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Abstract. In solving the design problems, the initial requirements' clear statement significantly
affects the design process's final result. Right from when the design problems are identified, the
main requirements must be defined so that the final product meets the designed equipment
requirements. Designers noted that design requirements do not have equal significance, and
different solutions have been proposed to consider their weight in terms of end-use properties.
The weighting can be achieved by simpler and operative methods and by more detailed methods
of analysis. The paper approaches the problem of using the double input matrix method for
weighting the functional requirements when discussing the problem of designing equipment to
investigate the behavior of a computer component when the environment temperature is different
compared to the normal temperature. The functional requirements assessment could provide an
overview of the financial resources that could be invested in components to adequately meet the
functional requirements. A first version of the tracked equipment was designed so that the
previously established functional requirements are met.

1. Introduction
In machine building, the design process refers to the way of solving a technical problem. The researchers
have distinct opinions concerning the stages of the design process.

Thus, when evaluating the design activity as an innovation process, 7 steps could be highlighted
(identify the client need, researching the problem, brainstorming possible solutions, selecting a
promising solution using the engineering analysis, achieving and testing a prototype, improving and
redesigning/manufacturing the product) [1].

Other opinions could consider the four groups of activities within the so-called rational model: the
pre-production design, the design during production, the post-production design, and the redesign [2].

The majority of opinions concerning the design process's definition considers an early step when
based on the client's needs, the design process's goals are stated.

In such a stage, the client needs must be examined to define the functional requirements
subsequently. Usually, the client's needs are expressed. The client desires a product or a process that
allows him to achieve another product or process. In this stage, the designer must be clarified about what
the client needs, and he must state the functional requirements so that the final product or process
satisfies the client's desires.

On the other hand, when the final product or process includes known components and functions,
there is a routine design, and when we have a new or at least improved product or process, there is a
creative design. Over time, the evolution of human society showed the importance of creative design to
improve the quality of life.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



IManEE 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1037 (2021) 012002 doi:10.1088/1757-899X/1037/1/012002

In such conditions, it is necessary to highlight the importance of establishing adequate functional
requirements and even their selection that all the client needs be met - however, the product must be
achieved quickly and at the lowest cost. One of the conditions to be met by the future product could
refer to the product quality; we will understand that the future product must have such characteristics to
satisfy the client's needs.

Within the so-called axiomatic approach of the design activity or the axiomatic design, the functional
requirement must be defined according to the client's needs. It is necessary to highlight that there are
functional requirements and, on the other hand, constraints or restrictions.

Professor Nam Suh considers that the functional requirements are a minim set of independent
requirements that fully describe the functional needs of the product in the functional field. On the other
hand, professor Nam Suh defines the constraints as bounds for acceptable solutions. There are input
constraints, valid for the design specifications and system constraints, that refers to the conditions
imposed by the system in which the future product must be integrated [3].

The requirements engineering concept was introduced to define, document, and maintain
requirements during the engineering design activity.

Nuseibeh and Easterbrook proposed a roadmap to approach the requirements engineering [4]. They
considered that the adequate establishment of the requirements would continue to play a significant role
in generating a project's success or failure. They also formulated opinions concerning the future
evolution of the research in the field of requirements engineering.

Martin et al. compared the requirements engineering process applied in two companies, considered
the literature's models, and appreciated that no model corresponds to every project context [5]. They
concluded that a requirements engineering process could combine linear and iterative structures, but the
model could be appreciated as generally linear until the prototyping phase.

Socaciu and Blebea considered that a specifications document could clearly define the future
product's requirements, and this document will be one of the documents for product development [6].
They showed that during software development, the requirements could be affected by changes due to
the encounter of unforeseen situations. A general image concerning the so-called field of requirements
engineering is addressed in the paper developed by these authors, including the various activities
specific to this field.

Marcelino-Jesus et al. proposed a requirements engineering methodology to evaluate companies'
technological innovation [7]. They appreciated that using such a methodology, an increase of acceptance
of the companies' entrepreneurship initiative, and collaboration among enterprises are possible.

After establishing the functional requirements, a general defining of the product components and
finding adequate solutions for them develops. Such an activity can be preceded or combined with an
information activity to outline the best solutions to the addressed problem.

Due to the shorter time available, the information activity could be reduced or removed in routine
design. However, if it is a creative design, the designer must resort to a selection process when
determining each component of the final assembly or even the final assembly.

A problem of optimizing could be thus approached. Essentially, the optimization supposes the
selection of certain versions among many available versions and using one or many selection criteria.

The problem addressed in this paper concerns the weighting of the functional requirements, starting
from the fact that not all the functional requirements are of the same importance.

2. Use of methods of weighting the functional requirements
As mentioned above, not all the functional requirements are of the same importance. For this reason, the
attention directed by the designer to the statement and the ways of achieving the functional requirements
could not be of equal importance.

The need for weighting the functional requirements could be thus approached. The methods applied
to weight the functional requirements could be the same or similar to those used in the optimization
processes. It is known that the optimization process is connected with the field of decisional analysis.
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Taking into consideration the circumstances in which a decision is established, it is possible to classify
the methods of decision making:

- Methods applied in certitude conditions;

- Methods used in the risk conditions;

- Method applied in incertitude conditions.

Some methods from the first group of methods (applied in certitude conditions) could inclusively
weigh the functional requirements.

Such methods could be the double input matrix method, the pairwise comparison matrix method, the
analytic hierarchy process method, etc. [8].

3. Use of the double input method to weight the initial design requirements

One of the innovations resulted from the doctoral research was finding a solution to test a computer
component's behavior when the working temperature is higher or lower than the normal temperature
(for example, 20 ° C).

As a component of the computer to be tested, the hard disk was selected. The choice was determined
by the existence of specific software able to be used to evaluate the reading or the writing speed of the
hard disk.

The initial idea was to use or to adapt a refrigerating box. Other functional requirements were
formulated considering such an idea. A list of the main identified functional requirements found in the
sequence of the conceptual design was the following:

1. Maintain a constant temperature inside the box;

2. Ensure a low temperature in the box;

3. Provide a working temperature higher than normal temperature (20 ° C) in the box;

4. Provide easy insertion, extraction, and positioning of the computer component inside the box and
quick connection of the computer component to the computer found out of the box;

5. Provide the possibility of relatively simple connection/disconnection of a heating device (with
electrical resistance) found inside the box to a power supply source;

6. Ensure the operation of the cooling-heating subsystem until a preset temperature is reached;

7. Provide additional cooling to the cooling due to the cooling subsystem of the box, so when the
latter does not provide sufficient cooling;

8. Ensure the highlighting of the values of temperature and humidity inside the box;

9. Ensure the box lid is sealed tightly.

If the design is deeper analyzed, other functional requirements could be identified.

In the next stage, the problem of weighting the identified functional requirements was formulated. If
the double input matrix method is applied, a double input matrix must be considered, as the method
name shows. This matrix's image could be seen in Table 1.

Such a table could also be used when establishing the value of the different equipment components
to adequately allocate financial resources intended to be spent to obtain each equipment component.

As a result of information activity developed when identifying the functional requirements and
including various results in the table, it was found that there are boxes able to refrigerate and heat the
object found inside them.

In this way, some of the functional requirements are fulfilled by the same practical solution. In the
axiomatic design, when some functional requirements are not independent, the design methodology
(axiomatic design) requests actions to improve such a situation.

Also, during the short information activity, it was found that sometimes, the available refrigerating
boxes do not ensure low enough temperature.

An additional solution to help decrease the box's temperature must be found to solve this new
problem.
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Table 1. Use of the double input matrix method to evaluate the functional requirements of the desired

equipment.
Functional requirements Proposed
2 = problem
b o = solving
o = E
= 2 2
g & =
2 & 5
= L B = S = &
2 % ‘5 % g = 5 E 0
s £ & § Es 2 2 2 %
e F § F EEE 5 % 4
5 02 5 8 3%z 2 2 2
s % z g2 § ¥ B®» B
© - E 8 @mg = < = =
— [\l on < v = O o~ 0 O (@)}
1.Constant X 0.5 0.5 1 1 1 1 1 0.5 Insulating box
temperature
2. Low temperature 0.5 X 0.5 1 0 1 1 1 1 Refrigerating
box
3. Higher temperature 0.5 0.5 X 1 0.5 1 1 0.5 0 Refrigerating/
heating box
4. Easy component 0 0 0 X 0 0 1 1 0 Wireframe
insertion attached to the
box cover
5.Simple connection/ 0 1 0.5 1 X 1 1 1 0 Connection
disconnection of the cables that
heating device f_r(;)ss the box
1
6. Reach a preset heating 0 0 0 1 0 X 1 1 0 Temperature
temperature controller
7. Additional cooling 0 0 0 0 0 0 X 1 0 Passive
cooling boxes
8. Highlight the 0 0 05 0 0 0 0 X 0 Devices for
temperature and humidity measuring and
highlighting
the
temperature
and humidity,
mounted in
the lid of the
cold box
9. Tightly closing 05 0 1 1 1 1 1 1 X Sealing
gaskets and
device for
pressing the
lid on the
refrigerator
box
Sum S; of marks 1.5 2.0 3.0 5.0 1.5 4.0 7.0 7.5 1.5

Relative sum V,; of marks 0.041 0.055  0.083 0.138 0.041 0.111 0.194 0.208 0.041 S=912

Order of the functional 8 (highlight the temperature and humidity) - 7 (Additional cooling) - 4 (Easy component
requirements taking into insertion - 6 (reach a preset heating temperature - 3 (Higher temperature ) - 2 (low
temperature - 1 (constant temperature) - 5 (simple connection/disconnection of the heating
device) - 9 (tightly closing)

consideration the sum of
their relative marks
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After including the double input matrix's functional requirements, each functional requirement's
comparisons with the other functional requirements must be made. A simpler result of the comparisons
activity could facilitate the inclusion in the table of scores (marks) of 1-O when the first requirement is
considered more important, 0-1 when the second requirement is evaluated as more important, and 0.5-
0.5 when two requirements are considered of equal importance. There is still the possibility to consider
a more detailed evaluation of the functional requirements, for example, giving marks between 1 and 10
to each functional requirement. However, in Table 1, the simpler evaluation method was preferred.

Temperature Desktop Monitor
sensor

Apparatus for highlighting

temperature and humidity ((_’:

220V
Box lid
Controller C :)/ Subassembly for fixing
i the lid to the box
[_ E'j\\\
/ I~ Computer component
; (hard disk)
Subassembly for /
cooling-heating the box  Wire frame to support Component for additional
a computer component cooling of the box

Figure 1. Schematic representation for equipment of investigation the behavior of the computer
subsystems when the temperature is lower or higher than the normal working temperature

Both in the first column and the first line of the matrix, the main functional requirements identified
were included; since sometimes the full name of the requirement is long enough, abbreviated forms of
the proper requirements (mentioned above) were used.

The mark will be so included in the table that the sum corresponding to each functional requirement
could be calculated and inscribed in the table's antepenultimate line along each vertical column. In the
ultimate line, the relative value V,; of each functional requirement could be introduced. This relative
value could be determined by devising the sum S; of the marks given to each functional requirement to
the total number of the comparisons N.:

Vi =5, (D

where

2

where n is the number of functional requirements.
In the analyzed case, N.=9-8/2=36.
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A new order based on the evaluation of their significance could be identified. This order is
highlighted in the ultimate line of Table 1, considering the sum of the relative sum V,; of each functional
requirement. Afterward, adequate solutions must be found to fulfill each functional requirement, and
the first identified versions were included in the last column of Table 1.

It can notice that the most important functional requirement seems to be highlighting the temperature
and humidity. The lowest weight was given to the necessity of tightly closing the refrigerating/heating
box. A first version thought considering the proposed solution to fulfill the functional requirements can
be seen in Figure 1.

4. Conclusions

The establishment of the design engineering requirements can exert a decisive influence on the evolution
of product development. Over the years, the researchers formulated different opinions about solving the
problems specific to elaborating on the design requirements. It has been noticed that not all the
functional requirements are of equal significance. A weighting method could be used to order the
functional requirements considering the sum of their relative marks. An application of the double input
matrix method in the case of equipment for investigation of the computer subsystems behavior at the
changing of the working temperature was developed. Adequate initial solutions for each functional
requirement were identified. It noticed that while establishing the functional requirements, improved
versions of requirements and solutions for their solving were found. In the future, there is the intention
to apply more detailed analysis methods to weigh the functional requirements valid in the case of
research or industrial equipment.
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