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1RVKOK\CVKQP�QH�/5(�2NCPVU�CU�+PVGITCN�2CTV�QH�C
&KUVTKDWVGF�%QPVTQN�5[UVGO�CPF�CU�C�6QQN�HQT�%QPUWNVCPVU

*GTDGTV�-TCWUG���#NK�*CUUCP�

�*CTVOCPP���$TCWP�)OD*���%Q�-)��/KPFGP��)GTOCP[
�6GEJPKECN�7PKXGTUKV[�QH�$GTNKP��)GTOCP[

Abstract
5GVRQKPV�QRVKOK\CVKQP�QH�/5(�RNCPVU� KU�WUGF� VQ�QRGTCVG�RNCPVU� KP� VJGKT�QRVKOCN
QRGTCVKPI� EQPFKVKQPU�� 6JKU� ECP� DG� CEJKGXGF� GKVJGT� D[� WUKPI� HKZGF� HWPEVKQPCN
FGRGPFGPEKGU� QT� D[� WUKPI� TKIQTQWU� OQFGNU� CPF� HKPFKPI� VJG� QRVKOCN� UGV� QH
UGVRQKPVU� WUKPI� CP� QRVKOK\CVKQP� CNIQTKVJO�� #U� VJG� DGJCXKQT� QH� VJG� RNCPV� KU
EJCPIKPI�YKVJ�VKOG�FWG� VQ�G�I��HQWNKPI�QT�EJCPIKPI�GPXKTQPOGPVCN�EQPFKVKQPU�
VJG� HKTUV�OGVJQF� JCU� UQOG� FKUCFXCPVCIGU� CU� KV� ECP� PQV� TGCEV� QP� VJG� EJCPIKPI
DQWPFCT[� EQPFKVKQPU�� 9JGP� WUKPI� C� OQFGN�� YJKEJ� VCMGU� VJGUG� EJCPIGU� KPVQ
CEEQWPV��TGOCTMCDNG� KORTQXGOGPVU�YKNN�DG�CEJKGXGF��#PQVJGT� KORTQXGOGPV� KU
VJCV�VJG�QRVKOK\CVKQP�IQCNU�OC[�DG�EJCPIGF�CEEQTFKPI�VQ�VJG�CEVWCN�PGGFU�

6JG�QRVKOK\CVKQP�UVTCVGI[�DCUGF�QP�TKIQTQWU�OQFGNU�YKNN�DG�WUGF�GKVJGT�QP�NKPG
FWTKPI� QRGTCVKQP� QT� QHH�NKPG� D[� EQPUWNVCPVU� CPF� OCPWHCEVWTGTU� FWTKPI� VJG
RNCPPKPI� RJCUG�� #U� VJG� OQFGN� KU� DCUGF� QP� RJ[UKECN� GHHGEVU� KV� CNNQYU� VQ
FGVGTOKPG� VJG� RNCPV� DGJCXKQT� HTQO� VJG� RJ[UKECN� CPF� IGQOGVTKECN� FCVC� QH� VJG
RNCPV�� VJWU� RGTOKVVKPI� VQ� OQFKH[� CPF� QRVKOK\G� VJG� RNCPV� NC[QWV� FWTKPI� VJG
RNCPPKPI� RJCUG�� &WTKPI� QRGTCVKQP� VJG� IGQOGVTKECN� FCVC� QH� VJG� RNCPV� TGOCKP
EQPUVCPV�� DWV� VJG� GPXKTQPOGPVCN� EQPFKVKQPU�YKNN� EJCPIG�� 6JGUG�� VQIGVJGT�YKVJ
VJG� TGUVTKEVKQPU� YJKEJ� CTG� KORQUGF� QP� VJG� RTQEGUU� 
OCZKOWO� VGORGTCVWTGU�
EJGOKECN�FQUKPI��TGUVTKEVGF�UVGCO�RTQFWEVKQP��GVE����CTG�CNUQ�VCMGP�KPVQ�CEEQWPV
D[�VJG�OQFGN��CPF�VJG�QRVKOCN�UGVRQKPVU�CTG�ECNEWNCVGF�CEEQTFKPIN[��+P�QTFGT�VQ
HQNNQY� WR� VJG� TGCN� RNCPV� DGJCXKQT�� KV� KU� PGEGUUCT[� VQ� FGVGTOKPG� VJG� EJCPIGU
KORQUGF� D[� G�I�� HQWNKPI�� 6JKU� KU� CEJKGXGF� D[� ECNEWNCVKPI� VJG� EJCPIGF� JGCV
VTCPUHGT�EQGHHKEKGPVU��#PQVJGT�OQFWNG�VCMGU�ECTG�QH�VJG�OGCUWTGOGPV�GTTQTU�CPF
VTKGU�VQ�OKPKOK\G�VJGKT�GHHGEVU�

+V� YKNN� DG� UJQYP� JQY� VJG� CDQXG� FGUETKDGF� VCUMU� CTG� KORNGOGPVGF� KP� VJG
&KUVTKDWVGF� %QPVTQN� 5[UVGOU� OCPWHCEVWTGF� D[� *CTVOCPP���$TCWP� CPF� YJKEJ
VQQNU�CTG�CXCKNCDNG�HQT�EQPUWNVCPVU�CPF�OCPWHCEVWTGTU�VQ�UWRRQTV�VJGKT�GXCNWCVKQP
YQTM�FWTKPI�VJG�RNCPPKPI�RJCUG�

-G[YQTFU� /WNVKUVCIG� HNCUJ� FGUCNKPCVKQP�� FGUKIP�� QRGTCVKQP�� QRVKOK\CVKQP�
FKUVTKDWVGF�EQPVTQN�U[UVGO��RTQEGUU�KPHQTOCVKQP�OCPCIGOGPV
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1 Introduction
/WNVK� UVCIG� HNCUJ� 
/5(�� RNCPVU� CTG� VQFC[U�OQUVN[� WUGF� RTQEGUUGU� VQ� RTQFWEG
NCTIG�SWCPVKVKGU�QH�RQVCDNG�YCVGT��9JKNG� KP� VJG�RCUV� KV�YCU� VJG�OQUV� KORQTVCPV
IQCN�VQ�CEJKGXG�VJG�JKIJGUV�RQUUKDNG�CXCKNCDKNKV[�QH�VJG�RNCPVU��PQYCFC[U�VJG�DGUV
RGTHQTOCPEG�QH�VJG�RNCPVU�DGEQOGU�KPETGCUKPIN[�KORQTVCPV��(QT�VJCV�RWTRQUG�KV
KU�PQ�NQPIGT�UWHHKEKGPV�VQ�QRGTCVG�VJG�RNCPVU�CEEQTFKPI�VQ�VJG�QRGTCVKPI�OCPWCNU
QH� VJG� RTQEGUU�OCPWHCEVWTGT� QT� HQNNQYKPI� VJG� GZRGTKGPEG� QH� VJG� QRGTCVQTU�� +V
PQY� DGEQOGU� PGEGUUCT[� VQ� WUG� UWRRNGOGPVCT[� ECNEWNCVKQPU� VQ� FGVGTOKPG� VJG
QRVKOCN� UGVRQKPVU� QH� VJG� KPFKXKFWCN� EQPVTQN� NQQRU� DCUGF� QP� C� TKIQTQWU� RTQEGUU
OQFGN� YJKEJ� CNNQYU� CP� KORTQXGOGPV� QH� VJG� GHHKEKGPE[� WPFGT� CNN� OQFGU� QH
QRGTCVKQP�KP�CP�WPRTGEGFGPVCPV�SWCNKV[�

6JG�TKIQTQWU�RNCPV�OQFGN�OC[�DG�WUGF�KP�QP�NKPG�OQFG�HQT�VJG�QRVKOK\CVKQP�QH
VJG�RNCPV�WPFGT�CNN�OQFGU�QH�QRGTCVKQP�CPF�EJCPIKPI�DQWPFCT[�EQPFKVKQPU�
G�I�
UWOOGT�YKPVGT�OQFG��EJCPIKPI�UCNKPKV[�QT�VGORGTCVWTG�QH�VJG�UGC�YCVGT���#U�KV
KU� DWKNF� WUKPI� RJ[UKECN� NCYU� KV� OC[� CNUQ� DG� WUGF� QHH�NKPG� VQ� FGVGTOKPG� KP
CFXCPEG� VJG� CPVKEKRCVGF� DGJCXKQT� QH� C� RNCPV� D[� WUKPI� VJG� CEVWCNN[� FGUKIPGF
IGQOGVTKECN�CPF�OCVGTKCN�FCVC� KPENWFKPI�CFFKVKQPCN�JGWTKUVKE�MPQYNGFIG�G�I�� VQ
FGVGTOKPG� VJG�DTKPG� NGXGN��6JKU�JGNRU� VQ�GZCOKPG� VJG�EQPUVTWEVKQP�QH� VJG�RNCPV
CPF�VQ�ECNEWNCVG�CPF�GXCNWCVG�FKHHGTGPV�CNVGTPCVKXGU��&[PCOKE�UKOWNCVKQPU�CNNQY
VQ�GZCOKPG� VJG� VTCPUKGPV�DGJCXKQT�QH� VJG�RNCPV� CPF� VQ� CUUWTG� UOQQVJ� CPF� UCHG
QRGTCVKQP�FWTKPI�NQCF�EJCPIGU�

&WTKPI�QP�NKPG�QRGTCVKQP�QH�VJG�QRVKOK\CVKQP�RCEMCIG��KV�KU�XGT[�KORQTVCPV�VJCV
VJG� TKIQTQWU� OQFGN� WUGF� KU� CNYC[U� VTCEMKPI� VJG� DGJCXKQT� QH� VJG� TGCN� RNCPV�
&KHHGTGPV�OGCUWTGU�CU�G�I��OGCUWTGF�FCVC�XCNKFCVKQP�CPF� VJG�FGVGTOKPCVKQP�QH
VJG�GHHGEVU�QH�HQWNKPI�CPF�UECNKPI�CTG�VQ�DG�CRRNKGF�VQ�HWNHKNN�VJKU�VCUM�

2 The MSF Process and its Modeling
6JG�/5(�2TQEGUU
6JG�/5(�RTQEGUU�EQPUKUVU�QH�C�UGTKGU�QH�EJCODGTU�
UVCIGU��YJKEJ�CTG�EQWRNGF
VQ�GCEJ�QVJGT�D[�C�ENQUGF�HNQY�
UGG�(KI����HQT�C�UKORNKHKGF�RTGUGPVCVKQP�QH�VJG
RTQEGUU��� 6JG� UGC� YCVGT� VQ� DG� FKUVKNNCVGF� KU� EKTEWNCVGF� VJTQWIJ� VJGUG� UVCIGU
UGXGTCN� VKOGU� 
TGEKTEWNCVKPI� DTKPG�� CPF� KU� JGCVGF� KP� VJG� DTKPG� JGCVGT�� 6JG
PGEGUUCT[�JGCV�HNQY�KU�WUWCNN[�RTQXKFGF�D[�C�RQYGT�RNCPV��6JKU�EQIGPGTCVKQP�QH
GNGEVTKEKV[�CPF�YCVGT�OGGVU�VJG�TGSWKTGOGPVU�QH�CTKF�ENKOCVGU�CPF�KORTQXGU�VJG
QXGTCNN�GHHKEKGPE[�UKIPKHKECPVN[�

6JG�RTGUUWTG� KP� VJG�UVCIGU� KU� TGFWEGF� HTQO�UVCIG� VQ�UVCIG�YJKEJ� NGCFU��CU� VJG
TGEKTEWNCVKPI� DTKPG� KU� KP� VJGTOQF[PCOKE� GSWKNKDTKWO�� VQ� URQPVCPGQWU
GXCRQTCVKQP�
HNCUJKPI��QH�VJG�DTKPG��6JG�GXCRQTCVGF�YCVGT�KU�EQPFGPUGF�CV�JGCV
GZEJCPIGTU�YJKEJ�CTG�UKOWNVCPGQWUN[�WUGF� VQ�YCTO�WR� VJG� TGEKTEWNCVKPI�DTKPG
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QP�KVU�YC[�VQ�VJG�DTKPG�JGCVGT�
KP�VJG�JGCV�TGEQXGT[�UGEVKQP��CPF�KU�EQNNGEVGF�KP
VJG�FKUVKNNCVG�VTC[U��+P�VJG�JGCV�TGLGEV�UGEVKQP��VJG�UVGCO�KU�EQPFGPUGF�WUKPI�UGC
YCVGT� CU� EQQNKPI�OGFKWO� VQ� GUVCDNKUJ� C� RTGFGHKPGF� VGORGTCVWTG� CPF� RTGUUWTG
NGXGN�� 'CTNKGT�� VJG� EQQNKPI�YCVGT� VGORGTCVWTG� YCU� EQPVTQNNGF� D[� TGEKTEWNCVKPI
UQOG�QH�VJG�FKUEJCTIGF�EQQNKPI�YCVGT�VQ�CEJKGXG�C�EQPUVCPV�VGORGTCVWTG�RTQHKNG
KP�VJG�JGCV�TGLGEV�UGEVKQP�FWTKPI�UWOOGT�CPF�YKPVGT�OQFG�QH�QRGTCVKQP��.CVGN[
VJKU� CFCRVKQP� KU� CNUQ� CEJKGXGF� XKC� HNQY� EQPVTQN� QH� VJG� EQQNKPI� YCVGT�� VJWU
TGFWEKPI� GPGTI[� EQPUWORVKQP� =�?�� 6JG� FKUVKNNCVG� KU� FKUEJCTIGF� HTQO� VJG� NCUV
UVCIG��6JG�UCNKPKV[�QH� VJG�DTKPG� KU�EQPVTQNNGF� VJTQWIJ� VJG�CFFKVKQP�QH�OCMG�WR
YCVGT�CPF�VJG�FKUEJCTIG�QH�VJG�DNQY�FQYP�YCVGT�

6JG�QWVRWV�QH�VJG�RTQEGUU��YJKEJ�KU�VJG�FKUVKNNCVG�HNQY��KU�PQV�C�UGVRQKPV�YJKEJ
ECP�DG�UGV�FKTGEVN[��1P�VJG�EQPVTCT[��VJG�COQWPV�QH�FKUVKNNCVG�KU�VJG�TGUWNV�QH�VJG
XCNWGU�QH� VJG�UGVRQKPVU�YJKEJ�CTG�OCKPN[�� VQR�DTKPG� VGORGTCVWTG�� TGEKTEWNCVKPI
DTKPG� HNQY��OCMG�WR� HNQY�CPF�EQQNKPI�YCVGT� HNQY��&KHHGTGPV� UGVU� QH� UGVRQKPVU
OC[�TGUWNV�KP�VJG�UCOG�FKUVKNNCVG�HNQY��DWV�VJG�GHHKEKGPE[�QH�VJG�RTQEGUU�YKNN�VJGP
DG�EJCPIGF��6JCV�KU�YJ[�CP�QRVKOK\CVKQP�OC[�DG�GZGEWVGF�

(KI����5KORNKHKGF�RTQEGUU�UEJGOG�QH�C�/5(�RNCPV
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5VGCF[�5VCVG�/QFGNKPI�QH�VJG�/5(�2NCPV
5VGCF[�UVCVG� OQFGNU� HQT� VJG� /5(� RTQEGUU� ECP� DG� FGXGNQRGF� YKVJ� FKHHGTGPV
ITCFGU�QH�CEEWTCE[�FGRGPFKPI�QP�VJG�VCUM�QH�VJG�OQFGN��+V�KU�C�PQPNKPGCT�OQFGN
YKVJ�UGXGTCN�JWPFTGFU�QH�GSWCVKQPU��(QT�QP�NKPG�UGVRQKPV�QRVKOK\CVKQP��PQTOCNN[
C� NGUU� TKIQTQWU� OQFGN� KU� TGSWKTGF�� 5KORNKHKGF� OQFGNU� ECP� DG� CEJKGXGF� D[
CUUWOKPI� EQPUVCPV� RJ[UKECN� RTQRGTVKGU�� JGCV� VTCPUHGT� EQGHHKEKGPVU� CPF
VGORGTCVWTG� FTQR� KP� CNN� UVCIGU�� WUCIG� QH� NGUU� TKIQTQWU� GSWCVKQPU�� GVE��0GWTCN
PGVU� JCXG� NCVGN[� DGGP� WUGF� VQ� ECNEWNCVG� UVGCF[�UVCVG� OQFGNU� YKVJ� EQORCTCDN[
NKVVNG� EQORWVCVKQPCN� GHHQTV� =�?�� 6JG� FKUCFXCPVCIG� QH� VJKU� OGVJQF� KU� VJCV� PQ
KPUKIJV� KP� VJG� RTQEGUU� RJ[UKEU� KU� ICKPGF� CPF� VJCV� VJG� PGWTCN� PGVU� PGGF� VQ� DG
VTCKPGF� YKVJ� C� TCVJGT� NCTIG� COQWPV� QH� OGCUWTGF� FCVC� HTQO� CNTGCF[� GZKUVKPI
RNCPVU�� 5WRGTXKUQT[�OGCPU� JCXG� VQ� DG� RTQXKFGF� VQ� FGVGTOKPG� UVGCF[�UVCVG� CPF
XCNKF�RNCPV�EQPFKVKQPU�HQT�VJG�OGCUWTGF�XCNWGU�WUGF�

6Q�KNNWUVTCVG�VJG�OCKP�OQFWNGU�WUGF�HQT�VJG�UKOWNCVKQP�QH�QPG�UVCIG��UGG�(KI����

5KPEG�VJG�/5(�RTQEGUU�KU�C�E[ENG�RTQEGUU��VJGTG�KU�C�ENQUGF�KPHQTOCVKQP�HNQY�
6JGTGHQTG��UQNXKPI�OGVJQFU�EQPEGTPKPI�VJKU�HCEV�OWUV�DG�WUGF��6YQ�ITQWRU�QH
OGVJQFU� JCXG� DGGP� GUVCDNKUJGF� HQT� VJG� UQNWVKQP� QH� VJG� OQFGN�� UKOWNVCPGQWU

GSWCVKQP�QTKGPVGF��OGVJQFU�CPF�UVCIG�D[�UVCIG�
UGSWGPVKCN��OGVJQFU�

6JG� UVCIG�D[�UVCIG� UQNWVKQP� JCU� DGGP� YKFGN[� WUGF� DGECWUG� QH� UGXGTCN
CFXCPVCIGU�

(KI����/CKP�OQFWNGU�QH�VJG�UVCIG�OQFGN
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• 6JG� GSWCVKQP� U[UVGO� QH� GCEJ� WPKV� KU� ECNEWNCVGF� UGRCTCVGN[�� 6JGTGHQTG�
UQNXKPI�QH�CP�GSWCVKQP�U[UVGO�YKVJ�C�JWIG�PWODGT�QH�GSWCVKQPU�KU�CXQKFGF�

• 4GIWNCTN[��VJGTG�KU�GPQWIJ�GZRGTKGPEG�YKVJ�UVCIG�D[�UVCIG�OGVJQFU��+V�UQNXGU
VJG� RTQDNGOU� VJG� YC[� VJG� GPIKPGGT� YQWNF� UQNXG� VJG� RTQDNGO� D[� OCPWCN
ECNEWNCVKQP�

 
 1P� VJG�QVJGT�JCPF�� UVCIG�D[�UVCIG�OGVJQF� KPFKECVGU� EQPXGTIGPEG� CPF� UVCDKNKV[
RTQDNGOU�
 
 #EEQTFKPI� VQ� VJG� UKOWNVCPGQWU� OGVJQFU�� UGXGTCN� JWPFTGFU� QH� PQPNKPGCT
GSWCVKQPU� FGUETKDKPI� VJG�/5(� RTQEGUU�OWUV� DG� UQNXGF� UKOWNVCPGQWUN[�� 6JGUG
GSWCVKQPU�CTG� KPVGTFGRGPFGPV�DWV� URCTUG� KP� PCVWTG��6JG� NCVVGT� HCEV� TGFWEGU� VJG
ECNEWNCVKQP�GHHQTVU�EQPUKFGTCDN[�CPF�RGTOKVU�VJG�WUG�QH�URGEKCN�OGVJQFU��#�YKFG
XCTKGV[� QH� OGVJQFU� HQT� UKOWNVCPGQWU� UQNWVKQP� CTG� RTGUGPVGF� KP� VJG� NKVGTCVWTG�
6JG�OQUV� KORQTVCPV� QH� VJGO� HQT�/5(� RNCPVU� CTG� VJG� INQDCN�0GYVQP�4CRJUQP
OGVJQF� CPF� VJG� NKPGCTK\CVKQP� OGVJQF� WUGF� D[� *GNCN� GV� CN�� =�?�� 6JG� 0GYVQP�
4CRJUQP� OGVJQF� EQPXGTIGU� XGT[� HCUV� YJGP� WUKPI� UVCTV� XCNWGU� ENQUG� VQ� VJG
UQNWVKQP�� QVJGTYKUG� KV� FQGU� PQV� EQPXGTIG� RTQRGTN[�� QT� UVCDKNKV[� RTQDNGOU� CTG
GPEQWPVGTGF�� 6JG� OGVJQF� QH� *GNCN� GV� CN�� KU� DCUGF� QP� FGEQORQUKVKQP� QH� VJG

 

 (KI���� %CNEWNCVKQP�TGUWNVU�QH�VJG�/5(�UVGCF[�UVCVG�OQFGN�HQT�#N�6CYGGNCJ�$�RQYGT
CPF�FGUCNKPCVKQP�RNCPV
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GSWCVKQPU� CHVGT� NKPGCTK\CVKQP�� 6JG� GPVJCNR[� DCNCPEG� GSWCVKQPU� CPF� VJG� JGCV
VTCPUHGT�TGNCVKQPU�CTG� NKPGCTK\GF�WUKPI�FCVC� HTQO�RTGXKQWU� KVGTCVKQPU�CU�YGNN�CU
HTQO�VJG�RTGUGPV�ECNEWNCVKQPU��6JG�GSWCVKQP�U[UVGO�KU�FGEQORQUGF�KPVQ�UWDUGVU
D[�CRRTQRTKCVG�EJQQUKPI�QH� VJG� KVGTCVKQP�XCTKCDNGU��6JGTGD[�� VJG�GSWCVKQPU�CTG
ITQWRGF� D[� V[RG� TCVJGT� VJCP� D[� UVCIG�� 6JG� GPVJCNR[� DCNCPEG� GSWCVKQPU� CTG
HQTOWNCVGF� KPVQ� C� VTKFKCIQPCN� OCVTKZ� HQTO�� YJKEJ� KU� UQNXGF� D[� VJG� 6JQOCU
CNIQTKVJO��6JG�UWDUGVU�CTG�UQNXGF�KVGTCVKXGN[�KP�UGSWGPEG�
 
 6JG� KORQTVCPEG� QH� VJG� UKOWNVCPGQWU� OGVJQFU� JCU� DGGP� KPETGCUGF� KP� VJG� NCUV
[GCTU� YKVJ� VJG� CFXCPEGU� KP� VJG� ECNEWNCVKQP� URGGF� QH� VJG� EQORWVGTU� CPF� VJG
FGXGNQROGPV� QH� UQRJKUVKECVGF� TGUQNWVKQP� OGVJQFU� CPF� JCU� DGGP� WUGF� KP� VJG
QRVKOK\CVKQP� RCEMCIG� RTGUGPVGF� KP� VJKU� RCRGT�� 6JG� OQFGN� YCU� GZVGPUKXGN[
XCNKFCVGF� D[� EQORCTKUQP� QH� VJG� ECNEWNCVGF� TGUWNVU� YKVJ� OGCUWTGF� FCVC�� #P
GZCORNG� QH� ECNEWNCVGF� TGUWNVU� HQT� VJG� #N� 6CYGGNCJ� $� RQYGT� CPF� FGUCNKPCVKQP
RNCPV�KU�UJQYP�KP�(KI����
 
 3 Optimization
 +P� VJG� NCUV� EQWRNG� QH� [GCTU� UGXGTCN� CRRNKECVKQPU� QH� UGVRQKPV� QRVKOK\CVKQP� JCXG
DGGP�FGXGNQRGF�HQT�VJG�RTQEGUU�KPFWUVT[��UWEJ�CU�HQT�GEQPQOKE�EQPUWORVKQP�QH
GPGTI[� KP� EJGOKECN� CPF� RGVTQEJGOKECN� RNCPVU� =�?�� HQT� CP� QNGHKP� RNCPV� YKVJ
NKPMCIG�QH�CP�GEQPQOKE�OQFGN�YKVJ�URGEKHKE�RCTCOGVGTU�QH�VJG�RNCPV�=�?�QT�HQT
HNWKFK\GF� ECVCN[VKE� ETCEMGTU� =�?�� (WTVJGT� RWDNKECVKQPU� QP� UGVRQKPV� QRVKOK\CVKQP
HQT�VJG�RTQEGUU�KPFWUVT[�CTG�=����?�
 
 (QT� VJG� UGVRQKPV� QRVKOK\CVKQP�� CP� QDLGEVKXG� HWPEVKQP� OWUV� DG� UGV� WR� CPF
OCZKOK\GF� QT� OKPKOK\GF�� TGURGEVKXGN[�� #V� VJG� UCOG� VKOG�� VJG� EQPUVTCKPVU
KORQUGF�VQ�CUUWTG�C�UCHG�CPF�UVCDNG�QRGTCVKQP�QH�VJG�RNCPV�OWUV�DG�UCVKUHKGF��+P
EQIGPGTCVKQP� RNCPVU�� G�I��� KV� KU� RQUUKDNG� VJCV� VJG� CXCKNCDKNKV[� QH� UVGCO� KU
TGUVTKEVGF�FWG�VQ�C�RTGFGVGTOKPGF�GNGEVTKECN�NQCF�YJKEJ�JCU�VQ�DG�RTQFWEGF�CPF
JCU�C�JKIJGT�RTKQTKV[�VJCP�VJG�YCVGT�IGPGTCVKQP�
 
 6JG�QRVKOK\CVKQP�RTQDNGO�VQ�FGCN�YKVJ�ECP�DG�FGHKPGF�CU�C�PQPNKPGCT�QPG�YKVJ�C
NCTIG�PWODGT�QH�EQPUVTCKPVU�
 
 3.1 Constraints
 6JG�OQUV�KORQTVCPV�RCTCOGVGTU�CPF�XCTKCDNGU�HQT�QRVKOCN�QRGTCVKQP�QH�VJG�/5(
RNCPV�CTG�RTGUGPVGF�KP�VJG�HQNNQYKPI�NKUV��6JG[�CTG�CNN�UWDLGEV�VQ�EQPUVTCKPVU�CPF
OC[�DG�FKUVKPIWKUJGF�KP�
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 $QWPFCT[�EQPFKVKQPU�YJKEJ�ECP�PQV�DG�KPHNWGPEGF�D[�VJG�QRVKOK\CVKQP�VQQN�
• &KUVKNNCVG�RTQFWEV�HNQY
• 5VGCO�HNQY
 
 +PFGRGPFGPV�XCTKCDNGU�YJKEJ�CTG�FKTGEVN[�KPHNWGPEGF�D[�VJG�QRVKOK\CVKQP�
• 6QR�DTKPG�VGORGTCVWTG
• $TKPG�TGEKTEWNCVKPI�HNQY
• /CMG�WR�HNQY
• %QQNKPI�YCVGT�KPNGV�VGORGTCVWTG
 
 &GRGPFGPV� XCTKCDNGU� ECNEWNCVGF� D[� VJG� OQFGN� WUKPI� DQVJ� C�O� ECVGIQTKGU� QH
XCTKCDNGU�CU�KPRWV�
• 5VGCO�VGORGTCVWTG
• %QQNKPI�YCVGT�HNQY
• .CUV�UVCIG�NGXGN
• $TKPG�NGXGN�KP�CNN�UVCIGU�
GZEGRV�NCUV�UVCIG�
• 5CNKPKV[�QH�DTKPG�TGEKTEWNCVKPI�HNQY
• $NQY�FQYP�HNQY
• %QQNKPI�YCVGT�TGEKTEWNCVKQP�HNQY
• #PVKUECNG�FQUKPI�HNQY
 
 3.2 Objective Functions
 6Q� FGCN� YKVJ� FKHHGTGPV� QRVKOK\CVKQP� IQCNU� KV� KU� PGEGUUCT[� VQ� RTQXKFG� FKHHGTGPV
QDLGEVKXG�HWPEVKQPU��YJKEJ�CTG�
 
 /CZKOK\CVKQP�QH�VJG�FKUVKNNCVG�HNQY
 6JG�OCZKOK\CVKQP�QH�VJG�FKUVKNNCVG�HNQY�KU�CKOGF�CV��YJGP�UJQTVCIG�QH�YCVGT�HQTEGU
VJG�RTQFWEVKQP�QH�CU�OWEJ�YCVGT�CU�RQUUKDNG�TGICTFNGUU�QH�VJG�RTQFWEV�WPKV�EQUV�
+P�VJKU�ECUG��EQUV�YKNN�PQV�DG�EQPUKFGTGF�
 
 (QT�PQTOCN�RNCPV�QRGTCVKQP�VJG�SWCPVKV[�HQT�FKUVKNNCVG�HNQY�FGRGPFU�QP�VJG�COQWPV
QH� JGCVKPI� UVGCO� CXCKNCDNG�� � 6JGTGHQTG�� WPFGT� VJGUG� EKTEWOUVCPEGU� VJG
QRVKOK\CVKQP�OQFWNG�UJCNN�KPKVKCVG�CEVKQPU�VQ�TGFWEG�VJG�IGPGTCVKQP�QH�VJG�GNGEVTKECN
RQYGT� KP� HCXQT� QH� CP� KPETGCUGF� FKUVKNNCVG� HNQY� QT� VQ� UVCTV� VJG� RTQFWEVKQP� QH
CFFKVKQPCN�JGCVKPI�UVGCO�D[�RQUUKDN[�GZKUVKPI�CPF�CXCKNCDNG�CWZKNKCT[�DQKNGTU�
 
 /CZKOK\CVKQP�QH�VJG�RGTHQTOCPEG
 6JG�RGTHQTOCPEG�TCVKQ�UJCNN�DG�WUGF�CU�QDLGEVKXG�HWPEVKQP�HQT�VJG�HQNNQYKPI�ECUGU�
 
• /KPKOK\CVKQP�QH�RTQFWEV�WPKV�GPGTI[�EQUV�HQT�RTGHKZGF�FKUVKNNCVG�RTQFWEV�HNQY�
• /CZKOK\CVKQP�QH�FKUVKNNCVG�HNQY�HQT�RTGHKZGF�UVGCO�HNQY�
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 +P�VJG�ECUG�QH�RTGHKZGF�FKUVKNNCVG�RTQFWEV�HNQY��VJG�UVGCO�EQUV�KU�PQTOCNN[�CKOGF�VQ
DG�OKPKOK\GF��6JKU�ECUG�CTKUGU��YJGP�C�EGTVCKP�FKUVKNNCVG�RTQFWEV�HNQY�KU�TGSWKTGF
FWG�VQ�NKOKVGF�YCVGT�EQPUWORVKQP�CPF�QT�JKIJ�NGXGN�KP�VJG�VCPM�DWHHGTU�
 
 +P�VJG�ECUG�QH�RTGHKZGF�UVGCO�HNQY��VJG�OCZKOK\CVKQP�QH�FKUVKNNCVG�HNQY�KU�CKOGF�CV�
 
 /KPKOK\CVKQP�QH�RTQFWEV�EQUVU
 (QT�VJG�OKPKOK\CVKQP�QH�QRGTCVKQP�WPKV�EQUV��VYQ�FKHHGTGPV�ECUGU�CTG�FKUVKPIWKUJGF�
 
• /KPKOK\CVKQP�QH�WPKV�EQUV�YKVJ�RTGHKZGF�FKUVKNNCVG�RTQFWEV�HNQY�
• /KPKOK\CVKQP�QH�WPKV�EQUV�YKVJ�RTGHKZGF�UVGCO�HNQY�
 
 +P�DQVJ�ECUGU��VJG�EQUV�EQPUKUVU�OCKPN[�QH

− UVGCO�EQUV�HQT�DTKPG�JGCVGT
− EQUV�QH�RWORKPI
− EQUV�QH�RTGVTGCVOGPV�QH�UGCYCVGT�
EJGOKECNU�EQUV�
− ECRKVCN�EQUV
− NCDQWT�EQUV
− OCKPVGPCPEG�EQUV

 
 3.3 Optimization Algorithm
 (QT� C� PQPNKPGCT� EQPUVTCKPGF� QRVKOK\CVKQP� RTQDNGO�� C� RQYGTHWN� QRVKOK\CVKQP
OGVJQF� KU� PGEGUUCT[�� 6JCV� KU� URGEKCNN[� KORQTVCPV� HQT� QP�NKPG� QRVKOK\CVKQP� VQ
UCVKUH[� VJG� TGCN� VKOG� EQPFKVKQP�� (QT� VJG� UGNGEVKQP� QH� VJG� QRVKOK\CVKQP�OGVJQF�
VYQ�SWGUVKQPU�UJQWNF�DG�CPUYGTGF�
 
• 9JKEJ�QRVKOK\CVKQP�OGVJQFU�ECP�DG�EQPXGPKGPVN[�KORNGOGPVGF!
• 9JKEJ�KU�VJG�QRVKOCN�OGVJQF!
 
 6Q�CPUYGT�VJG�CDQXG�SWGUVKQPU��VJG�OQFG�QH�UGV�RQKPV�QRVKOK\CVKQP�
QP�NKPG�QT
QHH�NKPG��� VJG� TKIQTQWUPGUU� QH� VJG� OQFGN�� CPF� VJG� PWODGT� QH� KPFGRGPFGPV
XCTKCDNGU�CPF�EQPUVTCKPVU�OWUV�DG�EQPUKFGTGF�
 
 6JG�5WEEGUUKXG�3WCFTCVKE�2TQITCOOKPI�
532���YJKEJ�DGNQPIU� VQ� VJG� KVGTCVKXG
SWCFTCVKE� RTQITCOOKPI�OGVJQFU�� JCU� DGGP� EJQUGP� CU� QRVKOK\CVKQP� CNIQTKVJO�
6JKU�OGVJQF�EQPXGTIGU�XGT[�HCUV�=��?��6JG�532�OGVJQF�UQNXGU�C�UGSWGPEG�QH
RTQDNGOU� YKVJ� C� SWCFTCVKE� QDLGEVKXG� HWPEVKQP� CPF� NKPGCT� EQPUVTCKPVU�� +V� KU
UWKVCDNG� HQT� U[UVGOU� YKVJ� C� UOCNN� PWODGT� QH� OQFGN� GSWCVKQPU�� 9JGP� VJKU
DGEQOGU�NCTIG��VJG�VKOG�VCMGP�VQ�UQNXG�GCEJ�SWCFTCVKE�QDLGEVKXG�HWPEVKQP�YKNN�DG
NCTIG��WPNGUU� VJG� URCTUKV[�QH� VJG� U[UVGO� KU� VCMGP� KPVQ� CEEQWPV� =�?�� CU� KV� KU� VJG
ECUG� YKVJ�/5(� RNCPVU�� +P� VJG� NCUV� [GCTU�� KV� JCU� QHVGP� DGGP� WUGF� HQT� UGVRQKPV
QRVKOK\CVKQP�KP�VJG�RTQEGUU�KPFWUVT[�
UGG�G�I��=��?��
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 4 General Prerequisites for the On-Line Optimization of the

MSF Plant
 &WTKPI� QP�NKPG�OQFG� QH� VJG� QRVKOK\CVKQP�� VJG� EQPFKVKQPU� HQT� VJG� QRVKOK\CVKQP
CTG� PQV� KFGCN�� 2QUUKDNG� FKUVWTDCPEGU� CTG�� FGVGTKQTCVGF�OGCUWTGOGPVU�� EJCPIGF
RNCPV� DGJCXKQT� FWG� VQ� HQWNKPI� QT� UECNKPI�� QT� VTCPUKGPV� QRGTCVKPI� EQPFKVKQPU�
%QWPVGTOGCUWTGU�JCXG�VQ�DG�KORNGOGPVGF�TGUWNVKPI�KP�C�UKIPCN�HNQY�CU�UJQYP�KP
(KI����
 
 &CVC�#ESWKUKVKQP��6JKU�KU�FQPG�KP�VJG�&KUVTKDWVGF�%QPVTQN�5[UVGO�
&%5��YJKEJ

RTQXKFGU� CNN� PGEGUUCT[� VQQNU� HQT� FCVC� EQPFKVKQPKPI� CU� CTG� RNCWUKDKNKV[
EJGEMU��HKNVGTKPI�CPF�OQPKVQTKPI�QH�VJG�VTCPUOKVVGTU�

 %JGEMKPI�VJG�UVGCF[�UVCVG�EQPFKVKQP��6JG�DGNQY�OGPVKQPGF�QRGTCVKQPU�ECP�QPN[
DG�RGTHQTOGF��YJGP� VJG� RNCPV� KU� KP� UVGCF[�UVCVG� EQPFKVKQP��6JGTGHQTG�
VJG�UVGCF[�UVCVG�EQPFKVKQP�KU�KPXGUVKICVGF�D[�EJGEMKPI�VJG�EJCPIGU�QH�VJG
OCKP�RCTCOGVGTU�YKVJKP�C�IKXGP�VKOG�TCPIG�

 &CVC�TGEQPEKNKCVKQP��6JG�OGCUWTGF�FCVC�CTG�KPXGUVKICVGF�QP�KVU�EQPUKUVGPE[�YKVJ
VJG� FCVC� ECNEWNCVGF� YKVJ� C� UKOWNCVKQP� RTQITCO�� +P� VJG� ECUG� QH
FKHHGTGPEGU��VJG�OGCUWTGF�FCVC�YKNN�DG�EQTTGEVGF�

 (QWNKPI� HCEVQT� ECNEWNCVKQP�� %QPUKFGTKPI� VJCV� VJG� HQWNKPI� HCEVQT� EJCPIGU� YKVJ
VKOG��KV�KU�FGVGTOKPGF�RGTKQFKECNN[��G�I��QPEG�C�FC[��5KPEG�KV�ECP�PQV�DG
OGCUWTGF� FKTGEVN[�� KV� JCU� VQ� DG� ECNEWNCVGF� WUKPI� C� OQFGN� QH� JGCV
VTCPUHGT�� 6JGTGD[�� OGCUWTGOGPVU� QH� VGORGTCVWTGU� QH� HNCUJKPI� DTKPG�
XCRQWT�URCEG�CPF�TGEKTEWNCVKPI�DTKPG�CU�YGNN�CU� VJG�TGEKTEWNCVKPI�DTKPG
HNQY�CTG�WUGF�CU�KPRWV�FCVC�HQT�VJG�OQFGN�

 
 (QT�VJG�QP�NKPG�QRVKOK\CVKQP�OQFG��VJKU�TGUWNVU�KP�VJG�HQNNQYKPI�E[ENG�QH�VCUMU�
 
• 6JG� U[UVGO� EJGEMU� YJGVJGT� VJG� RNCPV� KU� KP� UVGCF[�UVCVG� EQPFKVKQP� DGHQTG

UVCTVKPI�QRVKOK\CVKQP�
• 6JG�CNTGCF[�HKNVGTGF�KPRWV�FCVC�CTG�EJGEMGF�D[�FCVC�TGEQPEKNKCVKQP��+PEQTTGEV

FCVC�CTG�GKVJGT�TGLGEVGF��QT�CFLWUVGF�
• 6JG� HQWNKPI� HCEVQTU� CTG� ECNEWNCVGF� DCUGF� QP� OGCUWTGF� FCVC� QH� HNQYU� CPF

VGORGTCVWTGU�
• 6JG� EWTTGPV� UVCVWU� QH� CNN� EQPVTQN� NQQRU� KU� FGVGEVGF�� UQ� VJCV� VJG� FGITGG� QH

HTGGFQO� CXCKNCDNG� VQ� VJG� RTQEGUU� ECP� DG� FGVGTOKPGF� 
OCPWCNN[� QT
CWVQOCVKECNN[��

• 6JG� QRVKOK\CVKQP� KU� RGTHQTOGF� D[� WUKPI� VJG� DGHQTG� CFLWUVGF� QDLGEVKXG
HWPEVKQP�CPF�EQPUVTCKPVU��#�PGY�UGV�QH�UGVRQKPVU�KU�ECNEWNCVGF�

• 6JG�QRVKOK\CVKQP� UQNWVKQP� KU� UGPV� VQ� VJG� RTQEGUU� UWRGTXKUKQP� EQORWVGT� HQT
TGXKGY� D[� VJG� QRGTCVQT�� 6JG� QRGTCVQT� ECP� KPVGTHGTG� VQ� EJCPIG� VJG� VCTIGVU
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CPF�TGECNEWNCVG�VJG�UGVRQKPVU��6JG�QRGTCVQT�ECP�CNUQ�TGLGEV�VJG�UGVRQKPVU�CPF
CFLWUV�VJGO�OCPWCNN[�

• 5GVRQKPVU�XCNWGU� CEEGRVGF�D[� VJG� QRGTCVQT� CTG� WUGF� HQT� VJG� PGY�QRGTCVKQP
RQKPV��#�RTQEGFWTG� HQT� VKOG�FGRGPFGPV�� UVGRYKUG�EJCPIKPI�QH� VJG� UGVRQKPV
XCNWGU�KU�VJGP�RGTHQTOGF�VQ�CUUWTG�C�UOQQVJ�QRGTCVKQP�QH�VJG�RNCPV�

 
 5 Integration of the Optimization Program in the Distributed

Control System
 6JG�JKGTCTEJKECN�UVTWEVWTG�QH�OQFGTP�&KUVTKDWVGF�%QPVTQN�5[UVGOU�
&%5��UJCNN
DG�FGUETKDGF�YKVJ�VJG�JGNR�QH�VJG�UQ�ECNNGF�NGXGN�OQFGN�
UGG�(KI������9JKNG�VJG
EQPVTQN�NQQRU�CPF�UVCPFCTF�UGVRQKPV�IWKFCPEG�CTG�UKVWCVGF�KP�VJG�RTQEGUU�EQPVTQN
NGXGN��QVJGT�VCUMU�NKMG�RNCPV�QRVKOK\CVKQP��RGTHQTOCPEG�ECNEWNCVKQPU�CPF�VJGTOCN
DCNCPEKPI�CTG�UKVWCVGF�KP�VJG�RNCPV�OCPCIGOGPV�NGXGN��YJKEJ�TGRTGUGPVU�VJG�NKPM
DGVYGGP�VJG�QRGTCVKXG�VCUMU�QH�VJG�RTQEGUU�EQPVTQN�NGXGN�CPF�VJG�GEQPQOKE�VCUMU
QH�VJG�EQORCP[�OCPCIGOGPV�NGXGN�=�����?�

 

 (KI����5KIPCN�HNQY�QH�QP�NKPG�QRVKOK\CVKQP
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 4GRTGUGPVCVKXG�HQT�VJG�XCTKQWU�RTQITCOU�HQT�RNCPV�OCPCIGOGPV�CXCKNCDNG�QP�VJG
OCTMGV��VJG�2GTHQTOGT�5GTKGU��VJG�UWEEGUUQT�QH�VJG�HQTOGT�%QPVTQPKE�/�U[UVGO�
KU�DTKGHN[�KPVTQFWEGF�=��?��2GTHQTOGT�KU�C�RTQFWEV�QH�*CTVOCPP���$TCWP��C�WPKV
QH� 'NUCI� $CKNG[� 2TQEGUU� #WVQOCVKQP�� +V� EQPUKUVU� QH� C� OQFWNCT� JCTF�� CPF
UQHVYCTG�UVTWEVWTG�YJKEJ�CNNQYU�VQ�VCKNQT�UQNWVKQPU�CEEQTFKPI�VQ�VJG�EWTTGPV�ECUG
QH�CRRNKECVKQP�
UGG�(KI�����
 
 6JG� 2GTHQTOGT� 2TQFWEV� �%QP&CU�� FGCNU� YKVJ� VJG� DCUKE� VCUMU� QH� RTQEGUU
KPHQTOCVKQP� OCPCIGOGPV� 
NKMG� FCVC� CESWKUKVKQP�� HKNVGTKPI�� CTEJKXKPI�� NQIIKPI�
GVE��� CPF� RTQXKFGU� C� RQYGTHWN� OCP� OCEJKPG� KPVGTHCEG� 
//+��� 6JG� EQOOQP

CRRNKECVKQP� RTQITCOOKPI� KPVGT�
HCEG� 
#2+�� CXCKNCDNG� CNNQYU� VQ
EQPPGEV� XKTVWCNN[� CP[� EWUVQOGT
CRRNKECVKQP�VQ�2GTHQTOGT��#�UGTKGU
QH� CXCKNCDNG� 2GTHQTOGT� 5QNWVKQPU
RTQXKFGU� CFFKVKQPCN� ECRCDKNKVKGU
NKMG� RGTHQTOCPEG� ECNEWNCVKQPU�
UGTXKEG� NKHG� ECNEWNCVKQPU�� VJGTOCN
DCNCPEKPI� CPF� NQIIKPI�
OCKPVGPCPEG� OCPCIGOGPV�� GVE�
%QP(NCUJ� KU� KPENWFGF� CU� C
RQYGTHWN� VQQN� VQ� QRVKOK\G� /5(
RNCPVU�� YJKEJ� KP� KVUGNH� KU
QTICPK\GF�OQFWNCTN[�CEEQTFKPI�VQ

 
 (KI����.GXGN�OQFGN

 
 (KI���� /QFWNCT�UVTWEVWTG�QH�C�RNCPV

OCPCIGOGPV�U[UVGO
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VJG� FKHHGTGPV� VCUMU� QWVNKPGF� KP� %JCRV�� �� VQ� CNNQY� GCU[� WRITCFG� VQ� PGY
FGXGNQROGPVU�
 
 #U�CP�GZCORNG�HQT�VJG�UECNCDNG�JCTFYCTG�EQPHKIWTCVKQP��VJG�2NCPV�/CPCIGOGPV
5[UVGO�
2/5��QH�VJG�GZVGPUKXG�#N�6CYGGNCJ�$�RNCPV�KU�QWVNKPGF�KP�(KI�����6JG
TGNGXCPV�FCVC�QH�CNN�UKZ�WPKVU�CTG�EQNNGEVGF�CPF�EQPFGPUGF�KP�QTFGT�VQ�CNNQY�VJG
RNCPV�UWRGTXKUQT���UKVWCVGF�KP�VJG�%GPVTCN�%QPVTQN�4QQO�
%%4����VQ�OQPKVQT�VJG
RNCPV�UVCVWU�CPF�DGJCXKQT�
 
 8KC� 9KFG� #TGC� 0GVYQTM� 
9#0�� KV� KU� RQUUKDNG� VQ� EQOOWPKECVG� YKVJ� VJG
EQOOGTEKCN�FCVC�RTQEGUUKPI�HCEKNKVKGU�QT�YKVJ�C�.QCF�&KURCVEJ�%GPVGT�
.&%��VQ
JCXG�VJG�RTQFWEVKQP�UGVRQKPVU�UGV�EGPVTCNN[�

 
 %QP(NCUJ���6JG�KORNGOGPVCVKQP�QH�VJG�QRVKOK\CVKQP�OQFWNG
 6JG� QRVKOK\CVKQP� QDLGEVKXGU� CTG� UGNGEVGF� XKC� CP� CRRTQRTKCVG� HCEGRNCVG� QP� VJG
QRGTCVQT� EQPUQNG� 
UGG� (KI�� ���� 6JG� EQPUVTCKPVU� CTG� RCTVKCNN[� ECNEWNCVGF� KP� VJG
DCEMITQWPF� 
CU� G�I�� VJG� CXCKNCDNG� JGCVKPI� UVGCO�� FGRGPFKPI� QP� VJG� PGEGUUCT[
GNGEVTKEKV[�IGPGTCVKQP��QT�GPVGTGF�OCPWCNN[�
UGG�(KI������&CVC�TGEQPEKNKCVKQP� KU
RGTHQTOGF�KP�VJG�DCEMITQWPF�CPF�KU�QPN[�EJGEMGF�QP�TGSWGUV��6JG�QRVKOK\CVKQP
KU�UVCTVGF�GKVJGT�OCPWCNN[�QT�E[ENKECNN[�

 

 (KI����2GTHQTOGT�0GVYQTM�%QPHKIWTCVKQP�QH�VJG�#N�6CYGGNCJ�$�RNCPV
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 (KI����(CEGRNCVG�HQT�VJG�UGNGEVKQP�QH�QRVKOK\CVKQP�QDLGEVKXGU

 
 (KI����(CEGRNCVG�HQT�OCPWCNN[�GPVGTGF�EQPUVTCKPVU
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 6JG�ECNEWNCVGF�UGVRQKPVU�CTG�UJQYP�VQ�VJG�QRGTCVQT�UQ�VJCV�JG�ECP�FGEKFG�VQ�UGPV
VJGO�VQ�VJG�&%5�QT�VQ�TGECNEWNCVG�VJGO�
UGG�(KI������
 +H� VJG� TGNKCDKNKV[� QH� VJG� QRVKOK\CVKQP� U[UVGO� JCU� DGGP� CRRTQXGF�� VJG� UGVRQKPVU

OC[� DG� UGPV� VQ� VJG� &%5� HWNN[� CWVQOCVKECNN[�� *QYGXGT�� UQRJKUVKECVGF
UWRGTXKUQT[� VCUMU� CTG� KPENWFGF�� YJKEJ� YKNN� UVQR� VJKU� CWVQOCVKE� CRRTQCEJ� HQT
UCHGV[� TGCUQPU� KH�� G�I�� VJG� FCVC� TGEQPEKNKCVKQP� OQFWNG� FGVGEVU� VQQ� NCTIG
FGXKCVKQPU�QH�VJG�OGCUWTGF�XCNWGU�
 
 6 Off-line Version for Consultants and Manufacturers
 6JG�QRVKOK\CVKQP�RTQITCO�KU�CNUQ�CXCKNCDNG�CU�CP�QHH�NKPG�XGTUKQP�DCUGF�QP�2%�
6JG�OQFWNGU�PGEGUUCT[�HQT�VJG�QP�NKPG�QRVKOK\CVKQP�CTG�PQV�KPENWFGF��+PUVGCF��C
UQRJKUVKECVGF�//+�HQT�VJG�EQPHKIWTCVKQP�QH�VJG�RNCPV�OQFGN�KU�KPENWFGF�VQIGVJGT
YKVJ� GPJCPEGF� HCEKNKVKGU� VQ� XKUWCNK\G� VJG� UKOWNCVKQP� TGUWNVU�� 6JKU� CNNQYU
EQPUWNVCPVU� CPF� OCPWHCEVWTGTU� VQ� UKOWNCVG� VJG� DGJCXKQT� QH� RNCPVU� VQ� DG
EQPUVTWEVGF��QT�QH�OQFKHKECVKQPU� VQ�DG� KORNGOGPVGF� KP�GZKUVKPI�RNCPVU��'HHGEVU
QH�VJG�NC[QWV�QH�VJG�RNCPV�QP�VJG�RGTHQTOCPEG�EJCTCEVGTKUVKE�OC[�DG�UVWFKGF�HQT
CNN�RQUUKDNG�QRGTCVKPI�EQPFKVKQPU�
 
 #FFKVKQPCNN[�� DGUKFGU� VJG� EQORTGJGPUKXGN[� RTGUGPVGF� UVGCF[�UVCVG� OQFGN�� C
F[PCOKE�OQFGN�QH�VJG�/5(�RNCPV�KU�CNUQ�CXCKNCDNG��6JKU�OQFGN�WUGU�PGCTN[�VJG
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UCOG� FGUKIP� FCVC� CU� VJG� UVGCF[�UVCVG� QPG� CPF�� VJGTGHQTG�� CNNQYU� VQ� GZCOKPG
GCUKN[� VJG� DGJCXKQT� QH� VJG� RNCPV� VQ� DG� KPXGUVKICVGF�WPFGT� VTCPUKGPV� EQPFKVKQPU�
#NN�EQPVTQN�NQQRU�CTG�KPENWFGF�CPF�OC[�DG�EQPHKIWTGF�QT�EJCPIGF�CEEQTFKPI�VQ
VJG�PGGFU�QH�VJG�RNCPV��6JKU�KU�C�ITGCV�JGNR�HQT�VJG�FGUKIP�QH�C�UVCDNG��UCHG�CPF
UOQQVJ�QRGTCVKQP�QH�VJG�RNCPV�GXGP�FWTKPI�NQCF�EJCPIGU�
 
 7 Conclusion
 +V� JCU� DGGP� UJQYP� JQY� VJG� UVGCF[�UVCVG� UKOWNCVKQP� QH� C� /5(� RNCPV� KU
KORNGOGPVGF� CPF� JQY� VJG� RTQITCO� OC[� DG� KPEQTRQTCVGF� KP� C� &KUVTKDWVGF
%QPVTQN�5[UVGO�VQ�RGTHQTO�QP�NKPG�QRVKOK\CVKQP��1VJGT�DGPGHKVU� KP� VJG�CTGC�QH
RNCPV�FGUKIP�CTG�
 
• 5KOWNCVKQP� CPF� GXCNWCVKQP� QH� FKHHGTGPV� FGUKIP� RCTCOGVGTU� HQT� PGY� RNCPVU

FWTKPI�VJG�FGUKIP�RJCUG�
• 2TGFKEVKQP�QH� VJG�RGTHQTOCPEG�QH�RNCPPGF�CPF�GZKUVKPI�RNCPVU�WPFGT�C�YKFG

TCPIG�QH�RQUUKDNG�EQPFKVKQPU�
• +PXGUVKICVKQP�QH�VJG�QRGTCVKQPCN�UVCDKNKV[�G�I��FWG� VQ�DNQY�VJTQWIJ�QT� NKSWKF

RKNGWR�

6JKU� FGOQPUVTCVGU� VJCV� VJG� RTGUGPVGF� QRVKOK\CVKQP� RTQITCO�YKNN� DG� WUGF�YKVJ
ITGCV� DGPGHKVU� D[� EQPUWNVCPVU� QT� OCPWHCEVWTGTU�� CPF� QYPGTU� QH� /5(
FGUCNKPCVKQP�RNCPVU�
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