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The Promise of HPRC* é

*Trimberger/Xilinx, FPL07
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Reality Check é

Lately é           (just as everything seems to be going great for FPGAs)

Reported speed-ups have become more modest, with low single 

digits frequently being reported é

Why?  Some hypotheses Ą

ïMore ambitious applications

ÅLarge codes in established systems

ÅTrue HPC:  large, complex, data types

ïMore realistic reporting

Åend-to-end numbers

Åproduction reference codes

ïMore ñambitiousò development tools

ïñBroaderò developer base

ï FPGA stagnation for two generations (4 years)

ÅSmaller chips (relative microprocessors)

ÅRelatively fewer ñhardò components:  Block RAMs, multipliers
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One key to successful HPRC application 

development é

Use an appropriate computing model* 

when formulating a problem#

*neither programming language substitute nor HDL

Computing Model ſ  

an abstraction of a target machine used to 

ease application development

# ñOne of the key challenges addressed by the ACS program was Problem Formulationò

-- Dr. J. Muñoz, ACS Program Manager, RSSI 2008
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A good computing model* é

ÅIgnores machine details

ÅIgnores programming language details

ÅExpresses enough of the underlying machine to enable 

the user to develop/choose an optimal algorithm (for a 

given application)

ÅEnables some amount of portability

*see, e.g., L. Snyder 1986  Annual Review of Computer Science
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The more machine detail é

é that is expressed in the computing model:

Åthe greater the potential performance

Åthe less the portability

Åthe more experience required to use effectively
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Historically (ca. 1990) é

ñIf we only had the right computing model, then 

we could port programs among all of our 

different parallel computers.ò

-- theme of several parallel computing conferences
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Nowadays é

ñWe need to develop the right computing model so 

that programmers can use multicore efficientlyò 

[without having to learn anything new].
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Serial Architecture Computing Model

v. Neumann machine

Å Single thread

Å Random access memory
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Parallel Architecture Computing Models

Three (and combinations) are in common use:

1. multiple threads with shared address space

2. multiple threads with message passing

3. single thread with dataparallel constructs
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Good (and bad) Computing Models

Just about any programming model can map to any non-trivial computer

(C pointers to FPGAs??  Parallel LISP to SIMD?  Itôs been done!)

Good models (w.r.t. a target architecture):

1. Is it convenient to use (in comparison with programming)?

ï Inconvenient to use Ą microcode, VHDL, etc.

2. Do constructs map efficiently to the target architecture?

ï Inefficient mapping Ą functional parallelism to a SIMD architecture

3. Can critical target machine features be expressed?

ï Features canôt be expressed Ą for a multi-core architecture, parallel 

independent functions in the dataparallel model
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A great question é

(that is beyond the scope of this talk):

Is it possible to support a ñuniversalò  

computing model?

In which we can create applications that port among target 

architectures, where:

ï the programmer effort is the same as for one version of the software

ï the target architectures are unrestricted

ï the performance is optimal for all target architectures

ï there is no constraint on application domain
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Outline

1. Computing Models

2. FPGA Basics ïfunctional models

3. Things that FPGAs do really well ï

FPGA Computing Models

4. Sample application mappings

5. What this says about how FPGA-based 

computing can advance
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Whatôs a good computing model?
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Whatôs a good computing model?
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Whatôs a good model?
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A Basic FPGA Computing Model

Historically, FPGAs were a configurable ñbag of gatesò 

Trimberger/Xilinx, FPL07
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Nowadays, ñbag of computer partsò is more accurate

Is no longer sufficient é

Trimberger/Xilinx, FPL07
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Should also account for board-level é

é especially memory hierarchy!
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and the system interface é

Bhatt/Intel, FPL07
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ÅMillions of gate equivalents & connections

Å~500 ALU equivalents

Å~1,000 small on-chip caches 

ïTotal on-chip memory ~16MB

ÅSeveral off-chip caches

ïCapacity for 512b data transfers per cycle (8x64b)

ÅSeveral high-performance I/O streams

ÅHost w/ simple interface, e.g., FSB

FPGA Functional Model
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Another Candidate Model
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Outline

1. Computing Models

2. FPGA Basics ïfunctional models

3. Things that FPGAs do really well ï

FPGA Computing Models

4. Sample application mappings

5. What this says about how FPGA-based 

computing can advance
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We know weôve succeeded when é
é weôve restructured the problem into something we know 

works really well on FPGAs Ą

Effective computing models:

Ą Streaming

Ą Associative computing ïbroadcast, compare tags

Ą HW structures ïFIFOs, priority queues, systolic arrays

Ą Cellular automata, SIMD PEs, Vector processing

Ą Highly parallel (possibly complex) memory access

Ą Overlapped parallel structures

Also assumed:

ïExplicit memory control, e.g., to swap working sets

ïHigh-bandwidth I/O
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Some Observations

Å Most architectures have a single preferred model, FPGAs have many

Å FPGA models are surrogates for the component they replace
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Model:  Streaming
Ex:  DSP replacement

Characteristics:

ÅPass streams of data through a series of arithmetic units

ÅIterative streaming computation with data beginning and 

ending in Block RAMs
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Typical Streaming Scenarios

1.  On-line signal/video processing

ï Stream originates from I/O

ï Stream processed with computational 

filters

2.  Complex computation of large array

ï Stream originates in memory

ï Stream processed with pipelined 

instantiation of computation


