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6
So C=1. Conversely. let us take E n;l; (x)g; (x) €
ji=1

I, wherel;(x)ER[x.0,]/(x"—1) for j=1,2,
3,4,5,6, then 9,;/;(x) =7n;k; (x) for some k; (x)
€F,[x.0,] for j =1,2,++,6. Hence I = C.
Therefore, C=1I. Since [C|=[C, || C. [ C, | C,

6
6n— > deg(gj (x))
j=1 *

I c
5

The next theorem shows that the skew cyclic

Csl, then we have | C |=¢q

codes over R are principally generated.

Theorem 3.3 Let C, = (g, (x)), where
g;(x) are monic polynomials over F, for j =1,2,
3,4,5,6. Let C, expressed as (1), be a skew cyclic
code over R, then there exists a unique polynomial
g(x)ER[x,0;] such that C={(g(x)) and g(x)

is a right divisor of " — 1, where g(x) =

6

Zq]g‘](x).

i=1
! 6
Proof lLetg(x) = 277,-;,- () , then it is easy
i=1

to verify that (g (1‘)>;‘C. Conversely, 7,g; (x) =
7,8 (x), where 1<< j<C 6, which implies that C&=
(g(x)). Thus C = (g (x)). Since g, (x) are
monic right divisors of 2 —1 in F,[x,0,], then
there are h; (x) in F,[x,0,]/(x" —1) such that
2" —1=h,(x)g;(x), 1< {<< 6. Thus [27'6,(2)
(prhyCx) + pohy () + 4710, (4) (s () +
nhy () +pshs (@) Fpshs ()]« g(a)=27"10,(2)
0 (g hy () gy () + 920 (2D R () g, () +
4710, () (9,0, (gD hy () gy () + 9,0 (gD by ()
gi(x)+ 950, (s ) s () g5 () + 950, () hg ()
gD =G+t + ptgs )" —1)=
x"—1. Hence g (x) is a right divisor of x" —1.

The following corollary is an immediate
consequence of the above theorem.

Corollary 3. 3 Every left submodule of
Rl x.0;]/(x"—1) is principally generated.

Let g(x) = Zg,a:i and h (x) = 2/1,»1:[ be
i=0 i=0

polynomials in F,[x,0,] such that 2" —1=h (x)
g(x) and C be the skew cyclic code generated by
g(x) inF,[x.0,]/(x"—1). Then the dual code of
C is a

cyclic code generated by the

polynomial H (x) =h,_, +0, (hp_r_, ) x + = +

skew

0, " (hy)x" " (see Ref.[5], Corollary 18). We are
now ready to prove the following corollary for the
generator polynomial and the cardinality of the
dual code of a skew cyclic code over R.

Corollary 3.4  Let C;, = (g; (x)) be skew
cyclic codes over F,, where " —1=h; (z) g, (x)
in F,[x,0;]forj=1,2,+,6.1f C:mCl@rjoz®
7:C D9, C,Dp;Cs DnsCs s then C = (h (2)),

6 6
where h (x) = E 7]1-/:] (x) and | C+ |=qzldeg<g_,-<.m )

i=1

Proof By Theorem 2.1, we have C+=7,C{
D7:.Cr @ 7:C DnuCr @ 9:Cs D Cr.
Cj=<h;(x)) for j=1,2.3,4,5,6, we conclude
by Theorem 3.3 that C+=<(A(x)).

In order to study the idempotent generators of

Since

skew cyclic codes over R, we need the following
two lemmas which can be found in Ref.[9].

Lemma 3.2  Let g (x) € F,[x.,0,] be a
monic right divisor of ¥* —1. If (n,¢;) =1, then
g()EF ,[x.0,], where t; =m/i denotes the
order of the automorphism 4,.

Lemma 3.3""  Let g(2) € F,[2.0,] be a
monic right divisor of 7" —1 and C= (g (x)). If
(n,g)=1 and (n,¢;) =1, then there exists an
idempotent polynomial e(x) € F,[x,0,]/(x" —1)
such that C=<(e(x)).

Now, we give the idempotent generators of
skew cyclic codes over R.

Corollary 3.5 Let C=75,C, ®9.C.D»,C,D
1]4C4@7]5C5@776 C;s be a skew cyclic code of length
n over R and (n.q)=1, (n.t;)=1. Then C,; has
the idempotent generators ¢, (x), :=1,2,3,4,5,6.
Moreover, e(z) =75, (x) +p.e. (x) +p5e; () +
e, (x) + yse5 () + pses (2) is an idempotent
generator of C, that is, C=<(e(x)).

In the light of Theorem 3.3 and

Lemma 3.3, the proof follows.

Proof

The following theorem gives the number of
skew cyclic codes of length n over R.

Theorem 3.4 Let (n,¢t;) =1 and 2" — 1=
IT:_, py (x) where p, () € F [z, 0, ] is
irreducible. Then the number of skew cyclic codes
of length n over R is I/, (s, +1)°,

Proof In view of Lemma 3.2, if (n,t;,)=1,
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then p,(2)€F,[x.0,]. In this case the number of
skew cyclic codes of length n over F, is I, s, +
D). Since C=79,C, D9, C, D9, C,Dy.C.Dp:Cs D
75Cs s then 17, (s, + 1)°% is the number of
skewcyclic codes of length n over R.

Note that when (n,¢,) % 1 in Theorem 3.4,
the factorization of 2" —1 is not unique in F,[x,
0;], therefore we can not say anything certain
about the number of skew cyclic codes in this case.
Now, we conclude this section with the following
example.

Example 3.1 Let ¥ be the generator of the
multiplicative group of Fy, where ¥ is a root of a
primitive polynomial z*+x +2 over F;. And 0 be
the Frobenius automorphism over Fy. i.e. 0 (A)=
A? for any ACFy. Then 2°*—1 = 2+ Q2+ )z +
A+2eya’+a2HC1+Q+y)a+a®) = Q+a+
eyt A+a+2y 22 +2°) €EF[x,0].
Let g (x)=g.,(x)=gs(x)=2+ Q2+ )+ O+
2y)x + 2" and g, () =g () =gs () =2+ +
Q2+2y)2"+2%, then C,=(g, (x)), C,= (g, (x)
and C;={(gs;(x)) are skew cyclic codes of length 6
over F, with dimensions 4; C, ={(g,(x)>, C; =
(gs(x)) and C;={g;(x)) are skew cyclic codes
of length 6 over F, with dimensions 3. Also if we
take g (2) =91g: () + g (2) +958: (@) +
7.8 ()t 585 (x) + 9585 (x) s then C is a skew
cyclic code of length 6 over Fy+ uF + vF, +
uv Fy +v*Fy+uv?F,. Thus the Gray image ®(C)
of Cis al[36,21,4] code over F,.

4 Conclusion

In this paper, we studied the structural properties
of skew cyclic codes over the ring R =F, + uF,+
vF,+ wvF ,+ «*F ,+ wuv’F , by taking the
automorphism ;. We proved that the gray image
of a skew cyclic code of length n over R was a
skew 6-quasi cyclic code of length 3n over F,. It
was also shown that skew cyclic codes over R were
principally generated. Further, we obtained
idempotent generators of skew cyclic codes over R.

Last, we gave the number of skew cyclic codes of

length n over R under certain conditions. Note that
this paper included Ref.[10-11] as special cases,
because rings in Ref.[10-11] are subrings of the
ring R in this paper.
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A variable granularity-based mapping scheme

FAN Jin, TAN Shoubiao, CHEN Junning
( School of Electronics and Information Engineering , Anhui University . Hefei 230039. China)
Abstract: Address mapping is the most important function of flash translation layer (FTL), and it should
have both high performance and low memory footprint. Although demand-based address mapping scheme
(DFTL) has relatively high performance and low memory footprint, it has problems. First, it is a page-
level mapping scheme. Each cache slot stores only one mapping record, and each mapping record stores
only one physical page number and the corresponding logical page number, so that the cache , at a fixed
size, can only store a limited number of mapping records. Second, each mapping record itsell cannot
exploit the spatial locality of the request. Thus, in the DFTL scheme, since the cache hit ratio is low,
DFTL has to frequently access the mapping pages in the flash memory to read the mapping records, which
significantly reduces the performance of the system. A new scheme named VGFTL (a mapping scheme of
variable granularity-based flash translation layer) was proposed, which could significantly increase the
cache hit ratio. Experimental results show that the average hit ratio of cache has reached 89.85% in
VGFTL scheme, which is much higher than that of the DFTL scheme, 45.46%. VGFTL can significantly
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reduce the number of block erasures and system response time compared to DFTL, and is close to pure

page-level mapping scheme in performance.

Key words: NAND flash; flash translation layer; address mapping; variable granularity-based mapping
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