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Restriction 
__________ 

minCardinality : int 
maxCardinality: int 
cardinality      : int

Class 
__________ 

subClassOf sameClassAs

0..* 0..*

Property 
__________ 

subPropertyOf samePropertyAs

0..* 0..*

0..*

0..*

domain

range

inverseOf

0..*

subClassOf onProperty

allValuesFrom

someValuesFrom

TransitiveProperty 
__________ 
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ðjçgZ]ð Ze_8i=bd\îbpðjçtZ]bplcï�é4b]_8ikèþZ]\þüpi�çt_gfuZ]\�Zdí�q�YaøÅ÷d�aòEö¸B +�D�çti#`c_a`tçgf�l�`ti�è�`tZ,ú%i�rhrRí§Zpçtì�ikè
í§Zpçtì'mjr�bp_%fh\4l#rhm4èEfh\jvÙl#Z]\4_8`gçtm4l�`c_�ruf��pi ¤e¹^{ n T'º n ¹»TK¼ bp\4è�ü�bpçgf�bdéjrhi�_�ñ
Y[\ÙZpmjç�bdð4ðjçgZebplcïÙq�fhvpmjçti¡��úOi��4çt_8`%l�Zp\�üpi�ç8`%b'_gZpmjçcl#i6òEi�çtüef�l#i�ô
ik_gl�çgfhðE`tfuZ]\Ö`gZ�fs`H� _

l�bd\4Zp\jf�l�\jZ]çgìÖbpruf�_8ikèþbd\ èþú%i=Z]éE`tbpfu\êb,èEf�_�·amj\4l�`tfuZ]\îZpíOl#Z]\E·amj\4l#`gfhüpiU_8i�çgü�f�l#i�èEi�_tl#çtfuðm�
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=> 
NOT propagation

---

-

A B C D E F G H A B C D E F G H

=> 
CNF generation

(a) Initial FOL form (b) Propagation of NOT constructs

A  B  C- D  F- A  B  C- D  G- A  B  C- D  H- A  B  C- E  F- A  B  C- E  G- A  B  C- E  H-

(c) NOT propagation rules 
(using De Morgan)

(d) Canonic normalized form (CNF)

- NOT AND OR

(e) Disjunction of Service Descriptions

 SD  

KVPair 

KVPair 

KVPair 

 SD  

KVPair 

KVPair 

KVPair 

 SD  

KVPair 

KVPair 

KVPair 

 SD  

KVPair 

KVPair 

KVPair 
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`gfhZp\4_�bp_�bpé Z�ü]ipñ4A�bplcï�Zdí@`tïji�èji�_tl#çtfuðE`tfuZ]\4_�l�bp\,l#Z]\e`tbdfh\ÙðyZ]_gfs`tfuü]i6Z]çO\4i�v]bd`gfhüpiUóÏõ � 
�ù
`gi�çtìÖ_�bp\4èUü�bdçtfhbpéjruik_�ñeò�fu\ l#i-`tïjfh_�vpi�\ji�çcbdrhfh_tb�`tfuZ]\=f�_�_gfhì�ð4rui�ú%i
bpçgi-\jZp`�vpZ]fu\4vÔ`gZ�ìÖb��]i
m4_8iÔZpí�fu`�fu\×`tïji�çgik_a`-ZpíR`tïjfh_�ð bdðyi�ç�éjmj`�úOi�l#Z]\4_gfhèEi�ç-fs`�fhìUðjrhfhl�fs`kñ

¾ F æ�2I0@B47g1:9$;8;À¿ 02561:A-å
785�ÁÂ-%DEB4æ
1yDjæ�B49�; Q 0/.�1:B478?�Dj7aAO5�.

�ïjiþìÖbdfh\¥é4bdçtçtfui�çU`gZ�ú�bdçcèj_Öbêí§mjrhruë¥bdmj`gZpìÖbd`gi�è ú%i�é¥f�_U`gï4iØú�b»ë `gZÒèji�_tl#çtfuéyi�`gï4i
ì�ikbd\jfh\jve_@ZdíE`tïji�ð4mjéjrhfh_gïji�è'fu\jí§ZpçtìUbd`gfhZp\�_gm4lcï�`tï4b�`�ìUb]lcïjfh\ji�_Rl#Zpm4rhè�fh\e`gi�çgðjçti#`�fs`kñH
�ï4i
ò�i�ìÖbd\e`tfhl=ÿîi�éêl�ZpìUì'm4\jfs`aë�f�_�ìÖb���fu\4v,i�	yZ]ç8`c_6fh\þ`tï4b�`�èEfhçti�l�`tfuZ]\þ`tçgZ]mjvpïØb,\�mjì'éyi�ç
Zdí�rhbp\jvpm4bpvpik_�n�_8ðyi�l�f!�yl�b�`tfuZ]\4_-bd\ è�`tZ�Zpr�_�ó§ipñ v4ñm?
ô6q%n�?
ô6q$ò:n � ÿ öRù#ñ
Y[\þ`gï4fh_�ð4bpð i�ç6ú%i�bpçgi�l#Z]\4l#i�çg\jikè�Zp\4ruë�ú-fu`gïêb�ìUZpçti'\ bdçtçgZ�ú _tl#Zpðyi���`tïji=çti�ð4çgi��

_8i�\]`cb�`tfuZ]\êZpí�l�rhb]_g_I��\jZ�ú-rhi�èjvpiUm4_gfu\jvþb�r�bd\4vpm4bpvpiUçgikl#i�\]`truëîbpèEZ]ðE`gikèîé�ëØ`gïjiÙÿÃ��^W�
`gïji�ÿêi�é � \e`gZ]ruZ]vpëÙö2bp\jvpm bdvpiUó � ÿ öRù#ñ
ö@i#`H� _%l#Z]\4_gfhèEi�ç�`tïji�i#ûjbdìUðjrhi
Z]\]`tZprhZpv]ë'í§çtZpìI`gï4i � ÿ öþú%i�é�_gfu`gi�B �PD�ñe÷6_%èji#�4\jikè

éeëÒ`gïjiþ_gðyi�l#f�� l�b�`gfhZp\G`gï4i�çgZ�Zd`ÖZpíÔbp\eë � ÿ ö l�rhb]_g_Uïjfhi�çcbdçclcï�ë fh_U`tïjiþl#r�bp_t_K
�ïjfh\jv4ñ
÷�\jfhìÖbdr$f�_�b�_gmjé:l#r�bp_t_
Zpí¡
�ïjfh\jv�bd\4èêqji�ìUbpruiUbd\ èÄ�þbpruiUbdçtiU_8mjé:l#r�bp_t_gi�_6Zdí%÷
\jfhìUbpr�ñ
÷�\jfhìÖbdrC_gmjé4_gmjìUi�_�bdr�_gZ×ø�i�çt_gZp\@ñ@^Or�bp_t_8ik_��Øbd\ bd\4èîÿîZ]ìÖbd\êfu\jï4i�çtfs`�ì'm4rs`tfuðjrhë�í§çtZpì
�þbdrhiîbp\4è¥ø�i�çc_8Z]\@nCçti�_gð ikl�`tfuü]i�rhë q4i�ìÖbdrhiîbp\4è ø�i�çc_gZp\@ñ%^Or�bp_t_eÅ
mjìÖbd\4o%i�fu\jvÒï4bp_,b
hg_tbdìUi»^Or�bp_t_g÷6_�k'çgi�rhbd`gfhZp\×ú-fs`tï�l#r�bp_t_-ø�i�çc_8Z]\�bd\4è×f�_-bU_8mjé:l#r�bp_t_�Zdí¦
�ïjfh\jv4ñ

�ïjiØìÖbdfh\ f�èEikbLZdí�`tïjiêi�\4l�Z�èjfu\jvG`gï b�`,ú%iêðjçgZ]ð Ze_8iØfh_,`gï b�`×bp\�ë>l�rhb]_g_,fh\ `gï4i

ïjfui�çtbpçtlcï�ë
l�bd\�éyiOb]_g_gZEl#f�b�`gikè
ú-fu`gï'Zp\jiCZ]ç@ìUZpçtiCfh\]`ti�çtü�bdr�_�ñ#Y[\e`ti�çtü»bprh_2l�bd\�éyiOl�Zp\e`tbpfu\4i�è
fu\×Zd`tïji�ç-fh\e`gi�çtü�bdr�_%éjmE`
bdçti�\ji�ü]i�ç�Z�üpi�çgr�bdðjð4fu\jv ñpY[\�q�fuv]mjçti� =úOiÔvpfhüpiÔb�ð Ze_g_gfhéjruiÔ_gm4lcï
i�\4l�Z�èjfu\jv�í§Z]ç�`gïji � ÿ öêi#ûjbdìUðjrhi�Zp\e`gZ]ruZ]vpë]ñ



Male 
[0.0,0.01) 

__________ 

Female 
[0.01,0.02) 
__________ 

Animal 
[0.0,0.10) 

__________ 

Thing 
[0.0,1.0) 

___________ 

Person 
[0.10,0.11), [0.02,0.03) 

___________ 

Man 
[0.0,0.001), [0.100,0.101) 

[0.02,0.021), 
___________ 

Woman 
[0.01,0.011), [0.101,0.102) 

[0.021,0.022) 
___________ 

HumanBeing 
[0.10,0.20), [0.022, 0.023) 

___________ 

nYo�p ÎJÆ4Î ¦ÅÝex����e����{��d}a{���{k��¢=�h|a{�� }a¡e��Û$ÜLw � �czU�[~�}a�

õ�Z�ú çti�_gð Z]\4èEfh\jvÙ`tZ×_gmjé4_gmjìUðE`gfhZp\ ýemji�_8`gfhZp\ _
rhf��]i�ø�i�çt_gZp\þ_gmjé4_gmjìUi�_I�þbp\@nÅø�i�ç��
_8Z]\�_gmjé4_gmjìUi�_¦�þbprui�Z]çÅ
mjìÖbd\4o%i�fu\jv�_gmjé4_gmjìUi�_>�Øbd\�fh_$_8`gçcbdfhvpïe`8í§Z]çgú�bdçcè9��Zp\ji�Zdíy`gï4i
fu\e`gi�çgü�bprh_$Zpí��þbd\^B wjn wjñ w�wmG»ù�nmB wjñ�GJw�wjn wjñ�GJwmG»ù�n)B wjñ w�En wjñ w�mGkù2fh_Cfu\4l�rum èEi�èÖfh\ÖZp\4i-Zdí:`gïji
fu\)�
`gi�çtü�bdr�_�Zdí-ø�i�çc_gZp\7B w4ñ�GHwjn wjñ�G�Gkù#n¦B w4ñ w}En wjñ w��]ù#Ç:\jZp\ji�Zdí%`gïjiÙfh\e`gi�çgü�bdr�_�Zpí��þbpruixB wjn wjñ wmG»ù
fh_
fu\4l�rum èEi�è�fh\Øbd\�ë,Zdí�`gïji'fu\e`gi�çgü�bprh_-ZpíCø�i�çc_8Z]\�Ç4�4\4bprurhë,Z]\ji�Zpí�`tïji�fh\e`gi�çtü�bdr�_-Zdí>�þbp\
B w4n w4ñ w�wmGkù#n)B w4ñ�GHw�wjn wjñ�GJwµGkù#n}B wjñ w�jn w4ñ w})Gkù@fh_Cfu\4l�rum èEi�èUfh\UZp\ji-Zpí4`gï4i�fu\e`ti�çtü»bprh_�ZpíÈÅ
mjìÖbd\)�
oOi�fu\4v<B wjñ�GJw4n w4ñ �w]ù#n�B wjñ w��En wjñ w���eù�ñ
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ïjfui�çtbpçtlcï4fuik_Cú-ïji�çgi6Zp\jrhëÖ_8fh\jvprhi
fh\jïji�çgfu`tbp\4l#i6fh_%bdrhrhZ�úOikèÅñpÿêi�èji�_tl#çtfuéyi
Z]\jruëÖl�rhb]_g_Oïjfhi�ç��
bdçclcïjfuik_�ú-fu`gï _8m4éy^Orhb]_g_ � íCçti�r�b�`gfhZp\ _�éyi�l�bpm4_gi'`tïji=i�\4l#ZEèEfh\jv,Zdí�ðjçtZpðyi�çg`aë�ïjfhi�çcbdçclcïjfuik_
fh_-ü]i�çtëÙ_8fhìUfur�bdç��Cfh\4_8`gikbpè×Zdí�_8mjé:^Orhb]_g_ � íRú%iÔm4_8i�_gmjé4ø�çgZ]ð i�ç8`aë � íañ

§9ZHÎ)ZJX(±xÍgX(\}¯PÎm¯P±PÍ@X�\4² ÷6_
b�� çt_8`
i�\ l#ZEèEfh\jvÙ_glcï4i�ìUi�ú%i'l#Z]\4_8f�èEi�ç
bÙ_gfuìUðjrhi'bdð4ðjçgZebplcï
ú-ïji�çtiCú%i�r�bdéyi�rpfh\�Z]çtèEi�ç@`tïji�rhi�b»ü]i�_ÅZpíe`tïji%ïjfui�çtbpçtlcï�ë�ú-fu`gï'mj\jfu`�fh\e`gi�çtü�bdr�_2bp\4è�`gïji�\�ú%i
l#ZpìUðjmj`giCfh\e`gi�çtü�bdr�_ÅZdíE`tïjiCð4bpçgi�\e`2bp_Å`tïjiCmj\4fuZ]\�Zdí�`gïjiOfu\e`ti�çtü»bprh_@Zdí�`gïji%lcïjfhrhèEçti�\2ñ#Y[\�`gï4i
i#ûjbdìUðjrhi�í§çgZ]ì óÏq�fhvpmjçtiP*,ó�b]ù8ù�A
njqGbpçgi�rhi�b»üpik_%Zdí�`gïji�ïjfhi�çcbdçclcï�ëÖú-ïjf�lcï×ú%iÔçgi�ðjçti�_gi�\e`
bp_$`tïji�fu\e`gi�çgü�bprh_�AvB wjn�Gkù�neqOB!G]n}]ù�ñ�oGf�_�`gïji�ð4bdçti�\e`�Zpí@é Zp`gïiALbd\4è�qêbp\4èÙb]_O_gm4lcïÖú%i
l#ZpìUðjmj`gi�`tïji�çti�ðjçti�_gi�\e`tbd`gfhZp\�oÐB wjn«pù�b]_�`gï4i�mj\jfhZp\�Zpí�B wjn�Gkù-bp\4èÌB!G]n ]ù�ñjY[\�`tmjçt\þ÷ fh_
`gïji-ð4bpçgi�\e`�ZpíyoÑB w4n ]ùRbp\4èÖ^ÃB En«�pù�_gZ�ú%i�ú-furhrjçti�ðjçti�_gi�\e`�fs`�b]_$÷ÒB w4n �]ù�ñ�ÿêi-çgikl#mjçc_gfuü]i�rhë
l#Zp\e`tfu\�mji%`gZ�èEZ6`gï b�`Cmj\e`gfhrEú%i%çti�b]lcï�`tïji�çgZ�Zd`�Zdí `gïji�`tçgi�iOú-ï4i�çti%ú%i-_a`tZpð��@fu\UZpm4ç�l�bp_gi
úOi=vpi#`6çgZ�Zd`�B w4n«*pù�ñÈ
�ïjfh_6i�\ l#ZEèEfh\jv�l#Z]ìUðjrui�`gi�ruë×í§mjrhr!� rur�_
Z]mjç
Z]é)·ai�l#`gfhüpi�_a`cb�`gikè�bdéyZ�üpi��
_8mjé _8mjìUðE`tfuZ]\Øl�bp\�\jZ�ú é i'`gçti�b�`ti�è×rhf��]i'bÙ_gfuìUðjrhi'fh\e`gi�çtü�bdr@fh\4l�rum4_gfhZp\�ðjçtZpéjrhi�ì�ñyö@i#`H� _
_8mjð4ð Ze_8i%`gï b�`Cú%i-ú%bp\]`�`tZÔèji#`gi�çgìUfh\ji�_gmjé4_gmjìUðE`gfhZp\Uçti�r�b�`gfhZp\ _Réyi#`aú%i�i�\Öý]m4i�çtë�ÅWB �4n ��ù



bd\4èÖ÷ÐB w4n �]ù�n]oIB wjn«pù#n�^�B En«�pù�ñ]Y�`Of�_Cikbp_gë'`tZ'èEi#`ti�çtìUfu\ji�`gï4bd`%÷ Z]ç%^ _gmjé4_gmjìUi�Å ó�B �4n ��ù
fh_
fu\4l�rum èEi�è�fh\MB wjn«�pù%Z]ç
fh\uB jn �]ù8ù-é4mE`
\jZp`�oIó3B �jn �eù�f�_�\jZp`6fh\4l#rhm4èEikè�fu\CB w4n ]ù8ù�ñ Y[\�`gï4i
ú-fhèEi�ç'l#Z]\e`gi#û�`Ô`gï4fh_'úOZ]mjrhèêìUi�bp\Ø`tï4b�`�b×_gi�çtü�fhl�i�_�_gð ikl#fuí§ë�fu\jvxÅ l#Zpm4rhèêéyiÖìUbd`tlcïjikè
ú-fs`tï�bU_gi�çtü�fhl�iÔ_gðyi�l#fuí§ë�fu\4vU÷ Z]ç6^¥é4mE`�\jZd`�ú-fu`gï�ú-fu`gï�bU_8i�çgü�f�l#iÔ_8ðyi�l�fsí§ë�fh\jvÙo�ñ

E [0,1) F [1,2)

B [0,2)

A [0,5)

J [5,6)

C [2,5)

G [2,3) H [3,4) I [4,5) K [6,7)

D [5,7)

root [0,7)
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mj\4èEi�çgrhë�fu\jvU_gë�_8`gi�ì�ñ4Å
Z�úOi�üpi�çOfu`�bpðjðjrhfuik_�Zp\jrhëU`gZU_8`tb�`tfhl6ïjfhi�çcbdçclcïjfhi�_Y��fuí�b]èjèEfu`gfhZp\4_%Z]ç
èEi�rhi#`tfuZ]\4_6bpçgi'ìUb]èEi=bd`�èEf�	:i�çti�\e`6rhi�ü]i�r�_6bd`6rhi�bp_8`
ð4bpç8`�Zdí$`tïji=ï4fui�çtbpçtlcï�ë�\4i�i�è4_�`tZ�éyi
çgikbpèP·am4_8`gikèÅñ ÷
\jZd`tïji�ç�èEçcb»ú-é4bpl��Ùf�_-`tï4b�`�fu\�`tïji=l�bp_gi�Zdí�èEi�rui�`gfhZp\�fu`6f�_�ðyZ]_t_8fhéjrhi�í§Zpç6b
\ji�ú i�rhi�ìUi�\e`�`gZÖï b»üpi6`gïji�_tbdìUiÔçgi�ðjçti�_gi�\e`tbd`gfhZp\@ñjò�fh\4l#i�çti�ð4çgik_8i�\]`cb�`tfuZ]\4_�bdçti�m _8ikèÙ`tZ
éjmjfhrhèØí§mjçg`gïji�çÔ_8`gçtm4l#`gmjçti�_6`gï b�`ÔìUb»ë�éyiÖl#Ze_a`truë�`tZ×b]èjbdðE`kn:úOiUl#Z]\4_8f�èEi�ç6\ji�û�`�b,ìUZpçti
l#ZpìUðjrhi#û×bdðjðjçtZ]b]lcï�ú-ïjf�lcï�bdrhruZ�ú�_%í§Z]ç�`gïji�çti�ðjçti�_gi�\e`cb�`gfhZp\,Zdí�èEë�\4bdìUf�lÔïjfui�çtbpçtlcï4fuik_�ñ


�ïji
èEë�\4bpì�f�l�i�\4l#ZEèEfh\jv'_tlcïji�ì�i
ú-furhr ï b»üpi�`aú%Z�rui�üpi�rh_J�pZ]\ji
bpè4èEçgik_g_gfh\jvÔ`gïji�lcïjfhrhè4�
lcïjfur�è,çgi�rhbd`gfhZp\,bp\4è,Zp\ji�`gï4i�ð bdçti�\e`3�[lcïjfhrhè�çgi�rhbd`gfhZp\@ñEq�fuçc_8`�ikbplcïêóÏèEfhçgikl�`�ù�ð bdçti�\e`¬Ïdlcïjfur�è
çgi�rhbd`gfhZp\>i�\4l�ZpìUð4b]_g_gi�_UrhZEl�bdrhrhëGbd\¥fh\e`gi�çgü�bdr
é i�`aúOi�i�\ÃwLbp\4è¸Gpñ�
�ï4iØlcïjfhrhèEçti�\>ï4b»ü]i
bp_t_8fhvp\jikèLmjðyZp\ fh\4_8i�ç8`tfuZ]\ bp\Òfh\e`gi�v]i�ç��pi�ëLú-ïjf�lcïGf�_Umj\jf�ýemji�bd\4èGðyi�çc_8f�_a`ti�\e`Ùb�`U`gï4i
ð4bdçti�\e`�ñ9�6_8fh\jv�b�èEfuü�f�èEfh\jv×í§mj\4l�`tfuZ]\êèji�ðyi�\4èEi�\e`�Zp\þ`tïjiK�pi�ëpn:i�b]lcïîlcïjfhr�èØf�_�bp_t_8fhvp\4i�è
bdr�_8ZÙbp\×fh\e`gi�çgü�bdr�ñ4÷%`�`tïji'_gi�l�Zp\4è×rhi�üpi�r@Zdí�`gï4i'_glcï4i�ìUipn i�bplcï×ð4bpçgi�\]`�f�_
b]_g_gfhvp\jikè,bprh_gZ
b=v]ruZ]é4bdrÅfh\e`gi�çgü�bdrOó§ipñ v4ñEú-ï4i�\�ðjr�b»ëefh\jvUfh\,`tmjçt\,`tïji'lcïjfhr�è,çtZprhikù#ñjö@ZEl�bpr@lcïjfhrhè×fh\]`ti�çtü�bdr�_
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Zpí�_8fh\jvprhi�fh\jïji�çgfu`tbp\4l#i�l#r�bp_t_8ik_�njìÖbpðjðjfh\jvÙí§Z]çgìUi�è�é�ë�l#çti�bd`gfh\jvÖí§Z]ç
bd\�ëÙ_8fh\jv]rui�fu\4ïji�çtfs`cbd\4l�i�l�rhb]_g_�� fÅfh\Ù`tïjiÔìÖbdð×Zdí/� b�_8fh\jvprhi�fu\jï4i�çtfs`cbd\4l�i�l�rhb]_g_42 fÅfh\
`gïji�ìÖbdð�Zpí12��



5 üHÜRó76'ù>Þ86 Ö�_�ñ `kñ:9/; Ö=< 5 üHÜRó>;êù�?$þ�@BA#ý ä ü)þPþDCFE�ó>; ÖG?H6 Öaù
oOmj`
fu\�Z]çtèji�ç-`tZÙçgik_8ðyZp\ è×`gZ�_gmjé4_gmjìUðE`gfhZp\þýemji�çgfhi�_
úOi�\4i�i�èØbdr�_8ZU`tZÙi�\4l�ZEèEi�`gï4i

çgi�rhbd`gfhZp\4_�fh\G`tïjiþ_gfu\jv]rui�l�rhb]_g_Uïjfhi�çcbdçclcï�ë bp_Öbêfu\e`ti�çtü»bprh_�ñC÷�\>i�\4l#ZEèEfh\jv Zdí6`gïji�`tçgi�i
m4_8fh\jvÖ`tïji=_tlcïji�ì�i'rufh\���fh\�üpi�û�ð;=í§Zpç6èjëe\ bdìUfhl�ïjfui�çtbpçtlcï4fuik_�l�bp\�é i�_8i�i�\�fh\Øq�fuv]mjçgiFGJ�4ñ
õ�Z�ú¥çti�_gð Z]\4èEfh\jv�`tZ=_gmjé4_gmjìUðE`gfhZp\×ý]m4i�çtfuik_�rhf��]i6o>_gmjé4_gmjìUi�_d%�nEo _gmjé4_gmjìUi�_%q Zpç�^
_8mjé _8mjìUik_
q fh_6_a`tçtbpfuv]ïe`8í§Zpçtú�bdçcè9�µ% wxB wjn wjñ wmGkù%f�_�fh\4l�rum4èji�è�fh\Øo wxB wjn wjñ�GJw]ù#nE`gï4i�çti�fh_
\jZ×q fC_gm4lcïþ`tï4b�`�q f$f�_6fh\4l�rum4èji�èîfu\ o w×bd\ èîq w B w4ñ�GHwjn wjñ�GJwmG»ù%fh_Ôfh\4l�rum4èji�èîfu\L^ w
B w4ñ�GHwjn wjñ«�w]ù#ñ

A_0 [0,1)

C_0 
[0.10,0.20)

D_0 
[0.20,0.30)

E_0  
[0.10, 0.11)

E_1 
[0.20, 0.21)

B_0  
[0,0.10)

F_0 
[0.10,0.101)

F_1 
[0.20,0.201)

G_0 
[0,0.01)

G_1 
[0.10,0.1001)

G_2 
[0.20,0.2001)

n>o�p ÎEq�©4Î £%�]���t|a~����c�e�t{d�]~��e�Ô{��@�c�sx��[��¡e~��t|8x#|a�g¡�¢'�e�[~��e�Ô�p¢p��x���~s�O��~s��®�~��dÑ»�tÝp�����[�g¡]�c���
ò�Z,_gmjé4_gmjìUðE`gfhZp\êéyi#`aú%i�i�\êl#r�bp_t_8ik_�� bd\ èI2 é Z]fur�_ÔèEZ�ú-\�`tZ×èEi�`gi�çgìUfh\jfu\4v,fuí%bp\eë

Zdí�`gïji�l�rhb]_g_gi�_%fh\,`tïji�ìÖbdð×ZdíJ2 fh_-_gmjé:l#r�bp_t_�Zdí$bd\�ëÖZdí�`gï4i�l#r�bp_t_8ik_Ofh\×`gïji�ìÖbpð×Zpíg���
þK@BA#þ�@ 5 ÚEþeó>;�?�6�ù>Þ8L:; Ö=< 5 üHÜRó%;îùBMNL�6 ÖO< 5 üHÜRó%6=ùPMþ�@BA#ý ä ü)þPþDCFE�ó>; ÖG?H6 Q�ù

É/R®y Ê�´g±�_�a@X�´@ËÄÊSRB!gÎµb�X[Z�Ô7ºe\4b�ÎmZJX�_;´@²
Y[\Ø`tïjfh_'_8ikl�`gfhZp\îúOiUi�ûe`ti�\4èîi�ü]i�\êìUZpçti=Z]mjç�i�\4l�ZEèEfu\4v×_tlcïji�ìUiUé�ëØl#Z]\4_gfhèEi�çgfh\jv×ïjfhi�ç��
bdçclcïjfuik_�ú-ï4fhlcï�bdrhruZ�ú í§Zpç%`gïji�_gð ikl#f�� l�bd`gfhZp\×Zdí�i�ýem4bdrhfu`aëÖçgi�rhbd`gfhZp\4_Oé i�`aúOi�i�\×\jZEèEi�_�ñj÷
_
èEi�_tl#çtfuéyi�èîfh\ ô
÷��þöN � Yaö bdûEfuZ]ìUbd`gf�_gbd`gfhZp\MB«*HD�b�_tbdìUi»^Or�bp_t_t÷
_�çgi�rhbd`gfhZp\îfh_�ikýemjfuü�b��
rui�\]`�ú-fu`gï×`aú%ZÖ_8mjé:^Orhb]_g_ � í2çti�r�b�`gfhZp\ _��

þJü 5 ÚEý ä ü)þPþ�T�þeó>;�?�6�ùVU þ�@ A#ý ä ü)þHþDCFE�ó%;�?H6'ùBM<þ�@BA#ý ä ü)þPþDCFE�ó%6=?�;îù

�ïji�_gbpì�i�bpðjðjrhfuik_-bdr�_8Z�í§Zpç�_tbdìUikøCçtZpðyi�çg`aë�÷6_Obp\4è�_8m4é4øCçtZpðyi�çg`aë � í@çgi�rhbd`gfhZp\4_J�
þJü 5 ÚPÝ'WD��Ü;ÚXWXY[Z�T�þ]ó%;�?H6=ù3U þ�@ A#Ý'WD��Ü;ÚXWXY[Z�CFE�ó%;�?H6'ù1Miþ�@BA¬Ý'W\��Ü�ÚXWDY[Z�CFE�ó%6=?�;îù
ÿîiUðjçti�_gi�\e`Ô\ji#û�`�Zp\jrhë�`gï4iÖi�\4l�Z�èjfu\jv×çti�v]bpçtèjfu\jv�`gïjiÖ_tbdìUi»^Or�bp_t_t÷
_6çgi�rhbd`gfhZp\Øéyi#�

l�bdm _8i�`gï4iÖZp\jiUí§Z]ç�_gbpì�ikøCçtZpðyi�çg`aëE÷
_6fh_�ü]i�çtëþ_8fhìUfur�bdçkñ@o�bp_gi�èîZp\ê`gï4iÙb�ûEfuZ]ìÖ_�bpé Z�ü]i



`gïji�i�\4l�ZEèEfu\4v,ZpíC`gïjiÖ_tbdìUi»^Or�bp_t_t÷
_�çti�r�b�`tfuZ]\4_6fh_Ôbd\îi#û�`gi�\4_gfuZ]\þZdíC`tïjiÖbdrhvpZ]çgfu`gïjìXí§Z]ç
ì'mjru`gfhðjrhi,fh\jïji�çgfu`tbp\4l#i,ðjçgik_8i�\e`gi�èLðjçgi�ü�fuZ]m4_8rhë>ó�ò�ikl�`gfhZp\��4ñ«pù#ñ�òe`tfurhr-ú%i�ï4b»ü]iÖ`gZ b»üpZ]fhè
`gïji�l#çti�bd`gfhZp\LZpí6çti�l�mjçt_gfhüpi�rhZ�Zpð4_=`tï4b�`Öú%Zpmjr�èLZEl�l�mjçUfsí�úOi×ú%Zpmjr�èLm4_gi�èEfuçti�l#`grhë `gï4i
`gi�lcï4\jfhýemjiÔí§Z]ç�ì'm4rs`tfuðjrhi�fh\jïji�çgfu`tbp\4l#i]ñ4qjZ]ç�`gï4bd`�`gïji'ðjçgZEl�i�_t_�ï4bp_%`tZÙï4b»üpi�`aú%ZÖ_a`ti�ð4_��
�4çt_8`6ú%i=l�çgikb�`ti�`aú%Z�\ji�ú `gi�ìUðyZpçcbdçtë�ìUbpð4_�bd\4è�`tïji�\îúOi�bpèjèþ`gïji�ì `gZ�`gïjiUl#mjçtçti�\e`
ìUbpð4_J�

×�ÚX] 5 üHÜ�ó>;îù>Þ^; Ö�_�ñ `kñ:9 6 Ö=< 5 üHÜRó%6�ù�?�þK@BA#ý ä ü4þPþDCFE�ó%6 Ö�?H; Ö[ù
×�ÚX] 5 üHÜ�ó%6=ù>Þ86 Ö%_�ñ `�ñ�9 ; ÖO< 5 üHÜRó%;îù�?�þ�@ A#ý ä ü)þHþDCFE�ó%; ÖG?H6 Ö[ù5 üHÜ�ó>;îù>Þ 5 üHÜRó%;îùB_�×�ÚX] 5 üHÜ�ó>;îù5 üHÜ�ó%6=ù>Þ 5 üJÜ�ó%6'ù1_e×�ÚX] 5 üHÜRó76'ù
ö@i#`H� _-l�Zp\4_gf�èEi�ç-b�ïjfhi�çcbdçclcïeëÖú-fu`gï�fh\jfu`gf�bdrhruëÖí§Z]mjç�l#r�bp_t_gi�_J��÷ b]_%`gïji�çtZ�Zd`-bd\4è�o�n ^

bd\4è×ô b]_%lcï4fur�èEçti�\@ñ

A_0

B_0 C_0

A

B C D

A=A_0 
B=B_0 
C=C_0 
D=D_0 
 
E=E_0, E_1 
F=F_0, F_1E F

D_0

F_1 E_1

E_0 F_0

n>o�p ÎPqE¶ Î ¦Ø�ax����#©��sx��[�a�O�O�

Y[\Lb<�4çc_a`'i�ûjbdìUðjrhiØóÏq�fhvpmjçtiFGJ�eù�ú%iÙfh\]`tçgZEèEm l#i,l�rhb]_g_gi�_�A _8m4éy^Orhb]_g_ � í
^ bp\4èLq
_8mjé:^Orhb]_g_ � í%ô ú-fu`gïê`gï4iÖìUbpð A�Þ�A w�bd\4èêq>Þ�q wjñÅY�í�úOiUfh\]`tçgZEèEm l#iÖbdr�_8Z,`gï4iÖçgi�rhb��
`gfhZp\ÌA _tbdìUi�^Orhb]_g_t÷
_Ôq ú%i�\ji�ikèØ`tZ�l#çti�b�`ti�bp\4èêbpèjèî`gZ×`tïjiUìUbpðê`aúOZ×ìUZpçtiU_gfh\jvprhi
fu\jï4i�çtfs`cbd\4l�i�\jZEèEi�_YA G�bd\ èÖq G=ó�A G�_gmjéy^Or�bp_t_ � í:q wÔçti�_gð ikl�`tfuü]i�rhë=q G
_gmjéy^Or�bp_t_ � í
A w]ù#ñ

A_0

B_0 C_0 D_0

A

B C D

A=A_0 
B=B_0 
C=C_0 
D=D_0 
 
E=E_0, E_1, E_2 
F=F_0, F_1, F_2FE

F_2

E_0 F_0 F_1

E_1 E_2

n>o�p ÎPq�½jÎ ¦Ø�ax����#©��sx��[�a�O�O�

ÿîi
l�Zp\4_gf�èEi�ç$\ji�û�`6óÏq�fhvpmjçti�GP�pù�b�l�b]_8i-ú-ï4i�çti�l#r�bp_t_>A fh_�_8mjé:^Orhb]_g_ � í:oGbd\4èÖqîï4b]_
b�ì'mjru`gfhðjrhi6fh\jïji�çgfu`tbp\4l#i�í§çgZ]ì ^Gbp\4èÙô=ñ}
�ïjf�_Oú-furhr ë�fhi�r�èÖfh\Ö`gïji6ìÖbdðeA�Þ�A wjn�q¦Þ�q wjn
q G]ñ Y�í%úOi=fu\e`tçgZEèEm4l�i�`tïji=çti�r�b�`tfuZ]\»A _tbdìUi�^Orhb]_g_t÷
_�q úOi�ï4b»üpi�`gZ�bpèjè�`tZ�`tïji�ìUbpð
Zdí¦AM�YA G�bd\4èiA �bd\ èÙ`tZU`gïji�ìÖbdð×Zdí$qÌ�Oq jñ
qRfh\4bprurhë�úOi-l�Zp\4_gfhèji�ç$b
ìUZ]çgi�l#Z]ì�ð4rui�û�i#ûjbdìUðjrhi�óÏq�fuv]mjçti�GJ eù@ú-ï4i�çti�Aê_gmjéy^Or�bp_t_ � í

^ bd\ è=ô=npqØ_gmjéy^Or�bp_t_ � í oLbd\ è�A bd\ è�% _8mjé:^Orhb]_g_ � íyô=ñ�Y[\e`gçtZ�èjm4l#fh\jv�`gïji�çti�r�b�`tfuZ]\�q



A

B C D

A=A_0 
B=B_0 
C=C_0 
D=D_0 
E=E_0,E_1 
F=F_0,F_1,F_2,F_3 
G=G_0,G_1,G_2,G_3 
 
 

E

F G

A_0

B_0 C_0 D_0

F_0

E_0 E_1

F_1 F_2 G_0

G_1 G_2 G_3 F_3

nYo�p ÎPq�Æ4Î ���ax�����©��ux��[�a�O� .
_gbpì�i�^Orhb]_g_t÷
_�% ë�fhi�r�èj_%fu\�í§Zpmjç�ìUZpçtiÔl#r�bp_t_8ik_C`tZ=éyi�bpèjèEikèÖ`tZ=`tïji�_8fh\jv]rui6fu\jï4i�çtfs`cbd\4l�i
`gçti�i�bd\4è,`tZ=`tïji�ìÖbdð4_�Zpí�qGbd\4è<%��4q �bd\4è^% G]nµ% Enµ% �jñ

A_0 
[0,1)

B_0 
[0,0.10)

C_0 
[0.10,0.20)

E_0 
[0.10,0.11)

E_1 
[0.20,0.21) 

D_0 
[0.20,0.30)

G_1 
[0.0,0.001)

G_2 
[0.10,0.1001)

G_3 
[0.20,0.2001)

F_2 
[0.20,0.201)

F_1 
[0.10,0.101)

F_0 
[0,0.01)

G_0 
[0.21,0.22)

F_3 
[0.21,0.2110)

n>o�p ÎEq�ÓjÎ £%�e���g|a~s���c�]�c{d�]~��]�'{��2�c�sx��[��¡]~s�g|8x�|a�8¡d¢�~��,�:~����]|a��¬�`��e�[~��e�'�d¢]�ex���~��-��~��E®�~��dÑ»�tÝp�:�
�[�8¡e�t���

É/R�É ¹I!@Õu\}¯EX�±eÊ�´@±�_�a@X�´@ËÄ_/aF§�Z�¯\!@±�Z�!g¯EÎmbd{i\}²H±�¯EX�³gZHX�_;´g²�Îm´@aÑT�ULV¸V�X[ZH\
oOëîm4_gfu\jv×`tïjiÙi�\ l#ZEèEfh\jvþ_glcï4i�ìUi�_Ôðjçti�_gi�\e`ti�èîðjçgi�ü�fuZ]m4_8rhëÒó�ò�i�l#`gfhZp\Ì�4ñ�Gpn�� ñ jn9�4ñ �]ù6ú%i
bdçti�bpéjrui�`tZþl#Z�üpi�ç
`tïjiÖìÖbE·aZ]çgfu`aë�ZdíO`gïjiUí§ikb�`gm4çgik_ÔZdí�`tïji � ÿ ö ö2fs`tiÖrhbp\jvpm bdvpi]ñ:ò�`gfhrur
í§ZpçÖbØ\�mjì=é i�çÖZdí6í§i�b�`tmjçti�_�ruf��pi<?-ik_a`tçgf�l�`tfuZ]\ðhgl�bdçcèEfh\4bdrhfs`aë)kîbd\4èðhg_gZpìUi�jCbprumjikqjçtZpìKk
ZpçÔøCçtZpðyi�çg`aëChgfu\�üpi�çt_gi � í$kjnjú-ïji�çgi=ìUZpçti=bdð4ðjçgZebplcïjik_�bdçti'ðyZ]_t_gfuéjrhipn:èEi�`gi�çtìUfu\4fu\jv,`gï4i
é ik_a`�Zp\4i�èEi��4\jfu`gi�ruë�çti�ýemjfhçgik_
ìUZ]çgi�úOZ]ç���bp\4èþi�û�ðyi�çtfhì�i�\e`tb�`tfuZ]\þZp\Ø`gïji�`tZpðjf�ldñÅ÷�r�_gZ
_8fh\4l#i�ú%i=l#Z]\4_gfhèEi�ç6ï4i�çti'Zp\4ruë�i�\ l#ZEèEfh\jv,ZpíOl#r�bp_t_3��rhi�ü]i�r���\jZ�ú-rhi�èEv]i'ú%i=èEZ]\�� `Ôb]èjèEçti�_t_
i�ýem4bdrhfu`gfhi�_'bp\4è fh\ji�ýem4bprufu`gfhi�_�í§Zpç=fu\4èjfuü�f�èEm4bdr�_×ó#hg_tbdìUi�Y[\4èEfhüef�èEm4bprh÷6_�k4nlhgèjf!	:i�çti�\e`gY[\ èEf!�
üef�èEm4bprhq4çgZ]ìKk]ù�ñ

É/R)b ¹I!@Õu\}¯EX�±e\4´@±�_�a@X�´@Ë _cal²H\}¯P°�X�±�\»ag\4²H±�¯EX[³@ZJX(_�´@²
o%b]_8ikè Zp\>`gï4iþðjçti�ü�fuZ]m4_�ò�ikl�`tfuZ]\7�4ñ � bp\4è>Zp\ òEi�l�`tfuZ]\4_K� ñ�G]n>�4ñ«En>� ñ �ê`tïjiþ\�mjìUi�çtf�l
i�\4l�Z�èjfu\jv�Zdí�b=_gi�çtü�fhl�i6èEik_gl�çgfhðE`tfuZ]\�f�_�\jZ�ú l#rhi�bpçJ�]`gï4i�ìÖbpð,éyi#`aú%i�i�\,_gi#`t_%ZpíRfh\]`ti�çtü�bdr�_
çgi�ðjçgik_8i�\e`gfh\jvÔðjçgZ]ð i�ç8`tfuik_$bd\4èU_gi#`c_$Zdí:fu\e`ti�çtü»bprh_�çti�ð4çgik_8i�\]`tfu\4vÔl�rhb]_g_gi�_�Z]ç$ü�bdrhmji�_Cl�bd\Uéyi



_8i�i�\4_�b]_-bÖ_8i�`�Zdí�çgikl�`cbd\jv]ruik_�fu\�bUéjf�èEfhì�i�\4_gfuZ]\4bdr2_gð4b]l#iÔï4b»ü�fu\4v�Z]\�Zp\ji�bdû�f�_
^Or�bp_t_8ik_
bd\4è,Zp\×`gï4i�Zd`gï4i�ç�øCçtZpðyi�çg`gfhi�_�ñ
ÿîi�`tb��]i,b]_=bp\Li#ûjbdìUðjrhiÙ`tïji�l�bp_gi�Zpí
bØ_gi�çtü�fhl�i,èEik_gl�çgfhðE`gfhZp\Òú-fs`tïL`aú%ZþðjçtZpðyi�ç��

`gfhi�_6ðjçgZ]ð4÷ bp\4è�ðjçtZpð ô ú-ïjf�lcïþï4b»ü]i'bp_6ü�bdrhmji�_
`gï4i=l#r�bp_t_gi�_
l�rhb]_g_$A bp\4è�çti�_gð ikl�`gfhüpi�ruë
l#r�bp_t_c^ óÏq�fhvpmjçti�GH+þóÏlkù8ù#ñ:÷6_
fu`6çti�_gmjru`t_�í§çgZ]ìXq�fhvpmjçti�GH+þóÏbeù-ðjçtZpð4ô ì'm4rs`tfuðjrhi'fh\jïji�çgfu`t_
í§çgZ]ì ðjçtZpð4o bp\4èþðjçtZpð:^ _gm4lcïþ`tï4b�`�fu`�fh_�vpZ]fu\4v�`tZ×éyiUçgi�ðjçti�_gi�\e`gikèþé�ëØb×_8i�`ÔZpí�`aú%Z
_8fh\jvprhiÔfu\4ïji�çtfs`cbd\4l�i�l#r�bp_t_8ik_Y�OðjçgZ]ð4ô wUbp\4è×ðjçgZ]ð4ô wÖbp\4è�`gïji�fuç
b]_g_gZEl#f�b�`ti�èÙfh\e`gi�çgü�bdr�_�ñ
ò�fuìUfhrhbpçgrhëLl#r�bp_t_$A ì=mjrs`tfuð4rui�fh\jïji�çtfu`t_�í§çtZpì l#r�bp_t_to bd\4èGl#r�bp_t_gô�_gm4lcïL`tï4b�`Öfu`Öfh_Öbprh_gZ
vpZpfh\jv,`gZ�éyiÖçgi�ðjçgik_8i�\e`gi�èØé�ë�`aúOZ�_gfu\jv]ruiUfh\jïji�çgfu`tbp\4l#iÖl#r�bp_t_gi�_�Ï�fu\e`gi�çgü�bprh_F�
l#r�bp_t_$A w
bd\4è×l#r�bp_t_�A Gpñ
÷
_-_gm4lcï×`gïji�_gi�çtü�fhl�iÔèji�_tl#çtfuðE`tfuZ]\×bpé Z�ü]i�l�bd\×éyi�çgi�ðjçgik_8i�\e`gi�è,fh\�b�éjf�èEfhìUi�\4_gfuZ]\4bdr

_8ð4b]l#iCb]_Åb-_8i�`2Zdíeí§Zpmjç2çgikl�`tbp\jvprhi�_$óÏðjçtZpð4÷ w%û�l#r�bp_t_$A wjn#ð4çgZ]ð4÷ w%û�l�rhb]_g_$A G]n#ðjçtZpð4ô w
û×l#r�bp_t_�^ w4njðjçtZpð4ô G6û�l#r�bp_t_c^ weù�ñ

Properties

propA_0

Property mapping: 
 
propA=propA_0 
propB=propB_0 
propC=propC_0 
propD=propD_0, propD_1

propD_0

propD_1
Service Description: 
 
propA=classE 
propD=classC

propA propB propC

propD

Property Thing

classA

classB classC

classE classF

classD

Class mapping: 
 
classA=classA_0 
classB=classB_0 
classC=classC_0 
classD=classD_0 
classE=classE_0, classE_1 
classF=classF_0, classF_1

cla
ss

E_0

cla
ss

C_0

cla
ss

E_1 Classes

(a) Property hierarchy (b) Class hierarchy

(c) Numeric encoding of a service description
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l�Zp\4_8`gçcbdfh\e`C_8mjé _8mjìUðE`tfuZ]\ÖðjçtZ�l�i�_t_�é Z]fur�_�èjZ�ú-\=`tZ�èEi#`ti�çtìUfu\)�
fu\jv�b�_gmjé4_gmjìUðE`tfuZ]\�çti�r�b�`tfuZ]\=éyi#`aú%i�i�\Ö_8i�`t_$ZpíyðyZ]_t_8fhéjrhi�b�`g`gçtfuéjmj`gi�_Cü»bprum4i�_$ZpíP� bd\4èÖò:ñ
Y[\þbU\em4ì'éyi�ç�Zpí�ðyZ]_t_gfuéjrhi�_gð ikl#f�� l�bd`gfhZp\�ìÖb�`tlcï4i�_-ï4b»ü]iÔé i�i�\�f�èEi�\e`gf��4ikè�éeëI�:bdçti�ìÖ_���f
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style
MediaProviderProfile 

__________ 
 speed: int 
bitrate: int 

MusicStyle 
 

Instrumental

Classic

Opera

Jazz

Pop

Rock

S1 
__________ 

style: Classic 

S2 
__________ 

style: Instrumental 

S3 
__________ 

style: Jazz & Rock 

Q1 
__________ 

style: Classic 

Q2 
__________ 

style: Opera 

Q3 
__________ 

style: Pop & Rock 

(a) MediaProviderProfile 
classes

(b) Deployed 
instances
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Classic

Instrumental Opera

Q1

S1

Q1

S2

Q1

S2

Exact match Contained matchContainer match

MusicStyle

Constraints 
sharing=Opera 

S3Q3

Overlap match

Constraints 
user=Rock 

sharing=Rock
Failed match

Classic

Instrumental Opera

MusicStyle

Classic

InstrumentalOpera

MusicStyle

MusicStyle 
 

JazzPop

Rock
Q2 S2

Nearest 
neighbour Classic

Instrumental Opera

MusicStyle
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vpfhüpi�\�fu\e`gi�çt_gi�l#`gfhZp\@ñkY[\�`tïjf�_Rl�bp_gi�çtmj\e`gfhì�i%l#Z]\4_a`tçtbpfu\e`c_
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l�b]_8iÔZdíO���Ubd\4è�ò)�4ñjqjZpç�_gðyi�l#f�� l�b�`gfhZp\,`gï4fh_-f�_�`tïji�l�b]_8i6í§Zpç��&*=bd\ è�ò�*�ñ



c�� ÎmX(b�\4a �Å`tïji�çti-fh_C\jZ�fu\e`ti�çc_8ikl�`gfhZp\2ñ�Y[\=`tïjf�_Cl�b]_8i%`gï4i
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Bitrate 
(bits)

Speed 
 (kbps)

Q5

64 12832 96

2

4

6

8

S5

Contained match

Bitrate 
(bits)

Speed 
 (kbps)

Q4

64 12832 96

2

4

6

8

S4

Exact match

Bitrate 
(bits)

Speed 
 (kbps)

S6

64 12832 96

2

4

6

8
Q6

Container match

User Constraints 
speed=[4,6] 

 bitrate=[64,96]

Bitrate 
(bits)

Speed 
 (kbps)

64 12832 96

2

4

6

8

S7

Q7

Overlap match

Constraints  
User: speed<96 

Provider: speed>64

Bitrate 
(bits)

Speed 
 (kbps)

64 12832 96

2

4

6

8

S8

Nearest 
neighbour

Failed match

Q8
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Opera Instrumental
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(a) Deployed services

(b) Containment relations

Jazz Rock

Pop
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__________ 
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ñ ò ½ó¹�°©®�½¾®�²ç·�¯�·B±©ô�²º¯<²iõ÷ö+®�Á	ø�°b·BÁ
�xßnÞ�äDê�ß�ë"��ì�å+ß���ßKÚ�ÝHßXâÅäÜì�àHÛ�ÝHÛ-Ý�è:ì/ß�ãHè�ã�Ý�ß�� á�Þ�ë+æGÞÅÞ�ä�ãSä�ÚxÛ�Ú�ÝHÛ�å+Û�÷�ë+æ�ä-åVà�ßKì/Û�ãHë�Ý�Û�à�èé>Û�à¥â�ßXä-å+ë¢Ú�÷Òá�ë¢ÝHÞæKå+ä�ãHã'ß�Ú�æ£Û�â�ë+Ú�÷�ä�ãFë¢Ú�Ý�ßKà�êDä�å+ã . ä-ÚÅë+Ú�ã�Ý�ä-Úcæ£ßnà�ßKì/Û�ãHë�Ý�Û�à�èIé>Û�à¥â�ß�ä-å+ë+Ú�÷



á�ë�Ý�Þ®Ý�Þ�ßNßKÚ�æKÛ�â�ë¢Ú�÷xÛ�é�ê\ä-å+ð�ß�ãnä�ã�ë¢Ú�ÝHß�àHê\ä�å+ã�ä-Úcâ®äù):ß�àHê:ë¯æ£ßZ��ßXãHæKàHë+ì�ÝHë+Û�Ú¼à�ßKì/Û�ãHë�Ý�Û�à�èé>Û�à�ã�ÝHÛ�à�ë+Ú�÷�ä-Ú�â®àHßKÝHà�ßKë+ê:ë¢Ú�÷ÅÚ:ðB��ßKà�ë¯æKä-å+å+èßKÚ�æKÛ�â�ß�â¼ã�ß�àHê:ë¯æ£ßXãKø � Þ�ßo)�ßKà�ê�ë¯æ£ßA��ß�ã�æ£à�ë¢ìB�ÝHë+Û�Ú�à�ßKì/Û�ãHë¢ÝHÛ�à�èië¯ã�ä � ë�) � ó�ä�ã�ßXâÅÝHà�ßKßÒä-Ú�â�æKä-Ú�Þ�ä-Ú�â�å¢ßÒó�ä�ãHë¯æné>ð�Ú�æ£ÝHë+Û�Ú�ä�å¢ë¢ÝHë+ß�ã�å+ë¢ç�ßë¢Ú�ãHßKàHÝ . ã�ßXä-àGæGÞÒä�Ú�âNâ�ßKå+ß£Ý�ß�ø� ß¥æKàHßXä\ÝHßXâNä-å¯ã�Ûnä�ÝHßXã�Ý�ócßXâNó:è�ë"��ì�å¢ß���ß�Ú�ÝHë+Ú�÷�ä�Ú:ðB�¥ó/ßKàÛ-éVà�ä�Ú�â�Û�� ÷�ßKÚ�ß�à�ä-ÝHÛ�à�ã4é>Û�à�Û�Ú�ÝHÛ�å+Û�÷�ë¢ßXã . ê\ä-å+ð�ß�ã�ä�Ú�âNã�ß�àHê:ë¯æ£ß'â�ß�ã�æ£à�ë+ì�ÝHë+Û�Ú�ã�ø�xß�ÞcäDê�ß�ð�ãHß�âxÝHÞ�ß�ÝHß�ã�ÝHó/ß�â�ÝHÛIß£û�ì/ßKà�ë6��ß�Ú�Ý�á�ë�Ý�Þ�ë¢Ú�ãHßKàHÝHë+Û�Ú�ä�å¢÷�Û�à�ë�Ý�ÞB�nãFä-Ú�â á�ßÞ�äDê�ßú�nä�â�ß æKÛ���ì�ä�à�ä�ó�å¢ßo��ßXä�ãHð�à�ß���ßKÚ�Ý�ã�ócßKÝ�á=ß�ßKÚyä�ÝHà�ßKßxð�ãHë¢Ú�÷®é>Û�àÒë+Ú�ã�ß�à�Ý�ë¢Û�Ú^ÝHÞ�ßæ£å¯ä�ã�ã�ë¯æ � ë�) � ä�å¢÷�Û�à�ë�Ý�ÞB� ä�Ú�â�ä-Ú�Û�ÝHÞ�ß�à�ð�ãHë¢Ú�÷IàHß�ë¢Ú�ãHßKàHÝHë+Û�Ú�ä�ã�ã�ì/ß�æKë�ïcß�â é>Û�à/Ç]û�ÝHà�ßKßXã3ß5�9tø � Þ�ß�à�ß�ãHð�å�ÝGãOãHÞ�Û\á�Ý�Þ�ä\Ý4ÝHÞ�ß�Ç�û�ãHæGÞ�ß���ß�ìcß�à�é>Û�à2�nã4ãHå+ë¢÷�Þ�Ý�å¢è�ócßKÝ�Ý�ßKàOÝ�Þ�ä-Ú � ë�) � ó�ð�Ýä-å¯ã�Ûxë¢Ú�â�ð�æ£ßXã�ó�ë¢÷�÷�ß�à�ü�ðcæ�ÝHðcä\ÝHë+Û�Úcã�Û�é�à�ß�ãHÛ�ð�àGæ£ßÜð�ã�ä-÷�ß�ø � Û ÷�ë+ê�ßNä-Ú�ë¯â�ßXäiÛ�Ú�ì/ßKàHé>Û�à2���ä�Ú�æ£ß . ÝHà�ßKßXã'á�ë�Ý�Þ+5 £�£(£�£ ßKÚ�ÝHà�ë¢ßXãFà�ß�ü�ð�ë+àHß�ä-à�Û�ð�ÚcârÊNãHß�æ£Û�Ú�â�ãSé>Û�à�ä-ÚÅë¢Úcã�ß�à�Ý�ë¢Û�Ú ä�Ú�âÞ�äDê�ß�ä¥â�ßKì�Ý�Þ�Û-é$'¥å¢ß�ê�ßKå¯ã�ø(ý�ä-Ý�æGÞ�ßXã4ä-à�ß�ßKû�Ý�àHß���ßKå+è¥é%ä�ã�Ý4ë+ÚnÝ�Þ�ß�Û�à�â�ß�à4Û�é@��ë+å¢å+ë¯ã�ßXæ£Û�Úcâ�ãKø
þ ÿ ôç²�¿�°³øiÁ	±©ô�² ¯¼²�õ � øÀ·BøÀ»B®4µTô »��

�[ÚÅÝHÞ�ë¯ã�ì�ä�ìcß�à�á�ß�Þ�äDê�ßnæKÛ�Ú�ãHë+â�ßKà�ß�â��nä\Ý�æGÞ��ä�ç:ë¢Ú�÷IÛ�é�æ�ä-ì�ä�ó�ë+å¢ë¢ÝHë+ß�ã�ä-Ú�â à�ß�ü�ð�ß�ã�Ý�ã�Û-éâ�ë+ã�ÝHà�ë+ó�ð�ÝHßXânã�è�ã�ÝHß���ãOá�ë�Ý�Þ�é>Û:æKð�ã3Û�Úv�i�i���Oä-Úcâu� � ý��$�b) ø(�xß�Þ�äDê�ß�ì�à�Û\ê:ë+â�ßXâ�äFãHë"�/�ì�å¢ß]��Û�â�ß�åPé>Û�à�)�ßKà�ê�ë¯æ£ß]��ß�ã�æ£à�ë¢ì�ÝHë+Û�Ú�ã�ä�Ú�âÒìcÛ�ãHãHë+ó�å¢ß]�nä�ì�ì�ë+Ú�÷�ã�é>à�Û��²ë�Ý�Ý�Û�ÝHÞ�ßFé>Û�à2��ß�àÝ�á=Ûcøx� ß�ä�å+ãHÛ�ì�àHÛ�ìcÛ�ã�ßXâIä�Ú:ðB��ßKà�ë¯æ�à�ßKì�à�ß�ãHßKÚ�Ý�ä-ÝHë+Û�ÚNÝ�Þ�ä\ÝSÝHàGä-Ú�ã�é>Û�à��nãÀ�nä\ÝGæGÞB�nä-ç:ë+Ú�÷ë¢Ú�ÝHÛÜÝHÞ�ß�ì�àHÛ�ó�å¢ß�� Û-éOïcÚ�â�ë+Ú�÷Üë+Ú�ÝHß�à�ãHß�æ£ÝHë+Û�Ú�ãSó/ß£Ý�á�ßKßKÚxàHßXæ�ÝGä-Ú�÷�ð�å+ä�à�ã�ÝHà�ð�æ�Ý�ð�à�ß�ãSë¢Ú Þ:è��ìcß�à�ãHì�ä�æKß�ã�ø� Þ�ßKÚ á=ß�Þ�äDê�ß�ð�ãHß�âiÝHÞ�ë+ãSé%ä�æ�Ý'ÝHÛIâ�ß�ê�ßKå+Û�ìxß	��æ£ë+ßKÚ�Ý]��ß£Ý�Þ�Û�â�ãSé>Û�à�ä�æKæ£ßXãHãHë+Ú�÷Üä�Ú�â��ä�ë¢Ú�ÝGä-ë+Ú�ë¢Ú�÷�â�ë¢à�ß�æ£ÝHÛ�à�ë+ß�ã�Û-é3ã�ß�àHê:ë¯æ£ßXãKø��Û�ë¢Ú�÷�ÝHÞ�ä-ÝJ÷�ë¢ê�ß�ãBð�ãJä�æKÛ�Ú�ãHë¯ã�Ý�ßKÚ�ÝJä�â�ê\ä-Ú�æKßOÛ\ê�ß�àPß£û�ë¯ã�Ý�ë¢Ú�÷Sâ�ë+àHßXæ�ÝHÛ�àHè'ãHè:ã�ÝHß��nãKíKï�à�ã�Ý .ÝHÞ�ß¥ü�ð�ß�àHèÜì�à�Û:æKß�ã�ã�æKä�ÚNÝ�ä�ç�ß'é>à�Û��ÔÝ�Þ�ß�ó/ßK÷�ë¢Ú�Ú�ë¢Ú�÷�ë¢Ú�ÝHÛÜä�æKæKÛ�ð�Ú�Ý�ä�å¢åPì/Û�ã�ãHë¢ó�å+ß¥â�ë"��ßKÚ��ã�ë+Û�Ú�ã4Û-é1ä�ü�ð�ß�àHè�ä-Úcâ�Û-é1ã�ÝHÛ�à�ß�ânâ�ä\Ý�ä�ø
�[Ú�æKÛ�Ú�ÝHàGä�ã�Ý . æ£ð�à�àHß�Ú�Ý=ã�è�ã�ÝHß���ãiì>ß�ø ÷cø�â�ä-Ý�ä-ócä�ãHß�ã .��� � � . ß£Ý�æ í ð�ãHð�ä-å+å¢èÜâ�ß�ä�åPá�ë�Ý�ÞÒæKÛ���ì�å+ß£ûNü�ð�ßKà�ë¢ßXã=Û\ê�ßKà�æ£Û(��ì�å¢ßKûÜâ�ä-Ý�ä�ó:è�â�ß�æKÛ���ì/Û�ã³�ë¢Ú�÷�ÝHÞ�ß��Äë+Ú�ÝHÛiãHë"��ì�å¢ß�à�ü�ð�ßKà�ë+ß�ã�Û\ê�ßKà�ãHë6��ì�å+ßKà�â�ä\ÝGä�ä-Úcâ�Û�ó:ê:ë¢Û�ð�ãHå¢è�ë+Ú�ÝHà�Û�â�ð�æ£ë+Ú�÷iä�ÚÛ\ê�ßKà�Þ�ßXä�âBø � Þ�ß�ë+Ú�Þ�ßKà�ßKÚ�Ý/ücäDá Û-é�ãHð�æGÞ�ä�Ú�ä-ì�ì�àHÛ�ä�æGÞÅë+ã¥ÝHÞcä\Ý�ÝHÞ�ßÜàHßXä-å4Úcä\ÝHð�àHß�ì>ß�ø ÷�øæ£Û�Ú�ÝGä-ë+ÚB��ßKÚ�Ý . ãHë6��ë+å+ä�àHë¢ÝHë+ß�ã . ß£ÝGæ í Û�éúÝ�Þ�ß�â�ä\ÝGä�æKä-Ú�Ú�Û-Ý�ó/ß�æKä-ì�ÝHð�à�ß�âBø):ß�æKÛ�Ú�âv�OæKÛ���ì�å+ß£û��nä\ÝGæGÞ�ß�ã ì%æKÛ�Ú�Ý�ä�ë¢Úcã . æ£Û�Ú�ÝGä-ë+Ú�ßKà . Û\ê�ßKà�å¯ä-ì�ã í æKä�Ú�ó/ß�ßXä�ãHë¢å+è�æ£Û(�u�ì�ð�ÝHßXâ±÷�ë+ê:ë¢Ú�÷T��Û�à�ßIÛ�ì�ìcÛ�à�Ý�ð�Ú�ë¢ÝHë+ß�ã�Ý�Ûã³�nä-àHÝHß�à�ã�è�ã�ÝHß���ãnÝHÛä�æ�æ£Û(��ì�å¢ë¯ã�Þ±à�ß�ü�ð�ßXã�Ý�ß�âé>ð�Ú�æ�Ý�ë¢Û�Ú�ä-å+ë¢Ý�è�ø��[ÚÒì�ä-àHÝHë¯æ£ð�å¯ä-à�á�ßFã�Þ�Û\á8Þ�Û\á8ãHßKê�ß�à�ä�åcìcä-àHÝHë¯ä-å+å¢è��nä\ÝGæGÞ�ë+Ú�÷nã�ß�àHê:ë¯æ£ß�ã�æKä�Úócß�æKÛ���ìcÛ�ã�ßXâ�é>Û�à�ì�à�Û\ê�ë¯â�ë+Ú�÷�ÝHÞ�ßFà�ß�ü�ð�ßXã�Ý�ß�âÒã�ß�àHê:ë¯æ£ß�ø�úë+Ú�ä�å¢å+è . Ý�Þ�ë+ã�ç�ë+Ú�â¼Û-éSàHß�ì�à�ß�ãHßKÚ�Ý�ä-ÝHë+Û�Ú�ë¯ã�ãHð�ë¢Ý�ä-ó�å¢ßÒé>Û�à�æKàHßXä\Ý�ë¢Ú�÷Åå¯ä-à�÷�ßÒë¢Úcâ�ß£û�ß�ãu�á�Þ�ë+æGÞ�ä�àHßF÷�Û�ë+Ú�÷�ÝHÛ�ócß��nä�Ú�â�ä\Ý�Û�à�è�á�Þ�ß�Ú�â�ë+àHßXæ�ÝHÛ�àHë+ß�ã�á�ë�Ý�Þ�å+ä�àH÷�ßFä!��Û�ð�Ú�Ý�Û�éOã�Ý�Û�à�ß�ââ�ä\ÝGä�ä�àHß'÷�Û�ë+Ú�÷¥Ý�ÛnócßFó�ð�ë¢å¢Ý�ø¡�ð�àOæ£Û�Ú�Ý�àHë+ó�ð�Ý�ë¢Û�Ú�ë+ãOä�å+ãHÛ'ÝHÛFì�àHÛ\ê:ë¯â�ß�ä-Ú�ë6��ì�å+ß���ß�Ú�ÝGä\Ý�ë¢Û�Úúì&):ßXæ�ÝHë+Û�Ú� í á�Þ�ß�àHß�)�ßKà2�ê�ë¯æ£ßu��ßXãHæKàHë+ì�Ý�ë¢Û�Ú�ã�æ�ä-Ú�ó/ß�ã�Ý�Û�à�ß�â�ä�Ú�âIà�ß£ÝHà�ë+ßKê�ßXâBøË�xß�ä-å¯ã�ÛÜæ£à�ß�ä\Ý�ß�ä�ÝHß�ã�ÝHó/ß�â�é>Û�à'â�ßé�ÝHßKà���ë¢Ú�ë¢Ú�÷Åü�ð�ä-Ú�Ý�ë�ÝGä\ÝHë+ê�ßÒä�ãHìcßXæ�ÝGã¥Û�é�ÝHÞ�ßÜÝHà�ßKßÒã�è�ã�ÝHß�� ä-Ú�â�á�ßÒàHß�ìcÛ�à�Ý�ã�Û(��ß�ï�÷�ð�àHßXãàHß�÷�ä-àGâ�ë+Ú�÷NÚ:ðB�¥ó/ßKà�Û�é�ßKÚ�ÝHà�ë¢ßXã . ÝHà�ßKß�â�ß�ì�ÝHÞä�Ú�âÅë+Ú�ã�ß�à�Ý�ë¢Û�Ú ÝHë"��ßXãKø � Ú:ðB�¥ó/ßKà�Û-é�Û�ìB�ÝHë"��ë¯ã�ä\ÝHë+Û�Úcã�Û�éOÝHÞ�ß�ë"��ì�å¢ß���ß�Ú�Ý�ä\Ý�ë¢Û�Úxä�àHß�ìcÛ�ãHãHë¢ó�å¢ß�ä-Ú�âiá=ß�æ£Û�Úcã�ë¯â�ßKà�ÝHÞ�ß�� ä�ã�é>ð�Ý�ð�à�ßá=Û�àHç ø



��ð�Ý�ð�àHß¥á=Û�àHçÜá=Û�ð�å+âIä�å+ãHÛ�ë+Ú�æ£å+ð�â�ß/��Û�à�ßFß£û�ìcß�àHë"��ßKÚ�Ý�ä-ÝHë+Û�ÚIÛ�Ú�â�ëß� ßKà�ßKÚ�Ý���ßKÝHÞ�Û�â�ãé>Û�à�Û�àH÷�ä-Ú�ë¯ãHë¢Ú�÷�Ý�Þ�ß�Ý�àHß�ßÃì%ß�ø ÷�øcæKÛ���ó�ë¢Ú�ë¢Ú�÷Ã�nä�æGÞ�ë+Ú�ß�å+ß�ä�àHÚ�ë+Ú�÷�á�ë¢ÝHÞxâ�ë6��ß�Ú�ã�ë+Û�Úcä-å1ßXã�Ý�ëß���ä-ÝHë+Û�Ú�ã í ä-Ú�âÜÝ�àHè:ë+Ú�÷�ÝHÛ�ï�Ú�ß'Ý�ð�Ú�ß'ÝHÞ�ß�ä-ì�ì�à�Û�ä�æGÞ�é>Û�à�ð�ãHä�÷�ßSë¢ÚIâ�ë6� ßKà�ßKÚ�Ý�ä-ì�ì�å¢ë¯æKä-ÝHë+Û�Úâ�Û��nä-ë+Ú�ã]ì7ã³�nä-å+åPÚ:ðB��ócß�à�Û-éJæKå+ä�ãHãHß�ã��¥å¯ä-à�÷�ßSÚ:ðB�¥ó/ßKà�Û�éJë+Ú�ã�Ý�ä-Úcæ£ß�ã�Û�à�ê:ë+æKßé�
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