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Abstract: The purpose of this paper is to identify the structural characteristics
and construction of quantum codes over Jp using o + aapt + sy + auw + asur +
eV + azuw + agurw—constacyclic codes over ring R = Fplu, v, @]/ < p? —
v — v, w? —w ,uv — v, vw — wu, uww — wi >, here F, is a finite field with
p elements. We define a Gray map from R to .7:5, a distance-preserving map.
Breaking down constacyclic codes into cyclic and negacyclic codes results in the
creation of quantum codes over the finite field F,. As an application, some examples
are illustrated to obtain the quantum codes of different parameters.
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1. Introduction

Quantum error correcting(QEC) codes are extremely useful for quantum com-
putation as well as quantum communication. An effective method for overcoming
decoherence is provided by QEC codes. As the QEC code was first discovered by
Shor [15], in subsequent research, Calderbank et al. [7] developed a measure of
distinction between QEC codes and conventional error-correcting codes.
Later in [8], Gao constructed the quantum codes through cyclic codes over F, +
vF, + v*F, + v*F,. Ashraf and Mohammad [2] constructed the constacyclic codes
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over F,[u,v]/ < u*—1,v® —v,uv —vu >. Some authors have formulated quantum
codes by overlaying the Gray image of cyclic codes onto specific finite rings.

Ashraf et al. [1, 3] made notable progress in constructing quantum codes by
utilizing cyclic codes. Several researchers have developed numerous new quantum
codes by leveraging classical cyclic and constacyclic codes [5, 10, 11, 12, 13, 14,
16, 17]. Bag et al. [6] established the applications of constacyclic codes over the
semi local ring Fym + vFpm. Alkenani et al. [4] worked on the problem of the
quantum codes from constacyclic codes over Fluy,us]/ < u? — uy,us — ug, Uty —
usuy >. These studies suggest that exploration of generalized ring structures and
their corresponding constacyclic codes may lead to new families of quantum codes
possessing improved parameters. Gowdhaman et al. [9] analyzed constacyclic
codes over the non-chain finite commutative ring Zy[u, v]/(u* — v, v?, uv). Yadav
et al. [18] constructed quantum codes via the CSS method using cyclic codes
over the commutative non-local ring F, x (F, + aF, + o*F,). Motivated by these
developments, considerable attention has been devoted to constructing quantum
codes from well-structured classical codes defined over finite fields and rings. We
generalize this structure F[u1, ug]/ < u? —uy, u3 — ug, ugus — usu; > and construct
various parameters of new quantum codes through constacyclic codes.

Encouraged by such problems, the present work focusses on the study of quan-
tum codes through constacyclic codes over F,lu,v, @]/ < p* — p,v? — v,w? —
W, UV — v, vw — wv, pww — wp >. In section 2, we describe the general form of
arbitrary elements of the ring R = Flu,v,@|/ < p? — p,v* — v, @* — @ , uv —
v, vw — wv, pw — wit > and introduce the auxiliary definitions required for sub-
sequent developments. In section 3, we define the Gray map over R. Finally, in
section 4, we construct quantum codes through constacyclic codes over this ring.
In section 5, we present a set of results that serve as valuable tools for determining

the parameters of quantum codes and we conclude our work in section 6.

2. Preliminaries

Throughout this paper, F, represents a finite field with p elements, where p is an
odd prime power. Let R = F,+uF,+vF,+wF,+puvF,+vwkF,+uwkF,+purvwk,
be the ring such that u? = u,v? = v, @w?> =@ , pv = VU, vw = @V, 4T = .
Definition 1. A A-constacyclic code is defined as a linear code C, where every
codeword (do, dy, ...,d,_1)€C satisfies (Ad,_1,do,d1, ...,dn_2)EC.
If A =1, then codes becomes cyclic.
If A = —1, then codes becomes negacyclic.

Definition 2. The codeword d = (do,d1,...,d,_1) € R" can be identified in the
form of a polynomial d(x) =do + dyz + -+ +dp_12" 1 in Rlx]/ < 2" — X >.
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Definition 3. The Fuclidean inner product of two elements r and h is defined as
r.h = X" drihi, where v = (19,71, ..., Tn_1) and h = (ho, b1, ..., hn_1). If their inner
product is zero then the elements are orthogonal.

Definition 4. The dual code for a code C'is as follows:
Ct={reR":rh=0 Vh e C}. A code Cis referred to as self-orthogonal or self-
dual, which depends on whether C C C+ or C' = C* respectively.

Definition 5. Lee weight of any codeword r is written as vor(r) = vy (¥ (r)), where
g (Y(r)) represents the Hamming weight. It is the number of non-zero components
i a codeword that determines its Hamming weight.

Definition 6. Let 1 and ry be any two codewords. Then the Lee distance is

0r(r1,m2) = wr(r1 — 7o) = wEY(r — r2).
Minimum distance of C is as 0,(C) = min{0p(ry, re)|ri#r}.

The elements used in R can be written in the following manner:

a1 + au + asv + oy + asur + aglw + ar o + agurw™
=a(l—p—v—w+uw+rvw+ puw + prw)

+ (o0 + o) (p — pv — pw + prw) + (on + o) (v — v — vw + prw)

+ (o + au)(w — pw —vw + pvw) + (a1 + a2 + as + as) (W — prw)

+ (a1 + az + ag + ag) (v — prw) + (1 + ag + oy + ar) (oo — prw)

+ (Y a)pvm = Yo digi, (%)

where a1 = oy, ay = a1 + ag, where s = 2, 3,4,

as =a1t+ast+as+as, a5 = a1 +az+ag+ag, 07 = g +as+as+ar, ag = Zle a;,
o =1—-p—v—w+pur+vw+ pw + pw, E2 = | — JV — §w + prew, Pz =
V— UV —VW+ WV, P4 = W — W0 — VT + UV, O5 = WV — o, Qg = Vo — UV,
o7 = pw — prw and Qg = prw.

Therefore, we have

(i) For any i#j, we have p? = p; and ;p; = 0, where i,j = 1,2,..., 8.

(i) 3%, @i =1, where i€[1, 8]z

By using Chinese Remainder theorem, the ring R can be expressed as

R = &% iR =%, p;F,. Moreover, it can be observed that p;R=F, for 1<i<8.
Consequently, it is possible to express any r€R in a unique way as

r= Zle ©ia;, where d;€F, and i=1,2,....8.

3. Gray Map over R

Gray map is defined as follows:

(I ’R—>]—“I§,

U(r) = (a,b,¢,0,¢,f,a,0), where a,b,¢,9,¢,f, g, GGFP. This map can be naturally
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extended to R"
(R R”—>.7:§n

r = ('C(),'Cl, .. tn 1) l-)((.lo, dl, .. CLn 1, bo, bl, bn 1, éo, él, én—l; do, dl, ceny dn—l;
€0, €1, s €nt, fo f1s oo e 1,905 G15 -+ Gn—1, ho7 By eeey P 1),

where t; = 10+ 20+ psé;+pad;+ps¢;+96 f5Hpr0;+ pshy and ay, by, &5, dj, ¢, .
gj, hjeF, for jel0,n —1|z.

Theorem 1. A Gray map is a linear map that preserves distance from R"™ to ]:S”.
Proof. Let 7 = Zle a;p; and 7 = Zleéipi, where a;,3;€F) for 1<i<8,

then (7 + ) = (a1 + 81,82 + 82,33 + 83,44 + 34,35 + 35, a6 + 86, a7 + a7, ag + ag)
= (a1, 39, 33,24, 35,36, a7, ag) + (a1, a2, a3, &y, a5, 3, a7, ag)

= () + (7))

Let 7 = >0 | 4;p,€R" and BEF, then ¥(8r) = (35, Baip;)

= BY(r)

So 1 is F, -linear and (7, 7) = w (5 — 7) = oy (Y (5 — 7))

— twp((() — () = o (), (U(7)

Hence, the Gray map 1 preserves distances.

Theorem 2. If C'is a linear code over R of length n with |C| = p* and di,(C) = oy,
then ¢(C) is a p-ary linear code having [8n, k,dg].

Proof. By theorem 1, we have 1 is bijective map. So |C] = |(C)| = p* and ¥(C)
has length 8n, it follows that ¢(C') represents an [8n, k,0y] linear code over .7:5”,
where 07, = 0p.

Theorem 3. If C is self-orthogonal, then ¢(C') is self-orthogonal and hence
H(CF) =y(CO) .

Proof. Let us consider r; = Zk 13kpr€eC and ry = Zk brpreC. Since riry =
S @by = 0 which implies azby, = 0, where ke[l 8]z.

Al_SO Y(ry). 1/1(_7"2) = (41,22, 33,4, a5, 3¢, a7, 3g). (bh b2, b37 b4,b5; b67 b7, bs) = a1b1 +
égbg + ...+ égbg =0.

Since ¥(C') is self-orthogonal therefore v(ry)€(C)t, as 1(r;)€y(C). Thus, we
have 1(C+)Cy(C)*. Also 1 is bijection, so [1)(C*)| = [1(C)*|. Hence, the result
is proved.

Theorem 4. If C is a linear code, then )(C) =x%_,C,.

Proof. Since C = Eezzlka and each s€C can be written as s = 22:1 OrAE,
where d€Cy and k€[1, 8]z. With the help of the Gray map, it can be easily seen
that ¥ (s) = (a,b, ¢, d, é, f,§, h)e®}_,Cy. Hence ¢(C) = @5_,Cy, as 1) is a bijective
map.
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Proposition 5. If C'is a linear code over R, then C*+ = ®&8_,0,;Ci- is also a linear
code over R.

4. Quantum Codes from Constacyclic Codes

Now, V i€[1, 8]z, we define a linear code C;CF'
C; = {d;€F7| 3 d;€F7, where i#j and 4, j€[1, 8] such that 37 pid,€C}.
For i=1,2,...,8, C; are linear codes over ! then C; are p-ary linear codes of length
n. Additionally, a linear code C can be uniquely expressed in the following manner
C =L p:Ci (**)

8

& |0 =1 ICil-
Let G denote the matrix generator of a linear code C over R. Then from (**), we
get

011Gy
002G
G - @3G3 )

PsGs
where for all i€[1, 8]z, G; are the generator matrices of C;
and the generator matrix of 1(C) is defined in the following manner

P(p1Gr)
P(p2Ga)
V(G) = | ¥(psGs)

¢(@8G8)
Theorem 6. If (a1 + aop + asv + ayw + asuv + agvw + aruw + aguvw) is a
unit in R and C = &%_,0;C; then Cis a (ay + agpt + azv + ay@ + asuv + agvw +
arpw + aguvw)-constacyclic codes of length n over R iff C;’s are d;-constacyclic
code over F, respectively, where i€[1,8]z.
Proof. Let C be a (a1 + aop + asv + auw + asur + agvw + arpuw + agurw)-
constacyclic code over R and
a= (do, ap, ..., dn_l)ECl, b = (bo, Z:)l, vy i)'n_l)ECQ,
¢ = (éo, Cly ey én_1)603, d: (do, dl, oo dn—l)ECAb
é - (éo, él, ceey én,1)€C5, f - (fo, fl? ceey fnfl)GCG,
9=1(90,91, s 9n-1)€C7,  h = (ho, h1, ..., h,_1)€C,
where ai, bi, C.Z‘7 di; éi, fi, Qu hiE]:p for 120,1,2,...,1'1—1.
Let v = (70, 71,725 -+ Yn—1)€C,
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where v; = 01a; + 2b; + 03¢ + Pad; + P5€; + 96 fi + 079 + ©shi. (%)
Since C is a (aq + aop + asv + ayw + aspr + agvw + azpuw + aguvw )-constacyclic
codes of length n over R. So

T(al+azu+a3l/+a4w+a5uV+aavw+a7uw+asqu)

= (a1 + cop + a3V + +as v + QU + Q7T + ASEVT) Va1, Y05 -+ Tn—2)-

By using (*) and (***), we have

T(al+a2u+a3V+a4W-ﬁa5uV+asVW-i-aww-I-asuVW) . .

= (P1Gn-101 + Po2by_10s + P3¢, 103 + Pady 104 + P5€n105 + 6 fr106

+ 970107 + @shn 108,70, Y15 s Yn—2) ,

= @1(0216%—1, do, dl, ceny dn_Q) + @2(022.[?”_17 .b(), 1.71, . Z?”_Q)

+ @3(0230.”_17 é(), él, vy én_g) + @4(02461?1_1, do, d'l, ey Ci'n_Q)

+ p5(As€n_1, €0, €1, s €n—2) + 96(A6 fr1, fo, f1, s fn2)

+ ©7(d7Gn-1, 90, 91, s Gn—2) + 98(Aghn_1, ho, b, .. hn2).

Therefore, T(og+a2u+a3y+a4w+a5uu+a6Vw+a7/,nw+ag,uz/w)

= le (CL) + T022 (b) + Tds (C) + T024 (d) + Tds (6) + Tde(f) + TOE? (g) + Tds (h)
Hence, C;’s are a;-constacyclic code of length n over F,, respectively, where i€[1, 8.
Conversely, let C;’s are a;-constacyclic codes of length n over F, respectively, where
i€[1,8]z. Therefore, ‘ o .

©1(01an-1, 00, 1, s Ap—2) + Pa(ciaby_1,00,b1, ..., by 2)

+ pg(dgén_l, é(], él, ceey én_Q) + p4(024d?1_1, do, d_l, ey dn_g)

+ ©5(ds€n_1, €0, €1, v, €n—2) + 96(A6fu 1, fo, f1, s fa2)

+ ©7(d7Gn-1, 90, 91, s Gn—2) + @s(Ashn—1, ho, by .oy hy2)

= ((oq + aopt + asV + auw + asur + agl + Qi + Q8UVTT ) V-1, Y05 --s Vn—2)

= T(aq+a2u+a31/+a4w+a5yV+a61/w+a7uw+asuVW) (7)

Hence Cis a (ag + agpt+ azv + ayw + as v + agrw + arpuwo + ag v )- constacyclic
code of length n over R.

Theorem 7. Let C be a (a1 + g+ st + ayw + as v + agvo + ae pueo + ag v ) -
constacyclic code of length n over R. Then its dual C+ = &% ,0,C is a (g +
Qafl + a3V + QT + Qs + Qg + Qo + aguvw) L -constacylic code of length n
iff C;’s are c;~*-constacyclic codes.

Proof. From proposition 5 and theorem 6, we can obtained the required result.

Theorem 8. C'is a (1 — 2u)-constacyclic code over R iff Cy,Cs,Cy, Cg are cyclic
and Cy, Cs, C7, Cg are negacyclic codes.

Proof. a = (ig, 1, ..., an1)€C1, b= (by, b1, ..., by1)ECs,

c= (éo, Clyeen, én_1>603, d: (do, dl, et dn_1)604,

e = (éo, €1, .en, én_1)605, f = (f(), fl, e f:n_l)ECG,

9= 190,91, s Gn-1)€C7,  h = (ho, hy, ..., h,_1)€C,
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where @, b;, ¢, dy, €, fi, gi, hi€F, for i=0,1,2,....n-1.
For any arbitrary element ©;€R can be uniquely expressed as
Vi = 910; + ©2b; + 93¢ + padi + ps5€i + 96 fi + 970+ Pshi,
where ai, bl', éi, di, éi, fi7 gi; hiEFp for OSZSTL — 1.
Let v = (70, 71,72y -+, Yn—1)EC. First, we assume that C is a (1 — 2u)-constacyclic
code of length n over R, then
Yoo = ((1— 2/1)%_1‘, Y0y -y Yn—2) EC ‘ ‘ ‘
= (1 =2u) (p16n—1+ 2bn1+ 93¢0 1+ 0adn 1+ 5601+ 06 fn1+ 97901+ P8hn_1)
(@mo + 2bo + 93¢0 + pado + pséo + 06 fo -+ prdo + psho)
(@1% 2+ ©abn_o + 9362+ Padn_2 + P5én_2 + P6fa2 + O10n_2 + Pshn_2))
(I—p—v—w+w+vw+ pw + prw)(an_1, G, @1, -, Gn—2)
(n— ,w/ — pw + ) (—bp_1, by, by, ..., by_s)
(v — /u/ —v@ + @) (Cn_1, €0, €15 s c'n,'g)
(w — —vw + pvw)(d,—1,do, d1, ..., dp_2)
(uv — ,uyw)( €n—1,€0,€1, s En_2)
(vew — /ﬂ/w)(fn 1 oo fis e fn—2)
(Hw [U/?D)( gn—l,QOgglw-wgn—Q)
+ pvw(=hy 1, ho, hi, ooy ) ‘ . '
= p1F (@) + 202(b) + psF (¢) + paF (d) + ps82é) + psF (f) + p782(g) + ps82(h).
Therefore C1, Cs, Cy, Cg are cyclic and Cy, C5, C, Cy are negacyclic codes over the
ring J, of length n.
Conversely, suppose ¥ = (70,71, 72, -+ Yn—1)EC, where
Vi = 0165+ P2bi+ 3¢+ oads + 056+ 96 i+ 070+ pshs and a;, by, ¢, di, €5, fi, Gi, b eF,
for 0<i<n — 1.
If Cy, Cs, Cy, Cg are cyclic and Cy, Cs, C7, Cg are negacyclic codes then
F(a)eCy, Q(b)eCy, I (¢)eCs, F (d)eCy, Q(e)eCs, I (f)eCs, Ug)eCr and Q(h)eCs.
Hence, we have
Taow=((1-p—v-—w—w—vw—pw+ wwm)F ()
+ (= pw — pw + pr@)Qb) + (v — pv — vw + prw)F (¢)
4 (@ = i — v+ ) (d) + (0 — ) AE)
T (v — ) (f) + (p — ) g) + () eC
It is given that ' ' . '
T(y) = p1F (a) + 20(b) + sk (¢) + pak (d) + ps82(e) + poF (f) + 07€2g) + ps2(h)
— Y(y)eC
Therefore, C is a (1 — 2u)-constacyclic code over R.

e
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Table 1: Behaviour of C; depending on (ay + qop + asv + ayw + asuv + agrw +
Qi + agurw)

Units Cl CQ Cg 04 05 Cﬁ C 7 C 8

1—2u CI\N|C|C|N|C|N|N

1—2v C|C|N|C|N|N|C|N

1-2w C|C|C|N|C|N|N|N

—142u NICIN|N|C|N|C]|C

-1+ 2v NIN|CIN|C|C|N|N

-1+ 2w NIN|N|C|N|C|C|N
1—2u+2uv+2uw —2uvw | C |N | C | C|C|C|C]|C
1 —2v+2uv+2vw — 2uvw c|Cc|N|C|Cc|C|C]|C
1-2w+2uw+2vw—2uww | C | C | C|N|C|C|C|C
—1+4+2u—2pw —2uv+2uvw (N | C | N | N |N | N |N|N
—1+2v—2uw —2vw+2uww (N | N | C | N|N|N|N|N
—1+42w—2uw —2vw+2uvw | N | N | N | C|N|N|N|N

Note: C and N stands for cyclic and negacyclic code respectively.

Theorem 9. Let C' = ®F_,0:C; be a (a1 +qapi+azv+ @ +aspur+aqeroo+ o i +
agpvw)-constacyclic code. Then C =< @111, P22, §3N3, PaNa, P575, 9676, P77, 08
ng >= H and |C| = pEEiadea(n) - yhere n; are generator polynomials of C; ;
1<4<8 resp.

Proof. Let C be a (ay + aop + asv + ayw + asur + agvw + azpw + agurw)-
constacyclic code over R. Then theorem 6 yields

C; =< n;(C) > CFylx]/ < 2™ — dy >, where 1<i<8. Also as C' = &%_,9,C;. So, C
is written as C' = {< n(z) > |n(x) = S5, @i, where n(z)€C; for 1<i<8}
CCHCR[z]/ < 2™ — (a1 + qopt + a3V + ay@ + s v + agr@ + Qe + agure) > .
Let us, on the other hand, Z?:l emim;(x)EH,

where m;(z)eER[x]/ < 2" — (01 +op+azv+ayw+asuv+agrw+aruw+agprw) >
then there exist ¢;(x)eF,[z]/ < 2™ — d; > such that p;m;(z) = p;q;(x) for 1<i<8.
Therefore, HCC'. Hence, C = H.

Since [¢(C)| = [T5_,|Ci| and [¢(C)| = |C]. So, |C| = T],|Ci| and

|C¢‘ — pk — pSn—Eledeg(m)_

Theorem 10. Let C' = &%_,0,C; be a () + qopt + sV + auw@ + asuv + agvw +
arpw + aguvw)-constacyclic code over R. Then

(i) Ct= < 3% | 0iB5(x) >, where |C| = pZiz1desn) gnd 1<i<8.

(i) CF =< p*(x) >, where f*(x) = Yo, @B (x) and Br(zx) ; 1<i<8 are the
reciprocal polynomial of ;(x) respectively such that Bin; = ™ — a; ; 1<i<8.
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The result that follows an imperative CSS construction for QEC codes are imple-
mented in the creation of quantum codes. Here, [[n, k,0]], is a quantum code with
length n, dimension k and minimum distance ? over F,.

Theorem 11. [7] (CSS Construction) Let Cy and Cy be linear codes over
GF(p) with parameters [n, ki, d], and [n, ks, ds], respectively, where dy represents
the minimum distance of code C1, and dy denotes the minimum distance of code
Cy. Assuming that C5-CC\, we define d = min{dy,d>}. Under these conditions, a
QEC code C can be constructed with parameters [[n, ky + ky — n,d]],. Moreover, if
C{-CC, then 3 a QEC codes C with parameters [[n,2k; —n,dy]],.  This construc-
tion ensures robustness against errors and enhances the performance of quantum
codes.

Lemma 12. [7] If C is a g-ary linear cyclic or negacyclic code with generator
polynomial n(x) then C has its dual code iff ™ — t=0(mod nn*) holds, where n* is
the reciprocal polynomial of n and t = +1.

Theorem 13. Let C' = &%_,0,C; be a (v + aop + azv + auw@ + aspuv + agvo +
Q7w + agurw) -constacyclic code over R. Then CCC' iff the following conditions
hold: " — a;=0(mod n;3;") and a; = £1.

Proof. Suppose 2™ — a;=0(mod 1;3;*), where i€[1, 8]z

By using lemma 12, Ci- C C;, i€[1,8]; = p,Ci C 0;C; ;1<i<8.

Therefore @%_, 0,C;*C @5_, 9;C;. Hence the result holds.

Conversely, given that C+ C C then @5, 0,0 C @5, 0:C;.

Let C;’s be the linear codes over F, then p,C; = C(modg;) for i€[1, 8].

SoCi+ CCy; i=1,2,...,8 Thus 2" — a;= 0(mod n;5").

Theorem 14. Let C = @%_,0,C; be a (aq + aop + asv + auw + asur + agrw +
arp + aguvw). Suppose Ci- C Cy,i€[1, 8]y then C+ C C ewists. Additionally,
there is a QEC codes with parameters [[8n,2k — 8n,0.]],.

Proof. Let riey(C*) = ¢(C)*, then rieyp(C)*t. As, riey(C)*t, 3 7 €C* such
that 7, = ¢(ry). Since C+C C, therefore 71€C. Thus r; = ¥(r1)€y(C), which
implies 1(C)*Cy(C). Since 1(C) is linear code with parameters [8n, k,0y] then
by CSS construction, 3 a quantum code with parameters [[8n, 2k — 8n,0L]],.

5. Examples

We present several examples to clarify the main result. Specifically, we demon-
strate the construction of quantum codes via (a; + asp + asv + ayw + asuv +
agVw + arpuw + agpurw)-constacyclic codes of length n over R.

Example 1. Let R = Fslu,v,w]/ < p?—p, v? —v, w? — @, uv — v, v — wv, jito —

wp >
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Let C be a (1 — 2u + 2uv + 2uw — 2uvw)-constacyclic code over R of length 15.
P —1=02+2)1+x+ 2%+ 2%+ 243

P +1=(1+2)3(1+ 2z + 22 + 223 + 2)3

Let n;(7) = 1+a+22+ 2342, where 1<i<8, i#2 and ny(z) = 1+ 2z +22+ 223 +2%.
Thus n(z) = Zle?#z Bi(1+x + 22 + 23 + 1) + Bo(1 + 22 + 22 + 223 + 2) is the
generating polynomial of C.

As a result n;(x)nf(z) /(¥ — 1) for 1<i<8, i#2 and ny(x)ni(z)/(z* + 1) resp.
Then from theorem 13, we conclude that C+C(C. Moreover, if ¥(C) is a linear
code over F3 with parameters [120, 88, 5], then theorem 14 yields a quantum code
with parameters [[120, 56, 5]|5.

Example 2. Let R = Fs[u, v, w]/ < p*>—p, v? —v, w? —w, uv — v, veo — v, jitd —
w >

25—1:(4+l’)25
1325 + 1 — (1_’_1,)25
Let C be a (1 — 2v + 2uv + 2uw — 2uvw)-constacyclic code over R of length 25.
Let n;(z) = 4 4 z for 1<i<8, i#3 and n3(x) = 1 + x. Thus n(z) = Zle,#g, Bi(4 +
z) + B3(1 + x) be the generating polynomial of C. Since n;(z)n}(z)/(z* — 1) for
1<i<8, i#3 and n3(z)n5(x) /(2% + 1) resp. Then by theorem 13, we have C+CC.
Additionally, 1(C) is linear code over F; and the parameters are [200,112,2] then
by theorem 14, we get the quantum code having parameter [[200, 104, 2|]5.

Table 2: Some examples of quantum codes with various parameters

n | m(z) =mns(x) = | n2x) =ns(x) = | (C) ([, k0],
na(x) = ne(x) nr(z) = ns(x)
0 |—l+a 1+2 72,64, 2] 72,56, 215
5[ 1+ 1+z+a° [120,111,2] [[120, 102, 2][;
30 | 1+ 1+ 22 240, 228, 2] 240, 216, 2] 5
20 |1+ 21 22 160, 148, 2] [[160, 136, 2]J5
28 |14 1+ 3z +2° (196, 184, 2] [[196, 172, 2]],
35 | 1+z+2°+2°+ | 1 + 4z + a2 + | [280,232,7] (230, 184, 7]]5
t+2° + 28 43+t + 425 +
1'6
5 | 1+a+a° 1+ 4z + 22 360, 344, 3] 1360, 328, 3][;
55 | d+a+a?+42°+ | 1 + 3z + 422 + | [440, 400, 6] [[440, 360, 65
204 4 2P 4a3 + 2t + 2P

6. Conclusion
In present paper, we calculated some units having self-inverse and with the
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help of these units, we investigate the quantum codes of the ring F, + puF, +vF, +
wFy+ pwF,+vwF,+ pwF,+ uvwF, under the condition p? = u,v? = v, w? = w,
wv = vu, vw = wv, pw = wit. It would be interesting to find some other quantum
codes over F, by taking another Gray map over the ring F,[u, v, @|/ < p*—p, v* —
V, @2 — W@, WV — VL, VTT — WV, JITT — T >.

It would also find out the quantum codes of the same ring by taking different

conditions and also calculate the quantum codes by taking different rings.
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