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Foreword

$W WKH GDZQ RI WKH QHZ PLOOHQQLXP� URERWLFV LV XQGHUJRLQJ D PDMRU
WUDQVIRUPDWLRQ LQ VFRSH DQG GLPHQVLRQ� )URP D ODUJHO\ GRPLQDQW LQGXVWULDO
IRFXV� URERWLFV LV UDSLGO\ H[SDQGLQJ LQWR WKH FKDOOHQJHV RI XQVWUXFWXUHG HQ�
YLURQPHQWV� ,QWHUDFWLQJ ZLWK� DVVLVWLQJ� VHUYLQJ� DQG H[SORULQJ ZLWK KX�
PDQV� WKH HPHUJLQJ URERWV ZLOO LQFUHDVLQJO\ WRXFK SHRSOH DQG WKHLU OLYHV�

7KH JRDO RI WKH VHULHV LV
WR EULQJ� LQ D WLPHO\ IDVKLRQ� WKH ODWHVW DGYDQFHV DQG GHYHORSPHQWV LQ UR�
ERWLFV RQ WKH EDVLV RI WKHLU VLJQLILFDQFH DQG TXDOLW\� ,W LV RXU KRSH WKDW WKH
ZLGHU GLVVHPLQDWLRQ RI UHVHDUFK GHYHORSPHQWV ZLOO VWLPXODWH PRUH H[�
FKDQJHV DQG FROODERUDWLRQV DPRQJ WKH UHVHDUFK FRPPXQLW\ DQG FRQWULEXWH
WR IXUWKHU DGYDQFHPHQW RI WKLV UDSLGO\ JURZLQJ ILHOG�
7KH PRQRJUDSK ZULWWHQ E\ .DUO ,DJQHPPD DQG 6WHYH 'XERZVN\ LV DQ

HYROXWLRQ RI WKH ILUVW $XWKRU¶V 3K�'� GLVVHUWDWLRQ� 0RELOH URERWLF V\VWHPV
KDYH ODWHO\ EHHQ UHFHLYLQJ D JUHDW GHDO RI DWWHQWLRQ� WKDQNV WR WKHLU LQ�
FUHDVHG XVH LQ XQVWUXFWXUHG HQYLURQPHQWV� VXFK DV UXJJHG ILHOGV� PLQHV�
IRUHVWV� GLVDVWHU VLWHV DQG� ODVW EXW QRW OHDVW� SODQHWDU\ VXUIDFHV DIWHU WKH UH�
FHQW VXFFHVV RI WKH 0DUV H[SORUDWLRQ URYHU PLVVLRQV� 7KLV YROXPH DG�
GUHVVHV VHYHUDO FULWLFDO SUREOHPV DVVRFLDWHG ZLWK HVWLPDWLRQ� PRWLRQ SODQ�
QLQJ� DQG FRQWURO RI ZKHHOHG PRELOH URERWV RSHUDWLQJ LQ URXJK WHUUDLQ� 7KH
XQLTXH IHDWXUH RI WKH ZRUN OLHV LQ LWV FRPSUHKHQVLYH WUHDWPHQW RI WKH SURE�
OHP IURP WKH WKHRUHWLFDO GHYHORSPHQW RI WKH YDULRXV VFKHPHV WR VLPXODWLRQ
DQG H[SHULPHQWDO UHVXOWV IRU D QXPEHU RI RXWGRRU DSSOLFDWLRQV�
7KH ILUVW PRQRJUDSK EDVHG RQ D 86 GRFWRUDO WKHVLV WR PDNH WKH VHULHV�

WKLV WLWOH FRQVWLWXWHV D ILQH DGGLWLRQ WR 67$5�
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3UHIDFH 

1HZ DQG H[FLWLQJ DSSOLFDWLRQV FRQWLQXH WR EH IRXQG IRU PRELOH URERWLF V\V�
WHPV� 2QH RI WKH PRVW LPSRUWDQW WUHQGV RI WKH SDVW GHFDGH KDV EHHQ WKH LQ�
FUHDVHG XVH RI PRELOH URERWV LQ URXJK� XQVWUXFWXUHG WHUUDLQ� VXFK DV XQGHU�
JURXQG PLQHV� IRUHVWV� GLVDVWHU VLWHV� DQG SODQHWDU\ VXUIDFHV� 7KH 
H[WUHPHO\ VXFFHVVIXO 6RMRXUQHU DQG 0DUV ([SORUDWLRQ 5RYHU PLVVLRQV LQ
���� DQG ����� UHVSHFWLYHO\� DUH KLJKO\�SXEOLFL]HG H[DPSOHV RI WKLV WUHQG�
0DQ\ OHVVHU�NQRZQ V\VWHPV KDYH DOVR EHHQ GHYHORSHG DQG VXFFHVVIXOO\
GHSOR\HG� 
8QVWUXFWXUHG HQYLURQPHQWV DUH RIWHQ KDUVK� GDQJHURXV� RU LQDFFHVVLEOH

WR KXPDQV� DQG WKXV PRWLYDWH WKH XVH RI URERWLF V\VWHPV� )RU H[DPSOH� 
SODQHWDU\ VXUIDFH H[SORUDWLRQ LV KD]DUGRXV WR KXPDQV GXH WR KLJK OHYHOV RI 
UDGLDWLRQ� H[WUHPH WHPSHUDWXUHV� DQG RWKHU HQYLURQPHQWDO IDFWRUV� 8QGHU�
JURXQG PLQHV KDYH WUDGLWLRQDOO\ EHHQ DVVRFLDWHG ZLWK KHDOWK KD]DUGV 
FDXVHG E\ SRRU DLU TXDOLW\� 7KHVH GDQJHUV KDYH VSXUUHG PDQ\ URERWLFV UH�
VHDUFKHUV WR VKLIW WKHLU IRFXV IURP GHYHORSLQJ URERWV WKDW RSHUDWH LQ LQGRRU�
ODERUDWRU\ VHWWLQJV� WR WKRVH WKDW FDQ VXFFHVVIXOO\ RYHUFRPH WKH UHDO�ZRUOG
FKDOOHQJHV DVVRFLDWHG ZLWK URXJK WHUUDLQ RSHUDWLRQ� 
'HYHORSLQJ PRELOH URERWV IRU RXWGRRU DSSOLFDWLRQV LV GLIILFXOW IRU VHY�

HUDO UHDVRQV� 7KHVH RSHUDWLQJ HQYLURQPHQWV UHTXLUH URERWV WR WUDYHO RYHU 
UXJJHG WHUUDLQ ZLWKRXW EHFRPLQJ HQWUDSSHG RU WLSSLQJ RYHU� 7KLV UHTXLUHV 
D URERW WR DFFXUDWHO\ DVVHVV LWV PRELOLW\ FKDUDFWHULVWLFV RYHU YDULRXV WHUUDLQ 
W\SHV DQG DGDSW LWV FRQWURO VWUDWHJ\ DFFRUGLQJO\� 2XWGRRU DSSOLFDWLRQV DOVR 
UHTXLUH D URERW WR GHSHQG RQ VLPSOH� RQ�ERDUG VHQVRUV WR SHUFHLYH WKH HQYL�
URQPHQW� 6XFK VHQVRUV FDQ EH QRLV\� PLVFDOLEUDWHG� RU XQUHOLDEOH� )LQDOO\�
RXWGRRU DSSOLFDWLRQV RIWHQ UHTXLUH D URERW WR SRVVHVV VRPH GHJUHH RI
DXWRQRP\ WR RSHUDWH HIIHFWLYHO\� 6SHFLILFDOO\� URERWV RIWHQ PXVW SODQ WKHLU 
URXWH WKURXJK GLIILFXOW WHUUDLQ ZLWKRXW KXPDQ VXSHUYLVLRQ�
7KLV PRQRJUDSK DGGUHVVHV VHYHUDO FULWLFDO SUREOHPV DVVRFLDWHG ZLWK HV�

WLPDWLRQ� PRWLRQ SODQQLQJ� DQG FRQWURO RI URERWLF V\VWHPV LQ URXJK WHUUDLQ�
$OO RI WKHVH DUHDV KDYH EHHQ VWXGLHG E\ YDULRXV UHVHDUFKHUV RYHU WKH SDVW
WZHQW\ \HDUV� KRZHYHU� PXFK RI WKH UHVHDUFK KDV EHHQ GHYHORSHG IRU UR�
ERWV RSHUDWLQJ LQ LQGRRU� VWUXFWXUHG HQYLURQPHQWV� 7KXV WKH ZRUN LQ WKLV 
PRQRJUDSK UHSUHVHQWV D QHZ YLHZ RI VHYHUDO ³WUDGLWLRQDO´ URERWLFV UHVHDUFK 
DUHDV�



X 3UHIDFH

7KLV PRQRJUDSK LV FRPSRVHG RI ILYH FKDSWHUV� 7KH ILUVW FKDSWHU VHUYHV
DV DQ LQWURGXFWLRQ DQG RYHUYLHZ RI WKH ZRUN� DQG VXPPDUL]HV UHODWHG UH�
VHDUFK� &KDS� � DGGUHVVHV WKH LVVXHV RI URXJK WHUUDLQ PRGHOLQJ DQG HVWLPD�
WLRQ� $ QRYHO PHWKRG IRU RQ�OLQH HVWLPDWLRQ RI LPSRUWDQW WHUUDLQ SK\VLFDO
SDUDPHWHUV LV SUHVHQWHG� DV LV D QRYHO PHWKRG IRU HVWLPDWLQJ ZKHHO�WHUUDLQ
FRQWDFW DQJOHV� &KDS� � DGGUHVVHV WKH SUREOHP RI URXJK WHUUDLQ PRWLRQ
SODQQLQJ E\ SUHVHQWLQJ WZR PRWLRQ SODQQLQJ DOJRULWKPV� 7KH JRDO RI WKH
ILUVW SODQQLQJ PHWKRG LV WR ILQG D VDIH� GLUHFW SDWK IURP WKH URYHU¶V FXUUHQW
SRVLWLRQ WR D GLVWDQW JRDO SRVLWLRQ� 7KH JRDO RI WKH VHFRQG SODQQLQJ
PHWKRG LV WR GHWHUPLQH WKH RSWLPDO FRQILJXUDWLRQ RI DQ DFWLYHO\ DUWLFXODWHG
VXVSHQVLRQ URYHU� WR LPSURYH WLSRYHU VWDELOLW\ GXULQJ WUDYHO LQ URXJK WHU�
UDLQ� &KDS� �  DGGUHVVHV WKH SUREOHP RI URXJK WHUUDLQ FRQWURO E\ SUHVHQWLQJ
D VHUYR�OHYHO FRQWURO PHWKRG IRU LPSURYHG ZKHHO WUDFWLRQ RU UHGXFHG
SRZHU FRQVXPSWLRQ LQ URXJK WHUUDLQ� &KDS� � VXPPDUL]HV WKH FRQWULEX�
WLRQV RI WKLV PRQRJUDSK DQG SUHVHQWV VXJJHVWLRQV IRU IXWXUH ZRUN� )RU DOO
RI WKH ZRUN� VLPXODWLRQ DQG H[SHULPHQWDO UHVXOWV DUH SUHVHQWHG IRU ZKHHOHG
PRELOH URERWV RSHUDWLQJ LQ URXJK� RXWGRRU HQYLURQPHQWV� 7KHVH UHVXOWV
GHPRQVWUDWH WKH HIIHFWLYHQHVV RI WKH SURSRVHG PHWKRGV�
7KH FRQFHSWV SUHVHQWHG LQ WKLV PRQRJUDSK ZHUH LQLWLDOO\ GHYHORSHG LQ

WKH ILUVW DXWKRU¶V ���� 3K�'� WKHVLV DW WKH 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFK�
QRORJ\� 0XFK RI WKH ZRUN� KRZHYHU� KDV EHHQ XSGDWHG DQG H[SDQGHG IRU
WKLV YROXPH� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1$6$ -HW 3URSXOVLRQ /DER�
UDWRU\ �-3/�� 7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH DVVLVWDQFH DQG
HQFRXUDJHPHQW RI 'UV� 3DXO 6FKHQNHU� 6DPDDG +D\DWL� DQG 5LFK 9ROSH RI
-3/�
,W LV WKH DXWKRUV¶ KRSH WKDW WKLV PRQRJUDSK ZLOO EH RI LQWHUHVW WR URERWLFV

UHVHDUFKHUV DQG HQJLQHHUV ZKR VWXG\ DQG GHYHORS URERWLF V\VWHPV GHVLJQHG
IRU WKH RXWGRRU ZRUOG� $V PRELOH URERWV EHFRPH PRUH DGYDQFHG DQG WKHLU
XVH PRUH ZLGHVSUHDG� ZH IHHO WKDW WKLV VXEMHFW DUHD FDQ RQO\ JURZ LQ LP�
SRUWDQFH�
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