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DEVELOPMENT OF INFORMATION 
TECHNOLOGY FOR THE AUTOMATED 
CONSTRUCTION AND EXPANSION OF THE 
TEMPORAL KNOWLEDGE BASE IN THE TASKS 
OF SUPPORTING MANAGEMENT DECISIONS

Об’єктом дослідження є процес побудови баз знань (БЗ), який передбачає розробку формального пред-
ставлення знань, вилучення знань, перевірку їх несуперечливості та включення до складу БЗ. Реалізація 
такого процесу є необхідною умовою використання БЗ в системах підтримки управлінських рішень на 
тактичному та стратегічному рівнях організаційного управління. Однак, на сьогодні існує невідповідність 
між практичною потребою в реалізації, орієнтованої на знання підтримки управлінських рішень в умовах 
невизначеності з урахуванням темпорального аспекту управляючих дій. А також можливостями існуючих 
методів і технологій інтерактивної та автоматизованої побудови БЗ.

Проведений аналіз об’єкту дослідження показав можливість автоматизованої побудови БЗ для під-
тримки управлінських рішень з використанням темпоральних залежностей. Останні можуть бути отри-
мані на основі аналізу послідовності станів організаційної системи як об’єкту управління. Темпоральні 
залежності між станами відображають знання про управляючі дії, що були реалізовані при виконанні 
управлінських рішень.

Удосконалено логіко-ймовірнісну модель представлення темпоральних знань шляхом врахування ієрар-
хічного опису контексту управлінського рішення, що дає можливість спростити побудову цього рішення. 
Запропонована модель забезпечує можливість підтримки раціонального вибору із множини допустимих 
управлінських рішень за показником ймовірності переходу до цільового стану об’єкту управління.

Удосконалено метод автоматизованої побудови та підтримки темпоральної БЗ на основі врахування 
атрибутивного опису станів об’єкту управління та контексту управлінського рішення. Метод перед
бачає оперативне формування та перевірку логіко-ймовірносного представлення темпоральних знань для 
підтримки управлінських рішень. 

Розроблено інформаційну технологію автоматизованої побудови та поповнення темпоральних БЗ. 
Технологія поєднує можливості формування патернів представлення та семантичної перевірки знань, що 
виконуються спеціалістом у предметній області, а також автоматичної побудови зважених темпораль-
них правил на основі виявлення залежностей у відомих послідовностях станів об’єкту управління. Це дає 
можливість оперативно виявляти характерні для предметної області нові темпоральні залежності та 
вносити їх в БЗ після семантичної перевірки експертом.

Ключові слова: управлінське рішення, підтримка прийняття рішень, темпоральна залежність, тем-
поральна база знань.

Chala O.

1.  Introduction

The current state of organizational management is cha­
racterized by the wide use of knowledge bases (KB) to sup­
port management decisions for solving partially structured 

and unstructured tasks. The process of making manage­
ment decisions involves the formation of a set of alterna­
tive context-sensitive sets of management actions, choice 
and implementation of the chosen decision. This choice is 
made by the decision maker (DM). Knowledge-oriented  
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decision support is implemented under uncertainty condi­
tions as a result of incomplete information about the state 
of the management object and therefore requires constant 
updating of knowledge taking into account the evolution of 
the behavior of the object of organizational management.

This shows the relevance of methods and technolo­
gies development for knowledge bases creation to support 
management decisions in order to provide an opportunity 
to effectively identify the problem situation in the orga­
nization. Along with the creation the set of alternative 
decision to get out of this situation.

2. � The object of research  
and its technological audit

The object of research is the process of building knowledge 
bases which involve the development of formal knowledge 
representation, knowledge extraction, verification of their 
contradictions and inclusion in the KB.

Extracting or externalizing knowledge consists in their 
transformation from implicit to explicit form  [1]. Implicit 
includes expert knowledge and built-in knowledge. The 
latter are contained in typical procedures, processes, docu­
ments of the organizational system and can be obtained 
by analyzing the sequences of its states.

Then a formalization of the received explicit knowledge 
is carried out in accordance with the developed knowledge 
representation, which provides the possibility of using the 
latter for decision-making support.

The audit of the object of research showed the possibility 
of building a KB based on the analysis of the behavior of the 
organizational system, presented in the form of a sequence 
of its states. The relationship between states reflects the 
knowledge about control actions that were implemented 
consistently in time when performing management decisions.

3.  The aim and objectives of research

The aim of research is development of the information 
technology of automated construction and replenishment 
of the temporal KB to provide effective support for the 
rational choice of administrative decisions of decision maker 
in the context of domain constraints.

In order to achieve the goal, the following tasks must 
be implemented:

1.	 To improve the model of logical-probabilistic pre­
sentation of temporal knowledge taking into account the 
characteristics of the proposed model of generalized tem­
poral dependence and a hierarchical description of the 
management decision context.

2.	 To improve the method of construction and support of 
temporal KB taking into account the attributive description 
of the states of the control object, as well as the hierarchical 
model of the context of the management decision.

3.	 To integrate the logical-probabilistic representation 
of temporal knowledge and the method of constructing 
and supporting temporal KB in the framework of unified 
information technology for the creation of temporal KB.

4. � Research of existing solutions  
of the problem

Management decision is a component of the manage­
ment process and implemented under uncertainty  [2]. To 

improve the effectiveness of management decisions at the 
tactical level of the organizational hierarchy apply deci­
sion support systems based on knowledge  [3]. Such sys­
tems use input from transaction processing systems  [4]. 
While constructing KB solutions for decision support 
systems, communicative methods of knowledge extrac­
tion are used  [5]. These methods transform the implicit 
knowledge of experts into an explicit form  [1]. The usage 
of such methods, in contrast to withdraw the embedded 
knowledge  [6], requires a great deal of time spent by ex­
perts and knowledge engineers. This does not always allow 
you to maintain the KB in its current state.

In order to overcome the shortcomings of communica­
tive methods, the paradigm of automated control of KB [7]  
is used. Automated management of KB realizes tasks of 
development and support of knowledge base  [8], as well as 
the use of KB in search engines and information systems [9]. 
However, existing models and methods of automated con­
struction of KB use declarative knowledge without taking 
into account temporal dependencies. Such dependencies are 
essential for building a management process, taking into 
account the sequence of processing elementary objects – 
artifacts  [10]. This does not allow constructing a manage­
ment decision in the form of a sequence of control actions 
associated with temporal dependencies  [11].

The analysis of the approaches to the KB construction 
gives an opportunity to conclude that there is a discre­
pancy between the needs of knowledge-oriented support 
for management decisions and the possibilities of existing 
methods and technologies of interactive and automated 
construction of the KB. This indicates the promise of de­
veloping the technology of automated construction of the 
temporal knowledge base.

5.  Methods of research

The proposed technology integrates a number of models 
and methods developed by the author [11–13]. Within the 
framework of technology, knowledge based on the proposed 
temporal rules is used. Temporal rules specify the time 
dependencies between the states S j  of the organizational 
system or its components. Such dependencies reflect the 
control actions that led to the transition between these 
states. The state of the organizational system combines 
a set of states of elementary objects – artifacts, for ex­
ample, documents, parts, products used in the process of 
its activities. The state of each artifact is determined by 
the current values of its attributes. The values of these 
attributes are recorded and entered into the database by 
the transaction processing system. As one of the attributes, 
a timestamp is always used, which provides the ability 
to set the temporal dependencies. The sequence of the 
states has the form:

Π Πi i i iS S S
i

= −, , ,, ,..., .0 1 1

Each state S j  is defined through the set of variables a  
that correspond to the attributes of the artifacts, as well 
as using the timestamp:

S a a A a A a A a Aj Type Work Artifact Time= ∈ ∨ ∈ ∨ ∈ ∨ ∈{ }: , 	 (1)

where AType  – identification attributes; AWork  – attributes 
of the action that led to the state S j  of the control object;  
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AArtifact – attributes that determine the properties of arti­
facts in a state S j ;  ATime  – attributes of the time of oc­
currence of the state S j .

The temporal knowledge of the control object behavior 
is presented in the form of states occurrence facts and 
temporal dependencies between them. The fact fj of oc­
currence of a state S j  is given through a predicate Q  on  
the set of its attributes:

f Q A A Sj j= ( ) ⊆: , 	 (2)

where A a a aj j
k

j
K= { }1,..., ,...  – the attributes of the state S j .

The truth region Yj  of such a predicate is determined 
by the admissible set of attribute values of the event: 

Yj j
k

j
k

Type j
k

Work j
k

Artifact= ∈ ∨ ∈ ∨ ∈{ }a a a a: ,Λ Λ Λ 	 (3)

where a j
k  – value k  – variable of the state S j ;  Λ Λ ΛType Work Artifact, , 

Λ Λ ΛType Work Artifact, ,  – the set of valid attributes values of the event 
type, actions and properties of the artifacts.

Temporal rules determine the ordering of states S j in 
time. The same relationships between states in time may 
occur for different sequences Π i  that had implemented 
at different intervals. Therefore, the temporal rules in the 
knowledge base specify the order of facts in time. Such 
rules are formed based on patterns of temporal depen­
dencies between these facts. The general representation 
of the temporal dependence r  has the following form:

r f fj m≡ ΚΟ , 	 (4)

where Κ – the quantifier, which defines a set of state 
sequences for which this dependence will be executed; 
Ο – temporal operator.

The developed temporal rules are used by the quanti­
fiers of temporal logic E  (Exists) and A  (All). The first 
quantifier specifies the truth of the fact fm in at least one 
sequence of states Π i ,  and the second – in all known 
sequence of states.

Temporal operators determine the type of connection 
between states. A pair of successive states is given by the 
operator X  (NeXt). A couple of states among which there 
are other states, is described by the operator F  (Future). 
A pair of states with given transition conditions between 
them is determined by the operator U  (Until).

A logical-probabilistic model of the temporal know­
ledge representation is developed using the Markov logical 
network apparatus to reflect the logical and probabilis­
tic aspects of this knowledge. The logical aspect of the 
model is represented by the set of weighted rules rl  by 
templates (4). The truth of these rules depends on the 
meaning of the facts fj :

Kn H r w r R r f A f w

r f E f w
L l l l l C l j m l

l j m l

= ∈ = ⇒ = ∞
= ⇒ ≤ <

( ,{( , ): , ,

}),

Ο
Ο Ω0 	 (5)

where wl  – the weight of rules rl ; RC  – a subset of rules R,  
selected on the basis of a priori set restrictions for the 
subject domain; Ω  – the maximum possible value of the 
weight of the rule with a quantifier E  for a given set of 
state sequences Π Π= { }i ; Hl  – a hierarchical description 
of the context based on the ratio between the artifacts.

Subsets of artifacts Af * and state sequences Π* are used 
as input in the formation of a comprehensive management 

decision. They set the values of predicate Q  variables at 
specific moments of time.

For each temporal rule rl  that describes the dependen­
cies between states S j  and Sm on a subset of sequences
Π Πi{ } ∈ *, the factor-function is set: φl : φl l lw r= ( )exp . This 

function reflects the effect of the weight of the rule on 
the probability of a pair of states occurring in a plurality. 
The probability of implementing an arbitrary sequence of 
states is determined by the product of its factors:

P
Z

r f f S Si l
l

l j m j m i( ) : , , ,′ = = ∈ ′∏Π ΚΟ Π
1

φ 	 (6)

where Z  – the partition function.
The function Z  is used for normalization and is given 

through the achievement of factors for all sequences from 
the set Π* :

Z r f f S Sl
i l

l j m j m= = ∈∏φ
,

*: , , .ΚΟ Π 	 (7)

The probability of implementation of a new sequence of 
states ′Π i  as a possible management decision has the form: 

P
Z

w f fi l j m
l

( ) exp ( ) .′ =




∑Π ΚΟ

1
	 (8)

The expression (8) defines the probabilistic component 
of the temporal knowledge representation. The dependence 
f fj mΚΟ  has a true value only if there is an appropriate 
relation between states S j  and Sm on the sequence Π i . 
Therefore, in calculating the probability, let’s only take 
into account the weight of the rules that describe this 
sequence of states.

The proposed logical-probabilistic presentation of tem­
poral knowledge combines the logical description (5) and 
function (8) to calculate the probability of possible alter­
native solutions ′Π i  and has the following form:

Kn Kn PL i= ′{ }, ( ) .Π 	 (9)

In general, the knowledge representation (9) allows 
describe the possible sequences of management actions in 
the management solution, the contextual dependence of 
these actions, taking into account the hierarchy of artifacts, 
as well as determining the likelihood of implementation 
of the specified sequences.

The construction of the temporal knowledge base using  
the representation (9) is implemented with the help of the 
advanced method of automated construction and support 
of the temporal knowledge base. As the input the method 
use sequences Π i ,  the existing context hierarchy Hl , and 
the deviation threshold ε  for actual and calculated proba­
bilities P i( ).Π  The method includes the following stages:

Stage 1. Choice of patterns for the representation of 
temporal dependencies. Such dependencies can be repre­
sented in the form (4) or in the typical artifact processing 
sequences  [10].

Stage 2. Construction or clarification of the hierarchical 
model of the context of execution of control actions. This 
model has the form of a hierarchy of classes of artifacts 
according to the results presented in  [12]. The context 
hierarchy defines the basic knowledge structure in the 
subject area.
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Stage 3. Selection of a subset of input data by matching  
the set of input artifacts and the context hierarchy. The 
feature of this stage is the ability to detail the data for 
a specific level of the context hierarchy.

Stage 4. Construction of facts fj . At this stage, the 
values of the variables characterizing the state S j  are sub­
stituted into the predicate (2).

Stage 5. Construction of temporal rules rl . It performed 
by the method  [11].

Stage 6. Finding the weights of temporal dependencies. 
At this stage, let’s use the method [13], which is based on 
the method of searching the weights in Markov’s logical 
network and takes into account the features of temporal 
rules and constraints.

Stage 7. Placing rules in the knowledge base and checking  
the weight of the temporal dependencies.

Step 7.1. Calculate the probabilities of the input se­
quence of states according to (8) using all the rules in 
the knowledge base defining the specified sequences.

Step 7.2. Comparison of the obtained probability va­
lues Pcalc i( )Π  with the probability Pinput i( )Π  of the input 
data. In case, if P Pinput i calc i( ) ( )Π Π− > ε stage 6 and 7 are 
repeated for new and existing rules regarding Π i .

Stage 8. Addition of a hierarchical context description of 
the management actions implementation in the KB. At this  
stage, the hierarchical representation of the context in 
the KB is supplemented by attributes and their properties 
corresponding to the variable states in the input data.

6.  Research results

The proposed technology is intended for the construc­
tion of temporal dependencies, which determine possible 
sequences of control actions (or corresponding sequences 
of the control object states) as a part of the management 
decision.

As the input use the results of the transaction pro­
cessing systems work, which can store the organization’s 
states by monitoring results. An example of the status 
description of one of the processes in an enterprise that 
contains the properties of a workgroup, product, executors, 
and timestamp, as well as actions leading to the current 
state, is shown in Fig.  1.

group=«L40 3rd»
organization_country=«fr»
resource=«Sophie»
role=«D_1»
concept_name=«Completed»
product=«PROD609»
lifecycle_transition=«Resolved»
timestamp=«2012-05-14T11:04:40+02:00»

Fig. 1. An example of a state description in the input data

The technology contains the following stages:
Stage 1. Construction or selection of temporal depen­

dencies for the knowledge representation. At this stage,  
a selection of a subset of temporal rules is performed using 
a combination of quantifiers and temporal operators.

Stage 2. Construction of a hierarchy describing the 
execution context of control actions. Depend on the subject 
area, the description can reflect the hierarchy of tasks, the 
organizational hierarchy, or determine the degree of detail 
of the processes performed in the organization. At this  

stage, links are established between classes of artifacts 
that set hierarchical links in a subject area.

The example on the Fig. 1 shows some levels of the organi­
zational hierarchy: country «fr»; Working Group «L40 3rd»;  
Position (or role) of the artist – «D_1».

Stage 3. Select a subset of input data according to 
the context hierarchy.

At this stage, the selection of input data is performed 
according to a certain level of the hierarchy. For example, 
data for a group of employees with the code «L40 3rd» 
are selected.

Stage 4. Select a subset of input data by a temporal sign.
The importance of this phase connected to the fact 

that the sequence of tasks can be changed as the evolu­
tion of the requirements and goals of the organization 
evolves. Data selection for a given temporal interval is 
performed according to the time stamp.

Stage 5. Construction of temporal rules based on selec­
ted and stage 1 temporal dependencies.

Step 5.1. Determining facts fj  for states from all Π i .
For example, for represented in Fig.  1 state descrip­

tion S j  will be the fact fj for the rule-type X  that contains 
the conjunction of the values of the variables, except for 
the timestamp.

Step 5.2. Construction of temporal rules. At this step, 
the temporal rules for the state pairs S j  and Sm the me­
thod  [12] are formed.

Stage 6. The weights determination of the received 
temporal rules by the method [13] taking into account the 
probability of occurrence of incoming sequences of states.

Stage 7. The context hierarchy clarification in the know­
ledge base using SQL queries that compare the existing 
hierarchy and the hierarchy received from the input data.

Stage 8. Adding new rules to the knowledge base. This 
stage is implemented with the help of SQL queries in the 
relational database – the storage of the knowledge base.

Step 8.1. Before modifying the KB for each rule, the 
same rule is checked, but with another weight.

Step 8.2. In the case that one of the rules (new or 
existing) is a constraint and then the constraint is placed 
into the KB.

Step 8.3. In the case of discrepancy of the weight 
of the rules, stage 8 is performed without checking the 
difference between the probabilities of the sequence of  
states.

Stage 9. Clarification of the weight of the temporal 
rules according to stage 7 of the method of construction 
and support of the temporal KB.

Stage 10. Examination of the received temporal rules’ 
semantic by expert. It is verified the conformity the new 
rules with the existing one and the description of the 
context of the execution of control actions. According  
to the results of the check, the rules can be removed from 
the KB.

Let’s consider an illustrative example of technology 
implementation.

The input sequences of the states and the intervals 
of their execution time are given:

Π1 1 1 1 2 1 4 1 5= s s s s. . . ., , , ,  01.09.18–15.09.18,

Π2 2 1 2 2 2 3 2 4 2 5= s s s s s. . . . ., , , , ,  15.09.18–31.10.18,

Π3 3 1 3 2 3 6 3 5= s . . . .,s ,s ,s ,  01.10.18–15.12.18.
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A hierarchical description of the context is represented 
by the distribution of states into two divisions of the 
organization, respectively:

s s s s s s s1 1 1 2 2 1 2 2 2 3 3 1 3 2. . . . . . ., , , , , ,{ } and s s s s s s s1 3 1 4 1 5 2 4 2 5 3 6 3 5. . . . . . ., , , , , , .{ }

It is necessary to build a knowledge base with the 
temporal rules of the types X  and F  for the tasks solved 
1.08.17–31.09.18 in the second subdivision.

For rules of given types, the control object state in 
general is considered, without withdrawal individual at­
tributes. Therefore, the specified sequence of input data 
has the form:

Π1 1 3 1 4 1 5= s s. . ., ,s ,  Π2 2 4 2 5= s s. ., ,  Π3 3 6 3 5= s ,s .. .

Taking into account temporal constraints let’s obtain:

Π1 1 3 1 4 1 5= s s. . ., ,s ,  Π2 2 4 2 5= s s. ., .

For them, the following rules are formed:

( ),f AX f4 5  ( ),f EF f3 5  ( ).f EX f3 4

The first rule is executed on both sequences and there­
fore is a constraint. According to  [10] its weight is ∞ . 
The weight of the other two rules is the same considering 
P P( ) ( ) . .Π Π1 2 0 5= =  It is calculated by the method [13] and 
is 4.1. According to the input data, the received rules belong 
to the level of the hierarchy of the second subdivision. 
At the clarification stage the weight rule ( )f AX f4 5  will 
replace the rule ( )f EX f4 5  if it is in the knowledge base. 
In the given example, three rules completely define the 
sequences Π1 and Π2, since they describe all dependencies 
between the three states. Therefore, weight refinement will 
only be needed if there are rules ( )f EF f3 5  or ( )f EX f3 5  
that have other weights in the knowledge base.

7.  SWOT analysis of research results

Strengths. The key advantage of the proposed technology 
is the possibility of obtaining temporal rules without the 
use of communicative methods of knowledge engineering. 
This allows you to replenish the knowledge base prompt­
ly, as far as arrives information about the next state of 
the control object. Also, the probabilistic representation 
of  temporal knowledge makes it possible to form a set of 
probable sequences of states of the object of management 
from the current to the target state and, thus, enable the 
decision maker to choose a rational management solution.

Weaknesses. Weaknesses of this technology are associated 
with the assumption of completeness and the absence of 
contradictions in the input data. It is expedient to use 
technology only if there are such attributes of each state 
in the input data, allowing to uniquely determining its 
level in the context hierarchy, as well as the absence of 
errors when recording the time stamps of these states.

Opportunities. Additional features of the proposed tech­
nology are related not only to the temporal aspect, but 
also to the object and spatial characteristics of the input 
data. This will expand the application area of the results 
to geographic information systems.

Threats. The lack or inaccuracy of incoming data in case 
of failures when they are formed by transaction processing 

systems affects the correctness of the received temporal 
dependencies. Thus, late fixation operations of delays in 
the writing operations to the database can lead to the 
formation of false temporal rules. Also, as the transaction 
processing systems evolve, attribute and artifact names 
can be changed, which may lead to errors in the records 
of the occurrence of the control object state.

8.  Conclusion

1.	 The logical-probabilistic model of temporal know­
ledge representation is improved by taking into account 
a hierarchical description of the context of a management 
decision. A hierarchical description of the context makes 
it possible to select a subset of elementary objects that 
are necessary for management, and thus simplify the con­
struction of the solution. The proposed model provides the 
opportunity to support a rational choice from the set of 
alternative managerial decisions based on the probability 
of transition to the target state of the control object.

2.	 The method of automated construction and support 
of the temporal knowledge base is improved by taking 
into account the attributive description of the control 
object states, as well as the hierarchical model of the 
management decision context. The method involves the 
construction of temporal dependencies patterns, the forma­
tion and verification of the logical-probabilistic knowledge 
representation in the form of weighted temporal rules, as 
well as the formation of a context description of managerial 
decisions. The method provides the operational construc­
tion of the temporal knowledge base, rely on the usage 
of built-in implicit knowledge in the support managerial 
decisions tasks.

3.	 Integration of the temporal knowledge representation 
model, as well as methods of constructing knowledge bases, 
identifying knowledge, finding the weight of temporal rules 
within the framework of a unified information technology 
for the automated creation of temporal knowledge bases 
is implemented. Information technology combines the pos­
sibility of forming presentation and semantic knowledge 
verification patterns, performed by a specialist in the subject 
area. And also the advantages of automatic construction 
weighted temporal rules are based on the detection of 
dependencies in the sequences of the control object states. 
This makes it possible to quickly identify new temporal 
dependencies characteristic for the subject area and place 
them into the knowledge base after semantic verification 
by an expert.
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