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# & —: Linear Recurring Sequences, Subfield Subcodes and
Trace Codes of Cyclic Codes

> IBREA: FHH BiR EARE

> IREHEE:

Linear recurring sequences have important applications in cryptography and coding theory. We
introduce and present some important relationship among linear recurring sequences, subfield subcodes
and trace codes of cyclic codes.

> IREAEN:

R, 43T 1984 4F. 1987 HEAI 1990 FE3R1FEF T K228 % (%) 24, WA 42
f. 1987 4F 7 H ZALER T RS TAE. BN RSBRE S8 AU B A AR S, A [
Tk 58 B A S gD 20 KA Rl A R TR RS FERL. PEEFESEERS S
Bl FAEZE . E S A e B RS N2 . AT CEEZR) Mm% A
I 2000 FJF W E LN H AA B IR, 2000 E3RE 55 B BURRFRENS . 4 F T E T
NASIVEZ Ry Eect= i AN B R i e AN Y B fr g ooy S R AN g R i A S B R e 28
FHBFHRERSE —MEE S mAl EAERL . AT (NS B = mmB s MmBA
(HTS5EE%MW) MwmE. EENFHRLEIR LN S5 RN G R AN
WEFE TAE, 7EE FRAE P R B 2RI S E PRS00 SCE R RIS 300 25 . 1E A5 AKHE
THZRXAARRZEESEMAE N ZIRMIINE, (E RS 57 A& TR 973 T H FE K &
RAERITRITE .
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k5 —: New Bounds for Binary Linear Codes via the Weight
Hierarchy

> BEA: DU #IR bk

> RS

The well-known Singleton bound states that a binary linear block code C[n,k,d] of length

n,dimension k,and minimum distance d must satisfy k£ <n—d+1 which, inthe case of n>d >4, can
be tightened by the Ma--Wang bound, stating that k<n—d +1— ’_log2 (n—d+ 1)-‘ In this paper, the Ma--

Wang bound is further generalized and hence tightened in the case of n>d >8.The key is to apply the
Hamming bound, also known as the sphere-packing bound, to a properly constructed residual

code.Specifically, puncturing C on the support of a minimum-weight codeword produces a residual code

i=0

L(d—l)/4J n— d
with parameters[n—d, k—1,> (d / 2_|], which impliesk <n—d +1—| log, z [ ) j .The same
i

procedure can be extended by invoking the weight hierarchy of the code as follows.Let U, <C be a
subcode that attains the r—th generalized Hamming weight d (C) .Then puncturing C on (U,)

produces a residual code with parameters[n—d.(C), k—r,>d ,(C)—d (C)] ,which, by the Hamming

V,+1(C>—d,<c>—1J
= n—d, (C)
bound, implies k <n—d (C)+r—|log, Z _

i=0

j - Since the weight hierarchy is
I

usually unknown, we further derive upper bounds depending only on (n,d) by replacing the unknown
weight-hierarchy terms with their bounds.Numerical comparisons with several well-known bounds show
that the proposed bounds can be tighter in certain parameter regimes.The same argument can also be

adapted to nonbinary linear block codes.

> REAREN:

Xiao Ma received the Ph.D. degree in communication and information systems from Xidian
University, China in 2000. He is a Professor at the School of Computer Science and Engineering, Sun Yat-
sen University, Guangzhou, China. From 2000 to 2002, he was a Post-Doctoral Fellow with Harvard
University, Cambridge. MA, USA. From 2002 to 2004, he was a Research Fellow with the City University
of Hong Kong. His research interests include information theory, channel coding theory and decoding
algorithms.
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% =: Secure Network Function Computation
> BEA B BIR EFRE

> IREHRE:

TR A A 22 2 X 28 R BT B ) R DL R R R T3 R o 22 4 X 4% R B0 E SR T N e AR T
a2 b2z it S H bRk B, A% O ) R 22 4 P 2% bR B B S 20, A0 46 2 A Ay
e AR, T2 BT ER — MR, 2R R E AR R . AR R T AR
RETLMEBIRREL, SR e 22k, B2 mEONESE AR ZME B Ar i3 (55
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[ RO E IR S E T %8s IR e ezl | 2 KA E.
> IREABN:
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%, £UFE IEEE Trans. Inf. Theory, IEEE J. Sel. Areas Inf. Theory, IEEE J. Sel. Areas Commun., IEEE
Trans. Inf. Foren. Sec., USENIX Security, {1 EE) &5, W SRR 2 AN P 4h B S8 5
"o WIRREL S50 HFEFER, WEETFESYEEREENEL, “FILyER %, 3
FREE U AT QIR . JEA s o AU SR . SR E PG E I 7 0 H 5548 T A &0 H 2 1
PAR ANV R IE , 3R IR E 2 0.
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it & V4 : Polynomial Commitments for Galois Rings and
Applications to SNARKS over Z,x«

> IREA: FRR BERAR LEZERY
> IRERE:

Succinct non-interactive arguments of knowledge (SNARKSs) allow a weak verifier to delegate
computation tasks to a powerful prover in a verifiable way. However, most SNARK constructions require
the computation tasks to be represented as arithmetic circuits over finite fields, incurring a significant
overhead when applied for delegations of modern computer programs, which typically are of Z,ss or
Z,64 arithmetic.

Towards building publicly verifiable SNARKs for rings Z,x we follow the well-established
framework of polynomial interactive oracle proofs (IOP)-based SNARKSs, and obtain the following results:

1) We systematically study the proximity gaps for Reed-Solomon codes over Galois rings. We prove
that for Galois rings, the state-of-the-art (1 — p )/2 gap for finite fields given by Ben-Sasson et al.
(JACM 2023) still holds. This allows to construct efficient polynomial commitment schemes for Galois
rings based on Reed-Solomon codes.

ii) We construct efficient polynomial IOPs for rank one constraint systems (R1CS) over Z,x via
Galois rings. To amortize the overhead of operating on a large Galois ring extension of Z,x, we make use
of the reverse-multiplication friendly embeddings (RMFEs) techniques.

i) Combining the above two ingredients together, we put forward the first publicly verifiable
SNARKSs for rings Z,x with a transparent setup and plausibly post-quantum security. In addition, we
implement and evaluate our constructions. Our evaluations indicate the concrete efficiency is promising,

provided that Galois rings operations are optimized well.

> IREAREN :

RKE L, HATh L@ R E T E LA B Bh BT 7C 51 . 2020 FE3R1G BB E AR K25
A 2E AT . 2020 4F-2022 AFAE RIS R NE LR AR, W 5T AU A AR AR g Y
F AR BRSPS AT it 2k B D A
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i f: MIMO 155l 17 @ T i R B S5 Phik
> BEA: I BIBE KA

> RS

MIMO 15 5l 2 JE LGB 5 L vt % O R, e H bR AT R E SR 2% T SEExt
2 REARE SIS E . B CLE(E REEMES MIMO K &SI MIMO, #2158 A
B MIMO, RGYERE . (EIEA MMM st kA T BF2, EamlEEETtHERE. 1L
SICE BEATAE P S By T W T ) Bk Ao AR 754 FE 58 MIMIO A5 5 Al i) (R e A AT | it AR B9
TR K2 T4, It — DT R KRR R nipfe sk, (SR P RVEAEE R @&
T MIMO {5 5 e BT 78 F i e 1 5 B i) AL A e L

> IREAEN:

FIE, R RKFRIZER. LA, LA L. IEEE mies i, Bk Nk % MR
2023, 2024 RS B 5EE TRER “hEmEET 55 o Ik, FROGEX AR RS
HAWE RS, [ EDE, FENESE T 20EEE, KRB IR 80 K5, L+ Ebr
BUBIATI IEEE TIT. TSP, TWC. TCOM 4, Z%3K 2026 4 IEEE ICC Best Paper Award, 2024 4
LB RGP, 2023 FHENERERAF “kI£” 2, 8/ Chinese Journal of
Electronics (CYE)Z#1 T (5 E4ZE LA S VIC. ICMLCN. IWCMC 25 [ Fr 2= i3 PRI 7
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4 75: Algebraic Constructions of Block MDS LDPC Codes
> REA: RESE YHUE Mk
> IREHEE:

Array code construction is a key algebraic technique for designing low-density parity-check (LDPC)
codes. Block maximum distance separable (MDS) LDPC codes refer to a special class of LDPC codes
whose parity-check matrices fully match those of MDS array codes, and they have been successfully
applied in high-dimensional quantum key distribution (QKD) systems. A review of existing studies shows
that there is currently no explicit construction method for infinite families of binary and non-binary block
MDS LDPC codes, with only several isolated non-binary code examples available in the literature, which
constitutes an unaddressed research gap. Targeting this gap, this report integrates MDS array codes with
algebraically constructed LDPC codes and proposes four optimized dispersion construction rules. In
particular, this work develops an innovative matrix dispersion framework named the Punctured Circulant
Permutation Matrices-Dispersion-Superposition (PUCPM-D-SP) construction. With Vandermonde
matrices as the base matrices and under reasonable algebraic constraints, we construct an infinite family
of binary block MDS LDPC codes using the PUCPM-D-SP method. Theoretical analysis further verifies
that linear codes derived from the parity-check matrix of Blaum-Roth codes are binary block MDS LDPC
codes with no 4-cycles. In addition, when adopting Moore matrices as base matrices, the proposed
construction can generate a family of nearly optimal binary MDS LDPC codes, and the parity-check matrix
of each code in this family is the Boolean complement of the parity-check matrix of an MDS array code.

> IREAREN:
K, L, TOMNRERE . 2023 LR T HORYE, S IW A BN IR .
2023-2025 ETi5 ’éjtj—a/mﬂllllﬂTﬁﬁnirﬂmM%ﬁﬂkFﬁﬁﬁ, EVERIMNE W HEEER . EENF Y

PG 53R 29T . KRR SCI AT A F W 20 &5, HP IEEE TIT 5 5. FHdE - EwH
P, |ARE BRERASES T,
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HwEL: ETEERSEREIE E S BN S
> REA RO BIEE SRR

> IRERE:

RRIBERHUNAZG . ERARRRE R EHNE” M. 15 XGaEEAHREETE
R, PEOIEEH SIS AHCE SUE R, R RE 525 BB S TR A A2 F P ARSI 18 Sl
15 77 S H K R B 5 2 B0 R AT 45 I st AT BRMse v, TG AR PE 22 . ml o e A DA
JihZ m— it e FEP . A EE UE LR R BEMPAFERGEERDER RS, HRER
NS B SCRGE RN, S m 258 CaFERN 2 ER R R, WEEESM. B
ZARBAEIEGEE CISHESE, BRI S — B A R EIR R R IR S8 SUE B A EE AL 4,
TR SUBA S AR5 2 Bbn [BIEMES TSRS, SCOER. IR, ml4h e iE SUEAE .
> IREAEN:

R LIUE BRI REEARREEE . o, S o7 m EEAFENEE SR, 15
SOBEAIAG N AR RIELARIELF RN KFEETF TR, WL REE R
THEZR, BRIV TERSRESREYR. 2014~2016 4, flnANZEe B T R MFHE - E M5
FHF 5t 51 TAE. HEiCfE IEEETIT. JSAC. TON. TIFS. TCOM % [H [r 8 B H T Je 2xil | R R
R 80 Rk, FREFRARRFESH FHE . EXARPEREFFETHE .. LiETRIZRZ
BEIFFRZATH . R LT 2017 FRAGEE PR EH 52, 2018 £ NE LT A A 11X,
2024 FENIE FITHIBE Y S HERA .
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#& /\: Foundation of Multichannel Prefix Codes
> $RE5A: Hoover Ho Fai Yin YHJfi & k2
> IREHE:

A natural generalization of the classical theory of prefix codes is to extend from single channel to
multiple channels. In a multichannel prefix code, every codeword is a tuple, where each component is
associated with a channel. Not all classical results can be generalized directly due to the increase of
dimensions. In this talk, we focus on two topics that cannot be generalized directly: 1) Constructing 2-
channel prefix codes from a given set of codeword lengths; and 2) Existence of optimal tree-decodable
codes that are not optimal prefix codes.

M L]

> REAREN:
Dr. Yin is a Lecturer at the Department of Information Engineering, The Chinese University of Hong
Kong. He received his Ph.D. in Information Engineering from The Chinese University of Hong Kong in
2019. His research interest mainly lies in the field of network coding. Besides that, he is also interested in

computer and network systems, information hiding and steganography, source coding, and recreational
mathematics.
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#%& /L: On the Capacity of Single-Label DNA Labeling
> REAN: BT WEHRE ARETRERE
> REHRE:

This report studies the DNA labeling problem and shows that the labeling capacity can be formulated
as a zero-error capacity problem. In the single-label setting, each case can be modeled as a star graph, for
which we construct a zero-error coding scheme and prove its rate optimality. This fully characterizes the
labeling capacity in the single-label setting, which is equivalent to determining the zero-error capacity of
star graphs.

M L]
> REARN:
Zihan Wu is currently a master’s student at the Guangzhou Institute of Technology, Xidian University.

Her research focuses on zero-error information theory, with recent work on DNA labeling capacity and
the zero-error capacity characterization of broadcast channels. She has published two related papers.



