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The graph template for designing the conceptual
and logical model of business processes and
technical systems

Valerii P. Khranilov, Pavel V. Misevich, Pavel S. Kulyasov, and Elena N. Pankratova

Abstract— Currently the task of reducing the cost of
software and information support for processes in various
subject areas is actual. The method of developing a conceptual
model in the form of a graph-template is described in the
article. The proposed method allows IT designers to create
conceptual models with minimal cost. The use of the template
graph allows one to create a graph conceptual model that is
mapped into a multidimensional logical data schema. The
proposed method is oriented at developing a multidimensional
database schema. The method is based on a sequence of steps:
the research of the subject area; the creation of process
models; the design of a conceptual model; the design of a
multidimensional database model. The multidimensional model
supports the use of business intelligence methods and allows I T
staff to use OLAP analysis. The technology to adapt the graph-
template for describing a subject area is used for developing
the conceptual model. Then the conceptual graph model
transforms to a multidimensional data model for supporting
OLAP analysis. Thus, the use of a graph template reduces the
cost of designing information support using DB. This method
has been tested in the design of information support of business
processes and monitoring systems.

Keywords— business process model, EPC, frame, technical
systems.

I. INTRODUCTION

Currently the task of reducing the cost of software and
information support for processes in various subject areas is
actual.

The relevance of the task is confirmed by the
development of various new IT technologies. They
permanently improve the software and information support
of business and technical processes, reduce overall costs of
IT projects, and improve the design process.

We highlight the use of templates for building software
[1] and information support [2] of processes asa promising
area of research. The paper [2] describes a method for
building information support for business processes in
various subject areas. The method uses templates of the
conceptualmodel. The model is based onthe abstractgraph
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template.

The method is based on adapting the elements of an
abstract graph template to a specific subject area. The
adaptation involves setting associative links between the
business process model and template elements.

They are the following:

e setsof edges;

e Vvertices;

o typical classes of objects that are "attached” to graph
elements, if it is necessary.

Thus, the graph template is transformed into a graph
conceptual description of the subject area. The conceptual
graph model is mapped into a multidimensional data model
or implemented using a snowflake structure in a relational
database.

I1. TECHNOLOGY FOR DEVELOPINGINFORMATION SUPPORT

Let us define the categories that describe the technology
for designing a multidimensional model.

Definition 1. A conceptual model template is a data
structure that is "customized" to a specific domain and
transformed into a conceptualdata model.

Definition 2. A graph template of a conceptual model is
an abstract graph that keeps a set of objects. They are the
following:

e vertexes;

e edge ofthe graph;

o theoretical primitives of varioustypes thatare "attached"
to graph elements to detail the description of the subject
area.

Definition 3. The adaptation of the graph template to the
subject area consists of a sequence of steps. They are the
following:

e defining a set of specific vertices in a conceptual model
(the total number of vertices which can be divided into
subsets);

e setting associative links between vertices and elements
of the subjectarea;

e defining the set of edges (the total number of edges,
dividing them into subsets, if it is necessary);

o formalizing the general structure of the graph-
conceptual model (for example, using the incidence
matrix);

e detailing the conceptual model to assign the elements of
the theoretical primitives (definition 2) to the graph —
conceptual model. The associative links are used for
assignments.
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Definition 4. The template graph is mapped into a
multidimensional data model using two steps. Step 1.
Determine the number of dimensions (axes) and assign
names to them. Step 2. Distribute the set of facts in the cells
of the multidimensional model.

The method of building information support is based on
the three stages. They are the following.

1. The study of the subject area and the development of the
model (of a process or a system) using notations that are
natural for specialists, users and experts in the field. The
result of this stage is the formalization of the model: the
definition of a system of objects and relationships
between them.

2. The graph template is superimposed on the structure of
the model (step 1). Thus, the graph template adapts to
the subjectarea and transformsinto the graph conceptual
model.

3. The conceptual model is mapped
multidimensional data model (definition 4).

Let us describe the composition of the template graph.
The template graph consists of a set of vertices V ={v1, v2,
.. vk} and a set of edges E ={el, e2, ... el}.

Objects of various types can be attached to the set of
edges and vertices (theoretical primitives — definition 2).
The objects can be the following:

e numerical values (measures);

e descriptors to varioustypes of computational procedures
(arithmetic, logical and others);

e framesi.e. tools used for describing situations;

e comments;

e SENnsors;

e otherelementsare primitives from the subject area of the
study (for example, agents, etc.).

The conceptualmodelsupportsattachingvarioustypes of
procedures to vertices and edges directly (without frames or
intermediate objects).

It is also possible to attach comments to the vertices or
edges of the graph. We do not consider the commentary asa
frame, because it does not have the tools to adapt to the
subjectarea.

Let us consider the frame as the main element, as
theoretical primitive, which is used to modify a
mathematical graph. The frame structure can be described
by the Backus-Naurform.

frame ::=<classic frame by M. Minskiy>|
<multimedia frame>|<frame with fuzzy logic
procedures>|

The frame consists of a name (ID), an unlimited number
of slot - terminal pairs, and procedures i.e. demons|[3].

Practice has shown that it is useful to attach multimedia
objects[4] or procedures with fuzzy logic [5] to frames.

The multimedia frames [6] are an extension of the
concept of a frame, which was introduced by Marvin M.
Minskiy. The multimedia frame may include multimedia
objects.

onto the

Multimedia object ::= <electronic map>|
|<presentation>|<diagram>|<video clip>|
|<animation>|<audio track>

The analysis of technical tasks in the subject areas of
monitoring and remote control systems [7] has shown the

expediency of using multimedia framesin the practice of an
IT designer.

I1l. EXAMPLE

The process [8] is described in the notation of the EPC
diagram. It describes the life cycle of the request (Fig. 1).
The description of the EPC diagram blocks is presented in
Table 1. Let us develop a conceptual model (CM) for
collecting the data about the passage of the requests in the
company. This data is used for statistical analysis of
customer service quality. The conceptual model is
developed in the form of a graph (Fig. 2). In the graph the
vertices of correspond to events, functions, and logical
operators (Fig. 1). Frames are attached to the vertices of the
graph to collect statistics. The list of frames is shown in
Table 1.

All vertices of the conceptual model are associated in the
subjectarea with the events in the EPC diagram.

- Event
. ] Function

Connection
"Acticate"

Operator
"AND”

&
&

ek

A
> A -

Fig. 1. Example ofabusiness process model in EPC diagram notation.
TABLE 1. THE DESCRIPTION OF THE EPC DIAGRAM BLOCKS
Block Description
Event1 A requestforconnsgg:ir:/ggthe service has been
Function 1 Register the request
Event2 The request has been registered
Function 2 Issue a contract
Function 3 Organize the connection
Event3 The contract has beensigned
Event4 The connectionis organized
Function 4 Start providingthe service
Event5 The client's request has been processed

The article [9] describes the process of mapping a graph —
conceptualmodelinto a logical database schemainthe form
of a "snowflake" (into a multidimensional model). This is a
typical transformation of a conceptual graph model into a
logical schema of a multidimensional model. The logical
schema is implemented in the MS SQL Server database
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management system. Here is a logical diagram of the
database which is based on the conceptual graph model
(Fig. 2).

TABLE II. LIST OF FRAMES FOR COLLECTING STATISTICS ON REQUEST
AND ON THE STAGESOF THEIRLIFE CYCLE
ID of the
graph .
vertex OR Slot name Terminal
frame
Slot1 - requestcycle ID Tgrmmal'l kegps an
Slot 2 - Date and time of Integer |dent|f|e_r
V1 receipt Term'mal 2_— dat}e—tlme
Slot 3 - The type of request Terr_nmal_3_ IS an integer
is the customer's status ID identifier of the
customer's status.
. Function 1 Terminal 1 —
V2 Slot 1 - Date time: Date and time of receipt
V3 Slot 1 - Date time: Ter”_"”a' 1- Da}te and
time of receipt
L Terminal 1 — Date and
A2 Slot 1 - Date time: time of receipt
. Terminal 1 — Date and
V5 Slot 1 - Date time: time of receipt
. Terminal 1 — Date and
V6 Slot 1 - Date time: time of receipt
L Terminal 1 — Date and
V7 Slot1 - Date time: time of receipt
N Terminal 1 — Date and
V8 Slot 1 - Date time: time of receipt
. Terminal 1 — Date and
V9 Slot 1 - Date time: time of receipt
V10 Slot 1 - Date time: Tem.“”a' 1- De}te and
time of receipt
. Terminal 1 — Date and
V11 Slot 1 - Date time: time of receipt

Request cycle 1D: terminal
Date time: terminal
el The type of request: VIP

Date time: terminal

Date time: terminal

Date time:
terminal

Datc time:
terminal

Date time: termunal

Fig. 2. Model in the form of the graph.

Let us describe the tables. The CD table stores the
incidence matrix (Fig. 3). The tablesnamed V and E are the
catalogs of vertices and edges. The list of vertex classes is

stored in the table named Type_V. The catalog of frame
identifier names is stored in the table named F. For each
frame, the set of pairs (slot ID) is stored in the S-T table.
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Fig. 3. Implementation in thelogical scheme ofthe conceptual model.

Let us focus on the logical data model (Fig. 3). The tables
named V and E are the catalogs of vertices and edges. Let
us consider the types of fields in Table V. The fields are
described in Table 3. The table stores the description of 11
vertices in the graph (Fig. 2) in our example.
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TABLE IIl. THE DESCRIPTION OF THE FIELDSIN TABLEV TABLE VII.  THE DESCRIPTION OF THEFIELDSIN TABLE E
Column Column
Ne hame Data type Note Ne name Data type Note
1 ID_V int Key field 1 ID_E int Key field
Foreign key. The key is Foreign key. The key is
2 FK_ID_Type int used to identify the 2 Fk_ID_F int used to identify the ID
vertex class frame
Foreign key. The key is The field storesthe
3 Fk_ID_F int used to identify the ID 3 Name nchar(50) edge name
frame 4 Memo nvarchar The field keepsa
The field stores the (MAX) comment
4 Name nchar(50) vertex name
nvarchar The field keepsa ;
5 Memo (MAX) comment Table 8 shows the columns in table E. The columns

Table 4 shows the rows of the table V. The columns
describe the vertices of the example graph.

describe the edges of the graph (Fig. 2).

TABLE VIII. THE COLUMNS INTABLEE

ID Name_Type Comment
TABLE IV. THE ROWS OF THE TABLE V 1 E1l Between V1 and V2
ID_V FK_ID_Type | Fk_ID_F Name_V 2 E2 Between V2 and V3
1 1 1 V1 3 E3 Between V3 and V4
2 2 2 V2 4 E4 Between V4 and V5
3 1 3 V3 5 E5 Between V5 and V6
4 3 4 va 6 E6 Between V6 and V9
5 2 5 V5 7 E7 Between V4 and V7
6 1 6 V6 8 ES Between V7 and V8
7 2 7 V7 9 E9 Between V8 and V9
8 L 8 Ve 10 E10 Between V9 and V10
9 3 ° Vo 11 El1 Between V10 and V11
10 2 10 V10
1 1 11 Vil Let's describe the fields in thetable CD (table 9).

The table Type_V stores information about vertex classes

TABLE IX. THE DESCRIPTION OF THE FIELDSIN TABLE CD

in the conceptual model. Table 5 describes the names of its No Cr?'l;]m” Data type Note
fields and their formats. ame - -
1 ID_V int Key field
TABLE V. THE DESCRIPTION OF THE FIELDSIN TABLE TYPE_V Foreign key. The key is
o 2 Fk_ID_E int used to identify the
olumn
Ne Data type Note vertex class
name yp Foreign key. The key is
1 ID_V int Key field 3 Fk_ID_F int used to identify the ID
- - frame
Foreign key. The key is -
2 Name_Type nvarchar used to identifythe The field storesthe
(50) vertex class value of +1 if the edge
- The field k 4 Incidence int enters the vertex,and -
nvarchar erield keepsa 1 if the edge exits the
8 Comment (MAX) comment verqtex
_ _ 5 Name_Data nvarchar Th_e fl_eld storesthe
Table 6 shows the fields in the table Type_V. (50) incident name
- 6 Memo nvarchar The field keepsa
(MAX) comment

TABLE VI. THE FIELDS INTABLE TYPE_V

1D Name_Type Comment
1 Event NULL
2 Function NULL
3 Logical operator NULL

The fields of the table E are described in Table 7. The
table stores the description of the graph edges (Fig. 2).

The fragment of the graph description (Fig. 2) in the CD
tableis presented in thetable 10.

The table F stores information about the frame name.
Table 11 stores a description of its fields.

Table 12 describes the rows of columnsin table F.

The S_T table stores information about the set of slot-
terminal pairs. The number of the pairs is unlimited. The set
of pairs defines a description of the situation in the subject

44



International Journalof Open Information Technologies ISSN: 2307-8162 vol. 14, no. 4, 2026

area. Table 13 describes the names and fields in the S_T ID_F Name_F
table. 11 monitoring events of the vertex V11
TABLE X. THE FRAGMENT OF THE GRAPH DESCRIPTION IN THE CD
TABLE
ID Fk_ID_E Fk_ID_V Incidence
— — TABLE XIll. THE DESCRIPTION OF THEFIELDSIN TABLES_T
1 1 1 -1
2 1 2 1 Ne Cr? ;lrjnrzn Data type Note
3 2 2 -1 1 IDST int Key field
The secondary key is
4 2 3 1 2 Fk_ID_D int used to relate to the F
5 3 3 -1 fable ___
The secondary key is
6 3 4 1 3 Fk_ID_F int used to relate to the
daemon (procedure)
! 4 4 1 4 Name_S nv(zg(c);lar The slotname
8 4 5 1 5 Memo S nvarchar The field keepsa
9 5 5 1 - (MAX) comment
nvarchar The terminal name
6 Name T
10 5 6 1 - (50)
nvarchar The value of the
11 6 6 -1 ! Value_T (50) terminal
nvarchar The field keepsa
12 6 9 1 8 Memo_T (MAX) comment
13 7 4 -1 ) ) )
4 . . 1 The machine representation of the set of Slot-Terminal
pairs is represented by the rows in Table 14.
15 8 7 -1
TABLE XIV. RECORDSINTHE TABLES T
16 8 8 1
1D Fk_1 Value Mem
17 9 8 -1 sTIDE Memo_S Name_T T |loT
The cycle
18 9 9 L 1 1 key (ID) of | Terminal 1: Cycle 7 int
19 10 9 1 the request ID
(V1)
20 10 10 1 Date and 0803
2 1 time of Terminal 2: Date- 2026 Date
21 11 10 -1 receipt time . time
09:00
22 11 11 1 (V1)
Customer Terminal 3:
3 1 status ID Custome_r_Status 3 int
TABLE XI.  THE DESCRIPTION OF THE FIELDSIN TABLE F (V1) Identifier
ol Initializatio | Terminal1—Date | 0803 Date
olumn .
Ne e Data type Note 4 2 ndateand | andtimeofevent 2026 time
time (V2) triggering 09:30
1 ID F int Key field Initializatio | Terminal1-Date | 0803 Date
— ~varchar 5 3 ndateand | andtime of event 2026 time
2 Name_F (%8) a Frame Name time (V3) triggering 10:00
b The field K Initializatio | Terminal1—Date [ 0803 Date
3 Memo n(\l(/la/rACXE)ir ene eetps a 6 4 n date and and time of event 2026 time
commen time (V4) triggering 10:00
Initializatio | Terminal 1 — Date Date
TABLE XII. THE ROWS OF COLUMNS TABLE F 7 5 ndateand | andtimeofevent | NULL firne
time (V5) triggering
ID_F Name_F Initializatio | Terminal 1 — Date Date
1 monitoring events of the vertex V1 8 6 ndateand | andtimeofevent | NULL time
— time (V6) triggering
2 monitoring events of the vertex V2 Initializatio | Terminal1l-Date | 0803 |
. ate
3 itori s of th texV3 9 7 ndateand | andtime of event 2026 time
monitoring events of the vertex time (V7) triggering 10:30
4 monitoring events of the vertex V4 Initializatio Term_mal 1-Dat | 0803 Date
10 8 n date and and time of event 2026 time
5 monitoring events of the vertex V5 time (V8) triggering 11:00
Initializatio | Terminal1—Date | 0803 Dat
6 monitoring events of the vertex V6 11 9 ndateand | andtime of event 2026 t'a €
o th time (V9) triggering 11:00 Ime
monitoring events of the vertex V7 Initializatio | Terminal1—Date | 0803 | .
8 monitoring events of the vertex V8 12 10 ndateand | andtimeofevent | 2026 | .
time (V10) triggering 12:00
9 monitoring events of the vertex V9 Initializatio | Terminal1-Date | 0803 Date
13 11 ndateand | andtime of event 2026 time
10 monitoring events of the vertex V10 time (V11) triggering 12:15
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Let's describe the relationships between the tables
(Fig. 3). The table Fis related to the table S_T by the one-to-
many relationship. Thus, an unlimited number of slot-
terminal pairs correspond to a single frame name. The table
F is also connected to table E by a one-to-many relationship.
This is used to attach the frame to the edges of the graph.
Similarly, table F is related to table V by a one-to-many
relationship. This is used to attach the frame to the vertices
of the graph.

The table V is related to the table Type_V by the one-to-
many relationship. This is used to divide the set V into
classes. The V table is also linked to the CD table by a one-
to-many relationship to describe the graph structure.

Table E is connected to table CD by a one-to-many
relationship to describe connectionsin the graph.

IV. CONCLUSION

The proposed method of building information support is
based on the use of a conceptualgraph template. Itallows IT
designers to create conceptual models with minimal cost.
The use of the template graph allows one to create a graph
conceptual model that is mapped into a multidimensional
logical data schema. The proposed method is oriented at
developing a multidimensional database schema. The
method is based on a sequence of steps. They are the
following: the research of the subject area; the creation of
process models; the design of a conceptual model; the
design of a multidimensional database model. The
multidimensional model supports the use of business
intelligence methods and allows IT staff to use OLAP
analysis.
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