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BIM technologies to optimize the catch-up
schedule for the implementation

of the construction schedule plan, taking
into account external stochastic impacts

In this paper, the subject of research is information models of construction production schedules implemented under
conditions of intense stochastic influences. The purpose of the study is to optimize the methods for generating
catch-up schedules based on BIM-technologies for monitoring the progress of the project. As a result of the work
carried out, a set of parameters was determined that describes the dynamics of the implementation of calendar
plans and takes into account the relationship between economic and technological processes. Indices are defined
that allow optimizing both operational and strategic management decisions. An algorithm for determining the time
intervals during which a resource maneuver is possible is formulated. Dynamic indices are found that adequately
describe the use of unique and expensive resources for which the possibilities of a priori reservation are limited.
Sources of information are identified that allow the standard business processes to describe both static information
based on the schedule and the dynamic part that reflects the results of monitoring. The dimensions, ranks and
formats of the matrix elements that define the construction information model, and the hierarchical relationships
between them are determined. Both closed expressions of dynamic indices through BIM matrices and recursive
procedures reflecting the mechanism of information accumulation in the monitoring process are obtained.
The algorithms of information accumulation proposed in the work are implemented in the shell of a relational
database management system, and their calculations and graphical interpretation are implemented in a high-level
mathematical package. The action of algorithms and their software implementation is demonstrated on a specific
example of the implementation of the construction production calendar plan.
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INTRODUCTION

t the turn of the 20th and 21st centuries, the
A industry of architecture, design and con-

struction and operation (AECO) lagged be-
hind the sectors of the economy leading in terms of
growth and innovation [1]. In recent years, this gap
has increased significantly. [2]. At the same time, the
pace of technological changes in the construction in-
dustry is quite high [3] and cannot be the reason for
such a significant lag. The main reason for the unsat-
isfactory performance of the AECO industry is the in-
adequacy of management methods to the goals of
projects and existing conditions [4]. According to this
book, in the United States at the turn of the century,
30 % of projects were not completed at all, and in an-
other third of cases, projects are completed behind

One of the methods for reducing the influence of
stochastic factors on the results of project imple-
mentation, widely used in AECO practice, is the
critical path method [5]. This method arose as a re-
sult of the synthesis of the principles of Goldratt's
theory of constraints [6] and Deming's statistical ap-
proach [7]. This method is based on the concept of
identifying critical paths (that is, chains of events that
do not have a reserve of time) and their a priori (that
is, not taking into account the probabilistic nature of
the deviation of the schedule from the planned one)
damping. The first models of the critical path, built
on the assumption of complete certainty of the time
and cost of performing work, showed unsatisfactory
results in a large number of practical applications
[8]. As a result, models were formulated using fuzzy

schedule, with budget overruns reaching up to
100 %, and when initial goals are not met. At the
same time, the problem is universal, not related to ei-
ther the type of project or the country of implementa-
tion, and is associated with external stochastic influ-
ences. Completing a project on time and within budg-
et is the main goal of any manager. However, most of
the projects are delayed, and the estimate exceeds
the planned one. An attempt to tighten planning does
not lead to anything: life still presents surprises that
are not in the plan [4].

computing methods [9]. In [10], algorithms for con-
structing fuzzy critical paths were formulated and,
on this basis, an extension of fuzzy arithmetic opera-
tions was obtained to calculate the last start time of
each operation on the critical path [11]. Alternative
approaches for taking into account stochastic ef-
fects are also formulated, using interactive methods
for calculating the critical path [12] and the exten-
sion principle [13]. In these works, the key concept
of criticality is described as a function of the duration
of activity in the network [14, 15]. In [16], an efficient
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method for calculating the fuzzy latest start and end times is formu-
lated. Zelinsky developed a polynomial algorithm to determine the
intervals of the last start time in networks [17]. In [18], Haar ranking
is used to order fuzzy numbers, for which fuzzy parameters are
converted into Haar tuples [19]. However, even the improved critical
path method has a rather narrow range of applicability. In particular,
it does not describe complex networks with subcritical paths [20]
and variable cardinality of non-storable resources [21].

The limited scope of applicability of the concept based on
a priori damping of critical paths has led to the intensification of the
development of algorithms based on quantitative methods for ta-
king into account the contribution of stochastic processes. The sim-
plest and, therefore, the most common method of this class are
PERT (abbreviation for Project Evaluation and Review Technique).
From a practical point of view, the essence of this method is to cal-
culate the performance ranges of non-stock resources, and, conse-
quently, the time of operations using the tools of probability theory.
The great possibilities and flexibility of the PERT method have led
to its widespread use. So, for example, in the United States, govern-
ment agencies accept for consideration only those proposals from
firms for which a project network based on this method is present-
ed [22]. According to [22], as early as 1995 in the USA, even small
enterprises used the PERT method, and all large US corporations
have special services involved in the organization of work based on
the application of the PERT method. In the PERT method, the dura-
tion of an individual process is considered to be a random variable
described by a family of two-parameter § distributions of the value
X specified on the interval [0.1] of the form [23]:

Fog0) = 311 =[xt -0, (™)

Depending on the value of the parameters a, B, distribution (1)
can describe a very wide class of phenomena. As a result, the de-
termination of parameters a, f adequate to a real system is a com-
plex task that does not have an unambiguous solution. Therefore, in
practice, a simplified numerical experiment algorithm (Monte Carlo
method) is more often used with a uniform distribution of a random
variable. In any approach, stochastic modeling is based on an ex-
pert assessment of the upper t,,,, and lower t_;, limits of the dura-
tion of individual processes of critical and subcritical chains, which
introduces additional uncertainty into the algorithm.

For large-scale projects, different methods of ranking a large
number of fuzzy paths give different results. At the same time, the
choice of the ranking method is decisive for the choice of the path.
The criteria that ranking methods must meet are formulated in the
classical works of Yuan Y. [24], Wang et al [25], and Chien et
al. [26]. However, their practical application to real projects requires
the collection of extensive, usually inaccessible, information. To
overcome this difficulty, the Haar wavelet analysis method was pro-
posed, which allows one to expand the objective function in an or-
thonormal basis [18]. However, the field of practical applicability for
the industry of AECO and this optimized fuzzy path ranking algo-
rithm is limited by the complexity of the project and the detail of
planning.

The exponential increase in the error in predicting the dynamics
of a system experiencing stochastic influences is not specific to the
AECO industry. This effect is a particular case of general regulari-
ties inherent in complex systems of any nature [27]. Methods to
overcome this difficulty is to increase the volume and dispersion of
information [28]. This method works effectively for one-parameter
systems [29], but is not applicable to the description of multi-pa-
rameter socio-economic phenomena [30]. To optimize the

management of such systems and, in particular, the progress of
construction projects, it is necessary to determine a parameter that
takes into account the relationship between economic and techno-
logical processes. This problem was successfully solved in [31]. An
effective method for reducing the error in predicting the behavior of
a complex system experiencing stochastic influences was pro-
posed in [32]. This method is based on dynamic monitoring of the
current state of the progress of the schedule, adjusting the forecast
for the completion of construction and developing, on this basis,
optimal technological and managerial methods to reduce the nega-
tive impact of stochastic impacts.

MATERIALS AND METHODS

The special significance of this approach for the AECO industry
is determined by its specificity, which does not allow direct transfer
of successful practices from other areas of the economy. In [32], it
is shown that the dynamic index of the use of personnel and equip-
ment Dipe in combination with the dynamic index of the production
of personnel and equipment Dppe make it possible to optimize
both the current construction progress and its medium term.

The need for dynamic optimization of the profile of non-stock
resources (hereinafter — NR) is determined by the immobility of
construction objects and the mobility of personnel and equipment,
which greatly complicates the resource maneuver. The life cycle of
a construction project takes a long period of time and is character-
ized by high resource intensity. Since the stored resources are ex-
cluded from circulation for a long time, it is necessary to use spe-
cific approaches in their distribution in space and time. In addition,
the construction industry is more strongly influenced by the external
environment than other industries [33]. The types of internal and
external risks that affect the effective functioning of construction
enterprises, and methods for analyzing and assessing risks are de-
scribed and classified in [34]. Often these methods involve the use
of modern information technologies such as information modeling
(BIM) technologies. At the same time, some of these impacts are
deterministic in nature (for example, seasonal and daily changes in
temperature, humidity, illumination, which determine the character-
istics of technological processes) and can be taken into account at
the scheduling stage. At this stage, when assessing the integral
organizational and technological potential of a construction project,
it is necessary to take into account information flows [34], the defini-
tion and main characteristics of which are formulated in [35]. An-
other part of the environmental impacts is stochastic in nature and
generates risks of deviations from the work schedule. These im-
pacts include weather and, more recently, epidemiological fac-
tors [33, 34].

The use of BIM technologies can significantly expand the
scope of practical application of methods for optimizing the catch-
up schedule for the implementation of the construction schedule
[32, 34]. In [32], closed expressions were obtained for the dynamic
index of personnel and equipment use (hereinafter — Dipe from the
English dynamic index of personnel and equipment use) and the
dynamic index of personnel and equipment output (hereinafter —
Dppe from dynamic productivity index of personnel and equip-
ment). However, in practice, with an increase in the complexity and
duration of the project, recurrent algorithms for optimizing the
catch-up schedule using vector algebra methods turn out to be
more convenient. The formation of such algorithms and their appli-
cation to real projects is the goal of this work.
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The information required to calculate the dependence of the
Dipe index on time is completely determined by matrices with di-
mensions N x M, where N — the number of types of HP and M —
the number of planning intervals (weeks depending on the degree
of detail of the schedule of hours, shifts, days, etc.). Further, in all
matrices and vectors, the index i = 1, 2, ..., N will number the re-
sources, and the index j = 1, 2, ..., M will number the planning and
monitoring intervals. Since the stability of the system to external
stochastic influences is determined by the degree of resource res-
ervation, it is necessary to set matrices that describe the character-
istics of the contractor (nf%— the total number of available HPs) and
the profile of resource use during the implementation of the sched-
ule (n;; — the planned number of resources used). A matrix D,
whose components are defined by the equality:

pi

D= n,v//n}j‘, )

dynamically describes the degree of scarcity of the i-th resource. In
particular, when the exact upper limit D;;= 1 is reached, the corre-
sponding HP is fully used, as a result of which a resource maneuver
in the j-th time interval is impossible. In contrast, small values of the
components D;; from a practical point of view mean irrational use of
the resource and are admissible only locally. The integral degree of
scarcity of the i-th resource is determined by averaging over the
scheduling period;

1 M /
Dt = — 5y, [ntat. (3)
M =

Analysis of the parameter value D/t allows to determine the
possibility of resource maneuver and should be performed already
at the scheduling stage. The periods of time when such a maneuver
is possible are determined by analyzing the dynamics of the deficit
index D, ;. Graphically, such an analysis of individual resources, the

List of specialists required for the implementation of the project

list of which is given in the table, is shown in Fig. 1. A global analy-
sis of all HP of the project requires displaying the dynamics of the
scarcity index in 3D format. An example of such a mapping for a set
of specialists given in Table is shown in Fig. 2.

In Fig. 1, the dashed line corresponds to an almost completely
used resource ¢ D' = 0.86, for which a limited resource maneuver
is possible only at the last stages of the implementation of the ca-
lendar plan. Such a full load leads to significant risks of untimely
completion of construction and is permissible only for resources
that are not on critical and subcritical paths. The second resource
(dashed line) is used by less than 50 % of its productivity —
D¥t = 0.44. The best balanced profile of the use of the third re-
source (solid line) with integral scarcity D" = 0.73 and two periods
during which the resource maneuver is possible (on the intervals
and (1.5) and (11.21)).

Resources (Table) are ordered by the degree of scarcity at the
time of construction. The step of the lines of equal value of the index
D (curves on the surface of the scarcity index) is 0.05. The areas
of weak use of part of the resources at the beginning of the imple-
mentation of the calendar plan and the area of the possibility of re-
source maneuver for most resources in the period (12, 17) are
clearly visible.

The quantities of actually used resources nj; and the resource
operation time within the planning interval 77 are determined in the
course of monitoring the implementation of the schedule. Stochas-
tic impacts can lead to a decrease in the amount of actually used
resources compared to the planned ones. The resource operation
time within the planning interval T/ may also decrease compared to
the planned T/. This situation can arise both as a result of stochas-
tic impacts on the resource under study, and as a result of a back-
log in the scope of work caused by the impact on adjacent HPs.

Available limit
No. Personnel
min max
1 Painter No. 1 3 7
2 Painter No. 2 3 9
3 Painter No. 3 1 5
4 Concrete worker No. 1 5 9
5 Concrete worker No. 2 3 7
6 Concrete worker No. 3 3 9
7 Tiler No. 1 3 5
8 Tiler No. 2 1 7
9 Tiler No. 3 5 7
10 Installer No. 1 7 7
11 Installer No. 2 5 7
12 Installer No. 3 3 3
13 Concrete worker No. 1 9 9
14 Concrete worker No. 2 0 5
15 Concrete worker No. 3 1 5
16 Coater with synthetic materials No. 1 1 5
17 Coater with synthetic materials No. 2 3 3
18 Coater with synthetic materials No. 3 3 3
19 Waterproofer No. 1 3 3
20 Waterproofer No. 2 3 7
21 Waterproofer No. 3 5 5
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Fig. 1. Relationship between the scarcity index for three non-
stock resources and time

The total efficiency E/ of using the i-th resource for the period
from the start of the planned use of the resource (j 2 m,,) to the
time of current monitoring ¢, is determined by the following formula:

J J
E= 2 nplw| 2 nalhn @
me\n m=m

In the software implementation of the estimation algorithm, it is
easier to use not closed expressions (4), but recurrent expressions
that explicitly take into account the mechanism of information ac-
cumulation. In this case, the efficiency calculation algorithm E! =
=E/, / Eyy is expressed in terms of planned values and monitoring
results as follows:

| = i1
E/,n_ Ei,n + ni,;‘n T/‘,m

()

j o= P’
Ely=EY +n, TH,

atinitial values E, = 0; E;% = 0. The target indicator of efficiency E/
at all stages of the implementation of the calendar plan is a single
value. Stochastic impacts (for example, temporary incapacity for
work of personnel, violation of contractual obligations by subcon-
tractors or breakdown of equipment) can lead to a decrease in the
index E! compared to the target level. Adjustment of the resource
utilization profile can only be carried out within the windows of op-
portunity envisaged at the planning stage and graphically dis-
played in Fig. 1 or Fig. 2.

Thus, the coordinated use of the methods of planning, monito-
ring and adjusting the pace of the implementation of the calendar
plan, proposed in this paper, makes it possible to reduce the nega-
tive impact of stochastic factors on the progress of construction.
However, limited resources pose the challenge of setting priorities,
both at the planning stage and at the stages of implementation of
the plan. This problem can be solved by ranking HP according to
the degree of their scarcity D/. Since the degree of scarcity takes
a maximum value equal to one for those resources for which the
planned usage profiles do not allow reservation. This situation is
typical for unique or expensive equipment and personnel. The im-
possibility of reserving the corresponding HPs leads to the need to
pay maximum attention to their monitoring and dynamic optimization

of the usage profile. This problem can be solved by the dynamic
index of personnel and equipment use (dynamic index of personnel
and equipment use — Dipe), defined by the expression:

N N
Dipe(t) = [Z E/D; J 2D ©
i=1 i=1

The index (6) will make it possible to carry out an integral as-
sessment of the progress of the project implementation for all re-
sources at the moment of time ¢. Multipliers D;; make it possible to
allocate the contribution of scarce resources.

Optimization of high-value projects that use unique equipment
requires a more detailed description of the dynamics of HP use.
This problem can be solved using the index of the use of unique
resources (URI;)), which is expressed in terms of scarcity and effi-
ciency indices as follows:

J
uTl,, =m§mE,mD,m JG+1 =m0, %

min

Here, the indices j and i number the times at which the evalua-
tion is performed and the resource, respectively.

The calculation of the URI;; index by formula (7) requires the
use of a complete array of information for the time from the begin-
ning of the use of the resource to the moment of evaluation. When
calculating the URI;; index, as well as when determining the field
efficiency index E/, the mechanism of dynamic accumulation of in-
formation was used as the monitoring time increased. In this ap-
proach, the calculation is carried out on the basis of only informa-
tion describing one period of time. This mechanism can be
described by the following recurrence relation, which allows ex-
pressing the URJ,; index for the i-th resource at the j-th time points
through its values at the monitoring moment in the form

(/= M) UTIq; + Ei/Di,j
uTl, = (®)

j+ 1 = Mnin

Fig. 2. Relationship between the scarcity index (applicate axis)
for 21 HP (abscissa axis) and the planning period number (ordinate
axis)

>
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P> when the initial condition UTtl, . 4,=01is met. The two-dimensional

nature of the index URI; ; leads to the need for a graphical display in
the 3d format. An example of such a display is shown in Fig. 3.
Fig. 3 shows the following time intervals:
e a significant delay from the schedule (in the range from 10 %
to 25 %) at the beginning of construction;
e interval of efficient use of resources (5-15 planning intervals);
e interval of stochastic impact (17-21 planning intervals), which
caused inefficient use of a number of resources;
e interval for eliminating the negative consequences of sto-
chastic impacts (19-25 planning intervals).

RESULTS

Stochastic influences change not only the time of resource use,
but also its performance. So, for example, the implementation of
a catch-up schedule requires an increase in the intensity of the use
of personnel and equipment in comparison with the normative one.
Such forced use of HP can lead both to temporary disability of per-
sonnel or equipment breakdown, and to a decrease in productivity.
Similarly, changes in energy supply modes and quality characteris-
tics of resources supplied by project participants can also affect
the implementation of the calendar plan. In addition to stochastic,
dynamic influences also influence HP performance. Examples of
such impacts are training and additional stimulation of personnel,
modification of equipment during the construction process. The
method of accounting for changes in productivity during the imple-
mentation of the project is proposed in the article [36]. One of the
goals of this work is to optimize the BIM project by formulating algo-
rithms for recurrent description of the impact of performance
changes on the progress of the implementation of the schedule.

To describe the change in the productivity of HP, caused by
both stochastic and non-stochastic influences, allows the index of
personnel and equipment productivity — (index of personnel and
equipment productivity — lep), defined by the following formula:

0.95
0.9
0.85
0.8

0.75
20

Fig. 3. Index dependency Unique resource utilization index
(applicate axis) for 21 resources (abscissa axis) for 25 planning
periods (y-axis)

J J
Pl= 2 mppilt)| 3 mppit). ©)
m=m_, m=m
Here p;(t») and p/(t,) are the planned and actual productivity of
personnel and equipment during the monitoring interval ¢,. Recur-
rent expressions

Pl =P 4 1y (t)

10
PIP =PF" 4 1P 1) 1o

with zero initial values of planned and real total productivity (P =
=P/ = 0) allow expressing the index lep as a fraction P/ = P/"/P/“’.
Taking into account the degree of scarcity of resources allows us to
determine the integral dynamic index of personnel and equipment pro-
ductivity — (integral dynamic index of personnel and equipment pro-
ductivity — Idipe) in the form

N N
Idipe(t) = [Z P/D;; j 2D (11
j=1 i=1

The main advantage of the lep and Idipe staff and equipment
output indices over the staff and equipment utilization indices is the
inclusion of the influence of a larger number of factors, which im-
proves the quality of the forecast of the progress of the calendar
plan. However, operational management decisions based on ad-
justing the resource utilization profile do not address the factors that
change the HP performance. An exception may be operational
measures to stimulate the staff. Therefore, the main area of applica-
tion of performance indexes, in contrast to usage indexes, is long-
term planning. Thus, the classes of indices proposed in this paper
complement each other and, together, allow you to optimize the
progress of the project throughout a significant part of its life cycle.

A two-dimensional matrix P/ carries information describing the
performance dynamics of individual resources. In contrast, a one-
dimensional vector /dipe(t) contains only information averaged over
all resources. As a result, the analysis of the dynamics of the index
P! based on 3d models requires the involvement of highly qualified
specialists and should be used when optimizing expensive projects
that use unique equipment and personnel. Analysis of averaged
information, which allows optimizing the implementation of the
standard project schedule, can be performed by line personnel of
contractors in real time.

Methods for monitoring risks during the implementation of the
calendar plan based on information technologies attract consider-
able interest from foreign [37] and domestic [36] researchers. To
a large extent, these methods are based on high-dimensional infor-
mation models [38] of the life cycle of a construction project [39]. At
the same time, the high dimensionality of the model hinders its ef-
fective local operation [40] and, to an even greater extent, the trans-
fer between project participants [41]. The paper [36] proposes
a BIM dimension reduction method that allows one to significantly
expand the area of practical application of full life cycle information
models. The development of this method based on the indices of
use and production of resources and its application to the tasks of
monitoring the progress of the implementation of the calendar plan
and optimizing the methods of operational and medium-term is one
of the goals of this work.

The algorithm for reducing the dimension of the information
model formulated in [36] allows expanding the area of practical ap-
plication of BIM. The implementation of this algorithm is reduced to
the formation of basic structures and the formulation of methods for
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the hierarchical construction of structures of higher ranks. In the approach is very limited. Therefore, in this paper, we used an ap-
information monitoring model being formed (hereinafter referred to proach based on the use of the high-level mathematical package
as BIMM), all structures (both basic and derived) are matrices, the MAPL [43] for performing calculations and graphical processing of
rank of which is determined by the number of HPs and the number the results, and data exchange between the used shells. This ap-
of planning intervals. The formats of the elements are determined proach allows not only to solve all the current problems of this
by their practical content. study, but also to avoid program limitations when solving long-term

The basic static structures of the information model are two ma- problems of predicting the progress of the project throughout the
trices — “Resources” and “Periods”, containing two columns. The life cycle.
first column in both tables “Number” is in integer format; the second As an example, here are fragments of the program code for
column “Name” is in text format. The number of rows of the “Re- calculating the efficiency index E/ in accordance with the recur-
sources” matrix is determined by the number of types of used HPs rence relations (5)
(parameter N in formula (.6))’ and the “Eeriods” m?trix is dgtermined fori to N do
by the number of planning and monitoring periods (shifts, days, ns. =0-
weeks, decades, months, etc. — parameter M in formula (3)). The 0 ’
data of the “Name” columns of both matrices is not processed in E/.o =0
the algorithm and serves only as the basis for the interface of BIMM forjto M do
interaction with users. ns =ns.. . +nr
Structures of the second level are two-dimensional matrices of b b= h
M columns and N rows and contain both static, plan components E =F + nr T//
(matrices N, N, TF, pi(t.), and components dynamically updated b Mot TP
as a result of monitoring (matrices N/, Tim, p/(t,). All components end do:
of second-level structures have integer and real formats. The values
of indexes i, j, m are determined by the fields “Number” of the ma- for; to M do
trices of the first level. Sources of static information are calendar . E/,/
) ifO<ns thenE, = elseE. =0
plans, data on personnel and material support of the contractor, i Moons, i
Uniform Rates And Prices (URAPS). Dynamic information is con- end if
tained in timesheets, accounting documents, data on operational end do
accounting of the progress of the implementation of the calendar
plan. end do
After the formation of matrices 1;;, N/, containing static informa- and coefficient Dipe
tion, prior to construction, according to formulas (2) and (3), the lo- fori to M do
cal and integral degrees of scarcity are calculated. Further, ana- Dipe =0
lytically or graphically (similarly to Fig. 2 and Fig. 3), an analysis of T
the possibilities of resource maneuvers is performed and time inter- > forjtoN do
vals for adjusting the profile of the use of HP in response to possible E np .
negative impacts of stochastic factors are determined. if .110° <nt then Dipe :=Dipe +%
Further operation of BIMM takes place at the construction stage end if Y
in the mode of monitoring the progress of the implementation of the
calendar plan. Information accumulated as a result of dynamic end do;
monitoring is displayed in matrices N;m, T;m, p/(t,). According to DD =0
formulas (4), (5), (9), (10), local indices are calculated, and accord- !
ing to formulas (6) and (11), global indices of the use and output of forjto N do
personnel and equipment. The same operations are performed with . y np.
the indices of the use of unique resources (formulas (7), (8)). Based if .110° <m/lf then DD, :=DD; + ntj/
on the analysis of utilization indices and time intervals in which a end if '
resource maneuver is possible, operational management decisions end do
are determined aimed at reducing the influence of stochastic fac-
tors on the progress of the project. On the other hand, the analysis end do
of production indices allows us to formulate strategic decisions that Dipe :=0;
allow us to preventively mitigate the impact of negative impacts. > forjtoNdo
At the initial stages of BIMM functioning, information is accumu- E np .
lated, stored, updated and verified. The functionality of Microsoft if .110° <nt, , then Dipe :=Dipe +%
Access makes it very efficient to programmatically implement these . L
procedures. Also effectively this DBMS allows you to transfer infor- end if
mation between project participants. However, the set of built-in enddo;
functions and procedures is not efficient enough when performing do enddo
matrix operations and graphical presentation of the results. Various
methods are useq to solve this rangel of problems. So, for example, DISCUSSION
the implementation of matrix operations can be performed in the
built-in application VBA (Visual Basic for Applications) [42]. Ho- Such a BIMM information structure makes it possible to com-
wever, the set of technologies for processing graphic objects in this pletely solve the problem of interaction between heterogeneous P
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P> project participants (designers, builders, operating organizations,

supervisory authorities, etc.) at various stages of the life cycle. In
the proposed approach, the coordination of the content and format
of data is reduced to a standard procedure for the coordination of
accounting and management documents. Since a significant part
of the factors hindering the implementation of BIM is related to the
procedures for the interaction of participants [44], the proposed
model for coordinating the content and formats of information at all
stages of the life cycle greatly expands the area of practical appli-
cation of information models. All the information necessary for the
creation and operation of BIM is contained in the documents of the
project participants and the functioning of the model does not lead
to additional costs for collecting and processing data. This ap-
proach increases the efficiency of the information model in terms of
cost/benefit ratio and increases its performance.

Coordination of formats of heterogeneous documents can be
effectively performed in the shells of Database Management Sys-
tems (DBMS, in English literature — DBMS is the abbreviation of
Database Management System). When describing dynamic struc-
tures, relational databases are the most effective [45]. Most of the
workflow takes place in Microsoft Office applications (Microsoft
Word, Microsoft Excel, Microsoft Outlook, Microsoft Power Point,
etc.), which defines Microsoft Access as the optimal choice of
DBMS. This choice provides a common application interface that is
familiar to most users and compatible data formats. A wide class of
users (primarily educational and scientific institutions) use free li-
censed versions of these software products, and all users have
access to a license-free version of Microsoft Access with limited
functionality. The functionality of this version is sufficient for the op-
erating organizations of BIMM implemented in this shell. All this
helps to avoid legal and organizational problems when implement-
ing the interaction of project participants, in particular, in the Micro-
soft Groove collaboration application.

CONCLUSIONS

In the course of the development of the methods proposed in
this paper, it is possible to solve the problems of interfacing infor-
mation models of various stages of the full life cycle of the project.
The main factors that make it possible to effectively solve this
problem are the determination of the necessary and sufficient vol-
ume and content of information that allows you to fully describe
the dynamics of the state of the project and predict the course of
its implementation under conditions of intense stochastic influ-
ences.
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