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Preface

PAAMS 2015 Workshops complement the regular program with new or emerging
trends of particular interest connected to multi-agent systems.

PAAMS, the International Conference on Practical Applications of Agents and
Multi-Agent Systems, is an evolution of the International Workshop on Practical
Applications of Agents and Multi-Agent Systems. PAAMS is an international yearly
tribune to present, to discuss, and to disseminate the latest developments and the most
important outcomes related to real-world applications. It provides a unique opportunity
to bring multi-disciplinary experts, academics, and practitioners together to exchange
their experience in the development of Agents and Multi-Agent Systems.

This volume presents the papers that have been accepted in the workshops during
the 2015 edition of PAAMS: Workshop on Agents and multi-agent Systems for AAL
and e-HEALTH; Workshop on Agent-Based Solutions for Manufacturing and Supply
Chain; Workshop on MAS for Complex Networks and Social Computation; Workshop
on Intelligent Systems for Context-based Information Fusion; Workshop on Multi-
agent based Applications for Smart Grids and Sustainable Energy Systems; Workshop
on Multiagent System Based Learning Environments; Workshop in Intelligent Human-
Agent Societies. Each paper submitted to PAAMS workshops went through a stringent
peer-review by three members of the International committee of each workshop. From
the 91 submissions received, 36 were selected for presentation at the conference.

We would like to thank all the contributing authors, as well as the members of the
Program Committees of the workshops and the Organizing Committee for their hard
and highly valuable work. Their work has helped to contribute to the success of the
PAAMS 2015 event. Thank you for your help, PAAMS 2015 wouldn’t exist without
your contribution.

June 2015 Javier Bajo
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Abstract. Ambient Assisted Living (AAL) systems must provide adap-
ted services easily accessible by a wide variety of users. This can only be
possible if the communication between the user and the system is car-
ried out through an interface that is simple, rapid, effective, and robust.
Natural language interfaces such as mobile multimodal conversational
agents fulfill these requisites, as they can emulate communication capa-
bilities of a human being including several communication modalities,
such as speech, tactile and visual interaction. In this paper, we present
a multimodal application for Android mobile devices aimed to patients
suffering from Alzheimer. This application helps them to enhance their
memory and to stimulate their cognitive abilities.

Keywords: Multimodal applications - Mobile devices - Android -
Alzheimer - Cognitive capacity + Ambient Assisted Living

1 Introduction

Mutimodal conversational agents [1,2] and mobile devices have been proven
useful for providing the general public with access to telemedicine services, pro-
moting patients’ involvement in their own care, assisting in health care deliv-
ery, supporting the elderly, and improving patient outcome [3]. Bickmore and
Giorgino defined these systems as being “those automated systems whose pri-
mary goal is to provide health communication with patients or consumers
primarily using natural language dialog” [3].

During the last two decades, these interfaces have been increasingly used in
Ambient Assisted Living (AAL) providing services such as interviews [4], coun-
seling [5,6], chronic symptoms monitoring [7], medication prescription assistance
and adherence [8], changing dietary behavior [9], promoting physical activity [10],
helping cigarette smokers quit [11], or speech therapy [12].

The remarkable rise in life expectancy during the last century has made
Alzheimer’s disease (AD) among the most common disorders of late life. An
insidious loss of memory, cognition, reasoning, and behavioral stability leads
inexorably to global dementia and premature death of the patient. The disease
also implies an increasingly significant public health issue, with the number
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of people living with AD projected to increase dramatically over the next few
decades. Every year 4.6 million new cases of Alzheimer are detected.

Alzheimer’s is characterized by the presence of cognitive disorders (mem-
ory disorders, aphasia, attention and concentration deficit disorders), physical
problems (incontinence, weakness, slow down, and motor disabilities) and emo-
tional and/or behavioral disorders (depression, anxiety, aggression, apathy, etc.).
These disorders are treated by both non-pharmacological and pharmacological
methods. Although no treatments stop or reverse its progression, exercise and
cognitive programs are beneficial and potentially improve outcome.

In this paper, we describe a mobile application created for helping patients
suffering from Alzheimer. Mobile devices programming has emerged as a new
trend in software development. The main developers of operating systems for
such devices have provided APIs for developers to implement their own appli-
cations, including different solutions for developing voice control. Currently the
75 % of smartphones and tablets operate with the Android OS [2].

Also, there is an active community of developers who use the Android Open
Source Project and have made possible to have more than one million appli-
cations currently available at the official Play Store, many of them completely
free. For these reasons, our framework makes use of different facilities integrated
in Android-based devices. Android also offers libraries that can be employed to
build more natural interaction with mobile devices particularly useful for the
elderly and people with visual or motor disabilities, such as automatic speech
recognition and text-to-speech synthesis.

The application allows accessing a wide range of exercises 24 h a day to try
to preserve cognitive abilities as long as possible, slow the rapid course of the
disease, and enhance patient relationship with its environment, trying to make it
easier and bearable the long road that involves suffering from Alzheimer. Despite
the increased use of mobile devices for personal and professional use, there are
few rehabilitative purpose mobile applications designed for Alzheimer’s patients.
Most of them are only focused on specific functionalities, such as geolocation and
tracking functionalities to locate patients who get lost, medication management
and reminder, Alzheimers information and resources, memory and focus, relax-
ation, or enjoyment'. One of the main objectives of the developed application is
to compile exercises with different complexity and main objectives specifically
adapted to AD’s patients, also ensuring an easy interaction with the application,
the automatic correction, and the provision of an adequate feedback.

2 Developed Application

The developed application is mainly based on a detailed study of a large num-
ber of guides that collect exercises and activities carried out by AD’s patients
and caregivers to stimulate cognitive abilities [13—15]. In this respect, the main
characteristic symptom is the loss of memory for recent events, preserving longer

! http://www.alzheimersblog.org.
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Table 1. Summary of exercises

collected from the bibliography

MEMORY

Immediate memory

Repeat a word list.

Repeat words after hearing them.
Short-term memory

Find pairs of images.

Read a story and answer questions about it.
Show a set pictures and try to remember as
many as them as possible.

Remember everyday events.

Long-term memory

Ask for personal information.

Ask for biographical memories.

Remember places or people in the past life using
photographs or videos.

Talk about the previous profession, places
visited, school, children’s games, etc.
Remember the past using objects.
ORIENTATION

Time orientation

Use a calendar to select the current day, month,
and year.

Decorate the environment according to the
current season.

Perform parties, meetings or meals related to
the current season.

Spatial orientation

Locate the city, address, etc.

Locate the different rooms of the house.
Personal Guidance

Complete a diary.

Make a family tree.

ATTENTION

Search for specific elements among a group of
varied elements.

Search a specific element in a photograph.
Find the differences between two images.
Solve mazes.

GNOSIA

Sight

Recognize graphic or images.

Recognize images by looking at its shadow
or outline.

Recognize letters and numbers.
Discriminate figure-ground.

Recognize colors from a list of them.

Say the name of the color that is described.
Classify objects depending on their color, shape
or size.

Recognize faces.

Recognize facial expressions.

Hearing

Recognize sounds.

Remember and imitate different sounds.
Recognize songs.

LANGUAGE

Oral language

Say the months, the seasons, or days of

the week.

Complete numerical series.

Say the name of the objects in different
pictures.

Define words.

Say words that start with a letter or syllable.
Complete word categories.

Provide synonyms and antonyms.

Use word association.

Talk about topics of interest.

Try to describe photographs.

Repeat words, sentences, syllables, letters,
or numbers.

Use simple commands to try to complete them.
Use body language to understand commands.
Reading and writing

Reading exercises.

Reading comprehension.

Writing exercises (writing, dictation, copy
sentences, etc.).

PRAXIAS

Ideomotor

Perform simple movements, such as brushing
teeth, combing hair, fastening up shirt, saying
hello.

Imitate simple gestures.

Ideational

Perform a complete sequence of movements.
Constructive

Complete a puzzle.

Copy drawings or figures.

Complete incomplete figures.

Draw simple figures.

Copy symmetries.

Calculation

Solve mathematical problems.

Simulate purchase calculations.

Perform simple accounts.

Sort numbers.

Recognize odd and even numbers.

Count in twos, threes or subtract.

Count from 1 to 10 or vice versa.

Use games like bingo or Parcheesi.

Body schema

Touch different parts of the body.

Use instructions to do with the different parts
of the body.

Select the different parts of the body using
images.

Identify where every garment is placed.

memories, such as the youth and childhood memories. As the disease progresses,
different disorders are related to language, attention, recognition, understanding
and implementation of actions. Table 1 summarizes the different categories and
types of exercises defined for the developed application after the study of the
related bibliography and studies.
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The developed application, which is accessible using desktop and mobile
devices, provides multimodal interaction instead of usually mediated simple text-
based forms interaction, including spoken access and a visual and tactile repre-
sentation. Automatic Speech recognition (ASR) has been implemented by means
of the Google Speech API (package android.speech). Using this package, spoken
interaction can be carried out by means on a RecognizerIntent, or by creating an
instance of SpeechRecognizer. The former starts the intent and process its results
to complete the recognition, providing feedback to the user to inform that the
ASR is ready or there were errors during the recognition process. The latter pro-
vides developers with different notifications of recognition related events, thus
allowing a more fine-grained processing of the speech recognition process. Nat-
ural Language Understanding (NLU) to obtain the semantic interpretation of
the user inputs is carried using very easy grammars that provides the sentences
that are required in the corresponding exercises. The android.speech.tts package
includes the classes and interfaces required to integrate Text-To-Speech synthe-
sis (TTS) in an Android application. They allow the initialization of the TTS
engine, a callback to return speech data synthesized by a TTS engine, and con-
trol the events related to completing and starting the synthesis of an utterance,
among other functionalities.

The visual arrangement of the contents uses dynamically created and filled
graphical layout elements (such as buttons, text fields, checkboxes, radio buttons,
toggle buttons, spinners, and pickers). Since many objects can be shown at the
same time on the display, the system re-arranges the objects on the screen and
removes objects, if necessary. The visual structure of the user interface (UT)
is defined in an Android-based multimodal application by means of layouts.
Layouts can be defined by declaring UT elements in XML or instantiating layouts
elements at runtime. Both alternatives can be combined in order to declare the
application’s default layouts in XML and add code that would modify the state
of the screen objects at run time. Declaring the UI allows to better separate the
presentation of the application from the code that controls its behavior.

The proposals for the development of the different modules of the application
eases the construction of the application by isolating rehabilitation from the
technical detail, so that caregivers and parents can add, delete, or modify new
contents and exercises in the different folders of the categories without having a
technical background at the same time as the software includes these new data
for the interaction with the patients. The following subsections describe the main
modules and types of practical exercises provided by the application.

2.1 Memory Module

Memory loss is the main symptom of this disease. Several types of memory are
affected during the course of this disease (immediate memory, short-term mem-
ory, long-term memory, working memory, episodic memory, semantic memory,
and procedural memory). The first type of exercise in this module is divided into
two parts, the first part proposes reading a text (Fig.1, first) and the second
part requires to answer several questions about it (Fig. 1, second).
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&% Memory &%, Memory &% Memory

Read the following What is is the name of the Complete the following
story and then answer main character of the story? sentences:
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and then write the words
you remember.

house

Fig. 1. Examples of exercises in the memory module

The second type of exercise (Fig. 1, third) is based on a series of unfinished
sentences that must be correctly completed. The objective of this exercise is to
develop long-term memory, given that the sentences try to recall distant events,
situations that comes everyday but the patient learned many years ago, etc. The
third type of exercise is based on a series of words reproduced by the text-to-
speech synthesizer, which must be correctly written below (Fig. 1, fourth). This
exercise is related to the immediate memory. The last exercise of this category
is related to long-term memory. The exercise shows four images, one of which is
not related to the other (Fig. 1, fifth).

2.2 Orientation Module

Another main symptom of Alzheimer’s disease is the disorientation at three
main levels. In the first stage of the disease (disorientation), the patient begins
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Fig. 2. Examples of exercises in the orientation module

to not recognizing the current date. In the second stage (spatial disorientation),
the patient begins to become disoriented while driving or walking by spaces
that are not familiar. In moderate stages, the patient loses the knowledge about
themselves (personal disorientation).

The first type of exercise in this module consists of answering five ques-
tions related to temporal disorientation (Fig. 2, left). The second type of exercise
(Fig. 2, center and right) is also related to the temporal orientation. The exercise
presents four images showing a clock with a different time. The user must select
the image showing the time in which a described action is usually carried on.

2.3 Attention Module

Attention, which can be defined as the ability to voluntarily apply understanding
to a target and refer to, is also impaired by the disease. The first type of exercise
in this module requires ordering a set of 12 images (Fig. 3, left and center). The
images can be dragged to place them in the correct position. In the second type
of exercises three different types of images are shown (Fig. 3, right). Images with
the features required by the exercise must be chosen.

2.4 Gnosia Module

Gnosia can be defined as the ability to recognize the world around us through
different senses. The disease causes the non-recognition of faces, colors, shapes,
perspectives, sounds, smells, tastes, objects and associated functions.

In the first type of exercise of this module (Fig.4, left), the objective is to
first select the required specific color and then write the color corresponding to
daily objects. In the second type of exercise, the objective is to select the mood
of the person depicted in the image (Fig.4, center). The last type of exercise



An Ambient Assisted Living Mobile Application

Arrange the following animals

Arrange the following animals

JX Attention

Select all the images

in decreasing order from

in decreasing order from
bigger to smaller:

E showing a lighthouse:
bigger to smaller:

Next exercise

Fig. 3. Examples of exercises in the attention module
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Fig. 4. Examples of exercises in the gnosia module

requires selecting the group of images corresponding to the category described
in the exercise (Fig. 4, right).

2.5 Language Module

The alteration of language, increasingly less rich and fluid, is another charac-
teristic symptoms of Alzheimer’s disease. This affects oral and written language
(troubles finding the right words in a conversation, difficulties to repeat words,
change the words from other similarly sounding, etc.). The patient not only has
problems with expressive language, but also with its understanding.

The main objective of the first exercise in this module is to write 10 different
words starting with the given letter (Fig.5, left). The second exercise requires
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.i/\\l

Write 10 words starting Write the name of 10 Press the button and
with M: countries: say the following
sentence:

My dog is smart.

Google

Verify -nswersl | Next exercise | |Veriiy ans'ersl | Next exercise | IVerin Inswersl | Next exercise

Fig. 5. Examples of exercises in the language module

writing 10 words fulfilling the given condition (Fig.5, center). The last type of
exercise uses the Automatic Speech Recognizer to require reading the sentence
that is shown at the screen (Fig. 5, right).

2.6 Executive Functions Module

The decreased ability of praxia (ideomotor, ideational, and constructive) makes
impossible to perform simple gestures, to make an appropriate use of everyday
objects, and reduce writing and drawing skills, the capabilities for completing
puzzles, etc. The capacity calculation or conception of the body, position and its
parts also deteriorates.

In the first type of exercise in this module (Fig. 6, left) a series of dominoes has
to be continued with the correct option. The second type of exercise consists of
dragging coins required for the amount described in the exercise (Fig. 6, center).
The third type of exercise (Fig. 6, right) consists of arranging 6 jumbled images
that form a story.

3 Preliminary Evaluation

A preliminary evaluation of the developed application has been already com-
pleted with the participation of 6 caregivers, who rated the naturalness and
rehabilitative potential of the system. The questionnaire shown in Table2 was
defined for the evaluation. The responses to the questionnaire were measured
on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree). The experts were also asked to rate the system from 0 (minimum) to 10
(maximum) and there was an additional open question to write comments or
remarks.
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Fig. 6. Examples of exercises in the executive functions module

Table 2. Questionnaire designed for the evaluation of the application with caregivers

Technical quality

TQOL.

The system offers enough interactivity

TQO2.

The system is easy to use

TQO3.

It is easy to know what to do at each moment

TQO4.

The amount of information that is displayed on the screen is adequate

TQO5.

The arrangement of information on the screen is logical

TQO6.

The system is helpful

TQO7.

The system is attractive

TQOS.

The system reacts in a consistent way

TQO9.

The system complements the activities without distracting or interfering with them

TQO010. The system provides adequate verbal feedback

TQO11. The system provides adequate non-verbal feedback

Rehabilitative potential

RPO1.

The system fulfills the objective of helping patients suffering from Alzheimer’s

RPO02.

The contents worked in the activities are relevant for this objective

RPO3.

The design of the activities was adequate for these patients

RPO04.

The activities support significant cognitive abilities

RPO5.

The feedback provided by the system improves understanding

RPO6.

The system encourages continuing using it after errors

The results of this questionnaire are summarized in Table 3 (top). As can be
observed from the responses to the questionnaire, the satisfaction with technical
aspects was high, as well as the perceived potential to stimulate cognitive abili-
ties. The application was considered attractive and adequate and the caregivers
felt that the system is appropriate and the activities relevant. The global rate
for the system was 8.6 (in the scale from 0 to 10).
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Table 3. Results of the evaluation of the application by caregivers (left) and recruited
users (right). For the mean value M: 1 = worst, 5 = best evaluation

Min/max | Average | Std. deviation
TQO1|3/5 4.18 0.67
TQO2 | 4/5 467 047
TQO03 |4/5 4.83 0.37
TQO4 |4/5 4.13 0.43
TQO5 | 4/5 467 047
TQO6 |4/5 4.83 0.37
TQOT7 4/5 423 0.43
TQO8 |4/5 4.50 0.50
TQO09 |4/5 4.83 0.37
TQIL0 4/5 467 | 0.46
TQ113/5 401 076
RPO1 | 5/5 5.00 0.00
RP02 | 4/5 467 045
RPO03 | 4/5 4.83 0.37
RP04 |5/5 5.00 0.00
RPO05 | 4/5 4.67 0.47
RPO06 | 4/5 4.83 0.37
uQl |4/5 456 | 0.47
UQ2 |4/5 4.67 0.35
UQ3 | 4/5 412 |0.58
UQ4 |3/5 3.74 0.39
UQs | 3/5 349 | 0.51
UQ6 |4/5 4.77 0.38
uQ7 | 3/5 402 027

Although the results were very positive, in the open question the caregivers
also pointed out desirable improvements. One of them was to make the system
listen constantly in spoken exercises instead of using the push-to-talk interface.
However, we believe that this would cause many recognition problems, taking
into account the range of exercises. Also, although they considered the contents
useful and attractive and its feedback adequate.

We have already completed a preliminary evaluation of the application with
17 recruited users (avg. age 58.3, 10 male and 7 female) and a set of scenarios
covering the different functionalities of the system. The total of users have previ-
ous knowledge about mobile devices, and more than half of them have previously
worked with rehabilitative applications. We asked them to complete a question-
naire to assess their opinion about the interaction. The questionnaire had seven
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questions: (i) UQL: How well did the system understand you?; (ii) UQ2: How well
did you understand the system messages?; (iii) UQ3: Was it easy for you to get
the requested information?; (iv) UQ4: Was the interaction with the system quick
enough?; (v) UQb: If there were system errors, was it easy for you to correct
them?; (vi) UQG: Do the proposed activities support significant cognitive abili-
ties?; (vil) UQT: In general, are you satisfied with the performance of the system?
The possible answers for each questions were the same: Never/Not at all, Sel-
dom/In some measure, Sometimes/Acceptably, Usually/Well, and Always/Very
Well. All the answers were assigned a numeric value between one and five (in
the same order as they appear in the questionnaire).

Table 3 (bottom) shows the average results of the subjective evaluation using
the previous questions. It can be observed that the users perceived that the
system understood them correctly. Moreover, they expressed a similar opinion
regarding the easiness to understand the system responses. In addition, they
assessed that it was easier to obtain the information specified for the different
objectives, and that the interaction with the system was adequate and adapted
to their preferences. An important point remarked by the users was related to
the difficulty of correcting the errors and misunderstandings generated by the
ASR and NLU processes in some scenarios. Finally, the satisfaction level also
shows the correct operation of the system.

4 Conclusions

In this paper, we have described a mobile application created for helping patients
suffering from Alzheimer. The application allows stimulating patients’ cognitive
abilities by means of different exercises organized into several categories. Such
categories have been envisaged following a detailed study of the bibliography
describing cognitive training and rehabilitation therapies for persons with dif-
ferent degrees of dementia.

Thanks to its multimodal interface, it provides the user combinations of input
and output modalities to communicate with the system, which are particularly
useful for the elderly and for people with visual or motor disabilities. This makes
the application intuitive and handy, not only for people who suffer some form of
dementia in the first or moderate phases, but also for informal caregivers (e.g.
relatives), as well as the caregivers working in day centers for elderly.

Another important benefit of the application is its extensibility, as the pro-
posed exercises are decoupled from the logic of the application, which facilitates
the modification, deletion and incorporation of new exercises according to the
patient’s preferences and specific requirements.

We are currently undergoing the next phases in the deployment of the appli-
cation. First, we want to conduct a comprehensive evaluation of the system’s
functionalities and different exercises with patients suffering from Alzheimer’s.
We also want to extend user awareness functionalities using a register to store
the previous user’s interactions with the application and adapting its operation
according to their preferences, mistakes and advances in each of the categories.
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With the results of these activities, we will optimize the system, and make it
available the in Google Play, which will help to build a bigger user community
that will allow to incorporate new exercises and experiences.
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TEC2012-37832-C02-01, CICYT TEC2011-28626-C02-02, CAM CONTEXTS (S2009/
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Abstract. In this paper, a computational model of a human agent is presented
which describes the effect of social support on mood. According to the literature,
social support can either refer to the social resources that individuals perceive to
be available or to the support that is actually provided in problematic situations.
The proposed model distinguishes between both roles of social support. Simulation
experiments are done to analyze the effect of the different types of support in
different scenarios. It is shown that support can help to reduce the induced stress
and thus can contribute to healthy mood regulation and prevention of depression.
This presented model provides a basis for an intelligent support system for people
with mood regulation problems that take the social network of people into account.

Keywords: Social support - Stress buffering - Human ambient agent

1 Introduction

Social support is one of the major factors that can help people in their life, especially
during stressful events that may ultimately lead to depression. Social support plays a
beneficial role in the mental wellbeing human beings through its impact on emotions,
cognitions and behaviors [1], and through this even contributes to good physical health.
Effective social support provided through adequate social networks can alleviate the
effect of stress on an individual’s psychological situation [2]. A person who is well
integrated in social networks is less vulnerable to stress or depression.

Social support is often used in a broad sense, referring to any process through which
social relationships might promote health and wellbeing. It is still a scientific questions
by which mechanism the social support actually influences people’s mental health. The
psychological literature on social support and health includes multiple points of view,
descriptions and effects. According to Gray et al. [3], subjective perception that support
would be available if needed may reduce and prevent depression and unnecessary
suffering. Literature [4, 5] differentiated structural and functional support measures.
Structural supports refer to measures describing the existence and types of relationships
(e.g. marital status, number of relationships). Functional support assesses whether inter-
personal relationships serve particular functions (e.g. provide affection, feeling of
belongings). According to Glanz et al. [6], social support is one of the important functions
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of the web of social relationship around an individual (its social network). People may
provide social support either in the form of emotional or tangible support. In [7], it is
explained that social support is associated with how networking helps people to cope with
stressful events moreover it can enhance psychological wellbeing. Social isolation and
low level of social support have been shown to be associated with medical illness (e.g.
depression).

In this paper, we extend an existing model for mood regulation to describe the
different types of effect of social support on mood regulation. The model involves
different cognitive states of a human being that are considered as important for mood
and appraisal of the situations. The model is used to investigate the difference in effect
of perceived (expected) and received (actual) support [5, 7] from a social network during
a period of stress.

This paper is structured as follows. In Sect. 2 contains a more detailed discussion of
social support and its effect on mental health and wellbeing. The conceptual model of
mood dynamics with extension of social support concepts are discussed in Sect. 3. In
Sect. 4, a number of hypotheses about the effect of different types of support are formu-
lated, which are then investigated by simulation experiments with the model. The results
of the experiments and the consequences for the hypotheses are discussed in Sect. 5.
Finally, Sect. 6 concludes the paper with a discussion about the usage of this model in
agent-based support systems and an outlook to future work.

2 Background

The increasing interest of researchers in the concept of social support and its role in
psychological and physical health opened several dimensions of research in the field of
social, psychological and health sciences. Literature over the last decades demonstrated
notable research in the field of social support and its effects on health and wellbeing [8].
Many studies have shown that stress is generated when an individual appraises a situa-
tion as stressful or threatening and does not have proper coping response [9, 10]. More-
over, if an individual appraises a stressful situation with a feeling of helplessness or
hopelessness (e.g., without the perception or reception of support), the situation become
more stressful to deal with [11].

Social support is a coping resource to handle stressful events. The protective mech-
anism of social support in the face of psychosocial stress is called a buffering mechanism.
Social support may play arole at different points in the process of relating the occurrence
of stressful events to illness [5, 7, 12]. Support may intervene between stressful events
(or expectation of it) and a stress response by attenuating or preventing a stressful
appraisal. The perception of support by others through a network will provide necessary
resources and may redefine the potential for harm posed by a stressful situation and
strengthen one’s capability to cope with imposed stressful demands. Support may alle-
viate stress appraisal by providing a solution to the problem, by reducing the perceived
importance of the problem. Thus social support prevents a particular situation from being
appraised as highly stressful. Moreover, sufficient support may intervene between expe-
rience of stress and the beginning of the pathological outcome of illness by reducing the
stress reaction or by directly influencing accompanying psychological and physiological
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processes; so people are less reactive to perceived stress or by facilitating healthful
behaviors [12].

According to literature [5, 7, 13] there are two hypothesis about the nature of the
relationships between social support and health. First, the main effect hypothesis
describes that social relationships have a beneficial effect regardless of whether indi-
viduals are under stress, as large social networks provide individuals regular positive
experiences and socially rewarded roles in the community. This kind of support (i.e., a
sense of identity, of purpose, and of meaning, belonging, and self-esteem) could be
related to overall wellbeing because it provides positive effects during stressful events
on self esteem, so integration in a social network may also help one to avoid negative
experiences of life; otherwise that would increase the probability of psychological or
physical disorder. Second, the stress buffering hypothesis describes that the social rela-
tionships are related to wellbeing only for individuals under stress. The buffering process
takes into account both the variety of coping requirements that may be required by a
stressful event and the range of resources that may (or may not) be provided by social
relationships. Buffering effects occur when an individual perceives the availability of
resources that will help him to respond to stressful events. Whereas it has been suggested
that structural aspects of relationships might operate through the main effect model,
functional aspects of relationships might operate through the stress buffering mecha-
nism, and perceived availability of functional support is thought to buffer the effects of
stress by enhancing individuals coping capabilities. The model proposed below simu-
lates the stress buffering model as described in [8].

3 Model of a Human Agent

The human agent model (see Fig. 1) describes how the stress buffering affects different
cognitive states and helps a person to deal with a bad event, and how this can increase
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Perceived or Received
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Perceived support
Re-appraisal

stressful events

- - - -y

Il 1
| appraisal LT prospected moodl
| level !
| I
| houghts :
: I
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| ST prosy mood |
| level I
\ O O )
N vulnerability Coping I

Fig. 1. Conceptual agent model of mood dynamics and social support
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his/her coping skills. The model adopts an existing model for the dynamics of mood
[14], and extends it by concepts of social support. In this section, the model of mood
dynamics is described first, and then the extension parts are explained.

3.1 The Model of Mood Dynamics

The model of mood dynamics is depicted in the lower part of Fig. 1 (illustrated in the
dashed box). The main concepts include the mood level, appraisal and coping skills of
a person, and how the levels for these states affect the external behavior in the form of
selection of situations over time (objective emotional value of situation). The model is
based upon a number of psychological theories; see [14] for a mapping between the
literature and the model itself. A short definition of each state and its role is explained
in Table 1.

In the model a number of states are defined, whereby to each state at each point in
time a number from the interval [0,1] is assigned. First, the state objective emotional
value of situation (oevs) represents the value of the situation a human is in (without any
influence of the current state of mind of the human). The state appraisal represents the
current judgment of the situation given the current state of mind (e.g., when you are
feeling down, a pleasant situation might no longer be considered pleasant). The mood
level represents the current mood of the person, whereas thoughts indicates the current
level of thoughts (i.e., the positivism of the thoughts). The long term prospected mood
indicates what mood level the human is striving for in the long term, whereas the short
term prospected mood level represents the goal for mood on the shorter term (in case
you are feeling very bad, your short term goal will not be to feel excellent immediately,
but to feel somewhat better). The sensitivity indicates the ability to select situations in
order to bring the mood level closer to the short term prospected mood level. Coping
expresses the ability of a human to deal with negative moods and situations, whereas
vulnerability expresses how vulnerable the human is for negative events and how much
impact that structurally has on the mood level. Both coping and vulnerability have an
influence on all internal states except the prospected mood levels; but in Fig. 1 those
arrows are left out for clarity reasons. Finally, the stressful world events state indicates
an external situation which is imposed on the human (e.g. losing your job). Please see
[14] for more details about this model.

3.2 Extending the Model with Social Support Aspects

Social factors can promote health through two generic mechanisms: stress-buffering and
main effects [1, 5, 12]. As mentioned, in this paper the focus is on stress buffering; this
mechanism is often considered by psychologists, especially by those interested in inter-
vention. This model asserts that health benefits from social connections by providing
psychological and material resources needed to cope with stress. In the literature, an
important difference is made between actual and perceived support; they are included
as two separate states in the agent model introduced here.
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Table 1. Definition of states of conceptual model

Short name

Definition

Stressful event

Circumstances in the world that affect the situation in a stressful manner (e.g. losing his job)

OEVS The objective emotional value of situation (OEVS) represents how an average person would
perceive the situation

Appraisal The current judgment of the situation given the current state of mind (e.g., when you are feeling
down, a pleasant situation might no longer be considered pleasant)

Mood The complex notion of mood is represented by the simplified concept mood level, ranging from
low corresponding to a bad mood to high corresponding to a good mood

Thoughts The mood level influences and is influenced by thoughts. Positive thinking has a positive effect
on the mood and vice versa

Sensitivity This node represents the ability to change or choose situations in order to bring mood level closer

to prospected mood level. A high sensitivity means that someone’s behavior is very much
affected by thoughts and mood, while a low sensitivity means that someone is very unrespon-

sive

St-prospected mood

level

Lt-prospected mood

The mood level someone strives for, whether conscious or unconscious is represented by
prospected mood level. This notion is split into a long term (LT) prospected mood level, an
evolutionary drive to be in a good mood, and a short term (ST) prospected mood level, repre-

senting a temporary prospect when mood level is far from the prospected mood level

level
Vulnerability Having a predisposition for developing a disorder
Coping Coping is used in the model presented in this deliverable by means of continuously trying to adapt

the situation in such a way that an improvement is achieved

Received support

The actual support which person received from his social network

Perceived support

The perception that others will provide appropriate aid if it is needed. The belief that others will
provide necessary resources may bolster one’s perceived ability to cope with demands, thus

changing the appraisal of the situation and lowering its effective stress [9]

Perceived or received

support

Whole amount of social support (both received and perceived received)

Re-appraisal

Reappraisal process occurs when a person, reappraises the stress experience in the presence of

actual support as well as perceived support

Actual Support: This state presents the value of actual support which person received
from his social network (e.g., your friend provides some money when you temporary

loss your job).

Perceived Support: According to the psychological literature, the critical factor in
social support operating as a stress buffer is the perception that others (even one reliable
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source) will provide appropriate aid [1, 5, 15]. A belief that (s)he can ask a friend for
help changes the person’s opinion about the situation. According to [16], the perceived
availability of social support in the face of a stressful event may lead to a more benign
appraisal of the situation, thereby preventing a cascade of ensuing negative emotional
and behavioral responses. As a result, the value of this state has effect on appraisal in
the proposed model.

In addition to these two kinds of support states, some additional states are added to
the previous mood model.

Perceived or Received Support: The value of this state shows the whole amount of
social support (both perceived and actually received). According to the psychological
literature, the belief that others will provide necessary resources may bolster one’s
perceived ability to cope with demands [5, 17, 18]. For instance, the perceived availa-
bility of functional support is thought to buffer the effects of stress by enhancing an
individual’s coping abilities [16]. So, this state has effect on the coping skills of person.
Please note that the value of this state has influence on the state coping; however this is
not shown as an arrow in Fig. 1.

Re-appraisal: The reappraisal state uses the concept of the perception of the support
in addition to the appraisal state. More specifically, the reappraisal state uses the concept
perception as well as actual reception of the support; a reappraisal process occurs when
a person reappraises the stress experience (generated by the appraisal) in the presence
of actual support as well as perceived support. Reappraisal intervenes between the actual
and perceived support and stress and the pathological illness.

3.3 Numerical Details of the Agent Model

As mentioned, for the model of mood dynamics (the lower part of Fig. 1, illustrated in
the dashed box) an existing model was adopted. In the simulations, the settings of this
model were also adopted. Due to the lack of space, we have to refer to original article
[14] for the numerical details of this part of model. In the simulations weights of arrows
which connect the new states to each other or to old states have been set at the following
values: Wperceived,appraisal 02’ Wperceived,appraisal 02, Wperceived,PORS 1’ Wreceived PORS 1. The
weights of all arrows to the reappraisal are the same as arrows to/from appraisal, except
WpoRS Reappraisal Which is 0.2. Moreover, in this new model the mood states thoughts and
sensitivity are affected by an average value of appraisal and reappraisal instead of only
appraisal. Furthermore, the initial for the simulation, are as follows: coping 0.1, vulner-
ability 0.9, LT _prospected 0.6, ST_prospected 0.6, oevs 0.6, appraisal 0.8, and sensi-
tivity 0.6.

In each iteration, the value of each state (except coping), V.- is defined according
the weighted sum of its inputs from other, connected states and its old value (V4):

Vnew = Yold + [lf * (Wl V] + WZVZ + )
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The adaptation factor af for all states in the mood model is 0.1. The new value of coping
is calculated by this formula (afpin, = 0.0005):

Coping,,, = coping,q + af,,pine * cOPingyy * (0.55 — coping,4) * PORS

4 Simulation Experiments

The human agent model presented above is used to make a comparison between what
the model predicts for the human agent, and what actually holds in the real world
(according to the literature).

4.1 Hypotheses

The objective of this paper is proposing a cognitive model that is consistent with related
theories about social support. A number of expected behaviors of the model can be
formulated:

H1. Social support (both perceived and actual) leads to less negative mood.

H2. A person who has a suitable social support will be more robust against bad events.

H3. Perception that others will provide appropriate aids during bad events (perceived
support) is more helpful than the actual support itself.

H4. Social support can help people to learn how to cope with bad events. It means that
at the very first times which a bad event happen, (s)he needs social support to cope
with. But, after some successful experiences to handle the problem, (s)he will be
more robust to cope with events with almost same demands.

4.2 Assumptions Behind the Example Simulations

To do the simulation experiments, some simplifying assumptions about the availability
of actual and perceived supports and their affect on the coping have been made:

e Perception about the availability of support starts meanwhile the stressful event and
fades out gradually after the event.

e In cases that actual support occurs, it starts meanwhile the event, and fades out grad-
ually (10 times faster than perceived support) after the event.

e Both kinds of social support have a positive effect on coping.

4.3 Simulations

In the first experiment, a scenario is simulated which one bad event (stressful_event
with value 0.2) occurs for the person and lasts for 3 days. Figure 2 shows the changes
in mood and appraisal for four different conditions:
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(a) No perceived support, no actual support
(b) No perceived support, just actual support
(c) Just perceived support, no actual support
(d) Both perceived and received support
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Fig. 2. Simulation results of the first experiment. Studying the influence of perceived and actual
support on handling a bad event. Value of mood after 500 h is mentioned above each graph. The
value of each state is a value between [0,1]

As it can be seen, the value of mood and appraisal decrease much when there is not
any kind of support (a). In contrast, only a minimal decrease in the value of mood
happens when both perceived and received are available (d). Moreover, comparison
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between situations in which just one kind of support is available shows that the percep-
tion of support has a more positive effect on mood than actual support.

In the second experiment, we consider three different scenarios. In the first scenario
the person experiences a very stressful event (value 0.2). In the next scenarios, two and
four events happen, but the events are less negative (value of 0.3 and 0.1 respectively).
In all scenarios, the bad event lasts for 2.5 days.

The scenarios are simulated for three types of persons with different personalities.
For each of the persons, we consider 5 different combinations of perceived and actual
support: no support, a (little) perceived support, a (little) actual support. Together this
results in 3 X 3 X 5 is 45 simulations.

The following types of persons are used first, an emotionally stable person, defined
by having good coping skills that balance out any vulnerability, and by having the desire
to have a good mood: coping value is 0.5, vulnerability 0.5 and LT prospected mood
level 0.8. An emotionally slightly unstable person is defined by having some vulnera-
bility and bad coping skills and the desire to have a medium mood: settings 0.9, 0.1 and
0.6 respectively. The third type, an emotionally very unstable person, is characterized
by settings 0.01, 0.99 and 0.6. For type 1 the OEVS is 0.8, for type 2 it is 0.94 and for
type 3 the stable OEVS is 0.999.! The results of the 45 simulations are presented in
Table 2 and Fig. 3, the figure depicts the maximum value of mood during simulation
given different increasing values for support. The idea behind this is that the maximum
value of the mood is an indicator for the recovery of a person from a depression.

According to some literature, depression is defined as a mood level below a threshold
(usually 0.5) during at least 336 h (two weeks). Table 2 shows the length of period that
the mood is bellow two particular thresholds (0.5 and 0.25), the cases that the length is
higher than 336 h are highlighted, and the average of value of mood in the first two
weeks of depression is mentioned in the second line of cell. Lower values of mood refer
to a stronger depression, which is shown by darker colors. The table illustrates that social
support in some cases prevents the depression; and in some other cases it decrease the
depth.

As in can be seen in Fig. 3 the social support is beneficial mostly for a person number
2, but not for a very stable or very unstable person. A very stable person seems not to
need to social support; on the contrary, social support cannot help a very unstable person.
The exception is for a very unstable person: when some moderate events happen for this
person, a high value of perceived social support can help to recovery after the event.

On the other hand, by focusing on the graphs related to person 2, we can see that the
graph of perceived social support has a higher gradient. This suggests that the same
amount of perceived social support is more effective than actual support.

In the third experiment, the long-term effect of social support is studied. Handling
a bad event by help of social support may lead to bolster one’s perceived ability to cope
with demands, and the person will be more ready to deal with next events (with almost
the same kinds of demands). In this simulation, several bad events occur with interval
of one month. Each bad event lasts for 2.5 days; during each event, the value of

" The start value for OEVS needs to be calculated for each type so that when no events occur, the
person stays balanced with al variables equal to LT prospected mood level.
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Table 2. Length and depth of period which mood is less than threshold (in hours). First number:
the length of period when mood is bellow threshold; second number: average mood value during
this period. Situations in which length >336 h are highlighted.
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stressful_event is 0.2. It is assumed that both perceived and received social supports are
available during all events.

Figure 3 shows the result of this simulation experiment. As it can be seen, the value
of coping skills is increasing during each event. As a result, the last events have less
effect on mood and appraisal, in comparison to the first ones. In fact, during the first
event, the value of mood is decreased by 0.235; while it is decreased only by 0.164
during the last event.

5 Discussion

The results of the experiments described previous section are used to validate the
hypotheses about our model about the relation between support and mood. Based on the
literature, four different hypotheses have been defined.
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Fig.3. The maximum value of mood for different amount of social support (perceived and actual)

Hi1.

H2.

H3.

H4.

The first hypothesis states that social support (both perceived and actual) leads to
less negative mood. The simulations in Fig. 2 show that mood goes down when a
stressful event occurs. However, when a person has a perception of adequate social
support he appraises the situation less negative and the lowest value of the mood
is less negative. Actual support doesn’t have much effect on the appraisal, but still
reduces the effect of the stressful event. Thus, both types of supports leads to less
depression in our model and H1 is validated

The second hypothesis states that a person who has a suitable social support, will
be more robust against bad events. Figure 3 shows that this only holds for a
moderately stable person (there we see that the mood value increases with addi-
tional support), but not for very stable or very unstable persons (except for scenario
3). A similar patterns is visible in Table 2. The hypothesis partly holds

The third hypothesis says that perceived support is more helpful than actual
support. Figure 3 indeed shows that — when there is a positive effect — the perceived
support is more helpful than the actual support (in the figure the blue line is above
the green line). Thus, this hypothesis holds

The fourth hypothesis states that social support can help people to learn how to
cope with bad events. Indeed Fig. 4 clearly shows that the coping skills increase
after negative events. As a result, the last events have less effect on mood and
appraisal, in comparison to the first ones.
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Fig. 4. Increasing the coping skills after during each bad event. The value of each state has a
value between [0,1].

In summary, social support has a positive effect on mood and can prevent the subject
from low mood, social support also has positive impact on coping skills and it enable a
person to learn how to cope during stressful events, but this mainly holds for moderately
stable persons.

6 Conclusion and Future Work

The computational model presented in this paper is the part of ongoing work on social
support and its effects on health and psychological wellbeing, particularly on stress and
depression. In this paper an extension of a human agent model of mood dynamics is
presented that takes social support into account. It distinguishes between actual support
and perceived support. The simulation experiments show that the effect of different types
of support are in line with the literature.

This model can form the basis of a support system that provides advices for persons
based on a prediction of the effect of situations on a person’s mood. For such a system, it
is important to be able to be able to estimate whether a person has social support and how
large that is. For this, it might be possible to use data from social media. In the current
decade, many electronic social environments have been developed in the form of social
media or social network sites (e.g., Facebook, Twitter, Myspace). These social media
provide a social environment where people can communicate with each other through
forming their own social networks or groups, and thus integrating with these social
networks. Such social media environments can be used for data collection (e.g., network
size, frequency of the contacts, locations, etc.) to develop, analyze, and validate predictive
models.

In future work, it is planned to investigate the relationships between measureable
aspects of social environment (e.g. size and structure of a social network), and the factors
used in the current model about the influence of social support on the cognitive states of a
human. This could lead to a support system that is able to exploit social network data for
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predicting the mood of a person. Moreover, the effects of different kinds of intervention
on persons and social networks can be analyzed and evaluated through empirical data.
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Abstract. A common conversation between an older adult and a nurse
about health-related issues includes topics such as troubles with sleep,
reasons for walking around nighttime, pain conditions, etc. This dia-
logue emerges from the participating human’s lines of thinking, their
roles, needs and motives, while switching between topics as the dialogue
unfolds. This paper presents a dialogue system that enables a human to
engage in a dialogue with a software agent to reason about health-related
issues in a home environment. The purpose of this work is to conduct a
pilot evaluation study of a prototype system for human-agent dialogues,
which is built upon a set of semantic models and integrated in a web
application designed for older adults. Focus of the study was to receive
qualitative results regarding purpose and content of the agent-based dia-
logue system, and to evaluate a method for the agent to evaluate its
behavior based on the human agent’s perception of appropriateness of
moves. The participants include five therapists and 11 older adults. The
results show users’ feedback on the purpose of dialogues and the appro-
priateness of dialogues presented to them during the interaction with the
software agent.

Keywords: Human-agent interaction - Human-agent dialogue - Health -
Active assistive technology - Evaluation - User experience

1 Introduction

Assistive technology aims to support an individual in accomplishing activities,
which they need to be able to do in the presence of decreased functionality
or ability. In this work the definition of active assistive technology, used by
Kennedy and co-workers [1], is applied to distinguish systems, which includes
automated processing of health information during a human agent’s interaction
with the system and which may output tailored responses to the human agent
in the process. The purposes of active assistive technology include the following:
to increase knowledge, assist in deciding about actions to make, and promote
changes of unhealthy behavior (i.e., in the form of behavior change systems).
Our work focuses on dialogues between a human actor and an active assistive
technology in the form of an intelligent software agent. The concept of Embod-
ied Cognitive Agents (ECA) is generally used for such systems. The ECA uses a
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virtual representation of a human with the ability to send information through
body language in addition to linguistic messages. However, we restrict the focus
in this work to structured linguistic dialogues based on semantic models of rel-
evant knowledge.

In this article, a dialogue system is presented, which enables a human actor
to conduct a dialogue with a software agent for the purpose of handling health-
related issues in a home environment. The aim is to enable the dialogues between
a human agent and a software agent, which are tailored to the human’s needs,
preferences and goals. The goal is to build a software agent that interacts with
the human as their personal coach, friend or a discussion partner, i.e., as a Coach
Agent as described in [2]. A prototype dialogue system was implemented and
integrated in a web-based support application designed for older adults, which
enables the human actor to conduct a dialogue with the Coach Agent in their
home environment. The prototype was evaluated in a pilot study involving a
group of older adults and a group of therapists.

This paper is organized as follows. In the following section the methods are
described and in Sect. 3, a brief description of the human-agent dialogue sys-
tem is provided. The results of the pilot evaluation study is presented in Sect. 4.
In Sect. 5, the results are discussed in the perspective of related active assis-
tive technologies described in literature. The article ends with conclusions and
comments on future work.

2 Methods

A pilot evaluation study was conducted involving a group of five female pro-
fessionals in occupational therapy and physiotherapy, specialized in the needs
of older adults, and a group of eleven older adults, six women and five men.
The study was formative, with the results aimed to inform further development.
The main research questions, which were targeted by the evaluation study, were
related to the overall idea of a dialogue system for supporting everyday issues,
how a sense-making dialogue would unfold and what topics would be interesting
to elaborate upon. Other research questions were related to interaction design
of the dialogue system.

The evaluation study was limited to the initiation of inquiry dialogues and
the conduction of nested information-seeking dialogues [3], in the context of a
use case scenario of an older adult called Ruth [2]. The information about Ruth
forms the base for the Coach Agent’s user model and the priorities of goals and
tasks. An example is given in Fig. 1. This information and consequently, the user
model changed during the testing, depending on how the participants interacted
with the system.

Observation of use and interviews were the methods used for collecting
the data.

During the study, the older adults and two of the therapists were individually
given the tasks to play the role of either the persona in our scenario, some other
person or themselves. The participants could also play both the roles one after
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Ve a
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[CaseID (1371670200235
[Firstname [Rut
|lGender ffemale
|iSleep Very important
|[Well-being Most important *
[Medication Very important
[Family and friends [Most important
|[Exercise Very important
|[Keep up with society|lmportant
* indicates highest importance

Activities to support
1. Sleep routines
2. Do funny things
3. Find and balance the amount of activities
4. Contacts with family and friends
5. Keep track of economy, birthdays, etc.
6. Exercise for strength and balance
7. Get started doing things
|8. Keep track of the health and well-being
9. Food routines
10. Contacts with healthcare and authorities|
11. Medication routines v

Fig. 1. Screenshot of a user model generated by the Coach Agent based on the prefer-
ences and needs of the individual.

the other. After deciding the role they play, they were asked to select topics of
interest to initiate a dialogue and respond the way they wished. The user was
also asked to evaluate the appropriateness of each statement of the Coach Agent
within its context where it was stated by marking one of four alternatives on a
Likert scale, presented in connection to each of the Coach Agent’s statements.
A purpose of the pilot study was also to evaluate this method. The system and
the scenario were demonstrated to the remaining three therapists in a focus
group session and discussed. The data was analyzed qualitatively using content
analysis.

3 The Human-Agent Dialogue System

The human-agent dialogue system is developed as a part of the architecture of
the agent-based ambient assistive living system presented in [2]. The architecture
integrates knowledge repositories, developed using ACKTUS (Activity-Centered
modeling of Knowledge and interaction Tailored to USers) [4,5]. ACKTUS is a
platform for end-user development of knowledge-based systems in the medical
and health domain. These repositories are built on semantic models represented
using RDF/OWL!, which were in [6] extended to integrate components vital for

! http://www.w3.org/.
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Fig. 2. Architecture of the human-agent dialogue system.

enabling the agent dialogues, based on the canonical model for agent architec-
tures presented by Fox and coworkers [7].

The software agent comprises of a belief base, a dialogue manager and a task
manager (Fig.2). The agent builds its belief base upon information retrieved
from the relevant ACKTUS repositories depending on the topic and who the
user is. The human actor and the software agent interact with each other via
events and dialogue moves, which are displayed in the graphical user interface
(Figs. 2 and 3).

The ACKTUS knowledge repositories were created by domain experts in the
rehabilitation domain [5] among other. The knowledge consists of both factual
knowledge related to a user, which is used for creating a baseline user model,
and procedural knowledge, in the form of rules obtained from domain knowledge
repositories. Moreover, interactive templates, or protocols for assessment of dif-
ferent aspects can be retrieved from the domain knowledge repositories, which
formed the basis of an earlier dialogue system presented in [8]. The knowledge
was structured and implemented by the domain experts, to be used as assessment
protocols by therapists in clinical interviews, or in human-agent dialogues. As a
consequence, the topics and associated knowledge are structured, in that there
is typically a set of answer-alternatives defined by the domain expert associated
to each question in the knowledge base (e.g. Fig.3). Each constructed piece of
information is also associated to a concept, which is organized in an ontology,
and which provides the theme of a topic to the software agent.

A generic model of purposeful human-agent dialogues about health-related
topics builds the base for the human-agent dialogue system. The model was based
on analyses of scenarios, personas and models of human behavior. The resulting
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Fig. 3. Screenshot from the human-agent dialogue system. The agent collects the per-
ceived appropriateness/inappropriateness of each of its question posed during the dia-
logue.

conceptual model includes four models, which are included in the software agent’s
belief base; (i) a user model, (ii) a model of the domain knowledge related to the
topic of the dialogue, (iii) an agent model, and (iv) a dialogue activity model
[9]. The architecture for a human-agent dialogue system presented in [10] was
extended with the agent and dialogue activity models and is partially imple-
mented. The system is integrated in a web-based support application designed
for older adults, which is also used for therapist-lead assessments through struc-
tured interview-protocols (Fig. 3).

4 Results

The main research questions addressed in the evaluation study is related to the
overall idea of a dialogue system for supporting everyday issues, how a sense-
making dialogue would unfold and what topics would be interesting to elab-
orate upon. Other research questions are related to interaction design of the
dialogue system. Since the evaluation study was limited to a subset of the mod-
els described in this article, and the study sample was small, the results are only
indicative, aimed to inform further development.

A purpose was also to evaluate the method to allow the user to evaluate
the appropriateness of each of the Coach Agent’s statements within its con-
text where it was stated. A question about the appropriateness of the agent’s
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behavior was associated to a four-item Likert scale with the values inappropriate
(1), somewhat inappropriate (2), somewhat appropriate (3) and appropriate (4).
The 13 participants’ interaction with the dialogue application was logged, and
resulted in a corpus with a total of 28 dialogues, 156 complete turns, and a total
elapsed time of 2h (approximately 10 min per participant). The examples from
the dialogues presented in this section have been translated from the partici-
pants’ native language into English. The results are divided into results related
to the interaction design, the purposes of dialogues, and the appropriateness of
the agent’s behavior in the following sections.

4.1 Interaction Design

The older adults did not comment on the visualization of dialogues in the graph-
ical interface. By contrast, the therapists put significantly more interest in how
the dialogues would appear to the user. They commented on what parts of the
dialogue line were visible at different phases in the dialogue, the unfolding of dia-
logues, on how the responses would be given by the user, etc. Their main concern
was, how to reduce the amount of information presented to the user, while not
losing the information about in which context the dialogue was situated. The
interface design will be improved based on their comments and suggestions.

One therapist mentioned the concept of an “avatar”, sometimes used for
representing an Embodied Cognitive Agent (ECA). She viewed the Coach Agent
as such, and discussed how body language could be added to the static figure
used in the graphical user interface for representing the Coach Agent. Other
comments related to the benefits of, and how to mediate, the dialogues through
spoken language instead of text. Testing voice-based dialogues will be a natural
step towards a more adaptive human-agent dialogue system, considering the
large proportion of older adults who have sight impairments. One obvious benefit
from using the ontology-based semantics of dialogues, was illustrated in the pilot
evaluation study, since it allowed to apply the two languages needed by the
participants. This will also facilitate the inclusion of additional modalities in the
interaction design, which will be evaluated in future studies.

4.2 Purposes of Dialogues

The dialogues were based on the fictive persona Ruth’s health and priorities.
Most of the participants could personally relate to the dialogue topics, a few
referred to a family member. In general, the available dialogue topics were con-
sidered interesting and relevant.

A generic attitude among the participants was that there is need for sup-
portive dialogue systems, on various themes. Additional health-related topics,
which were suggested were topics related to eating habits and eating disorders.
Besides having healthcare issues to discuss, some pointed out the need in partic-
ular situations, when getting lost in the forest, or misplaced a car in the forest
or bike in the city center. Others pointed out the potential benefits relating to
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getting access to social networks, having dialogues about societal issues such as
politics, weather, golf and other sports.

A few expressed enthusiasm and curiosity about the idea and wanted to
use the dialogue system merely for the fun of it: “...this is fun, let me try
another one!”

Two of the older adults expressed skepticism, and did not see the point in
using the dialogue system. One of these had also some difficulties using a smart
phone, which may indicate a threshold for using new technology in general. By
contrast, the other skeptical older adult was already using alternative ways to
accomplish potential dialogue purposes, by using search engines for health issues,
GPS for navigating, etc. Consequently, the group of participating older adults,
including the two skeptical persons, illustrates the broad heterogeneity of the
group of older adults.

The therapists highlighted the potential benefits of using a proactive human-
agent dialogue system for providing active support for improving strength and
balance, e.g., by supplementing the dialogues with sensor information from daily
activities and physical exercises performed, analyzed over time.

4.3 Perceived Appropriateness of the Agent’s Moves

One of the therapists who tested the system perceived the approach to evaluate
the moves within the context it occurs, as highly beneficial. She compared it to
structured clinical interviews, where it is typically not known how the patient
perceives the appropriateness of the question asked.

The question, which was used for evaluating the appropriateness of the
agent’s moves, was found to be used in two different ways. Based on this obser-
vation, we distinguish between two types:

1. Context-related appropriateness: the appropriateness based on the immediate
context of the agent’s move, e.g., placement in the dialogue line, and

2. Topic-related appropriateness: appropriateness related to the topic of the dia-
logue.

The moves, which were categorized as the first kind and valued inappropriate
to some level, were considered a failure of the agent, and are aimed to be min-
imized by improved strategies for the agent to use when choosing behavior.
Consequently, these were removed, when analyzing the second kind, which was
considered relating to the domain knowledge and not behavior issues.

Context-Related Appropriateness: Regarding the context-related appro-
priateness, some of the agent’s moves were considered as inappropriate to some
extent due to the agent’s inadequate understanding of the human’s responses.
The agent needs to understand the context of human’s response, update its belief
base and act accordingly. Therefore the agent needs strategies for wisely selecting
moves based on the human’s response and the unfolding of the dialogue line.
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Table 1. Total number of dialogue turns (Turns), number of Contextual Appropri-
ateness Errors (CAE: turns, which are to some extent inappropriate), and mean of
errors

User |1 |2 3|45 |6 |7 |89]10|11|12|13  Total Mean
Turns 13|13 /8|9/13|28/28(9/9|9 |8 |9 |11 167 128
CAE | 1| 1/1/4) 1] 0| 3/2/0/1 |1 |1 0| 16 1.2

Table 2. Perceived topic-related appropriateness: inappropriate (¢/), somewhat inap-
propriate (v'), somewhat appropriate(v') and appropriate(¢). The abbreviation (n/a)
(not available) represents missing information where a particular question was not
asked to the user or the user chose not to give feedback.

Users 123145106 |7 |8 |9 [10]11|12]13
Ques
Sleeping well all night VIV |V |weV |V VIV VX |naV
Cause of getting up at night vViviv V|V |IVIVIVI/IVI WV
Severity of pain V IV |V |[wuV |V VIV |V |n/alnsaV |V
Having worries X |n/aln/aW |njal |V V|V |njalnsa|ld |V
Severity of worries VX nsaV VW nsa (XX el
Taking some medication V |n/alV |[n/al¥ |V |njalnsal |V |n/aln/alv
Handling medications n/aln/a|X |V |njal |V |V |V |nsalnsa|d |V

For evaluating the agent’s improvement of behavior for future studies, a
Contextual Appropriateness Value was defined and tested on this data sample.
The total contextual appropriateness value for the complete corpus was 90.4 %,
and consequently, the error rate was 9.6 % (16 of 167 moves) (Table1).

Topic-Related Appropriateness: To what extent the agent’s moves were
perceived by the participants to be relevant to the overall dialogue topic was ana-
lyzed. The agent uses the domain knowledge, which it retrieves from a domain
knowledge repository modeled by domain experts, to build a model of the knowl-
edge domain, related to the selected topic of a dialogue. The domain experts have
in their modeling created a knowledge model with interrelated topics following
their view on to what extent different phenomenon are relevant to each other.
However, human individuals who have a dialogue with the agent may perceive the
level of appropriateness differently. We evaluated this topic-related appropriate-
ness based on the participants’ answers to the question about appropriateness,
and mapped them to the concept associated to the content of the agent’s move.

The most common topic, which the participants selected was the topic sleep
patterns may be disturbed. The corresponding concept is sleep. Table 2 provides a
summary of the participants’ responses about appropriateness of different moves
in relation to sleep. After removing the contextual errors and missing information
(marked as not available (n/a) in Table 2), we can observe that most of the turns
made by the agent were considered as appropriate to the topic sleep.
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5 Discussion and Related Work

A software agent may have the capability to adapt to user’s pace of communica-
tion and interacts in a nonjudgmental manner as described in [10-13]. Research
literature shows an increasing number of applications of software agents that
interact with the human actors for health-related purposes (e.g., [11,14-18]).
A review of behavior change systems utilizing personalization technologies for
accomplishing active assistance is provided in [1]. It was concluded that an
agent provides an effective interface modality especially for the applications
that require repeated interactions over longer period of time, which is crucial
for applications supporting behavior change [1,12]. One example is the system,
which has been developed for older adults with cognitive impairment described
in [14]. However, it focuses mainly on generating reminders about the activi-
ties of their daily living and takes no part in a complex dialogue with the user.
Agent-based systems which interact with human actors through dialogues are
less common. They are typically developed for a specific task or for a limited
domain, and the dialogues are tested in specialized environments [11,17].

Bickmore et al. [11] developed an animated conversational agent that provides
information about a patient’s hospital discharge plan in an empathic fashion.
The patients rated the agent very high on measures of satisfaction and ease
of use, and also as being the most preferred over their doctors or nurses in
the hospital when receiving their discharge information. One of the reasons for
the positive results in this study was the amount of time that the agent spent
with users helped them to establish a stronger emotional bond. Our approach
has the same potential, in that there is no time limit, and the dialogues can
reoccur whenever the older adult may wish to have a dialogue. The prototypic
graphical user interface used in our study was commented upon by the therapists,
who suggested that an animated agent would be an interesting improvement, as
well as using spoken language. A difference in evaluation methodology is that
their analysis was carried out after the dialogue had been completed with a
summative purpose, using questionnaires with no particular focus on the software
agent’s interactive behavior in dialogue situations. Our method aims at tuning
the behavior to the human agent’s experience, which was also received positively
by the therapists in our study.

The counseling dialogue system discussed in [12] also uses an ontology to
represent the user model and the domain knowledge. The domain knowledge
is based on behavioral medicine. However, the domain experts are not directly
involved in the modeling of the agent’s knowledge in this system. As a con-
sequence, it lacks features for modifications, such as future changes in domain
knowledge and also it lacks the representation of goals, which drives the behavior
of the dialogue system.

Different approaches to developing and implementing behavior change sys-
tems in healthcare for older adults have been documented in the literature
[1,11,18-20], but to our knowledge, there has been no attempt to design a
method for a software agent to analyze its own behavior for improving its behav-
ior when interacting with the older adult. For instance, [16] tested their dialogue
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system by letting the users use the system for 2 months and at the end of 2
months, an experimenter conducts a follow-up meeting. During the meeting,
they used questionnaires to evaluate various aspects of intervention. However,
this study lacks in exploring the behavioral aspects especially focusing on the
agent, which they point out to be very important. The same authors in another
work [15], evaluate a conversational agent based on behavioral measures such
as rate of speech and type of utterance but not the relevance of the utterance
to that of the previous utterance or the overall dialogue topic. Hence, we evalu-
ated our agent based on the appropriateness of the agent’s move as a behavioral
measure.

Identifying the topic-related appropriateness of a participant’s moves is to a
large extent dependent on the perspective of an individual. Some participants
considered the questions related to pain and the presence of worries as appropri-
ate while some others considered the same topics as inappropriate to different
extent. Some comments by the participants indicated that they associated these
questions to their own situation and health conditions, rather than the persona
Ruth’s situation, which was the reason for why these moves were perceived as
inadequate. Consequently, if the participants had been able to create their own
profile in the system for the agent to build a user model from in the dialogues,
then some of these less appropriateness evaluations had been different. The ques-
tion about reasons for why getting up at night had a broad range of answering
alternatives, among which a few participants found less relevant alternatives.

The overall goal of our human-agent dialogue system is to minimize the con-
textual appropriateness errors and maximize the topic-related appropriateness.
To attain this goal, future work includes developing strategies for the agent to
wisely select moves based on changes in its belief base. Moreover, these improve-
ments will be evaluated with a group of older adults who create their own profiles
in the system, for evaluating to what extent the perceived inappropriateness is
related to the domain knowledge, and the differences in the view on this. If the
differences are significant, a machine learning method will be built for the agent
to learn how an individual values the topic-related appropriateness and adapt
its selection of moves to that individual.

To summarize the results regarding the described method of valuing the
appropriateness of the agent’s behavior within its context where it occurs, the
approach was found to add significant value to the evaluation study, without
disturbing the participant from participating in the dialogue. The advantage of
this method is that a software agent can learn (1) what an individual user thinks
is appropriate, also (2) learn based on a number of people with different char-
acteristics, how some topics are perceived more or less appropriate, depending
on the context (human’s age, gender, type and/or severity of disease, current
main topic, etc.). However, considering the limitations of the pilot study, in par-
ticular the quantified analyses in relation to the limited number of participants,
and the two possible ways to interpret the question, the method will also be
further developed and evaluated in future studies.
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6 Conclusions

In this paper, a dialogue system that enables a human to engage in a dialogue
with a software agent to reason about health-related issues in a home environ-
ment was presented. The main contributions of this paper are the insights about
the perception of this human-agent dialogue system by older adults and thera-
pists. A new method for an agent to evaluate the appropriateness of each of its
move was also presented. Finally, an evaluation of the initial prototype system
was presented, which was evaluated by therapists and a group of older adults.
The study shows results related to users’ feedback on the purpose of dialogues
and the appropriateness of dialogues presented to them, during the interaction
with the software agent. Future work involves evaluation of the proposed method
with different topics such that it can be generic for selecting appropriate behav-
ior, to test the agent’s capability of selecting what is perceived appropriate to
talk about in different contexts. Future work also includes the development of
the dialogue and reasoning strategies for the agent to improve its ability to adapt
to the individual and the situatedness of contextual and natural dialogues.
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Abstract. The Flexible Job Shop scheduling Problem (FJSP) is an extension of
the classical Job Shop scheduling Problem (JSP) that allows to process opera-
tions on one machine out of a set of alternative machines. It is an NP-hard
problem consisting of two sub-problems which are the assignment and the
scheduling problems. This paper proposes a holonic multiagent model based on
a combined genetic algorithm and tabu search for the FISP. Firstly, a scheduler
agent applies a Neighborhood-based Genetic Algorithm (NGA) for a global
exploration of the search space. Secondly, a cluster agents set uses a local search
technique to guide the research in promising regions. Numerical tests are made
to evaluate our approach, based on two sets of benchmark instances from the
literature of the FISP: Kacem and Hurink. The experimental results show the
efficiency of our approach in comparison to other approaches.

Keywords: Scheduling - Flexible job shop - Genetic algorithm + Local search -
Multiagent

1 Introduction

The Job Shop scheduling Problem (JSP), which is among the hardest combinatorial
optimization problems [14], is a branch of the industrial production scheduling prob-
lems. The Flexible Job Shop scheduling Problem (FJSP) is an extension of the classical
JSP that allows to process operations on one machine out of a set of alternative
machines. Hence, the FISP is more computationally difficult than the JSP, presenting
an additional difficulty caused by the operation assignment problem to a set of available
machines. This problem is known to be strongly NP-Hard even if each job has at most
three operations and there are two machines [6].

To solve this problem, some authors used the metaheuristics to find near-optimal
solutions for the FISP with acceptable computational time. Hurink et al. [7] developed a
Tabu Search procedure for the job shop problem with multi-purpose machines. Mas-
trolilli and Gambardella [13] used Tabu Search techniques and presented two neigh-
borhood functions allowing an approximate resolution for the FISP. Bozejko et al. [2]
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presented a Tabu Search approach based on a new golf neighborhood for the FISP.
A novel hybrid Tabu Search algorithm with a fast Public Critical Block neighborhood
structure (TSPCB) was proposed by [12] to solve the FISP. For the Genetic Algorithm, it
was adopted by [3], where their chromosome representation of solutions for the problem
was divided into two parts. The first part defined the routing policy and the second part
took the sequence of operations on each machine. Kacem et al. [9] presented a
hybridization of an evolutionary algorithm with the fuzzy logic to solve jointly the
assignment and job shop scheduling problems with total flexibility. Gao et al. [5]
adapted a hybrid Genetic Algorithm (GA) and a Variable Neighborhood Descent (VND)
for FISP. The GA used two vectors to represent a solution and the disjunctive graph to
calculate it. Then, a VND was applied to improve the GA final individuals. Zhang et al.
[16] presented a model of low-carbon scheduling in the FJSP considering three factors,
the makespan, the machine workload for production and the carbon emission for the
environmental influence. A metaheuristic hybridization algorithm was proposed com-
bining the original Non-dominated Sorting Genetic Algorithm II (NSGA-II) with a
Local Search algorithm based on a neighborhood search technique. Moreover, a
Knowledge-Based Ant Colony Optimization (KBACO) algorithm was presented by [15]
for the FJSP. Furthermore, a new heuristic was developed by [17] for the FISP. This
heuristic is based on a constructive procedure considering simultaneously many factors
having a great effect on the solution quality. Furthermore, distributed artificial intelli-
gence techniques were used for this problem, such as the multiagent model proposed
by [4] composed by three classes of agents, job agents, resource agents and an inter-
face agent. This model is based on a local search method which is the tabu search to
solve the FJSP.

In this paper, we propose a holonic multiagent model based on two combined
metaheuristics for the flexible job shop scheduling problem. This new approach follows
two principal steps. In the first step, a genetic algorithm is applied by a scheduler agent
for a global exploration of the search space. In the second step, a local search technique
is used by a set of cluster agents to improve the quality of the final population.
Numerical tests were made to evaluate the performance of our approach based on two
data sets of [7, 9] for the FISP, where the experimental results show its efficiency in
comparison to other approaches.

The rest of the paper is organized as follows. In Sect. 2, we define the formulation
of the FISP with its objective function and a simple problem instance. Then, in Sect. 3,
we detail the holonic multiagent levels with its two combined metaheuristics. The
experimental and comparison results are provided in Sect. 4. Finally, Sect. 5 ends the
paper with a conclusion.

2 Problem Formulation

The flexible job shop scheduling problem (FISP) could be formulated as follows. There is
asetofnjobsJ={J,, ..., J,,} to be processed on a set of m machines M = {M,, ....M,,}.
Each job J; is formed by a sequence of n; operations {O; ;,0; >, ...,0;,;} to be performed
successively according to the given sequence. For each operation O;; there is a set of
alternative machines M(O; ;) capable of performing it. The main objective of this problem
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is to find a schedule minimizing the end date of the last operation of the jobs set which is
the makespan. The makespan is defined by Cmax in Eq. (1), where C; is the completion
time of job J..

Cmax = max; <; <,(C) (1)
To explain the FISP, a sample problem of three jobs and five machines is shown in

Table 1, where the numbers present the processing times and the tags “-”” mean that the
operation cannot be executed on the corresponding machine.

Table 1. A simple instance of the FISP

Job Operation M1 M2 M3 M4 M5
I Oy 2 9 4 5 1
O, - 6 - -
2 0, 1 - 5 - 6
0, 3 8 6 - -
0,3 - 5 9 3 9
I3 O3, - 6 6 - -
03, 3 - - 5 4

3 A Holonic Multiagent Model Based on a Combined Genetic
Algorithm—Tabu Search

In this work, we propose a combined metaheuristic approach processing two general
steps: a first step of exploration using a genetic algorithm to find promising areas in the
search space and a clustering operator allowing to regroup them in a set of clusters. In
the second step, a tabu search algorithm is applied to find the best individual solution
for each cluster. The global process of the proposed approach is implemented within a
holonic multiagent model, named a combination of a Genetic Algorithm with a Tabu
Search in a Holonic Multiagent model (GATS + HM), see Fig. 1. This new approach
follows the paradigm of Master/Workers, where it is divided into two holonic levels of
agents: a first level composed by the Master which is a Scheduler Agent and a second
level containing a set of Workers which are N Cluster Agents, where N is the number
of clusters generated by the clustering operator. Each holonic level of this model is
responsible to process a step of the proposed approach and to cooperate between them
to attain the global solution of the problem.

In fact, the choice of this new metaheuristic combination is justified by that the
standard metaheuristic methods use generally the diversification techniques to generate
many different solutions distributed in the search space. But they did not guarantee to
attain promising areas with good fitness despite the repetition of many iterations, that is
why they need to be more optimized. So, the novelty of our approach is to launch a
genetic algorithm based on a diversification technique to only explore the search space
and to select the best promising part by the clustering operator. Then, applying the
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Fig. 1. A holonic multiagent model based on two combined metaheuristics

intensification technique of the tabu search allowing to relaunch the search from an
elite solution of each cluster autonomously to attain more dominant solutions of the
search space.

In addition, the use of a multiagent model gives the opportunity for a distributed
and parallel treatment which is very complimentary for the second step of the proposed
approach. Indeed, our combined metaheuristic approach follows the paradigm of
“Master” and “Workers” which are two hierarchical levels adaptable for a holonic
multiagent model, where the Master is the Scheduler Agent and the Workers are the
Cluster Agents. Also, our algorithm needs a distributed, parallel and especially
recursive treatment between the two global steps, that is why the holonic multiagent
model is considered in our case and not the simple multiagent model.

3.1 Scheduler Agent

The Scheduler Agent (SA) is responsible to process the first step of the combined
approach by using a genetic algorithm called NGA (Neighborhood-based Genetic
Algorithm) to identify areas with high average fitness in the search space. In fact, the
goal of using the NGA is only to explore the search space, but not to find the global
solution of the problem. Then, a clustering operator is integrated to divide the best
identified areas by the NGA in the search space to different parts where each part is a
cluster CL; € CL the set of clusters, where CL = {CL;,CL,, ..., CLy}. In addition, this
agent plays the role of an interface between the user and the system (initial parameter
inputs and final result outputs). According to the number of clusters N obtained after
the integration of the clustering operator, the SA creates N Cluster Agents (CAs)
preparing the passage to the next step of the global process. After that, the SA remains
in a waiting state until the reception of the best solutions found by the CAs for each
cluster. Finally, it finishes the process by displaying the final solution of the problem.
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Individual’s solution presentation. The flexible job shop problem is composed by
two sub-problems: the machine assignment problem and the operation scheduling
problem, that is why the chromosome representation is encoded in two parts: Machine
Assignment part (MA) and Operation Sequence part (OS). The first part MA is a vector
V; with a length L equal to the total number of operations and where each index
represents the selected machine to process an operation indicated at position pos, see
Fig. 2(a). For example pos = 2, V;(2) is the selected machine M, for the operation O ».
The second part OS is a vector V, having the same length of V; and where each index
represents an operation O;; according to the predefined operations of the job set, see
Fig. 2(b). For example the operation sequence 1 — 2—1 — 3—2 — 3—2 can be translated
to: (0;,,Ms) — O,M;) — (0;2,M4) — (035,M3) — (022,M3) — (O3,
M;) — (033,My).

1 2 3 4 5 6 7
mevecorvs [5 [« 2 = [ > 2] @

011 0132 021 022 023 031 032

1 2 3 4 5 6 7
Thevectoerl 1 " 2 " 1 ” 3 " 2 ” 3 ” 2 | (b)

O11 021 012 031 022 032 023

Fig. 2. The chromosome representation

To convert the chromosome values to an active schedule, we used the priority-
based decoding of [5]. This method considers the idle time which may exist between
operations on a machine m, and which is caused by the precedence constraints of
operations belonging to the same job i. Let S;; is the starting time of an operation O; ;
(which can only be started after processing its precedent operation O; ;) with its
completion time C; ;. In addition, we have an execution time interval (£, 1] starts form
#>, and ends at £ on a machine m to allocate an operation O, ;. So, if j = 1, S; ; takes o
else if j > 2, it takes max{tfn,C,-,(j, 1} In fact, the availability of the time interval [tf,,, tﬁ
for an operation O;; is validated by verifying if there is a sufficient time period to
complete the execution time py;, of this operation, see Eq. (2):

S ) @)
max{t,, Ci i1} + Pijm <14 if j>2

The used priority-based decoding method allows in each case to assign each
operation to its reserved machine following the presented execution order of the
operation sequence vector V5. Also, to schedule an operation O;; on a machine m,
the fixed idle time intervals of the selected machine are verified to find an allowed
available period to its execution. So, if a period is found, the operation O;; is executed
there, else it is moved to be executed at the end of the machine m.
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Noting that the chromosome fitness is calculated by Fitness(i) which is the fitness
function of each chromosome i and Cmax(i) is its makespan value, where i € {1, ..., P}
and P is the total population size, see Eq. (3).

Fitness(i) = W (3)

Population initialization. The initial population is generated randomly following a
uniform law and based on a neighborhood parameter to make the individual solutions
more diversified and distributed in the search space. In fact, each new solution should
have a predefined distance with all the other solutions to be considered as a new
member of the initial solution. The used method to determinate the neighborhood
parameter is inspired from [2], which is based on the permutation level of operations to
obtain the distance between two solutions. Let ChromI(MA;, OS;) and Chrom2(MA,,
0S>) two chromosomes of two different scheduling solutions, M(O; ;) the alternative
number of machines of each operation O;;, L is the total number of operations of all
jobs and Dist is the dissimilarity distance. The distance is calculated firstly by mea-
suring the difference between the machine assignment vectors MA; and MA, which is
in order of O(n), then by verifying the execution order difference of the operation
sequence vectors OS; and OS; which is in order of O(1), we give here how to proceed:

Begin
Dist=0, k=1
For k from 1 to L
If Chroml (MA, (k)) # Chrom2 (MA, (k) )
Dist = Dist + M(O; ;)
End if
If Chroml (0S,(k)) # Chrom2 (0S,(k))
Dist = Dist + 1
End if
End for
Return Dist
End

Noting that Dist_max is the maximal dissimilarity distance and it is calculated by
Eq. (4), representing 100 % of difference between two chromosomes.

Dist_max = Z[M(Oi,j)] +L (4)
il

Selection operator. The selection operator is used to select the best parent individuals
to prepare them to the crossover step. This operator is based on a fitness parameter
allowing to analyze the quality of each selected solution. But progressively the fitness
values will be similar for the most individuals. That is why, we integrate the neigh-
borhood parameter, where we propose a new combined parent selection opera-
tor named Fitness-Neighborhood Selection Operator (FNSO) allowing to add the
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dissimilarity distance criteria to the fitness parameter to select the best parents for the
crossover step. The FNSO chooses in each iteration two parent individuals until
engaging all the population to create the next generation. The first parent takes suc-
cessively in each case a solution i, where i € {1,..., P} and P is the total population
size. The second parent obtains its solution j randomly by the roulette wheel selection
method based on the two Fitness and Neighborhood parameters relative to the selected
first parent, where j € {1,...,P} \ {i} in the P population and where j # i. In fact, to
use this random method, we should calculate the Fitness-Neighborhood total FN for the
population, see Eq. (5), the selection probability sp, for each individual I, see Eq. (6),
and the cumulative probability cpy, see Eq. (7). After that, a random number r will be
generated from the uniform range [0,1]. If » < ¢p; then the second parent takes the first
individual I;, else it gets the k™ individual I € {L,...,Ip}\ {I;} and where
CPr—1 <r < Cpy.

e The Fitness-Neighborhood total for the population:

FN = Z [1/(Cmax[k] x Neighborhood|i][k])] (5)
k=1

e The selection probability sp, for each individual I;:

1/(Cmax[k] x Neighborhood|i][k])
FN.

Spk =

e The cumulative probability cp; for each individual I;:

k
o= _p (7)
h=1

== For Eqgs. (5-7), k= {1,2, ....,P} \{i}.

Crossover operator. The crossover operator has an important role in the global pro-
cess, allowing to combine in each case the chromosomes of two parents in order to
obtain new individuals and to attain new better parts in the search space. In this work,
this operator is applied with two different techniques successively for the parent’s
chromosome vectors MA and OS. For the machine vector crossover, a uniform
crossover is used to generate in each case a mixed vector between two machine vector
parents, Parent1-MA1 and Parent2-MA?2, allowing to obtain two new children, Child1-
MA1" and Child2-MA?2'. This uniform crossover is based on two assignment cases, if
the generated number is less than 0.5, the first child gets the current machine value of
parentl and the second child takes the current machine value of parent2. Else, the two
children change their assignment direction, first child to parent2 and the second child to
parentl. For the operation vector crossover, an improved precedence preserving order-
based on crossover (iPOX), inspired from [11], is adapted for the parent operation
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vector OS. This iPOX operator is applied following four steps, a first step is selecting
two parent operation vectors (OS; and OS>) and generating randomly two job sub-sets
Js;/Js, from all jobs. A second step is allowing to copy any element in OS,;/OS, that
belong to Js;/Js, into child individual OS’;/OS’; and retain them in the same position.
Then the third step deletes the elements that are already in the sub-set Js,;/Js, from OS;/
OS,. Finally, fill orderly the empty position in OS';/OS’, with the reminder elements of
0S,/08; in the fourth step.

Mutation operator. The mutation operator is integrated to promote the children
generation diversity. In fact, this operator is applied on the chromosome of the new
children generated by the crossover operation. Also, each part of a child chromosome
MA and OS has separately its own mutation technique. The machine mutation operator
uses a random selection of an index from the machine vector MA. Then, it replaces the
machine number in the selected index by another belonging to the same alternative
machine set. The operation mutation operator selects randomly two indexes index1 and
index2 from the operation vector OS. Next, it changes the position of the job number in
the index1 to the second index2 and inversely.

Replacement operator. The replacement operator has an important role to prepare the
remaining surviving population to be considered for the next iterations. This operator
replaces in each case a parent by one of its children which has the best fitness in its
current family.

Clustering operator. By finishing the last iteration of the genetic algorithm, the
Scheduler Agent applies a clustering operator using the hierarchical clustering algorithm
of [8] to divide the final population into N Clusters, to be treated by the Cluster Agents in
the second step of the global process. The clustering operator is based on the neigh-
bourhood parameter which is the dissimilarity distance between individuals. The clus-
tering operator starts by assigning each individual Indiv(i) to a cluster CL;, so if we have
P individuals, we have now P clusters containing just one individual in each of them. So,
for each case, we fixe an individual Indiv(i) and we verify successively for each next
individual Indiv(j) from the remaining population (where i and j € {1,..., P}, i #])if
the dissimilarity distance Dist between Indiv(i) and Indiv(j) is less than or equal to a
fixed threshold Dist_fix (representing a percentage of difference X% relatively to
Dist_max, see Eq. (8)) and where Cluster(Indiv(i)) # Cluster(Indiv(j)). If it is the case,
Merge(Cluster(Indiv(i)),Cluster(Indiv(j))), else continue the search for new combination
with the remaining individuals. The stopping condition is by browsing all the population
individuals, where we obtained at the end N Clusters.

Dist_ fix = Dist_max x X% (8)

3.2 Cluster Agents

Each Cluster Agent CA; is responsible to apply successively to each cluster CL; a local
search technique which is the Tabu Search algorithm to guide the research in promising
regions of the search space and to improve the quality of the final population of the



A Holonic Multiagent Model Based on a Combined Genetic Algorithm 51

genetic algorithm. In fact, this local search is executed simultaneously by the set of the
CAs agents, where each CA starts the research autonomously from an elite solution of
its cluster searching to attain new more dominant individual solutions separately in its
assigned cluster CL;. The used Tabu Search algorithm is based on an intensification
technique allowing to start the research from an elite solution in a cluster CL; (a
promising part in the search space) in order to collect new scheduling sequence min-
imizing the makespan. Let E the elite solution of a cluster CL;, E' € N(E) is a neighbor
of the elite solution E, CL; plays the role of the tabu list with a dynamic length and
Cmax is the makespan of the obtained solution. So, this algorithm applies in each case
two steps, a move and insert first step inspired from [13] to generate new scheduling
combination and a second step to save the best found solution in the tabu list (which is
CL;) after each generation case, we give here how to proceed:

Begin
E « Elite(CL;)
While N(E) # 0
E’ « {Move and insert(E) | E’ € N(E)}
If Cmax(E’) < Cmax(E) and E’ ¢ CL;
E «<E’
CL; «E’
End if
End while
Return E
End

By finishing this local search step, the CAs agents terminate the process by sending
their last elite solutions to the SA agent, which considers the best one of them the
global solution for the FJSP.

4 Experimental Results

4.1 Experimental Setup

The proposed GATS + HM is implemented in Java language on a 2.10 GHz Intel Core
2 Duo processor and 3 Gb of RAM memory, using the eclipse IDE to code the
approach and the multiagent platform Jade [1] to create the holonic multiagent model.
To evaluate its efficiency, numerical tests are made based on two sets of benchmark
instances from the literature of the FISP: the Kacem data [9] consisting of 5 problems
considering a number of jobs ranging from 4 to 15 with a number of operations for all
jobs ranges from 12 to 56, which will be processed on a number of machines ranging
from 5 to 10. The Hurink edata [7] consisting of 40 problems (la01-1a40) inspired from
the classical job shop instances of [10], where three test problems are generated: rdata,
vdata and edata which is used in this paper. Due to the non-deterministic nature of the
proposed approach, we run it five independent times for each one of the two instances
in order to obtain significant results. The computational results are presented by four
metrics such as the best makespan (Best), the average of makespan (Avg Cmax), the
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average of CPU time in seconds (Avg CPU), and the standard deviation of makespan
(Dev %) which is calculated by Eq. (9). The Mko is the makespan obtained by Our
approach and Mkec is the makespan of an approach that we chose to Compare to. The
used parameter settings for our approach are adjusted experimentally and presented as
follow: Crossover probability = 1.0, Mutation probability = 1.0, Maximum number of
iterations = 1000. The population size ranged from 15 to 400 depending on the
complexity of the problem.

Dev = [(Mke — Mko)/Mke] x 100% 9)

4.2 Experimental Comparisons

To show the efficiency of our GATS + HM approach, we compare its obtained results
from the two previously cited data sets with other well known algorithms in the
literature of the FJSP. The chosen algorithms are the N1-1000 of [7], the AL + CGA of
[9], the MATSLO + of [4], the Hybrid NSGA-II of [16] and the Heuristic of [17]. The
different comparative results are displayed in the Tables 2 and 3, where the first column
takes the name of each instance, the second column gives the size of each instance,
with n the jobs number and m the machines number (n X m), and the remaining
columns detail the experimental results of the different chosen approaches in terms of
the best Cmax (Best) and the standard deviation (Dev %). The bold values in the tables
signify the best obtained results and the N/A means that the result is not available.

Discussion about the Kacem and Hurink instance results. By analyzing the Table 2,
it can be seen that our approach GATS + HM is the best one which solves the fives
instances of Kacem. In fact, the GATS + HM outperforms the AL + CGA in four out of
five instances, the Hybrid NSGA-II in two out of five instances, and the Heuristic in
three out of five instances. Also, our approach attains the same results obtained by the
chosen approaches, such as in the case 1 (4 x 5) for the Hybrid NSGA-II and the
Heuristic; in the case 4 (10 x 10) for all the three algorithms; in the case 5 (15 % 10) for
the Hybrid NSGA-II. From Table 3, the comparison results show that the GATS + HM
obtains seven out of ten best results for the Hurink edata instances (la01-1a05) and
(lal6-1a20). Indeed, our approach outperforms the N1-1000 in eight out of ten
instances. Moreover, our GATS + HM outperforms the MATSLO + in seven out of ten
instances. For the comparison with the literature lower bound LB, the GATS + HM
attains the same results for the 1a01, 1a02, 1a04, 1a05, lal6, l1al7 and 1a20 instances, but
it gets slightly worse result for the 1a03, l1al8 and lal9 instances. Furthermore, by
solving this second data set, our GATS + HM attains the same results obtained by the
chosen approaches such as in the 1a01 for the MATSLO +; in the 1a02 for the N1-1000
and the MATSLO +; in the 1a05 for the N1-1000 and the MATSLO +. By analyzing the
computational time in seconds and the comparison results of our approach in term of
makespan, we can distinguish the efficiency of the new proposed GATS + HM rela-
tively to the literature of the FISP. This efficiency is explained by the flexible selection
of the promising parts of the search space by the clustering operator after the genetic
algorithm process and by applying the intensification technique of the tabu search
allowing to start from an elite solution to attain new more dominant solutions.
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Table 2. Results of the Kacem instances
AL+CGA Hybrid NSGA-IT Heuristic GATS+HM
Instance Problem A Ave CP.U
nXm  Best Dev(%) Best Dev(%) Best Dev(%) Best Ve Vet
Cmax _ (in seconds)
case | 45 16 31,250 11 0 11 0 11 11,00 0,05
case 2 88 15 6,666 15 6,666 15 6,666 14 14,20 0,36
case 3 10x7 15 26,666 N/A - 13 15,384 11 11,40 0,72
case 4 10x10 7 0 7 0 7 0 7 7,60 1,51
case 5 15%10 23 52,173 11 0 12 8,333 11 11,60 29,71
Table 3. Results of the Hurink edata instances
LB N1-1000 MATSLO+ GATS+HM
Instance Problem Avg Avg C.P.U
nXxXm Best Dev (%) Best Dev(%) Best Dev (%) Best .
Cmax  (in seconds)
1a01 105 609 0 611 0,327 609 0 609 609,00 24,64
1a02 10%5 655 0 655 0 655 0 655 655,00 4,65
la03 10x5 550 -3,091 573 1,047 575 1,391 567 567,40 10,67
1204 10x5 568 0 578 1,730 579 1,900 568 569,60 22,13
1a05 10%5 503 0 503 0 503 0 503 503,00 10,22
lal6 10x10 892 0 924 3,463 896 0,446 892 909,60 73,14
lal7 10x10 707 0 757 6,605 708 0,141 707 709,60 116,58
lal8 10x10 842 -0,119 864 2,431 845 0,237 843 848,60 34,98
la19 10x10 796 -1,005 850 5,412 813 1,107 804 813,40 36,88
1a20 10x10 857 0 919 6,746 863 0,695 857 859,80 70,36

5 Conclusion

In this paper, a new holonic multiagent model based on two combined metaheuristics,
called GATS + HM, is proposed for the flexible job shop scheduling problem (FJSP).
In this approach, a Neighborhood-based Genetic Algorithm is adapted by a Scheduler
Agent (SA) for a global exploration of the search space. Then, a local search technique
is applied by a set of Cluster Agents (CAs) to guide the research in promising regions.
To measure its performance, numerical tests are made using two well known data sets
from the literature of the FISP. The experimental results show that the proposed
approach is efficient in comparison to others approaches. In the future work, we will
integrate new constraints of other extensions of the FISP, such as the transportation
resources. So, we will make improvements to our approach to adapt it to this new
transformation and study its effects on the makespan.
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Abstract. We study a bi-objective problem of scheduling the jobs from two
agents on a single parallel-batching machine with the objective of minimizing
the makespans of the both agents. All jobs have an equal processing time and
non-identical job sizes. We define a boundary of Pareto-optimal set and then
present two metrics to evaluate the quality of a non-dominated set. Based on two
different strategies, two heuristics are proposed to generate non-dominated sets.
Furthermore, we compare the performance of the heuristics with the widely used
non-dominated sorting genetic algorithm (NSGA-II), and evaluate the quality
of the obtained non-dominated set based on the proposed metrics. The results
show that the proposed heuristics outperform NSGA-II, and the obtained non-
dominated set is very close to the Pareto-optimal set.

Keywords: Two-agent scheduling - Heuristics - Pareto-optimal set - Parallel-
batching machine - Makespan

1 Introduction

Parallel-batching machines are encountered in many industries, such as the burn-in
oven in the semiconductor industry [1], the heat-treatment furnace in the meta working
industry [2], and the harden oven in the aircraft industry [3]. This type of parallel-
batching machines is often a bottleneck due to some inevitable factors such as
equipment cost, energy consumption, installation space limitation, environmental
requirement and high competition, etc. Hence, they are numbered. Furthermore, the
operations on parallel-batching machines typically have longer processing times than
other operations, yet they play a critical role to improve the physical or chemical
properties of materials. Therefore, the orders from different customers, or agents, often
compete for the use of the parallel-batching machines for their own interests.
Two-agent scheduling problem was firstly introduced by Baker and Smith [4] in
2003 and Agnetis et al. [5] in 2004, and has attracted a large amount of attentions in
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recent years [6], but few work on parallel-batching machines. Related work on two-
agent scheduling on a single parallel-batching machine can be classified into three
categories. With regards to the linear combination problem of objectives, Yazdani
Sabouni and Jolai [7] considered a linear combination of the makespan of the first agent
and the maximum lateness of the other agent. Feng et al. [8] further studied a special
case of [7] where the machine capacity is unbounded and two agents are incompatible,
and presented a polynomial-time algorithm.

With regards to the constraint problem that optimize one objective on the condition
that the other objectives meet certain constraints, Mor and Mosheiov [9] designed an
optimal algorithm to minimize the total flowtime of the first agent subject to an upper
bound on the total flowtime of the other agent. Li and Yuan [10] minimized the
makespan of the first agent subject to an upper bound on the makespan of the other
agent. Later, Fan et al. [11] studied the problem with the same objective as that in [10]
but with identical job sizes, and showed that the problem with incompatible agents can
be solved in polynomial-time. However, when the two agents are compatible, the
problem becomes NP-hard, for which they proposed a dynamic programming algo-
rithm and a fully polynomial-time approximation scheme (FPTAS).

With regards to the bi-objective problem of obtaining a non-dominated set, Tan
et al. [12] developed an improved ant colony algorithm to search the non-dominated
set. To the best of our knowledge, there is no study on the deterministic algorithm for
the bi-objective optimization problem to obtain the non-dominated set of two-agent
scheduling on a single parallel-batching machine. Such a deterministic heuristic
algorithm is the focus of this paper.

We consider a problem that schedules the jobs from two agents on a single parallel-
batching machine. Two agents, denoted as agent A and agent B, have their own jobs to
be processed. Agent A has n, jobs, denoted as J* = {J{,J4, ..., J,?A}. Agent B has ng
jobs, denoted as J% = {JE JE, .. .,Jfg}. The total number of jobs is n, n = ny + ng.
All jobs are available for processing at time zero. Preemption and splitting are not
allowed. Let p¥ and s} denote the processing time and the size of job JX respectively,
where j=1,2,...,nx, X € {A,B}. All jobs have an equal processing time, i.e.,
pf =1, and s¥ <C for all J¥, where C denotes the machine capacity. The two agents
are compatible, i.e., jobs from different agents can be processed in one batch. The
machine can process a number of jobs simultaneously as a batch provided that the total
size of all the jobs in the batch cannot exceed C. The processing time of each batch on
the parallel-batching machine is equal to 1. The objective is to minimize the makespans
of the both agents. Our problem is denoted as 1|p — batching,pY = 1,s¥ <C|ND

(CA .., CB ), where CX s the makespan of agent X. ND(C4,  ,CB ) indicates that
the objective is to minimize C4,, and C2, . obtaining non-dominated set. Even we

consider the problem that the objective is to minimize the makespan of one agent, this
single objective problem is equivalent to bin packing problem, which is NP-hard in the
strong sense [13]. Therefore, our problem is more complicated.

The rest of the paper is organized as follows: A boundary of Pareto-optimal set is
presented in Sect. 2. Two metrics to evaluate the quality of a non-dominated set are
presented in Sect. 3. Based on two different strategies, two heuristics are presented to
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generate non-dominated sets in Sect. 4. Computational experiments are conducted to
evaluate the performance of the proposed heuristics and the quality of the obtained non-
dominated set in Sect. 5. Finally, we conclude in Sect. 6.

2 Boundary of Pareto-Optimal Set

According to Deb [14], feasible solution s; dominates feasible solution s, (s; > s2) if
and only if C2  (s1)<C2 (s2) and CE_(s1)<CB (s2) with at least one strict
inequality. Among a set of solutions P, the non-dominated set of solutions E is a set in
which each solution is not dominated by any solution in the set P. When the set P is the
entire space, the resulting non-dominated set E is called the Pareto-optimal set. It is

clear that a Pareto-optimal set is always a non-dominated set, not vice versa.

Definition 1. Boundary of Pareto-optimal set. The boundary of Pareto-optimal set is
a set of points that enclose a closed region in which all Pareto-optimal solutions are
included.

For our problem, the boundary of Pareto-optimal set is illustrated in Fig. 1. The
u-axis and v-axis are the makespan of jobs from agent A and agent B, respectively.
Point P;(u;, v;) represents a feasible solution. Therefore both u; and v; are integer.

QA
[
=
Bl re
© Lower boundary
o | B
~
& Py he
~
u g
LB, LBy, Cpo(FFD)

Fig. 1. Boundary of Pareto-optimal set

We give two points: P;(uy,v;) and P,(uz,v2). The point P; denotes a solution that
the makespan of jobs from agent A is minimum provided that the makespan of jobs
from agent B is optimal. Similarly, the point P, denotes a solution that the makespan of
jobs from agent B is minimum provided that the makespan of jobs from agent A is
optimal. There is no Pareto-optimal set in the region {(u, v)|u>u;} U {(u,v)|v >},
otherwise it is dominated by solution P; or solution P,. Furthermore, there is no
feasible solution in the region{(u, v)|u<uy} U {(u,v)|v<v;}, otherwise v; and u, are
not the optimal makespan of agent B and agent A respectively. Let C2 (FFD) and
CB (FFD) be the makespan of jobs from agent A and agent B, respectively, which is

obtained by the First Fit Decreasing (FFD) rule [15], where FFD arranges the jobs in a
decreasing order according to their sizes firstly, then assign a job at a time from the
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head and place the job to the first batch with enough space to accommodate it. We
denote C2_(FFD) + CB_(FFD) as CA8 (FFD). Let LB, and LBp be a lower bound of
the makespan of jobs from agent A and agent B, respectively. Obviously, for point Py,

< C28 (FFD), v > LBg; for point Py, up > LBy, v < CAB (FFD). Therefore, the
Pareto optimal set is in the region of Ry,

Ri={(u,v)|LBs <u< C)2 (FFD), LBy <v< Ca3 (FFD)} (1)

Then, we cut the region of R| to make it smaller. We mix jobs from agent A and
agent B together and treat them as undifferentiated jobs. Let LB4g be a lower bound of
the makespan of these undifferentiated jobs. Thus, there is no feasible solution in the
region {(u,v)|u <LBap} N {(u,v)|v<LBap}. Therefore, the Pareto-optimal set is in the
region of R;,

Ry = {(u,v)|u>LBag} U {(u,v)|v>LBag} (2)

Thus, the closed region, R; N Ry, is the efficient region in which all Pareto-optimal
solutions are included. Furthermore, we define the red broken line shown in Fig. 1 as a
lower boundary of Pareto-optimal set for our problem, which is denoted as follows..

{(u,v)|u = LBy, LBsp <v < CiZ (FFD)} U {(u,v)|LBy <u < LBug,v = LBag}U

{(u,v)|u = LBag, LBy <v < LByg} U {(u,v)|LBsp <u < Ci% (FFD),v = LBg}

max

3)

For determining each of the three lower bounds LB4, LB and LB4g, we obtain two
lower bounds based on the results for the bin packing problem from Désa [16] and
Martello [17] and choose the bigger one, which are denoted as LB' and LB’
respectively,

—[(9 - FFD(I) — 6)/11] @)
LB — 0;,?2%/2{ INI| + N2 | + max{o, [(ZZEN —(Mlc=3" s / c] }}
(5)

where K is an integer, 0 < K < C/2, C is the bin capacity, s; is the size of item i, I is the
set of items, Ny={i€l:5;,>C—K}, Ny={ie€l:C/2<5;<C—K} and
N3 = {ZGIKSSISC/Z}

Therefore, LBs = max{LB},LB%}, LBy = max{LB}, LB}} and LB, = max
{LBleB7 LB}y } :

Here, we analyze two important points P3 and P4 in Fig. 1, and have Theorem 1.

Theorem 1. Let E be a non-dominated set, E = {P3, P4} = E is the Pareto-
optimal set.
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Proof. Because all the Pareto-optimal solutions are in the region of R; N R,, and
E = {P5, P4} dominate all the solutions in the region of R; N Ry, there is no solution
that can dominate the solutions in E. Therefore, E is the Pareto-optimal set. O

3 Metrics of Non-dominated Sets

To evaluate the quality of a non-dominated set, we present two metrics, Dy, and Dy,
on the basis of the proposed lower boundary of Pareto-optimal set in Sect. 3 and the
well-known distance metrics in [18]. D,,, and Dy, represent the average distance and
maximum distance from the non-dominated set to the lower boundary of Pareto-
optimal set, respectively.

Duvg =y min d(P, Py) / ) (©

PreT

Diax= max{min d(P, PT)} (7)

PreT | PEE

where T is the set of integer points on the lower boundary of Pareto-optimal set.

d(P, Pr) = max{(u —ur)/Ay, v—v1)/A, }, PEE, Pr €T, A, and A, are the

range of u-axis and v-axis respectively among all the solutions in set E and set 7.
As for the points P3 and P4 as shown in Fig. 1, we get Theorem 2.

Theorem 2. E = {P3, P4} < Dyye=0 < D=0

Proof. If E = {P3, P}, for VPr € T\{Ps, P4}, Pr is dominated by P; or P4. If Py is
dominated by Pi3, wuz —ur <0,vi —vy =0orus —ur=0,v3 — vy <0, thus d(Ps,
Pr) = max{(uz — ur)/A,, (vs —vr)/A, }=0. Similarly, if Pr is dominated by
Py, d(Ps, Pr) = max{(us — ur)/Ay, (v4 —vr)/A, }=0. Therefore, VPr €T, mEin

PEE
d(P,Pr)=0, that is D;;=0, Dpax=0.

If Dye=0 or Dmx=0, for VPr €T, P€E, r}lig d(P, Pr)=0. We proof

(S
{P5, P4} C E by contradiction. Without loss of generality, we assume P3 ¢ E, then for
VP, € E, w—v3>0, d(Py, P3)=max{(ux —uz)/Ay, (vi —v3)/A, } >0 and
IllJlig d(P, Pr) #0, it is a contradiction. Therefore, {P3, P4} C E. Because Pr is
(S

dominated by P; or P4 for all Py € T\{P3, P4}, there is no other point belong to E
except P; and Py, i.e. E = {P3, P4}. O

4 Heuristics

Based on ¢-constraint method [19], we select C:}  as primary objective, and transform
the objective C2__ into the constraint C2 <& where ¢ is an integer. This ¢-constraint
problem is denoted as 1|p — batching, p¥ = 1,5} <C|C},,, CE, <& and is tackled by
our heuristic strategies: Reserved-Space-Heuristic (RSH) and Dynamic-Mix-Heuristic
(DMH). Then, two corresponding heuristics, named H1 and H2, are proposed to
generate non-dominated sets.
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4.1 Heuristic Strategies

RSH and DMH are both developed based on the FFD rule, but employ different
strategies for satisfying the hard constraint of C2_ <& RSH emphasizes the minimi-
zation of the makespan of agent A without occupying the reserved space for agent B.
While DMH focuses on maximizing the utilization of the batches by mixing together as
many jobs from agent A and agent B as possible, provided that the jobs from agent B
must be assigned before ¢. Furthermore, DMH reserves a part of space in each batch for
the jobs from agent B rather than reserves a number of whole batches as what RSH

does.

(1) Heuristic Strategy RSH

In order to satisfy the constraint of C5_ <, RSH reserves enough batches in advance
for the jobs from agent B, and then assigns as many of the jobs from agent A as possible
to the remaining batches. If there are remaining space in the batches only filled with the
jobs from agent A, RSH assigns the jobs from agent B to these batches in order to
improve their utilization. After that, the remaining jobs from agent B are assigned to the
reserved batches. Finally, the remaining jobs from agent A are assigned. The following
is a detailed description of RSH.

Step 1. Suppose the number of batches that assigning the jobs from agent B using the
FFD rule is p, 0 <p <e¢, then reserve the batches from B;_,| to B; for the
jobs from agent B.

Step 2. Assign the jobs from agent A to the batches starting from B; to B,_,, using the
FFD rule. Then, the remaining jobs from agent A that cannot be assigned to
the batches from B; to B;_, are stored into set L4. If Ly is empty, go to Step
3; otherwise, go to Step 4.

Step 3. Rearrange the batches occupied by the jobs from agent A in a non-increasing
order according to their remaining space. Then, assign the jobs from agent B
to the batches starting from B; using the FFD rule. RSH stops.

Step 4. Rearrange the batches from B, to B,_, in a non-increasing order according to
their remaining space. Then, assign the jobs from agent B to the batches
starting from B, to B,_, using the FFD rule, and the remaining jobs from
agent B that cannot be assigned to the batches from B; to B;_, are stored into
set Lg.

Step 5.  Assign the jobs in Lg to the batches backwards from B, using the FFD rule.

Step 6. Rearrange the batches from B;_,| to B, in a non-increasing order according
to the remaining space. Then assign the jobs in L4 to the batches from B,
using the FFD rule.

(2) Heuristic Strategy DMH

The idea of DMH comes from an observation that scheduling all jobs together, without
any distinction between agent A and agent B, may generate a schedule with a better use
of machine capacity, which may result in a shorter makespan of agent A. In order to
implement mix strategy while satisfying the constraint of C2_ <¢, DMH reserves a

part of space in each batch for the jobs from agent B. Then, DMH mixes all the
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remaining jobs from agent B and agent A, and assigns them to the remaining space in
each batch. DMH employs a dynamic adjustment strategy to determine the number of
jobs from agent B that are assigned to the reserved space in each batch.

Before describing DMH in detail, we first define two parameters: N and M. N is
the number of remaining, unassigned jobs from agent B, and the initial value is ng. M is
the number of empty batches before B,, and the initial value is ¢. [N/M] is the maximal
number of jobs from agent B to be assigned to the reserved space in each batch, and the
value is changing dynamically with the ongoing assignment procedure. DMH focuses
on one batch at a time, i.e., it assigns jobs to By, then to B;, and then to Bj, etc. In this
way, a schedule that some batches only filled with jobs from agent A are in the back
parts and some batches only filled with jobs from agent B are in the front part, from B
to B, may be generated. Therefore, DMH exchanges these batches to ensure that the
jobs from agent A can be processed as early as possible. The following is a detailed
description of DMH.

Stepl. N=ng, M=c¢,i=1.

Step 2.  Assign the jobs from agent B to B; using the FFD rule, until the number
of jobs in B; reaches [N/M or no more jobs from agent B can be assigned
to B,‘.

Step 3. Assign the remaining jobs from agent B and agent A together to B; using the
FFD rule, until B; cannot accommodate any job.

Step 4. Update the value of N and M, N is the number of unassigned jobs from agent
B,M=M-—1.i=i+ 1. If all jobs from agent A and agent B have been
assigned, go to Step 5; otherwise, go to Step 2.

Step 5. Adjust the sequence of the batches from B; to B, so that the batches only
filled with jobs from agent B are the last batches before B,.

4.2 Heuristics H1 and H2

Based on RSH and DMH, two corresponding heuristics, H1 and H2, are proposed to
generate non-dominated sets for 1|p — batching,p¥ = 1,5} < CIND(C},,,C5..) by

max

w0 Co o < iteratively with different value

solving 1|p — batching, p¥ = 1,5} < C|C),
of &. The value of ¢ varies from the upper bound &, to the pseudo lower bound &p;, of
CB . When & > &na, the function of CB_ <& become invalid for generating a non-
dominated solution. When &<egn,, no feasible solution can be obtained for the
e-constraint problem by RSH and DMH.

Since H1 and H2 are similar except for the heuristic strategy. For simplicity, we
describe them as H1 (H2) corresponding to RSH (DMH). Let [ be the index of non-
dominated solutions, and Sy (Sg2) be the non-dominated set obtained by H1 (H2).

The following is a detailed description of heuristic H1 (H2).
Step 1. Calculate €y, and &m;p.

(1) Assign the jobs from agent A to the batches starting from the first batch
using the FFD rule, and rearrange these batches in a non-increasing
order according to their remaining space. Then assign the jobs from
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agent B to the batches starting from the first batch using the FFD rule.
The makespan of agent B iS &max-

(2) Assign the jobs from agent B to the batches starting from the first batch
using the FFD rule. The makespan of agent B is &pip.

Step 2. Initialization. ¢ = eqay, [ = 1, Sy1 = 0 (S = 0).

Step 3. Use RSH (DMH) to solve 1l|p — batching,pJX = l,st <c|ch
and output solution sy (1) (sp2(1)).

Step 4. Spy1 = Su1 U {sm1 (D)} Sz =St U {smx(1)}), e =CE (s (D)) =1 (¢ =
CB (sm(l)) — 1), 1 =1+ 1.If £ > &min, g0 to Step 3; otherwise, go to Step 5.

Step 5. Delete the dominated solutions in Sy; (Sg2) and output Sy; (Sy2).

CB <eg,

ax’ max —

5 Performance Comparison and Analysis

5.1 Experimental Design

We randomly generate the testing instances and vary the four factors: the machine
capacity C, the sizes of the jobs s¥, the total number of jobs n and the number of jobs
from agent A ny. We set the machine capacity to 100, i.e., ¢ = 100, for all instances.
The sizes of all jobs are generated using a Poisson distribution, i.e., sf ~P(50). If a
randomly generated value sj’-( is greater than 100, we set sj’-( = 100. The total number of
jobs has five different cases: n = 10,20, 30,40, 50. The number of jobs from agent A
has four cases: ny/n =0.2,0.4,0.6,0.8.

We use the widely used non-dominated sorting genetic algorithm (NSGA-II) [20]
for performance comparison. In NSGA-II, we encode the chromosomes based on the
job sizes. In order to identify different jobs from agent A and agent B in decoding
operator, we add a fractional number 1/(C x 100) to the size of each job only for agent
B, and increase the machine capacity to ¢ + 1. In one batch, the total added size of jobs
from agent B is no more than 0.01, which is much less than the added space of each
batch (0.1). Furthermore, any job from either agent A or agent B cannot be assigned to
the added space of each batch (0.1) since all their sizes are integers. Thus, it is
convenient to decode chromosomes according to these decimal marks. We adopt a
linear order crossover with a crossover probability p. = 0.9 and a swap mutation with a
mutation probability p,, = 0.15. For the selection operator, we employ an elitism
strategy based on the non-dominated sorting and crowded-comparison operator [20].

The proposed heuristics and NSGA-II are coded in MATLAB 8.3.0 and run on
Intel(R) Pentium(R) CPU G640 @ 2.80 GHz with 2 GB RAM under Windows 7
environment.

5.2 Performance Comparison Among H1, H2 and NSGA-II

To evaluate the performance of heuristics, we use the coverage metric C(X, ¥) of two
sets X and Y, which is defined as follows [21].
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{yeY|TxeX:x=y}

C(X,Y) = 7

(8)

where x>y means solution x dominates or equal to solution y.

Obviously, C(X,Y) € [0,1]. When C(X,Y) = 1, all solutions in ¥ are dominated
by or equal to the solutions in X. When C(X,Y) = 0, all solutions in ¥ cannot be
dominated by the solutions in X. The smaller the value of C(X, Y) is, the better the set
Y is. Note that C(X,Y) and C(Y,X) are not symmetrical. Therefore, we also calculate
C(Y,X) in the experiments.

Based on the coverage metric, we have four ratios: C(Sy1,SH2), C(Su2,SH1),
C(Su1gn2, Snsca—n) and C(Sysca—i1, Suignz2), where Syigm is the non-dominated set
of Sy1 U Syy and Sysga—pr is the non-dominated set obtained by NSGA-II.

The performance comparison results are shown in Table 1. We generate 1000
random instances in total. For each problem, 50 instances are randomly generated and
the average of 50 instances is calculated as shown in Table 1.

Table 1. Performance comparison results

n na/n | C(Su1,Sma) | C(Su2,Su1) | C(Suigena, Snsca-n) | C(Snsca—ir, Sizn?)
10 0.2 0.9700 0.6500 1.0000 0.6900
0.4 0.9600 0.6167 1.0000 0.5883
0.6 0.9667 0.5683 1.0000 0.5250
0.8 1.0000 0.6400 1.0000 0.7100
20 0.2 0.9600 0.5900 1.0000 0.5033
0.4 0.9033 0.5183 0.9700 0.4467
0.6 0.9317 0.5117 1.0000 0.3817
0.8 0.9400 0.5567 1.0000 0.4700
30 0.2 0.9867 0.4850 1.0000 0.4017
0.4 0.9250 0.4970 1.0000 0.2250
0.6 0.9267 0.4900 1.0000 0.1783
0.8 0.9400 0.4983 1.0000 0.3033
40 0.2 0.8665 0.5012 1.0000 0.1220
0.4 0.8113 0.5173 1.0000 0.1107
0.6 0.8570 0.4963 0.9800 0.0897
0.8 0.8800 0.4917 1.0000 0.1717
50 |02 0.8733 0.5333 1.0000 0.0750
0.4 0.9180 0.4777 1.0000 0.0000
0.6 0.8173 0.5317 0.9900 0.0067
0.8 0.8907 0.5067 1.0000 0.0683

As for the performance comparison between H1 and H2, from columns 3 and 4 in
Table 1, we notice that C(Sg2, Sg1) < C(SH1,Sk2) holds for all testing instances, which
means that H1 finds more non-dominated solutions than H2. Therefore, H1 is better
than H2 from the perspective of the number of non-dominated solutions. Furthermore,
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we can conclude that H2 is still useful for obtaining non-dominated solutions, because
C(Su1,Sm2) is not equal to 1 except for the case that n = 10 and n4/n = 0.8. It means
that H2 can generate some non-dominated solutions that are different from the solu-
tions obtained by H1 in the most cases. Therefore H2 is a beneficial complement to H1.
This fact inspires us to adopt Sy U Sy to generate a more complete non-dominated set
SH1&H2-

We further compare Sg1g#2, With Sysga—gr- From the column 5 in Table 1, we find
that C(Sy1&m2, Snsca—ir) is equal to 1 in the most instances, which means that NSGA-IT
rarely generate a solution that dominates the solutions in Sg¢g2. From the column 6,
we find that C(Snsga—n, SHigm2) is not equal to O in the most instances, which means
that NSGA-II can generate some solutions belonging to Sg¢m2. But, as the number of
jobs increases, the ability of NSGA-II for generating non-dominated solutions decreases
sharply since C(Sysca—irs Suien2) drop markedly. Specially, for the case where n = 50
and }’lA/I’l = 04, we find that C(SHI&H27 SNSGA—II) =1 and C(SNSGA—Ih SHI&H2) =0 for
all the 50 instances. It implies that the solutions obtained by NSGA-II are completely
dominated by the solutions in Spjgpg>. Therefore, we conclude that the proposed
heuristics outperform NSGA-IIL.

5.3 Performance Analysis of Sgigm

We generate 2000 random instances and conduct a statistical analysis of Sy m2 based
on D,y and Dp,y. The parameters (C, SJX , na/n) are the same as those in Sect. 6.1
except the total number of jobs, n = 10: 10 : 100. For each case, 50 instances are
randomly generated.

The computational results of Dy, and Dy, are shown in Figs. 2 and 3. In each

figure, there are four subgraphs representing the cases of ns/n =0.2, na/n =04,
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Fig. 2. Computational results of D,,.
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Fig. 3. Computational results of Dyyqx.

na/n = 0.6 and ns/n = 0.8, respectively. In each subgraph, the x-axis is the total
number of jobs varying from 10 to 100, and the y-axis is the value of Dy, (Dmax) in
Figs. 2 and 3. Each data point in the graph is the average value of the 50 instances. The
maximum and minimum values are also illustrated by the error bar. The smaller values
of Dy, (Dmax) indicate the better Sgigm2.

From Figs. 2 and 3, we can see that the average values of both D, and Dy, are
very small (less than 0.1). The solutions in Sy ¢ g2 are very close to the lower boundary
of Pareto-optimal set in the most instances. In addition, the average values of D,,, and
Dnax do not change greatly with the increasing number of jobs. Therefore, the ability of
generating non-dominated set (Sgyi1¢m2) by H1 and H2 is steady.

In order to further explore whether the obtained S po is the Pareto-optimal set,
we count the number of instances satisfying the condition of Dy, = 0 and Dy = 0,
which is denoted as Npp. According to Theorem 1 and Theorem 2, if D,,, = 0 and
Dinax = 0, Syien2 is the Pareto-optimal set, i.e., Syienz = {P3, P4}. Also, we count
the number of instances that all solutions in Syi¢pm2 are on the lower boundary of
Pareto-optimal set, which is denoted as Nyg. N g > Npo since both P; and P, are on the
lower boundary of Pareto-optimal set.

The statistical results are illustrated in Fig. 4. The four subgraphs represent the
cases of ny/n =02, na/n=0.4, ny/n=0.6 and ns/n = 0.8 respectively. In each
subgraph, the x-axis is the total number of jobs, varying from 10 to 100, and the y-axis
is value of number of instances. The blue and red bar represent Npp and Npg,
respectively. The bigger the values of Npp and Nyp are, the better Syigm> is.

As shown in Fig. 4, there exist a certain number of instances on which the proposed
heuristics can obtain the Pareto-optimal set. Take the case of n4/n = 0.2 among 10
problems for example. The maximum, minimum and average values of Npp are 42, 12
and 24, respectively. Furthermore, there exist a large number of instances on which
the proposed heuristics obtain non-dominated solutions on the lower boundary of
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Fig. 4. Statistical results of Npp and Njp.

Pareto-optimal set. As an example, for the case of ns/n = 0.6, the maximum, mini-
mum and average values of Ny are 50, 28 and 40, respectively. We further count Npg
and Ny among the 2000 instances. For more than 900 instances (45%), the proposed
heuristics can get their Pareto-optimal sets, and for more than 1650 instances (82.5%),
the proposed heuristics can get non-dominated solutions on the lower boundary of
Pareto-optimal set. In addition, both Npp and Ny slightly decrease and gradually level
off as the number of jobs increases regardless of the ratio of n, /n. Based on the above
analysis, we can conclude that the obtained non-dominated set Sg1¢p2 is very close to
the Pareto-optimal set, or is the exact Pareto-optimal set for some instances.

6 Conclusion

We studied the bi-objective problem of scheduling two agents on a single parallel-
batching machine with equal processing time and non-identical job sizes. The objective
is to minimize the makespans of the both agents, i.e., to obtain a Pareto-optimal set. We
defined the boundary of Pareto-optimal set and gave two metrics to evaluate the quality
of a non-dominated set. We designed two strategies, RSH and DMH, to solve the
e-constraint problem and presented two corresponding heuristics to generate non-
dominated sets. The proposed heuristics were compared with NSGA-II on 1000 ran-
domly generated instances. The results illustrate that the proposed heuristics outper-
form NSGA-II. Furthermore we analyzed the performance of the proposed heuristics
based on the proposed metrics using 2000 random instances. The results show that the
proposed heuristics can produce a good non-dominated set that is very close to
the Pareto-optimal set. Furthermore, they obtained the exact Pareto-optimal set for
more than 45% of the 2000 instances.
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In the further work, we study the general problem when the processing times of the

jobs are arbitrary. Designing a good approximation algorithm for the general problem
does not seem to be easy. Another interesting topic is related to other unexplored
objectives, such as the total completion time.
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Abstract. The article is a presentation of the research results regarding selected
activity coordination mechanisms. The research was carried out independently
and within the framework of a research project. Reference coordination models,
which serve further simulation works, are their result. The article consists of
several parts. The first part discusses the most important issues regarding
coordination theory. The second part discusses activity coordination in complex
systems, multi-agent systems. Selected activity coordination mechanisms and
their comparisons were presented in the third part. The article is concluded with
a summary.

Keywords: Coordination + Coordination mechanisms - Supply chain - Com-
plex systems

1 Introduction

A supply chain, as a sequence of organisations collaborating to provide the largest
possible amount of a product or service for the customer, can create very complex
interrelation networks at every stage [1]. Supply chain management is defined as “the
systemic, strategic coordination of the traditional business functions and the tactics
across these business functions within a particular company and across businesses
within the supply chain, for the purposes of improving the long term performance of
the individual companies and the supply chain as a whole” [2]. But the supply chain
management is a decision process that not only integrates all of its participants, but also
helps to coordinate the basic flows: products/services, information and funds [3].
Coordination defined as the process of managing dependencies among activities.
Starting with the individual activity it is easily recognized that the industrial reality
contains a multitude of various activities. When focusing solely on individual activities,
these might seem to have a generic value, for example considering a production or
exchange activity [13].

The author was interested in the topic of activity coordination in the supply chain
and undertook research on the topic in 2011. Up to now works, which have been
documented in relation to several issues have been led:
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Coordination in the Supply Chain - An Indication of Logistic Management —
A Theoretical Approach, 2011 - It was noted that the effective coordination of
activities of independent companies is the key to achieve flexibility and speed
in completing the activities. These may become the source of the improvement of
logistics processes as well as the competitive advantage necessary for processing on
a global market. Weak coordination between the participants in the supply chain
can cause a dysfunction of the operational activities.

The Role of Coordination in the Supply Chain — Experimental Research, 2011 — It
was observed that along with the acquisition of experience in the simulated supply
chain, the number of verbal messages in total and the number of verbal task
messages was subject to a decrease and the supervision (control) in the form of
transferring verbal task messages (type: orders, guidelines) was weakened. Along
with the gaining of experience, the internalization of standards takes place, i.e. the
process of the systematic assimilation and acceptance of patterns of procedure,
which are allocated to indicated conditions and are connected with the completion
of the allocated rile in the supply chain. From this it follows that the more expe-
rienced participants of the supply chain, who achieved a certain level of identifi-
cation and coordination with other elements in the system, require the relatively
week level of control through verbal messages, with the maintenance of the
expected quality and timely efficiency.

Coordination Methods in the Supply Chain, 2012 — Four types of coordination have
been distinguished and ten coordination techniques have been developed.
Coordination in the Supply Chain — an Indication of Logistic Management, 2013 -
The aim of the article is the indication of activity coordination techniques that are
applied by the enterprises. Fifty enterprises, unrelated to each other in their business
activities took part in the conducted research. The respondents had the possibility of
indicating more than one answer. The application of three coordination techniques
was most often noted: coordination (28 % indication), the application of six or
seven techniques (4 % each) was least common. 16 % of the research respondents
apply eight of the ten coordination techniques.

Logistics Process Modelling in Supply Chain — algorithm of coordination in the
supply chain — contracting, 2014 — The aim of the article is to discuss the selected
process modelling methods in the supply chain on the example of one of the
coordination mechanisms, i.e. contracting. In supply chain type structures, the
coordination technique commonly referred to as contracting, is popular. This is a
classic form of coordination in the case of a decentralized market. It can be applied
in the case in which the order (undertaking or task to be accomplished) has a well
defined structure of sub-orders or sub-tasks. It is also important to be able to subject
the order to a decomposition into a series of sub-tasks [4].

The meaning of activity coordination in the supply chain, 2014 — The presented
results are a continuation of the research from 2013 and show the meaning and
essence of coordination in the business environment. The respondents participating
in the research indicating the significant impact of activity coordination on logistics
at the operational level (1. activity coordination improves the processes occurring at
this level, ca. 79 % - the total number of responses for I fully agree and I agree, 2.
activity coordination decreases the order completion time, ca. 83 % - the total
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number of responses for I fully agree and I agree) and point to the significant impact
of activity coordination of the logistics carried out at the strategic level (activity
coordination allows for the harmonisation of the applied logistics strategies, ca.
73 % - the total number of responses for I fully agree and I agree) [5].

e Reference models of selected activity coordination mechanisms in the supply chain,
2015 — The result of the work is a prepared model as well as its description in the
use of Business Process Modeling Notation (BPMN). The presented model is a
demonstrative model. It presents the general course of the business process, without
probing into technical issues. This model allows for an understanding of the
changes taking place, and also their automation in the future. This will serve future
research works [6].

However, the material presented below is the result of the author’s further works on
activity coordination in the supply chain. The author is participating in the LOGOS
entitled “Coordination model of virtual supply chains fulfilling the requirements of
corporate social responsibility”, intra-university program, within the framework of the
first competition entitled Applied Research Program, announced by the National Centre
for Research and Development. The project is being implemented by four scientific
institutes: (1) The Institute of Logistics and Warehousing, (2) The Poznan University of
Technology, (3) The University of Economics in Katowice, (4) The Gdansk University
of Technology.

The project with the acronym LOGOS is aimed at preparing the virtual supply
chain coordination model, which is to fulfil the requirements of corporate social
responsibility.

The task carried out by the author entailed the elaboration of a activity coordination
model, on the basis of which conducting simulation works will be possible.

The works within the framework of the task entailed:

e indication of the simulation criteria - including a definition of the objectives, key
performance indicators, key decision variables as well as the scope of the simulation
(borders, the border assumptions, operational assumptions),

e claboration of selected activity coordination mechanisms in the supply chain with
graphic notation help, serving to describe the business processes,

e conducting simulation experiments.

Works within the framework of the executed LOGOS project have been divided into
three sub-tasks (Fig. 1):

e layer 1 - elaboration of the activity coordination models, The idea of process
modeling is to construct a model, i.e., create a formal representation of a process
that can subjected to a thorough analysis To perform this task, modeling lan-
guages are used. In the present work, an assumption has been made that a map of a
process is its model [7]

e layer 2 - elaboration of a transport model, The majority of multiechelon systems
presented in the literature usually explicitly consider the routing problem at the last
level of the transportation system, while a simplified routing problem is considered
at higher levels [8]. Modeling of the road in three ways shown in the article [9]. By
analyzing the flow of transport should pay attention to the existence of a series of
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distortions that affect the implementation of transport order. Quoting Hoffa And
Pawlewskiego: “Analyzing the supply chain and, to be more exact, the transport
turnaround time, it is Necessary to take into account a number of variables. The
time of finishing the race depends on many factors, dry as the type of road on Which
the Means of transportation is traveling, the weather conditions, driving skills,
capabilities of Means of transportation and other factors.” [9]. In addition, the
authors present a list of interference with a description and method of modeling.
e layer 3 - elaboration of a route model and an optimisation of the GEO routes.

the activity
coordination models

the transport model

the route model and an optimisation
of the GEO routes

Fig. 1. The project layer sub-tasks

2 Activity Coordination - Basic Issues

The coordination and integration of activities are recommendations regarding efficient
operations [10]. The coordination of activities recommends the linking of the individual
system elements from the quantitative and time point of view [10]. The integration
constitutes a postulate for the introduction of all and only those elements of the system
that are required for it to achieve success to the » course of activities « . They should be
included in such a manner so that the elements (in accordance with the meaning of the
organisation) will contribute to the maximum success of the entire system [11]. Zi-
eleniewski indicates the meaning of the coordination of events, which he understands
(in a general manner) as a significant factor protecting the system against loses, which
threaten the destruction of the potential organisational effect [11]. Coordination
understood in such a manner is a necessary condition, although insufficient for the
occurrence of this effect. Mutual information about how the implementation of the
mutually intertwined system elements or that which is subject to coordination is also a
necessary condition. The mutual information binds the individual parts with the help of
feedback.

The research results regarding the assessment and the modelling of factors
impacting the diverse cooperation and integration of the companies cooperating within
the multi-agent systems (Fig. 2), conducted in Poland and Canada, indicate that sharing
information and coordination are the most important [12].

Two key statements on coordination theory can be differentiated. The first of them
states that coordination dependencies and mechanisms are of a general nature. This
means that they can be found in various systems and organisations.
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Enablers Mean score
1 Information sharing 4.45
2 Coordination 435
3 Trust 4.20
4 Willingness to collaborate 4.20
5 Communication 4.15
6 Common business goals 4.05
7 Responsibility sharing 3.90
8 Planning of supply chain activities 3.85
9 Flexibility 3.75
10 Benefit sharing 3.65
11 Joint Decision Making 3.65
12 Organizational culture 3.65
13 Organisational compatibility 3.60
14 Resource sharing (integration) 3.55
15 Top management support 3.25
16 Technological readiness 3.20
17 Training 3.10

Fig. 2. Enablers applied in the research [12]

The second statement of the coordination theory indicates that various coordination
methods can be applied to the same problem. Alternative processes can occur for
different coordination mechanisms. The second coordination theory statement indicates
that by applying alternative coordination mechanisms, it is possible to create alternative
processes.

3 Coordination of Activities in Complex Multi-agent Systems

In expanding the concept of activity coordination into the cooperation of two or more
companies, the need arises for coordination at a higher level - business relations among
others. Coordination presented as activity links [13] occurs between enterprises. The
activity links (Fig. 3c) lead do co-dependent activities, which are synchronised and
matched. The activities carried out by two (or more) enterprises in business relations
become more or less interlinked due to the development of these relations. Such
activities are much more efficient, as they are subject to coordination and rationalisation
(they decrease the costs of performing the activities and/or increase the final result of
the activity).

The coordination of activities in multi-agent systems can be related to the coor-
dination of business activities of millions of people. Friedman claimed that there are in
fact only two manners of coordinating activities.

= | @eE

b)

c)

Fig. 3. Coordination (a) Individual activity, presented as an arrow, (b) Business operation,
which uses five individual activities, (c) Activity links between the two enterprises; [13]
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One of them is central coordination, with the “use” of a special coordination body
(Fig. 4). Coordination centres are usually the leading centres. Friedman states that the
central coordination must be connected with the use of coercion - just as in the military
[14]. A special coordination body (lider, customer) has data sets about project. These
data sets are also often complex and unstructured. Analysis of this data and acquisition
of knowledge with the use of manual methods is slow, expensive, subjective, and prone
to errors [15, 16].

The second manner of activity coordination is self-coordination, understood as the
voluntary cooperation of units- as during an open market fair. “The possibility of
coordination through voluntary cooperation is based on the fundamental truth, although
often negated - that both parties to the transaction gain a benefit from it, under the
condition that this is a transaction that is voluntary and conscious from both sides” [14].
One of the methods of the voluntary cooperation of entities is the Open Method of
Coordination — OMC. The open method of coordination is based on:

e the mutual identification of aims to be achieved in a complex, multi-agent system,

e the joint establishment of means aimed at the achievement of goals (in the form of
statistics, indicators and guidelines),

e analyses, which entail the comparison of system element activities and the exchange
of good practices.

a) lack of coordination b) the voluntary cooperation of units c) central coordination, with the "use" of
a special coordination body

Fig. 4. Coordination forms in multi-agent systems [17]

The condition of such a “self-coordination” is either the fully unchanged repetition
of the cycle of activities with the unconditional compliance with the plan known to all
of the system elements, or either very succinct and fast mutual information.

There are several reasons why multiple agents need to be co-ordinated [18, 19].

e Preventing anarchy or chaos — co-ordination is necessary or desirable because,
with the decentralisation in agent-based systems, anarchy can set in easily.
Agents need to co-ordinate their behaviour if they are to meet global constraints.
Distributed expertise, resources or information — agents may have different
capabilities and specialised knowledge in a similar manner to paediatricians, neu-
rologists and cardiologists. Alternatively, they may have different sources of
information, resources, reliability levels, responsibilities, etc.

e Dependencies between agents’ actions — agents’ goals are frequently interdependent.



Selected Activity Coordination Mechanisms in Complex Systems 75

4 Selected Activity Coordination Elements - Comparison

In mechanical engineering, the mechanism can be referred to as the group of machine
or device integral parts cooperating with each other, which fulfil a specific task, for
example the transfer the movement. The mechanism can also be referred to as the
manner of acting or the order of the events. The coordination mechanism serves to
describe the manner of activities of the enterprises that cooperate with each other.
A presentation of the selected mechanisms is found below.

4.1 Coordination with the Use of an Electronic Bulletin Board

The coordination mechanism with the use of the electronic bulletin board is a modified
form of the classic form of coordination - contracting. Coordination with the use of an
electronic bulletin board is applied when the order has a very well defined sub-order or
sub-task structure. As a result, the order can be structured into its simpler sub-tasks.

The structuring of the order entails its decomposition into a series of sub-orders in
order to separate the structure of the order. This is a strictly indicated system resulting
from the combining of sub-orders of the entire order. Structuring enables:

e the creation of a complete overview of the entire order and its aim,

e the division of the order into smaller sub-orders, which can be given for completion
to sub-contractors,

e the indication of borderline conditions for the planning, steering and supervision

over the completion of the order,

the indication of all of the resources necessary to complete the order,

the enabling of the current review of the costs of the order,

the establishment of the control points of the order,

placing the efficiency gauges in order.

First variant — orderly nature.

The occurrence of two roles is visible during coordination with the use of the
electronic bulletin board. The first role comes down to the ordering party, which
decomposes the order into sub-orders (tasks). They also organize the allocation of these
sub-orders among the cooperating counter parties, already verified as being reliable.
They use their own (most often closed) database of sub-contractors as well as the so
called bulletin board. The role of the subcontractor (counter party and subcontractor) is
complementary to the role of the ordering party. The subcontractor carries out sub-
orders directly. It can also change the role to the ordering party of a lower rank, by
placing sub-sub-orders (decomposed sub-orders) in the same or different electronic
bulletin board. They also use their own subcontractor database (also closed).

In analysing this variant, one can indicate the so-called distance — the distance
between one cell and the remaining ones. In the presented example, Fig. 5 presents
5 enterprises (cells) and 4 channels (connections). Cells A and E are in the worst
situation. They communicate directly with the sole closest cell.
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A |« B |« C |« D |[e» E

Fig. 5. Orderly nature (own work)

Second variant focused nature.

The second coordination variant with the use of the electronic bulletin board is
maintaining the coordination and supervision of all of the works, even those at the
lowest level of complexity, by the main ordering party. In such a case, when a sub-
contractor is found for some sub-order, the scope of the works of this sub-order is
decomposed into sub-sub-orders by the main sub-contractor. One can observe a
repeating action (most often repeated multiple times) of the same instruction (schedule
of activities) in the loop.

C\—
B<—jD¢—>E
» ¥

Fig. 6. Concentrated nature (own work)

In such a layout, cell D, who is the main ordering party, has the most advantageous
position, having the full coordination of the activities and control over the completion
of the order (Fig. 6).

4.2 Building of Structures with the Help of an Agent

It should be assumed that this is one of the simplest coordination mechanisms. It
assumes that the enterprises in the built structure possess a hierarchy, previously
provided. In order for it to function effectively, the execution of the following tasks is
necessary:

e Initiating the creation of a database of enterprises that will operate within the
structure

Defining the scope of activities of the individual entities

Specifying the rights and obligations of the individual entities (regulations)
Expanding the database of enterprises through own actions (sending information
through the available communication channels, i.e. e-mail, press, internet...)
Registration of structure participants

Approving the participants

Agreement

Establishing priorities and dependencies between the enterprises
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The benefit of relations between enterprises defined in such a manner is the legible and
explicit indication of the role that each enterprise is to play in the created structure. The
building of structures with the help of an assistant most often assume the hierarchical
master/slave structure. In such a case the agent master plans and sends out information
on the orders to the individual subordinate agents (slave). And each of these agents
transfers return information on the status of the completion of their order. The defect of
such an approach is the small amount of autonomy for the slave agents. Coordination
through the organisation works ideally in the coordination of the tasks of agents
connected by strong hierarchical relations.

4.3 Comparison of Selected Mechanisms

Coordination with the use of an electronic bulletin board of a concentrated nature as
well as the building of structures with the help of an agent are directed towards
systems, in which a visible hierarchy among the partners is visible and they possess a
coordinating body in the form of a main ordering party or agent (Fig. 7).

Criteria Coordination with the use of Building of struc-

a bulletin board tures with the help
Orderly nature Concentrated of an agent
nature

Manner of | Voluntary co- | Withthe "use" of | With the "use" of

the coordina- | operation of the special coor- | the special coordi-

tion activities the entities dinating body nating body; agent

Hierarchy of No Yes Yes

the business

partners

Structuring of Yes Yes Yes

the order

Interference None/small Moderate Strong

in the activi-

ties of the

business

partner

Cohesion of Loose Moderate Strong

the estab-

lished rela-

tionship

Fig. 7. Criteria coordination (own work)

This body has a dominating impact on the remaining enterprises and their scope of
works. They are also directed to the systems of a cohesive and well concentrated structure.

5 Conclusion

The presented activity coordination mechanism regard the problem of coordination
in complex systems, which are the supply chain, at the stage of concluding trade
contracts between business partners. The partners establish the terms and conditions of
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their mutual cooperation within the framework of these contracts. The contracts con-
cluded between them are at the same time the result of the market tactics, in which each
party takes independent decisions. Their aim is the maximising of one’s own benefits
and at the same time ensuring the greatest possible efficiency of the created system.
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Abstract. This study deals with scheduling groups of jobs, their arrival and
delivery, and individual processing of each of them. All jobs in a group should
be delivered at the same time after processing. One of the objectives is to
minimize the average delivery time of the group containing that job (waiting
period). The new way of modeling and solving the decision problem - a multi-
agent hybrid approach is presented. This approach includes the design and
implementation of two agent types: MP-agents (Mathematical Programming)
and CLP-agents (Constraint Logic Programming). The iterative algorithm for
solving the model under dynamic emergence of new orders is also included.
This structure enables managers to ask all kinds of questions.

In addition, the paper proposes new functionalities based on the CLP
environment and numerical experiments for illustrative examples.

Keywords: Decision support systems - Mathematical programming - Con-
straint logic programming + Optimization - Group work

1 Introduction

In the current daily management, there are also problems that require management to
ask questions like: What .. if? Is it possible ..? What is the minimum ..? What is the
number ..? etc. and efficiently obtain the answers. Specialized modules for optimization
or analyses based on data mining are available for purchase. However, they are costly
and refer to selected areas such as scheduling or planning.

One of the common problems that appear in front of managers is the job groups
handling. A very good illustration of the handling of jobs in groups is the process of
preparing and serving food in a restaurant [1]. Guests enter the restaurant in different
groups at different moments. Each group chooses a table and all orders of the group
members are taken simultaneously. After the accomplishment of these processes, all
meal items ordered by a group are served simultaneously. The quality of service and
the rate of customer satisfaction are raised if a meal item is served as soon as it is ready.
In a restaurant, a group of meal items ordered by guests sitting at a table should be
delivered together. Thus, the cooked meal items for a specific group have to wait until
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the last item of that group is cooked and is ready to be served. The proposed research
problem finds many applications in industrial companies, including but not limited to
food, ceramic tile, textile production industries, distributions, supply chain manage-
ment, installation of bulky equipment, manufacturing of complex devices, etc. as well
as operating systems and databases.

It can be noticed in many production and logistic industries that have different types
of customers. Assume that each customer has different type of orders [15]. Each order
has a different process function and resources, but all items ordered by a customer or
group of customers should be delivered at the same time in one package to reduce the
transportation costs, subsequent processing steps time and costs or/and assure proper
quality of the product/service and customer satisfaction.

One of the solving methods for this problem at the operational level includes
scheduling methods. Scheduling methods for optimal and simultaneous provision of
service to groups of customers are usually proposed in the flexible flow-shop system
(FFS). In the FFS system, processing is divided into several stages with parallel
resources at least in one stage. All of the tasks should pass through all stages in the
same order (preparing meals) [2, 3]. The exemplified objectives of the problem [3] are
minimizing the total amount of time required to complete a group of jobs and mini-
mizing the sum of differences between the completion time of a particular job in the
group and the delivery time of this group containing that job (waiting period).

The motivation was to implement a method that allows modeling and support
decisions for problems handling incoming orders in groups with the same date of
completion for various forms of organization (not only flow-shop). Development of
decision-making models, whose implementation using the proposed method will allow
obtaining quick answers to key questions asked by a service manager. The method
takes into account the dynamics resulting from the coming of new groups of orders
while previous orders are handled.

The remainder of the article is organized as follows. Problem statement, research
methodology, mathematical model and contribution are provided in Sect. 2. Compu-
tational examples, tests of the implementation platform and discussion are presented in
Sect. 3. Possible extensions of the proposed approach as well as the conclusions are
included in Sect. 4.

2 Problem Statement, Methodology and Contribution

The majority of models presented in the literature refer to a single problem and opti-
mization according to the set criterion. Fewer studies are devoted to multiple-criteria
optimization by operations research (OR) methods [3]. Declarative environments such
as CP/CLP facilitate problem modeling and introduction of logical and symbolic
constraints [4-8]. Unfortunately, high complexity of decision-making models and their
integer nature contribute to poor efficiency of modeling in OR methods and inefficient
optimization in CLP. This is particularly important when such questions as What is the
minimum ..2 What is the maximum ..? are asked. Therefore, a new approach to mod-
eling and solving these problems was developed. A multi-agent environment was
chosen as the best structure for this approach [4, 7, 9]. Mathematical programming
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environment was used for optimization questions [10] and constraint logic program-
ming environment was applied for general questions and to frame the whole. This
multi-agent hybrid approach is the basis for the creation of the implementation envi-
ronment to support managers. Such environment allows asking various questions while
processing the groups of orders.

The main contribution on our part is the new method for the modeling and decision
support problems for handling orders in groups. It is based on the integration of CLP
and MP agents in the CLP environments (Sect. 2.4). One of the possible objective
functions of the constructed decision model is minimizing the average service/waiting
time for each group. Based on the proposed method and model, we designed the
framework that allows managers to ask questions and get fast answers in the process of
handling groups of orders. The iterative algorithm proposed enables dynamic use of
this method. The algorithm is designed in such a way that allows you to run framework
in subsequent periods in which there are orders. The algorithm also updates every
period the availability of resources.

2.1 Problem Description

This problem can be stated as follows (Fig. 1). Orders (j = I..M) enter the system in
groups at different periods (2 = I..V). Each order should be processed by specific
resources, including parallel resources (k = 1..E). The orders (j = 1..M) in each group
should be delivered. It is assumed that all processors in the last stage are eligible to
process all jobs. This assumption is valid due to the fact that processors in the last stage
(waiters at restaurants who deliver meals or packers in a factory, or quality control) are
the same in most of the application areas of the proposed problem. Special points at
which orders are submitted and then delivered are introduced/e.g. tables, assembly
points, etc. (i = 1..N). (These points can be aggregated in groups a = 1..A). The problem
does not cover configuration of the points but relates to handling orders, as many orders
may come from one customer (orders several items from the menu). Each order may be
processed by a different resource set in any order.

The objective function is stated as the minimization of the average delivery time for
each group. Possible questions for this model (but not limited to) are:

Q1 — What is the minimum average waiting time in each group?

Q2 — What is the minimum waiting time?

Q3 — What is the minimum number of resources Rzt for timely execution of orders?

Q4 — What is the minimum number of groups of points for timely execution of

orders?

¢ Q5 — How much will the order execution time extend if the number of resourced is
extended by 20 %, by 50 %?

e Q6 — What number of resources dl, d2, d3, ... is needed to execute the orders when
the waiting time is no longer than g?

e Q7 — Can m orders at n points be executed within time g so that the waiting time

does not exceed T?
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The process of preparing
order type j=3

Resources k={1,2,5}
for order types j=3

Order types j={1,3}
for points i=1
in an amount

Z11=1,2,3=2
ig=2 =
ordering delivery
Points
i={1,2,6,8,10} ‘ i

The groups of points
a={1,5}

Fig. 1. Scheme for the problem of handling orders in a restaurant

2.2 Mathematical Model

A mathematical model is developed for the research problem. The sets, indices,
parameters, decision variables are presented in Table 1.

Objective function. Minimization of average waiting time at each point i (1a) or the
minimization of the total waiting time for all points i (1b).

Constraints. Constraint (2) specifies the starting time of handling order j from point
i. Delivery/processing/handling of order j cannot start before moment St, at which
demand appears (3). Only available number of resources k can be used in any period of
time (4). When order j for point i is delivered using resource k in period g, the resources
have to be reserved for a period of time (5). Determining the end times for resource
jobs — constraints (6), (7) ensure the value of variable Y;; , and continuous handling/
processing of the order. All orders j for point i should end at the same moment (8).
Constraint (9) binds variable X ; ; , (setting its value to be 1 where index g takes values
ranging from S;; to Tkp;) (9). Constraint (10) specifies the number of different type of
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resources. Constraint (11) is responsible for the binarity of selected decision variables.
Two random points i from the same group a cannot be served at the same period Tkp;,
which is provided by constraint (12) and the properties of resources of different typ
(e.g. waiters).

Table 1. Summary indices, parameters and decision variables

Sets Indices
Set of points (tables) N  Points (tables) i=1.N
Set of orders M Orders ji=1L.M
Set of resources E  Resources k=1.E
Number of periods U  Period g=1.U
Number of periods in which orders Period in which orders can be en- _
v h=1.V
can be entered tered
Set of groups of points A The group of points a=1.A
parameters
Time for execution of order j §
Available number of resources & dy
Number of & resources needed for execution of order j Rjx
The number of resources of different type (waiters) Rzt
Number used to convert periods to moments (for connecting index g with variable
S, if S, =7 then index g=7) PPe
The group number a to which point i belongs alo;
Inputs
The number of orders j at point i during period g Zyi
Decision variables
If the execution of order j for point i uses resource k in period g then X;; =1, X..
otherwise X; ;=0 Likg
If g is the last period in which resource k& is used in the execution of order j for Y
point i then Y, ,=1, otherwise ¥;;;, =0 Lk
If g is the last period in which orders are executed for point 7 then W; =1, other- W
wise W; =0 h8
Calculated number of periods g (using pp,) delivery of all orders for point . Tkp;
Calculated number of periods g (using pp,) starting time of order j delivery for S
point 7. H
Auxiliary variables needed for the linearization of constraint that the group points Pliii,
do not complete the task at the same time P2un
I
Fc = min N Z Tkp; (1a)
i=1
Tk > Tkp; for i =1..N
(1b)

Fc = min Tkp;,

Si,j+tj :Tkp1 for i = lN,_] = lM, Zi.j >OSi_J' =0 for i= 1N,J: lM, ZiJ =0 (2)
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Sij =St for i=1.N,j=1.M (3)

M
(Xi,j,k,g ~Rj7k . Zi_’j) S dk for k = 1..E,g = 1U (4)
i=1 j=1

U
> Xijke =1t for i=1.N,j=1Mk=1Ez;>0Ry>0

¢ (5)
Xi,j,k,g =0 for i = 1N,] = 1..M,k = 1..E,Zi,j: 0

Xijxe =0 for i=1.N,j= .M,k = 1.LE,Rj;= 0

U
> Yijkg=1fori=1.Nj=1LMk=1Ez;> 0 Ry >0 (6)
g
Xi,j,k,gfl — Xi,j,k,g S Yi,j,k,gfl for i = 1N,] = 1M,k = 1E,g = 2U, Zij > O7 Rj,k >0
Yijke=0 for i=1.N,j=1.Mk=1.Eg=U (7)
Yijxg=0 for i=1.Nj=1Mk=1Eg=1

Yi.j,kl,g = Yi,j,kZ.g for 1= IN,J =1.M,kl1,k2 = IE,g =1..U, Zij > 07 Rj,k >0
(8)

.. 21 fori=1.N,j=1.Mk=1.Eg=1.U,g>8S;;, g<Tkp, 9)
iike™Y o otherwise

E
>3 Yijke<Rat for g=1.U (10)

i=1 j=1 k=1
Xijke={0,1} for i=1.N,j=1.M,k=1.E,g = 1.U
Yijxeg={0,1} for i=1.N,j=1.M,k= 1.E,g = 1.U

Tkp;, # Tkp;, for ij= 1..N, i,= 1..N, alo;, = alo;, (12)

2.3 Linearization of the Model

The mathematical model presented in 2.2 is non-linear. To linearize this model, an
ancillary variable was used, W;, = {0,1}, determined according to formula 13 (where
coefficients/factors pp, are determined by the CLP). Additional constraints (14), (15),
(16) and (17) were introduced to replace constraints (9) and (12). After the lineariza-
tion, the model was formulated in the form of the mixed integer linear programming
(MILP) problem.
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U
Tkp;= Y pp, - Wigfor i = 1.N (13)
g=1

Yi,j,k,g = Wi‘g for i = lN,] = 1..M,k = 1..E,g = 1..U, Zi ZO, Rj7k ZO (14)

U
> Wig<1 fori=1.N (15)
g=1

Wi={0,1} for i=1.N,g=1..U (16)

Tkpil — Tkpi2 <_Pl;;, — 0.1 for alo;, = aloj,,i; =1.N,i, =1..N
Tkp;, — Tkp;, < _P2; 3, — 0.1 for alo;, = alo;,,ij = 1..N,i; = 1..N (17)
_Plil’iz—i—_PZihiz =1 for a]Oi1 = alOiz,iIZ IN, i2 =1..N

2.4 A Multi-agent Hybrid Approach to Modeling, Solving
and Optimization

The multi-agent approach was chosen for the implementation of the CLP and MP
integration [13, 14]. This approach seems the most suitable for integrating and
hybridizing of various environments. In this way, the framework with two types of
agents and multiple interconnections between them was created (Fig. 2).

It can be used to implement specific decision models (Sect. 2.3) as well as ask
questions related to these models. The questions and the additional constraints are
implemented in the form of CLP and MP agents in Eclipse and Eplex environments
[12]. Examples of question that can be asked are presented in Sect. 2.1. The CLP agents
are used to model the problem, linearize and transform it. They are also effective in
terms of receiving answers to general questions, such as Is it possible ..? Is it
enough ..?. For optimization and specific questions, such as What is the minimum ..?
What is the shortest time ..?, after the initial “domain” solving, the problem is finally
solved by the MP agents.

3 Numerical Experiments

In order to verify and evaluate the proposed approach, many numerical experiments
were performed for the illustrative example. All the experiments relate to the restau-
rants with fifteen points (tables) (i = 1..15), twenty five order types (j = 1..25), twenty
resource types (k = 1..20), thirty time periods (g = 1..30), five groups (a = 1..5) and
fifteen orders Z, ; ; Computational experiments consisted in asking questions Q1..Q7 for
the model (Sect. 2.2) implemented in the framework (Sect. 2.4) iteratively run with
interactive algorithm. Orders are ordered in groups during periods marked h; = 2,

h, = 6. Figure 3 shows the implementation schedule of all orders for this example while



A Multi-agent Hybrid Approach to Decision Support
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mplementation onstraints,
Objectives CLP-agent

method

Questions: Constraint
Is it possible ..?
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MP-agent
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propagation
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Solution
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l

]
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Fig. 2. The scheme of the implementation framework
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Fig. 3. Gantt chart for illustrative example (Z;;) for g = h;, g = h;
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minimizing the average waiting time. The answer to question Q1, i.e. the minimum

waiting time for each order of period #; is from Tpk = 4 to Tpk =7, for the period h; is

from Tpk = 9 to Tpk = 11. Average waiting time for h; and h; is shown in Table 2.
The values of answers to the remaining questions, Q2 to Q7, are shown in Table 2.



88 J. Wikarek and L.E. Nielsen

Table 2. Answers to questions, Q1 to Q7

Ql Q2 Q3 Q4
T(hy) T(hy) [Tch) T(hy) | T h, T h, T h, T b
3.4 4 7 11 8 1 13 1 8 1 13 1
7 2 11 1 7 2 11 1
6 NSF 9 NSF 6 NSF 9 NSF
Q6 (T=15) Q7 (T=18, m=20 n=5)

d Answer d Answer | j  Answer j Answer j  Answer

1 5 11 1 1 No 10 Yes 19 No

2 5 12 0 2 No 11 Yes 20 Yes

3 4 13 1 3 No 12 No 21 Yes

4 0 14 1 4 No 13 No 22 No

5 1 15 1 5 Yes 14 Yes 23 Yes

6 2 16 0 6 Yes 15 Yes 24 No

7 3 17 1 7 Yes 16 Yes 25 Yes

8 3 18 1 8 Yes 17

9 3 19 1 9 Yes 18

10 1 20 1

Q5
20% 50%

T(h)  T(h) T(h)  T(hy)

4 10 56 14

4 Conclusion

The presented multi-agent hybrid framework, which is an implementation of the pro-
posed approach, enables effective planning, design and management of the processes
by a manager. This allows the implementation of decision-making models with dif-
ferent objective functions and the introduction of the models already implemented with
additional constraints. It also provides the opportunity to ask two types of questions
and obtain answers. General questions may require domain solution, which in practice
determines the availability of resources to execute orders. The wh-questions will in
practice define the best, fastest, cheapest or the most expensive of the possible solu-
tions. To obtain answers, optimization is necessary. The illustrative example shows
only part of the potential for this kind of problems. Further work will consist in the
implementation of more complex models such as a decision-making model covering
operations. The proposed framework can be used in many areas. Similar issues exist
wherever there are a variety of customer orders, the handling of which requires pro-
cesses and additionally, both are ordered and executed jointly with a single delivery
deadline. In practice, such an approach to group order handling occurs in manufac-
turing, services, logistics, supply chain and project management [11, 16]. Introduction
of precedence constraints to operations and orders, uncertainty, fuzzy logic and others
intelligent methods is considered. New questions will be implemented to broaden the
scope of decision support.
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Abstract. The aim of the paper is to present a simulation model of transportation
which includes different disturbances. The paper describes in detail modeled route
and way of modeling some disturbances. In article authors presented influence of
distinguished distortion to time of realization transport task. Authors create own
object with using Discrete Event Simulation and Agent Based Simulation
approach. The research highlights of the performed works are as follows: showing
influence of disturbances to transportation time and present a description to build
objects, which represent disturbances.

Keywords: Supply chain - Disturbances - Creation of special objects - Simulation

1 Introduction

Paper presents author’s work on supply chain modeling method with including the some
disturbances. Given the wide range of aspects included in the supply chain, authors
decided to concentrate on the selected area - transport processes and disturbances occur-
ring in them and how they can be modeled. In the literature, many articles about modeling
asupply chain can be find. Popular methods of modeling route/supply chain are: creation
paths by using graph, by using algorithms and neural networks and others. However,
describing the disruptions in transportation and how they can be modeled is not enough.

Authors in this article are presenting a simulation model of realization a transport
order (route of this transport). This model takes into account some disturbances. It was
created by using a modern software Flexsim, that allows build models of various degrees
of complexity [26]. In order to present a discussed issues, authors integrate Discrete
Event Simulation (DES) with an Agent Based Simulation approach (ABS). Authors
created their own objects, which map some interference. This objects have a certain
intelligence, which have been given by creator.

The main aim of this article is to present a simulation for chosen transport route,
taking into account some disturbances and detailed description of a method of modeling
those distortions. Authors also demonstrate in practice how they create these objects,
not just a theoretical description. Important is also to show the relationship between
disturbances and time of realization the transport task.
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An article consists of six parts. Section 2 contains a literature background about a
supply chain, way of route modelling and about disturbances in transport. A Section 3
presents detail descriptions of planned route as a case study. It includes description of
method of modeling disturbances, and how they can be modeled in practice. Parts 4 and
5 refer to simulation experiments and results of them. An article ends with conclusions
and plans for further work.

2 Supply Chain and Disturbances — Literature Background

Modern supply chains are dispersed systems [6, 19, 23]. In order to confirm the
complexity of aspects in supply chain, few definition about them are presented. Recalling
Umeda: “A supply chain system is a chain of processes from the initial raw materials to
the ultimate consumption of the finished product spanning across multiple supplier-
customer links. It provides functions within and outside a company that enable the value
chain to make products and provide services to the customers.” [22]. Other definition
is: ,,a supply chain is a worldwide network consisting of suppliers, manufacturers, ware-
houses, distribution centers and retailers through which raw materials are purchased,
transformed and delivered to customers” [10]. So, the supply chain is represented by a
number of actors and many factors (inside and outside the company [13]) which have
an impact of its functioning. It can consist of two participants (sender and receiver), but
it is more complicated often, as: wholesalers, storage or transport service providers.
Because of wide range of supply chain issue, in the literature can be found many
articles about methods of describing and modeling a network. The most known are:

— modeled transport routes by using different type of network, for example Petri net
[20];

— Dby using algorithm like Dijkstra and/Floyd-Warshall algorithms [9];

— and of course in mathematical description [24].

To model processes in supply chain, two methods are using: Discrete-Event Simu-
lations (DES) and Agent-Based Simulation (ABS). DES models are characterized by
the process approach — they focus on the modeling of the system in detail, not on the
independent units. More information about this method can be found in [3, 7, 18].
Whereas, ABS focuses on individual elements (resource, participants in the process),
which are characterized by their own distinct behaviors [14]. In ABS approach we should
pay attention to: attributes and behaviors of individual agents, relations and interactions
between agents and the environment that we model. Agent-Based Simulation is
discussed in more detail in [2, 8, 13, 14].

Describing about disturbances in transportation issues, it should be noted that usually
they involve of the transport of hazardous materials and the associated with this transport
risks [5, 11, 16, 21]. Of course, it can be find articles about disturbances not related to
transportation of hazardous material, for example about car accident [1, 17]. Very inter-
esting approach to robustness of Multimodal Transportation Networks is presented in
[4]. Author distinguished two types disruptions in supply and demand: structural and
behavioral.
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But there is a little number of articles devoted to modeling a disturbances, describing
how to model them, not only to calculate the risk of their occurrence. Therefore, the
authors decided to engage in the topic of disruptions modeling. A list of featured distur-
bances by authors with method of modeling them can be found in [12].

3 Simulation Model of Supply Chain - Description

The simulation model of the selected transport route was built using the Flexsim soft-
ware. In this software we can simulate, analyze, optimize every systems and processes.
The model is created in 3D visualization. Using Flexsim is very simple by build-in tool
and objects [26]. In order to make the best representation of reality, some assumptions
were made, for example about vehicle speed and the presence of interfering elements
transport mileage. Detailed assumptions are described in the next part of article.

3.1 Model of Transport Route - Definition of the Problem and the Assumptions

General information about the modeled transport routes are included in Table 1. This
route includes travel from Jarogniewice city to Zgierz city, both of them are located in
Poland.

Table 1. Modeled transport route — general information.

Transport route

Loading place |Zip code | Unloading place Zip code | Distance [km]

Jarogniewice | 64-020 Zgierz 95-100 222

Figure 1 presents the route.
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Fig. 1. Jarogniewice — Zgierz route. Source: [30].
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The planned route includes journey using motorway A2. Part of the road (from
Komorniki to Konin) is managed by Autostrada Wielkopolska [25]. At this section of
route some toll collection points are, so fee should be pay. Further section (Konin -
Emilia node) is managed by GDDKIA, and therefore fees are collected through an elec-
tronic system viaTOLL [27]. Table 2 shows the places where there are manually toll
point. In those points, in relation to pay a fee, there is slow traffic. Therefore, authors
treat these situations (these points) as a disturbance.

Table 2. Manual Toll Collection Point at the route. Source: based on [25, 27].

Toll collection point

Administrator Place

AW Nagradowice
AW Ladek
GDDKiA Konin Wschéd
GDDKIiA Emilia

In present simulation model, assumes that speed of a mean of transport is 80 km/h
(4 - Acceleration/Deceleration). This speed is intentionally not a random value, because
authors want to clearly show the influence of various disturbances on the modeled
route - at the time of realization the transport order.

The purpose of the simulation model is show the transport time from the start to the
final point, in the event of the occurrence of different, random disruptions. In this model
includes three types of disturbances:

(1) Driver working time - in conjunction with the applicable provisions [29] time of
driver working should be considered; authors treat this as a certain disruption (time
of working between next break are well known and duration of break are know too;
these breaks increase the time interval of the order realization);

(2) Time of fee payment in Toll Collection Point (TCP) - in connection with moving
by motorway, we are faced with a manual toll collection points; time spent at these
points is variable - it depends on the volume of traffic;

(3) Road accident - List of “Black points”, which is widely available, can be used for
defining the dangerous places in Poland [28]. At the planned route the black point
doesn’t exist, but authors decided to take into account this disturbance in some point
as a random incident.

3.2 Selected Disturbances - Description and Method of Modeling

For the above-mentioned interference, detailed method of modeling will be presented.
Authors, in order to model a particular interference, created own objects with special
labels and some assigned intelligence. Each disruption is described in detail in next part
of this work.
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Driver working time. In accordance with current regulations, the driver at the speci-
fied interval has to stop and make a break (during which he can not to do any other
operations - e.g. loading processes) [29]. In the present model, the time of driver
working starts at time, when vehicle received the message about new transport order
to its completion. Therefore, loading and unloading operations are included. The
authors treat the break as the disturbance - an element extending the time of realization
order. But they have to be made. Analyzing the driver work time, in the basic terms,
the driver after 4.5 hours of driving/work is required to make a 45 minutes break, then
after a further 4.5 hours driving/working a break is equal 11 hours. This approach has
been simulated in the model (the authors did not take into account other cases of breaks
in work, because this disturbance is like a reminder to modeler that the driver must
have breaks!! Besides at the market, specialized programs for time management driver
can be founded.

Driver working time in the simulation model is mapped by using individually created
object called Driving_Work_time_Measure (Fig. 2). This object has 7 labels: the first
specifies the time interval between subsequent measurements, the second and the third
contains information on what time after the start of the work is have to be a break; lables
4 and 5 contain information about time duration of each break; 6 and 7 are supplemented
with the start time (time of receipt message about starting transport order by the
vehicle = start time), and with the end time (end of transportation order = stop time).

»~ DWTM1/Driving_Work_Time_Measure Properties =— = n

‘ Driving_Work_Time_Measure @

Sink | Flow | Triggers | Labels | General

de G| X ||t |8 |

T

1 | TimeBetweenMeasurement 0.01

Driving_Work_Time_Measure | 2 |short_break_after_hour 4,50
3 |long_break_after_hour 9,75

4 | short_break_duration 0.75

5 |long_break_duration 11.00

6 | simulation_time_work_start 0.00

¥ | simulation_time_work_end 0.00

Fig. 2. Driving Work_Time_Measure-Object.

In presented labels, important information are written. Thanks to them object
manages of mean of transport, when the break have to be made. This object contact with
vehicle by sending messages. Driving_Work_time_Measure Object, after receiving
information from a vehicle that it started a work - sends information to itself about next
break (break type and duration). In situation when a break should be made, created object
sends a message to vehicle (about stop it) and to itself. And after appropriate time (equal
time of break) it sends next message to mean of transport about unlocking and to itself
about next step in measurement. This cycle is shown schematically at Fig. 3.
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Fig. 3. Driving_Work_time_Measure Object - mechanism of sending message.

Toll collection point. In connection with moving motorways in the presented case study,
toll collection points should be take into account. In these points, speed of travel are
slowed down because of stop for the fee payment. Authors had created new object (TCP)
to map this situation. TCP has four labels, in which the values for the stop operations at
the fee payment point are defined (mean, deviation, min, max). On the basis of these
labels, value of the blocking time is defined with using normal distribution. When the
vehicle comes to toll collection point, it is stopped for established time. The slow down
of the speed around the toll point is not included - it is included to stop time at point.

Disruption is modeled as follows: created object named TCP is combined with
network, in which is a toll point. At the moment of the reset a model, a stop time at TCP
is defined, by using normal distribution (in relation to values in labels). At the time of
arrival the vehicle to the point, information about this situation is sending to TCP object
(1). In response, the TCP object sends the information about stopped to the vehicle, and
it sends to itself delayed information, delay is equal defined time of stopping (2). After
this time, the TCP object receives a message from itself and sends information to vehicle
to unlocked it (3). The described situations are shown in Fig. 4.
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Fig. 4. TCP_Object — situations of sending message.

Car accident. Another modeled disturbance in the present case study, is the occurrence
of a car accident. Due to the existence of a public list of so-called black spots, it is
possible to define dangerous places [31]. Based on historical data it can be estimate the
probability of collision at this point. In the case of described disruption, two situations
has been distinguished:

(1) the vehicle reduces its speed at range of the collision (the range depends on traffic);
(2) the vehicle is involved in an accident - it was assumed that the vehicle is unable to
continue the transportation task (speed of travel = 0 km/h).

Extent of this disturbance is expressed by a circle with a given radius. Each traffic
accident is mapped on a single object named Collision. Authors created this object with
using TaskExecuters Object in flexsim. They used this type because it has additional
function — definition of collision and possibility to check if other object are in this area.
In situation when the road is blocked in connection with a traffic accident, it should be
take into account the additional time required to complete the order (in the event of
failure to comply with the delivery date could mean a financial penalty).

Authors, using the ABS approach, created object with defined properties, which are
stored in the labels. This created object has 17 labels (Fig. 5).

Label 1 contains information about type of accident (involving a car which realizes
the order or no) - this value is defined according to the information contained in the other
labels.

Label 2 - is a part of the information that describes the type of accident.

Labels 3 and 4 - they are places, where the probability of occurrence of a given type
of accident at a given point, have to be defined.

Labels 5-8 - they are contained information about the speed of the vehicle in the
event of a car accident without the participation of our vehicle; a speed is defined on the
basis of these data.

Labels 9-12 - they included information about car accident range (radius), a radius
is defined by this information, with using a normal distribution.

Label 13 - is equal O - in the case of an accident involving our car, it is assumed that
it can not to continue further drive (does not move).

Labels 14—15 contain randomly selected values for each elements. In case of accident
type 2 radius is 1.

Label 16 - allows you to change the stream of random numbers.

Label 17 - it gets information about that if in a disruption range is another object
or not.
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1 | Collision_type 0.00
2 | Description_Collision_type 1-collision without our vehide; 2-collision wit our vehide
3 | Collision_type1-probability 0.05
4 | Collision_type2-probability 0.01
5 |typel_speed_mean 30.00
6 |typel_speed_dev 15.00
7 |typel_speed_min 15.00
8 |typel_speed_max 60.00
9 |typel_radius_mean 4,00
10 | typel_radius_dev 1.00
11 | typel_radius_min 0.50
12 | type1_radius_max 8.00
13 | type2_speed 0.00
14 |speed 0.00
15 |radius 0.00
16 |stream 1.00
17 |active 0.00

Fig. 5. Created collision object.

In case of a traffic accident, the range of them is defined by values in labels and with
using normal distribution. In the same way the speed in range of disturbances is defined.
This object, of every certain time interval, checks if in defined range appeared another
object, if so then performing a specific action - changes the speed of travel in a foreign
object. In the moment, when it is determined that the foreign object (mean of transport)
is no longer in a disturbance range, created object again changes the speed of the vehicle,
to value as which a vehicle had before it came to this disruption. Checking the area of
interference occurs very often (currently 0.01 time unit). Thanks to this, the moment
when the vehicle has left the disturbance is quickly noticed. Figure 6 shows described
situations.

Max Speed | 80.00 Max Speed | 54.00 v _.» Maxspeed |80.00

“setnew Set new
speed at speed at
.-~ vehicle

Do nothing

vehicle

Fig. 6. Collision object — mode of action.

4 Simulation Experiment — Description

Simulation model with a selected route (described in Sect. 3) was created, in order to
show the effect of various disturbances on the duration of the transport order. For a
choosen route, few experiments were made, in which the values of the different variables
have been changed. In preset case authors do not take into account the possibility of a
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detour - alternate route. The issue of seeking a new route, because of disturbances, is
not the aim of this study. In order to carry out experiments, authors have used a built-in
experimenter tool. Each experiments were made 10 times (replications) because of
occurrence of normal distributions in the model. The aim was to show differences in the
analyzed a transport time, which depends of the duration of each activities (which are
random values). To not make a model too difficult, some simplifications were made.
Thanks to them analysis about relations between disturbances and time of transportation
are possible. Therefore some variables in the model left unchanged (like values for
deviation, min, max in the presented disturbances).

Information about the experiments are summarized in Table 3. Important informa-
tion is the fact, that the travel time from point A to point B without any disturbance is
equal 2.78 hour.

Table 3. Definition of simulation experiments.

Experiment

No Take into Mean Time in | Probability of | Probability of
account the every TCP type 1 collision | type 2 collision
driver’s
working time

1 yes 0,1 0,1 0,01

2 yes 1 0,8 0,01

3 yes 1 0.1 1

5 Experiments - Results

The purpose of the experiments was to determine the transportation time and show the
impact of disturbances to this time. Experiments were made by using the built-in experi-
menter tool in Flexsim software. Table 4 shows results of each experiments and each
replication. As we can see, in situation with taking into account driving work time and
disturbances like waiting in TCP and little probability of car accident in one point, the
transportation time is bigger (scenario 1). We have to remember that result are different
because of random values. In case with longer spending time in TCP and bigger prob-
ability of type 1 car accident, the time of transport