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s€nglish Publisher is a MATLAB related natural language programming system under Eclipse that
can be used

e to produce formal representations of procedural knowledge in engineering

e to write sEnglish sections in publications that can be executed by the reader

e to write sEnglish sections in publications that can be learned from by an agent
e to program the reasoning cycle and operational logic of intelligent agents

e to publish annotation free machine readable web pages.

and possibly more that we still need to discover.

Cognitve {Igents Toolbox (CAT) is an extension of the s€nglish Publisher under Eclipse with a
compiler to allow the creation of Jason code with data structures that are conceptually linked to
human ways of modelling the world. A combination of a CAT, Jason, MCMAS, Latex plugins under
Eclipse and the Agent Executive Toolbox for MATLAB/Simulink jointly make up a powerful
programming environment for cognitive physical agents onboard robots.

Installation and Updates

Standard installation

Installation under MS Windows XP, Vista and 7:

Unzip sEP_Installer.zip into a new folder, double click on setup.exe and follow the installation
window sequence.

Version maintenance

Updates of sEP_Installer.zip are announced to users by email and can be downloaded from
www.senglish.org/promo or from system-english.com/promo .

Usage of s€nglish Publisher is subject to licence agreement even if it is obtained for free.
Activation of various advanced functionalities are regulated by pass-codes.

© SysBrain Ltd, UK, September 2011
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Overview

The Cognitive Agent Toolbox (CAT) is a software integration tool for automated or autonomous
appliances. To provide intelligent behaviour in complex situations It enables its user to define and
deploy a “sysbrain” rational agent architecture on an appliance’s embedded processor. Sysbrains
can be programmed to have unprecedented level of adaptivity and environmental awareness.

CAT is a complete system for creating, and maintaining machine intelligence throughout its lifetime
while serving its human users.

CAT is based on the use of an English language document to encode the behaviour of intelligent
agents controlling a machine. The documents is conceptually organised in such a manner that it
supports easy understanding of the agents knowledge of the world, its reasoning and its behavioural
constraints.

Englis.h Ignguage Enviti:rl:pmsgnt o Emb;dc!ed
descrlptlo.n? of a sysbrain sysbrain
sysbrain's s processes
knowledge and Programuigs
rules of
behavior

Embedded

sEnglish MATLAB™

Publisher plugin

Embedded C++
processes

sEnglish

Document LaTex plugin

Jason+sE Embedded
plugin sysbrain agent

Technically a single Eclipse application programming interface (API) is used to do

(1) Create and author an sEnglish document describing and editing an agent’s knowledge

(2) Publish this knowledge on the Internet or in print as HTML or LaTex/PDF based document
(3) Compile agent reasoning into Jason/Java processes into a .jar file

(4) Compile signal processing procedures of sensing, modelling and control into embedded
processes in MATLAB/C/C++.

(5) Use the Agent Executive Toolbox to produce embedded applications for devices.



& sEnglish, - myfirst/estimating_ar_model_set.sep - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

i L "R =1 Sh & o bl o g = - 5 | € senglish | [ Rese
Elﬂ sEnglish Project View 22 =0 r estimating_ar_model_set.sep &2 =g
= Elﬂtrial_examplel procedure name @ estimating ar model set
#1 Do Info senglish sentences :: Estimate ar model set Mz from Sp up to order 10 .
-E.OntologyFiIe mol reference ::
[=]-{sen] SEM Files input classes and local names :: signal[3p], number[Q ]
'm; demonstration_of _method,sen output classes and local names :: ar model set[Ms]
[=l-{se]] SEJFiles senglish code :: Define K as 'integer' . 3tart empty set Ms .
*s¢f agent_logic_0, sej Fun cycle for "K=1:Q " . Compute ar model M by ls estimation for order E £
= @I[Mainoperations] Add element M to set M=z . Finish cycle for 'K'
estimating ar model set mat lab libraries ::
[ Filvering speech signal conceptual graphs ::
fitting ar model author data ::
= @Z[Trivia] section number :: 1
[ adding element ta set input defaults ::

|— adding two signals ko —-- -

|— comparing strings
compuking ar model b s

|— defining attribute

|— defining class with pre - artw

|— displaying two signals < >

|— filkering signal at sample

|— generating data

|— initialising with zeros

P Errorsfwarnings | 3 Console @Debug View 0 =0

I_' making consistent samples
|— minimising criterion
|— reading object field from file
|— starting empty set

7 trial_examplez

klﬂ trial_example3

: gt

At the root of all agent knowledge lies its document that summarises its behaviour to both
humans and the agent itself. The document is a “summary” that unambiguously compiles
into the executable code of the agent,. And yet this document is indeed a summary as it is
written at a very high abstraction level. High abstraction level objects and relationships in
the world model shared by humans are explained by English sentences hierarchically until
sentences are only explained by a piece of MATLAB code. MATLAB is universally capable to
handle sensing, signal processing and control procedures and compiles into C/C++ for
embedded code for small devices. It is only “Sensor networks” and “Actuator networks” that
lie outside the abstraction framework. All of the goals, logic based reasoning, sensing are
expressed and related in English sentences.

CAT benefits for system programmers

e You can formulate in English sentences the basic behaviour rules for safety and priorities,
values of events and actions.

e Code development is easily shareable in a team as all code of your sysbrain is in natural
English sentences of your choosing.

e You can program your sysbrain to enable it to solve complex problems across physical
domains based on the principle “everything is possible that is not disallowed by the rules” .

e CAT enables you develop a sysbrain that makes logic based decisions on time as things
happen in the world.
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e CAT enables you to develop a sysbrain that, upon request, can also describe the reasoning
behind its decisions, ongoing actions, reactions to events in English.
e upport and developer feedback is available via http://dev.sysbrain.com/bugs.

Sensor
network

— Abstractions

1

GoalsLogic
based
decision

Plan library

— -

Human readable sEnglish documents

Benefits to users of robots

e The manual of your appliance is its program, some parts of it you may be able to redefine in

English sentences to modify its behaviour.

e You can ask your appliance to explain what is going on, you can receive reasons for actions or

lack of them.
e |Intelligence updates are by the device reading publications on the web, that you can also

read, not by replacing your device.
e Manufacturers can release new sensors/actuators to be added/removed for which software is

reconfigured, better value for money.



http://dev.sysbrain.com/bugs

Components of the Cognitive Agent Toolbox

The CAT Application Programming Interface (API) contains:

sEnglish™ Publisher on Eclipse

sEnglish to Jason+ Compiler

Web/PDF Publisher

Document Reader Tools

Executive Toolbox for MATLAB/Simulink™

Jason'sk to MCMAS compiler*

Formal verification tool set’

Java Virtual Reality Tools for complex environments®

Note that the Jason used in CAT is an upgrade of the official version at www.jason.org called Jason+.

Jason+ know all that the standard Jason plus more that can be summarised as follows:

Context formulae can also contain external calls using the testBoolean .

Built-in external calls have been implemented to call m- functions symbolically. Predicates
with variables in Jason correspond to MATLAB functions. When called in Jason some of the
predicate arguments are first substituted from agent objects memory as inputs for the m-
function. After the m-function is executed some of the symbolic predicate arguments receive
values in the agents object memory. The MATLAB calls in Jason+ include invoke(...) for calling
an m-function, configureBoolean(... ) to set up cyclic updating of the value of a Boolean output
m-function and its automatic transfer to the Jason agent’s belief base, configureObject(...)

for cyclic updating of object values that are not handed over to Jason+ but symbolically
handled.

The types scalar and string (which are subclasses of MATLAB types double and char ,
respectively) can be outputs of some MATLAB functions in which case the Jason+ variables
corresponding to them can be updated with these values and use in Java based analysis that is
allowed in Jason+. The sEnglish based agent reasoning program can contain Java based logic
analysis as only sentences in square brackets [...] are compiled into invoke statements in the
Jason+ executable plans..

! Under development
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Getting Started

Main Editable Parts

A typical view of a session in s€nglish Publisher session is displayed below:

& sEnglish - myfirst/festimating_ar_model_set.sep - Eclipse Platform
File Edit Mavigate Search Project Run ‘Window Help

il A = A ST ) r bl | o 2 Eﬂ[}ﬂ senglish | (75 Resc >
EE] sEnglish Project View &3 =0 r estimating_ar_model_set.sep &3 =
BEB] trial_example1 procedure name :: estimating ar model set
#9 DOC Info senglish sentences :: Estimate ar model set Ms from S3p up to order 10 .
-E.OntologyFiIe mol reference ::
[=)-{sen| SEM Files input classes and local names @ Signall[3p],nurber[Q ]
sm; demonstration_of _method, sen output classes and local names @ ar model set[Ms]
[=){=ei] SE] Files senglish code :: Define K as 'integer' . 3tart empty set Ms .
*st) agent_logic_0.sej Run cycle for "K=1:Q " . Comwpute ar model M by ls estimation for order K £
B@I[Mainoperations] Add element M to set Ms . Finish cycle for 'E!
|— estimating ar model set matlah libraries ::
™ Filtering speech signal conceptual graphs
|— fitting ar model suthor data ::
= @Z[Trivia] section number :: 1
[T adding element to st input defaults ::

adding two signals ko get third
I_' cornparing strings
computing ar model by |s
|— defining attribute
|— defining class with property
|— displaying bwo signals hd *
|— filkering signal at sample
|— generating data
|— initialising with zeros
making consistent samples
|— minirnising criterion
reading object field from file
|— skarting empty set
T trial_examplez
EB] trial_esxample3

P Errorspwarnings | & Conscle Islﬂ Debug Yiew &3 =8

i g

On the left hand side one can see the sEnglish Project View that can contain several projects with

the icon (“CP” stands for conceptual programs/projects). The active project title is in bold-face
(trial_examplel) and its project tree is expanded. Each project includes the following items:

1. E—The Ontology File item that contains a single ontology *.ont file for conceptual hierarchies.
Only one ontology file can be used per project.

2. £ The DOC Info item that contains the DOClInfo.txt file listing the project/document title, author
data and section title. It is solely used to change these items for the whole project.

3. jsenl SEN Files folder to contain sEnglish scripts (.sen files) that can be executed. Beside icons

®. sen sEnglish script files are listed that can be edited upon a double-click.

4. i SEJ Files folder that can contain one or several * sej files. Beside icons ] .sej files are listed
that can be edited to define an agent’s reasoning in terms of sEnglish/Jason statements.



5. @ Section number and titles in square brackets [..] containing * sep files for definitions of

actions, relationships or questions. Beside icons [ .sep files are listed that can be edited upon a
double-click.

An sEnglish project is simply the collections of these files in a folder.

Editor controls

1. Opening a new sEnglish project without an .exp file. Use File >> New/Project >>
sEnglish /sEnglish Project and click on [Next > ] to get the SEnglish Project Wizard to
create a new sEnglish project. Type in any suitable name into the Project name (this will not
be displayed at the root of the project tree) and unclick the Use default location to define
your own project folder on your hard drive by Browse. Type in or browse to the directory of
the new project. Click on Finish. Wait until the new project appears in the tree of sEnglish

Project View beside an icon . Note that you should not use this method to open an
existing sEnglish project from a folder as this will produce another .ont file that is not allowed.
Use instead “Import” as described next.

2. Opening a new sEnglish project from an .exp file. Use File >> New/Project >> sEnglish
/sEnglish Project from .exp file to be prompted for a file name and folder for the project to
be created. Note that .exp files can be extracted from PDF or HTML browser images by copy
pasting.

3. Opening a new sEnglish project from an .pdf or .html file. Use File >> New/Project >>
sEnglish /sEnglish Project from .pdf/.html to be prompted for a file name and folder for
the project to be created.’

4. Import and existing sEnglish project. This assumes that you have all the project files
Doclnfo.txt, a single *.ont file, some *.sep files, and possibly some *.sen and .sej files
in a folder. Use File >> New/Project >> sEnglish>>Project to activate a wizard and define
the folder name that contains the project files. You will be prompted for an internal project
name for Eclipse and the tree of the new project will appear in the Project View window as
an active project.

5. Set active project. If there are several projects in the tree then the active project is in bold
face. To make an inactive project active: select it with left click and then right click on it to get
a popup menu in which left click again to choose Set Active Project . The selected project
should change to bold face and the project will be active. Active means that ontology, all sep-
file compilations and all other global operations will refer to it.

6. Refresh. Right click on any item in the sEnglish Project View and select Refresh. Refresh is
definitely needed if you have copied new files into the project folder, i.e. externally to the
s€nglish Publisher.

7. Open editable file. There are two ways to do this: either right click on a file name and select
Open by left click or double click on name of file.

8. Delete a .sep file or a section. Right click on name of file or section and select Delete by
left click. Note that the deleted file will not appear in the Recycle Bin, hence extra care must
be taken when deleting files.

? This feature is under preparation
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9. Create new .sep file. Right click on section title and select New SEP-file.

10. Remove a project from Project View.. Right click on project name and select Remove
Project. This will not erase the content of the sEnglish project folder.

Project procedures

1. Compile Ontology. The button with icon can be clicked to compile the .ont file of the
project. Note that a single ontology file is allowed for a project. No two *.ont files should be
present in the project directory. Error messages or warnings will be displayed in the Problems
tab.

SEP. o

2. \/Sep Chek. Click on the button with icon ‘%/Bto check the syntax of a .sep file with respect to
its sample sentence, available object and resulting object declarations. No checks are carried
out about the sEnglish code. Errors are displayed in the Problems tab.

ASEP . A ) .
3. v All Sep Check. Click on the button with icon ‘wto check the syntax of all .sep files with

respect to their sample sentences, available object and resulting object declarations. No

checks are carried out about the sEnglish codes. Errors are displayed in the Problems tab.

4. Meaning check. Click on checks the sEnglish code of the active .sep file for the

interpretation of its sentences in terms of sentences defined within the project document.

b
5. :':n:1Compile all M-Files. Having checked all .sep files for their syntax and meanings, the

*
button=22 can be clicked on the compile all .sep files into corresponding m-functions in
MATLAB™. The produced m-functions are placed into the project directory.

6. Compile Internet Papers. To compile HTML and LaTex papers from the click on the
button. .html and .tex files of a papers containing all project data will be produced and
deposited into the project directory. These papers will have title page, contents, sections,
subsections and appendix containing low level code.

7. .'\ MATLAB™ Script Executor facility. This button activates utility that is able to interpret

MATLAB scripts via the use of the @ button that executes a selected .sen file in sEnglish .
Without this utility being active the sEnglish script files in the SEN Files folder will not be
executed and error message will be given. The MATLAB script translated from the .sen file can
use any m-function that is present in the project directory or built in m-files in the 2007a
release of MATLAB by MathWorks Inc. exclusive any toolboxes.

8. E;E.: Saving executable sections. A debugged and compiled sEnglish project can be saved into
a .txt file in self-contained format that enables its recovery upon extraction from a publication
in PDF format. Authors of publications can select this feature to export their algorithmic
results in an sEnglish project and include it in publication between sk- and —sE delimiters. The
exported section can be split into paragraphs and included into the published paper in an
arbitrary order, each section placed between sE- and —sE. The sEnglish executable sections in
any PDF publication can be extracted using a utility of the publisher on their website or copy-



pasted by the reader of the publication and assembled into a .exp ASCII file. The reader
can then <create a new sEnglish project from the .exp-file using the
File >> New/Project >> sEnglish/sEnglish Project from Executable Paper (.exp).

9. Compile to Jason. Having compiled all m-files from .sep files successfully, compilation of
an active .sej file can be carried out by clicking on the button. This feature is only available
for specific licensing types of s€nglish Publisher. Please contact support@system-
english.com for information on availability of this feature.

10. J*I Jason to ISPL. The agent code of .sej files (and the equivalent .asl files) can be abstracted
out to obtain discrete event system described using the interpreted system programming

language (ISPL) using the J*I button. For this to be feasible special "//x" comments must be
placed after each plan in the sEj code of the .sej file. See the details of this in the Declaring
Agent Logic section of this help facility. This feature is only available specific licensing types of
s€nglish Publisher.  Please contact support@system-english.com for information on
availability of this feature.

11. E“Quick Reference is provided for fast lookup up of sEnglish syntax, semantics, SEP Editor
and CAT features .

An Example

A small project has been created to document the algorithms of filtering a speech signal using AR
model estimation and its application to a noisy speech signal to demonstrate an adaptive method of
speech signal enhancement.

When installing and first using s€nglish Publisher, the standard Eclipse Welcome window

& Resource - Eclipse Platform E\@@

Fle Edit Navigate Search Project Rum Window Help

Welcome to Eclipse

( )\ Overview Tutorials
R) Get an overview of the features Go through tutorials

N
@ Samples /. What's New
<o
Try out the samples N/~ Find out whatis new

This contains numerous interesting information about the Eclipse such as an Workbench basics
under Overview that explains how the Eclipse Features, Resources, Perspectives, Views and Editors
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operate. These are very useful to know about while using the s€nglish Publisher. Eclipse is the most
flashy and powerful editor system available today for programming tasks such as natural language
programming.

For the purposes of this example, close the Welcome window by clicking on the x in its tab. The next
window revealed can look similar to

& Resource - Eclipse Platform [==]E3]
Fle Edt Mavigste Search Projsct Rum Window Help
L-icF- 08 PUa®E M@ & (& sEngish
& | [ resource |
[0 Project Explorer 12 =0 =
I
B outine 52 Bl Tasklist| o © T O
An outling is net available,
V Tasks £ A
0 ikems
Descripti Resource Path Locat.
< >
o* Oitems selected

that shows Eclipse in the Resource perspective thatis not what we want to use under

lish
the s€nglish Publisher. Click on the G sEngls button (top right part of the window pane) to
switch to the sEnglish Perspective for the s€nglish Publisher facilities to become available. If it’s not

in the list you can find it under Window->0pen Perspective->Other.. and choose sEnglish Perspective
in the list. Having switched to the sEnglish perspective a window similar to the one below should

€ sEnglish - Eclipse Platform SDEx
Fle Edt Navioate Seach Proect Run Window Help
B R - RN Tl <) 2@ o @@ (5 | ) senglish |
& [ Resource
(67 sEngiish Praject view 22 =0 [Resource perspect
P Errorspwarnings | B Console | [7) Debug view i2 =g
o

This window is now switched to the sEnglish perspective but does not contain any sEnglish project yet.
Use File/Project to invoke the



& New Project |Z|®

Select a wizard

<

Wizards:

(= General
= vs
(= Jason Plugin
[ dava
(= Plug-in Development
[=-[= sEnglish
sEnglish Project
Elﬂ sEnglish Project from Executable Paper {.exp)
= Examples

\
©

wizard selection window that contains several wizard folders. The one that interests us is the sEnglish
wizard folder that contains two items: SEnglish Project and sEnglish Project from Executable
Paper(.exp) . Select sEnglish Project so that the New sEnglish Project Wizard window

& New sEnglish Project |:|E]

sEnglish Project Wizard

Create sEnglish Project

Project name: | |

Use default location

®

appears. This requires typing in a Project name that will be recorded in the .project meta file of
the project directory but will not be displayed at the root of the project tree (the folder name will be
displayed instead without its path). To define the right folder for our example, un-tick the “Use
default location” and browse to a copy of the ...\trial_examplel folder.
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& New sEnglish Project @

sEnglish Project Wizard

Praject namme must be specified

Project name: | ‘

[ Use default location

Location; |C:\Prugram Files!,SysbrainisEnglish PublishersE_booksiitrial_examplel ‘ [ Browse, .. ]

®

When Finish is available (this may not happen in case the folder is being used by another Eclipse
project already!) then click on it :

& New sEnglish Project E]

sEnglish Project Wizard
Create sEnglish Project

Project name: | mypl |

[ use default location

Location: |C:1Pr0gram Files\SysbrainisEnglish Publisher!sE_booksiitrial_examplel | [ Browse. ., ]

@

As a result the following window or similar should appear:

& sEnglish - Eclipse Platform

File Edt Navigats Search Project Run Window Hslp

i LR =R N v )l aeE B

5 th O~ [ Resource

Fl sEnglish |

(671 senglish Project view 5% =8 =0

=] [{Iﬂ trial_examplel
#3 DOC Info
“E- ontolagy File

(=) fsenl SEM Files
& demanstration_of_method. ssn

(=) |seil SEJ Files
*5¢] agent_logic_0.sej

= {8 1 [Main operstions]

estimating ar model set

r' filtering speech signal
[ fitting ar model

=5 2 [Trivia]
r' adding element ko set
[ adding bwo signaks o get third
[ comparing strings
r' computing ar model by s
[T defining attribute
I_' defining class with property
r' displaying two signals
[ fitering signal at sample
I_' generating data
[ initislising with zeros
[ making consistent samples P Enorsfwarnings | E Cansole | () Debug view &3 =8
I_' minirnising criterion
[ reading chect fisld From Fis
[T starting empty set




that now shows all the files found in the project directory that we will now explore. Before doing so it
is worthwhile noting that by right clicking on a project one also has access to Properties (apart from
Set Active Project, Remove Project and Refresh) that can be used at present to look up the path of the
project folder.

By double clicking on # DOC Info
directory trial examplel:

& sEnglish - myp1/Docinfo.ixt - Eclipse Platform E‘@|PX|

File Edt Mavigate Search Project Run  Window Help

an editor appears for the DOCInfo.txt file of the project

FrEedid-icsd 64 CHMOEa@®E | G sraish |
¥o <o~ r(\jResnurce
L:]asEnglish Project View &5 =0 E]ﬂ*DncInfﬂ‘txt i =0
= I\]ﬂ trial_examplel ~ Document title:: Demwonstration of Speech Signal Filrcering
¥-=X00C Info hurhor data:: 35 M Veres
'E_ Ontolagy File Section title 1:: Main operations
[=)-fsenl SEN Files Section title Z:: Trivia
H; demonstration_of_method,sen
[=-sell SEJ Files
"=} agent_logic_D.sej
=] @ 1 [Main operations]
[ estimating ar madel set Y errorspwarnings | El Console |§]ﬂ Debug View &2 =0
I_' filteting speech signal
I_' fitting ar model
= @ 2 [Trivia]
| R N

P g

that can be edited for project/document title, author and section titles of a machine readable

document publishable from this project. After changes made to the file the button (=] can be used to
save the file as with all files worked on in the Eclipse system. Note also that to save all files that have

been worked on the button & can be used. Double click now on B~ Ontology File g open an editor
window for the single (only one is allowed!) ontology file of the project as:

& sEnglish - myp1/execpap.ont - Eclipse Platform
File Edit Mavigate Search Project Run  Window Help

il ES i A= & | snalish |
ACAT) D@ E M [f Resource
1 = G-
ElﬁsEninsh Project Wiew &2 =0 E]B*DUEII‘IFU-tXt -E-EXEEDGD-U”t &3 =g
Bkjﬂtrial_examplel ~ Fs ID : Exepap demo ~
# DOC Info % Author : 3 M Veres
.E. Ontology File
(=1-{sexl SEN Files »sigmal
#, demanstration_of _method.sen Bsampling freguency @ physical gquantity
[=){s¢il SE1 Files Bsample length : double

“s¢] agent_logic_0.sej

Bdata :

double

This simple ontology looking extracted as

>signal

= {53 1 [Main operations]

r' estimating ar model set

r filtering speech signal
fitting ar madel

= (53 2 [Trivia]

r' adding element ko set
adding bwo signals ko get third
compating strings

r' camputing ar model by |s

r' defining attribute
defining class with property

r' initialising with zeros
making consistent samples

r minirnising criterion

T vasdina ahiaek Fiald fra fila

! 0% ‘Witable

rrapeech signal

>rrnoisy speech signal
rrxwhite noise

rrrscalar white noise
rdynamical model

rrar model

Far order : double
Eerror wvariance :
far parameters :
rrar model set
FEEror

double
double

displaying twa signals FEIMEAN SCUAre error v
I_' filtering signal at sample
r generating data ﬁ Errors/Warnings El console klﬂ Debug view &3 =8

Insert 1:1
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@sampling frequency : physical quantity
@sample length : double
@data : double
>>speech signal
@@data: size(..,2)<=3
>>>noisy speech signal
>>white noise
>>>scalar white noise
>dynamical model
>>ar model

@ar order : double
@error variance : double
@ar parameters : double

>>ar model set

>error : double
>>mean square error

illustrates most of features of a MOL (machine ontology language) ontology. The blue items you can
think of as classes of data objects . The green ones as attributes of classes and the purples as attribute
classes or constraints .

The reason this is a MOL because all classes are derivatives if one of the four basic MATLAB types:
struct, char, cell, double, logical, int8, ... etc

You can think of an ontology as descriptions of the structure of objects used in a program. Each blue
class defines a format for class of objects that can be used in sentences during natural language
programming. The colon ":" is always followed by a class declaration or a constraint formula in
MATLAB that needs to evaluate to Boolean true.

The classes with green attributes will have MATLAB type struct when using in a program. Classes or
attributes declared with ": char" are of MATLAB type char . Similarly, declarations with": cel11"

or ": double" mean respective MATLAB classes .
Note the following simple rules of ontology notations:

e Attribute classes can also be declared by classes defined in the ontology elsewhere, for instance
@sampling frequency : physical quantity .

e Some classes are not structures and can be declared by using a colon after the class name, for
instance >error : double.

e Subclasses are listed after class with larger number of >, for instance noisy speech signal
is a subclass of speech signal and scalar white noise is subclass of scalar
white. Subclasses inherit attributes from superior classes. For example and speech signal
will have all the attributes ofa signal .

e To make constraint declarations more concise, the ".." is used to indicate that the constraint or
formula is to be applied to the whole object. These are the places where the object name would
be substituted to evaluate whether a particular object satisfies a constraint. For instance
@@data: size(..,2)<=3 means that the data attribute of class speech signal must
be maximum 3 columns .

e The options for some attributes can be listed in braces, for instance @type: {'archive',
'current '} means that the attribute type can be only one of two strings: 'archive', or
'current'.



e The double dash "--" after a class can be followed by a MATLAB expression that can create a
sample of that class . For instance >1ist : cell -- {'mik'; 'mak'} declares a MATLAB
code to generate a sample of list . This is especially useful for structure d objects where it is
difficult to write an algorithms for a good quality sample generator.

The ontology file can be compiled by clicking on button . Before doing that let’s click on
Errors/Warnings that is the first tab in the bottom right area of the Eclipse window:

& sEnglish - myp1/execpap.ont - Eclipse Platform

File Edit Mavigate Search Project Run Window Help

¥ o~
'E]ﬂ sEnglish Project View 2
= ii];] trial_examplel
#3 pOC Info
-E. Ontology File
=) -{senl SEM Files
‘51: demonstration_of_method,sen
=-{s¢ll SETFiles
“s¢] agent_logic_0.sej
= {33 1 [Main operations]
estimating ar model set
I— filkering speech signal
r- fitting ar model
= éi 2 [Trivia]
I— adding element to set
|— adding two signals to get third
camparing strings
I— computing ar model by |s
|_ defining attribute
|- defining class with property
|— displaying two signals

C-EER L-ioHiO0a CUMOHE @ ®E 7 | sEngish

L Resource

= B || (e *Docinfo.bxt E execpapont

% ID : Exepap demo
% Author : 5 M Veres

»>signal
@sampling fregquency @ physical quantity
@zample length : double
Bdata : double
»»3peech signal
»>»>noisy speech signal
r»yhite noise
rrrscalar white noise
s>dynamical model
Frar model
Bar order : double
Eerror wvariance : double
Bar parameters : double
Frar model set
»error
FFHEAN SQUArE Error

|_ filtering signal at sample b

|- generating data

|— initialising with zeros
making consistent samples

I— minirnising criterion Message

|— reading object field from file m Mare than one ontology file Found in project directory

|- starting empty set

ﬁ Ertorsfiarnings &3 El console klﬂ Debug Yiew =0

e

An error message appears in the display window as “More than one ontology file found in project
directory”. This happend because while preparing this manual a new peoject was opened in the
existing demo directory that automatically created a . ont file with the name of the. To remedy this
situation and to inform the Eclipse system about the correct .ont file, one must erase from the project
folder all . ont files except exepap.ont.

General note: user of this system are allowed to add, erase, alter files in the project directory to
repair the project (for instance erasing redundant or empty .sep files) with the rule that after the
changes one must Refresh the project using the right click popup of the project name.

Having eliminated the reduncant .ont files, the ontology file can now be compiled by clicking on

button @ to obtain:
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& sEnglish - myp1/execpap.ont - Eclipse Platform

File Edit Mavigate 3Search Project Run  Window Help

1w = @ (=i %' A= R @@ g o W o ﬁl[ﬂﬂsEnghshl
¥o o [ Resource
[ sEnglish Project iew 52 = O *Doctnfo.tx B execpapont 22 -a
= klﬂ trial_examplel % ID : Exepap demo A
#9 DOC Info % Author : 5 M Veres
-E. Onkology File
[=J-{sen] SEM Files raignal
iﬂ; demonstration_of _methad.sen fzampling fregquency : physical gquantity
[=)-{s¢i] SE1Files [fzample length : double
*s¢) agent_logic_0.sej Bdata : doukle
= {52 1 [Main operations] rrspeech signal
[ estimating ar model set »rrnoisy speech signal
r filkering speech signal rrwhite noise
r fitting ar model Frrscalar white noise
= {,9 2 [Trivia] =dynamical model
r adding element to set rrar model
adding bwa signals o get third far order : double
comparing strings ferror wvariance : double
computing ar model by |s Bar paraweters : double
r defining attribute rrar mwodel set
r defining class with property FError
r' displaying two signals Frmean SqUAre error 3
r filkering signal at sample
generating data
r initialising with zeros P Errors/warnings 52 = console klﬂ Debug View =08
making consistent samples
I—' . kerion Message
rminimising cri
r reading object field from file 2 0 Running compile antology
r' starting emphy set Cifexp_video/trial_examplel fexecpap.ont
0 Successfully completed
S >
T ‘Writable Insert 18:8

that now clealy states that ontology compilation was run and succedfully completed with name of the
.ont file used shown with full path. By introducing an intentional error in the ontology by declaring
the sample length of signal to be “doubl” (instead of “double”), on gets an error message as shown on

the next page. For this to work one needs first to save the ontology file by =l as there is no

automatic save before compilation.

There is however an other way to show up mistakes in an ontology: by using the button @ and
[ pebug view 22

inspecting the

tab window as shown consecutively on thenext page.




& sEnglish - myp1/execpap.ont - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help
N EHRE G- B OOV USTMOR M | seogleh |
3 ¥o oo L5 Resource
EE] sEnglish Project i £2 =0 @*Doclnfo.txt -E_execpap.ont B4 - =
= [ trial_example1 % ID : Exepap demo A
#9 DOC Info % Author : 3 M Veres
-E. Ontology File
[=]-{senl SEN Files »signal
# demanstration_of_meths Bsswpling frequency : physical quantity
[=){s¢fl SEI Files [fzample length : doubl
*se) agent_logic_0.sej [idata : double
=] {53 1 [Main operations] »rgpeech signal
7 estimating ar modsl set »rrnoisy speech signal -
|— filtering speech signal ssnhits nadiss
|— fitting ar model
= {53 2 [Trivia] ﬁ ErrorsfiWarnings El console |§l$1 Debug Yiew &3 =0
adding element to set ¥
[ adding twa signals to ge »signal
[ comparing strings @ Ealﬂplhlg frequency : physical quantity
computing ar model by ||| @ sample length - doubl
|— defining attribute @data : double
[ defiring class with prope|| -~~~ spesch signal
displaying two signals ||| "7 >>>-.nols}-'. speech signal
™ filtering signal at sample ~>white noise . .
...... =scalar white noise
[ generating data >dynamical modsl
|— initialising with zeros .
making consistent samph :
7 ririmising criterion .. @etrot varian: uble
|— reading object field from .{far parameters : double
starting empty set ..rar model zat
error
< 5 .. ZMEEN SQUATE SITor 2
e

that now clearly highlights the source of error in red.

By re-correcting and compiling the ontology now successfully the Errors/Warnings tab will again

P Errorsfwarnings 53 El console t]ﬂ Debug View =04
Message Source
= @  Running calour anto mypl

Cifexp_videojtrial_examplelfexecpap,.ont
0 Successfully completed

contain no errors. The error content of Debug View will not however disappear before another @ or

Sfj is again activated but one can right click with cursor over the Debug View window and select
Refresh to empty the window.

The Console window is only for the advanced user and is can normally be ignored, ultimately it can be
used to detect the very infrequent breakdown of the sEnglish processor that is running in the

background of the Eclipse system. This is however automatically restarted after the next use of .

Any persistent breakdown should be reported to support@system-english.com .

For the time being we step over any discussion of the use of the SEN Files and SEJ files as their use
logically follows the writing and debugging of all .sep file definitions in the project/document

sections under icons @ and I— .
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This example document contains two sections with titles
-':32 1 [Main operations]

and
dkglwwm]

as displayed on the project tree in the SEnglish Project View . The first contains three activity
definitions:

= @ 1 [Main operations]
|_ eskimating ar model set
r— filkering speech signal
r— Fitking ar model

Each of these names the respective activity, provides sample sentences (can be several) for invocation
in NLP and other data such as assumed known objects before use of the sentence and what it results
in and not the least also its meaning is defined in terms of other sentences. All the data relating to
estimating ar model set is displayed in an editor window when double clicking on the . sep

file leaf/label I_ estimaking ar model set

procedure name :: estimating ar model set

senglish sentences :: Estimate ar model set Ms from Sp up to order 10
process, repeat mode

input classes and local names :: signal[Sp],number[Q ]

output classes and local names :: ar model set[Ms]

senglish code :: Define K as 'integer' . Start empty set Ms

Run cycle for "K=1:Q " . Compute ar model M by ls estimation for order K

from Sp . Add element M to set Ms . Finish cycle for 'K'
matlab routines url

conceptual graph

testing formula

section number :: 1

input defaults

The following table summarises the labels in SEP files:

|Labe| ‘Comment

|procedure name ‘AII lower case tag to name the activity or relationship.

Sample (template) sentences of how to invoke the procedure in

senglish sentences
g sknglish code.

The name of the executive process that is capable of evaluating/
executing the meaning of the sentence followed by comma separated
process, repeat mode |runOnce’, ‘runRepeated’, ‘stopRepeated’. If there is no comma
separated second entry then the default of ‘runOnce’ is used for the
execution of the sentence.

Comma separated lists of available objects class_name[Object_ Name]

. before the sentence is .
input classes and

local names L . .
For some sentences this field can be empty, for instance when inputs

are obtained from sensors.




Comma separated lists of resulting objects class_name[Object_Name]
before the sentence is . For some sentences this field can be empty, for
instance when the outputs are settings of actuators.

output classes and
local names

List of sEnglish sentences to defne the "meaning" of the sample
sentences. The sentence Execute code " <matlab code> ". or Execute
code " <matlab code> ". can be used to include pure MATLAB code at
any point in the sEnglish code. Otherwise only sentences can be used
that fit to sentence formats declared somewhere within the same
sEnglish document.

senglish code

URL in the Internet where MATLAB routines or DLL libraries used in the

matlab routines url ) .
meaning definition of sentences can be found.

Detailed single conceptual graph description of the main sample
conceptual graph sentences.
(Must be the same graph for all sample sentences.

A MATLAB formula that tests whether the resulting objects are what

testing formula . . .
g should have been obtained from available objects.

A positive integer that should be maximum the number of sections in
section number the document. It is used to indicate which section the sentence should
belong to.

Comma separated list of matlab expressions (possibly calling user
input defaults defined m-functions) that can be used to define available objects for
sentence testing.

Informally a SEP definition is often called a "sentence" that is a bit of misuse of terminology as there
can be several sentence formats declared to have exactly the same meaning: a SEP declaration allows
several template sentences after the label senglish sentences .

Each of the sections of the document can contain a set of *.sep files (sEp stands for sEnglish
procedure). SEP declarations can be three kinds:

1. Definition of an action procedure that is invoked by a sentence. Such a procedure have
available and resulting objects named in the sentence and each belonging to a class in the
ontology.

2. Statement of a relationship using a sentence. Such procedures have available objects and their
result is a Boolean value of true or false inavariable of type relation Boolean that
is to be declared in the list of resulting objects..

3. Formulating a question using a sentence ending with "?" instead of a period "." Questions
have available objects named in the sentence and the "output" is an object with a class in the
ontology that is declared as answer variable . Note that questions are rarely used in
agent programming but are possible in the sEnglish framework.

Debugging of .sep files is only possible after compilation of the ontology is successfully completed. For
the Sep Check and All Sep Check buttons to be available one has to double clock on any of the .sep

files items at the icons I— .

SFE
Initially the . sep file definitions can be checked one-by-one using the Sep Check ¥ button, for

instance
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ﬁ ErrorsfWWarnings 4 L];- Debug Yiew = console =B

Message
= @ Running sep check
Ci/exp_videoftrial_examplelestimating_ar_model_set. sep
O successfully completed

ASER
All . sep files in the project folder can be tested by the All Sep Check ¥~ button in one procedure
but the list of error messages can be potentially longer to inspect, a successful testing looks as

ﬁ ErrorsiWwatnings L];_ Debug View El console =0

Message
= '@ Running all sep check
Cifexp_video/trial_examplel
@ Successfully completed

For use to execute sentences and sequences of sentences (called sEnglish scripts that can be stored in
.sen files), all .sep files need to be compiled into corresponding m-functions in MATLAB™ in the
project directory. Each subsection’s meaning, for instance [ estimating ar model set , is to be compiled

into a corresponding m-function, for instance estimating ar model set.m.

To compile all .sep files in all sections into m-functions to represent the meaning of the associated

&

. . A1l
sentences that invoke the activity or relationship, the Compile M-Files == button can be used.

When completed successfully, a message similar to

ﬁ Errors/Warnings 0 L]j__ Debug Yiew El console =0
Message Source
= @ Running compile mfiles mypl

C:fexp_videoftrial_examplel
Main operations
Trivia

4 WARMING: Be more specific about the class of resulting objects in sentence " Start emply set Ms " or insert a sentence of type " Define O... a... mvpl

@ Successfully completed

appears that on this instance provides a warning for the sEnglish programmer to check.

The button can be used to turn on a MATLAB™ based runtime facility that can execute m-
scripts translated from .sen files. This facility needs to register the available user written m-functions
(all m-functions that can be found in the project directory) in prior to executing sEnglish code in a .sen

file. If there is the intention to run the results of a .sen file then should be run before =2 is
used to compile all the m-files. The opening window of the MATLAB runtime program is



J|sEnexe E| [E| El

Data objects
Executed MATLAE code will be dizplaved here. . A
w
After compiling all .sep files into .m files (m-functions) by === this runtime console displays

B[i=]E

Data objects

Have setup working directory: -
Chexp_videotrial_sxampled
Found wuser m-functions:
adding_elemerrt_tn_seﬂ
adding_two_signals_to_get_third
comparing_strings
computing_ar_model_by_|s
defining_attribute
defining_class_with_property
demaonstration_of_methad
dizplaying_two_signals
estimating_ar_model_set
fittering _signal_st_sample
fittering_speech_signal
fitting_ar_model
generating_data

initializing _with_zeros
loading_object_field_from_file
making_conszistert_samples
minimizing_criterion
resading_object_field_from_file
starting_empty_set

for our example project. Observe that this window now lists accepted m-functions for use with names

that are underscore connected versions of the activity names at icons E in the project tree.

Having successfully compiled the whole document, executable .sen files can be written from the

sentences defined. New .sen files at icons & can be opened in the SEN Files folder * and
sentences copy-pasted into to describe a procedure. Our example already has one such .sen file
demonstration of method.sen the editor display of which can be activated by a double click
on the file name as displayed on the next page. Note that the Editor tab of this file now has the icon

@ for the simple reason that this sEnglish script can be executed using the @ button.
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& sEnglish - myp1/demonstration_of_method.sen - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Help

1 (Y LY ML= <] e e e #\ Ej’|k];] sengish | [ Resource
E f=1
lﬂﬂ sEnglish Project View E3 =0 Qdamunstratiun_uf_mat = r defining_attribute.s r lnading_object_field it =0
E]f] Rover sEnglish Document ~ Let Dist he 'scalar white noise' with 'sample length' 1000,
= |§]::| trial_examplel Generate 'scalar white noise, 0.01, 0 ' data for Dist
9 DOC Info Let 3p be 'speech signal' with 'samwple length' 1000
'E,_ Ontalogy File Load 'data' of 3p from ascii file 'temp.dat'.
[=-{sem| SEM Files idd signal Dist and signal Sp to obtain signal MNsp .
8 demonstration_of_method.sen Fit ar model Arm to Nsp using 'my first method'
[={s¢il SE Files Filter speech signal Nsp using ar model Arm to
"5 agent_logic_0.sej obtain speech signal Spest. Display signal Sp and
= {S 1 [Main operations] Zpest in new figure 'overlaid' with legends
r' eskimating ar model set 'original sound' and ‘'filtered sound'
filtering speech signal
[ Firting ar model < >
= CS z [ana_] ﬁ Errorsftarnings &3 El console Iilﬂ Debug Yiew =8
r adding element to set
|— adding bwa signals ko get third Message
comparing strings ©  running execute senglish code
computing ar madel by |s I WARNMING: Be more specific about the class of resulting objects in sentence " Let Dist be U__1 with.,
[ defining attribute O  Successfully completed

r defining class with property
r displaying bwa signals
[ Firerinn sinnal at samrke

E i

The sentences of this executable file (hence the use of the chip ® icon) can normally be copy-pasted

from .sep definitions in the other editor windows with icons B . After saving this file with =]
(important as there is no automatic save before any of the button operations in this system) it can

now be executed using the button @ that first compiles it into a sequence of m-function calls.
Clicking on this button will start the procedure of compilation from sEnglish to matlab code. The code
is sent over from the Eclipse based system to the utility that displays it as follows for the example
being presented:

) sEnexe g@] g|

Data objects

Dizst = defining_class_with_property('scalar white -~
noize' 'sample length’,1000);

Dizt = generating_datal'scalar white noise, 0.01, 0 Dist);
Sp = defining_class_with_property('speech signal''sample
length!, 10003,

Sp = loading_okject_field_from_file("data’ Sp temp.dat’);
Mzp = adding_two_signals_to_get_thirdDist =p;

A = fitting_ar_model(Msp 'my first methiod');

Spest = fitering_speech_signal(Msp Arm);
displaving_two_signals=(Sp, Spest 'overlaid' 'original

sound' fitered sound");

This code is the compilation of demonstration of method.sen into MATLAB.

Simultaneously this MATLAB code is interpreted and executed. During this run some objects may be
created that are now displayed in Resulting Objects window as shown on the next page. The run
may display some figures as well, for instance in this case MATLAB figure labelled Figure 100 on the
next page.



Fle
) Resulting Objects Degas 2a™e € 08
Explicit objects: Global ohjects: original sound
Arm [ struc | 1 T
Dist [ =truc ]
Msp [ struc ]
Sp [ struc ]
Spest [ struc ] o5l
0 f 1 | ! | .
1] 100 200 300 400 500 wOO 700 800 %S00 1000
filtered sound
1 T
05
a v Bl L iy,
o 100 200 300 400 500 6BOO 700 8OO 900 1000

The example demonstrates that a technical procedure can be formally represented in terms of basic
concepts, data and algorithms described in terms of English sentences. The emphasis here is on that
this is not only a user friendly presentation of technical results but precise and unambiguous that can
be analysed by computers. The daunting task of needing to browse through hundreds of publications
can be analysed by digital assistants in the near future. The next section will describe how journal
publications can be populated by sections exported from an sEnglish projects so that readers can
extract them in their own projects and run the demonstrations. Though this process could be done by
the author making his ordinary (i.e. non sEnglish) code downloadable on the Internet, but the
advantage of using sEnglish is that it reveals to the reader that what is being demonstrated in the code
is indeed what the theory presents. The next section describes on our example how a project can be
exported into text for a paper to be published; this is followed by another section that shows how to
extract an sEnglish project for experimentation from PDF publications containing sEnglish executable
sections.
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Exporting to a publication

The Create Executable Section button can be used to compile a well formatted text for inclusion
in a conference or journal publication or report that contains all the essential information of the
project and is reversible in the sense that the whole project can be recovered and used by the reader
of the sections.

Save Executable Sections @@
Savein | () tial_examplel v ) F B -

b [Z] Docinfo.txt
E] exesec,bxt

iy Recent
Documents

d

Desktop

My Documents

tdy Computer

2
tdy Network Save as type: * bt w

The file saved for our example project is exesec.txt. By convention executable paper sections
are exported into ACII files with .txt extension (this distinguishes them from the .exp files that are
executable text extracted from published PDF papers and convertible to a project).

There is a general rule what constitutes the essence of an sEnglish project for publication in terms of
what will be used for creating executable paper sections for publication :

1. all . senfiles,
2. all . sep file definition in Section 1,
3. thesingle . ont file.

These and only these will be used to create executable text by the use of Create Executable Section

R

button . For our example the exesec. txt file exported by ' is as follows:

Data classes: Main classes are dynamical model, error, signal. Attributes of signal
are sampling frequency (physical quantity), sample length (double), data (double).
Subclasses of dynamical

model are ar model, ar model set. Subclasses of error are mean sguare error.
Subclasses of signal are speech signal, noisy speech signal, scalar white noise,
white noise. Subclasses of speech signal are noisy speech signal. Subclasses of white
noise are scalar white noise. Attributes of ar model are ar order (double), error
variance (double), ar parameters (double).

Executable script : Demonstration of method : Let Dist Dbe 'scalar white noise' with
'sample length' 1000 . Generate 'scalar white noise, 0.01, 0 ! data for Dist.
Let Sp be 'speech signal' with 'sample length' 1000 . Load 'data' of Sp from
ascii file 'temp.dat'. Add signal Dist and signal Sp to obtain signal Nsp . Fit
ar model Arm to Nsp using 'my first method' . Filter speech signal Nsp using ar
model Arm to obtain speech signal Spest. Display signal Sp and Spest in new figure
'overlaid' with legends 'original sound' and 'filtered sound'.



Estimating ar model set : Estimate ar model set Ms(r) from Sp(a) up to order Q (10)
Define K as 'integer' . Start empty set Ms

Run cycle for "K=1:Q " . Compute ar model M by ls estimation for

order K from Sp . Add element M to set Ms . Finish cycle for 'K'.

Filtering speech signal : Filter speech signal Nsp(a) using ar

model Arm(a) to obtain speech signal Spest(r) . Let K be the 'ar order' of Arm . Let
L be the 'sample length' of Nsp . Initialise Spest as 'speech signal' with K initial
zeros for its 'data'. Run cycle for "S=K+1:L" . Filter Spest from Nsp at sample S
using Arm . Finish cycle for 'S' . Make sample length of Spest consistent

Fitting ar model : Fit ar model Arm(r) to signal Sp(a) using M ('my method') . If M
is 'my first method' , then do the following . Estimate ar model set Ms from Sp up to
order 10. Minimise "' (M.ar order)*M.error variance'" over all entries of Ms to
obtain best ar model Arm . Finish conditional actions.

The can now be placed into a paper to be published in an arbitrary order as the executable paper
sections extractor will recognise them. In addition to this the author needs to place all remainder .sep
files and .m files that are called from meanings into a single .zip file and place it into a resources URL.
The resources URL is provided by the following sections from a PDF paper that contains the sections
above for our example:

T e T I B

liability vertfication, will consider the following aspects. The
following section 15 executable:

E This paper sections declares the

Executable Script: Demonstration of method. Let Dist be “scalar white noise’ demonstration of the method
with “sample length’ 1000 . Generate “scalar white noise, 0.01, 0 7 data for Dist.
Let Sp be “speech signal’ with “sample length® 1000 . Get data from usl “http/
fwww.speechsamples com/sample34521 zip". Load “data’ of Sp from ascii file  paper, pOSSib|y after a series of
temp.dat’. Add signal Dist and signal Sp to obtain signal Nsp. Fit ar model
Arm to Nsp using "my first method”. Filter signal Nsp using ar model Arm to
obtain speech signal Spest. Display signal Sp and Spest in new figure "overlaid’
with legends "original sound’ and “filtered sound’.

-sE

developed. At another part, of the

theoretical developments, the

Some of the sentences m the above sEnglish code are defined
as follows:

sE-
Fitting ar model : Fit ar model Arm(r) to speech signzl Sp(a) using ‘my
method’. If M_a is "'my method” | then do the following. Estimate ar model set
Ms from Sp up to order 10 . Minimise “(M.ar_order)*M.error_variance” over
all entries of Ms to obtain best ar model Mir). Finish conditional actions.

The sentences in the demo can

only be understood if some of the Filtering speech signal : Filter signal Nsp(a) using ar model Arm(a) to obtain

sentences are explained as in 5peech signal Spest{r].l Let K be thle ‘ar Gl'di.it': cf.%1p1. Let ]_ be the 'sampfle

. . length” of Nsp. Imtialise Spest as “speech signal’” with K initial zeros for its

these sEnglish sections. ‘data’. Run cyele for "S=E=+1:L". Filter Spest from Nsp at sample S using Arm.
Finish cyele for “5°. Make sample length of Spest consistent.

Estimating ar model set: Estimate ar model set Ms(r) from Spia) up to orders 10
. Define K as “integer’. Start empty set Ms. Run cycle for "E=1:Q_". Compute
ar model M by Is esttmation for order K from Sp. Add element M to set Ms.
Finish cycle for "K'

References: Trivial m-files can be found at
“http:/localhost: 8080/ ExecutablePaper/Resources/example] zip ™.
-sE
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The latter section contains the URL declaration for the non-essential .sep file and .m file storage the
content of which is automatically loaded by the executable section sEnglish project extractor utility
(discussed later).

Finally, the whole algorithmic description of the paper becomes much more clear if conceptual classes
used are also described. In our example paper these have been placed into the appendix of the paper
as

sE-

Drata classes: Main classes are signal, dynamical model, error, model set (cell).
Subclass of signal is speech signal, white noise. Subclass of dynamical model
is ar model, ar model set. Subclass of error 15 mean square error. Subclass of
speech signal 15 noisy speech signal. Svbelass of white noise is scalar white
noise. Aftributes of signal are sampling frequency(physical guantity), sample
length(double), data(double). Attributes of ar model are ar crder(double), error

variance(double), ar parameters{double).
-sE

Note that the sEnglish sections have been placed between sE- and —sE  signs that makes them
unambiguously identifiable by the executable paper PDF reader. Extra care must also be taken to sue
the right LaTex or MS Word (or other word processor) techniques so that the PDF file contains the
right characters in its appearance as it has been in the exesec. txt file exported.

These sections are 100% equivalent with the original sEnglish project as displayed below.

& sEnglish - myp1/fitting_an_model.sep - Eclipse Platform

File Edit Mavigate Search Project Run Window Help

B © i - QT BETE NG @ W 5 | sEngish | [ Resaurce
: o -
L]i.l sEnglish Project Yigw &7 =0 I_' filtering_speech_sig I_' fitting_ar_model.sep &3 I_' Inading_object_Field ¥y =0
Ll;] Rover sEnglish Document procedure name :: fitting ar model
E||§]£| trial_examplel zenglish sentences :: Fit ar model Arm to =signal Sp u=sing 'my me
#2 DOC Info mol reference ::
-E_OntdogyFﬂe input classes and local nawes :: signal[Spl, cquote[HM ]
[=)-{sen] SEM Files output clazses and local names 0 oar model[Arm]
se:;demonstratign_gf_methgd,sen genglish code :: If M iz 'my first method' , then do the follow
[=|s¢{] SEJ Files Estimate ar model set Ms from 3p up to order 10 .
‘5] agert_logic_0.sej Minimise "' (M.ar_order) *M.error_wariance'" over all entries of F
= {,52 1 [Main operations] Finish conditional actions .
r' estimating ar model set matlsh libraries ::
[ filrering speech signal conceptual graphs ::
|— fitting ar model author data ::
= {,ﬁ 2 [Trivia)] section number :: 1
|_ adding element to set input defaults ::

adding two signals to get third
cormpating skrings
r' computing ar model by |s
|— defining attribuke
|— defining class with property
|— displaving bwo signals

|_ filkering signal ak sample < S
|— generating data — =
[T initialising with zeros P Erorspwarnings | B console |87 Debug view &2 8

I—' Inading object Field Fram File
|_ making consistent samples
|— minimising criterion

|— starting empty sek
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and the project is essentially just embedded into a PDF paper, it can be extracted as described in the

next section.

Importing from a publication

Readers of journal papers can come across sEnglish executable sections that can be extracted into a
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journal papers in PDF *
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1. INTRODUCTION

A recent review idectifies some missing Lni
jputer science results oa discrete agents and
of continuous sensing, acniation and path plaf
etal (2011). Tools for “adstractions programn
to 4ll in the gap berween logic based r2asor)
se¢ Alur et al. (2000). Chutinen and Krogh
et al. (2006). Abstractions for symbolic proce]
for two Teasons:

(1) o enable log:c based (rational) inference|

(2) to facilitate formal symbolic apalysis thal

‘mal verification of system belaviour for

Most decision making caboard of autonomd
vehicles is based on control architecrures mj
of interacting hybrid systems O'Cornor et al
per describes an agent centered modelling
the overal] autonomous systems’ individnal idoal
With atomic struchre properiies are :denrifi

5 ) 3
of functionality for each indivi :lnux hyt bﬂri m.

Zheping and Hou (2006) descrides a simila
proach to ours, where ar intell:gent ageat is bug
bedded hybrid coarrol system. The Giffererce|

relative 1o Zheping and Hou (2006), is that
an agent embeds the ﬁmnmlmr of each cog
IAyer in 2 mult:-vehicle cooperatve scheme,

week. bere v ted by EFSRC P
[LRs—— o 1 molnarsesn

. 1. Block diazram illustrating the relat
(Un(igts that will be miroducad (SC,
H.4, - bybrid automata; MC4; - model composition ageat.
agent; A5 - azent

for formal verification )
b.n alw te Saulty behaviour due to the modelling and the
jection of fuits into the model. as described in
&a\ el md Lomuscio (2009). The use of MCAs/RPA enables
us 10 diagnose faults that occur in the various contexts of
robotic system, such as:
(1) problems in acvironmental interaction,
(2) distributed oz-board compuation. or
(3) physical stucnuze foilure modss ue to warerial properdies
of dacreasing performance, exc.

Qur approach also cares for human i

of complex autonomous systams. We

programming (NLP) in the abstraction definitions of kybrid

(HLAs) automata to MCAs. NLP applies ontology b.\sed ‘mod-

elling structures for RPAs, that enables enginaers to understand

anage:‘ log(b\iedmfum:esy;nem see Veres (\os) Veres
NLP based ch definitic

of 'ucm‘e bemmwr based, layered, and also belief-desire-
intention (BDI) decision schemes of agents which can be ap-
plisd. depending an the complesity of the industnal problem
Cur agents can also read sections from papers published in

ordiary rmat, for imstance the following saction is the
demonsmation of ar agent skill in sEnglish (short for ‘systam
Exglish”) of filtering noisy speech signals:

the above sEnglish code are defined as Zollows:

G0 DT e iy B gy s s B e e =102
s K frces Sp

M Fnuhq\)efm w®
w5 medel Anle) 1o
Ann Lot 1 be the

Spest as “sposch signal” with K initial 2er0
“SeK+1L" . Fibier Spee froos Nap st sesple 5

Fillerisg speech sigead - Filier spooch signal Nep(s

Fitting s madel - 7 ot muodel Am(e) o sigaml Spi) ssing M.y soethed ')

IEM_is "y frst meBod, thes do e followisg - Bstimate ae snodel se¢ M
fioen 5p o 10 ceter 10 . Menimise /(M S0der)"M exvee_variames™™ over all
caieien of M 10 cbiain bet ae medel Ars , Fisih contitiorml actiors

Refisences: Trrvial m-Sles can be found st

“hitp a3 =3

<E- Faecunabie seipt - Dessomsialion of mefhed - Let Dist be ‘szale white
i with " ergth' 1000 . Geserate sealer white ncese, 0.0, 0 data
5 b “aosch sgnal with “ssple Jegth' 1030  Lowd e’ of
i e ‘e ot . A sigeal Dist e sigeal 5 10 cbin sigeal
Moy Fit ar model At o Nop wsing "y et methed  Fillr spiech sigeal
N ssing ar model Arss > olinin sposch syl Spest. Display signal Sp sl
St new fgese “oveelald with egendorginal wus” wnd " fibered sunt”
£

“The ontolozy defiuinz the conceptual hierarchies for this textis
Gefined in the Appendix of this paper. Some of the seatences in

1.1 Application example

An example autonomous enginesring system usad for testing
15 the urderwa-
o vehicle v MePhm] (2009). The AUV it discussion has
adopted 2 modular, distributed and networked coatrol archi-
lemze for system implementation Sudsystem rodes are dis-
ted throuzhout the vehicle and canry out tasks such as
zmdan:e mission cortrol, corirol of position. depth 2ad
ward speed. Eavization. actuator control, battery power s\\smn
monitoring and COMMUNICALED.

Dlsczat tion of the Autosub system 15 achieved by means of
onal abstraction, with a structural resolution defined
'b\ the azant abstracted and conmolled hybrid automata. A finite
siate mansition system illustrates also the functonality of each
nework coatrol node. The um'n.l abstraction of the Autosub
hybrid system modal results fros omposition of
the mdividual Anite state na:suwn systems. Modelling also in-
cludes material ard structural (static) properties of the selected
engineering subsystems, hence the approach is broader than
formal checking of the conTol systems.
Due to space Limitations we refer further details ro Veres and
Molnar (2010). Molnar and Veres (2009). Ezekiel etal. (1 )
for 2 deailed description of the application
with regadss to the -\w symbolic system and
tion results. Veres (2008), Veres and Molnar \‘0|0) describe
2 comples system. ofluwn ige representations, reasoning and
‘placning tools is presented that caz provide interoperabality
Tween agents 1o achisve i
the operator. This prog
verification. a1 za
2id the creation of agsat absmuwr.s md :o
mer team in the creation of 2 complex software
complete methodolozy for the IFAS (mtegnty acd Dolrase
‘mert system) of comples auton0mous enginsering systems is
described m Molnar and Vares (2009).
First system modsls ars obezined by kybrid system modeliing
Ther NLP is usad to abstract communicatons events, sensing
events, operational modes and actioss. A cracial step of the
procedure is the bisimulation based abstraction in terms of NLP
statements into and LTS that not only help verification but can
be a vital part of the agents being able to Teport problems 1o
human operators in English. This NLP-based modl can be

UL LOWAEs SAUZUAEE PIVEIAMMLEY QUSAIALLULS 1A O Wse
crete multi-azent system formulation Fom the complex kybrid
system model. Subsequently, the discrete multi-agent system
model 15 manslated fnto a labelled wansition system for formal
verification by mode! checkicg

3. APPENDIX

The data concepts used for the illusation of noise filtering that
15 a skill agents can read from this paper:

SE- Dats cleses. Main chesses are dynarmsal model, ence, signel. Allriutes of
3 wape s 5 3

an

(dosbll) Subesunses o ynamial sodel wte st medel, a model st Subchusses
of ernce see mean sqesre ernce. Subciuses of signal are speech signal, white
e, Subeluuies of speech aignal e sy speesd sigaal Subslasses of wheke
mine e sealas white pase: Aribiutes of af medel e as edr (double), ence
Veeisnce (&ouble), ar parsseters (dosble) <
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an sEnglish project. In the above example the red framed text, i.e. text in a paper between sE- and —sE

delimiters, can jointly be extracted into an sEnglish project. The steps of this are as follows:

Step 1. All the section between sE- and —sE delimiters are extracted into a <paper name>.exp

ASClI file, in the same or arbitrary order.

Step 2.
such as

User Manual - CAT for Eclipse Version 2.01

A statement

“hittp:

References: Trivial m-files can be found at

ocalhost:8080/ExecutablePaper/Resources/examplel zip”. -sE
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is sought that points to the URL of a single . zip file containing all the simple or standard operations
that are not part of the journal papers contribution. These files are extracted into a user defined
folder . . .\<se project> for the sEnglish project to be created.

Step 3. Finally the <paper name>.exp file is converted into an sEnglish project by starting a new

project in the Eclipse environment using New >> Project to select the extractor wizard.

& sEnglish - myp1/demonstration_of_method.sen - Eclipse Platform

=M Edit Mavigate Search Project Run  Window Help

Al+Shift+N P g 4 Q 1 o o -
Open File... . .
[ Example... defining_attribute,s r loading_object_field P
Close Chrl+w
=4 i - ' '
Close Al Crl+shiftw | [ Other.., Chrl+ white noise' with 'sample length' 1000,
ite noise, 0.01, 0 ' data for Dist
et 3p be 'sSpeech signal' with 'sample length' 1000
[E] save as... oad 'data' of Jp from ascii file 'temp.dat'.
idd signal Dist and signal Sp to obhtain signal Nsp .
it ar model Arm to MNsp using 'y first method!
ilter speech signal Nsp using ar model Arm to
btain speech signal Spest. Display signal Sp and
pest in new figure 'owverlaid' with legends
original sound' Fnd 'filtered sound'
Corvert Ling Delimiters To L4
[ Print ... Chrl+P
Switch Workspace 4
Restart
£y Import. .,
3 Export...
Properties Alb+Enter
1 starting_empty_set.sep [myvpl
i 9 Fy‘ P [mypl] rorsfiwarnings | B Console 2 [‘EDebug Wiew
2 making_consistent_samples.sep [mypl]
N h Console
3 generating_data.sep [mypl] = -
4 filtering_signal_at_sample.sep [mypl] wmemory: {0x3 cell}
paper_title: ' An sEnglish Paper!'
Exit
v . request has been dealt with.
=i

B |Elﬂ sEnglish | [ Resource

=8

1]

The extractor wizard is in the sEnglish folder of the New Project window.

Select a wizard

Wizards:

& New Project |z|®

<

= General
= Cvs
=+ Jason Plugin
= Java
= Plug-in Development
== sEnglish
Elﬂ sEnglish Project

[ Examples




Choosing this wizard it will ask for a

new Project Name and the location of the

<paper name>.exp .exp File file asin Step 1 above and finally it requires the definition of

Location that of course needs to be same as . . . \<se project> under (2) where the supporting

.sep and .m files were extracted from the . zip file.

Having completed these steps on the example paper exepap?2 .pdf, for our example the resulting

sEnglish project will be (as the original) where <se project>= trial examplel:

& sEnglish - myp1/filtering speech,_signal.sep - Eclipse Platform

File Edit Mavigate Search Project Run  Window Help

|— estimating ar model set

r filketing speech signal

|— fitting ar model

=5 2 [Trivia]

|— adding element to set

r adding kwo signals ko get third
cormparing strings
computing ar model by s

|— defining attribute

r initialising with zeros

|— lnading object field from file
|— making consistent samples
|— minimising criterion

r skarting emply set

i e

Huily GBI i/ IOQTPBTEH NGO S P4 5 | G sengish | (T Resourcs
5 e~
EE] sEnglish Project View &3 = O @demonstration_of_met r filtering_speech_sig &3 r lnading_object_field P10 =4
E]f] Rover sEnglish Document procedure name :: filtering speech signal
= |5]::| trial_examplel senglish sentences :: Filter speech signal Nsp using ar model Ar
#1 DOC Info mol reference ::
-E.OntologyFiIe input classes and local names :: speech signal[Nsp)l,ar model[Arn
[=J-{sem| SEM Files output classes and local names :: speech signal[3pest]
?ﬂ;demDnstratlon_of_method.sen senglish code :: Let K be the 'ar order' of Arm . Let L he the '
[=){sei] SEIFiles Initialise 3Zpest as 'sSpeech signal' with K initial zeros for its
"5t agent_logic_0.sej Fun cycle for "S=K+1:L" . Filter Zpest from Nsp at sample 3 usir
E@1[Maingperations] Finish eycle for '3' . Make sample length of Spest consistent .

matlabh libhraries ::
conceptual graphs ::
author data ::
section number :: 1
input defaults ::

defining class with property < »
|— displaying two signals — : = =
[ Fitering signal at sample P Ervorswarnings | B Console 82 [ Debug view % of | of i =]
|— generating data sEnglish Console

mwemory: {0x3 cell}
paper_title: ' Ain sEnglish Paper'

. reguest has been dealt with.

‘Wrikable Insert 15:1

There is however another and simpler way to extract sEnglish projects from journal papers.

of journal papers can provide a facility such as displayed below:

Publishers

User Manual - CAT for Eclipse Vers

ion 2.01
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[Firefox - -— — ———

— - ——— = =
‘u Insert title her x| + -
€ )9 || [ httpi/localhost:8080/ExecutablePaper -|@|| 0 - FogBugz P| @ i ® |-

|8 Most Visited | | Encyclopedia [ MyOpenCasesl 7= Abaqus 6.10 Documen... @, Filter: All open cases .. |_| SimXpert R4: SimXpert... | | Pro/TOOLKIT Wildfire ..

I3 Bookmarks
2 RoboForm

v 4y Logins v g Bookmarks v vz Localhost (+3) | &7 Patrik Adolfsson | [} Save @) Generate &

( seareh Resuic ) [

Executable Paper

exepap.pdf

ESEE A

Sections

Data classes: Main classes are sigrlal,...| Export

i

Executable Paper

exepap2 pdf

Sections

Executable Script: Demonstrating ar fi... Export
Fitting ar mode! : Fit ar model Armir)...

Data classes: Main classes are signal,...|

Executable Paper

exepap_adjusted.pdf

Sections

o =
L

Such a facility can automatically extract an sEnglish project from a journal paper that is being looked
up by a subscribing reader using a browser.

The steps of this are much simpler for the reader:

Step 1. Subscriber to the journal finds the paper on the publisher’s website. The publisher’s website
automatically displays the extraction options as show (as an example) above.

Step 2. The Subscriber clicks on Export that brings up a window to define a folder where he or she
would like to place the extracted sEnglish project.

Step 3. The Subscriber opens a new project using File >> Project in the newly defined folder using
the new project wizard but this time selecting sSEnglish Project .



& New Project |:|@@

Select a wizard

Wizards:

(= General
= cvs
(= Jason Plugin
[ Java
[ Plug-in Develapment
(== sEnglish

) <English Project

E]ﬂ sEnglish Project from Executable Paper {.exp)
(= Examples

\
@

Having created a new project by either method from a journal or a conference paper, the .sen scripts
(and also newly written or modified ones by the subscriber) can be executed using ﬁ after the due

procedures of ontology compilation using and compilation of all .sep files into .m files using #

Exporting to HTML and Latex

AN
FPuR

Using the " button, one can create  HTML (/html) and LaTex (.tex) files within seconds from any
project (that as a by-product also produces a .exp file of the project in the current directory.

Step 1. The DoCInfo. txt file must contain comments about which sections of the project are to be
detailed in their meaning in the exported .tex and .html files. For instance the DOCInfo.txt file

Document title:: Classical Control design

Author data:: C B Author

Section title 1l:: Demos section (include in exe paper)
Section title 2:: Controller design (include in exe paper)
Section title 3:: Trivia

defines that only the first two sections are to be included with their procedures in the textual
document in the HTML and LaTex files exported. The rest of the procedures in “Trivia” will be placed
into a . zip file and referenced by a sentence of the format:

References: Trivial m-files can be found at
"http://localhost:8080/ExecutablePaper/Resources/examplel.zip’ .

Through a URL on the Internet where the resource will be available for automated inclusion into a
project imported from the HTML or PDF file of the reader of the publication. The trial_examplel
project can be exported into a document/report/manual- like webpage :

User Manual - CAT for Eclipse Version 2.01 Page 33



I sEnglish paper - Windows Internet Explorer

e |g, CSYNISDT_014sE_booksitrial_examplelidemaonstration_of _spesch_signal_filtering. html \'| 2 X -.l | 2\~
Ele Edit Wiew Favorites Tools Help % EPSON WebToPage - | Ehprint | ZH)Print Preview

S Favorites | 55 | NewTab @& ~ & FreeHotmail & =

(& sEnalish paper i~ B - = o v Page~ Safety~ Tools+ @+
I -~

Demonstration of Speech Signal Filtering

C B Author

SENGLISH

sEnglish for Scientist, Engineers and Agents

This document is understandable by any agent produced by the Cognitive Agents Toolbox (www.senglish.org) and by any sEnglish based CAT agent (www.cognitive-
agent-toolbox.com)

CONTENTS

1. Conceptual Structures Used
2. Demonstrations

3. Main Procedures

3.1 Main operations

References

1. Conceptual structures used
Data classes: Main classes are dynamical model error, signal Attributes of signal are sampling frequency (physical quantity). sample length (double), data (double). Subclasses of

dynamical model are ar model ar medel set. Subclass of error is mean square error. Subclasses of signal are speech signal white noise. Subclass of speech signal is noisy speech
signal. Subclass of white noise is scalar white noise. Atributes of ar model are ar order (double), error variance (double), ar parameters (double).

2. Demonstrations

Executable script : Demonstration of method. Let Dist be 'scalar white noise’ with 'sample length' 1000. Generate 'scalar white noise, 0.01, 0 ' data for Dist . Let 8p be 'speech

signal' with 'sample length' 1000 . Load 'data’ of Sp from ascii file ‘temp.dat'. Add signal Dist and signal Sp to obtain signal Nsp . Fit ar model Arm to Nsp using ‘'my first method' .  —
Filter speech signal Nsp using ar model Arm to obtain speech signal Spest. Display signal Sp and Spest in new figure 'overlaid' with legends 'original sound' and 'filtered sound' .

Executable script : Trialexe. Execute "x=(1:100} .*(1:100) ;plot(x)".
3. Main Procedures

3.1 Main operations

Estimating ar model set : Estimate ar model set Ms(r) from Sp(a) up to erder Q_(10) . Define K as 'mteger' . Start empty set Ms . Run cycle for "K=1:Q_ " . Compute ar model M
bv Is estimation for order K from So . Add element M to set Ms . Finish cvcle for 'K' . b

Done ' My Computer - B -

and into a .tex file that can be compiled into a PDF file. Note that the PDF file will also contain a .zip
file reference for the library of trivial computations in chapters not commented by

Importing from HTML and PDF by copy/paste

PDF paper sEnglish sections as shown in the red frames below:
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1. INTRODUCTION

A recent review idectifies some missing lini
pater science results on discrets agents ard enf
of continuous sensing, actuation and patk: plad
etal (2011). Tools for “abstractions programey
to Al in lhe 2ap between logic basad raasony
see Alur et al. (2000); Chuticen ad Krogh (3
etal (zooa)v Abstractions for symbolic proce)
for two.
(1) o enable logic based \mwr.al‘ inferance]

(2) to facilitate formal symbolic analysis thal
‘mal verification of system behaviour for

Most decision making caboard of utonomd
vehicles is based on conmol architecrures mi
of interacting hybrid systems O'Cornor et al
per describes an agen: centered modelling

the overall autonomous systems mﬂ:rdmi 2|

iataata s i Sl et s it we wil
position agents (MCAs). The MCAs will proy
of functionality for each individual hybrid aus

Zheping and Hou (2005) dmnbes a sumh
Zent :

relative to Zheping and -lou 006) ..: that
an agen: embeds the ﬁxxuomlny of each corf

layer i a mult-vehicle coopezatve scheme,

* The woek deasibed heve was sppocted by EPSRC Prd
Coerenpring withs 1. Molrwe, Sl

Fig. 1 Block dagram illustrating m mlauol:shlp between
concepts that will be miroduced
HA, - hybrid automars; MCA,

agent; 4

for formal verification )
but also the fulty bebuw due to the modelling and the
possible myemon ts icto the model. as described in
Ezekial and (“004) ‘The use of MCAs/RPA emables
s to dugmst faults that occur in the various coatexts of the
ToDOtC system, such as:
(1) problems iv environmental interactior.
@ rhsmhned or-board computation. or
(3) physical structuze failure modes due to material properties
of decreasing performarce, ex.

Our approack also cares for human insight into the operation
of compler autonomous systems. We will use nanural languaze
programming (NLP) in the abstraction definitions of kybnid
(HL43) auzomata to MCAs. NL applies ontology based mod-
elling structures for RPAs, that ezadles 0 understand

enginaer:
magen’s ogicbased infrence sysiem se eres GO0S). \erts

torention (BDI) decision schemes of agents whick can be ap-
plied. depending on the complewity of the industnal problem
Cur agents can also read sections fom: papers published in
ordinary PDF format, for instance the following saction is the

Gemonseration of ar agent skill in sEnglish (short for ‘system
English’) of filterinz noisy speech siznals:

the above sEnglish code are defined as follows:

Q10 Defie K s “ieger”. Sot ey sek M Ris cycle for "K<1.Q-"
Coamyr My K froes Sp

setMs Fisish cycle

Ty piack gl i oo e

for 54 “date” Run eycle f
sing A

Fitting s medel - 7 ot muntel Arm) 1o igel Sp(s) saing M.y et}
IEM_is sy it merBod thes do e following . Estimute ae el set Mo
froem S p 10 ceder 10 . Meniemise ™'(M ae_seder "M st variamcs'™ over all

References: Trivid m-les can be found at

it ecalbost IS0 ExscublePyper Rescurcesesamplel zip’. <X

SE- Baectrabie aci - Deswusalion of st . Lt Dist be scalas whie

o Fit ar sodel Acsn 1o Nop wsing sy St methed  Filler spsech sigrl

N ssing ar el Ars o obeain sponch syl Spest Display signal 5p sad

St i new figese “overlaid” with legends “original sound” und “fberod scund”
-E

The ontology defining the tmepm. Thierarchies for this text is
defined in the Appendix of this paper. Some of the sentences in

1.1 Application example

An example ammmmzs enginsering system used for testing
our urderwa-
ter vehicle, see Vka (2009). The AUV it discussion has
adopted 2 modular, distrivuted and networked coaro! archi-
tecnre for sys!em mlemmmnwn Subsystem rodes are dis-
tributzd the vehicle and carry out tasks such as
rqxdance mission coutrol. corirol of position. depth 2ad for-
‘ward speed. mavigation. actuator coatrol, battery power system

‘monitoring 2nd communicaton.
Discretisation of the Autosub system 15 achieved by means of
cmos.:cml l‘bsm!m. with. a: smxmml 'esnluton &gxd
0 e

U1 LaAe AUZUAZE PIVEIAMILLE QUILALUULS LESLIS 0 Wy
crete muln-i,em system formulation from the complex bybrid
system model. uently, the discrete multi-agent system
model 15 Banshl!c int0 a labelled mansition systam for formal
verification by mode! chackicg.

3. APPENDIX

The data concapts usad for the illusration of noise filtering that
15 a skill agents can read from this paper:

Dl i Ll s 0 i i Nl o
A .

’-I~lerl St of dynammical model we ur medel, ar model st Subslassss
of inee are mean sqare ermce. Subeinwes of signal are speech g, White
nise. Subcliocses of specch aignal e poiay speesd igaal Subslasses of whie
wine are sealar white ncise. Arilrtes of w mdel e  ceder (duble), emce
Viiance (double), o parssesers (duble) ~E

ne wamsition system illustrates also d:e ofeach
nemwork control node. The overall abstaction of the Autosub
hybrid system model results fom the parallel composition of
‘mdividual finite state Tansition systems. Modelling also in-
cludes material ard strucruzal (static) properties of the selected
g ystems, hence the approach i broader than

angineering sul
formal checking of the consrol systams.

Due to space Limitations we refer further details to Veres and
Molnar (2010). Molar and Veres (2009). Ezekiel ezal. (2011).
fon Gerailed descriprion of the application of the ml.hodolog\
regadrs to the AUV olic system and the verifica-
nm sesults. Veres (2008), Veres and Molnar (2010) describe
2 complex system of knowledge reprasentations. reasoning and
placaing tools is presentsd that can provide interoperability be-
Tweer agents 10 achieve high-level mission goals described by
the operator. This prozramming evironment supports formal
verification. use of natural language programmicg to
2id the creation of agent abstractiors and 0 assist 2 program-
‘mer team in the creation of 2 complex software system. The
complete methodology for the IFAS (inteznity and fault assess-
ment systam) of (or:lple: 2UI0DOMOUS enginesning systems is
described in Molnar and Veras (2009).
First system modsls ars obtzined by kybrid system modelling
‘Then NLP is usad to abstract compuumications events, secsing
events, operational mndes and acuo:s A crucial siep of the
in terms of NLP
statements into and LTS ﬂm nm mly help verification b-.n can
‘e a vial part of the ager.xs
human operators in English.
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can be copy pasted into an ASCII file <your file name>.exp and new project can be started from
that using File>>New>> New Project >> sEnglish wizard for “sEnglish Project from executable paper

(.exp).”

& New Project

Select a wizard

p—

[

Wizards:

| type filker text

(= General

= ovs

(= Jason Plugin

= Java

(& Plug-in Development

= B sEnglish

g sEnglish Project

t from

cutable Paper

E} Examples

@ <gack |[__u

oxt > |

frsh | [ cencel ]

Similarly, sEnglish sections can be copy/pasted from a web page into a .exp file and made into a

project in the same way.
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The methods presented here for creating executable papers and convert them into projects can
equally well be applied to an entire book. Indeed a whole text book or monograph can be written with
a lot of executable sections for the reader that can greatly enhance the value of the book as sEnglish
projects can be experimented with in demonstrations to accompany the reading experience.

A more important benefit of Natural Language Programming (NLP) through sEnglish is the it can be
used as formal representation of knowledge as well as computer programming .

Since computers are capable of sensing and feedback control, sEnglish provides the missing link
between computer programming and machines with knowledge.

The software that can make machines to have the rudimentary forms of shared understanding with
humans is the Cognitive Agent Toolbox that is introduced next.

Examples of Agent Reasoning



This chapter first provides a systematic overview of the most important concepts an agent to control a
safe and useful autonomous vehicle or robot. This conceptual structuring is followed by generic
ontology and sentence definitions to serve the agent’s reasoning cycle in terms of initial actions,
perception processes, reasoning processes that lead to formally analysable and provably correct
behaviours. For simplicity, autonomous vehicles (UAVs, AUVs, AGVs, autonomous spacecraft, etc.),
manufacturing, pick and place, healthcare, household, gardening and other robots will simply be
called machines in this manual. The agents, the programming of which this manual is about, are
those controlling machines operating in some structured, semi-structured or unstructured
environment.

Machine reasoning

The demo01.se] file of the TTsat demo 02 project has a project window as follows:

[l

File Edt Havigate Search Project Run Window Help

i Q- oY = » @ 55 | senglish | [ Resource
o <::| -

(& sEngiish Project View &3 = B[ fitting_ar_madel sep @ demanstration_of _met “sej demo_t.sei 52 11 =d
z TT [LOMPISLEG GOGRING FSHUSUVIS.] BUlie |Suuuy GUmDISCEG GUGKING 1
=Nl ~ e
;:sDag—CDIe:““—DZ [Stop where you are. Announce that 'thanks for waiting I am now p

- nfo Perform timed undocking manceuvre Udm.]
E- ontology File

=)-sen| SEN Files

&y _first.sen

¥ my_second sen
=-{s¢i] SEJFiles

*5¢] agent_logic_i.sej
*i basic_sysbrain.sej

If *[Completed docking mancewvre.] while ~[Buddy completed dockin
[Stop where you are. Announce that 'waiting for buddy to arrive'.

If *[Buddy completed docking manosuvre.] while *[Waiting for budd
[Stop where you are. Announce that 'well done we can nov perform
Perform timed undocking manoeuvre Udm.]

*s] mavements_logic.sej
= ¢8% 1 [Main mission comporients]
moving to a pasition
[T performing Facing anticircle
[T performing timed circle:
™ performing timed docking
[T performing timed turning
[T performing timed undacking
= &8 2 [Guidance, navigation and contral]
[ awaiting vision update
™ building stats vector
[ closing down sll sperations
™ computing desived posttion and state
[ computing desived position and state
[ computing desived position and state
[T computing escaps path
[ defining control gains
[ defining desired state vector
[ defining numerical control gains
™ defining path construction limits
[ evaluating desired state for ange re
[ evaluating docking reaching
™ evaluating path status
[T evaluating point reaching
[T evaluating position reacing
[ evaluating undocking completeness
[T extracting tap plan
[T generating cantrol signal
[T generating metion plan
™ getting state transion matrix and po
™ implementing mator request by mex
initialising timed cricke tracking
issuing control signal
abtaining first state infarmation by
abtaining state information by visior
abtaining vision velocity
requesting visian update
tracking motion plan
Updating memery
[Wariaus numerics]
conditiering motors 3 3
Initialising vision socket
abtaining gyra data by mex Functior ||| B Errorsfwarnings 2 B console | 5 Debug view =d
=% 4 [Initialising own hardware]
converting state transition matrix to
™ define mator conversion matrices
[™" defining mass and inertia matrices

[ initialising body memory
. b

If *[Completed undocking manoeuvre.] while [Buddy completed dockim
[Stop where you are. Announce that 'thanks for waiting I em now p
Perform anticlockwise timed facing manoeuvre Afm.]

If *[Completed undocking manoeuvee.] while ~[Buddy completed dock
[Stop where you are. Announce that 'waiting for buddy to arrive'.

If *[Buddy completed undocking manceuvre.] while *[Vaiting for buw
[Stop where you are.

innounce that 'well done we can now perform facing circle menouv
Perform anticlockwise timed facing manoeuvre Afm.]

If *[Completed anticlockvise facing manoeuvre.] while [Buddy comp
[Stop where you are. Announce that 'mission accomplished thanks £
Shot down after ~5s.].

If *[Completed anticlockwise facing manceuvre.] while ~[Buddy com
[Stop where you are. Wait for buddy.] +'[Waiting for buddy.].

If *[Completed anticlockvise facing manoeuvre.] while *[Waiting £
[Stop where you are. Announce that 'mission accomplished thanks £
—*[Mission iz active. 1.

If *[Buddy is too nesr without reason.] while *[Hission is active.
[innounce 'Something is wrong with you mate'.]

[Compute escepe path Pth.] [Track motion plan Pth.]

[innounce 'You are not well and I am getting out of your way'.].

If *[Mission time is far excesded.] while *[Mission is active.] t
[innounce 'Mission time has been far exceeded and therefore I am
[Stop where you are.] [Clese down all your operations.].

57 07 7 1 7 7

=&

w

007 o7}

Message sour|
# @  Running compile ontology tsat;
O successfully completed

Below is s printout of the demo_1.sej file that illustrates how the reasoning of an agent can be
programmed. In the rest of this chapter we will look at this code in more detail and explain its various
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parts. A consecutive section provides a systematic overview of the agent programming solutions that
is followed by a second example on the programming of a rover.

INITIAL BELIEFS AND GOALS

~System is initialised.

Mission is pending.

~Mission is active.

~Buddy reached his starting point.
~Completed first circle manoeuvre.

~Buddy completed first circle manoeuvre.
~Completed rotation.

~Buddy completed rotation.

~Completed docking manoeuvre.

~Buddy completed docking manoeuvre.
~Completed anticlockwise facing manoeuvre.
~Buddy completed anticlockwise facing manoeuvre.
~Being at position PO.

!Take initial actions.

INITIAL ACTIONS

Initialize system.

Read timed circle manoeuvre Tc from file 'c:\tcml.txt'.

Get starting point PO from Tc.

Read timed turning manoceuvre Tm from file 'c:\trnl.txt'.
Read timed docking manoeuvre Dm from file 'c:\docl.txt'.
Read timed undocking manoeuvre Udm from file 'c:\undl.txt'.
Read timed facing manoeuvre Afm from file 'c:\afml.txt'.

PERCEPTION PROCESSES
Monitor the following Booleans

Buddy is too near without reason.

Buddy appears out of control.

Buddy reached starting point.

Completed first circle manoeuvre.

Buddy completed first circle manoeuvre.
Completed rotation.

Buddy completed rotation.

Completed docking manoeuvre.

Buddy completed docking manoeuvre.
Completed anticlockwise facing manoeuvre.
Buddy completed anticlockwise facing manoeuvre.
Being at position PO.

Monitor the following objects

REASONING

~[Waiting for buddy.] implies that ~[Mission is active.]

~[Mission time is far exceeded.]implies that ~"[Mission is active.]

~“[Completed anticlockwise facing manoeuvre.] implies that *[Mission is active.]

EXECUTABLE PLANS

If ~[System is initialised.] under the condition of "[Mission is pending.] &
~"~[Mission is active.] then do the following: [Announce that 'I am moving towards my
initial position'. Move to position PO.] -"[Mission is pending.].

If ~[Being at position P0O.] appears while ~*[Buddy reached his starting point.] then
[Wait for buddy.] +7[Waiting for buddy.].

If ~[Being at position P0.] appears while " [Buddy reached his starting point.] then
[Stop where you are. Announce that 'I am ready to go around'.] +”[Mission is active.]
[Perform timed circle manoceuvre Tc.].



If ~[Buddy reached his starting point.] while *[Waiting for buddy.] then [Stop where
you are.] -"[Waiting for buddy.] [Announce that 'I am ready to go around'. Perform
timed circle manoeuvre Tc. ].

etc (see attached CD for the rest of the code)

A closer look at the example

It is split into initial beliefs and goals, perception processes, reasoning and executable plans:

INITIAL BELIEFS AND GOALS
INITIAL ACTIONS

PERCEPTION PROCESSES
Monitor the following Booleans

Monitor the following objects
REASONING

EXECUTABLE PLANS

Each of these sections and subsections need to be filled with sEnglish code of suitable syntax that is
illustrated next.

This reasoning code in the demo 1.sej uses sentence definitions from the project

TTsat Demo 02 the Eclipse window of which shown above. Using the buttons and =% one
can compile all the sentences into m-files. The demo 1.sej file can be compiled into a

demo 1.asl file by the use of the . button . The result of the compilation is shown later in this
manual. In the next few section the work of the compiler is explained as it converts the . sej file into
a .asl file part-by-part.

The section “INITIAL BELIEFS AND GOALS”

Each sentence in this section is converted into a predicate name full lower case and underscore
between words. For instance

~System is initialised.
Mission is pending.

Compile into the Jason statements

~system is initialised
mission is pending
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If there is proper name (words starting with capital) in the sentences than those are extracted, the
rest of the sentence converted into a predicate and placed as an argument to the end in round
brackets (...). For instance

~Being at position PO.
compiles into
~being at position (PO)
There are two important points to note about initial beliefs and goals section:

(1) The predicates obtained for Jason are mental notes and not calls to any executive process. This
implies that the sentences defined here may not have been defined in the associated sEnglish
document, that is the project that contains the .sej file in question.

(2) These are statements are used to define what is “true” at the start of a Jason program (see use of
Jason for agent programming in the next section).

The purpose of these mental notes is to provide initial states and context for triggering events that can
activate applicable plans of the agent that are described later. For instance

Mission is pending.

~Mission is active.

are initial conditions. Also initial goals can be defined that are sentences starting with ! sign.

The initial actions and goals section must be closed by

!Take initial actions.
that instructs the use of the next section and compiles into

!take initial actions

The section “INITIAL ACTIONS”

This section invokes sEnglish sentences that are defined in the associated sEnglish project. For
instance sentences

Initialize system.
Read timed circle manoeuvre Tc from file 'c:\tcml.txt'.
Get starting point PO from Tc.

compile into
+ltake initial actions
invoke ('ttsatO0l', runOnce, initializing system, [], []);
invoke ('ttsatOl', runOnce, reading timed path from file, ['c:\tcml.txt'], [ 1)
invoke ('ttsat0l', runOnce,getting starting point from path, [ 1,1 1)

in Jason. Here the ttsat01 refers to the MATLAB based executable project ttsat01.exe thatis
compiled as a library of sentence meanings that in MATLAB code can do such tasks as operating and
actuator by turning it on and off or for instance running a feedback loop until some task is achieved.
The following block diagram show the parallel operation of the JASON AGENT process that is in
constant communication with the executive processes (based on embedded MATLAB code compiled
into C) that are indicated as EXECUTIVE PROCESSes. The JASON AGENT is a multi-threaded BDI agent



program that does the

PROCESSes that are independent processes.

HABITAT

“reasoning” with the symbols of actions carried out by the EXECUTIVE

-~ i = ~
[ JASON AGENT \

/ 4 \
I [ Events ;}—————L BehefBase __\\\\\ |
I |
| = EXECUTIVE HABITAT | |
| o PROCESS 1 Object 1 |
i Internal Goal List 5 |
|

<
| : |
=

| o0 EXECUTIVE o HABITAT |
: Conditional Conditional g PROCESS 2 L] b L] Obj ct2 |
plan to plan to > D |
| achieve A achieve B < _ o _ |
| v 3 L = |
| Achieved \ Achieved BD k<) = = |
| \__ / = kL : : |
| l l i !
: Sub-goal in A J Sub-goal in B E / \ |
— S = EXECUTIVE ABITAT \ |
| | Action in plan A | | Action in plan B I ‘I |
| 1 1 PROCESS n bject n ;|
\ ‘ Action Intention ‘ \J /

\ /

\\ | 4 /
~ = = 7 4

e s s i e e s s e e s st s e s s s s e s s e s e s i

All these processes can either run on a single micro-processor or on a set of networked micro-
processors. The computational demand of the executive processes dictates what number of
microprocessors are used in an embedded application. It is up to the system designer to identify the
computational bottleneck and eliminate them by parallel running processors so that realtime speed of
processing sensor signals such as computer vision speech recognition and processing are sufficiently
fast.

The name of the executive process that is associated with a sentence is defined in the meaning of the
sentence (i.e. the “sEnglish code::” field in its .sep definition file) by a declaration such as

This sentence 1s interpreted by executive process ‘ttsatOl’.

orthe “Process, repeat mode::” field inits . sep definition file contains the name of the

associate .exe process as the first entry of a comma separated list. For instance
Process, repeat mode:: ttsat0l, repeat

or

Process, repeat mode:: ttsatOl

Are possible process declarations in the .sep file. Such a declaration needs to be inserted into all
sentence meanings or .sep files process fields that will be executed by ‘ttsat01’

The section “PERCEPTION PROCESSES”
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Compilation of the sEJ-file (sEj is short for sEnglish/Jason code) section on perception processes starts
with a standard part

+!configureSystem:true <-

linkSystems (6253, ttsat01’);

linkSystems (6253, "ttsat02"');
+wide awake; !monitorSystem.

+!monitorSystem:true <-

updateSystems;

'monitorSystem.

The Boolean monitoring sEJ section contains the following three example sentences to define
continuous, i.e. periodic with the Jason agent’s reasoning cycle, monitoring of some Boolean
predicates for the reasoning of the agent:

Monitor the following Booleans
Completed first circle manoeuvre.

Buddy completed first circle manoeuvre.
Completed rotation.

This compiles into
+!monitorSystem <-
configureBoolean ('ttsat0l',completed first circle manoeuvre) ;

configureBoolean ('ttsat0l',buddy completed first circle manoeuvre);
configureBoolean ('ttsat0l',completed rotation);

These are calls to the ‘ttsat01’ process to check the validity of the respective statements. The
ttsatOl.exe can return the following three predicates into the belief base of the agent which are

completed first circle manoeuvre

buddy completed first circle manoeuvre
completed rotation

in case the Boolean evaluates to true, otherwise nothing is added to the belief base.

It should be noted at this stage that of you look ahead to the section EXECUTABLE PLANS of the
example demo_1.sej file, then notice that the conditions:

~[Completed first circle manoeuvre.]

~[Buddy completed first circle manoeuvre.]
~[Completed rotation.]

occur in several plans. These compile precisely to the above three predicates and potentially trigger an
action plan of the agent, depending on the context defined after the semicolon in plan definitions.

The section “REASONING”



This section is about logic inference, i.e. some combination of mental notes implies another. In
demo 1.sej there are only 3 logic rules

N [Waiting for buddy.] implies that "~[Mission is active.]
~[Mission time is far exceeded.] implies that ~*[ Mission is active.]
~[Completed anticlockwise facing manoeuvre.] implies that " [Mission is active.]

which compile into the Prolog rules.

mission is active :- waiting for buddy.
mission is active :- ~mission time is far exceeded.
mission is active :- completed anticlockwise facing manoeuvre.

The section “EXECUTABLE PLANS”

The first three plans of this section provide ample of opportunity to explain the standard parts of a
plan:
If ~"[System is initialised.] under the condition of "[Mission is pending.] &

~"*[Mission is active.] then do the following: [Announce that 'I am moving towards my
initial position'. Move to position PO.] -"[Mission is pending.].

If " [Being at position PO.] appears while ~"[Buddy reached his starting point.] then
[Wait for buddy.] +7"[Waiting for buddy.].

If ~[Being at position P0.] appears while *[Buddy reached his starting point.] then
[Stop where you are. Announce that 'I am ready to go around'.] +"[Mission is active.]
[Perform timed circle manoeuvre Tc.].

If ~[Buddy reached his starting point.] while *[Waiting for buddy.] then [Stop where
you are.] -"[Waiting for buddy.] [Announce that 'I am ready to go around'. Perform
timed circle manoeuvre Tc. ].

Here the ~[System is initialised.] , *~[Being at position P0.] and ~[Buddy reached his
starting point.] are triggering events that can be mental notes appearing in the belief base. These
can appear as a result of Boolean value monitoring in perception processes or can be valid by initial
assumptions in INITIAL BELIEFS AND GOALS . These compile into system is initialised, being at
_position(P0) and buddy reached his starting point , respectively, by the .sej to .asl

file compiler activated by the . button. A generalrule is that
A [Wordl word2 word3..] compiles into wordl_word2_word3...

as that may have been suspected from the previous examples. If ~ for “not” appears in front of [...] or
A[...] then that is carried over by the compiler. If there is no ” in front of a bracketed sentence then the
sEnglish project is looked up whether there is a sentence to match it.

If no ~ appears in front of [...] such as for instance

[Announce that 'I am moving towards my initial position'. Move to position PO.]
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then the sentence definitions are sought in the document to match them (if there are no such
sentences then the sEJ compiler gives an error message). The two sentences compile however
differently as:

invoke ('ttsatO0l', runOnce, announcing something, ['I am moving towards my initial
position'], [1);

invoke ('ttsatO0l', runRepeated, moving to a position, [ 1,101);

The main difference appears in the use of runonce and the runRepeated arguments of the invoke
predicate. The first indicates single “open loop” action, the second means repeated execution of
some action until something is achieved and the action is topped. The rest of the arguments of invoke
are : <name of the logic predicate> , [<list of MATLAB call input arguments>],[<list of MATLAB call
output arguments>].

Whether runonce, runRepeated or stopRepeated is used is determined by the sEnglish to Jason
compiler from the meaning of the sentence. If the meaning of the sentence contains

Repeat this activity until stopped.

or the sentence definition .sep file contain “repeat” in its “Process, repeat mode::” field then the type
of the invoke command becomes runRepeated . To stop a repeated process by another sentence, its
meaning must contain

This is a description of stopping this activity.

or the sentence definition . sep file contain “stop” inits “Process, repeat mode::” inthe
second entry of a comma separated list of its .sep file definition . If no declaration occurs about
repeating or stopping in the .sep file, or its sEnglish code , then the invoke statement in Jason
becomes of type runOnce.

Some of the possible plan formats are as follows:

If ~"[A] appears under the condition of [B] then do the following: ~[C].
that compiles to

+ A : B<- C

Several [...] or [...] conditions can be listed for the context after the "appears under the condition
of". Similarly, several +2[...] or [...] can be listed after the "then do the following:" for the body of the
plan.

For the goal of "[A] try to achieve [B] in repeated steps of [C] and finish with [D]

+! A : ~B <= C .
+B <- D.

The primary reason for using a construct like this is to detach a continuous MATLAB based feedback
loop with the environment from the Jason code run until something what is stated in the goal is
achieved. The constraint is that the goal must be a single statement combining both the success and
failure of the attempt and derived by reasoning. Then next schema facilitates the separation of
success or failure in one big statement.

Having compiled the sEj-code into a Jason agent demo_1.asl file can be loaded and inspected using



File >> Open File that can be used in the Jason plugin of Eclipse. Its detailed code is as follows:

!configureSystem.

+!lconfigureSystem: true <-
linkSystems (6253, ttsat01) ;
linkSystems (6253, "ttsat02"'")
+wide awake;
!monitorSystem.

’

& sEnglish - tisat2/demo_1..asl - Eclipse Platform

File Edit
"HE® - iod @@
e (o -

Elﬂ sEnglish Project View &3

Mavigate Search Project

=
L

L]:J Rover sEnglish Document

L]fJ trial_examplel

=[5 TTsat_Demo_o2

#a DOC Info
-E. Onkology File

[=l-{sen| SEN Files
@ iy _firsk.sen
@ my_second .sen

[=I-{s¢il SEI Files
*3¢ agent_logic_0.sej
*3¢] basic_sysbrain.sej
“s¢) demao_1.sej
"] movements_logic,sej

=] c& 1 [Main mission components)
I—' mowving ko a position
I—' performing Facing anticircle
I—' petFarming timed circle
I_' performing timed docking

performing timed turning

I—' performing timed undocking

= @ 2 [Guidance, navigation and control]
I—' awaiting vision update
|_ building state vector

closing down all operations

I—' computing desired position and stake
I—' computing desired position and state

I—' computing desired position and skate
computing escape path
defining contral gains
I_' defining desired state veckor
I—' defining numerical contral gains
I—' defining path construction limits
I—' evaluating desired state For angle re
I_' evaluating docking reaching
I_' evaluating path status
I—' evaluating point reaching
I—' evaluating position reacing
I—' evaluating undocking completeness
|_ extracting top plan
I_' generating control signal
I—' generating mation plan
I—' getting state transion matrix and po
I—' implernenting mator requesk by mesx
r' initialising timed cricle tracking
I_' issuing control signal
I_' obtaining first state information by «
I—' obtaining state information by visior
I—' obtaining wision velocity
I—' requesting wision update
L . .

akd

.

Run  Window Help

Hﬁ m T J»I 4 = E]ﬂsEninsh |L[':, Resource
=0 Qdemonstration_of_met ‘3] dema_1.sej e *demo_1.asl E3 1z =0
~
leonfiguresystem.
+loonfigurelystem: trus -
linkS3vystems (6253, ttsat0l) ;
link3vystems (6253, 'ttaacdl' ) ;
linkSystems (6253, 'ttsatlZ ') ;
+wide_awake H
'monitorsvstem.
+lmonitor3ystem: trus -
updatedystems:
'monitorsSystem.
~system_is_ inicialised
mission is_pending
~miz=ion_is active
~buddy reached his starting point
~oompleted first circle manosuvre
~buddy_completed first_circle manoeuvre
~completed rotation
~buddy completed rotation
~oompleted docking manoeuvre
~buddy completed docking manosuvre
~oompleted anticlockuise facing manosuvre
~buddy_completed anticlockwise facing manoeuvre
~hEing At ma=itian (PO A
>
P Erorspwarnings | B console 52 [ﬂﬂDehug Wiew % 0 | cy- =08
sEnglish Console
~
error: {}
warning: {}
success: 1
onto: [1x1l struct]
zections: {6xl cell}
gentence function: []
memory: {}
paper_title: 'Demonstration of Speech Jignal Filtering'
Joeode: {163x1 celld
request has been dealt with,
W
< >
Writable Insert 201

+!monitorSystem: true <-
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updateSystems;
'monitorSystem.

INITIAL BELIEFS

~system is initialised

mission is pending

~mission is active

~buddy reached his starting point

~completed first circle manoeuvre

~buddy completed first circle manoeuvre

~completed rotation

~buddy completed rotation

~completed docking manoeuvre

~buddy completed docking manoeuvre

~completed anticlockwise facing manoeuvre

~buddy completed anticlockwise facing manoeuvre

~being at position (PO)

!take initial actions

INITIAL ACTIONS

+!ltake_initial actions <-

invoke ('ttsatO0l', runOnce,initializing system, [],[]);

invoke ('ttsat0l', runOnce, reading timed path from file, ['c:\tcml.txt'],["Tc"]);

invoke ('ttsat0l', runOnce,getting starting point from path, ["Tc"], ["PO"]);

invoke ('ttsat0l', runOnce, reading timed path from file, ['c:\trnl.txt'
(
(
(

txt'], ["Tm"]);
invoke ('ttsat0l', runOnce, reading timed path from file, ['c:\docl.txt'], ["Dm"]);
invoke ('ttsatOl', runOnce, reading timed path from file, ['c:\undl.txt'], ["Udm"]);
invoke unOnce, reading timed path from file, ['c:\afml.txt'], ["Afm"]).

'ttsatOl',r
PERCEPTION PROCESSES

+!monitorSystem <-

configureBoolean ('ttsat0l',buddy being too near without reason);

configureBoolean ('ttsat0l',buddy appearing our of control);
configureBoolean('ttsat0l',buddy reached starting point);
configureBoolean ('ttsat0l',completed first circle manoeuvre) ;
configureBoolean ('ttsat0l',buddy completed first circle manoeuvre);
configureBoolean ('ttsat0l',completed rotation);

configureBoolean ('ttsat0l',completed docking manoeuvre) ;

configureBoolean ('ttsat0l',buddy completed docking manoeuvre);
configureBoolean ('ttsat0l', completed anticlockwise facing manoeuvre) ;
configureBoolean ('ttsat0l',buddy completed anticlockwise facing manoeuvre);

(
(
(
(
(
(
configureBoolean ('ttsat0l',buddy completed rotation);
(
(
(
(
(

configureBoolean ('ttsat0l',being at position (P0)) .
REASONING
BLE PI IS
new plan ***
+system is initialised
mission is pending & ~mission is active <-
invoke ('ttsat0l', runOnce, announcing something, ['I am moving towards my initial
position'], [1);
invoke ('ttsatO0l', runRepeated, moving to a position, ["P0"],[]);
-mission is pending

* % K * * *

new plan
+being at position (P0O)

buddy reached his starting point <-

invoke ('ttsat0l', runRepeated,waiting for buddy, [],[])’
+waiting for buddy

* % K * * *

new plan
+being at position (P0O)
buddy reached his starting point <-

invoke ('ttsat02', runRepeated,waiting for buddy, [],[]); invoke('ttsat02',6 runOnce,

announcing something, ['I am ready to go around'], []);

tmission is active;

invoke ('ttsatOl', runRepeated, performing timed circle, ["Tc"], [])
x*x* new plan ***

+buddy reached his starting point

waiting for buddy <-

invoke ('ttsat0l', runRepeated,waiting for buddy, [],[])’
-waiting for buddy;



invoke ('ttsatO0l', runOnce, announcing something, ['I am ready to go around'], []);
invoke ('ttsat0l', runRepeated,
performing timed circle, [ 1, 01)

where we have truncated this Jason code as it is too long for this manual and the above illustrates the
kind of Jason code one can obtain by the sEj compiler.

This piece of code very much follows a finite state machine logic by executing one movement after th
other. The challenge is to involve more reasoning in Jason codes instead of prescribing what steps
each individual goal achievement requires. The avoid the pitfalls of rigid finite state machine like, i.e.
FSS-like programming, the following sections first describe the useful conceptual base of machines
followed by a quantised logic that enables a richer set of transitions than for instance StateFlow™
based definition of hybrid control systems.

A more mature version of the agent program can be found in demo_2.sej that puts more emphasis
on logic based reasoning to decide what to do next and has a small number of plans associated with
physical skills.

Listing of demo 2.sej for agent reasoning.
INITIAL BELIEFS AND GOALS

~System is initialised.

Mission is pending.

~Mission is active.

~Buddy reached his starting point.
~Completed first circle manoeuvre.

~Buddy completed first circle manoeuvre.
~Completed rotation.

~Buddy completed rotation.

~Completed docking manoeuvre.

~Buddy completed docking manoeuvre.
~Completed anticlockwise facing manoeuvre.
~Buddy completed anticlockwise facing manoeuvre.
~Being at position PO.

!Take initial actions.

INITIAL ACTIONS

Initialize system.

Read timed circle manoeuvre Tc from file 'c:\tcml.txt'.

Get starting point PO from Tc.

Read timed turning manoceuvre Tm from file 'c:\trnl.txt'.
Read timed docking manoeuvre Dm from file 'c:\docl.txt'.
Read timed undocking manoeuvre Udm from file 'c:\undl.txt'.
Read timed facing manoeuvre Afm from file 'c:\afml.txt'.

PERCEPTION PROCESSES
Monitor the following Booleans

Arrived at position PO.

Buddy is too near.

Buddy reached starting point.

Completed first circle manoeuvre.

Buddy completed first circle manoeuvre.
Completed rotation.
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Buddy completed rotation.

Completed docking manoeuvre.

Buddy completed docking manoeuvre.

Completed anticlockwise facing manoeuvre.

Buddy completed anticlockwise facing manoeuvre.

Monitor the following objects

REASONING

If ~[Mission is pending.] & ~"[Mission is active.] then "[Ready to move to
initial position PO.].

The fact " [Arrived to position PO.] implies ~"[Mission is pending.]

When *[Arrived to position P0O.] & ~[Buddy reached starting point.] &
~"[Completed first circle manoeuvre.] then "[Ready for first circle
manouevre.].

When "~ [Completed first circle manoceuvre.] & " [Buddy completed first circle
manoceuvre.] then *[Ready for turning around.].

When *[Completed rotation.] & "~ [Buddy completed rotation.] then "[Ready for
docking manouevre.].

When " [Completed docking manoeuvre.] & " [Buddy completed docking manoeuvre. ]
then "[Ready for undocking manouevre.].

When " [Completed undocking manoeuvre.] & "~ [Buddy completed undocking
manoceuvre.] then *[Ready for facing circle manouevre.].

When "~ [Completed facing circle manoceuvre.] & "~ [Buddy completed facing
circle manoceuvre.] then *[Completed mission.].

If "[Completed mission.] then ~"[Mission is active.].

Fact "[Buddy is too near.] & ~"[Performing docking.] requires " [Ready to

modify manouevre to avoid buddy.].

EXECUTABLE PLANS

If "[Ready to move to initial position P0O.] while ~"[Mission is active.]
then

[Announce that 'I am moving towards my initial position'.] [Move to position
PO.]

[Stop where you are.] +"[Mission is active.].

If "[Ready for first circle manouevre.] while "~ [Mission is active.] then
[Announce that 'I am ready to go around'.] [Perform timed circle manoeuvre
Tc.]

[Stop where you are.].

If "[Ready for turning around.] while "[Mission is active.] then
[Announce that 'thanks for waiting I am now turning around’'.]
[Perform timed turning manoeuvre Trnl.] [Stop where you are. ].

If "[Ready for docking manouevre.]. while ~[Mission is active.] then
+”~ [Performing docking.]

[Announce that 'thanks for waiting now performing docking manouvre'.]
[Perform timed docking manoeuvre Dm.] [Stop where you are. ].

If "[Ready for undocking manouevre.]. while "[Mission is active.] then
[Announce that 'well done we can now perform undocking manouvre'.] [Perform
timed undocking manoeuvre Udm.] [Stop where you are.]

If *"[Ready for facing circle manouevre.]. while *[Mission is active.] then
[Stop where you are.] [Announce that 'thanks for waiting I am now
performing facing circle manouvre'.]

[Perform anticlockwise timed facing manoeuvre Afm.] [Stop where you are.]



If "[Ready to modify manouevre to avoid buddy.] while ~[Mission is active.]
then

[Announce 'Something is wrong with you mate'.] [Compute escape path Pth.]
[Track motion plan Pth.]

[Announce 'You are not well and I am getting out of your way'.].

If ~[Mission time is far exceeded.] while " [Mission 1is active.] then
[Announce 'Mission time has been far exceeded and therefore I am
stopping'.] [Stop where you are.] [Close down all your operations.].

The corresponding compiled .asl file Jason code is as follows:
// INITIAL GOAL AND BELIEFS

!configureSystem.

// PERCEPTION PROCESSES

// Note: Perception Boolean tag names have to be identical to their sentence
in lower case.

+!configureSystem:true <-

linkSystems (6253, ttsat01l) ;

linkSystems (6253, ttsat02);

configureBoolean (ttsat0l,being at position(P0));
configureBoolean (ttsat0l,buddy being too near without reason);
configureBoolean (ttsat0l,buddy reached starting point);

configureBoolean (ttsat0l,completed first circle manoeuvre);
configureBoolean (ttsat0l,buddy completed first circle manoeuvre);
configureBoolean (ttsat0l,completed rotation);

configureBoolean (ttsat0l,buddy completed rotation);

configureBoolean (ttsat0l,completed docking manoeuvre) ;
configureBoolean (ttsat0l,buddy completed docking manoeuvre) ;
configureBoolean (ttsat0l,completed anticlockwise facing manoeuvre);
configureBoolean (ttsat0l,buddy completed anticlockwise facing manoeuvre) .
.print ("Called all configure booleans...");

!take initial actions.

// INITIAL BELIEFS

~system is initialised

mission_ is pending

~mission is active

~buddy reached his starting point

~completed first circle manoeuvre

~buddy completed first circle manoeuvre

~completed rotation

~buddy completed rotation

~completed docking manoeuvre

~buddy completed docking manoeuvre

~completed anticlockwise facing manoeuvre

~buddy completed anticlockwise facing manoeuvre

~being at position (PO)

!take initial actions

// INITIAL ACTIONS

+!take initial actions <-

invoke (ttsat0l, runOnce, initializing system, [], []);

invoke (ttsat0l, runOnce, reading timed path from file, ['c:\tcml.txt'], ["Tc"]);
invoke (ttsat0l, runOnce,getting starting point from path, ["Tc"], ["PO"]);
invoke (ttsat0l, runOnce, reading timed path from file, ['c:\trnl.txt'],["Tm"]);
invoke (ttsat0l, runOnce, reading timed path from file, ['c:\docl.txt'], ["Dm"]);
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invoke (ttsat0l, runOnce, reading timed path from file, ['c:\undl.txt'], ["Udm"])

invoke (ttsat0l, runOnce, reading timed path from file, ['c:\afml.txt'], ["Afm"])

// REASONING

ready to move initial position(P0O) :- mission is pending &
~mission is_ active

~mission_is pending :- arrived to position (PO)

ready for first circle manouevre :- arrived to position(P0) &
buddy reached starting point & ~completed first circle manoeuvre
ready for turning around :- completed first circle manoeuvre &
buddy completed first circle manoeuvre

ready for docking manouevre :- completed rotation &

buddy completed rotation

ready for undocking manouevre :- completed docking manoeuvre &
buddy completed docking manoeuvre

ready for facing circle manouevre :- completed undocking manoeuvre &
buddy completed undocking manoeuvre

completed mission :- completed facing circle manoeuvre &

buddy completed facing circle manoeuvre

~mission is active :- completed mission

ready to modify manouevre to avoid buddy :- buddy is too near &

~performing docking

// EXECUTABLE PLANS

// executable plan

+ready to move initial position (PO)
mission is active <-

invoke (ttsat02, runOnce, announcing something, ['I am moving towards my initial
position'l, [1);
invoke (ttsat01l, runOnce,moving to a position, ["PO"], []);

invoke (ttsat01l, runOnce,waiting for buddy, [1, []);
+fmission is active

// executable plan

+ready for first circle manouevre

mission is active <-

invoke (ttsat02, runOnce, announcing something, ['I am ready to go around'], []);
invoke (ttsat01l, runOnce,performing timed circle, ["Tc"], []);
invoke (ttsat01l, runOnce,waiting for buddy, []1, [])

// executable plan

+ready for turning around

mission is active <-

invoke (ttsat02, runOnce, announcing something, ['thanks for waiting I am now
turning around']l, []);
invoke (ttsat0l, runOnce, performing timed turning manoeuvre trn, ["Trnl"], []);

invoke (ttsat01l, runOnce,waiting for buddy, [], [])

// executable plan

+ready for docking manouevre

mission is active <-

performing docking;

invoke (ttsat02, runOnce, announcing something, ['thanks for waiting now
performing docking manouvre'], []);

invoke (ttsat0l, runOnce,performing timed docking, ["Dm"], []);

invoke (ttsat01l, runOnce,waiting for buddy, [], [])

// executable plan

+ready for undocking manouevre

mission is active <-

invoke (ttsat02, runOnce, announcing something, ['well done we can now perform
undocking manouvre'], []);

invoke (ttsat01l, runOnce, performing timed undocking, ["Udm"], []);
invoke (ttsat01l, runOnce,waiting for buddy, []1, [])

// executable plan

+ready for facing circle manouevre : mission is active <-

invoke (ttsat0l, runOnce,waiting for buddy, [],[]);



invoke (ttsat02, runOnce, announcing something, [ 'thanks for waiting I am now
performing facing circle manouvre'l, []);

invoke (ttsat01l, runOnce, performing facing anticircle, ["Afm"], []);

invoke (ttsat01l, runOnce,waiting for buddy, []1, [])

// executable plan

+ready to modify manouevre to avoid buddy : mission is active <-

invoke (ttsat02, runOnce, announcing something, [ 'Something is wrong with you
mate'], [1);

invoke (ttsat01l, runOnce, computing escape path, [], ["Pth"]);

invoke (ttsat01l, runRepeated, tracking motion plan, []);

invoke (ttsat02, runOnce, announcing something, ['You are not well and I am
getting out of your way'l, [])

// executable plan

+mission time is far exceeded : mission is active <-

invoke (ttsat02, runOnce, announcing something, ['Mission time has been far
exceeded and therefore I am stopping'l,[]1):

invoke (ttsat01l, runOnce,waiting for buddy, []1, []);

invoke (ttsat01l, runOnce,closing down all operations, [],[])

This Jason code has special invoke calls, context handling and reception of new beliefs from parallel

executive processes written in MATLAB/Simulink/C++ and hence can be run under a generic Jason

environment. The connection between this type of Jason code and the executive processes can be

established using the Agent Executive Toolbox as described in a follow on section. Next a general

introduction is provided into non-specialised, generic language and interpretation of Jason code.
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Jason programming

After the sEnglish based *.sej file is compile into a *.asl file all debugging can be carried out by
running the Jason agent defined by .asl file with MATLAB/Simulink. Hence in this section we direct our
attention to the syntax and semantics of pure Jason.

Jason is a well developed BDI (beliefs-desires-intentions) agent-oriented development language
derived from Agentspeak by NASA, and is suitable for programming intelligent agents that are capable
of reasoning. A rational agent can consist of a combination of Jason code presented using sEnglish
sentences to form human readable intelligent agent rationale. This section provides an introduction
into the principles of programming agents in Jason and the use of an Eclipse based Jason plug-in that
can be conveniently used in conjunction with the sEditor .

Jason and AgentSpeak

Jason is a Java based interpreter for an extended version of AgentSpeak(L)’. It provides platform
independent development for multi-agent systems. The most notable extensions of AgentSpeak(L) are
the replacement of atoms with literals as described in formal syntax rules later in this section.
Improvements over AgentSpeak are the permission for terms to contain variables, lists or strings and
that bound variables may be used as literals. Additionally, atomic formulae may be annotated to
encapsulate more information to be used within the reasoning cycle and a substantial subset of
Prolog® is supported within the belief base. Operationally, Jason is attractive since it permits
distribution of operational agents with inter-agent communication provided by SACI® or JADE®. Jason is
available as Open Source, distributed under the GNU LGPL, and is well documented both online in the
original Jason Manual’ and off-line in the much more in-depth MS authored by Bordini, Hubner
and Wooldridge. Due to the existence this documentation, only a cursory overview of Jason and its
capabilities will be entered upon: the interested reader is referred to the original publishing that were
previously mentioned.

At its most basic level, an agent prescribed within AgentSpeak(L) is a set of beliefs, perception
updates. rules and a set of plans that can also take actions in the physical world. Quite intuitively, the
'beliefs' are what the agent perceives the state of the inhabited environment to be, described as a first
order predicate’ or its negation. Plans, within the AgentSpeak(L) syntax, represent basic actions that
the agent may perform on its environment (or on a model of the environment) in order to achieve a
particular goal: a plan may be initiated upon perception of a particular triggering event, which may be

* Information on AgentSpeak can be found at URL: ... (Jan 2012)

4 Prolog is a logic programming language (see tutorial introduction at URL .... (Jan 2012)

®SAClis ...

®JADE s ....

7 URL of Jason manual: http://jason.sourceforge.net/Jason.pdf (Jan 2012)

® URL of book on Jason: http://jason.sourceforge.net/jBook/jBookWebSite/Home.php (Jan 2012)
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internal (from a subgoal) or external (through a perception update). For a plan to run, it must be
deemed relevant by the agent: here relevance is determined by the agent through logical
consequence of the agent's current beliefs. Goals themselves may be an achievement goal, or a test
goal: achievement goals are those where the agent wishes to achieve a particular state of the
environment (or its model) ; test goals return a unification for the declared predicate with one of the
agent's beliefs. A core item relating to the BDI notation is that of an intention: an intention is a
particular course of action to which an agent has committed itself to as a result of perceived events
and may itself be considered a stack of partially instantiated plans.

Now let us consider a reasoning cycle that the AgentSpeak interpreter completes for a particular agent
program: at each cycle, a list of events is updated. These events may be generated as a consequence
of environment perception, or reaching a subgoal within a particular plan body when executing a
current intention. The set of triggering events is NOT the same as the set of beliefs. There are also
internal mental notes that can be subject for logical operations that can imply some triggering events
when in combination with other events. Mental notes obtained by logical derivation are however only
kept in the belief base for one reasoning cycle. Those obtained by perception are kept until taken out
by a — operator in a plan (placed in front of a square bracket as —[...] when an sEnglish sentence is
used for the mental note) .

It is assumed that beliefs are updated via some form of environmental perception and whenever
there is a change in the agent's belief set, an event may be generated by the agents reasoning rules.
Upon selection of an event to be dealt with, the interpreter must unify the event with a particular
triggering event to determine a set of relevant plans. This unification may involve substitution of scalar
or string values to Jason variables. Applicable plans are extracted from the set of relevant plans by
checking if the context of the plans follow from the agents belief base. A single applicable plan is then
selected from the set and is placed conditionally into the set of intentions: internally generated events
result in pushing the plan onto an existing intention; externally generated events result in the creation
of a new intention. Intentions have previously been described as courses of action to which the agent
is committed, as the intentions are executed through the implementation of instantiated plans, the list
of intentions is modified to reflect this. The AgentSpeak(L) cycle then repeats.

Agent capability is obviously determined by the wealth of plans availed to the agent by the
programmer(s). These plans, their trigger events and guard conditions must all flow through logical
consequence; a key point is that neither Jason nor AgentSpeak(L) can guarantee logical consistency.
Consequently it is the responsibility of the programmer(s) involved in the agent development to
ensure the logical flow of the agent program and its correct operation. This will involve looking
through the Jason code and manually checking all possible outcomes; there are no formal verification
tools available with standard Jason. Note, however, that formal verification tools are available within
the extended version of CAT that requires a specific format of Jason programming and annotations,
without limiting agent capabilities. Extended CAT contains a compiler of this specific Jason+sE code
into ISPL (interpreted system programming language), the language of the multi-agent model checker
(MCMAS). Sysbrains are special agent architectures that are verifiable by design and their
sEnglish/Jason code abstracts into a finite state multi-agent representation that can be formally
verified for interesting CTL (computational tree logic) formulae.
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Here we are concerned primarily with applied and cognitive agent systems, rather than the abstract
workings of theoretical agent. We wish to develop a Jason agent that may operate within a real
habitat (here it is intended to avoid using the reference of 'environment' to define the (physical)
operational arena of an agent, since within Jason the term 'environment' is used to define a Java
based world), with real requirements of action and where this action is carried out in real time.
Moreover, we wish to develop a system that is intrinsically understandable and may be formally
verified upon its completion. Prior to entering this, we shall first discuss the manner one could
conceive a cognitive agent operating in a physical habitat with an underlying Jason architecture.
Regardless of the actual physical construction of an agent, at its base level any cognitive agent must be
capable interpreting and acting within a habitat. Interpretation of sensor data will result in agent
perceptions; such sensors may be inertial, tactile, audio or computer-vision based. In addition to
locally generated perceptions, an agent may use communicative acts to enquire about pertinent facts
to which it is unable to determine, or indeed to verify locally generated information. These
perceptions and communicative acts may create events that the agent must respond to, by selection
of an applicable plan extracted from a set of behavioural rules and filtered through to a set of
intentions by the AgentSpeak(L) mechanisms. Intentions for a physical agent correspond directly to
interaction with physical hardware or further communicative acts. Any actuator device, locomotive or
otherwise, will have a direct consequence within the habitat of the agent, altering its state and
necessitating further interpretation of sensor data with subsequent agent action.

An informal treatment of the agent cycle, both within AgentSpeak(L) and for a generic cognitive agent
using Jason, has been given. The consideration of a generic physical agent operating within a real
habitat (not a toy Java environment) presents issues with the ability of an agent to interact
successfully with real hardware, in addition to the implicit requirement of logically correct operation.
Within the development of an applied agent, the plan libraries must correspond directly to the agent
capabilities that are themselves determined by the particular agents hardware configuration. Here we
are directly linking the agent to a particular high level command that initiates a particular control
routine or device (de)activation.

The agent itself is not necessarily concerned with the inner workings of a control routine, but more
with the existence and performance of a particular item within its repertoire of skills. It is here where
there is a gap between the development of the agent's 'mind' and the agent skills, with a computer
scientist being involved in the former and a control engineer the latter. This is likely to result in a
partitioned system rather than one that should theoretically be a single coherent entity: by using
sEnglish it is possible to concurrently develop both the agent 'mind' and the agent skills to result in a
unified agent development process. Use of sEnglish with Jason will be extensively discussed in later
sections, first we provide a more precise, formal definition of the language of Jason. This is needed as
the Jason syntax and semantics is kept despite the use of sEnglish to link it with actions in the real
bitat.
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Standard syntax of Jason Code

The complete Backus-Naur Form (BNF) grammar for writing a Jason agent is provided by the original
authors of Jason as in the table below. As with the presentation in the original documentation,
<ATOM> is an identifier starting with a lowercase letter, <VAR> is an identifier starting with an
uppercase letter, <NUMBER> is any integer or floating point number and <STRING> is any string
enclosed within double quotes. " (... )* " means possible finite number of repetition of the format .
Parts enclosed in [ | are optional but () is used for logical grouping of components where | stands for
“or” . No “&” is used in these definitions except as part of a logical expression, and simple white space
“ “is used to express that language items on either side are needed:

Language Item Definition of Language ltem

agent (initial_beliefs | initial_goals)* plans

initial_beliefs beliefs rules

beliefs (literal " . ")*

initial_goals ("1 literal " . ")*

literal ["~"]atomic_formula

atomic_formula (SKATOM> | <VAR>) [" (" list_of terms")"][" [" list_of terms"]"]
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list_of terms term (", " term)*

term literal | list | arithmetic_expression | <VAR> | <STRING>

list "["[term (", "term)["|" (list| <VAR>)]]"1"

rules (literal " :- " logical_expression " . ")*

plans (plan)*

plan [" @ " atomic_formula ] trigger_event [": " context] [ " <- " body] " ."

trigger_event (et 2] literal

context logical_expression | "true"

logical_expression simple_logical_expression | " not " logical expression | logical_expression " & "
logical_expression | logical_expression " | " logical_expression | " ("

logical_expression ") "

simple_logical_expression | (literal | relational_expression | <VAR>)

body body formula (" body_formula™ )* | " true "

body_formula ("reprerytet -t -+ ") literal | atomic_formula | <VAR> |

relational_expression

relational_expression relational_term (" <" |">"|"<="|">="|"=="|"\=="|"=") relational_term
relational_term (literal | arithmetic_expression)

arithmetic_expression arithmetic_term [ ("+" | " - ") arithmetic_expression ]

arithmetic_term arithmetic_factor [ ("*" | " /" | "div" | "mod" ) arithmetic_term ]

arithmetic_factor arithmetic_simple [ " ** " arithmetic_factor ]

arithmetic_simple <NUMBER> | <VAR> | "- " arithmetic_simple | " (" arithmetic_expression ") "

Fig. 2 The formal grammar definitions of Jason. Note the use of literals and atomic formulae that permit the use of variables
for arguments as well as in place of function and predicate names.

Though this is easy to read, it is a bit criptic for the enjoyment of a learner. For sake of helping a
learner of Jason to absorb this dry list, a verbal interpretation is provided here. The first item of this
syntactic declaration states that a Jason agent consist simply from a list of initial goals, initial beliefs
and plans. There is nothing more to the agent as it is abstracted away from sensing, world modelling,
prediction and skills execution. At the highest representation level, it is only a se of goals and plans.
The initial beliefs part of the agent can be split into two parts: beliefs and rules . Now beliefs are simply
a sequence of literals but literals are not that simple in Jason. In the bove definition, one can trace
them down to consist of an atomic formula that is possibly strongly negated by ~ . However, atomic
formulae can be quite complex here, as they can be started by either an atom (i.e. <ATOM>) or a
variable (i.e. <VAR>) . This is optionally followed by a list of terms in rounded ( ) brackets and a list of
annotations in square [ ] brackets. A list of terms is a comma separated list of terms . A term can be
either of a literal, list, arithmetic expression, variable or string (i.e. <STRING>) . Note that this means
the literals can have nested literals by these syntax rules.

The formulation of a Jason agent follows the logical format described above to create a set of initial
conditions, plans and prolog-like rules. Whilst events for handling plan failures are available within
Jason, resulting in the generation of an internal event of -!g if +!g failed, a plan matching the triggering
event of -Ig must be provided by the programmer.

Some example code fragments will now be given to indicate the construction of Jason plans based
upon the given syntax. Let us consider an autonomous rover that is equipped with a visual odemetry




system and ultrasonic sensors that are used for navigation within an unmapped environment. During
movement it is entirely possible that one or more of these sensor may pick up an obstruction that the
rover must avoid; this is a reaction to a percept generated by one of the onboard measurement
systems. Upon generation of this percept there is a series of events that should take place in order to
deal with the detection and may consist of: stopping current motion, identifying exact location and
type of hazard, adding this hazard to a self generated map, planning a path around the hazard,
negotiating the hazard and continuing with the original mission. All of these tasks represent the body
of the plan and are triggered upon hazard perception and satisfaction of particular beliefs: for instance
the plan may not be valid if the rover is not moving when the hazard is perceived. Based on the above
situation, a plan written in the Jason syntax would be:

@hazard_detection(during_motion)
+new_hazard(X,Y)[sensorType,detection_time]:rover(moving)& trusted(sensorType)
<- Istop(motion);

lidentify(new_hazard, X,Y);

?new_hazard_properties(TYPE,SIZE,PLACEMENT);
lupdate_hazard_map(TYPE,SIZE,PLACEMENT);

Inegotiate(hazard_map).

The above plan reacts to a hazard at location (X,Y) detected by a specific sensor at a noted
time. The plan is only triggered if the rover is in motion and the sensor is trusted to be
working correctly. Once the rover is stopped it is tasked with identifying the new hazard,
which is assumed to result in the generation of a new item in the belief base relating the the
properties of the new hazard such as the type, its size and the span of the hazard. This belief
base item is queried, binding the type, size and placement for use in updating the self
generated map which is then used to move safely through all the currently cataloged hazards.
Each of the achieve items (those preceded by a "!" ) must have a corresponding set of plans,
which may or may not have a set of guard conditions; for instance the subgoal of
Istop(motion) may have the following associated plan:

+Istop(motion) : true <-
stopRover;

-rover(moving).

which is the same as:

+Istop(motion) <-
stopRover;

-rover(moving).

where upon detection of the achieve goal stop(motion) the internal task stopRover is run and the
belief base is updated to account for the rover no longer moving. The implicit requirement here is that
the agent is capable of executing specific items of code to control hardware that achieve the result of
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stopping the rover, thus making the internally generated percept (internally generated percepts may
be considered as mental notes of the agent) valid.

It is possible to build more complex plans based upon further conditioning within the plan itself. A
trivial example of this would be:

+!move_to_item : direction_of_item(X) <-
if (X==1){
Jprintin("Item is infront of me...");
moveForward,
2
else{
.printin("ltem is not infront of me...");

moveBackward;

}.

Whilst the same result could have been accomplished more succinctly without the if-else syntax, by
using an internal action such as moveTowards(X), it was intended to show the ability to insert
conditionality into a Jason plan. Further and more complete examples of Jason agent plans, including
initializing agent beliefs, are available within literature and the interested reader is directed towards
these sources. The intention here was to introduce the grammar for a Jason agent and to give some
simple examples of formulating plans for conditional execution.

One final option within the creation of an agent goal, is creating a goal to which an agent is blindly
committed to and is essentially a recursive action on the goal itself. An example for an overly social
agent would be one which continually checks its email and could be written as:

+!checkEmail: true <-
.printin("Checking inbox...");
updatelnbox;

IcheckEmail.

where the internal action of updateInbox may result in the generation of an email(pending) percept
to which the agent would react.



Jason with sEnglish

As described in the section ”Definitions of Agent Reasoning” , the implementation of Jason with
sknglish is a hybridization of the two languages, generating a series of plan bodies with triggering
events and guard conditions or contexts all expressed in natural language. In a Jason’sE code, a term
used to denote the sEnglish sentences based Jason code, the formal layout of Jason is retained,
maintaining the original construction and connectives.
In Jason’sE all components such as atomic formulae use a natural language presentation to increase
readability of the resulting agent. The objective of this section is to provide an sEnglish relevant
introduction into how Jason may be used in combination with Jason to produce an agent that is
intrinsically linked into a repertoire of skills and where the cognitive processes are seamlessly
integrated into the logic of the agent. It is assumed here that the reader is familiar with the use of the
sEditor to develop sEnglish code that may be compiled through to executable code that is detailed
within the Getting Started section of this guide: the development of agent specific code is completed
in exactly the same manner, resulting in a hierarchy of code sentences that relate to specific actions. It
is this collection of sEnglish sentences that represents the external actions that an agent may invoke.
The difficulty now lies in the seamless integration of plans and sub-plans that lead to the achievement
of a desired goal through the invocation of specific sEnglish developed code.
Firstly, let us consider a scenario involving the operation of a cognitive agent equipped with two
robotic arms and a vision system. Under the assumption that the vision system is capable of
identifying objects within the agent's habitat, as well as determining the current kinematic and
dynamic state of both manipulators, we can assume the existence of sEnglish sentences relating to the
operation of both the vision system and the manipulators such as:

e Tdentify physical object X called 'plate' within habitat.

e Return 7 as the kinematic state of left manipulator.

e Plan safe motion M of right manipulator to the location of object X.

e Grasp physical object X with right manipulator after using M.
The above sentences are operationally understandable high level commands that, subject to the
underlying code being completed, may enable execution of specific tasks relating to hardware
interface or computational processes.
These code fragments, whilst themselves relating to complex operations that may or may not involve
feedback processes, are not sufficient for operation of the complete system. Some form of
'intelligence' is also required to run the code fragments in a specific manner in order to achieve any
form of output; this is the role of the agent reasoning described in Jason'sE . In addition to the
relatively basic operation of searching for a specific object and picking it up, the agent must also be
capable of handling failures and unexpected events such as dropping the object.
A suitable agent may be one constructed that is blindly committed to the enactment of human
requests, provided that relevant plans exist for the given request. Following from the example of an
agent controlled dual manipulator robot, a possible command is to place a specific item into a
particular box; for instance "Place item 0231 into box Z1". This command is already in
sknglish format and to denote this we shall encapsulate it within curly braces to result ! [Place
item 0231 into box Z1.] being picked up by the agent.
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Being equipped with two separate manipulators, the agent may achieve the new goal by using either
manipulator and in this case would result in conditional instantiations of ! [Grasp physical
object 0231 with 1left manipulator.] OF ![Grasp physical object 0231 with
right manipulator.]. Intuitively the guard conditions for such action would relate to the current
status of each manipulator or proximity to the particular designated item, which itself is required to be
a physical object within the agents habitat.

More powerful reasoning is possible through the implementation of Prolog-like facts and rules that
exist within the agent's belief base and act to condition the agents permissible behaviour through
more complex belief context checking. Examples relating to the considered agent system are:

If [Goal A was sent by authorized human.] then [A is a valid goal to be
achieved.]

If [Right manipulator is not in use.] & [Right manipulator is preferred.]
then [Should use right manipulator.]

If [Right manipulator is not in use.] & [Left manipulator is in use.] then
[Must use right manipulator.]

[Right manipulator is preferred.] :- [Left manipulator is not in use.] &
[Right manipulator is closest to object.]

[Should not damage object V.] :- [V is a physical object in habitat W.] &
[Motion plan of N towards X has been generated.] & [Motion plan does not

conflict with location of V.]

The above behavioural rules will act to condition the agents’ response by providing rules to determine
validity of a command, the availability of a manipulator and the inference that a particular item will
not be damaged during a specific motion. Although the usage of Prolog style rules within the
development of a Jason agent enables more succinct code to be written relating to specific Jason
plans, care must be taken when implementing such Prolog functionality. Within Prolog the order in
which clauses are added to the belief base has an explicit effect on execution: clauses defined earlier
within a program take precedence over those defined later. An additional concern is that Prolog is
capable of expressing non-terminating algorithms. Both of these issues may present themselves within
an incorrectly configured Jason agent, resulting in differing agent action depending on rule
precedence and the possibility of a non-terminating belief context check.

Returning to the case in which an agent receives the high level achieve goal of ! [Place item 0231
into box Z1.], aconceivable set of plans that may satisfy the execution of the prescribed goal are:

+! [Achieve goal A.] : [A is a permitted goal.] <-

! [Execute actions for goal A.].
+! [Execute actions for goal A.] : ([Should use right manipulator.] | [Must
use right manipulator.]) & ~[Goal A has been achieved.]<-

[Identify physical object within habitat.];

[Plan safe motion M1 of right manipulator to accomplish goal A.];

! [Execute motion plan M1 using right manipulator.].
+! [Execute motion plan M1l using right manipulator.] : [Should not damage
target object.] & [Should not damage left manipulator.]<-

[Use right manipulator to perform motion plan M1.];

-[Right manipulator is not in use.].
+[Goal A has been achieved.]<-true

+[Right manipulator is not in use.].



During the execution of the plans listed above, there are specific cognitive abstractions that will be
generated upon completion of specific sEnglish sentence code, and as they appear in the belief base,
they can be used for further conditional action(s). For instance "Identify physical object
within habitat." may resultin the generation of the sEnglish abstraction of "v is a physical
object in habitat W." and "Use right manipulator to perform motion plan MI1."
the eventual generation of abstraction "Goal A has been achieved.".

Possible sEnglish Invocations

The use of sEnglish sentences within the body of a Jason plan is intended to unify concepts used with
both the development of the agent and the code it may implement. The ontology used for the
development of sEnglish sentences within the sEditor is the same as that used for the agent physical
executor, thus endowing the agent with knowledge of all concepts used within the application area.
The sEnglish implementation allows the full repertoire of Jason notations, including:

1. Composition of initial beliefs +[sEnglish sentence relating to belief base item.].
Composition of Prolog-like rules [sEnglish description.] :- [sEnglish description.].
Full use of logical connectives for context checking and rule formalizations.
Internal mental notes +/-*[sEnglish code relating to BB item.].

vk W

Plan context checking [sEnglish boolean test].

6. Action execution [sEnglish code reference.].
Sentences within the curly braces compile into atomic formulae to complete the declarative code that
composes the Jason agent. Whilst items 1-5 are standard Jason functionalities, plan context checking
and action execution sentences have options available.

Belief Base Updating

Belief base updating may occur as a result of a perception action made upon the habitat or as a result
of an sEnglish code invocation. Habitat perception is enabled through the sEnglish statement [Monitor
habitat for percepts.] being placed at the head of the plan list and will result in any MATLAB formed
perceptions being transferred into the agent's belief base. Implementing this form of habitat
monitoring obviously requires the relevant MATLAB based companion files or Simulink models to be
formed appropriately: this is detailed within the Sections 'Interface with Simulink' and 'Interface with
MATLAB'. When sEnglish code is run as part of a plan body, it may cause items to be inserted into the
belief base of the agent and these may be subsequently used for latter plan steps or reasoned over by
the agent.

Mental Notes
Development specific mental notes, as introduced by a programmer internal to the agent mind and
not as a result of external belief base updating or through querying a specific habitat value, may be
generated in two ways:
sEnglish Notation
If the user wishes to retain usage of the sEnglish notation, then a text note may be placed
within curly braces that is preceeded by the 'hat' notation. For example, * [Doing certain
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task.], will generate the mental note doing certain task within the belief base and

if desired this may be used to reason over at later stages when checking a plan context.
JASON Notation

The user may chose to retain the standard JASON notation and not use mental notes formed

with sEnglish statements. To do this, simply state the predicate that is to be inserted such as

functor(facty,fact,,...fact,). A predicate does not necessarily require a set of facts to be

associated with the functor, though it may be useful in some cases.

Plan Context Checking Through sEnglish

When context checking for relevant plans, it is possible to use a combination of belief base item
checks and/or sEnglish based queries made upon the habitat. Such sEnglish based queries, for instance
[Goal A has been achieved.], must evaluate to a Boolean value. It is these Boolean evaluations,
in combination with any negations that may be present, that are used to context check the current
plan for relevance.

The sEnglish code denoting a Boolean test may be negated, ~[Goal A has been achieved.], or
be present without negation. It may not be preceded with the keyword 'not', since this is used to
denote default negation wherein it does not necessarily require the existence of a related belief base
item. With implementation of sEnglish code based context checking, it implies a requirement of the
belief item to exist and so only strong negation via '~' preceding the sEnglish sentence may be used. If
the agent detects a false ~[sE Boolean test] (the negation of the sE Boolean test is not true) or false [sE
Boolean test] (the sE Boolean test is not true), then the current plan is deemed not to be relevant and
the agent considers other plans relating to the triggering event. Once all sE Boolean tests have been
completed, the context is then checked against the current belief base for final confirmation of plan
relevance: if it passes this step, then the plan is considered to be applicable.

The usage of mental notes has already been introduced and these may be used within context
checking by the agent, through the same notation as used when introducing the mental note. For
example, assuming the presence of two mental notes, introduced by ~ [Mental note one.] and

~[Mental note two.], then the following context check may be applied:
[event] : "~[Mental note one.] & "[Mental note two.] <- [plan body].
Equally, the full range of nested connectives may be applied to case of Boolean tests, sE derrived

mental note, JASON mental notes and existing predicates within the belief base.
[event]: ~[Goal A has been achieved.] & (" [Mental note one.] | " [Mental
note two.] ) & belief base item(X,Y) <- [plan body].

Action Execution Through sEnglish
Action execution itself may relate to the tasks of:

e Initializing a piece of hardware or a particular control routine

e Starting a computational process with or without a parameter and retrieving the result

e Querying a piece of hardware or a computational process for a value
The above tasks directly relate to interaction with components that are external to the processes of
the Jason agent, but will have direct impact upon its operation. Relating this to the vision assisted
manipulator robot, the vision system must be initialized and sent commands relating to identification
of particular items whilst also being linked into separate routines such as path planning and motion
control. Such Jason initiated external interaction is of two forms: those that require a response, and



those that do not. The former relates to sentences indicating the need to update the Jason belief base
with a specific knowledge item: responses are in the form of atomic formulae being added to the
belief base with the predicate named appropriately for the particular call and the predicate terms
holding required information for subsequent reasoning. For instance "Determine red items in
habitat." indicates the requirement of a new belief base item such as + [Number of red items
in habitat is X.], where X is bound to a value, being generated for the agent to use with
subsequent reasoning. External interaction that does not require a response for direct reasoning
relates to the initializations of processes and hardware, for instance "Initialize wvision
system.”" O "Move to position Y." do not necessitate any direct responses, although their
invocation may result in the eventual appearance of believe base items such as +[Vision system

is active.] or +[Reached position Y.].

Tasks that an agent may execute fall into two categories: those that require continuous action in the
habitat and those that involve discrete actions. Discrete actions may involve the initialisation of a
particular hardware item and its subsequent command/query interaction or the performance of a
particluar numerical computation; continuous actions may be those where a particular control loop is
to be repeated until a discrete request to terminate this loop is made. The sentences that represent
discrete actions to be executed once are compiled into Jason external calls of the form

invoke (<executive process name>, runOnce,<mfile name>, [<input list>'], [<outpu
t list>])

A stipulation here is that only discrete requests are capable of returning an argument back to the
Jason system: continuous actions do not return a predicate to the Jason agent, however the action of
a continuous action may result in the change of a monitored percept or a discrete action may be
invoked to query a specific item that the continuous action is involved with. The other two types of
invoke commands are

invoke (<executive process name>, runRepeated,<mfile name>, [<input list>'], [<o
utput list>])
and

invoke (<executive process name>, stopRepeated,<mfile name>, [<input list>'], [<
output list>])

The runRepeated differs from runOnce in that it does not communicate back outputs to the Jason
process. If the associated sentence has an output then that will be sent back to the Jason process
when stopRepeated is applied. Whether runOnce, runRepeated Of stopRepeated is used is
determined by the sEnglish ro Jason compiler from the meaning of the sentence. If the meaning of the
sentence contains Repeat this activity until stopped. then the type of the invoke
command becomes runRepeated . To stop a repeated process by another sentence, its meaning
must contain

This is a description of stopping this activity.

in its .sep file definition . If these sentences do not occur in the meaning then the invoke statement

in Jason becomes of type runOnce. The meaning definition of all sEnglish sentences must contain a
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reference to the process that it is invoked by. This may be achieved wither by including an additional

sentence tag “This sentence is interpreted by executive process <proc_name>f’

within the sEnglish code description of the sep file, or by the more concise method of completing the
sep file field “process, repeat mode :: ” to indicate to the Jason agent which executive process to
communicate with to run the activity of the sentence.

There are some notational nuances with the execution of differing tasks within the habitat, depending
upon the desired frequency of the action item that may be executed once or repeatedly until the
agent requests the action to be stopped. The default action is a single instance: any sE sentences that
are placed within the plan body will only be processed once, unless certain key words are used within
the sentence formulation.

One final point is that relating to the system a particular agent is connected and the degree of
partitioning of the (non-agent) system architecture. If one is to assume that the agent in our robot
manipulator example is capable of running multiple processes reacting to the operation of each
distinct sub-system, ie the manipulator controllers and vision system are separate processes, then
each system is capable of being interacted with through distinct calls. This minimizes the burden to
the process dealing with perception updates and monitoring for desired agent actions. In some
instances it may not be possible to configure a system such that all operational capabilities are spread
across multiple systems and in this case will necessitate the process responsible for perception update
and agent code invocation also being responsible for the invocation of each code item using its own
resources. Whilst this is possible, execution of feedback controllers and other such processes, will
severely constrain the system and if possible single process implementations should be avoided.

Another example

Fig. 3.1 displays the content of an example rover.sej file of a complete sEnglish definition of Jason
based reasoning. It is based on the use of sEnglish sentence definition files :

battery level is critical.sep,

move through environment towards position.sep,

new position request arrived.sep, not being at position.sep,
position is feasible to reach.sep, position request arrived.sep,
rover is faulty.sep, rover is visible.sep, stop rover.sep.

The . as1 file compiled from the . sej file is shown in Fig. 2.

Initial belief statements

The first part of this sEj code (for sEnglish/Jason code) is about initial beliefs expressed in terms of
pure Booleans value sentences that have no .sep file or sentence defined for them in the sEnglish
document. These are mental notes. For instance doing a mission is an example that is an atom in
Jason and its true if doing a mission is present in the belief base and false means that

~doing a mission ispresentin the belief base.



INITIAL BELIEFS
~Doing a mission.

INITIAL ACTIONS
Initialize hardware system.

PERCEPTION PROCESSES

Monitor the following Booleans
Rover is visible.

Battery level is critical.

New position request arrived.
Rover is faulty.

Monitor the following objects
Request has arrived to go to position Goal.

REASONING

~“[There is a reasonable request.] :- "[Rover is visible.] & ~"[Battery level
is critical.]

& "~[Requested is different from current position.]

& ~*[Doing a mission.] & ~"[Rover is faulty.].

EXECUTABLE PLANS

+” [New position request arrived.] : [Not being at position Goal.]

<- +”[Requested is different from current position.].

+”[There is a reasonable request.] : [Position Goal is feasible to reach.]
<- +7[Doing a mission.] -~"[Doing a mission.].

+~ [There is a reasonable request.] : ~[Position Goal is feasible to reach.]

<- .println ("Cannot reach the requested goal.").

+”[Doing a mission.] : [Not being at position Goal.]

<- [Move through environment Map towards position Goal.]

+7~[Doing a mission.]

+”[Doing a mission.] : ~[Not being at position Goal.]

<- +"[Has arrived to target location.].

+~[Has arrived to target location.]. <- [Stop rover.] +~"[Doing a mission.].
Fig. 3.1 Content of the rover.sej agent logic definition file that follows the Jason syntax and is compiled into
Jason.

Definition of perception Processes

The first part of perception processes must be headed by "Monitor the following Booleans:"
and followed by sentences one per line. Each of these sentences must be defined with a single relation
Boolean output in the sEditor and with no inputs. Actual inputs can of course be sensing devices that
are not used in the .sej code. The meaning definition of each of these sentences must contain a
sentence "This sentence is interpreted by executive process <process name> .",
forinstance "This sentence is interpreted by executive process agv42lexe ." or

the Process, repeat mode :: field of the sentence definition .sep file must declare <process
name>

The second part of perception processes must be headed by "Monitor the following objects:"
and followed by sentences one per line. Each of these sentences are used to update the values of
certain objects for the agent. For instance the "Request has arrived to go to position
Goal." regularly updates the value of the Goal object in the associated executive process. This
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object is not however instantiated in the Jason/Java environment, it is only referred to symbolically as
"Goal" by a string in Jason.

// INITIAL GOAL AND BELIEFS

!checkWorld.

~doing a mission.

// INITIAL ACTIONS

initialsing hardwar system.

// PERCEPTION PROCESSES

// Note: Perception Boolean tag names have to be identical to their sentence in lower
case.

@observe+!checkWorld <-
configureBoolean (agv42l, rover is visible);
configureBoolean (agv42l,battery level is critical);
configureBoolean (agv42l,new position request arrived);
configureBoolean (agv42l, rover is faulty);

configureObject (agv42l,position request arrived, [], ["Goal"]);

!checkWorld

// REASONING BY RULES

there is a reasonable request :- rover is visible & ~battery level is critical

& requested is different from current position

& ~doing a mission & ~rover is faulty

// EXECUTABLE PLANS AND TESTS

+new _position request arrived : testBoolean(agv42l,not being at position, ["Goal"])
<- +requested is different from current position

+there is a reasonable request

testBoolean (agv42l,position is feasible to reach, ["Goal"])
<- +doing a mission; -~doing a mission

+there is a reasonable request

~testBoolean (agv42l,position is feasible to reach, ["Goal"])
<- .println("Cannot reach the requested goal.")

+doing _a mission; : testBoolean(agv42l,not being at position, ["Goal"])
<-
invoke (agv421, runOnce, move through environment towards position, ["Goal","Map"1, []);

+doing_a mission

+doing_a mission; : ~testBoolean(agv42l,not being at position, ["Goal"])

<- +has_arrived to target location

+has arrived to target location. <- invoke (agv421l, runOnce, stop_rover, [], []);
+~doing a mission

Fig. 3.2. The contents of the .asl file compiled from the .sej file in Fig. 1.

Summary of sEnglish to Jason conversion rules
The following table lists an extensive set of example to illustrate when simple predicates are used and,

when the invoke (), configureBoolean(), configureObject (), testBoolean ()

Location in | Example Jason predicate
Jason+
code
INITIAL ~Arrived at position ~arrived at position(“P0”)
BELIEFS PO.
mission is pending
Mission is pending.




INITIAL Initialize system. invoke (ttsat0l, runOnce,initializing system, [], []);
ACTIONS
Read timed circle
manoeuvre Tc from file invoke (ttsat01, runOnce, reading timed path from file, ['c:\
'c:\tceml.txt'. teml.txt']l, ["Tc", "PO"]); - - - -
Get starting point PO invoke (ttsat01l, runOnce,getting starting point from path, [
from Tc. "TC"], ["PO"]); - - - -
PERCEPTION Arrived at position configureBoolean (ttsat0l,arrived to position ("PO"));
PROCESSES | PO. -
Returns predicate arrived to position ("P0O")
Completed first circle - =
Mmanoeuvre . configureBoolean (ttsat0l, completed first circle manoeuvre
) i
Returns predicate completed first circle manoeuvre
REASONING If ~[Mission is ready to move initial position(“P0”) :-
pending.] & ~"[Mission mission is pegding & ~mission is active
is active.] then o o
" [Ready to move Temporarily places ready to move initial position (“P0”)
initial position PO.]. . ST - -
to belief based for reasoning cycle.
The fact " [Arrived to . . . . . .
position PO.] implies ~mission_is_pending :- arrived_to position (P0)
~~[Mission is
pending.] Note that in the top example “P0” and the bottom example PO was used
for Jason+ by the compiled as the conclusion variable was not matched by
a variable from the premises so it needs to be found by other means . In
the second example we do not want the PO to be concrete as we want to
make the implication general. Below is an example to show how to make
The fact "~ [Arrived to PO appear in quotes for the Jason+ program.
position “PO”.]
implies ~"[Mission is ~mission is pending :- arrived to position (“P0”)
pending.]
Hence automatic conversion of variables to double quoted name is only
done in conclusions if not resolved by premises.
EXECUTABLE If "[Ready for first +ready for first circle manouevre
PLANS circle manouevre. ] mission_is_active <-

while " [Mission is
active.] then
[Announce that 'I am
ready to go around'.]
[Perform timed circle
manoeuvre Tc.]

[Stop where you are.].

If ~[Ready to move
initial position PO.]
while ~"[Mission is
active.] then
[Announce that 'I am
moving towards my
initial position'.]
[Move to position PO.]
[Stop where you are.]
+~ [Mission is
active.].

If ~[Mission time is
far exceeded.] while
~[Mission is active.]
then

[Announce 'Mission
time has been far
exceeded and therefore
I am stopping'.]

[Stop where you are.]
[Close down all your
operations.].

invoke (ttsat02, runOnce, announcing something, ['I am ready
to go around'], []):

invoke (ttsat0l, runOnce,performing timed circle, ["Tc"], [])

invoke (ttsat01l, runOnce,waiting for buddy, [1,[])

Here the Tc has been converted to “Tc” as it is not resolvable by the
triggering event.

+ready to move initial position (PO)

mission is_active <-

invoke (ttsat02, runOnce, announcing something, ['I am moving
towards my initial position'], []);

invoke (ttsat01l, runOnce,moving to_a position, [PO],[]);
invoke (ttsat01l, runOnce,waiting for buddy, [1,[]);
+mission_is_active

Here the PO has not been converted to “P0” as it is resolvable by the
triggering event.

+mission time is far exceeded

mission is active <-

invoke (ttsat02, runOnce, announcing something, ['Mission
time has been far exceeded and therefore I am
stopping'], [1);

invoke (ttsat01l, runOnce,waiting for buddy, [],[]);

invoke (ttsat0l, runOnce, closing down all operations, [],[])
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Automatic initialisation of non-existing .sep files

Programming a new agent and its reasoning can be significantly speeded up by initiating all .sep files
just by writing up a .sej reasoning file. This is achieved by writing after the period “.” within the square
brackets [...] of the sEnglish sentences used.

Text after the ". " within [...] can be used to define the name of and create a new .sep file
automatically if no sentence meaning was found by the .sej to .asl compiler. In the perception part,
where no [..] is used, but one sentence per line, the wanted tag for a .sep file name can be written
after the ".", if the sentence did not exist before. If it did, that does not cause error, the text after the
"." will be ignored. Such a system now allows to write first a .sej file and skeletons of .sep files are
automatically generated for all sentences used, they are all placed into Section 1. Later they can be

edited and relocated to other sections and tags after the "." removed. Note that after creation of the

o“n

.sep file the section after the within [...] will be erased in order not to over-write already worked

on files at the next compilation of the .sej file.
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