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SKA Context and Programming Challenges

• Exascale Computing
– Shared Memory + Distributed Memory = 
– Clustered Memory Architectures 
– Kalray MPPA, Parallella, Shared i3, i5, i7 big.LITTLE, GPU … 

• Low Power High Performance Computing
– Heterogenous Processing Elements
– FPGA / GPU / Kalray MPPA Coprocessors

• How to choose the « best » architecture ? 
– Processing Elements + Interconnect + Memories

• How to program it ? 
– OpenCL, OpenMP, CUDA, etc. are ALL Hardware specific

• What if hardware upgrades ? 
– Quantum computing opportunities ?!  

Mem1 Mem2 Memn

Core1 Core2 Coren

Memory
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SKA Context and Programming Challenges

• Algorithm’s Parameters exploration
– Ill-posed problem à iterative algorithms
– How to choose the number of iterations (Minor / Major loops) ?
– Computing power constraints ! 

• Algorithms / Software updates  
– Direction Independant à Direction Dependant Algorithms
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Dataflow Approach

Kahn, 1974 : Kahn Process Network
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SKA is a Dataflow Pipeline !

SKA Central Signal Processing (CSP)SKA Station 

SKA Science Data Processing (SDP)
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Dataflow Approach

• Dataflow models / Semantics / MoCs (Model of Computation)

DPN / KPN

PiSDF

IBSDF

SDF

HSDF

DAG

Expressiveness

Analyzability

DPN : Data flow Process Network
PiSDF : Parametrized SDF
IBSDF : Interface-Based Synchronous Dataflow 
SDF : Synchronous Data Flow
HSDF : Homogeneous SDF
DAG : Direct Acyclic Graph

Task Graphs
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Synchronous DataFlow Model (SDF)

• Actors and Data Ports
• FIFO Queues
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[LM87a] E. Lee and D. Messerschmitt, “Synchronous data flow”, 
Proceedings of the IEEE, 1987.
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Synchronous DataFlow Model (SDF)
• Data-driven execution

• An actor is fired when its input FIFOs contain enough data-
tokens.

B
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C D E

Core1 A B C C D E

[LM87a] E. Lee and D. Messerschmitt, “Synchronous data flow”, 
Proceedings of the IEEE, 1987.
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Synchronous DataFlow Model (SDF)

• Expression of parallelisms: 
• /          /                /
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Core1

Core2

Core3

x2

A B C C ED 

Task parallelismData parallelismPipeline parallelismInternal parallelism

Data Pipeline InternalTask

[LM87a] E. Lee and D. Messerschmitt, “Synchronous data flow”, 
Proceedings of the IEEE, 1987.
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IBSDF Hierarchical Model

Interface-Based Synchronous Dataflow (IBSDF)Synchronous Dataflow

Input 
Interface

Output
Interface

Hierarchical
Actor Level 1

Level 2
Sub-graph

J. Piat and al, 2009
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Dataflow Approach

• Dataflow Toolchain
ActorsNetwork Architecture Model

GPU Shared Memory Distributed Memory CGA

General 

Purpose

Special
ised

Cyber Physical Systems

Cyber Physical System of Systems

Hardware Specific Graph Transformations

Mapping / Scheduling Tools

Code Generation Tools

Runtime Tools

Graph Transformations - Analysis - Checking

HPC – Cloud Computing Embbeded SystemFog Computing
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Dataflow Approach

Open source project developed in collaboration with Texas 
Instruments, IBM, Kalray, etc. 

preesm.org
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Exemple of Analysis

Synchronous Dataflow (SDF) Graph Analysis

Graph analysis

• Consistancy
• Liveness
• Throughput

x1 x2

x2

x2

Repetition Vector (RV) = [1 2 2 2]
A B C D

RV= [1 2 2 2]Execution 
Simulation

• Latency
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Exemple of Graph Transformation

IBSDF Graph
(Hierarchical)

Flatten Graph
(No Hierarchy)
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IBSDF versus SDF Analysis

IBSDF Graphs

Name # Level # Actor

Crypto 2 10

Large FFT (CSP) 2 10

LTE 4 18

Stereo Matching 2 41

Graph 1 3 15

Graph 2 5 20

Graph 3 6 24

Graph 4 5 150

Graph 5 8 240

Graph 6 10 100

Two IBSDF graph classes :
1. Real Applications
2. Generated Random Graphs
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IBSDF versus SDF Analysis

IBSDF Graphs

Name # Level # Actor

Crypto 2 10

Large FFT (CSP) 2 10

LTE 4 18

Stereo Matching 2 41

Graph 1 3 15

Graph 2 5 20

Graph 3 6 24

Graph 4 5 150

Graph 5 8 240

Graph 6 10 100

Equivalent Flatten Graph

# Acteur # Arc

34 49

267 777

272 18

1606 3143

513 816

17 730 56 703

87 440 196 019

654 566 2 034 980

39 x1010 -

31 x1015 -
> 64 Gb of 
RAM
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IBSDF versus SDF Analysis

Design

Analysis

Mapping & 
Scheduling

Mapping & 
Scheduling

Complex
IBSDF Graph Flatten Graph

Analysis

Mapping & 
Scheduling

Code 
Generation

Development 
Process 

Simpler

Conversion
Design

Latency / Throughput
evaluations
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Throughput Evaluation – Experimental Results

IBSDF Graphs

Name # Level # Actor

Crypto 2 10

Large FFT (CSP) 2 10

LTE 4 18

Stereo Matching 2 41

Graph 1 3 15

Graph 2 5 20

Graph 3 6 24

Graph 4 5 150

Graph 5 8 240

Graph 6 10 100

Flatten Graph

# Actor

34

267

272

1606

513

17 730

87 440

654 566

39 x1010

31 x1015

IBSDF Graph Transformation

SR ESR

# Actor # Actor

10 30

4 8

3 7

39 56

15 23

12 24

12 22

90 95

150 174

50 68
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Throughput Evaluation – Experimental Results

IBSDF Graphs

Name # Level

Crypto 2

Large FFT 2

LTE 4

Stereo Mat. 2

Graphe 1 3

Graphe 2 5

Graphe 3 6

Graphe 4 5

Graphe 5 8

Graphe 6 10

SDF Method SR ESR

Quality Time Quality Time Quality Time

100% 6 ms 100% 38 ms 100% 45 ms

100% 33 ms 100% 36 ms 100% 74 ms

100% 20 ms 100% 32 ms 100% 58 ms

100% 80 ms 99% 37 ms 100% 130 ms

100% 30 ms 34% 34 ms 100% 59 ms

100% 1,2 s 55% 34 ms 100% 70 ms

100% 2,3 s 21% 34 ms 100% 90 ms

100% 1 min 12% 61 ms 100% 0,3 s

- - ? 61 ms ? 0,5 s

- - ? 72 ms ? 2 s
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Latency Evaluation – Experimental Results

IBSDF Graphs

Name # Level

Crypto 2

Large FFT 2

LTE 4

Stereo Mat. 2

Graphe 1 3

Graphe 2 5

Graphe 3 6

Graphe 4 5

Graphe 5 8

Graphe 6 10

SDF Method H-CPM SR

Time Time Hier./Relaxed Time

0,65 ms 0,50 ms 1,00 0,50 ms

4,66 ms 3,73 ms 1,00 0,50 ms

2,52 ms 1,49 ms 1,00 0,50 ms

18,20 ms 15,00 ms 1,01 0,87 ms

2,40 ms 1,83 ms 1,80 0,93 ms

108,16 ms 3,91 ms 1,76 0,99 ms

441,40 ms 5,11 ms 3,73 1,00 ms

6,25 s 48,14 ms 7,70 1,20 ms

- 83,32 ms 5,50 4,74 ms

- 308,00 ms 8 x106 12,81 ms
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IBSDF versus SDF Analysis

IBSDF Graph
(Hierarchical)

Flatten Graph
(No Hierarchy) Throughput / 

Latency

CPM

ASAP
Schedule
Simulation

Periodic 
Schedule
State of the Art 
methods fail

Explosion of the 
Number of Actors

SDF Methods
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Ongoing work

Design

Analysis

Mapping & 
Scheduling

Code 
generation

Complexity
IBSDF Graph Flatten Graph

Analysis

Mapping & 
Scheduling

Code 
generation

Development 
Process 

Simplicity

Conversion

Design
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Ongoing work: Fully Modular Dev.

Design

Analysis

Mapping & 
Scheduling

Code 
generation

Complexity
IBSDF Graph Flatten Graph

Analysis

Mapping & 
Scheduling

Code 
generation

Development 
Process 

Simplicity

Design
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On-Going work : SKA Dataflow models

SDP Direction Independent Calibration

Auckland SDP Evolutionary Pipeline (SEP) Imaging Chain

DDFacet – KillMS Algorithms for direction dependant algorithms
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On-Going work : Approximate Computing

𝑁𝑏#$%&'()
= 𝑁𝑏𝑀𝑎𝑗𝑜𝑟𝐶𝑦𝑐𝑙𝑒𝐶𝑎𝑙
∗ 𝑁𝑏6789:$;&9#; ∗ 7 + 𝑁𝑏𝐶𝑎𝑙𝐶𝑦𝑐𝑙𝑒 ∗ 5 + 54
+ 𝑁𝑏𝑀𝑎𝑗𝑜𝑟𝐶𝑦𝑐𝑙𝑒𝐼𝑚𝑔 ∗ (𝑁𝑏678D(9:$;&EFG ∗ 7 + 54) + 25
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On-Going work : Approximate Computing

Data Level

Computation Level

Hardware Level

• Data size reduction
• Spatial resolution
• Time resolution

• Precision Optimization
• Standard / Custom types 
• Fixed / Floating points

• Less up-to-date data (Relaxed Synchronization)

• Computation Skipping
• Incremental Refinement
• Loop Performation
• Early Termination/Iterative Refinement
• Block Skipping

• Computation Approximation
• Parameter Modification
• Fuzzy Memorization
• Mathematical Approximation

• Approximate Processing Units
• Inexact Adders
• Inexact Multipliers

• Circuit Parameters Modification
• DVFS
• Clock Gating

• Unreliable Storage
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On-Going work : Approximate Computing

Data Level

• Data size reduction
• Spatial resolution
• Time resolution

• Precision Optimization
• Standard / Custom types 
• Fixed / Floating points

• Less up-to-date data (Relaxed Synchronization)

Floating Point 64 Floating Point 32

Mixed FP32 / FP64

SDP Direction Independent Calibration
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Future work

• Simulation tools : Simgrid
• HPC Runtimes : Dask, StarPU
• Dataflow semantics : Daliuge
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Thanks for Listening ! 


