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Abstract. We obtain new base sequences, that is four sequences of lengths m + p,
m + p, m, m, with p odd, which have zero auto correlation function which can be used
with Yang numbers and four disjoint complementary sequences (and matrices) with
zero non-periodic (periodic) auto correlation function to form longer sequences.

We give an altemate construction for T-sequences of length (4n + 3)}(2m + p)
where nis the length of a Yang nice sequence.

These results are then used in the Goethals-Seidel or (Seberry) Watlis-Whiteman
construction to determine eight possible decompositions into squares of {(4n+ 3} (2 m+
p) in terms of the decomposition into squares of 2 m + 1 when there are four suitable
sequences of lengths m + 1, m + 1, m, m and m, the order of four Williamson type
matrices. The new resulis thus obtained are tabulated giving OD(44; t,1,¢,1) for the
new orders t £{121, 135, 217, 221, 225, 231, 243, 245, 247, 253, 255, 259, 261, 265,
273,275, 279, 285, 287, 289, 295, 297, 299},

The Hadsmard matrix with greatest known excess for these new t is then listed.

1. Definitions and Introduction

We follow closely the work of Cohen [1], and Jenkins [4] and refer the reader to
those papers for moest definitions and constructions.

Four sequences of elements +1, —1 of lengths m + p, m + p, m, m, with p odd,
which have zero non-periodic auto correlation function are called base sequences.
In [1] base sequences are displayed for lengths m+ 1, m+ 1, m, m,form+ 1 ¢
{2,3,...,18,21, 24, 30}.

In Table 1 we give new base sequences for m =12, 13, 15, 16, 17, 18, 25
and p = 1. Scme of these are new in the sense that they correspond to new
decompositions into squares of 2m + 1.

If X and Y are Golay sequences of length m, {1, X}, {1, =X },{V},{Y} are
base sequences of lengths m + 1, m + 1, m, m. So base sequences exist for all
m = 2°10%26°, a, b, ¢ non-negative integers, p= 1 and m € {1, ..., 18, 20, 23,
25,29},
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Base sequences are crucial o Yang's [10], [11], [12] constructions for finding
Tonger T'-sequences of odd length.
Four (1,—1) sequences A = (X, U/, Y, V) where

X={z=1,12, T3,.0., Tm, —Tm,.-+, —T3, —T2, —T1 = =1},
U={w =1, u2, u3,..., im, —Ypy,..., —t3, —tg, 1},
Y={y, ¥, ... ¥m1, Um Um-1,..., ¥2, 91},

V={m, v2,..., Y;e1, Vm, Ym_1,.--, ¥2, V1},

which have zero non periodic auto correlation function and 8 m — 6 the sum of
two squares, or four {1, —1) sequences A = (X, U, Y, V), where

X={z =1, z2, 13,..., Tm, Tm+1, T, .-+, L3, T2, T1 = 1},
U={u1=1, uz, us,..., tim, Upms1, Y, ---, 43, vz, —1},
Y= {ﬂi; Vz,oroos Ymy —¥m,-.0y —H2, _'.Ul}l

V={v, v2,..e, Vmy —Vmyyeer, —¥3, —V1},

which have zero non periodic auto correlation function and 8 m + 2 the sum of
two squares will be called Turyn sequences of lengths n+ 1,n+ 1, n,n

Known Turyn sequences are given in [1]1 where the longer sequence is of length
2,3,4,5,6,7, 8, 13, 15. They cannot exist for 11, 12, 17 or 18 and a complete
machine search showed they do not exist for lengths 9, 10, 14 or 16. So the first
unresolved cases (and unrcsolved since 1976) are lengths 19, 20 and 21.

Length Sum of Squares Sequences
™m 2m+ 1
12 |25=52 W {—+++—t—t++r—++], {++ -t ——d—F++++}
[+ =ttt} (=t =t~}

() {—t++t++t—+++—+ =} {++—++—+—++++ -}

{+m——— kbt =t} (bbb et }
13 (27242432412 412 | () {——— 44—t ——tb—t+}, {———+++—tttt =+ =}
{#+=t+—t et s +} {F—Ft+—Frr—++ +}
@ {——+—+—++ -t} {+——Ft————++++ +}

[——F—F 44ttt =}, {+t—F++—+t+—++ +}

(i) {—++—t++4——— s+ =}, {F++t =t ———++ —+ -}
{——t+4+——tt—++ —} {+++++—+++—+— +}

(W {——+r——ttt——F—+ 4} {F—tttr———r——+ +}
[(—=F—F——4s+t+ —HFrr+rt—F+t—+—+}

Table 1: Base sequences of lengths m +1,m+1,m, m
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Length Sum of Squares Sequences
m 2m+ 1
13 [27=324324+32 (@) [————t+ =kttt =}, {4+ttt 44—}
{+4———t4F—F+— +} {+——F+—+—+—++ +}
() {+—++——— sttt -} {—F ==+ —F++ +}
{—+——tr++ttdt— —J{+——++t—+—+—++ +}
i {——++—+——+—F—++} -+ttt -+ +}
{4ttt +} {+——+ 4+t —+— +}
(V) {——+——t+———ts+ 4} [+++rr—r—r+—+—+}
{++t——tt b=+ +}, (=t —t——— +}
@ {—+——F+—ttt———trt} {F—F+t+r+——t+—+}
[—t——ttt—tttt =} {+———F—+++++— +}
i) {———+——F+++ —+ -+ 4} [t —F et —— e+t +}
{—4+—tt—drrt— —} {+=F—F———++++ +}
15 |31=52422+12+12% [sec(1)
15 [31=3243243242% | @ {———+-~++—+—++——++}
{+—t——b ettt +}
{t+————+t+—++—— +}
{+r—+—F—+tt——t++ +}
(i){———+—++—+—++——++}
{+—+——+——++++++++}
{++ =ttt —t——— +}
{t—+++—t+rt———t+ +}
16 [33=52+22+22 W{+—+++——F—+++—+++ -}
{+++—tr—tt+r———+— +}
{+———t+tsdr—t——+--}
{+—tt—tttt bttt ———}
(i) {+——+—+++—+++——++ +}
{++——+++—+—+++++— -}
{——t—t——d——t+t++ -}
{+—+—t——k——+++t+++}
16 [33=42 +42 412 sec [1], or
=4+t m—m ek —b— 4+ =}
{———+——+++—t++t = +}
{—tt—Ft ==t +—F++——}
{HH4+d+ ottt ——+—+}
16 |33=42+432422 422 ((J{—m——tt—t+t—tttr—+ =}
{——F++r—trt—tr—t+ +})
{++ =ttt ——t =+ +}

{—++++ 4t +4+ =}

Table I{cont.): Base sequences of lengths m+ 1, m+ 1, m,m
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Length Sum of Squares Sequences
m 2m+ 1
() {—+ —+++—+++ —++——— =}
{—=++++—+++—++—++ +}
{(+4 ~— == — ++ —+ —++ —+}
{++4+—+ -+ =+t +— —+}
(i) {——++——++—+—4+ =+ —+ +}
{(+——++—F+—+ =+ ++++ +}
{4+ ===+ 4+t —++—-=}
{+ =+ ————++++ —++++)}

17 [35=52+32+12 see [1],[7), or

Df{—++—++ -~ —%+ =+ =+ +—}
{+ =4+ 44+ =4+t +——+ ==}
[tH+++—— =t -+ —+—+}
(+~+—t———++t —F+++++}
({i){+++ —+—++ ——+ —++———+}
{——+4++ - — =ttt —++}
{444+ -tttk — 4~ +}
{+ =+ b — bk —r k)

17 [35=d42 432432412 (){———#++++ —++ — b —4+ 4}
{—=—++++ -+ ——+t+—+—++}
{++4+——4+ ———+ ——+ — +}
f+—+ -+t ——t+~F+r e+ +}

18 137=6%+1% D{++++————+ —+ =+ —+ ——+ +}
{+—+——F——+++—t+++—— -}
{+—=—4+++—++ -4+ +++—-+-}
{+++++ -4+t bt ——t++ ==}

18 [37=52+422422422) (D{——t —+4+———+—+ —+++++ +}

{+++ =4+ -4+ 4+t —++—+}
[—++++ ===+ —+—++——+-}
{t+——F ——tt— =+ ++ 4t}

18 [37=42+42 422412 ({4 +++—++ ——~—— =+ — =}
{+ — 4+ —— =4+ =+ —++—+ —+++ +}
{—++ =t ==ttt — =+ ——+=}
{+++r+t - —tt —Ft+ —+4)

25 [51=72+12 +12 (D{+++t+rtt ——db bk — =+ =+ —+}
{—+++t++d ——t+r——F+ ——t+ —+ =+ —+}
{+44++4++ —m——tt ——t+ -+ ——+ —+ — =}
{+ =4t — b mtF——d F————d 4+ =}

Table 1(cont.): Base sequences of lengths m+ 1, m+ 1, m, m
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2. Constructions and decompositions into squares

The results that we now give arise from a remarkable composition theorem due
to C.H. Yang [13] which has been announced.
Let XY, U, W be Turyn sequences of lengths v+ 1, n+ 1, n, n. The sequences
defined by
F=X/U G=Y/0, H=W/0, E=(1) (1

will be called Yang rice sequences (or Turyn normal sequences), Otherwise we
use the notation and definitions of [1].

Theorem 1. (Based on a Theorem of C.H, Yang): Let F, G, H, I be Yang nice
sequences of lengthd n+ 3 constructed from Turyn sequences as in(1), and A, B,
C, D be base sequences of lengths m+ p,m + p,m, m,{(t = 2m + p). Then the
sequences (), R, 5. T, given below, become 4-complementary sequences (that is
the sum of the non-periodic aufo-comelation functions is ) of lengths (4 n+ 3)1.

Q= (—BetAf'+Cqg +Dh)
R= (A’e+B);’+D§’—Gh’)
S=(~D'e-Cf+Ag'—Bh)
T=" (Cle—Df+Bg +Ah')

Furthermore if we define sequences

1 1 1 1
P = 5(Q+ R, P= E(Q_R)’ b= 5(S+ T, P4E(S_T)’

then these sequences become T -sequences of Iength (4 n+ 3)t,t =2m + p.

Theorem 2. Under the conditions stated in Theorem 1 the following sequences
can be used, as in Theorem 1, lo form disjoint T -sequences of fengths (4n +
3} (2Zm+p).

(Ae+Bf'+Cqg'+Dh")
(—B'e+Af'+Dg—Ch}
(—C'e—Df+Ag'+Bh)
(—D'e~-Cf—Bg+Ah')

Ml
[T

Turyn sequences of lenglths n+ 1, n+ 1, n,nexistforn < 7,n= 12 or
n = 14, hence we can construct Yang nice sequences for lengths (4 n + 3) and
50, from Theorems 1 and 2, 4-disjoint T'-sequences of lengths (4 n + 3)f where
t = 2m + pis the tength of base sequences can be constructed.

Theorem 3. Leta, b, ¢, d be the row sums of four suitable sequences, A, B,
C.Doflengthm+ 1, m+1,m,m, sothat2m+1=a> + 5 + & + d&*. Let
f. g, h, and i, be the row sums of four Turyn sequences of length 4w+ 3 so that
dn+3= 24 g2 + 42 + i®, Then using Yang’s method to multiply by 4n+ 3,
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as in Theorem 1, we get four disjoint T -sequences of lengths (4n+ 3)(2m + 1)
corresponding o one of the decompositions:

(4n+ 3} (2m+ 1) = (af — bg + ch + di)?> + (ag + bf — ci + dh)?

+ (6h— bi —cf —dg)? + (oi+ bh + cg — df)?
(4n+3)(2m+ 1) = (bf —ag+ch+ di}? + (bg + af — ci + dh)?

+ (bh—ai—cf —dg)? + (bi+ ah + cg — df)?
(4n+3)(2Zm+ 1) = (af —bg+ dh + ci)® + (ag + bf — di + ch)?

+ (ah — bi — df — cg)* + (ai + bh + dg — ¢cf)?
(4n+3N(2m+1) = (bf — ag+ dh + ci)? + (bg + af — di + ch)?

+ (bh—ei —df —eg)? + (bi+ ah + dg — ¢f)?

Corollary 4. Leta, b, c, d be the row sums of suilable sequences of lengthm+ 1,

m+1,m,m,sothat2m+ 1 = o® + B + & + d°, Then using Yang’s method to
multiply by 4 n+ 3, as in Theorem 1, we gel four disjoint T'-sequences of lengths
(4n+ 3)(2m + 1) corresponding to one of four decompositions indicated in
Table 2.

Theorem 5. Lela, b, ¢, d be the row sums of four suitable sequences, A, B, €,
Doflengthm+ 1,m+ 1, m, m, so that2m + 1 = o> + > + & + &*. Let f,
g, h, and 1, be the row sums of four Turyn sequcnces of length4n+ 3 so that
4n+3= f2 + g% + h? + {>. Then using Yang's method to multiply by dn+ 3,
as in theorem 2, we get four digjoint T -sequences of lengths (4n+ 3)N{2m + 1)
corresponding to one of the decompositions:

(4n+3)(2m+ 1) = (ag+ bf + ch+ di)? + (af — bg — ci + dh)*?

+(ah+bi—cg—df)? + (ai — bh+ cf — dg)?
(4n+ DN Q2m+ 1) = (bg+ of+ ch+di)? + (bf — g — ci + dh)?

+ (bh+ ai — cg — df}* + (bi — ah + cf — dg)*?
(4n+DQ2m+1) = (ag+ bf+dh+ci)? + (af — bg — di+ ch)?

+ (ah+ bi—dg—cf)? + (ai — bh + df — cg)*
(4n+3)(2m+ 1) = (bg+ af + dh + ci)? + (bf — ag — di + ch)®

+ (bh+ai—dg — cf)? + (bi — ah + df — cg)?

Corollary 6. Leta, b, ¢, d be the row sums of suitable sequences of lengthm + 1,
m+1,m,m,s0that2m+ 1 =a?+ b + 2 + d®. Then using Yang's method fo
multiply by 4 n+ 3, as in Theorem 2, we get four disjoint T -sequences of lengths
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(4n+ 3)(2m + 1) corresponding to one of four decompositions indicated in
Table 3.

Example: There are suitable sequences for m = 5 correspondingtoa = 1,5=1,
c= 3 and d = 0. These give sequences of lengths 121 corresponding to;

121 = 8% + 7% + 2% + 22 giving excess o( Higy) = 9196,

121 = 8% + 5% + 42 + 42 giving excess o Hiy) = 10164,
They also give sequences of lengths 165 corresponding to:

165 = 82 + 82 + 62 + 12 giving excess o Hego) = 15180,

165 = 10% + 62 + 5% + 27 giving excess o{ Heeo) = 15180.

These are examples of the method: the new sequences that arise from the de-

compositions and which lead to Hadamard matrices with maximum known excess
are given in Table 2 and 3 are listed in Tables 6 and 7. Full details are given in
a Technical Report (University College, ADFA, TR CS88/18) available from the
authors.
Remark: We note that it is only the numbers 4 n+ 3 which are the sum of four (and
not fewer) squares which actuafly lead to an inequivalent decomposition between
Yang’s construction and our modified construction (Theorem 2). However our
modification dees prove lo be important for obtaining maximum known excess.

We have exhibited the new T"-sequences in Tables 4 and 5 as they are possibly
inequivalent to previously known sequences.

t Sum of Squares Comment |KF Excess
Upper Bound
165[15 x 11 (82 +72+6%2+4% |y=15,m=15| 16936 |16500
28717 x 41 (112492 +924 2%y =7 m=20 38888  [35588t
299(23 x 13172 + 32 + 12 v=23,m=6] 41328 |40664t

Table 7: T-disjoint T-sequences giving Hadamard
matrices with maximum known excess
t new maximuin knowm excess

3. New excess results
We now use the new T-sequences, with the results of the previous section, as in
Hammer, Levingston and Seberry [3] or Jenkins et al. [4] to obtain Hadamard
matrices of order 4 with maximum known excess.

These are given in two tables: Table 6 corresponds to Yang’s construction and
Table 7 1o our new construction. We have more complete results for this section
in the Technical report available from the authors referred to above.
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4. Summary

The sequences constructed here can be combined with those of [1] and used to
obtain orthogonal designs OD(4¢;t,¢,¢,t) fort = 1,3,...,41,45,..., 65, 67,
69,75,77, 81, 85, 87,91, 93,95,99, 101, 105, 111, 115,. .., 125, 129, 133, 135,
141, ..., 147, 153, 155, 159, 161, 155, 169, 171, 175, 177, 183, 185, 187, 189,
195, 201, 203, 205, 207, 209, 217, 221, 225, 231, 235, 243, 245, 247, 253, 255,
259, 261, 265, 273, 275, 279, 285, 287, 289, 295, 297, 299,

Williamson matrices are used with these orthogonal designs to form Hadamard
matrices with the maximum known excess for order 4¢, ¢ = 141, 143, 153, 155,
165, 171, 175, 177, 185, 189, 195, 203, 205, 217, 221, 231, 235, 245, 247, 253,
255, 259, 261, 265, 273, 275, 279, 285, 287, 289, 295, 297, 299,

40+3 Decompositions

7 T2m+l) | G@a=b+2e+dP+(a+b-—c+UWP+Qa-b-c—dP+la+2b+c-dP
-+ +dP+ b ra—c+2UP+ (W —e-c-dP+ B +2a +c-dP
a-~b+2d eoi(a+b—d+2P+{2a—-b-d-cP+{a+ +d—¢¥
h-a++ecP+Bra-d+2P+ @b -a-d-cPrb+20+d-c¥

1 1NPm+1) | Qg -b+eP+{a+3 +dP2+{a -3 —dPF +{ +¢ - 3d)
Bb—a+cP+ b +3a+dP+ (-3 —diP+(@+c-3d)?
Ga-b+dP+@+W+cP+{a-3d-cP+{d +d -3}
b -a+dP+ (b +la+cP+(p-3d —cl+@+d-3c)

15 15C2m+l) | Ba-b+2 +dP+{a+W —c+2WP+{2m~b - —dP+{a+2 +c - WP
G —a+2 +dP 4+ +3a-c+ WP+ (-0 - -dF+(d +2a +c -3}
Ga-b+2d+cP+{a+3b—d+ 2P+ Qa-b-3-—cPrfa+2b+d-3c)
O —a+U P+ rla-d+ 2P+ (b -a-3—cP+{b +2a+d =3P

19 | 192m+1) | (Ga~b+3cP+(@+30 +MP+ Qe -3 -d¥+ (3 +¢c -3
-a+3cP+ (0 +3a+M)2+0b -3 —-dP+3a +¢c ~3dP
Ga-b+3dP+(@+3b+3cP+Ba-3d -cP+3b+d-%¥
(b —a+3dP+ (B +3a +3cP+ (3 -3 — e+ (30 +d -3}

23 22+ 1) | Ga-b+u +3P+a+30 — T + 2P+ (2 —W -3 —dP+Ba+2b +o - WP
Bb-a+2 +3dP+ (b +30-3c +2P+ b -3z -3¢ -dV+3b + 2z +¢ -3dP
Ga-b+M+3 +la 4+ - +2P+Ra-B-W -cP+Ba+26+d-3c)
Gb-a+M+XP+(b+3a-M+ 2V +2b-2a-3 -c)+(3b +2a +4d - 3P

27 | 22m+1) | Sa-brel+@+S0+dP+(@—5c—dP+(b +e-54P
Gb-a+cP+ (b +Sa+dP+® -5 -dP+{a+c-5dF
Ba-b+dP+(@+5b +eP+@-5-cP+{d+d-5pP
(50 ~a+dP+b +5a +cP+{b-5d-cP+{a+d - 5P

31 M2m + 1) | Se—b+2 +dP+(@+5b —c+ 2P+ (2 b - % —dP+{a+2b +c - 5dF
Sb-a+2k +dP+ (b +Sa-c+WP+ (b -0 -5c-dP+{d+2a+c-54¢
Ba b+ +e)l+{a+5b—d+2%P+(2a-b-5d-cFP+(a+2b+d 5P
Gb-a+2+cP+P+5a-d+ 2P+ @b -a-5d-cP+(db+2m+d - 5P

5 | 512m+1) | (Pa-b+eP+(@+M+dP+{a-Tc -dP+(b +e -1dY
(b —a+c)P+B+Ta+dP+p-Tc -dP +(a +¢c - 7d)F
Te-b+dP+{@+To+cP+(@-Md-cP+®+d-7cP
(b -a+dP+b +Ta+cP+B-Td-cP+i{a+d-Tc)

Table 2: Decomposition arising from Yang’s composition
(4n+3)(2m+ 1) where 2m + 1 = a? + b* + ¢* + & using Theorem 1.
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4m3

D prs

59(2m + 1)

Ca-b+3%P+@+T+3P+Qa-T-dP+Qb +¢ -1}
Tb-a+XPe@+Ta+MP+Bb-% - dF+ (30 +c -
Co-b+MP+{g+Th+%P+Ge =1 -cP+(3b +d =P
Qb-a+3dP+@+Ta+%N+Qb =W ~cP+(Ba+d=-%)

Table 2 (cont’d)

43

B —

11

15

19

7

k11

i1

T2m+1)

1{2m+1}

15(2m+1)

192m + 1)

23(2m + 1)

27m + 1)

31(2m + 1)

512m + 1)

592m + 1)

(@a+b+lc+vdPrla-b-c+2dP+ Qe +b—c—dP+(a -2 +c-d)
Grar+dP+—a-c+2dP+ (@b ra-c-dP+ -2 +c -4}
@+b+MecPr{a-b-d+%uPeCatb-d-cl+@-2+d-cf
Gra+2d et -a-d+uP+ B +a-d-cP+B -2 +d—c¥

@+ +cP+Ba-b+dP+{a—c-3dP+{-b+% -df
B+da+cP+0b-g+dP+(—c-MP+(a+3 -df
@+3b +dP+Ga-b+ePela—d-3P+(-b+3d-c)
(B3 +dP+Ob-avreleb-d-3P+{e+3d-c)

@+ +% +dP+0a-b-c+ 24P+ Qa+b—c 3P+ la~2b +3c - d)
Brla+% +dP+0Gb-a-c+2UP+ (@b +a—c -3V +lb-2a+% -d)
@+ +W+cPeQa-b-d+df+Qa+b-—d-3cP+ia-2b+3d-c)
Bria+WecP+Qb -0 -d+2V+( +a-d =3P eib-2a+3-c)

@+ +XP+3a-b+WP+(Ba—c - 3P+ (-3 +3 —d)?
B+l +XP+(3b-a+MdP+Bb-c-3WP+(3a+3k ~d)}
@+ +MP+0a-b+3cP+0Ba-d- %P+ +3¥ -c}
B+3a+MP+b—a+3P+3b —d—3P+(3a+ % -

@B+ + WP+ Ga b~ +2dP+ Qe+ —2 - HWP+ Oa - +3c —d)
Brla+2+ WP+ b -a-T + 2P+ @ +Ia—c-MWP+ B0 -2Za +3c - d)
@+ + W 43P+ -b-M +2P+Ra+3 -d -3cP+a—2b +3d - P
B+l +28 + %P +Bb-a-M+ 2P+ @b +3a-d -3cP+ b -20+3d-c}

@+Sh+cP+(Ga-b+dl+(e—c—3dP+(-b+5%-dp
G+5% +cP+(Sb-a+di+(p-c~5dP+(a+5-df
@+5b +dP+Ba-b+ePe(a~d-ScP+(b+5d-c)f
B+Sa+dP+Sb~a+cP+b-d-5%P+{a+5d-cP

@b+ +dP+(Sa-b-c+UP+Qa+d-c~MP+{@-2b + 5 -4}
BrSa+2k +dP+(5b —a—c+ WP+ +a-c-3dP+(b-20+5 ~4P
@St +2d +eP+(Sa-b-d+uP+(o+d-d-5%P+lio-2b+3d -}
B+Sa+Msefe(Sb-a-deiPe(B+a—d-%P+rd-2a+5-c)

@+ +cP+(a-b+dP+l@-c—HdP+(-b+7 ~d¥
B+l +cP+Ob—a+dP+ P —c ~TdP +(a +Tc -d)?
@+ +dP+(la-b+cPela~-d—TcP+(b+MU-c}
B+7a+dP+(b - +cP+ b -d-TeP+(~a+Md-cP

@+ +XF+Ta-b+MP +3a—c - 1P+ (30 +Tc - df
B+Ta+XP+{D—a+¥WP+0b—¢c - WP+ (3a+7 -dp
@+To+MdP+(Ta—-b +3%P+Ba—d -TcP+ (36 +Td -c)
G +Ta+MP+Tb—a+%P+ (30 —d-TcP+(3a+7d -¢)

Table 3: Decomposition arising from Yang’s composition
(4n+3){2m+ 1) where 2m + 1 = a? + b? + ¢ + d using Theorem 2.
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Sam of Squares

31

31

33

33

33

S22+ 12412

P+ 2

2422422

#4484 12

P L L

®

(i)

8y

@

(i)

(iii)

Sequences

see [1]

(i [100-10-1111-1010010y)
{0,-100-110-110110011)
[Ds101-100-1001001100)
{0-11010-10110)

(ii) 10010-1111-10-1001 ()

{
{O100-110-110110011}
{O0s101-100-1001001100}
{0-11010101 1045}

010-110110-10100}
11-1105-1-1 049}
001 1-101 1-1 04}

0-100-10010101-1}

— e —
—
!
[
-, T

Ol0-100110,1100100}
0-11-11-1-11-1-1 11111 0y)
1044 1047)
Oi-1010-1001-1100-1-101 1)

iy

see [1] or

{01101-110011-101-10)
{10010,1104-10010y4)
[06-10010-10,1010,)
{011010-1-1-11-10-101 1-1)

{01-10011-1111-1110010)
{0151105-1101}
{01010-10-110-101010,)
(-101010100-101010-10,3)

[0-100111-1111-111-10s}
[0-110,111)
{(110-10-10,1010-110}
{0010101-1-11010-1 0y}

{(4-1010-111-11-110101 1}
{0410-10106;,10100)

{00 1-1-1-1-1 111 1-1 1 1 Oy}
{1-1 01211045}

Table 4

: new T-sequences of length ¢
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Sum of Squares

S_equem

35

35

37

37

37

52+ 32 +12 see [1, 7], or

@

(i)

#+3432412 | @)

6 + 12 )

24+224+22422 | (D)

42422412 | @)

{101031-1-1-111-111010 1 0y)
{010110-1-11101-1010-1}
{071-1010010,100-10-10}
{01010 1010}

{10101-1-1-111-1110101 0y}
{0101-101-1-110110-101)
{0;7-1-10100-10,1001010)
[010130-10-10}

(10100-1010-10100101 0,3}
{0-10-110-1010101101 0}
{O-1-1011101-11010}
{09 105-11-1-11105101)

(10011001001001100-10,)
{0g1010-10-1-1101-11010-100)
(0 1010-10-105-10-1011}
{0-1-1001-101-101100-11 O}

Op1-1010-10;10101101}
031100-10101-11010-100-10}
01001-1-101-10-111001 0y)
10-1-103100-1051 1010y}

1101-1-10110-1110-110y)

0010;-16010,10010)
510100-1100-100-1100100}
s-10-1-100-110110011011}

[ N =

Table 4{cont.): new T-sequences of length ¢
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4n+d

(dn+ 30
Sum of Squares

_Saqm

11

11

11

19

PB=FP+24+224 00

SS=+2 12442

=62+ 4+ 484+ 32

=+ P+02+ P

P+ 8+ Pe?

57T=7+2+22+ 0

{10s10100010100010-10001 04100}
{0 110105 10¢1 05 1-10:10)
{0,1-1000-10-100010-10001010, 1-1000)
{000-10g1 05 105104101}

{E20,—t-101-101101-10110-1105110,10,}
[0011-10,-105 10y 1 05 1 1 0~1-1 0§}
{0r-1-110—1-10-1 105 110-3 1051 10 1-1 0y 1-1 1 s}
{05-1-10,0 1 0y 1 0y-1 07 11 05 1-1)

[11-10010,-1-1101050,11-101010,11-10-10
—10;11-100-1 05 1 0g)
[00011010,p-10-10,,1010;E010, 1~10-F 04 1
-1-1000)

{O-1-10-1 0-1-1 101 0-E0; 1 1-10-10-10,11-101 0
10 11 0-105 1 0}
{0-2-1100-10,1010,1010,-101011-100-1
051 0-1)

(-l010; 101051051 051051010;100)
f0-105110,1 00,1-10,1-10,110, 1051 03

{0y 1 0-110 1-1 Og-1-1 01-1 0y 1 1 0, 1-1 05 1 0 1 O3}
(04 10,-1 Os-1 0 1 Oy 1 Os-1 Og 1 Dy-1}

{(-1-101-105 1 10g-1-10; 110, 1 10, 1104110 1-1
05 14Q,)

[00-10, 1 1-104-1 1-1 6, 1-1 E0; 1-1 L 0y 1 1-1 0 1 041
~100)

{05 110-110,1-110-1-110-1-110;11-107 1-11 0
1101-10)

{0: 1 0,-1-10y=1-10g 1 L 0y 1 1 Oy-1—E Oy 1 Og k—1}

{10-1010,1010,10-10;-1010,1010,101041
0-10,10100)

{01 10,1051 05-10s—1 05 105105 105 1-1 0,-1 0)
(D411 Oy-2 -1 05 10105 1 0-10, 101010105101
03 1010, 1t 04

{0105 1051 051051 051 05 1051 04 101}

Table 5: Possibly inequivalent T-sequences of length (4n+ 3)¢
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£ST

3(€ +u ) PFuol Jo soouonbes-1, wereambour AqIssod :(3u03)s qEL

{ftrorHroiroLY
001SDTINIDTI VT VLIDT-S010I- 011"
1011 ER TN 0 EDI-T-01 1D

1 1% 10 1170 50 1 1-"0 1-1-0 1-1-"0 1-1 "0 10 1 *0)
Pr-OIvI1DII0It00 -0 L0 1~
IR0 101 1 % 10}
[GorI10T0I 0TI~
VIVIOTOIN00TIHNININISOTIDI0-)
o1 %

0TI 0IS0T19T-0 015011 %1% 1-%)
I-TI0TDI0INIOIOIVI-*I0I-%0T0D
FOIDIDIVI-0I0I-DI01%0101-%01-1-")

lot-*o1-1%1
VINIVINVINDI-DIDIVIF0I%T-0110]
(001N IDOTQIVINI-0OLWIVTI0DTIOT-
DIV O1IYTCIDI0T0I01I0TI 01501}

{1-%0 1% 1-%0 1 %0 1-50 150 1 0 1 50 %0 1-50 10 1 "0}
Forortpr-1%

T T 011 *01 1-'01 1-*0-1 "01-1 "01-1-*01-1 *0t—0 1 0}
o1’
FIITOILD IO 10T I I{-"00 1% 10)
foo19r

OIS1NI0IDLI- 1010010101

(11101 1%1 %1% 1-%1 %1 %) 1-1-%}
SIT-ENt-TO0T IS 0T 1% I-t01-1-

;Z"';E +;f+zs=£6

L+t S+ 9=18

dZrdtE+ =69

€T




Sum of Squares

t Comenent KF** Excess
Upper Bound

141 | 3x47 | 112+ 424+ 27 y=3, m=23 13380 12408+
143 | 11x13 | P+ P+6+ 3 y=11,m=6 13676 131564
153 | 9x17 [ 12242242241 | ymO mug 15108 146881
155 | 531 | 122+ 3+ 12+ {y=5m=15 15404 148804
165 | 11x15 | 82+ 72+ 62 + 42 y=1l,m=7 16936 16500
171 | 9x19 | 132412+ 12 y=9m=9 17380 17784
171 | 199 | 132412407 y=19,m=4 17880 17784
171 | 199 | 112452 +424+3 [ y=19, m=4 17880 17784
175 | 35 | 13 +24124+12 [ y=5m=17 18496 182004
177 | 593 | 9+ 82 +42+ 42 y=59,m=1 18808 17700
185 | 5x37 | 133+ 42 y=5m=18 20002 192404
189 | 2199 | P+62+62+ 6 y=2l,m=4 20756 20412
195 | 15x13 | R+ 7P+ 2+ 47 y=15.m=6 21780 21060
203 | ™29 | P+9+524+ 42 y=7, m=14 23108 21924
205 [ 5dl | 14242242241 | y=5m=20 23452 229604
27 |31 | P+ + 82+ 6 y="7,m=15 25544 25172
221 FIXI3 { 1P+ P +6+6 | y=11,m=6 26264 25636
231 | 121 | 1524+ 224+ 12+ 12 | y=11,m=10 28064 27720
235 | 5x47 | P+ P+ 8+ 3 y=5m=23 28784 272601
45 | 135 | P+8+8+6 y=7,m=17 30636 30380t
247 {1913 | P+ P+ P+ 6 y=19m=6 31020 30628
253 { 11x23 | 10+ P+ 6+ 6 | y=1l,m=11 32180 31372t
253 | 23x11 | 1P+ 8+ 8+5 | y=23,m=5 32180 31372%
255 | 15x17 | 112472+ P24+ 62 | y=15,ma8g 32572 31620¢
255 | 1517 [ 10+ P +7P+5 | y=15m=8 32572 316204
259 | m37 |12+ 8+ P+5 | y=T.m=18 33332 32116t
259 | D37 | ¥+ 92+ 9P+ 42 y=7,m=18 33332 321164
261 | 929 | 10+ 1H0P+&+5 | yx9,m=14 33708 323641
261 | 929 | 10+ P+82+4 | y=9,m=14 33708 323644
265 | 53 | 122+ 7P+ 62+ 6 | y=5im=2 34476 32860%
273 [ 1321 | 168+ +2242 | y=13,m=10 36036 345443
275 | 1125 | P +9P+ 824+ 7 y=1l, m=12 36432 36300¢
29 | 319 | 132 +7+6+5 | y=31, m=4 37240 34506+
219 | 3@ | 12+100+P+R | y=N . m=4 37240 34596+
285 | 1509 | 112+ 82+ 8%2+6 | y=15m=9 18472 37620t
285 | 1519 | 102+ WP+ P+ 8 | y=15m=9 38472 37620¢
27 [ Dl | 12+1124624 3 | y= T, m=20 38888 35588+
289 | 17 | 172 y=17, m=3 39304 39304%1
25 | 559 [ 1P+24+124+12 | y=5m=29 40512 40120%
297 | 127 | 17+ 2+ 22 y=11l,m=13 40920 403924
297 | 309 172422422 y=33,m=4 40920 40392+

t new maximum known excess
** see Kounias and Farmakis [6]

Table 6: 4-disjoint T-sequences giving Hadamard

matrices with maximum known cxcess
* means the matrix constructed has maximal excess
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