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4. Object Recognition
5. Embedded Systems 1. Deep Neural' Networks (DNN)
2. Image Classification
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5. Scaling Factor
6. Power Consumption
7. Energy Efficiency
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1. Multiply Accumulate
2. Quantization

3. Pruning

4. Activation
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5. Fully Connected (FC)
6. Kernel
7. Feature Maps
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1. Machine Perception

2. Multi-layer Perceptron
3. Pooling

4. Normalization
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1. Dot Product



SV sV s osk g ) | JEl B (2o O Sl o s
30 e GG el 00,5 (g3l gaiz dgaste o olawd 4y (S
sae Sy b ensgilagaiz Jhis le gilegaz (29>
B9 se )l BlESn slo)l e palS Cely oS Conl Colifes
Gilwgais G 5l @Ss iigel o> 5o [NV LSQ sallis
1y o o3l e «gasle cnl 516 S oo ooliiusl 3y 500!
Tk lp Pl gojlail o ps] Cusods Gilugaiz polu oy
ol oad a13)5 L jo b5 280 dae Sy )90 4 (Gilugaiz
3wz sl gilegais o ) elide e 4B &y )0
b o ol s by pe Slewloes a5 cal o oLl allie o
sanze Ll 0gd plool am sy silo by Sllee b wlys oo
walol jo all abasde BB Wiy oo li8lccen 4 oul Jlos!
>y bz slas a5 jslaie 4 dlie (nl (Boins
Slade sl anilaxd Sl jo Ll 1) gilegais ol oSl 4
Tobaw 4 (g iin S8 L) lagyse polie B assS o eolatwl ndl
el 00ld g |y Al oo I cpl aisS clilS (gl g
Glo,lal cudl cpl o hdleden sauim g b 4 allie ol adl
(P LSQH+) wis o

losls mals Jlos 5 43350 51 eolital L [¥+] uL2Q sallia
555 b sloesls (sl Gilagdiz (e 05 Mgy JLis 4 oS
by @iy (2 AL, 4l lagy g bl yo lie ol ol Jlo 5
ko ol Jlo g @j a1y bl @598 (s 035 0 23L 50
Ot Gl S Sl e sl b )l 5l oS e
S (o0 pain | Jlop @i 4 lide sl 5L 9590 o
Sl 5l Al )3 eadgilugaiz lade l eslanal sl ol
Ol Sl e plml (sSae O)j90 4 (3lwsjllin) Slles a5
ol 5l i o (6lil 4 el g ol oy il 9o b S
Solore 0 Wb ol san3e 45 sty Ghjgel JelScds ©)jgo 4
NIV TR SN SR P AW

JEst sl 1, olacasd? [YY] bitpruning salis <ol opdle
by soil ST 5B el on,S iy a5 sl Jlsd 5 (59 polis
Gz (b pl 5l g auS solaiwl sgame cop dlawi b isled LB
olaws alie (pl jo aas als 1) meS oy slaws b (gjluguiz
205 &g 4 wlasl | lanws b Y o (6l canlis Coy
a cllia ol 5o ] oo g0 0 ayT o0 S 4 Gijeel o
slran e 4wl g Cal ol i8S i o Jelfieds g0
el oo a5 1580 Corw w00l Juesd

Sy @ bile Jld g bagyjs bitpruning 4 as Sleallas o
wd)s 5l 0 Glbde s o Calipes due S ool

3. Feed Forward
4. Clipping Range
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1. Differentiable Soft Quantization
2. Back Propagation
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Energy-Efficient Fixed-Point Hardware Accelerator for
Embedded DNNs

Abstract:

Deep Neural Networks (DNNs) have demonstrated remarkable performance in various application domains, such
as computer vision, pattern recognition, and natural language processing. However, deploying these models on
edge-computing devices poses a challenge due to their extensive memory requirements and computational
complexity. These factors make it difficult to deploy DNNs on low-power and limited-resource devices.

One promising technique to address this challenge is quantization, particularly fixed-point quantization. Previous
studies have shown that reducing the bit-width of weights and activations, such as to 3 or 4 bits, through fixed-
point quantization can preserve the classification accuracy of full-precision neural networks.

Despite extensive research on the compression efficiency of fixed-point quantization techniques, their energy
efficiency, as a critical metric in evaluating embedded systems, has not been thoroughly explored. Therefore, this
research aims to assess the energy efficiency of fixed-point quantization techniques while maintaining accuracy.

To accomplish this, we present a model and design an architecture for each quantization method. Subsequently,
we compare their area and energy efficiency at the same accuracy level. Our experimental results indicate that
incorporating scaling factors and offsets into LSQ, a well-known quantization method, improves DNN accuracy
by 0.1%. However, this improvement comes at the cost of a 3x decrease in hardware energy efficiency.

This research highlights the significance of evaluating fixed-point quantization techniques not only in terms of
compression efficiency but also in terms of energy efficiency when applied to edge-computing devices.

Keywords: Deep Neural Network, Embedded Systems, Energy-Efficiency, Fixed-point Quantization



