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Abstract
Using a new method we construct a class of orthogonal designs,

OD(4(1 + p)n; n,n, n,n, pn, pn, pn, pn)

for p = 1, p a prime power = 3 (mod 4), and n = 3,5,7. This class
includes new Plotkin arrays of order 24, and for the first time, of orders
40 and 56.

1 Preliminaries

An orthogonal design of order n and type (s1, s, - . ., ¢ ) denoted OD(n; 51, S, . . ., Sk)
in variables z;, =3, ..., Tk, is a matrix A of order n with entries in the set
{0, %z, £3, ..., +x4} satisfying

k
AAt = Z(S,‘.’E?)In,
i=1
where I, is the identity matrix of order n. Let B;, i = 1,2, 3,4 be circulant matrices
of order n with entries in {0, £z, £2o, ..., ta;} satisfying

k

1
5" BiB! =Y (siz?)I,..
i=1

i=1
Then the Goethals-Seidel array

Bi  B,R BsR BiR
-B,R B, B!R -BiR
-BsR -BtR B, B.R
-B,R BLR -BR B

G=
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where R is the back—diagonal identity matrix, is an OD(4n; s1, 52, ..., s). See page
107 of [2] for details.

Plotkin [6] showed that if there is an Hadamard matrix of order 2¢, then there is an
OD(8t;t, t, t, t, t, t, t,t). In the same paper he also constructed an OD(24;3, 3, 3, 3,
3, 3, 3, 3). Although this OD has appeared in [7], [1] and in [2] it is conjectured that
there is an OD(8n;n,n,n,n,n,n,n,n) for each odd integer n, none except n = 3 is
found yet. In this paper using a new method we construct many new Plotkin ODs
of order 24 and two new Plotkin ODs of orders 40 and 56. Actually our construction
provides many new orthogonal designs in 8 variables which includes the Plotkin ODs
of order 40 and 56.

A pair of matrices A, B is said to be amicable (anti-amicable) if AB* — BA* = 0
(AB' + BA! = 0). Following [3] a set {A), Ay, ..., Ao} of square real matrices is
said to be amicable if

n

Z(Aa(%—l)Afr(zi) — Asoiy Abion) =0

=
for some permutation o of the set {1,2,...,2n}. For simplicity, we will always take
o(i) = ¢ unless otherwise specified. Clearly a set of mutually amicable matrices is
amicable, but the converse is not true in general. Throughout the paper R; denotes
the back diagonal identity matrix of order k.
A set of matrices {By, By, ..., B,} of order m with entries in {0, xy, +zs,.. ., +xi}
is said to be of type (si,s2,...,8) and in variables zy,,,...,xx if it satisfy an
additive property

k

3" BBt = 3 (s:2%) .
=1

1=1

2 Some new Arrays
First we need the following array from [3].

Theorem 1 Let {A;}5., be an amicable set of circulant matrices of type
(81, 82,-..,8;). Then the array

Ay A, AR, AsR, AR, AsR, AsR, AR,
—A2 Al ABRn _A4Rn AsRn "ASRn A7Rn "‘ASRn
AR, -AsR, A A, —ALR, AR, ALR, —ALR,
H = — AR, A4R, —As Ay A%Rn AéRn ..Aan —Aan
_AsR, ~AR, AR, -AlR, A, A, —AR, AR, |’
—~AsR, AR, —ALiR, —Aan —Ay Ay Aan AR,
—AgR, —A:R, —AéRn AER,, AZR,L —ALR, Ay A,y
—A:R, AgR, AR, ALR, -AiR, —AiR, —Ay A

is an OD(8m; 81,52, .., Sk).

We also need the following result from [3].
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Theorem 2 For each prime (power) p = 3 (mod 4) there is an array of order
4(p + 1) suitable for any amicable set of eight circulant matrices {4}, for which
S (Agi ALy + pAnAL;) is a multiple of the identity matriz.

A more general version of the following array appeared first in [4].

Theorem 3 Let X = 2P + ©2P; and Y = y1Q; + y2Q2 be a pair of amicable
orthogonal designs of order n and type {(uy, us); (s1, 52)), and in variables z; and y;,
i = 1,2, respectively, where Q; = PRy, i = 1,2 Let {A;}i=% be an amicable set of
circulant {0, +1}—matrices of order m such that

ulAlAtl + UQAQAg + 81A3Ag + 82A4Ai + 81A5At5 -+ SgAsAtG + 81A7A$ + SgAgAg

is @ multiple of the identity matriz I,. Let B; = AR, C; = AlR, and Q; = —0;
then

PoA+P,®A Qi®B3+Q2®By Qi®Bs+Q:®Bs Q1®Br+Q2®Bs
01®B;+Q2®B; PIOA+P®4 Q001+ Q209C Qi®Ci+Q28Cs
QI®B5+@®B(S Q1®C7+@®Cs PP®A +Po® A Q1®03+Q—2®C4
Ui®B+0290B8s Q1®C5+Q2:0C Q1 ®C3+Q20C1 P4 +P®4

is a (Goethals-Seidel-type) array.

Our first result is an extension of the result of Plotkin that if there is an Hadamard
matrix of order 2t, then there is an OD(8%;t,t,t,t,t,1,t,1).

Lemma 4 Let 2t be the order of an Hadamard matriz H, then there are amicable

orthogonal designs X, Y of type ((t,t); (t,1)) in order 2t, satisfying the conditions of
theorem 3.

ProorF. Let Ky =L ®1I;, K; = P®I; and R = Ry, ® R;, where Ry is the back
diagonal identity matrix of order & and

01
p=( 1)
It is straight forward to show that {P, = $H(K, + Kj), P, = %H(K1 — K3)} and
{Q1 = JH(K\R + K3R),Q, = } H(K R — K,R)} are anti-amicable sets of matrices

and PQ% = Q;P, 4,5 = 1,2. Let X =z Py + 2Py and ¥ = 1 Q1 + 12Q2. Then
X,Y are the required orthogonal designs. Note that Q; = PR, i=1,2.

Theorem 5 (The First Multiplication Theorem)

If there is an amicable set of circulant matrices {A;}8., of order m and type (s1, s,
..., sx) and an Hadamard matriz of order 2t, then there is an OD(mt;ts,, tso, .
tsk).

.y
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PROOF.

Let H be an Hadamard matrix of order 2¢t. Let P, Py, Q1 and Q)2 be matrices of
Lemma 4. It follows from Lemma 3 that the circulant matrices {A4;}%., satisfy the
conditions of the Theorem 3. The result now follows from Theorem 3.

[ 567123412587143856678234 ]
756312124875431568786342
675231241758314685867423
123567587412856143234678
312756875124568431342786
231675758241685314423867
412587567123768324413586
124875756312687243134865
241758675231876432341658
587412123567324768586413
875124312756243687865134
758241231675432876658341
143856768324567123142857
431568687243756312421578
314685876432675231214785
856143324768123567857142
568431243687312756578421
685314432876231675785214
678234413586142857567123
786342134865421578756312
867423341658214785675231
234678586413857142123567
342786865134578421312756
| 423867658341785214231675 |

Table 1: 0D(24;3,3,3,3,3,3,3,3)
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r 7885516633221168855477445112236633244778 ]
5788531663211628554874457122316332647784
5578833166116225548844577223113326677844
8557863316162215488545774231123266378447
8855766331622114885557744311222663384477
1663378855885542211611223774454477866332
3166357885855482116212231744574778463326
3316655788554881162222311445777784433266
6331685578548851622123112457747844732663
6633188557488556221131122577448447726633
2211688554788551663333662774484477522113
2116285548578853166336623744874775421132
1162255488557883316666233448777754411322
1622154885855786331662336487747544713221
6221148855885576633123366877445447732211
8855422116166337885577448336622211344775
8554821162316635788574487366232113247754
5548811622331665578844877662331132277544
5488516221633168557848774623361322175447
4885562211663318855787744233663221154477
7744511223336627744878855166331122655884
7445712231366237448757885316631226158845
4457722311662334487755788331662261188455
4577423112623364877485578633162611284558
5774431122233668774488557663316112245588
1122377445774483366216633788555588411226
1223174457744873662331663578855884512261
2231144577448776623333166557888845522611
2311245774487746233663316855788455826112
3112257744877442336666331885574558861122
6633244778447752211311226558847885516633
6332647784477542113212261588455788531663
3326677844775441132222611884555578833166
3266378447754471322126112845588557863316
2663384477544773221161122455888855766331
4477866332221134477555884112261663378855
4778463326211324775458845122613166357885
7784433266113227754488455226113316655788
7844732663132217544784558261126331685578
L8447726633322115447745588611226633188557_

Table 2: OD(40;5,5,5,5,5,5,5,5)
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31735332862422444248655535178886842777173535171114268666
33173532286242644424875553512888684577717351711132686664
33317352228624864442417555354288868357771717111356866642
53331734222862486444251755538428886735777171113518666426
3533317242228ﬁ248644435175556842888173577711135176664268
73533316242228424864453517558684288717357711351716642686
17353338624222442486455351758868428771735713517116426866
28624223173533555351744424867771735888684242686663517111

Table 3: OD(56;7,7,7,7,7,7,7,7)
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type A A; As Ay

A, Ay As Ag
(3,3,3,3,3,3,3,3) || (a,b,¢) | (=b,a,d) |(—c,—d,a) | (=h,g,—Ff)
(87 fag) (—ga_h, 6) (—f7€7h) (“d1c’ "—b)
(2a2,27212:2’2’ 2) (aab;O) (a) _b>0) (6, f’ 0) (ev"fa 0)
(C) dv 0) (C, _'d7 0) (g’ h7 0) (97 "ha 0)

Table 4: Amicable sets for order 24 ODs in 8 variables each repeated an equal number
of times

type Ay A,
A; Ay
As Ag
Ay Ag

(5¢575a5,595a5) 5) (a'/ f} f,C,—C) (9, h) h»ea_e)
(—f’ a, a, ba _b) ('—dv €€, _h’7 h)
(67 d)da -9, g) (C,b, ba_aa a)
(—'bvcaca"fa f) (—hag)gydv —'d)

Table 5: Amicable sets for a Plotkin OD of order 40

Let A, B,C, D be a set of circulant matrices of type (sy, s2, 83, $4) and in variables
a,b,c,d. Let E, F,G, H be circulant matrices obtained from A, B, C, D by switching
atoe, bto f, ctog and d to h. If there is a matching between the sets {A, B,C, D}
and {E, F,G, H} in such a way that the set {A, B,C, D, E, F,G, H} is amicable, we
call the set {4, B,C,D, E, F,G, H} to be a special amicable set of circulant matrices
of type (s1, 81, 82, 82, 3, S3, 84, S4) and initial circulant matrices A, B, C, D.

Theorem 6 (The Second Multiplication Theorem)
If there is a special amicable set of circulant matrices of order n and type (s1,81,92,52,
S3,53,54,54), then there is an

OD(4TL(1 + p): 81, 82, 53, 34»17317193271333»1’54),
for each prime (power) p=3 (mod 4), orp=1.

PROOF.

Let A, B,C, D be the initial circulant matrices of order n for the special amicable
set of matrices. Then AA* + BB+ CC! + DD* = (s1a* + s9b% + s3¢ + 84d%)1,,, and
EE'+ FF '+ GG'+ HH' = (s1€% + 55 f2 + 839° + s4h?)I,,. Without loss of generality,
we can assume that the matching in the amicability condition is A with E, B with
F, C with G and D with H. It follows that, AA* + BB!+ CCt + DD! + p(EE® +
FF' 4+ GG + HHY) = (510% + s2b” + 83¢% + 54d® + p(51€% + 8212 + 839° + s4h®)) ..
Therefore the result, for the case that p is a prime (power) p =3 (mod 4) follows
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type Ay Ay
Ay Ay
As As
Az Ag
@LLLLLLY) (@,0,0,0,0,0,0) (,0,0,0,0,0,0)
(c,0,0,0,0,0,0) (4,0,0,0,0,0,0)
(e,0,0,0,0,0,0) (£,0,0,0,0,0,0)
(g,0,0,0,0,0,0) (h,0,0,0,0,0,0)
222222252 || (a90,0,0,0,0) (r, 7,0,0,0,0,0)
(a, —g,0,0,0,0,0) (h, ~£,0,0,0,0,0)
(e,¢,0,0,0,0,0) (d,,0,0,0,0,0)
(e, —¢,0,0,0,0,0) (d, ~b,0,0,0,0,0)
(3,3,3,3,3,3,3,3) | (a,9, —€,0,0,0,0) (h, f,~d,0,0,0,0)
(a,~g,0,¢,0,0,0) (h,—£,0,0,0,0,0)
(a,0,¢e,—¢,0,0,0) (h,0,d,—b,0,0,0)
(9,e,¢,0,0,0,0) (f,d,b,0,0,0,0)
(41474747474y41 4) (a,g,e,c,0,0,0) (h,f,d,b,O 0 0)
(a,—g,e,—¢,0,0,0) (h,—f,d,—b,0,0,0)
(a, g, —e,—¢,0,0,0) (h, f,—d, b 0,0,0)
(a,—g,—e,c,0,0,0) (h,~f,~d,b,0,0,0)
(5,5,5,5,5,5,5,5) (a,a,—a,g,0,9,0) (=f,—f,f,h0,h,0)
(_gy‘—g’gva»oaa?()) (h,h,—h,f,o, f:O)
(—e,—e,e,—¢,0,—c,0) (~b,—b,b,d,0,d,0)
(~¢,—c,¢,e,0,€,0) (—d,—d,d, —b,0,—b,0)
(7,7,7,7,7,7,7,7) (~a,a,a,g,a,€,c) (=f, fy fi=h, f,b,—d)
("9791.‘]5"‘1:970)_6) (_hahah7f7h>d:b)
(—6, €€, —Ce, —a, g) (—dv d7 da —ba da "‘h, f)
(—b,b,b,d,b,—f, —h) (~¢,¢,c e,¢,—g,—a)

Table 6: Amicable sets for order 56 ODs in 8 variables each repeated an equal number
of times
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type Ay A,
Ag A4
As As
Az As
(1a171:1)9a91979) (a,e,f,—f,——e) (—guq»g)g’g)
(_h'a h7 hy h’ h) (b7 fy—ea ea“f)
(""6, €,¢€,¢, 6) (C’ 9, h7 _ha "g)
(drhy—g;g7—h) (“f:f:f:f)f)
(2;27272}87 878’8) (CL, f: €, f» '-6) (C, h: 9, h, ‘“g)
(a'y ""f: —€, "'fﬂ 6) (Cv -'hy -9, '_h,g)
(dyga_h,gvh) (b,e,—f,e,f)
(d’ —g:h)—'gv*h) (b,*@, f)“'e)_f)
(2a 27 5a 57 5; 578a 8) (c)e?QV -9, 6) (b»dy h, h1 _d)
(a,c,g,g,—C) (dy f, hv—hyf)
(—a,e,g,g,—e) (—f,d, h$_h7d)
(—e,c,g,—g,c) (“bvfs h') h;,“f)

Table 7: Amicable sets for full non-Plotkin ODs of order 40

from Theorem 2 by taking A) = A, Ay = E, A3 =B, Ay =F, As =C, 4 = G,
A, = D and Ag = H. The case p =1 is a consequence of Theorem 1.

Applying Theorem 1, to the first set of special amicable matrices of Table 4 gives a
Plotkin OD(24;3, 3, 3, 3, 3, 3, 3, 3) presented in Table 2. In this and the following
tables, the variables are z, ..., zg but only the subscripts are shown. Further, if the
entry is —z; then 7 is shown in boldface.

Applying Theorem 1, to the special amicable matrices of Table 5 gives a Plotkin
0D(40;5,5, 5, 5, 5, 5, 5, 5) presented in Table 2.

Applying Theorem 5, to the circulant matrices 4; = circ(a, g, —g), 4s = circ(f, h, h),
Az = cire(e, 9, —9g), Ay = cire(—f, h, h), As = circ(e, g, g), As = cire(b, h,—h), A7 =
circ(—e, g,9), and Ag = cire(d, h, —h) together with a Paley Hadamard matrix of
order 12 gives an OD(144;86, 6, 6, 6, 12, 12, 48, 48). See

http://www.cs.uleth.ca/ "holzmann /research/plotkin/ for images and copies of this
orthogonal design.

Applying Theorem 1, to the amicable matrices of Table 6 gives the Plotkin O.D(56;7,
7,7,7,7,7,7, 7) presented in Table 3,

3 The Search

Although arrays of Theorems 1 and 5 requires only an amicable set of eight circulant
matrices, we concentrated our search for special amicable set of matrices. By feeding
an already known set of four circulant matrices A, B, C, and D of type (s1, 8q, 83, 84)
and of order 3, 5, 7, see the tables in [2], we constructed the sets E, F, G and H as
described earlier. We then did an extensive computer search for the special amicable
sets of matrices. The search turned up amicable matrices as listed in Table 4 for
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type Ay Ay
Ag A4
A5 Aﬁ
Ay Ag
(1,1,1,1,1,1,4,4) (a,0,0,0,0,0,0) (b,0,0,0,0,0,0)

(c,0,0,0,0,0,0)
(g)e; _gvo$ 0: O»O)
(91059»070,010)

0,0
(d,0,0,0,0,0,0)
(h,0,h,0,0,0,0)
(h, f,—h,0,0,0,0)

(1$17 1’1’27 2’2’ 2)

(a,0,0,0,0,0,0)
(¢,0,0,0,0,0,0)
(f? 6? 07 0707070)
(f,—€,0,0,0,0,0)

(v,0,0,0,0,0,0)

(d,0,0,0,0,0,0)

{(h,9,0,0,0,0,0)
(h7 -9, 07 0) 07 01 0)

(1,1,1,1,2,2,8,8)

(g1aa '—g)oa 03070)
(gv C, —970)0)030)
(9,€,9,0,0,0,0)
(97_6797010,030)

(h, f,1,0,0,0,0)
(h, "'fa h: O: 0: 0’ 0)
(h,b,—h,0,0,0,0)
(h,d, —h,0,0,0,0)

(1?17 1, 1‘3 47 4,47 4)

(a,0,0,0,0,0,0)
(¢,0,0,0,0,0,0)
(fafaea‘e,ovoyo)
(6,6,—f,f,0,0,0)

{6,0,0,0,0,0,0)
(d,0,0,0,0,0,0)
(g7 9, "'h') h, 07 0) 0)
(h,h,g9,—g,0,0,0)

{1,1,1,1,4,4,16, 16)

(9,0,9,0,9,0,9)
(9701 g9,a, _970, _g)
(g7e’ -9, Ov -9 e7g)

(97 €-9,¢9, ¢ "g)

(h‘v f7 _h‘: da h7 —fv _'h')
(ha fv —h,O, _h7 fr h')
(hv Oa h1 b: _h‘a 07 ”h)

(h7 0) ha 0, h, Oa h)

(1,1,1,1,5,5,5,5)

(a,0,0,0,0,0,0)
(¢,0,0,0,0,0,0)
(fs.fy _'fye5osea0)
(6, €, —¢, _f, 0’ —f7 0)

(v,0,0,0,0,0,0)
(d>07 0a0’0)070)
(gvgy -9 ‘h) 01 '—h10)
(hih) _h7gao)gyo)

(1,1,1,1,8,8,8,8)

(f,e,a,—e,~f,0,0)
(ha _gro’ -9 h,o, 0)
(f,e,0.¢, f,0,0)
('—hvg! da -9, h’70’0)

(h,9,0,9,h,0,0)
(-f7 €, ¢ —e,f,O, 0)
(h’ g)bv -9 _h’ 07 0)
(f7 "€>01 ) vaa 0)

(1,1,2,2,2,2,4,4)

(g’ a,—g, Ov 03 0) 0)
(9,0,9,0,0,0,0)
(d,¢,0,0,0,0,0)

(d,—c,0,0,0,0,0)

(7,0, 1,0,0,0,0)
(h,b,—h,0,0,0,0)
(f,€,0,0,0,0,0)
(f,—e,0,0,0,0,0)

(1: 1a 27 27 3» 37 63 6)

(e, 9,¢,0,0,0,0)
(e,9,~¢,0,0,0,0)
(h,b,~h,0,0,0,0)
(h,—f,h,0,0,0,0)

(f,h,d,0,0,0,0)
(faha _da 070a07 0)
(.97 -6 9, Oa 01 Oa O)
(Q,a, -9 0»0)0, 0)

Table 8: Amicable sets for ODs of order 56 (continued)
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type

(1’ 1)3’ 37 61 6)81 8)

(~g1g,g, 0, g,C,e)
(g> -9, ’—9707 -9,6 6)
(fab»"f70)0»0:0)
(f’ _dsva,OaOaO)

(~h, h,h,0,h,d, f)
(h,~h, —h,0,—h,d, f)
(8, - ¢, 07 07 0, 0)
(e,a, —e,0,0,0,0)

(1,1,4,4,4,4,4,4)

(¢,a,—¢,0,0,0,0)
(¢,0,¢,0,0,0,0)
(f’ fvey_e701 OaO)
(8567 —f,f,0,0,0)

(d,0,d,0,0,0,0)
(d,b,—d,0,0,0,0)
(ga g, _h') h‘a 07 0)0)
(ha h‘a 9,—9, Oa Oa 0)

(1’ 17 4)4) 57 51 5’ 5)

(C7a': —C, O’ 0707 0)
(¢,0,¢,0,0,0,0)
(fafa_fve)oveag)
(6, €, —¢e, _fy 0: _fa O)

(d,0,d,0,0,0,0)
(ds b> '—d: 03 07 0: 0)
(gy 9,—9, ‘h,O, "ha 0)
(ha h) _h79507 9, 0)

(2,2,2,2,4,4,4,4)

(a,¢,0,0,0,0,0)
(a,—¢,0,0,0,0,0)
(f: f:es _6707070)
(8,6, “f,f,O,O,O)

(6,d,0,0,0,0,0)
(b, —d,0,0,0,0,0)
(g’g1 "hv h7 07070)
(h'7 h‘v 9,—9, Oa O, 0)

(2,2,2,2,5,5,5,5)

(a,¢,0,0,0,0,0)
(a,—¢,0,0,0,0,0)
(6, €, —¢€, _fa 07 —’f7 D)
(f7f1—fve70ae,0)

(8,4,0,0,0,0,0)
(b,—4d,0,0,0,0,0)
(h’v h’v _ha 9, 07 9, 0)

(2,2,32,2,10, 10, 10, 10)

(f:fv_fae’a;e,o)
(f:f’_fye>_a)e’0)
(e,e,—e,—f,c,—£,0)
(e,e,—e,~f,—c,—f,0)

(g7 9, -9, _hu 0’ '_h'70)
(gvgv -9 _h: d7 _h) 0)
(g’g) -9 —h’ —d5 _h) 0)
(hs ha _hyg$ bag70)
(h7 ha "'hv g, —ba 970)

(2,2,3,3,4,4,6,6)

(67g707 -9 6701 0)

(67 g9,¢, 9, €, 0) 0)

(b,d, ~h,0,0,0,0)
(=b,d, —h,0,0,0,0)

(f,h,d, h,—f,0,0)
(f)h”o: _h7f>0’0)
(a,¢,—g,0,0,0,0)
(—a,¢,—¢,0,0,0,0)

(3,3,3,3,3,3,12,12)

(—g,g, 9)0’97 a, C)
(g» -4,—4,6 —g,a,O)
(g) -9,—9,7€, _g»o’ C)
(0,0,0, —¢,0,a,—c)

(—=h, h,h,0,h,b,d)
(hy=h,—h, f,—h,b,0)
(hy=h,—h,—f,—h,0,d)
(0,0,0,—£,0,b,—d)

(3,3,3,3,6,6,6,6)

(e,9,a,—g,¢,0,0)
(6, g.¢ 4, ¢ 07 0)
(d,—h,—f,0,b,0,0)
(d7 _h’ fa Oa "'b’ Ov 0)

(f,h,d,h,—f,0,0)
(f’h7b7 _h‘vf70,0)
(Ca —9:¢6 07 —a, 07 0)
(C: —g, €, 0: a, 0)0)

Table 9: Amicable sets for ODs of order 56 {continued)
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type Ay Ay
Az Ay
A5 A5
A7 AB
(3v3»4’476)678’8) (—g>g1970799a73) (—h?h:h>0»hvbvf)
(gs -9, —9,0, “gache) (h’s_ha_hvov_h?baf)
(~d, f, b, f,d,0,0) (c,e,0,—e,c,0,0)
(d» fy 07_f7d7 0’ 0) (—C,C, —a,e, C,O:O)
(4,4,4,4,5,5,5,5) (a,a,¢,—¢,0,0,0) (d,d,~b,0,0,0,0)
(e, ¢, —a,a,0,0,0) (b,b,d,—d,0,0,0)
(f70’ f7e7e1 ~_(370) (gvovgv "h,”h7h70)
(e’ove:_fv'—fvfao) (h'sovh/agyg$—g10)
(474:47458787878) (eveagv""gvbaa>0) (f: f: h,—h,d, C;O)
(6,8,9,—_9,—1),“(1,0) (fa f7 h:'“h:"‘d’ _670)
(e,—e,g,g,b,wa,()) (fv"'fa h,h,d, —-C,O)
(6, —-649,9, _b7ayo) (fa_fah»ha —d,C,O)
(4,4,4,4,10,10, 10, 10) (c, f,a, f,ee,—e) (d,h,b,h,9,9,—9)
(Q”fa a, _fv_ef_eae) (da_h)b’—h’—g:—ga g)
(C»ev"'a)e7_f’—fvf) (dv “97“b”g:h’a h’a_‘h)
(07 —€,—a,—¢, fv fa"f) (d1ga_b7gv~h1*hv h’)

Table 10: Amicable sets for ODs of order 56 (continued)

order 3, Table 5 for order 5 and Table 6 for order 7. The new orthogonal designs in
8 variables obtained in our search is listed as follow: For order 40 these are listed
in Table 7. (Refer to [5] for a complete list of new orthogonal designs of order 40
including all the remaining unresolved full orthogonal designs in three variables). For
order 56 these are listed in Tables 8 through 10.
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