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Abstract: The objective of this article is the definition of an algorithm aimed to settle the sequence
of implementation of Information Technology Infrastructure Library (ITIL) processes that should
be followed in the technology departments for its proper management. The mathematical model
presented solves the question of the best ITIL process to implement by using an optimization
function that considers the objectives and restrictions given by the company. This model is the
basis for an iterative greedy algorithm proposed that generates the optimal sequence of ITIL
processes to implement. The algorithm has been proven in a company with satisfactory results: the
proposed sequence of implementation allowed the company to properly manage the IT
department as well as get close to competitors based on the objectives and restrictions reported by
the company. The novelty of this contribution relies on the design of an algorithm to generate an
optimal and specific sequence of ITIL processes to implement in the IT department of a company,
as the previous solutions relied on generic sequences or required external consultants to get their
opinion and so did not have a mathematical basis.
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1. Introduction

The increasing dependency on Information Technologies (IT) is modifying the way
that companies are managing IT departments. The quality of the services offered from
these departments has a direct impact of the costs assumed by the company as well as
the productivity and the satisfaction of the clients (both internal and external), as
pointed out in [1].

In this scenario, the priority of IT managers focuses on offering a really high-quality
service to clients by using as few resources as possible and reaching the objectives of
efficiency, cost, and time, which were previously fixed. Although it is possible to invent
processes and procedures to manage the IT departments and achieve these goals, it is
quite accepted to use standardized processes as the ones covered in the Information
Technology Infrastructure Library (ITIL) [2]. There are some other standards [3-5], but
ITIL is clearly the most implemented one in IT departments in first-world countries as
well as in emerging-world countries [6,7].

The Information Technology Infrastructure Library is a set of processes oriented to
offer high-quality technological services in any kind of industry. The processes are not
specifically defined for IT companies, but they can be implemented in any company in
any industry: these processes do not specify the hardware or software to use nor does it
specify the platforms or infrastructures. The processes are classified in groups for a
proper definition, design, implementation, operation, and maintenance of services in the
IT departments [7]. So, the only requirement to implement ITIL is the existence of an IT
department that offers technological services to the rest of the company or to the
external clients [8], no matter if it is a big or a small organization [9].
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The latest versions of ITIL identify five groups of processes [7], although there are
slight differences in the processes specified in each version: (a) Service strategy group of
processes, (b) Service design group of processes, (c) Service transition group of
processes, (d) Service operation group of processes, and (e) Service improvement group
of processes. These groups contain up to thirty processes in total. Some examples of the
processes defined are Incidence management, Problem management, Access
management (to systems), Change management, and Configuration management,
among others.

The main problem that organizations are facing when implementing these
processes is that the ITIL standard does not define any strategy nor does it define a
sequence to implement the processes: no order of processes is defined, no specificity for
each company is addressed, no indication is mentioned. It only includes the list of
processes and their classes as well an exhaustive explanation of each process [8].

The interest in ITIL has grown quickly in the latest years due to the fact that it is the
most exhaustive and detailed standard in terms of the number of processes specified
from its initial versions [10]. Different authors have investigated about the
implementation of ITIL. The approaches have been quite different: some of them
worked on the factors that most affect the success or failure of the ITIL implementations,
and some others worked on defining a partial list of processes or generic (non-adapted
to each company) sequences. So, it is common to hire consultants and experts to give
their opinion on which one should be the correct order of processes for the
implementation project. That solution is expensive and quite subjective. The real-world
situations are often far from the conditions assumed in the standards: this is a clear
example where the standard just defines the processes without paying any attention to
the reality of the companies. The standard does not enter in the strategy, the sequence,
the set of processes to implement, or the differences among companies to adopt ITIL.

The lack of criteria in ordering the processes to be implemented has been identified
as one of the main reasons why the implementations fail. Examples about it can be
found in [11] (“... the organizations attempt to implement all or many of the ITIL
processes at once” and [12] when explaining that the implementations of ITIL fail
because “traditionally most organizations start implementing Incident management
followed by Problem management and Change Management”. That is, there is no
specific sequence of implementation of processes for each company, and thus, this leads
to a failure. The references analyzed show that companies are interested in ITIL, but
there is a gap to fill between the theory explained in the standard and the real projects to
implement it.

So considering;:
¢ The increasing need of implementing management processes in the IT departments

e The great importance of ITIL as a reference in the market, and
o The lack of clear strategies and guides to implement the processes defined in ITIL,

the aim of the paper is:

e To present an algorithm that provides an optimal sequence of implementation of ITIL
processes specifically defined for each company.

The next section presents a literature review to show the different approaches to the
problem. In Section 3, the materials and methods are exposed: this includes the database
definition (used with the algorithm) and the algorithm itself; and a brief real case of
application is presented. Finally, the results and the conclusions are explained.

2. Literature Review

A literature review to understand the state of art has been developed. The main
question to solve is to find models, methodologies, and algorithms to sequence the
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implementation of ITIL processes specifically defined for its implementation in a specific
company.

The summary of the findings is that there are two main groups of strategies to
implement ITIL

e Fixed sequences, success factors, and methodologies that influence on the
implementation: A great number of works have been published about fixed or static
sequences of implementation of processes as well as factors that may help (or make
more difficult) the implementation of ITIL.

¢ Dynamic sequences: Some other authors have worked out the definition of specific
sequences for each company, following different criteria.

These two main groups of strategies to define the sequence of implementation of
processes for the IT departments are explained in the next sub-sections.

2.1. Fixed Sequences, Success Factors, and Methodologies

The number of papers published about fixed sequences and success factors to
implement ITIL processes in IT departments is clearly higher than the papers about
dynamic sequences.

The strategies that focus on success factors areas are analyzed by [13-15]. These
authors find factors that may affect the success of an implementation of processes in the
IT departments. The proposed factors are mainly selected by observation or by asking
experts and ITIL consultants. Another approach about success factors can be found in
[16]. In this case, the selection of the factors that eases the implementation of the
processes is obtained with a more sophisticated method, as it applies the AHP
(analytical hierarchical process), which is used to evaluate, measure, and cancel
inconsistencies in the expert opinions. In all cases, the critical factors identified are
related to organizational issues, change of management, and the involvement of the
steering committee of the company.

In the case of [17], the success factors in the implementation are centered on the
resources: procedures, software, and other tools are identified as critical for the project to
succeed.

The work presented in [18] is based on the BPC (Business Process Change) model to
determine the success factors. This paper shows the same weakness as the ones
previously mentioned: there is no proposal of sequence of implementation, or just the
first process to implement is mentioned. An alternative work is shown in [19], which
analyzes the failure factors: the literature does not show a sequence of implementation
of processes (except in some cases where the first processes are pointed out).

Regarding the possible strategies to implement the processes in ITIL, a good
example can be found in [8,20-21]. The problem found with these approaches is that they
represent a kind of tips and receipts to follow. They do not offer a clear sequence of
implementation of processes but a sequence of steps during the implementation. So,
definitively, they do not solve the problem of the sequence of implementation of
processes.

Nevertheless, the works in [22-24] are more interesting, as they present methods to
define the sequence of implementation of processes. The methods are based on the
maturity of the processes, and so, the processes selected are those in an initial state. The
idea works fine, but it does not take into account the possible objectives of the company
and it does not consider that some IT processes could be useless for that specific
company. In addition, these methods do not consider information from the competitor
to establish the sequences. These weaknesses require reviewing the list of proposed
processes before proceeding with its implementation, and so, they require a consultant
review.
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Some other authors have also worked out the possibility of defining a static and
common sequence of implementation of processes for the IT department. These
sequences are identical for all companies with no dependency on the starting of the
implementation, on the size of the company, on the competitors. They can be labeled as
‘“universal sequences’.

The cases explained in [25,26] are based on a mathematical and graphical model
that searches for the relationships between processes. The list of processes is generated
in terms of the internal dependency between processes, so deadlocks are avoided. These
methods are really interesting, but they do show a great weakness as they just take into
consideration internal factors of the processes, that is, they only consider the internal
relationships among the processes without any other consideration of the company or
the market (competitors). In addition, another important weakness detected is that these
methods can establish a sequence where the less important processes could be firstly
implemented as they could be the processes less dependent among all.

The model presented in [27] is also based on the maturity of processes. However, in
this case, a first model with isolated (and prioritized) processes is presented. After that, a
second model with dependencies among the ITIL processes complemented with a model
that considers the maturity of processes is established. The result is a fixed and unique
sequence of implementation of ITIL processes that should be implemented in the
organizations. The idea could be fine, but it shows the disadvantage that it is unique for
all organizations independently of size, staff, competitors, etc. That is, it generates a
sequence non-adapted to any specific company.

Some other relevant works in this area are [28-31], but none of them generates a
sequence of implementation of IT processes adapted for each company nor are they
based on mathematical models to obtain the proposed sequences.

2.2. Dynamic Sequences

Regarding non-fixed sequences, there are clearly less references than for static
sequences. The references [2,32,33] define dynamic sequences of processes: this clearly
solves one of the problems, but the problem of the dependency on experts still remains.
These references address how to solve the problem of sequencing the processes, but they
need to query consultants’ opinion. The strategies presented are not the same: while [2]
and [32] considers internal and external factors, the translation into a numerical model is
based on fuzzy logic techniques; the case shown in [33] reveals a management-based
approach. That is, [33] is oriented to define a sequence of implementation of processes
that generates ‘quick wins’ in the company.

The model presented in [34] generates a sequence that depends on the organization,
but it does not strictly generate an optimal sequence, because there is a previous
prioritization of the ‘critical’ processes. That is, the knowledge about the criticism of
some processes places them in the first positions of the sequence of implementation of
processes. Once more, the current situation of the company has not been considered,
because what happens if the process is already implemented or if the process is not
useful for the company? It means that this solution orders the ITIL processes, but it does
not consider any information about competitors. The reference [35] also generates a
dynamic sequence, but it needs the experts’ opinions and it just considers characteristics
such as size, age, staff, etc. for the generation of the sequence of processes to implement:
it does not consider at all the objectives of the company to define the sequence. Finally, a
similar strategy is presented in the reference [36]

2.3. Lessons Learned from Literature Reviewed

We can conclude out of the literature review that there has been a permanent
interest in solving the question of how to implement the processes of ITIL as well as
interest less often in how to order them and what strategies should be followed, but
there is no clear algorithm that defines the order of processes for a specific company.
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That is, there is no clear mathematical method to determine the specific sequence of ITIL
processes that should be implemented in each company, even if this is an issue that
appears frequently in the literature. Whenever any approach for the sequence has been
exposed, the parameters considered to generate the sequence are both external
(competitors) and internal (characteristics of the company), but the objectives of the
company have been considered rarely.

3. Research Methodology

As a result of the literature review and the gap identified, we propose the next
question to solve:

Question: is it possible to define an algorithm to generate an optimal sequence of
processes to be implemented in the IT departments subject to the next restrictions?

e Restriction 1: It must consider the characteristics of the company

e Restriction 2: It must consider the information of competitors

e Restriction 3: It must consider the aims of the company that implements the processes
e Restriction 4: It must not require hiring experts or consultants

The aim of this paper is to define an algorithm to generate an optimal sequence of
processes to be implemented. If it is possible to find this algorithm, then the answer to
the previous question would be affirmative.

3.1. Description of the Methodology

The proposal presented in this paper requires two blocks. The first one is a database
with data gathered through a web survey: these data will be used by the algorithm. The
dataset contains information about companies’ characteristics and the level of ITIL
implementation. That is, for every participant in the survey, information such as the age,
the industry, the staff, etc. was collected. The information about the level of
implementation of every ITIL process was also collected. All these data are stored in a
database, which is used in combination with the algorithm to generate an ordered set of
ITIL processes.

The second block is the mathematical model for the optimal selection of the process
to implement and the algorithm itself, which represents the main contribution of the
paper. The mathematical basis will be presented in Section 3.3, and the steps of the
algorithm will be presented in Section 3.4. The iterative algorithm selects the best
process to implement using the optimization model described in Section 3.3. with the
data stored in the database. Figure 1 represents the flow of information and how the
algorithm gets information from the database and generates a sequence of processes to
be implemented according to specific optimization parameters (characteristics of the
company and aims). The optimization parameters are set by the company interested in
getting the ITIL processes sequence to be implemented. To make it clear, let us show an
example of how it works: the database contains information about the size, age,
industry, and other characteristics of a set of companies collected from a survey. It also
includes information about the level of implementation of every ITIL process for each
participant. Let us assume that another new company desires to implement ITIL, but it
does not know the exact order of ITIL processes that it should follow. We are given a
restriction; for example: the company desires to get the sequence that makes it get closest
to companies with less than four people in IT staff and in the same industry as itself. In
that case, the algorithm, based on the mathematical model (explained in Section 3.3) and
considering the characteristics of the company, the level of implementation of ITIL
processes in the company, and the companies in the database, will select—one by one—
the ITIL processes to minimize the distance to companies that satisfy the restrictions
given. At the end of the algorithm a sequence of ITIL processes is obtained, so the
company already knows the order to follow.

Both the database and the algorithm are explained in the next sub-sections.
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3.2. The Database and Web Application

The database contains information about companies: parameters such as size, age,
industry, staff, IT staff, and area of market (local, national, international), which are
more than the typical ones pointed out in [35-38]. It also contains information about the
level of implementation of each ITIL process in a single scale from 1 to 3 [39].

Regarding the validity of the questionnaire, it has been designed in a similar way to
[39], which was developed and reviewed by a panel of experts. Moreover, the
questionnaire has also been reviewed by independent experts on ITIL to be sure that the
questions covered all aspects of the ITIL processes as well as the information needed
about the characteristics of the participant companies [40].

Survey
responses

-Characteristics
of any company ¢,

- Level of implementation

of processes in company ¢,

-Characteristics of

companies @,
to be used as reference

Algorithm

Query level of
implementation of
reference companies

[ Compute

! ‘normalized
! position’
> for each process
|

|

|

|

|

|

|

|

DB
-Characteristics of
companies
-Level of implementation
of processes in companies

Level of implementation
of reference companies :

Pending
processes?

v

Select optimal process
to implement |

Sequence
of
processes | |

Figure 1. Schema of relations: algorithm-model-database.

In terms of reliability of the questionnaire, the Cronbach test [41] can be applied.
Nevertheless, we are interested in knowing the level of implementation of every ITIL
process, as they are defined in the standard, no matter if they are correlated, so this test
is not needed.

The data were gathered through a survey that was limited to small companies
(freelances are not included). This is not a real limitation in the optimization model or in
the algorithm. The only limitation concerns the fact that it will be only possible to
determine the sequence for small companies (they represent more than 95% of the total
companies in most of the first-world countries). In case we want to use the algorithm to
obtain the sequence in big companies, we should just feed up the database with data
from big companies, but the algorithm still remains the same.

In the case of small companies, in the scope of this study (Table 1), the population is
around N = 1.3 million. Thus, considering a maximum error of 10% to avoid overlapping
in the responses, a significance level a = 90%, and the worst case given by p = 0.5, the
minimum required number of companies is calculated with the standard formula [42,43]
for a normal population:

z2p(1- p)
eZ
2 1_
(2P

[— =69

As it can be seen in Table 1, the final number of answers is near double this amount.
Following [44], a simple randomized sampling will be used.
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As pointed out before, the aim of the research is to present an algorithm to
sequence the ITIL processes implementation in any company. The sequence obtained
needs to be compared to the generic existing sequences. To do so, Spearman and Kendall
tests are commonly accepted [36,45,46]. These tests will be used with the results
obtained in Section 4.1.

Regarding the survey to gather the data, its specifications are included in Table 1.

Table 1. Description of the survey.

Concept Value
Scope Spain
Universe Small companies
Type of survey Web form
Sent 200
Received 131
Minimum to be significant 69
Confidence level 90%
Error 10%
Company selection Random
Mode Mono-etape

Table A1l in Appendix A contains the list of questions in the survey and the possible
answers. The questions of the survey were sent through a web form, and the responses
were stored in the database.

The algorithm works as follows: let us assume that a company wants to get the
optimal sequence to implement ITIL by defining the criteria that best fit its objectives.
For example, a company could prefer to get an optimal sequence of ITIL processes
considering the companies in its industry (that is, direct competitors); or, it could prefer
an optimization based on taking as a reference other companies with the same size and
age. The algorithm allows selecting as many criteria as the number of characteristics of
companies (age, size, staff, etc.) stored in the database.

The data of the company (industry, age, staff, IT staff, etc.) and the current level of
implementation of each ITIL process in the company are the input data of the algorithm.
After that, the company decides the criteria that should be used to optimize the
sequence (it is assumed that the company will choose the criteria that best fit its
objectives: get closer to competitors, get closer to the same aged companies, maximize IT
staff performance, or any other).

Finally, the algorithm will determine the best sequence of processes that satisfies
the optimization criteria pointed out by the company.

As the generation of the sequence is a computationally heavy process, an
application (available in [https://doi.org/10.5281/zenod0.4587237]) has been developed to
support the algorithm. As an example of the available application in
[https://doi.org/10.5281/zenod0.4587237], the web page to introduce data
implementation is available in Figure Al. The rest of the web pages of the application
can be downloaded from [https://doi.org/10.5281/zenod0.4587237].

3.3. The Algorithm: Mathematical Basis

In further considerations, we will use the following definitions and notations.

Notations:

1. Let @ be the set of companies ¢z stored in the database DB. These companies
are those ones that answered the survey, so its characteristics and information about
their processes are saved.

2. Let @y be the set of the pi ITIL processes that could be eventually implemented
in a company; thus
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Py = {pl,pz’“'pi'“’anT[L} (1)

where n_ITIL represents the maximum number of ITIL processes defined in the
standard.

3. Let L be the function that assigns the Boolean value ‘True’ if the process p (for the
company ¢) has reached an implementation level I out of the possible values [1..Vinal].
That is:

LopJF True, z"fp satz"sﬁes [ } o
alse, if p satisfies 71,

The definition of the function L requires Jj to be ordered from the worst case (that is,
i equals to zero meaning that the process is not implemented neither it will be in a
future term) to the best case (lvmx equals to Vmx meaning that the process is fully
implemented).

4. Let us represent the possible values for the level of implementation of every ITIL
process p in a company ¢ through the function d(¢,p) defined as:

' ifL(p.pj)=True
dl.rF g if L (p,p,j )=False } ©)

where p is any process in @, and ¢ is a company. For example, for a company ¢,
considering the first five ITIL processes and assuming three possible values for the level
of implementation (1: not implemented; 2: ongoing; 3: already or coming soon
implemented), a vector of d values is obtained:

d(p)=(21,312) , @)

meaning that the second and fourth processes are not implemented, the first and the
fifth processes are being implemented, and the third process is already implemented.

5. Let @cy be the set of parameters or characteristics used to define any company.
The typical parameters/characteristics used to define a company are age, size, IT size,
operation region, etc. Thus:

o, = {ChpChZ,'--Chch}' )

For example:
& = {age, IT size, industry} ' ©)
Of course, each of these characteristics, chi, has its own domain of values. For
example, the age could be defined by using three possible values; the size could be

defined by using four possible values, etc. So, the domains can be expressed as pointed
out by Expression (7):

dom(ch;)= {ch”’ ch;, ""Chim} ‘ @)
It is clear that the parameter chi has mi possible values as its maximum. One
example could be:

dom (industry ¥ {education , telecom , finance, leisure} . (8)

6. Let v(p,i) be the function that assigns a value from (7) to the parameter chi for a
particular company ¢. Thus,

V(g iy=chy | it1..ch A chyLfchy chyy....chp, ©)



Mathematics 2021, 9, 983

9 of 24

For example, given a company ¢, and the third characteristic chs, then v(¢p,3) =
v(g, industry’) = "education’ = chs1 means that ¢ belongs to the educational industry —out
from Expressions (6) and (8).

Let us denote by ¢yz any company that, not belonging to @, wants to implement
the ITIL processes.

So, denoting by Vi the difference for a specific process pi in a gyz with characteristics
{chik,chzk,...chak. } between the value assigned if the process was fully implemented and
the current value of the implementation:

Vi:Vmax_ d(quE’l) ) (10)

An example, for the second ITIL process, and assuming a maximum value Vi =3
and a level of implementation in the company gwz given by d(pnz2) = 1—that is, no
implementation at all, then V2= 3 - 1 = 2. This value gives an idea about how far a
process is from its total implementation in a company.

7. Now, just considering the companies in @5, let us denote by mix the mean value
of the implementation of the process pi for the companies that satisfy that the parameter
chj equals the value chjx of the company ¢:

n
2,9@.) (an
m,'jk= T |(P, D¢E A V((P,,j)=V((P,j)
where n represents the number of the companiesin @; with the same ch; than the
company implementing ITIL and pi: is each one of the processes in @;r;;. For example, mas
14 is the mean of the value d for the process p« in all the companies in the database that
have the characteristic chs (industry —see Table Al) equal to value 14 (finance —see Table
Al); so mss14 is the mean of the implementation of the fourth ITIL process ‘Demand
management’ (see Table A2) for the companies where industry equals ‘Finance’.
Therefore, it is possible to evaluate the difference Miix between the maximum value
for the implementation of each process pi and the mean of the implementations in ®g
given by mij:

M=V o= M ' (12)

Definition 1. Let NP denote the “normalized position” of the company ¢ne for the process pi: an
indicator to evaluate the level of implementation of a process pi compared to the implementation of
that process in companies that, belonging to ®@g, have the same characteristics chj than gye.

ch 5
\
,l- =1| a; M ik
NP.(pF Y-

]

(13)

Expression (13) is a measure of how far the implementation of the process pi in the
company ¢nz is from the implementation of that process in the companies selected as
reference. So, the sum of Expression (13) for all the processes is a global measure of the
distance between pyr and the reference companies. Thus, the objective is:

| Dy

min Z NP. (14)
7

The objective of the optimization is that the company ¢nz gets as close as possible to
the reference companies (in terms of ITIL implementation). The reference companies are
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those that satisfy the characteristics selected by gz (size, industry, or any others). For
example, the company ¢we could be a local company and could belong to the financial
industry, but it could set the reference companies for the optimization as the local
companies that belong to any industry. In that case, Expression (13) just works with local
companies to find the process to implement that get closest to these companies. The
inclusion and exclusion of characteristics (size, industry, etc.) in the optimization is done
through ¢j and y; parameters.

In (13), ¢j is a parameter in (0,1] that allows us to weight the influence of every
characteristic chjof the company in the final sequence of processes; and y; is a Boolean
parameter that allows us to exclude a characteristic from the optimization function (that
is, a value of y;= 0 avoids that the parameter ch; influences in the final sequence). This is
important, as this is the way to implement the restriction 3 identified in Section 2.3: the
company that is implementing ITIL can choose the parameters used to generate the final
sequence of processes depending on its aim. For example, let us assume that the aim of
the company is getting closer to direct competitors in the same industry (for example,
finance) with the same IT staff (for example, 0—4 employees). In this case, the company is
interested in getting closer to competitors with the same industry (let us assume j = 2; see
Table A1) and the same staff in IT (let us assume j = 5): it is enough to assign y, = ys=1
and the rest of the values y,= 0 (to avoid them having any influence in Expression (13)).
Regarding the a; and as parameters, if the company considers them to have the same
importance, it is enough to assign a,=as=1.

In Expression (13), the higher value Vi has, the lower result NP; is obtained. It means
that if the implementation value for the process pi in the company ¢ is close to the
minimum, then NP gets lower and vice versa. In the same way, if a low value for M is
obtained, it means that the rest of companies that satisfy chj = chjx (that is, the
companies considered in the final solution) have already implemented the process p: (or
they are close to having it implemented), and this leads to a decreased NP. So, in both
cases, the result is the same: NP gets lower.

Assuming that there is no more information about the number of processes that will
finally be implemented (that is, the processes in the sequence should be determined one
by one so Expression (14) is minimized by selecting processes one by one), the problem
is reduced to select the initial process to implement.

Definition 2. A sequence is considered optimal if the unitary benefit of the implementation of
each process tends uniformly to zero. The unitary benefit of a process is given by the normalized
position.

Remark. In a real situation, it is not possible to know how many processes will be
finally implemented. So, the company should decide to implement the processes on by
one. Let us remember that in the literature review, one of the failure reasons was that the
companies tried to implement more than one process at once.

Proposition 1. The only optimal sequence of processes to implement is that one with an
increasing value of NP.

Proof. Let us assume without loss of generality that the processes pi are ordered by an
increasing order of normalized positions NP, so:

NP, s NP<.<NP, ., ) (15)

Let us denote by Qu= {p1,p2,...pi...,pr1,ps} the optimal sequence of the first n processes
that should be implemented.

Now, let us denote by R = {p1,pz,...pi...,pr-1,pnl any other sequence of n processes
where the process p» has been substituted by another one p.+ with an NP value higher
than NP» corresponding to the process p». In that case, the set of values for NP is defined
by {NPi1, NP:..., NPu1, NPuul.
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Let us assume without loss of generality that the processes from n + k to n_ITIL are
incorporated to R in its correct order. In that case, R = {p1,pz,...pi...,pn-1,pusk prskss, ... pritic} is
still an optimal sequence, but there still exists a set of processes {pn,pu+,...,prsk1} with {NPs,
NPui..., NPu1} that need to be selected and incorporated into the sequence.

Let us select the case represented by pn+1 with NP1 to be added to R. It could
have been selected any other process, but this one represents the most unfavorable case.
So, it results R = {p1,pz,...pi...,pr-1,prsk, puska} with (NP1, NP»,...,NPu-1, NPuk, NPuikaf. If R was
an optimal sequence, then pn»+1< p.. However, given that the processes are ordered by an
increasing value of NP, then pn#i1> ps, meaning that the final R is not an optimal
sequence and so there only exists a unique optimal sequence Q. [

3.4. The Algorithm: Steps

It is possible now to define the criteria to select the best process to be implemented.
Once implemented, the process that should be selected, pser, will most decrease the
distance to the rest of companies that satisfy the characteristics ch;:

Psgr =P | NPp=mz'n(NPl.)l (16)

This expression requires a small modification to avoid selecting a process p: already
implemented in gxe.

Psgr =P | NPp Zmin(NPi)'\ V#0 (17)

Once the selection criteria for the processes have been exposed, it is possible to
indicate the steps to generate the sequence.

Looking at Expression (15), the sequence of processes can be obtained through a
greedy algorithm that takes the best option in each iteration (see Appendix C for pseudo
code).

1. The first step is to fulfill the database with data: the algorithm requires data about the
characteristics of the companies and data about the level of implementation of every
ITIL process.

2. Collect data about the company ¢nz interested in obtaining an ITIL sequence of
processes: the same as in step 1; both the characteristics of the company and the level
of implementation of ITIL processes are required.

3. Generate the @ set of processes. This set of processes must not include the

processes already implemented in gxe.
4. Set ®dsgr = {}. This is an empty set of selected processes.

5. Set the criteria for optimization, that is, the oj weights and the characteristics or

parameters that will not participate in the optimization by assigning them the values
77 = 0. In most cases, it is enough to assign o=1 for the participating characteristics
(age, size, IT staff, etc.) and y; = 0 for those that do not participate in the optimization.

. Calculate NP through Expression (13) for each process in @/z;;.

. Select the process pser as pointed out by (16) and include it in the set ®gg;.

. Eliminate pser from the set @r.

. Repeat from step 6 until @,y is empty.

10. The ordered optimal sequence is obtained in @se;.

O 0 N O

These steps are represented in Figure 2.
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Figure 2. Steps to obtain the sequence of ITIL processes.

4. Results

4.1. An Example of Application and a Comparison with Other Authors’ Sequences

The algorithm presented above has been tested in a small company using the app
developed for this purpose in [https://doi.org/10.5281/zenodo0.4587237]. The
characteristics of the company are shown is Table 2.
Table 2. Description of the company.

Concept Value
Staff 50-249
IT Staff 10-14
Age +15
Operating area International
Industry Leisure

The company chosen for the example is a company that belongs to the leisure
industry. The staff is lower than 250 employees, and the IT staff is small (5-14
employees). It operates in different countries, so it has been labeled as an international
operating area. The values for the implementation of each ITIL processes are available in
Table A2.

The company is interested in obtaining an ITIL sequence considering as a reference
other companies with the same IT staff. That is, the company desires to have a similar
level of implementation of ITIL as those companies having a similar IT staff. For
simplicity reasons, the application developed just supports values 0 and 1 for a;; this
means that every considered characteristic will have the same relevance for the
proposed sequence. The question is which sequence of processes should follow to get
close to those companies as quickly as possible.

Thus, introducing these data as input, the algorithm generates the sequence shown
in Table 3.
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Table 3. Processes of the sequence obtained.

Process Process

Order Process Order Process
1 Strategic mng * 14 Continuity mng
2 Supply mng 15 Service level mng
3 Financial mng 16 Continuous improv. mng
4 Demand mng 17 Validation&test mng
5 Design mng 18 Versions&deploy mng
6 Design coordination 19 Asset&conf. mng
7 Service portfolio mng. 20 Availability mng
8 Requirements mng 21 Knowledge mng
9 Events mng 22 Incidences mng
10 Changes mng 23 Access mng
11 Changes mng 24 Services catalog mng
12 Transition scheduling 25 Problem mng
13 Capacity mng 26 Business relation mng

(*) Abbreviation Mng stands for management.

The app developed in [https://doi.org/10.5281/zenodo0.4587237] also allows us to get
a comparative with the most used sequences listed in the literature review. This
comparison allows us to determine if —globally —the sequence obtained is statistically
different from the ones proposed by those authors or not. To do so, two tests have been
considered:

(a) Spearman test and (b) Kendall test. These typical tests allow us to determine if
the sequence of processes obtained in the proof of concept is similar to those proposed
by other authors. Typically, Kendall contrast is used to reinforce the result of the
Spearman contrast. The sequences used for the comparison with the sequence of
processes obtained by the presented algorithm are next: [2,6,25,27,32,35,36]. The
sequences proposed by each of these authors are presented in Table A3.

The hypotheses established for the tests are:

HO: The sequences are non-dependent

H1: The sequences are dependent.

Tables 4 and 5 show the results of the Spearman and Kendall contrasts with a 95%
confidence level. As is observed, the null hypothesis is accepted, which confirms the
independence of the obtained sequence (in no case is Ho is rejected by both tests) with
respect to other sequences of implementation proposed by other authors. The
interpretation of these results is detailed in Section 4.2.

Table 4. Spearman contrast: results.

Sequence Spearman: p Level ]éllrgn:l:i 95% Result
[32] -0.04 (-0.46, +0.46) Accept HO
[36] -0.53 (-0.41, +0.41) Reject HO

[6] -0.31 (-0.62, +0.62) Accept HO
[35] -0.35 (-0.43, +0.43) Accept HO
[25] -0.20 (-0.70, +0.70) Accept HO

[2] 0.08 (-0.90, +0.90) Accept HO

[27] -0.18 (~0.65, +0.65) Accept HO
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Table 5. Kendall contrast: results.

Limits

Sequence Kendall: Level Conf.: 95% Result
[32] +0.06 (+0.33, -0.33) Accept HO
[36] -0.08 (-0.29, +0.29) Accept HO

[6] -0.02 (-0.49, +0.49) Accept HO
[35] +0.13 (-0.30, +0.30) Accept HO
[25] -0.72 (-0.55, +0.55) Reject HO

[2] +0.07 (-0.87, +0.87) Accept HO
[27] +0.11 (-0.55, +0.55) Accept HO

4.2. Interpretation of the Data and Comments about the Results

L. About the sequence obtained

The processes included in Table 3 are those that best fit for the company purposes.
That is, this is the list of processes that most quickly will get the company close to those
companies having the same IT staff.

The sequence obtained depends on the data contained in the database, the
characteristics of the company, the initial level of implementation of ITIL, and the
parameters used for the optimization. So, it is very important to have collected an
adequate set of data in the survey to fill up the database. The higher quality the data, the
more precise the sequence obtained.

The result depends even more on the processes that were already implemented (if
any) in the company. Any change in the level of implementation in these processes will
directly affect the final sequence. For example, any process already implemented will be
excluded from the list of selectable processes.

However, the most sensitive element in the final sequence is the choice of the
parameters to be used in the optimization. It means that there is a great difference in
optimizing by taking as reference companies with the same staff, than optimizing by
taking as reference companies with the same staff and the same age (for example).
Different pilots tested on different small companies support a great dependency on the
parameters used in the optimization.

The sequence obtained in this example could be successfully implemented in the
company, at least the first ten processes. So, it can be concluded that the drawbacks of
the small companies can be overcome by using the model presented. One of the most
valued advantages of the model has been the absence of deadlocks in the project of
processes implementation. Due to the fact that the model operates with real data from
other companies (stored in the database), the results are valuable for the small company
interested in implementing ITIL. It leads to no blocking processes in the sequence; that
is, the implementation of a process does not require implementing a process that
appears later in the sequence. Regarding the scheduling, the project of processes
implementation took about nine months. The projects of ITIL implementation take
usually no less than 1 year, as pointed out in the literature review.

The result obtained is optimized with respect to the parameters selected (IT staff): it
means that the sequence obtained is the quickest one to have the same level of
implementation than the companies with the same IT staff. The limitations in the model
are imposed by the amount of characteristics or parameters that can be used for the
optimization. These ones depend on the data collected in the survey; that is, they
depend on the number of characteristics collected from every company during the
survey. The model is a general purpose model and can be applied independently of the
number of characteristics, but the limitation comes from the database itself in the sense
of the number of characteristics that were collected during the requesting period.

II. About the comparison with other authors” sequences
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Regarding the comparison with other sequences, the contrasts show a great
independence except in two cases: [36] and [25]. In these two cases, the independence of
the result obtained is not reinforced by Kendall’s contrast. In the case of [36], the
Spearman contrast rejects the null hypothesis (it is very close to the limit), but the
Kendall contrast accepts it. As the Kendall contrast is used to reinforce, the null
hypothesis is rejected. Nevertheless, in the case of [25], the Spearman contrast results in
accepting the null hypothesis but the Kendall contrast refutes it: in this case, the null
hypothesis is accepted, but it should be analyzed more carefully.

In the rest of the cases, it is observed that the sequence obtained is non-dependent
with the sequences of authors presented in the literature review.

Apart from the global independence of the sequence obtained with respect to the
other authors’ sequences, it is possible to get some detailed conclusions if we consider
the list of processes one by one in every author’s sequence. To do so, the list of process
codes (P1, P2, etc.) in Table Al will be used to reference each process. The sequence
proposed by each author is presented in Table A3. The next paragraph analyzes more
deeply the alternative sequences of other authors compared to Table 3.

In the case of [32], the main differences are based on the fact that this author
prioritizes the processes P7 and P21 (these are processes very close to the daily
operations), but P11, P24, and P12 are relegated to the positions 14, 16, and 18,
respectively. Moreover, this author does not consider the complete list of ITIL processes,
which reinforces the independence of the sequence obtained with the algorithm
presented in this paper (Table 3): it is common not to consider the complete list of
processes when considering the opinion of experts, which represents clearly a
disadvantage versus the approaches based on mathematical models and algorithms.

In the case of [36], the list of processes proposed by the author is slightly different
from the list of processes obtained with the algorithm (Table 3). This is because [36]
considers the opinion of experts who usually propose starting with the operation group
of processes and usually propose finishing with the strategic group of processes. This
originates some differences with the sequence presented in Table 3 because processes P1,
P12, P3, P4, and P6 (strategic and design processes) are prioritized over the rest (let’s
remember that the independence of sequences was refuted by Spearman contrast and
validated by Kendall contrast, as pointed out before): in other words, the processes are
in a similar position (not exactly the same), and this leads to the differences in the
contrasts results.

Regarding [6], the explanation for the differences is based on the very short list of
processes proposed by this author: there are not significant differences in the first
positions of the processes, but the list presented by the author does not allow concluding
that the sequence obtained by the algorithm (Table 3) is the same (as confirmed by
Spearman and Kendall contrasts). Regarding the sequence presented by [35], the
proposal is based on observations that generate a sequence aimed to replicate what the
rest of companies are doing, which may not lead to satisfying the aims of the company
(in the algorithm presented in Section 3, the algorithm admits a configuration to
optimize the sequence according to the company interests).

Something similar can be established with [25]: even if the null hypothesis has been
accepted (Kendall contrast did not reinforce the null hypothesis), the list of processes is
different because its purpose is to avoid deadlocks in the implementation of the
processes, while the purpose of the sequence proposed by the algorithm presented in
this paper was to get close to the competitors with the same IT staff (as commented in
Section 4.1). The result of [25] is a theoretical and short sequence that avoids deadlocks,
but it is not unique, as it has been proven in a real case in this paper (no deadlock
appeared during the implementation): as it is very short, the differences with the
sequence obtained in the algorithm (Section 3) are significant even if the initial processes
are in a close position in the sequence.
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Regarding the sequence proposed by [2], the reasoning is very similar to [36]: due
to the fact that the experts opinion is considered (in the case of [2], fuzzy logic
techniques are used for translating opinions into numerical data), the conclusions are
similar: the main differences are explained by the short list proposed by this author. It
can be seen in Table 3 and Table A3 that the processes are proposed in similar positions
in the sequence, but the list proposed by [2] is too short, which explains why it is
statistically different from that obtained with the algorithm (Table 3). The sequence
proposed by the author in [27] presents the same problem: it considers less than 50% of
the total number of ITIL processes, which leads to being considered statistically
different.

Summarizing, in five out of seven cases, the authors do not present a complete
sequence of processes, which clearly represents a problem to be used for a complete
implementation of ITIL processes. The reasons for presenting a short list of processes are
different: for example, in [25], the authors recognize the difficulties derived from the
graphical method when the number of considered processes is increased; in the case of
[6], the author aims to show only the initial processes or, in the case of [2], the
complexity of the procedure itself.

It is important to highlight that all these sequences are not specifically adapted to
the company of the example nor do they consider the information of competitors.

5. Discussion and Future Works

5.1. Discussion

The present work is the result of research developed to help companies (mainly
small companies) implement ITIL processes. Due to the existing differences among all
companies, the published solutions did not fit the needs of these companies. Moreover,
the published approaches consider solutions with no mathematical basis, and they need
to hire experts to help in the whole implementation project.

This paper proposes a new algorithm to select the best sequence of processes
specifically adapted for each company. So the answer to the question, “Is it possible to
define an algorithm to generate an optimal sequence of processes to be implemented in
the IT departments subject to the next restrictions?” is clearly affirmative.

Now, it will be checked if the restrictions have been satisfied:

e Restriction 1: The algorithm presented in this paper allows the companies to get a
sequence to implement ITIL processes. The sequence obtained is specifically adapted
for each company depending on the data entered: the characteristics of the company
and the level of implementation of the ITIL processes. This represents a great advance
on the existing solutions already exposed in the literature review.

e Restrictions 2 and 3: The algorithm allows considering both the information of the
company and the level of ITIL processes in other companies (competitors or not) by
configuring the o weights and the parameters y.

¢ Restriction 4: The model and the algorithm have been implemented and tested in a
real company without needing any external consultant. Every company can use the
application without hiring ITIL experts, which will clearly be valued by companies
(mainly small companies with few resources)

The application in a real case has been quite satisfying, and the company has
achieved the initial objectives when it was decided to implement ITIL processes. The
application developed has been welcome, as it supports the whole algorithm and avoids
any external help.

The mathematical formulation of processes to improve the management is a key
point, as more and more business are depending on technology. An adequate
management of the IT department relies on better experiences for the users (internal and
external), and it increases the satisfaction and the incomes of the company. It is common
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to use mathematical models to benefit the management of the companies, but there
exists a lack of models to properly manage the IT department, as seen in the literature
review. The present algorithm has been designed to fill that gap.

Nevertheless, some improvements and future works can be pointed out in the next
section.

5.2. Future Works

Some future works can be addressed. In first place, the database could be fulfilled
with more information about more companies (small and big) so all of them could
benefit from the model. It is also possible to fulfill with information from more surveys
developed in other countries so that more companies in more countries could benefit
from the model. The important point is that it is not necessary to change the algorithm
but just to add more information in the database, which is much easier than updating
the algorithm. The database used in this paper is being populated with more data; the
next step is to offer the results through ITIL-related organizations to help transfer the
knowledge to companies as well as to jointly maintain the database. This will clearly
help to increase the data and improve the model and also the decision process in the IT
departments of the companies.

In second place, the algorithm can be improved in the case that the company was
just interested in a short list of processes. The current model assumes that the sequence
should contain all the processes, but this is rarely the case: most of the companies are
only interested in the first ten (maybe some more) processes. In such case, the
optimization function could be optimized.

In third place, it could be nice to obtain different sequences optimized using
different parameters and techniques. These sequences could be combined with an
artificial intelligent program to generate the final result; it is also planned to analyze the
sequences using data mining techniques [47-53] to help in the decision process. In that
sense, the strategy to follow should be similar to the one followed in this paper:
determine the strategy, verify its applicability in (at least) a real case, and compare the
results with other dynamic sequences of implementation, as proposed in this paper.

Regarding the application, it can be also improved by giving the option to obtain
the sequence considering only specific companies (as reference) instead of all companies
with determined characteristics.

Finally, in order to gain a deeper empiric approval, it is proposed to extend the
application of the algorithm to a great number of companies to test the result of practical
implementations.

Supplementary Materials: The following are available online at
https://doi.org/10.5281/zenod0.4587237, Data&software with the algorithm.
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Appendix A

The questionnaire sent to companies included a set of questions to determine (a) the
characteristics of the company and (b) the current status of ITIL implementation for each
process. They should assign a value from 1 (not implemented) to 3 (completely
implemented).
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Table Al. Questions used to get the data of the companies.

Questions:
Characteristics of the
company

Possible answers

Name of the company
Staff

IT staff

Age of the company

Operating area

Industry

Questions:
Level of implementation
P1. Service stratagy mng.

P2. Service portfolio mng.

P3. Finance mng.

P4. Demand mng.

P5. Business relation mng.

(open)
1H1-9
(2) 1049
(3) 50-249
(1) 04
2)5-9
(3) 10-14
(4) 15—
(1) 04
(2) 5-14
(3) +15
(1) Local
(2) National
(3) International
(MIT
(2) Health and social services
(3) Taxes, legal
(4) Real state
(5) Telecommunications
(6) Energy, water, electricity, gas
(7) Marketing, communication
(8) Commerce
(9) Electronics
(10) Delivery, logistics
(11) Construction, maintenance
(12) Industry
(13) Education, sports
(14) Finance, insurances, banking
(15) Food, chemical, pharma
(16) Others

Possible answers

(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
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P6. Design mng,.

P7. Service catalog mng.

P8. Availability mng.

P9. Service level mng.

P10. Continuity mng.

P11. Security mng.

P12. Provider mng.

P13. Capacity mng.

P14. Transition schd. mng

P15. Change mng.

P16. Deploy and version
mng.

P17. Validation and test mng.

P18. Configuration mng.

P19. Change evaluation mng

P20. Knowledge mng.

P21. Incidence mng.

P22. Problem mng

(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
(3) Already implemented
(1) Not implemented neither it will be
(2) Ongoing/Planned
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P23. Access mng.

P24. Event mng

P25. Request mng.

P26. Improvement mng.

(3) Already implemented

(1) Not implemented neither it will be
(2) Ongoing/Planned

(3) Already implemented

(1) Not implemented neither it will be
(2) Ongoing/Planned

(3) Already implemented

(1) Not implemented neither it will be
(2) Ongoing/Planned

(3) Already implemented

(1) Not implemented neither it will be
(2) Ongoing/Planned

(3) Already implemented

COMPANY DATA

Company name (*):| Example

COMPANYCHARACTERISTICS:

Staff IT staff |Company age/centro Operating area
® 0-9 04 * 0-4 ) Local/region
10-49 5-9 5-14 National
50-249 10-14 15- International
15-
INDUSTRY
* IT services Telecommunications Electronics Education, sports

Health and social services Energy, water, electricity
Legal, taxes Marketing, ads, communication Construction
Real state Commerce

end

Transport, logistics

Industry

Download data

Finances, insurances
Foods, chemistry, pharma
Other

Figure A1. Web page in [https://doi.org/10.5281/zenodo.4587237] to introduce data of company

sequencing ITIL.

Appendix B

Table A2. Answers to the survey collected from the example company.

Question Possible Question Possible

Answers Answers
Service stratagy mng. 1 Transition schd. mng 1
Service portfolio mng. 1 Change mng. 1
Finance mng. 1 Deploy and version mng. 2
Demand mng. 1 Validat. and test mng. 2
Business relation mng. * 1 Configuration mng. 2
Design mng. 1 Change evaluat. mng 1
Service catalog mng. 2 Knowledge mng. 2
Availability mng. 2 Incidence mng. 2
Service level mng. 1 Problem mng * 1
Continuity mng. 1 Access mng. 2
Security mng. 1 Event mng 1
Provider mng. 1 Request mng. 1
Capacity mng. 1 Improvement mng. 1

(*) Excluded from the initial set of ITIL processes in the pilot developed.
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Table A3. List of processes by author.

Question Possible Answers
[32] P:7-21-2-9-4-15-18-3-10-25-26-13-8-22-11-16-24-22-12-
23
[36] P:15-16-18-21-9-11-17-24-7-8-3-22-23-25-13-20-14-10-5-
4-26-19-2-6-12-1
[6] P:21-22-18-16-15-26-24-9-23-125-20
[35] P: 21-15-22-9-18-16-10-8-13-25-3-7-11-24-23-20-17-12-
2-14-26-19-4
[25] P:18-9-15-13-21-8-22-10-16-3
2] P: 15-18-7-9-24-21-22
[27] P:3-18-21-25-16-9-13-8-12-15-22
Appendix C

In this section, the pseudo code of the algorithm is summarized.

First of all, it is necessary to have available a database with data from processes and
the level of implementation as well as the characteristics of the companies (staff,
industry, region, or other parameters we desire to include in the sequencing algorithm).
There is a complete database in [https://doi.org/10.5281/zenod0.4587237] if there is not
another one available.

procedure generate sequence ()
{
#Require data and level of ITIL implementation from the
#company owg and calculate distance to maximum
#implementation V[i]
#
#Initially the characteristics of ow are set
for each characteristic
require (ch[j]) #for company ou:

#For owe, the implementation level for each process is set
for each ITIL process p i

{

require (d[p_1i]); #for company ome

V[p_i] < MAX IMPLEMENTATION - d[p il;

}

#Generate initial vector of candidate processes
®candidates = {1}
for each ITIL process p i
{
#exclude already fully implemented
if d[p_i] <> MAX IMPLEMENTATION
Dcandidates = Dcandidates U {prOC@SS p_l}

}

#Initialize the set ®sgr={}. This is an empty set of
selected processes.
®SEL — {}

#Generate vectors m and M from the data in database
for each ITIL process p 1 in ®candidates
{

for each characteristic ch[j]

{

for each possible value of ch[j]
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{

calculate m[i][J][k]; #expression(1l1l)
M[i][3] [kl MAXiIMPLEMENTATION—m[i] [31[k];
}

#Initialize the criteria for optimization:
#y; = 0 for the characteristics will not be present in (13)
#1>=a;>0 to weight the characteristics will be in (13)
for each characteristic ch[j]
{
require (int yI[jl); # v[j] =0 or y[jl=1
require (float oljl); #

}

while &ggrp <> {}
{
#Evaluate NP for each process in ®candidates and select the
#minimum value
#
#Initially, NP min is the first process
NP_mj-n = NP[chandidates [l] ];
DPser « 1; #Process with NP _min
for i~ 2 until number of processes in ®candidates
{
calculate NP [®candidates [1]]; #apply expression (13)
if NP[®candidates [1]] < NPimj—n
NP _min « NP[®cangidates [1]] #new minimum
DPser « 1; # New process with new NP min

}

#Select the process pgz as pointed out by (15) and
#include it in the set dggr.

®sgr «  Pspr U {@candidates [Psez] } #include in dgpp list
®candidates «— q:’candidates - {®candidates [pSEL] }#delete in q:’candidates

}

#The ordered optimal sequence is obtained in &g
display @gzp
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