Token Machine Language (TML):

An Intermediate Language for Sensor Networks

Ryan Newton, Arvind Matt Welsh

MIT CSAIL Harvard University
{newton, arvind}@mit.edu mdw@eecs.harvard.edu



mailto:mdw@eecs.harvard.edu
mailto:mdw@eecs.harvard.edu

High Level Languages

Middleware

Node-level runtime




High Level Languages

Middleware

vel runtime




High Level Languages
Data parallel langs

Query Langs (Cougar, TinyDb) .
Regiment

Spatial Views, EIP Rule-based langs

Routin
Jing Gradients

Neighborhood mgmt Localization Heartbeats

Neighborhood mgmt

Naming,/Discovery aching




High Level Languages
Data parallel langs

Query Langs (Cougar, TinyDb) .
Regiment

Spatial Views, EIP Rule-hased langs

Routin
] Gradients

Localization Heartbeats

Naming,/Discovery aching

Neighborhood mgmt
Neighborhood mgmt

Tiny0S/NesC Sensing Event handling

Local messaging
Concurrency Resource mgmt




High Level Languages

Data parallel langs

Regiment C om p i I e

Rule-based langs

Query Langs (Cougar, TinyDb)

Spatial Views, EIP

viidd 'ware Down
Gradients

Localization Heartbeats

Tt Caching

Routing
Neighborhood mgmt

Neighborhood mgmt

Tiny0S/NesC Sensing Event handling

Local messaging
Concurrency Resource mgmt




High Level Languages

Query Langs (Cougar, TinyDb) .
Regiment

Spatial Views, EIP Rule-based langs

Data parallel langs

Compile

viidd ‘ware

Routin
Jing Gradients

Neighborhood mgmt B8 1ization

Neighborhood mgmt Caching

Heartbeats

Down

d







Question

_ Can an intermediate language for sensor networks




Question

_ Can an intermediate language for sensor networks

® fit Tiny architectures




Question

_ Can an intermediate language for sensor networks

® fit Tiny architectures

® be conducive to building higher abstractions

(expressive, extensible)




Question

_ Can an intermediate language for sensor networks

® fit Tiny architectures

® be conducive to building higher abstractions

(expressive, extensible)

® he semantically simple and easy to reason about




Potential models for computation
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Our approach: token machines

® Atomic actions
® [Unified control, communication, and storage model (tokens)

® Simple and lightweight model
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Token Store replaces Stack

® Red, Red[2], Red[7]
® call Red[1l] (x);

® (subcall Red[1l] (x)) + 8;
@ Uses implicit continuation objects.




User code AP

o is_scheduled
o call o deschedule

o timed_ call
o beast o is_loaded
o evict
Plus! © subcall




Token-unified framework

@ (oncurrency: atomic foken handlers

® Communication: token messages

@ hoth local and remote messaging
® Memory: token objects on heap

@ subtokens allow for dynamic allocation




Building on TML
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A data gathering program

startup Gather;
base_startup SparkGlobal;

token SparkGlobal () {
samle Cll@lsalliiaeE () §
timed_schedule SparkGlobal (10000) ;

}

token GlobalTree () {
grelay GlobalTree () ;

}

token Gather () {
greturn (subcall sense light(),
BaseReceive,
GlobalTree,
NULL, NULL); _
timed_schedule Gather (1000) ;

}
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Compiling to TML
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Wins for Regiment + TML

® Token namespace serves for region coordination:
@ Region membership = holding a token

@ Gradients used for constructing and aggregating all
confinuous regions




Future Work and Open Questions

® Dynamic loading
@ Optimization: size

@ climinating generated exira args
® Some dirty work.

® |mplementation in real fime 05?
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TML Advantages

® Atomicity is a simple semantic model for code generators and
transformers fo farget

® Lightweight - no GC, no threads, no blocking

® Acion abortion => realtime potential




Implementing Regiment
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