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á#â:ã VÑ=/DE>�äXDa>?=�Y¶Y¶VÑåE=�DGF�=*æ á#â äQç#@?=�èÁ=�@ O+>?B±L°VÑåEVg> IKY�=/D�éaV¶@UBRD â =�Da> O+VÑDÌê+ëÍV¶F ë â�ì YÑ>?V â =rL°V¸I
OQ=/@?é�V¸F�=/O�IK@U=�O?=�DMOQVÑ>?V¶éR=:>?B¯PM=/BRPÍY¶=Rí O
DG=�=/LGO�î8Po=�@ OQBEDGIKY¶VÑH/=/L�>UBË>UëÍ=�V¶@3@?=rï ì VÑ@U= â =/DE> O�î8IKDÍð
>?V¸F�V¶PGI�>UBR@UñÈBRè+>?ëÍ=/VÑ@ ã =/ëGI�é�VÑBE@�IRDGL^@U=/O?PMBEDGOQV¶éR=�>UB�>UëÍ=�V¶@�PG@?=rOQ=/DGF�=Eò\S6ëÍ= á#â ä�é�V¶O?V¶BRD
V¶O ã =/VÑDÍåÌPÍ@?B â BK>?=rL ã ñÈ>?ëG=Ëó�ädSõô
ö°ñ�åR=�DÆV¶DÍVg>UV¶IK>?V¶éR=Ì÷Ñø�ùRúCIRDGLÆV¶O ã =rF�B â V¶DÍå�>UëÍ=­èÁBKð
F�IKY�PoBRV¶DE>3BKè â�ì F ëÌIEF�IRLÍ= â V¶F�IKDGLÌF�B â�â =�@ F�V¸IKY\@?=rOQ=rIK@ F ë�òGS6ëÍ= á#â�ã V¶=�Da>Uû�A¥PÍ@UBKWd=/F�>
I�>�N�üýäCV¶O+Po=�@?èÁBR@ â =/L¯V¶D�IEO?O?B°F�V¸I�>UVÑBEDËê+VÑ>?ë�<´ëGVÑY¶VÑPMO�îÍê+ëG=�@U=Ð>UëÍ=3>UIR@?åE=�>#V¸OC>?B*IELÍL°@U=/OUO
LÍI�> I â IKDGIRåR= â =/Da>TDÍ=�=rLÍO\BKèMI â:ã V¶=�Da>\V¶Da>?=/YÑY¶VÑåE=�Da>�F�BRDGO ìÍâ =�@\=�Y¶=/F�>?@UBRDÍV¸F�O/ò/äXD:PÍ@?BR>?BR>dñaPÍð
VÑDÍå á#â:ã VÑ=/DE> ûÐA�îTN�üýä ãÍì V¶Y¸LÍO
BED�Vg> O
=�ö°PM=/@?V¶=�DGF�=�ê+VÑ>?ëÌû�A6óÌþ�ÿR=/@?DG=�Y\F�BRDGOQ>?@ ì F�>?V¶BRD
B ã > IKV¶DÍ=/L±VÑD�<��+äQþ°ó á ÷ ����úTIKDGL¯ó�BRDG=�>:÷ ùKúzò

�\V¶å ì @?= ø VÑY¶Y ì Od>U@UIK>?=/OÈIKDÓ=�öÍI â PÍY¶= O?F�=�DGIR@?V¶BGî
ê+ëÍ=�@U=ÖIýë�ñ�PoBK>?ëG=�>?V¸F�IRYÉI â:ã V¶=�Da>?ð
VÑDa>?=/YÑY¶V¶åR=�DMF�=(=�DG@?V¸F ëÍ=/L��UI â <��R<	�CI ì L°V¶B6PÍY¸I�ñR=�@�I ì >?B â I�>?V¸F�IRYÑY¶ñ#åE=�DÍ=/@UIK>?=/O8åEB�B�L�PÍY¸I�ñ�YÑV¸OQ>UO/î

 >Q>UVÑDÍå�>?ëÍ=�> IROQ>?=/O/î�PÍ@UB ã I ã Y¶=�VÑDa>?=/@?=rOd> OJIKDGL â B�B°LÍOJBKèC>?ëG=*YÑV¸OQ>?=�DG=�@ O3PÍ@?=rOQ=/Da>J>?B�>?ëG=
I�é�IRVÑY¸I ã YÑ= â:ì OQV¸F6F�BRDa>U=�Da>/òRS6ëG=#I â <��R<ÌPÍY¸I�ñR=/@ ì O?=/O(I3Y¶B�F/IKY á
â:ã V¶=�Da>Uû�A <��K<Æû�ACóÈþ
>?B â IRDGIKåE=´Vg> O â�ì O?V¶F�F�BRY¶Y¶=/Fn>UVÑBED:IROTê�=/YÑY�IRO�>?ëÍ=6IROUO?B�F�V¶IK>?=rL â =�>UIKðÅV¶D°èÁBR@ â I�>UVÑBED*æ�I â BEDÍå
BK>?ëG=�@ O6ëÍB�ê�IRDGLËê+ëG=�D¯>?ëÍ= â�ì O?V¶F�ê6IRO6PÍY¸I�ñR=rL±IRDGL±IRPÍPÍ@U=/F�V¶IK>?=/LMçnò

üÈ= ã =�Y¶V¶=�éR=:>?ëÍ=/@?=:V¶O�I*F�B â�â BED�OQ=�>
BKèxLGI�>UI â IRDGIKåE= â =�Da>#DÍ=/=/LÍOÐBKè á
â ä#IRPÍPÍY¶Vgð
F�I�>UVÑBEDGO/îÍIKDGL¯V¶D±>UëÍ= á
â:ã V¶=�Da>Uû�A PG@?BRWd=/Fn>#êC=3VÑD�éE=/OQ>?V¶åEI�>U=3DÍ=�ê¥L°V¶@?=rFn>?V¶BRDMO6VÑD�û�ACóÈþ
IK@ F ëÍVg>U=/F�> ì @U=
>UB*IRLÍLÍ@?=rO?O�>?ëG=/O?=Rò

äXD >UëÍ=�F�IEOQ=�BKèÐ>?ëÍ=�I â <��K< PÍY¸I�ñR=/@ÉV¶D���VÑå ì @?= øEî�>?ëÍ= â IKV¶D V¶L°=rIÆV¶O�>UB =�ö°PÍY¶BRVÑ>
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networked sensors

homogeneous peers

internet

active space
bloodpressure

active space
speech

heartbeat

weather.com

many more logs at

PC

PDA

phone

music

freedb.org

heterogeneous peers

meta information (logs)

(semi−structured) meta−information

the likes and moods of
all current listeners"

available content that fits 
"generate a playlist of the

home network
content

light

MP3 Device

"amP2P" player

networked amP2P players

rollingstone.com

itunes.com
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BKè3>?ëÍ=Ì>?ëÍB ì OUIKDGLÍOËBKèJBRDGYÑV¶DÍ=ÈI â <��K< ì O?=�@ O/î ì DÍVÑ>?=rLýV¶D I^åRY¶B ã IKY
< �K<9DÍ=�>dê�BE@?ÿÖBKè
á#â:ã VÑ=/DE> ûÐAÆV¶DGOQ>UIKDMF�=/O/ò/S6ëG=xI â <��R<¯PÍY¶I�ñE=�@TF�B ì Y¸LJIKY¸O?B ì OQ= á#â:ã VÑ=/DE> ûÐAÈ>UB#@?=/å ì Y¸IK@UY¶ñ
ï ì =�@Uñ*ëÍB â =�O?=�DGO?BR@ O/îÍO ì F ë�IRO
IRFn>UVÑéE=JOQPGIEF�=rOC>?ëGIK>+>?=�Y¶Y�ê+ëÍB­V¸O+Y¶V¶OQ>?=/DÍV¶DÍå�æÁV¶D�BR@ L°=�@6>UB
OQ=/YÑ=rFn> â�ì OQV¸F ã IEOQ=rL�BRDJ@U=/F�BE@ULÍ=/L�PÍ@U=�èÁ=�@U=�DMF�=/O�BKèa>?ëÍ=rOQ=�PM=/@UO?BRDGO çnî/IKDGL3=/éR=�D ì O?=xO?PM=/=/F ë�î
åR=/OQ>?V¸F ì Y¶IK>?V¶BRDÌBE@ â B�B°LÈLÍ=�>?=rFn>UBR@ O�îo>?B¯B ã >UIKV¶DÈèÁ=�=/L ã IRF ÿ�BED�>?ëG=�IRPÍPÍ@U=/F�V¶IK>?V¶BRD�BRèx>?ëG=
F ì @U@?=/Da>?Y¶ñÉPGY¶I�ñ�V¶DÍå â�ì OQV¸FKò á LÍL°VÑ>?V¶BRDGIRYÑY¶ñRî�VÑ>6F�B ì Y¸L ì O?= á#â:ã VÑ=/DE> ûÐA >UBÉï ì =/@?ñ�B ì >UO?V¶LÍ=
VÑD°èÁBE@ â IK>?V¶BRD±O?B ì @UF�=/OCBRD±>?ëÍ=3V¶Da>?=�@UDÍ=�>C>UB­L°V¶O?PÍY¸I�ñ*IRLÍLÍVg>UVÑBEDGIKY�IK@?>?V¸OQ>6V¶D°èÁBE@ â I�>UVÑBED±IRDGL
YÑV¶DÍÿ°O+ê+ëÍV¶YÑ= â�ì O?V¶F3V¸O#PÍY¸I�ñ�VÑDGåGî°BR@+=/éR=/D±>UB­VÑDMF�BR@UPoBR@ I�>?=Ð>?@ IRF ÿ°OC>UëGI�>ÐF/IKD ã =�IRF�ï ì V¶@U=/L
IKDGL¯Od>U@?=rI â =/L±V¶D±èÁ@UB â F�B â�â =�@ F�V¸IKY â�ì O?V¶F3O?Vg>U=/O/ò

üÈ=ÉL°= 
 DG=�>?ëG=�åEBEIKYTèÁBR@ á#â:ã VÑ=/DE> ûÐAÏ>UBËPÍ@UB�é�V¶LÍ=Jè ì Y¶Y�@U=�Y¸I�>UVÑBEDGIKY�LÍI�> I ã IEOQ=�è ì DGFnð
>?V¶BRDGIRYÑVÑ>dñ�èÁBR@�Od> IKDGLÍIRYÑBEDÍ=�BRPo=�@ I�>UVÑBEDÌV¶D I ì >?BEDÍB â B ì OJL°=�é�V¸F�=rO�î�>UëGI�> â I�ñ ã = â B ã V¶Y¶=
IKDGL±L°V¶OUF�BEDÍDÍ=rFn>?=rL*èÁBE@6YÑBEDÍå:Po=�@UVÑB°LÍO6BRè�>?V â =RòYX
B�ê�=/éR=�@rîaê�=�êCIRDa>�>UB�=/DGI ã Y¶=3O ì F ë¯L°=�ð
éaV¸F�=rO�>UB�F�B�BRPo=�@ I�>?=�VÑDÉIKDÉIRL�ðzëÍB°F´ê6I�ñÐê+VÑ>?ë�æ â IRDañÍçTBK>UëÍ=�@ á#â�ã VÑ=/Da>Uû�A^L°=�é�V¸F�=/O�ê+ëÍ=/D
>?ëÍ=rOQ=�IK@U=#@?=rIRF ëGI ã Y¶=RòRS6ëÍV¸OTW ì Od>UV 
 =/O�B ì @CF ëÍBRV¸F�=+èÁBE@C< �K<�îRIEOxBEPÍPoBEO?=/LÉ>?BÉL°=/O?V¶åRDGO´>?ëGIK>
O ì PGPMBaOQ=+IJF�=/Da>?@ IKY°OQ=/@?éE=�@rò�üÈ=+@U=/OQ>UIK>?=6B ì @ â BR>?V¶é�IK>?V¶BRD�>?ëGIK> ã ñ:PÍ@UB�é�V¶L°V¶DÍå3I3F�BRëG=�@U=�Da>
>?B�BRY ã B�öÆBKè+LÍI�> I â IKDGIRåR= â =/DE>3è ì DMFn>?V¶BRDMIKY¶Vg>UVÑ=rO*æÁ=Eò åMò\I�L°=/F�Y¶IR@UIK>?V¶éR=­ï ì =�@UñÌY¸IKDGå ì IRåR=
PMB�êC=�@U=/L ã ñ IKD^BRPÍ>?V â V¶H�=/@ÉIRDGL V¶DGL°=�ö°V¶DÍåÈO ì PÍPoBR@?> çJê�=±ëÍBRPo=­>?B â IKÿR=ËVg>É=/IRO?V¶=�@J>UB
F�@U=/I�>U=:IRLGIKP°>UVÑéE=:LÍI�> I�ðzVÑDa>U=�DGO?VÑéE=:L°V¸Od>U@?V ãÍì >U=/L�IRPÍPÍY¶V¶F/I�>UVÑBEDGO�îoO ì F ëÌIROÐOQÿE=�>UF ëG=/L�V¶D�>?ëG=
I â:ã VÑ=/DE>?ðÅV¶Da>?=/YÑY¶VÑåE=�Da>#L°B â IRVÑD�ò
Z\[0Z ]_^Q^a`cbedcfag+hjic^

`kdE^QlnmYo+g0icpcq üÆ=^IROUO ìGâ =�>?ëÍ= I â B ì DE>�BKè:F�B�BRPo=�@ I�>?V¶DÍå LÍ=�é�V¶F�=/O±>?B ã =ÆPoBK>?=/Da>?V¸IKY¶YÑñ
Y¶IR@?åE=:æÁ=Eò åMò�VÑD¯IKåR@UV¸F ì YÑ> ì @ IKYoOQ=/DGO?BR@xDG=�>dêCBR@Uÿ�O/îaBR@xB ì @C=�öÍI â PÍY¶=ÐBRè�BRD°ðzY¶VÑDÍ=3I â < �K<
â:ì O?V¸F*PÍY¸I�ñR=/@UO çnò �\Y¶=�ö°V ã V¶YÑVÑ>dñ^V¶O�B ì @:åRBaIKY�ëÍ=�@U=Rî�IRO�ê�=¯IKY¸OQBÌêCIRDE>�>?B ì OQ= á#â�ã Vgð
=�Da>Uû�AÔV¶DÌëÍB â =�=/Daé�V¶@?BED â =�Da>UO�IKDML�=�éE=�DÆIRO3IËOQ>UIRDGL�ðXIKY¶BRDÍ=ÉLÍI�> I â IKDMIKåR= â =�Da>
OQBEY ì >?V¶BRD�ò á Y¸O?BGî�ê�=±êCIRDa>�>UB ã =�I ã Y¶=Ë>UBÈF�BEPM=¯ê+VÑ>?ë IRL�ðzëÍB°FË< �K<'F�BRDÍDG=/Fn>UVÑBEDGO/î
ê+ëÍ=�@U= á#â�ã VÑ=/Da>Uû�A DÍB°L°=rO6>?ëGIK>#DÍ=�éE=�@ â =�> ã =�èÁBE@?=�F/IKD�Od>UVÑY¶YTF�B�BEPM=/@UIK>?=Rò

r htsui3^QlnmYo+g0icpcq á
â:ã V¶=�Da> ûÐA!DÍ=/=/LÍOË>?BÖ>UIRÿR=�V¶Da>?BÖIEF�F�B ì Da>*>UëGI�>^æ â B ã VÑY¶=rçËL°=�é�V¸F�=/O
BKèÊ>U=�D ëGI�éR=±èÁ=�êÎ@?=rOQB ì @UF�=/O�VÑDÖ>?=/@ â OÉBKè�NC<wv:î â = â BE@?ñEî(DÍ=�>dêCBR@Uÿ^IKDGL ã I�>?>?=/@?ñ
æ�L°=/é�V¶F�=/O(@ IKDÍåE=xèÁ@UB â >?ëÍ=#<6N^L°B�ê+D�>?B�O â IK@?>(F/IK@ LÍO6÷ xKúÍBR@�>U= â PM=/@UIK> ì @U=+OQ=/DGO?BR@ OUç�ò

^Ql2y3z{b|m}g+i~faztpU��m�fag+hjiwq üýëÍV¶YÑ=3êC=Ð@U=/F�BRåRDGVÑH/=+>?ëGIK>#L°V>�8=�@U=�Da>+L°=�é�V¸F�=rO â IRDGIKåE=ÐL°VM�o=/@Qð
=�Da>*OQ= â IKDa>?V¸F�O�ê+ëÍV¸F ë V â PGYÑV¶=/O­IÈDÍ=�=rL^èÁBE@ÉëG=�>?=/@?BEåR=/DÍ=�B ì O�OUF ëÍ= â IÌ@?=�ð â IRPÍPÍV¶DÍå



O ì PÍPMBE@Q>�æ�IÍò ÿoò IÍò � â B�LÍ=�Y â IKDGIRåR= â =/Da> � ÷���î/ø��KúÊç�î�V¶DÖ>?ëÍV¸O�PGIKPo=�@�êC=¯IEO?O ìÍâ =�I
OQVÑ> ì I�>?V¶BRDÌê+ëÍ=�@U=:IKY¶Y�L°=�é�V¸F�=/OÐBRPo=�@ I�>U= ì DGLÍ=�@3I*F�B âÉâ BED�åRY¶B ã IRYTOUF ëÍ= â IÍò á O
>?ëG=
è ì DGF�>?V¶BRDGIRYÑVÑ>dñËBRèT>?ëG= á#â:ã VÑ=/DE> ûÐA�O?F ëG= â IÉVÑDa>?=/åR@ I�>UVÑBED±F�B â PMBEDÍ=�Da>#=�éEBRY¶éR=rO�îa>?ëG=
O?F ëG= â I#BEPM=/@UIK>?=/L3BED ã ñ�>?ëÍ=6ï ì =�@UñÐPG@?B°F�=rO?O?BR@Tê+VÑY¶Y�VÑDGF�@?=rIRO?VÑDGåRY¶ñ ã =/F�B â =�I
éaV¶@?> ì IRY
O?F ëG= â I�>?ëGIK> â I�ñ±L°V>�8=�@+ê+V¸L°=/YÑñËèÁ@?B â >?ëÍ=JY¶B°F�IRY�O?F ëÍ= â IÉOQ>?BE@?=rL±IK>+=/IRF ë¯DÍB°L°=Eò

r m�fam d3o0mYl ztbezti~f q üÈ=�IEO?O ìÍâ =�>?ëÍ= ì OQ=/@6>?B ã =JVÑD 
 DGIRYTF�BEDa>?@UBRY8BKè(LÍI�> IÉPÍY¶IEF�= â =/Da>
IKDGLÈ@U=�PÍY¶V¶F/I�>UVÑBED�ò�S6ëÍV¶OJIEO?O ìÍâ P°>UVÑBEDÈV¸O â IEL°= ã =rF�I ì OQ=�V¶DÆO â IKY¶Y â B ã V¶YÑ=�L°=/éaV¸F�=rO�î
ì O?=�@ O­ê+VÑY¶Y
ê6IKDa>­>UB^ëGI�éR=�>UëÍ= 
 DGIRY
êCBR@ L BED ëÍB�ê�O?F/IK@ F�=^æ�OQ>?BE@UIRåR=rç�@U=/O?B ì @ F�=rO
IK@U= ì OQ=rL�ò�S6ëÍV¶O�V¸O3I±I â IKV¶DÆL°V¸OQ>?V¶DGFn>UVÑBEDÌê+VÑ>?ëÆBK>?ëG=�@3ê�BE@?ÿ�BEDÈL°V¸Od>U@?V ãÍì >U=/LÈLÍI�> I
Od>U@ ì Fn> ì @?=rO­O ì F ëýIEO­ûOXÐS+OÌ÷ ���°î���ú
IKDML þÍûÐû3þ¥÷gø���úzî(ê+ëÍ=�@U=�LÍIK>UIÆPÍY¸IRF�= â =�Da>*V¶O
L°=�>U=�@ â VÑDÍ=rL�OQBEYÑ=/YÑñ ã ñ­>UëÍ=�O?ñ�OQ>?= â ò

icz{f.s h\���	��mYg+o0`k��zjq <��K<ÓDÍ=�>dêCBR@Uÿ°O:F�IRD ã =¯ï ì VÑ>?=�L°ñ�DGI â V¶FËVÑD Od>U@ ì Fn> ì @?=Eî�IRDGL IRDañ
OQ=/@?V¶B ì O
V¶Da>?=�@UDÍ=�>QðXO?F/IKY¶=:<��R< OQñ°OQ>?= â�â:ì OQ> ã =ÉëÍVÑåEëÍY¶ñ¯@U=/O?V¶YÑV¶=�Da>
>UB±DGB�LÍ=:è�IRVÑY ì @U=/O/ò
á#â�ã VÑ=/Da>Uû�A2VÑDGëÍ=�@UVg> O�>UëÍ=�@?=rOQV¶Y¶VÑ=/DGF�=¯F ëGIK@ IRF�>?=�@UV¸Od>UV¶F/OJBKè3N�ëGBR@ L ÷ �Kú6èÁBR@ÉÿR=�=/PÍV¶DÍå
>?ëÍ=ÉDÍ=�>dê�BE@?ÿ�F�BEDÍDÍ=rFn>?=rL�B�éE=�@
Y¶BRDGåËPo=�@UVÑB°LÍO�BKèx>?V â =Eò8üýëÍ=�DÈ=�ö°=/F ì >?V¶DÍå�I±ï ì =/@?ñEî
Vg> ì O?=/O(>UëÍ=3N�ëGBR@ L�

�������\> I ã Y¶=+>UB�F�BEDGOQ>?@ ì Fn>xBED°ðÅ>?ëÍ=�ð��GñÉI����������������������(èÁBR@�ï ì =/@?ñ
=�ö°=/F ì >?V¶BRD±P ì @UPMBaOQ=rO�òÍþ ì F ë¯I�@?B ì >?V¶DÍå�>?@U=�=�BRDÍY¶ñ*F�BEDa>UIKV¶DGO�>?ëGBEO?=ÐDÍB°L°=rO�>?ëGIK>6PMIK@?ð
>?V¸F�V¶PGI�>U=�V¶D�BRDÍ= ì O?=�@Ðï ì =�@Uñ±IKDML¯>?ë ì O6>U=�DGLÍO#>?B ã =�Y¶V â VÑ>?=rL�VÑD�O?VÑH/=:IKDML±Y¶VÑèÁ=�>?V â =Rò
ô ì @ÐIEO?O ìÍâ P°>UVÑBED�V¶O#>?ëGIK>
ê+ëÍV¶YÑ=ÉI*ï ì =�@UñË@ ì DGO/îÍ>UëÍ=:@UB ì >UVÑDGå­>?@U=�=:OQ>UI�ñ°O+V¶Da>UIEFn>�æ�I
DÍB°L°=�è�IKV¶Y ì @?=Ð>?ë ì O6Y¶=/IELÍO�>?B­ï ì =�@Uñ�è�IKV¶Y ì @?=Eî ãGì >6>?ëÍ=JO?ñ�OQ>?= â OQ>UI�ñ°OxV¶Da>UIEFn>#IKDGLË>?ëG=
ï ì =�@UñËF�B ì Y¸L ã =J@?=�>?@UVÑ=rLGçnò

þ�VÑDMF�=+B ì @´ê�BE@?ÿ:>?B ì F ëÍ=/O ì PMBED â IKD�ñ�O ìÍã ð 
 =�Y¸LÍO(BRè�LÍI�> I ã IEOQ=+@U=/O?=/IR@UF ëT÷Ñø �Íî?øEø�úzîKêC=
ëÍVÑåEëÍY¶VÑåEëE>6>UëÍ= â IRVÑD�L°VM�8=�@U=�DGF�=/O/ò! "�$#%�&�%�(')���*��+,+.-��/-0'1-2#��C>?=rF ëÍDÍBRY¶BRåEñ­ê�BE@?ÿ°O ì DGLÍ=�@6>?ëG=
IROUO ìÍâ P°>UVÑBED�>?ëMI�>
>UëÍ=�F�BRY¶YÑ=rFn>UVÑBED�BKè´PGIR@Q>UV¶F�VÑPMI�>?V¶DÍåËO?VÑ>?=/O�IKDML�F�B âÉâ�ì DÍV¸F�IK>?V¶BRD�>?BEPMBEYgð
BRåRñÌV¶OJÿ�DÍB�ê+D I�PÍ@UVÑBE@?VÅò�S6ëÍV¸OJV¶O�DÍBK>J>UëÍ=*F�IEOQ=�V¶D á#â:ã VÑ=/DE> ûÐA�ò435��+.����-2�*��+6+0-2�*-.'�-7#��
>?=/F ëGDÍBRY¶BRåEñËV¸O+>?ëG=:F ì @U@U=�Da>
IKPÍPG@?BaIRF ë±>?B*ëÍ=�>?=/@?BEåR=�DG=�B ì O+O?F ëÍ= â I­VÑDa>U=�åR@ I�>UVÑBED�î ãÍì >�V¶O
åR=/IR@?=rL�>?B�ê6IK@ LÍO
ê+@UIRPÍPÍV¶DÍå±IRDGL�V¶Da>?=�åE@UIK>?V¶DÍå±OQ>UIK>?V¸F�IRYÑY¶ñ�F�BED 
 å ì @?=rL�F�B â:ã V¶DGI�>UVÑBEDGOÐBKè
LÍI�> I ã IEOQ=rO�ò�äXD98��.'���:;��+0-2�*-.'�-7#��x>?=rF ëÍDÍBRY¶BRåEñRî�BEDÍ=+åR=/DÍ=�@ IKY¶YÑñÉIROUO ìGâ =rO�>?ëMI�>´>UëÍ= â B ã V¶Y¶=
DÍB°L°=±V¸O�>?ëÍ=^æ�ê�=rIKÿR=/@ ç:F�Y¶VÑ=/Da>/î�>?ëGIK>�IK>�>UV â =rO­OQñ�DGF ëÍ@UBRDGVÑH/=/O�ê+VÑ>?ë O?B â =ËëÍ=rI�é�ñ F�=�D°ð
>?@ IKY¶VÑH/=/L­LÍIK>UI ã IRO?=
OQ=/@?éE=�@´B�éE=�@xI�DGIK@U@?B�ê F ëGIRDÍDÍ=�YÅò á åEIRVÑDTîK>?ëGV¶OCIROUO ìGâ PÍ>?V¶BRDËL°B�=rO´DÍBR>
ëÍBRY¸L�ëÍ=/@?=Eò ��V¶DGIKY¶YÑñEîo< �K<<
=:;��#�>?-��%�����ÉO?ñ�OQ>?= â O�÷Ñø�@Gî � xKú�L°B¯O ì PGPMBE@Q>3DÍBRDÍðzF�=�Da>?@ IKY¶VÑH/=/L
IKDGL�IRL°ðÅëÍB°FÐ>?BEPMBEYÑBEåRV¶=/O/ò�X#B�êC=�éR=/@/îa>UëÍ=JPÍ@UB�éaV¸L°=rL*è ì DMFn>?V¶BRDMIKY¶Vg>dñ¯L°B�=/O+DÍBR>+åRB ã =/ñRBEDGL
OQV â PÍYÑ=JÿE=�ñ�êCBR@ L�>?=�öa>
O?=/IR@UF ë æ�IEO6BRPÍPoBEO?=/LË>?B­OQ>?@ ì Fn> ì @U=/L¯ûÐA�ï ì =�@UVÑ=rOUç�ò
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Z\[�� ���WmYb dEo+zjq�� hjo+o+m��whU��m�fag
	jz���g+o+fQz{��g+i3p g0i m�
���
�� m�fQm��3mY^az
äXD^B ì @�=�öÍI â PÍY¶=*O?F�=�DGIR@?V¶BGî�>?ëÍ=*V¶Da>?=/YÑY¶VÑåE=�Da> �UI â <��R<	�±PÍY¶I�ñE=�@�ëMIRO�IEF�F�=rO?OJ>?BÌI�Y¶B°F�IRY
F�BRDa>U=�Da>x@U=�PoBEO?Vg>UBR@Uñ�>?ëMI�>CF�BRDGO?V¸Od> O(BKè�>UëÍ=
L°V¶åRVÑ>UIRY â:ì OQV¸F
F�BRY¶YÑ=rFn>?V¶BRD�BRè�>?ëÍ=
è�I â VÑY¶ñ�æÁ=Rò åGò
VÑD â P\xÆIRDGL^ü ó á èÁBE@ â I�> OUç�ò(S6ëÍV¶O�F�BRY¶YÑ=rFn>?V¶BRD��Æ>dñ�PÍV¸F�IRYÑY¶ñ VÑDÖ>?ëG=±BE@UL°=/@�BRèÐIÌèÁ=�ê
>?ëÍB ì O?IRDGLÍO�BKèTO?BRDÍåaO���V¶OCL°V¸Od>U@?V ãÍì >U=/L±I â BRDÍå�I�ëGIRDGL�è ì Y8BKè\=�Y¶=/Fn>U@?BEDÍV¸F
L°=/éaV¸F�=rOxB�ê+DG=/L
ã ñ3è�I â VÑY¶ñ â = â�ã =/@UO6æ�<6NÐîK<xû á O�î â B ã VÑY¶=6PÍëÍBRDG=/O/î â PUx�PÍY¸I�ñR=/@UO çnò�S6ëÍ=rOQ=+L°=/éaV¸F�=rO â I�ñ
ëGI�éR=:æ â B ã V¶YÑ=�ç´IEF�F�=rO?O´>?B:>?ëÍ=ÐVÑDa>?=/@?DG=�>/ò�S6ëÍ=�I â <��R<^IKPÍPÍY¶V¸F�I�>UVÑBED­ê�B ì Y¸L ã = ã IRO?=/L�BED
IKD�VÑDMOd> IKDGF�=CBRè á
â:ã V¶=�Da> ûÐAÖ@ ì DÍDÍV¶DÍå3VÑD�=/IEF ë�BKèG>UëÍ=/O?=#L°=/éaV¸F�=rO�òES6ëÍ=#L°=�é�V¸F�=rO�@ ì DGDÍVÑDGå
á#â:ã VÑ=/DE> ûÐAÆèÁBE@ â IÐOQ=/YgèÊðzBR@UåEIRDÍVÑH/VÑDGå#<��K<�DÍ=�>dêCBR@Uÿ�F�BRDÍDG=/Fn>UVÑDGå#>?ëG=xDÍB°L°=rOTèÁBE@\O?ëGIK@UV¶DÍå
IKY¶Y â:ì O?V¸F(F�BRDa>U=�Da>TV¶DÐ>UëÍ= �?ëÍB â =(H�BEDÍ= �Gî�IKDGLJI6PoBEOUO?V ã Y¶ñ
ë ì åE=´<��R<±DG=�>dêCBR@Uÿ
F�BEDGOQV¸OQ>?V¶DÍå
BKè#IKY¶Y�I â < �K<¥L°=/éaV¸F�=rOJ@U=/IRF ëMI ã Y¶=­é�V¶I¯>UëÍ=ËV¶Da>?=�@UDÍ=�>/î\I â BRDÍå�ê+ëÍV¸F ë^BRDÍY¶ñÈ>?ëÍ= â =�>UI�ð
VÑD°èÁBE@ â IK>?V¶BRD¯V¶O+O?ëGIK@U=/L�ò�S\B�åRV¶éR=3IKD¯V¶LÍ=/I�BKèT>UëÍ=JPoBK>?=/Da>?V¸IKY�OUF�IKY¶=���>UëÍ=JF ì @U@U=�Da>?Y¶ñ â BEOQ>
PMBEP ì Y¸IK@ â:ì OQV¸FnðzBR@UVÑ=/Da>?=/L:<��K< 
 Y¶=�ðXOQëMIK@UVÑDÍå3O?ñ�OQ>?= â O�ëGI�éR=�x â V¶Y¶YÑV¶BRDÉDÍB°L°=/O(F�BRDÍDG=/Fn>U=/L�î
ê+ëÍV¶F ë�O?ëGIK@U=m����� â VÑY¶Y¶VÑBED�O?BRDGåEO3æÁBRè�ê+ëÍV¸F ë ø â V¶Y¶YÑV¶BRD â I�ñ ã = ì DÍV¶ï ì =�çnò

�\V¶å ì @?= �*O?ëÍB�ê#O#>UëÍ=�O?F ëÍ= â IËF�@U=/IK>?=rL ã ñ±>UëÍ=�I â <��R< IKPÍPGYÑV¸F�IK>?V¶BRDÌF�BRDGO?V¶OQ>?V¶DÍå±BKè
>?ëÍ@U=�=�>UI ã Y¶=/OJæ������ �°î!� "�#%$aîoIKDGL'&�"($�ç�î°>?ëGIK>
IKY¶Y�IKPÍPo=/IR@+VÑD±>?ëG=JåRY¶B ã IRY8OUF ëÍ= â I �*)(+ ��,�� �
VÑD á#â�ã VÑ=/Da>Uû�AÐòcv
O?VÑDÍå¯>UëÍ=/O?=­Od>U@ ì F�> ì @U=/O/îo>?ëÍ=­I â < �K<ÏIKPÍPGYÑV¸F�IK>?V¶BRDÌ@U=�åEV¶OQ>?=/@UOÐê+ëÍV¸F ë
ì OQ=/@UOCIK@U=ÐIEFn>UVÑéE=
BRD±=/IEF ëËL°=�é�V¸F�=EîaIRDGL*ê+ëGIK> â�ì O?V¶F
>?ëÍ=/ñ­PÍY¸I�ñRò�S6ëÍ=/O?=ÐIR@?=O+2�$#%���%�('����*�1+
>UI ã YÑ=rO�îÍê+ëGV¶F ë â =/IRDGO6>?ëMI�>ÐO?=�=/D¯BED¯>?ëÍ=JåEYÑB ã IKY�Y¶=�éE=�Yxæ�B�éR=�@#IRYÑY\L°=�é�V¸F�=/O
F�BRDGDÍ=/F�>?=/L¯V¶D
IKD á#â:ã VÑ=/DE> ûÐAÖDÍ=�>dê�BE@?ÿÍçTVg>´V¸O�èÁBR@ â =/L ã ñJ>?ëÍ= ì DÍVÑBED�BKèoIRYÑY\æÁB�éR=/@?Y¸IKPGPÍVÑDGåaçTëÍBR@UVÑH/BRDa>UIRY
èÁ@UIRå â =�Da>UO6BRèT>UëÍ=/O?=3>UI ã YÑ=rO+Od>UBR@U=/L±BRD¯=/IEF ë¯L°=/é�V¶F�=Rò

ô ì @TIKPGPÍ@?BaIRF ëJF�IRD ã =CF�B â PMIK@U=/LÐ>?B
I â = â BR@UñEð ã IEOQ=rLÐV â PÍY¶V¶F�Vg>�éRBK>UVÑDGå#O?F ëÍ= â =
÷ �KúÅò
S6ëÍ=*éRBR>?=.-0/21 3±F�BE@?@U=/O?PMBEDGLÍO�>UB�>?ëÍ=±éRBR>?=­BKè ì O?=�@�4ÐBED^Vg>U= â65 ò�S6ëÍ=*PG@?=rL°V¶F�>?=rL éRBK>U=
èÁBR@#>UëÍ=:IEFn>?V¶éR= ì OQ=/@+èÁBR@ÐVg>U= â75 V¶OÐL°= 
 DG=/L�IRO98!:;1 3=< ->:@?BA�CED/GFIHKJ æ2L!M*4Xç�æ
-0/21 3�N -O/zçnî
ê+ëÍ=�@U= J æ2L!M*4XçCV¸O#I �?ê�=/VÑåEëE> ��è ì DGFn>UVÑBED�î -P/(V¸O6>?ëÍ=�I�éE=�@ IKåE=ÐéEBK>?=�èÁBE@ ì OQ=/@@4�IRDGLQA¯V¶O
I
DÍBR@ â IKY¶VÑH/VÑDÍå3è�IEFn>UBR@ròKüÈ=�F�BEDGOQV¸L°=/@(è ì Y¶YÑñ�PÍY¸I�ñ�VÑDÍå�I:OQBEDÍå�IRO�I �QéEBK>?= ��VÑD­>UëÍV¸O�OUF�=/DGIK@UVÑBMî
�ÍBR@(IRPÍPÍ@UB�ö�V â I�>UVÑDÍå#>?ëÍ=6êC=�V¶åRëa>\è ì DGFn>UVÑBED ã =�>dêC=�=/D�>?ëG=6IEFn>UVÑéE= ì O?=�@(IKDML:IKDGBK>?ëG=�@ ì O?=�@rî
>?ëÍ=¯IRFn>UVÑéE= ì O?=�@�F ëGBaBaOQ=rO�IKD �SR�-28UT :;� #������*IEO:IRD^VÑDÍP ì >:èÁBE@�>?ëG=Ëï ì =�@UñRò\üÈ=¯L°= 
 DG=
B ì @#êC=�V¶åRëa>#è ì DGFn>UVÑBED JUV 4XW>Y�Z�æ
[K\ V(] :�M^[K\ V;] /�ç6>UB ã =J>?ëÍ=:>?V â =/O+>UëÍ=:=�öÍI â PÍY¶=�OQBEDÍå*ëGIEO
ã =/=�D�_���:�:a`+PGY¶I�ñE=/L ã ñ ì OQ=/@94 ò ��V¶å ì @U=-x�O?ëÍB�ê#O(ëÍB�ê >UëÍV¶O�V¸O´=�ö°PÍ@U=/OUO?=/L�V¶D á#â:ã VÑ=/DE> ûÐAb�

 @UOQ>´êC=#F�B â P ì >?=6>?ëG=#YÑV¸OQ>?=�D­F�B ì Da>xF�BE@?@U=/O?PoBRDGL°V¶DÍåÐ>?B3>UëÍ=#=�öÍI â PGYÑ=+O?BRDÍå�èÁBR@�IKY¶Y ì O?=�@ O
VÑD^I±>?= â PoBR@ IK@Uñ�>UI ã Y¶=Rî8>?ëG=�D ê�=�WdBEVÑDÆ>?ëGV¶O�>U= â PMBE@UIR@?ñ�> I ã Y¶=*IKåaIKV¶DÌê+VÑ>?ëÆ>?ëG=­YÑBEåË>UB
F�B â P ì >?=3>?ëG=Jê�=/VÑåEëE>U=/L±éRBR>?=�èÁBR@#IRYÑY�O?BRDÍåaO�î°IRDGL±>UIKÿE=�>?ëÍ=JëÍV¶åRëG=/OQ>3ø;���ÉOQBEDÍåEO/ò

Z\[�c d.	\z{� 	Wg+z{s
äXD¯þ�=rFn>?V¶BRD �°î�êC=�LÍ=/OUF�@UV ã =#>UëÍ=3åR=�DG=�@ IKY8IK@ F ëÍVg>U=/F�> ì @U=
BRè á#â�ã VÑ=/Da>Uû�AÐò°äXD�þ�=rFn>?V¶BRD �°ò �
ê�=3èÁB°F ì O+BRD�ï ì =�@UñË=�ö�=rF ì >UVÑBED±V¶D á#â�ã V¶=�Da>Uû�A�îÍB ì >UYÑV¶DÍV¶DÍå­VÑ>UO6>UëÍ@?=/=�ðzYÑ=/éR=/Y�ï ì =�@UñË=�ö°=�ð
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S6ëÍ=��������J�����/�����2:oBKè á
â:ã V¶=�Da>Uû�A
AmbientDB

XML schema
integration

Local
DB

P2P network

Query Processor

RDBMS

Local DB is a wrapper around any (external) data store.

other AmbientDB instances

chord
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VÑDa>?=/@Qè�IEF�= â I�ñ ã =�IRO�O?V â PÍY¶=�IROÐW ì OQ>­IÆO?=/ï ì =�Da>UV¶IRY6OUF�IRD�òPX#B�êC=�éE=�@rîTVÑè â BR@U=¯ï ì =/@?ñ
IKY¶åR= ã @UI6PÍ@UV â VÑ>?V¶éR=rO\IR@?=�O ì PGPMBE@Q>U=/L�î/>?ëÍV¸O\PÍ@?B�é�V¸L°=/O\ï ì =�@UñÐBEP°>?V â VÑHrI�>UVÑBED�BRPÍPoBR@?> ì DÍVg>UVÑ=rO�ò

S6ëÍ=� !�1>!�)8�-#"%�!�*�/���1-2�&�(�2�%$J�������\��IKY¶YÑB�ê#O á
â:ã V¶=�Da>Uû�A^DÍB°L°=rO�>?B3F�B�BRPo=�@ I�>U= ì DGL°=�@
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â:ã V¶=�Da>Uû�AÏ>dñ�PM=�ç#ê+ëG=�@U=:>UëÍ=:> ì PÍY¶=�V¸O�YÑB°F/I�>?=rL�ò8S6ëÍV¶O
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��V¸OC>?ëÍ=JD ìÍâ�ã =/@+BKè�DÍB°L°=/O çnò

S6ëÍ= 2 9/���K���R�r��� V¸OCI�OQPo=/F�V¶IRY8BRPo=�@ I�>?BE@´>UëGI�>6PM=/@QèÁBE@ â OCL°B ìGã YÑ=�=�Y¶V â V¶DGIK>?V¶BRD ��VÑ>6F�@?=�ð
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F�BE@?@U=/O?PoBRDGLÍOCê+VÑ>?ëÌI­LGI�>UI��GB�ê¥IKY¶åR= ã @UIÉBRPo=�@ I�>UBR@�æ�V�ò =RòG>?ëÍ=
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F�BRDMOQV¸L°=�@�I �°S IRY¶O?B�I ãÍì �8=�@nçnò ) ì =�@UVÑ=rO�>?ëGIK>�F�BEDGO?V¶OQ>�BKè â:ì YÑ>?V¶PÍY¶=*ê6I�éR=/O3PMIROUOJLÍI�> I
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