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0 1

Ω = {e1, e2, . . . , en} n

P (Ω) Ω p : P (Ω) →
[0, 1] E ⊆ Ω

Ω

0 ≤ p ({ei}) ≤ 1 for 1 ≤ i ≤ n

∑n
i=1 p ({ei}) = 1

∀E ⊆ Ω : p (E) =
∑

e∈E p ({ei})

p ({}) = 0

(Ω, p)

n

1/n

(Ω, p)



p (Ω) = 1

0 ≤ p (E) ≤ 1 ∀E ⊆ Ω

∀E,F ⊆ Ω E ∩ F = ∅, p (E ∪ F ) = p (E) + p (F )

∀E,F ⊆ Ω E ∩ F 	= ∅, p (E ∪ F ) = p (E) + p (F )− p (E ∪ F )

E F

E F

p (E|F )

p (E|F ) =
p (E ∩ F )

p (F )
.

E F p (E|F ) = p (E)

p (E ∩ F ) = p (E) p (F )

E F G

p (E|F ∩G) = p (E|G)

E F p (E) 	= 0 p (F ) 	= 0

p (E|F ) =
p (F |E) p (E)

p (F )
.

(Ω, p) X

Ω X X

X = x {e ∈ Ω|X (e) = x}
p (X = x) x X

X X

p (X) X Y Ω

p (x) p (X = x)



p (X = x, Y = y) X Y

p (X = x) =
∑
y

p (X = x, Y = y) ,

p (X = x) =
∑
y

p (X = x|Y = y) p (Y = y) .

p (X = x)

X p (X = x, Y = y)

n X1, . . . , Xn Ω

p (x1, . . . , xn) = p (xn|xn−1, xn−2, . . . , x1)× . . .× p (x2|x1)× p (x1) .

x

x F

FX (x) = p (X ≤ x) .

X fX (x)



p (a ≤ X ≤ b) =

∫ b

a
fx (x) dx.

p (a) =
∫ a
a fx (x) dx = 0 x

fX (x) ≥ 0 ∀x
∫ +∞
−∞ fx (x) dx = 1

FX (x) = p (X ≤ x) ,

x F

[0, 1] x FX (x)

X x FX (x)

fX (x)

FX (x) =

∫ t=x

t=−∞
fX (t) dt,

t

fX (x) =
dFX (x)

dx

X Y

Ω x X y Y X = x Y = y



p (X = x|Y = y) = p (X = x) X Y

I (X,Y ) Z p (z) 	= 0

X = x Y = y Z = z p (X = x|Y = y ∩ Z = z) =

p (X = x|Z = z) X Y Z

I (X,Y |Z)

E [X] =
∑

x · p (X = x)

E [X] =

∫
x · f (x) dx

X

X



V [X] =
∑

x2p (X = x)− E [X] .

V [X] = E
[
X2

]− (E [X])2

σX =
√

V [X]

X Y

Cov (X,Y )

Cov (X,Y ) = E [(X − E [X]) (Y − E [Y ])] = E [XY ]− E [X]E [Y ] .

X

Y

X Y ρ (X,Y )

X Y

ρ (X,Y ) =
Cov (X,Y )

V [X]V [Y ]
.

−1 +1 0

0



μ σ2

0

k n

N K

X

p (X = k) =

(
K
k

)(
N−K
n−k

)
(
N
n

) .

(0, n+K −N) ≤ k ≤ (K,n)



f (x|μ, σ) = 1

σ
√
2π

e−
(x−μ)2

2σ2

μ σ

σ2

μ = 0 σ = 1

N (0, 1) N
(
μ, σ2

)
X μ σ2 X ∼

N
(
μ, σ2

)

x < μ x > μ

x = μ

f



p (Y |X) Y X

p (Y |X) Y

X = {X1, . . . , Xd}
Y ∈ {0, 1}



p (Y = 1|X) = g
(
θTX

)
,

g (z) =
1

1 + e−z

θTX = θ0 +

d∑
i=1

θiXi.

g (z) 1 p (Y = 0|X)

1− p (Y = 1|X)

(
p (Y = 1|X)

1− p (Y = 1|X)

)
=

g
(
θTX

)
1− g (θTX)

= θTX.

θ

xij i i = 1, 2, . . . , p j = 1, 2, . . . , n

K Ck nk

k i k

i k x̄ik =
∑

j∈Ck
xij/nk

x̄i =
∑n

j=1
xij/n



dik =
x̄ik − x̄i

mk · (si + s0)
,

s2i =
1

n−K

∑
k

∑
j∈Ck

(xik − x̄ik)
2,

mk =
√

1/nk − 1/n s0 si

dik k

i

x̄ik = x̄i +mk (si + s0) dik,

dik d′ik

x̄′ik = x̄i +mk (si + s0) d
′
ik.

d′ik = sign (dik) (|dik| −Δ)+ ,

t+ = t t > 0 Δ

Δ

x� =
{
x�1, x

�
2, . . . , x

�
p

}



k

δk (x
�) =

p∑
i=1

(x�i − x̄′ik)
2

(si + s0)
2 − 2 πk,

πk = nk/n k

t δt (x
�)

O = {o1, o2, . . . , on}
U = {u1, u2, . . . , um}

T = {tij}n×m tij

uj oi

G (O,U,E) E = {eij : oi ∈ O, uj ∈ U}

A = {aij}n×m aij = 1 uj oi aij = 0



sij =

∑n
l=1 alialj

{k (ui) , k (uj)} ,

k (ui) ui (ui − oj)

aij = 0 vij

vij =

∑m
l=1,l �=i sliajl∑m
l=1,l �=i sli

.

vij

ui

k

k



r

uj oi

p

rij =
p

o− kj
.

uj−oi r

eP (L) eR (L)

L ui Di ui di (L)

L di (L)/L di (L)/Di

P (L)

R (L)



Prand (L) Rrand (L)

ui Di

P i
rand (L) = Di/(o−ki) ≈ Di/o

Prand (L) = D/ou

D

L L·Di/(o−ki) ≈ L·Di/o Rrand (L) = L/o

eP (L) =
P (L)

Prand (L)
= P (L) · ou

D
,

eR (L) =
R (L)

Rrand (L)
= R (L) · o

L
,

h (L)

ui uj

hij (L) = 1− qij (L)

L
,

qij (L) L

0 1



I (L)

oj k(j)/m

Ij = 2 (
m/k(j)) L ui

Ii (L)

I (L)
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EPIGENETIC MECHANISMS
are affected by these factors and processes: 

Development (in utero, childhood)
Environmental chemicals
Drugs/Pharmaceuticals

Aging
Diet

CHROMOSOME

CHROMATIN

DNA

HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active

DNA inaccessible, gene inactive
Histones are proteins around which 
DNA can wind for compaction and 
gene regulation.

HISTONE

GENE

EPIGENETIC
FACTOR

METHYL GROUP

DNA methylation
Methyl group (an epigenetic factor found 
in some dietary sources) can tag DNA 
and activate or repress genes. 

Histone modification
The binding of epigenetic factors to histone “tails” 
alters the extent to which DNA is wrapped around 
histones and the availability of genes in the DNA 
to be activated. 

HEALTH ENDPOINTS
Cancer
Autoimmune disease
Mental disorders
Diabetes
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∑
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)(
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ES S

D

D

S

rj j D

ES (S) =
i

∣∣∣∣∣∣
∑

gj∈S,j≤i

|rj |
Nr

−
∑

gj /∈S,j≤i

1

N − |S|

∣∣∣∣∣∣ ,

i S Nr =
∑

gj∈S |rj | N
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10, 537 385 3, 080

PF

PF

PF

IF Acc

IF

Acc



Acc

Acc

n Pi PF (n, Pi)

PF (n, Pi) = ΔE (n) +
∑

u∈U(n,Pi)

β (u, n) · PF (u, Pi)∑
d∈D(u,Pi)

|β (u, d)| ,

ΔE (n) n U (n, Pi) D (n, Pi)

n Pi β (u, n)

u n

β

IF (Pi)

IF (Pi) =

(
1

p (Pi)

)
+

∑
n∈Pi

|PF (n, Pi)|
|ΔE| ·Nde (Pi)

,

p (Pi)

Pi |ΔE|
Pi Nde (Pi)

Accmir (Pi)



Accgene (Pi)

Accmir (Pi) =
∑

m∈Pm
i

[PF (m,Pi)−ΔE (m)] ,

Accgene (Pi) =
∑
g∈P g

i

[PF (g, Pi)−ΔE (g)] ,

Pm
i P g

i Pi

Pm
i P g

i

Pi PF

Acc (Pi)

Acc (Pi)

Acc (Pi) = Accgene (Pi)−Accmir (Pi)− E [Acc (Pi)] ,

E [Acc (Pi)]

Pi

p (Pi)



Acc (Pi)

2, 000

E [Acc (Pi)]

Acc

3, 053 2, 721 332

10

0.01



β β (u, n) = 1

β (u, n) = −1

β (u, g) = 0 β
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17, 326



2.90%



D = {d1, d2, . . . , dm}
T = {t1, t2, . . . , tn}

G (D,T,E) E = {eij : di ∈ D, tj ∈ T} di tj

di tj

A = {aji}n×m aji = 1 di tj

aji = 0



Γ

Γ

Γ (i, j) = k (tj)
Γ (i, j) = k (ti)

Γ (i, j) = k (ti)
1−λ

k (tj)
λ

Γ (i, j) =
(
k (ti)

1−λ
k (tj)

λ
)
/sij

T

D T

W = {wij}n×n

wij =
1

Γ (i, j)

m∑
l=1

ailajl
k (xl)

,

Γ k (x)

x Γ

λ

W A

R = {rij}n×m

R = W ×A.

di D Ri = {(tj , rji) | aji = 0} rji

tj di



S = {sij}n×n

Γ (i, j)

S

S1 =
{
s′ij

}
m×m

S2 ={
s′′ij

}
n×n

s′′ij ti tj

ti tj s′′ij S2

s′′ij =
∑m

k=1

∑m
l=1 (ailajks

′
lk)∑m

k=1

∑m
l=1 (ailajk)

.

S

S(1) = 1 + αS + (1− α)S2,

α



Snorm (i, j) =
S (i, j)√

S (i, i) · S (j, j)
.



λ α

λ α

λ α

eP (20) eR (20)

λ α

eR



L = 10 L = 20

L = 30

L



λ α
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O = {o1, o2, . . . , on} T = {t1, t2, . . . , tm}
D = {d1, d2, . . . , dp}

G (O, T,D,E) E

O T T D

AOT =
{
aOT
ij

}
n×m

ATD =
{
aTD
rs

}
m×p

aOD
ij = 1 oi tj G aTD

rs = 1 tr ds G

T

O D

T

D

WC =
{
wc
ij

}
m×p

wc
ij

ti

dj

k′ (x) x k′′ (y)

y

W T =
{
wT
ij

}
m×m

wT
ij =

1

k′ (ti)(1−λ1) k′ (tj)λ1

n∑
l=1

aOT
li aOT

lj

k′ (ol)
,

wT
ij ti



λ1

λ2 1



tj

WD =
{
wD
ij

}
p×p

wD
ij =

1

k′′ (di)(1−λ2) k′′ (dj)λ2

m∑
l=1

aTD
li aTD

lj

k′′ (tl)
.

wD
ij

di dj wD
ij

λ1 ∈ [0, 1] λ2 ∈ [0, 1]

WC =
{
wc
ij

}
m×p

wC
ij =

m∑
t=1

[
wT
it

p∑
r=1

(
aTD
tr · wD

rj

)]
.

R = {rij}n×p

R = AOT ·WC .



rij (i, j) oi Ri

oi

rij

478

230

1005

4000

1699

1572

10 30





λ1 λ2

eP (20) eR (20) AUC (20)

± ±
± ±

χ2

1026.315 < 2.2 · 10−16

6537.915 < 2.2 · 10−16

λ1 λ2



λ1 λ2

λ1 λ2

0.5 1
0.2 0.2





30, 280 21

2, 000

P (j, i) P ′ (j, i)

s P (s)



(
P (S)

1− P (S)

)
= β0 +

21∑
i=1

βiP (s [i] , i)−
21∑
i=1

βiP
′ (s [i] , i),

s [i] i

0.5
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> 0.5
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Si |Si| = Ns

i

S′
i |S′

i| � Ns S′
i

Nd

Nd

i

i



0 1 2 0

1

Nv1 Nv1 < Nd

Ei |Ei| = Ng

i

Nv2 Nv2 < Ng

Nv1 + Nv2

K



Nd = 50000 Nv1 = 10 Nv2 K = 30



n T = {t1, t2, . . . , tn}
m S = {s1, s2, . . . , sm} fT :

T → P (S) T

T T S

GS : S → S̄ si s̄i

S̄ = {s̄1, s̄2, . . . , s̄m}
GS T fT M =

{mij}n×m T mij = 1 sj ti mij = 0

Sim GS t s′ ∈ S\fT (t)

C

C
(
s′, t

)
=

s′′∈fT (t)
Sim

(
s′, s′′

)
.

Ŝ ⊆ S \ fT (t)

C
(
Ŝ, t

)
=

s′∈Ŝ
C
(
s′, t

)
.

T = {t1, t2, . . . , tn}
ti



Li for i = 1, . . . , n S = L1 ∪
L2 ∪ . . . Ln = {s1, s2, . . . , sm} fT fT (ti) = Li

GS

S fT M =

{mi,j}n×m mi,j 1 sj ti 0

M

Ri = {(sj , rji) | mi,j = 0} rji

sj ti L

L

M cand =
{
mcand

i,j

}
n×m

mcand
i,j 1 sj

ti

GS

Vi s̄i

si GS

si



Vi

ti ∈ T M cand
i

C
(
M cand

i [1] , ti
) ≤ C

(
M cand

i [2] , ti
) ≤ . . . ≤ C

(
M cand

i [L] , ti
)

M cand
i

M cand
i,j ={

x ∈ M cand
i | C (x, ti) ≥ C

(
M cand

i [j] , ti
)}

M cand
i,j

pi,j pi,j∣∣∣M cand
i,j

∣∣∣
S

∣∣∣M cand
i,j

∣∣∣ = ki,j

∣∣∣{x ∈ S | C (x, ti) ≥ C
(
M cand

i,j , ti

)}∣∣∣ = qi,j

pi,j =

(qi,j
ki,j

)( m−qi,j
ki,j−ki,j

)
(
m
ki,j

) =

(qi,j
ki,j

)
(
m
ki,j

)

xi

p

M cand
i,xi

ti
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e

n1, . . . , nm

PA (e)

PI (e)

n1, . . . , nm

e

N

NA (e) NI (e)

PA (e) =
NA (e)

N
,

PI (e) =
NI (e)

N
.

PR
A (e) PR

I (e)

LA (e) LI (e)

LA (e) =
PA (e)

1− PA (e)
− PR

A (e)

1− PR
A (e)

,

LI (e) =
PI (e)

1− PI (e)
− PR

I (e)

1− PR
I (e)

,

As (e)



As (e) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

LA (e) LA (e) > LI (e)

−LI (e) LI (e) > LA (e)

0

.
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