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Macroprogramming with the Abstract Task Graph (ATaG)

Programming abstractions

� Tasks can use data items at the 
desired level of abstraction
without worrying about who 
produces it and how

� Tasks are unaware of each other, 
leading to highly extensible, 
reusable programs

� Communication and coordination is 
performed in the underlying system 
and hidden from the programmer

Why data-driven computing?

Software and hardware

� Event-driven processing leads to 
efficient resource utilization

� Parameterized runtime system 
template is amenable for 
automatic software synthesis

� Runtime system can be ported to an 
entirely different platform while 
providing the same application-level 
interface

Data-driven control flow over a distributed data store

• An event can carry information about a phenomena (target location, 
temperature reading) or merely indicate its occurrence to the next 
phase of processing

• Task firing rules – periodic, any-data, and all-data – allow the 
specification of a range of sophisticated execution patterns

• Scheduling and communication is managed by a runtime

• Programmer does not write networking code

• System-level optimizations can be performed without requiring 
rewrite of application-level code

• Pros: Modularity, reusability, extensibility, low program complexity

• Cons: Asynchronous interaction, unpredictable delays, limited control 
over execution ordering

Mixed imperative-declarative program specification

• Separation of concerns:  “what” of processing vs. “when and where”

• Imperative portion is a traditional (C/Java) sequential program
interacting with the data pool

• Declarative portion is interpreted – at compile time and at run time –
in the context of a particular network architecture

• Imperative and declarative parts can be modified independently

Key ConceptsMacro @ application level
• Defining and manipulating events at high levels of 

abstraction

• Examples: “latest position of target”, “boundaries of all regions 
where temperature is greater than threshold”, “coordinates of all 
malfunctioning sensors”

Macro @ architecture level
• Specifying distributed computation in aggregate terms

• Examples: “apply f(x) to all variables x within 10m”, “construct
spanning tree rooted at node x”

Tradeoffs
• Expressiveness: How many lines of code are required to express a 

‘common behavior’?

• Efficiency: How much control does the programmer have?

• Reusability: How much reuse is available across applications and
architectures?

• Automation: How much of the process can be automated?

• “The Abstract Task Graph: A Methodology for Architecture-Independent Programming of Networked Sensor Systems”,  
A. Bakshi, V. K. Prasanna, J. Reich, and D. Larner.  Workshop on End-to-end Sense-and-Respond Systems (EESR), 
in conjunction with MobiSys, Jun. 5, 2005.

• “System-level Support for Macroprogramming of Networked Sensing Applications", A. Bakshi, A. Pathak, and 
V. K. Prasanna, International Conference on Pervasive Systems and Computing (PSC), Jun. 27-30, 2005.

Programming Idioms

Temperature

local all-nodes

Sampler

[nodes-per-instance:1]
[periodic:10]

Collector

[one-on-node-ID:0]
[any-data]

Monitor

[nodes-per-instance:1]
[periodic:10 || any-data]

Temperature

1-hop && 
¬local

local

Sampler

[nodes-per-instance:1]
[periodic:10]

Temperature

local

Aggregate

[nodes-per-instance:1]
[any-data]

Maximum

parentlocal children

Centralized Collection Neighbor-to-Neighbor Tree-based Aggregation

local

Sampler

[nodes-per-instance:1]
[periodic:10]

TargetAlert

10m ∧ local

LeaderElect

[nodes-per-instance:1]
[any-data]

LeaderID

10m ∧
¬local

local

Supervisor

[one-on-node-ID:0]
[any-data]

TargetInfo

all-nodeslocal

Target Tracking

LocalAlarm

10m: Pull
local

Corroborator

[nodes-per-instance:1]
[any-data]

GlobalAlarm

local
local

Monitor

[nodes-per-instance:1]
[periodic:10 || any-data]

Temperature

1-hop && 
¬local

local

Run time Event Corroboration

Visual ATaG Programming and Software Synthesis

Auto-generated code skeleton
package atag.application;

import atag.runtime.*;

import atag.sensor.*;

import atag.runtime.config.*;

import visualizer.*;

public class SampleAndThreshold implements Runnable {

private DataPool m_dataPool;

private DataItem m_dataitem;

private Config m_myState;

private Sensor m_aSensor;

private NetworkArchitecture m_networkArchitecture;

private GUI m_GUI;

private GUIMessage m_guiMessage;

private TargetAlert m_targetAlert = new TargetAlert();

public Supervisor(DataPool dp, Config myconfig,

NetworkArchitecture t_networkArchitecture, GUI t_GUI) {

m_dataPool = dp;

m_myState = myconfig;

m_networkArchitecture = t_networkArchitecture;

m_GUI = t_GUI;

}

public void run() {

try {

for(;;) {

// No input items for this task

// Insert computational code HERE

// Now write output data items

m_dataitem = new DataItem(IDConstants.D_TARGETALERT,

IDConstants.T_SAMPLEANDTHRESHOLD, m_targetAlert);

m_dataPool.putData(m_dataitem);

Thread.sleep(3000);

}

}

catch (InterruptedException e)

return;

}

}

package atag.application;

import atag.runtime.*;

import atag.sensor.*;

import atag.runtime.config.*;

import visualizer.*;

public class SampleAndThreshold implements Runnable {

private DataPool m_dataPool;

private DataItem m_dataitem;

private Config m_myState;

private Sensor m_aSensor;

private NetworkArchitecture m_networkArchitecture;

private GUI m_GUI;

private GUIMessage m_guiMessage;

private TargetAlert m_targetAlert = new TargetAlert();

public Supervisor(DataPool dp, Config myconfig,

NetworkArchitecture t_networkArchitecture, GUI t_GUI) {

m_dataPool = dp;

m_myState = myconfig;

m_networkArchitecture = t_networkArchitecture;

m_GUI = t_GUI;

}

public void run() {

try {

for(;;) {

// No input items for this task

// Insert computational code HERE

// Now write output data items

m_dataitem = new DataItem(IDConstants.D_TARGETALERT,

IDConstants.T_SAMPLEANDTHRESHOLD, m_targetAlert);

m_dataPool.putData(m_dataitem);

Thread.sleep(3000);

}

}

catch (InterruptedException e)

return;

}

}

Populated by programmer
package atag.application;

import atag.runtime.*;

import atag.sensor.*;

import atag.runtime.config.*;

import visualizer.*;

public class SampleAndThreshold implements Runnable {

private TargetAlert m_targetAlert = new TargetAlert();

private DataPool m_dataPool;

private DataItem m_dataitem;

private Config m_myState;

private Sensor m_aSensor;

private NetworkArchitecture m_networkArchitecture;

private mGUI m_GUI;

private GUIMessage m_guiMessage;

private int latestReading;

private static int oldReading;

private static boolean acquired=false;

public SampleAndThreshold(DataPool dp, Config myconfig, 

NetworkArchitecture t_networkArchitecture, mGUI t_GUI) 

{

m_aSensor = new Sensor(myconfig.myID(), Constants.ACOUSTIC_SENSOR);

m_dataPool = dp;

m_myState = myconfig;

m_networkArchitecture = t_networkArchitecture;

m_GUI = t_GUI;

}

public void run() {

try {

for (; ; ) {

latestReading = m_aSensor.reading();

m_dataitem = new DataItem(IDConstants.D_TARGETALERT, 

IDConstants.T_SAMPLEANDTHRESHOLD, m_targetAlert);

if (latestReading > 0) {

m_targetAlert.setDistance(latestReading);

m_targetAlert.setAcquired(true);

if (!acquired)

acquired = true;

m_dataPool.putData(m_dataitem);

} else if (latestReading == 0 && oldReading != 0) {

acquired = false;

m_targetAlert.setAcquired(false);

m_dataPool.putData(m_dataitem);

}

oldReading = latestReading;

Thread.sleep(3000);

}

}

catch (InterruptedException e)

return;

}

}

package atag.application;

import atag.runtime.*;

import atag.sensor.*;

import atag.runtime.config.*;

import visualizer.*;

public class SampleAndThreshold implements Runnable {

private TargetAlert m_targetAlert = new TargetAlert();

private DataPool m_dataPool;

private DataItem m_dataitem;

private Config m_myState;

private Sensor m_aSensor;

private NetworkArchitecture m_networkArchitecture;

private mGUI m_GUI;

private GUIMessage m_guiMessage;

private int latestReading;

private static int oldReading;

private static boolean acquired=false;

public SampleAndThreshold(DataPool dp, Config myconfig, 

NetworkArchitecture t_networkArchitecture, mGUI t_GUI) 

{

m_aSensor = new Sensor(myconfig.myID(), Constants.ACOUSTIC_SENSOR);

m_dataPool = dp;

m_myState = myconfig;

m_networkArchitecture = t_networkArchitecture;

m_GUI = t_GUI;

}

public void run() {

try {

for (; ; ) {

latestReading = m_aSensor.reading();

m_dataitem = new DataItem(IDConstants.D_TARGETALERT, 

IDConstants.T_SAMPLEANDTHRESHOLD, m_targetAlert);

if (latestReading > 0) {

m_targetAlert.setDistance(latestReading);

m_targetAlert.setAcquired(true);

if (!acquired)

acquired = true;

m_dataPool.putData(m_dataitem);

} else if (latestReading == 0 && oldReading != 0) {

acquired = false;

m_targetAlert.setAcquired(false);

m_dataPool.putData(m_dataitem);

}

oldReading = latestReading;

Thread.sleep(3000);

}

}

catch (InterruptedException e)

return;

}

}

Maintain local state in
static variables

Create notification of 
acquisition or loss of 

target

numTaskDecls = 3;

taskDecls.add(IDConstants.T_SAMPLEANDTHRESHOLD, new  

TaskDeclaration(IDConstants.T_SAMPLEANDTHRESHOLD, new 

SampleAndThreshold(m_dataPool, m_config, m_networkArchitecture, m_GUI), 

Thread.MAX_PRIORITY-0, "NODES PER INSTANCE", false, 1, "PERIODIC", 1, true));

taskDecls.add(IDConstants.T_LEADER, new TaskDeclaration(IDConstants.T_LEADER, 

new Leader(m_dataPool, m_config, m_networkArchitecture, m_GUI), 

Thread.MAX_PRIORITY-1, "NODES PER INSTANCE", false, 1, "ANYDATA", 3600, false));

taskDecls.add(IDConstants.T_SUPERVISOR, new 

TaskDeclaration(IDConstants.T_SUPERVISOR, new Supervisor(m_dataPool, m_config, 

m_networkArchitecture, m_GUI), Thread.MAX_PRIORITY-2, "ONE INSTANCE ON NODE ID",  

false, 0, "ANYDATA", 3600, false));

numChannelDecls = 4;

channelDecls.add(0, new ChannelDeclaration(IDConstants.T_SUPERVISOR, 

IDConstants.D_TARGETINFO, "INPUT", false, "push", "ALLNODES", 0));

channelDecls.add(1, new ChannelDeclaration(IDConstants.T_LEADER,

IDConstants.D_TARGETALERT, "INPUT", false, "push", "", 0));

channelDecls.add(2, new ChannelDeclaration(IDConstants.T_SAMPLEANDTHRESHOLD, 

IDConstants.D_TARGETALERT, "OUTPUT", true, "push", "NEIGHBORDISTANCE", 300));

channelDecls.add(3, new ChannelDeclaration(IDConstants.T_LEADER,

IDConstants.D_TARGETINFO, "OUTPUT", true, "push", "", 0));

numTaskDecls = 3;

taskDecls.add(IDConstants.T_SAMPLEANDTHRESHOLD, new  

TaskDeclaration(IDConstants.T_SAMPLEANDTHRESHOLD, new 

SampleAndThreshold(m_dataPool, m_config, m_networkArchitecture, m_GUI), 

Thread.MAX_PRIORITY-0, "NODES PER INSTANCE", false, 1, "PERIODIC", 1, true));

taskDecls.add(IDConstants.T_LEADER, new TaskDeclaration(IDConstants.T_LEADER, 

new Leader(m_dataPool, m_config, m_networkArchitecture, m_GUI), 

Thread.MAX_PRIORITY-1, "NODES PER INSTANCE", false, 1, "ANYDATA", 3600, false));

taskDecls.add(IDConstants.T_SUPERVISOR, new 

TaskDeclaration(IDConstants.T_SUPERVISOR, new Supervisor(m_dataPool, m_config, 

m_networkArchitecture, m_GUI), Thread.MAX_PRIORITY-2, "ONE INSTANCE ON NODE ID",  

false, 0, "ANYDATA", 3600, false));

numChannelDecls = 4;

channelDecls.add(0, new ChannelDeclaration(IDConstants.T_SUPERVISOR, 

IDConstants.D_TARGETINFO, "INPUT", false, "push", "ALLNODES", 0));

channelDecls.add(1, new ChannelDeclaration(IDConstants.T_LEADER,

IDConstants.D_TARGETALERT, "INPUT", false, "push", "", 0));

channelDecls.add(2, new ChannelDeclaration(IDConstants.T_SAMPLEANDTHRESHOLD, 

IDConstants.D_TARGETALERT, "OUTPUT", true, "push", "NEIGHBORDISTANCE", 300));

channelDecls.add(3, new ChannelDeclaration(IDConstants.T_LEADER,

IDConstants.D_TARGETINFO, "OUTPUT", true, "push", "", 0));

package atag.application;

public class IDConstants {

public static final int T_SAMPLEANDTHRESHOLD = 0;

public static final int T_LEADER = 1;

public static final int T_SUPERVISOR = 2;

public static final int D_TARGETALERT = 0;

public static final int D_TARGETINFO = 1;

}

package atag.application;

public class IDConstants {

public static final int T_SAMPLEANDTHRESHOLD = 0;

public static final int T_LEADER = 1;

public static final int T_SUPERVISOR = 2;

public static final int D_TARGETALERT = 0;

public static final int D_TARGETINFO = 1;

}

Customization of the DART template

-myID 0 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 2 -end-myID 0 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 2 -end

-myID 1 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 -senddata 1 0 -end-myID 1 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 -senddata 1 0 -end

-myID 20 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 -senddata 1 0 -end-myID 20 -ndata 2 -ntasks 3 -hopscope 0 -distancescope 300 -assignedtasks 0 1 -senddata 1 0 -end

.

.

.

Config file for each node

Functional simulation and visualization

Message log 
@root

Object Node ID 
[Sensor reading]

Leader 
(max reading)

Sensor type

DART: Data Driven ATaG Runtime

Sensor(s) Actuator(s)

UserTask-1 UserTask-n

NetworkArchitecture DataPool ATaGManager

Maintain neighborhood 
information, virtual 
topologies, logical 
namespace(s)

getData(), 
putData(), 

concurrent access, 
reference counts

Store task code and 
task/channel 

annotations, spawn 
ready tasks

NetworkStack Dispatcher

Translate 
annotations, dispatch 
data to other nodes

Routing, medium 
access, physical 
layer protocols

Transceiver

…

• Encapsulates ‘system-level’ functionality and the 

related optimizations

• Application-independent control and coordination 

mechanism is separated from application-specific 

configuration

• Modular structure with well-defined inter-module 

interfaces: (a) simplifies software synthesis, and 

(b) enables replacement or enhancement of intra-

module protocols with minimal system redesign

• Requires support for multi-threaded execution and 

fixed-priority preemptive scheduling – available in 

most RTOSes (e.g., µC/OS-II, RT Java)


