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Elements of B are called blocks.

B= ([Z]) is a trivial design.
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Examples

» t = 1. Partitions.

» t = 2. Fano plane.

A Steiner system is a t-design with A =1 and t > 2.
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Parameter

Let B be a t-(v, k, \) design. Then for any subsets /,J C [v] with
INnd=0,\ll+J] <t,

(vf\IHJI)
= k—|1
#{BeB:1cBJcBy= 1"
(e—e)
For t-(v, k, \) design B,
> 1Bl =A(0)/(5);
» Bis a (t — 1)-design.
> the complementary design B = {B: B € B} is a t-design.
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Fisher type lower bound

Ronald Fisher. |B| > v for 2-designs.
A. Ja. Petrenjuk. |B| > () for 4-designs.

Dijen K. Ray-Chaudhuri & Richard M. Wilson. |B| > (¥) for
2s-designs.
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M has full row rank.
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Tight 2s-design

A tight 2s-design is a 2s-design with |B| = (V).
A nontrivial tight 2s-design is a tight 2s-design with v > k + s.

Assume v > 2k.
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Intersection numbers

For a tight 2s-(v, k, \) design, zeros of the following polynomial
are intersection numbers.

o.(x) = g(_l)f (7") (k(g (.5 (x)




Hermite polynomials

Ho(x) =1, Hi(x) = x, and Hp11(x) = xHp(x) — nHp—1(x)
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v

s > 5. Eiichi Bannai. Finitely many for each s.
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A thirteen degree polynomial

fk, v) =

—3408102864 + 150633331242 +974873344x% — 48899814440 + 6232358448 — 3300568410 + 6553612 19310049028 — 15063333124y —
473308588842 — 1049746688k3 v — 1015706784k% v + 14669944324 v + 51160499240 v — 24920433647 v — 4981056048 + 1654784049 v +
1744896410, — 303216411y — 16384x12, — 11097146016v2 + 4733985888k + 692244136042 2 203141356832 — 1428764528k .2 —
1534814976472 4 200662720402 + 19924224072 — 21567744482 — 8724480k9.2 4 7864324102 1 983044112 1 7281931941, —
504756801643 — 404487307242, + 412538336433 + 1856507696k%.3 + 2435420164°,3 — 203538048k0,3 — 13016064473 +
1719475283 — 327680k%3 — 2530524 10,3 — 27554737324 13929166288k * 41497511456k, % — 115517043243 * — 58205585644 +
183266304k5,% + 58253568k0,% — 16432128474 — 110246448, + 36864049 * + 544006980,° — 1450281552k/> + 2875047242, +
469164960k3/° — 703849645 — 59703552k% .5 + 6536960k0.° + 20505604" VO — 32832048, — 18760932,8 + 20302324840 —
127930016420 — 589175684310 + 270502244416 + 12587524>.0 — 1642240k0.0 1 182784470 — 14780538.7 — 2451307267 +
275608164217 — 2875616k3.7 — 22061924417 + 608880k> 7 — 61184457 + 2061306,8 — 764688k, — 15825604218 4 772608438 —
143664c%8 + 10752458 — 191952,9 + 20347269 — 52816429 + 752063.9 — 640k*.9 + 972,10 — 235240, 10 4+ 33642,10 1 45,11
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v

s > 5. Eiichi Bannai. Finitely many for each s.
» s = 4. Eiichi Bannai. Finitely many.
5 <5< 9. Peter Dukes, Jesse Short-Gershman. None.

v



(v—k—s)/(k—s+1)(k—s)

b= (v — 25+ 1)3/2



(v—k—s)/(k—s+1)(k—s)

8=
(v —2s+41)3/2

Bo
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v

s > 5. Eiichi Bannai. Finitely many for each s.

v

s = 4. Eiichi Bannai. Finitely many.
5 < s < 9. Peter Dukes, Jesse Short-Gershman. None.
s = 4. Ziqing Xiang. None.

v
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Zeros

2 23
- ket oo (249 +86v6 + \/171312 + 70918\/6> +0o(1)
1 _ 4

v =

8

g(v,k)eZ

9
lim g(v.k) = 155 (6522+2808\f6— \/ 56993328 + 24204417%)

v, k—00 1



Classification of tight 2s-designs

» s = 2. Hikoe Enomoto. Noboru lto. Ryuzaburo Noda.
Andrew Bremner. Et al. Witt 4-(23,7,1). Witt 4-(23, 16, 52).

» s = 3. Cheryl Peterson. None.

» s > 5. Eiichi Bannai. Finitely many for each s.

» s = 4. Eiichi Bannai. Finitely many.

» 5 < s < 9. Peter Dukes, Jesse Short-Gershman. None.
> s =4. Ziging Xiang. None.

s>10. 7

v



Thanks for your attention.



