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Abstract—We consider the local rank-modulation scheme in 8k = Usy 0 Usyya Usiio Usj i1
which a sliding window going over a sequence of real-valued 8k+1 = 0 Usopyr - - Usp3 Usiyn Usy 1

variables induces a sequence of permutations. The local rank- k42 = Usyn Usyyq --- Usiis Usin 0

modulation, as a generalization of the rank-modulation scheme, - v v 0 v

8k+3 Soktr2  Uspppr v k43 S2k+3

has been recently suggested as a way of storing information in

flash memory. We study constant-weight Gray codes for the local 8k+3 = Usyia Usypn 0 Ussira Usakys

rank-modulation scheme in order to simulate conventional multi-

level flash cells while retaining the benefits of rank modulation.

We describe a construction for a codes of rate tending td. 82kt2= Usy, 0 Usakis  Usakra Usyeys

I. CONSTRUCTIONSUMMARY 82k4s = 0 P e Deakes Pores Demed

It was recently shown in [2] that a local rank modulation

scheme may be used to encode information in flash memor%/k*k*2 = Uspy Usp,y Uskgor Uspga O

cells. Using Gray codes for this scheme enables the use 8f—k-1 = Usix_, Usy 5 -+ Usy : Usik_y

other rewriting schemes in conjunction with the lower-level &w_ = Us; , Us; . 0 Uso Us

Gray code. Though the scheme is defined over permutations,

the Gray codes required are equivalent to the following: a

sequence of binary vector such that any two adjacent words $#-2 = Usx, 0 o s Uso  Usyy

differ by a single exchange df0 to 01 (with wrap-around). k1= 0 Usp g v-- Usy Uso Usi_,

We provide the first known construction of such codes Withyhare0 denotes the all-zero vector of length+ 2.
rate tending tal. We callgo, g1, ..,k the anchor vectorsBetween any
Construction 1. Fix a positive integek. Let{vo,v1,...,v:—1} two anchorsg; andg;.1, a sequence of vectors calladxiliary
be a set of distinct binary vectors of length + 2 and weight vectorsand denoteg?, g}, ..., gff , is formed in the following
w + 2 such that the first and last bit of eachis 1. We also way: The only allowed transition isi® changed into 1. First
require thak + Z\tk. the rightmostl in the blockuvs, is moved to the right, step by
The next required ingredient in the construction is a dgtep, to the position of the rightmastin vs,, w1+ The process
Bruijn sequence of ordérover the alphabef0,1,...,t — 1}.  then repeats with a sequence of transitions moving the second-
The sequence is of period® and we denote it by from-rightl in vs, to the position of the second-from-rightn
S0,51,---,5k_1. We remind the reader that windows of siz ., and so on, untibs, is moved one block to the right and
k in the sequence, i.&s;,s;y1, - .., 8i4k—1, With indices taken changed inta;,,, . The resulting list of anchor vectors and,

modulo t*, are all distinct. Such sequences can always hebetween them, auxiliary vectors, is the constructed code.
constructed (for example, see [1]).

We now construct the SeqUengegy, - ., gy of th binary Theorem 1. The sequence constructed in Constructlois a

. tant-weight local rank modulation Gray code of die
vectors of length{k + 2)(n + 2) and weight(k + 1)(w +2). ¢°"° Dk 3
Each vector is formed by a concatenationkof 2 blocks of which satisfies"(w +2) < N < t(w +2)(n +2).
lengthn + 2 in the following way: Corollary 2. There exists an infinite familyG;};°, of cyclic
Gray codes as above, 1 > n;, for whichlim; ., R(G;) = 1.

go = Usk vsk71 e 051 USO 0
81= Us Uspqy .o U 0 05, REFERENCES
82 = Us Usq - 0 Uskia Uspia [1] S. W. Golomb,Shift Register Sequences. Holden-Day, San Francisco,

1967.
[2] M. Schwartz, “Constant-weight Gray codes for local rank modulation,” in
) ) Proceedings of the 2010 IEEE International Symposium on Information
This work was supported in part by ISF grant 134/10, ISF grant 480/08, Theory (1S72010), Austin, TX, U.SA., Jun. 2010, pp. 869-873.
and by internal grant A of the Open University of Israel.

978-1-4244-8682-3/10/$26.¢0 2010 IEEE

000996





