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��� .PEJųFE SPPN UJNFUBCMF GPS $1-&9 QSPHSBN � � � � � � � � � � � � � ��

��� 5IF BWBJMBCMF SPPN UZQFT r GPS FBDI UJNF TMPU t � � � � � � � � � � � � ��

��� 5IF QSFGFSFODF PG BTTJHOJOH DMBTT NFFUJOH c BU UJNF TMPU t � � � � � � ��

��� 5IF NBJO XJOEPX PG $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ � � � ��

��� $SFBUJOH B OFX QSPKFDU � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $SFBUJOH B OFX QSPKFDU 	$POU�
 � � � � � � � � � � � � � � � � � � � � � � ��

��� $MBTTSPPN 4DIFEVMJOH�NPE � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5IF SFTVMU GSPN $1-&9 � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5IF SFTVMU GSPN $1-&9 JO &YDFM � � � � � � � � � � � � � � � � � � � � � ��

��� 'MPXDIBSU PG 1ZUIPO BMHPSJUIN � � � � � � � � � � � � � � � � � � � � � � ��

��� 4IFFU ĶSPPNķ JO %BUB@1ZUIPO�YMTY � � � � � � � � � � � � � � � � � � � ��

��� 4IFFU ĶDMBTTNķ JO %BUB@1ZUIPO�YMTY � � � � � � � � � � � � � � � � � � ��

���� 5IF SFTVMU GSPN 1ZUIPO XIFO Ķ��������-���ķ IBT �� TUVEFOUT � � � ��

���� "WBJMBCMF SPPN BGUFS SVO 1ZUIPO � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF JNQSPWFE SFTVMU GSPN 1ZUIPO XIFO Ķ��������-���ķ IBT ��

TUVEFOUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF ųOBM SFTVMU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF ųOBM EBJMZ SFTVMU JO FBDI EBZ � � � � � � � � � � � � � � � � � � � � ��

���� 5FBDIFS ,SVOH IBT UP UFBDI �� UJNF TMPUT PO .POEBZ � � � � � � � � ��

���� 5FBDIFS 4PNKBJ IBT UP UFBDI �� UJNF TMPUT PO 'SJEBZ � � � � � � � � � ��



Y

"� 23 DPEF PG UIF UFBDIJOH UJNFUBCMF PG UIF EFQBSUNFOU � � � � � � � � ��

"� 23 DPEF PG UIF SPPN UJNFUBCMF PG UIF GBDVMUZ � � � � � � � � � � � � � ��

"� 23 DPEF PG UIF NPEJųFE UJNFUBCMF UJNFUBCMF PG $1-&9 � � � � � � � ��

"� 23 DPEF PG UIF DPEF GPS $1-&9 � � � � � � � � � � � � � � � � � � � � � ��

"� 23 DPEF PG UIF EBUB GPS 1ZUIPO � � � � � � � � � � � � � � � � � � � � � ��

"� 23 DPEF GPS UIF DPEF GPS 1ZUIPO � � � � � � � � � � � � � � � � � � � � ��

"� 23 DPEF GPS UIF JNQSPWFE DPEF GPS 1ZUIPO � � � � � � � � � � � � � � ��

"� 23 DPEF GPS UIF SFTVMU GSPN 1ZUIPO � � � � � � � � � � � � � � � � � � � ��

"� 23 DPEF GPS UIF SFTVMU GSPN 1ZUIPO BGUFS JNQSPWFNFOU � � � � � � � ��



YJ

-JTU PG 5BCMFT

��� 5IF DPOTUSBJOUT GSPN SFTFBSDI QBQFST � � � � � � � � � � � � � � � � � � �



$IBQUFS �

*OUSPEVDUJPO

��� #BDLHSPVOE BOE 3BUJPOBMF

" TDIFEVMJOH QSPCMFN JT B QSPCMFN UIBU BSJTFT JO B XJEF WBSJFUZ PG ųFMET TVDI

BT B TDIFEVMF PG NFEJDBM QFSTPOOFM B TDIFEVMF PG QBSU�UJNF TUBGG BOE B TDIFEVMF

PG QVCMJD USBOTQPSU� *G XF IBWF B HPPE NFUIPE PS TUSBUFHZ UP NBOBHF DPOŴJDUT PG

B QBSUJDVMBS ųFME XF TIPVME CF BCMF UP DSFBUF B SFBTPOBCMF TDIFEVMF GPS UIBU ųFME�

5IJT QSPKFDU JT JOUFSFTUFE JO DMBTTSPPN TDIFEVMJOH XIJDI JT DPNNPOMZ FODPVOUFSFE

CZ NBOZ VOJWFSTJUJFT�

$MBTTSPPN TDIFEVMJOH QSPCMFN JT WFSZ EJGųDVMU UP TPMWF CZ IBOE� 1FPQMF

OPSNBMMZ SFQMJDBUF UIF UJNFUBCMFT PG UIF QSFWJPVT ZFBST XJUI TPNF DIBOHFT UP DSFBUF

B OFX UJNFUBCMF JO UIF TBNF PSHBOJ[BUJPO CVU JU NBZ CF OPU RVJUF FGųDJFOU� $MBTTSPPN

TDIFEVMJOH IBT BO JNQPSUBOU SPMF JO UIF EFWFMPQNFOU PG FEVDBUJPO CPUI CVEHFU BOE

FGųDJFODZ� 'PS FYBNQMF JG UIF DBQBDJUZ PG UIF BTTJHOFE DMBTTSPPN JT MFTT UIBO PS

NVDI MBSHFS UIBO UIF OVNCFS PG TUVEFOUT JU XJMM DBVTF OP TFBUT PS UPP NBOZ TFBUT

GPS TUVEFOUT XIJDI XJMM MFBE UP CVEHFU PS FGųDJFODZ QSPCMFNT�

5IJT QSPKFDU USJFT UP IBOEMF UIF SFTUSJDUJPOT TVDI BT UIF MJNJUFE OVNCFS PG

DMBTTSPPNT UIF BWBJMBCMF MFDUVSFST� DMBTTSPPNT BU FBDI UJNF QFSJPE BOE OVNCFS PG

DMBTT NFFUJOHT BTTJHOFE UP FBDI MFDUVSFS� TUVEFOU BU FBDI UJNF TMPU� 5IFO XF BQQMZ

BO JOUFHFS MJOFBS QSPHSBN MFBSOFE JO UIF DPVSTF PG 0QFSBUJPOT 3FTFBSDI ** UP ųOE BO

PQUJNBM TPMVUJPO UP UIJT QSPCMFN�



�

��� 0CKFDUJWFT

5P TPMWF UIF DMBTTSPPN TDIFEVMJOH QSPCMFN CZ VTJOH $1-&9 4UVEJP *%& TPGU�

XBSF WFSTJPO ������ BOE 1ZUIPO WFSTJPO ����

��� 4DPQFT

�� 8F VTF UIF EBUB GSPN UIF ųSTU TFNFTUFS PG ���� QSPWJEFE CZ UIF 0GųDF PG UIF

SFHJTUSBS BOE UIF %FQBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF 'BDVMUZ

PG 4DJFODF $IVMBMPOHLPSO 6OJWFSTJUZ�

�� 8F DPOTJEFS POMZ DPVSTFT JO UIF %FQBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS

4DJFODF BOE DMBTTSPPNT JO .BIB 7BKJSVOIJT .BIBNBLVU BOE 5BC /JMBOJUJ CVJME�

JOHT�

�� 8F DPOTJEFS POMZ DPVSTFT UIBU BSF UBVHIU CFUXFFO � B�N� � � Q�N EVSJOH UIF

XFFLEBZT�

�� 8F VTF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ BOE 1ZUIPO WFSTJPO ��� UP

TPMWF PVS DMBTTSPPN TDIFEVMJOH QSPCMFN�

��� 1SPKFDU "DUJWJUJFT

�� 4UVEZ DMBTTSPPN TDIFEVMJOH QSPCMFN GSPN MJUFSBUVSF SFWJFX�

�� $PNCJOF SFMBUFE EBUB�

�� 'JMUFS DPOTUSBJOUT GSPN MJUFSBUVSF SFWJFX UIBU BSF SFBTPOBCMF GPS UIF %FQBSUNFOU

PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF�

�� #VJME BO JOUFHFS MJOFBS QSPHSBNNJOH NPEFM GPS TPMWJOH UIF QSPCMFN�

�� 4UVEZ IPX UP VTF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO �������

�� $PEF UIF NPEFM PO $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ BOE 1ZUIPO ����



�

�� 3FDIFDL BOE NPEJGZ UIF NPEFM�

�� $PODMVEF UIF SFTVMUT BOE XSJUF B SFQPSU�

��� #FOFųUT

�� 5IF CFOFųUT PG UIF QSPKFDU PXOFS�

	B
 #F BCMF UP BQQMZ LOPXMFEHF GSPN UIF 0QFSBUJPOT 3FTFBSDI ** DPVSTF JO UIF

DMBTTSPPN TDIFEVMJOH QSPCMFN�

	C
 #F BCMF UP VTF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ BOE 1ZUIPO ���

UP TPMWF UIF DMBTTSPPN TDIFEVMJOH QSPCMFN�

�� 5IF CFOFųUT PG QSPKFDU VTFST�

	B
 *ODSFBTF DPOWFOJFODF BOE FGųDJFODZ PG VTJOH DMBTTSPPN TDIFEVMF BT B

SFTVMU PG UIJT QSPKFDU�

	C
 $BO BQQMZ UIF JOUFHFS MJOFBS QSPHSBN XJUI EJGGFSFOU EBUB UP TPMWF UIF DMBTT�

SPPN TDIFEVMJOH QSPCMFN�

5IJT QSPKFDU JT EJWJEFE JOUP � DIBQUFST BT GPMMPXT� $IBQUFS � FYQMBJOT CBDL�

HSPVOE LOPXMFEHF BOE MJUFSBUVSF SFWJFX� 5IFO $IBQUFS � NFOUJPOT EBUB GSPN UIF

EFQBSUNFOU BOE IPX UP BEKVTU UIF EBUB GPS PVS NPEFM BOE EFTDSJCF UIF NPEFM� /FYU

$IBQUFS � FYQMBJOT $1-&9 QSPHSBN 1ZUIPO QSPHSBN BOE PVS SFTVMU PG UIF DMBTTSPPN

TDIFEVMJOH QSPCMFN� 'JOBMMZ UIF MBTU DIBQUFS TFSWFT GPS DPODMVTJPO BOE TVHHFTUJPOT�



$IBQUFS �

#BDLHSPVOE LOPXMFEHF BOE -JUFSBUVSF SFWJFX

*O UIJT DIBQUFS XF QSFTFOU SFMBUFE LOPXMFEHF PG PVS QSPKFDU JODMVEJOH JOUFHFS

MJOFBS QSPHSBN BOE MJUFSBUVSF SFWJFX PO MJTUFE DPOTUSBJOUT PG B DMBTTSPPN TDIFEVMJOH

QSPCMFN JO FBDI SFTFBSDI QBQFS�

��� *OUFHFS MJOFBS QSPHSBN

"O JOUFHFS MJOFBS QSPHSBN JT B NBUIFNBUJDBM NPEFM DPOTJTUJOH PG MJOFBS SFTUSJD�

UJPOT BOE MJOFBS PCKFDUJWF GVODUJPO XJUI JOUFHFS WBSJBCMFT� 8F DBO XSJUF BO JOUFHFS

MJOFBS QSPHSBNNJOH QSPCMFN JO UIF GPMMPXJOH GPSN�

max /min cTx

TVCKFDU UP Ax ≤ b

x ≥ 0

x ∈ N ∪ {0},

XIFSF x JT B WFDUPS PG EFDJTJPO WBSJBCMFT

c JT B WFDUPS PCKFDUJWFT GVODUJPO DPFGųDJFOUT

b JT B WFDUPS PG SJHIU IBOE TJEF WBMVFT

BOE A JT B NBUSJY DPFGųDJFOU PG EFDJTJPO WBSJBCMFT�

/PSNBMMZ QFPQMF TPMWF BO JOUFHFS MJOFBS QSPHSBN CZ NBOZ NFUIPET� 5IFSF

BSF UXP XFMM LOPXO NFUIPET PG HFUUJOH BO FYBDU PQUJNBM TPMVUJPO� DVUUJOH QMBOF BOE

CSBODI BOE CPVOE NFUIPET� $VUUJOH QMBOF NFUIPE BDUT CZ DVUUJOH UIF GFBTJCMF SF�

HJPO PG UIF MJOFBS QSPHSBNNJOH SFMBYBUJPO UIFO PQUJNBM JOUFHFS TPMVUJPO CFDPNFT BO

FYUSFNF QPJOU BOE DBO CF GPVOE CZ UIF TJNQMFY NFUIPE� #SBODI BOE CPVOE NFUIPE



�

XJMM CSBODI B GSBDUJPOBM TPMVUJPO PG xi =
a
b XJUI 0 < a < b JOUP UXP OFX SFMBYBUJPO

QSPHSBNT FBDI XJUI BEEJUJPOBM DPOTUSBJOU PG xi ≤ %a
b & PS xi ≥ 'a

b ( UIFO VTF BO JOUFHFS

TPMVUJPO PG B SFMBYFE QSPCMFN BT B CPVOEBSZ PG UIF PQUJNBM PCKFDUJWF WBMVF PG UIF

PSJHJOBM QSPCMFN� .PSF EFUBJMT PO JOUFHFS MJOFBS QSPHSBN DVUUJOH QMBOF BOE CSBODI

BOE CPVOE NFUIPET DPVME CF TFFO JO <�> <�> BOE <�>�

��� -JUFSBUVSF SFWJFX

$MBTTSPPN TDIFEVMJOH QSPCMFN JT BO JNQPSUBOU QSPCMFN JO UIF FEVDBUJPO ųFME�

4P NBOZ QFPQMF JOUFOE UP TPMWF UIJT QSPCMFN� "T B SFTVMU UIJT QSPCMFN JT TPMWFE CZ

NBOZ NFUIPET BOE NBZ IBWF EJGGFSFOU SFTUSJDUJPOT� 5IFSF BSF NBOZ SFTFBSDI QBQFST

XJUI EJGGFSFOU NFUIPET BOE DPOTUSBJOUT GPS UIF QSPCMFN� )FSF BSF TPNF SFWJFXT PO

UIF NFUIPET IBWF CFFO EPOF TP GBS PO UIF UPQJD PG DMBTTSPPN TDIFEVMJOH QSPCMFN�

*O ���� 4� %BTLBMBLJ 5� #JSCBT BOE &� )PVTPT <��> VTFE JOUFHFS QSPHSBNNJOH

UP TPMWF UIF QSPCMFN XIFSF CJOBSZ EFDJTJPO WBSJBCMFT DPOTJTU PG DPVSTFT TUVEFOUT

UFBDIFST EBZT BOE UJNF TMPUT� *O ���� 1� ,PTUVDI <�> TPMWFE UIF QSPCMFN CZ NFUB�

IFVSJTUJDT UIBU JT EJWJEFE JOUP � QIBTFT� GFBTJCJMJUZ TMPU TFRVFODF BOE FYDIBOHF PG

FWFOUT� 5IFO 1� "WFMMB BOE *� 7BTJMĴ&7 <�> VTFE B CSBODI�BOE�DVU BMHPSJUIN UP TPMWF

UIF QSPCMFN�

*O ���� "� (VOBXBO ,�.� /H BOE ,�-� 1PI <�> QSFTFOUFE B IZCSJE BMHP�

SJUIN GPS TPMWJOH B UJNFUBCMJOH QSPCMFN UIBU DPNCJOFT CPUI UFBDIFS BTTJHONFOU BOE

DPVSTF TDIFEVMJOH QSPCMFNT TJNVMUBOFPVTMZ� /FYU 4� (IBFNJ .�5� 7BLJMJ BOE "�

"HIBHPM[BEFI <��> TPMWFE UIF QSPCMFN CZ UIF FWPMVUJPOBSZ DPNQVUBUJPO BMHPSJUINT

B HFOFUJD BMHPSJUIN UIBU USJFT UP NJOJNJ[F UIF OVNCFS PG DPOŴJDUT JO UIF UJNFUBCMF�

5IFZ BTTJHOFE DPVSTFT UP B UJNF TMPU UIBU TBUJTGZ HJWFO DPOTUSBJOUT� 5IFO 4� "CEVMMBI

&�,� #VSLF BOE #� .D$PMMVN <��> QSFTFOUFE FWPMVUJPOBSZ�CBTFE BQQSPBDIFT XJUI MP�

DBM TFBSDI UP TPMWF UIF QSPCMFN�

*O ���� "� 0OFS 4� 0[DBO BOE %� %FOHJ <�> VTFE B IZCSJE BMHPSJUIN DPOTJTUJOH

PG B IFVSJTUJD HSBQI OPEF DPMPSJOH BOE BSUJųDJBM CFF DPMPOZ UP TPMWF UIF QSPCMFN� *O

���� /�"�)� "J[BN BOE -� $BDDFUUB <�> DPOTUSVDUFE B HFOFSBM NPEFM GPS VOJWFSTJUZ



�

DPVSTF UJNFUBCMJOH� 5IFJS NPEFM DPNCJOFT �� EJGGFSFOU DPOTUSBJOUT GSPN PUIFS MJUFSB�

UVSF BOE BEET � OFX DPOTUSBJOUT UIBU TIPVME CF QBSU PG UIF SFTUSJDUJPOT JO B HFOFSBM

VOJWFSTJUZ�CBTFE UJNFUBCMJOH NPEFM� *O ���� .� "TTJ #� )BMBXJ BOE 3�"� )BSBUZ <�>

VTFE UIF HFOFUJD BMHPSJUIN BOE HSBQI DPMPSJOH UP TPMWF UIF QSPCMFN�

5IJT QSPKFDU GPDVTFT PO UIF JOUFHFS MJOFBS QSPHSBNNJOH CZ TFMFDUJOH DPOTUSBJOUT

UIBU BSF SFBTPOBCMF GPS UIF %FQBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF $IV�

MBMPOHLPSO 6OJWFSTJUZ� 8F BQQMZ UIF NPEFM GSPN SFTFBSDI QBQFST UP CVJME PVS NPEFM

JO $1-&9� "U UIJT FOE XF TVNNBSJ[F BMM DPOTUSBJOUT VTFE JO UIF BCPWF MJTUFE SFTFBSDI

QBQFST JO 5BCMF ��� BT PVS SFGFSFODF� 8F BEE UIF SFNBSL JO UIF MBTU DPMVNO PG 5BCMF

��� UIBU XF VTF UIBU QBSUJDVMBS DPOTUSBJOU BT UIF DPOTUSBJOU JO PVS QSPKFDU�



�

5BCMF ���� 5IF DPOTUSBJOUT GSPN SFTFBSDI QBQFST

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

-FDUVSFS

�� "MM UIF DMBTT NFFUJOHT UBVHIU CZ B MFDUVSFS XJMM CF TQSFBE

UISPVHIPVU B XFFL�
!

�� &BDI DMBTT NFFUJOH DBO CF UBVHIU CZ POF MFDUVSFS� !
�� &BDI MFDUVSFS DBOOPU CF BTTJHOFE UP NPSF UIBO POF DMBTT

NFFUJOH JO UIF TBNF UJNF TMPU�
! ! ! ! ! ! ! $1-&9	�


�� &BDI MFDUVSFS TIPVME CF BTTJHOFE UP TP NBOZ UFBDIJOH QFSJ�

PET BT IJT�IFS XFFLMZ UFBDIJOH MPBE SFRVJSFT�
!

�� &BDI MFDUVSFS UFBDIFT BU MFBTU POF DPVSTF QFS TFNFTUFS BOE

DBOOPU UFBDI NPSF UIBO UIF OVNCFS PG DVSSFOU DPVSTFT�
! &YDFM

�� &BDI MFDUVSFS XJMM OPU CF BTTJHOFE DPVSTFT UIBU IF�TIF VO�

BCMF UP UFBDI�
!

�� .BYJNVN DPOTFDVUJWF DMBTT NFFUJOHT GPS B MFDUVSFS� ! $1-&9	��


�� .BYJNVN UPUBM DMBTT NFFUJOHT UIBU B MFDUVSFS DBO UFBDI JO

B EBZ�
! ! ! $1-&9	�


�� 5IF MFDUVSFST TIPVME IBWF B EBZ PGG� !



�

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

-FDUVSFS

��� 5IF DMBTT NFFUJOHT TIPVME OPU CF BMMPDBUFE UP B UJNF

QFSJPE JODPOWFOJFOU GPS B MFDUVSFS�
! ! ! $1-&9	�


��� 5IF OVNCFS PG DMBTT NFFUJOH IPVST BTTJHOFE GPS FBDI

DPVSTF TIPVME CF UIF TBNF BT UIF XFFLMZ OVNCFS PG DMBTT

NFFUJOH IPVST TUBUFE JO UIF DVSSJDVMVN�

!

��� 5IF OVNCFS PG MFDUVSFST XIP DBO UFBDI FBDI DPVSTF JT

MJNJUFE�
!

��� 5IF QSFGFSFODFT PG UIF MFDUVSFST BCPVU UIF BTTJHOFE UJNF

TMPUT TIPVME CF UBLFO JOUP DPOTJEFSBUJPO�
! ! !

4UVEFOU

��� " TUVEFOU IBT B DMBTT NFFUJOH JO UIF MBTU TMPU PG UIF EBZ� ! !
��� " TUVEFOU IBT NPSF UIBO UXP DPOTFDVUJWF DPVSTFT� ! !
��� &BDI TUVEFOU HSPVQ DBOOPU CF BTTJHOFE UP NPSF UIBO POF

DMBTT NFFUJOH JO UIF TBNF UJNF TMPU�
! ! ! ! ! ! ! ! $1-&9	�


��� &BDI TUVEFOU TUVEZ NPSF POF DPVSTF JO B EBZ� ! ! !
��� .BYJNVN DPOTFDVUJWF DMBTT NFFUJOHT GPS B TUVEFOU� ! $1-&9	��




�

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

4UVEFOU

��� .BYJNVN UPUBM DMBTT NFFUJOHT UIBU B TUVEFOU DBO BUUFOE

JO B EBZ�
! ! $1-&9	�


��� 5IF FNQUZ QFSJPET CFUXFFO BOZ UXP DMBTT NFFUJOHT PG

FBDI TUVEFOU BSF OPU BMMPXFE�
!

��� 5IF OVNCFS PG TUVEFOUT JO FBDI DMBTT NFFUJOH EPFT OPU

FYDFFE UIF DBQBDJUZ PG UIF DMBTTSPPN�
! ! ! ! 1ZUIPO

��� 5IF QSFGFSFODFT PG UIF TUVEFOUT BCPVU UIF BTTJHOFE UJNF

TMPUT TIPVME CF UBLFO JOUP DPOTJEFSBUJPO�
!

3PPN

��� "MM UIF IPVST PG B DMBTT NFFUJOH TDIFEVMFE JO B EBZ TIPVME

CF MPDBUFE JO UIF TBNF SPPN�
! 1ZUIPO

��� 0OMZ POF DMBTT NFFUJOH DBO CF BTTJHOFE UP B DMBTTSPPN JO

B UJNF TMPU�
! ! ! ! ! ! ! 1ZUIPO

��� 5IF SPPN TIPVME TBUJTGZ UIF GFBUVSFT SFRVJSFE CZ UIF

DPVSTF� ! ! ! ! &YDFM



��

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

3PPN

��� 5IF OVNCFS PG DMBTT NFFUJOHT UBVHIU DBOOPU FYDFFE UIF

OVNCFS PG DMBTTSPPNT BWBJMBCMF EVSJOH FBDI UJNF QFSJPE�
! ! ! $1-&9	�


$MBTT NFFUJOH

��� "MM DMBTT NFFUJOHT IBWF UP CF TQSFBE UISPVHIPVU B XFFL� ! !
��� "MM DMBTT NFFUJOHT NVTU CF BTTJHOFE UP B UJNF TMPU� ! ! ! ! $1-&9	�


��� $MBTT NFFUJOHT OFFE UP PDDVS DPOTFDVUJWFMZ� !
��� $MBTT NFFUJOHT TIPVME OPU PDDVS DPOTFDVUJWFMZ� !
��� &BDI DPVSTF TIPVME CF BTTJHOFE UP B HJWFO QFSJPE JO B HJWFO

EBZ�
!

��� &BDI DPVSTF TIPVME CF TDIFEVMFE GPS BT NBOZ UFBDIJOH

QFSJPET BT UIF DVSSJDVMVN PG FBDI HSPVQ PG TUVEFOUT SFRVJSFT�
!

��� 'PS FBDI DPVSTF POMZ POF TFDUJPO DBO CF DPOEVDUFE JO

FWFSZ UJNF QFSJPE�
!

��� 'PS FBDI TUVEFOU UIF NBKPS BOE NJOPS SFRVJSFE DPVSTFT

TIPVME CF TDIFEVMFE JO OPO�PWFSMBQQJOH TMPUT�
!

��� )BWJOH B EBZ PGG CFUXFFO UXP DMBTT NFFUJOHT� ! ! $1-&9	��




��

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

$MBTT NFFUJOH

��� *G B DMBTT NFFUJOH JT TDIFEVMFE JO B EBZ JU TIPVME UBLF CF�

UXFFO NJOJNVN BOE NBYJNVN EBJMZ OVNCFS PG UFDIJOH IPVST�
! !

��� /P DPVSTF TIPVME CF BMMPDBUFE UP B UJNF QFSJPE UIBU IFBET

PG EFQBSUNFOU EPOĴU EFNBOE CFDBVTF PG PUIFS XPSL�
!

��� 4PNF TQFDJųD DMBTT NFFUJOHT NVTU CF TDIFEVMFE BGUFS

BOPUIFS DMBTT NFFUJOH�
!

��� 4PNF TQFDJųD DMBTT NFFUJOHT NVTU CF TDIFEVMFE JO UIF

NPSOJOH PS BGUFSOPPO JO UIF TBNF EBZ�
! !

��� 4PNF TQFDJųD DMBTT NFFUJOHT NVTU CF TDIFEVMFE JO UIF

TBNF EBZ�
!

��� 4PNF TQFDJųD DMBTT NFFUJOHT NVTU CF TDIFEVMFE JO UIF

TBNF UJNF TMPU�
!

��� 4PNF TQFDJųD DMBTT NFFUJOHT TIPVME OPU CF TDIFEVMFE JO

UIF TBNF EBZ�
!

��� 5IF DMBTT NFFUJOH IPVST PG BOZ DPVSTF TIPVME CF TDIFE�

VMFE JO B DPOTFDVUJWF GPSNBU�
! ! ! ! $1-&9	��




��

$POTUSBJOU <�> <�> <�> <�> <�> <�> <��> <��> <��> 0VS NPEFM

$MBTT NFFUJOH

��� 5IF DMBTT NFFUJOHT NVTU CF BTTJHOFE UP BO BWBJMBCMF UJNF

TMPU�
! $1-&9	�


��� 5IF DPVSTF TIPVME OPU CF BMMPDBUFE UP B UJNF QFSJPE JO�

DPOWFOJFOU GPS IFBET PG EFQBSUNFOU CFDBVTF PG PUIFS XPSL�
!

��� 5IF TFDPOE UJNF GPS FBDI DMBTT NFFUJOH TIPVME OPU CF JO

UIF TBNF EBZ�
! $1-&9	��


/FYU XF XJMM FYQMBJO UIF QBSBNFUFST EFDJTJPO WBSJBCMFT PCKFDUJWF GVODUJPO BOE DPOTUSBJOUT GSPN SFTFBSDI QBQFST XIJDI BSF

SFBTPOBCMF GPS PVS EFQBSUNFOU�



��

����� 1BSBNFUFST

-FU C CF B TFU PG DMBTT NFFUJOHT

R CF B TFU PG SPPN UZQFT

L CF B TFU PG MFDUVSFST

S CF B TFU PG HSPVQT PG TUVEFOUT

T CF B TFU PG UJNF TMPUT

Tslot CF B TFU PG VOBWBJMBCMF UJNF TMPUT

D CF B TFU PG EBZT

Dd CF B TFU PG UJNF TMPUT JO EBZ d

Cr CF DMBTT NFFUJOHT SFRVJSJOH B SPPN UZQF r ∀r ∈ R

Cl CF DMBTT NFFUJOHT UIBU BSF UBVHIU CZ MFDUVSFS l ∀l ∈ L

Cs CF DMBTT NFFUJOHT PG TUVEFOUT JO HSPVQT s ∀s ∈ S

Tl CF B TFU PG OPO�BWBJMBCMF UJNFT GPS FBDI MFDUVSFS l ∀l ∈ L

Tr CF B TFU PG OPO�BWBJMBCMF UJNFT GPS FBDI SPPN r ∀r ∈ R

Nr CF B OVNCFS PG BWBJMBCMF SPPNT PG UZQF r ∀r ∈ R

Lmax CF B NBYJNVN OVNCFS PG UPUBM DMBTT NFFUJOHT B MFDUVSFS DBO

UFBDI JO POF EBZ

Smax CF B NBYJNVN OVNCFS PG UPUBM DMBTT NFFUJOHT B TUVEFOU JT BM�

MPXFE UP BUUFOE FBDI EBZ

mcl CF B NBYJNVN DPOTFDVUJWF DMBTTFT B MFDUVSFS l JT BMMPXFE UP UFBDI

PO UIF TBNF EBZ

mcs CF B NBYJNVN DPOTFDVUJWF DMBTTFT B TUVEFOU HSPVQ s JT BMMPXFE

UP BUUFOE PO UIF TBNF EBZ

F CF B TFU PG DMBTT NFFUJOHT JO QBJST (ci, cj) UIBU DBO OPU CF TDIFE�

VMFE JO UIF TBNF EBZ XIFSF ci, cj ∈ C 

K CF B TFU PG DMBTT NFFUJOHT JO QBJST (ci, cj) UIBU OFFE UP IBWF B EBZ

PGG CFUXFFO UXP PG UIF DMBTTFT XIFSF ci, cj ∈ C 

Hc CF B OVNCFS PG DPOTFDVUJWF UJNF TMPU QFS UJNF GPS FBDI DMBTT

NFFUJOH c ∀c ∈ C 

BOE pc,t CF UIF QSFGFSFODF PG IBWJOH DMBTT NFFUJOH c BU UJNF TMPU t�



��

����� %FDJTJPO 7BSJBCMFT

xc,t =





1 JG B DMBTT PG NFFUJOH c JT BTTJHOFE JO UJNF TMPU t

0 0UIFSXJTF�

����� 0CKFDUJWF 'VODUJPO

5IF PCKFDUJWF GVODUJPO JT UP NBYJNJ[F DMBTT NFFUJOHT UIBU BSF BTTJHOFE JO UIF

QSFGFSFODF UJNF TMPU�

max
∑

c

∑

t

pc,txc,t.

����� $POTUSBJOUT

5IF DPOTUSBJOUT PG SFTFBSDI QBQFST XIJDI BSF SFBTPOBCMF GPS PVS EFQBSUNFOU�

�� "MM DMBTT NFFUJOHT NVTU CF BTTJHOFE UP B UJNF TMPU�

∑
t∈T xc,t = 1, ∀c ∈ C �

�� " MFDUVSFS NVTU OPU UFBDI NPSF UIBO POF DMBTT NFFUJOH BU B UJNF�

∑
c∈Cl

xc,t ≤ 1, ∀l ∈ L, ∀t ∈ T.

�� 5IF TUVEFOU TDIFEVMJOH DPOŴJDUT�

∑
c∈Cs

xc,t ≤ 1, ∀s ∈ S, ∀t ∈ T.

�� "WBJMBCJMJUZ PG MFDUVSFST�

∑
t∈Tl

∑
c∈Cl

xc,t = 0, ∀l ∈ L.

�� 5IF SPPN MJNJUBUJPO SFTUSJDUJPOT�

∑
c∈Cr

xc,t ≤ Nr, ∀r ∈ R, ∀t ∈ T.

�� "WBJMBCJMJUZ PG UJNF TMPUT�



��

∑
t∈Tslot

xc,t = 0, ∀c ∈ C.

�� xc,t JT CJOBSZ EFDJTJPO WBSJBCMFT�

xc,t ∈ {0, 1} ∀c ∈ C, ∀t ∈ T.

�� .BYJNVN UPUBM DMBTT NFFUJOHT UIBU B MFDUVSFS DBO UFBDI JO B EBZ�

∑
t∈Dd

∑
c∈Cl

xc,t ≤ Lmax, ∀d ∈ D, ∀l ∈ L.

�� .BYJNVN UPUBM DMBTT NFFUJOHT UIBU B TUVEFOU DBO BUUFOE JO B EBZ�

∑
t∈Dd

∑
c∈Cs

xc,t ≤ Smax, ∀d ∈ D, ∀s ∈ S.

��� .BYJNVN DPOTFDVUJWF DMBTT NFFUJOHT GPS B MFDUVSFS�

∑
c∈Cl

(xc,t + xc,t+1 + ...+ xc,t+mcl) ≤ mcl, ∀t ∈ {t1, t2, ..., ttd−mcl}.

��� .BYJNVN DPOTFDVUJWF DMBTT NFFUJOHT GPS B TUVEFOU�

∑
c∈Cs

(xc,t + xc,t+1 + ...+ xc,t+mcs) ≤ mcs, ∀t ∈ {t1, t2, ..., ttd−mcs}.

��� 5IF DMBTT NFFUJOH IPVST PG BOZ DPVSTF TIPVME CF TDIFEVMFE JO B DPOTFDVUJWF

GPSNBU�

xc,t − xc,t+i ≤ 0, ∀c ∈ C, ∀d ∈ D, ∀h ∈ Hc, ∀i ∈ {1, 2, ..., h− 1}.

−xc,t + xc,t+1 − xc,t+j ≤ 0, ∀c ∈ C, ∀d ∈ D, ∀h ∈ Hc, ∀j ∈ {2, 3, ..., h− 1}.

��� 4PNF DMBTT NFFUJOHT TIPVME OPU CF TDIFEVMFE JO UIF TBNF EBZ�

∑
t∈Dd

xci,t − xcj ,t ≤ 1, ∀d ∈ D, ∀(ci, cj) ∈ F.

��� )BWJOH B EBZ PGG CFUXFFO UXP DMBTTFT PG UIF TBNF DPVSTF JT BOPUIFS SFRVJSF�

NFOU PGUFO GPVOE JO VOJWFSTJUJFT� #FMPX JT UIF GPSNVMBUJPO�

∑
t∈Dd

xci,t +
∑

t∈Dd+Dd+1
xcj ,t ≤ 1, ∀d ∈ D, ∀(ci, cj) ∈ K.

8F OFFE UP BEKVTU QBSBNFUFST BOE DPOTUSBJOUT JO 4VCTFDUJPOT ����� BOE �����

UP CF BCMF UP ųU JO UIF TDPQF PG PVS EFQBSUNFOU QSBDUJDF� 5IF EFUBJMT BSF QSPWJEFE

JO $IBQUFS ��



$IBQUFS �

$MBTTSPPN TDIFEVMJOH QSPCMFN XJUI JOUFHFS MJOFBS

QSPHSBN

��� %BUB BEKVTUNFOU

'PS UIJT QSPKFDU XF VTF EBUB PG UIF ųSTU�TFNFTUFS PG ���� QSPWJEFE CZ UIF %F�

QBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF 'BDVMUZ PG 4DJFODF $IVMBMPOHLPSO

6OJWFSTJUZ BOE UIF 0GųDF PG UIF SFHJTUSBS� 5IFSF BSF UXP TFUT PG JOGPSNBUJPO HJWFO CZ

UIF EFQBSUNFOU XIJDI BSF UFBDIJOH UJNFUBCMF BOE BWBJMBCMF UJNF TMPUT PG FBDI SPPN�

8F BEKVTU UIFTF EBUB GPS PVS NPEFM�

����� 5JNF TMPUT

*O UIJT QSPKFDU UIF UJNF TMPUT BSF TMPUT GSPN .POEBZ UP 'SJEBZ GSPN � B�N�

UP � Q�N� 8F TFU � UJNF TMPU UP CF �� NJOVUFT� 5IFSFGPSF XF IBWF �� UJNF TMPUT

QFS EBZ PS �� UJNF TMPUT QFS XFFL� .PSFPWFS XF TFU UIF EFQBSUNFOU NFFUJOHT PO

8FEOFTEBZ GSPN � � � Q�N� BT UIF VOBWBJMBCMF UJNF TMPUT�

����� 5FBDIJOH UJNFUBCMF

'SPN UIF UFBDIJOH UJNFUBCMF PG UIF EFQBSUNFOU UIFSF BSF ��� DPVSTFT BOE

��� DMBTT NFFUJOHT 	DMBTT NFFUJOHT SFQSFTFOU DPVSTFT XJUI DPVSTF TFDUJPOT
� 5IJT

UFBDIJOH UJNFUBCMF EBUB DPOTJTU PG B MJTU PG DPVSTF *% DPVSTF UJUMF DPVSTF TFDUJPO



��

UFBDI UZQF NFFUJOH EBZ NFFUJOH UJNF SPPN MFDUVSFS BOE TUVEFOU HSPVQ BT XF DBO

TFF JO 'JHVSF ���� "QQFOEJY " QSPWJEFT UIF GVMM EFUBJMT PG 'JHVSF ����

'JHVSF ���� 5IF UFBDIJOH UJNFUBCMF DSFBUFE CZ PG UIF EFQBSUNFOU

5IFTF EBUB BSF BEKVTUFE BT GPMMPXT�

4UFQ �� *O UIJT QSPKFDU XF GPDVT PO

	J
 5IF DPVSTFT BTTJHOFE JO B DMBTTSPPN JO .BIB 7BKJSVOIJT .BIBNBLVU BOE 5BC

/JMBOJUJ CVJMEJOHT�

	JJ
 5IF DPVSTFT UBVHIU PO .POEBZ UP 'SJEBZ GSPN � B�N� UP � Q�N�

	JJJ
 5IF DPVSTFT IBWJOH MFDUVSFT BOE MBCPSBUPSJFT�



��

4P XF JHOPSF PUIFS DPVSTFT UIBU EP OPU IBWF UIF BCPWF RVBMJųDBUJPOT� *O UIF DPVSTF

Ķ4&.*/"3ķ TFDUJPO � XF TQMJU JOUP � DMBTT NFFUJOHT� Ķ����������ķ Ķ����������ķ

BOE Ķ����������ķ CFDBVTF XF QSBDUJDBMMZ TQMJU JOUP � DMBTTSPPNT� 5IFSFGPSF PVS

QSPKFDU IBT �� DPVSTFT BOE ��� DMBTT NFFUJOHT�

4UFQ �� 'SPN UIF QSFWJPVT TUFQ UIF MFDUVSFST XIP UFBDI UIF JHOPSFE DPVSTFT

XJMM IBWF UIF DPSSFTQPOEJOH UJNF TMPUT PG UIF JHOPSFE DPVSTFT BTTJHOFE BT CVTZ� 'JHVSF

��� TIPXT UIBU � NFBOT MFDUVSFS l JT CVTZ BU UJNF TMPU t BOE � NFBOT MFDUVSFS l JT

BWBJMBCMF BU UJNF TMPU t GPS FYBNQMF UFBDIFS "NPSO DBOOPU UFBDI BU UJNF TMPUT � UP

� 	���� � ���� B�N�
 CVU IF DPVME CF BTTJHOFE UP UFBDI BU UJNF TMPU �� 3FBEFS DPVME

TFF JO "QQFOEJY $ BU 4IFFU Ķ5@Mķ GPS NPSF EFUBJMT�

'JHVSF ���� /PO�BWBJMBCMF UJNFT GPS FBDI MFDUVSFS

4UFQ �� 8F BEE MJTUT PG TUVEFOUT BOE UIF EBUB PG OVNCFS PG TUVEFOUT GPS FBDI

DMBTT NFFUJOH GSPN UIF 0GųDF PG UIF SFHJTUSBS�



��

4UFQ �� 'SPN UIF QSFWJPVT TUFQ XF IBE UIF EBUB PG OVNCFS PG TUVEFOUT GPS

FBDI DMBTT NFFUJOH IFODF XF DBO BTTJHO SPPN UZQF GPS FBDI DMBTT NFFUJOH� 5IF

SPPN UZQFT BSF EJWJEFE JOUP � UZQFT� 4NBMM 	MFTT UIBO �� TFBUT
 .FEJVN 	CFUXFFO

�� BOE �� TFBUT
 -BSHF 	NPSF UIBO �� TFBUT
 BOE -BCPSBUPSZ UZQF�

4UFQ �� 8F BTTJHO Cij  SFQSFTFOUJOH B TFU PG UIF DMBTT NFFUJOHT VTJOH j UJNF

TMPUT QFS MFDUVSF BOE SFQFBUJOH i UJNFT QFS XFFL� 'JOBMMZ XF DBO TFF UIF SFBSSBOHFE

EBUB GPS PVS $1-&9 QSPHSBN JO 'JHVSF ���� "QQFOEJY $ BU 4IFFU ĶEBUBķ QSPWJEFT UIF

GVMM WFSTJPO PG 'JHVSF ����

'JHVSF ���� 3FBSSBOHFE EBUB GPS $1-&9 QSPHSBN



��

����� 3PPN UJNFUBCMF

'SPN UIF SPPN UJNFUBCMF QSPWJEFE CZ GBDVMUZ PG 4DJFODF 	'JHVSF ��� BOE GVMM

EBUB JO "QQFOEJY #
 XF BEKVTU UIJT UJNFUBCMF JOUP PVS EBUB� 5IF UJNF TMPUT BSF DIBOHFE

GSPN � IPVS JOUP �� NJOVUFT QFS TMPU� 'PS FBDI SPPN JG JU IBT BO VOSFMBUFE DMBTT

NFFUJOH UP PVS QSPKFDU UIF BTTPDJBUFE UJNF TMPUT GPS UIJT DMBTT NFFUJOH BSF CVTZ�

#VU JG JU IBT PVS EFQBSUNFOU DMBTT NFFUJOH UIF BTTPDJBUFE UJNF TMPUT BSF GSFF� 'PS

FYBNQMF JO 'JHVSF ��� BU UIF DFMM %� DMBTT NFFUJOH Ķ�������	�
ķ JT VOSFMBUFE UP PVS

QSPKFDU� 5IVT SPPN Ķ.��ķ JO .BIBNBLVU CVJMEJOH BU � � � B�N� 	UJNF TMPU � � �


JT CVTZ CFDBVTF JU JT VTFE GPS Ķ�������	�
ķ� 0O UIF PUIFS IBOE BU UIF DFMM %��

DMBTT NFFUJOH Ķ�������	�
ķ JT SFMBUFE UP PVS QSPKFDU� *U NFBOT UIBU SPPN Ķ���ķ JO

.BIBNBLVU CVJMEJOH JT GSFF BU � � � B�N� 	UJNF TMPU � � �
 CFDBVTF XF XJMM BTTJHO B

OFX TDIFEVMF UP UIJT UJNF TMPU� 8F DBO TFF UIF NPEJųFE SPPN UJNFUBCMF JO 'JHVSF

��� BOE DBO TFF JO "QQFOEJY $ BU 4IFFU Ķ5@Sķ GPS NPSF EFUBJMT�

'JHVSF ���� 5IF GBDVMUZ SPPN UJNFUBCMF



��

'JHVSF ���� .PEJųFE SPPN UJNFUBCMF GPS $1-&9 QSPHSBN

/FYU XF DPVOU UIF BWBJMBCMF SPPN UZQFT r GPS FBDI UJNF TMPU t BT 'JHVSF ���

BOE DBO TFF JO "QQFOEJY $ BU 4IFFU Ķ5@Sķ GPS NPSF EFUBJMT�

'JHVSF ���� 5IF BWBJMBCMF SPPN UZQFT r GPS FBDI UJNF TMPU t

����� 1SFGFSFODF

5IF PCKFDUJWF GVODUJPO JO UIJT NPEFM JT UP NBYJNJ[F UIF UPUBM QSFGFSFODF PG

BTTJHOJOH DMBTT NFFUJOH c BU UJNF TMPU t� 8F TFU UIF QSFGFSFODF PG IBWJOH FBDI DMBTT

NFFUJOH CFUXFFO � � �� B�N� BOE � � � Q�N� FWFSZ XFFLEBZ BT �� *U JT XSJUUFO JO &YDFM

GPS UIF $1-&9 QSPHSBN BT 'JHVSF ��� XIFSF � JO UIF ųHVSF NFBOT XF XBOU UP BTTJHO



��

DMBTT NFFUJOH c BU UJNF TMPU t BOE � NFBOT XF EP OPU XBOU UP BTTJHO DMBTT NFFUJOH c

BU UJNF TMPU t� 3FBEFS DBO TFF JO "QQFOEJY $ BU 4IFFU ĶQSFGFSķ GPS NPSF EFUBJMT�

'JHVSF ���� 5IF QSFGFSFODF PG BTTJHOJOH DMBTT NFFUJOH c BU UJNF TMPU t

8F OPX DBO BQQMZ PVS NPEJGZ EBUB UP PVS NPEFM JO B TJNJMBS XBZ BT JO 4VC�

TFDUJPOT ����� � ����� BT GPMMPXT�



��

��� .BUIFNBUJDBM NPEFM

����� 1BSBNFUFST

-FU C CF B TFU PG DMBTT NFFUJOHT UIBU DPOUBJOT DPVSTF JE Ķ����YYYķ BOE

DPVSTF TFDUJPO ĶZķ JO UIF GPSN PG Ķ����YYY�Zķ F�H� \���������

��������� ��������� ���^

R CF B TFU PG SPPN UZQFT XIJDI JT EJWJEFE JOUP � UZQFT� 4NBMM

.FEJVN -BSHF BOE -BC J�F� \4NBMM .FEJVN -BSHF -BC^

L CF B TFU PG MFDUVSFST F�H� \"NPSO "OVTPSO "SUIPSO ���^

S CF B TFU PG HSPVQT PG TUVEFOUT XJUI UIF MBTU UXP OVNCFST SFQSF�

TFOU ųSTU�ZFBS TFDPOE�ZFBS UIJSE�ZFBS GPVSUI�ZFBS SFTQFDUJWFMZ

F�H� \#*0�� #*0$)&.�� $)&.5&$)�� ���^

D CF B TFU PG XFFLEBZT J�F� \.PO 5VF 8FE 5IV 'SJ^

T CF B TFU PG UJNF TMPUT GSPN .POEBZ UP 'SJEBZ � B�N� UP � Q�N� �

UJNF TMPU SFQSFTFOUT �� NJOVUFT XJUI UIF UPUBM PG �� UJNF TMPUT

J�F� \� � � ��� ��^

T b CF B TFU PG VOBWBJMBCMF 	CVTZ
 UJNF TMPUT XIJDI JT 8FEOFTEBZ �

Q�N� UP � Q�N� J�F� \�� �� �� �� �� ��^

Td CF B TFU PG UJNF TMPUT GPS EBZ d F�H� Tmon � \� � � ��� ��^ Ttue �

\�� �� �� ��� ��^

Cij CF B TFU PG DMBTT NFFUJOHT VTJOH j UJNF TMPUT QFS MFDUVSF BOE

SFQFBUJOH i UJNFT QFS XFFL F�H� C22 SFQSFTFOUT B TFU PG DMBTT

NFFUJOHT VTJOH � UJNF TMPUT QFS MFDUVSF BOE SFQFBUJOH � UJNFT QFS

XFFL

Cr CF B TFU PG DMBTT NFFUJOHT SFRVJSJOH B SPPN UZQF r ∀r ∈ R

Cl CF B TFU PG DMBTT NFFUJOHT UBVHIU CZ MFDUVSFS l ∀l ∈ L

Cs CF B TFU PG DMBTT NFFUJOHT PG TUVEFOUT JO HSPVQT s ∀s ∈ S

Lb
l,t CF B TFU PG VOBWBJMBCMF 	CVTZ
 UJNF TMPUT PG MFDUVSFS l ∀l ∈ L, ∀t ∈

T 

Ra
r,t CF B TFU PG UIF OVNCFS PG BWBJMBCMF SPPN PG UZQFT r BU UJNF TMPUT

t ∀r ∈ R, ∀t ∈ T 

pc,t CF UIF QSFGFSFODF PG IBWJOH DMBTT NFFUJOH c BU UJNF TMPU t�



��

����� %FDJTJPO 7BSJBCMFT

-FU xc,t CF BO JOUFHFS OVNCFS BOE

xc,t =





1, JG B DMBTT PG NFFUJOH c JT BTTJHOFE JO UJNF TMPU t

0, PUIFSXJTF�

����� 0CKFDUJWF 'VODUJPO

5IF PCKFDUJWF GVODUJPO JT UP NBYJNJ[F DMBTT NFFUJOHT UIBU BSF BTTJHOFE JO UIF

QSFGFSFODF UJNF TMPU�

max
∑

c∈C

∑

t∈T

pc,txc,t.

����� $POTUSBJOUT

5IF DPOTUSBJOUT DBO CF XSJUUFO BT NBUIFNBUJDBM SFMBUJPOT BOE 01- MBOHVBHF

BT GPMMPXT�

�� $POTUSBJOU� &BDI DMBTT NFFUJOH NVTU CF BTTJHOFE UP TPNF UJNF TMPUT� 5IFZ BSF

EJWJEFE JOUP UIF DMBTT NFFUJOHT TUVEZ � � � � BOE � UJNF TMPUT QFS XFFL�

��� .BUIFNBUJDBM MBOHVBHF�

∑
t∈T xc,t = 2, ∀c ∈ C12

01- MBOHVBHF� GPSBMM	D JO $<Ķ��ķ>� D JO $
 TVN	U JO 5
 Y<D><U> �� ��

��� .BUIFNBUJDBM MBOHVBHF�

∑
t∈T xc,t = 4, ∀c ∈ C14, C22

01- MBOHVBHF� GPSBMM	J JO Ķ��ķ Ķ��ķ D JO $<J>� D JO $
 TVN	U JO 5
 Y<D><U> ��

��

��� .BUIFNBUJDBM MBOHVBHF�

∑
t∈T xc,t = 6, ∀c ∈ C16, C23, C2x, C32



��

01- MBOHVBHF� GPSBMM	J JO Ķ��ķ Ķ��ķ Ķ�Yķ Ķ��ķ D JO $<J>� D JO $
 TVN	U JO

5
 Y<D><U> �� ��

/PUF UIBU C2x SFGFST UP DMBTT NFFUJOHT UIBU UIF EFQBSUNFOU BTTJHOFE UP

UFBDI � UJNFT QFS XFFL� � IPVS BOE � IPVST� 8F BTTJHO DMBTT NFFUJOHT JO C2x

BT DMBTTFT UIBU UFBDI � UJNFT QFS XFFL XJUI ��� IPVST FBDI UJNF JOTUFBE GPS

DPOWFOJFODF�

��� .BUIFNBUJDBM MBOHVBHF�

∑
t∈T xc,t = 8, ∀c ∈ C18, C24, C3x, C42

01- MBOHVBHF� GPSBMM	J JO Ķ��ķ Ķ��ķ Ķ�Yķ Ķ��ķ D JO $<J>� D JO $
 TVN	U JO

5
 Y<D><U> �� ��

/PUF UIBU C3x SFGFST UP DMBTT NFFUJOHT UIBU UIF EFQBSUNFOU BTTJHOFE

UP UFBDI � UJNFT QFS XFFL� � IPVS UXP UJNFT BOE � IPVST� 8F BTTJHO DMBTT

NFFUJOHT JO C3x BT DMBTTFT UIBU UFBDI � UJNFT QFS XFFL XJUI � IPVST FBDI UJNF

JOTUFBE GPS DPOWFOJFODF�

��� .BUIFNBUJDBM MBOHVBHF�

∑
t∈T xc,t = 9, ∀c ∈ C33

01- MBOHVBHF� GPSBMM	D JO $<Ķ��ķ>� D JO $
 TVN	U JO 5
 Y<D><U> �� ��

�� $POTUSBJOU� 5IF MFDUVSFST NVTU OPU UFBDI NPSF UIBO POF DMBTT NFFUJOH BU B

UJNF� 'PS FBDI UJNF TMPU FBDI MFDUVSFS IBT B DIPJDF CFUXFFO UFBDI BOE GSFF

UJNF�

.BUIFNBUJDBM MBOHVBHF�

∑
c∈Cl

xc,t ≤ 1, ∀l ∈ L, ∀t ∈ T

01- MBOHVBHF� GPSBMM	M JO - U JO 5
 TVN	D JO $<M>� D JO $
 Y<D><U> �� ��

�� $POTUSBJOU� 5IF TUVEFOUT NVTU OPU TUVEZ NPSF UIBO POF DMBTT NFFUJOH BU

B UJNF� "T TBNF BT UIF BCPWF DPOTUSBJOU FBDI HSPVQ TUVEFOU IBT B DIPJDF

CFUXFFO TUVEZ BOE GSFF UJNF GPS FBDI UJNF TMPU�

.BUIFNBUJDBM MBOHVBHF�



��

∑
c∈Cs

xc,t ≤ 1, ∀s ∈ S, ∀t ∈ T

01- MBOHVBHF� GPSBMM	T JO 4 U JO 5
 TVN	D JO $<T>� D JO $
 Y<D><U> �� ��

�� $POTUSBJOU� *O PVS NPEFM XF IBWF UIF DMBTT NFFUJOHT UIBU BSF SFRVJSFE UP

UFBDI CZ UIF MFDUVSFS l BOE B TFU PG VOBWBJMBCMF UJNF TMPUT PG MFDUVSFS l� 4P JG

Lb
l,t BT � 	MFDUVSFS l JT CVTZ BU UJNF TMPU t
 xc,t TIPVME CF � 	DMBTT NFFUJOH c

TIPVME CF OPU BTTJHOFE BU UJNF TMPU t
�

.BUIFNBUJDBM MBOHVBHF�

∑
t∈T

∑
c∈Cl

Lb
l,t ∗ xc,t = 0, ∀l ∈ L

01- MBOHVBHF� GPSBMM	M JO -
 TVN	U JO 5 D JO $<M>� D JO $
 Lb<M><U> � Y<D><U> �� ��

�� $POTUSBJOU� 8F IBWF DMBTT NFFUJOHT SFRVJSJOH SPPNT PG UZQF r BOE B TFU PG UIF

OVNCFS PG BWBJMBCMF SPPNT PG UZQF r BU UJNF TMPU t� 4P GPS FBDI UJNF TMPU UIF

OVNCFS PG DMBTT NFFUJOHT SFRVJSJOH SPPNT PG UZQF r NVTU CF MFTT UIBO PS FRVBM

UP UIF OVNCFS PG BWBJMBCMF SPPNT PG UZQF r�

.BUIFNBUJDBM MBOHVBHF�

∑
c∈Cr

xc,t ≤ Ra
r,t, ∀r ∈ R, ∀t ∈ T

01- MBOHVBHF� GPSBMM	S JO 3 U JO 5
 TVN	D JO $<S>� D JO $
 Y<D><U> �� Ra<S><U>�

�� $POTUSBJOU� "MM DMBTT NFFUJOHT NVTU CF OPU BTTJHOFE UP VOBWBJMBCMF UJNF TMPUT�

.BUIFNBUJDBM MBOHVBHF�

∑
t∈T b xc,t = 0, ∀c ∈ C

01- MBOHVBHF� GPSBMM	D JO $
 TVN	U JO T b
 Y<D><U> �� ��

�� $POTUSBJOU� xc,t JT CJOBSZ WBSJBCMF� &JUIFS B DMBTT NFFUJOH c JT BTTJHOFE JO UJNF

TMPU t PS B DMBTT NFFUJOH c JT OPU BTTJHOFE JO UJNF TMPU t�

.BUIFNBUJDBM MBOHVBHF�

0 ≤ xc,t ≤ 1, ∀c ∈ C, ∀t ∈ T



��

01- MBOHVBHF� GPSBMM	D JO $ U JO 5
 � �� Y<D><U> �� ��

�� $POTUSBJOU� .BYJNVN UPUBM UJNF TMPUT UIBU B MFDUVSFS DBO UFBDI JO B EBZ JT ��

UJNF TMPUT JO B EBZ� *O PVS NPEFM XF GPVOE UIBU FBDI MFDUVSFS TIPVME OPU UFBDI

NPSF UIBO �� UJNF TMPUT QFS EBZ� 5IFSFGPSF XF MJNJU UIF NBYJNVN OVNCFS PG

UJNF TMPUT GPS FBDI MFDUVSFS�

.BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

∑
c∈Cl

xc,t ≤ 12, ∀l ∈ L, ∀d ∈ D

01- MBOHVBHF� GPSBMM	M JO - E JO %
 TVN	U JO 5<E>� U JO 5 D JO $<M>� D JO $
 Y<D><U>

�� ���

�� $POTUSBJOU� .BYJNVN UPUBM UJNF TMPUT UIBU B TUVEFOU DBO BUUFOE JO B EBZ JT ��

UJNF TMPUT JO B EBZ� "T TBNF BT UIF BCPWF DPOTUSBJOU XF GPVOE UIBU FBDI HSPVQ

TUVEFOU TIPVME OPU TUVEZ NPSF UIBO �� UJNF TMPUT QFS EBZ�

.BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

∑
c∈Cs

xc,t ≤ 12, ∀s ∈ S, ∀d ∈ D

01- MBOHVBHF� GPSBMM	T JO 4 E JO %
 TVN	U JO 5<E>� U JO 5 D JO $<T>� D JO $
 Y<D><U>

�� ���

��� $POTUSBJOU� 8F TFU UIF NBYJNVN DPOTFDVUJWF UJNF TMPUT GPS B MFDUVSFS UP CF

� UJNF TMPUT JO B EBZ TJODF UIF EFQBSUNFOU BTTJHOT � UJNF TMPUT QFS MFDUVSF GPS

DMBTT NFFUJOH Ķ���������ķ�

.BUIFNBUJDBM MBOHVBHF�

∑
c∈Cl

8∑
i=0

xc,t+i ≤ 8, ∀l ∈ L, ∀t ∈ {T 1
d, T 2

d, ..., T 10
d}

T j
d JT jth UJNF TMPU JO EBZ d ∀d ∈ D

01- MBOHVBHF� GPSBMM	M JO - E JO % U JO JUFN	5<E> �
��JUFN	5<E> �
� U JO 5<E>


TVN	D JO $<M>� D JO $
 	Y<D><U> � Y<D><U��> � ��� � Y<D><U��>
 �� ��



��

��� $POTUSBJOU� .BYJNVN DPOTFDVUJWF UJNF TMPUT GPS B TUVEFOU BSF � UJNF TMPUT JO B

EBZ� 5IF TBNF BT $POTUSBJOU �� HSPVQT PG TUVEFOUT PG DMBTT NFFUJOH Ķ��������

�ķ IBWF � DPOTFDVUJWF UJNF TMPUT�

.BUIFNBUJDBM MBOHVBHF�

∑
c∈Cs

8∑
i=0

xc,t+i ≤ 8, ∀s ∈ S, ∀t ∈ {T 1
d, T 2

d, ..., T 10
d}

T j
d JT jth UJNF TMPU JO EBZ d ∀d ∈ D

01- MBOHVBHF� GPSBMM	T JO 4 E JO % U JO JUFN	5<E> �
��JUFN	5<E> �
� U JO 5<E>


TVN	D JO $<T> �D JO $
 	Y<D><U> � Y<D><U��> � ��� � Y<D><U��>
 �� ��

��� $POTUSBJOU� &BDI MFDUVSF PG B DMBTT NFFUJOH NBZ IBWF DPOTFDVUJWF UJNF TMPUT�

8F IBWF B TFU PG UIF DMBTT NFFUJOHT VTJOH j UJNF TMPUT QFS MFDUVSF BOE SFQFBUJOH

i UJNFT QFS XFFL i ∈ 1, 2, 3, 4 BOE j ∈ 2, 3, 4, 6, 8� 4P UIF DMBTT NFFUJOHT IBWF

SFQFBUJOH � � � � UJNFT QFS XFFL� $BTF *� � UJNF QFS XFFL UIFTF DMBTT NFFUJOHT

DBO CF BTTJHOFE UP BOZ EBZ JO UIF XFFL� $BTF **� � UJNFT QFS XFFL UIFTF DMBTT

NFFUJOHT DBO DIPPTF UP CF BTTJHOFE PO 	.POEBZ BOE 8FEOFTEBZ
 PS 	5VFTEBZ

BOE 5IVSTEBZ
 PS 	8FEOFTEBZ BOE 'SJEBZ
� $BTF ***� � UJNFT QFS XFFL UIFTF DMBTT

NFFUJOHT TIPVME CF BTTJHOFE UP .POEBZ 8FEOFTEBZ BOE 'SJEBZ� $BTF *7� �

UJNFT QFS XFFL UIFTF DMBTT NFFUJOHT TIPVME CF BTTJHOFE UP .POEBZ 5VFTEBZ

5IVSTEBZ BOE 'SJEBZ� )FSF XF JMMVTUSBUF POMZ UIF DBTF PG C12� 0UIFS DBTFT DBO

CF TFFO BU MJOF ��� � ��� JO "QQFOEJY % �

.BUIFNBUJDBM MBOHVBHF�

(xc,t1mon + xc,t2mon = 2||xc,t3mon + xc,t4mon = 2||...||xc,t17mon + xc,t18mon = 2)||

(xc,t1tue + xc,t2tue = 2||xc,t3tue + xc,t4tue = 2||...||xc,t17tue + xc,t18tue = 2)||

(xc,t1wed
+ xc,t2wed

= 2||xc,t3wed
+ xc,t4wed

= 2||...||xc,t17wed
+ xc,t18wed

= 2)||

(xc,t1thu + xc,t2thu = 2||xc,t3thu + xc,t4thu = 2||...||xc,t17thu + xc,t18thu = 2)||

(xc,t1fri+xc,t2fri = 2||xc,t3fri+xc,t4fri = 2||...||xc,t17fri+xc,t18fri = 2)||, ∀c ∈ C12

T j
d JT jth UJNF TMPU JO EBZ d ∀d ∈ D

01- MBOHVBHF� GPSBMM	D JO $<Ķ��ķ> �D JO $


	Y<D><JUFN	5<ĶNPOķ> �
> � Y<D><JUFN	5<ĶNPOķ> �
> �� � ]]

Y<D><JUFN	5<ĶNPOķ> �
> � Y<D><JUFN	5<ĶNPOķ> �
> �� � ]]

���]] Y<D><JUFN	5<ĶNPOķ> ��
>�Y<D><JUFN	5<ĶNPOķ> ��
> �� �




��

]]

	Y<D><JUFN	5<ĶUVFķ> �
> � Y<D><JUFN	5<ĶUVFķ> �
> �� � ]]

Y<D><JUFN	5<ĶUVFķ> �
> � Y<D><JUFN	5<ĶUVFķ> �
> �� � ]]

���]] Y<D><JUFN	5<ĶUVFķ> ��
>�Y<D><JUFN	5<ĶUVFķ> ��
> �� �


]]

	Y<D><JUFN	5<ĶXFEķ> �
> � Y<D><JUFN	5<ĶXFEķ> �
> �� � ]]

Y<D><JUFN	5<ĶXFEķ> �
> � Y<D><JUFN	5<ĶXFEķ> �
> �� � ]]

���]] Y<D><JUFN	5<ĶXFEķ> ��
>�Y<D><JUFN	5<ĶXFEķ> ��
> �� �


]]

	Y<D><JUFN	5<ĶUIVķ> �
> � Y<D><JUFN	5<ĶUIVķ> �
> �� � ]]

Y<D><JUFN	5<ĶUIVķ> �
> � Y<D><JUFN	5<ĶUIVķ> �
> �� � ]]

���]] Y<D><JUFN	5<ĶUIVķ> ��
>�Y<D><JUFN	5<ĶUIVķ> ��
> �� �


]]

	Y<D><JUFN	5<ĶGSJķ> �
> � Y<D><JUFN	5<ĶGSJķ> �
> �� � ]]

Y<D><JUFN	5<ĶGSJķ> �
> � Y<D><JUFN	5<ĶGSJķ> �
> �� � ]]

���]] Y<D><JUFN	5<ĶGSJķ> ��
>�Y<D><JUFN	5<ĶGSJķ> ��
> �� �
�

��� $POTUSBJOU� $MBTT NFFUJOHT TIPVME OPU IBWF NPSF UIBO POF MFDUVSF PO UIF

TBNF EBZ� #Z UIF BCPWF DPOTUSBJOU DMBTT NFFUJOHT NBZ SFQFBU UIF MFDUVSFT �

� � BOE � UJNFT QFS XFFL� 4P UIF OFYU MFDUVSF GPS FBDI DMBTT NFFUJOH TIPVME

OPU CF BTTJHOFE PO UIF TBNF EBZ�

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t = 0||
∑

t∈Td
xc,t = 2, ∀c ∈ C12, C22, C32, C42, ∀d ∈ D

01- MBOHVBHF� GPSBMM	J JO Ķ��ķĶ��ķĶ��ķĶ��ķ D JO $<J>� D JO $ E JO %
 TVN	U

JO 5<E>
 Y<D><U> �� � ]] TVN	U JO 5<E>
 Y<D><U> �� ��

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t = 0||
∑

t∈Td
xc,t = 4, ∀c ∈ C14, C24, C3x, ∀d ∈ D

01- MBOHVBHF�GPSBMM	J JO Ķ��ķ Ķ��ķ Ķ�Yķ D JO 5<J>� D JO $ E JO %
 TVN	U JO

5<E>
 Y<D><U> �� � ]] TVN	U JO 5<E>
 Y<D><U> �� ��

���� .BUIFNBUJDBM MBOHVBHF�



��

∑
t∈Td

xc,t = 0||
∑

t∈Td
xc,t = 3, ∀c ∈ C23, C2x, C33, ∀d ∈ D

01- MBOHVBHF�GPSBMM	J JO Ķ��ķ Ķ�Yķ Ķ��ķ D JO 5<J>� D JO $ E JO %
 TVN	U JO

5<E>
 Y<D><U> �� � ]] TVN	U JO 5<E>
 Y<D><U> �� ��

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t = 0||
∑

t∈Td
xc,t = 6, ∀c ∈ C16, ∀d ∈ D

01- MBOHVBHF�GPSBMM	D JO $<Ķ��ķ> �D JO $ E JO %
 TVN	U JO 5<E>
 Y<D><U> �� � ]]

TVN	U JO 5<E>
 Y<D><U> �� ��

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t = 0||
∑

t∈Td
xc,t = 8, ∀c ∈ C18, ∀d ∈ D

01- MBOHVBHF�GPSBMM	D JO 5<Ķ��ķ> �D JO $ E JO %
 TVN	U JO 5<E>
 Y<D><U> �� � ]]

TVN	U JO 5<E>
 Y<D><U> �� ��

��� $POTUSBJOU� $MBTT NFFUJOHT TIPVME IBWF B EBZ CSFBL CFUXFFO � DPOTFDVUJWF

MFDUVSFT� #Z UIF $POTUSBJOU �� XF IBWF CFFO BTTJHOFE BCPVU DMBTT NFFUJOHT

IBWF SFQFBUJOH � BOE � UJNFT QFS XFFL� 5IJT DPOTUSBJOU FOTVSFT UIFTF DMBTT

NFFUJOHT XFSF OPU BTTJHOFE PO UIF DPOTFDVUJWF EBZ�

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t +
∑

t∈Td+1
xc,t <= 2, ∀c ∈ C22, C32, ∀d ∈ {mon, tue, wed, thu}

01- MBOHVBHF� GPSBMM	J JO Ķ��ķ Ķ��ķ D JO $<J>� D JO $ E JO ĶNPOķ ĶUVFķ

ĶXFEķ ĶUIVķ
 TVN	U JO 5<E>
 Y<D><U> � TVN	U JO 5<OFYU	EBZ E
>
 Y<D><U> �� ��

���� .BUIFNBUJDBM MBOHVBHF�

∑
t∈Td

xc,t +
∑

t∈Td+1
xc,t <= 3, ∀c ∈ C23, C2x, C33, ∀d ∈ {mon, tue, wed, thu}

01- MBOHVBHF�GPSBMM	J JO Ķ��ķ Ķ�Yķ Ķ��ķ D JO $<J>� D JO $ E JO ĶNPOķ

ĶUVFķ ĶXFEķ ĶUIVķ
 TVN	U JO 5<E>
 Y<D><U> � TVN	U JO 5<OFYU	EBZ E
>
 Y<D><U> ��

��

���� .BUIFNBUJDBM MBOHVBHF�



��

∑
t∈Td

xc,t +
∑

t∈Td+1
xc,t <= 4, ∀c ∈ C24, C3x, ∀d ∈ {mon, tue, wed, thu}

01- MBOHVBHF�GPSBMM	J JO Ķ��ķ Ķ�Yķ D JO $<J>� D JO $ E JO ĶNPOķ ĶUVFķ

ĶXFEķ ĶUIVķ
 TVN	U JO 5<E>
 Y<D><U> � TVN	U JO 5<OFYU	EBZ E
>
 Y<D><U> �� ��

8F DBO TFF UIBU UIF OVNCFS PG UJNF TMPUT VTFE JO DPOTUSBJOU � BMMPXT MFDUVSFS

UP UFBDI � IPVST QFS EBZ� 4JNJMBSMZ TUVEFOUT NBZ BUUFOE JO DMBTTSPPN VQ UP � IPVST

QFS EBZ� *O UIF OFYU DIBQUFS XF XJMM EJTDVTT UIF QPTTJCJMJUZ PG SFEVDJOH UIFTF IPVST

BOE FYQMBJO UIF MJNJUBUJPO PG PVS QSPHSBN�



$IBQUFS �

1SPHSBNT BOE 3FTVMUT

*O UIF QSFWJPVT DIBQUFS XF TIPX PVS JOUFHFS MJOFBS QSPHSBNNJOH NPEFM� /FYU

XF XJMM TIPX IPX UP VTJOH $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ BOE 1ZUIPO ���

UP TPMWF B QSPCMFN IPX UP SVO UIF QSPHSBNT BOE SFTVMU GSPN UIFTF QSPHSBNT�

��� $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������

����� $SFBUJOH BO 01- QSPKFDU

8IFO ZPV PQFO $1-&9 UIF NBJO XJOEPX XJMM BQQFBS BT XF DBO TFF JO 'JHVSF

���� 5IFO XF XJMM DSFBUF PVS 01- QSPKFDU CZ DMJDL Ķ/FXķ BOE Ķ01- QSPKFDUķ CVUUPOT

BT TIPXO JO 'JHVSF ���� 5IF QSPHSBN XJMM TIPX UIF Ķ/FX QSPKFDUķ XJOEPX� *O UIJT

XJOEPX XF XJMM DSFBUF B QSPKFDU OBNF TFMFDU QSPKFDU MPDBUJPO DMJDL DSFBUF NPEFM

BOE DSFBUF EBUB BOE DMJDL UIF Ķ'JOJTIķ CVUUPO BT QSFTFOUFE JO 'JHVSF ���� 5IFO UIF

01- QSPKFDU XJMM BQQFBS BOE XF DBO XSJUF UIF 01- DPEF BT QSFTFOUFE JO UIF QSFWJPVT

DIBQUFS BT JO 'JHVSF ���� 8F XSJUF PVS DPEF JO � ųMFT� $MBTTSPPN 4DIFEVMJOH�NPE

	XSJUF 01- DPEF JO $IBQUFS �
 BOE $MBTTSPPN 4DIFEVMJOH�EBU 	XSJUF 01- DPEF UP DBMM

EBUB GSPN &YDFM GPS $MBTTSPPN 4DIFEVMJOH�NPE
�



��

'JHVSF ���� 5IF NBJO XJOEPX PG $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������

'JHVSF ���� $SFBUJOH B OFX QSPKFDU



��

'JHVSF ���� $SFBUJOH B OFX QSPKFDU 	$POU�


'JHVSF ���� $MBTTSPPN 4DIFEVMJOH�NPE



��

����� 3VOOJOH PVS 01- QSPKFDU BOE SFTVMU

8F ųSTU XSJUF 01- QSPKFDU VOUJM MJOF ��� JO $MBTTSPPN 4DIFEVMJOH�NPE BOE MJOF

�� JO $MBTTSPPN 4DIFEVMJOH�EBU 	TFF "QQFOEJY %
 UIFO SVO UIF $1-&9 QSPHSBN XIJDI

BVUPNBUJDBMMZ DSFBUF B TFU PG DMBTT NFFUJOHT SFRVJSJOH B SPPN UZQF r B TFU PG DMBTT

NFFUJOHT UBVHIU CZ MFDUVSFS l BOE B TFU PG DMBTT NFFUJOHT IBWJOH UIF TBNF HSPVQ

TUVEFOU s JO TIFFU Ķ$ķ JO %BUB@$QMFY�YMTY�

/PX XF IBWF GVMM EBUB JO &YDFM� /FYU XF XSJUF BOE SVO DPNQMFUF DPEF�

'JOBMMZ UIF PCKFDUJWF WBMVF 	UIF UPUBM SFTVMU PG UIF PCKFDUJWF GVODUJPO
 JT ��� BT JO

'JHVSF ��� BOE UIF SFTVMU JT BQQFBS JO TIFFU ĶSFTVMUķ JO %BUB@$QMFY�YMTY BT 'JHVSF ���

XIFSF � JO UIF ųHVSF NFBOT DMBTT NFFUJOH c JT BTTJHOFE BU UJNF TMPU t BOE � NFBOT

DMBTT NFFUJOH c JT OPU BTTJHOFE BU UJNF TMPU t� 3FBEFS DPVME TFF GVMM EBUB BU 4IFFU

ĶSFTVMUķ JO "QQFOEJY $�

'JHVSF ���� 5IF SFTVMU GSPN $1-&9



��

'JHVSF ���� 5IF SFTVMU GSPN $1-&9 JO &YDFM

/FYU XF VTF BWBJMBCMF SPPNT BU UJNF TMPUT t BOE UIF SFTVMU GSPN %BUB@$QMFY�YMTY

BT EBUB JO PVS 1ZUIPO UP BTTJHO UIF SPPN GPS FBDI DMBTT NFFUJOH�

��� 1ZUIPO ��� BOE SFTVMU

8F HFU UIF DMBTT NFFUJOH c BTTJHOFE BU UJNF TMPU t GSPN $1-&9 QSPHSBN� *O UIF

1ZUIPO QSPHSBN XF XJMM BTTJHO SPPN GPS FBDI DMBTT NFFUJOH� 8F QSFTFOU BMHPSJUIN

BT B ŴPXDIBSU PG PVS 1ZUIPO QSPHSBN JO 'JHVSF ��� BOE UIF DPEF JT TIPXO JO "QQFOEJY

'�



��

'JHVSF ���� 'MPXDIBSU PG 1ZUIPO BMHPSJUIN



��

*O 1ZUIPO QBSU XF DSFBUF EBUB GPS 1ZUIPO QSPHSBN JO %BUB@1ZUIPO�YMTY� 5IJT

&YDFM DPOTJTUT PG � TIFFUT� ��
 ĶSPPNķ QSFTFOUT DBQBDJUZ UFBDIJOH UZQF BOE BWBJMBCMF

UJNF TMPU GPS FBDI SPPN 	'JHVSF ���
 BOE ��
 ĶDMBTTNķ QSFTFOUT MFDUVSFS OVNCFS PG

TUVEFOUT UFBDIJOH UZQF BOE UFBDIJOH UJNF TMPUT GPS FBDI DMBTT NFFUJOH 	'JHVSF ���
�

3FBEFS DBO TFF UIF GVMM EBUB JO "QQFOEJY &�

'JHVSF ���� 4IFFU ĶSPPNķ JO %BUB@1ZUIPO�YMTY



��

'JHVSF ���� 4IFFU ĶDMBTTNķ JO %BUB@1ZUIPO�YMTY

"GUFS SVO 1ZUIPO UIF SFTVMU JT TIPXO JO 3FTVMU@1ZUIPO�YMTY BT JO 'JHVSF ����

	'VMM EBUB BSF TIPXO "QQFOEJY )
� 5IF SFTVMU IBT B QSPCMFN BU DPVSTF *% Ķ��������

-���ķ XIJDI IBT �� TUVEFOUT JO UIF DPVSTF CVU UIFSF JT OP SPPN XJUI UIF TFBUT

NPSF UIBO OVNCFS PG TUVEFOUT JO UIF DPVSTF BU UJNF TMPUT ����� 	UIJT DPVSTF TIPVME

CF BTTJHOFE
� 'JHVSF ���� TIPXT -BC UZQF SPPNT� Ķ."5)������ķ JT GSFF Ķ."5)�

�����ķ JT BTTJHOFE Ķ��������-���ķ 	OVNCFS PG TUVEFOUT JT ��
 BOE Ķ."5)������ķ

JT BTTJHOFE Ķ��������-���ķ 	OVNCFS PG TUVEFOUT JT ��
� 8F BEKVTU UIF OVNCFS PG

TUVEFOUT GSPN �� UP ��� /PX UIF SPPN GPS Ķ��������-���ķ JT BTTJHOFE BT JO 'JHVSF

����� 5IJT TJUVBUJPO IBQQFOT CFDBVTF XF EJE OPU DBUFHPSZ Ķ-BCķ SPPN UZQF BT TNBMM

MBC NFEJVN MBC BOE MBSHF MBC� 8F XJMM MFBWF UIJT BEKVTUNFOU BT PVS GVSUIFS TUVEZ�

"O JNQSPWFE DPEF GPS 1ZUIPO QSPHSBN JT TIPXO JO "QQFOEJY ( BOE UIF JNQSPWFE

SFTVMU GSPN 1ZUIPO QSPHSBN JT TIPXO JO "QQFOEJY *�



��

'JHVSF ����� 5IF SFTVMU GSPN 1ZUIPO XIFO Ķ��������-���ķ IBT �� TUVEFOUT

'JHVSF ����� "WBJMBCMF SPPN BGUFS SVO 1ZUIPO



��

'JHVSF ����� 5IF JNQSPWFE SFTVMU GSPN 1ZUIPO XIFO Ķ��������-���ķ IBT �� TUVEFOUT

5IF ųOBM SFTVMU DBO CF TFFO JO BT 'JHVSF ����� 8F TFQBSBUF UIF SFTVMU JOUP

EBJMZ SFTVMUT BT JO 'JHVSF �����



��

'JHVSF ����� 5IF ųOBM SFTVMU

'JHVSF ����� 5IF ųOBM EBJMZ SFTVMU JO FBDI EBZ



��

*O PVS SFTVMU UFBDIFS ,SVOH BOE UFBDIFS 4PNKBJ IBWF DMBTT NFFUJOHT �� UJNF

TMPUT PO .POEBZ BOE 'SJEBZ SFTQFDUJWFMZ 	TFF JO 'JHVSFT ���� BOE ����
� *O GBDU XF

DBO SFEVDF UIF NBYJNVN UJNF TMPUT GSPN �� UJNF TMPUT 	JO $POTUSBJOU �
 JOUP �� UJNF

TMPUT UP SFEVDF UFBDIJOH IPVST QFS EBZ PG UFBDIFS ,SVOH BOE UFBDIFS 4PNKBJ� *O GVSUIFS

TUVEZ XF NBZ SFEVDF UIF NBYJNVN UJNF TMPUT UP � UJNF TMPUT JO PSEFS UP SFEVDF UIF

UFBDIJOH MPBE PG FBDI MFDUVSFS CZ IJSJOH OFX MFDUVSFST PS FYQBOEJOH UIF QSFGFS UJNF

TMPUT TP UIBU UIF UFBDIJOH MPBE DPVME TQSFBE UP PUIFS MFDUVSFST� UJNFT� *O PVS NPEFM

XF BMTP TFU UIF NBYJNVN UJNF TMPUT QFS EBZ PG B TUVEFOU UP CF �� 	JO $POTUSBJOU �
�

4JODF TPNF TUVEFOUT NBZ IBWF DMBTTFT XJUI B MFDUVSFS XIP UFBDIFT �� UJNF TMPUT JO

B EBZ� 5IFSFGPSF UIF NBYJNVN UJNF TMPUT JO CPUI $POTUSBJOUT � BOE � OFFE UP CF

UIF TBNF OVNCFS�

'JHVSF ����� 5FBDIFS ,SVOH IBT UP UFBDI �� UJNF TMPUT PO .POEBZ

'JHVSF ����� 5FBDIFS 4PNKBJ IBT UP UFBDI �� UJNF TMPUT PO 'SJEBZ



$IBQUFS �

$PODMVTJPO

��� $PODMVTJPO

5IJT QSPKFDU TUVEJFE DMBTTSPPN TDIFEVMJOH QSPCMFN XJUI JOUFHFS MJOFBS QSPHSBN

UIBU VTFT UIF EBUB PG ųSTU�TFNFTUFS JO ���� PG UIF %FQBSUNFOU PG .BUIFNBUJDT BOE

$PNQVUFS 4DJFODF 'BDVMUZ PG 4DJFODF $IVMBMPOHLPSO 6OJWFSTJUZ BT B DBTF TUVEZ� 8F

BEKVTUFE EBUB BOE TFU DPOTUSBJOUT UP PVS NPEFM� 5IF DPOTUSBJOUT BSF

�� &BDI DMBTT NFFUJOH NVTU CF BTTJHOFE UP TPNF UJNF TMPUT XIJDI JT FRVJWBMFOU

$POTUSBJOU � JO 4FDUJPO ��

�� 5IF MFDUVSFST NVTU OPU BUUFOE NPSF UIBO POF DMBTT NFFUJOH BU B UJNF�

�� 5IF TUVEFOUT NVTU OPU BUUFOE NPSF UIBO POF DMBTT NFFUJOH BU B UJNF�

�� 5IF MFDUVSFS NVTU CF BWBJMBCMF XIFO UIF DMBTT NFFUJOHT SFRVJSJOH�

�� 5IF SPPN NVTU CF BWBJMBCMF XIFO UIF DMBTT NFFUJOHT SFRVJSJOH�

�� "MM DMBTT NFFUJOHT NVTU CF OPU BTTJHOFE UP VOBWBJMBCMF UJNF TMPUT�

�� &JUIFS B DMBTT NFFUJOH c JT BTTJHOFE JO UJNF TMPU t PS B DMBTT NFFUJOH c JT OPU

BTTJHOFE JO UJNF TMPU t�

�� .BYJNVN UPUBM UJNF TMPUT UIBU B MFDUVSFS DBO UFBDI JO B EBZ JT ���

�� .BYJNVN UPUBM UJNF TMPUT UIBU B TUVEFOU DBO BUUFOE JO B EBZ JT ���

��� .BYJNVN DPOTFDVUJWF UJNF TMPUT GPS B MFDUVSFS JO B EBZ JT ��



��

��� .BYJNVN DPOTFDVUJWF UJNF TMPUT GPS B TUVEFOU JO B EBZ JT ��

��� &BDI MFDUVSF PG B DMBTT NFFUJOH NBZ IBWF DPOTFDVUJWF UJNF TMPUT�

��� $MBTT NFFUJOHT TIPVME OPU IBWF NPSF UIBO POF MFDUVSF PO UIF TBNF EBZ�

��� $MBTT NFFUJOHT TIPVME IBWF B EBZ CSFBL CFUXFFO � DPOTFDVUJWF MFDUVSFT�

8F BSF TVDDFTTGVMMZ DSFBUF BO FGGFDUJWF SPPN UJNFUBCMF GPS UIF %FQBSUNFOU

PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF VOEFS PVS SFTUSJDUJPOT� 8F VTF $1-&9 4UVEJP

*%& TPGUXBSF WFSTJPO ������ BOE 1ZUIPO WFSTJPO ��� UP TPMWF UIJT QSPCMFN� 5IF $1-&9

UBLFT UJNF UP QSPDFTT ������� NJOVUFT XJUI �� DPVSTFT BOE ��� DMBTT NFFUJOHT CZ

OPUFCPPL DPNQVUFS *OUFM	3
 $PSF	5.
 J������)2�

��� 4VHHFTUJPOT

�� 6TF "DDFTT JOTUFBE PG &YDFM CFDBVTF "DDFTT JT NPSF DPOWFOJFOU XIFO DIBOHJOH

UIF TJ[F PG EBUB�

�� #F NPSF BQQSPQSJBUF JO EJWJEJOH UIF SPPN UZQFT� 5IJT NBZ TPMWF UIF QSPCMFN

PG OP BWBJMBCMF SPPNT XJUI UIF TFBUT NPSF UIBO OVNCFS PG TUVEFOUT�

�� 4IPVME EJWJEF Ķ-BCķ SPPN UZQF BT TNBMM MBC NFEJVN MBC BOE MBSHF MBC�

�� 3FEVDF UIF NBYJNVN UJNF TMPUT UIBU B MFDUVSFS DBO UFBDI JO B EBZ GSPN �� JOUP

� UJNF TMPUT CZ BEEJOH MFDUVSFST� UFBDIJOH MPBE DBO TQSFBE UP PUIFS MFDUVSFST

PS BEEJOH QSFGFSFODF UJNF TMPUT� UFBDIJOH IPVST DBO TQSFBE UP PUIFS EBZT UIBU

UFBDIFS ,SVOH PS 4PNKBJ IBWF GFXFS UFBDIJOH UJNF TMPUT UIBO � TMPUT�



3FGFSFODFT

<�> "� (VOBXBO ,�.� /H BOE ,�-� 1PI� 4PMWJOH UIF 5FBDIFS "TTJHONFOU�$PVSTF

4DIFEVMJOH 1SPCMFN CZ B )ZCSJE "MHPSJUIN� 8PSME "DBEFNZ PG 4DJFODF &OHJ�

OFFSJOH BOE 5FDIOPMPHZ 7PM� � /P� � 	����
 � QQ� ��������

<�> "� 0OFS 4� 0[DBO BOE %� %FOHJ� 0QUJNJ[BUJPO 0G 6OJWFSTJUZ $PVSTF 4DIFEVMJOH

1SPCMFN 8JUI " )ZCSJE "SUJųDJBM #FF $PMPOZ "MHPSJUIN� %FQBSUNFOU PG *OEVTUSJBM

&OHJOFFSJOH :BTBS 6OJWFSTJUZ �����

<�> +� (BP� #SBODI BOE CPVOE 	##
 <0OMJOF>� 	�� "QSJM ����
� "WBJMBCMF GSPN� IUUQT���

PQUJNJ[BUJPO�NDDPSNJDL�OPSUIXFTUFSO�FEV�JOEFY�QIQ�#SBODI@BOE@CPVOE@	##


<�� .BSDI ����>�

<�> .� "TTJ #� )BMBXJ BOE 3�"� )BSBUZ� (FOFUJD "MHPSJUIN "OBMZTJT VTJOH UIF (SBQI

$PMPSJOH .FUIPE GPS 4PMWJOH UIF 6OJWFSTJUZ 5JNFUBCMF 1SPCMFN� 1SPDFEJB $PN�

QVUFS 4DJFODF 7PM� ��� 	����
 � QQ� ��������

<�> /�"�)� "J[BN BOE -� $BDDFUUB� $PNQVUBUJPOBM NPEFMT GPS UJNFUBCMJOH QSPCMFN�

/VNFSJDBM "MHFCSB $POUSPM BOE 0QUJNJ[BUJPO 7PM� � /P� � 	4FQUFNCFS ����
 �

QQ� ��������

<�> 1� "WFMMB BOE *� 7BTJMĴ&7� " DPNQVUBUJPOBM TUVEZ PG B DVUUJOH 1MBOF BMHPSJUIN GPS

VOJWFSTJUZ DPVSTF UJNFUBCMJOH� +PVSOBM PG 4DIFEVMJOH 7PM� � 	����
 � QQ� ��������

<�> 1� ,PTUVDI� 5IF 6OJWFSTJUZ $PVSTF 5JNFUBCMJOH 1SPCMFN XJUI B 5ISFF�1IBTF "Q�

QSPBDI� %FQBSUNFOU PG 4UBUJTUJDT 0YGPSE 6OJWFSTJUZ �����

<�> 1� -J� $VUUJOH 1MBOF .FUIPE <0OMJOF>� 	�� +BOVBSZ ����
� "WBJMBCMF GSPN� IUUQT���

XXX�NBUI�DVIL�FEV�IL�DPVSTF@CVJMEFS������NBUI�����-��QEG<�� .BSDI ����>�



��

<�> 1� 1JTVU� ÖĈĀîéÖćøđßĉÜđÿšî 	-JOFBS 1SPHSBNNJOH
� 1st FE� #BOHLPL� %BOFY *OUFSDPS�

QPSBUJPO �����

<��> 4� "CEVMMBI &�,� #VSLF BOE #� .D$PMMVN� " )ZCSJE &WPMVUJPOBSZ "QQSPBDI UP UIF

6OJWFSTJUZ $PVSTF 5JNFUBCMJOH 1SPCMFN� $POHSFTT PO &WPMVUJPOBSZ $PNQVUBUJPO

	����
 � QQ� ����������

<��> 4� %BTLBMBLJ 5� #JSCBT BOE &� )PVTPT� "O JOUFHFS QSPHSBNNJOH GPSNVMBUJPO GPS B

DBTF TUVEZ JO VOJWFSTJUZ UJNFUBCMJOH� &VSPQFBO +PVSOBM PG 0QFSBUJPOBM 3FTFBSDI

7PM� ��� 	����
 � QQ� ��������

<��> 4� (IBFNJ .�5� 7BLJMJ BOE "� "HIBHPM[BEFI� 6TJOH B (FOFUJD "MHPSJUIN PQUJNJ[FS

UPPM UP TPMWF 6OJWFSTJUZ 5JNFUBCMF 4DIFEVMJOH 1SPCMFN� 'BDVMUZ PG &MFDUSJDBM BOE

$PNQVUFS &OHJOFFSJOH 6OJWFSTJUZ 0G 5BCSJ[ �����



��

"QQFOEJY

"QQFOEJY "� 5IF UFBDIJOH UJNFUBCMF PG UIF EFQBSUNFOU

'JHVSF "�� 23 DPEF PG UIF UFBDIJOH UJNFUBCMF PG UIF EFQBSUNFOU

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4RvDsHTs`_?LKnvt[a[k+/�y#+2u#iGHKL

"QQFOEJY #� 5IF SPPN UJNFUBCMF PG UIF GBDVMUZ

'JHVSF "�� 23 DPEF PG UIF SPPN UJNFUBCMF PG UIF GBDVMUZ

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4R:tCq*+?AZhwSJ+�uJLsa�7d6NGMCiMAF



��

"QQFOEJY $� 5IF NPEJųFE UJNFUBCMF UJNFUBCMF PG $1-&9

'JHVSF "�� 23 DPEF PG UIF NPEJųFE UJNFUBCMF UJNFUBCMF PG $1-&9

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4RGH3qdvA9`jKwjHa;;io+8x`MxARlbPmM

"QQFOEJY %� $PEF GPS $1-&9

'JHVSF "�� 23 DPEF PG UIF DPEF GPS $1-&9

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4Rvq#`/anCM3CEBaoQ3JqbjslenoQFDix?



��

"QQFOEJY &� %BUB GPS 1ZUIPO

'JHVSF "�� 23 DPEF PG UIF EBUB GPS 1ZUIPO

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4Rp>6/�>>":@1*6SjjC#QRqTsFDuF�?t+K

"QQFOEJY '� $PEF GPS 1ZUIPO

'JHVSF "�� 23 DPEF GPS UIF DPEF GPS 1ZUIPO

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4RKi.wpJ`k_�:�lbBEy68�R7xZpJh@Bvx:



��

"QQFOEJY (� *NQSPWFE DPEF GPS 1ZUIPO

'JHVSF "�� 23 DPEF GPS UIF JNQSPWFE DPEF GPS 1ZUIPO

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4Rt.jAxo2Dj�FK3�F9y6KKFS*j>F>C"�T#

"QQFOEJY )� 3FTVMU GSPN 1ZUIPO

'JHVSF "�� 23 DPEF GPS UIF SFTVMU GSPN 1ZUIPO

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4RP7qDdtv`.a*b@.ly36"q6ahuiklBJwxu



��

"QQFOEJY *� 3FTVMU GSPN 1ZUIPO BGUFS JNQSPWFNFOU

'JHVSF "�� 23 DPEF GPS UIF SFTVMU GSPN 1ZUIPO BGUFS JNQSPWFNFOU

63-� ?iiTb,ff/`Bp2X;QQ;H2X+QKfQT2M\B/4RJAj2QEqySNi_N�[33�/Q/lmpj*?CB#ZE



��

"QQFOEJY +� 1SPKFDU 1SPQPTBM

5IF 1SPKFDU 1SPQPTBM PG $PVSTF ������� 1SPKFDU 1SPQPTBM

"DBEFNJD :FBS ����
1SPKFDU 5JUUMF 	5IBJ
 ÖćøĒÖšðŦâĀćÖćøÝĆéêćøćÜĀšĂÜđøĊ÷îéšü÷üĉíĊÖćøÖĈĀîéÖćøđßĉÜđÿšî

ÝĈîüîđêĘö

1SPKFDU 5JUUMF 	&OHMJTI
 $MBTTSPPN 4DIFEVMJOH 1SPCMFN XJUI BO JOUFHFS MJOFBS

QSPHSBNNJOH NFUIPE

1SPKFDU "EWJTPS "TTPDJBUF 1SPGFTTPS 1IBOUJQB 5IJQXJXBUQPUKBOB 1I�%�

#Z .JTT $IBOJEB -FFMBZVUUP *% ����������

.BUIFNBUJDT %FQBSUNFOU PG .BUIFNBUJDT BOE

$PNQVUFS 4DJFODF 'BDVMUZ PG 4DJFODF

$IVMBMPOHLPSO 6OJWFSTJUZ

#BDLHSPVOE BOE 3BUJPOBMF
$MBTTSPPN 4DIFEVMJOH 1SPCMFN JT WFSZ EJGųDVMU UP TPMWF CZ IBOE� 1FPQMF OPS�

NBMMZ SFQMJDBUF UIF UJNFUBCMFT PG QSFWJPVT ZFBST XJUI GFX DIBOHFT UP BDDPNNPEBUF

SFDFOU TJUVBUJPOT UP VQEBUF UIF UJNFUBCMF CVU JU NBZCF OPU FGGFDUJWF�

5IJT QSPKFDU XJMM USZ UP NBOBHF UIF SFTUSJDUJPOT TVDI BT UIF MJNJUFE OVNCFS

PG DMBTTSPPNT UIF BWBJMBCMF MFDUVSFST � DMBTTSPPNT BU FBDI UJNF QFSJPE BOE DMBTT

NFFUJOH DPOŴJDU PG FBDI MFDUVSFS � TUVEFOU 	POF DMBTT BU B UJNF
� 5IFO XF BQQMZ BO

JOUFHFS MJOFBS QSPHSBNNJOH NFUIPE MFBSOFE JO UIF DPVSTF PG 0QFSBUJPOT 3FTFBSDI **

UP ųOE UIF PQUJNBM TPMVUJPO UP UIJT QSPCMFN�

0CKFDUJWFT
4PMWF UIF $MBTTSPPN 4DIFEVMJOH 1SPCMFN CZ VTJOH $1-&9 4UVEJP *%& TPGUXBSF

WFSTJPO �������

4DPQFT
�� 8F VTF UIF EBUB GSPN UIF ųSTU�TFNFTUFS PG ���� QSPWJEFE CZ UIF %FQBSUNFOU

PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF BOE UIF 0GųDF PG UIF SFHJTUSBS�



��

�� 8F DPOTJEFS POMZ DPVSTFT JO UIF %FQBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS

4DJFODF BOE DMBTTSPPN JO .BIB 7BKJSVOIJT CVJMEJOH .BIBNBLVU CVJMEJOH BOE

5BC /JMBOJUJ CVJMEJOH�

�� 8F VTF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ UP TPMWF UIF $MBTTSPPN 4DIFEVM�

JOH 1SPCMFN�

1SPKFDU "DUJWJUJFT

�� 4UVEZ UIF $MBTTSPPN 4DIFEVMJOH 1SPCMFN�

�� $PNCJOF SFMBUFE EBUB BOE SFTFBSDI QBQFST�

�� 4UVEZ UIF NPEFM GPS UJNFUBCMJOH QSPCMFN JO <�>�

�� #VJME BO JOUFHFS MJOFBS QSPHSBNNJOH NPEFM GPS TPMWJOH UIF QSPCMFN�

�� 4UVEZ IPX UP VTF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO �������

�� $PEF UIF NPEFM PO $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO �������

�� 3FDIFDL BOE NPEJGZ UIF NPEFM�

�� $PODMVEF UIF SFTVMUT BOE XSJUF B SFQPSU�



��

%VSBUJPO

1SPDFEVF .POUI

"VH� 4FQ� 0DU� /PW� %FD� +BO� 'FC� .BS� "QS�

��4UVEZ UIF $MBTTSPPN

4DIFEVMJOH 1SPCMFN�

��$PNCJOF SFMBUFE EBUB

BOE SFTFBSDI QBQFST�

��4UVEZ UIF NPEFM GPS

UJNFUBCMJOH QSPCMFN JO

<�>�

��#VJME BO JOUFHFS MJOFBS

QSPHSBNNJOH NPEFM GPS

TPMWJOH UIF QSPCMFN�

��4UVEZ IPX UP VTF $1-&9

4UVEJP *%& TPGUXBSF WFS�

TJPO �������

��$PEF UIF NPEFM PO

$1-&9 4UVEJP *%& TPGUXBSF

WFSTJPO �������

��3FDIFDL BOE NPEJGZ UIF

NPEFM�

��$PODMVEF UIF SFTVMUT

BOE XSJUF B SFQPSU�



��

#FOFųUT

�� 5IF CFOFųUT PG UIF QSPKFDU PXOFS�

	B
 "QQMZ LOPXMFEHF GSPN UIF 0QFSBUJPOT 3FTFBSDI ** DPVSTF TPMWFE UIF $MBTT�

SPPN 4DIFEVMJOH 1SPCMFN�

	C
 6TF $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������ TPMWFE UIF $MBTTSPPN 4DIFEVM�

JOH 1SPCMFN�

�� 5IF CFOFųUT PG QSPKFDU VTFST�

	B
 *ODSFBTF DPOWFOJFOU BOE FGGFDUJWF UP BTTJHO UIF $MBTTSPPN 4DIFEVMJOH

1SPCMFN�

	C
 $BO VTF UIF JOUFHFS MJOFBS QSPHSBNNJOH NFUIPE TPMWFE UIF $MBTTSPPN

4DIFEVMJOH 1SPCMFN BOE DBO BQQMZ UP UIF PUIFS UJNFUBCMJOH QSPCMFN�

&RVJQNFOUT

�� )BSEXBSF

	B
 /PUFCPPL DPNQVUFS *OUFM	3
 $PSF	5.
 J������)2

	C
 1SJOUFS

	D
 'MBTI ESJWF

�� 4PGUXBSF

	B
 $1-&9 4UVEJP *%& TPGUXBSF WFSTJPO ������

	C
 &YDFM ���

	D
 5F9TUVEJP TPGUXBSF WFSTJPO �������



��

#VEHFUT
�� 'MBTI ESJWF ��� #BIU

�� -BTFS 1PJOUFS ��� #BIU

�� 5SBZ %7% %SJWF GPS ))% ��� #BIU

�� 44% ��� (# ��� #BIU

�� /PUFCPPL 4FSWJDF 'FF ��� #BIU

�� #BUUFSZ /PUFCPPL ���� #BIU

�� #JOEJOH UIF SFQPSU ���� #BIU

5PUBM ���� #BIU

"QQFOEJY

1BSBNFUFST
-FU C CF B TFU PG DMBTT NFFUJOHT

R CF B TFU PG SPPN UZQFT BWBJMBCMF

L CF B TFU PG MFDUVSFST

S CF B TFU PG TUVEFOU HSPVQT

T CF B TFU PG UJNFTMPUT

Cr CF DMBTT NFFUJOHT SFRVJSJOH B SPPN PG UZQF r ∀r ∈ R

Cl CF DMBTT NFFUJOHT UIBU BSF UBVHIU CZ MFDUVSFS l ∀l ∈ L

Cs CF DMBTT NFFUJOHT UIBU IBWF UIF TBNF HSPVQ TUVEFOU s ∀s ∈ S

Nr CF UIF OVNCFS PG SPPNT PG UZQF r BWBJMBCMF ∀r ∈ R BOE

pc,t CF UIF QSFGFSFODF PG IBWJOH DMBTT NFFUJOH c BU UJNFTMPU t�

%FDJTJPO 7BSJBCMFT

xc,t =





1 JG B DMBTT PG NFFUJOH c JT BTTJHOFE JO UJNFTMPU t

0 0UIFSXJTF�



��

0CKFDUJWF 'VODUJPO
5IF PCKFDUJWF GVODUJPO JT UP NBYJNJ[F UIF UPUBM UJNFTMPU QSFGFSFODF PG BTTJHO�

JOH UIF DMBTT NFFUJOHT�

max
∑

c

∑

t

pc,txc,t.

$POTUSBJOUT

�� "MM DMBTT NFFUJOHT NVTU CF BTTJHOFE UP B UJNFTMPU�

�� 5IF OVNCFS PG DMBTTSPPNT JT MJNJUFE�

�� 5IF MFDUVSFST NVTU OPU UFBDI NPSF UIBO POF DMBTT NFFUJOH BU B UJNF�

�� 5IF TUVEFOUT NVTU OPU TUVEZ NPSF UIBO POF DMBTT NFFUJOH BU B UJNF�



��

*OUFHFS MJOFBS QSPHSBNNJOH GPSNVMBUJPO

0CKFDUJWF 'VODUJPO �

$POTUSBJOUT

.BUIFNBUJDBM MBOHVBHF 01- MBOHVBHF

.BYJNJ[F UIF UPUBM UJNFT�

MPU QSFGFSFODF PG BTTJHO�

JOH UIF DMBTT NFFUJOHT�

max
∑

c

∑
t pc,txc,t NBYJNJ[F TVN 	D JO DMBTT

U JO UJNFTMPU
 Q<D><U> � Y<D>

<U>�

"MM DMBTT NFFUJOHT NVTU

CF BTTJHOFE UP B UJNFTMPU�

∑
t xc,t = 1, ∀c ∈ C � GPSBMM 	D JO DMBTT
 TVN 	U JO

UJNFTMPU
 Y<D><U> �� ��

5IF OVNCFS PG DMBTT�

SPPNT JT MJNJUFE�

∑
c∈Cr

xc,t ≤ Nr, ∀r ∈

R, ∀t ∈ T.

GPSBMM 	S JO SPPNUZQF U JO

UJNFTMPU
 TVN 	D JO DMBTT�

SPPN<S>� D JO DMBTT
 Y<D><U>

�� /S<S>�

5IF MFDUVSFST NVTU OPU

UFBDI NPSF UIBO POF

DMBTT NFFUJOH BU B UJNF�

∑
c∈Cl

xc,t ≤ 1, ∀l ∈

L, ∀t ∈ T.

GPSBMM 	M JO MFDUVSFS U JO

UJNFTMPU
 TVN 	D JO DMBTT�

MFDUVSFS<M>� D JO DMBTT
 Y<D>

<U> �� ��

5IF TUVEFOUT NVTU OPU

TUVEZ NPSF UIBO POF

DMBTT NFFUJOH BU B UJNF�

∑
c∈Cs

xc,t ≤ 1, ∀s ∈

S, ∀t ∈ T.

GPSBMM 	T JO TUVEFOU U JO

UJNFTMPU
 TVN 	D JO DMBTT�

TUVEFOU<T>� D JO DMBTT
 Y<D>

<U> �� ��



��

#JPHSBQIZ

$IBOJEB -FFMBZVUUP *% ����������

%FQBSUNFOU PG .BUIFNBUJDT BOE $PNQVUFS 4DJFODF

'BDVMUZ PG 4DJFODF $IVMBMPOHLPSO 6OJWFSTJUZ
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