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New high-efficient universal code(BL-beta) proposal for com
pressed data transferring of real-time IoT sensing or financia

| transaction data
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Abstract While IoT device sensing data or financial transaction data is transmitted in real time, huge
data traffic is generated in processing it. This huge data can be effectively compressed or
transmitted using universal code, which is a real-time lossless compressor. In this paper, we propose
our BL-beta code, which is newly developed universal code for compressing stock trading data,
which the maximum range of measured values is difficult to predict and is generated within a
relatively constant range over a very short period of time. For compressing real-time stock trading
data, Compared with the fixed length bit transmission, the compression efficiency is at least 49.5%
higher than that of the fixed length bit transmission, and the compression transmission performance
is 16.6% better than the Exponential Golomb code.

Key Words : Exponential Golomb code, IoT, Lossless compression, Real-time data compression,
Universal code
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=& A SolA Wsk= AARE 4] HlolBlE a4
O= A% = AEIP] Holo] FHHAET=(Universa
| Code)?] FHS A=lHA, U5E0] thh W TS
HASE] flote] £ =Folld= & A+ ARt AR
7R 2L FUHA FE9| ARE-Z ARFsIalA} 513
oh. H.2645 HHQ 95 EEoA ARE]AL Q= Exp
onential Golomb FT9] HSFAlF F&(Prefix code)S
E AoM+= reversed form 2] BL-alpha 2 iAo}
of AEA A1, o] Z=5 Bl-beta F=2t
Bl o5 EEslo] 71E U FTHTh R

IHEL BY 5 USS FYhA Sk

2.1

el9] '10'0& ARFSR= o|de] HE, dE S0,
'1011101010010101111101001~" 2] 7<% 2] A9 H]
E(the most significant bit)= FE] Zo}9] H|E(the |
east significant bit)Z O5oFHA, '10'S W of ut
o} gloglE E3kshd, '1011/10/10/100/10/101111/
10/1001" & Hgt=l=r] Z7t9] Bal=|= o4& Hio]
2] S2AE(Binary Cluster)2kal HHE313ch o] Hlo]
U] SAEE L5540l itk webi ZF9] i
U] SHAHE Edslo] Adsiolm 44 S04 olE
Hefe] vloue] SFHAEHE AxG T 4= Sltk oFf #1
2 oy SYAH9 BE A 73 24 HE
& Zolof| whzh Ygst Holct. HolyE] S¥AEE T
2 A8kl 17 oo ‘0'o] oo, 07 ool T

S 4 olRgolH, EAAQ] A2 11'E Al&ehe
A= 246K =tk= FoltH7-8]. Length Group
Index+= Binary Clusterg FE Zolg 7|02 IF
o= JE b9 &R0 IF 4Y WS E utith

0 1. 0000 OU0O0O0O0O OO0 OOD oo
Table 1. All possible patterns of binary cluster

code Binary Length Group

num Cluster Bit Length Index
1 10 2 1
2 100 3 2
3 101 3 2
4 1000 4 3
5 1001 4 3
6 1011 4 3
7 10000 5 4
8 10001 5 4
9 10011 5 4
10 10111 5 4
11 100000 6 5
12 100001 6 5
13 100011 6 5
14 100111 6 5
15 101111 6 5

2.2

2.2.1 Unary code®} BL-alpha F=9] v]w

xlo wWE2d, Ay Ee AFE oFol
code-nume] o] 1:12 Hlo|e] S=IAE7 TFE
0, ZF Hlolvy] E9AB = REESA0] Q7] Tzl &
UHA 72 85 4= 9152 & & Qlrt ol Z=
£ E 97oiE Bl-alpha FE2H HHaiisd),
BL-alpha T =2} ofFf| 322} Zo] 7P 712291 fHH
A F=9] 3 29 ynary code®} Blwslo] HH, 17
13 22 code-numol| W2 F=9] Z9] 7P} vil¢- &
TolA S7FekE & <= Sitk. oA deteHA 716k W
A1g B =RojA= buffered elongationo|2kal sHCh.
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0 2. Code-num O OO0O0O Unary code
Table 2. Unary code responding to code-num

code num Unary cpde |Bit Length
1
01
001
0001
00001
000001
0000001
00000001

> |oo|~l|o|o] o[ N

- |oo|~t|o || & [co|mo| -

Comparison of BL-alpha and Unary code

00 1. Code-num O00OOO unary-codel]l BL-alph
al00 0000 OO

Fig. 1. Bit length comparison of unary—code and BL—
alpha code corresponding to Code—-num

SHH unary code: H.264 GAIE drelso] A
%lo] Q1= Exponential Golomb code®] prefix® A&
3 Sl T[], AA| K ol ®33} LTk 11
Joll% Golomb code, Elias F=O%= unary codeS A
S51aL IEHO-121.

0 3. Code-num 0O 0O0OO0O Exponential Golomb
code(k=0, kO OOOO)

Table 3. Exponential Golomb code(k=0) responding to
code—num

Exponentia|
code num prefix | Golomb |Bit Length
code
1 1 1 1
2 01 010 3
3 001 011 3
4 0001 00100 5
5 00001 00101 5
6 000001 00110 5
7 0000001 00111 5
8 00000001 | 0001000 7

(BL-beta) 423

¥39] Exponential Golomb coded] FF Z& K&
BL-alpha F=2 A3 code-num ©] F&5] #A|
e o 22 H|EoA 0] 7hssid AoE o
. ol §U B3 SAE 5l Exponential
Golomb code 9] % F&=& I<&(Reversed form)2]
BL-alphaE ARESISITE WA o]Q} 22 FFH FE=A
BL-alphaT=9] A4 BE ofef of A&sioirt

2.2.2 BL-alpha Z=9] 7Y

BL-alpha F=+= &% code-num & Mol
o, K & X 2= F 719 3k 2 =29 ARt A Ak
A et 41L& ARgSto] BL-alpha Z=F AT
QAcH13].

(D BA 19 719+ 2ol P=51LA} 5= code-num
S Molgkxl & wf, WA BL-alpha code¥ group
index& Weldle 13 33 22 41 ol8slo] K #&
Ttk K#e 9"lk= codenum M o thSske=
BL-alpha Z=9] F=Z0]-1& YeRATh code-num M
I Kol AR off 44 (D= 2,

@<Jﬂ§@ ...... (1)

FHDE ol Q)% F53H

-1+ \/21+8]W£K< 1+ \/;+8]W e (2)

K& $24Q)1E WA= 7F & 40lExR, off 5
A(3)o= 71ds] AT 4= 9l K= E1°I49] Length
Group IndexE 9Ju|sit}.,

2

K=

- (3)

& [p] & pErt 2R 5 3ol Hie] F+E &
T F5eolnh

Q2 FHD)~B3)E B3l M € KE 73 5, off =4
(DE olgst XE A 4= At} X9 9uf= EF M
O 2HE Y= Bl-alphaT &8 ZolE 7|&02 5Y
IJEeE Hom K WHA group WollA XA BL-alpha
FrEfe Sjnjofr.
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X=M- 5

.. (4)

(3) oA K 2 X5 ¢A =¥ #1374 Zo] 2| 49 HE
(the most significant bit)7} ‘T'ZE AJZB}al ©o]ojA]
K-X-1D7H2] ‘0" o] AL ofoix] (X-1)7H9] ‘1" o]
45 oXE AT 4= et o1A°] code-num Mejl
1:12 t-83k= BL-alpha F=°|ct.

2.2.3 Bl-alpha ¥E9] t]Zd(Decoding)

Bl-alpha T=2] T3 % Bl-alpha FE2 o]F0]
A oz otA, =S £0],
‘1011101010010101111101001" &} 3% 10& wid wiofch
o5 EfoRH, 1011/10/10/100/10/101111/10/1001
9} o] 87119] Bl-alpha =& F2fet). o 128 HH,
K& BlL-alpha F=9] Zo}- & 73t 4= 9lom, T=1'0]
5 Zo[Rl]| 97fe|== T=90[c}:. o ol =4X5)E o}t
o] Code-num M TRt 4= Qict:

Code Num (M) = @Jr 7+1 - (5)

K = cole leapth-1 = 45
| |

1M BOO00MMMOOODONMMIBDONONOGHHN00 11111811
|
T=9

00 2. BLalpha OO0 OO
Fig. 2. Structure of BL-alpha code

9 29 BL-alpha®="} YeE= code-num &=

A|G)oll wet M= 45;“ +9+1=10009J & 4
Ak
2.3 (BL-alpha) prefix

Exponential Golomb Code(BL-beta)

Unary Code= @4 iRt UHA FE9] HEA
Z(prefix code)® AMEER k. Exponential
Golomb F=+= HEF=2A Unary code ©f o]o] %n]
F=(Suffix code)2A] direct binary7} AgtEo] =
Feo|t}. Exponential Golomb IT+= FAFIT7}

Unary codegl= E402 91519 code-nume] - 2
< Zfole 1HIERE ZA5t0] oe] AAgk & 7]
F49] Z=9] Zort solus &e] Utk code-num
9] Bx7} ARl 4= Exponential Golomb &7}
g 4= AL code-num?] ARzt E= SRS o=
7] o]81L, peak % 7H code-num?] &8 &E0|
vl A oA, EXg W] Ylolli F2 o5okA WA
3= 2878 HlolE E= [oT A dlole Sof Akggt
73% YEFE0] F45] BolAl= FAPE ek oo & A
FoA= Exponential Golomb TE9 F%: I=XRE
BL-alpha® thAisl AHu] FE=2A direct binarys 2
olo] M= FUHE F=5 AEA WSl olE

Bl-beta F=ak Ha13cH13].
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2.3.1 BL-beta F= 7}Q9} on]

(1) Exponential Golomb Code®] FFFE 2]3l5}0]
XSt BL-betaZ=

F4AF Unary code® g% Exponential
Golomb Code9] HFF=E Bl-alpha I=2 *]&ks}9
£, 1 922 Bl-alpha I=5 2 Xgsk= Flo]
of}, BL-alpha F=9] reversed form FEIZ X35}
o 01" 71808 % =R} Hu| IEHE 15
S L= ] e

O 4. Exponential Golomb Coded O OO0 BL-alphal
00 0000 000 BL-betaD O

Table 4. BlL-beta code from replacement of the
Exponential Golomb Code prefix with the BL-alpha

Exponentia prefix
code | prefix 0 (Reversed| BL-beta
| Golomb
num | (unary) Coa form Code
9% |8l —aipha)
1 1 01 010
2 01 010 01 011
3 01 011 001 00100
4 001 00100 001 00101
5 001 00101 Q01 00110
6 001 00110 001 00111
7 001 00111 101 101000
8 0001 0001000 101 101001
9 0001 0001001 101 101010
10 0001 0001010 101 101011
11 0001 0001011 101 101100
12 0001 0001100 101 101101
13 0001 0001101 101 101110
14 0001 0001110 101 101111
15 0001 0001111 0001 00010000
16 00001 |000010000] 0001 00010001
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olgA A= Bl-beta FE=9 Exponential
Golomb¥=7F] code-nume]| TE F=ZolE H|ws|
HH 19 3 0], code-num©] 75 45 A7} ¢
S AxE & 5 Sitk oY) R REZ fUHA =
L A&E31A} 3= code-num®] E3zo] we} Ald o]
of k=t H.264 ¥/d945397} Zo] code-num 0'°]
e =2 N E 9 oS 3§ YA Ft= 9
%2 S}= 9= Bl-beta@THUE= Exponential
Golomb FE=7} ¢ adtdY 4= Ut} & AFoA=
code-num?] E327} 47 #9] Yoz Blud #5751
A IAESFAAE AR o8t gk E9517] o2 HAl
T o]k Eoglo] FHsHA Wdsk= 54| HlofElel 9
£ =01, 59 A Al 32 A Tlole, 4% A =l
oJ8, IoT device?] &7 TloJg| 5l 243t d1ajE
oF yoiErh

Comsparionn af Bxs. Galoms et Bl beta,

i s TEal

e R Eee s TR T S R s T LR
s

00 3 Code-num OO BL-betall 00 Exponential G
oombD OO0 0OOOO OO

Fig. 3. Comparison of code length between BL-beta
code and Exponential Golomb code according to
Code-num

2.3.2 BL-beta FE <174

(1) F%3= Bl-alphaZ= 1749

Code-num Z°f| Hiale], 1:12 th-33K= BL-beta &
T= AA, ol 4)6)S B3 M stodof gict. ofuf
M2 BL-betad] A5 =5 AKel7] 93t BL-alpha I
29 code-numE 55t G014 S=  direct
binary® M9=l= Hu] F=(suffix code)?] £4-2] XA
Sk H|E 0|tk #40149] 4L, S=1 1 A=A |
FE7t S=1o|2= HEOA e AlFslo]l HEATT}

(BL-beta) 425

o jele} 1MER S718ke A 9olch S=n ol i

ol Ajelo] 1HEH St 498 ol

M= [logz (Z;—SZS) } —())

S ¥ M& ¥4 ¥, Bl-betaZ=9] Hu|F=9
direct binary= M+(S-1) bite] Z7|22% ). $&3}
2oy SEM S gA =HH HF FE0 olojRl= Ay
FEo] H|E ZolE AR 4= Slth= & BL-betaZ =
0] A&Eo] 2 ol 7Y ESAS FA5H] ot
of ufj®- F8slct. o]eh Fo] ME& FoiA HH 2.2.2 Eo
A AR FA(D~(5)0l wet K 9 XE 74519 BL-alpha
FTE YA 5, 0]9] reversed formE BL-betaT =]
HAFF== 3t reversed formS FFIEZ ARESfoF
Sh= olf+= clE E°l, ¥% FTUt Bl-alpha FE&9
reversed form °©] ofd B¢ 541 204 ‘1011& F5F
FE slo] Agsiglont, 41 Sole off 11 49
Zo] ‘10111 E= 10117 < 22 Fei= Al 5= L
£ 25/ (ambiguity)o] TA¥sto] SR UIHS T 4
Y= EAE WA

pn?ﬁx suffix

(&4 =) 1011 / 100101111010000000001...

D

41 £) 10111 / 00101111010000000001...(X)
A Z) 1011 / 100101111010000000001...(O)

00 4. Prefixd 00O BL-alpha 00O ambiguity 00O
Fig. 4. Ambiguity problem of BL-alpha code used as pre
fix

makA] ol I 58F o] ‘1011 reversed form
Q1 ‘11012  prefix® TECIA H55PH, MSB(the
most  significant  bit)AFE  LSB(the least
significant bit) B2 01'S 2 T off ‘01’ 7IX&
3510 prefix® FLoHA £ 4= QoM reversed
BL-alpha F=9] B4 01'& 7| Hofl= 01'0] &
A= UeA] Eoi= E4o] 7] wiEol fY E348= &

AL 4 A "3l
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pr?fix suffix

£) 1101 / 100101111010000000001...

-

Z) 1101 / 100101111010000000001...(0)

o
rr

rx

(

4>

00 5. Prefixd OO BL-alpha OOO reversed form
0 0000 00O Doo oo

Fig. 5. Ensure unique decodability by using reverse
d form of BL-alpha code as prefix

(2) Av|E= Encoding

olojAl SHM-DHIES] HulZEE o]FE direct
binary:= ofeff $40& 35 |, SHM-DH|ER 517] 9
5to] ‘0'& left paddingsto] AJAJsict

suffiz =Z—2° < (2M VD —1)—1-(7)

(3) Encoding A

Exponential Golomb Code +=

IN7RY] zero H]E][1]IN bit Z°]9] direct binaryl
2 F4Eo] AF R 2N+1 BH|E Zo|S 7AW, NS
A o2 AXbETH14].

N= L logQ(codenum+1) J - (8)

Code-num®] 1,000,000 & m N=190]w o]ufj %]
Exponential Golomb F=2] Zoj= 39H|EY} H},
i, 53t 490l BL-beta® 173 5171 Y8l 4]
(6) of ==k M& 6l ol 2ok
1000000+ 2" )

21

oo, 4(3) 9 (4) of wh K 9 X ofefiet &
o] Akt
1+V/1+8x19 ] s
— 5 |76

M= {logZ( =19

|

2
olgA AdE H¥FFE Bl-alphat 7HEYUS K&
FE & 4 93, FuEsE SHM-)H[ECIEE, 194]
EQUS & 4 At Fu|F=r}t YeRf: direct binary
= A7)l

o2t 1)

1000000 — 2" > (2197Y —1) —1 =4757130]3, o]
¢S 1ovER BISM o8I Pk
‘1110100001001000001" w=A, HFF =9} ol
TE Zgshd '1110001 / 1110100001001000001°
Zi= 26H|EQ] Bl-beta IFTr/} A4 Erh). ol
1110001 2 BL-alpha¥] reversed forme]H WHX]=
19H|ES] HEFE FFolrk ofi= 1,000,000 ol2k=
code-num 715222 Exponential Golomb codeETth
34% o Y=E AdS & 4 9ok

2.3.3 BL-beta &= YFY(Decoding)

BL-beta¥ =24 € code-num ZZ ThA] 3= Zlo]
txg9] EHol, S= FEt fFPE Aol dFd ¢
g3 oA Yt groz HA=|o] Qlojof it B
Tos SF18 T AES JAgsigitt. 7+ $A(7)ER
B HPH oo £4] (9)F B3l Tt

Z=suffiz +2°x 2V —1)+1-(9)

= 43 9lomg M T suffixs €W BL-betad]

code-num 75 & & Itk

(1) M= F517] HsliM= BL-betaZ=9] HF F=H
9l reversed form 2] BL-alpha F=& H&lght WH2
I8 69} o] BL-beta F=9] # A9 H|E(the most
significant bit)ol|A 25+ H]E(the least significant
bitREO 2 01 A whd off 2] AF9] HIE|A 017}
A7} reversed form 2] BL-alpha F=olty E&H
BL-alpha =9 code-numZ M ©J2kal 311, 2.2.39]
Al At HYE Rt S0 R HFE I ojees
B SHM-1)B]EY] direct binary 7} BL-beta Z=9] 3
u] F=o]w o] direct binaryd 44 HISE Zho]
suffixe]ct. S=s 9], BL-beta A=t
‘11100011110100001001000001" ©l oAl 9] 2]
w2 ‘1110001 ©] reversed form 9] BL-alpha 7=
o|H, 0]9] normal form< ‘1000111" °]# 2.2.3 Hoj
A A&t ®4of| e} BL-alpha =5 decodingobd
K=60]11 T=30]E& M=19°[c}. wjhA| HF F= of%

reversed form  BL-alpha prefix  suffix
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SHM-1)=19 HIEQ] ‘1110100001001000001" 7} ]
Feolm, HXeR= 475713 o|EE, Bl-beta Z=9
t¥d e 4] 9 =t

475713 +2" < (297D —1) 41 = 10000002} Zo]
Al

00 6. BL-beta 0O decoding OO
Fig. 6. The decoding process of BL-beta code

2.3.4 BL-beta FE9] Y= & v
code-nume| £ 7% T2 U= &8 ofef| E59+
g

0 5.0 codesnum OO0 00 BL-betadl O OO OO
Table 5. Compression performance of BL beta code in
case of big code-num(2)

code .
num Z log of BL—beta Bit
(decimal) % length
10 1 101011 6
100 2 1101100101 10
1000 3 11001111101001 14
10000 4 1100010011100010001 19
100000 5 00000011000011010100001 23
1000000 6 11100011110100001001000001| 26

¥59] 279} Fibonacci &, Elias Gamma TE,
Elias delta =9} QF= 58-S v|wshd o 187 9+
o] BL-beta ZE:= code-num ©] W& & A=
2 qUmd ZEuT o RS U5 58S Yen

O O 2~
Wes & Sl

|

l

(BL-beta) 427

o m M BN MN W R
N

X\

..
.
B

i

00 7 Code—numO 00O BL-betaD OO OO OO
ooooooo ooo oo

Fig. 7. Comparison of compression ratio between
BL-beta code and other universal codes accor
ding to code-num

b AATE B A Qd500A code-nume] HE-
T o] 50 ol oz YA E itk Y%
2] WollA WA¥sl= B4 £ 71 Hlolel9] Y50
Qojx] 71& FUHA FEEET H 2 A2 Ui
T A ZAoZ A HIIrH15-16].

2.3.5 AR AARZE FEA data @ AES 5351
BL-beta TE2] IQA4]

ATE Bl AEAl 7Bt BL-betaT = olgstod]
AR data ASE Sie S tlolH M5 m&Z
=Y = Sl= |, AR ol 18y} o] AA =
TN AFGAF BARY] 20184 8€E 17 718 AXRE 4]
A dlelElQl tick AefiEF dataX® o} B2 Al 7t
AE%t Yok AARE A HlolBE SEAF AHERHE
AR8AL PCR Aokl Ad%2] 744 Abol A 4=
= F[th AHFY peak 7k 1124510] fixed length bit
E o8& Astithal i o, 16049 tick Tl
A Y AR 43,3108 2EY 4= U= 16 bit=2
= $AE Aol A 25054 78] tick ofl gt To]
Elo|2 =& 400,864 bit2] HloJE2 AARE M- sfof &
o} A7t AAEE peak Aol ol H F71R0IA] o
=5 4= Q7] W20, fixed length bitZ & A] ALQ
FHoverflow)9] 910l FA] =Z=A et 35 tickd}
tickAte]9] AlZkzkZo] ufQ- xlsial Eflskar, WAYs}
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= AF A digh AE7F B2 whiEo] ARE
Aokl huffman codings AEZQl dEZT H
o3t FEES ARESEI7E ofHk

tick 8 HafE

50,000
45,000

35,000
30,000
25,000
20,000 | |
15,000

A I |

i b okl
0

571
1141
1711
2zEL
2351
saz1
EEESS
ases1
5131
5701
5271
5341
Fa11
Fom1
=551
9121
EEESS
10261
10831
11401
11871
12541
13111
13631
14251
1am21
15391
15861
15531
17101
17671
1m241
1m=11
1o3=1
1o851
zos21
21091
21861
22231
2zE01
23371

23941
24511

00 8.2505400 OOO tick O OO0 OOO

(@O0 :tick 00, OO0 : tickd O00O0O)

Fig. 8. 25054 real-time ticks per transaction data

(Horizontal axis: tick sequence number, vertical axis: tra
nsaction amount value)

T34, 919 tick ¥ Ak Hlo]elE BL-betaT = Y
Exp. Golomb FERE U5 ASA] 2 HlofE FZ vl
3 29 ol I o3 Pt} et 22 A gloleE
A% A fixed length 2 HuUl= Q2R BL-beta®
B AL 49.5%9 714 EEE AL = U= g
Ut Tt -§-8Eooll A4Hlole] ZE Al AMSEl=
Exponential Golomb FE9o] 79{17-18] Hrlz
16.6% B 22 37|12 919 tick ¥ AF tlol8g ds

T 5 UG T Uk

450000
S00000

so0akd
250000
B0
& 24750
e 201048
200000
130000
eseen
50000
0
Exp Setom

BL-bets b Fatd hmeogth Binary

00 9.2505400 OO0 tick OOO OOOO B
L-beta 0O, Exponential Golomb code, fixed
length binary 0 00O OO OO DOO OO
0

Fig. 9. Number of transmitted data bits when tra
nsmitting 25054 real-time tick transaction dat
a with BL-beta code, Exponential Golomb co
de and fixed length binary

3.

ol-g51o] 10T Al TlolE, F8A ol & AARE &
&4 glolg A =oflA] Exponential Golomb F=2F
|wste] B =2 ASES IR, 1 7 dare
F 3 7Sl Siegojdos e ATEojzog
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