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Locality of Optimal Ternary Codes of Dimension Five

YANG Ruipan, LI Ruihu, GUO Luobin, FU Qiang
(Science College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Any codeword symbol in a Locally Repairable Code can be denoted as linear combination of other
symbols. In a distributed storage system with locally repairable codes, any node failure can be rebuilt by
accessing other fixed nodes. In this paper, some methods of constructing matrices which can generate
codes with small locality are proposed. And by analyzing the parameters of the optimal codes, this paper
constructs the generator matrices of 5-dimentional optimal codes, by using techniques such as shortening,
puncturing, adding or deleting column vectors. By analyzing the linear relationship between the column
vectors of the generator matrices, the locality of the codes generated is found out. Many codes with small
locality are to be found, which have a potential application prospect.

Key words: optimal ternary codes; generator matrix; locality

e HRTRIAFA8 2R G0 b ] E A2 0 2 21 IE BT A7
fife (s B R dR i A SR L AT 2R 2 AT (B A A 808
AR . o T $ 5 A sUF7 A R LA A 8RS 1 A
B HE 2012 4F Gopalan B UKAE T R 18 &
ML o SR ERE S 2 — S ik i 2 I A LA
T A5 B A A R RS RT3 i 1) L I S

WKFEHEE: 2017-01-13
E£mHE: HEAAREESEA147101D)

A RALHEATIREE . An2R A U R SR —
WU AR U A A A 45 S S B o 35
BOLE A r AR T UM el B i
r (EEHPR o 5 4 JR) PR A2 1 (locality) ™). 7EF2 H)
SRy A A & 4 Rl Gopalan 8 25 H T — )
B RS R R

TEE BN HEiE(1992—), B PP T2 A B+, 2N F IG5 555 . E-mail: 695842387@qq. com

SIAE: ek, FrE, HER. F AL ARG EAMGYEHE [ ZEIRAZFFRGSKHFNO, 2017, 18(4); 105-111.
YANG Ruipan, LI Ruihu, GUO Luobin, et al. Locality of Optimal Ternary Codes of Dimension Five [ J]. Journal of Air Force Engineering U-

niversity (Natural Science Edition)., 2017, 18(4) . 105-111.



106 2T RRR AR CAARA RO

2017 4F

dgn—k+2—ﬁ@] 1
r
SN IR LT 1A . Cadambe $2H T —>

% A BRI g I
k< minez {tr+ k8 n—tG+1,d)} (2)
7 J R s 81 3 S AL %) i g A 15 1 kS,
T LR (8 48 1 R SR 7E K b AT Y A7 B 1 Ty vk
B TR BT AR A BRI KN g B KT By i 1)
K n o A TE AR /N A A PR EL AT R R s B
JEE RO IAG R A7 B e ) S 22 i A AR R ) 5 A
(S BO N R BB S ARG 1 A S R T
HEE el St HoAA B/ Ry 0 B 1) — e G i
AT TG R AT R 2 T R
JRAE A 4 G A B R AR R A 1 25 RE
J1 XEA BB R PR SRR 14 X 4E RO
KT 4 W =Jum RS R fl B AT 1 e #ir . A SCH
3BT FL4E = TC i LR Y ey 48 52 132 3 3k % HL )
FEHEAT 30T A B THR BN SHUE R R e =

1 Wie AR

EX 1 & F,={0,1,2},F5 i Fy | n4Em &
Z3 ], 5 C o Fy ) k 25 10] L FR C 2 3 Johg i
Hon Bk QLM C R —AmaEicch C l—4
5. # C P rA JEF S i/ Hamming 5 &
i d NFR d R C IR 0t C=[n,k.d 5.

EX 2 WFALEEYES[n.k.d],, 0 HN C,
A Cl={x|x+c=0,c€C},F C-H C HXHHL,
Hrb C WL E—H A AT I = AR G il C /Y
A L

EX 3 TEln.k.d], &M C L9, 2 C T
B E S e B - ARG, AR
C N JREE R TR 7.

SCHRL12 T4 AT A3 2 ) W — A~ 2 PR A A A
SR v 1) ) e 22 TR Y G P A DG G KA HH X A i)
JREBIE S

SIFE 1M AR o LR 1 AR
BEG=(g1g: g X T Vi€ (1,2, ,n}, IEE
H A2, )\l g IR Z r 1> g, LR
HGEAD MR G A S JmiE Z B R r .

BEA: O F e B = otk ig, 41, =
(1o 3 1) 15050, = (0422, 0) 15, s JH N(a, D) FTRES
{asat1l,at2,,b}(a,bEZ"), Q¥ EHIEH
HETASENES . A —DE.a B A
—AF s, WA EGCAE a€ AL (A\) RIRTE A
MBS o Jo Tl ) A B AERE . B mA R m

ANHEREA B MR HTAERE e Z7) .
BekEZ" N & Hvg — 5 1] i D BOH 0 =

% EIRAE e =30, 1+1, JHIFAR 2 4l —5)

ke 0 U , 1011
WEWEZ%SWMX@%EﬁﬁW&*%HJ’
P10 J7 2 T 7 & 4k Simplex FAO/E BGIE S,
_ Sk*l 02‘71 S/e*l Sk*l } U\& /e gﬁ Macl)on_

0, 11, 2X1,

1 Mp—1
02;1 Slefl Sk*l
1 1 2X1,

AR S, 5 M, SRR =2 WA, k3 11
A3 ks 25X 372 T . Nyl A FLSEFFHRIE 5C
R PE R R AT 45 T 5 [ B

SI3E 27 MRS K e B R B ERAEES A
Jﬁ%ﬁ%lﬂﬁ( Grons %,l 2n H1<n<lny I} v%

M P2

e (S
A L s k-1 IS SRR EE N 2.

SI38 38 B G AU R r iR L,
Ryd W, #5[n+1.kd 10 F 00 » WA AE S v B
K r Bn 1k d RS .

SIE 4 D& G, LERURTBEE R i (9 IRAR
[ 9k9d1]EgJ’Gk.nz A R EREE R oy B L ks
d 15, 0] G/:.nl Fy = (Gk,n1 ‘Gk,nz YEE A +n, s
kydy tdy I, R r<<minr, ) . @it[n.k,
d 15[ 2n. ks 2d I ALY WA AE R R r=
1#y[2n .k 2d JEALH

KT LA = TuR U A A7 e R B E A5 2
ffR R ABAE AR = TC iR RS B A5 s AT
IR KR TR A & OF B T — i 45 2 2 8
[nok o d 1ERAUHS KB I S B B SRR A VR 2
ANHENHRAARRER A E Tty - [ER T
Re/N L ko d ) Bc RS . ATATS JC H AR AT Y J5
U5 B SCHR P 45 1 iR U B - fE 2 AN BRAER O
BT HEATIRABTTT o A SORF A 3 Fr iR A 1K A L B
AN r AAB I RS AE D R R A D
IEFHB T i — S S B2 A R .
X 23 AR A8 A R R LR S A (B R A A
ANBITHES | A 20 6 4 3 B 8 10 5 A P PRIE RS Y
fHA) .

o

ald 145 ) 2E R B M, = {

o

. /g\) ‘M}z“rl ) ’ )I_I\IJ Gk+l.n

2 T HEE A B el BE e A

BARY k=5,n="06 B} AFAE ST r=5 A
[6,5,2]0%, PRI SO T 4E e o 2 A5 193518



5 4 1]

i » 45 - TUYE =TT PR MRS i J5) B 2 107

IRy N T<n<<121,122<n<242,n>243 3
FEOL . TR BT i A s FRATTI I A b 5% 1Y
A R R AR 3t S 22 A R DA A SRR 3
3BT A [a] 2 (9 LA AH DG B L - AL
2.1 B4 7<n<121 B¢

ANHESUERT 5% A TR A ) L, 50 d 105 B
(URERS- =T TSy U

Xﬁﬂ:éﬁ\fﬁﬂg nsiE:G5.71 - (g1 s 82 4y ) ° iﬂ:al
=(1,0,0,0,0",a,=(0,1,0,0,0)T,@;=1(0,0,1,
0,0",,=(0,0,0,1,00",a;=1(0,0,0,0, D" a5 =
(1,1.1.1.0" e, =(1,1,1,1, DT,
2.1.1 R 7<<n=C30 IR AR 4 S5 3

DARI 2 G W95 19 1,2, 3,4 51 0] 43 5]
R 7 =10,9,8, 7 MR AT A= MU FE. 7E
G P E R 4 S AP 4 D EE DY 1)
Gl R T EE R S PR g . A gn
=g T8 g5+ g TR £S5 JLA Y o 2 v 3L
IV Z R R R AFAL . 2 n=12 I,
F3& Gs.1o = (Go.11 |V) 7 28 G AR 31 ARG
B2 HAMURTREE r=4 BRALih. FEK 7<n
<12 W AFAE TR 4 1Y (n, 5 d B

2)™ n=16,20,25,29 i AKKM X Gs.. (5
1,2,3 50l A RS n—1.n—2,n—3 RAL
A U, HorhE Ry 3 B8 ) AR T B 3
O 1 ) a2 P M 0T A Y 8 )
Z AN 2 A D E R L G S 9 LA 136 B« 7E
G828 +g11+28.=0,8, 12828+
2g1;=0,g,12gs+2g,1+2g.,=0,g,1+2gs+2g,+
2811=0,8;1+2g;, 128 1+85=0,8 +2g;1+g 1281
=0, WK SRR R A ) B L R R A O 3.

3) M n=21,30 B}, M3k G;., = (G5, 1 | Yy M
G, TPEE—F.

PITTAS C 13<<n=<<30 W AA7EJREREE S 3 1,
5.d it

FE T R 17.21,25,30 BYRS . BR B i Bk
ZHN AT REAR S HE 4 AT A R A B4 A BSUREL P <
10000000011111111
00011001111112222
G5.;=(00012110011221122 |,
01100010122121211
01200102012112212
000000111111111111111
000111000111111222222
G5, =1011001001011222111222 |,
101010010012122122112
110100100012212212121

0001100011001110011111111
0010100102010221100111122
1100011000111000101122212 ,
0101002020202021110012211
1010020200220101011021222
100000111011001111111011111111
010000001102100221102110211122
G’5.5,=1001001100220212220111112012222 | ,
000100022000121021021101121212
000011210212010202110221122121

THLA G5 FEATHEIT 2 A 0] i) ik 2 [B] AH DG %
EYE 3

WRG—17H a.b,c 61 .0: .05 FREHE G
15 ] i AR AEX A G R 61 80 028, 0380,
Wt AR G/s.w HAETE: g1 T g0 T8 =0,81+gn
+215=0,81 1+ g1 +g5=0,g1 g1 +gu=0,g+
gs1t2gy=0,g51Tgs12g,=0,8,1T2g1+285=0,g5
+gr+2g0=0, W4 n=17,21,25,30 I, ILAEHE r
=2 R ILLNER .

F1 GorHhIIEEMNEXXR

Tab.1 The linear relationship of the column vectors in G's 17

%
GS.ZS

a b ¢ o1 02 03
1 10 17 1 1 1
1 11 16 1 1 1
1 12 15 1 1 1
1 13 14 1 1 1
2 8 9 1 1 2
3 6 7 1 1 2
4 6 8 1 2 2
5 7 9 1 1 2

2.1.2 K 31<<n=<<121 B e LA A Jrs i

T 3 M AR A e A A R B A T A s
A H I — B8 ) 5 ] DA B 2 A
A B B . BRASHE n=39,48,56,57,70, 82,
83,84,92,109 By e PLhs LA K | 1 45 i - 765
ZHh HARS K B [, 5 d JEe LA HER AT by A1 30

DA AR 205 65 19 A= B . 4 =34, 38,
43,47,61,65,69,74,91, 96,100,104, 108,113 A},
WM 22 G-, 1514 1.2, 3 B ] 43 S F3 F RS »
—1,n—2,n—3 A A B I 5 24 n="55 B . 4K
W 2: Gs, )i i =1,2, .5 B3 5[ n—i,5 ]
RS B A B 5 24 n=81 I AR UM 25 Ms By
G i=1,2,,6 FIA 13 5] [n—i, 5 J e A% A= gl S
P24 n=87 W KKM £ Gs.or M EJG i=1,2 F]A]
1380 [n—1, 5 J R R A U B s 24 n=121 B, 4KIR



108 2T RRR AR CAARA RO

2017 4F

W25 S5 Wy m i=1.2, -
DA A R

VAR 3 B e LS SR L r =2, A RL n= 34
RIS UE . HE Gs.s qjﬁ:g” 28151280 =
048121282 182 =0, 815 2815 12820 =0, g11 T g6
T g2=0,g1 1281282 =0,g1T g1y 1Tg2=0,g
28151283 =0, 17 T 2821 + 282 =0, go g5 1
828 =058 182 7820 =0, g12 T 2801 T g5 =0, g15 T
2}317"—8‘32:0 8151282+ 85=0,g1 T g5 284 =

0, HEdHEE 2 M mEAnl g2 AEEN 1K
Bl MR PRI n=31,32,33, 34 A IRAR:
MR r=2.

YA BB A R R . 24 n= 39,48,
56,70,92,109 B #3 Gs., = (Gs. 1 | 7) -y WAL
G PR B ] 5, BT A ARS8 S 0 5
Kon—1 BRI — . FHEWE G =
(Gs.5 ‘01)’,\§3ﬂﬁ%ﬂﬁﬁiﬁr r==2, f%ﬁl@ Gs.q1
HRR A NS ) i o s @2 > 5 P 530045 S K 82,
83+ 84 A Fe PIL fith 25 JHE P o PRIk S R ¥ 2 ol Sy
B 2 iR

A,

A= (P B B ﬁfl)’/\qjﬁl_(l 1,0,0,0)" +p. = (0,
0,1,0,DT,B,=(1,1,1,0,DT,B,=(1,1,2,0,2)7T,

Ay PE—F ) AR ] T 2 A5 ) 2R
FoR.AL Ay WA URTREE R 2 B0R%, IE Gs.s
= (A1 |AD Y5 Gs5s = (A1 [ Ay | A 53 51 A2 B Ry BB
N2 WAL 154, 5, 102 TR AR AL 158, 5, 105 Ji
B n=154,158 I AKKM % Gs., 19 i =1.2 FI ] 13

JETBEE A 2 B[ n—1i.5.d B, 2 n=155 i}, 44
1 Gsiss = (Gsi50 | V) ¥ A Gs s TR E—F ] &

HOUR K 152<n=<C158 MHAETE r="2 Ak n,
5.d 115,

)Y n=182, 214, 216 If (¥ £F A . A4 3

0= (G52 | G ) s HAEURFRE A 1 1[0, 5,d ]
Hiﬁtﬁ%o

0 R 2 4, 2 n=138,160,162,164,

206,208,218, 226,232,234, 240, 242 [, i 0] ¥4 &

11111100100111111111111111010100100111010111111111111111010111010111111111111
20000010010121212001200120101010010120101121212121212120101120101121212121212
A, = |01200000001112200120012001122001001001122112211221122001122001122112211221122
00012001000000011112222000000111222000000111122220000111111222222000011112222
00000111222000000000000111111111111222222000000001111111111111111222211111111
01001001111111111111110101110101111111111111111111111111111111111111111111111
00100101200001200001201011201012121200120012212001200121212121212121212121212
00010010012000012000011220011221220012001211200120012112211221122112211221122
11112220000120000121111112222220001111222200011112222111122221111222211112222
22222221111112222222222222222221111111111122222222222222222221111111122222222

Mg FREEE, MK 31<<n<C121 W), fEHE )
HBRE r=2 By, 5,d 5,

2.2 B4 122<n<242 At

DR b E A SR A U B A T PR
SOITE S INAREE 91 1) 45 45 7 9 T LAAS B KRS
e JURH 8 A BRI

DY AT BB 0 4 BUE R . 76 Ss TR
INAN A o a0 @ 05 0, F] 3 IS IS K 122,
123, +++ 127 W e PURS AR SR R o 3 60 [ 2 i 1Y) B
et r=2,

2) PHEAR & 65 1 A U . >4 ne N (129,
133)UN137,151) UN(164,170) UN(173,178)
UN(199,213) UN(217,242) U {159, 182, 186,
190,191,195} Bf . M3 G-, = (Gs,o 121 |S5) 524 nE N
(134,136) UN(160,163) UN(179,181) U N (183,
185 UN (187,189 UN(192,194) U N (196,198)
U{128,171,172} i ,451% Gs., = (Gs,,—51 [ M) o

XL B A RS R R - =2,

3)152<n=<158 My ie At Ay A iR R . 3

G5, = (G, 1G;.0) . 24 n=163,165,209,217,235
BF 48 3 G/S.n = (G<3,,,71 ‘ Y)Y H G<5.1171 AOAT = — 5
[

OB IS AEAE r=1 A n.5,d |14,

2.3 FEK n=>243 mt

M ne N(250,254) UN(258,272) U N (285,
291 UN(294,299) U N(320,334) U N (338,363)
U {280, 303, 307, 311, 312, 316 } B, ¥ 1& G5, =
(G5, 121 ‘S )s/\i}ﬁﬁiﬁrﬁ 2 E/Jﬂiﬁlﬁ%

2 nd N(250,254) UN(258,272) U N (285,
291) UN(294,299) U N(320,334) U N (338,363)
U{280,303,307,311,312,316} i, % n=121m—+1,
m Fi YRIEEE, 24 i=0,1,2,3.4,5,6,7 i}, ¥4

W Go=(Gs101 11 | (m—1)8:) ;24 i =8 B, ¥ G-,
=(Gs.; |mS5) o 3K BEHE [ T A= 18 1Y e 0 A Jmy 30 5 2
H1,



54 W Wit , 55 : T4k = i R Z RS Y SR 0 109
G LIRSS AT LIS H] [6] TAMO I, BARG A. A Family of Optimal Locally

EE1 MK 7<<n<<12 BHFTE r=4 MR
[n,5,d 15 ;15K n€ N(13,29\(17,21,22, 25} B,
FETE r=3 Wi fltn. 5, d 1% B K n€ {22,40,58,
110,138,160,182,206,208,209,214,226,232,234,
235, 240, 242, 280, 303, 307, 311, 312, 316} U
N(162,165) U N (216, 218) U N (250, 254) U
N(258,272) U N (285, 291) U N (294, 299) U
N(320,334) 8k n=338 i}, 77 r=1 &AM n, 5,
d Ji% s i n ANTE LIRS B B A2 FE r=2 1Y
[7775,6116%0

3 ZEE

ASSCR T =08 b 1 T 1R 3 5 A
PN B0 A A O 25 D % b T BT
P R 81 [ g 22 TR AR A G R AR AT 2 T
W n=7 W [n. 5. d VR B R M. SCh BT iR )R
T AR R d BLE. X - BB, 2
r=1 RSB ENRIH ;3T r7#1 KRB,
LR 28 T<<n<<122 I Tl A R AT 5 ik F
FD) A 67 B2 X B r S ALY . (H
X T A RS F AT I TS IR W - B I X
L6 )RR A i B ) A AT TS

22 ik (References) :

[1] GOPALAN P, HUANG C, SIMITCI H, et al. On
the Locality of Codeword Symbols [J]. IEEE Trans-
actions on Information Theory, 2012, 58:
6925-6934.

[2] RAWAT A, PAPAILIOPOULOS D, DIMAKIS A,
et al. Locality and Availability in Distributed Storage
[J]. IEEE Transactions on Information Theory,
2013: 923-928.

[3] CADAMBE V, MAZUMDAR A. An Upper Bound
on the Size of Locally Recoverable Codes [ C]//IEEE
International Symposium on Network Coding, Cal-
gary, Canada, 2013 1-5.

[4]  SILBERSTEIN N, RAWAT A, KOYLUOGLU O,
et al. Optimal Locally Repairable Codes via Rank-
metric Codes [ C]//IEEE International Symposium on
Information Theory. Istanbul, Turkey, 2013;
819-1823.

[5] TAMO I, PAPAILIOPOULOS D, DIMAKIS A.
Optimal Locally Repairable Codes and Connections to
Matroid Theory [ C]//IEEE International Symposium
on Information Theory. Istanbul, Turkey, 2013.

1814-1818.

7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Recoverable Codes [ J]. IEEE Transactions on Infor-
mation Theory, 2013, 60(8): 4661-4676.
PRAKASH N, KAMATH G, LALITHA V, et al.
Optimal Linear Codes with A Local-Error-Correction
Property [ C]//IEEE International Symposium on In-
formation Theory.  Cambridge, USA, 2012.
2776-2780.

SONG W, DAU S, YUEN C, et al. Optimal Locally
Repairable Linear Codes [ J]. IEEE Journal on Select-
ed Areas 2014, 32 (5).
1019-1036.

GOPRAJU S, CALDERBANK R. Binary Cyclic
Codes That Are Locally Repairable [ C]//IEEE Inter-
national Symposium on Information Theory. New
York, USA, 2014 676-680.

SILBERSTEIN N, ZEH A. Optimal Binary Locally
Repairable Codes via Anticodes [ C]// IEEE Interna-

Hong

in Communications,

tional Symposium on Information Theory,
Kong, China, 2015; 1249-1251.

ZEH A, YAAKOBI E. Optimal Linear and Cyclic
Locally Repairable Codes over Small Fields [ C] //
IEEE Information Theory Workshop. Jerusalem, Is-
rael, 2015; 1247-1251.

HUANG P, YAAKOBI E, UCHIKAWA H, et al.
Binary Linear Locally Repairable Codes [J]. IEEE
Transactions on Information Theory, 2016, 62(11):
6268-6283.

BEUE, ZEHREL, AR, AR AR OIS A R
R [J] mELBRRZ2M AR BO,
2017, 18(2) . 106-110.

RAOY, LI R H, FU Q, et al. Locality of Binary
Cyclic Codes in Short Length [J]. Journal of Air
Force Engineering University (Natural Science Edi-
tion), 2017, 18(2): 106-110. (in Chinse)

YANG R, LI R, GUO L, et al. Locality of Some
Optimal Ternary Linear Codes [ J]. Procedia Com-
puter Science, 2017 164-169.

GRASSL M. Bounds on The Minimum Distance of
Linear Codes [ M/OL . [2016-12-20 ]. http: //
www. codetables. de.
HILLL R, NEWTON D.
Codes [J]. Designs, Codes and Cryptography, 1992,
2(2): 137-157.
LANDJEV L
Ternary Codes of Dimensional Five [ J]. Designs,
Codes and Cryptography, 1998, 15(3): 245-258.
MARUTA T. On the Nonexistence of g-ary Linear
Codes of Dimension Five [J]. Designs, Codes and
Cryptography, 2001, 22. 165-177.

Optimal Ternary Linear

The Nonexistence of Some Optimal



110 28 TR K2R CH SRR D 2017 4F

PSR A:23 T8 A A AE BE

10000011111 1000000111011111 10000011011011101111
01000101122 0100011001110211 01000001120121011212

Gs. = | 00100220112 |, Gs..s = | 0010001012112102 | , Gs.20 = | 00100122201200210221 | »
00010112012 0001020120221012 00010210210022221012
00001122101 0000121100102222 00001200002221212111
1000001111001011110110111 10000110001111111001011101111
0100000002012111221011121 01000210111000001101112212221

Gs.;; = | 0010000122100101012211212 | , Gs.20 = | 00100011000121010112122022211 | ,
0001011000110010111221112 00010002210201102022101212212
0000120020122201201102112 00001001121010110220120211111
1000001110100111101111111101111111 10000010100001101101101111011111111111
0100000201010002111001122212221111 01000101111101110111112202100202122111

Gs.3, = | 0010001000021220210211011011222121 |, Gs.33 = | 00100000022110001210220222221021111211 |,
0001010002201022010110210122221212 00010011020010210022012012212120111122
0000110020222100002021101112121122 00001121102212021012122210122111221112

1000000000010111011110111101111011101111111
0100001001120001101111212210001122210021121

Gs..3= [ 0010000112101020110122220211220210122112122 | ,
0001010210002100112001202011221102021221221
0000122021222221000000021111122222111101212
10000100000000110111110111111101111010111111111
01000010101010021001001101221110212111011222212

Gs.4, = | 00100001002101101000211012112211200211201222121 | ,
00010010012122120122000020001022121112210212211
00001201110222002210121200120112012202211221221
1000010100000110111101111011101111111110110111111
0100000110110001122010202110212112211221011021112

Gs.4 = | 0010011021001010000222022202011202002112121111221 | ,
0001000001201221010011212212210020112011212122211
0000102000011202201200020211221112120201101122121
1000000011001110110101011001110111111111101101011111111
0100011001000001121012001110221001222121112211100112211

Gs.55 = | 0010001110010021002101100022222122021001110122112212121 | ,
0001010200100101000210222201122122200210022111212211211
0000100000121010221020120122002210221112121010112111222
111000010100100111001001111111000111111011111101011111111
000100020210111100111112110000001201002102212211102121121

Gs.57 = | 000010001101002201020120002111110021222220100122111222112 | ,
000001000022020022110000122100211210012222021111212112112
000000101012122010202211000021121000120212111010111111122
1000010100000011110110010101111111111100111101011010111111111
0100001010110120111001121012221122211211012210122101022112112
Gs.1 = | 0010011001000212002211202002211121112211100022200111212222121 | ,
0001000022210100121200000021002122000001111211211222121122111
0000100000011000000122211220000001221211112112221112111212222
10000001110001111111110011010000111000011101111101011111111111111
01100001001002222001101020100111001011111011220012102212211221111
Gs.56 = | 00010000000012011222012100201011110101111110122220220022122211112 | ,
00001100100120200220221202021100000110112111002111112101221211211
00000010011100000000000222212222222111000112122111221220212121121
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100000011100011111111010011010000111000011110111111010111111111111111
011000010010022220011101020100111001011111101102200121022122211221111

Gs.50 = | 000100000000120112220212100201011110101111011011222202200222122211112 | ,
000011001001202002202221202021100000110112111120021111121001221211211
000000100111000000000000222212222222111000111211221112212210212121121
10000101010010111111011101001101010101001011111111110111111100111111111111
01000011100001021220101012110010000001112111211000101012211211122221121121

Gs.74 = | 00100110001100012202220120121200101010120021111221011112120012221222211111 | ,
00010000111000000022112221200022221120000111120121111200002112212211212122
00001000000111200000000000022122212212212200002121222112111112211122122121
100001001110001111100101100101111110100110110101011011111101111101010111111111111111111
010000100011002000210212110010000001210211121010121121121112110112121010001111212221211

Gs.7 = | 001001010001100200221020211202210020121001002100101111200212001111222211120221222111112 | ,
000100100100110020022200021120002222012020010211011100021120211211122102112221111222111
000010011000010002002021002012121202001202201022110111121012122020102121122121221212221
1000010011010001111100101100101111110100110110101011011111101111101010111111111111111111111
0100001000111002000210212110010000001210211121010121121121112110112121010000111112122221211
Gs.o1 = | 0010010100001100200221020211202210020121001002100101111200212001111222211122022212221121112 | ,
0001001001000110020022200021120002222012020010211011100021120211211122102121222211112222111
0000100110100010002002021002012121202001202201022110111121012122020102121122201212212112221
100001001101100100011110111101111111000101111000001010111111110011101111101011111110011111111111
010002010010000010022201110011122001110010100110100101122211111101011202211110220211121122111222
Gs.96 = | 001000102020110000110221101212000200011022010211011000212112122111120020110202201122111112212222 | ,
000100210201001001002021022120110020102100001001220122221121101220121112022211022001111222122211
000010000000021122100000000000002221212111222222111112000000012221122111211112121121112211111221
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Gs.100 =
1000000111111100000000011101110000100011011001110101111111111110101101101110110111111111111111111111
0100010100020000111010102210210111110102121010001110121221121101012210212121001121012022111122111122
0010001000100011100120020111011012011100202100020002112220010111110111120121222202222211121221112212 | ,
0001022010002001000001102021002110002011100111202222022101102122211011122022121020210111221112121222
0000100001000210012201000000201101222120010121112010100021221022112122021201212122201121112212121212
Gs.00=
00000000000000111111011011010000010111101011001011011111110111011111111111111101110011011111111111111111
01010001010111120000121100000001121122211100110100100120011122102100122001212212211111100012221212111122
00000111101002000120100112111110202200120022020000112120102222220012211112010110211200212201121121212212 |,
10121000112000001002112000121221120000000112222212000001112200112112000121211111201222121212121212112212
00102120000210000000000211102122001012021100102221122001001012111121112120201022011212212220111211221222
Gs.08=
100000001000100011100011100011100000011111100011111111101110111000111111111100011111111111111111111111111111
010000010001001100101100101100100111100002211100011222210111011111000112222111000112222111221111221122112222
001000100010010101010101010101011002200220012212202001211011101122122020012122122020012112121112121212221122 |,
000101000100011010011010011010022220022000021221220120011101110212212201200212212201200121121121122112222211
000011111222200000011111122222212121212121200000000000011112222112112111212221221222121000001211122221121212
G =
00000000000000111111011011010000010111101011001011011111011011101111111111111110111001100101111111111111111111111
01010001010111120000121100000001121122211100110100100120101112210210012200121221221111111210001212212121111221122
00000111101002000120100112111110202200120022020000112120110222222001221111201011021120011221220111211212122121122
10121000112000001002112000121221120000000112222212000001211220011211200012121111120122222112121221212121122122211
00102120000210000000000211102122001012021100102221122001000101211112111212020102201121212021222001112112212221212
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