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Summary: Lean Six Sigma is a well-known methodology to dosheeess improvement. Companies worldwide share
the success story about breath-taken achieveméatsever, this approach as well has a strong oppwsitonsisted
from people, whose Lean Six Sigma projects halegifdilard to say what exactly is the key for sus@gseason of
failure: it is individual for each project and dempes from a lot of criteria. But some generalizat@an be done. The
guiding light of success is constant following ke tcommon sense and correct application of effictenls —
strongly connected Big "Q" and little "g", as it wa@amed by Dr. Joseph Juran. This article is préegma new
approach for one of the most critical steps in DIi@Adycle — solution selection. This tool eliminattes limitations

of existing approaches and offers some signifieaivantages.
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1. INTRODUCTION

Concept of Big "Q" and little "q" was coined by . Juran in 1980s. The idea was that managing
for quality should not be limited to manufacturiogmpanies and manufacturing processes (little
"g"). It should also include service companies badiness processes (Big "Q") [1]. With the time,
the umbrella of Big Q was growing and became arolagy that says: all tools, methods,
approaches and ideas (little "q"), used in producto achieve the high quality are applicable to al
areas of business, to all types of activities. Bipas become an integral component in the business
world, and is without question here to stay. Pegus¢ may not call it Big "Q". Some may call it
TQM, some Six Sigma and others just common serjse [1



Lean Six Sigma is one of well-known name of Big !'Qh Juran Quality Handbook [2] Six Sigma
defined as multifunctional, organizationwide methodmprove process effectiveness and customer
satisfaction. It has developed into one of the mwgtely recognized methods for creating
breakthrough improvement. Today Lean Six Sigmainaastits development in a part of little "q" —
creation of new tools should help to come througkarL Six Sigma DMAIC cycle (Define,
Measure, Analyze, Improve and Control).

As we know, Lean Six Sigma is a data driven stmactyproblem-solving approach [3]. However, it
has a limitation of data application in Improve phaThe biggest part of tools for decision-making
in this phase are not based on statistical approdbntinuous Improvement suspects that this

should be improved and in this article, we are diesg a new little "q" of Lean Six Sigma —
statistical approach for decision-making.

2.LEAN SIX SIGMA

Common sense should penetrate through everythatgué are making as blood circulatory system
penetrate through our body. It is because unréfigetpplication of any tools or ideologies will lfai
even if it is the greatest idea ever existed. B and little "q" are strongly connected to each
other. Big "Q" consists of a millions of little "givhich bring us to business excellence. In theesam
time little "g" deprived the common sense will lgrimore problems than help. They cannot exist
without each other. That is why the best way tecdbe a new little "g" is to make it in the coritex
of real Lean Six Sigma project (Spear Parts Dejiyewhere we can see big "Q" and little "g"
working together. And every Lean Six Sigma propatts with problem definition.

3. DEFINE

The first phase is Define. Define your problem sicas one can in words. It sounds very easy to
make and often people think that this step is enédity. However, this task is not as simple as it
looks from the first view.

Name of the project has already said to us thabhblgm was with spare part delivery. Everything
is clear; but if we look more careful, we see thesinition is very general and it is more a stateine
than information to work with. Clear definition tfe problem is necessary to choose a right focus
area of our project. It will help us to define @pe, targets and route to achieve results. Soesd n
to identify what is exactly our problem, becauséeam'delivery” problem can be everything listed
below:

1) customers receive a damaged boxes,

2) deliveries are delayed,

3) customers receive wrong goods,

4) customers can't sign documentation, because oékeist

5) we don't know when goods will be delivered on site,

6) we don't know what will be delivered on site,

7) we can't plan our service works.

List can be continued.

Some of these problems are crossing each othegthert are leading a problem solving process in
fully different directions. If we try to speed ulpet delivery time while the problem is in damaged

goods, we will get a good results (for deliveryeiynbut problem will stay the same or even became
worse. It will be a project failure.



Successful problem statement is the half of thgeptasuccess only. If we identify a problem
wrong, we will try to solve something what is nbetproblem at all. In our case, the problem was
with a delivery time: it often was longer than lgades in the contract that were used for planning.
As consequents, the planning of service and custerpectation was not manageable. Simply, we
were not able to plan anything efficient, becausedna not know when a spare part would be
delivered on a site. So our target was not to eseea speed of delivery or to solve the problem of
damaged goods, it was to make the process managéalile able to deliver strictly on time. For
simplification, we gave the following definitiofiSpare parts delivery delays according to lead-
times".

4. MEASURE

The second phase is Measure. We need to measupeatlem, to give it number to feel the extent
of the problem and see if it is a real problemust jour emotional evaluation. Emotional reaction
and evaluation are human nature, but it can leadh @ wrong direction. Target of this step is
mitigating mistakes, which this habit can bringn&times our feelings are right, but very often we
under- or overestimate the situation. It is possiblat after the evaluation, we see process in this
part actually works well, but our personnel peraeplets us think that here is a big problem. In
addition, it is a small checkpoint, where we cae, skin the previous step we define the problem
wrong and now should start from the beginning.

In our case in D-phase, we saw that the probleveng serious, more serious than we had estimated
—59% of all deliverieswere not on time. How did it help to the project? We understood agjaof
what we are going to fight. It is unapt to fighttlwihe dragon by children shooter, as well as to
shoot the sparrow from bazooka. When we gave timebeu to our problem, when we saw how
often the delivery was done not according to tleliemes, we was able to identify how much
resources, what kind of resources and how muchwemaeed to solve the problem. And of course,
we need this data to compare it with the resulted@ble to evaluate the success of our projettan t
end.

5. ANALYZE

The third step is Analyze. There we analyze prociega to find the root causes of our problem.
Very often analysis of situation changes our petaf problem. Root cause likely will be
unexpected and, what is more important, it willungpleasant. It happens because the root cause is
always in us, directly or by implication. With tepare parts delivery we were sure that the problem
is on the side of Delivery Company. In the worgecss in Warehouse. However, all problems were
created inside. The reason of all delays and iilg{abf the process from the beginning to the end
were our achievement. First step on our side matleedy success almost impossible. Information
we provided on the next steps often contained kestaand it creates a lot of reworks, double-
cheeks and all of this leads to a big delivery yel®uring this phase, we discoverasten root
causes of our problem: weak process opened doors to &l snistakes.

6. IMPROVE

Improvement is the stage where we generate andsehsalutions to solve the problem. It is a
teamwork, which required in one hand a lot of au#tgt and a structured data based approach in
other.

I-phase consists of two big stages: potential smiutreation and the best solution selection.
Potential solution creation process is the cregbiad of this phase. Effectiveness of this stage is



highly depended from process facilitation and regpiito have a good soft skills and nonstandard
way of thinking to succeed.

In our project, we carried out 7 session of bramsing for each root cause. As the result, we
received 38 potential solutions. Implementation of all 38 solutions would not berational
decision. First, not every potential solution camega big impact on problem solving. Second,
implementation of some ideas consumes too much &ntk money. Third, some solutions can
improve our process, but damage the others. Therefe need to choose the best solutions, which
correspond to our requirements. This way we wengirg to the next stage of I-phase.

On the second stage we need to choose the besbsslout of (for some projects) hundred ideas,
which will solve our problem. Our choice of the wodns should not be based on our personal
preferences or believe in solution success, bdaais. As it clear from the clause above, to de thi
we need selection criteria. It is individual foregy project, but there are three main: impact on
problem, implementation costs and time.

For our project, we developed the following crigerihe solution impact on the problem, time for
solution implementation, cost of solution implenagin, regulatory and business risks connected
to solution implementation, impact on customers iamgact on a workload.

We can see that it is not one or two criteriasitipool of them. It is hard to make the decision.
Lean Six Sigma methodology offers many tools to enknore efficient. Let's list a few the most
famous [3]: Paired Comparisons/Pairwise rankinggrRization and Pugh Matrix. All of them
have the common limitations — the fist of all thag not statistically based and, secondly, they do
not use natural values of the criteria, but aslgiiee them the score. Why is it not so good?
Problem will be to make the balanced evaluationtted solution. For example, the cost of
implementation of the solution 1 is 100$, for smnt2 — 105%. For us it is not the critical
differences, but the score of the solution 1 wél Higher in the same time they are almost equal.
Moreover, this situation we will have for a fewteria and almost for each solution. Normally we
have a few root causes, because the problem isngoas the sum of small mistakes and, as the
result many potential solutions. Finally, we has&igons, which are similar to each other by some
criteria, but scoring is making them look like thaye very different. Scoring is unbalancing
approach to make an evaluation of milti-criteripjext. This way we have a high risk to choose the
solution, which is better a little bit by one crite but worse by others. Standard tools can play a
bad jock to us by putting up the solution thatas flor far the best one.

New little "g" is a new tool, new approach for deon-making, which helps to find the best
balanced evaluation of each solution based orsstati approach.

The idea of the tool is based on building a gemazdlparameter. Generalized parameter building
is the transformation of the individual values bé tparameters (individual dimensions) in partial
response parameters (unified dimension) and bygjlthe universal generalized parameter, which
include the balanced evaluation of all criteriag(fe 1). The transformation of characteristics is
done on a basis of evaluations of their correspoceléo the possible ideal value of the parameter.

This parameter is a complex characteristic, whiokady includes the evaluation of all parameters
of this object. The first plus is that this genezadl index allows avoiding a one-side optimization,
because it doesn't evaluate just separate chassiceibut the combination of them. The second
advantage is the use of natural values of critehis; makes the method more sensitive to small
difference of criteria values. The methods allowking complex evaluation of objects for
appropriate decision making [4,5].
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On Figure 2 we can see the comparison between welget used and new tool. Scoring is
additional step, which in one hand make the evanatasier, but in other hand leading us to the
wrong solution selection. We rarely have a diffex® between the criteria values equal to the rank.
In the example above (implementation of the sofufids 100$, for solution 2 — 105$), we give the

score 1 to the first solution and score 2 to thepsd. But solution 1 is not 2 times better than
solution 2. New tool helps fully avoid this issue.
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Figure 2. Comparison between tools

There are a lot of different methods to build teaeyalized parameter: from simple to complicated,
based on expert's opinion approach or which hag statistical background.



We prefer to use G. Taguchi Loss Function for thispose due to key peculiarities of this
approach: statistical background and empirical neatihose peculiarities give much more trust to
the result in the real world.

The detailed description of Genichi Taguchi Losadtion was published in the reference [6].

6.1 Theoretical | ntroduction

6.1.1 Generalized Parameter Construction by the G. Taguchi L oss Function

Taguchi function [5] is used to calculate the ficiah losses in case of nominal deviation. The
approach is based on the transformation of thevidial partial characteristics that have different
dimensions (hardness, density, etc.) in monetaitg.un

Japanese scientist G. Taguchi proposed a new appmafaproduction quality assessment. The
traditional idea of product quality is defined tf@lowing way: all manufactured products are
equally qualitative, if their quality parameter we$ correspond to the technical documentation. So,
while the quality parameter value is into the bosdef tolerance, quality loss is zero. If the quyali
parameters are outside the tolerance limit T, dss lof quality declared as inadmissible. Such a
function of quality loss (see Figure 3, broken lias called a "breaking stepped function”.
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Figure 3.Taguchi loss function and "breaking stepped fumctio

According to the loss function L (proposed by Maglichi) a good quality product is only the
product with quality parameter values equal to tieeninal value and any deviation from the
nominal value associated with some loss of qualéige Figure 2, curve 2):

L = k(x - mp)* (1)

where:

Mo - nominal value,

k- constant of proportionality,
X - criteria value (current).

Taguchi defined that quality loss increases with slquare of the deviation of current parameter
values from the nominal [7].

For a generalized parameter building, we use tlgaidla function to convert the quality parameter

values with different measurement units into patéic losses for each criterion expressed in
monetary units. A generalized parameter is caledlas the arithmetic sum of the losses of each
parameter.
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To construct the loss function, as we can see ttmrtheoretical introduction, we need to know a
nominal value, tolerances, coefficient of proparéibty k and losses that the company incurred in
case of tolerance failure. The nominal value arldramce are established based on a consumer
feedback. The nominal value is the quality parameddue that a customer defines as perfect for
him and the tolerance - a sort of concession tatmsumer, the extent to which the desired value
can be varied.

The coefficient of proportionality k is calculatbg the following formula:

_ Loses
Tolerancé’

(2)

Now we can review the generalized parameter ortipeac

6.2 Practical | mplementation

Let's step by step have a look how to implemeneg®ized parameter for solution selection.
As the result of criteria creation, we receivedfthiwing criteria and measurement units:
impact on SP delivery time, scale,

time for realization, working days,

cost, Euro,

human recourse, working hours,

load change on the resource, decrease/increasepact,

direct influence on customer, positive/negativesaibs

potential risk for business, scale.

NoakwNpE

For Generalized parameter building based on Tagueks Function we can use criteria values
measured in different measurement units. Thatbig @dvantage of the tool, as it has been already
mentioned above.

The next step is criteria assessment for eachigolut

Small tip and lesson learned from this project. dBefthe evaluation of every solution by all
criteria, we evaluated the potential impact of sadution on the problem solving. These way 13
potential solutions were excluded from the furtbealuation due to the low impact on problem
solving. This is a good strategy to save the timewaluation of solutions, which are not efficient.

6.2.1 Potential solutions evaluation

1) Data consolidation.

In our project we had 7 root causes and 38 pofestlations to solve our problem. Each potential
solution was evaluated by 7 criteria (solutionshwlibw impact were not included into further
evaluation). Result of solution assessment is dawaed in the matrix presented on Table 1.

2) k- constant calculation.
Next thing we should to make is to calculate k-stant of proportionality:

_ Loses
Tolerancé®

For this we need to identify the tolerance anddes¥Vhen we are talking about measures of some
detall, it is very simple, tolerance is known frahe beginning and losses are the detail market
price. But for non-material objects it is a littt complicated, that is why it is helpful to u&ke
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worst value" to find out the tolerance. For thisgmse the project team was asked to identify the
best criteria value (it is our nominal value) ahd tvorst acceptable. Tolerance was calculated as a
difference between the best and the worst values.

Let's have a look on it on the example. We arestriduter of medical devices. We have received
the order to deliver 500 items to our customer@ndays. For this first we should order the goods
from producer. We would like to get it on our staok22 days ideally. This way we have available
storage location for this order and for sure enaurgk to deliver it to our customer. If goods would
come in 17 days, we would not have a storage in Warehouse and would have to spend
additional money to rent location for this. If gsogould come in 27 days, we would not be able to
deliver on time and would pay penalty for delivelglay to our customer. For simplification let's
assume that the payment for additional locatiortimgnand penalty are the same and equal to
1000$. In this example the best value is 22 daks.tdlerance is 5 days (22 -17=5; 27-22=5). The
losses are 1000%.

Delivery time is only one criteria for delivery duation. Accuracy of delivered quantity can be the
next example. 500 items are our best value. If weld/receive 600, we would not have enough
space and again have to rent additional locatiorsforage. If we would receive 400 items, we
would pay penalty to our customer, because camtptete the order according to the contract. Our
losses are 1000$. Our tolerance 100 items.

The example can be continued for every criteriodlelivery.But iff at least one criterion is going
away from the tolerance — "border of our acceptgmee will lose the money.

Similar is with the potential solution. In theory criteria are out of tolerance, solution
implementation will not be successful and we wik 13olve the problem. So the losses for every
potential solution for each criterion are the pratiary losses of project failure. If we don't know
the number, we can take any estimation, becausadietarget of losses value in Taguchi function
is to calculate the coefficient.

In Table 2 you can see the numbers for k-consthptaportionality calculation for each criteria
and the results. For our project as losses we t@blke 100 because we didn't have a reliable
financial estimation of project failure.

3) Table simplification.

efore to go to calculation for simplification oflcalation tables let's give a short name to each
potential solution which participates in the evéilia and numbers the criteria. Results are shown
on Table 3 and Table 4.

Result of simplification is shown in Table 5.

4) L osses calculation.

Now we can make the Losses calculation.

Table 6 consolidates all data we need for caladafl = k(x-my)?) and Table 7 represents the
result of calculation.

Normally there we can calculate the total lossesofgject by each criterion and choose the best
solution. But sometimes we have one-two main d¢atand we would like to give them evaluate
them considering their weights. This happened withproject.

5) Calculation of weight.
The most important criteria for the team was immpacSpare Part delivery time, the second was the
cost of implementation. The way in which weightgevdistributed is shown on Table 8.
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Table 1. Matrix presentation of evaluation eacl38&fpotential solution by 7 criteria

Potential Solution 1 3 - - - - - -
Potential Solution 2 9 2 0 2 0 0 5
Potential Solution 3 6 1 0 i 1 0 0
Potential Solution 4 9 10 0 20 -1 0 3
Potential Solution 5 9 1 0 1 -1 0 0
Potential Solution 6 6 1 0 1 0 0 1
Potential Solution 7 3 & = = Z - -
Potential Solution 8 3 - - - - - -
Potential Solution 9 3 - - - - - -
[Rootcause2 |
Potential Solution 10 9 66 3000 3 -1 0 0
Potential Solution 11 9 5 0 9 0 0 0
Potential Solution 12 9 10 0 20 -1 0 3
Potential Solution 13 9 5 0 1 -1 0 0
Potential Solution 14 9 66 0 120 -1 0
Potential Solution 15 6 66 3000 3 -1 0
Potential Solution 16 3 - = - 5 - =
Potential Solution 17 9 22 0 25 -1 0 0
Potential Solution 18 6 1 0 1 1 0 0
Potential Solution 29 9 1 0 3 1 0 0
Potential Solution 20 9 1 0 1 0 -1 6
Potential Solution 21 9 1 0 1 1 0 0
Potential Solution 22 9 1 0 1 1 0 0
Potential Solution 23 9 5 0 5 -1 0 5
Potential Solution 24 6 10 0 6 0 0 5
Potential Solution 25 3 - - - - - -
Potential Solution 26 3 - - - - - -
Potential Solution 27 6 44 0 10 1 0 8
Potential Solution 28 6 22 0 8 0 0 8
Potential Solution 29 6 1 0 1 0 0 8
Potential Solution 30 3 - - - - - -
Potential Solution 31 3 - - - - - -
Potential Solution 32 9 10 0 20 -1 0 3
Potential Solution 33 9 132 250000 528 -1 0 0
Potential Solution 34 6 1 0 1 1 0 5
Potential Solution 35 3 - - = = - ~
Potential Solution 36 3 Z = = = - =
Potential Solution 37 3 - - - s - =
Potential Solution 38 3 - - - - - -
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Table 2. Numbers for k-constant of proportionatifculation for each criteria and the results

The best value 9 1 0 1 -1 1 0

The worst value 3 22 300 60 1 0 5

Tolerance 6 21 300 59 2 5
Losses | 100 100 100 100 100 100 100
prosg:j;f:h: 2.778 0.227 0.001 0.029 | 25000 | 100.000 | 4.000

Table 3. Criteria names and numbers

Criteria name Criteria Number

\lmmbwl\)l—‘

Table 9 presents the results of calculation ofvilldial losses considering their weight and total
losses per object.

6) Final Solution selection.
After total loses calculation we rank the objecésdxal on their total score. The best object- best
solution has the lowest losses and lowest score.

To create the final solution list was decided tket#he solutions with rank from 1 to 10. But for
some root causes no solution received the rank frén10 due to costs or time of implementation.
Team decided to take into the list additional sohg with highest rank into their group (group of
potential solution to resolve exact root cause). wdl team added a few solutions, which is
necessary to complete the improvement, becauseofisn happened, solutions were connected to
each other.

In the result we received 15 solutions to implemerst of the solutions is shown in Table 10.
Summary of selection process is shown on Figure 4.

Calculation looks very heavy from the first poinit \ew, but it is only because of detailed
description. This calculation is very quick andye@an be done in Microsoft Excel.

We can come to the final phase of our Lean Six &ignoject.
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TableShlutions, impacts and short names

Potential Solution 7

Potential Solution 8

Potential Solution 9

Potential Solution 1 3 -
Potential Solution 2 9 Object 1
Potential Solution 3 6 Object 2
Potential Solution 4 9 Object 3
Potential Solution 5 9 Object 4
Potential Solution 6 6 Object 5§

3

3

5

Potential Solution 10 9 Object 6
Potential Solution 11 9 Object 7
Potential Solution 12 9 Object 8
Potential Solution 13 9 Object 9

Potential Solution 14 9 Object 10
Potential Solution 15 6 Object 11
Potential Solution 16 3 -

Potential Solution 17 9 Object 12
Potential Solution 18 6 Object 13
Potential Solution 29 9 Object 14

Potential Solution 25

Potential Solution 26

Potential Solution 20 9 Object 15
Potential Solution 21 9 Object 16
Potential Solution 22 9 Object 17
Potential Solution 23 9 Object 18
Potential Solution 24 6 Object 19
3
3

Potential Solution 27 6 Object 20
Potential Solution 28 6 Object 21
Potential Solution 29 6 Object 22

Potential Solution 34

Potential Solution 30 3 -
Potential Solution 31 3 -
Potential Solution 32 9 Object 23
Potential Solution 33 9 Object 24

Object 25

Potential Solution 35

Potential Solution 36

Potential Solution 37

Potential Solution 38

(SSI VS RCR R ROV o)t
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Table 5. Result of simplification

1 2 3 4 5 6 7
Object 1 g 2 0 2 0 0 5
Object 2 g 1 0 1 1 0 0
Object 3 9 10 0 20 -1 0 3
Object 4 9 1 0 1 -1 0 0
Object 5 g 1 0 1 0 0 1
Object 6 9 66| 3000 3 -1 0 0
Object 7 9 5 0 9 0 0 0
Object 8 9 10 0 20 -1 0 3
Object 9 9 5 0 1 -1 0 0
Object 10 d 66 0 120 -1 1 0
Object 11 g 66| 3000 3 -1 0 0
Object 12 d 22 0 25 -1 0 0
Object 13 g 1 0 1 1 0 0
Object 14 d 1 0 3 1 0 0
Object 15 d 1 0 1 0 -1 6
Object 16 d 1 0 1 1 0 0
Object 17 d 1 0 1 1 0 0
Object 18 d 5 0 5 -1 0 5
Object 19 g 10 0 6 0 0 5
Object 20 g 44 0 10 1 0 8
Object 21 g 22 0 8 0 0 8
Object 22 g 1 0 1 0 0 8
Object 23 d 10 0 20 -1 0 3
Object 24 9  132| 250000 528 -1 0 0
Object 25 g 1 0 1 1 0 5
7. CONTROL

The fifth phase is Control. This is the step thabgle sometimes would prefer to live. When
everything is done, what do we need to control? tBatimportance of this step is great; it is the
moment of true, kind of exam for our project. Weaiagmeasure the process and see, were our
actions effective or not. It is very disappointitogsee, that after so many efforts the situatioreha
not been really improved. In this case we shouavsl go back to find out where the mistake was
done. If we a lucky, we just chose an ineffectiedugon to remove the root cause. It becomes
worse, if we didn't find the real root cause. Anccoming bad, if we made mistakes in analysis:
maybe we took a wrong data. But the worst caséwse define the problem wrong.

Now you see that all five steps (Lean Six Sigmalogy — big "Q") are very important to be
performed with the deep understanding of the sbakend of each phase.

16



For our project the result was measured duringsthenths on a monthly based. And we achieved
a really great improvement. In the beginning we baty 41% deliveries on time (59% delays).
After project was finished we had 100% deliveriestime. Efficiency of the project increased in 7
times (Figure 5): 50 min to process the "spare @alivery line" instead of 6 hours.

Table 6. Data for calculation

1 9 1 0 1 -1 1 0
k 2,778 0227 0.001 0.029 25.000 100.000 4.000
X 1 2 3 4 5 6 7
Object 1 9 2 0 2 0 0 5
Object 2 5 1 0 1 1 0 0
Object 3 9 10 0 20 -1 0 3
Object 4 9 1 0 1 -1 0 0
Object 5 5 1 0 1 0 0 1
Object 6 9 66/ 3000 3 -1 0 0
Object 7 9 5 0 9 0 0 0
Object 8 9 10 0 20 -1 0 3
Object 9 9 5 0 1 -1 0 0
Object 10 d 66 o] 120 -1 1 0
Object 11 d 66 3000 3 -1 0 0
Object 12 d 22 0 25 -1 0 0
Object 13 d 1 0 1 1 0 0
Object 14 d 1 0 3 1 0 0
Object 15 d 1 0 1 0 -1 6
Object 16 d 1 0 1 1 0 0
Object 17 d 1 0 1 1 0 0
Object 18 d 5 0 5 -1 0 5
Object 19 d 10 0 6 0 0 5
Object 20 a 44 0 10 1 0 8
Object 21 d 22 0 8 0 0 8
Object 22 a 1 0 1 0 0 8
Object 23 d 10 0 20 -1 0 3
Object 24 9  132] 250000 528 -1 0 0
Object 25 a 1 0 1 1 0 5
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Table 7. Results of calculation

1 2 3 4 5 6 7
Object 1 g 0.22676 0| 0.02873 25 100 100
Object 2 25 0 0 0 100 100 0
Object 3 0 18.3673 0| 10.370¢ 0 100 36
Object 4 0 0 0 0 0 100 0
Object 5 25 0 0 0 25 100 4
Object 6 Q 958.05 10000 0.11491 0 100 0
Object 7 Q 3.62812 0| 1.83855 25 100 0
Object 8 Q 18.3673 0| 10.3706 0 100 36
Object 9 Q 3.62812 0 0 0 100 0
Object 10 Q0 958.05 0| 406.808 0 0 0
Object 11 25  958.05 10000 0.11491 0 100 0
Object 12 ( 100 0 16.547 0 100 0
Object 13 25 0 0 0 100 100 0
Object 14 ( 0 0| 0.11491 100 100 0
Object 15 ( 0 0 0 25 400 144
Object 16 C 0 0 0 100 100 0
Object 17 C 0 0 0 100 100 0
Object 18 0 3.62812 0| 0.45964 0 100 100
Object 19 25 18.3673 0| 0.71818 25 100 100
Object 20 25 419.274 0| 2.32692 100 100 256
Object 21 24 100 0| 1.40764 25 100 256
Object 22 29 0 0 0 25 100 256
Object 23 0 18.3673 0| 10.370¢ 0 100 36
Object 24 0 3891.38 6.9E+07] 7978.43 0 100 0
Object 25 25 0 0 0 100 100 100
Table 8. The way in which weights were distributed
: ch;ﬁgg on| . 22 :
Impact on T|me fpr Human the influence on Pptenual
SP delivery reahsa_ltlon, Costs, Eurg Resogrse, resource, ELEDNTES, ”Slf for
time. scale working working decrease/ posm\_/e/ business,
' days hours . negative/ scale
mc_rease/ no absent
impact
Weight of
Crito 50 5 25 5 5 5 5
Weight
fraction 0.5 0.05 0.25 0.05 0.05 0.05 0.05
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Table 9. Results of calculation of individual lassensidering their weight and total losses

per object
1 2 3 4 5 6 7 Total
Object 1 00.01134 0/0.00144 1.25 5 5 11.26
Object 2 12.5 0 0 0 5 5 0 22.50
Object 3 (0 0.91837 0]0.51853 0 5 1.8 8.24
Object 4 Q 0 0 0 0 5 0 5.00
Object 5 12.5 0 0 0 1.25 5 0.2 18.95
Object 6 Q47.9025 2500(0.00575 0 5 0 2552.91
Object 7 (00.18141 0/0.09193 1.25 5 0 6.52
Object 8 (0 0.91837 0]0.51853 0 5 1.8 8.24
Object 9 (00.18141 0 0 0 5 0 5.18
Object 10 047.9025 01]20.3404 0 0 0 68.24
Object 11 12.547.9025 2500] 0.00575 0 5 0 2565.41
Object 12 0 5 0]0.82735 0 5 0 10.83
Object 13 12.% 0 0 0 5 5 0 22.50
Object 14 0 0 0]0.00575 5 5 0 10.01
Object 15 0 0 0 0 1.25 20 7.2 28.45
Object 16 ( 0 0 0 5 5 0 10.00
Object 17 0 0 0 0 5 5 0 10.00
Object 18 (00.18141 0]0.02298 0 5 5 10.20
Object 19 12.50.91837 0/0.03591 1.25 5 5 24.70
Object 20 12.520.9637 0]0.11635 5 5 12.8 56.38
Object 21 12.% 5 0/0.0703§ 1.25 5 12.8 36.62
Object 22 12.% 0 0 0 1.25 5 12.8 31.55
Object 23 (00.91837 0]0.51853 0 5 1.8 8.24
Object 24 0194.569 1.7E+07, 398.921, 0 5 0 17361709.60
Object 25 12.% 0 0 0 5 5 5 27.50

8. CONCLUSION

G. Taguchi Loss Function application is a new tooldecision-making on the solution selection

stage. It has a lot of advantages and eliminat@wtation of standard solution selection toolgsE

of all, method allows making complex evaluation aifjects for appropriate decision making.

Secondly, the use of natural values of criteria @sathe method very sensitive to small difference
of criteria values. Thirdly, generalized index atavoiding a one-side optimization. And the last,
but not the least, the key peculiarities of thipra@ch: statistical background and empirical nature
which give more trust to the result in the real for

I-Phase of Lean Six Sigma cycle is a crucial pahthe project. There we take an important
decision: we choose solutions should be implemetatedhieve a significant process improvement.
Mistake or imbalance solution evaluation can leadht project failure. That is why the balance
statistically based solution evaluation methodsiseatial.
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Table 10. List of the solutions

Potential Solution 2 Object 1 11,26 12
Potential Solution 3 Object 2 22,50 14
Potential Solution 4 Object 3 8,24 4
Potential Solution 5 Object 4 5,00 1
Potential Solution 6 Object 5 18,95 13

Potential Solution 10 Object 6 2552,91 23
Potential Solution 11 Object 7 6,52 3
Potential Solution 12 Object 8 8,24 5
Potential Solution 13 Object 9 5,18 2

Potential Solution 14 Object 10 68,24 22
Potential Solution 15 Object 11 2565,41 24
Potential Solution 17 Object 12 10,83 11
Potential Solution 18 Object 13 22,50 15
Potential Solution 29 Object 14 10,01 9

Potential Solution 20 Object 15 28,45 18
Potential Solution 21 Object 16 10,00 7
Potential Solution 22 Object 17 10,00 8
Potential Solution 23 Object 18 10,20 10
Potential Solution 24 Object 19 24,70 16

Potential Solution 27 Object 20 56,38 21
Potential Solution 28 Object 21 36,62 20
Potential Solution 29 Object 22 31,55 19

Potential Solution 32 Object 23 8,24 6
Potential Solution 33 Object 24 17361709,60 25
Potential Solution 34 Object 25 27,50 17
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