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A Note on Source Coding Capable of Error Control
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Abstract

This paper deals with svnchronizable codes: Fibonacci code and flag code. We suggest
optimal suffix pattern which the number of bit stuffing is minimal as for flag code that is
very simple scheme for the positive integer representations.

The performance of the proposed code is evaluated with the probabilistic analysis of bit
stuffing and computer simulation. As a result, we can obtain that our code’s average code
length is shorter than or equal to Fibonacci code which is known the best synchronizable

code a view of average code length.
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&3txo] def F-&EH 1 U ol dlo]
%S 93 A Y B33 (source coding) &
Ao A Fg gl dio]els PT*]x°ﬂ/‘1 ﬁv"i
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237t g RIzds=E 2F5AA(error
propagation)7} #AX& 4
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FUHAE FE2 dise 33AMd Fas o
2] (dictionary coding)olMe 7+ AXY Ad
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< o, AAFe fho] HoeE WARE] wC
H, 1 F350 Aol & #@A gl %}éA e
EIA dah F AdF n e N = {1,2,---}9]
SEE XL

;; P(n) =

P(n) = P(n+1) (1)
& WEska 1 Bzof Helvh

L(n) < L(n+1) (2)

# A 7 (minimal property) & &3}
o as® U7 22 Aol g A}

LA Ade 2@ eo HE F3 Aol
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olfA A (4)E wEFEW HAIHo=2 HIY
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Bn) B(n)& 9%oz AMde 14
om, 1™ m7ie] 0, m7He] 1o] A&E:
(ell> 1°0" = 11000
a adl B4 . 0=1,1=0
B.(n) x %2 ofg A nel 23 F50
it

L.(n) B,(n) B3 7ol
f flag Mg} o] (f > 2)
olal Al Aol HoKFEH|HAAM S48

Aoz dHA Qe Fibonacei ¥l thsled &
HEn, Al AdMdE Wang® YamamotoZ} Al
orgt % 71A] flag F& ol thsted mcl AN
ol e HA e suffix AEE 2e flag FEE
Aetslal 21 AE& 14, TANA HE3 ¥
By BE 49le] B4 9 AR EEE FHL
AR | i ela= o

I. Fibonacci %

Fibonacci ¥ % 53 Ad+E fdste @
Hel stz 2358 HFgdAM Fibonacel 28
ARg-gT} o] B aE PR &S o F(prefix)
Z Jehla B3ole Ed 2& dH g suffix®
Robele 2t R Fof Ale|E FHEEE vt o
gx, F-zojo @ Frt HAYSAE suffix HE ]
def B E FAEL F Uk, A5 me
Fibonacci 282 A (6)7 #o] A=+

Fibonacci & (number)ol| vt&-& o}

Fn = [?nl + Fnz L Fln m. Il = 1 (6)
(%- F mEr Fm+2 = = Fz = O.
Frl = F(; - 1)

24 ne] Fibonacci 28 &
n=rdf.de (01 0<i<k (D
n=]

1 4o AdE et

Apostolico®} Fraenkelol #A2r& Fibonacci
¥z Ruste B3 A Fibonacci 8
AR 0178 F-50o] AEA suffix AR R
Apgske | b e Al FEelg 17E vt
zith(o] 8t AFF1 H& g i}, AFF] 39 B
3} a5l &L ofed o g},

(AFF1’'s Encoding Algorithm)
ne N = {12}
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2d o 01" &%

n
(2) Sk'Z <I1 < Sk 1O] El%—f k% %l":f‘ .
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0:17]/“1, Q = n - Skg - 1% ‘?_}‘3:‘6‘}'% Q%
Fibonacci £8 oz Jepdr},
(3) suffix #&g 01"& Frrac)

Fibonacci #& & AFF1 #ZHT} 713k A
of 7} A& AALo 1m'E& }FE T suffix®
01 AgsteE 37 dth(e] s AFF2 3
Z2} o). AFF2 3+ AFF] Y39+ €2
AAF n A2 Fibonacei 828 et
AFF2 3o 7B 9%E g "Tojnz x|
2 0179 s ey F718 FHetA | ot
A, FEoleld suffix ol2el 01m0] YER}A
YEE o g}

AFF1 39} AFF2 R3E F30] U9 017
£ 383X ¥v ¥ (unique)d suffix® 714
22 2 Fo thal FrIs]He] mE 5o gint.
Z g3 Zolm = 28 3@ A<

0011 1011 00011 -
o] AR HEA A F7F TAsA
-:00011 011 00011 -
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(CF’s Encoding Algorithm>

(1) n = 1499 01" &9
(2) n = 1449
Fk+.3v(k+ 5) < n < Fknh_(k‘f'G)

& EdtE k = 08 Pk

(3) ka’)_(k+ 5) < n< F|\.\A(k+5) +F\\,3
olm Aeol7b k+4%] o] AEE n& H&
g 8
(G a=n-F,., + 19 §30)

(4) Fk»r;_(k+ 5) +Fk+2 < n < Fku;"(k +6)

olfl Hol7k k+4%1 1B AL ng& ¥
s},
(¢, Ben-F., + 19 F30])

1 < n < 169 g AFF1, AFF2 % CF %
Fo FAHAE F 1o B}

. Fibonacci %2 #50{(XtF=m = 2)

n AFF1 AFF2 CFK
1 11 1 011
2 011 101 0011
3 0011 1001 1011
4 1011 10001 00011
5 00011 10101 01011
6 01011 100001 10011
7 10011 100101 11011
8 000011 101001 000011
9 001011 1000001 001011
10 010011 1000101 010011
11 100011 1001001 100011
12 101011 1010001 101011
13 0000011 1010101 110011
14 0001011 10000001 111011
15 0010011 10000101 0000011
16 0100011 10001001 0001011
avg. 5.3750 5.9378 5.4375
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o] #& Jehl7] 2t flag HEl-& ALE8he -
Z7F dekt . Wangoll el8l] A< flag F 359

d& 1 daelFoel vl ddsbuA HataH
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= 01 &zﬁ_ B(n)& B(n) = bgb, == by(eld
b, = 19 7t "ot Wang $39 Y a3+
B(n)% 9125;3 A E Bniwel (f - 1)7e]
A% = 0] WAgsl 13 49l (bit stuffing) 8t
o <>1$ 2218 HEAIY, 0y suffixE H71e}
of B-5oj3hg FEEt(0]3), ©o] #5E Bupin)
oj2} g},

{dly n = 200, B(200) = 11001000, { = 3
Sy
) B{200) = 00010011
(2) By (200) = 0010100111000
(olu 1 4Fsi¥l HIE, 000% flag &)
By (200) 1 = 13 (bit]

ol9} & Wangel ¢ Jd ol thal, o] EE
B(n)& dez e &£x HaE WA sv]
& Yamamoto 5 Bin) 9] 9E A @
A Bep(n)& Acksbsdor v o 7] A
B(n)e] 249 9 E(MSB)7} of
At FEE A At

Yamamoto+>
B AHE zka 9lA] ¢
1vEE 1%1716}1 %*-mwo 24 Wang HFEKE

W& A skt

Byw(n 011*15: ﬁHLd p = pips o pll A7) A
(autocorrelation)& pp = quq, - qm°l & 8t
it A (10) 2 2ol gojate] suffix AdEe] V&L

4

= o] gatait.

[l, i p. = posje
q = l“if‘JO<]<f(10)
]0, others

2 (10)el] ofa EAY =

Ef = 3, 4ol thg A
1 pot 27103 gk ppe] #A

g # 20 Bl

T

H 2. Rp7lont

f=3 f =4
p pp p pp
0000 1111
0001 1000
0010 1001
0011 1000
000 111 0100 1001
001 100 0101 1010
010 101 0110 1001
011 100 0111 1000
100 100 1000 1000
101 101 1001 1001
110 100 1010 1010
111 111 1011 1001
1100 1000
1101 1001
1110 1000
1111 1111

Yamamoto= pp = 10"'E WZ3h= flag o
Hp=10(=2),p=01"(fz=2)Fp =
10" (f = 4) 8 suffix® A8t Yamamoto
Ko $58le B(n)d flag ¥l p = pips
peg Bl@eted A EH p& Adshar, & Fuld
flag ¥ p = pip. - pr AT 33l
Al & vhgol viehdinh

(aly n = 200, B(200) = 11001000,
f=3p=100
By, (200) = 101010100

Byi5(200) = 101010100100
(o]mf 12 A1€E W E, 100% flag HED)
\B,u.(ZOO)\ == ]2 [bl‘]

o] & f = 29 By (n)oll ¥ Hy-
ZAol7F HiF 1(bit/codeword) S Ao
22 et 274 TE ol & flag ﬂﬂ‘ioﬂ
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WgelA 2 £ flag ¥29) 44, 9T #3
Zol M= Aol BYRG WS S We
S ¢ v mepA, B ool uE 4

=9
[PRE=3

o sjelo] =t
7b A7 w &l A
Yamamoto H 3o HEI BRsEs £
Yamamoto ¥3.; Byyp(n)oldh &t 1 233

F1e 2L ofefol hepdch,

{Modified Yamamoto’s Encoding
Algorithm)

(1) 713}
@ B(n) = bgb, - by,
M = llog,nl,

xJ 0 xETH 22 gL HopA s
@ Buyin(n) «— A
@t =105
(2) A
Dift > M~-f+ 2
then [if t < M,
then Byyp (n) < b,
goto (3)
@ if bbiiibiigw = pipsPrs
then Byygp(n) < b, t =t + 1

'bM]

else Byyp(n) < bbby by 2pr
t=t+ (f-1)
® goto (2)
(3) flag ¥l pp,---p, AA
Buvin(n) ¢~ pips--py

O 1. Mo Rxof MEfFolT
% Al 1
B(n) = b()b] bM(Q,U:H, Z}_ bj(l g\] < M)
7} Prib;, =

0) = Prib; = 1) = 1/29 2%
2 S5HA0 g B By, (n)e] ¥E 44

HEL}‘g:éj\:l: C(B\wm (H))%

0, M<f-2
- = -f+2
C(BM\((”(H)) { M f' ‘ sz"l (11)
2

ojr},
z
AE 5ol f = 3UuW p = 1102 ©th M <
f - 2019 HlE AQlo] WAEA] &3, M ) f

- 204 j = 19 dsld Pribb,, = 00} =
Pri{bb;,; = 01} = Pribb,,;, = 10} = Pr
{bb., = 11} = 1/4 = 1/2"'°|t}. bb,,, =
11019 p(=1)°o] Aslsm, B4 by, ,b;. 40l
AZFt bb;,, > 1118 by b7} A=
b e bb, (1 << M-f+ 2)o &
Holms 1Y 13 Zo] "doh. 2 1852
1 <)< M-f+2d gt 7z} v|EgG 9 Iy
gL 2 (12) 9 #},

Pr{00}
Pr{10}

Pr{01} = 1/4 = 1/2"
Pr{il} = 1/8 = 1/2
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% &g 2

el 18 22 2dstA By (n)el HE 4

ol HL’Kg ‘/F C(B\()(n))l—_

0. M< -2
C(By“)(n)) = M‘fmé_ M= -1 (13)
2

olt},

“= 39w p = 1108 €t} old bb,, (1 <
< M- f +2)9] Aozl ¥ 22 5E
Pr{00} = Pri{0l} = 1/8 = 1/2 (1)
Pri10} = Pr{ll} = 1/4 = 1/2"
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o AAE Adae 24 FEd B(n)del 0 Fibonacci #3% flag ¥3.5 TAHoE AWHE
3 1o] A 1/20 FER BESD UA L ottt flag &) %olA Yamamoto oA
=2 09 flag AR 1709 Ak HH S AL g £ e flag HE 5 1009 #HAH9 flag

st ol HE Afjle] A WAPFTE 1 = n A S Fate] MAH flag F5 5 FAFA LT,
< 10°9) A4 nofl e HIE A EA3 S I AES E A wARge War el
I 3¢ Blt}. o A} Al Ekeitt,

29 AP R a3l e A AbgH el &3 AR sE Adse) 22U WA HE A
9l n < 10 sk CF #&s} A<k B,y % o] 74 A wAsta, oS AHHo|wE Ft
o] HFRFAolE F 40 VYepuidct & 49 4 o B3 A3} Yamamoto F3ol vl HIE 4}
3, #A ket By F&71 CF 2“‘4 153 (et Q] WA gEo] /22 FoES o F vk =
& duglEoz CF B39 Q53 HairaZo]l HE AFQ] 2147} ghAaste e Haf g ol
Z71e ¢ 5 dtk 538, n 0 107 Oﬂ oisf A A% 2 A %0 Yamamoto F-3.0 vls] At
P HEE OF Y 2R Pt F-adol7t FolAl= o flag & WA & dae|Fe] HFes I
AHE 44 "o o dolwo) A 73 et AupE Hols Al

T hEf=349W, 1 <n < 256% ALF n Hgo Futadoldads dwel HE 5
of a2t Raale] Rgole] ANE ek Rog 4elz de CF H59 Faysdos
Aoz AFF5H0)E avg. 2l [bits/codeword] Hlwa B 7} 3 40]a n > 10°ddf Ak &
= Bl sl eh el Aol OF Fomc} §4a0A vhebtt

HoeRda n#3 B3 A% nel LA
V. A &2 shEo] WEae EEduers vt et o
oFd Aue FEFRIZ wHd PR HAh X
B owmBoAs AEY 2os Gy SFE Ae wEAIE R Y] F5£9 A
Aelst 4 Qe A7 Fr Fae wape  deF AU
E 3. pp = 1070l =& Z miedof st BIE 4telo] R
A% n
¢ | A9 B3
10° 10° 10 10°

001 78 1,241 19.176 241,368 By

3 011 101 1,770 25,959 349,172
100 88 1,759 25,065 333.637 By
110 60 1,186 17.008 226.538 Buy
0001 29 478 7.782 98.537 By
0011 41 764 12.643 162,998

4 0111 38 760 11.610 161.894
1000 35 759 11.287 155,231
1100 29 743 11.158 153.278 By
1110 20 446 6.645 91.577 By
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(1]

B 4. HAREZo|Blu
[bits/codeword])
H 5 n
f T
10 107 10° 10
5 Buy 5.000 8.400 12.173 16.064
’ CF 4.900 8.240 12.538 17.248
4 Buy 5.900 9.000 12.433 16.028
CFK 5.900 8.860 12.478 16.213
E5 2%z usel £20 (f = 3)
n (jFH‘(n) Bw(;;;(n) B,(:;)(ﬂ) Bg\x\n';‘(l'l,‘/
1 011 1000 100 110
2 0011 (1000 0100 0110
3 1011 11000 1100 1110
4 00011 0011000 00100 00110
5 01011 101000 01100 01110
6 10011 011000 101100 10110
7 11011 111000 11100 111110
8 000011 00101000 000100 000110
9 001011 10011000 001100 001110
10 010011 0101000 0101100 010110
50 000100011 0100111000 1010101100 10010110
100 0101010011 001100111000 10101010100 100100110
150 00100100011 011010011000| 001011101100 00101110110
200 11010100011 0010100111000 101010100100 1001000110
256 010000000011 0010010010011000 00000000100 (0000000110
avg. 9.929688 10.945312 10.292969 9.929688
s e AE e
S R | [3] P.Elias, "Universal codeword sets and
the representation of the integers.”
T.C.Bell. J.G.Cleary, and I1.H. IEEE Trans. Inform. Theory, vol.IT-
Whitten, “Text compression,” pp. 318 21, No.2, pp. 194-203 (Mar. 1975)
ST . C .
Prentice Hall. (1990) (4] M. Wang., "Almost asymptotically

Y.Miyakawa, J.H.Park, and H.Imai,

“Universal code with self-

synchronization,” IEICE Spring conf.,
SA-6-1 (Mar. 1990) (in Japanese)

optimal flag encoding of the integers,”
IEEE Trans. Inform. Theory, vol.IT-
34. No.2, pp. 324-326, (Mar. 1988)
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A.Apostolico, A.S.Fraenkel, "Robust
transmission of unbounded strings
using Fibonacci representations,”
IEEE Trans. Inform. Theory, vol.IT-

34, No.2, pp. 238-245 (Mar. 1987)

R.M.Capocelli, “Comments and

additions to 'Robust transmission of
unbounded strings using Fibonacci
IEEE
Inform. Theory, vol.1T-35, No.l, pp
191-193 (Jan. 1989)

representations’ .’ Trans.

D.A . Lelwer, D.S.Hirschberg, "Data

compression,” ACM Computing

od (% # K
19939 29 FAbgabo &t A 4
1993 - @Al FAbpsidigw i %

=
N
o
-
e

¢

1984 29
1987 39 ¢
19904 39 €&
19909 -~ 1992 FAree2

B

tl ol ekt &,

%/\

1992 - dA FAargedddiea

(8]

(9]

A} &)
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(Sep. 1987)

H.Ochi, "A
asymptotically optimal code for the
positive integers,” IEEE Trans.
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