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 

Abstract— The paradigm of multi-agent systems is used in 

various application scenarios like manufacturing control or 

multi-agent assistance systems that aim at providing assistance 

to the user of the system in a specific task or situation. With an 

increasing number of applications of multi agent assistance 

systems in the industrial automation domain, the different 

architectures of these applications can be compared and 

differences and similarities can be identified. This paper 

presents the results of the literature review of 18 agent-based 

assistance systems from different domains. Within the reviewed 

architectures, seven different agent types could be identified. In 

a further step, design patterns based on the application domain 

and the level of automation have been identified and discussed. 

These design patterns can be used to facilitate the development 

of future multi agent assistance systems. 

 

I. INTRODUCTION 

The paradigm of multi-agent systems (MAS) has been a 
research subject since the 1990s [1]. Numerous architectures 
and applications based on the agent paradigm have been 
proposed and implemented in various domains, e.g. control 
of decentralized production systems [2, 3, 4], resource 
scheduling [5, 6] or simulation [7, 8]. 

Although no universally accepted definition of agents 
exists [9], a consensus about the typical agent properties can 
be found in the literature. Among the most named properties 
are: reaction to the environment, autonomy, goal-orientation 
and persistence [10]. VDI guideline 2653 defines agents as 
follows: "A technical agent is a delimited (hardware or/and 
software) entity with defined goals. A technical agent strives 
to achieve these goals through autonomous behavior, 
interacting with his environment and with other agents." [11]. 
Multiple agents can collaborate on a task in a multi-agent 
system. Approaches using the MAS implementation 
paradigm usually make use of the previously described agent 
properties. However, based on the purpose of the application, 
some properties are put more into focus than others.  

Assistance systems that aim to support the user in a 
specified situation or during a specific action are another field 
where MAS can be applied. The goal orientation along with 
other agent properties can be used to provide adequate 
support to the user. The approaches in that field can be 
classified into different levels of automation, from simple 
assistance activities like data evaluation to highly automated 
or even autonomous execution of actions. When analyzing 
the MAS architectures of different assistance systems, the 
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question arises whether similarities or differences can be 
identified in the architectures.  

Such analysis has already been conducted by Lüder et al. 
in the field of agent-based production system control [12] 
where two different design patterns could be identified for 
agent- based control. However, this survey was focused on 
production system control and therefore the identified 
patterns are limited to that use case. In the production 
context, the role of production resources and the production 
order as well as aggregating production skills are in the focus 
of the paper.  

Since multi-agent assistance systems consider different 
aspects and can be applied in various domains, an analysis of 
MAS architectures of assistance systems was conducted by 
the authors in this paper. The research questions that will be 
discussed are: (1) Which criteria can be used for the 
comparison of MAS architectures for assistance systems? (2) 
Do application domain and/or the level of automation of the 
provided assistance functionality have an influence on the 
MAS architecture? And finally, based on the previous 
findings: (3) Is it possible to identify general design patterns 
for agent-based assistance systems? 

Accordingly, the aim of this paper is to analyze MAS 
architectures of agent-based assistance systems from various 
domains and to identify design patterns that can be used for 
future MAS development of assistance systems. Therefore, a 
literature review of existing MAS architectures has been 
conducted and the results have been analyzed and discussed. 

The remainder of this paper is structured as follows: 
Section II gives an overview about assistance systems and 
application examples as well as their different levels of 
automation. The methodology of our literature review is 
described in Section III. Subsequently, the results of the 
analysis of different multi-agent architectures from our 
literature review are presented in Section IV. A discussion on 
findings and identified patterns is included in Section V. 
Finally, in Section VI the paper closes with conclusions and 
an outlook on future work. 

II. BASICS 

Engineers are confronted with different types of tasks in 
their daily work. While some are repetitive, others are highly 
knowledge-based. Assistance systems which are aiming at 
providing suitable support or partly automating these tasks 
are in the focus of research. The following subsections will 
give a brief overview on assistance systems and explain the 
ten levels of automation. 
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10. The computer decides everything, acts autonomously, ignoring the human

9. The computer informs the human only if it, the computer, decides to 

8. The computer informs the human only if asked

7. The computer executes automatically, then necessarily informs the human 

6. The computer allows the human a restricted time to veto before automatic execution

5. The computer executes that suggestion if the human approves

4. The computer suggests one alternative

3. The computer narrows the selection down to a few

2. The computer offers a complete set of decision/action alternatives

1. The computer offers no assistance: human must take all decisions and actionsin
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A. Assistance Systems and their Functions 

Human and machines working together has become more 
and more important over the last years and will be a topic 
within the next years [13]. One form of this collaboration are 
assistance systems to support users with their tasks and 
decisions. For more than 30 years, knowledge based systems 
are used to assist humans [14]. Nowadays, there are 
assistance systems like the lane and side assistant in a car, 
automated consistency check during the engineering [15], 
assistance for monitoring tasks [16], for scheduling problems 
[17] or for test management [18], and others. The rapid 
development in the field of artificial intelligence is also 
driving the field of assistance systems. Agent-based 
approaches are often used to realize assistance systems. 
Software agents [19] are autonomous software units that are 
able to make decisions and negotiate with each other. They 
can work together in a multi-agent system to solve problems 
cooperatively. There are multi-agent assistance systems that 
consist of just one type of agent [17] and others where the 
agents represent different roles [18, 15]. 

Functionalities which can by typically found in assistance 
systems, are according to [20]: (1) Creation and processing of 
information; (2) generation of alternatives; (3) evaluation of 
alternatives; (4) selection of alternatives; (5) monitoring of 
the decision execution and (6) controlling the decision 
execution. 

For the classification of multi agent assistance systems, 
different criteria like the application domain or the level of 
automation (see following subsection) can be applied. For a 
broader overview on possible assistance systems 
classifications, the reader is referred to [20-23]. 

B. Levels of Automation 

According to Sheridan [24] automation can be defined as 
a device or system that accomplishes (partially or fully) a 
function that was previously, or conceivably could be, carried 
out (partially or fully) by a human operator. Automation can 
be usefully characterized by a continuum of levels rather than 
as an all-or-none concept [25]. Fig. 1 shows how [24] 
distinguishes 10 levels of "Automation of Decision and 
Action Selection" ranging from 10, highest degree of 
autonomy, to 1, lowest degree of autonomy of the computer 
over human action. Since this paper addresses assistance 
systems, we focus on the levels 2 – 5: 

Figure 1.   Ten levels of automation according to [24] 

• 2: The computer offers a complete set of decision/action 
alternatives 

• 3: The computer narrows the selection down to a few 

• 4: The computer suggests one alternative 

• 5: The computer executes that suggestion if the human 
approves 

Through this definition, it is possible to determine the 
level of automation of assistance systems. 

III. METHODOLOGY AND COMPARISON CRITERIA 

Even with the restriction of assistance systems of 
production automation systems, a huge number of papers 
regarding multi-agent systems exists. Out of the first 150 
found papers 18 were selected based on a categorization of 
the found papers. The categorization of the papers was done 
on the one hand by assigning the papers to the life cycle 
phases of a system (engineering, test, operation). On the other 
hand the papers were categorized into different domains 
according to the aim of the system and the task that the 
assistance system is used for. The determined domains in the 
field of industrial automation are engineering, test 
management, scheduling, monitoring and simulation. 
Additionally, the assistance systems ware categorized with 
respect to their level of automation. 

After selecting the relevant literature, the papers were 
analyzed in depth and recurring agent roles were identified. 
To identify the roles of each agent in the system, the agents 
were analyzed and their main tasks and intended behaviors 
were identified. It is also possible that one agent represents 
the functionality of more than one role which is discussed 
later. Subsequently, frequently occurring agent types were 
derived from the identified roles. 

With the identified agent types we tried to identify 
patterns in the investigated assistance systems. Several 
possible starting points exist for identifying patterns: 

Firstly, as each assistance system has an interaction with 
the user, we researched how the interaction of the systems 
with the user was realized. Mainly, whether the interaction 
was realized with a dedicated (centralized) agent for user 
interaction or whether each agent interacts with the user 
when needed. 

Furthermore we tried to identify a correlation between 
used agent types and whether the assistance system is 
coordinated in a central or decentralized way. 

The third starting point was to search for dependencies 
with respect to the agent types of the assistance systems and 
the domains and use cases for which the assistance systems 
are applied. 

Another starting point was to identify a dependency 
between the used agent types and the level of automation of 
the assistance system. Here the main idea is, that certain 
agent types may only be required in certain levels of 
automation. 

We not only looked at those aspects separately, but also 
investigated whether combinations of two or more of these 
aspects can be identified and whether they can be used for the 
identification of patterns. For example, there could be 
similarities of the used agent types of assistance systems with 
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a similar automation level and a similar domain. As 
sometimes some agents represent multiple agent roles and 
therefore can be matched to several agent types, we also tried 
to identify patterns with respect to agents which were 
assigned to different agent types.  

Additionally to patterns in the used agent types we also 
tried to identify patterns in the architecture of the agent 
systems with respect to the above mentioned aspects. 

Lastly we tried to identify special cases, which cannot be 
assigned to one of the identified patterns. For those special 
cases we tried to identify the reason, why they were realized 
in a completely different way than the other assistance 
systems. 

IV. ANALYSIS OF DIFFERENT AGENT ARCHITECTURES 

In this section, the investigated approaches in our 
literature review are listed in subsection A and have been 
mapped to different domains. Subsequently in subsection B, 
we analyze the architecture of these approaches and derive 
agent types that can be identified in the investigated 
architectures. Subsection C shows the summarized result of 
our literature review. 

A. Agent-based assistance systems in various domains 

In the literature review, approaches from different 
domains in the field of industrial automation have been 
considered. The investigated domains are: engineering, test 
management, scheduling, monitoring and simulation.  

For supporting engineers in different actions during the 
engineering process of automation systems, multi-agent 
systems have been used to provide the needed support. 
Wagner [26] uses agents to assist the engineer proactively 
during the use of CAx tools. Using engineering knowledge 
about dependencies between components and modules from a 
library, interdependencies and problems in the current design 
are recognized and possible solutions are given to the 
engineer. Seemüller et al. [27] present an approach that also 
supports the engineering process of mechatronic systems. In 
contrast to [26], the agents do not only monitor changes in 
the design but also include models of single design activities 
and thus, proactively guide the engineer during the design 
process. Approaches which also guide the engineer through 
selected phases of the planning process are presented by 
Beyer et al. [28] and Marks et al. [29]. In [28], a multi-agent 
system is described which supports the rough planning of 
intralogistics systems. Marks et al. [29] describe a system 
which assists the engineer during the adaptation process of 
automated manufacturing machines which generates and 
evaluates suitable adaptation options for a given production 
request. To support the knowledge management during 
engineering, Monticolo et al. [30] use agents to create project 
memories which can be reused in future projects. Another 
assistance approach that is based on previously gained 
knowledge is presented by Li and Chen [31]. The approach 
aims at shortening the design cycle of new machine tools by 
applying a MAS that uses case-based reasoning. 

Multi-agent assistance systems are also used for test 
management. Abele [18] describes a system that supports the 
planning of the regression test in distributed manufacturing 
plants by combining manual modeling with automated data 

processing coordinated by software agents. Malz et al [32] 
describe a multi-agent system that determines the 
prioritization order of test cases which increases the test 
effectiveness and the fault detection rate. Kumar and Bhatia 
[33] developed a multi-agent assistance system to speed up 
the test case generation using UML diagrams to identify 
changes. 

Another task multi-agent assistance systems are often 
used for is scheduling. Agents are able to negotiate 
procedures and schedules of decentralized problems. The 
application areas range from space operations where human 
activities must be planed [17] over the coordination of 
chartering traffic airplanes [6] until flexible and efficient 
manufacturing systems scheduling [34]. 

Another field of application for agent-based assistance 
systems is the monitoring of automated systems. Lu and Sy 
[35] are using a multi-agent system to monitor the 
manufacturing line of an engine manufacturer to support the 
personnel in decision-making. In [36] a multi-agent system is 
used to increase the availability of a system by monitoring 
the performance of the system and also to ensure safety. 
Fernandez et al. [37] detect disruptive events in a system by 
monitoring to enable a more efficient scheduling. 

In the field of simulation, multi-agent assistance systems 
are also often used either by modeling a production system 
using agents or by connecting agents to simulations to enable 
an assistance system. In [38] agents are used to model a 
repairable manufacturing system to increase the overall 
production rate. Vögeli [39] and Jung [40] use MAS as a 
connection to different simulation tools. Vögeli [39] utilizes a 
multi-agent system to parallelize a multi physical simulation 
and [40] enables a dynamic co-simulation of IoT-systems by 
using a multi-agent system. 

Besides those reviewed systems, additional multi-agent 
assistance systems exist, which provide an even higher level 
of assistance, so that the demarcation to an automation 
system becomes difficult. Mubarak [41] for example realizes 
a self-management system for automation systems, in which 
the level of assistance can be regulated up to level 6, where 
the multi-agent system actively controls the automation 
system, so that the levels of assistance are exceeded. As it is 
not possible to determine which agents are used for 
assistance functionalities and which are used for automation 
functionalities, those systems are not considered in the 
research. 

B. Derivation of agent types 

Through reviewing the different architectures of the 
mentioned assistance systems, we were able to derive the 
following seven (abstract) agent types:  

 Algorithm-Agent: used to reach objectives like 
optimization, evaluation of options etc. This agent 
type merely contains the necessary algorithms for 
this task and requests or receives the required data 
from other agents. 

 UI-Agent: enables the communication between user 
and assistance system via a dedicated agent which is 
responsible for handling the user interface. 
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 System-Component-Agent (active): is representing 
a component of the system as well as its 
corresponding interests, knowledge and data model 
within the assistance system. 

 System-Component-Agent (passive): acts as a 
passive interface between the assistance system and 
external tools or components. Its main task is to 
encapsulate the external component and to translate 
bidirectional messages and to forward them to other 
agents or the component. 

 Database-Agent: manages the data or knowledge of 
a specified data source. 

 Aggregation-Agent: aggregates knowledge or 
information from various data sources. 

 Coordination-Agent: coordinates the internal 
processes of the multi-agent systems and acts as a 
central instance within the commonly decentralized 
multi-agent system. 

Besides these agent types, we figured out that the 
infrastructure of the agent-environment, e.g. the Yellow 
Pages or the Message Transport Service were either provided 
by the used implementation framework, e.g. JADE or were 
implemented via an own agent, e.g. in [31]. As those agent 
types only provide agent specific infrastructure and usually 
do not affect the corresponding architecture for the specific 
use case, we did not include them in our further 
considerations. 

As mentioned above, some of the architectures combine 
different roles and therefore different agent types in one agent 
e.g. [17, 36, 39]. 

C. Overview and comparison of reviewed MAAS 

The aggregated results of our literature review are 

summarized in Table I. The table includes the domain where 

the multi-agent assistance system (MAAS) is applied, the 

used agent types as well as the level of automation. 

TABLE I.  COMPARISON OF MAAS (●: DEDICATED AGENT FOR THIS TYPE EXISTS, ◐: AGENT TYPE IS INCLUDED IN AN AGENT) 

Domain MAAS 
Algorithm-

Agent 
UI-Agent 

System-

Component

-Agent 

(active) 

System-

Component

-Agent 

(passive) 

Database

-Agent 

Aggregation-

Agent 

Coordination-

Agent 

Level of 

Automati

on 

Engineering 

[26] ●  ●  ●   3/4 

[27] ● ● ● ● ● ● ● 3 

[30] ◐ ◐ ◐  ● ●  5 

[28] ●  ●  ●  ● 3 

[29] ● ● ● ● ● ● ● 3 

[31] ● ●  ● ● ●  3 

Test 

Management 

[32] ◐ ● ◐  ● ●  3 

[18] ● ● ●  ● ● ● 3 

[33] ◐ ◐   ● ● ◐ 3 

Scheduling 

[6] ● ● ● ●   ● 4 

[17] ◐ ◐ ◐    ◐ 3/4 

[34] ●  ●    ● 4 

Monitoring 

[35] ● ● ●  ●   3 

[36] ●,◐  ●,◐  ●, ◐  ● 3/4 

[37] ● ● ●  ●, ◐ ● ●, ◐ 3 

Simulation 

[38]   ●     2/3 

[39] ◐ ●,◐  ◐ ●  ◐ 4 

[40]    ●   ● 2 

 

V. FINDINGS ON PATTERNS 

Based on the literature review, we identified some 
patterns regarding the used agent types based on the domain 
and the level of automation. The results and findings are 
discussed in this section. 

Finding 1: The architectural design of the necessary user 
interface in the multi agent system differs although all 
assistance systems need to get input from and provide 
information to the user. While some architectures include a 
dedicated UI-Agent, other researchers decided not to depict 
them specifically or to distribute the user interface over 

different agents each providing their own interface if 
necessary. A general statement if a dedicated UI-Agent 
should be used seems impossible and seems to depend on the 
use case and the preferences of the system architect.  

Finding 2: Concerning the Level of Automation, it can be 
concluded that agent-based assistance systems with 
automation level 2 (“The computer offers a complete set of 
decision/action alternatives”, cf. Fig. 1) are not likely to 
contain an Algorithm-Agent while all investigated approaches 
with automation level 3 (“The computer narrows the 
selection down to a few”, cf. Fig. 1) or higher use at least one 
agent of this type. As per definition of the Levels of 
Automation, below level 3 no narrowing of possible solutions 
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is required and therefore there is no need for a corresponding 
algorithm which performs this usually knowledge-based task. 

Finding 3: Every reviewed assistance system uses 
System-Component-Agents, either active or passive except for 
[33]. In this assistance system no System-Component-Agent is 
required because no system components have to be 
represented, as the system which has to be tested, is 
considered as a whole. In the other reviewed assistance 
systems the system is modularized by using System-
Component-Agents. 

Finding 4: In the domain of scheduling, the investigated 
approaches do not contain Database- or Aggregation-Agents 
in their architecture. Additionally, all investigated approaches 
in the scheduling domain use a dedicated Coordination-Agent 
to handle the complexity of scheduling at a centralized 
location rather than using a decentralized scheduling 
approach. In other domains, however, a dedicated central 
Coordination-Agent can only be found in some of the 
architectures. The usage of a centralized or decentralized 
architecture seems to be depending on the specific use case 
and not on the domain. 

Finding 5: In the scheduling domain we observed the 
usage of System-Component-Agents (active) in each 
investigated assistance system architecture, which were used 
to represent the interests of the corresponding components of 
the automated system that shall be scheduled.  

Finding 6: In contrast to approaches of the scheduling 
domain, the approaches of the test management domain use 
Database-Agents as well as Aggregation-Agents to aggregate 
and manage the different sources of information and 
knowledge. To provide assistance in a test management 
scenario, it is necessary to combine distributed information 
sources in order to optimize the selection of test cases rather 
than using brute force approaches.  

Finding 7: Engineering is another domain which is 
heavily based on (a-priori) knowledge and available system 
models. Thus, assistance system architectures in the 
engineering domain commonly use agents of the type 
Database-Agent and often also Aggregation-Agents to 
aggregate information.  

Finding 8: Additionally, we could not find a dependency 
between the Level of Automation and the usage of a 
Coordination-Agent. Centralized as well as decentralized 
approached seem to be applicable for different levels of 
automation. 

VI. CONCLUSIONS AND FUTURE WORK 

This paper presented the results of the literature review of 
18 multi-agent assistance systems that are used in different 
application domains of industrial automation systems, 
namely engineering, test management, scheduling, 
monitoring and simulation. The reviewed approaches were 
discussed regarding the different agent types that are included 
in the multi-agent architecture and the level of automation 
that the approach is able to provide to the user. 

Besides the basic agent infrastructure like Agent 
Management System or Directory Facilitator, seven agent 
types could be identified in the investigated approaches. In 

many cases, the agent architecture used dedicated agents for 
the different types, however some architectures included 
more than one type in one agent. This observation goes hand 
in hand with the Gaia design methodology which allows to 
assign multiple roles to one agent. It seems to depend on the 
application and the preferences of the MAS architect whether 
to use dedicated agents for one type or to combine them, e.g. 
for performance reasons. 

Based on the literature review of multi-agent assistance 
systems, patterns for the agent architecture in the investigated 
domains and the level of automation were identified. Within 
most domains, it could be observed that some of the agent 
types are typically used in assistance systems of that domain. 
This observation could be confirmed by deeper analysis of 
the assistance function that the assistance system is 
providing. Regarding the level of automation, no significant 
patterns could be identified for the levels 3 to 5. However, 
only low assisted processes (automation level 2) which do 
not require a narrowing of a complete set of decision or 
action alternatives, usually do not use dedicated agents for 
the execution of optimization algorithms since they are not 
required.  

Since only a limited number of papers in the wide field of 
agent-based assistance systems could be reviewed and 
summarized in a conference paper, future research will 
investigate a greater number of approaches to verify our 
observations. The research methodology can also be extended 
towards other aspects like the usage of different knowledge 
management techniques or different forms of knowledge 
representation. The next steps will also include the 
comparison of our results with the ones of other research 
groups that work in the field of agent design patterns, e.g. the 
Expert Committee 5.15: Agent Systems of the VDI / VDE 
Society Measurement and Automatic Control (GMA). 
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