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USE OF VECTOR ALGEBRA TO ENSURE THE INTEGRITY OF
THE COMPONENTS OF THE PROJECT-VECTOR MANAGEMENT
MULTISYSTEM OF EDUCATIONAL ENVIRONMENTS

Abstract: The article is devoted to the development of a mathematical model of the project-
vector space of educational environments. Mathematical formalization of the project-vector
space is performed. The main directions of application of vector algebra to ensure the integrity
of the components of multisystem of project-vector management of educational environments
are proposed. It is shown that in order to build an effective project management system, it
is not so much the direction of movement of individual objects that is important, but the
same or different vectors of their movement in the project-vector space. The same vectors
mean that the movement of objects of different projects is equally conditioned. A model for
calculating the distances between vectors and determining the optimal set of project groups
(respectively, subsystems of the project management system) is proposed. Mathematical
models have been developed for estimating the magnitude of the similarity of vectors over
significant time intervals, as well as estimating the magnitude of the proximity of vectors
specified by qualitative categories. These models show that the slower the objects of various
projects move relative to each other, the more profitable it is to attribute them to one group
and manage them on the basis of a single component of a multi-project management system.

Keywords: project-vector space, educational environments, vector algebra, distance between
vectors.

Introduction

The successful solution of the problems facing the Republic of Kazakhstan on the way of
its integration into the world economy is impossible without specialists with a high Llevel
of qualification. The changes necessary for this in the education system of the Republic of
Kazakhstan are in such organizational, technological, functional improvements that allow
reaching the level of leading European educational institutions. It is necessary to improve
not only educational institutions, but also all educational environments of the Republic of
Kazakhstan, formed by legislative, executive and territorial government bodies, including
education management and various educational, scientific, scientific, methodological and
other institutions [1-3].

To ensure the effectiveness of the actions of training professionals, it is necessary to carry
out a structural restructuring of the entire mechanism of managerial activity in educational
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environments. Such a restructuring is associated with the need to move to the use of project
management methodology in organizing management activities in all institutions involved in
the training of specialists or involved in such training [4, 5].

The transition to project management in educational environments requires the creation
of such a project management methodology that takes into account the specifics of measures
aimed at training specialists. This methodology should provide both economic activities, and
activities for the organization of the educational process and the scientific work of educational
institutions with new project management tools [6-9].

As a result of the decomposition of the subject area, in [10-12] the classification of projects
of educational environments was carried out and the problem of optimal control in the project-
vector space was formulated. The performed studies allow us to move on to the formalization
of the processes of managing educational environments. Let’s set the basic definition of this
part of the work.

Definition 1. Under the project-vector management of educational environments, we mean
the implementation of functions that ensure the organization, planning and control of the
distribution of available resources between the objects of educational environments and
ensure their fastest possible progress in the project-vector space.

Mathematically,the multisystem of project-vector management of educational environments
will reflect the vectors formed in the project-vector space (the direction of change of objects),
evaluate and adjust them based on the needs of stakeholders and project goals. The project-
vector space contains a set of objects and subjects of projects developing in time. The
development of objects and subjects of projects corresponds to the movement in the project-
vector space. Therefore, the evaluation of the effectiveness of the multisystem of project-
vector management of educational environments will be carried out through an assessment
of the distance between vectors that reflect the required and actual development of objects
and subjects of projects.

Mathematically, single movements of objects and subjects of projects in a discrete project-
vector space can be represented by a set of vectors. Each coordinate of the vector displays the
place of the object/subject of the project in one of the dimensions at the current time. The end
point of these movements is the end of the project and again the collapse of the project-vector
space (for the project that ended) into a point.

Each vector is given by coordinates that reflect the state at some discrete time t of the
object/subject Qj of the project /7, in the project space Q.

AP0 =[x00. X0, x D01 x ()] @
G

where x.”(t) - the value of the coordinate of the object/subject Q]. of the project /7, along
the axis IV, in the project-vector space at time . '

The motion vector determines priority measurements (priority values of the project) and
is determined through the amount of distance change in given directions per time quantum.

To build an effective project management system, it is not so much the “aspirations” of
individual objects that are important, but how similar or different the vectors of their movement
in the project-vector space are. After all, the same vectors mean that the movements of objects
of different projects are equally predetermined. Consequently, a single system (or subsystem)
for managing these projects can be created.

To create an effective multi-project management system, it is necessary to group projects in
such a way that the distance between the vectors of projects included in one group is minimal.
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The coordinates of the vectors in each of the dimensions are as different as the signs of
the objects and subjects of the projects that are displayed in this dimension. It is necessary
to develop a mathematical apparatus for calculating the distance between the directions of
development of objects and subjects of projects. This will make it possible to create optimal
functional procedures for the formation of vectors and minimize the time / cost for creating a
multisystem of project-vector management of educational environments.

We use the mathematical apparatus of vector algebra to calculate the distances between
vectors and determine the optimal set of project groups (and, accordingly, subsystems of a
multiproject management system).

Determining the proximity of vectors in the project-vector space.
Let for a certain period of time dt the value of the coordinates of some object/subject Qj of
the project /1, change from the value:

[X(t-do), x B (- db), .. xJ(t-do),...xP(e-do)

up to value
x2(0,x2 (), xP(0),...x 0 (D)
where ¢ - isthe moment of time;
dt - time quantum of the discrete project-vector space.

Then the value corresponding to the development of the object/subject Qj of the project /7,
can be determined from the formula.

191 = 3 (x00)-x0(t-dv)y

where l(j)(t) _vector estimate of the change in the object/subject Q/. of the project /7,
k at time 7 (instantaneous displacement velocity). ‘

But there is one peculiarity in the project-vector space. In operations on vectors, the distance
between them in some dimension is given by the difference in coordinates in that dimension.
This cannot be used to calculate the degree of proximity of different vectors. Firstly, due to
the fact that the direction of development of an object/subject cannot be assessed by small
discrete points in time. It is necessary to evaluate them over a sufficiently long time interval.

Secondly, the creation of a single system (subsystem) for managing many projects is based
not only on the “unidirectionality” of the development of individual objects and subjects of
projects, but also on their proximity in the project-vector space. For example, whether the
same methods or project management tools are used, the same performers, whether the same
input information is used.

Solution of these two problems.

Estimation of the magnitude of the similarity of vectors on significant time intervals

Expression (1) determines the direction of development of the object/subject Qj of the

project 7/, in the project-vector space at the moment t (figure 1).
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Fig. 1. Illustration of the development of objects and subjects of projects
in a three-dimensional project-vector space
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where A'Ecj) @) - instantaneous object/subject motion vector Qj of the project /1,
at the time ¢;
Avgf) (1) - instantaneous object/subject motion vector Qj of the project /7.
at the time 7.

AP ()= 47 0,

Then this means that at some point in time the projects develop in the same way. But
this does not mean that the development of projects is similar over a long period of time,
which means that uniform approaches can be applied to managing them. Therefore, to
solve the problem of identifying projects that are close in development, we will use another
mathematical model.

Replacing the minimum time interval with a larger one, which more accurately characterizes
the coincidence or mismatch of trends in the development of projects. But not all vectors
obtained from such a replacement are equivalent. After all, changes over a long period more
accurately characterize the trends in the development of objects and subjects of projects.
To more accurately determine the similarity of the management methodologies for various
projects, let’s set a weighting factor for determining similarity in the development of objects
and subjects of the project-vector space.
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Where R(A"A @) , AVA (I)J = R (¢, At) - difference in the direction of movement of the
t t

object/subject Q in the projects /1, and /7 at the time ¢, u(At) - coefficient that specifies the
value of the relatlonshlp between the value of the proximity of the vectors obtained for a
given time interval and the actual proximity of the motion vectors of the object/subject Q/. in
the projects /1, and /1 at the time. '

Since the longer the objects and subjects of projects develop in the same way, the more
likely it is that the same approach is needed to manage them. Let us take as the value of the
coefficient u(At) the value of the time interval in which projects develop in the same way
(almost the same way). Therefore, taking into account the coefficient p(At)=At

xZO-xP(t-A) xP(®)-xP(t-AY|_
At At

) p
R (t,At) = At - Z

i=1

i‘xkl)(t) xP(t-At)-xP (1) +xY(t - At)‘

i=1

> |(x2-x20)- (x{)t- A0 -x Pt a0)| =

i=1

i( f(t)-xg>(t))—zp:(xgg(t-At)-xg>(t-At)).

i=l1 i=1

or, denoting
L7 (@) = x(1)-x(1);
It —Ar) = xD(t- A1) - xV(t - Av),

where 19 (1) - distance between object/subject motion vectors 0. of the projects
11, and 11 according to the measurement N, at the time

A () - dlstance between object/subject motion vectors 0, of the projects

I1, and 1 according to the measurement NV, at the time r-dt,

we get

] p R .
R (1,00 =D [I8 (D) - 18) (- Av)|.
i=1

Then the average deviation in the management of different projects relative to a certain
object/subject can be obtained by evaluating all the development vectors of this object

)
[ R(/)(t An)dt j Z\l ()10 (t- Av)dt -
R(T,At) = ;
T
where R/ (T, At) - the average distance between the motion vectors of the object/subject
Qj of the projects 11, and II in all measurements from the beginning of their implementation

to time 7.




DOI: 10.37943/AITU.2021.35.85.002 17
© A. Biloshchytskyi

Estimation of the proximity of vectors by qualitative criteria

The proximity of vectors can be calculated from their coordinates, but it is difficult to apply
a continuous numerical measure to many dimensions. After all, many project parameters are set
by qualitative rather than quantitative parameters. Therefore, it is proposed to apply the inverse
approach to determining the proximity of vectors. Each vector coordinate is represented by
distances to the coordinates of other vectors (in this dimension) — the distance between project
objects. For the same values of objects (even qualitative ones), the distance is equal to 0. For
different qualitative values - 1. In this case, there is no need to translate qualitative concepts
into quantitative measures. Then the “reduced” coordinate of the end of the vector Ag) along the
N, dimension will be given not by a single number, but by a tuple that displays the “differences”
along this coordinate with the vectors of the same object, but of other projects:

Xis =< 0l 1) >
where <~ the reduced coordinate of the end of the vector 47 according to the
dimension N, of the object/subject Qj of the project I/ ;
Zlg‘l) - the reduced difference in the coordinates of project vectors /7, and 1,
according to the NV, for the object/subject Qj;
K - number of projects.

To determine the similarity of projects, consider pairs of projects. When determining the
proximity of each two projects in the project-vector space, not the entire tuple is important,
but only a couple of values that characterize these projects. From this premise, it is possible
to estimate the relative speed of movement (development) of objects of two different projects

190 = 309019 (- do)

where llgl)(t) - vector estimate of the change in the object/subject Qj of the project /7,
according to the measurement N, at the time ¢ (instantaneous velocity
of the displacement along the measurement) relative to the change in
the same object/subject in the project /7

llﬁi)(t) - vector estimate of the change in the object/subject Qj of the project /7,
at the time 7 (instant displacement velocity in the project-vector space)

relative to the change in the same object/subject in the project IT ;
where in

Gy — 70)
lkr (t) - lrk (t) ,
Vk,i,j: 1) =0
Consequently, the slower two projects shift relative to each other, the more profitable it is to

attribute them to one group and manage them on the basis of a single project management system
(subsystem).

To determine the degree of proximity of vectors in the project-vector space, it is necessary
to obtain the value of the distance for each coordinate with the vectors of the same object, but
of other projects.

Let’s set possible values of distances:

1.1 =19 =1 - the maximum distance determines the non-intersecting qualitative values
of the coordinates (Fig. 2). For example, one project uses MS Project, another uses Primavera,
or the projects are managed by different project managers.
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Fig. 2. The distance between non-intersecting qualitative values
of the coordinates of the vectors of the project-vector space

2.0<19 =19 <1 - determines such filling of objects with qualitative concepts. It is
equivalent to the fact that the components of the vectors in this dimension intersect (Fig. 3).

4

€)) . )
0<1t<Lo<Iyi<1
Fig. 3. The distance between the intersected qualitative values
' of the coordinates of the vectors of the project-vector space
3. 1fjr)i =0;0< 1331 <1 - defines the overlay of vectors. Corresponds to the entry of the

components of one vector into another along the selected dimension (the projection of one
vector onto the coordinate axis is included in the projection of another vector) (Fig. 4).

o
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I =0;0<19 <1
Fig. 4. The distance between vectors, provided that the qualitative value of

the components of one vector is included in another vector of the project-vector space

4,19 =19 = 0 - determines the coincidence of the qualitative components of different
vectors. Means the correspondence of the components of one vector to another according to
the selected dimension (the projection of one vector onto the coordinate axis coincides with
the projection of another vector) (Fig. 5).

(M =10 —
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Fig. 5. The distance between vectors, provided that the qualitative value
of the components of one vector coincides with the qualitative value
of the components of another vector of the project-vector space
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To determine the numerical measure of the distance between vectors, let’s set a numerical
characteristic of the qualitative attributes of objects of different projects. Let for the object/
subject Qj of the project /7, in the context of the measurement V, it is given by a certain value

XE) To determine the numerical value, we use the theory of fuzzy sets [4].

Then

- (J)

[0 _ s(x Nx; A
s(xy xU) )
where S(_(J)) - a fuzzy measure along the coordinate N, of the object/subject

Q of the project /7, in the project- vector space;

- a fuzzy measure of intersection of the atomic structure of the
object/subject Qj in the projects /7, and /1 _along the coordi-
nate N, in the project-vector space.

The above model will make it possible to create a project management methodology
focused on the educational environment, the components of which will reflect the specifics of
the movement of close objects in the project-vector space.

S(X(J) A X(J))

Conclusion

It is shown that in order to build an effective project management system, it is important to
reflect not so much the individual vectors of movement of objects and subjects of the project-
vector space, as whether these vectors are the same or different. The creation of separate
components of a multi-project management system is based not only on the “unidirectionality”
of the development of individual objects and subjects of projects, but also on their proximity
in the project-vector space. For example, the same methods or project management tools are
used, the same performers are used, the same input information is used. If the vectors are the
same, it means that the movements of the objects in these projects are identically defined.
Therefore, a universal component of the multi-system project management of educational
environments can be created, applicable to these projects.

To create an effective multisystem for managing projects in educational environments, the
problem of grouping objects in the project-vector space of projects is formulated in such
a way that the distance between the vectors of objects included in one group is minimal.
The mathematical apparatus of vector algebra is used to calculate the distances between
vectors and determine the optimal set of project groups (and, accordingly, subsystems of the
multiproject management system). This ensured the creation of a mathematical model of an
integral multisystem for managing projects of educational environments.

It is shown that the dimensions of the project-vector space reflect various evaluation
categories (project values) that characterize the movement of objects in the project-vector
space. As a result of the research, a list of the most significant objects and subjects of the
project-vector space for the multisystem of project management of educational environments
was obtained. In order to set the dimensions of the project-vector space, along which
movements are carried out, all objects/subjects of the project-vector space are divided into
groups: projects; project products; project tools; project subjects.

Itis shown that in the spectrum of the project-vector approach,the introduced measurements
serve as criteria for the certainty of the project goals. The goal in the project-vector space is
represented through some abstract point, the achievement of which provides a given level of
satisfaction for the project stakeholders. In this case, the degree of achievement of the project
goal is represented through the vector of movement of objects of the project-vector space in
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the process of its implementation. The goals will be achieved if the actual coordinates of the
objects in the project-vector space are equal to the target ones.

e For effective management of project goals based on the project-vector approach, a
mathematical model of goal-setting in the project-vector space has been developed.

e It is shown that in order to create tools for a multi-system project management of
educational environments, it is necessary to develop a method for determining such project
goals (project goal setting) that will correspond to the maximum expansion of the “Universe
of projects” and a method for calculating the trajectory of movement in the project-vector
space that ensures the achievement of project goals with minimal waste of time and financial
resources.
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