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Abstract. The paper deals with the use of the design thinking approach in creat-
ing the architectural views considering the motivational excitement and goal 
setting in designing the software intensive systems (SIS). In this case, any ar-
chitectural view is formed in work with the system of conceptual equations, 
solving of which is based on the designer’s reasoning of the abductive type. In 
conditions of automated design thinking, such reasoning helps to define word-
ings of the tasks, constructive relations binding motives, goals, and require-
ments integrated into the corresponding view. For all views included in the 
architectural description, these relations are useful to combine, visualize, and 
interpret as motivationally targeted view demonstrated which architectural deci-
sions correspond to the intended goals. 

Keywords: Architectural Modeling, Design Thinking, Goal, Software Intensive 
System, Viewpoint, Task Wording. 

1 Introduction 

Designing of any software Intensive system (SIS) is a unique process of operative 
combining the numerous and diverse project tasks, the greater part of which is unpre-
dicted to be arising in the course of the corresponding project.  For any of unpredicted 
tasks, it will need to build the wording considering the context of its appearing. 
Moreover, the wording of the unpredicted task (or new task) should be coordinated 
with the wordings of other tasks defined before. In such a work, it needs the order that 
is better to coordinate with the stepwise refinement process of work, beginning with 
the initial wording of the main task of the corresponding project. During this process, 
step by step, it will be formed levels of the grouped tasks.  

Among these levels, the especial place occupies the first level of architectural tasks  
ሼܼ௜

஺ሽ that are targeted on understandable descriptions of the SIS from the viewpoints 
of diverse groups of stakeholders involved in the design process. When this level is 
built and tested, the obtained result as an integrated architectural description AD will 
play the role of a conceptual version of the SIS, reflecting its understanding as a 
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wholeness, which will be demanded by stakeholders at all stages of developing the 
SIS. Therefore, coordinated wording of a set of architectural tasks is very important. 

In this paper, we propose a way for coordinated wordings of a set of tasks ሼܼ௜
஺ሽ in 

conditions of its becoming So, this way is responsible for the initial wording of the 
main task of the project and subordinated tasks that are included in the project at the 
first level of the stepwise refinement process of the SIS architecture. So, this process 
captures a part of the conceptual design phase when tasks of the set ሼܼ௜

஺ሽ are solved 
only conceptually and only for their coordinated wording. Any conceptual solution of 
the task ܼ௜

஺ includes textual and graphical components that are combined in the whole 
expressed the intended understanding.  

We objectify the proposed way in the instrumentally modeling environment WIQA 
(Working In Questions and Answers) that supports conceptual designing the SISs [1].  

2  Preliminary bases of coordinating the architectural views 

Professionally mature development of any modern SIS is unthinkable without the 
mandatory construction and operational use of an artifact AD. As a sample of verified 
structures and embedded understanding, AD plays a managerial role, providing the 
correspondence between this sample and the current state of the SIS in the design 
process. Should also be highlighted, this version is the first (earliest) representation of 
SIS as a wholeness, which can be tested to detect dangerous semantic errors. 

Marked positives of AD were the reasons for intensive accumulating the experi-
ence of architectural modeling that was generalized in several standards among which 
it should be noted the standard ISO / IEC / IEEE 42010: 2011. This standard assumes 
that the AD is the system S({Vj}) of “architectural views” {Vj}, based on correspond-
ing “viewpoints” {VPk}, each of which specifies “the conventions (such as notations, 
languages, and types of models) for constructing a certain kind of view. That view-
point can be applied to many systems. Each view is one such application” [2]. 

Thus, in designing the certain SIS, at the conceptual stage of the work, responsible 
designers (fulfilling the role of the architect) must choose an appropriate set of views 
{Vj} and develop them so, that they form a coordinated system S({Vj}). Moreover, 
the main purpose of designers’ activity is to determine the basic requirements for the 
SIS and to express them in a visually understandable form. 

Such work should be rationally organized and fulfilled. That is why, in designing 
the SIS, it needs to separate a subset of architectural tasks ሼܼ݅

 ሽ among all tasks of theܣ
project. Then tasks of this subset should be solved so that they will be transformed 
into the system of tasks ܵሺሼܼ݅

-ሽሻ with obviously indicated features as the certain sysܣ
tem. 

Since each of the architectural views is a systemic formation then the main features 
of the system ܵሺሼܼ݅

ሽሻ should be defined at the meta-level of the subset ሼܼ݅ܣ
 ሽ. Forܣ

designers, the features of meta-level are better to represent so that they will have the 
managerial potential for developing the system S({Vj}). This case of organizing and 
creating the AD will lead to the necessity of searching the rational ways for defining 
of meta-level means that provide effective coordination of architectural views. 
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In our deep conviction, the coordination steps should be rationally intertwined with 
other actions of stepwise refinement in the process of solving the architectural tasks 
ሼܼ݅

-ሽ. Moreover, firstly, it needs to achieve coordinating of their wordings in condiܣ
tions of sufficient substantiations. 

This conviction is caused by our more the twenty years experience of studying the 
stepwise refinement in processes of solving the project tasks at the conceptual stage of 
designing the SISs. Main directions of this study are shown in figure 1, where it is 
highlighted that basic actions of the stepwise refinement were conducted using ques-
tion-answer reasoning (QA-reasoning). 

 

Fig. 1. Basic applications of QA-nets 

In this scheme, one can view a visual tree of nodes, any of which has X or Y-type, 
but nodes can have not only hierarchical relations. They can be bound by common 
additional attributes modeling useful semantic relations. Thus, in the general case, the 
structure can have the form of the question-answer net (QA-net). In applications indi-
cated on the scheme, QA-nets were used for modeling the different essences of the 
operational space of designing the SIS in their reflection on QA-memory of the toolkit 
WIQA. Moreover, units of these nets were interpreted as verbal “traces” of interac-
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tions of designers with an accessible experience and its models. Note that the features 
of our research are described in detail in monograph [3]. 

In any domain of our research, we developed the specialized means that (as subsys-
tems) were embedded into the toolkit WIQA. In designing them, we applied the archi-
tectural approach, one application of which is presented in [4]. 

3 Conceptual equations 

Let us return to the problem of coordinating the architectural views. Firstly, we focus 
on architectural modeling as a kind of activity in which the designers most fully mani-
fest the features of design thinking. To underline these features, for the typical reason-
ing used by designers, Dorst [5] suggests using the expression 

ܶܣܪܹ
ሺ݄݃݊݅ݐሻ

	൅	
ܹܱܪ

ሺ݃݊݅݇ݎ݋ݓ	݈݁݌݅ܿ݊݅ݎ݌ሻ
	ݏ݈݀ܽ݁	

ܶܮܷܵܧܴ
ሺ݀݁ݒݎ݁ݏܾ݋ሻ

 

which can be fitted on problematic situations arisen in designer’s work. In investigat-
ed design situations, a researcher should define and insert adequate “constant’ and/or 
‘variables’ in this expression after which it can be interpreted as a specific ‘equation.’ 
 Such interpretation helped to Dorst in analyzing the following kinds of equations: 

 DEDUCTION   ܹܶܣܪ	 ൅ ?	ݏ݈݀ܽ݁	ܹܱܪ	 ? ? 
 INDUCTION 				ܹܶܣܪ	൅	? ? ?  RESULT	ݏ݈݀ܽ݁	
 ABDUCTION 1 ? ? ?	൅	ܹܱܪ	ݏ݈݀ܽ݁	RESULT 
 ABDUCTION 2 ? ? ?	൅	? ? ?  RESULT	ݏ݈݀ܽ݁	

According to the conducted analysis, Dorst concluded that abductive types of rea-
soning define the nature of designing as a human activity in problematic situations. 
Moreover, for design practice, the most typical reasoning corresponds to conceptual 
equations of the fourth kind, which require the use of iterative reducing the uncertain-
ties of ‘unknowns’ till their appropriate ‘values.’ 

Such a way opens up the possibility for the reasoning of designers even in condi-
tions  

?ܶܣܪܹ ? ?
ሺ݄݃݊݅ݐሻ

	൅	
?	ܹܱܪ ? ?

ሺ݃݊݅݇ݎ݋ݓ	݈݁݌݅ܿ݊݅ݎ݌ሻ
	ݏ݈݀ܽ݁	

?	ܶܮܷܵܧܴ ? ?
ሺ݀݁ݒݎ݁ݏܾ݋ሻ

 

in which the designer iteratively sets intermediate values for two unknowns, calculat-
ing the third unknown in the conceptual equation to be solved.  

Considering equations of all kinds are formed in different situations for diverse es-
sences corresponded components of equations, but, in any case, they reflect cause-
and-effect inferences that are intertwined in the design process. Among these infer-
ences, solving the abductive equations occupy the principal place. 

Let us assume that we chose conceptual equations for creating the initial wordings 
of project tasks. Such a decision requires determining the mechanisms that designers 
will use for working with similar equations. In our deep conviction, the role of these 

(2) 

(1) 
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mechanisms can fulfill an appropriate version of implementing the design thinking 
approach (DT-approach). 

Our conviction is caused by the following features of the DT-approach: 

1. Steps of its application include wording for the task to be solved 
2. For the potential solution of the task, the step of prototyping focuses on physical 

and conceptually algorithmic feasibility that must be considered in the wording. 
3. The designer has the right to reformulating the task if there is a reason, for exam-

ple, a necessity of coordinating with wordings of other tasks. 

 For such work, we developed and many times used our version of automated de-
sign thinking approach [4], the scheme of which is presented in figure 1. 

 

Fig. 2. The iterative process of design thinking 

The scheme indicates that process of design thinking is implemented in the instru-
mental environment WIQA intended for conceptual designing the SIS in conditions 
when the designer can use such artifacts as Project ontology, Project theory and Con-
ceptual space that are created in the course of designing in parallel with other design-
ers’ activity. The main attention of actions in the frame of the scheme focused on 
formulating the statement of the task and also on representing, moving, evaluating, 
and managing components of reasoning in forms of question-answer analysis. All 
these actions described in detail in the paper [4]. Additionally, actions include build-
ing the diagrammatic representation of the view (for example. the view Vj) and proto-
typing the solution of the task (for example, the task Zj). So, the developed version of 
the DT-approach is the constructive way for solving the of conceptual equations that 
are considered above. 
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4 Features of Goal Setting in Developing the Architectural 
Description 

As told above, in designing the SIS, wordings of the architectural tasks occupy the 
principal place. Namely, in the wording of these tasks, designers must define the basic 
goals and requirements of the SIS to be developed. In these actions, especially for an 
innovative project, designers try to express an arisen intention about achieving the 
conceived value. This intention implicitly concerns reasoning about the motives and 
goals of the project and their formulation or, by other words, it concerns the work, for 
example, with the following equation 

?ݏ݁ݒ݅ݐ݋ܯ ?
ሺ݁ݏ݁ܿ݊݁ݏݏሻ

	൅	
?	ܹܱܪ

ሺ݈݃ܽ݋	݃݊݅ݐݐ݁ݏሻ
	ݏ݈݀ܽ݁	

?	ݏ݈ܽ݋ܩ ? ?
ሺ݅݊݀݁݀݊݁ݐሻ

 

in which the quantity of question signs indicates on the different degree of uncertain-
ty. 

It should be noted, intentions, motives, and goals are typical concerns in architec-
tural modeling, that prompt to bind with such modeling an appropriate view or views 
and a viewpoint or viewpoints. This paper devotes to defining of them, but, previous-
ly, we want to disclose some our positions that are based on the Vityaev’s research 
[6], the content of which defines relations among motives and goals in the frame of 
the corresponding task and results of its solution. 

In this publication based on the theory of functional systems (TFS, developed by P. Anokhin 
[7]), E. Vityaev describes features of the goal-directed behavior in conditions when a person is 
trying to solve the certain task. The discussed kind of behavior includes the following specific 
features: 

1. Intrinsic and/or extrinsic stimulus (perceived by the person) lead to a motivational 
excitement that activates mechanisms of goal setting. 

2. An initial definition of the intended goal “does not imply knowledge of how by 
what means and when it can be attained.” 

3. The goal cannot be attained without having a criterion of its attainment. 
4. “Between the concepts of goal and result, the following relationship holds: the re-

sult is obtained when the goal is attained, and the criterion of its availability is 
"triggered." But when the goal is being set, we have the goal but not the result.”  

5.  Extending the description of the goal by conditions in which the expected result 
can be (possible hypothetically) obtained, leads to a description of what is called 
the "task. 

Below, these features and described understanding of the design nature will be 
taken into account in our reasoning that will concern the work with project tasks that 
help to create the architecture of the SIS. 
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5 Related Works. 

This section, we start with clarifying the kinds of actions that the designer has to 
perform in design thinking in work with any new task. To do this, we will return to 
the study of Dorst who notes the set of such actions includes formulating, represent-
ing, moving, evaluating and managing of components of reasoning in the conceptual 
space of the corresponding project [3]. Noting these actions, he means that they are 
performed in conditions of solving the equations among which the abductive equa-
tions occupy a fundamental place. 

Another observation of Dorst [8] is the start of the project with an abductive equa-
tion 

?ܶܣܪܹ
ሺ݄݃݊݅ݐሻ

	൅	
ܧܷܮܣܸ	݋ݐ	ݏ݈݀ܽ݁	ܹܱܪ

ሺ݂݁݉ܽݎሻ
	 

in conditions when designers have experience of designing that has similarity with a 
conceived project, and they can try to inherit the structural relationships between 
HOW and VALUE. For such inheritance, Dorst introduces the concept “framing,” 
putting into it the following content “Framing is the key to design abduction. This is 
because the most logical way to approach a design problem is to work backward, as it 
were: starting from the only “known” in the equation, the desired value, and then 
adopting or developing a frame that is new to the problem situation.” Similar cases 
also admit for the iterative search of the appropriate solutions, but at the level of re-
framing. 

The important role of abductive reasoning in the design synthesis is discussed in 
[9] where its authors analyze the use of abductive transfers from a design intent to 
design targets, and to new design conceptions also. Additionally, they underline the 
possibility of an abductive diagnosis of violating design constraints or design axioms. 
The useful collection of patterns of abduction reasoning and inferences is considered 
and formalized in the paper [10]. 

Indicated type of equations suggests that their conceptual solutions are defined 
with the use of mechanisms of design thinking. Therefore, among related works, we 
mark publications that disclose some features of these mechanisms. Overview 
comparison of models and mechanisms at micro-, meso- and macro-levels of design-
ing is conducted in the paper [11]. Several important mechanisms consider in the 
paper [12] that focuses on the evolutionary side of the explanatory design.  

A very important group of related works includes papers devoted to relations be-
tween motives and goals. In the understanding of these relations, we follow the Goal 
Setting Theory Goal[13], some motivational aspect of which is constructively evolved 
in [14]. We took into account the way of the motivational design described in the 
papers [15] and [16]. 

All papers indicated in this section were used as sources of requirements in devel-
oping the set of means included in the motivational and goal-oriented viewpoint ap-
plied for building the motivationally targeted view on the SIS to be designed. 

(4) 
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6 Goal-Oriented Architecture Modeling 

The main intention of architectural modeling is to understand the SIS to be developed 
as a whole and as early as possible. Understanding is a naturally artificial process and 
its result, artificial part of which includes figuratively semantic scheme and coordi-
nated verbal description. Strategic result of the necessary understanding is formed as 
an integrated complex of architectural views, each of which Vj can be considered as a 
result of solving the corresponding architectural task Zj.  

In this section, we present our version of attaining the necessary understanding that 
clarifies motivationally targeted view on designing the SIS. In the general case, work 
with any task Zj begins with the conceptual equation 

ሺ	݁ݒ݅ݐ݋ܯ ௃ܼሻ? ?
ሺ݁ݏ݁ܿ݊݁ݏݏሻ

	൅	
1൫ܹܱܪ ௃ܼ൯? ? ?
ሺ݈݃ܽ݋	݃݊݅ݐݐ݁ݏሻ

	ݏ݈݀ܽ݁	
ሺ	݈ܽ݋ܩ ௃ܼሻ?
ሺ݅݊݀݁݀݊݁ݐሻ

 

where, for simplifying the reasoning, we suppose that work with task Zj is caused by 
one Motive(Zj) and one Goal (Zj). 
Any goal is meaningful if there is a criterion whose application allows anybody to 
assess attaining the goal. Therefore, it needs to extend the equation (4) by adding the 
equation 

ሺ	݈ܽ݋ܩሺ	݊݋݅ݎ݁ݐ݅ݎܥ ௃ܼሻ? ?
ሺ݁ݏ݁ܿ݊݁ݏݏሻ

	൅	
2൫ܹܱܪ ௃ܼ൯? ? ?

ሺ݄ܿ݁ܿ݇݅݊݃	݄݁ݐ	ݐ݊݁݉݊݅ܽݐݐܽሻ
	ݏ݈݀ܽ݁	

ሺ	݈ܽ݋ܩ ௃ܼሻ?
ሺ݅݊݀݁݀݊݁ݐሻ

 

In its turn, needed checking the Goal (Zj) is possible if the task Zj is solved and the 
way of the solution is implemented as a minimum in conceptually-prototype version 
because only it opens the possibility for cause-and-effect understanding the solution 
of the task Zj. Thus, it needs to add one more equation  

݇ݏܽܶ ௃ܼ? ?
ሺ݁ݏ݁ܿ݊݁ݏݏሻ

	൅	
3൫ܹܱܪ ௃ܼ൯? ? ?

ሺ݃݊݅ݒ݈݋ݏ	݄݁ݐ	݇ݏܽݐሻ
	ݏ݈݀ܽ݁	

ሺ	ݐ݈ݑݏܴ݁ ௃ܼሻ?
ሺ݀݁݊݅ܽݐܾ݋ሻ

 

which together with the equations (3) and (4) forms a system of conceptual equations.  
Note, components of these equations have conceptual nature, for example, compo-

nent “Task Z j” presents “wording of the task Zj” in its current state. By other words, 
this component is a dynamic construction that is formed on the course of solving the 
indicated system of equations or conceptual solving the task Zj. 
 In the process of solving, other components of the system of equations are also 
dynamic constructs that are formed in this process that leads to building the view Vj 

corresponding to the obtained Result(Zj). The built view Vj integrates several im-
portant requirements Rj={Rjk}, the composition of which correspond to the construct 
“Criterion (Goal(Zj)).” Thus, the built view Vj can be presented by the following 
symbolic expression 

Vj= Sj(Motive(Zj)), Goal(Zj), Criterion(Zj), Result(Zj)). 

where any component of the expression is the conceptual object created in the course 
of solving the system of equation with the use of design thinking. 

(5) 

(6) 

(7) 

(8) 
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Let us assume that, in solving the main task Z* of the certain project of the SIS, for 
any view Vj  of their system S({Vj}), appropriate conceptual equations were built  and 
solved, in the result of which designers created the system of the following artifacts 

V1= S1(Motive(Z1)), Goal(Z1), Criterion(Zj), Result(Z1)) 

V2= S2(Motive(Z2)), Goal(Z2), Criterion(Z2), Result(Z2)) 

………………………………………………….. 

 VJ= SJ(Motive(ZJ)), Goal(ZJ), Criterion(ZJ), Result(ZJ)) 

where the set {Zj} includes architectural tasks {Zj} subordinated to the task Z*. 

In our publication [4], we offered to bind with this system the integrated architec-
tural view that we called “motivationally targeted view” (or shortly, MT-view) on the 
SIS. In the general case, the diagrammatic representation of the MT-view will have 
the structure that conditionally shown in figure 2. 

 

Fig. 3. Generalized structure of the motivationally targeted view 

Any layer in this scheme presents components conditionally and in general. In the 
real MT-views, components of layers are combined in the net or tree. A similar way is 
used for combining the layers (in figure 2, this role is fulfilled by interfaces). What is 
especially important, after solving of all conceptual equations, components of any 
layer are strictly specified and expressed in understandable forms.  

For the layer of motives, this means that the motivational design is implemented: 
internal and external motives are divided into groups; dominant motive MD is high-
lighted; it is established cause-and-effects relations among motives and goals. In a set 
of goals, it is highlighted the main goal of GM or their subset, and all relations of the 
subordinated types are defined and marked. 

(9) 

MD
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The layer of requirements (integrated into the AD) indicates, firstly, which criteri-
ons must be used for checking the attainment of goals defined in the layer above, and 
secondly, in which components of the SIS any requirement must be objectified. Thus, 
the motivationally targeted view reflects physical and conceptually algorithmic feasi-
bility of the SIS that to be designed in accordance with initial intentions. 

7 Life Cycle of the MT-view and the Corresponding Task 
Wording 

Let us assume that for the main task Z*, the designer bound two views V1 and V2, 
for any of which the corresponding system of conceptual equation was built. In this 
case, it needs to decide how it will be solved the following system of systems 

 
 
 
 
 
 
 
 
 
 
If views V1 and V2 are independent, then equations (10) and (11) can be solved 

separately, but even in this case, they must be combined in the wholeness at least at 
the level of program coding. 

When views are dependent, the designer should solve equations in coordination 
and such coordination will be defined by kinds of relations between tasks Z1 and Z2, 
for example, relations between Goals or Criterions or Results. Thus, wordings for 
both of the task should be formed in parallel by switching between them. Moreover, 
verbal traces of such relations must find its expression in the wording of the main task 
Z* obtained in solving the following system of equations 

 
 
 
 
That is why, constructive design thinking is the appropriate way for wordings of all 

tasks indicated above, but for coordination of them, the architect needs switching 
between “lines” of working with systems of equations (10), (11) and (12), between 
“lines” of applying the mechanisms of design thinking as it is generally shown in Fig. 
4.  

ሺܼ1ሻ݁ݒ݅ݐ݋ܯ ൅ 1ሺܼ1ሻܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺܼ1ሻ 

ሺܼ1ሻ݇ݏܽܶ ൅ 3ሺܼ1ሻܹܱܪ ݏ݈݀ܽ݁ ݐ݈ݑݖܴ݁ ሺܼ1ሻ 
ሺܼଵሻ	݈ܽ݋ܩሺ	݊݋݅ݎ݁ݐ݅ݎܥ  ൅ 2ሺܼଵሻܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺܼଵሻ (10) 

ሺܼ2ሻ݁ݒ݅ݐ݋ܯ ൅ 1ሺܼ1ሻܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺܼ1ሻ 

ሺܼ2ሻ݇ݏܽܶ ൅ 3ሺܼ2ሻܹܱܪ ݏ݈݀ܽ݁ ݐ݈ݑݖܴ݁ ሺܼ2,ሻ 
ሺܼଶሻ	݈ܽ݋ܩሺ	݊݋݅ݎ݁ݐ݅ݎܥ  ൅ 2ሺܼଶሻܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺܼଶሻ (11) 

ሺܼ∗ሻ݁ݒ݅ݐ݋ܯ ൅ 1ሺܼ∗ሻܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺሺܼ∗ሻሻ 

ሺܼ∗ሻ݇ݏܽܶ ൅ 3ሺܼ∗ሻܹܱܪ ݏ݈݀ܽ݁ ݐ݈ݑݖܴ݁ ሺܼ∗ሻ 
ሺሺܼ∗ሻሻ	݈ܽ݋ܩሺ	݊݋݅ݎ݁ݐ݅ݎܥ  ൅ 2൫ሺܼ∗ሻ൯ܹܱܪ ݏ݈݀ܽ݁ ݈ܽ݋ܩ ሺሺܼ∗ሻሻ  (12) 
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Fig. 4. Lines of generating the wordings of the tasks 

As a result, will be a time, when, in the life cycle of these lines, for any task will be 
formed its initial wording. In the general case, the reasons for the switching can be 
caused by the necessity of changing the built initial wordings that will wordings, and 
it will require for rational change management. 

Let us note the described feature of coordinating should be considered in building 
any group or groups of the dependent views. Therefore, designers should discover 
relations among views as early as possible and include their verbal traces in initial 
wordings of the corresponding tasks. 

8 An Example of Coordinated Wording of the Project Tasks 

For wordings and corresponding architectural views, it is principal to provide their 
understanding. Suppose that a decision has been made to include in the toolkit WIQA 
a subsystem that provides an understanding of the architectural description of the SIS 
to be designed. By other words, there is an intention to build  (and embed in the 
toolkit WIQA) the subsystem that supports understanding of designers and other 
stakeholders in the course of developing the architectural description in the process of 
designing the certain SIS. 

As told above, to evolve such intention till the state of the wordings of a set of 
tasks defining the architectural views of the subsystem it needs to apply the appropri-
ate version of the DT-approach, but in any version, the first step of working requires 
to formulate the important requirement of the potential users to this subsystem.  

The role of this requirement can fulfill the following discourse: 

D1(Z*). The subsystem must provide to embed the appropriate 
means in conceived components of the architectural description of the 
SIS to be designed, and these means must activate and increase the ef-
fectiveness of the natural mechanisms of understanding in interactions 
of stakeholders with these components. 

It needs to mark that words used in the discourse D1 must find their reification  
(materialization) in the process of designing or its results. Therefore, in the WIQA-
environment, their values should be defined in the constructive form with the use of 
QA-analysis and reasoning. During such work, it will be revealed and clarified the 
following moments: 

1. Natural understanding is based on the mental activity of the right and left hemi-
spheres of the human brains. 

Z*-Line

Z1-Line

Z2-Line
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2. By the nature of designing, this activity concerns intellectual guessing, mental im-
agery, mental experimenting, dialog processes of consciousness and their register-
ing outside of brains (firs of all, in the computerized environment). 

3. In this activity, understanding is responsible for the coordination of figurative and 
verbal forms both inside and outside of brains. 

4. Means of objectifying the understanding outside of the brain must support register-
ing and perceiving the architectural and cause-and-effect forms of understanding. 

Question-answer processing these clarifying, estimating their physical and concep-
tually algorithmic feasibilities has led us to the following initial wording of Z*-type 
task for the discussed subsystem: 

Z*. It needs to develop the subsystem that provides to embed the ap-
propriate means activating and increasing the effectiveness of the natu-
ral mechanisms of understanding in interactions of stakeholders in 
conceived components of the architectural description of the SIS.  

By using the ontological and figuratively semantic maintenance, the 
subsystem must support registering outside of the brain and perceiving 
by the stakeholders the architectural and cause-and-effect forms of un-
derstanding in real-time interactions with them. 

The subsystem must be embedded in the toolkit WIQA so that inter-
actions with the accessible experience will be the base of all activities 
applied in the constructive work with understanding. 

Stepwise refining this task has led us to subordinated tasks Z1 aimed at the ontolog-
ical support of understanding, and the task Z2, solving of which provides figuratively 
semantic maintenance of processes indicated in the wording of the task Z*. 

The decision to apply the ontological maintenance was caused by the necessity of 
the controlled use of the project language, and especially in cases when understanding 
is very obliged. 

Such a requirement correspnds to the following  discourse: 

D1(Z1). For the correct and controlled formation of the project lan-
guage, embedding semantics in the generated text and graphical con-
structs, as well as for detecting and preventing semantic errors in them, 
it is necessary to form and use the project ontology. 

As for the discourse D1(Z*), the QA-analysis of the text D1(Z1) helps to clarify the 
following details for words used in this discourse: 

1. Ontological structuring of the surrounding is the base of human perception. 
2.  Concepts (notions) that are accumulated in the project ontology can be inter-

preted as a source of normative units helped in “measuring” or expressing the 
semantic values of textual and graphical constructs.  

3. Program forms of concepts help in automated achieving the coordination be-
tween verbal and figurative descriptions of described situations or events. 

Question-answer analysis of the discourse D1(Z1) and marked details open the pos-
sibility for formulating the following wording of the task Z1: 
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Z1. It needs to develop the complex of means that is responsible for 
the ontological maintenance of conceptual action, including the pro-
cesses of understanding in situations and events when it will be neces-
sary. 

The functional potential of this complex must be oriented on an ap-
pointment of the appropriate concepts (and their names) to the applied 
verbal and graphical constructs, discovering and preventing the seman-
tic errors in the descriptions of constructs 

Ontological and figuratively semantic maintenances must be com-
plementary in conceptual solving of the project tasks. 

More details, we will disclose the work with the system of conceptual equations 
(11) describing the figuratively semantic maintenance in processes of understanding. 
Necessary actions were conceived for supporting the mental imagination in conceptu-
al experimentation applied in design thinking [4]. By other words, in this process, 
mental imagination is a source of intellectual “guessing” generated by the right hemi-
sphere of the brain, and any result of such abductive guessing is necessary to register 
in the graphical form reflected its structure as a wholeness. That is why means of the 
semanticized graphics (SG) can help the designer in solving the conceptual equations 
(11). In their solving, we will orient on the building the MT-view, the generalized 
scheme of which was presented in figure 3. 

Developing of these means is governed by the following motive: 

MD. In design thinking, explicit graphical registering the mental image-
ry will facilitate to increase the effectiveness of understanding activated 
when it is necessary for the designer. 

Among possible ways of registering the appeared mental imagery, we chose those 
which is based on appropriate forms of programming that help to imitate the process 
of creating the result of registering ant its testing. Therefore, it was intended to realize 
the SG as a graphical editor oriented on creating the block-and-line schemes with 
features described just above. It should be noted that any of these schemes can be 
interpreted as an appropriate view of what the designer needs to understand. 

This decision was expressed by the following main goal: 

GM. Means of the SG must help the designer to register the process 
and result of any act of understanding in observable and programmable 
forms that confirm the wholeness of the built block-and line scheme.  

Understanding is a naturally artificial process and its result, as told just above, can 
be implemented with the use of appropriated views any of which (similarly architec-
tural views) should be presented by the corresponding block-and-line scheme with a 
coordinated verbal description. Moreover, according to the goal GM, any view on 
understanding must be accessible the designer in the appropriate program form. Such 
intention has led us to the following subordinated sub-goals: 

G1. For supporting the architectural forms of understanding, it is ra-
tional to apply the pictorial programming that helps to bind any block-
and-line scheme with the program of its drawing for the repeatable acti-
vating the process and result of such form of understanding. 
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G2. To provide the iterative coordination between the graphical side 
of the view and its verbal description, it is rational to apply the declarative 
programming (more exactly, Prolog-like description) that helps to discov-
er errors and inconsistencies for their correcting in graphical and sym-
bolic components of the artificial side of understanding. 

G3. To express cause-effect manifestations of understanding, it is ra-
tional to apply the model-driven approach to programming oriented on 
the use of UML. 

Goals are defined correctly only if there are criteria for testing their achievement. 
As stated above, the role of such criteria can be assigned to requirements whose ful-
fillment confirms that the intended effects are observed. In real practice, some re-
quirements can be reasons while effects are consequences.                           

In the considered case, awaited effects must be bound with a constructive expres-
sion of achieving the necessary understanding, the result of which is registered by the 
set of chosen views (block-and-line schemes and their descriptions). In developing the 
SG, achieving the necessary effects were caused by the following essential require-
ments: 

RE. To provide the programmable effects in the graphical components 
of views on understanding, it is necessary to extend the pseudocode lan-
guage embedded in the WIQA toolkit so that it will support pictorial, de-
clarative, and model-driven forms of programming. 

R1. For any element placed in the workspace of the graphical editor, 
means of pictorial programming must provide assigning an indexed link, 
the activation of which helps to switch to another scheme or call a pro-
gram unit or switch to a specific application outside the WIQA toolkit. 

R2. For any textual unit and its semantic net, declarative program-
ming must provide their automated iterative coordination with using the 
transition to Prolog-like description for its subsequent checking on errors 
and inconsistencies. 

R3. To objectify an algorithmic side of understanding that embeds in 
UML diagrams, it needs to provide their model-driven transformation to 
program codes helping to discover semantic errors and demonstrate dy-
namics of the corresponding process. 

In the course of formulating the declared motive, goals, and requirements  it was 
built the following statement of the task Z2: 

Z2. It needs to develop the complex of means that provides creating 
the diagrammatic schemes of architectural views and other useful dia-
grammatic schemes in understandable forms. 

In conceptual designing, the certain SIS, the functional potential of 
this complex must be oriented on supporting such intellectual activities 
as guessing, mental imagination, and conceptual experimenting in solv-
ing the project tasks. 

Figuratively semantic maintenance and ontological support must be 
complementary in conceptual solving of the project tasks. 
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The described conceptual solution of the task Z2  corresponds to the MT-view, the 
simplest scheme of which is shown in figure 5. 

 

Fig. 5. Example of motivationally targeted view 

The choice of the simplest scheme is caused by demonstrating aims of this section. 
The SG was developed two years ago, and the final version of its MT-view was richer.  

In the version, that is presented in figure 5; it is reflected only the kernel of the SG 
– its three modules providing the basic modes of creating and using the graphical edi-
tor. Each of these modes is responsible for the materialization of the corresponding 
requirement.  

Additionally, the view indicates its dependence from the project ontology. Any la-
bel on the scheme that is drawn in the editor and any notion applied in the scheme 
description must be checked on the correspondence of the project language, and, 
therefore, on the correspondence of the project ontology. Furthermore, the module 2 is 
responsible for logical checking the applied textual units after their transformations in 
Prolog-like descriptions that must be corresponded the project ontology also. 

The scheme in figure 3 presents not only the example of the MT-view but also the 
basic components of the motivationally and goal-oriented viewpoint for developing 
any MT-views. More detailly, this viewpoint includes means for implementing the 
following actions: 

 Preparation to drawing the MT-view (automated design thinking for solving the 
conceptual equations); 

 Visualization for using the MY-view (graphical editor, project ontology, a complex 
of means for pseudo code programming, the library of program utilities for the SG-
transformations and transitions).  

If these actions are included in conceptual designing the certain SIS, they will facil-
itate to usefully objectifying the motivational and goal-oriented basis of the corre-
sponding project in the visualized and understandable form. 
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9 Conclusion 

Appearing the new project tasks is the primary reason for the uniqueness of any de-
signing process. Among these tasks, architectural tasks occupy the principal place. 
They are not only new; their wordings must be coordinated. For creating the initial 
states of wording and providing necessary relations among them, we suggest using 
our version of automated design thinking. Moreover, above we applied to steps of 
design thinking for generation several wordings that focus on a concern of under-
standing 

In the paper, we also demonstrate the purposefulness of including the MT-views in 
the practice of architectural modeling the SIS. In several real projects, we have tested 
our version of automated design thinking in its application for building the MT-views. 
This version is implemented in the instrumental environment WIQA intended for 
conceptual designing the SIS in conditions when the designer can use means of the 
Semanticized Graphics (SG-complex) and such artifacts as Project ontology, Project 
theory, and Conceptual space that are created on the course of designing in parallel 
with other designers’ activity.  

The paper includes the example of the MT-view that corresponds to the develop-
ment of the SG-complex, extending the potential of the WIQA toolkit. This compo-
nent is intended for the architectural expression of understanding when it is necessary. 
Such necessity is especially important when it needs to create the architectural de-
scriptions or, by other words, when it needs to create a system S({Vj}) of architectural 
views. Any of this view expresses the embedded understanding. MT-view is one of 
them. 
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