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Algorithm 1: The procedure of dictionary-based Tunstall decoding
input : A codeword under decoding «,
the podebook &
outpul: A sequenoce of decoded symbolr
1 Function DicDecoding (b, ¢} I8

2 dictionary value « del]

3 foreach symbyd Wy divtioneery volue do
4 | Output the decoded symbol,

s | end

& end

FIG. 8
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Algorithm 3 Find the rank of the codeword

input : codeword under decoding o,
codewords of the nodes ne
output: the h‘dﬁx of this codeword +
1 Fanction PindRank {r, ne) 18
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for ;r'zva::}s*is: iy « U m }m;ssbr v of nodes do
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8 end

o end
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Algorithm 4: decoding the symbuols wlong the tusall
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arvgy of Boolean values of whether the nodes are innes
podesy nal 8 avray of node addresses) nn & amay of
Boolean values of whether the nodes have descendants
mput @ oodeword ander decoding o

dopth of current podes i the Tuastall wree ol

¢ 0F the memary «

outpuls A sequence of wcompressed serhals
1 Function |

widve

E>

(221

mbal using the funchion

Y e 28 e § en oF 3 R
TR ot e vaey § v of ade § TR N
SIS \‘§.+.~»~,:\§ L8 v 3, 8§

s

W
%

i

18 end
% end
v oend

12/19



WO 2023/107007 PCT/SG2022/050887
14 18 .30 8 0
grands] addr/sub- , oy
ree treg codeword
FIG. 16

13/19



PCT/SG2022/050887

WO 2023/107007

LT Ol
B(1G ¢ S48 848y UBpOOB-UNG .08
IBROAU0D Jeponan patusuo-oBc o0
NHND PYOLT 2Y0LT avoLT BYOLT vOLT
35041 L ] )
N « EMMM foy mamémmm b (S e Dorie mamm%m@mtm mmg,mmm%m a
{09 2] foqdss | L m | 0S| [0:6] promapas
uf i, nmmﬂf . umON: o_mmb ] mmM:m L oco/T - N
N | 2041
e a— -2} 1oquiA Slpquid  [0:2] loqud 2110gWAY 17 oowic 80L1
PP [o:2l1og fo:2d10g {0:2} 100 [0:2) 1ogwAd  [5:47 soqwiA w
1
M w7
-« ASRUBIY {OQWAS >
{o:se] sjoquwiig w —— »
N Japoosg
90LT 01

N,

00LT

14/19



WO 2023/107007 PCT/SG2022/050887
1704
o~
1705
A
decodedlsymbol {7:0]
Sub
1702 Decoder
out codeword {9:()]l
in codewaord {9:0} 1808
= Vod
out address [3:0
in address {3:0] Comparator»Selector [ ]>
reset /j \’\
enable
1806 Node 1807
codewords
Y ;
1802
L

Node Memory

FIG. 18

15/19



WO 2023/107007 PCT/SG2022/050887

TABLE i
THE RESOURCES UTILIZATION AND DECODING CYCLES OF MO
DECODERS WITH DIFFERENT MEMORY ENTRIES AND MEMORY TYPE

. , N e Memory-Urtended Decnder Eatires and Memory Type
Resvurces and Decoding Cyele 3 TFY

MO IO RAM T WO 1034 838 | MO &4 RAM | MO 8 S8AM

LUt [ECTE 193 267 P

FE { 13 {3 20

Resoroes™ LT RAN R [ ) t
3 i [§) i

Cyele

FIG. 19

TABLE I
THE RESOURCES UTILIZATION AND DECODING CYCLES OF LO DECODERS
WITH DIFFERENT NUMBER OF SUB-DECODERS AND MEMORY BANKS

s e Logic-Oriested Breender Emtares and Memary Type
Resources and Proading Cyele b ¥ B

FEV I .Y A

dhanks | JO TN 2T bapnks ) LQOR N 1 bandx ] LT ND I fasks

R FTY

Rssoppoes®s

LUT B
RLFE

FIG. 20

16/19




WO 2023/107007 PCT/SG2022/050887

2100
{J
2104
Main Memory
lCompressed Weight
input Activation Tunstall | ~*'%
Decoder
iUncompressed Weight
v |

Deep Learning /\,2102
Accelerator

FIG. 21

17/19



WO 2023/107007 PCT/SG2022/050887

TABLE IV

THE CAPACITY OF THE MAIN MEMORY ANU ESTIMATED MEMORY ACCESS FOWER IN BHFFERENT METHODS

Memary Capacity Requirements

2% 353d e LRSTON
ONN Architictures Methods {Bytes, incfuding the codeshonk) ¢ “\ﬁm"m}."f":’?:; .
MK arerage sesdssgam ’ .
Full precivioa (32-hif} PEASIAL L 2082037 EEREERY
Ouantized §-bi 2 ]

e & Cuanitzed b
ResNet-5h Chuanticed d-bif with Twasicll LO decoder
Duariized 4-bit with Tunsiall 3Q decoder

Quanitred 405 wieh Huffinan coding
Jull preciviea (3201}

{nantized S-61

et Lhit

MobiteRet-v2 Blacsniizrd b i Fansiall 1O B5cades
Ouantized 454wk Fansudl 838G decoder
Cuandized 3-8 with Huffman coding
TABLE V
MEMORY ACCESS CYCLES IN DIFFERENT METHODS
CNN Architectures Methods .’_ngms Read Clock (j':".df‘:f
SRUX L BRI
nff-chip DRAM 7,383 15,141
ar-chip HRAN ST

ResNet-58 Quantized 4-bit with Tunstall L0 decoder
Cuaatized bt with Tunstadl MO decoder
Quaniized 4-bit with Huffman coding
off-chip DRAM
i MRAM

MaobileNet-v2 Guantized &-bit with Tunstall LO decoder
Ouartized -0t with Tunstall MO decoder ]
Quantized 4-hit wirth Huffman coding EREE RSt

FIG. 23

18/19



WO 2023/107007

PCT/SG2022/050887

TABLE VI
TUNSTALL DECODER AND HUFF

MAN DECODER PERFORMANCE OF
RESNET-50

) ) Kesnurces Ctilization N Menwry Memory Access
Hardware Decoder B, Beending Cyoles N e ¥reen e
# LU = Capacity (Byte) Power (R}
Fasteegy 2 SIROFY b . o s 4 o st e i e
’ “I"?‘;”ﬁ;y"gf&,;*“(‘{:if}i;”" 6322 633482 £336.613.08 46,693,720
824 esidries P " e s e e
MO é‘:fi‘::;}; );‘i:w}dvr Lot h3633,527 6.432.151.83 16.260,349.2
236 ewtries ) e ) -
- pe 307 SEGE 216,83 TAIZANLG
Huffman decoder At o, t ¢

FIG. 24

FIG. 25A

FIG. 25B

TABLE VI
TUNSTALL AND HUFFMAN SOFTWARE DECODRING TIME (MICROSECOND)

NN Architectures

Cading Methods

Software Decoding Thne {(microseconds)
maxinm average N
ResNet-30 Tamsma’f (f.’adifzg 121.999 25@,{}'7f3.$@) iﬂ
Huftman Coding TI8217 33,7807 32
MobieNet-v2 Tunstall Cading 71046 360679 N2

0
SITRA 7

Huftman Cading

103512

(¥4 (

FIG. 26

19/19



