
Wireless Access to Internet via Bluetooth:
Performance Evaluation of the EDC Scheduling

Algorithm

������������	
����		���
�����	����	��

Consiglio Nazionale delle Ricerche
Istituto CNUCE

Via G. Moruzzi, 1, 56124 Pisa – Italy
Tel: (0039) 050-3153063, Fax: (0039) 050-3138091

e-mail:{Marco.Conti,Enrico.Gregori}@cnuce.cnr.it
Raffaele.Bruno@guest.cnuce.cnr.it

��������
�������� !"#$�%�&'!$'��( $���')*�&(�$"�&�(�!$'#+,

 �(-!&���"".�&"�$#�/&�#0��-�&1"23./0"456$� !"7#7�&
-�#$#�)8�#$!$$�9#�!9�"( �+��!$'#�'�&!� %*�&

#")$( &�$��"+#�#�&#**!("7�(!*!(#��)�#!��&�+��� �
�������� ( #&#(��&!"�!(5: !"#�'�&!� %;$#%�+<**!(!�$� =

��>��,?)(��2<
=

?4;+)$#%!(#��)#+#7�"� �7���!$' *&�@��$()��� ��&#**!((�$+!�!�$"5�)(�$"!+�&!$'#
"(�$#&!�- �&�#�������� %#"��&!"�"�+#"-!&���""#((�""

7�!$���� �6$��&$��;-�" �-� #���&<
=

?"( �+���&
"!'$!*!(#$��)�$ #$(�"� �")"��%7�&*�&%#$(�-!� &�'#&+
��#A��$+A�>!$2AA4"( �+���&5

BCDEF�G�
�������� ;:?.;H( �+��!$';I�+!�%/((�""?�$�&��

2I/?4;.���!$';/���%#�!(A�7�#�A�@��"�2/AJ45

KLMN��FGO��PFN
: ���( $���'!�"*�&3./0";#"� ��%�&'!$'�������� 

��( $���');�**�&#-!+�"7#(�*�&!$$�9#�!9�"����!�$"#$+
#77�!(#�!�$"� #�(���+>&!$'��#&#+!(#�( #$'�!$�9�&)+#) �!*�56$7#&�!(��#&;� ��������� ��( $���')!"%�( %�&�

� #$#-!&���""(�$$�(�!�$*�&#$�%#+!(#((�""��� �
6$��&$���&*�&(#>��&�7�#(�%�$�;>��!�-#$�"��>�#$

�$#>�!$'��( $���')*�&� �'��>#�%�>!�!�)�*+�9!(�"#$+
"�&9!(�"QRS;QTS5

��*�&��������� #77�!(#�!�$"(#$>�+�7��)�+;!�!"
$�(�""#&)#(�$"!+�&#>���**�&�*&�%� �&�"�#&( (�%%�$!�) ��&�"��9�� ���( $!(#�!""��""7�(!*!(��� !"��( $���')56$

: !"-�&1-#"(#&&!�+���!$� �*&#%�-�&1�*� �?0U?<,
?0AVI

=
,WXYUH>!�#��&#�7&�Z�(�[H6I:X\/

W&#%�-�&1*�&#W��]!>��H6I��#��&:���"��*�&W���&�6.
0��-�&1"^5

7#&�!(��#&;� �"�&�$'$��+*�&��-,(�"�;��-,7�-�&#$+��-,
(�%7��]!�)+�9!(�" #"��#+� ��������� "�#$+#&+!8#�!�$
*�&�%��#+�7�#(�$�&#�!8�+:!%�

=
!9!"!�$

=
�7��]2:

==
4 #((�"""( �%�#"� �I/?7&���(��*�&� �( #$$��#((�""56$

#�������� $��-�&1;$#%�+#"_`abcde;�$�"�#�!�$ #"� �
&����*%#"��&#$+#���� �&�������� "�#�!�$"#&�"�#9�"5U7 ��"�9�$"�#9�"(#$7#&�!(!7#����� �7!(�$��

(�%%�$!(#�!�$"5: �%#"��&+�(!+�"- !( "�#9�!"� ��$�
� #�(#$#((�""� �( #$$��5I�&�7&�(!"��);#"�#9�!"

#�� �&!8�+��+��!9�&#"!$'��7#(1����� �%#"��&�$�)!*!�
 #"&�(�!9�+#7���!$'%�""#'�*&�%� �%#"��&5 f

�$(�� �"( �+��!$'#�'�&!� %!"#1�)(�%7�$�$�!$#
�������� $��-�&1;� �"�#$+#&++�(�%�$�"!$!�!#��)

7&�7�"�"#A��$+A�>!$2gg4"( �+���&QhS5.&�9!��"-�&1"
QiS;QTS #9�" �-$� #�� �AA#�'�&!� %%#)!$�&�+�(�

>#$+-!+� -#"�#'�5: �&�*�&�;�**!(!�$�I/?"( �+��!$'
#�'�&!� %"$��+��>�+�"!'$�+5: ��&!'!$#�(�$�&!>��!�$�*

� !"7#7�&!"� �7�&*�&%#$(��9#��#�!�$�*#$�**!(!�$�
"( �+��!$'#�'�&!� %$#%�+<**!(!�$�

=
��>��,?)(��2jkl4;

(�$"!+�&!$'6$��&$���&#**!(5X�&#�'�&!� %��$�"� �7���!$' �&+�&��� �$��-�&1�&#**!((�$+!�!�$"���!%!�� �( #$$��,
>#$+-!+� -#"�#'�(#�"�+>)� �7���!$'�*�%7�)"�#�!�$"5 m

� #$""�$��#�5 #9�7&�7�"�+#W#!&<] #�"�!9�
.���!$'2njo4QiS5H!%!�#&�)����&#�'�&!� %;W<.�&!�"��

#9�!+� �7���!$'�*!$#(�!9�"�#�!�$"5H7�(!*!(#��);� �)
+�*!$�� �%�#$!$'�*#(�!9�#$+!$#(�!9�"�#��*�&� �"�#9�";

#$+!$�&�+�(�7���!$'"�>()(��"- �&��$�)� �#(�!9�
"�#9�"#&�7����+!$#&��$+&�>!$*#" !�$5X�&#�'�&!� %

*�&� �&�]��$+"� !"!+�#!4>)"�7#&#�!$'� �"( �+��!$'�*
� ��7�!$1#$++�-$�!$1�&#$"%!""!�$";#$+!!4>)#+�7�!$'

#�&�$(#��+>!$#&)�]7�$�$�!#�,>#(1�**#�'�&!� %��
+���&%!$�� �#%��$��*�!%�#$!$#(�!9�"�#9�!"&�%�9�+

*&�%� �7���!$'()(��5
: �+�"!'$�*#"( �+���&"�!�#>��*�&� ��������� 

I/?�#)�&-#"#�"�(�$"!+�&�+>)H �&�)��#�5: �) #9�
7&�7�"�+"�9�&#�I/?"( �+��!$'#�'�&!� %"QpS;QqS- �&�

� �)+!"�!$'�!" � �%#"��&,"�#9�7#!&">#"�+�$� �"�#���*
� �@����"#�� �%#"��&#$+"�#9�"5: �)#""�%�� #�� �

!$*�&%#�!�$&�'#&+!$'� �"�#��"�*� �@����#�� �"�#9�!"
#9#!�#>��!$� �%#"��&>�(#�"�!�(�%�"+!&�(��)*&�%� �

"�#9�";- !( #77&�7&!#���)"��"�%�>!�"!$� �I/?
 �#+�&5X$(�� #�+!**�&�$�(�#""�"r7&!�&!�!�"#&�#""!'$�+��

�#( %#"��&,"�#9�7#!&;9#&!��""�&9!(�7��!(!�"(#$>�
+�9!"�+5X�&"( �+��!$'#�'�&!� %+�7#&�"*&�%� !"

#77&�#( >�(#�"�!�+��"$��&��)�7�$#$)!$*�&%#�!�$
(�%!$'*&�%"�#9�"5

6$QhsS-� #9��] #�"�!9��)"��+!�+� �<
=

?>� #9!�&
*&�%� �I/?�#)�&"�#$+7�!$�5H7�(!*!(#��);-� #9�

!$9�"�!'#��+"�9�&#�7�&*�&%#$(�*!'�&�";#"#''&�'#���!$1
��!�!8#�!�$;I/?+��#)"#$+7�-�&!$+�]�";#$+-� #9�



*��$+� #�<
=

?#�-#)"���7�&*�&%"AA5: !"#$#�)"!"-#"#
� ��&��!(#��$�;#"-�+�$��(�$"!+�&� �&�#��&#**!(#$+� �

!%7#(��* !' ,�#)�&7&���(��"�$� ��&#**!("7#(!$'5H!$(�
�$��*� �%�"�!$��&�"�!$'�������� #77�!(#�!�$"!"
�]7�(��+��>�� ��>!@�!���"-!&���""#((�""��6$��&$��;!$

� !"-�&1-��]��$+� �7&�9!��"#$#�)"!"��#&�#�!"�!((#"�
!$- !( � �!%7#(��*:?.*��-,(�$�&��%�( #$!"%" #"

>��$!$9�"�!'#��+5
: �7�&*�&%#$(�"�*:?.�9�&��������  #9�>��$

!$9�"�!'#��+>)�� �&"5/7&��!%!$#&)#$#�)"!"�*:?.
7�&*�&%#$(��9�&�������� !"7&�"�$��+!$QtS;>��� !"
#$#�)"!"!"�$�)&��#��+��� �:?.u�'#"� #�!"&#&��)
#+�7��+!$(�&&�$�:?.!%7��%�$�#�!�$56$QqS#%�&�
#((�&#��#$#�)"!"�*:?.7�&*�&%#$(�" #">��$�]�(���+;
>��$�!$"!' �!"'!9�$�$� �!%7#(��*:?.7#&#%���&"�9�&

� �7�&*�&%#$(�"�*#(�$$�(�!�$+��!9�&�+9!##�������� 
�!$15

: �&�"���"7&�"�$��+!$� �*����-!$'!$+!(#��� #�<
=

?
7&�9!+�"#"!'$!*!(#$��)� &��' 7��!%7&�9�%�$�*�&� �

:?.(�$$�(�!�$";- �$(�%7#&�+-!� � �AA"( �+���&5
.#&�!(��#&#���$�!�$ #">��$+�9���+��� �"��+)�*� �&���

�*� �:?.I#]!%�%H�'%�$�H!8�2IHH4�9�&� �
� &��' 7��7�&*�&%#$(�53�#�"�!$9�"�!'#��� �!%7#(��*

( #$$���&&�&"�9�&� �:?.#$+� ��**�(�!9�$�""�*� �/AJ
"( �%�#+�7��+!$�������� *�&�&&�&&�(�9�&)5

: �7#7�&!"�&'#$!8�+#"*����-"56$H�(�!�$R-�
>&!�*�)+�"(&!>�"� ��������� I/?�#)�&;-!� #7#&�!(��#&
#���$�!�$��� �( #$$��#((�"""( �%�56$H�(�!�$v-�'!9�

� �"7�(!*!(#�!�$�*��&"( �+��!$'#�'�&!� %5: �$;H�(�!�$
T7&�"�$�"#(�%7����7�&*�&%#$(��9#��#�!�$�*� �

"( �+��!$'#�'�&!� %5?�$(��+!$'&�%#&1"#&�"�%%#&!8�+
!$H�(�!�$w5

xLyzC�zPCEF{�|C}~OC�FF�|�����F�F�F~
W&�%#��'!(#�"�#$+7�!$�;�������� >���$'"��� �

(�$��$�!�$,*&����1�$,>#"�+%���!,#((�""$��-�&1"QTS5/
:!%�

=
!9!"!�$

=
�7��]2:

==
4"( �%��*�&#$"%!""!�$!"

#+�7��+5: �( #$$��!"+!9!+�+!$���!%�"���";�#( iRwµ"
!$��$'� 5: ��!%�"���"#&�$�%>�&�+#((�&+!$'��� �

�������� (��(1�*� �%#"��&5: �%#"��&(#$>�'!$#$�-
�&#$"%!""!�$!$�9�$$�%>�&�+�!%�"���"5X++$�%>�&�+
�!%�"���"#&�&�"�&9�+*�&� �>�'!$$!$'�*"�#9�"�
�&#$"%!""!�$"5/""�#��+>�*�&�;� �( #$$��#((�""!"

%#$#'�+#((�&+!$'��#7���!$'"( �%�5: �%#"��&+�(!+�"
- !( "�#9�!"� ��$�)�$��� #9�� �#((�""��� �( #$$��

>)"�$+!$'�� !%#7#(1��5: �%#"��&7#(1��%#)(�$�#!$
+#�#�&(#$"!%7�)>�#7���!$'7#(1��53 �$� �"�#9�

&�(�!9�"#7#(1��*&�%� �%#"��&!�!"�>�!'�+���&#$"%!�!$
� �$�]��!%�"���;��#(1$�-��+'�� �%#"��&�&#$"%!""!�$5

: !"!%7�!�"� #�� �"( �+��!$'+�(!"!�$"#&�#�-#)"&��#��+
��#(��7���*"�#�!�$"�� �%#"��&#$+� �"�#9�� #�&�(�!9�"
� �%#"��&�&#$"%!""!�$5: �"�#9�7#(1��(#$(�$�#!$+#�#�&

(#$"!%7�)>�#0U��7#(1��5
: �&�#&��-��)7�"�*7 )"!(#��!$1"� #�(#$>�

�"�#>�!" �+>��-��$�������� +�9!(�"�#H)$( &�$��"
?�$$�(�!�$,X&!�$��+2�l�4�!$1;#$+#$/")$( &�$��"
?�$$�(�!�$��""2�l�4�!$15: �*!&"��)7��*7 )"!(#��!$1!"

#7�!$�,��,7�!$�;")%%��&!((�$$�(�!�$>��-��$� �%#"��&
#$+#"7�(!*!("�#9�56�!"�"�+��+��!9�&+��#),"�$"!�!9�

�&#**!(;%#!$�)9�!(�5: �H?X�!$1&#��!"iT1>7"#$+!�!"
"�����+>)&�"�&9!$'#(��7���*(�$"�(��!9�"���"*�&%#"��&,
��,"�#9��&#$"%!""!�$#$+!%%�+!#��"�#9�,��,%#"��&
&�"7�$"�5W�&H?X�!$1"� �%#"��&7�&!�+!(#��)7���"� �

(�&&�"7�$+!$'"�#9�;!$"��#+� �7���!$'!"#")$( &�$��"
*�&/?��!$1"5

: �H?X�!$1(#$>�(�$"!+�&�+#"#(!&(�!�,"-!�( �+
(�$$�(�!�$>��-��$� �%#"��&#$+� �"�#9�5: �"�(�$+

1!$+�*7 )"!(#��!$1;� �/?��!$1;!"#(�$$�(�!�$>��-��$
� �%#"��&#$+#��"�#9�"7#&�!(!7#�!$'��� �7!(�$��;#$+!�

(#$>�(�$"!+�&�+#"#7#(1��,"-!�( �+(�$$�(�!�$>��-��$
� ��������� +�9!(�"� #�"�77�&�"7�!$�,��,%���!7�!$�
�&#$"%!""!�$"*&�%� �%#"��&��� �"�#9�"5: �/?�

( #$$��'�#&#$���"� �&��!#>��+��!9�&)�*+#�#�#*#"�
/���%#�!(A�7�#�A�@��"�2�g�4"( �%�!"#+�7��+��

#""�&�+#�#!$��'&!�)5
: �I/?�#)�&#�"�#((�%7�!" �"� �H�'%�$�#�!�$#$+

A�#""�%>�)2��g47&�(�+�&���!%7&�9�� �7&���(��
�**!(!�$()>)"�77�&�!$'#%#]!%�%�&#$"%!""!�$�$!�"!8�

2���4�#&'�&� #�� �/?�7#(1��"!8�"5
����������������������� ���¡�¢�£��¤��¥�¡���¦

§¨©§¨ª§¨«§¬§¬ª§¬«
RthpvvvqhthRhRRT

6�!"-�&� 7�!$�!$'���� #�#�!' �(�$"�&#!$��*�������� 
��( $���')!"� #�/?�7#(1��"(#$(�9�&"h;v�&w�!%�
"���"5/((�&+!$'���������� "7�(!*!(#�!�$QhS;� �/?�

7#(1��"#&��*�-�+!**�&�$�'&��7";�$�+�$���+
=

I®#$+
� ��� �&�$�+�$���+

=f
®5: �*�&%�& #"#7#)��#+

�$(�+�+-!� #&#��RrvW<?#$+� ��#���& #"$��'��#W<?
�$(�+!$'5: �"�>"(&!7�®"�#$+"*�&� �$�%>�&�*"���"� #�
#&�$�(�""#&)���&#$"%!�� �7#(1��5:#>��h&�7�&�"� �

+!**�&�$�7#)��#+"!8��*/?�7#(1��"5
I�&�+��#!�"#>���� ��������� I#(7&���(��(#$>�

*��$+!$QhS;QvS5
¯L°{{P�PCN�±FO�~C�D�~C²�|CGO~PN³

�~³F�P�|´{F��}~OC�FF�|�P�FNC�
: �<**!(!�$�

=
��>��,?)(��2jkl4#�'�&!� %!">#"�+�7�$

�-�%#!$!+�#"�*!&"��*#��!�!"$�(�""#&)��#9�!+0U��
�&#$"%!""!�$"��-#&+"#$+*&�%� �"�#9�"µ*�&� �&%�&�� �

*#!&$�""�)7!(#��*#A��$+A�>!$"( �%�" ���+>�
7&�"�&9�+5: �"��#&'��"(#$>�#((�%7�!" �+!*� �"���(�!�$
�*� �"�#9���>�7����+�#1�"!$��(�$"!+�&#�!�$� �%#"��&

1$�-��+'��*�&#**!(*&�%#$+��� �"�#9�"56$� �&�"��*��&
+!"(�""!�$;-�#""�%�#")"��%%�+��- �&�� �%#"��&

�%7��)"#"�7#&#��@����*�&�#( "�#9�"7#&�!(!7#�!$'��
7!(�$��(�%%�$!(#�!�$"56�!"-�&� 7�!$�!$'���� #�� �

%#"��& #"#+���&%!$!"�!(1$�-��+'��*� �"�#���*!�"��(#�
@����";!5�5;� �@����"(�$�#!$!$'� �7#(1��"*�&� �"�#9�"5

X$� ��� �&+!&�(�!�$2!5�5;�&#**!(*&�%� �"�#9�"4;-��$�)
#""�%�� #�� �%#"��& #"#7&�>#>!�!"�!(1$�-��+'�>#"�+
�$� �*��+>#(1� �%#"��&'��"- �$7���!$'� �"�#9�"5

: �&�*�&�� �%#"��&(#$�$�)�"�!%#��� �7&�>#>!�!�)� #�#
"�#9�-!��"�$+#0U��7#(1��>)�]7��!�!$'� �1$�-��+'�

�*� �"�#9�>� #9!�&!$� �7&�9!��"7���!$'()(��"5/"
"�#��+!$� �!$�&�+�(�!�$;��&'�#�!"��+�*!$�#$�**!(!�$�
"( �+��!$'#�'�&!� %� #�!"$��!%7��%�$�#�!�$+�7�$+�$�;

$#%��);!�+��"$��&�@�!&�� #�#��"�#9�"#&�#>����"��
"7�(!*!( �#+�&*!��+"#((�&+!$'��� �7#&�!(��#&"( �+��!$'

#�'�&!� %#+�7��+>)� �%#"��&5
f

�&�#*��&;-�!$+!(#��#" ¶
_·`c¸� ��!$1+!&�(�!�$*&�%"�#9�"��%#"��&;#$+#" ¹
bºc·`c¸� ��!$1+!&�(�!�$*&�%%#"��&��-#&+""�#9�"5

/$#++!�!�$#�7&�>��%�� #9�#*#!&#$+�**!(!�$�
"( �+��!$'!$�������� !"(#�"�+��� �(��7�!$'>��-��$
� ��&#$"%!""!�$!$�7�!$1#$++�-$�!$12!5�5#%#"��&��
"�#9��&#$"%!""!�$!%7�!�"#�"�#7���!$'�*� �"�#9�#$+

 �$(�#;7�""!>�)0U��;"�#9���%#"��&�&#$"%!""!�$45
: �&�*�&�;!�!"$��7�""!>����&�%�9�#"�#9�*&�%� �

7���!$'()(��-!� ���>��(1!$'#�� �"#%��!%�� �%#"��&
�&#$"%!""!�$"��-#&+"� !""�#9�5:�!$�&�+�(�#27#&�!#�4

+�(��7�!$'!$� �"( �+��!$'�*� ��&#$"%!""!�$"!$�7�!$1
#$++�-$�!$1-�!$�&�+�(�� �!+�#�*#+��>��7���!$' ()(���#$

¶
_·`c¸_b··`c»¼

¶
½a¾a·d; �&�#*��&(#���+l¾a·d¿À;

#$+#
¹

bºc·`c¸_b··`c»¼
¶

½a¾a·d; �&�#*��&(#���+l¾a·dÁÂ5 =
�&!$'>�� �*� �"�()(��"� �%#"��&"���(�"#"�>"���*



"�#9�"� #�#&�d·`»`½·d*�&� �7���!$'5W�&� �"#1��*
>&�9!�)-�-!��&�*�&��� �"�>"���*��!'!>��"�#9�""���(��+

+�&!$'#l¾a·d¿À#"jÃÄoÅ;#$+��� �"�>"���*��!'!>��
"�#9�""���(��++�&!$'#lÆaÇdÈÉ#"jÃkÊÅ5jÃkÊÅ!"

(#�(��#��+(�$"!+�&!$'�$�)� �"�#���*%#"��&��(#�@����";
!5�5� ��$'�!$'�&#**!(��#+";- �&�#"jÃÄoÅ!"(#�(��#��+

(�$"!+�&!$'�$�)� ��"�!%#��+"�#9�"Ë#(�!9!�);!5�5� �
!$'�!$'�&#**!(��#+"5: �+!"�!$(�!�$>��-��$7���!$'&���"

*�&� �+�-$�!$1#$+� ��7�!$17�&%!�"�� #9�#ÌÍÎ`ÏcdÐÐ
Ðd_ÎÏÎe`bc^Ñ!$� �ÒbÓcÇ`cÔ2Õ_Ç`cÔ4ÐÕÖaÆaÇd*#!&$�""!"

'�#&#$���+�$�)!$� �+�-$�!$12�7�!$14+!&�(�!�$5
×LKØÙ��ÚC�P{P���PFN

/+��#!��+<
=

?"7�(!*!(#�!�$� &��' 7"��+�,(�+�(#$>�
*��$+!$QhsS5

=
����� �"7#(�(�$"�&#!$�"-�7&�9!+��$�) #$<

=
?"7�(!*!(#�!�$� &��' � �$#��&#��#$'�#'�5

: ����(�%��*��&7���!$'#�'�&!� %!"� �$�]�"�#9�
��>�7����+;#�"�&�*�&&�+#"cdÛe5��(#�"�� �&�!"#+��>��

()(��;-� #9�#cdÛeÄ_(#�(��#��++�&!$'� �lÆaÇdÜÝ;#$+#
cdÛekÓ(#�(��#��++�&!$'� �lÆaÇdÈÉ5/7���!$'!$��&9#�aÞ

#$+#7���!$'-!$+�-ÓÞ#&�#""�(!#��+���#( "�#9�ßÞ5
: �"�9#&!#>��"#&��"�+���"�!%#��� �"�#9�#(�!9!�);#$+��

!%7��%�$�#eÏÕcaÎedÒÖ`cÎÏÆdÛ_bcdce`ÎÇÖÎaÔbÍÍ
%�( #$!"%��(�$�&��� �"�#9�"7���!$'*&�@��$()+�&!$'#
lÆaÇdÜÝà5H7�(!*!(#��);#�� ��$+�*�#( ßáâ"7#(1��

&�(�7�!�$;� �%#"��&�7+#��"� �7���!$'!$��&9#�aá#$+� �
7���!$'-!$+�-Óá-!� � �*����-!$'&���"Ñ

h56*ßá"�$+"#7#(1��-!� #$���7#)��#+;� �$!�"7���!$'
-!$+�-Óá!"+��>��+�!��#%#]!%�%9#���Óãäå!"

&�#( �+5
R56*ßá"�$+"#7#(1��-!� #$��$���7#)��#+;� �$Óá!"

"�����+��>�h5
v5: �7���!$'!$��&9#�aá�#1�"� �Óá9#���5 =

�&!$'#lÆaÇdÈÉ#��� �ßÞ� #�>���$'"��jÃkÊÅ#&�7����+
!$#()(�!(�&+�&2!5�5-�#+�7�#A��$+A�>!$7��!()*�&� �

jÃkÊÅ"��45/*��&#"�#9� #">��$7����+!�!"�]�&#(��+*&�%
jÃkÊÅ5: �&�*�&�#lÆaÇdÈÉ!"(�%7����+�$�)- �$jÃkÊÅ >�(�%�"�%7�)5/�� �"#%�-#);+�&!$'#lÆaÇdÜÝ#��� �ßÞ

� #�>���$'"��jÃÄoÅ#&�7����+!$#()(�!(�&+�&2!5�5;-�
#+�7�#A��$+A�>!$7��!()*�&� �jÃÄoÅ"��45/*��&#"�#9�

 #">��$7����+!�!"�]�&#(��+*&�%jÃÄoÅ5: �&�*�&�#
lÆaÇdÜÝ!"(�%7����+�$�)- �$jÃÄoÅ>�(�%�"�%7�)53�

(�$"!+�&#7���!$'()(��#"(�%7����+!*#��� �"�#9�"� #�
>���$'��>�� jÃÄoÅ#$+jÃkÊÅ #9�>��$7����+5

X$��*� �%�"�!%7�&�#$��#"1"� #�!"#((�%7�!" �+
>)� �%#"��&#�� �>�'!$$!$'�*�#( 7���!$'"�>()(��!"

� ��7+#���*jÃÄoÅ�&jÃkÊÅ#((�&+!$'��!�"1$�-��+'�
#>����&#**!(��#+"5H7�(!*!(#��);jÃÄoÅ!"(�$"�!����+>)#��

"�#9�"ßÞ� #� #9�aÞ$���#�� �>�'!$$!$'�*#lÆaÇdÜÝ5
��(#�"�jÃÄoÅ!"�7+#��+>�*�&�� �>�'!$$!$'�*�#( 

lÆaÇdÜÝ;!*ßÞ #"#aÞ�@�#���c;� �$clÆaÇdÜÝ%�"���#7"�
>�*�&�ßÞ!"7����++�&!$'#lÆaÇdÜÝ5X$� ��� �& #$+;

jÃkÊÅ!"(�$"�!����+>)#��"�#9�"ßÞ��- !( � �%#"��& #"
�&#**!(��"�$+#�� �>�'!$$!$'�*#lÆaÇdÈÉ;!5�5;"�#9�"

(�&&�"7�$+!$'��� �$��,�%7�)%#"��&��(#�@����"5
/�� �>�'!$$!$'�*�#( $�-%#"��&�&#$"%!""!�$;

#((�&+!$'��� �7!(�$���!%!$';� �%#"��&�]�(���"� �
*����-!$'#(�!�$"Ñ

h56*� �7���!$'()(��!"*!$!" �+� �$<
=

?�7+#��"jÃkÊÅ
#$+#$�-7���!$'()(��>�'!$"-!� #lÆaÇdÈÉ5

R56*� �7���!$'()(��!"$��*!$!" �+;<
=

?+���&%!$�"!*
� �$�]��&#$"%!""!�$>���$'"��#lÆaÇdÈÉ;!5�5;jÃkÊÅ !"$��#$�%7�)"��;�� �&-!"�<

=
?+�(&�#"�"� �

7���!$'!$��&9#�9#&!#>��";!��7+#��"jÃÄoÅ#$+#$�-
lÆaÇdÜÝ>�'!$"5

6�!"-�&� $��!$'� #�!*#�� �>�'!$$!$'�*#$�-7���!$'
()(��jÃkÊÅ!"#$�%7�)"��� �$<

=
?+�(&�#"�"� �7���!$' !$��&9#�9#&!#>��"#$+#$�-lÆaÇdÜÝ>�'!$"5: !">� #9!�&

(�&&�"7�$+"�� #9�#lÆaÇdÈÉ-!� $���+�&#�!�$56*jÃÄoÅ
#$+jÃkÊÅ#&�>�� �%7�)"��"<

=
? #"$�!$*�&%#�!�$��

+!"(&!%!$#��#"�#9�*&�%� ��� �&";� �$<
=

?#77�!�"#
&��$+&�>!$7���!$'&����!��� �%#"��&+��"$��&�(�!9�#

+#�#7#(1��*&�%#"�#9��&#���#"��$��*!�"��(#�@����"!"
$���%7�)5

6$� �*����-!$'"�(�!�$-�7&�"�$�#(�%7����
"!%��#�!9�#$#�)"!"�*� �<

=
?#�'�&!� %7�&*�&%#$(�"

- �$!�!"�"�+��"( �+���6$��&$���&#**!(5�)�]7��!�!$'
� !"#$#�)"!"-�+�%�$"�&#��� �7�&*�&%#$(��$ #$(�%�$�

#( !�9�+>)<
=

?;-!� &�"7�(���#&��$+&�>!$"( �+��!$'
#�'�&!� %5W�&� �&%�&�;-�7�!$����"�%�"7�(!*!(!""��"

&��#��+��� ��&#$"7�&��*:?.�&#**!(�9�&� ��������� �!$1
��'!9�#>����&�$+�&"�#$+!$'�*<

=
?>� #9!�&5

æLçPèO~��PFN�FGC~�NG�C�{F�è�N�C
Øz�~O��PFN

: �$��-�&1%�+��"!%��#��+!"#"!$'��7!(�$��(�$"�!����+
>)#%#"��&#$+�7��"�9�$"�#9�"5/+��#!��++�"(&!7�!�$�*

� ��������� #&( !��(��&�#$+!�"7&���(��"�#(1(#$>�
*��$+!$QhS;QRS5W�&� �"#1��*� �*����-!$'+!"(�""!�$-�

&�*�&��W!'�&�h;- �&�-�&�7�&�#"!%7�!*!�+#&( !��(��&��*
� �")"��%5

TCPUDP

IP

L2CAP

MAC

PHY

Internet
Protocols

Bluetooth
Protocols

éêëìíîïðñíòóòôòõöó÷ôø
: ��&#**!("��&(�"'�$�&#��:?.#$+U

=
.7#(1��"� #�#&�

"�$���� �$��-�&1�#)�&;- !( #++"!�" �#+�&2Rs>)��"45
: �ùR?/.�#)�&&�(�!9�"� �+#�#"�'%�$�"*&�%� ��77�&

�#)�&";!�#++"T>)��"�*ùR?/. �#+�&#$+!�@����"� �
ùR?/.7#(1��"!$#>�**�&5: �"!8��*� !">�**�&!"( �"�$

�@�#���iTY>)��"� #�!"� �"�#$+#&+ÎÒúdÏe`ÐdÒÓ`cÒbÓ
�"�+!$� �:?.&�(�!9�&5H!$(�$�%�&�� #�#$#+9�&�!"�+

-!$+�-�*:?.�&#**!((#$>�'�$�&#��+>)#:?."�$+�&;� !"
>�**�&"!8�'�#&#$���"� #�$�>�**�&�9�&*��-��""�"#&�
�]7�&!%�$��+>):?.�&#**!(û6�%�#$"� #��#( :?."��&(�

"��#$!$*!$!��"!8�>�**�&5: !"#""�%7�!�$7�&%!�"��"��+)
� �+)$#%!(�*:?.(�$$�(�!�$"�$+�&#$<

=
?"( �+���&

-!� ���>!#"!$'�**�(�"+����� ��!%!��+>�**�&"!8�5
ù#&'�ùR?/.7#(1��"%�"�>�"�'%�$��+!$��"%#���&

�#"�>#$+7#(1��">�*�&�� �!&�&#$"%!""!�$(#$�#1�7�#(�5/
$�-ùR?/.7#(1��(#$$��>�"�&9�+�!��#��*&#'%�$�"

2'�$�&#��++�&!$'� �"�'%�$�#�!�$#�� �I/?�#)�&4�*� �
7&�9!��"ùR?/.7#(1�� #9�>��$"�((�""*���)�&#$"%!���+5

: �"�'%�$�#�!�$7&�(�+�&�!"#((�%7�!" �+;Z�"�>�*�&�� �
�&#$"%!""!�$;!$"�( #-#)��%#]!%!8�� �#%��$��*+#�#

(�$9�)�+>)�#( >#"�>#$+7#(1��56$7#&�!(��#&;� �
"�'%�$�#�!�$7&�(�+�&��]�(���"� �*����-!$'"��7"Ñ

h5
=

!9!+�� �ùR?/.7#(1��!$��#$!$��'�&$�%>�&�*w
"���>#"�>#$+7#(1��"5

R56*� �"!8�Û&�%#!$!$'��>�*&#'%�$��+!"�#&'�&� #$
� �"!8��*#v"���>#"�>#$+7#(1��;"�$�!�#"#w"���

7#(1��5
ûù���"&�%!$+� #�#"�#9��"�#>�!" �"#"!$'��:?.

(�$$�(�!�$"-!� � �%#"��&



v56*Û!"�#&'�&� #$� �"!8��*#h"���>#"�>#$+7#(1��
>��" �&��&� #$� �"!8��*#v"���>#"�>#$+7#(1��;

"�$+!�#"#v"���>#"�>#$+7#(1��5
T5X� �&-!"�;"�$+Û#"#h"���>#"�>#$+7#(1��5

6�-���+>�7�""!>����+�9!"�"�9�&#�H/A7&�(�+�&�"2"��
QpS;QqS4;>��� !"!""��!"��*�*�&*���&�+!"(�""!�$5

W!'�&�R" �-"� �$��-�&1(�$*!'�&#�!�$#$+�&#**!(
7#&#%���&"; �&�#*��&&�*�&&�+��#""adcÎÏ`bü;�"�+!$� �
�]7�&!%�$�"7&�"�$��+!$� �$�]�"�(�!�$5: �:?."��&(�"
#&�#")%7���!((�$$�(�!�$";!5�5;� �) #9�#�-#)"#+#�#
7#(1��&�#+)��>��&#$"%!���+2*�7,�!1��&#**!(45: �:?.

9�&"!�$(�$"!+�&�+!"� �:?.,A�$�;� �%�"�-�&�+-!+�
#+�7��+:?.!%7��%�$�#�!�$QwS5: �U

=
."��&(�"'�$�&#��

?�A�&#**!(56$� �*!'�&�� �#&&�-"!$+!(#��� �+!&�(�!�$�*
+#�#7#(1��"!$� �(�$$�(�!�$"�#9�,%#"��&5W�&�#( 

(�$$�(�!�$;� ��)7��*�&#**!(2!5�5;U
=

.�&:?.4;� ��!%�
!$"�#$��*>�'!$$!$'#+��&%!$#�!�$;#$+� �>!�&#��2�$�)

*�&� �U
=

."��&(�"4#&�'!9�$5

Slave 1

Master

TCP traffic (ftp)
Start = 0s    Stop = 90s

TCP traffic (ftp)
Start = 15    Stop = 75s

TCP traffic (ftp)
Start = 30s    Stop = 75s

UDP traffic 30 kbps
Start =40s     Stop = 70s

UDP traffic 15 kbps
Start = 65s     Stop = 80s

UDP traffic 10 kbps
Start = 45s    Stop = 70s

UDP traffic 5 kbps
Start = 60s     Stop = 90s

Slaveý

Slaveþ

Slaveÿ

Slave�

Slave�

Slave�
éêëìíî�ð�í÷��êôöòìíôîöìöî�ê��ôî�÷íêò	

3�(�$"!+�&"��&(�"-!� +!**�&�$��!%�!$��&9#��*#(�!9!�) ��(#7��&�� �+)$#%!(>� #9!�&�*� �"( �+��!$' #�'�&!� %53�#�"���(#��"�%�"��&(�"!$� �%#"��&#$+
�� �&"��&(�"!$� �"�#9�"���9#��#��� �*#!&$�""�*

"( �+��!$'#�'�&!� %>��-��$� ��7�!$1#$++�-$�!$1
+!&�(�!�$5W!$#��);-�#$#�)8�� �#>!�!�)�*� �"( �+��!$'

#�'�&!� %��#+#7���#")%%��&!(��#+">)(�$"!+�&!$' +!**�&�$�?�A&#��"5 =
�&!$'#��� �"!%��#�!�$"(#&&!�+���-� #9�#""�%�+

Óãäå�@�#���vR;#$+-� #9��"�+/?ù7#(1��"-!� $�
W<?�$(�+!$';!5�5;�$�)

=f
Û7#(1��"2"��:#>��h45

æLK
OèC�P��~�FèÚ��P�FN�C�ECCNØÙ�
�NG���C|�zPF�

6$� !""�(�!�$-�(�$"!+�&#$+!+�#�( #$$��-!� $��&&�&";
#$+-��"�#(�$"�#$�:?.7#(1��"!8��*hsRT>)��";#
(�$"�#$�U

=
.7#(1��"!8��*wss>)��"#$+#:?./?Y"!8�

�*Rs>)��"5
W!'�&�v" �-"� �� &��' 7��*�&� �:?.(�$$�(�!�$

�*H�#9�h#( !�9�+!$� �"(�$#&!�/-!� #%#"��&� #�
#+�7�"�!� �&� �<

=
?#�'�&!� %�&� �A��$+A�>!$2AA4

#�'�&!� %53��>"�&9�� #�<
=

?'�#&#$���"#� &��' 7��
#�-#)""!'$!*!(#$��) !' �&� #$� ��$�#( !�9�+-!� #AA

"( �+���&5
6$� ��!%�!$��&9#�Qs;�hw"�(S� �&�!"#"!$'��#(�!9�:?.

(�$$�(�!�$5
=

�&!$'� !"�!%�!$��&9#�� �� &��' 7��
�>�#!$�+-!� <

=
?!"%�&�� #$�-��!%�"� ��$��>�#!$�+

-!� AA;+����� �(#7#(!�)�*<
=

?��#+#7�� �7���!$' *&�@��$()��� �"��&(�"Ë#(�!9!�)5: �&!77��"�>"�&9�+#*��&
Ts"�(�$+"#&�+����� �"�#&�!$'�*� �U

=
."��&(�"5: �

"#%�&�"���" #9�>��$�>�#!$�+*�&� ��� �&:?.
(�$$�(�!�$"#$+� �)#&�$��&�7�&��+ �&�5

0

50

100

150

200

250

300

350

400

450

500

0102030405060708090

Throughput (Kbps)



Time (seconds)

EDC - Slave1
RR - Slave1

éêëìíî�ð��ñó�íòìë��ìóò��õ÷�îïôò��îôóêò�

0

5

10

15

20

25

30

35

4045505560657075

Throughput (Kbps)

�

Time (seconds)

EDC - Slave4
RR - Slave4

EDC - Slave5
RR - Slave5

éêëìíî�ð��ñó�íòìë��ìóò��õ÷�î�÷���õ÷�î�
W!'�&�T" �-"� �� &��' 7���*�-�?�A"��&(�";� �

*�&%�&��(#��+!$� �%#"��&2(�&9��#>���+#"H�#9�T4#$+
� ��#���&��(#��+!$#"�#9�2(�&9��#>���+#"H�#9�w456�!"

-�&� $��!$'� #�!$� ��!$1"�#9�T\%#"��&#��� �U
=

.
7#(1��"#&�"( �+���++�&!$'� �ÒbÓcÇ`cÔ_bÇÇ`c�ÐÕÖ
aÆaÇd;- �&�#"!$� ��!$1"�#9�w\%#"��&#��� �U

=
.7#(1��"

#&�"( �+���++�&!$'� �Õ_Ç`cÔ_bÇÇ`c�ÐÕÖaÆaÇd5
f

�-�9�&;
� �"( �+���&'!9�"#*#!&�&�#�%�$���� �"�*��-"5

W�&� �&%�&�;-��>"�&9�� #�<
=

?!$(&�#"�"� �� &��' 7��
�*:?.*��-"-!� &�"7�(���AA;>��!�#�"�7�&%!�"��
'�#&#$���#� &��' 7��*�&U

=
.*��-"�@�#���� �!&&#��;#"

AA5
W!'�&�w" �-"� �� &��' 7���*� �� &��:?.

(�$$�(�!�$"- �$� �)#&�(�$��%7�&#&!�)#(�!9�53�
�>"�&9�� #�<

=
?>� #9�"*#!&�)-!� � �:?.*��-";#"#AA

"( �+���&+��"53� #9�7&�9�+� �*#!&$�""�*<
=

?- �$#��
� �:?.+#�#7#(1��"#&�"( �+���++�&!$'lÆaÇdÈÉ56$� �

*����-!$'�]7�&!%�$�-�( �(1!*� �+!**�&�$�7���!$'&���"
#+�7��++�&!$'lÆaÇdÈÉ#$+lÆaÇdÜÝ(#$ #9�#$!%7#(��9�&

� �:?.7�&*�&%#$(�"5
W!'�&�i" �-"� �� &��' 7���*#:?.(�$$�(�!�$

�"�#>�!" �+>��-��$� �"�#9�R#$+� �%#"��&- �$� �:?.
"�$+�&!"�!� �&��(#��+!$� �%#"��&2"(�$#&!�/4;�&!$� �
"�#9�2"(�$#&!��45/��� ��� �&"��&(�">� #9��]#(��)#"!$
"(�$#&!�/5: !"�]7�&!%�$�" �-"� #�� �:?.� &��' 7��
"�!' ��)!$(&�#"�"- �$� �+#�#7#(1��"*��-!"*&�%� �
"�#9���-#&+"� �%#"��&5: !"!"+����� �+!**�&�$�

*&�@��$()>)- !( � �"( �+���&7���""�#9�R+�&!$'
lÆaÇdÜÝ!$� ��-�(#"�"5



100

150

200

250

300

350

400

450

405060708090

Throughput (Kbps)

�

Time (seconds)

EDC - Slave1
EDC - Slave2
EDC - Slave3

éêëìíî�ðé÷êí�îööò����÷õëòíêó���êó�íîö�îôóóò��ñ
ôò��îôóêò�

0

50

100

150

200

250

300

1020304050607080

Throughput (Kbps)

�
Time (seconds)

EDC - ScenarioB - Slave2
EDC - ScenarioA - Slave2

éêëìíî�ð��ñó�íòìë��ìóò��õ÷�î�ôò��îôóêò���î�
íî�îíöê�ëó�îôò��îôóêò��êíîôóêò�

6$"(�$#&!�/;� �"�#9�R@����(�$�#!$"� �
#(1$�-��+'�%�$��&#**!(53 �$� �%#"��&"�$+"#*&#'%�$�
�*#:?.7#(1��;!�!" !' �)7&�>#>��� #�!�&�(�!9�"#0Uùù
7#(1��*&�%� �"�#9�R2� �/?Y(#$$��>�'�$�&#��+>)� �

:?.&�(�!9�&�!��� �:?.7#(1��!"(�%7�����)&�(�!9�+4;
� �&�*�&�� �7���!$'!$��&9#�*�&"�#9�R!$(&�#"�";#$+� �
"�#9�R-!��"1!7"�%��*� �*����-!$'Õ_Ç`cÔ_bÇÇ`c�ÐÕÖ

aÆaÇdÐ5: !">� #9!�&(#$&�+�(�� �&#��>)- !( � �
#(1$�-��+'�%�$��&#**!(!""�&9�+;� �&�*�&�#�"���-�&!$'

� �&#���*:?.+#�#2����"&�%!$+� #�� �7���!$'�*�$�
+!&�(�!�$#�"�%�#$"� �7���!$'�*� ��� �&�$�45X$� �

�� �& #$+;!$"(�$#&!��� �"�#9�R@����(�$�#!$"� �+#�#
�&#**!(;#$+!�!" !' �)7&�>#>����*!$+#@����+:?.7#(1��
2� �:?."��&(�!"#")%7���!(4;� �&�*�&�$�lÆaÇdÜÝ!"
"1!77�+5W�&� �&%�&�;#""��$#"� �/?Y*�&� �"�#9�R!"

'�$�&#��+;� �%#"��&-!��"�&9�!�!$� �*!&"�#9#!�#>��
lÆaÇdÈÉ;-!� $�#++!�!�$#�+��#)5X>9!��"�);� !"

7 �$�%�$�$!"%�&��9!+�$�- �$#*�-"��&(�"#&�#(�!9�;
>�(#�"�� �7���!$'()(��!"" �&�5

6$(�$(��"!�$;� �&�"���"7&�"�$��+"�*#&+�%�$"�&#��
� #�<

=
?"!'$!*!(#$��)!%7&�9�"� �� &��' 7��

7�&*�&%#$(��*:?.*��-"!$#7!(�$��;- �$(�%7#&�+��#
AA"( �+���&5W�&� �&%�&�;-� #9�(�#&!*!�+� #�� �

+�(��7�!$'�*"( �+���&+�(!"!�$"&��#��+��� �7���!$'�*
� ��7�!$1#$++�-$�!$1(#$!%7�)"�%�!""��"- �$� �
�&#**!(*��-"*&�%#"�#9���� �%#"��&#$+!$� �!$9�&"�

+!&�(�!�$#&�(�&&��#��+2#"*�&#:?.(�$$�(�!�$45

æLxØ{{C��F{���PèOèçC èCN�çP!CFzC�
�|C"���|�FO |ÚO�

6$� !""�(�!�$-�"��+)!$+�7� � �&���� #�� �#ÎÛ`$Õ$
ßd�$dceß`%d2#ßß4�*#:?.(�$$�(�!�$ #"!$+���&%!$!$'

� �:?.� &��' 7��56$� �*����-!$'-�#""�%�� #�� �
:?.7#(1�� #"#(�$"�#$�"!8��@�#���� �IHH5

W!'�&�t" �-"� �� &��' 7��#( !�9�+*&�%#:?.
(�$$�(�!�$�"�#>�!" �+*&�%#%#"��&��#"!$'��"�#9�

9�&"�"� �IHH5X>9!��"�);- �$� �7#(1��"!8�!$(&�#"�;
� ��9�& �#++����� �6. �#+�&#$+� �ùR?/. �#+�& #"

#+�(&�#"!$'-�!' �5W�&�]#%7��;-!� #IHH�@�#���vhw;
iwT;qqv�&hvvR>)��"� �+��!9�&)�*#"!$'��:?.7#(1��

&�@�!&�"2!$(��+!$'#���77�&�#)�&�9�& �#+"4�]#(��)#$
!$��'�&$�%>�&�*

=f
&7#(1��"2h;R;v�&T;&�"7�(�!9��)45

: �&�*�&�� �� &��' 7��!$(&�#"�!"+����� �+�(&�#"�!$
� �7�&(�$�#'��*� ��9�& �#+"+����� ��77�&�#)�&5 f

�-�9�&;� �+�%!$#$�*#(��&!$+���&%!$!$'� ����#�
� &��' 7��!"� �"�'%�$�#�!�$#((�%7�!" �+>)� �I/?

�#)�&5H7�(!*!(#��);#""�#��+!$H�(�!�$R;� �"�'%�$�#�!�$
%�( #$!"% #"���"�7#(1��"-!� +!"(&���#$+*!]�+

��$'� "5

350

400

450

500

550

600

650

700

200400600800100012001400

Throughput (Kbps)

�
Maximum Segment Size (bytes)

(315)(498)

(654)
(837)

(993)
(1176)

(1332) Single TCP connection

éêëìíî'ð��ñó�íòìë��ìó�öð(��
W�&�]#%7��;-!� #IHH)qqv>)��";� �+��!9�&)�*#"!$'��
:?.7#(1��&�@�!&�"2!$(��+!$'#���77�&�#)�&�9�& �#+"4 �]#(��)� &��

=f
*7#(1��"56*-�!$(&�#"�� �IHH��qqT

>)��";� �$-�$��+#*�&� �&
=f

û7#(1��;- !( (�$9�)"
�$�)#"!$'��>)���*!$*�&%#�!�$5: �&�*�&�-�%�#"�&�#

" #&7+�(&�#"�!$� �� &��' 7��;#"&�7�&��+!$W!'�&�t5�)
�]7��!�!$'"!%!�#&(�$"!+�&#�!�$";-�(#$�#"!�)�$+�&"�#$+

� �>� #9!�&�*� �:?.� &��' 7��(�&9�" �-$!$W!'�&�t5
: �"�&�"���"7&�"�$��+"�*#&;!�*����-"� #�� �

"���(�!�$�*� �IHH9#���*�&#:?.(�$$�(�!�$!"#(&!�!(#�
�#"1!$� ��������� ��( $���')56$� �$�]��]7�&!%�$�;

-�!$9�"�!'#��� �>� #9!�&�*<
=

?#$+AA- �$� �:?.
(�$$�(�!�$"#+�7�+!**�&�$�IHH"5H7�(!*!(#��);-� #9�
(�$"!+�&�+#7!(�$��-!� #%#"��&� #��"�#>�!" �""�9�$

:?.(�$$�(�!�$"��-#&+"#"%#$)"�#9�"5W!'�&�p" �-"� �
� &��' 7���>�#!$�+>)�#( (�$$�(�!�$5: �IHH#+�7��+

>)�#( "�#9�!"&�7�&��+�9�&� �&��#��+(���%$53� #9�
7�&*�&%�+� !"�]7�&!%�$�-!� >�� <

=
?#$+AA"( �+���&5

3��>"�&9�� #�<
=

?+��"$��*#!&�)#""!'$� �>#$+-!+� ��
� �*��-"56$7#&�!(��#&� �(�$$�(�!�$-!� � �"%#���"�IHH
�#1�"� � !' �"�� &��' 7��5: !"!"+����� �+!**�&�$�

/?Y'�$�&#�!�$&#��� #�( #&#(��&!8�"� �:?.(�$$�(�!�$"5 =
����� �+��#)�+/?Y%�( #$!"%;#$/?Y!"

'�$�&#��+#���#"�#*��&� �&�(�7�!�$�*�-�:?.7#(1��"
2#*��&� �&�(�7�!�$�*#"!$'��:?.7#(1��!*� ��!%�!$��&9#�

>��-��$�-�(�$"�(��!9�&�(�7�!�$"!"'&�#��&� #$Rss
%"�(4QwS5: �"�#9�h'�$�&#��"#$�%>�&�*/?Y'&�#��&� #$



� ��� �&(�$$�(�!�$";"!$(��#( /?ù7#(1��"�$�>)� �
%#"��&��-#&+"� �"�#9�h+��!9�&"#$�-:?.7#(1��5

: �&�*�&�"�#9�hË"@���� #"%�&��&#**!(��"�$+� #$� �
�� �&"�#9�"Ë@����";#$+� �<

=
?7���"%�&�*&�@��$��) "�#9�h� #�� ��� �&"�#9�"+�&!$'#lÆaÇdÜÝ53!� AA#��� �

"�#9�&�(�!9�� �"#%�7���!$'*&�@��$();� �&�*�&�� �
� &��' 7��+!**�&�$(�>��-��$� �(�$$�(�!�$"#&�#�%�"�
&��#��+��� �+!**�&�$�7�&(�$�#'��*� �/?ù7#(1��"

�((�7!�+>)� ��77�&�#)�&�9�& �#+"2"��W!'�&�t456�!"
-�&� 7�!$�!$'���� #�� �#''&�'#��� &��' 7��#( !�9�+
-!� <

=
?!"'&�#��&� #$� ��$�#( !�9�+-!� AA;!$

7#&�!(��#&iRTY>)��"#'#!$"�ihhY>)��";�9�$!*#��� �
:?."��&(�#&�#")%7���!(5

0

20

40

60

80

100

120

140

1234567

Throughput (kbps)

�

Slave #

(315)

(498)

(654)

(837)

(993)

(1176)

(1332)

EDC
RR

éêëìíî+ð��ñó�íòìë��ìóò�ôò��îôóêò�ö�êó��ê��îíî�ó
(��ö

W!'�&�p"��%"��"�''�"�� #�AA>� #9�">����&� #$<
=

?
*�&"�%�IHH";�!1�IHH)hvvR5I�&�7&�(!"��);*&�%W!'�&�
p-�(#$�$�)+�&!9�� #�!*#:?.(�$$�(�!�$#+�7�"#" �&�

IHH(#$>�(�%�%�&�#''&�""!9���-#&+":?.(�$$�(�!�$"
-!� #��$'IHH;*&�%#� &��' 7��"�#$+7�!$�5

0

20

40

60

80

100

012345678

Throughput (Kbps)

�

Slave #

EDC
RR

éêëìíî,ð��ñó�íòìë��ìóò�ôò��îôóêò�ö�êó�(��-ï���
W!'�&�q" �-"� �� &��' 7���>�#!$�+>)�#( (�$$�(�!�$

- �$#���*� �%#+�7�#IHH)hvvR53��>"�&9�� #�<
=

?!"
*#!&#"AA- �$#��� �:?.(�$$�(�!�$ #9�� �"#%�IHH5

W�&� �&%�&�<
=

?'�#&#$���"#'&�#��&� &��' 7��� #$AA
�9�$!*#��(�$$�(�!�$"#&�#")%7���!(56�!"-�&� $��!$'

� #�� �7�&*�&%#$(�'#!$'�#&#$���+>)<
=

?!$(&�#"�-!� 
$��,#")%7���!(:?.*��-"5H7�(!*!(#��);� �<

=
?>� #9!�&!"

� �"#%��*AA>� #9!�&- �$#��� �@����"#&�$�9�&
�%7�)56$� �7&�9!��""�(�!�$;-� #9�" �-$� #�<

=
?!"

#>����#+#7�!�"7���!$'*&�@��$()��� ��&#**!(
( #&#(��&!"�!("- �$#"��&(�#���&$#��"7�&!�+"�*#(�!9!�) -!� 7�&!�+�*!$#(�!9!�)5

f
�$(�;� �#$#�)"!"-!� 

#")%7���!(:?.*��-"!"#-�&"�,(#"�#$#�)"!"5: �"#%�
&�"���"#&��>�#!$�+-!� � ��� �&IHH"5

6$(�$(��"!�$;-�(#$#""�""� #�:?.(�$$�(�!�$"-!� 
#"%#��IHH#&�%�&�#''&�""!9�� #$� ��$�"-!� #�#&'�

IHH- �$� �<
=

?#�'�&!� %!"#+�7��+5W�&� �&"��+!�"#&�
&�@�!&�+��!$�&�+�(�#*#!&>� #9!�&�*� �"( �+���&#�"�
��-#&+":?.(�$$�(�!�$"-!� +!**�&�$�IHH"5

æL×Ø{{C��F{�|C��.��|CèC�GFÚ�CGPN
}~OC�FF�|FzC�"���C|�zPF�

6$� !""�(�!�$-��9#��#��� �!%7#(��*( #$$���&&�&"�$
� �:?.>� #9!�&56$7#&�!(��#&;-�#&�!$��&�"��+!$

!$9�"�!'#�!$'� ��**�(�!9�$�""�*� ��$$�%>�&�+/AJ
"( �%�/#+�7��+>)� ��������� I/?�#)�&�� !+�� �

( #$$���&&�&"��� ��&#$"7�&��#)�&5
3�%�+��� �-!&���""( #$$��#"#+!"(&����-�,"�#��

I#&1�9? #!$QhhS56$�#( "�#��� �>!��&&�&&#��2�<A4!"
(�$"�#$�;>��!$�$�"�#��;!5�5� �0ÎÒÐeÎed;� ��<A!"

"!'$!*!(#$��) !' �&� #$!$� ��� �&�$�;!5�5� �1bbÒ
ÐeÎed5

f
�&�#*��&;-�-!��(�$"!+�&� ��<A!$V��+"�#���@�#�

��R]hs<,i;#$+� ��<A!$�#+"�#���@�#���hs<,T53�
#""�%�� #�;!$� �I#&1�9( #!$%�+��;� �#9�&#'�"�Z��&$

�!%�!$�#( "�#��!"�]7&�""�+#"#%���!7��:�*� ��!%�
"���5W�&� �&%�&�;-�#""�%�� #�� ��<A&�%#!$"(�$"�#$�

+�&!$'� �7#(1���&#$"%!""!�$53� #9�#�"�(�$"!+�&�+#
+!**�&�$�%�+��*�&� �-!&���""( #$$��-!� �$!*�&%�) +!"�&!>���+�&&�&"56$� !"(#"�� ��<A #">��$( �"�$

�@�#���� �#9�&#'�>!��&&�&&#���]7�&!%�$��+!$� ��-�,
"�#��%�+��5: !"%�+��!"�"�+��!$9�"�!'#��� �!%7#(��*

�&&�&&�(�9�&)%�( #$!"%�9�&� �:?.>�� -!� >�&"��*
�&&�&"#$+�$!*�&%�)+!"�&!>���+�&&�&"5

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0.004

012345678

P
LO

SS

2

Number of Retransmissions

TGOOD=1000, TBAD=100
TGOOD=10000, TBAD=1000

Uniform Error

éêëìíîï3ð��ñ�÷ôøîóõòöö�íò4÷4êõêó5�êó�(��-ï���
45óîö

6�!"-�&� 7�!$�!$'���� #�� �%#!$�>Z�(�!9��*� !"
"�(�!�$!"��!���"�&#��� �>� #9!�&�*� �/AJ"( �%�!$

7&�"�$(��*>�&"�)��""�"�$� �-!&���""( #$$��; �$(�#$
#77&�]!%#��( #&#(��&!8#�!�$�*� �-!&���""( #$$��!"

"�**!(!�$�5:�� �>�"��*��&1$�-��+'�;#$�] #�"�!9�
( #&#(��&!8#�!�$�*� �7!(�$��-!&���""�$9!&�$%�$�>#"�+
�$�]7�&!%�$�#�%�#"�&�"!"$��)��#9#!�#>��;#$+� �

$�%�&!(#�9#���"( �"�$!$� !"7#7�&#&�(�%7�!#$�-!� � �
�$�#+�7��+>)�� �&&�"�#&( �&"QqS;QhRS5

3� #9�"��+!�+� �!%7#(��*� �%#]!%�%$�%>�&�*
(�$"�(��!9�&��&#$"%!""!�$"*�&� �"#%�*&#'%�$�;"#)!�

//H��7#$+3#!��!1��&&�&,&�(�9�&)%�( #$!"%QhS



Ï`eÏ6e7ÏdÐ7;�$� �:?.7#(1��,��""7&�>#>!�!�)56�!"-�&� 
7�!$�!$'���� #�- �$#*&#'%�$�!"+!"(#&+�+>�(#�"�� �
Ï`eÏ6e7ÏdÐ7!"�](��+�+;� �I/?�#)�&+!"(#&+"#��� �

"�>"�@��$�*&#'%�$�">���$'!$'��� �"#%�:?.7#(1��56�
!"7�""!>��>�(#�"�� �I/?�#)�&!�"��*�]�(���"� �

"�'%�$�#�!�$7&�(�+�&�5
W!'�&�hs" �-"� �:?.7#(1����""7&�>#>!�!�)*�&#

(�$$�(�!�$� #�#+�7�"#IHH)hvvR>)��"9�&"�"� �
Ï`eÏ6e7ÏdÐ753��>"�&9�� #�� ��$$�%>�&�+/AJ"( �%�

��!�!8�+>)� �I/?�#)�&!"9�&)�**!(!�$�;#$+*�&#
Ï`eÏ6e7ÏdÐ7�@�#���T� ���"�:?.7#(1��"#&���""� �$�$�

�9�&)hssss7#(1��""�$�5W�&� �&%�&�;-��>"�&9�� #�#
>�&"�)( #$$��!"%�&�(&!�!(#�� #$#�$!*�&%( #$$��;
>�(#�"�� �(�$(�$�&#��+�&&�&"(#�"���(��"�� �
(�$'�"�!�$-!$+�-*�&� �:?.%�&�&#7!+�)� #$"7#&�
�&&�&"5W!$#��);!$� ��-�>�&"�)(#"�"(�$"!+�&�+� �&�#&�

$��"!'$!*!(#$�+!**�&�$(�"5

0

0.001

0.002

0.003

0.004

0.005

0.006

012345678

P
LO

SS

8

Number of Retransmissions

TGOOD=1000, TBAD=100
TGOOD=10000, TBAD=1000

Uniform Error

éêëìíîïïð��ñ�÷ôøîóõòöö�íò4÷4êõêó5�êó�(��-�ï�
45óîö

W!'�&�hh" �-"� �"#%��]7�&!%�$�"- �$� �(�$$�(�!�$
#+�7�"#IHH)vhw56$W!'�&�hh;� �:?.7#(1��,��""
7&�>#>!�!�)" �-"� �"#%�>� #9!�&#"!$*!'�&�hs5

f
�$(�;

"!%!�#&(�$"!+�&#�!�$"(#$>��#1�$5
3�(#$(�$(��+�� #�� �/AJ"( �%�#+�7��+>) �������� !"�**�(�!9��� !+�� �( #$$���&&�&"��� �

�&#$"7�&��#)�&;Z�"�-!� #Ï`eÏ6e7ÏdÐ7�*T5
9L�FN�~O�PFN��NG:O�O�C;F�<

: �7#7�&7&�7�"�"#$�-"( �+��!$'#�'�&!� %;$#%�+<
=

?;
*�&� ��������� I/?�#)�&5<

=
?!"�9#��#��+- �$� �

�������� ��( $���')!"�"�+#"� �-!&���""��( $���')*�&
� �6$��&$��#((�""5<

=
?�]7��!�"%#"��&1$�-��+'��*��(#�

@����"Ë�((�7#$()��#9�!+0Uùù7#(1���&#$"%!""!�$;#$+
!��%7��)"�-�7���!$'()(��"-!� +!**�&�$�7���!$'&���"��

'�#&#$���#"�7#&#��#$+*#!&�&�#�%�$��*�7�!$1#$+
+�-$�!$1(�$$�(�!�$"5<

=
?"!'$!*!(#$��)!%7&�9�"� �

� &��' 7��=>?@AB=CCDBEF=CGHIDCB=JKLMDNE=LOO
GBIDNPQDMR

6$� !"7#7�&-� #9�!$9�"�!'#��+� �!%7�&�#$(��*� �
IHH7#&#%���&!$+���&%!$!$'� �:?.� &��' 7��56$

7#&�!(��#&;-� #9�" �-$� #�� �7&�"�$(��*:?.
(�$$�(�!�$"� #�#+�7�+!**�&�$�IHH"(#�"�"�$*#!&$�""5

W�&� �&"��+!�"#&�$�(�""#&)��!%7&�9�� �*#!&$�""�*
�������� ��( $���')-!� &�'#&+��:?.(�$$�(�!�$"-!� 

+!**�&�$�( #&#(��&!"�!("56$#��� ��]7�&!%�$�"�]�(���+!$
� !"-�&1-� #9��$�)(�$"!+�&�+"��&(�"7�#(�+!$�!� �&
� �%#"��&�&#"�#9�5

f
�-�9�&� ��&#**!("��&(�"(#$>�

��(#��+!$#$)7�!$�!$� �6$��&$��5: �!%7#(��*� �+��#)"
!$�&�+�(�+- �$� �:?.*��-"(&�""� �&�#�6$��&$��

$��-�&1-!��>�"��+!�+!$*���&�-�&1"5

SL�C{C�CN�C�
TUV�������� H7�(!#�6$��&�"�V&��7;ÌH7�(!*!(#�!�$�*� �

�������� H)"��%h5s>;u���%�hÑ?�&�^;
=

�(�%>�&
hqqq5

TWV�5/5I!���&;?5�!"+!1!#$;[�������� A�9�#��+[;
.&�$�!(�

f
#��;Rsss5

TXVA5�&�$�;I5?�$�!;<5V&�'�&!5? #7��&TÑÌ:&#**!(
6$��'&#�!�$!$.�&"�$#�;ù�(#�#$+V��'&#7 !(#�

3!&���""0��-�&1"^;!$ÌYÎcÒÖbbÔbÍÊ`ÏdÇdÐÐ Z
deÓbÏÔÐÎcÒ#bÖ`Çdlb$_Õe`c�^;

m
� $3!��)[H�$";

0�-\�&15
T]VA5�&�$�;I5?�$�!;<5V&�'�&!;Ì3ù/0��( $���'!�"*�&

%�>!��#+ �($��-�&1"^;.&�(5YÎÓÎ``^cedÏcÎe`bcÎÇ
lbcÍdÏdcadbcßÆÐed$ßa`dcadÐ_ÃY^lßß`abÅ_I#�!; f

#-#!!;
m

#$�#&)v,i;Rssh5
TcV35A!( #&+H��9�$";Ì:?.r6.6���"�&#��+;u���%�hÑ: �

.&���(��"^;/++!"�$,3�"�);hqqT5
TdV05

m
� #$""�$;U5Y�&$�&;.5

m
� #$""�$;Ì.�&*�&%#$(�

<9#��#�!�$�*H( �+��!$'/�'�&!� %*�&�������� ^;
.&�(5^n^o0ÏbÎÒÖÎcÒlb$$Õc`aÎe`bcÐ;

f
�$'Y�$';

0�9�%>�&hqqq5
TeV05

m
� #$""�$;I5Y! �;U5Y�&$�&;Ì:?.r6.�9�&

�������� 3!&���""/+, �(0��-�&1^;.&�(56W6.
0��-�&1!$'Rsss;.#&!";I#)hqqq;775tqq,phs5

TfVI5Y#�!#5
=

��7#(1�#$"#�;A5H �&�);Ì=
#�#H( �+��!$' #$+H/A*�&�������� I/?^;.&�(5^jjjghlijjj;

:�1)�;
m

#7#$5I#)Rsss5
TkV/5

=
#";/5V �"�;/5A#8+#$;

f
5H#&#$;A5H �&�); Ì<**!(!�$�.�&*�&%#$(��*/")$( &�$��"

=
#�#:&#**!(

�9�&�������� 3!&���""/+, �(0��-�&1^;.&�(5^jjj
^

Z
nlll#ijjm;/$( �&#'�;/Y;UH/;/7&!�Rssh5

TUnVA5�&�$�;I5?�$�!;<5V&�'�&!;Ì�������� Ñ#&( !��(��&�;
7&���(��"#$+"( �+��!$'#�'�&!� %"^5lÇÕÐedÏ

lb$_Õe`c�;��>�7�>�!" �+5
TUUVI5o�&8!;A5A5A#�;[X$� �"�#�!"�!("�*>��(1�&&�&"!$

>�&"�)( #$$��"[;^jjjhÏÎcÐbclb$$à;u��5Tw;05i
hqqt;775iis,iit5

TUWVH5o�&>�";35H�# �;Y5I#� ��";
m

5
f

##&�"�$;ÌA#+!�
0��-�&1.�&*�&%#$(��*�������� ^;.&�(5^llijjj;
0�-X&��#$";UH/;

m
�$�Rsss;775hwiv,hwit5


