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Abstract This study is a study on the results of improving the logic to effectively transmit and
decode compressed data in real time by improving the encoding and decoding performance of
BL-beta codes that can be used for lossless real-time transmission of IoT sensing data. The
encoding process of BL-beta code includes log function, exponential function, division and
square root operation, etc., which have relatively high computational burden. To improve
them, using bit operation, binary number pattern analysis, and initial value setting of
Newton-Raphson method using bit pattern, a new regularity that can quickly encode and
decode data into BL-beta code was discovered, and by applying this, the encoding speed of
the algorithm was improved by an average of 24.8% and the decoding speed by an average of
5.3% compared to previous study.

Key Words : BL-beta code, BL-beta Performance Improvement, IoT data compression,
Real-time compression, Universal code
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‘1001010100000010111110010000000000001" ©]
22 p=<n(bin(1+8M))—1 02 XE p=36
36

o] AXEI, 27 =2621440|HF 1, =262144F
sto] =4 (15)9] HSHE Aklold, & 59+ Lol AA|
2% 282842.7125-+-0] 33]9] AitoZ wl=2A ZHETES
& 5 rhEey  fold BESE 7)E glo]
E 5 RE-YL g2 0|83 o, ME| WE

V1+8M(=q) A4t HI

Table 5. Comparlson with calculations of

V14+8M(=¢q) using the Newton—Raphson method

, o by selecting =,
q2 blﬂ(qz) 10g2 (qz) p=trun (logz (¢? 0

1 1 0 0 _ 1 e
> 10 1 1 T =yt Ty T Ty
2 11 010 1 .584;9625 ; z, 262144 80000000001
5 101 2.32192809 2 Ty 283659.8906 | 40000000001
6 110 2.5849625 2
7 11 2 80735492 5 Ty 282843.8896+ | 20000000002
8 1000 3 3 Ty 2828427125 10000000003
9 1001 3.169925 3
11 1011 3.45943162 3
13 1101 3.70043972 3 Ty
14 1110 3.80735492 3
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=1+8M2 ste],
o, =8>10000000000+1 & AP AL, 223]9
]L% A Ao}k 282842.7125: o HL5F

3.1.3 Fo| 2= dFY 583

BL-beta F=2] A% A1, 3]0 = S+(M-1) ¥
E Zolg ¥ w2 v FTE ofdfe e 4
(18)5 &3f 72 ,

i

suffiv =2-2"x 2™V -1)—-1 (18)

bin(suffiz)o] ‘0 left paddingdto] S+HM-1)
HER it S=1¢ A%, Fu] Z=7F AR|ok= H]
E &L < n(bin(suffiz) =1+ (M—1) = M bits
ot} g Hu] IE 2 F4] (1Q)EFH offf 44
(19)2} Zo| %71 €t

suffiz = Z—2x (2M 1 —1)—1

=7-2"+2-1 19
=Z-2"+1
o] 7= E3 J% 759} o] bin(2) 9 type

Zo
of uhet gel s, e g A Kz U

o= Holo

(1) bin(2) 7} A type Q1 A2
THE bin(Z) 7} A typeolH, bin(2) L bin(2M
3% 59 22 wjelolw, z—2Y =

AT, suffir=27-2"+1=0 ot} E3t
n(bin(suffiz)) =M o|JEE, M BHEQ] ‘0’°o&
o]Fojxl o7t Hu] F=rt Hrh

oz

~

-1 98

e

e

ro

oA Ao

len(bin(Z)) =M
\

111111111111 T, 1 .

len(bin(2M)) = M +1
)

10000000000000............. 0 o

len(bin(suffix)) =M
\

10000000000000............. Q Sl

a8 5. 7 2 oM o2 HE suffix HlA

Fig. 5. calculate suffix from Z and 2V

@ bin(2)7} B type = C typed] A% 1] 7=

3 bin(2) 7} B B+ C type ©]9, 3.1.180]4]
HY%o] M=<n(bin(2)) -1 oJtf. o|ZHE
< n(bin(2)) = M+10]t}. Wetd bin(2) = 1Y
63} Zo] I'2 AlFsl= M+1AH9] o]Xlea2 YRk}
L31=3

Len(bin(Z)) =M+1

............

O8l 6. bin(2)7F B == C typeg A< HEl
Fig. 6. Bit pattern when bin(Z) is B or C type

o, bin(2)7} A type°| oFJEE M+17]<] H|EZ}
5 1ol He A9 A 2=tk "
Z—2" & $gshd 19 73} Zo] bin(2) 9] MSB
1HE7} ‘0 o& ﬂ%lﬂn}.
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Len(bin(Z)) =M +1
|

1T T e [ 1] s

!

2 - -

O [ [ [ I 1] z=2" an m+1bits)

L,

‘ ‘ ‘ ‘ ............ ‘ ‘ l Z—2M (in M bits)

(T oo [T z-2+1 G mbies)

a8 7. bin(2)7F B == C typed mf, Ho| 2=
£ 5= 2y

Fig. 7. Process of obtaining suffix code when bi
n(Z) is of type B or C

thgeg  z-2Y+1 & Sl 9 1S t1
sl < n(bin(Z2—2Y+1))=M 7} "t =
Z—2"+1 9] HE Zol= M HEZA tﬂo}z] %
ok s, 1™ 83 Zel, M HIEQ bin
(Z—2") o= bin(2)7} B type = C typed
S0l BEEA] M B|E Qo] 171 o}iF9] ‘0" o] &
Ast7] HEell, LSBAl 1& ©lste] &g &Hol &
Aoz LPsiEzte M BIE oA MSBHRFS
E AFeE 00 A HE YA7F T= J\ﬂQ
HHA A 9ol ST HA Hrh olet 22
o Z2HE bin(2)7} B type B= C typed %0
Aol Z== bin(2) 9 MSBY 1HEZ AAT o
3 5 M HIE9 o4 e Flo]

& % otk

o o
n

1
7

(oo

e o

Lo

Len(bin(Z —21)) =

Z—2M (in M bits)

‘ Carry up

Len(bin(z -2 +1))=M

|
[0Jo] z-2"+1 (in Mbits)

Carry up stopping at first
zero position in M bits

a8 8. Zz—2Y 1 7z-2Y+1 of RElUt S5t olR
Fig. 8. The reason why Z—2" and Z—2"+1 hav
e the same number of binary digits

3.2 BL-beta ZE OFY 45 74
3.1 AoflMe} o] bin(2) 9] T 5

=

gl

AALS E3| BL-beta FT9 FF IE (preflx)g‘r

Au] F=(suffix)® 7+ = A}t sHd, 19 8&

A ESHE, % 99t ol Aze TS %
A% & 9kd, o FANOREH bin(2)E
BL-beta T= AH9] sElo2RE 444 &elo] /b5
st g 5o
‘11100011110100001001000001" =Fd, MSBHIRF
oA LSBHF R A7SHEA '01'S AL ThEE ),
THH LB 7HIE Fste] 1 grolA] 12 W 27t
ek, S5 Wolop T AL 01'S AL WS

BL-beta F=ot

= A=

o, ‘1 E3sto] LSB7IAY] HIE gL ] I=
9] 249 HlEd 1MES
L Hu) F&7} ojdo). 18y BL-beta FEREEE
J5F F=E Fotl o|2RE M Fobd, Fu] 1=
d9 2 715 gA 9 7hestEE, 19 IMES

27}% e gols] 3]

Pt vE Ao WeloTRE ZA bin(2)E F
% Ik Aol £ 472 B9 AHEA 21 Hol

o 2 3719 bin(2)E FE49 code-num
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prefix suffix(M bits)
I Il

[ Y ]
11110100001001000000 —> |1110001 11 10100001001000001‘ BL — beta code of (Z)

Z (1,000,000 40

1'11'10100001(101000001‘ get the M + 1 bits from '1"'s pesition at first 01’

1111(1100(101001000000‘ substract 1 from the (M + 1)bits part

f

that is equal to Z

prefix suffix(M bits)
— . )
11111111111111 — ll“ 1 00000 ‘ BL — beta code of (Z)

Z (16,383 (10))

100000000000000 ‘get the M + 1 bits from '1's position at first '01’

11111111111111| substract 1 from the (M + 1)bits part

08 9. Mo|ZF =0 MSBHEEC 2 1HIES FUIZ oAZAsH H|EmE oz 2E 75 Foh= AlXnty dutkst
Fig. 9. Generalization of the calculation process for obtaining Z from a bit pattern in which 1 bit is additiona
lly connected in the MSB direction from the suffix code

that is equal to Z

o YRR HEHs TS o YA on  AXEIoR] B 2318 HAEsl] 1 HRYE T
2[8), & AToIME AL SIS Sk sioiet. HAE 27hs Fig. 10 9 X 63 2tk

e HAE A, "o 9F 24.8% TG Al7to]
A7EL 01T 4 Uit 3 Code-num FAto]
T= ARHOC R QFy A7t A3} 8o Bopy

% % gl o]t Hst T8 WAlo] HAE §
=
s

4. 945Gt

41 HAE 234

B oA st BL-beta TE AT 9 UjE
H+ Microsoft AF9] Visual Studio Community
2022 (64-bit) WA 17.3.29] C# o0& AL

release RSO HAESGT HAE SfEglo] AlF T o, ofel 53 0 e 2

2 Intel(R) Core(TM) i5-8400 CPU@ 2.80GHz, ‘j ﬁ%j“a“ Hﬂi :‘1 HIE N‘j‘i—i -Erj"é :éz‘zjj

2.81GHz A1¥e] 16GB #, A== 1064915 2 :jisﬂﬁr H]L]uﬂjj amj %l:l;}ji J;_E-EL;L;
D= 35k %! & 23 A5t o= 98° vor= o= al

AR st Ao} 712 24T T sl A4sAsH glo] 45 ACE o4 Hct.

HEE s g4 EARG @ IH 8 3F 22
Agslgon], FYst HEAe 2L FAFAT
LEE] HEES Slof gAEsG,

4.2 Bl-beta ZE AIFY F&H|W

dA3Yg A% HAEES 93 Code-num ZZ 19]4]
EE ZF 100000, 1000000, 10000000, 100000000
7] @&H0=R Y SRS i £Q%+= AR
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Encading time saving(%)

O3 10, A & 7|E galof wE A=Y AlZE A
g Hlu J=

Fig. 10. Comparison graph of encoding time reduc
tion rate according to lightweight and existing meth
ods

E 6. ZHsH Y I|E gaof w2 AFY AIZFEZL 8
H|

Table 6. Comparison of encoding time reduction rate
according to lightweight and existing methods

ALz 1~
L 10000
2 0

1~ 1~ 1~
1000000 | 10000000 | 100000000

k| 12.89 93.53 | 1127.02 | 154373.88

2k | 1222 | 129.90 | 151854 | 198524.33

s 28 25.75 23.25 22.25

4.3 BlL-beta TE C|TY NSH|W
g34g 45 HAEE Hofl d¥d H5 HAESLH
Y%t 9o Code-num ZE 19ARH Z+

100000,1000000,10000000,100000000 714 A<

Moz g7 9 1 ARHE AR ANSIEC
o B 2808 dAESe] 1 BRge Toktt. d
AEZAIE= Figo 11 9 & 73 2o

Decoding time saving (%)

a7 11, dEat 3 7|E gl whe C=E A2 E

Fig. 11. Comparison of decoding time reduction ra

te according to lightweight and existing methods

s H2E A3}, Bt 5.3% 71 O3y Al7to]
A4S I 4 At AZGF} vjwste] A7t
A7t ol AFoz 37 o= A2 HF A= &
Qlohs FE2 7|& AT 5Yshe, tg3ig wA o
Ae At o] & 27 T, Aedil WAl o
Ato] gl7] wizell A3} oj 2|7} 32| %7| wizoltt.
Jgolz Eatal, 7€ a7olAe 4] (7)€} 2ol
vl FE(suffix)E Tfotal F7HAQ1 A4 A4t 2
< AAF code-num ZE & 4= UA=H A=
78t oAl Fu] ZeRet 1 g HE §
doaRH 75 AH 1T & U] Wil £&7t
b eS¢ 4 ik 3hd dEY HAES AIZF A
ol Qo] BLet Pdol UeRd=d], code-num Z
7F AAIL H4E Fo] WoldLE HiHos fuy
AZE A7 &o] YolE & 4= A%t o] E3 A
st 74 whajo] HAE /i oA HE ofE &
Aal 222 A F24(String 42 A5
7] gEoE oA},
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Table 7. Comparison of decoding time reduction rate
according to lightweight and existing methods

1~ 1~ 1~ 1~
100000 | 1000000 | 10000000 | 100000000

1775.6 | 20537.3 | 2297222

7k
156.45 7 9 4

~oA7 | 16948 1825.8 21451.0 240102.3

(miliseco
nds)
=

Cl=g
A2t 7.7 48 43 4.45
Hue

(%))

52 &
£ AFE 53 loT Avizie P4 =He 4
(sensing) HIOE ] 7 &4 AT 4= HFolq &

& 715 BL-betax =04 GAF Beto] & A=
Ah 271 AARZ HIE 9, HIE shift@4REo &
F5} ofo] W24 BL-beta FE=2 A¥Y ¥ f=
o] 7}s3h WS AEA Ao, A A
9] Afol= 7129 wE-HE s E85tE, H|
el o]-gsto] AgHog wiEA 27| 72 44
o e TS AEA Abslth. Ale A4k A
fole  HE Ao Rn  Jhsdh AfEd
(digit-by-digit  calculation for computing
square roots)E %7} Ago| 758 Aog oA
. 3 2 d3= Bl-beta IE=OIA 7P st
FEQI =191 F=of thsfA ﬂ/“l—r = €°]7 q5

ol od rf

m&" [m rL

2 PPN
o W= WY BHo2 AP A5 Ao o3
Fe AR FHRY FATY A
o 7} 185} 2 F90lE vIE A £ B
£ 78 59 HoE 7S Aot T % 9

dsh 977 Waster,
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