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Jordan 4 x 4 Difference Set

[®] Graph (4, 4) V 3/03/34, Thu Mar 3 16:07:56 199
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Zg X Zg Difference Set
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Partial Spreads

Partial Spreads

(JFD 74) 1GI=4N?
Hy, Ho, ..., Hy< G
|H'| l = 2N; |H|ﬂH] | =1.

D=X(H;-1) is a Hadamard DS

e.9.N=2; G=Z4, x Z,
"Jordan" DS

N=3; G=26 X Z6 or 83 X 83
x=0; y=0; y=x

N=2"1.G=2,2M= L2, L=F,m

Lines thru origin in AG(2,2™)
(WMK) Exp many inequiv DS
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Hadamard difference sets

(v, k, A)=(4N2, 2N2-N, N>-N)

N=1 (v, k, A)=(4, 1, 0)
Trivial

N=2 (v, k, A)=(16, 6, 2)
14 groups; Z4g, D1g ¢ H
3 inequivalent designs
2-ranks 6,7,8;all regular
Jordan "miracle”

N=3 (v, k, A)=(36, 15, 6)
14 groups; 9 in #H
9 inequivalent designs
all self-dual (VMB)
(Kibler(75): all(!) DS k<20)
N=4 (v, k, A)=(64, 28, 12)
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Hadamard Groups of order 64
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Hadamard Groups of order 64
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Hadamard Groups of order 64
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Hadamard Groups of order 64
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Hadamard Groups of order 64

17.

Boovoer THerem. H, 4, e
H oSG, Gethi, Hink=1
Then G e‘ﬂ .

(‘R'&?p Lot b; ha c{|@m,s+m Hi.
Debre DE G=HH: by
=k

Then W5+ D= (5108 b1
= pF¥ vt )
= O [Hs| D
= WO H
B |- 1
=16l gg.

Qoo
J. F. Dillon Some REALLY Beautiful Hadamard Matrices




Hadamard Groups of order 64
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Hadamard Groups of order 64
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The Conjecture is

Apr 9 12:43 1997 standard input Page 1
Art Drisko proved the combinatorial
THEOREM. Any (2n-1) X n array with no repeats in any row has a transversal;
1

i.e. there are n distinct entries no two in the same row or column.

. Dillon’s 1 conj is TRUE! i.e.

COROLLARY. If a group G of order 2°m acts by automorphisms on an elementary
abelian group E Of order 2°m, then there exists a bijection

pi: E —> G
such that {e*(pi(e)): e in E } = E.
COROLLARY. Let G be a group of invertible 2°m x 2°m matrices over F_2 and
let M be the 2°m x 2°m array whose rows ( resp columns ) are
indexed by the elements of G ( resp. V = (F_2)"m ) and whose

(g,v)"th entry is gv.
Then M has a transversal.

COROLLARY. Every group of order 4°m which has a normal elementary abelian
ubgroup of order 2°m has a ( Hadamard ) difference set.

What a great result!...it’l1l be fun to think up other applications!

cheers,
jed
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Hadamard Groups of order 64
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Turyn Zg X Zg difference set

[¢] D (8,1,1,1,8) V223734, Thu Feb 24 16:51:34 1994

4 5
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ds Hadamard matrix

Turyn Zg X Zg

.,-#
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1 L%‘F* \V\

oA

[®] D (64, 28, 12, 28, 64) V 2123194, Thu Feb 24 17:27:37 1994
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ds Hadamard matrix

Turyn Zg X Zg

2117194, Wed Feb 23 10:28:38 1994 |

2,28,64) V
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JFD Generalization

"

(JFD 87) G=H x H,

H=Zps+1={0,1,2, ..., 25*1-1}
*H—{1,-1},f*(x+25%)=-f*(x)
[L:H—H, [T(2")=2"t", todd

D={(x,y): *(I1(x)y)=-1}isa DS

fixed by -1.

Exp many inequiv DS in G

e.g. f(x)="high order bit" of x

s=2 coincides with RJT
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JED Z1g X Z1¢ difference set

[¢! D (16, 1,1,1,16) V 2/23/94, Thu Feb 24 18:24:14 1994
I

|
|
e
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JED Z16 X Z]_ﬁ Hadamard

56, 120, 256) V 2123794, Thu Feb 24 17:56:34 1994
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JED Z16 X Zl6 Hadamard

o] D (256,120, 56, 120, 256) V 2/23/134, Thu Feb
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Hadamard Groups of order 64
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Hadamard Groups of order 64
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M64 Hadamard matrix
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Hadamard Groups of order 256

27 |
soox ciee V0.3 Yo Sep 10 1530 20:00:38  STORAGE 200000
tibray spate;

} ZESULC” found s fuss/local/sxc/cayley/ceyliva spa2se/spsase
A chviEx Lbrary for the groups of exder 256
vezston 1.0 Dace of release Hy 1985
s "
Eipistnant of Mathemstics

Marquette University
biluaukes, WI 53233
s

his 10

sracy contuins cescriztions for tne grows of order 256, T
o be usec to calculate
e

Tnstitute of Advanced Stud

contents:
The oresy contatne fiies
Tor o

s hau:
2t at most 6. Thece Fiies are ciiled CSac

A procecure, GENRAT,

is also supplied with the librery.
quic:

10 OF RON.
0.420 secouné
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Hadamard Groups of order 256

27 |
soox ciee V0.3 Yo Sep 10 1530 20:00:38  STORAGE 200000
tibray spate;

} ZESULC” found s fuss/local/sxc/cayley/ceyliva spa2se/spsase
A chviEx Lbrary for the groups of exder 256
vezston 1.0 Dace of release Hy 1985
s "
Eipistnant of Mathemstics

Marquette University
biluaukes, WI 53233
s

his 10

sracy contuins cescriztions for tne grows of order 256, T
o be usec to calculate
e

Tnstitute of Advanced Stud

contents:
The oresy contatne fiies
Tor o

s hau:
2t at most 6. Thece Fiies are ciiled CSac

A procecure, GENRAT,

is also supplied with the librery.
quic:

10 OF RON.
0.420 secouné

56092 groups
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Hadamard Groups of order 256

2p |

sow/oIx cazEr  v3.7.3 Mon Sep 10 1550 20:00:38  STORAGE 200000
1ibrary gps2ss

Linrary medule found es /usz/local/sze/cayley/caylibs/qps2s6/qpsiss
A CAYLEY 1ibrary for the groups of order 256

verston 1.0 Date of relesse ay 1983
£.A. osrier

Dopertuent of Mathematics

Marquette University

biluaukes, WI 53233

s

his 10

srary contuins cescriztions for tne grovws of order 256, T
e v calculate a stendazd

4 mioczs
Tiat the x

These commands.

The Library was initiall:

Institute of Advanced St

contents.

s e i
from 2 to st mose 6. These files are calicd ceeecs,

A procedure, GENAAT, is also supplied with the library.
quic:

10 OF RON.
0.420 secouné

56092 groups

Al Schwartz started this project but world-changing events
intervened! :(




Hadamard Groups of order

2p |

Mon Sep 10 1950 20:00:38  STORAGE 200000

s¢/Local/sxc/cayley/caylibs /qps256/ 59256
A CAYLEY 1ibrary for the groups of order 256

verston 1.0 Date of relesse ay 1983

o, GENANT, is also suslied with the library.

10 OF RON.
0.420 secouné

56092 groups

Al Schwartz started this project but world-changing events
intervened! :(

Fewer than 5000 groups left after analogous tests! :)
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N=5 (v, k, 1)=(100, 45, 20)
(8 April 92) DS found in
Gg = (Z5 X Z5) Xlp Z4

Ken Smith, Dick Stafford, Bob
Morris, Ted Shorter, JFD

Counterexample to
Conjecture(Storer):
Nonabelian DS=Abelian DS.
(RLM: "No abelian DS!")

(Shorter)16 inequivalent DS,
4 pairs not self-dual;
(CAYLEY) |IAut(I')I=100
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Gy = 7.2 <17 Z: the saga

CHRONOLOGY

OCTOBER 91 The players:
JFD, Dick Stafford, Steve Schibell, Bob Morris ( R51)
Ken Smith, Central Michigan U.
Mike Boyle (P1 working with JFD)

THERE ARE 16 GROUPS OF ORDER 100:
4 ABELIAN AND 12 NONABELIAN

McFarland ruled out abelian case...... only 12 left!

NOVEMBER 91
Theorems of JFD, RJT, RLM eliminate 5 .....only 7 left!

DECEMBER 91 Progress slowing down;
JFD & VMB eliminate one more.....only 6 left!
Focus is on G9;KWS has good idea; does clever
reduction to make computer search feasible.
Holidays and other duties intervene.

JANUARY 92 RMS gives status report at Baltimore;
expresses optimism at G9 prospects;
other duties intervene.

MARCH 92 Bob Morris resurrects his work and does more
computing to make testing more manageable;has brilliant
idea to enlist "new kid" Ted Shorter to make final assault.

8 APRIL 92 Ted writes ingenius C-program which manipu-
lates Morris data and churns out zillions of "answers".

JFD verifies difference sets with CAYLEY.
12 APRIL 92 KWS & VMB announce results at Lehigh.
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Go Hadamard matrix

[e] D (100, 45, 20, 45, 100) V 3/03/94, Fri Mar 421:33:44 1994
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DD and Jacobi-like Sums

Theorem 4.1. Let G := GF(2™)* and suppose k is an integer relatively prime to m.
Define the function Fy : G — C by

2k 41
x(F) = % Vyed.

Then:
(i) Fr = (=1)% for some balanced function f : GF(2™) — GF(2) with f¢(0) = 0;

(it) fr s a perfect function, i.e. the binary sequence {fi(w')} of period 2™ — 1,

where w is primitive in GF(2™), has ideal autocorrelation;
(iii) the 2™ x 2™ matriz F = [Fi(zy)] is Hadamard;

(iv) the set Dy = {g € G: fr(g) = 1} is a cyclic difference set with Singer parame-

ters.
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DD and Jacobi-like Sums

Theorem 4.1. Let G := GF(2™)* and suppose k is an integer relatively prime to m.
Define the function Fy : G — C by

2k 41
x(F) = % Vyed.

Then:
(i) Fr = (=1)% for some balanced function f : GF(2™) — GF(2) with f¢(0) = 0;

(it) fr s a perfect function, i.e. the binary sequence {fi(w')} of period 2™ — 1,

where w is primitive in GF(2™), has ideal autocorrelation;
(iii) the 2™ x 2™ matriz F = [Fi(zy)] is Hadamard;

(iv) the set Dy = {g € G: fr(g) = 1} is a cyclic difference set with Singer parame-

ters.

Neeraj Kashyap proved this in his Master's thesis at UMBC
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DD and Jacobi-like Sums

Theorem 4.1. Let G := GF(2™)* and suppose k is an integer relatively prime to m.
Define the function Fy : G — C by

2k 41
x(F) = % Vyed.

Then:
(i) Fr = (=1)% for some balanced function f : GF(2™) — GF(2) with f¢(0) = 0;

(it) fr s a perfect function, i.e. the binary sequence {fi(w')} of period 2™ — 1,

where w is primitive in GF(2™), has ideal autocorrelation;
(iii) the 2™ x 2™ matriz F = [Fi(zy)] is Hadamard;

(iv) the set Dy = {g € G: fr(g) = 1} is a cyclic difference set with Singer parame-

ters.

Neeraj Kashyap proved this in his Master's thesis at UMBC
p = 2 case of more general results of Arasu, Player, and JFD
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Even More Bent Functions via Hadamard Equivalence

Theorem 2.0.1 (Fourier Equivalence) Let f : K = GF(2) be a balanced Boolean func-
tion, with corresponding real valued function F = (=1)f. Given an integer e such that
ged(e, 2™ — 1) =1, define v : K* = GF(2) as

lorg) = {f(z‘ey) a0,

0 otherwise.

with corresponding real valued function V = (—1)*. Then v is bent if and only if there exists
a Boolean function b : K — GF(2) with corresponding real valued function H = (-1)* such
that F(z¢) = H(z). In this case, the dual bent function of v is given by

,Udual(x’y) — {h(Iy_%) ny 36 0)

0 otherwise.
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Some REALLY Beautiful Hadamard Matrices

Thanks to Al Schwartz for the REALLY beautiful matrices! :)
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Some REALLY Beautiful Hadamard Matrices

Thanks to Al Schwartz for the REALLY beautiful matrices! :)

=== ==
Happy Birthda ay, Warwick! :)
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