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Summary
Viptos (Visual Ptolemy and TinyOS) is a joint modeling and design 
environment for wireless networks and sensor node software.

Background

configuration SenseToLeds {
} implementation {
  components Main, SenseToInt, IntToLeds, 
    TimerC, DemoSensorC as Sensor;
  Main.StdControl -> SenseToInt;
  Main.StdControl -> IntToLeds;
  SenseToInt.Timer -> TimerC.Timer[unique("Timer")];
  SenseToInt.TimerControl -> TimerC;
  SenseToInt.ADC -> Sensor;
  SenseToInt.ADCControl -> Sensor;
  SenseToInt.IntOutput -> IntToLeds;
}

configuration TimerC {
  provides interface Timer[uint8_t id];
  provides interface StdControl;
} implementation {
  components TimerM, ClockC, NoLeds, 
    HPLPowerManagementM;
  TimerM.Leds -> NoLeds;
  TimerM.Clock -> ClockC;
  TimerM.PowerManagement -> HPLPowerManagementM;
  StdControl = TimerM;
  Timer = TimerM;
}

<?xml version="1.0"?>
<!DOCTYPE plot PUBLIC "-//UC Berkeley//DTD MoML 1//EN" 
    "http://ptolemy.eecs.berkeley.edu/xml/dtd/MoML_1.dtd">

<class name="TimerC" extends="ptolemy.domains.ptinyos.lib.NCComponent">
  <property name="source" value="$CLASSPATH/tos/system/TimerC.nc" />
  <port name="StdControl" class="ptolemy.actor.IOPort">
    <property name="input" />
    <property name="_showName" class="ptolemy.kernel.util.SingletonAttribute" />
  </port>
  <port name="Timer" class="ptolemy.actor.IOPort">
    <property name="input" />
    <property name="multiport" />
    <property name="_showName" class="ptolemy.kernel.util.SingletonAttribute" />
  </port>
</class>

...
<entity name="MicaCompositeActor" 
    class="ptolemy.domains.ptinyos.lib.MicaCompositeActor">
  <entity name="Main" class="tos.system.Main" />
  <entity name="TimerC" class="tos.system.TimerC" />
  <entity name="SenseToInt" class="tos.lib.Counters.SenseToInt" />
  <entity name="IntToLeds" class="tos.lib.Counters.IntToLeds" />
  <entity name="DemoSensorC" class="tos.sensorboards.micasb.DemoSensorC" />
  ...
  <link relation="relation1" port="Main.StdControl" />
  <link port="IntToLeds.StdControl" relation="relation2" />
  <link relation1="relation2" relation2="relation1" />
  <link port="SenseToInt.StdControl" relation="relation3" />
  <link relation1="relation3" relation2="relation1" />
  <link relation="relation4" port="SenseToInt.Timer" />
  <link port="TimerC.Timer" relation="relation5" />
  <link relation1="relation5" relation2="relation4" />
  ...
</entity>
...

Original nesC source code

Example: Display sensed light level on LEDs

configuration 
    _SenseToLeds_InWireless_MicaBoard_MicaCompositeActor0 {
} implementation {
components Main, TimerC, IntToLeds, SenseToInt, DemoSensorC;
SenseToInt.TimerControl -> TimerC.StdControl;
SenseToInt.Timer -> TimerC.Timer[unique("Timer")];
SenseToInt.IntOutput -> IntToLeds.IntOutput;
Main.StdControl -> IntToLeds.StdControl;
Main.StdControl -> SenseToInt.StdControl;
SenseToInt.ADC -> DemoSensorC.ADC;
SenseToInt.ADCControl -> DemoSensorC.StdControl;
}

Execution time of the light sensing 
application.  Each simulation 
ran for 300 virtual seconds.

Execution time of a radio send and 
receive application.  Each simulation 
ran for 120 virtual seconds.

nc2moml harvests TinyOS nesC 
component files and converts them 
into Viptos MoML class files.

ncapp2moml harvests TinyOS nesC 
application files and converts them 
into Viptos MoML model files.

Example: Multihop Routing

Generated nesC code

Generated MoML code

For each node, a PtinyOSDirector generates a 
nesC file corresponding to the TinyOS program, 
as well as a Java loader for simulation, and a 
makefile for compilation.

Embedded Software Systems

Performance Evaluation

Graphical Development. Viptos allows developers to design TinyOS 
programs by constructing block and arrow diagrams, given any standard 
library of nesC/TinyOS components.

Code Generation. Viptos automatically transforms the diagram into a 
nesC program that can be compiled and downloaded from within the 
graphical  environment onto any TinyOS-supported target hardware.

Simulation. Viptos provides interrupt-level simulation of actual TinyOS 
programs, with packet-level simulation of the network, while allowing 
the developer to use other models of computation available in Ptolemy II 
for modeling the physical environment and other parts of the system.

Viptos is built on Ptolemy II, a graphical modeling and simulation 
environment for embedded systems, and TOSSIM, an interrupt-level 
discrete event simulator for homogeneous TinyOS networks.

A TinyOS program consists of a graph of components written in an 
object-oriented style using nesC, an extension to C.

Viptos includes the full capabilities of VisualSense, a Ptolemy II 
environment that can model communication channels, networks, and 
non-TinyOS nodes. Viptos presents a major improvement over 
VisualSense by allowing developers to refine high-level wireless 
sensor network simulations down to real-code simulation and 
deployment, and adds much-needed capabilities to TOSSIM by 
allowing simulation of heterogeneous networks.


