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Programmable Spectrum 
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Single-Core CPU Multi-Core Several-Cores Dataflow 

Intel, AMD 
GPU (NVIDIA, AMD) 
Tilera, XMOS etc... 

Maxeler 

Hybrid e.g. AMD Fusion, IBM Cell 

Control-flow processors 

Dataflow processor 
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Control-flow processor (CPU) 
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Modern Control-flow processor (CPU) 
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Where silicon is used? 

Intel 6-Core X5680 “Westmere” 
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Where silicon is used? 

Intel 6-Core X5680 “Westmere” 

 

Dataflow Processor 
e.g. FPGA 

77  

Computation Computation 

MaxelerOS 

Computation 
(Dataflow cores) 
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(Dataflow cores) 



On chip resources 

• Each application has a 
different configuration 
of dataflow cores 

• Dataflow cores are built 
out of basic operating 
resources on-chip 
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DSP Resource 

RAM Resource (20TB/s) 

General Logic Resource 
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Dataflow Engine (DFE) - ‘Spatial Computing’ 



1212  

Explaining Control Flow versus Data Flow  

• Many specialized workers are more efficient (data flow) 

 

• Experts are expensive and slow (control flow) 

 

Analogy 1: The Ford Production Line 
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public class MyKernel extends Kernel { 

 

 public MyKernel (KernelParameters parameters) { 

  super(parameters); 

 

  DFEVar x = io.input(“x", dfeInt(32)); 

 

  DFEVar result = x * x + 30; 

 

  io.output("y", result, dfeInt(32)); 

 } 

} 

A Dataflow Kernel 
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Streaming Data through the Kernel 
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Pipelining Data through the Kernel 
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No registers – low latency 
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Pipelined – highly parallelised 



• Can’t use FPGA on its own … 

– Need interface to Computer & Data 

– Need interface to local memory 

– Need to design bespoke HW 

• FPGAs difficult to program … 

– Specialist languages VHDL, Verilog 

– Need Electronics training & understand FPGAs 

– Simulation only at HW level, modelsim 

– Need also to engineer the interfaces 

• FPGAs difficult to use … 

– Need low level drivers to reconfigure and setup 

– Need efficient data transfer techniques 
3535  

Traditionally FPGA were for specialists  



The Maxeler Technology Vision: 
MultiScale DataFlow 

Thinking in space  
rather than in time 

Difficult change in mindset  
to overcome 

Transformation of data  
through flow over time 

Instructions are parallelized  
across the available space 
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Optimal Solution: Execution Graph 



Data flow graph as  
generated by compiler  

4866 nodes 

Each node represents an 
operator in MaxJ code with 
area time parameters. Each 
line (edge) represents a 
DFEVar in MaxJ code. 
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Simulator builder 

Hardware builder 

 

 

  2n+3 

+ Tests 
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The Maxeler Generic Architecture Application 

Important: Supporting any CL and any OS! 

aSoG 
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 Invisible on the DataFlow Concept Level 

 Invisible to DataFlow Programmers 

 Visible to the MaxCompiler 

 The MaxCompiler knows how to utilize them 
 
 
 
Protected by two aSoG protection levels  
and two Maxeler protection levels! 
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• Software Based Solution  

• Dataflow Computing in the Datacentre 

 

The CPU 
Conventional CPU cores and  

up to 6 DFEs with 288GB of RAM 

The Dataflow Appliance 
Dense compute with 8 DFEs, 
768GB of RAM and dynamic 

allocation of DFEs to CPU servers 
with zero-copy RDMA access 

The Networking Appliance 
Intel Xeon CPUs and 4 DFEs with 

direct links to up to twelve 40Gbit 
Ethernet connections 

Maxeler Dataflow Appliance 

 



The Major Application Successes 

• Finances: 
• Credit derivatives 

• Risk assessment 

• Stability of economical systems 

• Evaluation of econo-political mechanisms 

• GeoPhysics: 
• Oil&Gas 

• Weather forecast 

• Astronomy 

• Climate changes 

• Science: 
• Physics 

• Chemistry 

• Biology 

• Genomics 

• Engineering: Synergy of all the above 
27/60 
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Real-Time Data Filtering

11

Low-Power Cluster



Seismic Imaging 

• Running on MaxNode servers 
- 8 parallel compute pipelines per chip 

- 10x less power: 150MHz vs 1.5GHz 
- 30x faster than microprocessors 

 An Implementation of the Acoustic Wave Equation on FPGAs  
T. Nemeth†, J. Stefani†, W. Liu†, R. Dimond‡, O. Pell‡, R.Ergas§ 
†Chevron, ‡Maxeler, §Formerly Chevron, SEG 2008 
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Real-Time Seismic Imaging Appliance

Seismic Imaging Appliance
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Real Time Monitoring

Fracturing monitoring during high 

pressure injection

Passive seismic

4D seismic imaging



 Equations: Shallow Water Equations (SWEs) 

 Atmospheric equations 

Global Weather Simulation 

[L. Gan, H. Fu, W. Luk, C. Yang, W. Xue, X. Huang, Y. Zhang, and G. Yang,  Accelerating solvers for 

global atmospheric equations through mixed-precision data flow engine, FPL2013] 32/60 



Weather Model – Performance Gain 

Platform Performance 

() 

Speedup 

6-core CPU 4.66K 1 

Tianhe-1A node 110.38K 23x 

MaxWorkstation 468.1K 100x 

MaxNode 1.54M 330x 

14x 
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Weather Model -- Power Efficiency  

Platform Efficiency 
( ) 

Speedup 

6-core CPU 20.71 1 

Tianhe-1A node 306.6 14.8x 

MaxWorkstation 2.52K 121.6x 

MaxNode 3K 144.9x 

9 x 
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