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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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AserviceLevel currentLevel BserviceLevel currentLevel

n A pricequotePrice reliability qu

∈

<

∃ ↑

�

�

. . )[ 1,2, ]

[ . . . . ]

 :

oteReliability

Breliability quoteReliability n

A pricequotePrice B priceceilingPrice

A B

> =

<

�

�
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 QoSñÓö÷ 

,

. . . .

. . . .

. . . .

( ( . , ) .

n

A B QoST

A pricequotePrice B pricequotePrice

Areliability quoteReliability Breliability quoteReliability

AserviceLevel currentLevel BserviceLevel currentLevel

n A pricequotePrice serviceLevel

∈

<
∃ ↑ ∆

�

�

.

    . . )[ 1,2, ]

[ . . . . ]

 :

currentLevel

BserviceLevel currentLevel n

A pricequotePrice B priceceilingPrice

A B

> =

<

�

�

 

� 9  QoS-all-N-S 	
 QoSñÓö÷ 

,

. .

. .

. .

. .

. .

1

. .

[ 1]

 :

A B QoST

A price quotePrice

B price quotePrice

B reliability quoteReliability

A reliability quoteReliability

B serviceLevel currentLevel

A serviceLevel currentLevel

A B

α

β

γ

α β γ

∈

+

+

>

+ + =
<

 

4  �� SST � QoST �����	 

4.1  ��
�������� 

�gh�ùú�¢��	
 	
� QoS$	


�QR5<��!vwä�¿Ø SSTu QoST�

ª�	
®� QoS u	
QR�³©ª

Service QoST ServiceProtocol= × set�_�÷p]�

	
�ac{� 2����Ð� QoST��au SST

}~� ServiceProtocol�a� 

4.2  ���
���
�� 

56	
�:¿Øö÷�Y� QoST-S ���

��û�56 SSTw}~�	
QR¿Ø�:¿Ø

ö÷�	
QR Ë�¿Ø56�<�ù�	
Q

R�:¿Ø)/ö÷�Y�Ë�:¿Øö÷DE
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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 <

� �

� �

 

 

��������	
���������

���������������������

��������� !����"��#$�

�%&�%&�'()%&��� !�"�*

+,-��.�/(�.��� !�0123

45����67845��9��:�.;<

��=�� !�>?@A�BCD�EFGH

8IE�J������:%&;<	�� !�

��K?@A�CDLMNO�PEGHLM

NOIE�J�2QR����IE�
STU�

67V��2 

�NO QoST-S ���WXHY�Z[�\

]NO�����	^Service-S_2

 

( ) ( )
( ) ( )

,

,

:  

:

:

a a

b b

A QoS ServiceProtocol Service

B QoS ServiceProtocol Service

fst A fst B

snd A ServiceProtocol snd B ServiceProtocol

A B

= ∈

= ∈

<

∈ < ∈
<

 

5  �������� 

�`ab�cdefghNO67ijkl

mnoIE��pNO QoSmL�qrsQt�u

vwxyPz{|NO67}~�����}2

������NO����:��s�����

��E�
�oNO67}~��.���2�

���Z��������.�q�cNO��

m���	��LcNO67~�2 

5.1  ��������	
���� 

��45�������cNO67}W

X
Ss�ocNO������ h���

�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

gq��¼`�
¥}½Xp�¾s'¿QtÀ

DZ�~�:ÁÂ~�ÃÄ�ÅÆ2Z�~�µD

QoST-S �	«nÁÂ~�	
��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.�LhNOj{

}WX~�ÐU
µD����������	p

ÕÖ��©�×ØÙÚÔHY^~�_2 
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5.2  ������������ 

��cNO¡�NO�qrÛ`aÜb�c

NO67hNO��qr£¤Ý²¿�2QR6

7}WX��L£¤}�~�.�2��NO QoS

Ê��£¤}Þ}QR�67}WX�£¤}~

�hß��~�NOnoIE�£¤}¹
2 

�����L��»�£¤
\]oWX

1 2

T T→ 	Z�����	HY£¤}
àbo 

 

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

→
<
→

 

QRNOIE£¤}~��âã¶����	

.�äåHY�Ô�æ2��45��hçè��


é~�wxhêëì�£¤}�Ì��o

SendingpReceptionpSelectionpBranching±íáî

ï�����£¤}ðíáîïñx�.�£¤

}2��45�����:��
�ò\]£¤}

�~��	³ðJó�	ôzäåÐ�WX~�2

õ�ö÷ßS 2kø�ùY~�wx2 

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 < ∧ <

→

�

�

�

� ��

 

¢þ

3 1

:T T< HY©���2 

��LM£¤}�Ì��
ÀD�����

�	�S~�2�R�NOnoIE�£¤}


×GH2 

5.3  ����������	
 

�cfghNO��iNOÐ�°O��ñ

x���Z�ÓÔ29�qr	
cNO��p

 QoS��s�o�a�Ë�Z�������

�cNO�«�×NO���~�º�7P�ê

³2QRo|��J���NO�cÇDêë

��cNO67yk��½X2���ScNO�

�o����cNO67���Jó2 

��cdefg�Þ }�cNO��hN

O67!Ü¡�"#NO�$s��%�©��

ScNO�qrÜbo%�&û�Ë��67~�

hÇD±�Z�����noIE��pQoSm

IE£¤}~�ê��'D QoSÁÂ2(%�7

NO)*e�¢+ 3Ï,2 

 

��������	
���� 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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6.1  ��	
���� 

�rS-nNOhä�.�/01O23N

Ooø�� SSTº QoST.��NO��º67

}HYwx2�� 2 k23NO BOOKING

1

:

BOOKING

2

0w�rÏ�©�~�±áiðá

����	±á
STU467ðá2õ�ö÷

�´�NO��Ê<56�72 

BOOKING

1 

= <QoS

1

, S

1

>   S

1 

= &{OP

1

:T

1

;S

1

 } 

OP

1

={Book,{<Ticket, {<Ticket-departurePlace, 

Position>, <Ticket-arrivalPlace, Position>,<Ticket- 

arrivalTime, Time>, <Ticket-departureTime, Time>}>, 

<Ticket-Vehicle-kind,8FLIGHT8>} 

T

1

=?({<Ticket,{<Ticket-departurePlace,Position

>,<Ticket-arrivalPlace,Position>, <Ticket-arrivalTime, 

Time>,<Ticket-departureTime,Time>}>}) 

S

1

=+{{Cancel,ticket

1

}:end|{Pay,ticket

2

}:!(msg

1

);

&{{Pay,ticket

3

}:?(msg

2

)|{Cancel,ticket

4

}:end}|{Chan

ge,ticket

5

}:ChangeTicket} 

BOOKING

2

=<QoS

2

, S

2

>    S

2

=&{OP

2

:T

2

;S

2

} 

OP

2

={Book,{<Ticket,{<Ticket-depaturePlace, 

Position>, <Ticket-arrivalPlace, Position>, <Ticket- 

arrivalTime,Time>,<Ticket-departureTime,Time>}>}} 

T

2

=?({<Ticket,{<Ticket-departurePlace,Position

>,<Ticket-arrivalPlace,Position>, <Ticket-arrivalTime, 

Time>,<Ticket-departureTime,Time>,<Ticket-Vehicle

-kind,String>}>}) 

S

2

=+{{Cancel,ticket

6

}:end|{Pay,ticket

7

}:!(msg

3

);

&{{Pay,ticket

8

}:?(msg

4

)|{Cancel,ticket

9

}:end}} 

¡Ö±rÏ�©�
�üýWX9�o

QoS

1

<:QoS

2

º S

1

<:S

2

y 2k�~�WX2LhQoS

´�o:;¬RìÊ<�72S

1

<:S

2

WX�H

Y<=¢q2 

1)S

1

p S

2

>o Branching ��Jø��

Branching-S �WX9�o OP

1

<:OP

2

pT

1

;S

1

<:T

2

;S

2

y 2kWX2 

2)µD Op-SHY OP

1

<:OP

2

2 

3)T

1

;S

1

pT

2

;S

2

>o Reception ��Jø��

Reception-S�WX9�o T

1

<:T

2

pS

1

<:S

2

2 

S 1): 3)oø? 

1 2 :

Op-S

{ ,{ }} :{ ,{ }}

    

Concept-S

Op Op

Book Book Ticket Ticket

<

= <� �

� ��

�� � ����

 

1 1 2 2

1 2 1 2

;  : ;

Reception-S

: :

    

Message-S Selection-S

T S T S

T T S S

<

< <

� �

� ��

� ����� � �����

 

@�
éT

1

º T

2

� ReceptionJøh���

Jø�¢q� ?AáB���C T

1

h���D

Vehicle.Name��
ôE T

1

<:T

2

2 

4)�� 3)ÖWXh�~���FÏG���
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(IE×ØHY	J�67}WX×H2 
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