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AbTUSacU: JT QBQFS JOUFHSBUFT BOE FYUFOET NBOZ PG UIF DPODFQUT PG BDDFT-
TJCJMJUZ EFSJWJOH GSPN HBOTFO’T (1959) TFNJOBM QBQFS, BOE EFWFMPQT B UIFPSZ
PG BDDFTT UIBU HFOFSBMJ[FT GSPN UIF QBSUJDVMBS NFBTVSFT PG BDDFTT UIBU IBWF CF-
DPNF JODSFBTJOHMZ DPNNPO. ADDFTT JT OPX NFBTVSFE GPS B QBSUJDVMBS QMBDF
CZ B QBSUJDVMBS NPEF GPS B QBSUJDVMBS QVSQPTF BU B QBSUJDVMBS UJNF JO B QBSUJD-
VMBS ZFBS. GFOFSBM BDDFTT JT EFSJWFE BT B UIFPSFUJDBM JEFBM UIBU XPVME CF NFB-
TVSFE GPS BMM QMBDFT, BMM NPEFT, BMM QVSQPTFT, BU BMM UJNFT, PWFS UIF MJGFDZDMF PG B
QSPKFDU. IU JT QPTJUFE UIBU NPSF HFOFSBM BDDFTT NFBTVSFT CFUUFS FYQMBJO TQBUJBM
MPDBUJPO QIFOPNFOB.
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1 InUSodVcUion

FPOMZ SFBTPO UP MPDBUF BOZXIFSF JT UP CF OFBS TPNFQFPQMF, QMBDFT, BOE UIJOHT, CF GBS GSPNPUIFST, BOE
QPTTFTT TUJMM PUIFST. SJODF CFJOH GBS GSPN TPNFUIJOH JT SFBMMZ KVTU CFJOH OFBS UIF BCTFODF PG UIBU UIJOH,
BOE QPTTFTTJPO JT KVTU UIF BCJMJUZ UP IBWF TPNFUIJOH (BOE MFHBMMZ QSPIJCJU TPNFPOF FMTF GSPN IBWJOH JU),
XF DBO TFF UIBU MPDBUJPO JT BCPVU QSPYJNJUZ. PFPQMF NBLF MPDBUJPO EFDJTJPOT BMM UIF UJNF, GSPNXIFUIFS
UP NPWF GSPN NPSUI ANFSJDB UP AVTUSBMJB, UP USBWFMJOH UP UIF NBMM CZ DBS PS CVT, UP TUBOEJOH OFBS B
QFSTPO BU B SFDFQUJPO, PS FWFO TJUUJOH PO UIF DIBJS PS UIF DPVDI.

FJSNT EP MJLFXJTF, GSPN XIFSF UP CVJME B GBDUPSZ, UP XIFSF UP MPDBUF B TUPSF, UP XIJDI TIFMG UP QVU
UIF TPEB PO UIF TVQFSNBSLFU BJTMF UP NBYJNJ[F QSPfiUT (UOEFSIJMM 2004, 2009).

F VOEFSMZJOH MPHJD PG BMM UIFTF EFDJTJPOT JT UIF TBNF, EFTQJUF UIF EJffFSFODF JO TDBMF, UJNFGSBNF,
NPUJWBUJPO, BOENPEF PG USBWFM. WF XBOU UP VOEFSTUBOE XIBU JU NFBOT UPNFBTVSF HFOFSBM BDDFTT UP all
UIF QFPQMF, QMBDFT, BOE UIJOHT UIBU QFPQMF DBSF BCPVU.

IO QSBDUJDF, NFBTVSJOH FWFSZUIJOH JT JNQPTTJCMF, BOE TP BT FNQJSJDJTUT XF IBWF MJNJUFE PVSTFMWFT
UP NFBTVSJOH UIJOHT UIBU BSF CPUI JNQPSUBOU BOE GFBTJCMF UP NFBTVSF. IO UIJT QBQFS, IPXFWFS, XF XJMM
TFF IPX GBS XF DBO QVTI UIF JEFB PG BDDFTT UP FWFSZUIJOH. (F UFSNT acceTT BOE acceTTibiliUZ BSF VTFE
JOUFSDIBOHFBCMZ.)
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F FWJEFODF XF IBWF GPS BDDFTT FYQMBJOJOH MPDBUJPO EFDJTJPOT JT WBTU. WF MJTU TPNF PG UIF LFZ PC-
TFSWBUJPOT XIJDI BSF MBSHFMZ FYQMBJOFE CZ BDDFTT IFSF, XJUI B GFX PG UIF NBOZ SFGFSFODFT TVQQPSUJOH
UIF SFMBUJPOTIJQ. ADDFTT FYQMBJOT NVDI PG UIF WBSJBUJPO JO: CPNNVUJOH TJNF (LFWJOTPO 1998; VBO-
EFSTNJTTFO eU al. 2003; WBOH 2000), ENQMPZNFOU RBUFT (IIMBOGFMEU BOE SKPRVJTU 1990; O’RFHBO BOE
õVJHMFZ 1999; SIFO 1998), MPEF SIBSFT (KPDLFMNBO 1997; MPOJSV[[BNBO BOE PáF[ 2012; OXFO
BOE LFWJOTPO 2015), RFBM ETUBUF PSJDFT BOE DFOTJUZ (IBDPOP BOE LFWJOTPO 2017; SIJO eU al. 2007;
SSPVS eU al. 2002), IODPNFT BOE PSPEVDUJWJUZ (CFSWFSP 2001; DFOH 2013; MFMP eU al. 2017), BOE IO-
WFTUNFOU DFDJTJPOT (LFWJOTPO 2007; LFWJOTPO eU al. 2015).

CJUJFT FYJTU CFDBVTF QFPQMF XBOU UP CF OFBS FBDI PUIFS, TP SFTJEFOUT BOE XPSLFST EPO’U IBWF UP
USBWFM BT GBS UP FOHBHF JO SPVUJOF BDUJWJUZ, QPTTFTTJOH XIBU FDPOPNJTUT DBMM FDPOPNJFT PG BHHMPNFSBUJPO.
PIZTJDBM JOGSBTUSVDUVSF OFUXPSLT FYJTU UP DPOOFDU XJUIJO BOE CFUXFFO QMBDFT GBTUFS UIBO USBWFM PWFS UIF
VOJNQSPWFE MBOETDBQF. WIJMF USBWFM PO B OFUXPSLNBZ CF MFTT EJSFDU (MPOHFS EJTUBODF,NPSF DJSDVJUPVT)
UIBO USBWFMJOH ‘BT UIF DSPXflJFT,’ JU JT BMTP GBTUFS, PS FMTFXIZEP JU. PFPQMF QBZ BQSFNJVNUPCF JO MPDBUJPOT
XJUI HSFBUFS BDDFTT UP UIF UIJOHT (QFPQMF, PQQPSUVOJUJFT) UIFZ DBSF BCPVU, UP TBWF UJNF BOE TQFOE MFTT
PO USBWFM, BOE UP CF NPSF QSPEVDUJWF BOE FBSO NPSF, BMM FMTF FRVBM.

F VTF PG BDDFTT UP NFBTVSF UIF QFSGPSNBODF PG DJUJFT BOE OFUXPSLT IBT HSPXO JO SFDFOU ZFBST.
WIJMFmobiliUZNFBTVSFT UIF FBTF PG NPWJOH PO UIF OFUXPSL, acceTTibiliUZNFBTVSFT UIF FBTF PG SFBDIJOH
WBMVFE EFTUJOBUJPOT. IU UIVT DPOTJEFST CPUINPCJMJUZ PO UIF OFUXPSL BOE UIF TQBUJBM EJTUSJCVUJPO PG UIF
QMBDFT QFPQMF XBOU UP WJTJU.

WF SFGFS UP acceTT JO JUT HFPHSBQIJDBM TFOTF, UIPVHI JU IBT SFMBUFENFBOJOHT JO UIF EJTBCJMJUZ DPNNV-
OJUZ: GPS JOTUBODF, DPOUJOVJOH XJUI USBOTQPSU FYBNQMFT, JT B CVT BDDFTTJCMF UP TPNFPOF JO B XIFFMDIBJS,
PS JT UIF VTFS JOUFSGBDF PO UIF XBML TJHOBM BDUVBUPS BDDFTTJCMF GPS TPNFPOF XJUI QPPS WJTJPO?

WJUI UIF FYQMPTJPO PG CJH EBUB, JO QBSUJDVMBS DPOUJOVPVTMZ NFBTVSFE USBWFM UJNFT GSPN HMPCBM QPTJ-
UJPOJOH TZTUFN (GPS) VOJUT JO NPCJMF QIPOFT BOE WFIJDMFT, BVUPNBUJD WFIJDMF MPDBUJPO (AVL) TZTUFNT,
TUBOEBSEJ[FE USBOTJU OFUXPSL SFQSFTFOUBUJPOT JO UIF TUBOEBSEJ[FE GFOFSBM TSBOTJU FFFE SQFDJfiDBUJPO
(GTFS) GPSNBU, UIF OQFOSUSFFUMBQ QSPKFDU, TBUFMMJUF JNBHFSZ, BNPOH PUIFST, BMM DBQBCMF PG CFJOH TZT-
UFNBUJDBMMZ NBQQFE JO HFPHSBQIJD JOGPSNBUJPO TZTUFNT, JU JT JODSFBTJOHMZ GFBTJCMF UP PCTFSWF, NFBTVSF,
BOE NPOJUPS BDDFTT JO SFBM-UJNF. CPVQMFE XJUI JODSFBTJOHMZ QSFDJTF DPNQVUBUJPOT GSPN USBWFM NPEFMT
XIJDI IBWF MPOH CFFO BWBJMBCMF, BOE GBS NPSF EFUBJMFE EJHJUBM SFQSFTFOUBUJPOT PG DJUJFT, BDDFTT JT CF-
DPNJOH B TUBOEBSE PVUQVU PG USBOTQPSU BQQMJDBUJPOT, BOE TIPVME CF B TUBOEBSE JOQVU JOUP USBOTQPSU
EFDJTJPO-NBLJOH.

F XPSL JT UJUMFE ToXaSdT a GeneSaleoSZ of AcceTT. FSF BSF UISFF NBJO XPSET UIFSF:
• GeneSal, SBUIFS UIBO TQFDJfiD, NFBOT XF XBOU UP FYQMBJO UIJT CSPBEMZ, OPU KVTU VOEFS TQFDJBM DJS-

DVNTUBODFT;
• eoSZ, SBUIFS UIBO QSBDUJDF, NFBOT XF BSF JOUFSFTUFE BT NVDI JO UIF JEFB BT JO PQFSBUJPOBM RVFT-

UJPOT. FSF JT B GPSUIDPNJOH TSanTpoSU AcceTTibiliUZ ManVal XIJDI DPOTJEFST IPX UP PQFSB-
UJPOBMJ[F NFBTVSFT PG BDDFTT; BOE
• AcceTT, SBUIFS UIBO BOZUIJOH FMTF.
FPSZ IBT EJffFSFOU NFBOJOHT UP EJffFSFOU QFPQMF. WF BEPQU UIF NBUJPOBM ADBEFNZ PG SDJFODFT

(1999) EFfiOUJPO:

“B XFMM-TVCTUBOUJBUFE FYQMBOBUJPO PG TPNF BTQFDU PG UIF OBUVSBM XPSME, CBTFE PO B
CPEZ PG GBDUT UIBU IBWF CFFO SFQFBUFEMZ DPOfiSNFE UISPVHI PCTFSWBUJPO BOE FYQFSJNFOU.”

SP UIFSF BSF UXP NBJO BTQFDUT:
• OVS HFOFSBM UIFPSZ PG BDDFTTNVTU FYQMBJO B GFBUVSF PG UIF OBUVSBMXPSME (IFSFXF UBLF UIFOBUVSBM

XPSME UP CF MPDBUJPO CFIBWJPS).
• OVS UIFPSZ NVTU CF DPOTJTUFOU XJUI PCTFSWBUJPOT.
AT OPUFE BCPWF, UIFSF JT B XFBMUI PG FWJEFODF UIBU QBSUJBM NFBTVSFT PG BDDFTT (BDDFTT UP QBSUJDV-

MBS EFTUJOBUJPOT BU QBSUJDVMBS UJNFT CZ QBSUJDVMBS NPEFT NFBTVSFE JO QBSUJDVMBS XBZT) FYQMBJO NVDI
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BCPVU MPDBUJPO. NFWFSUIFMFTT QBSUJBMNFBTVSFT IBWF DPNFVOEFS JODSFBTFE TDSVUJOZ BOE DSJUJDJTN (MJMMFS
2018). WIJMF XF DBO OFWFS QSPWF, JO PPQQFSJBO, GBMTJfiDBUJPOJTU TFOTF (PPQQFS 1962), UIBU B HFOFSBM BOE
DPNQMFUF NFBTVSF PG BDDFTT XJMM FYQMBJO FWFSZUIJOH BCPVU MPDBUJPO, UIF HFOFSBM UIFPSZ PG BDDFTT HFOFS-
BUFT UIF IZQPUIFTJT UIBU B NPSF HFOFSBM BOE DPNQMFUF NFBTVSF PG BDDFTT XJMM FYQMBJO NPSF BCPVU TPNF
MPDBUJPO-CBTFE RVFTUJPO UIBO B MFTT DPNQMFUF, NPSF QBSUJBM NFBTVSF PG BDDFTT. HFSF XF FYQMPSF XIBU B
DPNQMFUF NFBTVSF MPPLT MJLF.

TP CF DMFBS, UIJT JT OPU B SFWJFX QBQFS, PG XIJDI UIFSF BSF B GFX. (EM-GFOFJEZ BOE LFWJOTPO 2006;
GFVST BOE VBO WFF 2004; NJFNFJFS 1997; WV BOE LFWJOTPO 2020).

AMUIPVHINBOZ JEFBT BSF DPWFSFE BOEDJUFEIFSF,NBOZ BSF FYDMVEFE BT UIFZ GPMMPXEJffFSFOU CSBODIFT
PG VOEFSTUBOEJOH BDDFTT. WFBSF DPOTJEFSJOH MPDBUJPO-CBTFE BDDFTT GSPNBQMBDF, UIBU JT JUT DMBTTJD HFPHSB-
QIZ TFOTF. IG UIF QMBDF JT TNBMM FOPVHI, JU VOJRVFMZ SFQSFTFOUT B QFSTPO BU UIBU QMBDF. A UJNF-HFPHSBQIZ
BQQSPBDI GPMMPXT B QFSTPO BDSPTT TQBDF, BOE NFBTVSFT QMBDF-CBTFE BDDFTT BU EJffFSFOU QMBDFT BDSPTT B
UJNF-TQBDF QBUI, UIPTF EJffFSFOU BDDFTTFT BU EJffFSFOU QMBDFT VOEPVCUFEMZ TIBQF UIF DIPJDFT JOEJWJEVBMT
NBLF BDSPTT UIF EBZ, BOE HJWF JOTJHIUT CZ DPNCJOJOH BDDFTT JO OFX XBZT.

A VUJMJUZ-CBTFE BQQSPBDI BMMPXT DPNQBSJTPO PG WBSJPVT QMBDFT GPS WBSJPVT USJQ QVSQPTFT BOE NPEFT
CBTFE PO TJNJMBS JOQVUT, CVU XFJHIU UIPTF JOQVUT CBTFE PO B TUBUJTUJDBM FTUJNBUJPO PG XIBU JOEJWJEVBM
XFJHIUT CFTU FYQMBJO B QBSUJDVMBS USBWFM DIPJDF (F.H., NPEF, EFTUJOBUJPO). A VUJMJUZ-CBTFE BQQSPBDI BOE
MPDBUJPO-CBTFE BQQSPBDI DBO CF FRVJWBMFOU VOEFS TQFDJfiD BTTVNQUJPOT (WV BOE LFWJOTPO 2020), BOE
PffFST BO BQQSPBDI GPS DPNCJOJOH UIF BDDFTT QSPWJEFE CZ QBSUJDVMBS NPEFT PS BDSPTT EJffFSFOU BDUJWJUZ
UZQFT.

JT QBQFS QSPWJEFT TZTUFNBUJD EFWFMPQNFOU PG OFX JEFBT JO XIBU JT SFGFSSFE UP JO UIF MJUFSBUVSF BT
MPDBUJPO-CBTFE BDDFTTJCJMJUZ UIBU GPMMPX GSPN UIF eYpliciU QSFTFOUBUJPO PG UIF VOEFSMZJOH MPHJD PG HFOFSBM
BDDFTT JO TVCTFDUJPO 2.3. WF MBZ UIFTF PVU JO B CVJMEJOH CMPDLT NBOOFS CPUI UP TZTUFNBUJ[F XIBU XF
LOPX, CVU BMTP JEFOUJGZ MBDVOB JO PVS LOPXMFEHF.

IO UIF OFYU TFDUJPOT XF EJTDVTT XIBU JU NFBOT UP NFBTVSF geneSal acceTT. WF EJTDVTT UIF EJffFS-
FOU EJNFOTJPOT PG BDDFTT, TUBSUJOH XJUI UIF RVFTUJPO PG ‘XIFSF’, (TFDUJPO 2), BOE EFfiOF FYQMJDJUMZ XIBU
XFNFBO CZ BDDFTT GPS POF QBSUJDVMBSMZ VTFGVM BOE XJEFMZ FNQMPZFE DMBTT PG NFBTVSFNFOU pSimal acceTT.
WF EJTDVTT JNQFEBODFT (TFDUJPO 3) BOE DPNCJOJOH JTPDISPOFT (TFDUJPO 4). WF UIFO QSPDFFE UP TZTUFN-
BUJDBMMZ SFMBY UIF FNCFEEFE BTTVNQUJPOT BCPVU UJNF-PG-EBZ (TFDUJPO 5), BDUJWJUJFT (TFDUJPO 6), NPEFT
(TFDUJPO 7), BOE HSPVQT (TFDUJPO 8). WF HFOFSBMJ[F UIF FYQMJDJU SFQSFTFOUBUJPOT PG BDDFTT (TFDUJPO 9).
FJOBMMZ, XF FYUFOE UIBU CZ DPOTJEFSJOH BDDFTT PWFS UIF MJGFDZDMF PG B QSPKFDU PS QMBDF (TFDUJPO 10). WF
DPODMVEF (TFDUJPO 11) CZ JEFOUJGZJOH TPNF HBQT BOE JTTVFT GPS GVSUIFS EFWFMPQNFOU.

2 8heSe

WF TUBSU XJUI XheSe (i). WIFSF JT UIF BDDFTT CFJOH NFBTVSFE? WF EJWJEF TQBDF JOUP TNBMMFS VOJUT
PG HFPHSBQIZ (BU UIF MJNJU, FWFSZ QPJOU; PS FWFSZ QFSTPO, BT QFS UJNF-HFPHSBQIZ (MJMMFS 1991); NPSF
QSBDUJDBMMZ GPS BQQMJDBUJPO, FWFSZ QBSDFM PS CVJMEJOH PS TUSFFU CMPDL PS CFOTVT CMPDL HSPVQ, PS USBOTQPSU
BOBMZTJT [POF), XIJDI XF EFOPUF BT (i). WF UIFO NFBTVSF BDDFTT (Ai ) GPS UIBU QMBDF.

2.1 HanTen’T AcceTT

WF TPMWF GPS IPXNBOZ EFTUJOBUJPO PQQPSUVOJUJFT (O) (TFF TVCTFDUJPO 6.1) DBO CF SFBDIFE GSPN PSJHJO
i DPOTUSBJOFE CZ TPNF DPTU NFBTVSF ( f (Ci j )) (TFF TFDUJPO 3).

JT HJWFT VT XIBU IBT CFFO DBMMFE UIF HanTen AcceTTibiliUZ NFBTVSF BFS JUT EFWFMPQFS (HBOTFO
1959). WF SFGFS UP UIJT BT BPSimalAcceTTNFBTVSF, UP DPOUSBTUXJUI UIFDValAcceTTNFBTVSF BT EFTDSJCFE
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JO CVJ BOE LFWJOTPO (2019C), XIJDI DPOTJEFST UIF UJNF PS DPTU SFRVJSFE UP SFBDI B fiYFE OVNCFS PG
PQQPSUVOJUJFT.

Ai =
J∑

j=1
O j f (Ci j ) (1)

JT QSJNBM NFBTVSF PG BDDFTT JT GPSFNPTU poTiUiWe, NFBTVSJOH IPX NBOZ BDUJWJUJFT DBO CF SFBDIFE.
OOF DPVME, IPXFWFS, JNQPTF BnoSmaUiWe TUBOEBSE, BOE JOTJTU UIBU JU TIPVMECF BCPWF TPNFOVNCFS (N ).
IU JNQMJFT UIF RVFTUJPO PG XIFUIFS QSPWJEJOH TVDI MFWFMT PG BDDFTT JT BO BQQSPQSJBUF SPMF PG HPWFSONFOU.
FPS TPNF BDUJWJUJFT, NPTU QFPQMF QSPCBCMZ BHSFF UIBU JU JT (B fiSF TUBUJPO TIPVME CF XJUIJO X NJOVUFT
PG BOZPOF XIP MJWFT JO B DJUZ, PS X + Y NJOVUFT JO B SVSBM BSFB), BOE GPS PUIFST JU JT OPU. AT OPUFE
CZ MJMMFS (2018), UIFSF JT OP TUBOEBSE GPS UIF OVNCFS PG KPCT SFBDIBCMF XJUIJO B UISFTIPME MJLF 30
NJOVUFT, CVU BMM FMTF FRVBM, NPSF JT CFUUFS UIBO GFXFS. DJTDVTTJPOT PG UIF ‘30-NJOVUF DJUZ’ (GSFBUFS
SZEOFZ CPNNJTTJPO 2018), GPS JOTUBODF, TVHHFTU UIBU 75% PG UIF QFPQMF TIPVME CF BCMF UP SFBDI KPCT
XJUIJO 30 NJOVUFT VTJOH USBOTJU. NPUF, UIJT EFfiOJUJPO CFBST PO UIF EJTUSJCVUJPO PG KPCT BOE IPVTJOH BT
NVDI BT PO QVCMJD USBOTQPSU TFSWJDF.

2.2 AcUiWe and PaTTiWe AcceTT

ERVBUJPO 1NFBTVSFT acUiWe acceTTibiliUZ. IO DPOUSBEJTUJODUJPO, IPX FBTZ JU JT UP CF SFBDIFE (UIF DPTU GSPN
j UP i), SBUIFS UIBO UP SFBDI (UIF DPTU GSPN i UP j ), IBT CFFO SFGFSSFE UP BT paTTiWe acceTTibiliUZ (CBTDFUUB
2009; PBQB BOE CPQQPMB 2012), TIPXO CFMPX:

A⟲i =
J∑

j=1
O j f (C j i ) (2)

PBTTJWF BDDFTTJCJMJUZ IBT BQQMJDBUJPOT TVDI BT SFUBJMFST PS EJTUSJCVUPST XIP XBOU UP LOPX IPX FBTJMZ
DVTUPNFST DBO SFBDI UIFN, PS FNQMPZFST TFFLJOH UP NFBTVSF B QSPTQFDUJWF MBCPS GPSDF, BOE NBZ IBWF
SFMFWBODF JO VOEFSTUBOEJOH MBCPS NBSLFU DPNQFUJUJPO (TVCTFDUJPO 6.4) BOE BDDFTT GPS EFMJWFSFE HPPET
PSEFSFE POMJOF.

2.3 EYpliciU AcceTT FoSmVlaUion

OVS eYpliciU acceTT (Ai ,h,z,m,e ,t ,p) GPSNVMBUJPO FYQBOETHBOTFO’T fiSTU GPSNVMBUJPO HJWFO JO ERVBUJPO 1,
TPMWJOH GPS IPX NBOZ EFTUJOBUJPO PQQPSUVOJUJFT (O) DBO CF SFBDIFE GSPN BO PSJHJO (i), CZ BO BDUJWJUZ
UZQF PS QVSQPTF (z), GPS B QPQVMBUJPO TVCHSPVQ (p) (JODPNF DBUFHPSZ, SBDJBM HSPVQ, NPEBM BWBJMBCJMJUZ,
FUD.), XJUI B HJWFO NPEF (m), BU B UJNF PG EBZ (h), GPS B HJWFO TFU PG BDUJWJUJFT (z), DPOTJEFSJOH DPTU FMF-
NFOUT (e), BOE BO JNQFEBODF UISFTIPME (t ). WIJMF UIJT NBZ TFFN QFEBOUJD, JU BMTP SFWFBMT UIF SJDIOFTT
PG UIF QSPCMFN, XIJDI JT NVMUJ-EJNFOTJPOBM, BOE PQFOT BWFOVFT GPS HFOFSBMJ[BUJPO.

Ai ,h,z,m,e ,t ,p =
J∑

j=1
O j ,h,z f (Ci j ,h,m,e ) (3)

2.4 PeSTon-XeighUing

PFSTPO-XFJHIUFE BDDFTT QSPEVDFT NPSF SFQSFTFOUBUJWF NFBTVSFT UIBO BSJUINFUJD BWFSBHFT, BOE SFflFDUT
BDDFTT BT FYQFSJFODFE CZ UIF QPQVMBUJPO. IU JT B DPNNPO QSBDUJDF XIFO BHHSFHBUJOH BDDFTTJCJMJUZ (GFVST
eU al. 2003; WBDIT BOE KVNBHBJ 1973).

TP PCUBJO BO BHHSFHBUF NFBTVSF, XF DBO BWFSBHF BMM PG UIF BDDFTTJCJMJUJFT NFBTVSFE BU BMM PG UIF
PSJHJO i ’T, BOE EFWFMPQ B TZTUFN-XJEF BWFSBHF. BVU IPX ZPV BWFSBHF NBUUFST, TP XF PFO peSTon-XeighU
UIF BWFSBHF.
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TP PCUBJO B TZTUFN BWFSBHF, XF NJHIU TVN UIF BDDFTT JO FBDI PSJHJO, XFJHIUFE CZ UIF OVNCFS PG
QFPQMF FYQFSJFODJOH UIBU BDDFTT, GPS JOTUBODF UIPTF XIP MJWF JO UIBU [POF (Si ,.). WF NJHIU HP GVSUIFS,
BOE DPOTJEFS EBZUJNF BOE OJHIUUJNF QPQVMBUJPOT, PS USBDLJOH JOEJWJEVBMT UISPVHI UIFJS QFSTPOBM UJNF-
TQBDF QSJTN (TBOH eU al. 2016), CVU UIBU JT CFZPOE UIF TDPQF PG UIJT QBQFS.

FJSTU XF OPUF UIF QPQVMBUJPO (Si ,.) JO B [POF JT UIF TVN PG BMM UIF TVCHSPVQT (p) JO UIF [POF.

Si ,. =
P∑

p=1
Si ,p (4)

WF UIFO HJWF UIF QFSTPO-XFJHIUFE BWFSBHF PG UIF SFHJPOBM BDDFTT, XFJHIUFECZ UIF [POBM QPQVMBUJPO.

A.,h,z ,m,e ,t ,. =

I∑
i=1

Ai ,h,z,m,e ,t ,pSi ,.

I∑
i=1

Si ,.

(5)

3 Impedance

TJNF, EJTUBODF, NPOFZ DPTU, BOE PUIFS USBWFM SFMBUFE FYQFOTFT JNQFEF USBWFM, XIJDI SFEVDFT BDDFTT.
IOJUJBMMZ UIF RVFTUJPO PG hoX mVch (C ) UIF USJQ CFUXFFO i BOE j DPTU XBT UBLFO UP CF B GVODUJPO PG
EJTUBODF, NPEFMFE PO NFXUPO’T LBXT PG GSBWJUZ. LBUFS USBWFM UJNF XBT VTFE, BOE NPOFUBSZ DPTUT IBWF
CFFO EJSFDUMZ DPOTJEFSFE JO B GFX BOBMZTFT (CVJ BOE LFWJOTPO 2019B; EM-GFOFJEZ eU al. 2016). F
USBWFM JNQFEBODF GPS UIF DVNVMBUJWF PQQPSUVOJUZ BDDFTT NFBTVSF JT SFflFDUFE JO UXP GPSNT:
• AO JNQFEBODF GVODUJPO ( f ) EJTDPVOUJOH UIF XFJHIUFE OVNCFS PG PQQPSUVOJUJFT CBTFE PO UIF

USBWFM DPTU UP TVDI PQQPSUVOJUJFT, EJTDVTTFE JO TVCTFDUJPO 4.1.
• A DPTU (Ci j ) FYQSFTTFE CZ UIF USBWFM DPTU UP BMM, PS GPS B HJWFO MFWFM PG, PQQPSUVOJUJFT SFBDIFE.
SJODF UIFSF JT B POF-PO-POF DPSSFTQPOEFODF CFUXFFO UIF USBWFM DPTU GSPN B QPJOU, BOE UIF OVN-

CFS PG PQQPSUVOJUJFT SFBDIBCMF BU UIBU DPTU UISFTIPME, BDDFTT DBO CF FYQSFTTFE FJUIFS CZ UIF DVNVMBUJWF
OVNCFS PG PQQPSUVOJUJFT SFBDIBCMF (QSJNBM BDDFTT NFBTVSF (TFDUJPO 4)), PS BMUFSOBUJWFMZ CZ UIF USBWFM
DPTU (EVBM NFBTVSF (CVJ BOE LFWJOTPO 2019C)) GPS SFBDIJOH B DFSUBJO MFWFM PG PQQPSUVOJUJFT.

TSBWFM JNQFEBODF JT JODPSQPSBUFE JOUP BDDFTT CZ EJTDPVOUJOH DVNVMBUJWF PQQPSUVOJUJFT CZ UIFJS
USBWFM DPTU. JT TFDUJPO EJTDVTTFT DPOTUJUVFOUT PG UIF USBWFM JNQFEBODF.

3.1 Time CoTU

IO FBSMZ BQQMJDBUJPOT, EJTUBODF XBT VTFE BT B NFBTVSF PG USBWFM DPTU, CVU OPX USBWFM UJNF JT NPSF XJEFMZ
VTFE. F TBNF UJNF DPTU JT FYQFSJFODFE SFMBUJWFMZ FRVBMMZ CZ EJffFSFOU EFNPHSBQIJD HSPVQT. F USBWFM
UJNF PG B SPVUF EFQFOET PO UIF TQFFE PG USBWFM BMPOH UIF OFUXPSL BOE EJTUBODF PG UIF SPVUF (si j ), BOE TP
UIF FffiDJFODZ (DJSDVJUZ) PG UIF OFUXPSL EFTJHO JT PFO BT JNQPSUBOU BT UIF WFMPDJUZ (vi j ) PO UIF OFUXPSL
JO EFUFSNJOJOH USBWFM UJNF.

ti j =
si j ,ne twor k

vi j
(6)

FMVDUVBUJPOT JO USBffiD DPOEJUJPOT SFTVMU JO EJffFSFOU TIPSUFTU UJNF QBUIT CZ UJNF-PG-EBZ (MPZB-
GóNF[ BOE GBSDíB-PBMPNBSFT 2015); USBOTJU USBWFM UJNF WBSJFT XJUI TDIFEVMFT (FBSCFS eU al. 2014; LFJ
BOE CIVSDI 2010).

TJNF DPTU DBO flFYJCMZ DPNCJOF NVMUJNPEBM, BOE EJffFSFOU TUBHFT, PG B USJQ. F USBWFM UJNF DPTU
(ti j ,e ,m) PG B POF-XBZ USJQ CZ NPEF m DBO CF NFBTVSFE BT B MJOFBS TVNNBUJPO PG UIF WBSJPVT UJNF
FMFNFOUT (et ) JO UIF TFU PG SFMFWBOU UJNF FMFNFOUT (Et ). FPS USBOTJU UIF SFMFWBOU DPTU FMFNFOUT NJHIU CF
XBJUJOH, PO-CPBSE, BOE USBOTGFS UJNF QFOBMUJFT (LFF eU al. 2013; SIFO eU al. 2014). SJNJMJBSMZ, BEEJOH
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XBMLJOH UJNF UP BOE GSPN QBSLJOH MPUT UP UIF BVUPNPCJMF USBWFM UJNF (XJUIPVU XFJHIUJOH), IFMQT USBWFM
UJNF CFUXFFO EJffFSFOU NPEFT CFDPNFT NPSF DPNQBSBCMF (BFOFOTPO eU al. 2011).

ti j ,.,m =
Et∑

et=1
ti j ,et ,m (7)

FPS DPNQFUJOH NPEFT PG USBOTQPSU, UIF PQUJNBM USBWFM UJNF (t ∗i j ) DBO CF SFQSFTFOUFE CZ UIF GBTUFTU
NPEF CFUXFFO UIF SFTQFDUJWF MPDBUJPOT, TIPXO JO ERVBUJPO 8 (SIFO eU al. 2014).

t ∗i j ,.,. =min
m
(ti j ,.,m) (8)

WF EJTDVTT XFJHIUJOH UJNF XJUI B GVODUJPO UP BDDPVOU GPS QFSDFQUJPO PS VTFS FYQFSJFODF JO TVCTFD-
UJPO 3.2.

3.2 PeSceiWed and EYpeSienced Time

FDPTU UIBU JT VTFE JO BDDFTT JT HFOFSBMMZ FTUJNBUFE CZ UIF BOBMZTU, BOE JT PFO BTTVNFE UP CF PCKFDUJWF,
CVUXFNBZXBOU UP UIJOL BCPVU IPXVTFST QFSDFJWF DPTU. TJNFQFSDFQUJPO WBSJFTXJUI DPOEJUJPOT VOEFS
XIJDI UJNF JT FYQFSJFODFE, BOE XIJMF JU WBSJFT GSPN QFSTPO UP QFSTPO, UIFSF BSF DPOEJUJPOT XIJDI NPTU
QFPQMF XJMM QFSDFJWF UP CF MPOHFS UIBO BDUVBM (XBJUJOH, TUPQ BOE HP USBffiD) BOE DPOEJUJPOT XIJDI XJMM
CF QFSDFJWFE UP CF TIPSUFS (NPWJOH VOJNQFEFE).

WIJMF HFUUJOH UIF QFSDFJWFE UJNF GPS FWFSZ PSJHJO-EFTUJOBUJPO QBJS GPS FWFSZ JOEJWJEVBM JT MJLFMZ UP
CF JNQPTTJCMF, NPEFMT PG QFSDFJWFE UJNF DBO CF FTUJNBUFE BOE VTFE BT QBSU PG UIF DPTU NBUSJY (Ci j ).

TSBWFM JT HFOFSBMMZ BTTVNFE UP CF B ‘EFSJWFE EFNBOE’, BO VOEFTJSBCMF QSPDFTT QFPQMF FOEVSF UP SFBDI
TPNFUIJOH UIFZ EFTJSF. F QFSDFQUJPO PG USBWFM DPTU TZTUFNBUJDBMMZ EFWJBUFT GSPN PCKFDUJWF NFBTVSFT
(CBSSJPO BOE LFWJOTPO 2019; FBO eU al. 2016; LBHVOF-RFVUMFS eU al. 2016; PBSUIBTBSBUIJ eU al. 2013;
WV eU al. 2009). WF UBML BCPVU QFSDFJWFE BOE FYQFSJFODFE DPTU, CFDBVTF FWFO JG B USBWFMFS IBT DPSSFDU
UJNF QFSDFQUJPOT, UIFZNBZ TUJMM GBWPS POF USBWFM FYQFSJFODF PWFS BOPUIFS. DJffFSFOU NPEF BOE USJQ QVS-
QPTFT QSPEVDF EJffFSFOU GVODUJPOT SFflFDUJOH EFDBZ PG USJQ SBUF XJUI EJTUBODF; BDUJWF NPEFT PG USBOTQPSU
EFDBZ NPTU SBQJEMZ XJUI EJTUBODF, BT UIF QFSDFJWFE DPTU BOE QIZTJDBM FYFSUJPO BSF NVDI IJHIFS UIBO
NPUPSJ[FE NPEFT (IBDPOP eU al. 2008B). NPUBCMZ, UJNF JT QFSDFJWFE BOE FYQFSJFODFE EJffFSFOUMZ GPS
EJffFSFOU NPEFT, BOE GPS EJffFSFOU TUBHFT PG B USJQ. TSBOTJU VTFST QFSDFJWF CVT XBJUJOH UJNF BT MPOHFS
UIBO UIF PCKFDUJWF NFBTVSF, BOE TVSWFZT fiOE JU UP CF CFUXFFO 15% UP 40% MPOHFS UIBO BDUVBM (JPOFT
BOE PFQQJBUU 1996; LBSTPO eU al. 1991; WBULJOT eU al. 2011), BOE UIF FYUFOU PG PWFSFTUJNBUJPO WBSJFT CZ
JOEJWJEVBM DIBSBDUFSJTUJDT, TVDI BT BHF BOE HFOEFS (JPOFT BOE PFQQJBUU 1996). IO MJHIU PG UIF EJffFSFODF
CFUXFFO BDUVBM BOE QFSDFJWFE UJNF, USBWFM UJNF BU EJffFSFOU TUBHFT PG B USJQ DBO CF BTTJHOFE B XFJHIU
(ηet ) GPS FBDI UJNF FMFNFOU (et ) UP QSPEVDF B TJOHMF QFSDFJWFE USBWFM UJNF (t Pi j ,.) UIBU SFflFDUT UIF PWFS-
BMM USBWFM FYQFSJFODF, XJUI PO-CPBSE UJNF HFOFSBMMZ MFTT POFSPVT UIBO XBMLJOH PS USBOTJU XBJUJOH UJNF
(CIBOH BOE LFF 2008; TBINBTCJ BOE HBHITIFOBT 2019).

t Pi j ,h,.,m =
Et∑

et=1
ηet ti j ,h,et ,m (9)

RFMBUFE UP QFSDFJWFE UJNF JT UIF JEFB PG UIF RVBMJUZ PG UJNF. PFPQMF NBZ BDDVSBUFMZ QFSDFJWF UJNF,
CVU XJTI JU XFSF EJffFSFOU. HBOEMJOH UIJT JT NPSF EJffiDVMU. MPEFT WBSZ JO UIF RVBMJUZ PG UJNF. DJffFSFOU
NPEFT SFRVJSF EJffFSFOU BNPVOUT PG FffPSU PS FOFSHZ FYQFOEJUVSF. PFPQMF BSF IBQQJFSXBMLJOH PS SJEJOH B
CJLF UIBO SJEJOH B CVT PS DSPXEFE USBJO PS ESJWJOH (ACPV-ZFJE eU al.2012;CIFO eU al.2019; SUVU[FS BOE
FSFZ 2008; WBO LJFSPQ BOE EM-GFOFJEZ 2018). WJUIJO NPEF DIPJDFT NPEFMT, GPS USBOTJU, GPS JOTUBODF,
UIF XFJHIUJOH PO PVU-PG-WFIJDMF XBJUJOH UJNF JT NVDI HSFBUFS UIBO PO JO-WFIJDMF UJNF, BOE XIJMF TPNF
PG UIJT BDDPVOUT GPS UJNF QFSDFQUJPO, BOE TPNF BDDPVOUT GPS VODFSUBJOUZ (JT UIF CVT BDUVBMMZ DPNJOH?),
TPNF BMTP BDDPVOUT GPS UJNF RVBMJUZ.
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BZ VTJOH TBUJTGBDUJPO BT B NPEJfiFS UP UIF USBWFM DPTU, KPCT DPVME CF EJTDPVOUFE BDDPSEJOH UP UIF
EFHSFF PG EJTTBUJTGBDUJPO BTTPDJBUFE UP UIF USJQ CZ B HJWFO NPEF (CIBMPVY eU al. 2019). FPS FYBNQMF,
UXP KPCT SFBDIBCMF XJUI B USJQ TBUJTGBDUJPO SBUJOH PG 50% NBZ CF XPSUI POF KPC SFBDIBCMF XJUI B TBUJT-
GBDUJPO SBUJOH PG 100%. JT XPVME FOBCMF UIF VTF PG TBUJTGBDUJPO-CBTFE BDDFTT JO BO FBTJMZ-VOEFSTUPPE
DVNVMBUJWF PQQPSUVOJUJFT GSBNFXPSL. CPNCJOJOH QFSDFJWFE (PS SFQPSUFE) USBWFM UJNF (BT EJTUJODU GSPN
PCKFDUJWFMZ NFBTVSFE USBWFM UJNF VTJOH GPS) XJUI TBUJTGBDUJPO JO BDDFTT NFBTVSFT JT BOPUIFS EJSFDUJPO
GPS GVUVSF SFTFBSDI. F JTTVF, XIJDI DBOOPU CF BEESFTTFE XJUI DVSSFOU EBUB TFUT, JT UIF FYUFOU UIBU EJT-
TBUJTGBDUJPO BMSFBEZ FNCFET IJHIFS QFSDFJWFE USBWFM UJNFT, PS UIF EFHSFF UP XIJDI UIFZ BSF UXP EJTUJODU
QIFOPNFOB.

3.3 GeneSali[ed (InUeSnal) CoTU

F HFOFSBMJ[FE DPTU (OPU UP CF DPOGVTFE XJUI HFOFSBMJ[FE BDDFTT (TFDUJPO 9)) DPNCJOFT UXP PS NPSF
FMFNFOUT PG UIF JOUFSOBM USBWFM DPTU, UIF DPTU CPSOF CZ UIF USBWFMFS, TP UIF BDDFTTNFBTVSFNFOU HFUT DMPTFS
UP SFBMJUZ. F DPTU FMFNFOUT JODMVEFE CZ UIF HFOFSBMJ[FE DPTU BSF OPU BT DPNQSFIFOTJWF BT UIF GVMM DPTU
EJTDVTTFE JO TVCTFDUJPO 3.4, XIJDI JODMVEFT FYUFSOBMJUJFT.

VT GBS XF IBWF BCTUSBDUFE DPTU (Ci j ). IO NPTU BQQMJDBUJPOT DPTU IBT CFFO UBLFO BT JOEJWJEVBM
USBWFM UJNF, TP B QSJNBM BDDFTTJCJMJUZ NFBTVSF NJHIU BTL IPX NBOZ KPCT B USBWFMFS DBO SFBDI JO 30 NJO-
VUFT PG USBWFM. WIJMF UIJT JT VTFGVM GPS NBOZ BQQMJDBUJPOT, JU OFHMFDUT NBOZ PUIFS DPTUT PG USBOTQPSU.
FSPN UIF VTFS QFSTQFDUJWF, DPTUT JODMVEF NPOFUBSZ FYQFOEJUVSFT PO USBWFM, PFO QSPQPSUJPOBM UP USBWFM
EJTUBODF (IOHSBN 1971; RJDIBSETPO BOE YPVOH 1982), USBWFM UJNF (FBSCFS eU al. 2014; MPZB-GóNF[
BOE GBSDíB-PBMPNBSFT 2015; OTMBOE BOE PSTFO 2008), UPMMT, USBOTJU GBSFT, QBSLJOH, GVFM, DPTUT PG WF-
IJDMF PXOFSTIJQ, BOE TP PO. F DPTU PG USBWFM DBO CF NPOFUJ[FE (CZ DPOWFSUJOH UJNF UP NPOFZ) PS
UFNQPSBMJ[FE (CZ USBOTMBUJOH NPOFZ DPTUT UP UJNF), GPS JOTUBODF CZ DPOTJEFSJOH UIF BNPVOU PG UJNF
SFRVJSFE UP XPSL UP FBSO FOPVHI UP QBZ USBOTJU GBSFT. (EM-GFOFJEZ eU al. 2016)

TJNF BOE NPOFUBSZ DPTUT BSF UIF NPTU PFO VTFE DPNCJOBUJPO XJUI UIF HFOFSBMJ[FE DPTU. F
USBWFM UJNF DBO CF NPOFUJ[FE (Ci j ,h,m,t$) VTJOH B DPOWFSTJPO GBDUPS (w) UIBU JT UIF WBMVF PG UJNF PS UIF
XBHF SBUF. (EM-GFOFJEZ eU al. 2016; GPPEXJO 1974)

Ci j ,h,m,t$ = w · ti j ,.,m (10)

SJNJMBSMZ NPOFUBSZ DPTU DBO CF EFOPNJOBUFE XJUI UJNF VOJUT (Ci j ,h,m,$t ):

Ci j ,h,m,$t =
$i j
w

(11)

HFODF UIF HFOFSBMJ[FE JOUFSOBM DPTU GVODUJPO DBO BDDPVOU GPS CPUI UJNF BOE NPOFUBSZ DPTUT FYQF-
SJFODFE CZ VTFST XIJMF FYQSFTTJOH TQBUJBM GSJDUJPO JO B TJOHMF JOUFSQSFUBCMF VOJU (FJUIFS UJNF PS NPOFZ).

Ci j ,h,m,int =
Eint∑

eint=1
Ci j ,h,m,eint

(12)

F BDUVBM NPOFUBSZ WBMVF PG UJNF IBT CFFO GPVOE UP CF B QFSDFOUBHF (VTVBMMZ MFTT UIBO 100%) PG
UIF DPSSFTQPOEJOH XBHF SBUF GPS UIF TBNF MFOHUI PG UJNF, BOE UIF WBMVF EJffFST CFUXFFO ESJWJOH BMPOF
BOE DBSQPPMJOH (LBN BOE SNBMM 2001). HJHIFS JODPNF HSPVQT UFOE UP BDDFQU IJHIFS NPOFUBSZ DPTU
JO FYDIBOHF GPS TIPSUFS USBWFM UJNF, TP IBWJOH IJHIFS NPOFUBSZ WBMVF PG UJNF. (BFFTMFZ 1965; HFOTIFS
2019) FSF JT B MBSHF MJUFSBUVSF PO BQQSPQSJBUF WBMVFT PG UJNF, XIJDI XF DBOOPU GVMMZ SFWJFX IFSF.
F JEFB PG HFOFSBMJ[FE DPTU, BOE DPOWFSUJOH UJNF JOUP NPOFZ PS WJDF WFSTB, JT JNQPSUBOU OPU POMZ JO
FTUJNBUJOH UIF USBWFM DPTU, CVU JO DPOTJEFSJOH DPTU UISFTIPMET BT EJTDVTTFE JO 4.1.
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3.4 FVll CoTU

IO TPDJBM XFMGBSF BOBMZTFT, UIF USBWFM UJNF BOE UIF NPOFUBSZ DPTUT QBJE CZ USBWFMFST BSF POMZ QBSU PG
UIF DPTU GPS NBLJOH B USJQ. SJHOJfiDBOUMZ, TPNFPOF JODVST UIF DPTU PG QSPWJEJOH TVCTJEZ GPS UIPTF DPTUT
UIF USBWFMFST EP OPU CFBS, GPS JOTUBODF XIFO UIF fiOBODJBM DPTU PG QSPWJEJOH UIF TFSWJDF FYDFFET UIF
SFWFOVF JU HFOFSBUFT GSPN VTFST. BVU FWFO NPSF, UIFSF BSF FYUFSOBMJUJFT, MJLF QPMMVUJPO, OPJTF, DSBTIFT,
BOE DPOHFTUJPO JNQPTFE PO PUIFST XIJDI TIPVME CF DPOTJEFSFE, BT UIFZ BSF CPSOF CZ TPDJFUZ BU MBSHF.

FSPN TPDJFUZ’T QFSTQFDUJWF, XFMGBSF JTNBYJNJ[FE OPUXIFO POMZ VTFS DPTUT BSF DPOTJEFSFE CVUXIFO
TPDJFUZ’T GVMM DPTU BSF. IG BDDFTT JT UP CF VTFE JO FWBMVBUJPO, JU NVTU DPOTJEFS UIFTF GBDUPST. IO UIJT DBTF,
XF OFFE UP DPOTJEFS PUIFS DPTU FMFNFOUT (efull), MJLF DPOHFTUJPO JNQPTFE PO PUIFST, QPMMVUJPO FNJUUFE
GSPN UIF WFIJDMF, EBOHFS GSPN DSBTI SJTL, OPJTF, BOE JOGSBTUSVDUVSF BOE PUIFS TVCTJEJFT QSPWJEFE UP
USBWFMFST. FPS UIF TBNF DPTU UISFTIPME, JODMVTJPO PG FYUFSOBM DPTUT SFEVDFT UIF OVNCFS PG PQQPSUVOJUJFT
SFBDIBCMF DPNQBSFE UP VTJOH POMZ UIF JOUFSOBM USBWFM DPTU (CVJ BOE LFWJOTPO 2018). FVMM DPTU BDDFTT
IBT TJHOJfiDBOU QPMJDZ JNQMJDBUJPOT, BT UIF PQUJNJ[BUJPO QSPDFTT (JG PQUJNJ[JOH GPS BDDFTT) TIJT GSPN
JOEJWJEVBM UP TZTUFN PQUJNVN; UIF JODMVTJPO PG FYUFSOBMJUJFT SFNFEJFT UIF JOIFSFOU NBSLFU GBJMVSF, BOE
TIPVME MFBE UP BNPSF FffiDJFOUNBSLFU; UIF EJTUSJCVUJPO PG UIF OFXMZ JOUSPEVDFE GBSF CVSEFO IBT FRVJUZ
JNQMJDBUJPOT.

Ci j ,h,m,. =
Efull∑

efull=1
Ci j ,h,m,efull

(13)

VT XF DBO DPNQBSF UIF HFOFSBMJ[FE (PS JOUFSOBM) BOE GVMM (PS JOUFSOBM QMVT FYUFSOBM) DPTUT PG
USBWFM.

OVS IZQPUIFTJT JT UIBU XIJMF BVUPNPCJMF JT PFO GBTUFS UIBO PUIFS NPEFT (BOE TP IBT UIF IJHIFTU
UJNF-CBTFE BDDFTT NFBTVSF), JU JT VOMJLFMZ UP IBWF UIF MPXFTU GVMM DPTU PG USBWFM JO VSCBO BSFBT.

IODMVTJPO PG USJQ FYUFSOBMJUJFT (XIJDI JNQPTF TBGFUZ, IFBMUI BOE FOWJSPONFOUBM DPTU PO PUIFS VTFST,
OPO-VTFST) JOUP UIF USBWFM DPTU GVODUJPO QSPEVDFT EJffFSFOU SPVUF DPTUT. ADDFTTJCJMJUZ PVUDPNFT EFQFOE
PO UIF DIPJDF PG QBUIT (TBGFTU, DIFBQFTU, HSFFOFTU, BOE GVMM DPTU QBUIT GPVOE CZ VTJOH DSBTI SJTL, NPOF-
UBSZ, FOWJSPONFOUBM BOE GVMM DPTUT). JT MPHJDBMMZ BffFDUT UIF TIBQF BOE TJ[F PG UIF JTPDISPOF DBUDINFOU
BSFB, BOE UIF OVNCFS PG PQQPSUVOJUJFT SFBDIBCMF (CVJ BOE LFWJOTPO 2018).

CPODFJWJOH PG UIF QSPCMFN XJUI UIF ‘GVMM DPTU’ PG BDDFTT DIBOHFT UIF QFSTQFDUJWF GSPN JOEJWJEVBM
UP UIF TZTUFN PQUJNVN, XIJDI IBT QPMJDZ JNQMJDBUJPOT, GPS FYBNQMF JO UIF QPTTJCJMJUZ PG DIBSHJOH VTFS
GFFT UP JOUFSOBMJ[F UIF FYUFSOBMJUJFT PG USBWFM, XIJDI XPVME SFTVMU JO B NPSF FffiDJFOU VTF PG UIF TZTUFN.
DJffFSFOU QPMJDZ PCKFDUJWFT DBO CF QVSTVFE CZ TFMFDUJWFMZ JODPSQPSBUJOH BOE XFJHIUJOH DPNQPOFOUT PG
DPTU FYUFSOBMJUJFT.

WF OPUF UIBU XIFO FTUJNBUJOH DPTUT, UIF QBUI UIBU USBWFMFST USBWFSTF JT VTVBMMZ BTTVNFE SBUIFS UIBO
PCTFSWFE. OFO JU JT BTTVNFE USBWFMFST DIPPTF UIF TIPSUFTU QBUI. F FWJEFODF JT IPXFWFS USBWFMFST EP
OPU, GPS SFBTPOT SFMBUJOH UP UJNF QFSDFQUJPO, BNPOH PUIFST (TBOH BOE LFWJOTPO 2018; ZIV BOE LFWJO-
TPO 2015). F UPUBM DPTU EFQFOET WFSZ NVDI PO UIF CFIBWJPSBMMZ-CBTFE QBUI DIPJDF PG UIF USBWFMFS. IG
USZJOH UP VOEFSTUBOE GVMM DPTU, PS GVUVSF TDFOBSJPT XIFSF UIFSF NJHIU CF TJHOJfiDBOU SPBE QSJDJOH, BOE
USBWFMFST IBWF EJffFSFOU WBMVFT PG UJNF, UIFTF UFDIOJDBM EFUBJMT NBZ TJHOJfiDBOUMZ BffFDU PVUDPNFT.

4 HoX8e ATTeTT

IOHBOTFO’T BDDFTT (TVCTFDUJPO 2.1), XFNJHIU VTF BO JNQFEBODF GVODUJPO ( f ) XJUI B USBWFM UJNF UISFTI-
PME (t ) PS XJUI TQFDJfiD QBSBNFUFST (θ), XIJDI HJWF EJffFSFOU, UIPVHI TZTUFNBUJDBMMZ SFMBUFE, OVNFSJD
BOTXFST.

IO UIJT TFDUJPO XF DPOOFDU UIF WBSJPVT BTTFTTNFOU NFUIPET GPS QSJNBM BDDFTT.
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4.1 The ITochSone

F iTochSone, GSPN UIFGSFFL XPSE GPS Tame Uime JT UIF FBTJFTU XJOEPX JOUP BDDFTT. AO JTPDISPOFNBQ
TIPXT GPS B QPJOU, XIBU QMBDFT DBO CF SFBDIFE JO B HJWFO XJOEPX PG DPTU, VTVBMMZ NFBTVSFE BT UJNF, GPS
JOTUBODF 10 NJOVUFT, 20 NJOVUFT, TP PO. F DPTU DBO CF NFBTVSFE JO NPOFZ PS PUIFS UFSNT BT XFMM.

ITPDISPOF BDDFTT NFBTVSFT BSF PQFSBUJPOBMJ[FE CZ UIF TVNNBUJPO PG UIF OVNCFS PG PQQPSUVOJUJFT
FODBQTVMBUFE XJUIJO B QSFEFUFSNJOFE USBWFM DPTU UISFTIPME (VTVBMMZ UJNF PS EJTUBODF) (EM-GFOFJEZ BOE
LFWJOTPO 2007). FNFBTVSF IBT B HFPNFUSJDBM FYQMBOBUJPO: BO JTPDISPOF SFQSFTFOUT BMM QPTTJCMF EFTUJ-
OBUJPOT XJUIJO UIF USBWFM DPTU UISFTIPME, PQQPSUVOJUJFT XJUIJO UIF DBUDINFOU BSFB PG UIF JTPDISPOF BSF
DPOTJEFSFE SFBDIBCMF BOE UIPTF PVUTJEF BSF EJTDPVOUFE (IOHSBN1971; SBSMBT BOEAYIBVTFO 2018). F
JTPDISPOF NFUIPE JT B TQFDJBM DBTF JO XIJDI UIF EFDBZ GVODUJPO JT SFDUBOHVMBS. FPS JUT ‘BMM-PS-OPUIJOH’
BQQSPBDI JO DPVOUJOH QPUFOUJBM PQQPSUVOJUJFT, UIF JTPDISPOF NFBTVSF JT TPNFUJNFT DBMMFE B DVU-Pff,
DPOUPVS, DVNVMBUJWF PQQPSUVOJUJFT, QSPYJNJUZ PS DVNVMBUJWF DPVOU (NFVUFOT 2015).

F BDUVBM SPVUF DIPJDF UFOET UP CF NPSF DJSDVJUPVT UIBO OFDFTTBSZ, HJWFO UIBU QFPQMF EP OPU IBWF
QFSGFDU JOGPSNBUJPO BCPVU UIF SPBE OFUXPSL, BOE NBZ OPU XJTI UP TJNQMZ NJOJNJ[F USBWFM UJNF (TBOH
BOE LFWJOTPO 2018; ZIV BOE LFWJOTPO 2015). HFODF BO JTPDISPOF FTUJNBUFE WJB BO BOBMZTU’T TIPSUFTU
UJNF QBUI MJLFMZ SFQSFTFOUT B QPUFOUJBM DPWFSBHF BSFB VOEFS ‘JEFBM’ DJSDVNTUBODFT. F BDUVBM BSFB, BOE
OVNCFS PG PQQPSUVOJUJFT, SFBDIBCMF CZ NPTU QFPQMF UFOET UP CF TNBMMFS UIBO XIBU JT DPWFSFE CZ UIF
JTPDISPOF.

F PQFSBUJPOBMJ[FE DVNVMBUJWF PQQPSUVOJUZ BDDFTTNFBTVSF VTFT UIF JTPDISPOF BT JUT (SFDUBOHVMBS)
EFDBZ GVODUJPO.

TP BQQMZ BDDFTT NFBTVSFT JO QSBDUJDF, UIF GVODUJPO PG DPTUT ( f (Ci j ,h,m,e )) OFFET UP CF TQFDJfiFE.
FPS DPNQMFUFOFTT, IFSF XF OPUF UIF TVCTDSJQU GPS PSJHJO (i), EFTUJOBUJPO ( j ), UJNF-PG-EBZ (h), BOE GPS
NPEF (m), DPOTJEFSJOH B QBSUJDVMBS TFU PG DPTUT (e ; UJNF/NPOFUBSZ), BOE SFDPHOJ[F UIBU XF DPVME BEE
BOZ PUIFS TVC-DBUFHPSJ[BUJPO XF NBZ XJTI UP JNQPTF.

WF DBMM UIJT B SFDUBOHVMBS EJTUBODF EFDBZ GVODUJPO BT JU QSPWJEFT B TUFQ GVODUJPO GPS JODMVTJPO PS
FYDMVTJPO PG BO PQQPSUVOJUZ GSPN UIF BDDFTT TFU. F GPSNVMBUJPO PG UIF USBWFM JNQFEBODF GVODUJPO
EFNBSDBUJOH UIF JTPDISPOF JT HJWFO CZ ERVBUJPO 14. TPMFSBODF GPS USBWFM DPTU EJffFST CZ NPEF, (IBDPOP
eU al. 2010; LFWJOTPO 1998), USJQ QVSQPTF, (GSFOHT 2015;HBOTFO 1959), BOE DPTU FMFNFOUT DPOTJEFSFE,
TP UIF VQQFS CPVOE USBWFM DPTU UISFTIPME (tub ) XPVME WBSZ BDDPSEJOHMZ, XIJDI XF DPVME EFOPUF BT
(tm,z,e ), CVU EPO’U EFWFMPQ UIBU GVSUIFS IFSF.

f (Ci j ,h,m,e ) =

(
1 JGCi j ,h,m,e < tub
0 PUIFSXJTF

(14)

4.2 TSaWel Time BVdgeUT

A CFIBWJPSBM GPVOEBUJPO KVTUJGZJOH UIF VTF PG DVNVMBUJWF PQQPSUVOJUJFT IJOHFT PO UIF DPOTUBODZ PG UIF
USBWFM DPTU CVEHFU, XIJDI EFUFSNJOFT UIF TQBUJBM FYUFOU PG UIF JTPDISPOF DPWFSBHF BSFB. F JOEJWJEVBM
DPNNVUF EVSBUJPO IBT CFFO SFMBUJWFMZ TUBCMF PWFS MPOH QFSJPET PG FDPOPNJD BOE EFNPHSBQIJD DIBOHF
(CPUI XJUI BOEXJUIPVUNBKPS UFDIOPMPHJDBM DIBOHF), TVHHFTUJOH B MBUFOU USBWFM UJNF CVEHFU GSPN EBJMZ
BDUJWJUJFT (LFWJOTPO BOE KVNBS 1994; MBSDIFUUJ 1994; ZBIBWJ 1974). FSF IBT CFFO NJYFE FWJEFODF
BT XIFUIFS USBWFM UJNF PS NPOFUBSZ DPTU BMPOF JT DPOTUBOU; (MPLIUBSJBO BOE CIFO 2004), PS XIFUIFS
UIF CVEHFU BQQMJFT UP DPNNVUF USJQT PS BMM USBWFM, IPXFWFS UIF HFOFSBMJ[FE USBWFM DPTU BT B TVNNBUJPO PG
UJNF BOE NPOFUBSZ FYQFOEJUVSF, BOE FYQSFTTFE JO UJNF VOJU (HFOFSBMJ[FE UJNF) BQQFBS UP CF TUBCMF GPS
TIPSU QFSJPET PG UJNF; XIFO FYQSFTTFE JO NPOFUBSZ VOJUT, UIF HFOFSBMJ[FE DPTU JT B TUBCMF QSPQPSUJPO PG
JOEJWJEVBM JODPNF. (GPPEXJO 1974, 1981; TBOOFS 1981) JT JNQMJFT B USBEF-Pff CFUXFFO USBWFM UJNF
BOE NPOFZ FYQFOEJUVSF UIBU LFFQT UIF UPUBM HFOFSBMJ[FE DPTU TUBCMF. RFTFBSDI TVHHFTUT UJNF CVEHFUT
GPS QVCMJD USBOTQPSU DPNNVUFST NBZ CF IJHIFS (BCPVU 45 NJOVUFT FBDI XBZ) (HVBOH eU al. 2018; WV
eU al. 2020, 2019) UIBO GPS BVUPT (BCPVU 30 NJOVUFT FBDI XBZ).
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RFENPOE BOE MPLIUBSJBO (2001) TVHHFTU B QPTJUJWF VUJMJUZ PG DPNNVUF, TP UIBU USBWFMFST XIP
XBOU UP USBWFM B NJOJNVN BNPVOU JO BEEJUJPO UP CFJOH MFTT UIBO B USBWFM UJNF CVEHFU (MPLIUBSJBO BOE
CIFO 2004). WF DBO FYQSFTT UIJT XJUI UJNF BT JO ERVBUJPO 15, XIFSF tl b JT UIF MPXFS CPVOE BOE tub
JT UIF VQQFS CPVOE PG UIF UJNF UISFTIPME BT CFGPSF. F MPXFS CPVOE NBLFT MFTT TFOTF GPS B NPOFUBSZ
DPTU UISFTIPME (Cl b ), CVU POF DPVME JNQPTF B OPO-MJOFBS WBMVF PG UJNF, XIJMF UIF VQQFS CPVOE (Cub )
JT TUSBJHIU-GPSXBSE.

f (Ci j ,h,m,e ) =

(
1 JG tl b <Ci j ,h,m,e < tub
0 PUIFSXJTF

(15)

F JTPDISPOF NFBTVSF DPVOUT UIF BDUVBM OVNCFS PG PQQPSUVOJUJFT SFBDIBCMF, BOE IBT UIF BEWBO-
UBHF PG CFJOH JO BCTPMVUF BOE DPNQBSBCMF VOJUT (BBUUZ 2009). F NFBTVSF QSPWJEFT CFUUFS JOUFS-
QSFUBCJMJUZ UIBO VTJOH B EFDBZ GVODUJPO BOE UIF SFTVMUJOH SFMBUJWF NFBTVSF. F DMBSJUZ PG NFBOJOH BOE
FBTJMZ VOEFSTUPPE BOE JOUFSQSFUBCMF DPODFQUNBLFT JTPDISPOF BDDFTT JEFBM GPS QSBDUJDF (O’SVMMJWBO eU al.
2000).

FVTF PG WBSJPVT USBWFM DPTU UISFTIPMET JOIFSFOUMZ QSPEVDF EJffFSFOU DVNVMBUJWF PQQPSUVOJUZNFB-
TVSFT, BOENPSF JNQPSUBOUMZNBZ DIBOHF UIF SBOLJOHT PG BMUFSOBUJWFT PG QMBDFT JO B SFMBUJWF TFOTF (MJMMFS
2018; OXFO BOE LFWJOTPO 2015; XJ eU al. 2018). JT QSFTFOUT B NBKPS DIBMMFOHF XJUI UIF JTPDISPOF
NFBTVSF, TJODF UIF TFMFDUJPO PG USBWFM DPTU UISFTIPME TJHOJfiDBOUMZ JNQBDUT JUT JOUFSQSFUBUJPO. WIJMF B
MBSHF UISFTIPME (BCPVU 60NJOVUFT CZ DBS) XJMM JODMVEF BMM EFTUJOBUJPOT JONPTU NFUSPQPMJUBO BSFBT, BOE
UIVT CF JOEJDBUJWF PG DJUZ TJ[F, B WFSZ TNBMM UISFTIPME (BCPVU 15 NJOVUFT) NBZ DBQUVSF SFMBUJWFMZ GFX
KPCT, BOE MBSHF DJUJFT NBZ IBWF MPXFS QFSTPO-XFJHIUFE BDDFTTJCJMJUJFT UIBO TNBMMFS QMBDFT.

IO QSBDUJDF, JTPDISPOF BDDFTT JT PFO NFBTVSFE JO NJOVUF-CZ-NJOVUF JODSFNFOUT, FBDI B UJNF BO-
OVMVT, F.H., UIF OVNCFS PG PQQPSUVOJUJFT BWBJMBCMF CFUXFFO 13 BOE 14NJOVUFT, BOENPEFMT VTJOH BDDFTT
BT JOQVU UP QSFEJDU NPEF TIBSF, QPQVMBUJPO EFOTJUZ, FUD. PFO UBLF UIF USBWFM UJNF DVU-Pff WBMVF UIBU
QSPEVDFT UIF CFTU NPEFM fiU (OXFO BOE LFWJOTPO 2015; XJ eU al. 2018). ITPDISPOF BDDFTT QFSNJUT UIF
DBMDVMBUJPO PG BXFJHIUFE TVNPG PQQPSUVOJUJFT XJUIJO JODSFNFOUBM USBWFM DPTU UISFTIPMET (KXBO 1998),
BOE UIF CFTU fiU XFJHIJOH GVODUJPO DBO CF BQQMJFE, XIJDI JT TJNJMBS UP UIF JEFB PG UIF EJTUBODF-EFDBZ
GVODUJPO.

4.3 Time-XeighUed CVmVlaUiWe OppoSUVniUieT

IO B UJNF-XFJHIUFE DVNVMBUJWF PQQPSUVOJUJFT (BMUFSOBUFMZ DBMMFE: HSBWJUZ, QPUFOUJBM, EJTUBODF EFDBZ, PS
DPTU-XFJHIUFE) GPSNVMBUJPO PQQPSUVOJUJFT BSF XFJHIUFE CBTFE PO UIFJS USBWFM DPTU GSPN UIF QMBDF PG
JOUFSFTU. DJTUBOU PQQPSUVOJUJFT, BOE PQQPSUVOJUJFT XJUI HSFBUFS USBWFM DPTU, UFOE UP CF XFJHIUFE MPXFS
UIBO OFBSFS PS MFTT FYQFOTJWF PQQPSUVOJUJFT SFBDIBCMF GSPN UIF TBNF MPDBUJPO. WIFO DBMJCSBUFE FNQJS-
JDBMMZ, UIF JNQFEBODF GVODUJPO SFflFDUT UIF EJNJOJTIJOH USJQ SBUF XJUI JODSFBTJOH USBWFM DPTU.

CPNNPO GPSNTPG EFDBZ GVODUJPOT, JODMVEJOH FYQPOFOUJBM, FYQPOFOUJBM-OPSNBM (GBVTTJBO), FYQPOFOUJBM-
TRVBSF SPPU, MPH-OPSNBM, MPH-MPHJTUJD BOEOFHBUJWF QPXFS BSF MJTUFE JOTBCMF 1. F JNQFEBODF GVODUJPOT
BSF TPNFUJNFT SFGFSSFE UP BT UJNF PS EJTUBODF EFDBZ, BOE BSF PFO DBMJCSBUFE UP NBUDI UIF EFDSFBTJOH
USJQ SBUFT XJUI JODSFBTJOH USBWFM DPTU GSPN USBWFM TVSWFZT. DJffFSFOU USJQ QVSQPTFT (GSFOHT 2015; IBDPOP
eU al. 2008C), TPDJBM EFNPHSBQIJDT, MFWFM PG FEVDBUJPO SFDFJWFE (GFVST eU al. 2003), BOENPEFT PG USBWFM
BffFDU UIF QBSBNFUFST PG UIF JNQFEBODF (GFVST eU al. 2003; TBINBTCJ eU al. 2019).

OOF DPNNPOMZVTFE GVODUJPO JT OFHBUJWF FYQPOFOUJBM. IO UIJT DBTFXFNJHIUXSJUF BDDFTT BT: Ai ,h,z,m,e ,θ,p
UP BDDPVOU GPS UIF VTF PG UIF JNQFEBODF GBDUPS (θ) SBUIFS UIBO B UJNF UISFTIPME (t ).

F UIFPSFUJDBM CBTJT GPS VTJOH UIF FYQPOFOUJBM GPSN JT QSPWJEFE CZ UIF FOUSPQZNBYJNJ[BUJPO QSJO-
DJQMF BQQMJFE UP UIF EJTUSJCVUJPO PG TQBUJBM JOUFSBDUJPO. F EFSJWFE GVODUJPOBM GPSN PG UIF JNQFEBODF
GVODUJPO JT FYQPOFOUJBM (J.F. VTJOH EVMFS’T OVNCFS (e), EFOPUFE BT (e x p) UP BWPJE DPOGVTJPO). (HBZFT
BOE WJMTPO 1971) JT JT GVODUJPOBMMZ FRVJWBMFOU UP VUJMJUZ JO MPHJU DIPJDF NPEFMT.

f (Ci j ,h,m,e ) = e x p(θz,e ,mCi j ,h,m,e ) (16)
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Table 1: IMMVTUSBUJWF DJTUBODF DFDBZ FVODUJPOT, AQQMJDBCMF UP BOZ NPEF (m)

DFDBZ FVODUJPO f (Ci j )
EYQPOFOUJBM e x p(θe ∗Ci j )
GBVTTJBO e x p(θg ∗Ci j

2)
LPH-OPSNBM e x p(θl ∗ l n2Ci j )
EYQPOFOUJBM-TRVBSF-SPPU e x p(θ(pe) ∗Ci j

0.5)
GSBWJUZ Ci j

−2
PPUFOUJBM Ci j

−1

SDBMJOH Ci j
θs

NP DJTUBODF DFDBZ 1
LJOFBS (2 ·Cub · (Cub +Ci j )

11)
SQMJOF θCi j

F JNQFEBODF GBDUPS (θm,z,e < 0) JT NFBTVSFE FNQJSJDBMMZ BOE WBSJFT XJUI NPEF (m), BDUJWJUZ PS
QVSQPTF (z) BOE DPTU DBUFHPSJFT (e). PSFWJPVT TUVEJFT IBWF GPVOE WBMVFT PO UIF PSEFS PG θ = −0.08
GPS XPSL USJQT CZ DBS DPOTJEFSJOH USBWFM UJNF. (LFWJOTPO BOE KVNBS 1995) FSF BSF OVNFSPVT PUIFS
DPNNPOMZ VTFE JNQFEBODF GVODUJPOT, XJUI FNQJSJDBMMZ FTUJNBUFE QBSBNFUFST, BT TIPXO JO TBCMF 1.
WIJMFCi j JT PFO UBLFO UP CF UIF UJNF-DPTU, JU DPVME CF UIF EJTUBODF DPTU, PS BOZ PUIFS DPTU.

HPX USBWFM DPTU JT FYQSFTTFE XJUIJO UIF JNQFEBODF GVODUJPOT DBO BMTP CF flFYJCMF, GPS JOTUBODF, B
QPMZOPNJBM PG UIF TBNF DPTU WBSJBCMF BT JO ERVBUJPO 17.

f (Ci j ,h,m,e ) = e x p(θ0+θ1
Æ
Ci j ,h,m,e +θ2Ci j ,h,m,e ) (17)

A DPNCJOBUJPO PG EJffFSFOU DBUFHPSJFT PG USBWFM DPTU JODMVEJOH USBWFM UJNF, EJTUBODF BOE NPOFUBSZ
DPTU DBO CF JODMVEFE BT UIF HFOFSBMJ[FE DPTU PG UIF JNQFEBODF GVODUJPO. (FPSE eU al. 2015) F GVOD-
UJPOBM GPSN PG UIF FYQPOFOUJBM EFDBZ GVODUJPO NBLFT JU FBTJFS UP DPNCJOF EJffFSFOU DBUFHPSJFT PG USBWFM
DPTUT JOUP B TJOHMF HFOFSBMJ[FE DPTU GVODUJPO; ERVBUJPO 18 HJWFT BO FYBNQMF PG DPNCJOJOH USBWFM UJNF
BOE NPOFUBSZ DPTU VTJOH BO FYQPOFOUJBM EFDBZ GVODUJPO. (BPDBSFKP BOE OWJFEP 2012)

f (Ci j ,h,m,int ) = e x p(θ(w ·Ci j ,h,m,t ime +Ci j ,h,m,$)) (18)

Ci j ,h,m,int : HFOFSBMJ[FE (JOUFSOBM) USBWFM DPTU CFUXFFO i BOE j
Ci j ,h,m,t : UJNF DPTU
Ci j ,h,m,$: NPOFUBSZ DPTU
w : XBHF SBUF PS WBMVF PG UJNF.

5 8hen

NFYU XF DBO DPOTJEFS Xhen (h). ADDFTTJCJMJUZ QSPCMFNT BSF UZQJDBMMZ MBJE PVU BT JG BMM PQQPSUVOJUJFT
XFSF BWBJMBCMF 24 IPVST B EBZ. BVU BDDFTT UP PQQPSUVOJUJFT WBSJFT PWFS UJNF. FPS JOTUBODF BDDFTT JO UIF
QFBL IPVS EJffFST GSPN UIBU BU 4:00 BN. FSF BSF UXP SFBTPOT.

FJSTU, USBOTQPSU TFSWJDFT WBSZ CZ UJNF-PG-EBZ (GSPNNJOVUF-UP-NJOVUF BOE IPVS-UP-IPVS). F OFU-
XPSL EJffFST BU 4:00 BN GSPN UIBU BU 8:00 BN. FPS SPBET UIFSF JT MFTT USBffiD BU 4:00, BOE TP SPBET NJHIU
CF GBTUFS. IO DPOUSBTU, GPS USBOTJU, UIFSF JT MFTT TFSWJDF BU 4:00 BN, BOE TP NPSF XBJUJOH PS BDDFTT/FHSFTT
UJNF. WF BMTP OPUF UIBU BDDFTT BU 8:00 BN EJffFST GSPN 8:01 BT XFMM. TSBffiD EJffFST TPNFXIBU EVF UP UIF
FCC BOE flPX PG DPOHFTUJPO BOE TIPDLXBWFT. TSBOTJU WBSJFT NPSF TZTUFNBUJDBMMZ: BU 8:01, UIF TDIFEVMFE
8:00 BN CVT PS USBJONBZ IBWF KVTU MF, JODSFBTJOH UIF XBJUJOH UJNF BU UIF TUPQ PS TUBUJPO, XIJDI JNQMJFT
UIF USBOTJU USBWFM UJNF EJffFST HSFBUMZ. AWFSBHJOH USBOTJU USBWFM UJNFT BDSPTT B QFBL IPVS DBO QSPWJEF B
NPSF SFBMJTUJD NFBTVSF UIBO KVTU B TBNQMF BU B TJOHMF QPJOU JO UJNF (OXFO BOE LFWJOTPO 2015; OXFO
BOEMVSQIZ 2019). WFNBZ EP B TJNQMF BWFSBHF, PS TPNFUIJOHNPSF DPNQMJDBUFE, BT JO TVCTFDUJPO 2.4.
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SFDPOE, UIF PQQPSUVOJUJFT (Oi ,h) EJffFS CZ UJNF-PG-EBZ. SUPSFT BOE SFTUBVSBOUT PQFO BOE DMPTF.
JPCT IBWF IPVST XIFO UIFZ BSF BWBJMBCMF. FVSUIFS, UIF WBMVF PG BO PQQPSUVOJUZ, BOE UIVT PWFSBMM BDDFTT,
EFQFOET PO XIFO JU JT FYQFSJFODFE. PFPQMF BSF NPSF JOUFSFTUFE JO DFSUBJO QMBDFT BU DFSUBJO UJNFT PG EBZ.

F JEFB PG UIF TQBDF-UJNF QSJTN, PS OFUXPSL-UJNF QSJTN JT SFMFWBOU UP UIF RVFTUJPOT PG XIFSF BOE
XIFO. EWFSZ JOEJWJEVBM IBT B EJffFSFOU OFUXPSL-UJNF QSJTN CBTFE PO UIF PQQPSUVOJUJFT BWBJMBCMF UP
UIFN BU EJffFSFOU UJNFT PG UIF EBZ GSPN UIF MPDBUJPOT UIFZ BSF BU UIFO, BOE UIFJS TDIFEVMF DPOTUSBJOUT
(UJNF-PG-EBZ WBSZJOH UJNF CVEHFU) (SPOH eU al. 2017).

FSF JT BOPUIFS TDBMF PG When XIJDI SFGFST UP MPOHFS QFSJPET PG UJNF. A USBWFMFS’T EFTJSF PG XIBU
UP BDDFTT EFQFOET PO XIFO ZPV BSF BTLJOH. F EFTJSFT GPS B XFFLEBZNBZ JODMVEF UIFJS XPSLQMBDF, UIBU
NBZ CF JSSFMFWBOU PO UIF XFFLFOE.

F QPJOUT PG JOUFSFTU UIBU BSF PG JOUFSFTU JO UIF TVNNFS NBZ EJffFS GSPN UIPTF JO XJOUFS; GPS JO-
TUBODF JO XFTUFSO DPVOUSJFT, BDDFTT UP TIPQQJOH JT NPSF FTTFOUJBM UP QFPQMF JO MBUF NPWFNCFS BOE DF-
DFNCFS CFGPSF UIF IPMJEBZT UIBO MBSDI PS AQSJM.

F QMBDFT B TDIPPM-HPFS WBMVFT EJffFST GSPN UIPTF B SFUJSFF DPOTJEFST. WF EJTDVTT IPX UP DPNCJOF
EJffFSFOU QSFGFSFODFT PWFS UIF MPOHFS SVO JO TFDUJPO 10.

WF OFFE UP DPOTJEFS UIF DPTU PG USBWFM (JODMVEJOH UIF USBWFM UJNF) BU B HJWFO UJNF-PG-EBZ (h) CZ
NPEF (m) DPOTJEFSJOH DPTU FMFNFOUT (e) (Ci j ,h,m,e ). WF NBZ TVN PWFS PQQPSUVOJUJFT BWBJMBCMF BU B
HJWFO UJNF-PG-EBZ (O j ,h,z) JG XF BQQSPQSJBUFMZ XFJHIU UIFN. SPMWJOH TFQBSBUFMZ GPS B HJWFO USJQ QVSQPTF
(z) BOE NPEF (m) BU B HJWFO UJNF-PG-EBZ (h) BOE TVNNBSJ[JOH BDSPTT UIF XIPMF EBZ HJWFT:

Ai ,.,z,m,e ,t ,p =
J∑

j=1

H∑
h=1

UhO j ,h,z f (Ci j ,h,m,e ) (19)

XIFSF h JOEFYFT UJNF-PG-EBZ, BOE Uh XFJHIUT UIF WBMVF PG FBDI UJNF TMJDF.
WF OPSNBMJ[F TP UIBU:

H∑
h=1

Uh = 1 (20)

WF NJHIU DIPPTF Uh UP CF UIF GSBDUJPO PG UIF UJNF-PG-EBZ SFQSFTFOUFE CZ B UJNF TMJDF (h). WF
DBO EFSJWF UIFNJOVUF-CZ-NJOVUF-BWFSBHFE BDDFTT PWFS UIF DPVSTF PG B XIPMF EBZ (FBSCFS BOE FV 2017).
WJUI UIJT TDIFNF, BDDFTT NFBTVSFE BU FBDI NJOVUF DPOUSJCVUFT FRVBMMZ UPXBSET UIF BHHSFHBUFE EBJMZ
BDDFTT; UIF XFJHIU (Uh) PG FBDI UJNF TMJDF FRVBMT 1

1440 . OUIFS QBSUJUJPOT PG UIF UJNF TMJDFT, BOE WBSZJOH
UJNF TQBOT GPS BWFSBHJOH BDDFTT NBZ CF VTFE, BMUIPVHI UIF XFJHIU PG BMM UJNF TMJDFT NVTU TVN UP 1, BT
SFRVJSFE CZ ERVBUJPO 20.

TJNF TMJDFT DPVME BMTP CF FTUJNBUFE TUBUJTUJDBMMZ VTJOH SFTVMUT DPMMFDUFE GSPN B TVSWFZ.
A NBKPS NPUJWBUJPO GPS UJNF-XFJHIUJOH BDDFTT JT UP TNPPUI PVU JUT UFNQPSBM flVDUVBUJPOT. TSJQ

EFQBSUVSF UJNF BffFDUT USBWFM DPTU FTQFDJBMMZ XIFO UIF OFUXPSL JT DPOHFTUFE (BSVJOTNB BOE RJFUWFME
1998); UIF MFWFM PG BDDFTT DBO CF FTQFDJBMMZ TVTDFQUJCMF UP USJQ EFQBSUVSF UJNF EVF UP UIF UFNQPSBM WBSJB-
UJPO JO USBOTJU TFSWJDF QSPWJTJPO (BPJTKPMZ BOE EM-GFOFJEZ 2016; FBSCFS BOE FV 2017). TJNF-BWFSBHFE
USBOTJU BDDFTT CFUUFS FYQMBJOT NPEF DIPJDF CFIBWJPS UIBO QFBL BDDFTT (OXFO BOE LFWJOTPO 2015).

6 8hZ

EYBNJOJOH XhZ Xe USaWel (PS XhaU iT being acceTTed) (z) CSJOHT UP UIF GPSF UIF RVFTUJPO PG XIBU LJOE
PG PQQPSUVOJUJFT BSF PG JOUFSFTU. FZ NBZ CF KPCT, PS IPVTFT, PS UIF OVNCFS PG KPCT BWBJMBCMF BFS
DPOUSPMMJOH GPS XPSLFST (TFF TVCTFDUJPO 6.4), PS TUPSFT, BOE TP PO.

HJTUPSJDBMMZ, XIFO NFBTVSJOH BDDFTT UP KPCT, BOBMZTUT IBWF DPOTJEFSFE UIF FYJTUFODF PG KPCT, BOE
NFBTVSFE UIFN BT JG KPCT XFSF JOUFSDIBOHFBCMF (UIPVHI OPUJOH, PG DPVSTF, UIBU KPCT BSF OPU). SPNF
IBWF TUSBUJfiFE KPCT CZ JODPNF PS CZ UZQF UP FYBNJOF UIF OVNCFS PG KPCT BWBJMBCMF UP JOEJWJEVBMT XJUI
TQFDJfiD TLJMMT. JT BOBMZTJT EFQFOET VQPO EBUB BWBJMBCJMJUZ. AMTP OPU BMM KPCT BSF BWBJMBCMF BU UIF TBNF
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UJNF. FPS JOTUBODF, UIPVHI CPUI XPSL JO PffiDF CVJMEJOHT, DMFBOJOH DSFXT UFOE UP PQFSBUF PVUTJEF PG UIF
SFHVMBS CVTJOFTT IPVST GPS EFTL XPSLFST, TP UIJT SFMBUFT CBDL UP UIF RVFTUJPO PG Xhen.

WF TIPVME BMTP OPUF UIBU QFSDFJWFE BDDFTTJCMF PQQPSUVOJUJFT (CPUI QFSDFJWFE BT BO BMUFSOBUJWF PQ-
QPSUVOJUZ, BOE SFBDIBCMF HJWFO TDIFEVMF DPOTUSBJOUT) EJffFS GSPN UIF BOBMZTU’TNFBTVSF PG PQQPSUVOJUJFT.
(CBTDFUUB eU al. 2016)

6.1 MVlUiple AcUiWiUieT

FOVNCFS PG PQQPSUVOJUJFT BU FBDI QPUFOUJBM EFTUJOBUJPO (O j ) SFflFDUT JUT WBMVF GPS TQBUJBM JOUFSBDUJPO
UP UIF USBWFMFS. JT PQQPSUVOJUJFT DPVOU JT TZOPOZNPVT UP UIF NFBTVSF PG EFTUJOBUJPO BUUSBDUJPO GSPN
TQBUJBM JOUFSBDUJPO NPEFMT. DFTUJOBUJPO BUUSBDUJPO NBZ CF NFBTVSFE, GPS JOTUBODF, XJUI JUT QPQVMBUJPO
(O’KFMMZ BOE HPSOFS 2003), UIF OVNCFS PG KPC PQQPSUVOJUJFT, GDP, JOUFOTJUZ PG TQFDJfiD BDUJWJUJFT
(BSVJOTNB BOE RJFUWFME 1998), TJ[F PG UIF GBDJMJUZ (KOPY 1978), NBSLFU QPUFOUJBM PS TBMFT (HPMM 2007;
SQFODF BOE LJOOFLFS 1994), PS QJYFMT PG CVJMU-VQ BSFB (VFSNFJSFO eU al. 2012).

FQSPCMFNT BCPWF BSF MBJE PVU BT JG UIFSFXFSF POMZ POF PQQPSUVOJUZ PS BDUJWJUZ UZQF PS QVSQPTF PG
JOUFSFTU, F.H., KPCT. BVU UIF WBMVF PG B MPDBUJPO, BOE UIVT PWFSBMM BDDFTT, EFQFOET PONBOZ EJffFSFOU UZQFT
PG PQQPSUVOJUJFT XIJDI POF NBZ SFBDI GSPN B MPDBUJPO. AO BDDFTT NFBTVSF JOWPMWJOH NVMUJQMF EFTUJOB-
UJPO UZQFT DBO CF XFJHIUFE UP QSPEVDF B TJOHMF BHHSFHBUFE NFBTVSF, (HPV eU al. 2019) PS BMUFSOBUJWFMZ,
DBO CF TUSBUJfiFE BOE EJTDVTTFE TFQBSBUFMZ (VBO WFF eU al. 2001).

WFNBZ TVNPWFS EJffFSFOU UZQFT PG PQQPSUVOJUJFT (BFOUMBHF eU al. 2013) JG XF BQQSPQSJBUFMZ XFJHIU
UIFN:

Ai ,h,.,m,e ,t ,p =
Z∑
z=1

J∑
j=1

Wz,pO j ,h,z f (Ci j ,m,e ) (21)

XIFSF z JOEFYFT BDUJWJUZ UZQFT, BOEWz,p XFJHIUT UIF WBMVF PG FBDI BDUJWJUZ UZQF GPS FBDI TVCQPQ-
VMBUJPO.

WF OPSNBMJ[F UIF XFJHIU TP UIBU:
Z∑
z=1

Wz = 1 (22)

6.2 8eighUing AcUiWiUieT

6.2.1 A 8eighUed AWeSage

A fiSTU UIPVHIU XPVME CF UP DIPPTF Wz BT UIF OPSNBMJ[FE EVSBUJPO (D), TIBSF PG EBJMZ PVU-PG-IPNF
UJNF, BU FBDI BDUJWJUZ, PS QFSIBQT GSFRVFODZ PG UIF BDUJWJUZ. (HPV eU al. 2019)

Wz =
Dz

Z∑
z=1

Dz

(23)

WF NJHIU QSFGFS TPNF PUIFS JOEJDBUPS PG BO BDUJWJUZ’T JNQPSUBODF. FPS JOTUBODF, UPJMFU VTF EPFT
OPU UZQJDBMMZ DPNQSJTF NBOZ NJOVUFT QFS EBZ, CVU JT PFO VSHFOU, BOE UIF TVCTUJUVUFT BSF TPDJBMMZ VO-
EFTJSBCMF. SJNJMBSMZ NFEJDBM USFBUNFOU NBZ CF JNQPSUBOU, CVU QFPQMF XPVME QBZ B QSFNJVN UP CF JO
B IPTQJUBM GPS MFTT UJNF. JT DPVME CF EFfiOFE VOJRVFMZ GPS FBDI JOEJWJEVBM PS TVCHSPVQ (p) JG UIF
EBUB XFSF BWBJMBCMF. IO OFUXPSL EFTJHO QSPCMFNT VTJOH BDDFTT BT UIF PCKFDUJWF GVODUJPO (NBYJNJ[JOH
BDDFTT JO MJOFBS QSPHSBNNJOH QSPCMFNT), UIF XFJHIUJOH TDIFNF DBO CF CBTFE PO UIF TVCKFDUJWF QSJPSJUZ
BTTJHOFE UP FBDI [POF. (AOUVOFT eU al. 2003)

AOPUIFS JTTVFT JT UIF DPNQBUJCJMJUZ PG DPVOUT, POF KPC JT OPU DPNNFOTVSBUF XJUI POF TUPSF, TP UIF
NBUSJYWz TIPVME BEESFTT UIBU BT XFMM, BOE NBLF UIF TDBMFT PG PQQPSUVOJUJFT DPOTJTUFOU.
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EYample CPOTJEFS B GBNJMZ MJWJOH JO B [POF XJUI BDDFTT UP 3 KPCT, 2 TUPSFT, 4 IPNFT CFMPOHJOH UP
PUIFS QFPQMF (FYDMVEJOH UIFJS PXO GSPN BDDFTT DBMDVMBUJPOT) XJUIJO 30 NJOVUFT. EBDI EBZ, JOEJWJEVBM
p TQFOET 8 IPVST BU XPSL, 1 IPVS TIPQQJOH, 1 IPVS WJTJUJOH GSJFOET (JO PUIFS QFPQMF’T IPVTFT), BOE 14
IPVST BU UIFJS PXO IPNF (PG XIJDI UIFSF JT 1). WF OFHMFDU BDDFTT UP POF’T PXO IPNF, UIPVHI PCWJPVTMZ
JODMVEJOH JU XPVME DIBOHF UIF OVNFSJD BOTXFST. WF UBLF UIF TVN PWFS UIF BNPVOU PG PVU-PG-IPNF
UJNF TQFOU BU BDUJWJUJFT.

WF DBO EFOPUF UIF EVSBUJPOT (Dz) BOE UIF PQQPSUVOJUJFT (Oz) BT:

Dz =

81
1

 ,O.,.z =

32
4

 (24)

F BDDFTT CZ UIF BCPWF EFfiOJUJPO (ERVBUJPOT 21, 22, 23) ZJFMET:� 8
10

�
· (3)+
� 1
10

�
· (2)+
� 1
10

�
· (4) = 3 (25)

DPVCMJOH KPCT (GSPN 3 UP 6) JODSFBTFT PWFSBMM BDDFTT TVCMJOFBSMZ UP:� 8
10

�
· (6)+
� 1
10

�
· (2)+
� 1
10

�
· (4) = 5.4 (26)

6.2.2 A Cobb-DoVglaT appSoach

WIBUXF SFBMMZ IBWF JT BNVMUJ-GBDUPS QSPEVDUJPO GVODUJPO, FBDI BDUJWJUZ JT OFDFTTBSZ GPS UIF QSPEVDUJPO
PG GVMM BDDFTT. FCPCC-DPVHMBT GVODUJPOXBT BO FBSMZ WFSTJPO PG UIBU, NFBTVSJOH PVUQVU BT B GVODUJPO
PG JOQVU (DPVHMBT BOE CPCC 1928).

WF DBO XSJUF UIBU GPS PVS DBTF BT DPNQPTJUF PQQPSUVOJUJFT (O., .):

O., ., .= e x p(W0) ·
Z∏
z=1
(O j ,h,z )

Wz (27)

PS FRVJWBMFOUMZ

l n(O., ., .) =W0+
Z∑
z=1

Wz l n(O j ,h,z ) (28)

WIFSF UIF DPFffiDJFOUT JO ERVBUJPO 29 JOEJDBUF JODSFBTJOH, DPOTUBOU, BOE EFDSFBTJOH SFUVSOT UP
TDBMF SFTQFDUJWFMZ:

Z∑
z=1

Wz > 1,
Z∑
z=1

Wz = 1,
Z∑
z=1

Wz < 1 (29)

XIFSF UIF JOUFSQSFUBUJPO PG B CPCC-DPVHMBT NPEFM JOEJDBUFT UIBU: W0 JT BO FffiDJFODZ QBSBNFUFS,
BOE UIF XFJHIUT (Wz T) BSF FMBTUJDJUZ QBSBNFUFST.

F XFJHIUT DPVME CF BTTVNFE UP CF UIF GSBDUJPO PG PVU-PG-IPNF UJNF TQFOU BU B HJWFO BDUJWJUZ, PS
TPNF PUIFS NFUIPE DPVME CF FNQMPZFE UP FTUJNBUF UIFJS WBMVF, GPS JOTUBODF CBTFE PO UIFJS JOflVFODF
PO SFBM FTUBUF QSJDFT.

EYample CPOTJEFS UIF TBNF [POF BT BCPWF. UTF TIBSF PG EBJMZ PVU-PG-UJNF UJNF BT FYQPOFOUT, XIJDI
IBT UIF OPUBCMF QSPQFSUZ PG FOTVSJOH DPOTUBOU SFUVSOT UP TDBMF, BT UIF TIBSFT TVN UP 1.

F BDDFTT CZ UIF BCPWF EFfiOJUJPO (ERVBUJPO 27) XPVME CF:

O., ., .= 38/10 · 21/10 · 41/10 = 2.96 (30)
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BOE EPVCMJOH KPCT XJUIPVU DIBOHJOH UIF PUIFS PVU-PG-IPNF BDUJWJUJFT JODSFBTFT BDDFTT TVCMJOFBSMZ,
BT FYQFDUFE.

O., ., .= 68/10 · 21/10 · 41/10 = 5.16 (31)

õVBMJUBUJWFMZ, UIJT QSPDFEVSF GFFMT NPSF OBUVSBM UIBO B TJNQMF XFJHIUFE BWFSBHF, UIPVHI XIFUIFS
JU CFUUFS FYQMBJOT CFIBWJPS JT BO PQFO RVFTUJPO. OCWJPVTMZ UIJT FYBNQMF JT EPNJOBUFE CZ KPCT GPS UXP
SFBTPOT, UIFSF BSF NPSF KPCT UIBO PUIFS BDUJWJUJFT BOE NPSF UJNF JT TQFOU BU KPCT UIBO PUIFS BDUJWJUJFT.
SP XIJMF UIF QSJNBM BDDFTT UP KPCT XPVME CF 3 (PS 6) JO UIJT FYBNQMF, UIF NVMUJ-BDUJWJUZ BDDFTT WBSJFT
GSPN 2.96 UP 5.16.

6.2.3 SchedVleT and Uime-dependenU acUiWiUZ XeighUT

OVS FYQMJDBUJPO IBT MBSHFMZ CFFO GSPN UIF QFSTQFDUJWF PG MPOHFS-UFSN MPDBUJPO EFDJTJPOT, BOE UIF PQ-
QPSUVOJUJFT BWBJMBCMF BU QMBDFT. WF IBWF OPU UBMLFE BCPVU EBJMZ TDIFEVMFT, BOE UIF DIPJDF PG B MPDBUJPO
XJUIJO UIF EBZ (F.H., XIFSF UP FBU MVODI) TVSFMZ EFQFOET POXIBU POFQMBOT UP EPOFYU. SP UIFXFJHIUT GPS
EJffFSFOU QVSQPTFT NBZ UIFNTFMWFT CF UJNF-PG-EBZ EFQFOEFOU. EYQMPSJOH UIBU BXBJUT GVUVSF SFTFBSDI.

6.2.4 DiTcVTTion

F DPSSFDU XBZ PG DPNCJOJOH PQQPSUVOJUJFT JT GBS GSPN PCWJPVT, FWFO JG XF BHSFFE KPCT, TUPSFT, BOE
IPVTFT XFSF DPNNFOTVSBUF VOJUT. WF BMTP IBWF UIF QSPCMFN PG XIJDI BDUJWJUJFT UP DPOTJEFS, UIPVHI
QSFTVNBCMZ UJNF TQFOU BU QMBDFT IFMQT JOGPSN UIJT, BOE JOGSFRVFOU BDUJWJUJFT (MJLF BJSQPSU USBWFM, UIF [PP,
NVTFVNT, PS TUBEJVNT) EPO’U IBWF UIF TBNF JNQPSUBODF BT EBJMZ USJQT. NFWFSUIFMFTT, EFWFMPQJOHXFJHIUT
JO UIF BCTFODF PG IVNBO CFIBWJPSBM EBUB (MJLF USBWFM DIPJDFT PS IPVTJOH QSJDFT) JT GSBVHIU. UTJOH TPNF
GPSN PG TUBUJTUJDBM NPEFMJOH (F.H., PG IPVTF QSJDFT) UP EFWFMPQ XFJHIUT, PS FOUFSJOH BDUJWJUJFT TFQBSBUFMZ
JOUP (F.H., IFEPOJD) NPEFMT JT BOPUIFS BQQSPBDI.

UTJOH QFSDFOUBHF PG B SFHJPO’T PQQPSUVOJUJFT PG UZQF z BWBJMBCMF UP OPSNBMJ[F FBDI UZQF XPVME
IFMQ NBLF UIF EJffFSFOU BDUJWJUJFT DPNNFOTVSBUF JO B HJWFO BOBMZTJT, CVU NBLFT JU EJffiDVMU UP DPNQBSF
CFUXFFO QMBDFT PS PWFS UJNF. SPNFPOF JO B TNBMM DJUZ (F.H., FSFTOP) NBZ CF BCMF UP SFBDI 100% PG
PQQPSUVOJUJFT JO 45 NJOVUFT, XIJMF JO B MBSHF DJUZ (F.H., LPT AOHFMFT), B TNBMMFS QFSDFOUBHF PG B NVDI
MBSHFS OVNCFS DBO CF SFBDIFE JO UIF TBNF 45 NJOVUFT. WIJDI IBT CFUUFS BDDFTT? WF CFMJFWF MBOE NBS-
LFUT QSJNBSJMZ DPOTJEFS BCTPMVUF SBUIFS UIBO SFMBUJWF BDDFTT XIFO FNCFEEJOH WBMVF, SFDPHOJ[JOH UIBU
EJNJOJTIJOH SFUVSOT UP BDDFTT NBZ NBLF UIFTF NPSF TJNJMBS UIBO DPOTUBOU SFUVSOT UP BDDFTT XPVME.

AO BTTVNQUJPO JNQMJDJU JO UIF BQQSPBDIFT BCPWF JT UIBU PQQPSUVOJUZ UZQFT BSF TVCTUJUVUFT. BVU
DMFBSMZ TPNF BSF OPU, BDDFTT UP BMM NBZ CF OFFEFE GPS B TVDDFTTGVM QMBDF PS QFSTPO. A DJUZ XJUI BMM TUPSFT,
CVU OP KPCT DBOOPU TVSWJWF (OPS DBO UIF PQQPTJUF). SP TJNQMF TVNNBUJPO, XJUI XFJHIUJOH, NBZ CF
NJTMFBEJOH.

SPNF BDUJWJUJFT BSF TVCTUJUVUFT, PS OFBS TVCTUJUVUFT (SFTUBVSBOUT DBO TVCTUJUVUF GPS HSPDFSZ TUPSFT),
XIJMF PUIFST BSF DPNQMFNFOUT (QFPQMF DBOOPU CVZ GPPE JG UIFZ EPO’U IBWF BO JODPNF QSPWJEFE CZ KPCT).
IO OFUXPSL UFSNT, TVCTUJUVUFT BSF QBSBMMFM PS DPNQFUJUJWF MJOLT, DPNQMFNFOUT BSF MJOLT JO TFSJFT. F
DMBTTJD FYBNQMF JO FDPOPNJDT JT TIPFT: MF BOE SJHIU TIPFT BSF QFSGFDU DPNQMFNFOUT, TIPFT BOE TMJQQFST
BSF QFSGFDU TVCTUJUVUFT. JT JT IPXFWFS DPNQMJDBUFE, BT UIFSF BSF POMZ 24 IPVST JO B EBZ, JO B TFOTF B
NJOVUF BU BOZ BDUJWJUZ DPNQFUFT XJUI B NJOVUF BU BOPUIFS BDUJWJUZ. (LFWJOTPO BOE KBODIJ 2002)

6.3 DiminiThing ReUVSnT Uo OppoSUVniUieT

IO HSBWJUZ NPEFMT PG BDDFTT, EJTDVTTFE JO TVCTFDUJPO 4.3, UIF WBMVF PG PQQPSUVOJUZ EJNJOJTIFT XJUI UIF
DPTU UP SFBDI JU. BVU UIF WBMVF PG PQQPSUVOJUJFT NBZ EJNJOJTI TJNQMZ CFDBVTF PG UIFJS OVNCFS. FSF
JT B MJNJU UP UIF BWBJMBCMF UJNF QFS EBZ, BOE UIF BNPVOU PG TFSWJDF B QFSTPO DBO SFBTPOBCMZ DPOTVNF.
F BEEJUJPO PG B TFDPOE PQQPSUVOJUZ XJUIJO 10 NJOVUFT BEET MFTT WBMVF UIBO UIF fiSTU POF, BOE TP PO.
TP BDDPVOU GPS UIJT, XF NJHIU XJTI UP BEKVTU PQQPSUVOJUJFT (O j ) XJUI B EJTDPVOUJOH GVODUJPO (g ), BO
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FYBNQMF JT HJWFO CFMPX, XIFSF UIF EJTDPVOUJOH GBDUPS (β1) JT OFHBUJWF, BOE UIF TDBMJOH GBDUPS β0 JT
QPTJUJWF:

g (O j ) =β0e x p(β1O j ) (32)

JT SFMBUFT UP UIF JOUFSWFOJOH PQQPSUVOJUJFTNPEFM PG USJQ EJTUSJCVUJPO. (CVJ BOELFWJOTPO 2019C;
SUPVffFS 1960)

6.4 DiTcoVnUing OppoSUVniUieT dVe Uo CompeUiUion

WIFO XF TBZ UIFSF BSF B DFSUBJO OVNCFS PG TUPSFT BWBJMBCMF, UIPTF TUPSFT BSF BTTVNFE UP CF BWBJMBCMF
JOEFQFOEFOU PG UIF OVNCFS PG QFPQMF XIP NJHIU BWBJM UIFNTFMWFT PG UIPTF TUPSFT. WIJMF UIFSF NJHIU
CF DSPXEJOH, JU JT VODPNNPO BOE UZQJDBMMZ OFHMFDUFE. IO DPOUSBTU, XIFO XF TBZ UIFSF BSF B DFSUBJO
OVNCFS PG KPCT BWBJMBCMF, UIPTF KPCT BSF CFJOH DPNQFUFE GPS CZ PUIFSXPSLFST. SP TFFLJOH B KPC JO B QMBDF
XJUI TBZ 1,000,000 KPCT XJUIJO 30 NJOVUFT BOE 1,000,000 XPSLFST JT WFSZ EJffFSFOU UIBO TFFLJOH B KPC
JO B QMBDF XJUI POMZ 500,000 XPSLFST, PS POF XJUI 2,000,000 XPSLFST. PTF PUIFS XPSLFST EJNJOJTI
UIF BWBJMBCMF KPCT.

FPMMPXJOH PO UIF QJPOFFSJOH XPSL PG SIFO (1998), UIFSF JT B HSPXJOH MJUFSBUVSF PO DPOTJEFSJOH
DPNQFUJUJPO JO BDDFTT NFBTVSFT. F EFTUJOBUJPO-CBTFE BDDFTT SBUJP JT GPSNVMBUFE BT UIF SBUJP PG PQQPS-
UVOJUJFT SFBDIBCMF GSPN B MPDBUJPO, UP UIF EFNBOE SFBDIJOH UIF TBNF PQQPSUVOJUJFT – UIF QBTTJWF BDDFTT
GSPN UIBU MPDBUJPO, BT EFTDSJCFE JO TVCTFDUJPO 2.2. F EFTUJOBUJPO-CBTFE BDDFTT SBUJP EJffFST GSPN UIF
PSJHJO-CBTFE NFBTVSF, JO BDDPVOUJOH GPS UIF TPVSDF PG EFNBOE; PQQPSUVOJUJFT BU FBDI EFTUJOBUJPO BSF
EJTDPVOUFE CZ UIF EFTUJOBUJPO’T DPSSFTQPOEJOH EFNBOE. F CBTJD GPSNVMBUJPO PG EFNBOE BEKVTUFE
QPUFOUJBM BDDFTT JT TIPXO JO ERVBUJPO 35. F GPSNVMBUJPO JT FTTFOUJBMMZ B TVNNBUJPO PG ‘TVQQMZ UP
EFNBOE SBUJP’ GPS FBDI EFTUJOBUJPO, TVCKFDUFE UP BO JNQFEBODF GVODUJPO. RFGBDUPSJOH UIF QSFTFOUBUJPO
PG SIFO (1998) UP CF DPOTJTUFOU XJUI PVST:

A⟲
j ,h,wor ke r s ,m,e ,t ,p

=
K∑

k=1

Ok ,h,wor ke r s f (Ck j ,h,m,e ) (33)

WF EFfiOF UIF EJTDPVOUFE OVNCFS PG PQQPSUVOJUJFT EVF UP DPNQFUJUJPO BT:

g (O j ,h, j ob s ) =
O j ,h, j ob s

A⟲
j ,h,wor ke r s ,m,e ,t ,p

(34)

JT SFTVMUT JO BDDFTT UP KPCT DPOTJEFSJOH DPNQFUJUJPO BT:

Ai ,h, j/w,m,e ,t ,p =
J∑

j=1
g (O j ,h, j ob s ) f (Ci j ,h,m,e ) (35)

IU TIPVME CF OPUFE UIBU EJTDPVOUJOH KPCT GPS DPNQFUJUJPO NFBOT UIF OVNCFS PG EJTDPVOUFE KPCT
SFBDIBCMF JT PO UIF PSEFS PG POF, SBUIFS UIBO QFSIBQT IVOESFET PG UIPVTBOET, BT UIF OVNCFS PG DPN-
QFUJOH XPSLFST JT UIF TBNF PSEFS BT UIF OVNCFS PG BWBJMBCMF KPCT. JT JT PG B WFSZ EJffFSFOU TDBMF UIBO
EJTDPVOUJOH, TBZ, SFUBJM PQQPSUVOJUJFT CFDBVTF UIF fiSTU TUPSF JT NPSF WBMVBCMF UIBO UIF TFDPOE. JT JT
JNQPSUBOU XIFO USZJOH UP DPOTUSVDU B NVMUJ-BDUJWJUZ BDDFTTJCJMJUZ NFBTVSF, BT UIF PQQPSUVOJUJFT BSF OPU
OBUVSBMMZ PG DPNNFOTVSBUF TDBMFT.

A OVNCFS PG PUIFS NFUIPET DBO CF VTFE UP BDDPVOU GPS DPNQFUJUJPO, JODMVEJOH UIF CBMBODJOH GBD-
UPST GSPN UIF TQBUJBM JOUFSBDUJPONPEFM (GFVST eU al.2003;WJMTPO 1971), DPNQFUJUJPO GBDUPS (VBOWFF
eU al. 2001), BOE UIF UXP-TUFQ flPBUJOH DBUDINFOU BSFB NFUIPE (LVP BOE WBOH 2003).
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TSBOTJU ADDFTT AVUP ADDFTT TSBOTJU SIBSF MVMUJNPEBM ADDFTT
BFGPSF 10,000 100,000 9.1% 91,818
AFS 20,000 100,000 16.7% 86,667

Table 2: IMMVTUSBUJPO PG MVMUJNPEBM ADDFTTJCJMJUZ PBSBEPY

7 Mode

F EJNFOTJPO PG hoX Xe USaWel (PS bZ XhaU mode) (m) JOEFYFT BDDFTT CZ XIFUIFS UIF USJQ JT NBEF
PO GPPU, CZ CJLF, CZ QVCMJD USBOTQPSU, PS CZ BVUPNPCJMF (PS CZ BOZ OVNCFS PG OVNFSPVT PUIFS NPEFT
XF NJHIU DPOTJEFS). CMFBSMZ TQFFET WBSZ CZ NPEF. F QFSDFJWFE TQFFE EJffFST GSPN UIF PCKFDUJWFMZ
NFBTVSFE TQFFE. FVSUIFS, QFPQMF IBWF EJffFSFOU NPEFT BWBJMBCMF, BOE QFSDFJWF UIF RVBMJUZ PG UIF USJQ
EJffFSFOUMZ.

ADDFTTJCJMJUZ EJffFST CZ UIFNPEF PG USBWFM. SPNFUJNFT UIF BDDFTT PG B MPDBUJPO OFFET UP CFNFBTVSFE
XIJMF BDDPVOUJOH GPS EJffFSFOU NPEFT. ADDFTTJCJMJUZ CZ EJffFSFOU NPEFT DBO CF NFBTVSFE BOE BOBMZ[FE
TFQBSBUFMZ BT XF EJTDVTT BCPWF. HFSF XF MPPL BU IPX UP DPOTJEFS UIFN DPMMFDUJWFMZ.

CPNCJOJOH UIFNPEFT JT USJDLZ. WIJMF BDUJWJUZ BOE UJNF-PG-EBZ BffFDU PQQPSUVOJUJFT BWBJMBCMF, BOE
UJNF-PG-EBZ BMTP BffFDUT USBWFM DPTU, NPEF POMZ BffFDUT USBWFM DPTU BOE OPU PQQPSUVOJUJFT. F NPEFT
DBOOPU TJNQMZ CF TVNNFE, PUIFSXJTF JOUSPEVDJOH B OFXNPEF XPVME JODSFBTF BDDFTT, FWFO JG JU EJE OPU
JNQSPWF TFSWJDF. JT JT SFGFSSFE UP BT UIF ‘RFE BVT, BMVF BVT PBSBEPY’ JO UIF NPEF DIPJDF MJUFSBUVSF.
(BFO-ALJWB BOE BJFSMBJSF 1999)

DFDBZ GVODUJPOT EFQFOE PO CPUI NPEF PG USBWFM BOE USJQ QVSQPTF (IBDPOP eU al. 2008C), BOE PFO
WBSZ JO UIF TQFFE PG USBWFM, BffFDUJOH BDDFTTNFBTVSF. DFQFOEJOH PO MPDBUJPO, UIFNPEF PG USBOTQPSUNBZ
IBWF BNPSF TJHOJfiDBOU FffFDU PO BDDFTT UIBO UIF QIZTJDBM EJTUBODF UP EFTUJOBUJPOT (WBDIT BOEKVNBHBJ
1973).

7.1 8eighUing ModeT bZ ShaSeT (and a paSadoY)

ADDFTTJCJMJUZ DBO CF FYQSFTTFE BT B NPEF-TIBSF XFJHIUFE BWFSBHF (Xi j ,m) CZ EJffFSFOU NPEFT; (KOPY
1978) BT TIPXO JO ERVBUJPO 36:

AX
i ,h,z,.,e ,t ,p =

J∑
j=1

M∑
m=1

Xi j ,mO j ,h,z f (Ci j ,m,e ) (36)

XIFSF UIF NPEF TIBSF (Xi j ,m) PG NPEF m GPS PSJHJO-EFTUJOBUJPO QBJS i j JT DPOTUSBJOFE:

M∑
m=1

Xi j ,m = 1 (37)

IU IBT CFFO DMBJNFE UIBU BHHSFHBUJOH BVUPNPCJMF BOE USBOTJU BDDFTT XFJHIUFE CZ NPEF TIBSF QSP-
WJEFT B SFBTPOBCMZ SPCVTU NFBTVSF PG BDDFTT GPS B OFJHICPSIPPE, UIBU BDDPVOUT GPS BVUPNPCJMF PXOFS-
TIJQ. (KOPY 1978)

F SJTL XJUI ERVBUJPO 36 JT UIBU UIFNPEF TIBSF GPS B TMPXFSNPEFNJHIU SJTF, MPXFSJOH UIF PWFSBMM
WBMVF PG BDDFTT. IO UIF FYBNQMF JO TBCMF 2, UIFSF BSF UXP NPEFT, BOE UIF USBOTJU JNQSPWFNFOU, XIJDI
EPFTO’U BffFDU BVUP BDDFTT, CZ BUUSBDUJOH BEEJUJPOBM VTFST XPVME SFEVDF NVMUJNPEBM BDDFTT GSPN 91,818
UP 86,667. JT JT B WFSTJPO PG SJNQTPO’T PBSBEPY.

HPXFWFS, UIF QPUFOUJBM ESPQ JO PWFSBMM BDDFTT CZ JNQSPWJOH TMPXFSNPEFT EPFTO’U OFDFTTBSJMZ NFBO
UIF VTFST BSF XPSTF Pff; TJODF UIF TMPXFS NPEFT BSF PFO BTTPDJBUFE XJUI MPXFS NPOFUBSZ DPTUT, UIF GSFF
DIPJDF CZ UIF VTFST UP TXJUDI UP TMPXFS NPEFT SFflFDUT UIFJS QFSDFJWFE IJHIFS VUJMJUZ XJUI UIF TMPXFS
NPEFT. IU NBZ BMTP DPNF XJUI MPXFS TPDJBM DPTUT (TVCTFDUJPO 3.4).
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7.2 Mode XiUh MaYimVm AcceTTibiliUZ (LoXeTU CoTU)

ATTVNJOH BMM NPEFT BSF BWBJMBCMF, BDDFTT XJUI NVMUJQMF NPEFT DBO CF FYQSFTTFE CZ UIF NPEF UIBU QSP-
WJEFT NBYJNVN BDDFTT (A∗i ,h,z,.,e ,t ,p) JO B QBSUJDVMBS NBSLFU, TIPXO CZ ERVBUJPO 38:

A∗i ,h,z ,.,e ,t ,p =max
m

J∑
j=1

O j ,h,z f (Ci j ,m,e ) (38)

EWJEFODF JOEJDBUFT UIF IJHIFS UIF BDDFTT B NPEF QSPWJEFT SFMBUJWF UP PUIFS NPEFT, UIF NPSF QFPQMF
UFOE UP DIPPTF JU (OXFO BOE LFWJOTPO 2015). BVU UIBU JT GBS GSPN TBZJOH UIBU FWFSZPOF DIPPTFT UIF
NPEF XJUI NBYJNVN BDDFTT. UTJOH KVTU QFSTPOBM DPTUT, UIF NPEF XJUI IJHIFTU BDDFTT UP KPCT UVSOT PVU
UP CF BVUP GPS BMNPTU FWFSZ CFOTVT CMPDL JO UIF UOJUFE SUBUFT, BDDPSEJOH UP UIF SFTVMUT PG UIF WBSJPVT
ADDFTT ADSPTT ANFSJDB TUVEJFT, BT UIF USBWFM UJNF CZ BVUP JT MPXFS UIBO PUIFS NPEFT GPS BMNPTU FWFSZ
PSJHJO-EFTUJOBUJPO QBJS (MVSQIZ BOEOXFO2019;OXFO BOELFWJOTPO 2014;OXFO eU al. 2014, 2018).
YFU XIJMF BVUPNPEF TIBSF JT PCWJPVTMZ IJHI JO UIFUOJUFE SUBUFT, JU JT OPU 100%. JT JT CFDBVTF QFPQMF
EPO’U KVTU NJOJNJ[F USBWFM UJNF, BOE PO JOEJWJEVBM USJQT QFPQMF BSF DPODFSOFE BCPVU UIF GBDUPST PG UIF
USJQ UP UIF QBSUJDVMBS EFTUJOBUJPO, OPU BDDFTT UP BMM EFTUJOBUJPOT. IU JT BMTP CFDBVTF OPU FWFSZPOF IBT FWFSZ
NPEF BWBJMBCMF.

FVMM DPTU BDDFTT (TVCTFDUJPO 3.4) PffFST BOPUIFS XBZ UISPVHI. WJUI GVMM DPTU BDDFTT, DPOTJEFSJOH
UIF GVMM DPTU PG USBWFM (Cij,h,m,e), JODMVEJOH CPUI TIPSU SVO BOE MPOH SVO QSJWBUF BOE TPDJBM DPTU FMF-
NFOUT (e), NPEFT PUIFS UIBO UIF BVUPNPCJMF CFHJO UP CF DPNQFUJUJWF, BT UIF BVUPNPCJMF IBT HSFBUFS
FYUFSOBMJUJFT UIBO PUIFS NPEFT. (CVJ BOE LFWJOTPO 2018, 2019B) AMUIPVHI GVMM DPTU BDDFTT NBZ HJWF B
VTFGVM WBMVF GPS OPSNBUJWF FWBMVBUJPOT (F.H., XIBU JOWFTUNFOUT B QVCMJD BHFODZ TIPVMENBLF), JU EPFTO’U
FYQMBJO CFIBWJPS XFMM, BT USBWFMFST EPO’U BDUVBMMZ JODVS FYUFSOBM DPTUT.

7.3 Modal AWailabiliUZ

F NBYJNVN BDDFTT BQQSPBDI BTTVNFT BMM NPEFT BSF BWBJMBCMF. PFPQMF XJUIPVU BVUPNPCJMFT IBWF B
SFEVDFE DIPJDF TFU DPNQBSFE UP UIPTF XJUI BVUPNPCJMFT. PFPQMF XIP DBOOPU SJEF CJLFT TJNJMBSMZ IBWF
GFXFS PQUJPOT. IO TVDI DBTFT BO BWBJMBCJMJUZNBUSJY JT FNQMPZFE UP RVBOUJGZ BWBJMBCJMJUZ-XFJHIUFENPEF-
PQUJNBM BDDFTT (A∗∗i ,h,z,.,e ,t ,p). WJUI UIF BWBJMBCJMJUZ NBUSJY, ERVBUJPO 39NFBTVSFT UIFNBYJNVN BDDFTT
PG B QBSUJDVMBS MPDBUJPO, GSPN UIF NPEFT UIBU BSF BWBJMBCMF UP UIJT JOEJWJEVBM.

A∗∗i ,h,z,.,e ,t ,p =
M∑

m=1

J∑
j=1

Vi ,mO j ,h,z f (Ci j ,m,e ) (39)

F WBMVF GPS FBDI i ,m FMFNFOU JO UIF NBUSJY PG NPEBM BWBJMBCJMJUZ (Vi ,m) UBLFT B WBMVF CFUXFFO
0 BOE 1 JOEJDBUJOH UIF TIBSF PG QFPQMF BU PSJHJO i GPS XIPN NPEF m JT BWBJMBCMF BT UIFJS CFTU PQUJPO.

Vi ,m ∈ (0,1),
M∑

m=1
Vi ,m = 1 (40)

Vi ,au t o = TIBSF PG QFPQMF XJUI BVUP BWBJMBCMF

Vi ,au t o = TIBSF XJUI BVUP VOBWBJMBCMF(= 1−Vi ,au t o)
(41)

WF fiSTU GBDF UIF RVFTUJPO PG XIBU JU NFBOT UP “IBWF BNPEF BWBJMBCMF”. AXFBMUIZ QFSTPONBZ GPSHP
DBS PXOFSTIJQ CVU SFUBJOT UIF PQUJPO UP PXO POF NBZ CF UIPVHIU UP IBWF MPOH SVO BWBJMBCJMJUZ CVU OPU
TIPSU SVO. IO B XPSME XJUI TIBSFE WFIJDMFT PO-EFNBOE, UIFNFBOJOH PG NPEBM BWBJMBCJMJUZ BMTP DIBOHFT.

WF UIFO GBDF UIF RVFTUJPO PG JEFOUJGZJOH UIF “CFTU PQUJPO,” XIJDI QSFTVNFT IBWJOH BMSFBEZ TPMWFE
UIJT QSPCMFN GPS BMM NPEFT. AT OPUFE, GSPN BO JOEJWJEVBM QFSTQFDUJWF, JO UIFUOJUFE SUBUFT, BVUP BMNPTU
BMXBZT QSPEVDFT IJHIFS BDDFTTJCJMJUZ (IBT MPXFS QFS USJQ DPTUT) UIBO QVCMJD USBOTQPSU, TP XF DBO UIJOL
PG UIJT BT BO BVUP BWBJMBCJMJUZ NFBTVSF. IO QSBDUJDF, XF NBZ NBLF UIF TJNQMJGZJOH BTTVNQUJPO UIBU BMM
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PUIFS VTFST UBLF QVCMJD USBOTJU PS CJDZDMF BT UIF OFYU CFTU BMUFSOBUJWF. WF NJHIU XSJUF UIF DPTUT UIBU BSF
VTFE JO UIF JNQFEBODF GVODUJPO BT:

Ci j ,au t o,e =min
m

Ci j ,m,e

Ci j ,au t o,e = min
m ̸=au t oCi j ,m,e

(42)

JT XPVME HFU NPSF DPNQMJDBUFE, CFZPOE UIF TDPQF PG UIJT QBQFS, JG B GVMM DPTU BDDFTTJCJMJUZ BQ-
QSPBDI XFSF VTFE, BT BVUP VTFST JODVS UIF JOUFSOBM (QSJWBUF) DPTUT, BOE CFIBWF CBTFE PO UIPTF DPTUT, CVU
QSPEVDF FYUFSOBM (TPDJBM) DPTUT XIJDI BSF IJHIFS; CVU OPU BMM QFPQMF XIP IBWF BVUP BWBJMBCMF BSF BVUP
VTFST.

JT NFUIPE BWPJET UIF QBSBEPY (TVCTFDUJPO 7.1) PG JNQSPWJOH TFSWJDF JODSFBTJOH UIF NPEF TIBSF
PG USBOTJU BOE UIVT EFDSFBTJOH BDDFTTJCJMJUZ CFDBVTF FWFO JG NPEF TIBSF PG USBOTJU JODSFBTFT, NPEBM BWBJM-
BCJMJUZ PG BVUPNPCJMF EPFT OPU OFDFTTBSJMZ EFDSFBTF. HPXFWFS JU NBZ IBQQFO UIBU QFPQMF HJWF VQ UIFJS
DBST PS UIF JODPNF NJY JO B OFJHICPSIPPE DIBOHFT. BVU JO UIBU DBTF UIF MPTT PG BDDFTTJCJMJUZ JT SFBM, BU
MFBTU JO UIF TIPSU SVO, OPU QBSBEPYJDBM.

8 FoS 8hom

F RVFTUJPO PG BDDFTT GPS Xhom (p) SFMBUFT UP XIFSF (TFDUJPO 2). AU UIF MJNJU, MPPLJOH BU JOEJWJEVBM
QFSTPOT BOE IJHIMZ MPDBMJ[FE QMBDFT (i) XJMM CF JEFOUJDBM, BU MFBTU BU UIF QPJOUT JO UJNFXIFSF UIF JOEJWJE-
VBM PDDVQJFT UIBU QMBDF. KFFQ JONJOE UIBU BHHSFHBUJOH TQBUJBMMZ (XIFSF UIF TVCHSPVQ JT QFPQMF XIP BSF
BEKBDFOU UP FBDI PUIFS BU B QPJOU JO UJNF, F.H., SFTJEFOUT PG B CMPDL) JT B WFSZ TQFDJBM DBTF PG BHHSFHBUJOH
CZ HSPVQT HFOFSBMMZ. IO UIF DBTF PG FRVJUZ, XF NJHIU CF JOUFSFTUFE JO QMBDFT, CVU XF IBWF JOUFSFTU JO
PUIFS LJOET PG HSPVQT. WF NBZ CF JOUFSFTUFE OPU JO JOEJWJEVBMT BT TVDI, CVU JO TVCHSPVQT, GPS JOTUBODF
NJOPSJUJFT, PS EJTBEWBOUBHFE QFPQMF, BOE BTL IPX UIFJS BDDFTT DPNQBSFT XJUI PUIFS TVCHSPVQT, PS UIF
QPQVMBUJPO BU MBSHF. (MBSUFOT 2016; PBMNBUFFS 2018; YFHBOFI eU al. 2018)

MPTU BDDFTT BQQMJDBUJPOT VTF BDDFTT UP KPCT, BOE UIJT JT PFO UBLFO BT B TVSSPHBUF GPS HFOFSBM BDDFTT.
OO UIF POF IBOE, BDDFTT UP KPCT JT SFMFWBOU OPU KVTU GPS XPSL USJQT, TJODF UIF QMBDFXIFSF TPNFPOFXPSLT
JT PFO XIFSF TPNFPOF FMTF SFDFJWFT TFSWJDFT, TP USBOTJU BDDFTT UP KPCT SFflFDUT B HFOFSBM NFBTVSF PG “VS-
CBO PQQPSUVOJUJFT” (MFSMJO 2017), BOENPSF JT QSFGFSBCMF UP MFTT. OO UIF PUIFS IBOE, XF SFDPHOJ[F UIBU
EJffFSFOU KPC DBUFHPSJFT SFQSFTFOU EJffFSFOU FDPOPNJD BDUJWJUJFT, BOE EJffFSFOU UZQFT PG KPCT HFOFSBMMZ
SFRVJSF EJffFSFOU TLJMMT BOE FEVDBUJPO MFWFMT (GFVST eU al. 2003; GJVMJBOP eU al. 2010). F CBMBODF CF-
UXFFO UIF OVNCFS PG KPCT JO FBDI DBUFHPSZ BOE UIF OVNCFS PG FMJHJCMF XPSLFST BffFDUT BDDFTT NFBTVSFT.
(WBDIT BOE KVNBHBJ 1973) WF DPNQVUF MPDBUJPO-CBTFE BDDFTT CZ KPCT DBUFHPSZ (Ai ,h, j ob sk ,m,e ,k) CZ
DPNQVUJOH UIF OVNCFS PG KPCT JO B QBSUJDVMBS DBUFHPSZ ( j ob sk) SFBDIBCMFXJUIJO UIF HJWFO UJNF UISFTI-
PME.

Ai ,h, j ob sk ,m,e ,t ,k =
J∑

j=1
O j ,h, j ob sk

f (Ci j ,h,m,e ) (43)

WF EFWFMPQ B QFSTPO-XFJHIUFE BWFSBHF UP BMM KPCT DPOTJEFSJOH UIF OVNCFS PG XPSLFST JO DBUFHPSZ
k BU i .

Ai ,h, j ob s ,m,e ,t ,. =

K∑
k=1

Si ,kAi ,h, j ob sk ,m,e ,t ,k

K∑
k=1

Si ,k

(44)
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SJNJMBSMZ, XF DBO EFWFMPQ QFSTPO-XFJHIUFE BWFSBHFT PG BDDFTT UP KPCT JO B DBUFHPSZ BU B MPDBUJPO (i)
UIBU NFNCFST PG B TVCHSPVQ (k) DBO BWBJM UIFNTFMWFT, GPS UIF FOUJSF SFHJPO.

A.,h, j ob sk ,m,e ,t ,k =

I∑
i=1

Si ,kAi ,h, j ob sk ,m,e ,t ,k

I∑
i=1

Si ,k

(45)

IG UIF TVCHSPVQT WBSZ JOQSPQPSUJPOCZ MPDBUJPO (HSPVQT DMVTUFS TQBUJBMMZ), UIFO UIFQFSTPO-XFJHIUFE
BWFSBHF GPS FBDI TVCHSPVQ XJMM WBSZ.

9 GeneSali[ing AcceTT

IO UIJT TFDUJPOXFNBLF FYQMJDJU B DPNCJOFE FYQSFTTJPOPG SFHJPOBM, QFSTPO-XFJHIUFE BDDFTT GPSNVMUJQMF
UJNF TMJDFT, NVMUJQMF BDUJWJUJFT, NVMUJQMFNPEFT, BOENVMUJQMF HSPVQT, DPOTJEFSJOH TQFDJfiD DPTU FMFNFOUT
(e) BOE GPS B TQFDJfiD JNQFEBODF GVODUJPO UISFTIPME (t ). JT DPOTPMJEBUFT UIF FYUFOTJPOT PG QSJNBM
BDDFTT EFWFMPQFE JO TFDUJPOT 5, 6, 7, BOE 8. F SFTVMUJOH FYQSFTTJPO GPMMPXT:

A∗∗i ,.,.,.,e ,t ,. =

M∑
m=1

J∑
j=1

Z∑
z=1

H∑
h=1

P∑
p=1

E∑
e=1

Si ,pUhWzVi ,m g (O j ,z ,h) f (Ci j ,h,m,e ,t )

P∑
p=1

Si ,p

(46)

OCWJPVTMZ UIJT FYQMJDJU FYQSFTTJPO JT DVNCFSTPNF. IG XF UIJOL JO UFSNT PG NBUSJDFT SBUIFS UIBO
WFDUPST, XF DBO SFQSFTFOU UIF BCPWF BT B NFBTVSF PG HFOFSBM BDDFTT:

Ai =
J∑

j=1
g (Oj) f (Cij) (47)

IO POF TFOTF, ERVBUJPO 47 NPSF PS MFTT SFQFBUT UIF PSJHJOBM HBOTFO FRVBUJPO (ERVBUJPO 1), KVTU
NBLJOH FWFSZUIJOH bPld. WF EP USBOTGPSN OQQPSUVOJUJFT (O) CZ GVODUJPO g UP SFflFDU EJNJOJTIJOH
WBMVF PG PQQPSUVOJUJFT BOE DPNQFUJUJPO.

BVU XIBU JT JNQMJFE CZ UIBU JT UIBU XF BSF EFBMJOH XJUI UIF NBUSJY PG XFJHIUFE PQQPSUVOJUJFT (Oj),
DPOTJEFSJOH BMM PG UIF EJffFSFOU BDUJWJUZ UZQFT (z), CZ BMM UJNFT-PG-EBZ (h), BOE BMM BWBJMBCMF NPEFT (m),
BT XFMM BT UIF NBUSJY PG BMM PG UIF SFMFWBOU DPTU FMFNFOUT (Cij), XIJDI NBZ CF UIF GVMM TPDJBM DPTUT PS
HFOFSBMJ[FE JOUFSOBM DPTUT, EFQFOEJOH PO UIF QVSQPTF.

JT JT BO JNQPSUBOU TIJ JO UIJOLJOH GSPN QBSUJBM UP HFOFSBM BDDFTT. HPXFWFS, XF SFDPHOJ[F UIBU
BQBSU GSPN MJLFMZ CFJOH NPSF FYQFOTJWF JO UFSNT PG DPNQVUF DPTUT BOE UIF FYUFOTJWF BOE IJHIFS SFTPMV-
UJPO EJTBHHSFHBUF EBUB SFRVJSFE, UIF FOTVJOH QSJWBDZ JTTVFT QPTF DIBMMFOHFT UP UIF JNQMFNFOUBUJPO PG B
HFOFSBM BDDFTT NFBTVSF.

10 LifecZcle AcceTT

ADDFTT EPFT OPU TJNQMZ PDDVS BU B TJOHMF QPJOU JO UJNF, JU JT FffFDUJWFMZ B DPOUJOVPVT flPX PG TFSWJDFT
QSPWJEFE PWFSNBOZ ZFBST. WIFONBLJOH MPOH-UFSNEFDJTJPOT MJLF JOWFTUNFOUT, QFPQMF TIPVME DPOTJEFS
OPU KVTU UPEBZ’T BDDFTT, BOE OPU KVTU UIF BDDFTT JO L ZFBST, CVU UIF TUSFBN PG BDDFTT PWFS UJNF. WF EFOPUF
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UIJT BTAi,Λ. IO UIJT DBTF, UIF NFBTVSF NJHIU CF ‘EJTDPVOUFE PQQPSUVOJUZ-ZFBST’ UIBU B QSPKFDU QSPWJEFT,
XIFSF r JT UIF EJTDPVOU SBUF, l JT BO JOEFY PG ZFBST.

Ai,Λ =
L∑

l=1


 J∑

j=1
O′j,l f (Cij,l)

Λ(r, l )
 (48)

A UZQJDBM EJTDPVOUJOH GVODUJPO (Λ) JT:

Λ(r, l ) =
�
(1+ r )−l
�

(49)

SJNJMBS UP IPX UIF QSFTFOU WBMVF PG UIF DBQJUBM JT QSPKFDUFE JOUP UIF GVUVSF, UIF PQQPSUVOJUZ DPTU
GSPN FYQFSJFODJOH MPX MFWFMT PG BDDFTTJCJMJUZ DBO BDDVNVMBUF PWFS UIF ZFBST. F CFOFfiUT (DPTUT) PG
IJHI (MPX) MFWFMT PG BDDFTTJCJMJUZ FYQFSJFODFE FBSMZ JO MJGF NBZ BDDVNVMBUF, TP UIF SJDI HFU SJDIFS (CFUUFS
PQQPSUVOJUJFT PQFO EPPST UP FWFO CFUUFS DIBODFT) BOE UIF QPPS GBMM GBSUIFS CFIJOE. AMUFSOBUJWFMZ, UIPTF
CFOFfiUTNBZ EJMVUF PWFS UJNF. F MJGFDZDMF BDDFTT QSPWJEFT B QBUIXBZ UP BDDPVOU GPS UIF FffFDU PG BDDFTT
PWFS UJNF.

CPOTJEFS GPS JOTUBODF UXP BMUFSOBUJWF JOWFTUNFOUT. F fiSTU QSPWJEFT BDDFTTJCJMJUZ CFOFfiUT OPX,
BOE GPS 30 ZFBST, UIF TFDPOE JT DBQJUBM JOUFOTJWF BOE POMZ QSPWJEFT CFOFfiUT JO ZFBST 25-50. CPOWFO-
UJPOBM DPTU-CFOFfiU PS DPTU-FffFDUJWFOFTT BOBMZTJT XPVME BDDPVOU GPS UIFTF UJNF EJffFSFODFT UISPVHI EJT-
DPVOUJOH, CVU CFOFfiUT NJHIU CF BDDPVOUFE GPS BT USBWFM UJNF TBWJOHT. TP EBUF, XF BSF VOBXBSF PG BOZ
BDDFTTJCJMJUZ BOBMZTJT UIBU IBT FWFS EPOF UIJT, BOE TP BDDFTTJCJMJUZ DBOOPU CF QSPQFSMZ BDDPVOUFE GPS JO
QSPKFDU FWBMVBUJPO.

OUIFS BQQSPQSJBUF XBZT UP EJTDPVOU UIF CFOFfiUT BOE DPTUT PG UIF GVUVSF CBDL UP UIF QSFTFOU DPVME
CF DPOTJEFSFE, TVDI BT IZQFSCPMJD EJTDPVOUJOH, EFQFOEJOH PO UIF UJNF WBMVF PG NPOFZ, VODFSUBJOUZ,
BOE PUIFS GBDUPST.

11 ConclVTionT

PFPQMF BOEPSHBOJ[BUJPOTXJMM QBZ B QSFNJVNUPCF JO MPDBUJPOTXJUIIJHIFS BDDFTT UP UIF UIJOHT (QFPQMF,
PQQPSUVOJUJFT) UIFZ DBSF BCPVU, UP TBWF UJNF BOE NPOFZ PO USBWFM, BOE UP CF NPSF QSPEVDUJWF BOE FBSO
NPSF, BMM FMTF FRVBM. F HFOFSBM UIFPSZ PG BDDFTT NBLFT UIF DMBJN UIBU BDDFTT, QSPQFSMZ BOE DPNQMFUFMZ
NFBTVSFE, FYQMBJOT MPDBUJPO-SFMBUFE EFDJTJPOT.

IO UheoSZ, XF DBO DPOTUSVDU B NFBTVSF PG BDDFTT UP FBDI UIJOH (BDUJWJUZ, QFSTPO, QMBDF), CZ UJNF-
PG-EBZ, CZ FWFSZ BWBJMBCMF NPEF, DPOTJEFSJOH FWFSZ (QFSDFJWFE) DPTU, GPS FBDI QFSTPO DPOTJEFSJOH UIFJS
VOJRVF QSFGFSFODFT, BU FWFSZ NPNFOU. JT MPPLT B MPU MJLF XIBU VUJMJUZ UIFPSZ-CBTFE NPEFMT USZ UP EP.

IO pSacUice, XF DPOTUSVDU B NFBTVSF PG BDDFTT UP KPCT, (BOE B GFX PUIFS UIJOHT) JO UIF QFBL, CZ BVUP
BOE USBOTJU (BOE XBML BOE CJLF), DPOTJEFSJOH BDUVBM USBWFM UJNFT (BOE NBZCF fiOBODJBM PVUMBZT), GPS UIF
BWFSBHF QFSTPO PS TFMFDUFE HSPVQT.

TP UIF FYUFOU UIF QSBDUJDBM NFBTVSF DPSSFMBUFT SFBTPOBCMZ XFMM XJUI UIF UIFPSFUJDBM JEFBM, UIF EJT-
UJODUJPO JT MFTT DSJUJDBM. BVU JU JT UIF KPC PG UIF BDBEFNJDT UP VOEFSTUBOE UIF XPSME CFUUFS, XIJMF PUIFST
OFFE UP QVU JO QMBDF TPNFUIJOH UIBU JT BDUVBMMZ GFBTJCMF JG LOPXO UP CF JNQFSGFDU. WF EFMWFE JO UIJT
QBQFS UP VOEFSTUBOE XIBU BO JEFBM NFBTVSF NJHIU DPOTJEFS. TP SFEVDF UIF HBQ CFUXFFO UIF UIFPSZ
BOE QSBDUJDF JO BDDFTTJCJMJUZ NFBTVSFNFOUT, NPSF EBUB DPWFSJOH CPUI B MPOHFS UJNF GSBNF, BOE NPSF
BDDVSBUF EFNPHSBQIJD BOE MBOE VTF EBUB XPVME CF OFDFTTBSZ, GPS TUBSUFST. WIFUIFS UIBU BEEJUJPOBM JO-
GPSNBUJPO SFRVJSFE CZ UIF NPSF BDDVSBUF JEFBM NFBTVSF JT XPSUI UIF FffPSU PG PCUBJOJOH BOE BOBMZ[JOH
UIF SFRVJSFE EBUB JOQVUT JT BO FNQJSJDBM BOE FDPOPNJD RVFTUJPO CFZPOE UIF TDPQF PG UIJT XPSL.

UOEPVCUFEMZ, GVUVSF SFTFBSDIFST XJMM EJTFOUBOHMF OFX EJNFOTJPOT PG BDDFTT.
AMSFBEZ, UIF DPODFQU PG WJSUVBM BDDFTT (BDDFTT WJB UIF JOUFSOFU, EFMJWFSFE TFSWJDFT, BOE UIF MJLF) IBT

SFDFJWFE TPNF BUUFOUJPO, CVU EPFTO’U ZFU OFBUMZ fiU JO UIJT GSBNFXPSL. ADDFTT UP UIJOHT JODMVEFT CPUI
HPJOH BOE HFUUJOH UIJOHT (HPJOH UP UIF TUPSF), BOE IBWJOH UIJOHT CSPVHIU UP ZPV MJLF XBUFS, OBUVSBM HBT,
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FMFDUSJDJUZ, JOUFSOFU CBOEXJEUI, BOE EFMJWFSFE HPPET, PS IBWJOH UIJOHT UBLFO BXBZ MJLF TFXFS BOE XBTUF
DPMMFDUJPO (PS, SFGSBNJOH, CSJOHJOH UIF BCTFODF PG fiMUI). FTF EFMJWFSFE HPPET, OPX NPSF QSFWBMFOU
XJUI UIF JOUFSOFU, BSF JOTVffiDJFOUMZ SFDPHOJTFE BT BO JNQPSUBOU BTQFDU PG UIF WBMVF PG QMBDFT. ADDFTT UP
JOQVU HPPET BOE EJTUSJCVUJPO UISPVHI B TVQQMZ DIBJO BMTP IBT SFMFWBODF BU UIF MFWFM PG UIF fiSN.

BU QFPQMF BSF NPSF QSPEVDUJWF JO QMBDFT XJUI IJHIFS BDDFTT UP PUIFS QFPQMF, QMBDFT DPNNPOMZ
SFGFSSFE UP BT DJUJFT, JNQMJFT UIBU BDDFTT QSPEVDFT FYUFSOBMJUJFT UIBU BSF OPU GVMMZ DBQUVSFE CZ UIF SFBM
FTUBUF NBSLFUT. WF NFOUJPO B GFX BEEJUJPOBM QPTJUJWF FYUFSOBMJUZ QSPDFTTFT BTTPDJBUFE XJUI BDDFTT UIBU
NBZ OPU CF GVMMZ DBQUVSFE FDPOPNJDBMMZ. HJHI USBOTJU TFSWJDF BUUSBDUT NPSF SJEFSTIJQ, XIJDI GVSUIFS
SFJOGPSDFT TFSWJDF QSPWJTJPO, BOE FYJTUJOH USBOTJU SJEFSTIJQ (BBS-YPTFG eU al. 2013; LFWJOTPO BOE KSJ[FL
2018; MPISJOH 1972). ADDFTTJCJMJUZ CZ BDUJWF NPEFT BOE UP TUSFFU-GSPOUJOH SFUBJM BEET ‘FZFT PO UIF
TUSFFU’, XIJDI JNQSPWFT UIF TBGFUZ PG OFJHICPSIPPET, NBLJOH DPNNVOJUJFT NPSF MJWBCMF (JBDPCT 1961).
F GVMM JOUFSOBM BOE FYUFSOBM CFOFfiUT PG BDDFTT BSF OPU ZFUXFMM VOEFSTUPPE BOE BSF EJffiDVMU UP RVBOUJGZ.
ADDFTTJCJMJUZ UP EJffFSFOU UZQFT PG EFTUJOBUJPOT, CZ EJffFSFOU QPQVMBUJPO HSPVQT, BOE BU EJffFSFOU UJNF-PG-
UIF-EBZXPVME DFSUBJOMZ QSPEVDF WBSZJOH MFWFMT PG TQJMMPWFS CFOFfiUT. HFSFXF POMZNFOUJPO GVMM CFOFfiUT
XJUI B CSJFG EJTDVTTJPO UP SBJTF UIF BXBSFOFTT PG UIF UPQJD.

AMTP VOEPVCUFEMZ, BDBEFNJDT XJMM DPNQMBJO BCPVU UIF JNQFSGFDUJPOT PG QSBDUJDF, KVTU BT UIF QSBD-
UJUJPOFST DPNQMBJO BCPVU BDBEFNJDT. WF DBOOPU MFU UIF QFSGFDU CF UIF FOFNZ PG UIF HPPE, OPS DBO XF
MFU UIF HPPE TUPQ VT GSPN USZJOH UP EJTDPWFS UIF QFSGFDU.

WF IPQF UIJT QBQFS HFOFSBUFT OFX EJSFDUJPOT GPS BDDFTTJCJMJUZ SFTFBSDI BOE BOBMZTJT, SBJTFT OFX
RVFTUJPOT GPS EJTDVTTJPO, BOE QMBDFT BDDFTTJCJMJUZ PO B TPVOEFS UIFPSFUJDBM GPVOEBUJPO.

12 FoSmal DeöniUionT

WIFO GPSNBMMZ UBMLJOH BCPVU BDDFTT, JU JT DSJUJDBM UP IBWF B VOJGZJOH MBOHVBHF XJUI XIJDI UP TQFBL,
XIFSF FBDI TZNCPM NFBOT POF BOE POMZ POF UIJOH, BOE FBDI UIJOH JT EFfiOFE CZ POF BOE POMZ POF
TZNCPM. F MBOHVBHF XF VTF UISPVHIPVU JT TVNNBSJ[FE JO TBCMF 3 GPS DPOWFOJFODF. FSF BSF NBOZ
FRVBUJPOT QSFTFOUFE IFSF, CVU UIFZ BSF GBS GSPN B DPNQMFUF TFU. HPXFWFS, XF IPQF UIF MBOHVBHF GPS
UBMLJOH BCPVU BDDFTT XF JOUSPEVDF QSPWJEFT B WPDBCVMBSZ UP EFSJWF BOE EFTDSJCF BEEJUJPOBM NFBTVSFT JO
B TZTUFNBUJD XBZ. VFSZ PFO OPNFODMBUVSF IBT CFFO DIBOHFE GSPN TPVSDFT GSPN XIJDI WBSJPVT EFfiOJ-
UJPOT XFSF XSJUUFO JO UIF PSJHJOBM QBQFS JO PSEFS UP CF JOUFSOBMMZ DPOTJTUFOU XJUIJO UIJT EPDVNFOU, BOE
BWPJE SFQFUJUJPO PG WBSJBCMF OBNFT BOE UIF DPODPNJUBOU DPOGVTJPO.

F ‘.’ (EPU) TVCTDSJQU OPUBUJPO JOEJDBUFT UIBU UIF EJNFOTJPO JT XFJHIUFE BOE TVNNFE, TP UIFNFB-
TVSF BQQMJFT GPS UIBU FOUJSF EJNFOTJPO, SBUIFS UIBO BTQFDUT PG UIBU EJNFOTJPO.
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Table 3: NPNFODMBUVSF

VBSJBCMF DFfiOJUJPO §

β0,β1 SDBMJOH BOE EJTDPVOUJOH DPFffiDJFOUT. 6.3
ηe PFSDFJWFE XFJHIU GPS USBWFM UJNF DPTU FMFNFOUT. e 3.2
θm INQFEBODF GBDUPS GPS NPEF m. 4.3
Λ LJGFDZDMF EJTDPVOUJOH GVODUJPO. 10

Ai ,h,z ,m,e ,t ,p ADDFTTJCJMJUZ BU MPDBUJPO i , UJNF h , BDUJWJUZ z , CZ NPEF m, DPOTJEFSJOH
DPTU FMFNFOUT e GPS HSPVQ p .

∑
j .

2.1

AX
i ,h,z ,.,e ,t ,p

MPEF-TIBSF XFJHIUFE QSJNBM BDDFTT. 7.1
A∗i ,.,.,.,e ,t ,p MVMUJQMF UJNF TMJDF, NVMUJQMF BDUJWJUZ, NBYJNBM NPEF BDDFTT GPS TZTUFN. 7.2
A∗∗i ,.,.,.,e ,t ,p MVMUJQMF UJNF TMJDF, NVMUJQMF BDUJWJUZ, NBYJNBMNPEF BDDFTT (QSJNBM) GPS

TZTUFN, DPOTJEFSJOH NPEF BWBJMBCJMJUZ (Vi ,m).
7.3

Ai MBUSJY PG GVMM BDDFTTJCJMJUJFT BU i . 9
Ai,Λ ADDFTTJCJMJUZ PWFS UIF MJGFDZDMF. 10
A⟲i PBTTJWF BDDFTT (FBTF PG CFJOH SFBDIFE). 2.2
Ai ,h, j/w,m,e ,t ,p ADDFTT UP KPCT EJTDPVOUJOH GPS DPNQFUJUJPO GSPN PUIFS XPSLFST. 6.4
Ci j ,m,e CPTU PG USBWFM CFUXFFO i BOE j CZNPEFm DPOTJEFSJOH DPTU DPNQPOFOUT

e .
3.4

Cij,m MBUSJY PG GVMM DPTUT GPS NPEF m. 3.4
Dz DVSBUJPO PG BDUJWJUZ z . 6.2
e ,E IOEFY PG DPTU FMFNFOUT, TPUBM OVNCFS PG DPTU FMFNFOUT. 3.4
et ,Et IOEFY PG USBWFM UJNF FMFNFOUT, TPUBM OVNCFS PG USBWFM UJNF FMFNFOUT. 3.1
eint ,Eint IOEFY PG JOUFSOBM DPTU FMFNFOUT, TPUBM OVNCFS PG JOUFSOBM DPTU FMFNFOUT. 3.3
e f u l l ,E f u l l IOEFY PG GVMM DPTU FMFNFOUT, TPUBM OVNCFS PG GVMM DPTU FMFNFOUT. 3.4
f (Ci j ,m,e ) INQFEBODF GVODUJPO. 2.1
g (O j ) OQQPSUVOJUJFT EJTDPVOUJOH GVODUJPO. 6.3
h,H IOEFY PG UJNFT-PG-EBZ (UJNF TMJDFT), UPUBM OVNCFS PG UJNF TMJDFT. 5
i , I IOEFY GPS PSJHJOT, UPUBM OVNCFS PG PSJHJOT. 2
j , J IOEFY GPS EFTUJOBUJPOT, UPUBM OVNCFS PG EFTUJOBUJPOT. 2
k ,K IOEFY GPS DBUFHPSZ, TPUBM OVNCFS PG DBUFHPSJFT. 8
l ,L IOEFY GPS MJGFDZDMF (ZFBST), TPUBM OVNCFS PG ZFBST. 10
m,M IOEFY PG NPEFT, UPUBM OVNCFS PG NPEFT. 7
N SFTIPME OVNCFS PG BDUJWJUJFT. 2.1
o IOEFY PG PSJHJOT.
O j ,z ,h OQQPSUVOJUJFT BU j PG UZQF z BU UJNF h . 2.1
Oj MBUSJY PG GVMM PQQPSUVOJUJFT. 9
p,P IOEFY GPS QPQVMBUJPO TVCHSPVQ, UPUBM OVNCFS PG TVCHSPVQT. 2.4
r IOUFSFTU SBUF. 10
si j DJTUBODF. 3.1
Si ,p PPQVMBUJPO BU PSJHJO i JO HSPVQ p . 2.4
tub , tl b TSBWFM UJNF UISFTIPME, VQQFS CPVOE, MPXFS CPVOE. 4.1
ti j ,et ,m TSBWFM UJNF CFUXFFO i BOE j DPOTJEFSJOH UJNF FMFNFOU et BOE NPEF m 3
t Pi j ,.,m PFSDFJWFE USBWFM UJNF. 3.2
tp TSBWFM UJNF GPS QFSTPO p . 3
Uh WFJHIU PG FBDI UJNF TMJDF h . 5
vi j VFMPDJUZ (TQFFE). 3.1
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CPOUJOVBUJPO PG TBCMF 3
Vi ,m MBUSJY PG NPEBM BWBJMBCJMJUZ BU PSJHJO i GPS NPEF m (0,1). 7.3
w MJOJNVN XBHF SBUF PS NFBTVSF PG WBMVF PG UJNF. 3.3
Wz WFJHIU GPS BDUJWJUZ UZQF z . 6.1
Xi j ,m SIBSF PG B HJWFO NPEF m (0,1) JO B HJWFO NBSLFU (i j ). 7.1
Y MBUSJY PG BDUJWJUZ TVCTUJUVUBCJMJUZ, DPNQMFNFOUBSJUZ. 6.1
z,Z IOEFY PG BDUJWJUJFT, UPUBM OVNCFS PG UZQFT PG BDUJWJUJFT. 6.1

$ MPOFUBSZ DPTU PG USBWFM. 3.3
EOE PG TBCMF
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