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¸ T CHP	EHQN¹3ºDP T ¹3P�Q�»$¼`?FGJºDEF½&Q�?F¾³¾³BDºD¹�?MLJºDE T Q�¿&?`¼FP�GJP�BªºDP�ÀÁE TÁÂ ½³BªLJºD¾³¿�R�QJºÃ¹	Q�¹3EH½³¾³BDº T CHQ
Ä ¿³ºD¹�¿Å¹3E T³T P�¹3L Â E�À�P�BDQ;EHG§?FBªCHEFGNº�LN¿ Â Q5º T ?FÀ`Æ�?H¹3P T L§EFG;º T EM¼FP�GJBÃ?A¾t¾³º T CÇ¹3E Â ¾t½�È
LN?MLNºªE T ?AB�À�E Â ?Aº T Q	É�Ê8Q�P	Ë³? Â ¾³BDP�Q[EAÌlLN¿³P0BD?AL�LJP�G�» Â ½³B�LNºª¾t¿t?FQJP8Í&E Ä Â E�À�P�BDQ�? T À1LN¿³P
CFP	E Â P�¹�¿t? T ºD¹�Q	»FEFGuGNP�?H¹�LNºª¼HP�LJG�? T QJ¾&EHG�L Â E�À�P�BDQ[¿t?`¼FP�ÎmP	P T ¹3EH½³¾³BDP�À§LNEFCHP3LJ¿tP	G2Ï Ð�» ÑMÒrÉ

¸ T LN¿³ºÃQ�¾t?F¾&P�G Ä P"?HÀ³À�GNP�QNQ!¹3EH½³¾³BDº T CWQ�EAÌ�EFºDBªÈ¥CW?FQ�È Ä ?MLNP	G Â E�À�P�BDQ�EAÌmÍtE Ä º T ?FÀMÆ�?MÈ
¹3P T L"À�E Â ?Fº T Quº T ¾mEFGNEF½&Q Â PKÀ�ºD?tÉtÓ2½³G Â P	LJ¿³E�À�Ì¦?ABDBDQ$º T LJE;LJ¿³P0¹	?ALJP�CFEFGNR§EAÌ�Ô³Õ	ÖrÕ	×JØMÙ
Ú Õ	ÛmÕ�ØMÜ�Ý�ÞHØMß�àMá¤ÛxÞFÕ�â�ØMß8ã³ØMÝ�á¤Ö¥á¦ØMÛ Â P3LJ¿tE�ÀtQ	» Ä ¿tºD¹�¿�º T ¹3BD½tÀ�PH»�PFÉ CtÉD»³ä$Ü�á¦ÞMÙrÝ�Ö¥×�Ütâ3Ö¥Ü�×JÕ
á¤ÛtÖdÕ3×JàHâ3Ö¥á¦ØMÛtÝ�É&¸ T ¹	E T LJG�?FQ�L"LNE1LJ¿tP5BÃ?ML�LNP	GK»tº T EH½³G2?FBªCHEFGNº�LN¿ Â »�LJ¿³P;º T LNP	GJÌ¦?F¹	P5?F¹	GJEWQJQ
Ä ¿³ºD¹�¿�LJ¿³P)¹	EF½³¾³BDº T C�EFÌ Â E�À�P	BÃQ�E�¹	¹3½tGNQ�»HºÃQ T EFL�?�¾³¿�R�Q�ºÃ¹	?FB&º T LJP	GJÌ¦?F¹	P2Ît½�L�GN?ALJ¿³P�G[ºªL
ºDQ$E T P2º T LJGNE�À³½t¹3PKÀ§Ì¢EFG�¹3E Â ¾³½�LN?ALJºDE T ?FB&GNP�?HQ�E T Q�ÉWå�¾mP�¹	º�æ&¹�?ABDBªRH»�º�L�ºÃQuÌ¦?FºªGNBDR§¹	E Â§Â E T
LJ¿t?AL0º T ?�GNP�QJP	GN¼FEHºªG;çéè�ê�ë�Q�E Â P;¾³¿t?HQ�PKQ0EFG)QJE Â P;¹	E Â ¾mE T P T L�Q)?AGNP;?FÎtQJP T L)º T
BD?FGJCHP1¾t?AGJLNQ�EAÌ,çéEM¼HP	G,BÃ?AGNCFP�LNº Â Pìº T LNP	GN¼`?FBDQ;íïîñð¦òtó�ô2õ3É�ötEFG5P	Ë³? Â ¾³BDPF»�À�½³P�LJE
CFG�?`¼WºªLN?ALJºDE T ?FBlQ�P�¾t?AG�?MLNºªE T »�Ì¢GNP	P�CH?FQ5ð Ú à`Ý�ãtÔ³à`Ý	ÕNõ8LcRW¾tºD¹�?ABDBªR�¹3EHBªBDP�¹3LNQ8?AL"LJ¿tP,LJEH¾=EAÌ
GJPKQ�P�GJ¼HEFºDG�ÉW÷�G�?FÀ�ºªLJºDE T ?AB�?ABDCFEHGJºªLJ¿ Â Q$Q�º Â ½tBD?ALJP2LJ¿³P0ÍtE Ä ÎWR1?F¾³¾³BDR�º T C§? Â E�À³P	B©LJ¿&?ML
¹	? T ¿t? T À�BªP)?;Q�½t¾&P�GNQJP3L�EAÌ�?ABDBm¾t¿t?FQJP�Q�? T À�¹3E Â ¾&E T P T LNQ�É�¸ T EH½³G Â ½³BªLJºD¾³¿�R�Q�ºÃ¹	Q�?F¾�È
¾³GJEW?F¹�¿ Ä P2?F¾³¾³BDR;BDE�¹	?FBªBDR�Q�º Â ¾³BªP�G Â E�À�P�BDQ Ä ¿³P�GJP�¼FP	G$?A¾³¾tGJEH¾³GJºÃ?MLNPFÉFötEFG[LJ¿³P�CFBDEFÎ&?AB
Q�EHBª½�LNºªE T »H¹	EF½³¾tBªº T C5¹	E T À�ºªLJºDE T Qu?AGNP"À�P	æ T P�ÀlÉW÷�¿³ºÃQu?F¾³¾³GNEH?H¹�¿§?FBªBDE Ä Q�LN¿³P"GNP�À�½t¹3LJºDE T
EAÌ!¹3E Â ¾³½³LN?MLNºªE T ?ABmLNº Â PFÉ
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? T À�?�QJº Â ¾³BDP)L Ä EAÈr¾³¿t?FQJP1ØMá¤ù^ÙdûuàAÖrÕ	× Â E�À³P	B[Ï üMÒrÉt÷�¿³P�ºªG2¹3EF½t¾³Bªº T C Ä ?FQ$ætG�Q�L2À�P3æ T P�À
? T ÀýÀ�ºDQN¹3½&QJQJP�À«º T Ï þt» ÿAÒ¥É�å�º Â ºªBÃ?AG§ºÃQJQJ½³PKQ5Ì¢EHG5LN¿³P�¹3EH½³¾³BDº T C�EAÌ2LJ¿³PìEFºDBªÈ Ä ?MLNP	G§? T À
Q�º T CFBDP3Èr¾³¿t?HQ�P�ð Ä ?MLNP	G�õ Â E�À�P�BDQ Ä P	GNP;À³ºDQN¹3½tQNQJP�À=º T Ï �`Ò¥É�ötEFG,À�P	LN?AºDBÃQ2E T À³ºDQN¹3GNP3LNºªIK?MÈ
LJºDE T ½tQJº T C�P	Ë�¾&? T À�PKÀ Â º�Ë�PKÀ�æ T ºªLJP�P	BDP Â P T L Â P3LJ¿tE�ÀtQ2? T À Â EFGJLN?FG2QJ¾t?F¹	P�Q�»³Ì¢½³BDBªR
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�[P�BªE ÄÁÄ P0Î³GNºªP	ÍtR�Ì¢EHG Â ½³BD?ALJP2LJ¿³P Â E�À�P�BDQ�»³À�ºÃQJ¹	½tQJQ$LN¿³P,¹3EH½³¾³BDº T Ct»�? T Àì¾³GNP�QJP T L
¹3E Â ¾³½³LN?MLNºªE T ?AB�GNP�QJ½³BªLNQ Ä ¿³ºÃ¹�¿ Ä P�GJP�EHÎ�LN?Fº T PKÀ«½&Q�º T C�LJ¿³P Â ½³BªLJºD¾³¿t?FQJP�ÍtE Ä ? T À
LJG�? T QJ¾&EHG�L�Ì¢GN? Â P Ä EHGJUÅ¸cO�Ê	�2å©»�Q�P�PýÏ����3Ò0? T ÀÁGJP	Ì¦Q	É[LJ¿tP	GNP	º T É�
�P Ä EH½³BDÀ7BªºDUFPÇLJE
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'"P	GNP Ä P2¹	E T QJºÃÀ�P	G[LJ¿³GNP	P�¹3E Â ¾mE T P T LNQ)( î!*�ó,+;ó,-/. Ä ?ALJP�G�»HEFºDB�ð¦EFG�? T P T Q�P Â Î³BDP
EAÌ�¿³P�?`¼�R1¿�R�À�GNE�¹�?AGNÎ&E T Q�õ�»�? T ÀìCW?FQ)ð¢EHG8? T P T Q�P Â Î³BDP)EAÌ�BªºDCF¿WL"¿�R�À�GNE�¹�?AGNÎ&E T Q�õ8Ï 0AÒr»
GJPKQ�¾mP�¹3LJºD¼FP	BDRF»Kº T GNP�QJP	GN¼FEFºDG�EAÌ&¾&EHGJEWQ�ºªLcR1�ð32mõ�? T À5¾&P�G Â PK?AÎ³ºDBªºªLcR54«ð32mõ�» Ä ºªLJ¿�CFG�?`¼WºªLcR
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Ä ¿³P	GNPPB D À³P T EFLJP�Q�LN¿³P�¹	E Â ¾&E T P T L=Q Q)¹	E T ¹	P T LJG�?MLNºªE T »l? T ÀRK D ó&M D À�P T EALNP�º�L�Q
Ít½�ËÁ? T À�QJEF½³G�¹3PWð¦Q�õ�»$GJPKQ�¾mP�¹3LJºD¼FP�BªRHÉ)S�<W½t?MLNºªE T ð �`õ1ºÃQ�?ýQJ¾mP�¹3ºÃ?AB)¹�?FQJPÇEAÌ�CFP T P	G�?AB
Â ½³BªLJºÃ¹3E Â ¾mE T P T L�T Â ½³BªLJºD¾³¿t?HQ�P0P@<W½t?ALJºDE T Q�CHºª¼HP T º T Ï ü³»VU`ÒrÉ

÷�¿³P�QJP�LJ¿³GNP	P,¹	E Â ¾&E T P T L�Q"¹	? T ÎmP,¾³GNP�QJP T L�º T E T P)EFG Â EFGNP0EAÌ�LJ¿³P,LJ¿³GNP	P�Ít½³ºÃÀ
ã³Ô³àMÝ	Õ�Ý1À�P T EALNP�À Î�RýQJ½³ÎtQN¹3GNºª¾³LXW îZY,ó&[�ó 6 ð Ä ?MLNP	GK»�EFBDP	ºÃ¹A»[CH?HQ�P�EF½tQ�õ�É�÷�¿³P=À³ºDQ�È
LJGNºªÎ³½³LJºDE T Î&P	L Ä P�P T ¾³¿t?HQ�PKQ§ºDQ�À³P�QN¹3GNºªÎmP�ÀÅ½tQJº T C]\^DE_ Ä ¿³ºÃ¹�¿ À³P T EFLJP�Q;LN¿³P Â ?FQNQ
Ì¢GN?H¹�LJºDE T EAÌ�¹3E Â ¾mE T P T L�( º T ¾³¿t?HQ�P�W�É³O�¿t?HQ�P0QJ?ALJ½³G�?MLNºªE T Q�»WGNP	BÃ?MLNºª¼HP8¾mP	G Â P�?AÎtºªBªÈ
º�LNºªPKQ	»³¾tGJPKQJQJ½³GNP�Q�»�¼WºÃQN¹3EHQJºªLJºDP�Q�»³À�P T QJºªLJºDP�Q�»t? T ÀìGNP3Ì¢P�GJP T ¹3P)À�P T Q�ºªLJºDP�Q�»t?FGJP)À�P T EALNP�ÀìÎ�R
` _5óbac_�ó	ó,de_�ógfh_�ó�ij_�ó�ij_lkF»�GNP�QJ¾&PK¹�LNºª¼HP	BDRFÉ#
�P�QN?`R=LN¿t?ML§?�¾³¿t?HQ�PmW+ºÃQ5?AÎ&Q�P T L�º�Ì
` _ î òt»m? T À Ä P5GNP3Ì¢P	G8LJE�Ï �`Ò�Ì¢EHG�À�ºÃQN¹3½tQNQ�ºDE T EFÌuGNP�QJºDÀ�½&?AB*¹	E T À³º�LNºªE T Q2? T À�¾³¿&?FQJP�Q
LJ¿t?AL8?AGNP�¾tGJPKQ�P T L�Î³½�L2º Â§Â EFÎ³ºDBDPFÉ


 P2½tQ�P8LJ¿³P Â ½³BªLJºD¾³¿t?HQ�P2P3Ë�LJP T QJºªE T EAÌ#n�?AG�¹3RoQ Q�BÃ? Ä Ì¢EHGuLN¿³P Â E Â P T LJ½ Â P=<H½&?MÈ
LJºDE T EAÌ�¾³¿t?FQJPW Ä ¿³ºÃ¹�¿ìÀ³P3æ T PKQ�LJ¿tP)¼FEFBD½ Â P3LNGJºÃ¹�¾³¿t?HQ�P0¼FP�BªE�¹	º�LcR8p _ .
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÷�¿³P�QN?MLN½³G�?MLJºDE T Q Â ½tQcL"QN?MLNºDQ�Ì¢R§LJ¿³P)¹	E T Q�LJG�?Aº T L@. `ov F `hw F `yx î �F»�? T À�¹	?F¾³ºDBªBÃ?AGNR
¾³GJPKQJQJ½³GNP;Àt?MLN?ìºÃQ0CFºD¼FP T Ì¢EFG0LN¿³P1À�º{zmP�GJP T ¹3PKQ5d w q|d x ? T Àsd v qHd w Él÷�¿tP Â E�À�P�B
ºDQ;¹3E Â ¾tBªP	LJP Ä ¿³P T ¹	E T ¹	P T LJG�?MLNºªE T Q�»lÍt½�Ë�PKQ�? T À«À�P T QJº�LNºªPKQ�?FGJPìÀ�P3æ T P�À�É�¸ T«Â EHQ�L
¹	?FQJP�Q�»oB D î~} _ \ _�D ` _ i _5� ic�b���eK D î�} _ \ _�D p _ i _5� ic�b� Ä ¿³P	GNP/�1ºDQ�?
Q�¾mP�¹	ºD?FBªBDRï¹�¿³EHQJP T ¾³¿t?FQJPFÉ�'8E Ä P�¼FP	GK»*À³P3æ T ºªLJºDE T Q	»!½ T º�L�Q	»�? T À«¹	E T Q�LJG�?Aº T LNQ�E T LN¿³P
À�ºDQ�LJGNºDÎ³½�LJºDE T EFÌ�¹	E Â ¾mE T P T L�Q)ÎmP3L Ä P	P T ¾t¿t?FQJP�Q�»�¼M?AGNRÇÎmP3L Ä P	P T£Â E�À�P�BDQ�É#'"P�GJP Ä P
?AGNP�º T LJP�GJPKQcLNP�À�º T ?;Î³BÃ?F¹�UWÈ¥EHºªB¥»WL Ä EFÈ¥¾t¿t?FQJP�? T ÀìQ�º T CFBDP3Èr¾³¿t?HQ�P Â E�À�P	BÃQ�É

�������=�o�,���3�X�R�#�e�����)'"P�GJP Ä PÇ?HQJQJ½ Â P�LJ¿&?ML�\�� x î �Hóg\c� v î �Ç? T ÀÅLJ¿&?ML
\c� w Fm\c� w î �Hóg\c� w�� òtÉj
 P"½&Q�P$Ì¢EFG Â ?MLNºªE T ¼HEFBD½ Â P[Ì¦?H¹�LNEFG�Q���_;ð3d�_)õ�îrij_)k � ij_
Ì¢EFG�W î�Y,ó 6 Ée
 P�?FBDQJE�À�P3æ T Pm� w î�i w k � \c� w i w É*÷�¿tP1? Â EF½ T L,EFÌ�-4º T [�?ML5?
CFºD¼FP T ¾³GNP�QNQJ½³GJP�ºÃQ�GNP	¾³GNP�QJP T LNP�ÀÅ½tQJº T C�LN¿³P Ú à`Ýt �ØMá¤ù�×JàMÖ¥á¦Ø8¡ w î¢\c� w i w k � \c� w i v k
Ä ¿³ºD¹�¿«ºDQ�BªPKQJQ5LJ¿&? T EHG5P=<H½&?AB[LJE=LN¿³P=Ý	àAÖhÜ�×JàAÖrÕ�Þ Ú à`Ýt ©ØAá¤ù�×JàMÖ¥á¦Øm¡£ w ð3d w õ,CFºD¼FP T ?FQ
GJPKQ�P�GJ¼HEFºDGuÀ³?ML�?³É�
 P0¹3E T QJºDÀ�P�G[?)ã³Ô³àMÝ	Õ5â�Ô³àMÛ Ú Õ$E�¹�¹3½³GNº T C,º T ¹3E Â ¾mE T P T Ll-�?AL0ø	Ütø3Ù
ø3ùªÕ,ã©×JÕ�Ý�Ý�Ü�×JÕ¤d £�¥ ? »*?ML Ä ¿³ºD¹�¿R¡ w î¦¡ £ w ð�d £�¥ ? õ�É�Ê$L�d w8§ d £�¥ ? »*¾t?AGJL5EFÌ$LN¿³P1CW?FQ
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¹3E Â ¾mE T P T L0P T LJP	G�Q�CH?HQ2¾t¿t?FQJPF»�EHG�¼�ºÃ¹3P	È¥¼HP	G�QJ?t»&ºªÌld w � d £�¥ ? »l?FBªB!CW?FQ0¹3E Â ¾&E T P T L
À�ºDQNQJEFBD¼FP�Q�º T EFºDB2¾³¿&?FQJPFÉ�÷�¿³P ¹	E T ¹	P T LJG�?MLNºªE T Q�? T À Â ?FQNQ1Í&½�Ë�P�Qì?AGNPÇÀ�P3æ T P�À�?FQ
B D î ` _5� � _ »�K D î p _5� � _ »HÌ¢EFG[LJ¿tEHQJP8¹3E Â ¾mE T P T LNQ)( î!*�ó,+;» Ä ¿³ºÃ¹�¿�?FGJP
T ?MLN½³GN?FBªBDR�?HQJQJE�¹3ºÃ?MLNP�À Ä º�LN¿§LJ¿³P�ºªG[¾³¿t?FQJP�Q W4î Y,ó,[�ÉWötEFG�CW?FQ!¹	E Â ¾&E T P T LK» Ä P�¿t?`¼FP
B¤�ïî ` vc� � v F ` w ¡ w=� � w ? T À K��ïî p w ¡ w@� � w F p vc� � v É

÷�E=¹	E Â ¾³BDP3LJP§LN¿³P1Ì¢EHG Â ½³BÃ?MLJºDE T » Ä P�À³P3æ T P§LN¿³P�EHºªBu¾³¿t?FQJP1À�P T Q�ºªLcR Ä ¿³ºD¹�¿£À�P	È
¾&P T À³Q�E T LJ¿³P0¾³GNP�QNQ�½tGJP�? T À�E T LN¿³P)? Â EF½ T L�EAÌ*À³ºDQNQ�EHBª¼HP�À�CW?FQ�É��2Q�½&?ABDBªRH»WGNP�QJP	GN¼FEHºªG
À³?ML�?�ºÃQ,?`¼M?AºDBÃ?AÎ³BDPìÏ U�» 0AÒ!Ì¢EHG0LJ¿³P§Ì¢EHG Â ?ALJºDE T ¼HEFBD½ Â P;Ì¦?F¹�LNEFG)EFÌ[EFºDB�º¤õ Ä º�LN¿³EF½³L5? T R
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QJ¹	P T ?FGJºDEHQ�À�ºÃQJ¹	½tQJQJP�ÀÇ?AÎmEM¼FPF» Ä P;¹	E T QJºÃÀ�P	G0QJ¹	P T ?FGJºDE ���xº T Ä ¿tºD¹�¿Åç�,F � � V . � ,
Ä º�LN¿ìç0ëF	� � ë »F?HQ Ä P	BDBt?HQ�L Ä E)?FÀ³À³º�LNºªE T ?AB³QN¹3P T ?AGNºªEWQ .Kº¤õ���� Ä ¿tºD¹�¿;ºDQ�BDºDUFPG��� Ä ºªLJ¿Î³BD?H¹�UWÈ¥EHºªB Â E�À�P	BuÌ¢½ T ¹3LJºDE T ?FBªBDRÇGNP	¾³BÃ?F¹	º T C�L Ä EFÈ¥¾³¿&?FQJP Â E�À�P�Bh»�? T À�ºDºÃõ�� ��� Ä ¿tºD¹�¿
ºDQ0BDºªUHP  ���xº T Ä ¿³ºÃ¹�¿ L Ä EFÈ¥¾³¿&?FQJP Â E�À�P	B�Ì¢½ T ¹�LJºDE T ?ABDBªR=GNP	¾tBD?H¹3P�Q8LJ¿tP§QJº T CFBDP3Èr¾³¿t?HQ�P
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LJEAL�?AB[LJº Â PìÀ�E�PKQ T EFL§À�PK¹3GNP�?HQ�P Â E T EALJE T ºÃ¹	?ABDBDRF»�Ît½�L Â ½³BªLJºD¾³¿�R�QJºÃ¹	Q Q���:ºDQ5Ì¦?FQ�LJP�G
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¾³BªEFLNQ�EAÌ/i`ë w � � ? T À EAÌ/i , w � � Ì¢EFG1L Ä E«À³º z©P	GNP T L�º T LJP	GN¼M?ABÃQ=ð3d _)4@6 ó&d _)¥ 7 õ�½&Q�PKÀ º T
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LJ¿³P Â ?ALN¹�¿³º T C,¾³GNE�¹3PKÀ�½³GNPFÉ 
x¿³P T LJ¿tºDQuº T LJP�GJ¼M?FBtºÃQ�Q Â ?FBªB¥»ALN¿³P Â ½³B�LNºª¾t¿WR�QJºD¹�Q!GNP�QJ½³B�L�Q
Â ?ALN¹�¿ì¼FP�GJR Ä P	BDB©LJ¿³EWQ�P�EFÎ�L�?Aº T P�À�Î�R�LJG�?FÀ³º�LNºªE T ?AB©Q�º Â ½tBD?ALJºDE T É 
x¿³P T LN¿³P0º T LNP	GN¼`?FB
ºDQ�BÃ?AGNCFPH»�?�BÃ?AGNCFP0À�ºÃQJ¹	GJP�¾t? T ¹3R�À�½tP2LNE§LJ¿³P,À³P T QJº�LcR Â E�À�P�Bªº T C�P�GJGNEFG Â ?`R1E�¹	¹3½tG�É
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55.5 DO exact, black oil
DO APPROX, match in (1800-2200)
DO APPROX, match in (1000-3000)
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black-oil model, exact DO
multiphysics, match in (1800-2200)
multiphysics, match in (1000-3000)
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