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Abstract: In cloud environments, the high dynamics and more service failures were great obstacles to cloud applications, 

service substitution was a key research issue and also was a main solution to these challenges. A method of determining 

substitutability of cloud services was proposed using type theory, in which session types were semantically extended for 

modeling the behaviors of cloud service, QoS such as price, reliability were introduced as QoS type, and a series of sub-

typing rules were constructed for SST and QoST. After that, determining consistency and context compatibility of ser-

vices were put into practice. The method was proved feasibly by a case determining, and the experimental results show 

that it brings higher success rate of execution. 
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n A pricequotePrice reliability qu

∈
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[ . . . . ]
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A B QoST

A price quotePrice

B price quotePrice
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A reliability quoteReliability

B serviceLevel currentLevel

A serviceLevel currentLevel

A B

α

β

γ

α β γ

∈

+
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>
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ÆÇ���ä�¿Ø�Îà��(well-formed envi-

ronments)Γ��Î��ä�¿Ø�:¿Øö÷�5
6Ó� SST��:¿Øö÷�Ó� 1w@� 

� 1 SST ������ 

�	
 �	� 

End-S 

end : endΓ <�  

Reception-S 

:

:

? ; : ? ;

t s

t s

msg msg

T S

msg T msg S

Γ <
Γ <

Γ <

�

�

�

 

Sending-S 

:

:

! ; :! ;

s t

t s

msg msg

T S

msg T msg S

Γ <
Γ <

Γ <

�

�

�

 

Branching-S 

{ } { }
: , :

& : :& :

k j k j

k k j j

k K

j J

k K J op op T S

op T op S

∈ ∈

∀ ∈ ⊆ Γ < <

Γ <

�

�

 

Selection-S 

{ } { }
, : , :

: : :

j k k j

k k j j

k K

j J

j J K op op T S

op T op S

∈ ∈

∀ ∈ ⊆ Γ < <

Γ + < +

�

�

 

Recursion-S 

. .

: :

. : : .

xT xT

T S S T

x x

xT S S xT

µ µ

µ µ

   Γ < Γ <
   

   

Γ < Γ <

� �

� �
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( ) ( )
( ) ( )

,

,

:  

:

:

a a

b b

A QoS ServiceProtocol Service

B QoS ServiceProtocol Service

fst A fst B

snd A ServiceProtocol snd B ServiceProtocol

A B

= ∈

= ∈

<

∈ < ∈
<
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���
� 
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X
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�WX
�R¡����
NO67}WX\]

¢q 

 

( ) ( )
( ) ( )

 can replace  :

 :

 :

A B A B

fst A fst B

snd A snd B

⇔ <
<

<

 

NOj{}:�qr£¤}icNO67�


¥G¦2NOj{}~�§¨noIE: QoS y 2

k©ª«n¬­
S~�8NOE®B¯NO67«

n°O;<2��±�cNO��
²³
�NOj

{}~���onoIE:QoSy2´�����~

�WX2Z�45���
����µD¶����

	�WX«n~�^·¸HY_2��NOQoS´�

WX^¹ fst(A)º fst(B)»���WX_
��cf
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À
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��ÇÁÂ�	

ÈÉ~�wx2NOnoIE����WX^¹

snd(A)º snd(B)»���WX_
� SST���~

��	
�8WX��o¶kÊË�Ì��Í»�

���WX«n~�2WX��HY^~�_©�

¢q 

( )
( )
( ) ( )

1

2

3

4

1 2

2 4

? ; { :! ;end}

? ; { :! ;end}

 :

Reception S

 :

{ :! ;end} : { :! ;end}

Message-S ,Selection-S

a

b

a b

snd A message op Message

snd B message op Message

snd A snd B

message message

op Message op Message

= +

= +

<
−

<
+ < +

�

�

� �����

� �� �����

 

Î�Ï�
Z����Ð�67}WX\]



o67}~�ÑÒÓÔb.�
Lh
NOj{

}WX~�ÐU
µD����������	p

ÕÖ��©�×ØÙÚÔHY^~�_2 

2016026-7 



� 2� ������	
��
�������������� �27� 

 

5.2  �����������
� 

��cNO¡�NO�qrÛ`aÜb
�c

NO67hNO��qr£¤Ý²¿�2QR
6

7}WX��L£¤}�~�.�2��NO QoS

Ê��£¤}Þ}
QR�67}WX�£¤}~

�h
ß��~�NOnoIE�£¤}¹
2 

�����
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T T→ 
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1 2

3 2

1 3

:

T T

T T

T T

→
<
→

 ·á 

1 2

3 1

3 1

:

T T

T T

T T

→
<
→
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1) Sending-Receptionh reception���67 

±,úûo 

1 1 sending

2 2 reception

3 3 reception

!

?

?

T msg T

T msg T

T msg T

= ∈

= ∈

= ∈

 

£¤}~��	o 

1 2 2 1 :T T msg msg→ ⇔ <   

üýWXHYo 

1 2 3 2

2 1

3 2

3 2 1

1 3

 :

 : Reception-S

 :

 :  :

T T T T

msg msg

msg msg

msg msg msg

T T

→ <
<

<
< <

→

� ��

  

¢þ

3 1

:T T< 
HY©���2 

2) Selection-Branchingh branching���67 

±,úûo 

{ }
{ }
{ }

1 selection

2 branching

3 branching

:

& :

& :

l l l L

m m m M

n n n N

T op T T

T op T T

T op T T

∈

∈

∈

= + ∈

= ∈

= ∈

  

£¤}~��	o 

1 2

m( : : )m l l

T T m M L

op op T T

→ ⇔ ∀ ∈ ⊆
Γ < ∧ <�

  

üýWXHY 

1 2

m  

3 2

m

1 3

  (  :  : )

 :

Branching-S

  (  :  : )

  (  :  : )

m l l

n m n

n l n l

T T

m M L op op T T

T T

n N M op op T T

n N L op op T T

T T

→
∀ ∈ ⊆ Γ < ∧ <

<

∀ ∈ ⊆ Γ < ∧ <
∀ ∈ ⊆ Γ < ∧ <

→

�

�

�

� ��
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��������	
��
�� Replacement_Algorithm 

�����������	WS�����	 UDDI 

��������	�� List(WS

r

) 

Replacement_Algorithm(WSa) 

Begin 

1) While��	�� !" Do 

2) #$%�	&'()* 

3) IF &'%���	+, WS -. OR / QoS 01<2345

Then//����67 

4) Flag=0* 

5) For WS in UDDI89� SST:;<=� QoST>?:;<=8@

ABCD/EFC67 WS<:WS

a

GH* 

6) IJKLM� WS<:WS

a

8;N WSOP WS

r

Q����	��


 List(WS

r

) 

7) End For; 

8) IF |List(WS

r

)|=Φ AND Flag=0 Then   //�� QoSRS 

9) Flag=1* 

10) QoSTRS:;<=->QoST>?:;<= 

11) Goto 5)* 

12) End IF*           //TU QoSRS 

13) VW List(WS

r

)* 

14) End IF            //����67 

15) End While 

End 

X 3  �����	�
�� 
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, S
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 } 
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={Book,{<Ticket, {<Ticket-departurePlace, 
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=+{{Cancel,ticket
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1
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3

}:?(msg

2
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4
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V IBM x3500M4NOŴ 24�2 GHzì�Wp16 GB

XÄ: Ubuntu12.04.4LTS ;< #_
1 V IBM 

x3650M4 NOW^24 � 2 GHz ì�Wp32 GB

XÄ: Ubuntu12.04.4LTS ;< #_2Z�

Cloudstack4.2.0�cfg
Sæ 30VYZNOW

^1 GHz ì�Wp1 GB XÄ: Ubuntu12.04.4LTS

;< #_S�ZcNO��
Sæ 1VYZNO

W^4 GHzì�Wp4 GBXÄ: Ubuntu12.04.4LTS

;< #_S[n ODENO
0w 6V\]�̂ Intel 

Core i5 3.2 GHz
4 GB RAM:Windows7 64 bit 

Ultimate ;< #_S�ZcNO^_2�`aû

b�� ODE
SJ��	c.��ôz�e2 

��-d°Oîï¶�e�8�NO

)×

cfV���´g:ÇD.�
�r%&R°O«

n��UH2�hØcNO67h��Juv}

^cNO��::ij'_
�JU%*)°Oh

10k�DNO:"iNO:«n¬­��2Ï%�

DNOlm¶k°OIE
lD45����
�

�UHmn}
opîqnx�rp�123ps

t123puv23pwtpx123p�yz{

©.|p}n~ep[�Â��p�Ùs
�RZ

[�� 10 kNO«n�!:��Ó� 500 kNO

�b�
���É 30 VYZNOWh20w�Z

2016026-9 



^ 23 `abc�>defghijk���	��C67lm Y29Y 

 

NO��h8�NO�����
Ã%*"#�Z

�������º67^�r�¸ KSCM_p.�

��2��NO67e�^.r�[8]
�r�¸o

EPSSM_p�h���qr�NO67

 

^.r�[9]


�r�¸ LDBSSM_:�rhZ�����NO6

7©�^�¸ STBM_«n�¬JU2��cNO

� QoS��`a
D�1����_�NO:i


QR�rÊ%D$U�<o��§ý��$���

��©ª
�hØ�cNO��h
~E�kNO

$�i®�1Ä���2¨ÇD����
ÀD6

7ð��NO��n�I�<o§ý��
;<

}
(EF��67©���1����NO:i

��  3 500k
S�¬ 4¡©¢�$�£�
�

� 4¡©����2¤¥¢+ 4:+ 5Ï,2 

 

X 4  ���	nopqrs 

 

X 5  t��uv����	w�xyzrs 

+ 4 ��|ÊËNO:i¤¥q
4 ¡©�)

*67©¢�£�2
S¦�
4 ¡©�>�(%

NOb�§"£�§'2EPSSMp STBM º

LDBSSM�D2�p�qr��pÓÔbs©�


¨©£���­ª2Lh
STBM��¨©�	­

'
�7©«¬£�­ª
C�ANO§'
��

STBM��	Ê4��"÷§È
QR£�§ª­

��®2LDBSSMQ�qr����F�­§È


de£��­§"2HY STBM©�
��}��

­¯
�ª�NO:i°§�E£±��2 

+ 5 ��|ÊËNO:iq
4 ¡©��ÇD

��h��I�2
S¦�
STBMpEPSSMp

LDBSSMB��Y²²� KSCM
ÝLi��%N

O­/�¤¥q2Lh
KSCM�NO­/¤¥q

67�I�­

�ANO§'�I�³´,�


Cäåµ�� 60%¶·2STBM�NO:i§'�

I�³¸,�
C,�wxÄ��÷¼`2EPSSM

�NO­/¤¥q�I�ä�
C�ANO§'�

�÷�q¹2LDBSSM	º�»�¼ð�÷q¹�

½¾2��
é
KSCM��%NO­/�
ED

�0w��¿%*Ø�À�NO
QÛ67��n

�I�­
2Û STBMpEPSSMpLDBSSM���

��qrp����ÀbE�
QR��%NO­

/�
��"Á�)*Ø��¿Ê��CIE�¤

�NO
QR�I�­�2EPSSMQLÂ�D #

�ÓÔb©�
NOnÃÄ�j��Ä}
QÛ�

NO:i­'�¤¥q�I��Ïq¹2

LDBSSMº STBM�DÓÔb©�
�NO:i

§È��I��¼
C LDBSSM �D� Petri Å

ÓÔb©�Ä�UH��uv}
QÛ�NO:

i­"�¤¥q
EÆ�Ê
¥�~þz{�I

��Ïq¹2JUHY
STBM �"��NO�

�q�­��
ÀD}2 

Î�
�r,��©���,�|���X

�NO67�I�
(�NOb��§"wxh


¡ÇG�|­��67�I�
��­����

}2���©ª
�r©�ÈÉ|deuv��

ÊËÔ§ª
,�67�I��Ë�
|�|­

���»m�2¢JU�F%&�Ï�
-d°

Oîï|'¡�':i�cNO
��jÌ��

NO°O�e�ÞÍ
Ë���45���NO

��©ªm�­

QR
S45��oZ[�

)cNO67}~E©���­��0D}
Ý

L�lm�
�}�_�cNOÇDh�n��

����J�;2 

2016026-10 



Y30Y Z  [  \  ] ^ 37_ 

 

7  ��
 

cNO%&º67�cÇD �¿�
Lh


�cNO`anoIEº QoS«n�1��
i~

ENOno
67}�±,úû
PicNO�­

*`:
¥���¿�Z[2�r,���ð��

�45��SST
Ã�cNOQoS«n��ºS�


\] QoST��
Îd SSTº QoST�����	


SRJ�cNOÞÍb��
äåÐ�Z����

�	�67}WX:£¤}WX~�2Jø��:

JU�TnY
)cNO67}~�©�����


n}
ÊßEÐ��NO67}£¤}���U

H
PE­�,���NO��n�I�2ðÏ�

�r©�[DØNO��©¢���h
Ã�8�

NO»j�'p'�'�67©�«nÐ�
ið

Ï���
E©#2 

����� 

[1] TAO F, LAILI Y, XU L, et al. FC-PACO-RM: a parallel method for 

service composition optimal-selection in cloud manufacturing sys-

tem[J].IEEE Tran on Industrial Informatics, 2013, 9(4): 2023-2033. 

[2] AMIN J, ELANKOVAN S, ZALINDA O. Cloud computing service 

composition: a systematic literature review[J]. Expert System with 

Applications, 2014,41(8): 3809-3824. 

[3] {|, {}~, ��, c. >d?�k���ef���� Web 

�	$�[J]. ���\], 2005, 28(4): 595-602. 

WU J, WU Z H, LI Y, et al. Web service discovery based on ontology 

and similarity of words[J]. Chinese Journal of Computers, 2005, 28(4): 

595-602. 

[4] JUAN C V, MANUEL L, ALBERTO B. Toward the use of petri nets 

for the formalization of OWL-S choreographies [J]. Knowledge and 

Information Systems, 2012, 32(3): 629-665. 

[5] ��, ���, ���, c.Aigh�������[J].�)\], 

2010,21(1):1-13. 

CHANG L, SHI Z Z, CHEN L M, et al. Family of extended dynamic 

description logics[J]. Journal of Software, 2010,21(1):1-13. 

[6] ��, ��, ���. >d Pi- �� Web�	������¡

¢[J]. ���\], 2005,28(4):635-643. 

LIAO J, TAN H, LIU J D. Describing and verifying Web service using 

Pi-calculus[J]. Chinese Journal of Computers, 2005, 28(4): 635-643. 

[7] HE K, WANG J, LIANG P. Semantic interoperability aggregation in 

service requirements refinement[J]. Journal of Computer Science and 

Technology, 2010,25(6):1103-1117. 

[8] £�, ¤¥, ¤¦§. ¨©���	��ª«¬�(	­®�¯�

�	����[J].���\], 2010, 33(11): 2147-2162. 

YIN Y, ZHANG B, ZHANG X Z. An active and opportunistic service 

replacement algorithm orienting transactional composite service dy-

namic adaptation[J]. Chinese Journal of Computers, 2010, 33(11): 

2147-2162. 

[9] `°± ,�²³ . >d���� ��	��u� [J]. Z[\

],2014,35(9):57-67. 

WANG H Y, LI S R. Service substitution method based on composi-

tion context[J]. Journal on Communications, 2014,35(9):57-67. 

[10] KUANG L, XIA Y, DENG S, et al. Analyzing behavioral substitution 

of Web services based on π-Calculus[C]//2010 IEEE International 

Conference on Web Services. Florida, USA, c2010:441-448. 

[11] BOUROUZ S, ZEGHIB N. Verifying Web services substitutability 

using open colored nets reduction techniques[C]//The 5th International 

Conference on Modeling, Simulation and Applied Optimization. 

Hammamet, Tunisia, c2013: 1-5. 

[12] �uu, �´µ, ¤�, c.>d�¶·¸� Web �	�x���

¹º[J]. ���\], 2007,30(11):2033-2039. 

LIU F F, SHI Y L, ZHANG L, et al. Substitution analysis of web ser-

vice composition via process algebra[J]. Chinese Journal of Computers, 

2007,30(11):2033-2039. 

[13] REN H, LIU J. Service substitutability analysis based on behavior 

automata[J]. Innovations in Systems and Software Engineering, 2012, 

8(4): 301-308. 

[14] YIN Y, YIN J, LI Y, et al. Verifying consistency of web services be-

havior using type theory[C]// 2008 IEEE Aisa-Pacific Services Com-

puting Conference. Yilan, China, c2008:1560-1566. 

[15] YIN Y, DENG S. Analysing and determining substitutability of differ-

ent granularity Web services[J]. International Journal of Computer 

Mathematics, 2013,90(11):2201-2220. 

[16] »¼½, ��, ¾¿À, c. Web �	�PABCÁ�FC67[J]. 

ÂÃ\], 2009,37(3):433-439. 

YIN Y Y, LI Y, DENG S G, et al. Determining on consistency and 

compatibility of Web services behavior[J]. Acta Electronica Sinica, 

2009,37(3):433-439. 

[17] ANTONIO V, VASCO T. V, ANTONIO R. Typing the behavior of 

software components using session types[J]. Fundamenta Information, 

2006, 73(4): 583-598. 

[18] PIERRE-MALO D, NOBUKO Y, ANDI B, et al. Parameterised mul-

tiparty session types[J].Logic Method in Computer Science, 2012, 

8(4:6):1-46. 

[19] DAPOIGNY R, BARLATIER P. Towards a conceptual structure based 

on type theory[C]//The Int’l Conference on Computational Science. 

Krakow, Poland, c2008:1-8. 

 

����� 

 

 

����1972-��������	�
���
��

������������������ !�"#$%�


&'()*+�,-./0 

 

	
�1990-��������	�
���
�1�

��������� !23��23/0 

 

��
�1963-����4567	�
���
��

���������2389:*-.��23;
&'/0 

 

���1964-������<=>	�
���
��

���������������?@9:;
&'-.�

AB&';CDEF�GH23/0 

 

����1974-��������	��������

��� !23�Petri9();��23/0 

����1966-������IJ	�

KLM�()NO�PQ�������

���� !�238-.()�RST

()/0 

2016026-11 


