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Abstract: An event-driven dynamic service composition strategy is presented for networked new media service systems

to improve the resource utilization while simultaneously ensuring the quality of service(QoS) for multi-class services. An

analytical model of semi-Markov switching state-space control processes is introduced to formulate the dynamic service

composition problem. By utilizing the dynamic hierarchy of this model and the features of event-driven policy, an online

optimization algorithm that combines stochastic approximation with the policy iteration is proposed. This algorithm is in-

dependent of any prior knowledge of system parameters and is with less computational cost. Simulation results demonstrate

the effectiveness of the proposed algorithm.
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, nN

, nI . i ,

I; j , J ;

k, K;

l , k Lk,

i Lk
i ; n ,

N , j

Nj , l Nl; n

Cn, 1 i j

cij ; l Cl.

∀k ∈ K,∑
i∈I,l∈Lk

i

Cl · cij · I(n ∈ Nl ∩ Nj) � Cn, n ∈ N,

I(·) .

i λi

Poisson ,
1
μi

; n l QoS

λn, λl Poisson ,
1
μn

,
1
μl

.

ml l

, k s =
(ml, l ∈ Lk),

Sk =
{

(ml, l ∈ Lk)
∣∣ ml � Cl, l ∈ Lk

i , i ∈ I
}

,

, .
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Markov )Mk :

{Xt, t � 0; Sk, Ak} ,

Ak = [ak
sṡ], s, ṡ ∈ Sk,
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s̈ �=s
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sk ṡk′ ], sk, ṡk′
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.
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. ,
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∀L ∈ Π , Markov ,

pL = (pL
sk , sk ∈ S) ,

pLAL = 0, pLe = 1, ALe = 0,

e = (1, 1, · · · , 1)T.

ηL = lim
T→∞

1
T

� T

0
(fr(Xt) + fo(Dt)) dt =∑

sk∈S

pL
skfr(sk) +

∑
sk∈S

pL
sk

∑
ṡk′∈S

aL
sk ṡk′fo(dkk′) =

∑
sk∈S

pL
skfL

sk ,

fL
sk = fr(sk) +

∑
ṡk′∈S

aL
sk ṡk′fo(dkk′).

{Xt, Dt, t � 0} L Markov

, sk ∈ S
[17]

gL
sk =E[

� ∞

0
(fr(Xt)+fo(Dt)−ηL)dt

∣∣X0 =sk ].

gL = (gL
sk , sk ∈ S)T Poisson

:

−fL + ηLe = ALgL,

fL = (fL
sk , sk ∈ S)T.

AL′ L′ ∈ Π

, pL′
, ηL′

,

Poisson pL′
pL′

AL′
= 0,

ηL′−ηL=pL′
((AL′−AL)gL+(fL′−fL)). (2)

, .

1 L ,

L′ ∈ Π ,

ALgL + fL � AL′
gL + fL′

. (3)

. (3) , pL > 0,

(2), ηL�ηL′
, L .

. L′,
(3) , ,∑
ṡk′∈S

aL
sk ṡk′gL

ṡk′ + fL
sk <
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ṡk′∈S

aL′

sk ṡk′gL
ṡk′ + fL′

sk ,

∑
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ṡk′∈�S
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Ldkk′ (er)(gL

ṡk′ + fo(dkk′)) <
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ṡk′∈�S
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L′

dkk′ (er)(gL
ṡk′ + fo(dkk′)),

L′′ : L′′(er) = L′(er), L′′(en) = L(en),

en ∈ E, en �= er.

AL′′
gL + fL′′ � ALgL + fL.

(2), ηL′′
> ηL, L

. .
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ṡk′+

∑
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.
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e kk′
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.

1 DSC .

Step 1 m = 1, n = 1, s0 = s∗,

er ∈ E, ω0
ekk′

rs
= 0; L1 ∈ Π .

Step 2 Lm , ;

m (n + 1) tn+1
m

stn+1
m

, stn
m

T n
m =

tn+1
m − tn

m.

Step 3 stn+1
m

= s∗, Tm = tn+1
m − t1m,

stn
m
∈ �Ssk , sk ∈ S, ĝLm

stn
m

:

ĝLm

stn
m
=

nm∑
k=n

[(fr(stk
m
)−η̂Lm

)T k
m + fo(dtk+1

m
)],

η̂Lm

=
1

Tm

nm∑
n=1

(fr(stn
m
)T n

m+fo(dtk+1
m

)).

, n = n + 1, Step2.

Step 4 er∈E dkk′ ∈D, ṡk′
=�e kk′

rs ∈
�Ssk m , ω̂m

ekl
rs

= ĝLm

ṡk′ +fo(dkk′);

ω̂m
e kk′

rs
= ωm−1

e kk′
rs

. ωm
e kk′

rs
, er ∈ E, dkk′ ∈ D,

ωm
e kk′

rs
= ωm−1

e kk′
rs

+
1
m

(ω̂m
e kk′

rs
− ωm−1

e kk′
rs

). (4)

Step 5 er ∈ E, ωm
e kk′

rs
= max

dkk′′∈D
ωm

ekk′′
rs

,

Ldkk′ (er) = 1 Ldkk′′ (er) = 0, k′′ �= k′.∑
er∈E

∑
dkk′∈D

Ldkk′ (er)ωm
e kk′

rs
>

∑
er∈E

∑
dkk′∈D

Lm
dkk′ (er)ωm

e kk′
rs

, (5)

Lm+1 = L; , Lm+1 = Lm.

Step 6 t1m+1 = tn+1
m , st1m+1

= s∗, m =
m + 1, n = 1, Step2.

1

, : Lm |S|
|D| nm

tn
m stn

m
(nm m

, | · |
), Lm+1. ,

9nm + |E||D| ,

6nm + |S|+ |D|+ |E||D|, 1

O(nm).

1 (Step4) (Step5)

( ),

;

(Step3),
[18, 19], ,

.

2 M ( ),

1 Lm(m � M) ,

1 1 :

lim
m→∞

Lm ∈ arg max
L∈Π

ηL, w.p.1.

B 1 , L ∈
B ηL = max

L′∈B
ηL′

.

B = {L}. , B �= {L},

L′ ∈ B, L L′.
ηL′ � ηL (2),∑

sk∈S

pL′
sk(

∑
ṡk′∈S

(aL′

sk ṡk′ −aL
sk ṡk′ )gL

ṡk′ +(fL′
sk − fL

sk))�0,

,∑
sk∈S

pL′
sk

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ − aL
sk ṡk′ )ωL

ekk′
rs

� 0.

σ0 = inf{m � 0,Lm = L},
τu = inf{m > σu,Lm �= L},
σu+1 = inf{m > τu,Lm = L}.

τu , L ,

L′ . σu , L.

1 Step 5, sk L′ ∈ Π ,

pL′
sk > 0, C > 0,∑

sk∈S

pL′
sk

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ − aL
sk ṡk′ )ωτu

ekk′
rs

� C, (6)

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ − aL
sk ṡk′ )ωσu

ekk′
rs

� −C (7)

. (4),

ωτu

ekk′
rs

=
σu

τu

ωσu

ekk′
rs

+
1
τu

τu−1∑
v=σu

ω̂v+1

ekk′
rs

, (8)

(8) (6), (7),

∑
sk∈S

pL′
sk

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ −aL
sk ṡk′ )

1
τu

τu−1∑
v=σu

ω̂v+1

ekk′
rs

�

− ∑
sk∈S

pL′
sk

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ −aL
sk ṡk′ )

σu

τu

ωσu

ekk′
rs

+ C �C.

:∑
sk∈S

pL′
sk

∑
ṡk′∈�S

sk

(aL′

sk ṡk′ −aL
sk ṡk′ )

τu−1∑
v=σû

ωv+1

ekk′
rs

� Cτu. (9)
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τu − σu < ∞, ωLv+1

ekk′
rs

< ∞ E[ω̂v+1

ekk′
rs

] =

ωLv+1

ekk′
rs

,

P{
τu−1∑
v=σu

ω̂v+1

ekk′
rs

� C ′τu, i.o.} = 0.

(1), (9) .

, B = {L}, M

m � M, Lm = L.

Lm ∈ arg max
L′∈Π

ηL′
, m � M .

(4),

ωm
ekk′

rs
=

M

m
ωM

ekk′
rs

+
1
m

m−1∑
v=M

ω̂v+1

ekk′
rs

=

M

m
ωM

ekk′
rs

+
m − M

m
ωL

ekk′
rs

+
1
m

m−1∑
v=M

ζv, (10)

ζv = ω̂v+1

ekk′
rs

− ωL
ekk′

rs
. ζv(v = M, M + 1,

· · · ) ,
1
m

m−1∑
v=M

ζv → 0, m → ∞,

(10) , m → ∞, ωm
ekk′

rs
→ ωL

ekk′
rs

.

1

lim
m→∞

Lm = L ∈ arg max
L′∈Π

ηL′
, w.p.1.

.

5 (Simulation results)
1 .

: SON 5 , 3

(j = 1, 2, 3), 2 (i = 1, 2). i
1
μi

,

μ1 = 0.4, μ2 = 0.5, 1(i = 1),
2(i = 2). (k = 1, 2),

1 .

1

Table 1 Simulation parameters

l1 1 3
1

l2 2 2

l1 1 2

2 l2 2 2

l3 2 1

,

λ (

), 1 DSC

.

,

. , 1

( M < 60)

, . 1 1

λ = 2.3, 2.7 3.3(λ = λ1 + λ2) .

1 . 2

λ , 1 DSC

(CS) (CP)[13]

. 1 DSC

. CS

, CP ,

DSC ,

.

1 1

Fig. 1 Trajectories of average rewards when Algorithm 1

performed under different access arrival rates

2

Fig. 2 Comparison of effects on system reward under

various access arrival rates

6 (Conclusion)
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