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Abstract: The paper presents a Generalized net model (GN-model) of the
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1. INTRODUCTION

When building collaborative environments, it is important to make the right
choice of technical means and software solutions that will best meet the needs of
appropriate information services. In the process of finding solutions, one of the
leading criteria is to improve the efficiency of the teams, to support their
cooperation to the maximum extent by providing them with convenient and
effective means for joint work. For this purpose, it is not enough just to choose
the best tools for a certain type of activity, but they must be able to integrate with
each other and work in a similar and non-committal way. If a cloud architecture is
used, it is necessary to make an analysis of the software systems and tools that
will be used [5], the possible threats in terms of security of the information [6], etc.
To support this process, a Generalized Net model for decision-making in building
a collaborative environment is presented here.

The generalized nets (GN), created by K. Atanassov in 1982 [1], have found
application in fields such as: medicine, economics, transport, industry, computer
technology and various methods of database creation, expert systems, modeling
of decision-making process and others. [2, 3, 4, 7, 8]

The decision-making process in defining the architecture of the collaborative
information environment is expressed in the following: The purposes for which
the collaborative environment will be used are defined as well as what functions
and services it will provide, what will be its scope, possibilities for realization, etc.
The clarification of these issues determines what types of information and
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technical means will be used, how the human-machine interface will be organized
in the most convenient and efficient way possible. It is a known fact that the more
complex an equipment is or the longer it takes to work with it, the sooner or later
it ceases to be used. Therefore, the selection and implementation of any system
requires an in-depth assessment not only of the individual details, but also of the
integration between all its modules and subsystems. In order to realize all this, in
the proposed GN-model of the decision-making process in building a
collaborative environment, six transitions were used to present the main stages of
this process, namely: comparative assessment of the parameters of the
information and technical means, analysis of the modern technologies suitable for
application, generation of alternative solutions (variants of architectures for
building the environment), evaluation of these solutions, selection of the best of
them, testing (verification) of the selected variants of solutions (creation of
working prototypes) and implementation (realization) of the selected winning
solution.

2. GN-MODEL DESCRIPTION

The scheme of the decision-making model for building a collaborative
environment implemented with a GN is shown in Fig. 1, and the description is as
follows:

E= {Z1, Zz, Z3, Z4, Z5, ZG}, where

Z, — comparative evaluation of information and technical means

Z, — generating alternatives to architecture solutions (configuration) of the
collaborative environment

Z; — check (evaluation) of the alternatives

Z, — solution selection (architecture, configuration of the built environment)

Zs — verification of the solution (by testing with a prototype of the collaborative
environment)

Zs — implementation of the decision (evaluation of the results)

The tokens used in generalized net E are —

a — communication and information tools (software tools, applications) that
can be used to build a collaborative environment

p — technical means (video conferencing systems, collaboration displays,
electronic boards, servers, etc.) that can be used to build a collaborative
environment

y — technologies, perspective solutions, good practices, etc. methods for
improving the architecture and the functionality of the built collaborative
environment



Generalized net model of the decision—making process

¢ — information (expert knowledge, heuristics, evaluation criteria, research
results, experiments, etc.) related to opportunities for improving the
environment for joint work that is being built

o — target states of the architecture (configuration) of the collaborative
environment

¢ — alternative solutions (variants of architecture and configuration of the
collaborative environment)

T — tests (test evaluations by users of the individual alternative solutions
offered for the construction of the environment)

Z;
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Figure 1. GN-model of the decision-making process in building collaborative
information environments

The description of the transitions is as follows:
Z=<{l, b, Is, o, hi7}.{5, L, Is, I}, 11, My, v(l, b, Js, 1o, 117)>, where

I; — initial place in which tokens « (communication and information means) and
tokens g (technical means — video conferencing systems, electronic boards,
etc.) enter. They are following characteristics:

- Xo (€%1, €%2, -.., €%, ..., €%x), Where e%; e is the evaluation of the i-th
parameter of p; (i < k) evaluation parameters by which the qualities are
determined (the applicability) of the respective means (software tool,
application) for providing the necessary information services;

- Xy (€41, €420 - qis -oer €4s), Where €7 e is the evaluation of the i-th
parameter of q; (i < s) evaluation parameters by which the properties of the
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relevant technical means are determined (applicability) to provide the
necessary services or to ensure the operation of other means (for example,
the appropriate type of server configurations for the installation of software
applications, architecture of discussion rooms, etc.).

I, — initial place in which tokens y (technologies, perspective solutions, good
practices, etc.) and tokens : (information - expert knowledge, evaluation
criteria, research results, etc.) enter. They are following characteristics:

- X, (€1, €war .., €4 ..., €4 n), Where €’y is the evaluation of the i-th
method of w; (i < n) evaluation parameters to improve the architecture and
functionality of the information environment (technologies, solutions, good
practices, etc.);

- Xt (e'vq, €2, ... €Yy ..., €ym), Where e,; can be an evaluation of the
usefulness of the information for an alternative solution for configuring the
environment v; (i < m).

I, — place in which the tokens «, #and yenter after a comparative evaluation
I,— place in which 1-tokens enter after evaluation

Is — place in which dropped tokens enter (not suitable for any alternative
solution)

Is— place of tokens «, B, 7, ¢ and ¢, participating in the process of comparative
evaluation of the parameters and improvement of already generated solutions
(@ - tokens)

lo — place of alternative configurations (architectures) that need processing
(unused tokens ¢, £ and y) and there is an update of the information (-tokens
with changed characteristics enter)

Ii7 — place of tokens 1 and/or alternative solutions (tokens ¢) that do not fully
meet the requirements (improvement is needed)

/3 Iy 3 lg
14 F F W5 T
b F F Wy 5 T
M= Is Wes Wey We 5 We6
ho | F F Wios  Wigs
hy | F F Wizs  Wizs

T —true (transfer is possible), F-false (transfer is not possible)

W5 = W,5 = ,incoming tokens are not applicable” (cannot be used for the
intended purpose)

We 3 = ,comparative evaluations of the parameters of tokens «, f and y meet
the requirements for integration between them”
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W54 = ,there are 1-tokens involved also in other transitions” (they are dropped)
Wes = ,there are tokens whose evaluations are below the required threshold”
(they are dropped)

Ws 6 = ,evaluation process in progress”

W05 = ,there are tokens (a, S, y or w) that are not used” (they are dropped)
W06 = ,the generated solutions (¢-tokens) do not meet the requirements (w-
tokens) and an update is needed”

W75 = ,there are tokens (¢) that do not meet the requirements (tokens w)”
(they are dropped)

W76 = ,further evaluation and updating of ¢-tokens is needed” (change in the
characteristics of already selected solutions using data transferred from
tokens 1, based on experience gained)

I3 Iy I Ie
/1 0 0 M5 N
/2 0 0 mys N
M, = I Me3 Mega Ms 5 Ms 6
lo |0 0 M5  Mioe
l7 |0 0 Mi75 M7

N takes values from 0 to the maximum possible number of tokens for a given
situation of using the model

Miy5= My5= Mg3= Mgs = Mps= Mgg = Mig5= Mg = My75= M7 — from O to
the maximum number of tokens for this transition

Zy=<{l3, lu, hz, I11, b1, b3} {ls, lo, ho, 1}, ro, Mo, v(ls, b, b7, 14, b1, |23)>, where

I — initial place of tokens w, with characteristics (target states, evaluation
criteria) X, (6“1, €%2, ..., €%, ..., €%g), Where e%; is the evaluation of the i-th
parameter of f; (i < g) evaluation parameters (criteria of the target state, to
which the built environment must correspond to the maximum extent)

Is — place in which the generated (in transition Z,) tokens ¢ (alternative
solutions) enter, with characteristics X, (€%, €%, ... €%, ..., €%q), where €% is
an evaluation of the i-th solution of r; (i < d) alternative solutions, regarding the
architecture and configuration variant of the collaborative environment

Is— place occupied by tokens w and : (target states and information)

1y — place of tokens (a, f, , @ and 1) and an implementation of a process for
generating alternative solutions (¢-tokens) for architecture (configuration) of
collaborative environment
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L1 — place occupied by tokens : (bearing acquired heuristics) and tokens ¢
(implemented solutions), which can be improved after analysis of the executed
testing (by prototype) of the variant of the information environment

L3 — place occupied by tokens ¢ that can be used to acquire knowledge
(heuristics) in new generations of solutions

Ig Iy ho i
L | F F F T
s |F Wag Wi 10 Wy 11
f2= I F Wrg F W71
Iy |Wyg F Wit0 Wi
I | F F F Wa1 11
s | Wazg F F Was 11

W, = ,incoming 1-tokens are not related to the generation of alternatives”
W1 = ,there is a change in the characteristics of tokens” (additional
information is obtained about the generated solutions which can be used to
support the analysis in the comparative evaluations in transition Z;)

W, 41 = ,there is a request for information about the process of generating
alternative solutions”

W4 =, tokens are needed to evaluate alternative solutions” (in transitions Z;
orZ,)

W7 41 = ,there is a process of generating tokens ¢’ (solutions for architectures,
environment configurations)

Wy, g = ,there are generated or updated tokens ¢’

W10 = ,there are unused tokens «, g and y or ,there are rtokens with
changed characteristics”

W44 14 = ,alternative generation process in progress”

Wy, 14 = ,at place k4 there are tokens : or tokens ¢ that need updating”

Wy3.11 = W3 g = ,there are successful tokens ¢ that can be used as heuristics”

Is Iy ho I
L |0 0 0 N
Iy 0 My 9 My 10 My 11
M, = |0 Mz 0 Mz 11
hi | mye O M11,10 M11.11
b1 |0 0 0 M21.11
s | 2 0 0 M23.11

My9 = My 0= My 11 = M7= M7 14 = My1g= Mqq10= Myq41= Mg 14 = Moz 14— from O
to the maximum number of tokens for this transition
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Z5=<{lg, Iy, h2, hs},{3, ha, lis}, 13, M3, (A(1s, l)Viiav l15)> where

2 — place in which the tokens 7 (tests) enter, with characteristics X;(€'y 1, €'y2,
. €\yi,..., €\s), where €e'y; is an evaluation of certain parameters - such as

convenience of operation, provision of the required service, speed, number of

failures, etc., regarding a given alternative solution y; (i < s)

13— place occupied by tokens ¢ (alternatives)

14— place occupied by tokens : and 7 (information and tests)

I1s — place occupied by tokens ¢ and r and a process of evaluation of

alternative solutions is performed

| L3 4 hs

s | F F T
r3= ly | Wy 3 F Wo,15
Lo | F Wiz1a  Wigss
hs | Wis13  F Wis,15

Wy 43 = ,incoming tokens o and : in place /5 do not have characteristics for
evaluation of alternatives” (not used by Z;, but necessary for some of the
following transitions)

Wo 15 = 7 Wo 3

Wip14 = ,there are entered tokens r in place /;, which do not have
characteristics for evaluation of alternatives” (not used by Z3, but necessary for
some subsequent transitions)

Wi,15 = there are entered 7 and a process of evaluation of alternative
solutions is carried out"

Wis 13 = ,there are ¢, that have been tested” (evaluated)

W 5,15 = ,alternatives check process in progress”

hsa L4 his
Is 0 0 Mg 15
M; = Iy Mo 13 0 Mg 15
ha | O Mi12,14 M12,15
hs | M543 0 M15,15

Mg,15 = Mg 13 = Mg 15 = My2,14 = My215 = M543 = Mys 45 — from O to the maximum
number of tokens for this transition

Z4=<{li3, ha, hs}.{11e, 117, hs, ha}s Ta, Ma,(hiavhiaviig)>, where

16 — place in which the tokens ¢, 1 and renter
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I1s— place of tokens ¢, @ and : for an implementation of a process for selecting
a solution for an architecture of a collaborative environment
lig— place of tokens ¢ (solutions that do not require prototype testing)

| /16 I17 /18 /19
/13 F F W13,18 F
s = /14 W14,16 F W14,18 W14,19

/18 W18,16 W18,17 W18,18 W18,19

W31 = ,there are entered tokens ¢ and a solution selection process is in
progress”

Wi446 =, the incoming tokens : and zin place /14 do not have solution selection
characteristics” (not used by Z,, but required for transitions Zs and Z;)

Wig18 = "Was 16

Wi449 = ,there are entered tokens : at place /4 which are used only for the
execution of the decision” (necessary for transition Zg)

Wis.16 = ,there are tokens ¢ that have been evaluated and must be tested with
a prototype” (for more complex systems)

Wig17 = ,there are tokens ¢ that are not selected” (do not meet the
requirements and need to be reworked or rejected)

W.g.18 = ,decision selection process in progress”

W19 = ,there are tokens ¢, selected for final solutions” (for simpler systems
when no prototype testing is required)

he L7 hg ho

hs |0 0 M13,18 0
Ms= L4 | Migse 0 M14,18 M14,19
lhe |3 Mig17  Migis  Mig1g

M1318 = Mig,16 = Mig18 = Mg 19 = Myg 17 = Myg 15 = Myg 19— from O to the maximum
number of tokens for this transition

Zs=<{ls, 2} {20, b1, l22}, I's, M5, (lenlz2)>, where

ho — place occupied by tokens ¢ and 1 after testing the solutions (with
prototype)
L, — place occupied by tokens ¢, : and r for testing the solutions (with
prototype)

| ko box b
s = /1 6 F F T
/22 W22,20 W22,21 W22,22
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Wy 00= ,test passed”
W2, = ,the decision is being checked”
W21 = 7 Waz 20

| hao b1 I
M5 = /15 0 0 3
by |1 M2 3

M5y 21— from 0 to the maximum number of tokens for this transition
Zs=<{ho, o, los},{l23, 24, ls}, T, Mg, (l19vlovhs)>, where

h4 — final (target) place occupied by the token ¢ (selected, tested and
implemented solution for building an architecture for a collaborative
environment)

s — place in which the token ¢ (executing final decision) and the token : (for
obtaining heuristic information from the construction process) enter

| s b4 s
he |F F T
g = /20 F F T

l25 W25,23 W25,24 W25,25

Wys04 = ,implementation of the solution is successful”
Wos23= 71 Wos 24
W55 = ,decision execution process in progress”

I b4 bs
he | O 0 M19,25
Ms= o |0 0 M2o,25
s | Mas 23 1 1

Myg o5 = Mygos = Moso3 — from 0 to the maximum number of tokens for this
transition

3. CONCLUSION

The generalized net model described here is suitable for presenting the
decision-making process in building collaborative environments, providing an
opportunity to perform an in-depth analysis at each stage for a reasonable choice
of the best solution for building the information environment. The estimations e“,,
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e’y €, €', €%, €% and €', of the characteristics of the tokens and predicates
(Wi;) can be represent in the generalized net with different values: {0,1} — for the
classical case; [0,1] — for ordinary fuzziness, or [0,1] X [0,1] — for intuitionist
fuzziness and uncertainty of both types (fuzziness and chance).
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