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ABSTRACT

One way of improving the distance properties of sequence detectors operating at high user density is to eliminate
the input patterns causing most errors in sequence detectors (i.e., three or more consecutive transitions). We refer
this constraint to maximum transition-run(MTR) constraint.

This paper proposes a rate 8/10 (0, 6) MTR code and its encoder/decoder. The 256 codeword set selected out of

282 available codewords satisfying the MTR constraint is to minimize the complexity of its encoder and decoder.

I. Introduction

Recently, a (0, k) run-length limited(RLL) code
having maximum transition run(MTR) constraint has
been proposed [1]. Conventional (d, k) RLL codes
constrain the minimum(maximum) number of consecut-
ive zeros which is at least(most) d(k) between two
neighboring ones. In addition, the MTR constraint,
simply, does not allow the modulation coded sequ-
ence containing three or more consecutive transitions
since those consecutive transitions mostly cause dete-
ction errors, especially, in high density storage sys-
tems. In other words, the MTR constraint improves the
distance properties of sequence detectors operating at
high user densities(e.g., EPRML or FDTS/DF). Moon

and Brickner [l] confirmed that the rate 16/19 MTR
code has 1.5-2 dB coding gain compared to the con-
ventional 8/9 (0, k) codes which care mostly applied
in recent HDD systems.

We have focused on byte input data, and an ap-
propriate MTR code is the rate 8/10 (0, 6) MTR code.
In Section II, we list all possible codewords satisfy-
ing the MTR constraint while they also satisfy d=0
and k= 6 constraints. Then, the 256 codewords to re-
present byte data are heuristically selected in a dir-
ection to simplify the encoder and decoder. Section
III presents the encoder/decoder combinational logic

equations. Conclusion is drawn in Section 1V.

I1. The rate 8/10 (0, 6) MTR code
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There are many ways to find a codeword set, but
we have found 282 codewords satisfying the MTR
constraint and d=0, k=6 run-length constraints via
computer search since the number of codewords
needed for representing byte data which is our target
is only 256.

When we search those, they must satisfy the con-
straints by themself and at the connecting boundaries
between two codewords. The available codewords sa-
tisfying minimum and maximum run-length constraints
of d=0 and k=6, respectively, and MTR constraint
are listed in Table 1.

While we have investigated the 282 available code-
words, we found that there are many codewords have
some correlations. The proposed code listed in Table
2 can be partitioned into four groups (each group
contains 64 codewords) so that one can directly as-
sign two input bits. The third and eighth bit has the
same in each group. For instance, codewords in the

first group has ¢;=0 and c¢;=0, and codewords in the

Table 1. Available MTR codewords with d=0, k=6

041 042 044 045 046 048 049 04A
04C 04D 051 052 054 055 056 058 059
O05A 061 062 064 065 066 068 069 06A
06C 06D 081 082 084 085 086 088 089
OBA 08C 08D 091 092 094 095 096 098
099 09A OA1l OA2 0A4 OAS5 0OA6 OAS8 OA9
OAA OAC OAD OBl 0B2 0B4 0B5 0B6 0Cl1
0C2 0C4 0C5 0Co6 0C8 0C9 0CA 0CC 0CD
OD1 OD2 0OD4 ODS5S 0OD6 OD8 0D9 ODA 102
104 105 106 108 109 10A 10C 10D 111
112 114 115 116 118 119 11A 121 122
124 125 126 128 129 12A 12C 12D 131
132 134 135 136 141 142 144 145 146
148 149 14A 14C 14D 151 152 154 155
156 158 159 15A 161 162 164 165 166
168 169 16A 16C 16D 181 182 184 185
186 188 189 18A 18C 18D 191 192 194
195 196 198 199 19A 1A1 1A2 1A4 1AS
1A6 1A8 1A9 1AA 1AC 1AD 1B1 1B2 1B4
1B5 1B6 204 205 206 208 209 20A 20C
20D 211 212 214 215 216 218 219 21A
221 222 224 225 226 228 229 22A 22C
22D 231 232 234 235 236 241 242 244
245 246 248 249 24A 24C 24D 251 252
254 255 256 258 259 25A 261 262 264
265 266 268 269 26A 26C 26D 281 282
284 285 286 288 289 28A 28C 28D 291
292 294 295 296 298 299 20A 2A1 2A2
2A4 2A5 2A6 2A8 2A9 2AA 2AC 2AD2BI
2B2 2B4 2B5 2B6 2Cl1 2C2 2C4 2C5 2C6
2C8 2C9 2CA 2CC 2CD 2D1 2D2 2D4 2D5
2D6 2D8 2D9 2DA J
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Table 2. 256 codewords for a rate 8/10 MTR code with
d=0, k=6

041 042 048 049 04A 051 052 058
059 05A 061 062 068 069 06A 228
102 108 109 10A 111 112 118 119
11A 121 122 128 129 12A 131 132
241 242 248 249 24A 251 252 258
259  25A 261 262 268 269 26A 22A
141 142 148 149 14A 151 152 158
159  15A 161 162 168 169 16A 229
064 065 066 06C 164 165 166  16C
144 145 146 14C 14D 154 15§ 156
104 105 106 10C 10D 114 115 116
124 125 126  12C 12D 134 135 136
204 205 206 20C 20D 214 215 216
224 225 226 22C 22D 234 235 236
044 045 046 04C 04D 054 055 056
244 245 246 24C 24D 254 255 256
081 082 088 08 O08A (091 092 098
099 0A1 0A2 0A8 0A9 OAA 0Bl OB2
181 182 188 189 IBA 191 192 198
199 1Al 1A2 1A8 1A9 1AA 1B1 1B2
oCt 0C2 0C8 0C9 OCA 0Dl O0D2 OD8
0OD9  2C1  2C2 2C8 2C9 2CA 2Dl 2D2
084 085 08 08C 08D 094 095 096
0A4 O0AS O0A6 OAC O0AD 0B4 OBS 0B6
184 185 18 I18C 18D 194 195 196
1A4  1A6 1A6 1AC 1AD 1B4 1B5 1B6
284 285 286 28C 28D 294 295 296
2A4 2A5 2A6 2AC 2AD 2B4 2B5 2B6
0C4 0Cs 0C6 OCC OCD OD4 OD5 OD6
2C4 2C5 2C6 2CC  2CD  2D4  2DS  2D6

second group has c;=0 and c¢;=1, and so on when
a code ¢=(co c1 2 C3 Ca4 Cs Cé C7 Cg Co). In addition,
some blocks can share the same logic when we part-
ition again each 64 codeword group into four 16 code-

word subgroups, respectively, and so on.

III. Encoder and decoder

1. Encoding algorithm

After we remove the third and eighth bit from the
codewords, there are three subgroups such that cs, cs,
cs, ¢ and ¢y are the same pattern (we refer this to
Module A, and it is shown in Table 3.) when (my,
my, mz, m3)= (0, 0, 0, 1) and m,msmgm;=+1. When
(my, my)#(0, 0), the output pattern of module Y
in Table 5 frequently appears. The module X in
Table 4 is for the output bits of cs, cs and ¢ which

are not shared. The corresponding combinational logic
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equations to each module are given in (1)-(17), and Table 4. Module X for the encoder
the encoding rule is summarized in Figure 1. input output A
me msz X1 X2 X3
a; = myms + mymg 0)) 0 0 6 o
e me + m, o @) 1 0 o 1
a; = my m my mg m
2 4 My 4 Mg Mg ) 0 0 |
az = mymg+ mymg+ my my 3 ] 1 1 0
a; = msmy+ mgmy 4
as = ms My + mg my 5 Table 5. Module Y for the encoder
by = my ms + mymg + mymy ©) input output A
b2=7475+_m_5—;”;+75—"; (7) my ms me m;y ay ax as as as
o C 6 0 0 0 01 0 0 1
by= my mg+ mym; + ms mg+ msm; @) 0 0 o0 1 01 0 1 0
by=msmg+ mg myi+ my; mg my © 0 0 1 o0 01 1 0 1
bs = mgmy + my ms mg+ my msmy (10) 0 o0 1 1 o 1t 1o
(an 0 1 0 0 0 0 0 0 1
X = mgm
e 0 1 o 00 0 1 0
Xy = mg my (12) 0 1 1 o0 0 1 1 0
= mgmy (13) o 1t 1 1 0 0 1 0
¥ = mg mg + ms my (14)
y2=—m—5m6 (15) -
_ _ data bits condition corresponding output bits
Y3 = my my (16) €2 = mg cr = my
Ve = mg My +—;5m7 (17) mom, | mam; | Mymsmem7{ Co| € C3 1 CsJC | Cs | Cs ] Co
00 =1 11010 1 0 1 0]0
01 0] 1 Ja Ja]a]a]as
Table 3. Module A and B for the encoder 01 L 1010111011101
00 0] 1 1 Ja Ja]a]a]as
input output A output B 10 -1 tfjotojirjojrjijo
ms ms mg my a a; ay ag as by by by bs bs 1Ot Ja Jafas]a]as
0 0 0 0 0 1 0 1 0 1 1 1 0 11 0 1 0 bl bz b\ b4 bS
me=1 ms O1xi | x{xs
0O 0 0 1 0 1 10 01101 00 pogpary 0 T 1 | mg
0O 0 1 0 011 01 o1 0190 0t 01 0] 110 ]|m
Y Y2iY3 | ys
0 0 1 1|01 110|01100 10 11010 [m
11 mjOfj1]o
0O 1 0 0 0 0 0 01 00100
00 m=0 ol ol o [mefms my | my
01 0 1 [{00010| 001011 =1 v | vz v | ve
0 1 1 0/01100}[000T1O0 o1 220 1ol 1 | o kmslms m | m
=1
0 1 1 1[00100]00T1T10 10 e Lre ]y, e
10 me= il o 0 ms | Ms my | my
1 0 0 000 10T1[010011 a1 v 1 vz v | v.
1 0 0 10011011001 om0 gmsb b o e pmfm
ma=1 Y1 y2 Y3 | ya
1 0 1 0 1 0 0 01 11 010 0 5T oo
1 0 1 1 1 0010 1 0 0 01 1" 0t 01110 |ms
y Y2iYi]Yys
1 1t 0 0|10101]10100 10 11010
11 0 1 0
1 1 0 1 [10110]|10°10:]1 =
1L 1 1 0 10100 10010 Figure 1. Encoding rule for the 8/10 (0, 6) MTR code
1 1 1 1 1 0110
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2. Decoding Algorithm

Decoding rule is just derived from the encoding
rule as in Figure 2. Therefore, there are still many
common circuits can be shared, for instance, (di, d,
ds, ds) and (u;, uz, u3) and (s, sz, s3) modules. The
combinational logic equations for the decoder are

given below :
d1 = C4+—E‘—5-Cs?éCg +?5€603—CT§; (18)
dy = ¢y Cy+ ¢4 C5 CoF €4 C5C (19

channel bit's condition decoded bits
me = C2, m ™ Cr
€1 Col C1 | C3 | Ca|Cs|CefNM2imMms]mg|ms|mgfmy
1 O] 1101 fes]eo]l 1 1 1
0 1 o]0
00|of1 1 0 di|djd|ds
11]0] 1! 110
ol1}o L1 hm|h|h]h
0 1 1 (4] 0 0 LM ] uz | us
0 1 010 viliwva
Cq
o1]o0 0 01
1 0 1 0 w uz | us
110 1 1]ce
0 Cs ] cs|cs
(13 IV ) —1 0 | O
1 Si]s2}]ss
0 calesics
ojt]o — 0| I
1 S |s2] s
10 Cs
0 0 ce | cs | ocs
110 — 110
1 s1|s2]Ss
0 Co Cs Cg
0fj110 e B 1
1 n|n|n
010 0
0 1 0 1 Ca
11 u | u | us
0 110
1 0 1 1 Co

Figure 2. Decoding rule for the 8/10 (0, 6) MTR code

dy = CqcsCe+ ¢4 C5 Cot Co Cg C (20)
dy=cy+ csC;503 Gy 21
h1 =t CS—C-;_C—S (22)
2674

hy = cscst cs¢p (23)
hy = Cscy+ o gt C5 Cp gt C4C5C5 Cy (24)
hy = c4fg+§_5_c9_+c4cﬁcg+—c,—1?;c603 @5)
+ cycs ¢ ¢y
U = cs5+ ¢y 26)
u; = cgt+ cscgt cz3Cq 27
Uy = cg+ 5 CyCy (28)
s1= ¢4ty 29)
So = ¢35+ cycgt €4y 30
§3= Cg+ €4 Cg Cg (€2))
7= Cy+ Cy (32)
¥y = c5+ cycy+ CyCy (33)
r3=cyt 00—6—8?9 (34
v = ¢t Cy 35)
vy = cg+ Cq (36)

IV. Conclusion

In this paper, we have proposed a rate 8§/10 MTR
code and its encoding and decoding algorithms. Since
the MTR code does not contain :three or more conse-
cutive transitions, in high user density storage, the
combination of MTR code and sequence detectors can
be more robust to errors. The proposed code is a
fixed length block code for byte input data, and it
has the run-length constraints of d=0 and k=6. The
codewords are selected to reduce the complexity of
the encoder and decoder.
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