
k

[0, t]

P (t−△t < T < t | T < t) = P (t−△t<T<t)
P (T<t)

= F (t)−F (t−△t)
F (t) ,

△t △t

r(t)

r(t) = lim△t→0
P (t−△t<T<t)

P (T<t)△t

= lim△t→0
F (t)−F (t−△t)

△tF (t)

= f(t)
F (t) .

t (t − △t, t]

(α > 1)

... fn(.) ... f1(.) f0(.)

pn ... p1 p0

(RHR)

k

T

(a, b) F (t) f(t)

b = sup{t : F (t) < 1} a = inf{t : F (t) > 0}

(t −△t, t]
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rm(t) =
∫

b

a
f(t,z)g(z)dz

∫
b

a
F (t,z)g(z)dz

=
∫ b

a
r(t, z)g(z | t)dz,

g(z | t) = g(z | T ≤ t)

= F (t,z)g(z)
∫

b

a
F (t,z)g(z)dz

,

G(z | t) = P (Z ≤ z | T ≤ t)

=
∫

z

a
F (t,u)g(u)du

∫
b

a
F (t,z)g(z)dz

,

Z

G(z) = lim
t→∞

G(z | t).

(Z | t) ≡ Z

rp(t) = E(r(t, Z))

=
∫ b

a
r(t, z)g(z)dz,

r(t, z)

r(t, z) rp(t) ≥ rm(t) z

z ≥ 0 ∂r(t,z)
∂z

z t ≥ 0

t ≥ 0 rp(t) − rm(t) t

E(Z | t) T < t Z

E(Z | t) =

∫ ∞

0

zg(z | t)dz,

Z

E′(Z | t) =

∫∞

0
zf(t, z)g(z)dz

∫∞

0
F (t, z)g(z)dz

− rm(t)E(Z | t).

∑∞

i=1 pi = 1 ...

F (t) =
∞
∑

i=1

piFi(t), pi ≥ 0,

f(t) =
∞
∑

i=1

pifi(t), pi ≥ 0.

f(t, z)

ν z

F (t, z) =

∫

ν

F (t, z)dG(z),

dG(z)

Z Z

{z1, ..., zk}

f(z) =
k

∑

i=1

f(t, zi)π(zi),

.
∑k

i=1 pi = 1 Zi π(zi)

Z

r(t, z) Z = z

r(t | Z = z) = r(t, z).

z

Fm(t) = E(F (t, z))

=
∫ b

a
F (t, z)g(z)dz, [
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t

•

r(t, z) = zr(t),

rm(t) =
∫∞

0
r(t, z)g(z | t)dz

= r(t)E(Z | t).

Z

E′(Z | t) = r(t)var(Z | t),

t

T < t Z

t

f(t, z) = r(t, z)F (t, z) = zr(t)F (t, z),

E′(Z | t) = [r(t) + E(Z | t)]E(Z | t)

−
∫

∞

0
z2F (t,z)g(z)dz∫

∞

0
F (t,z)g(z)dz

,

= r(t)[E2(Z | t)− r(t)E(Z2 | t)],

= r(t)var(Z | t) > 0,

t

r′(t)

r2(t)
≥

var(Z | t)

E(Z | t)
,

DRFR IRFR

(Tw,x)

T < t Z

t

E′(Z | t) =

∫ ∞

0

zg′(z | t)dz

g′(z | t) =
f(t, z)g(z)

∫∞

0
F (t, z)g(z)dz

−
F (t, z)g(z)rm(t)
∫∞

0
F (t, z)g(z)dz

,

=
f(t, z)g(z)

∫∞

0
F (t, z)g(z)dz

− rm(t)× g(z | t),

E′(Z | t) =

∫∞

0
zf(t, z)g(z)dz

∫∞

0
F (t, z)g(z)dz

− rm(t)E(Z | t).

•

r(t, z) = r(t) + z,

r(t)

rm(t) = r(t) +
∫

∞

0
zF (t,z)g(z)dz∫

∞

0
F (t,z)g(z)dz

= r(t) + E(Z | t),

Z

t

E′(Z | t) = var(Z | t).

T < t Z

t

f(t, z) = r(t, z)F (t, z)

= (z + r(t))F (t, z),

E′(Z | t) =
∫

∞

0
[zr(t)F (t,z)+z2F (t,z)]g(z)dz∫

∞

0
F (t,z)g(z)dz

− [r(t) + E(Z | t)]E(Z | t),

= E(Z2 | t)]− [E(Z | t)]
2

= var(Z | t) > 0,
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Z = zi π(zi | t)

T < t

π(zi | t) =
F (t, zi)π(zi)

∑k
i=1 F (t, zi)π(zi)

.

F2 F1

f2 f1

r(t) =
pf1(t) + (1− p)f2(t)

pF1(t) + (1− p)F2(t)
,

k

r(t) =

∑k
i=1 pifi(t)

∑k
i=1 piFi(t)

,

k
∑

i=1

pi = 1, k ≥ 1, 0 ≤ pi ≤ 1.

f2(t) = 2te−t2 f1(t) = e−t

p = 1
2

T

(IRHR) k

(IRHR)

r(t) = wi(t) = piFi(t)
F (t)

∑k
i=1 wi(t)ri(t)

r′(t) =
k

∑

i=1

w′i(t)ri(t) +
k

∑

i=1

r′i(t)wi(t),

x x

F̄w,x(t) = P (x− T > t | T ≤ x)

= F (x−t)
F (x) ,

(MWT )

µ(x) = E(x− T > t | T < x)

= x− E(T | T < x)

= x−
∫ x

0
tf(t)dt
F (x)

µ(x) =

∫ x

0

F (u)

F (x)
du,

µ(t, z) =

∫ x

0
Fm(u)du

Fm(t)
,

µ(t, z) =
∫

x

0

∫
∞

0
F (t,z)g(z)dzdu∫

∞

0
F (t,z)g(z)dz

=
∫∞

0
µ(t, z)g(z | t)dz,

π(zi) Z

Z = zi

F (t) =
∑k

i=1 F (t, zi)π(zi),

f(t) =
∑k

i=1 f(t, zi)π(zi),

r(t) =
∑

k

i=1
f(t,zi)π(zi)∑

k

i=1
F (t,zi)π(zi)

,

=
∑k

i=1 r(t, zi)π(zi | t), [
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w′i(t) = wi(t) (ri(t)− r(t))

= wi(t)
(

∑k
j=1 wj(t)(rj(t)− ri(t))

)

.

r′(t) =
k

∑

i=1

wi(t)r
′

i(t) +
∑

i<j

wi(t)wj(t) (ri(t)− rj(t))
2
.

ri(t) 0 ≤ wi(t) ≤ 1
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