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Service S2: Word
Processing Service
Service S7: Internet
Connectivity Service

Peer

peer

peer

Peer

peer

peer

peer

Service S1: GPS Position
Indicator

Service S3: Traffic
Information

Service S4: Nearest Gas
Station Information

Service S5: JVM
Computing Platform Service

Service S6: MP3
Songs Service
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Service Composition and Management layer

Service Discovery Layer

Network Layer (AODV,DSR etc)

Service Execution

Fault Monitoring Broker Arbitration

Service
Integration

Application Layer

Group-based Service
Discovery (GSD)

Group-based Service
Routing (GSR)
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Timeout/Replies
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Composite
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RS queries neighboring
nodes for their potential
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elected Broker

f���;!75�'�ew �_fkP��@N �H��:!;!�/:9 �9-k('15� �OI'> �!F�I �HI ��CED I@�@D CM>@�,"215:&%Q�d��+g('12�(�HT8+b:9 #���n[����!r&��������P��4��('���!+gW5:!%'�4Sgi_���9(��V���!P

y&|



�#%�� 1�- 0 � � 1�� � 3 0 1 L�3 3 � ��L����
D ��%�-���A�- � ���B��3�- � 1��#1�������>	�
�B�5>������K��	 9
� 1�� � 3 0 1����#3 ��0 % � 1��#1����������#L� 9
� %����#1�����3�1 � ��) 9
 ��53 � 1��
� � 1�� � 3 0 1����#3 ��0 % � 1��#1�� 6�6 � %����#1�����3�1 � ������������	��K�	�>	�L����
A�- ����� L�� �#% ��3 ��0 % � 1�� L�3 9
3B��L�3 ��- � D 1�1 � �#3 ��0 % � 1���1����
#L�� 2 ��> ��� % 0 -���3�% � ��1��#-�3 �#� %�� L���3 9
� 1�� � 3 0 1����#3 ��0 % � 1��#1�����K�	��� 9
�

1 �#� 1��
D �#%�-���A�- � ������3�- � 1��#1�� 2 ����	 E ����A���L�K���>	��A�	�������K 9
� %����#1�����3�1 ��2�2 9
�

�
�

fk��;!72���0| �_iY%'��7bSV�����VSV�n�9-	�������������&�H�X%'���@�!����T�:9+bS=�G+8('�4;!�/:@(��*�&+giY15:!%'�

No

Yes No

Yes

Arbitration timeout
OR

arbitration_finished=true

Un-executed composite
request

Nofication Nofication

Composition

State Freeze

Service

Discovery
Module

Service

Execution
Module

Broker

Arbitration

CM
Discovered

?

State Transfer to

new CM
Notification to RS

Max tries
over?

Failure
Notification to

RS

Discovery-level
Failure at old

CM

Execution-level
Failure at old

CM

fk��;!72��� ~ �Y�8(/:@('���H�X:9;!�/:9 �!-�(�12� �HI ��CED I��9D CM>9���_>@�bD I�>�#�"215:&%Q�d��+j(�12���H��%Q('���*W57V('�LSg[����!r&���O����P��4��('���!+�W5:!%'�4S �q�! #"$�&%'�)(��*�&+

y ~



�H72��:9('���!+ z ~ x&x`%'�4���&+5S2%n� þ 12�!72�K�
��"b:!���,�.UuR T2� � þ �&x�U þ �&x9 ��

l U � :9+2;&�,� l ��:!+5%Q #�X%'%'���!+ � :9+2;&�L� z!x9 
l U l 12�'�&72;!15"27V( y9x9r�W2"b%
U3�5Z��9- U��VSV�L% ~ w

�3SV�&���'('�X%Q�4 ��4+8(c�G+8(������m:!P þ x#%Q�L���!+bS2%
�3SV�&���'('�X%Q�4 ��4+8( l �* #���&7V( |�%'�4���!+5S5%

W2���&:&S2��:&%a(k�a�)('('�4� þ x� #��P*P��X%Q�L���!+bS2%

s�&W2�*P��*(aT � :!+5SV�& �Nc:mT&��"$�!��+&(cNO�*('1sz� ��9%O%Q"$���LS�:9+5S�|�%�%a(��!"2"b:9;!�H('�� #�

�G+2�*('�X:9P�('�!"$�!P��!;&T ;!���XS�(��!"$�!P��!;!T,NO�*('1�+2�VSV�L%O�46875:!P*P�T�%'"5:!���4Sj�!7V(���+o�EU�R T2�
�������������nSV��+5%'�*(aT y!x�
 (�� þ x!x�


�q�& #"b�8%Q�*('�n%'�����8�X���dP���+2;!('1 z2R |VR }
[����!r&��� ����W2�)(���:9('���!+ 
�� � )e�ei �O�e� U l þ


�� � � � lO� �a�q��('��SV�X%'���@�!�4��:!+�:9('�& ��X�d%Q�4�'���X��� z

�� � � 
 �e�!���qh&� l �'��UH�����9CXBKD IKC��&
VD CM>9��#)CE?�CEDE� }

fk�*;&72�'� } � 
�� ��UV"b�4�'�� #��+8(�:!P� ��VSV�4P�"5:!��:! ���('�4��%

y }



20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C
o
m

p
o
s
it
io

n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Composition Efficiency(Composition Length=3)

Centralized Service Compostion
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C
o
m

p
o
s
it
io

n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Composition Efficiency(Composition Length=5)

Centralized Service Composition
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C
o
m

p
o
s
it
io

n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Composition Efficiency(Composition Length=7)

Centralized Service Composition
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

f���;!75�'� � �!�q�& �"b:9����%'�!+j�9-!�q�! #"b�8%Q�*('���!+��	�����*�4+5��T��!-�(�12�0SV�*�$�4�'�4+8(c"5�'�!('�V���&P�%

y �



20 30 40 50 60 70 80 90 100
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

B
ro

k
e
r 

A
rb

it
ra

ti
o
n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Broker Arbitration Efficiency(Composition Length=3)

Centralized Service Compostion
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

B
ro

k
e
r 

A
rb

it
ra

ti
o
n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Broker Arbitration Efficiency(Composition Length=5)

Centralized Service Composition
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

B
ro

k
e
r 

A
rb

it
ra

ti
o
n
 E

ff
ic

ie
n
c
y
 (

s
c
a
le

 o
f 
1
)

Service Density (%)

Effect of Service Density on Broker Arbitration Efficiency(Composition Length=7)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition
Centralized Service Composition

fk�*;&72���d� � �q�! #"5:!�'�X%Q�&+=�!-k[��'�&r!�4� �3�'W5�)(���:9('���!+��	��������+5��T��9-�('12�0S2�)�u������+8(�"2���9(������!PX%

y!�



20 30 40 50 60 70 80 90 100
0

100

200

300

400

500

600

700

800

900

A
v
e
ra

g
e
 B

ro
k
e
r 

In
s
ta

n
ti
a
ti
o
n
 T

im
e
 (

s
e
c
)

Service Density (%)

Broker Instantiation Time w.r.t Service Density (Composition Length=3)

Centralized Service Compostion
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0

100

200

300

400

500

600

700

800

900

A
v
e
ra

g
e
 B

ro
k
e
r 

In
s
ta

n
ti
a
ti
o
n
 T

im
e
 (

s
e
c
)

Service Density(%)

Broker Instantiation Time w.r.t Service Density (Composition Length=5)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition
Centralized Service Composition

20 30 40 50 60 70 80 90 100
0

100

200

300

400

500

600

700

800

900

A
v
e

ra
g

e
 B

ro
k
e

r 
In

s
ta

n
ti
a

ti
o

n
 T

im
e

 (
s
e

c
)

Service Density (%)

Broker Instantiation Time w.r.t Service Density (Composition Length=7)

Distributed Broker Selection−based Composition
Dynamic Broker Selection−based Composition
Centralized Service Composition

fk��;!72��� þ x �	[����!r!�4�c�G+5%a(/:9+8('�X:@(��*�&+ l �� #�n�9-�('12�0SV�*�u������+8(�"2���9('�V���!PX%

z&x



20 30 40 50 60 70 80 90 100
0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

A
v
e
ra

g
e
 C

o
m

p
o
s
it
io

n
 R

a
d
iu

s
 (

h
o
p
s
)

Service Density (%)

Comparison of Composition Radius between the two protocols (Composition Length=3)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0.1

0.2

0.3

0.4

0.5

0.6

0.7

A
v
e
ra

g
e
 C

o
m

p
o
s
it
io

n
 R

a
d
iu

s
 (

h
o
p
s
)

Service Density (%)

Comparison of Composition Radius between the two protocols (Composition Length=5)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A
v
e
ra

g
e
 C

o
m

p
o
s
it
io

n
 R

a
d
iu

s
 (

h
o
p
s
)

Service Density (%)

Comparison of Composition Radius between the two protocols (Composition Length=7)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

fk��;!72��� þ�þ �<�q�& #"5:9����%'�!+j�9-<�q�! #"b�8%Q�*('���!+ � :&SV�*7b%c�9-k('12�0SV�*�u������+8(�"2���9('�V���!PX%

z þ



1 2 3 4 5

0.5

1

1.5

2

2.5

3

3.5

4

4.5
Composition Radius data distribution for Dynamic Broker Selection based Composition (Composition Length=3)

A
v
e
ra

g
e
 C

o
m

p
o
s
it
io

n
 R

a
d
iu

s
(h

o
p
s
)

Services Density (%)

f���;!75�'� þ y � �e:@(�:/�3�X%a(��'��W27V(��*�&+ �9-`���! #"$�&%'�)(��*�&+ ��:&SV��75%#('� ��UV"2PX:9��+ ('15��SV�X%a(��'��W27V(��*�&+ �9-0 #�L:9+ ���& #"b�8%Q�*('���!+ �/:!S2�*75%�-.�!�
�3T�+5:! ��X�n[��'�&r!�4�c���4P*�L�K(��*�&+gWb:!%'�4Sg���! #"$�&%'�)(��*�&+=-.�&�����& �"$�&%'�*('���!+gP*�4+2;9(�1��ez

z8y



20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

F
ra

c
ti
o
n
 o

f 
a
to

m
ic

 s
e
rv

ic
e
s
 d

is
c
o
v
e
re

d
 l
o
c
a
lly

Service Density(%)

Effect on Service Discovery by the different Composition Protocols (Composition Length=3)

Centralized Service Compostion
Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition

20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

F
ra

c
ti
o
n
 o

f 
a
to

m
ic

 s
e
rv

ic
e
s
 d

is
c
o
v
e
re

d
 l
o
c
a
lly

Service Density (%)

Effect on Service Discovery by the different Composition Protocols(Composition Length=5)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition
Centralized Service Composition

20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

F
ra

c
ti
o
n
 o

f 
a
to

m
ic

 s
e
rv

ic
e
s
 d

is
c
o
v
e
re

d
 l
o
c
a
lly

Service Density(%)

Effect on Service Discovery by the different Composition Protocols(Composition Length=7)

Distributed Broker Selection based Composition
Dynamic Broker Selection based Composition
Centralized Service Composition

fk��;!72��� þ z �	�_�,���*�4+5��T=�9-��!72�O"2���9(��V���!PX%��*+g(����� #%c�!-�P��V��:9P�P�T=SV�X%'���@�!�����4Sj%Q�4�'���X���L%

z&z



20 30 40 50 60 70 80 90 100
1

2

3

4

5

6

7

A
v
e
ra

g
e
 N

u
m

b
e
r 

o
f 
c
o
m

p
o
s
it
e
 r

e
q
u
e
s
t 
D

e
le

g
a
ti
o
n
s
 R

e
q
u
ir
e
d
 f
o
r 

a
 C

o
m

p
o
s
it
io

n

Service Density(%)

Comparison of delegation of composite requests w.r.t Service Density

Composition Length=3
Composition Length=5
Composition Length=7

f���;!75�'� þ w ���_�$�L�K(d�9-q���4�'���X��� �3�4+5%Q�*(aTs�!+('12�#+�72 `W$���e�9-����! #"$�&%'�)(��`���46872�L%a(&�3�4P*�4;&:@(��*�&+5%3-.�!�&�3�X%a(��'��W27V(��4S�[q���!r&���'� Wb:!%'�4S
�q�! #"b�8%Q�*('���!+

z!w


