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Abstract—This paper deals with vector linear index codes this setting, thek'” receiver R, demands the messags,
for multiple unicast index coding problems where there is a having the antidotes
source with K messages and there ardS receivers each wanting
a unique message and having symmetric (with respect to the Ky = {xy_yu,..., k-2, Tk—1} U{Tkt1, Thi2, -, TkiD}-
receiver index) two-sided antidotes (side information). @timal 1)
scalar linear index codes for several such instances of thidass of . : i : .
problems for one-sided antidotes(not necessarily adjacénhave The symmetric capacii§’ of this index coding problem setting
been reported in [10]. These codes can be viewed as specials Shown to be as follows:
cases of the symmetric unicast index coding problems discsed UDe7Z
in [I] with one sided adjacent antidotes. In this paper, stating ’ ’
from a given multiple unicast index coding problem with with 0<U<D,
K messages and one-sided adjacent antidotes for which a saalaU + D = A < K,
linear index code ¢ is known, we give a construction procedure C— 1, A=K -1
which constructs a sequence (indexed byn) of multiple unicast - #ﬁ}w, A< K-2 per message.
index problems with two-sided adjacent antidot((as)(for the ame
source) for all of which a vector linear code€'™ is obtained : ; :
from Q:). Also, it is shown that if € is optimal then ¢ is also The above expression for capacity per message can be equiv-
optimal for all m. We illustrate our construction for some of alently expressed as:
the optimal scalar linear codes of [[10] though the construdéon . { 1 f U+D=K_1

is applicable for all the codes of [T0fi ‘ )
min(U,D)+1 ) ( )
K+min(U,D)—max(U,D) it U + D < K — 2.

In the setting of[l1] with one sided antidote cases, i.e., the
cases wheré/ or D is zero, without loss of generality, we
The problem of index coding with side information wagan assume thabax(U, D) = D andmin(U, D) = 0 (all the
introduced by Birk and Kol[[2] and Bar-Yosset al. [3] results hold whennaz(U, D) = U). In this setting, thek'"
studied the class of index coding problems in which eadRceiverR, demands the message having the antidotes,
receiver demands only one single message and the number
of receivers equals number of messages. Ong and[Ho [5]
classify the binary index coding problem depending on tHer which (2) reduces to
demands and the side information possessed by the receivers 1 if DK _1
An index coding problem is unicast if the demand sets of the C= { 1 it D<K _2 (4)
receivers are disjoint. If the problem is unicast and if tlre s K-D -
of each demand set is one, then it is said to be single unicatmbols per message.
Any unicast index problem can be equivalently reduced to an
single unicast problem discussed In [3]. For this canonical
unicast index coding problem, it was shown that the lengl) contributions
of the optimal linear index code is equal to the minrank of
the side information graph of the index coding problem b% _
finding the minrank is NP hard.

I. INTRODUCTION AND BACKGROUND

Kr = {Zk+1,Tkt2,- - Tkt }, (3)

In the capacity expression given il (2)if + 1 divides
D + U, capacity can be achieved by using scalar linear
codes. In the scalar linear coding one pagksmessages in

K—D+U i ; i
Maleki et al. [I] found the capacity of symmetric multiple ,.U+! dimensions (code symbols).If + 1 does not divide

unicast index problem with neighboring antidotes (sid@iinf II; ;hg te[ééo\:el(i::)eralrmsg;ecogl:g ?122 dOSnli/Oagf;;;/; Tpla)lmty.
mation). In a symmetric multiple unicast index coding peshl message symbols corresp’ondinglfousers inK — D4 U
with equal number ofK messages and Source'deStinaﬂO@imensions

pairs, each destination has a total Gf+ D = A < K '
antidotes, corresponding to themessages before (“up” from)

. i X ) In [1] Maleki et al. proved that vector linear coding exists
and D messages after (“down” from) its desired message. ]ln : - ! .
or any arbitraryU and D over a sufficiently large field size

1 ) i by imposing conditions on encoding and decoding matrices
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with U antidotes above and antidotes below if a scalar by using vector linear coding. In the vector linear code, we
linear solution exists for one-sided antidote problem wittequire to packi (U + 1) message symbols corresponding to
same number of messages and number of one-sided antidétegsers inK — D + U = K — A dimensions.

A = |D — U|. We give a construction procedure which We prove that we can pack (U + 1) message symbols
constructs a sequence of multiple unicast index problertts winto K symbols{y1,y2, - ,yx} and then convert thes&
two-sided antidotes starting from a given multiple unicastymbols intoK — A code symbols by using one side adjacent
index coding problem of one-sided antidote. It is shown thanhtidote scalar linear code. Define the sympglfor &k =

if there is an optimal scalar linear index code for the starti 1,2,--- , K as
problem then this code can be used to construct an optimal
vector linear index code for all the extended problems. 0j [1 Yk = Tk + Th—1,25 s Th—UU + Th—U,U+1- Q)

the authors proposed optimal scalar linear index codes fprq symboly;, comprises of(U + 1) message symbols and
ten classes of one sided (not necessarily adjacent) symmett, ., of the (U + 1) message symbols appear exactly once
multiple unicast index coding problems with optimal scalap, jne of theys. In the symboly, there exists(U + 1)
linear index codes. The antidotes assumed in this work isn?essage symbols and the§g + 1) message symbols are

proper subset of[{3) for eight classes. These optimal Coq%%[uired by the receiver®;, for j = k,k —1,--- .k — UL
continue to be optimal if the antidotes are taken to be adjace 7 ’ T

as given in [(B). We illustrate our construction to some of
the ten cases of the symmetric multiple unicast probler = o .
studied in [10] and demonstrate the new classes of symme  x  x X X, X, X,
multicast problems created for all of which an optimal vectc '

,_
N
[
yin
x
c
1

. . . - ™ - - - Q o} L ] L 3
linear code is exhibited. X, X, X, X, X, X,
e . . . L J L ] L] ® Q L] [ ] L ]
In [6], we proposed a lifting construction which construct x , x, X 0 Xeo o Rers Xis
a sequence of multiple unicast index problems with oneesid
antidotes with a scalar linear index code starting from &mgiv
multiple unicast index coding problem with a known scale
. . . . . . . . [ ] [ ] L [} L . L hd
linear index code. The construction in this paper is diff¢re = X X X,
. . 104 2u1 kU U-1
in the following two respects: . . « . o
. . . e ®» .. ® o] v e
1) The construction in[]6] starts from a problem wifki X, X, X,y X X Xeu
messages and gives a sequence of problems with .' .' e o o . . e & ... =
number of messages fer = 2,3,..., i.e,, the number x  x . X un Xevr  Kerum Ko ies

of messages goes on increasing as the indemoves. !
Whereas in this work the number of messages remai
K and only the size of the antidote sets increase. ® represents symbol y,
2) In [6] new scalar linear index codes are obtained startit = represents symbol y
from a scalar linear index code for problems of differer ' represents symbol y,
source sizes whereas in this paper new vector linear
index codes are obtained starting from a scalar linear
index code for the problem with the same source size.

vector message
symbol x,

K+l

Fig. 1: Vector coding message alignment.

3) The lifting construction in[[6] results in index codingTheorem 1. For a multiple unicast index coding problem
problems with one sided antidotes where as the construgth K messagesyi, vz, -+ ,yx + and the same number of
tion in this paper results in index coding problems witheceivers with the receiveR; wanting the messagg, and
two sided antidotes. having a symmetric antidote patteki), given by

Throughout the paper WLOG we consider the cése> U.

All the codes discussed in this paper also applicable for K = (k1 Yrt2s - YD}, ©)

D. The decoding procedure in this paper is considered for th ¢ = {¢,,¢,,.-- ,#,} be a scalar linear code of length

binary field. However the index codes considered in this papgefine 77, = {Tp1, o, ,Teu1} @Sk vector message

works for any finite field. symbol fork = 1,2,--- , K. For an arbitrary positive integer

Il. EXTENSION OF SCALAR LINEAR CODE INTO VECTOR U consideLth_e index_coding problem with number Of
message$zy, T2, - - - , Tx } and the number of receivers being

LINEAR CODES . . .
K, and receiveR;, (k= 1,2,---, K) having antidote pattern
Let the messages symbols Beq,zs,...zx}. For every given by

1, when we deal with vector linear index codes the differ-

ent messages symbols correspondingetoare denoted by Ky = {Tx—v, ..., Tr—2: Th-1} U {Tks1, Tht2, - - - » Tha D+ U J-

Th1,Tk2,2E,3,... E€tC. (7
If U +1 do not divideK — D + U, scalar linear codes canFor this index coding problem the codé” 1) is obtained by

not achieve capacity. In this case capacity can be achieveg@lacing every message symhgl in the code symbols of




¢ with Zfi’;l Tpt1—4 Tor 1 < k < K, i.e., by making the symbolzy ;. The sumS,(ffr;;l_)l similar to [9) can be written

substitutiony, = 7wy as
. . Sty = : v —iyi
Proof. The given scalar linear cod& = {ty,ts,--- ,;} of Z’%Hf; xkf ++ gf]’if;) X T F

. . . . . i=1 Tk+U+ay 1—ii i=1 Th+U+ayp q—i,i
length! for a multiple unicast index coding problem wm_(i wherea = 1 if ax, = 1, elsea = 0. That is, depending
messages$y1, o, - - , yx } and the same number of receivers h | f ' U+ . f eith
with the receiverR;, wanting the message, and having °" the value Ola,;, sum oS, ~, comprises of either one
a symmetric antidote patterf; given in [6) enables the message symbol or two message symbols belongs to vector
decoding of K messages{yi,y2, - ,ykx}- That is, with message symbofy.
linear decoding there exist combination of code symbols

{t1,t2,- -+ ,1;} to get the sum of the form given il(8)

(U+1) .
If ag1 > 1, S, 2, comprises only one message symbol

(xr,v) which belongs tary . All other messages present in

Sk =Ykt Uktars tTUhtare T FUktara | k=12, K, S,(ffr,“;l_)l are antidotes taRy. Thus receiverR; can decode
(8) message symbaly ;.

for 1 < ap1 < age < -+ < arq < D, such that

Yktap1s Yhtawss " » Yk+as . @r€ in antidotes of receiveRky. If ap1 = 1, S,fj?l comprises two message symbols

Sincea 1, a2, - ,ar.q are less than or equal t for k = (zrus1,250) belongs to vector message symbai,.

1,2, , K from the SUMyx+yiray , +Uktar o+ +Yetrar o ReceiverR;, has already decoded the message sympeol.

receiverR), can decode its wanted message ~and all other messages presentsbiglfl are antidotes to

Given an arbitrary positive intege? consider the index Fx- Thus receiver?;, can decode message symbgly .
cgdirE proble_m withK' number of vector message S_ymbc“%tep . Decoding of (U +2 — )""(1 < | < U + 1)
{z1,72,--- ,7x} and the number of receivers bein, message symbol by receiver R,
and the receiverR, (k = 1,2,---,K) having antidote -
pattern given by[{7). The code(W+1 is the index code ReceiverR;, uses sums. ) , to decode itgU +2 — )"
obtained by making the substitution. = ;' 111-;; message symbaly ;2. The sumS,iT&lJr)l_l similar to [9)
in the available code. We prove that the receiveR, can can be written as
decode its wanted message 3¢t(U + 1 message symbols _ ;.

Th1, Tk, - ,2ru41) Dy using the codes(U+D). For the Pk+U+1-i = zkut2-t + 14, DTk v t2-ttar,
code¢U*1 the sum in[(B) can be written by + Lay Dk, vt2-ttar o +
o lag Dk, ur2—ttag g
U+1
! A Ut + Tkt Ut2—1—iyi
S,(CU+1) = ; Tht1—i,5 T ; Thtay 1+1—i, +--+ ; Thtay g+1—i i:l,igL:Ferl
B B B ©) U+1
We describe the entire decoding process in the following + Z Tt U2—l4ap 1 —ii T
three steps. The Fig.1 will be helpful to trace these steps. i=1,i#U+2-1+ay 1
U+1
Step 1. Decoding of (U +1)" message symbol by receiver Ry, + Z Tkt U+2—ltay, g—ii-

i=1,iAU+2—14a) g

The sum S,ilfrz;l) similar to [9) can be written as (10)
Sitt)” f]fthH*'ZL v ti-iit 0 ThtU a1t Where1, is the indicator function such that(z) = 1 if
cr D00 ThtUag g+ l—ii- xz € A, elseitis zerod; = {ar; +1,ar; +2,--- , U+ 1}

In S,(fi;;l), only one message symbol is present which is {7 > ar;, elseA; = {®} for j = 1,2,--- ,d. In the above
required byRy,. We havel < ag,1 < age <+ <ard <D sumuzy .o is the required message.
and thus all other message symbols presenﬂjﬁ#) are
in antidotes of receiver? according to antidote pattern as The quantityls, (I)zx,v2-14a,,; fOr j = 1,2,---,d is
in (@. (Note that ifSkUj[} comprise> 2 message symbolsthe interference to the receive®, from its wanted vector
which belong toz; and Ry requires at least two of them,message symbat;. ReceiverR, already knows thd — 1

then messages interfere an@, can not decode any of message symbolsey y41,zku, 2k u+3—1} and thus the
them). Thus by usings*,i[i;}l), receiver R, can decode its interference from the wanted message synijoin the sum

(U + 1)*" message symbat; 741. The code¢ enables the S,(ffrzr,i)lfl can be canceled.

decoding of{y1, y2, - - ,yx } from the sumsSy, Ss, -+, Sk,

which implies that code(U*1) enables the the decoding of The message symbols in the terms
{141, 2,041, Th—U,U+1, TR U1} ZZ—U:T#UH,HGM ThUt2—l4ay,;—ii 1O j =1,2,--- ,dis

in antidotes for receiveR;,. Thus receiverR; can decode
Sep 2. Decoding of U'" message symbol by receiver 42— from S,i[frg?lfl.

Ry,
This procedure continued until all receivdt, decode
ReceiverR;, uses sum%fj?l to decode itsU*" message its U + 1 wanted messageSry 1, 7r2,  * ,Tku+1}. Thus



receiver R, decodes its wanted vector message sympl ys = x41 + 232 + 223, Y14 = T14,1 + T13,2 + T12,3,

This completes the proof for decoding. B oys =251 +2a2+233, Y15 = Ti5,1 + T1a,2 + T13,3,

. . . Ye =61 T Ts2+Ta3, Y16 = Ti6,1 + T15,2 + T14,3,
Thgora’nhz. In the (I:cinstrur(i:tmnlgf Trgeorﬁﬁ 1,”|f the %IVS ;= @71+ Toa+ Tas, Y =T1r1 +Ti62 + Tiss,
code Q:l_ as OptI(;na ?I‘lg_t - d it tf en _a Ie)l(ten he s — Ts,1 + T7,2 + T6,3, Y18 = 18,1 + X17,2 + T16,3,
vector linear codes of given code are of optimal lengt a%l — Zon + s+ Trs, Y19 = Tion + Tis2 + T17.3,

hence capacity achieving. Y10 = T10,1 + T9,2 + 8,3, Y20 = X20,1 + Z19,2 + T18,3-

'i:é)r this case we get the extended catfé) to be
&)

Proof. The number of code symbols in the extended code
={z1,1 + 2202 + T19,3+ T5,1 + Ta2 + X33, To1 + T1,2+

equal to the number of code symbolsdnwhich is equal to
K—A=K-D+U.ByusingK — D+ U code symbols, #20:3 + #6:1 5.2+ Ta3,  Ta1 4 T2+ T13 + 271 o2 o+
every receiver gets +1 of its wanted messages. The capacity™® “+1 T #82 T %23 + 81 + T72 + T6.3,  T5,1 + Ta.2 +
achieved by this code ig%EL per message, which is equal’™* + @1 + @82 + 7,3, Te1 + Ts2 + Ta3 + 101 + To2 +
to the capacity mentioned ifl(2). It follows that the exteshde™®® %71 T ¥6.2 F T58 + T111 + 102 + To.3, L1+ 72 +

. . X i i i €T X X X X
vector linear codes are of optimal length. m Pe3 T ri21 T2+ P03, ToiF Tea + 73+ Tis1 + L1z
r11,3, 10,1 + 9,2 + X8 3+ T14,1 +T13,2 +T12,3, L11,1 +T10,2+

he followi les il h dTh T9,3+ 15,1 +x14,2 +213,3, T12,1 +211,2+ T10,3 +L16,1 +T15,2+
The following examples illustrates Theoréin 1 and T €OreM, 5. 131 + @122 + @118 + T171 + T1i62 + Tiss, Tiaa +

12
2 ri13,2 + T12,3 + 18,1 + Ti7,2 + T16,3, X151 + Ti4,2 + T133 +
Examplel. K =20, U =0, D =4. Z19,1 +Z18,2+x17,3, Z16,1+T15,2+%14,3+T20,1+T19,2+T18,3}-

We have one-sided antidote scalar ca¥fe{y; + y5, y2 + Case I[II: K =20, U=3, D=T.

Yo, Y3 + Y7, Ya + Y8, Ys + Yo, Y6 + Y10, Y7 + Y11, Ys + _ _ N
Yi2, Yo + Y13, Y10 + Y14, Y11 + Y15, Y12 + Y16, Y13 + A = 4, Capacity=%. With definingy; = z;1 + 21, 2 +

Y17, Y14 + Y18, Y15 + Y19, Y16 + yQO}. Ti—2 3+ T3 4 for s = 1,2,...,20, we end with
Case I: K =20, U=1, D=5. Y1 = x1,1+x20,2+T19,3+T18,4, Y11 = T11,1 +T10,2+T9,3+Ts 4,
Y2 = x21+T1,2+T20,3+T19,4, Y12 = T12,1+T11,2+T10,3+T9,4,
A = 4, CapaCitY%- Define y;, = x;1 + wi—1, 2 for ys=as1+@ao+x1,3+220,4, Y13 = 13,1 +T12,2+211,3+210,4,
i=1,2,...,20. We have Y4 = 4,1 +T3,2+T23+x1,4, Y14 = T14,1 +T132+T12,3+2T11,4,
Ys = T51+T4,2+233+2T24, Y15 = X151 +T14,2+213,3+T124,
Y1 = T1,1 + X20,2, Y11 = 11,1 + 10,2, Y6 = T6,1 +T5,2+T4,3+23,4, Y16 = T16,1 +T15,2+L14,3+213,4,
Y2 = x21 +X1,2, Y12 = Ti12,1 + T11,2, Y7 = x71+T6,2+T53+xa,4, Y17 = T17,1+T16,2+T153+ X144,
Y3 = X3,1 +T2,2, Y13 = T13,1 + 12,2, Ys = T8,1+x72+T6,3+T5,4, Y18 = T18,1+T17,2+T16,3+2L15,4,
Y4 = Ta,1 + 232, Y14 = T14,1 + 13,2, Yo = 9,1 +X8,2+T73+x6,4, Y19 = T19,1 +T18,2+X17,3+ 16,4,
Ys = 5,1 + T4,2, Y15 = T15,1 + T14,2, Y10 = Z10,1 +Z9,2+ 28,3+ L74, Y20 = T20,1 +T19,2+2L18,3+L17,4.
Y6 = Te,1 + T5,2, Y16 = Ti6,1 + T15,2, The resulting extended vector linear code is
Y7 = x7,1 +Te2, Y17 = Ti7,1 + 16,2, c@ = {z1,1 + 20,2 + 19,3 + T18,4 + T5,1 + Ta2 + X33 +
Ys = x8,1 +T72, Y18 = T18,1 + T17,2, T24, T21+T1,2+x20,3+T194+T61+T52+Ta3+x34, 31+
Yo = X9,1 + X832, Y19 = T19,1 + T18,2, T22+T1,3+T204+X71+T6,2+2T53+Ta4, Ta1+2T32+2T23+
Y10 = T10,1 + 29,2, Y20 = X20,1 + T19,2. Ti4a+2g1+x72+T63+T54, Ts1+Ta2+T33+T24+To1+
We get the code® given by 8,2 +T7,3+ T4, Te1+Ts52+Taz+ T34+ T101+To2+Ts,3+

e = {501,1 + 20,2 +251+T4,2, 2,1 +T1,2+T6,1+T5,2, 3,1+ T74, T7,1+T62+T53+Ta,4+2T11,1+L10,2+L9,3+T8,4, g1+
To2 + X771+ Te,2, Ta,1 + T3,2+T8,1+T72, 5,1 +Ta2+To1+ X72+ T6,3+ T5,4 + X12,1 + T11,2 + L10,3 + 9,4, T9,1 + Tg2 +
8,2, Te,1+ T5,2+2x10,1+T9,2, 7,1+ Te,2+2x11,1+T10,2, T8,1+ 73+ Te,4a+ T13,1 + X122 + 11,3 + T10,4, L10,1 + T9,2 + Tg,3 +
T72 + Ti2,1 + T11,2, 9,1 + Ts,2 + 13,1 + T12,2, T10,1 + X922 + X74+ X141 +T132+ X123+ T11,4, T11,1 +T10,2 + x93+ X84+
T14,1 + 13,2, T11,1 +T10,2 +T15,1 +T14,2, T12,1 +T11,2 +T16,1 +  T15,1 + X142 +T13,3 +T12,4, T12,1 +T11,2+T10,3 +T9,4+T16,1 +
T15,2, T13,1 + T12,2 + T17,1 + %16,2, L14,1 + T13,2 + Tis,1 + X152 + T14,3 + T13.4, L13,1 + T12,2 + T11,3 + T10,4 + T17,1 +
Z17,2, T15,1 +T14,2 + 19,1 + T18,2, T16,1 + 2152+ T20,1 + T19,2}.  Tie,2+T15,3+T18,4, T14,1+T13,2+T12,3+T11,4+T18,1 +T17,2+

16,3+ 15,4, L15,1+T14,2+213,3+L12,4+L19,1 +T18,2 +X17,3+

Z16,4, T16,1+T15,2+T14,3+T134+T20,1 +T19,2+T183+ X174}
Case II: K =20, U=2, D=6.

Theorem 3. Consider a multiple unicast index coding problem
A =4, Capacity=1%. Definingy; = z;1 + zi—1, 2 + xi—2, 3 With K messages and the same number of receivers with the

fori=1,2,...,20 we get receiverR;, wanting the message, and having a symmetric
antidote patternK; given in [1). For this index coding

Y1 = T1,1 + X20,2 + T19,3, Y11 = T11,1 + 10,2 + T9,3, problem vector linear solution exists if scalar linear $olo

y2 = @21 + T1,2 + 20,3, Y12 = T12,1 + T11,2 + T10,3, exists for one-sided antidote problem as mentioned[In (3)

Y3 = x31 + To2 +T1,3, Y13 = T13,1 + T12,2 + 11,3, with same number of messages and number of one-sided



antidotesA = |D — UJ. The vector linear index code is

optimal if the scalar linear code is optimal.

Proof. Proof follows from Theorerqill and Theorér 2. B

Theorem 4. Proposed codes in_[1L0] can be extended folall
and D with A = maxz(U, D) — min(U, D) for the following
problem instances:

1) A divides K

2) K — A divides K
3) & — A dividesA
4) A — £ divides £

5) A divides K — X and \ divides A where\ is an integer
6) K — A dividesK — A and \ dividesK — A
7) A + X divides K and A divides A
8) K — A+ X\ dividesK and ) divides K — A
9) A divides K + A and \ divides A
10) K — A divides K + X and A divides K — A

Proof. In [10] codes for symmetric instances of one side
antidote problem for a giveril and D satisfying the above
mentioned conditions with\ replaced withD were proposed.
The proposed codes in [10] can also be used for the one-sided
adjacent antidotes as given [d (3) and these codes achieve th

capacity in [#). Then the proof follows from Theoréin 1M

Corollary 1. If D divides K then the proposed optlmaIQ(a = {z1.1

length scalar linear code & = {z;(j_1)p + Tiy;p| i =
1,2,....,D, j=1,2,..., %1}
Example2. K =20, U = 2, D =6.

=20,A =4, capacﬁy

Letyz—x11+xz 1, 2+xz 9, 3 fori=1,2,...,20.

Y1 = T1,1 + T20,2 + 19,3, Y11 = T11,1 + 10,2 + X9,3,

Y2 = x21 +X1,2 + 20,3, Y12 = Ti12,1 + T11,2 + T10,3,
Ys = T3,1 + T2,2 + 1,3, Y13 = 13,1 + 12,2 + T11,3,
Ya = T4,1 + T3,2 + T2,3, Y14 = T14,1 + 13,2 + T12,3,
Ys = X5,1 + Ta,2 + 3,3, Y15 = T15,1 + 14,2 + T13,3,
Y6 = T6,1 + T5,2 + T4,3, Y16 = 16,1 + 15,2 + L14,3,
Y7 = x7,1 + Te2 + 5,3, Y17 = T17,1 + T16,2 + T15,3,
Ys = 8,1 + T7,2 + Ts,3, Y18 = 18,1 + 17,2 + L16,3,
Yo = X9,1 +Tg2 +T7,3, Y19 = T19,1 + Z18,2 + T17,3,
Y10 = 10,1 + 9,2 + X8,3, Y20 = 20,1 + T19,2 + T18,3.

The proposed code i€ = {y1 + ys, y2 + ys, ys + y7, ya +
Y8, Ys+yo9, Y6 tyi0, Y7 +yi1, Ys+yi2, Yo+yi3, yio+yi4, Y11+
Y15, Y12 + Y16, Y13 + Y17, Y14 + Y18, Y15 + Y19, Y16 + Y20}

e = {z1,1+x20,2+2193+ 251+ Ta2+ 233, T21+T12+
x20,3 + T6,1 + 5,2 + Ta,3, T3,1 + 2,2+ T1,3+ T7r1 + Te,2 +
T41+T32+2x23+T81+T72+T6,3, T51+Ta2+T33+
T9,1 +x82+x7,3, Te,1+T52+Te3+T10,1 +T9,2+T83, T7,1+
T6,2 + 5,3 + 11,1 + T10,2 + T9,3, T8,1 + X7,2 + T6,3 + T12,1 +
T11,2 +210,3, 9,1 +T8,2 +T7,3+ T13,1 + T12,2 +X11,3, L10,1 +
T9,2 + 8,3 +T14,1 + 13,2 + T12,3, L11,1 +L10,2 +L9,3 + T15,1 +
T14,2+2133, Ti12,1+T11,2+ZT103+T16,1+T152+T14,3, Ti31+
Ti12,2+T11,3+T17,1+T16,2 +215,3, T14,1 +T13,2+X12,3+T18,1+
T17,2+216,3, %151 +T14,2+213,3+T19,1 +Z18,2+T17,3, T16,1+
Z15,2 + 14,3 + T20,1 + T19,2 + T18,3}

T5,3,

Corollary 2. If K — D divides K, then the proposed code
is

€:{xz+xz+m++xl+(nfl)m | i:1727-'-7m}

where K — D = m and £

7 D—TL.

Example 3. K =20, U =1, D =16.

K =20, A =15, capacity=.
Lety, = x;1 +xi—1, 2 fori=1,2,...,20.

Y1 = T1,1 + T20,2, Y11 = T11,1 + 10,2,

Y2 = T21 + T1,2, Yi2 = T12,1 + T11,2,
Ys = x3,1 +T2,2, Y13 = T13,1 + T12,2,
Y4 = Tq4,1 + T3,2, Y14 = T14,1 + X13,2,
Ys = T5,1 +Ta,2, Y15 = T15,1 + T14,2,
Y6 = Tg,1 + T5,2, Y16 = 16,1 + X15,2,
Y7 = x7,1 +Te2,  Yi7r = Ti7,1 + 16,2,
Ys = Tg,1 + T7,2, Yyis = 18,1 + T17,2,

Yo = T9,1 + 8,2,
Y10 = 10,1 + X9,2,

= T19,1 + X18,2,
= T20,1 + %19,2.

Y19
Y20

The proposed code is,
¢ ={y1 + e + y11 + ys,
Y2 + y7 + yi12 + yi7,
Y3 + ys + Y13 + yis,
Y4 + Yo + Y14 + Y19,
Y5 + Y10 + Y15 + Y20}

+ 20,2 + 6,1 + X522 + 11,1 + T10,2 + Ti6,1 +
15,2, T21 + Ti,2 + 71 + Te,2 + Ti2,1 + Ti1,2 + X171 +
16,2, r3,1 + T2,2 + g1 + Tr2 + T13,1 + Ti2,2 + Tis,1 +
T17,2, T4,1 + T3,2 + T9,1 + T2 + Tia,1 + T13,2 + T19,1 +
Z18,2, T5,1 +Ta,2+ X101+ To,2 +T15,1 + T14,2 + T20,1 + T19,2}-

Corollary 3. For the case’2i — D divides D, the proposed
scalar linear code is,
¢= {xi + Ti+m + -+ Li+pm s
LTitm + Ti4+2m +--- 4+ :EiJr(erl)ma

Titm(p+1) + Titm(p+2) + - + Tiq(n—

K
,m}, wherem = 5 — D, n =

gm" =

1,2,...

Example4. K =20, U=1, D=9.

K =20, A =8, capacity=>

Lety, = x;1 +xi—1, 2 fore=1,2,...,20.
Y1 = T1,1 + Z20,2, Ys = T3,1 + T2,2,
Y4 = Tq4,1 + T3,2,
Y7 = T7,1 + T6,2,
Y10 = 10,1 + X9,2,

Y2 = 2,1 + T1,2,
Ys = T5,1 +T4,2, Y6 = Te,1 + T5,2,
Ys = T8,1 + T7,2, Y9 = T9,1 + Is,2,

Y11 = Z11,1 + T10,2, Y12 = T12,1 + T11,2,

Y13 = 13,1 + X12,2, Y14 — 14,1 + T13,2, Y15 — 15,1 + T14,2,
Y16 = Tie6,1 + 15,2, Y17 = Ti7,1 + T16,2, Y18 = X181 + T17,2,
Y19 = T19,1 + T18,2, Y20 = T20,1 + T19,2-

The proposed code & =

{y1 +ys +ys +yr+yo, Yo +va+ys+ ys+ Yo,

Ys +ys +y7 + Yo + y11, Y4+ ys + ys + yio + yi2,

Ys +y7 + Yo + Y11 + Y13, Y6 + Ys + Y10 + Y12 + Y14,
Y7 + Yo +y11 + Y13 + Y15, ys +yio + Y12 + yia + Yis,



Y10 + Y12 + Y14 + Y16 + Y18,
Y12 + Y14 + Y16 + Y18 + Y20}

Yo + Y11 + Y13 + Y15 + Y17,
Y11 + Y13 + Y15 + Y17 + Yo,

¢ = { z114+z202+231+T22+251+Ta2+271+T62+
T91+x82, X21+Ti12+Tg1+T32+T6,1+T52+T8,1+2x72+
r10,1 +X9,2, X31+T22+x51+Ta2+x71+Te2+X91+Ts2+
T11,1+%10,2, T4,1+T32+Te1+T52+x8,1+T72+T10,1+T92+
T12,1+T11,2, T51+Te2+x71+T62+X91+2x82+2x11,1+T10,2+
r13,1 +X12,2, L6,1 +X52+ T8,1 + 7,2+ T10,1 + 9,2 + T12,1 +
T11,2 +214,1 + 13,2, X7,1 + Te,2 + 9,1 + Tg,2 +T11,1 + X10,2 +
13,1 +X12,2 + 15,1 +T14,2, 8,1 +T72+ T10,1 +T9,2+T12,1+
T11,2+ 14,1 + X132+ T16,1 + 15,2, T91+Tsg 2+ T11,1+T10,2+
T13,1 +T12,2+ %151 +T14,2 +T17,1 +T16,2, T10,1+T9,2+T12,1+
T11,2+214,1 +T13,2+216,1 +T15,2 +T18,1 +T17,2, L11,1+T10,2+
13,1 +%12,2 +T15,1 +214,2 +T17,1 +T16,2 +T19,1 +X18,2, L12,1+
Z11,2+T14,1 +213,2 + 16,1 +T15,2 + T18,1 + T17,2 + T20,1 + T19,2}

Corollary 4. If D divides K — A and X divides
D, then the scalar linear code is given bg§ =
{xi+(j71)D +=’Ei+jD| i = 1,2,...,D, j: 1,2,...,TL— 1}
U{Zk—rqr + TK-2gr—x + - F T dpr—r| 7= 1,2, A,
t=1,2,..., 2} for £52 > 1 and £52 = n.

Example5. K =21, U=2, D=6

K =21,A =4,\ =1, capacity=.
Lety, =a;1 +2i—1, 2 +xi—2, 3 fOri=1,2,...,21.

Y11 = 11,1 + X10,2 + T9,3,
Y12 = Ti2,1 + X11,2 + Z10,3,
Y13 = 13,1 + 12,2 + T11,3,
Y14 = T14,1 + X13,2 + T12,3,
Y15 = 15,1 + 14,2 + 13,3,
Y16 = T16,1 + 15,2 + T14,3,
Y17 = 17,1 + X16,2 + T15,3,
Yyi1s = 18,1 + 17,2 + T16,3,
Yo = T9,1 + T8,2 + T7,3, Y19 = 19,1 + T18,2 + T17.,3,
Y10 = T10,1 + T9,2 + 8,3, Y20 = X20,1 + Z19,2 + T18,3,
andyz1 = 21,1 + T20,2 + Z19,3-

Y1 = T1,1 + T21,2 + 20,3,
Y2 = T2,1 + T1,2 + T21,3,
Ys = T3,1 + T2,2 + 1,3,
Y4 = T41 + T3,2 + T2,3,
Ys = T5,1 + T4,2 + 3,3,
Y6 = Te,1 + 5,2 + 4,3,
Y7 = T7,1 + T6,2 + 5,3,
Ys = xg,1 + 7,2 + T6,3,

The proposed code i€ = {y1 + ys5, y2 + ¥s, Y3 + Y7, ya +
Ys, Ys + Yo, Y6 + Y10, Y7 + Y11, Ys + Y12, Yo + Y13, Yio +
Y14, Y11 + Y15, Y12 +Yi6, Y13 + Y17, Y14 + Y18, Y15 + Y19, Yi6 +
Y20, Y17 + Y18 + Y10 + y20 + y21}-

e = {z1,14+221,24+%20,3+T5,1+Ta2+T3,3, T2,14+T1,2+T21,3+
Te1+Ts2+2xe3, X31+T22+T1,3+x71+Te2+T5,3, Ta1+
T32+x2,3+T8,1+x7,2+T6,3, X5,1+Ta2+2T3,3+T9,1+Tg2+
6,1+ 5,2+ Ta,3+T10,1 +T92+2x8,3, X7,1+T6,2+T5,3+
r8,1+%7,2+%6,3+x12,1+T11,2+L10,3, L9,1+
r8,2 + X733+ X13,1 +T12,2 + 11,3, L10,1 + X9,2 + X883+ T14,1 +
r13,2+212,3, 11,1 +Z10,2+T9,3+T15,1+L14,2+2X13,3, L12,1+
r11,2+x10,3+T16,1 +2152+214,3, T131+2T122+T11,3+x17,1+
T16,2+T153, Ti4,1+T132+T123+2T18,1+T17,2+%16,3, Ti51+
T14,2 + X13,3 + 19,1 + X18,2 + 17,3, T16,1 + T15,2 + T14,3 +
20,1 +%19,2 +218,3, 17,1 +T16,2+T153+T18,1+T17,2+L16,3+
Z19,1 +T18,2+T17,3 + 20,1 +T19,2 + T18,3 + T21,1 + T20,2 + T19,3}-

Corollary 5. If K — D divides K — \, A divides (K — D),
then the proposed scalar linear codeCis= {z; + z;1m +
e '+xi+(q71)m+xqm+l+(i71)modk)| 1=1,2,..., m}a where
K —D =m, and{ﬁjD =q.

7,3,
T11,1+%10,2+%9,3,

Example6. K =21, U =1, D =17.

K =21, A =16, capacity=.

Lety; =1 +xi—1, 2 fori=1,2,...,21.
Y1 = T1,1 + Z21,2,
Y2 = x2,1 + X1,2,
Y3 = x3,1 + X2,2,
Y4 = T4,1 + X3,2,
Ys = Ts,1 + X4,2,
Y6 = Te,1 1+ 5,2,
Y7 = X7,1 + T6,2,
Ys = x8,1 + T7,2,

Y11 = 11,1 + X10,2,

Y12 = 12,1 + X11,2,

Y13 = T13,1 + T12,2,
Y14 = 14,1 + X13,2,
Y15 = 15,1 + T14,2,
Y16 = 16,1 + T15,2,
Y17 = 17,1 + X16,2,
Y18 = T18,1 + 17,2,
Y9 = T9,1 + 8,2, Y19 = 19,1 + X18,2,
Y10 = T10,1 + T9,2, Y20 = T20,1 + T19,2,
andyz1 = x21,1 + T20,2.

The proposed code I8 = {y1 + ys + y11 + Y16 + Y21, Y2 +y7 +
Y12 + Y17 + Y21, Y3 +yYs + Y13 + Y18 + Y21, Y4+ Y9 + Y14 + Y19 +
Y21, Y5 + Y10 + Y15 + Y20 + Yo1}-

¢ = {z11+x212+ 26,1 +X5,2+ 11,1 +T10,2 + T16,1 + T15,2 +
T21,1 +T20,2, X21+T12+T71+ Te2+Ti2,1+2T11,2 + 2171+
Ti16,2 +T21,1 +X20,2, X31+T22+x81+x72+ X131 +T122+
T18,1 + 17,2 + T21,1 + X20,2, T4,1 +T3,2+ X9,1 + T8 2+ T14,1 +
T13,2 + X19,1 + X18,2 + 21,1 +L20,2, 5,1+ T4,2+ T10,1 +X9,2+
Z15,1 + T1a,2 + T20,1 + T19,2 + T21,1 + T20,2}

Corollary 6. For the caseD + X divides K, A\ divides D,
the scalar linear code is

€= {Tipjn + Tipron T F Tipgrpn| i =12,
j:1,2,...,%} where% =p andDLH —n.

Example7. K =18, U =1, D =6.

K =18, A =5,\=1, capacity=3.
Lety, =x;1+a,-1, o fori=1,2,...,18.

Y1 = T1,1 + T1s,2,
Y2 = T2,1 + T1,2,
Ys = 3,1 + T2,2,
Y4 = Tq4,1 + T3,2,
Ys = T5,1 + T4,2,
Y6 = T6,1 + Ts5,2,
Y7 = T7,1 + T6,2,
Ys = x8,1 + T7,2,
Yo = T9,1 + 8,2,

Y10 = 10,1 + X9,2,,

Y11 = 11,1 + X10,2,

Y12 = 12,1 + X11,2,
Y13 = T13,1 + T12,2,
Y14 = 14,1 + X13,2,
Y15 = T15,1 + T14,2,
Y16 = 16,1 + T15,2,
Y17 = Ti7,1 + T16,2,
Y18 = 18,1 + X17,2,

The proposed code 8= {y1 +y2+ys +ya+ys +vs, y2+ys+
Ya+ys +ye +y7r, Ys +tys+ys +ys +yr +ys, ya+ys +ys +
Y7 +ys +yo, Ys + ¥y +y7 + ys + Yo + Y10, Y6 + yr +ys +yo +
Y10 + Y11, Y7 +yYs + Yo + Y10 + Y11 + Y12, Y8 + Yo +yio +y11 +
Y12 + ¥13, Yo + Y10 + Y11 + Y12 + y13 + Y14, Y10 + y11 +yi2 +
Y13 + Y14 + Y15, Y11 + Y12 + Y13 + Y14 + Y15 + Y16, Y12 + Y13 +
Y14 + Y15 + Y16 + Y17, Y13 + Y14 + Y15 + Y16 + Y17 + yis}.

2
¢ = {r11+z182+221+T12+ 231+ 222+ Ta1+232+
T51 + Ta2 + Te,1 + X5,2, X211+ Ti2 + T3+ T22 + Xa1 +
r32+x51+Ta2+T6,1+T52+2x7,1+T6,2, T3,1+T22+2x41+



T32+T51+Ta2+Te1+Ts52+T7r1+Te2+2x81+2T72, Xa41+
T32+T51+Ta2+Te1+xs52+T71+Te2+Ts,1+T72+To1+
rs,2, X51+Ta2+Te1+Ts52+x71+Te2+Ts1+Tr2+To1+
r8,2+T10,1 +T9,2, T6,1+x52+T7,1+xe2+Ts,1+x7,2+To,1+
rs8,2 + X10,1 + Z9,2 + X11,1 + T10,2, 7,1 + T6,2 + X8,1 + T72+
T9,1 + 8,2 + X10,1 +T9,2 +T11,1 +T10,2 + L12,1 + T11,2, 8,1+
T72+X91 + Ts,2 + X101 +X9,2 + T11,1 + T10,2 + T12,1 +T11,2 +
T13,1 + X122, 9,1 +x82+ T10,1+T9,2+ T11,1 + T10,2+T12,1+
T11,2+13,1 +X12,2 +%14,1 +2X13,2, L10,1 +L9,2+T11,1 +ZL10,2+
T12,1+211,2 +T13,1 +T12,2 +2T14,1 +213,2 + 15,1 +L14,2, L11,1+
T10,2 +12,1 +ZT11,2+213,1 +T12,2 +L14,1 +213,2 +L15,1 +T14,2 +
r16,1+x15,2, 12,1 +T11,2+2x13,1 +T12,2+214,1 +T13,2+X151+
Ti4,2+2x16,1 +T15,2+217,1 +Z16,2, T13,1+T12,2+T141+ X132+
Z15,1 + 14,2 + T16,1 + T15,2 + T17,1 + 16,2 + T1s,1 + T17,2}-

Corollary 7. If K — D+ A divides K and \ divides
K — D, then the scalar linear code is given by =
{@i4+TioA +2igar(k—D) F Tivort (K—D) + Tivart2(k—D) +
Tit3a+2(K—-D) T 0+ Tit(p-D)r+(p-1)(K—-D) T
$i+p>\+(p—l)(K—D)| 1= {1,2,,K—D}} Where
7o = P and£5E = m.

Example8. K =24, U =1, D = 20.
K =24, A=19,\ =1, capacity=.

Lety, =xi1+a,-1, o fori=1,2,...,24.

Y1 = T1,1 + T24,2, Y13 = X13,1 + T12,2,

Yo = T2,1 + T1,2, Y14 = T14,1 + X13,2,
Ys = 3,1 + T2,2, Y15 = T15,1 + L14,2,
Y4 = Ta,1 +X32, Y6 = Ti6,1 + T15,2,
Ys = X5,1 + Ta2, Y17 = T17,1 + T16,2,
Y6 = T6,1 + 5,2, Y18 = T1s,1 + T17,2,
Y7 = T7,1 + T6,2, Y19 = T19,1 + X18,2,
Ys = Ts8,1 + T7,2, Y20 = T20,1 + X19,2,
Y9 = T9,1 + 8,2, Y21 = T21,1 + X20,2,
Y10 = 10,1 + X9,2, Y22 = T22,1 + T21,2,

Y11 = 11,1 + X10,2, Y23 = X23,1 + T22.2,
Y12 = Ti2,1 + T11,2, Y24 = T24,1 + T23,2.

The proposed code i€ = {y1 + y2 + yr + ys + yis +
Y1a + Y19 + Y20, Y2 + Y3 + ys + Yo + Y14 + Y15 + Y20 +
Y21, Y3+ yYa + yo + Y10 + Y15 + Y16 + y21 + Y22, Y4 +ys +yio +
y11+y16+y17+y22+y23, ys+ys+yi1+yie+yir+yis+ya3+yoat.

¢ = {z11 + T2a2 + T21 + Tr2 + Tra + Te2 + T8 +
T72 + 131 + Ti2,2 + X141 + T13,2 + T19,1 + Tis,2 + T20,1 +
T19,2, X21+x12+x31+x22+x81+x72+x91+xg2+T141+
r13,2 + 2151 +X14,2 +T20,1 + 19,2 +T21,1 +T20,2, 3,1 +T22+
T4,1+2T3,2+T9,1+T8,2+T10,1+L9,2+X15,1 +L14,2+L16,1+T15,2+
T21,1 + 20,2 + T22,1 +X21,2, T4,1 +T3,2+X51+ Ta,2+ 10,1 +
T92+T11,1 + 10,2 +T16,1 +T15,2 + X171+ T16,2 + X221 +T21,2+
T231 +T222, Ts51+Ta2+Te1+T52+211,1+ X102+ Ti21+
Z11,2 +T17,1 + T16,2 + T18,1 +X17,2 + T23,1 + Ta2,2 + X241 + X232}

Corollary 8. If D dividesK + A and\ divides D, then the
scalar linear code is given by = {z;; (;_1)p + Ti1jp| i =

{1527"'7D}7 ]:{1,2,,77/—2}}

U {Zk—2D+14r+ir T TEK—D41+ir + TE-Afi+irmodr| ¥ =
{0,1,2,...,p — 1}} where £52 = n(> 2), p = K mod
D=D-\

Example9. K =19, U =2, D=171.

K =19, A=5, A=1, capacity=2.

Let Yi =Tl +Ti—1, 2+ T2 3 for i = 1,2, ey 19.

Y1 = T1,1 + T19,2 + 18,3, Y11 = T11,1 + 10,2 + X9,3,
Y2 = x21 +X1,2 + 20,3, Y12 = Ti2,1 + T11,2 + 10,3,
Ys = T3,1 + T2,2 + T1,3, Y13 = 13,1 + X12,2 + T11,3,

Y4 = T41 + T3,2 + T2,3, Y14 = T14,1 + X13,2 + T12.3,
Ys = X5,1 + Ta,2 + 3,3, Y15 = T15,1 + T14,2 + T13,3,
Y6 = T6,1 + T5,2 + T4,3, Y16 = 16,1 + X15,2 + T14,3,
Y7 = T7,1 + T6,2 + T5,3, Y17 = T17,1 + X16,2 + T15,3,
Ys = x8,1 + T7,2 + T6,3, Y18 = T18,1 + T17,2 + T16,3,
Yo = X9,1 +Tg2 + X7,3, Y19 = T19,1 + T18,2 + T17,3,
Y10 = 10,1 + 9,2 + X8, 3.

The proposed code i€ = {y1 + ys, ¥s + y11, Y11 + Y15 +
Y19, Y2 + Y7, Y7+ Y12, Y12 +Yie + Y19, Y3 +ys, Ys + Y13, Y13+
Y17+ Y19, Y4+ Yo, Yo+ Y14, Y14 +yis+yi9, yYs+yio, Yio+yis}-
€0 = {211 + T192 + T18,3 + Te,1 + Ts2 + Taz, T21 +T12+
r20,3 + 7,1 + Te2 + 53, X31 + T22+ T13+ x81 + T7 2+
T6,3, X4,1 + T332+ x2,3+ To1 + xs,2 + T73, Ts1+ Ta2+
r3,3 + X101 + To2 +X83, Te1+ Ts2+ xa3+ T11,1 + Tio2 +
r71 +Te2 + T5,3 +Ti2,1 + T11,2 + T10,3, 81+ Tr2+
T91+ g2+ X733+ T14a,1 + X132+
r11,1 +X10,2+
ri2,1+x11,2+

x9,3,
T3+ x13,1 + T12,2 + 11,3,
r12,3, 10,1 +T9,2+x8 3+ T151+T14,2+2x13,3,
T9,3+x15,1 +214,2 +213,3 +L19,1 +T18,2 +L17,3,
10,3 + X16,1 + X15,2 + 14,3 + T19,1 + T18,2 + L17,3, T13,1 +
Ti2,2+2%11,3+2%17,1+T16,2 +T15,3 + 19,1 +T18,2+ 17,3, T14,1+
z13,2 + 12,3 + T18,1 + 17,2 + T16,3 + T19,1 + T18,2 + T17,3}-

Corollary 9. If K — D dividesK + A and\ dividesK — D,
then the scalar linear code
C={Th + Thpm + Tha2m + -+ Thy (g 1)m + Tht (g—1)m+r T
Lt (g—1)m+2X + o+ xk+(q—1)m+(s—2)>\|k =12,..., >‘} U
{Tk + Thogm + Tht2m = + Thp(g-2)m + Tht (- Dym-rl k=
)‘+17 )‘+27 v ,p}U{$k+$k+m+!Ek+2m+- . '+$k+(q72)m+
Thot (q—2)mAr T Thp(g—2)m+2x T+ Thg (g—2)ym4(s—1)A| K =
p+1,p+2,...,m}

whereK —D =m, K—D-\=p, B8 = gand &2 = 5.

Example 10. K =28, U =1, D = 19.

K =28, A =18,\=2, capacity=>.
Let Yi = Ti1 + Ti1, 2 for i = 1,2,.. ,28

Y1 = 21,1 + T28,2,
Y2 = X2,1 + X1,2,
Yz = 3,1 + 22,2,
Y4 = Tq,1 + 23,2,
Ys = Ts,1 + Ta,2,
Y6 = Ze,1 + 5,2,

Y15 = Z15,1 + T14,2,
Y16 = T16,1 + T15,2,
Y17 = T17,1 + %16,2,
Y18 = 218,1 + X172,
Y19 = T19,1 + X18,2,
Y20 = Z20,1 + X19,2,



Yr =271+ Te2, Y21 = T21,1 + T20,2,
Ys = g1+ Tr2, Y22 = T221 + X212, 1
Yo =T9 1+ Tg2, Y23 = T231 1+ Ta22,
Y10 = X10,1 + 9,2, Y24 = T24,1 + X232, 2]
Y11 = X11,1 + 10,2, Y25 = T25,1 + T24,2,
Y12 = T12,1 + T11,2, Y26 = T26,1 + T25,2,
Y13 = X131 + T12,2, Y2r = T27,1 + T26,2, (3]
Y14 = T14,1 + X132, Y28 = T2g,1 + T27,2-

[4]
The proposed code & = {y1+y11+y21+Yy23+Y25+Y27, Y2+
Y12 +Y22+ Y24+ Y26t Y28, Y3+Y13+Y21, Ya+Y1aty22, Y5+ 5]
Y15+ Y23, Y6 T Y16 T Y24, Y7 +Y17+Y25, Y8+ Y18 +Y26, Yo+
Y19+ Y21+ Y23 + Y25 + Y27, Y10+ Y20+ Y22 + Y24+ Y26 + Y28} (6]
€)= {211 +mog 2+ 2111 + Tr0.2 +Ta11 +T202 + 231 +
To22 + X251 + X242 + Ta7,1 + 26,2, X211 +T12+ 2121+ (7]
T11,2 + 22,1 + 21,2 + T24,1 + X232 +X26,1 + X252+ T2g,1 +
Ta7,2, T31+T22+x131+T122+%21,1+%20,2, T4,1+T32+ [8]
T14,1+%132+2221+221,2, T51+T42+T151+T14,2+T231+ (9]
T222, T6,11+T52+T16,11+T152+T24,1+T232, T7,1+T6,2+
T17,1+%16,2+225,1+T24,2, Tg1+T72+T181+T17,2+%26,1+ [10]

T252, X9,1+x82+T19,1+T18,2+T21,1+%20,2+T23,1+%22,2+
T25,1 + T24,2 + T27,1 + T26,2, X10,1 +X9,2 + T20,1 + T19,2 +
To2,1 + T21,2 + Toa1 + Ta3,2 + Tag,1 + Tas2 + Tag1 + T2}

IlIl. DISCUSSION

In this paper a construction is given for vector linear index
codes of multiple unicast index problems from scalar linear
codes which results in a sequence of index coding problems
with same number of messages and receivers and two sided
antidote patterns. Moreover, it is shown that if the problem
with which the construction begins has an optimal linear
index code then it induces an optimal linear index code fer th
vector index coding problem. This construction has beed use
on few classes of index coding problems given [inl [10] for
which optimal linear index codes are known and new classes
codes have been obtained starting from these classes of.code

Another interesting direction of further research is tadgtu
the suitability of the new classes of codes presented in this
paper for application to noise broadcasting problem. Ricen
it has been observed that in a noisy index coding problem
it is desirable for the purpose of reducing the probability o
error that the receivers use as small a number of transmgsio
from the source as possible and linear index codes with this
property have been reported in [7]J) [9]. While the repait [7]
considers fading broadcast channels,[ih [8] AWGN channels
are considered and it is reported that linear index codes
with minimum length (capacity achieving codes or optimal
length codes) help to facilitate to achieve more reduction i
probability of error compared to non-minimum length codes
for receivers with large amount of side-information. These
aspects remain to be investigated for the new classes of
sequences of vector codes presented in this paper.
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