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Overview  
Cougaar MicroEdition (CougaarME) is a lightweight version of the Cognitive Agent 
Architecture (Cougaar) intended for applications where memory and/or CPU resources 
are too constrained for the full Cougaar infrastructure core. It is interoperable with 
Cougaar in that tasks and allocation results can flow between Cougaar and CougaarME in 
the same way they flow between Cougaar agents. CougaarME runs on the Java2 
MicroEdtion CLDC (KVM) virtual machine as well as some other lightweight virtual 
machines. It has been used with Sun’s KVM v1.0.3, Dallas Semiconductor’s TINI OS V 
1.01 and the J2SE VM version 1.3.  As of this writing, the JDK 1.4 compiler generates 
code that is incompatible with the 1.0.3 KVM. 
This document summarizes the distinguishing features of CougaarME and does not cover 
the fundamental design principles of Cougaar. For more details on the design and 
implementation of Cougaar, see http://www.cougaar.org/ 

Differences between Cougaar and CougaarME  
The design of CougaarME is intended to mirror the design of Cougaar as much as 
possible with these restrictions: 

• All required infrastructure must use only the Java classes that are common to all 
supported VMs.  These classes are the classes of the CLDC KVM not including 
the javax.*  classes. 

• To minimize the required memory footprint, only features that cannot be 
implemented as plugin components will be in the infrastructure. 

The main differences between the implementations of Cougaar and CougaarME are 
in the areas of messaging, task structure, name services, and initialization. The design 
of each of these components is described below. 
 

Infrastructure Components  

VM 
CougaarME is intended to be portable between several embedded Java virtual machines. 
The virtual machines used to date are: 

• Sun’s J2ME CLDC K Virtual Machine version 1.0.3 on Linux, Windows, and 
PalmOS. See http://java.sun.com/j2me/ 

• Sun’s J2SE Virtual Machine version 1.3 on Linux and Windows. See 
http://java.sun.com/j2se/ 

• Dallas Semiconductor’s Tiny Internet Interface (TINI) See 
http://www.ibutton.com/TINI/ 



These three environments have very different capabilities, so the CougaarME 
infrastructure uses only those classes that are common to all VMs. To take advantage of 
facilities that are available in all environments but not implemented in the same way, 
CougaarME makes use of an object factory that provides an abstract interface to network 
sockets and files.  
This object factory is initialized by the 
org.cougaar .microedition.util.MicroEdition  class. It determines the 
VM in use by querying the microedition.configuration  VM property and 
installing the appropriate instance of 
org.cougaar.microedition.util.ObjectFactory . VM-specific factories 
implement ObjectFactory to create objects appropriate for the VM. For example, the 
factory org.cougaar.microedition.kvm.KvmObjectFactory  creates 
sockets and file loaders that use the KVM’s Connector framework. There is another class, 
org.cougaar.microedition.tini.TiniObjectFactor y , that creates 
sockets and file loaders that use the TINI’s access mechanisms (which are the same as 
J2SE). The class hierarchy is shown below: 
 

 
ObjectFactory 
<<Interface>> 

ObjectFactoryAdapter 

TiniObjectFactory KvmObjectFactory 

 
 
The factory creates an object based on the type passed in to its getObjectME()  
method. This method returns an object of the type requested or null if no object can be 
created. 
 

public Object getObjectME(Class ofType)  
 
Clients use the static method MicroEdition.getObjectME()  to access the factory. 
The object returned must be cast to the requested type like this: 
 
SocketME sock = (SocketME)MicroEdition.getObjectME(  
              Class.forName("org.cougaar.microedition.io.SocketME"));  

 
The objects created by the factories have a similar inheritance structure. An interface is 
developed that specifies the methods available on the object and one or more concrete 
implementation is written.  One concrete class is required for each VM platform. Note 



that the classes must all have no-argument constructors to be successfully instantiated by 
the factory. This figure shows an example of the socket classes: 
 

SocketME

KvmSocketME TiniSocketME

In org.cougaar.microedition.io

In org.cougaar.microedition.tiniIn org.cougaar.microedition.kvm

 
 
Note that there are separate Java packages for the VM-specific classes.  
org.cougaar.microedition.kvm  contains the KVM-specific classes. 
org.cougaar.microedition.tini  contains the TINI-specific classes.  

Nodes  
Unlike Cougaar, CougaarME nodes contain exactly one agent. This simplifies the node-
level code and matches the expected usage pattern for an embedded agent. Like Cougaar, 
CougaarME nodes get their configuration from a text file containing its list of plugins and 
other configuration data. CougaarME node configuration files are XML files which can 
be efficiently parsed by the XML parser built into CougaarME.  This is an example 
configuration file: 
 
<?xml version="1.0"?>  
<NodeConfiguration>  
  < port>7000</port>  
  <description>value from KVM</description>  
  <resource>org.cougaar.microedition.kvm.KvmValuemeter</resource>  
  <plugin name="Value" sleeptime="500">org.cougaar.microedition.kvm.KvmValuePlugIn</plugin>  
  <! --  Infrastructure PlugIns  -- > 
  <plugin debug="true">org.cougaar.microedition.plugin.MessageRecvPlugIn</plugin>  
  <plugin debug="true">org.cougaar.microedition.plugin.MessageSendPlugIn</plugin>  
  <plugin>org.cougaar.microedition.plugin.ClusterQueryPlugIn</plugin>  
</NodeConfiguration>  

 
The following table summarizes the contents of the file. 
Tag Description 
port TCP port for incoming messages. Optional – defaults to 7000.  If “0” no 

incoming message port is opened. 
description Text description of the agent. Required. Used by name lookup service to 

find an agent by name or capability (see below). 
plugin Directs the agent to instantiate a plugin of the specified type. Optional. 

Parameters can be passed to the plugin through the XML attributes. See 
below for a description of plugins. 

resource Directs the agent to instantiate a resource of the specified type. Optional. 
Parameters can be passed to the resource through the XML attributes. See 



below for a description of resources. 
 
 
The main class for CougaarME is org.cougaar.microedition.node .Node . 
There are two options for initializing a CougaarME node. It can read its configuration file 
from a local file by receiving the file name as the first argument to the main class. For 
example: 
 

java org.cougaar.microedition.cluster.Node MyAgent.xml  

 
Causes the node to read the local file “MyAgent.xml” for its configuration information. 
The node uses the CLASSPATH as a search path to find the file, so the configuration file 
could also be bundled in a JAR file with the classes, if desired. 
A CougaarME agent can also read its configuration information from a network server. 
This server also acts as a name server for the new agent. See the discussion of name 
services, below. To start a node that will read its configuration information from a server, 
provide three arguments to Node: 1) Agent name, 2) Server network name (or IP 
address), and 3) Server network port.  Here is an example: 

 
java org.cougaar.microedition.cluster.Node MyAgent 127.0.0.1 1235  

 
This command will cause the node to contact a server at IP address 127.0.0.1 (localhost) 
on port 1235 for its configuration. The server can use the name of the agent to look up the 
configuration. Network server configuration can be much easier to manage than local file 
configuration because several CougaarME agents can be managed from one server.  
However, some CougaarME platforms lack network connectivity, so local file 
configuration is required. See the discussion of 
org.cougaar.microedition.se.domain.NameServerPlugIn  in the Name 
Services section below for an example of a Cougaar plugin that manages network 
configuration for CougaarME agents. 
 
In summary, the top-level pseudo-code for the operation of the node looks like this: 
 

if (1 argument)  
  get configuration from file  
else if (3 arguments)  
  get configuratio n from server  
 
create message transport services  
initialize resources  
initialize plugins  
while (true)  
  service subscriptions  

 



PlugIns  
The design and operation of CougaarME plugins is very much like the design and 
operation of Cougaar plugins. The interface that must be implemented has a 
setupSubscriptions()  and execute()  method, subscriptions are defined by 
UnaryPredicates, etc.. However, some of the features of the Cougaar plugin API are not 
implemented in the CougaarME API.  Also, some of the objects used by the Cougaar API 
are not available in the J2ME VM (collection classes, for instance) and are replaced by 
other, simpler classes. 
The base interface for all CougaarME plugins is 
org.cougaar.microedition.plugin.PlugIn . However, this interface has no 
means for communication with the blackboard, so most (all) plugins will extend 
org.cougaar.microedition.plugin.PlugInAdapter , which has facilities 
for blackboard manipulation and configuration parameters. 

Initialization  
Plugin initialization occurs through the setupSubscriptions()  method. This 
method is called exactly once when the agent is started and is the plugin’s chance to do 
things like make subscriptions and allocate resources. It is called within a transaction so 
all blackboard methods (publishAdd() , etc.) are available. 
Plugins can read parameters from the XML file by calling the PlugInAdapter’s 
getParameters()  method. This method returns null if there are no parameters or a 
Hashtable  containing a hash of parameter names to values. Note that all parameters 
are String-String pairs.  For example, a plugin initialized with this line in the XML file: 
 
  <plugin foo="bar">org.cougaar.microedition.plugin.SomePlugIn</plugin>  

 
Could get the value of the parameter like this: 
    
   if (getParameters() != null) {  
      String foo = (String)getParameters().get("foo");  
      // foo now equals “bar”  
   }  

 
There is a built-in parameter for all plugins called “debug”. Its value can be queried using 
the PlugInAdapter’s isDebugging()  method.  The debug parameter can be used to 
turn on or off diagnostic output. For example, this line in the configuration file will cause 
isDebugging()  to return true for this plugin: 
 
  <plugin debug="true">org.cougaar.microedition.plugin.MessageRecvPlugIn</plugin>  

 
So the plugin could use code like this to conditionally provide diagnostics: 
 
if (isDebugging()) System.out.println(“I am in debug mode”);  

Subscriptions  
As in Cougaar, CougaarME subscriptions are defined by an instance of 
UnaryPredicate .  For CougaarME the UnaryPredicate class is 



org.cougaar.microedition.util.UnaryPredicate . UnaryPredicate 
specifies one method: 
 

public boolean execute(Object o);  

 
If this method returns ‘true’ for an object that has been published to the blackboard, it is 
added to the subscription. As in Cougaar, added, changed, and removed lists are available 
as well as the list of all matching objects. Because of the limitations of the J2ME class 
library, CougaarME uses Vectors rather than Collections to store subscription contents. 
Sometimes, a plugin will make changes to the objects it subscribes to but is not interested 
in waking up because of those changes. In these cases, a plugin can call the method 
setSeeOwnChanges(false)  on the subscription to avoid being awoken for changes 
that the plugin itself made. 

Transa ctions  
As in Cougaar, all interactions with the blackboard need to occur within a transaction to 
ensure thread-safety. The plugin methods setupSubscriptions()  and 
execute()  are called within subscriptions, so the developer of these methods does not 
need to explicitly open and close transactions. 
However, many plugins spawn threads that also need to publish to the blackboard. These 
threads must explicitly open a transaction before publishing and close the transaction 
when finished. The plugins’ openTransacti on()  and closeTransaction()  
methods are used to manually control the state of the transaction. Note that only one 
plugin has access to the blackboard at once, so keep the time that the transaction is open 
to a minimum.  

Resources  
Resources are a type of Asset specific to CougaarME. They represent some physical 
device or capability that can be manipulated by plugins. For example, a Dallas 
Semiconductor DS1820 chip is a thermometer that can be used by a TINI board, so it is 
implemented as a simple resource in 
org.cougaar.microedition.tini.TiniThermometerResource .  
Resources are created during the node initialization sequence before the plugins’ 
setupSubscriptions()  is called. Once created, the resources are published to the 
blackboard. So, a plugin that needed to know the temperature could subscribe to the 
TiniThermometerResource  resource and use it to find out the current temperature. 
All resources implement the org.cougaar.microedition.asset.Resource  
interface but most resources extend ResourceAdapter . The resource’s initialization 
can occur either in the (no-argument) constructor or in its setParameters()  method. 
Note that the parameters are not yet available in the no-argument constructor. A resource 
that overrides setParameters()  should call super.setParame ters()  to 
ensure that the base class initialization is done. 
Like plugins, resources can also receive parameters from the XML configuration file. 
These parameters are often things like I/O channels, sample rates, etc.. In this example, a 
resource receives its channel assignment from a parameter: 



 
  <resource channel=”4”>org.something.SomeResource</resource>  

 
Many resources have separate interfaces and implementations so that plugins are not tied 
to the specifics of the hardware. The following diagram shows an example from the 
current implementation.  
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ResourceAdapter

ThermometerResource

SensorResource

TiniThermometerResource

Base interface for 
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Base interface for 
all resources

Abstract class provides 
common services for 
resources

Abstract thermometer 
class

Abstract sensor class. 
Provides services and 
interface for all simple 
sensors.

Concrete class. Uses 
DS1820 chip to measure 
the temperature.

 
 
This allows the plugin to subscribe to something generic like a “thermometer” rather than 
a specific implementation like a “tini thermometer.”  This facilitates code reuse since a 
new plugin is not needed for a new hardware platform – just a new resource.  The 
hardware-specific code is isolated in the resources. 

Task Structure  
CougaarME tasks contain a subset of the properties of Cougaar tasks.  Specifically, these 
are the Cougaar task-related components and how CougaarME supports them. 

• Verb – As in Cougaar 
• UniqueID – As in Cougaar 
• DirectObject – Not supported 
• Prepositions – As in Cougaar except the indirect object must be a String 
• Preferences – Not Supported.   



• Allocation – Has ReportedResult only 
• AllocationResult – All values are longs rather than doubles – the KVM has no 

floating-point types. 
• Expansion – Not Supported. 
• Aggregation – Not Supported. 

Allocations and other plan elements are not really part of the task, but are mentioned here 
for completeness. The following figure shows the relationships between the Task objects. 

MicroAllocationResult

aspects : int[]
values : long[]
success : boolean
confidenceRating : long

MicroTask

verb : String
uniqueID : String

MicroPrepositionalPhrase

preposition : String
indirectObject : String

0..*0..*

MicroAllocation

0..*0..*0..10..1

MicroAsset

0..10..1

 
 
Task-related classes are defined in the package 
org.cougaar.microedtition.shared . As the name implies, these classes are 
shared between CougaarME and the Cougaar domain that provides the interface logic 
between Cougaar and CougaarME. As such, they must reference only those classes 
common among all of the virtual machines used by Cougaar and CougaarME. This works 
out to most of java.lang  and some of java.util . 
CougaarME tasks implement the Encodable  interface which means that they know 
how to write themselves as XML. They write their own fields (as attributes, usually) and 
then use the Encodable  interface to write their sub-objects.  For reference, here is an 
example encoded task (formatting added) 
 

 
 

<?xml version="1.0"?>  
<MicroTask verb="AVerb" UniqueID="AnAgent/123456789">  
  <MicroAllocation>  
    <MicroAllocationResult success="true" risk="1" confidenceRating="2" numAspects="4" >  
      <MicroAllocationResultAspect aspect="1" value="1100"/ > 
      <MicroAllocationResultAspect aspect="2" value="2200"/>  
      <MicroAllocationResultAspect aspect="3" value="3300"/>  
      <MicroAllocationResultAspect aspect="4" value="4400"/>  
    </MicroAllocationResult>  
  </MicroAllocation>  
  <MicroPrepositional Phrase preposition="Preposition1" indirectObject="Ind - Obj1"/>  
  <MicroPrepositionalPhrase preposition="Preposition2" indirectObject="Ind - Obj2"/>  
</MicroTask>  



Messaging  
Because J2ME CLDC does not support object serialization, the choice of messaging 
protocol is limited. CougaarME uses an XML protocol over TCP sockets to communicate 
tasks between agents. CougaarME nodes can communicate with other CougaarME nodes 
as well as with Cougaar agents that contain the MicroTaskPlugIn (described below). 
Every message is a small XML document that contains the elements of a Task and its 
Allocation and AllocationResult (if any) as described above. The message is prefixed 
with the name of the sending agent and a colon (“:”) so a reference to the message source 
can be established. Some virtual machines cannot reliably detect EOF on sockets, so all 
messages end with a terminating null byte. 
 
org.cougaar.microedition.plugin.MessageSendPlugIn and 
org.cougaar.microedition.plugin.MessageRecvPlugIn 
When a Task is allocated to a MicroCluster, it is XML encoded and transmitted to the 
other agent. The MessageSendPlugIn is responsible for the encoding and transmission. 
The MessageRecvPlugIn receives the encoded Task, decodes it, and publishes in the 
destination agent. The MessageRecvPlugIn is also responsible for transmitting any 
allocation and allocation result information back to the sending agent where the 
MessageSendPlugIn updates it. This Task information is XML-encoded in the same 
format as the original transmission. 

Name Servic es 
The CougaarME name services are not part of its infrastructure, but are implemented as a 
set of plugins. The current implementation includes a Cougaar plugin that can serve as a 
name server for a set of CougaarME agents. The name server plugins are: 
org.cougaar.microedition.se.domain.MicroAgentMessagePlugIn 
This Cougaar plugin creates and registers an instance of the MEMessageService, which is 
used to send and receive messages between CougaarSE and CougaarME agents.  It must 
be listed before any of the following plugins in the agent .ini file. 
 
org.cougaar.microedition.se.domain.NameServerPlugIn 
This Cougaar plugin listens for name service messages from a CougaarME agent. When 
CougaarME is started with three arguments, it attempts to contact a name server to 
register and receive its configuration information. This plugin receives those registration 
messages and responds by: 

1) Reading a file by the name agentName.xml in the current directory where 
“agentName” is the name of the registering CougaarME agent. 

2) Parsing the XML file to determine the port at which it can contact the new 
CougaarME agent. If none is specified, it assigns one. 

3) Creating an instance of 
org.cougaar.microedition.se.domain.MicroCluster  to 
represent the new CougaarME agent and publishing it to the Cougaar agent’s 
blackboard.  

4) Writing the CougaarME agent’s configuration XML document to the new agent’s 
socket. 

 



org.cougaar.microedition.plugin.ClusterQueryPlugIn 
This CougaarME plugin is used by other CougaarME plugins to find other agents by 
name or capability.  It subscribes to ClusterQuery objects, which are published by plugins 
than need to allocate to other agents. When the ClusterQueryPlugIn receives a 
ClusterQuery, it XML encodes it and sends it to the NameServerPlugIn in the Cougaar 
agent. The NameServerPlugIn looks up the zero or more agents that match the query 
parameters and writes their information back to the ClusterQueryPlugIn. The 
ClusterQueryPlugIn then creates a new MicroCluster for each matching agent an 
publishes them to the plan. It then does a publishChange()  on the ClusterQuery to 
notify the querying plugin that the query has completed. The following sequence diagram 
shows this interaction. 
 

ClusterQueryPlugInPlugIn NameServerPlugIn Cougaar 
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CougaarME 
Blackboard

publish ClusterQuery
subscription fires
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XML-encode 
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MicroClusters

lookup 
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XML-encode 
response

transmit document

publish new Micro
Clusters

publishChange 
ClusterQuery

subscription fires

Process new Micro
Clusters as 
appropriate

 

 

Cougaar/CougaarME Interoperability  
A primary design goal for CougaarME is seamless integration with Cougaar societies. To 
that end, a Cougaar service and a set of plugins have been built to facilitate the exchange 



of task information between Cougaar and CougaarME agents. This section discusses the 
details of Cougaar-CougaarME communication. 

Naming services  
As discussed above, a Cougaar agent can act as a name server for a community of 
CougaarME agents. Because the CougaarME agents do not participate in the Cougaar 
namespace, a hierarchical naming scheme is possible. That is, CougaarME names do not 
have to be unique within an entire Cougaar society, only within their name server 
community.  For example: 
 

Cougaar
Agent1

Cougaar 
NameServer

ME 
Agent1

ME 
Agent2

ME 
Agent3

ME 
Agent1

ME 
Agent2

ME 
Agent3

ME 
Agent1

ME 
Agent2

ME 
Agent3

ME 
Agent1

ME 
Agent2

ME 
Agent3

Cougaar
Agent2 Cougaar

Agent3

Cougaar
Agent4

These names don’t 
need to be unique 
unless the agents 

share name services

 
 
In this example, there are four Cougaar agents in a small society. Each one is a name 
server for three CougaarME agents. Note that the CougaarME agents do not need society-
unique names because their visibility is limited to their Cougaar agent name server.  
This is particularly useful if you have a number of distinct but identical devices that each 
have a number of component agents. For example an autonomous vehicle might have a 
Cougaar agent for its command and control, and a CougaarME agent for each of its 
sensors and actuators. By using the hierarchical nature of the CougaarME namespace, the 
only agent that needs a unique name is the Cougaar agent that represents the vehicle to 
the society.  Here is an example society for one such vehicle: 
 



Command and 
Control

<Cougaar>

Locomotion
<CougaarME >

Navigation
<CougaarME >

Sensing
<CougaarME >

Camera
<CougaarME >

To other vehicles

 
The names for the embedded agents (Locomotion, Navigation, etc.) are not visible 
outside the vehicle, so the vehicle’s society can be easily replicated for other vehicles. 

Task handling  
As mentioned above, the Cougaar NameServerPlugIn publishes a MicroCluster object for 
each CougaarME agent it has registered. Any plugin within the Cougaar agent can 
allocate a task to the MicroCluster and it will be transmitted to the CougaarME agent for 
further processing. The Cougaar plugin responsible for this is 
org.cougaar.microedition.domain.se.MicroTaskPlugIn. It XML -encodes the task and 
sends it to the CougaarME agent. It also responds to messages from the CougaarME 
agent and updates the task’s AllocationResults accordingly. 
The Cougaar task grammar is much more elaborate than the CougaarME task grammar so 
Cougaar tasks must be translated before they can be sent to a CougaarME agent.  The 
rules for translating between Cougaar tasks and CougaarME tasks are: 
 
Cougaar Task Field Translation to CougaarME Task 
Verb Copied 
Direct Object Ignored 
Prepositional Phrases Preposition copied; IndirectObject converted using toString() 
Preferences Ignored 
 
The conversion of Cougaar Allocations and AllocationResults to CougaarME is: 
 
Cougaar Allocation Field Translation to CougaarME Allocation 
Success Copied 
Aspects Copied 
Values Multiplied by 1000.0 and converted to long 
Preferences Ignored 



Java Package Descriptions  
Package Description 
org.cougaar.microedition.asset  Contains Asset classes including agent, sensor, 

and actuator assets.  
org.cougaar.microedition.demo  Contains classes to support the robot 

demonstration user interface.  
org.cougaar.microedition.demo.ugs  Contains demo user interface code for the 

Unattended Ground Sensors concept.  
org.cougaar.microedition.io  I/O classes for the Cougaar ME.  
org.cougaar.microedition.kvm  Includes classes (plugins and other things) 

specific to the KVM.  
org.cougaar.microedition.ldm  The Cougaar ME Logical Data Model elements. 
org.cougaar.microedition.node  Core elements of the agent implementation.  
org.cougaar.microedition.plugin  Subscriber and PlugIn base classes and 

interfaces.  
org.cougaar.microedition.plugin.test  Contains plugins used to test agent-agent 

communications.  
org.cougaar.microedition.se.domain  Infrastructure service and utility interface 

plugins for CougaarSE that enable 
communications with CougaarME.  

org.cougaar.microedition.se.robot  Measurement and control plugins associated 
with the Cougaar Robot.  

org.cougaar.microedition.se.test  Plugins used to test the interface between 
CougaarME and CougaarSE.  

org.cougaar.microedition.se.ugs  Plugins associated with unattended ground 
sensors (UGS).  

org.cougaar.microedition.shared  These classes are shared between the 
CougaarME and CougaarME domain.  

org.cougaar.microedition.shared.tinyxml  The TinyXML package is imported from 
http://www.gibaradunn.srac.org/tiny/index.shtml 

org.cougaar.microedition.shared.tinyxml.test  The TinyXML package is imported from 
http://www.gibaradunn.srac.org/tiny/index.shtml 

org.cougaar.microedition.shared.tinyxml.util  The TinyXML package is imported from 
http://www.gibaradunn.srac.org/tiny/index.shtml 

org.cougaar.microedition.tini  Contains plugins and resources specific to the 
TINI hardware and VM.  

org.cougaar.microedition.tini.ugs  Contains plugins and resources specific to the 
TINI hardware and VM in support of the 
Unattanded Ground Sensors concept.  

org.cougaar.microedition.util  Miscellaneous utility classes for Cougaar ME. 

Appendix A: Portability Considerations  
Because the Cougaar MicroEdition core architecture is intended to be portable across a 
wide variety of Java virtual machines, it uses only those Java classes that are 1) available 



on every virtual machine; or 2) abstracted through the factory classes described above. 
These restrictions do not apply to plugins and resources, which may use platform-specific 
services as long as the plugins are in a platform-specific package (like 
org.cougaar.microedition.kvm  for the KVM-specific plugins). To support 
reuse, plugins should be platform-independent whenever possible. Plugin and resource 
designers can use the asset abstraction mechanism described above to achieve plugin 
platform independence. This section outlines some of the portability considerations for 
the supported virtual machines. 

KVM 
The K Virtual Machine is a very limited environment and forces most of the core 
infrastructure limitations of CougaarME.  Most notably, its lack of support for floating-
point types makes necessary the use of Java longs for aspect values rather than the 
doubles used by standard Cougaar. Because fractional values are required for sensor data, 
CougaarME SensorResources have a scalingFactor  property that is used to convert 
between CougaarME longs and Cougaar doubles. This scaling factor defaults to 1000.0.  
The KVM also implements a different network API than the standard java.net package. 
This difference is abstracted through the factory classes described above to present the 
subset of the socket functionality needed by the core infrastructure. 

TINI 
The Tiny Internet Interface (TINI) operating system includes a JVM with a large subset 
of the JDK 1.1.8 API. Its interface is compatible with the standard J2SE JVM and its 
factory is used by default. 
The TINI VM also includes libraries to access the one-wire device bus. These interfaces 
are specific to the TINI VM and should only be used from TINI-specific plugins and 
resources. 

Palm MIDP  
The Mobile Information Device Profile (MIDP) extends the KVM with classes to support 
a simple GUI. These classes are not (currently) part of the KVM proper and should not be 
used in the core infrastructure, but may be used in platform-specific plugins and 
resources. 

Appendix B: ControlPlugIn and ControlResource  
 
The ControlPlugin defines a generic CougaarME plug-in for controlling/reading an 
actuator/sensor device. For example, the ControlPlugin can be used to poll for position 
data from a GPS receiver, sound level from an ultrasonic sensor or activate a step-motor. 
 



Like other Cougaar ME plug-ins, the ControlPlugIn is instantiated by means of an XML 
file read by the node at run time. Certain parameters must accompany the ControlPlugIn 
declaration in order to be useful. Here is an example XML declaration where the 
ControlPlugin is assigned the TiniSonarController resource: 

  
Here is a description of each XML parameter used by the ControlPlugIn: 
 
Paramter Description Note 
Resource (required) The name of the 

ControllerResource 
controlled by ControlPlugIn 

Resource must also be 
specified elsewhere in the 
XML  

Command (required) Task verb that the plugin 
will subscribe to. 

Generally the command that 
the resource is associated 
with. 

Parameter/parametervalue Generic resource settings to 
apply at runtime 

Parameter must be 
understood by resource 

Sleeptime Milliseconds controlplugin 
will sleep before polling 
resource again 

Defaults to 1000 

 
The ControlPlugin is used in conjunction with a ControllerResource type object that 
defines the public interface to a sensor/actuator. To develop a new resource that one can 
use with the ControlPlugin, the ControllerResource must define the following methods. 
 
Method Description 
public abstract int getNumberAspects(); 
 

Returns number of aspects that this 
resource will report. Zero is a valid 
number. 

public abstract void getValues( long [] 
values) 

Method must fill passed in array with the 
aspect data reported by resource 

  public abstract void getValueAspects(int 
[] values); 

For each aspect, the identifying constant. 

public boolean getSuccess() Determines if allocation result is a success 

<?xml version="1.0"?>  
<NodeConfiguration>  
  <description>SONARSensor</description>  
 
  <resource> org.cougaar.microedition.tini.TiniSONARController</resource>  
 
  <plugin resource="TiniSONARController" command="ReportDetection"              
                    parameter="Threshold" parametervalue=" 3.0" sleeptime="100">  
                    org.cougaar.microedition.plugin.ControlPlugIn</plugin>  
 
  <! --  Infrastructure PlugIns -- > 
  <plugin>org.cougaar.microedition.plugin.MessageRecvPlugIn</plugin>  
  <plugin>org.cougaar.microedition.plugin.MessageSendP lugIn</plugin>  
  <plugin>org.cougaar.microedition.plugin.ClusterQueryPlugIn</plugin>  
</NodeConfiguration>  



public abstract void startControl(); Begin sensing/activation 
public abstract void stopControl(); End  sensing/activation 
public abstract boolean isUnderControl(); True if device is under control or activation 

by plugin 
  public abstract void modifyControl(String 
controlparameter,  String 
controlparametervalue); 
 

Generic modification method to change 
parameters of resource run time. 

public abstract boolean 
conditionChanged(); 
 

Determines if allocation needs to be 
created. 

 
   
Theory of operation: 
 
Initialization: 
 
When ControlPlugIn setupSubscriptions  method is called, the plugin will 
subscribe to tasks with the verb equal to the <command> specified in the plugin 
parameters. It will also subscribe to an instance of ControllerResource of <resource> 
name.  
 
Execution: 
 
When the subscribed task is published and added to the black board, the plugin will 
extract any prepositions from the task and pass them to the ControllerResource as 
parameters via the modifyControl  method. It will also do this if the task appears on 
the published changes list. 
 
If the task is newly added, the task is “associated” with the resource (overriding any 
previous task that was associated) and a thread is spawned that is used to “poll” the 
resource at time intervals spaced by <sleeptime>.  When the thread wakes up, it makes 
sure it is still associated with the resource. If so, it calls the resource’s conditionChanged 
method. If the method returns false, the thread goes back to sleep and polls again later. 
 
If the conditionChanged  method returns true, the thread will create an allocation 
result using the getNumberAspects , getValues , getValueAspects  and 
getSuccess  methods of the resource. The allocation result is published and the thread 
will return to sleep as before. 
 
Thread completion: 
 
Case A) If another task is published add, another thread will be spawned and the 
resource’s association will change to the new task. When the old thread awakens, it will 
notice it is no longer associated with the resource and quietly die. 
 



Case B) If the task should be published removed, the task’s thread is instructed to die the 
next time it awakens. If the thread is still associated with the task when it awakens, it will 
call the resource’s stopControl  method before dying. 
 
Developing Controller Resources 
 
In order to use the generic ControlPlugin, it should only be necessary to develop a 
ControllerResource object by implementing a class with the abstract methods defined. 
There are already several examples to draw from: 
 
Name Description 
TiniSONARController Condition change is “true” if sound level 

exceeds threshold.  
TiniGPSLocationControllerResource Reports GPS latitude, longitude, heading and 

time as an allocation result. 
TiniBogusLocationResource Pretends to be a GPS like resource for indoor 

debugging 
TiniMach5LocomotionResource Controls robot wheel base to rotate and translate. 

Reports allocation result when destination is 
reached.  

TiniMach5PositionResource Reports Lat, Lon and heading based on dead 
reckoning of robot motions 

TiniTurretController Controls step motor and reports result when 
sweep is completed 

ImagingController Controls digital camera 
 
 
 

Appendix C: The CougaarME Robot Specifications  
 
As part of the Advanced Logistics Project (ALP), BBN Technologies built a simple 
mobile robot to demonstrate the unique features of Cougaar and CougaarME. The 
hardware design of that robot is captured in this appendix. 
 

High -level Architecture  
Each robot contains six computers – 5 TINI boards and a 100 MHz 486 PC/104 board. 
Each TINI board is mounted on a Systronix STEP interface board so it will fit in a 
standard euro-sized enclosure. The six computers communicate through an on-board 
10BaseT LAN. The PC/104 computer is also equipped with an IEEE 802.11 wireless 
network card so the robots can communicate with one another and other Cougaar agents.  
A GPS sensor, an acoustic sensor, and a digital camera are mounted to the top of the 
enclosure.  The enclosure itself is mounted to the top of a MACH5 mobility platform 
manufactured by Newton Research Labs. A picture of a completed unit appears below. 



 

 
 The following diagram shows the internal components and interconnections of the robot. 
A description of each component follows. 
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PC/104 Stack  
The PC/104 stack consists of three components. 

1) A 100MHz 486 PC AMPRO model CM/4GE.  This computer runs a CougaarME 
agent that controls the camera (a Kodak DC215) via the second RS-232 port.  It 
runs a stripped-down version of RedHat Linux. 

2) AMPRO PCMCIA PC/104 adapter 
3) Tri-M V104-512-TAC 25W DC/DC power converter.  This converter also 

supplies power (5V) for the Ethernet hub. 

Ethernet Hub  
Ethernet 10BaseT Hub, Allied Telesyn AT-RH509BE.  Screwed to a eurocard for 
mounting. 

Power Breakout  
Screw-terminal power breakout. Screwed to a eurocard for mounting. 
 



Battery  
Lead acid battery - 12VDC (12Ah).  Panasonic LC-RA1212P1.  It’s low-tech and heavy, 
but we found we get about 5-6 hours out of one, even with all of the equipment running. 



Turret Control TINI  
The turret for on which the sonar sensor is mounted is controlled by a TINI board 
mounted to a STEP with some custom circuitry to control a common stepper motor.  The 
circuit appears below.  Pins 7 and 9 of the EDE1200 should be connected to the TINI I/O 
pins. 

 



 

MACH5 Control TINI  
The MACH5 mobility base is controlled via an RS-232 line on one of the TINIs. Note 
that the STEP board must be properly jumpered to select the secondary RS-232 line and 
not the 1-wire bus. The MACH5’s onboard computer runs a program written by Newton 
Labs that accepts commands over the serial port.  This connection requires a null-modem 
cable. 

GPS Control TINI  
The GPS data is accessed via an RS-232 line on one of the TINIs. Note that the STEP 
board must be properly jumpered to select the secondary RS-232 line and not the 1-wire 
bus. The GPS equipment is an RT-STAR differential GPS unit manufactured by BAE 
Systems, Inc. This connection requires a null-modem cable. 

LED Control TINI  
One TINI controls an LED mounted on the front of the chassis (not visible in the picture). 
The circuitry to control the LED is shown below.  Note that the 5V supply comes from 
the A/D converter on the STEP board used in D/A mode.  See the STEP board 
documentation for details. 
 
 

 

Sonar Control TINI  
The sonar receiver detects a 40KHz tone using a Panasonic ultrasonic receiver and some 
custom circuitry (below).  To improve the directionality of the receiver, we found that it 
helped to place the receiver at the end of a foam-lined tube, which we mounted to the 
turret. 



 

 
 



We also built a simple transmitter for testing. It emits a 40KHz tone, but is somewhat 
temperature-sensitive so it has a tuning pot. Its schematic appears below. 

 

Internet References for Robot Parts  
Web Address Description 
www.systronix.com Manufacturers of the STEP interface board 

used with the TINI. 
www.newtonlabs.com Manufacturers of the MACH5 mobility 

platform used for locomotion. 
www.ibutton.com/TINI Web site for the Dallas Semiconductor TINI 

board. 
www.ampro.com Manufacturers of PC/104 hardware. 
http://www.baesystems-canada.com Manufacturers of GPS equipment. 
 


