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Our Proposal:
A Low Average Energy & High Peak Accuracy Vector Multiply/Multiply-Accumulate Unit
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Introduction

* Vector Multiplication Unit | X Y1 Xo Yo Xs Y5 Xa Ya X5 Ys Xg Y6 Xs Y7 Xs Y

 Conventional Multiplier ||/ \X/ Y /Y \ X/
* Power-hungry - E.-
* Area-expensive =2

* Approximate Multiplier
* Smaller area
* Higher speed

* Effective for applications
without high accuracy
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Introduction

* Vector Multiplication Unit ‘Xl Y1 X Y2 X5 Y5 X Y X5 Ys Xs Yo X7 Y7 Xs Y

.o I\ - I\ PN l\ PN I\ . e l\ PN I\ PN I\ PN I|

Trade-off
Accuracy _ Parallelism

* Approximate Multiplier
* Smaller area
* Higher speed

* Effective for applications
without high accuracy
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Conception

Parallelism/Area (Normalized Area-Efficiency)

Original Mitchell Vector Unit

Accuracy
Reconfigurable
\Vector Accelerator

Conventional
Vector Unit

96.2% 99.0% 99.9% Ave. Accuracy
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Proposed Novel Operand Decomposition (OD)
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Conception

Parallelism/Area (Normalized Area-Efficiency)

X, Y, Xg YsXo YoXp YpXp YeXp YeXo YoXy Yy
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is Approximate Multiplication

X

*

Proposed Accuracy Reconfigurable Vector Accelerator
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Evaluation

Accuracy: Max error & MRED

optimized at most 10x & 30x
Accuracy of 32-bit INT Multiplication

: 140000

2x Bétter 120000

10x Bgetter 100000

I 80000

30x Better : 60000
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OD-1
m Max Error¥%
u MRED(Mean Relative Error Distance)%

OOD
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Area: Only half of the accurate unit

Area of Accurate, Mitchell, OOD and Proposed
8 Parallel Vector Unit

Mitchell
m Area(um2) 8

Accurate OO0D Proposed
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Application Case Study

Gaussian Blur Simultaneous Localization and Mapping
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Gaussian Blur

e Input data: 512 X 512 Uniformly
distributed noise polluted Lenna

e Color Image
 Grayscale Image

 Gaussian Kernel

e 5 X5 size
* Quantified to integer

Proposed OD—x
$
Accurate Mul

e Evaluation Metrics

e SSIM: Similarity of two images

* PSNR: Peak Signhal-to—Noise
Ratio
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Gaussian Blur

SSIM & PSNR of Color & Grayscale

OD-1 OD-2 OD-4 .
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Gaussian Blur
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Gaussian Blur

OD-1

OD-2

OD-2

OD-4

OD-4
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10

SSIM & PSNR of Color & Grayscale

)D-1
mSSIM Color

N4 VAX PARALLELlsmu-pSNRCO.or
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13

0.995

0.99

0.985

mm (.98

0.975

0.97

0.965

0.96



/D-3

Gaussian Blur

OD-1

OD-2

OD-2

OD-4

OD-4
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SSIM & PSNR of Color & Grayscale
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Gaussian Blur OD-2/4

QUALITY UP!
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SLAM: Localization
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Localization
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A SLAM Result consisting of
Pose Trajectory and Map

Iterative Closest Point (ICP)

@Scan Matching @Localization
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SLAM: Localization
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Localization

Iterative Closest Point (ICP)

Cost Function:
F(pose)
ke 2
= 2[(xcur — xref)
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+ (YCur - Yref)z]
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@Scan Matching @Localization

Proposed OD—x ¢ Accurate Mul
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SLAM: Localization

Pose Trajectory distance from

which using Accurate Multipliers 101
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SLAM: Localization

Pose Trajectory distance from

which using Accurate Multipliers
35

18.19

30

25

20

Hall: 0.43%
Corridor: 0.46%

15

10

19.2730.36§ 13.4 15.7221.9711.92

OD-1 OD-2 OD-4
mm Max(cm) Hall == Max(cm) Corridor
—Mean(cm) Hall Mean(cm) Corridor

7.1 1

7.0 1

33 3.05 3.10 3.15

— OD-1

1 —— Accurate st5

—4 —2 0 2 4
X(m)
Pose Trajectory localized using

OD-1 and Accurate Multipliers

19



/D-3

SLAM: Localization

Pose Trajectory distance from

which using Accurate Multipliers 101
35 20 En

18.19
30 7.1- N
2 ‘ 14.04 £
20 12 7.01 Max Erro
HaII 0.43% 10 —

: ob-1 -

10

SUFFICIENT ACCURACY! =—
o Hall MAX PARALLEL'SM' calized using

—Me¥h(cm) Hall Mean(cm) Corridor vw—1 ana Accurate Multipliers

OD-



7D-3
SLAM: Mapping .
‘ Global Y
| Mapping e &6 06 0 O
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A SLAM Result consisting of

>
' I | X
Pose Trajectory and Map Globa
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SLAM: Mapping
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Mapping

A SLAM Result consisting of
Pose Trajectory and Map
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Multiplication with
coordinate
transformation matrix
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Proposed OD—x ¢ Accurate Mul
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SLAM: Mapping

Map Point distance from which
. o 15.0 OD-1
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SLAM: Mapping

Map Point distance from which
using Accurate Multipliers
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SLAM: Mapping

Map Point distance from which

using Accurate Multipliers
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Conclusions

* A Novel Operand Decomposition Method
 Improves the Accuracy of Existing Approximation

* Accuracy Reconfigurable Vector Accelerator
e Suit Various Accuracy Requirements
* Trade—off Between Accuracy & Parallelism

* Application Case Studies

 Gaussian Blur
 SLAM



