
a b c d

a

b

c

d



1





Representation

Affinity Measures

Immune Algorithms

AIS

Solution

Application Domain

•

•

•

2



!

!

x ∈ [0, !]

x
!

n

Rn

x =
(x1, x2, . . . , xn)
y = (y1, y2, . . . , yn)

D(x,y) =

√√√√
n∑

j=1

(xj − yj)2.



Bε(x) ε
x

Bε(x) = {y |D(x,y) < ε },

D̃(x,y) =

{
1 : y ∈ Bε(x)
0 : y #∈ Bε(x)

x

ε

ΣL L
Σ

Σ = {0, 1}

000 . . .000
000 . . .001

111 . . .111︸ ︷︷ ︸
L

Σ = {A, C, G, T}

AAA . . . AAA
AAA . . . AAC
. . . . . . . . . . . .
. . . . . . . . . . . .

TTT . . . TTT︸ ︷︷ ︸
L

L

e ∈ ΣL

e = (e1, e2, . . . , eL) d ∈ ΣL

d = (d1, d2, . . . , dL) r
p ei =

di i = p, . . . , p + r − 1 p ≤ L− r + 1

r



L v

g
v P
g(v)

v C
C

C C
P

v′ ∈ C

ρ

ρ

ρ

C

g(v)
P

1. P
ΣL

2. v ∈ P g(v)
C

3. v′ ∈ C

4. g(v′); g(v′) > g(v)
v v′

5.



G N
n

M

1. B
2.
2.1

B N
2.2 n B

2.3 n

2.4 n
M

2.5 M
M

2.6 b
B

3

N

ΣL S ⊂ ΣL

N ⊂ ΣL

N = ΣL \ S

ΣL = S ∪N and S ∩N = ∅.

S
D

1. S
ΣL

2. D
S

3. δ ⊆ ΣL

D δ
δ δ



r

dc

D := D ∪ {dc}

00000

00001

dc

01011 10010

01100 10100

01110 11100

S

δ ⊆ {0, 1}L

L = 5

r = 3

10000 10010 11110 00110 . . . 11111 11001 10101

Np

x ∈ ΣL Σ
Σ = {0, 1}

X = (x1, . . . ,xNp)
ΣLNp

X

ΣLNp

M M = |Σ|LNp

t Xt

M

X0, X1, X2, . . .

Xt t →∞
vt M

Xt

j vt,j = P (Xt = j)

j t

k t + 1 j
t t

t + 1
t

P (Xt+1 = k) =
M∑

j=1

P (Xt+1 = k|Xt = j)P (Xt = j);

vt+1,k =
M∑

j=1

vt,j Pjk,

Pjk = P (Xt+1 = k|Xt = j)
j k



t

Pjk = P (X1 = k|X0 = j).

Xt

t Pjk

vt+1 = vt P,

P = (Pjk)
M×M

vt = v0 Pt,

Pt t →
∞ j

Pjk = 0 k #= j

j

P (Xt = j for some t ≥ 1|X0 = j) = 1,

t → ∞



P

fT

T
T L

fT =
1

L2

[
a∑

n=1

L−1∑

m=b

(1− ρ)m+1−n−kρk +

a∑

n=1

n(1− ρ)L+1−n−kρk

]

,

a
b

k

0 T ρ

0 ≤ T ≤ 2L − 1
a ≤ b ≤ L 0 ≤ ρ ≤ 1

ρ = 0.5

ρ = 0.5

ρ



0 < ρ < 1

0 < ρ < 1

fT > 0 (1 − ρ) > 0 ρ > 0
0 < ρ < 1

ρ

j
p = Pjj < 1

Pjk(n) j, k
Pn

∞∑

n=0

Pjj(n) =
∞∑

n=0

pn =
1

1− p
< ∞

j

j k
j k

k

K
P

P =




1 0

R Q



 ,

1 K×K Q

Qt → 0 t → ∞

j p = Pjj = 1

0 < ρ < 1 ρ



Pt =




1 0

Rt Qt





Rt

Q R

Qt → 0 t →∞ P

P∞ =




1 0

R∞ 0





v0

t →∞

t → ∞

tmax 1012



r

r r > 32

k

k NP
k > 2

{0, 1}L

r

n S F
S r

r
S

S
F

r L

1− px

(r + 1− rx)q
·

1

xL+1

p = q =
1

2
x = 1+qpr+(r+1)(qpr)2+. . .

r L

r

PWF = 1−

(
1− px

(r + 1− rx)q
·

1

xL+1

)
.

r

3

r

r ≥ L/2

1 ≤ r ≤ L



Pfail

{0, 1}L

{D0, D, S} ⊆ {0, 1}L

|D0| =

|D| =

|S| = S

PWF =

P¬S =

{0, 1}L S

= (1− PWF )|S| ≈ e−PWF ·|S|

Pfail = |D|

= (1− PWF )|D| ≈ e−PWF ·|D|

|D0| |S| PWF

|D|
S

|D| = |D0| · P¬S .

|D|
Pfail

|D| = −
ln(Pfail)

PWF
.

(5.12) (5.13)

|D0| =
− ln(Pfail)

PWF · P¬S

|D0|

Pfail |D|

|D0|

800600400200

50000

40000

30000

20000

10000

0
1000

|S|

|D0|

|S|
|D0| L = 49, r = 12
Pfail = 0.1

(ePW F ·|S| ·
(− ln(Pfail)/PWF ))

|S|

|S|

r
k

L, r |S|
r

k

φ ∧ ∨
·̄ → ↔

x1, x2, . . .

φ



x x
k

k k

0 ≡ 1 ≡
1

k

k φrcb

L k φrcb (L − k + 1)
C1, C2, . . . , CL−k+1 1 ≤ k ≤ L k−1

Ci, Ci+1 i = 1, 2, . . . , L− k

C1 = (x1 ∨ x2 ∨ . . . ∨ xk)

C2 = (x2 ∨ x3 ∨ . . . ∨ xk+1)

CL−k+1 = (xL−k+1 ∨ xL−k+2 ∨ . . . ∨ xL).

r
{0, 1}L

L S r

S L k

b ∈ {0, 1} L(b)

L(b) →

{
x b = 0
x

x, x

k, L ∈ N k ≤ L s ∈ {0, 1}L

s[i] i s
C(s, k) L k

C(s, k) →

(L(s[1]) ∨ L(s[2]) ∨ . . . ∨ L(s[k])) ∧

(L(s[2]) ∨ L(s[3]) ∨ . . . ∨ L(s[k + 1])) ∧

(L(s[L− k + 1]) ∨ . . . ∨ L(s[L])) .

L k C(s, k)
s ∈ S φrcb∧|S|

i=1 φ
i
rcb

C(s1, k) ∧ C(s2, k) ∧ . . . ∧ C(s|S|, k)

|S| ≥ 1 si ∈ S, i = 1, . . . , |S| φ̂rcb

|S| = 1 φrcb ≡ φ̂rcb

{0, 1}L

S ⊂ {0, 1}L D ⊂ {0, 1}L

r
S

φ̂rcb

C(s, r) s ∈ S
D

s1 ∈ S C(s1, k)
L k k := r L(·)

{0, 1}L \F1 ∗
1 0

F1 = {s1[1, . . . , r] ∗ ∗ . . . ∗︸ ︷︷ ︸
l−r

,

∗ s1[2, . . . , r + 1] ∗ ∗ . . . ∗︸ ︷︷ ︸
l−r−1

,

∗ ∗ . . . ∗︸ ︷︷ ︸
l−r

s1[l − r + 1, . . . , l]}.

si = s2, s3, . . . , s|S|

C(si, k) φ̂rcb = φ1
rcb ∧

φ2
rcb ∧ . . . ∧ φ|S|

rcb

{0, 1}L \ (F1 ∪ F2 ∪ . . . ∪ F|S|) r
D

si[1, . . . , r], si[2, . . . , r + 1], . . . , si[L − r +

1, . . . , L] i = 1, 2, . . . , |S| φ̂rcb

{0, 1}L\(F1∪F2∪
. . . ∪ F|S|) = D



r

S r
C(s, r)

φ̂rcb

!

Ci Cj x
Ci

Cj x x ∈ Ci x ∈ Cj

Ci Cj C′
i ∪ C′

j C′
i := Ci \ {x}

C′
j := Cj \ {x} (x1 ∨ x3)

(x1 ∨ x2) (x1 ∨ x2 ∨ x3)

S
{110, 000, 010, 001} r = 2

φ̂rcb

φ̂rcb = (x1 ∨ x2) ∧ (x2 ∨ x3) ∧

(x1 ∨ x2) ∧ (x2 ∨ x3) ∧

(x1 ∨ x2) ∧ (x2 ∨ x3) ∧

(x1 ∨ x2) ∧ (x2 ∨ x3)

φ̂rcb

! φ̂rcb

(x1 ∨ x2) (x2 ∨ x3)

(x1 ∨ x3) (x2 ∨ x3)

(x1 ∨ x2) (x1 ∨ x2)

x2

(x1 ∨ x2)(x1 ∨ x2)

x2

!

! φ̂rcb

vbl(C)
C {x ∈ V |x ∈ C x ∈ C} V

C φrcb

C φrcb C

Γφrcb
(C) := {C′ ∈ φrcb |C′ #= C

vbl(C) ∩ vbl(C′) #= ∅}

S
L s ∈ S

s[1, . . . , r], s[2, . . . , r+
1], . . . , s[L− r+1, . . . , L] R

|S| <
2r e−1 + 1

2r − 1

s ∈ S
φi

rcb L k C(s, r)



k φ̂rcb = φ1
rcb ∧

φ2
rcb ∧ . . . ∧ φ|S|

rcb Cj
i i

φj
rcb, 1 ≤ j ≤ |S| Cj

i

2 (r − 1) φj
rcb

(2 (r − 1) + 1) · (|S| − 1)

φ1
rcb, φ

2
rcb, . . . , φ

j−1
rcb , φj+1

rcb , . . . , φ|S|
rcb

|S| · (2r− 1)− 1

|ΓF (C)| ≤ 2k−2, k ∈ N

C k F F

|S| · (2r − 1)− 1 ≤ 2r−2 < 2r/e

L k

r
Ω(2k)

Ω(2k)

s ∈ S
(l − r) s ∈ S

O(|S| · 2k)
k

f f

3
O(1.473n)

n
O(1.3302n)

k = 4, 5, 6

k



φ1
rcb = (x1∨x2∨...∨xr)∧(x2∨x3∨...∨xr+1)∧...∧(xi∨xi+1∨...∨xi+r+1)∧...∧(xL−r+1∨xL−r+2∨...∨xL)

φ2
rcb = (x1∨x2∨...∨xr)∧(x2∨x3∨...∨xr+1)∧...∧(xi∨xi+1∨...∨xi+r+1)∧...∧(xL−r+1∨xL−r+2∨...∨xL)

φj
rcb = (x1∨x2∨...∨xr)∧(x2∨x3∨...∨xr+1)∧...∧

Cj
i︷ ︸︸ ︷

(xi∨xi+1∨...∨xi+r+1)︸ ︷︷ ︸
|Γ

φ
j
rcb

(Cj
i )|= 2(r−1)

∧...∧(xL−r+1∨xL−r+2∨...∨xL)

φ
|S|
rcb = (x1∨x2∨...∨xr)∧(x2∨x3∨...∨xr+1)∧...∧(xi∨xi+1∨...∨xi+r+1)∧...∧(xL−r+1∨xL−r+2∨...∨xL)

Cj
i 2 (r − 1) φj

rcb r − 1 r − 1
(2 (r − 1) + 1) · (|S| − 1)

φ1
rcb, φ

2
rcb, . . . , φ

j−1
rcb , φj+1

rcb , . . . , φ|S|
rcb

NP

4



π
π









∼

k


