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Overview

A Goal: Accurate & fast HW MRF MAP solver
I Why MRF MAP inference and HWmpl.?

" Loopy belief propagation

I Tree-reweighted message passing (TRWS)

I Our TRWLS hardware architecture

I FPGA experimental results(x3o faster than Sw)

I Conclusion & future work
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MRF MAP Inference

Energy minimization on

Maximum a posteriori (MAP) _
Markov random fields (MRF)

Label assignments Observations
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MRF MAP Inference

Energy minimization on

Maximum a posteriori (MAP) _
Markov random fields (MRF)

Label assignments Observations
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Why Custom Hardware Impl .?

A Many apps map to a common MRF framework
A Computation is /ocal well matched for custom HW

common MRF framework
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Loopy Belief Propagation

A In BP, a node propagates beliefto
neighbors by passing messages

I Message: N b a kmod now,n
whatdo ltelltomy nei ghbor ?0
I Bel | ef nwhat | abel

I Energy computed by
the best labels based on beliefs

A BP on a tl’ee ........... True belief - Optimum energy

| " Belief of
i Optimum energy can be found after all ?]:)edeo

A BP on a loopy graph

I No guarantee of optimality due to /oops # lterations  # Iterations
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Tree -Reweighted Message Passing

A Idea: decompose a loopy graph to a set of trees
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I Energy is the weighted sum of tree energy
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Sequential TRW (TRW -S)

A New goal: maximize /ower bound by
data cost update & message passing on trees

A Sequential message passingC convergence property
I Lower bound is guaranteed not to decrease
i C More chance to find the optimum energy!!
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Comparison: BP -M and TRW -S

A Benchmark: Flower stereo images” (360x262x16 label)
I BP-M: min-sum belief propagation, run 80 iterations.
I TRWS: sequential tree reweighted message passing, run 80 iterations.

Left image Right image —-=TRW-S --BP-M —-Lower bound
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*From stereo movie sample, http://www.stereomaker.net/sample/index.html 8/16
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Streaming TRW -S HW Architecture

A Key: diagonal ordering of

message passing for parallelism

A Decoupled, streaming arch.

A Launch/retire 1 pixel/clock

I Complete labelset likelihood
updates for all labels

A Deep pixelproc pipeline
I 14 stages deep

T So: 14 xel s
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Streaming TRW -S HW Architecture

I Pipelined message passing

Data cost update Message passing ? g
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Experimental Platform: FPGA

A Our platform: Convey HC-1

I Host-FPGA cachecoherent virtual memory system
I Max memory BW: 1Kbit/cycle(~20GB/sec)/FPGA(runs @150MHz)

Host

application

Initialize omp

Run
Verify result
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