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Abstract. Holonic enterprises are considered as one of the new types of  
networking organizations used to increase business efficiency. But in practice it 
requires to introduce a new type of management stimulating the interpreneur 
approach, active interaction between actors within the project teams, coordi-
nated and effective decisions on resource scheduling in case of unpredictable 
events (new projects, breakdowns, delays, illnesses etc.). In the paper we  
propose the concept of holonic enterprise based on the principles of intersubjec-
tive management and describe Smart Enterprise system for supporting decision 
making for such types of enterprises. The system combines top-down project 
planning with real time on-line and bottom-up communication with employees. 
This provides more intelligent, flexible and efficient resource scheduling in case 
of unexpected events. The functionality and architecture of Smart Enterprise 
system based on the use of ontology and multi-agent technology is outlined. 
The first results of the system use and perspectives are analyzed. 

Keywords: actor, intersubjectiveness, holon, management, ontology, project, 
multi-agent technology, resource scheduling, real time.  

1 Introduction 

The challenges of the global economics associated with the growing complexity of 
business, a priory uncertainty and high dynamics of supply and demand changes make 
businesses look for new approaches to increase the efficiency of the modern project-
based enterprises. Modern science of management considers bureaucracy as a  
main obstacle for efficiency of organization, in particularity, because of hierarchic 
reporting with the losing content of tasks and ignoring personal knowledge and talents 
of employees [1-2].  

The solution of the problem is considered in changing paradigm of management by 
shifting from centralized, monolithic, hierarchical top-down structures to talent-driven 
networking organizations based on the principles of intersubjective communication 
and negotiations between actors [3]. However, to implement such approach in  
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practice requires intelligent systems that can operate in real time and constantly  
communicate with employees to work out and coordinate the decisions on resource 
allocations.  

The paper presents new approach of designing holonic organizations and describes 
Smart Enterprise system designed to support the new principles. In the first section of 
paper the analysis of the modern approaches to enterprise management is given and 
main features of the holonic enterprises are considered. In the second section we con-
sider an example of the structure of holonic enterprise, in which the competing  
business centers and knowledge centers are described. Virtual project shares are con-
sidered as a method of employees motivation. In the third sectional the functionality 
and architecture of Smart Enterprise intelligent resource management system is  
presented which is designed with the use of resource-demand networks, ontologies 
and multi-agent technology. Finally, in the fourth section the first experience for the 
system is considered and recommendations for its development are given.  

2 New Approach to Enterprise Management 

The crisis of the modern management is already fully recognized by practioneers of 
innovations, as it was stated on Moscow Forum of innovations 2012 [4]. One of the 
sections of Moscow International Forum “Open Innovations – 2012” was fully  
dedicated to “interpreneurship”, since “many modern companies oriented to the suc-
cess and achieving long-term results begin to develop internal culture of entrepreneur-
ship stimulating the appearance of the entrepreneur spirit in usual daily routines,  
integration of personal entrepreneur skills and enterprise resources”.  

This approach suggests the stimulation and encouragement of new ideas, eliminating 
the boundaries on scope of activities for departments and their employees (breaking the 
barriers), recognizing the role of knowledge in the project management, tolerance to trial 
and error, even faults, providing the required resources, teamwork, orientation to the 
result, developing the award systems for achieving best results, which, of course, requires 
the support of the top management. The implementation of this approach breaks the ex-
isting bureaucratic stereotypes in the company management and results in designing 
networking organizations and implementing the principles of organizational democracy 
which could be based on ideas of holonic enterprises [5].  

The structure of such enterprise can be explained as a multi-level network of busi-
ness centers that can self-organize on virtual market of the mother company. 

The main features of such enterprises are given in Table 1.  

Table 1. The characteristics of holonic enterprises  

Traditional enterprise Holonic enterprise 

Centralization of functions Decentralizion of functions 

Hierarchical structure, rigid relations between 
employees 

Networking structure, flexible relations be-
tween employees 

Closed to environment Open to environment 
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Table 1. (continued) 

Traditional enterprise Holonic enterprise 

The knowledge in decision making is rigidly 
fixed, the decisions are made according to for-
mal rules of business processes  

The knowledge is not fixed, priority is in 
generating new knowledge, the decisions are 
made not formally and are situation-driven  

Planning approach, all resources are allocated in 
advance  

Market approach, the resources are allocated 
when necessary  

Resource allocation is static and pre-defined  
Resource allocation is dynamic and based on 
growing competencies of employees 

Top-down communication according with hie-
rarchy  

Peer-to-peer communication as required for 
problem solving  

Batch planning, following the regulations and 
instructions  

Flexible planning in real time, following 
events 

High level of certainty Full uncertainty 

Communications are regulated by business 
processes 

Communications are not regulated and are 
situation-driven 

Total control  Self-motivation 

Fixed salary Dynamic salary 

3 Model of Holonic Enterprise  

3.1 The Structure of Holonic Enterprise 

Let’s consider the structure of our company Smart Solutions as an example of holonic 
enterprise.  

The key elements of holonic enterprise structure are business centers (BC) that 
work as autonomous virtual companies operating in the internal market of the mother 
company (MC) for projects implementation. The important feature of the structure is 
its internal decentralized nature based on BCs supported by the infrastructure pro-
vided by KCs, but able to operate independently. 

The structure of the considered company includes the BCs shown on Fig. 1, each re-
sponsible for the projects in the corresponding domains: smart aerospace, smart factory, 
smart trucks, smart mobile services, smart railways, smart supply chain networks. 

Knowledge centers (KC) (the name reflects knowledge as the main company re-
source) act as resource pools for projects implementation. They become a “home” for 
professional community of employees, where the level of qualification of employees 
is determined, competencies profiles are designed, salary is assigned and individual 
plan of competencies development is created. 

The KCs of the company include the following:  

─ Analytics Center (AC) including analysts working on the proposals for government 
and commercial customers, gathering and specifying requirements, responsible for 
sales, marketing, advertising and development of contacts; 

─ Development Center (DC) including the platform developers, solution architects, 
programmers, testers and technical writers; 
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─ Project Management Center (PMC) including business centers’ leaders, project 
managers and coordinators, it is the operational “think tank” of the company that 
monitors the whole project development cycle (from idea – to implementation); 

─ Administration Center (AdmC) including lawyer, CFO, chief accountant, econo-
mist, office manager, IT managers and other employees. 

 

Fig. 1. Example of organizational structure of the holonic company 

The role of the strategic “think tank for long-sustainable development of the company 
is a responsibility of the Board of Directors, which includes the leaders of BC, AC, 
DC, PMC, and AdmC and external advisors. 

3.2 Operations of Holonic Enterprise 

New BC is created on the base of the first project in the new domain sector. From the 
very beginning it has its own profit and loss reports and usually requires an initial 
investment from the mother company.  

BCs directly interact with the customers and grow from project to project, by ga-
thering domain knowledge and new opportunities. For this reason, each BC is buying 
the specialists from KCs as well as technology/process knowledge and ready-to-use 
software components and document templates, best practices etc. In its turn, KC of-
fers and provides the employees to BCs, certifies them and monitors their growth and 
success in projects. 

By design of the organization there exists a conflict between BCs and KCs that re-
quires negotiations for its resolution in each specific case considering the current 
company situation: each BC having specific revenue is interested in obtaining the 
most effective specialists, but only for the period that is really required for the tasks 
execution, to maximize its profit. However, while the main goal of BC is the profit 
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from projects, the goal of KC is the profit from delivery of the resources. This means 
that the employees, for which KCs are the “homes”, must be properly trained and 
have the required qualification, otherwise they will not be invited by BCs.  

In case of such organization each employee has the opportunity to give or receive 
offer his or her service to any BC negotiating on the jobs and work hours for each 
project. As a result of the agreements, the payments for employees becomes more and 
more variable and can grow unlimitedly. Employee’s “home” is also interested in this 
since it receives the interest for each employee that participates in BC projects.  

For the long-term motivation of the employees to reach to final results, we have 
designed the mechanism of the virtual project shares (VPS) for the employees that 
reflect the personal creative input into each project and results achieved. 

In the case of successful task execution, the employee receives a specific amount of 
VPS in the projects. This is supplemented by the accumulation of the statistics on execu-
tion time for the tasks of this type which is used for new tasks estimations and generating 
recommendations. Finally each project has a specific sum of shares, which become a basis 
for bonus allocation at completing the stages of each project. For example, the employee 
that has successfully organized an exhibition that resulted in signing a few contracts, will 
receive certain “knowledge dividends” for each of these contracts.  

4 Smart Enterprise Solution: Ontologies and Multi-agent 
Technology for Managing Holonic Enterprises 

4.1 Main Functionality of Smart Enterprise Solution 

There is a need for a software solution to support the full cycle of project manage-
ment, covering the resource allocation, scheduling and optimization, rescheduling 
according to events, coordination with employees and monitoring tasks execution in 
real time. The solution should also take into account the semantic specifics of the 
tasks and how they match with the competencies of employees, support employees’ 
interaction during decision making in real time project management, motivate people 
to achieve final result. 

For this purpose the Smart Enterprise solution was developed on the base of re-
source-and-demand networks (RDN) concept using ontologies and multi-agent ap-
proach providing the real-time resource scheduling [6-7].  

4.2 Multi-agent Technology for Real Time Scheduling of Holonic Enterprise  

The multi-agent technologies bring the support of real-time decision making in 
project management by allowing the adaptive rescheduling of the resources when new 
tasks and other unexpected events come from outside or appear as a result of team 
members interaction. 

Adaptiveness means that the changes in input data (events – new project, em-
ployees vacation, new tasks, changes in deadlines, execution progress updates, etc.) 
do not lead to the full rebuilt of the schedule, but local rescheduling is done only for 
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the part of the schedule that is affected by these changes with possible shifting, reallo-
cating or swapping of the operations to other employees. 

The principles of multi-agent scheduling platform can be described as follows [8]: 

─ Each task and employee has its own software agent that receives the requirements, 
preferences and constraints for the scheduling and has an individual schedule;  

─ The agent begins the scheduling by searching for the required resources in the 
scene, which reflects the current situation in the department, particularly, which 
employee executes which tasks for the current scheduling horizon; 

─ If the proper employees are busy, the conflict is detected and the negotiations on its 
resolution by shifting, reallocating and releasing time slots begin; 

─ During the negotiations different options are possible: new task will be moved to 
the less proper resource, the previous task will leave the schedule or shift; 

─ Even after having solved all conflicts and made the schedule, each agent doesn’t 
stop and pro-actively continues to look for a better result. 

Such approach distinguishes the proposed system from the existing project manage-
ment systems, in which all tasks and resources are considered as known in advance 
and do not change during scheduling or execution [9-10]. The key logic of the system 
is implemented by the agents that act on behalf of the orders, projects, tasks, depart-
ments, employees, software documents, etc. (Table 2). Basic flows of agents negotia-
tions are shown in Fig. 2.  

Table 2. Main agent classes of the system 

Agent of Agent description Attributes 

Order Order looks for the best possibilities to be fulfilled 
within the frames of existing or new BC and KC, 
interests and competencies of the employees. 

Contents, cost, time prefe-
rences, etc. 

Project  Tries to organize and execute the project according 
to the given criteria, preferences and constraints, 
technological and business processes, availability 
of the employees  

Ontological descriptor of 
the project, employees, 
belonging to BC, budget 
and deadlines, results 

Organization 
(BC or KC, 
project team) 

Tries to achieve and improve the results of the 
group in general by the given criteria, monitors the 
situation, changes the strategy for the selected 
agents, stress or destress the constraints and prefe-
rences to find out and resolve “bottlenecks”.  

Organization type, list of 
employees, criteria and 
strategies, expected results 
and current KPIs  

Employee Wants to be fully occupied according to his or her 
profile and receive bonuses for quality, productivi-
ty, etc. Also tries to master his or her competencies 
to achieve the higher level of qualification and 
salary. 

Competencies profile, work 
schedule, current task, 
qualification level, VPS, 
wages, author of documents 
and software components, 
etc.  

Software 
component or 
document  

Wants to be maximally used in the projects, if 
necessary, be improved. Considers the relation 
between other components, documents, tests, etc.  

Ontological descriptor, 
author, relation to other 
components, cost.  



 Actors, Holonic Enterprises, Ontologies and Multi-agent Technology 19 

 

Table 2. (continued) 

Technologica
l or business 
process  

Wants to be executed in the best way as a chain of 
separate operations (tasks) required to fulfill orders 
for the projects.  

Product components, opera-
tions list and relations be-
tween them, execution 
criteria, cost and other 
terms.  

Operation Looks for the best employees, documents and 
components according to the preferences and 
constraints of the project and relations with other 
operations.  

Competencies and qualifica-
tions of the employee, 
duration, relation to the 
project and other operations.  

Result 
(product) 

Tries to be created as a result of project execution 
from ready-to-use or new components  

Product (results) 
characteristics 

 

 
Fig. 2. Basic flows of agents’ negotiation  

4.3 Ontology of the Holonic Enterprise 

Ontology of the enterprise allows users to specify concepts and relations of project 
management domain for the specific enterprises that are used by the agents  
considered above, for example, specific tasks are given in Tab. 2 above. 

The fragment of the ontology of the enterprise considered above including the 
main concepts such as “project”, “employee” and some other is shown in Fig. 3. On-
tology allows creation of the formalized situation model for the real enterprise hereaf-
ter referred to as “scene” (Fig. 4).  

The scene is formed as a network of instances of semantic concepts and relations, 
designed on the base of enterprise ontology connecting the classes of orders, projects, 
business and technological processes, operations and employees with each other. 
These relations are analyzed by the agents and help to work out and make decisions, 
restricting combinatorial search in the system. 

Result scheduling  

Work 
schedule 

Result 
checking 

Who will execute the 
operation in the re-

quired time and for the 
current cost? 

Can be used? 

All satisfied? 
Any bottle-

necks? 

Product 
agent 

Order 
agent 

Organization 
agent 

Operation 
agent 

Document 
agent 

Employee 
agent 

Component agent 

Preparation        
schedule 
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Consists of

Project

Project 
team

Milestone

Result

TaskLink

Project 
template

Task 
requirements

Type of 
work

Requirements 
template

Part of

Based on

Consists of

Can have

Characterized by

Is a

Achievement of

Executes

Includes

Execution means

Process 
template

Includes

Consists of

Executor

Member of

Enterprise Department

Skill

Personal specifics

Goal Achievement

Has

Has

Work at

Forms Consists of

Consists of

Skill level
Skill

Develops

Requires

Achieves

AwardPerforms

Supposes

Motivates

Выполняет

Based on

Consists of

Has

Prefers

Specialization

 

Fig. 3. Fragment of the basic ontology of the enterprise 

 

Fig. 4. Scene representation  

4.4 Solution Architecture and Key Components  

The solution is designed with three-tier architecture “user interface – scheduling busi-
ness logic – database”, each tier can be located at a separate server.  

The key component of the solution is the application server that executes the adap-
tive scheduling based on events, interacts with subsystems, performs data processing 
and provides access rights mechanisms in the system. 
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The subsystem of adaptive scheduling works constantly at the server side of the 
system and can use any relational database to store the scene. The main scheduling 
components are: dispatcher agent, message interaction service, agents lifecycle sup-
port service, services for creation and deletion of the agents, support of the agent 
communication protocol and access to scene. 

5 User Interface and Workflow of Smart Enterprise Solution 

5.1 User Interface 

The user interface allows user to see the most important up-to-date information and 
easily follow changes that happen using KPI values that change in real time. The 
home screen provides the access to all active concepts in the system: 

─ projects – project details and schedule; 
─ tasks – current tasks execution status and results; 
─ employees — employees profiles and workload, virtual project shares; 
─ dynamics — workload reports and dashboards; 
─ knowledge base — ontology and scene representing the situation of the enterprise; 
─ services — additional services (MS Project integration etc.). 

 

Fig. 5. The schedule represented by Gantt chart  

The top-down project management is done using the Manager Workstation via the 
corresponding logs. The logs display the information using grid views with additional 
color indication that reflects task statuses (not allocated, is scheduled, in progress, 
delayed etc.). The visual data grid component provides functionality for grouping, 
filtering and sorting data by any number of fields simultaneously. The graphical re-
presentation of the project schedule over the whole resource set is done using the 
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combined Gantt-Perth chart (Fig. 5), reflecting the dependencies between the tasks. 
Besides this, the top chart on the screen displays the total department workload re-
sources lack or excess. 

The most interesting component is the Developer Workstation, a new component 
supporting info-communication functionality of the system, which includes the fol-
lowing functions: 

─ browsing the suggested tasks and selecting the task to execute; 
─ task decomposition or creation of a new task, changing task parameters (for exam-

ple, work estimation);  
─ accepting the task, starting the execution, specifying execution problems, task 

completion, requesting help for the task; 
─ ability to specify the attitude of the employee to the task, how much does he or she 

like it (the task, which employee doesn’t like, can be reallocated); 
─ setting the preferences and constraints of the employee; 
─ event input (work left estimation, etc.);  
─ displaying tasks by statuses (not started, in progress, completed, etc.);  
─ task filtering using the semantic descriptors etc.  

As a result, the system not only schedules, but also constantly communicates with the 
users from each project team. The goal of the communication is specifying the con-
tent of the task and possibilities to achieve the result as effectively as possible. The 
tasks are not “fixed” on the user, but suggested, and can be accepted or declined.  
The work estimation is always requested and checked using the statistics of the simi-
lar tasks executed before. The user can suggest new tasks, re-specify parameters, etc. 

5.2 System Workflow 

Let us consider the process of scheduling and coordination of the schedules between 
the developers at the level of specific tasks:  

─ The manager creates a new task or coordinates the necessity of the urgent execu-
tion of a task created by one of the developers;  

─ Parameters of the task and duration of its execution are specified according to the 
ontology and statistical data, but can be changed by the manager manually;  

─ The agent of the task finds the proper developer using its ontological description 
and competencies profile;  

─ The task comes to the Developer Workstation and asks him to consider the possi-
bility to execute it;  

─ The developer selects one of the tasks form the list and sends a confirmation that 
he is ready to execute it. He or she can set the preferences: agree on the suggested 
execution schedule, specify the convenient execution date and time or even decline 
the task specifying the reason in order to provide information for the manager who 
sees all notes and can correct them and take further actions;  

─ If the user introduces the changes that seriously differ from the initial schedule, the 
agent of the task tries to find out the reasons and tries to find proper developer;  
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─ Then the process is repeated the same way until full coordination of schedules, not 
allocated tasks can be compulsory assigned to the developer;  

─ Based on the results of the job completion, the calculation of employees wages is 
done according to the agreed rate, VPS are issued if the quality of the task comple-
tion and its results are confirmed by the next developer in the chain of tasks and by 
the project manager;  

─ The developer can see, how much he has earned during the day or other period and 
can select the tasks from the pool of unallocated but recommended project tasks to 
receive additional fee. 

Thus, in the proposed system the tasks are scheduled, but not assigned automatically 
to the employees without the communication and dialog with them. During the dialog 
the task description can be specified, execution time can be changed, the task can be 
decomposed, etc. If the employee overestimates the work, the system can check it 
with the help of the manager or find replacement and, as a result, the developers can 
be stimulated to get better results.  

6 Obtained Results and Prospects of the System Development  

The first experience of system implementation and application for Rocket and Space 
Corporation “Energia” (Russia) and “Smart Solutions” software engineering company 
shows a high potential of the approach for increasing the efficiency of enterprise op-
erations and support of solution by both management and employees.  

The following results are expected as the outcome of the first application tests:  

─ increase of the employees work efficiency - by 10-15%; 
─ reduction of the efforts on tasks allocation, scheduling, coordination and monitor-

ing for running project - by 3-4 times; 
─ increase of the reusability of the existing resources (documents, components, etc.) - 

from 50% and more;  
─ reduction of the time of response to unexpected events - by 2-3 times; 
─ increase of the percentage of the enterprise projects completed within the required 

budget and timeframe - by 15-30%; 
─ the platform for increasing the number of projects without increasing the number 

of developers and analysts.  

The important result is the consolidation of team spirit within the enterprise by recog-
nizing the message of great value of results and talents of each employee, support of 
individual profiles and development paths, intelligent and flexible task selection and 
assignment, motivation to result achievements. 

The main prospects of the further system development are associated with the im-
plementation of the network-centric p2p platform for coordination of the work of 
departments, the development of the adaptive scheduling method of multi-criteria 
decision making with self-regulation by criteria, with the use of the cloud computing 
to provide the developed system by SaaS model.  
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7 Conclusions 

A new concept of holonic enterprise management is at the moment being tested  
at “Energia” aerospace corporation and at our own company “Smart Solutions” for 
increasing innovations and efficiency of resources.  

The practical application of the developed concept results in the change of the 
company structure and the shift of paradigm from the centralized decision making and 
hierarchical structures to the networking organizations made on the base of business 
centers competing for the resources and knowledge centers competing for the 
projects. The important role in this structure is played by leaders (as opposed to  
managers) that can take the responsibility, dynamically form the teams to solve the 
emerging problems and achieve the results. 

The first results of the software solution application show that the suggested concept 
becomes useful motivation tool for innovations and increase of business efficiency. 

Authors acknowledge financial support of Rocket and Space Corporation “Ener-
gia” (Russia), which supports our developments. 
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