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This Talk

Multicore and parallel programming
– Business as usual in the mobile industry?
– Challenges to current practices

Dataflow programming
– What it is
– Interesting properties

OpenDF
– Tools and community

Results 
– Three case studies
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[Source: “The Free Lunch Is Over”, Herb Sutter, Dr. Dobb’s Journal 30(3),  2005]

Intel CPU Introductions

Is it really happening in the 
embedded space?
Do we need it?
– Why not just make 

smaller stuff?
Do we care?
– Business as usual?
– Do we need to change 

the way we develop 
software?

Multicore, Parallel programming
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Multiple CPU/DSP 
cores 

Accelerators for 
video, graphics, 

base-band 
processing etc.

Mobile terminals are already Mobile terminals are already 
heterogeneous parallel systems!heterogeneous parallel systems!
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Cellular Technology Evolution

HSDPA

Enhanced Uplink

HSPA Evolved

3G LTE

WCDMA 

R99/1999 R5/2002 R6/2005 R7/2007 R8/2008

2001-2002 2006 2007 2009 2010?

3GPP

Handset
Market

0.38 14 14 40 100 in 20MHzPeak rate DL

0.38 0.38 5.7 11 50 in 20MHzPeak rate UL

peak rates 

growth of 
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C + threads prevails today
Parallelization is key to resource utilization
– Task parallelism saves us today
– Parallelism (beyond tasks) not exposed

C programs are over-specified:
– Sequencing of parallel computations
– Transport of data and memory allocation
– Mapping of computations to threads

Hard to analyze and restructure
– Combinatorial and even undecidable problems everywhere
– We have locked the door and thrown away the key!

Current practices are challenged
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Dataflow programming, background

Not a new idea, some early milestones:
– Co-routines [Conway63]
– The actor model [Hewitt73]
– Kahn process networks [Kahn74]
– Synchronous dataflow [Lee87]

Commercial tools in DSP design (h/w and s/w)
– Cadence SPW, The Math Works Simulink, Synopsys COSSAP…

Also an active area of research in academia
– Ptolemy project at UC Berkeley
– CAL Actor Language, an off-spring from Ptolemy
– StreamIt at MIT
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Dataflow, networks, actors
Computational kernels
(dataflow actors)

Directed point-to-point 
connections (fifos):
• Lossless
• Order-preserving
• Conceptually unbounded (but…)

Communicating discrete 
data packets (tokens)

A dataflow network is, 
itself, a (composite) actor
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Actors and Actions

Actors encapsulate state:
• All interaction via ports

Actions

State

Execution is a sequence of action firings
• Consume input, update state, produce output
• An action firing is conceptually atomic
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A larger example
MPEG-4 SP Decoder
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Some interesting properties
of the programming model

Strong encapsulation of state
– No two actors ever share state, all data exchange is via fifos

Explicit concurrency
– All actors can run independently, provided input is available 
– But concurrency is not required to correctly execute a dataflow network

Asynchronous, untimed execution model
– Timing and sequencing of computations not specified
– A particular deployment may add real-time constraints

Unspecified mechanism for token transport
– Hardware fifos? Buffers in shared memory? Processor registers?

Atomicity of an action firing
– An action either runs to completion –or not at all
– Points of quiescence between firings: allows for lightweight context switches and 

migration across computing resources
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Why dataflow might actually work

How a programmer can leverage
– Useful abstraction for parallel components
– Composability, modularity, reuse

– Enhances portability (even h/w and s/w from same source)

– Encouraged to expose parallelism and properties that aid efficient 
realization on parallel hardware

How tools can leverage
– Many degrees of freedom

– A flexible representation that is convenient to restructure
– Certain classes of (sub-) networks can be extensively analyzed

– Off-line schedules, static buffer allocation, generation of tight code,
vectorization, prove absence of deadlock, memory boundedness etc…
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OpenDF Community

Programming ModelFPGA 
compiler

dataflow
simulation

board 
support

video
processing

EPFL • Xilinx  • Broadcom  • ASTRI • Mitsubishi  • NCKU • DCU • ICT/ZJU  • IETR/INSA

MPEG-4MPEG-2

AVS
CAL2C

AVC

EU Program

EPFL • Xilinx • Ericsson •
SSSL • TUKL • EVI  •

ULUND • AKA

ARM 
compiler image 

analysis

wireless 
terminal

process 
control

Tools

IP

Ecosystem
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XLIM

Translator Simulator

HDL

CodeGen

C
(simulation)

CARM

CodeGen CodeGen

Analysis

Open Dataflow Infrastructure
opendf.net

Editors
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Case Study: MPEG-4 SP Decoder

1

2

3

4

1.2 1.6 3.75

Size
CAL: 3872, 22

VHDL: 4637, 26
(Slices, BRAM)

Speed
CAL: 290K
VHDL: 180k

(MacroBlocks/s)
[1080p30: 245k]

Productivity
CAL: 4k

VHDL: 15k
(LOC)

relative improvement over
VHDL reference design

...0101001111010010010
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How can that be?

It’s not the translator – we did not build a wonder-compiler.
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Polyphase Video Scaler

throughput
( taps/sec x109 )

1

2

3 Dataflow
5 weeks

1920x1080 @ 30Hz
YUV 4:2:2 7-tap

relative area

2 5 101

re-architecting
+ 5 weeks

tweaking
+ 1 week

VHDL IP
est. 36 weeks

application
requirement

Development Time

VHDL
Dataflow

10 20 30
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throughput
( images/second )

0.8

1.2
Dataflow
4 weeks

280 images(1712x180) @ 50MHz

relative area
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VHDL IP
16 weeks

application
requirement

Development Time

VHDL
Dataflow

5 10 15

1

Tweaking
+few days

Bar-code reader in a postal scanner
David Mauvilet,AKAtech S.A., Ecublens, Switzerland
Richard Thavot, GR-LSM, EPFL, Lausanne, Switzerland
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Dataflow programming is a practical way of building 
real-world parallel programs
Useful abstraction for programmers
Tools facilitated by relative ease of analysis and 
transformation
Not a new idea –decades of work to leverage on
CAL induces the programmer to expose relevant 
properties of actors
High-level tools can beat low-level tools 
– not by using wonder-compilers, but by leveraging fast design turns

take home messages


