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Abstract: When selling a customized product with the support of a product configurator,
there is a risk that customers will abort the configuration process if the configuration
dialogue does not suit the customer well. To reduce this risk, a product configurator that
self-adapts to different levels of customer knowledge instead of vice versa is needed. In this
paper, a self-adapting approach for product configurators is proposed, one which relies on
a fuzzy logic-based algorithm. The approach is implemented for the configuration of the
thermal insulation of buildings. The product configurator is tested by users with different
capabilities and a comparison of results with professionally performed calculations is
performed. It is shown that the proposed approach allows inexperienced customers, too, to
make appropriate decisions about thermal insulation. This is an advancement that can
considerably expand the scope of the application of product configurators.
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1 Introduction

Nowadays, customers expect to get exactly what they would like. Therefore
products should be customized, i.e. mass customized, which results in a drastic
increase in the product variety offered by enterprises [1], [2]. This changes the
role of the customer from being the consumer of a product to being an active
partner in a process of adding value. Active customer participation is crucial for
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the successful incorporation of customer needs into the product, which directly
influences the final product offering [3], [4], [5]-

Recent developments in product configuration systems support the process of
customized product development and production [6], [7], [7], [9]. Product
configurators involve the customer into the configuration process. This raises
several issues that need to be addressed: one of these is that despite the fact that
nowadays customers are knowledgeable in general, they are still far from being
experts that can really co-create a product or a service [10]. Customers usually
only want the product alternatives that exactly meet their requirements; if too
much of a choice is offered or an offer is too complex, customers can feel
frustrated or confused, and therefore incapable of making proper decisions. This
can lead to the abortion of the configuration process [1], [11]. This overload of
information is caused by the limited information processing capacity of humans,
the lack of customer knowledge about the product, and customer ignorance about
his or her real individual needs [12].

In order to reduce the probability of the customer aborting the configuration
process, some authors suggest the use of different types of configuration dialogues
that are adapted to different types of customers [1]. Unfortunately, these authors
do not provide any indication whether the assignment of the dialogue type to a
customer is chosen by the customer or defined by the system.

The present paper contributes to fill this gap by developing a configuration
approach where the configurator self-adapts to the customer’s expertise in a given
area and provides a successful product configuration, while maintaining the
necessary level of detail and results accuracy. The approach is tested on a real
product configurator for the outer thermal insulation of individual residential
buildings (not a block of flats) which is an area of importance involving private
building owners without expertise, installers with great experience but limited
theoretical knowledge, and experts with a great amount of experience and
knowledge.

2 Theoretical Background

The theoretical basis of the present work, on the one hand, is the design of
configuration dialogues and on the other hand includes the principles of thermal
insulation. Even though the aim is to contribute to the design of adapted
configuration dialogues, one needs to be familiar with the theoretical bases of
thermal insulation to appreciate the proposed application. This blend of different
fields is a common characteristic of applied research on product configuration. For
the sake of clarity, the two fields involved will be discussed separately.
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2.1 Product Configuration and Choice Complexity
Experienced by Customer

The identification and implementation of customer requirements are significant
issues for successful product development [13] as well as for product
configuration [1]. To be able to select or filter objects for an individual,
information is required about the individual. Such information is also necessary to
be able to decide which options to present and how to present them. For example,
performance-oriented language can be used for non-expert customers while
components-oriented language can be used for highly interested and experienced
customers [1], [14]. The problem of adapting the configuration process to different
customers can be addressed with the identification of different customer profiles
that group individual customers based on some crucial characteristics such as the
knowledge about the product. Based on the defined customer profiles, different
descriptions of the same product can and should be provided.

Customer profiles consist of general, specific and contextual information about
customers. General information usually deals with basic and demographic
attributes, information about general interests, information about relationships to
other customers, information about purchase history and usage/interaction
behaviour and ratings of products, product components and certain attributes [15],
[16]. Specific information refers to the specific requirements of the customer [17],
while contextual information about customers is information such as the time of
the day, the date, etc. [18].

In order to define an exact customer profile for each individual customer, a proper
customer profile definition model has to be developed. Today IT technology
makes it possible to collect information from customers implicitly or explicitly.
Customer profiles can be obtained from the customers’ purchase history [19],
[20]. They can also be created by specifying information explicitly at the
beginning of the configuration process. Also, customer behaviour during the
configuration process is used to profile the customer [21], [22]. Besides this,
information on behaviour of other customers that have similarities to the given
customer is also used to define the customer [23]. Even though many customer
profile models have been suggested in the literature, there is no specific discussion
about customer profile definition in the field of outer thermal insulation of
buildings.

2.2 The Configuration of Outer Thermal Insulation

In recent years, we have witnessed the fact that energy resource prices have risen
considerably. In addition, environmental issues have become more relevant than
ever before [24]. The Directive 2002/91/EC and 2010/31/EU of the European
Parliament and Council on the energy performance of buildings, which can be
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universally taken into account as recommendations beyond the borders of the
European Union, state among other things that since buildings account for 40% of
total energy consumption in the Union, and since the sector is expanding, energy
consumption is growing. Therefore, reduction of energy consumption in the
construction sector constitutes important measures needed to reduce energy
dependency and greenhouse gas emissions.

Therefore, the outer thermal insulation of buildings is becoming more and more
important. The most favourable insulation must be calculated based on a particular
lifetime for the building [25], [26]. If the structure has been correctly designed,
there will be nothing to affect the insulation when it is in place. Insulation makes
good economic sense as it reduces energy consumption in buildings. Insulation as
a single investment pays for itself many times over during the life cycle of a
building [27], [28]. A high insulation standard for floors, walls, roof and windows
does not only mean lower energy consumption. It will also reduce the power need
and makes the heating period shorter [29]. It improves the conservation of existing
free energy and creates conditions for simpler heating systems [30].

Research in the field of outer thermal insulation defines several rules that have to
be considered when one wants to make the necessary calculations regarding
thermal, ventilation, solar and other losses or gains. Those rules require
knowledge about different parameters, such as the overall position of the building,
the building’s characteristics (structure, measures, materials, etc.), and the
conditions regarding the surroundings (weather data, etc.) in order to be able to
calculate the required level of thermal insulation [31]. On a professional level, i.e.
if one wants to have highly accurate results, these calculations include all required
information in detail and will not be discussed in this paper, because several
professional software packages exist on the market that deal with the problem,
such as Bausoft Winwatt, Resfen, CASAnova, etc.

Nowadays, a number of different product configurators are used to configure
various types of products, yet in the field of outer thermal insulation of buildings,
there is not any product configurator that can satisfy the requirements of different
users. Existing literature does not discuss any calculation methods that can
provide acceptable results if just a fraction of required information is available,
which is the case of customers who are not professionals in the field of thermal
insulation.
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3 Objective and Method

3.1 Objective

The paper aims at contributing to fill a gap in literature by introducing the
necessary elements with which a successful product configurator in the field of
thermal insulation of individual residential buildings can be created and
implemented. Thus, a product configuration approach is proposed that self-adapts
to the individual capabilities of the given customer, where these may range from
having no knowledge about thermal insulation at all to being professionals in the
related field.

3.2 Method

In order to propose and test the self-adapting configuration approach for thermal
insulation, the authors have integrated their knowledge gained from literature on
customer profile definition and thermal insulation with an analysis of various
product configurators on the web, and with the specific experience of a company
that produces thermal insulation materials. The authors’ years of personal field
experience on the topic have been another important element in making feasible
decisions.

The development process has involved several cycles of refinement in the
algorithm and the entire product configurator. At each cycle, first the algorithm
for customer profiling was discussed. Subsequently, the quantity and the required
level of details regarding input parameters, constraints and calculations to obtain
the desired insulation results were specified. Each cycle was then concluded with
a number of trials by asking some volunteers to act as test persons. Feedback was
always required from the test subjects until finally no significant new insights
were obtained.

Once the profiling algorithm and the configuration procedure were established, a
test was performed in order to evaluate the results. The test was performed by two
groups of potential users. For one group, it was assumed that they had some
technical knowledge in the related field, while for the other groups this was not
the case. The first group was comprised of 27 university students of mechanical
engineering who either had to work with insulation issues at their home, during
summer work or due to specific examinations at the university. The second group
was made up of 26 university students who up to that point had not had any kind
of experience in this field, but were expected to attain some in the future. The
results of the configurations were compared to exact calculations performed by the
authors.
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4 Customer Profile Definition

The need for various customer profiles is based on the experience of using a
previous version of the developed configurator for outer thermal insulation of
buildings [32]. The configurator was meant to be used by customers with technical
knowledge ranging from the almost non-existent to professional but without the
differentiation in the configuration dialogue. The results of its use showed that
most of the problems arose because some of the previous non-professional
customers had found the product configurator too complex to use and did not
finish the configuration process. On the other hand, some of the professional
customers found that the configurator lacked the possibility of defining exact and
precise input parameters. Other problems included the lack of variance in the
degree of result accuracy and the duration of the configuration process. This need
led to the introduction of a product configuration procedure shown in Fig. 1.

Start of the
procedure

¥
Start of customer
profile definition

¥

Specific information about the customer
(based on the set of initial questions)

k4

» Customer profiling

k4

Defined customer profile

¥
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configuration
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h
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¥
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configuration

Figure 1

» Start of feedback

¥
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regarding the configuration process
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Adjustment of
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¥

End of feedback

¥
End of the
procedure

The product configuration procedure

4.1 Overview of Customer Profile Definition

As an answer to observed problems, three types of customer profiles have been
introduced: beginner, intermediate and professional. The “beginner customer” is a
customer without proper technical knowledge about thermal insulation, or maybe
a customer with no need for highly accurate results, or a customer with a need of a
fast enough result, etc. The “intermediate customer” is a customer with average
technical knowledge about thermal insulation, but it can also be a customer
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without proper technical knowledge about thermal insulation but with more time
for completing the configuration process or with a need for more accurate result,
etc. The “professional customer” is a customer with great knowledge about the
problem of thermal insulation; it may also be a customer with general technical
knowledge about thermal insulation but with more time for completing the
configuration process or with a need for more accurate result, etc.

In order to define the appropriate customer profile, an algorithm for collecting and
using specific information about customers is introduced. The customer is given a
set of initial questions to be answered at the beginning of the configuration
process. The possible answers are defined within a range of very low to very high.
Along with the answers, the order of answering the questions is also taken into
account, because customers usually, based on their belief, sooner answer questions
that are of higher importance to them than questions that are not. There is also an
option to leave unanswered a question the customer feels is unimportant [33].

To analyze the answers generated by each customer and to use them to form a
customer profile, a number of different approaches may be used. Nevertheless, the
linguistic nature of the questions and answers refers to the use of a non-crisp logic.
This led to the use of fuzzy-based technique to make a decision about the
appropriate customer profile [34], [35], [36]. The technique used is Mamdani's
fuzzy inference method, which is one of the most commonly seen fuzzy
methodologies. Also, after the configuration process, the customer’s feedback to
his/her satisfaction with the configured profile is analyzed and the algorithm for
customer profile definition in the future is adapted according to the feedback.

All the questions asked have an associated linguistic variable for storing the
answers that can have values ranging from 0 to 1. For the same answers, the z(X)

membership functions of linguistic variables may change according to the order in
which they had been answered. If the answer to the question is the first one (each
question is defined by a linguistic variable with different values), the membership
functions taper, which is formulated as: z'*'(x) = [y(x)]y‘ , where y; 1. It results

in a more unique response. If the answer to the question is the last one, the
membership functions expand, i.e. the equations are changed in the same manner,
but: y; <1. It results in a more vague response.

The fuzzy output from the system, i.e. the decision is made in a manner that for i
initial questions, each of which can have Y; values, y, *y, *...*y; if-then rules
can be defined. The rules are designed to produce | different outputs 0 with

defined membership functions. After the evaluation of if-then rules, an aggregated
output is generated. The aggregated output is then defuzzified by using the
centroid calculation method.
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Changes in input membership functions influence the customer profile definition.
For the same answers, but for a different answering order, the configured
customer profile can be different.

After the configuration task is finished, the customer is asked to answer a new set
of questions, where the values of the answers can range from -0.5 to 0.5. The
answers to the questions are the feedback about how well the configurator has
recognized the customer’s needs and limitations. Initially, all the answers are set
to the value of 0, which means that the customer is satisfied with the configuration
process. Based on the answers to questions, the values for input linguistic
variables are modified to new values as:

. feedback .
new value = previous value +T , where: 0 <new_value <1. This is the

input for a new fuzzy output from the system, i.e. a new decision. This new output

Onew takes into consideration whether a customer is satisfied with a configured

customer profile. Based on the difference between an original and a new output,

the membership functions for 0;,,, where 0,,, is the output for customer profile

configuration in the future, are shifted left or right to better articulate the future

customers’ preferences. The amount of shifting sa is calculated as:
0-0

T”EW. The division by 10 is used to assure that the shift is not too big.

sa

4.2 Initial Customer Profile Definition

The initial questions asked before the start of the configuration process are:
e  What is your estimate of your knowledge about thermal insulation?
e  What are your needs considering the accuracy of the configuration results?
e How much time do you have for completing the configuration process?

The answers can range from "I have no knowledge about thermal insulation at all"
(Where the value of the answer is 0) to "I am a professional in the field of thermal
insulation" (Where the value of the answer is 1) for the first question; from "I need
as accurate result as possible" (Where the value of the answer is 0) to "I just want
a rough estimate" (Where the value of the answer is 1) for the second question;
and from "I have enough time for completing the configuration process" (Where
the value of the answer is 0) to "I have limited time for completing the
configuration process" (Where the value of the answer is 1) for the third question.
Initially, all the answers are set to the value of 0.5. The answers are used as input
data for customer profile configuration.
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Based on asked questions and answers, three linguistic variables are defined:

o Knowledge about thermal insulation k, whose values are: very poor, poor,
average, good and very good;

e Accuracy of the configuration results a, whose values are: high, average, low;

o Time for the configuration process t, whose values are: enough, average, not
enough.

The membership functions for the variables are chosen based on testing and
experience and are presented in equations (1)-(3).

1, 0<x<0.05 y
_J 05-x — 0<x<03
Hyyery_poor (X) = 05-005 0.05<x<0.5 o 2.3 )
0, 05<xsl (=122 03<x<06
0, 0<x<02 06-03
‘oo 0, 0.6<x<1
5oy 02<x=05
Hiccaverage () =1 "0 s 1
08-X  (s5<x<038 O
0'860'5 08<x<1 0, 0<x<04
: - x—0.4
0, 0<x<05  Hicgooa(X) = » 04<x<07
s 0.7-04
Hyvery _good (X) = m’ 0.5<x<095 5 0.7<x<1
1, 0.95<x<1 1-0.7
0, 0<x<0.1
())(5_7()(511’ 0.1<x<0.5
:ua:average(x) = ) __ y
0751’ X 0= x=0 0059 oxs’ 05<x=09
#a:mgh(X) = ma 0.1<x<0.75 ' 0 ' 09<x<1 (2)
0, 0.75<x<1 0, 0<x<0.25
x—0.25
Hacpoor (X) = 025-009" 0.25<x<0.9
1, 09<x<1
L 0<x<0.1
fimoun (0 =122 =X 0 1<x<075
0.75-0.1 0, 0<x<0.25
0, 0.75<x<1 x—0.25 02 0.9
~ X)=¢———, 025<x<0.
o o (0 =1 550 3)
05-01 0<x<05 1, 09<x<l1
Hraverage (X) =9 59y
. , 0.5<x<1
0.9-0.5

If the answer to the question is the first one, the used membership functions
change in a manner described by equations (4)-(6). If the answer to the question is
the last one, the membership functions change in a manner described by equations

(MD-9).
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Ist
Hik=very _poor : ()= [ﬂk:very_ poor (X)]Z Ist
Hi=good x)= [ﬂk:good (X)]Z

/uk:poorISt ()= [/Jk:poor (X)]Z Ist [ ]Z (4)
Ist /uk:vewigood (X) = /uk:veryigood
M =average ()= [/'lk:average(x)]z
1st
Hacpigh  (X) = [ﬂ :high(x)]2
o Ist ) ﬂa:poor]St(X) = [ﬂa: poor(x)]2 (5)
Ha=average (x)= [/Ua:average(x)]2
1st
Hr=enough x)= [,Ul:enough(x)]z
1st /'lt:notienoughm(x) = [/'lt:notienough(x)]2 (6)
Hr=average (x)= [,Ut=averz=1ge(x)]2
ﬂk:very_ poorm(x) = [/uk:very_ poor (X)P9 1st [ })475
Ist [ P'75 Hy=good (x)= Hi=good (x)
Hi=poor x)= /uk:poor(x) p ISI(X) B [,u P‘g (7)
k= d — [Fk= d
/uk:a\verageISt x)= [/uk:a\verage(x)P25 e -gee ven - goo
last .25
Hachigh  (X) = [ﬂa:high(x)]o _
last 75 Ha= poorlaﬂ(x) = [ﬂa: poor (X)]O ® (3
Ha=average (x)= [,ua:average(x)]O
last .25
Hi=enough = [,ut:enough(x)})
/lt:notienoughlam(x) = [L‘t:notienough(x)P25 (9)

| .75
Hi=average ast(x) = [/ut:average(x)P

The fuzzy output from the system is designed to produce three different outputs 0:
beginner, intermediate and professional. Its membership functions are defined in
equation (10). The decision is made using 45 if-then rules that take into
consideration all of the possible answers. The rules are defined as the examples
given in equation (11). After the evaluation of if-then rules, an aggregated output
is generated that maximizes the values for the membership functions to the
maximum values obtained from the rules. The final output, i.e. the customer
profile is determined after defuzzification.

| 0<x<aq,
By —X
;uu:beginer(x) = 07, a, <X < ﬂo
ﬂnaao 5 < 0, 0<x<g,
s <X=< X—4
' Ho-professional (X) = 0 gy <xZ @,
0, 0<x<y, B0 — 9o
X—Z, 1, @y <X<1
50_1"0, X0 <X<6, @y =02,f =05 (10)
luo:xmermediate(x) = £ —X 20 =03,8,=05
P 0y <X<g, g0 =07,y = 0.5
0 0 —08
0 g, <X<1 Po = -
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if (Hk=very poor # O A Hachigh # O A Ly—enough # 0) =

L. Ho=intermediate = mm(/uk:very_ poor » :ua:high > /ut:enough)

(11

if (/v‘k:average #OA ttye poor % oA Hi=not _enough * 0)=

27. ﬂo:beginner = mm(/uk:average s Ha= poor » Hi=not _enough )

4.3 Feedback

After the configuration task is finished, the customer is asked to answer a set of
three new questions:

e Are you satisfied with the complexity of the configurator? c;
e I[s the result satisfactory? s;
e Are you satisfied with the time spent for the configuration process? i.

The answers can range from "The configurator is too complex" (where the value
of the answer is -0.5) to "The configurator is too easy " (where the value of the
answer is 0.5) for the first question; from "The results should be more detailed and
precise" (where the value of the answer is -0.5) to "The results are too detailed"
(where the value of the answer is 0.5) for the second question; and from "I could
have spent more time for the configuration process" (where the value of the
answer is -0.5) to "The configuration process was too long" (where the value of
the answer is 0.5) for the third question. Initially, all the answers are set to the
value of 0, which means that the customer is satisfied with the configuration
process.

Based on the answers to questions, the input values for k,a,t are modified to
Knews @new» tnew » @8 was described in 4.1 Overview of customer profile definition.
This is the input for a new fuzzy output from the system, i.e. a new decision. This
new output 0, takes into consideration whether a customer is satisfied with a
configured customer profile. Based on the difference between an original and a
new output, the membership functions for 0;,, are shifted left or right to better

articulate the customers’ preferences in the future. The shifted membership
functions for 0 with corrections are presented in equation (12).
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1 0<x<a,, =(a; +sa)

P > i1 = ife;,, <0.05thene;,, =0.05
i —X B —
ﬂu:dummy” =1Lt = g = (ai + sa) <x< B, = (ﬂi + Sa) ife;,, >0.35thena,,, =0.35
B — i iff,,, <0.35theng,, =035
0, B = (B +sa)<x<1 itf,,, >0.65thens,, =0.65
0, 0<x<y, =(x +sa) ifz., <0.15theny,, =0.15
X— ifz,,, >0.45th =045
¢, Ziﬂ:(Zi+sa)<xggi+1:(5i+sa) I-ZJ”> en;{,_,
) = O = Xin if5,,, <0.35thens;,, =0.35 12
Hozimermeciate ) &, X 5. = (6, +53)<x<5,, = (s +sa) ifs,,, > 0.65thens, , = 0.65 (12)
e -5 0 i - o i ife,, <0.55thens,,, =0.55
i+l i+l i+l i+
0 g, =(¢+sa)<x<1 ife,,, > 0.85thens,,, =0.85
0 05x<h, -4+ 50 4, <0350 =03
I > 0. en. =0.
i | X—dy = )<x<g,, = ) o "
Homprotessionar (X) = 4 o $a =g +sa)<x<g, =g +sa if@,, <0.65theng, , =0.65
"‘ 1 " o = (0, +53) < x<1 if,,, >0.95theng,,, =0.95
2 1+ i -

5 Configuration of Thermal Insulation

Different customer profiles ask for different levels and complexity of input
parameters and constraints. Due to extensive amount of data and required
calculations, this chapter presents just a brief overview of required input
parameters, calculations and results that are shown in Fig. 2.

6 Experiment

The developed configurator was tested to obtain results regarding the accuracy of
the calculated heat losses, configured thermal insulation and the necessary time
for the configuration process. To be able to assess the quality of the configured
results, exact calculations using professional software were performed by the
authors.

The configuration process was carried out by two groups of potential customers,
with differently assumed capabilities regarding their knowledge on thermal
insulation. All participants of the experiment tested the configurator individually.
In the initial phase of the configuration process, for each participant a customer
profile was defined based on input questions. The customer sample and the result
of customer profiling is presented in Table 1. Differences in assumed and profiled
customers resulted mostly because some of the participants assumed to have no
related knowledge at all asked for results of higher accuracy and/or declared
themselves to have more time available. At the same time, some of the
participants assumed to have proper capabilities asked for short configuration
process or had no need for accurate results.
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Table 1
The customer sample and the result of customer profiling

Participant profiles (resulting after customer

Participant characteristics (defined profiling)

before customer profiling) Profiled as beginner | Profiled as Intermediate
customer customer

Assumed to have some

technical knowledge 27 > 22

Assumed to have no

technical knowledge 26 19 7

Based on the defined customer profile, each participant configured the outer
thermal insulation for five different individual residential buildings that were
common in design in the region of Central and East Europe and available for
measurement. An example of input data regarding two types of buildings in the
case of beginner and intermediate customer is presented in Appendix A. The
necessary data used in the case of the professional customer is obtained from
construction documentation of the buildings and is not presented in the paper.

Heat loss is calculated for following input temperatures [31]:

e Outer average air temperature - 268[K];

e Average ground temperature - 285[K1];

e Average air temperature of the cellar - 285[K];

e The building's inner average air temperature - 293[K];
e Unused average air temperature of the loft - 268[K].

Calculated average heat losses without insulation and with the proposed
insulation, as well as average relative deviations of calculated heat losses without
insulation and with the proposed insulation from the exact calculations for
different customer profiles, are shown in Table 2.

The result of the configuration process is the bill of necessary insulating and
additional materials for the configured insulation. An example of one calculated
bill of insulating and additional materials for the second type of analyzed
buildings is shown in Appendix B.
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7 Discussion of Results

The developed product configurator is to be used by a wide range of customers,
those with average or no technical knowledge at all, as well as those who are
professionals in the related field. Based on the customer profile selected by the
configurator by interacting with the customer, the product configurator provides
different results and satisfies different objectives regarding the complexity of the
dialogue, the time required by the configuration process and the accuracy of the
obtained results i.e. the resulting configurations.

Table 2
Average calculated heat losses [kWh/month] and relative deviations to detailed calculations

Without insulation With proposed insulation
Type of customer Type of customer
=1 = = =
T - < S o]
L
Building = H 5 =2 S
£ L @ é 1 7
=] g Z =] £ z
3 - = o - o=
2 2 £ =2 £ S
— = — =

No. 1 (Detached building, 11380 | 12165 | 12560 5340

%)
[*))
©
X

3964

"square" shaped ground plan,

no cellar, one floor, brick | -9.39% | -3.14% 0% | 34.71% | -7.06% | 0%
wall, etc.)

No. 2 (Detached building, "T" 17456 | 21165 | 20560 8465 5830 | 6156

shaped ground plan, cellar,

two floors with loft, brick | -15.10% | 2.94% 0% | 37.51% | -5.30% | 0%
wall with plaster, etc.)

No. 3 (In contact with another 6087 5179 5347 1236 1125 | 1034

building, "L" shaped ground

plan, cellar, one floor with | 13.84% | -3.14% 0% | 1954% | 8.80% | 0%
loft, brick wall, etc.)

No. 4 (In contact with another 7891 7773 7650 1956 2236 | 2123

building, "square" shaped
ground plan, no cellar, one
floor, brick wall with plaster,
etc.)

3.15% | 1.61% 0% | -7.87% | 5.32% 0%

No. 5 (In contact with another 8035 7435 7095 5203 4620 | 4205

building, "C" shaped ground

plan, no cellar, one floor, | 13.25% | 4.79% 0% | 23.73% | 9.87% 0%
brick wall, etc.)

The results for the “beginner customer” show that absolute average deviation
from the exact calculations of heat losses ranges from 3.15% to 15.10% for
calculations without thermal insulation and from 7.87% to 37.51% for calculations
with thermal insulation (Table 2). The deviation from the detailed calculations
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regarding the calculated amounts of the required insulating and additional
materials is up to 100% for some materials (Appendix B). The necessary time for
the configuration process is about 3-5 minutes. The required number of input data
is 11. The number and type of input data indicates that customers without proper
technical knowledge can input the data successfully and in a relatively short time.
This fulfills one of the objectives of the research in terms of the usability for non-
professional customers. However, input data limits the possibilities of obtaining
highly accurate results because, compared with the detailed calculations, the
calculation algorithm needs to be considerably simplified (Fig. 2). The
simplification of the calculation procedure leads to results, both of the calculations
of heat losses and the required materials, which cannot be acceptable in a
technical sense, though these results will lend useful insight into the needs,
purpose and required level of thermal insulation. Keeping in mind the definition of
the beginner customer, the objective of providing acceptable accuracy is also
fulfilled.

The results for the “intermediate customer” show that the absolute average
deviation from the exact calculations of heat losses ranges on the one hand from
1.61% to 4.79% for calculations without thermal insulation and on the other hand
from 5.30% to 9.87% for calculations with thermal insulation (Table 2). The
deviation of the calculated amounts of the necessary insulating and additional
materials is up to 6% (Appendix B). It must be pointed out that on this level all of
the required insulating and additional insulating materials are included in the
result. The time required for the configuration process amounts to approximately
6-12 minutes. At this level the required number of input data varies due to the
differences that appear in the structure of the analyzed buildings. The number of
input data range from proximately 60 to more than a 100 if the building consists of
several floors or has a more complex ground plan (Appendix A). This indicates
that the configuration task is extensive; however, the type of data and the fact that
many data are inherited based on previous input will ensure that the configuration
task will take low cognitive effort and a relatively short time. The input data
enable the definition of a more complex calculation algorithm (Fig. 2) that
provides results acceptable in a technical sense. It must be mentioned that when
purchasing materials in practice, it is usually recommended to buy quantities that
are 5-10% larger due to waste occurring in the process of applying the insulation.
Given the definition of the “intermediate customer”, objectives regarding
complexity and cognitive effort are fulfilled.

Based on input data, the obtained model of the building for the beginner and
intermediate customer differs to greater or lesser extent from the actual ground
plan shape, structure and dimensions of an original building. These differences
lead to calculation results that may have higher or lower results compared to
detailed calculations (Table 2). Therefore deviations of results compared to
detailed calculations may in some cases be negative, and in other cases positive
values. For the same building, the configuration of the beginner customer can
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yield a result that is for instance lower than that of detailed calculation, while at
the same time the case of the intermediate customer can have higher calculated
values. The reason for this occurrence lies in the fact that the calculation
algorithms in these two cases are different.

The results for the “professional customer” are of high accuracy, yet this also
means that the calculation algorithm is rather complex and requires an extensive
amount of data both specific and typical for the area of investigations. Therefore,
the necessary time for the whole process is several times longer than on the
previously described levels and it may take up to several hours if the analyzed
building has a more complex structure. While the results for this level will be
more precise, they also require expert technical knowledge on thermal insulation
from the customer. This, on the other hand, may also mean that this type of
calculation is no longer considered a configuration in the classical sense of the
term (which takes place in the sales process), but a full-scale calculation process
(which takes the form of a professional service that should be paid for).

Conclusions

The aim of this research has been to develop and test a product configuration
approach that can self-adapt to customers who have different levels of knowledge
related to the configured products as well as their own real individual needs. In
order to be able to develop a product configurator for such a wide range of
customers and to avoid the abortion of the configuration process, and thus of the
final economic transaction, three customer profiles have been identified: beginner,
intermediate and professional. In order to map the customer onto one of these
profiles, an algorithm has been proposed that uses specific information about
customers and their behaviour during the profile definition process. For each
customer profile a different configuration dialogue has been defined so that the
amount and complexity of input information decreases in lower customer profiles.
To manage the differences of input data, an associated calculation algorithm has
been developed for each of the identified customer profiles.

To evaluate the performance of the proposed configuration approach, a product
configurator in a highly specific technical field of thermal insulation has been
developed. Thermal insulating materials are mass products in themselves, but
when installed on a specific building the final configured product is unique for
each individual solution. This calls for greater customer involvement in the
configuration process as the input data are unknown in the beginning due to the
specific characteristics of each building. The results of testing the proposed
configuration approach showed that the gained results were usable in practice
regardless of the simplifications of the input data and calculations on the lower-
level customer profiles.

This leads to the conclusion that if this approach is usable for customization of a
product that requires high customer involvement and is unique for each solution, it
could also be successfully used in the customization of products with more stable
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product structures, attributes and constraints. These products include capital goods
such as buildings, machinery or tools. Further, they include consumer goods, both
simple, such as shoes or clothing, and complex, such as cars, computers and
furniture, or even services like insurance and tourism offers. If the possible
structure of the product is known, regardless of its complexity, there is no need to
have simplifications in the calculation algorithm, i.e. in the configuration
algorithm. Following this logic, the input on lower customer profiles will give a
more generalized description of customer requirements, while on higher level,
customer requirements will be defined in greater detail. This will eventually lead
to product solutions that will in each case be exact and correct but meet the exact
requirements of customers to a greater or lesser extent in correspondence to the
level of input and customer knowledge. Therefore the contribution of this research
lies in the introduction of a product configuration approach that self-adapts the
configuration process to the capabilities and needs of the customers, who can
range from non-experts to experts in the related field of investigation.

Certain issues arise from the fact that the presented configurator is to be used by
customers both with or without specific technical knowledge and from the fact
that the configured product is connected to a specific technical field. One of the
problematic points is that a simple configuration algorithm with a relatively small
number of input data given by a non-expert customer may provide a somewhat
incorrect result. However this same non-expert customer will benefit from having
performed this configuration in any case. Should the customer then decide to
purchase insulation material without expert help, they will still be better off and
are more likely to make a “good purchase”. In terms of directions for possible
future research, this points towards the investigation of the limits of simplifying
the configuration process. The other question at hand comes from the trend
whereby nowadays customers buy complex products like computers and cars
using product configurators even though they are far from being experts in the
fields. When does a proposed configuration process become too complex and time
demanding? How long before the customer becomes frustrated and decides to
abort the process? Future research should thus focus on investigating what is the
maximum possible engagement of the customer when using a product
configurator and whether there are products that are not configurable at all by
using product configurators. Understanding the limits of simplification and
complexity will likely turn this specified configurator into a generally applicable,
useful tool for mass customization.
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Appendix A: Example of Input Data

Type of building

Building No. 1

Building No. 2

Type of information

Type of customer

Type of customer

Beginner |

Intermediate

Beginner |

Intermediate

General

Area where the building is situated Normal Normal
Location of the building Protected Protected
Type of building Detached Detached
Cellar No Yes Yes
Percentage of cellar underground [%] 0 40
Insulation of the cellar’s walls No No
Insulation of the floor which is in contact
No
with the ground
Number of floors in the building
Socle covered with plaster o

Type of roof

Insulation type of loft

Loading of attic/loft, i.e. roof
Estimated area of the ground-plan of
the building [m2]
High or low ceilin;
Estimated total number of rooms
Estimated type of the building
regarding the prevailing materials
used

Full brick

2
Full brick

Previous insulation No [ No ]
Estimated quality of the windows and|
Average Average
doors
Specific
Level First floor Roof Cellar First floor Second floor Roof
Shape of the ground plan 4 4 4 4
Linear dimensions of the ground plan
(circumferential dimensions) [m]
d1 11 11 11 11
13 13 13 13
5 5 5 5
2 4 73 4
2 2 2 2
Height i.e. heights of the floor [m]
hi 26 3 5
h2 - - 3
h3 - - - 1
Percentage of free surface area of
exterior walls of the building’s floor
191
a 00 100 00
a2 00 100 00
a 00 100 00
a 00 100 00
ac 00 100 00
a 00 100 00
a 00 100 00
ai 00 100 00
Correction of exterior surface of floor
0 0 0
walls [m2]
Initial profile [m] 48 0 0 0
Edge protectors [m] 12 0 0 0
Number of wall layers 2 2 2 2
Dominating type and thickness of the
floor's wall
Layerl - type Full brick Full brick Full brick Full brick Full brick
Layer1 - thicness [m] 0.35 0.35 .35 .35 035
Layer2 - type - - Plaster Plaster Plaster Plaster
Layer? - thicness [m] 0.02 .02 .02 0.02
Layer3 - type - - - -
Layer3 - thicness [m] - - - -
Layerd - type - - - -
Layer4 - thicness [m] - - - -
Layers - type - - - -
Layers - thicness [m] - - - -
Dominating type and thickness of the
floor's (level's) floor
Layerl - type Armed concrete_| Armed concrete | Armed concrete | Armed concrete
Layerl - thicness [m] 02 0. 0.2 0.
Layer2 - type - - - -
Layer2 - thicness [m] - - - -
Layer3 - type - - - -
Layer3 - thicness [m] - - - -
Layerd - type - - - -
Layera - thicness [m] - - - -
Layer5 - type - - - -
Layer5 - thicness [m] - - - -
Correction of the surface area of the o o o o
floor's (level's) floor [m2]
Dominating bype tola surtace area, and Wood double layer . Wood double layer|  PVC Pvc Pvc
jumber of windows 7z 6 8 8 2
Total surface area of all windows [m2] 4 16 16 4
Profiles for window joint [m] 0 0 0 0
PVC profile for bal[c:]mes with glass net o o o o
Dominating type, total surface area, and Bve Wood R
number of doors of the floor
Number of doors 2 1 0 0
Total surface area of all doors [m2] 6 2 0 0
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Appendix B: Example of Calculated Bill of Materials

Type of customer
Beginer Intermediate Professional
TRelative — | [Relative
deviation to deviation to
Insulating detailed detailed
Material code Packaging |calculation _|Material code Packaging |calculation |Material code Amount__|Packaging
5 0| 100.00%|0510-25006000 36] 1.68%|0510-25006000 127.13[[m2, 37
0501-08008000 79) 7.79%|0501-08006000
0510-30008000 6| 2.17%0510-30008000

0510-30008000 19 6.05%]0510-30008000
of 100.00%J0501-08006000
18| -0.74%]0301-07010000
7| -12.80%|0508-rt126000
Relative

deviation to

detailed

100] 0.27%]0501-08006000 249.44]|[m2 100
6 4.71%]0510-30008000 _6|
20| 5.88%)0510-30008000 Zﬂ
5| 2.77%]0501-08006000 B
18] -0.23%)0301-07010000 43.01)[m2] 18
6| 4.46%]0508-rt126000 89.6|[m2 6|

Relative
deviation to
detailed

0301-07010000
0508-rt126000

Material code calculation _|Material code Amount calculation _|Material code Amount __|Packaging
0103-10001005 11] 33.63%|0103-10001005 72.62[[1 15| 3.46%0103-10001005 75.22[ll 16|
0103-01101025 83 0103-01101025 3087|[ke] 124 3.81%0103-01101025 | 3209.15[kg] 129]
0101-117wh055 6] 12.62%|0101-117wh055 7 4.63%]0101-117wh055 364.46|[m2] 7]
0110-02080000 23] 50.00%|0110-02080000 26 0.00%0110-02080000 92[[m] 48]
0111-03000000 1 50.00%|0111-03000000 1 0.00%0111-03000000 6[[pcs| 1
0112-03000000 1] 50.00%J0112-03000000 1] 0.00%]0112-03000000 1]
0112-05000000 1 50.00%|0112-05000000 1 0.00%0112-05000000 1
0112-10000000 1 50.00%|0112-10000000 1 0.00%0112-10000000 1
0118-00130250 4 7.79%]0118-00130250 4 0.27%]0118-00130250 4
0717-64002000 2 50.00%|0717-64002000 3 0.00%0717-64002000 3|
0105-10100000 4 66.67%]0105-10100000 10| 0.00%{0105-10100000 10)
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