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Abstract

In a communication system, data are transmitted from a sender to a receiver via a channel. This
channel is often affected by many sources of noise and interference, which may damage the data
during transmission. It is not always possible to get rid of this problem by simply improving the
quality of communication channel. To overcome this situation, error-correcting codes are helpful
upto a great extent to detect and even correct errors that occur when data are transmitted across some
noisy channel. Linear codes have been in use in communication systems and data storage in daily
life. We are interested in codes with high error-correcting capacity and minimum redundancy; in
other words, we want to find codes with large minimum “Hamming distance” and small “length”.
High minimum distance and small length are controversial goals for the optimization of codes. A
linear code C is called distance optimal if there exists no linear code with higher minimum distance
(than that of C) but with the same code length and the same code size (as that of C). A distance optimal

code has the highest possible error-correcting capacity for a given code length and code size.

Secret sharing schemes are becoming essential nowadays; in fact, these are used heavily in electronic
voting systems, cryptographic protocols, banking systems, etc. “Minimal linear codes’ have interesting
applications in secret sharing schemes and secure two-party computation. “LCD codes” are important
linear codes due to their use in implementations against side-channel attacks and fault injection
attacks. Thus, it is of great interest to construct and investigate linear codes which have many

applications, for instance, LCD codes, minimal codes and distance optimal codes.

In this thesis, we construct linear codes over certain finite fields and finite rings and study their
algebraic structures. The non-unital rings /, E and F' (notation is due to Fine [26]) are used as code
alphabets. We use the mathematical object called simplicial complex in this construction. Using these
linear codes, we obtain two types of binary linear codes. The first one (called subfield or subfield-

like codes) is obtained with the help of certain linear functionals (for instance, the trace map) and
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vi ABSTRACT

the other one is obtained with the help of certain isomorphisms of vector spaces (called Gray maps).
The weight distributions of all these codes are computed. Most of these binary codes are few-weight
minimal linear codes. With respect to the “Griesmer bound”, a few classes of distance optimal codes
are obtained. Sufficient conditions for these binary linear codes to be self-orthogonal are obtained.
This is the first attempt to study the structure of linear codes over non-unital rings using simplicial

complexes.

The hull of a linear code is the intersection of the code with its dual. We construct linear codes over
finite fields using multiplicative characters of other finite fields and study their hull. We discuss certain
sufficient conditions under which these are either linear complementary dual (in short, LCD) codes
or linear codes with one-dimensional hull. General Gauss sums are used heavily to achieve these
results. Finally, we show that if the base field is of characteristic 2, these codes are “isodual”. An
additive complementary dual (in short, ACD) code is a generalization (in fact, an exact analogue) of
an LCD code in the class of additive codes. ACD codes are considered over the ring Z, %, where
% =2 we investigate free “self-dual codes” over #. A condition that ensures an additive

(u)
code to be an ACD code is established. Furthermore, for a separable additive code to be an ACD

code, a necessary and sufficient condition is established. We consider a Gray map under which
certain additive codes become binary LCD codes. We also present a few optimal (or almost optimal)
binary LCD codes. Moreover, a number of weight enumerators are computed and the corresponding

“MacWilliams identities” are discussed.



IR 9Ol &, 32T U JeTel & ATEIH & 99 F RAR ds aNa Far srar &1 78
YTl IFR R 3R §EAET & s Fidl I T1fad giar &, St iR & ke 3er
I TThdT q§u| bl gl shad HUR delol HT AT A FUN Feh 56 AL d
TCHRT Ul=Al AN HHG o1 glar g1 380 TUfd @ 3 & v, R (-
FUR) & dTel &5 fohdll Algd (AR) aTel AUeTel H ST TR Bl I @led arell Jieat
FT IdT T 3R 3o S Fad H FTH g dh TS 8id ¢l efdeh olidd H TIR
ool 3R 3er TeReT # fifeey (@) His &1 39T fhar a7 g1 g7 3= -
FuR &Adr IR sgeaH 3R g P F ¥R @ § g wwa A, gH a3
gAdH "B gl AR A "Far" arel IS Geor dRd gl FIS F HTCAGAUA
(FSeaHIeoN) & U 3o ~gAdqH gl IR HA o«s fHaeRde oed gl I FAE
IS WIS, A HI5 AR AR 3T FTdH g & WY Flg NAq HIs HAlSg 780
g, d 38 NfaR #s A Bedw dcdaAd (Gl gsead) @er offar g1 feer faw et
FIE FI oes IR FE WHER & o BET 3iHa d15 & 3Taad aofad w1-
X fFCeT &TH T g gl

Hishe QAR THIHA (ICd WISHATHRT AlTAIV) 3HToTehel MTaRIH Bl ST QT §; arecd
H, SeTonT 3YANT Solacifaeh arfedT AEcH, foheeianfther Wicidlel, dfcher Rvew nfg &
agd el fhar Srr g1 AfAae iy #ig 1 didhe AaRT e AR gefard a-
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viii I

aef 90T # fCoraed 3RUANT gl ArSs-UeAd 3eh R Blec SIARE ilh &
f@err Frafeade & 39T & HROT "Td A S HIE" Agcaqul AR A 8 37
U, N IS T AT 3R i e g SRt § foTad &g 3w 8 g,
3CIE0T & TolT, Tar A1 &) @i, Afade a3 3R Beda 3idae fis|

3q MO A, g7 $T Bgage Bles  (IRFAT &) 3R wrgarse Ror (TRAT o)
W AR A1 gara § 3R 3Th AFA0T TEA13T T 3eTIT Ha gl AleT
gfcer Rar (AR-3+$ arel ger) |, E 3R F ([26]) & HIS Iehiee (TUTATEN) & §9
# 39T forar 81 gH 30 AT 7 AFCA@ste secded e Aoy a& g #
3UANET T &1 3T AT P8l T 3UAET Fleh, §H Gl YR & T%eRT oI His
gIcd Hd &l g (S8 gahies a1 Tahlcs-algsh HIs Fgl Sl §) FO AR
herTeTel (3aTX0T & ToIT, ¢H HAY) HT Acq & WIed fhar Srar § 3R gar deed ¥4
& $o IMAAETheA (T & AT Fegr Sar 8) A FAeg § yred fhar Sirar g1 g @i
FIEl & de BEegI (WR faawon) & e Hr Sl 81 s ¥ e ey
HI8 HHA AR drel AfAAST NfezR ®13 g1 "R 913" & dey &, By A
HS H FS T Yed B 1 3T gy MfARR HIst & Jow-3iAfeTer g & fow
aied T gred T ST §1 I8 FAFCAfdse dceed S 3uAET i dAld gicd
Rt W NI Fs T TEAT FT 3ETTT I HT Ugell TIT g

Teh ool IS I ol 3Hh 3ol & WY HIS I cIHRIT (Adedes) 81 gH 31
FISATSe Fles & Afeciashicd Hiaed I 3TIET Hdh BIEASE Ples W AlIX His
S & 3R 3o &1 AT IEATA A §| BH PO ST At W T A § fSerh
ded 3 AT dF AT HIFcaAl STl (HET H, Tel € F) IS AT IT-SFHLATST gl
arell olifaX 18 &1 37 IRUTAT & UIed el & folT TAT Mg qH FHT ST
39T TRAT SITar 81 37 &, g7 fG@rad g fh Ifg 3R Fres leex 2 a1 &, O &
HIS "ISHZI g1 Ueh UiSTeq sifFcodiedl 3o (Hal9 &, v @ 3 HIs visfeq &I
Fr Fot 7 Th T AT I IS FT Th JACAEROT (ARAT H, Th T TATA) gl




TS A8 & R Z,R & IR eI fhar SA1ar §, S@r R = 2, [u]/(ut) €1 87T R W
T Aot ST IS I ST d ¢l Th A ot Ig FARaa il ¢ fob T visfea
FIS Teh T &Y 37 HIg g, TAUT hAT JATAT g1 ST 3Holdl, Teh FURS Uisfiea &5
T A T A3 P F U, T s AR g od Tfa fr adr & g
I A9 W AR #d § S 3idda $o visied #is agall v @ 3 #is 9 S
¢l 8H $T TSCAH (IT T 5AA) T3l Tel & 3 FI3 o Jdd R &1
3Tal, HF d¢ WX HT 0T AR o "Hehfdiosd 3ngsfed” wo=mr
STl g
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