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Downlink Delay Distribution

Packet Delays (secs)

D
e

la
y

 D
is

tr
ib

u
ti

o
n

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6

Uplink Delay Distribution
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��àEàEöÒô�æ3â.â è ôJå1á�æ_â é ú u�; ü�ý5à ñ è á î�ó�ë á�ô�áïå ÷ ä ð æ ê�ç á�â	�9æ ÷�ë æ_â�� ò�ë á ð_è8ì
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6. THE GPRSWEB PROXY MODEL
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PLMN: Public Land Mobile Network
BTS:     Base Transreceiver Station
BSC:    Base Switching Center
MSC:   Mobile Switching Center
VLR:    Visitor Location Register
HLR:    Home Location Register

GGSN: Gateway GPRS Support Node
PDN:    Public Data Network (usually Internet)

SGSN: Serving GPRS Support Node

GMSC: Gateway Mobile Switching Center
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6.4 Delta-encoding and Compression
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6.5 Parse-and-Push Operation
×�»C¹;ºn»`½ Þ »`»`À	¹QÀ	¾�Õ:ÛnºFÀPÕ	Ý È Ö#»�Ê�Î�À/Í�Ë�¾�Ì�À/»�½/Ö�É
Êh¾#ºFÉ_¾�É Þ È Í�ÀZÕMÖ#á

º È ¾#Ì#À/»�¾�É�¹QÖ#Ê:¿\ÀPÕ4» Þ Ë�Ë�Ö#Õ`ÊCÖ�Í�é�À/½ZÊ:»�åpá�Õh¾ È ÀP»/Ý�»�ÊbÚ;ÛnÀ*»`¿�ÀPÀPÊ:»4ÀPÊ:½�Á ç
Ê:¿�¾�Ê È ¾#¼�À Þ Ë�Ê:¿�À�Ë�¾#Ì�Àa»�Ê`Õ Þ ½ZÊ Þ Õ:À�Á�ÂN¿\À/»`Àa¾�Õ:ÀaÀ/ß�À/É
Ê Þ ¾#ÛFÛlÚSÕ:ÀPæ
à Þ ÀP»�Ê:À	¹xÍ
ÚXÊ:¿�À4Í;Õ:Ö	ÎM»`ÀPÕ�¾�á�Ê:ÀZÕCË�¾�Õ:»`ºFÉ�Ì'Ê:¿\À�Ó4Â� Ñ ¹;Ö
½ Þ È ÀPÉ�Ê	Á
ÂN¿\ÀÇË�¾�Õ:»`ÀZæ�¾�É�¹�æbË Þ »`¿ È À/½Z¿�¾#É\ºn» È ºFÉ�Ê:¿\ÀÇ»`ÀPÕ:ß�ÀPÕ_Ë;Õ:Ö�ä�Ú�¾�Ê`æ

Ê:À È Ë;Ê:»�Ê:ÖQ»`Ë�À/½ Þ Ûn¾�Ê:ºnß�À/ÛlÚÇË Þ »`¿�Ê:Ö	Î6¾�Õh¹$Ê:¿\Àa½PÛnºFÀ/É
ÊKÖ�Í�é�À/½ZÊ:»�¾#É�¹
Ï�ÐCÑ Ê:Ö_Ò�ÓCÔ È ¾#Ë\Ë�ºFÉ�Ì#»fÊ:¿�¾�Ê*ºlÊ*¼;É\Ö	ÎM»'¾�Õ:ÀaÌ#Ö�ºFÉ�Ì)Ê:Ö È ºF»`»fºFÉ
Ê:¿\À*½PÛnºFÀ/É
Ê�½	¾#½h¿�À#Á�ÂN¿�À/»`À*¾�Õ:À*»`À/É
ÊMÎMºlÊ:¿_ÛFÖ	ÎNÀZÕ4Ë\Õ:ºFÖ�Õ:ºFÊbÚIÊ:¿�¾#ÉIÕ:ÀPæ
»`Ë�Ö#É�»`À/»MÊ:Ö'Õ:À	à Þ ÀP»�Ê:»�ÀZä\Ë\ÛFºn½PºFÊ:ÛlÚ È ¾�¹;À4Í
Ú�Ê:¿�À�½/ÛFºFÀ/É
Ê	Á Ð À/»`Ë�Ö#É�»`À/»
¾�Õ:À4Ë\Õ:Ö È Ö#Ê:À	¹�ºlá2¾�ÉIÀPä;Ë�ÛFºF½/ºlÊ6Õ:À	à Þ ÀP»�Ê6ºF»�Õ:À/½/À/ºFß�À/¹aápÖ�Õ6Ê:¿�À È Á2ÂN¿�À
È ¾�ºnÉQÍ�ÀPÉ�ÀPë\Ê�áØÕ:Ö È Ê:¿�ÀfË�¾�Õ:»`ÀPæb¾#É�¹�æ�Ë Þ »`¿ È ÀP½Z¿�¾#É�ºF» È ºF»�Ê:ÖX¼�À/ÀPË
Ê:¿\À�ÛnºFÉ\¼ Þ Ê:ºFÛFºFô/À	¹Q¹ Þ Õ:ºFÉ�ÌX¹;À/Ûn¾	Ú;»�¹ Þ À4Ê:Ö�Ê:¿�Àf¹�¾�Êh¾�¹\À/Ë�ÀPÉ�¹\ÀPÉ�½/ºFÀ/»
Í�ÀPÊbÎNÀ/ÀPÉ$Ö�Í�é�À/½ZÊ'Õ:ÀPá�ÀPÕ:À/É�½PÀ/»/Á���Ö�Õ'Ë�¾#Ì�ÀP»*ÎMºlÊ:¿Ç½/Ö È Ë�ÛFÀPäSÛØ¾/Ú
Ö Þ Ê:»
Ê:¿\À/»`ÀK½/¾#É_Í�À'à Þ ºlÊ:À*»`ºFÌ�É�ºlë�½	¾#É
Ê��I¾#»�ÎNÀ/ÛFÛu¾#»CÊ:¿\ÀKÉ\ÀPÊ�Î�Ö#Õ:¼ Ð Â6Â
¹;À/Ûn¾	Ú
Ý%ºlÊK½/¾#É�Êh¾�¼�À'Ê:¿�À�Í;Õ:Ö	ÎM»`ÀPÕ*»`Ö È À�Ê:º È À'Ê:Ö)Ë;Õ:Ö
½/À/»`»fÊ:¿�À'Õ:ÀPæ
Ê Þ Õ:É�À	¹aÓ4Â� Ñ Á
ÂN¿\ÀSË�¾�Õ:»`ºFÉ�ÌsË�ÀPÕ`á�Ö#Õ È À	¹èÍ
ÚÙÊ:¿\À_»`ÀZÕ:ß�ÀPÕ)Ë;Õ:Ö	ä;ÚÙºF»)½ Þ Õ`Õ:ÀPÉ�Ê:ÛlÚ

½PÕ Þ ¹\À�Ý;Í Þ Ê�áp¾#»�Ê	Áuü4Ö
½ Þ È À/É
Ê:»NÖ#á�Ê�Ú;Ë�À�Ê:ÀZä;Ê���¿
Ê È Û�¾�Õ:À4Ë�¾�Õ:»`À	¹ Þ »�æ
ºFÉ�ÌX¾'Õ:ÀPÌ Þ Ûn¾�ÕCÀPä;Ë;Õ:À/»`»`ºFÖ�É)Ê:Ö�ÀPä�Ê`Õh¾#½ZÊ�Õ:ÀPá�ÀPÕ:À/É\½/À/»MÊ:Ö�» Þ Ë�Ë�Ö�Õ`Ê�Ö�Í\æ
é�À/½PÊ:»/Áfü Þ Ë�ÛFºF½	¾�Ê:À/»C¾�Õ:À*Õ:À È Ö�ß�À	¹�Ý�¾#É�¹)Õ:À/Ûn¾�Ê:ºnß�À ÏCÐ�Ñ »�½/Ö È Í�ºFÉ�À/¹
ÎMºlÊ:¿�Ê:¿�À�¹;Ö
½ Þ È À/É
ÊBÍ�¾#»`ÀMÊ:Ö�Ë\Õ:Ö�¹ Þ ½/ÀM¾�ÛFºn»�Ê�Ö#á�½	¾�É�¹;ºØ¹\¾�Ê:À ÏCÐ�Ñ »/Á
ÂN¿\À�»`ÀZÕ:ß�ÀPÕ�Ë\Õ:Ö	ä�Ú È ¾/Ú È ºn»`»u»`Ö È ÀMÖ#Í;é�À/½PÊuÕ:ÀPápÀPÕ:ÀPÉ�½/À/»CåpÊ:¿�À/»`À6ÎMºFÛFÛ
Í�Àf»`º È Ë�ÛlÚ)Í�À�Õ:À	à Þ À/»�Ê:À	¹)Ûn¾�Ê:ÀPÕCÍ
ÚxÊ:¿\À*½PÛnºFÀ/É
Ê ç ÝD¾�É�¹ È ¾/ÚxºnÉ)áp¾#½PÊ
½/Ö#É�»�Ê`Õ Þ ½PÊf»`Ö È ÀKºnÉ�ß#¾#ÛFºn¹ Ï�ÐCÑ »/Á�ÂN¿\À/»`À'ÎMºFÛFÛuÊbÚ\Ë\ºF½	¾#ÛFÛlÚ�Õ:À/» Þ ÛlÊfºFÉ
� ÏCÐ�Ñ É\Ö#ÊKápÖ Þ É�¹��SÀPÕ`Õ:Ö�Õ�½/Ö�¹;À/»�ÎM¿�À/ÉÇÊ:¿\ÀIË\Õ:Ö	ä�ÚÇ¾�Ê`Ê:À È Ë\Ê:»*Ê:Ö
á�ÀPÊ:½Z¿ÇÊ:¿\À È áØÕ:Ö È Ê:¿\Àx»`ÀZÕ:ß�ÀPÕ	Ý�¾#É�¹ÇÎMºFÛFÛMÉ�Ö�Ê�Í�ÀaË Þ »`¿\À	¹$Ê:ÖQÊ:¿�À
½/ÛFºFÀ/É
Ê	Á

6.6 Image Transcoding
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7. GPRSWEB SYSTEM PERFORMANCE

7.1 Implementation
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7.3 Experimental Results
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7.4 Performance Evaluation
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q �3rUsA�ut�vGsuwQxWy q]z xA{}|�~My�x��9� z�q�z ���o��s�� q]z s��=xWy zM� �P��su��xWy�tQs	��y�tQ~
��~&� zM� y z=�=� �3� z �#�4y��A�]����� � s z suw��#tQs9�;� q�z tQs z t9{@�Z�3��suwQy�s z �AsX�=xWy z=�
tQ~=s��=w q �,�X� q w�wQs9�]������y���s���sA�O�=w q ��xWy zM�Xq vGsuw����Z�	�oxW� ��� suxht�tQ~M�#t
tQ~=sAxWs q �=tQy��4y��9�#tQy q]z x�� q �4s�y z t q �M���A�>�_�My�tQs���wQs9�_�=s z tQ��� � � z �
wQsu�
xW�=��t�y z xW�=�Mxht�� z tQy��#�1��suwW� q wQ�o� z �As	��y z x���~Ms z tQ~Ms���� q x q {
� s���wQs�y z tQ~Ms��=w q �AsAxWx q ���M�My����=y z=� � z s��=��s�wQy��4s z t��#��xWsutQ�=�

tQ~M�#tXs z �]�=��sAx�wQsA� q w��=sA��tWw��#�AsAx q ���MxWsuw@�=w q ��xWy zM� ��sA~&�9v,y q �=w�t q
��s��#�A�A�3w��#tQsA���TwQsA�M���A�_s9� � ��y�tQ~ktQ~=s)xWsuwQvGsuw�wQsu�&sA��tQy z=� tQ~MsJ�=y����
��suwQs z tPvGsuwQxWy q�z x q ��tQ~Ms4� q]z tQs z t�tQ~M�#t���s�wQsO�3sA��y�vGsuwQs9� q]z �=y� BsuwW�
s z t q �A�9�]xWy q]z xA{P|�~My�x�xW~ q �=���>s z �]�M��s�� z �]�u�A�=w���tQs@sAv]�]���&��tQy q�z;q �
tQ~=s�wQsA�]����� q wQ���>�=w��#�utQy��9�]�N��s z su¡Mt q �etQ~Ms�su�,tQs z �=s9�
�A�]��~My zM� � z �
�3sA��t��#��s z � q �=y zM� xW��~Msu�4sAxA{

8. RELATED WORK
�¢v]�#wQy�sutU� q �X�3wQsAv,y q �MxOwQsAxWs9�#wQ��~%~&�]x�su�=�]�4y z s9�£tQsA��~ z y��,�=sAx

tQ~M�#t��A� z ��s	�MxWsA�4t qPq �3tQy��4y�xWs���su�O�3w q ��xWy z=�@q vGsuw�~My � ~3�d����tQs z �u�
��y zM¤ x � �M�3t z=q�z so~M�]x@� q_q]¤ s9�¥�#t4���e�	�J��y z=¤ x@xW��sA�Ay�¡M�9�]�����_{J��su�
���#tQsA�T� q w ¤ �9� z ��sC�=w q]¤ s z y z t q tQ~3wQsAsC�A�#tQs �]q wQy�sAxA¦§x q ���3tQy q�z x
tQ~M�#t�� q_q]¤ ��t�y��4�=w q v,y zM� ��y�wQsA��sAxWx���sA�>��suwW� q wQ�o� z �As�¨�tWw�� z xW� q wWt
s z ~&� z �AsA�4s z tQx�tQ~&�#t�sA��sAv]�#tQs>|����©��suwW� q wQ�o� z �us q v�suwo��y�wQsu��suxWx
��y zM¤ x � � z �§¡ z �#����� q tQ~Msuw q �=tQy��4y��9�#tQy q]z xW��~MsA�4suxcÿ�s�{ � {ªxW�o�#wWt
�9�#��~=y zM�=� �=wQsu��sutQ��~=y zM� sutQ��{ �@�#y��4s9�X�#tewQs9�3�M�Ay zM� �M�#t��	tWw�� z xh��suwWwQs9�
� z ��w q � z ��tWwQy��Mx��o���3s q vGsuw�tQ~=s���y z=¤ {

8.1 Wireless Web Solutions
� z �=�@��suw q �ZxWy ��z y�¡M�9� z t�wQsAxWs9�#wQ��~
xhtQ�M�=y�sAx�~&�9vGs�y z vGsAxhtQy � ��tQs9�

��sA����suwW� q wQ�o� z �As � y z�� s z suw��]��«�¬A � ¬9® � ¬9¯�° � � z �)� q wQsoxW��sA�Ay�¡M�
�9�#����� � ��y�wQsA��sAxWx���sA�
��suwW� q wQ�o� z �As4« ±�± � ¬9± � ±]² � ±,¬ ��³ ¯9°�{
� q]� �M��´�µ�¶�·�¸�«�¬A#°��3y�xW�u�MxWxP¹�|�|��*tQ~=w q � � ~M�M�3t�� z �)����tQs z �u�

�3w q �M��sA�4x@� z �lxW~ q �ºtQ~&�#tXs9�]��~»� q �A�M�4s z t@� z �ly z ��y z s9�ly��o� � s
wQs9�_�=y�wQsux}���4y z y��@�M� q ��ÿ�±�¼;�e|�|��1� q w}tWw�� z xh�Hs�w9{Z|�~Msu���=w q � q xWs
tQ~=sX�MxWs q ����suwQxWy�xhtQs z t�� q�zMz sA�utQy q�z xP� z �C�My���sA��y z y zM� t q y��4�3w q vGs
q vGsuw��#���Z��sA�J��s�wW� q wQ�o� z �As]{@��y�su��xWs z ´�µ	¶�·�¸O«�¬9®�°e�A��s9�#wQ���J�=sA� q]z �
xhtWw���tQsP��s z su¡=tQx q �e�My���sA��y z s9��y��4�=��su�4s z t��#tQy q�z x � ��~=y���s@� q�� �M��´�µ
¶�·�¸�«�¬�¯9°��#w � �Ms�tQ~&�#t}�MxWs q �1�3sA��t���s z � q �=y zM� � z �X� q �4�3wQsAxWxWy q�z ��su�
td��sAs z �A��y�s z t��=w q ��xWsuw�� z �J�O�3w q �3�>�A� zl½ wQsA�o��w ¤ �#�M���B¾By��4�3w q vGs
��sA�
��suwW� q wQ�o� z �As�{
¿ y�� rUsA��suw � ´�µo¶�·�¸i« ±]±�°P�3sAvGsA� q ��sA�T� q � � ��y@� q �4�@� z y��9�#tQy q]z x

��wQ��~=y�tQsu�utQ�=wQs	tQ~M�#t��=xWsAx��@�&�#y�w q �N�3w q �3y�sAx�� z �OsA�4�=� q �3x�y�tQx q � z
�3w q t q � q � q vGsuw�tQ~=sX��y z=¤ {�� q � � ��y�y�x�xWy��4y����#w�t q ���e�	� � sA�J�=�=t
� q �A�MxWsAx q�z ���=� z s�tU� q w ¤ x � � z � � y�vGsAx�� q wQs���sAy � ~_t	t q �3y�xW� q�z �
z sA�utQs9� q ��s�w��#tQy q�z tQ~&� z ��s�� q � q we���e�	�B{�À�t6�=xWsAxNy�tQx6�=w q �=wQy�sut��#wW�
�3w q t q � q �&�9�]����s9��� q � � ��y&¹	|�|���ÿ���¹�|�|��}�NtQ~M�#t}y��4�3w q vGsAxN��y��4y��
t���tQy q]z x q ��|������ z �@¹	|�|�� q vGsuw����M�C{G|�~Ms���¹�|�|��)�3w q t q � q �
q �=tQy��4y��AsAxo�MxWs q ���&� z �3��y��3tQ~E�MxWy zM� �My z ��wW�E~=s9���3suw�s z � q �=y zM�3�
�=�#t��j� q �4�3wQsAxWxWy q�zlq ��tQsu�,t4� z ��y��o� � sux � � z ��y��o� � sOtWw�� z xW� q �3�
y zM� {
� sA�&�N�3�=wQsAxWxZ«�¬�±9°_��w q �%Àh���8� q �A�MxWsAx q�z y��4�=w q v,y zM� ��sA���=w q ��xh�

y zM� ��s�wW� q wQ�o� z �As q vGsuw���y�wQsA��sAxWxX��y zM¤ x�tQ~=w q � � ~)�9�]��~My z=�=� �=y� BsuwW�
s z �Ay zM�3� �3w q t q � q ��� z �)~Ms9�]�=suwPwQs9�3�M�utQy q�z �4su��~M� z y�xW�4xA{>Á z ��y ¤ s
� sA�&�N�3�=wQsAxWx � ���Z�	� � su��� q �A�=xWxWsAx q]z tQ~Ms>Âh�#�����A�=xh� q]zMÃ ���e�	�
��y zM¤ � z �*xW��sA�Ay�¡&�A�]����� q�z ��sA�8��suwW� q wQ�o� z �As�{Ä|�~My�xCy�xCx q �4su�
��~M�#to�3y� Bs�wQs z tX��w q � � sA�M�Z�3�3wQsAxWx � ��~=y���~E�]y��4x4��toy��4�3w q v3y z=�
��sA�
ÅAÆ#Ç�Èº��suwW� q wQ�o� z �us q�z ���M�É��y zM¤ xA{ � su�&�N�=�3wQsAxWx����#xP�=su�
xWy ��z s9��t q xW�M�M� q wWt6�#�M�=��y��9��tQy q�z x1��~M�#w��]��tQsuwQy��As9���_�	wQsA��sutQy�tQy�vGse� z �
�3wQs9�=y��ut��#�M��s4wQsAxW� q�z xWsAx � ��~MsuwQs q]z ���Jx q �4s4�AsuwWt��#y z y z � q wQ�o��tQy q�z
��~&� zM� s�y z � � y�vGs z �&� � s�{
Ê ��sA�4y zM� ´�µ�¶�·�¸Zy z « ±]²#°6�MxWs��XxWy��4y����#w�xW��~=sA�4s	t q tQ~M�#t��=xWs9��y z
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9. ISSUES AND DISCUSSION
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