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Abstract—The concept of the life cycle will be topical in the 

foreseeable future. The main reason for this forecast is the 

increase of the complexity level of software and hardware 

complexes of automated systems. As a rule, the life cycle 

concept is applied to all subsystems which are involved in the 

information support, software and hardware. This approach 

covers almost all elements of automated systems. The fact leads 

to the high level of complexity of CALS systems. In addition to 

the existing approaches and models the paper proposes to 

apply the ideas of the life cycle support to the scenario of the 

automated system operating. It is obvious, that the success of 

the hardware and software complex mainly depends on the 

possibility of creating a scenario for solving problems in the 

subject area which is supported by automated system. 

Keywords—design, scenario, life cycle support, data 

exchange correctness control. 

I. INTRODUCTION 

The article introduces the concept of the life cycle of a 
scenario for solving a typical task in the subject area of 
automation. The life cycle consists of a set of stages. They 
are the following: 

 the preparatory stage; 

 decomposition of the method of solving a typical 
problem into a sequence of steps – events and 
connections between them; 

 conceptual description of events; 

 developing of information support and software for 
events of the scenario; 

 script generation; 

 implementation of the automated system scenario; 

 monitoring of the process of executing a typical 
scenario by the system and accumulation of statistics; 

 modification of the scenario during the life cycle of 
the automated system. 

The first task for the scenario lifecycle of the support 
system is generating a scenario from a set of events. The 
constructor toolkit supports the process of designing a 
scenario from the elements of the scenario-generating set of 
events. The model of the elements for developing the 
scenario is described in the article. The examples of the 
designed scenarios are described in the paper too. 

The second task is choosing an event from a set of 
alternatives. The approach for solving the problem using a 
dynamic model of the interactive process is described in the 
article. 

The third task is checking the data flows between the 
events in the typical scenario. If the datum flows are correct, 
then each datum is “at the right time in the right place in the 
computing system”. This is the basic idea of the logistics 
principle in IT systems. 

The conceptual model of data for the logistics control, the 
algorithm of checking of the data flows with an example are 
described in the paper. 

II. ANALYSIS 

Engineers use the concept of the technical system life 
cycle for designing software and hardware complexes. A 
technical system is usually considered to be an object. The 
object is supported during the life cycle. A lot of attention is 
paid to this use of the life cycle concept in the research paper 
[1]. 

The advantage of this approach is the full implementation 
of the ideas of the system method. The object is decomposed 
into subsystems and relations among them. The support of 
the subsystems and relations among these subsystems is 
carried out during the life cycle. 

This approach has an obvious drawback. It’s a high level 
of complexity. Modern software and hardware complexes 



 

 

integrate a large number of subsystems and relations among 
them. Thus, the CALS system for supporting software and 
hardware complexes becomes an object of high level 
complexity. It is the reason why the CALS system distances 
itself from the systems – objects of support. 

The paper proposes using the life cycle concept for the 
operation scenario in an automated system. The proposed 
method [2-3] is an alternative to the classical approach [1]. 
The scenario of an automated system operation is a set of 
events and cause-and-effect relationships among the 
elements. The scenario is represented, as a rule, by the 
models of a graph or adjacency and incidence matrices. The 
set of events maps in the set of vertices of the graph. The set 
of relations maps in the set of the graph edges. 

Today the operation of most commercial automated 
systems is based on a scenario model or its modifications (a 
block diagram, a flow chart, EPC diagrams, etc.). The 
success of the scenario implementation in an automated 
system is a very important element of the efficiency of the 
hardware and software complex as a whole. Thus, it is quiet 
logical to support the operation scenarios in an automated 
system during the life cycle. 

Note, that the scenario of the automated system is a 
model, an abstraction. Thus, the support of the operation 
script during its life cycle is qualitatively different from the 
support of the hardware elements or software modules in an 
automated system. 

III. METHODOLOGY 

Definition. The life cycle of the scenario consists of a set 
of stages. They are the following: 

 designing a structure of events for solving a problem 
in the subject area of operation the automated system; 

 supporting the scenario during the operation of the 
system; 

 migration of the automated system to other platforms 
or integration with other systems. 

The life cycle scenario does not have the stages of 
disposal because a qualitatively designed automated system 
is in constant development. It adapts to changes in the 
external/internal environment and has a phase of 
transformation into a new quality of IT product instead of a 
recycling phase. 

Definition. A typical task in the subject area is a task that 
is reproduced, formalized by models, and is subject to 
automation for solving with the use of a software and 
hardware complex. 

Usually the typical task has several solutions that have to 
be supported by an automated system. 

Definition. A typical scenario of the automated system 
operation is a scenario for supporting the solution of the 
typical task in the subject area of the hardware and software 
complex operation. 

The typical scenario has a set of phases during its life 
cycle. They are the following: 

1. Preparatory stage. It contains research into a subject 
area, formalization of typical tasks, setting associative 

links between them, formation of ways to solve a 
typical task. 

2. Decomposition of the typical task solution into a set 
of steps/events and setting the relations among them. 

3. Conceptual descriptions of events. It consists of 
functional content, input/output data, constraints and 
other useful technical information. 

4. Developing of software and information support for 
the events of the scenario. 

5. Scenario generation. The stage includes setting cause-
and-effect relationships in the event structure. 

6. Implementation of the script using the interpreter of 
the automated system. 

7. Monitoring the process of executing a typical scenario 
in the automated system and accumulating statistics. 

8. The modification of a typical scenario for supporting 
during the life cycle in the automated system. 

When a developer designs the information support of an 
event, it is necessary to create a conceptual model of the 
object. The conceptual model is a machine-independent 
model for describing an event, which has to allow using the 
event in several scenarios of the operation in the automated 
system and in alternative software and hardware complexes 
(in the future). In the paper the conceptual model is referred 
to as an event passport. The event passport keeps the 
following information. 

 the list of tasks that the event solves in the subject 
area; 

 the list of identifiers of the input data of the event; 

 the list of identifiers of the output data of the event; 

 the description of the procedures for generating the 
values of the event outcome flag (the identifier of the 
causal relationship for the initialization of the next 
scenario event in a scenario); 

 the restrictions on its use; 

 the list of procedure identifiers for verifying the 
correctness of the input data. 

The event passport stores a collection of data to support 
the set of operations. They are the following: the detection of 
incorrectly formed input data for an event of the script; the 
identification of problematic events in the scenario structure; 
sorting out problematic (emergency) situations. 

The conceptual model of the event passport is presented 
in Fig.1. The entity is filled in gray in Fig 1. Event attributes 
are represented by white rectangles.  The event passport is 
the starting point for creating a logistic algorithm for 
verifying correctness of a scenario. 

IV. CONSTRUCTOR MODEL 

Let us consider the constructor model. It is used for 
describing the process of designing the scenario (stage 5 of 
the scenario life cycle). The event in the graphical 
interpretation is represented by the vertex of the graph. The 
causal relationship of the scenario is represented by the edge 
of the graph (Fig.2). The constructor model supports the 
development of various script structures using the scenario-



 

 

generating set of events E. Each causal relationship 
corresponds to an edge with an identifier. The edge has a 
terminal. It is indicated by an arrow in the Fig.2. An event 
(an element of the set E) can be entered into the terminal. 
Thus, the developer constructs various scenarios for the 
operation in an automated system from the elements of the 
scenario-generating set E. Examples of scenario event 
structures are shown in Fig. 3-4. 

 

Fig. 1. Conceptual model (E-R diagram) the passport of an event. 

 

Fig. 2. Elements of the scenario-generating set of events E (Events) in the 

Constructor model. 

 

Fig. 3. Scenario 1 is constructed from elements of the set E. 

Developing event structures from elements of the set E 
involves two technical problems. The first one is the task of 
choosing an event which has to enter a free terminal. 

It is the task of selecting an element from a variety of 
alternatives. The reason for the appearance of this task is a 
situation that is reproduced in the set of events E, where 
there are various events that have to solve the problem of the 
event in the subject area in different ways. For example, the 
task of finding a local minimum in the range of acceptable 
values for a nonlinear function has to be solved by the 



 

 

following methods: full enumeration, gradient descent, the 
steepest descent method, and others. 

 

Fig. 4. Scenario 2 is constructed from elements of the set E. 

Thus, at the stage of script developing (stage 5 of the 
scenario life cycle) the developers need to have the tools for 
supporting the procedure of selection the necessary element 
from the set of alternative events. In this paper it is proposed 
to use the mathematical model of interactive resource 
management in the field of technical systems and objects [3]. 

V. TOOLS FOR CONTROLLING INFORMATION FLOWS 

The second difficulty in the process of designing 
scenarios from elements of the setE is the appearing of 
logistical problems. The logistical problems cause 
emergency situations. 

The definition. An emergency situation takes place when 
incorrectly formatted input data are supplied to the input of 
the initiated ei event, or when the data in the hardware and 
software complex are not formed. 

The reason for this situation is usually the following: 
when a developer designs a scenario using the сconstructor 
model, she or he has a direct access to all system resources 
without restrictions. An inexperienced developer runs a risk 
to develop a scenario with the problems which have been 
described above. 

Obviously, if a designer intendsto create an accident-free 
scenario, it is necessary to equip the designer with tools for 
identifying and correcting logistical problems. The principle 
of logistics in the IT subject area [4] is formulated as 
follows: "Every required and correctly formed parameter 
must be at the required time and in the necessary address in 
computer memory or database". Using the approach we have 
to consider the scenario of solving a problem in the subject 
area as a scenario which has to be supported by the logistics 
tool. Each event of the script uses input data and generates 
output data. The identifiers of the input and output 
parameters are stored in the event passport (Fig. 1). 

If during the process of   solving a typical task in the 
subject area, all the input and output data of events are kept 
in the system, the tools in the event passport provide  an 
opportunity to develop a fairly simple and effective 
algorithm for logistics control. The algorithm checks the 
validity of the inclusion of an event in the scenario being 
developed. 

The process of designing a scenario using the constructor 
model is carried out sequentially, step by step. Each step 
(iteration) consists of selecting an event-candidate from the 
set of events. Evidently, the scenario of solving typical tasks 
in the subject area has to have the starting event. The event 
should be marked.  

 

Fig. 5. The algorithm of checking the process of designing a scenario from 

elements of the set E (Events). 

In general, there are several routes from the starting event 
to the stopping event in the scenario of solving a typical task. 
The algorithm for controlling the logistical correctness of the 
accession of the event-candidate in the scenario is based on 
the following steps: 

 detection of all routes from the start event to the 
event-candidate; 

 formation of a list of parameters which are generated 
in the hardware and software complex for every route. 
For the operation one has to use the list of events in 
the route and the set of event passports; 

 comparison of the list of parameters which are 
generated in the system during the route (or routes) 
with the list of input parameters of the event-
candidate. 

An algorithm for checking the correctness of including 
the event-candidate in the designed scenario is shown in    
Fig. 5. 

VI. EXAMPLE 

Let us consider a scenario for solving the task of 
synthesis of an optimal regulator for a discrete linear system 
with a quadratic quality criterion (1)-(2) (Fig.6). The user of 
the system has to develop an operation scenario for solving 
the task using the set E of. One of the scenarios for solving 
the tasks is presented in Fig.6. The mathematical model of 
the projected object is represented by the system (1). 
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where xk is the n-dimensional state vector; ukis the 

m-dimensional control vector; kis the p-dimensional random 
noise vector in the object; yk is the l-dimensional 

measurement vector; k is the l-dimensional noise vector in 
the measuring system; A, B, C, H are matrices of state, 

control, perturbation, meter with dimensions nn, n*m, n*p, 

n*l, respectively; the matrices F and  of the weighting 
coefficients have dimensions n*n and m*m;N is the number 

of steps of the transition process; the noises k and k are 
described by discrete random functions Rk, Qk, k=0,1, ... . It 
is required to calculate the values of the regulator G 
according to the algorithm [5]. 

 

Fig. 6. Scenario with logistical problem in the structure of events. 

The designer uses the dialog system constructor for 
solving the task of synthesis of the optimal regulator for the 
system (1) with the quality criterion (2). The solution 
scenario is presented in Fig. 6. A mistake was made when 
the scenario was being designed. 

Let us consider how this error is detected and corrected. 
The algorithm for checking the correctness of the inclusion 
of the ek– event in the scenario createsa  list (3) of data which 
are generated in the CAD system during the process of 
operating from the start event to the event-candidate (e100). 
The algorithm finds routes from the starting event (e1 is the 
beginning event) to the event-candidate (e100– event of 
synthesis of the parameters for the G controller). In the 
example there is only one route which connects the 
events:e1,e2,e3,e4,e5,e6,e7,e8,e9,e10,e11,e12,e13. Then, the 
algorithm generates a set of parameters which are generated 
during this routine in the system: 

 kQ,kR,N,siP,iF,C,B,A,I,p,m,n





The passport of the event (e100) contains the list (4) of 
parameters which have to be generated in the system before 
initializing the event. 

 kQ,kR,N,siP,iF,H,C,B,A,I,p,m,n





 

Fig. 7. Scenario after correction of the logistical problem. 

Comparison of sets (3)-(4) shows that for the correct 
initialization of the event-candidate (e100), it is necessary to 
add the event of forming the values of the missing parameter 
– the matrix H (an event with an identifier e77). 

VII.  CONCLUSION 

The article discusses the concept of the life cycle in 
relation to the scenario for solving a typical task in an 
automated system subject area. It is shown that scenario 
support is a causal factor of the success of using an 
automated system in its subject area. This approach differs 
from the classical one because the traditional concept of the 
life cycle is applied to software and hardware complexes. 
The article pays attention to the scenario design tools. The 
tools are based on the model constructor. Tools are used for 
supporting the process of developing a scenario from 
elements of a scenario generating set of events E. An 
approach to choosing an event from a set of alternatives is 
described. The application of the scenario support concept 
during its life cycle allowed to formulate a logistic algorithm 
for checking the correctness of the structure of events. An 
example of the application of this algorithm is considered in 
this paper. 

The production model of the operation scenarios in 
automated systemsis used to solve a set of tasks. They are the 
following: 

-  developing  dynamic models [6-7] of automated system 
operations [2]; 

- designing tools for implementing the logistics approach 
in automated systems [4]; 

- developing  tools for building automated systems of 
situational type [8] (a subsystem for implementation 
ofscripts ); 

-designing  systems of objects for    assembling software 
[9-10]. 
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