Abstract.

Keywords:

CONTENTS

3. k-out-of-n

Acknowledgments References n n n n. k k,

.

n^n n

Zero and One

ence.

Return-to-Zero or Four-Phase Zero Zero

A code I,C I C I length C is size

C x weight w(x). I x, x ⊆ I I into { } x I { }

I,C delay-insensitive when (A x,y : x∈ C ⁄\ y∈ C ⁄\ x ⊆ y : x =y

C x and y with x ⊆ y x x or y y\x x

I independently.

I,C subcode I,D C D

The complement I,C I,C C C I\x x∈ C } . (complement) When I I\x x I,C I,C)

x ⊆ y ≡ y ⊆ x (2.1)

The concatenation I,C J ,D I∩ J I∪ J ,CD CD

CD x∪ y x∈ C^{⁄\} y∈ D } . (concatenation)

n n and n n n>

R = n logM

r =n − logM where n M ≤R≤1 ≤r ≤n

3 k-OUT-OF- n A n k k = x y then x equals y x and y

k-out-of-n n choose k = n!⁄(k n− k w(x)=k k = k =n− k-out-of-n n− k)-out-of-n code.

maximal k-out-of-n z n k-out-of-n k w(z)>k w(z)<k z n n-out-of-2n n>1. optimal

(n div 2)-out-of-n Sperner codes choose 10=184,756.

n! ∼ n^n e^{− n} 2πn

2n choose n = (n!)^2

(2n)! ∼ πn 2^{2n} . (3.1)

2n

n 1⁄2logn +^1⁄2logπ⁄2 . (3.2)

Let I P I P I P , ⊆ Comparability x and y, x∈ P and y∈ P x li y:

x li y ≡ x ⊆ y \⁄ y ⊆ (comparable) I,C C P antichain (A x,y : x∈ C ⁄\ y∈ C ⁄\ x≠y : ¬ (x li y

L, L ⊆ P chain (in

(A x,y : x∈ L ⁄\ y∈ L : x li y) . (chain) Furthermore, L line L

Define Lines Cone(x x, for x∈ P : Cone(x) L∈ Lines x∈ L } . (cone)

V #V w(x #x if x∈ P n, m m by n =#I , m =n div m =n− (3.3) I m-out-of-n and m-out-of-n n choose m. n. n+ ∅ and I n ∅ and I n #Lines =n! . (3.4) Cone(x x∈ P ∅ and x in w(x x and I n− w(x have #Cone(x) = w(x n− w(x))! = #Lines⁄(n (x)) . (3.5) Cone(∅ )=Cone(I)=Lines c c =( : x∈ P : #Cone(x)) . (3.6)

c =#Lines⁄(n choose m)=m!m! . (3.7) x m or m:

(#Cone(x)=c) ≡ (w(x)=m \⁄ w(x)=m) . (3.8)

L Cone(x Cone(y x and y L P ¬ (x li y) => Cone(x)∩ Cone(y) . (3.9)

Let C n choose m elements. #C counting } ( : x∈ C

(3.6) } ( : x∈ C : #Cone(x)⁄c)

distribution } ( : x∈ C : #Cone(x))⁄c C } # (∪ x : x∈ C : Cone(x))⁄c x∈ C: Cone(x)⊆ Lines } #Lines⁄c

(3.7) } n choose

I,C I

C I,C

( : x∈ C =( : x∈ C : #Cone(x))⁄c

calculus } (A x : x∈ C : #Cone(x)=c

(3.8) } (A x : x∈ C : w(x)=m^{\⁄} w(x)=m) . (3.10) I m or m

# (∪ x : x∈ C : Cone(x))=#Lines Cone(x)⊆ Lines } Lines ⊆ (∪ x : x∈ C : Cone(x)) } (A L : L∈ Lines E x : x∈ C : L∈ Cone(x))) . Cone(x) } (A L : L∈ Lines E x : x∈ C : x∈ L } (E k ≤k≤n A x : x∈ P : x∈ A ≡ w(x)=k)) . (3.12) I k. I m m I.

y C k w(y).

(A x : x∈ P^{⁄\} w(x)=k : x∈ C w(y\x k-out-of-n (y\x)= x and y x =y∈ C. (y\x)> y\x i∈ y\x x and y x\y is j∈ x\y z and x′by z =x∪{ i} and x z\{ j} x ⊆ z and x z w(z)=k+ w(x′)=k y\x′ x y\(z\{ j})

j y j∈ x\y } y\z z } y\(x∪{ i}) } (y\x)\{i} .

Because i∈ y\x w(y\x′)=w(y\x)− x′ x′∈C. L through z and x x li z L intersects C. L C z x′∈C z and C z and x Therefore, L intersects C in x x k, k C k x∈ C.

k-out-ofn codes.

Let E m n, n≥m E E systematic d, E(d d s k, k =n− m E(d)=d: s d and s the data and synchronization

separable

sync d d: sync(d

sync. sync m generated by sync length m sync(d)=d m m m sync m

sync m k sync C sync n =m+k.

Let x and y m

x: sync(x)⊆ y: sync(y) => x: sync(x)=y: sync(y x and y } x ⊆ y^{⁄\} sync(x)⊆ sync(y) => x =y^{⁄\} sync(x)=sync(y)

sync } x ⊆ y^{⁄\} sync(x)⊆ sync(y) => x =y } x ⊆ y ⁄\ x≠y => ¬ (sync(x)⊆ sync(y => { } x ⊆ y ⁄\ x≠y => sync(x)≠sync(y) .

C sync images.

m+ sync m+

2^k≥m+ C sync(d)=d (isomorphic sync

n k k sync

sync(d)=d sync by sync(d)= the k w(d d k (Berger w(d m+ a k x and y x: sync(x)⊆ y: sync(y) x and y } x ⊆ y ⁄\ sync(x)⊆ sync(y) => { sync } x ⊆ y^{⁄\} w(x)≤w(y) } x ⊆ y^{⁄\} w(x)≥w(y) } x = d: s s =sync(d s d. m 2^n m+1=2^k

2^m =2^{n− k} =2^n ⁄(m+1)≥ 2^n ⁄ (4.5) m =2^{k− 1 m}≥2^n ⁄2n k n length. m = k = choose 9=

m =2^k− self-complementary

x m balanced when w(x)=m div d m x: y x: y x x z x d x: y: z z half. m m+ m, m≤ m+ m = when m

k 2k⁄πk m+ n =m+2k

2^m =2^{n− 2k} = (m+1) πk

2^n ≥ n πk

2^n (5.1)

logn +^1⁄2 n +^1⁄2logπ⁄2 . (5.2)

(length n n→∞ )

One-Hot n − logn 0 Double-Rail n⁄ n +^1⁄2 n +^1⁄2logπ⁄ n 1 1⁄2logn +^1⁄2logπ⁄

encoding.

Acknowledgments.

References

1133-1141

m-out-of-n

lands