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Assume C': n x n matrix with entries in {0, +1}.
C=C", CJ=0, ColI=0, C*=nl—-J
D= BO+Bl +BQ+Bg, where

By=CoCxC

Bi=—-I®JxC
By=—-C®I®J
By3=—J®C®I

D (Bo+B1+BQ+B3) —Tl] J.
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D= B0—|—B1 +B2—|—B3, where
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Bi=—-1®JC
B=-(C®I®J
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D? = (By + By + By + By)?
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B = (w1 + 1) (22 + y2) (x5 + y3)
B = —x1ys(w3 + ys)
Bi = —(x1 + y1)x2y3
Bi = —y1 (2 + y2) 23

sum = T122x3 + Y1Y23
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Bi = —(x1 + y1)x2y3
Bi = —y1 (2 + y2) 23

sum = T122x3 + Y1Y23

D* = B + B} + Bj + B;
=nl@nl@nl+ (—-J)® (=J)® (=J).
=n*l —J.
= 3C(n* +1).
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B = (w1 + 1) (22 + y2) (x5 + y3)
B = —x1ys(w3 + ys)
Bi = —(x1 + y1)x2y3
Bi = —y1 (2 + y2) 23

sum = T122x3 + Y1Y23

D? = Bj + B} + B; + B;
=nl@nl@nl+(—J)®(=J)® (=J).
=n*l —J.

— 3C(n*+1).

Seberry (1969) found analogous construction for
C(n°+1),C(n" +1).
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B = (w1 + 1) (22 + y2) (x5 + y3)
B = —x1ys(w3 + ys)
Bi = —(x1 + y1)x2y3
Bi = —y1 (2 + y2) 23

sum = T122x3 + Y1Y23

D* = B + B} + Bj + B;
=nl@nl@nl+ (—-J)® (=J)® (=J).
=n*l —J.
= 3C(n* +1).

Seberry (1969) found analogous construction for
C(n°+1),C(n" +1).
Different method by Belevitch (1950) for C'(n? + 1).



Turyn (1971)

d symmetric conference matrix of order n + 1
— 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.

Akihiro Munemasa Turyn's construction



Turyn (1971)

d symmetric conference matrix of order n + 1
— 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.

Assume

C=C", Col=0, CJ=0, C*=nl—-J

D=C®---&C

Akihiro Munemasa Turyn's construction



Turyn (1971)

3 symmetric conference matrix of order n + 1
—> 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.

k= 3:
CelCxC
D= RALAL satisfies DJ=Dol=0,
O eIeJ D?* =n31 — J.
—JRCRI

= 0 1 . .
— W = 1T plt symmetric conference matrix.
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Turyn (1971)

3 symmetric conference matrix of order n + 1
— 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.

Assume

C=C", Col=0 CJ=0, C*=nl—-1J

D=C®---®C
—Z replace some C' ® C' with I ® J
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Turyn (1971)

3 symmetric conference matrix of order n + 1
— 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.
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3 symmetric conference matrix of order n + 1
—> 3 symmetric conference matrix of order n* + 1
for any odd positive integer k.
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C=C", ColI=0, CJ=0, C*=nl—-1J

D=C®---®C
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Turyn (1971)

d symmetric conference matrix of order n + 1
—> 3 symmetric conference matrix of order n* 4 1
for any odd positive integer k.

Assume

C=C", Col=0, CJ=0, C*=nl—-J

D=C®---@C
(k—1)/2
— Z replace t C' ® C's with I ® J's

t=1

Summands are disjoint, orthogonal D? = n*I — J?
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D=C®---&C
—Z replace t C' ® C's with I ® J's

D’=C*®--@C?
— Z(replace t C®C's with I ® J's)?
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D=C®---&C
—Z replace t C'® C's with I ® J's

DP=C*®--@C?
— Z(replace t C®C's with [ ® J's)?

DP=(nl—J)®- & (nl—.J)
— ) “replace t (nl —J) & (nI — J)'s with I @ n.J's
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D*=C*®--©C?
— Z(replace t C®C's with I ® J's)?

DP=(nl—-J)® @ nl—J)
- Zreplacet (nl —J)® (nl — J)'swith I @nJ's

DP*=ml—-J)® & (nl—J)
- Zreplacet (nl —J)® (nl —J)'swith n/ @ J's
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DP=(nl—-J)® @ nl—J)
- Zreplacet (nl —J)® (nl —J)'swith I @ nJ's

DP=nl—-J)® & nl—J)
- Zreplacet (nl —J)® (nl —J)'swith nl ® J's

DP=(nl—J)® @ nl—J)
(k—1)/2
- (—1)'replace t (nI — J) @ (nI — J)'s with nl @ (—=J)'s
=1

ri=nl, y=-—J
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(x1+y1) ® - @ (g + yg)
(k—1)/2

Z 1)'replace t (z; + vi) ® (Tip1 + Yig1)'s With 7; @ yiyq's
=1

:(El-..xk_i_yl...yk
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(x1+y1) ® - @ (g + yg)
(k—1)/2

Z 1)'replace t (z; + vi) ® (Tip1 + Yig1)'s With 7; @ yiyq's
=1

:(El...xk_i_yl...yk

This is a consequence of the inclusion-exclusion, or more
generally, the Mobius inversion.
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Inclusion-Exclusion

f+A— M, M: abelian group.

Al,...,AkCA.
k
SN ==Y Y f).
aclUr_, A; t=1 IT|=t ae;eq Ai
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Inclusion-Exclusion

f+A— M, M: abelian group.

Al,...,AkCA.
k
oot ==Y Y .
aclUr, A; t=1 IT|=t ae;eq Ai
If f=1:A— Z, then
k k
|UA1,| = _Z(_l)t Z | ﬂAz|
i=1 t=1 |T|=t €T
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A weighing matrix of order n and weight w, denoted W (n, w),
is a (0,41) matrix W satisfying WW T = wl.

Let k£ be odd.

AW +1Lw) (i=1,...,k) = IW(nny---ng + 1, w).

Originally formulated by Craigen (1992).
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