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Abstract

Global container trade continues to grow while climate policy tightens emission and efficiency require-
ments in major hub ports. European ports such as Rotterdam must accommodate higher volumes and
stricter reliability expectations without proportional expansions of quay length or yard space. Within
this context, intra-port inter-terminal container exchanges remain a bottleneck. Inland barges provide
a low-emission alternative to trucks, but fragmented planning and long waiting times undermine relia-
bility and the business case for modal shift. This thesis examines whether autonomy-enabled modular
splitting of barge calls can improve operational performance at the Maasvlakte container terminals.

A port-wide discrete event simulation is developed with deep sea, feeder, conventional barge, and
autonomous module services calling five terminals that share a dedicated module-crane pool. Current
multi-stop barge operations are compared with scenarios in which barges detach short-calling modules
under different bargei module mixes, sea-freight demand levels, module-crane inventories, and module
capacities. Performance is assessed using throughput, turnaround and waiting times, berth occupancy,
crane utilisation, and anchorage behaviour.

In the recommended 50-50 barge-module mix, modular splitting increases port-wide throughput by
about 12% and reduces barge turnaround by more than half compared with current operations, while
deep sea and feeder vessels remain largely unaffected. These gains arise from parallel module calls
that use residual quay pockets more effectively. Hybrid fleets with around half of inland work carried by
modules therefore provide the best compromise between higher throughput and manageable growth in
vessel calls. Configuration experiments indicate that two dedicated module cranes per large terminal
are sufficient under the tested loads and that medium-sized modules around 24 to 36 TEU perform
robustly. Within the limits of the stylised simulation, the results indicate that modular intra-port ser-
vices can improve inter-terminal operational performance, support port sustainability and modal-shift
objectives, and provide guidance for the design of MAGPIE Demo 6.

Keywords: Autonomous e-barges; modular splitting; intra-port transport; discrete event simulation;
Port of Rotterdam.
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7HUPLQDO 2SHUDWLQJ 6\VWHP

8OWUD ODUJH FRQWDLQHU YHVVHO
8QPDQQHG 6XUIDFH 9HVVHO

9HVVHO 7UDIILF 6HUYLFH

'HLIJKWHG VKRUWHVW SURFHVVLQJWLPH

(IhRMXMSRW ERH XIVQMRSPSK]

7THUPLQRORJ\

'"HILQLWLRQ

&RQWDLQHU WUDQVKLFP@®HY LQWUD SRUW PRYHPHQWY EHWZHHQ WH

PRQO\UHIHUUHG WR DV LQWHU WHUPLQDO WUDQV:

,QODQG ZDWHUZD\ WUNPNSRWWUDQVSRUW XVLQJLQODQG YHVVHOV ZL\

WKH KLQWHUODQG

$XWRQRPRXVH EDUIHQ HOHFWULFDOO\ SURSHOOHG EDUJH ZLWK DXWR

GXFH FUHZ UHODWHG FRRUGLQDWLRQ FRQVWUDLC
RP\LVQRWPRGHOOHG




-RXVSHYGXN

SRUWV DUHFULWLFDO QRGHVLQJOREDO ORJLVWLFV QHWZRUNYV UHVSRQ!
YDVW YROXPHV RI FRQWDLQHULVHG JRRGV $V WUDGH YROXPHV JURZ DQC
VWULQJHQW SRUW SHUIRUPDQFH DQG LQ SDUWLFXODU WKH FRRUGLQD
LQFUHDVLQJO\ LPSRUWDQW 7KLV FKDSWHU LQWURGXFHV WKH FRQWH[W
W EHJLQV E\ RXWOLQLQJ WKH RSHUDWLRQDO DQG VWUDWHILF UHOHYDQ
WUDQVKLSPHQW DQG WKHQ GHILQHV WKH UHVHDUFK SUREOHP REMHFWL

6IWIEVGL 'SRXI\X

7TKHFRQWLQXRXVIURZWK LQ JOREDO WUDGHDQG WKHLQFUHDVLQJ GHPD
VXUH RQ FRQWDLQHU SRUWV WR LPSURYH RSHUDWLRQDO HIILFLHQF\ ZKl
WDLQHU WKURXJKSXW LQ JOREDO SRUWV LV SURMHFWHG WR LQFUHDVH \
DFFRUGLQJ WR ORQJ WHUP IRUHFDVWYV RI WKH 2UJDQLVDWLRQ IRU (FRQ
2(&' SRUWV PXVW WKHUHIRUHDGDSW WR WKLV JURZWK E\LPSOHPHQ
VWUDWHILHY WR HQKDQFH FDSDFLW\DQG UHVLOLHQFH ZLWKRXW SURSR

2QH DUHD RI SDUWLFXODU LPSRUWDQFH LV WKH LQWHUQDO PRYHPHQW R
DVFRQWDLQHU WUDQVKLSPHQW :LWKLQ ODUJH PXOWL WHUPLQDO SRUMW
VKLSPHQW EHWZHHQ PRGHYV VXFK DV GHHS VHD WR LQODQG VXSSRUWLC(
DQG UHGXFLQJGHSHQGHQF\RQ WUXFN EDVHG WUDQVIHUV ,QODQG :DWH
HPLVVLRQ DOWHUQDWLYH IRUVXFK PRYHPHQWY SDUWLFXODUO\ IRU KL
ZLWKLQ RUEHWZHHQ SRUW FOXVWHUY +RZHYHU GHVSLWH WKHVH DGYD
DIITHFWHG E\ VAIVWHPLF LQHIILFLHQFLHV

,Q SRUWV VXFK DV WKH 3RUW RI 5RWWHUGDP EDUJH EDVHG WUDQVKLSPH
SODQQLQJ SURFHVVHV XQSUHGLFWDEOH EHUWKLQJ XQGHUXWLOLVHG T
$FFRUGLQJWR 6KRED\RDQG 9DQ +DVVHO EDUJHVLQ WKH3RUW RI5RV
WRWDO WLPHLQ SRUW ZDLWLQJRULGOH UHVXOWLQJLQ VXEVWDQWLDO C
QRW PHUHO\ RSHUDWLRQDO WKH\ XQGHUPLQH WKH FRPSHWLWLYHQHVV
DQG FRPSOLFDWH HITRUWV WR VKLIW WUDIILF DZD\ IURP FRQJHVWHG URD
JURHOLQJHW DO

,Q UHVSRQVH WR WKHVH FKDOOHQJHYVY VHYHUDO LQLWLDWLYHYVY KDYH HF
SODWIRUPV 1H[WORJLF DQG 3RUWEDVH DLP WR VIQFKURQLVH EDUJH DQG
GDWD VKDULQJDQG RSWLPLVDWLRQ DOJRULWKPV +RZHYHU WKHVH SOD
RIFRQYHQWLRQDO EDUJH RSHUDWLRQV DQG WKHLU HITHFWLYHQHVY GH:
VWDNHKROGHUV WR SDUWLFLSDWHLQ FHQWUDOLVHG FRRUGLQDWLRQ

OHDQZKLOH WKHO0$*3,(SURMHFW 6PDUW *KBIWMQBRQMWMHEPWHEYROGHU HIIR
YHVWLIDWHWUDQVIRUPDWLYHLQQRYDWLRQVIRUIXWXUH UHDG\SRUWYV

2iiTh,ffrrrXK ;TB2@TQ ibX2mfrQ ' F@T +F ;2@T 2b2Mi iBQMf



6IWIEVGL *MIPH

RQ ODULWLPHDQG ,QODQG :DWHUZD\ 7UDQVSRUW VSHFLILFDOO\WR '"HP
( EDUJHDQG 7TUDQVKLSPHQW 7KLV GHPRQVWUDWLRQH[SORUHVY KRZ DXW
YHVVHO FRQFHSWV PLJKW LPSURYHLQWUD SRUW ORJLVWLFV E\HQDEOLQ
VROXWLRQV 7KLV WKHVLV VXSSRUWV WKDW LQLWLDWLYHE\HYDOXDWLQ
VWUDWHILHVY WKURXJK VLPXODWLRQ

6IWIEVGL *MIPH

7KLV UHVHDUFK VLWV DW WKH LQWHUVHFWLRQ RI SRUW ORJLVWLFV YHV
W HQJDJHV ZLWK ZRUN RQ FRQWDLQHU WHUPLQDO SODQQLQJ LQWHUPR
GLJLWDOO\HQDEOHG WUDQVSRUW V\VWHPV

'LWKLQ WKLV ILHOG VWXGLHVUHFRIJQLVHWKHHQYLURQPHQWDO DQG VSI
SRUW RYHU URDG LQFOXGLQJ ORZHU HIWHUQDO FRVWYV IRU HPLVVLRQV
PLVVLRQ ORELOLW\DQG 7UDQVSRWWRIQEBOHIVPHWHQLPH DXWKRUV SRLQW WR
LVVXHV IRUVPDOO DQG SRUW LQWHUQDO RSHUDWLRQV LQFOXGLQJ ZDLYV

$O]DWH HW DOHWKRGRORJLFDOO\ GLVFUHWH HYHQW VLPXODWLRQ L
GHSHQGHQW WHUPLQDO SURFHVVHV VXFKDVEHUWKDOORFDWLRQ YHVVE
ERUQHWDG 'RXPD

:KDW LV OHVVGHYHORSHG LV D V\VWHP OHYHO DVVHVVPHQW RI SRUW LQYV
SDUHV DOWHUQDWLYH YHVVHO FRRUGLQDWLRQ VWUDWHILHV LQFOXGLC
PRQ SHUIRUPDQFH IUDPHZRUN 7KLV WKHVLVY DGUHVVHV WR WKDW JDS 7
UHSUHVHQWDWLYH FDVH ZKLOH WKHDQDO\VLVYDQG PHWULFV DUH GHVLJ

6IWIEVGL 4VSFPIQ

%DUJH EDVHG WUDQVKLSPHQW LV D VSDWLDOO\HIILFLHQWDQG ORZ HPLYV
SRUWV <HW SUDFWLFHVKRZV ORQJDQG XQFHUWDLQ ZDLWLQJWLPHV 1IU
TXD\FDSDFLW\ 7KHVH IULFWLRQV UHGXFH UHOLDELOLW\IRURSHUDWRU\
KLQGHU PRGDO VKLIWREMHFWLYHV IRUDXWKRULWLHV

([LVWLQJ ZRUN RIWHQ DGGUHVVHVY WKHWHFKQLFDO IHDVLELOLW\RIDXWI
LVRODWHG WHUPLQDO SURFHVVHYVY :KDW UHPDLQV OLPLWHG LV TXDQWL\
SDUHVDXWRQRP\ HQDEOHG FRRUGLQDWLRQ VWUDWHJILHVY DJDLQVW FXUL
,Q SDUWLFXODU LWLV QRWZHOO XQGHUVWRRG XQGHU ZKLFK FRQGLWLR
WLPH UDLVH EHUWK XWLOLVDWLRQ RUORZHUHPLVVLRQV

7KLV WKHVLVY UHVSRQGV WR WKDW JDS ZLWK D VLPXODWLRQ EDVHG HYDO
FRRUGLQDWLRQ VWUDWHILHY LQFOXGLQJ FRQFHSWY WKDW FRQVLGHU
NH\ SHUIRUPDQFH LQGLFDWRUV 7KH PRGHO FDSWXUHV YHVVHO VFKHGX
YDULDWLRQ HPLVVLRQV PHWULFV DQG VFHQDULR EDVHG GHPDQG SDWW
UHSUHVHQWDWLYH FDVH ZKLOH WKH GHVLJQ RIWKHDQDO\WVLVY DQG PHWL

6IWIEVGL SFNIGXMZIERH 7GSTI

7KH REMHFWLYH LV WR HYDOXDWH KRZ DXWRQRPRXV H EDUJH FRRUGLQD
HIITLFLHQF\RILQWUD SRUWFRQWDLQHU WUDQVKLSPHQW 7KHVWXG\ XVH'
WHUQDWLYHVRQ FRPPRQ SHUIRUPDQFHLQGLFDWRUVDQG WRH[SORUH W
SHUIRUPV ZHOO

7TKHDQDO\WLVY FRQWUDVWY SUHVHQW GD\PXOWL VWRS EDUJH FDOOV ZLW
QDULRV DUH XVHG WR UHSUHVHQW GLVWLQFW FRRUGLQDWLRQ ORJLFV Z
DQG UHVRXUFH VHWWLQJY 7KHVWUDWHILHY FRQVLGHUHG DUH

%DVHOLQH FXUUHQW PXOWL VWRS EDUJH FDOOV ZLWK OLPLWHG FURV\
5RXQGWULS VWUDWHJI\ IL[HG F\FOLF URXWHY ZLWK FRRUGLQDWHG VFK
ORGXODUH EDUJH VWUDWHILHVY WZRYDULDQWYV



6IWIEVGLSYIWXMSRW

DORGXODU VSOLWWLQJ DFRQYR\DUULYHVY DV FRXSOHG PRGXOHV ZK
PLQDOVDQGDUHUHDVVHPEOHG DIWHUZDUGYV

EORGXODULQWHUFKDQJH PRGXOHV FDQ EHVZDSSHG EHWZHHQ FRQYI
UHGXFHEHUWK FRQIOLFWV DQG LGOH WLPH

7KH SRUW RIS RWWHUGDP LV XVHG DV WKH FDVH GXH WR LWV VFDOHDQG R
DSSURDFK WKHVFHQDULR ORJLF DQG WKHLQGLFDWRUV DUH GHILQHG W
SRUWV WKDW FRQVLGHU DXWRPDWLRQDQG FRRUGLQDWLRQ LPSURYHPHC

7KH VWXG\ LV ERXQGHG DV IROORZV *HRJUDSKLFDOO\ LW FRYHUV WKH
PRGDO VFRSH LW IRFXVHV RQLQWUD SRUW FRQWDLQHU H[FKDQJHV E\ LC
HIFKDQJHVPD\EHURXWHG E\WUXFNRXWVLGHWKHVLPXODWLRQ ZKLOHU
DV HI[RIHQRXV 7HFKQRORJLFDOO\ DXWRQRP\LVUHSUHVHQWHG DV UHG?>
WKDQ FRQWURO OHYHO DXWRPDWLRQ )RUSHUIRUPDQFH WKHDQDO\VLYV
XWLOLVDWLRQDQGFUDQHSURGXFWLYLW\ ZKLOHEURDGHUHFRQRPLFDQ

6IWIEVGLS5YIWXMSRW
7KLV UHVHDUFK LV JXLGHG E\ WKH IROORZLQJRYHUDUFKLQJ TXHVWLRQ

KDW LV WKH LPSDFW RI DXWRQRPRXVH EDUJH FRRUGLQDWLRQ VWUD
FLHQF\RILQWUD SRUW FRQWDLQHU WUDQVKLSPHQW"

7TRDQVZHU WKLV PDLQ TXHVWLRQ WKHVWXG\DGGUHVVHV WKHIROORZLQ

64 :KDW DUH WKH FXUUHQW RSHUDWLRQDO FKDUDFWHULVWLFV DQG E
WUDQVKLSPHQW"

64 KLFKDXWRQRPRXV RUFRRUGLQDWLRQ HQKDQFHG YHVVHO VWUDW
WKH\GLIITHUIURP FXUUHQW SUDFWLFH"

64 +RZFDQ GLVFUHWH HYHQW VLPXODWLRQ EH XVHG WR PRGHO SRUW
XQGHU YDU\LQJ GHPDQG DQG VFKHGXOLQJFRQGLWLRQV"

64 :KDWDUH WKH HITHFWV RI GLITHUHQW FRRUGLQDWLRQ VWUDWHJLH)
DVWXUQDURXQG WLPH TXD\RFFXSDQF\ DQG HPLVVLRQV"

64 +RZUREXVWDUHWKHGLIITHUHQW VWUDWHJILHY ZKHQ GHPDQG OHYHC
YDU\"

64 :KDW FRRUGLQDWLRQ VWUDWHJI\ RITHUV WKH EHVW EDODQFH EHWZ
LPSOHPHQWDWLRQ IHDVLELOLW\"

7TKHVH TXHVWLRQV JXLGH WKH VWUXFWXUH Rl WKH UHVHDUFK DQG LWV FF
SUDFWLFDO LQQRYDWLRQLQ SRUW ORJLVWLFV

6IWIEVGL 1IXLSHSPSK]ERH  7XVYGXYVI
%XLOGLQJRQ WKH REMHFWKYW V@ $E8FWEROWYV D WKHRU\ RULHQWHG FDV
GLVFUHWH HYHQW VLPXODWLRQ '(6 DV WKH SULPDU\ PHWKRG '(6 LV VI
GHSHQGHQW SURFHVVHV VWRFKDVWLFDUULYDOV TXHXLQJ DQG UHVRX!
ZKLFK DUH HVVHQWLDO WR HYDOXDWH FRRUGLQDWLRQ VWUDWHJILHV XQG

7KHUHVHDUFK SURFHVV FRPSULVHV VL[ VWHSV

6\VWHPDQDO\VLY &KDUDFWHULVHWKHFXUUHQW WUDQVKLSPHQW V\VW
DQGRSHUDWLRQDO ERWWOHQHFNYV

6FHQDULR GHVLJQ 'HILQH WKH EDVHOLQH URXQGWULS DQG PRGXODU
VFHQDULR



6IWIEVGL 1IXLSHSPSK]ERH 7XVYGXYVI

ORGHO GHYHORSPHQW ,PSOHPHQW D PRGHO ZLWK DUULYDO EHUWKLQ
DGPLVVLRQDQG TXHXLQJ SROLFLHV

9HULILFDWLRQ DQG YDOLGDWLRQ 9HULIN\LQWHUQDO ORJLF DQG YDOLC
HISHUW MXGJHPHQW

9HULILFDWLRQ DQG YDOLGDWLRQ (VWDEOLVK LQWHUQDO FRUUHFWQ'
FKHENV DQG WUDFHV

SHUIRUPDQFHDQDO\VLVY &RPSDULQJEDVHOLQHDQGDXWRQRPRXV ( %D
WR WHUPLQDOV EDUJH RSHUDWRUV DQG WKH SRUW DXWKRULW\

BHQVLWLYLW\WHVWLQJDQG VIQWKHVLY 7HVW UREXVWQHVV XQGHU DO
VHWWLQJV WKHQ VIQWKHVLVH UHVXOWV LQWR GHVLJQ LQVLJKWV DQG

JLIXUHVXPPDULVHVY WKH ZRUNIORZ IURP VA\VWHP GHILQLWLRQ WR VFHQDU

JLIXUH 5SHVHDUFK PHWKRGRORJ\

7KHGRFXPHQW VWUXFWXUH IROOR ¥ VOMKKWVAR/UHNI O R B GIKDISWIHWX UH RQ LG
WHUPLQDO RSHUDWLRQV LQWUD WHUPLQDO WUDQVSRUWDQG SHUIRUPD
FKDUDFWHULVWLFV DQG ERWWOHQHFNV WKDW WRJHWKHU ZLWK WKH FD\
LVDWLRQ FKDSWHU GHILQHV WKH FRRUGLQDWLRQ VWUDWHJILHV FODULIL
WKH H[SHULPHQWDO IRFXV RQ PRGXODU VSOLWWLQJ E\ FRQWUDVWLQJ"
DQVZHUV 64 &KDHWWHWKH VIVWHP ERXQGDU\ IRUWKH ODDVYODNWH FDV
DVVXPSWLRQV IRUWKHPRGHO WRKILHW IGHHWZDLVDR/ SAKKDFS B/IEME U HWH HY HQW \
LPSOHPHQWDWLRQ DQG H[SHULPHQWDO VHW XS DQG WKH GHGLFDWHG 9}
FKDSWHUV DQVZHU 64UH&RDSWHWKH TXDQWLWDWLYH FRPSDULVRQ RI WK
WKH DJUHHG LQGLFDWRUV WXUQDURXQG WLPH ZDLWLQJ EHUWK XWLOL
WKHHYLGHQFHIRUG64 DQG SUHVHQWYV WKH VHQVLWLYLW\DQDO\VHV IRU
WKDW DQVZHU 64 LOKDSWSHUHWY WUDGH RIIV DQG IHDVLELOLW\ DQG V\Q\
FRRUGLQDWLRQ ORJLF WKHUHE\ FRQXHRODILEGDEMH VEWRBWHIGLQJV DQG VW
DQVZHU WR WKH UHVHDUFK TXHVWLRQ



OMXIVEXYVIG6IZI

7KLV FKDSWHU UHYLHZVY OLWHUDWXUHRQHIILFLHQW EDUJH SODQQLQJ IR
SRUWV ,WILUVW RXWOLQHV KRZFRQWDLQHU IORZV DUHRUJDQLVHG DQG
WKHQ H[DPLQHV EDUJH DQG WHUPLQDO RSHUDWLRQV SODQQLQJ VWUXF\
DQG D VWDNHKROGHU EDVHG .3, IUDPHZRUN 6XLWDEOH VLPXODWLRQ DS
UHVHDUFK JDSV WKDW PRWLYDWH WKH H[SHULPHQWY GHYHORSHG ODWHL

'SRXEMRIV8VERWTSVX MR 4SVXWERH-RPERH ;E’

7KH PRYHPHQW RI FRQWDLQHUV WKURXJK VHDSRUWYV LQYROYHV D VHTXF
VSDQQLQJ PDULWLPH DUULYDO WHUPLQDO KDQGOLQJ DQG KLQWHUODZG
VHD YHVVHOV DUH GLVFKDUJHG VRUWHG DQG WUDQVIHUUHG WR WKH DS
KLIK WKURXJKSXW KXE SRUWV VXFK DV 5RWWHUGDP WUDQVKLSPHQW E
GLVWULEXWLRQ UHSUHVHQW D VXEVWDQWLDO VKDUH RI WRWDO YROXPH

&ERQWDLQHUKDQGOLQJEHIJLQVZLWKYHVVHODUULYDODQGEHUWKLQJ IR
YHKLFOHV VXFK DV $XWRPDWHG *XLGHG 9HKLFOHV $*9V VWUDGGOH FD
FRQWDLQHUV WR WKH\DUG IRUVWDFNLQJDQG UHWULHYDO E\57* RU 50*
KLQWHUODQG E\WUXFN UDWNVXPPODEDVUHM WKHXJWHRFHVYVY DQG PRGDO WUDQ

JLIXUH 2YHUYLHZ RID FRQWDLQHU WHUPLQDO $ < &LO $EGXUDKPDQ DQG, &

+LQWHUODQG WUDQVSRUW E\EDUJHV ,:7 SURYLGHV KLJK FDSDFLW\DQG
PLQDOVDQG LQODQG GHVWLQDWL&RRS DRIGIIRIVWHIVUIRDG EDUJHV UHGXFH
DQGHPLVVLRQVDQG VXLWEXONFRQWDLQHUIORZVRYHU SUHGLFWDEOH L



4SVX +SZIVRERGIERH1IEREKIQIRX

WXUH WKDQ UDLO &RQVWUDLQWY LQFOXGH ORZHU VSHHGV ORFN DQG EL
PXOWLSOH LQGHSHQGHQW WHUPLQDOV 6WXGLHV LQ SRWWHUGDP LQGLI
VSHQW ZDLWLQJDW WHUPLQDOV RUVDLOLQJ EBBWZRHY WXKIHMDWRR Y RO 6R-
VKDULQJ LQLWLDWLWOBVXFKRDIMV SURYH UHOLDELOLW\DQG UHGXFH LGO'
DXWRQRPRXV DQG HOHFWULILHG EDUJHY WDUJHW IXUWKHU HIILFLHQF\ D
$872%DUJH

"KHQ FRQWDLQHU GLVFKDUJH DQG SLFN XS ORFDWLRQV GLIIHU LQWHU V
FKRLFH UHIOHFWV IORZ FKDUDFWHULVWLFV DQG LQIUDVWUXFWXUH VPD
W\SLFDOO\PRYHG E\WUXFN ZKLFK DOORZV TXLFNFRQVROLGDWLRQ ZLW
ZKHQ zDWHU FRQQHFWHG WHUPLQDOV H[FKDQJH ODUJHU YROXPHYV WKD\
ZKHUHRQ GRFNDFFHVVDQG WLPHWDEOHV VXSSRUW EORFNPRYHPHQWYV I
FRQWDLQHUVDGG D VHSDUDWH OD\HU WKH\DUH VWRUHG DW GHGLFDWH(
QHHGHG RIWHQ E\WUXFN DW VKRUW QRWLFH DQG E\EDUJH ZKHQ YROXP't

6\QFKURQLVDWLRQ FKDOOHQJHV LQFOXGH OLPLWHG TXD\ DYDLODELOLW
QHVV KHWHURJHQHRXV WHUPLQDO UXOHV DQG ZLQGRZV DQG IL[HG QDX
PXOWLSOH WHUPLQDOV SHU URWDWLRQ ZKLFK PDNHV VHTXHQFH FKRLFF
WKH %DUJH 3HUIRUPDQFHORQLWRU ZDLWLQJDQGLQWHU WHUPLQDO VDL

6KRED\R DQG 9DQ +DVWKHVH FKRLFHV LQWHUDFW ZLWK WKH SODQQLQ
RXWOLQHG LQ WKLY FKDSWHU DQG ZLWK WK:H WK WIH BERUN DQ 6KPWQ RY
WKH QH[W VHFWLRQ H[DPLQHV KRZ JRYHUQDQFH DVVLJQV UHVSRQVLELOL

4SVX +SZIVRERGIERHI1EREKIQIRX

7KH FRQWDLQHU KDQGOLQJFKDLQLQYROYHV PXOWLSOHDFWRUV HDFK Z
DXWKRULW\ HQVXUHV QDXWLFDO DFFHVV DQG SURYLGHV LQIUDVWUXFW>
\DUG DQG ODQGVLGHLQWHUIDFHV EDUJHDQG RWKHU KLQWHUODQG FDU!
VKLSSLQJDJHQWV DQG IRUZDUGHUV DUUDQJH GRFXPHQWDWLRQ DQG VFKk
WRU\ FRPSOLDQFH 7KHVHDFWRUV FRRUGLQDWH DFURVV VWUDWHJILF WI
VKRZV W\SLFDO FRQWUDFWXDO DQG FRRUGLQDWLRQ UHODWLRQVKLSV E
ORJLVWLFV $ 'RXPD

JLIXUH $FWRUV LQYROYHG LQ KLQWHUODQG FRQWDLQHU WUDQVSRUWDQG WKHLU FRQWUD
$ 'RXPD



&EVKI4PERRMRK ERH8IVQMREP 3TIVEXMSRW

7KHVHUHODWLRQVKLSVDUHVKDSHG E\WKHSRUWYIVJRYHUQDQFHPRGHO
LQWR SXEOLFVHUYLFH WRRO ODQGORUG DQG SULYDWHVHUYLFHPRGHC
LQIUDVWUXFWXUH LV SXEOLFO\ RZQHG ZKLOH SULYDWH RSHUDWRUV PDQ
VLRQV 7KLV GLYLVLRQ RI UHVSRQVLELOLWLHV DQG GHFLVLRQ ULJKWYV C
.3,V $OLJQPHQW PHFKDQLVPV VXFKDV VKDUHG GDWD SODWIRUPV DQG VH
WDQW SUHFXUVRUV WR LPSURYLQJ SODQQLQJ ,Q ODQGORUG VHWWLQJV
DQG HQDEOHV GLIJLWDO FRRUGLQDWLRQ WHUPLQDO RSHUDWRUV RSWLPI
WLPLVH IOHHW F\FOHV DFURVYV PXOWLS GHR UWW RF 5@ VOWB URBSD®G % DQN

(IGMWMSR 1EOMRKOIZIPW MR 4SVXO0OSKMWXMGW
7KHJRYHUQDQFH PRGHO LVHQDFWHG WKURXJK WKUHH GHFLVLRQ PDNLQ
DWLRQDO 672 7KHVH OHYHOV GLIIHU E\ WLPH KRUL]JRQ DFWRUV GHFLYV
RXWSXWV DV VXPPDULVHG LQ 7DEOH

6WUDWHUORGJ WHUP SODQQLQJ DQG SROLF\ LQFOXGLQJLQIUDVWUXFWXU
JLHV JRYHUQDQFHGHVLJQ DQG GDWD VKDULQJDJUHHPHQWY ,QODQGO]|
DQG SXEOLFERGLHY ZLWKLQSXWIURPWHUPLQDO RSHUDWRUV DQG FDUU
SXWV LQFOXGHLQIUDVWUXFWXUH SODQV FRQFHVVLRQ WHUPV IDLUZD\D
GLJLWDO SODWIRUPV DQG VXVWDLQDELOLW\

TDFWLFDHOGLXP WHUP SODQQLQJ WKDW WUDQVODWHY VWUDWHJI\LQWR FLC
LQFOXGH EHUWK DQG ZLQGRZ SROLFLHV IRU EDUJHYVY FUDQH DQG ODERXU
VHUYLFH OHYHOV DQG URXWH SDWWHUQV IRUEDUJH URXQGYV 2ZQHUVKL:
SObQVY EDUJH RSHUDWRUY GHVLJQ URWDWLRQV DQG EXIITHUV DQG WKH
H[DPSOH YLD SODWIRUP UXOHV +RUL]JRQV UDQJH IURP ZHHNV WR RQH VH
ZLQGRZDOORFDWLRQV UHVRXUFH VFKHGXOHV DQG SHUIRUPDQFH WDUJ

2SHUDWLRDQDRI RSHUDWLRQV H[HFXWLRQ DQG VKRUW KRUL]JRQ UHSODQZC
VLIQPHQWDQG VHTXHQFLQJ FUDQHGLVSDWFK VWDUWDQGFRPSOHWLRC
DQG FKRLFHV WR VSOLW RU UHWXUQ FDOOV ZKHQ FDUJR LV QRW UHDG\ $
SHUV RUUHPRWH RSHUDWRUV 9HVVHO 7UDIILF 6HUYLFHV 976 DQG QDXV
WR GD\V 2XWSXWV LQFOXGH DFWXDO EHUWK VHTXHQFHV FUDQH ZRUN RL

7TDEOH 672 OHYHOV PDSSHG WR DFWRUV KRUL]JRQV GHFLVLRQV LQIRUPDWLRQ D

/[HYHO ODLQ DFWRUV 7\SLFDO GHFLVLRQV ,QIRUPDWLRQ UHTX({{DWSOH .3,V

6WUDWHILF SRUW DXWERMDIMWUSKERXWLHA FDIPFQE®\ RKRMDRRN ORQDRWISOLW WRWDO Wl

DIJHQFLHV WHHRVQBRQ WHUPY SO DFW (R UPDEOFH W) L GXMV VHPHEWLRQV LQYHQV
RZQHUYV QDQFH VXVWDLQDELRSWLR@W JWW\D NHKRIOIGEMWD FRBRSWLRQ
PLWPHQWYV
7DFWLFDO 7HUPLQDO % HRSW K DMQ®R QAL QGRZRERIG DWIWHW U U LY D @\H URNDKQ B DERSDQF\ FUDC
PDQDJHPHQW EDDQH DQG ODERXU URVMHMW YDPGLAD SDFXWL OHNUXYWERQ PHDQ 3
RSHUDWRUV S\OHDQMIREHW EDUJH URWDWIHRQW DQG VHUYLFH OHYHO ZLWKLQ
RSHUDWRU EXIIHUV GRZ

2SHUDWLRQDO 7HUPLQD®H UV DINOHUQPHQBHDQGN MHH DU UL Y DMV WIRQUW DALIGPHHU  VHU Y LF
EDUJH VNLSSHUVYXRQFH FUDQH GLVIHMDBK QWW B UWHYV R XWIFAHVWBWXNURXQG RQ
PRWH RSHUDWRWYPRY6 UHWXUQ RUQDSWILLW DODRRIW W UPRQ®NW PRYHV SHU KRXU
SLORWDJH DQG VGRYDXISWLRQ KDQGOLQJ

'LWKUROHVDQG KRUL]JRQV IL[HG WKH QH[W VXEVHFWLRQ VHWYV RXW KRZ

&EVKI4PERRMRKERHS8IVQMREP 3TIVEXMSRW

$ SRUWFDOOLVWKHRUJDQLVHG VHWRIQDXWLFDODQGFDUJRDFWLYLWLE
YLFHG DQG GHSDUW 7KH SRUW FDOO IUDPHZRUN VWDQGDUGLVHVY WKH P
DQGPRQLWRUSURJUHVYVY SURYLGLQJDFRPPRQUHIHUHQFHIRUFRRUGLQEL
WDFWLFDO DQG RSHUDWLRQDO OH Y3KDWWXPLRDROLVEHG S QH/ DEQOHYDO DUUL
DQGUHDGLQHVV FKHFNV FDUJRRSHUDWLRQV GHSDUWXUH DQG SRVW G



&EVKI4PERRMRK ERH8IVQMREP 3TIVEXMSRW

UXQLQ SDUDOOHO IRUH[DPSOH SLORWDJH FRQFXUUHQW ZLWK WRZDJH
WLPHRIDUULYDO (7¢ SUHIHUUHGWLPHRIDUULYDO 37%$ UHTXLUHG WLP
RIEHUWKLQJ (7% $7% FDUJR VWDUW DQG FRPSOHWH DQG HVWLPDWHG
7KHVH SURYLGH D VKDUHG ODQJXDJHIRU SODQV DQG XSGDWHV DFURVV Y
ULHUVY DQG SODWIRUPVY $5RWWHUGDP VSHFLILF SURFHVV LOOXVWUDWL

'SSVHMREXMSR 7XVYGXYVIWERHGYPIW
(IILFLHQW FRPPXQLFDWLRQ DQG FRRUGLQDWLRQ DUH HVVHQWLDO WR DC
WLFV VIVWHP ,Q SUDFWLFH LQWHUDFWLRQV VSDQ PXOWLSOH GHFLVLRG
VSHFLILF SODQQLQJ VWUXFWXUHV 7KUHH GLVWLQFW SODQQLQJVWUXFW
URQPHQWY DV LOOXVWUDWHG LQ )LIXUH

F&HQWUDOLVHG SODQQLQJ $VLQJOH FRRUGLQDWLQJ DXWKRULW\ PDNH
FRQWDLQHU PRYHPHQWY DFURVV WHUPLQDOV ZLWKIXOO LQIRUPDWLRC

$1'"HFHQWUDOLVHG SODQQLQJ ,QGLYLGXDO WHUPLQDOV DQG WUDQVSRUYV
GHFLVLRQV EDVHG RQ ORFDO LQIRUPDWLRQ DQG REMHFWLYHV ZLWKR X\

$'LVWULEXWHG SODQQLQJ $FWRUV UHWDLQ GHFLVLRQ PDNLQJDXWRQRF
QDWH WKURXJKVWUXFWXUHG GLILWDO SODWIRUPV LPSURYLQJDOLJQP]
$ 'RXPD

JLIXUH &8HQWUDOLVHG GHFHQWUDOLVHG DQG GLVWULEXWHG SODQQLQJ QHWZRUN)

JURPD FRQWURO SHUVSHFWLYH GHFHQWUDOLVHG SODQQLQJODFENYV FRPI
WULEXWHG SODQQLQJLQWURGXFHVY VWUXFWXUHG LQIRUPDWHR® VKDULQ
ORIDEGERUWEDKHVH VA\VWHPV RIITHU UHDO WLPH YLVLELOLW\RITXD\DYDLO
VR WKDW EDUJH RSHUDWRUVDQG WHUPLQDOVFDQDOLJQ SODQV ZLWKRXYV
IH[WORJLFRBRRUWEDVH )XOO\ GHFHQWUDOLVHG GHFLVLRQ PDNLQJ FDQ OH
FRQIOLFWYVY ZKLOHGLVWULEXWHG VA\VWHPVY UHTXLUH UHOLDEOH GDWD VK

$V YHVVHOV DUULYH WHUPLQDOV DSSO\ DFFHVV DQG VHTXHQFLQJ UXOH
IDLUQHVV FRQWUDFWXDO FRPPLWPHQWY DQG VI\VWHP WKURXJKSXW /LC
ZLWK IL[HG ZLQGRZV DQG RIWHQ SULRULW\ DUUDQJHPHQWY IHHGHUV U X/
WHUPLQDOPRYHVUHO\PRUHRQ GD\ RI RSHUDWLRQV DOLJQPHQWDQG FR
ILUVW FRPH ILUVW VHUYHG DGPLWV YHVVHOV VWULFWO\E\DUULYDO WLP
XQGHU FRQJHVWLRQ 3ULRULW\ EDVHG SROLFLHVRUGHU FDOOV E\FODVYV
RI EDUJH PLQLPXP FDOO VL]H RU FDUJR W\SH WKHUHE\ SURWHFWLQJ V
WLPH IDYRXUV WKH TXLFNHVW FDOOV WR UDLVH EHUWK WXUQRYHU ZKHU
FKDLQV D ZHLJKWHG 637 YDULDQW DGGY SHQDOWLHV RUYDOXHV WR UHIC
FRRUGLQDWLRQLVPDWXUH LQWHIJUDWHG RUGLVWULEXWHG RSWLPLVDW
DVFKHGXOLQJ SUREOHP RIWHQ YLD PL[IHG LQWHJHU PRGHOV RU KHXULV
RWKHU VA\VWHP .3,VVX®DEDWHLVHY WKHVH UXOHVY DQG W\SLFDO XVH FDVHYV
SDSDGLPLWUIBRMHHQNHQ 9R% DQG 6 WDKOERBWK DQG OHLVHO



&EVKI4PERRMRK ERH8IVQMREP 3TIVEXMSRW

7DEOH 2YHUYLHZ RIFRPPRQ YHVVHO DQG EDUJH SODQQLQJUXOHYV

5XOH '"HVFULSWLRQ 7\SLFDO XVH FDVH

)&)6 BHUYH LQ VWULFW DUULYDO RUBHWXOWL P S GHH E X QMFUDOLLY
FUHDVH GHOD\ XQGHU FRQJHVWLRZQDXWRPDWLRQ VHWWLC
3ULRULW\ EDVRAGBGHU E\FODVV HJ GHHS VHBLRXHW EDRXHKSXW WHUP L

FRQWUDFW FDUJR W\SH VHUYLFH OHYHO FRPPLV
PHQW
637 6KRUWHVW KDQGOLQJ WLPH ILERQJIJWRVPIHDELSH Y HREGM VB K O
WXUQRYHU PLQLPLVDWLRQ
(" (DUOLHVW FDUJR GXH GDWH 17U ¥KMWW 8 HSOURW M £ W2 WQLERIZ
FULWLFDO FKDLQV VIQFKURQLVDWLRQ QHHGV
1637 B3URFHVVLQJWLPH ZHLJKWHG E\ YDOXH RU SHQDOW\  OL]

GLIITHUHQWLDWHG VHUYLFF
,QWHJUDWHG O0,/3GKNXULVWLFV RU SODWIRUIPIDWGBOG \VWHKWEXI® SRU WV
WULEXWHG RSWRPRIVOWLR® VIVWHP .3,V 726 RUSODWIRUP OLQNYV

7KH FKRLFH RI FRRUGLQDWLRQ VWUXFWXUH DQG DFFHVV VHTXHQFLQJ UX
QH[W VXEVHFWLRQ VXPPDULVHVY REVHUYHG ERWWOHQHFNV LQ ODUJH PXC

&ESXXPIRIGOW MR &EVKI ,ERHPMRK EXOEVKI1YPXM 8IVQMF
7HUPLQDOV FRRUGLQDWHEHUWK DOORFDWLRQ FUDQHDVVLJQPHQW DQG
KRXU UHVRXUFH XVH DQG VHUYLFH UHOLDELOLW)\ IRU GHHS VHD IHHGH!
6WDKOERFN)RU EDUJHV DV\QFKURQRXV FRQWDLQHU UHDGLQHVYV GXH WF
DQG KLQWHUODQG FRQQHFWLRQV FUHDWHYV DGGLWLRQDO FRRUGLQDWL]
UXOHV DQG WLPHO\ GDWD H[FKDQJH $ 'RXPD

,Q WKLV FRQWH[W HIILFLHQW EDUJH KDQGOLQJLQ ODUJH PXOWL WHUPL
RI PXOWL VWRS URWDWLRQV KHWHURJHQHRXV WHUPLQDO UXOHV DQG S
5RWWHUGDPDQGFRPSDUDEOH SRUWV VKRZV WKDW WKHVHIULFWLRQV PD
ZLQGRZV IRU VPDOO FDOOV VSUHDG DFURVV WHUPLQDOV DQG VHQVLWLY
WKDWDUHRSHUDWLRQDO UDWKHU WKDQ SXUHO\WHFKQRORJLFDO 7KH IF
QHFNV PRVW UHOHYDQW LQ SUDFWLFH

J)LUVW ORQJDQG YDULDEOH ZDLWLQJ WLPHV SHUVLVW DW GHHS VHD WH!
1IDYLJDWLRQRIWKHG5KLQH UHSRUWV DYHUDJH EDUJH ZDLWV Rl WR
SHDNV XS WR KRXUV GXULQJ FRQJHVWLRQ HSLVRGHV 5HFHQW SODWIF
UHSRUWV DURXQG VKRUWHU SRUW VWD\ IRU SDUWLFLSDWLQJ YHVVHO
DQG LQIRUPDWLRQ VKDULQJDUHELQGLQJFRQVWUDLQWY EH\RQG SXUH K

6HFRQG PDQ\FDOOV ZLWK VPDOO FDOO VLIHVDUH VSUHDG DFUKRVV WHUP
SDWWHUQ LQFUHDVHVY H[SRVXUH WR PLVVHG ZLQGRZV DQG OHQJWKHQV W
5RWWHUGDP OLQN ZHDN DOLJQPHQW EHWZHHQ EDUJH URWDWLRQV DQG W
ELOLW\ $ 0 'RXPD 6FKXXU DQG 6FKXWWHQ

7KLUG PLQLPXP PRYH H[SHFWDWLRQV DQG IL[HG ZLQGRZV DW PDMRU Wi
3XEOLF SURFHGXUHV DW (&7 VWDWH PLQLPXP FDOO VL]HV IRUH[DPSOH
(XURPD[ ZLWK OLPLWHG GHYLDWLRQ ZKLFKLPSURYHV FUDQH SURGXFWL
IORZV

)LQDOO\ TXD\ VSDFH IUDJPHQWDWLRQ DULVHV IURP LUUHJXODU DUULYD
VWXGLHV IRUPDOLVH TXD\SODQQLQJDV D UHFWDQJOH SDFNLQJ SUREOHTF
IOH[LELOLWNLQ HITHFWLYH YHVVHO OHQIJWK KHOSV RFFXS\UHVLGXDO SR
JURMDQ HW DO

7TKHFRRUGLQDWLRQ FKRLFHVDQG ERWWOHQHFNV LGHQWLILHG DERYH GH
LW\DUHORVWRU SUHVHUYHG 7KHQH[W VHFWLRQ VHWV RXW WKH SHUIRU
WKHVH HITHFWY DW FDOO WHUPLQDO DQG SRUW OHYHOV



4SVX 4IVISVQERGI1IIEWYVIQIRX

4SVX 4IVISVQERGI1IIEWYVIQIRX

3RUW SHUIRUPDQFH GHVFULEHV KRZ HIITHFWLYHO\ D SRUW V\VWHP FRQY'}
FRPHV WKDW XVHUV YDOXH $ ZLGHO\ XVHG IUDPLQJ GLVWLQJXLVKHV HI
DQG UHVLOLHQFH 3DOOLV DOQGRBRBUAVFRQFHUQV WKH UDWLR RI LQSXWYV
WLYLW\ WKH OHYHO RI RXWSXW DFKLHYHG HIIHFWLYHQHVV WKH GHJUHH
UHVLOLHQFH WKHDELOLW\WRPDLQWDLQ RUTXLFNO\UHFRYHU SHUIRUPD
WHUDFW FRRUGLQDWLRQ WKDW UHGXFHV ZDLWLQJ OLIWY SURGXFWLYLW
HQYLURQPHQWDO HIILFLHQF\ WKURXJK VPRRWKHU IORZV

3RUW SHUIRUPDQFH LV DOVR YLHZHG WKURXJKPDQDJHULDO OHQVHYV WKD
QRPLF FRVW 7(8 SURGXFWLYLW\ LQYHVWPHQW DVVHW XWLOLVDWLRC
SODWIRUPDGRSWLRQ DQGHFRORJLFDO HQHUJ\ HPLVVLRQV SHU 7(8 GL
(PLVWLRQ UHODWHGDFFRXQWLQJIROORZVWKH*+*3URWRFRO &RUSRUDW
SXUFKDVHG HQHUJ\ DQG 6FRSH YDOXH FKDLQ ERXQGDULHV HQDEOLC
WRUV *+*3URWRFRO yYARDRODQGORUG VHWWLQJ RSHUDWRUVYfUHSRUWLQ
HIDPSOHEDUJH SURSXOVLRQDQG WHUPLQDO HOHFWULFLW\ ZKHUHDYV 6F|
SURJUDPPHV VXFK DV PRGDO VKLIW RU VKRAXP BRUZHWHSWRHPAF RISHKGHILQI
DQG WKHLU GLVWULEXWLRQDFURVV WKH YDOXHFKDLQ ,Q SRUWHQYLUR
WR 6 XVWDLQDEOH '"HYHORSPHQW *RDO LQGXVWU\ LOQOQRYDWLRQ DQG L
DQG DVVHW XWLOLVDWLRQ DQG WR *RDO FOLPDWH DFWLRQ YLD HQH
IRUGXVWDLQDEOH '"HYH GRIKMDHEHW 6'* OLQNDJIHYV LQFOXGLQJ *RDO OLIH
DFNQRZOHGJHG EXW IDOO RXWVLGH WKHPHDVXUHPHQW VFRSH XVHG KHU

JLIXUH 2YHUYLHZ RI *+* SURWRFRO VFRSHV DQG HPLVVLRQV DFURVV WKH YDOXH FKDLQ

JREXVVLQJ RQ HIILFLHQF\ DW WKH RSHUDWLRQDO OHYHO GLIIHUHQW W\S
FRQWDLQHU SRUWY 3DOOLVDQGS5RGULJXH

f2SHUDWLRQDO WHFKQLFDO HIILFLHQF\ FRQFHUQV KRZ ZHOO UHVRXUFH)\
HIDPSOH FUDQHPRYHV SHU KRXUDQG EHUWK RU\DUG XWLOLVDWLRQ

F)LQDQFLDO DOORFDWLYH HIILFLHQF\ FRQFHUQV WKH FKRLFH DQG XVH
SHU 7(8 DQG UHYHQXH SHU TXD\ PHWUH

f6\VWHPLF FRRUGLQDWLRQ HIILFLHQF\UHIOHFWV KRZZHOOLQWHUDFWL
SOH SUHGLFWDELOLW\ DGKHUHQFH WR DJUHHG ZLQGRZV DQG VSOLW RI



4SVX 4IVISVQERGI1IIEWYVIQIRX

F(QYLURQPHQWDO HIILFLHQF\GHVFULEHV WKH RXWSXW DFKLHYHG SHU X
DPSOHHQHUJ\RUHPLVVLRQV SHU 7(8

7TKHVH FRQVWUXFWY FRPSOHPHQW WKH FRQFHSWXDO GLPHQVLRQV DQG F
WKDW UHGXFH ZDLWLQJ FDQ OLIW SURGXFWLYLW\ EHWWHU FRRUGLQDW
DQG LQGLUHFWO\ HQYLURQPHQWDO HIILFLHQF\WKURXJK VPRRWKHU IO}
WLRQ IUDPHZRUN E\VWDNHKROGHUDQG GHFLVLRQ OHYHODQG LQWURGX

BTIVEXMSREP (IhRMXMSRW

2SHUDWLRQDO SHUIRUPDQFH LV UHDG DQG UHSRUWHG DW WKUHH OHYHC
SHULRG DQGIRUWKHZKROHSRUW 6WH H Q@NDHO® 19R BQ B 6 B G WIDKKWDROF N
KRUL]JRQVDUHDVKLIWRUGD\IRURSHUDWLRQV DZHHNRUPRQWKIRUSOD
7KH SRUW FDOO WLPHGOHQH BY PMKHRNH\ HY HQ W V D QtG W LyBOVOMD R SW E Bl U WK
VW DLWk v W IR VWDUW FRP SO HMW fis p Dvx@ WGHESLIFUWDXEWB LW\ FRPSDUHV DF
WR D UHIHUHQFH HLWKHU WKH VXEPLWWHG SODQ RU WKH DJUHHG UHTXL
UHIHUHQFH LV XVHG DQG ZKLFK VXPPDU\ QXPEHU LV VKRZQ IRUH[DPSOH
3 1H[WORJLBRUWEDVH

&DSDFLW\ EDVHG .3,V XVH DYDLODEOH WLPH UDWKHU WKDQ UDZ FDOHQG
FDSDFLW\WKDW FRXOG DFWXDOO\EH XVHG %HUWK KRXUV H[FOXGH FOR\
H[FOXGH EUHDNGRZQV DQG SODQQHG RXWDJHV 7KLV DFFRXQWLQJFKRLF
UHYLHZVWRDYRLG GLOXWLQJXWLOLVDWLRQDQG SURGXFWLYLW\ZLWK R

$FURVV WKHVH REMHFWV DQG KRULJRQV IRXU .3, IDPLOLHV UHFXULQ UHY
KRZLQWHQVLYHO\FDSDFLW\ LV XVHG IRU H[DPSOH EHUWK DQG \DUG RFF
SHU FRQVWUDLQHG UHVRXUFH IRUH[DPSOH JURVV EHUWK SURGXFWLYLW
SUHGLFWDELOLW\DVVHVV ZKHWKHU RSHUDWLRQV PHHW SODQV IRUH[DP:
DGKHUHQFH DQG SODQDGKHUHQFH (QYLURQPHQWDO LPSDFW UHSRUWYV
DWWULEXWHG XQGHU WKH *+* 3URWRFROYJV 6FRSH + ERXQGDULHV WR V
HOHFWULFLW\ DQG YDOXH FKDLQ HPLVVLR® 3 URMDFOAR/ODTH® § RIA WIKJ X H
WKHPH UHOLDELOLW\XQGHU VWRFKDVWLFFRQGLWLRQV HJ YDULDELO
GLVFXVVHGLQUHYLHZVEXWLVRQO\DVVHVVHG ZKHQ XQFHUWDLQW\ LV HJ
DQG 3DUN

6WDNHKROGHUVY HPSKDVLVH GLITHUHQW .3, IDPLOLHV DW GLITHUHQW GHF
VXPPDULVHVY WKH WASLFDO HPSKDVHYV

/14-W %PSRKWMHI'SSVHMREXMSR ERH 783
&KDQJHVLQFRRUGLQDWLRQ VWUXFWXUHV DQG D F FINVILR W W K TDCHIQFE QR DY
RQ GLIIHUHQW WLPHVFDOHV DQG DW GLIIHUHWMWMWKHRSHRQ\®HRGDO® OsHHYFH
IURP GHFHQWUDOLVHG WR GLVWULEXWHG SODQQLQJW\SLFDOO\LPSURYF
GHYLDWLRQV DQG UHGXFHV LGOH WLPH VKRUWHU ZDLWLQJ IHZHU LGO'
$W WKDBIF WLHDHO RQFH ZLQGRZV EXIIHUV DQG URWDWLRQV DUH XSGDW
DGKHUHQFH VSOLW DQG UHWXUQ UDWHV DQG EHUWK SODQ DGKHUHQFH
VSOLW DQGHPLVVLRQV SHU7(8 DGMXVWRQFHRSHUDWLRQDODQG WDFWL
RU TXDUWHU KRULJRQV

SWWULEXWLRQ VKRXOGIROORZWKHOHYHO WKDWFRQWUROV WKHUHOHY
DQG PLQLPXP FDOO VLIHV DUH WDFWLFDO SROLFLHV LPSOHPHQWHG WKUI
WLRQ ,l WKHVSOLW DQG UHWXUQ UDWH IDOOV WKH LPSURYHPHQW RUL
RSHUDWLRQDO VWDWLVWLFV KHQ LOQWHUSUHWLQJ UHVXOWYV LW LV XV
YHVVHO+WHUPLQDOLQWHUDFWLRQ WXUQDURXQG ZDLWLQJWLPH PRYH
WKURXJK VHFRQG RUGHU HITHFWV DV DUULYDOV VPRRWK DQG FRQIOLFWYV
VSOLW $FFRUGLQJO\ WKH HYDOXDWLRQ UHSRUWYV WKUHH JURXSV GL!|
HITHFWV WDFWLFDO LQGLFDWRUV IRU FRRUGLQDWLRQ FKRLFHV DQG V\
7TDEOHVXPPDULVHV KRZ UHVSRQVLELOLWLHV DQG H[DPSOH .3,VDUH RUJD
VLRQ OHYHO



%YXSRSQSYW &EVKIW ERH YXSQEXIHS8VERWLMTQIRX

7DEOH .3,VE\VWDNHKROGHU DQG GHFLVLRQ OHYHO

6WDNHKROGHU /HYHO 3XUSRVHDQG H[DPSOH .3,V XQLWV

3RUW $XWKRULWAWUDWHJILF ORGDO VSOLW > @ WRWDO SRUW WKURXJKSXW >7(8@ SUH
3 GHYLDWLRQ >PLQ@ B6FRSH *+ LQYHQWRU\ GLJLWDO SO
7DFWLFDO $YHUDJHEHUWK RFFXSDQF\DFURVV WHUPLQDOV > @ VKLS
FDOOV GHOD\HG@ SODQQHG YV DFWXDO QDXWLFDO VHUYL
2SHUDWLRQDOBGLPXOWDQHRXY PRYHPHQWY > @ FRQIOLFW HYHQWYV UHV

VSRQVH WLPHV >PLQ@

7HUPLQDO 2SHUBWRDWHJILF $QQXDO 7(8 SHU KHFWDUH HQHUJ\ SHU 7(8 VHUYLFH OHYH:
> ZLWKLQ ZLQGRZ@
7DFWLFDO OHDQ DQG 3 FUDQH XWLOLVDWLRQ > @ EHUWK SODQ DGK
RFFXSDQF\> @ FRQWDLQHU GZHOO WLPH >K@
2SHUDWLRQDO&UDQH PRYHV SHU KRXU >PRYHV K@ EDUJH WXUQDURXQG V
DIWHU DOO IDVW >PLQ@

%DUJH 2SHUDWRGWUDWHILF 7ULSV SHU EDUJH SHU ZHHN> @ RQ WLPHSHUIRUPDQFH > ¢
NP
7TDFWLFDO &DOOV SHU URXQG WULS > @ SODQQHG EXIIHU SHU OHJ >PL
RIFDOOV@
2SHUDWLRQDO:DLWLQJ WLPH>K@ EHUWKWLPH>K@ ZD\SRLQW GHYLDWL|

7TDNHQ WRIHWKHU WKHVH UHVSRQVLELOLWLHY GHWHUPLQH KRZ FRRUGL
WLRQDO WDFWLFDO DQG VWUDWHILFLQGLFDWRUYV

NYXSRSQSYW &EVKIWERH %YXSQEXIHS8VERWLM-

$XWRQRP\LQ WKH PDULWLPHVHFWRULVIUDPHG E\DVPDOO VHW RIZLGHO
ODULWLPH2UJDQL]DWLRQ ,02 GLVWLQJXLVKHVIRXUGHJUHHV RIDXWRQFR
6KLSV 0$66 VKLSV ZLWK DXWRPDWHG SURFHVVHV DQG GHFLVLRQ VXSSF
FUHZ RQ ERDUG UHPRWHO\ FRQWUROOHG VKLSV ZLWKRXW FUHZ DQG IX
H[HFXWH GHFLVLRQV RQ WKHI2U RZQ ,02

,QODQG DQG SRUWDSSOLFDWLRQVDUHPRWLYDWHG E\D FRPELQDWLRQ R
GHFDUERQLVDWLRQ $XWRQRP\FDQUDLVHVFKHGXOHDGKHUHQFHDQG D
HISRVXUH WR FUHZ VKRUWDJHYVY DQG SDLU QDWXUDOO\ZLWK HOHFWULILF
6FKLDUHWWL &KHQ DQGUHHIHQERW@QHWIXOHUL ORVWFXUUHQW SURWRW
RSHUDWH ZLWK UHPRWH VXSHUYLVLRQ DQG SDUWLDO DXWRQRP\ DFURV
HIHFXWLRQ H[FHSWLRQ KDQGOLQJ FRRSHUDWLRQ 6FHIPQHRWIL HBKHQ
DO

&ODVVLILFDWLRQ VRFLHWLHY SURYLGH FRPSOHPHQWDU\HQJLQHHULQJ
VFULEHKRZDXWRQRP\LVDFFHSWHGDQGDVVXUHGLQFODVV IURP GHFLYV
WR KLJKHUOHYHOV RIDXWRPDWLRQ VSHFLIN\LQJV\VWHPDVVHVVPHQWYV 1
DFFRPSDQ\HDFK VWHS 5HUIWWHU 7KH FRPPRQOVUHSURGXFHG /OR\G TV 3(
EHVW UHDG DV DQDVVXUDQFH VFDIIROG UDWKHU WKDQ D VLQJOH RUGLQD

J)LIXUH /HYHOV RIDXWRQRP\DFFRUGLQJWR /OR\GYV 5HJLVWHU 9LGDQ HW DO



ISHIPPMRK % TTVSEGLIW MR XLIOMXIVEXYVI

7R RSHUDWLRQDOLVH WKHVH QRWLRQV IRU YHVVHOV FDOOLQJDW PXOWL:
LV DQDO\WLFDOO\ XVHIXO 6FKLDUHWWL &KHQ DQG 1HJHQERUQ GHFI
WLRQ H[FHSWLRQ DQG FRRSHUDWLRQ DUJXLQJWKDWDQRYHUDOO OHY|
RI WKHVH FRPSRQHQWY UDWKHU WKDQ IURP D VLQJOH KHDGOLQH ODEHO
VLRQ FRPSRQHQW FRYHUV DUULYDO WLPLQJDQG VHTXHQFLQJDJDLQVW V
FRYHUV ORZ VSHHG DSSURDFK EHUWKLQJDQG PRRULQJ WKH ([FHSWLRC
FDUJR RUTXD\LV QRW UHDG\ DQG WKH &RRSHUDWLRQ FRPSRQHQW FRYH!
SODWIRUPV 5HFHQW UHILQHPHQWY UHFRPPHQG GLVWLQJXLVKLQJDXWR
UHVLGH RQERDUG YHUVXV VKRUHFRQWURO FHQWUHV FODULI\LQJKRZ,O:
WHEWXUHV * 5{GVHWK / $ :HQQHUVEHUJ5P@\GHMRKBQGED $ / :HQQHUVEH
JRULQODQG VKLSSLQJ VSHFLILFDOO\ VWUXFWXUHG GHVFULSWLRQ
VXSSRUWLQJ VKRUH SURFHGXUHV DQG LQIUDVWUXFWXUH ZKLFK LV GLUH
WULEXWHG GHFLVLRQ ULJKWV +DJDVHWK OHODQG DQG :LOOH

7HFKQLFDOO\ SRUW IDFLQJDXWRQRP\GHSHQGVY RQ WKUHH FRXSOHG FDS
WLRQ IXVH $,6 976 DQG FRRSHUDWLYH PHVVDJHV ZLWK FDPHUDV DQG /L'$"
G\QDPLF GHJUDGHG FRQGLWLRQV 6HFRQG ORZ VSHHG JXLGDQFH DQG F
DQG GHSDUWXUH 7KLUG UHVLOLHQW VKLS VKRUH FRPPXQLFDWLRQV VX
FKDQJH 3UDVDG HW-D&{GVHWK / $ / :HQQHUVEHUJ DIHXURWKGEIHVD D O

&RPSHWHQFH IUDPHZRUNV DQG UHFRPPHQGHG SUDFWLFHV IRU VKR
HPHUJHG IURP FODVVLILFDWLRQ VRFLHWLHV UHIOHFWLQJ WKH VKLIW RI
HW DO

5HIXODWRU\LQWHJUDWLRQ UHVWV RQ WZR SLOODUV )LUVW 0$66 WULDC
SHFWDWLRQV IRUULVN PDQDJHPHQW KXPDQ*PDFKLQH LQWHUIDFHV DQ(
SRUW VWDWHY ODULWLPH 6DIHOMFRRREP LIMRWBOHVLRQ DYRLGDQFH REOLJD
GHULYH IURP WKH &2/5(*V DXWRQRP\DIIHFWV KRZ FRPSOLDQFH LV DFKLF
ZKLFK DQFKRUV H[FHSWLRQ KDQGOLQJ DQG ULJKW RI ZD\ ORJLF IRU LQW
WRPDWLRQ OHYHO ,QWHUQDWLRQDO ODULWLPH 2UJDQL]JDWLRQ

%HQHILWY UHGXFHG FUHZ GHSHQGHQFH PRUH SUHGLFWDEOH RSHUDWL
WHULDOLVH RQO\ZKHQ DXWRQRP\LVFRXSOHG WR RSHUDWLRQDO LQWHJL
QHFWLYLW\ VKRUHFRQWURO FHQWUHYV ZLWK UHOLDEOH FRPPXQLFDWLR
3XOHUL ,Q 5RWWHUGDP SODWIRUP SDUWLFLSDWLRQ YLD 1H[WORJLF D
GLVFLSOLQH IRUDSSRLQWPHQW DGKHUHQFH (DUO\ RSHUDWLRQDO HYL
LQ SRUW VWD\ IRU SDUWLFLSDWLQJ EDUJHV LQGLFDWLQJ WKDW DFFHVV
FRQVWUDLQWY HYHQ EHIRUH IXOO\ XQPDQORGVRBHWIWWLRQ 1H[WORJLF

1SHIPPMRK %TTVSEGLIW MR XLI OMXIVEXYVI

5HVHDUFKRQ SRUWDQG WHUPLQDO SODQQLQJW\SLFDOO\HPSOR\VWKUH}
VLPXODWLRQ '(6 FDSWXUHV HYHQW GULYHQ IORZV ZLWK UHVRXUFH FRQ
SOLHG DFURVV EHUWK \DUG DQG LQWHU WHUPLQDO FRQWH[WV 6XUYH\
RSHUDWLRQV SRVLWLRQ '(6 DV WKH GRPLQDQW WRRO IRUDQDO\VLQJ RS
BWHHQNHQ 9R% DQG 6WHKOERFEDVHG PRGHOOLQJ $%0 LV XVHG ZKHQ
DFWRUV DQG DGDSWLYH RU VWUDWHJILF EHKDYLRXU PDWWHU H J SOD!
GHFLVLRQ PDNLQJ ZLWK EDUJH KDQGOLQJ VWXGLHV LQ 5RWWHUGDP X\
PXOWL DJHQW FRRUGLQDWLRQ FRQFHSWV DQG DVVHVV RUJDQLVDWLRQD
WLPLVDWLRQ PHWKRGYV FODVVLFDO 0,/3 KHXULVWLFV IRU EHUWK TXD\
HUDWH VWDWLF RUUROOLQJ SODQV WKDW DUH RIWHQ HPEHGGHG LQWR K
UHVHQWDWLYH FRQWULEXWLRQV LQFOXGH EHUWK DOORFDWLRQ PRGHO
EHUWK DOORFDWLRQ IRUPXODWLRQV WKDW LQIRUP '(6 VFHQDULR GHVLJ
J)LHOG OHYHO UHYLHZV QRWH WKDW H[LVWLQJ VWXGLHY UDUHO\ FRY
WLRQ VSOLW UHWXUQ FDOOV DQG VWDNHKROGHU RZQHG .3,VLQ ODQGOF
SHUVSHFWLYH WKDW WUHDWYV VXFK PHFKDQLVPV DV ILUVW FODVV REMHF
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4SVX ;MHI ERH &EVKI 6IPEXIH7MQYPEXMSR 7XYHMIW 7GSTIE
(DUO\ SRUW ZLGH VLPXODWLRQ IRUS5RWWHUGDP IRUPDOLVHG DJHQHULF |
SRUW WUDQVIHUDQG VWDFNLQJIXQFWLRQV DQGDSSOLHGLW WR WKH FR
RQ WKH ODDVYODNWH 7KH H[SHULPHQWY UHSRUW UHTXLUHPHQWYV IRU G|
DQG LQWHU WHUPLQDO WUDQVSRUW FDSDELOLW\ EXW DSSRLQWPHQW UF
QRW LVRODWHG DV H[SHULPHQWDO IDFWRUV 2WWMHV HW DO

$ FRPSOHPHQWDU\ OLQH FRPSDUHV LQWHU WHUPLQDO WUDQVSRUW V\VW
WHPV YHUVXV DXWRPDWHG JXLGHG OLIWLQJ YHKLFOHV VKRZLQJKRZ QH
EHWZHHQ YHKLFOHV DQG KDQGOLQJFUDQHVDQGUHTXLUHFRPSOH[SODQ:
HTXLSPHQW FHQWULF DQG ODQG VLGHG UDWKHU WKDQ HYDOXDWLQJ ZD)
DGKHUHQFH 'XLQNHUNHQ HW DO

JRUEDUJHSODQQLQIJDQG FRRUGLQDWLRQLWVHOI ZRUNEDVHGRQD VLPX
PXOWL DIJHQW GLVWULEXWHG SODQQLQJFRQFHSWIRUS5RWWHUGDP ZLW
DQG FKDQJH PDQDJHPHQW 7KLV VWUHDP DGGUHVVHV WKH YLDELOLW\ R/
V\VWHP ZLGH GHOD\ LPSDFWV RI VSHFLILF DSSRLQWPHQW RU GLVSDWFK
'"RXPD

%H\RQG 5RWWHUGDP WUDIILF JHQHUDWLRQ PHWKRGRORJ\IRUSRUW VLP:
QHHGHG WR FRQVWUXFW DUULYDO SURFHVVHV DQG IXQFWLRQDO UHODWL
SDFLW\DQG FUDQH GHSOR\PHQW 7KHVH PHWKRGV DUHIRUPXODWHG IRU
DGDSWHG WR PXOWL FDOO LQWUD SRUW EDUJH URWDWLRQV DQG WKHLU |
MLDQ

J)LHOG ZLGH UHYLHZV FRUURERUDWH WKH SLFWXUH PRVW VLPXODWLRQ V
DWLRQDO SUREOHPV ZKLOH LQWHJUDWHG V\VWHP OHYHO DQDO\VHV DU|
ZLGH SHUVSHFWLYH WKDW UHFRJQLVHV LQODQG ZDWHUZD\RSHUDWLRQYV
DQG 3DUN

7TKHVHPRGHOOLQJVWUDQGVPRWLYDWHDEDUJH FHQWUHG SRUW V\VWH|
GLVFLSOLQHWR PXOWL FDOO EDUJH URWDWLRQVDQG WUHDWV DSSRLQW
VHWXS LQWHUDFWY GLUHFWO\ZLWK WKHDXWRQRP\DQG DXWRPDWHG WU
LVHYDOXDWHG WKURXJK WKH .3, IUDPHZRUN LQ 6HFWLRQ

7IRXLIWMW ERHG6IWIEVGL +ETW

7KHOLWHUDWXUH UHYLHZWIGRZV6OW KW EQ@WJIJH EDVHG WUDQVKLSPHQW LQ ¢
SRUWV LV VKDSHG E\ ODQGORUG JRYHUQDQFH GLVWULEXWHG GHFLVLRC
UXOHV DQGLQWHU WHUPLQDO FRXSOLQJRIUHVRXUFHV 6WXGLHV RQ ED
ORQJDQG XQFHUWDLQ ZDLWLQJ WLPHV IUDJPHQWHG EHUWK SODQQLQJ

WKDW DLP WR LPSURYH UHOL1FDIEN. RQVB\R B WFSMILRRUPDQFH PHDVXUHPHQW S|
IUDPHZRUNV WKDW FRYHU WXUQDURXQG WLPHY EHUWK RFFXSDQF\ FUDQ
GHFLVLRQ OHYHOV5BNFHWURKR RQ DXWRQRPRXV DQG PRGXODU EDUJH FRQF
WHFKQLFDO IHDVLELOLW\ QDYLJDWLRQ DQG WHUPLQDO OHYHO LQWHUD
WLRQ 6LPXODWLRQ VWXGLHV RIWHUPLQDOV DQG SRUW DUHDV RIIHU URE|
WLPH GHSHQGHQW RSHUDWHLE QWK HHFWMLRO\ WUHDW LQODQG EDUJHV LQ
DQG VHOGRP IRFXVRQLQWUD SRUW URWDWLRQV

SHODWLYH WR WKH UHVHD U F KBQ® B/GHPPIDQ ® H KW I RUQ. RIQRIZQDEHNFRVQ RO\
HQDEOHG FRRUGLQDWLRQ VWUDWHJILHVIRULQODQGEDUJHV DIIHFW WKH
WUDQVKLSPHQW WKLV ERG\RIZRUN OHDYHV IRXU FRQFUHWH JDSV

$+6\VWHP OHYHO HYLGHQFH RQ EDUJH FRRUGLQDWLRQ

(ILVWLQJ VWXGLHVY RQ EDUJH FRRUGLQDWLRQ DQG VHULRXV JDPH EDVH
SULPDULO\DVVHVV RUJDQLVDWLRQDO IHDVLELOLW\ DQG TXDOLWDWLYF
TXDQWLWDWLYHO\FRPSDULQJDSSRLQWPHQWDQG GLVSDWFK SROLFLHYV
FRQVWUDLQWYV GNMDMLHROXOW WKHUH LY OLPLWHG TXDQWLWDWLYH HYLC
WLRQ UXOHV VKDSH ZDLWLQJ WLPH GLVWULEXWLRQV VHUYLFH WLPHYV
DFURVV PXOWLSOH WHUPLQDOV 7KLV WKHVLV DGGUHVVHV WKLV JDS E
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DQG GLVSDWFK SROLFLHV LQ D SRUW ZLGH GLVFUHWH HYHQW VLPXODW
LOQGLFDWRUVY UHODWLYH WR FXUUHQW SUDFWLFH

f5RWDWLRQ DZDUH WUDIILF JHQHUDWLRQ

3RUW ZLGH WUDIILF JHQHUDWLRQ PHWKRGY GHYHORSHG IRU VHD JRLQJ
FHVVHV DQG IXQFWLRQDO OLQNVY EHWZHHQ YHVVHO FKDUDFWHULVWLF
+RZHYHU WKH\ JHQHUDOO\ WUHDW LQODQG EDUJHV DV VLQJOH LQGHSI
FDOO LQWUD SRUW URWDWLRQV LQ ZKLFK GHOD\ DW RQH WHUPLQDO SU
UH VHTXHQFLQJGHFLVLRQV 7KHVLPXODWLRQPRGHOGHYHORSHGLQW
FLSOLQH WR UHSUHVHQW EDUJH URWDWLRQV H[SOLFLWO\ LQFOXGLQJF
VR WKDW FRRUGLQDWLRQ VWUDWHILHY FDQ EH WHVWHG XQGHU UHDOLYV

& RPSDUDWLYH HYDOXDWLRQRISODQQLQJUXOHYV
6WXGLHV RISRUWDQG WHUPLQDO RSHUDWLRQV HPSOR\D YDULHW\ RI EH
ILUVW FRPH ILUVW VHUYHG WR SULRULW\FODVVHV DQG GXH GDWH EDVF
VLGH E\ VLGHXVLQJD FRPPRQFDVH DVKDUHG VHWRISHUIRUPDQFHLQG
6HFWLRQNMQG 7KLV WKHVLVY WDNHV DILUVW VWHS WRZDUG WKDW FRPS
LVWLF FODVV SULRULWA\ DFFHVV UXOH ZLWK )&)6 WLH EUHDNLQJLQ D SR
KRZ LWV SHUIRUPDQFH LQ WHUPV RI WXUQDURXQG WLPHVY EHUWK RFFX
DJH EHKDYLRXU FKDQJHV XQGHU GLITHUHQW FRRUGLQDWLRQ FRQFHSW
UHVRXUFH UHJLPHV $1XOO VLGH E\ VLGH FRPSDULVRQ RI)&)6 GXH GDW
VFKHGXOLQJ SROLFLHVY UHPDLQVDQDYHQXHIRUIXWXUH ZRUN

F , PSDFWRIDXWRQRPRXVDQGPRGXODU EDUJH FRQFHSWV DW SRUW VFDO
S5HVHDUFK RQ DXWRQRPRXV DQG PRGXODU EDUJHV IRFXVHV PDLQO\ RQ \
FHSWXDOGHVLIQVRURQWHUPLQDO OHY HQ\WBWRF HOV/HYRKDIQORSWL B B AW RR(
FRQFHSWV IRUEHUWK RFFXSDQF\ TXD\ SURGXFWLYLW\ DQG VHUYLFH U|
ILF DQG UHVRXUFH FRQVWUDLQWY UHPDLQ ODUJHO\ XQTXDQWLILHG 7
PRGXODUH EDUJHVWUDWHILHYVY VXFKDV VSOLWWLQIJDQGLQWHUFKDQJ
VLPXODWLRQ RI WKH ODDVYODNWH DUHD DQG FRPSDULQJ WKHLU SHUIR
FDOOV XQGHU FRPPRQ GHPDQG VFHQDULRV DQG NH\ SHUIRUPDQFH LQGL

7TRIHWKHU WKHVHJDSVY OLQN WKHOLWHUDWXUH UHYLHZ WR WKH UHVHDL
QDULRV &KDFEBRMGHO GHVLJIQ &OKDOESMBHULPHQWDO DQWE®DW VR & IR DASKNHHALR U
RI WKLV WKHVLYV



'SRGITXYEPMWEXMSR ER
WIPIGXMS

7KLY FKDSWHU LOWURGXFHVY WKH FRRUGLQDWLRQ FRQFHSWYVY FRQVLGHU]
VFHQDULR FRPSDULVRQ ,WGRFXPHQWV WKH GHVLJQ VSDFHH[SORUHG G
WR RSHUDWLRQDO SUREOHPV REVHUYHG LQ ODUJH KXE SRUWYV 7KLV LV YV
GHILQHG DWD KLJKOHYHO 7KH GHWDLOHG PRGHO UXOHV DQG SDUDPHWE

%YXSRSQSYW ) &EVKIERH'SSVHMREXMSR 7XVEX

7TKHDXWRQRPRXVH EDUJHLVY FRQFHLYHGDVDVPDOO HOHFWULFDOO\ SU
WKDW HDVH FUHZ UHODWHG FRRUGLQDWLRQ 7KH HPSKDVLV LV RQ RSHL
WLRQDO DXWRQRP\ HQDEOLQJPRUHIOH[LEOH GLVSDWFK VKRUWHU ZRUI
FRQILIXUDWLRQV 7KH XQLWLVLQWHQGHG WR VKRUWHQ EHUWK YLVLWYV
SURYLGH SODQQHUV ZLWK D IOH[LEOHDVVHW WKDW FDQ EH GHSOR\HG PR
WR ORZHU ORFDO HPLVVLRQV ZKLOH WKH DQDO\VLV IRFXVHV RQ WKH FRF
HQDEOHYV 7ZR DSSOLFDWLRQ SDWWHUQV JXLGH WKH GHVLJQ VSDFH

. QWUD SRUW VKXWWOH 6KRUW SRUW LQWHUQDO PRYHV WKDW FROOHF\
PLQDOV LQFOXGLQJOHIWRYHUDQG ODWH UHJLVWHUHG XQLWYV

t6FDODEOHFDOOVL]H 6HUYLFHWKDWDGDSWV HIIHFWLYH YHVVHO OHQJ\
DQGDYDLODEOH FUDQH WLPH

SRUWV GLIIHULQ DFFHVV UXOHVDQGZLQGRZUHIJLPHY 7KHFRQFHSW WKF
SUHYDLOLQJ SUDFWLFHV VXFKDVPLQLPXP PRYHH[SHFWDWLRQV GHGLF!
WUDWLRQ FXW RIIV

7KH DSSOLFDWLRQ SDWWHUQVY DERYH WUDQVODWH LQWR WZR SULPDU\ F|
YbDULDQW 7KHVH ZLOO EH FRPSDUHG WR WKH EDVHOLQH ZKLFK UHSUHYV
HUDWLRQV LQ SRWWHUGDP DQG VHUYHV DV WKH UH I HUHRYHS HR B RRRPPLSVHU L
VNHWFKHY RI WKH FRQFHSWV LQWURGXFHG EHORZ

5RXQGWULSVHUYLFH $IL[HGORRSYLVLWVDSUHGHILQHG VHWRIWHUP
LVSUHGLFWDEOH ZKLFKFDQ KHOS VIQFKURQLVH ZLWK WHUPLQDO ZLQ

ORGXODU VSOLWWLQJ $PRWKHUDUULYHY ZLWK GHWDFKDEOH PRGXOH
QDOV WKHQ UHFRPELQHIRU GHSDUWXUH

ORGXODU VSOLWWLQIJZLWKLQWHUFKDQJH YDULDQW &RPSOHWHG PR
VKLSVWR UHGXFH UHQGH]YRXV ZDLWLQJ VXEMHFW WR DGGLWLRQDO FI






	Preface
	Summary
	Nomenclature
	Introduction
	Research Context
	Research Field
	Research Problem
	Research Objective and Scope
	Research Questions
	Research Methodology and Structure

	Literature Review
	Container Transport in Ports and Inland Waterways
	Port Governance and Management
	Decision-Making Levels in Port Logistics

	Barge Planning and Terminal Operations
	Coordination Structures and Rules
	Bottlenecks in Barge Handling at Large Multi-Terminal Hubs

	Port Performance Measurement
	Operational Definitions
	KPIs Alongside Coordination and STO

	Autonomous Barges and Automated Transhipment
	Modelling Approaches in the Literature
	Synthesis and Research Gaps

	Conceptualisation and scenario selection
	Autonomous E-Barge and Coordination Strategies
	Targeted Bottlenecks and Mechanisms
	Rationale for Focusing on Modular Splitting
	Comparison Scope and Future Work

	Case Study – Port of Rotterdam
	Container Transport in Rotterdam
	Inter-Terminal Transport and Intra-Port Exchanges
	Automation and Digital Coordination
	Data and Case Relevance for the Model
	Conclusion

	Simulation Methodology and Model Design
	Problem Framing
	CATWOE Description
	Black Box System Boundary

	Operational Context and Strategies Under Study
	Process Logic
	Port Setting and Terminals
	Rotterdam-Specific Adaptations
	Strategies Under Study

	Model Design and Simulation Engine
	Choice of Simulation Approach
	Configuration and Implementation
	Simulation Event Flow
	Berth Admission and Queuing Policy

	Experiments and Analysis Setup
	Model Outputs and KPIs

	Conclusion

	Verification and Validation
	Verification
	Validation
	Conclusion

	Results
	Results for Different Barge and Modules Ratios
	Vessel KPIs
	Terminal KPIs
	Port-wide KPIs
	Overview of Ratio Results

	Effects of Different Demands
	Port-wide KPIs
	Terminal KPIs
	Vessel KPIs
	Overview of Demand Case Results

	Configuration Analysis: Cranes, Handling Speed, and Module Capacity
	Case: Crane Configuration
	Case: Handling Speed
	Case: Module Capacity
	Overview of Configuration Effects

	Early Modular Adoption Scenario
	Vessel KPIs
	Terminal KPIs
	Port-wide KPIs
	Overview of Early Adoption Case Results

	Conclusion

	Discussion
	Conclusions and Recommendations
	References
	Research Paper
	Port Call Process
	Additional Concept Details and Special Cases
	Model Settings and Inputs
	Validation Checks
	Expert Interviews
	Comparison with Publicly Available Data

	Results
	Experiment: Different Barge and Module Ratios 
	Experiment: Demand
	Experiment: Early Modular Adoption Scenario


