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Abstract. The article is
semantic verification of diagrams on error using a
agram errors based on the extraction of ontological

1 troduction

amic design process has become one of the latest
frends in business process management (BPM). Both
researchers and practitioners are improving the tools,
fechniques and theory of flexible design processes [1].
‘T- basic definition of dynamic workflow in automata-
based engineering as a flow of design work adapted to
Qaf;nges in the environment is given in [2]. Over the
past 20 years, the management of the development of
utomated systems has solved the important tasks of
creating,  organizing, analyzing and monitoring
%fkﬂows, as well as their implementation in the
development of these systems. In [3], the authors give a
(;tailcd overview of the methods and tools of the
l'r'ganization of workflows, which includes the
éllowing stages: modeling of workflows “as is”;
optimization by creating a model of the process “to be”;
changing  the organizational ~ structure; “folding”
orkflows; process improvement. The application of
systems in the development of workflows, such as ERP-
systems,  workflow management systems (WEMS),
rocess modeling tools is discussed.

Flexible development of complex automated
systems is associated with the adaptation of workflows
to changes in system requirements. Enterprise flexibility
s usually understood as the property of the enterprise to
function in a dynamic world [4] and relates to two
bilities: 1) to adapt to changes in the environment; 2)
open new opportunities constantly appearing in a
ynamic world to launch completely new products
services). Becoming agile requires an approach that
{lows the system to identify and influence changes.
" The need to develop such an approach has arisen in
esponse to the increasing pace of development needs.

~ 2 Problem

? In the theory of visual languages there are no effective
3 methods of analysis and verification (especially in the
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part of full verification) of syntactic and semantic errors
of diagram models. Methods the "direct" tests are
implemented in most development tools, diagrams (e.g.
MS Visio). These methods require multiple passes,
which allows the system to analyze the syntactical
correctness of the diagrams and identify the main errors.
However, they cannot reveal context-dependent
semantic errors associated with the text of any diagram
model, denotative and significative semantics errors in
terms of synonymy and antonymy, isomorphism of
diagram models [22]. The above facts reveal additional
types of "expensive" errors in the design of automated
systems (as), which are difficult to diagnose. Analysis
and verification of these errors is an important scientific
and technical task.

3 Related work

Whitestein Technologies, Magenta Technologies,
SkodaAuto, Volkswagen, Saarstahl AG note that the
first generation of static (monolithic) systems for
product life cycle management and project work flows
[5] no longer meets the requirements of many
companies. The approach and automated means of
standardization of the first generation processes of
project work flows have exhausted their resources, as a
result there are unformalized (unsuitable, containing
semantic errors) processes that stimulate the growth of
the cost of their development and improvement.

The basic idea is characterized by completeness,
relevance and consistency of the project is often lost
due to the large amount of information in the
development of complex automated systems using
approaches based on Scrum, LSP etc. to ensure that the
project met customer requirements and were successful,
the designer proposes a conceptual model, giving an
overview of the organizational structure of the project
process with a description of the actors (entities) and
their parts, functions and relationships between them.

There are conceptual models of the organization of
flexible distributed flows of design work (SEO 2D,
which have significant advantages over traditional
models: SECI, schemes J.Zahman, Rational ADS,
which are presented below. The traditional workflow
management system is ProBis. According to [6] YAWL
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(another document language), iPB is a flexible system

for managing project work flows.

These systems use both diagram models of the
working process and solve the problem of structural
(syntactical) ~analysis and semantic  (semantics)
diagrams. For example, the authors [7] use colored Petri
nets for dynamic semantic analysis of working
processes, and in [8] use the approach of pi-calculus,
formalizing working processes in algebraic expressions
of the first order logic.

Development and research of workflow is based on
visual languages such as UML, IDEF, BPMN, SDL, ER
etc. In the modern theory of graphic visual language for
the graph view uses the logical model. It contains both
graphical objects and relationships between them. These
models are processed using graphic grammars. The use
of such a model for the verification and analysis of
structural, ie. topological (syntactical) features of
diagrams is very difficult. This model is handled by
graphical grammars. John L. Pfaltz and Azriel
Rosenfeld proposed a two-dimensional model for
generating web grammars [9]. Sentences generated by
web grammars are oriented graphs with characters at
the vertices ("cobwebs"). Zhang proposed positional
graphic grammars [10, 13], later it was developed by
Costagliola [11]. This is due to context-free grammars.
Wittenberg and Weitzman [12] developed some
relational graphic grammars. Zhang and Orgun [13]
described the remaining graphic grammars in their
studies. These methods have the following
disadvantages.

1. Positional grammars, developed on the basis of
plex-structure, do not use common points and
cannot be used for languages whose objects have
dynamically changing number of inputs/outputs.

2. There is no semantic check of text charts.

3. The common disadvantages of the above-
mentioned grammars include: when designing
grammar for unstructured visual languages, the
number of rules increases (if the number of
language primitives for describing all variants
without structure does not change, the number of
rules will increase significantly), the complexity of
grammar development. In addition, the analysis of
diagrams takes a long time (analyzers based on the
considered grammars have polynomial or
exponential analysis time).

In [14, 15] the authors propose a syntactically-
oriented approach based on finite RV-grammars for
visual language processing. However, there are no
mechanisms of analysis and control of structural and
semantic features of graphs from the point of view of
their integrity and consistency between themselves and
the conceptual model, including text attributes.

In the most common diagram model creation and
processing tools, such as Microsoft Visio, Visual
paradigm for UML, ARIS Toolset, IBM Rational
Software Architect (RSA), analysis and management of
diagram models is performed using direct methods that
require multiple passes (this depends on the type of

error monitoring). There is no control of structural
features of integrated schematic models, as well as
semantic control of integrity and coherence of structural
and textual attributes of coupled schematic models of
flexible working processes.

Thus, to solve the above problems, it is necessary to
develop an integrated system of new models, grammars
and tools for analysis and management of schematic
models of flexible distributed workflows that provide a
solution to the paper problem (task).

3 Definition for grammar. Semantic
checking of diagrams on errors

The authors have developed automatic grammar, called
RV-grammar, for the analysis and verification (control)
of diagrams for the tools described in [16]. In collective
design, diagram models have a complex hierarchical
structure (complex diagrams), which increases the
number of graphical elements many times. Classical
graphic RV-grammar is complicated, the process of ifs
development is complicated. There is no management
of interconnected nodes and diagrams of complex
models. For eliminating these disadvantages of the
proposed multi-level grammar [23]. In a collective |
design for groups, it is important to control the |
consistency of the complex of the developed charts.
Developers, accounting schema, you can forget to take
into account a previous decision (as reflected in the ]
schemes). For example, a Developer can drill down on a
specific component of the system and lose focus on the |
fact that in previous stages such a component was
implemented using other technologies. It is proposed to
make a multilevel grammar for the analysis of its
semantic correctness. The upper level of composition -
grammar will be the grammar of case diagrams, since |
the development of systems should start with this
diagram (according to RUP methodology). When we
start to use a definition like clock or timer, we can
extend the RV grammar by adding the Clock parameter -
in this grammar. We can check 23 errors [24]. /
During the analysis, semantic information about the
subject area will be preserved, and each new Diagram
will be added to the overall structure on the basis of the -
successive expansion of the concepts of the subject
area. It is consistent within the diagram, which is tested j
when developing the first semantic graphs. Then the use -
of semantic concepts in the pair is checked. When the "
developer adds the consistency of the diagram, the
consistency of the complex model developed by the
automated system is checked separately (see Figure 1)
To check the complex model it is necessary to develop -
a graph of semantic links between the elements of the
automated system. An adapted method of lexical and
syntactic templates [25] was chosen to solve this
problem. Currently, there are two main classes of
methods for extracting knowledge from texts: statistical ]
method and template-based method. Each of them has 1
both advantages and disadvantages. The statistical
method is mainly focused on data flow processing.
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l_u; of this class are considered the better, the
cater the volume of the studied texts.

Ontology
of design
field

Union of
models

%; RV-
| analyzer

|

| Lexical-
| syntactic
| pattern

Template-based methods use information about the
farget language to retrieve data. The methods of this
*class are characterized by the absence of dependence on
*the volume of the studied data volume. In connection
' yith the importance of the diagnosis of errors at the
carly stages, we have selected the lexical-syntactic
templates. Lexical and syntactical patterns allow the
~ developer to create a semantic structure corresponding
't the conceptual content of the text unit. For this

' fhe text. In the analysis of the texts used the ratio of
' compatibility of text units. This ratio indicates the
recording of some syntactic and grammatical properties
of lexical units. In graphic grammars, the lexical unit is
fhe term (sub-term) of grammar combined with text
. characteristics, immersed in it. The semantic graph of
'~ fhe diagram language consists of these lexical units.
~ Let the element that represents the entity in the diagram
" e called a block, and the relationships between the
blocks be called relationships. For clarity, the authors
~ quggest that the blocks contain primitive concepts

4 (single or composite). Let the blocks be NP and the -

E ~ relations be REL. there are 3 type of relationship (REL)

o chart of use: addition (inclusion) and the expansion of

1 ~ relations “part-whole”; aggregation-the relationship of
“shove-below’”’; communication - non-deterministic
relations. Then the ontology taxonomy will be built on
NP blocks. Ontological relations are based on the
relationship REL. The following rule is used: NPi + rel
+NPj. The use case diagram inclusion rule determines
that NPj is a top-level NPj concept. In order to
implement the modified method, it is necessary to
modify the production rules of classical RV grammar.
After you run the rule, you must run the procedure to
extract semantic information from the graphical chart
element. The rule is as follows:

' reason, use is made of the features of the language of .

m ()

where  is the procedure of semantic information
extraction. The x procedure is presented as a search for
the corresponding rule in the list (for example, scenario
1). Rule (7) consists of two parts, a replacement and a
pattern. Part of the pattern describes the lexical and
syntactic pattern. Part of the block defines a quasi-term,
part of the text defines the syntactical characteristics of
the text in that quasi-term. The replacement part
determines the location of the text unit in the partial
semantic tree of the chart. For example, we proposed to
check the diagram shown in Figure 2.
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Figure 2 Use-case diagram

The example of rules for quasi-term Actor of this
diagram can be written as Script 1.

Script 1 The rule (7) for quasi-term Actor

<rule>
<pattern>
<block>
<type>actor</type>
</block>
<text>
<type>noun</type>
</text>
</pattern>
<replacement>
<place>actor</place>
<value>text</value>
</replacement>
</rule>

The following templates are used for this diagram:

block{type: actor} —> Resource > Actor [value:
name]

block{type: usecase} & block{value:
verb — Action[value: name]

block{type: usecase} & block{value: name}
noun —> Resource>Action[value:name]

Consider what is a block{type: usecase} &
block{value: name} == verb —> Action[value: name]
block. A condition consisting of two parts combined by
the & character is written in the left part. This means
that the pattern is applicable when both parts of the
condition are satisfied at the same time. The first part of
the condition means that the rule applies to the block of
the type of use. The second part is the text in the block,
which is a noun. As a result, the rule applies to a noun
in the use case block. The second part shows the place
in the hierarchy of the value of the rule. In this case, the
rule means that the fragment selected at the first stage
must be placed in the ontological network under the
concept of action. Assume that the diagram that is
shown below is described in the second step and the

name}
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result is the following semantic network. When
combining ontologies, the following main elements are
highlighted: Action, Content, Actor. The result of the
combination is shown in Figure 3. The analysis of this
diagram shows that the network will fall into two parts.
This result means that the diagrams describe different
use cases and do not agree with each other. The reason
for this result may be the following: the inclusion of the
diagram from another project; a poorly designed
scheme or absence of binding of the chart. In each case,
the Developer receives an error message, and the
second scheme is marked as incorrect. The developer
can opt out of using the second chart or improve it to
make the charts semantically consistent.

5 Example

For analysis and control of error is a plugin developed
by [17] "a syntax-oriented parser UML diagrams to MS
Visio". It contains a network diagram analysis and
management system offering a complete set of
functions for analyzing and controlling syntactic and
semantic errors of diagrams (Figure 4). The plugin
allows you to perform: analysis of any diagrams
(BPMN, UML, IDEFO, IDEF3, Petri net) not only
BPMN using Timed RV-grammar [24]; integrate as
plugins in MS Visio; checks 23 types of errors [24];
gives recommendations to the designer to improve the

chart.
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Figure 3 Use-case diagram

Found the following errors:
The cyclic connection
Invalid link

Multiple communication

Figure 4 Plugin for analysis of workflows in MS Visio

Conclusion

The proposed General scheme of ontological analysis of

diagrams allows to expand the class of diagnosed errors

of diagram models and to organize a semantic check of |
the text of diagrams. The authors used Timed RV and |
Timed RVM-grammar for visual languages, which are

actively used in as design practice: IDEF, eEPC,
BPMN, SharePoint. In further works, it is planned to
conduct experiments in eEPC and other graphic

temporary languages for the development of a
comprehensive system taking into account design data
and technological preparation of the production of the
real enterprise. We will identify new typical structural ;
and behavioral errors and describe them in our future =
works. ;
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