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Design and implementation of asymmetric numerical
system algorithm based on SoC

JIANG Zhi, XIAO Hao
(School of Microelectronics, Hefei University of Technology, Hefei 230601, China)

Abstract: An algorithm for achieving high-throughput finite state entropy (FSE) in System on Chip
(SoC) is proposed. The performance of the proposed FSE encoder and decoder is compared to that of
typical hardware Huffman coding(HC) in terms of compression ratio, speed, resource consumption,
and power consumption. The results show that the proposed hardware FSE(hFSE) encoder and de-
coder have significant advantages over HC. The hFSE architecture is implemented on the processing
system and programmable logic(PL) of an SoC, connected via the Advanced eXtensible Interface 4
(AXI4) bus. Algorithm tests demonstrate that FSE algorithm has better compression ratios for non-
uniform data distributions and large data volumes. The encoder and decoder, which includes a config-
urable buffer module that outputs bit streams as single or double bytes to 4 096 X 8-bit or 2 048 X
16-bit block random access memory (BRAM), have been implemented on PL. The proposed FSE
hardware architecture provides a low-power-consumption, low-resource-consumption and high-
throughput hardware implementation for real-time compression applications.
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WrE B #1:2023-02-22; &[5 H#1:2023-03-24
E£TH: EEK AR EA I H (61974039)
EERM:ZE FA996—) . L ZHETN A Tk K24
B RA982) B AN AR K2 F R A S # (5 7E#  E-mail : xiaohao@hfut. edu. cn.



656 AR T A X FFIRCH AAF IO

AT %

1

AL i 1 S TR R G B L HE
BRI R YT AR R g B i C
21 hy H e fb B 8% (central processing unit,
CPU) FAM Ry A i s (5 1) E L.
T ER R BAR A T T SRR e 0 R0 i R
AR T 1% TR Dt B A A D g 5 B0 592 I 504 s
E ey TR 3TN

RS g A, Wng ¢ & it (Huffman
coding, HO) FI# A 2 i (arithmetic coding, AC)
TESLH RGE VARG AL BRI i
TR AT 53 ] S5 A5 2] 132 oy FH & 3 6 5l A
L i AR BB T 4 SR R R e el N AR A A
A, TEINY HC 7R 7 1 HA M AC 1E
JEAE3 07 T B A L

IR HC JHRE AT B AEL 2 7 5 I 1 4 43
B HC AR AR X2 TAEmE R 25
VPR SO AR L B S A R e R
ACEAEAR R s AOTR B, IR BEAN IR 3R — SR
R Y, HC B0R A =2 5 R, 48 AT LLE o
TR S R A B 1o B AL
B9 (stochastic simulation algorithm, SSA) {4k
WE SR R Iy SR o T T M SR M L 2 S92 I 25K g
SOPNAREE 7=

A A] LG AL HC B 85058 0] 8, 3
TR % . AR AN G i R SR T AT
B 751 7] LIAR R b 4 v ek 220 (B[l el 2%
THAFESE 22 AR R 0 VR 5 705 14 8 T R A AR A A 45
Pt P D4R o B0 o ek B I BRAIC R R AR R
P VERESE T EIAR AT A BR . SCHRL6 48 7 3 X g
5 (Lempel-Ziv-1977,L277) # HC g {411t
IFBT T AE TN A7 v iy R A i 5% =2 Y
B XM R 45 S0 F RS (compressed file ar-
chive, GZIP) 1£ 8L 37 Al 4 #2 '] [ 51| (field pro-
grammable gate array, FPGA) _FSCELp LR . 4R
M7 P R 2 iR 4 IR BCRAR IR B 3 At ph TR
% AR AL T A PSR ARAS ) B K R
B

AEXT PR BT R 48 (asymmetric numeral sys-
tem, ANS) & — 7 1] T 80808 16 46 1) JC 4 0% 2 L) 352
2 W) SCHRES T4t IR B A Z T R I &
Flr . AR LR S 240 5 ANS A6
M &) LG X ANS gt i e fb Fn ANS )8
ShG A o TGN AR L A i ANS B33k 3

il

AT R RGBT 19 40, IF 0% ANS B3k 5 H
b 4 Sk AT 45 G P R B IR 4 A s . e
Hb s ANS WFEVF Z IFREIH 531 1)z
1l Facebook [ zstandard JE4E /%l Tukaani {5
JRA] Fe 4% (Lempel-Ziv-Markov chain algorithm,
LZMA) 48 TH. X 86 T AR T ANS /8
HE4R A2 —. ANS B ks g H TS BE A
PR BAILEICA: Sl R s Sk AR A, 2
A1 BE AT R M RN 22 1 M AT DASE VA [R] )
MG R . ANS 530k i 3 22 AR R Bl
SRR — FRINVET » 3X Se 8 Al LA G 5k A [F]
B 1) B AR 7 o LA 52 30 3 455 1 e 4 R i T 4
W F A T 2 Fh ANS BBk, 4 il rANS
(range asymmetric numeral system),tANS (ta-
ble asymmetric numeral system), SCHEA[ 10 ]3¢ H
RS B CANS (1) RS 25 o 32 B8 A B A9 7E Ak 32
T3 A DL AR AFTETEAEA A BT IR R i )
WHFEETE ANS a4 0 74 FRARE R
(finite state entropy, FSE) &, 7B &7E T AT
TET Y ) 32 07 T 5 AEL g 32 580 ok A s A T3 T A F 5
B,

A —F I F R A% (System on
Chip, SoC) 5 Bl i 7 ik 232 1 A R 25495 4 A 55
B, fiFR A hFSE (hardware finite state entropy) s
It H SR Ge R e 5% & 530105 1) G Al s i i 4 a2
FTPERERT HE » A% SCHR H 1Y) G A 85 0 e AL 45 7 400
U VR IRIEAE A 4 A7 TR A RS R
1 EiEgit
1.1 hFSE &3228

hFSE B35 800 A0 38 72 7] LA 43 Sk 5080 il ik
AT S i A 3 PR

m AL 3 2 H R AR 6 e A
B0 1 DAL 2 DTSSR 3 MR R
TN J5 B2 G AR e 1

155 i 1 i AR R R i 3R A5 e i 3k
AN B 24 FIR SR I DA 22 IR 28 (B B S AH 1
SR8k B 7R

A5 A A 17 3 R U ) A i 2 DA 3 o
MR JFAFS .

Ry T ARARTR 5 B RE A L A R RN
B 2 YRR T XA T AR iU A RS L B
20T AR5 A % » ORI 550 1T DA 46 182 B 5
BTG MR R A B s SR I L 2% PR B TR S PR



% 5

£ B.EF AT SoCuydestfri s 2%kt 5 £ 657

FHRE R P BE AL 3 R 2 1 W AT 5 S
Tl 01 figp 1 i 2 11950 22 W, Kd TUAL B Ao A e i
CPU T35 £4F 5 2 65 Fil A £ o 72 5@ i FPGA i
L, B SoC A9 4k B 4% 3R 4t (processing sys-
tem, PS) v 5% BN Fil b 3, i ] SoC iy A 4 2
iR (programmable logic, PL) i S FLAT 5 4
T FfAD

AR hESE JEX PR ECF R G2 BT
WE 1 Fros, i Vivado 8 57 5 % 31 (block de-
sign, BD) T/, # N2 A _E BT BT , 43

SR Zyng-7000 BISE 5 R B ARSELE R B
AP LT (Advanced eXtensible Interface, AXD)
HIERIH AXT 1 Bl LT [R) £76f £ BRAM (block
random access memory) 5| #$ L . BRAM A= il #%
i, A AT FSE g gs it . BRAM A i,
a3 € AT R FSE fif % g B H I BRAM
AR

Horp B 4 AMEH Ry PS s e, T 4 AR
Yok PL s e, il w4 T 47 J e 1 AXI4 4%
SEP SoC 1y PS ¥ Al PL S Y3E A

(Zyng-700040 3 R 5t > AXLE & FLBRBESR | AXI-BRAMEHI% | BRAMF fi#.7C |

(Coraweiin J—{_ wscwin Jo—{ ravsii o resss )

1 hFSE B MEF RG RN

1.2 FSE &iX4aeiiK

FSE B A X 1% GE g 5% & i L 2 15 46
A AR TH L ANS S5 16 R 51 B A 0 BR
#1587k (asymmetric binary system, ABS) & £ %X
2 P AE S ST IR T RIS ST B AR R
P A SO B X FSE 53125 1 JE 46 R g 4T
Ly 0

B AT K 4 R B2 AN 2 B
XPFR AT ARG OL T » B g APE 5 K, AT A4S 3
FSE 55355 1) 52 b R 4 A5 00

Hi & 2 AT S5 AST S 1Y JOBUR I, FSE
SR 4 B i T BRAR S 4 5, B 48 1 g
R , T S5 IS Hs 448 450 35 ) 4 5 B i o AR AE 107
DL b axfff FSE Bk 7E LR REA B L-F- B R K
FR ) 45 42

1.000 01

0.999 8

% 0.999 6} /

£ 0.999 41
24

0.999 2

0.999 0 . . .
0 2 4 6 3 10
HEKE/(10° 4

2 WAFSKENERENZIMD

% SR ATT 5 RN 45 R AR . S AL
SIS 43 A Cuniform) . 2 YR J5 434 (power -
2).10 K 7 43 4 (power— 10) F1 50 R 7 40 A

(power— 50) FYTE DL » S5 e A i) A2 A L3 1
Figl.

F1 ENBRBFREEENELER

oAy FoKE  ShREsE HERAER
uniform 10 0. 666 7 1..000 0
power-— 2 10 0.706 2 1.083 8
power— 10 10 0.833 3 1.358 1
power— 50 10 1. 089 3 2.089 7
uniform 100 0.952 4 1. 000 0
power— 2 100 1.031 4 1.083 8
power— 10 100 1.2830 1.358 1
power— 50 100 1.924 6 2.089 7
uniform 500 0.992 1 1.000 0
power— 2 500 1.072 8 1.083 8
power— 10 500 1.343 7 1.358 1
power— 50 500 2.055 6 2.089 7
uniform 1 000 0.995 0 1. 000 0
power— 2 1 000 1.078 5 1.083 8
power— 10 1 000 1. 350 7 1.358 1
power— 50 1 000 2.074 0 2.089 7
uniform 10 000 0.999 5 1.000 0
power— 2 10 000 1.083 2 1.083 8
power— 10 10 000 1.357 5 1.358 1
power— 50 10 000 2.088 5 2.089 7
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