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1 Introduction

This is the programmer’s manual to the Parameterized Action Representation System within the Jack-2.2 Toolkit
environment and will be referred to as parjack within this manual.
The basic architecture of the PAR system is shown in Fig. 1

Figure 1: PAR Architecture

There are four important modules. The Actionary provides access to the information in the database. Section

3 lists the AP for this. The agentprocs AP listed in section 2 allows control of the individual agents. The

isua i er allows the visualization of the entire scene. The 2PA parses the given natural language sentence

and outputs a corresponding PAR. As this level of natural language processing is not necessary for this project and
the NLP has been dramatically changed in later versions of PAR it will not be discussed in this manual.

All the source code header les libraries and documentations for PAR arein public projects parjack projects ega
Hereafter referred to as PAR R.

This manual is being written for use with the T demo and so two other directories are relevant. pub-
lic parjack projects ega T is the parent directory for the projects. Hereafter referred to as ega T R.

public parjack projects ega T T contains the source code header les libraries and documentation for

the T modules. Hereafter referred to as T R

This version of PAR has been built to work with A Jack Toolkit version 2.2 and a A visualizer.

To run this do

1. This will set up all the correct environments.
2. run Three windows should open. The long narrow blue window is where commands
for the system are entered. The largest window is the ega visualization window. urrently has been

compiled to load the wuantico environment into the ega window. This can be changed by replacing

in PAR R src vtoolkit vegatoolkit.c or by changing vet.adf. The last window the PAR window is
created by the system. This window can be used to check the objects and actions in the Actionary and to uit
the system.

3. Once the windows have appeared you can enter commands into the system. jcl les jack command language
can be used to automate the loading and running of PAR modules. ega T sample sample.jcl is a sample
jel  le which loads a Jack environment loads various PAR modules and starts a simple simulation.

T PA



The core part of the software is ready to be e panded and built into the complete PAR system. urrently you need
to write the PaT-Nets or functions for each of the primitive actions de ned in the database. To do this you need
to build dynamic libraries which can then be loaded dynamically.  ample modules can be found under T R.
There are modules corresponding to motion generators and modules corresponding to agent processes. A simpler
e ample can be found under ega T R sample. A very simple e ample that just illustrates the construction of
one agent and one action can be found under ega T R simple. These e amples should be used as a template
to create modules for the PAR system. ommands that can be typed into the system are also illustrated in these
e amples.

121 0 toco pieand ink

Please check the Make le in the the e ample directories to check for all the linking and compiling e amples. Note
that they assume certain system variables have been setup before compiling. These variables can be found in
ega et vet.setup.

122 ettingup t e irtua en iron ent
This process is also illustrated in the .jcl les found in the sample directories.
reate the geometry for the virtual environment.

reate PAR objects. Any object in the environment that you want to manipulate with PAR must be in
the object hierarchy. Once an object is in the object hierarchy you may want to set some of its properties.
Otherwise it will just inheirit them from its parent.
There are two ways to create PAR objects.
First you can name the gures in the environment the same name as a node in the object hierarchy of the
Actionary followed by an underscore and a number. Then if you call the update working memory from the
environment routine it will automatically go through the gures in the environment and look for nodes in the
object tree with the same name as the portion of the gure name before the underscore. f the routine nds
such a node it create a PAR object with the same name as the gure and makes its parent the node it found.
For e ample if ar is in the object hierarchy and you have a gure in the environment named  ar_1
update working memory from environment will create a  ar_1 object and place it in the object tree with

ar asits parent. ar_1 will then inherit ar s properties.

Second you can initialize the objects e plicitly. Here is an e ample of e plicitly putting an object in the
hierarachy and setting some of its properties.

123 Adding agents

efore creating an agent process there must already be an object in the hierarchy created with the same name
and 1 as the third argument of create See above .



reate a subclass of AgentProc for your agent and be sure to write the virtual inform method.

reate a new agent process.

12 Adding actions

First add the new action to the action tree of the Actionary and set its properties. This process is similar to
adding an object to the object tree.

Ne t make sure that the agents you want to e ecute the action have the capability to do so.

Then register the action in the ActionTable:
ActionTable::addFunctions Move amera move_camera camera_done

Finally make sure that the proper conditions for the action are setup.

The PAR architecture is set up to handle failures during the e ecution of an action. uring e ecution all failures
are detected and reported by motion generators to the process manager within the agent process.

The failure speci ed by the motion generator contains the following information: a Failure code represented as
a string b Pointer to the instantiated PAR unit which failed ¢ Relevant information stored in compact structure
to help in failure recovery at a later stage.

The process manager does error recovery and handling in two ways:

1 The process manager freezes the ueue manager such that no other actions are popped from the highest level
of the ipar ueue. t also informs the agent process of a failure and passes it the above information. The agent
process can now make a decision about the failure recovery process. t could restart the ueue as is or by ushing
the entire action ueue of the agent or by inserting a new high priority action into the ueue.

2 The process manager also takes care to abort all actions that lie in the path from the failed primitive action
up to the highest comple action which hierarchically invoked the failed primitve action . i.e. for e ample if deep
within a high level comple action a primitive action fails then all actions upto the comple action are automatically
aborted. Alternately di erent action s can be selected anytime instead of aborting all the actions.

This mechanism allows for a very general approach towards failure detection and recovery. ased on the simula-
tion the agent process could also invoke the planner to generate a new path or set of actions using the information
passed from the motion generator.

The second call-back function of an action see add unctions should be constructed such that when a failure
occurs:



When the call-back function returns 2 the PAR system will know that a failure has occurred and:

How failure recovery is handled is left up to the Agent Process. t can begin e ecuting actions again by
either:



ent rocess

c ass AgentProc -

ie
Pu ic e ers
AgentProc ¢ ar agentna e

Para eters

Name of the agent

int addAction iPA ipar

Para eters

Pointer to the iPAR that has to be added to the action ueue of the agent

int addAction Py ject ipar ist ist iPA return ist

Para eters

Pointer to the list of Python Objects that have to be added to the action ueue of the
agent

int error oid

irtua oid inor c¢ ar ag oid args

Para eters

ndicates the type of message being sent. Two ags fl and f2 can be compared by using
their inde es. For e ample inde f1 inde f2.

Any information that needs to be passed to the other agent

c ass Agent a e-

ie
Pu ic e ers



static oid addAgent const ¢ ar na e AgentProc agentproc

Para eters
Name of the corresponding agent

Pointer to the agent process that is being added. This is invoked internally from
AgentProc.

static AgentProc getAgent const c ar na e

Para eters

Name of the agent.

c ass Action a e-
ie
Pu ic e ers
static oid add unctions const ¢ ar na e int 1 iPA ipar int
2 iPA ipar ai ata data

Para eters

Name of action as it e ists in the database of action hierarchy
Pointer to the call-back function which takes an object of type PAR as a parameter.

Pointer to a call-back function which returns 1 to indicate completion of action and returns

to indicate action in progress. The function will return 2 if there was an error with the
e ecution of the action. This function is polled internally by the AgentProc class to check
for completion of action.

static act unc get unctions const ¢ ar na e

Para eters

Name of action.

c ass Agent et pu ic et -
ie
Pu ic e ers
Agent et ist iPA IPar



Para eters

Pointer to the ueue of ipars

cassPar et pu ic et -
ie
Pu ic e ers
Par et oid args

Para eters

Pointer to an instantiated PAR or a Python tuple containing the action name and list of
agents and objects involved in the action.

c ass Action et -
ie
Pu ic e ers
Action et oid args int nu odes

Para eters

Python dictionary PyObject describing the e ecution steps of the action. The
speci ed action may be a omple action involving multiple sub-actions in se uence
or parallel or a primitive action single action

Optional argument - default is 1

oid set ota odes int tnodes

Para eters

The new total number of nodes

int get ota odes oid return tota odes

¢ ass Parse -
ie
Pu ic e ers



static int

Para eters

parse ict Py ject dict Action et action et int parent

Python dictionary describing the order of e ecution of the sub-actions. f the action
described is a comple action then the sub-actions may be e ecuted in se uence or
in parallel. The individual sub-actions are speci ed as a python tuple containing the
action name and the list of agents and objects involved in the action. The dictionary
is speci ed in a Python script.

Pointer to the actionNet building the current new PaT-Net.

Number identifying the parent node in the new PaT-Net.



ction r

c ass etaAction -
ie
Pu ic e ers

Para eters

etaAction ¢ ar

str

metaaction name

oid

int

c ass iPA -
ie
Pu

ic e ers

Para eters

etaAction

eta ject

etaAction
print
o0j u
iPA c ar actna e c ar agna e c ar o jna es

metaaction name

agent name

objects name list

print

uPA

agent

11



eta ject o jects

c ass Action ree -

etaAction actparent

act

etaAction act ¢ ar na e

etaAction act ¢c ar na e

ie
Pu ic e ers
Action ree
etaAction create ¢ ar ana e
Para eters
metaaction name
pointer to the parent action
oo recyc e etaAction
Para eters
pointer to the action to be recycled
etaAction searc y a e c ar str
Para eters
name of the action to be searched
c ar print
oid addA ias
Para eters
pointer to the action.
alias name.
c ar searc A ias
Para eters

12



oid

Para
int

Para
int

Para
Py ject

Para
int

Para

pointer to the action to be searched

name of the alias

set u er jects etaAction act int nu

eters

pointer to the action

ma, imum number of objects can be applied by the action

get u er jects etaAction act

eters

pointer to the action

set ondition etaAction act int ic c¢ ar str
a se
eters
pointer to the action
condition inde : applicability condition 1 culmination condition

condition 3 e ecution steps

the string which contains the Python script

indicates if the Python script is contained in a le or not default is False

test ondition iPA ipar int ic

eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

which condition to test. condition inde :
condition 2 preparatory condition 3 e ecution steps

setApp ica iity ond etaAction act
a se

eters

pointer to the action
the string which contains the Python script

Python script contained in a le or not default is False

13
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ar

applicability condition

str

oo

2

1

oo

preparatory

culmination



Py

int

Py

int

int

ject

Para

Para

ject

Para

Para

ject

Para

Para

testApp ica iity ond iPA ipar

eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

set u ination ond etaAction act c¢ ar str 0o
a se

eters

pointer to the action
the string which contains the Python script

Python script contained in a le or not default is False

test u ination ond iPA ipar

eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

setPreparatory pec etaAction act c¢ ar str oo
a se

eters

pointer to the action
the string which contains the Python script

Python script contained in a le or not default is False

testPreparatory pec iPA ipar

eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

set ecution teps etaAction act c ar str oo e

eters

pointer to the action
the string which contains the Python script

Python script contained in a le or not default is False

14
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Py ject get ecution teps iPA ipar
Para eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

Py ject test ecution teps iPA ipar

Para eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

int set er ination ond etaAction act c¢ ar str 0o
a se
Para eters

pointer to the action
the string which contains the Python script
Python script contained in a le or not default is False

Py ject get er ination ond iPA ipar

Para eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

Py ject

test er ination ond iPA ipar

Para eters

pointer to iPAR. iPAR must be initialized with action agent and objects.

cass eta ject -
ie
Pu ic e ers

eta Jjectcar o a e o0 ag a se

Para eters

object name

indicates if MetaObject is an object or an agent.
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eta ject

ar get ject a e
ector 3 getPosition
oid setPosition ector 3

Para eters

vector value

ector 3 get e ocity

oid set e ocity ector 3

Para eters

vector value

ector 3 getAcce eration

oid setAcce eration

Para eters

vector value

ector 3 get orce

oid set orce ector

Para eters

vector value

ector

3

ector

ector

3

ector

ector



ector 3
oid
Para
ector 3
oid
Para
ar
oid
Para
oid
Para
oid
Para

get

set

vector value

get

set

vector value

get

set

site name.

get

set

status type:

or ue
or ue ector 3 ector
rientation

rientation ector 3 ector
oordinate yste

oordinate yste c¢ ar coord
tatus

tatus ¢ ar type

getPosture

MO N

setPosture ¢ ar type

eters

posture type:

OP N 7

N TRAL 1

LOS

17

ST 2 STAN

3 PRON 4 S PN

5

N



oid

Para
ist ¢ ar
00

Para
oid

Para
ist ¢ ar
0o

Para

ActApp

Para

int

Para

add rasp ites ¢ ar site a e

eters
site name.
get rasp ites
searc rasp ites ¢ ar site a e
eters
site name.
add ontents eta ject o j
eters

pointer to the MetaObject to be added.

get ontents

searc ontentsc ar o j a e

eters
MetaObject name.

searc apa iity ¢ ar action

eters

action name
set apa iity ¢ ar action c ar app ica iity oo e
a se
eters

action name

pointer to the applicability either is a Python script string or a Python script
le

18



indicates if the applicability is contained in a Python script
False.

0o re oe apa iity ¢ ar action

Para eters

action name

0o contain ject eta ject o j

Para eters

pointer to the MetaObject checked

oid print

c ass ject ree -

ie
Pu ic e ers

le or not. The default is

ject ree
eta ject create c ar o jna e eta ject o jparent o0 agent
a se

Para eters

object name
the pointer to the parent object

indicates if the object created is an Object or an Agent.

0o recyce eta ject o j

Para eters

pointer to the object to be recycled

eta ject searc y a e c ar str

Para eters
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name of the object to be searched

c ar print

oid getProperty eta ject o j ¢ ar pna e

Para eters

oject name

poperty name

0o setProperty eta ject o j car pna e oid p aue

Para eters

object name
property name

property value in generic type can be casted to from any data type but must be con-
sistent.

0o de eteProperty eta ject o j c ar pna e

Para eters

object name

property name

ActApp searc apa iity eta ject o j c ar action

Para eters

object name

action name

oid oe eta ject o j eta ject ere

Para eters

pointer to the source MetaObject

pointer to the destination MetaObject



oid set td ector eta ject o j int ic ector 3 ector

Para eters

pointer to the MetaObject

standard vector inde  which: Position 1 elocity 2 Acceleration 3 Force 4
Tor ue 5 orientation

vector value

ector 3 get td ector eta ject o j int ic

Para eters

pointer to the MetaObject

standard vector inde which: Position 1 elocity 2 Acceleration 3 Force 4
Tor ue 5 orientation

vector value

int setPy et od eta ject o j c ar na e c ar str oo
e a se

Para eters

pointer to the MetaObject
python method name
the string which contains the Python method

Python script contained in a le or not default is False

Py ject in okePy et od eta ject o j c ar na e c ar args

Para eters

pointer to the MetaObject
python method name

arguments used upon invocation
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