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Abstract: The process of creation/development of an A/V E is not simple. Due to the large number of
potential resources is important to make a selection of those who give more guarantees in terms of
success in this cooperation and bring more value to A/ E. There are several projects of AV E with
different approaches to the selection process. The Virtual Enterprise Architecture Reference Model
(BM_VEARM) project incorporates a model of resource selection. Considering the aspects of the model
the main objective is the development of a tool for pre-selection of resources in MATLAB, and its
integration with an algorithm for the final selection. The result is the tool named Selec_E A/V_V2 with the
following features: Pre-selection of resources without integration of the Value Analysis (VA), with
integration of VA and final selection of resources given to those mentioned cases. This tool will support
the development of BM_VEARM selection model and will permit the validation of the importance of VA in
the resources pre-selection.
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MATLAB

INTRODUCTION

The main objective is to quantify the
performance of the pre-selection with the VA
integration, according to the model developed. It is
intended to validate that the VA incorporation
brings quality and quantity benefits to the overall
process of resources selection, particularly in the
pre-selection phase. In order to test this
assumption, a demonstrator was defined and built.
This should support a simulation plan of the pre-
selection and consequent final selection with and
without the VA integration global model. Certain
conditions and restrictions were established in
order to identify and quantify the domains of the
validation of the model, intended to be as
comprehensive as possible.

The main goal of this work is the development
of a resources pre-selection tool that will be
integrated with the selection model, in order to
make the resources selection process quicker and
more efficient.

PROBLEM PRESENTATION

The main goal of this work is the creation of a
data input tool for the pre-selection of resources to
an ANV E which should be capable to integrate
within a Branch&Bound algorithm for the final
selection of resources [1].

After the analysis on the pre-selection subject,
the pseudo-code shown below is created, serving
as a guideline for the creation of the code in
MATLAB language, which will be integrated with
the final selection algorithm.

The problem to be solved is the transposition
of the selection of resources model with VA
integration to MATLAB code, using the pseudo
code developed on Part | of this article.

The main steps of the algorithm model are
described below in the form of pseudo code and
according to the model conceptual framework and
its IDEFO representation and description [2].

Consider:

PTP; = {TP; TP, ... TP,} - set of tasks of the
processing Task Plan;

P — algorithm parameters;

TP; — processing task, i = {1, 2, ..., n};
Rps_1(TPy) - set of pre-selection requisites of
level 1 for task TP;

Rps_2(TP) - set of pre-selection requisites of
level 2 for task TP;

Sma — minimum value

DS_Rps_1(TP) — solution domain for pre-
selection requisites of level 1 for task TP;
PR{(TP;) — proposals foreach TP, PRi= {1, 2, ...,
nJ

P! — information search;

Drp;; (TP) = (P, Dz, ..., IPin} - Set of candidate
resources to pre-selection of the task TP;
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rp;; — candidate resource j to pre-selection of the
task TP;;

F.O. (Rps_1)(TP;) — objective function of level 1
requisites associated to the pre-selection systems
of task TP;

F.O. (Rps_2)(TP;) — objective function of level 1
requisites associated to the pre-selection systems
of task TP;

F.S.Q. — objective function of quality system;
F.S.S. — objective function of financial system,
F.S.S — objective function of synergies system,
Pps(rp;) — pre-selection parameters of resource j,
that candidates to task TP;

gf — flexibility

@ — weighting

Global F.O. — global value of resource candidate

Begin
For PTP:
Define P and continue
%-------- Qualitative Phase --—-—--—--—-—--%

For each TP;do
Define Rps_1 (TP)
Define Rps_2 (TP)

For each Rps_1(TF)
Define Sma or DS and continue

For the PRI
Pl and continue
Yommmmmmmmmmmemen Qualitative Phase --------————-%

For the Drp; (TP;) execute:
Evaluate F.O. Rps_1 (TP)
If Pps(rpy) # Sma dos Rps_1 (TF)
or Se Pps(mpy) # DS_Rps_1
Then Sma = Sma + gf
(redefine Sma
with gf)
Evaluate F.O. Rps_1(TP)1
Pre-Select rp; and continue

% =mmmmmm- End Evaluation level 1 ---—-—--%

For the Drp; (TP} fulfilling F.O. Rps_1
(TP)) execute:
Evaluate F.O. Rps_2 (TF)
® Rps_2 for each system
Evaluate F.O. Rps_2 (TP)
for each system
and continue
F.S.Q_mj=%
(@SQi * PQi_rp;)
F.SF_mi=%
(OSFi * PFi_rpy)
F.8.S_mi=%
(®@SSi * PSi_rpy)
Pre-Select rp; and continue
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% --- End Evaluation level 2 per system--%

Determine Global F.O. of rp; to
the TP; and continue

2 ((®SQ; ™ PQLrpy +
(OSF; * PF_rpy) + (®SS; *
PS;_rpy)

Pre-Select rp; for the TP,
End

DEMONSTRATOR TOOL

The language chosen was the MATLAB
program because it adjusted to the desired
objectives for our demonstrator. MATLAB is a
system for scientific calculation that provides a
user-friendly environment with an intuitive yet
powerful notation which allows the performance of
numerical algorithms on arrays with minimal
programming. Also, in MATLAB is possible to
create and manipulate arrays without prior scaling
and manipulation of variables can be performed
interactively. Due to its extension and the scope of
the work it will not be represented the
programming language of the model that
transposes the algorithm referred before [3, 4].

MODULES OF THE TOOL

The tool code is divided in modules in order to
permit a simpler understanding and a better
implementation, giving the program a flexible base
to adjust to subsequent developments.

The Base module will be responsible for the
initial data inputs and also for the calling of the
other modules (pre-selection, selection, and
presentation of the results).

In a high level overview, the base module
pseudo code can be presented like this:

Asks the input of data
Minimum requirements
Number of Plans
Number of tasks
Weighting values
For each Plan
Calls the pre-selection module
Calls the selection module (without VA)
Calls the presentation of results module

Saves the results of the pre-selection and
selection modules (without VA)
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Calls the selection module (considering VA)

Calls the presentation of results module 0

Saves the results of the pre-selection and

selection modules (without VA)

Rename the storing variables to keep the data of
all cycles.

i=1a

In the same basis of presentation, the pseudo-
code of the pre-selection module is the following Chama médulo

pré-selecgao

one:

For each task of the Plan in question Chama médulo

de selecgdo

Generates a matrix with random data of the

resources
Guarda
L X . . " Itados d
Verification if the generated values are within selecoso (nve 1)
the limits allowed l
151 level evaluation Apresenta
rESU\lad({sda
Weighting the values '“‘e'ef“
Count the number of resources with positive
classification in each system of evaluation mez0 S e
erro
2" level evaluation [
N
Presents results e
. B ) veclores dos
Stores the intermediate matrices CTiCF
Generation of the Processing Costs array (CP) Chaa oaio
de selecgao
After the creation of the pseudo codes Guarda
presented above, there were created two e
flowcharts that allow an easier understanding of
the steps that the algorithm will take. They are
i % : Muda nome
presented in figure 1 and figure 2, for the base

module and pre-selection module respectively. For
the selection module, that was already created,
the flowchart is the presented in figure 3. N ii=nPT

Fig. 1 - Base module flowchart
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o The selection module will make the generation

of transport costs (CT) for the resources that

passed the pre-selection and will select the
iy o resources based on an algorithm for cost
nTare ; optimization of type Branch and Bound.

A

Cria matriz Drp

{:

Verifica valores

J, Verifica

Inicio

Faz avaliagao parametros de
do 1° nivel antrada
(Drp_apr)

Calcula o valor
ponderado dos 3
sistemas (e
global)

I

varargin{2}

=11 CriaCT

Conta o n.° de recursos
com classificagao
positiva em cada um dos N
sistemas (e nos 3)
Faz avaliagéao de
2° nivel
(Drp_final) JuntaCPe CT
Apresenta os
resultados 2
Cria matrizes e
J, veclores de
parametros de
Armazena matrizes entrada do
intermédias do vector de algoritmo BB
matrizes (DRP)

J’ .

Chama funcgao
; de optimizagao
jj=nTare?
\L S
Retorna
Poe todas as tarefas com resultados
omesmoe k_min{(1e2)
Cria o vector dos CP
Fim

Fig. 2 - Pre-selection flowchart Fig. 3 - Selection flowchart
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OUTPUTS OF THE TOOL

The Base module is responsible for the data
inputs, calling the other modules, and storing the
processed data.

The inputs are the number of Plans, the
number of tasks of each Plan and the number of
candidate resources for each task. Also on this
phase will be inputted the weighting values for
each system to be calculated. After this the
program enters in self mode, not requiring human
intervention.

lim=ro de planc de tarefas & analisar: 1

1 indigue nimero de tarefas

o de tarefas n.° 1

¢ de recursos & iqual pere todas as tarefas? (s/nj: =

Introduza o nimero de recursos candidatos ds tarefas; 10

Introduza o3 valores de ponderaclc pare 03 3 aistemas em ¥ (Se todos iguais prima enter):
Introduza os S valores de ponderagic da qualidade em % (Se todos iguais prima enmter):
Introduza os 5 valores de ponderagdc financeiros em % (Se todos iguais prima enter):

Introduza o2 § valores de ponderagdc das Sizergias em % (Se tedos iguais prima enter):

Fig. 4 - Inputs

As it can be seen in figure 1, after the inputs,
the Base module will call the pre-selection module.
In the pre-selection module, figure 2, the process
will be task by task. This module will receive entry
parameters (the number of tasks of the Plan being
analysed, the number of candidate resources that
is equal for all tasks of the Plan, the minimum
requirements mentioned above and the weighting
ratios).

In the first place, a matrix (table 1), called Drp,
will be created using distribution functions since in
this phase it's only a matter of simulation in order
to prove the importance of the Value Analysis (VA)
and to make sure that the program works properly.
Afterwards it's expected that the values will be
obtained throw surveys to the candidate
resources.

The values will be verified to make sure that
they are within the defined limits (between zero
and ten).

The 1% level evaluation of the pre-selection
will eliminate the resources that don't achieve the
requirements to pass to the next phase. For
simulation effects, only those who have the value
“1” in all off the 1st level requirements (red box of
the table) will pass.
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Before the 2™ level evaluation, the five
evaluation criteria of each considered system must
be weighted in order to obtain a classification for
each system and the global weighting (ratio
between the three systems), that can be seen in
table 2. In the 2" level evaluation, only those who
obtain positive classification (five or more) on the
three systems will pass, table 3.
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Being
ry; (G = 1, n), (i = 1, k): candidate resource j for
task i

F.S.Q.: Objective Function of Quality System

®SQ;; (i = 1 a 5): Weighting of requirements i of
Quality System

PQ;_ry: parameter of candidate resource j to task i
for the requirements Qi.

(®SQ1 * PQ1_rij + ®SQ2 * PQ2_rij + ®SQ3 *
PQ3_rij + ©SQ4 * PQ4_rij + ®SQ5 * PQ5_rij) =

F.S.Q._ri .

Doing the substitution by the table 1 values, and
having in consideration that the ratios are equal to
all the criteria of the system we obtain,

(0,2*3,0338+0,2*3,9595 + 0,2 *5,1060 +

0,2 *6,2193 + 0,2 * 8,2575) = 5,3152 .

Which proves that the calculus is being well
performed.

Table 2 - Matrix Drp_final, with resource’s evaluation (1% level
and systems weighting)

Recurso v.s.Q. V.S.F. V.S8.S. C.Pond CP
1[ 531520 7,0092] 54173 59439 49184
2| 7,0067) 6,6639] 4,4960] 6,0555  6,8037
3] 60311] 5,8862] 51322| 56832  6,4990
5| 6,6560] 6,03570 6,4311f 6,3743|  2,5002
8| 68454 4,7897] 6,9082] 6,1811  4,9555
o 7,1231) 7,2016] 5,4074] 65774 5,3332
10| 4,9785) 4,9857] 6,9761] 5,6467  7,1017

Table 3 — Matrix Drp_final, with resource’s evaluation (1% and

2" level)
Recurso v.s.Q. V.S.F. V.5.5. C.Pond cpP
1] 5,31520 7,0092] 541730 59439 4,9184
3| 60311 5.8862] 5,13220 5.6832] 6,4990
5| 6,65 6,0357] 6,43111 6,3743] 2,5002
of 7123) 72016 54074] 65774] 53332

The lines of the matrix will be ordered by the
global classification of the resources (5" column)

After that, the presentation of the results of
this phase and the storage of all the matrixes
(initial, intermediate and final) in a cell array, DRP,
figure 5.
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Paza a Tarefe 1

Fig. 5 - Results presentation (task 1)

The program will then redo all this cycle until it
analyses all the tasks of the plan. After the
analysis of all the tasks, the program will
normalise the number of resources that passes on
each level. For example, let’s consider that a given
Plan have 4 tasks. The number of candidate
resources is the same for all the tasks. Let's
assume that for the 1% task, the number of
resources that passes the 1% level is eight. For the
2" and 3@ tasks, the number of resources
approved is eleven and for the 4™ is six. In this
example, and making the normalization, all the 4
tasks will have the same number of resources
approved considering the minimum of all four,
which means that the number of resources
approved is going to be six.

The same concept is applied to the 2™ level
analyses.
DRP =
[10x21 double]  [10x21 double]
[ 7x17 double] [ 6x17 double]
[ Tx€_douple] ols]

[10x21 double]
[ 7x17 double]

T

[10x21 double)
[ 6x17 double]

ublel

[ txé double)

[ 6x6 double]
["4x6 double] [ 3xb double] [ 4xt double] [ 5xo double]
[ 3x6 double] [ 3xb double] [ 3x6 double [ 3x6 double] |

Fig. 6 - Another example of the normalization of the number
of resources in both levels (At red, the resources approved at
each level and at blue the normalization)

The next step is the creation of the Processing
Costs array (CP). To do this, the program will
access to the last column of the matrix of each
task and copy the values to a new array. This
array (CP) will be one of the entry parameters for
the selection module.
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Fig. 7 - Creation of the Processing Costs array

In the example of figure 7, are presented two
tasks. The values surrounded in the 1® matrix by
the red line consist in the processing costs of the
resources of the 1% task that passed the level 1
evaluation. They are the first ones of the CP array
that is being showed in the last part of figure 7,
also surrounded by a red line. In a similar way, the
values of the 2™ matrix, surrounded by a blue line,
represents the processing costs for the 2" task
and are the second ones to be part of the array.

The pre-selection module will return to the
base module the cell array with all the matrixes
and the CP array.

Back to the base module, the number of
resources that passes the 1% level of the pre-
selection, k_min1, will be checked and will be
another of the entry parameters of the selection
module, as the CP array and the number of tasks
of the Plan in analysis.

The outputs of the selection module (without
Value Analysis) will be the array x7, which will
allows us to identify the selected resources and
the related Transportation Costs (CT), the variable
fx1 which will give us the total cost of the system,
exitflag1 to know if it's the optimal solution or not
and a structure, output?, with different fields as the
number of iterations realized to achieve the
solution and the time used, among others.

It's inside this module that the CT is created
for the first time with the dimensions of (n.° of
tasks-1)*k_min1*k_min1. After that, an array, f, will
be created, being the binding of the CP and CT
arrays.

One of the outputs will be the array x7, which
has the dimensions of the referred array f, being in
this case a Boolean type. This means that the
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array x71 will be filled only with ones or zeros and
the ones means approval (selected resource).
Having in consideration the case that is being
presented where k_min1 is six the CP array has a
dimension of 24 (ntasks*k_min1). This means that
each “1" found on the firsts 24 positions of x1
array corresponds to a Processing Cost that is
related to a resource that has been selected. The
“1” found in the remaining positions are the
Transportation Costs between the selected
resources. This means that the first “1” found after
the first 24 posmons is the Transportation Cost
between the 1% and the 2™ task, the second is the
cost between the 2" and 3™ task and so on.

Using a function of MATLAB (find) we can
easily obtain the positions of x7 array that where
filled with “1°. Therefore is created a new array,
locali, which contains the positions where the “1”
are located, figure 8.

>> locali'

ans =

24 |l_32 68 128

In the case of the elements signalised at red,
the first (number 2) has a direct correspondence to
the resource of the 1% task matrix (column 1, line 4
of cell array DRP, figure 6). In the rest of the

| 2 8 14

Fig. 8 - Locali array

elements, (8, 14 and 24) it's necessary to subtract
the (number of task minus 1) multiplied by k_min1.
Using the example, for the second task, we need
to subtract 1*k_min{ to the value 8, obtaining the
value 2. This value corresponds to the 2™
resource of the 2™ task matrlx (column 2, line 4 of
cell array DRP). For the 4™ number, the selected
resource will be the number 6 of the matrix (24 —
3*6 = 6). The positions of the resources at their
respective positions can be seen on figure 9.

After the positions of each selected resource
being found, the number of the resource, the final
classmcatlon (global WEIghtmg) and CP associated
will be stored in the 1% cell of another cell array,
valor. At each iteration the position of the resource
is identified and the data is copied to the 1% cell of
the cell array valor, figure 10.
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>> DRP{4, 1)
ans =
5.0000  7.1231 7.2016  5.4074 .333
6.6560 £.0357 6.4311 .5002
%.0000 6.2454 4.7897  6.9082 6.1611 3.9555
2.0000  7.0067 €.6638  4.4960 6.0555  6.8037
1 ) 5.3152 7.0882 5.4173  5.9432  4.9184
3.0000 6.0311  5.8862 5.1322 5.6832 6.4290
>> DRP(4, 2}
ans =
4.8691 6.4578 7.8724 _6.2998  8.1269
6.2982 6.3518 5.3414 6.2305 | [ 2.89%0
5.432¢8 6.6651 €.0950  6.0663 6.8022
5.1126 5.6815  5.953¢  5.5828 3.229%
7.0753 $,9980  4.6014  5.5583  7.5591
3.9220 6.2440  6.2969  5.4877  2.7454
>> DRP{4 3}
ans =
7.3641 €.5424 6.1106 4.3805
6.2798 7.7712 4.5040 [ 8938
£.4435 £.9543  5.9823 6. €.8184
£.2963 5.7011 6.0554 6.01 5.5%08
6.6797 5.6689  5.2741 5.8746  5.3534
2.6783 5.6014 £.6621 5.6473  7.0817
ans =
6.2636  6£.1886 6.7580  6.4034  5.1015
5.9717  6.4221 6.0762  6.1568  4.7628
6.2932  5.9528 5.6323  5.9594 7.
6.2918  6.2620 5.2889 5.9478 1,
€.2242  5.2225 5.6303 5. 6.
4,8080  5.0826 s.9355 [ 4. R

Fig. 9 - Selected resources

[1x24 double]
[1x108 double]

27.2808])

>> valor{l

roar

| 6.3743 | |

A

[P

&
| 6.1
4

*

Fig. 10 - Valor cell array and matrix of the selected
resources

The 2™ cell is the value of the system, which
is the sum of the global weighting of each selected
resource identified by the green box. The 3™ and
4™ cells are the CP and CT arrays respectively
and the 5™ cell is the total cost of the selected
system (CP+CT) given by the selection module
output, 1.

The next phase is the presentation of the
results of this selection that doesn’t contemplate
the Value Analysis. The module of the
presentation of the results is responsible for
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showing the analysed information in a more user
friendly form.

It will show the number of tasks of the Plan,
the number of initial candidate resources, the
number of resources that were approved in the 1=
level, the selected resource system, the cost of the
system and his parcels, the value of the system,
the number of resources that were selected,
having although negative classification, the
information if the solution was optimal, the number
of iterations that the program used and the time
spend.

Resultados da selecgdc final para o Planc de Tarefas 1

N.° de carefas: 4§
de recursos candidatos: 10

nivel 1: €

Sem andlise de valor

Sistema de recurscs: R1,5; R2,9; R3,10: R4,6;

CF R3, 10=

Valor do sistema: 23.7622
Valor R1,5= 6.3743;
Valor R2,9= 6.2305;
Valor R3,10= 6.1851;
Valer R4, 6= 4.9724:

N° de recursos seleccicnados com classificaclio negativa: 1
Foi encontrada a solugdc optima
N.° de iteragdes efectuadas: £07

Tempo da simulaglio = 0 horas,0 minutos e 13 segundes

Fig. 11 - Presentation of the selection (without VA)

After the presentation of the results, and back
do the Base module, the number of resources that
passes the 2™ level will be checked, k_min2. If it's
only one Plan being analysed, and the k_min2 is
equal to zero, the program ends here, otherwise
it's necessary to resize the CP and CT arrays. In
the resize of the CP array, there's no difficulty
since the CP is always attached with the
respective resource. The procedure is the same
as the presented for the first creation of CP array,
but this time the matrixes that are going to be
accessed are the ones that retain the 2™ level
evaluation.

In the case of the CT array, it's a little more
complicated. In this array we have all the possible
transport combinations between the tasks. As
presented in figure 12, only for the first two tasks,
we have 36 possible transport combinations.
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Tarefa 1

Tarefa 2

9

Fig. 12 - Transport combinations between the first 2 tasks

In the 2" level of the pre-selection some of the
resources were eliminated and, therefore, the
connections are also eliminated. As the number of
resources that passes the 2™ level is 3, the
number of possible combinations reduces
considerably passing from 36 to only 9 possible
connections between 2 tasks, figure 13.

Tarefa 1 Tarefa 2

8

10

Fig. 13 - Transport combinations between the first 2 tasks
after 2nd level evaluation

In the creation of the new CT array, it is
necessary a special attention to keep the
coherency of the values of the connections. For
that, the method found is a restructuration of the
values, correspondent to the 2 tasks, into a matrix
of dimensions k_min1 by k_min1, or in our
example 6 by 6, as in the next figure.
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Fig. 14 - Restructuration of the first 36 values in a matrix

This way, and doing a resumed explanation,
each line of the matrix corresponds to a resource
of the first task (1* line corresponds to the CT of
resource 9, 2™ line to resource 5 and so on) and
each column corresponds to a resource of the
second task (1% column is relative to resource 4,
2" column to resource 9 and so on). It will be
done a comparison between the 2 levels of each
task to verify which resources were eliminated of
one level to another. After that comparison the
positions of the resources that were eliminated will
be known and therefore the lines and columns
related to them will be filled with zeros. The
remaining values are the ones that will be part of
the new CT array, CT2.

B> oa

3.0062 4.1308 5.191¢ 4.1147 B.6838 4.0231 10.5757 €,3335 1.6870

Fig. 15 - Matrix with the remaining values and 1st part of CT2
array

The filling procedure for the rest of the array is
similar to the explained above. In the end, the CT2
array will have 27 values while the CP2 array will
have 12 values and it's now possible to proceed
with the program, calling again the selection
module in order to obtain the system with VA.

The steps for this are the same as the
explained above for the selection without the VA.
The only difference is that the name of the
variables is going to be different to avoid conflicts
and losing the previous data.



182 Business Sustainability 2.0

Prototype/Demenstrator Tool

At the end of the presentation of the new
results, the total time of simulation is showed as
we can see in the figure below.

This tool has already done a set of simulations
as a form of support the advantages of a model
with a VA in pre-selection phase. Throw these
simulations some assumptions were proved, as
the higher value of the selected system and the
guarantee that all the selected resources have a
positive classification in all the considered
systems. Another conclusion is that amount of
time used by the algorithm is smaller with the
integration of the VA in the pre-selection phase.

Com andlise de valor

Sistema de recursos: R1,5; R2,9: R3,7: R4,5:

Custo do siscema: 30.3663
CP: 16.8B59

CF R1,5= 2

CP R2,9= 2.

CP R3, 7= 4

CF R4, 5=

Valor do sistema: 25.2385
Valor R1,5= 6.3743;

Tempo toral da simulagdc = 0 horas,0

Figure 16 - Presentation of the selection (without VA)

CONCLUSIONS

Based on BM_VEARM model, the selection
process consists in two phases, the pre-selection
and the selection of resources. The main goal of
this work was the development of a pre-selection
tool and its integration with a selection module.
For that, was necessary an overall comprehension
of the pre-selection process for distributed
enterprises, develop the pre-selection pseudo
code, implement the algorithm in MATLAB, and
after the integration with the selection module, the
simulation and validation of the tool

Despite the existence of several programs
that could be used to develop this tool, the chosen
one was MATLAB, due to the mentioned
characteristics and due to the fact that the
selection module had been already developed
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using this language making the
process easier.

integration

The tool was validated having already realized
a simulation plan in order to validate the pre-
selection model with VA integration.

The optimization of the code can be seen as
future development, since that in the beginning of
the development of the tool, the knowledge of the
language used was low. The creation of a graphic
interface, even more user-friendly, the possibility
of choosing more than one selection algorithm
(besides Branch&Bound) and the importation and
exportation of data from/to Excel sheets can also
be seen as future development.
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