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Prof. Masakatu Morii: for internet technology

» One of Heavy User for Internet
o Stand at the dawn of the Internet
* from 1980s
» Information and Communicatuion Researcher

= Information Theory
o Satelite and Mobile Communications

« Security and Cryptography
» First Paper
* A Theorem that GF (2*%) has no Self-Complementary
Normal Bases over GF (2) for Odd m, JEICE Trans.
1984
* Doctoral Thesis
+ Efficient Algorithm Over Finite Fields And Their

?xpplicjations To Coding Theory And Cryptography
1989
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Normal Bases Theory (related)

e A Theorem that GF (247) has no Self-Complementary
Normal Bases over GF (2) for Odd m, IEICE Trans.
1984

» Two classes of finite fields which have no self—
complementary normal bases, ISIT1985

‘ Generalized, not me

On the number of self-dual bases of GF(q™) over GF(q)

Authors: Dieter Jungnickel, Alfred J. Menezes and Scott A. viRistone
Journal: Proc. Amer. Math. Soc. 109 (1990), 23-29

Perfecty Solved

A Theorem that GF (24") has no §E
Self-Complementary Normal Bases
over GF (2) for Odd m

Masakatu MORII, Associate Member and
Kyoki IMAMURA, Member

UDC 512.624 : 512.642

SUMMARY A self-complementary basis of a finite field corresponds
to the orthonormal basis of a vector metric space. This paper presents
a theorem that GF (2'™) has no self-complementary normal bases over

GF (2) if m is odd, which was recently conjectured by one of the
present authors.
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The self-complementary normal basis is defined as
follows.

[Definition 1] A normal basis, {4, 8¢, = A9" "},
of GF(q™) over GF(¢) is a self-complementary normal
basis if

tr (A% )=1

(1)

tr (B¢ p97)=0(i#;)

for ¢,7=1,, n | wheretr( )isthe trace of GF( ¢")
over GF( ¢ ) and defined for every element 4 of GF( ¢") by

tr(B)=F+B1++ 1" )
?ﬁ!@)@?&%ﬁ%ﬁ% 13

[Theorem 1] (MacWilliams and Sloane) If » is odd,
then GF( 2") has a self-complementary normal basis over
GF(2).

[Theorem 2] If = is odd, then a self-complementary
normal basis of GF(2*™ ) over GF(2) does not exist.

*ﬁﬂ@)@@% 3%%% 14
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A note on Decoding Method for Goppa Codes
Masakatu MORII! and Masao KASAHARA!T, Members
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Faculty of Engineering, Osaka University, Suita-shi, 565 Japan
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Efficient Bit-Serial Multiplication and
the Discrete-Time Wiener-Hopf
Equation Over Finite Fields

MASAKATU MORII, MEMBER, 1EEE, MASAO KASAHARA. SENIOR MEMBER. IEEE. AND

DOUGLAS L. WHITING
PAPER

Efficient Construction of Gate Circuit for Computing
Multiplicative Inverses over GF(2")

Masakatu MORIIT and Masao KASAHARA', Members

-

IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. 38, NO. 6, NOVEMBER 1992

Generalized Key-Equation of Remainder Decoding
Algorithm for Reed-Solomon Codes

Masakatu Morii, Member, IEEE, and Masao Kasahara,
Senior Member, IEEE
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IEEE TRANSAC TIONS ON INFORMATION THEORY. VOL. 35, NO. 6. NOVEMBER 1989 1n” w E
Efficient Bit-Serial Multiplication and

the Discrete-Time Wiener-Hopf
Equation Over Finite Fields

MASAKATU MORII, MEMBER, IEEE, MASAO KASAHARA, SENIOR MEMBER. IEEE, AND
DOUGLAS L. WHITING

Abstract —Discrete time Wiener-Hopf equations (DTWHE) over finite
fields are considered. It is shown that solving the DTWHE is equivalent to
performing division over finite fields. This proof gives us a new interpreta-
tion of the relationship between bit-serial multiplication and DTWHE’s.
The interpretation enables us to understand bit-serial multiplication over
GF(2™) more easily. As an example, new bit-serial multiplication methods
for multiplying any two elements which can be done without performing
any transformation, or with only a simple transformation of the bases are
presented.

WOMBEE RHRR,

S ks

Definition 5: The discrete-time Wiener-Hopf equation
[4] is defined as a system of linear inhomogeneous ¢
equations with ¢ unknowns a; (i=0,1,---,7-1), 2t -1
constant coefficients s, (i = 0,1,- - -,2¢ —2), that are not all
zeros, and ¢ constants, b, (i=0,1,--,¢—1) such that

$20-2 S2-3 0 77 S ay b,y
Su-3 Su-a 7t Sea|| @ || b . (2.3)
-1 -2 77 So [ %1 by

OB AR HitER
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In this section, we shall present a new theorem which L
proves that solving DTWHE is equivalent to performing L=
division over a finite field. Let v and u be any elements
over GF(g™). Then they can be represented by the follow-
ing polynomials:

v(z)=wv, 127 '+, 2"+ - +p, (4.1)
and

u(z)=un:—lzm—1+un172zmiz+ e +u0 (4'2)
where v, (k=0,1,---.m—-1)€ GF(gq) and u; (k=
0,1,---.m —1) € GF(g). We represent s =uv/u as the
polynomial:

s(z)=s,_12" Y+s, 22" %2+ - 45, (4.3)
where 5, (k=0,1,---,m —1) € GF(g). We then have
v(z)
s(z)=mm0df(z) (4.4)

where f(z) is an irreducible polynomial of degree m over
GF(g). Furthermore, a is the root of f(z) over GF(g™).

ITI— /NT /NT WL Ans1 FEou

SN 24p S
Theorem 2:
m-1 m-1 m-1 m=1
Y ur(Ba’), Y our(Batt)y el ¥ outr(Battmen) 5o ¥ otr(Ba’)
=0 i=0 im0 i=0
m-1 m-1 m-1 m1
¥ ow o (Bat). Lour(Bat?) e, rour(Bamy || s | T ootr(Bat) | (45)
i=0 i=0 i=0 i=0
m-1 met m-1 w1 B
Youe(Ba Y Y o Baty Y ur(fatin?) Smo1 ¥ vr(Ba )

i=10 i=0 i=0 i=0

where 8 is an any element of GF(g™).

Theorem 2 shows that solving DTWHE over GF(gq)
with m unknowns is equivalent to performing the division
of GF(g™).

#OMEAE RitBE.

11
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T apE
V. BIT-SERIAL MULTIPLICATION BASED ON THE
DTWHE Over GF(2)

In this section we shall describe the bit-serial multiplica-
tion algorithm based on the DTWHE over GF(2). It is
proved that the concept of the dual basis is not necessarily
essential when constructing the bit-serial multiplication.
Our interpretation enables us to understand better the
principles of constructing bit-serial multiplication.

From (4.4), we have

v(z)=s(z) u(z)mod f(z). (5.1)

Thus we can calculate the right side of (5.1) from (4.5).

AOMBER BHBR,
) e
i tr(B), tr(Ba) -, tr(Bam?t) U
7 =] t(Ba), tr(Ba?) ,-o-, tr(Ba™) || v (5.2)
D uw(Bam ), w(Bam) oo w(BaPmH) | |0,
g tr(B), tr(Ba) -, tr{Bam"?) Uy
@ j=| w(Ba),  w(Ba’) e tr(Ba™) || oW | (5.3)
‘;l"_l tr(ﬁam_l)‘ tr(Bam) ’...’ tr(ﬁazm -2) u"l_l
AORBARE BB,

12



Fig. 2. Bit-senal multiplier using shift-register circuit.
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VII. CoNcLUSION

In this paper we have given a new interpretation of the
relationship between bit-serial multiplication and the dis-
crete-time Wiener—Hopf equation. Our new interpretation
enables us to understand the principles of constructing
bit-serial multipliers over GF(2™) more clearly and more
easily. We have presented new bit-serial methods for mul-
tiplying two field elements which can be used without
performing any transformation, or with only a simple
transformation of the bases.

Furthermore, we have proved that division within
GF(g"™) is equivalent to the DTWHE over GF(g). This is
both interesting and important since fast algorithms for
the DTWHE over GF(g) can be studied extensively in the
near future.

#RRSET AR,
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Efficient Construction of Gate Circuit for Computing
Multiplicative Inverses over GF(2")

Masakatu MORIIf and Masao KASAHARA, Members

SUMMARY The theory of finite fields has been successfully
applied to the constructing of the various algebraic codes, digital
signal processing, and techniques of cryptography. Especially the
theories on four operations are very important, because it is
strongly related to the size and the throughput of the gate circuits
for the various encoders and decoders. In this paper we shall give
a new method for constructing the gate circuit that yields the
multiplicative inverses over GF(2™). The method is based on a
new algorithm for computing multiplicative inverses in GF(2™).
The operations needed for our algorithm are rarely performed on
GF(2™), but primarily on the subfields of GF(2"). When per-
forming the multiplication and division over finite fields, the idea
of using the subfield has been given wide attention. However the
conventional algorithms taking advantage of this idea are not
necessarily efficient from the practical point of view. We see that
our algorithm proved superior to the conventional methods when
GF(2") has the subfield GF(2°).

N

SUMMARY The theory of finite fields has been successfully
applied to the constructing of the various algebraic codes, digital
signal processing, and techniques of cryptography. Especially the
theories on four operations are very important, because it is
strongly related to the size and the throughput of the gate circuits
for the various encoders and decoders. In this paper we shall give
a new method for constructing the gate circuit that yields the
multiplicative inverses over GF(2"). The method is based on a
new algorithm for computing multiplicative inverses in GF(2").
The operations needed for our algorithm are rarely performed on
GF(2™), but primarily on the subfields of GF(2"). When per-
forming the multiplication and division over finite fields, the idea
of using the subfield has been given wide attention. However the
conventional algorithms taking advantage of this idea are not
necessarily efficient from the practical point of view, We see that
our algorithm proved superior to the conventional methods when
GF(2™) has the subfield GF'(2%).
PR RET: T 28
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Fig. 1 Block diagram of the gate circuit generating multiplicative
inverses over GF(2™).
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IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. 38, NO. 6, NOVEMBER 1992

Generalized Key-Equation of Remainder Decoding
Algorithm for Reed-Solomon Codes

Masakatu Morii, Member, IEEE, and Masao Kasahara,
Senior Member, IEEE

Abstract—A new key-equation of the remainder decoding algorithm is
presented. It is noted that the key-equation presents a general relation-
ship between the errors on the received codeword and the coefficients of
the remainder polynomial. It is shown that we can derive several
key-equations proposed by Welch—-Berlekamp and others from our new
key-equation. Furthermore useful properties of the key-equations in fast
decoding of Reed-Solomon codes are given.

Index Terms—Coding theory, decoding algorithm, Reed-Solomon
codes, remainder decoding, Welch—Berlekamp algorithm.

ACKNOWLEDGMENT

The authors would like to thank Dr. D. L. Whiting of State of
the Arts Consulting for sending helpful information on the
remainder decoding algorithms. One of authors, M. Morii is also
grateful to Prof. E. R. Berlekamp, University of Berkeley, for his
helpful suggestions and observations.

?ﬂ*%&%ﬁ Eff%%a %ﬁ

16



12/24/2021

W 5 Skl
O B2 TR L e ABERS 5 RicoWnT
E B #F B E B SR Ei'

New Public Key Cryptosystem Using Discrete Logarithms over
GF(p)
Masakatu MORII " and Masao KASAHARA |, Members
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New Attack Cracks Common Wi-Fi Encryption in a Minute
Japanese researchers have developed a way to crack WPA encryption in about a
minute.

Robert McMillan, IDG News Service PCWORLD; 26 Aug 2009

Wed, 26 Aug 2009 23:40:11 -0700

used in wireless routers in about one minute. Ot h =

The attack gives hackers a way to read encrypted traffic sent between comput
types of routers that use the WPA (Wi-Fi Protected Access) encryption system,  Topic: Networking Follow via: R [

developed by Toshihiro Ohigashi of Hiroshima University and Masakatu Morii o . .
who plan to discuss further details at a technical conference set for Sept. 25 in ResearChers craCk WPA Wl-Fl
encryption in 60 seconds

Summary: Computer scientists in Japan have developed a way to

break the WPA encryption system used in wireless routers in just

one minute.The attack, which rec Gracked jn 60 Seconds: WPA Falls

computers and certain types of

Protected Access) encryption sysi WPA Busted Like a Cheap Toy

Ohigashi of Hiroshima Universit, September2,2000  It's been known for years that the Wired Equivalent Privacy or WEP protocol is.

University. ByAndyPotrizio  easily broken, and that to be secure, wireless networks should use the more
powertul protocol called Wi-Fi Protected Access, or WPA.

DOwne

.I By Andrew Nusca for B o, security experts say they've proven that WIPA can be breached just as easily. A pair of researchers
06:5¢ GMIT (23:54 PO1 i japan said that they developed a way to break WPA encryption in about one minute ~ and wil show
how at a conference there next month

WPA's viabiity has been in doubt since late 2008, when security researchers Martin Beck and Erlk Tews.
demanstrated the ability to break the Temporal Key Integrity Protocol (TKIP) that provides WPA security
within 15 minutes.

Now, Researchers Toshihiro Ohigashi of Hiroshima University and Masakatu Moril of Kobe University
said theyve improved on that. The pair has already discussed their findings in a paper presented at the
Joint Workshop on Information Security held in Taiwan earlier this month and will discuss & again at a
Sept. 25 event in Hiroshima.

L]
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_ POODLE " \ . Googlet&atuéssml.s on RCA~DLTREH#

+ Padding Oracle ‘Eﬂl?e'" says; ... . ssuns on RCAIZ &%, BRE
—~ CREAM

+ Cache-timing attacl
BEXFATIR HHER 2 BERFATR HGHER 101

. REEIREDEIT =
&’1 Ii‘ ® FrvSadA( I IREDRT
2012412H(201343A)
SSL/TLS on RCAD M IES % y j
R THHTHERE
SSLMD4E|IZSSL/TLS on RC4,

¥iCgooglelZChEFI M. HEAE...
ZFODITIE?

Attackerf TBERIEHIZETLY,
BemsteindCache-timing attacks & BURDBUR & RIT
B ETICHNTETEBEMT I EEHD

A XDRENRKREN
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HMRE R Broadcast RC4I=H ¥ 2 ExxEa s~

® ALV Y ERGSERORTIES L BroadcastRCA) 1
1 EEOL—SHELI7 (L ERE
2. FALTPANERELIE

=

L]
= RC4 Stream Cipher
o BLEDATVDAMN)—LEES (WEP, SSL/TLS, etc.)
o WEPTO (BHEi) RESKENEL

WEPQtviavF— BUEABES qlép" Par o VEFRET IV

T L (3.4 o“\‘ R

osaumicge S WEPOIUEEC OWEEHA !

THEE 2/N]

G& ' XN = 256

GR%EOFIFAAZE] SSUTLSOREE (BFBAHRM SR THIRA, 2003)
AV BITIUY Mgty avk—E £/ — WEPORRIZRY !

VARE
L

- *CDEFETORCADR IEFFE
(rovamm | = immisor, SREEETRE, weak key, o —
SRS RBL S SRR g auTER

3

=Y | ybavi—

FEEE(oRF (e
» EHD25TINART @ec *\
" XA \O S

-

N meosies s

<EAOBFOFull Plaintext Recovery Attack

A AEDETOEX/ A HETATRE

DB % T4 L Sbias(ABSAB bias)[Mantin, EUROCRYPT'05] %%
o DMOEXHBEE>TY A MFORRMITET

ZTs;';J < P, P, P, Py o Posy Pag .. 2% QEEBXHBRIE
TR P FXLUERE CHEAR !
N
P, P, P Pasg - [RX#2] Broadcast RC4-drop[n] ~D&FDFull Plaintext Recovery Attack
N 2 ® RC4-drop[n]: ¥—R ) —LDEFHEDN A MEBRTIRE
2,=0]2,=0_ -/48,64,80,96,112)  Z,5; =0 _ o MIEObiasH BBREN B0 [RE1OKREBHETEAL
TR THRT <) THRT TH(27) TR o (83 F3%) FMOO bias [Fluhrer et al,, FSE'00] & ABSAB bias%#ff
- - - — ABSAB bias 7N\

[SCIS2013 3B4-2] Yuhei Watanabe et al. “New Biases of RC4 and its Application to e—
Disitingushing, Key Recovery, Plaintext Recovery Attacks”, SCIS2013, 2013. R TN Py Py P, 2% DB XL BT

[FSE2013] Takanori Isobe et al. “Full Plaintext Recovery Attack on Broadcast RC4", NN < TR |
Proc. FSE2013, 2013. (to appear) FMOO bias FREFEMEITHTAR ‘5

roxo4 (2) BIcREBLT? *F

« ZORDELHER

« BSEYAN—EF2)T12PLELT
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7oz o8 (2) DLl

o Lﬁ\b
-HETII (LY ?) FSEBLEDIG
i AY (LBoTWA), 2L
- Ix RIS f R R
*QRa—F

O®WPKE ##HE% -

A—FS5En, A—FHRRABKDOFSOFTHERERSIATNS

RADR/NEREdEHT HHS

nk| 26 | 27 | 28 [ 29 | 30 | 31
= Kr 3 = >

i J— ~N— 121]] 40-46 | 30-45 | 38-44 | 37-44 | 3544 ] 34-42

HiErr-’?T 9 A 122]| 41-46 | 40-46 | 39-45 | 38-44 | 36-44 [ 3543

123]| 42-46 | 41-46 | 40-46 | 3945 | 36-44 | 36-44

@ Markus Grassl IZ& o Tweb E TEHE 124 4347 | 4246 | 4146 | 4046 | 36.44 | 3644

(http://www.codetables.de/) 12514445 | 4347 | 42.46 | 4146 ] 3645 | 3644

126]| 44-48 | 44-48 | 43-47 | 42-46 | 36-46 | 36-45

127]| 44-48 | 44-48 | 44-48 | 4347 | 37-46 | 3646

® 2551;11:0)%.(n’ k)ﬁiﬁgﬁ%o)%aﬂ% 128 44-49 [ 44-48 | 44-48 | 4448 | 38-46 | 3646

129)| 44-50 | 44-48 | 44-48 | 4448 | 38-47 | 3646

130]| 44-50 | 44-49 8) 44-43 | 30-48 [ 37-47

e BRARTAZET
#3LUWER/NERE S IBSRRI E RN E T =/NEEEE HHENER

- BERASICEKEIFSCZOEBEFESASCHFHE

OWPAY #HHER
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Q FFWouprigmE .,

13 14 15 16 17/EEAS K
HEE N

54 20 20| 19-20| 18-19| 16-18
Ja LC

55| 20-21|20 20| 19—201r 16—19]

MoY
56| 20-22| 20-21 20 2 17—20]
Ja

57| 21-22 RRATE RRE 18—20
GG =/NEM — m/EREOLR

58| 22-23| 20-22] 20-22] 20-21| 18-20

Ja
22-—24| 21-22| 20-22| 20-22| 19-21

RRRY *TIEﬁﬂ&H%GJT—Q R—2R

http://www.rz.uni-karlsruhe.de/~kg11/codetables/BKLC/BKLC_query.php

Lb(56,17) =17 MoY
 (nk,d,,)=(561717) R BRYTEMRE

oY-M - Morii & T Yoshimura_email comm.- Nov 1993-Jan 1994

VT

OBHBEAE HHER

Bounds on linear codes [57,17] over GF(2)

lower bound: 18
upper bound: 20

Construction

Construction of a linear code

[57,17,18] over GF(2):

[11: [56, 17, 171 Linear Code over GF(2)
GConstruction from a stored generator matrix

[2]: [57, 17, 18] Linear Code over GF(2)
ExtendCode [1] by 1

last modified: 2001-01-30

From Brouwer's table (as of 2007-02-13)

Lb(57,17) = 18 is found by adding a parity check bit to
Lb (56, 17) = 17 MoY

Ub(57,17) = 20 fol lows by a one-step Griesmer bound from:
Ub (36, 16) = 10 follows by a one-step Griesmer bound from:
Ub(25,15) = 5 Si

References

MoY: M. Morii & T. Yoshimura, email comm. Nov 1993-Jan 1994.

Si: J. Simonis, Binary even [25,15,6] codes do not exist, IEEE Trans. Inform. Theory IT-33 (Jan. 1987) 151-153.
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Bounds on the minimum distance of linear codes

T

Bounds on linear codes [36,14] over GF(2)

lower bound: 11
upper bound: 11

Construction

Construction type: Mo

Construction of a linear code

[36, 14, 11] over GF(2):

[11: [36, 14, 11] Linear Code over GF(2)
Construction from a stored generator matrix

last modified: 2001-01-30

From Brouwer's table (as of 2007-02-13)

Lb (36, 14) = 11 Mo

Ub (36, 14)

= 11 is found by considering shortening to:
Ub(35,13) = 11 Ja

References

Ja: D.B. Jaffe, Binary linear codes: new results on nonexistence, 1996, code.ps.gz.

Mo: M. Morii, email comm., Sept. 1993.

ooy,
nk|1|2[3]a|[s5][6|[7]s 9 10 1 12 13 14 15 16
3|31 2017|1616 [ 15[ 13| 12| 12 12 11 10 9 8 8 8
323221181616 [16 [ 14|13 12 12 12 10 10 8-9 8 8
33[33]z2[18]16[16]16[1a]14] 12 12 12 1 10 9-10 | 8-9 8
34 [3a]22[19]17[6]16[15]14] 13 12 12 12 10 10 9-10 | 89
353523201816 16|16 [ 15| 14 | 1213 | 12 12 11 | _2a | 10 9-10
36|36 |24 |20 |18[17[16[16[16] 14 [ 1314 12113 | 12 12 11 ) 10 10
37 [37]24 20| 19[18[17[16[ 16| 15 14 13-14 [ 1213 | 12 [42| 10-11 10
38|38 |25|21|20(18| 18|16 | 16 16 14 14 13-14 12 12 11-12 10-11
39 [39]|26[22]20[19]18[17] 16| 16 15 14 14 | 1213 | 12 12 | 1112
40 |40 |26 |22 20| 20|18 |18 | 16 16 16 15 14 13-14 12-13 il 12
nk|1|2[3]a|[s5][e6|[7]8 9 10 1 12 13 14 15 16
a1 fa1f27|23]21[20[19[18[17]| 16 16 16 | 1415 14 | 12414 | 12113 | 12
a2 422824222020 1918 17 16 16 | 1516 | 14 | 1314 | 12-14 [ 1213
a3 |43 |28 |24 |22 21202018 18 [ 1617 | 16 16 15 14 | 13-14 | 12-14
a4 [aa 2024232221 2019 18 [ 1718 [ 1617 | 16 16 15 14 | 1314
a5 (4530|2524 [22 222020 1819 | 18 | 1618 | 16 16 16 | 14-15 | 14
46 [46 302624232221 20 1920 [ 1819 | 17-18 [ 1617 | 16 16 | 15-16 | 14-15
a7 [ 47|31 |26 |24 [2a[23|22[21| 20 [1920| 18 | 1618 | 1617 | 16 16 | 15-16
ag (4832|2724 242422221 20 20 | 18-19 | 17-18 | 16-18 [ 16-17 | 16 16
49 (403228252424 2322 20 20 | 19-20 | 18-19 | 17-18 | 16-18 | 16-17 | 16
50 |50 [33 |28 |26 |24 |24 24 ]23] 21 20 20 | 1820 | 18-19 | 17-18 | 16-18 | 16-17

Ross =1 4
HOMBAE BitBR, 46

1

12/24/2021
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Bounds on the minimum distance of linear codes

Bounds on linear codes [127,30] over GF(2)

lower bound:

37

upper bound: 46

Construction

Construction type: MoY

Construction of a linear
code [127,30, 37] over GF(2):
[11: [127, 30, 37] Linear Code over GF(2)

Construction from a stored generator matrix

last modified: 2001-03-12

From Brouwer's table (as of 2007-02-13)

Lb (127, 30) =

Ub (127, 30
Ub (123, 26)
Ub (124, 26)

References

37 MoY

46 is found by considering shortening to:
46 otherwise adding a parity check bit would contradict:

47 Bro

Bro: A.E. Brouwer, The linear programming bound for binary linear codes, |IEEE Trans. Inform. Th. 39 (1993) 677-680.

MoY: M. Morii & T. Yoshimura, email comm. Nov 1993-Jan 1994,

£ B
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n/k

26

27

28

29

30

31

32

33

34

35

121

40-46

39-45

38-44

37-44

35-44

34-42

33-42

32-42

32-41

32-40

122

41-46

40-46

39-45

38-44

36-44

35-43

34-42

33-42

32-42

32-41

123

42-46

41-46

40-46

39-45

36-44

36-44

35-43

34-42

33-42

32-42

124

43-47

42-46

41-46

40-46

36-44

36-44

36-44

35-43

34-42

33-42

125

44-48

43-47

42-46

41-46

36-45

36-44

36-44

36-44

35-43

34-42

126

44-48

44-48

43-47

42-46

36-45

36-44

36-44

36-44

35-42

127

44-48

44-48

44-48

43-4%

37-46

6-46

36-45

36-44

36-44

36-43

128

44-49

44-48

44-48

44-48

36-46

36-46

36-45

36-44

36-44

129

44-50

44-48

44-48

44-48

38-47

36-46

36-46

36-46

36-44

36-44

130

44-50

44-49

44-48

44-48

39-48

37-47

36-46

36-46

36-45

36-44

n/k

26

27

28

29

30

31

32

33

34

35

#OMEAE RitBE.
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- R/INEH d BFDORBAEH S WIS IEREETE I F A
(GRYETIEREN - ESRYERDAELIER E)

- EADTOBEHIRBEOKRELHFE TIEIRE
- k-sparse7 )L Y XA L* MEIFSOKEREERAL-BHE

ERFASHER
F—OHFSR, BHRABOITRADRYITERNZHEOHS
- REFBCEKEARSCZOBERENE K FE
SKEEEERS
*M.Mohri and M.Morii, “On Computing the Number of Codewords with
Minimum Weight for Cyclic Codes,” IEICE A, vol.J79-A, no.4, pp963-972.

WP K¥ HrER ‘

WEHEOEERSICNT 58S EHH R
- k-sparse 7L ) ALDHE

" KU F v REE - ARE - ERSEORNEXATEEROBH
f BEEHESEFMALENENLE BT EEEE

" RIENVO Fr FRSEFALBRE

\_ - ZwanzgerDERLE (GHERESR, Ny o b3S vUik) EFA
BHRAMMNKRELKEFEZBEL, FLLVRRFSEHEK
FSIS0ENZB S EE

“EENE FHER, KEFSONRVIFv¥ FRSICHT I2EANHEHOFRL,
FE36EFREHE T DIGA Y VR L(SITA2013), pp.75-80, 20134.
**M. Watanabe and M. Morii, “A New Method for Constructing Good Linear Codes;

update on the minimum distance of some linear codes,”
The 35th Symposium on Theory g_rld its Applications(SITA2012), pp.634-638, 2012. |
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NI F Yy FPHFESZNALEERBEFEERK ) 3 5
BEMSZMA LEOENLTRRASHERE
ZwanzgerD &%
- FMERES R UL CTEMSI DA EHE ERTE
= RERFSLUGIAHEESEVRSOHEER ) Mk s
Hi-IcEE

AR LD—MILNNV I Fr FHSEFALEBRUE
-HIRYT AREEY FEBEAICEELGALRBRASEER

SHIRT ZREE v b EIHEERICEY Ea—URT 4 v I ITRE
Oy Y b5y EERVTHENICRA B/ ) F v FESER%

) SAEDRRFS Z R

*M. Watanabe and M. Morii, “A New Method for Constructing Good Linear Codes; update
on the minimum distance of some linear codes,” The 35" Symposium on Theory and its
Applications(SITA2012), pp.634-638, 2012.

S fadab e o) |

#i 1= 75 B B 7 2 O i L 2

EENSENALLDERNGRRESERE
" HEOOREFSEMEATHRR LHERMICERER

/’ BT AREL Y R ETEERICE Y Ea—! RT 4 v RE

WEHEOBEEFSICHT 2EETEHSHEEEIZEY
B EASHEHENIES

N EBAMAAE GREFSEEEL, HLOREHS EHA
sT1ISOENHRFF S E B

**M. Watanabe and M. Morii, “A New Method for Constructing Good Linear Codes;
update on the minimum distance of some linear codes,”

The 35th Symposium on Theory de its Applications(SITA2012), pp.634-638, 2012. |
OWPR¥ #IrE%
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Table1 : Best Codes modified from (255, 21, 111) BCH Code

1 |(215, 20, 85)

1]: !254, 20, 111! Linear Code over GF!Z!

Shortening of (255, 21, 111) BCHCode at { 21}
[2] : (215, 20, 85) Linear Code over GF(2)
Puncturing of [1] at { 21, 45, 51, 64, 73, 78, 84, 95, 97, 113, 117, 121, 128, 140, 142, 143, 151,
163, 172, 178, 179, 183, 187, 189, 190, 192, 194, 195, 202, 204, 209, 213, 218, 220, 233, 236, 246,
1

248, 254
2 (218, 20, 86)|ExtendCode (215, 20, 85) by 1

[1]: (254, 20, 111) Linear Code over GF(2)
Shortening of (255, 21, 111) BCHCode at { 21}
3 ((222, 20, 89)|[2] : (222, 20, 89) Linear Code over GF(2)
Puncturing of [1] at { 29, 30, 32, 41, 57, 92, 121, 129, 140, 142, 144, 150, 151, 155, 167, 169,
178, 183, 186, 190, 192, 193, 194, 209, 218, 220, 221, 227, 228, 246, 248, 254 |
4 [(223, 20, 90)|ExtendCode (222, 20, 89) by 1

5 [(209, 21, 81)

T1T: (209, 21, 81) Linear Code over GF(2)

Puncturing of (255, 21, 111) BCHCode at { 28, 34, 35, 36, 50, 52, 53, 55, 56, 59, 62, 64, 67, 71,
74,78, 91,100, 102, 106, 112, 118, 120, 129, 134, 139, 149, 157, 159, 161, 183, 184, 200, 203, 204,
214, 216, 219, 230, 242, 248 251, 252, 253, 254, 2551

6 (210, 21, 82)|ExtendCode (209, 21, 81) by 1

7 [(213, 21, 83)

[17: (213, 21, 83) Linear Code over GF(2)

Puncturing of (255, 21, 111) BCHCode at { 24, 28, 34, 53, 56, 59, 67, 69, 71, 99, 100, 102, 105,
106, 118, 120, 121, 123, 134, 139, 155, 158, 1569, 161, 165, 173, 179, 183, 184, 216, 219, 221, 222,
228, 239, 242, 248 251, 252, 253, 254, 255
8 |(214, 21, 84)|ExtendCode (213, 21, 83) by 1

T1T-7(294 91 RQ) 1 inear Mada auvar RE(2Y

CAANE 7 /is -

PO R =P = 21

H150EDRBHE EHR |

Dmp

[PAPER _ Special Section on

tion Theory and Its Applicati

A Construction of Binary Punctured Linear Codes and

A Supporting Method for Best Code Search*

Takuya OHARA', Nonmember, Makoto TAKITA "', Member, and Masakatu MORII', Fellow

SUMMARY  Reduction of redundancy and improvement of error-
correcting capability are essential research themes in the coding theory. The
best known codes constructed in various ways are recorded in a database
maintained by Markus Grassl. In this paper. we propose an algorithm to
construct the best code using punctured codes and a supporting method for
constructing the best codes. First, we define a new evaluation function to
determine deletion bits and propose an algorithm for constructing punctured
linear codes. 27 new best codes were constructed in the proposed algorithm,
and 112 new best codes were constructed by further modifying those best
codes. Secondly, we evaluate the possibility of increasing the minimum
distance based on the relationship between code length, information length,
and minimum distance. We narrowed down the target (n, k) code to try the
best code search based on the evaluation and found 28 new best codes.

We also propose a method to rapidly derive the minimum weight of
the modified cyclic codes. A cyclic code loses its cyclic structure when it is
modified. so we extend the k-sparse algorithm to use it for modified cyclic
codes as well. The extended k-sparse algorithm is used to verify our newly
constructed best code.
key words:  best code, modified code, linear code, weight distribution,
minimum distance

2021-04-23

codes via puncturing cyclic and shortened cyclic codes:
[213,30,73],, [227,36,73],, [229,35,75],, [230,33,77], from

Motoyuki Watanabe and Masakatu Morii,

"A New Method for Constructing Good Linear Codes; updating on the minimum distance
of some linear codes,”

Proc. SITA2012, pp.636-638, Dec. 2012.

[216,30,75],. [220,47,61], [224,34,73],, [224,42,67],, [224,47 63],, [225,40,69],, [228,42,69],,
[228,45,67],. [229,4766],. [230,41,71],, [231,39,73],, [231,47,67],, [232,37,75],, [232,45,69],,
[234,44,71],, [235,42,73],. [235,47,69],, [237,45,72],, [238,47,71],, [239,45,73],, [241,47,73],,
[242,45,75], from

Takuya Ohara, Makoto Takita and Masakatu Morii,

"A Construction of Binary Punctured Linear Codes and A Supporting Method for Best
Code Search.”

Proc. 2020 International Symposium on Information Theory and Its Applications (ISITA),
Oct. 2020.

|IEEE Xplore: 9366122
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