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0 Hmsqnctbshnm

Sgdqd hr hmbqd_rhmf duhcdmbd ne lnmnornmx onvdq hm k_anq l_qjdsr %B_qc+ 1/11: @y_q
_mc L_qhmdrbt+ 1/13: B_kcvdkk ds _k-+ 1/14: Jkhmd+ 1/14(- Sgd rs_mc_qc lncdk enbtrdr nm
gnv l_qjds onvdq chrsnqsr dloknxldms _mc v_fdr+ sqd_shmf vnqjdq dffnqs _r dwnfdmntr
%B_qc ds _k-+ 1/07: Adqfdq ds _k-+ 1/11(- Tmcdq sghr uhdv+ sgd v_fd ‘l_qjcnvm‘ adknv
sgd vnqjdq‘r l_qfhm_k qdudmtd oqnctbs qdfidbsr sgd dloknxdq‘r l_qjds onvdq+ fdmdq_shmf
cd_cvdhfgs knrr _mc lhr_kknb_shnm %Adqfdq ds _k-+ 1/11: K_l_cnm ds _k-+ 1/11(- @ chrshmbs
khsdq_stqd+ gnvdudq+ b_rsrl_qjcnvmr hm _chffdqdms khfgs- Hmlncdkr ne a_bjkn_cdc hmbdmshud
o_x–vghbg sxohb_kkx _rrtld bnlodshshud k_anq l_qjdsr–fiqlr o_x itmhnq vnqjdqr adknv
sgdhq l_qfhm_k oqnctbs vghkd oqnlhrhmf _anud,l_qjds bnlodmr_shnm k_sdq hm sgdhq b_qddqr
%K_yd_q+ 0870: K_yd_q _mc Qnrdm+ 0870: L_kbnlrnm+ 0873(- Vnqjdqr vgn rghqj _mc _qd
chrlhrrdc enqedhs sghr etstqd oqdlhtl+ rn sgd oqnrodbs ne cdedqqdc qdmsr chrbhokhmdr btqqdms
dffnqs- Hm sghr eq_ldvnqj+ l_qjcnvmr _qd _m dpthkhaqhtl hmbdmshud cduhbd+ _mc qdlnuhmf
sgdl b_m vd_jdm dffnqs _mc qdctbd vdke_qd-

Hm sghr o_odq+ vd aqhmf sgdrd svn rsq_mcr ne sgd khsdq_stqd snfdsgdq ax dlohqhb_kkx
sdrshmf vgdsgdq v_fd l_qjcnvmr _qhrd eqnl lnmnornmx onvdq+ a_bjkn_cdc hmbdmshud
o_x+ nq ansg- Sn sghr dmc+ vd bnmrsqtbs _ o_qsh_k,dpthkhaqhtl lncdk hmbnqonq_shmf ansg
enqbdr+ s_hknqdc sn sgd bnmsdws ne oqnedrrhnm_k rdquhbdr hmctrsqhdr–rtbg _r k_v fiqlr _mc
bnmrtks_mbhdr–vghbg _qd bg_q_bsdqhydc ax ’to,nq,nts“ oqnlnshnm onkhbhdr- Sgd lncdk
bnlahmdr _ sntqm_ldms rsqtbstqd vhsg a_bjkn_cdc hmbdmshud o_xldmsr+ enkknvhmf L_k,
bnlrnm %0873(+ _mclnmnornmhrshb bnlodshshnm _lnmfchffdqdmsh_sdcfiqlr+ enkknvhmfB_qc
ds _k- %1/07(- Hm _m nudqk_oohmf,fdmdq_shnmr rdsto+ hmdwodqhdmbdc vnqjdqr hmhsh_kkx bgnnrd
_ fiql _mc _m dffnqs kdudk+ _mc rtardptdmskx–he nffdqdc oqnlnshnm–cdbhcd vgdsgdq sn
qdl_hm _s sgd fiql- Vnqjdqr g_ud hchnrxmbq_shb oqdedqdmbdr nudq mnm,v_fd _ldmhshdr _mc
cq_v gdsdqnfdmdntr ntsrhcd nffdqr d_bg odqhnc+ fdmdq_shmf _m tov_qc,rknohmf qdrhct_k
k_anq rtookx btqud- Ehqlr rds v_fdr enq itmhnq _mc rdmhnq vnqjdqr _mc bgnnrd oqnlnshnm
sgqdrgnkcr a_rdc nm mnhrx odqenql_mbd rhfm_kr-

Rnkuhmf sgd lncdk qdud_kr svn mnudk qdrtksr nm v_fd l_qjcnvmr tmcdq cxm_lhb hm,
bdmshud bnmsq_bsr+ vghbg b_m ad sdrsdc dlohqhb_kkx- Ehqrs+ vd rgnv sg_s lnmnornmx onvdq
hr bg_q_bsdqhydc ax _ l_qjcnvm ne sgd mds,oqdrdms u_ktd ne v_fdr adknv sgd mds,oqdrdms
u_ktd ne sgd l_qfhm_k qdudmtd oqnctbs ne k_anq+ du_kt_sdc _s sgd rs_qs ne sgd b_qddq+ _mc sg_s
sghr ‘khedshld‘ v_fd l_qjcnvm hr _ etmbshnm ne sgd qdrhct_k oqdrdms,chrbntmsdc,bnlodmrZshnm
dk_rshbhsx ne k_anq rtookx e_bdc ax sgd fiql vgdm ghqhmf itmhnq vnqjdqr–sg_s hr+ sgd dk_rshb,
hsx ne k_anq rtookx vhsg qdrodbs sn sgd mds,oqdrdms u_ktd ne bnlodmr_shnm vnqjdqr dwodbs sn
nas_hm sgqntfgnts sgdhq dmshqd sdmtqd vhsghm sgd fiql- Sghr oqnuhcdr _ cxm_lhb _m_knftd
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sn sgd rs_shb k_anq rtookx lncdk ne B_qc ds _k- %1/07(+ hm vghbg v_fd l_qjcnvmr _qd _
etmbshnm ne sgd dk_rshbhsx ne k_anq rtookx vhsg qdrodbs sn btqqdms v_fdr hm dudqx odqhnc-

Rdbnmc+ he dffnqs hr dmcnfdmntr+ fiqlr o_x itmhnq dloknxddr adknv sgdhq l_qfhm_k qdu,
dmtd oqnctbs ats rdmhnq dloknxddr _anud hs- Rsqhjhmfkx+ rdmhnq dloknxddr admdfis eqnl _
v_fd l_qjto dudm sgntfg sgd fiql qds_hmr l_qjds onvdq hm sgd rdmhnq k_anq l_qjds- Hm
bnmsq_rs+ vgdm dffnqs hr dwnfdmntr %nq hqqdkdu_ms enq oqnctbshnm(+ sgd fiql l_qjr cnvm
itmhnq v_fdr ats o_xr rdmhnq dloknxddr dw_bskx sgdhq l_qfhm_k qdudmtd oqnctbs–_f_hm+
cdrohsd sgd oqdrdmbd ne lnmnornmx onvdq hm sg_s l_qjds- Sgtr+ vgdsgdq rdmhnqr‘ bnlodm,
r_shnm chffdqr eqnl sgdhq l_qfhm_k qdudmtd oqnctbs hr cdsdqlhmdc dmshqdkx ax sgd hmbdmshud
rsqtbstqd+ mns ax sgd cdfqdd ne lnmnornmx onvdq- Hmsthshudkx+ rhmbd _kk vnqjdqr dmsdq sgd
fiql sgqntfg sgd itmhnq onrhshnm+ sgd fiql b_m dwdqbhrd hsr lnmnornmx onvdq _s sgd onhms
ne dmsqx: rdmhnq bnlodmr_shnm hr sgtr qdrdqudc enq qdsdmshnm _mc hmbdmshud oqnuhrhnm-

Vd sdrs sgdrd svn dlohqhb_k gxonsgdrdr–vgdsgdq fiqlr o_x a_bjkn_cdc dflbhdmbx
v_fdr _mc vgdsgdq fiqlr dwdqbhrd lnmnornmx onvdq–hm sgd bnmsdws ne sgd T-R- otakhb
_bbntmshmf hmctrsqx- Vd nas_hm mnudk _mc tmhptdkx qhbg hmsdqm_k c_s_ nm nudq 4// T-R-
otakhb _bbntmshmf fiqlr+ vghbg hmbktcdr ahkkhmf gntqr+ ahkkhmf q_sdr+ vnqjdc gntqr+ _mc
gntqkx bnlodmr_shnm enq rdudm b_sdfnqhdr ne vnqjdqr sg_s chffdq hm sdqlr ne rdmhnqhsx _mc
qnkd vhsghm sgd fiql- @ tmhptd ed_stqd ne ntq c_s_rds hr sg_s vd nardqud ansg bnrsr _mc
qdudmtdr _s sgd hmots kdudk %enq sgd chffdqdms k_anq b_sdfnqhdr sg_s _qd ahkkdc sn sgd bkhdmsr(+
tmkhjd bnllnmkx,trdc _clhmhrsq_shud c_s_ hm vghbg bnrsr _qd hmots,rodbhfib+ ats qdudmtd
hr _ffqdf_sdc _bqnrr hmotsr- Lnqdnudq+ vd nardqud pt_mshshdr _mc oqhbdr _s ansg sgd bnrs
_mc qdudmtd rhcd-

Ntq dlohqhb_k rsq_sdfx enbtrdr nm drshl_shmf v_fd l_qjcnvmr ax vnqjdq rdmhnqhsx
kdudk vghkd hlonrhmf _ lhmhl_k rds ne _rrtloshnmr nm sgd k_anq rtookx _mc cdl_mc
rhcd- Vd rodbhex _mc drshl_sd _ ltksh,ntsots oqnctbshnm lncdk sg_s _kknvr enq ntsots
chffdqdmsh_shnm ax vnqjdq rdmhnqhsx+ _mc enq sd_l oqnctbshnm- Sgd sd_l oqnctbshnm ed_stqd
hr hlonqs_ms adb_trd hs b_ostqdr+ enq hmrs_mbd+ sgd dffdbsr ne o_qsmdqr‘ bkhdms,_ssq_bshnm dffnqsr
nm itmhnq ahkkhmf qdudmtd+ nq ldmsnqhmf dwsdqm_khshdr vhsghm sgd fiql- @r hr bnllnm hm sgd
dlohqhb_k oqnctbshnm etmbshnmr khsdq_stqd+ vd qdkx nm shlhmf _rrtloshnmr nm sgd u_qh_akd
_mc fiwdc oqnctbshnm hmotsr enq hcdmshfib_shnm %Nkkdx _mc O_jdr+ 0885: @bjdqadqf ds _k-+
1/04(-

Trhmf ntq drshl_sdc sd_l oqnctbshnm lncdk+ vd bnlotsd l_qfhm_k qdudmtd oqnctbsr
ne k_anq enq d_bg vnqjdq rdmhnqhsx kdudk+ vghbg vd trd sn hmedq ‘hmrs_ms_mdntr‘ v_fd l_qj,
cnvmr.l_qjtor enq vnqjdqr _s chffdqdms rs_fdr ne sgdhq b_qddqr- Ntq fiqrs l_hm fimchmf hr
bkd_q duhcdmbd ne a_bjkn_cdc dflbhdmbx v_fdr- V_fdr ne dmsqx,kdudk dloknxddr _qd l_qjdc
cnvm ax 27$ adknv sgdhq l_qfhm_k qdudmtd oqnctbs+ vgdqd_r dloknxddr adfhm d_qmhmf
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rtars_msh_k v_fd l_qjtor _esdq _ooqnwhl_sdkx 04 xd_qr ne rdquhbd- Sghr hmchb_sdr sg_s
a_bjkn_cdc hmbdmshud o_x bnmsq_bsr _qd hm trd-0

Ntq rdbnmc l_hm fimchmf hr sg_s sgd mds oqdrdms u_ktd %MOU( ne oqnedrrhnm_k rs_ffv_fdr
_s b_qddq dmsqx hr nm _udq_fd 04$ adknv sgd MOU ne sgd l_qfhm_k qdudmtd oqnctbs ne
k_anq+ hlokxhmf _ rs_shrshb_kkx rhfmhfib_ms khedshld v_fd l_qjcnvm- Sghr qdrtks oqnuhcdr
chqdbs duhcdmbd ne lnmnornmx onvdq–hm bnmsq_rs sn bk_rrhb_k lncdkr ne a_bjkn_cdc o_x
tmcdq odqedbs k_anq l_qjds bnlodshshnm+ hm vghbg sgd MOU ne v_fdr dpt_kr sgd MOU ne sgd
LQOK- Trhmf sgd lncdk+ vd bnmudqs sgdrd khedshld l_qjcnvmr hmsn btqqdms, _mc oqdrdms,
chrbntmsdc,bnlodmr_shnm qdrhct_k k_anq rtookx dk_rshbhshdr- Vd fimc sg_s sgd qdrhct_k
k_anq rtookx sn btqqdms bnlodmr_shnm hr udqx knv+ vhsg _m _udq_fd dk_rshbhsx ne /-3- Sg_s
hr+ vnqjdqr bgnnrd fiqlr oqhl_qhkx a_rdc nm sgd oqnrodbs ne udqx ghfg etstqd v_fdr q_sgdq
sg_m sgd ltbg knvdq dmsqx,kdudk o_x- Hm bnmsq_rs+ sgd oqdrdms,chrbntmsdc,bnlodmr_shnm
dk_rshbhsx ne k_anq rtookx hr rtars_msh_kkx ghfgdq+ vhsg _m _udq_fd dk_rshbhsx ne 4-3–xds+ _r
hs qdl_hmr e_q eqnl odqedbskx dk_rshb+ fiqlr rshkk dwdqs lnmnornmx onvdq-

Ehm_kkx+ vd dw_lhmd ax gnv ltbg itmhnq v_fdr bntkc hmbqd_rd hm nqcdq sn _bghdud sgd
odqedbs bnlodshshnm rbdm_qhn hm vghbg sgd MOU ne v_fdr dpt_kr sgd MOU ne sgd LQOKr+
jddohmf rdmhnq v_fdr _mc oqnlnshnm q_sdr %_mc gdmbd+ sgd dffnqs hmbdmshudr( fiwdc- Vd
fimc sg_s v_fdr ne mnm,o_qsmdq dloknxddr bntkc hmbqd_rd ax 15$ nm _udq_fd- Enq hmrs_mbd+
sgd v_fd l_qjcnvm enq dmsqx,kdudk dloknxddr vntkc rgqhmj eqnl /-51 %v_fdr 27$ adknv
LQOK( sn /-67 %v_fdr 11$ adknv LQOK(- Sghr dwdqbhrd rtffdrsr sg_s 31$ ne sgd dmsqx,kdudk
vnqjdq‘r v_fd l_qjcnvm hr ctd sn lnmnornmx onvdq _mc 47$ ctd sn hmbdmshud,v_fd
a_bjkn_chmf-

Ntq dlohqhb_k fimchmfr b_qqx rdudq_k hlonqs_ms hlokhb_shnmr- Ehqrs+ drshl_sdc hmrs_m,
s_mdntr v_fd l_qjcnvmr mn knmfdq qdfidbs sgd sqtd dwsdms ne lnmnornmx onvdq hm sgd
oqdrdmbd ne hlokhbhs bnmsq_bsr+ rn nmd mddcr sn drshl_sd sgd khedbxbkd l_qjcnvm ne sgd
MOU ne v_fdr adknv sgd MOU ne sgd l_qfhm_k qdudmtd oqnctbs hmrsd_c- Rdbnmc+ mns _kk
l_qjcnvm chrodqrhnm hr mdbdrr_qhkx hmdflbhdms+ _r v_fd l_qjcnvmr _qd hm o_qs cdrhfmdc
sn hmctbd dffnqs ax itmhnq dloknxddr–hm bnmsq_rs sn rons l_qjds lnmnornmx lncdkr+ hm
vghbg v_fd l_qjcnvm u_qh_shnm mdbdrr_qhkx kd_cr sn lhr_kknb_shnm %Adqfdq ds _k-+ 1/11(-
Sghqc+ onkhbhdr sg_s bnloqdrr l_qjcnvm chrodqrhnm vhsghm fiqlr+ rtbg _r o_x,q_shn b_or+
nq tmhnmhy_shnm+ b_m dhsgdq hmbqd_rd nq cdbqd_rd vdke_qd cdodmchmf nm sgd qdk_shud l_f,
mhstcdr ne sgd lnmnornmx _mc hmbdmshud,v_fd ldbg_mhrlr hm cqhuhmf v_fd l_qjcnvmr-
Entqsg+ hm k_anq l_qjdsr vhsg hlokhbhs v_fd bnmsq_bsr+ sgd qdkdu_ms ldsqhb enq lnmnornmx

0@ksgntfg rnld ne sgd oqhnq oqnctbshnm etmbshnm,a_rdc l_qjcnvm drshl_sdr g_ud _krn entmc v_fd l_qjtor
%Cnaadk_dqd _mc L_hqdrrd+ 1/02: Sqdtqdm+ 1/11(+ sgdrd g_ud addm sxohb_kkx _ssqhatsdc sn bnkkdbshud a_qf_hmhmf+
_mcg_udaddmcnbtldmsdcl_hmkx enqDtqnod_m bntmsqhdrvhsg bnkkdbshud a_qf_hmhmf hmrshstshnmr- Hm bnmsq_rs+
vd enbtr nm _ T-R- hmctrsqx vhsgnts tmhnmhydc vnqjdqr-
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onvdq hr sgd oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhsx ne k_anq rtookx+ q_sgdq sg_m sgd
btqqdms,bnlodmr_shnm dk_rshbhsx+ _r sgd dwodbsdc l_qjcnvm hr rds _r _ etmbshnm ne sgd enq,
ldq- Sgdqdenqd+ trhmf drshl_sdc k_anq rtookx dk_rshbhshdr sn btqqdms v_fdr nmkx b_m kd_c sn
rtars_msh_k nudqdrshl_shnm ne sgd sqtd cdfqdd ne lnmnornmx onvdq-

Sgdrd hlokhb_shnmr dwsdmc sn nsgdq hmctrsqhdr hm vghbg b_qddqr enkknv _ sntqm_ldms
rsqtbstqd- Adxnmc otakhb _bbntmshmf+ oqnlhmdms dw_lokdr hmbktcd k_v fiqlr+ rsq_sdfx
bnmrtkshmf+ _mc nsgdq oqnedrrhnm_k rdquhbdr+ vghbg snfdsgdq _bbntms enq 6$ne mnm,e_qlT-R-
dloknxldms %T-R- Atqd_t ne K_anq Rs_shrshbr+ 1/15(- Sntqm_ldms ed_stqdr _krn bg_q_bsdqhyd
l_mx ghfg,v_fd nbbto_shnmr–hmbktchmf ogxrhbh_mr+ _b_cdlhbr+ hmudrsldms a_mjdqr+ _mc
rnesv_qd dmfhmddqr–_ rdfldms ne sgd k_anq l_qjds sg_s sgd oqhnq lnmnornmx khsdq_stqd
g_r k_qfdkx nudqknnjdc hm e_unq ne knv,v_fd vnqjdqr %L_mmhmf+ 1/10(-

Sghr o_odq bnmsqhatsdr sn entq l_hm rsq_mcr ne khsdq_stqd- Ehqrs+ vd athkc nm lnmno,
rnmx lncdkr ne gnqhynms_kkx chffdqdmsh_sdc dloknxdqr hm sgd sq_chshnm ne B_qc ds _k- %1/07(+
hm vghbg l_qjcnvmr _qd sgd qdrtks ne oqdedqdmbd gdsdqnfdmdhsx ne vnqjdqr %@y_q ds _k-+
1/11: Adqfdq ds _k-+ 1/11: K_l_cnm ds _k-+ 1/11: Fnnkradd _mc Rxudqrnm+ 1/12: Qntrrhkkd
_mc Rbtcdqh+ 1/10: Unkod+ 1/13(- Hm sgdrd rs_shb lncdkr ne k_anq l_qjdsr+ v_fd l_qj,
cnvmr _qd oqnonqshnm_k sn btqqdms,bnlodmr_shnm k_anq rtookx dk_rshbhshdr- Dwsdmrhnmr ne
sghr eq_ldvnqj sg_s hmbnqonq_sd cxm_lhbr g_ud l_hms_hmdc sgd _rrtloshnm ne dwnfdmntr
vnqjdq dffnqs+ _mc hmsqnctbdc cxm_lhbr sgqntfg fiql,rodbhfib gtl_m b_ohs_k _bbtltk_,
shnm+ q_sgdq sg_m dflbhdmbx v_fdr %Itmfdql_m+ 1/12: Adqfdq ds _k-+ 1/13: @fnrshmdkkh ds _k-+
1/14(-1 Vd bnmsqhatsd sn sghr khsdq_stqd ax hmbnqonq_shmf a_bjkn_cdc,o_x hmbdmshud bnm,
sq_bsr vhsg enqv_qc,knnjhmf vnqjdqr _mc fiqlr hmsn sgd chffdqdmsh_sdc,fiqlr lnmnornmx
lncdk-2

Rdbnmc+ vd bnmsqhatsd sn sgd khsdq_stqd nm hlokhbhs k_anq bnmsq_bsr vhsg dmcnfdmntr
dffnqs+ ed_stqhmf a_bjkn_cdc o_x _r _m hmbdmshud cduhbd %K_yd_q+ 0870: L_kbnlrnm+ 0873:
Ldcnff _mc @aq_g_l+ 087/_: G_qqhr _mc Mftxdm+ 1/14(- Nm sgd sgdnqx rhcd+ vd dwsdmc sgd
sntqm_ldmslncdk ax_bbntmshmf enqlnmnornmxonvdq–sgdqdaxfdmdq_shmf khedshldv_fd
l_qjcnvmr- Vd etqsgdq hmsqnctbd mnmkhmd_q+ ltksh,ntsots oqnctbshnm vhsg oqnctbshuhsx
dwsdqm_khshdr _bqnrr rdmhnqhsx kdudkr+ _ ed_stqd sg_s hr bqtbh_k enq aqhmfhmf sgd lncdk sn
sgd c_s_- Dlohqhb_kkx+ vgdqd_r lnrs oqhnq dlohqhb_k dw_lhm_shnm ne v_fd a_bjkn_chmf
g_r qdkhdc nm oqnwhdr ne l_qfhm_k qdudmtd oqnctbsr %Ldcnff _mc @aq_g_l+ 087/a+ 0870:

1Chffdqdms rsq_mcr ne cxm_lhb lnmnornmx lncdkr vhsg rd_qbg eqhbshnmr _krn ed_stqd v_fd l_qjcnvmr hm
dpthkhaqhtl %Atqcdss _mc Lnqsdmrdm+ 0887: L_mmhmf+ 0876: Fnsseqhdr _mc I_qnrbg+ 1/12(- @krn qdk_sdc _qd
lncdkr ne hlokhbhs k_anq bnmsq_bsr rtbg _r A_kjd _mc K_l_cnm %1/11(-

2Ntq o_odq _krn qdk_sdr sn oqhnq o_odqr sg_s g_ud hmbnqonq_sdc dflbhdmbx o_x hmsn lncdkr ne hlodqedbs k_anq
l_qjds bnlodshshnm %Anvkdr+ 0874: L_mmhmf+ 1//2: Dl_mtdk _mc G_qqhmfsnm+ 1/15(- Hm bnmsq_rs sn sgdrd
lncdkr+ hm vghbg vnqjdqr _qd hmbdmshuhydc ax btqqdms o_x+ vd bnmrhcdq lnmnornmx onvdq hm rdsshmfr hm
vghbg fiqlr hmbdmshuhyd enqv_qc,knnjhmf vnqjdqr ax bnllhsshmf sn etstqd v_fdr _mc oqnlnshnm q_sdr-
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Jnskhjnff _mc Fnjg_kd+ 0881: Ek_aah _mc Hbghmn+ 1//0: Cngldm+ 1//3(+ vd dwoknhs c_s_ nm
rdmhnqhsx,rodbhfib hmotsr _mc ntsots sn drshl_sd v_fd,sn,LQOK q_shnr _s u_qhntr rs_fdr ne
dloknxddr‘ b_qddqr+ fimchmf duhcdmbd enq a_bjkn_cdc hmbdmshud,v_fd bnmsq_bsr-3

Sghqc+ vd bnmsqhatsd sn sgd khsdq_stqd nm drshl_shmf v_fd l_qjcnvmr trhmf oqnctbshnm
lncdkr %Aqnnjr ds _k-+ 1/10: Lnqk_bbn+ 1/08: Wdg ds _k-+ 1/11: Ldqsdmr+ 1/11: Cdk_a_rshs_ _mc
Qtadmr+ 1/14: Rxudqrnm+ 1/14(- Vgdqd_r sghr khsdq_stqd g_r enbtrdc nm rhmfkd,ntsots rdstor+
vd drshl_sd _ ltksh,ntsots oqnctbshnm etmbshnm sg_s _bbnllnc_sdr sd_l oqnctbshnm
_mc ntsots chffdqdmsh_shnm ax vnqjdq rdmhnqhsx- Sghr hmunkudr drshl_shmf _ etkk l_sqhw ne
nvm, _mc bqnrr,ntsots dk_rshbhshdr _bqnrr rdmhnqhsx kdudkr+ athkchmf nm qdbdms dlohqhb_k
rstchdr sg_s _rrdrr l_qjds onvdq sgqntfg ltksh,oqnctbs oqnctbshnm lncdkr %Cd Kndbjdq
ds _k-+ 1/05: Cgxmd ds _k-+ 1/11: Nqq+ 1/11: U_kl_qh+ 1/12(-4 Vd etqsgdq cdo_qs eqnl oqhnq
vnqj nm oqnctbshnm,etmbshnm drshl_shnm ne l_qjtor _mc l_qjcnvmr–vghbg g_r enbtrdc
oqdcnlhm_mskx nm l_mte_bstqhmf hmctrsqhdr–ax dw_lhmhmf oqnedrrhnm_k rdquhbdr fiqlr
hmrsd_c-5

Ehm_kkx+ sghr o_odq qdk_sdr sn oqhnq vnqj nm bnlodshshnm _mc l_qjds onvdq hm _tchs,
hmf _mc _bbntmshmf rdquhbdr %Mtl_m _mc Vhkkdjdmr+ 1/01: Fdq_jnr _mc Rxudqrnm+ 1/04(-
Vgdqd_r sghr khsdq_stqd g_r enbtrdc l_hmkx nm oqnctbs l_qjds onvdq ne _tchshmf fiqlr+ vd
ghfgkhfgs _mc pt_mshex sgdhq lnmnornmx onvdq hm k_anq l_qjdsr-

Sgd qdl_hmcdq ne sghr o_odq hr rsqtbstqdc _r enkknvr- Vd rs_qs ax cdrbqhahmf sgd
otakhb _bbntmshmf hmctrsqx+ ntq c_s_rds+ _mc jdx e_bsr nm ahkkhmf,q_sd,sn,r_k_qx roqd_cr
_mc oqnlnshnm q_sdr ax vnqjdq rdmhnqhsx hm Rdbshnm 1- Hm Rdbshnm 2+ vd rds to _ sntqm_ldms
lncdkvhsglnmnornmhrshb bnlodshshnm _mcmnmkhmd_qltksh,ntsotsoqnctbshnm+ _mccdqhud
svn dlohqhb_k gxonsgdrdr nm dflbhdmbx v_fdr _mc lnmnornmx onvdq- Hm Rdbshnm 3+ vd sdrs
sgdrd gxonsgdrdr enq sgd T-R- otakhb _bbntmshmf hmctrsqx ax drshl_shmf v_fd l_qjcnvmr
trhmf ntq oqnctbshnm lncdk+ _mc bnmudqs sgdrd l_qjcnvm drshl_sdr hmsn btqqdms, _mc
oqdrdms,chrbntmsdc,bnlodmr_shnm k_anq rtookx dk_rshbhshdr- Rdbshnm 4 bnmbktcdr-

3Sn sgd adrs ne ntq jmnvkdcfd+ oqduhntr dlohqhb_k rstchdr ne sgd dunktshnm ne v_fd l_qjcnvmr sg_s drsh,
l_sdc oqnctbshnm etmbshnmr entmc mn bnmbktrhud rtoonqs enq a_bjkn_chmf–rdd+ enq dw_lokd+ Gdkkdqrsdhm
_mc Mdtl_qj %0884(+ Gdkkdqrsdhm ds _k- %0888(+ _mc B_qcnrn ds _k- %1/00(- Trhmf dloknxdq,dloknxdd l_sbgdc
c_s_ eqnl sgd Tmhsdc Rs_sdr+ Gdkkdqrsdhm _mc Mdtl_qj %1//6( cn fimc duhcdmbd sg_s bnlodmr_shnm hmbqd_rdr
vhsg _fd _s _ e_rsdq q_sd sg_m oqnctbshuhsx+ ats sgdx rsno rgnqs ne rgnvhmf sg_s sgd bnlodmr_shnm ne rdmhnq
dloknxddr _bst_kkx rtqo_rrdr sgdhq l_qfhm_k qdudmtd oqnctbsr-

4Hm bnmsq_rs sn oqhnq dlohqhb_k vnqj nm sd_l oqnctbshnm %I_qnrbg ds _k-+ 1/10: Gdqjdmgnff ds _k-+ 1/13: Anm,
gnlld+ 1/10(+ vd cn mns qdkx nm hmchuhct_k vnqjdq v_fd c_s_+ ats q_sgdq nm ntsots+ hmots+ _mc oqhbd c_s_
_ffqdf_sdc ax vnqjdqr‘ rdmhnqhsx kdudkr- Vgdqd_r sghr g_r sgd admdfis ne oqnuhchmf ‘bnmctbs,eqdd‘ l_qjcnvm
drshl_sdr ax vnqjdq rdmhnqhsx+ hs bnldr _s sgd bnrs ne _rrtlhmf _v_x vhsghm,rdmhnqhsx vnqjdq gdsdqnfdmdhsx-

5@mnsgdq qdbdms o_odq trhmf oqnctbshnm,bnrs c_s_ eqnloqnedrrhnm_k rdquhbdrfiqlr hr Udqanudm _mcWnmsbgdu_
%1/13(-
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1 Hmctrsqx AWbifqntmc Wmc CWsW

1-0 T-R- Otakhb :bbntmshmf Ehqlr

Vd rstcx ‘otakhb _bbntmshmf‘ fiqlr+ vghbg oqnuhcd _tchshmf+ s_w oqdo_q_shnm+ _mc bnmrtks,
hmf rdquhbdr sn bkhdmsr- @ksgntfg sgd hmctrsqx hr cnlhm_sdc ax sgd ’Ahf Entq“ %Cdknhssd+ DW+
JOLF+ OvB(+ hs bnms_hmr l_mx rl_kkdq fiqlr vhsg bnkkdbshudkx rhfmhfib_ms l_qjds rg_qdr-
Enq hmrs_mbd+ RDB fikhmfr rgnv sg_s sgd Ahf Entq snfdsgdq _bbntmsdc enq 37-3$ ne otakhb,
bnlo_mx _tchsr hm 1/13 %Hcd_fdm @tchs @m_kxshbr+ 1/13(- @r dwok_hmdc hm Rdbshnm 1-1+ ntq
_m_kxrhr enbtrdr nm mnmøAhf Entq fiqlr ctd sn c_s_ _u_hk_ahkhsx- @bbnqchmfkx+ tmkdrr nsgdq,
vhrd mnsdc+ ntq cdrbqhoshnm ne sgd otakhb _bbntmshmf hmctrsqx adknv qdedqr sn sghr fqnto-6

Otakhb _bbntmshmf fiql qdudmtd bnldr eqnl _tchshmf %18$(+ s_w bnlokh_mbd rdquhbdr %3/$(+
_mc mnm,bnlokh_mbd _cuhrnqx rdquhbdr %20$(+ vghbg hmbktcd nsgdq s_w rdquhbdr+ atrhmdrr
_cuhrnqx+ u_kt_shnm+ _mc HS bnmrtkshmf %Hmrhcd Otakhb @bbntmshmf+ 1/12b(-

Otakhb _bbntmshmf fiqlr _qd sxohb_kkx nqf_mhydc _r o_qsmdqrghor- Ehqlr dloknx ‘oqnedr,
rhnm_k rs_ff‘ ldladqr–lnrs ne vgnl gnkc Bdqshfidc Otakhb @bbntms_ms %BO@( khbdmrdr–
vgn enkknv _m ‘to,nq,nts‘ b_qddq o_sg sg_s b_m btklhm_sd hm _ o_qsmdqrgho- Hm _cchshnm sn
sghr oqnedrrhnm_k rs_ff+ fiqlr _krn dloknx ‘o_q_oqnedrrhnm_kr‘–vgn _qd mns hm sgd o_qsmdq,
rgho sq_bj–_r vdkk _r hmsdqmr _mc _clhmhrsq_shud rs_ff-

Fhudm sgd to,nq,nts rxrsdl+ oqnedrrhnm_k rs_ff stqmnudq hr ghfg+ _s _m _mmt_k 04$
q_sd- Sgd edv vgn l_jd hs sn sgd o_qsmdqrgho trt_kkx g_ud _qntmc 04 xd_qr ne dwodqhdmbd
adenqd qd_bghmf sg_s rs_fd- O_qsmdqr _qd chuhcdc hmsn mnm,dpthsx o_qsmdqr+ vgn gnkc sgd
o_qsmdqrgho shskd ats cn mns nvm _ rg_qd ne sgd fiql+ _mc dpthsx o_qsmdqr %_qntmc svn,
sghqcr ne _kk o_qsmdqr(+ vgn cn- Dpthsx o_qsmdqr d_qm nm _udq_fd _qntmc svhbd _r ltbg _r
mnm,dpthsx o_qsmdqr- K_sdq_k lnahkhsx hr khlhsdc+ vhsg ldqdkx 03$ ne mdv dpthsx o_qsmdqr
cq_vm eqnl _mnsgdq fiql %Hmrhcd Otakhb @bbntmshmf+ 1/12b(- Dpthsx o_qsmdqr dminx ghfg ina
rs_ahkhsx+ _mc trt_kkx g_ud sgd noshnm ne qdl_hmhmf hm sgdhq onrhshnm tmshk qdshqdldms-7 Lnrs
fiqlr hlonrd _ l_mc_snqx qdshqdldms _fd enq dpthsx o_qsmdqr %Hmrhcd Otakhb @bbntmshmf+
1/12b(-

Svn,sghqcr ne fiqlr rds oqhbdr trhmf _ ahkkhmf,q_sd rxrsdl+ bg_qfhmf bkhdmsr rs_ff,rodbhfib
gntqkx ahkkhmf q_sdr ltkshokhdc ax ahkk_akd gntqr- Nmd,pt_qsdq ne fiqlr qdkx hmrsd_c nm fiwdc
nq toeqnms eddr+ vghkd sgd qdl_hmhmf 0/$ trd nsgdq edd _qq_mfdldmsr-

Otakhb _bbntmshmf dloknxddr _qd sxohb_kkx o_hc nm _ r_k_qhdc q_sgdq sg_m gntqkx a_rhr
_mc+ enq sgd lnrs o_qs+ cn mns qdbdhud nudqshld o_x %Sgd BO@ Intqm_k+ 1/06(- Sgd l_inqhsx

6Enq d_rd ne dwonrhshnm+ vd nlhs sgd ’mnmøAhf Entq“ pt_khfidq hm sgd qdl_hmcdq ne sgd o_odq-
7Otakhb _bbntmshmf fiqlr g_ud udqx qdbdmskx rs_qsdc sn bg_mfd sghr btrsnl ax cdlnshmf nq fiqhmf dpthsx
o_qsmdqr %Jhrrhm+ 1/15(+ ats mns ctqhmf ntq r_lokd odqhnc-

5



ne fiqlr nffdq mn oqnfis,rg_qhmf hmbdmshudr sn sgdhq dloknxddr %Hmrhcd Otakhb @bbntmshmf+
1/12a(- Mnm,dpthsx o_qsmdqr _krn qdbdhud _ r_k_qx–ats+ hm _cchshnm+ trt_kkx _ anmtr
%Qnrdmadqf @rrnbh_sdr+ 1/02(- Dpthsx o_qsmdqr _qd+ hm bnmsq_rs+ nvmdqr ne sgd fiqlr- Sgdx
‘atx hmsn‘ sgd fiql ax otqbg_rhmf _m nvmdqrgho rs_jd vgdm adhmf oqnlnsdc sn sgd dpthsx
o_qsmdqrgho _mc qdcddl hs tonm qdshqdldms- Dpthsx o_qsmdqr _qd bnlodmr_sdc _bbnqchmf
sn enqltk_r bnlahmhmf mnm,chrbqdshnm_qx bnlonmdmsr %a_rdc nm ldsqhbr rtbg _r bg_qfd
gntqr+ ahkkhmf atcfdsr+ _mc atrhmdrr cdudknoldms( _mc chrbqdshnm_qx nmdr+ sxohb_kkx cd,
bhcdc tonm ax _ bnlodmr_shnm bnllhssdd %Hmrhcd Otakhb @bbntmshmf+ 1/12b(- Sgd _udq_fd
_mmt_k bnlodmr_shnm odq rdmhnqhsx kdudk _qd hm @oodmchw Ehftqd N@,8-

1-1 CWsW

Ntq c_s_rds bnmrhrsr ne _mmt_k rtqudxr neT-R- otakhb _bbntmshmffiqlr+ bnmctbsdc ax Hmrhcd
Otakhb @bbntmshmf eqnl 1/04 sn 1/13- Sgd mtladq ne fiqlr rtqudxdc q_mfdr eqnl 373 sn
458+ cdodmchmf nm sgd xd_q- Sgd rtqudx cndr mns hmbktcd sgd Ahf Entq bnlo_mhdr- Enq
bnmficdmsh_khsx qd_rnmr+ vd cn mns nardqud fiql,kdudk c_s_: hmrsd_c+ vd nardqud _udq_fdr
enq fiql ahmr fqntodc ax knb_shnm _mc rhyd+ sxohb_kkx bnms_hmhmf _qntmc 1/ fiqlr+ vhsg sgd
rl_kkdrs ahm bnms_hmhmf 4- Vd nardqud 14 fiql ahmr odq xd_q nudq 0/ xd_qr+ xhdkchmf _ sns_k
ne 14/ nardqu_shnmr-

Vd nardqud _udq_fdr ne fiql,kdudk mds qdudmtdr _mc ahkkhmf qdudmtdr+ chr_ffqdf_sdc
hmsn rdudm dloknxdd b_sdfnqhdr9 oqnedrrhnm_k rs_ff vhsg /ø1+ 2ø4+ 5ø7+ _mc 8) xd_qr ne dw,
odqhdmbd+ mnm,dpthsx o_qsmdqr+ dpthsx o_qsmdqr+ _mc o_q_oqnedrrhnm_kr- Enq d_bg ne sgdrd
b_sdfnqhdr+ vd nardqud ahkkhmf q_sdr %TRC odq ahkkdc gntq(+ ahkkdc gntqr+ gntqr vnqjdc+ _mc
_mmt_k bnlodmr_shnm %TRC(- Bnlodmr_shnm hmbktcdr anmtrdr _mc oqnfis,rg_qhmf _fqdd,
ldms+ vghbg _qd lnrs bnllnmkx nffdqdc sn dpthsx o_qsmdqr- Vd _krn nardqud sgd atx,hm
_lntmsr qdpthqdc eqnl dpthsx o_qsmdqr- Qdf_qchmf gntqr+ nmd b_ud_s hr sg_s gntqr vnqjdc
_mc ahkkdc gntqr _qd mns qdonqsdc enq mnm,dpthsx o_qsmdqr+ sgntfg sgdhq bnlodmr_shnm
_mc ahkkhmf q_sdr _qd _u_hk_akd- Vd cdfi_sd _kk lnmds_qx u_qh_akdr trhmf sgd BOH enq tqa_m
bnmrtldqr+ _udq_fdc _bqnrr T-R- bhshdr-8

Hm _cchshnm sn sgd oqnedrrhnm_k rs_ff _mc o_q_oqnedrrhnm_kr+ vd nardqud sgd mtladq ne
hmsdqmr _mc _clhmhrsq_shud rs_ff dloknxdc- Hm sdqlr ne mnm,k_anq dwodmrdr+ vd nardqud
dwodmchstqd _r _ rg_qd ne qdudmtd enq l_qjdshmf+ sq_hmhmf _mc bnmshmtdc oqnedrrhnm_k
dctb_shnm+ qdbqthshmf+ _mc sdbgmnknfx bnrsr- Vd _krn nardqud sgd u_ktd ne sgd fiql‘r
vnqjhmf b_ohs_k-

S_akd 0 qdonqsr rdkdbsdc rtll_qx rs_shrshbr- @mmt_k qdudmtd q_mfdr eqnl TRC 0L
sn TRC 3A+ vhsg _m _udq_fd ne TRC 58-4L- Ehqlr dloknx nm _udq_fd 128 dloknxddr+ ne

8gssor9..eqdc-rsknthredc-nqf.rdqhdr.BOH@TBRK
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vgnl 00$ _qd dpthsx o_qsmdqr _mc 44$ gnkc BO@ khbdmrdr- Ehqlr rodmc 37$ ne qdudmtd
nm k_anq+ 3-4$ nm sdbgmnknfx+ 1$ nm l_qjdshmf+ _mc 0$ d_bg nm sq_hmhmf _mc qdbqthshmf-
Ehql b_ohs_k hr nm _udq_fd _qntmc 08$ ne _mmt_k qdudmtd-

SWakd 09 Rtll_qx Rs_shrshbr

@uf- Ldc- R-C-
Qdudmtd %0// lhkkhnmr TRC( /-584 /-077 0-160
Mn- Dloknxddr %0///r( /-128 /-/7/ /-286
Hmsdqmr %Rg_qd ne Dloknxldms( /-/06 /-/06 /-//7
O_q_oqnedrrhnm_kr %Rg_qd ne Dloknxldms( /-/44 /-/41 /-/14
@clhm rs_ff %Rg_qd ne Dloknxldms( /-055 /-057 /-/1/
Oqnedrrhnm_kr /,1 Wd_qr %Rg_qd ne Dloknxldms( /-045 /-044 /-/14
Oqnedrrhnm_kr 2,4 Wd_qr %Rg_qd ne Dloknxldms( /-046 /-045 /-/16
Oqnedrrhnm_kr 5,7 Wd_qr %Rg_qd ne Dloknxldms( /-0/6 /-0/2 /-/12
Oqnedrrhnm_kr 8) Wd_qr %Rg_qd ne Dloknxldms( /-067 /-068 /-/22
Mnm,Dpthsx O_qsmdqr %Rg_qd ne Dloknxldms( /-/38 /-/38 /-/08
Dpthsx O_qsmdqr %Rg_qd ne Dloknxldms( /-006 /-004 /-/15
K_anq Dwodmchstqd %Rg_qd ne Qdudmtd( /-371 /-371 /-/17
Sdbgmnknfx Dwodmchstqd %Rg_qd ne Qdudmtd( /-/34 /-/34 /-//7
L_qjdshmf Dwodmchstqd %Rg_qd ne Qdudmtd( /-/08 /-/08 /-//4
Sq_hmhmf Dwodmchstqd %Rg_qd ne Qdudmtd( /-/0/ /-/0/ /-//1
Qdbqthshmf Dwodmchstqd %Rg_qd ne Qdudmtd( /-//8 /-//6 /-/33
Vnqjhmf B_ohs_k %Rg_qd ne Qdudmtd( /-082 /-08/ /-/34
Rg_qd ne Rs_ff gnkchmf BO@ /-437 /-432 /-/56
Mn- Ehqlr odq Ahm 1/-335 06-/// 00-527
Mn- ne Ahm,Wd_qr 14/

Mnsdr9 Rtll_qx rs_shrshbr nm sgd HO@ c_s_rds+ 1/04ø1/13-
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1-2 Rsxkhydc EWbsr

EZbs 09 Ehqlr trd Zm zto,nq,ntsz oqnlnshnm onkhbx

Otakhb _bbntmshmf fiqlr trd _m ‘to,nq,nts‘ oqnlnshnm onkhbx+ _r hr bnllnm hm oqnedr,
rhnm_k rdquhbdr hmctrsqhdr- Vd bnlotsd fiql,rodbhfib oqnlnshnm oqna_ahkhshdr ax _rrtlhmf
_ rsd_cx,rs_sd k_anq enqbd _mc trhmf c_s_ nm _mmt_k oqnlnshnmr+ _mc _udq_fd sgdrd oqna,
_ahkhshdr _bqnrr fiqlr-0/ @r cnbtldmsdc hm @oodmchw Ehftqd N@,00+ sgd hmctrsqx,vhcd
dloknxldms rg_qdr ne sgd u_qhntr ina shskdr _qd udqx rs_akd nudq shld+ vghbg kdmcr bqdch,
ahkhsx sn sgd rsd_cx,rs_sd _rrtloshnm vgdm bnlotshmf oqnlnshnm oqna_ahkhshdr-

Sgd qdrtkshmf oqnlnshnm oqna_ahkhshdr enq _m dmsqx,kdudk dloknxdd _qd hm Ehftqd 0- Sgd
dw,_msd oqna_ahkhsx ne rshkk adhmf _s sgd fiql _esdq 1 xd_qr hr 55$+ sghr qdctbdr sn 35$ _esdq 4
xd_qr+ _mc rn nm- Ldqdkx 0/$ ne rs_qsdqr tkshl_sdkx adbnld mnm,dpthsx o_qsmdqr+ _mc 6$
adbnld dpthsx o_qsmdqr- Sgdqd hr _ rg_qo cqno hm sgd oqnlnshnm oqna_ahkhshdr qhfgs adenqd
qd_bghmf mnm,dpthsx o_qsmdqrgho-

@r ldmshnmdc d_qkhdq+ k_anq l_qjdsr _qd k_qfdkx hmsdqm_k+ vhsg udqx knv k_sdq_k lnahkhsx
adsvddm otakhb _bbntmshmf fiqlr %Hmrhcd Otakhb @bbntmshmf+ 1/12_(- Vnqjdqr vgn _qd mns
oqnlnsdc sn sgd o_qsmdqrgho sdmc sn sq_mrhshnm hmsn hm,gntrd _bbntmshmf onrhshnmr ntsrhcd
sgd otakhb _bbntmshmf hmctrsqx %C_ksnm ds _k-+ 1/11(-

EZbs 19 RoqdZcr adsvddm bnlodmrZshnm Zmc ahkkhmf qdudmtd hmbqdZrd vhsg rdmhnqhsx

Vd bnlotsd sgd roqd_c adsvddm bnlodmr_shnm _mc ahkkhmf qdudmtd enq dloknxddr ne rdudm
chffdqdms rdmhnqhsx kdudkr+ cdmnsdc ax 𝑠900

roqd_c𝑠 =
bnlodmr_shnm𝑠

ahkkhmf qdudmtd𝑠

Sghr roqd_c ld_rtqdr sgd k_anq rg_qd ne qdudmtd ax rdmhnqhsx kdudk- He nmd vdqd sn _rrtld
hmcdodmcdms _mc khmd_q oqnctbshnm ax d_bg vnqjdq 𝑖 _mc mn oqnctbs l_qjds onvdq+ sghr
l_qfhm vntkc dpt_k sgd v_fd l_qjcnvm %nq l_qjto(+ 𝛿𝑠 ≡ 𝑊𝑠|𝑀𝑅𝑃𝐿𝑠 -01 @r ldmshnmdc
d_qkhdq+ vd ld_rtqd sns_k _mmt_k bnlodmr_shnm+ vhsg sgd nmkx b_ud_s sg_s sgd chffdqdmbd
adsvddm sgd atx,hm _mc atx,nts ne dpthsx o_qsmdqr hr mns hmbktcdc- Vd bnld a_bj sn
hmsdqoqdshmf dpthsx o_qsmdq bnlodmr_shnm hm Rdbshnm 2-5-0-

Ehftqd 1 rgnvr sgd r_k_qx,ahkkhmf roqd_cr enq sgd u_qhntr dloknxdd kdudkr- Tonm inhmhmf
0/Cds_hkr nm sgd bnlots_shnm ne oqnlnshnm oqna_ahkhshdr _qd hm @oodmchw A-1-
00Fhudm sg_s vd cn mns nardqud vnqjdc _mc ahkkdc gntqr enq mnm,dpthsx o_qsmdqr+ vd _rrtld sg_s sgdhq gntqr

_qd hcdmshb_k sn sgnrd odqenqldc ax dpthsx o_qsmdqr-
01Tmcdq sghr _rrtloshnm+ oqnctbshnm enq rdmhnqhsx,𝑠 rdquhbdr vntkc ad 𝑄𝑠 = 𝑎𝑠𝐿𝑠 + hlokxhmf /𝑊𝑠|𝑀𝑅𝑃𝐿𝑠( =
/𝑊𝑠𝐿𝑠(|/𝑃𝑠𝑄𝑠(+ vgdqd 𝑊𝑠 cdmnsdr v_fd odq gd_c+ 𝑃𝑠 ahkkhmf q_sdr+ 𝐿𝑠 dloknxldms+ _mc 𝑄𝑠 ahkk_akd gntqr-
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Ehftqd 09 Btltk_shud Oqnlnshnm Oqna_ahkhshdr
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Mnsdr9 A_qr hmchb_sd sgd btltk_shud oqna_ahkhshdr ne qd_bghmf dudqx fq_cd 𝑖 enq _m dloknxdd vhsg /,1 xd_qr ne
dwodqhdmbd- Cds_hkr nm bnlots_shnm _qd hm @oodmchw A-1-

sgd fiql+ oqnedrrhnm_k rs_ff hm sgd ‘o_qsmdq,sq_bj‘ _qd o_hc nm _udq_fd 2/$ ne sgdhq qdrodbshud
ahkkhmf qdudmtd- @r rdmhnqhsx hmbqd_rdr+ sghr bnlodmr_shnm q_sd rkhfgskx q_hrdr+ to sn 26$
enq rs_ff vhsg 8) xd_qr ne dwodqhdmbd- Mnm,dpthsx o_qsmdqr _qd o_hc 51$ ne vg_s sgdx
_qd ahkkdc- Hm bnmsq_rs+ dpthsx o_qsmdqr qdbdhud 027$ ne sgdhq ahkkhmf qdudmtd- Ehm_kkx+
o_q_oqnedrrhnm_kr+ vgn _qd ntsrhcd sgd ‘o_qsmdq sq_bj‘ _qd o_hc nm _udq_fd 27$ ne sgdhq
ahkkhmf qdudmtd-

Gnvdudq+ entq bnlokhb_shnmr oqdudms _ rsq_hfgsenqv_qc hmsdqoqds_shnm ne sgdrd roqd_cr-
Ehqrs+ hm qd_khsx+ oqnctbshnm hr khjdkx mnmkhmd_q+ rn _udq_fd _mc l_qfhm_k oqnctbsr ne k_anq
_qd mns mdbdrr_qhkx hcdmshb_k- Rdbnmc+ fiqlr khjdkx g_ud oqnctbs l_qjds onvdq+ vghbg
hr _mnsgdq qd_rnm vgx l_qfhm_k _mc _udq_fd qdudmtd oqnctbsr chffdq- Sghqc+ rnld ne sgd
gntqrvnqjdc ax dloknxddr+ _mc drodbh_kkx ax o_qsmdqr+ khjdkx cn mns fdmdq_sd ahkkhmf gntqr
chqdbskx+ ats cn rn hmchqdbskx sgqntfg sd_l oqnctbshnm- Vd oqnuhcd etqsgdq duhcdmbd ne
sghr hm sgd mdws rsxkhydc e_bs- Entqsg+ dudm he sgdrd roqd_cr chc hcdmshex v_fd l_qjcnvmr+
sgdx bntkc qdfidbs dhsgdq lnmnornmx onvdq nq a_bjkn_cdc bnlodmr_shnm-

EZbs 29 Sgd QZshn ne Ahkkhmf Gntqr sn Vnqjdc Gntqr CdbqdZrdr ;esdq 4 XdZqr ne Rdmhnqhsx

Ehm_kkx+ hm Ehftqd 2+ vd bnlo_qd sgd q_shn ne ahkkdc gntqr sn vnqjdc gntqr ax rdmhnqhsx enq
sgd ‘o_qsmdqrgho,sq_bj‘ dloknxddr- Sgd rg_qd ne ahkk_akd gntqr rkhfgskx hmbqd_rdr _s fiqrs

0/



Ehftqd 19 Bnlodmr_shnm,Ahkkhmf Roqd_cr _mc Rdmhnqhsx
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Mnsdr9 @udq_fd q_shnr ne gntqkx bnlodmr_shnm nudq gntqkx ahkkhmf q_sd+ ax rdmhnqhsx- Bnmficdmbd hmsdqu_kr a_rdc
nm rs_mc_qc dqqnqr bktrsdqdc _s sgd fiql,fqnto kdudk-

tmshk 4 xd_qr ne rdmhnqhsx %vghbglhfgs ad ctd sn hmhsh_k sq_hmhmf(+ ats sgdm rg_qokx cdbqd_rdr
nudq shld- O_qsmdqr oqnctbd e_q edvdq ahkkhmf gntqr odq gntq vnqjdc sg_m mnm,o_qsmdq
dloknxddr- Sghr rtffdrsr sg_s sd_l oqnctbshnm hr hlonqs_ms9 _ksgntfg o_qsmdqr cn mns
chqdbskx fdmdq_sd sg_s l_mx ahkkhmf gntqr+ l_mx ne sgdhq vnqjdc gntqr khjdkx fdmdq_sd
ahkkhmf gntqr hmchqdbskx sgqntfg+ enq hmrs_mbd+ atrhmdrr cdudknoldms _mc ldmsnqhmf- Sghr
hr xds _mnsgdq qd_rnm vgx l_qfhm_k _mc _udq_fd qdudmtd oqnctbsr ne k_anq khjdkx chffdq-

QnZclZo

S_jhmf rsnbj+ vd v_ms _ lncdk sg_s hmbnqonq_sdr ansg lnmnornmx onvdq _mc a_bjkn_cdc
hmbdmshud o_x+ _r ansg sgdrd enqbdr b_m kd_c sn v_fd l_qjcnvmr adknv l_qfhm_k qdudmtd
oqnctbsr ne k_anq- Sgd e_bsr oqdrdmsdc _anud rtffdrs sg_s jdx hmfqdchdmsr sn hmbnqonq_sd
hmsn ntq lncdk _qd %h( _ sntqm_ldms hmbdmshud rxrsdl vhsg enqv_qc,knnjhmf dloknxddr _mc
fiqlr+ %hh( mnmkhmd_q oqnctbshnm _mc l_qjds onvdq+ _mc %hhh( sd_l oqnctbshnm- Vd rs_qs ax
bnlahmhmf sgdrd dkdldmsr hmsn _ fdmdq_k lncdk ne oqnctbshnm _mc k_anq rtookx hm Rdbshnm
2- Mdws+ vd aqhmf sghr lncdk sn sgd c_s_ hm Rdbshnm 3-

2 Lncdk9 Lnmnornmx Wmc AWbiknWcdc BnlodmrWshnm

Vd cdudkno _ o_qsh_k,dpthkhaqhtl lncdk hm sgd rohqhs ne sgd q_mj,nqcdq sntqm_ldms eq_ld,
vnqj ne K_yd_q _mc Qnrdm %0870( _mc L_kbnlrnm %0873(+ dwsdmchmf hs hm svn hlonqs_ms
chldmrhnmr- Ehqrs+ vd _kknv enq mnmkhmd_q oqnctbshnm _mc ltkshokd chffdqdmsh_sdc nts,

00



Ehftqd 29 Ahkkdc ur- Vnqjdc Gntqr+ ax Rdmhnqhsx
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otsr+ hm bnmsq_rs sn sgd khmd_q sdbgmnknfhdr sxohb_kkx _rrtldc hm sgd sntqm_ldms khsdq_stqd-
Rdbnmc+ vd hmbnqonq_sd lnmnornmhrshb bnlodshshnm-

Sgd lncdk hr rds hm _m nudqk_oohmf,fdmdq_shnmr dmuhqnmldms- Enq dwonrhshnm_k otq,
onrdr+ vd enbtr nm svn vnqjdq kdudkr–itmhnqr _mc rdmhnqr–vghkd @oodmchw C oqdrdmsr
_ lnqd fdmdq_k udqrhnm vhsg 𝑁 kdudkr- Vnqjdqr khud _mc vnqj enq svn odqhncr9 sgdx dmsdq
sgd k_anq l_qjds _r itmhnqr _mc adbnld rdmhnqr adenqd qdshqhmf-

Sn etqsgdq rhlokhex sgd dwonrhshnm+ vd _rrtld sg_s ansg itmhnq _mc rdmhnq vnqjdqr _qd
dloknxddr+ _mc sg_s v_fdr _mc oqnlnshnm onkhbhdr _qd bgnrdm ax _ qdrhct_k bk_hl_ms vgn
cndr mns o_qshbho_sd hm sgd sntqm_ldms- Rdbshnm 2-5-0 chrbtrrdr gnv sn hmsdqoqds sgd lncdk
vgdm rdmhnq vnqjdqr _qd sgdlrdkudr sgd qdrhct_k bk_hl_msr ne oqnfisr+ _r hr trt_kkx sgd b_rd
hm otakhb _bbntmshmf fiqlr-

2-0 Lncdk Oqhlhshudr

2-0-0 Dmuhqnmldms Zmc Shlhmf

Shld hr chrbqdsd _mc hmcdwdc ax 𝑡- @kk _fdmsr rg_qd sgd r_ld chrbntms q_sd+ 𝜌 < 0- Ehqlr+
hmcdwdc ax 𝑓 ∈ {0. . . . . 𝐹{+ _qd hmfimhsdkx,khudc- D_bg odqhnc+ _l_rrI ne mdv itmhnqvnqjdqr
dmsdqr sgd k_anq l_qjds- @ itmhnq %rdmhnqhsx kdudk 𝑠 = 0( ghqdc hm odqhnc 𝑡 adbnldr _ rdmhnq
%𝑠 = 1( hm 𝑡 + 0 _mc qdshqdr _s sgd adfhmmhmf ne 𝑡 + 1-

D_bg vnqjdq 𝑖 dloknxdc ax fiql 𝑓 hm odqhnc 𝑡 dwdqsr dffnqs 𝑒𝑖 . 𝑓 .𝑡 ∈ )𝑒 .∞(+ hmbtqqhmf bnrs
𝐶/𝑒𝑖 . 𝑓 .𝑡( vhsg 𝐶′/·( < / _mc 𝐶′′/·( < /-

Dloknxddr‘ finv tshkhsx hmbqd_rdr khmd_qkx hm _ odq,odqhnc v_fd𝑊𝑠/𝑖 .𝑡(. 𝑓 .𝑡 %vhsg _ q_mcnl

01



bndflbhdms � 𝑓 ( _mc cdbqd_rdr hm dffnqs bnrs-02+03 Sgtr+ he fiql 𝑓 o_xr bnlodmr_shnm 𝑊𝑠 . 𝑓 .𝑡 sn
hsr kdudk,𝑠 vnqjdqr hm odqhnc 𝑡+ sgd finv tshkhsx ne vnqjdq 𝑖 hr

𝑈𝑖 . 𝑓 .𝑡 = � 𝑓𝑊𝑠/𝑖 .𝑡(. 𝑓 .𝑡 � 𝐶/𝑒𝑖 . 𝑓 .𝑡( + 𝜉𝑠/𝑖 .𝑡(. 𝑓 + 𝜖𝑖 . 𝑓 .𝑡 . %0(

vgdqd 𝜉𝑠/𝑖 .𝑡(. 𝑓 _mc 𝜖𝑖 . 𝑓 .𝑡 qdoqdrdms mnm,odbtmh_qx _rodbsr ne vnqjdq 𝑖‘r tshkhsx eqnl vnqjhmf
_s fiql 𝑓 hm odqhnc 𝑡–rtbg _r sgd fiql‘r _ldmhshdr- Sgd chrshmbshnm adsvddm sgd svn
sdqlr hr sg_s 𝜉𝑠/𝑖 .𝑡(. 𝑓 _ffdbsr _kk kdudk,𝑠/𝑖 . 𝑡( vnqjdqr dpt_kkx+ vgdqd_r 𝜖𝑖 . 𝑓 .𝑡 hr hchnrxmbq_shb
sn vnqjdq 𝑖- Enq mns_shnm_k rhlokhbhsx+ vd _rrtld sg_s 𝜉𝑠/𝑖 .𝑡(. 𝑓 cndr mns u_qx nudq shld
vhsghm rdmhnqhsx kdudkr hm sgd oqdrdms_shnm ne sgd sgdnqdshb_k lncdk+ ats vd qdk_w sghr hm ntq
dlohqhb_k _ookhb_shnm-04 Rdbshnm 2-0-3 oqdrdmsr etqsgdq chrsqhatshnm_k _rrtloshnmr sg_s vd
hlonrd nm 𝜉𝑠/𝑖 .𝑡(. 𝑓 _mc 𝜖𝑖 . 𝑓 .𝑡 -05 Vd _kknv enq q_mcnl v_fd bndflbhdmsr hm sgd vnqjdqr‘ finv
tshkhsx+ � 𝑓 -

Ehqlr nardqud _ mnhrx+ mnm,bnmsq_bshakd rhfm_k ne dffnqs ne d_bg ne sgdhq vnqjdqr+

𝜃𝑖 . 𝑓 .𝑡 = 𝑒𝑖 . 𝑓 .𝑡 + 𝜅𝑖 . 𝑓 .𝑡 . 𝜅𝑖 . 𝑓 .𝑡 ∼ Φ/·(.

vhsg cdmrhsx 𝜙/·( _mc 𝜅𝑖 . 𝑓 .𝑡 hmcdodmcdms _bqnrr 𝑖 _mc 𝑡-

2-0-1 Oqnctbshnm

D_bg fiql dloknxr ansg itmhnqr _mc rdmhnqr vgnrd gd_cbntmsr _mc _udq_fd dffnqs _qd
cdmnsdc _r 𝐿𝑠 . 𝑓 .𝑡 _mc 𝑒𝑠 . 𝑓 .𝑡 - Sgd fiql oqnctbdr svn ntsotsr 𝑄𝑠 . 𝑓 .𝑡 +

𝑄𝑠 . 𝑓 .𝑡 = 𝐹𝑠/𝐿𝑠 . 𝑓 .𝑡 . 𝐿�𝑠 . 𝑓 .𝑡 . 𝑒𝑠 . 𝑓 .𝑡 . 𝑒�𝑠 . 𝑓 .𝑡(. 𝑠 ∈ {0. 1{ %1(

vgdqd 𝐿�𝑠 . 𝑓 .𝑡 _mc 𝑒�𝑠 . 𝑓 .𝑡 cdmnsd sgd gd_cbntms _mc dffnqs ne sgd nsgdq rdmhnqhsx kdudk-
Dffnqs hr lncdkdc _r _ oqnctbshuhsx rghesdq _mc vd_jkx hmbqd_rdr oqnctbshnm: rodbhfib_kkx+
𝜕𝐹𝑠|𝜕𝑒𝑘 . 𝑓 .𝑡 ≥ / enq _kk 𝑠 . 𝑘 ∈ {0. 1{-

Sn khfgsdm mns_shnm+ vd cdfimd H𝑠 . 𝑓 .𝑡 ≡ /𝐿𝑠 . 𝑓 .𝑡 . 𝐿�𝑠 . 𝑓 .𝑡 . 𝑒𝑠 . 𝑓 .𝑡 . 𝑒�𝑠 . 𝑓 .𝑡(+ vghbg _kknvr tr sn
02Fhudm ntq q_mcnl v_fd bndflbhdms � 𝑓 + vd _kknv enq fidwhakd u_qh_shnm hm k_anq rtookx dk_rshbhshdr _bqnrr
fiqlr- Sghr o_q_kkdkr Unkod %1/13(+ _ksgntfg vd hmbktcd fiql,rodbhfib q_sgdq sg_m vnqjdq,rodbhfib q_mcnl
bndflbhdmsr-

03Vgdqd_r oqhnq lncdkr ne k_anq rtookx nesdm hmbktcd v_fdr hm knfr+ cnhmf rn gd_uhkx bnlokhb_sdr ntq cxm_lhb
lncdk- Gnvdudq+ sgd hmbktrhnm ne q_mcnl bndflbhdmsr lhshf_sdr rnld ne sghr bnmbdqm+ _r vd _kknv ghfgdq,
o_xhmf fiqlr sn g_ud chffdqdms v_fd bndflbhdmsr sg_m knv,o_xhmf fiqlr-

04Vgdm _kknvhmf enq shld,u_qxhmf _ldmhshdr 𝜉𝑠/𝑖 .𝑡(. 𝑓 .𝑡 + sgdrd _ldmhshdr adbnld rs_sd u_qh_akdr- Vghkd sghr _ccr
mns_shnm sn sgd lncdk+ _cchshnm_k rs_sd,u_qh_akdr b_m ad hmbnqonq_sdc _r rgnvm hm @oodmchw D-

05Oqduhntr rstchdr sxohb_kkx _rrtld sg_s 𝜖𝑖 . 𝑓 .𝑡 enkknvr _ sxod H dwsqdld u_ktd chrsqhatshnm: rdd+ enq dw_lokd+
B_qc ds _k- %1/07(- Rtbg _m _rrtloshnm hr mns mdbdrr_qx enq ntq _m_kxrhr+ _r sgd dlohqhb_k sdrsr vd cdudkno cn
mns qdpthqd _ bknrdc,enql rnktshnmr enq sgd vnqjdqr‘ cdbhrhnmr ne vgdqd sn vnqj-
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vqhsd fiql 𝑓 ‘r ntsots ne kdudk 𝑠 hm odqhnc 𝑡 _r 𝐹𝑠/H𝑠 . 𝑓 .𝑡(-
Sg_s itmhnq _mc rdmhnq dloknxldms dmsdq sgd oqnctbshnm etmbshnm _r chffdqdms hmotsr

l_x qdfidbs rxrsdl_shb _bbtltk_shnm ne gtl_m b_ohs_k–fdmdqZk nq fiql,rodbhfib–nudq sgd
bntqrd ne vnqjdqr‘ b_qddqr: rdd Rdbshnm 2-5-4 enq _ chrbtrrhnm- Hm ntq dlohqhb_k _ookhb_shnm+
𝑄𝑠 . 𝑓 .𝑡 bnqqdronmcr sn sgd sns_k mtladq ne ahkkhmf gntqr oqnctbdc ax vnqjdqr ne rdmhnqhsx
kdudk 𝑠 ∈ {0. 1{-

2-0-2 BnlodmrZshnm Onkhbx

@s sgd shld ne ghqhmf itmhnq vnqjdqr+ fiql 𝑓 bnllhsr sn _ bnlodmr_shnmøoqnlnshnm onkhbx+
{𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{+ vhsgodq,odqhncv_fdr enq itmhnqr _mc rdmhnqr %h-d-+ oqnlnsdc itmhnqr(
𝑊0. 𝑓 .𝑡 _mc 𝑊1. 𝑓 .𝑡+0+ _mc _ oqnlnshnm btsnff 𝜏 𝑓 .𝑡 + cdfimdc _r sgd rg_qd ne itmhnqr chrlhrrdc-
Itmhnq vnqjdqr enq vghbg 𝜃𝑖 . 𝑓 .𝑡 ≥ 𝜃𝑃

𝑓 .𝑡
/𝜏 𝑓 .𝑡( _qd oqnlnsdc+ vgdqd 𝜃𝑃

𝑓 .𝑡
/𝜏 𝑓 .𝑡( cdmnsdr sgd

𝜏 𝑓 .𝑡,pt_mshkd ne dffnqs rhfm_kr _lnmf itmhnq vnqjdqr ghqdc ax fiql 𝑓 hm odqhnc 𝑡-06

Vd _rrtld sg_s bnlodmr_shnm ne dloknxddr hr rds ax sgd fiql+ q_sgdq sg_m mdfnsh_sdc-07

Vd _krn _arsq_bs eqnl _ k_sdq_k k_anq l_qjds vhsghm sgd hmctrsqx- Hm o_qshbtk_q+ fiqlr b_mmns
ghqd rdmhnq vnqjdqr chqdbskx: hmrsd_c+ vnqjdqr ltrs fiqrs ad ghqdc _r itmhnqr _mc _ss_hm
rdmhnqhsx sgqntfg hmsdqm_k oqnlnshnm hm sgd enkknvhmf odqhnc- @r chrbtrrdc hm Rdbshnm
2-5-3 _mc @oodmchw E+ sghr _rrtloshnm hr mns drrdmsh_k enq ntq qdrtksr9 sgd sgdnqdshb_k
ldbg_mhrlr _mc sdrs_akd hlokhb_shnmr qdl_hm tmbg_mfdc hm _m dwsdmcdc udqrhnm ne sgd
lncdk hm vghbg fiqlr b_m ghqd rdmhnq vnqjdqr k_sdq_kkx-

2-0-3 Vnqjdqrz Ntsrhcd Noshnmr

Vgdm l_jhmf sgdhq dloknxldms cdbhrhnmr qdf_qchmf fiql 𝑓 hm odqhnc 𝑡+ itmhnq _mc rdmhnq
vnqjdqr cq_v ntsrhcd noshnmr 𝑈̄ 𝑎𝑙𝑡

0.𝑖 . 𝑓 .𝑡 _mc 𝑈̄ 𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡 + qdrodbshudkx- Sgdrd _qd sgd ntsrhcd

noshnmr bnmrhcdqdc ax itmhnqr vgdm cdbhchmf vghbg fiql sn inhm _mc ax rdmhnqr vgdm
cdbhchmf vgdsgdq sn rs_x hm sgdhq btqqdms fiql- Sgdx qdoqdrdms sgd tshkhsx _ vnqjdq vntkc
cdqhud eqnlvnqjhmf _s sgdlnrs _ssq_bshud _bbntmshmffiql nsgdq sg_m 𝑓 nq ntsrhcd ne otakhb
_bbntmshmf–vghbgdudq hr ghfgdq-08 Chffdqdmbdr adsvddm sgd ntsrhcd noshnmr cq_vm ax sgd

06@ksgntfg fiqlr b_mmns bnllhs sn etstqd v_fdr hm sgd kdf_k rdmrd+ bnllhsldms hr qd_khrshb hm sghr rdsshmf
fhudm sg_s dpthsx o_qsmdqr _qd qdrhct_k bk_hl_msr ne oqnfisr _s lnrs fiqlr- Dudm vgdm sghr hr mns sgd b_rd+
qdots_shnm bnmbdqmr b_m hmctbd fiqlr sn rshkk tognkc sgdhq v_fd bnllhsldmsr+ _r hmchb_sdc ax sgd dlohqhb_k
khsdq_stqd nm qdk_shnm_k bnmsq_bsr %L_bbgh_udkkn _mc Lnqi_qh_+ 1/04: Aqtftdr+ 1/1/(-

07V_fd a_qf_hmhmf bntkc oqnuhcd _m _cchshnm_k dwok_m_shnm enq vgx v_fd l_qjcnvmr dunkud vhsg dwodqh,
dmbd+ _mc vgx v_fd l_qjtor _qhrd+ _r chrbtrrdc hm Cnaadk_dqd _mc L_hqdrrd %1/02( _mc Sqdtqdm %1/11(-
Gnvdudq+ tmhnmhy_shnm q_sdr _qd md_q ydqn enq T-R- otakhb _bbntmshmf fiqlr+ _r hm ltbg ne T-R- oqhu_sd,rdbsnq
dloknxldms-

08Hm sgd b_rd ne rdmhnq vnqjdqr+ fhudm ntq _rrtloshnm ne mn k_sdq_k ghqhmf ax _bbntmshmf fiqlr+ sgd ntsrhcd
noshnm bnmrhrsr rnkdkx ne sgd ghfgdrs tshkhsx sg_s sgd vnqjdq bntkc nas_hm ntsrhcd ne sgd otakhb _bbntmshmf
k_anq l_qjds-
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r_ld vnqjdq hm svn bnmrdbtshud odqhncr %fiqrs _r _ itmhnq+ 𝑈̄ 𝑎𝑙𝑡
0.𝑖 . 𝑓 .𝑡 + _mc sgdm _r _ rdmhnq+

𝑈̄ 𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡+0( l_x qdfidbs sgd _bbtltk_shnm ne fdmdqZk gtl_m b_ohs_k nudq sgd bntqrd ne gdq

b_qddq- Rhlhk_qkx+ fiql,rodbhfib ntsrhcd noshnm chrsqhatshnmr b_m b_ostqd gdsdqnfdmdhsx hm
sgd gtl_m b_ohs_k _bbtltk_shnm noonqstmhshdr nffdqdc ax chffdqdms dloknxdqr %rdd Rdbshnm
2-5-4(-

Sn rhlokhex sgd mns_shnm hm sgd qdl_hmcdq ne sghr rdbshnm+ enq 𝑠 ∈ {0. 1{+ cdfimd 𝑈𝑎𝑙𝑡
𝑠 .𝑖 . 𝑓 .𝑡

≡
𝑈̄ 𝑎𝑙𝑡

𝑠 .𝑖 . 𝑓 .𝑡
� 𝜖𝑖 . 𝑓 .𝑡 - Sghr hr sgd ntsrhcd noshnm mds ne sgd hchnrxmbq_shb+ mnm,odbtmh_qx sdql-

Sn cdsdqlhmd vgdsgdq vnqjdq 𝑖 vnqjr _s fiql 𝑓 + vd b_m bnlo_qd 𝑈𝑎𝑙𝑡
𝑠 .𝑖 . 𝑓 .𝑡

sn sgd fiql, _mc
rdmhnqhsx,rodbhfib sdqlr ne vnqjdq 𝑖‘r tshkhsx+ _r dwok_hmdc hm Rdbshnm 2-1-1- Vd _rrtld sg_s
sgd cq_vr ne𝑈𝑎𝑙𝑡

𝑠 .𝑖 . 𝑓 .𝑡
_qd hmcdodmcdmskx chrsqhatsdc _bqnrr 𝑠+ 𝑖+ 𝑓 + _mc 𝑡+ _mc sg_s+ bnmchshnm_k

nm 𝑠 _mc 𝑓 + sgdx _qd hcdmshb_kkx chrsqhatsdc _bqnrr 𝑖 _mc 𝑡–sg_s hr+ hmchuhct_kr ne sgd r_ld
rdmhnqhsx kdudk bnmrhcdqhmf vnqjhmf _s sgd r_ld fiql cq_v sgdhq ntsrhcd noshnmr eqnl sgd
r_ld chrsqhatshnm+ hm dudqx odqhnc- Vd qdk_w sgd rs_shnm_qhsx _rrtloshnm hm ntq dlohqhb_k
_m_kxrhr hm Rdbshnm 3-1/ Sgdrd _rrtloshnmr rshkk _kknv sgd chrsqhatshnm ne 𝑈𝑎𝑙𝑡

𝑠 .𝑖 . 𝑓 .𝑡
sn u_qx

_qahsq_qhkx vhsg 𝑓 _mc 𝑠+ qdfidbshmf bqnrr,fiql gdsdqnfdmdhsx hm _ldmhshdr _mc rxrsdl_shb
chffdqdmbdr adsvddm sgd ntsrhcd noshnmr ne itmhnq _mc rdmhnq vnqjdqr- Cdmnsd sgd bnllnm
chrsqhatshnm ne 𝑈𝑎𝑙𝑡

𝑠 .𝑖 . 𝑓 .𝑡
_bqnrr 𝑖 _mc 𝑡 ax 𝐺𝑎𝑙𝑡

𝑠 . 𝑓
+ _mc kds 𝑔𝑎𝑙𝑡

𝑠 . 𝑓
ad sgd _rrnbh_sdc cdmrhsx-

Itmhnqr nardqud 𝑈𝑎𝑙𝑡
0.𝑖 . 𝑓 .𝑡 adenqd cdbhchmf vgdsgdq sn _bbdos dloknxldms _mc gnv ltbg

dffnqs sn dwdqs+ ats sgdx cn mns nardqud 𝑈𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡+0 hm _cu_mbd- @ vnqjdq ghqdc ax fiql 𝑓 hm

odqhnc 𝑡 _mc rtardptdmskx oqnlnsdc nardqudr 𝑈𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡+0 _s sgd adfhmmhmf ne odqhnc 𝑡 + 0+

adenqd cdbhchmf vgdsgdq sn qdl_hm vhsg sgd fiql-

2-0-4 Oqnctbs LZqjds

Ehqlr _qd lnmnonkhrshb bnlodshsnqr hm sgd oqnctbs l_qjds- Sgd cdl_mc enq _bbntmshmf
rdquhbdr ne kdudk 𝑠 hr knfkhmd_q vhsg dk_rshbhsx 𝜂 < �0- Vd _rrtld sg_s fiqlr oqhbd d_bg
rdmhnqhsx kdudk rdo_q_sdkx rhmbd sgd HO@ c_s_ rgnvr sg_s svn sghqcr ne fiqlr enkknv sghr
oqhbhmf oq_bshbd-10 Sg_s hr+ cdmnshmf ax 𝑃𝑠 . 𝑓 .𝑡 sgd oqhbd ne rdquhbd 𝑠 ax fiql 𝑓 _mc ax 𝑄𝑡 _mc
𝑃𝑡 sgd l_qjds,kdudk pt_mshshdr _mc oqhbdr+ vd g_ud

𝑄𝑠 . 𝑓 .𝑡 = 𝑄𝑡


𝑃𝑠 . 𝑓 .𝑡

𝑃𝑡

𝜂
. %2(

1/@kknvhmf sgd chrsqhatshnm ne 𝑈𝑎𝑙𝑡
𝑠 .𝑖 . 𝑓 .𝑡

sn u_qx nudq shld vntkc qdpthqd tr sn _bbntms enq _m _cchshnm_k rs_sd
u_qh_akd: rdd ennsmnsd 04 _mc @oodmchw D enq etqsgdq chrbtrrhnm-

10@ pt_qsdq ne fiqlr hmrsd_c bg_qfdr _ fiwdc edd enq sgd atmckd ne _bbntms_msr- Hm @oodmchw B-4+ vd dwsdmc sgd
lncdk sn _kknv enq atmckd oqhbhmf+ _mc chrbtrr sgd hlokhb_shnmr enq ntq drshl_sdr-
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Sgdm+ cdmnshmf ax 𝑃𝑠/𝑄𝑠 . 𝑓 .𝑡( sgd oqhbd ne rdquhbd 𝑠 _r _ etmbshnm ne sgd fiql‘r ntsots+ vd
b_m vqhsd sgd fiql‘r qdudmtd eqnl 𝑠 hm odqhnc 𝑡 _r

𝑅𝑠/H𝑠 . 𝑓 .𝑡( ≡ 𝑃𝑠

�
𝐹𝑠/H𝑠 . 𝑓 .𝑡(


𝐹𝑠/H𝑠 . 𝑓 .𝑡( = 𝑑𝑡


𝐹𝑠/H𝑠 . 𝑓 .𝑡(

 0+𝜂
𝜂 𝑠 ∈ {0. 1{ . %3(

vgdqd 𝑑𝑡 ≡ 𝑃𝑡|

𝑄

0|𝜂
𝑡


- Sghr dwoqdrrhnm l_jdr hs dwokhbhs sg_s oqhbdr _citrs sn hmots bgnhbdr

uh_ sgd hlokhdc bg_mfd hm ntsots- Enq mns_shnm rhlokhbhsx–_mc bnmrhrsdms vhsg ntq dl,
ohqhb_k dwdqbhrd hm Rdbshnm 3–vd rtooqdrr sgd shld hmcdw 𝑡 eqnl 𝑑𝑡 hm sgd qdl_hmcdq ne sgd
_m_kxrhr-

2-1 Vnqidq Wmc Ehql AdgWuhnq

2-1-0 Vnqjdqrz Oqnakdl

Rdmhnqvnqjdqr _qd mns hmbdmshuhydc ax sgd bnmsq_bs+ rhmbd mn etqsgdq oqnlnshnm hr _u_hk_akd-
@bbnqchmfkx+ sgdx dwdqs _m dwnfdmntr kdudk ne dffnqs+ cdmnsdc ax 𝑒∗1. 𝑓 .𝑡 -

11 Kds 𝑈̃1. 𝑓 .𝑡 cdmnsd
sgd rdmhnq vnqjdqr‘ u_ktd ne vnqjhmf _s fiql 𝑓 hm odqhnc 𝑡+ mds ne sgd hchnrxmbq_shb sdql
𝜖𝑖 . 𝑓 .𝑡 - Vd sgtr g_ud

𝑈̃1. 𝑓 .𝑡 = � 𝑓𝑊1. 𝑓 .𝑡 � 𝐶/𝑒∗1. 𝑓 .𝑡( + 𝜉1. 𝑓 . %4(

Itmhnqr bgnnrd dffnqs sn l_whlhyd sgd dwodbsdc chrbntmsdc tshkhsx ne vnqjhmf _s fiql 𝑓 -
Hm rdsshmf to sghr dffnqs,oqnuhrhnm oqnakdl+ hs hr vhsgnts knrr sn bnmrhcdq sgd itmhnqr‘ tshkhsx
mds ne 𝜖𝑖 . 𝑓 .𝑡 + vghbg vd cdmnsd ax 𝑈̃0. 𝑓 .𝑡 - Sgdqdenqd+

𝑈̃0. 𝑓 .𝑡 = l_w
𝑒

� 𝑓𝑊0. 𝑓 .𝑡 � 𝐶/𝑒( + 𝜉0. 𝑓

+ 𝜌

 
0 � Φ


𝜃𝑃
𝑓 .𝑡
/𝜏 𝑓 .𝑡( � 𝑒


˜̃𝑈1. 𝑓 .𝑡+0 + Φ


𝜃𝑃
𝑓 .𝑡
/𝜏 𝑓 .𝑡( � 𝑒


𝑈̃ 𝑎𝑙𝑡

1. 𝑓 .𝑡


. %5(

vgdqd

˜̃𝑈1. 𝑓 .𝑡+0 ≡ �

l_w


𝑈̃1. 𝑓 .𝑡+0.𝑈

𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡+0


= 𝐺𝑎𝑙𝑡

1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(𝑈̃1. 𝑓 .𝑡+0 +
∫ ∞

𝑈̃1. 𝑓 .𝑡+0

𝑢 𝑑𝐺𝑎𝑙𝑡
1. 𝑓 /𝑢(.

_mc 𝑈̃ 𝑎𝑙𝑡
1. 𝑓 .𝑡+0 hr sgd dwodbsdc u_ktd ne ntsrhcd noshnmr enq rdmhnqr _s fiql 𝑓 hm odqhnc 𝑡 + 0+

�)𝑈𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡+0[- Sgd sdql ˜̃𝑈1. 𝑓 .𝑡 hr sgd dwodbsdc bnmshmt_shnmu_ktdne _vnqjdqvgn hroqnlnsdc

hm odqhnc 𝑡+ oqhnq sn sgd qd_khy_shnm ne sgd rdmhnq ntsrhcd noshnm _mc odqhnc,𝑡 + 0 mnm,
11He rdmhnq vnqjdqr vdqd qdftk_q dloknxddr ne sgd fiql+ sgdx vntkc dwdqs nmkx sgd lhmhltl dffnqs kdudk 𝑒-

Tmcdq sgd hmsdqoqds_shnm ots enqsg hm Rdbshnm 2-5-0–sg_s rdmhnq vnqjdqr _qd sgd qdrhct_k bk_hl_msr–sgdqd
_qd hmbdmshudr sn rds 𝑒∗1. 𝑓 .𝑡 < 𝑒- Hm _mx b_rd+ sgd bgnhbd ne 𝑒∗1. 𝑓 .𝑡 hr dwnfdmntr _s sgd shld sgd fiql cdsdqlhmdr
sgd bnlodmr_shnmøoqnlnshnm onkhbx {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡 . 𝜏 𝑓 .𝑡{-
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odbtmh_qx sdqlr- @vnqjdq dwdqshmf dffnqs 𝑒 hr oqnlnsdcvhsg oqna_ahkhsx 0�Φ/𝜃𝑃
𝑓 .𝑡
/𝜏 𝑓 .𝑡(�𝑒(

_mc chrlhrrdc vhsg sgd bnlokdldms_qx oqna_ahkhsx- @bbnqchmfkx+ sgd sdql hm aq_bdr hm
%5( qdoqdrdmsr sgd vnqjdq‘r dw,Zmsd bnmshmt_shnm u_ktd–adenqd sgd qd_khy_shnm ne dffnqs
rhfm_kr _mc sgd cdsdqlhm_shnm ne oqnlnshnm ntsbnldr–_r _ oqna_ahkhsx,vdhfgsdc _udq_fd
ne ˜̃𝑈1. 𝑓 .𝑡+0 _mc 𝑈̃ 𝑎𝑙𝑡

1. 𝑓 .𝑡+0-
Sgd dffnqs bgnhbd ne itmhnq vnqjdqr+ cdmnsdc ax 𝑒 𝑓 .𝑡 + ltrs r_shrex

𝐶′/𝑒 𝑓 .𝑡( = 𝜌𝜙/𝜅𝑃/𝜏 𝑓 .𝑡(() ˜̃𝑈1. 𝑓 .𝑡+0 � 𝑈̃ 𝑎𝑙𝑡
1. 𝑓 .𝑡+0[. %6(

vgdqd 𝜅𝑃/𝜏 𝑓 .𝑡( cdmnsdr sgd 𝜏 𝑓 .𝑡,pt_mshkd ne sgd chrsqhatshnm Φ-
Sgd enkknvhmf kdll_ enkknvr chqdbskx eqnl %6( _mc sgd bnmudwhsx ne 𝐶/·(9

KdllW 0- ;rrtld sgZs 𝜏 𝑓 .𝑡 ∈ //. 0(- Sgdm itmhnq vnqjdqrz d’nqs bgnhbd 𝑒 𝑓 .𝑡 hr rsqhbskx hmbqdZrhmf
hm rdmhnq bnlodmrZshnm 𝑊1. 𝑓 .𝑡+0-

Hm nsgdq vnqcr+ sgd oqnrodbs ne ghfgdq rdmhnq bnlodmr_shnm hmctbdr itmhnq vnqjdqr sn
dwdqs fqd_sdq dffnqs hm nqcdq sn q_hrd sgdhq oqna_ahkhsx ne oqnlnshnm- Enq sghr qdrtks sn gnkc+
vd mddc 𝜏 𝑓 .𝑡 ∈ //. 0(–sg_s hr+ sgd fiql ltrs bnllhs mdhsgdq sn chrlhrr _kk itmhnq dloknxddr
mnq sn oqnlnsd _kk ne sgdl-

2-1-1 Dloknxldms CxmZlhbr

Sgd mtladq ne itmhnqr vhkkhmf sn vnqj enq fiql 𝑓 hr9

𝐿0. 𝑓 .𝑡 = 𝐺𝑎𝑙𝑡
𝑓 .0/𝑈̃0. 𝑓 .𝑡(I. %7(

Ld_mvghkd+ sgd mtladq ne rdmhnqr hm 𝑡 + 0 hr sgd mtladq ne oqnlnsdc itmhnqr sg_s bgnnrd
mns sn kd_ud sgd fiql9

𝐿1. 𝑓 .𝑡+0 = /0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0( 𝐿0. 𝑓 .𝑡 . %8(
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2-1-2 Ehqlzr Oqnakdl

Fhudm hmbtladms rdmhnqr 𝐿1. 𝑓 .𝑡 + fiql 𝑓 bgnnrdr {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{ sn l_whlhyd sgd chr,
bntmsdc u_ktd912+13

𝑉/𝐿1. 𝑓 .𝑡( = l_w
𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0 .𝜏 𝑓 .𝑡


𝑅0/𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡( + 𝑅1/𝐿1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

�𝑊0. 𝑓 .𝑡𝐿0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(𝐿0. 𝑓 .𝑡 + 𝜌𝑉

�
𝐿1. 𝑓 .𝑡+0

 
. %0/(

rtaidbs sn sgd hmbdmshud,bnlo_shahkhsx bnmrsq_hms %6(+ _mc vhsg 𝐿0. 𝑓 .𝑡 _mc 𝐿1. 𝑓 .𝑡+0 fhudm ax
%7( _mc %8(+ qdrodbshudkx- Trhmf ntq oqnctbs cdl_mc dpt_shnm+ sgd l_qfhm_k qdudmtd
_rrnbh_sdc vhsg rdquhbd 𝑠 hm odqhnc 𝑡+ hm dpthkhaqhtl+ hr

𝑀𝑅𝑠 .𝑡 =
0 + 𝜂

𝜂
𝑑

𝐹𝑠/H𝑠 . 𝑓 .𝑡(

 0
𝜂 . 𝑠 ∈ {0. 1{.

Sgdm+ sgd dmudknod bnmchshnm eqnl %0/( fhudr sgd l_qfhm_k u_ktd ne rdmhnqr9

𝑉 ′/𝐿1. 𝑓 .𝑡( =
0 + 𝜂

𝜂
𝑑

 
𝐹0/𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝐿1. 𝑓 .𝑡

+

𝐹1/𝐿1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝐿1. 𝑓 .𝑡


. %00(

2-2 Dpthkhaqhtl

Ehqlr _qd lnmnornmhrshb bnlodshsnqr hm sgd k_anq l_qjds _mc lnmnonkhrshb bnlodshsnqr hm
sgd oqnctbs l_qjds+ s_jhmf l_qjds,kdudk v_fdr+ dloknxldms+ oqhbdr+ _mc ntsots _r fhudm-
Enql_kkx+ vd cdfimd _m dpthkhaqhtl ne ntq lncdk _r _ rs_qshmf rdmhnq dloknxdd gd_cbntmsr
𝐿1. 𝑓 .0: _mc rdptdmbdr ne bnlodmr_shnmøoqnlnshnm onkhbhdr+ {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{𝑡∈E+ : it,
mhnq _mc rdmhnq dloknxdd gd_cbntmsr {𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡{𝑡∈E+ : _mc itmhnq dffnqs kdudkr {𝑒 𝑓 .𝑡{𝑡∈E+

enq d_bg fiql 𝑓 ∈ {0. . . . . 𝐹{+ rtbg sg_s9

• Fhudm 𝐿1. 𝑓 .𝑡 + sgd onkhbx {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{ rnkudr sgd fiql‘r oqnakdl %0/(+

• Fhudm {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{+ sgd dffnqs kdudk 𝑒 𝑓 .𝑡 rnkudr sgd itmhnq vnqjdq‘r hmbdmshud,
12Hm ntq _ookhb_shnm+ ‘sgd fiql bgnnrdr‘ vhkk ld_m ‘sgd dpthsx o_qsmdqr bgnnrd‘- Fhudm sg_s lnmhsnqhmf sgd

rhfm_kr 𝜃𝑖 hr oqdrtl_akx bnrskx+ sgd fiql mddcr qdrhct_k bk_hl_msr ne oqnfisr sn rds sgd oqnlnshnmr onkhbx %_mc
v_fdr(+ _r rgnvm ax @kbgh_m _mc Cdlrdsy %0861(-

13Mnsd sg_s sgd bnlodmr_shnm,oqnlnshnm onkhbx rds hm odqhnc 𝑡 etkkx cdsdqlhmdr sgd mtladq ne kdudk,0 vnqjdqr
dloknxdc ax sgd fiql hm 𝑡+ 𝐿0. 𝑓 .𝑡 : _mc sgd mtladq ne kdudk,1 vnqjdqr dloknxdc hm 𝑡 + 0+ 𝐿1. 𝑓 .𝑡+0- Hs hr sgtr
vhsgnts knrr sn vqhsd nff sgd oqdrdms chrbntmsdc u_ktd ne sgd dmshqd v_fd ahkk–enq odqhncr 𝑡 _mc 𝑡 + 0–ne
vnqjdqr ghqdc hm odqhnc 𝑡 vgdm cdfimhmf sgd fiql‘r u_ktd hm odqhnc 𝑡-
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bnlo_shahkhsx bnmrsq_hms %6(+

• Fhudm {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0. 𝜏 𝑓 .𝑡{+ sgd k_anq rtookx gd_cbntmsr {𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡+0{ r_shrex sgd
sq_mrhshnm qtkdr %7( _mc %8(+

enq d_bg 𝑓 _mc 𝑡- Lnqdnudq+ vd qdpthqd

𝐹
𝑓=0

𝐿0. 𝑓 .𝑡 ≤ I.

𝐹
𝑓=0

𝐿1. 𝑓 .𝑡 ≤ I.

enq dudqx odqhnc 𝑡: sg_s hr+ sgd _ffqdf_sd mtladq ne vnqjdqr dloknxdc _s _bbntmshmf fiqlr
_s _mx kdudk b_mmns dwbddc sgd sns_k mtladq ne vnqjdqr hm sgd qdrodbshud bngnqs-14 Ehm_kkx+
enq _mx fiql 𝑓 _mc odqhnc 𝑡+ sgd chrsqhatshnm ne vnqjdqr‘ ntsrhcd noshnmr 𝑈̄ 𝑎𝑙𝑡

0.𝑖 . 𝑓 .𝑡 _mc 𝑈̄ 𝑎𝑙𝑡
1.𝑖 . 𝑓 .𝑡

ltrs ad bnmrhrsdms vhsg sgd bnlodmr_shnmøoqnlnshnm onkhbhdr rds ax bnlodshmf fiqlr-

2-3 SdrsWakd HlokhbWshnmr

Vd trd ntq lncdk sn cdqhud svn sdrs_akd hlokhb_shnmr khmjhmf v_fdr sn l_qfhm_k qdudmtd
oqnctbsr- Nmd bnmbdqmr sgd bnlodmr_shnm ne rdmhnq vnqjdqr+ vghkd sgd nsgdq bnmbdqmr sgd
khedbxbkd vdcfd adsvddm sgd oqdrdms chrbntmsdc u_ktd ne v_fdr _mc l_qfhm_k oqnctbsr enq
_ mdv ghqd- Hm Rdbshnm 3+ vd udqhex sgdrd hlokhb_shnmr dlohqhb_kkx-

Adenqd oqnbddchmf+ vd hmsqnctbd mns_shnm sg_s vhkk ad trdetk hm cdqhuhmf sgd sdrs_akd
hlokhb_shnmr- Ehqrs+ kds sgd l_qfhm_k qdudmtd oqnctbsr ne itmhnq _mc rdmhnq k_anq hm fiql 𝑓

_mc odqhnc 𝑡 ad

LQOK0. 𝑓 .𝑡 ≡
0 + 𝜂

𝜂
𝑑

 
𝐹0/𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝐿0. 𝑓 .𝑡

+

𝐹1/𝐿1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝐿0. 𝑓 .𝑡


. %01(

LQOK1. 𝑓 .𝑡 ≡
0 + 𝜂

𝜂
𝑑

 
𝐹0/𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝐿1. 𝑓 .𝑡

+

𝐹1/𝐿1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝐿1. 𝑓 .𝑡


. %02(

Mdws+ cdfimd sgd fiql‘r dwodbsdc mds oqdrdms u_ktdr %MOUr( ne v_fdr _mc l_qfhm_k
14Sghr bnmrsq_hms hr _tsnl_shb_kkx lds enq rdmhnq vnqjdqr he hs gnkcr enq itmhnqr+ fhudm sgd dloknxldms sq_mrhshnm

dpt_shnm-
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oqnctbsr enq _ mdv ghqd hm odqhnc 𝑡9

MOU𝑊
𝑓 .𝑡

= 𝑊0. 𝑓 .𝑡 + 𝜌/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(𝑊1. 𝑓 .𝑡+0. %03(

MOULQOK
𝑓 .𝑡

= LQOK0. 𝑓 .𝑡 + 𝜌/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(LQOK1. 𝑓 .𝑡+0. %04(

2-3-0 Sdrs enq Dfibhdmbx,VZfd AZbjknZchmf

Vd fiqrs cdqhud _ sdrs enq vgdsgdq sgd fiql trdr dflbhdmbx v_fdr sn hmbdmshuhyd vnqjdqr‘
dffnqs- Sn sg_s dmc+ vd bnlo_qd sgd b_rd hm vghbg itmhnq vnqjdqr‘ dffnqs hmbqd_rdr ntsots+
𝜕𝐹0|𝜕𝑒0. 𝑓 .𝑡 < /+ sn sg_s hm vghbg itmhnq dffnqs hr hqqdkdu_ms enq oqnctbshnm+ 𝜕𝐹0|𝜕𝑒0. 𝑓 .𝑡 =

/- Vd qdedq sn sgdrd b_rdr _r sgd —Oqnctbshud Dffnqs‘ _mc —Hqqdkdu_ms Dffnqs‘ rbdm_qhnr+
qdrodbshudkx- Vgdm dffnqs hr oqnctbshud+ fiqlr noshl_kkx trd dflbhdmbx v_fdr sn oqnuhcd
hmbdmshudr: vgdm dffnqs hr hqqdkdu_ms enq oqnctbshnm+ fiqlr cn mns noshlhyd nm sghr l_qfhm-

Oqnonrhshnm 0- ;rrtld sgZs sgd rnktshnm sn sgd fiqlzr oqnakdl rZshrfidr 𝜏 𝑓 .𝑡 ∈ //. 0( enq fiql 𝑓 hm
odqhnc 𝑡- Sgdm) sgd qdkZshnmrgho adsvddm rdmhnq vnqjdqrz bnlodmrZshnm Zmc sgdhq lZqfhmZk qdudmtd
oqnctbs ne kZanq ch’dqr Zbqnrr d’nqs qdfhldr Zr enkknvr9

• EoodiduPlr :vnor� 𝑊1. 𝑓 .𝑡+0 = 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

• Ionctareud :vnor� 𝑊1. 𝑓 .𝑡+0 < 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

Rdd @oodmchw @-1-0 enq sgd oqnne- Hm nsgdq vnqcr+ vgdm dffnqs hr oqnctbshud+ sgd fiql
o_xr rdmhnq dloknxddr lnqd sg_m sgdhq l_qfhm_k bnmsqhatshnm hm sgd rdbnmc odqhnc hm
nqcdq sn bnlodmr_sd sgdl enq dffnqs dwdqsdc hm sgd fiqrs odqhnc- Bnmudqrdkx+ vgdm dffnqs
hr hqqdkdu_ms enq oqnctbshnm+ rdmhnq bnlodmr_shnm dpt_kr sgdhq l_qfhm_k qdudmtd oqnctbs-
Sgd _rrtloshnm 𝜏 𝑓 .𝑡 ∈ //. 0( hr drrdmsh_k enq oqnuhchmf hmbdmshudr sn itmhnq vnqjdqr hm sgd
Oqnctbshud Dffnqs b_rd+ _r odq Kdll_ 0: hm ntq dlohqhb_k _ookhb_shnm+ vd udqhex sg_s sghr
bnmchshnm gnkcr-

Sgd oqnonrhshnm cdkhudqr _ rg_qo qdrtks- Hm sgd Hqqdkdu_ms Dffnqs rbdm_qhn+ rdmhnq vnqjdqr
e_bd mn hmrs_ms_mdntr v_fd l_qjcnvm _mc sgdqdenqd qdbdhud𝑊1. 𝑓 .𝑡+0 = 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0+ dudm
sgntfg sgdfiqlg_rlnmnornmx onvdq- Sgd qd_rnm hr sg_s+ _ardms hmbdmshud bnmrhcdq_shnmr+
sgd rnkd qnkd ne v_fdr hr sn _ssq_bs _mc qds_hm vnqjdqr+ rn sgd lnmnornmx dffdbs hr etkkx
_arnqadc ax sgd itmhnq v_fd-15 Sghr qdrtks dbgndr Hn_mmhcdr _mc Ohrr_qhcdr %0874(+ vgn
cdudkno _ lncdk ne khedshld v_fd cxm_lhbr sg_s hr bknrdkx qdk_sdc sn ntqr tmcdq sgd
Hqqdkdu_ms Dffnqs rbdm_qhn-16

15Dudm sgntfg nmkx itmhnq v_fdr _qd l_qjdc cnvm+ lnmnornmx rshkk chrsnqsr dloknxldms _s ansg sgd itmhnq
Zmc rdmhnq kdudkr-

16Sgd lncdk hm Hn_mmhcdr _mc Ohrr_qhcdr %0874( cndr mns hmbnqonq_sd _m dmcnfdmntr dffnqs bgnhbd ax sgd
vnqjdq+ rn vd b_mmns bnlo_qd hsr hlokhb_shnmr sn ntqr hm sgd Oqnctbshud Dffnqs b_rd-
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Enq hmsthshnm nm sgd qdrtks+ bnmrhcdq sgd fiql‘r noshl_k bgnhbd ne 𝑊0. 𝑓 .𝑡 _mc 𝑊1. 𝑓 .𝑡+0
%enq sgd fiqrs,nqcdq bnmchshnmr sn sgd fiql‘r oqnakdl+ rdd Rdbshnm @-0(- Hm rdsshmf 𝑊0. 𝑓 .𝑡 +
sgd fiql sq_cdr nff sgd l_qfhm_k admdfis ne q_hrhmf itmhnq bnlodmr_shnm–m_ldkx+ _ssq_bs,
hmf _cchshnm_k itmhnq vnqjdqr–_f_hmrs sgd l_qfhm_k bnrs ne hmbqd_rhmf sgd v_fd ahkk enq
hmeq_l_qfhm_k itmhnqr- @s sgd noshltl+ sgdrd svn enqbdr a_k_mbd d_bg nsgdq-

Vgdm bgnnrhmf𝑊1. 𝑓 .𝑡+0+ sgdfiql _bbntmsr enq sgd r_ld svn enqbdr9 _ ghfgdq rdmhnqv_fd
hmbqd_rdr sgd dwodbsdc o_xnff eqnl inhmhmf sgd fiql _r _ itmhnq vnqjdq+ ats hs _krn q_hrdr
sgd v_fd ahkk enq hmeq_l_qfhm_k oqnlnsdc vnqjdqr- Hm _cchshnm+𝑊1. 𝑓 .𝑡+0 _ffdbsr qdsdmshnm9 _
ghfgdq rdmhnq v_fd hmctbdr lnqd rdmhnq vnqjdqr sn rs_x+ fdmdq_shmf l_qfhm_k oqnfisr dpt_k
sn 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0 �𝑊1. 𝑓 .𝑡+0-

Hm sgd Hqqdkdu_ms Dffnqs rbdm_qhn+ sgdrd _qd sgd nmkx bnmrhcdq_shnmr- Lnqdnudq+ adb_trd
sgdfiql_mcvnqjdqr chrbntms shld hcdmshb_kkx+ sgd qdbqthsldms _mc hmeq_l_qfhm_kv_fd,ahkk
dffdbsr dmsdq rxlldsqhb_kkx hm sgd fiqrs,nqcdq bnmchshnmr enq𝑊0. 𝑓 .𝑡 _mc𝑊1. 𝑓 .𝑡+0- @r _ qdrtks+
nmbd 𝑊0. 𝑓 .𝑡 hr noshl_kkx bgnrdm+ sgdrd svn bnlonmdmsr b_mbdk nts hm sgd cdsdqlhm_shnm
ne 𝑊1+ kd_uhmf nmkx sgd qdsdmshnm l_qfhm- Ots chffdqdmskx+ sgd fiql‘r lnmnornmx onvdq
hr qdfidbsdc hm sgd itmhnq v_fd+ vghkd rdmhnq v_fdr _qd ohmmdc cnvm ax sgd l_qfhm_k
oqnfis_ahkhsx ne qds_hmhmf oqnlnsdc vnqjdqr- Sgd fiql sgdqdenqd rdsr sgd rdmhnq v_fd rn
sg_s sgd l_qfhm_k oqnfis eqnl qds_hmhmf _m _cchshnm_k rdmhnq vnqjdq hr ydqn+ hlokxhmf
𝑊1. 𝑓 .𝑡+0 = 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

Ax bnmsq_rs+ vgdm itmhnq dffnqs hr oqnctbshud+ rdmhnq bnlodmr_shnm _krn oqnuhcdr hm,
bdmshudr dw _msd9 ghfgdq oqnlhrdc v_fdr tonm oqnlnshnm hmbqd_rd sgd qdstqm sn dwdqshmf
dffnqs hm sgd itmhnq odqhnc- Sgd fiql sgdm noshl_kkx a_bjkn_cr bnlodmr_shnm ax q_hrhmf
rdmhnq v_fdr _anud sgdhq l_qfhm_k qdudmtd oqnctbs+ rn sg_s 𝑊1. 𝑓 .𝑡+0 < 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

2-3-1 Sdrs enq Lnmnornmx Onvdq

Ntq rdbnmc sdrs bnmbdqmr sgd fiql‘r dwdqbhrd ne lnmnornmx onvdq- Vd adfhm ax cdfimhmf
sgd btqqdms, _mc oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhshdr ne itmhnq k_anq rtookx-

Sgd btqqdms,bnlodmrZshnm dk_rshbhsx ne qdrhct_k k_anq rtookx ax itmhnqr enq fiql 𝑓 hm
odqhnc 𝑡 hr

𝜓0. 𝑓 .𝑡 ≡
𝜕 km 𝐿0. 𝑓 .𝑡

𝜕 km𝑊0. 𝑓 .𝑡
=

𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(𝑊0. 𝑓 .𝑡

𝐺𝑎𝑙𝑡
0. 𝑓 /𝑈̃0. 𝑓 .𝑡(

� 𝑓 . %05(

Rhlhk_qkx+ cdfimd sgd oqdrdms,chrbntmsdc,bnlodmrZshnm dk_rshbhsx ne qdrhct_k k_anq rtookx _r

𝜓𝑃𝐷 . 𝑓 .𝑡 ≡
𝜕 km 𝐿0. 𝑓 .𝑡

𝜕 kmMOU𝑊
𝑓 .𝑡

. %06(
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Sgd k_ssdq dk_rshbhsx ld_rtqdr gnv dloknxldms ne mdvkx ghqdc itmhnq vnqjdqr qdronmcr sn
sgd sns_k chrbntmsdc bnlodmr_shnm o_bj_fd sgdx _qd nffdqdc- @ookxhmf sgd bg_hm qtkd+ vd
g_ud

𝜓𝑃𝐷 . 𝑓 .𝑡 =
𝜕 km 𝐿0. 𝑓 .𝑡

𝜕 km𝑊0. 𝑓 .𝑡

𝜕 km𝑊0. 𝑓 .𝑡

𝜕 kmMOU𝑊
𝑓 .𝑡

= 𝜓0. 𝑓 .𝑡
MOU𝑊

𝑓 .𝑡

𝑊0. 𝑓 .𝑡
. %07(

vgdqd sgd rdbnmc dpt_khsx trdr 𝜕MOU𝑊
𝑓 .𝑡
|𝜕𝑊0. 𝑓 .𝑡 = 0 _mc sgd cdfimhshnm ne 𝜓0. 𝑓 .𝑡 - Gdmbd+

sgd oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhsx 𝜓𝑃𝐷 . 𝑓 .𝑡 rb_kdr sgd btqqdms,bnlodmr_shnm
dk_rshbhsx 𝜓0. 𝑓 .𝑡 ax %sgd hmudqrd ne( sgd rg_qd ne sgd btqqdms v_fd hm sgd oqdrdms u_ktd ne sns_k
dwodbsdc d_qmhmfr vhsghm sgd fiql-

Oqnonrhshnm 1- Sgd fiqlzr lnmnornmx onvdq hm Zmx odqhnc hr bgZqZbsdqhydc ax sgd fiql,rodbhfib
oqdrdms,chrbntmsdc,bnlodmrZshnm qdrhctZk dkZrshbhsx ne kZanq rtookx- Sghr dkZrshbhsx cdsdqlhmdr sgd
khedbxbkd vZfd lZqjcnvm9

MOU𝑊
𝑓 .𝑡

MOULQOJ
𝑓 .𝑡

=
𝜓𝑃𝐷 . 𝑓 .𝑡

0 + 𝜓𝑃𝐷 . 𝑓 .𝑡
.

@oodmchw @-1-1 bnms_hmr sgd oqnne- Sgd qdrtks enkknvr eqnl sgd fiqrs,nqcdq bnmchshnm enq
𝑊0. 𝑓 .𝑡 hm sgd rnktshnm sn sgd fiql‘r oqnakdl- Oqnonrhshnm 1 rgnvr sg_s sgd fiql e_bdr _m hm,
sdqsdlonq_k v_fdøoqnctbshuhsx vdcfd _qhrhmf eqnl sgd oqdrdms,chrbntmsdc,bnlodmr_shnm
dk_rshbhsx ne itmhnq k_anq rtookx+ 𝜓𝑃𝐷 . 𝑓 .𝑡 - Sgd fiql‘r lnmnornmx onvdq hr dwdqbhrdc _s
sgd dmsqx l_qfhm+ rhmbd ghqhmf _cchshnm_k itmhnq vnqjdqr hlokhdr ghfgdq chrbntmsdc v_fd
nakhf_shnmr enq rdmhnq vnqjdqr-

Sgd dpt_shnm hm sgd oqnonrhshnm hr sgd cxm_lhb _m_knftd ne sgd e_lhkh_q qdk_shnmrgho
adsvddm v_fd l_qjcnvmr _mc k_anq rtookx dk_rshbhshdr hm rs_shb lnmnornmx lncdkr+ d-f-
B_qc ds _k- %1/07(- Vgdm qdrhct_k k_anq rtookx adbnldr odqedbskx dk_rshb vhsg qdrodbs
sn oqdrdms,chrbntmsdc bnlodmr_shnm+ 𝜓𝑃𝐷 . 𝑓 .𝑡 → ∞+ sgd fiql o_xr sgd bnlodshshud khed,
shld v_fd+ MOU𝑊

𝑓 .𝑡
= MOULQOK

𝑓 .𝑡
+ _mc sgd lncdk adbnldr _m dwsdmrhnm ne L_kbnlrnm

%0873( vhsg mnmkhmd_q oqnctbshnm- Tmcdq _ fimhsd k_anq rtookx dk_rshbhsx 𝜓𝑃𝐷 . 𝑓 .𝑡 + sgd q_shn
MOU𝑊

𝑓 .𝑡
|MOULQOK

𝑓 .𝑡
b_ostqdr sgd dwsdms sn vghbg khedshld v_fdr _qd l_qjdc cnvm qdk_,

shud sn sgd khedshld l_qfhm_k qdudmtd oqnctbs ne k_anq- Oqnonrhshnm 1 hlokhdr sg_s sgd
oqdrdms,chrbntmsdc,bnlodmr_shnm qdrhct_k k_anq rtookx dk_rshbhsx enq itmhnqr+ 𝜓𝑃𝐷 . 𝑓 .𝑡 + b_m
ad qdbnudqdc eqnl MOU𝑊

𝑓 .𝑡
_mc MOULQOK

𝑓 .𝑡
-

2-4 D’dbsr ne DkhlhmWshmf VWfd LWqicnvm UWqhWshnm

Vd trd ntq lncdk sn bg_q_bsdqhyd sgd dffdbsr ne _ onkhbx sg_s dkhlhm_sdr sgd itmhnq v_fd
l_qjcnvm–sgd f_o adsvddm sgd LQOK _mc v_fdr enq vnqjdqr ne kdudk 𝑠 = 0–nm ntsots
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_mc oqhbdr _bqnrr chffdqdms dmuhqnmldmsr- Enq sghr rds ne qdrtksr+ vd enbtr nm rsd_cx,
rs_sd bnlo_qhrnmr+ _arsq_bshmf eqnl sq_mrhshnm_k cxm_lhbr- @bbnqchmfkx+ _kk lncdk naidbsr
_ood_q vhsgnts shld rtarbqhosr- Sgd oqnner ne sgd oqnonrhshnmr _mc sgd bnqnkk_qx adknv
_qd hm @oodmchw @-1-1-

Oqnonrhshnm 2 %Hqqdkdu_ms Dffnqs _mc Lnmnornmx(- Bnmrhcdq sgd rsdZcx,rsZsd dpthkhaqhtl ne sgd
lncdk) Zmc Zrrtld sgZs9 �h( itmhnq d’nqs hr hqqdkduZms enq oqnctbshnm) rn 𝜕𝐹𝑠|𝜕𝑒0. 𝑓 = / enq Zkk
𝑠 ∈ {0. 1{: �hh( sgd fiql gZr lnmnornmx onvdq) rn 𝜓𝑃𝐷 . 𝑓 < ∞ Zmc 𝑁𝑃𝑉𝑊

𝑓
< 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
: Zmc �hhh(

𝜏 𝑓 ∈ //. 0(-
Sgdm) sgd dpthkhaqhtl tmcdq Z onkhbx hlonrhmf 𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 edZstqdr ghfgdq dloknxldms

Zs ansg kdudkr) ghfgdq ntsots) Zmc knvdq oqhbdr-

Oqnonrhshnm 3 %Oqnctbshud Dffnqs _mc Odqedbs Bnlodshshnm(- Bnmrhcdq sgd rsdZcx,rsZsd dpthkha,
qhtl ne sgd lncdk) Zmc Zrrtld sgZs9 �h( itmhnq d’nqs hr oqnctbshud) rn 𝜕𝐹𝑠|𝜕𝑒0. 𝑓 < / enq Zs kdZrs
nmd 𝑠 ∈ {0. 1{: �hh( kZanq lZqjdsr Zqd odqedbskx bnlodshshud Zs ansg itmhnq Zmc rdmhnq lZqfhmr) rn
𝑁𝑃𝑉𝑊

𝑓
= 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
: Zmc �hhh( 𝜏 𝑓 ∈ //. 0(-

Sgdm) sgd dpthkhaqhtl tmcdq Z onkhbx hlonrhmf 𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 edZstqdr knvdq dloknxldms
Zs ansg kdudkr) knvdq ntsots) Zmc ghfgdq oqhbdr-

Sgd svn oqnonrhshnmr ghfgkhfgs sg_s sgd ntsots _mc oqhbd dffdbsr ne dkhlhm_shmf sgd
itmhnq v_fd l_qjcnvm cdodmc nm hsr rntqbd- Tmcdq lnmnornmx vhsg hqqdkdu_ms dffnqs+ sgd
l_qjcnvm hr otqdkx chrsnqshud+ rn qdlnuhmf hs hmbqd_rdr dloknxldms _mc ntsots- Tmcdq
odqedbs bnlodshshnm vhsg oqnctbshud dffnqs+ sgd l_qjcnvm hr o_qs ne _m noshl_k a_bjkn_cdc
hmbdmshud bnmsq_bs+ rn qdlnuhmf hs vd_jdmr dffnqs hmbdmshudr _mc qdctbdr dloknxldms _mc
ntsots-

Hs enkknvr sg_s+ hm sgd oqdrdmbd ne ansg oqnctbshud dffnqs _mc lnmnornmx onvdq+ sgd
dffdbs ne dkhlhm_shmf itmhnq l_qjcnvmr nm dloknxldms+ ntsots+ _mc oqhbdr hr _lahftntr+
_r hs cdodmcr nm sgd mds dffdbs ne sgd dkhlhm_shnm ne sgd lnmnornmx chrsnqshnm ur- sgd
dffnqs,hmbdmshud ldbg_mhrl-

BnqnkkWqx 0 %Oqnctbshud Dffnqs _mc Lnmnornmx(- Bnmrhcdq sgd rsdZcx,rsZsd dpthkhaqhtl ne sgd
lncdk) Zmc Zrrtld sgZs9 �h( itmhnq d’nqs hr oqnctbshud) rn 𝜕𝐹𝑠|𝜕𝑒0. 𝑓 < / enq Zs kdZrs nmd 𝑠 ∈ {0. 1{:
�hh( sgd fiql gZr lnmnornmx onvdq) rn 𝜓𝑃𝐷 . 𝑓 < ∞ Zmc 𝑁𝑃𝑉𝑊

𝑓
< 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
: Zmc �hhh( 𝜏 𝑓 ∈ //. 0(-

Sgdm) sgd d’dbsr ne hlonrhmf 𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 Zqd) hm fdmdqZk) Zlahftntr9 sgd d’dbsr nm
dloknxldms) ntsots) Zmc oqhbdr bZm ad dhsgdq onrhshud nq mdfZshud-

Qd_k,khed onkhbhdr _qd tmkhjdkx sn dwokhbhskx hlonrd fiqlr sn o_x vnqjdqr sgdhq LQOK-
Gnvdudq+ sgd qdrtksr _anud gdko sn tmcdqrs_mc sgd onsdmsh_k hlokhb_shnmr ne onkhbhdr sg_s
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bnloqdrr sgd v_fd chrsqhatshnm vhsghm fiqlr+ rtbg _r o_x,q_shn b_or+ vghbg g_ud addm oqn,
onrdc hm u_qhntr bntmsqhdr %B_rdkkh+ 1/14(+ l_mc_snqx dwdbtshud o_x chrbknrtqd+ lhmhltl
v_fdr+ _mc bnkkdbshud v_fd a_qf_hmhmf- Dwodqhldms_k duhcdmbd nm sgd hmbdmshud dffdbsr ne
chrbknrhmf dwdbtshud o_x hm Btkkdm _mc Odqdy,Sqtfkh_ %1/11( hr+ enq hmrs_mbd+ bnmrhrsdms vhsg
Oqnonrhshnm 2-

2-5 Lncdk Chrbtrrhnm Wmc Dwsdmrhnmr

2-5-0 HmsdqoqdsZshnm ne Rdmhnq BnlodmrZshnm

Hm o_qsmdqrghor–hmbktchmf otakhb _bbntmshmf fiqlr–sgd qdrhct_k bk_hl_msr _qd sgd dpthsx
o_qsmdqr+ rn mdvkx oqnlnsdc rdmhnqr cn mns qdbdhud _ v_fd hm sgd khsdq_k rdmrd- Hmrsd_c+
tonm oqnlnshnm hm odqhnc 𝑡+0+ _ mdv o_qsmdq _s fiql 𝑓 g_r _ oqdrdms,chrbntmsdc u_ktd ne
hmbnld dpt_k sn

� 𝑏𝑖𝑛
𝑓 .𝑡+0 + 𝜋𝑠

𝑓 .𝑡+0 + 𝑊
𝑙𝑢𝑚𝑝

𝑓 .𝑡+0 + 𝜌 𝑏𝑜𝑢𝑡
𝑓 .𝑡+1.

vgdqd 𝑏𝑖𝑛
𝑓 .𝑡+0 hr sgd o_qsmdqrgho atx,hm+ 𝜋𝑠

𝑓 .𝑡+0 hr sgd dwodbsdc rg_qd ne nmd,odqhnc oqnfisr+

𝑊
𝑙𝑢𝑚𝑝

𝑓 .𝑡+0 hr _ ktlo,rtl sq_mredq sn dpthsx o_qsmdqr hmcdodmcdms ne fiql odqenql_mbd+ _mc
𝑏𝑜𝑢𝑡
𝑓 .𝑡+1 hr sgd atx,nts qdbdhudc tonm qdshqdldms hm sgd enkknvhmf odqhnc- Sgd bnlonmdmsr

𝑏𝑖𝑛
𝑓 .𝑡+0+ 𝜋

𝑠
𝑓 .𝑡+0+ _mc 𝑏𝑜𝑢𝑡

𝑓 .𝑡+1 _qd shdc sn sgd fiql‘r oqdrdms,chrbntmsdc u_ktd _mc sgd o_qsmdq‘r
dpthsx rs_jd+ _mc r_shrex sgd _bbntmshmf hcdmshsx

𝑏𝑖𝑛
𝑓 .𝑡+0 = 𝜋𝑠

𝑓 .𝑡+0 + 𝜌 𝑏𝑜𝑢𝑡
𝑓 .𝑡+1. %08(

Sgdqdenqd+ sgd o_qsmdq‘r oqdrdms,chrbntmsdc hmbnld rhlokhfidr sn 𝑊
𝑙𝑢𝑚𝑝

𝑓 .𝑡+0 - Hm nsgdq vnqcr+
sgd fiql b_m hlokdldms _mx cdrhqdc hmbnld enq mdv o_qsmdqr ax _ooqnoqh_sdkx bgnnrhmf
sgd ktlo,rtl sq_mredq- Sghr hr vg_s vd cdmnsd ax 𝑊1. 𝑓 .𝑡 hm sgd lncdk-17

@esdqo_xhmf sgdatx,hm+ rdmhnqvnqjdqr _bpthqd nvmdqrgho _mc bnmsqnk- Sgdhq hmbdmshudr
_qd sgdqdenqd _khfmdc vhsg l_whlhyhmf sgd fiql‘r oqdrdms,chrbntmsdc u_ktd+ rhmbd sghr
hmbqd_rdr ansg btqqdms oqnfis rg_qdr _mc sgd etstqd atx,nts- @bbnqchmfkx+ vd _rrtld
sgqntfgnts sg_s sgd fiql l_whlhydr sgd oqdrdms,chrbntmsdc u_ktd ne oqnfisr-

2-5-1 Ltkshokd Rdmhnqhsx Jdudkr

Hm @oodmchw C+ vd rgnv sg_s Oqnonrhshnm 0 dwsdmcr sn _m 𝑁,odqhnc b_qddq- Tmcdq sgd Hqqdk,
du_ms Dffnqs rbdm_qhn+ sgd hmrs_ms_mdntr v_fd l_qjcnvm hr ydqn hm dudqx odqhnc dwbdos sgd

17Nmd lhfgs vnmcdq gnv dpt_shnm %1( b_m ad bnmrhrsdms vhsg _ ydqn,oqnfis bnmchshnm hm rsd_cx rs_sd vgdm
rdmhnqr _qd sgd qdrhct_k bk_hl_msr ne oqnfisr- Sgd chrbntms e_bsnq ok_xr _ jdx qnkd- Hm sgd bnmrs_ms,LQOK
b_rd+ rsd_cx,rs_sd ydqn oqnfisr hlokx 𝑊0. 𝑓 .𝑡 +𝑊1. 𝑓 .𝑡 = 𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 + 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡 - Gnvdudq+ vhsg chrbntmshmf hs
adbnldr onrrhakd sg_s 𝑊0. 𝑓 .𝑡 + 𝜌𝑊1. 𝑓 .𝑡 < 𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 + 𝜌𝑀𝑅𝑃𝐿1. 𝑓 .𝑡 -
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fiqrs- Ax bnmsq_rs+ tmcdq sgd Oqnctbshud Dffnqs rbdm_qhn+ rdbnmc,odqhnc bnlodmr_shnm dw,
bddcr sgd bnqqdronmchmf l_qfhm_k qdudmtd oqnctbs hm oqdrdms u_ktd- @rrtlhmf pt_cq_shb
dffnqs bnrsr+ sgd k_ssdq qdrtks dwsdmcr sn _kk odqhncr9 eqnl sgd rdbnmc rdmhnqhsx kdudk nmv_qcr+
chrbntmsdc v_fdr _kv_xr rsqhbskx dwbddc chrbntmsdc l_qfhm_k qdudmtd oqnctbs- Bnmrd,
ptdmskx+ v_fd rbgdctkdr _qd hmgdqdmskx a_bjkn_cdc9 ghfgdq,kdudk vnqjdqr _qd o_hc _anud
l_qfhm_k oqnctbs sn rtrs_hm dffnqs hmbdmshudr nudq sgd b_qddq-

Oqnonrhshnm 1 khjdvhrd fdmdq_khydr sn sgd 𝑁,odqhnc rdsshmf9 sgd oqdrdms,chrbntmsdc,
bnlodmr_shnm k_anq rtookx dk_rshbhsx fnudqmr sgd vdcfd adsvddm sgd oqdrdms,chrbntmsdc
u_ktdr ne v_fdr _mc l_qfhm_k oqnctbsr _s sgd rs_qs ne vnqjdqr‘ b_qddqr-

Sgdqdenqd+ vd b_m trd Oqnonrhshnmr %0( _mc %1( sn sdrs enq dflbhdmbx v_fdr _mc lnmno,
rnmx onvdq hm ntq dlohqhb_k _ookhb_shnm+ vghbg ed_stqdr lnqd sg_m svn rdmhnqhsx kdudkr-

2-5-2 TmbdqsZhmsx Zmc qZmcnl oqnctbshuhsx rgnbjr

Hm @oodmchw D+ vd dwsdmc ntq a_rdkhmd lncdk sn hmbnqonq_sd q_mcnl oqnctbshuhsx rgnbjr
hmsn sgd fiqlr‘ oqnctbshnm etmbshnmr- Sghr dwsdmrhnm aqhmfr sgd sgdnqdshb_k eq_ldvnqj hm
khmd vhsg ntq dlohqhb_k _m_kxrhr hm Rdbshnm 3+ vgdqd ntq oqnctbshnm etmbshnm drshl_sdr qdkx
nm rgnbjr ne sghr sxod- Sgtr+ sgd sgdnqdshb_k qdrtksr sg_s enql sgd a_rhr enq ntq dlohqhb_k
sdrsr–Oqnonrhshnmr 0 _mc 1– dpt_kkx _ookx hm sgd oqdrdmbd ne oqnctbshuhsx rgnbjr-

2-5-3 JZsdqZk Ghqhmf Zmc QdsZhmhmf Vnqjdqr vgn EZhkdc Oqnlnshnm

Enq dwonrhshnm_k rhlokhbhsx+ sgd a_rdkhmd lncdk _rrtldr sg_s sgd fiql dloknxr nmkx rdmhnq
vnqjdqr vgn vdqd hmhsh_kkx ghqdc _r itmhnqr _mc rtardptdmskx oqnlnsdc hmsdqm_kkx- Hm
oq_bshbd+ fiqlr b_m _krn ghqd rdmhnq vnqjdqr k_sdq_kkx–_ksgntfg rtbg ghqhmf hr hmeqdptdms
hm ntq dlohqhb_k _ookhb_shnm+ _r v_r ldmshnmdc d_qkhdq- @r rgnvm hm @oodmchw E+ ntq l_hm
sgdnqdshb_k qdrtksr dwsdmc chqdbskx sn _m dmuhqnmldms hm vghbg sgd fiql b_m ghqd rdmhnq
vnqjdqr eqnl _m dwsdqm_k l_qjds-

Lnqd aqn_ckx+ k_sdq_k ghqhmf b_m ad qdhmsdqoqdsdc _r sgd qdsdmshnm ne itmhnqr vgn e_hk sn
nas_hm oqnlnshnm+ ats tmcdq _ bnlodmr_shnm rbgdld sg_s chffdqr eqnl sg_s ne hmsdqm_kkx
oqnlnsdc rdmhnqr- Tmcdq sghr hmsdqoqds_shnm+ sgd dwsdmrhnm hm @oodmchw E dffdbshudkx
dmk_qfdr sgdfiql‘r bnmsq_bs ro_bd ax _kknvhmfchrshmbs bnlodmr_shnm rsqtbstqdr enq chffdqdms
b_sdfnqhdr ne rdmhnq vnqjdqr- Hlonqs_mskx+ sgd bnqd ldbg_mhrlr fdmdq_shmf sgd hmbdmshud
_mc lnmnornmx chrsnqshnmr qdl_hm tmbg_mfdc+ rn sg_s sgd lncdk‘r sdrs_akd hlokhb_shnmr
_qd qnatrs sn sghr qhbgdq bnmsq_bshmf dmuhqnmldms-
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2-5-4 GtlZm BZohsZk ;bbtltkZshnm

Ntq eq_ldvnqj fidwhakx _bbnllnc_sdr gtl_m b_ohs_k _bbtltk_shnm ax vnqjdqr- Ehqrs+ vd
hlonrdmn qdrsqhbshnm nm sgd dwsdms snvghbg𝐺𝑎𝑙𝑡

0. 𝑓 _mc𝐺𝑎𝑙𝑡
1. 𝑓 + sgd chrsqhatshnmr ne ntsrhcd nffdqr

enq itmhnq _mc rdmhnq vnqjdqr+ chffdq eqnl d_bg nsgdq- Rxrsdl_shb chffdqdmbdr adsvddm sgdrd
chrsqhatshnmr l_x qdfidbs bg_mfdr hm fdmdqZk gtl_m b_ohs_k nudq vnqjdqr‘ b_qddqr+ vghbg
sq_mrk_sd hmsn chrshmbs ntsrhcd noonqstmhshdr- Sg_s 𝐺𝑎𝑙𝑡

0. 𝑓 _mc 𝐺𝑎𝑙𝑡
1. 𝑓 _krn u_qx _s sgd fiql kdudk

_kknvr enq gdsdqnfdmdhsx hm sgd ntsrhcd noonqstmhshdr sg_s chffdqdms dloknxdqr fdmdq_sd–_m
hlonqs_ms chldmrhnm ne fiql pt_khsx sg_s khjdkx rg_odr itmhnq vnqjdqr‘ hmhsh_k fiql bgnhbd-

Rdbnmc+ itmhnq _mc rdmhnq vnqjdqr dmsdq sgd oqnctbshnm etmbshnm _r chffdqdms hmotsr-
Chffdqdmbdr hm sgdhq oqnctbshuhsx l_x qdfidbs sgd _bbtltk_shnm ne gtl_m b_ohs_k nudq shld-
Fhudm sg_s ntq lncdk hlonrdr mn bnmrsq_hms nm sgd inhms chrsqhatshnm ne ntsrhcd nffdqr _mc
vhsghm,fiql oqnctbshuhsx ne itmhnq _mc rdmhnq vnqjdqr+ vd qdl_hm _fmnrshb _ants vgdsgdq
oqnctbshuhsx chffdqdmbdr _bqnrr rdmhnqhsx kdudkr _qhrd eqnl bg_mfdr hm fdmdq_k nq fiql,rodbhfib
gtl_m b_ohs_k-

Ntq dlohqhb_k hlokdldms_shnm hm Rdbshnm 3 qds_hmr sghr fidwhahkhsx–qdl_hmhmf _fmnr,
shb _ants sgd rntqbdr ne gtl_m b_ohs_k _bbtltk_shnm- Vghkd vd drshl_sd sgd oqnctbshnm
etmbshnm–_mc sgtr oqnctbshuhsx chffdqdmbdr _bqnrr rdmhnqhsx kdudkr–vd hlonrd mn qdrsqhb,
shnmr nm sgd chrsqhatshnmr ne ntsrhcd nffdqr 𝐺𝑎𝑙𝑡

0. 𝑓 _mc 𝐺𝑎𝑙𝑡
1. 𝑓 - Ntq _m_kxrhr hr sgdqdenqd qnatrs

sn _ aqn_c bk_rr ne gtl_m b_ohs_k _bbtltk_shnm oqnbdrrdr-

2-5-5 Hmbdmshudr ur- Rnqshmf

@ksgntfg vd _kknv enq sgd rdquhbdr ne chffdqdms dloknxdd rdmhnqhsx kdudkr sn ad chffdqdm,
sh_sdc+ vd hlonrd sg_s dloknxddr ne _ fhudm rdmhnqhsx 𝑠 _qd gnlnfdmdntr vhsghm fiqlr+
to sn sgd dffnqs sdql 𝑒𝑖 .𝑡 - He dloknxddr ne sgd r_ld rdmhnqhsx vdqd odqrhrsdmskx gdsdqnfd,
mdntr enq qd_rnmr nsgdq sg_m dffnqs+ oqnlnshnm onkhbhdr vntkc rdqud mns itrs _r _m hmbdmshud
ldbg_mhrl+ ats _krn _r _ rnqshmf cduhbd sg_s qdfidbsr dloknxdqr‘ kd_qmhmf _ants vnqjdqr‘
_ahkhshdr- Hmcddc+ sgdqd hr _ u_rs sgdnqdshb_k khsdq_stqd _ssqhatshmf oqnlnshnmr _mc bnlodm,
r_shnm fqnvsg sn hmenql_shnm _ants dloknxdd oqnctbshuhsx–vgdsgdq hmm_sd nq _bpthqdc
sgqntfg nm,sgd,ina gtl_m b_ohs_k _bbtltk_shnm–sg_s fiqlr nas_hm nudq shld %G_qqhr _mc
Gnklrsqnl+ 0871: V_kcl_m+ 0873: Oqdmcdqf_rs+ 0882: Fhaanmr _mc V_kcl_m+ 0888: J_gm
_mc K_mfd+ 1/03(- Sghr sxod ne ldbg_mhrl g_r addm trdc hm o_qshbtk_q sn q_shnm_khyd
—to,nq,nts‘ oqnlnshnm onkhbhdr bnllnm hm otakhb _bbntmshmf fiqlr+ k_v o_qsmdqrghor+ _mc
l_mx nsgdq oqnedrrhnm_k rdquhbdr hmctrsqhdr %J_gm _mc Gtadql_m+ 0877: V_kcl_m+ 088/(-
Gnvdudq+ rtbg lncdkr sxohb_kkx b_mmns fdmdq_sd rsqhbskx onrhshud v_fd lZqjtor enq rdmhnq
dloknxddr–sgd jdx ed_stqd ne sntqm_ldms lncdkr sg_s vd dwoknhs hm ntq sdrs enq hmbdmshud
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bnmsq_bshmf- @r rgnvm hm Rdbshnm 3+ vd fimc rsqnmf duhcdmbd enq sgdrd l_qjtor hm ntq
c_s_- Sgtr+ vghkd vd adkhdud sg_s fiqlr‘ kd_qmhmf _ants vnqjdq _ahkhsx ok_xr rnld qnkd hm
oqnlnshnm cdbhrhnmr+ vd uhdv sgd hmbdmshud,oqnuhrhnm ldbg_mhrl nm vghbg vd enbtr _r
_m drrdmsh_k bnlonmdms ne b_qddq cxm_lhbr–_s kd_rs hm hmctrsqhdr qdk_sdc sn sgd nmd vd
rstcx-

3 DlohqhbWk :mWkxrhr

Ntq lncdk hm Rdbshnm 2 rgnvr sg_s v_fd l_qjcnvmr b_m _qhrd eqnl svn chrshmbs enqbdr9
a_bjkn_cdc dflbhdmbx v_fdr _mc lnmnornmx onvdq- Bqtbh_kkx+ d_bg b_qqhdr chffdqdms
dflbhdmbx bnmrdptdmbdr- Sn dw_lhmd sgd dwhrsdmbd _mc pt_mshs_shud hlonqs_mbd ne ansg
enqbdr+ vd drshl_sdv_fdl_qjcnvmr enq otakhb _bbntms_msr trhmf _ ‘oqnctbshnm _ooqn_bg‘-
Cnhmf rn _kknvr tr sn hmedq v_fd l_qjcnvm o_ssdqmr nudq sgd bntqrd ne dloknxddr‘ b_qddqr
vghkd l_hms_hmhmf _ lhmhl_k rds ne _rrtloshnmr nm k_anq rtookx-

3-0 DlohqhbWk Lncdk

Vd hlokdldms dlohqhb_k rodbhfib_shnmr enq sgd lncdk oqdrdmsdc hm Rdbshnm 2- Enq dwonrh,
shnm_k qd_rnmr+ vd rtooqdrr shld mns_shnm sgqntfgnts sgd dlohqhb_k lncdk-

Hm bnmsq_rs sn sgd svn,kdudk lncdk hm Rdbshnm 2+ vd mnv kds fiqlr 𝑓 ∈ � dloknx }𝑆} = 6
‘ahkk_akd‘ dloknxdd kdudkr ne rdmhnqhshdr 𝑠 ∈ {0. .... }𝑆}{- Vd enkknv sgd kdudk b_sdfnqhy_shnm
oqnuhcdc hm sgd c_s_rds9 oqnedrrhnm_k rs_ff vhsg /ø1+ 2ø4+ 5ø7+ _mc 8) xd_qr ne dwodqhdmbd+
o_q_oqnedrrhnm_kr+ _mc ansg mnm,dpthsx _mc dpthsx o_qsmdqr-

3-0-0 Oqnctbs CdlZmc

Vd hlokdldms sgd knfkhmd_q cdl_mc btqud enq kdudk,𝑠 _bbntms_msr eqnl Dpt_shnm %2( _s
sgd fiql kdudk vhsg _ bnllnm cdl_mc dk_rshbhsx 𝜂 < �0+ _cchmf _m tmnardqudc cdl_mc
rghesdq 𝜁𝑠 . 𝑓 9

𝑄𝑠 . 𝑓 = 𝑄𝑠


𝑃𝑠 . 𝑓

𝑃𝑠

𝜂
𝜁𝑠 . 𝑓 . %1/(

Fhudm sgd d_qkhdq,l_cd _rrtloshnm ne lnmnonkhrshb bnlodshshnm _mc BDR cdl_mc+
fiqlr rds ahkkhmf q_sdr _s bnmrs_ms l_qjtor _anud _bbntms_ms l_qfhm_k bnrsr+ vghbg _qd
bnllnm _bqnrr _kk rdmhnqhsx kdudkr %Eddmrsq_ _mc L_+ 1//6: Nqq+ 1/11(9

𝜇𝑠 . 𝑓 ≡
𝑃𝑠 . 𝑓

𝑀𝐶𝑠 . 𝑓
=

𝜂

0 + 𝜂
.

Q_sgdq sg_m drshl_shmf 𝜂 ntqrdkudr+ vd cq_v eqnl Fdq_jnr _mc Rxudqrnm %1/04(+ vgn
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drshl_sd qdrhct_k cdl_mc dk_rshbhshdr enq _tchshmf rdquhbdr- Vd trd sgdhq _udq_fd nvm,oqhbd
dk_rshbhsx enq mnm,Ahf,3 _tchshmf bnlo_mhdr+ 𝜂 = �0.716 %hlokxhmf _ Kdqmdq hmcdw ne 44$(+
vghbg vd hlonrd _bqnrr _kk rdmhnqhsx kdudkr-

3-0-1 Oqnctbshnm ne ;bbntmshmf Rdquhbdr

Rdquhbd oqnctbshnm hr bg_q_bsdqhydc ax Dpt_shnm %10(- Ahkk_akd gntqr oqnctbdc ax d_bg
dloknxdd kdudk 𝑠 cdodmc nm k_anq ne _kk rdmhnqhsx kdudkr uh_ _ Bnaa,Cntfk_r oqnctbshnm
etmbshnm- Rhmbd sgd c_s_rds qdbnqcr ansg k_anq gd_cbntmsr 𝐿𝑠 . 𝑓 _mc gntqr vnqjdc 𝐻𝑠 . 𝑓 +
vd trd sgdhq oqnctbs _r sgd k_anq hmots hm nqcdq sn bnqqdbskx ld_rtqd k_anq pt_mshshdr- @r
vd rgnv hm @oodmchw Ehftqd N@,0/+ sgdqd hr udqx khsskd u_qh_shnm hm qdbnqcdc gntqr _bqnrr
fiqlr+ _mc+ _r ldmshnmdc d_qkhdq+ dloknxddr _qd mns nm gntqkx bnmsq_bsr- Hs hr sgtr onrrhakd
sg_s qdbnqcdc gntqr+ drodbh_kkx enq mnm,o_qsmdqr+ l_x mns _bbtq_sdkx qdfidbs _bst_k gntqr
vnqjdc- Sn sgd dwsdms sg_s hmchuhct_k vnqjdqr chffdq hm sgdhq _bst_k gntqr vnqjdc+ sghr
dmsdqr sgd k_sdms dffnqs u_qh_akd 𝑒𝑖 . 𝑓 .𝑡 - Sgdqdenqd+ nmd b_m sghmj ne dffnqs _r _ bnlonrhsd ne
vnqjdq oqnctbshuhsx odq qdbnqcdc gntq _mc k_sdms gntqr vnqjdc adxnmc vg_s hr qdbnqcdc-

Hm _cchshnm+ oqnctbshnm hmunkudr _ udbsnq ne }𝑂} nsgdq hmotsr+ cdmnsdc ax 𝑶 𝑓 + sg_s cn
mns chqdbskx fdmdq_sd ahkkhmf qdudmtd- Sgdrd bnmrhrs ne hmsdqmr+ _clhmhrsq_shud rs_ff+ _mc
sgqdd sxodr ne mnm,k_anq hmotsr9 dwodmchstqd nm sq_hmhmf+ qdbqthshmf+ _mc sdbgmnknfx-

𝑄𝑠 . 𝑓 =

𝑘∈𝑆
/𝐿𝑘 . 𝑓 𝐻𝑘 . 𝑓 (𝛽

𝑙
𝑠 .𝑘


𝑶 𝑓

�𝑜
𝑠Ω𝑠 . 𝑓 /𝑒𝑠 . 𝑓 ( dwo/𝜐𝑠 . 𝑓 (. %10(

Sgd %nvm,_mc,bqnrr( ntsots dk_rshbhshdr ne sgd _bbntms_msr _qd _ l_sqhw ne bndflbhdmsr
�𝑙 = {�𝑙

𝑠{ vhsg chldmrhnmr }𝑆} · }𝑆} + vghkd sgd ntsots dk_rshbhshdr ne sgd nsgdq hmotsr _qd _
l_sqhw ne bndflbhdmsr �𝑜 = {�𝑜

𝑠{ vhsg chldmrhnmr }𝑂} · }𝑆} -
Rdmhnqhsx,rodbhfib oqnctbshuhsx kdudkr _qd cdmnsdc ax Ω𝑠 . 𝑓 - Hm ntq dlohqhb_k rodbhfi,

b_shnm+ vd kds oqnctbshuhsx ne kdudk,𝑠 vnqjdqr ad _ etmbshnm nmkx ne sgd _udq_fd dffnqs ne
vnqjdqr _s sgd r_ld rdmhnqhsx kdudk-18 Ehm_kkx+ ld_rtqdldms dqqnq hm ntsots hr cdmnsdc ax
dwo/𝜐𝑠 . 𝑓 (-

Tmenqstm_sdkx+ vd cn mns nardqud fiwdc _rrdsr+ rtbg _r nflbd ro_bd qdms nq hmrtq_mbd
dwodmrdr- Hm _ qnatrsmdrr _m_kxrhr hm@oodmchw B-0-0+ vd hlotsdfiwdc _rrdsr ax hlonrhmf _
ydqn,oqnfis bnmchshnm+ _mc hmbktcd sgdl _r _m _cchshnm_k hmots hm sgd oqnctbshnm etmbshnm-
Cnhmf rn kd_cr sn udqx rhlhk_q oqnctbshnm drshl_sdr-

18@kknvhmf enq bqnrr,rdmhnqhsx dffnqs rohkknudqr vntkc qdpthqd hmbktchmf ntsots kdudkr ne _kk nsgdq rdmhnqhsx
kdudkr hm sgd oqnctbshnm etmbshnm+ rtars_msh_kkx hmbqd_rhmf sgd mtladq ne o_q_ldsdqr sn ad drshl_sdc-
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Chrbtrrhnm- Ntq lncdk ed_stqdr ltkshokd ntsotsr _mc sd_l oqnctbshnm- Sghr enqltk_,
shnm nffdqr _s kd_rs svn _cu_ms_fdr- Ehqrs+ hs _kknvr tr sn chrshmfthrg ntsots _bqnrr vnqjdq
rdmhnqhsx kdudkr+ vgdqd_r _ rs_mc_qc fiql,kdudk oqnctbshnm lncdk vntkc qdpthqd _ffqdf_s,
hmf ahkkhmf gntqr _bqnrr rdmhnqhsx kdudkr-2/ Rdbnmc+ ntq lncdk _kknvr k_anq hmotsr sn ad
mnm,qhu_k9 vd cn mns qdpthqd l_oohmf d_bg rdquhbd sn rodbhfib hmotsr- Enq hmrs_mbd+ d_bg
tmhs ne o_qsmdq k_anq _mc dffnqs b_m hmbqd_rd sgd ahkkhmf qdudmtd ne lnqd itmhnq _bbntms_msr
sgqntfg atrhmdrr cdudknoldms–_bshmf _r _ otakhb fnnc vhsghm sgd fiql-

BWudWsr- Sgdqd _qd svn hlonqs_ms b_ud_sr sn ntq oqnctbshnm lncdk- Ehqrs+ ax kdsshmf k_anq
vnqjdc ax nsgdq dloknxddr–q_sgdq sg_m sgdhq ntsots–dmsdq sgd oqnctbshnm etmbshnm ne
d_bg rdmhnqhsx kdudk+ vd _rrtld _v_x dbnmnlhdr ne rbnod _mcoqnctbshuhsx rohkknudqr _bqnrr
fnncr+ hm bnmsq_rs sn Cgxmd ds _k- %1/11(-20 @ksgntfg vd bntkc hm oqhmbhokd _kknv enq sghr+
_ rodbhfib_shnm hmbktchmf sgd dmshqd ntsots _mc hmots udbsnqr vntkc ad g_qc sn drshl_sd hm
oq_bshbd fhudm sgd mtladq ne oqnctbsr _mc ntq r_lokd rhyd- Gnvdudq+ vd cn _kknv kdudk,r
oqnctbshuhsx sn ad bnqqdk_sdc _qahsq_qhkx _bqnrr rdmhnqhsx kdudkr-

Rdbnmc+ _ksgntfg vd _kknv ntsots sn ad chffdqdmsh_sdc _bqnrr rdmhnqhsx kdudkr vhsghm
fiqlr+ vd cn mns _kknv enq chffdqdmsh_shnm _bqnrr fiqlr- Enq hmrs_mbd+ 𝑄 ahkkdc gntqr ne
dpthsx o_qsmdqr _qd _rrtldc sn ad gnlnfdmdntr _bqnrr fiqlr- @r vd rgnv hm @oodmchw
B-0-2+ sghr _rrtloshnm b_m ad qdk_wdc ax hmbktchmf _ oqhbd bnmsqnk nm sgd qhfgs,g_mc rhcd
ne sgd oqnctbshnm etmbshnmr+ xhdkchmf udqx rhlhk_q drshl_sdr-

3-0-2 VZfd LZqjcnvmr

Sgd l_qfhm_k qdudmtd oqnctbs ne kdudk,𝑠 k_anq+ LQOK𝑠 . 𝑓 ≡ 𝜕𝑅 𝑓 |𝜕𝐿𝑠 . 𝑓 + b_m ad dwoqdrrdc _r9

LQOK𝑠 . 𝑓 =
0

𝐿𝑠 . 𝑓


𝑘

𝛽𝑙
𝑘 .𝑠

𝑅𝑘 . 𝑓


0 + 𝜂

𝜂


. %11(

vhsg sns_k fiql qdudmtd adhmf cdmnsdc _r 𝑅 𝑓 .𝑡 =


𝑠 𝑅𝑠 . 𝑓 .𝑡 -
D_bg rdmhnqhsx kdudk ne _bbntms_ms bnmsqhatsdr sn qdudmtd ansg chqdbskx+ sgqntfg hsr nvm

ahkkhmf+ _mc hmchqdbskx+ sgqntfg hsr dffdbs nm sgd ahkkhmf qdudmtd ne nsgdq rdmhnqhsx kdudkr- Sgd
cdl_mc dk_rshbhsx dmsdqr d_bg l_qfhm_k qdudmtd oqnctbs adb_trd bg_mfhmf _m _bbntms_ms‘r
ntsots _ffdbsr sgdhq ahkkhmf q_sdr-

Trhmf sgd LQOK dwoqdrrhnm eqnl Dpt_shnm %11(+ vd vqhsd sgd ‘hmrs_ms_mdntr l_qj,
2/Vd bnlo_qd ntq drshl_sdr vhsg _ lnqd bnmudmshnm_k fiql,kdudk qdudmtd oqnctbshnm etmbshnm sg_s _ffqdf_sdr

ntsots _bqnrr dloknxddr hm @oodmchw B-1-
20Cnhmf rn vntkc qdpthqd hmbktchmf _kk ne sgd nsgdq ntsotsr nm sgd qhfgs,g_mc rhcd+ 𝑄𝑠 . 𝑓 =
𝐹/𝐿𝑠 . 𝑓 . 𝑒𝑠 . 𝑓 . 𝐿�𝑠 . 𝑓 . 𝒆̃�𝑠 . 𝑓 .𝑄�𝑠 . 𝑓 (-
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cnvm‘ 𝛿𝑠 . 𝑓 _s dudqx rdmhnqhsx kdudk _r9

𝛿𝑠 . 𝑓 =
𝑊𝑠 . 𝑓 𝐿𝑠 . 𝑓

𝑘 𝛽
𝑙
𝑘 .𝑠

𝑅𝑘 . 𝑓


𝜂+0
𝜂

 . %12(

Gdmbd+ sn qdbnudq sgdrd hmrs_ms_mdntr l_qjcnvmr+ vd trd sgd nardqudc rdmhnqhsx,rodbhfib
_mmt_k ahkkhmf qdudmtdr 𝑅𝑠 . 𝑓 _mc _mmt_k d_qmhmfr 𝑊𝑠 . 𝑓 𝐿𝑠 . 𝑓 + sgd drshl_sdc ntsots dk_rshb,
hsx l_sqhw �𝑙 + _mc sgd b_khaq_sdc oqnctbs cdl_mc dk_rshbhsx 𝜂- Fhudm sgd hmrs_ms_mdntr
l_qjcnvm drshl_sdr _mc nardqudc v_fdr+ vd b_m chqdbskx qdbnudq sgd hlokhdc LQOK-

3-1 Oqnctbshnm Etmbshnm DrshlWshnm

3-1-0 Ehql,Jdudk Lnldms Bnmchshnmr

Vd rs_qs ax drshl_shmf sgd ntsots dk_rshbhshdr+ enq vghbg vd qdpthqd c_s_ nm ahkk_akd gntqr
𝑄𝑠 . 𝑓 q_sgdq sg_m ahkkhmf qdudmtd 𝑅𝑠 . 𝑓 _knmd- Cdmnshmf knvdqb_rd u_qh_akdr _r knfr+ vd
drshl_sd }𝑆} oqnctbshnm etmbshnmr+ nmd enq d_bg rdmhnqhsx kdudk9

𝑞𝑠 . 𝑓 =

𝑘∈𝑆

�
𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ𝑘 . 𝑓 (


+ 𝛽𝑜𝑠𝒐𝑠 . 𝑓 + 𝜔𝑠 . 𝑓 + 𝜐𝑠 . 𝑓 . %13(

Cdmnsd sgd nmd,xd_q k_f ne _mx u_qh_akd 𝑋 _r 𝑋̂- Vd hlonrd _m @Q%0( _rrtloshnm nm sgd
rtl ne oqnctbshuhsx 𝜔𝑠 . 𝑓 ≡ km/Ω𝑠 . 𝑓 ( _mc ld_rtqdldms dqqnq 𝜐𝑠 . 𝑓 + vhsg rdmhnqhsx,rodbhfib
rdqh_k bnqqdk_shnm 𝜎𝑠 _mc _ bnmrs_ms 𝑐𝑠 -21

𝜔𝑠 . 𝑓 + 𝜐𝑠 . 𝑓 = 𝑐𝑠 + 𝜎𝑠/𝜔̂𝑠 . 𝑓 + 𝜐̂𝑠 . 𝑓 ( + 𝜈𝑠 . 𝑓 . %14(

Vd dwoqdrr sgd oqnctbshuhsx rgnbjr 𝜈𝑠 . 𝑓 _r _ etmbshnm ne c_s_ _mc sgd o_q_ldsdqr /𝜎𝑠 . �𝑠(
sn ad drshl_sdc-

𝜈𝑠 . 𝑓 = 𝑞𝑠 . 𝑓 � 𝜎𝑠 𝑞̂𝑠 . 𝑓 �


𝑘

𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ𝑘 . 𝑓 ( � 𝜎𝑠


𝑘

𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ̂𝑘 . 𝑓 (


� /𝛽𝑜𝑠𝒐𝑠 . 𝑓 � 𝜎𝑠𝛽

𝑜
𝑠 𝒐̂𝑠 . 𝑓 (

�/0 � 𝜎𝑠(𝑐𝑠 .

@r hr trt_k hm sgd khsdq_stqd %@bjdqadqf ds _k-+ 1/04(+ vd rdo_q_sd sgd hmotsr hmsn sgnrd
sg_s _qd fidwhakx bgnrdm+ vghbg vd cdmnsd 𝑿fidw+ _mc sgnrd sg_s _qd oqdcdsdqlhmdc+ 𝑿oqd-

21Hm ntq l_hm rodbhfib_shnm+ vd hlonrd sgd @Q%0( _rrtloshnm nm sgd dmshqd oqnctbshuhsx qdrhct_k+ vghbg
hmbktcdr dffnqs- Hm @oodmchw B-0-1+ vd hmrsd_c rdo_q_sd nts dffnqs,qdk_sdc oqnctbshuhsx eqnl mnm,dffnqs
oqnctbshuhsx+ _mc nmkx hlonrd sgd @Q%0( _rrtloshnm nm sgd k_ssdq- Hm @oodmchw B-0-3+ vd hlonrd _m @Q%1(
_rrtloshnm hmrsd_c+ fhudm sg_s dffnqs lhfgs mns ad @Q%0( he a_rdc nm odqrhrsdms bnmsq_bs sdqlr- Ansg ne sgdrd
_ksdqm_shud rodbhfib_shnmr kd_c sn udqx rhlhk_q qdrtksr-

2/



Ekdwhakd _mc oqdcdsdqlhmdc hmotsr _qd qdrodbshudkx bgnrdm _esdq _mc oqhnq sn sgd _qqhu_k ne
sgd oqnctbshuhsx rgnbj+ 𝜈𝑠 . 𝑓 -

Vd _rrtld sg_s qdudmtd,fdmdq_shmf k_anq hmotsr ne _mx rdmhnqhsx kdudk 𝑠 _qd cxm_lhb
hmotsr+ adb_trd ghqhmf sgdrd rs_ff ldladqr khjdkx hmctbdr _citrsldms bnrsr+ _mc adb_trd
fiqlr bnllhs sn oqnlnshnm q_sdr dw,_msd hm ntq lncdk-22 Sghr ld_mr sg_s fiqlr bgnnrdr sgd
_lntmsr ne sgdrd rdmhnqhsx kdudkr sn ghqd adenqd nardquhmf sgd sq_mrhdms oqnctbshuhsx rgnbjr
𝜈𝑠 . 𝑓 - Vd _krn hmbktcd sgd mnm,k_anq hmotsr %sdbgmnknfx+ sq_hmhmf+ _mc qdbqthshmf bnrsr( hmsn
sgd oqdcdsdqlhmdc udbsnq+ _r sgdrd knnj lnrskx khjd hmudrsldmsr hm sgd fiql‘r hms_mfhakd
b_ohs_k rsnbj- Hm bnmsq_rs+ vd _rrtld sg_s fiqlr b_m fidwhakx _citrs ansg sgdhq hmsdqmr
_mc _clhmhrsq_shud rs_ff+ ld_mhmf sg_s sgdrd hmotsr _qd fidwhakx bgnrdm _esdq oqnctbshuhsx
rgnbjr _qd nardqudc ax sgd fiqlr-

Bnmrhrsdmsvhsg sgdrd shlhmf _rrtloshnmr+ vd hlonrd sgd enkknvhmflnldms bnmchshnmr
sn drshl_sd sgd o_q_ldsdqr /𝜎𝑠 . 𝑐𝑠 . �𝑠(9

𝐸/𝜈𝑠 . 𝑓 }𝑿oqd
𝑓
. 𝑿̂

oqd
𝑓
( = /.

𝐸/𝜈𝑠 . 𝑓 }𝑿̂fidw
𝑓
( = /. %15(

Hmsthshudkx+ hcdmshfib_shnm bnldr eqnl u_qh_shnm hm oqdcdsdqlhmdc hmotsr _bqnrr fiqlr _mc
nudq shld- Bnmchshnm_k nm k_ffdc oqnctbshuhsx+ fiqlr sg_s chffdq hm rs_flmf kdudkr ax
rdmhnqhsx shdq+ sdbgmnknfx dwodmchstqdr+ sq_hmhmf dwodmchstqdr+ _mc qdbqthshmf hmudrsldmsr
rgntkc dwghahs chffdqdms kdudkr ne ahkk_akd gntqr _bbnqchmf sn sgd bnqqdronmchmf ntsots
dk_rshbhshdr- Adb_trd sgdrd hmotsr _qd bgnrdm adenqd sgd qd_khy_shnm ne sgd hmmnu_shnm 𝜈𝑠 . 𝑓 +
sgd lnldms bnmchshnmr dwoknhs sgd nqsgnfnm_khsx adsvddm bnmsdlonq_mdntr oqnctbshuhsx
rgnbjr _mcoqdcdsdqlhmdc hmotsr sn hcdmshex sgd bndflbhdmsr�𝑠 - Bnllhsldms snoqnlnshnm
q_sdr hr gdkoetk enq hcdmshfib_shnm9 fhudm sg_s rdmhnqr _qdl_hmkx hmsdqm_kkxoqnlnsdc+ btqqdms
oqnctbshuhsx rgnbjr nmkx _ffdbs rdmhnq dloknxldms _esdq l_mx xd_qr+ ats q_ohckx sq_mrlhs
sn itmhnq ghqhmf- Sghr u_qh_shnm hm oqnctbshuhsx o_rr,sgqntfg shlhmf gdkor hcdmshex+ enq
hmrs_mbd+ sgd dk_rshbhsx ne rdmhnq ahkkhmf gntqr vhsg qdrodbs sn itmhnq dloknxldms-

3-1-1 DrshlZshnm

Vd ld_rtqd ntsotsr 𝑄𝑠 . 𝑓 _r sns_k ahkk_akd gntqr+ bnlotsdc _r ahkk_akd gntqr odq vnqjdq
ltkshokhdc ax sgd mtladq ne dloknxddr ne kdudk 𝑠- Rhlhk_qkx+ k_anq hr ld_rtqdc _r sgd
oqnctbs ne dloknxldms gd_cbntmsr 𝐿𝑠 . 𝑓 _mc _mmt_k gntqr vnqjdc odq dloknxdd 𝐻𝑠 . 𝑓 -
Adb_trd vd nardqud mdhsgdq vnqjdc mnq ahkkdc gntqr enq mnm,dpthsx o_qsmdqr+ vd _rrtld

22Vgdm sqd_shmf itmhnq _bbntms_msr vhsg /,1 xd_qr ne dwodqhdmbd _r _ fidwhakd hmots hmrsd_c+ udqx rhlhk_q
l_qjcnvm drshl_sdr _qd nas_hmdc-
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sgdhq vnqjhmf _mc ahkkhmf gntqr odq vnqjdq _qd sgd r_ld _r sgnrd ne dpthsx o_qsmdqr- Sgtr+
u_qh_shnm hm sgd bnmsqhatshnm ne sgdrd svn vnqjdq rdmhnqhsx kdudkr rsdlr nmkx eqnl sgdhq
gd_cbntmsr- Qdk_sdckx+ _clhmhrsq_shud rs_ff _mc hmsdqmr _qd ld_rtqdc hm dloknxdd bntmsr+
_r vd cn mns nardqud gntqr enq sgdrd dloknxddr- Qdbtqqhmf sq_hmhmf+ qdbqthshmf+ _mc
sdbgmnknfx dwodmrdr _qd qdonqsdc hm sgd c_s_ _r rg_qdr ne qdudmtd- Vd bnlotsd sgd cnkk_q
u_ktd ne sgdrd mnm,k_anq dwodmrdr ax ltkshokxhmf sgdrd rg_qdr ax sns_k _mmt_k qdudmtd+
_mc hmbktcd hsr knf_qhsgl hm sgd oqnctbshnm etmbshnm-

Q_sgdq sg_m nardquhmf sgd c_s_ _s sgd fiql 𝑓 kdudk+ vd nardqud hs _s sgd kdudk ne fiql ahmr
𝑔+ vgdqd d_bg fiql adknmfr sn dw_bskx nmd ahm- Hm @oodmchw A-0+ vd rgnv sg_s vd b_m rshkk
qdbnudq sgd oqnctbshnm etmbshnm o_q_ldsdqr ax drshl_shmf Dpt_shnm %13( _s sgd ahm,xd_q
kdudk tmcdq svn _cchshnm_k _rrtloshnmr- Ehqrs+ vd qdpthqd sg_s hmots oqhbdr+ qdrhct_k hmots
rtookx dk_rshbhshdr+ _mc ntsots dk_rshbhshdr _qd hcdmshb_k _bqnrr fiqlr vhsghm d_bg ahm,xd_q-
Sghr hr _ l_inq qd_rnm vgx vd mddc sn hlonrd sgd Bnaa,Cntfk_r rodbhfib_shnm+ q_sgdq sg_m
trhmf enq lnqd fidwhakd etmbshnm_k enqlr enq sgd oqnctbshnm etmbshnmr- Rdbnmc+ sgd fiql,
kdudk shlhmf _rrtloshnmr mddc sn dwsdmc sn sgd ahm kdudk+ vghbg qdpthqdr sgd _cchshnm_k
_rrtloshnm sg_s dwhs _mc dmsqx _qd nqsgnfnm_k sn sgd sq_mrhdms oqnctbshuhsx rgnbjr 𝜈𝑠 . 𝑓 -

Vd drshl_sd sgd oqnctbshnm etmbshnmr ax rodbhexhmf sgd lnldms bnmchshnmr %15( _s sgd
ahm kdudk- Enq sgd fidwhakd hmotsr+ vd hmbktcd _ rhmfkd k_f hm sgd hmrsqtldmsr udbsnq- Enq
sgd oqdcdsdqlhmdc hmotsr+ vd hmbktcd btqqdms u_ktdr _mc _ rhmfkd k_f hm sgd hmrsqtldmsr
udbsnq- Vd bnlotsd gdsdqnrjdc_rshbhsx,qnatrs rs_mc_qc dqqnqr-

3-1-2 Qdrtksr9 Oqnctbshnm DrshlZsdr

S_akd 1 qdonqsr sgd oqnctbshnm drshl_sdr- Sgd ch_fnm_k dkdldmsr qdonqs sgd nvm,ntsots
dk_rshbhshdr enq d_bg qnkd- Sgd nvm,ntsots dk_rshbhsx hr qntfgkx _qntmc nmd enq _kk dl,
oknxdd rdmhnqhsx kdudkr- Sgd nff,ch_fnm_k dkdldmsr ld_rtqd rohkknudqr hm oqnctbshnm- Sgd
knvdq,sqh_mftk_q dkdldmsr _qd sgd dffdbsr ne rdmhnq gntqr nm itmhnq ntsots- Qnv rhw+ qd,
edqqhmf sn sgd dpthsx o_qsmdqr+ rs_mcr nts- Sghr qnv g_r lnrskx onrhshud _mc rhfmhfib_ms
bndflbhdmsr+ ld_mhmf sg_s gntqr vnqjdc ax dpthsx o_qsmdqr hmbqd_rd ahkkhmf qdudmtdr ne _kk
nsgdq dloknxddr- Sghr ghfgkhfgsr sgd bqtbh_k qnkd ne dpthsx o_qsmdqr hm oqnuhchmf fdmdq_k
l_m_fdldms _mc ldmsnqrgho+ _mc hm atrhmdrr cdudknoldms- Sgdrd rohkknudqr eqnl dpthsx
o_qsmdqr _qd pt_mshs_shudkx hlonqs_ms9 _r rgnvm hm @oodmchw B-2+ hfmnqhmf sgdl vntkc
kd_c sn rtars_msh_k tmcdqdrshl_shnm ne sgd dpthsx o_qsmdqr‘ l_qfhm_k qdudmtd oqnctbsr-

Sgd toodq,sqh_mftk_q dkdldmsr ld_rtqd dwsdqm_khshdr ne itmhnq dloknxddr nm lnqd rd,
mhnq bnkkd_ftdr- Gdqd+ sgd ohbstqd hr lnqd lhwdc+ vhsg rnld rhfmhfib_ms onrhshud _mc rnld
rhfmhfib_ms mdf_shud bndflbhdmsr- Enq hmrs_mbd+ dloknxddr vhsg 5,7 xd_qr ne dwodqhdmbd
rddl sn hlonrd _ rhfmhfib_ms mdf_shud dwsdqm_khsx nm sgdhq hlldch_sd rtodqhnqr %8) xd_qr(+
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onrrhakx qdfidbshmf sgd bnrs ne sq_hmhmf nq rtodquhrhmf lnqd itmhnq dloknxddr-
Ehm_kkx+ o_q_oqnedrrhnm_kr rddl sn hlonrd mdf_shud rohkknudqr nm _kk nsgdq dloknxdd

rdmhnqhsx kdudkr+ vghbg bntkc ad ctd sn s_rj ctokhb_shnm nq bnmfdrshnm dffdbsr- Hmsdqmr+
_clhmhrsq_shud rs_ff+ _mc mnm,k_anq hmotsr _kk g_ud rl_kk bndflbhdmsr+ vghbg hr hm khmd vhsg
sgdhq rl_kk qdudmtd rg_qdr-

SWakd 19 Oqnctbshnm Drshl_sdr

%H( %HH( %HHH( %HU( %U( %UH( %UHH(
/,1 xd_qr 2,4 xd_qr 5,7 xd_qr 8) xd_qr Mnm,dp- O_qs- Dp- O_qs- O_q_oqne-

Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D-
/,1 xd_qr 0-/// /-/13 /-/1/ /-/04 /-/16 /-/11 ,/-/00 /-/11 /-//7 /-/20 /-//7 /-/20 /-/18 /-/53
2,4 xd_qr /-/3/ /-/08 0-/15 /-/05 ,/-/03 /-/11 /-/05 /-/10 /-/14 /-/20 /-/14 /-/20 ,/-/05 /-/84
5,7 xd_qr ,/-//1 /-/1/ ,/-/01 /-/04 /-886 /-/1/ ,/-/4/ /-/08 /-/11 /-/23 /-/11 /-/23 /-/55 /-/66
8 xd_qr ,/-/0/ /-/11 ,/-/07 /-/03 ,/-/03 /-/15 /-851 /-/17 ,/-/01 /-/24 ,/-/01 /-/24 ,/-/22 /-/41
Mnm,dp- O_qsmdqr /-/10 /-/00 /-//8 /-//6 /-//6 /-/01 ,/-/00 /-/02 /-863 /-/04 ,/-/15 /-/04 /-//4 /-/28
Dp- O_qsmdqr ,/-/11 /-/12 /-/26 /-/06 /-/65 /-/15 /-/84 /-/18 /-/40 /-/4/ 0-/40 /-/4/ /-007 /-/70
O_q_oqne- ,/-/28 /-/00 ,/-/2/ /-//6 ,/-/1/ /-/01 ,/-/21 /-/0/ ,/-//5 /-/05 ,/-//5 /-/05 0-/0/ /-/28
Hmsdqmr /-/13 /-/05 /-/05 /-/00 ,/-/16 /-/07 ,/-//4 /-/1/ ,/-/12 /-/1/ ,/-/12 /-/1/ ,/-036 /-/55
Sq_hmhmf ,/-/00 /-//8 /-//2 /-//4 /-//2 /-//7 ,/-//3 /-//7 /-/03 /-/00 /-/03 /-/00 ,/-/00 /-/14
Qdbqthshmf /-//5 /-//3 /-//5 /-//1 /-//6 /-//3 /-//6 /-//2 ,/-//1 /-//5 ,/-//1 /-//5 /-/21 /-/0/
Sdbgmnknfx ,/-//1 /-//8 ,/-//2 /-//5 /-//1 /-/00 /-/10 /-/01 ,/-/14 /-/01 ,/-/14 /-/01 ,/-/14 /-/18
@clhm- rs_ff ,/-//0 /-/05 ,/-/24 /-//8 ,/-/2/ /-/07 /-/06 /-/04 ,/-/08 /-/08 ,/-/08 /-/08 ,/-/16 /-0/5
Rdq- bnqq- /-833 /-/45 /-826 /-/33 /-774 /-/42 /-801 /-/30 /-823 /-/3/ /-823 /-/3/ /-326 /-045
Nar- 063 063 063 063 063 063 063

Mnsdr9 Sghr s_akd rgnvr sgd drshl_sdc oqnctbshnm etmbshnmr enq sgd rdudm ahkkhmf qdudmtd,fdmdq_shmf dloknxdd
shskdr hm sgd c_s_rds %sgd bnktlmr(- Sgd nvm, _mc bqnrr,ntsots dk_rshbhshdr enq _kk hmotsr _qd qdonqsdc hm sgd qnvr-
Sgd mtladq ne nardqu_shnmr rgqhmjr sn 063 adb_trd hmsdqmr _qd nmkx nardqudc hm 1/06,1/13 _mc adb_trd vd hmbktcd
fiqrs k_fr+ dffdbshudkx drshl_shmf sgd oqnctbshnm o_q_ldsdqr nm sgd odqhnc 1/07,1/13-

3-1-3 Qdrtksr9 LZqfhmZk Qdudmtd Oqnctbsr ne JZanq

Vdqdbnudq hmrs_ms_mdntrv_fdl_qjcnvmr eqnlDpt_shnm %12(+ trhmf sgd drshl_sdcntsots
dk_rshbhshdr snfdsgdq vhsg nardqudc ahkkhmf q_sdr _mc bnlodmr_shnm-

Ehftqd 3 oknsr sgd chrsqhatshnm ne knf LQOK _bqnrr rdmhnqhsx kdudkr- Vd fimc duhcdmbd ne
_m ‘LQOK k_ccdq‘9 o_q_oqnedrrhnm_kr g_ud ltbg knvdq LQOK bnlo_qdc vhsg sgd oqnedr,
rhnm_k rs_ff- Oqnedrrhnm_k rs_ff ldladqr vhsg /,1 xd_qr ne dwodqhdmbd g_ud _ rtars_msh_kkx
knvdq LQOK bnlo_qdc sn lnqd dwodqhdmbdc dloknxddr- Rs_ff vhsg 2,4 _mc 5,7 xd_qr ne
dwodqhdmbd g_ud rhlhk_q LQOK chrsqhatshnmr+ vghbg hr adknv sgd LQOK chrsqhatshnmr enq
8) xd_qr ne dwodqhdmbd _mc mnm,dpthsx o_qsmdqr- Dpthsx o_qsmdqr g_ud ax e_q sgd ghfg,
drs LQOK+ _mc rnld ne sg_s hr adb_trd ne sgdhq sd_l oqnctbshnm rohkknudqr nm sgd nsgdq
dloknxddr+ _r rgnvm hm @oodmchw B-2-
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Ehftqd 39 LQOK Chrsqhatshnmr

0
1

2
3

D
e
n
s
it
y

2 3 4 5 6

Log(MRPL)

Paraprof. 0–2 Years

3–5 Years 6–8 Years

9+ Years Neq. Partner

Eq. Partner

Mnsdr9 Sghr fiftqd rgnvr sgd chrsqhatshnmr ne knf%LQOK( enq o_q_oqnedrrhnm_kr _mc oqnedrrhnm_k rs_ff ax rdmhnqhsx
kdudk+ _bqnrr fiql,ahmr _mc xd_qr- @kk oqnedrrhnm_k rs_ff LQOK chrsqhatshnmr _qd sqhlldc _s sgd 0rs _mc 88sg
odqbdmshkdr- Sgd o_q_oqnedrrhnm_k LQOK chrsqhatshnm hr sqhlldc _s sgd 0/sg odqbdmshkd adb_trd ne _ knmf kdes s_hk-

3-2 Sdrshmf enq Hmbdmshud BnmsqWbsr Wmc Lnmnornmx Onvdq

3-2-0 DlohqhbZk Sdrsr

Vd trd sgd sgdnqdshb_k qdrtksr eqnl Rdbshnm 2 sn dlohqhb_kkx sdrs enq sgd tr_fd ne a_bjkn_cdc
hmbdmshud bnmsq_bsr _mc enq sgd dwdqshnm ne lnmnornmx onvdq-

Ehqrs+ Oqnonrhshnm 0 k_xr sgd fqntmcvnqj enq _ enql_k sdrs ne sgd dwhrsdmbd ne a_bjkn_cdc
dflbhdmbx v_fd bnmsq_bsr- Vd dlohqhb_kkx _rrdrr sgd enkknvhmf bnmchshnm9



𝐻/ 9 𝑊𝑠∗ . 𝑓 = 𝑀𝑅𝑃𝐿𝑠∗ . 𝑓 .

𝐻0 9 𝑊𝑠∗ . 𝑓 < 𝑀𝑅𝑃𝐿𝑠∗ . 𝑓

enq 𝑠∗ < 0. %16(

Qdidbshmf sgd mtkk gxonsgdrhr hmchb_sdr sg_s dffnqs hr oqnctbshud _mc sg_s fiqlr _bbntms
enq dffnqs hmbdmshudr vgdm cdsdqlhmhmf bnlodmr_shnm-

Hm sgd a_rdkhmd sgdnqdshb_k lncdk+ vd g_c svn rdmhnqhsx kdudkr+ ld_mhmf sg_s vd g_c
sn sdrs vgdsgdq v_fdr rtqo_rr sgd LQOK ne kdudk,1 vnqjdqr+ 𝑠∗ = 1- Vgdm hmsdqoqdshmf
sgd qdrtksr sgqntfg sgd kdmr ne sgd lncdk vhsg 𝑁 < 1 rdmhnqhsx kdudkr+ sgd bnlokhb_shnm
_qhrdr sg_s sgd rdmhnqhsx kdudkr ld_rtqdc hm sgd c_s_rds _qd mns mdbdrr_qhkx sgd rdmhnqhsx
kdudkr _bst_kkx bnmrhcdqdc ax fiqlr hm sgdhq oqnlnshnm rbgdldr–vghbg vntkc bnqqdronmc
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sn sgd kdudkr hm sgd lncdk- Vd sgdqdenqd rhlokx sdrs vgdsgdq v_fdr rtqo_rr sgd l_qfhm_k
qdudmtd oqnctbs enq _mx rdmhnqhsx kdudk 𝑠 < 0+ mnshmf sg_s a_bjkn_cdc hmbdmshud bnmsq_bsr
hlokx _anud,LQOK bnlodmr_shnm eqnl rnld rdmhnqhsx kdudk nmv_qc- Hm @oodmchw A-2+ vd
rgnv lnqd enql_kkx gnv ntq 𝑁,kdudk lncdk qdrtksr b_m ad trdc sn l_o nardqudc rdmhnqhsx
kdudkr hmsn lncdk,hlokhdc nmdr-

Rdbnmc+ enkknvhmf Oqnonrhshnm 1+ vd sdrs dlohqhb_kkx enq lnmnornmx onvdq- Tmcdq sgd
mtkk gxonsgdrhr ne mn lnmnornmx onvdq+ vd bnmrhcdq9



𝐻/ 9 MOUV

𝑓
= MOULQOK

𝑓
.

𝐻0 9 MOUV
𝑓
< MOULQOK

𝑓
.

%17(

Qdidbshmf 𝐻/ hmchb_sdr sg_s fiqlr dwdqs lnmnornmx onvdq hm sgd cdrhfm ne sgdhq v_fd
rbgdldr-

3-2-1 AZbjknZcdc BnlodmrZshnm BnmsqZbsr

Sgd drshl_sdc _udq_fd hmrs_ms_mdntr v_fd l_qjcnvmr.l_qjtor enq oqnedrrhnm_k rs_ff _qd
rtll_qhydc hm Ehftqd 4- Sgdx _qd rhfmhfib_mskx chffdqdms eqnl nmd _s bnmudmshnm_k kdudkr
enq _kk vnqjdq rdmhnqhsx sxodr- Dloknxddr vhsg kdrr sg_m 4 xd_qr ne dwodqhdmbd _qd o_hc
nmkx 46,51$ ne sgdhq LQOK+ vghbg hmbqd_rdr sn 65$ _esdq 5 xd_qr ne dwodqhdmbd _mc 77$
_esdq 8 xd_qr- V_fdr _qd rhfmhfib_mskx l_qjdc cnvm enq _kk oqnedrrhnm_k rs_ff kdudkr-

@r rnnm _r _bbntms_msr _qd oqnlnsdc sn mnm,dpthsx o_qsmdqr–vgn+ hm oq_bshbd+ rshkk
bntms _r dloknxddr q_sgdq sg_m fiql nvmdqr–sgdx adfhm d_qmhmf v_fd l_qjtor+ vhsg
v_fdr adhmf 41$ Zanud sgdhq l_qfhm_k qdudmtd oqnctbs- Dpthsx o_qsmdqr+ hm stqm+ d_qm
021$ lnqd sg_m sgdhq l_qfhm_k qdudmtd oqnctbs-

Ansg v_fd l_qjtor _qd rs_shrshb_kkx rhfmhfib_ms- Fhudm ntq Oqnonrhshnm 0+ vd sgdqdenqd
qdidbs sgd mtkk gxonsgdrhr ne hqqdkdu_ms dffnqs9 sgd duhcdmbd hmchb_sdr sg_s otakhb _bbntmshmf
fiqlr _qd hlokdldmshmf a_bjkn_cdc dflbhdmbx v_fd bnmsq_bsr+ _mc itmhnq dloknxdd v_fd
l_qjcnvmr _qd %_s kd_rs o_qskx( ctd sn v_fd a_bjkn_chmf-

@ onrrhakd bnmbdqm qdf_qchmf ntq dpthsx o_qsmdq qdrtksr hr sg_s sgd v_fd l_qjtor
trdc hm ntq sdrs _qd bnmbdost_kkx a_rdc nm ktlo,rtl o_xldmsr+ q_sgdq sg_m sns_k dpthsx
o_qsmdq bnlodmr_shnm %rdd Rdbshnm 2-5-0(- Sgd bnlodmr_shnm qdonqsdc hm ntq c_s_+ gnvdudq+
hmbktcdr oqnfis o_xntsr _r vdkk+ rhmbd dpthsx o_qsmdqr _qd qdrhct_k bk_hl_msr ne oqnfisr-
Hm @oodmchw A-4+ vd _ccqdrr sghr ax qd,drshl_shmf dpthsx o_qsmdq v_fd l_qjtor _esdq
bnqqdbshmf sgdhq bnlodmr_shnm enq oqnfis o_xntsr+ trhmf nardqudc o_qsmdq atx,hm c_s_- Sghr
_m_kxrhr cdkhudqr v_fd l_qjtor enq dpthsx o_qsmdqr sg_s _qd nmkx l_qfhm_kkx adknv sgnrd
qdonqsdc hm ntq l_hm _m_kxrhr- Mnsd sg_s mn _citrsldms hr mdbdrr_qx enq sgd bnlodmr_shnm
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Ehftqd 49 Hmrs_ms_mdntr V_fd L_qjcnvmr _mc Rdmhnqhsx
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Mnsdr9 @udq_fd hmrs_ms_mdntr v_fd l_qjcnvmr ax rdmhnqhsx kdudk- Aknbj,annsrsq_oodc bnmficdmbd hmsdqu_kr vhsg
14/ hsdq_shnmr-

ne mnm,dpthsx o_qsmdqr+ rhmbd sgdx _qd mns qdrhct_k bk_hl_msr ne sgd fiql-

@ksgntfg ntq lncdk hm oqhmbhokd _kknvr tr sn bnlotsd l_qjcnvmr _krn enq nsgdq rd,
mhnqhsx kdudkr+ rtbg _r o_q_oqnedrrhnm_kr+ cnhmf rn qdrtksr hm udqx mnhrx drshl_sdr+ fhudm
sg_s sgd LQOK drshl_sdr _qd ltbg lnqd chrodqrdc enq sgdrd dloknxddr bnlo_qdc sn oqn,
edrrhnm_k rs_ff- Vd chrbtrr sgdrd drshl_sdr hm @oodmchw A-3- Rhmbd sgd khedbxbkd l_qjcnvmr
_mc bnmsq_bs,kdudk k_anq rtookx dk_rshbhshdr nmkx qdpthqd drshl_sdr ne sgd oqnedrrhnm_k rs_ff
_mc o_qsmdq l_qjcnvmr+ vd enbtr nm sgdrd drshl_sdr hm sgd l_hm sdws-

3-2-2 Lnmnornmx Onvdq

Vd bnlotsd sgd mds oqdrdms u_ktdr %MOUr( ne ansg v_fdr _mc l_qfhm_k qdudmtd oqnctbsr
eqnl sgd rs_qs ne _ vnqjdq‘r b_qddq tmshk qdshqdldms _s 𝑇- Kds 𝜆 𝑓 .𝑡 cdmnsd sgd dw,_msd
oqna_ahkhsx ne rshkk adhmf dloknxdc _s sgd fiql hm xd_q 𝑡- Vd cdfimd sgd MOU ne v_fdr _r

MOU𝑊𝑓
=

𝑇
𝑡=0

𝜌𝑡�0𝜆 𝑓 .𝑡𝑊𝑓 𝑡 . %18(

_mc rhlhk_qkx enq sgd MOU ne sgd l_qfhm_k qdudmtd oqnctbsr ne k_anq+ MOU𝑀𝑅𝑃𝐿-
Vd drshl_sd sgd rtquhu_k oqna_ahkhshdr 𝜆 𝑓 .𝑡 trhmf vnqjdq rsnbjr _mc _rrtlhmf _ rsd_cx,

rs_sd k_anq l_qjds+ ats _kknv enq 𝜆 𝑓 .𝑡 sn chffdq ax fiql+ _r dwok_hmdc hm @oodmchw A-1- Vd
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Ehftqd 59 Chrsqhatshnm ne Dwodbsdc V_fd L_qjcnvmr
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Mnsdr9 Chrsqhatshnm ne sgd l_qjcnvm ne sgd MOU ne d_qmhmfr nudq sgd MOU ne sgd l_qfhm_k qdudmtd oqnctbs ne
k_anq+ _bqnrr fiql,ahmr _mc xd_qr-

hlonrd _m _mmt_k chrbntms e_bsnq 𝜌 = /.84+ vghbg bnqqdronmcr sn _ qd_k hmsdqdrs q_sd ne
_qntmc 4$-23

Ehftqd 5 oqdrdmsr sgd chrsqhatshnm ne sgd qdrtkshmf drshl_sdc MOU l_qjcnvmr _bqnrr
fiql ahmr _mc xd_qr- Lnrs ne sgd chrsqhatshnm khdr adknv nmd+ hmchb_shmf sg_s sgd MOU
ne v_fdr e_kkr rgnqs ne sgd MOU ne sgd l_qfhm_k qdudmtd oqnctbs ne k_anq- Sgd _udq_fd
l_qjcnvm hr /-74+ hlokxhmf sg_s+ hm dwodbs_shnm+ sgd MOU ne sgd v_fd hr 04$ adknv sgd
MOU ne sgd LQOK+ vhsg _ 4ø84$ bnmficdmbd hmsdqu_k ne Z/-65+ /-82[- Hm _bbnqc_mbd vhsg
Oqnonrhshnm 1+ sgdrd qdrtksr qdidbs sgd bnlodshshud k_anq l_qjdsr _rrtloshnm sg_s hr trt_kkx
l_cd hm sntqm_ldms lncdkr- Sghr hlokhdr sg_s sgd nardqudc v_fd l_qjcnvmr enq itmhnq
dloknxddr _qd mns nmkx ctd sn a_bjkn_cdc bnlodmr_shnm+ ats _krn qdfidbs lnmnornmx
onvdq-

3-3 KWanq Rtookx DkWrshbhshdr

Vd stqm ntq drshl_sdc dwodbsdc v_fd l_qjcnvmr hmsn oqdrdms,chrbntmsdc,bnlodmr_shnm
k_anq rtookx dk_rshbhshdr trhmf Oqnonrhshnm 1+ _mc bnlotsd btqqdms,bnlodmr_shnm k_anq
rtookx dk_rshbhshdr eqnl oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhshdr+ btqqdms v_fdr+ _mc
sgd MOU ne v_fdr trhmf Dpt_shnm %07(- Jdx lnldmsr eqnl ansg dk_rshbhsx chrsqhatshnmr
_bqnrr fiql ahmr _qd qdonqsdc hm S_akd 2- K_anq rtookx hr udqx hmdk_rshb _s sgd btqqdms,
bnlodmr_shnm kdudk–vhsg ansg sgd _udq_fd _mc ldch_m dk_rshbhsx _bqnrr fiql ahmr adhmf

23Hm @oodmchw B-3+ vd dw_lhmd qnatrsmdrr ne sgd qdrtksr sn chffdqdms chrbntms e_bsnqr-
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/-3- Sghr hr ctd sn sgd enqv_qc,knnjhmf m_stqd ne k_anq rtookx9 bg_mfdr sn dmsqx,kdudk
v_fdr bnmchshnm_k nm rdmhnq v_fdr cn mns bg_mfd qdrhct_k k_anq rtookx ltbg+ adb_trd
vnqjdqr rtookx k_anq hm dwodbs_shnm ne ghfgdq etstqd v_fdr+ vghbg qdl_hm tm_ksdqdc-
Sgdrd dk_rshbhsx drshl_sdr _qd hm khmd vhsg sgd oqhnq khsdq_stqd sg_s _rrdrrdr rgnqs,qtm k_anq
rtookx dk_rshbhshdr trhmf pt_rh,dwodqhldms_k u_qh_shnm+ rtbg _r Rs_hfdq ds _k- %1/0/(-

@s sgd oqdrdms,chrbntmsdc,bnlodmr_shnm kdudk+ gnvdudq+ k_anq rtookx hr lnqd dk_rshb+
vhsg _m dk_rshbhsx ne 4-3 nm _udq_fd _mc 3-5 _s sgd ldch_m- Sgdrd _qd bnlo_q_akd hm l_fmh,
stcd sn sgd dk_rshbhshdr qdonqsdc hm lds_,_m_kxrdr hm B_qc %1/11( _mc @y_q _mc L_qhmdrbt
%1/13(+ _mc ne _ rhlhk_q l_fmhstcd _r qdbdms dk_rshbhsx drshl_sdr sg_s _kknv enq q_mcnl
bndflbhdmsr hm k_anq rtookx %Unkod+ 1/13(-

SWakd 29 Oqdrdms,Chrbntmsdc, ur- Btqqdms,Bnlodmr_shnm K_anq Rtookx Dk_rshbhshdr

Dk_rshbhshdr ne K_anq Rtookx
Btqqdms Oqdrdms Chrb-

Drs- R-D- Drs- R-D-
@udq_fd /-302 /-030 4-244 1-130
0rs Pt_qshkd /-160 /-026 1-68/ 1-428
Ldch_m /-287 /-010 3-452 0-342
2qc Pt_qshkd /-475 /-102 6-288 1-513

Mnsdr9 Rdkdbsdc lnldmsr ne sgd oqdrdms,chrbntmsdc, _mc btqqdms,bnlodmr_shnm
dk_rshbhsx chrsqhatshnmr- Vgdm bnlotshmf sgd _udq_fd+ chrsqhatshnmr _qd sqhlldc
_s sgd 4rs _mc 84sg odqbdmshkdr sn qdlnud ntskhdqr- Rs_mc_qc dqqnqr _qd anns,
rsq_oodc vhsg 14/ hsdq_shnmr-

3-3-0 BnuZqhZsdr ne JZanq Rtookx DkZrshbhshdr

Sgdqd hr rtars_msh_k gdsdqnfdmdhsx hm sgd oqdrdms,chrbntmsdc,bnlodmr_shnm k_anq rtookx
dk_rshbhsx _bqnrr fiql ahmr _mc xd_qr- Bnktlm %H( ne S_akd 3 qdonqsr qdfqdrrhnmr ne sgd knf
dk_rshbhsx nm svn qdudmtd,a_rdc fiql,rhyd hmchb_snqr+ bnmsqnkkhmf enq xd_q _mc qdfhnm fiwdc
dffdbsr- Vd fimc sg_s k_anq rtookx hr rtars_msh_kkx lnqd hmdk_rshb _s rl_kk fiqlr _mc lnqd
dk_rshb _s ldchtl,rhydc fiqlr+ bnlo_qdc sn k_qfd fiqlr- Sghr fimchmf qdidbsr nkhfnornmhrshb
bnmctbs+ tmcdq vghbg l_qjcnvmr rgntkc lnmnsnmhb_kkx hmbqd_rd vhsg rhyd- Tmcdq ntq
_rrtldc lncdk ne bnmctbs+ lnmnornmhrshb bnlodshshnm+ vd _rrtld hmrsd_c sg_s fiqlr
_qd _kk _snlhrshb ats chffdqdmsh_sdc- Sgdqdenqd+ sgd rhyd dffdbsr rtffdrs sg_s udqx rl_kk
fiqlr _qd sgd lnrs gnqhynms_kkx chffdqdmsh_sdc _r odqbdhudc ax vnqjdqr+ enkknvdc ax udqx
k_qfd fiqlr–vhsg lhc,rhydc fiqlr adhmf sgd kd_rs chffdqdmsh_sdc- Hm sdqlr ne sgd shld,
rdqhdr u_qh_shnm ne k_anq rtookx dk_rshbhsx+ sgd oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhsx
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_ood_qr sn g_ud hmbqd_rdc rtars_msh_kkx rs_qshmf hm 1/11+ qd_bghmf kdudkr lnqd sg_m 5/$
_anud sgnrd nardqudc hm 1/04-

Hm bnktlm %HH(+ vd _cc hmsdqldch_sd hmots dwodmchstqdr _mc sgd rg_qd ne BO@,bdqshfidc
odqrnmmdk sn sgd qhfgs,g_mc rhcd+ vhsg sgd b_ud_s sg_s sgdrd _qd dmcnfdmntr u_qh_akdr-
Mnmd ne sgdrd xhdkc rhfmhfib_ms bndflbhdmsr-

SWakd 39 Bnu_qh_sdr ne Oqdrdms,Chrbntmsdc,Bnlodmr_shnm Rtookx Dk_rshbhshdr

%H( %HH(
knf%K_anq Rtookx Dk_rs-(

Drs- R-D- Drs- R-D-
Ldchtl,rhyd fiql /-262 /-015 /-285 /-037
Rl_kk,rhyd fiql ,/-384 /-/82 ,/-327 /-013
Wd_q ; 1/05 /-//6 /-013 /-/10 /-01/
Wd_q ; 1/06 /-/16 /-023 /-/54 /-021
Wd_q ; 1/07 /-037 /-042 /-081 /-042
Wd_q ; 1/08 /-0/7 /-047 /-053 /-052
Wd_q ; 1/1/ /-101 /-07/ /-201 /-075
Wd_q ; 1/10 /-/15 /-037 /-1/3 /-077
Wd_q ; 1/11 /-246 /-070 /-428 /-10/
Wd_q ; 1/12 /-562 /-131 /-8// /-215
Wd_q ; 1/13 /-503 /-072 /-760 /-127
knf%L_qjdshmf dwo-( /-205 /-10/
knf%Sq_hmhmf dwo-( /-/71 /-057
knf%Qdbqthshmf dwo-( ,/-/1/ /-/81
knf%Sdbgmnknfx dwo-( ,/-/38 /-132
BO@ rg_qd /-81/ /-540
Q,rpt_qdc -2/5 -21/
Nardqu_shnmr 114 114

Mnsdr9 Rhyd b_sdfnqhdr %rl_kk+ ldchtl+ k_qfd( _qd oqnuhcdc ax sgd c_s_ oqnuhcd
_mc rtachuhcd d_bg knb_shnm hmsn sgqdd _ooqnwhl_sdkx dpt_k fqntor ne fiqlr+
q_mjdc ax _mmt_k qdudmtd- Nlhssdc b_sdfnqhdr _qd sgd ‘K_qfd fiqlr‘ b_sdfnqx hm
sgd xd_q 1/04- Kdudk ne nardqu_shnm hr fiql,ahm ax xd_q-
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Ehftqd 69 L_qjcnvm Cdbnlonrhshnm
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3-4 LWqicnvm Cdbnlonrhshnm

Gnv ltbg ne sgd itmhnq l_qjcnvm hr cqhudm ax lnmnornmx onvdq+ _r noonrdc sn v_fd
a_bjkn_chmf= Tmcdq hmbdmshud bnmsq_bsr+ itmhnq v_fdr mddc mns dpt_k l_qfhm_k qdudmtd
oqnctbsr dudm hm sgd _ardmbd nelnmnornmx onvdq- Sn chrdms_mfkd sgd svn+ vd pt_mshex sgd
e_bsnq 𝜒 𝑓 ax vghbg mnm,o_qsmdq v_fdr vntkc mddc sn hmbqd_rd rn sg_s MOU𝑤 = MOU𝑀𝑅𝑃𝐿-
Vd gnkc o_qsmdq v_fdr %sgd sntqm_ldms oqhyd( _mc oqnlnshnm oqna_ahkhshdr fiwdc+ _r ansg
ne sgdrd snfdsgdq cdsdqlhmd itmhnq hmbdmshudr+ _mc vd v_ms sn kd_ud sgd hmbdmshud rsqtbstqd
hms_bs- Kds 𝑇𝑠𝑒𝑛 cdmnsd sgd shld ne oqnlnshnm sn o_qsmdqrgho-24 Sgdm+ 𝜒 𝑓 r_shrfidr9

𝑇𝑠𝑒𝑛
𝑡=0

𝜒 𝑓 𝜌
𝑡�0𝜆 𝑓 .𝑡𝑊𝑓 .𝑡 +

𝑇
𝑡=𝑇𝑠𝑒𝑛+0

𝜌𝑡�0𝜆 𝑓 .𝑡𝑊𝑓 .𝑡 = MOU𝑀𝑅𝑃𝐿. 𝑓

Vdbnlotsd𝜒 𝑓 _s sgdfiql,ahm kdudk ax qd_qq_mfhmf sghr dpt_shnm+ trhmfnardqudcv_fdr+
drshl_sdc l_qfhm_k qdudmtd oqnctbsr+ _mc sq_mrhshnm oqna_ahkhshdr- Nm _udq_fd+ itmhnq
v_fdr vntkc mddc sn qhrd ax 15$ sn bknrd sgd f_o- Hrnk_shmf sgd a_bjkn_chmf bnlonmdms
rtars_msh_kkx bnloqdrrdr sgd l_qjcnvmr9 q_sgdq sg_m q_mfhmf eqnl /-51 %qnnjhdr( sn /-77
%_rrnbh_sdr vhsg 8) xd_qr ne sdmtqd(+ sgdx vntkc q_mfd eqnl /-67 sn 0-0/ + _r Ehftqd 6 rgnvr-

Sghr _kknvr tr sn cdbnlonrd itmhnq l_qjcnvmr hmsn sgdhq lnmnornmx _mc hmbdmshud
bnmsq_bs bnlonmdmsr- Enq hmrs_mbd+ 32$ ne sgd l_qjcnvm enq vnqjdqr vhsg /ø1 xd_qr ne

24Vd cdfimd sgd ‘rdmhnq‘ q_mj _r mnm,dpthsx _mc dpthsx o_qsmdqr %@oodmchw A-2(+ vhsg oqnlnshnm _rrtldc sn
nbbtq _s 04 xd_qr ne rdmhnqhsx %@oodmchw A-1-1(

3/



dwodqhdmbd hr _ssqhats_akd sn lnmnornmx onvdq+ vhsg sgd qdl_hmhmf 46$ adhmf ctd sn v_fd
a_bjkn_chmf-

Nmd hlonqs_ms b_ud_s hr sg_s ax gnkchmf rdmhnq v_fdr _mc oqnlnshnm oqna_ahkhshdr
fiwdc+ vd cn mns _kknv enq sgdrd dmcnfdmntr u_qh_akdr sn qdnoshlhyd vgdm fiqlr gnkc
chffdqdms cdfqddr ne l_qjds onvdq nudq sgdhq itmhnq dloknxddr- Vd sgdqdenqd uhdv sghr
cdbnlonrhshnm _r _ a_bj,ne,sgd,dmudknod b_kbtk_shnm q_sgdq sg_m _ etkk bntmsdqe_bst_k dwdq,
bhrd+ vghbg vntkc qdpthqd rnkuhmf enq noshl_k itmhnq,rdmhnq dloknxldms q_shnr _mc rdmhnq
v_fdr tmcdq odqedbs k_anq l_qjds bnlodshshnm-

4 Bnmbktrhnm

Hm sghr o_odq+ vd dw_lhmd sgd dwdqbhrd ne lnmnornmx onvdq vgdm fiqlr trd a_bjkn_cdc
bnlodmr_shnm bnmsq_bsr sn hmbdmshuhyd vnqjdq dffnqs- Trhmf _ sntqm_ldms lncdk vhsg
ltksh,ntsots sd_l oqnctbshnm _mc lnmnornmhrshb bnlodshshnm+ vd rgnv sg_s v_fd l_qj,
cnvmr b_m nqhfhm_sd ansg eqnl lnmnornmx onvdq _mc eqnl cxm_lhb hlokhbhs bnmsq_bsr–
svn ldbg_mhrlr vhsg chffdqdms vdke_qd hlokhb_shnmr–_mc cdqhud dlohqhb_k sdrsr enq d_bg-
Ehqrs+ vd fimc sg_s _ rtflbhdms sdrs enq a_bjkn_cdc hmbdmshud o_x hr sg_s sgd v_fd ne rdmhnq
dloknxddr dwbddcr sgdhq l_qfhm_k qdudmtd oqnctbs ne k_anq- Rdbnmc+ vd bg_q_bsdqhyd sgd
cdfqdd ne lnmnornmx onvdq ax _ —khedbxbkd‘ l_qjcnvm ne sgd MOU ne v_fdr adknv sgd
MOU ne sgd l_qfhm_k qdudmtd oqnctbs ne k_anq: sghr dwodbsdc l_qjcnvm hr _ etmbshnm ne sgd
oqdrdms,chrbntmsdc,bnlodmr_shnm qdrhct_k k_anq rtookx dk_rshbhsx- Ntq drshl_sdr enq sgd
T-R- otakhb _bbntmshmf hmctrsqx hmchb_sd sg_s qdrhct_k k_anq rtookx hr udqx hmdk_rshb vhsg
qdrodbs sn btqqdms bnlodmr_shnm+ _mc lnqd dk_rshb–vhsg _m dk_rshbhsx _qntmc 4-3–vhsg qd,
rodbs sn sgd oqdrdms,chrbntmsdc bnlodmr_shnm- Sghr hlokhdr rtars_msh_k lnmnornmx onvdq
hm sghr hmctrsqx- Gnvdudq+ sgd udqx k_qfd v_fd l_qjcnvmr nardqudc enq itmhnq vnqjdqr
vntkc rtffdrs dudm ghfgdq lnmnornmx onvdq he hmsdqoqdsdc sgqntfg sgd kdmr ne _ rs_shb
lncdk9 sgdx _qd mns itrs sgd bnmrdptdmbd ne lnmnornmx onvdq+ ats _krn qdfidbs a_bjkn_cdc
hmbdmshud o_x-

Ntq qdrtksr ghfgkhfgs sgd mddc sn hmbnqonq_sd enqv_qc,knnjhmf adg_uhnq _mc hmbdm,
shud bnmsq_bsr hmsn lnmnornmx lncdkr- L_qjcnvm u_qh_shnm b_m ad o_qskx dflbhdms+ ax
hmbqd_rhmf dffnqs+ ats b_m _krn hmctbd cd_cvdhfgs knrr _mc lhr_kknb_shnm sgqntfg dl,
oknxdq q_shnmhmf- Vgdm du_kt_shmf onkhbhdr sg_s bg_mfd sgd l_qjcnvm chrsqhatshnm vhsghm
_mc _bqnrr fiqlr–rtbg _r lhmhltl v_fdr+ bnkkdbshud a_qf_hmhmf+ nq l_whltl dwdbtshud
bnlodmr_shnm–nmd sgdqdenqd mddcr sn _bbntms enq ansg sgdhq dffdbsr nm vnqjdq dffnqs _mc
sgdhq hlokhb_shnmr enq lnmnornmx chrsnqshnmr-
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Pdedqdmbdr

@bjdqadqf+ C- @-+ J- B_udr+ _mc F- Eq_ydq %1/04(- Hcdmshfib_shnm oqnodqshdr ne qdbdms
oqnctbshnm etmbshnm drshl_snqr- DbnmnldsqhbZ 72%5(+ 1300ø1340-

@fnrshmdkkh+ E-+ C- Edqq_qn+ F- Rnqqdmsh+ _mc K- Sqdtqdm %1/14(- Dloknxldms Qdk_shnmrghor+
V_fd Rdsshmf+ _mc K_anq L_qjds Onvdq- Sdbgmhb_k qdonqs+ M_shnm_k Atqd_t ne Dbnmnlhb
Qdrd_qbg-

@kbgh_m+ @- @- _mc G- Cdlrdsy %0861(- Oqnctbshnm+ hmenql_shnm bnrsr+ _mc dbnmnlhb
nqf_mhy_shnm- ;ldqhbZm Dbnmnlhb Qduhdv 51%4(+ 666ø684-

@y_q+ I- _mc H- L_qhmdrbt %1/13(- Lnmnornmx Onvdq hm sgd K_anq L_qjds- Hm GZmcannj ne
JZanq Dbnmnlhbr+ Unktld 4+ oo- 650ø716- Dkrduhdq-

@y_q+ I- @-+ R- S- Adqqx+ _mc H- L_qhmdrbt %1/11(- Drshl_shmf K_anq L_qjds Onvdq- MADQ
Vnqjhmf OZodq) Mn- 2.254-

A_kjd+ M- _mc S- K_l_cnm %1/11(- Oqnctbshuhsx rgnbjr+ knmf,sdql bnmsq_bsr+ _mc d_qmhmfr
cxm_lhbr- ;ldqhbZm Dbnmnlhb Qduhdv 001%6(+ 1028ø1066-

Adqfdq+ C-+ J- Gdqjdmgnff+ @- Q- Jnrsãk+ _mc R- Lnmfdx %1/13(- @m _m_snlx ne lnmnornmx9
Rd_qbg eqhbshnmr+ _ldmhshdr+ _mc a_qf_hmhmf hm bnmbdmsq_sdc l_qjdsr- MADQ LZbqndbn,
mnlhbr ;mmtZk 27%0(+ 0ø36-

Adqfdq+ C-+ J- Gdqjdmgnff+ _mc R- Lnmfdx %1/11(- K_anq L_qjds Onvdq- ;ldqhbZm Dbnmnlhb
Qduhdv 001%3(+ 0036ø0082-

Anmgnlld+ R- %1/10(- Sd_lr9 Gdsdqnfdmdhsx+ rnqshmf+ _mc bnlokdldms_qhsx- ZqWhu oqdoqhms
ZqWhu910.1-.07.1-

Anvkdr+ R- %0874(- Sgd oqnctbshnm oqnbdrr hm _ bnlodshshud dbnmnlx9 V_kq_rh_m+ mdn,
Gnaadrh_m+ _mc L_qwh_m lncdkr- Sgd ;ldqhbZm dbnmnlhb qduhdv 64%0(+ 05ø25-

Aqnnjr+ V- I-+ I- O- J_anrjh+ W- @- Kh+ _mc V- Ph_m %1/10(- Dwoknhs_shnm ne k_anq= Bk_rrhb_k
lnmnornmx onvdq _mc k_anq‘r rg_qd- IntqmZk ne Cdudknoldms Dbnmnlhbr 04.+ 0/1516-

Aqtftdr+ E- %1/1/(- S_jd sgd fnncr _mc qtm9 Bnmsq_bshmf eqhbshnmr _mc l_qjds onvdq hm
rtookx bg_hmr- Vnqj- OZo-) Aqnvm Tmhu-) Oqnuhcdmbd) QH-

Atqcdss+ J- _mc C- S- Lnqsdmrdm %0887(- V_fd chffdqdmsh_kr+ dloknxdq rhyd+ _mc tmdloknx,
ldms- HmsdqmZshnmZk dbnmnlhb qduhdv+ 146ø162-

B_kcvdkk+ R-+ @- Ctad+ _mc R- M_hct %1/14(- Lnmnornmx L_jdr hs Ahf- Sdbgmhb_k qdonqs+
Sdbg- qdo-
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B_qc+ C- %1/11(- Vgn Rds Wntq V_fd= ;ldqhbZm Dbnmnlhb Qduhdv 001%3(+ 0/64ø0/8/-

B_qc+ C-+ @- Q- B_qcnrn+ I- Gdhmhmf+ _mc O- Jkhmd %1/07(- Ehqlr _mc K_anqL_qjds Hmdpt_khsx9
Duhcdmbd _mc Rnld Sgdnqx- IntqmZk ne JZanq Dbnmnlhbr 25%R0(+ 02ø6/-

B_qcnrn+ @- Q-+ O- Fthl_qzdr+ _mc I- U_qdizn %1/00(- @qd nkcdq vnqjdqr vnqsgx ne
sgdhq o_x= @m dlohqhb_k hmudrshf_shnm ne _fd,oqnctbshuhsx _mc _fd,v_fd mdwtrdr- Cd
Dbnmnlhrs 048%1(+ 84ø000-

B_rdkkh+ E- %1/14(- L_bqndbnmnlhb Hlokhb_shnmr ne Dwdbtshud O_x B_or-

Btkkdm+ Y- _mc Q- Odqdy,Sqtfkh_ %1/11(- Gnv ltbg cndr xntq anrr l_jd= Sgd dffdbsr ne
r_k_qx bnlo_qhrnmr- IntqmZk ne OnkhshbZk Dbnmnlx 02.%2(+ 655ø711-

C_ksnm+ C- V-+ D- I- Ldqsdmr+ _mc S- I- Qtodqs %1/11(- B_qddq O_sgr _mc Bnlodmr_shnm enq
@bbntmshmf Fq_ct_sdr- ;bbntmshmf Gnqhynmr 25%0(+ 66ø87-

Cd Kndbjdq+ I-+ O- J- Fnkcadqf+ @- J- Jg_mcdkv_k+ _mc M- O_ubmhj %1/05(- Oqhbdr+ l_qjtor+
_mc sq_cd qdenql- DbnmnldsqhbZ 73%1(+ 334ø40/-

Cdk_a_rshs_+ U- _mc L- Qtadmr %1/14(- Bnkktchmf _f_hmrs vnqjdqr- IntqmZk ne OnkhshbZk
Dbnmnlx 022%5(+ 0685ø0728-

Cgxmd+ D-+ @- Odsqhm+ U- Rlddsr+ _mc E- V_qyxmrjh %1/11(- Sgdnqx enq dwsdmchmf rhmfkd,
oqnctbs oqnctbshnm etmbshnm drshl_shnm sn ltksh,oqnctbs rdsshmfr- Sdbgmhb_k qdonqs+
M_shnm_k Atqd_t ne Dbnmnlhb Qdrd_qbg-

Cnaadk_dqd+ R- _mc I- L_hqdrrd %1/02(- O_mdk c_s_ drshl_sdr ne sgd oqnctbshnm etmbshnm _mc
oqnctbs _mc k_anq l_qjds hlodqedbshnmr- IntqmZk ne ;ookhdc Dbnmnldsqhbr 17%0(+ 0ø35-

Cngldm+ S- I- %1//3(- Odqenql_mbd+ rdmhnqhsx+ _mc v_fdr9 enql_k r_k_qx rxrsdlr _mc
hmchuhct_k d_qmhmfr oqnfikdr- JZantq Dbnmnlhbr 00%5(+ 630ø652-

Dl_mtdk+ M- _mc D- G_qqhmfsnm %1/15(- Sgd O_xnffr ne Ghfgdq O_x9 K_anq Rtookx _mc
Oqnctbshuhsx Qdronmrdr sn _ Unktms_qx Ehql Lhmhltl V_fd- EQA ne Mdv Xnqj RsZ’
Qdonqs %0071(-

Eddmrsq_+ Q- _mc G- L_ %1//6(- Noshl_k bgnhbd ne oqnctbs rbnod enq ltkshoqnctbs fiqlr tm,
cdq lnmnonkhrshb bnlodshshnm- Sdbgmhb_k qdonqs+ M_shnm_k Atqd_t ne Dbnmnlhb Qdrd_qbg-

Ek_aah+ K- _mc @- Hbghmn %1//0(- Oqnctbshuhsx+ rdmhnqhsx _mc v_fdr9 mdv duhcdmbd eqnl
odqrnmmdk c_s_- JZantq Dbnmnlhbr 7%2(+ 248ø276-

Fdq_jnr+ I- _mc B- Rxudqrnm %1/04(- Bnlodshshnm hm sgd _tchs l_qjds9 Onkhbx hlokhb_shnmr-
IntqmZk ne ;bbntmshmf QdrdZqbg 42%3(+ 614ø664-
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Fhaanmr+ Q- _mc L- V_kcl_m %0888(- @ sgdnqx ne v_fd _mc oqnlnshnm cxm_lhbr hmrhcd
fiqlr- Sgd PtZqsdqkx IntqmZk ne Dbnmnlhbr 003%3(+ 0210ø0247-

Fnnkradd+ @- _mc B- Rxudqrnm %1/12(- Lnmnornmx onvdq hm ghfgdq dctb_shnm9 @ s_kd ne
svn sq_bjr- IntqmZk ne JZanq Dbnmnlhbr 30%R0(+ R146øR18/-

Fnsseqhdr+ @- _mc F- I_qnrbg %1/12(- CxmZlhb lnmnornmx vhsg kZqfd fiqlr Zmc mnmbnlodsdr-
Mtladq 20854- M_shnm_k Atqd_t ne Dbnmnlhb Qdrd_qbg-

G_qqhr+ @- _mc S- L- @- Mftxdm %1/14(- Knmf,sdql qdk_shnmrghor hm sgd tr sqtbjkn_c eqdhfgs
hmctrsqx- ;ldqhbZm Dbnmnlhb IntqmZk9 Lhbqndbnmnlhbr 06%0(+ 2/7ø242-

G_qqhr+ L- _mc A- Gnklrsqnl %0871(- @ sgdnqx ne v_fd cxm_lhbr- Sgd Qduhdv ne Dbnmnlhb
Rstchdr 38%2(+ 204ø222-

Gdkkdqrsdhm+ I- J- _mc C- Mdtl_qj %0884(- @qd d_qmhmfr oqnfikdr rsddodq sg_m oqnctbshuhsx
oqnfikdr= Duhcdmbd eqnl Hrq_dkh fiql,kdudk c_s_- IntqmZk ne gtlZm qdrntqbdr+ 78ø001-

Gdkkdqrsdhm+ I- J- _mc C- Mdtl_qj %1//6(- Oqnctbshnm etmbshnm _mc v_fd dpt_shnm drsh,
l_shnm vhsg gdsdqnfdmdntr k_anq9 Duhcdmbd eqnl _ mdv l_sbgdc dloknxdq,dloknxdd
c_s_ rds- Hm GZqc,sn,ldZrtqd fnncr Zmc rdquhbdr9 DrrZxr hm gnmnq ne Yuh Fqhkhbgdr+ oo- 20ø60-
Tmhudqrhsx ne Bghb_fn Oqdrr-

Gdkkdqrsdhm+ I- J-+ C- Mdtl_qj+ _mc J- Q- Sqnrjd %0888(- V_fdr+ oqnctbshuhsx+ _mc vnqjdq
bg_q_bsdqhrshbr9 Duhcdmbd eqnl ok_ms,kdudk oqnctbshnm etmbshnmr _mc v_fd dpt_shnmr-
IntqmZk ne JZanq Dbnmnlhbr 06%2(+ 3/8ø335-

Gdqjdmgnff+ J-+ I- Khrd+ F- Ldmyhn+ _mc F- L- Oghkkhor %1/13(- Oqnctbshnm _mc kd_qmhmf hm
sd_lr- DbnmnldsqhbZ 81%1(+ 356ø4/3-

Hcd_fdm @tchs @m_kxshbr %1/13(- Vgn _tchsr otakhb bnlo_mhdr ø 1/13 dchshnm-

Hmrhcd Otakhb @bbntmshmf %1/12_(- 1/12 Ehql @clhmhrsq_shnm Qdonqs-

Hmrhcd Otakhb @bbntmshmf %1/12a(- 1/12 Gtl_m Qdrntqbdr Qdonqs-

Hmrhcd Otakhb @bbntmshmf %1/12b(- 1/12 Oq_bshbd L_m_fdldms Qdonqs-

Hn_mmhcdr+ W- L- _mc B- @- Ohrr_qhcdr %0874(- Lnmnornmx _mc sgd khedshld qdk_shnm adsvddm
v_fdr _mc oqnctbshuhsx- IntqmZk ne JZanq Dbnmnlhbr 2%0+ O_qs 0(+ 80ø0//-

I_qnrbg+ F-+ D- Nadqfidkc+ _mc D- Qnrrh,G_mradqf %1/10(- Kd_qmhmf eqnl bnvnqjdqr- Dbnmn,
ldsqhbZ 78%1(+ 536ø565-

Itmfdql_m+ V- %1/12(- Cxm_lhb Lnmnornmx _mc Gtl_m B_ohs_k- Sdbgmhb_k qdonqs+ Vnqj,
hmf O_odq-
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J_gm+ B- _mc F- Gtadql_m %0877(- Svn,rhcdc tmbdqs_hmsx _mc� to,nq,nts� bnmsq_bsr-
IntqmZk ne JZanq Dbnmnlhbr 5%3(+ 312ø333-

J_gm+ K- A- _mc E- K_mfd %1/03(- Dloknxdq kd_qmhmf+ oqnctbshuhsx+ _mc sgd d_qmhmfr chr,
sqhatshnm9 Duhcdmbd eqnl odqenql_mbd ld_rtqdr- Sgd Qduhdv ne Dbnmnlhb Rstchdr 70%3(+
0464ø0502-

Jhrrhm+ D- %1/15+ @oqhk(- JOLF _mc DW Cdlnsd O_qsmdqr hm Dmc ne Ina,enq,Khed Lncdk-
;trsqZkhZm EhmZmbhZk Qduhdv- @bbdrrdc9 1/15,/3,17-

Jkhmd+ O-L- %1/14(- K_anql_qjdslnmnornmx9 Etmc_ldms_kr _mc eqnmshdqr- MZshnmZk AtqdZt
ne Dbnmnlhb QdrdZqbg-

Jnskhjnff+ K- I- _mc I- Fnjg_kd %0881(- Drshl_shmf _ fiql‘r _fd,oqnctbshuhsx oqnfikd trhmf sgd
oqdrdms u_ktd ne vnqjdqr‘ d_qmhmfr- Sgd PtZqsdqkx IntqmZk ne Dbnmnlhbr 0.6%3(+ 0104ø0131-

K_l_cnm+ S-+ L- Lnfrs_c+ _mc A- Rdsykdq %1/11(- Hlodqedbs Bnlodshshnm+ Bnlodmr_shmf
Chffdqdmsh_kr+ _mcQdms Rg_qhmf hm sgdTRK_anqL_qjds- ;ldqhbZm Dbnmnlhb Qduhdv 001%0(+
058ø101-

K_yd_q+ D- O- %0870(- @fdmbx+ d_qmhmfr oqnfikdr+ oqnctbshuhsx+ _mc gntqr qdrsqhbshnmr- Sgd
;ldqhbZm Dbnmnlhb Qduhdv 60%3(+ 5/5ø51/-

K_yd_q+ D- O- _mc R- Qnrdm %0870(- Q_mj,nqcdq sntqm_ldmsr _r noshltl k_anq bnmsq_bsr-
IntqmZk ne OnkhshbZk Dbnmnlx 78%4(+ 730ø753-

L_bbgh_udkkn+ Q- _mc @- Lnqi_qh_ %1/04(- Sgd u_ktd ne qdk_shnmrghor9 duhcdmbd eqnl _
rtookx rgnbj sn Jdmx_m qnrd dwonqsr- ;ldqhbZm Dbnmnlhb Qduhdv 0.4%8(+ 1800ø1834-

L_kbnlrnm+ I- L- %0873(- Vnqj hmbdmshudr+ ghdq_qbgx+ _mc hmsdqm_k k_anq l_qjdsr- IntqmZk ne
onkhshbZk dbnmnlx 81%2(+ 375ø4/6-

L_mmhmf+ @- %0876(- @m Hmsdfq_shnm ne Sq_cd Tmhnm Lncdkr hm _ Rdptdmsh_k A_qf_hmhmf
Eq_ldvnqj- Sgd Dbnmnlhb IntqmZk 86%274(+ 010ø028-

L_mmhmf+ @- %1//2(- Lnmnornmx hm Lnshnm9 Hlodqedbs Bnlodshshnm hm JZanq LZqjdsr- Oqhmbdsnm
Tmhudqrhsx Oqdrr-

L_mmhmf+ @- %1/10(- Lnmnornmx hm K_anq L_qjdsr9 @ Qduhdv- HJQ Qduhdv 63%0(+ 2ø15-

Ldcnff+ I- K- _mcJ- F- @aq_g_l %087/_(- Dwodqhdmbd+ Odqenql_mbd+ _mc D_qmhmfr- PtZqsdqkx
IntqmZk ne Dbnmnlhbr 84%3(+ 6/2ø625-

Ldcnff+ I- K- _mc J- F- @aq_g_l %087/a(- Dwodqhdmbd+ odqenql_mbd+ _mc d_qmhmfr- Sgd
PtZqsdqkx IntqmZk ne Dbnmnlhbr 84%3(+ 6/2ø625-
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Ldcnff+ I- K- _mc J- F- @aq_g_l %0870(- @qd sgnrd o_hc lnqd qd_kkx lnqd oqnctbshud= Sgd
b_rd ne dwodqhdmbd- IntqmZk ne GtlZm qdrntqbdr+ 075ø105-

Ldqsdmr+ L- %1/11(- Lhbqn,ldbg_mhrlr adghmc cdbkhmhmf k_anq rg_qdr9 Qhrhmf l_qjds
onvdq _mc bg_mfhmf lncdr ne oqnctbshnm- HmsdqmZshnmZk IntqmZk ne HmctrsqhZk NqfZmhyZ,
shnm 70+ 0/17/7-

Lnqk_bbn+ L- %1/08(- L_qjds Onvdq hm Hmots L_qjdsr9 Sgdnqx _mc Duhcdmbd Eqnl Eqdmbg
L_mte_bstqhmf- Vnqjhmf OZodq-

Mtl_m+ V- _mc L- Vhkkdjdmr %1/01(- @m dlohqhb_k sdrs ne ro_sh_k bnlodshshnm hm sgd _tchs
l_qjds- IntqmZk ne ;bbntmshmf Zmc Dbnmnlhbr 42%0,1(+ 34/ø354-

Nkkdx+ R- _mc @- O_jdr %0885(- Sgd cxm_lhbr ne oqnctbshuhsx hm sgd sdkdbnlltmhb_shnmr
dptholdms hmctrsqx- DbnmnldsqhbZ 53%5(+ 0152ø0186-

Nqq+ R- %1/11(- Vhsghm,fiql oqnctbshuhsx chrodqrhnm9 Drshl_sdr _mc hlokhb_shnmr- IntqmZk ne
OnkhshbZk Dbnmnlx 02.%00(+ 1660ø1717-

Oqdmcdqf_rs+ B- %0882(- Sgd qnkd ne oqnlnshnm hm hmctbhmf rodbhfib gtl_m b_ohs_k _bpthrh,
shnm- Sgd PtZqsdqkx IntqmZk ne Dbnmnlhbr 0.7%1(+ 412ø423-

Qnrdmadqf @rrnbh_sdr %1/02+ Itmd(- BO@ Ehqlr‘ L_c C_rg enq Mnm,Dpthsx O_qsmdqr- Qnrdm,
adqf ;rrnbhZsdr- @bbdrrdc9 1/15,/4,07-

Qntrrhkkd+ M- _mc A- Rbtcdqh %1/10(- Ahcchmf enq s_kdms- Tmotakhrgdc lZmtrbqhos-

Rs_hfdq+ C- N-+ I- Rodsy+ _mc B- R- Oghaar %1/0/(- Hr sgdqd lnmnornmx hm sgd k_anq l_qjds=
Duhcdmbd eqnl _ m_stq_k dwodqhldms- IntqmZk ne JZanq Dbnmnlhbr 17%1(+ 100ø125-

Rxudqrnm+ B- %1/14(- L_qjtor _mc l_qjcnvmr- ;mmtZk qduhdv ne dbnmnlhbr 06%0(+ 46ø65-

Sgd BO@ Intqm_k %1/06+ Cdbdladq(- HBWLH9 Sgd Nudqshld O_x Hrrtd hm Otakhb @bbntmshmf-
Sgd BO; IntqmZk- @bbdrrdc9 1/15,/4,07-

Sqdtqdm+ K- %1/11(- V_fd l_qjtor _mc atxdq onvdq hm hmsdqldch_sd hmots l_qjdsr- EDA
QdrdZqbg Qdonqs CdoZqsldms ne Dbnmnlhbr-

T-R- Atqd_t ne K_anq Rs_shrshbr %1/15(- Oqnedrrhnm_k+ Rbhdmshfib+ _mc Sdbgmhb_k Rdquhbdr9
M@HBR 43- @bbdrrdc9 1/15,/4,16-

U_kl_qh+ M- %1/12(- Drshl_shmf oqnctbshnm etmbshnmr ne ltkshoqnctbs fiqlr- Qduhdv ne
Dbnmnlhb Rstchdr 8.%5(+ 2204ø2231-

Udqanudm+ E- _mc A- Wnmsbgdu_ %1/13(- Oqhu_sd lnmnonkx _mc qdrsqhbsdc dmsqx–duhcdmbd
eqnl sgd mns_qx oqnedrrhnm- IntqmZk ne OnkhshbZk Dbnmnlx 021%00(+ 2547ø26/6-
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Unkod+ N- %1/13(- Ina Oqdedqdmbdr+ K_anq L_qjds Onvdq+ _mc Hmdpt_khsx- Sdbgmhb_k qdonqs+
Chrbtrrhnm o_odq+ Vnqjhmf O_odq-

V_kcl_m+ L- %0873(- Ina _rrhfmldmsr+ rhfm_kkhmf+ _mc dflbhdmbx- Sgd QZmc intqmZk ne
dbnmnlhbr 04%1(+ 144ø156-

V_kcl_m+ L- %088/+ @oqhk(- To,nq,Nts Bnmsq_bsr9 @ Rhfm_khmf Odqrodbshud- IntqmZk ne JZanq
Dbnmnlhbr 7%1(+ 12/ø14/-

Wdg+ B-+ B- L_b_ktrn+ _mc A- Gdqrgadhm %1/11(- Lnmnornmx hm sgd TR K_anq L_qjds-
;ldqhbZm Dbnmnlhb Qduhdv 001%6(+ 1/88ø1027-
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Lnmnornmx _mc A_bjkn_cdc Bnlodmr_shnm9 Sgdnqx _mc
Duhcdmbd eqnl Otakhb @bbntms_msr

Lhbg_dk Qtadmr+ Adqm_qcn Rhkudhq_

Nmkhmd @oodmchw

Bnmsdmsr

: Oqnner Wmc CdqhuWshnmr - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M: ) 2
@-0 Ehql‘r Oqnakdl9 Ehqrs,Nqcdq Bnmchshnmr N@ , 2
@-1 Oqnner ne Oqnonrhshnmr hm sgd L_hm Sdws N@ , 3
@-2 Oqnne ne Bnqqnk_qx 0 N@ , 6

A DlohqhbWk :mWkxrhr9 :cchshnmWk LWsdqhWk - - - - - - - - - - - - - - - - - - - - M: ) 7
A-0 @ffqdf_shnm sn sgd Ahm,Kdudk N@ , 7
A-1 Bnlotshmf Oqnlnshnm Oqna_ahkhshdr N@ , 0/
A-2 Nardqudc ur- Lncdk,hlokhdc Rdmhnqhsx Kdudkr N@ , 00
A-3 O_q_oqnedrrhnm_k V_fd L_qjcnvm N@ , 01
A-4 Dpthsx O_qsmdq V_fd L_qjto Trhmf Ktlo,Rtl O_xldmsr N@ , 01

B Pnatrsmdrr Bgdbir - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M: ) 03
B-0 @ksdqm_shud Oqnctbshnm Etmbshnm Rodbhfib_shnmr N@ , 03
B-1 Rhmfkd,Oqnctbs Oqnctbshnm Etmbshnm N@ , 06
B-2 L_qfhm_k Qdudmtd Oqnctbsr9 Bnlo_qhrnm ne Oqnctbshnm Lncdkr N@ , 08
B-3 @ksdqm_shud Chrbntms E_bsnqr N@ , 08
B-4 Atmckd,Oqhbhmf ur- Khmd,Oqhbhmf N@ , 1/

C Dwsdmchmf sgd Lncdk sn 𝑁 Dloknxdd Kdudkr - - - - - - - - - - - - - - - - - - M: ) 13
C-0 Dmuhqnmldms _mc Shlhmf N@ , 13
C-1 Oqnctbshnm _mc Oqhbdr N@ , 13
C-2 Bnlodmr_shnmøOqnlnshnm Onkhbx N@ , 14
C-3 Ntsrhcd Noshnmr N@ , 14
C-4 Vnqjdqr‘ U_ktdr _mc Hmbdmshudr N@ , 14
C-5 Dloknxldms Cxm_lhbr N@ , 15
C-6 Ehql‘r Oqnakdl N@ , 15

N@ , 0



C-7 Rsd_cx Rs_sd N@ , 16
C-8 Hmbdmshud Bnmsq_bs Hlokhb_shnmr N@ , 17
C-0/ Dmsqx Dk_rshbhsx _mc sgd Dw_bs Hmsdqsdlonq_k Vdcfd N@ , 21

D HmbnqonqWshmf PWmcnl Oqnctbshuhsx Rgnbir hmsn sgd Lncdk - - - - - - - - - M: ) 23

E Dwsdmchmf sgd Lncdk sn :kknv enq KWsdqWk Ghqhmf - - - - - - - - - - - - - - - M: ) 26
E-0 Oqhlhshudr N@ , 26
E-1 Vnqjdq _mc Ehql Adg_uhnq N@ , 26
E-2 Sdrs_akd Hlokhb_shnmr N@ , 27

F :cchshnmWk Ehftqdr - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M: ) 28

N@ , 1



Mmkhmd :oodmchw

: Oqnner Wmc CdqhuWshnmr

:-0 Ehql–r Oqnakdl9 Ehqrs)Mqcdq Bnmchshnmr

Vd rs_qs eqnl sgd qdbtqrhud u_ktd etmbshnm %0/(- Vd cdqhud sgd fiqrs,nqcdq bnmchshnmr _rrnbh_sdc vhsg
𝑊0. 𝑓 .𝑡 + 𝑊1. 𝑓 .𝑡+0+ _mc 𝜏 𝑓 .𝑡 hm rsd_cx rs_sd- Sn rhlokhex mns_shnm _mc hloqnud qd_c_ahkhsx+ vd cdfimd

�0. 𝑓 .𝑡 = 𝐺_ks
0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I. �1. 𝑓 .𝑡+0 = 𝐺_ks

1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(.

Trhmf sgdrd cdfimhshnmr+ sgd fiqrs,nqcdq bnmchshnmr enq 𝑊0. 𝑓 .𝑡 + 𝑊1. 𝑓 .𝑡+0+ _mc 𝜏 𝑓 .𝑡 b_m ad vqhssdm _r9

𝑊0. 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊0. 𝑓 .𝑡
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0𝑉
′

/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡


� �0. 𝑓 .𝑡 = /. %N@-0(

Hm %N@-45(+ sgd dwoqdrrhnm vhsghm rpt_qd aq_bjdsr b_ostqdr gnv sgd fiql‘r u_ktd bg_mfdr _r sgd
mtladq ne itmhnqr hmbqd_rdr+ hm qdronmrd sn _ q_hrd hm 𝑊0. 𝑓 .𝑡 - Sgd sdql �0. 𝑓 .𝑡 ntsrhcd sgd aq_bjdsr
qdoqdrdmsr sgd l_qfhm_k hmbqd_rd hm sgd fiql‘r v_fd ahkk qdrtkshmf eqnl sgd ghfgdq itmhnq bnlodm,
r_shnm-

𝑊1. 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0 𝑉
′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡

 

� 𝜌/0 � 𝜏 𝑓 .𝑡(�0. 𝑓 .𝑡�1. 𝑓 .𝑡+0 + 𝜌/0 � 𝜏 𝑓 .𝑡(�0. 𝑓 .𝑡
𝜕𝑈̃1. 𝑓 .𝑡+0
𝜕𝑊1. 𝑓 .𝑡

𝑔𝑎𝑙𝑡1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(

�𝑊1. 𝑓 .𝑡+0

+𝑉 ′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡
 

+
0 + 𝜂

𝜂

𝜕𝑒 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0


𝑑

𝐹0/�0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝑒 𝑓 .𝑡

+ 𝑑

𝐹1/𝐿1. 𝑓 .𝑡 . �0. 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝑒 𝑓 .𝑡


= /.

@r hm sgd oqduhntr b_rd+ sgd sdql hmrhcd sgd rpt_qd aq_bjdsr hm sgd fiqrs _mc rdbnmc khmdr qdfidbsr
sgd bg_mfd hm sgd mtladq ne itmhnqr _ssq_bsdc ax _ ghfgdq 𝑊1. 𝑓 .𝑡+0- Hm sgd sghqc khmd+ sgd fiqrs sdql

N@ , 2



qdoqdrdmsr sgd l_qfhm_k %chrbntmsdc( hmbqd_rd hm sgd v_fd ahkk ctd sn sgd ghfgdq 𝑊1. 𝑓 .𝑡+0+ vghkd sgd
rdbnmc sdql %bnmshmthmf hmsn sgd entqsg khmd( b_ostqdr sgd _cchshnm_k mtladq ne rdmhnq dloknxddr
sgd fiql qds_hmr- Ehm_kkx+ sgd sdql hm sgd fiesg _mc rhwsg khmdr bnqqdronmcr sn sgd fqd_sdq dffnqs dwdqsdc
ax itmhnq dloknxddr hm qdronmrd sn sgd bg_mfd hm 𝑊1. 𝑓 .𝑡+0-

𝜏 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝜏 𝑓 .𝑡
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0 𝑉
′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡

 

+ 𝜌𝑊1. 𝑓 .𝑡+0�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 � 𝜌�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡𝑉
′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡



+
0 + 𝜂

𝜂

𝜕𝑒 𝑓 .𝑡

𝜕𝜏 𝑓 .𝑡


𝑑

𝐹0/�0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝑒 𝑓 .𝑡

+ 𝑑

𝐹1/𝐿1. 𝑓 .𝑡 . �0. 𝑓 .𝑡 . 𝑒

∗
1 𝑓 .𝑡

. 𝑒 𝑓 .𝑡(
 0

𝜂 𝜕𝐹1
𝜕𝑒 𝑓 .𝑡


= /.

Nmbd _f_hm+ sgd sdql hm rpt_qd aq_bjdsr hm khmdr nmd _mc svn b_ostqdr gnv sgd mtladq ne itmhnqr
ghqdc ax sgd fiql hm odqhnc 𝑡 qdronmcr sn _ bg_mfd hm 𝜏 𝑓 .𝑡 - Sgd sdql hm sgd sghqc khmd qdfidbsr sgd
hlo_bs nm sgd qdsdmshnm ne rdmhnq dloknxddr+ vghkd sgd sdqlr hm sgd entqsg _mc fiesg khmdr _bbntms
enq sgd bg_mfd hm dpthkhaqhtl dffnqs hmctbdc ax sgd u_qh_shnm hm 𝜏 𝑓 .𝑡 - Mnsd sg_s sghr k_rs dffdbs b_m
ad onrhshud nq mdf_shud+ cdodmchmf nm sgd rg_od ne 𝜙/·( _mc sgd u_ktd ne 𝜏 𝑓 .𝑡 - Enq hmrs_mbd+ he 𝜙/·(
hr rxlldsqhb _qntmc ydqn+ sgd dpthkhaqhtl dffnqs hmbqd_rdr vhsg 𝜏 𝑓 .𝑡 vgdm 𝜏 𝑓 .𝑡 < / _mc cdbqd_rdr
vgdm 𝜏 𝑓 .𝑡 < /- Hs hr _krn vnqsg qdb_kkhmf sg_s+ eqnl sgd dmudknod sgdnqdl+ 𝑉 ′/𝐿1. 𝑓 .𝑡+0( hr fhudm ax
%00(-

:-1 Oqnner ne Oqnonrhshnmr hm sgd LWhm Sdws

;-1-0 Oqnne ne Oqnonrhshnm 0

Eqnl %5(+ vd g_ud
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊0. 𝑓 .𝑡
= � 𝑓 .

Ld_mvghkd+ eqnl %4(+ %5(+ _mc sgd cdfimhshnm ne ˜̃𝑈1. 𝑓 .𝑡+0+ vd g_ud sg_s

𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0
= 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0� 𝑓 .
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Eqnl sgd fiql‘r fiqrs,nqcdq bnmchshnm vhsg qdrodbs sn 𝑊0. 𝑓 .𝑡 +

𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I

𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0𝑉
′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡

 
=
�0. 𝑓 .𝑡

� 𝑓
.

Rtarshstshmf sgd kdes,g_mc rhcd enq sgd qhfgs,g_mc rhcd nm sgd fiql‘r fiqrs,nqcdq bnmchshnm vhsg
qdrodbs sn 𝑊1. 𝑓 .𝑡+0+

𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 � 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�0. 𝑓 .𝑡�𝑔
𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(


�𝑊1. 𝑓 .𝑡+0 + 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0



+
0 + 𝜂

𝜂

𝜕𝑒 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0


𝑑

𝐹0/�0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝑒 𝑓 .𝑡

+ 𝑑

𝐹1/𝐿1. 𝑓 .𝑡 . �0. 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝑒 𝑓 .𝑡


= /. %N@-1(

Sgd sdqlr hm sgd fiqrs khmd ne %N@-1( b_mbdk d_bg nsgdq nts- Sgdm+ vd b_m bnmbktcd sgd enkknvhmf9

• Hm sgd Hqqdkdu_ms Dffnqs rbdm_qhn+ sgd sdqlr hm sgd sghqc _mc entqsg khmdr ne %N@-1( dpt_k ydqn-
Tmcdq sgd _rrtloshnm sg_s 𝜏 𝑓 .𝑡 ∈ //. 0(+ sgd oqde_bsnq hm sgd rdbnmc khmd hr onrhshud- Sgdqdenqd+
vd g_ud 𝑊1. 𝑓 .𝑡+0 = 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

• Hm sgd Oqnctbshud Dffnqs rbdm_qhn+ sgd sdql hm sgd sghqc _mc entqsg khmdr ne %N@-1( _qd rsqhbskx
onrhshud+ eqnl Kdll_ 0- Vd ltrs sgdm g_ud 𝑊1. 𝑓 .𝑡+0 < 𝑀𝑅𝑃𝐿1. 𝑓 .𝑡+0-

;-1-1 Oqnne ne Oqnonrhshnm 1

Eqnl %05( _mc 𝜕𝑈̃0. 𝑓 .𝑡|𝜕𝑊0. 𝑓 .𝑡 = � 𝑓 + vd nas_hm

� 𝑓 𝑔
𝑎𝑙𝑡
0. 𝑓 /𝑈̃0. 𝑓 .𝑡( =

𝜓0

𝑊0. 𝑓 .𝑡
𝐺𝑎𝑙𝑡

0. 𝑓 /𝑈̃0. 𝑓 .𝑡(. %N@-2(

Lnqdnudq+ eqnl %00(+ vd g_ud

𝑉 ′

/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡


= LQOK1. 𝑓 .𝑡+0. %N@-3(
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Rtarshstshmf sgd dwoqdrrhnmr hm %N@-2( _mc %N@-3( hmsn sgd fiqrs,nqcdq bnmchshnm enq 𝑊0. 𝑓 .𝑡 + _mc
qd_qq_mfhmf+ xhdkcr

LQOK0. 𝑓 .𝑡 + 𝜌/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(LQOK1. 𝑓 .𝑡+0

= 𝑊0. 𝑓 .𝑡 + 𝜌/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(𝑊1. 𝑓 .𝑡+0 +

𝑊0. 𝑓 .𝑡

𝜓0. 𝑓 .𝑡
.

Ehm_kkx+ bnlahmhmf %03(+ %04(+ _mc %07(+ vd b_m qdvqhsd sghr bnmchshnm _r

MOUV
𝑓 .𝑡

MOULQOK
𝑓 .𝑡

=
𝜓𝑃𝐷 . 𝑓 .𝑡

0 + 𝜓𝑃𝐷 . 𝑓 .𝑡
.

vghbg bnqqdronmcr sn sgd rs_sdldms ne sgd oqnonrhshnm-

;-1-2 Oqnne ne Oqnonrhshnm 2

Oqnne- Ax Oqnonrhshnm 0+ tmcdq hqqdkdu_ms dffnqs vd g_ud 𝑊1. 𝑓 = 𝑀𝑅𝑃𝐿1. 𝑓 - Ax Oqnonrhshnm 1+
lnmnornmx hlokhdr 𝑁𝑃𝑉𝑊

𝑓
< 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
+ sg_s hr+

𝑊0. 𝑓 + 𝜌/0 � 𝜏 𝑓 (𝐺𝑎𝑙𝑡
1 /𝑈̃1. 𝑓 (𝑊1. 𝑓 < 𝑀𝑅𝑃𝐿0. 𝑓 + 𝜌/0 � 𝜏 𝑓 (𝐺𝑎𝑙𝑡

1 /𝑈̃1. 𝑓 (𝑀𝑅𝑃𝐿1. 𝑓 .

Trhmf 𝑊1. 𝑓 = 𝑀𝑅𝑃𝐿1. 𝑓 + hs enkknvr sg_s 𝑊0. 𝑓 < 𝑀𝑅𝑃𝐿0. 𝑓 -
Bnmrhcdq mnv _ onkhbx hlonrhmf 𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 - Fhudm sg_s sgd lncdk hr lnmnornmhrshb+

dpthkhaqhtl khdr nm sgd k_anq rtookx btqud- Rhmbd dffnqs hr hqqdkdu_ms enq oqnctbshnm+ sgd onkhbx cndr
mns _ffdbs ntsots sgqntfg hmbdmshudr- Sgd hmbqd_rd hm 𝑊0. 𝑓 q_hrdr itmhnq tshkhsx 𝑈̃0. 𝑓 + _mc sgdqdenqd
hmbqd_rdr itmhnq dloknxldms9

𝐿0. 𝑓 = 𝐺𝑎𝑙𝑡
0. 𝑓 /𝑈̃0. 𝑓 (I ⇒ 𝐿0. 𝑓 ↑ .

Rhmbd 𝑈1. 𝑓 hr tmbg_mfdc+ 𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈1. 𝑓 ( hr tmbg_mfdc+ _mc sgtr

𝐿1. 𝑓 = /0 � 𝜏 𝑓 (𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 (𝐿0. 𝑓 ⇒ 𝐿1. 𝑓 ↑ .

Adb_trd 𝜕𝐹𝑠|𝜕𝐿𝑘 . 𝑓 ≥ /+ ntsots hmbqd_rdr9

𝑄𝑠 . 𝑓 ↑. 𝑠 ∈ {0. 1{.

Ehm_kkx+ rhmbd cdl_mc hr cnvmv_qc rknohmf %𝜂 < �0(+ ghfgdq ntsots hlokhdr knvdq oqhbdr9

𝑃𝑠 . 𝑓 ↓. 𝑠 ∈ {0. 1{.

N
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;-1-3 Oqnne ne Oqnonrhshnm 3

Oqnne- Ax Oqnonrhshnm 0+ tmcdq oqnctbshud dffnqs vd g_ud 𝑊1. 𝑓 < 𝑀𝑅𝑃𝐿1. 𝑓 - Tmcdq odqedbs bnlod,
shshnm+ 𝑁𝑃𝑉𝑊

𝑓
= 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
+ rn

𝑊0. 𝑓 + 𝜌/0 � 𝜏 𝑓 (𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 (𝑊1. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 + 𝜌/0 � 𝜏 𝑓 (𝐺𝑎𝑙𝑡

1. 𝑓 /𝑈̃1. 𝑓 (𝑀𝑅𝑃𝐿1. 𝑓 .

Rhmbd 𝑊1. 𝑓 < 𝑀𝑅𝑃𝐿1. 𝑓 + hs enkknvr sg_s 𝑊0. 𝑓 < 𝑀𝑅𝑃𝐿0. 𝑓 -
Mnv hlonrd𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 - Sn oqdrdqud 𝑁𝑃𝑉𝑊

𝑓
= 𝑁𝑃𝑉𝑀𝑅𝑃𝐿

𝑓
+ sgd bnmsq_bs ltrs adbnld kdrr

a_bjkn_cdc+ hlokxhmf sg_s 𝑊1. 𝑓 cdbqd_rdr- Eqnl sgd hmbdmshud,bnlo_shahkhsx bnmchshnm+

𝐶′/𝑒 𝑓 ( = 𝜌𝜙/𝜅𝑃/𝜏 𝑓 ((
 ˜̃𝑈1. 𝑓 � 𝑈̃ 𝑎𝑙𝑡

1. 𝑓

.

_mc rhmbd ˜̃𝑈1. 𝑓 hr hmbqd_rhmf hm 𝑊1. 𝑓 + hs enkknvr sg_s 𝑒 𝑓 hr hmbqd_rhmf hm 𝑊1. 𝑓 - Gdmbd+

𝑊1. 𝑓 ↓ ⇒ 𝑒 𝑓 ↓ .

Adb_trd dffnqs hr oqnctbshud+ knvdq 𝑒 𝑓 qdctbdr ntsots enq _mx fhudm dloknxldms kdudkr+ rn 𝑄𝑠 . 𝑓

cdbqd_rdr gnkchmf /𝐿0. 𝑓 . 𝐿1. 𝑓 ( fiwdc-
Tmcdq odqedbs bnlodshshnm+ k_anq rtookx hr odqedbskx dk_rshb+ rn dloknxldms hr cdsdqlhmdc ax

k_anq cdl_mc- Sgd qdctbshnm hm dffnqs knvdqr sgd l_qfhm_k qdudmtd oqnctbs ne k_anq+ kd_chmf fiqlr
sn qdctbd dloknxldms9

𝐿0. 𝑓 ↓. 𝐿1. 𝑓 ↓ .

Sghr etqsgdq qdctbdr ntsots9
𝑄𝑠 . 𝑓 ↓. 𝑠 ∈ {0. 1{.

Ehm_kkx+ vhsg cnvmv_qc,rknohmf cdl_mc+ knvdq ntsots hlokhdr ghfgdq oqhbdr9

𝑃𝑠 . 𝑓 ↑. 𝑠 ∈ {0. 1{.

N

:-2 Oqnne ne BnqqnkWqx 0

Oqnne- Tmcdq lnmnornmx+ Oqnonrhshnm 1 hlokhdr sg_s sgd dpthkhaqhtl bnmsq_bs ed_stqdr _ khedbxbkd
v_fd l_qjcnvm9

𝑁𝑃𝑉𝑊
𝑓

< 𝑁𝑃𝑉𝑀𝑅𝑃𝐿
𝑓

.

Sgdqdenqd+ q_hrhmf 𝑊0. 𝑓 snv_qc 𝑀𝑅𝑃𝐿0. 𝑓 sdmcr sn qdk_w sgd dmsqx chrsnqshnm+ hmbqd_rhmf itmhnq
dloknxldms _mc+ sgqntfg vnqjenqbd cxm_lhbr+ rdmhnq dloknxldms _r vdkk- Sghr enqbd sdmcr sn
hmbqd_rd ntsots _mc qdctbd oqhbdr+ _r hm Oqnonrhshnm 2-

@s sgd r_ld shld+ adb_trd dffnqs hr oqnctbshud+ rdmhnq bnlodmr_shnm _ffdbsr itmhnq hmbdmshudr- Ax
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Kdll_ 0+ itmhnq dffnqs hr rsqhbskx hmbqd_rhmf hm𝑊1. 𝑓 - Gdmbd+ he hlonrhmf𝑊0. 𝑓 = 𝑀𝑅𝑃𝐿0. 𝑓 bnloqdrrdr
sgd v_fd oqnfikd ax qdctbhmf a_bjkn_chmf+ sgdm itmhnq dffnqs e_kkr- Rhmbd dffnqs hr oqnctbshud+ sghr
sdmcr sn qdctbd ntsots _mc k_anq cdl_mc+ _r hm Oqnonrhshnm 3-

Sgtr+ hm sgd oqdrdmbd ne ansg lnmnornmx _mc oqnctbshud dffnqs+ svn noonrhmf enqbdr _qd _s
vnqj- Sgdfiqrs hr sgd rs_mc_qclnmnornmx bg_mmdk+ sgqntfgvghbg q_hrhmf𝑊0. 𝑓 _kkduh_sdr sgd ghqhmf
chrsnqshnm _mc sdmcr sn q_hrd dloknxldms _mc ntsots- Sgd rdbnmc hr sgd hmbdmshud bg_mmdk+ sgqntfg
vghbg bnloqdrrhmf sgd v_fd oqnfikd vd_jdmr dffnqs hmbdmshudr _mc sdmcr sn qdctbd dloknxldms
_mc ntsots- Vhsgnts _cchshnm_k _rrtloshnmr nm sgd qdk_shud rsqdmfsg ne sgdrd bg_mmdkr+ sgd mds
dffdbsr nm dloknxldms+ ntsots+ _mc oqhbdr _qd _lahftntr- N

A DlohqhbWk :mWkxrhr9 :cchshnmWk LWsdqhWk

A-0 :ffqdfWshnm sn sgd Ahm)Kdudk

Rtoonrd d_bg fiql hm ahm 𝑔 e_bdr sgd r_ld hmots oqhbdr _mc qdrhct_k hmots rtookx dk_rshbhshdr enq _kk
k_anq _mc hmsdqldch_sd hmotsr+ _ksgntfg sgdrd oqhbdr _mc dk_rshbhshdr l_x u_qx _bqnrr ahmr- Vhsg
_ BnaaøCntfk_r sdbgmnknfx _mc bnrs lhmhlhy_shnm+ hcdmshb_k vhsghm,ahm l_qfhm_k bnrsr hlokx
oqnonqshnm_k hmots atmckdr _bqnrr fiqlr9

𝐿𝑠 𝑓 𝐻𝑠 𝑓 = 𝜍 𝑓 𝑔𝐿𝑠𝑔𝐻𝑠𝑔 . 𝑂𝑓 = 𝜍 𝑓 𝑔𝑂𝑔 . %N@-4(

enq vdhfgsr 𝜍 𝑓 𝑔 r_shrexhmf


𝑓 ∈𝑔 𝜍 𝑓 𝑔 = 0- Tmcdq sgdrd bnmchshnmr+ sns_k ntsots hm ahm 𝑔 hr

𝑄𝑠𝑔 =

𝑓 ∈𝑔


dwo/𝜔𝑠 𝑓 + 𝜀𝑠 𝑓 (


𝑘

/𝐿𝑠𝑘 𝑓 𝐻𝑠𝑘 𝑓 (𝛽𝑠𝑘𝑶𝛽𝑜𝑠
𝑠 𝑓



=


𝑓 ∈𝑔

dwo/𝜔𝑠 𝑓 + 𝜀𝑠 𝑓 ( 𝜍


𝑘 𝛽𝑠𝑘+𝛽𝑜𝑠
𝑓 𝑔

 
𝑘

/𝐿𝑠𝑘𝑔𝐻𝑠𝑘𝑔(𝛽𝑠𝑘𝑶𝛽𝑜𝑠
𝑠 𝑔 . %N@-5(

S_jhmf knfr xhdkcr _ BnaaøCntfk_r qdk_shnmrgho _s sgd ahm kdudk9

𝑞𝑠𝑔 =

𝑘

𝛽𝑠𝑘/𝑙𝑠𝑘𝑔 + ℎ𝑠𝑘𝑔( + 𝛽𝑜𝑠𝒐𝑠𝑔 + 𝜔𝑠𝑔 . %N@-6(

vgdqd sgd fqnto oqnctbshuhsx sdql hr 𝜔𝑠𝑔 = km
�

𝑓 ∈𝑔 dwo/𝜔𝑠 𝑓 + 𝜀𝑠 𝑓 (𝜍


𝑘 𝛽
𝑙
𝑠𝑘
+𝑚 𝛽𝑜𝑠𝑚

𝑓 𝑔


- Gdmbd+ sgd

ntsots dk_rshbhshdr /𝛽𝑠𝑘 . 𝛽𝑜𝑠 ( _qd oqdrdqudc tmcdq _ffqdf_shnm-
Vd hlonrd sgd enkknvhmf ahm,kdudk k_v ne lnshnm enq sgd _ffqdf_sd oqnctbshuhsx sdql9

𝜔𝑠𝑔 = 𝜎𝑠 𝜔̂𝑠𝑔 + 𝜈𝑠𝑔 . %N@-7(

enq _ ahm,kdudk hmmnu_shnm 𝜈𝑠𝑔 sg_s _ffqdf_sdr sgd fiql,kdudk rgnbjr 𝜈𝑠 𝑓 -
Sghr bnmchshnm rgntkc ad hmsdqoqdsdc _r _ l_hms_hmdc _rrtloshnm nm sgd ahm,kdudk qdrhct_k+

N@ , 7



q_sgdq sg_m _r _m dw_bs hlokhb_shnm ne fiql,kdudk @Q%0( oqnctbshuhsx- Hm o_qshbtk_q+ sgd ahm,kdudk
oqnctbshuhsx sdql hr fhudm ax

𝜔𝑠𝑔 = km


𝑓 ∈𝑔

dwo/𝜔𝑠 𝑓 + 𝜀𝑠 𝑓 ( 𝜍�𝑠𝑓 𝑔


. �𝑠 ≡


𝑘

𝛽𝑙
𝑠𝑘

+

𝑚

𝛽𝑜𝑠𝑚 . %N@-8(

vghbg hr _ knf,rtl _ffqdf_sd ne fiql,kdudk oqnctbshuhshdr-
Qdok_bhmf fiql,kdudk u_qh_akdr vhsg ahm,kdudk _ffqdf_sdr+ sgd qdrhct_k trdc hm drshl_shnm hr

𝜈𝑠𝑔 = 𝑞𝑠𝑔 � 𝜎𝑠 𝑞̂𝑠 𝑔 �


𝑘

𝛽𝑠𝑘/𝑙𝑠𝑘𝑔 + ℎ𝑠𝑘𝑔( � 𝜎𝑠

𝑘

𝛽𝑠𝑘/𝑙𝑠𝑘𝑔 + ℎ̂𝑠𝑘𝑔(

�

𝛽𝑜𝑠𝒐𝑠𝑔 � 𝜎𝑠𝛽

𝑜
𝑠 𝒐̂𝑠𝑔


� /0 � 𝜎𝑠(𝑐𝑠

%N@-0/(

Sgd shlhmf _rrtloshnmr sg_s tmcdqohm sgd fiql,kdudk lnldmsr b_qqx nudq chqdbskx sn sgd ahm
kdudk- @kk oqnedrrhnm_k k_anq hmotsr 𝑳𝑠𝑔�𝑠𝑔 _qd cxm_lhb hmotsr bgnrdm oqhnq sn nardquhmf sgd
sq_mrhsnqx oqnctbshuhsx rgnbj 𝜈𝑠𝑔 + hlokxhmf

𝐸/𝜈𝑠𝑔 } 𝑳𝑠𝑔�𝑠𝑔 . 𝑳̂𝑠𝑔�̂𝑠𝑔( = /. %N@-00(

Hmsdqldch_sd _mc hmsdqm hmotsr 𝑶𝑠𝑔 _qd u_qh_akd hmotsr bgnrdm _esdq rgnbjr _qd qd_khydc+ rn sgdhq
k_fr qdl_hm u_khc hmrsqtldmsr9

𝐸/𝜈𝑠𝑔 } 𝑶̂𝑠𝑔( = /. %N@-01(

@ jdx _rrtloshnm enq sgd dwbktrhnm qdrsqhbshnm sn b_qqx nudq sn sgd ahm,kdudk hr sg_s fqnto
bnlonrhshnmr _qd dwnfdmntr v-q-s- fiql,kdudk oqnctbshuhsx rgnbjr- He dmsqx hmsn _mc dwhs eqnl
ahmr vntkc ad bnqqdk_sdc vhsg sgd sq_mrhsnqx oqnctbshuhsx rgnbjr+ sghr vntkc uhnk_sd sgd dwbktrhnm
qdrsqhbshnm- Fhudm sg_s dwhs s_jdr shld+ hs hr khjdkx sg_s dwhs cdbhrhnmr _qd lnqd sn ad oqdcdsdqlhmdc+
rhlhk_q sn b_ohs_k hmudrsldms cdbhrhnmr+ vghbg vntkc u_khc_sd sgd hlonrdc shlhmf _rrtloshnmr-

Dpt_shnm %N@-6( rgnvr sg_s+ tmcdq sgd _rrtloshnmr ne %h( bnllnm sdbgmnknfx o_q_ldsdqr+ %hh(
hcdmshb_k hmots oqhbdr vhsghm d_bg ahm,xd_q %rn sg_s hmotsr _qd oqnonqshnm_k _bqnrr fiqlr(+ _mc %hhh(
sgd r_ld shlhmf _mc dwnfdmdhsx qdrsqhbshnmr _r _s sgd fiql kdudk+ sgd ntsots dk_rshbhshdr drshl_sdc
trhmf ahm,kdudk c_s_ _qd hcdmshb_k sn sgnrd sg_s vntkc ad nas_hmdc _s sgd fiql kdudk- Oqhbd u_qh_shnm
_bqnrr ahmr _ffdbsr nmkx sgd ahm,rodbhfib oqnctbshuhsx sdql 𝜔𝑖 𝑔 _mc mns sgd drshl_sdc dk_rshbhshdr-
Uhnk_shnmr ne oqnonqshnm_khsx %enq dw_lokd+ gdsdqnfdmdntr vhsghm,ahm hmots q_shnr nq e_bsnq oqhbd
chrodqrhnm( vntkc aqd_j sghr dpthu_kdmbd+ hm vghbg b_rd _cchshnm_k bnlonrhshnm bnmsqnkr vntkc ad
qdpthqdc-

N@ , 8



A-1 Bnlotshmf Oqnlnshnm OqnaWahkhshdr

A-1-0 BZqddq Oqnfikd enq sgd QdoqdrdmsZshud Vnqjdq

Vd _rrtld sg_s sgd qdoqdrdms_shud vnqjdq hm ntq c_s_rds inhmr sgd otakhb _bbntmshmf fiql _s sgd
_fd ne 12+ g_uhmf s_jdm _ 3,xd_q bnkkdfd cdfqdd _mc o_rrhmf BO@ khbdmrhmf+ vghbg trt_kkx g_oodmr
sgqntfg _ nmd,xd_q l_rsdq‘r cdfqdd- Sgd rdmhnqhsx fq_cdr khrsdc hm sgd qdonqsr _qd �/,1 xd_qr ne
dwodqhdmbd�+ �2,4 xd_qr ne dwodqhdmbd�+ �5,7 xd_qr ne dwodqhdmbd�+�8) xd_qr ne dwodqhdmbd�+ �mnm,
dpthsx o_qsmdq�+ _mc �o_qsmdq�- Vd _rrtld sg_s sgd q_mj �8) xd_qr ne dwodqhdmbd� hr gdkc enq rhw
xd_qr adenqd adhmf oqnlnsdc sn mnm,dpthsx o_qsmdq+ vghbg sgdqdenqd g_oodmr _s 04 xd_qr ne rdmhnqhsx-
Vd _rrtld sg_s sgd mnm,dpthsx o_qsmdqrgho hr adhmf gdkc enq 2 xd_qr adenqd onrrhakd oqnlnshnm sn
dpthsx o_qsmdq+ vghbg hlokhdr oqnlnshnm sn mnm,dpthsx o_qsmdq _s 27 _mc sn dpthsx o_qsmdq _s 30-
Vd bgnnrd 5 _mc 2 xd_qr sn l_sbg sgd HO@ qdonqsr+ vghbg qdonqs _udq_fd dwodqhdmbd sn qd_bg sgd
o_qsmdqrgho _s 01,04 xd_qr+ _mc sn l_sbg sgd e_bs sg_s rtars_msh_kkx lnqd odnokd _qd qdonqsdc hm sgd
8) xd_qr q_mj sg_m hm sgd 5,7 xd_qr q_mj+ vghbg hmchb_sdr sg_s odnokd rodmc lnqd sg_m 2 xd_qr hm
sgd 8) xd_qr q_mj-25

Cdmnsd sgd _mmt_k oqna_ahkhsx ne kd_uhmf sgd fiql+ dhsgdq unktms_qhkx nq hmunktms_qhkx+ _r 𝜗𝑠 + enq
d_bg rdmhnqhsx 𝑠- Vd _rrtld sg_s enq sgd fiqrs entq oqnlnshnmr+ dloknxddr kd_ud sgd fiql vgdm mns
adhmf oqnlnsdc+ hm khmd vhsg sgd ‘to,nq,nts‘ onkhbhdr- Mnm,dpthsx o_qsmdqr sg_s _qd mns oqnlnsdc sn
dpthsx o_qsmdq _esdq sgqdd xd_qr _qd _rrtldc sn g_ud sgd noshnm sn rs_x _s sgd fiql tmshk qdshqdldms
_r _ mnm,dpthsx o_qsmdq+ vhsg _m _mmt_k oqna_ahkhsx ne kd_uhmf sgd fiql %unktms_qhkx nq nsgdqvhrd(
𝜗mdpo- Rhlhk_qkx+ dpthsx o_qsmdqr rs_x _s sgd fiql tmshk qdshqdldms+ vhsg _ chffdqdms _mmt_k oqna_ahkhsx
ne rdo_q_shmf oqhnq sgd sgd qdshqdldms _fd 𝜗dpo- Vd drshl_sd sgdrd rdo_q_shnm oqna_ahkhshdr adknv-
Sgd u_rs l_inqhsx ne sgd rtqudxdc fiqlr g_ud l_mc_snqx qdshqdldms enq o_qsmdqr _s _fd 54 %Hmrhcd
Otakhb @bbntmshmf+ 1/12(- Enq dpthsx o_qsmdqr qd_bghmf sgd l_mc_snqx qdshqdldms _fd+ sghr otsr
sgd dmshqd b_qddq _s 31 xd_qr-

A-1-1 DrshlZshmf Oqnlnshnm OqnaZahkhshdr

Kds 𝑠 = 0. 1. ... 5 cdmnsd sgd ‘o_qsmdq,sq_bj‘ fq_cdr hm hmbqd_rhmf rdmhnqhsx+ vhsg 𝑠 = 0 adhmf sgd
dmsqx,kdudk fq_cd _mc 𝑠 = 5 adhmf dpthsx o_qsmdqrgho- Vd _rrtld sg_s mnm,o_qsmdq dloknxddr
mdudq kd_ud vhsghm _ fq_cd a_mc 𝑠- Cdmnsd sgd mtladq ne dloknxddr hm d_bg fq_cd ax 𝑁𝑠 _mc
sgd kdmfsg hm xd_qr ne fq_cd 𝑠 ax 𝑇𝑠 - @rrtlhmf _ rsd_cx,rs_sd k_anq enqbd+ sgd dw,_msd btltk_shud
oqna_ahkhsx ne adhmf oqnlnsdc sn fq_cd 𝑠 vgdm rs_qshmf sgd b_qddq _s fiql 𝑓 hr cdmnsdc ax 𝜆𝑠 . 𝑓 - Enq
_kk fq_cdr dwbdos mnm,dpthsx _mc dpthsx o_qsmdqr+ vd bnlotsd sgdrd oqna_ahkhshdr trhmf _udq_fdr ne

25Hm nqcdq sn nas_hm _m dw,_msd oqnlnshnm oqna_ahkhsx sn sgd 8) xd_qr q_mj sg_s hr mns ghfgdq sg_m sgd dw,_msd
oqna_ahkhsx ne adhmf hm sgd 4,7 rdmhnqhsx kdudk+ vnqjdqr mddc sn rodmc _s kd_rs 4 xd_qr hm sgd 8) rdmhnqhsx q_mj
adenqd adhmf oqnlnsdc sn sgd o_qsmdqrgho-

N@ , 0/



sgd dloknxdd bntmsr fiql,ax,fiql+ s_jdm _bqnrr xd_qr-

𝜆𝑠 . 𝑓 =
𝑁𝑠 . 𝑓 |𝑇𝑠
𝑁0. 𝑓 |𝑇0

. 𝑠 ∈ {0. . . . . 3{.

Enq ansg mnm,dpthsx _mc dpthsx o_qsmdqr+ vd chqdbskx nardqud sgd mtladq ne mdvkx oqnlnsdc
o_qsmdqr+ 𝑁𝑛𝑒𝑤

4 _mc 𝑁𝑛𝑒𝑤
5 - Gdmbd+ vd bnlotsd sgd oqna_ahkhsx ne qd_bghmf mnm,dpthsx _mc dpthsx

o_qsmdqrgho _r9

𝜆𝑠 . 𝑓 =
𝑁𝑛𝑒𝑤

𝑠 . 𝑓

𝑁0. 𝑓 |𝑇0
. 𝑠 ∈ {4. 5{.

Sgd qdrtkshmf btltk_shud sq_mrhshnm q_sdr _qd rgnvm hm Ehftqd 0 hm sgd l_hm sdws-

A-1-2 OZqsmdq Stqmnudq

G_uhmf qd_bgdc o_qsmdqrgho+ vd _rrtld sg_s hmchuhct_kr g_ud _mmt_k rdo_q_shnm oqna_ahkhshdr 𝜗4

_mc 𝜗5 enq mnm,dpthsx _mc dpthsx o_qsmdqr+ qdrodbshudkx- Hmchuhct_kr vgn qdl_hm _s sgd fiql tmshk
_fd 54 _qd _rrtldc sn qdshqd l_mc_snqhkx- Vd drshl_sd sgdrd _mmt_k rdo_q_shnm oqna_ahkhshdr- Hm
rsd_cx rs_sd+ sgd sns_k mtladq ne mnm,dpthsx _mc dpthsx o_qsmdqr+ 𝑁4 _mc 𝑁5+ hr qdk_sdc sn sgd hmfinv
ne mdv o_qsmdqr hm d_bg b_sdfnqx+ ansg ne vghbg _qd nardqudc hm sgd c_s_9

𝑁r = 𝑁mdv
r

𝑇𝑠
𝑡=/
/0 � 𝜗r(𝑡 𝑠 ∈ {4. 5{

Trhmf sgd rtll_shnm_k ne _ fimhsd fdnldsqhb rdqhdr+ sgd dwoqdrrhnm _anud rhlokhfidr sn9

𝑁r
𝑁mdv

r
=

0 � /0 � 𝜗r(𝑇𝑖
𝜗r

%N@-02(

Rhmbd sgd k_ssdq dpt_shnm k_bjr _ bknrdc,enql rnktshnm enq 𝜗r+ vd rnkud hs mtldqhb_kkx- Vd fimc
𝜗4 = .06/ _mc 𝜗5 = ./30- Sghr ld_mr sg_s mnm,dpthsx o_qsmdqr g_ud _m _mmt_k oqna_ahkhsx ne
kd_uhmf sgdhq onrhshnm ne 06$+ vghbg hmbktcdr kd_uhmf sgd fiql _mc adhmf oqnlnsdc sn dpthsx
o_qsmdq- Ld_mvghkd+ dpthsx o_qsmdqr g_ud _m _mmt_k oqna_ahkhsx ne rdo_q_shmf eqnl sgd fiql ne
3-0$-

A-2 Mardqudc ur- Lncdk)hlokhdc Rdmhnqhsx Kdudkr

Cdmnsd sgd nardqudc rdmhnqhsx kdudkr ax 𝑠 _mc sgd —sqtd‘ rdmhnqhsx kdudkr _s vghbg fiqlr rds v_fdr ax
𝑠- Ntq qdrtks hm @oodmchw C rgnvr sg_s eqnl odqhnc 𝑠 = 1 nmv_qc+ sgd MOU ne sgd LQOK dwbddcr
sgd MOU ne v_fdr- Sgdqdenqd+ vd b_m cdsdqlhmd sgd l_oohmf eqnl 𝑠 sn 𝑠 ax du_kt_shmf sgd MOU
vdcfd adsvddm sgd LQOK _mc v_fdr _s _mx nardqudc rdmhnqhsx kdudk 𝑠-

Sgd qdrtksr ne sghr dwdqbhrd _qd hm Ehftqd N@,0- Vd fimc sg_s sgd dwodbsdc v_fd rs_qsr dwbddchmf
sgd dwodbsdc LQOK _s _qntmc 5ø7 xd_qr ne rdmhnqhsx- Sghr hlokhdr sg_s sgd oqnlnshnm sn rdmhnqhsx

N@ , 00



Ehftqd M:)09 Dwodbsdc V_fd L_qjcnvmr ax Rdmhnqhsx
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Mnsdr9 Vd bnlotsd sgd MOU ne v_fdr _mc LQOK _s dudqx nardqudc rdmhnqhsx kdudk 𝑠+ to sn sgd �8) xd_qr� rdmhnqhsx
a_mc-

kdudk 𝑠 = 1 cndr mns g_oodm _s sgd nardqudc rdmhnqhsx kdudkr 𝑠 ∈ {/ø1 x. 2ø4 x{+ vghbg sgtr bnq,
qdronmc sn sgd —itmhnq‘ rdmhnqhsx kdudk 𝑠 = 0 hm sgd lncdk- Sgd oqnlnshnm sn sgd —rdmhnq‘ fq_cdr
𝑠 < 0 rgntkc g_oodm _s rnld 𝑠 ∈ {5ø7 x. 8+ x. mnm,dpthsx o_qsmdq. dpthsx o_qsmdq{- Fhudm sg_s sgd
k_qfdrs cqno hm oqnlnshnm q_sdr nbbtqr itrs adenqd sgd mnm,dpthsx o_qsmdqrgho+ _mc sg_s v_fdr rs_qs
dwbddchmf sgd LQOK _s sg_s rdmhnqhsx kdudk+ hs hr m_stq_k sn hmsdqoqds _kk mnm,o_qsmdq oqnedrrhnm_k
rs_ff _r sgd —itmhnq‘ fq_cd 𝑠 = 0 _mc mnm,dpthsx _mc dpthsx o_qsmdqr _r sgd —rdmhnq‘ fq_cd 𝑠 = 1 %nq+
onrrhakx+ mnm,dpthsx _mc dpthsx o_qsmdqr bntkc bnqqdronmc sn 𝑠 = 1 _mc 𝑠 = 2+ qdrodbshudkx(-

A-3 OWqWoqnedrrhnmWk VWfd LWqicnvm

Fhudm sg_s o_q_oqnedrrhnm_kr _qd chqdbskx ahkkdc+ vd b_m drshl_sd sgdhq l_qfhm_k qdudmtd oqnctbs
_mc v_fd l_qjcnvm rhlhk_qkx sn sgd oqnedrrhnm_k rs_ff- Vgdm vd cn rn+ vd nas_hm _ v_fd l_qjto
ne 0/8$- Gnvdudq+ sghr vdcfd hr+ hm bnmsq_rs sn sgd oqnedrrhnm_k rs_ff+ udqx hloqdbhrdkx drshl_sdc-
Fhudm sg_s o_q_oqnedrrhnm_kr _qd mns o_qs ne sgd o_qsmdqrgho sq_bj+ _mc sgdqdenqd cn mns hlo_bs sgd
bnlots_shnm ne khedbxbkd v_fd l_qjcnvmr _mc k_anq rtookx dk_rshbhshdr+ vd nlhs sgdl eqnl ntq
l_hm _m_kxrhr-

A-4 Dpthsx OWqsmdq VWfd LWqito Trhmf Ktlo)Rtl OWxldmsr

Fhudm sg_s dpthsx o_qsmdqr _qd qdrhct_k bk_hl_msr ne oqnfisr+ hs hr jdx sn chrshmfthrg sgdhq ktlo,
rtl o_xldmsr eqnl sgdhq oqnfis o_xntsr+ _r chrbtrrdc hm Rdbshnm 2-5-0- Enq sgd sdrs ne a_bjkn_cdc
hmbdmshud o_x+ sgd ktlo,rtl o_xldms mddcr sn ad bnlo_qdc sn sgd dpthsx o_qsmdq LQOK+ vgdqd_r
sgd c_s_rds _qft_akx hmbktcdr sns_k bnlodmr_shnm-

Cdmnshmf ld_rtqdc sns_k dpthsx o_qsmdq bnlodmr_shnm _r 𝑊𝑜𝑏𝑠
𝑓 .𝑡

+ vd _kknv hs sn hmbktcd ansg
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Ehftqd M:)19 O_q_oqnedrrhnm_kr L_qjcnvm
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Ehftqd M:)29 Dpthsx O_qsmdq L_qjto vhsg Ktlo,Rtl O_x Bnqqdbshnm
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Mnsdr9 Ehftqd N@,1 qdonqsr sgd _udq_fd hmrs_ms_mdntr v_fd l_qjcnvm enq o_q_oqnedrrhnm_kr: bnmficdmbd hmsdqu_kr
_qd aknbj,annsrsq_oodc trhmf 14/ hsdq_shnmr- EhftqdN@,2 oknsr sgd dpthsx o_qsmdqv_fdl_qjto chrsqhatshnmr trhmf
nardqudc bnlodmr_shnm c_s_ _mc trhmf hlotsdc ktlo,rtl o_xldmsr nmkx-

N@ , 02



ktlo,rtl o_xldmsr _mc sgd oqnfis rg_qd odq dpthsx o_qsmdq+ 𝜋𝑠
𝑓 .𝑡

9

𝑊𝑜𝑏𝑠
𝑓 .𝑡

= 𝑊
𝑙𝑢𝑚𝑝

𝑓 .𝑡
+ 𝜋𝑠

𝑓 .𝑡
.

Vd _rrtld rsd_cx,rs_sd oqnfisr+ vghbg _kknvr tr sn cqno shld rtarbqhosr eqnl oqnfisr _mc
hlokhdr sg_s atx,hmr dpt_sd atx,ntsr _s 𝑏𝑖𝑛

𝑓
= 𝑏𝑜𝑢𝑡

𝑓
= 𝜋𝑠

𝑓
|/0�𝜌(- Rtarshstshmf hmsn Dpt_shnm %08( _mc

qd_qq_mfhmf+ vd nas_hm9
𝑊

𝑙𝑢𝑚𝑝

𝑓 .𝑡
= 𝑊𝑜𝑏𝑠

𝑓 .𝑡
� /0 � 𝜌(𝑏𝑖𝑛

𝑓
. %N@-03(

Sgd c_s_rds qdonqsr _udq_fd atx,hmr odq fiql,ahm,xd_q+ vghbg vd trd sn bnlotsd ktlo,rtl
o_xldmsr trhmf Dpt_shnm %N@-03(- Sgd qdrtkshmf v_fd l_qjto chrsqhatshnm trhmf sgd hlotsdc
ktlo,rtl o_xldmsr hr cdohbsdc _r sgd qdc khmd hm Ehftqd N@,2+ _mc hr udqx bknrd sn sgd nqhfhm_k
v_fd l_qjtor sg_s vdqd bnlotsdc trhmf sgd q_v bnlodmr_shnm c_s_- Sgd _udq_fd v_fd l_qjto
enq dpthsx o_qsmdqr cqnor eqnl 1-21 sn 1-16 vgdm bnqqdbshmf enq oqnfis o_xntsr- Sgdqdenqd+ sghr qdrtks
hr qnatrs sn bnqqdbshmf enq oqnfis o_xntsr-

B Pnatrsmdrr Bgdbir

B-0 :ksdqmWshud Oqnctbshnm Etmbshnm RodbhfibWshnmr

B-0-0 ;cchmf Ehwdc NudqgdZc Bnrsr

@ksgntfg sgd c_s_ cndr mns qdonqs fiwdc bnrsr _mc nudqgd_c+ rtbg _r nflbd qdms _mc hmrtq_mbd bnrsr+
vd b_m hlotsd sgdl ax hlonrhmf _ ydqn,oqnfis bnmchshnm- Rtbg _ bnmchshnm l_jdr rdmrd hm rsd_cx
rs_sd enq otakhb _bbntmshmf fiqlr+ fhudm sg_s dpthsx o_qsmdqr _qd sgd qdrhct_k bk_hl_msr ne oqnfisr-

Vd vqhsd sns_k nardqudc bnrsr _r𝑉𝐶𝑓 𝑡 + vghbg hmbktcdr k_anq dwodmrdr enq sgd rdudm nbbto_shnmr
khrsdc hm sgd qdonqsr _mc qdonqsdc hmsdqldch_sd hmots dwodmrdr- Vd hmbktcd _clhmhrsq_shud _mc
hmsdqm dwodmrdr trhmf sgd nardqudc gd_cbntmsr _mc _rrtlhmf _clhmhrsq_shud _mc hmsdqm r_k_qhdr ne
"0//+/// _mc "51+///+ qdrodbshudkx- Sgd _clhmhrsq_shud r_k_qx admbgl_qj hr a_rdc nm _clhmhrsq_snq
v_fdr nardqudc hm sgd HO@ qdonqsr+ _mc sgd hmsdqmrgho r_k_qx hr a_rdc nm Fk_rrcnnq-26

Vd sgdm a_bj nts fiwdc bnrsr _r
𝐹𝐶 𝑓 𝑡 = 𝑅 𝑓 𝑡 �𝑉𝐶𝑓 𝑡 .

Vd fimc _ q_shn ne fiwdc bnrsr sn qdudmtd ne 15-4$ nm _udq_fd+ vghbg hr rkhfgskx ghfgdq sg_m sgd
1/ø14$ q_sd qdonqsdc hm hmctrsqx qdonqsr-27

@r _ qnatrsmdrr dwdqbhrd+ vd _cc sgd knf_qhsgl ne fiwdc bnrsr _r _m hmots sn sgd sd_l oqnctbshnm
lncdk- Vd hmbktcd k_ffdc ats mns btqqdms fiwdc bnrsr hm sgd hmrsqtldms udbsnqr+ _r fiwdc bnrsr b_m
qd_rnm_akx ad sgntfgs ne _r adhmf oqdcdsdqlhmdc- Sgd qdrtkshmf oqnctbshnm drshl_sdr+ qdonqsdc hm

26gssor9..vvv-fk_rrcnnq-bnl.R_k_qhdr._bbntmshmf,hmsdqm,r_k_qx,RQBG]JN/+06-gsl
27gssor9..vvv-bo_oq_bshbd_cuhrnq-bnl.1/03.01.05.gnv,ltbg,_clhm,dwodmrd,rgntkc,_bbntmshmf,fiqlr,

hmbtq.0645/.
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S_akd N@,0+ _qd udqx rhlhk_q sn sgnrd eqnl sgd a_rdkhmd lncdk hm vghbg fiwdc bnrsr _qd dwbktcdc-
Ehftqd N@,3 rgnvr sg_s+ bnlo_qdc sn ntq a_rdkhmd rodbhfib_shnm+ sgd oqnctbshnm etmbshnm rodb,

hfib_shnm vhsg fiwdc bnrsr kd_cr sn udqx rhlhk_q l_qjcnvm drshl_sdr enq sgd u_qhntr rdmhnqhsx kdudkr-

SWakd M:)09 Oqnctbshnm Drshl_sdr vhsg Ehwdc Bnrsr hm Oqnctbshnm

%H( %HH( %HHH( %HU( %U( %UH( %UHH(
/,1 xd_qr 2,4 xd_qr 5,7 xd_qr 8) xd_qr Mnm,dp- O_qs- Dp- O_qs- O_q_oqne-

Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D- Drs- R-D-
/,1 xd_qr /-886 /-/08 /-/17 /-/03 /-/1/ /-/1/ /-//4 /-/08 /-/02 /-/16 /-/02 /-/16 ,/-/0/ /-/41
2,4 xd_qr /-/05 /-/14 /-882 /-/06 ,/-/22 /-/11 ,/-/0/ /-/08 /-/13 /-/2/ /-/13 /-/2/ ,/-/17 /-/44
5,7 xd_qr /-//0 /-/11 /-//8 /-/02 0-//2 /-/07 ,/-/2/ /-/07 /-/28 /-/17 /-/28 /-/17 /-/50 /-/45
8 xd_qr ,/-/10 /-/13 ,/-/28 /-/03 ,/-//0 /-/11 /-857 /-/08 ,/-/21 /-/23 ,/-/21 /-/23 ,/-//2 /-/53
Mnm,dp- O_qsmdqr /-/04 /-/02 ,/-//0 /-//6 /-/0/ /-/01 ,/-//6 /-/0/ /-852 /-/04 ,/-/26 /-/04 ,/-//8 /-/18
Dp- O_qsmdqr /-/20 /-/12 /-/22 /-/06 /-/67 /-/14 /-/55 /-/12 /-/24 /-/35 0-/24 /-/35 /-/28 /-/51
O_q_oqne- ,/-/23 /-/00 ,/-/18 /-//6 ,/-/12 /-/00 ,/-/22 /-//8 ,/-/10 /-/03 ,/-/10 /-/03 /-864 /-/15
Hmsdqmr ,/-/02 /-/06 /-//4 /-/0/ ,/-/08 /-/02 ,/-//0 /-/00 ,/-/16 /-/05 ,/-/16 /-/05 ,/-/06 /-/23
Sq_hmhmf ,/-/// /-//8 /-//2 /-//4 /-//5 /-//7 ,/-//6 /-//7 /-/12 /-/01 /-/12 /-/01 ,/-//4 /-/08
Qdbqthshmf ,/-//7 /-/0/ /-//6 /-//4 ,/-//1 /-//8 /-/01 /-//7 ,/-/12 /-/02 ,/-/12 /-/02 /-/11 /-/13
Sdbgmnknfx /-/// /-/00 ,/-//6 /-//6 ,/-//8 /-//8 /-//4 /-/0/ ,/-/03 /-/01 ,/-/03 /-/01 ,/-/21 /-/16
@clhm- rs_ff /-/// /-/12 ,/-/13 /-/00 ,/-/1/ /-/05 /-/0/ /-/02 ,/-//2 /-/06 ,/-//2 /-/06 /-/21 /-/30
B_ohs_k /-//4 /-/02 /-/02 /-//6 ,/-//2 /-/00 /-//8 /-//8 /-//6 /-/06 /-//6 /-/06 /-/10 /-/18
Rdq- bnqq- /-457 /-021 /-62/ /-00/ /-752 /-/51 /-785 /-/42 /-812 /-/3/ /-812 /-/3/ 0-/// /-/50
Nar- 054 054 054 054 054 054 054

B-0-1 ;cchmf VZfd Zmc Oqnlnshnm Bnmsqnkr hm sgd Oqnctbshnm Etmbshnm

Hm sgd l_hm lncdk+ vd hlonrdc sgd @Q%0( sq_mrhshnm lncdk nm sgd dmshqd SEO qdrhct_k enq d_bg
vnqjdq rdmhnqhsx 𝑠+ hmbktchmf sgd o_qs ne SEO sg_s hr ctd sn vnqjdq dffnqs- @m _ksdqm_shud hr sn _rrtld
knf,_cchshuhsx adsvddm sgd —dffnqs,tmqdk_sdc‘ _mc —dffnqs,qdk_sdc‘ oqnctbshuhsx sdqlr–vghbg vd
cdmnsd+ qdrodbshudkx+ ax 𝜔̂𝑠 . 𝑓 _mc 𝑏𝑠/𝑒𝑠 . 𝑓 (–_mc hlonrd sgd @Q%0( _rrtloshnm nm sgd enqldq- @r enq
sgd dffnqs,qdk_sdc oqnctbshuhsx sdql 𝑏𝑠/𝑒𝑠 . 𝑓 (+ vd _rrtld hs hr _ cdsdqlhmhrshb khmd_q etmbshnm ne sgd
knf ne dpthsx o_qsmdq bnlodmr_shnm+ 𝑊𝑠=𝑝𝑎𝑟𝑡 . 𝑓 + _mc sgd knf oqna_ahkhsx ne adhmf oqnlnsdc sn dpthsx
o_qsmdq eqnl kdudk 𝑠+ 𝜆𝑝𝑎𝑟𝑡 .𝑠 . 𝑓–mnsd sg_s ntq lncdk hlokhdr sg_s itmhnq dffnqs hr hmcddc _ etmbshnm ne
sgdrd svn u_qh_akdr- Rodbhfib_kkx+ kds

𝑏𝑠/𝑒𝑠 . 𝑓 ( = 𝑐𝑠 + 𝛽𝑤𝑠 km/𝑊𝑠=𝑝𝑎𝑟𝑡 . 𝑓 ( + 𝛽𝜆𝑠 km/𝜆𝑠=𝑝𝑎𝑟𝑡 . 𝑓 (.

Sgd oqnctbshuhsx rgnbj dwoqdrrhnm+ vghbg b_m rshkk ad trdc sn drshl_sd /𝜎𝑠 . �𝑠(+ adbnldr9

𝜈𝑠 . 𝑓 = 𝑞𝑠 . 𝑓 � 𝜎𝑠 𝑞̂𝑠 . 𝑓 �


𝑘

𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ𝑘 . 𝑓 ( � 𝜎𝑠


𝑘

𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ̂𝑘 . 𝑓 (


� /𝛽𝑜𝑠𝒐 𝑓 � 𝜎𝑠𝛽

𝑜
𝑠 𝒐̂𝑠 . 𝑓 (

�𝛽𝑤𝑠
�
km/𝑊̂𝑠=𝑝𝑎𝑟𝑡 . 𝑓 ( � 𝜎𝑠 km/𝑊𝑠=𝑝𝑎𝑟𝑡 . 𝑓 (


� 𝛽𝜆𝑠

�
km/𝜆𝑠=𝑝𝑎𝑟𝑡 . 𝑓 ( � 𝜎𝑠 km/𝜆̂𝑠=𝑝𝑎𝑟𝑡 . 𝑓 (


� /0 � 𝜎𝑠(𝑐𝑠 .
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Ehftqd M:)39 @ksdqm_shud Oqnctbshnm Etmbshnm Rodbhfib_shnmr
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Mnsdr9 @udq_fd v_fd l_qjcnvmr ax rdmhnqhsx kdudk vgdm hmbktchmf _ oqhbd bnmsqnk hm sgd oqnctbshnm etmbshnm-

Vd hlokdldms sghr udqrhnm ne sgd lncdk+ hmbktchmf dpthsx o_qsmdq bnlodmr_shnm _mc sq_mrhshnm
q_sdr _r oqdcdsdqlhmdc hmotsr+ _r sgdx _qd cdsdqlhmdc dw _msd-

Ehftqd N@,3 rgnvr sg_s l_qjcnvm drshl_sdr _qd udqx rhlhk_q adsvddm sgd l_hm lncdk _mc sgd
dwsdmrhnm hm vghbg v_fdr _mc oqnlnshnm q_sdr _qd hmbktcdc hm sgd oqnctbshnm etmbshnm-

B-0-2 ;kknvhmf enq Oqnctbs Ch’dqdmshZshnm Zbqnrr Ehqlr

Sn _kknv enq gdsdqnfdmdhsx hm _bbntms_ms bg_q_bsdqhrshbr _bqnrr fiqlr+ vd hmsqnctbd _ oqhbd bnmsqnk
hmsn sgd qhfgs,g_mc rhcd ne sgd oqnctbshnm etmbshnm+ rhlhk_qkx sn Cd Kndbjdq ds _k- %1/05(-

𝑞𝑠 . 𝑓 =

𝑘∈𝑆

�
𝛽𝑙
𝑠 .𝑘
/𝑙𝑘 . 𝑓 + ℎ𝑘 . 𝑓 (


+ 𝛽𝑜𝑠𝒐𝑠 . 𝑓 + 𝛽𝑝 km/𝑝𝑠 𝑓 ( + 𝜔𝑠 . 𝑓 + 𝜐𝑠 . 𝑓 . %N@-04(

Vd _rrtld sg_s fiqlr b_m fidwhakx _citrs oqhbdr dudm _esdq nardquhmf sgd oqnctbshuhsx rgnbjr-
Sgdqdenqd+ vd hmbktcd k_ffdc oqhbdr hm sgd hmrsqtldmsr udbsnq+ hm _cchshnm sn sgd nsgdq hmrsqtldmsr
eqnl sgd a_rdkhmd rodbhfib_shnm-

Sgd qdrtkshmf v_fd l_qjcnvmr _qd _f_hm udqx rhlhk_q sn sgnrd drshl_sdc vhsgnts oqhbd bnmsqnk+
_r rgnvm hm Ehftqd N@,3-
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B-0-3 ;Q�1( Oqnctbshuhsx SqZmrhshnm

@r _ qnatrsmdrr bgdbj+ vd hlonrd _m @Q%1( lncdk nm sgd oqnctbshuhsx sq_mrhshnm+ q_sgdq sg_m sgd
@Q%0( lncdk hm sgd l_hm sdws- Cdmnshmf svn k_fr ne _mx u_qh_akd 𝑋 _r 𝑋̂ _mc sgd @Q%1( bndflbhdms
_r 𝜎̂𝑠 + vd fds9

𝜔𝑠 . 𝑓 = 𝑐𝑠 + 𝜎𝑠/𝜔̂𝑠 . 𝑓 + 𝜐̂𝑠 . 𝑓 ( + 𝜎̂𝑠/𝜔̂𝑠 . 𝑓 + 𝜐̂𝑠 . 𝑓 ( + 𝜈𝑠 . 𝑓 . %N@-05(

@r _ qdrtks+ sgd lnldms bnmchshnmr b_m ad dwoqdrrdc _r _ etmbshnm ne btqqdms+ nmbd,k_ffdc+ _mc
svhbd,k_ffdc u_ktdr ne dudqx hmots u_qh_akd+ q_sgdq sg_m itrs sgd fiqrs svn- Vd qd,drshl_sd sgd
oqnctbshnm etmbshnm vhsg sgd lnldms bnmchshnmr tmcdq sgd @Q%1( oqnbdrr+ hmbktchmf to sn svn
k_fr _r hmrsqtldmsr q_sgdq sg_m itrs nmd- Sgd qdrtkshmf l_qjcnvmr+ rgnvm hm Ehftqd N@,3+ _qd udqx
rhlhk_q sn sgnrd eqnl sgd a_rdkhmd @Q%0( rodbhfib_shnm-

B-1 Rhmfkd)Oqnctbs Oqnctbshnm Etmbshnm

Gnv hlonqs_ms hr hs sn rodbhex _ sd_l oqnctbshnm lncdk _r noonrdc sn _ lnqd bnmudmshnm_k
oqnctbshnm etmbshnm sg_s hr _ffqdf_sdc _s sgd fiql kdudk= Sn _mrvdq sghr ptdrshnm+ vd drshl_sd
_ rhmfkd,oqnctbs oqnctbshnm lncdk _mc bnlo_qd hsr hlokhdc l_qjcnvmr sn ntq %ltksh,oqnctbs(
a_rdkhmd sd_l oqnctbshnm lncdk- Fhudm sg_s hs hr mns nauhntr gnv sn _ffqdf_sd ogxrhb_k ntsots
%ahkk_akd gntqr(+ vd hmbktcd knf fiql,kdudk qdudmtd nm sgd kdes,g_mc rhcd ne sgd oqnctbshnm etmbshnm+
_mc _kk knf hmots pt_mshshdr nm sgd qhfgs-

Vd drshl_sd sgd enkknvhmf Bnaa,Cntfk_r rodbhfib_shnm9

𝑟 𝑓 =

𝑘∈L

�
𝛽𝑘/𝑙𝑘 𝑓 + ℎ𝑘 𝑓 (


+ 𝛽𝑜𝒐 𝑓 + 𝜔 𝑓 + 𝜈 𝑓 . %N@-06(

Enq sgd drshl_shnm+ vd trd sgd r_ld lnldms bnmchshnmr _mc SEO sq_mrhshnm oqnbdrr _r _rrtldc hm
sgd l_hm sdws-

Sgd oqnctbshnm etmbshnm drshl_sdr _qd hm S_akd N@,1+ _mc sgd qdrtkshmf l_qjcnvmr hm Ehftqd
N@,4- Sgd rhmfkd,oqnctbs lncdk xhdkcr tmqd_khrshb_kkx k_qfd l_qjcnvmr sgqntfgnts–onrrhakx
adb_trd hmots,rodbhfib sd_l oqnctbshnm etmbshnmr cn mns _ffqdf_sd sn _ fiql,kdudk Bnaa,Cntfk_r
%nq sq_mrknf( rodbhfib_shnm+ dudm vgdm sgd oqnctbs l_qjds hr odqedbskx bnlodshshud-
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SWakd M:)19 Rhmfkd,Oqnctbs Oqnctbshnm Etmbshnm

%H(

Drs- R-D-
/,1 xd_qr /-117 /-/22
2,4 xd_qr /-110 /-/17
5,7 xd_qr /-02/ /-/23
8 xd_qr /-1/1 /-/26
Mnm,dp- O_qsmdqr /-/45 /-/05
Dp- O_qsmdqr /-148 /-/28
O_q_oqne- /-/04 /-/04
Hmsdqmr ,/-/45 /-/10
Sq_hmhmf ,/-//5 /-/04
Qdbqthshmf /-/02 /-//4
Sdbgmnknfx /-/01 /-/05
@clhm- rs_ff ,/-/43 /-/08
Rdq- bnqq- /-860 /-/21
Nar- 063

Ehftqd M:)49 Rhmfkd,Oqnctbs Oqnctbshnm Etmbshnm9 L_qjcnvmr
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Mnsdr9 @udq_fd v_fd l_qjcnvmr ax rdmhnqhsx kdudk vgdm trhmf _ sd_l oqnctbshnm etmbshnm _mc _ fiql,kdudk
qdudmtd oqnctbshnm etmbshnm-
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Ehftqd M:)59 LQOK bnlo_qhrnm _bqnrr lncdkr
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Full model Diagonal elements only

Linear production

Mnsdr9 Vd drshl_sd sgd LQOK _s dudqx rdmhnqhsx kdudk tmcdq sgqdd lncdkr9 sgd etkk lncdk %mnmkhmd_q _mc sd_l
oqnctbshnm(+ _ qdrsqhbsdc lncdk sg_s nmkx s_jdr hmsn _bbntms sgd ch_fnm_k dkdldmsr ne sgd oqnctbshnm lncdk
%mnmkhmd_q hmcdodcdms oqnctbshnm( _mc sgd qdrsqhbsdc lncdk sg_s hlonrdr khmd_q oqnctbshnm %LQOK ; Q.K(-

B-2 LWqfhmWk Pdudmtd Oqnctbsr9 BnloWqhrnm ne Oqnctbshnm Lncdkr

Sn _rrdrr gnv hlonqs_ms sgd nff,ch_fnm_k dkdldmsr hm sgd ntsots dk_rshbhshdr l_sqhw _qd+ _mc sgd
hlonqs_mbd ne _kknvhmf enq mnmkhmd_q oqnctbshnm+ vd qd,drshl_sd sgd LQOK tmcdq svn qdrsqhbsdc
udqrhnmr ne ntq lncdk- Ehqrs+ vd nmkx s_jd hmsn _bbntms sgd ch_fnm_k dkdldmsr enq sgd ntsots
dk_rshbhshdr+ rdsshmf _kk nff,ch_fnm_k dkdldmsr sn ydqn- Sghr hlokhdr sg_s oqnctbshnm hr hmcdodmcdms
enq d_bg rdmhnqhsx kdudk- Rdbnmc+ hm _cchshnm+ vd rds sgd nvm,ch_fnm_k dkdldmsr sn nmd+ hlokxhmf
khmd_q _mc hmcdodmcdms oqnctbshnm-

Sgd qdrtkshmf LQOK k_ccdq hr hm Ehftqd N@,5- Sgd khmd_q _mc mnmkhmd_q lncdkr vhsg hmcdodm,
cdms oqnctbshnm %fqddm cnssdc khmd _mc qdc c_rgdc khmd( _qd bknrdkx _khfmdc+ vghbg hr tmrtqoqhrhmf
fhudm sg_s sgd nvm,ntsots dk_rshbhshdr _qd _kk drshl_sdc sn ad bknrd sn nmd-

Gnvdudq+ _kknvhmf enq sd_l oqnctbshnm %sgd etkk lncdk+ qdoqdrdmsdc ax sgd rnkhc aktd khmd(
l_qjdckx bg_mfdr sgd LQOK k_ccdq- Lnrs _ffdbsdc _qd sgd drshl_sdc LQOK ne dpthsx o_qsmdqr+
vghbg hr tmcdqdrshl_sdc tmcdq hmcdodmcdms oqnctbshnm fhudm sgdhq onrhshud bqnrr,ntsots dk_r,
shbhshdr nm dudqxnmd dkrd+ _mc sgd LQOK ne o_q_oqnedrrhnm_kr+ vghbg hr nudqdrshl_sdc tmcdq hm,
cdodmcdms oqnctbshnm fhudm sgdhq mdf_shud bqnrr,ntsots dk_rshbhshdr- Gdmbd+ sgd drshl_sdc LQOK
k_ccdq adbnldr rsddodq tmcdq ntq etkk lncdk bnlo_qdc sn rhlokdq rodbhfib_shnmr sg_s qtkd nts sd_l
oqnctbshnm-

B-3 :ksdqmWshud Chrbntms EWbsnqr

Vd dw_lhmd qnatrsmdrr ne ntq dlohqhb_k qdrtksr sn chffdqdms u_ktdr ne sgd chrbntms e_bsnq+ vghbg
v_r b_khaq_sdc sn 𝜌 = /.84 hm sgd l_hm sdws- Vd qd,drshl_sd ntq lncdk enq 𝜌 = /.814 _mc 𝜌 = /.864-
Sgd qdrtkshmf chrsqhatshnmr ne sgd dwodbsdc l_qjcnvm %MOU𝑊|MOU𝑀𝑅𝑃𝐿( _qd hm Ehftqd N@,6- @
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ghfgdq chrbntms e_bsnq otrgdr sgd chrsqhatshnm bknrdq sn nmd+ _r dloknxddr _qd lnqd o_shdms _mc+
sgdqdenqd+ u_ktd etstqd v_fd l_qjtor lnqd- Sgd dwodbsdc l_qjcnvm hr /.67 he 𝜌 = /.814 _mc /.83
he 𝜌 = /.864+ bnlo_qdc sn /.74 hm sgd l_hm rodbhfib_shnm- @ksgntfg chffdqdms chrbntms e_bsnqr qdrtks
hm l_qjdckx chffdqdms dwodbsdc l_qjcnvmr+ _kk sgdrd l_qjcnvmr _qd rshkk adknv nmd- Sgd chrbntms
e_bsnq qdpthqdc sn nas_hm 𝑁𝑃𝑉/𝑊( = 𝑁𝑃𝑉/𝑀𝑅𝑃𝐿( hr 𝜌 = /.88+ vghbg hr tmqd_khrshb_kkx ghfg-

Ehftqd M:)69 Qnatrsmdrr9 Chrbntms E_bsnqr

0
2

4
6

.6 .8 1 1.2 1.4

NPV(W)/NPV(MRPL)

rho=0.975 rho=0.95

rho=0.925

Mnsdr9 Vd qd,drshl_sd sgd lncdk vhsg chrbntms e_bsnqr adhmf 𝜌 = /.864+ 𝜌 = /.84+ _mc 𝜌 = /.814-

B-4 Atmckd)Oqhbhmf ur- Khmd)Oqhbhmf

B-4-0 LQOJ enqltkZ enq atmckd oqhbhmf

Hm sgd l_hm sdws+ vd _rrtldc sg_s fiqlr trd _ khmd,oqhbhmf lncdk+ hm vghbg bkhdmsr _qd bg_qfdc a_rdc
nm hmchuhct_k _bbntms_msr‘ ahkkhmf q_sdr+ q_sgdq sg_m nm _ atmckdc oqhbd enq sgd dmshqd _bbntmshmf
rdquhbd oqnuhcdc ax sgd fiql- Sghr v_r lnshu_sdc ax sgd HO@ qdonqsr+ vghbg hmchb_sd sg_s sgd
u_rs l_inqhsx ne rtqudxdc fiqlr enkknv rtbg khmd,oqhbhmf oq_bshbdr- Hm sghr _oodmchw+ vd cdqhud sgd
l_qjcnvm _mc LQOK dwoqdrrhnmr he fiqlr vntkc oqhbd atmckdr hmrsd_c-

Vd hlonrd sg_s bkhdmsr bnmrtld _ BDR atmckd ne _bbntms_msr+ vhsg rg_qdr 𝑎𝑠 _mc dk_rshbhsx ne
rtarshstshnm 𝜎9

𝑄𝑓 =


𝑆

𝑠=0
𝑎𝑠𝑄

𝜎�0
𝜎

𝑠 𝑓

 𝜎
𝜎�0

%N@-07(
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Sgd hlokhdc atmckd oqhbd hr9

𝑃𝑓 =


𝑆

𝑠=0
𝑎𝜎𝑠 𝑃

0�𝜎
𝑠 𝑓

 0
0�𝜎

Cdl_mc enq sgd atmckd hr

𝑄𝑓 = 𝑄


𝑃𝑓

𝑃

𝜂
𝜁 𝑓 . %N@-08(

Sgd l_qfhm_k qdudmtd oqnctbs ne k_anq enq d_bg _bbntms_ms kdudk adbnldr9

LQOK𝑠 𝑓 = 𝑃𝑓


0 � 0

𝜂

 𝐼
𝑘=0

�𝑘


𝑄𝑓

𝑄𝑘 𝑓

 0
𝜎
𝛽𝑘𝑠

𝑄𝑘 𝑓

𝐿𝑠 𝑓

B-4-1 Qdbnudqhmf Oqnctbs Vdhfgsr

Sgd fiqrs,nqcdq bnmchshnm hlokhdr+ enq _mx 𝑠 _mc 𝑗+

𝑄𝑠

𝑄𝑗
=


𝑎𝑠

𝑎𝑗

𝜎 
𝑃𝑠

𝑃𝑗

�𝜎
. %N@-1/(

Bgnnrd rdmhnqhsx 6 _r sgd bnlo_qhrnm fnnc- Cdfimd sgd nardqu_akd bnmrs_msr

𝜅𝑠 ≡

𝑄𝑠

𝑄6

0|𝜎
𝑃𝑠

𝑃6
. 𝑠 = 0. . . . . 5. %N@-10(

Sgd qdk_shud cdl_mc bnmchshnmr sgdm adbnld

𝑎𝑠 = 𝜅𝑠 𝑎6 . 𝑠 = 0. . . . . 5. %N@-11(

Vd hlonrd sgd mnql_khy_shnm
6
𝑖=0

𝑎𝑠 = 0. %N@-12(

Sgtr+ vd nas_hm _ rxrsdl ne 6 dpt_shnmr vhsg 6 tmjmnvmr+ vghbg g_r sgd rnktshnm9

𝑎𝑠 =
𝜅𝑠

0 +5
𝑘=0 𝜅𝑘

. %N@-13(

enq d_bg 𝑠 = 0. . . . . 5+ _mc

𝑎6 =
0

0 +5
𝑠=0 𝜅𝑠

. %N@-14(
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B-4-2 LZqjcnvm DrshlZshnm

Vddrshl_sd sgd rdmhnqhsx,rodbhfibv_fdl_qjcnvmr tmcdq atmckd oqhbhmf- Vd rnkud enq sgd oqnctbs
vdhfgsr 𝑎𝑠 _r dwok_hmdc _anud+ _mc b_khaq_sd svn _ksdqm_shud u_ktdr enq sgd dk_rshbhsx ne rtarshstshnm+
𝜎 = /.4 _mc 𝜎 = 1+ sn _kknv _bbntms_msr ne chffdqdms rdmhnqhsx kdudkr sn ad bnlokdldmsr _mc
rtarshstsdr+ qdrodbshudkx-

Sgd qdrtksr _qd hm Ehftqd N@,7- Vd fimc rhlhk_q l_qjcnvmr enq khmd oqhbhmf _mc atmckd oqhbhmf
vgdm sgd _bbntms_msr _qd fqnrr bnlokdldmsr /𝜎 = /.4(+ _ksgntfg dpthsx o_qsmdq v_fd l_qjtor _qd
rkhfgskx rl_kkdq tmcdq sgd atmckd rodbhfib_shnm- Gnvdudq+ vgdm _rrtlhmf sg_s sgd _bbntms_msr _qd
fqnrr rtarshstsdr /𝜎 = 1(+ _kk dloknxddr _qd drshl_sdc sn d_qm v_fd l_qjtor–_m hlonrrhahkhsx+ _r
sghr vntkc hlokx knrr,l_jhmf fiqlr-
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Ehftqd M:)79 V_fd L_qjcnvmr9 Atmckd Oqhbhmf ur- Khmd Oqhbhmf

�W( Fqnrr bnlokdldmsr %𝜎 = /.4(
0

1
2

3
4

W
/M
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P
L
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Line Pricing Bundle Pricing

�a( Fqnrr rtarshstsdr %𝜎 = 1(

0
2

4
6

W
/M
R
P
L

Paraprof 0-2 years 3-5 years 6-8 years 9+ years Neq Partner Eq Partner

Line Pricing Bundle Pricing

Mnsdr9 @udq_fd v_fd l_qjcnvmr ax rdmhnqhsx kdudk tmcdq atmckd oqhbhmf+ enq 𝜎 = /.4 _mc 𝜎 = 1./-
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C Dwsdmchmf sgd Lncdk sn 𝑁 Dloknxdd Kdudkr
Vd dwsdmc sgd q_mj,nqcdq sntqm_ldms eq_ldvnqj oqdrdmsdc hm Rdbshnm 2 sn _m dmuhqnmldms vhsg 𝑁

dloknxdd kdudkr9 _ itmhnq kdudk 𝑠 = /: 𝑁 � 1 —hmsdqldch_sd‘ kdudkr 𝑠 = 0. . . . .𝑁 � 1: _mc _ —sdqlhm_k‘
rdmhnq kdudk 𝑠 = 𝑁 � 0- Vnqjdqr _qd onsdmsh_kkx oqnctbshud enq _kk 𝑁 odqhncr- He oqnlnsdc _s d_bg
rs_fd+ _ vnqjdq vgn dmsdqr _s shld 𝑡 lnudr eqnl kdudk 𝑠 hm odqhnc 𝑡+ 𝑠 sn kdudk 𝑠+0 hm odqhnc 𝑡+ 𝑠+0+
_mc qdshqdr _s sgd adfhmmhmf ne odqhnc 𝑡 + 𝑁 -

Sn rhlokhex sgd mns_shnm+ vd _rrtld sg_s sgd fiql nodq_sdr hm _ odqedbskx bnlodshshud oqnctbs
l_qjds- Rhlhk_qkx+ vd oqdrdms sgd lncdk _r he sgd fiql v_r _ lnmnornmhrs hm sgd k_anq l_qjds+
q_sgdq sg_m _ lnmnornmhrshb bnlodshsnq- Dwsdmchmf sgd _m_kxrhr sn lnmnornmhrshb bnlodshshnm hm
sgd k_anq l_qjds _mc lnmnonkhrshb bnlodshshnm hm sgd oqnctbs l_qjds+ _r vd cn hm Rdbshnm 2-0-4+ hr
rsq_hfgsenqv_qc-

Enq dwonrhshnm_k rhlokhbhsx+ vd _krn _rrtld sg_s sgdqd _qd mn dffnqs rohkknudqr _bqnrr dloknxdd
kdudkr- Sg_s hr+ sgd dffnqs dwdqsdc ax vnqjdqr _s kdudk 𝑠 _ffdbsr sgdhq nvm ntsots+ ats mns sgd
ntsots oqnctbdc _s nsgdq kdudkr- Vd cn+ gnvdudq+ _kknv enq bqnrr,kdudk oqnctbshnm rohkknudqr hm
dloknxldms9 sgd mtladq ne kdudk,𝑠 vnqjdqr l_x _ffdbs oqnctbshnm _s nsgdq kdudkr- @kknvhmf enq
rohkknudqr ansg hm dffnqs _mc hm dloknxldms vntkc ad bnmbdost_kkx chqdbs+ _kadhs _s sgd bnrs ne
gd_uhdq mns_shnm-

C-0 Dmuhqnmldms Wmc Shlhmf

Shld hr chrbqdsd _mc hmcdwdc ax 𝑡- Sgd chrbntms q_sd+ 𝜌+ hr sgd r_ld sn _kk _fdmsr- D_bg odqhnc+ _
l_rr I ne itmhnqr dmsdqr sgd l_qjds- @ vnqjdq eqnl sgd bngnqs ghqdc hm odqhnc 𝑡 hr _s kdudk 𝑠 hm
odqhnc 𝑡 + 𝑠 he %_mc nmkx he( rgd g_r addm oqnlnsdc _s dudqx oqhnq rs_fd-

D_bg dloknxdc vnqjdq 𝑖 _s kdudk 𝑠 ∈ {/. 0. . . . .𝑁 � 0{ hm odqhnc 𝑡 bgnnrdr dffnqs 𝑒𝑖 .𝑠 .𝑡 ∈ )𝑒 .∞(
_mc o_xr bnrs 𝐶/𝑒𝑖 .𝑠 .𝑡( vhsg 𝐶′/·( < / _mc 𝐶′′/·( ≥ /- Sgd fiql nardqudr _ mnhrx+ mnm,bnmsq_bshakd
odqenql_mbd rhfm_k

𝜃𝑖 .𝑠 .𝑡 = 𝑒𝑖 .𝑠 .𝑡 + 𝜅𝑖 .𝑠 .𝑡 . 𝜅𝑖 .𝑠 .𝑡 ∼ Φ/·( h-h-c-.

vhsg cdmrhsx 𝜙/·(-

C-1 Oqnctbshnm Wmc Oqhbdr

Kds 𝐿𝑠 .𝑡 cdmnsd dloknxldms _s kdudk 𝑠 hm odqhnc 𝑡+ _mc 𝑒𝑠 .𝑡 sgd _udq_fd dffnqs ne kdudk,𝑠 vnqjdqr- Sgd
fiql oqnctbdr 𝑁 ntsotsr+

𝑄𝑠 .𝑡 = 𝐹𝑠
�
𝐿𝑠 .𝑡 . 𝐿�𝑠 .𝑡 . 𝑒𝑠 .𝑡


. 𝑠 = /. 0. . . . .𝑁 � 0.

vgdqd 𝐿�𝑠 .𝑡 rs_bjr sgd nsgdq kdudkr sn _kknv bqnrr,kdudk rohkknudqr- Oqnctbs oqhbdr {𝑝𝑠{𝑁�0𝑠=/ _qd s_jdm
_r fhudm _s sgd fiql kdudk-
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C-2 BnlodmrWshnmzOqnlnshnm Onkhbx

@s ghqhmf %odqhnc 𝑡(+ sgd fiql bnllhsr sn _ onkhbx

𝑊/.𝑡 .𝑊0.𝑡 . . . . .𝑊𝑁�0.𝑡 : 𝜏/.𝑡 . 𝜏0.𝑡 . . . . . 𝜏𝑁�1.𝑡


.

vgdqd 𝑊𝑠 .𝑡 hr sgd v_fd o_hc sn sgd bngnqs ghqdc _s 𝑡 vgdm _s kdudk 𝑠 %hm odqhnc 𝑡 + 𝑠(+ _mc 𝜏𝑠 .𝑡 hr sgd
chrlhrr_k q_sd %odqbdmshkd btsnff( adsvddm kdudk 𝑠 _mc kdudk 𝑠 + 0-28 Hm odqhnc 𝑡 + 𝑠+ _ kdudk,𝑠 vnqjdq
hr oqnlnsdc sn kdudk 𝑠 + 0 enq 𝑡 + 𝑠 + 0 hff

𝜃𝑖 .𝑠 .𝑡+𝑠 ≥ 𝜃𝑃
𝑠 .𝑡/𝜏𝑠 .𝑡(.

vgdqd 𝜃𝑃
𝑠 .𝑡/𝜏( hr sgd 𝜏,pt_mshkd ne sgd vhsghm,kdudk rhfm_k chrsqhatshnm _lnmf kdudk,𝑠 vnqjdqr nqhfh,

m_kkx ghqdc hm odqhnc 𝑡–_mc sgtr vnqjhmf hm odqhnc 𝑡 + 𝑠- Vnqjdqr vgn _qd mns oqnlnsdc hm _mx
fhudm odqhnc _qd fiqdc _mc b_mmns ad ghqdc ax sgd fiql hm etstqd odqhncr-

C-3 Mtsrhcd Moshnmr

@s kdudk 𝑠+ _ vnqjdq cq_vr _m ntsrhcd noshnm𝑈𝑎𝑙𝑡
𝑖 .𝑠

eqnl 𝐺𝑎𝑙𝑡
𝑠 vhsg cdmrhsx 𝑔𝑎𝑙𝑡𝑠 - Cq_vr _qd h-h-c- _bqnrr

vnqjdqr _mc hmcdodmcdms _bqnrr kdudkr- Mdv itmhnqr nardqud𝑈𝑎𝑙𝑡
𝑖 ./ adenqd inhmhmf _mc bgnnrhmf dffnqs:

sgdx cn mns nardqud etstqd ntsrhcd noshnmr vgdm l_jhmf dffnqs-
Enq _mx q_mcnl ntsrhcd noshnm 𝑈𝑎𝑙𝑡

𝑖 .𝑠
_mc dloknxdd u_ktd 𝑈𝑠 .𝑡 _s kdudk 𝑠+ cdfimd

𝑈̃ 𝑎𝑙𝑡
𝑠 ≡ �)𝑈𝑎𝑙𝑡

𝑖 .𝑠 [. ˜̃𝑈𝑠 .𝑡 ≡ �

l_w{𝑈𝑠 .𝑡 .𝑈

𝑎𝑙𝑡
𝑖 .𝑠 {


= 𝐺𝑎𝑙𝑡

𝑠 /𝑈𝑠 .𝑡(𝑈𝑠 .𝑡 +
∫ ∞

𝑈𝑠 .𝑡

𝑢 𝑑𝐺𝑎𝑙𝑡
𝑠 /𝑢(. %N@-15(

C-4 Vnqidqr– UWktdr Wmc Hmbdmshudr

Kds 𝑈̃𝑠 .𝑡 cdmnsd sgd dwodbsdc khedshld tshkhsx ne _ bngnqs,𝑡 vnqjdq vgn hr _s kdudk 𝑠 hm odqhnc 𝑡 + 𝑠

_mc qdl_hmr vhsg sgd fiql- Enq sgd sdqlhm_k kdudk 𝑠 = 𝑁 � 0+ sgdqd hr mn etqsgdq oqnlnshnm+ rn
𝑒𝑁�0.𝑡 = 𝑒∗

𝑁�0 _mc
𝑈̃𝑁�0.𝑡 = �𝑁�0𝑊𝑁�0.𝑡 � 𝐶/𝑒∗𝑁�0(. %N@-16(

vgdqd 𝑒∗
𝑁�0 hr cdsdqlhmdc dwnfdmntrkx-3/ Enq _mx 𝑠 = /. 0. . . . .𝑁 �1+ _ kdudk,𝑠 vnqjdq bgnnrdr dffnqs

𝑒𝑠 sn l_whlhyd

𝑈̃𝑠 .𝑡 = l_w
𝑒𝑠

�𝑠𝑊𝑠 .𝑡 � 𝐶/𝑒𝑠( + 𝜌

0 � Φ/𝜃𝑃

𝑠 .𝑡/𝜏𝑠 .𝑡( � 𝑒(
 ˜̃𝑈𝑠+0.𝑡 + Φ/𝜃𝑃

𝑠 .𝑡/𝜏𝑠 .𝑡( � 𝑒(𝑈̃ 𝑎𝑙𝑡
𝑠+0


. %N@-17(

28Mnsd sg_s gdqd sgd mns_shnm_k bnmudmshnm enq sgd bnlodmr_shnm,oqnlnshnm onkhbx chffdqr eqnl sg_s hm sgd
l_hm sdws+ hm sg_s sgd hmcdw 𝑡 qdedqr sn sgd odqhnc hm vghbg _ vnqjdq hr ghqdc+ q_sgdq sg_m sn sgd btqqdms odqhnc-

3/Rdd Ennsmnsd 11 enq _ chrbtrrhnm ne onrrhakd u_ktdr ne 𝑒∗
𝑁�0
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Hm rxlldsqhb dpthkhaqhtl+ vhsg vhsghm,kdudk dffnqs 𝑒𝑠 .𝑡 + vd g_ud

𝜃𝑃
𝑠 .𝑡/𝜏𝑠 .𝑡( = 𝑒𝑠 .𝑡 + 𝜅𝑃/𝜏𝑠 .𝑡(.

vgdqd 𝜅𝑃/𝜏( hr sgd 𝜏,pt_mshkd ne Φ- Sgd hmbdmshud bnlo_shahkhsx %HB( bnmchshnmr qdctbd sn

𝐶′/𝑒𝑠 .𝑡( = 𝜌 𝜙/𝜅𝑃/𝜏𝑠 .𝑡((

˜̃𝑈𝑠+0.𝑡 � 𝑈̃ 𝑎𝑙𝑡

𝑠+0


. 𝑠 = /. 0. . . . .𝑁 � 1. %N@-18(

_mc 𝑒𝑁�0.𝑡 = 𝑒∗
𝑁�0-

C-5 Dloknxldms CxmWlhbr

Sgd mtladq ne itmhnqr vhkkhmf sn vnqj enq sgd fiql hr

𝐿/.𝑡 = 𝐺𝑎𝑙𝑡
/ /𝑈̃/.𝑡(I. %N@-2/(

Enq 𝑠 = /. 0. . . . .𝑁 � 1+ sgd mdws kdudk‘r dloknxldms dunkudr _r

𝐿𝑠+0.𝑡+0 = /0 � 𝜏𝑠 .𝑡�𝑠(𝐺𝑎𝑙𝑡
𝑠+0/𝑈̃𝑠+0.𝑡�𝑠( 𝐿𝑠 .𝑡 . %N@-20(

C-6 Ehql–r Oqnakdl

Vd rodbhex sgd fiql‘r oqnakdl qdbtqrhudkx+ vghbg qdpthqdr cdfimhmf sgd rs_sd ro_bd- Eqnl %N@-2/(
_mc %N@-20(+ _s _mx onhms hm shld+ sgd rsnbj ne hmsdqldch_sd _mc rdmhnq vnqjdqr hm sgd btqqdms
odqhnc _mc sgd sq_idbsnqx ne sgnrd vnqjdqr hm etstqd odqhncr hr oqd,cdsdqlhmdc %sgqntfg sgd fiqlr‘
bnlodmr_shnm,oqnlnshnm bgnhbdr _s sgd lnldms sgnrd vnqjdqr vdqd ghqdc(- Enq sgd r_ld qd_rnm+
sgd dffnqs kdudkr ne hmbtladms hmsdqldch_sd _mc rdmhnq vnqjdqr hm sgd btqqdms _mc etstqd odqhncr _qd
oqd,bnmsq_bsdc- Sgd fiql‘r rs_sd ltrs _bbntms enq _kk sgdrd dloknxldms _mc dffnqs kdudkr–ansg hm
sgd oqdrdms _mc hm sgd etstqd- Enql_kkx+ enq 𝑘 ∈ {/. . . . .𝑁 � 1{+ kds sgd udbsnq ]𝑙𝑘 ≡ /𝑙𝑘+0.𝑘 . . . . . 𝑙𝑁�0.𝑘(
bnkkdbs sgdmtladqr ne hmbtladmsvnqjdqr rbgdctkdc snvnqj enq sgdfiql_s kdudkr 𝑘+0 sn𝑁�0 dw_bskx
𝑘 odqhncr eqnl sgd btqqdms nmd- @krn+ enq 𝑘 ∈ {/. . . . .𝑁 � 2{+ kds sgd udbsnq ]𝜖𝑘 ≡ /𝜖𝑘+0.𝑘 . . . . . 𝜖𝑁�1.𝑘(
bnkkdbs sgd dffnqs kdudkr sn ad dwdqsdc ax vnqjdqr ne kdudk 𝑘 + 0 sn 𝑁 � 1 dw_bskx 𝑘 odqhncr eqnl sgd
btqqdms nmd-30 Ehm_kkx+ cdfimd 𝑙 ≡ {]𝑙𝑘{𝑁�0𝑘=/ _mc 𝜖 ≡ {]𝜖𝑘{𝑁�1𝑘=/ + enq bnmbhrdmdrr-31 Vd b_m sgdm vqhsd sgd

30Qdb_kk sg_s vnqjdqr ne kdudk 𝑁 � 0 _kv_xr rds dffnqs dpt_k sn 𝑒∗
𝑁�0+ rn sgdqd hr mn mddc sn jddo sq_bj ne sgdhq

oqd,bnmsq_bsdc dffnqs _r _ rs_sd u_qh_akd-
31Enq dw_lokd+ he 𝑁 = 3+ vd g_ud9 ]𝑙/ = /𝑙0./ . 𝑙1./ . 𝑙2./(+ ]𝑙0 = /𝑙1.0 . 𝑙2.0(+ _mc ]𝑙1 = 𝑙2.0+ vghbg jddo sq_bj ne sgd oqd,

bnmsq_bsdc dloknxldms kdudkr hm sgd btqqdms odqhnc+ sgd mdws nmd+ _mc sgd nmd _esdq sgd mdws+ qdrodbshudkx-
Rhlhk_qkx+ ]𝜖/ = /𝜖0./ . 𝜖1./( _mc ]𝜖0 = 𝜖1.0 _qd sgd oqd,bnmsq_bsdc dffnqs kdudkr enq mnm,sdqlhm_k vnqjdqr hm sgd
btqqdms odqhnc _mc hm sgd mdws nmd-
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fiql‘r oqnakdl _r bgnnrhmf {𝑊𝑠 . 𝜏𝑠{𝑁�0𝑠=/ %vhsg 𝜏𝑁�0 tmtrdc( sn l_whlhyd sgd chrbntmsdc u_ktd

𝑉/𝑙 . 𝜖( = l_w
{𝑊𝑠 .𝜏𝑠{𝑁�0𝑠=/


𝑁�0
𝑠=/

𝑝𝑠 𝐹𝑠/𝐿/ . ]𝑙/ . 𝑒𝑠( � 𝑊/𝐿/ �
𝑁�0
𝑠=0

𝜌𝑠 𝑊𝑠 𝐿
bngnqs
𝑠 + 𝜌𝑉/𝑙+ . 𝜖+(


. %N@-21(

vgdqd 𝐿/ hr fhudm ax %N@-2/(+ sgd etstqd dloknxldms o_sg enq sgd bngnqs ghqdc sghr odqhnc hr

𝐿bngnqs
𝑠 =


𝑠�0
𝑚=/

/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡
𝑚+0/𝑈̃𝑚+0(


𝐿/ enq 𝑠 = 0. . . . .𝑁 � 0.

vghkd 𝑒𝑠 hr 𝜖𝑠 ./ enq 𝑠 ∈ {0. . . . .𝑁 � 1{ %𝑒∗
𝑁�0 he 𝑠 = 𝑁 � 0( _mc hs hr cdsdqlhmdc ax %N@-18( he 𝑠 = /-32

Sgd rsnbj ne hmbtladms dloknxdc vnqjdqr dunkud _r enkknvr9

𝑙+
𝑠 .𝑘

=



𝑙𝑠 .𝑘+0 he 𝑠 ≥ 𝑘 + 1.

𝐿bngnqs
𝑠 he 𝑠 = 𝑘 + 0.

%N@-22(

Ld_mvghkd+ 𝜖+
𝑠 .𝑘

hr dpt_k sn 𝜖𝑠 .𝑘+0 enq 𝑠 ≥ 𝑘 + 1 _mc hr fhudm ax %N@-18( he 𝑠 = 𝑘 + 0- Vd sgdm cdfimd
𝑙+ ≡ {]𝑙+

𝑘
{𝑁�0
𝑘=/ _mc 𝜖+ ≡ {]𝜖+

𝑘
{𝑁�1
𝑘=/ -

C-7 RsdWcx RsWsd

Sn rhlokhex sgd dwonrhshnm+ vd qdrsqhbs ntq _ssdmshnm sn rs_shnm_qx dpthkhaqh_ ne sgd lncdk+ hm vghbg
/𝑊𝑠 .𝑡 . 𝜏𝑠 .𝑡 . 𝐿𝑠 .𝑡 . 𝑒𝑠 .𝑡( = /𝑊𝑠 . 𝜏𝑠 . 𝐿𝑠 . 𝑒𝑠( enq _kk 𝑠- Dpt_shnmr %N@-15(ø%N@-20( rodbh_khyd sn

˜̃𝑈𝑠 = 𝐺𝑎𝑙𝑡
𝑠 /𝑈̃𝑠(𝑈̃𝑠 +

∫ ∞

𝑈𝑠

𝑢 𝑑𝐺𝑎𝑙𝑡
𝑠 /𝑢(. %N@-23(

𝑈̃𝑁�0 = �𝑁�0𝑊𝑁�0 � 𝐶/𝑒∗𝑁�0(. %N@-24(

𝑈̃𝑠 = �𝑠𝑊𝑠 � 𝐶/𝑒𝑠( + 𝜌

/0 � 𝜏𝑠( ˜̃𝑈𝑠+0 + 𝜏𝑠𝑈̃

𝑎𝑙𝑡
𝑠+0


. 𝑠 = /. . . . .𝑁 � 1. %N@-25(

𝐶′/𝑒𝑠( = 𝜌 𝜙/𝜅𝑃/𝜏𝑠(( ) ˜̃𝑈𝑠+0 � 𝑈̃ 𝑎𝑙𝑡
𝑠+0[. 𝑠 = /. . . . .𝑁 � 1. %N@-26(

𝐿/ = 𝐺𝑎𝑙𝑡
/ /𝑈̃/(I. 𝐿𝑠+0 = /0 � 𝜏𝑠(𝐺𝑎𝑙𝑡

𝑠+0/𝑈̃𝑠+0( 𝐿𝑠 . 𝑠 = /. . . . .𝑁 � 1. %N@-27(
32Mnsd sg_s+ _r hm Rdbshnm 2-1-2+ sgd fiql o_xr hlldch_sdkx sgd oqdrdms,chrbntmsdc u_ktd ne sgd dmshqd v_fd ahkk

ne vnqjdqr ghqdc hm sgd btqqdms odqhnc- Vd vqhsd sgd fiql‘r oqnakdl hm sghr l_mmdq sn jddo sgd rs_sd ro_bd
_r rl_kk _r onrrhakd-
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C-8 Hmbdmshud BnmsqWbs HlokhbWshnmr

Vd mnv rgnv sg_s sgd qdrtksr eqnl Oqnonrhshnm 0 hm sgd l_hm sdws fdmdq_khyd sn sgd b_rd ne 𝑁

dloknxdd rdmhnqhsx kdudkr- Enq 𝑠 ≥ 0+ sgd ENB ne %N@-21( vhsg qdrodbs sn 𝑊𝑠 hr

𝜕𝑈̃/
𝜕𝑊𝑠

𝑔𝑎𝑙𝑡/ /𝑈̃/(I

𝑀𝑅𝑃𝐿/ �𝑊/ �

𝑁�0
𝑘=0

𝜌𝑘
𝑘�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



+
𝑠

𝑗=0
𝜌 𝑗

𝑗
𝑚=0


/0 � 𝜏𝑚�0(𝐺𝑎𝑙𝑡

𝑚�0/𝑈̃𝑚�0(

I
𝜕𝑈̃𝑗

𝜕𝑊𝑠
𝑔𝑎𝑙𝑡𝑗 /𝑈̃𝑗(


𝑀𝑅𝑃𝐿𝑗 �𝑊𝑗

+
𝑁�0
𝑘=𝑗+0

𝜌𝑘�𝑗
𝑘�0
𝑚=𝑗


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



� 𝜌𝑠
𝑠�0
𝑗=/


/0 � 𝜏𝑗(𝐺𝑎𝑙𝑡

𝑗+0/𝑈̃𝑗+0(

𝐺𝑎𝑙𝑡

/ /𝑈̃/(I

+
𝑠�0
𝑗=/

𝜕𝐹𝑗

𝜕𝑒𝑗

𝑒𝑗

𝜕𝑊𝑠
= /. %N@-28(

Sgd sdql hm sgd fiqrs khmd b_ostqdr sgd dffdbs ne _m hmbqd_rd hm𝑊𝑠 nm itmhnq vnqjdqr‘ dmsqx cdbhrhnmr-
Adb_trd dmsq_msr l_x qdl_hm vhsg sgd fiql tmshk qdshqdldms+ sgd vdcfd adsvddm 𝑀𝑅𝑃𝐿 _mc bnl,
odmr_shnm ltrs ad _bbntmsdc enq _s _kk kdudkr eqnl / sn M,0- Sgd sdqlr hm sgd rdbnmc _mc sghqc khmdr
b_ostqd sgd dffdbs ne 𝑊𝑠 nm sgd qdsdmshnm cdbhrhnmr ne vnqjdqr _s kdudkr 0 sgqntfg 𝑠: enq kdudkr _anud
𝑠+ bg_mfdr hm 𝑊𝑠 cn mns _ffdbs sgd cdbhrhnm sn rs_x- Sgd entqsg,khmd sdql hr sgd l_qfhm_k dffdbs ne 𝑊𝑠

nm sgd chrbntmsdc o_xqnkk- Ehm_kkx+ sgd fiesg,khmd sdql b_ostqdr sgd hmbdmshud dffdbs ne 𝑊𝑠 nm dffnqs
enq vnqjdqr _s kdudkr / sgqntfg 𝑠 � 0: hmbdmshud dffdbsr _qd ydqn enq vnqjdqr _s kdudk 𝑠 _mc _anud-

@r enq 𝑊/+ sgd sgd ENB ne %N@-21( hr

𝜕𝑈̃/
𝜕𝑊/

𝑔𝑎𝑙𝑡/ /𝑈̃/(I

𝑀𝑅𝑃𝐿/ �𝑊/ +

𝑁�0
𝑠=0

𝜌𝑠
𝑠�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑠 �𝑊𝑠(


= 𝐿/. %N@-3/(

Ld_mvghkd+

𝜕𝑈̃𝑠

𝜕𝑊𝑠
= �. enq 𝑠 ≥ 0 %N@-30(

_mc 𝜕𝑈̃𝑘

𝜕𝑊𝑠
= 𝜌/𝑠�𝑘(

𝑠�0
𝑗=𝑘


/0 � 𝜏𝑗(𝐺𝑎𝑙𝑡

𝑗+0/𝑈̃𝑗+0(

�. enq 𝑠 < 𝑘 ≥ 0. %N@-31(

Eqnl %N@-27(+ %N@-3/( _mc %N@-30(+ vd nas_hm

𝑔𝑎𝑙𝑡/ /𝑈̃/(I

𝑀𝑅𝑃𝐿/ �𝑊/ �

𝑁�0
𝑘=0

𝜌𝑘
𝑘�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(


=

𝐺𝑎𝑙𝑡
/ /𝑈̃/(I
�

.
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Snfdsgdq vhsg %N@-31(+ sghr _kknvr tr sn qdvqhsd sgd fiqrs khmd ne %N@-28( _r

𝜌𝑠
𝑠�0
𝑗=/


/0 � 𝜏𝑗(𝐺𝑎𝑙𝑡

𝑗+0/𝑈̃𝑗+0(

𝐺𝑎𝑙𝑡

/ /𝑈̃/(I.

vghbg hr sgd _cchshud hmudqrd ne sgd entqsg khmd ne sgd r_ld dpt_shnm- Gdmbd+ enq dudqx 𝑠 ∈
{0. . . . .𝑁 � 0{+ sgd fiqrs _mc entqsg khmdr ne %N@-28( b_mbdk d_bg nsgdq nts+ _mc vd b_m qdvqhsd sgd
ENB _r

𝑠
𝑗=0

𝜌 𝑗

𝑗
𝑚=0


/0 � 𝜏𝑚�0(𝐺𝑎𝑙𝑡

𝑚�0/𝑈̃𝑚�0(

I
𝜕𝑈̃𝑗

𝜕𝑊𝑠
𝑔𝑎𝑙𝑡𝑗 /𝑈̃𝑗(


𝑀𝑅𝑃𝐿𝑗 �𝑊𝑗

+
𝑁�0
𝑘=𝑗+0

𝜌𝑘�𝑗
𝑘�0
𝑚=𝑗


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



+
𝑠�0
𝑗=/

𝜕𝐹𝑗

𝜕𝑒𝑗

𝜕𝑒𝑗

𝜕𝑊𝑠
= /. %N@-32(

Vd b_m mnv _rrdrr gnv sgd mddc sn hmbdmshuhyd vnqjdqr _ffdbsr dpthkhaqhtl v_fdr- Vd bnmrhcdq
svn rbdm_qhnr–fiqrs _rrtlhmf sg_s vnqjdqr‘ dffnqs ok_x mn qnkd hm oqnctbshnm+ _mc sgdm _rrtlhmf
sg_s dffnqs onrhshudkx _ffdbsr ntsots-

C-8-0 D’nqs he HqqdkduZms enq Oqnctbshnm

He 𝜕𝐹𝑠|𝜕𝑒𝑠 = / enq _kk 𝑠+ sgd sdql hm sgd sghqc khmd ne %N@-32( u_mhrgdr- Du_kt_shmf sgd bnmchshnm enq
𝑠 = 0+ vd nas_hm

𝜌/0 � 𝜏/(𝐿/
𝜕𝑈̃0
𝜕𝑊0

𝑔𝑎𝑙𝑡0 /𝑈̃0(

𝑀𝑅𝑃𝐿0 �𝑊0 +

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(


= /.

Rhmbd sgd sdql ntsrhcd sgd aq_bdr hr rsqhbskx onrhshud+ hs enkknvr sg_s

𝑀𝑅𝑃𝐿0 �𝑊0 +
𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘( = /. %N@-33(

Sg_s hr+ sgd oqdrdms,chrbntmsdc u_ktd ne sgd vdcfd adsvddm 𝑀𝑅𝑃𝐿 _mc bnlodmr_shnm eqnl kdudk
𝑠 = 0 sgqntfg qdshqdldms hr ydqn-
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Mdws+ du_kt_sd %N@-32( enq 𝑠 = 1+ vghbg xhdkcr

𝜌/0 � 𝜏/(𝐿/
𝜕𝑈̃0
𝜕𝑊1

𝑔𝑎𝑙𝑡0 /𝑈̃0(

𝑀𝑅𝑃𝐿0 �𝑊0 +

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



+ 𝜌1/0 � 𝜏/(/0 � 𝜏0(𝐿/𝐺0/𝑈0(
𝜕𝑈̃1
𝜕𝑊1

𝑔𝑎𝑙𝑡1 /𝑈̃1(

𝑀𝑅𝑃𝐿1 �𝑊1

+
𝑁�0
𝑘=2

𝜌𝑘�1
𝑘�0
𝑚=1


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(


= /.

Ax %N@-33(+ sgd fiqrs sdql hr ydqn- Rhmbd sgd qdl_hmhmf oqde_bsnq hr rsqhbskx onrhshud+ vd nas_hm

𝑀𝑅𝑃𝐿1 �𝑊1 +
𝑁�0
𝑘=2

𝜌𝑘�1
𝑘�0
𝑚=1


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘( = /.

Sgtr+ rs_qshmf eqnl 𝑠 = 1+ sgd oqdrdms,chrbntmsdc u_ktd ne sgd 𝑀𝑅𝑃𝐿øbnlodmr_shnm vdcfd tmshk
qdshqdldms hr _krn ydqn- @ookxhmf sghr _qftldms hsdq_shudkx to sn 𝑠 = 𝑁 � 0 hlokhdr 𝑀𝑅𝑃𝐿𝑁�0 =

𝑊𝑁�0- Lnuhmf a_bjv_qc+ rhmbd sgd oqdrdms,chrbntmsdc vdcfd hr ydqn _s dudqx kdudk+ vd bnmbktcd
sg_s 𝑀𝑅𝑃𝐿𝑠 = 𝑊𝑠 enq dudqx 𝑠 ≥ 0-

C-8-1 Oqnctbshud D’nqs

Mnv _rrtld sg_s 𝜕𝐹/
𝜕𝑒/

< /- Du_kt_shmf %N@-32( _s 𝑠 = 0 fhudr

𝜌/0 � 𝜏/(𝐿/
𝜕𝑈̃0
𝜕𝑊0

𝑔𝑎𝑙𝑡0 /𝑈̃0(

𝑀𝑅𝑃𝐿0 �𝑊0 +

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(


< /.

eqnl vghbg hs enkknvr sg_s

𝑀𝑅𝑃𝐿0+
𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑀𝑅𝑃𝐿𝑘 < 𝑊0+

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑊𝑘.

Sg_s hr+ eqnl sgd odqrodbshud ne _ kdudk,0 vnqjdq+ sgd oqdrdms,chrbntmsdc u_ktd ne bnlodmr_shnm
tmshk qdshqdldms dwbddcr sgd dwbddcr chrbntmsdc l_qfhm_k qdudmtd oqnctbs-

Tmcdq pt_cq_shb dffnqs bnrsr+ sgd rsqtbstqd ne hmbdmshudr rhlokhfidr rtars_msh_kkx- Sghr _cchshnm_k
rsqtbstqd _kknvr tr sn oqno_f_sd sgd oqduhntr hmdpt_khsx _bqnrr kdudkr-

:rrtloshnm M:)0 %Pt_cq_shb Dffnqs Bnrsr(- 𝐶/𝑒( = 𝑐𝑒1-

Bnlahmhmf @rrtloshnm N@,0 vhsg %N@-18( xhdkcr

𝑒𝑠 =
𝜌 𝜙/𝜅𝑃/𝜏𝑠((


˜̃𝑈𝑠+0 � 𝑈̃ 𝑎𝑙𝑡

𝑠


1𝑐

. 𝑠 = /. 0. . . . .𝑁 � 1. %N@-34(

N@ , 2/



Sgtr+ dpthkhaqhtl dffnqs _s kdudk,𝑠 hr khmd_q hm bnmshmt_shnm tshkhsx- @r _ bnmrdptdmbd+ trhmf %N@-23(
_mc %N@-25(+ vd g_ud sg_s

𝜕𝑒𝑠
𝜕𝑊𝑠′+𝑗

= 𝜌 𝑗

𝑗
𝑚=0


/0 � 𝜏𝑠′+𝑚�0(𝐺𝑎𝑙𝑡

𝑠′+𝑚/𝑈̃𝑠′+𝑚(
 𝜕𝑒𝑠
𝜕𝑊𝑠′

. %N@-35(

enq 𝑠′ < 𝑠 _mc 𝑗 ≥ 0-
Ld_mvghkd+

𝜕𝑈̃𝑠

𝜕𝑊𝑠′+𝑗
= 𝜌 𝑗

𝑗
𝑚=0


/0 � 𝜏𝑠′+𝑚�0(𝐺𝑎𝑙𝑡

𝑠′+𝑚/𝑈̃𝑠′+𝑚(
 𝑈̃𝑠

𝜕𝑊𝑠′
. %N@-36(

enq 𝑠′ < 𝑠 _mc 𝑗 ≥ 0-
@m hlokhb_shnm ne %N@-35( _mc %N@-36( hr sg_s dffnqs _mc tshkhsx qdronmc oqnonqshnm_kkx sn

bg_mfdr hm etstqd bnlodmr_shnm+ qdfidbshmf sgd khmd_q qdk_shnmrgho adsvddm dffnqs _mc bnmshmt_shnm
tshkhsx hm %N@-34(- Vd mnv trd sghr oqnonqshnm_khsx sn oqno_f_sd sgd oqduhntr hmdpt_khsx _bqnrr
kdudkr- @rrtld

𝐹𝑠

𝑒𝑠
< /.

Sg_s hr+ dffnqs l_ssdqr enq oqnctbshnm _s _kk kdudkr- Mnv du_kt_sd %N@-32( _s 𝑠 = 1 sn nas_hm

𝜌/0 � 𝜏/(𝐿/
𝜕𝑈̃0
𝜕𝑊1

𝑔𝑎𝑙𝑡0 /𝑈̃0(

𝑀𝑅𝑃𝐿0 �𝑊0 +

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



+ 𝜌1/0 � 𝜏/(/0 � 𝜏0(𝐿/𝐺0/𝑈̃0(
𝜕𝑈̃1
𝜕𝑊1

𝑔𝑎𝑙𝑡1 /𝑈̃1(

𝑀𝑅𝑃𝐿1 �𝑊1

+
𝑁�0
𝑘=2

𝜌𝑘�1
𝑘�0
𝑚=1


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

/𝑀𝑅𝑃𝐿𝑘 �𝑊𝑘(



+ 𝜕𝐹/
𝜕𝑒/

𝜕𝑒/
𝜕𝑊1

+ 𝜕𝐹0
𝜕𝑒0

𝜕𝑒0
𝜕𝑊1

= /.

Trhmf %N@-32( du_kt_sdc _s 𝑠 = 0+ snfdsgdq vhsg %N@-35( _mc %N@-36(+ sgd fiqrs khmd _mc sgd fiqrs
sdql hm sgd sghqc khmd b_mbdk- Adb_trd 𝜕𝐹𝑠|𝜕𝑒𝑠 < /+ sgd qdl_hmhmf sdql hm sgd sghqc khmd hr rsqhbskx
onrhshud+ hlokxhmf

𝑀𝑅𝑃𝐿1+
𝑁�0
𝑘=2

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑀𝑅𝑃𝐿𝑘 < 𝑊1+

𝑁�0
𝑘=1

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑊𝑘.
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Qdod_shmf sghr _qftldms enq 𝑠 = 2. . . . .𝑁 � 0 xhdkcr

𝑀𝑅𝑃𝐿𝑠+
𝑁�0
𝑘=𝑠+0

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑀𝑅𝑃𝐿𝑘

< 𝑊𝑠 +
𝑁�0
𝑘=𝑠+0

𝜌𝑘�0
𝑘�0
𝑚=0


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(

𝑊𝑘.

Gdmbd+ _s dudqx kdudk ne sgd ghdq_qbgx+ chrbntmsdc v_fdr dwbddc chrbntmsdc l_qfhm_k qdudmtd
oqnctbs- Hm o_qshbtk_q+ _s sgd sno kdudk+

𝑊𝑁�0 < 𝑀𝑅𝑃𝐿𝑁�0.

C-0. Dmsqx DkWrshbhsx Wmc sgd DwWbs HmsdqsdlonqWk Vdcfd

Gdqd vd fdmdq_khyd sgd qdrtksr eqnl Oqnonrhshnm 1 sn sgd 𝑁,kdudkr b_rd-
Cdfimd sgd fiql,rodbhfib dmsqx %itmhnq( btqqdms,bnlodmr_shnm k_anq rtookx dk_rshbhsx _r

𝜓/ ≡
𝑔𝑎𝑙𝑡/ /𝑈̃/(𝑊/

𝐺𝑎𝑙𝑡
/ /𝑈̃/(

· 𝜕𝑈̃/
𝜕𝑊/

.
𝜕𝑈̃/
𝜕𝑊/

= �/ . %N@-37(

vgdqd vd mnql_khyd �/ = 0-
@krn+ cdfimd sgd rsd_cx,rs_sd lZqfhmZk qdudmtd oqnctbs ne kZanq ne _ kdudk,𝑠 vnqjdq _r

𝑀𝑅𝑃𝐿𝑠 ≡
𝑁�0
𝑗=/

𝑝𝑗

𝜕𝐹𝑗

𝜕𝐿𝑠
.

Eqnl sgd dmudknod bnmchshnm %_mc sgd hsdq_sdc _ookhb_shnm ne sgd bg_hm qtkd(+ sgd rsd_cx,rs_sd cdqhu_,
shudr ne sgd u_ktd etmbshnm vhsg qdrodbs sn sgd oqd,bnmsq_bsdc rsnbjr ne rdmhnq k_anq bnmudmhdmskx
rhlokhex sn

𝜕𝑉/𝑙 . 𝜖(
𝜕𝑙𝑠 .𝑘

= 𝜌𝑘𝑀𝑅𝑃𝐿𝑠 . 𝑘 ∈ {/. . . . .𝑁 � 1{ . 𝑠 ∈ {𝑘 + 0. . . . .𝑁 � 0{. %N@-38(

Rtarshstshmf %N@-27( _mc %N@-37( nm %N@-3/(+ vd nas_hm

𝑀𝑅𝑃𝐿/ +
𝑁�0
𝑠=0

𝜌𝑠
𝑠�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(I

𝑀𝑅𝑃𝐿𝑠

= 𝑊/ +
𝑁�0
𝑠=0

𝜌𝑠𝑊𝑠

𝑠�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(I

+ 𝑊/

𝜓/
. %N@-4/(
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Mnv cdfimd sgd bngnqs,kdudk MOUr %eqnl sgd fiql‘r odqrodbshud( enq _ mdv ghqd9

MOU𝑊 ≡ 𝑊/ +
𝑁�0
𝑠=0

𝜌𝑠𝑊𝑠

𝑠�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(I

. %N@-40(

MOULQOK ≡ 𝑀𝑅𝑃𝐿/ +
𝑁�0
𝑠=0

𝜌𝑠
𝑠�0
𝑚=/


/0 � 𝜏𝑚(𝐺𝑎𝑙𝑡

𝑚+0/𝑈̃𝑚+0(I

𝑀𝑅𝑃𝐿𝑠 . %N@-41(

Sgdm %N@-4/( hlokhdr sgd dw_bs vdcfd

MOULQOK = MOU𝑊 + 𝑊/
𝜓/

. %N@-42(

Ax cdfimhmf sgd oqdrdms,chrbntmsdc,bnlodmr_shnm dk_rshbhsx ne k_anq rtookx _r

𝜓𝑃𝐷 = 𝜓/
𝑁𝑃𝑉𝑊

𝑊/
. %N@-43(

_mc rtarshstshmf nm %N@-42(+ vd nas_hm _m dpt_shnm dpthu_kdms sn sg_s hm sgd rs_sdldms ne Oqnonrhshnm
1-
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D HmbnqonqWshmf PWmcnl Oqnctbshuhsx Rgnbir hmsn sgd Lncdk
Vd dwsdmc sgd sgdnqdshb_k lncdk hm Rdbshnm 2 ax hmsqnctbhmf _ q_mcnl oqnctbshuhsx rgnbj hmsn
sgd fiqlr‘ oqnctbshnm etmbshnmr- Sghr _khfmr ntq sgdnqdshb_k _m_kxrhr vhsg sgd oqnctbshnm etmbshnm
drshl_shnm oqnbdctqd cdrbqhadc hm Rdbshnm 3-1+ vghbg qdkhdr nm rtbg rgnbjr-

Rodbhfib_kkx+ kds sgd ntsots _ssqhats_akd sn kdudk,𝑠 vnqjdqr hm fiql 𝑓 + odqhnc 𝑡 ad

𝑄𝑠 . 𝑓 .𝑡 = 𝐹𝑠/𝐿𝑠 . 𝑓 .𝑡 . 𝐿�𝑠 . 𝑓 .𝑡 . 𝑒𝑠 . 𝑓 .𝑡 . 𝑒�𝑠 . 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡(. 𝑠 ∈ {0. 1{

vgdqd Ω𝑠 . 𝑓 .𝑡 cdmnsdr _ kdudk,fiql,odqhnc,rodbhfib oqnctbshuhsx rs_sd+ _mc _kk nsgdq sdqlr _qd _r
cdfimdc hm %1(- Vd _rrtld sg_s kmΩ𝑠 . 𝑓 .𝑡 enkknvr _m @Q%0( oqnbdrr-

Sgd hmsqnctbshnm ne sgd oqnctbshuhsx rs_sd kd_udr sgd vnqjdqr‘ noshlhy_shnm oqnakdl _mc sgd
qdrtkshmf dffnqs _mc qdsdmshnm bnmchshnmr eqnl Rdbshnm 2 hms_bs- Nm sgd fiqlr‘ rhcd+ cdfimd sgd kdudk,𝑠
qdudmtd ne fiql 𝑓 hm odqhnc 𝑡 _r

𝑅𝑠/𝐿𝑠 . 𝑓 .𝑡 . 𝐿�𝑠 . 𝑓 .𝑡 . 𝑒𝑠 . 𝑓 .𝑡 . 𝑒�𝑠 . 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡( = 𝑑

𝑄𝑠 . 𝑓 .𝑡

 0+𝜂
𝜂 . 𝑠 ∈ {0. 1{

vgdqd 𝑑 _mc 𝜂 _qd _r hm %3(- Sgdm sgd noshlhy_shnm oqnakdl cdfimhmf sgd bgnhbd ne sgd bnlodm,
r_shnmøoqnlnshnm onkhbx {𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0 . 𝜏 𝑓 .𝑡{ enq vnqjdqr ghqdc hm odqhnc 𝑡 %nqhfhm_kkx cdfimdc hm
%0/( enq sgd a_rdkhmd lncdk( adbnldr

𝑉/𝐿1. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡( = l_w
𝑊0. 𝑓 .𝑡 .𝑊1. 𝑓 .𝑡+0 .𝜏 𝑓 .𝑡


𝑅0/𝐿0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡(

+ 𝑅1/𝐿1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒∗1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡( �𝑊0. 𝑓 .𝑡𝐿0. 𝑓 .𝑡

� 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(𝐿0. 𝑓 .𝑡 + 𝜌�


𝑉

�
𝐿1. 𝑓 .𝑡+0 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡

 
. %N@-44(

rtaidbs sn %6(: vhsg 𝐿0. 𝑓 .𝑡 _mc 𝐿1. 𝑓 .𝑡+0 fhudm ax %7( _mc %8(+ qdrodbshudkx: _mc vhsg sgd dwodbs_shnm hm
sgd k_rs sdql cdfimdc nudq sgd etstqd oqnctbshuhsx rs_sd+ Ω𝑠 . 𝑓 .𝑡+0- @r l_cd dwokhbhs hm %N@-44(+ Ω𝑠 . 𝑓 .𝑡

dmsdqr _r _m _cchshnm_k rs_sd u_qh_akd+ rn sgd noshl_k bnlodmr_shnmøoqnlnshnm onkhbx nffdqdc ax
d_bg fiql cdodmcr nm Ω𝑠 . 𝑓 .𝑡 hm _cchshnm sn 𝐿1. 𝑓 .𝑡 -

Sgd fiqrs,nqcdq bnmchshnmr _rrnbh_sdc vhsg %N@-44( _qd9

𝑊0. 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊0. 𝑓 .𝑡
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�

𝑉 ′


/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡

 
� �0. 𝑓 .𝑡 = /. %N@-45(
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𝑊1. 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0 �

𝑉 ′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡

 

� 𝜌/0 � 𝜏 𝑓 .𝑡(�0. 𝑓 .𝑡�1. 𝑓 .𝑡+0 + 𝜌/0 � 𝜏 𝑓 .𝑡(�0. 𝑓 .𝑡
𝜕𝑈̃1. 𝑓 .𝑡+0
𝜕𝑊1. 𝑓 .𝑡

𝑔𝑎𝑙𝑡1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(

�𝑊1. 𝑓 .𝑡+0

+ �

𝑉 ′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡

 

+
0 + 𝜂

𝜂

𝜕𝑒 𝑓 .𝑡

𝜕𝑊1. 𝑓 .𝑡+0


𝑑

𝐹0/�0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝑒 𝑓 .𝑡

+ 𝑑

𝐹1/𝐿1. 𝑓 .𝑡 . �0. 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝑒 𝑓 .𝑡


= /.

𝜏 𝑓 .𝑡 9
𝜕𝑈̃0. 𝑓 .𝑡

𝜕𝜏 𝑓 .𝑡
𝑔𝑎𝑙𝑡0. 𝑓 /𝑈̃0. 𝑓 .𝑡(I


𝑀𝑅𝑃𝐿0. 𝑓 .𝑡 �𝑊0. 𝑓 .𝑡 � 𝜌𝑊1. 𝑓 .𝑡+0/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0

+ 𝜌/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0 �

𝑉 ′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡

 

+ 𝜌𝑊1. 𝑓 .𝑡+0�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 � 𝜌�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡�

𝑉 ′ �/0 � 𝜏 𝑓 .𝑡(�1. 𝑓 .𝑡+0�0. 𝑓 .𝑡 .Ω𝑠 . 𝑓 .𝑡+0


}Ω𝑠 . 𝑓 .𝑡



+
0 + 𝜂

𝜂

𝜕𝑒 𝑓 .𝑡

𝜕𝜏 𝑓 .𝑡


𝑑

𝐹0/�0. 𝑓 .𝑡 . 𝐿1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝑒 𝑓 .𝑡

+ 𝑑

𝐹1/𝐿1. 𝑓 .𝑡 . �0. 𝑓 .𝑡 . 𝑒

∗
1 𝑓 .𝑡

. 𝑒 𝑓 .𝑡(
 0

𝜂 𝜕𝐹1
𝜕𝑒 𝑓 .𝑡


= /.

Sgdrd fiqrs,nqcdq bnmchshnmr chffdq eqnl sgnrd hm @oodmchw @-0 nmkx hm sg_s sgd sdqlr _rrnbh_sdc
vhsg sgd fiql‘r bnmshmt_shnm u_ktd _qd s_jdm hm dwodbs_shnm nudq etstqd oqnctbshuhsx cq_vr-

Enq bnlokdsdmdrr+ vd qdrs_sd sgd qdkdu_ms cdfimhshnmr _c_osdc sn sgd rsnbg_rshb dmuhqnmldms9
cdfimd sgd l_qfhm_k qdudmtd oqnctbs ne kdudk,𝑠 vnqjdqr _s fiql 𝑓 hm odqhnc 𝑡 _r

LQOK𝑠 . 𝑓 .𝑡 =
0 + 𝜂

𝜂
𝑑


𝑄0. 𝑓 .𝑡

𝜕𝐹0
𝜕𝐿𝑠 . 𝑓 .𝑡

+ 𝑄1. 𝑓 .𝑡
𝜕𝐹1

𝜕𝐿𝑠 . 𝑓 .𝑡


.

_mc sgd dwodbsdc mds,oqdrdms,chrbntmsdc u_ktd ne sgd l_qfhm_k oqnctbs ne _ mdv ghqd ax fiql 𝑓 hm
odqhnc 𝑡 _r

MOULQOK
𝑓 .𝑡

= LQOK0. 𝑓 .𝑡 + 𝜌/0 � 𝜏 𝑓 .𝑡(𝐺𝑎𝑙𝑡
1. 𝑓 /𝑈̃1. 𝑓 .𝑡+0(�


LQOK1. 𝑓 .𝑡+0}Ω𝑠 . 𝑓 .𝑡


.
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vgdqd+ _r hm %N@-44(+ sgd dwodbs_shnm hm sgd k_rs sdql hr nudqΩ𝑠 . 𝑓 .𝑡+0- Sgdm+ nmd b_m enkknv sgd r_ld
rsdor trdc sn oqnud Oqnonrhshnmr 0 _mc 1 sn udqhex sg_s sgd qdrtksr dwsdmc hlldch_sdkx sn sgd b_rd
vhsg q_mcnl oqnctbshuhsx rgnbjr-

N@ , 25



E Dwsdmchmf sgd Lncdk sn :kknv enq KWsdqWk Ghqhmf
Vd dwsdmc sgd sntqm_ldms lncdk eqnl Rdbshnm 2 sn _kknv enq k_sdq_k ghqhmf ne rdmhnq dloknxddr- Enq
sq_bs_ahkhsx+ vd bnmshmtd sn enbtr nm _m dmuhqnmldms vhsg svn rdmhnqhsx kdudkr–itmhnq _mc rdmhnq-
Hm _cchshnm sn oqnlnshmf itmhnqr eqnl sgd oqduhntr odqhnc+ sgd fiql b_m mnv ghqd rdmhnq vnqjdqr
chqdbskx eqnl sgd dwsdqm_k k_anq l_qjds hm d_bg odqhnc-

Sn e_bhkhs_sd sgd dwonrhshnm+ vd oqdrdms sgd lncdk _r he sgd fiql v_r _ lnmnornmhrs hm sgd k_anq
l_qjds+ q_sgdq sg_m_lnmnornmhrshb bnlodshsnq- Dwsdmchmf sgd _m_kxrhr sn sgd b_rd nelnmnornmhrshb
bnlodshshnm+ _r vd cn hm Rdbshnm 2+ hr rsq_hfgsenqv_qc-

E-0 Oqhlhshudr

Sgd dmuhqnmldms hr nsgdqvhrd hcdmshb_k sn sg_s hm Rdbshnm 2+ hmbktchmf vnqjdqr‘ oqdedqdmbdr+ sgd
oqnctbshnm sdbgmnknfx+ _mc shld chrbntmshmf- Sgd jdx mdv ed_stqd hr sg_s+ hm dudqx odqhnc 𝑡+ sgdqd
hr _ l_rr F ne rdmhnq vnqjdqr _u_hk_akd enq k_sdq_k ghqhmf+ hm _cchshnm sn sgd I mdv itmhnq vnqjdqr
dmsdqhmf sgd k_anq l_qjds _mc sgd vnqjdqr oqnlnsdc hm odqhnc 𝑡 � 0-

Kds 𝐿1.𝑡 cdmnsd sgd l_rr ne vnqjdqr oqnlnsdc hm odqhnc 𝑡 � 0 %vgn _ss_hm rdmhnq rs_str hm odqhnc
𝑡(+ _mc kds 𝐿𝑙𝑎𝑡

𝑡 cdmnsd sgd l_rr ne rdmhnq vnqjdqr ghqdc k_sdq_kkx hm odqhnc 𝑡- Sgd sns_k mtladq ne
rdmhnq vnqjdqr dloknxdc ax sgd fiql hm odqhnc 𝑡+ cdmnsdc ax 𝐿𝑡𝑜𝑡1.𝑡 + hr sgdqdenqd

𝐿𝑡𝑜𝑡1.𝑡 = 𝐿1.𝑡 + 𝐿𝑙𝑎𝑡
𝑡 .

K_sdq_k ghqdr hm odqhnc 𝑡 qdbdhud _ fi_s v_fd 𝑊𝑙𝑎𝑡 .𝑡 : sg_s hr+ sgdhq bnlodmr_shnm cndr mns cdodmc
nm odqenql_mbd+ _mc sgd fiql b_mmns trd hmbdmshud o_x sn dkhbhs dffnqs eqnl sgdl- @r hm Rdbshnm 2+
itmhnq vnqjdqr ghqdc hm odqhnc 𝑡 _qd nffdqdc _ bnlodmr_shnmøoqnlnshnm onkhbx {𝑊0.𝑡 .𝑊1.𝑡+0 . 𝜏𝑡{-

Onsdmsh_k k_sdq_k ghqdr g_ud ntsrhcd,noshnm tshkhsx chrsqhatsdc _bbnqchmf sn 𝐺𝑎𝑙𝑡
1 + hcdmshb_k sn sgd

chrsqhatshnm e_bdc ax vnqjdqr hmhsh_kkx ghqdc _r itmhnqr tonm qd_bghmf sgd rdmhnq rs_fd %hqqdrodbshud
ne oqnlnshnm ntsbnldr(- Vd l_hms_hm sgd _rrtloshnm sg_s ntsrhcd,noshnm cq_vr _qd hmcdodmcdms
_bqnrr vnqjdqr _mc odqhncr-

Hm sgd oqnctbs l_qjds+ sgd fiql hr _ lnmnonkhrshb bnlodshsnq _mc e_bdr _ qdrhct_k cdl_mc _r
rodbhfidc hm Rdbshnm 2+ vhsg l_qfhm_k qdudmtd etmbshnm fhudm ax %3(-

E-1 Vnqidq Wmc Ehql AdgWuhnq

Itmhnq vnqjdqr‘ dffnqs bgnhbdr+ fhudm sgd bnlodmr_shnmøoqnlnshnm onkhbx nffdqdc ax sgd fiql+ bnm,
shmtd sn ad bg_q_bsdqhydc ax %6(- Enq rhlokhbhsx+ vd _rrtld sg_s _kk rdmhnq vnqjdqr–qdf_qckdrr ne
vgdsgdq sgdx vdqd oqnlnsdc hmsdqm_kkx nq ghqdc k_sdq_kkx–dwdqs sgd r_ld dffnqs+ 𝑒∗1- Sgd qdrtkshmf
tshkhshdr hm odqhnc 𝑡+ mds ne mnm,odbtmh_qx bnlonmdmsr+ _qd

𝑈̃1.𝑡 = �𝑊1.𝑡 � 𝐶/𝑒∗1( _mc 𝑈̃𝑙𝑎𝑡 .𝑡 = �𝑊𝑙𝑎𝑡 .𝑡 � 𝐶/𝑒∗1(.
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enq oqnlnsdc _mc k_sdq_kkx ghqdc rdmhnqr+ qdrodbshudkx-
Sgd mtladq ne itmhnq vnqjdqr ghqdc ax sgd fiql qdl_hmr fhudm ax %7(- Rtarshstshmf enq oqnln,

shnmr _mc k_sdq_k ghqhmf+ sgd sns_k mtladq ne rdmhnq vnqjdqr dloknxdc hm odqhnc 𝑡 + 0 hr

𝐿𝑡𝑜𝑡1.𝑡+0 = /0 � 𝜏𝑡(𝐺𝑎𝑙𝑡
1 /𝑈̃1.𝑡+0( 𝐿0.𝑡 + 𝐺𝑎𝑙𝑡

1 /𝑈̃𝑙𝑎𝑡 .𝑡+0(F.

Sgd fiqrs sdql b_ostqdr rdmhnqr oqnlnsdc hm sgd oqduhntr odqhnc vgn ansg vhm sgd oqnlnshnm
sntqm_ldms _mc _bbdos sgd rdmhnq onrhshnm+ vghkd sgd rdbnmc sdql qdoqdrdmsr rdmhnq vnqjdqr ghqdc
k_sdq_kkx eqnl sgd dwsdqm_k l_qjds-

Sgd fiql‘r oqnakdl b_m mnv ad vqhssdm _r

𝑉/𝐿1.𝑡( = l_w
𝑊0.𝑡 .𝑊1.𝑡+0 .𝜏𝑡 .𝑊𝑙𝑎𝑡 .𝑡


𝑅0


𝐿0.𝑡 . 𝐿1.𝑡 + 𝐿𝑙𝑎𝑡

𝑡 . 𝑒𝑡 . 𝑒
∗
1


+ 𝑅1


𝐿1.𝑡 + 𝐿𝑙𝑎𝑡

𝑡 . 𝐿0.𝑡 . 𝑒
∗
1 . 𝑒𝑡


%N@-46(

�𝑊0.𝑡𝐿0.𝑡 � 𝜌𝑊1.𝑡+0/0 � 𝜏𝑡(𝐺𝑎𝑙𝑡
1 /𝑈̃1.𝑡+0(𝐿0.𝑡 �𝑊𝑙𝑎𝑡 .𝑡𝐿

𝑙𝑎𝑡
𝑡 + 𝜌𝑉


/0 � 𝜏𝑡(𝐺𝑎𝑙𝑡

1 /𝑈̃1.𝑡+0(𝐿0.𝑡


vhsg 𝑒𝑡 _mc 𝐿0.𝑡 fhudm ax %6( _mc %7(+ qdrodbshudkx+ _mc

𝐿𝑙𝑎𝑡
𝑡 = 𝐺𝑎𝑙𝑡

1 /𝑈̃𝑙𝑎𝑡 .𝑡(F.

Bqtbh_kkx+ eqnl sgd dmudknod bnmchshnm+ sgd l_qfhm_k u_ktd ne rdmhnqr hr

𝑉 ′/𝐿1.𝑡( =
0 + 𝜂

𝜂
𝑑


𝐹0/𝐿0.𝑡 . 𝐿1.𝑡 + 𝐿𝑙𝑎𝑡

𝑡 . 𝑒𝑡 . 𝑒
∗
1(
 0
𝜂 𝜕𝐹0
𝜕𝐿1.𝑡

+

𝐹1/𝐿0.𝑡 . 𝐿1.𝑡 + 𝐿𝑙𝑎𝑡

𝑡 . 𝑒∗1 . 𝑒𝑡(
 0
𝜂 𝜕𝐹1
𝜕𝐿1.𝑡


%N@-47(

_m_knfntr sn sgd a_rdkhmd lncdk hm Rdbshnm 2-

E-2 SdrsWakd HlokhbWshnmr

Sgd dpthkhaqhtl bnmchshnmr lhqqnq sgnrd hm Rdbshnm 2- Cdfimd

LQOK0. 𝑓 .𝑡 ≡
0 + 𝜂

𝜂
𝑑

 
𝐹0/𝐿0. 𝑓 .𝑡 . 𝐿𝑡𝑜𝑡1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝐿0. 𝑓 .𝑡

+

𝐹1/𝐿𝑡𝑜𝑡1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝐿0. 𝑓 .𝑡


.

LQOK1. 𝑓 .𝑡 ≡
0 + 𝜂

𝜂
𝑑

 
𝐹0/𝐿0. 𝑓 .𝑡 . 𝐿𝑡𝑜𝑡1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡(

 0
𝜂 𝜕𝐹0
𝜕𝐿𝑡𝑜𝑡1. 𝑓 .𝑡

+

𝐹1/𝐿𝑡𝑜𝑡1. 𝑓 .𝑡 . 𝐿0. 𝑓 .𝑡 . 𝑒

∗
1. 𝑓 .𝑡 . 𝑒 𝑓 .𝑡(

 0
𝜂 𝜕𝐹1
𝜕𝐿𝑡𝑜𝑡1. 𝑓 .𝑡


.

Nmd b_m udqhex sg_s sgd fiqrs,nqcdq bnmchshnmr _rrnbh_sdc vhsg %N@-46( bnhmbhcd vhsg sgnrd hm Rdbshnm
@-0- Oqnonrhshnmr 0 _mc 1 sgdqdenqd bnmshmtd sn gnkc hm sgd oqdrdmbd ne k_sdq_k ghqhmf-
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F :cchshnmWk Ehftqdr

Ehftqd M:)89 @mmt_k Bnlodmr_shnm
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Mnsdr9 Anwoknsr ne _mmt_k bnlodmr_shnm ax rdmhnqhsx kdudk+ hm 0/// TRC-

Ehftqd M:)0.9 Qdbnqcdc Gntqr odq Vddj
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Mnsdr9 Anwoknsr ne gntqr odq vddj ax rdmhnqhsx kdudk- @rrtldr 38 vddjr vnqjdc odq xd_q+ a_rdc nm _m _udq_fd ne
2 vddjr ne OSN odq xd_q %Hmrhcd Otakhb @bbntmshmf+ 1/12(-
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Ehftqd M:)009 @udq_fd Dloknxldms Rg_qdr+ ax Wd_q

0
.2

.4
.6

.8

E
x
-
a
n
te
P
r
o
m
o
ti
o
n
P
r
o
b
a
b
il
it
y

2014 2016 2018 2020 2022 2024

yr

3–5 years 6–8 years

9+ years Non-equity Partner

Equity Partner

Mnsdr9 @udq_fd mtladq ne dloknxddr odq rdmhnqhsx kdudk chuhcdc ax sns_k o_qsmdqrgho,sq_bj dloknxddr _s sgd fiql-
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Pdedqdmbdr enq Mmkhmd :oodmchw
Cd Kndbjdq+ I-+ O- J- Fnkcadqf+ @- J- Jg_mcdkv_k+ _mc M- O_ubmhj %1/05(- Oqhbdr+ l_qjtor+ _mc sq_cd

qdenql- DbnmnldsqhbZ 73%1(+ 334ø40/-

Hmrhcd Otakhb @bbntmshmf %1/12(- 1/12 Gtl_m Qdrntqbdr Qdonqs-

N@ , 30


