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On a Result of a Search for Optical Orthogonal Codes
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SHINOHARA, Satoshi
W RAA A

EE
MEZERFS 2R T 2 7k L Uit faE 7V A v R ARG Z A L2 b osfHs
W3, KX TiE, Alem-Karladani and Salehi [1] TIRE I 117z, WELK 5 ORI L ICHD
WT, FFSRDS n <50 TNV IEAD w=2,4,5,6 TH 2 &I BT EIREICL D RkD 7%,
HUT kD, BITHEROME CRIFENIHS TR 57T7 A=Y DSR2 WL DR 2 Z
L3R,

1 RBUdIC
HIEZSF5 (Optical Orthogonal Code: OOC) &, XD 2 DDFitk &7 ¢ —E NI v TEHA

w EZFFORE n D (0,1)-sequences DEFEY C DI EThH 2,

o (auto-correlation property) fEE D 55E v = (v, 71, - ,7p_1) € C EATHOBER 7 #

0 (mod n) 12X L,

n—1
Rzz(T) - Z TiTipr S )\a
i=0

-

e (cross-correlation property) LD Y% 2 fF 558 v,y € C LR DM 7 # 0 (mod n) 1T
XL

n—1

ny(T) = Z TilYipr S )\c
=0

IITeEnZEETAMEZRT, 20X BMBERFEZ (n,w, A\, \e)-O0C EHE | FRiC
Ao =Ae = ADEEZ (n,w,))-00C EET,

PEHEORILLE LTI OMELZERTEDT L LSS, Thbb, H5iae = (20,21, Tn_1)
DEGHRINERTLE LT X ={k o, =1} L/ LW TES, ZOEGRNERTDEHA V2 &, HEKL
HED2 0DFMHFERDEHIICLELS I ENTE S,
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e (auto-correlation property) fEREDOR 5 X € C LEED a # b (mod n) % 2%H a & b I
L.

l(a® X)[N](b® X)| < Aa

o (cross-correlation property) LR D¥% 2 {5558 XY € C LATEDOEES a & bITH L,

(e X)N[beY)| <A

ST, ad X E{adrre X 2ERL, | X| 13HEE X OHEEXRT,

JEER G IE TN, H7 7 A4 N—% A L 7BE 108 W TR 21 % 0 (Code Division Multiple
Access: CDMA) 2EBlT 270 iclvonsg, FEM L MELFSOMNFEERITELRTL L
PEEFLWEIND, 22T, WRARABOMNFEEZFFD L9 RCERN 5% optimal TH 5 &
W, optimal ZYGEZRF B AR T 2 2 EB—2DBEME RS, (n,w, Ay, A\e)-O0C DRFFEED I KEL
BB w e Ae) ERTEE, A= Ao = A %3 (n,w,1)-00C 13 LT, BEHEHIZOLTD LR
A3 constant weight code (253 % Johnson bound 12 & D BUF D & H I2E»L T2

B(n,w, ) < | [T (228 1)

w w—1

HELR 5 2 LT 2 E L LTid, a7 A4 v e RIREEEM2Z I L 72 b o2 f o T
%, FRCEEORFE n I L TRSEA w = 3 D&, optimal OOC DELEMEE X U2 ORERE
DS PITHR> TR BN, w >4 OYEIE, KERZET % v, KX Tld, Alem-Karladani and
Salehi [1] THRE S N 00C DEEITEIHET BT, n < 50 ST 5 w = 2,4,5,6 D 00C DI
EERHEEIC L YR 2,

2 HSEOERFILIVAL

AfifiTld Alem-Karladani and Salehi [1] DERRIEIZ DO WTRFHT 5.

(n,w, Aa, Ac)-O0C DFF I (1) DR n, EA w D (0,1)-sequences 2> 5 7 % ZEMICHET
5LEHEZDIENTE D, NELRF OB M) S /7500 & L TROEEREIDY ObDz2HE R
L, RS n, BARw CHREOEREN L TH54TD (0,1)-sequences & Sy, EXEDT I LITT
5L, Spw BFFSHOBRREMET A 5,

Definition 1.

n—1

Snow = {1{E1£E2 X1 X € {O,l},in =w — 1}
i=1
S DEATNETLIZ, BEEFLELTOZEA, EEEDP w LD Z, DETOWTEADEE
DTHD, £2T S DILDBEBUIRD K H 1275,

n—1
=27

IL, Zn X D/hEn EFVICELSBEROELRLL, 02 n 2L T 2R EO IHERT T2, Z
DEEAEGR (11, 0) 078k ¢(n) OFERE 5T, 2L é(n) ldn EHEWICHELELI<m<nk?
B om offiExRTIDOET S,




WEAFFZ ORI OVT  FifE— =HAGY B R

fiGXS—=SDZETHD, 2T, eldGOHMILTH S,

e fle,s)=s(VseS)
° f(gl.927s) = f(glvf(g275)) (vghg? S G7 Vs S S)
Theorem 3 ([1]). ROBGMRIIFERETL, D S, ~OFHEATH %,
f

:an Sn,w - Sn,w
f(gvX):g(DXé{g®07g®kla 7g®kw—1}

ZIT,g€ell,s X ={0,k1, -+ ,ky_1} € S TH 5,

FEHERE T1, O S, ~OBHERIZTOT, Sy L0 “HFERD & 5 1CEET 5.

Definition 4. X, Y € 5, , I LT, X =g0Y &% 2 gell, EIET S L E, X &V ZBIFRD
HirEtwvn, X ~Y ERT,

COZIARRIE S, LORERRTH Y. S, ZEEEASHT LI E08TES, ZOLE, [FfE
B [X]={Y € Spu; Y ~ X} LEHEIN, X 2FAMEH [X] ORFIL. Spw OETORMEHEOES
ZHEG LT, S, /I, ERT, FEE [X] 23 ¢(n) BOEHEZ DL E, complete TH 5 L\,
%9 T\ EEIL incomplete TH S EH,

Theorem 5 ([1]). n 23FHD & E, FHHEA S, /I, 108

%
|Sn /Ml =3 (ng—ll)n(ﬂ

d|(n—1) d
d|(w—1)

Th5,
Definition 6. XX LW T g € M, BHFET 2 EF .y = oy oya) W x =
(zo, @1, 2n—1) DIEMEBRTH 2 L\,
Yk =Tkog (k=0,1,--- ,n—1)
IDLE . y=x0g L&T,

Theorem 7 ([1]). X LY 2, ZNZNx Lt y=x0g DEARILTHILE, YV =¢ 00X TH
%, 22T, ¢ ldgell, DHILTH 5,

[Fl U FfEEIC S N5 2 TORSERFACHCHBEO Y —v 25, figiEx gL T, $2HE
FHBIRFEDSR D 37T, FiEH {x © g;9 € T, } ICEEN B L TOR ST L TH H URHELR Y 7
2, PEXh, fF5aHERT s8I, HEMB N\, 22 TREILOAREE L, ik S 2 uR_RE0IZER
ETDHILICEIDRRT 2EEERD L ENTE S,
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RIS, HAMBE X 2L T DX 912 2 212389 %5, [ U FEEICE 402 7 2 77535 O H A
%9 5 ZARBEMEB (intraclass cross correlation) &\ >\, B7 2 FfEREIC & 05 FF 535 O L
% 9 5 AEEEMEE (interclass cross correlation) V9,

Theorem 8 ([1]). f5it y =x0r & z=x0© s HOMHAMHBIIFFFE x & x©sor WOHAM
BIERU AR —v&FD, HEL, COLE Y XL, KB 2 r DML LE T 5,

M [(X] 12 K Hofs#Er&EnTtoes e T2, 2oL E, [X] 77 ANMEMHAREE (5) @0 %
27T UE% 6 %08, Theorem 8 & W ARFEIL X & FHiEH [(X] 0 X Do K — 1 HORZEEE D
MHAEMBZFHRIUE 0 TH 5.

Theorem 9 ([1]). FFifiu=x0re[X] tv=yose[Y]IZNL, ut v DrJ7ARMEEME
Ex Eyosor OMAMEER DY —v%2F>, 22T, v i&rell, DHILTH S,

b5 2 OoDFMEH [(X] & [Y]ZhZEN K, Ky HOfi5iEzHK>L 5, ZoLE, (XL [Y]D
R REEICIE K Ko D 7 7 AT EAHBIDY® % 3, Theorem 9 £ D, min {K;, Ky} J# ) O %
FRIUL K,

CHLDRREMGE I EICE D, UFDE D A (1w, Ay A)-00C DEFRSWEDEZ 513,

(1) E&n Bawbh2REOEE S, 2545,

(2)  Snaw/ll, ZED B,

(3) &ToOREEORIILOHOMBZ kD, FlEEiik T AEEOEEOH 2 BENR LT 5,

(4)  (3) THASNAMBHHL, 27 AWHEAMSE L 02 5 BN Z ko 2.

(5)  (3) THALNEACHE N\, WA TRTOMFELESAV £ L, (4) 1Lk h RO SN ZHE
HIIZ W T 42 7 T A2 U CEAL S5 7% E2 D, COVF 7IRT 3RAY
Y — 2 BSOS (n, w, A, Ao)-O0C ICHHET %,

3 BRER

FIEEDPH SN TORWAT A= % 5D (n,w,1)-00C 120 L TORKFERZRR S, HA2 D
FERHDE 3, HA 4 OFEEDEK 2, HA B OFFEPE 3, HA 6 DFEVE L THD, 22T, ¢ 1K
(1) cHEZ6N% LIRETH D, “ I3RE L iSRS 27 TR EEL o 2 E 2R T,

HAD2 TH2 LI 7% O0C ICDWT, n <50 THEENRHTH 57D n = 20,32,44,50 TH
2, INH6DTRTDOnICBWT, £3DLHIL, R(1) 1Kk O D LREERT 2 & 9H RF51E
57z,

HANADEEIZ, £2TEZ6N2% ndn <50 DHIFHTINE THEEEIR I N T d > 755
BETHZ, HERERICLD, B20HHTEIN=25DLZDAR O D LREZERT 2 X ) 275508
Bonknl ERgnot,

HAMNL D E S, BRER»SXR 3D n =22 100 L TREFSBEEE T, 41<n<50%% n i
R LTn=42 DEEGOARFEFELDI 1L TH Y, ZRLUADGE I FIREIGET 2 2 L2%bh o7,

HANGDEFIZ, £4TRENDEIHIT, n=32,33,34 DL SIFENHFEEL R\ I L5




HERF S OERKRICONT <Pl —

EAGT B IR

n | ® | fFFFEE

20 | 9 | {0,11},{0,13},{0,17},{0,19},{0,14},{0,18},{0,8},{0,16},{0,15}

32 | 15 | {0,17},{0,19},{0,21},{0,23},{0,25},{0,27},{0,29},{0,31},{0,18},
{0,22},{0,26},{0,30},{0,20},40,28},{0,24}

44 | 21 | {0,23},{0,25},{0,27},{0,29},{0,31},{0,35},{0,37},{0,39},{0,41},
{0,43},{0,26},{0,30},{0, 34}, {0, 38}, {0,42},{0,8},{0,16}, {0, 24},
{0,32},{0,40}, {0, 33}

50 | 24 | {0,27},{0,29},{0,31},{0,33},{0,37},{0,39},{0,41},{0,43},{0,47},

{0,49} ,{0,4} ,{0,8},{0,12}, {0, 16}, {0, 24}, {0, 28}, {0, 32}, {0, 36}

{0,44}, {0, 48}, {0, 35}, {0, 45}, {0, 20}, {0, 40}

#1 (n,2,1)-00C DOHERERR

n | ® Fra et

171 {0,1,3,7}

20 | 1 {0,1,3,7}

21 | 1 {0,1,3,7}

22| 1 {0,1,3,7}

23 | 1 {0,1,3,7}

25 | 2 {0,1,3,7}

27 | 2 {0,1,3,11},{0,5,12,18}

29 | 2 {0,1,3,11},{0,7,12,16}

32 | 2 {0,1,3,8},{0,6,15,28}

33 | 2 {0,1,3,11},{0,7,19,24}

34 | 2 {0,1,3,7},{0,5,13,23}

35 | 2 {0,1,3,8},{0,4,13,25}

36 | 2 {0,1,3,7},{0,5,15,24}

37 | 3 {0,1,3,24},{0,4,9,15},{0,7,17, 25}
40 | 3 {0,1,3,9},{0,4,11,25},{0,5,17, 27}
41| 3 {0,1,3,7},{0,5,15,27} ,{0,8,17, 28}
44| 3 {0,1,3,7},{0,5,13,28} ,{0,9,19, 33}
46 | 3 {0,1,3,7},{0,5,13,27} ,{0,9,20, 30}
47 | 3 {0,1,3,7},{0,5,13,22} , {0, 10,21, 33}
48 | 3 {0,1,3,7},0,5,13,22}, {0, 10,21, 33}
49 | 4 | {0,1,3,8},{0,4,18,29},{0,9,19,32},{0,6,21, 33}
50 | 4 | {0,1,3,7},{0,5,17,35},{0,8,22,31},{0, 10,21, 34}

#2 (n,4,1)-00C DOHERER

19
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n|® (SRerd
21 | 1 {0,1,4,14,16}
2211 -
23 |1 {0,1,3,8,14}
24 | 1 {0,1,3,9,20} n | ® (SR
26 | 1 {0,1,3,7,12} 3111 1{0,1,3,8,12,18}
27 | 1 {0,1,3,7,12} 32 11 -
28 |1 {0,1,3,7,12} 33| 1 -
29 | 1 {0,1,3,7,12} 341 -
30 |1 {0,1,3,7,12} 3511 140,1,3,7,12,20}
32 |1 {0,1,3,7,12} 36 | 11]{0,1,3,8,23,27}
33 |1 {0,1,3,7,12} 3711 1{0,1,3,7,16,26}
34 |1 {0,1,3,7,12} 3811 1{0,1,3,7,17,30}
35 |1 {0,1,3,7,12} 39 | 11{0,1,3,7,12,22}
36 | 1 {0,1,3,7,12} 40 | 1 | {0,1,3,7,17,28}
37| 1 {0,1,3,7,12} 41 | 1 | {0,1,3,7,12,20}
38 |1 {0,1,3,7,12} 42 | 1 | {0,1,3,7,12,20}
39 |1 {0,1,3,7,12} 43 | 1 | {0,1,3,7,12,20}
40 | 1 {0,1,3,7,12} 44 1 1 | {0,1,3,7,12,20}
41 | 2 | {0,1,4,11,29},{0,2,8,17,22} 451 1 | {0,1,3,7,12,20}
42 | 2 {0,1,3,7,12} 46 | 1 | {0,1,3,7,12,20}
43 | 2 | {0,1,3,7,19},40,5,13,22,33} 471 1 | {0,1,3,7,12,20}
44 | 2 | {0,1,3,28,40},{0,6,14,24,35} 48 | 1 | {0,1,3,7,12,20}
45 | 2 | {0,1,3,7,19},{0,5,14, 22,35} 49 | 1 | {0,1,3,7,12,20}
46 | 2 | {0,1,3,8,17},{0,4,10,22,35} 50 | 1 ]{0,1,3,7,12,20}
47 | 2 {0,1,3,7,32},{0,5, 14, 24,35} #4 (n,6,1)-00C OERREL
48 | 2 | {0,1,3,7,15},40,5,16,25,35}
49 | 2 | {0,1,3,7,16},{0,5,17,25,35}
50 | 2 | {0,1,3,7,18},4{0,5,13,29,41}
#3 (n,5,1)-00C OHEZEHEH
nrot,

S22, (n,4,2,1)-00C OERIEREZIBNS, #5553 5 fRTH S, ZD5FA—FD 00C
122w TlE, Momihara and Buratti [10] 12k D, (1) XTLHZ 5405 Johnson bound &1 tight 7
AL A SNTED, F5HT* TRT n = 10,20,26,28,34 @ 00C 45 n < 40 DHIFATRD &
NTws, £50 ¢ DFlIClE, Momihara and Buratti [10] & D #3612 fF53E5D ERZR L 7,
n = 14,18,24,27,32,33 I8 TIE, 2O LBEEZEKT 2 LI 2TFERA2Fonkd o7, L
Lhs, Dl L5 RBREL LFEEOHMICE L TIE, & DEIEBOESHERICIEFFIZR L
BWEHELTED, oD LFRAXOBERFIZHMI T LEERA2E%9, £/, n=20D ¢ TO/H
'3 Momihara and Buratti [10] TH G560 TE D, ZOFTHEHIL 2 TH -7, SRR DHE




WEAFFZOERICOVT  FiffE— =HAGT BE R

B, FFIRENEDE G n =17 TORFTRRD s Nz, FWERIC, FF5EED 3 DR DR/NDRHZ R
n=25TH5A6N5ZLbghol, MURTHEREZROLGIE, FFoRIEIZ ) DR/
THBLEEADILELTES, RN ZHAEL T CHICED, Zoflo L) i, HoFaRz
RO eI ET 2 Z LRSI NL WL H B L EAB725 ).

n o et

711 {0,1,2,4}

8 |1 {0,1,2,4}

9 |1 {0,1,2,4}

10° | 1 {0,1,2,4}

11 |1 {0,1,2,4}

12 |1 {0,1,2,4}

13 |1 {0,4,7,12}

14 |2 {0,1,2,4}

15 |1 {0,1,2,4}

16 | 2 {0,1,2,4}

17 | 2 {0,1,2,4},{0,2,8,10}

18 | 2 {0,1,2,4}

19 | 2 {0,1,4,5},{0,2,8,10}

20% | 2 {0,1,2,11},0,3,7,15}

21 | 2 {0,1,2,6},{0,8,11, 18}

22 |2 {0,1,2,4},{0,5,10, 16}

23 | 2 {0,1,2,4},{0,5,10, 16}

24 |3 {0,1,2,4},{0,5,10, 16}

25 |3 {0,1,4,22},{0,2,10,12} ,{0,5,11,16}

26 | 3 {0,1,2,14},{0,3,7,10},{0,5,11, 20}

27 | 3 {0,1,2,4},{0,5,10,16}

28% | 3 {0,1,2,4},{0,5,10,19} ,{0,6,13,21}

29 | 3 {0,1,2,4},{0,5,10, 17}, {0,6, 14, 20}

30 |3 {0,1,2,4} ,{0,5,11,17},{0,7,14, 22}

31 |3 {0,1,2,4} ,{0,5,10, 18}, {0,6, 15,22}

32 |4 {0,1,2,4},{0,5,10,16} , {0, 7, 15,24}

33 |4 {0,1,2,4},{0,5,10,17} ,{0,6,14, 20}

34* | 4 ] {0,1,2,18},{0,3,7,30},{0,5,15,24} , {0,6, 12,20}
35 | 4 ]{0,1,2,4},{0,5,10,19},{0,6,12,23} ,{0,7,15,22}
36 | 4| {0,1,2,4},{0,5,12,27},{0,6,17,23} , {0,8, 16,26}
37 | 4] {0,1,2,4},{0,5,10,18},{0,6,17,23} , {0,7,16,28}
38 | 4] {0,1,2,4},{0,5,10,16} ,{0,7,14,26} , {0,8,17,25}
39 | 4 {0,1,2,4},{0,5,10,16} ,{0,7,19,26} , {0,8,17,25}

£5 (n,4,2,1)-00C DOHEEHEHE
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