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Abstract
We apply estimations of the intuitionistic fuzzy sets on the basis of which some amendments may be undertaken. In
particular, this paper describes the process of working out a university classes schedule.
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1. INTRODUCTION

The generalized net model, described in models the
informational streams in a local area network in an
abstract university, rendering an account of the
hierarchical structure of the organization. The model,
proposed in shapes the various services — e-mail, WWW,
administrative system
university on the basis of an Internet protocol. In the
framework of the present model we include some
possibilities of e-mail evaluation of the correctness of
the exchanged information. We can apply estimations of
the intuitionistic fuzzy sets on the basis of which some
amendments may be undertaken.

Working out the university classes schedule is a
complicated and time-consuming task. A multitude of

informational in an abstract

parameters takes part in this process - students,
lecturers, halls, subjects, etc. A number of binding
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requirement and restrictions has to be observed.

This paper describes the process of working out a
university classes schedule.
number of subjects is carried out every semester. For
every subject Di the groups that study it have to be
defined; as well as the number of the weeks during
which the subject has to be presented; the lecturers who
can present it; the rooms where it can be carried out.
Respectively the distribution of the subject classes has
to comply with the schedule of the students, lecturers
and rooms.

Generalized nets have been used to build up models of
the described processes. They offer a powerful set of
instruments for working out models of parallel real time
processes.

Training in a definite

2. GN—model

The model, describing the organization of the
university classes schedule at the university, is shown
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on Figure 1.

The generalized network consists of the following
tokens: o—tokens — stand for the subjects, o~tokens —
show the duration of presenting the subjects, B-tokens —
show the university subject curriculum, &-tokens -
represent the students groups, £-tokens — stand for the
lecture rooms, p-tokens — represent the lecturers in the
university, e-tokens - a certain subject classes schedule.

Initially the following tokens take place in the network:

- in place By — ap—token with characteristic “list of the
subjects”,

- in place B; - B-token with characteristic “archives
with the subjects curriculum”,

- in place Bz — §—token with characteristic “group,
semester, subject”, it gives the available subject groups
at the present moment,

- in place Bs — o-token with characteristic “subjects
duration list: subject D; - duration (i=1,...,n)”,

- in place B4~ E-token with characteristic “lists of the
rooms where a certain subject can be presented: room
number: subject D; — type of hall (for lectures, seminars,
laboratory work) (i=1,...,n)”,

- in place Bs — p’-token with characteristic “list of
lecturers who can present a certain subject: lecturer’s
name, subject Dj — lectures / seminars / laboratory work
G(=1,...n),

- in place Bg — &-token with characteristic with the
form room schedule:

room 8h.—9 | 9h.—10
number: h. h. h.

19h.—20

Monday

Friday

- in place B7 - 6~ token with characteristic with the
form group schedule:

group 8h.—9( 9h.—10| ..{ 19h.—2
number, h, h. Oh.
semester, | Monday
specialty:

Friday

- in place Bg —p— token with characteristic with the
form lecturer schedule:

lecturer’ 8h.—9| 9h.—10 19h.—2
S name: h. h. Oh.
Monday

Fridav

In the next time moment each token splits into two
ones. One of them - let it be the original token — will
continue its stay in respective place B;, while the other
tokens will move via respective transitions for each
place B;, =0,...,8).

7 - —)8—> —)8—)
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Figure 1

The Generalized net is a block of transitions:

A= {20, 21, 22, Z3, Z4, Zs, Zs, Z1, Zs, Zs, Z10, Z11, Za2 },

where transitions represent:

Zo and Z; — choice of subject and giving information
about its parameters,

Zo — defining the groups which will learn the chosen
subject during the semester,

73 — forming lecture stream groups, seminar and
laboratory work groups (if there are any) for the chosen
subject,

Z4 — defining the number of the weeks necessary for
lecturing the chosen subject,

Z 5 — defining the number of the classes per week for
lectures, seminars and laboratory work for the chosen
subject,

Zs— defining the rooms where the chosen subject can
be presented,

Z7 — defining the lecture rooms, seminar rooms and
laboratory work rooms where the chosen subject can be
presented,

Zg— defining the lecturers who can present the chosen
subject,
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Zy — defining the number of the lecturers who can
present respectively lectures, seminars and laboratory
work in the chosen subject,

Z10 — defining the necessary week occupation for the
chosen subject for lectures, seminars and laboratory
work,

Z11 — defining the week schedule of the rooms where
the chosen subject will be presented,

Z12~ co—ordination of the week schedule of the rooms
with the student groups’ schedule,

Z13— co-ordination of the drawn week schedule for the
rooms and student groups with the lecturer’s schedule.

The GN transitions have the following form:

Zo= <{By, Dq}, {Bg, D}, Ro, My, v (Bo, D)>.

The transition’s condition and the index matrices of
the capacities of transition arcs are:

|B, D |B, D
R,=B, [true W, , My=B, | 3,
D, | W, false D,|1 ©

Q Q Q

where:

Wo = “A subject has been chosen”,

Wq = “A choice of new subject is necessary”

The o-token obtains the characteristic “subject D{” in
place D; i=1,...n).

Z1=<{D, B1}, { Dy, D3, D3, D4, B1}, Ry, My, v (D, B1)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

|Ib, D, D, D, B
R,=D |false false W, W, W,

B, |W, W, false false true
|D, D, D, D, B,
M=D[0 0 1 1 1,
B[1 1 0 0 o

where:

Wi = “The specialties which learn the chosen subjects
are defined”,

Wz = “The lectures, seminars and laboratory work
classes for the specialties which will learn the chosen
subject have been defined”,

W3 =Wy = Wo,

Ws = “Specialty t learns the chosen subject” (t=1,..,w).

The o3—token which enters place D; obtains the
characteristics “subject Di: specialty t, semester v”
(t=1,..,w), w—-number of specialties (v=1,...,sy), s,—number
of semesters for specialty t. The oz-token which enters
place D2 obtains the characteristics “subject Di: specialty
t, semester v, li - lectures, sj - seminars, u; — laboratory
work classes”. The o-tokens which enter place Ds and
D4 do not get new characteristics. .
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Zy=<{Dy, B}, { B2, Dg}, R, Mg, v (D1, Bp)>.
The transition condition and the index matrices of the
capacities of transition arcs are:

|B, Dg |B, D4
R,=D, | W,, false, M,=D, (1 0 ,
B, | tue W, B, |~ 1

where:

Wi2 = “The specialties that study the chosen subject
have been defined”,

Wi = “The groups that study the chosen subject are
defined”. -

The &c-token which enters place Dg and obtains the
characteristic “list of the groups: group q, specialty t,
semester v, subject D (q=1,...,g), grnumber of the
group in the specialty t, (t=1,..,w, v=1,...,s0,.

Z3s= <{Dg, Bg, Dpri},{DL, Ds, Dy, Bg}, Rs, Ms, v (Dg, Bg,
Dpri)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

| D, Dy Dy Dg,

D, |false false false Wy,
3=BG Wor Wos Woy true ’

D, |false false false Wy,

pr

|D, D, D, D,
D, [0 0 0 1
M=g |1 1 1 ’
Il k=]
D, [0 0 o0 1
where:
Wos = Wg,
WeL = “The lecture stream groups in the chosen

subject are defined”,

Wgs = “The seminar groups in the chosen subject are
defined”,

Weu =Wg,

War = “A change is necessary in the lecture stream
groups or in the seminar groups in the chosen subject”.

In place DL and Ds 6.~ 8s—token get the characteristic:
“list of the lecture stream groups in subject Di stream
group number, list of the groups in the stream” and “list
of the seminar groups in subject Di: seminar group
number, list of the groups in the seminar group”. & and
Sdu—tokens, which enter in place Bg and Dy (from place
D¢ and Bg) do not get new characteristics.

Zsy=<{Dg, Ba}, { B3, Dr}, Ry, My, v (D, Ba)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

l B, D, l B, D;
R,=D, | W,, false, M,=D, |1 0 ,
B, | true W; B, [ 1
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where:

Wy = “The specialties that study the chosen subject,
as well as the number of the lecture, seminar and
laboratory classes are defined”,

Wr = “The duration of studying the chosen subject is
defined”.

The o;-token which enters place Dr obtains the
characteristic “subject D; duration t; (specialty t,
semester v, li-lectures, s;—seminars, u— laboratory work
classes)”.

Zs= <{ DT}, { DTL, DTS, DTU}, Rs, Ms, v (DT)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

R | DTL DTS DTU _ DTL DTS DTU
S—DT | WG.L WG,S WG.U ’ 5‘_DT 1 1 1 ’
where:
WeL = “The week number of lecture classes in the

chosen subject is defined”,

Wes = “The week number of seminar classes in the
chosen subject is defined”,

Wgu = “The week number of laboratory work classes
in the chosen subject is defined”.

The oL-, 65— and ocy-tokens, which enter places Dy,
Dis and Dpu obtains the respective characteristics:
“subject D;, lecture classes: I/t”, “subject Dj, seminar
classes: /s’ and “subject D;, laboratory work classes:
l/u?, 3a1=1,...n.

Zs = <{Ds, Bs}, { Bs, Dz}, Rs, Mg, v (D3, B9)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

R,=D, | W,, false, M,=D,
B, |true W, B,

where:

Wis4 = “The chosen subject can be presented in room
7z’ (z=1,..,y) (y-number of the rooms in the university),

Wz = “The rooms’ numbers where the chosen subject
can be presented are defined”.

The ¢&z-token which comes in place Dz gets
characteristic “room number, type of room, (for lectures
/ seminars / laboratory work), subject D;”.

Z7 = <{ Dz}, { Dz, Dz, Dzu }, Rz, Mz, v (D2)>.

The transition condition and the index matrices of the
capacities of transition arcs are:
|D, D, Dy D, D, Dy

R7=DZ‘WZL w, W, M 5 T 1 1

where fori=1,...,n:
Wz = “The lecture rooms’ numbers in the chosen

subject are defined”,

Wyzs = “The seminar rooms’ numbers in the chosen
subject are defined”,

Wzu = “The laboratory work rooms’ numbers in the
chosen subject are defined”.

The & -, &— and &y-tokens which come in places Dz,
Dzs and Dzy obtain the respective characteristics:
“lecture rooms’ numbers in subject D;”, “seminar rooms’
numbers in subject D" and “laboratory work rooms’
numbers in subject D;”.

Zs= <{D4, Bs}, {Bs, Dp}, Rg, Ms, v (D4, B5)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

| B, D, | B, D,
Ry,=D, | W, false, M=D, |1 0 ,
B, |true W, By~ 1

where fori=1,...,n:

Wis = “The chosen subject can be presented by a
lecturer p” (z=1,..,r), r - number of lecturers in the
university,

Wp = “The lecturers who can present the chosen
subject are defined”.

The pp-token which enter place Dp obtain the
characteristic “name of lecturer in subject D; (lecture /
seminar / laboratory work classes)”.

Zo = <{ Dp}, { Dro, DpL, Dps, Dpu }, Ro, M, v (Dp)>.

The transition condition and the index matrices of the
capacities of transition arcs are:

R9= | DPO DPL DPS DPU ,
DP | WPO WPL WPS WPU
M.= IDPO Dy, Dy Dy
"D, (1 1 1 1
where:
Wpo = “The number of the lecturers in the chosen
subject 1s defined”,
WL = “The lecturers who will read lectures in the

chosen subject are defined”,

Wps = “The lecturers who will have seminars in the
chosen subject are defined”,

Weu = “The lecturers who will deliver laboratory work
classes in the chosen subject are defined”.

The po—, pL-, ps— and pu tokens which enter places
Dpo, Dp, Dps and Dpy and obtain the following
characteristics, respectively: “number of the lecturers in
subject D;: for lectures / seminar / laboratory work”, “a
list of the names of the lecturers in the subject Dy”, “a list
of the names of the lecturers who will deliver seminars
in the subject Dy, “a list of the names of the lecturers
who will deliver laboratory work classes in the subject
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 fori=1,...n.

Ziw = <{D, Ds, Dy, Dmu. Dis, D, Dz, Dys,
Dzut A D, Dy, D, }, Rio, Mio, v (A Dy, Dri, Dz, A (Ds, Drs,
Dzs), A (Dy, Dru, Dzu))>.

The transition condition and the index matrices of the
capacities of transition arcs are:

D, D D,

W, false false
false W, false
false false Wy,
W, false false
false Wi, false
false false Wy
W,, false false
false W, false
false false W,

U,

r
o
&

w =
w [l

=)
[

=~
I
d
=
h
copooLUovouoyo

2

2
A
co—~oco—=0oo+-y

B
B

B

]
o - oo o o= olg

- o o =" o o = o oly

PO oo oouoLoo

S)
(=4

b

where:

W, = “The lecture stream groups in the chosen
subject are defined”,

W, = “The seminar groups in the chosen subject are
defined”,

Wy, = “The laboratory work groups in the chosen

subject are defined”,

Wy, = “The lectures week duration in the chosen
subject is defined”,

Wy, = “The seminars week duration in the chosen
subject is defined”,

Wy, = “The laboratory work week duration in the
chosen subject is defined”,

W,, = “The lecture rooms in.the chosen subject are
defined”,

W, = “The seminar rooms in the chosen subject are
defined”, '

W,, = “The laboratory work rooms in the chosen
subject are defined”,

The e1-, es1— and euyi—tokens which enter places
D, , Dy and D, obtain characteristics: “week occupation
of the lecture rooms in subject D;; number of stream
groups (lists o the group numbers in every stream),
number of the classes, room numbers”, “week
occupation of the seminar rooms in subject Dii number of
seminar groups (lists of the group numbers in every
group), number of the classes, room numbers”, “week
occupation of the laboratory work rooms in subject Dj:
number of the classes, room numbers”.

Z1n = < D,,Dy,Dy, Dpo, Bs, Dpre, Dprs },
{D,.Dy,D,, Be}, Ru1, Mu1, v (A( v (D,,D;,D, ), Dro), Bs,
Dprz, Dpra)>.

The transition condition and the index matrices of the

capacities of transition arcs are:
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. Ds, Dy B
DLI false false false W,

D; |false false false W,
Dy, |false false false Wy,
D
B

o

)
iy

=4
o

ro | false false false W,
| W, Wes, W, true

BL, BU,

Dpr, |false false false Wpr,
Dpr, | false false false Wpr,

D, D5 D, B
b, |0 0 0 1
D, |06 0 o0 1

M, Dy |0 O O 1 ’

D [0 0 O 1
B, |1 1 1 oo
Dpr, | 0 0 0 1
Dpr, 0 0 © 1

where:

W,, = “The necessary week occupation of the lecture
rooms is defined”,

Wy, = “The necessary week occupation of the seminar
rooms is defined”,

Wy, = “The necessary week occupation of the
laboratory work rooms is defined”,

Wy, = “The number of the lecturers in the chosen
subject is defined”,

W, = “The lecture rooms schedule in the chosen
subject is worked out”,

Wy, = “The seminar rooms schedule in the chosen
subject is worked out”,

W,,, = “The laboratory work rooms schedule in the
chosen subject is worked out”,

Wprz = “A change in the rooms schedule is
necessary”,
Wprs = Wpro.

The €2-, esp— and eue—tokens which enter places
D, , Dy and D, obtain characteristics respectively:
“sample lecture schedule in subject D;: stream group’s
number (list of groups), classes (from-to), room number”
“sample seminar schedule in subject Dii seminar group
number (list of the groups), classes (from-to), room’s
number” and “sample laboratory work schedule in
subject Dyt group number, classes (from-to), room
number”.

Zi2 = <X p,.,D,D,,B7, Dprs }, { p,.D,,D,,Br, Dpry,
Dprz}, Riz, Mz, v (D, , D, D, , By, Dprs )>.

The transition condition and the index matrices of the
capacities of transition arcs are:
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D, D, Dy, B Dpr,  Dpr,
D, |false false false Wy false false
D, |false false false Wy, false false
Rlz=DU2 false false false W, false false ’
B, |[W, Wy W, tme W, W,
Dpr, | false faise false Wy, false false
D, Dy D, B, Dp; Dpr

D,|0 0o 0 1 0 0

Dy |0 0 0 1 0 0
Mp,=_~ d

D,|0 0 0 1 © 0

B, |1 1 1 oo 1 1

Dp,|O 0 O 1 0 0

where:

Wy, = “The lecture rooms schedule in the chosen
subject is worked out”,

Wy, = “The seminar rooms schedule in the chosen
subject is worked out”,

W,,, = “The laboratory work rooms schedule in the
chosen subject is worked out”,

Wppr1 = “A change in the lectures tream groups or in
the seminar groups in the chosen subject is necessary”,

Wapr2 = “A change in the room schedule in the chosen
subject is necessary”,

W, = “The lecture schedule in the chosen subject is
worked out”,

W, = “The seminar schedule in the chosen subject is
worked out”,

W, = “The laboratory work schedule in the chosen
subject is worked out”,

Weors = “A change in the group schedule is necessary”.

The e3—-, es3— and eyus—tokens which enter places
D, obtain characteristics: “lecture schedule in subject Di:
stream number (list of the groups), classes (from-to),
room number”, “seminar schedule in subject Dii group
number (list of the groups), classes (from-to), room
number”, “laboratory work schedule in subject Di: group
number, classes (from-to), room number”. In places Dpry
and Dprz the tokens obtain characteristics “lecture
stream group number, group numbers / seminar groups
number, group numbers” and “stream group / seminar
group / laboratory group - classes (from-to), room
number”,

Zi3 = <{ D,,Dy,D,,Dpi, Dps, Dpy, Bs , { Dprs, Dpry,
Dprs, Dg, Bs}, Riz, Mis, v (A (V(DeL, Dps, Dpy), Dpra),Bs,
D,.Dy,.D,,.)>. '

The transition condition and the index matrices of the
capacities of transition arcs are:

Dpr, Dpr, Dpr;, D, B,
D, |false false false false Wy
Dy |false false false false Wy
R Dy, |false false false false Wy,
13_DPL false false false false W, ’
D, | false false false false Wy
D,, | false false false false W,
By | Wy, Wy W, W, true
Dpr; Dpr, Dpr; D, B,
D, |0 0 0 0 1
D |0 0 0 0 1
Mla=DU3 0 0 0 0 1 ,
D, {0 0 0 0 1
Dy |0 0 0 0 1
Dy, |0 0 0 0 1
B, |1 1 1 1 o

where fori=1,....n:
Wy, = “The room and lecture stream group schedule
in subject D; is worked out”,

W,, = “The room and seminar group schedule in
subject Dj is worked out”,
W,,, = “The room and laboratory group schedule in

subject Dy is worked out”,

WeL = WL, Wps = Wes, Wey = Wpy,

W, = “A change in the group schedule is necessary in
subject Dy,

Wy, = Wy,

W, = “The D; subject schedule is ready”,

Wq = “A choice of new subject is necessary”.

The 8- and &;—tokens which enter places Dprz and
Dprs obtain characteristic: “laboratory work group
number / seminar group number / stream group number
— laboratory work / seminars/ lectures- classes
(from~to0), room number”. In place Dq ag—tokens get the
characteristic “new subject”. In place Dprs &—-tokens get
characteristic: “The subject Di: lectures: stream group
number (list of the groups in the stream), classes
(from~-to), room number, name of the lecturer; seminars:
group number (list of the groups), classes (frbm—to),
room number, name of the lecturer; laboratory work:
group number, classes (from—to), room number, name of
the lecturer”.

3. Conclusion

The above presented model can be applied for
analysis and management in the process of working out
the semester schedule for university classes. The
token’s characteristics in places Bs, By and Bg can be
used to gain information from the model about the
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schedule of every room, the week schedule of every
group and the schedule of every lecturer in the
university.
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