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LSTM Overview
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Motivation: Challenges

* C1: RNN Data dependence: stall in execution

e C2: Large RNN: weights stored on external
DRAM



Contributions

* Blocking-batching strategy (address C2)
- reuse weights for large LSTM systems

e Stall-free architecture (address C1)
- reorganise multiplications to enhance throughput

* Zynqg and Virtex-7 implementations
- 23.7x speed, 1/208x energy of CPU
- 1.3x speed, 1/19.2x energy of GPU
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Stall-free hardware architecture

For simplicity,
Only one element is involved
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Blocking and Batching
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3 Scenarios- Casel

1. The hidden unit weights can be stored in
one block
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3 Scenarios- Case?2

2. The hidden unit weights can be stored in
two blocks
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3 Scenarios- Case3

3. The hidden unit weights can be stored in
more than two blocks
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SBE Architecture Details
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System Overview
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Batching Size

— Non Block-Batch —— Proper Block-Batch — Roofline for Casel&2 — Roofline for case3
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Throughput
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CPU, GPU vs FPGA

Application:

Activity Recognition(LRCN)

CPU&GPU: TensorFlow

CPU GPU This Paper | This Paper
Platform Intel Xeon | TITAN X Virtex 7 Zynq
E5-2665 Pascal VX690T 77045
Frequency 2.4 GHz 1.62 GHz 125 Mhz 142 MHz
Technology 22 nm 16 nm 28 nm 28 nm
Power(W) 93 159 26.5 10.6
Precision 32 bit float 16 bit fixed
Model Slzel /ty\
per Frame
Time per '23.174.45 .

Samplez(ms)

0.78

0.38

0.61

Energy per

Samplez(mJ)

I Combing the four m
2 Each sample/video has 32 fra

1343

6.47




Co

mparison with other FPGA designs
2017 ESE FP-DNN This This
[5] [4] [13] Paper Paper
FPGA Virtex7 Kintex StratixV Virtex7 Zynq
VX485T | KU0O60 | GSMDS | VX690T | 72045
Model Storage off-chip Fa StESt
Prec. (bits) 324 12 ;Ea 16 16
No. of b
Used DSP 1176 1504 2072 2060 0
Freq. (Mhz) 150 200 150 125 142
316
Perf. (GOPS) 7.26 282 262 @ 221 #
Power Effi. 0.37 6.87 12.63 13.48 @
(GOPS/W) : ' 3.44° > > Most
Resource Effi.° 0.153 . o
Gops/pspy | 0006 088 g gana | 0173 @ Efficient

4 Floating point

® One Intel FPGA DSP includes two 18%18 multipliers

¢ To make a fair comparison, the number of used DSPs is used to calculate

GOPS/DSP when evaluating LSTM accelerator
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Future Work

* Combing the proposed SBE with
pruning methods

* Deploying very large LSTM models using
multi-FPGAs



Summary

* Blocking-batching strategy
- reuse weights for large LSTM systems

* Stall-free architecture
- reorganise multiplications to enhance throughput

* Zynqg and Virtex-7 implementations
- 23.7x speed, 1/208x energy of CPU
- 1.3x speed, 1/19.2x energy of GPU
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