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Indexing term. Constrained codes

A new coding technique is proposed that translates binary user
information into a constrained sequence having the virtue that at
most k ‘zeros’ between logical ‘ones’ will occur. The new
construction offers a high rate while both the complexity for
encoding and decoding are still very low. Single channel bit errors
will result in at most one decoded byte error. A worked example
is described with rate 16/17, k = 6 code.

Introduction: In the transmission of binary data, it is generally
desirable that the received signal is self-synchronising or self-clock-
ing. Timing is commonly recovered with a phase-locked loop
which adjusts the phase of the detection instant according to
observed transitions of the received waveform. The maximum run-
length parameter, denoted by k, ensures adequate frequency of
transitions for synchronisation of the read clock. A k-constrained
code generates sequences characterised by the fact that at most k
‘zeros” will occur between consecutive ‘ones’.

High-rate codes have been extensively used in recording sys-
tems, specifically in magnetic tape drives. Examples of such codes
are the rate 4/5, Group-Coded Recording [1] and the rate 8/9, (0,3)
code [2]. Other k-constrained codes with a rate > 8/9 have not, to
the authors’ knowledge, been used in recording systems. It is not
unrealistic to say that the hardware and power requirements of
high-rate codes have hampered their introduction.

Description of new block codes: We now focus on simple k-con-
strained block codes that translate #—1 user bits into codewords of
n, n 2 9, channel bits. The bit stream formed by concatenating the
codewords has the virtue that at most k = 1+ entier (/3), n > 9,
between logical ‘ones’ will occur. The construction is characterised
by the fact that to build the codeword at most eight bits of the (-
1)-tuple have to be altered, which has a bearing on the worst-case
error propagation.

Definitions: Let k(x) be the maximum runlength of ‘zeros’ in the
word x. Let #x) be the number of consecutive leading ‘zeros’ of
the word x, that is, the number of ‘zeros’ preceding the first ‘one’.
And let r(x) be the number of consecutive trailing ‘zeros’ of the
word x, that is, the number of “zeros’ succeeding the last ‘one’.
Preliminaries: Let the (n-1)-tuple z = (z,, ..., z,,,) be the binary
input word and let p = 1+(n-2)/2. Define the intermediate n-tuple
X = (X} oy X)) By X, = 2, 1 i< p-1, Xy, = 2, p< i <, and set the
pivot bit x, := 1. The left and right parts of the vector x, xl and
xr, are defined by xI, = z, xr; = z,,,, 1 £ i< n/2. A more judicious
allocation of the source bits is possible in a byte-oriented system
(see later). Set the pivot bit x, := 1.

Main algorithm, k = 1-+entier(n/3): Let r = entier(k/2); I = k-r, and
define the intermediate n-tuple y = (y; ..., y,), where y, = x,, 1 <i <
n

(i) If Ky) <1 and r(y) < r and A(y) < k then transmit y as is.

(i) If (Ay) < [ and k(x1) < k) and (r(y) > r or k(xr) > k) then begin
Vo = 155, =05 Yot = 05 2 = 1 Yt 1= X5 Va2 1T Xt
transmit y; end;

(i) If ((y) < ! and k(xr) < k) and ((y) > I or k(xI) > k) then begin
Yo = 053, 0= 03 ¥y = 15y i= 15 Yy 5= X003 ¥y = X, 5 transmit
y; end;

(iv) If (ly) > ! and k(x1) > k) and (r(y) > r or k(xr) > k) then begin
You = 153, =05 Y0 0= 5, = 1y = X, 05 Vit 17 X, trans-
mit y; end;

During decoding, the pivot symbol y, is observed. If y, = 1 then
decoding is straightforward. If, on the other hand, y, = 0 the bits
Ypa and y,,, are used to uniquely re-constitute the original (n-1)-
tuple. Note that, in total, at most eight bits of the original (n-1)-
tuple z are involved in the scheme, namely yi, y2, Y3, Yots Ypr1s Yuos
¥,.; and y,. To avoid error propagation in a byte-oriented system,
these bits should be taken from one input byte. Then any error
propagation resulting from an error in the pivot bit y, occurring
during transmission is confined to one decoded byte.

Description of rate 16/17 code: The code translates two bytes of
user data into 17 channel bits. The 17 bit codewords are character-
ised by the fact that they have at most six consecutive “zeros’ and
have at most three leading and at most three trailing ‘zeros’. Error
propagation is limited because any single channel bit error made
during retrieval will result in at most one decoded byte error. Let z
= (zy, ..., Z)) be the 16 bit input word. The 17 bit word y = (y,, ...,
¥,) is obtained by shuffling:

[21]20 210 [#11 [72 |23 74 212 [T [213 [25 [26 |27 [214 215 [26 [

Encoding algorithm: Define the Boolean variables (the ‘+” denotes
the logical ‘or’-function) L1 = y+p,+y+y,, L2 = y;+ ... +y, and
let R1 = pityistyietyg, B2 =yt o e

Transmission of a word is based on the following four-step algo-
rithm:

(i) If LIL2R1R2, then transmit y as it is.

(ii) If L1L2RIR2, then reshuffle and transmit:

(71 [20 |20 |01 [z2 [z [24 [1]0]0 25 [26 [27 [ [zaz [21s [2s

(i) If LTZ2R1R2, then reshuffle and transmit:

[z1 [212 [213 [ 1]22 [23 [24 [0]0] 1 [25 |6 |27 [214 [215 [216 |25 |

(iv) If LIL2RIR2, then reshuffle and transmit:

1[4 |01 [z 2824 1 [O[1 o5 o6 [27 [1[0 21 [z

Each modification made during the encoding process is uniquely
identifiable and decoding can therefore be carried out in a
straightforward fashion. Note that the source bits (z;, ..., z),
which constitute the first source byte, are transmitted unaltered.
The retrieved source bits (z,, ..., z;,), which constitute the second
source byte, are a function of the pivot bit ys. It can therefore eas-
ily be seen that error propagation owing to any single channel bit
error in the received codeword is restricted to, at most, one
decoded byte error.

Conclusions: We have presented a new coding technique that
translates binary user information into a constrained sequence,
having the virtue that, at most, k£ ‘zeros’ between logical ‘ones’ will
occur. Both the complexity of the encoding and decoding circuitry
are very low and the coding scheme involves only a minor draw-
back in terms of overhead needed.
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Algorithm based on modified threaded
binary tree for estimating delay affected by
internal charges in CMOS gates

M. Chang, Shuih-Jong Yih and Wu-Shiung Feng

Indexing terms: Delays, CMOS integrated circuits

Internal charges affect the delay behaviour of CMOS gates. A
modified threaded binary (MTB) tree and a recursive algorithm
are proposed to solve this problem. The charge sharing effect,
which takes place among the internal nodes, is also considered in
this algorithm.

Iniroduction: The internal charges in a CMOS gate will evidently
increase the delay. For example, there is a 25% increase in delay
for a five-input NAND gate with four fully charged internal nodes
[1]. Therefore, we cannot neglect the delay affected by the charges
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