de-
scribe how consistent models co-evolve; i.e., in our application
scenario, they describe how to consistently co-evovle system mod-
els and views. The main usage scenario for TGGs, however, is not
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Table 1: Overview of the basic query operators defined by
König et al.

Name Symbol Arguments

Selection 𝜎 (𝑃 ⇒ 𝑄) 𝑃 Source pattern
𝑄 Target pattern

Filter 𝜙 (𝑝) 𝑝 Filter predicate

Attribute
Projection

𝜋 (𝑥 ⇒ 𝑦)
𝜋 (𝑦 := 𝑓 (. . . ))

𝑥 Source attribute
𝑦 Target attribute
𝑓 Projection function

Reference
Projection

𝜌 (𝑅 ⇒ 𝑆)
𝜌𝑐 (𝑅 ⇒ 𝑆)

𝑅 Source reference pattern
𝑆 Target reference pattern

the construction of correlated models but more challenging model
management tasks like the translation of a given model into one
of the second domain or consistency restoration after one or both
previously corresponding models have been edited. For these tasks,
TGG rules can be (automatically) operationalized. The crucial oper-
ationalized rule variant for this paper are so-called forward rules. A
forward rule of a given TGG rule adapts that rule in the following
way: The context elements of the original rule remain context ele-
ments of the forward rule. Elements that the original rule creates
on the correspondence or the target side also remain to be created.
Elements that the original rule creates on the source side, however,
become context. Furthermore, to keep track of already translated el-
ements, these formerly created elements get marked. This marking
process can be formalized in various different ways, e.g., via trans-
lation attributes [21], via subrules [30], or via dedicated sub-triple
graphs [25]. By and large symmetrically to the case of forward
rules (except for the assignment of attribute values), backward rules
can be derived from TGG rules. Instead of parsing structure on the
source part of a triple graph and transferring it to the target part (as
forward rules do), backward rules parse the target part and transfer
the according structure to the source part. In our application case
in this paper, the forward rules are of crucial importance: Given a
model of a system, they can be used to compute a view of it. In the
future, we also want to use forward as well as backward rules to
propagate changes between models and views.

4.2 Operator-Based View Definition
Here, we give a brief overview of the model query operators de-
fined by König et al. [27]. There, a view definition describes an
asymmetric transformation between one or multiple source models
and a projective view on these models. At the same time, the view
definition describes a transformation to create the view type, i.e.,
the metamodel of the resulting views. A view definition consists of
a set of model queries, which describe parts of the transformation.
For that, a model query projects a fixed set of related elements of
the source models to a fixed set of elements in the view.

To write view definitions, König et al. introduced an operator-
based notation for model queries. We present an overview of the
available operators in Table 1. A model query starts with a single
selection operator, which projects the source elements to the view,

and can contain an arbitrary number of other operators in addition,
a center dot · indicating concatenation. For that, the selection opera-
tor 𝜎 takes a source pattern and a target pattern. The source pattern
describes the model elements and their relations in the source mod-
els, while the target pattern describes the resulting elements in the
view. Elements of the models and the view are specified using the
name of their metaclass. König et al. restricted source patterns to
directed paths, but we accept any well-typed graph.

In Query (1) we give a small example of a model query based on
the two metamodels in Figs. 1 and 2. The relations in the source
pattern can be explicit references, written as →foo where foo is
the name of the reference, or implicit in form of a join, written as
⊲⊳bar where bar is a boolean condition. In the example in Query (1),
we join a Block with a Sensor and, from those, create a Block and
a referenced DebugInfo in the view (instead of a join condition
we only write the shared attribute as a shorthand). Joins between
model elements behave similar to joins from relational algebra [9],
but we will discuss some limitations in more detail in Section 5.2.

𝜎 (Block ⊲⊳sensorGroup Sensor ⇒ Block →debug DebugInfo) ·
𝜙 (Block.resolution > 16) ·
𝜋 (Sensor.resolution ⇒ DebugInfo.sensorRes) ·
𝜌 (Block →inPorts InPort ⇒ Block →in Input)

(1)

Additionally, there is the filter operator 𝜙 , which selects model
elements based on a filter condition. The transformation described
by the model query is only executed if the filter condition evaluates
to true on the model elements described by the source pattern of
the selection. In the example in Query (1), we only project blocks
associated with sensor with a resolution greater 16.

The view elements can be further populated by projecting at-
tributes and references from the source models. Attributes are pro-
jected using the attribute projection operator 𝜋 , which either selects
an attribute from the source elements or computes a new attribute.
The first mode is written as 𝐴.𝑎 ⇒ 𝐵.𝑏 where 𝑎 is an attribute of
the source element 𝐴 and 𝑏 is the resulting attribute in the target
element 𝐵. We do this in the example in Query (1) to project the
sensor attribute resolution to the DebugInfo element as attribute
sensorRes. The second mode is written as 𝐵.𝑏 := 𝑓 (. . . ) where 𝑓 is
a function on the attributes of the source elements.

Similar, references are projected using the reference projection
operator 𝜌 . While the source pattern of the selection operator can
contain only 1-to-1 references to other model elements, the refer-
ence projection operator projects 1-to-𝑛 references to model ele-
ments, which are transformed separately. König et al. limited this to
only one 1-to-𝑛 reference per source reference pattern. Instead, we
define that the reference projection operator selects instances of the
source reference pattern in the models. For each unique instance
of the source reference pattern, an instance of the target reference
pattern is created in the view. The source reference pattern may
include elements from the source pattern of the query, while the
target reference pattern creates exactly one reference from one of
the elements in the target pattern. In the example in Query (1), we
project the reference inPorts to the view, specify the view metaclass
Input as its target, and change its name to in. A special case of the
reference projection operator is containment projection, written as
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:Model

name = "Example Model"

:Block

name = "Sine Wave"
sensorGroup = -1

:Block

name = "Gain"
sensorGroup = -1

blocks

blocks

:Stats

numBlocks = 2

Figure 3: Part of a model (left) and a view (right) showing the
aggregation over multiple referenced model elements.

𝜌𝑐 . In this case, the referenced elements are only transformed if the
containing element is transformed.

5 Complex View Definition Operators
Beyond the basic operators recalled in Section 4.2, König et al. [27]
encountered a number of limitations of their model query oper-
ators. Most of them exist because the necessary TGG would be
complicated to construct. In this section, we examine three of them,
namely aggregation, cross-product joins, and overlapping queries; in
Section 6, we propose solutions using advanced TGG extensions.

5.1 Aggregation
With the operators presented in Section 4.2, we are able to project
existing attributes, as well as calculate new attributes from the val-
ues of the attributes of the model elements in the source pattern of
a query. However, as the source pattern has a constant size, we can-
not calculate the value of an attribute from a set of model elements
of unknown size, e.g., all elements referenced by an element in the
source pattern. What we would like to have is an aggregation func-
tion, similar to aggregation in extensions of relational algebra [9].
For that, we introduce the aggregation operator 𝛼 , which takes the
application of an aggregation function as its first argument and
the definition of a view attribute as its second argument. For the
aggregation function we allow functions that incrementally build
up the resulting value, i.e., functions that can be written as a fold
over the aggregated elements. This is similar to how aggregation
is handled in relational query languages. We show an example of
this in Query (2) using 𝑐𝑜𝑢𝑛𝑡 as an aggregation function to count
the number of blocks in a model. In Fig. 3, we show an example
model instance and the view resulting from applying the query in
Query (2) to it. As the model references two blocks, the attribute
numBlocks of the view element Stats is set to 2.

𝜎 (Model ⇒ Stats) ·
𝛼 (𝑐𝑜𝑢𝑛𝑡 (Model →blocks Block) ⇒ Stats.numBlocks) (2)

Generating a TGG for the aggregation is, however, difficult with
traditional TGG formalisms. It is well-known that TGGs struggle
to relate a structural encoding of information to an attribute-based
one [1, Sect. 3.2]. We therefore consider this an interesting problem.

blocks

:Model

name = "Safety"

:Block

name = "Constant"
sensorGroup = -1

:Block

name = "PDC"
sensorGroup = 123

:Block

name = "Safety Break"
sensorGroup = 123

blocks

blocks

:Component

name = "Safety"

:Sensor

id = "photo"
sensorGroup = 123
resolution = 32

:Sensor

id = "radar"
sensorGroup = 123
resolution = 16

sensors

sensors

:Block

name = "PDC"

:Sensor

id = "photo"
resolution = 32

source

:Sensor

id = "photo"
resolution = 32

:Block

name = "Safety Break"
source

Figure 4: Part of two models (top) and a view (bottom) show-
ing a conditional cross-product join of elements from the
two models.

5.2 Cross-Product Joins
The selection operator 𝜎 , presented in Section 4.2, can be used to
select elements related by explicit references or implicitly by joining
two elements. For the latter, this is done using a join condition,
e.g., ⊲⊳Model.name =Component.name. However, König et al. [27] restrict
the join conditions to 1-on-1 joins, i.e., a model element can only
participate once in the same join. In general, of course, we want
to be able to do full cross-product joins as well. In our example in
Query (3), we want to join blocks with their associated sensors to
present developers with a list of blocks and sensors to check, as
motivated in Section 3. For that, we do not want to transform the
elements individually, but instead produce a Block element as well
as a Sensor element for each associated pair in the source models.
We further restrict the selected pairs with a filter condition. In Fig. 4,
we show the result of this join on a small example model. Note that
for a more complex model, the same Block or Sensor element could
occur multiple times, in different joined pairs, in the view.

𝜎 (Block ⊲⊳sensorGroup Sensor ⇒
Block →source Sensor) ·

𝜙 (Sensor.resolution > 16)
(3)
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5.3 Overlapping Queries
When generating a TGG from relational queries, König et al. [27]
make the assumption that queries in a view definition do not over-
lap, i.e., that they do not reference the same source model elements.
However, there certainly are cases where we would like to have
overlapping queries. For example, we could show the same ele-
ment with different representations, as done in projectional editing,
use model elements to highlight constraint violations, or present
summary information. We show queries Queries (4) and (6) as an
example. Note that we assume that InPort, OutPort, and DataType el-
ements are transformed separately with identical metaclass names
and all attributes to simplify the example.

𝜎 (Block ⇒ InternalBlock) ·
𝜙 (𝑠𝑡𝑎𝑟𝑡𝑠𝑊 𝑖𝑡ℎ(Block.name, “_”)) (4)

𝜎 (Block ⇒ SensorBlock) ·
𝜙 (Block.sensorGroup > −1) ·
𝜌 (Block →outPorts OutPort ⇒ SensorBlock →out OutPort)

(5)

𝜎 (Model ⇒ ModelDiagnostics) ·
𝜌 (Model →blocks Block →inPorts InPort →type DataType

⇒
ModelDiagnostics →types DataType) ·

𝜌 (Model →blocks Block →outPorts OutPort →type DataType
⇒
ModelDiagnostics →types DataType)

(6)

Queries (4) and (5) both select Block elements, however, Query (4)
filters the result for internal blocks (which have names starting with
an underscore), while Query (5) filters for blocks that have sensors
associated to them. As there might be internal blocks that have
sensors associated to them, a block from the source model might
be transformed by none, either, or both of the queries.

Query (6) also selects Block elements, but in a source reference
pattern. As the inPorts reference in the source reference pattern is
used here exclusively, we could create a reference types in the view
whenever a reference inPorts is found in the source model. Note
that the Block element, fromwhich the inPorts references originates,
might or might not be transformed by another query.

Finally, Query (6) projects the outPorts reference to the types
reference in the view type. As Query (5) also projects the outPorts
reference, all parts of the source reference pattern in Query (6)
might or might not be transformed by other queries.

Overlapping queries are difficult to handle when generating
TGGs for the transformation. In common variants of TGGs, nodes
are either context nodes or create nodes. By that, whenever a node
in a rule might or might not be created by another rule, we would
need to duplicate the rule with a context node in one and a create
node in the other rule. As this can be the case for multiple nodes in
a rule, we would require 2𝑛 rules where 𝑛 is the number of nodes
with unique overlaps to other queries.

:Model

name = "PDC"

:Block

name = "_Output"
sensorGroup = -1

:InPort

name = "Signal"

:DataType

name = "Int16"

:Block

name = "_Sensors"
sensorGroup = 123

:OutPort

name = "Signal"

:DataType

name = "Int32"

blocks

inPorts

type

blocks

outPorts

type

:InternalBlock

:InternalBlock

:SensorBlock

:OutPort

name = "Signal"

:ModelDiagnostics

:DataType

name = "Int16"

:DataType

name = "Int32"

outPorts

types

types

Figure 5: Part of a model (top) and a view (bottom) showing
the result of the three overlapping Queries (4, blue, solid), (5,
red, dashed), and (6, yellow, dashed and dotted).

6 Using and Extending Triple Graph Grammars
In this section, we sketch how we solve the problems introduced in
the last section.

6.1 Aggregation
Support for aggregation has to be developed separately for each
kind of aggregation function. For many basic aggregation functions,
defining TGG rules that co-evolve models consistently capturing
the aggregation function is possible, just using means that are well-
established for attributed graphs, namely using rules to set attribute
values according to operations supported by an underlying alge-
bra [11]. The resulting rules, however, are such that they cannot
always be operationalized in both directions, caused by the fact
that regularly, the operations used to implement the aggregation
are not invertible in a unique way. That is, we are able to opera-
tionalize such a TGG rule into a forward rule but not (uniquely)
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:Model :Stats

𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 := 0

:Model

:Block
blocks

:Stats

𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 := 𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 + 1

Figure 6: TGG rules for the aggregation defined in Query (2).

into a backward rule. For our application scenario, this does not
cause a too serious problem, because we are mainly interested in
constructing views (and not in adapting a model according to an
edited view).

Given an aggregation like the one displayed in Query (2), our
general approach to construct TGG rules from it is as follows.

(1) We translate the selection operation 𝜎 at the start of the
query as already established in [27]. Additionally, we scan
the second argument of the aggregation operator 𝛼 for
the view attribute defined there and create and initialize
this attribute at the respective target node. The default
value for initialization depends on the aggregation function.
Additionally, depending on the aggregation function, the
rule might create (but not yet initialize) a helper attribute
at the correspondence node it creates; this shall serve to
facilitate the computation of the value of the view attribute
later on.1

(2) We translate the aggregation operation into a second TGG
rule. The LHS, i.e., context of this rule is always the RHS
of the rule constructed under 1., except that we omit the
assignment of attribute values. Its RHS is specific to the
selection operation 𝜎 and, in particular, the aggregation
function to be translated. On the source part, the rule al-
ways creates the structure, or assigns the attribute value,
that is declared in the source pattern 𝑃 of the selection oper-
ation 𝜎 . On the target part, the rule always updates the view
attribute according to the aggregation function. Addition-
ally, depending on the aggregation function, the rule might
need to update the helper attribute of the correspondence
node of its LHS.

Example 6.1 (TGG rules for the count function). Figure 6 shows
the two rules that arise for the example from Query (2), i.e., for the
count function. The first rule creates the correspondence between
the source and the target pattern defined in the selection operator of
the query, creates the view attribute numBlocks and assigns to it the
default value 0 (as suitable for the count function). The second rule

1We position this helper attribute at the correspondence node because, usually, users
do not interact with these and so we minimize diversion of users. It would also simply
be possible to maintain these helper attributes as a separate data structure, but we
opted for this more integrated approach.

:Model :Stats
✓

𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 := 0

:Model
✓

:Block

blocks
✓

✓

:Stats
✓✓

𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 := 𝑛𝑢𝑚𝐵𝑙𝑜𝑐𝑘𝑠 + 1

Figure 7: Forward rules of the TGG rules in Fig. 6.

creates a Block on the source part and increments the numBlocks
attribute by 1.

In Appendix C we briefly sketch how we treat further common
aggregation functions beyond the count function.

On the source part of a triple graph, the rules we derive for ag-
gregation only match or create structure. We can therefore derive
forward rules as usual, matching or marking as translated those ele-
ments on the source part instead of matching or creating them. On
the correspondence and the target part, the elements are matched
or created and attribute values assigned just as in the underlying
TGG rule. Backward rules often cannot be derived, because, gener-
ally, aggregation functions are not (uniquely) invertible. While this
reinforces the observation made in [1, Section 3.2] that TGGs are
not well-equipped to synchronize in cases where information is rep-
resented as structure in one model but as attribute values in another,
we do not see that this poses a problem to our application here,
where we are foremost interested in just deriving the view, i.e., the
more abstract model that might summarize structural information
and represent it as a single numerical value, for instance.

Example 6.2. When forward operationalizing the TGG rules for
the count function displayed in Fig. 6, we obtain the forward rules
displayed in Fig. 7. The first rule marks an existing node of type
Model as translated on the source part and creates a corresponding
node of type Stats on the target part; moreover, it assigns the num-
Blocks attribute to 0. The second rule matches an already translated
Model node and its corresponding Stats node on the target part,
marks one of its previously untranslated Blocks as now translated
and increments the corresponding numBlocks counter by 1.

6.2 Cross-Product Joins
TGGs have been designed to be able to express 𝑚 × 𝑛-relations
between elements on the source and the target part [32]. Here,
however, as introduced in Section 5.2 we are interested in a more
general problem, namely in computing a join (i.e., an𝑚 ×𝑛-relation
between elements) on the source side and relating this join to
a structure on the target part. To express the desired behavior
compactly, we make use of multi-amalgamated TGG rules. Given a
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b:Block

s:Sensor

:Block

:Sensor

source
sensorGroup := s
resolution := r

b.sensorGroup = s.sensorGroup
s.resolution > 16

Figure 8: TGG rule for the left side of an inner join, as defined
in Query (3).

selection query 𝜎 (𝑃 ⇒ 𝑄), where the source pattern 𝑃 = 𝑃1 ⊲⊳𝑐 𝑃2
is defined as a join with join condition 𝑐 , we derive two rules.

The first rule has as kernel rule a rule that just creates the source
pattern 𝑃1. Depending on the join condition 𝑐 , the kernel rule might
also create attributes for nodes of 𝑃1 and assign these to variables.
This kernel rule is extended by a single multi-rule, which matches
the source pattern 𝑃2 and creates the target pattern 𝑄 and a corre-
spondence node that connects to each node of 𝑃1, 𝑃2 and 𝑄 . More-
over, the multi-rule is equipped with an attribute condition (having
access to the variables used in the kernel rule) that ensures that it is
only applicable when the join condition 𝑐 is met. The second rule is
completely analogous just that the roles of 𝑃1 and 𝑃2 are switched.

Example 6.3. Figure 8 shows the rule we derive for the left side
of the join from Query (3). This rule ensures the completeness of
the considered join by making use of multi-amalgamation: A newly
created Sensor is joined with each already existing Block (of the
same sensor group) and together these are put into correspondence
with a pair of Block and Sensor on the target side. We show the rule
for the right side of the join in Appendix B.

Operationalizing multi-rules to obtain forward and backward
rules is treated in [31] and we can use these results without further
adaptation. Intuitively, the forward rule we obtain from the rule in
our example (Fig. 8) matches a yet untranslated Sensor, translates it
and joins that Sensor to each already translated Block, correlating
this pair to a newly created pair of Sensor and Block on the target
part. We depict this rule (and also the forward rule derived for the
right side of the join) in Appendix B.

6.3 Overlapping Queries: An Extended Skip
Semantics

Kosiol et al. [26] have developed a skip semantics for graph trans-
formation rules that we want to use to address the problem of
overlapping queries. The main idea is that the actions of a rule are
split into two classes: mandatory ones that have to be performed
upon application of the rule and potential ones that are skipped if
the outcome that the action would achieve is already present in
the model. That is, for monotone rules as is the case for TGGs, a
potential creation of an element is just skipped if a suitable ele-
ment already exists in the model. This general idea can directly be
transferred to the ordinary TGG rules that make up the grammar.
However, we have to newly develop a concept of how to oper-
ationalize this skip semantics and ensure the termination of the

resulting operationalized rules. It turns out that this is easiest when
further extending the original skip semantics with counters that
keep track of how often an element has been skipped.

In the following, we develop this idea and explain how we use
it to translate overlapping queries into TGG rules. For this, we
first introduce the concept of a subrule. Intuitively, in our case, a
subrule comes without an application condition, matches the same
context elements, but potentially creates less elements than its
encompassing rule.

Definition 6.4 (Subrule of a TGG rule). Given a TGG rule 𝜌 =

(𝑟 : 𝐿 ↩→ 𝑅,NAC, C), a subrule of 𝜌 is a rule 𝜌 ′ = (𝑟 ′ : 𝐿′ ↩→ 𝑅′)
such that 𝐿 = 𝐿′ and there is an injective morphism 𝑖𝑅

′
𝑅
: 𝑅′ ↩→ 𝑅

such that 𝑟 = 𝑖𝑅
′

𝑅
◦ 𝑟 ′.

The intuition behind rules with skip semantics is the following.
First, a subrule captures the mandatory actions; hence, the subrule
is applied as is. A rule that encompasses the subrule captures the
additional potential actions (only creations in our case). Before
applying this larger rule, it is first checked which of the to be cre-
ated elements can be considered as already existent. The according
creation actions are then skipped and only the remaining ones per-
formed. For this, we just reuse the definition of effect-oriented rules
and transformations from [26]. However, extending [26], NACs are
allowed to not just extend the LHS of the rule but also elements that
are potentially to be created (because these might become context
elements of the rule upon application). Moreover, the derivation
of operationalized TGG rules with skip semantics that we sketch
at the end of this section is a new contribution. Formally, the skip
semantics rests on a factorization of the morphism that embeds the
subrule into the ambient rule.

Definition 6.5 (TGG rule with skip semantics). A TGG rule with
skip semantics is a pair of rules 𝜌skip = (𝜌 ′ = (𝑟 ′ : 𝐿 ↩→ 𝑅′), 𝜌 =

(𝑟 : 𝐿 ↩→ 𝑅,NAC, C)), i.e., 𝜌 ′ is a subrule of 𝜌 , such that each graph
𝑁 ∈ NAC contains 𝐿, but maybe also nodes from 𝑅 \ 𝑅′. Given a
match𝑚 : 𝐿 ↩→ 𝐺 for the rule 𝜌 , an application of 𝜌skip is defined
as follows.

(1) One searches for the largest (in terms of numbers of ele-
ments) factorization 𝑖𝐿

𝐿ind
: 𝐿 ↩→ 𝐿ind, 𝑖

𝐿ind
𝑅

: 𝐿ind ↩→ 𝑅 of 𝑟
such that (i) 𝐿ind does not contain any element from 𝑅′ \ 𝐿
(i.e., no mandatory creations) and (ii) there exists an injec-
tive morphism𝑚ind : 𝐿ind ↩→ 𝐺 with𝑚ind ◦ 𝑖𝐿𝐿ind =𝑚; this

leads to an induced rule 𝑖𝐿ind
𝑅

: 𝐿ind ↩→ 𝑅 with induced match
𝑚ind : 𝐿ind ↩→ 𝐺 .

(2) Every negative application condition 𝑁 ∈ NAC is checked:
If 𝑁 contains a skip node from 𝑅 \ 𝐿ind, 𝑁 is just dropped.
Otherwise, one computes 𝑁 ′ := 𝑁 ∪ 𝐿ind, and 𝑁 ′ becomes
part of the negative application condition of the induced
rule.

(3) Finally, one applies the induced rule 𝑖𝐿ind
𝑅

: 𝐿ind ↩→ 𝑅 at the
induced match𝑚ind, checking the newly computed nega-
tive application condition. If that is violated, the overall
application is stopped.

Note that the application semantics is not deterministic as, in
general, there might not exist a unique largest graph 𝐿ind for factor-
izing 𝑟 . In our applications, so far, we did not observe any problems
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caused by that. We first describe the rules with skip semantics that
we construct and later illustrate the concept using these rules.

Given a sequence of queries, we iteratively construct the follow-
ing rules with skip semantics:

(1) For each query, we generate TGG rules as developed in [27]
and recalled in Section 4.2 or introduced in Sections 5.1
and 5.2. This provides us with a complete set of operators
defining consistency between model and view on the level
of the individual queries; however, some queries might
overlap.

(2) For each pair of rules (𝜌1, 𝜌2) we calculate the intersection
𝑅′ := (𝑅1 \ 𝐿1) ∩ (𝑅2 \ 𝐿2)

and extend 𝜌1 and 𝜌2 to the TGG rules with skip semantics

𝜌
skip
𝑖

= (𝐿𝑖 ↩→ (𝑅𝑖 \ 𝑅′), 𝜌𝑖 ).2

That is, the elements commonly created by both rules get
equipped with the skip semantics.

(3) To later ensure termination of the operationalized rules,
we inspect the resulting rules with skip semantics to en-
sure that every such rule has a mandatory action on the
source part, i.e., we search for rules 𝜌skip = (𝜌 ′ = (𝑟 ′ : 𝐿 ↩→
𝑅′), 𝜌 = (𝑟 : 𝐿 ↩→ 𝑅, C,NAC)) where 𝐿S = 𝑅′

S (that is, on
the source part, the LHS of the subrule coincides with the
RHS of the second rule). For any such rule, we use the cor-
respondence node that 𝜌 creates between the source and
target (reference) patterns of its underlying query, ensure
that this is of a unique type, and add an additional NAC to
𝜌 that forbids that the elements from the underlying source
(reference) pattern are already connected to a correspon-
dence node of that type.

Example 6.6. Figure 9 shows two of the rules we derive for
Queries (4) to (6); the elements marked by “sk” are the potential
creations allowed to be skipped. The two rules originally stem
from the rules derived to translate the two reference projections
from Query (6). Because both rules create Blocks and their incom-
ing edges, these elements get equipped with the skip semantics.
Moreover, the second rule also overlaps with the rule derived to
translate the reference projection from Query (5); hence, also the
outPorts-edge receives the skip semantics. In this way, the second
rule ends up without any mandatory creation on its source part. We
therefore ensure that the correspondence node that the rule creates
has a unique type and add a NAC that forbids the concerned source
elements to already be connected to such a correspondence node.
Note that the referenced Block is an element with skip semantics.
Thus, the NAC just gets dropped whenever the Block is actually
created by an application of that rule, but gets evaluated whenever
the Block is skipped, i.e., matched to an already existing Block. In
this way, we prevent the rule from being applicable multiple times
to the same set of Model, Block and Port.

Regarding non-determinism, as soon as a Model already has sev-
eral Blocks, it is not unambiguous which of these is used to compute
2If one or both of the rules participating in the intersection are multi-amalgamated
rules, we separately compute those intersections for the kernel and the multi-rule,
resulting in a multi-amalgamated rule where the kernel as well as the multi-rule
are allowed to be equipped with skip semantics. While we do not yet formalize this
procedure in this paper, we are confident that this can be done.

:Model :ModelDiagnostics

:Block
sk

:Port

:DataType

sk
blocks

inPorts

type

:DataType

types

:Model :ModelDiagnostics

:Block
sk

:Port

:DataType

sk
blocks

sk
outPorts

type

:DataType

types

:_123

:_123

Figure 9: TGG rules for a query that overlaps with other
queries, as defined in Query (6).

the induced rule. However, the resulting rules are isomorphic – just
their matches differ. Importantly, each guarantees that a Block exists
after its application. In our use case in this paper (deriving views
from models), this non-determinism does not pose any problems,
because we apply the forward rules obtained from those rules as
long as possible. That is, the non-determinism affects the order in
which Blocks are translated to the view but not the overall result.
In the future, we intend to formally clarify the general conditions
under which this holds.

From rules with skip semantics, we derive the following forward
rules: Context elements and mandatory creations are operational-
ized as usual, i.e., on the source part these become elements that
already need to be translated and elements that get translated by
the rule application, respectively. On the correspondence and target
parts, elements remain context elements and mandatory creations,
respectively. Elements with skip semantics, in contrast, are treated
as follows. On the correspondence and target parts, these elements
keep their semantics, i.e., remain elements with skip semantics. On
the source part, however, skip elements either translate a previously
untranslated element or match an element that already has been
translated. In our example, this leads to forward rules that match
already translated pairs of corresponding Model and ModelDiagnos-
tics nodes and DataType nodes, respectively, and, moreover, on the
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source part match a path from Model to DataType, across a Block
and a Port, where this path might already be translated partially;
in that, matched untranslated elements get translated. The rules
then create a correspondence node that connects the matched Block
and Port to the matched ModelDiagnostics and DataType nodes on
the target part and introduces a types-edge between the latter two.
These rules are depicted in Appendix B.

7 Conclusion
In this paper, we continue the work of König et al. [27] of provid-
ing a formal semantics to the NeoJoin view definition language by
translating NeoJoin queries into TGG rules. We address queries that
had been omitted in [27] for their complexity. We find that – by and
large – TGGs are well-suited for our task; however, we need tomake
use of advanced features of TGGs like negative application condi-
tions, attribution and attribute conditions, and multi-amalgamation.
As central technical contribution, to be able to deal with overlap-
ping queries, we introduce a skip semantics for TGG rules, based
on previous work by Kosiol et al. [26].

In the future, there are two avenues to continue our work. First,
TGGs have regularly been used to obtain formal guarantees for
model management processes (like model translation or synchro-
nization) based on them [2, 16, 22, 25]. Based on this, we intend to
work out important properties of the views we derive. Given our ex-
perience with and existing research on TGGs, we are confident that
we will be able to prove the following (or at least find criteria under
which the following holds): (i) The rules for aggregation behave
correctly, i.e., aggregate attribute values or count elements as one
would intuitively expect. (ii) The rules for joins behave correctly,
i.e., construct the complete join. (iii) The rules for overlapping
queries behave correctly, i.e., each element is constructed exactly
once. (iv) The set of forward rules derived from all constructed
rules is confluent, i.e., using them to actually compute views can be
done by applying the set of rules as long as possible in arbitrary
order. (v) User edits of a model or a view (except for manipulating
aggregated attribute values) can be incrementally synchronized in
either direction. The mentioned criteria could include limiting the
expressiveness of the described operators, such as restricting the
source patterns of the selection operator. While we do not yet prove
results of this kind in this paper, developing a formal semantics as
we do here makes such results tractable in the first place.

Second, and more practically, we intend to implement the con-
cepts developed in this paper and want to extend the derivation
of views, which we develop in this paper, by also synchronizing
between models and views after one or both of them have been
altered. Recent work on automatically generating repair operators
for TGGs [14–16, 25] provides a solid foundation to achieve this in
an incremental and information-preserving fashion.
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A Examples for Notions from Triple Graph
Grammars

In this section, we use our running example to comprehensively il-
lustrate TGGs and their established extensions as briefly introduced
in Section 4.1. We begin with an example for triple graphs.

Example A.1 (Triple graphs). Figures 3 to 5 can be interpreted
as showing triple graphs in a simplified fashion. The part above or
left of the dashed line is always the source part of the triple graph,
the part below or right of it the target part. The source part is a
system model defined over a combination of the two metamodels
introduced in Section 3, the target part is a view of that model.
We omit the correspondence parts because these would also be
hidden from a user. Formally, for example, in Fig. 3 there also exists
a correspondence node that has two outgoing edges leading to the
Model and the Stats nodes, respectively. Note that all examples
make use of typing and attribution of graphs.

The next example illustrates TGG rules.

Example A.2 (TGG rules). Figures 6, 8 and 9 depict various TGG
rules, using a simple graphical syntax. Black parts indicate the
LHS’s of rules, i.e., the context elements that have to be matched
to apply a rule; an empty LHS indicates that a rule is always appli-
cable. Green parts are the elements from 𝑅 \ 𝐿, i.e., the elements
that are to be created. The rectangular elements on the left side of
each rule always belong to the source parts of the graphs defining
the rule, rectangular elements on the right to its target parts, and
hexagon shaped elements are correspondence nodes. Statements in
rounded, gray boxes define variable assignments (formally, these
belong to the RHS of a rule and express that an attribution edge of
the type indicated by the left part of the assignment is created that
points to the attribute value indicated by the expression in the right
part of the assignment). Thus, the second rule in Fig. 6 declares to
match a Model- and a Stats-node that are in correspondence and
to create a Block-node for the Model and increment the numBlocks
counter by one. The equations under the two rules from Fig. 8 are
attribute conditions, expressing that the rules are only applicable
to Blocks and Sensors of the same sensor group and to Sensors of
high enough resolution. We later explain the gray fill and shadowed
boxes appearing in the rules from this figure. Finally, the red ele-
ments appearing in the second rule from Fig. 9 constitute a negative
application condition (NAC). The NAC forbids this rule to be applied
to a pair of Block and Port nodes that are already connected via an
appropriately typed correspondence node. Again, we later explain
the annotation of created elements via “sk” appearing in this figure.

The following example illustrates multi-amalgamated TGG rules.

Example A.3 (Multi-amalgamated TGG rules). Figure 8 displays
two rules making use of multi-amalgamation. The elements filled
gray belong to the kernel rule, meaning that they are matched or
created (depending on whether they belong to the LHS or the RHS
of the rule) once. Elements with shadows belong to the multi-rule,
meaning that they are matched as often as possible (in case they
belong to the LHS) or created once per match of the multi-rule (in
case they belong to the RHS). The attribute condition is evaluated
for the multi-rule. Summarizing, the first rule in Fig. 8 creates
one sensor on the source side, sets is sensor group and resolution

b:Block

s:Sensor

:Block

:Sensor

source

sensorGroup := s

b.sensorGroup = s.sensorGroup
s.resolution > 16

Figure 10: TGG rule for the right side of an inner join, as
defined in Query (3).

(according to user provided or default values) and for each Block
existing on the source side and having a sensor group equal to the
one of the created Sensor, it creates one Block, Sensor and reference
between them on the target side and connects all four nodes via a
newly created correspondence node.

Finally, we illustrate operationalized and, in particular, forward
rules.

Example A.4 (Operationalized TGG rules). Figures 7, 11 and 12
show the forward rules that are derived from the TGG rules dis-
played in Figs. 6, 8 and 9. That an element is annotated with a
check mark means that it was a context element of the underlying
TGG rule and now is only allowed to be matched to elements that
already have been “checked”, i.e., have already been translated by
the previous application of a forward rule. (In that, elements that
have been created by a forward rule on the correspondence or the
target side are interpreted as “checked”). If an element is annotated
with an arrow transferring an empty box to a checked one, this
means that this element is a source element that was to be created
by the underlying TGG rule. Now, it is only allowed to be matched
to source elements that have not yet been “checked” (translated)
and checks such an element. In this way, forward rules can be used
to translate a source model to a target model (also building the
correspondence structure in between). That is, in our application
case, forward rules can be used to compute views from (families of)
models. The “checking” of elements that is necessary to keep track
of which elements already have been translated can be formalized
(and implemented) in various different ways.

B Examples for Additional and Operationalized
Rules

In this section, we show rules that we explain but do not display
in the main part of our paper. For the aggregation example, all
constructed TGG rules as well as their derived forward rules are
displayed in the paper (Figs. 6 and 7).

In Fig. 10, we show the TGG rule for the right side of an inner
join, in addition to the TGG rule for the left side of an inner join,
which we showed in Fig. 8.

Furthermore, Fig. 11 shows both forward rules we derive from
these two TGG rules. As briefly explained at the end of Section 6.2,
these forward rules translate a Sensor or Block, respectively, by
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b:Block

s:Sensor

✓

✓

:Block

:Sensor

source

b.sensorGroup = s.sensorGroup
s.resolution > 16

b:Block

s:Sensor

✓

✓

:Block

:Sensor

source

b.sensorGroup = s.sensorGroup
s.resolution > 16

Figure 11: Forward operationalization of the multi rules for
an inner join, as defined in Fig. 8.

joining it with each previously translated Block or Sensor, respec-
tively, by creating the required target pattern (once per pair of
Block and Sensor) and connecting everything via a newly created
correspondence node.

Finally, Fig. 12 shows the two forward rules we derive from
the TGG rules with skip semantics we introduce for the case of
overlapping queries (Fig. 9); we briefly explained these rules at the
end of Section 6.3. The notation ✓ ✓/ indicates that an
element is either allowed to be matched to an already translated
or to a yet untranslated element. This means, formally, these rules
depict rule schemata and encode several rules. This reflects the fact
that the underlying TGG rules can, for example, either match or
create a node of type Block.

C Details on the Treatment of Aggregation
Table 2 provides an overview of how we treat a range of common
aggregation functions. Note that, whereas Count counts the number
of graph elements of a certain type, the other aggregation functions

read out some numerical attribute and perform a computation based
on that. Depending on the kind of computation, we have tomaintain
a helper attribute that, in the worst case, keeps track of all attribute
values encountered so far (e.g., in the cases of Median and Mode).
The Count function is the only one that is uniquely invertible: here,
the view attribute contains all information necessary to reconstruct
the source structure from it. From an average, however, one can
neither derive from how many nor from which exact values it is
computed. For the other aggregation functions this is typical.

:Model :ModelDiagnostics

:Block

:Port

:DataType

blocks

inPorts

type

:DataType

types

:Model :ModelDiagnostics

:Block

:Port

:DataType

blocks

outPorts

type

:DataType

types

:_123

:_123

✓ ✓

✓

✓

✓ ✓/
✓ ✓/

✓

✓

✓

✓

✓

✓ ✓

✓

✓

✓ ✓/
✓ ✓/

✓ ✓/

✓

✓

✓

✓

Figure 12: Forward operationalization of the TGGs rules for
overlapping queries with skip semantics, as defined in Fig. 9.
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Table 2: Overview of the translation of aggregation functions; ra refers to the attribute read out by the source pattern (if
applicable), ha to the helper attribute, and va to the view attribute.

Function Type of ha Default ha Update ha Default va Update va Invertible

Average Integer 0 ha := ha + 1 0 va := (ha−1)×va+ra
ha no

Count — — — 0 va := va + 1 yes
Max — — — −∞ va :=max(va, ra) no
Median Multiset ∅ ha := ha ∪ {ra} not set va :=Median(ha) no
Mode Multiset ∅ ha := ha ∪ {ra} not set va :=Mode(ha) no
Range Pair of numbers (∞,−∞) ha = (min(ha0, ra),max(ha1, ra)) −∞ va := ha1 − ha0 no
Sum — — — 0 va := va + ra no
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