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6HYHUDO PLGGOHZDUH SURGXFWV DUH GHDOLQJ ZLWK WKH UHSUHVHQWDWLRQ RI $61�� YDOXHV� 7KLV SDSHU SURSRVHV D QRYHO

DSSURDFK ZKLFK UHDOL]HV WKH REMHFW RULHQWHG UHSUHVHQWDWLRQ RI $61�� YDOXHV FRPSOHWHO\ LQ -DYD� $ SURWRW\SH

LPSOHPHQWDWLRQ RI WKLV $3, KDV EHHQ UHDOL]HG LQ SDUDOOHO WR WKH GHILQLWLRQ SURFHVV LQ RUGHU WR HYDOXDWH WKH

SUDFWLFDELOLW\ RI WKH SDSHU EDVHG VSHFLILFDWLRQ� 7KH PDLQ GLIIHUHQFH RI WKLV LPSOHPHQWDWLRQ WR H[LVWLQJ &�� ZUDSSHU

FODVVHV LV� WKDW WKH -DYD�$61�� $3, GRHV QRW HQFDSVXODWH H[LVWLQJ QDWLYH & FRGH DQG FDQ WKHUHIRUH EH DSSOLHG RQ

VHYHUDO SURFHVVLQJ HQYLURQPHQWV� 7KLV SDSHU LQFOXGHV DOVR D SUHVHQWDWLRQ RQ D FRPSOHWHO\ QHZ PHWKRG RI EXLOGLQJ

$61�� YDOXH UHSUHVHQWDWLRQV ZLWKRXW UHIHUHQFLQJ WKH FRUUHVSRQGLQJ W\SH GHILQLWLRQV �PHWDGDWD� GXULQJ UXQWLPH�

7KLV DSSURDFK ZKLFK LPSOLHV WKH VHSDUDWLRQ RI WKH $61�� $3, LQWR WZR IXQFWLRQDO FRPSRQHQWV HQDEOHV D WRWDOO\ QHZ

NLQG RI DUFKLWHFWXUH IRU 701 PDQDJHPHQW SODWIRUPV� 7KLV FDQ EH XVHG WR GHVLJQ D VPDOO LQGHSHQGHQW FOLHQW SDUW

DQG D SRZHUIXO VHUYHU SDUW IRU %(5 YDOXH HQFRGLQJ�

,QWURGXFWLRQ

$ERXW ����� SURJUDPPLQJ ODQJXDJHV DUH FXUUHQWO\ DYDLODEOH� 0RVW RI WKHP DUH XVHG IRU VSHFLDO SXUSRVHV� 7KH QHZO\ VSHFLILHG

-DYD ODQJXDJH� KRZHYHU� VHHPV WR EH DSSOLFDEOH WR VHYHUDO DSSOLFDWLRQV DQG SODWIRUP W\SHV GXH WR WKH IDFW WKDW WKH UXQWLPH LV

VSHFLILHG YHQGRU LQGHSHQGHQWO\� $ IXUWKHU EHQHILW RI WKH -DYD ODQJXDJH LV WKH IDFW� WKDW LW FDQ EH HDVLO\ LQWHJUDWHG LQWR H[LVWLQJ

,QWHUQHW WHFKQRORJ\� 7KLV ZLOO HQDEOH QHZ W\SHV RI VRIWZDUH DUFKLWHFWXUH� OLNH WKH PRELOH DJHQW DSSURDFK� 5HJDUGOHVV RI DOO WKHVH

IHDWXUHV DQG DGYDQWDJHV RI WKH -DYD ODQJXDJH� KRZHYHU� DQRWKHU UHDVRQ IRU WKH JUHDW VXFFHVV RI -DYD LV WKH VLPLODULW\ WR WKH ZHOO�

NQRZQ &�� ODQJXDJH DQG WKH H[FOXVLRQ RI FRQFHSWV OLNH SRLQWHUV DQG PDQXDOO\ PHPRU\ PDQDJHPHQW� 7KHUH FDQ EH QR GRXEW�

WKDW WKH XVDJH RI SRLQWHUV DQG PDQXDO DVVLJQPHQW RI PHPRU\ LPSOLHV WKH SRVVLELOLW\ RI UXQWLPH HUURUV�

:H ZLOO GHVFULEH WKH DGYDQWDJHV RI D 701 PDQDJHPHQW SODWIRUP DQG WKH QHFHVVLW\ RI PDFKLQH LQGHSHQGHQW SURJUDPPLQJ

ODQJXDJHV IRU WKRVH SODWIRUPV� 7KHUHIRUH ZH ZLOO SURSRVH WR XVH -DYD LQ D VSHFLILF DUHD RI 701 DSSOLFDWLRQ� ,Q RUGHU WR FRQVLGHU

DOUHDG\ H[LVWLQJ SODWIRUP GHSHQGHQW LPSOHPHQWDWLRQV� DQ RYHUYLHZ RI VHYHUDO PLJUDWLRQ WHFKQLTXHV IRU WKRVH LPSOHPHQWDWLRQV WR

-DYD ZLOO EH JLYHQ� 7KH -DYD�$61�� $3, ZLOO EH LQWURGXFHG E\ D FRPSDULVRQ RI WKH DOUHDG\ H[LVWLQJ $3,V ZLWK WKLV QHZ VSHFLILFDWLRQ�

$IWHUZDUGV� D VSHFLILFDWLRQ RI D -DYD EDVHG $61�� SURJUDPPLQJ LQWHUIDFH ZLOO EH JLYHQ� ,Q RUGHU WR LOOXVWUDWH WKH H[SHULHQFH DQG

WKH DGYDQWDJHV RI WKLV -DYD $3,� D SURWRW\SH DSSOLFDWLRQ LPSOHPHQWHG DW 'HXWVFKH 7HOHNRP ZLOO EH GHVFULEHG LQ WKLV SDSHU�

)LQDOO\� DQ DUFKLWHFWXUH IRU D FXVWRPHU QHWZRUN PDQDJHPHQW VFHQDULR ZLOO EH LQWURGXFHG� ZKLFK LV EDVHG RQ D SURWRW\SH

LPSOHPHQWDWLRQ RI WKH -DYD�$61�� $3,�
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,Q RUGHU WR UHGXFH WKH FRPSOH[LW\ RI 701�DSSOLFDWLRQV DV PXFK IXQFWLRQDOLW\ DV SRVVLEOH VKRXOG EH HQFDSVXODWHG E\ D

PDQDJHPHQW SODWIRUP� &RPPRQ IXQFWLRQDOLW\ VKRXOG QRW EH LPSOHPHQWHG LQGLYLGXDOO\ IRU HDFK DSSOLFDWLRQ� 7KH FRUUHVSRQGLQJ

FRGH VKRXOG EH VKDUHG DPRQJ VHYHUDO DSSOLFDWLRQV� 7KH EDVLV RI D PDQDJHPHQW SODWIRUP LV D VWDQGDUG RSHUDWLQJ V\VWHP OLNH

81,;� 6HYHUDO PLGGOHZDUH FRPSRQHQWV� H�J� SUHVHQWDWLRQ VHUYLFHV� WUDQVDFWLRQ VHUYLFH� HWF� DUH UXQQLQJ RQ WKLV SODWIRUP DQG ZLOO

EH VKDUHG E\ WKH DSSOLFDWLRQV�

'XH WR WKH EHQHILWV RI -DYD ZKLFK DUH DOUHDG\ PHQWLRQHG LW PLJKW EH IHDVLEOH WR XVH WKLV ODQJXDJH DOVR LQ D 7HOHFRPPXQLFDWLRQ

0DQDJHPHQW 1HWZRUN �701� HQYLURQPHQW� ,Q RUGHU WR DVVHVV WKLV SURSRVDO� LW LV UHTXLUHG WR DQDO\]H WKH GHPDQG IRU SODWIRUP

LQGHSHQGHQW PDQDJHPHQW DSSOLFDWLRQV DQG WKHLU VSHFLILF UHTXLUHPHQWV LQ PRUH GHWDLO�

,W LV QRW QHFHVVDU\ WR GLVFXVV WKH DGYDQWDJHV RI D SURJUDPPLQJ ODQJXDJH ZKLFK LV HDV\ WR XVH IRU WKH LPSOHPHQWDWLRQ RI D

PDQDJHPHQW DSSOLFDWLRQ� $QRWKHU IDFW ZKLFK FDQ QRW EH UHMHFWHG LV WKH DGYDQWDJHV RI D YHQGRU LQGHSHQGHQW KDUGZDUH

LQIUDVWUXFWXUH IRU WKHVH DSSOLFDWLRQV� ,Q SDUWLFXODU� IRU VPDOO DSSOLFDWLRQV -DYD VHHPV WR EH DQ RSWLPDO VROXWLRQ� 7KH PDQDJHPHQW

RI D ODUJH SXEOLF QHWZRUN� KRZHYHU� UHTXLUHV D FRQVLGHUDEOH DPRXQW RI SURFHVVLQJ SRZHU DQG RSWLPL]HG VRIWZDUH DOJRULWKPV�

(VSHFLDOO\ WKH IDXOW PDQDJHPHQW UHTXLUHV H[WUHPHO\ VKRUW UHDFWLRQ WLPHV DQG LW LV REYLRXV WKDW� IRU H[DPSOH� D UHFRQILJXUDWLRQ WDVN

VKRXOG QRW ZDLW XQWLO PHPRU\ KDV EHHQ UHDUUDQJHG E\ D -DYD JDUEDJH FROOHFWLRQ� 7KDW LV ZK\ ZH GR QRW UHFRPPHQG WR FRPSOHWHO\

UHSODFH UHOLDEOH KLJK SHUIRUPDQFH PDQDJHPHQW V\VWHPV E\ -DYD EDVHG LPSOHPHQWDWLRQ� 2Q WKH RWKHU KDQG� LW LV IHDVLEOH WR

SHUIRUP QRQ WLPH FULWLFDO RSHUDWLRQV RQ D VHSDUDWH PDFKLQH� ,W LV QRW VHQVLEOH WR UHVWULFW WKH XVDJH RI WKLV VRUW RI VRIWZDUH WR RQO\

RQH NLQG RI PDFKLQH� ,Q SDUWLFXODU� D FXVWRPHU QHWZRUN PDQDJHPHQW VROXWLRQ UHTXLUHV WKDW D PDQDJHPHQW DSSOLFDWLRQ ZLOO UXQ RQ

WKH GLIIHUHQW FXVWRPHUV PDFKLQHV� 7KXV� WKH -DYD ODQJXDJH VHHPV WR EH ZHOO VXLWHG IRU WKH UHDOL]DWLRQ RI VXFK DQ DSSOLFDWLRQ�

2EYLRXVO\� WKH PRVW VSHFLILF DQG LPSRUWDQW FRPSRQHQW IRU DQ 701 SODWIRUP LV WKH &RPPXQLFDWLRQ 6HUYLFH� 7KLV FRPSRQHQW

GHDOV ZLWK &RPPXQLFDWLRQ 6HUYLFHV YLD 4�� RU ;�LQWHUIDFHV WKDW FRQIRUP WR 2SHQ 6\VWHP ,QWHUFRQQHFWLRQ �26,�� )RU WKLV SXUSRVH�

YDOXHV GHVFULEHG LQ $EVWUDFW 6\QWD[ 1RWDWLRQ 2QH �$61���� � KDYH WR EH H[FKDQJHG EHWZHHQ PDQDJHPHQW DSSOLFDWLRQV EDVHG RQ

26, FRQIRUPDQFH� ,Q RUGHU WR LQFOXGH -DYD FRPSRQHQWV LQ D 701 SODWIRUP� 26, EDVHG &RPPXQLFDWLRQ 6HUYLFHV KDYH WR EH

SURYLGHG LQWR -DYD� )RU WKLV SXUSRVH� IXUWKHU HQKDQFHPHQWV RI WKH -DYD OLEUDULHV LQ DGGLWLRQ WR WKH VWDQGDUG -DYD UXQWLPH

HQYLURQPHQW DUH UHTXLUHG RQ DFFRXQW RI WKH &RPPRQ XVH RI $61�� LQ WKLV DUHD�

� �6SHFLILFDWLRQ RI $EVWUDFW 6\QWD[ 1RWDWLRQ RQH �$61����� ,78�7 5HFRPPHQGDWLRQ ;����� 0HOERXUQH� ����
� �$EVWUDFW 6\QWD[ 1RWDWLRQ RQH �$61���� 6SHFLILFDWLRQ RI EDVLF 1RWDWLRQ�� ,78�7 5HF� ;����� 0HOERXUQH� ���� _ ,62�,(& ������ � ����
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7KH UHTXLUHG $61�� -DYD $3, VKRXOG EH IOH[LEOH HQRXJK WR DGRSW VHYHUDO PDSSLQJ DSSURDFKHV IURP H[LVWLQJ PDQDJHPHQW

SODWIRUPV� 7KHUHIRUH ZH KDYH WR FRQVLGHU VHYHUDO PLJUDWLRQ DSSURDFKHV IURP H[LVWLQJ & RU &�� $3,V WR D -DYD EDVHG $3, EHIRUH

ZH WDNH D GHWDLOHG ORRN DW WKH -DYD�$61�� $3,� )RU WKH PLJUDWLRQ RI DQ H[LVWLQJ LPSOHPHQWDWLRQ LQWR -DYD ZH KDYH LGHQWLILHG WKUHH

GLIIHUHQW DSSURDFKHV� ZKLFK DOUHDG\ KDYH EHHQ XVHG VXFFHVVIXOO\ IRU VHYHUDO PLJUDWLRQV LQ WKH SDVW� 7KHVH DSSURDFKHV ZLOO EH

LOOXVWUDWHG LQ PRUH GHWDLO LQ WKH IROORZLQJ SDUDJUDSKV�

7KH -DYD ODQJXDJH SURYLGHV D WHFKQLTXH ZKLFK HDVLO\ DOORZV WKH GHILQLWLRQ RI -DYD ZUDSSHU FODVVHV IRU DOUHDG\ H[LVWLQJ

LPSOHPHQWDWLRQV� 7KLV WHFKQLTXH KDV EHHQ VXFFHVVIXOO\ DSSOLHG IRU WKH LQWHJUDWLRQ RI YHQGRU VSHFLILF GDWDEDVH DFFHVV LQWR -DYD

EHIRUH� 7KH XQGHUO\LQJ FRQFHSW LV FDOOHG QDWLYH PHWKRG FDOO LQ -DYD� $ QDWLYH PHWKRG LV D -DYD PHWKRG �HLWKHU DQ LQVWDQFH PHWKRG

RU D FODVV PHWKRG� ZKRVH LPSOHPHQWDWLRQ LV ZULWWHQ LQ D GLIIHUHQW SURJUDPPLQJ ODQJXDJH VXFK DV &� 7KHUHIRUH� DQ H[LVWLQJ $3,

FDQ EH PLJUDWHG LQWR -DYD ZLWKRXW UH�LPSOHPHQWDWLRQ RI H[LVWLQJ PHWKRGV� :KHQ D QDWLYH PHWKRG FDOO KDV WR EH SHUIRUPHG GXULQJ

UXQWLPH� D VKDUHG OLEUDU\ ZKLFK FRQWDLQV WKH QDWLYH LPSOHPHQWDWLRQ FRGH ZLOO EH UHIHUHQFHG E\ WKH -DYD YLUWXDO PDFKLQH� ,W VKRXOG

EH PHQWLRQHG� KRZHYHU� WKDW LQ WKLV FDVH WKH DSSOLFDWLRQ LV QRW SODWIRUP LQGHSHQGHQW DQ\ PRUH� ,Q DGGLWLRQ� WKH DELOLW\ WR ORDG

G\QDPLF OLEUDULHV LV VXEMHFW WR DSSURYDO E\ WKH VHFXULW\ PDQDJHU� 7KHUHIRUH� DSSOHWV PD\ QRW EH DEOH WR XVH QDWLYH PHWKRGV

GHSHQGLQJ RQ WKH EURZVHU RU YLHZHU WKH\ DUH UXQQLQJ LQ� 7KXV LQ RUGHU WR DSSO\ WKLV DSSURDFK RQH KDV WR WDNH FDUH WKDW WKH

UHTXLUHG QDWLYH FRGH LV DYDLODEOH RQ DOO GHVWLQDWLRQ SODWIRUPV DQG WKDW WKH VHFXULW\ OLPLWDWLRQV RI DSSOHWV DUH WR EH FRQVLGHUHG

FDUHIXOO\�

,Q RUGHU WR DYRLG WKH UHVWULFWLRQ RI QDWLYH PHWKRGV� D PLJUDWLRQ RI WKH H[LVWLQJ $3, FRGH LQWR SXUH -DYD FDQ EH SHUIRUPHG� $ JRRG

H[DPSOH IRU WKLV DSSURDFK LV WKH QHZ -DYD �6ZLQJ��OLEUDU\� ZKLFK HQDEOHV D PRUH SRZHUIXO DQG SODWIRUP LQGHSHQGHQW XVHU

LQWHUIDFH� 'XH WR WKH VLPLODULW\ EHWZHHQ &�� DQG -DYD� WKH HIIRUW IRU WKH PLJUDWLRQ LV OLPLWHG� ,Q DGGLWLRQ� WKHUH DUH DOUHDG\ WRROV

DYDLODEOH ZKLFK FDQ DXWRPDWLFDOO\ WUDQVODWH PRVW RI WKH H[LVWLQJ &�� FRGH LQWR -DYD� 7KLV� KRZHYHU� LPSOLHV IRU WKH SXUSRVH RI DQ

$61�� $3, VRPH DGGLWLRQDO HQJLQHHULQJ HIIRUW WR LQWHJUDWH WKH -DYD FRGH ZLWK WKH FRPPXQLFDWLRQ VRIWZDUH ZKLFK LV LQ PRVW FDVHV

EDVHG RQ WKLUG SDUW\ SURGXFWV� ,Q WKLV SDUWLFXODU FDVH� VXSSRUW RI D IXOO VL]H 26,�VWDFN RU D VLPSOH 5)& ���� FRQQHFWLRQ FDQ QRW EH

IRXQG LQ WKH VWDQGDUG -DYD OLEUDULHV� 7KXV RQH KDV WR WDNH LQWR DFFRXQW WKH QHHG WR LQWHJUDWH -DYD ZLWK WKHVH SURWRFROV DQG WKH

UHTXLUHG SURFHVVLQJ SRZHU IRU VXFK DQ LPSOHPHQWDWLRQ�

$GGLWLRQDOO\� ZLWK UHVSHFW RI G\QDPLF GRZQORDG RI DQ DSSOLFDWLRQ DFURVV D QHWZRUN� WKH FRGH VL]H VKRXOG EH OLPLWHG WR DYRLG ORQJ

SHULRGV RI WLPH IRU DSSOLFDWLRQ VWDUWXS� 7KDW LV ZK\ DQ DSSOLFDWLRQ ZLWK FRPSOH[ IXQFWLRQDOLW\ VKRXOG QRW EH FRPSOHWHO\ PLJUDWHG

LQWR -DYD� )RU H[DPSOH� D YHQGRU KDV XVHG WKLV DSSURDFK WR SURYLGH D -DYD YHUVLRQ RI KLV RIILFH VRIWZDUH� 2QO\ D VPDOO -DYD

DSSOLFDWLRQ KDV WR EH SHUIRUPHG RQ WKH ORFDO PDFKLQH ZKLFK LV G\QDPLFDOO\ LQWHUFRQQHFWHG ZLWK D VHUYHU SDUW RQ D FHQWUDO

PDFKLQH� 'XH WR WKH QRW -DYD EDVHG LPSOHPHQWDWLRQ RI WKH VHUYHU SDUW QR SHUIRUPDQFH SUREOHP KDV WR EH H[SHFWHG� ,Q DGGLWLRQ�

PRVW RI WKH RSHUDWLRQV ZLOO EH SHUIRUPHG FRPSOHWHO\ LQ WKH -DYD HQYLURQPHQW DQG RQO\ IRU VRPH FRPSOH[ PHWKRGV QDWLYH URXWLQHV

ZLOO EH FDOOHG RQ WKH VHUYHU�

&RQVLGHULQJ DOO WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI WKLV WKUHH DSSURDFKHV WKH UHDOL]DWLRQ RI -DYD�$61�� $3, WKDW LV SUHVHQWHG LQ

WKH IROORZLQJ LV PDLQO\ EDVHG RQ D WKH FOLHQW�VHUYHU DSSURDFK� 7KLV VSHFLILFDWLRQ LV QRW UHVWULFWHG WR FOLHQW�VHUYHU DSSURDFK�
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6HYHUDO NLQGV RI $61�� $3, DUH FXUUHQWO\ DYDLODEOH� EXW QRQH RI WKHP VXSSRUWV -DYD� � ,Q RUGHU WR JLYH DQ RYHUYLHZ RQ WKH

IXQFWLRQDOLW\ RI RXU -DYD $3, ZH ZLOO GHVFULEH WKH LQGLYLGXDO FKDUDFWHULVWLFV HDFK RI WKH H[LVWLQJ $3,V E\ LOOXVWUDWLQJ WKHLU IHDWXUHV�

$ ZHOO�NQRZQ $3, IRU WKH UHSUHVHQWDWLRQ RI $61�� YDOXHV KDV EHHQ VSHFLILHG E\ WKH ;�2SHQ *URXS DQG LV FDOOHG ;20� (YHQ LI WKH

WHUPV �REMHFW�� �SDFNDJH�� DQG �DWWULEXWH� DUH H[WHQVLYHO\ XVHG LQ WKLV VSHFLILFDWLRQ� WKLV LQWHUIDFH LV FRPSOHWHO\ LPSOHPHQWHG LQ

$16, &� 'XH WR WKH FRPSOH[ PDQXDO SRLQWHU KDQGOLQJ WKLV LQWHUIDFH LV QRW UHFRPPHQGHG IRU PDQXDO LPSOHPHQWDWLRQ RI ODUJH

DSSOLFDWLRQV�

5HJDUGLQJ WKLV GUDZEDFN RI WKH ;20�6SHFLILFDWLRQ� VHYHUDO &�� ZUDSSHU FODVVHV KDYH EHHQ GHILQHG WR HQFDSVXODWH WKLV

FRPSOH[LW\� 7KH PRVW SRSXODU UHDOL]DWLRQ RI ZUDSSHU FODVVHV ZKLFK KDYH QHDUO\ WKH VDPH IXQFWLRQDOLW\� DUH $61���� VSHFLILHG E\

WKH 1HWZRUN 0DQDJHPHQW )RUXP� DQG $,'$ IURP 6LHPHQV� � %RWK $3,V DUH HDV\ WR XVH� 7KH DGYDQWDJH RI WKHVH $3,V LV� WKDW HYHU\

;20 VWUXFWXUH LV FRPSOHWH HQFDSVXODWHG E\ WKH REMHFWV RI WKH ZUDSSHU FODVVHV� ,W VKRXOG EH PHQWLRQHG� KRZHYHU� WKDW VRPHWLPHV

WKH XQGHUO\LQJ & GDWD VWUXFWXUH UHTXLUHV D ORW RI IXQFWLRQDO FRPSURPLVHV LQ WKH ZUDSSHU FODVVHV UHDOL]DWLRQ� 7KHUHIRUH D EDVLF

XQGHUVWDQGLQJ RI ;20 LV VWLOO UHTXLUHG�

7KH FXUUHQW YHUVLRQ RI WKH -DYD�$61�� $3, LV D ILUVW GUDIW� ,W LV SRVVLEOH � VLPLODU WR WKH 10) DSSURDFK LQ &�� � WR LPSOHPHQW D SXUH

-DYD YHUVLRQ RI WKLV $3,� (YHQ D ZUDSSHU FODVV FRQFHSW ZLWK QDWLYH PHWKRG FDOOV FDQ EH DGRSWHG� $V DOUHDG\ PHQWLRQHG� D

FOLHQW�VHUYHU DSSURDFK LV XVHG IRU RXU SURWRW\SH LPSOHPHQWDWLRQ� ,Q RUGHU WR JHW DQ $3, ZKLFK LV HDV\ WR XVH ZH KDYH WULHG WR KLGH

DV PXFK FRPSOH[LW\ RI $61�� DV SRVVLEOH DW WKH SURJUDPPHUV LQWHUIDFH� 'XH WR WKH DGYDQWDJHV RI -DYD ODQJXDJH� ZKLFK LPSOLHV

DXWRPDWLF PHPRU\ PDQDJHPHQW DQG UHIHUHQFH KDQGOLQJ� RQH KDV QRW WR FRQVLGHU WKHVH SUREOHPV ZKHQ LPSOHPHQWLQJ D -DYD�

$61�� EDVHG PDQDJHPHQW DSSOLFDWLRQ�

)RU HQFRGLQJ DQG GHFRGLQJ RI $61�� YDOXHV EDVLF NQRZOHGJH RI WKH $61�� W\SH VSHFLILFDWLRQ GXULQJ UXQWLPH LV QHFHVVDU\� )RU

WKLV UHDVRQ HYHU\ $61�� $3, �HYHQ WKH -DYD�$61�� $3,� UHTXLUHV D GDWDEDVH ZLWK WKH $61�� W\SH LQIRUPDWLRQ ZKLFK LV FDOOHG

PHWDGDWD LQIRUPDWLRQ� ,Q RUGHU WR NHHS WKH XVDJH RI WKH $61�� $3, DV VLPSOH DV SRVVLEOH� ZH KDYH GHFLGHG WR JLYH DQ RSWLRQDO

DFFHVV WR WKLV UHTXLUHG PHWDGDWD LQIRUPDWLRQ� 7KXV� $61�� YDOXHV LQ -DYD FDQ EH FRQVWUXFWHG ZLWKRXW WKH QHFHVVLW\ WR ORRN XS

HDFK W\SH GHILQLWLRQ LQ D GDWDEDVH DQG ZLWKRXW WKH QHFHVVLW\ WR NQRZ SODWIRUP GHSHQGHQW LGHQWLILHUV IRU WKH $61�� W\SH

GHILQLWLRQV� 2QO\ ZKHQ WKH G\QDPLFDOO\ FRQVWUXFWHG $61�� YDOXH VKRXOG EH HQFRGHG� DQ DFFHVV WR WKH PHWDGDWD LQIRUPDWLRQ LV

UHTXLUHG� ,Q WKLV FDVH� WKH NQRZOHGJH RI WKH $61�� W\SH VWUXFWXUH LV FRPSOHWHO\ KDUGFRGHG LQ WKH DSSOLFDWLRQ� 2Q WKH RWKHU KDQG LW

LV IHDVLEOH� WR EXLOG JHQHULF DSSOLFDWLRQV ZKLFK DUH FRPSOHWHO\ EDVHG RQ PHWDGDWD LQIRUPDWLRQ� 7KXV� EHIRUH D YDOXH ZLOO EH

DVVLJQHG WR D W\SH� LWV GHILQLWLRQ VWUXFWXUH FDQ EH GHWHUPLQHG E\ ORRNLQJ XS WKH PHWDGDWD LQIRUPDWLRQ� ,W LV REYLRXV� WKDW D YLRODWLRQ

RI D $61�� YDOXH FRQVWUDLQW FRXOG RQO\ EH GHWHFWHG� ZKHQ PHWDGDWD LQIRUPDWLRQ LV DYDLODEOH� 7KXV� RQO\ LI WKH RSWLRQDO DFFHVV WR

WKH PHWDGDWD LQIRUPDWLRQ KDV EHHQ XVHG RQH ZLOO EH QRWLILHG DERXW D YDOXH FRQVWUDLQW YLRODWLRQV EHIRUH WKH YDOXH ZLOO EH HQFRGHG�

� �-DYD 'HYHORSPHQW .LW 'RFXPHQWDWLRQ �9HUV� �������� 6XQ 0LFURV\VWHPV� ����
� �26,�$EVWUDFW�'DWD 0DQLSXODWLRQ $3, �;20� ,VVXH ��� ;�2SHQ &$( 6SHFLILFDWLRQ� 0D\ ����
� �$61���&�� $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH�� 10) ������ ,VVXH ���� -XO\ ��� ����
� �5HIHUHQFH 0DQXDO IRU 02$6 � $,'$ � 0,%56 � 1( &RQILJXUDWLRQ� 2�1�0�6 %DVH� 6LHPHQV� ����



,QKHULWDQFH�7UHH�IRU�WKH�-DYD�$61���FODVVHV

(ASN.1) Base

SEQUENCEINTEGER

Object

STRING

My-SequenceMy-IntegerMy-String

common
classes

generic
superclass

optional
individual
classes

root

7KH LQKHULWDQFH WUHH RI WKH -DYD�$61�� $3, LV VLPLODU WR WKH &�� EDVHG 10) $3, DSSURDFK� ,Q JHQHUDO� RQH KDV WR FRQVLGHU REMHFWV

DW WKUHH GLIIHUHQW OHYHOV RI LQKHULWDQFH ZKLFK FDQ EH XVHG E\ WKH DSSOLFDWLRQ� 7KH PRVW FRPPRQ OHYHO LV WKH JHQHULF VXSHUFODVV

ZKLFK UHSUHVHQWV FRPPRQ IXQFWLRQDOLW\ RI $61�� GDWD W\SHV� $ OHVV JHQHULF LQWHUIDFH WR DFFHVV W\SH LQGLYLGXDO IXQFWLRQDOLW\ LV

SURYLGHG E\ FRPPRQ FODVVHV� ZKLFK DUH GHILQHG IRU HDFK $61�� XQLYHUVDO GDWD W\SH LQGLYLGXDOO\� 7KH PRVW VSHFLILF OHYHO RI

LQKHULWDQFH DUH FODVVHV ZKLFK KDYH WR EH JHQHUDWHG LQGLYLGXDOO\ IURP D VSHFLILF $61�� PRGXOH IRU HDFK $61�� W\SH GHILQLWLRQ LQ

RUGHU WR FRQVLGHU IRU H[DPSOH LQGLYLGXDO ODEHO DVVLJQPHQWV IRU VXEFRPSRQHQWV� 7KHVH WKUHH OHYHOV RI LQKHULWDQFH DQG WKHLU

VSHFLILF DGYDQWDJHV ZLOO EH LOOXVWUDWHG LQ PRUH GHWDLO LQ WKH IROORZLQJ SDUDJUDSKV�

7KH $61�� %$6( FODVV GRHV QRW FRQWDLQ WKH FRPSOHWH W\SH LQGLYLGXDO IXQFWLRQDOLW\� $ ORW RI YLUWXDO PHWKRGV� KRZHYHU� DUH GHILQHG

LQ WKLV JHQHULF VXSHUFODVV� ZKLFK FDQ EH VSHFLDOL]HG LQGLYLGXDOO\ IRU HDFK W\SH LQ WKH FRPPRQ FODVVHV� 7KXV� PRVW RI WKH FRPPRQ

IXQFWLRQDOLWLHV RI $61�� W\SHV � OLNH HQFRGLQJ DQG GHFRGLQJ � DUH DOUHDG\ FRQVLGHUHG LQ WKH %$6( FODVV�

(DFK $61�� W\SH ZKLFK LV GHILQHG LQ WKH $61�� VWDQGDUG LV UHSUHVHQWHG E\ D FRPPRQ -DYD REMHFW FODVV� $OO WKHVH FODVVHV DUH

LQKHULWHG IURP WKH JHQHULF VXSHU FODVV %$6( ZKLFK LQ WXUQ LV LQKHULWHG IURP 2%-(&7� &RPSOH[ UHSUHVHQWDWLRQ RI YDOXHV LV UHDOL]HG

E\ HQFDSVXODWLQJ FRQWDLQHG HOHPHQWV� $OO UHTXLUHG IXQFWLRQDOLWLHV GHDOLQJ ZLWK DQ $61�� YDOXH UHSUHVHQWDWLRQ FDQ EH LQYRNHG

GLUHFWO\ YLD PHWKRGV ZKLFK DUH GHILQHG LQ WKH FRUUHVSRQGLQJ FRPPRQ FODVV� )URP WKH $3, LQWHUQDO SRLQW RI YLHZ� KRZHYHU� WKLV

FODVVHV PLJKW EH ZUDSSHU FODVVHV� ZKLFK GLUHFWO\ LQYRNH QDWLYH FRGH RQ WKH VDPH RU RQ D UHPRWH PDFKLQH� 7KXV� GHSHQGLQJ RQ

WKH VHOHFWHG LPSOHPHQWDWLRQ DSSURDFK� WKH LQWHUQDO UHDOL]DWLRQ RI WKLV FODVV FRXOG EH GLIIHU LQ D ZLGH UDQJH RI VFRSH� ,W KDV WR EH

SRLQWHG RXW� KRZHYHU� WKDW LW VKRXOG QRW EH YLVLEOH WR WKH SURJUDPPHU� ZKLFK LQWHUQDO LPSOHPHQWDWLRQ DSSURDFK KDV EHHQ VHOHFWHG

IRU D VSHFLILF -DYD�$61�� UHDOL]DWLRQ�

,Q DGGLWLRQ WR WKH FRPPRQ FODVVHV� LQGLYLGXDO REMHFW FODVVHV PLJKW EH JHQHUDWHG IRU HDFK PRGXOH VSHFLILF $61�� W\SH� 7KHVH

FODVVHV DUH GLUHFWO\ LQKHULWHG IURP WKH FRUUHVSRQGLQJ FRPPRQ FODVV GHILQLWLRQV� 7KH PDLQ DGYDQWDJH RI WKLV DGGLWLRQDO OD\HU LQ

WKH LQKHULWDQFH WUHH LV WKDW WKH FRPPRQ FODVV IXQFWLRQDOLW\ ZLOO EH HQKDQFHG ZLWK LQGLYLGXDO FRQYHQLHQFH PHWKRGV� 2QH H[DPSOH

ZRXOG EH D PHWKRG 5(/$7,9(',67,1*8,6+('1$0(�� ZKLFK SHUIRUPV WKH VDPH IXQFWLRQDOLW\ DV WKH VWDQGDUG 326,7,21�� PHWKRG LQ

WKH $61���VHTXHQFH FODVV� 7KH LPSOHPHQWDWLRQ RI WKHVH LQGLYLGXDO FODVVHV VKRXOG EH SHUIRUPHG E\ DQ DXWRPDWLF DOJRULWKP�

,W KDV WR EH PHQWLRQHG WKDW WKH JHQHULF VXSHUFODVV %$6( FDQ QRW EH LQVWDQWLDWHG GLUHFWO\� ,W LV IHDVLEOH� KRZHYHU� WR DVVLJQ D

UHIHUHQFH WR DQ $61�� FODVV WR D %$6( W\SH� 'XH WR WKH UHIHUHQFH KDQGOLQJ FRQFHSW RI -DYD� HYHU\ RSHUDWLRQ RI WKH %$6( FODVV FDQ

EH LQYRNHG RQ WKH UHIHUHQFHG LQVWDQFH GLUHFWO\ ZLWKRXW WKH QHFHVVLW\ RI FDVWLQJ� ,W LV DOVR SRVVLEOH WR FDVW DQ REMHFW ZKLFK LV

UHIHUHQFHG E\ WKH %$6( FODVV EDFN WR LWV RULJLQDO W\SH� 7KXV WKH DVVLJQPHQW RI UHIHUHQFHV EHWZHHQ LQGLYLGXDO� FRPPRQ� DQG

JHQHULF FODVVHV LV SRVVLEOH LQ ERWK GLUHFWLRQV ZLWKRXW DQ\ DGGLWLRQDO HQJLQHHULQJ HIIRUW�

in OMT notation



5HSUHVHQWDWLRQ�RI�DQ�$61���9DOXH�LQ�-DYD�$61��

ASN.1 Definition
DistinguishedName
::= SET OF RdnSequence

RdnSequence
::= SEQUENCE OF Ava

Ava ::= SEQUENCE {
      attribute
         OBJECT IDENTIFIER,
      value
         ANY
      }

SET_Of

SEQ_Of

SEQUENCE

OID ANY

Metadata
information

Relationship

*) in OMT notation
INTEGER

8S WR QRZ� ZH KDYH RQO\ FRQVLGHUHG WKH -DYD�$61�� FODVV GHILQLWLRQV� ,Q RUGHU WR UHSUHVHQW WKH YDOXH RI DQ LQGLYLGXDO $61�� W\SH

GHILQLWLRQ LW LV UHTXLUHG WR GHILQH WKH UHODWLRQVKLS EHWZHHQ -DYD�$61�� REMHFW LQVWDQFHV DQG $61�� W\SH GHILQLWLRQV� ,Q SDUWLFXODU�

RQH KDV WR FRQVLGHU WKDW DQ $61�� YDOXH FDQ EH UHSUHVHQWHG E\ D W\SH LQGLYLGXDO FODVV DV ZHOO DV ZLWK WKH FRPPRQ FODVV

GHILQLWLRQ�

$SSO\LQJ LQGLYLGXDO FODVVHV IRU W\SH UHSUHVHQWDWLRQ LV TXLWH VLPSOH DQG KDV QRW WR EH LOOXVWUDWHG JUDSKLFDOO\� 7KH FODVV QDPH LV

H[DFWO\ WKH VDPH DV WKH W\SH QDPH LQ WKH $61�� GHILQLWLRQ� ,Q VRPH VSHFLDO FDVHV H�J� ZKHQ XVLQJ D K\SKHQ ��� LQ DQ $61�� W\SH

GHILQLWLRQ VRPH PLQRU DGDSWDWLRQV DUH UHTXLUHG� ,Q WKH FDVH RI FRQVWUXFWHG W\SH GHILQLWLRQV �OLNH DQ $61�� 6(48(1&( H�J� � D

UHIHUHQFH WR HDFK FRPSRQHQW RI WKLV FRQVWUXFWHG YDOXH FDQ EH GLUHFWO\ UHWXUQHG YLD PHWKRGV ZKLFK KDV WKH VDPH QDPH DV WKH

FRPSRQHQW LGHQWLILHU LQ WKH $61�� GHILQLWLRQ� )XUWKHUPRUH� HDFK LQVWDQFH RI DQ LQGLYLGXDO FODVV GRHV FRQWDLQ D PDQGDWRU\ W\SH

GHVFULSWRU REMHFW� ZKLFK VWRUHV DGGLWLRQDO LQIRUPDWLRQ DERXW WKH $61�� W\SH GHILQLWLRQ�

)RU UHSUHVHQWLQJ $61�� YDOXHV E\ FRPPRQ FODVVHV WZR VOLJKWO\ GLIIHUHQW DSSURDFKHV KDYH WR EH FRQVLGHUHG� $Q LQIRUPDWLRQOHVV

DSSURDFK DQG DQ RSWLRQDO PHWDGDWD DSSURDFK� &RPPRQ WR ERWK DSSURDFKHV LV WKH UHSUHVHQWDWLRQ RI DQ $61�� YDOXH E\ FRPPRQ

-DYD�$61�� FODVVHV� %RWK DSSURDFKHV GLIIHU� FRQFHUQLQJ WKH NQRZOHGJH RI WKH XQGHUO\LQJ $61�� W\SH GHILQLWLRQV DQG WKHUHIRUH LQ

WKH SRVVLELOLW\ WR GHWHFW DQG WR DYRLG $61�� FRQVWUDLQW YLRODWLRQV GXULQJ FRQVWUXFWLRQ WLPH� 2QH FRXOG HDVLO\ GHWHUPLQH WKH DSSOLHG

DSSURDFK IRU D -DYD�$61�� REMHFW LQVWDQFH E\ DFFHVVLQJ WKH FRQWDLQHG W\SH GHVFULSWRU REMHFW� ,I D QXOO SRLQWHU ZLOO EH UHWXUQHG� WKH

LQIRUPDWLRQOHVV DSSURDFK KDV EHHQ FKRVHQ�

$Q H[DPSOH IRU WKHVH VOLJKWO\ GLIIHUHQW DSSURDFKHV LV WKH UHSUHVHQWDWLRQ RI WKH GLVWLQJXLVKHG QDPH� 2QH FDQ FUHDWH DQG

FRQFDWHQDWH DOO WKH UHTXLUHG REMHFW LQVWDQFHV LQ WZR GLIIHUHQW ZD\V� ,I WKH LQIRUPDWLRQOHVV DSSURDFK LV FKRVHQ� QR DGGLWLRQDO W\SH

LQIRUPDWLRQ ZLOO EH UHTXLUHG� 7KH DSSOLFDWLRQ KDV WR NQRZ E\ LWVHOI ZKLFK FRPSRQHQWV DUH SDUW RI WKH W\SH VSHFLILFDWLRQ DQG KRZ

WKH\ KDYH WR EH DUUDQJHG� ,Q FDVH RI WKH PHWDGDWD DSSURDFK� W\SH LQIRUPDWLRQ LV DYDLODEOH GXULQJ UXQWLPH� 7KHUHIRUH� RQH FDQ DVN

IRU WKH H[DFW VWUXFWXUH RI WKH W\SH EHIRUH SHUIRUPLQJ HDFK FUHDWLRQ DQG FRQFDWHQDWLRQ VWHS�

1HYHUWKHOHVV� LQ ERWK FDVHV WKH DSSOLFDWLRQ PXVW KDYH NQRZOHGJH DERXW WKH YDOXHV ZKLFK DUH UHSUHVHQWHG E\ D VSHFLILF W\SH�

7KHUHIRUH� W\SH VSHFLILF LQIRUPDWLRQ KDV WR EH FRGHG LQ WKH DSSOLFDWLRQ DQ\ZD\� 7KXV� WR NHHS WKH VSHFLILFDWLRQ RI WKH $3, VLPSOH�

WKH PHWDGDWD DSSURDFK LV RQO\ DQ RSWLRQDO IHDWXUH� ZKLFK KDV QRW EHHQ UHDOL]HG LQ RXU SURWRW\SH LPSOHPHQWDWLRQ�

,Q RUGHU WR DYRLG FRQIXVLRQ DERXW VHYHUDO DSSURDFKHV IRU YDOXH UHSUHVHQWDWLRQ� LW KDV WR EH SRLQWHG RXW WKDW HDFK -DYD $3, VKRXOG

VXSSRUW DW OHDVW WKH HDV\ WR XVH LQIRUPDWLRQOHVV DSSURDFK� ,I WKH PHWDGD DSSURDFK LV VXSSRUWHG E\ DQ -DYD�$61�� $3, LW KDV WR EH

SURYLGHG LQ SDUDOOHO WR WKH LQIRUPDWLRQOHVV DSSURDFK� 2Q DSSOLFDWLRQ OHYHO� WKH PHWDGDWD DSSURDFK VKRXOG EH DSSOLHG ZKHUH

DSSURSULDWH IRU WKH LQGLYLGXDO WDVN WR EH SHUIRUPHG� 7KXV REMHFWV ZLWK DQG ZLWKRXW W\SH GHVFULSWRUV FDQ H[LVW VLPXOWDQHRXVO\ DQG

WKH LQWHUQDO $3, UHDOL]DWLRQ VKRXOG QRW UHO\ RQ D W\SH GHVFULSWRU IRU HDFK LQVWDQFH� ,Q DGGLWLRQ� RQH FDQ QRW UHO\ RQ WKH IDFW� WKDW

HDFK GHFRGHG YDOXH GRHV KDYH D W\SH GHVFULSWRU�

in OMT notation



([DPSOH�IRU�WKH�XVDJH�RI�WKH�-DYD�$61���FODVV��6(48(1&(�

SEQUENCE

• position()

• append()

• ...

Value

Present

TypeDescriptor

INTEGER

GraphicString

SET_OF

1.

2.

3.

Java-ASN.1 object

Java-Type

Object Value

)RU D PRUH GHWDLOHG XQGHUVWDQGLQJ RI WKH IXQFWLRQDOLW\ RI WKH -DYD�$61�� $3, ZH ZLOO LQYHVWLJDWH WKH LQWHUQDO VWUXFWXUH RI HDFK

FODVV LQ PRUH GHWDLO LQ WKH IROORZLQJ VHFWLRQ� 'XH WR WKH VLPLODU VWUXFWXUH RI HDFK FODVVHV LQKHULWHG IURP %$6(� LW LV SRVVLEOH WR

H[SODLQ WKHVH IXQFWLRQV H[HPSODU\ IRU RQH W\SH� (DFK -DYD�$61�� FODVV FRQWDLQV VHYHUDO PHPEHUV� 7KH PRVW LPSRUWDQW REMHFWV

DQG PHWKRGV ZKLFK DUH H[WHUQDOO\ YLVLEOH ZLOO EH EULHIO\ LQWURGXFHG LQ WKLV VHFWLRQ�

$V DOUHDG\ GLVFXVVHG LQ GHWDLO� LW LV QRW PDQGDWRU\ WKDW DQ $61�� YDOXH UHSUHVHQWDWLRQ LQ -DYD LV DOZD\V UHODWHG WR D VSHFLILF $61��

W\SH GHILQLWLRQ� 7KHUHIRUH� WKH FRQWDLQHG HOHPHQW 7<3('(6&5,3725 �ZKLFK UHSUHVHQWV D UHIHUHQFH WR WKH UHODWHG W\SH GHILQLWLRQ LQ

WKH $61�� PRGXOH� ZLOO QRW DOZD\V EH LQVWDQWLDWHG� ,Q FDVH RI WKH LQIRUPDWLRQOHVV DSSURDFK WKH PHPEHU 7<3('(6&5,3725 FRQWDLQV

RQO\ D 18// UHIHUHQFH�

8S WR QRZ� ZH GLG QRW H[SODLQ KRZ D YDOXH FDQ EH VWRUHG LQWHUQDOO\ LQ -DYD�$61�� FODVVHV� 7KLV LV SHUIRUPHG ZLWK DLG RI WKH IOH[LEOH

-DYD W\SH 9(&725 ZKLFK LV XVHG IRU WKH FRQWDLQHG REMHFW 9$/8(� 7KLV FODVV LV DEOH WR VWRUH RQH RU PRUH FODVVHV LQ DQ\ RUGHU� 7KH

YDOXHV RI VLPSOH $61�� W\SHV DUH GLUHFWO\ FRQWDLQHG YLD D DSSURSULDWH -DYD REMHFW LQ WKLV YHFWRU� ,Q FDVH RI D VWUXFWXUHG $61�� GDWD

W\SH GHILQLWLRQ � ZKLFK PLJKW FRQWDLQ PRUH WKDQ RQH FRPSRQHQW � WKLV 9$/8( YHFWRU FRQWDLQV H[DFWO\ RQH LQVWDQFH RI WKH -DYD�

$61�� FODVV IRU HDFK FRPSRQHQW ZKLFK LV VSHFLILHG LQ WKH UHODWHG $61�� W\SH GHILQLWLRQ� 7KXV LQ FDVH RI D YDOLG YDOXH

UHSUHVHQWDWLRQ WKH VL]H RI WKH YHFWRU ZLOO EH HTXDO WR QXPEHU RI FRPSRQHQWV LQ WKH FRUUHVSRQGLQJ W\SH GHILQLWLRQ� ,Q DGGLWLRQ� WKH

RUGHU RI WKH LQVWDQFHV LQ WKH YHFWRU YDOXH VKRXOG EH H[DFWO\ WKH VDPH DV WKH RUGHU RI FRPSRQHQWV LQ WKH $61�� W\SH GHILQLWLRQ� )RU

H[DPSOH� WKH YDOXH UHSUHVHQWDWLRQ WKH IROORZLQJ VHTXHQFH W\SH LV LOOXVWUDWHG LQ WKH ILJXUH DERYH�

0<(;$03/( �� 6(48(1&( ^

, ,17(*(5�

* *5$3+,&675,1*�

6 6(7 2) ,17(*(5 `

,Q DGGLWLRQ� ZH KDYH WR FRQVLGHU WKDW WKH $61�� NH\ZRUG �RSWLRQDO� FDQ EH XVHG LQ DQ $61�� W\SH GHILQLWLRQ IRU D VSHFLILF

FRPSRQHQW� ,W KDV WR EH PHQWLRQHG� WKDW DQ RPLWWHG RSWLRQDO FRPSRQHQW VKRXOG QRW EH UHSUHVHQWHG YLD D -DYD QXOO UHIHUHQFH� ,Q

RUGHU WR FRQVLGHU WKLV DVSHFW LQ WKH $3, VSHFLILFDWLRQ� WKH PHPEHU 35(6(17 ZDV GHILQHG� 7KH YDOXH 758( LQGLFDWHV� WKDW WKLV

HOHPHQW UHSUHVHQWV D SUHVHQW RSWLRQDO W\SH RU HYHQ D PDQGDWRU\ FRPSRQHQW� ,Q FRQWUDVW� WKH YDOXH )$/6( LQGLFDWHV WKDW DQ

RSWLRQDO FRPSRQHQW KDV EHHQ RPLWWHG� 7KH PDLQ DGYDQWDJH WR XVH WKH 35(6(17 DWWULEXWH LQVWHDG RI D QXOO UHIHUHQFH LV� WKDW DQ

REMHFW FRXOG EH WHPSRUDU\ VHW WR �QRQ SUHVHQW� ZLWKRXW GHOHWLQJ LWV LQWHUQDO YDOXH UHSUHVHQWDWLRQ� ,W LV REYLRXV� WKDW WKH XVHU

DSSOLFDWLRQ KDV WKH FRPSOHWH UHVSRQVLELOLW\ IRU WKH FRUUHFW UHSUHVHQWDWLRQ RI WKH YDOXH� 2QO\ ZKHQ W\SH LQIRUPDWLRQ LV DYDLODEOH

GXULQJ UXQWLPH �PHWDGDWD DSSURDFK� DGGLWLRQDO FKHFNV FDQ EH SHUIRUPHG E\ WKH -DYD�$61�� $3,� )LQDOO\� LW KDV WR EH QRWHG WKDW D

QRQ SUHVHQW LQVWDQFH RI DQ $61�� $1< W\SH LV GHILQHG DVVLJQPHQW FRPSDWLEOH ZLWK HYHU\ RWKHU QRQ SUHVHQW LQVWDQFH GXH WR

LPSOHPHQWDWLRQ DVSHFWV RI WKH $3,�



(QFRGLQJ�RI�$61���YDOXHV�ZLWK�-DYD�$61��

Type conversion

ASN.1++ or AIDA

Java-ASN.1

is represented by

encoding

BER

Remote Method Invocation
• Java programming mechanism

Java Object Serialization
• Java programming mechanism

ASN.1 Value Notation
• No BER encoding in the Java client

ASN.1 Interchange Format
• Easy adaptation to existing ASN.1-API

• No ASN.1-Metadata for de-/encoding

• Specified by Deutsche Telekom AG

Metadata

ASN.1-Value
S

er
ve

r
C

lie
nt

Several client-server adaptations are feasible ...

2QH PDMRU GLVDGYDQWDJH RI H[LVWLQJ $61�� $3,V LV WKH UHTXLUHPHQW WR ORDG $61�� W\SH LQIRUPDWLRQ �PHWDGDWD� GXULQJ UXQWLPH�

(YHQ� LI WKLV LQIRUPDWLRQ LV VWRUHG LQ D G\QDPLF GDWDEDVH� D ORW RI DGGLWLRQDO FRGH DQG V\VWHP PHPRU\ LV UHTXLUHG IRU WKLV SXUSRVH�

2Q WKH RWKHU KDQG� WKLV W\SH LQIRUPDWLRQ FDQ QRW EH RPLWWHG FRPSOHWHO\ GXH WR WKH IXQFWLRQDO VSHFLILFDWLRQ RI WKH EDVLF HQFRGLQJ

UXOHV �%(5�� � � ,Q RUGHU WR RPLW WKH W\SH LQIRUPDWLRQ SDUWLDOO\� ZH KDYH VSOLW XS WKH UHSUHVHQWDWLRQ DQG WKH HQFRGLQJ RI DQ $61��

YDOXH LQWR WZR VHSDUDWH IXQFWLRQDO FRPSRQHQWV ZKLFK ZLOO EH FDOOHG $61���FOLHQW DQG $61���VHUYHU�

7KH FOLHQW FRPSRQHQW RI WKH $61�� $3, LV FRPSOHWHO\ HQJLQHHUHG LQ -DYD� $OO NLQGV RI YDOXH UHSUHVHQWDWLRQV ZLOO EH KDQGOHG E\

-DYD REMHFWV ZKLFK GR QRW QHFHVVDULO\ HQFDSVXODWH LQIRUPDWLRQ DERXW WKH VSHFLILF $61�� W\SH GHILQLWLRQ� ,Q DGGLWLRQ� QR QDWLYH

FRGH LV FRQWDLQHG LQ RXU LPSOHPHQWDWLRQ RI WKLV FOLHQW SDUW� 7KHUHIRUH� DOO NLQGV RI RSHUDWLRQV� H�J� DVVLJQPHQW RI YDOXHV� ZLOO EH

SHUIRUPHG FRPSOHWHO\ LQ -DYD�

,Q RXU DSSURDFK� WKH IXQFWLRQDO $61���VHUYHU FRPSRQHQW UHVSRQVLEOH IRU HQFRGLQJ WKH $61�� YDOXHV LV EDVHG RQ DQ DOUHDG\

H[LVWLQJ $,'$ LPSOHPHQWDWLRQ� ,W LV DOVR IHDVLEOH� WR XVH WKH ;20�,QWHUIDFH GLUHFWO\ RU WR XVH DQRWKHU &�� EDVHG $3, OLNH $61�����

(YHQ LI WKH GHFLVLRQ WR XVH WKLV FOLHQW�VHUYHU DSSURDFK GLG RULJLQDOO\ QRW UHO\ RQ PLJUDWLRQ DVSHFWV� LW LV WKH HDVLHVW ZD\ WR UHXVH

DOUHDG\ H[LVWLQJ FRGH� 7KXV� WKLV FOLHQW�VHUYHU DSSURDFK GRHV VXSSRUW PLJUDWLRQ RI H[LVWLQJ 701 $3,V LQWR -DYD�

7KH $,'$�LQWHUIDFH� DV DOUHDG\ PHQWLRQHG� UHTXLUHV D GHWDLOHG $61�� W\SH UHIHUHQFH IRU DSSO\LQJ WKH EDVLF HQFRGLQJ UXOHV� )RU

WKLV SXUSRVH� W\SH LQIRUPDWLRQ KDV WR EH WUDQVPLWWHG EHWZHHQ WKH $61���FOLHQW DQG $61���VHUYHU� 7KHUHIRUH� RQH PLJKW WKLQN WKDW

WKH LQIRUPDWLRQOHVV DSSURDFK� ZKHUH VXFK NLQG RI LQIRUPDWLRQ LV QRW DYDLODEOH� ZLOO QRW ZRUN LQ WKLV DUHD� ,Q RUGHU WR RYHUFRPH WKLV

FRQWUDGLFWLRQ� LW KDV WR EH PHQWLRQHG WKDW DQ $61�� YDOXH WKDW LV FRQVWUXFWHG LQ DQ LQIRUPDWLRQOHVV ZD\ VKRXOG QRW EH HQFRGHG

GLUHFWO\� ,QVWHDG� WKLV $61�� YDOXH KDV WR EH DVVLJQHG WR RQH RI WKH LQGLYLGXDO FODVV �WKH PRVW VSHFLILF LQKHULWDQFH OHYHO� RQ WKH

$61���FOLHQW VLGH EHIRUH DQ HQFRGLQJ PHWKRG ZLOO EH LQYRNHG� ,Q FDVH RI D &0,6 RSHUDWLRQ WKH FRUUHVSRQGLQJ $61�� 7\SH �DQG

LWV LQGLYLGXDO FODVV� LV FDOOHG �&0,6B2SHUDWLRQ$UJXPHQW�� 7KLV W\SH LQGLYLGXDO FODVV ZLOO VLPSO\ FRQWDLQ D XQLTXH LGHQWLILHU WKDW FDQ

EH WUDQVPLWWHG WRJHWKHU ZLWK LWV YDOXH EHWZHHQ FOLHQW DQG VHUYHU� 7KLV LGHQWLILHU HQDEOHV WKH DVVRFLDWLRQ RI DQ $61�� YDOXH ZLWK WKH

FRUUHVSRQGLQJ PHWDGD LQIRUPDWLRQ LQ RUGHU WR SHUIRUP D FRUUHFW YDOXH HQFRGLQJ RQ WKH $61���VHUYHU VLGH� ,Q SUDFWLFH� RQH FDQ

FUHDWH DQ HPSW\ LQVWDQFH RI DQ LQGLYLGXDO FODVV �OLNH &0,6B2SHUDWLRQ$UJXPHQW� DQG DVVLJQ D UHIHUHQFH WR DOO FRQWDLQHG

HOHPHQWV� 7KXV DQ LQGLYLGXDO LGHQWLILHU KDV EHHQ DVVLJQHG WR D FRPSOH[ LQIRUPDWLRQOHVV FRQVWUXFWHG YDOXH ZLWKRXW WKH QHFHVVLW\

WR FRS\ RQH RU PRUH RI WKH FRQWDLQHG REMHFWV� 7KDW LV ZK\ LQGLYLGXDO FODVVHV KDV QRW QHFHVVDULO\ WR EH JHQHUDWHG IRU HDFK $61��

W\SH GHILQLWLRQ� ,Q RUGHU WR FRQFOXGH WKLV VXEMHFW� LW LV VXIILFLHQW LI WKH URRW HOHPHQW RI D FRPSOH[ $61�� YDOXH UHSUHVHQWDWLRQ LV

UHSUHVHQWHG YLD D LQGLYLGXDO FODVV� 7KHUHIRUH� QR DGGLWLRQDO LQGLYLGXDO FODVV KDV WR EH JHQHUDWHG WR VXSSRUW WKH HQFRGLQJ RI D QHZ

*'02 EDVHG LQIRUPDWLRQ PRGHO RQ WKH FOLHQW VLGH�

� �6SHFLILFDWLRQ RI %DVLF (QFRGLQJ 5XOHV IRU $EVWUDFW 6\QWD[ 1RWDWLRQ RQH �$61����� ,78�7 5HFRPPHQGDWLRQ ;����� 0HOERXUQH� ����
� �$61�� HQFRGLQJ 5XOHV� 6SHFLILFDWLRQ RI %(5� &(5� DQG '(5�� ,78�7 5HFRPPHQGDWLRQ ;���� ������ _ ,62�,(& �����������
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8S WR QRZ� WKH SURWRFRO EHWZHHQ ERWK IXQFWLRQDO FRPSRQHQWV RI WKH FOLHQW�VHUYHU UHODWLRQVKLS KDV QRW EHHQ GHVFULEHG LQ GHWDLO�

)RU HQFRGLQJ DQ $61�� YDOXH XVLQJ %(5 LW LV UHTXLUHG WR WUDQVIRUP WKH -DYD UHSUHVHQWDWLRQ RQ WKH FOLHQW VLGH LQWR DQ $,'$ IRUPDW

RQ WKH VHUYHU VLGH� 7KH VDPH IXQFWLRQDOLW\ LQ H[DFWO\ WKH UHYHUVH GLUHFWLRQ LV UHTXLUHG IRU GHFRGLQJ DQ $61�� YDOXH� ,Q RUGHU WR

SURYLGH WKLV WUDQVODWLRQ� ZH KDYH GHILQHG WKH $61�� ,QWHUFKDQJH )RUPDW �$,)�� ,Q FRQWUDVW WR WKH EDVLF HQFRGLQJ UXOHV� QR W\SH

UHIHUHQFH LV UHTXLUHG IRU WKH $,) EDVHG HQFRGLQJ DQG GHFRGLQJ RI WKH YDOXHV EHWZHHQ FOLHQW DQG VHUYHU� ,Q DGGLWLRQ� WKLV

LQWHUFKDQJH IRUPDW FDQ EH LQWHJUDWHG LQWR DQ H[LVWLQJ $61�� $3, ZLWK RQO\ D IHZ DGGLWLRQDO OLQHV RI FRGH�

,W KDV WR EH PHQWLRQHG� KRZHYHU� WKDW VHYHUDO RWKHU NLQGV RI SURWRFROV EHWZHHQ FOLHQW DQG VHUYHU DUH IHDVLEOH� 7KH SRZHUIXO -DYD

PHFKDQLVP RI UHPRWH PHWKRG LQYRFDWLRQ RU REMHFW VHULDOL]DWLRQ PLJKW DOVR EH DSSOLHG� $QRWKHU DSSURDFK ZLOO EH WR XVH WKH $61��

YDOXH QRWDWLRQ�

7KH SRVVLELOLW\ WR VSOLW WKH $61�� $3, LQWR WZR IXQFWLRQDO FRPSRQHQWV� ZKLFK ZLOO EH LQWHUFRQQHFWHG YLD $,)� HQDEOHV D WRWDOO\ QHZ

NLQG RI DUFKLWHFWXUH IRU PDQDJHPHQW SODWIRUPV� 7KLV FDQ EH XVHG WR GHVLJQ D VPDOO LQGHSHQGHQW FOLHQW SDUW DQG D SRZHUIXO VHUYHU

SDUW IRU %(5 YDOXH HQFRGLQJ DQG 26, FRPPXQLFDWLRQ� 7KH DGDSWDWLRQ RI WKH &RPPRQ 0DQDJHPHQW ,QIRUPDWLRQ 6HUYLFH �&0,6��

LQWR WKLV DUFKLWHFWXUH LV TXLW HDVLO\ GXH WR WKH IDFW WKDW WKH &0,6 LQWHUIDFH LV FRPSOHWHO\ EDVHG RQ D $61�� GHILQLWLRQ�

7KH SODWIRUP FOLHQW LV SURJUDPPHG LQ SXUH -DYD DQG GRHV QRW FRQWDLQ DQ\ QDWLYH FRGH� 7KH SURFHVVLQJ RI $61�� YDOXH

UHSUHVHQWDWLRQV LV FRPSOHWHO\ SHUIRUPHG RQ WKH -DYD YLUWXDO PDFKLQH� )RU WKH SXUSRVH RI 26, FRPPXQLFDWLRQ� D VPDOO -DYD $3, IRU

WKH &RPPRQ 0DQDJHPHQW ,QIRUPDWLRQ 6HUYLFH �&0,6� KDV EHHQ VSHFLILHG� 7KH PDLQ IXQFWLRQDOLW\ RI WKLV &0,6 $3, LV WR IRUZDUG

WKH UHTXHVWV IURP WKH FOLHQW WR WKH VHUYHU� 7KH &0,3 $3, PDNHV XVH RI WKH $,) DGDSWDWLRQ WR HQVXUH WKH FRUUHFW H[FKDQJH RI

$61�� YDOXHV� ,W KDV WR EH SRLQWHG RXW� WKDW HYHQ WKH $,) DGDSWDWLRQ DW WKH FOLHQW VLGH LV ZULWWHQ LQ -DYD DQG GRHV QRW PDNH XVH RI

QDWLYH PHWKRGV�

7KH VHUYHU SDUW LV� LQ FRQWUDVW WR WKH -DYD FOLHQW� LPSOHPHQWHG LQ D YHQGRU VSHFLILF PDQQHU� 7KH HDVLHVW ZD\ LV WR XVH DQ DOUHDG\

H[LVWLQJ 701 SODWIRUP IRU WKLV SXUSRVH� 7KDW LV ZK\ ZH KDYH GHFLGHG WR XVH WKH 2�1�0�6 IURP 6LHPHQV� )RU LQWHJUDWLQJ WKH $,)

DGDSWDWLRQ LQWR WKLV SODWIRUP D VPDOO &�� DSSOLFDWLRQ KDV WR EH SURYLGHG ZKLFK SHUIRUPV WKH FRQYHUVLRQ EHWZHHQ $,'$ DQG $,)�

)RU RXU LPSOHPHQWDWLRQ ZH KDYH XVHG D JHQHULF DUFKLWHFWXUH RI WKH $,) DGDSWDWLRQ DW FOLHQW DQG VHUYHU VLGH� 7KHUHIRUH� WKHVH

LPSOHPHQWDWLRQV FRXOG EH XVHG IRU HYHU\ $61�� W\SH ZLWKRXW PRGLILFDWLRQ RU UHFRPSLODWLRQ RI WKH VRXUFH ILOHV� )RU WKLV SXUSRVH LW

LV RQO\ QHFHVVDU\ WR UHIHUHQFH DW WKH VHUYHU VLGH D QHZ GDWDEDVH HQWU\ ZLWK PHWDGDWD LQIRUPDWLRQ RI WKH UHODWHG $61�� GHILQLWLRQ�

� �&RPPRQ 0DQDJHPHQW ,QIRUPDWLRQ 3URWRFRO 6SHFLILFDWLRQ IRU &&,77 $SSOLFDWLRQV�� ,78�7� 5HFRPPHQGDWLRQ ;����� *HQHYD ����
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'XH WR WKH SRVVLELOLW\ RI GRZQORDGLQJ -DYD E\WHFRGH DW UXQWLPH -DYD ZLOO EH ZLGHO\ DSSOLHG LQ FRQMXQFWLRQ ZLWK WKH SRSXODU

EURZVHU WHFKQRORJ\ RI WKH ,QWHUQHW� 7KLV RIIHUV WKH RSSRUWXQLW\ WR XVH WKH ZHE HYHQ LQ D WHOHFRPPXQLFDWLRQ HQYLURQPHQW� 7KXV D

EURZVHU RULHQWHG XVDJH RI WKH -DYD�$61�� $3, VHHPV WR EH DSSURSULDWH�

7RGD\ LW LV DOUHDG\ SRVVLEOH IRU D FXVWRPHU WR H[FKDQJH PDQDJHPHQW LQIRUPDWLRQ DFURVV WKH ,QWHUQHW ZLWK D QHWZRUN SURYLGHU�

'XH WR WKH FRPSOLFDWHG LQWHJUDWLRQ RI WKHVH VHUYLFHV LQWR DQ H[LVWLQJ 701 HQYLURQPHQW WKLV WHFKQLTXH KDV QRW EHHQ ZLGHO\

DGRSWHG \HW� %\ XVLQJ -DYD LQ FRQMXQFWLRQ ZLWK WKH SURSRVHG -DYD $61�� $3, D QHWZRUN SURYLGHU ZLOO EH DEOH WR RIIHU IXQFWLRQDOO\

PRUH FRPSOH[ &XVWRPHU 1HWZRUN 0DQDJHPHQW �&10� DSSOLFDWLRQV WR WKH FXVWRPHU ZLWKRXW WKH QHFHVVLW\ RI DQ\ LQYHVWPHQW LQ

SODWIRUPV RQ WKH FXVWRPHU VLGH� ,W LV REYLRXV WKDW IURP WKH FXVWRPHU SRLQW RI YLHZ WKHVH DSSOLFDWLRQV DUH QRW QRYHO� EHFDXVH WKH

RQO\ GLIIHUHQFH LV WKH NLQG RI LQIRUPDWLRQ ZKLFK LV H[FKDQJHG EHWZHHQ VHUYLFH SURYLGHU DQG EURZVHU DW WKH FOLHQW VLGH� 7KH

QHWZRUN SURYLGHU� KRZHYHU� LV DEOH WR LQWHJUDWH D &10� DSSOLFDWLRQ LQWR WKH VWDQGDUG PDQDJHPHQW SODWIRUP GXH WR WKH XVDJH RI

&0,3 IRU WKLV SXUSRVH� 7KH FXVWRPHU ZLOO EH DEOH WR VHQG 701 FRQIRUP SURWRFRO GDWD XQLWV WR WKH QHWZRUN SURYLGHU ZLWKRXW WKH

UHTXLUHPHQW RI PDLQWDLQLQJ D IXOO VHYHQ OD\HU 26, VWDFN LWVHOI� $OO VRIWZDUH WKDW WKH FXVWRPHU ZLOO QHHG IRU WKLV SXUSRVH FDQ EH

GRZQORDGHG IURP DQ ,QWHUQHW VHUYHU� 7KH H[FKDQJH RI PDQDJHPHQW LQIRUPDWLRQ ZLOO EH GRQH ZLWK DLG RI $,) ZKLFK ZLOO EH

WUDQVPLWWHG RYHU 7&3�,3� 7KDW LV ZK\ WKH QHWZRUN SURYLGHU LV DEOH� WR HDVLO\ RIIHU SRZHUIXO VHUYLFHV GLUHFWO\ WR WKH FXVWRPHU YLD WKH

,QWHUQHW�

&RQFOXVLRQ

,Q WKLV SDSHU ZH KDYH GLVFXVVHG WKH SRVVLELOLW\ WR XVH -DYD UHDOL]LQJ 701 PDQDJHPHQW DSSOLFDWLRQV� :H KDYH LGHQWLILHG WKH

UHTXLUHPHQW IRU GHDOLQJ ZLWK $61�� GDWDW\SHV RQ D -DYD YLUWXDO PDFKLQH� )RU WKLV SXUSRVH� ZH KDYH DQDO\]HG WKH VSHFLILF EHQHILWV

RI FRQFHSWV IRU $61�� $3,V DQG KDYH GLVFXVVHG WKH SRVVLELOLW\ WR UHXVH WKHVH FRQFHSWV LQ -DYD� ,Q RUGHU WR JHW WKH EHVW WHFKQLFDO

VROXWLRQ IRU DQ -DYD�$61�� $3,� VHYHUDO DOWHUQDWLYHV IRU PLJUDWLRQ H[LVWLQJ &�� EDVHG LPSOHPHQWDWLRQV LQWR -DYD KDYH EHHQ

FRQVLGHUHG�

$V D UHVXOW RI WKLV LQYHVWLJDWLRQ� ZH KDYH VSHFLILHG D -DYD�$61�� $3, ZKLFK LV DEOH WR UHXVH H[LVWLQJ VRIWZDUH FRPSRQHQWV� ,Q

DGGLWLRQ� WKLV $3, ZDV VSHFLILHG LQ D IOH[LEOH ZD\� WR DOORZ WKH LQWHJUDWLRQ RI $61�� W\SH LQIRUPDWLRQ �PHWDGDWD� LQ VHYHUDO ZD\V� ,Q

RUGHU WR HQDEOH D OHDQ DSSOHW LPSOHPHQWDWLRQ� WKLV $3, KDV EHHQ UHDOL]HG LQ D FOLHQW�VHUYHU DSSURDFK�

7R SURYH WKH FRQFHSW� ZH ZLOO HYDOXDWH WKH QHZ -DYD�$61�� $3, E\ D SURWRW\SH DSSOLFDWLRQ LQ WKH DUHD RI FXVWRPHU QHWZRUN

PDQDJHPHQW� )RU WKLV SXUSRVH� ZH ZLOO XVH VSHFLILF DGYDQWDJHV RI -DYD ODQJXDJH� DV H�J� WKH VLPSOLILHG FUHDWLRQ RI D SODWIRUP

LQGHSHQGHQW XVHU LQWHUIDFH�


