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1. INTRODUCTION?

1.1 PURPOSE

This tutorial will introduce you tot h 8rahinsd0 | a n gnd deysdopment environment
and their use for agent-oriented modeling. Brahms can be used to model complex work
practice scenarios. This tutorial will present the main aspects of the language and
discuss the usage of the modeling constructs available.

Because Brahms is an agent-oriented language, it requires a different way of thinking
than object-oriented and procedural languages. In many books on object-oriented and
procedural languages the Atm (automatic teller machine) scenario is used as an
introduction to the respective language. This tutorial will use the Atm example in order to
showcase many of Brahms modeling constructs and to show how they differ from
traditional object-oriented or procedural languages.

This tutorial will introduce many language constructs and specifications and describe
their application to the Atm scenario. The discussion of a Brahms implementation of the
Atm scenario will be the core of this tutorial. You, the reader, will be challenged to
complete exercises that consist in writing pieces of Brahms code to model increasingly
complex aspects of the scenario. You will also be given working examples and pieces of
code with which to compare your solutions. This tutorial, however, does not replace the
Brahms Language Specification document (available online at
http://agentisolutions.com/documentation/language/ls title.htm), which is a
comprehensive guide to the modeling capabilities of Brahms. The Brahms Language
Specification document fully defines the formal syntax and related semantics of all the
modeling concepts. In addition, while this tutorial is self-contained and does also cover
elements of syntax and semantics, it should be regarded simply as an introduction to
Brahms. Agent-based modeling of social phenomena is more an art than a science i
and this is particularly true of Brahms, whose modeling richness can be used in several
different ways. This tutorial will teach you by example how to use the language
concepts, so that by the end of this tutorial you will be able to build simple to reasonably
complex Brahms models. However, for a deeper mastering of the language, this
document should be used in coordination with the Brahms Language Specification
document.

Finally, the Brahms language is still in development. It is often updated with new
functionalities, which are described in the Language Specification document available
online. This tutorial may not include the latest developments of the language. The
current version of this tutorial, 1.2, reflects the status of the language as of July 2003.

! Sources of this chapter: Brahms 2001 TM01-00001 Project Plan; communications with Brahms development team.
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1.2 INTENDED AUDIENCE

This document is to be used by future Brahms modelers as a guide in their development
of Brahms models. Some level of previous programming experience is expected.
Knowledge of object-oriented languages and rule-based languages is preferable, but not
essential.

1.3 DOCUMENT SUMMARY

This tutorial is a self-contained introduction to the Brahms language. It starts by
presentngan overview of the Brahms programming | ali
the Atm scenario. It then shows the reader how to install the components of the Brahms
development system. The Atm scenario then begins, with simple concepts and
examples that progressively build up in complexity and difficulty. In each scenario sub-
section the reader will be introduced to a set of new language concepts and asked to
use them in increasingly realistic Brahms models. Experienced programmers might
move quickly through the initial sections of the Atm scenario (Chapter 4, Sections 3 1 8)
and spend more time on the more complex sections (Sections 9 i 11). While the Atm
scenario will be especially useful to people familiar with procedural or object-oriented
languages, it will also be understandable by those with no prior knowledge of procedural
and object-oriented languages.

1.4 DOCUMENT CONVENTIONS

This font is used for text (descriptions, explanations, etc.)
This font is used for code, as well as folder names, file names, etc.
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1.6 CONTACTS AND HELP

Updated versions of this document are available from the AgentlSolutions website:
www.agentisolutions.com. Questions about this tutorial and typos should be notified to
Alessandro Acquisti (acquisti@agentisolutions.com).
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2. OVERVIEW OF BRAHMS AND THE ATM SCENARIO

2.1 WHAT IS BRAHMS? AN INTRODUCTION TO ITS THEORETICAL
FOUNDATIONS AND CONCEPTS

Brahms models may be thought of as statements in a new formal language developed
for describing work practice. The online language specifications (at
http://agentisolutions.com/documentation/language/ls title.htm) show the conventional
notation and constructs used to express the syntax for the modeling language. The
language is domain-general in the sense that it refers to no specific kind of social
situation, workplace, or work practice; however, it does embody assumptions about how
to describe social situations, workplaces and work practice.

Brahms can model and simulate work practices. Brahms models are written in the
agent-oriented language that will be described in this document. The run-time
component - the simulation engine - can execute a Brahms model, also referred to as a
simulation run. A Brahms model can be used to simulate human-machine systems for
what-if experiments, for training, for fuser models, or for driving intelligent assistants
and robots. Brahms is different from task and functional analysis. A traditional task or
functional analysis of work leaves out the logistics, especially how environmental
conditions come to be detected and how problems are resolved. Without consideration
of these factors, it is not possible to accurately model how work and information actually
flows, or to properly design software agents that help automate human tasks or interact
with people as their collaborators. What is wanted is instead a model that includes
aspects of reasoning found in an information-processing model, plus aspects of
geography, agent movement, and physical changes to the environment found in a multi-
agent simulation. A model of Awork practiced focuses on informal, circumstantial, and
located behaviors by which synchronization occurs, such that the task contributions of
humans and machines flow together to accomplish goals.

Brahms makes this kind of models possible. Brahms relates knowledge-based models
of cognition (e.g., task models) with discrete simulations and the behavior-based

subsumption architecture. Brahms is centered on the concept of fagentsd0 Agent s

behaviors are organized into activities, inherited from groups to which agents belong.
Most importantly, activities locate behaviors of people and their tools in time and space,
such that resource availability and informal human participation can be taken into
account . A model of activities doesnodt
reasoning or calculation, but instead captures aspects of the social-physical context in
which reasoning occurs. Thus Brahms differs from other multi-agent systems by
incorporating chronological activities of multiple agents, conversations, as well as
descriptions of how information is represented, transformed, reinterpreted in various
physical modalities.
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The Brahms language is structured around the following concepts:
Agents and Groups

Objects and Classes

Beliefs and Facts

Workframes

Activities

Thoughtframes

=A = =4 =4 =4 =4 =4

Geography

which can be related one to the other in the following way:
Groups contain
agents who are located and have
beliefs that lead them to engage in
activities that are specified by
workframes  that consist of
preconditions of beliefs that lead to
actions, consisting of
communication  actions
movement actions
primitive actions
other composite activities
consequences of new beliefs and world facts
thoughtframes that consist of
preconditions and

consequences

The Atm scenario will drive you through all of these concepts. It will first present them i
one by one - and then it will ask you to use them in increasingly realistic Brahms
representations of a scenario where students get money from Atms and spend it at
various restaurants.
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The goals of the rest of this chapter aret o of f er a birdodébs eye Vvi ey
introduce the Atm scenario that will be used in the tutorial, and highlight differences
between the Brahms modeling philosophy and that of object-oriented languages.”

2.2 ANATOMY OF A BRAHMS MODEL: THE ATM SCENARIO

A Brahms file is a file written according to the rules of the Brahms language and
identified with the .b extension (the Brahms programming environment, called the
AComposer , Gndestenson to heter to a complete Brahms model written with
the Composer. The Composer can be downloaded from the AgentiSolutions website).
Most of your Brahms models (including the Atm case that you will build through this
tutorial) will consist of more than one Brahms file. Unlike most other languages like C,
Java or Pascal, Brahms does not have a main method that serves as the starting point
for a Brahms simulation. While Brahms does not prevent you from placing more than
one concept in one Brahms file, it is recommended that you create one .b file for each
fconcepto that you specify for your model. A concept can be a group, agent, class,
object, areadef, area, path, conceptual class or conceptual object - but we will go back
to this in detail in the next sections. It is also recommended that you always create one
Brahms file (.b) for your model that will import all the other .b files that are to be part of
your model. Also this aspect of the language will be explained in the next sections.

The Atm scenario discussed in the following pages will be used to introduce you to the
various components of the language and the main differences between object-oriented
and agent-oriented programming. The goal of the scenario exercises is to model the
following system:

Model a day in the life of a college  student . Notoriously, college

students spend most of their time studying, but get hungrier as the time

goes by. When  their hunger reaches a certain threshold , students  have to
move to one of the restaurants around their location . Students choose
restaur ant s according to how much money they are carrying : the richer
they are, the more expensive a restaurant they will choose . If a student
does not have enough money even for the cheapest restaurant, she will

decide to pass first by an Atm of the bank where she has an account .
When she arrives at the Atm, the student inserts her bankcard and tries

to remember the PIN associated to her account . The At m allows its user 3
attempts to digit the correct PIN, before refusing the card altogether.

The Atm communicates with the central bank computer to verify the

correctness of the information provided by the user. If the bank computer
informs  to the Atm that the PIN is correct and that the user has enough
balance in her account, the Atm will dispense the cash and will print an
invoice  with the account number and the remaining balance.

2 For additional information about the theoretical foundations of Brahms, cfr. 3.8.
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Students need to have enough balance in t heir accounts to take out cash:
if they attempt to take out more money than they have, the bank computer
will notify the students (through the Atm) of the remaining balance of
the account . The student will  then need to modify her request
accordingly, and only take out the remaining dollars.

Dono6t iwaourwll yot have to model all of this right now! Chapter 4 will drive you

through this scenario step by step, progressively adding components and activities and

increasing realism and complexity. Still, to get you started and give you a sense for the

language that you will be discovering, you will be now given an example of code coming

from the Atm case itself. Clearly, you will not yet be able to adeadothis code. Still, it may

be useful to you to browse through it, trying to recognize some of keywords that we

have described above ( such as fAagent, 0 which are the subj
trigger ed by A wor ktb getfamdiarized with theccorcept and components of

a Brahms file. This file describes (some of) the activities of the i ®identd agen't

package gov.nasa.arc.brahms.atm ;
group Student {
attributes
public boolean male;
public double howHungry;
public int perceivedtime;
public Diner chosenDiner;

public boolean hasTakenCash;

relations
public Account hasAccount;
public Cash hasCash;
public BankCard hasBankCard;

initial_beliefs:
(current.hasTakenCash = false);
(Boa_Atm.location = BankOfAmericaUniversityBranch);

(WF_Atm.location = WellsFargoUniversityBranch);

activities

move MoveToLocation(Building loc) {

prior ity: 1;
location: loc;
}
primitive  _activity FeelHungry() {
priority: 1;
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workframes
workframe wf_MoveToLocationForCash {
repeat: true;
variables
forone(Cash) cs;
forone(Atm) at;
forone(Bank) bk;
forone(Building) bd;
when( knownval(current hasCash cs) and
knownval(at.location = bd ))
do {
MoveToLocation(bd);

conclude((current.readyToLeaveAtm = false),
bc:100);

thoughtfram es:

thoughtframe tf_ChooseBlakes {
repeat: true;
variables

forone(Cash) cs;

when( knownval(current hasCash cs) and
knownval(cs.amount > 15.00) and
knownval(current.check edDiner = false) and

knownval(Campanile_Clock.time < 20))

do {
conclude((current.chosenDiner = Blakes_Diner),
bc:100);
}
}
} /I Student
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2.3 OBJECT-ORIENTED PROGRAMMING AND BRAHMS

The code above is taken from the Atm model that you will build during this tutorial. The
Atm scenario is a classical case in object-oriented programming (OO). Comparing its
implementation in OO languages and in an agent-based language such as Brahms will
be particularly instructive.

2.3.1 THE ATM CASE IN OBJECT-ORIENTED PROGRAMMING
2.3.1.1 THE SCENARIO IN AN OBJECT-ORIENTED FRAMEWORK

Consider the Atm scenario described by Rumbaugh et al. in Object-Oriented Modeling
and Design, 1991 (ch. 2-6). The goal ofthe OO pr ogr ammer i s to fAdesign
to support a computerized banking network including both human cashers and
automatic teller machines (Atms) to be shared by a consortium of banks. Each bank
provides its own computer to maintain its own accounts and process transactions
against them. Cashier stations are owned by individual banks and communicate directly
with their own bankds c¢comput etrard.transhctionadata. c as hi e
Automatic teller machines communicate with a central computer which clears
transactions with the appropriate banks. An automatic teller machine accepts a cash
card, interacts with the user, communicates with the central system to carry out the
transaction, dispenses ogatsphl5l)and prints receip

Therefore, the Atm scenario can be represented as a set of objects with their attributes
and relations: a consortium, consisting of banks, which hold accounts of customers;
customers have cash cards, through which they access their accounts during
transactions at the Atm, which accesses the central computer to communicate with the
Bank (cf. op. cit., ch. 8).

2.3.1.2 THE fMODELSOIN OBJECT-ORIENTED PROGRAMMING

The object modeling technique that Rumbaugh et al. propose to code the Atm scenario

uses three kinds o f i nbo dtehle obj ect model |, t hat describe
and their relationship; the dynamic model, that describes the interactions among objects

in the system; and the functional model, that describes the data transformations of the
system. Note that the term Amodel s0 here ref
the system, and clearly cross-linked. Through them, a modeler can design an Atm

system as a system of objects with attribute and relations that exchange information

within themselves.
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2.3.2 THE ATM CASE IN BRAHMS
2.3.2.1 THE SCENARIO IN BRAHMS

At the core of Brahms there is the concept of fagent.0An agent represents an interactive
system, a fsubjectowith a ¢ e rbehaviorowhd is interacting with the world. An agent
can, for example, represent a person in an organization; but could also represent an
animal in a forest. A Brahms model is always about the activities of agents in a work
process, and agents engage in activities depending on ffacts0 o f t hsewelvas thd
fbeliefsothey have about those facts. Mapping the Atm scenario from objected oriented
programming into Brahms, therefore, means that the modeler must adopt a fholistico
approach to modeling, trying to explain and simulate individual behavior through actions
and decisions, and selecting what to keep inside the picture and what to take out. An
exemplar Brahms embodiment of the Atm scenario discussed above could be the
following (note how the abstract scenario has been made more specific; note also that
relevant Brahms concepts and keywords are indicated within parentheses 7 their
meanings will be discussed in the next sections):

Alex (agent), a student (group) at Berkeley (location), has cash (object)

and an account (object) at the Bank of America ( object, instance of the

cl ass Bank) that he can access by using his cashcard (object) at an Atm

machine (object with location). Alex studies (activity) most of the time

(workframe) , but as the time goes by he also feels (belief) the urge

(workframe) toeat (activity) . There are som e restaurants in Berkeley,

with different menus and prices (attribute) . When he is hungry

(attribute) , Alex checks (thoughtframe) how much money he is carrying

(fact) . Depending on his financial situation, he can then decide to

(workframe) move (activity) to oneof restaurant s and eat, or instead go

first to the Atm to get some cash (workframe, activity). At the Atm, Alex

will insert his cashcard into the Atm machine, which will read the card

and ask for its pin. The Atm then will communicate with the Bank, verify

the card and the provided information, and complete or abort the

transaction. To make things more interesting, there is another student,

Kim, who does the same things Alex does but likes different restaurants,

has a different time schedule, and has opened her account at a different
Bank from the one Alex is usingée

As it might be already clear from this short example (and as it will certainly get clearer
the more you will progress into your tutorial), there is a deep conceptual difference
between the way the Atm scenario can be dealt with in Brahms and the object-oriented
approach. To write a proper Brahms model, you will have to think about the why and
how of the various actions agents and objects perform. This is a more complete and
more holistic approach. It is a human centered computing (HCC) view as opposed to the
software engineering view. The latter might be content with focusing on use cases. The
HCC view instead studies why and how the human is using the machine, before
designing the Atm machine itself. This also translates in language differences between
Brahms and other object-oriented languages: Brahms is an agent-oriented language
with elements of rule-based languages, where factivitieso are not the same things as
fimethods,0and i wo r k f rare moe thedsame as fif.then o constructs of imperative
languages. It is important to keep this in mind while modeling in Brahms, in order to
avoid errors and misunderstandings.
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2.3.2.2 THE MMODELSOIN BRAHMS

Letdodbagh to the conc2adlt2) imbdewsocliswe refer t
fdescriptionsod of di fferent aspects of a scen
Atm scenari o <can be decomposed jact,timBrathmsr i ou s I
more models can be used than the 3 ones discussed in Rumbaughetal Each fAmodel o

is a view of a specific aspect that is important in a Brahms simulation: the agents, the

activities, the objects, etc.

What foll ows i s amodels throughowhichd/euaandnéemitetuaad tiink

through your Brahms simulations. Note that they are not explicit pieces of code: you can

rather see them similarly to t h &iewdoin the UML approach. Similarly to UML views,

when you will know more about the Brahms language, you will see that thinking your
project first in terms of these Brahms model s
and precision of your Brahms coding.

1. Agent model; represents the groups, agents and their relationship. For example,
Alex and Kim are both students, that is, members of the group Student.

2. Activity model; represents the activities that can be performed by agents and
objects. Activity like going to the bank to get money, or going to eat, with their
decomposition into smaller units.

3. Communication model; represents the communication between agents and
objects. The communications that take place, for example, between a student
and the Atm machine, or the Atm machine and the bank.

4, Timing model; represents the constraints and relationships between activities - if
any exist. The staging of the simulations: for example, before going to the
restaurant, an agent will check if he has enough money, and in case might go to
thebankt o get mor eé

5. Knowledge model; represents the knowledge (initial beliefs and thoughtframes)
of agents and objects. Agents have beliefs that describe their knowledge of the
world. Alex might or might not know where the Atm machine for his bank is
located. He needs that information in order to get cash out of the bank. Agents
canal so deduce new beliefs, based on inferer
enough money to pay for my lunch, then | first have to go to the bank to get
money. 0

6. Object model; represents the (conceptual) classes and objects in the world,
used as resources by agents or used to track information flow. Objects like the
Atm machine, the Bank Card, the Cash, etc.
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7. Geography model; represents the geographical environment in which agents
and objects perform their activities, specifying areas and possible travel paths.
The geography of Berkeley, with details about where the restaurants are, where
the Atm machines are, etc.

Your first exercise in the tutorial will be to write down a draft of how the various concepts

which are part of the Atm scenario should fit into these models. Note: you are not

expected to be writing code! Quite the opposite, you can choose the format of your

choice (a list of items, drawings with boxes and lines, or tools like Visio, Mifflin,’ etc.) to
represent conceptually how you see the scenar
Ask yourself questions like: what concepts should | put in the agent model? What

concepts are important in the knowledge model, because they refer to 1 say - the

knowledge agents have about their environment? Note that this is an exercise less

about the Brahms language specification than about its underlying philosophy. In other

words, you do not need to know the language to complete this exercise. Rather, you

mu s t start thinking i n t er ms of Awor Kk prac
environments, as well as they fiwhyo and fAhowo

You might start with the information provided above. Currently, without knowing much of

Brahms syntax and structure, it is likely that you will not be able to neatly fit the scenario
concepts described above in t hyouwilseetmaras model /
you progress in the tutorial, you will be able to come back to these models and refine

them. Ok: you should give it your initial try now!

3 See http://vww.compendium.org.
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3. INSTALLATION AND COMPONENTS”

3.1 BRAHMS OVERVIEW

Brahms models are written in an agent-oriented language that has a well-defined syntax
and semantics. The Brahms language is a fparsedo language: you write the code and
then the parser generates an internal object representation for the frun-timeo
component. Using this language, a Brahms modeler can create Brahms models. The
run-time component - the simulation engine - can execute a Brahms model, also
referred to as a simulation. This chapter will teach you how to install and use the various
components that form the Brahms system and allow you to write Brahms model and
then run them as Brahms simulations.

3.2 INSTALLATION

Brahms development environmentis bundl ed i nto an apBdhimscati on
Agent Environment. 9The environment also requires MySQL and a license file to
function properly.

3.2.1 INSTALLING BRAHMS AGENT ENVIRONMENT

First, go to http://www.agentisolutions.com/download/download.htm and download the
installation file for Brahms Agent Environment for the operating system of your choice
(operating systems currently supported are: Windows XP/Vista/Win7, Linux, and Mac
OS X). The Brahms Agent Environment installation package includes several
components:

- The Composer, which is an IDE (Integrated Development Environment) that
allows you to build Brahms models.

- The Compiler, which is an application which parse the code you have created
with the Composer into code that is readable by the Virtual Machine.

- The Virtual Machine (or Simulation Engine), that literally reads and runs the code
parsed by the Compilerand produces a Asimulation runod o

* Sources: Brahms Installation readme.txt file; communications with Brahms development team.

There exists also a version c al viléefociskn the feasresiacaiabld iMtigeeParsonafAgentn t hi s t ut
application. For more information, visit http://www.agentisolutions.com.
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- The Agent Viewer, that allows you to visualize and study the simulation run you
have just created (integrated in the Composer).

After you download the Agent Environment, use the file setupexe to launch the
instal | ati on program that wil!/ guide you t
Agent Environment is the core of the Brahms language: you will use its components to
write, compile, and run your Brahms models. For the installation location we recommend
C:\Brahms\AgentEnvironment. Installation of the Brahms Agent Environment in
C:\Program Files will result in issue on Windows Vista and Windows 7 due to its User
Account Control not permitting an application to write data to sub folders of Program
Files.

The installation program will install one executable and some scripts in a bin directory,
including: one for the Brahms Composer (Composer.exe ), one for the Brahms Compiler
(bc. bat ), and one for the Simulation Engine (Virtual Machine: bvm. bat ).

The setup.exe  program will also install the Brahms Agent Viewer that you will be able to
access through the Composer. The Agent Viewer will give you a graphical
representation of the Brahms models that you have successfully compiled and run with
Agent Environment.

3.2.2 INSTALLING MYSQL
Next, download MySQL 5.1. In order to actually see your Brahms simulations @esults,
you need MySQL 5.1, which is not distributed with Brahms but that can be downloaded
for free from http://dev.mysal.com/downloads/. Save and install the version of MySQL
5.1 that is compatible with your operating systems. (Please read the
AgentViewer Readme.html file in the Brahms directory - which is c:\pro gram
fles \ brahms\ AgentEnvironment by default - for detailed MySQL 5.1 installation
instructions.)

3.2.3 INSTALLING THE LICENSE FILE
Finally, go back to the AgentlSolutions website and register in order to obtain a Brahms
license file. Go to the page: http://www.agentisolutions.com/download/registration.htm
and provide your email address. The license file is needed to run the Brahms simulation
engine. After you register, you will receive your license file by email. Next, you should
copy it to the new Brahms\ AgentEnvironment \ directory that the Agent Environment
installation application has created.
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3.2.4 CHOOSING THE BRAHMS MODEL DIRECTORY

By default, setup.exe will install all Agent Environment files in a folder
Brahms\ AgentEnvironment \ in the c: \ Program Files  directory. In this same directory the
Composer will save by default your Brahms models. We recommend installation in
C:\ Brahms\ AgentEnvironment \ especially on Vista and Windows 7 due to limitations
imposed by the User Account Control not permitting applications to write data inside of
sub folders of Program Files.

It might be useful to create an alternative folder for your projects and their files. Pros:

you might want to keep your models (the fidat ao) in a different | oc
drive) than your application. Cons: you will
couple of components (not to worry: the steps are discussed below). In the rest of this
tutorial we widlol pfaotlhl oawn dt hcer efiantae our own model
way to start learning how Brahms works.

3.2.5 THE ATM FILES

Together with this Tutorial and the installation file for the Agent Environment, you should
also download a zipped set of folders containing the Atm model code for different stages
of the scenario evolution. If you have not downloaded them yet, do it now! Currently you
can find the Atm model files here:

http://www.agentisolutions.com/documentation/tutorial/Brahms_Tutorial_Files.zip

(there will be a zipped file containing 4 folders, referring to different stages in the
evolution of the tutorial). After you download the zipped files, we suggest that you unzip
them to the following folder (that you need to create):

c: \ Brahms\ Projects \

The first folder T Brahms 1 can be used as a location for all of your Brahms working (i.e.,
non-application) files. The subfolder Projects ~ will be used to contain the actual Brahms
files that are part of your future Brahms models. The unzipping process will create a
folder c: \ Brahms\ Projects \ AtmModel \ final_source  \ gov\nasa\ arc \ brahms\ atm\ that will
contain the files belonging to various versions of the Atm model i the ones that we
provide for you, and the ones that you will develop by yourself. Hence, from now on and
for the rest of this tutorial, we suggest that you will save all your Brahms files for your
Atm project inside the folder:

c: \ Brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\

You will use the files we provide to you to study the application of the language
constructs, to compare your code with ours, and for help when you will have to write
your own Brahms code to model various aspects of the Atm scenario.
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You can also use those files to start seeing how a Brahms model works. The folder

called 6Finaldéd contains the complete version

should look like by the end of this tutorial. The other folders contain the scenario as
I

model ed up ti I di fferent sections of this tut
sections of the tutori al (the name of the fol
scenario the code describes). These folders offer you a way to study and compare the
evolution of the tutorial from the simple activities of the first Lessons to the complex
interactions of the last ones. You may open these files right now and see their content.
You will find:

- b files: they are the Brahms model files.

- .becfiles: they are the files produced by t hi

- At mé é files: they are files containing the history of the events in the simulation,
and they are producedvabcyh itnheed ,fi Borra hfinSsio mdil ratt ui

- Eventinformation.txt file: this file contains a human readable output of the

events in the simulation, and they are proc
or ASiIi mul atd on Engine

3.2.6 To SUMMARIZE: WHAT YOU WILL NEED
To recap: to use Brahms and this Tutorial, you will need to:
- Download and install the Agent Environment (see above)
- Download and install MySQL 5.1 (see above)
- Obtain and install the Brahms license file (see above).
- Download and unzip the Tutorial files (see above)

Ok? Letds move on then!

3.3 DESCRIPTION OF COMPONENTS

3.3.1 INTRODUCTION: THE LIFE OF A BRAHMS SIMULATION

In this section we will consider the different components of the Brahms system. The fbig
pictureoto keep in mind is the following:
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1. A Brahms simulation starts with somebody i you! T writing Brahms code. You
will use the Brahms Composer for this scope. In the Composer you can write
code by using the internal text editor, or through the graphic interface that allows
you to create concepts and modify parameters by moving your mouse and
dragging/dropping items on the Composer windows. The final output of this
stage will be a (set of) Brahms files, i.e. lines of code written according to the
Brahms language rules and saved with the .b extension (the Composer also
saves your entire model as a single entity in the .bmd format. More on this below)

2. Then, while still inside the Composer, you ¢ a rbuildoyour .b files. Building your
model means that you use the internal parser to produce new files based on the
b files you have written. The new files are . bcc files that can be read by the
Brahms Simulation Engine. The new files are produced if no compilation errors
are encountered.

3. The next step is to ffuno your model (now contained in the . bcc files) into a
simulation: you can do this from the Composer environment (which in turn will
use a component called Brahms Simulation Engine, aka Virtual Machine). If all
goes fine, the result will be an devento file (saved with the .ixt  extension) that
contains all the fhistoryoof your simulation.

4. Last step: seeing your simulation. Again, from within the Composer, you can
Aviewo Agert Yiiewerh gou will have to create a new Brahms database
based on the .xt event file and then open it through a graphical interface
provided inside the Composer.

We will now discuss in details these various components by trying to run the Atm model
files available online..

We will assume that you have already completed the installation steps described above:
you installed the Agent Environment, you installed MySQL, you obtained your License
File, and you downloaded the Tutorial files.

In the rest of this section we will test the installation and the behavior of your Brahms
system by making use to the Tutorial files.

3.3.2 THE BRAHMS COMPOSER: OPENING, CREATING, AND BUILDING A MODEL

The Brahms Composer allows you to create Brahms models through a powerful and
intuitive graphic interface. The compl ete Composer 6s manual
AgentiSolutions website (http://www.agentisolutions.com/) and is a great companion to

this tutorial. In this section we only provide a quick introduction to its usage and
capabilities, but we refer the reader to the Composer manual for a more accurate
description.
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In theory, any text editor would be sufficient to create Brahms models. You could just
insert code for each @ conc espageants,iocatiopspabjectsmo d e | (
etc.) into a different file, and give each of these files the extension .b (see Section 4.3).

However, with the Brahms Composer you can create much more easily and quickly

Brahms concepts and edit them. Editing can be done through the Composerd s gr aphi ¢
interface (Figure 1), or through the internal text editor (Figure 2). The Composer
automatically creates .b files for you, as well as .b md files. The former are the actual

Brahms files that you create, edit, and parse in order to obtain a simulation run.

Typically, a Brahms model i such as the Atm scenario T is composed of several agents,

objects, etc., and therefore of several such files. The latter are files used only by the

Composer to manipulate your model as a whole i that is, there is only one such file for

each model of yours.

Edit View Model Buld Run Options ‘Window Help
in e S REE o al| oo M@ & B[P RT 0 R L)
Agent Model & 3 % [B Acoukh x | [B] studertb x | [B] kim_Acrountb x [ [B] Kim_Agentb x | 4 b YMLog & 8 x
diare fag Gxao | @at @rel | ibel ' =
B @ Basstron * HASA CONFIDENTIAL INFOFMATION *
- parents = (0)1997-2001 Nasa imes Research Center
=-member groups w ALl Rights Reserved
™ CalendarUtiGroup
™ SystemGroup % This program contains confidential and proprietary information %
=)l Student % of NASA Ames Research Cemter, any reproduction, disclosure,
member agents . 5 .
| tios or use in whole or in part is expressly prohibited, except as
7-relations ® may be specifically autharized by prior written agreement. i
+-activities N
/
package gov.nasa.arc.brahms. atn;
agent Kin Agent memberof Student |
location: SouthHall:
initial_beliefs:
{current contains Kim_Cash);
(current contains Kin BamkeCard); —
(Fin_kccount.balance = 30.00);
(Rin_Account.code = 1312 };
(Kim_Account.pin = 1331))
(Fin_kccount openedVichBank WF_Bank)
(Kin_Cash.anount = 15.00);
(current. howHungry = 10.00);
{Campanile_Clock.time = 1);
{current.perceivedtine = 1);
{current hasCash Kin_Cash):
{current hasBankCard Kin_BarkCard) ;
(Blakes Diner.foodcost = 6.0);
(Raleigh_Diner.foodeost = 3.0
{current.preferredCashiut = 12.0];
(current.needCash = false);
{current.chosenbiner = Raleigh Diner):
{current. chosenBank = WF_Barnk) ;
= (UF Atw owmedbyBank UF Bank) =
) Agent .. | (T Object .. | LI Project .. | Runtime view| | ¢ b ! Conceptual Object Model | 3 Geography Model | m ¥M Log
Task List a 7 ox
1 | (&) | Message File | tne | coumn |
1 Tasklist | @ search |
|Raady |\ir\e: 1 col: 1
distart| | G 0] @ | |05 Microsof... +| @ agent isoluti..| [ adobe acro... | ) bin | [2]3 Microsoft... <] 8] trahms_1it... | #8 wincdt 53 .. [ & Brahms o || )~ 100% b [« o Ol@ @5 o3 439Em
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When you start the Composer, you have the option to start a new model, open an

existing one, or import the files of an existing model (Figure 3). The first option will be

discussed in Section 4.3. The difference between the other two optionsisthat fAopeni ngo
refers to accessinga bmdf i | e previously created by the C
refers to importing into the Composer a set of Brahms .b files (composed, as discussed

above, possibly with a simple text editor), starting with the .b file in your model that has

an Ai mportd statement for all the other files
4.3).

=isix]
File Edt View Model Buld Run Options indow Help
i 0 REE oo il | = [ermwoeominver =1 @ F R[S %E Q2 2]
AgentModel &1 B % [B] Accountb x | [B] Studentb x| [B] Kin_Account.b x [ [B] Kim_Agentb x | 4 b Hed B X
MMop B agt ' =
B 4 BaseGroup " NASA CONFIDENTIAL INFORMATION -
parerts * (£11997-2001 Nasa Ames Research Center *
=}-member groups " 411 Rights Reserved

4 Calendar

- M Systems

il Studert
~-mermber agents

* This program contains confidentisl and proprietary information *
* of NASA Aues Research Center, any reproduction, disclosure,

- attributes ® or use in whole of in part is expressly prohibited, sxcept as
{-relstions * may he specifically anthorized by prior written agreement.
- actities

package gov.nasa.arc.brahns.atn;

agent Kim Agent memberof itudent {
location: SouthHall;

initial beliefs:
(current contains Him Cash):
(current contains Fim BankCard);
(Kim_Account.balance = 30.00);
(Kin_iccount.code = 1312 );
(Kim_Account.pin = 1331} ;
(Kim_Account openedVithBank WF_Bauk) :
(Kin_Cash.amount = 15.00) =
(current.howHungry = 10.00);
(Campanile Clock.time = 1);
(current.perceivedrine = 1);

{current hasCash Kim_Cash);

(current hasBarkCard Fim BankCard) ;
(Blakes Diner,foodoost = 6.0);
(Raleigh Diner.foodcost = 3.0);
(eurrent.preferredCashiut = 12.0)
(current.needCash = false);
(current,chosenDiner = Raleigh Diner):
{eurrent. choserBank = UF_Bank):
(WF_Atn ownedbyBank WF_Bank)

(current hashccount Kim Account) ;
(current.correctin = 1331); //used to remeber the correct pin when it is forgotren
{current.believedFin = 1331);

[/ —r 5
a2l ||« | e
Task List o 8 x
] [ Message File | tne | column |
1 TaskList | @ search |
|Ready line: 1 coli 1

Figure 2 - The Composer: The internal text editor

To learn about the Composer and to test the installation of your files, we will try to use
both latter options ( ii mpor t , 0 wihntikde Afinospeaani® files that you have
downloaded. Note, however, that in the rest of this tutorial, we will focus more on
understanding how the language works and can be used, and less on how to use the
Composer (although examples and references will be made throughout the text).
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& Open Brahms Model

Frwmes =] @] 1] &

) Am_nerking_140FM

rahms model fles - bomd [

Figure 3 - Opening the Composer

Ok. So, we are going to assume that you have followed the steps above (installed the
Brahms components, created the new directories, and downloaded the Atm Model files).
This should mean that your Brahms application files have been saved in a
\ Brahms\ Agent Environment \ folder in your root directory and that your model files have
been saved in c: \ Brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms\ atm\ .

Now, launch the Composer (look for the bin folder and click on Composer.exe ) choose
Al mport o tab i n t he Co mp oFgwe 4), dlook Ifay gthe wi nd o w
c: \ Brahms\ Projects \ AtmModel folder, and then look into the folder:

c:\ Brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm
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Basically, we want to test the files forthe i Fi nal _ s o u indhé dolden sealeetlas
AFi |l e_nhemdilé AtmiModelb . If a library path is request, add:

c: \ Brahms\ Projects  \ AtmModel \ final_source (we will explain soon why). Click on open.

You should see something like Figure 1 (although not necessarily all windows will be
opened).

£ Brahms Composer - AtmModel

Fie Edi View Model Buld Window Help

nSEG o

& Import Brahms Model %]

New] Exising Import |

Look =1 Atm - il

] Atmiieography b

] BankCardb
] Blakes_Dineb

] Boa_tmb
Sin . no
File name:  [Bimiodel b Import
Files of ype:  [Branms model files b | Cancel

Library pat: [

[ Success ful Build!

Page T T/T79 AT ] o FEC | TRK | EAT TEF

Figure 4 - Importing the Atm complete scenario in the Composer

Now go to the AFiled menu (top | eft) and cho
have just imported and then saved again your first Brahms model! Now exit the

Composer(in the AFileo menu, choose AEXxito)
Printed on: This is an uncontrolled copy when printed.
3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.




Brahms Tutorial Version 1.2 Page 3-22
TMO01-0002 3/31/2011 Installation and Components

Start the Composer agai n. This ti me, however,
the AEXxi stingo c:teaalims\Prdied@so katmModz K finalt sduree folder and

open the AtmModel.omd file. This is the file which did not exist before and that has been

created by the Composer when you chose to save your project. Again, as your model

opens, you should see something like Figure 1. You have just learnt two ways to

achieve the same goal i open in the Composer an existing Brahms model!

In addition, the Composer also grants you access to the Brahms Compiler.

By opening or compiling the files in the Brahms Composer, the modeler will be able to
check whether they are syntactical correct or whether there are other errors in the code,
and to produce xml files that can be fed into the Brahms Virtual Machine.

Before we see how this works, we must clarify the issue of that library path we
mentioned above.

As the name says, with the library path we tell the Brahms Compiler what path to use
when compiling files. By default, the Composer will look for the Model s\lib  folder in the
Agent Environment ~ folder, and if you wish so, you could certainly use this folder.
However, several users prefer to keep working projects separated from application files,
in different folders or even in different drives, and in this tutorial we want to teach you
how to use your Brahms model files in a different directory. This is why you were asked
in the previous section to create the set of nested directories inside
c: \ Brahms\ Projects \ AtmModel \ final_source . This will be a useful exercise to start
learning about how Brahms work i and will also make your future Brahms projects more
flexible and reusable.

Technical note: The above approach comes at a little cost, however. If you want to use a particular directory to work on
the files of your Brahms models (as we are forcing you to do in our exercise; in our case, the directory is:
c: \ Brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm), you must add a few parameters
in the Brahms environment. In particular, you may have to modify a vm.cfg file to read in the library path that you are
going to use for your models. This file is located in the AgentE nvironment  directory created during installation, and by
default it is set to:

library_path =<installation directory>/ Models

fModelsd refers precisel yAgenEnvirbneend i weaveré mentioning absvie.dNew, let us assume
that instead you want to you use a c: \ Brahms\ Projects \ AtmModel \ final_source folder to save all your models
(included the Atm). Then you should modify your lib ra ry_path information to look like:

library_path =c: / Brahms/ Agent Environment / Models /lib ;
c: /Brahms/ Projects / AtmModel / final_source;
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Ok.® Now note: use of ' as the path separator is important even though Windows uses '\' as its path separator, as an
alternative you can use a double ''('\\')l As you see, you can add other directories to this path by separating the
directories with a semicolon (;). In this case we have left two directories i hence, if you like, you might keep on using the
default Models /lib  directory as the location for your model files.

Anyway 1 | et 6 s go b ampdser.tYou opeheel or@mported your Atm model.

Now, what do you do with it? Well, you can compile it so that the Simulation Engine will

be able to run a simulation of your model. To compile your code from the Brahms

Composer, simply go towhba §Buirl cdhodmknus open, ar
Model . 06 Th eirifeall goesuwellg @ the bottom of the Composer window a

message will appear telling you that the build was successful. Some xml files will have

been created i but we will discuss this later, in 4.3.

Technical note: if you prefert o go fimanual 06 and direct | yyowsboule executd thedollowingder | yi ng
from a MS-DOS command line:

c: \ Brahms\ AgentEnvironment \bc.bat -dtd c:\Brahms\ AgentEnvironment \DTD -Ip
c: \ Brahms\ AgentEnvironment \ Models \ lib;C: \ Brahms\ Projects \ AtmModel \ final_source
C: \ brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\ AtmModel.b

where the first part of the command (up to bc.bat ) calls the Brahms Compiler executable, the second part (- dtd

c: \ Brahms\ AgentEnvironment \ DTD tells the Compiler the path for the XML document type definition files
referenced in the Brahms Compiled Code (bcc files), the third part (-lp

c: \ Brahms\ AgentEnvironment \ Models \ lib;C: \ Brahms\ Projects \ AtmModel \ final_source ) tells the

Compiler the library path, and the last part passes to it as an argument the AtmModel.b file i which is a Brahms file that
imports all the other fild&:s mdr & haeld.33fwWwherppyoiochnedlsd see(an exanplpafc k a g e
code that imports other files for a project).”

Additional technical note:i f you want t o igaodertonsetiecCompider (ashwellnas the Virtual Machine,
that we will discuss in a moment) from other places on your machine (without having to spell out all the directory
structure), make sure to add the Brahms AgentEnvironment  directory to your system PATH environment variable: that
is, open your autoexec.bat  file and add the directory where the bc.bat and bvm.bat files can be found to the line
with the PATH: command. 2

*why did we | eabrahmsiPropctstAtmtMbdelfiral_sourced redtories? This will become clearer in section 4.3.3, but
if you want a rough explanation now, keeponreading. Basi cal ly, the Brahms | anguage uses Opacka
directory in the file system. The package declaration represents a hierarchical directory structure and is written in the Brahms
model files themselves. For example, the Atm files will be written as part of the package gov . nasa . arc . brahms . atm that
maps to the directory gov\ nasa\ arc \ brahms \ atm in the file system. Hence, you do not need to specify the package in the
configuration files 7 you only need to specify where this (and any future packages) can be found!

" This parser creates the xml files from the .b files; it is possible to have a .b file that imports all the files in a package, with the
expression import  package.* ; If the parser starts from this file, it will automatically compile all the others (cf. 4.3.3 on the
anatomy of a Brahms file).

® To add or changes values of environment variables in windows 2000/XP/Vista/Win7 use the following procedure:
1. Click on Start > Settings > Control Panels.
2.  Double-click on System.
3. Onthe Advanced tab, click Environment Variables.
4. Select the user or system variable you want to change as follows:
5

Click New to add new variable name and value.
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Either way (click on the ABuildo buttadh on tF
line), the Brahms Compiler will start and the model will be compiled. The outcome of the

compilation will be a set of bcc files produced in the very same

c: \ brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\ folder.9

3.3.3 THE BRAHMS COMPOSER AND THE VIRTUAL MACHINE: RUNNING A MODEL

After successfully compiling your model , go t
click: A BYou Mpldedl. d see a number of messages
as:

INFO : Starting engin e for 'gov.nasa.arc.brahms.atm.WF_Atm'

INFO : Starting engine for 'gov.nasa.arc.brahms.atm.Boa_Bank'

INFO : Virtual machine started...

INFO : Stopping virtual machine

INFO : Stopping scheduler

INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.Alex_A gent'
INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.Kim_Agent'

INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.Campanile_Clock'

INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.Boa_Atm'

INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.W F_Bank'
INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.WF_Atm'

INFO : Stopping engine for 'gov.nasa.arc.brahms.atm.Boa_Bank'

INFO : Stopped event notifier

But wha't does it mean to firund a Brahms mode
Composer, a component called Brahms Virtual Machine runs the simulation by reading

the bcce files produced by the compiler and producing a text file with the history events

captured during the simulation. This text file can be parsed by the Agent Viewer

application to produce a complete event history database of the simulation.

6. Click Edit to modify the highlighted variable (i.e. PATH) If you are not logged as an administrator to the local computer,
you can only create/change/delete User Variables. These variables will only be accessible to the particular user. No
reboot is required. You just need to open a new terminal window if you had one open for the changes to take effect in the
terminal window.

°A complete guide to the Composer is available from the AgentiSolutions website (http://www.agentisolutions.com/). The
information presented in this section only covers the most basic steps needed to start working on the ATM scenario.
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Technical note: the Virtual Machine can be also called from MS-DOS (rather than from within the Composer) by
executing bvm.bat and by giving it the relevant bcc filename, without the bee extension. ™

Given that the Brahms Compiler saves the xml files in the same directory where the .b files are saved, the Virtual
Machine is called through bvm.b at , which must be given the filename of the file that imports all other files. For example,
in the case of the Atm model, supposing that the b files have been created in the
c:\brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms\ atm directory, the Compiler will save
there also the bcc files, and the necessary command to run the simulation will be:

bvm -cf C: \ Brahms\ AgentEnvironment \ config \vm.cfg gov.nasa.arc.brahms.atm.AtmModel

where AtmModel , again, represents the bcc file created by the Brahms file that imports all the other Atm project files.
The example above assumes that bvm.bat - that resides in the Brahms\ AgentEnvironment  directory i can be called
from anywhere because the PATH variable in the autoexec.bat file has been already modified. Furthermore,
remember that the vm.cfg file has a library path that must contain the path where your xml files can be found:

library_path= c:/B rahms/ AgentEnvironment / models /lib ; C. /B rahms/ Projects / AtmModel / fin
al_source

Anyway: the Virtual Machine will first initialize and load the concepts of your model, and

then it will start the engine. When it stops,™ a history file with a .txt  extension will have

been created in the AgentEnvironment/Databases f ol der | wi t h t he for
name d at e _t .g.nmnenfodel 20010418 100523.txt . Everything that happened in the

simulation is in this file.

Technical note: it is possible to add an undocumented flag i ui as an argument to the bmv.bat command in order to halt
the simulation at the modeler6 s di screti on. An appl et wiid runnirgthe simulatom ¢his t he Vi rt
applet will let you halt the process and still obtained a file that the Agent Viewer - discussed below - can parse.

3.3.3.1 IMPORTANT: WHEN THINGS DONGr WORKé&

At this stage, there are a couple of things that might be wrong. If a history file is not
created, then most likely you don't have the proper setup in your library path. In the
AgentEnvironment\config directory you will find a vm.cfg file. Again, check that the
library path contains the path where your xml files can be found:

library_path=c :/B rahms/ AgentEnvironment / models /lib ; C: /B rahms/ Projects / AtmModel / fin
al_source

The folder C: /B rahms/ Projects / AtmModel / final_  source has been created automatically
when you unzipped tutorial files. (note that you can separate multiple paths using the
semicolon or comma). The second thing that could be the cause for the problem is an
incorrect use of packages. We will discuss packages in 4.3.3 but for the moment it will
suffice to recall that, if your Brahms files have statements like:

package gov.nasa.arc.brahms.atm ;

then your model would have to be loaded using:

10 Soon the Virtual Machine will be also accessible directly from inside the Composer.

1 By default, Brahms simulations will run until the model stops executing because no agent or object has any activity left to
perform. Therefore, it is also possible for a simulation to go on indefinitely if any of its agents or objects never ceases being in an
activity. This is not the case of the models provided for the Atm tutorial, so you do not have to worry about this for the moment.
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bvm -cfC: \ Brahms\ AgentEnvironment \ config \vm.cfg
gov.nasa.arc.brahms.atm. <modelfilename>

which in our case is:

bvm -cf C: \ Brahms\ AgentEnvironment \ config \ vm.cfg
gov.nasa.arc.brahms.atm. AtmModel

because the file AtmModel.o contains an import statement for all other .b files in the Atm
directory (note that the directory in which 'projects' is specified must be in the library
path as well).

Another problem could be that the license file has not been installed (see 3-13). Also, if
things are not working, you may want to check your vm.cfg file and check that the
library_path is set to the directory where your projects are saved.

Yet one more problem could be that something in the way the Brahms Composer deals
with projects has changed since the time this Tutorial was written. Since the Brahms
language and the Brahms environment are still evolving, it is possible that, for example,
the paths used by the Brahms Composer to save or run projects have been modified. If
you do not find files where this Tutorial says you should find them, first try to look for
alternative and simpler locations (for example, rather than searching in
c: \ brahms \ Projects \ AtmModel \ final_source  \ gov\ nasa\arc \ brahms\atm\ , try looking
into c: \ brahms\ Projects \ AtmModel ). If unsuccessful, please contact us for help at
support@agentisolutions.com.

3.3.4 BRAHMS AGENT VIEWER

The final step is to open the Agent Viewer from within the Composer, apar Led t
history of events text file that can be found in the AgentEnvironment \ Databas es folder.

What you need to do is, first, make sure that you have installed MySQL 5.1 and that its
Client is running on your machine. (in order to watch simulation results, make sure that

the MySQLAdmin.exe is running i that willshowasafi gr e e n 0 s iayoar pystenr e
tray on Windows operating systems).

Next, go to the File/Agent Viewer menu inthe Co mposer , and ficreatebo
by selecting the history of events text file that can be found in the
AgentEnvironment \ Database s folder.

The Agent Viewer will create a new database with the same name as the history text file
(something similar to AtmModel_20010415_134559 ). The database can be opened by
clicking on the File/Agent Viewer/Open Database menu option. (Agent Viewer by default
will try to open the most recently created database file, so you will simply have to click
on fiyesoin the selection window.)

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.



mailto:support@agentisolutions.com

Brahms Tutorial Version 1.2 Page 3-27
TMO01-0002 3/31/2011 Installation and Components
Select Import File 21 x|
Look jn: I*ﬂ History Files 3 L] i
o Marne | Size] Type I M
7" Victoria_20010705_112824.txt 1,916 KB Text Document 7l
History £ Victoria_20010708_102630.txt 953 KB Text Document 7l
@ =] 0010 5: t 794 KB Text Document 7
N =] AtmModel_20010707_150634.txt 986 KB Text Document 7l
Desktop Ezj AtmModel_20010707_145323.txt 361 KB  Text Document 7
3 El AtmModel_20010707_132833.txt 320KB Text Document 71
% Victoria_20010629_185246.txt 1,859 KB Text Document 6}
My Documents Victoria_20010526_134246.txt 1,420KB  Text Document 5
= L | 2
My Computer . [SERRN [stmModel_20010707_152449 1t | Open |
=) Files of type: | Text File () =l Cancel I
My Network .. I~ Open as read-only
4.
Figure 5. Select a history file to parse in the Agent Viewer
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Figure 6. Creating history database
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Figure 7. Parsing history file into history database
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Finally, go to

teh et hoeVi @omdp orseenru a mds i ldo oTke f

operations of the model are visually verified using the Agent Viewer Time Line View The
Agent Viewer is a separate application inside the Composer that uses the simulation
history data to display a 2-dimensional graphical time-line view of the activities of agents
and objects. The following timeline figures are all screenshots from selected agents and
objects in the Agent Viewer. Using the Agent Viewer application the modeler can

investigate the simulation run and the properties of the model.

(73 Brahms Version 12.6
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Figure 8. Agent Viewer Application i as of July 2004

Figure 8 shows the Agent Viewer. Using this application the end-user can select which
agents and objects to view in the time-line view, and investigate the exact behavior of

those agents and objects during the simulation):
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a. Using the menu-bar, the end-user can parse the simulation history data into a history database,
and open a history database for viewing.

b. When the database is opened all the agents and objects are loaded into the tree view. Using the
tree view, the end-user can select which agents and/or objects (s)he wants to view in the time-line
view.

c. By selecting to view the agent/object communication, the (blue) arrows show all the communication
activities, and the direction of the communication (sender and receivers). The communicated
beliefs are also accessible by clicking on the square at the top of the sender side of the
communication arrow.

d. For each agent/object the oOcurrentodo location is s
location, it is shown as a change in the location name and color.

e. The time-line can show the time in different time-intervals, therewith zooming in and out.

f. Thetool-t i p pops up when the mouse is moved over fihot
where more information is available than can be shown on the screen. By moving the mouse over
those areas the hidden information pops up in a tool-tip, such as the name of a workframe or
activity.

g. The Activity-Context Tree is the central piece of the agent/object time-line. It shows the workframe
and activities hierarchy of the agent or object.

h. The touch-object line is a (yellow) line that is shown when the agent/object is using certain objects
in its activity. ATouch objectso are wusitedd to calcu

i. The explanation facility view is used to display more detailed information about the execution of
workframes. By clicking on any workframe (light blue in color), an explanation facility window is
opened for the workframe at hand.

. By selecAthgvadhetdb in the explanation facility
workframe body are shown.

k. You can select the statements in the workframe body to get more info.

. When you select a statement in the body of the workframe, the total time the activity was active is
shown. Using the other tabs in this view, you can find out the exact time the workframe became
available, as well as the exact time it became active and ended.

m. Workframes are situated-action rules that execute activities. The top of an Activity-Context tree is
always a workframe. You can recognize a workframe
the workframe. When the zoom-level is too high to contain the name of the workframe it is left out
of the display. Using the tool-tip the user can find out the name.

n. Composite Activities are executed by workframes, and contain lower-level workframes. You can
recognize Composite Activities by the fica: 0 symbol
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zoom-level is too high to contain the name of the activity it is left out of the display. Using the tool-tip
the user can find out the name.

0. Primitive Activities are executed by workframes, and are always at the bottom of the Activity-

Context Hierarchy. You can recognize Primitive Activities by the following symbols, depending on
the type of primitive activity: ipa: o0 (for
communicate activity), #fAco:0 (for a create
the zoom-level is too high to contain the name of the activity it is left out of the display. Using the
tool-tip the user can find out the name.

Using the Agent Viewer it becomes possible to visually inspect the simultaneous
behavior of the agents and objects, and compare the expected behavior from the
conceptual model with the actual behavior during the simulation.

3.4 SUMMARY OF STEPS

To summarize, these are the steps necessary to write, compile and run the Atm
scenario (and by extension, any Brahms simulation):

1. Download and install the Brahms Agent Environment
2. Download and install MySQL 5.1
3. Obtain a Brahms license file.

4. Download and unzip the Tutorial files.

5. Open the Atm files f or t he i Fi n a linsideother Composern{byd e |

opening the atm.bmd file or by importing the .b files), or use the Composer to
write the Brahms file(s), i.e. files with the .b extension written according to the
rules and specifications of the Brahms language.

6. Compile/build them inside the Composer (or, if youwantt o go fAmanual 0,

using be.bat; for example, c: \ Brahms\ AgentEnvironment \bc.bat - dtd

c: \ Brahms\ AgentEnvironment \ DTD -1p
c: \ Brahms\ AgentEnvironment \ Models \ lib;C: \ Brahms\ Projects \ AtmModel \ final_s
ource

C:\ brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\ AtmModel
b where AtmModelb is a file that imports the other files in the
gov.nasa.arc.brahms.atm package - more on package in the next chapter - and
c: \ brahms \ Projects \ AtmModel \ final_source s the library path).
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7. Run the Virtual Machine (simulation engine) on the xml files created by the
Composer in the same folder where you saved the .b files. You can do so with

the A Run Koochreand in the Composer, o r i f you want
issuing the following command line in MS-DOS: bvm  -cf

c: \ Brahms\ AgentEnvironment \ vm.cfg gov.nasa.arc.brahms.atm.AtmModel

8. Parse the resulting history of events .ixt file from the Agent Viewer, which you
can access from the Composer, and then open the database the parser has just
created.

3.5 A NOTE ON DEBUGGINGE

While the Brahms Composer provides syntactic verification of your Brahms files, the
system does not yet offer full debugging capabilities. Debugging a Brahms model can
be a difficult task and some tips will be provided at the end of the tutorial, in section
4.14.2 and chapter 5.

3.6 KNOWN BUGS IN BRAHMS AGENT ENVIRONMENT

A list of known bugs for the current version of the Brahms Agent Environment is
available online from http://www.agentisolutions.com.

3.7 CONTACTING THE BRAHMS PROJECT TEAM FOR TECHNICAL
SUPPORT

If you have questions about this tutorial, you can reach the curator at:
acquisti@agentisolutions.com. In case you have problems with the installation or
guestions and problems with the use of the Brahms components that the tutorial does
not address, you can reach Technical Support at:

E-mail: mailto:support@agentisolutions.com

WWW: http://www.agentisolutions.com/support

The support team also actively participates in the discussion forums located on the
AgentiSolutions website. Support questions or questions about Brahms programming
and modeling can be posted in those forums. The Brahms community will try to help you
out whenever they can. You can find the discussion forums at:
http://groups.google.com/group/brahms-forum?hl=en.
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3.8 OTHER IMPORTANT DOCUMENTS

Brahms Language Specification; updated version available online at
http://agentisolutions.com/documentation/language/ls title.htm.

Brahms Tutorial Lite. A compact version of this tutorial, updated online at
http://agentisolutions.com/documentation/tutorial/tt title.htm.

Brahms Composer Manual. A guide to the IDE used to build Brahms model and
a good companion to this tutorial, updated online at
http://agentisolutions.com/documentation/.

Maart en Sier hui sos PhD thesi s, from
Modeling and Simulating Work Practice: Brahms, A multiagent modeling and
simulation language for work systems analysis and design. The book can be
purchased online from AgentlSolutions website: www.agentisolutions.com.

On the theoretical foundations of Brahms: Clancey, W. J., Sachs, P., Sierhuis,
M., and van Hoof, R. (1998). "Brahms: Simulating practice for work systems
design." International Journal on Human-Computer Studies, 49, 831-865.

Additional sources for each chapter are reported in footnotes at the beginning of that
chapter. A References chapter is included at the end of this document.

3.9 LATEST CHANGES

The Brahms language is continuously evolving. While we will make an effort to keep this
tutorial always updated, in some cases new constructs might be added to the language
and old constructs might be removed or changed and not be immediately reported in
this document. For the latest information on the Brahms language specifications, you
should regularly visit: http://agentisolutions.com/documentation/language/ls_title.htm and verify
the fDocument Historyoinformation. The most recent changes in the language that have
not yet been integrated in this tutorial are:

put and get activities
create agent activity
java activities
unknown values

maps
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- javaintegration

For more information on these concepts, please read the online Language
Specifications.

3.10 DOCUMENT INDEX

You can use the Index at the end of this document to search for items and keywords.
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4. ATM SCENARIOY

Let the game begin! From this chapter on, you will be driven step by step through a
Brahms version of the Atm scenario introduced in the previous sections. You will be
shown Brahms concepts and then asked to use them in increasingly realistic and
complex representations of an Atm scenario. You will be given lots of examples about
what those representations should look like. Your final goal will be to model the following
scenario:

Model a day in the life of a college student . Notoriously, college

students spend most of their time studying, but get hungrier as the time

goes by. When their hunger reaches a certain threshold, students have to

move to one of the restaurants around their location. Students choose

restaurants according to how much money they are carrying: the richer

they are, the more expensive a restaurant they will choose If a student
does not have enough money even for the cheapest restaurant, she will

decid e to pass first by an Atm of the bank where she has an account

When she arrives at the Atm, the student inserts her bankcard and tries

to remember the PIN associated to her account . The Atm allows its user 3
attempts to digit the correct PIN, before refusing the card altogether.

The Atm communicates with the central bank computer to verify the

correctness of the information provided by the user. If the bank computer

informs to the Atm that the PIN is correct and that the user has enough
balance in her account, the Atm will dispense the cash and will print an
invoice  with the account number and the remaining balance.

Students need to h ave enough balance in their accounts to take out cash:

if they attempt to take out more money than they have, the bank computer
will notify the students (through the Atm) of the remaining balance of

the account . The stude nt will then need to modify her request

accordingly, and only take out the remaining dollars.

THE CAST (AGENTS and OBJECTS)
Students: Kim, Alex

Bank computers: Bank of America, Wells Fargo
Restaurants: Blakes, Raleighs

Studying Places: S outh Hall, Spraul Hall
Clock: the Campanile

Atms: one Atm for each bank

2 Sources: Brahms Language Specification TM99-0 008 v 2. 2; Maarten Sierhuiso6 PhD Thesi s;
development team members; Atm tutorial files and comments; Brahms Forum postings.
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A few comments. The complete scenarios will be (most likely) quite long and will include
several files. This tutorial will drive you through the scenario from start to end. However,
while in the beginning all the details will be described and all the code to implement the
cases will be provided, as you will progress in the tutorial less and less details will be
provided, and more will be left to your skills and your imagination. For example, you will
have to think for yourself how to model the reaction of the bank when a wrong pin is
inserted, or what happens when too little money is left into the account. For your own
verification, however, you have also been provided pieces of codes that represent
fsnapshotso of the Atm scenario at different stages of its evolution. Remember though
that no single solution is the only the right one!

4.1 STRUCTURE OF THE SCENARIO

Each of the following sections will introduce you to a concept of Brahms modeling: the
basic compilation unit (section 4.3); the geography (section 4.4); groups, agents,
attributes and relations (section 4.5); facts and beliefs (section 4.6); workframes,
thoughtframes and activities (sections 4.7 and following); objects and classes (section
4.8); variables (section 4.10); as well as advanced topics like the interaction of many
agents, the use of priorities, and the use of random elements (sections from 4.9 on).

Each section will adhere to the same structure: a subsection titled fintroductiono will
describe the scope of the section; the ATaskd subsection will present you with the
modeling goal to be accomplished by the end of the section; the fDescriptiond
subsection will discuss, more or less formally, the language concepts of interest to the
section.”® The fByntaxo subsection will link to the complete syntactical details and rules
of the concepts being discussed. Finally, the ATutoriald subsection will be the area where
the fgoald and the fdescriptiond meet: it will drive you through the actual coding of the

Atm scenari o. As a gener al rul e, i t scemarib | be wu
on your own, right after reading the ATaskod and the fDescription, before reading the
fifutoriald section. Complete model files are also available and linked to from the
firutorialosections, as described in Error! Reference source not found..
4.2 EXPECTATIONS AND GOALS
The reader should have some level of previous programming experience to get the most
from this tutorial. Knowledge of object-oriented languages and rule-based languages is
preferable, but not essential.
¥The material in these sections is b3sed on Maarten Seirhuisdéd PhD T
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This tutorial will provide a self-contained introduction to the language. It will start with
simple concepts and examples and builds up in complexity and difficulty. By the end of
this tutorial you should be able to model easy to mildly complex scenarios on your own.
The tutorial however will not cover all of the language features. Once you get going, you
should refer to the online language specifications for a complete view of the language.

Experienced programmers might move relatively quickly through the initial sections of

the Tutorial (Sections 3 7 8) and spend more time on the final sections, where more

complex activities and constructs will be introduced (Sections 9 1 11). Even experienced
programmers, however, should try to keep in mind that Brahms is different from object-

oriented languages: Brahms is an agent-oriented language with elements of rule-based

languages, where factivitieso are not the same things as fimethods,0and i Wor kf r ame s 0
are not the same as fif.then o constructs of imperative languages.

One final note before kick-off: this tutorial will not follow the way you are supposed to
build a model in Brahms, because you still do not know about Brahms concepts. As we
have described at the end of the previous chapter, once you master Brahms you should
start your scenarios from t he2322r Weowillsomé mo d e |
back to this issue in section 4.14. And remember: there is no substitute for practice to
learn a new programming language. As mentioned above, while in the beginning all the
details will be described and all the code to implement the cases will be provided, as you
will progress in the tutorial less and less details will be provided, and more will be left to
your judgment. You will have to come out with good solutions to the exercises and
challenges proposed in the text. Of course, you will be given examples of code to
compare and verify your own solutions.
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4.3 LESSON I: GETTING STARTED

4.3.1 INTRODUCTION

This chapter will get you started with your first Brahms filei your first oO6compil a

4.3.2 TASK

Create a Brahms file that contains a package declaration and an import declaration to
be used during the development of the Atm tutorial.

4.3.3 DESCRIPTION: COMPILATION UNIT

A compilation unit is a file with the extension fib. Quite simply, we might say that a

compilation unit is each and any of the Brahms files in your Brahms model. Why do we

need sever al files to simulate one Brahms mod:¢
In theory, you could write your whole model in one, single, long .b file. This practice

however is highly discouraged. Practicality and clarity, among other reasons, suggest

using different files for different concepts (for example, a file for each group, a file for

each agent, etc.) stored in the same folder (or in folders which are part of the same

tree).

Technically, a compilation unit consists of three parts, each of which is optional:

1 A package declaration, giving the fully qualified name of the package to which the
compilation unit belongs

1 Import statements that allow types from other packages to be referred to using their
simple names

1 Type declarations of group, agent, class, object, conceptual object class, conceptual
object, area definition, area and path types.

The package declaration appears within a compilation unit to indicate the package to

which the compilation unit belongs. The Compilerl oads a 6. b6 fil e when i
an import declaration. Hence, the first compilation unit that you will write for your Atm

model will be a .b file whose only purpose is that of loading all the other .b files that are

part of the project.
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4.3.4 TUTORIAL

The first step should be the creation of a set of nested directories:
c: \ Brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms\ atm\

(if you have not created them already, do it now; rest assured that you can create your
Atm directory everywhere you want, even though in the examples described in this
tutorial and in the instructions on how to use the Brahms Compiler and Virtual Machine
batch files it will be assumed that this is in fact the location of the directory you will be
using. If you modify it, remember to change accordingly also your library path in the
vm.cfg file and the way you call the Virtual machine, as discussed in the previous
chapter). If you had created the folders and had unzipped into the c: \ brahms\ Projects  \
folder the Atm files downloaded from the AgentiSolutions website, we suggest you
delete all those files and the AtmModel directory itself T we have to start again from
scratch and you have to build your own model now!!

Now, the second step: either from the Composer or from a text editor, create your new
model.

Technical note: depending on which version of the Tutorial files you have downloaded, the files may be installed by the
Composer in a slightly diff eforéis tutorialeve wilestart apainrbeilding éilesyrom sratamdt wor r y
from the c: \ brahms \ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brah ms\ atm\ directory.

I f you use the Composer, you must first start
following information in the respective fields: the ModelName will be AtmModel, the
package will be  gov.nasa.arc.brahms.atm , and the location will be

c: \ brahms\ Projects \ AtmModel \ final_source gov\ nasa\ arc \ brahms\ atm\ . If you now go
to the c:\brahms\ Projects \ AtmModel\ final_source  \gov\ nasa\ arc \ brahms\ atm\ folder,
you will notice that the Composer has created the right directories for you and, inside
the atm folder, a file called AtmModel .b .

Before seeing what that file contains, |l et 6s
you are working from scratch without the Composer T just with a text editor such as

Notepad. You would create, again, the atm folder and a new document in Notepad,

where you will write:

package gov.nasa.arc.brahms.atm
import  gov.nasa.arc.brahms.atm L
Then,youwoulds ave t hiAsmMofeliblbe d4 d@oes not matter that

you do not have other files to import i these will come soon! Your file might look
somewhat like the following figure:
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|_g:" AtmModel.b - Notepad E]

File Edit Format Wiew Help

MASA CONFIDEMTIAL IMNFORMATION
{c)1997-2003 Masa ames Research Center
A11 rights Reserwved

This program contains confidential and proprietary information
of nasA Ames Research Center, any reproduction, disclosure,
or use in whole or in part is expressly prohibited, except as
may be specifically authorized by prior written agreement.

%% oE %% %%
T rEEEET T

w\u\wmw\enuww\enu\uw\uwwwwwwuw\u\u\uww\enuww\u\u\uw\uw\uwww\uuw\uwwwwwwwwwwuwwwwwwwwuww/{
package gov.nasa.arc.brahms. atm;

import gov.nasa.arc.brahms. atm.®;

e

Figure 9. AtmModel.b in Notepad
What is the reason for these two lines?

Firstly, the package declaration is used to find Brahms concepts in the file system.
Similarly to Java, in Brahms a package is to be mapped to a directory in the file system.
The package declaration represents a hierarchical directory structure. The package
gov.nasa.arc.brahms.atm maps to a directory gov\nasa\arc \ brahms\atm in the file
system. If a group Student were defined in a file named Student.o  then this file would be
located in the gov\nasa\arc \ brahms\atm directory. The Compiler and Brahms Virtual
Machine use the library path to find concepts in a specific package relative to the library
path. Thus, to reference a specific concept in a library, the package name can be used.
The package name reflects the directory in whichthe c onc e pt is stofred wit
pathdé as its base pat-pathisl n our case, if the 1|i

library_ path= c: \\ brahms\\ Projects \\ AtmModel\ \ final_source

and you have an import statement like

import  gov.nasa.arc.brahms.atm .Student;
Printed on: This is an uncontrolled copy when printed.
3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.




Brahms Tutorial Version 1.2 Page 4-40
TM01-0002 3/31/2011 Atm Scenario

then the concept Student is expected to be defined as

package gov.nasa.arc.brahms.atm
group Student { }

and is expected to be found in the file

c: \ brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\ Student.
b

This is why in section 3.3.2 we suggested to add
c: \ brahms\ Projects \ AtmModel \ final_source to the library-path. Note that the file
created automatically by the Composer will be exactly the same.

Compilation units that do not have a package statement are part of an unnamed
package. The Compiler and Brahms Virtual Machine use the library path to find
concepts in an unnamed package by trying to locate them in the directory specified by
the library path. It is the responsibility of the model builder to prevent naming conflicts in
concepts that are part of an unnamed package. It is highly recommended to use
packages for all Brahms concepts.

Secondly, the import declaration allows a type declared in another package to be

referred to by a simple name that consists of a single identifier. The import declaration

makes concepts defined in other compilation units available as one model. In our

exampl e, by using the star (6* 6) filesthatwillbee aut or
found by the Compiler in the Atm folder.

By defaul t, every bmanoshed: 6 mipiol refarregttd as thé
0 Ba s e Me domthiing base constructs for groups and classes and containing

standard available classes and relations. The import of this library does not have to be
defined explicitly.

4.3.5 SYNTAX
Syntax details are available at:

http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also discussed at
http://www.agentisolutions.com/documentation/language/ls_cun_stx.htm and pages
linked from there.
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4.4 LESSON Il: GEOGRAPHY

4.4.1 INTRODUCTION

This chapter will teach you how to create the geography of a Brahms model.

4.4.2 TASK

Create the geography of the Atm model. The action takes place in Berkeley: there are
streets and buildings, like restaurants and bank branches with their Atms. You will
model at least two different Atm locations (one for each Bank: Bank of America and
Wells Fargo) and two restaurants (Blakes, and Raleighs). You will also have to describe
the distances between these locations.

4.4.3 DESCRIPTION

The geography of a Brahms model is described through areas, area_definitions and
pat hs. Mind vyou: t his i s not a Cartesian
concepts (such as areas) and the way those concepts are connected (with paths).

An area_definition is used for defining types of area instances used for representing
geographical locations in a model. Area definitions are similar to classes in their use.

Examples of area definitions that are already
and O6Cityod. Through area definitions, t he mod e

those already existing i for example, by creating the area definition for Restaurant, that
extends Building.

An areaisaninstanceof an area definition. An earcampl e
of City. Areas can be decomposed into sub-areas. For example, a building can be
decomposed into one or more floors, or a city into streets, using the part-of relation to

other areas that is available in each area.
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A path connects two areas and represents a route that can be taken by an agent or

object to travel from one area to another. The modeler specifies distance as the time it

takes to move from areal to area2, over the path. The automatic generation of location

facts and beliefs for agents and objects moving from one area to another is also
implemented. This means that when an object or agent changes location, the simulation

engine automatically generates a new location fact about the new location of the agent

or object that moved, and also adds the location fact as a belief to the belief-set of the

agent or object. At the same time, the simulation engine will add the location belief to all

agents in the location. When an agent moves, the simulation engine will also add a

location belief for all the other agents and objects in the location to the belief-set of the

moving agent. I n other words, objects and age
agent s wi || al ways notice (we use the term nde
location. However, moving agents and objects do not notice other agents or objects on

their path, even though The move activity can be interrupted by a communicate activity

in a workframe triggered by a detectable or a belief communicated by another agent

(more on t hi s ahdobjexts @n moveAtgoegh the entire geography.

An agent or object has the functionality of a container artifact and can carry other agents
or objects (cf. the contains relation in the next section). The geography may be
implemented to limit the generation of beliefs to other agents in the immediate
environment of the specific agent. When an agent or object moves from one location to
another location the simulation engine calculates the shortest route between the two
locations, based on the available paths between the areas in the model. It should be
noted that when an agent or object moves between two areas that do not have a path
between them, the simulation engine assumes that the moving time is zero. However, if
there is a route (i.e. a path between the areas) the simulation engine will ignore the
zero-time distance without a path (otherwise, it would always take the zero-time
distance).

Note that areas can have relations and attributes. An area_definition can inherit from
more than one area definition, so multiple inheritances are supported. When an area
definitoni s a subcl ass of another area definition

relations, and initial-facts from its parent area definitions. Attributes and relations will be
explained in the next sections.

4.4.4 SYNTAX
Syntax details are available at:

http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also discussed at
http://www.agentisolutions.com/documentation/language/ls _adf stx.htm,
http://www.agentisolutions.com/documentation/language/ls _are stx.htm,
http://www.agentisolutions.com/documentation/language/ls _pat stx.htm, and pages
linked from there.
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4.4.5 TUTORIAL

Create a new file in a text editor with a .b extension and call it AtmGeography.b. Or, if

you want to use the Composer, j ust open your Atm model and
Model 0 tab at the bottom of the screen to ac
Then, click onthemenu-but t on with the | etter sfileigreeed on i
shape. This wil.l create a new AArea_10 <conce

AAt mGeographyo by simply <c¢clicking diguretl®)e i con
Remember to save your model!

& Brahms Composer - blablamodel

| | = S ] 2 e 1] o ] ] | | S| S D A 2 e | E S | - A s o
Flo Edt View Model Buld Window Hep
wEB@ o -
Geography Mode! Object Model
Sadt &) ave‘ ot o
B < BasereaDel
By
(5 CClock
() CDate
[ SystemCl:
4
o
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Ready e oot
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Figure 10 - Creating geography areas in the Composer
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Important note: we will not keep on presenting both approaches 1 the text editor and the
Composer - for each concept that we will meet in the Tutorial. The Composer manual
will tell you how to create concepts via the graphic interface. In this tutorial, instead, we
will focus on the language concepts. However, remember that whenever we refer to files
being created or edited, this can be done both with an external text editor such as
Notepad, or, much more quickly and smoothly, inside the Composer, which offers you
advanced features to create and modify concepts and files.

If you are writing your own code, then you will have to insert into this file the following
elements: 1) a package declaration (to state that this file belongs to your Atm project); 2)
definitions of new areas (areadef: such as world, city, buildings, streets, etc.) and
instances of these areas; 3) paths describing the distance (in terms of the time
necessary for movement) from one location to another.

Hence, start writing:

package gov.nasa.arc.brahms.atm

to establish that this geography belongs to the AtmModel (the Compiler adds the
declaration automatically). Then, you can create the instances of two area definitions
already defined by default in the language (World, and City):

area AtmGeography instanceof World { }

area Berkeley instanceof City partof AtmGeography { }

Whatwe are saying is that the action will take
particular in Berkeley. A complete geography will need other components, such as a

University (namely the University of California Berkeley), University Halls, Streets,
Restaurants, and Bank Branches. Given that BaseAreaDef and Building are standard

area definitions already defined in the language, you can write:

areadef University extends BaseAreaDef { }
areadef UniversityHall extends Building { }
areadef BankBranch extends Building { }
areadef Restaurant extends Building { }
Note that if you are using the Composer, many of the above code lines will be produced

automatically by the Composer as you create, drag and drop concepts, and use the
efficient pop-up fields to plug in parameter values.
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By using the terms extends and partof you have just drafted an area type schema for
the geography in which the actions of agents and objects of the Atm model will take
place. extends is used to create a nhew area definition which inherits characteristics from
another area definition. partof is used to represent the hierarchy or geographical
relations between areas. For example, Wall Street might be partof New York, which is
partof  the United States. The next step is to populate this schema with specific
instances of the area definitions you have just created, to create a hierarchical
geography description of the locations in which agents and objects can be placed. You
will need a university, some restaurants, some banks, and some university halls where
your student agents will study. Note that comments, in Brahms, can be expressed either
by preceding them with 6// 6, or by containing

/*

c/omment

Hence, if we imagine that Berkeley campus (UCB) is inside the city of Berkeley and that
it contains several University Halls, while the banks and the restaurants are in Berkeley
but outside the campus, we will write:

/I inside Berkeley
area UCB instanceof University partof Berkeley {}
area SouthHall instanceof UniversityHall partof UCB { }
area Telegraph_Av_113 instanceof BankBranch partof Berkeley {}
area SpraulHall instanceof UniversityHall partof UCB { }
area Bancroft_Av_77 instan ceof BankBranch partof Berkeley { }
area Telegraph_Av_2405 instanceof Restaurant partof Berkeley { }
area Telegraph_Av_2134 instanceof Restaurant partof Berkeley { }

Almost there: The final step consists of connecting together these different areas to
allow agents and objects to move between areas. When agents move between areas,
you can either state (each time moving between locations makes it necessary) what the
distance is between the two areas the agent has to move (expressed as time needed for
the move activity); or define this once with the path statement in the geography file. We
will use this second option here:

/Ipaths to and from banks from spraul and south halls
path StH_to_from_BOA {
areal: SouthHall;
area2: Tele  graph_Av_113;
distance: 240;
}
path SpH_to_from_BOA {
areal: SpraulHall;
area2: Telegraph_Av_113;
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distance: 240;

}

path StH_to_from_WF {
areal: SouthHall;
area2: Bancroft_Av_77;
distance: 200;

path SpH_to_from_WF {
areal: SpraulHall;
area2: Ban croft_ Av_77,
distance: 200;
}
/Ipaths to and from restaurants from and to spraul and south halls
path StH_to_from_BB {
areal: SouthHall;
area2: Telegraph_Av_2134;
distance: 360;
}
path SpH_to_from_BB {
areal: SpraulHall;
area2: Telegraph_Av_2134;
di stance: 280;
}
path StH_to_from_RB {
areal: SouthHall;
area2: Telegraph_Av_2405;
distance: 400;
}
path SpH_to_from_RB {
areal: SpraulHall;
area2: Telegraph_Av_2405;
distance: 320;

/Ipaths to and from restaurants and banks
path BOA_to_from_BB {
ar eal: Telegraph_Av_113;
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area2: Telegraph_Av_2134;
distance: 60;

}

path WF_to_from_BB {
areal: Bancroft_Av_77;
area2: Telegraph_Av_2134;
distance: 80;

}

path BOA _to_from_RB {
areal: Telegraph_Av_113;
area2: Telegraph_Av_2405;
distance: 80;

}

path WF_ to_from_RB {
areal: Bancroft_Av_77;
area2: Telegraph_Av_2405;
distance: 100;

}

As mentioned above, you can also do all the above in the Composer i in fact with the
Composer you will save lots of time and keystrokes. However, given that here we want
to learn the details of the language rather than the use of the Composer itself, the above
typing exercise will prove useful anywayé.

Some comments about this code. Note that if you model paths from a to b and from b to
¢ but not from a to ¢, when you issue a move command from a to ¢ the Compiler will
automatically calculate the total travel time for you.

Agents do not notice anything or do other things on their way to a location. If you want
something like that to happen, then you have to explicitly code it. For example, if you
want to model the possibility that a student can meet another student on the street while
on his road from area A to area B, you might split his movement into 2 steps: from A to
the street (modeled as an area), and from the street to B. The student agents can now
meet each other in the street area. This would definitely be a more advanced Brahms
model, and thus we do not expect that you are able to create such a more complex
model at this stage™.

14 we are currently extending the language allowing for real multi-tasking. This way you can create a move activity in which the
agent can notice other agents and do other activities while moving. At this moment the Brahms language does not support this
kind of multi-tasking in so-called primitive activities.
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As hinted above, there are at least 3 ways to model distances and movements in
Brahms: 1) not using paths at all, but using the move activity instead (see section 4.7)
and defining each time how long a certain move activity should take; 2) defining all the
paths between places, as done in this section (if you forget to define the path and also
the move-time, the Compiler will interpret that as it taking zero time); 3) have travel
times that change according to the conditionsd for example, if there is a path from ato b
requiring 10 seconds that has been coded in a geography file, you might override that
within the move action; you might even code the time as a belief of the agent (so that
the agent modifies this belief according to factors like weather conditions or
transportation means being used). An additional way to move something in a Brahms
model is to have an objectd say, a motorcycle, that contains another agent or object:
the motorcycle will actually do the move activity, and the total travel time will depend on
it rather than the speed of the agent. Containment of agents and/or objects is realized
with a contains ~ relation. We will discuss the contains  relation in section 4.8.

Now you are ready to try and compile your Atm model for the first time. Follow the steps

described in the previous chapter. Remembertoc hoose the ABuild Model @
in the Composer once your Atm model is open. If everything goes well, some xml code

will be produced. If something goes wrong, either in the command line interface or in

the Composer some error messages will appear. In particular, the Composer will give

you information about possible syntactical and semantic errors in your code, with the

exact line and column where they have been found.

Some final notes: as you will soon see in the next sections, an agent needs an initial
belief about the location of an object (say, an Atm machine) to move there. Remember
that area definitions can have attributes, and agents can have beliefs about themd this
might turn useful in your models.
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4.5 LESSON lll: GROUPS, AGENTS AND ATTRIBUTES

4.5.1 INTRODUCTION

This chapter will teach you how to define and create groups (e.g. Students) and agents
that are members of groups. It will also teach you about attributes and relations of
Brahms groups and agents.

4.5.2 TASK

Create the group Student and agent Alex from the model schemas you have previously
drafted. Alex is a student and will have attributes and relations that are relevant to the
Atm scenario, such as; where agents study, feel hungry, and thereafter go and eat with
money they obtain from Atms. In this section we will start with a small subset of
attributes (for example, the gender, the hunger, and so on) and relations (like hasCard,
and hasAccount), which will be expanded on as the Tutorial progresses.

4.5.3 DESCRIPTION
45.3.1 AGENTS & GROUPS

The concegmipd of naBfiahms is similar to the conc
object-oriented pr ogr ammi ng . A group represents a col
perform similar work and have similar beliefs. A group defines the work activities

(activity frames and thought frames), the initial-beliefs of members in the group and the

initial-facts about the agent in the world. The difference with classes in object-oriented
programming is that the relationship between a group and its members is not an IS-A

relationship, but a MEMBER-OF r el ati onshi p. Thi member of@hy we

groupo instead of fAan instance of a group. O

In Brahms we use the notion of strong agency: Brahms agents model human behavior,
and the Brahms modeling language implements in some way all of the attributes
discussed in context of weak and strong agency, i.e. autonomy, social ability, reactivity,
pro-activeness, mobility, and bounded rationality.

People and artifacts (both physical and conceptual) are represented as "objects",
generally having properties, such as geographical location, which may change over time
depending on their interactions. The term "agent" is generally used to refer specifically
to an object that represents a person or, more inclusively, that represents an interactive
system that has behavior interacting with the world that we want to represent as having
the capabilities of awareness, reasoning and a mental state - intentionality.
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An agent is a construct that generally represents a person within a workplace or other
setting being modeled. Agents have a name and a location. To specify what an agent
does, the modeler defines activities and workframes for the agent. The key properties of
agents are group membership, beliefs, workframes, thoughtframes, and location.

Groups and members of groups

In Brahms, Agents ar e member s of groups. It i s possi bl
behaviord6 f or exampl e, the activity of an awlent o6AI
then be defined lo ¢ a | to agent 0 Al espetific (i.a.mat inheiitddlby be age

other agents). However, most Brahms models will not go into as much detail as to
define the activities of individual agents, but rather describe the behavior of abstracted
groups of agents in entities called groups. In describing the activities of groups of
agents, a specific agent will inherit the activities of the group. In this way we can
describe the daily activities of the group in a more abstracted way (i.e. non-individual
specific), but we can make it specific through the parameters and the attributes of each
specific agent.

A group can represent one or more agents, either as direct members or as members of

subgroups. Typically, a modeler would associate descriptions of activities with groups,

so that a group represents a collection of agents that perform similar work. A group may

have only one member and roles may be highly differentiated. Depending on the

purpose of the model, agents in a model may represent particular people, types of

people, or pastiches. The modeler may define groups to represent anything, such as
Afservice technicianso, Afpeople who I ike sushi
agent and group can be a member of any number of groups, providing that no cyclic
membership results.

Groups and agents are the most central elements in a Brahms model. An agent
represents an individual, whereas a group represents a group of individuals playing a
particular role in an organization. The simulation engine schedules the constrained
activities of agents, not for groups. However, being a member of a group, the group's
constrained activities are also scheduled as they pertain to the individual agent. A
Brahms model is always about the activities of individual agents in a work process.
Agents in Brahms are socially situated in the context of work, the organization, and its
culture. However, the Brahms language is a multi-purpose AOL, which means that there
is nothing inherently in the Brahms language that constraints the programmer to use
agents for other purposes.
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In a model a hierarchy of groups can be built by defining the group-membership. A

group can be a member of more than one group. An agent can be a member of one or

more groups. When an agent i's a member of a
60i nstant i at relétipns, aitia-beliefls, unitial-&acts, activities, workframes and
thoughtframes from the group(s) it is a member of. all attributes and relations are

inherited by agents, including private ones (an agent can be seen as an instance of a

group in terms of object oriented practices). In case the same constructs are

encountered in the inheritance path always the most specific construct will be used,

meaning that an attribute defined for the agent has precedence over an attribute with

the same name defined in one of the groups of which the agent is a member.

Elements of agents and groups
Brahms agents and groups may have the following elements.

Name: The name of an agent is its unique identifier. This element is not optional.
Normally we give agents fictitious names to identify specific individuals in an
organization without identifying them.

Display: The display name of an agent is an optional textual description of the agent's
name. The display nhame can have spaces. It is not used as the unique identifier for the
agent.

Group-membership: An agent can be a member of one or more groups. This element is
optional. When an agent is a member of a group the agent will inherit all elements from
the group(s) it is a member of. An agent can be seen as a member of a group. In case
the same constructs are encountered in the inheritance path always the most specific
construct will be used. For example, a workframe defined for the agent has precedence
over a workframe with the same name defined in one of the groups of which the agent is

a member.
Cost and time: The <cost per uni t (ACost/ unito), and
entered (fAiUnit (seconds) 0). This el ement is o0f

10.0 and the time attribute equals 3600 seconds it means that the cost of an agent is 10

BBOs ( Br ahms Bucks) per h ahe rsimulatibe iengige caénh e s e at
calculate cost statistics of a work process, based on a calculation of the summation of

an agent dGme. activity

Location: An agent can have an initial location within the geography (see the previous
section, 4.4). This element is optional.

Attributes: Represent a property of an agent or object in the world. Attributes can have
values. Currently only single-valued attributes are allowed. The value of an attribute is
specified through facts and/or beliefs (we will describe attributes in more detail later in
this section). This element is optional.
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Relations: Represent a relation between two concepts. A concept can be either an agent
or and object. The first (left hand side) concept is always the concept for which the
relation is defined; the second concept (right hand side) can be any concept. Relations
are specified through facts and/or beliefs (we will describe relations in more detail in
section 4.8). This element is optional.

Initial-beliefs: A belief is a first-order predicate statement about the world. This element

is optional. Beliefs are always local to an agent, i.e. only the agent can access its
beliefs, and no other agent can. This all ows U
the state of the world. Agents a c t based on their beliefs. Bel
agent 6s actions. We wi 4.6 Inital beliefs define thednitial stdtes i n s e
for an agent. Initial beliefs are turned into actual beliefs for the agent when the model is

initialized at simulation start time.

Initial-facts: Facts represent the state of the world. A fact is a first-order predicate

statement about the world. This element is optional. Facts are, in contrast to beliefs,

global. Any agent can detect a fact in the world and turn it into a belief and act on it.

Initial facts define the initial state of the world. Initial facts are turned into facts in the

world when the model is initialized for a simulation run. There is a fundamental

di fference between the fAownershipo of a belie
specific agent during the execution of the model. No other entity in the model can

access that belief without some interaction with the agent (direct or indirect). However,

although initial-facts are defined with an agent or object, at execution time a fact is not
Aownedo by that agent or o bjaetedton (inAhe tagecof i s g/l
objects) or detected (in the case of agents). We will discuss facts in section 4.6.

Activities: In this element the activities an agent can be engaged in are defined. This
element is optional. Activities in Brahms take a certain amount of time, either derived or
defined. There are a number of types of activities that are defined for the Brahms
language. Activities defined are executed by workframes. We will describe activities in
section 4.7

Workframes: I n this el ement the acbdojviarey delfesnedc
element is optional. Workframes describe the constraints of executing activities.
Workframes are situation-action rules. We will study workframes in section 4.7.

Thoughtframes: In this elementtheagent 6 s i nference rules,arcall e
defined. This element is optional. Thoughtframes are inherently different from

workframes, as they do not execute any activities. We will discuss thoughtframes in

section 4.9

4.5.3.2 ATTRIBUTES

Attributes represent a property of a group, agent, object class or object. Attributes have
values. In Brahms we currently only allow single-valued attributes. The value of an
attribute is defined through facts and/or beliefs.
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Attribute scope

Attributes are always defined within a group, agent, conceptual-class, conceptual-object,
class, object definition, area or area definition and cannot be defined outside any of
these concepts or inside of any other concepts. Attributes can have different scopes
within 1t5he specified concepts defined by one of the keywords private, protected or
public.

Private attributes:

Private attributes are scoped down to only the concept for which it is defined. A private
attribute is not inherited by sub-groups or sub-classes (agents/objects that are
members/instances of the group/class will inherit the attribute) and the private attribute
can only be referenced by initial beliefs, initial facts, workframes and thoughtframes for
that specific concept.

Protected attributes:
Protected attributes are inherited by sub-groups and sub-classes. Protected attributes
can only be referenced by initial beliefs, initial facts, workframes and thoughtframes of

the concept for which the attribute is specified or any of the sub-groups/sub-classes and
of agents/objects that are members/instances of the sub-group(s)/class(es).

Public attributes:
Public attributes are similar to protected attributes. The only difference is that they can

be referenced by initial beliefs, initial facts, workframes and thoughtframes in any group,
agent, class or object.

Value assignment

Value assignment of attributes is done through the creation of individual beliefs and

factsf or agents and object s, rather than simply

will discuss this issue in much more detail in the next sections.

4.5.4 SYNTAX

Syntax details are available at:

15 Note that attribute and relation scopes are currently not yet implemented in the language. This implies that attribute/relation
scope definitions will be ignored by the Compiler, and all attributes/relation will be treated (for the time being) as public. This is

why in the code examples presented in the text all attributes
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http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also discussed at
http://www.agentisolutions.com/documentation/lanquage/ls _grp stx.htm,
http://www.agentisolutions.com/documentation/lanquage/ls _agt stx.htm,
http://www.agentisolutions.com/documentation/language/ls_att stx.htm, and pages
linked from there.

455 TUTORIAL

With this section, you will start populating your virtual world with some actors. Start

creating a file Studentb (or use the Composer , go to the AAgento tab,
agent by clickingonthe menu-butt on with the |l etters fagto c
hand). If you are writing your own code, then you must write the following (do not forget

the package declaration; as noted above, the Compiler adds the declaration
automatically and lets you insert the parameter values discussed below i such as

attributes, etc. - through efficient pop-up fields):
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package gov.nasa.arc.brahms.atm
group Stud ent{
attributes

relations
initial_beliefs:
initial_facts:
activities
workframes :

thoughtframes

}

I tds ok t haent weochave lefhreost memns blank. You have to start with

somet hing, right? O0Group Studentd is the dec
describe a new group with that name. You are not declaring such group as memberof

any other group, which means that the Group Student will not inherit any previous

attribute, or beliefs, etc, from other groups (apart from the default BaseGroup every

Brahms group is based upon). On the other side, you could create more complex group

hierarchies and memberships than the one we use in this tutorial, where students are

simply members of the Student group. For example, you might model the group
6BankAccount Hol der & and gtth both then&tudent andg ehet s bel
BankAccountHolder group. Or you might have groups of groups i for example, a group
EconomicStudent part of the group Student. These are modeling issues that you will

have to face after you have mastered the basics of the Brahms language. For the

moment, however, be careful about simpler issues such as the ordering of the
components inside the Group Student definition: even if currently you do not know much

about things like workframes or initial-beliefs, you must pay attention to write the
declarations in the correct order (which is the order presented above) to avoid errors

during compilation.

The group O6Studentdé is representativemustf al |l s
be suited to perform the tasks we want to model in the Atm scenario. A good way to

achieve this goal is to start giving it proper attributes and relations. Letds start a
these lines to the Student group file:

attributes
public boolean male;

public double howHungry;

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.



http://www.agentisolutions.com/documentation/language/ls_grp_stx.htm
http://www.agentisolutions.com/documentation/language/ls_att_stx.htm

Brahms Tutorial Version 1.2 Page 4-56
TM01-0002 3/31/2011 Atm Scenario

public double preferredCashOut;

In Brahms, attributes can be of type boolean, double, int, symbol and string, but also

other user-defined type (groups, classes, areas) and Brahms built-in meta-type
definitions (such as Agent, Group, Cl ass, et c
give to an attribute without referring to it as a string. This has some advantages: it is

easier to write down values for attributes that way (for example, rather than having a

bool ean type attribute O6malebd, we could have &
have the val ues 0f mbuolaypedcdn be seenGamanlemumgrated pe s y

in languages such as Pascal, and C, except that we do not have to declare the possible

values. Any value is possible.

In this tutorial, we start giving students some simple distinguishing characteristics:

whether their gender is female or male, how hungry they are, and how much money

they normally take out from their accounts when they go to an Atm. As you can see, for

the moment we are not specifying any of these values: the student can be either female

or mal e, can be very hungry or not hungry at
howHungry attribute is, the hungrier we consider the student), and can decide to take

whatever cash he or she wants out of the bank. So, where do we specify these values?

The answer can be given on two levels. First, attributes (as well as relations we will
study in section 4.8) values are specified through facts and beliefs that we will model in
the next section. We can specify such facts and beliefs right inside the Group Student
body (did you notice there were already the labels for the initial-facts and initial-beliefs
sections in the source code for the group Student?). Defining initial beliefs and/or facts
in the group is appropriate only when they are common to the entire group. When this is
not the case, we better specify these values inside the body of the Agent that is member
of that group.

Now, create a new file and call it: Alex Agentb . Make sure that the name of the file is
the same as the name of the concept that is being defined in the file; in this case
Alex_Agent. Then add the following in the newly created file:

package gov.nasa.arc.brahms.atm
agent Alex_Agent memberof Student {
location: SouthHall;
initial_beliefs:
(curr ent.howHungry = 15.00);
(current.male = true);
(current.preferredCashOut = 8.0);
initial_facts:
(current.male = true);

(current.preferredCashOut = 8.0);
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Alex_Agent is the first agent in the Atm model. It is a member of the group Student,
which means that every activity that will be described for the Student group, Alex_Agent
wi | be able to perform. The structure of an 0A
a Group: we could have, again, workframes, thoughtframes and so on. The reason we
rarely do so is because we almost never model specific activities, workframes and
thoughtframes at the agent level: we prefer to model activities as activities of a group,
performed by particular agents. However, there is nothing wrong with defining these
elements at the agent level. In this case, we are only giving a particular location to our
Agent: this means that when the simulation starts, Alex_Agent will be in that initial
location (e.g. South Hall), while other agents might start elsewhere. Note that in this
scenario we will model all the activities that agents perform (studying, eating, getting
money from the Atm) within the Student group. That is: agents, such as students, will
study, eat, get money from the Atm, etc. Other strategies are of course available: you
might create other groupsd for example, Bank Account Ownersd and model activities
for that groupd such as going to the Atm; then, you would make the agents of your
model be also members of that group. What solution is best? That is a modeling
decision. Just remember the inheritance rules: in case the same constructs are
encountered in the inheritance path, always the most specific construct will be used.
This means that an element defined for a group the agent is directly member of, has
precedence over an element with the same name defined in one of the groups of which
the former group is a sub-group.

Hold on! We will not yet run the simulation. A little more patience and you will arrive to

that. As you have seen, even though this section was about agents, groups and
attributes, we could not help making reference to other concepts such as beliefs and

facts. All of these concepts are interrelated in Brahms, because agents are the most
important concepts. Agents act on the basis of facts and beliefs in a world made of
objects, areas, other agents, activities, workframes, and thoughtframes . Hence, facts

and beliefs is what we are going to explore in the very next section, in order to
under stand what t Rerrehtatpe meartr e d daidrk the timtial- 8. 06
beliefs and initial-facts section actually mean.
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4.6 LESSON IV: FACTS AND BELIEFS

4.6.1 INTRODUCTION

This chapter will teach you about facts and beliefs in Brahms.

4.6.2 TASK

4.6.3

The balance of a bank account; the price of a lunch at the restaurant; the time of day,

etc. There exi aBrahmeanmogeloahadcths b6l iemst as many

agent! In fact, everything that happens in a Brahms model is related to either a fact, or a
belief, or both. Hence, now start giving your agent(s) initial facts and beliefs about their
environment that they will need in order to act in their world.

DESCRIPTION

The state of the world in Brahms is stored

to represent some physical state of the world or an attribute of some object or agent.
Facts are global: with the appropriate detectable any agent can detect a fact (we will
discuss this later in section 4.7) . Agents and objects <can
propositions (like facts) that represent the internal i ment al 6 st ate of
Beliefs are always local to the agent or object.

4.6.3.1 BELIEFS

A belief represents a particular object knowing about something, typically an agent. A
belief always has the form:

(<object or agent>.<attributename> <operator> <value>)
OR
(<object or agent> <relation-name> <object or agent> <is true | is false>)

Beliefs are always local to an agent or object; that is, only the agent or object itself can
examine, or search (i.e. reason with) its own beliefs, and no other agent or object can
do so. A belief held by an agent may differ from the corresponding fact or a belief that
another agent has about the same fact. Beliefs can be declared as initial-beliefs at the
object class, object, group, or agent level, or an agent or object can create beliefs during
the running of a Brahms simulation. A belief can be thought of as an object-attribute-

O b e

as

have

an

ag

valuetriplet. Ther e are four ways an agent or objectds
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1. An agent or object can create or change a belief before or after performing an
activity or during some reasoning.

2. An agent or object can detect a fact in the world, which, ones detected, becomes a
belief.

3. Another agent or object communicates its belief(s) to another agent or object.
4. The modeler adds initial-beliefs at the class, object, group, or agent level.

The representation of beliefs together with reasoning implements a conventional

first-order predicate logic of beliefs. The modeler has available the full range of
representation of, and reasoning on, beliefs conventionally found in rule-based systems

such as EMYCIN and other agent languages. However, because the logic is first-order,

agents are not modeled as having second-or der beliefs (beliefs ab
beliefs).

Agents and objects in Brahms have beliefs represented as first-order propositions. For
instance, suppose agent Al beliefs that he is writing his dissertation, and that it will be
finished on time. A1l would then have the belief set:

{ BEL(Is-Writing (A1, Dissertation)), BEL(Will-Finish-On-Time(A1, Dissertation)) }

An agent will always start out with an initial-belief setthat i s def i ned at t he &
level, and the groups of which the agent is a member. Initial-beliefs are assigned in the

initialization phase of a simulation. These initial-beliefs define the initial state for the

agent. An agent without an initialstate coul d be seen as initially
has not experienced anything yet. As the simulation time moves forward agents will

infer, detect and receive new beliefs, either based on their actions and communications

in the world or deducing new beliefs, using an inference rule.

4.6.3.2 FACTS

Facts, in Brahms, are factual states of the worl
eye viewd odcttdheawowrgldob&l to the worl d, me ani
every agent and object in the world.

Therefore, in Brahms there is a difference between facts that actually hold in the world,
and believes of an agent or object. This means that we can represent the facts in the
world separate from the belief-state of agents about that world. For instance, although
the fact is that the color of my car is red, | can believe that the color of my car is green,
because | might be colorblind. In representing the context of the agent as facts in the
world, we are able to have multiple agents react on the same facts in different ways,
dependent on their beliefs about these facts. In Brahms, it is not necessary that any
agent has any belief about a fact. Specifically, facts are independent from the
knowledge of agents (see Figure 11).

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.



http://www.agentisolutions.com/documentation/language/ls_fct_stx.htm

Brahms Tutorial

Version 1.2
TM01-0002

Page 4-60
3/31/2011

Atm Scenario

Beliefs of Agt D

Beliefs of Agt B

Beliefs of Agt A

Figure 11. Beliefs and facts Venn diagram
4.6.4 SYNTAX
Syntax details are available at:

http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also
http://www.agentisolutions.com/documentation/lanquage/ls bel stx.htm,

http://www.agentisolutions.com/documentation/language/ls_fct_stx.htm, and pages
linked from there.

discussed at

4.6.5 TUTORIAL

Letds go back to the code we

were working
package gov.nasa.arc.brahms.atm

agent Alex_Agent memberof Student {
location: SouthHall;
initial_beliefs:
(current.howHu  ngry = 15.00);

(current.male = true);

(current.preferredCashOut = 8.0);

initial_facts:
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(current.male = true);
(current.howHungry = 15.0);
(current.preferredCashOut = 8.0);

}
A belief is a first-order proposition that an agent or object believes to be true.

At the beginning of the simulation, you can give your agents initial beliefs about himself
and other agents, objects, concepts in the world. During the simulation, the agent can
get new beliefs i through his own workframes and thoughtframes as well as by
communication. Similarly, facts are state of the world that you can assign at the
beginning of the simulation as ésimulatomiabh f act s
variety of ways. | mp ot they existlinythe world antl theyeanlee 6 gener
detected as well as modified by other agents or objects; but beliefs are always local to
an agent or object, i.e. only the agent/object can access its beliefs, no other

agent/ object can. This allows us to represent
the world. For objects, beliefs can represent information stored in/on the object. Agents

act based on their beliefs, whereas objects do not. Beliefs are the O6trioc
actions (cf. section 4.7) . Hence, when we wil/l study about
and thoughtframes (see sections 4.7 and 4.9) we wi | | see that an age
beliefs only for hi msel f, even though he migh
attribute.

Initial-beliefs define the initial state for an agent and define the initial information for

objects. Initial-beliefs are turned into actual beliefs for the agent when the model is

initialized for a simulation run. In this case, we are giving agent Alex_Agent some initial
beliefs about himself. The ustkeverfsantesaoperofe nt 6 i n
the term oO0thisd in C++ or Java. It al ways re
particular construct, or, in other words, it always refers to the element inside whose body

decl aration the Ocurr ent dhermoge; tihat attsbutds edanbg us e d.
referred to very much like in Java in the construct: object.attribute. Older version of the

Brahms | anguage also admitted the construct: ¢
to use the newer and more Java-like syntax.

Similarly, facts represent the state of the world. A fact is a first-order proposition about
the world. Facts are in contrast to beliefs, global. Any agent can detect a fact in the
world and turn it into a belief and act on the belief. Objects on the other hand, only react
to facts. Initial-facts define the initial state of the world. Initial-facts are turned into actual
facts in the world when the model is initialized for a simulation run. In the example above
we are stating for example that the attribute male of the agent is a fact in the world that
other agents can detect, and potentially act upon.
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Not always things are so straightforward. Is the hungriness level of Alex_Agent only a
belief or an actual fact? One might argument for both options. The hungriness level of a
person is based on some specific fact, i.e. it is something which exists in the world - the
status of the agentos endocrine system,
measurements and tests and which might have an effect on its own even if the agent
does not detect it or as different beliefs about it (think for example of an agent so deeply
involved in an activity that he forgets about eating, while his body is instead increasingly
in need for food). On the other side, what would be the use of making the hungriness
level a fact in the world of this scenario? Note in fact that facts in the world can be
detected by other agents or objects: so, do we want such an internal fact as the
hungriness state of an agent to be (potentially) public knowledge? Of course, the other
agents and other objects in the model do know automatically know about all the facts in
the world: they only see or act upon depending on how the modeler decides to model
his scenario (for exampl e, a n o tihneore orathiseim t

whi c

wo ul

section 4.1371 to getinformat i on about a fact Ohungriness | e

do not need any fact to model the belief of an agent, but you do need facts to make
objects react (objects do not react on beliefs). This dichotomy involves some
philosophical discussion, that we leave aside for now, but it suffices to say that it leaves
open several approaches to the modeling of attributes such as the physical state of a

human agent (her e, his O6hungriness | evel 6, w h

belief only) as well as of complex artifacts such as Banks and Atms in our model (should
they be objects or agents)? In the code attached to this Tutorial, we have chosen to
mo d el banks and Atmés as object s, but you
approach is possible in Brahms, and a few might be equally correct (we will discuss
these issues in particular when we will discuss detectables).

On the other side, an agent needs to have
section for an explanation of what that means in Brahms), in order to use it. For
example, workframes are triggered when preconditions are met (cf. 4.7). For a
precondition to be met, the agent must have at least a belief about the existence of the
particular concept considered in the precondition.”® An agent does not automatically
know even about its own attributes. For example, in the Atm scenario, the hungriness
level is an attribute of Students. Even after modeling its value for Alex_Agent as a fact,

we still must set up a belief for the agent in order for Alex to know and act after it.

16 Note, however, that he agent does not need a prior belief about a concept in order to receive a communication about it.
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So, when should we use beliefs and when do we use facts? Be careful: facts in the

world can be known by everybody in the world with a detectable to detect that fact:

another agent can know your account balance if you model it as a fact (and, of course, if

you model t hat ot her ag e madcdust). Adreld of thumbd islthe of vy o
following: when you are modeling flows of data, you might preferably use beliefs; if you

are dealing with things happening and changing in the physical world, then you might

instead use facts. It is up to you as a modeler to find the right combination between

realism and practicality, specificity and generality. There will be several cases in the Atm

scenario (as well as in all the other scenarios you will model in Brahms), where more

than one option is available to you. Take cash and Atm machines: in the coming pages

we will be modeling cash as an object that belongs to the student, with an attribute

Abal anced that represents the total amount of
modeling this are also possible. Similarly, the Atm will be modeled as an object (which

implies that it will react only to facts), but it could also have been modeled as an agent.

The choice is the model er 0s. The rule of thum
your world experience as possible. Thus, one reasonable good rule is: Humans are

modeled as agents and everything else is modeled as objects, most importantly all

objects in the world.
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4.7 LESSON V: WORKFRAMES AND PRIMITIVE ACTIVITIES

4.7.1 INTRODUCTION

This chapter will teach you how to use activities and frames in Brahms models.

4.7.2 TASK

Finally, some action inside the model! Alex_Agent is hungry and needs food, therefore
he goes to the restaurant, wher e his &édhungriness |l evel 6 is a

4.7.3 DESCRIPTION
4.7.3.1 WORKFRAMES

Recall the conceptual approach to modeling in Brahms that we have described in
chapter 2:

GROUPS are composed of
AGENTS having
BELIEFS and doing
ACTIVITIES executed by
WORKFRAMES defined by

PRECONDI TI ONS, matching agentés beli
PRIMITIVE ACTIVITIES
COMPOSITE ACTIVITIES, decomposing the activity
DETECTABLES, including INTERUPT, IMPASSES

CONSEQUENCES, creating new beliefs and/or
facts

An activity is an abstraction of real-life actions that help accomplish a task. A model of
an agent 0 gesailes whatithe agerg actually does over time (i.e. its actions)
based on decision-points that are described based on the causal relationship between
the decision to perform an action and the past and present state of its beliefs. In Brahms
we represent activities to take a certain amount of time.

However, an agent cannot always apply all its available activities, given the age
cognitive state. Each activity is therefore associated with a conditional statement or

constraint, representing a condition/activity pair, most of the time referred to as a rule. If

the conditions of a rule are believed, then the associated activities are performed. In

Brahms, such rules are called workframes. Workframes are situated-action rules.
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A workframe defines an activity (or activities) that an agent or object may perform.
Worframes have conditions, called preconditions, that constrain when to carry out the
activity. A workframe precondition tests a belief held by the agent executing the
workframe. A workframe can also contain a detectable. Detectables describe
circumstances (in the form of fact-conditions about the world) an agent might observe
while executing the workframe. Detectable could, for instance, create an impasse to
completing the activity (we will discuss detectables in more detail later in section 4.13).
A typical workframe would be defined as follows, inside the body of an agent:

workframes :
workframe wf_moveToRestaurant {
repeat: true;
variables
when
[ €]
do
[ €]

}

A workframe is a larger unit than the simple precondition-activity-consequence design

might suggest, because a workframe may model relationships involving location, object

resources such as tools and documents, required information, other agents the agent is

working with, and the state of previous or ongoing work. Active workframes may

establish a context of activitesf or t he agent and ther éidngy model
e.g., calling person X to give or get information, or going to the fax machine to look for

document Y. In this way, behavior may be modeled as continuous across time, and not

merely reactive.

A workframe is an action rule for an agent or object. It is a declarative description of
under what condition (in case of an agent, beliefs that an agent has or in case of an
object, the facts in the world) the agent/object will perform the activities specified in the
body of the rule. Workframes are treated like data-driven (forward chaining) production
rules. However, workframes are different from production rules, in that they specify
activities that agents and objects can perform (are engaged in) - production rules
specify what conclusions can be drawn based on the conditions that are met (facts).
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As mentioned in the previous section, in Brahms we separate facts in the world from

beliefs that agents have. For example, in Brahms we can have afact t e col or of Jo
Car is redo . Agent John mi ght kavertlhé Behibéaft &gent
Caroline mightthaveoltbe bEl Uéhndge@Gar wets kK §r a el
6worked ond6 (isyptedusctiwiecomad bl ehis bdget fired:©d
agents have. This means that, in the example above, if John and Caroline have the

same workframe using the belief of Johndés Car
the workframe; John will start working on the workframe, whereas Caroline will not start

working on the workframe. Using this separation of beliefs and facts in the world allows

Brahms to model ,&apedmh éhangea intthe world (facts) detected

through detectables, and the agent-specific beliefs that are created. For objects beliefs

are the information that an object carries and the beliefs do not trigger any workframes.

Workframes for objects are only triggered by facts in the world.

Workframes can also be associated with objects. In this case workframes satisfy their
preconditions with facts rather than with beliefs. Workframes for objects are inherited
from object classes as workframes for agents are inherited from groups.

On the other side, having two or more agents with different workframes, performing the
same activity, can represent individual differences. Individual differences can also be
modeled by giving different agents the same workframes but different beliefs about the
world. Activities are constrained on their activation by the preconditions that are
associated with the workframe it is in. For example, activities may have preferential start
times, as expressed in the preconditions, which may refer to the time in hours, minutes,
seconds, day of the year, and/or day of the week.

Repeat

A workframe can be performed one or more times depending on the value of the
Orepeatd attribute. A workframe can be perforr
to true. In case the repeat attribute is set to false, the workframe can only be performed

once for the specific binding of the variables at run-time. The scope of the repeat

attribute of a workframe defined as part of a composite activity is limited to the time the

activity is active, meaning that the workframe with a specific binding and a repeat set to

false will not execute repeatedly while the composite activity is active. As soon as the

composite activity is ended the states are reset and in the next execution of the activity it

is possible for the workframe with the same binding to be executed. So only for top-level

workframes the state will be stored permanently during a simulation run.

Priority

The workframe priority can be set in one of two different ways. You can have the
simulation engine determine the priority of the workframe (in that case the priority will be
deduced based on the priorities of the activities defined within the workframe; the
workframe will get the priority of the activity with the highest priority); or you can set the
priority of the workframe manually by setting a priority value with the priority attribute.
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This priority value will cause the simulation engine to use this value instead of the
deduced priority value.

4.7.3.2 ACTIVITIES

As mentioned earlier, an activity is an abstraction of real-life actions that help
accomplish a task. A mo dlestribes What dhe agang &ctudllyd s act i
does over time (i.e. its actions) based on decision-points that are described based on

the causal relationship between the decision to perform an action and the past and

present state of its beliefs. In Brahms we represent activities to take a certain amount of

time.

There are several types of activities. The simpler ones are primitive activities. A primitive
activity is the lowest level of activity an agent or object works on for a specified amount
of time. A primitive activity has no side-effects. In the next sections we will study other
activities, such as communicate, create object, as well as composite activities (that is,
activities composed by other activities). In this section we will just consider one
particular form of activity i the move activity i because it will come immediately useful
for our Atm model.

Move activity

The primitive move activities trigger an agent or object to move to a location if not yet

located there. For this activity type, the modeler defines the goal-location, such as the

name of an area in the geography model, or a variable referring to an area. In moving,

an agent or object may act as a container for another agent or object that is carried

along. For example, a car-object may carry an agent, and then move to a new location.

To simulate this, the modeler links the carrier and the carried with the built-in contains

relation, before the move activity is executed (about relations see section 4.8). This is

done with a consequence that asserts the relation, and then negates the relation with
another consequence when the trip is complete
object or agent in the new location.

When a primitive move activity is executed, and the goal-location is different from the
agent 6s or objectds current l ocati on, t he age
location. The simulation engine finds a path between the locations and gets or computes
the distance. It is possible, however, to define the duration of the activity and thus avoid
the need to define a geography model with travel paths. The engine calculates the
duration of the trip and uses it to set the duration of the primitive move activity. When
the agent or object reaches the new location, a new fact and belief are created stating
that it is there. The agents currently at the new location detect the agent or object and
will therefore get a belief about its location. A newly arrived agent will also detect the
other agents and objects in the new location. The agent or object then continues with
the workframe.

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.




Brahms Tutorial Version 1.2 Page 4-68
TM01-0002 3/31/2011 Atm Scenario

Brahms can handle interruptions that cause the location of an agent to change. Work
that has to be done at a specific location may be interrupted and the agent may then
move to another location to do work of a higher priority. When the higher-priority work is
completed, before the agent resumes the interrupted work, the agent returns to the
location where the agent has to do the work.

Declaration and reference

All activities have to be declared in the activities section of either a group, an agent, a
class, an object, or a composite-activity. A typical declaration could be as follow (se
more in the Utorial sub section below):

activities
move moveToRestaurant() {

[Body of the activity]
}

The declared activities can then be referenced in the workframes defined for the group,
agent, class or object, as we will soon see in the tutorial section:

workframes
workframe wf_moveToRestaurant {

repeat: true,

variables
when
[ €]
do
{ [activity ]
[ é]
}

Parameters

It is possible to define input parameters for primitive activities. These input parameters
can be used to make activities more generic. In the reference the values for the input
parameters have to be passed.

Priority
Activities can be assigned a priority. The priorities of activities in a workframe are used
to define the priority of a workframe. The workframe will get the priority of the activity

with the highest priority defined in the workframe.

Duration

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.




Brahms Tutorial Version 1.2 Page 4-69
TM01-0002 3/31/2011 Atm Scenario

Activities in general have duration. The duration of the activity can be defined to be a
fixed amount of time. The random attribute has to be set to false and the max-duration
attribute has to be set to the maximum duration in seconds. The duration of the activity
can also be defined to be a random amount of time. To define a random amount of time
the random attribute has to be set to true, the min-duration attribute has to be set to the
minimum duration of the activity in seconds and the max-duration attribute has to be set
to the maximum duration of the activity in seconds.

Resources

Artifacts (objects) can be defined as being a resource or not by setting the resource
attribute to either true or false. In general artifacts that are worked on by agents are not
considered to be a resource in an activity (a form, a fax). Artifacts that are used by an
agent in an activity are considered to be resources ( a fax machine, a telephone).

It is possible to associate artifacts with activities for statistical purposes and for the
purpose of generating object flows by defining them in the list of resources for an
activity. Artifacts that are defined as resources are also called resource objects.
Resource objects associated with activities will only collect statistics and will not be used
for the object flow generation. Artifacts which are defined not to be a resource and
which are associated with an activity are also called touch objects. Touch objects should
be associated with one or more conceptual object(s) for object flow purposes and
statistical purposes.

As mentioned before, primitive activities are atomic actions, and a small number of
primitive activities are defined to have built-in semantics that is implemented in the
Brahms engine. These predefined primitive activities exist to communicate beliefs,
create runtime objects, and travel to a location.

4.7.3.3 PRECONDITIONS

Preconditions control the activation of a workframe or thoughtframe. For a frame to
become active the preconditions defined for the frame have to be satisfied.
Preconditions are satisfied by either matching beliefs of an agent (if the workframes are
defined for an agent or the frame is a thoughtframe) or by matching facts in the world (if
the workframes are defined for an object). Preconditions can include variables as part of
their matching of specific beliefs/facts.

known:

The modi fier O6knowndé represents the possibilit
but be unspecific as to whether the agent/objects knows the actual value.

For example, to evaluate the following precondition:

known (carl.color)
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The simulation engine would simply check with the belief set of an agent to see whether
the agent has a belief of the form:

carl.color =7

If the engine finds a belief of this form, as it would when the following belief is present:
carl.color = red

then the engine would evaluate the precondition as true. A simple relational precondition
like:
known (Johnis -the - son- of)

will evaluate to true when the engine finds any of the following beliefs (the right hand
side and truth-value are completely ignored):

Johnis -the - son- of Bill is true
Johnis -the -son- of Bill is false
Johnis -the -son- of Jack is true
Johnis -the - son- of Jack is false

A more complex precondition like:

known (Cimap - orderl.service -techis -the -son- of)

will evaluate to true if the following beliefs are present:

Cimap- orderl.service - tech = <agent1>
<agentl>is -the -son-of ?

where <agentl> is either an agent or object.
knownval:

The modi fier 6knownval 6 (known gireelmustfind ane ans
precise match for the precondition. The precondition is only true if matching beliefs/facts

can be found for both the left hand side and the right hand side and if the relation

between them is found as well. For an example of a complex precondition such as:

knownval(Cimap - orderl.service -techis -the -son-of Cimap - order2.service -
tech)

the following beliefs must be present:

Cimap- orderl.service - tech = <agent1>
Cimap- order2.service - tech = <agent2>
<agentl>is -the - son - of <agent2>

When using variables, the engine will find as many matches as there are valid
instantiations for the variables.

unknown (aka no-knowledge-of):
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When the modifier 6unknownoé is wused, the si mu
agent or facts in the world for objects for possible matches of the precondition. If there

are any matches, the precondition evaluates to false, if no matches are found the
precondition evalwuates to true. The oO6unknown:
agent/objecthasnobel i ef s/ facts for <precondition>0. Ho\
need to be explained further.

When matching a precondition of the form: O;A,, the simulation engine looks for a belief

of the form O;A;= ?. When a belief of the form O,A;= ? is found, the simulation engine
interprets this to mean that the agent O0knows?®d
precondition is false.

When the precondition is of the form O, rel however, no matter what the right hand side
or the truth of the relation is, the simulation engine will simply look up whether the
agent/object possesses the belief/fact O, rel ?, and if so will evaluate the precondition to
be false.

All other preconditions, require at least two steps for the simulation engine to determine
the truth or falsehood of the precondition.

The form O;A; rel requires the simulation engine to evaluate first the O;A; then the
result of the O;A; (say O,) with the relation. When a belief/fact for either the OA or for
O; rel is not found, the precondition will be evaluated to true, if both are found the
precondition will evaluate to false. For example given the following beliefs:

John.car = carl
carlis -driven -byJack

and the precondition:

unknown (John.car is - driven - by)

The simulation engine will evaluate the precondition to false, because it finds a belief for
AJohn.car = 2?20 with the val ue-dovenibyl If @timedof i t f i n
the beliefs were not available the precondition would evaluate to true.

not (aka no-matching-beliefs):

Not works similar to unknown in that when there is no belief for the precondition
specified with the not modifier the precondition will evaluate to true. If a belief does exist
for the condition in the precondition then the not modifier works similar to the modifier
knownval, but negates the resulting truth-value. The simulation engine will first try the
knownval for the precondition. If the precondition with the knownval modifier evaluates
to true then the precondition with the not modifier evaluates to false and vice versa.

Precondition Evaluation Order
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When variables are used in one or more precondition(s) the order in which the
preconditions are specified is important. Depending on the order different outcomes are
possible. The reason that precondition order is important is that the simulation engine is
not a standard pattern matcher, but actually evaluates the preconditions causing
potential assignments of values to variables. For example:

knownval(John.car = <car>)

Th
6J

e simulation engine tries to find a belief ¢
ohn. car=car16 then it wildl assign the value
If you were to write the following two preconditions in the following order the outcome

might be unexpexted:

not(John.car = <car>)
knownval(<car> belongs - to <company>)

Suppose we have the following beliefs:

John.car = carl
car2 belongs - to nynex

The simulation engine will evaluate the first precondition first and first treat the
precondition as a knownval therefor assignin
because it mat ches t he precondition with t h
precondition is a not this precondition will always evaluate to false. The simulation

engine would not continue but if it would then the simulation engine would verify the

second precondition. It found a binding for the <car> variable and will substitute its

value. It will then try to find a beliefoft he f or m ¢ @ca<campahye.llta@anigos

find such a belief and therefor will fail the evaluation causing the frame not to be made

available. However if you turn the preconditions around the outcome is different.

knownval(< car>belongs - to <company>)
not(John.car = <car>)

g
e

In this case <car> will be bound to car2, the first precondition evaluates to true. The

second precondition will be evaluated and the simulation engine tries to find the belief

6John. car=canddsuch eabebtitefi but due to the Or
will evaluate to true causing the frame to be made available.

The precondition ordering will also be important when taking into account the use of
variables. We will discuss variables in section 4.10.
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4.7.3.4 CONSEQUENCES

Consequences are statements that are inside a workframe's body. They can be situated
before or after activities. Consequences are facts or beliefs or both that may be
asserted when a workframe is executed. They exist so a modeler may model the results
of the activities in a workframe. A consequence is formally like a condition and defines
the facts or beliefs that will be created or changed, when executed. The property fact-
certainty is the probability that the fact will be changed or created; the default value is
100%. The property belief-certainty is the probability (with also a default value of 100%)
that the belief will be changed or created, conditional on the fact being true. That is, if
the fact-certainty and the belief-certainty are each 50%, then 1 in 2 times the fact will be
created and 1 in 4 times the belief will be created. If the fact-certainty is zero, then no
fact will be created but the belief-certainty determines how often a belief is created.

A consequence is a logical statement for concluding/asserting new beliefs for an agent
or object and/or facts in the world.

Fact certainty

The fact certainty is a number ranging from 0 to 100 and represents the percentage of
chance that a fact will be created based on the consequence. A fact certainty of 0%
means that no fact will be created, 100% means that a fact will be created at all times.
Belief certainty

The belief certainty is a number ranging from 0 to 100 and represents the percentage of
chance that a belief will be created based on the consequence. A belief certainty of 0%

means that no belief will be created, 100% means that a belief will be created at all
times.

4.7.4 SYNTAX
Syntax details are available at:

http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also discussed at
http://www.agentisolutions.com/documentation/language/ls_wfr_stx.htm,
http://www.agentisolutions.com/documentation/language/ls_pac_stx.htm,
http://www.agentisolutions.com/documentation/language/ls_mov_stx.htm, and pages
linked from there.
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4.7.5 TUTORIAL

So: the first action we will make our Alex_Agent complete in our Atm scenario will simply

be going to one of the two Restaurants in town and eating there. This will be a very
simplified version of what happens in real life. We do not have yet a Restaurant object -
but you might remember that we have already defined a couple of restaurant locations
(that extend the building  area definition). One of such location is Telegraph_Av_2405,
the street address of the rest autudemwilgoloet
that specific restaurant i notonly Alexit o keep things simple f
assume that, just by being there, the student will feel automatically less hungry
(basically, we will nbgyép asstse pnjo.d eSd,i nwe trhieg hote awri
this: inside the Student body declaration, under the workframes : t a g, |l et 6s def i
workframec al med ed oRest aur ant 6:

workframes

6s s
or t

— )

workframe wf_moveToRestaurant {

repeat: true;

variables

when
(knownval(current.howHungry > 2.00) and
knownval(current.location != Telegraph_Av_2405))

do
{moveTo Restaurant();

conclude((current.howHungry = current.howHungry -
5.00), bc:100, fc:100);

}

The first line of the workframe simply declares the unique name of the workframe. We
do not bother 1 for the moment i with the variables declaration. Repeat is set to true so
that this workframe might be repeated, if needed. The repeat attribute for workframes
allows workframes with the exact same variable binding to be executed repeatedly.
When a workframe is instantiated with a specific binding that workframe instantiation
(wfi) is executed. When the wfi has been completed the engine will determine if the
bindings are still valid (if the preconditions still hold true for the same beliefs). If that is
the case and if repeat is set to true, the engine will make a new wfi with the exact same
bindings available. If repeat is set to false then that specific workframe will never be
executed again with that specific set of bindings.17

The only exception to this rule is with workframes specified within a composite activity (that we will consider in section

4.11). while a composite activity is active the engine keeps track of the executed bindings for workframes, but when the
omposite activity ends, all of these bindings are reset. This is only relevant in case repeat is set to false.
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The when: tag is very important. It states under which conditions the workframe has to

be triggered. When the conditions stated are met (precisely those values, cause we are

using the knownval statement) the conclusions st at ed after the 6dod t a
the order that they are written. In this case, we need that the current student/agent

being consi der ed .b0e0 6h u(nwghraiteerv etrh atnh a2 means; an
already at the restaurant. The conclusion will make him less hungry by a constant (equal

to 5) after he has been to the restaurant. (Aside note: you can of course alter this and

other values in this scenario i how much money the agents has or gets from the bank,

how expensive the restaurants are, etc. In fact, you are encouraged to do so and see

how your simulation will change!).

Note that knowval checks for a belief that the agent has about that concept, and also

checks to see whether that belief is true; hence kknowval ( ¢ . ) i s by defaul't
6is it true?6. Not e, rare alwagsvchecked frorh thé poiptroe c ondi t
view of the agent/group/object or class from inside which they are executed. A when

condition about a belief that the agent does not even have will simply be skipped.

Hence, beliefs for agents are absolutely crucial in their workframes (and thoughtframes).

The Compiler will throw no error (because no error is there to be found), but all the
consequences after the do tag will be ignored. Note that in order to make an agent do

something when it does not have a belief about something (i.e. not even an uncertain

belief), you can write: unknown(current.attribute) . On the other side, the situation
where an agent has an O&duncertaind belief abou
has forgotten how hungry she is, but not abou

attribute), might be represented with the following format: (current.howHungry !=
anynumber) . A known precondition applied to an agent with such belief and referred to the
attributed howHungry will evaluate to true (and, of course, the knownval precondition will
evaluate to false).

Note how the not operator works when applied to beliefs about attributes and relations:

not(current contains object)

evaluates to false if the agent has a belief that she contains the object. The same thing
would happen by evaluating a belief under a different syntactical form: knownval(current

contains object is false) . On the other side, if the agent does not have a belief,
not(current contains object) will evaluate to true simply because there is no belief;
but knownval(current contains object is false) will evaluate to false for the same

reason. With relations, most of the times not can be safely used rather than the is
false statement.
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Let s go b a cakIf theocontittores are met, dhe agent will first try to perform
the activity moveToRestaurant(); then, the agent will process some conclusions about
beliefs and facts of the world (in particular, about the fact/belief that he/she is less
hungry than before). Note that activities must always be called from a workframe. Of
course, you can re-use the same activity and make it be called by several workframes
with different parameters. Note, however, that moveToRestaurant() is different from
wf_moveToRestaurant. The latter is a workframe; the former is an activity, written
similarly to a method in Java, where inside the parenthesis parameters can be passed to
make the activity specific (in this case we are not passing any parameter, but we still
need to use the parenthesis).

So, workframes check the facts and beliefs in the world, and when their conditions are
met, they trigger activities and conclusions. But where are the activities explicitly
written? Who tells the agent what moveToRestaurant really means? We need to add
some more code for this purpose (aside: activities can be interrupted when conditions
are met that trigger new activities/workframes; however, when we use composite
activities things become much trickier: cf. 4.11). We will add this code right after the
activities tag, outside the workframe:
activities
move moveToRestaurant() {
location: Telegraph_Av_2405;

}

This is a simple move activity. We did not have to specify its duration because the
geography of this scenario has already been described in the AtmGeography file where
we have declared a path for the movement we are considering now. We could have
overridden those timings by imposing, for example,

move moveToRestaurant() {
random : true;
min_duration: 50;
max_duration: 15 0;
location: Telegraph_Av_2405;

}

Now, try to compile this code. You can do it from the Compile Model command inside
the Composer, or you can do it manually as explained in Chapter 3.*® Remember in this
case that you must use the AtmModel.b file, which imports all the other files in the Atm
project/folder.

18 The command should look like:
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If everything worked out fine, you should now be able to see a message (in one of the
Composero6s windows or in the command |
been successfully built. You might even want to open one of the xml files that have been
produced in the Atm folder. For example, there will be an Alex_Agent.xml file that will
look more or less like this:

<?xml version="1.0" encoding="UTF -8" 7>

<IDOCTYPE AGENT SYSTEM "file://IC: \ Program Files  \ Brahms\ AgentEnvironment
1.0 \ DTD agent.dtd">

<! - Generated at Sun Apr 15 18:23:02 PDT 2001 - >

<AGENT name="projects.Atm.Alex_Agent" display="Alex_Agent"
location="projects.Atm.SouthHall">

<MEMBEROF ref="projects.A  tm.Student" />
<BELIEFS>
<BELIEF>

<OAV |ObjRef="current" IObjType="Current"
attRef="projects.Atm.Student.howHungry" evalOp="eq" value="15.0"
valueType="double"/>

</BELIEF>
<BELIEF>

<OAV |ObjRef="current" IObjType="Current"
attRef="projects.Atm .Student.male" evalOp="eq" value="true"
valueType="boolean"/>

</BELIEF>
<BELIEF>

<OAV |ObjRef="current" IObjType="Current"
attRef="projects.Atm.Student.preferredCashOut" evalOp="eq" value="8.0"
valueType="double"/>

</BELIEF>
</BELIEFS>
<FACTS>

<FACT>

<OAV IObjRef="current" |IObjType="Current"
attRef="projects.Atm.Student.howHungry" evalOp="eq" value="15.0"
valueType="double"/>

</FACT>
<FACT>

C:\ Program Files  \ Brahms\ AgentEnvironment \ bc.bat
c: \ brahms\ Projects \ AtmModel \ final_source - src
c: \ brahms\ Projects \ AtmModel \ final_source  \ gov\ nasa\ arc \ brahms \ atm\ AtmModel.b
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<OAV |IObjRef="current" I0bjType="Current"
attRef="projects.Atm.Student.male" evalOp="eq" value= "true"
valueType="boolean"/>

</FACT>
<FACT>

<OAV |IObjRef="current" IObjType="Current"
attRef="projects.Atm.Student.preferredCashOut" evalOp="eq" value="8.0"
valueType="double"/>

</FACT>
</FACTS>
</AGENT>

Now, you are ready for the big step! Try running your simulation for the first time, the
way it was discussed in Chapter 3.

If everything goes fine, you will see something like:

R N A ] IO e e L —— TR LR e

Loaded concept ‘projects.atm.BOA_to_from_StH’
Loaded concept ‘projects.atm.SpH_to_from_BOA’
Loaded concept ’‘projects.atm.BOA_to_from_RB’
Loaded concept ‘projects.atm.BB_to_from_WF’
Loaded concept ‘projects.atm.anylocation’
Loaded concept °hrahms._base.City’
Loaded concept ’‘projects.atm.SpH_to_from_RB’
Loaded concept ‘projects.atm.Telegraph_Av_2485°
Loaded model ’projects.atm.AtmModel’
Starting virtual machine
Starting scheduler
Starting engine for ’‘projects.atm.fAlex_Agent’
Stopping virtual machine
Stopping scheduler
Stopping engine for ’projects.atm.Alex_HAgent’
Stopped event notifier
Stopping FileAgentUiewerService ‘FileAgentUiewerSvc_1°
— Stopping TestExternalService ‘TestExternalfvc_1°
— Stopping logger

irtual Machine’s running time: A:@:18.709
odel Loader’'s running time: B:@:8.528
odel Initializer’s running time: BA:@:1.8108
odel Simulator’s running time: B:@:2_318
odel Exporter’s punning time: B:8:8.8

k to continue

Figure 12. The Simulation Engine (Virtual machine)

This means that the Virtual Machine has loaded all concepts, started the engine, and
run successfully the simulation. If the simulation never halts, or never even starts
because a java exception is thrown, there must be again an error in the code. Go back
and check it (we will discuss errors in detail over the next sections).
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On the other si de, |l et 6s assume that you have
that a text file has been produced and saved (by default), in the
Brahms/AgentEnvironment/Databases directory, with a unique name that includes the

date and time of the simulation run (for example, it will look something like
AtmModel_20010415_134559.txt ). Go and look for that file. It wil be mostly
incomprehensible, now, but for future reference it is good to know it is there. It is the

history of your simulation that must be passed to the Agent Viewer for parsing, in order

to be transformed into a MySQL database file that the Agent Viewer can then display as

a 2-dimensional graph.

But | et 6s go wifilewl looksdmething liKe this: t e x
precondition|PRE1|knownval(current.nowHungry > 2.0)

precondition|PRE2|knownval(current.location != projects.Atm.Telegraph_Av_2405)
consequence|CON1|conclude((current.howHungry = current.howHungry - 5.0));
workframe|WFR 1|wf_moveToRestaurant|]|PRE1,PRE2|MOV1,MOVE,CON1,CONSEQUENCE - MESSAGE
group|GRP2|Student|[AGT1|WFR1

attribute]ATT1|howHungry

attribute|ATT3|preferredCashOut

attribute]ATT2|male

[ é]

belief - he|BCO|belief: (projects.Atm.Alex_Agent.howHungry =
15.0)INEW|COMPLETEDI0|0| - 1|none|HL2|BCO

belief - context|BCO|OBJ -ATT-
PAIR|AGT1|AGENT|ATT1|EQ|VALUE|NONE|NONE|NONE|15.0|belief:
(projects.Atm.Alex_Agent.howHungry = 15.0)|JAGT1|INITIAL

belief - he|BC1l|belief: (projects.Atm.Alex_Agent.male = true)]NEW|COMPLETED|0|0| -
1|none|HL2|BC1

belief - context|BC1|OBJ -ATT-
PAIR|AGT1|AGENT|ATT2|EQ|VALUE|NONE|NONE|NONE|true|belief:
(projects.Atm.Alex_Agent.male = true)]AGT1|INITIAL

belief - he|BC2|belief: (projects.Atm.Alex_Agent.preferredCashOut =
8.0)INEW|COMPLETEDI0|0| - 1|none|HL2|BC2

I f y o ueaditatieetAgentViewer can! Open the application Agent Viewer, and click
on the top | eft menu button, called 6Parse New
for the history file when the selection window opens, and once you find it, select it. The
Agent Viewer will use an existing database sample file as a template to create the new
database file with the history of the simulation (do not delete or remove or change the
database file called brahms.mdb in the Database folder!!). It will create a new database
file, ask you to save it (with a name such as AtmModel_20010415_134559.mdb ), and then it
will actually start parsing the file. If the parsing completes without sending out error
messages, click on the second leftmost menu button on the top, to open the newly
created file. Agent Viewer will by default try to open the most recently created database
file, so you will simply have to click on yes in the selection window.

Printed on: This is an uncontrolled copy when printed.

3/31/11 3:08 PM Refer to the NX Brahms location for the latest version.

NOTICE: Not for use or disclosure outside of NASA Ames Research Center except under written agreement.
© 2001-2011 NASA Ames Research Center. All Rights Reserved.




Brahms Tutorial Version 1.2 Page 4-80
TM01-0002 3/31/2011 Atm Scenario

Does the file load? You will see a screen like this:

2 Brahms Version 1.2.10 O] x|
File Edit View Dptions Fornt Tools Zoom Window Help

DEaea0uwsEs Q
[0 Al Agerts

[ Groups

[ Classes
o] Locations

Sy C:\Program Files\Brahms\Brahms Agent Yiew\AtmModel_20010415_1... O] x|

Figure 13. The Agent Viewer and the Atm Scenario

The elements on the left are the components of your simulation. Click on the agent
folder and then once on Alex Agent. Then zoom in or out in the picture (right menu
buttons on the top) until you see something like this:
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r; Brahms Yersion 1.2.10 - [C:\Program Files\Brahms\Brahms Agent View\AtmModel _20010415_182934.mdb]

@Elle Edit iew DOptions Font Tools Zoom Window Help
DEE® 2QwyEs

B [0 Al Agerts

& Alex_Agent Telegraph_Av_2405

BT Groups 6:20:00 P
Classes
= D Locations

T6:31:00 ot T5:34:00 It
Agent Alex_Aagent

wi: wf_moveToRestaurant

Figure 14. The First Activity in the Agent Viewer

Congratulations!! You have just completed and verified your first Brahms simulation.
Alex_Agent starts, as he should, in South Hall, and then moves to Telegraph Avenue
when he is hungry (and he is very hungry already at the beginning of the simulation).
Play around with the components of the Agent Viewer and of your model. Take some
time to check the various menus. You will see that the Agent Viewer can show things
like communications, thoughtframes (cfr. section 4.9) and much more. For example,

click once with the left mouse button on the workframe wf_moveToRestaurant. You will
access the Explanation Facility:
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ﬁBIahms Wersion 1.2.10 - [Explanation Facility]
B3 File Edit Wiew DOptions Font Toolz Zoom “Window Help ;Iilﬂ
e 2QwSEE &
S| D All Agents Frame Mame ot moveT cRestauant
F— 2 Alex_Agent thgent Mame (45T

1 |
et | e | o | @ |Q i | A |

knownvallcurent howHungry > 2.0) precondition

knownal[cuent. location = projects. atm, Telegraph_tw_2408) precondition

MOVE moveT oRestaurant

COMSEQUEMCE-MESSAGE conclude([curent hawHungry = curent.howHungry - 5.001;

Groups
Classes -;ﬂwl

[ Locations

Figure 15. The Explanation Facility in the Agent Viewer

From the explanation facility you can get a picture of (almost) anything that is going on

in the simulation: why workframes or activitiesar e tri ggered (6General 6

det ai | (6Startd tagexampatt)happewor Wi emamef ors
and 6Endd tags) ; and all of the beliefs and f
your simulation (6Fact or Beliefd tag). The
debug and verify your simulation. Only in very extreme cases you will need to use

anything else (for example, the raw text file

Ok, before with go on with something else, this is a summary of the steps necessary to
use the Agent Viewer:

1. Open the application Composer and switch to the Agent Viewer view.
2. Click on the menu, File -> Agent Viewer -> New Database... .

3. Look for the history file when the selection window opens, and once you find it,
select it and press Open. Wait while the Agent Viewer parses the file.
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4. When parsing is complete, the database should automatically be opened and its
results displayed, if not click on the menu File -> Agent Viewer -> Open
Database... to open the newly created database.

A few comments about activities and workframes.

First, preconditions are not compulsory i we can make an agent always do something
by eliminating the when condition and setting repeat to true.

Second, activities are not really simultaneous: if an agent walks, she cannot study: her

time is devoted to one only activity. It is possible, however, to model an activity like:
6studying while wal ki nartiity (cb 4.11)tand letvmdretirdernal ¢ o mp o
workframes be triggered at the same moment by playing around with priorities,
preconditions and activity times. There are also spec i a | activities <calle
activitieso, but we wil!/l d e adlll).wWortthe mamerd,ste | at e |
might suffice to know the following: if you have two workframes with preconditions that

are both satisfied by the beliefs of an agent, Brahms will create two workframe
instantiations. Both will be marked as available, but the agent will only work on one of

them. The workframe being worked on depends on the priority of the workframe, the

highest priority workframe is selected. If both frames have the same priority the frame

that is first in the list of available frames will be selected. Now, even if Brahms currently

does not support true multi-tasking, it does have a subsumption architecture that can

create some form of multi-tasking although not in the sense of operating systems by

using composite activities. For example, if | were to have a workframe A with a

composite activity doWork and in that composite activity doWwork | have a workframe B:

composite_activity doWork() {
workframes:
workframe B {
\évg?n(knownval(inbox.numOrders >0))

getOrderFrominbox();

}
}

workframe A {
when(knownval(agt.available = true)
do {
doWork();

}

Then, if the agent believes that it is available and that the number of orders in the inbox
is larger than O, firstly workframe A is made available and active for the agent to work
on, and as soon as the agent starts doWork it will also have workframe B available and
will work on that instantiation as well.
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Third, you might be interested in knowing whether there are i f é t h e n éstatements
in Brahms. The quick answer is: no. The explanation is that you can do exactly the
same by writing, for example, two or three thoughtframes. Declarative structures such
asi f ét h e n éard rotewelcome in Brahms, because they are built to be checked in
specific orders, while Brahms works on rules, and all the preconditions of all rules are
always being checked. This is an important characteristic of rule-based programming.

Fourth, note that any workframe in a composite activity has access to the activities
defined within that same composite activity and to the activities defined at the same
level as the composite activity and the activities higher in the activity hierarchy above the
composite activity.

Sixth, Brahms does not yet support OR statements in workframes. In order to
accomplish the same results of OR statements, you would have to duplicate the body of
your workframe into a new workframe and use the OR'd preconditions.
when(
knownval(carl.color = red) or
knownval(carl.color = blue)) {

do {
someActivity();

would have to be rewritten as two workframes with the bodies:
wifl:

when(knownval(carl.color = red))
do {
someActivity();

wif2:

when(knownval(carl.color = blue))
do {
someActivity();

Lastly, no nested expressions in the preconditions are allowed, and only simple ones in
the conclusions are.

But | e tckte ougsonul&tian. Why does the agent not do anything else after going

to the restaurant? Well, first of all, this statement is not entirely correct: if you check the
beliefs and the facts of t he, ywowilbkeg thdt yoorm t he ¢
agent is now less hungry than before (howHungry = 10.00).

After this, the agent has nothing to do: one of the two preconditions for triggering the
moveToRestaurant activity is not met i the agentis alreadyat t he Restaurant!
create some more movement. Letds say that whenever the age
after eating he moves back to South Hall to st

move moveToSouthHall() {
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| ocation: SouthHall;

}

Remember, we do not have to specify the path and the duration of this move action
because we have done so already in the geography file. Then, modify the workframe
wf_moveToRestaurant as follows:

workframe wf_moveToRestaurant {
rep eat: true;
variables
when
(knownval(current.howHungry > 2.00) and
knownval(current.location != Telegraph_Av_2405))
do {
moveToRestaurant();

conclude((current.howHungry = current.nowHungry - 5.00),
bc:100, fc:100);

moveToSouthHall();

}

and compile/run/parse your simulation as before to see what happens:
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n Brahms Yersion 1.2.10 - [C:\Program Files\Brahms\Brahms Agent View\AtmModel_20010415_134531_mdb]

{2 Fle Edit Yiew Options Font Took Zoom ‘Window Help _ =] x|
DEEgE0wSEE Q

B[] Al Agents =
: : @r Alex_Agent
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Figure 16. More Complex Activities

As you can see, now the agents move back and forth South Hall and the Restaurant.
Note that order is important. If you have a conclude statement after a call to a move
action (or any other action), the conclusion is drawn after such action has been
completed. The order that the Compiler follows is left to right, top to bottom. The same
rule is applied to different workframes inside the body of i say i an agent. Keep this
simple rule in mind when unexpected things happen: it could well be a problem of
priorities between workframes (we will discuss priorities in section 4.13), an issue with
the order of the workframes and the preconditions that must be satisfied to trigger them,
or just a matter of the order you are triggering activities and conclusions within each
workframe. For example, processing beliefs could make some of the available frames

unavailable and could make unavailable frames become available (more on this in
section 4.11).
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Note, moreover, that if the Agent Viewer crashes when opening a database it has
parsed correctly, it might be because no activity is really running. Furthermore, agents
need a location and a performed activity to be shown in the Agent Viewer; and
workframes that only triggers conclusions but do not trigger activities will not show up in
the Agent Viewer.
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4.8 LESSON VI. CLASSES, OBJECTS AND RELATIONS

4.8.1 INTRODUCTION

This chapter will teach you how to create objects as instances of classes in a Brahms
model, and will discuss relations between objects and agents.

4.8.2 TASK

Create the objects that are part of the simulation: the Atm(s), the campanile (to signal
the flow of time), the bank, the cash, the bank account, the restaurant diner, etc.,
together with their various attributes and their relations. Then, give the simulation a little
mor e O movement,as befdkd, is kunglycaedmeeds food; therefore he goes

to the restaurant, where his 6édhungriness | eve
an actual object with a specific location and
in the simulation have fixed-price menus, and one such attribute is the cost of the

restaurantodés fixed menu). I n additi on, now Al

he does not have enough money, Alex will have to go to the Atm machine. While in that
location, he will automatically get our more cash. This will happen only once (it will be
replicated and extended in the next | essonség)

4.8.3 DESCRIPTION
4.8.3.1 OBJECTS

A nobjéc tisGhe second most central element in a Brahms model. An object represents

a specific artifact in the world. It is possible to model the activities of an artifact in an

organization. For example the data processing activities of a computer system can be

model ed. The activities can be defined in the
the object) and/or can be defined for the object itself. In Brahms there is a difference

between animated intentional® objects (which we refer to as agents) and inanimated
unintentionald objects (which we refer to as objects). In all other agent-languages there

is only one type of object, namely an intentional agent. In Brahms, agents are

intentional.
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However, we also want to be able to describe artifacts in the real world as action-
oriented systems, but unintentional at the same time. We describe such an artifact as an
object. An example of an object in Brahms is a fax machine. If we want to describe the
behavior of a fax machine, we could argue that we could describe a fax machine as an
intentional agent. However, in the real world we would never ascribe intention to the
actions of a fax machine. A fax machine mainly reacts to facts in the world; such as a
person pushing the start button on the fax machine that makes the fax machine start
faxing the document. Since in Brahms we are interested in describing the world with its
animate and inanimate objects, we want the capability to make a difference between an
intentional object (an agent) like a human and an unintentional object (an object) like a
fax machine. There might be occasions when the intentional stance is appropriate for
objects. When this is the case, we might decide to represent a machine as an agent.
For example, in the Atm scenario the Atm machines and Bank computers might be
modeled as agents (there will be differences regarding detectables and what the objects
act upon, and we will analyze these differences soon).

To summarize, an object in Brahms is a construct that generally represents an artifact.
The key properties of objects are facts, workframes, and activities, which together
represent the state and causal behaviors of objects. Some objects may have internal
states, such as information in a computer, that are modeled as beliefs. Other artifact
states i uch as the fact that a phone is off hooki Tare facts about the world.

On the other side, a conceptual object is used to allow for a user to track things that

existas concepts in peopleds minds, Il i ke the con
exist as such but do have incarnations in the form of real artifacts, such as a fax, a form,

or a database record. Through conceptual objects statistics can be generated such as

touch time and cycle time and object flows can be generated through a work process.

4.8.3.2 CLASSES

Classes in Brahms represent an abstraction of one or more object instances. The
concept of a 6classd in Brahms is simil-ar to
oriented programming. It defines the activities and workframes, initial-facts and initial-

beliefs for instances of that class (objects). Brahms allows for multiple inheritances for

objects (note that objects currently do not inherit the cost, time-unit and resource values

ithey must be speci fi edssésrare uiskdeto defing imanimétess body)
artifacts, such as phones, faxes, computer systems, pieces of paper, etc.
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In a model, a hierarchy of classes can be built by defining the class inheritance. A class

can inherit from more than one class, so multiple inheritance is supported. When a class

is a subclass of a <cl ass t he,retatiobscihitmldsliefswi | | Oi
initial-facts, activities, workframes and thoughtframes from its parent classes. Private

attributes and relations are not inherited; only public and protected attributes and

relations are inherited. In case the same constructs are encountered in the inheritance

path always the most specific construct will be used, meaning that for example a

workframe defined for a class lowest in the hierarchy tree has precedence over a

workframe with the same name higher in the hierarchy.

Note that a conceptual object class defines a type of conceptual objects used in a
model.

4.8.3.3 ELEMENTS OF OBJECTS AND CLASSES

A Brahms object has all of the elements that an agent has, plus two additional elements;
conceptual object membership and resource. Furthermore, instead of having a group
membership relation with groups, an object can have class-inheritance relationships with
classes.

A Brahms object has the following extra elements:

Class-inheritance: An object can be an instance of one or more classes. In case
constructs with the same name are encountered in the inheritance path, always the
most specific construct will be used. For example, a workframe defined for the object
has precedence over a workframe with the same name defined in one of the classes of
which the object is an instance.

Conceptual-object membership: An object can be part of one or more conceptual
objects by defining the conceptual-object-membership for the object. This allows for
later grouping of statistical results and workflow.

Resource: The resource attribute defines whether or not the object is considered to be a
resource when used in an activity (resource attribute is set to true) or whether the object
is considered something that #@Ais worked ono (r

Cost and Time-Unit The cost and time-unit are used for statistical purposes and define
the cost/time-unit (in seconds) for work done by instances of the class. The instances of
the class can override the cost and time-unit figures.

4.8.3.4 RELATIONS

Relations are used to represent the connections between two concepts. The first (left
hand side) concept is always the concept for which the relation is defined, the second
concept (right hand side) can be any concept.
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Relations are always defined within a group, agent, conceptual-class, conceptual-object,
class or object definition and cannot be defined outside any of these concepts or inside
of any other concepts. Relations can have different scopes within the specified concepts
defined by one of the keywords private, protected or public. The distinction is exactly
the same as that for attributes i hence we do not repeat it again here.™

4.8.4 SYNTAX
Syntax details are available at:

http://www.agentisolutions.com/documentation/documentation.htm

In particular, the concepts presented in this section are also discussed at
http://www.agentisolutions.com/documentation/lanquage/ls cls stx.htm,
http://www.agentisolutions.com/documentation/language/ls _obj stx.htm,
http://www.agentisolutions.com/documentation/language/ls_rel stx.htm, and pages
linked from there.

4.8.5 TUTORIAL

Letds start creating now the objects ¢ghhat ar e
forget some, and we will add more on the way.

We certainly need banks (or, at least, bank central computers) that keep information
about bank accounts and communicate with Atms when agents visit them for cash.
Hence, we also need bankcards, to be used at Atms, and we need a formalism to model
cash itself. We will also need diners where the agents eat i such diners might be simply
modeled as locations (remember that locations can have attributes, such as the cost of
the diner and its name), or we might model diners as actual entities (for example
objects) at a specific location (as you have already understood, there are several ways
to model any scenario and you always have to find the one which is the more
appropriate, the one that balances complexity with realism).

So, |l et 6s start claseeslatWegqgqusiome aoaemwtainly need
create a new file Atm.b . As usual, remember to define the package at its beginning:

package gov.nasa.arc.brahms.atm ;
class Atm {

display: "Atm";

cost: 0.0;

19 As mentioned in a previous note, however, both relation and attribute scopes are currently not yet implemented in the language.
This implies that attribute/relation scope definitions will be ignored by the Compiler, and all attributes/relation will be treated (for

the time being) as public. This is why in the code examplespresente d i n t he text all attributes and rel
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resource: false;
attributes
public int currentAccountCode;
public int currentA ccountPin;
public boolean checkedAccountCode;
public boolean checkedAccountPin;
relations

public Bank ownedbyBank;

initial_facts:
(current.checkedAccountCode = false);
(current.checkedAccountPin = false);

}

Let 6s c alimtlenthencode above. Apart from some differences that you should be
able to easily spot, the structure looks very similar to that of a group. We have already
coded some initial facts inside the class definition (rather than an object, specific
instance of that class) because we simply want all instances of Atms to start that same
way.

Note that objects do not need a location to exist and act in the world. On the other side,

what does it mean that objects react on facts only? Objects can have beliefs, and can

even have thoughtframes where they conclude new beliefs. However, they act on facts

only, in the sense that the preconditonsof an obj ectdés wor kframe mu
facts rather than beliefs. In fact, objects act on fact regardless of the beliefs they have

(or do not have)!

In addition, in the code above we have also used for the first time a relation:
ownedbyBank. This relation links a specific Atm to a specific Bank (which Atm and
which Bank is specified at the objectlevel). So, | et ds now al so define

package gov.nasa.arc.brahms.atm ;
class Bank{

display: "Bank";

cost: 0.0;

resource: false;

attributes
public string name;
public int receivedAccountPin;

public int receivedAccountCode;
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relations
initial_facts:

activities
workframes

}

Of course, as the tutorial proceeds, we will add many other attributes, as well as
activities and workframes. For the moment, we can note that we do not have to model
an inverse relation Bank owns Atm inside the Bank class i one relation will be enough
to make our model work, as we will see soon when we will be dealing with variables
(section 4.10). On the other side, we should start filling in the details of these classes

and popul ate the model with their instances.

our model of Berkeley: Bank of America and Wells Fargo. Each has one Atm in town.
So, we can write for the Atms:

package gov.nasa.arc.brahms.atm ;

object Boa_Atm instanceof Atm {
location: Telegraph_Av_113;

initial_facts:

(current ownedbyBank Boa_Bank);

and
package gov.nasa.arc .brahms.atm ;

object WF_Atm instanceof Atm {
location: Bancroft_Av_77;

initial_facts:
(current ownedbyBank WF_Bank);
}

and, for the Banks:
package gov.nasa.arc.brahms.atm ;
object Boa_Bank instanceof Bank {

display: "Boa_Bank";
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initial_facts:

(current.name = BankofAmerica);

and
package gov.nasa.arc.brahms.atm ;
object WF_Bank instanceof Bank {
display: "WF_Bank";

initial_facts:
(current.name = WellsFargo);

}

We then need to model the Accounts of the agents and their BankCards. To keep things
very simple, a BankCard will keep stored its pin and its account code, that we can model
as attributes. We <can al so model Cash as an othg
amount of the cash currently carried by the agent. Finally, a bank Account will have
some minimal attributes such as its code, its balance, and some relations, such as what
bank it has been opened with, or what agent it is owned by (which could be also
modeled from inside the Student declaration). Armed with this information, we can
create the following files: Accountb

package gov.nasa.arc.brahms.atm ;
class Account {

display: "Account";

cost: 0.0;

resource: true;

attributes
public double balance;
public string typeof;
public int code;
public int pin;

relations

public Bank openedWithBank;

activities

}

then cash.b :
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package gov.nasa.arc.brahms.atm ;
class Cash {

display: "Cash";
cost: 0.0;

resource: true;

attributes

public  double amount;

activities

}

and finally BankCard.b
package gov.nasa.arc.brahms.atm ;
class BankCard {

display: "BankCard";
cost: 0.0;

resource: true;

attributes

public int code ;

relations

public Account accesses;

activities

}

In a similar fashion, we start drawing the net of relations that link students to other
objects in the Atm universe. The first we can think about are Banks, bank Accounts, and
BankCards. Hence we write inside the body of the Student group:

relations
public Account hasAccount;
public Cash hasCash;
public BankCard hasBankCard;
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Finally, we must create the additional files for the specific instances of these classes
that belong to Alex_Agent: create therefore a file Alex_Accountb

package gov.nasa.arc.brahms.atm ;
object Alex_Account instanceof Account {

display: "Alex_Accoun t";

initial_facts:
(current.balance = 100.00);
(current.typeof = checking);
(current.code = 1212);
(current.pin = 1111);
(current openedWithBank Boa_Bank);
}

then a file Alex_Cash.b
package gov.nasa.arc.brahms.atm ;
object  Alex_Cash instanceof Cash {
initial_facts:
(current.amount = 8.00);

}

and finally a file Alex_BankCard.b
package gov.nasa.arc.brahms.atm ;
object Alex_BankCard instanceof BankCard {
initial_facts:
(Alex_BankCard.code = 1212);
(c urrent accesses Alex_Account);

}

Of course, we must also modify the Alex_Agent file to reflect the new information. We
must update the beliefs (and the facts, where necessary) as follows:

initial_beliefs:
(current.howHungry = 15.00);
(current.male =t rue);
(current.preferredCashOut = 8.0);
(current contains Alex_Cash);
(current contains Alex_BankCard);
(Alex_Account.balance = 100.00);
(Alex_Account.code = 1212);
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(Alex_Account.pin = 1111);

(Alex_Account openedWithBank Boa_Bank);
(Alex_C ash.amount = 13.00);

(current hasCash Alex_Cash);

(current hasBankCard Alex_BankCard);

We can spend a few words here about how to express conditions (preconditions and

conclusions) about relations. The ist rue or is false statements are only used for

relations. (current hasBankCard bkc is false) is the right syntax to check whether the

relation (fact of belief thereof) is false. But if we wanted to check whether this relation

was actually true, we could just write: current hasBankCard bkc . In other words, the is

true form is not needed when checking or concluding conditions. One might ask what is

the difference between knownval((current.attribute = X) and
knownval(current.attribute = x) is true) . Note that we ar e using t he 6co
relation: it is a relation built-in the language that is very useful when we want to move

objects and agents together with what they are carrying.

The difference is that we can apply istrue  to relations (because, otherwise, it would be
impossible to create a false belief; in other words, an agent always believes its own
beliefs), but we do not use it for attributes. Therefore, when you want to express
conclusions about relations, if the conclusion is true, you can simply conclude (whoever
hasCard whatever) ; if false, you might instead conclude (whoever hasCard whatever is

false). Finally, in preconditions, knownval(whoever hasCard whatever is false) s
equivalent, but possibly slightly preferred, to: not(whoever hasCard whatever)

Letdbs go back to the model . With regards the
reader to create a Diner class, that would have attributes such as the cost of the fixed

menu. Two restaurants should be created: Raleigh and Blakes. Raleigh will be located

in Telegraph_ Av_ 2405, and its attribute 6foodc
menu) will be set equal to 4.0. Blakes will be located in Telegraph_Av_ 2134 and its

6cost o wildl be set to 6. 04.9dve Wil sart presenfingthé e t hat
code of the Atm tutorial for your verification. If you need, you can start already browsing

those files from here).

Are you done with the restaurant files? Ok, now we are ready to play a little more with

the activities and workframesof our scenari o. Letd say that w
to the Atm of the bank where they opened their account whenever the cash they are
carrying goes below a cert his 1o, alitkevaleole.thetostt 6 s s a )
of a lunch at any of the two restaurants. We have modeled only Alex Agent and his

objects, for the moment, so we will write something like this inside the Student group

(workframes : tag):

workframe  wf_moveToLocationForCash {
repeat: true;

variables
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when(knownval(Alex_Cash.amount < 10.00))
do {

moveTolLocationForCash(Telegraph_Av_113);
conclude((Alex_Cash.amount = Alex_Cash.amount
+ current.preferredCashOu t), bc:100, fc:100);

moveToLocationForCash(SouthHall);

}

(we will see later - but you might as well imagine that already - that this is not a good
approach to a general solution of the issue: can you guess why?). Of course, we also
need to pass some new initial beliefs to the agent:

initial_beliefs:
(Blakes_Diner.location = Telegraph_Av_2134);
(Raleigh_Diner.location = Telegraph_Av_2405);
(Boa_Atm.location = Telegraph_Av_113);
Now we better create a new move activity, more generic than the ones we have used
before:
move moveToLocationForCash(Building loc) {

location: loc;

}

where, of course, the location can be specified inside the workframe, as we have done
in the workframe MoveToLocationForCash.

We will also need to give the agent an idea of what the cost of each diner/restaurant is,
starting with Raleigh; so, modify the agent s

(Raleigh_Diner.foodcost = 4.0);
(Blakes_Diner.foodcost = 4.0);

and then modify also the moveToRestaurant workframe é
workframe wf_moveToRestaurant {
repeat: true;
variables
when
(knownval(current.howHungry > 2.00) and

knownval(current.location != Telegraph_Av_2405))

do
{moveToRestaurant();
conclude((current.nhowHungry = curren t.howHungry - 5.00),
bc:100, fc:100);
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conclude((Alex_Cash.amount = Alex_Cash.amount -
Raleigh_Diner.foodcost), bc:100, fc:100);

moveToSouthHall();
}
}

Save everything and execute the usual steps to compile and parse your model. You
should get something like this:

Figure 17. The Agent Viewer and Other Activities

Our agent checks his location and compares it with the location of a restaurant; if the
two locations are the same, the agent realizes that he is already in the restaurant. Note
that we have not given the agent a belief about the location of the diner object. The
reason the agent is still able to derive this information lies in the fact that whenever an
agent reaches a location, she can see the other objects in that location (otherwise she
would have no idea of where a diner, is unless she is explicitly given a belief about that).
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