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Abstract. This paper describes the approaches to analysis in order to 

optimize the construction facilities (buildings and complexes) information 

models management. Two criteria have been proposed and discussed for 

the model quality evaluation: model informational saturation criterion and 

model topicality criterion. Practical application of the first criterion enables 

to define the optimal plan of information model filling. Herewith, the 

optimization is carried out through the maximum volume of useful 

information. The criterion is used at all stages of the model life cycle 

during the course of the model data updating. The second criterion allows 

to evaluate the need in the model data update. Being a vector (in the space 

of the modelling object significant values) of deviation of the model data 

from the model object data, the criterion represents the need to initiate the 

model data updating procedure using the predefined rules 

1 Introduction 

Information technologies development trends in general, and information modeling tools in 

particular have led to the situation, when the use of information modeling tools and 

technologies in construction and utility complex are not an exception. Buildings and 

construction facilities information models are created for different stages of the life cycle 

and for finding various solutions [1-7]. These models are characterized by different 

structures, scope of information, and access rules. 

At the same time, along with the wide use of these technologies [7], there is no 

generally accepted (both industry, and government level) rules for management of 

information, development, and use of information models for various stages of the 

buildings life cycle [7-12]. This situation leads to the use of irrational ways for creation of 

information models related to entering excessive data, longer time needed for models 

creation, puzzled structure of the model, etc. 
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2 Main part 

The use of information modeling technologies for management tasks in city scale and area 

scale distributed and grid system imposes the requirements for elaboration of the 

formalized rules for data exchange and information management. Forming and 

formalization of the general rules and information management concepts, information 

models development and use, are related to the need in formalization of the information 

models measurable quality criteria. Herewith, the criteria reflecting the quality of the 

information models in most cases are closely linked with the context of use of the specific 

model, and are subjective, i. e. poorly formalized for the general case. 

In terms of structure, the model consists of the aggregation of submodels implementing 

the functions of data storage, processing, and generation. 

The objective quality criterion of the information model calculated with no dependence 

on the model use context may be the model compilation entropic criterion of efficiency. 

Information entropy as a function of the object condition is calculated using the formula 

(1). 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊

𝒍

𝒊=𝟏

 (1) 

where H  – entropy; iE  – object condition; iP  – probability of the object condition iE ; 

l  – count of conditions iE . 

For m -component system (model), with the share of each component within the 

general scope of the system (model) ic , the following expression is valid: 





m

i
ic

1

1
 

(2) 

If microscopic volumes are randomly outlined in this system, the probability of having 

the elements shares in each of these volumes equal to mccc ,,, 21   is for each element: 

iii cNNP  /  (3) 

where iN  – count of elements of i -th population in the microscopic volume; N  – total 

count of elements in the microscopic volume. 

When the physical system conditions count is fixed, its information entropy is 

maximum when the results of these conditions are equal: 

NPPP n /121    (4) 

Then: 

𝐻𝑚𝑎𝑥 = 𝑙𝑜𝑔2𝑛 (5) 
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Then, using the parameter Ф  – deviation of the system (model) entropy from 

maximum possible entropy of the system (model), we can judge about the system (model) 

synthesis method efficiency. The smaller the parameter Ф  is, the more efficient the system 

(model) synthesis method is. 

max

max

H

HH
Ф


  (6) 

The most important practical aspect of this approach is the outlining equal microscopic 

volumes of data in the model. A model is considered that is used throughout the entire life 

cycle of the construction facilities – from conceptual design to disposal. 

Let us consider an exemplary calculation. Let us consider the power supply system 

general parameters submodel at the design and engineering stage in a simplified manner. 

Let this submodel contain the data about the power supply sources of the first reliability 

category and the second reliability category. Let us assume (as an example) that there are 

the following types of data: P1 – input data about first category power supply sources, P2 – 

input data about second category power supply sources, P3 – internal useful data about first 

category power supply sources, P4 – internal useful data about second category power 

supply sources. The data are distributed as follows: P1 – 65%, P2 – 10%, P3 – 20%, P4 – 

5%. 

𝐻𝑚𝑎𝑥 = log2𝑛 = log2 4 = 2 

For 1 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏 + 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟒𝟏𝟕 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,417

2
= 0,292 

 

For 2 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓) − (𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏 + 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟖𝟎𝟏 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,801

2
= 0,100 

 

For 3 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐 − (

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟑𝟗𝟕 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,397

2
= 0,302 
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For 4 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏 − (

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟑𝟏𝟔 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,316

2
= 0,327 

For 5 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓 − (

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏

+ 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐) = 𝟏, 𝟒𝟏𝟕 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,417

2
= 0,292 

For 6 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏) − (𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟕𝟎𝟑 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,703

2
= 0,149 

For 7 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) − (𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏

+ 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐) = 𝟏, 𝟐𝟖𝟏 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,281

2
= 0,360 

For 8 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐) − (𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏

+ 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟐𝟕𝟗 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,279

2
= 0,361 

For 9 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏) − 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐)

− 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓 = 𝟏, 𝟏𝟑𝟒 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,134

2
= 0,433 
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For 10 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐) − 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏)

− 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) = 𝟏, 𝟐𝟒𝟔 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,246

2
= 0,377 

For 11 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓) − 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐)

− 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏) = 𝟏, 𝟏𝟗𝟕 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,197

2
= 0,402 

 

 

 

For 12 option: 

𝑯(𝑬) = −∑𝑷𝒊 𝐥𝐨𝐠𝟐 𝑷𝒊 = −(

𝒍

𝒊=𝟏

𝟎, 𝟔𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟔𝟓 + 𝟎, 𝟏 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟏) − 𝟎, 𝟎𝟓 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟎𝟓)

− 𝟎, 𝟐 ∙ 𝐥𝐨𝐠𝟐𝟎, 𝟐) = 𝟏, 𝟑𝟓𝟒 

Ф =
𝐻𝑚𝑎𝑥 −𝐻(𝐸)

𝐻𝑚𝑎𝑥

=
2 − 1,354

2
= 0,323 

After calculations using the formula (6) for possible options of model saturation with 

information. Calculation results are provided in table 1. 

Table 1 Calculation results using formula (6) for numerical example 

No. Operations sequence Stages count Н, bit Ф 

1 (P1 + P2 + P3 + P4) 1 1.417 0.292 

2 P1 + (P2 + P3 + P4) 2 1.801 0.100 

3 P3 + (P1 + P2 + P4) 2 1.397 0.302 

4 P2 + (P1 + P3 + P4) 2 1.316 0.327 

5 P4 + (P1 + P2 + P3) 2 1.417 0.292 

6 (P1 + P2) + (P3 + P4) 3 1.703 0.149 

7 (P1 + P4) + (P3 + P2) 3 1.281 0.360 

8 (P1 + P3) + (P2 + P4) 3 1.279 0.361 

9 [(P1 + P2) + P3] + P4 3 1.134 0.433 

10 [(P1 + P3) + P2] + P4 3 1.246 0.377 

11 [(P1 + P4) + P3] + P2 3 1.197 0.402 

12 [(P1 + P2) + P4] + P3 3 1.354 0.323 

 

From the calculations, we obtain the optimal (from the viewpoint of the quality of the 

model saturation with information) option (option No. 2). 
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Thus, an objective criterion has been proposed for the information model quality 

formalizable for general case. The use of the described criterion allows to formalize the 

information management rules in the city scale and area scale distributed and grid systems. 

Along with the information model compilation efficiency criterion, for the construction 

site information modeling management system the model data topicality criterion is also 

important. Peculiarity of the data topicality determination in the building information 

system is the continuous change of the modeled system (building) parameters. 

As a model data topicality criterion, it is proposed to use the model aging vector (7). 

𝑆̅ = 𝑅̅ − 𝑈      (7) 

The vector is the difference between the model data update speed vectors (by data 

types) (8): 

𝑅̅ = 𝑔𝑟𝑎𝑑 (
𝜕𝐼

𝜕𝑃1
;
𝜕𝐼

𝜕𝑃2
;
𝜕𝐼

𝜕𝑃3
; …

𝜕𝐼

𝜕𝑃𝑛
; ) (8) 

and the modeling object data change rate (9): 

𝑈 = 𝑔𝑟𝑎𝑑 (
𝜕𝐽

𝜕𝑃1
;
𝜕𝐽

𝜕𝑃2
;
𝜕𝐽

𝜕𝑃3
; …

𝜕𝐽

𝜕𝑃𝑛
; ) (9) 

Thus, when the criterion (7) reaches the predefined (by the rules of the specific 

modeling process) value, it is necessary to start the information model update procedure. 

Herewith, the update plan is compiled in an optimal manner (using the information model 

quality criterion). 

3 Conclusion 

Thus, it appears that a group of criteria has been proposed that ensure analytical support of 

the construction facilities information modeling management process. 

 
This work was financially supported by Ministry of Education and Science of the Russian Federation 

(7.6932.2017/8.9). All tests were carried out using research equipment of The Head Regional Shared 

Research Facilities of the Moscow State University of Civil Engineering (RFMEFI59317X0006). 
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