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7KH HOHU\ UHVHDUK DAL 718 FRYHW D @UH WDQIH RI
DPAYWHY WIQFOGHY EXWIY QRWIP WG VR \AMMRQDU
HOHU\ VA VWPV HOHU\  1Q WDQUSRUAM VMP V' HOHUI\
HIFHQR HOHU\ 1Q EXIGIQIV QHIKERXWKRRGV DQG
IQGXVW  HW R WDMILE

UHVHDURK DUHD\

1718 (QHU\ LIV RQH Rl WH XQYHMWYV ILYH VAWDWU LIE
UHVHDURK DUHDV DQG JDWHWY FRP SHWIQWHQHUI\ Norwegian Gentre for
UHVHDURKHY  WDRKIQJ DQG WIFKQIFDO SHWVRQQHO WDW & Environmentiendly
ZRWN RQ HOHU\ LHDWG WRSIFV -Q \RVBO IHVHDURKHLY nerey researe

IIRP  VHYHQ RXWRI 1718V HIKWIDFXGMV FRQGXRW + RWSDURHUIQ
HOHU\ UHVHDUK 1 RUZ HIIDQ &HQWHY
IRU
( QVILRQP HQMUIHQGO
(QHU\ 5HHDUK

1718 (QHU\ IVDQHQM SRIQMR WH HQHU\ UHVHDURK DAL 71 8 IRULQGX\A  DXWRUEA
DQG UHVHDURKHY “MERRVW IQMUGVASEDY UIHVHDURK. FRAMERUDARQ DQG IQQRYDARQ
WURXIK GHYHRSIQ) VADWU LHV LQMDWQI DRV DQG FLHDAQU P HAWQ) SOFHV -Q
DGGMRQ 1718 WDIVH P SRUBQWAAXHY DQG JLYH UHVHDURK. EDVHG LQSXVWR HOHL\  LHDWAC
VRSLFV 1Q WH SXETE GHEDWM

2 QHRI 1718 (QHU\ VAHOWDCDPAYMAY IV VR HABEDQK DQG VXSSRUV  IQMUBVAS@DY
UHVHDURK WDP V WDWDGGHW FXUHQABAXHV LQ WH HOHU\ | IH DQG VRAHW DADUH 7Kk

WDP V \RSLEV DUH EDMAUHY EIRHQHU\  FDUERQ FDSVMUH XWIVDARQ DQG WRUDIH HQHUI\
DQG FIP DWW SRVMYH AMHV JHR HOHU\ K\ GLRIHQ K\ GLRSRZ HU ®&Z DQG P IGG®I LOFRP
FRXQWHY QXFBDU WP DUFUG VRAHW \ROUDQG Z QG

RSIFV

Rl | DFXGAH



1718 (QHW\ KDYHSURUMHG FRP SO[
FKD@IQIHVRI JUHDWP SRUBQRH VR VRAHW WDW
IWZ LGDGGUHW WULRXJK IQMUGVASODY

FR@ERWDWWRQ

7KH 5HQHZ DE®I 5HYROMRQ &KUMADQ $
. OR\NQHU

7KH7WDQMRWP DMRQRI ( QHU\ ( QG8\H -QIHU
$QGUHVHQ

5 HVMTHADQG -QMI LDWG ( QHUI\ 6\ WP V
UQD 2 BIQNRYD

9% RQG WH ) RWIO XHQ WD 7RP DVO RH
NI QYRS

6XWILQDE®! -QQRYDARQ DQG 8 SVFDIY RI
(QHU\ 7HKQRBILHV $QQ0 DULE6YHQWRQ

/ HDSILRIJLQI VR WH ) LRQW2 B1* XQQDU
' DKBDXJ

$ UNADOQM@ HOFH IRUWH' LIMVBO
7UWDOMRWP DARQ 6HEDVAHQ 1 IFROV* RV

1718 (QHW\ LVRQHRI ViKH \WUDWAILF
UHVHDUFK DUHDV RI VKH 1 RWZ HI LDQ

8 QLYHUW RI 6FLHQFH DQG 7HFKQR@RJ\
1718

1718 VHQHU\ UHVHDUFK GIDGV KH
ZD\ LQ(XWRSH 1718 ( QHW\
WHSUHVHQW 1 71 8 V HQHW\ UHVHDUFK
DQG WKH XQLYHUMW V' UHVHDUFKHUWY/
1O ViKH HOHWI\ 1LH@S 7KH \WUDWAJ LF
UHVHDUFK DUHD Z LAEXLAE NQRZ BIGIH
MDWKHGV VR HQVXUH DFFHW VR

FQP DA |UHQGD QDWLH |UHQGO DQG
IDLUHQHW\ | RUHYHU RQH

&RQVDPW @D -XQT XHLLD GH $ QGLDGH DW
HQOVD MGH DQGLDGHY QDX QR L \ RX
KDYH DQ\ LQTXLHV DERXWL 71 8

( QHWD\


https://www.ntnu.edu/energy2014-2023/international-collaboration/eu
https://www.ntnu.edu/energy2014-2023/international-collaboration/eu
mailto:elisa.j.de.andrade@ntnu.no
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(175< 32-176

1718 UAXWHE 2 [ILFH

FROWRE EUMHY OMPX OR

) DEXOV (8 DGYIWRW/

e $' )DFXOVRI $UFKIWPXHDQG' HMJQ
7ROH: RIH$SOVIGKHP DQG 6UKVBUKL3DGKDQ
e +) )DFXQVRI +XP DQMHV
&KDP 1@ 7KXVKDU $WIODSRD
e { )DFXOVRI -QRWP DIWRQ 7HKQR®J\ DQG ( GRMAD QJIQHHUQ]
1 DWDIH 6° \ VAW DQG ) LOS -HWHQ
e 9 )DFXOVRI (QIIOHHUQ]
0 IUDP . . KIGHU 6KDQD] . RUDHDXWHQ DQG * LOD %WMQG
e 0+ )DFXQVRI 0 HGHAQH DQG + HDOM 6AHQAHV
$\ HVKDW ROXBSH -EIMR\ H DQG $QQD * RUD
e 19 )DFXOVRI 1 DUDOBAHQAHV
7KDIVO RWH" Q1]
e 68 )DFXGOV Rl 6RADDQG ( GXFDWRQDOBAHQAHV
%8G/ LDQG -HQV5RK® |
e &. )DFXGW R ( FRQRP IFVDQGO DQDIHP HOW
7KRP DV $ DUDVHW
e 90 1718 8QYHUAW O XVHXP _$VIMG -RKDQVHQ
o 1718 I1Q* MYIN $QOH+IGH5XHQ1\P RHQ
o 1718 IQIBNXQG 8VHWH IDFXOHV (8 6XSSRUNV



https://www.ntnu.edu/brussels
mailto:contact@brussels.ntnu.no
https://i.ntnu.no/wiki/-/wiki/English/EU+advisors
https://www.ntnu.no/ansatte/tone.alstadheim
https://www.ntnu.edu/employees/srutarshi.pradhan
https://www.ntnu.edu/employees/chamila.attanapola
https://www.ntnu.edu/employees/natalie.soyseth
https://www.ntnu.edu/employees/filip.jessen
https://www.ntnu.no/ansatte/miriam.khider
https://www.ntnu.edu/employees/shanaz.korneliussen
https://www.ntnu.edu/employees/gina.m.bjelland
https://www.ntnu.edu/employees/ayeshat.ibitoye
https://www.ntnu.edu/employees/anna.gora
https://www.ntnu.no/ansatte/thais.mothe-diniz
http://www.ntnu.no/ansatte/bardli
https://www.ntnu.no/ansatte/jens.rohloff
https://www.ntnu.edu/employees/thomas.aarnseth
https://www.ntnu.edu/employees/astrid.j
https://www.ntnu.edu/employees/astrid.j
https://www.ntnu.edu/employees/anne.nymoen
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SAPORNEG
DA/ OOBUA SR
IRON-MIDIRP DIFQRZ DB/
RIP DAY

+HUWH \ RX FDQ I L.QG SRWQWDOL 71 8 SLRIHWRU/ DQG HP S@R\ HHV VIKDW
DUH LOWAUHVWIAG LO FREDERIDURQV RQ GHVIQDWRQ

7KH IR@RZ 1QJ SDIHV DUH VRUMG LOVR VKH FD@Y | RUVKH GHWIQDWRQ

SUWHVHQWAG LQ VKH GLDIW RUFOXWHU 7R VIP SA@\ \ RXUQDYLI DMRQ
DP RQJ DYDIME® Hf SHUAWH SHUVRSLF VWK(H @WRI VRSLFV KDYH EHHQ
P DGH FOFNDE®




(67-1$7-21 &$/16

' 6R$0 (5 3BDHQ
lppmnmwm(wwmmmmmmwmﬁwm
FROERDIFOGORIXHZ K1 718

+25-=21 &/ 7ZR 6WDJH ' &ORVLQJ NQRZOHGJH JDSV RQ (I
VXSSRUW RI JOREDO DQG UHJLRQDO DVVHVVPHQWY DQG FOLPDWF

+25-=21 &/ ' $GYDQFLQJ XQGHUVWDQGLQJ PRGHOOLQJ L
HYHQWYV LQ D FKDQJLQJ FOLPDWH

+25-=21 &/ ' 3DODHRFOLPDWH VFLHQFH IRU D EHWWHU X
G\QDPLFV
+25-=21 &/ ' $VVHVVLQJ WKH SHUIRUPDQFH RI SROLF\ LQ

FKDQJH PLWLIJDWLRQ DFWLRQ

+25-=21 &/ ' 8QGHUVWDQGLQJ DQG DYRLGLQJ PDODGDSW
+25-=21 &/ ' $IULFD (8 &2 )81' DFWLRQ RQ FOLPDWH
+25-=21 &/ ' %HWWHU XQGHUVWDQGLQJ DQG DWWULEXW

VRXUFHY DQG VLQNYV

+25-=21 &/ ' 1H[W JHQHUDWLRQ VFHQDULRV IRU LQIRUPL
WUDQVLWLRQV



+25=21 & 7Z ROWIH' SRIQ) NIRZ BGIHIDSVRO (DM \X WP

\AHFHIQWWSSRWR JEEDDQG UHIIRIDIDXMAWP HQVDQGRIP DM SRIR

UM 3KIIBSVHD

1DWLRQDO /DERUDWRU\ IRU $JH '"HWHUPLQDW
1718 8QYHMW O X\VHXP

; ; ; (IS . 28&($16
EHQWA SKLOSSVHQ# QUX QF 7KH 1 DMRQDQO DERWDVRU. IRU$JIH" HWKALP LODWRC KWBV ZZZ QUOX HGX P XVHXP
SWRYIGHV LHVHDUFK FREDERLWDVIRQ DQG VHUYLFHV RFHDQV
Z IVKLQ WKH | IH@V Rl UDGIRFDUERQ GDWQJ . 80P DMEXONUY
GHQGLRFKLRQR@®J\ DQG WRE® LVRVRSH DQDO WY

S HBIYDQAMDONV © H SWRYLGH FKURQRERJ LHV VR DUFKDHR®RJI LMW DQG iwsv DfF ZK ZSE'? @E;V%m
RXWLGH DFDGHP LI KDWRUDQV LHFRQWAKPWSDW@ H DQG HVU W
HQYLLRQP HQWRUWXG\ ViKH @H KIWRU RI

QGXWU GHWLP LQLQJ  IRWLO
YV ELRIHQLF | RUVHYHLDO P RGHUQ S@QW DQG DQIP DY : HXWH

SIRFHWHV Z DWH LQFIQHIDWRQ ~ DCIRFDUERQ FRQFHQWDRQV DV SWR[ LHVVR

P HDVXUH VIKH VXWILQDELOW RI GLI I HIHQWFDLERQ
P HVDOSLRGXPRQ RIOLHILOHUHY 6SHAU LF H SHM | RUVKLY FD@
LRDG FROWXPURQ FRQWIQLQJ FRP SRXQGV VXFK DV IXHY H KDXWW 7UHHV IRUFQP DWA P ROMRUGY 10 LHILRQY

JDWHV P HVIDXY DQG KRXVHKRGE Z DWH 2 XU 7 MR 5 U5y WL LoV
DEVROX\WM FKLRQR®RJ LHV 1 LRP (DGLRFDLERQ DQG WQWIUXP HQDOLH uQJ
LVRVRSHV DQG RVIKHU DQDO VHV

GHQGLRFKLRQR®I\ QON GHYH®SP HQW 1Q
FOP DWW HQYILRQP HOWDQG FXAXUH VKXV SDG”;FD;\ERQ GDMRJ VR x&sn:qwﬁe VIH
DARZ LQJ XV VR GLYHQVDQU B FDXVHV DQG Hi I HEW FDUERQ gq’* LQFOGIQY VSKHUF

o ) XWKUH3DWV
KW8V ZZZ XLVQR HQ QRGH


https://www.ntnu.edu/employees/bente.philippsen
https://www.ntnu.edu/museum/research-groups/the-national-laboratory-for-age-determination
https://www.ntnu.edu/museum
mailto:bente.philippsen@ntnu.no

BIRQDUGR P RQWAFFKL# QX QF

" LLHPAWFRQVDFW Z VK
FRP SDQLHV LQ VDIHW DQG
VHEXUW FHUA LFDARQ RI
FUVFDOV WHP V &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG LDL& D\
GRP DIQV

0 RGH@QJ RI VA WIP V DQG
VRIVE DUH DUFK VARV LHV

P RGHOGLLYHQ HQJ LOHHUQJ
GRP DLQ VSHFL LF MQJXDIH\
YHWIFDMRQ  YDAGDVRQ
VAFK QLT XHV

VDIHW VHFXUW UHIODELOW
HYDOXDURQ

/ FRDUER O RQMAFKL

e $' 9$1&( $GGUWIQI 9HUILFDMRQ DQG
9 DAGDVIRQ &KDTHIQIHV 1Q ) XVKLH &\ EHU 3K\ IFDC
6\ VWP V + 0 6&$ 5-6( 7KLY
Z DV D WBII H FKDQIH SIRMPWEHVE HHQ VDO
3RUXJIDO + XQIDU  94.D] LO DQG &R@P ELD Z KHU
Z H VKDUHG NQRZ BGJH DQG Z RUNHG RQ
[P SLRYIQJ WAFKQLITXHV IRUMKH9 9 RI A\ EHU
SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV ViKH 1 DAWRQDO6 SDFH 5 HVHDUFK
-QWIXVM RI %D 1O -1 3(

e &21&(572 $57(0 -6

o &+(66 $57(0 -6 -Q VIKHVH VZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH
ILDP HZ RWN IRUP RGHOGUYHQ HYDOXDVRQ RI
UHODELOW DQG LOWAIUW RI FRP SG{ W\ WHP V
7KLV KDV EHHQ MVHU LHBIDVHG DV 3RMUB\ V
&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SLRMIFW

VAYHQ FRQHYWNI# QVDX QF

LOGXWM  FRQVXADQR DQC
SDUARI ViKH 6VIVLDIWG
VHGLP HQWWDP &+
LOVHUQDRQDOFHQWAURI
K\GLRSRZHU $+5

6HGLP HQWADQVSRUN
K\ GLDX@F P HDVXUHP HQW
P HDVXUHP HQW RI VHGLP HQW
WDQVSRUAXMQJ VXULRI DWW
P HDVXLP HQW

VHGLP HQWWDQVSRUN
P RGHEQJ
UHVHUYRLUVHGLP HQVIDMRQ
VHGLP HQWP RQWVRUQJ 1O
K\ GLRSRZ HU
P RGH@QJ DQG S@QQLQJ +33
H SRVHG RQ VHGLP HQW

6MYHD SRCHANL

e 6HGI3$66

e +<326

e 5 ' GHGIP HQW 6VIDVWLDIW

e 675-9%1

e $' &3[ EHG®RDG P HDVXWHP HQW XMQJ $' &3V
e G6VRWH +\GR

e 19( ' WYDVHGIP HQVIDMRQ

e *HW-7 8JDQGD

+\ GLRGRILFDOP RGH@QJ XVIQJ GIMAMEXWAG RUVHP L
GIWUEXWG P RGHY VSHFLDA] HG LQ XVIQJ VHGLP HQ)
P RGX®IV 086/ ( 586(/( 6' 5 HW


https://www.ntnu.edu/idi
https://www.ntnu.edu/ie
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/leonarmo
https://www.ntnu.edu/ibm
https://www.ntnu.edu/ie
mailto:slaven.conevski@ntnu.no
tel:+4790603332
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/slavenc

FKLDUD EHUR@Q# QUOX QF

( XURSHDQ&RP P LWHH

| RUBVIDQGDUGY DURQ &( 1
&KDLLP DQRI : *

0 RQLVRUQJ

DQGO DQDIHP HQWRI

+ HUVDJ HOXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXLDG LRSHUAHV

QDWLDOKD] DUGV P SDRPARC
EXLOVHQYLLRQP HQW

EKIDD Y- YRID

-P SDPWRI &@P DVl &KDQJH RQ VKH %X LAV
( QYLLRQP HQWLOQFXGLQJ KMVRUF
EXLABLQIV DQG FX®XUDOKHUVDI H

51VN 0 RQWVRUQJ DQG $WHWP HQW

H[ WHP H Z HDVIKHU HYHQW DQG QDVXLDO
SKHQRP HQD XWIj LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 V0 DURQ DQG $ GDSVIMRQ 6\WDVAI LHV \F
&QP DV &KDQIH LQFOXGLQJ HQHUI\
HIILFLHQR P HDVXUHV P LOXWV FLW
FRQFHSW EO(H DQG JUHHQ 1 E6

0 DVWUDO XUDELOW $WHWP HQWDQG iH
DSSQFDVRQ RI / UH &\ F®I $WHAWP HOW
/&$ P HWMRGRGRIHVVR P LQIP L] H &2 /

IRRVBUQW LQ UHWRI QI DQG
FRQVHUYDARQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW LP DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFWUHG 3 DUHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVDIH $ UFKIVAPWIUH  EXLABLQIV DQG VIVKAV E\
5 HVOHOWO HVWKRGV K\ GLR FQP D\ | DFVRU/
06&$ 3) )-5( 5(667$17 3LRWIPMRQ RI &XAXLD
+ HUVDIH $JDIOWN LGB LLHV LQ + LIK 5LVN $ LHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RIN RQ
&XOXUH + HUVIRI H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LIRMIFW 0 / DSSAHG VR
FX@XUDOKHUVI H FROVHUYDARQ DQG HQHUI\

HI I LFLHQR

*5((1(5 3LRMIFW * 5( (1 WRRIV DQG Z DQV

K\ GLDX@F SHU RWP DQFH

(92 (1&( 3LRMIFW DLQZ DVIHUKDUYHWIRJ

VIP XDVMRQ

())-&$&< (QHUW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RORP < [RUVKHLP DOLQVX@MQJ
VROMRQV SLRMIFW

KRWHLQ | DLDKP DQGH# QDX QF

QGXWM HJ $1(2 SXEQF VHRVRU

6VIVMOHW DQG LOVAURDVMRQDORW DQL DMRQV ¢
{$ 6*$1 FRP ELQHG Z Ik DPYH
FRADERWDVWRQ Z WK 6-1 7() DQG SDUAFLSDVMRC  ®
Q)0 ( FHOWHV LQYRIYVIQJ P XGIS®

WIDNHKRGHW

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VAFKQRERILHV Z MK D SDUAFX@U  *
HP SKDWLV RQ GHYH@RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI B LE®! ®RZ FDUERQ .
HOHW\ W\ WP V XQGHU X QFHU/LOW

([ SHUAVH LQ P RGHAIQJ HQHW\ A WHP
UHVSRQVH VR H WHP H HYHQW' LOFOXGLQJ .
UHVLOHQFH RI SRZ HUM WMP V XQGHU

XQFHUMLOW DQG YDUDELOW

+RWHQ) DUIKP DG

e -OW\GWR ' HYH®RSP HOWRI $—EDVHG VRR®Y |RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WP V XVIQJ ®U H VSDMRWAP SRUDOGDVIDVHW

e +2125

" HLJQ Rl WDQV LHJ LRQDOI B[ LELOW P DUNHW LOVAJ LDWRJ FLRW VHRVRLDO

HQHW\ UHVRXUFHV DWFRP P XQIW ®IYHO

e +

198" (

" HYH®RSP HQWRI 1 & LELOW P DQDIHP HQWM WP V XVIQJ EDWUHV

DQG HBIFWLE YHKLF®N VR VXSSRUNGDMMEXVIRQ JUGV DQG P DUINHW
e 3596 0 RGHIQJ DQG SUFLQJ RI EDDQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH

) (

e 3RZHU U]

1 RUGLF HBIPWLFIW P DUNHW

$QDOWY RI RFDOHQHW\ FRP P XQMHV / ( &V DQG WHLULQVIAJ LDURQ LOWR
GMUEXVIRQ VA WHP RSHUDURQ

"LI(FR ([ SRUDMRQ RI GLI VDOWFKQRARJ LHV | RUFRQVXP HU FHQWLF HBIPWLFLW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

' HYH®RSP HQWRI GLJ VDA HG P DUNHWGHWLI QV | RUVKRUMMLP  UHVRXUFH

D@RFOVIRQ LQ HBIFLFIW P DUINHW

« 2FHDQ* UG
)0 (&4 (/" -

)0 (=(1

( QDEQQJ RIIVKRUH Z LQG LOWAI LDARQ VIKLRXJK QHZ WHFKQR®RJ LHV DQG
VI WHP  VRO(IRQV | RUWKH 1 RWZ HILDQ JUG

&HQWH | RU-QWAGD) HQW BIFWAFIW ' DMULEXVIRQ 5 HVHDLFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VW WP  RSHUDVRQ

=HR ( P DMRQ 1 HLJKERXWKRRGY
HOHW\ VROXMRQV DWQHLI KERXUKRRG VFD®

" HYH®RSP HOWRI ] HLR HP IWMRQ

e )0(175%$16 1RW HILDQ&HQWH IRU( QHW\ 7DOVIMRQ 6WDVAILHY 5 HVHDUFK RQ
I XWKUH HQHW\ P DUNHW DQG WDQVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDUERQ W\ WHIP V/

e (8)3 7: (1746
(8 ( 53: 4

e (8)3 H+LKZD
QHVE RN IRU

" HYHRSP HOWRI LQQRYDVIYH VRROY | RUWDQVP DMRQ W WHP
RSHUDVWRQ Z WK KLIK UHQHZ DE®I SHOQHWDVRQ

-QWAJ LDWAG LHVHDUFK RQ Z 1QG HQHW\ W\ WHP V DQG WKHLU U H
VFD®! LOWAI LDURQ LOVR SRZ HUM WHP V

/ RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:hossein.farahmand@ntnu.no
https://www.ntnu.edu/employees/hossein.farahmand

EHQWA SKLASSVHQ# QUOX QF

-QGXWM  GHWMLP 1QIQJ  IRWIO
YV ELRJHQLF | RUVHYHLDO
SWRFHWHV  Z DWH LQFLQHUDVRQ
P HVDOSLRGXPRQ RLOUHI LQHUHV
LRDG FRQWUXPRQ

UM 3KITBESVHD

7KH 1 DUWRQDQO DERUDVRUL IRUSJIH" HWALP LQDVRC
SURYIGHV UHVHDUFK. FRADERUDVMRQ DQG VHUYLFHV

Z WKIQ ViKH | LH@BV RI LDGIRFDUERQ GDVQJ
GHQGLRFKLRQR®RJ\ DQG WE®! LVRVRSH DQDOWLY
: H SWRYLGH FKLRQR®J LHV VIR DUFK DHRARJ MW DQC
KIWRUDQV UHFRQWUXPWSDVWAM H DQG

HQYLLRQP HQWRUWXG\ ViKH @ H KMRU R

P RGHQ S@QW DQG DQLP DV : H XWH
(DGLRFDUERQ FRQFHQWDMRQV DV SLR] LHV VR

P HDVXUH ViKH VXWRLQDELOW RI GL | HHQWFDUERQ
FROVDLOLQJ FRP SRXQGV VXFK DV IXHY H[ KDXWW
JDWHV P HVIDXYY DQG KRXVHKRGS Z DWH 2 XU
DEVROX\WM FKLRQR®RJ LHV 1 LRP (DGLRFDLERQ DQG
GHQGLRFKLRQR®I\ @ON GHYH®RSP HOW 1Q

e 2&($16
KWBV ZZZ QX HGX P XVHXP
RFHDQV

e &P DVW&XOXUHV
KWBV ZZZ Kl XIR QR IDNK HQI@
K UHVHDUFK SURMIFW FQP DVAFX X
HV

o ) XWKUH3DWV
KWBV ZZZ XLVQR HQ QRGH

7UHHV IRUFQP DV P RQWVRUQJ LQ UHILRQV
Z WKRXWIQWAKXP HQVDOLHFRUGY WHH UQJV
LVRVRSHV DQG RVIKHU DQDO VHV

FQP DWW HQYLLRQP HQWDQG FX@XLH VKXV

D@RZ 1QJ XV VR GLVHQVIQJ & FDXVHV DQG HI T HFW

5 DGLRFDUERQ GDVQJ VR XQGHUAMDQG ViKH
FDLERQ R\ F®I LQFOXGLQJ DVP RVSKHUF
FLLFXMVWRQ

FKLDLD EHURMQH QVOX QF

e ( XURSHDQ&RP P [\WHH
| RUBVDQGDUGY DMRQ &( 1
e &KDILP DQRI : *
0 RQMRUQJ
DQGO DQDIHP HQWRI
+ HUVDI HOXIQBIQIV 7&
&RQVHUYDVRQ R
&XOXLDG LRSHUAHV

H[ SHUAVH RQ DGDSVIMRQ
VROMRQV RQ VKH EXLOV
HQYLLRQP HQWDQG MQGVFDSH

&KIDUD YA YRID

-P SDPWRI &@P DWW &KDQJH RQ VIKH %X LAV
( QYLLRQP HQWLQFXGLQJ KMMRUF
EXL@BLIQIV DQG FXOXUDOKHUVDI H

51N 0 RQWVRUQJ DQG $WHWP HQW

H[ WHP H Z HDW(HU HYHQW DQG QDVXLDO
SKHQRP HQD XW( LQJ DGYDQFHG
DQDOWFDOP HWKRGV DQG 0 /

0 LV DIRQ DQG $ GDSVIMRQ 6WDWAT LHV VB
&P DV &KDQIH LQFOXGLQJ HQHWI\
HIILFIHQR. P HDVXUHV P LOXVHAV FIW
FRQFHSW EOXH DQG JUHHQ 1 E6

0 DWAUDO XUDELOW $WHWP HQWDQG K+
DSSQFDVRQ RI / UH &\ F®I $ WHAWP HQW
/&$ P HMRGR®ILHVVR P IQIP JH &2 /
IRRVBUQW 1Q UHWRI WIQJ DQG
FRQVHUYDARQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW LP DJH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVDOS QDO ML RI

[ LDFXLHG 3 DWHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVDIH $ LFKIVMPW(UH  EXLABLQIV DQG VIVAV E\
5 HVLOHQWO HVIKRGV K\ GLR FQP DVl | DFVRU/
06&$ 3) )-5( 5(667$17 3LRWMPURQ RI &XAOXLD
+ HUVDIH $JDIOWN LG@BILLHV LQ + LIK 51N $ LHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RIN RQ
&XOXUH + HUVIRI H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOK HUVIDI H FRQVHUYDVRQ DQG HQHUD\

HI | LFLHOQR\

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DQY

K\ GLDX@F SHURUP DQFH

(9= (1&( 3LRMIFW DLQZ DVIUKDUYHWIRJ

VP XOVMRQ

())-€$&< (QHUW\ H)) LFIHQR EX-GQJ DQG
&UFX@5 H&RQRP < |RUVKHLP DOLQVX@MQJ
VROMRQV SLRMIFW
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+RWHQ) DUIKP DQG

KRWHLQ | DLDKP DQGH# QU@X QF

QGXWM HJ $1(2 SXEQF VHARU
EVIVOHWY  DQG LOVAURDVMRQDORW DQL DMRQV
{$ 6*$1 FRP ELQHG Z lVik DFVIVH
FRADERUDVRQ Z IVK 6-1 7() DQG SDUAFLSDVRG
1Q) 0 ( FHQWHV IQYRONQJ P XGIS®

WINHKRGBHUY/

(QHW\ P DUINHW RSWIP ] DMRQ DQG

HP HUILQJ VMFKQRMRJLHV Z LV D SDUAFX@U
HP SKDWLY RQ GHYH@RSLQJ GHFIMRQ VXSSRU
[LDP HZ RUNV IRUI B LE® (RZ FDLERQ
HQHW\ W\ WP V XQGHU X QFHUBLOW

%DFNI LRXQG LQ HYDOXDVIRQ RI P DUNHW
EDVHG SRAOFA [QWUXP HQW' LQFOXGLQJ
HOIFWLFIW P DUINHWGHVL Q DQG LOFHQWYH\
IRUI G LELOW DQG GHFDUERQLVDVRQ

QW\GLR ' HYHWRSP HQWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WHIP V XVLQJ MU H VSDURWP SRUDOGDVIVHW

+2125 ' HWQRI WDQV UHJIRQDO G LELOW P DUNHW QWA LDAQJ FLRW VHRVRLDO
HQHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 419%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHV
DQG HBIPWLE YHKLF®N VIR VXSSRUAGMULEXVRQ JUGY DQG P DUNHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYLFHV DQG UHVHUYH SUIRGXFW 1Q VIKH
1 RUGLE HBIPWLFIW P DUNHW

)1 (  $QDOVYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLULQWAT LDURQ LOVR
GIMUEXVIRQ W\ WHP RSHUDWRQ

"LI(FR ([ SBRUDMRQ RI GLI VPOWAFKQRARJ LHV | RUFRQVXP HU FHQWIF HBFWLFIW

P DUNHW DQG FLRW VHFVRRU GLJ IVDOADQVI RUP DVIRQ

3RZHU LJ ' HYH®SP HQWRI GL VD@ HG P DUINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
DAERFDVRQ LQ HBIPWFIW P DUINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA LDARQ WKIRXJK QHZ VMFKQR®JLHV DQG
VW WHP VROMRQV IRUVIKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH IRU-QUWAGI HQW GIPAWIFIW ' DMMEXWRQ 5 HVHDUFK RQ

| LELOW UHVRXUFHV DQG VP DUAGDWULEXVIRQ VA WHP  RSHLDVURQ

YO (=(1 =HWR (P MRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HQHW\ VROXMIRQV DWQHLI KERXUKRRG VFDO®

YO ((175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVVIRQ 6WDWAILHV 5 HVHDUFK RQ
I XWKUH HQHW\ P DUNHW DQG WDQVMRQ SDWKZ D\ VVRZ DUG BRZ FDUERQ W\ WHIP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQORYDWYH VRRY | RUWDQVP MMRQ W\ WP
RSHUDVRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 4( 53: 4' -QViAJLDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU @UI H
VD! LQVIAI LDARQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ WP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVE RN [RU
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SRQPMQ RUP DRQ

FKLDUD EHUR@Q# QVOX QF

5 HBIYDQADONV
RXWLCH DFDGHP LD
e ( XURSHDQ&RP P LWMH
I RUBVDQGDUGL DMRQ &( 1
« &KDILP DQRI : *
0 RQURUQJ
DQGO DQDIHP HQWRI
+ HUVIDI HY/XILQBIQIV 7&
&RQVHUYDVRQRI
&XAXLDG LRSHUAHV

2 SHO VR

FRRUGLCDVA SDUADHU
LQ WLV FD@

EKIDD Y YRID

" HSDU/P HOAWRI 0 HFKDQLFDODQG -QGXWMDO( QILOHHUQ]

) IRXAVR (QILQHIQ

([ SHOAMH

-P SDPWRI &QP DWW &KDQJH RQ VKH %X LAV
( QYLLRQP HQWLQFXGLQJ KIMRUF
EXLABLQIV DQG FX@XUDOKHUVIDI H

51VN O RQIRUQJ DQG $WHWP HQW

H WHP H Z HDVKHU HYHQW DQG QDWLDO
SKHQRP HQD XW([} LQJ DGYDQFHG
DQDOVFDOP HWRGV DQG 0 /

0 LV DMRQ DQG $ GDSVIMRQ 6WDVIAJ LHV \F
&P DWW &KDQIH LOFOXGLQI HQHUI\
HILFIHQR P HDVXUHV P LOXWMAV FIW
FRQFHSW EOXH DQG JUHHQ 1 E6

0 DWAUDO XUDELOW $WHWP HQWDQG ik
DSSAQFDMRQ RI / LIH &\ F®I $\WHWP HQW
/&$ P HWKRGR®RIHVVR P LQIP L] H &2 /

IRRVBUQW LQ UHWRI WIQJ DQG
FRQVHUYDWRQ SLRFHWHV

SHBYDOANSWRMFWV

068&$ ' 1 *$3 3LRMIFW LP DIH * XIGHG

FRP SXVDVIRQDODQG H[ SHUP HQVDOS QDO RI

| LDFWKUHG 3 DUHQW

06&% ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVIDI H $ UFKIVMIPVUH  EXLABLQJV DQG VAV E\
5 HVIOHQWO HVIKRGV K\ GLR FQP D\ | DFVRW/
06&%$ 3) )-5( 5(6-67$17 3LRWPMRQ Rl &XAXLD
+ HUVIDJH $J DLWV LGBI LLHV LQ + LIK 5LVN $ UHDV.
&267 $PMRQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H &RQVHUYDVRQ 8 QGHU&QP DWW
&KDQIH

6$9( $1' 352 7(&7 3URMIFW 0 / DSSQHG \R
FX@UDOKHUVRI H FRQVHUYDARQ DQG HQHU\

HI | LFLHQR\

*5((1(5 3LRMIPW * 5( (1 WRRIV DQG Z DAY

K\ GLDX@F SHU RUP DQFH

(9- (1&( 3LRMIFW LDLQZ DVIAUKDUYHWIQJ

VIP XOVWRQ

())&$&< (QHU\ H)) LFIHQR EX-GBIQJ DQG
&LLFX@5 H&RORP < | RUVKHLP DOLOVX@VQJ
VROXVIRQV SLRMIFW
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+RWHQ) DUKP DG

KRWHLQ | DLDKP DQG# QU@X QF

QGXWM HJ $1(2 SXEQF VHRVRU
6VIVQHW DQG LOVAUQDVMRQDORL DQL] DMRQV
4$ 6*$1 FRP ELQHG Z LVIK DFVH
FRADERWDVWRQ Z M 6-1 7() DQG SDUAFLSDVRC
Q)0 ( FHQWHV LOYROQJ P XIS

WIDNHK RGBHUY

(QHW\ P DUINHW RSWP [] DMRQ DQG

HP HUWLQJ WAFKQR®RJLHV Z VK D SDUAFX@U
HP SKDVLY RQ GHYH®&RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI G LE®I (RZ FDLERQ
HOHW\ W\ WP V XQGHU XQFHUMLQW

([ SHUHQFH LQ HQHW\ A WHP P RGH@QJ

DQG FDSDFIW EXLGBLQJ  UHBIYDQW RU( 8
$1UFD FRADERDARQ RQ VXWILQDE® DQC

UHVLOHQWHQHWI A WP V

QW\GLR ' HYHRSP HQWRI $—EDVHG VRREY |RURSWP DOVFKHGX@QJ DQG GLVSDWFK RI
FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWAP SRUDOGDVVHW

+2125 ' HVWQRI WDQV UHILRQDOI B LELOW P DINHW LOVIAI LDVMQJ FLRW VHRVRLDO
HQHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHIRSP HOWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHAUHY
DQG HBIFWLF YHKLF®N VR VXSSRUAGDMMEXVIRQ J UGV DQG P DUINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUGLF HBIPWLFIW P DUNHW

)1 (  $QDOWVRI GRFDOHQHW\ FRP P XQMHV / ( &V DQG IKHLULOWAI LDVRQ LOVR
GDMEXWRQ VA WP RSHUDARQ

"L(FR ([ SRUDMRQ RI GLI VDOWIFKQR®RJ LHV | RUFRQVXP HU FHQWLF HBFWLFIW

P DUNHW DQG FLRW VHPVRRU GL] VBOADOVI RLP DRQ

3RZHU LJ ' HYHGRSP HOWRI GLILWVDA HG P DUNHWGHVLI QV | RUVKRUMMLP  LHVRXUFH
DARFDVRQ LQ HBIFWLFIW P DUNHW

2FHDQ* UG ( QDE@QJ RIIVKRWH Z LQG LOVAI LDURQ VKLRXJIK QHZ VHFKQRERJ LHV DQG
VL WHP  VROAIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QMGR] HQW GIFVULFIW ' DMMEXVRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VA WP RSHLDVIRQ

YO ( =(1 =HWR (P MMRQ 1 HUKERXUKRRGY ' HYH@RSP HQWRI ] HLR HP DMRQ
HQHW\ VROXMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7WDQVIMRQ 6WDVAILHY 5 HVHDLFK RQ
I XVXUH HQHW\ P DUNHW DQG WDQUWIMIRQ SDWKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRREY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLIK UHQHZ DE® SHOHWDVMRQ

(8 ( 53: 4' -QWAJDWAG UHVHDUFK RQ Z LQG HOHW\ W\ WP V DQG VKHLU MW H
VFD®! LOVAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD\ / RQI VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MRQ
QHVE RWN [RU
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EHQWA SKIASSVHQ# QWYX QF

-QGXWU  GHWLP LQLQJ  IRWMIO
YV ELRIHQLF | RUVHYHLDO
SWRFHWHV Z DWW LOFLOHUDVRQ
P HVIDOSLRGXPRQ RLOUHI LOHUHV
LRDG FROWUXPRQ

UM 3KIIBSVHD

7KH 1 DURQDO DERUDVRU. IRU$JIH' HVIALP LODVIRC
SWRYLGHV LHVHDUFK FRAEDERDVMRQ DQG VHUYLFHV

Z IVKLOQ WH | LHGBV RI LDGLRFDUERQ GDVIQJ
GHQGLRFKLRQR®J\ DQG WDE® LVRVRSH DQDO MY
© H SURYIGH FKLRQRARJ LHV VR DUFKDHR®RJ MW DQC
KIWRUDQV UHFRQWAXPWSDWA@ H DQG

HQYLLRQP HQWRUWXG\ ViKH @ H KIMRU. R

P RGHUQ S@QW DQG DQLP DI : H XVH
(DGLRFDUERQ FRQFHQWDVRQV DV SLR[ LHV VR

P HDVXUH WH VXWILQDELOW RI G | HIHQWFDLERQ
FROVDLOLQJ FRP SRXQGV VXFK DV IXH® H[ KDXW

28&($16
KWBV ZZZ QWX HGX P XVHXP
RFHDQV
&P DX OKUHV
KWBV ZZZ Kl XIR QR IDNK HQI@\
K UHVHDUFK SURMIFW FOP DVHAFXQX!
HV
) XWX UH3 DWWV
KWBV ZZZ XLVQR HQ QRGH

5 DGLRFDLERQ GDVIRJ VR XQGHUADQG ViKH
FDUERQ P\ F®I LQFOXGLQJ FDLERQ VRXUFHV
DQG VIONV LQ VKH RFHDQ HVSHFLDA QRU
R GHJ

JDWHV P HVIDXY DQG KRXVHKRGS Z DWH 2 XU
DEVRO\WM FKLRQR®RJLHV I LRP  LDGLRFDLERQ DQG
GHQGLRFKLRQR®RI\ @ON GHYH@RSP HQW 1Q

FQP DWW HQYLLRQP HQWDQG FXAXLH VKXV
DARZ 1QJ XV VR GLVHQVDQJ B FDXVHV DQG HI I HFW

DEHUVHU QUOX QF

1)76 81 $JHQFLH

SEHIWRHHD

-QORYDVIYH P DFKLQHU | RUVIKH HOHUD\

WDQVMRQ

e : DYH(QHW\ 6HDTXHW

e +LIK HILFIHQR H®PWIFDOSRZ HUADLQ / DP ERWKLQL
e BXWDLODE®! VEZ R VHDW HBIPWLF YHKLF®! | RUVIKH XLEDQ P RELOW
o ' DMIEXWG * UG: LQG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVKF

KDUG VR DEDW VHFVRWY

e ' LJIMDO7Z LQ IRUVKLERP DFKLOHU
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BIRQDUGR P RQWAFFKL# QUDX QF

" ILHPWFRQVDFW Z Vi
FRP SDQLHV LQ VDIHW DQG
VHEXUW FHUAILFDVRQ RI
FUVFDOV WHP V &DQ UHDFK
RXWWR FRP SDQLIHV LQ VKH
DXVRP RVIYH DQG LDL& D\
GRP DIQV

0 RGH@QJ RI A\ WIP V DQG
VRIVE DUH DUFK VARV LHV

P RGHOGUYHQ HQJ LQHHUQJ
GRP DLQ VSHFL LF MQJXDJH\
YHWIFDMRQ  YDAGDVRQ
WAFK QLT XHV

VDIHW VHFXUW UHIODELOW
HYDOXDVWRQ

/ FRIDUER O RQMAFKL

$' 9$1&( $GGUHWIQI 9HUI LFDURQ DQG

9 DAGDVRQ &KDABIQIHV LQ ) XWKIULH &\ EHU 3K\ VIFDC
6\ WP V + 0 6&$ 5-6( 7KLY
Z DV D WD | H FKDQJH SLIRMIPWVEHVE HHQ VDO
3RUNXJIDO+ XQIDU  %.D] LO DQG &R®P ELD Z KHU-
Z H VKDUHG NQRZ ®1GIH DQG Z RUINHG RQ

[P SLRYLQJ WAFKQITXHV IRUWH 9 9 RI R EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH

FDVHV Z DV WH 1 DWRQDO6 SDFH 5 HVHDUFK
QWX RI %D 1O -1 3(

e &21&(572 $57(0 -6

o &+(66 $57(0 -6 -QVKKHVH VZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH
ILDP HZ RN IRUP RGHOGUYHQ HYDOXDVRQ RI
UHODELOW DQG LOWAJUW RI FRP SG W\ WHP V
7KLV KDV EHHQ MWAU UHBIDVHG DV 3RMUB\ V
&+ (66 SDUARI VIKH ( FOSVH 3RMUB\ V SURMIFW

KRWHLQ | DLDKP DQGH QU@X QF

+RWHQ) DIEKP DG

QGXWM HJ $1(2 SXEQF VHRRU

6VIVOHWY DQG LOWHUQDMRQDORW DQL DURQY  ©
«$ 6*$1 FRP ELQHG Z LViK DFVIYH
FREADERWDWRQ Z IMK 6-1 7() DQG SDUAFLSDURG  °

Q)0 ( FHOWHV LOYROIQJ P XOAS®

WINHKR@HW/

e (QHW\ P DUNHW RSWP L] DURQ DQG
HP HULQJ FKQRM®RJILHV Z MK D SDUAFX@U  °
HP SKDVLV RQ GHYH®RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ .

HOHW\ W\ WHP V XQGHU X QFHUBLOW

e ' HYH®RSP HOWRI DGYDQFHG HQHW\

WV WHP VFHQDURY LQWJ LDVIQJ WRFKDWAE

RSWP 1] DURQ DQG VHRVRUFRXS@QJ |RU

®QJ VALP WDQVMRQ SDVKZ D\ V

OW\GLR ' HYH®RSP HOWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDVIK Rl
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MU H VSDVRWP SRUDOGDVIVHW

+2125 ' HVWQRI WDQV UHILRQDOI Bi LELAW P DUNHW LOWAI LDMQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49$' (' HYH®RSP HQWRI | B LELOW P DQDIHP HQWA WHP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLF®IV VR VXSSRUAGMALEXVIRQ J UGV DQG P DUNHW

35946 0 RGHOQJ DQG SUFLQJ RI EDDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ WH
1 RUGLF HBIPWLFIW P DUNHW

Y4 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHVY / ( &V DQG VIKHLU LQWAI LDURQ LOVR
GIMUEXVRQ W WHP RSHLDWRQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRARI LHV | RUFRQVXP HU FHQWLF HBFWLFLW

P DUNHW DQG FLRW VHFVRRU GLJ VDOADQVI RUP DVIRQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHWLI QV | RUVKRUMMLP  UHVRXUFH
DARFDVRQ LQ HBIPWLFIW P DUINHW

2FHDQ* UG ( QDEQ@QJ RIIVKRWH Z LOG LOWAI LDWRQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VWP VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUAGR) HQW GIFVLFIW ' DMMALEXVRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VA WIP  RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HUKERXWKRRGY ' HYH®RSP HOWRI ] HWR HP DMMRQ
HOHW\ VROXMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1RW HILDQ &HOWH IRU( QHU\ 7 DQVIMRQ 6WDILHY 5 HVHDUFK RQ
I XWWUH HQHLI\ P DUNHW DQG WDQVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z WK KLIK UHQHZ DE® SHQHWDVRQ

(8 H( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HOHUI\ W\ WP V DQG VIKHLU MU H
VFD®! LOVAJ LDRQ LOVR SRZ HUM WP V

(8)3 H+LIKZD\ / RQJ VLP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVEZ RN IRU
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P RKDP P DGUH]| D DJKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1% 2 VIQ VKH IHGB RI ( QHUI\
5HQHZ DEGV 3RZ HU
JHQHLDIRQ 6RMU39
LOGXVWLHY 6P DUAXLABLQIV
$ GYDQFHG 7HFKQR®RILHY HW

0 RKCP P DAH D$IKTH.

(QHW\ (QHW\ 6\ WHP V (QHU\ ) G LELOW ( QHW\ 6VRWDIH ( QHU\ %XLGBLQJ 6P DUV
EXIGBIQ) 6P DUAF UG ' HP DQG 6XSSO® 6LGH 0 DQDIHP HQW( QHUI\ ( I1LFLHQR

" DMMULEXWG ( QHUW\ SHVRXUFHV ( QHW\ 7WDQVIMRQ ( QHW\ ' LJ Vi@ DMRQ DQG 5 HVIHQFH
5HQHZ DE®! ( QHW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDLF ( QHU\ 6RMU
&H@Y 3KRVRYRODLF 0 RGX®! &RP SRQHQWB\ WHP  3KRVRYRADLF 3 RZ HU 3 MQW-QVAJ LDVHG
3KRVRYRODIFV %439 9139 /6&39 ) RDQJ 39 $JUYRGODIF 5HIDELOW DQG' XWDELDW RI
3KRRYRGDLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHUI\

$XVRQRP RXV 6\ WHP VDQG ' LJIVQ DURQ 7HFKQRE®RILHV $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIV $XVRQRP RXV $HUDOO RQWRUQI $XVRQRP RXV ) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WMP V 3UHGIFIYH2 0 VHUFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKILRXJIK DGYDQFHG WFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWAAI HQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOD DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAKXFVXUH DQG 5 HVIGHQFH ( QHUI\ QI LDWAKXFWIUH 5 HVLOHQFH $ WHWP HQW

5 HVLOHQWE P DUALQI LDWAKXFWWILH 5 HIDELOW

([ SHUHQFHV LQ VHYHLDOQDMRQDODQG ( 8 1 XQGHG SLRMIFW

&2 /1 (&7() &RTPAYH -QVA@I HQFH |RU( QHU\ ) G LELOW 5R®i &RRUGLQDVRU 3—

2SW & + 2 SWP DORSHUDVMRQ DQG GHFHQWDA HG FRQWRORI RIIVKRUH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP SR 3LRMIPWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWQULYH EBIQGHG FRXUH LQ &P DWW 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@MRQ DQG FRP SGf EHKDYLRURI EXIGBLQIV 5R®I 3LRMIPWP DQDIHU : 3 ®IDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DUIH VFD®

0 RQWVRUQJ ' DVD 3($5/ 39 5R® : * FKDW &RUHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5ROI &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU6XWIDLODE®1 6 RDU&H®7 HFKQRMRI\ 68 62 / 7( &+

(QHU\ 6\ WP V -QViAJ LDURQ ( 6—

0\ &* 6 FRADERWWNH LHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JD@XP VXGKLGH
&* 6 VKIQ Il SWRGXFURQ

DEHWHW VDX QF

1)76 81 $JIHQFLH\

SEHIR 6HHD

-QORYDWYH P DFKLQHU | RUVIKH HQHUI\
WDQVIMRQ

e : DYH(QHW\ 6HDTXHW

e +LIK HILFIHQR HBIPMIFDOSRZ HUADLQ / DP ERWKLQL

o 6XWDLQDE® VE R VHDW HOIPWIF YHKLF®! | RUVKH XUEDQ P RELAW

o ' DMIEXWAG * UG: 1QG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVIKE
KDUG VR DEDVM VHFVRU/

o ' LJIMPO7Z LQ IRUVKLERP DFKLQHU
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$662&$7(' 5(6($5&+ (56

+HUWH \ RX FDQ 1L.QG SRWMIQUDOL 71 8 SLRIHWRU/ DQG HP S@R\ HHV VIKDW
DUH LOWAUHWIAG LQ FREDERIDURQV RQ GHVWIQDARQ

/KH IR@RZ 1QJ SDIHV DUH VRUMG LOVRR VKH FD@Y | RUVKH GHWIQDVMRQ
SWHVHOWAG LQ VKH GLDIWRUFOXWHU 7R VIP SAI\ \ RXUQDYLI DMRQ

DP RQJ DYDIME® Hf SHUAWVH SHUVRSLF VKH @W\RI VRSLFV KDYH EHHQ
P DGH FOFNDE®




(67-1$7-21 &$/16

' 6R$0 (5 3BDHQ
lppmnmwm(wwmmmmmmwmﬁwm
FROERDIFOGORIXHZ K1 718

+25-=21 &/ ' SURGXFLQJ EDWWHU\ JUDGH PDWHULDOV IR
VXVWDLQDEOH SURFHVVLQJ DQG UHILQLQJ RI UDZ PDWHULDOV RU
SDUWQHUVKLS

+25-=21 &/ ' -QWHJUDWHG BURGXFWLRQ DQG 3URGXFW ']
*HQHUDWLRQ /LWKLXP EDVHG %DWWHULHYV IRU ORELOLW\ %$77 (8

+25-=21 &/ ' &RRUGLQDWHG WRSLF ZLWK -QGLD RQ UHF)

+25-=21 &/ ' -PSURYHPHQW RI $GDSWDELOLW\ )OH[LELO
5HF\FOLQJ 3URFHVVHV %$77 (8 3DUWQHUVKLS

+25-=21 &/ ' 6 XVWDLQDEOH DQG &&RPSHWLWLYH &HOO 3U
LRQ $QG 6RGLXP LRQ %DWWHULHV %$77 (8 3DUWQHUVKLS

+25-=21 &/ 7ZR 6WDJH ' 1RYHO DSSURDFKHV WRZDUGV Q
FRQFHSWYV OHYHUDJLQJ WKH HQDEOLQJ UROH RI LQQRYDWLYH DC(
SDUWQHUVKLSV

+25-=21 &/ ' '"HPRQVWUDWLRQ IRU /RQJ GXUDWLRQ %DWYV
%$77 (8 3IDUWQHUVKLS



+25=21 & : SURGHQ) EDMAY JUDGHP DAMUIDY | RUHBRARGY

WURXIK \KWRLCTEGI SURRHWIQ) DOGUHIQQ) R Y. P DMIDYRUGHYHBIQ) HR
EDHGP DMIDY %677 (8 30MGHIKIS

oXBEKDAD /12 DL

' HSDUP HOWR! ( GPWLF ( QHU\
) DRXOVR QI RIP DARD 7HKORRI\ DG ( GRAIFDY QILGHHICY

E&RQIPMQ RWP DURQ ([ SHOAMH
VXEKDGLD WIZ DU# QWX QF &XUHQWBRVMRQ
*  $WRFIDW 3 RIHWRUILQ ( GIPWLF
" UYHV DWIKH ' HSDUR HQWRI ( GHPWAF
SHBYDQMDONV (QHU\ DWL 718
RXWLGH DFDGHP LD 5 HVHDUFK LQWALHWY
e : DUMD1RWD $6 RQ * ' HVLIQ DQG FRQWRORI SRZ HU
P DUQH DSSQFDVRQV HOIFWRQLFY FRQYHUMUY DQG VKHLU
e 5R@ 5R\ FH ( ®IFWFDO DSSAQFDMRQV
1RWD $6 RQDHWRVSDFH  ° ([ SHUHQRH \ HDW/ RI LQGXWAA
DSSAQFDIRQV H[ SHUHQFH DV D 7HFKQLFDO6 SHFLD@W
o ' HOD ( GIFWRQEV 1Q 3RZ HU( GIPWRQIFV DQG ( BIFAF
SUHYIRXV ( GMN 1RU " WYHV | RUDHLWRVSDFH DQG P DUQH

SKRVRYRGDIE DSSTFDRQ\ DSSTFDMRQY

(UN3UDHAR

' HSDU/P HOARI &KHP LFDO( QILQHHUQ]
) DFXOVR 1 DMUDOSAHFH

SRQMAMQIRP DARQ ([ SHUAM 5HBYDQASLRMPWN
IHUN SUDVHWR# QUDX QF +\ GLRP HVIDAX U\ o $/UB752 6€
([ WDPVYH P HVID@X LD\ o 5(9-7$/-6(
6HSDUDVRQ SXUI LFDVIRG

0 HVIDOLHRA FOQJ

YDWHL UHR\ FOQJ

/ HDFKLQJ

6ROHQWH] WDPRQ

-RQ H[ FKDQIH

3UHFSIVDVIRQ

&U W@} DURQ
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SEHWRGHHD

DE&EHUMHW QX QF -QQRYDVIYH P DFKLQHU | RUVKH HQHUI\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHWV
e + LK HILFIHOR HARMFDOSRZ HUADLQ / DP ERUKILOQL
o 6XWBLODE® VE R VHDW HBIFWLF YHKLF® |RUVKH XUEDQ P RELOW

1)76 81 $JIHQFLH\ o ' DMIEXWAG* UG: 1QG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVIKF
KDUG VIR DEDVM VHFVRDY

" LWVDO7Z 1Q |RUMKLERP DFKLOQHU


https://www.ntnu.edu/employees/bente.philippsen
https://www.ntnu.edu/ept
https://www.ntnu.edu/iv
mailto:alberser@ntnu.no

+25-=21 & | “QMIUDMG 3URGRARQ DQG 3URSXFW HYHBSP HOWVRU

1H W HHDARY/ MIXP  EDHSYDMAIYIRU0 REQN %77 (8 DQGO0 DAHIQ
(XURSH3DWZHIKISV

) CER GIDERAD

' HSDU/P HOWR! 0 HAKDQLFDODQG ~QGXWALDO( QILQHHUQY]
) DRXOVR (QILHHUIQ)

SROIPMQ RUP DURQ ([ SHIAMH 5 HHYDOASILIRMWRWV
I DELR VJ DUERWD# QWDX QF o /RIMFV e (8 3LRMIFW /HDQ  + */$66 0 $$
+ 2 SHUIDMRQV DQG 6XSSO &KDLQ “( +80$1 BNAB-ELOW ; +X/RJ
0 DQDIHP HQW
-QGXWULDODQG 6\ WHP V ( QU LOHHUQJ + 1 DWRQDOSLRMIFW ' LILP DW' LI&Y%%
-QGXWU  DQG 6P DUN-% ) XWUH/ 2 *  &LLFX@U
&ILFX@U( FRQRP \ 0 DQXI DRAUQJ

0 DWAUDO+ DQGAQJ DQG :  DUHKRXVIQJ
+XP DQ ) DFVRW DQG ( WWRQRP LFV
+XP DQ &HQWILF 3LRGXPVRQ DQG

/ RIDMEV A WHP V

e 0 DIOQWAQDQFH 0 DQDIHP HQW

oXBEKDAD /12 DL

' HSDU/P HOWR! ( GPWLF ( QHU\
) CEXOV R "QRIP DAR) 7HKQRI)\ DG ( GRAIFDY QILGHHIQ)

E&RQIPMQ RWP DURQ ([ SHIAAH
VXEKDGLD WZ DU# QUDX QF &XUHQWBRUVIRQ
«  $WRFIDW 3 RIHWRULQ ( BIFIF
" UYHV DWKH ' HSDUR HQWRI ( BIFVE
5 HBHYDQMDONV (QHW\ DWL 718
RXWLGH DFDGHP LD 5 HVHDURK LOWAUHVW
« . DUMD1RWD $6 RQ * ' HMJQ DQG FRQWRCRI SRZ HU
P DUGH DSSTEDMROV HBIPWRQLFV FRQYHUMUY DQG VKHLU

« 5R@ 5R\ FH ( ®FWLFDO DSSTFDARQY
LRWEDL $6 RODHRVSDRH  © ([SHUFOFH  \HOW/RI LoGXWAl

DSSTEDUROY H[ SHUHQFH DV D 7HFKQLEDOG SHELDMW

. 10D (GPAROEY 1Q 3RZ HU( BFWRQIFY DQG ( G
SUHVIRXY { OHN 1R LLYHV | RUDHURVSDFH DQG P DUQH
SKRVRYRGDIE DSSTEDURQ\ DSSAFDMRQV
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I HUN SUDVHWR# QUQX QF o +\ GLRP HD@XU\ o $/%$752 6€
e ([ WDPAWYH P HVDA@XLD\ o 5(9-7%/-6(
e BGHSDUDVRQ SXUWI LFDVRC
e 0 HIDOLHR FaQJ
e YDWHU WHR FOQJ
e/ HDFKLQJ
e BROHOWH] WDPRQ
e -RQH FKDQIH
e 3WHFISVDMRQ
e &U WDA) DURQ

SEHIWRHHD

DEHUHU QWX QF -QQRYDWYH P DFKLQHU. | RUVKH HQHUI\
WDQWMRQ

o : DYH(QHW\ BHDTXHW
o +LIK HIILFIHQR HGIPWIFDOSRZ HUADLQ / DP ERUWKLQL
o BXWDLQDE®! VE R VHDW HOIPWLE YHKLF®! | RUVKH XUEDQ P RELAOW
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KDUG VR DEDW VHRVRRU/
e ' LJMVDO7Z LQ IRUWLERP DFKLQHU
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P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVKH ILHGE RI ( QHUI\
5HQHZ DE®NV 3RZ HU
JHQHLDIRQ 6RMU39
LQGXWALHY 6P DUAXLABLQIV
$GYDQFHG 7HFKQR®RILHV HVE

0 RKCP P DAH D$IKTH.

(QHW\ (QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHUI\ %XLEBIQJ 6P DUV
EXIGBLQ) 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHU\ 7WDQVIMIRQ ( QHU\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHU\  5HQHZ DE® ( QHUI\ -QWiiJ LDURQ 6RMU3KRVRYRAMDLE ( QHU\ 6RMU
&HQY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDWG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WP VDQG ' LI VDA DURQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIY $XVRQRP RXV $HUDOO RQWVRUQJ $XVRQRP RXV) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKLRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWIAIHQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV ' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAKPWUH DQG 5 HVIAHQFH ( QHUI\ -QI L(DWAKPUH 5 HVLOHQFH $\WHWP HQW

5 HVIQHQWE P DUAQI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDMRQDODQG ( 8 | XQGHG SLRMIFW

&211(&7)  &RAHIFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SVIP DORSHUDMRQ DQG GHFHQWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®! 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &@P DV 1 HXWDOYXLABLQI V VIR DGGLHW Q=( %
UHIXOMRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DU H VFDO®!

0 RQWVRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RWHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWA@I HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUH
6FD®I 39 3MQW $LP 39 5ROI &RRUGIQDVRU 3—

7KH 5 HVHDUFK &HQWAUI RU6XWILQDE®1 6 RDU&HM7 HFKQRM®I\ 68 62 / 7( &+

(QHW\ 6\ WP V -QWIAJ LDMRQ ( 6—

0\ &* 6 FRADERWDWYH UHVHDUFK SLRMIFW [P SLRYIQJ FRSSHULQGIXP JD@XP VXGKLIGH
&* 6 WIQ Il SIRGXFURQ
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VXEKDGLD WZ DU# QU@X QF

: DUMMD 1 RWZ D\ $6 RQ

P DUQH DSSQFDMRQV
5R@ 5R\ FH ( BIFWLFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDVRQV

' HOD ( GIFWRQLFY
SUHYLRXV ( GMN |RU
SKRVRYRODLF DSSQFDVIRQ\

oXBEKDAD /12 D

&XUHQWE RVMIRQ

$WRFLDWA 3 LRIHWRULQ ( GIFWAF
" WYHV DWAKH ' HSDUR HQWRI ( GIFWAE
(QHW\ DWL 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSS@FDVRQV

([ SHUHQFH \ HDU/ RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSS@FDVRQV

IHUN SUDVHWR# QWDX QF

(UN3UDHAR

+\ GLRP HVD@X W\

([ WDPAYH P HVDAX LD\
6HSDUDVIRQ SXUI LFDWRC
0 HVIDOLHR FaQJ

YDWHU LHR FOQJ

/ HDFKLQJ

6ROHQWH] WDFVRQ

-RQ H[ FKDQIH
3UHFLSVDVRQ

&U W@ DURQ

$/ %$752 6€
5(9-7$/-6(
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I DELR VJ DLERWD# QX QF

) DELR 6IDUERWD

/ RIMIFV

2 SHUDVRQV DQG 6XSSO &KDLQ

0 DQDIHP HQW

~QGXWWLDODQG 6\ WHP V ( QJ LQHHUQJ
-QGXWM DQG

&LLFX@U( FRQRP \

0 DVIAUDO+ DQGA@QJ DQG : DUIHKRXVIQJ
+XP DQ ) DFVRW DQG ( WRQRP LFV
+XP DQ &HQWIF 3 RGXPURQ DQG

/ RIDMAEV VA VWMP V

0 DIOWAQDQFH 0 DQDIHP HQW

e (8 3WRMWFW /HDQ + */$66 0 $-$
"( +80%1 6N@-ELIW ; +X/RJ

e 1 DVIRQDOSLRMHFW ' LILP DW' LJ&Y
6P DUN-% ) XWKUH/ 2 *  &LLFX@U
0 DQXI DFVXUQJ

FKLDUD EHUR@QH# QUOX QF

( XURSHDQ&RP P LWHH

| RUBVIDQGDUGY DURQ &( 1
&KDLLP DQRI : *

0 RQLVRUQJ

DQGO DQDIHP HOWRI

+ HUVIDI HOXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOKLDG LRSHUAHYV

EKIDD Y- YRID

-P SDPWRI &@P DVl &KDQJH RQ VKH %X LAV
( QYLLRQP HQWLQFXGLQJ KMRUF
EXLABLQIV DQG FX®XUDOK HUVDI H

51VN 0 RQWVRUQJ DQG $WHWP HQW

H[ WHP H Z HDVIXHU HYHQW DQG QDWXLDO
SKHQRP HQD XWIj LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 V0 DRQ DQG $ GDSVIMIRQ 6WDWAI LHV \F
&P DWW &KDQIH LOFOXGLQJ HQHUI\
HIILFLHQR P HDVXUHV P LOXVMV FIW
FRQFHSW EO(H DQG JUHHQ 1 E6

0 DVIUDO XUDELOW $WHWP HQWDQG i+
DSSQFDVRQ RI / UH &\ F®I $WHAWP HOW
/&% P HWMRGRQRIIHVVR P LQIP [JH&2 /
IRRVBUQW LQ UHWRI WRQJ DQG
FRQVHUYDMRQ SLRFHWHV

06&$ ' 1 *$3 3LRMIFW LP DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVICS QDOMLY RI

| LDFVIXUHG 3 DUWHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVDIH $ UFKIVAPWUH  EXLABLQIV DQG VIV E\
5HVIQHQWO HVKRGV K\ GLR FOP DWA | DFVRW/
06&$ 3) )-5( 5(667$17 3LRWIPMRQ RI &XAXLD
+ HUVDIH $JDIOWN LGB LLHV LQ + LIK 5LWN $ LHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H & RQVHUYDVRQ 8 QGHU &P DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIRI H FRQVHUYDMRQ DQG HQHLD\

HI | LFLHQR

*5((1(5 3LRMIFW * 5( (1 LRRIV DQG Z DQY

K\ GLDXQ@F SHURWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-€$&< (QHUW\ H)) LFIHQR EX-GIQJ DQG
&UFX@5 H&RQRP < RUWKHLP DOLQVXOMQJ
VROMRQV SLRMIFW


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/mtp
https://www.ntnu.edu/iv
mailto:fabio.sgarbossa@ntnu.no
tel:+4790768098
https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1% 2 VIQVKH I HGB RI ( QHU\
5HQHZ DEGV 3RZ HU
JHOHUDMRQ 6RMU39
LQGXWUHV 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGBLQJ 6P DUN
EXIGBLQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DMULEXWG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ * LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHW\  5HQHZ DE®! ( QHW\ -QWAJLDMRQ 6RMU3KRVRYRGDLF ( QHU\ 6RMU
&H@Y 3KRVRYRODLF 0 RGX®! &RP SRQHQWB\ WP 3 KRVRYRADLF 3 RZ HU 3 MQW-QWAJ LDVHG
3KRVRYRODIFV %439 9139 /6&39 ) GRDQJ 39 $JUYRGDIF 5HIDELOW DQG' XUDELOW RI
3KRRYRODLFV * (HHQ +\ GLRIJHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LJIVdQ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOVY $XVRQRP RXV $HUDOO RQWVRUQJ $XVRQRP RXV) DXAV' HWFMRQ $XVRQRP RXV
&ROWRODQG 0 RQWRUQJ 6\ WHMP V 3UHGIFIYH2 0 VHUFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKILRXJIK DGYDQFHG WFKQRRILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWIAI HQFH $— ' HHS 0 DFKLQH / HDWLQJ * LIMDO7ZLQ ' 7 94J ' DVD $QDOMY
% $ -QWADHWRI 7KIQJ -R7 6DVACDMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQW RMU &RQFHQWDVRU 2 SWFDOD DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAXFVUH DQG 5 HVIGHQFH ( QHUI\ QI LDWAKFWUH 5 HVLOHQFH $ WHWP HQW

5 HVLOHQWE P DUALQI LDWAKXFWWILH 5 HIDELDW

([ SHUHQFHV LQ VHYHUDOQDVIRQDODQG ( 8 | XQGHG SLRMIFW

&2 11 (&7()  &RIPAYH -QWAMIHQFH |RU( QHU\ ) G LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SWP DORSHUDVMRQ DQG GHFHQWDA HG FRQWRORI RIIVKRUH ' & JUG Z VK

5(6 HBIPAR®] HUDQG K\ EUG HQHW\ WRWDIHW WP 5R®! 3 URMIPAP DQDJHU : 3 GIDGHU

-QWAUQDMRQDO( QHUW\ $JHQR «$ 7DW  5HAODELOW DQG 3HURUWP DQFH RI 39 6\ WP V

5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &P DV 1 HXWDOYXLABLQIV VR DGGUHW Q=( %

UHI X@MRQ DQG FRP SGf EHKDYLRURI EXLGBLQIV 5R®! 3LRMIPWP DQDIHU : 3 BIDGHU

3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DUIH VFDO®

0 RQWRUQJ ' DVD 3($5/ 39 5R® : * FKDW &RUHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWAI HQWO RQIVRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH

6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE®1 6 RDU&H7 HFKQRMRI\ 68 62 / 7( &+

(QHW\ 6\ WP V -QViAJ LDURQ ( 6—

0\ &* 6 FRADERWWNH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JD@XP VXGKLGH
+6 WO ILP SRGXPURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

VXEKDGLD WZ DU# QUDX QF

e : DOLMD®1RWD $6 RQ
P DUQH DSSQFDWRQV

e S5R@ 5R\ FH ( ®IFWIFDO
1RW D\ $6 RQ DHWRVSDFH
DSSOFDMRQV

e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU
SKRVRYRQDLF DSSQFDVIRQ\

6X

<DAD /2 DL

&XUHQWB RIMIRQ
$WRFLDWA 3 LRIHWRULQ ( GIPWLF

" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

" HVWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVMRQV

([ SHUHQFH \ HDU/ RI LQGXW

H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
LQ 3RZ HU( BIFWRQLFV DQG ( BIPWLF

* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDRQV

IHUN SUDVHWR# QWDX QF

(UN3UDHAR

+\ GLRP HVD@X W\

([ WDPAYH P HVDAX LD\
6HSDUDVIRQ SXUI LFDWRC
0 HVIDOLHR FaQJ

YDWHU LHR FOQJ

/ HDFKLQJ

6ROHQWH] WDFVRQ
-RQ H[ FKDQIH
3UHFLSVDVRQ

&U W@ DURQ

$/ %$752 6€
5(9-7$/-6(


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028
https://www.ntnu.edu/employees/erik.prasetyo
https://www.ntnu.edu/employees/erik.prasetyo
https://www.ntnu.edu/mtp
https://www.ntnu.edu/iv
mailto:fabio.sgarbossa@ntnu.no
mailto:erik.prasetyo@ntnu.no
tel:+4790768098

+RWHQ) DUIKP DG

KRWHLQ | DLDKP DQGH# QU@X QF

QGXWM HJ $1(2 SXEQF VHRVRU
6VIVQHW DQG LOVAUQDVMRQDORW DQL] DMRQV
{$ 6*$1 FRP ELQHG Z ik DPVYH
FRADERWDVRQ Z WK 6-1 7() DQG SDUAFLSDVRC
Q)0 ( FHQWHV LQYROYYLQJ P XOIS®

WINHKRABHUY/

(QHW\ P DUNHW RSWP [] DURQ DQG

HP HUWLQJ VMFKQRERJLHV Z MK D SDUAFX@U
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE®! ®RZ FDLERQ
HQHW\ W\ WP V XQGHU X QFHUMLOW

OW\GLR ' HYH®RSP HOWRI $—EDVHG VRRA | RURSWP DOVFKHGX@QJ DQG GLVSDVIK Rl
FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ @UW H VSDURWAP SRUDOGDVVHW

+2125 ' HVWQ Rl WDQV UHILRQDOI ®i LELAW P DUNHW LOWIAI LDMQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHV
DQG HBIFWLF YHKLF®N VR VXSSRUAGDMMEXVIRQ J UGV DQG P DINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUGLF HBIPALFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLULQWAI LDURQ LOVR
GIMMEXWRQ W\ WHP  RSHUDARQ

“LW(FR ([ SRUDVMRQ RI GLI WDOWAFKQRARI LHV | RUFRQVXP HU FHQWLF HBIPWLFLW

P DUNHW DQG FLRW VHFVRU GL] VBOADOVI RLP DARQ

3RZHU LJ ' HYHGRSP HOWRI GLILWVDA HG P DUNHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
DARFDVRQ LQ HBIFWLFIW P DUNHW

2FHDQ* UG ( QDEQQJ RIIVKRWH Z LQG LOVAI LDWRQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
W WHP  VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO ( &1 (/' — &HQWH | RU-QUHAGD) HQW GIFULFIW ' DAMEXVRQ 5 HVHDUFK RQ

| O LELOW UHVRXUFHV DQG VP DUAGMAMLEXVIRQ A WP RSHLDVRQ

YO ( =(1 =HWR (P MRQ 1 HUKERXWKRRGY ' HYH@RSP HQWRI ] HR HP DMMRQ
HQHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7 WDQVIMRQ 6WDVIAILHY 5 HVHDLFK RQ
I XVUH HQHW\ P DUNHW DQG WDQUVIVIRQ SDVKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LOQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDWRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 {( 53: 4'  -QWALDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU @UI H
VD! LOVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQI WILP  S@QQLQJ RI iKH 3DQ ( XLRSHDQ WDQWP MRQ
QHVEZ RN |RU


https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:hossein.farahmand@ntnu.no
https://www.ntnu.edu/employees/hossein.farahmand

+25-21 & : BXWEATE®I DG ERP SHARYH SHTBURGFRARD

THKQTXHVIRY WP IRQ$QGERAXP [RQYDMAILY 96577 (8 3DNGHIKLS

$WSUHVHQW QR UHVHDUFKHU KDV H SUHWHG LOWAUMMO VKLY FD@
BKRX@ \ RX EH LOWAUHWHG LQ FREDERWDWRJ Z WK 1718 RQ VIKH
VRSLF SGIDVH GR QRWKHVIVIVA VR FROVDPWMKH 1718 %XWHW
2 |1LFH DWFROVDFW ELXWHY QUDX QR DQG ZH Z LW R 11QG D
VXLVDE®Y FDQGLGDVIA



P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVKH ILHGE RI ( QHUI\
5HQHZ DE®NV 3RZ HU
JHQHLDIRQ 6RMU39
LQGXWALHY 6P DUAXLABLQIV
$GYDQFHG 7HFKQR®RILHV HVE

0 RKCP P DAH D$IKTH.

(QHW\ (QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHUI\ %XLEBIQJ 6P DUV
EXIGBLQ) 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHU\ 7WDQVIMIRQ ( QHU\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHU\  5HQHZ DE® ( QHUI\ -QWiiJ LDURQ 6RMU3KRVRYRAMDLE ( QHU\ 6RMU
&HQY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDWG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WP VDQG ' LI VDA DURQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIY $XVRQRP RXV $HUDOO RQWVRUQJ $XVRQRP RXV) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKLRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWIAIHQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV ' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAKPWUH DQG 5 HVIAHQFH ( QHUI\ -QI L(DWAKPUH 5 HVLOHQFH $\WHWP HQW

5 HVIQHQWE P DUAQI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDMRQDODQG ( 8 | XQGHG SLRMIFW

&211(&7)  &RAHIFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SVIP DORSHUDMRQ DQG GHFHQWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®! 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &@P DV 1 HXWDOYXLABLQI V VIR DGGLHW Q=( %
UHIXOMRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DU H VFDO®!

0 RQWVRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RWHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWA@I HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUH
6FD®I 39 3MQW $LP 39 5ROI &RRUGIQDVRU 3—

7KH 5 HVHDUFK &HQWAUI RU6XWILQDE®1 6 RDU&HM7 HFKQRM®I\ 68 62 / 7( &+

(QHW\ 6\ WP V -QWIAJ LDMRQ ( 6—

0\ &* 6 FRADERWDWYH UHVHDUFK SLRMIFW [P SLRYIQJ FRSSHULQGIXP JD@XP VXGKLIGH
&* 6 WIQ Il SIRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

VXEKDGLD WZ DU# QUDX QF

: DUMD 1 RWEZ D\ $6 RQ

P DUQH DSSQFDWRQV
5R@ 5R\ FH ( ®IFALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

" HOD ( BIFWRQLFY
SUHYIRXV ( ®MN |RU
SKRVRYRGDLF DSSQFDRQ\

oXEKDGED /12 D

&XUHQWB RIMIRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVMRQV

o ([ SHUHQFH \ HDU/ RI LQGXW
H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
LQ 3RZ HU( BIFWRQLFV DQG ( BIPWLF
* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDRQV

_ NDDNNR DNRM# QUDX QF

$Q60 ( VSHFIDAVHG LQ

P DFKLQH ®IDUQIQJ DQG
GDVID P DQDIHP HQW

&RP SDQHV LHDWAG VR
YDBRUVDMRQRI 0 2) V DQG
&2 FRQYHUARQ

1 DARQDOUHVHDUFK MEV 1Q
6RXVK $1UFD DQG 3RUXJID
SHURLP 1QJ H SHUP HQVIX
Z RN RQ FDVDO VLY

-CON\RSNRD

6LP X@MWRQV DADVRP MMF BIYHO LOFOXGLQJ
HOIFWRQLE WUXFXUH P ROIFX@U

G\ QDP LFV QHXUDOQHVEZ RUN SRWQUDY
DQG P DFKIQH GIDUQIQJ DARUMKP V : H
KDYH D WURQJ H[ SHUAVH LQ P RGHAQJ
FDVDOWF UHDFIRQV DP RUBKRXV

P DWUDY JOWHV DQG VHBIFYH
DGVRUBMIRQ EDWHUHV K\ GLRIHQ
WRWDJIH SROP HUVHSDUDMRQ

06&$ ' 1 *$3 3LRMIFW LP DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDPWUHG 3 DUHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVDIH $ UFKIVAPWUH  EXLABLQIV DQG VIV E\
5HVIQHQWO HVKRGV K\ GLR FQP DWA | DFVRUD/
06&$ 3) )-5( 5(667$17 3LRWIPMRQ RI &XAOXLD
+ HUVDIH $JDIOWN L@ LLHV 1Q + LIK 5LWN $ LHDV
&2 67 $PMRQ* R &+$1* ( * GREDOQHVE RIN RQ
&XOXUH + HUVIRI H &RQVHUYDMRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LIRMIFW 0 / DSSAHG VR
FX@XUDOK HUVRI H FRQVHUYDARQ DQG HQHLD\

HI | LFLHQR

*5((1(5 3LRMIFW * 5((1 RRIV DQG Z DO

K\ GLDX@F SHU RWP DQFH

(92 (1&( 3LRMIFW LDLQZ DVIUKDUYHWIQJ

VIP XOMRQ

())-€$&< (QHUW\ H)) LFIHQR EX-GBQJ DQG
&UFX®5 H&RQRP < |RUWHLP DOLQVXOMOQJ
VROMIRQV SLRMIFW


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/physics
https://www.ntnu.edu/nv/faculty-of-natural-sciences
mailto:jaakko.akola@ntnu.no
mailto:jaakko.akola@ntnu.no
tel:+4746674167

SEHWRGHHD

DE&EHUMHW QX QF -QQRYDVIYH P DFKLQHU | RUVKH HQHUI\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHWV
e + LK HILFIHOR HARMFDOSRZ HUADLQ / DP ERUKILOQL
o 6XWBLODE® VE R VHDW HBIFWLF YHKLF® |RUVKH XUEDQ P RELOW

1)76 81 $JIHQFLH\ o ' DMIEXWAG* UG: 1QG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVIKF
KDUG VIR DEDVM VHFVRDY

" LWVDO7Z 1Q |RUMKLERP DFKLOQHU


https://www.ntnu.edu/employees/bente.philippsen
https://www.ntnu.edu/ept
https://www.ntnu.edu/iv
mailto:alberser@ntnu.no

P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVKH ILHGE RI ( QHUI\
5HQHZ DE®NV 3RZ HU
JHQHLDIRQ 6RMU39
LQGXWALHY 6P DUAXLABLQIV
$GYDQFHG 7HFKQR®RILHV HVE

0 RKCP P DAH D$IKTH.

(QHW\ (QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHUI\ %XLEBIQJ 6P DUV
EXIGBLQ) 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHU\ 7WDQVIMIRQ ( QHU\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHU\  5HQHZ DE® ( QHUI\ -QWiiJ LDURQ 6RMU3KRVRYRAMDLE ( QHU\ 6RMU
&HQY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDWG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WP VDQG ' LI VDA DURQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIY $XVRQRP RXV $HUDOO RQWVRUQJ $XVRQRP RXV) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKLRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWIAIHQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV ' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAKPWUH DQG 5 HVIAHQFH ( QHUI\ -QI L(DWAKPUH 5 HVLOHQFH $\WHWP HQW

5 HVIQHQWE P DUAQI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDMRQDODQG ( 8 | XQGHG SLRMIFW

&211(&7)  &RAHIFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SVIP DORSHUDMRQ DQG GHFHQWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®! 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &@P DV 1 HXWDOYXLABLQI V VIR DGGLHW Q=( %
UHIXOMRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DU H VFDO®!

0 RQWVRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RWHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWA@I HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUH
6FD®I 39 3MQW $LP 39 5ROI &RRUGIQDVRU 3—

7KH 5 HVHDUFK &HQWAUI RU6XWILQDE®1 6 RDU&HM7 HFKQRM®I\ 68 62 / 7( &+

(QHW\ 6\ WP V -QWIAJ LDMRQ ( 6—

0\ &* 6 FRADERWDWYH UHVHDUFK SLRMIFW [P SLRYIQJ FRSSHULQGIXP JD@XP VXGKLIGH
&* 6 WIQ Il SIRGXFURQ
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VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA

SKRVRYRODLE DSSTEDARQ\ DSSAFDMRQY
KRWHLO | DLDKP DOGH OVDX OF ¢ OW\GR ' HYHRSP HOWRI $—EDVHG VRROYY |RURSWP DOVEKHGX@QJ DQG GLVSDWK RI

QGXWM HJ $1(2 SXEQF VHAVRU

6VIVQHW DQG LOALQDWRQDORLI DQL DURQV  °
{$ 6*$1 FRP ELQHG Z IVik DPYH
FRADERWDVMRQ Z WK 6-1 7() DQG SDUAFLSDMRC  *
Q)0 ( FHQWHV LQYROIQJ P XOIS®

WINHK RAGBHUY .

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VMFKQR®RJILHV Z MK D SDUIFXDU  °
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ .
HOHW\ W\ WP V XQGHU X QFHUMLOW

FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MW H VSDARWP SRUDOGDVIVHW

+2125 ' HWQRI WDQV UHJIRQDOI B LELOW P DUNHW LQWAI LDAQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WP V XVIQJ EDWHUHV
DQG HBIFWLE YHKLFBN VR VXSSRUNGMMEXVRQ JUGV DQG P DINHW

35-%$6 0 RGHIQJ DQG SUFIQJ RI EDMQFLQJ VHUYIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUGLF HBIPWLFIW P DUNHW

)1 (  $QDOVYV RI RFDOHQHW\ FRP P XQIMHVY / ( &V DQG VIKHLULQWAI LDURQ LQVR
GMUEXVIRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOFK QRARI LHV | RUFRQVXP HU FHQWIF HOFWLFIW

P DUNHW DQG FLRW VHFVRU GL] VDOWDQVI RLP DARQ

3RZHU LJ ' HYH®RSP HQWRI GLJ VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPWIFIW P DINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA LDMRQ VKLRXJK QHZ WMFKQR®JLHV DQG
WV WHP VROMRQV IRUVKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH I RU-QWAGDI HQW GIPWIFIW ' DMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGMWUEXVIRQ VA WHP  RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 ( 175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ VA WHP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQQRYDVYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVMRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 {( 53: 4'  -QVWAJ DG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU QU H
VFD®! LQVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVEZ RWN [RU
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$662&$7(' 5(6($5&+ (56

" HAMDARD
AMKIEB \HRUHDTS
FRP SHAHHOHU\ \KS3D

+HUWH \ RX FDQ 1L.QG SRWMIQUDOL 71 8 SLRIHWRU/ DQG HP S@R\ HHV VIKDW
DUH LOWAUHWIAG LQ FREDERIDURQV RQ GHVWIQDARQ

7/KH IR@RZ 1QJ SDIHV DUH VRUMG LOVR VKH FD@Y | RUVKH GHWIOQDWRQ

SWHVHOWAG LQ VKH GLDIWRUFOXWHU 7R VIP SAI\ \ RXUQDYLI DMRQ
DP RQJ DYDIME® Hf SHUAWVH SHUVRSLF VKH @W\RI VRSLFV KDYH EHHQ
P DGH FOFNDE®




" (67-1$7-21 &$/ 16

*B/$0 (5 EDHQ ‘
Lppmnmwmwmﬂnzmmn(mm
FROFR IROGDBIX-HZ K1 718
+25-=21 &/ 7ZR 6WDJH ' I1HW JHQHUDWLRQ RI UHQHZD
WHFKQRORJLHYV
+25-=21 &/ ' - QQRYDWLYH WHFKQRORJLHY DQG VROXMW

HQHUJ\ VA\VWHPV VXSSRUWLQJ WKH 6WUDWHJLF (QHUJ\ 7THFKQR

+25-=21 &/ ' 'H ULVNLQJ UHQHZDEOH IXHO WHFKQROR:
WUDQVQDWLRQDO SUH FRPPHUFLDO SURFXUHPHQW RI UHQHZDE

+25-=21 &/ ' '"HPRQVWUDWLRQ RI VROLG ELRIXHO VXSS
ODUJH VFDOH &+3 IURP IXOO\ VXVWDLQDEOH UHJLRQDO YDOXH

+25-=21 &/ ' SHVRXUFH DVVHVVPHQW IRU GHHS VHGLP
EDVHPHQW UHVHUYRLUV &RQFHQWUDWHG VRODU WKHUPDO V\V!
SURFHVVHYV

+25-=21 &/ ' &RQFHQWUDWHG VRODU WKHUPDO V\VWH|
LQGXVWULDO SURFHVVHYV

+25-=21 &/ ' - QGXFHPHQW 3UL]JH /LWKLXP SURGXFWL
SODQWV LQ (XURSH

+25-=21 &/ ' &RQFHQWUDWHG VRODU WKHUPDO V\VWH|
LQGXVWULDO SURFHVVHYV

+25-=21 &/ ' &R IXQGLQJ 6WUDWHJILF (QHUJ\ 7THEKQRO|
UHQHZDEOH IXHO YDOXH FKDLQV DW (8 QDWLRQDO UHJLRQDO

+25-=21 &/ ' -QQRYDWLYH WHFKQRORJLHYVY DQG VROXMW
DQG WLGDO HQHUJ\ VA\VWHPYV

+25-=21 &/ ' BHQHZDEOH (QHUJ\ 9DOOH\V LQ $IULFD WR 1
VHFXULW\ DQG HQHUJ\ DFFHVV LQ $IULFD

+25-=21 &/ ' 'HPRQVWUDWLRQ RI K\GURSRZHU WHFKQROI
DQG IRUZDUG ORRNLQJ UHIXUELVKPHQW RI H[LVWLQJ K\GURSRZ



(67-1$7-21 &$/16

B$0 (5 IBDHQ
ppmnmwmwwmzwwmmmmmm&w
FROER DIFQGIBRIX-ZIK1 718
+25-=21 &/ ' SURGXFWLRQ WHFKQRORJLHYV IRU VRODU

WKH VWDWH RI WKH DUW (83- 39 3SDUWQHUVKLS

+25-=21 &/ ' -QGXVWULDO VFDOH XS DQG FLUFXODULMW
WHFKQRORJLHV (83- 39 3SBDUWQHUVKLS

+25-=21 &/ ' _PSURYHG V\WWHP GHVLJQ IRU LQQRYDW!I
(83— 39 3DUWQHUVKLS

+25-=21 &/ ' 39 EDVHG HOHFWULILFDWLRQ RI WKH HFR
RSWLPLVLQJ 39 VAIVWHPV VXSSRUWLQJ LQGXVWULDO HOHFWULII
LQ HOHFWULFLW\ PDUNHWYV (83- 39 3DUWQHUVKLS

+25-=21 &/ ' *ULG IRUPLQJ FDSDELOLWLHV IRU PRUH U
HOHFWULFLW\ JULGYV

+25-=21 &/ ' ‘DWD VKDULQJ WR VXSSRUW WKH WUDLQL
$- IRXQGDWLRQ PRGHOV LQ WKH HQHUJ\ VHFWRU

+25-=21 &/ ' /IDUJH VFDOH RSHUDWLRQDO YDOLGDWLR!
RI WKH buw *HQHUDWLYH $- WRROV DQG PRGHOV SRZHULQJ D
VA\VWHP

+25-=21 &/ ' $GYDQFHG 762 FRQWURO URRPV WR HQKD
REVHUYDELOLW\ VWDELOLW\ DQG UHVLOLHQFH

+25-=21 &/ ' $GYDQFHG 'LVWULEXWLRQ ODQDJHPHQW ¢
PRUH HIILFLHQW DQG IOH[LEOH GLVWULEXWLRQ JULGYV

+25-=21 &/ ! ~QWHJUDWHG $SSURDFKHV IRU 5HWURILW
ZLWK —QQRYDWLYH (QHUJ\ BWRUDJH 7THFKQRORJLHV

+25-=21 &/ ! &RPPXQLW\ Rl SUDFWLFH QDWNLQLYKQ 'H
(QHUJ\

+25-=21 &/ ' $GYDQFHPHQWYV LQ 'LUHFW $LU &DSWXUH
+25-=21 &/ ! 6XSSRUW WR WKH LPSOHPHQWDWLRQ RI [

IRU &2 WUDQVSRUW DQG VWRUDJH LQIUDVWUXFWXUH

+25-=21 &/ ' '"HOLYHU\ RI LQGXVWULDO &&86 FOXVWHU
SLORW



7ZROEIH' 1H WHHDARQR W CEGIHHI

WKGRBILHY

SRQIDPMQ RIP DRQ
EDVDQVD USRNKUH@ QUX QF

5HBIYDQADONV
RXWLGH DFDGHP L
-QGXWU DQG SXEQF VHRVRU,

/DD 3RNKUHD

" HSDU/P HOAR! ( GRMF ( QHUD\
) DRXOVR "Q RUP DARQ 7HKQR®I\ DG ( BRI QILGHHIQ)
([ SHMAH 5 &1 (/' — &HQWH | RULQVMQ HOWHBFWAFIW
« ) XVKUH SRZ HUM WP 6P DUN GLV\,(‘AEX:ARQH%, 7 RUNHG VRZ DLGV
* UGV

GLIVDAMQJ DQG P RGHUQIMOQJ ViKH HBPWLFLW
* SRZHUG\ WP 2 SHUDVRQ GIMEXVIRQ JUG VR DFKLHYH KL KHUHI | LELHOR\
e ' LMDOBRZ HUB\ WHP Z VK $—
e . IGHS$UHD O RQWRUQ] 3LRWFARC |G LELDV DQG LHMIHOPH
o i T
* %Emgﬁwuwm SIRGXFVIRQ GMMEXVRQ DQG LHI XHIQJ
e ' +_: 4" 'L 1OGLVDSIRQHHUQI (8 FR
IXQGHG SLRMIFWZ WKIQ VKH ' LI IVDO( XLRSH
3WRIDPPH ' (3 VKDWDIP V VR VXSSRUA( XLRSH\
GLI MDODQG J LHHQ WDQVI RLP DARQ
e (QHWLHLHSDCBLRIWDP (1(3 7KH 3LRMIFALY
IXQGHG E\ 7KH 1 RWZ HILDQ 0 QMM RI ) RUHIQ
$IIDIWV 0)$ 7KLRXIK VKH 5R\ DOL RW HILDQ
(PEDW 51( DQGLVP DQDIHG E\ . DKP DQGX
8QLYHUW . 8 1 HSDO-Q 3DUHUKLS Z VK
+\GLR@E 1 HSDO1718 1RW D\ DQG6-17()
1R D\
e 1(: (36 1RUGLF (DW : DUQIQJ DQG ( DUD
3LRWIPIRQ 6\ WHP  7KH SURMIPWZ LGP SURYH VIKH
P RQUWRUQJ RI VKH 1 RUGLE SRZ HUM WHP DQG
| DFLOMDVA DQ DXVRP DVE LHVSROQVH VR HOVXUH
WDE® DQG VDI H RSHIDARQ

SRQVEAMQ RUP DARQ
KDNRQ MG NRKQVHQ# QUX QF

LFDO DQG -QGXVWUL
J

([ SHOMMH 6SHAI LF H SHWMH | RUVKLY FD@

e BSHFID® LQJ LQ QRQIP DIIQJ RSWFV DSSQHC -P SIRYHG RSMFDOGHVLI QV IRUKLIK
VR RSVIFDOGHWLI Q | RUVR@U FRQFHQWDWRQ FRQFHQWDVRQ KLIK WP S VR@U
FRQFHQWDWG VRMUSRZ HU  LDGLDWYH DSSQFDMRQ DQG VKHLP RSKRVRYRODLR
VDQVI HU WKHUP RSKRVRYRABLFY
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VXEKDGLD WZ DU# QUDX QF

: DUMD 1 RWEZ D\ $6 RQ

P DUQH DSSQFDWRQV
5R@ 5R\ FH ( ®IFALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

" HOD ( BIFWRQLFY
SUHYIRXV ( ®MN |RU
SKRVRYRGDLF DSSQFDRQ\

oXEKDGED /12 D

&XUHQWB RIMIRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVMRQV

o ([ SHUHQFH \ HDU/ RI LQGXW
H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
LQ 3RZ HU( BIFWRQLFV DQG ( BIPWLF
* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDRQV

_ \DDNNR DNRM@# QUDX OQF

$Q 60 ( VSHFIDAVHG I1Q

P DFKIQH GDUQIQJ DQG
GDVID P DQDIHP HQW

&RP SDQHV LHDWAG VR
YDBRUVDMRQRI 0 2) V DQG
&2 FRQYHUARQ

1 DARQDOLHVHDUFK MEV 1Q
BRXVK $1UFD DQG 3RUMXJID
SHURLP 1QJ H SHUP HQVIX
Z RN RQ FDVDO VLY

-CON\RSNRD

6LP X@MWRQV DADVRRP MMF BIYHO LOFOXGLQJ
HOIFWRQLE WUXFXUH P ROIFX@®U

G\ QDP LFV QHXUDOQHVEZ RUN SRWQUDY
DQG P DFKLQH GIDURLQI DARUWKP V : H
KDYH D WURQJ H SHUAVH LQ P RGHAQJ
FDVDOWF UHDFRQV DP RUSKRXV

P DWUDY JOWHV DQG VHOIFYH
DGVRUBVIRQ EDWHMUHV K\ GLRIHQ
WRIWDJIH SROP HUVHSDIDVIRQ

5 DWRQDOGHWLI Q RI FDVDO W
P DVAUDY

06&$ ' 1 *$3 3LRMIFW LP DJH * XIGHG

FRP SXVIMRQDODQG H| SHUP HQVDOS QDO ML RI

[ LDFXLHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDRQ

+ HUVDI H $ LFKIVMPWUH  EXLABLQIV DQG VIVKAV E\
5 HVIQHQWO HVKRGV K\ GLR FQP DWA | DFVRUD/
06&$ 3) )-5( 5(667$17 3LRWIPMRQ RI &XOXLD
+ HUVDIH $JDIOWN L@ LLHV LQ + LIK 5LWN $ LHDV
&2 67 $PMRQ* R &+$1* ( * GREDOQHVE RIN RQ
&XOXUH + HUVIRI H & RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LIRMIFW 0 / DSSAHG VR
FX@XUDOKHUMRI H FRQVHUYDARQ DQG HQHUI\

HI I LFLHOR

*5((1(5 3LRMIPW * 5( (1 WRRIV DQG Z DQV

K\ GLDX@F SHURWP DQFH

(9= (1&( 3LRMIFW DLQZ DVIUKDUYHWIRJ

VP XOVRQ

())-€$&< (QHUW\ H)) LFIHQR EX-GBQJ DQG
&UFX@5 H&RQRP < |RUWKHLP DOLQVX@MQJ
VROMRQV SLRMIFW
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SEHWRGHHD

DE&EHUMHW QX QF -QQRYDVIYH P DFKLQHU | RUVKH HQHUI\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHWV
e + LK HILFIHOR HARMFDOSRZ HUADLQ / DP ERUKILOQL
o 6XWBLODE® VE R VHDW HBIFWLF YHKLF® |RUVKH XUEDQ P RELOW

1)76 81 $JIHQFLH\ o ' DMIEXWAG* UG: 1QG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVIKF
KDUG VIR DEDVM VHFVRDY

" LWVDO7Z 1Q |RUMKLERP DFKLOQHU
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EDVDQVD USRNKUH@ QVDX QF

-QGXWM DQG SXEQ@F VHRVRU

) XWKUH SRZ HUM WHP 6P DUV

* UGV

3RZ HUB\ WHP 2 SHUDVIRQ

" LJIMDOBRZ HU6\ WHP Z VK $—

© IGH $UHD 0 RQIVRUQJ 3 LRWAPARC
DQG &RQWRO

) ®f LELOW |RUJIUG UHMIAHQFH DQG
HQHW\ VHEXUW

o/DVDQ 3RNKUHD

&1 (/" — &HQWH | RULQWAC HQWHBIFWLFIW
GIMUEXVIRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIWVDAMQJ DQG P RGHUQIMQU VKH HBIPWLFLW
GIMUEXVIRQ JUG VR DFKLHYH KLIKHUHI | LFLHQR\
| LELOW DQG UHVIAHQFH

=HR. \ W 7KH SLIRMIPAGHYH®RSY QHZ VRONRQV
IRUI B LE® DQG FRW\HI | LFLHQWK\ GLRIHQ
SIRGXFIRQ GMUEXVRQ DQG UHI XH@QJ

" 4" ' UL QG LV D SIRQHHUQI (8 FR
IXQGHG SLRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WRIWDPPH ' (3 VKDADIP V VR VXSSRUA XLRSH\
GLI VDODQG J LHHQ WDV RLP DURQ
(QHUIL H1 HSDOBLRIWDP (1 (3 7KH 3LRMIPALY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 [QMM RI ) RUIHLIQ
$I1IDIV 0)$ 7KWRXJIK WKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDIHGE\ . DWP DQGX
8 QLYHUMMW . 8 1 HSDO-Q 3DUHUKLS Z LVK
+\GLROE 1 HSDO1718 1 RW D\ DQG 6-1 7()

1 RW D\

1(: (36 1RUGLF (DU : DUQIQJ DQG ( DU
3LRWPMRQ 6\ WP 7KH SLRMIPWZ LGP SLRYH WKH
P RQWRUQJ RI VIKH 1 RUGLF SRZ HUM WHP DQG

| DFLOVDVMA DQ DXVRP DVF LHVSRQVH VIR HQUXLH
WRE® DQG VDI H RSHIDWRQ

LUQD ROILOINRYDH QUOX QF

3K\ IEV EDVHG V\ WHP P RGH@QJ
DQG YDAGDVRQ | RUM WHP
WRELDW HWIP DURQ

&RRSHUDVRQ Z WK GRFDO 62 \
DQG 762

+  3LRIHWIRQDOVRSLFV LQFOXGHV
VP DUM UG WDQWP MMRQ
GMAUEXVIRQ VAW WP RSHUDVIRQ
SURWIPMRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO
P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

D2 BIQNRYD

e  $GYDQFHG V\ WHP SIRMFVRQ VFKHP HV

$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIPW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVIRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KL KHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WH 1 RWZ HILDQ SRZ HU
JUuG

e 2 QUKRUH HOHW\ LOI LDWUXPWUH DQG K\ GLRIHC

LOWAI LDRQ VR VKH SRZ HUJUGV SURMIFW
=HWR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHW\ W\ WHP V DSSOLQJ $—
BROVMRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV
| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LOI LDVWAX PWWUH DQG HQHW\ A WP V/

e SHVHDUFK RQ' LJWVDOSXEWIDMRQ 3 LRWIPIRQ

DQG &RQWRO SLRMIFWKDV [ RFXV RQ
A EHUHFXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG QI (DWAXFWLH
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* XRP 1Q-L

JXRP 1Q M# QUOX QF

—KDYH D ELRDG QHVE RN LQ ERVK
LOGXW  iKH SXEQF VHRVRUDQG 1 * 2 V
1 RWZ HJLDQ LQI LDWMKXPXUH FRP SDQLHV
$) JUKSSHQ DQG 9 HLGHNNH
~QWILQDWRQDOFRP SDQIHV ' 19 DQG

( TXIQRU1 RWZ HJLDQ &RQFUHWA
$WRFIDW 1 RIZ HIIDQ : RRG &OX\WWHIU

0 XQLFLSDAW * M YIN P XQLFLSDAOW

2 V@R 7WRQGKHIP P XQIFLSDAW

o &RW\HIIHPYH VXEVHD G\ QDP LF FDEGV IRL
RIIVKRUWH Z LOG IXQGHGE\ 1718
%&$5( YRVDQLFDOFRQFUHM QHZ JUHHQ
P DWAUDOI RUDUM LFLDOUHHI 1 XQGHG E\
+RUJ RQ ( XURSH

o ) LEHUWHIQIRUFHG FRQFUHVI VWX PWKUHV
IXQGHG E\ 1 RW HILDQ 5HVHDLFK &RXQFLO

6XWDLQDE®! P DWAUDY | RUEXLGBLQIV
DQG LI LDWUXFWLH

8 SA\ FOQJ RI Z DWHV VR BRZ QHJ DVivF
FDLERQ P DWUDO

1 DWUH EDVHG VRO\IRQ |RUP DUQH
UHWRUDVARQ

2 IVKRUH Z 1QG

6K P LDOHQJ LOHHUQJ

0 DUQH HQJ LQHHUQJ
¢ &RQFHSWDQG VIP X@MRC

0 RKCP P DA D$IKTH.

P RKDP P DGUH] D DIKDHI# QU@X QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 V1QWH I HGE RI ( QHW\
5HQHZ DE®N 3RZ HU
JHQHLDMRQ 6RMU39
LQGXWULHY 6P DUAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWF

(QHUW\ (QHW\ 6\ WMP V ( QHW\ ) ®f LELOW ( QHW\ 6VRWDIH ( QHUW\ %XIGBLQJ 6P DUN
EXIGBLQJ 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHU\ ( 11LFLHQR

" DULEXWAG ( QHUW\ 5HVRXUFHV ( QHW\ 7WDQVIMRQ ( QHW\ ' LJ VDA DMRQ DQG 5 HVIMHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWitJ LDURQ 6RMU3 KRVRYRADLE ( QHU\ 6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP 3 KRVRYRGDLF 3 RZ HU3 MQW-QVIA] LDWG
3KRRYRODIFV %439 9139 /6&39 ) RDVQJ 39 $JUYRGODIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHUI\

$XVRQRP RXV 6\ WP VDQG ' LI VDA DURQ 7HFKQRARILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWVRUQI $XVRQRP RXV) DXAV' HWMPMRQ $XVRQRP RXV
&RQWRODQG 0 RQIWRUQJ 6\ WP V 3UHGIFMIYH2 0 VHUFHV DQG $XVRQRP RXV 5HP RWM
6HOVIQ) VKLRXJ K DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $HUDOOHKLF®! 8 $9

$ UAI LFLDO-QWA@I HQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWIDHWRI 7KIQJ -R7 6DV’ DVD

3KRVRQLFV DQG 2 SWFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVAUDY 5D\

7WDFLQJ

6P DUN-QI LDWUXPWUH DQG 5 HVIAHQFH ( QHW\ -QI LDWAKPWUH 5 HVIGHQFH $ WHWP HQW

5 HVI.QHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV LQ VHYHUDOQDMRQDODQG ( 8 | XQGHG SLRMIFW

&211(&7()  &REHFPYH -QWAGI) HQFH | RU( QHU\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—
2SW & + 2 SWP DORSHUDWRQ DQG GHFHQWD® HG FROWROR! RIIVKRUH' & JUG Z MK
5(6 HBIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R® 3LRMIFWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHU\ $JHQR «$ 7DW  5HAODELOW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI $ ILRP 1 RW D\
Q=(9%6$ -QWIQULYH EBIQGHG FRXUVH LQ &@P DV 1 HXWDOYXLABLQI V VIR DGGLHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYLIRURI EXIABLQIV 5R®I 3LRMIPAWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELDW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DUIH VFDO®!
0 RQWRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RWHJILRXS P HP EHU 0 HP EHURI
FRP P IWMH
$XVRQRP RXV DQG -QWAMI HQWO RQIVRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUH
6FD®I 39 3MQW $IP 39 5RGI &RRUGBLQDVRU 3—
7KH 5 HVHDUFK &HQWAUI RUBXWDLODE® 6RMU&H®7 HFKQR®RJ\ 68 62 / 7( &+
(QHUW\ 6\ \WHP V -QWIAJ LDURQ ( 6—
0\ &* 6 FRADERWDWYH UHVHDUFK SLRMIFW [P SLRYIQJ FRSSHULQGLXP JD@XP VXGKIGH

+ 6 WIQ Il SIRGXFURQ
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VXEKDGLD WZ DU# QUDX QF

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV

e 5R@ 5R\ FH ( BIFMFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( BIFWRQLFY
SUHYIRXV ( ®MN |RU
SKRVRYRGDLF DSSQFDRQ\

oXEKDGED /12 D

&XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF

" UYHV DWMKH ' HSDUR HOWRI ( GIFAE

(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVMRQV

e ([ SHUHQFH \ HDW/ Rl LQGXWU

H[ SHUHQFH DV D 7HFKQLFDO6 SHFLD@MA

LQ 3RZ HU( BIFWRQLFV DQG ( BIPWLF
* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDRQV

QP D D] DYl# QU@X QF

$ FVIYH QONV Z IV QDVIRQDO
DQG LOWAURDVRQDO
LQGXWM  UHVHDUFK
FHOWHV DQG SXEQF VHRVRU
RU DQLVDVRQV 1Q

P DWAUDY P DQXI DFVXUQJ
DQG WUXFVXLDO
DSSQFDVRQV

1P D50 D\L

) D0 XH DQG | LDFUH RI P HVDAF DQG
QRQ P HVDAE P DVAUDOW WHP V Z LMK

HP SKDWVLV RQ @ HVIP H DQG SHU RUP DQFH
XQGHUVHUYLFH GRDGLQJ 3 UHGLPVIYH GRFDO
DSSLRDFKHV | RUI DV XH DQG | LDFVLH
DQG GHVLI Q DJ DLOWW DLOXUH | RUI DV XH
FUWFDOFRP SRQHQW DQG WK UHV
$GGIMIYH 0 DQXIDAXUQI $0

P HFKDQLFDOSHU RWP DQFH DQG GXUDELDW
Rl $0 FRP SROHQW DQG DUFKIMPMG
WAXFWULHY ' HVLIQ | RUS$ GGLVIYH

0 DQXIDRXUQJ ' 1$0  LQWAJLDVQJ

| DEUFDVIRQ SDLDP HWALY Z VK WX FVXLDO
SHURWP DQFH DQG LQWAI UW
FRQVGHUDARQV -QWAJ LDVIRQ RI

P DQXIDAXUQJ SLRFHWHV P DVIAUDO
EHKDYLRXU DQG WAXFWUDOGHWLIQ | RU
UHODELOW GULYHQ HQJILOHHUQJ VROMRQV
&RP ELQHG H[ SHUP HQUDOWAMQJ DQG
QXP HUFDOP RGHAXQJ |RUM H SUHGIFMRQ
DQG WXV LDORSWP LVDVRQ 0 DWAUDO
K\ GLRIHQ LQWALDFIRQ DQG HQYLLRQP HQW
GHSHQGHQWSLRFHW VWX FW(LH

SHURWP DQFH LHIMRQVKLSV [RU

VWX P LDOLOWAT UW DWHWP HQW

$OC* LHHQ $OXP LQIXP * LHHQ 3MWRLP

*$

0 DIRR3R/ R 1 RYHOD DUMP H &RQGIMRQ

P RQMRUQJ WIFKQR®J\ E\ DFRXWAF HP WMRQ DQG
P DFKLQH ®IDULQI SURFHWIQJ IRU/ LIHWP H

2 SWP VDMRQ * $

+\/-1 ( — 6DIHW DQG -QWAJUW RI +\ GLRIHQ
7UDQVSRUABLSHIQHV * $

S5H6-WY  5REXVWP HVIPOEDULHUY | RUVDIH XVH RI
K\ GLRIHQ LOI LDWUXPWLH * $

&RURVIRQ 3 LRWIPMRQ RI ) GRDVIQJ 6VUXPWKUHV
8WIQJ / DVHU: HTGIQJ 7HFKQRERI\

*$

3K\ VO HW&HQWH | RUBXWBLQDE®I DQG &RP SHVIXAYF
0 HVD@X W LFDODQG 0 DQXI DRWUQI -QGXWUA

*$

0$' 7DIRUQI 0 HIDXAXU LFDA ERQGHG QDQRVFD®
LQWAU DFHV EHVE HHQ $ 0 &X DQG 1 LIQYRONQJ

" HIRWP DVIRQ HQKDQFHG GL IXVIRQ

6-5$00 7Z10QIQJ BXFWLDO-QWAIUW DQG
5HIDELOW RI $ GYDQFHG 0 DVMIUDY REVDLOHG
VURXJK DGGIVIYH 0 DQXI DRXUQJ SLRMIFW

*$

0(75%0%$7 06&$ ' 1 (QDEMQ VIKH LOWAI LDVRQ
Rl P X®U | XQPMRQDOUHADE®! P HVDP DVAULDAY 1Q
UHDOM H LQGXWUDODSSAFDMRQV | RUHQK DQFLQJ
WK LDODQG YLELDWRQDOEHKDYLIRU

*$
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SEHWRGHHD

DE&EHUMHW QX QF -QQRYDVIYH P DFKLQHU | RUVKH HQHUI\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHWV
e + LK HILFIHOR HARMFDOSRZ HUADLQ / DP ERUKILOQL
o 6XWBLODE® VE R VHDW HBIFWLF YHKLF® |RUVKH XUEDQ P RELOW

1)76 81 $JIHQFLH\ o ' DMIEXWAG* UG: 1QG 7XLEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVIKF
KDUG VIR DEDVM VHFVRDY

" LWVDO7Z 1Q |RUMKLERP DFKLOQHU
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t25=21 & " HUANGQ) UHOHZ CEBI XHOMKQRBIIHWURIK

WDQDWRDOSUH FRP P HIADCBUREXUHP HQAR  UHHZ CEGH I XHQGXMAIDO/DOH
AKOIQ/

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDY QILGHHIQ)

SRQIPAMQ RLP DARQ ([ SHIMAMH
VXEKDGLD WZ DU# QUX QF &XUHQWBRVIMRQ
*  $WRFIDWA 3LRIHWRULQ ( GFALF
" UYHV DWKH' HSDUR HQWRI ( GIFWLE
SHBYDOMDQANV (QHU\ DWL 718
RXWLGH DFDGHP LD 5 HVHDUFK LQWAUHWW
e : DUMD®1RWD $6 RQ * ' HVLJQ DQG FRQWRORI SRZ HU
P DUQH DSSQFDVRQV HOIPWRQLFY FRQYHUAMUY DQG WKHIU
e 5R@ 5R\ FH ( ®IFWFDO DSSAFDMRQV
1RW D\ $6 RQ DHURVSDFH ([ SHUHQFH \ HDW/ Rl LQGXWWA
DSSQFDMRQV H SHUHQFH DV D 7HFKQLFDO6 SHFLD@
o ' HOD ( GIPARQFY LQ 3RZ HU( ®IFWRQLFV DQG ( GIFWF
SUHYIRXV ( G¥N 1RU " UYHV | RUDHURVSDFH DQG P DUQH

SKRVRYRGDIF DSSQFDMRQ\ DSSAFDRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

+25=21 &l : ' HP RQMDARQR VRIGHR XHOXSSD DG

FRQMMRQVR QUIHVADBI&+3 | URP | X@ \XWRAE® UHIIRDOYDOHAOIQY

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRAWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDY QILGHHIQY

ERQIAMAQ RUP DURQ ([ SHVMMWH
VXEKDGLD WZ DU# QU@X QF &XUHQWBRVMRQ
o $WRFLDW 3LRIHWRULQ ( GIPWLF
" UYHV DWKH ' HSDUR HQWRI ( GHPWAF
5 HHYDQMDONV (QHW\ DWL718
RXWLGH DFDGHP LD 5 HVHDUFK LOWALHWWY
+ : DUMM1RWD $6 RQ * ' HVWJQ DQG FRQWRORI SRZ HU
P DUQH DSS@FDRQV HBIPWRQLFV FRQYHUMUY DQG WKHLU
e 5R@ 5R\ FH ( ®IFWFDO DSSAQFDMRQV
1RW D\ $6 RQ DHWRVSDFH e ([ SHUHQFH \ HDW/ Rl LQGXWAA
DSSTEDMRQV H[ SHUHQFH DV D 7HFKQLFDO6 SHFLD@MA
o ' HOD ( GIFWRQLFV 1Q 3RZ HU( GIFWRQLFY DQG ( GIFWILF
SUHYIRXV ( GMN 1RU " UYHV | RUDHWRVSDFH DQG P DUQH

SKRVRYRGIDIF DSSQFDMRQ\ DSSAFDRQV
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SHRXUFHDWHXP HOVRUGH-S \HAP HQRY DG

EDV-P HQAHVHLYRLY

SRQDPAMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HHYDQMDONV

RXWLGH DFDGHP LD

e : DUMD1RWD $6 RQ
P DUQH DSSQFDMRQV

« 5R@ 5R\ FH ( ®IFWLFDO
1RW D\ $6 RQ DHURVSDFH
DSSTFDMRQV

o ' HOD ( GIPARQLEV
SUHYIRXV ( G¥N |RU
SKRVRYRODLF DSSQFDVRQ\

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDY QILGHHIQ)

([ SHIAMH

&XUHQWE RUMRQ

+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAF
(QHW\ DWL 718

5 HVHDUFK. LOWAUHWWY

+ ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSQFDMRQV
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' UWPHQW RI OHFKDQLFDO DQG —-QGXVWULL
) OW\ RI (QJLQHHULQJ
EROQIPAMQ RWP DARQ ([ SHIAAH 6SHAI LF H SHWM | RUVKLY FD@
KDNRQ MG NRKQVHQ# QWX QF e BSHFIDQ LQJ L1Q QRQIP DILQJ RSWFV DSSQHC -P SIRYHG RSWFDOGHWLI QV IRUKLIK
VR RSWFDOGHWLI Q | RUVRMU FROFHOWDWRQ FRQFHQWDWRQ KLIK WP S VR@U
FRQFHQWDWHG VR@USRZ HU  LDGLDVIYH DSS@FDVRQ DQG WHLP RSKRVRYRQBLR

WDQVIHU VKHLP RSKRVRYRODLFV

oXBEKDAD /12 DL

' HSDU/P HOWR! ( GPWLF ( QHU\
) DRXOVR QI RIP DARD 7HKQRRI\ DG ( GRAIFDY QILGHHIQY

E&RQIPMQ RWP DURQ ([ SHIAAH
VXEKDGLD IZ DU# QU@X QF &XUHQWBRVMRQ
«  $WRFIDW 3 RIHWRULQ ( BIFIF
" UYHV DWKH ' HSDUR HQWRI ( BIFVE
SHBHYDQMDNV (QHU\ DML 718
RXWLGH DFDGHP LD 5 HVHDURK LQWAUHW
e : DUMM1RWD $6 RQ e ' HVJQ DQG FRQWRORI SRZ HU
P DUQH DSSQFDRQY HBIFWRQLFV FRQYHUMUY DQG VKHLU
+ 5R@ 5R\ FH ( GIRALFDO DSSQFDVRQV
1RWD $6 RQDHRVSDRH ~ ° ([ SHUHQFH \ HDW/ Rl LQGXWWA
DSSQFDURQV H SHUHQFH DV D 7 HFKQLFDOS SHFLD@W
o ' HOD ( GIFWRQFY 1Q 3RZ HU( GIFWRQLFV DQG ( GIFWAF
SUHYIRXV ( G¥N IRU " UYHVIRUDHLRVSDFH DQG P DUQH

SKRVRYRGDIE DSSTEDURQ\ DSSAFDMRQV
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+25=21 & : QAP HYBULH / IMIXP SURSXFARDI URP

JHRWHIP DOSDONLQ( XURSH

(UN3UDHAR

' HSDU/P HOWRI &KHP LFDO( QILOHHUQ]
) DEXGVR 1 DMUDOBAHFHY

SRQIAMQ RUP DURQ ([ SHIAAH 5 HHYDQASIRMWRV
IHUN SUDVHWR# QUDX QF ¢ +\GLRP HDAXU\ o $/UB752 6€
o ([ WDPAYH P HVDQ@XLD\ o 5(9-7%/-6(
¢ 6HSDUDWRQ SXUILFDVRG
0 HVDOLHR FaQ)
o YDWHU LHR FOQJ 6SHAI LF H SHWA | RUVKLY FD@
e/ HDFKIQJ o +\GWRP HD@XUI\
¢ 6ROHQWH WDFURQ o 3UHFISIMIVIRQ
¢ -RQH FKDQIH o &0 WD DURQ
¢ 3LHFISMDRQ

&U WA DURQ
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SRQDAMQ RUP DARQ

DEHUHU QWX QF

5HBYDQADONY
RXWLGH DFDGHP L
1)76 81 $JIHQFLH\

SEHIR 6HHD

'"HSDUWPHQW RI (QHUJ\ DQG 3URFHVV (QJLQH
)IRXOVR (QILCHIQ

([ SHIAM
~QQRYDVYH P DFKLOHU | RUVIKH HQHUD\
WDQVMRQ

5

L]
L]
.

URWRN
: DYH (QHW\ 6HDTXHWV
+LIK HILFIHOR HBIPWIFDOSRZ HUADLY / DP ERUWKILQL
6XWDLQDE®! VE R VHDW HBIPWLF YHKLF®! | RUWKH XUEDQ P RELOW
" DMMEXWIG * UG : 1QG 7XLEIQHV ( QHW\ HII LFLHQW&.&6 VROVMIRQV | RUVKF
KDUG VR DEDW VHFVRU/
" LJIVDO7Z LQ | RUWLERP DFKLQHU
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+25=01 & | &R IXQAQ) GADMILE(QHI\ 7HKQRBI\ 67 3@0

UHQHZ CEG I XHODOHKOIQVDNS DARIDO UHIIRDO DQGGFDOBMHD

oXBEKDAD /12 DL

' HSDUP HOWR! ( GFWLF ( QHU\
) DEXOV R *Q RIP DARQ 7HKQRE\ DG ( GRMIFDY QILCHHIQ)

SROIPMQ RLP DARQ ([ SHWWAMH
VXEKDGLD WZ DU# QWX QF &XUHQWE RUMRQ
*  $WRFIDW 3LRIHWRULQ ( BIPWLF
" UYHV DWH ' HSDUR HQWRI ( GIPAE
S HBYDOMDCONV (QHU\ DWL 718
RXWLGH DFDGHP LD 5 HVHDUFK LQUAUHWW
* : DUM®1RWD $6 RQ * ' HWJQ DQG FRQWRORI SRZ HU
P DUQH DSS@FDRQV HBIPWRQLFV FRQYHUMUY DQG VKHLU
e 5R@ 5R\ FH ( ®IFWLFDO DSSAQFDMRQV
1RWD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQRH \ HDW/ Rl LQGXWWA
DSSQEDURQV H[ SHUHQFH DV D 7HFKQLFDO6 SHFLD@MA
o ' HOD ( BIPARQIFY LQ 3RZ HU( GIFWRQLFV DQG ( GIFWLF
SUHYIRXV ( OMN 1RU " WYHV | RUDHURVSDFH DQG P DUQH

SKRVRYRGDIE DSSTEDARQ\ DSSAFDVMRQV
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“QRYDAYHWRKQRBILHVDQG\ROMROAR LP SURYH

Z DHDOGWEDCHHI \O\P Y/

SRQDAMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HBIYDQADONV

RXWLGH DFDGHP LD

e : DUMD1RWD $6 RQ
P DUQH DSSQFDURQV

« 5R@ 5R\ FH ( ®IFWLFDO
1RW D\ $6 RQ DHURVSDFH
DSSTFDURQV

o ' HOD ( GIFARQLEV
SUHYIRXV ( G¥N |RU

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "Q RIP DARQ 7HKCRRI\ DG ( GRAIFDY QILGHHIQ)

([ SHIVAH

&XUHQWE RUMRQ

«  $WRFLDW 3LRIHWRULQ ( GIPALF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAF
(QHW\ DWL 718

5 HVHDUFK. LOWAUHWW

« ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7 HFK QLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH

SKRVRYRODLE DSSTEDARQ\ DSSQFDMRQV
'HSDUWPHQW RI (QHUJ\ DQG 3URFHVV (QJLQH
) IRXOVR (QILAHIQY
EROQVPMAQ RWP DARQ ([ SHIAAH
DEHUHU QUOX OF “QORYDMIYH P DFKLOHU. | RUVIKH HOHW\
WDOWMRQ
5 HOYDONSLRHRW

5 HBIYDQAMDONV
RXWLGH DFDGHP LI
1)76 81 $JIHQFLH\

: DYH (QHW\ 6HDTXHW
+LJK HIIFIHQR HOPWIFDOSRZ HUADIQ / DP ERWKIQL

6XWIDLQDE®! VE R VHDW HBIPWLF YHKLF®! | RUVKH XUEDQ P RELOW

" MMEXWAG * UG : 1QG 7XLELQHV ( QHUW\ HIILFLHQWE:&6 VROVRQV | RUVIKH
KDUG VR DEDW VHRVRW/

e ' LJIMDO7Z LQ IRUWKUERP DFKLQHU
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EDVDQVD USRNKLHG QUDX QF

-QGXWU DQG SXEQF VHRVRU,

) XWKUH SRZ HUM WHP 6P DUV

* UGV

3RZ HUB\ WHP 2 SHUDWRQ

' LJMDOBRZ HUB\ WHP Z LVIK $—

© IGH$UHD 0 RQWRUQJI 3 LRWAPVIRC
DQG &RQWRO

) @ LELOW |RUJ UG UHVIOHQFH DQG
HQHW\ VHFEXUW

O/DVDQD 3RNKUHD

&1 (/" — &HQWH | RULQWI HQWHBFWLFLW
GIMUEXVRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIVDAMQJ DQG P RGHUQIMQJ VKH HBIPALFLW
GIMWULEXVIRQ J UG VR DFKLHYH KLIKHUHI | LFLHQR\
|®f LELOW DQG UHVIAHQFH

=HLR. \ W 7KH SLIRMIPAGHYH®RSY QHZ VRONRQV
IRUI G LE®! DQG FRW\HI | LFLHQWK\ GLRIHQ
SIRGXFIRQ GMMMEXVRQ DQG UH XH@QJ

" 4" ' UL 1QG VD SIRQHHUQI (8 FR
IXQGHG SIRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WIRIWDPPH ' (3 VKDWDIP V VR VXSSRUA XLRSH\
GLI VDODQG J LHHQ WDQM RLP DVRQ
(QHUL HL HSDOBLRIWDP (1 (3 7KH 3LRMIPWLY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 [QMM Rl ) RUHLIQ
$IIDIWV 0)$ 7KURXJIK WKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDIHGE\ . DWP DQGX
8 QLYHUMW . 8 1 HSDO-Q 3DUMHUKLS Z WK

+\ GLRDE 1 HSDO1718 1RW D\ DQG 6-1 7()
1RW D\

1(: (36 1RUGLF (DU : DUQIQJ DQG ( DU
3LRWIPARQ 6\ WP 7KH SLRMIPWZ LGP SLRYH VKH
P RQWMRUQJ RI ViKH 1 RUGLF SRZ HUM WWP DQG

| DFLOVDVM DQ DXVRP DVF LHVSRQVH VR HQVXLH
WRE® DQG VDI H RSHIDWRQ

\ LOX @X# QUDX QF

<IOX/ILX

e 5LNP DQDIHP HQW

e 6DIHW EDULHUDQG SURFHW VDI HW
e $FFIGHQWSUHYHQURQ

e 5HVIOHQFH DWHWP HQW

6\ WP UHVLAHQFH DWHWP HQWDQG
P SLRYHP HQW DFFLGHQWSUHYHQURQ
HP HWHQR P DQDIHP HQW

e 5L/NDWHWP HOW RUVKH SRWIQWDO
QDWUH HYHQWAL J HUHG WAFK QLFDO
DFFIGHQW RI RIIVKRWHRIO  JDV
LQGXWA 1Q JUHHQ WDQUMRQ D
UHVHDUFK HU SLRMIPW XQGHG E\ W(H
1 RWZ HJDQ 5 HVHDUFK &RXQFLO

e 0 XOUGLVFLSQODU UWN P DQDIHP HQW
IRUWDE® VDIH DQG VXWBLODE®!
RITVKRW Z LQG SRZ HUHG K\ GLRIHQ
SIRGXFARQ : 4' +< DQ(8 0 DUH
&XUH 6Vl ([ FKDQIH SURMIFW

o 68 6VDLODELOW GHYHIRSP HQWDQG FRWA
WHGXPARQ RI K\ EUG UHQHZ DE®!
HOHW LHV SRZ HUHG +\ GLRIHQ WIMRQV
E\ UWN EDVHG P XGWGLVFLS@QDU
DSSLRDFKHV 686+\ IXQGHGE\ (=
&RQFHUADSDQ
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P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVKH IHGB RI ( QHUI\
5HQHZ DEGV 3RZ HU
JHQHUDMRQ 6RMU39
LQGXWUHV 6P DUAAXILABLQIV
$ GYDQFHG 7HFKQRMRILHV HW

0 RKCP P DAH D$IKTH.

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) G LELOW ( QHW\ 6VRWDIH ( QHU\ %XLEBLQJ 6P DUV
EXIGBIQ] 6P DUAF UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHU\ ( 11LFLHQR

" DMUEXWG ( QHUW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LJ Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGDLF ( QHU\ 6RMU
&H@WY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDWG
3KRVWRYRODIFV %439 9139 /6&39 ) RDQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELODW RI
3KRRYRGDLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHUI\

$XVRQRP RXV 6\ WKP VDQG ' LI VDA DURQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIYV $XVRQRP RXV $HUDOO RQVRUQI $XVRQRP RXV) DXAV' HWAFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WMP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKILRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWAAIHQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOD DVWUDY 5D\

7UDFLQJ

6P DUAQI LDWAKXPVXLH DQG 5 HVIGHQFH ( QHUI\ QI LDWAKXFWLH 5 HVIOHQFH $ WHWP HQW

5 HVLOHQWE P DUALQI LDWAKXFWILH 5 HIDELOW

([ SHUHQFHV LQ VHYHLDOQDWRQDODQG ( 8 1 XQGHG SLRMIFW

&2 /1 (&7() &RTPAYH -QVA@IHQFH |RU( QHU\ ) G LELOW 5R®i &RRUGLQDVRU 3—

2SW & + 2 SVP DORSHUDMRQ DQG GHFHOWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®! 3LRMIPWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &P DV 1 HXWDOYXLABLQIV VIR DGGUHW Q=( %
UHIX@MRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R® 3LRMIPWP DQDIHU : 3 ®IDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DUIH VFDO®

0 RQWVRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RUHJIWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5ROI &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE®1 6 RDU&H®7 HFKQRMRI\ 68 62 / 7( &+

(QHW\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWNH LHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JD@XP VXGKLGH
&+ 6 WIQ I SIRGXFURQ

DEHUHU QUOX QF

1)76 81 $JIHQFLH

SEHIWRHHD

~QORYDWYH P DFKLQHU. [ RUVIKH HQHWI\
WDQUMRQ

o : DYH(QHW\ BHDTXHW

o +LIK HILFIHQR HBIPMIFDOSRZ HUADLQ / DP ERWKLQL

o BXWDLQDE®! VE R VHDW HOIFWLF YHKLF®! | RUVKH XUEDQ P RELAOW

o ' DMIEXWAG* UG: LQG 7XIEIQHV ( QHW\ HIILFIHQW&&6 VROMRQV | RUVKF
KDUG VIR DEDVM VHFVRU/

e ' LJMDO7Z LQ IRUWLERP DFKLQHU
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FKLDUD EHUR@QH QUDX QF

e ( XURSHDQ&RP P IWMH
I RUBBVIDQGDUGY DMRQ &( 1
o &KDILP DQRI : *
0 RQMRUQJ
DQGO DQDIHP HQWRI
+ HUVDI HOXIQBIQIV 7&
&RQVHUYDVRQ R
&XOXDG LRSHUAHV

XWHRI 39 GHYH®RSP HOWRI
®RZ FRWWROMRQ MW

WDQVMRQ

&KIDUD YA YRID

-P SDPWRI &@P DV &KDQJH RQ VIKH 96XLOV
( QYILRQP HQWILQFXXGIQJ KIWRUF
EXLEBLQIV DQG FX@XUDOKHUVDI H

51VN0 RQWVRUQJ DQG $WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDVXLDO
SKHQRP HQD XWIJj LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 IV DMRQ DQG $ GDSVIMIRQ 6WDVIAJ LHV \F
&@P DWW &KDQIH LOFOXGLQI HQHUI\
HIILFLHQR P HDVXUHV P LOXWMV FLIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVMUDO XUDELOW $ WHWP HOWDQG i+
DSS@FDVRQ RI / LIH &\ FOI $ WHWP HQW
/&$ P HWMRGRG®RILHVVR P LQIP L] H &2 /
IRRVBUQW LQ ULHWRI IWIQJ DQG
FRQVHUYDMRQ SWRFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H| SHUP HQVDO$ QDO VLY RI

[ LDPMULHG 3 DHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVRIH $ UFKIVARVKLH  EXLABLQJV DQG VIVIAV E)
5 HVOHQWO HVKRGV K\ GLR FQP DVMi | DFVRU/
06&$ 3) )-5( 5(6-67$17 3LRWIPURQ RI &XAOXLD
+ HUVRIH $JDIQW LGB! LLHV 1Q + LIK 5LWN $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVRI H &RQVHUYDVRQ 8 QGHU&QP DWW
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIDI H FRQVHUYDVRQ DQG HQHUI\

HI | LFLHOQR

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDXQF SHU RWP DQFH

(92 (1&( 3LRMIFW (DLQZ DVIUKDUYHWIRJ

WVIP XOMRQ

())-€$&< (QHW\ H)) LFIHOR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX @V
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV
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https://www.ntnu.edu/ie
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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6MYHD SRCHANL

VIDYHQ FROHYWNI# QUDX QF e 6HGLP HOWADQVSRUN e 6HGI3$66
e K\ GUDXQ@F P HDVXWHP HQW o +<326
e P HDVXWHP HQW RI VHGLP HQW e 5 ' GHGP HQW BVDWLDIW
WDQVSRUAXMIQJ VXURJI DA e 675-9%1
P HDVXUWP HQW e $' &3[ EHGMDG P HDVXUHP HQW XVIQJ $' &3V
LOGXWA  FROVX®DOR. DOC e ' ' VHGIP HOMADQVSRUN ¢ BWRWH +\GR
SPUAR! ViKH 6VDMLDIVE P RGH@QJ e 19( ' UYDVHGIP HQUDMRQ
VHGLP HQWMDP -8+ ¢ WHVHUORIWVHGLP HQWIMRQ * *HW< 8JDQGD
LOWILODMRODOFHOWUR| e VHGIP HQWP RQMVRUQJ 1Q
K\GLRSRZ HU $+5 K\ GLRSRZ HU
* P RGH@Q DQG S@QQIQJ +33 / RQJ H[ SHUDQFH LQ P RQWRUQJ VHGLP HQW
H[ SRVHG RQ VHGLP HQW XSWUHDP  DQG LQ WKH K\ GLRSRZ HUGDP V XMIQJ

VXURJ DV LOWKP HQVDMRQ XMQJ P DFKLOH GIDUQ]
DSSWRDFK | RUREVDLOLQJ VKH EHVWAWHGLP HQW

K\ GLDX@F GDVDVHW QXP HUFDOP RGH@QJ

Z MK VSHFLDOI RFXV RQ GHOD GHYH®&RSP HOWDWKH
HVHURWLQBW 1 OXVKIQI VIP XOMRQV HW

oXEKDGED /712 D

VXEKDGLD WZ DU# QUDX QF &XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\
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QP D D] DYl# QWX QF

$PYH QONV Z VK QDURQDO
DQG LOVAMURDMRQDO
LOGXWA  UHVHDUFK
FHOWHV DQG SXEQF VHRVRU
RU DQWVDMRQV LQ

P DVIUDY P DQXI DRXUQJ
DQG WX FVXLDO
DSSQFDVRQV

1P D500 DYL

) DV XH DQG | LDAXUH RI P HVIDAF DQG
QRQ P HVDAF P DVIAUDOW WHP V Z IV

HP SKDWVLV RQ @ HVIP H DQG SHU RUP DQFH
XQGHUVHUYLFH GRDGLQJ 3 UHGLFVIYH GRFDO
DSSLRDFKHV | RUI DVI0 XH DQG | LDFVXLH
DQG GHVLJ Q DJ DLOW DLOXUH | RUI DV XH
FUWFDOFRP SRQHQW DQG WK FVXUHV
$GGMIYH 0 DQXIDAXUQI $0

P HFKDQLFDOSHU RUP DQFH DQG GXUDELOW
Rl $0 FRP SROHQW DQG DUFKIVMFMG
WAXFWUHY ' HVLIQ | RUS$ GGLVIYH

0 DOXIDRXUQJ ' 1$0  LOWAJ DRI

| DEUFDVIRQ SDLDP HWAUY Z VK WX FVXLDO
SHURLP DQFH DQG LOWAIUW
FRQUGHLDARQV -QWAJ LDVIRQ RI

P DQXIDPXUQJ SLRFHWHV P DVIAUDO
EHKDYLRXU DQG WUXPWUDOGHWLI Q | RU
UHIDELOW GUYHQ HQJLOHHUQI VROMRQV
&RP ELQHG H[ SHUP HQWDOWAWRQJ DQG
QXP HUFDOP RGH@QJ |RU@ H SLHGLFRQ
DQG WUXPWLDORSVIP LVDVMRQ 0 DVAUDO
K\ GLRJI HQ LOWALDPRQ DQG HQYLLRQP HQW
GHSHQGHQWSLRFHW VWX FWLH

SHURWP DQFH LHIDMRQWKLSY |RU

VX FUKLDOLOWAT UW DWHWP HQW

$0¢ LHHQ $OXP LQIXP * LHHQ 3 MWRLP

*$

0 DIER3R/ R 1 RYHOO DUMP H &RQGIMRQ

P RQWRUQJ WAFKQR®RJ\ E\ DFRXWIF HP DMALRQ DQG
P DFKLQH GIDUQLQI SLRFHWIQJ |RU/ LLHWP H

2 SWP IVDMRQ * $

+\/- ( — 6DIHW DQG -QWAJUW RI +\ GLRIHQ
7DQVSRUABLSHIQHV * $

5H6-W¥  5REXVWP HVIPOEDULHUY | RUVDIH XVH RI
K\ GLRIHQ LOI LDWUXPWUH * $

&RURVIRQ 3 RWIFMRQ RI ) GRDVIQJ 6VUXPWKUHY
8VIQJ / DVHU: HW@IQJ 7HFKQR®JI\

*$

3K\ VO HW&HQWH | RUBXWIDLODE® DQG &RP SHVIMANF
0 HVID@X W LFDODQG 0 DQXI DRVXUQJ -QGX\WM

*$

0$' 7DRUQI 0 HVDAXU LFD® ERQGHG QDQRVFD®!
LQVWHU DFHV EHVE HHQ $0 &X DQG 1 LIQYRONQJ

" HIRWP DWRQ HQKDQFHG GL IXVIRQ

65800 7Z1QQIQJ B6VXPWLDO-QWA UW DQG
5HIDELOW RI $ GYDQFHG 0 DVMIUDY REVDLOHG
WURXJK DGGIVIYH 0 DQXI DPUQJ SLRMIFW

*$

0(75%0$7 06&$ ' 1 (QDEMQJ VKH LOWAILDVRQ
Rl P XOU I XQPARQDOUHIDE® P HVIDP DVIAUDY LQ
UHDO@ H LQGXWDODSSAFDVRQV | RUHQK DQFLQJ
WUXFWLDODQG YLEUDVRQDOEHKDYLRU

*$

DEHUHU QUOX QF

1)76 81 $JHQFLH\

SEHIRHHD

-QQRYDVIYH P DFKLOHU. | RUVIKH HQHUD\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHW

e+ LK HIFHOR HBFMFDOSRZ HUADLQ / DP ERWKILOQL
e G6XWBDLODE® VE R VHDW HBIFWLF YHKLF®! |RUVKH XUEDQ P RELAOW
o ' IWMEXWG * UG: QG 7XLELQHV ( QHW\ HIILFIHOW&&6 VROXNMIRQV | RUWKH

KDUG VR DEDW VHFVRWY

e ' LJMPO7Z LQ IRUVKLERP DFKLOHU


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/nima.razavi
https://www.ntnu.edu/employees/nima.razavi
https://www.ntnu.edu/mtp
https://www.ntnu.edu/iv
mailto:nima.razavi@ntnu.no
https://www.ntnu.edu/employees/bente.philippsen
https://www.ntnu.edu/ept
https://www.ntnu.edu/iv
mailto:alberser@ntnu.no

GIRQDUGR P RQWAFFKL# QUX QF

" ILHPWFRQVDFW Z Vi
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAM LFDVRQ RI
FUVIFDOV\ WHP V &DQ UHDFK
RXWR FRP SDQLHV LQ WWH
DXVRP RVIYH DQG DI D\
GRP DLQV

/ FRDUER 0 ROMAFKL

e 0 RGHIQJ RI V\ WHP V DQG
VRIVE DUH DUFK VPV UHV

e P RGHOGLLYHQ HQJLOHHUQJ
GRP DLQ VSHFL LF @QJXDJIH\

e YHUWIFDWRQ YDIGDMRQ
WWAFK QLT XHV

e VDIHW VHFXUW UH@DELAOW
HYDOXDWRQ

$' 9$1&( $GGUWWIQI 9HUI LFDURQ DQG

9 DAGDRQ &KDABIQIHV LQ ) XWKIUH &\ EHU 3K\ VIFDC
6\ VWHP V + 0 6&$ 5-6( 7KLV
Z DV D WD | H FKDQJH SLIRMIPWEHVE HHQ VDO
3RUXJIDO + XQIDU  94.D] LO DQG &R@P ELD Z KHU
Z H VKDUHG NQRZ ®IGIH DQG Z RUNHG RQ

P SLRYLQJ WAFKQITXHVIRUWH 9 9 RI R EHU

SK\ VIFDOV WHP V 2 QH RI Vi(H SDUQHUY DQG XVH
FDVHV Z DV iH 1 DURQDO6SDFH 5 HVHDUFK
~QWIXWA RI %D] LO -1 3(

8&218&(572 $57(0 -6

&+ (66 $57(0 -6 -QViKHVH VZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JDGH

ILDP HZ RN IRUP RGHOGUYHQ HYDOXDVRQ R
UHODELOW DQG LOWAIUW RI FRP SG{ W\ WHP V
7KLV KDV EHHQ MWHU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

&XUHQWB RVIMIRQ

$WRFDW 3 WRIHWRULQ ( GIFWLF
" UYHV DWMKH ' HSDUR HOWRI ( GIFAF
(QHW\ DW1 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

([ SHUHQFH \ HDUV RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL


https://www.ntnu.edu/idi
https://www.ntnu.edu/ie
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/leonarmo
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

FKLDUD EHUR@QH QUDX QF

e ( XURSHDQ&RP P IWMH
I RUBBVIDQGDUGY DMRQ &( 1
o &KDILP DQRI : *
0 RQMRUQJ
DQGO DQDIHP HQWRI
+ HUVDI HOXIQBIQIV 7&
&RQVHUYDVRQ R
&XOXDG LRSHUAHV

39 1Q VKH EXLOHQYLLRQP HQ

&KIDUD YA YRID

-P SDPWRI &@P DV &KDQJH RQ VIKH 96XLOV
( QYILRQP HQWILQFXXGIQJ KIWRUF
EXLEBLQIV DQG FX@XUDOKHUVDI H

51VN0 RQWVRUQJ DQG $WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDVXLDO
SKHQRP HQD XWIJj LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 IV DMRQ DQG $ GDSVIMIRQ 6WDVIAJ LHV \F
&@P DWW &KDQIH LOFOXGLQI HQHUI\
HIILFLHQR P HDVXUHV P LOXWMV FLIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVMUDO XUDELOW $ WHWP HOWDQG i+
DSS@FDVRQ RI / LIH &\ FOI $ WHWP HQW
/&$ P HWMRGRG®RILHVVR P LQIP L] H &2 /
IRRVBUQW LQ ULHWRI IWIQJ DQG
FRQVHUYDMRQ SWRFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H| SHUP HQVDO$ QDO VLY RI

[ LDPMULHG 3 DHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVRIH $ UFKIVARVKLH  EXLABLQJV DQG VIVIAV E)
5 HVOHQWO HVKRGV K\ GLR FQP DVMi | DFVRU/
06&$ 3) )-5( 5(6-67$17 3LRWIPURQ RI &XAOXLD
+ HUVRIH $JDIQW LGB! LLHV 1Q + LIK 5LWN $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVRI H &RQVHUYDVRQ 8 QGHU&QP DWW
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIDI H FRQVHUYDVRQ DQG HQHUI\

HI | LFLHOQR

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDXQF SHU RWP DQFH

(92 (1&( 3LRMIFW (DLQZ DVIUKDUYHWIRJ

WVIP XOMRQ

())-€$&< (QHW\ H)) LFIHOR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX @V
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

I DEIR VJDUERWD# QWX QF

) CEIR GIDERWD

| RIMIFV

2 SHUDVRQV DQG 6XSSO &KDLQ

0 DQDIHP HQW

~QGXWWLDODQG 6\ WHP V ( QU LOHHUQJ
-QGXWA DQG

&LLFX@U( FRQRP \

0 DVIUDO+ DQGA@QJ DQG :  DUHKRXVIQJ
+XP DQ ) DFVRW/ DQG ( WWRQRP LFV
+XP DQ &HQWIF 3 LRGXPURQ DQG

/ RIMAEV W\ WP V

0 DLOWAQDQFH 0 DQDIHP HQW

e (8 3LRMIFW /HDQ  + */$66 0$-$
"( +80$1 GNAB-ELOW ; +X/RJ

e 1 DWRQDOSWRMHFW ' LIIP DW' LJ&%b
6P DUN-9% ) XWKUH/ 2 *  &LLFX@U

0 DQXI DFVXUQJ

FKLDUD EHUR@QH QVOX QF

o ( XURSHDQ&RP P L\WHH
| RUBVIDQGDUGL DARQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUVIDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXLDG LRSHUAHV

39 1Q WH EXIOWHQYLLRQP HQ

&KIDUD YA YRID

-P SDPWRI &@P DV &KDQIH RQ VKH XLV o
( QYLLRQP HQWLOFOXGLQJ KIWRUF

EXLABLQIV DQG FXOXUDOK HUVDI H

51N O RQIVRUQJI DQG $WHWP HQW .
H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XWIj LQJ DGYDQFHG

DQDOWFDOP HWKRGV DQG 0 / .
0 IV DURQ DQG $ GDSVIMRQ 6WDWAI LHV VB
&@P DM &KDQIH LOFOXGLQI HOHUI\ .

HIILFLHQR P HDVXUHV P LOXVMV FIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DWAUDO XUDELOW $WHWP HQWDQG VKF o
DSS@DMRQ RI / LIH &\ FGI $ WHWP HQW

/&$ P HWRGRM®ILHV\R P LQIP ] H &2 /

IRRVBUQW [Q UHWRI WIQJ DQG .
FRQVHUYDARQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVCO$ QDO LY RI

[ LDRAXLHG 3 DHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVDI H $ UFKIVPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVIKRGV K\ GLR FQP DWA | DFVRD/
06&$ 3) )-5( 5(6-67$17 3LRWIFMIRQ Rl &XXLD
+HUVDIH $JDIOWN GBI LLHV LQ + LIK 51N $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOKUH + HUVIDI H &RQVHUYDVRQ 8 QGHU &P DA
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIDI H FRQVHUYDVMRQ DQG HQHLD\

HI | LFLHQR

*5((1(5 3LRMIFM * 5( (1 LRRIV DQG Z DQY

K\ GLDXQ@F SHURUWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VROMRQV SLRMIFW


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/mtp
https://www.ntnu.edu/iv
mailto:fabio.sgarbossa@ntnu.no
tel:+4790768098
https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

FKLDUD EHUR@MQH QVOX QF

o ( XURSHDQ&RP P L\WHH
I RUBVIDQGDUGL DARQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUMDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXDG LRSHUAHY

39 1Q iKH EXLOVHQYLLRQP HQ'

EKIDD Y- YRID

-P SDPWRI &@P DV &KDQIH RQ VKH XLV o
( QYLLRQP HQWLOFOXGLQJ KIWRUF

EXLABLQIV DQG FXOXUDOK HUVDI H

51VN O RQIVRUQJ DQG $ WHWP HQW .
H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XV} LQJ DGYDQFHG

DQDOWFDOP HWKRGV DQG 0 / .
0 IV DVRQ DQG $ GDSVIMRQ 6WDWAI LHV Vi
&P DWW &KDQIH LQFOXGLQJ HQHWI\ .

HIILFIHQR P HDVXUHV P LOXHAV FIW
FRQFHSW EO(H DQG JUHHQ 1 E6

0 DWAUDO XDELOW $WHWP HOADQG WH o
DSSQFDVRQ RI / LH &\ F®I $ WHWP HOW

/&$ P HWRGRMILHV\R P LQIP [JH &2 /

I RRVBUQW [Q UHWRI WIQJ DQG .
FRQVHUYDARQ SURFHWHV

068&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVDOS QDO RI
| LDFVWUHG 3 DUHQW

06&% ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVID) H $ UFKIVMPUH  EXLABLQJV DQG VKAV E\
5 HVIOHQWO HVKRGV K\ GLR FQP D\ | DFVRW/

06&$ 3) )-5( 5(667$17 3LRWIPMIRQ RI &XAXLD

+ HUVRIH $JDIOW  LGBI LLHV 1Q + LIK 51N $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOKUH + HUVIDI H &RQVHUYDVRQ 8 QGHU &P DWA
&KDQIH

6$9( $1' 352 7( &7 3LRMIFW 0 / DSSTQHG VR
FX@XUDOKHUVIDI H FRQVHUYDVRQ DQG HQHLD\

HI I LFLHQR

*5((1(5 3LRMIFM * 5( (1 WRRIV DQG Z DQY

K\ GLDX@F SHURWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP X@OMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RORP < | RUVKHLP DOLQVX@VQU
VROMRQV SLRMIFW


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin

+25=01 & * UG IRUP LQ) FDSCE.OAAVIRUP RIHUMO-QNDQG5( 6

EDHGHBRAHAW JUG/

SEHIR6HHD

'HSDUWPHQW RI (QHUJ\ DQG 3URFHVV (QJLQH
) IPXOVR (QILHHIQ)

EROVIDAMQ RWP DURQ ([ SHWAH
DEHUHW QWX QF -QQRYDWIYH P DFKLQHU. | RUWKH HQHUD\
WDQVIVIRQ
S5SHBYDOQASIRWRN
SFEB'NW e : DYH(QHU\ 6HDTXHWV
o +LJK HIIFIHQR HBIPWIFDOSRZ HUADIQ / DP ERWKIQL
RXWLGH DFDGHP LI ¢ 6XWDLODE®! VE R VHDW HBIPALF YHKLE®! | RUVKH XLEDQ P RELOW
1)76 81 $JHQFLH\ o ' DMIEXWMG * UG: 1QG 7XLEIQHV ( QHUI\ HIILFIHQW&&6 VROXARQV | RUVKH

KDUG VR DEDW VHFVRU/
e ' LIWVDO7Z LQ IRUWKLERP DFKIQHU


https://www.ntnu.edu/employees/bente.philippsen
https://www.ntnu.edu/ept
https://www.ntnu.edu/iv
mailto:alberser@ntnu.no

+25-=21 & | P RGP GALIQI RUQRYDARYH39

DSSTDARY/ (83-39 3DMEHIKIS

6WYHO, @U

' HSDUR HOAR! ( GPWLF ( QHU\
) DRXOVR "Q RUP DARQ 7HAKGRBI\ DQG ( GRUFDY QILGHHUIQ)]

SRQPMQ RLPP DURQ ([ SHOAMH 6SHALI LF H SHMAM IRU
WWHYH YR@HU# QUDX QF o (QHUW\ V\ WHP DQDOVH\ VKLV D@

e 6RDU

. $JU39 e $JU39

o (QHW\ V\ WP \


https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:steve.voller@ntnu.no
mailto:steve.voller@ntnu.no
https://www.ntnu.edu/employees/steve.voller

EDVDQVD USRNKLHG QUDX QF

-QGXWU DQG SXEQF VHRVRU,

O/DVDQD 3RNKUHD

) XWKUH SRZ HUM WHP 6P DUV

* UGV

3RZ HUB\ WHP 2 SHUDWRQ

' LJMDOBRZ HUB\ WHP Z LVIK $—

© IGH$UHD 0 RQWRUQJI 3 LRWAPVIRC
DQG &RQWRO

) @ LELOW |RUJ UG UHVIOHQFH DQG
HQHW\ VHFEXUW

&1 (/" — &HOWH | RULQVI HOWHBIFWLFLIW
GIMUEXVRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIVDMMQJ DQG P RGHUIMQJ ViKH HBIPWLFLW
GIMMEXVRQ JUG VR DFKLHYH KLI KHUHI [ LFLHQR
|®f LELOW DQG UHVIAHQFH

=HR. \ W 7KH SLIRMIPAGHYHRSY QHZ VROXIRQV
IRUI B LE® DQG FRW\HI | LFLHQWK\ GLRIHQ
SIRGXFIRQ GMMMEXVRQ DQG UH XH@QJ

" 40 ' UJL 1QG LV D SIRQHHUQI (8 FR
IXQGHG SIRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WIRIWDPPH ' (3 VKDWDIP V VR VXSSRUA XLRSH\
GLI VDODQG J UHHQ WDQVIRLP DVIRQ
(QHUL HL HSDOBLRIWDP (1 (3 7KH 3LRMIPWLY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 LOMM RI ) RUHLIQ
$I1IDIWV 0)$ 7KWRXJIK ViKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDIHGE\ . DWP DQGX
8 QLYHUWW . 8 1 HSDO-Q 3 DUQHUKLS Z LK

+\ GLRDE 1 HSDO1718 1RW D\ DQG 6-1 7()
1RW D\

1(: (36 1RUGLF (DU : DUQLQJ DQG ( DUD
3LRWIPARQ 6\ WP 7KH SLRMIPWZ LGP SLRYH VKH
P RQWVRUQJ RI VIKH 1 RUGLF SRZ HUM WHP DQG

| DFLAVDVIA DQ DXVRP DVF UHVSRQVH VR HQVXLH
WRE® DQG VDI H RSHIDWRQ

LUQD ROILQINRYDH QUOX QF

$ P RQVRUQJ P HWRGV Z KLFK
SURYIGHV REVHUYDELOW RI JUG
RVFLADVMRQV E\ DQDO] LQJ SKDVRL

P HDVXUHP HQW 7HWIQJ
FDSDELOMHV

D2 BIQNRYD

+  3LRIHWIRQDOVRSLFV LQFOXGHV
VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO
P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

&RRSHWDVRQ Z Mk GRFDO 62\
DQG 762

e  $GYDQFHG V\ WHP  SIRMFRQ VFKHP HV

$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIFW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFVYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KLIKHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WMH 1 RWZ HILDQ SRZ HU
JUuG

e 2 QUKRWH HOHW\ LOI LDWUXPWUH DQG K\ GLRIHC

LOWAI LDARQ VR VKH SRZ HUJUGV SURMIFW
=HR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHU\ W\ WP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV
| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LOI LDWAX PWAUH DQG HQHW\ A WP V/

e SHVHDUFK RQ' LJWVDOSXEWIDMRQ 3 LRWIPIRQ

DQG &RQWRO SLRMIFWKDV [ RFXV RQ
A EHUHFXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG LQI (DWAXFWLH


https://www.ntnu.edu/employees/magnus.ronning
https://www.ntnu.edu/employees/basanta.r.pokhrel
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:basanta.r.pokhrel@ntnu.no
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:irina.oleinikova@ntnu.no
https://www.ntnu.edu/employees/irina.oleinikova

SDQNDMSDQGH! # QUDX QF

3DONDVBDOEH

&UWFDO-QI IDWAUKXFVXULH 6 HFXUW

DQG 5 HVIOHQFH

5LVN $QDOVYV $WHWP HQWDQC

0 DQDIHP HQW
-QIRLP DVIRQ 6HFXUW

&\ EHUBHFXUW
6VIDQGDUGY DQG ) LDP HZ RUNV
(VKLFDO  / HI DO VSHFW

" LI VDOB RYHUHLI QW

3LRMIFWO DQDIJHU  S5HVHDUFKHU (1)« /'
( XLRSHDQ / LIKWRXVH VR 0 DQU HWV
7TWXKWE RUK\ DQG* LHHQ$—* $ 1R

" LJIVDO( XLRSH 3LRMIFW &<9%( 58 1 -7<
&RP P XQIW | RU-QWAILDVQJ DQG 2 SHOLQJ

&\ EHU5 DQJ H -QI LDVWAKX P UHV VIKDWEAX LGS DQ
-QWALRSHLDE®! &RW ' RP DIQ DQG &LRW
6HFVRU&\ EHU5 DQJIH ) HGHLDVRQ

(LDVP XV 3LRMIFW &<&/ (

&\ EHU/H&XUW/ HDUQLQJ 0 DWHUV GHIUHH LQ
&\ EHUHFXUW

+ 3WRMIFW ' (/7$ ) XWUH VDP SHU SLRRI
" HP DQG 5VSRQVH | LDP HZ RUIN VKLRXJK VH/ |
FRQILIXWHG VHO RS7LP I HG DQG FRa ERUDWYH
YLUMDOGOMMEXWMG HQHUW\ QRGHV

+ 3LRMIFW /2 &$5' / DZ | XOHYLGHQFH
FRAHIPUQJ DQG FRQUQXIW SMWRLP
GHYH®RSP HQW

5HVHDUFK &RXQFIORI 1 RZ D\ &36( & &\ EHU
3K\ VIFDOGHFXUW LQ ( QHW\ -QI LIDWAKFVXLH RI
6P DUA&IVHV

+ 3LRMIFW * +2 67 6DIH * XDUGLQJ +RP +
-R7 ( QYLLRQP HQW Z WK 3 HWWRQDOVHG 5HDO
WP H 5LVN &RQWRO

VDYHQ FRQHYWNI# QUDX QF

IQGXWM  FRQUXGDQR DQC

SDUARI VIKH 6 VIDVWILDI W5
VHGIP HQOWHDP &+

LOVALQDVIRQDOFHQWAURI
K\GLRSRZHU $+5

6HGLP HQWADQVSRUN
K\ GLDXQ@F P HDVXLHP HOW
P HDVXUHP HQW RI VHGLP HQW
WDQVSRUAXMQJ VXULRI DWW
P HDVXLP HOW

* ' VHGLP HQWADQVSRUN
P RGH@QJ
UHVHUYRLUVHGLP HQVIMRQ
VHGLP HQWP RQWRUQJ 1Q
K\ GLRSRZ HU
P RGH@QJ DQG SMQQLQJ +33
H[ SRVHG RQ VHGLP HQW

6OYHD ERHAAL

6HGL3$66

+<326

5 ' G6HGLP HOW 6VIVWMLDIW

675-9$1

$' &3[ EHGMDG P HDVXUHP HOW XVIQJ $' &3V
BVRLH +\ GLR

19( ' WYD VHGIP HQVMRQ

* HW-7 8 JDQGD

2 SVIP 1] DIVRQ RI + 33 H[ SRVHG RQ VHGLP HQW LH@
TXIW DEXQGDQWGDVD VHWFRQWILQIQ)  GLVFKDUI HV
VHGLP HQWFRQFHQWDVMRQV EDWIP HWA HW


https://www.ntnu.edu/iik
https://www.ntnu.edu/iik
https://www.ntnu.edu/ie
mailto:pankaj.pandey@ntnu.no
https://www.ntnu.edu/employees/pankajp
https://www.ntnu.edu/ibm
https://www.ntnu.edu/ie
mailto:slaven.conevski@ntnu.no
tel:+4790603332
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/slavenc

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

oXE

<DAD /712 DL

VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA
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QGXWM HJ $1(2 SXEQF VHRVRU

6VIVQHW DQG LOVAURDVMRQDORW DQL DURQV ¢
«$ 6*$1 FRP ELQHG Z LVK DFVYH
FREDERWDWRQ Z MK 6-1 7() DQG SDUAFLSDMRG  °
Q)0 ( FHOWHV LOQYROIQJ P XOAS®

WIDNHK RGBHUY .

(QHW\ P DUINHW RSWP [] DWRQ DQG

HP HULQJ WFKQRM®JILHV Z MK D SDUAFX@U  °
HP SKDVLV RQ GHYH®RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ .

HOHW\ W\ WP V XQGHU XQFHUMLQW

: RINRQ GDVD GULYHQ HQHW\ W\ WHP V
DQG GLI MDOSMWRLP V VXSSRUAQ]
RSWP ] DURQ DQG P DUNHWS DUAFLSDVIRQ

FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWP SRUDOGDVIVHW

+2125 ' HWQ Rl WDQV UHILRQDOI Bi LELAW P DUINHW LOVIAI LDMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHGRSP HOWRI | ®f LELOV P DQDIHP HQWA WP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLFBN VIR VXSSRUAGMUEXVRQ JUGY DQG P DUINHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH
1 RUGLF HBIPALFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLU QWA LDURQ LOVR
GIUEXVRQ W WHP RSHLDWRQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRMRI LHV | RUFRQVXP HU FHQWLF HBFWLFIW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMAMLP  UHVRXUFH
DARFDARQ LQ HBIFWLFW P DUNHW

2FHDQ* UG ( QDEQQJ RIIVKRWH Z LOG LOVAI LDURQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VW WHP  VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUMGR) HQW( GIFVUFIW ' DMAMLEXVIRQ 5 HVHDUFK RQ

| O LELOW UHVRXUFHV DQG VP DUAGMAMLEXVIRQ A WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYH@RSP HOWRI ] HR HP MMRQ
HOHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7 WDQVIMRQ 6VWDWILHY 5 HVHDLFK RQ
I XVUH HQHW\ P DUNHW DQG WDQUVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLJK UHQHZ DE® SHQHWDMRQ

(8 ( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU U H
VFD®! LOVWAJ LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
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EDVDQVD USRNKUH@ QVDX QF

-QGXWM DQG SXEQF VHRVRU,

oO/DVDQE 3RNKUHD

) XWUH SRZ HUM WHP 6P DUN

* UGV

3RZ HU6\ WHP 2 SHLDWRQ

" LIWVDOBRZ HUG\ WHP Z VK $—

: LGH$UHD 0 RQWRUQI 3 LRWAPVIRC
DQG &RQWRO

) B LELOW |RUJUG UHVIOHQFH DQG
HOHW\ VHFXUW

&1 (/" — &HQWH | RULQVAT HQWHGIFWLFIW
GIMWUEXVIRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIVDAMQJ DQG P RGHUQIMQJ VKH HBIPWLFLW
GIMUEXVIRQ JUG VR DFKLHYH KLIKHUHI | LFLHQR\
|®f LELOW DQG UHVIAHQFH

=HR. \ W 7KH SLIRMIPAGHYH®RSY QHZ VROMRQV
IRUI B LE® DQG FRW\HI | LFLHQWK\ GLRIHQ
SWIRGXPURQ GMMMEXVRQ DQG UHI XHAQJ

" 4" ' UL 1QG LV D SIRQHHUQI (8 FR
IXQGHG SLRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WIRIWDPPH ' (3 VKDWDIP VVR VXSSRUA XLRSH\
GLI VDODQG J LHHQ WDQVIRLP DURQ
(QHU HL HSDOBLRIWDP (1 (3  7KH 3LRMIPWY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 [QMM RI ) RUIHLIQ
$I1IDIWV 0)$ 7KWRXJIK ViKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDJHGE\ . DVP DQGX
8 QLYHMW . 8 1 HSDO-Q 3DUMHUKLS Z VK
+\GLRDE 1 HSDO1718 1 RW D\ DQG 6-1 7()
1RW D\

1(: (36 1RUGLF(DUD : DUQIQJ DQG ( DU
3LRWPIRQ 6\ WP 7KH SLRMIPWZ LGP SLRYH VKH
P RQMRUQJ RI ViKH 1 RUGLF SRZ HUM WWP DQG

| DFLOVDVMA DQ DXVRP DVF LHVSRQVH VIR HQUXLH
WIE® DQG VDI H RSHIDWRQ

LUQD ROILQINRYDH QUOX QF

' LJVDODQG SK\ IFDOVE LQ V

FDSDELOW | RUWIWIQJ DQG
YHUI LFDURQ

&RRSHUDVRQ Z WK GRFDO 62 \
DQG 762

D2 BIQNRYD

+  3LRIHWIRQDOVRSLFV LQFOXGHV
VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO
P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

e  $GYDQFHG V\ WHP  SIRMFRQ VFKHP HV

$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIFW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFVYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KLIKHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WMH 1 RWZ HILDQ SRZ HU
JUuG

e 2 QUKRWH HOHW\ LOI LDWUXPWUH DQG K\ GLRIHC

LOWAI LDARQ VR VKH SRZ HUJUGV SURMIFW
=HR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHU\ W\ WP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV
| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LOI LDWAX PWAUH DQG HQHW\ A WP V/

e SHVHDUFK RQ' LJWVDOSXEWIDMRQ 3 LRWIPIRQ
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FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAM LFDVURQ RI
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&+ (66 $57(0 -6 -QWHWH VE R
SURMIFW Z H GHYHRSHG DQ LQGXWA J LDGH
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7KLY KDV EHHQ MWAU LH®IDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SLRMIFW

VAYHQ FRQHYWNI# QUDX QF
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VHGLP HQWWDP  -&+
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6HGLP HQWADQVSRUN
K\ GLDX@F P HDVXUHP HQW
P HDVXUHP HQW RI VHGLP HQW
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VHGLP HQWWDQVSRUN
P RGH@QJ
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6MYHD SRCHANL

6HGL3$66
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())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
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P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
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DSSQFDRQV
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e ([ SHUHQFH \ HDUV RI LQGXWA
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QGXWM HJ $1(2 SXEQF VHARU
6VIVQHW DQG LOVAURDVMRQDORLI DQU DMRQV
{$ 6*$1 FRP ELQHG Z LViK DPVYH
FRAERWDVMRQ Z MK 6-1 7() DQG SDUAFLSDVRG
Q)0 ( FHOWHV LOYROQJ P XIS

WINHK RAGBHUY

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VAFKQRERILHV Z [V D SDUAFX@U
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ
HOHW\ W\ WP V XQGHU X QFHUMLOW

([ SHUAVH LQ $— LQWAI LDWAG RSP 1] DURQ
LQFOXGLQJ P DFKIQH GIDUQIQJ |RU

I RUHFDWAQJ  VFHQDUR JHQHLDWRQ DQG
GHFIMRQ VXSSRUMQ HQHU\ W\ WHP V

QW\GLR ' HYHWRSP HQWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MW H VSDARWAP SRUDOGDVIVHW

+2125 ' HWQRI WDQV LHJIRQDO B LELOW P DUNHW LQWAT LDQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHY
DQG HBIFWLE YHKLFB VR VXSSRUNGDMMEXVIRQ JUGV DQG P DINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYLIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUBLF HBIPWLFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHVY / ( &V DQG VIKHLULQWAT LDURQ LQVR
GIMUEXVIRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOFK QRARI LHV | RUFRQVXP HU FHQWIF HOFWLFIW

P DUNHW DQG FLRW VHFVRU GL] VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLJ VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPWIFIW P DUINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA UDMRQ VKLRXJK QHZ WMFKQR®JLHV DQG
VWHP VROMRQV IRUVKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGI HQW( GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGDWUEXVIRQ VA WHP  RSHLDVURQ

Y0 (=(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVIHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ A WHIP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQQRYDVYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVMRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 4( 53: '  -QVAJLDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU QU H
VFD®! LQVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RWN [RU
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DQG &RQWRO

) B LELOW |RUJUG UHVIOHQFH DQG
HOHW\ VHFXUW

&1 (/" — &HQWH | RULQVAT HQWHGIFWLFIW
GIMWUEXVIRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIVDAMQJ DQG P RGHUQIMQJ VKH HBIPWLFLW
GIMUEXVIRQ JUG VR DFKLHYH KLIKHUHI | LFLHQR\
|®f LELOW DQG UHVIAHQFH
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IRUI B LE® DQG FRW\HI | LFLHQWK\ GLRIHQ
SWIRGXPURQ GMMMEXVRQ DQG UHI XHAQJ

" 4" ' UL 1QG LV D SIRQHHUQI (8 FR
IXQGHG SLRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WIRIWDPPH ' (3 VKDWDIP VVR VXSSRUA XLRSH\
GLI VDODQG J LHHQ WDQVIRLP DURQ
(QHU HL HSDOBLRIWDP (1 (3  7KH 3LRMIPWY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 [QMM RI ) RUIHLIQ
$I1IDIWV 0)$ 7KWRXJIK ViKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDJHGE\ . DVP DQGX
8 QLYHMW . 8 1 HSDO-Q 3DUMHUKLS Z VK
+\GLRDE 1 HSDO1718 1 RW D\ DQG 6-1 7()
1RW D\

1(: (36 1RUGLF(DUD : DUQIQJ DQG ( DU
3LRWPIRQ 6\ WP 7KH SLRMIPWZ LGP SLRYH VKH
P RQMRUQJ RI ViKH 1 RUGLF SRZ HUM WWP DQG

| DFLOVDVMA DQ DXVRP DVF LHVSRQVH VIR HQUXLH
WIE® DQG VDI H RSHIDWRQ

LUQD ROILQINRYDH QUOX QF

&RQWRO5RRP DV ME
LQILDWUXPWUH 0 HVIKRGV DQG
VRROY R J DIQ LQFLHDVHG
VIVWXDVRQDODZ DUHQHW DQG JUG
UHVIQHQFH XQGHUKLIK UHQHZ DE®H
FRQGMRQV ' \ QDP LF DQG
DGDSWYH FRQWROWUDVIAI LHV Z VK
DP VR DWHW 5( 6 FRQWIEXVIRQ
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P DQDIHP HQWDQG JUG UHVIAHQF-
XQGHUKLIK UHQHZ DE®I FRQGIMRQ\

D2 BIQNRYD

3R HWIRQDOVRSLFV LQFOXGHV

VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO

P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

&RRSHUDWRQ Z WK GRFDO 62 \
DQG 762

e  $GYDQFHG V\ WHP  SIRMFRQ VFKHP HV

$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIFW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFVYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KLIKHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WMH 1 RWZ HILDQ SRZ HU
JUuG

e 2 QUKRWH HOHW\ LOI LDWUXPWUH DQG K\ GLRIHC

LOWAI LDARQ VR VKH SRZ HUJUGV SURMIFW
=HR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHU\ W\ WP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV
| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LOI LDWAX PWAUH DQG HQHW\ A WP V/

e SHVHDUFK RQ' LJWVDOSXEWIDMRQ 3 LRWIPIRQ

DQG &RQWRO SLRMIFWKDV [ RFXV RQ
A EHUHFXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG LQI (DWAXFWLH
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VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAU-VW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSQFDVRQV
e ' HOD ( BIFWRQLFY
SUHYIRXV ( ®¥N |RU

« ' HVJQ DQG FROARORI SRZ HU
HOIPARQLEV FRQYHUMUY DQG VIKHLU
DSSQEDMRQV

1RZD $6 RQDHWRVSDRH ([ SHUHQMH

H[ SHUHOFH DV D 7HFKQLEDOS SHELD@A
1O 3RZ HU( GFWRQLFV DQG ( GIPALE
* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDW/ Rl LOQGX\WM

SKRVRYRODLE DSSTEDARQ\ DSSAFMRQV
KRWHLO | DLDKP DOGH OVDX OF ¢ OW\GR ' HYHRSP HOWRI $—EDVHG VRROYY |IRURSWP DOVEKHGX@QJ DQG GLVSDWK RI

QGXWM HJ $1(2 SXEQF VHAVRU

6VIVQHW DQG LOVALQDWRQDORLI DQL DURQV  °
{$ 6*$1 FRP ELQHG Z LVK DFVYH
FRADERWDVMRQ Z WK 6-1 7() DQG SDUAFLSDMRC  ®
Q)0 ( FHQWHV LQYROIQJ P XGIS®

WINHK RAGBHUY .

(QHW\ P DUINHW RSWP ] DURQ DQG

HP HWLQJ VMFKQR@RILHV Z MK D SDUAFXDU ~ °
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ .
HOHW\ W\ WP V XQGHU X QFHUMLOW

([ SHUHQFH LQ SRZ HUM WHP RSHLDVURQ
EDDQFLQJ P DUNHW DQG UHDOWP H
GHFIMIRQ VXSSRUAVRREY | RUM WHP
RSHUDVRUY/

FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ MW H VSDARWAP SRUDOGDVIVHW

+2125 ' HWQRI WDQV UHJIRQDOI B LELOW P DUNHW LQWAT LDQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHV
DQG HBIPWLF YHKLF®N VIR VXSSRUAGLMULEXVRQ JUGY DQG P DUINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUGLF HBIPWLFLW P DUNHW

Y4 (  $QDOWVRI GRFDOHQHW\ FRP P XQMHV / (&Y DQG WHLULOQWAI LDURQ LOVR
GOMMEXWRQ W\ WP RSHLDWRQ

" LW(FR ([ SRUDMRQ RI GLI WVDOWAFKQRRILHV | RUFRQVXP HU FHQWLF HBIPWLFLW

P DUNHW DQG FLRW VHFVRU GL] VBOADOM RLP DARQ

3RZHU LJ ' HYHGRSP HOWRI GLJ VDA HG P DUNHWGHVLI QV | RUVKRUMMLP  LHVRXUFH
DARFDVRQ LQ HBFWLFIW P DUNHW

2FHDQ* UG ( QDE@QJ RIIVKRWH Z LOG LOVAI LDURQ WKIRXJIK QHZ VMFKQR@RJ LHV DQG
W WHP  VRONMIRQV [ RUVKH 1 RWZ HILDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGD HQW GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGDWULEXVIRQ VA WHP  RSHLDVURQ

Y0 ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGYV ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVAILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ VA WHIP V
(8)3 7: (17«6 ' HYHIRSP HQWRI LQORYDYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVRQ Z MK KLIK UHQHZ DE® SHQHWDMRQ

(8 H( 53: 4' -QWAJLDWG UHVHDUFK RQ Z LQG HQHW\ W\ WHP V DQG VIKHLU MU H
VFD® LOWAI LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RWN |RU
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EDVDQVD USRNKUH@ QVDX QF

-QGXWM DQG SXEQF VHRVRU,

o/DVDQE 3RNKUHD

) XWUH SRZ HUM WHMP 6P DUN

* UGV

3RZ HU6\ WHP 2 SHLDWRQ

" LIWVDOBRZ HUB\ WHP Z VK $—

: LGH$UHD 0 RQWRUQI 3 LRWAPVIRC
DQG &RQWRO

) B LELOW |RUJUG UHVIOHQFH DQG
HOHW\ VHFXUW

&1 (/" — &HQWH | RULQVAT HQWHGIFWLFIW
GIMWUEXVIRQ &-1 (/' —Z RUNHG VRZ DUBV
GLIVDAMQJ DQG P RGHUQIMQJ VKH HBIPWLFLW
GIMUEXVIRQ JUG VR DFKLHYH KLIKHUHI | LFLHQR\
|®f LELOW DQG UHVIAHQFH

=HR. \ W 7KH SLIRMIPAGHYH®RSY QHZ VROMRQV
IRUI B LE® DQG FRW\HI | LFLHQWK\ GLRIHQ
SWIRGXPURQ GMMMEXVRQ DQG UHI XHAQJ

" 4" ' UL 1QG LV D SIRQHHUQI (8 FR
IXQGHG SLRMIFWZ IMKLQ VKH ' LI LVDO( XURSH
3WIRIWDPPH ' (3 VKDWDIP VVR VXSSRUA XLRSH\
GLI VDODQG J LHHQ WDQVIRLP DURQ
(QHU HL HSDOBLRIWDP (1 (3  7KH 3LRMIPWY
IXQGHG E\ 7KH 1 RWZ HIIDQ 0 [QMM RI ) RUIHLIQ
$I1IDIWV 0)$ 7KWRXJIK ViKH 5R\ DOL RWZ HILDQ
(PEDW 51( DQGLVP DQDJHGE\ . DVP DQGX
8 QLYHMW . 8 1 HSDO-Q 3DUMHUKLS Z VK
+\GLRDE 1 HSDO1718 1 RW D\ DQG 6-1 7()
1RW D\

1(: (36 1RUGLF(DUD : DUQIQJ DQG ( DU
3LRWPIRQ 6\ WP 7KH SLRMIPWZ LGP SLRYH VKH
P RQMRUQJ RI ViKH 1 RUGLF SRZ HUM WWP DQG

| DFLOVDVMA DQ DXVRP DVF LHVSRQVH VIR HQUXLH
WIE® DQG VDI H RSHIDWRQ

LUQD ROILQINRYDH QUOX QF

762 ' 62 -QWALDPMIRQ FRQFHSW
DQG VROMIRQV | RUXW 1QJ

| B LE®! UHVRXUFHV LQGLI | HUHQW
P DUNHWSURGXFW DQG DQFLADU
VHUYIFHV | RULQFUHDVHG
REVHUYDELAOW EHVE HHQ VKH
GIMEXWRQ DQG WDQVP MRQ
VA WHP V FRRUGLODVIRQ P RGHY
8 VH &DVHV | RUXWIVDARQ R
FXWRP HUI @ LELOW / DE

LQI LDWAKXFW(LH | RUWMQI DQG
YDAGDVRQ

D2 BIQNRYD

3R HWIRQDOVRSLFV LQFOXGHV

VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO

P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

&RRSHUDWRQ Z WK GRFDO 62 \
DQG 762

e  $GYDQFHG V\ WHP  SIRMFRQ VFKHP HV

$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIFW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFVYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KLIKHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WMH 1 RWZ HILDQ SRZ HU
JUuG

e 2 QUKRWH HOHW\ LOI LDWUXPWUH DQG K\ GLRIHC

LOWAI LDARQ VR VKH SRZ HUJUGV SURMIFW
=HR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHU\ W\ WP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV
| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LOI LDWAX PWAUH DQG HQHW\ A WP V/

e SHVHDUFK RQ' LJWVDOSXEWIDMRQ 3 LRWIPIRQ

DQG &RQWRO SLRMIFWKDV [ RFXV RQ
A EHUHFXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG LQI (DWAXFWLH
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VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA

SKRVRYRODLE DSSTEDARQ\ DSSAFDMRQY
KRWHLO | LDKP DOGH OMEX OF ¢ QW\GR ' HYHRSP HQWRI $—EDVHG VRROYY |IRURSVP DOVFKHGX@QJ DQG GLV/SDVEK RI

QGXWM HJ $1(2 SXEQF VHRVRU

6VIVQHW DQG LOVAURDVMRQDORW DQL DURQV ¢
«$ 6*$1 FRP ELQHG Z LVK DFVYH
FREDERWDWRQ Z MK 6-1 7() DQG SDUAFLSDMRG  °
Q)0 ( FHOWHV LOQYROIQJ P XOAS®

WIDNHK RGBHUY .

(QHW\ P DUINHW RSWP [] DWRQ DQG

HP HULQJ WFKQRM®JILHV Z MK D SDUAFX@U  °
HP SKDVLV RQ GHYH®RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ .

HOHW\ W\ WP V XQGHU XQFHUMLQW

([ SHUAVH LQ GDAMMEXVIRQ A \WHP
RSWP 1] DUIRQ RFDOI ®f LELDW P DINHW
DQG VP DUAJ UG RSHUDVRQ

FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWP SRUDOGDVIVHW

+2125 ' HWQ Rl WDQV UHILRQDOI Bi LELAW P DUINHW LOVIAI LDMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHGRSP HOWRI | ®f LELOV P DQDIHP HQWA WP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLFBN VIR VXSSRUAGMUEXVRQ JUGY DQG P DUINHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH
1 RUGLF HBIPALFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLU QWA LDURQ LOVR
GIUEXVRQ W WHP RSHLDWRQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRMRI LHV | RUFRQVXP HU FHQWLF HBFWLFIW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMAMLP  UHVRXUFH
DARFDARQ LQ HBIFWLFW P DUNHW

2FHDQ* UG ( QDEQQJ RIIVKRWH Z LOG LOVAI LDURQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VW WHP  VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUMGR) HQW( GIFVUFIW ' DMAMLEXVIRQ 5 HVHDUFK RQ

| O LELOW UHVRXUFHV DQG VP DUAGMAMLEXVIRQ A WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYH@RSP HOWRI ] HR HP MMRQ
HOHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7 WDQVIMRQ 6VWDWILHY 5 HVHDLFK RQ
I XVUH HQHW\ P DUNHW DQG WDQUVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLJK UHQHZ DE® SHQHWDMRQ

(8 ( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU U H
VFD®! LOVWAJ LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVE RWN [RU
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

* XRP 1Q-L

JXRP 1Q N# QX QF

—KDYH D ELRDG QHVEZ RWN LQ ERWK
LOGXWW  ViKH SXEQF VHRVRUDQG 1 * 2 V
1 RWZ HJLDQ LQI LDWAKXPUH FRP SDQLHV
$) JUKSSHQ DQG 9 HIGHNNH
-QWAUQDVIRQDOFRP SDQIHV ' 19 DQG

( TXIQRU1 RWZ HILDQ &RQFUHVA
$WRFIDW 1 RWZ HIIDQ : RRG &OX\WU

0 XQLFLSDAW * M YIN P XQLFLSDAOW

2 VR 7WRQGKHIP P XQLFLSDOW

6XWDLODE®! P DWAUDY | RUEXLGBLQIV
DQG LQI LDWAKFVXLH

8 SA\ FOQJ RI Z DWHV VR BRZ QHJ DViYF
FDLERQ P DWUDO

1 DWUH EDVHG VROXVIRQ | RUP DUQH
UHWRUDARQ

2 IVKRWH Z 1QG

6VXFVX LDOHQJ LQHHUQJ

0 DUQH HQJLOHHUQJ

o &RWWHII HPYH VXEVHD G\ QDP LF FDEGV IRL
RIIVKRUWH Z QG IXQGHGE\ 1718
%&$5( YRVDQLFDOFRQFUHWA QHZ JUHHQ
P DWAUDOI RUDUM LFLDOLHHI 1 XQGHG E\
+RU] RQ ( XLRSH

e ) LEHUWHLQIRUFHG FRQFUHVI VWK PKUHV
IXQGHG E\ 1 RW HILDQ 5HVHDLFK &RXQFLO

e 1HZ P DWUDO RUHQHW\ WRLDJI+

&KIDUD Y YRID

FKLDUD EHUR@Q# QUOX QF .

-P SDFARI &@P DA &KDQJH RQ VIKH %XLAV

( QYLLRQP HQW LOQFXGLQJ KMVRUF
EXLABLQIV DQG FX@XDOKHUVRI H

¢ 5IVNO RQIVRUQJ DQG $ WHWP HQW .
H[ WHP H Z HDVIKHU HYHQW DQG QDVXLDO

* ( XLRSHDQ&RP P IWHH

SKHQRP HQD XWIj LQJ DGYDQFHG

| RUBVDQGDUGY DMRQ &( 1 DQDOWFDOP VKRGV DQG 0 / .
e &KDWP DQRI : * e 0 [MODWRQ DQG $ GDSVIMRQ 6WDVIAJ LHV Vi
&Q@P DV &KDQIH LQFOXGLQI HQHW\ .

0 RQLVRUQJ

DQGO DQDIHP HQWRI

+ HUVIDJ HOXIGBLQIV 7&
&RQVHUYDWRQ R

&XOKLDG LRSHUAHV

HIILFLHQR P HDVXUHV
FRQFHSW EOXH DQG JUHHQ 1 E6

e 0 DWUDO XLDELOW $WHWP HQWDQG VIKF  »
DSSQFDVRQ RI / UH &\ F®I $ WHAWP HOW

P LOXVHV FIW

/&$ P HMRGR®RIIHVWR P LQIP L] H &2 /

I RRVBUQW LQ UHWRI WIQJ DQG .
FRQVHUYDARQ SURFHWHV

H[ SHUAVH RQ QHDU] HLR
HP DRQ UHIXLEIVKP HQ\

06&$ ' 1 *$3 3LRMIFW LP DJH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFVXUHG 3 DUWHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVDIH $ UFKIVAPWUH  EXLABLQIV DQG VIV E\
5 HVIQHQWO HVKRGV K\ GLR FOP DWA | DFVRW/
06&$ 3) )-5( 5(667$17 3LRWIPMRQ RI &XAXLD
+ HUVDIH $JDIOWN LI LLHV LQ + LIK 5LWN $ LHDV
&2 67 $PMRQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H & RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIRI H FRQVHUYDVRQ DQG HQHLD\

HI | LFLHQR

*5((1(5 3LRMIFW * 5( (1 LRRIV DQG Z DQY

K\ GLDX@F SHURWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIRQJ

VIP XOMRQ

())-€$&< (QHUW\ H)) LFIHQR EX-GIQJ DQG
&UFX@5 H&RQRP < |RUWHLP DOLQVX@MQJ
VROMRQV SLRMIFW


https://www.ntnu.edu/employees/magnus.ronning
https://www.ntnu.edu/employees/guomin.ji
https://www.ntnu.edu/ivb
https://www.ntnu.edu/iv
mailto:guomin.ji@ntnu.no
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VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA

SKRVRYRODLE DSSTEDARQ\ DSSAFDMRQY
KRWHLO | LDKP DOGH OMEX OF ¢ QW\GR ' HYHRSP HQWRI $—EDVHG VRROYY |IRURSVP DOVFKHGX@QJ DQG GLV/SDVEK RI

QGXWM HJ $1(2 SXEQF VHRVRU

6VIVQHW DQG LOVAURDVMRQDORW DQL DURQV ¢
«$ 6*$1 FRP ELQHG Z LVK DFVYH
FREDERWDWRQ Z MK 6-1 7() DQG SDUAFLSDMRG  °
Q)0 ( FHOWHV LOQYROIQJ P XOAS®

WIDNHK RGBHUY .

(QHW\ P DUNHW RSWIP 1] DMRQ DQG

HP HULQJ WFKQRM®JILHV Z MK D SDUAFX@U  °
HP SKDVLV RQ GHYH®RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ .
HOHW\ W\ WP V XQGHU XQFHUMLQW

([ SHUHQFH LQ LOWAI LDURQ Rl WRLDJ
K\ GLRSRZ HU EDWHUHV LQVR HQHLD\
P DUNHW DQG W\ WP RSHLDVRQ

FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWP SRUDOGDVIVHW

+2125 ' HWQ Rl WDQV UHILRQDOI Bi LELAW P DUINHW LOVIAI LDMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHGRSP HOWRI | ®f LELOV P DQDIHP HQWA WP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLFBN VIR VXSSRUAGMUEXVRQ JUGY DQG P DUINHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH
1 RUGLF HBIPALFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLU QWA LDURQ LOVR
GIUEXVRQ W WHP RSHLDWRQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRMRI LHV | RUFRQVXP HU FHQWLF HBFWLFIW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMAMLP  UHVRXUFH
DARFDARQ LQ HBIFWLFW P DUNHW

2FHDQ* UG ( QDEQQJ RIIVKRWH Z LOG LOVAI LDURQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VW WHP  VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUMGR) HQW( GIFVUFIW ' DMAMLEXVIRQ 5 HVHDUFK RQ

| O LELOW UHVRXUFHV DQG VP DUAGMAMLEXVIRQ A WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYH@RSP HOWRI ] HR HP MMRQ
HOHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7 WDQVIMRQ 6VWDWILHY 5 HVHDLFK RQ
I XVUH HQHW\ P DUNHW DQG WDQUVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLJK UHQHZ DE® SHQHWDMRQ

(8 ( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU U H
VFD®! LOVWAJ LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVE RWN [RU


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
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®IRQDUGR P RQWAFFKL# QUDX QF

" LWHPWFRQVDFW Z WK

FRP SDQIHV LQ VDIHW DQG
VHFXUW FHUA LFDVRQ RI
FUMFDOW WHP V &DQ UHDFK
RXWWR FRP SDQLIHV LQ VKH
DXVRP RVIYH DQG DL D\
GRP DIQV

/ FRDUER O RQMAFKL

0 RGH@QJ RI A WP V DQG
VRIVE DUH DUFK VAR UHV

P RGHOGLLYHQ HQJ LOHHUQJ
GRP DLQ VSHFL LF MQJXDJH\
YHUIIFDMRQ  YDAGDVRQ
VKK QLT XHV

VDIHW VHFXUW UHIDELOW
HYDOXDURQ

$' 9$1&( $GGLHWIQJ 9HUILFDMRQ DQG

9 DAGDVIRQ &KDABIQIHV 1Q ) XWKLH &\ EHU 3K\ IFDC
6\ VWP V + 0 6&$ 5-6( 7KLY
Z DV D WRI | H FKDQJH SLRMIPAEHVE HHQ VDO
3RUXJDO +XQJDU  9%.D] LO DQG &RARP EID Z KHU
Z H VKDUHG NQRZ BIGJH DQG Z RUNHG RQ

[P SLRYIQJ WAFKQITXHV IRUMH 9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VKH SDUADHUY DQG XVH
FDVHV Z DV iKH 1 DWRQDO6 SDFH 5 HVHDUFK
-QWIWXWA RI 96D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH@RSHG DQ LQGXWW  JUDGH

ILDP HZ RWN IRUP RGHOGLLYHQ HYDOXDVIRQ R
UHODELOW DQG LOWAIUW RI FRP SGI W\ WHP V
7KLV KDV EHHQ @VHU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI VIKH ( FOSVH 3RMUB\ V SLRMIFW

LUQD ROILQINRYDH QUOX QF

" LJIMDODQG SK\ VIFDOVE LQ V
FDSDELOW |RUS—WDIQIQ] IAAQJ
DQG VDI HW DWHWP HQW

&RRSHUDWRQ Z WK GRFDO 62 \
DQG 762

D2 BIQNRYD

3R HWIRQDOVRSLFV LQFOXGHV
VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DVKHP DWFDO

P RGHOQJ WUDWAJ\ P DNIQJ DQC
FRP SGIP HQWDUW DSSURDFK

$GYDQFHG VW WHP  SLRWPURQ VEKHP HV
$SSAHG LQ IKH 3RZ HUJUG  $6$3 -QQRYDMRQ
3 LRMIFW | RUVIKH -QGX\WULDOB HFVRU LOWAQGHG Vit
EXLAB WH | RXQGDVRQ | RUVKH GRQJ WWALP  JRDO
Rl HQDE@QJ | X@ DXVRP DWFDAD DFVYDWWG DQG
GHDPWYDVWG 6\ WHP 3 LRWAPVIRQ 6FKHP HV VR
SLRYLGH WH KLIKHWSRWIE®! LHIDELOW DQG
FDSDFLW XW(@ DWRQ RI WMH 1 RWZ HILDQ SRZ HU
JUuG

2 QVKRUH HQHW\  LOI LDWUXPWULH DQG K\ GLRIHC
LOWAJ LDWRQ VR WH SRZ HUJUGV SURMIFW
=HWR. \ WV 6\ QHU\ RI 5HVIOHOWDQG

LOVAJ LDWAG ( QHUW\ A WHP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV

| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SLRMIPW DGGUHW LOWAI LDURQ Rl $—1Q FUMFDO
LQI LDWAXPWUH DQG HQHW\ W\ VWP V/

5HVHDUFK RQ' LI IVDOBXEWIMRQ 3 LRWPRQ
DQG &RQWRO SLURMIFWKDV [ RFXV RQ

A\ EHUWHEXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG LQI IDWUKXPMLH
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
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FKLDUD EHUR@MQH QVOX QF

e ( XURSHDQ&RP P L\WHH
I RUBVIDQGDUGL DURQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUVDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOKLDG LRSHUAHV

MOWMADQVIMRQ XVH RI 0 /
DORUVKP | RUGDVI GUYHC
GHFIMIRQV

EKIDD Y- YRID

-P SDPWRI &@P DVl &KDQJH RQ VKH %6XLAV
( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOKHUVDI H

51VN O RQVRUQJ DQG $ WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XV} LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 M0 DVRQ DQG $ GDSVIMRQ 6\WDVIAI LHV \F
&@P DVW &KDQIH LOFOXGLQJ HOHUI\
HIILFLHQR P HDVXUHV P LOXVMAV FIW
FRQFHSW EOH DQG JUHHQ 1 E6

0 DVWUDO XUDELOW $WHWP HQWDQG i+
DSSQFDVRQ RI / LH &\ F®I $WHWP HOW
/&$ P HMRGRGRIHVVR P LQIP L] H &2 /

I RRVBUQW [Q UHWRI WIQJ DQG
FRQVHUYDMRQ SURFHWHV

068&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIDMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFWUHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUMDI H $ UFKIVPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVKRGV K\ GLR FOP DWA | DFVRW/
06&$ 3) )-5( 5(6-67$17 3LRWIFMIRQ RI &XAXLD
+HUVDIH $JDIOWA GBI LLHV LQ + LIK 5LWN $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H & RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7( &7 3LRMIFW 0 / DSSQHG R
FX@XUDOKHUVIDI H FRQVHUYDVMRQ DQG HQHLD\

HI I LFLHQR

*5((1(5 3LRMIFM * 5( (1 WRRIV DQG Z DQY

K\ GLDX@F SHURWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUWKHLP DOLQVXOWQU
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
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https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

UM 3KITBESVHD

e 28&(%$16
EHQWA SKLASSVHQH# QUPX QF 7KH 1 DMRQDQO DERWDVRU. IRU$JH" HWKALP LODWRC Kwsss/ 277 QWX HGX P XVHXP
SLRYLGHV LHVHDUFK FREDERUDMRQ DQG VHUYLFHV RFHDOV

Z VKIQ KH | LHGV Rl LDGLRFDLERQ GDAQY
GHQGLRFKLRQR®J\ DQG WRE®! LVRVRSH DQDO VLY
. H SLRYLGH FKLRQRERJ LHV VIR DUFKDHR®I MW DQG
KLDARUDQV LHFRQWAXFWS DWA@ H DQG

OGXWU GHWLP 100 IRWIO  HOYLLRQP HOWRUWWG! WKH QIH KIMRU. Rl

YV  ELRJHQLF | RUVHYHLDO P RGHUQ S@QW DQG DQIP DIV H XWH

SURFHWAN 7 DWH LOFIOHDMRG  \DOIRFDUERQ FRQFHQWIMRQV DV SLR LHV R

P FVDOSLRGXFURO RIOHIIOHUHY P HOVXUH VKH VXWIIQDELGW RI Gl HHQWFDUERQ

LRDG FROWKPVRO FRQWDLQLQJ FRP SRXQGV VXFK DV IXHW H KDX\WW
JDWHV P HVDY DQG KRXVHKRGS Z DWH 2 XU
DEVRO\H FKLRQRERJLHV 1 LRP  LDGLRFDLERQ DQG
GHQGLRFKLRQR®RI\ @ON GHYH®RSP HQW 1O
FQP DA HQYLLRQP HOWDQG FXOXLH VKXV
DARZ 1QJ XV VR GLVHQVDQU B FDXVHV DQG HI I HRW

e &P DVW&XOXUHV
KWBV ZZZ Kl XIR QR IDNK HQI@
K UHVHDUFK SURMIFW FQP DVAFX X
HV

o ) XWKUH3DWV
KWBV ZZZ XLVQR HQ QRGH

5 DGIRFDUERQ GDWQJ VR DWHW  ELRJHQLF
YV  IRWORI VKH FDSWXUHG &2

oXEKDGED /712 D

VXEKDGLD WZ DU# QUDX QF &XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\
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_ N\DDNNR DNR@# QUDX QF

$Q60 ( VSHFDOVHG LQ

P DFKLQH GIDULQJ DQG
GDVD P DQDIHP HQW

&RP SDQIHV LHDVHG VR
YDRUVDMRQRI 0 2 )V DQG
&2 FRQYHUIRQ

1 DWRQDOUHVHDLFK MEV LQ
6RXVIK $1UFD DQG 3RUMXJID
SHURLP 1QJ H SHUP HQVIX
Z RN RQ FDVDO LY

-CONN\RSNRD

6LP X@WRQV DWDVRP IF BIYHO LOFOXGLQU
HOIFWRQLF WUXFAXUH P RGIFXM®U

G\ QDP LFV QHXWDOQHVEZ RN SRWQUDYY
DQG P DFKLQH GIDURLQI DARUVKP V : H
KDYH D WURQJ H[ SHUAVH LQ P RGH@QJ
FDVDOWVIF LHDFRQV DP RUBKRXV

P DVAUDY JOMWHV DQG VHBIPAYH
DGVRUBVIRQ EDWMUHV K\ GLRIHQ
WRWDJIH SROP HUVHSDUDVRQ

5 DWRQDOGHWLI Q Rl SRURX\
P DVIAUDQY | RUVHBIPlYH
DGVRUBVMIRQ

068&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIDVIRQDODQG H[ SHUP HQVDCS QDO RI

| LDFVUHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUMDI H $ UFKIVAPAKUH  EXLABLQIV DQG VIVIAV E\
5 HVIQHQWO HVKRGV K\ GLR FQP D | DFVRW/
06&$ 3) )-5( 5(6-67$17 3LRWIPIRQ RI &XAOXLD
+HUVDIH $JDIOWA GBI LLHV LQ + LIK 5LWN $ UHDV
&267 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOKUH + HUVDI H &RQVHUYDVRQ 8 QGHU& TP DWA
&KDQIH

6$9( $1' 352 7( &7 3LRMIFW 0 / DSSTHG R
FX@XUDOKHUMIRI H FRQVHUYDVMIRQ DQG HQHUI\

HI 1 LFLHOR\

*5((1(5 3LRMIFW * 5( (1 LRRIV DQG Z DOV

K\ GLDX@F SHU RWP DQFH

(9= (1&( 3LRWMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFHOR EX-@LQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VIQJ
VROMRQV SLRMIFW
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e 28&(%$16
EHQWA SKLASSVHQH# QUPX QF 7KH 1 DMRQDQO DERWDVRU. IRU$JH" HWKALP LODWRC Kwsss/ 277 QWX HGX P XVHXP
SLRYLGHV LHVHDUFK FREDERUDMRQ DQG VHUYLFHV RFHDOV

Z WKIQ VIKH | LH@BV RI LDGIRFDUERQ GDVQJ
GHQGLRFKLRQR®RJ\ DQG WIE®! LVRVRSH DQDO MY

: H SWRYIGH FKLRQR®J LHV VR DUFKDHR®J MW DQC
WHWH l
KIMWRUDQV  LHFRQWUXPASDWAMD H DQG IE\/ DLFK SURMIRW FEP DVMEXOX

-OQGXWM GHWLP 1OIQ)  IRWIO HQYLLRQOP HOWRUWXG\ WH @ H KIWRU RI o ) XWKUH3DWY

P RGHUQ SMQW DQG DQIP DY : H XVH
YV EIRIHQLF | RUVHYHLDO KWBV ZZZ XIVQR HQ QRGH
SIRFHWHV Z DWHI LOFIQHIDMRQ ~ PGIRFDUERQ FRQFHQWDVMRQV DV SLR[ LHV VR

P HVBOSLRGXPIRQ RIOLHIQHUHY P HDVXUH VIKH VXWILQDELAW RI GUIHHQAFDLERQ
LRDG FROWXPURQ FROVDLOLQJ FRP SRXQGV VXFK DV IXHY H[ KDXWW
JDWHV P HVIDXY DQG KRXVHKRGS Z DWH 2 XU
DEVROX\WM FKLRQR®RJ LHV 1 LRP  LDGLRFDLERQ DQG
GHQGLRFKLRQR®I\ @ON GHYH®RSP HOW 1Q
FQP DWW HQYLLRQP HQWDQG FXAXLH VKXV
DARZ LQJ XV VR GLVHQVDQU B FDXVHV DQG HI I HFW

o &QP DEXOXLHV
KW8BV ZZZ Kl XIR QR IDNK HQJ@\

5DGLRFDUERQ GDVQJ VR DWHW  ELRJHQLF
YV IRWORI WMH WDQVSRUMG DQG WRUHC
&2 VR FKHFNIRUH FKDQJH RI ViKH WRUHC
&2 Z MK VKH DVP RVSKHUH 5DGLRFDUERQ
GDVQJ IRUP RQWVRUQJ BGIDNV DV&.2
WRLDJ H LQI LDWUKXFVLH

oXBEKDGED /712 D

VXEKDGLD WZ DU# QVDX QF &XUHQWE RVMRQ

e $WRFLDW 3 RIHWRULQ ( GIFWLF
" LLYHV DWMKH ' HSDUR HOWRI ( GIFVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUAVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDU/ RI LOGXWW
H[ SHUHQFH DV D 7HFKQLFDOG SHFLDMA
LQ 3RZ HU( BIFWRQLFY DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDVRQV

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQ 5R\ FH ( GIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDVRQV

e ' HOD ( GIPARQLFY
SWHYIRXV ( G¥N |RU
SKRVRYRODLF DSSOFDVRQ\
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$PYH QONV Z VK QDURQDO
DQG LOVAMURDMRQDO
LOGXWA  UHVHDUFK
FHOWHV DQG SXEQF VHRVRU
RU DQWVDMRQV LQ

P DVIUDY P DQXI DRXUQJ
DQG WX FVXLDO
DSSQFDVRQV

1P D500 DYL

) DV XH DQG | LDAXUH RI P HVIDAF DQG
QRQ P HVDAF P DVIAUDOW WHP V Z IV

HP SKDWVLV RQ @ HVIP H DQG SHU RUP DQFH
XQGHUVHUYLFH GRDGLQJ 3 UHGLFVIYH GRFDO
DSSLRDFKHV | RUI DVI0 XH DQG | LDFVXLH
DQG GHVLJ Q DJ DLOW DLOXUH | RUI DV XH
FUWFDOFRP SRQHQW DQG WK FVXUHV
$GGMIYH 0 DQXIDAXUQI $0

P HFKDQLFDOSHU RUP DQFH DQG GXUDELOW
Rl $0 FRP SROHQW DQG DUFKIVMFMG
WAXFWUHY ' HVLIQ | RUS$ GGLVIYH

0 DOXIDRXUQJ ' 1$0  LOWAJ DRI

| DEUFDVIRQ SDLDP HWAUY Z VK WX FVXLDO
SHURLP DQFH DQG LOWAIUW
FRQUGHLDARQV -QWAJ LDVIRQ RI

P DQXIDPXUQJ SLRFHWHV P DVIAUDO
EHKDYLRXU DQG WUXPWUDOGHWLI Q | RU
UHIDELOW GUYHQ HQJLOHHUQI VROMRQV
&RP ELQHG H[ SHUP HQWDOWAWRQJ DQG
QXP HUFDOP RGH@QJ |RU@ H SLHGLFRQ
DQG WUXPWLDORSVIP LVDVMRQ 0 DVAUDO
K\ GLRJI HQ LOWALDPRQ DQG HQYLLRQP HQW
GHSHQGHQWSLRFHW VWX FWLH

SHURWP DQFH LHIDMRQWKLSY |RU

VX FUKLDOLOWAT UW DWHWP HQW

$0¢ LHHQ $OXP LQIXP * LHHQ 3 MWRLP

*$

0 DIER3R/ R 1 RYHOO DUMP H &RQGIMRQ

P RQWRUQJ WAFKQR®RJ\ E\ DFRXWIF HP DMALRQ DQG
P DFKLQH GIDUQLQI SLRFHWIQJ |RU/ LLHWP H

2 SWP IVDMRQ * $

+\/- ( — 6DIHW DQG -QWAJUW RI +\ GLRIHQ
7DQVSRUABLSHIQHV * $

5H6-W¥  5REXVWP HVIPOEDULHUY | RUVDIH XVH RI
K\ GLRIHQ LOI LDWUXPWUH * $

&RURVIRQ 3 RWIFMRQ RI ) GRDVIQJ 6VUXPWKUHY
8VIQJ / DVHU: HW@IQJ 7HFKQR®JI\

*$

3K\ VO HW&HQWH | RUBXWIDLODE® DQG &RP SHVIMANF
0 HVID@X W LFDODQG 0 DQXI DRVXUQJ -QGX\WM

*$

0$' 7DRUQI 0 HVDAXU LFD® ERQGHG QDQRVFD®!
LQVWHU DFHV EHVE HHQ $0 &X DQG 1 LIQYRONQJ

" HIRWP DWRQ HQKDQFHG GL IXVIRQ

65800 7Z1QQIQJ B6VXPWLDO-QWA UW DQG
5HIDELOW RI $ GYDQFHG 0 DVMIUDY REVDLOHG
WURXJK DGGIVIYH 0 DQXI DPUQJ SLRMIFW

*$

0(75%0$7 06&$ ' 1 (QDEMQJ VKH LOWAILDVRQ
Rl P XOU I XQPARQDOUHIDE® P HVIDP DVIAUDY LQ
UHDO@ H LQGXWDODSSAFDVRQV | RUHQK DQFLQJ
WUXFWLDODQG YLEUDVRQDOEHKDYLRU

*$

DEHUHU QUOX QF

1)76 81 $JHQFLH\

SEHIRHHD

-QQRYDVIYH P DFKLOHU. | RUVIKH HQHUD\

WDQVIMRQ

e : DYH(QHW\ 6HDTXHW

e+ LK HIFHOR HBFMFDOSRZ HUADLQ / DP ERWKILOQL
e G6XWBDLODE® VE R VHDW HBIFWLF YHKLF®! |RUVKH XUEDQ P RELAOW
o ' IWMEXWG * UG: QG 7XLELQHV ( QHW\ HIILFIHOW&&6 VROXNMIRQV | RUWKH

KDUG VR DEDW VHFVRWY

e ' LJMPO7Z LQ IRUVKLERP DFKLOHU
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VXEKDGLD WZ DU# QU@X QF

5 HHYDQAMDONV

RXWLGH DADGHP LD

+ . DUMM1RWD $6 RQ
P DUQH DSSQFDVRQV

e 5R@ 5R\ FH ( ®IFWLFDO
1RW D\ $6 RQ DHURVSDFH
DSSTFDMRQV

e ' HOD ( GIFARQLEV
SUHYIRXV ( GMN |RU
SKRVRYRODLE DSSQFDVRQ\

oxXEKDAD /12 DL

' HSDUP HOWR! ( GPWLF ( QHU\
) DEXOV R "QRIP DAR) 7HKQRI\ DG ( GRAIFDY QILGHHIQ)

([ SHMAMH

&XUHOWE RUMRQ

«  $WRFLDW 3RIHWRULQ ( GIPALF
" WYHV DWAKH ' HSDUR HQWRI ( GIFWAE
(QHU\ DWL718

5 HVHDUFK LOWAUHMW

e ' HWQ DQG FRQWRORI SRZ HU
HOIFPWRQLFY FRQYHUMUY DQG WKHLU
DSSQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWA
H[ SHUHQFH DV D 7 HFKQLFDOB SHFLDMW
LQ 3RZ HU( BIFWRQLFV DQG ( BIFUILF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSQFDMRQV
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FROER DNRQGOBIXHZIK1 718
+25-=21 &/ ' 5HVHDUFKLQJ WKH WHFKQLFDO VF

LPSDFWLQJ WKH HQHUJ\ SHUIRUPDQFH RI 6PDUW %XLOGI

+25-=21 &/ ' IRZ GLVWXUEDQFH SUHIDEULFDWLF
UHQRYDWLRQ RI PXOWL VWRUH\ EXLOGLQJV %XLOW 3HR

+25-=21 &/ ' $GYDQFHG GDWD SODWIRUPV WR L
EXLOGLQJ LQIRUPDWLRQ WRROV DVVHVVPHQWYV DQG FH

+25-=21 &/ ' O9DOLGDWLQJ SROLFLHVY DQG EXVLC
VXVWDLQDEOH KRXVLQJ %XLOW 3HRSOH 3DUWQHUVKLS

+25-=21 &/ ' 2Q VLWH URERWLF DQG DXWRPDWF
UHQRYDWLRQ DQG QHZ FRQVWUXFWLRQ

+25-=21 &/ ' 7TKHUPDO HQHUJ\ RSWLPLVDWLRQ [
KLIJK HQHUJ\ GHPDQG -7 URRPV LQ EXLOGLQJV RU VPDOC

+25-=21 &/ ' - QWHJUDWLQJ FLUFXODULW\ LQ /&
IRU UHQRYDWLRQ RI EXLOGLQJV %XLOW 3HRSOH 3DUWQ

+25-=21 &/ ' )XOO VFDOH GHPRQVWUDWLRQ RI Kk
LOQGXVWULDO SURFHVVHYV

+25-=21 &/ ' '"HPRQVWUDWLRQ RI LQGXVWULDO
WR PHFKDQLFDO RU HOHFWULFDO SRZHU



DGINVDQGDU NDQNRYLF# QUDX QF

-QGXWU

SONOQEU-DONRVE

YXLABLQI SK\ VIFV

YXLABLQI HQYH®RSH SHU RUP DQFH
([ SHUP HQVDOP HVKRGV
6HQVRLY DQG P RQVRUQJ WP \
-QGRRUHQYLLRQP HQVDOT XDOW
YXLABIQI HQHW\ SHURWP DQFH

e LFQP DEXLOV LDQWDJUHHP HOW~

e /H&RM| * LDQWDJIHHP HQW.
WA Q INID * LDQW
DI UHHP HQWA
o ./$% &UHDWQJ VKH 1 HVZ RINRI
. QRZ BIGJH / DEV | RUBXWILQDE®
DQG 5 HVL@HOW( QYLLRQP HQW
(LDWP XV SLRMIFW

SDQNDVSDQGH\ # QUDX QF

3DONDVBDOGH

&UMFDO-QI LDWAKFVXLH 6 HFXUW
DQG 5 HVIOHQFH

5LVN $QDOVY $WHWP HQWDQC
0 DQDIHP HQW

-QIRWP DURQ 6HFXUW

&\ EHUGHFXUW

6VIDQGDUGY DQG ) LDP HZ RUW
(WLFDO  / HIDOS VSHFW

" LI IVIDOB RYHUHLI QW

3LRMIPW0 DQDIHU  5HVHDUFKHU (1) /"
( XURSHDQ / LIKVKRXVH VR 0 DQU HW
7UKWE RUK\ DQG* LHHQ$-* $ 1R

" LIWVDO( XLRSH 3LRMIFW &<%( 58 1 -7<
&RP P XQIW | RU-QWAJ LDV DQG 2 SHOQLQJ

&\ EHU5 DQJ H -QI LDWAX P UHV IKDWAX LGS DQ
-QWALRSHDE®! &LRW ' RP DIQ DQG &LRW
6HPVRU&\ EHU5DQIH ) HGHLDVRQ

(LDVP XV 3 LRMIFW &<&/ (

&\ EHU/HEXUW/ HDUQLQJ 0 DWHUV GHIUHH LQ
&\ EHUHFXUW

+ 3LRMIFW ' (/7$ ) XWUH VIDP SHU SLRRI
" HP DQG 5VSRQWH | LDP HZ RN VKLRXJK VH/ |
FRQILIXWHG VHO RS7LP 1 HG DQG FRAS ERUDWYH
YLUMXDOGMAMLEXVMG HQHW\ QRGHV

+ 3WRMIFW /2 &$5'  / DZ | XOHYLGHQFH
FR@YPUQI DQG FROWDXIW STWRLP
GHYH®RSP HQW

5HVHDUFK &RXQFIORI 1R D\ &36( & &\ EHU
3K\ VIFDOSHFXUW 1Q ( QHW\ -QI (DWAKFVXLH R
6P DUA&IMHV

+ 3LRMIFW * +2 67 6DIH * XDUGIQJ +RP F
-R7 ( QYLLRQP HQW Z WK 3 HWRQDAVHG 5HDO
WP H 51N &RQWRO
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BIRQDUGR P RQWAFFKL# QVX QF

" ILHPWFRQVDFW Z Vi
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAILFDVRQ R
FUVIFDOV\ WHP V' &DQ UHDFK
RXWR FRP SDQLHV LQ WWH
DXVRP RVIYH DQG DI D\
GRP DLQV

/ FRDUER O RQM

0 RGH@QJ RI W WP V DQG e $' 9$1&( $GGUHWIQI 9HUILFDWRQ DQG
VRIVE DUH DUFK IVARVKLHY 9 DAGDVIRQ &KD@IQIHV LQ ) XWKIH &\ EHU 3K\ VIFDC
P RGHOGUYHQ HQJ LOHHUQJ 6\ WHP V + 0 6&$ 5-6( 7KLV

GRP DLQ VSHFL LF MQJXDJH\
YHW IFDMRQ ~ YDAGDVRQ

Z DVDWBII H FKDQJH SIRMIFWEHVE HHQ ViD®
3RUXJIDO + XQJDU  %.D] LO DQG &RM®RP ELD Z KHU-

VAFK QLT XHV Z H VKDUHG NQRZ ®1GIH DQG Z RUNHG RQ
VDIHW VHFXUW UHODELDNV P SLRYLQJ WAFKQITXHV IRUWH 9 9 RI R EHU
HYDOXDVRQ SK\ VIFDOV\ WHP V 2 QH RI iH SDUQHUY DQG XVH

FDVHV Z DV ViKH 1 DURQDO6SDFH 5 HVHDUFK
QWX RI %D 1O -1 3(

e &21&(572 $57(0 -6

o &+(66 $57(0 -6 -QVIKHVH VZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JDGH
ILDP HZ RWN IRUP RGHOGUYHQ HYDOXDVRQ RI
UHODELOW DQG LOWAIUW RI FRP SG{ W\ WHP V
7KLV KDV EHHQ MVHU LHBIDVHG DV 3RMUB\ V
&+ (66 SDUARI VKH ( FOSVH 3RMWB\ V SLRMIFW

P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVKH IHGB RI ( QHUI\
5HQHZ DEGV 3RZ HU
JHQHUDMRQ 6RMU39
LQGXWUHV 6P DUAAXILABLQIV
$GYDQFHG 7HFKQR®RILHV HVE

0 RKCP P DAH D$IKTH.

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHW\ 6VRWDIH ( QHUI\ %XLEBLQJ 6P DUV
EXI@BIQ] 6P DUAF UG ' HP DQG 6XSSO® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMMUEXWAG ( QHW\ 5HVRXUFHV ( QHW\ 7WDQVIMRQ ( QHW\ ' LJ Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHU\  5HQHZ DE® ( QHUI\ -QWiiJ LDURQ 6RMU3KRVRYRADLE ( QHW\ 6RMU
&HQWY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDWG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHU\

$XVRQRP RXV 6\ WHP VDQG ' LJVDA DURQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVYV $XVRQRP RXV $HUDOO RQVRUQI $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKILRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWAAI HQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%4J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQJ -R7 6DV’ DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOD DVUDY 5D\

7UDFLQJ

6P DUAQI LDWAXPVXH DQG 5 HVIGHQFH ( QHUI\ QI LDWAKXFWIUH 5 HVIOHQFH $ WHWP HQW

5 HVIQHQWE P DUAQI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHLDOQDMRQDODQG ( 8 | XQGHG SIRMIFW

&211(&7)  &RAHIFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SVP DORSHUDMRQ DQG GHFHOWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®! 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHUI\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RW D\

Q=(%6$ -QWIQULYH EBIQGHG FRXUH LQ &@P DWW 1 HXWDOYXLABLQI V VR DGGLHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODLF 6\ WHP V ( YDOXXDVRQV RI / DUIH VFDO®

0 RQWVRUQJ ' DVD 3($5/ 39 5R® : * FKDW &RWHJIWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWAI HQWO RQIVRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5ROI &RRUGIQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE®1 6 RDU&H@7 HFKQRMRI\ 68 62 / 7( &+

(QHW\ 6\ WP V -QViAJ LDURQ ( 6—

0\ &* 6 FRADERDWYH UHVHDUFK SLRMIFW [P SURYIQJ FRSSHULQGIXP JD@XP VXGKIGH
&* 6 WIQ IL® SIRGXFURQ
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( XURSHDQ&RP P L\WHH

I RUBVIDQGDUGL DURQ &( 1
&KDILP DQRI : *

0 RQLVRUQJ

DQGO DQDIHP HOWRI

+ HUVDI HOXLTBIQIV 7&
&RQVHUYDVRQ RI
&X@OXLDG LRSHUAHV

EKIDD Y- YRID

-P SDPWRI &@P DVifl &KDQIH RQ VKH %XLOV o
( QYLLRQP HOWLOFOXGLQJ KIWRUF

EXLABLQIV DQG FXOXUDOKHUVDI H

51N O RQVRUQJI DQG $WHWP HQW .
H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XVl LQJ DGYDQFHG

DQDOWFDOP HWRGV DQG 0 / .
0 V0 DURQ DQG $ GDSVIVRQ 6WDWIAJ LHV R
&QP DM &KDQIH LOFOXGLQI HOHUI\ .

HIILFIHQR P HDVXUHV P LOXVHAV FIW
FRQFHSW EOXH DQG JUHHQ 1 E6

0 DWAUDO XUDELOW $WHWP HOADQG W o
DSSQFDVRQ RI / LH &\ F®I $ WHAWP HOW

/&$ P HWRGRMILHV\R P LQIP [JH &2 /

I RRVBUQW [Q UHWRI WIQJ DQG .
FRQVHUYDARQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H| SHUP HQVDOS QDO VLV RI
| LDPWLHG 3 DWHQW

06&$ ' 1 &+$50 3LRMIFW &RQVHUYDURQ

+ HUVRIH $ UFKIVARVLH  EXLABLQJV DQG VIV E)
5 HVOHOWO HWKRGV K\ GLR FQP DV | DFVRU/

06&$ 3) )-5( 5(6-67$17 3LRWIPIRQ RI &XAXLD

+HUVDIH $JDIQWA GBI LLHV LQ + LIK 51N $ UHDV
&2 67 $SPARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H &RQVHUYDVRQ 8 QGHU&QP DWW
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSTHG VR
FX@XUDOKHUVRI H FROVHUYDWRQ DQG HQHUI\

HI | LFLHQR

*5((1(5 3WRMIPW * 5( (1 LRRIV DQG Z DO

K\ GLDX@F SHURWP DQFH

(9= (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFHOR EX-@LQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VRONRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV
e 5RQY 5R\ FH ( BIPALFDO

1RW D\ $6 RQ DHWRVSDFH

DSSOFDVRQV
e ' HOD ( BIFAWRQLFY
SUHYIRXV ( O¥N |IRU

SKRVRYRODLF DSSOFDMRQ\

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
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https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

DGINVDQGDU NDQNRYLF# QUDX QF

-QGXWU

YXLABLQI SK\ VIFV
YXLABLQI HQYH®RSH SHU RUP DQFH
([ SHUP HQVDOP HVKRGV
6HQVRLY DQG P RQVRUQJ WP \
-QGRRUHQYLLRQP HQVDOT XDOW
YXLABIQI HQHW\ SHURWP DQFH

-QORYDVIYH VRO(IRQV | RUGHHS UHQRYDVRQ
3( URWP DQFH WAWMQJ RI LORRYDVIVH
VROMRQV / LYLQ @E GHP RVQWDMRQ

SONVDQEU-DONRYE

e LFQP DEXLOV LDQWDJUHHP HOW~

e /H&RM| * LDQWDJIHHP HQW.
WA Q INID * LDQW
DI UHHP HQWA
o ./$% &UHDWQJ VKH 1 HVZ RINRI
. QRZ BIGJH / DEV | RUBXWILQDE®
DQG 5 HVL@HOW( QYLLRQP HQW
(LDWP XV SLRMIFW

®IRQDUGR P RQWAFFKL# QUDX QF

" WHPWFRQVDFW Z LW
FRP SDQLHV LQ VDIHW DQG
VHEXUW FHUAILFDARQ RI
FUMFDOW WHP V &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG (DLE D\
GRP DIQV

0 RGHAOQJ RI V\ WP V DQG
VRIVE DUH DUFK VARV LHV

P RGHOGLLYHQ HQJ LOHHUQJ
GRP DLQ VSHFL LF MQJXDJH\
YHUWFDURQ  YDAGDVRQ
VHAFK QLT XHV

VDIHW VHFXUW UHIDELOW
HYDOXDVARQ

/ FRIDUER O RQMAFKL

$' 9$1&( $GGUHWIQJ 9HUILFDMRQ DQG

9 DAGDVIRQ &KDAHIQIHV LQ ) XWKUH &\ EHU 3K\ LIFDC
6\ VWP V + 0 6&$ 5-6( 7KLY
Z DVD W0 H FKDQJH SLIRMPWVEHVE HHQ VDO
3RUMXJIDO + XQIDU %D LO DQG &R®P ELD Z KHUF
Z H VKDUHG NQRZ B1GIH DQG Z RUNHG RQ

P SLRYIQJ WAFKQLTXHV IRUVKH9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV ViH 1 DRQDO6 SDFH 5 HVHDUFK
-QWIXWM RI 96D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH@®RSHG DQ LQGXWM  JUDGH

[LDP HZ RN IRUP RGHOGLLYHQ HYDOXXDVIRQ RI
UHIDELOW DQG LOWAIUW RI FRP S® W\ WP V
7KLV KDV EHHQ @WAU UHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SURMIFW


https://www.ntnu.edu/employees/aleksandar.jankovic
https://www.ntnu.edu/iat
https://www.ntnu.edu/ad
https://www.ntnu.edu/ad
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* XRP 1Q-L

JXRP 1Q N# QX QF

—KDYH D ELRDG QHVEZ RUN LQ ERWK
LOGXWW  ViKH SXEQF VHRVRUDQG 1 * 2 V
1 RWZ HJLDQ LQI LDWAKXPUH FRP SDQLHV
$) JUKSSHQ DQG 9 HIGHNNH
-QWAUQDVIRQDOFRP SDQIHV ' 19 DQG

( TXIQRU1 RWZ HILDQ &RQFUHVA
$WRFIDW 1 RWZ HIIDQ : RRG &OX\WU

0 XQLFLSDAW * M YIN P XQLFLSDAOW

2 VR 7WRQGKHIP P XQLFLSDOW

6XWDLODE®! P DWAUDY | RUEXLGBLQIV
DQG LQI LDWAKFVXLH

8 SA\ FOQJ RI Z DWHV VR BRZ QHJ DViYF
FDLERQ P DWUDO

1 DWUH EDVHG VROXVIRQ | RUP DUQH
UHWRUDARQ

2 IVKRWH Z 1QG

6VXFVX LDOHQJ LQHHUQJ

0 DUQH HQJLOHHUQJ

o &RWWHII HPYH VXEVHD G\ QDP LF FDEGV IRL
RIIVKRUWH Z QG IXQGHGE\ 1718
%&$5( YRVDQLFDOFRQFUHWA QHZ JUHHQ
P DWAUDOI RUDUM LFLDOLHHI 1 XQGHG E\
+RU] RQ ( XLRSH

e ) LEHUWHLQIRUFHG FRQFUHVI VWK PKUHV
IXQGHG E\ 1 RW HILDQ 5HVHDLFK &RXQFLO

e /RZ FDUERQ P DWAUDO P DQXIDFWUQJ DQC
SWRFHW

FKLDUD EHUR@QH QVOX QF .

-P SDPARI &@P DV &KDQJH RQ VIKH %XLAV o

( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOKHUVDI H

¢ 5LVNO RQWRUQJ DQG $ WHWP HQW .
H WHP H Z HDVKHU HYHQW DQG QDVXLDO

o ( XURSHDQ&RP P WHH

SKHQRP HQD XWiIJ LQJ DGYDQFHG

I RUBVDQGDUGL DMRQ &( 1 DQDOWFDOP HWRGV DQG 0 / .
e &KDILP DQRI : * e 0 LMJDWRQ DQG $ GDSVIMRQ 6WDVIAJ LHV R
&Q@P DV &KDQIH LOFOXGIQJ HOHWI\ .

0 RQWRUQJ

DQGO DQDIHP HOWRI

+ HUVIDI HYXLQBLQIV 7&
&RQVHUYDVRQ RI

&XOXUDG LRSHUAHV

HIILFLHQR P HDVXUHV
FRQFHSW EO(H DQG JWHHQ 1 E6

e 0 DWUDO XWDELOW $WHWP HOADQG VIKF o
DSS@FDMRQ RI / LIH &\ FBI $ WHWP HQW

P LOXVV FIW

/&$ P HMRGRARIIHVWR P LOIP JH &2 /

I RRVBUQW LQ UHWRI WIQJ DQG .
FRQVHUYDWRQ SURFHWHV

P LV DURQ DQG DGDSVIMRQ
VROMRQV /&$ @RZ FRW MW
WDQVMRQ VROMRQV

EKIDD Y- YRID

06&$ ' 1 *$3 3LRMIFW P DJH * XIGHG

FRP SXVIDVIRQDODQG H[ SHUP HQVDCS QDO RI
| LDPXLHG 3 DWHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDWRQ

+ HUVDI H $ UFKIVAPMKUH  EXLABLQIV DQG VIVIAV E\
5 HIQHQWO HVKRGV K\ GLR FQP DVM | DFVRU/
068&$ 3) )-5( 5(6-67$17 3LRWIFMIRQ RI &XOXLD
+ HUMDIH $JDIOWA GBI LLHV LQ + LIK 51N $ UHDV
&2 67 $PMRQ* R &+$1* ( * GREDOQHVE RN RQ
&X@OXUH + HUVRI H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIZI H FRQVHUYDVRQ DQG HQHUI

HI | LFLHQR

*5((1(5 3LRWIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDX@F SHU RLP DQFH

(92 (1&( 3LRMIFW LDLQZ DVIAU K DUYHWAQJ

VIP XDMRQ

())-&$&< (QHW\ H)) LFIHOR EX-@GLQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VIQJ
VROMRQV SLRMIFW


https://www.ntnu.edu/employees/magnus.ronning
https://www.ntnu.edu/employees/guomin.ji
https://www.ntnu.edu/ivb
https://www.ntnu.edu/iv
mailto:guomin.ji@ntnu.no
tel:+4747258303
https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
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oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
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tel:+4745796028

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

FKLDUD EHUR@Q# QUDX QF

o ( XURSHDQ&RP P L\WHH
I RUBVIDQGDUGL DURQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUMDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXDG LRSHUAHY

/ &$ DQG H[ SHUAVH RQ QHDU
1HWR HP DMMRQ UHIXLELVKP HQ

EKIDUD Y- YRID

-P SDPWRI &@P DV &KDQJH RQ VKH %6XLAV
( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOK HUVDI H

51N O RQVRUQJ DQG $ WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XV} LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 M0 DVIRQ DQG $ GDSVIMIRQ 6\WDVIAI LHV \F
&@P DV &KDQIH LOFOXGLQI HQHUI\
HIILFLHQR P HDVXUHV P LOXVMAV FIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVMUDO XUDELOW $WHWP HQWDQG i+
DSS@DVMRQ RI / LIH &\ F®I $ WHWP HQW
/&$ P HWRGR®ILHV\R P LQIP ] H &2 /

I RRVBUQW LQ UHWRI WIQJ DQG
FRQVHUYDMRQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFWUHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVDI H $ UFKIVPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVIKRGV K\ GLR FQP DWA | DFVRD/
06&$ 3) )-5( 5(667$17 3LRWIFMIRQ RI &XXLD
+HUMDIH $JDIQWA @8I LLHV LQ + LIK 51N $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSS@HG VR
FX@XLDOKHUVRI H FRQVHUYDWRQ DQG HQHUI\

HI | LFLHQR

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDX@F SHU RWP DQFH

(92 (1&( 3LRMIFW LDLQZ DVIAUKDUYHWIRJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV


https://www.ntnu.edu/mtp
https://www.ntnu.edu/ie
mailto:chiara.bertolin@ntnu.no
https://www.ntnu.edu/employees/chiara.bertolin
https://www.ntnu.edu/employees/fabio.sgarbossa
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https://www.ntnu.edu/ie
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

FKLDUD EHUR@Q# QUDX QF

o ( XURSHDQ&RP P L\WHH
I RUBVIDQGDUGL DURQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUMDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXDG LRSHUAHY

MWWDQVIMIRQ XVHRI 0 /
DA RUVMKP |RUGDVID GUYHC
GHFIMIRQV

EKIDUD Y- YRID

-P SDPWRI &@P DV &KDQJH RQ VKH %6XLAV
( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOK HUVDI H

51N O RQVRUQJ DQG $ WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XV} LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 M0 DVIRQ DQG $ GDSVIMIRQ 6\WDVIAI LHV \F
&@P DV &KDQIH LOFOXGLQI HQHUI\
HIILFLHQR P HDVXUHV P LOXVMAV FIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVMUDO XUDELOW $WHWP HQWDQG i+
DSS@DVMRQ RI / LIH &\ F®I $ WHWP HQW
/&$ P HWRGR®ILHV\R P LQIP ] H &2 /

I RRVBUQW LQ UHWRI WIQJ DQG
FRQVHUYDMRQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFWUHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVDI H $ UFKIVPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVIKRGV K\ GLR FQP DWA | DFVRD/
06&$ 3) )-5( 5(667$17 3LRWIFMIRQ RI &XXLD
+HUMDIH $JDIQWA @8I LLHV LQ + LIK 51N $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSS@HG VR
FX@XLDOKHUVRI H FRQVHUYDWRQ DQG HQHUI\

HI | LFLHQR

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDX@F SHU RWP DQFH

(92 (1&( 3LRMIFW LDLQZ DVIAUKDUYHWIRJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV
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®IRQDUGR P RQWAFFKL# QUOX QF

" LWHPAWFRQVDFW Z WK
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAM LFDVRQ RI
FUMFDOW WHP V &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG LDLE D\
GRP DIQV

/ FRDUERO RQM

e 0 RGH@Q Rl A\ \WWP V DQG .
VRIVE DUH DUFK VAR UHV

e P RGHOGUYHQ HQJLOHHUQJ
GRP DLQ VSHFL LF @QJXDJH\

e YHUWLFDWRQ YDAGDMRQ
VHFK QLT XHV

e VDIHW VHFXUW UHODELOW
HYDOXDVRQ

$' 9$1&( $GGLHWIQJ 9HUILFDMRQ DQG

9 DAGDVIRQ &KDABIQIHV LQ ) XWKUH &\ EHU 3K\ VIFDC
6\ WHP V + 0 6&$ 5-6( 7KLY
ZDVDWBI | H FKDQJH SLIRMIPWEHVE HHQ VDO
3RUXJDO + XQIDU  94.D] LO DQG &R@RP EID Z KHU-
Z H VKDUHG NQRZ BiGIH DQG Z RUNHG RQ

P SLRYLQJ WAFKQITXHV IRUWH 9 9 RI R EHU

SK\ VIFDOW WHP V 2 QH RI VKH SDUADHUY DQG XVH
FDVHV Z DV iKH 1 DAWRQDO6 SDFH 5 HVHDUFK
“QWIIXWM RI %LD)] LO -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VE R
SURMIFW Z H GHYH@RSHG DQ LQGXWW  JUDGH

[LDP HZ RN |RUP RGHOGLLYHQ HYDOXDVIRQ RI
UHIDELOW DQG LOWAIUW RI FRP SB[ W\ WHP V
7KLV KDV EHHQ MWAU UHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI WH ( FOSVH 3RMUB\ V SURMIFW

I DELR VJ DLERWD# QX QF

) DEIR 6IDUERWD

/ RIMAFV

2 SHUDVRQV DQG 6XSSO &KDLQ

0 DQDIHP HQW

~QGXWWLDODQG 6\ WP V ( QI LOHHUQJ
-QGXWA DQG

&LLFX@U( FRQRP \

0 DWIUDO+ DQGAQJ DQG :  DUHKRXVIQJ
+XP DQ ) DFVRW DQG ( WRQRP LFV
+XP DQ &HQWIF 3 RGXPURQ DQG

/ RIDMEV VA WP V

0 DLOWAQDQFH 0 DQDJIHP HQW

e (8 3WRMWFW /HDQ + */$66 0 $-$
"( +80 %1 6N@-ELOW ; +X/RJ

e 1 DVIRQDOSLRMHFW ' LILP DW' LJ&Y
6P DUN-% ) XWKUH/ 2 *  &LLFX@U
0 DQXI DFVXUQJ
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* XRP 1Q-L

JXRP 1Q M# QUDX QF

—KDYH D ELRDG QHVEZ RWN LQ ERVK
LOGXWW  ViKH SXEQF VHRRUDQG 1 * 2 V
1 RWZ HILDQ LQI LDWAXPWUH FRP SDQLHV
$) JWKSSHQ DQG 9 HIGHNNH
~QVHUQDVMRQDOFRP SDQIHV ' 19 DQG

( TXIQRU1 RWZ HILDQ &RQFUHWA
$WRFIDWA 1 RIZ HIIDQ : RRG &OXWHU

0 XQLFLSDAW * M1 YIN P XQLFLSD@W

2 V@R 7WRQGKHIP P XQIFLSDAW

e &RWWHIIHPAYH VXEVHD G\ QDP LF FDEGV IRl
RIIVKRWH Z QG IXQGHGE\ 1718
%&$5( YRVDQIFDOFRQFUHA QHZ JUHHQ
P DWAUDO RUDUAMILFLDOLHHI I XQGHG E\
+RUJ RQ ( XLRSH

e ) IEHUWHIQIRUFHG FRQFUHVIA WX PV UHV
IXQGHG E\ 1 RW HJIDQ 5HVHDUFK &RXQFLO

6XWDLODE®! P DVALLDY | RUEXLABLQIV
DQG LOI LDWAKXFWLH
8 SR\ FAQJ RI Z DWHV R BRZ QHI DIk
FDUERQ P DWUDO
1 DW(UH EDVHG VROMRQ |IRUP DUQH
UHWRLDMRQ
2 [1VKRWH Z 1QG
6 VX P LDOHQJ LOHHUQJ
0 DUQH HQJILOHHUQJ

e 1 SUMQI

0 RKCP P DAH D$IKTH.

P RKDP P DGLH] D DIKDHL# QDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH ILHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDIRQ 6RMU39
LQGXWALHY 6P DUAGXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HVF

(QHUW\ (QHW\ 6\ WMP V ( QHW\ ) ®f LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGBLQJ 6P DUN
EXIGELQ) 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUI\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHU\ B6RMU
&H@QY 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QUAI LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDQJ 39 $JUYRGDIF 5HIDELOW DQG' XWDELOW RI
3KRRYRODLFV * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WP VDQG ' LI VDA DMRQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVIY $XVRORP RXV $HUDOO RQVRUQI $XVRORP RXV) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
6HOVIQ) WKILRXJK DGYDQFHG WIFKQR®RILHV LH 8 QP DQQHG $ HUDCOHKLF®! 8 $9

$ UM LFLDO-QWAQIHQFH $— ' HHS 0 DFKLOH / HDWLQJ ' LIMDO7ZLQ ' 7 9%J ' DVD $QDOMLY
% $ -QWADHWRI 7KIQ) -R7 6DV ' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7DFLQJ

6P DUAQI LDWAKPWUH DQG 5 HVIAHQFH ( QHUI\ -QI L(DWAKPUH 5 HVLAHQFH $ WHWP HQW

5 HVIQHQWE P DUAQI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDMRQDODQG ( 8 | XQGHG SLRMIFW

&211(&7)  &RAHIFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLQDVRU 3—

2SW & + 2 SVP DORSHUDMRQ DQG GHFHQWDM HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HBIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R® 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDMRQDO( QHU\ $JHQR «$ 7DW  5HAODELAW DQG 3HURWP DQFH RI 39 6\ WHP V
5R®! 0 HP EHURI « $ ILRP 1 RW D\

Q=(%6$ -QWIQWLYH EBIQGHG FRXUH LQ &@P DV 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIXOWRQ DQG FRP S®f EHKDYLRURI EXIGBLQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURWP DQFH DQG 5HIDELIW RI 3KRVRYRODIF 6\ WHP V ( YDOXXDVRQV RI / DU H VFDO®

0 RQWVRUQJ ' DVD 3($5/ 39 5R®I : * FKDW &RWHJWRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWA@I HQWO RQIVRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $1P 39 5RMI &RRUGIQDVRU 3—

7KH 5 HVHDUFK &HQWAUI RU6XWIDLQDE®1 6 RDU&HM7 HFKQRM®I\ 68 62 / 7( &+

(QHUW\ 6\ \WHP V -QWIAJ LDURQ ( 6—

0\ &* 6 FRADERDWYH UHVHDUFK SLRMIFW [P SURYIQJ FRSSHULQGIXP JD@XP VXGKIGH
&* 6 WIQ Il SIRGXFURQ
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oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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FKLDUD EHUR@Q# QUDX QF

o ( XURSHDQ&RP P L\WHH
I RUBVIDQGDUGL DURQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUMDI HYXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOXDG LRSHUAHY

P LFLRFQP DV P LV DVIRC
VROMRQV

EKIDUD Y- YRID

-P SDPWRI &@P DV &KDQJH RQ VKH %6XLAV
( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOK HUVDI H

51N O RQVRUQJ DQG $ WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDWLDO
SKHQRP HQD XV} LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 M0 DVIRQ DQG $ GDSVIMIRQ 6\WDVIAI LHV \F
&@P DV &KDQIH LOFOXGLQI HQHUI\
HIILFLHQR P HDVXUHV P LOXVMAV FIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVMUDO XUDELOW $WHWP HQWDQG i+
DSS@DVMRQ RI / LIH &\ F®I $ WHWP HQW
/&$ P HWRGR®ILHV\R P LQIP ] H &2 /

I RRVBUQW LQ UHWRI WIQJ DQG
FRQVHUYDMRQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H[ SHUP HQVIXCS QDOMLY RI

| LDFWUHG 3 DUHQW

068&$ ' 1 &+$50 3LRMIFW &RQVHUYDVRQ

+ HUVDI H $ UFKIVPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVIKRGV K\ GLR FQP DWA | DFVRD/
06&$ 3) )-5( 5(667$17 3LRWIFMIRQ RI &XXLD
+HUMDIH $JDIQWA @8I LLHV LQ + LIK 51N $ UHDV
&2 67 $PARQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVIRJ H &RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSS@HG VR
FX@XLDOKHUVRI H FRQVHUYDWRQ DQG HQHUI\

HI | LFLHQR

*5((1(5 3LRMIPW * 5( (1 LRRIV DQG Z DAY

K\ GLDX@F SHU RWP DQFH

(92 (1&( 3LRMIFW LDLQZ DVIAUKDUYHWIRJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@GIQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFVRQIFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

oXEKDGED /712 D

&XUHQWB RVIMRQ

e $WRFIDW 3RIHWRULQ ( GIFWLF
" LLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDUFK. LOWAUHVW

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDUV RI LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV
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+RWHQ) DUIKP DQG

KRWHLQ | DLDKP DQGH# QU@X QF

QGXWM HJ $1(2 SXEQF VHARU
6VIVQHW DQG LOVAURDVMRQDORLI DQU DMRQV
{$ 6*$1 FRP ELQHG Z LViK DPVYH
FRAERWDVMRQ Z MK 6-1 7() DQG SDUAFLSDVRG
Q)0 ( FHOWHV LOYROQJ P XIS

WINHK RAGBHUY

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VAFKQRERILHV Z [V D SDUAFX@U
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ
HOHW\ W\ WP V XQGHU X QFHUMLOW

([ SHUHQFH LQ HQHW\ RSVIP LVDWRQ DQC
| O LELOW SLRYIMRQ [LRP KLIK GHP DQC
®DGV VXSSRUMG E\ DGYDQFHG

P RGH@QJ VRRY

QW\GLR ' HYHWRSP HQWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MW H VSDARWAP SRUDOGDVIVHW

+2125 ' HWQRI WDQV LHJIRQDO B LELOW P DUNHW LQWAT LDQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHY
DQG HBIFWLE YHKLFB VR VXSSRUNGDMMEXVIRQ JUGV DQG P DINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYLIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUBLF HBIPWLFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHVY / ( &V DQG VIKHLULQWAT LDURQ LQVR
GIMUEXVIRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOFK QRARI LHV | RUFRQVXP HU FHQWIF HOFWLFIW

P DUNHW DQG FLRW VHFVRU GL] VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLJ VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPWIFIW P DUINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA UDMRQ VKLRXJK QHZ WMFKQR®JLHV DQG
VWHP VROMRQV IRUVKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGI HQW( GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGDWUEXVIRQ VA WHP  RSHLDVURQ

Y0 (=(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVIHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ A WHIP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQQRYDVYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVMRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 4( 53: '  -QVAJLDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU QU H
VFD®! LQVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD / RQJ VP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MRQ
QHVEZ RWN [RU
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FKLDUD EHUR@QH QUDX QF

o ( XURSHDQ&RP P L\WHH
| RUBVIDQGDUGL DURQ &( 1
e &KDWP DQRI: *
0 RQLVRUQJ
DQGO DQDIHP HQWRI
+ HUVIDI HOXIQBLQIV 7&
&RQVHUYDVRQ RI
&XOKLDG LRSHUAHV

&$ DQG H[ SHUAVH RQ QHDU] HUR
HP DALRQ LHI XLELVKP HQW

EKIDD Y- YRID

-P SDPWRI &@P DV &KDQJH RQ VKH %X LAV
( QYLLRQP HQWLOFOXGLQJ KIWRUF
EXLABLQIV DQG FXOXUDOK HUVDI H

51N O RQVRUQJ DQG $ WHWP HQW

H[ WHP H Z HDWHU HYHQW DQG QDWW DO
SKHQRP HQD XWIJj LQJ DGYDQFHG
DQDOWFDOP HIKRGV DQG 0 /

0 V0 DRQ DQG $ GDSVIMRQ 6WDVIAI LHV \F
&@P DM &KDQIH LOFOXGLQI HOHUI\
HIILFLHQR P HDVXUHV P LOXVMV FIW
FRQFHSW EOH DQG JWHHQ 1 E6

0 DVWAUDO XUDELOW $WHWP HQWDQG i+
DSS@FDVRQ RI / LIH &\ F®I $ WHWP HQW
/&$ P HWMRGR®RILHVVR P LQIP L] H &2 /

IRRVBUQW [Q UHWRI IWIQJ DQG
FRQVHUYDWRQ SURFHWHV

06&$ ' 1 *$3 3LRMIFW P DIH * XIGHG

FRP SXVIMRQDODQG H| SHUP HQVDO$ QDO R

| LDFVXUHG 3 DUWHQW

068&$ ' 1 &+ $50 3LRMIFW &RQVHUYDWRQ

+ HUVDI H $ UFKIWPMKUH  EXLABLQIV DQG VIVIAV E\
5HVIQHQWO HVIKRGV K\ GLR FQP DWW | DFVRD/
06&$ 3) )-5( 5(6-67$17 3LRWIFMIRQ RI &XOXLD
+ HUVDIH $JDIQWA GBI LLHV LQ + LIK 51N $ UHDV
&2 67 $PMRQ* R &+$1* ( * GREDOQHVE RN RQ
&XOXUH + HUVRI H & RQVHUYDVRQ 8 QGHU&QP DV
&KDQIH

6$9( $1' 352 7(&7 3LRMIFW 0 / DSSAHG \R
FX@XUDOKHUVIDI H FRQVHUYDVMRQ DQG HQHUD\

HI | LFLHQR

*5((1(5 3LRMIPM * 5( (1 LRRIV DQG Z DQY

K\ GLDX@F SHURWP DQFH

(92 (1&( 3LRMIFW LDIQZ DVIAUKDUYHWIQJ

VIP XOMRQ

())-&$&< (QHW\ H)) LFIHQR EX-@IQJ DQG
&UFX@5 H&RQRP < | RUVKHLP DOLQVX@VQJ
VROMRQV SLRMIFW

VXEKDGLD WZ DU# QUDX QF

e : DUMM1RWD $6 RQ
P DUQH DSSQFDMRQV

e S5RAY 5R\ FH ( ®IPALFDO
1RW D\ $6 RQ DHURVSDFH
DSSAQFDVRQV

o ' HOD ( BIFWRQLFY
SWHYLRXV ( GMN [RU
SKRVRYRGDLF DSSAFDMRQ\

oXBEKDAD /12 DL

&XUHOWB RVIMRQ

e $WRFIDW 3 RIHWRULQ ( GIFWLF
" UYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL 718

5 HVHDUFK LOWALHMW

e ' HWQ DQG FRQWRORI SRZ HU
HOIPWRQLFV FRQYHUMUY DQG VKHLU
DSSQFDVRQV

e ([ SHUHQFH \ HDW/ Rl LQGXWA
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@M
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
" WYHV | RUDHLRVSDFH DQG P DUQH
DSSTFDVRQV
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VXEKDGLD WZ DU# QUDX QF &XUHQWB RVIMRQ
e $WRFLDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAU-VW

e : DOMD®1RWD $6 RQ
P DUQH DSSQFDWRQV

e S5R@ 5R\ FH ( ®IFWLFDO
1RWZ D\ $6 RQ DHWRVSDFH
DSSOFDVMRQV

e ' HOD ( BIFAWRQLFV
SUHYIRXV ( O¥N IRU
SKRVRYRODLF DSSOFDMRQ\

e ' HWQ DQG FRQWRORI SRZ HU
HOIFPWRQLFY FRQYHUMUY DQG WKHLU
DSSQFDURQV

o ([ SHUHQFH \ HDW/ Rl LQGXWA
H[ SHUHQFH DV D 7 HFKQLFDOB SHFLDMW
1Q 3RZ HU( BIFWRQLFV DQG ( BIPALF
* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDVRQV

+RWHQ) DUKP DQG

KRWHLQ | DLDKP DQGH# QV@X QF

QGXWM HJ $1(2 SXEQF VHRVRU
BVIVOHWY DQG LQVHUQDVMRQDORUI DQL] DURQV
«$ 6*$1 FRP ELQHG Z LVK DFVYH
FREADERWDVMRQ Z MK 6-1 7() DQG SDUAFLSDVRG
Q)0 ( FHOWHV LOQYROIQJ P XOAS®

WIDNHK RGBHUY

(QHW\ P DUINHW RSWP [] DARQ DQG

HP HUWLQJ VAFKQR®RJILHV Z VK D SDUAFX@U
HP SKDVLV RQ GHYH®RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ
HOHW\ W\ WPV XQGHU XQFHUDLOW

([ SHUAVH LQ P X®U HQHW\ W\ WHP V DQG
VHRVRUFRXS@QJ  LOFOXGLQJ LOWAI LDURQ RI
HOIPWFIW KHDWDQG K\ GLRIHQ LQ
LOGX\VWULDOSLRFHWHY

OW\GLR ' HYH®RSP HOWRI $—EDVHG VRRA | RURSWP DOVFKHGX@QJ DQG GLVSDVIK Rl
FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWP SRUDOGDVIVHW

+2125 ' HWQ Rl WDQV UHILRQDOI Bi LELAW P DUINHW LOVIAI LDMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHGRSP HOWRI | ®f LELOV P DQDIHP HQWA WP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLFBN VIR VXSSRUAGMUEXVRQ JUGY DQG P DUINHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH
1 RUGLF HBIPALFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLU QWA LDURQ LOVR
GIUEXVRQ W WHP RSHLDWRQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRMRI LHV | RUFRQVXP HU FHQWLF HBFWLFIW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMAMLP  UHVRXUFH
DARFDARQ LQ HBIFWLFW P DUNHW

2FHDQ* UG ( QDEQQJ RIIVKRWH Z LOG LOVAI LDURQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VW WHP  VRONMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUMGR) HQW( GIFVUFIW ' DMAMLEXVIRQ 5 HVHDUFK RQ

| O LELOW UHVRXUFHV DQG VP DUAGMAMLEXVIRQ A WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYH@RSP HOWRI ] HR HP MMRQ
HOHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1 RW HILDQ &HQWH IRU( QHU\ 7 WDQVIMRQ 6VWDWILHY 5 HVHDLFK RQ
I XVUH HQHW\ P DUNHW DQG WDQUVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLJK UHQHZ DE® SHQHWDMRQ

(8 ( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU U H
VFD®! LOVWAJ LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVE RWN [RU
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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VXEKDGLD WZ DU# QU@X QF &XUHQWB RUMIRQ
e $WRFIDW 3RIHWRULQ ( GIPWIF
" WYHV DWAKH ' HSDUR HQWRI ( GIFWE
(QHW\ DWL 718
5 HVHDUFK LQWALHMW

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV
e 5RQY 5R\ FH ( BIPALFDO

DSSQFDVRQV

e ' HOD ( GIFWRQLRY
SUHYIRXV ( GN |RU
SKRVRYRODLF DSSQFDURQ\

' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RZD $6 RQDHWRVSDFH ~ ° ([ SHUHQHH

H[ SHUHQFH DV D 7HFKQLFDOB SHELDMW

LQ 3RZ HU( BIFARQLEV DQG ( GIPALF

* UYHV | RUDHLRVSDFH DQG P DUQH

DSSQFDVRQV

\ HDU/ RI LQGXWA

+RWHQ) DIEKP DG

QGXWM HJ $1(2 SXEQFVHRRU

6VIVOHWY DQG LOVHUQDMRQDORW DQL DURQY ~ ®

«$ 6*$1 FRP ELQHG Z MK DRlYH

FRAODERWDMRQ Z WK 6-1 7() DQG SDUAFLISDMRC  °

Q)0 ( FHOWHV LOQYROYIQJ P XGIS®!

WIDNHKR@GHWY °

(QHW\ P DINHW RSVIP 1] DMRQ DQG

HP HULQJ WFKQRGRILHV Z MK D SDUAEX@U  °

HP SKDWLV RQ GHYH®&SLQJ GHFIMRQ VXSSRU

ILDP HZ RNV IRUI G LEH ®RRZ FDUERQ °

HOHW\ W\ WIP V XQGHU X QFHUBLOW

. QRZ ®IGIH Rl HOHU\ W\ WHP  LOWAI LDVRG
DQG WHFRYHU WFKQRARILHV QONHG VR

W WP GIYHORSWIP 1] DWIRQ DQG P DUNHW
SDUAFLSDVRQ

OW\GLR ' HYH®RSP HOWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDVK Rl
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MU H VSDVRWP SRUDOGDVIVHW

+2125 ' HVWQ RI WDQV UHILRQDOI Bi LELAW P DUNHW LOWAI LDVQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49$' (' HYH®RSP HOWRI | B LELOV P DQDIHP HQWA WHP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLF®IV VR VXSSRUAGMALEXVIRQ J UGV DQG P DUNHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ WH
1 RUGLF HBIPWLFLW P DUNHW

)4 (  $QDOVV RI GRFDOHQHW\ FRP P XQMHV / ( &V DQG WKHLULQWAI LDURQ LOVR
GIMUEXVIRQ W WHP RSHLDARQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRARI LHV | RUFRQVXP HU FHQWLF HBFWAFLW

P DUNHW DQG FLRW VHRVRRU GLJ VDOADQVI RUP DVIRQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
DERFDVRQ LQ HBIPALFIW P DUINHW

2FHDQ* UG ( QDEQ@QJ RIIVKRWH Z LOG LOWAI LDWRQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VWP VROMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUAGI) HQW GIFWAFLW ' DMALEXVRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VA WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HUKERXWKRRGY ' HYH®RSP HOWRI ] HWR HP WMMRQ
HOHW\ VROXMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1RW HILDQ &HOWH IRU( QHU\ 7 DQVIMRQ 6WDWILHY 5 HVHDUFK RQ
I XWUH HQHLW\ P DUNHW DQG WDQVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LOQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z WK KLIK UHQHZ DE® SHQHWDVRQ

(8 H( 53: 4' -QWAJLDWG UHVHDLFK RQ Z LQG HQHWI\ W\ WP V DQG VIKHLU MU H
VFD®! LOVWAJ LDRQ LOVR SRZ HUM WWMP V

(8 )3 H+LIKZD\ /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVEZ RN IRU
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BRSO (5 IBDHQRIFHY 7 \ROR
lPPI-mAELI}[FKW—IR}IIRZNH(\R(HQ@EH
FROERINROGDRIX-ZI\K1 718
+25=21 & ' ' DV GUYHQ ALFX@UHARQRP \ IRUH P REION HFRAMMP  =(52
3DUHUKIS
+25=21 & ! ' HP ROWDMRQRI ] HIR HP MMRQ FRDFKHV DQG EXVHVIQ BQJ

GMBQFHRSHIDARQY  =( 52 3DUQHUKIS

+25=21 & ' + LJKHU9RORIH 0 HIDZ DM&KDUILQ] 6\ WMP FRP SDWE®I P RGXOL
SRZHOWWDIQ IRU+ HDY\ ' XWOHKIFBNV +' 9 =(52 3DUHIKIS

+25=21 & ' ) LLH SUHYHQWRQ DQG P MW DARQ IRU( 9V IQ FRQIIOHG DDV =( 52
3DUHUKIS

+25=21 & ' 6XWILQDE®! DLLA DI WALFX@UGHW Q DQG DGGMYH P DQXI DRXUQ)
VRZ DUGV D FIP DM QHXWDCDYIDARQ

+25=21 & 7ZR 6VIJH' 1 RIVH LHGXPARQ EUHDNWIRXI KV IRUQHZ XEAMDH | LEHQA
DILADIW

+25=21 & 7ZR 6VIJH' ' IMXSWYH 7HRKQR®J HV DQG -QQRYDWYH &RQFHSW I RU

(QHU\ 6DYIQJ 2 QERDUG Rl BRQI GMBQRH KISV =(: 7 3DUHUKIS

+25=21 & ' 2 QERDUG LHQHZ DE®I HOHU\ VROMRQV DQG HQHU\ \VDYIQJ

P HDVXUHV VR LHGXFH WH | XHOFRQUXP SWRQRI \KISVE\ DWBDW  =(: 7 3DUHUKIS
+25=21 & ' 3URVSHPRYH HYDOXDMRQ Rl QXFBDUSRZ HUSRWQWDA RUVKLSSIQU
=(: 7 3DUGHUKIS

+25=21 & ' $XVRQRP RXV YHWHY 1Q VKRUMWHD \KISSIQJ DOG LODQG Z DMZ D\ V
+25=21 & ' “QQRYDWYH 6RORQV IRUP W DAQJ WH HOYILRQP HQWAP SDPAR
Z DWLERUDH WDQVSRUAIQ P DUQH DQG DTXDWE ( FRA VMP V =(: 7 3DUHUKLS

+25=21 & ' ( QKDQPHG HBIPWE RSHUIDWRQ DQG EDMAY GXWDELOW =(: 7
3DUPHUKIS

+25=21 & 7ZR 6\VIUH" 1 RQ H KDXVWHP MMRQV 1Q URDG DQG DI D WDQVSRU)
+25=21 & ' $WHWQI WH HIHPARI DILSRUARSHUIDWRQV RQ DIUTXDON DQG QRIVH

IQ QHDLE\ FRP P XQWHV



' DB GIYHQAUXOQUHRERP\ |RUHP RAONV

HRAMMP (52 3DMEHIKIS

3DCONDVBDOEH

" HSDUR HOMR -Q RUP DARQ 6HRXUW DQG &RP P XQUFDVRQ

THKQRMRI\
) DRXAVR "Q RIP DARQ 7THKGR®I\ DG ( GRAMIFDY QILGHHIQ)
EROIPMAQ RWP DARQ ([ SHOAAH S5HBYDOASUIRMPRN
SDQNDMSDQGH # QU@X QF o &UWFDO-QI LDWAXPWLH 6 HFXUW * 3WRWMIAA0 DQDJHU  SHVHDUFKHU (1) /'
DQG 5 HVIQHQFH ( XURSHDQ / LIKWRXVH VR 0 DQU HW
+ 5LNS$SQDOVY $WHWP HQWDQC 7UKWE RUM\ DQG* LHHQ$-* $ 1R
0 DQDIHP HQW
o -QIRLP DMRQ 6HFXUW o ' LJIVDO( XURSH 3LRMIFW &<%( 58 1 -7<
o &\ EHUBHFXUW &RP P XQIW | RU-QWAILDVIQJ DQG 2 SHQLQJ
o BVDQGDUGV DQG ) LDP HZ RUNWV &\ EHU5 DQJ H -QI LDWAX VX LHV VK DW/X LGB DQ
o (VKIFDO / HIDOSVSHFW -QUALRSHDE®! & IRW ' RP DLQ DQG &RW
o ' LJIVIDOBRYHUHLI QW 6HFVRU &\ EHU5DQIH ) HGHLDVRQ

o (LDWP XV3LRMFW &<&/ (
&\ EHUHEXUW/ HDUQIQJ 0 DWHIUV GHI LHH 1O
&\ EHUHFXUW

- 3LRMIFW ' (/7$ ) XWUH VDP SHU SLRRI
" HP DQG 5VSRQWH | LDP HZ RUN KLRXJK VH |
FRQILIXUHG VHO RS7LP 1] HG DQG FR ERUDYH
YIUAXDOGMUEXWAG HQHUW\ QRGHV

- 3URMIFW /2 &$5'  / DZ | XOHYLGHQFH
FROHPUQJ DQG FROUQXIW SMWRLP
GHYH®RSP HQW

e SHVHDUFK &RXQFIORI 1R D\ &36( & &\ EHU
3K\ VIFDOSHFXUW 1Q ( QHUI\ -QI L(DWUXFXLH RI
6P DUA&LVIHV

. 4+ 3URMIFW * +2 67 6DIH* XDUGIQJ +RP +
-R7 ( QYILRQP HQW Z IVik 3 HWRQDOVHG 5HDO
WP H 5LWN &RQWRO

) DELR 6IDUERAD

" HSDU/P HOAMRI 0 HRKDQLFDODQG -QGXWMDO( QILOHHUQY
) DRXAVR (QILHHIQ)

EROVAMAQ RWP DARQ ([ SHMAH SHBYDOASUIRMRNV
I DEIR VI DUEERWD# QUQX QF e /RIMIFV e (8 3LIRMIFW /HDQ  + */$66 0$-$
e 2 SHIDURQV DQG 6XSS® &KDIQ "( +80$1 GNAB-ELOW ; +X/RJ
0 DQDIHP HQW
-QGXWWMIDODQG 6\ WHP V ( QU LQHHUQJ e 1 DWRQDOSLRMIFW ' LIIP DW' LJ&Y8
QGXWM  DQG 6P DUN-9% ) XWUH/ 2 *  &LLFX@U
&UFX@U( FRQRP \ 0 DQXI DPXUQJ

0 DWAUDO+ DQGAQJ DQG : DUHKRXMIQJ
+XP DQ ) DFVRW DQG ( WRQRP LFV
+XP DQ &HQWIF 3LRGXFVRQ DQG

/ RIDMEV A WHP V

* 0 DIQWIQDQFH 0 DQDIHP HQW
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P RKDP P DGUH]| D DIKDHL# QUDX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWULHY 6P DUMXLABLQIV
$ GYDQFHG 7HFKQR®RILHY HVE

0 RKCP P DAH D$IKTH.

(QHW\ (QHW\ 6\ WMP V ( QHW\ ) ®f LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUM UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LJLvd@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRGDLF 3 RZ HU3 MQW-QWAI DG
3KRRYRODIFV %439 9139 /6&39 ) RDQJ 39 $JUYRGDIF 5HAIDELOW DQG' XUDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHUI\

$XVRQRP RXV 6\ WP VDQG ' LIVDA DMRQ 7HFKQRGRILHY $XVRQRP RXV 0 RQWRUQJ DQG
$QDOVY $XVRORP RXV $HUDOO RQWVRUQI $XVRORP RXV) DXAV' HWFIRQ $XVRQRP RXV
&RQWRODQG 0 RQWRUQJ 6\ WHP V 3UHGIFIYH2 0 VHUIFHV DQG $XVRQRP RXV 5HP RW
BHOVIQJ WILRXJK DGYDQFHG WFKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFLDO-QWAI HQFH $— ' HHS 0 DFKLOH / HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOWY
% $ -QWADHWRI 7KIQJ -R7 6DVACMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7UDFLQJ

6P DUAMQI LDWAXPUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWIUH 5 HVLOHQFH $WHWP HOW

5 HLOHQWE P DUALQI LDWAKFWIUH 5 HIDELIW

([ SHUHQFHV LQ VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2/1(&7L)  &RAHFYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRWH' & JUG Z VK
5(6 HOIFWRO] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALQDVIRQDO( QHUW\ $JHQR «$ 7DW  5HADELIW DQG 3HURULP DQFH RI 39 6\ WWHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWYH EBGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBQIV 5R®I 3LRMIFWP DQDIHU : 3 BIDGHU
3HURLWP DQFH DQG 5 HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV RI / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QWAMI HQWO RQIVRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $1P 39 5RMI &RRUGIQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&HW7 HFKQRARI\ 68 62/ 7( &+

(QHUI\ 6\ \WHP V -QWAJ LDURQ ( 6—

0\ &* 6 FRADERWWNH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JD@XP VXGKLGH
&* 6 VKIQ Il SURGXFURQ

DEHWHW QVOX QF

1)76 81 $JIHQFLH\

SEHIR 6HHD

-QORYDWYH P DFKLQHU | RUVIKH HQHLD\
WDQVIMIRQ

e : DYH(QHW\ BHDTXHW

e +LIK HIILFIHQR H®PWFDOSRZ HUADLQ / DP ERUWKLQL

e BXWDLODE®! VEZ R VHDW HBIPWLF YHKLE®! | RUVKH XLEDQ P RELOW

o ' DMMEXWG* UG: LQG 7XLEIQHV ( QHW\ HIILFIHQW&&E VROMRQV | RUVIKH
KDUG VIR DEDVM VHRVRUY

e ' LJWVDO7Z LQ |RUWLERP DFKLQHU
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KRWHLQ | DLDKP DQGH# QV@X QF

oXE

<DAED 712 DU

VXEKDGLD WZ DU# QU@X QF &XUHQWE RVIMIRQ
e $WRFLDW 3LRIHWRULQ ( GIPALF
" WYHV DWAKH ' HSDUR HQWRI ( GIFWAE
(QHW\ DWL 718
5 HVHDUFK LOWAUHMW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDARQV
e 5R@ 5R\ FH ( BIFWFDO

DSSTFDMRQV

o ' HOD ( BIPARQLEY
SUHYLRXV ( @¥N |RU
SKRVRYRODLF DSSQFDVRQ\

' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWD $6 RQDHRVSDFH ([ SHUHQRH

H[ SHUHQFH DV D 7HFKQLFDOB SHELDMW

LQ 3RZ HU( BIPARQLEV DQG ( GIPALF

* UYHV | RUDHLRVSDFH DQG P DUQH

DSSQFDMRQV

\ HDU/ RI LQGXWA

+RWHQ) DIEKP DG

QGXWM HJ $1(2 SXEQFVHRRU

6VIVOHWY DQG LOVHUQDMRQDORW DQL DURQY ~ ®

«$ 6*$1 FRP ELQHG Z MK DRlYH

FRAODERWDMRQ Z WK 6-1 7() DQG SDUAFLISDMRC  °

Q)0 ( FHOWHV LOQYROYIQJ P XGIS®!

WIDNHKR@GHWY °

(QHW\ P DINHW RSVIP 1] DMRQ DQG

HP HULQJ WFKQRGRILHV Z MK D SDUAEX@U  °

HP SKDWLV RQ GHYH®&SLQJ GHFIMRQ VXSSRU

ILDP HZ RNV IRUI G LEH ®RRZ FDUERQ °

HOHW\ W\ WIP V XQGHU X QFHUBLOW

OW\GLR ' HYH®RSP HOWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDVK Rl
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MU H VSDVRWP SRUDOGDVIVHW

+2125 ' HVWQ RI WDQV UHILRQDOI Bi LELAW P DUNHW LOWAI LDVQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49$' (' HYH®RSP HOWRI | B LELOV P DQDIHP HQWA WHP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLF®IV VR VXSSRUAGMALEXVIRQ J UGV DQG P DUNHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ WH
1 RUGLF HBIPWLFLW P DUNHW

)4 (  $QDOVV RI GRFDOHQHW\ FRP P XQMHV / ( &V DQG WKHLULQWAI LDURQ LOVR
GIMUEXVIRQ W WHP RSHLDARQ

" LU(FR ([ SRUDMRQ RI GLI VDOWIFKQRARI LHV | RUFRQVXP HU FHQWLF HBFWAFLW

P DUNHW DQG FLRW VHRVRRU GLJ VDOADQVI RUP DVIRQ

3RZHU LJ ' HYH®RSP HQWRI GLI VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
DERFDVRQ LQ HBIPALFIW P DUINHW

2FHDQ* UG ( QDEQ@QJ RIIVKRWH Z LOG LOWAI LDWRQ VKIRXJIK QHZ VMFKQRERJ LHV DQG
VWP VROMIRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUAGI) HQW GIFWAFLW ' DMALEXVRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VA WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HUKERXWKRRGY ' HYH®RSP HOWRI ] HWR HP WMMRQ
HOHW\ VROXMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1RW HILDQ &HOWH IRU( QHU\ 7 DQVIMRQ 6WDWILHY 5 HVHDUFK RQ
I XWUH HQHLW\ P DUNHW DQG WDQVIMIRQ SDVIKZ D\ V VRZ DUG (RZ FDLERQ W\ WP V
(8)3 7: (1746 ' HYHIRSP HOWRI LOQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z WK KLIK UHQHZ DE® SHQHWDVRQ

(8 H( 53: 4' -QWAJLDWG UHVHDLFK RQ Z LQG HQHWI\ W\ WP V DQG VIKHLU MU H
VFD®! LOVWAJ LDRQ LOVR SRZ HUM WWMP V

(8 )3 H+LIKZD\ /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVEZ RN IRU
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: ' HP RQUADARQR! JHIR HP IWIRQFRCFKHYDQGEXHY

QA GWHFHRSHDARYY (52 3DMEHIKIS

SRQDAMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HAHYDQAMDONV

RXWLGH DFDGP 1D

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RAY 5R\ FH ( ®IPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSAQFDVRQV

o ' HOD ( BIFWRQLFY
SUHYIRXV ( G¥N [RU

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDO QILGHHIQ)

([ SHIVAH

&XUHQWE RUMRQ

+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL 718

5 HVHDUFK. LOWAUHWWY

+ ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH

SKRVRYRODLE DSSTFDARQ\ DSSQFODMRQV
'HSDUWPHQW RI (QHUJ\ DQG 3URFHVV (QJLQH
)IPXOVR (QIGHHIQ)
E&RQIAMAQ RUIP DURQ ([ SHOAAH
DEHWHU QUDX QR -QQRYDVIYH P DFKLQHU. | RUVIKH HQHUI\
WDQVMIRQ
SHBHYDQASLRMPN

5 HOYDQWDONV
RXWLGH DFDGHP L
1)76 81 $JIHQFLH

: DYH (QHW\ 6HDTXHW
+LJK HIILFIHQR HBIPWIFDOSRZ HUADLY / DP ERUWKIQL

6XWIDLODE®! VE R VHDW HBIPWLE YHKLF®! | RUVKH XUEDQ P RELOW

" DMMEXWAG * UG 1QG 7XLELQHV ( QHUW\ HI I LFLHQW&.&6 VROXMRQV | RUVIKF
KDUG VIR DEDW VHRVRUY

e ' LJIVDO7Z LQ IRUWLERP DFKLQHU
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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oXE

<DAD /712 DL

VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA

SKRVRYRODLE DSSTEDARQ\ DSSAFDMRQY
KRWHLO | LDKP DOGH CMEX OF ¢ QW\GR ' HYHRSP HQWRI $—EDVHG VRROYY IRURSVP DOVFKHGX@QJ DQG GLV/SDVEK RI

QGXWM HJ $1(2 SXEQF VHRRU

6VIVOHWY DQG LOVHUQDMRQDORW DQL] DMRQY  ©
«$ 6*$1 FRP ELQHG Z LVK DFVYH
FREDERWDWRQ Z MK 6-1 7() DQG SDUAFLSDURG  °
Q)0 ( FHOWHV LOQYROQJ P XS

WIDNHK RGBHUY .

(QHW\ P DUINHW RSWP ] DWRQ DQG

HP HULQJ VFKQRM®JILHV Z MK D SDUAFX@U  °
HP SKDVLV RQ GHYH®RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI®f LE®I ®RZ FDLERQ .
HOHW\ W\ WP V XQGHU XQFHUMLQW

FDVFDGH K\ GLRSRZ HUM WHP V XVLQJ MW H VSDURWP SRUDOGDVIVHW

+2125 ' HVWQRI WDQV UHILRQDOI B LELAW P DUINHW LOWIAI LDMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49$' (' HYHGRSP HOWRI | ®f LELOV P DQDIHP HQWA WHP V XVIQJ EDWHAUHY
DQG HBIPWLF YHKLFBN VIR VXSSRUAGLULEXVRQ JUGY DQG P DUINHW

35946 0 RGHOQJ DQG SUFLQJ RI EDMQFLQI VHUYLFHV DQG UHVHUYH SLRGXFW LQ VKH
1 RUGLF HBIPWLFLW P DUNHW

)1 (  $QDOVYV RI RFDOHQHW\ FRP P XQMHV / ( &V DQG VIKHLU QWA LDURQ LOVR
GIUEXVRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOWIFKQRMRJ LHV | RUFRQVXP HU FHQWLF HBFWLFLW

P DUNHW DQG FLRW VHFVRU GLJ VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GL VD@ HG P DINHWGHWLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPALFIW P DINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z LOG LOVAI LDWRQ VKIRXJIK QHZ VHFKQRERJ LHV DQG
WV WHP  VROMRQV | RUVKH 1 RWZ HILDQ JUG

YO (&1 (/' — &HQWH | RU-QUMGR) HQW GIFVUFIW ' MMALEXVIRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGIMALEXVIRQ VA WP RSHLDVRQ

YO ( =(1 =HWR (P IMRQ 1 HUKERXWKRRGY ' HYH@RSP HOWRI ] HR HP MMRQ
HQHW\ VROMRQV DWQHLI KERXUKRRG VFD®

YO ( 175$16 1RW HILDQ &HOWH IRU( QHU\ 7DQVIMRQ 6VWDWILHY 5 HVHDLFK RQ
I XWUH HQHW\ P DUNHW DQG WDQVIMIRQ SDVKZ D\ V VRZ DUG (RZ FDLERQ W\ AP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DALRQ W WP
RSHUDVRQ Z MK KLJK UHQHZ DE® SHQHWDMRQ

(8 ( 53: 4' -QWAJDWG UHVHDLFK RQ Z LQG HQHU\ W\ WP V DQG VIKHLU MU H
VFD® LOWAJ LDARQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VLP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RN IRU
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) WHSUYHONRQ DG P MIDARQIRU( QVIQRRQICHS

DDV =52 3DMWHIKIS

$WSUHVHQW QR UHVHDUFKHU KDV H[ SUHWHG LOVAUHWWMO VKLY FDQ@
BKRX@ \ RX EH LOWAUHWHG LQ FREDERWDWRJ Z WK 1718 RQ VIKH
VRSLF SGIDVH GR QRWKHVIVIVA VR FROVDPWMKH 1718 %XWHW
2 |1 .FH DWERQVDF EUXWHY QUDX QR DQG ZH Z LW VR 11QG D
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) CHR GJDUERWD

' HSDUR HOAMRI 0 HFKDQLFDODQG ~QGXWALDO( QILOHHUQD
) DIRXOVR (QILQHIQ

SRQIRMQ RUIP DUWRQ ([ SHMAH 5 HHYDQASLRMPRV
I DELR VJDUERWD# QWX QF e /RIMFV e (8 3LIRMIFW /HDQ  + */$66 0$-$
e 2 SHUDVRQV DQG 6XSSO &KDLQ "( +80$1 BNAB-EIOW ; +X/RJ
0 DQDIHP HQW
~QGXWULDODQG 6\ WHP V ( QU LQHHUQJ « 1 DWRQDOSLRNHFW ' LILP DW' LJ&9Y
QGXWM  DQG 6P DUN-% ) XWKUH/ 2 *  &LLFX@U
&LFX@U( FRQRP \ 0 DQXI DFVXUQJ

0 DVAUDO+ DQGAQJ DQG :  DIHKRXVIQU
+XP DQ ) DFVRW DQG ( WRQRP LFV
+XP DQ &HQWIF 3LRGXFRQ DQG

/ RIDFV W WP V

* 0 DIQWAQDQFH 0 DQDIHP HQW

oXBEKDAD /12 DL

" HSDU/P HWR! ( R ( QHU\
) DXV R "Q RIP DARQ 7HKCGRE\ DG ( GRAMFDY QILCHHIY

E&RQIPMQ RWP DURQ ([ SHIAAH
VXEKDGLD WZ DU# QWX QF &XUHQWE RUMRQ
«  $WRFIDW 3 RIHWRULQ ( BIFIF
" UYHV DWKH ' HSDUR HQWRI ( BIFVE
SHBHYDQMDNV (QHU\ DML 718
RXWLGH DFDGHP LD 5 HVHDURK LQWAUHW
e : DUMM1RWD $6 RQ e ' HVJQ DQG FRQWRORI SRZ HU
P DUQH DSSQFDRQY HBIFWRQLFV FRQYHUMUY DQG VKHLU
+ 5R@ 5R\ FH ( GIRALFDO DSSQFDVRQV
1RWD $6 RQDHRVSDRH ~ ° ([ SHUHQFH \ HDW/ Rl LQGXWWA
DSSTFDMRQV H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@A
e ' HOD ( BIFWRQLFV 1Q 3RZ HU( GIPWRQLFV DQG ( BIFF
SUHYIRXV ( G¥N IRU " UYHVIRUDHLRVSDFH DQG P DUQH

SKRVRYRODIF DSSQFDVRQ\ DSSAFDMRQV
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QP D D] DYl# QWX QF

$PYH QONV Z VK QDURQDO
DQG LOVAMURDMRQDO
LOGXWA  UHVHDUFK
FHOWHV DQG SXEQF VHRVRU
RU DQWVDMRQV LQ

P DVIUDY P DQXI DRXUQJ
DQG WX FVXLDO
DSSQFDVRQV

1P D500 DYL

) DV XH DQG | LDAXUH RI P HVIDAF DQG
QRQ P HVDAF P DVIAUDOW WHP V Z IV

HP SKDWVLV RQ @ HVIP H DQG SHU RUP DQFH
XQGHUVHUYLFH GRDGLQJ 3 UHGLFVIYH GRFDO
DSSLRDFKHV | RUI DVI0 XH DQG | LDFVXLH
DQG GHVLJ Q DJ DLOW DLOXUH | RUI DV XH
FUWFDOFRP SRQHQW DQG WK FVXUHV
$GGMIYH 0 DQXIDAXUQI $0

P HFKDQLFDOSHU RUP DQFH DQG GXUDELOW
Rl $0 FRP SROHQW DQG DUFKIVMFMG
WAXFWUHY ' HVLIQ | RUS$ GGLVIYH

0 DOXIDRXUQJ ' 1$0  LOWAJ DRI

| DEUFDVIRQ SDLDP HWAUY Z VK WX FVXLDO
SHURLP DQFH DQG LOWAIUW
FRQUGHLDARQV -QWAJ LDVIRQ RI

P DQXIDPXUQJ SLRFHWHV P DVIAUDO
EHKDYLRXU DQG WUXPWUDOGHWLI Q | RU
UHIDELOW GUYHQ HQJLOHHUQI VROMRQV
&RP ELQHG H[ SHUP HQWDOWAWRQJ DQG
QXP HUFDOP RGH@QJ |RU@ H SLHGLFRQ
DQG WUXPWLDORSVIP LVDVMRQ 0 DVAUDO
K\ GLRJI HQ LOWALDPRQ DQG HQYLLRQP HQW
GHSHQGHQWSLRFHW VWX FWLH

SHURWP DQFH LHIDMRQWKLSY |RU

VX FUKLDOLOWAT UW DWHWP HQW

$0¢ LHHQ $OXP LQIXP * LHHQ 3 MWRLP

*$

0 DIER3R/ R 1 RYHOO DUMP H &RQGIMRQ

P RQWRUQJ WAFKQR®RJ\ E\ DFRXWIF HP DMALRQ DQG
P DFKLQH GIDUQLQI SLRFHWIQJ |RU/ LLHWP H

2 SWP IVDMRQ * $

+\/- ( — 6DIHW DQG -QWAJUW RI +\ GLRIHQ
7DQVSRUABLSHIQHV * $

5H6-W¥  5REXVWP HVIPOEDULHUY | RUVDIH XVH RI
K\ GLRIHQ LOI LDWUXPWUH * $

&RURVIRQ 3 RWIFMRQ RI ) GRDVIQJ 6VUXPWKUHY
8VIQJ / DVHU: HW@IQJ 7HFKQR®JI\

*$

3K\ VO HW&HQWH | RUBXWIDLODE® DQG &RP SHVIMANF
0 HVID@X W LFDODQG 0 DQXI DRVXUQJ -QGX\WM

*$

0$' 7DRUQI 0 HVDAXU LFD® ERQGHG QDQRVFD®!
LQVWHU DFHV EHVE HHQ $0 &X DQG 1 LIQYRONQJ

" HIRWP DWRQ HQKDQFHG GL IXVIRQ

6-5$0 0 7Z1QQLQJ B6WXFXLDO-QWAIUW DQG
5HIDELOW RI $ GYDQFHG 0 DVMIUDY REVDLOHG
WURXJK DGGIVIYH 0 DQXI DPUQJ SLRMIFW

*$

0(75%0$7 06&$ ' 1 (QDEMQJ VKH LOWAILDVRQ
Rl P XOU I XQPARQDOUHIDE® P HVIDP DVIAUDY LQ
UHDO@ H LQGXWDODSSAFDVRQV | RUHQK DQFLQJ
WUXFWLDODQG YLEUDVRQDOEHKDYLRU

*$
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VXEKDGLD WZ DU# QUQX QF

e : DUMM1RWD $6 RQ
P DUQH DSSQFDARQV

e 5R@ 5R\ FH ( BIFMFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( BIFWRQLFY
SUHYIRXV ( ®N |RU
SKRVRYRODLF DSSQFDVRQ\

6X

&XUHQWB RIMRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF

" UYHV DWMKH ' HSDUR HOWRI ( GIFLE

(QHW\ DWL 718

5 HVHDUFK LOWALHMW

e ' HWQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG HLU
DSSQFDURQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU

H[ SHUHQFH DV D 7HFKQLFDO6 SHFLD@MW

LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDVRQV

<DAD /2 DL

QLP D D] DYl# QU@X QF

$PYH QONV Z VK QDURQDO
DQG LOVMUQDMRQDO
LOGXWA  UHVHDUFK
FHOWHV DQG SXEQF VHRVRU
RU DQWVDVMRQV LQ

P DVMUDY P DQXI DRXUQJ
DQG WX FVXLDO
DSSQFDVRQV

1P D500 DYL

) DWW XH DQG | LDAXUH RI P HVD@F DQG
QRQ P HVDAF P DVIAUDOW WMP V Z IV

HP SKDWVLV RQ @ HVIP H DQG SHU RUP DQFH
XQGHUVHUYLFH GRDGLQJ 3 UHGLFVIYH GRFDO
DSSLRDFKHV | RUI D0 XH DQG | LDFVXLH
DQG GHVLJ Q DJ DLOW DLOXUH | RUI DVIO XH
FUVIFDOFRP SRQHQW DQG WK UHV
$GGIMIYH 0 DQXIDAXUQI $0

P HFKDQLFDOSHU RUP DQFH DQG GXUDELOW
Rl $0 FRP SROHOW DQG DUFKIVWFMG
WAXFWUHY ' HVLIQ | RUS$ GGLVIYH

0 DOXIDRXUQJ ' 1$0  LOWAJ DRI

| DEUFDVIRQ SDLDP HVALY Z WK \MXFVXLDO
SHURLP DQFH DQG LOWAIUW
FRQUGHLDARQV -QWAJ LDVIRQ RI

P DQXIDPXUQJ SLRFHWHV P DVIAUDO
EHKDYLRXU DQG WUXPWUDOGHWLIQ | RU
UHIDELOW GUYHQ HQJLOHHUQI VROMRQV
&RP ELOHG H[ SHUP HQWDOWAWIQJ DQG
QXP HUFDOP RGH@QJ |RUM H SLHGLFRQ
DQG WUXPWLDORSVP LVDVMRQ 0 DVAUDO
K\ GLRJ HQ LOVALDPMRQ DQG HQYLLRQP HQW
GHSHQGHQWSLRFHW VWX FWLH

SHURWP DQFH LHIMRQVKLSV |RU

VWX PV LDOLQWAT UW DWHWP HQW

$O¢ LHHQ $OXP LQIXP * LHHQ 3MWRLP

*$

0 DIER3R/ R 1 RYHOO DUMP H &RQGIVIRQ

P RQWRUQJ WAFKQR®RJ\ E\ DFRXWIF HP DMALRQ DQG
P DFKLQH GIDULQI SLRFHWIQJ |RU/ LLHWP H

2 SWP IVDMRQ * $

+\/- ( — 6DIHW DQG -QWAJUW RI +\ GLRIHQ
7UDQVSRUABLSHIQHV * $

5H6-WY  5REXVWP HVIPOEDULHUY | RUVDIH XVH RI
K\ GLRIHQ LOI LDWUXPXUH * $

&RURVIRQ 3 LRWFIRQ RI ) GRDVIQJ 6VUXPWKUHV
8VIQJ / DVHU: HW@IQJ 7HFKQR®JI\

*$

3K\ VO HW&HQWH | RUBXWILODE® DQG &RP SHVIMAYF
0 HVIDX@X W LFDODQG 0 DQXI DRUQJ -QGXWU

*$

0$' 7DRUQI 0 HVDAXU LFD® ERQGHG QDQRVFD®
LQWHU DFHV EHVE HHQ $0 &X DQG 1 LLQYRONQJ

" HIRWP DWRQ HQKDQFHG GLIXVIRQ

65800 7Z1QQIQJ  B6VUXFWLDO-QWAI UW DQG
5HIDELOW RI $ GYDQFHG 0 DVMUDY REVDLQHG
WURXJK DGGIVIYH 0 DQXI DPUQJ SLRMIFW

*$

0(75%0$7 06&$ ' 1 (QDEMQJ VKH LOWAILDVRQ
Rl P XOL I XQPARQDOUHIDE® P HVIDP DVIAUDY LQ
UHDO@ H LQGXWWDODSSAFDVRQV | RUHQK DQFLQJ
WAXFWLDODQG YLEDVRQDOEHKDYLRU

*$
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SDQNDMSDQGH! # QUDX QF

3DO\NDVBDOH

o &UMFDO-QI LDWUXFWIUH 6HFXUW
DQG 5 HVIOHQFH

e 5IWN$QDOVY $WHWP HQWDQC
0 DQDIHP HQW

e —QIRWP DURQ 6HFXUW

e &\ EHUBHFXUW

e 6VDQGDUGY DQG ) LDP HZ RUNV

e (VKIFDO /HJDO$VSHFW

e ' LJIVDOBRYHUHLI QW

3LRMIPW0 DQDJHU  SHVHDUFKHU (1)~/"
( XURSHDQ / LIKVIKRXVH VR 0 DQU HW/
7UXWE RUK\ DQG* LHHQ$—* $ 1R

" LJIMDO( XURSH 3 LRMIFW &<%( 58 1 7<

&RP P XQIW | RU-QWAI LDQJ DQG 2 SHQLQJ

&\ EHU5 DQJ H -Q LDWUXFWUHV VKDWY/AX LGS DQ
-QWALRSHLDE®! &LRW ' RP DIQ DQG &RW
6HPVIRU&\ EHU5 DQIH ) HGHLDWRQ

(LDVP XV 3LRMIFW &<&/ (

&\ EHUHEXUW/ HDUQIQJ 0 DWHIUV GHI UHH 1Q
&\ EHUHFXUW

+ 3LRMIFW ' (/7$ ) XWUH VP SHU SLRRI
" HP DQG 5VSRQWH | LDP HZ RUN VIKLRXJK VH |
FRQILIXWHG VHO RS7LP 1] HG DQG FRQE ERUDYH
YIUAMDOGMULEXWAG HQHU\ QRGHV

+ 3LRMIFW /2 &$5'  / DZ | XOHYLGHQFH
FREHPAQI DQG FROUDXIW SMWRLP
GHYH@RSP HQW

5HVHDUFK &RXQFIORI 1 RZ D\ &36( & &\ EHU
3K\ VIFDOGHFXUW LQ ( QHW\ -QI L(DWUKXFVXUH RI
6P DUABIVHV

+ 3LRMIFW * +2 67 6DIH * XDUGIQJ +RP +
-R7 ( QYLLRQP HQW Z WK 3 HWWRQDOVHG 5HDO
WP H 51N &RQWRO

VXEKDGLD WZ DU# QUDX QF

e : DUMMD1RWD $6RQ
P DUQH DSSQFDMRQV

e S5RAY 5R\ FH ( BIFALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDVRQV

e ' HOD ( BIFWRQLFY
SUHYLRXV ( G¥N [RU
SKRVRYRADLF DSSTFDARQ\

oXBEKDGED /12 D

&XUHQWE RVIMRQ

$WRFLDWA 3 LRIHWRULQ ( GIPWLF
" WLYHV DWWKH ' HSDUR HOWRI ( GIPVULE
(QHW\ DWL718

5 HVHDURK LOQVAUHMW

* HVLJQ DQG FRQWRORI SRZ HU
HBIPWRQLFY FRQYHUMUY DQG VKHLU
DSSQFDURQV

([ SHUHQFH \ HDUW/ Rl LQGXWU

H[ SHUHQFH DV D 7HFK QLFDOB SHFLD@MA
LQ 3RZ HU( GIFURQLEV DQG ( GIFWLF

* UYHV | RUDHURVSDFH DQG P DUQH
DSSAQFDVRQV
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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=il ' 2@EOGUHIZ CEGIHHI \ROMRQ/DQGHH

\VDVQ) P HDKUAVVR UHGKFHWH I XHIFRQUKP SWRQR \KISVE\ DMBDWV — <(: 7
3DMZHIKIS 7UDQUSRVHDMMG KHDEM DG HMURQP HQWV

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDY QILGHHIQ)

SRQIPMQ RUP DARQ ([ SHWMH
VXEKDGLD WZ DU# QU@X QF &XUHQWB RMRQ
*  $WRFIDW 3LRIHWRULQ ( BIPALF
" LLYHV DWWKH' HSDUR HQARI ( GHFLE
S HAHYDQMDONV (QHU\ DWL 718
RXWLGH DFDGHP LD 5 HVHDURK LQWAUHW
e : DUM®1RWZD $6 RQ s ' HVLJQ DQG FRQWRORI SRZ HU
P DUQH DSSQFDRQV HBIPWRQLFV FRQYHUMUY DQG VKHLU
e S5RQY 5R\ FH ( ®IPALFDO DSSTFDVRQV
1RWD $6 RQDHWRVSDFH  ° ([ SHUHQRH \ HDW/ RI LQGXWUA
DSSQEDURQV H SHUHQFH DV D 7HFKQLFDO6 SHFLD@W
o ' HOD ( GIFRQFV LQ 3RZ HU( GIFWRQLFV DQG ( GIFLF
SUHYIRXV ( G¥N IRU " UYHV IRUDHURVSDFH DQG P DUQH

SKRVRYRADLF DSSQFDVIRQ\ DSSTFDRQY
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®IRQDUGR P RQWAFFKL# QUDX QF

" WHPWFRQVDFW Z LW
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAILFDVARQ RI
FUMFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG (DLE D\
GRP DIQV

/ FRIDUER O RQMAFKL

e 0 RGH@Q RI A\ \WWP V DQG
VRIVE DUH DUFK VAR UHV

e P RGHOGUYHQ HQJLQHHUQJ
GRP DLQ VSHFL LF QJXDJH\

e YHULFDMRQ YDAGDVRQ
VHFK QLT XHV

e \DIHW VHFXUW UHEDELOW
HYDOXDARQ

$' 9$1&( $GGLHWIQJ 9HUILFDARQ DQG

9 DAGDVIRQ &KDABIQIHV 1Q ) XVKLH &\ EHU 3K\ IFDC
6\ WHP V + 0 6&$ 5-6( 7KLY
Z DV D WBI I H FKDQIH SLRMPNEHVE HHQ VDO
3RUXJDO +XQIDU 94D LO DQG &RARP EID Z KHU-
Z H VKDUHG NQRZ BIGJH DQG Z RUNHG RQ

P SLRYLQJ WAFKQLTXHV IRUVKH9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV H 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWA RI 94D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH

ILDP HZ RN IRUP RGHOGULYHQ HYDOXDVIRQ R
UHODELOW DQG LOWAJUW RI FRP SG{ W\ WP V
7KLY KDV EHHQ MWAU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SURMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

&XUHQWB RVIMIRQ

$WRFDW 3 WRIHWRULQ ( GIFWLF
" UYHV DWMKH ' HSDUR HOWRI ( GIFAF
(QHW\ DW1 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

([ SHUHQFH \ HDUV RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL
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5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH
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3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\
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RSHUDVWRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 {( 53: 4' -QVAJLDWIG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU @MU H
VFDO®! LOVIAI LDARQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQI WP S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQWP MMRQ
QHVEZ RWN |RU


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:hossein.farahmand@ntnu.no
https://www.ntnu.edu/employees/hossein.farahmand

7Z ROEIH' 1 RQH KDXWAHP MWRQVIQURDG DG

NG D WIQBRW

SRQDAMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HBIYDQADONV

RXWL.GH DFDGHP LD

« : DUMD1RWD $6 RQ
P DUQH DSSQFDMRQV

« 5R@ 5R\ FH ( ®IFWLFDO
1R D\ $6 RQ DHURVSDFH
DSSTFDMRQV

e ' HOD ( GIPARQLEY
SUHYIRXV ( O¥N |RU
SKRVRYRODLF DSSQFDVRQ\

oXBEKDAD /12 DL

' HSDUP HOWR! ( GFWLF ( QHU\
) DEXOV R QI RIP DARQ 7HKCR®\ DG ( GRMIFDY QILCHHIQ)

([ SHOAAH

&XUHQWE RUMRQ

+  $WRFLDW 3RIHWRULQ ( GIPALF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL 718

5 HVHDUFK. LOWAUHMA

e ' HVJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDUV RI LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIPWLF
* UYHV | RUDHUWRVSDFH DQG P DUQH
DSSTFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
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BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
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+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL718

5 HVHDUFK. LOWAUHWWY

+ ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSAQFDMRQV
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®IRQDUGR P RQWAFFKL# QUDX QF

" WHPWFRQVDFW Z LW
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAILFDVARQ RI
FUMFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG (DLE D\
GRP DIQV

/ FRIDUER O RQMAFKL

e 0 RGH@Q RI A\ \WWP V DQG
VRIVE DUH DUFK VAR UHV

e P RGHOGUYHQ HQJLQHHUQJ
GRP DLQ VSHFL LF QJXDJH\

e YHULFDMRQ YDAGDVRQ
VHFK QLT XHV

e \DIHW VHFXUW UHEDELOW
HYDOXDARQ

$' 9$1&( $GGLHWIQJ 9HUILFDARQ DQG

9 DAGDVIRQ &KDABIQIHV 1Q ) XVKLH &\ EHU 3K\ IFDC
6\ WHP V + 0 6&$ 5-6( 7KLY
Z DV D WBI I H FKDQIH SLRMPNEHVE HHQ VDO
3RUXJDO +XQIDU 94D LO DQG &RARP EID Z KHU-
Z H VKDUHG NQRZ BIGJH DQG Z RUNHG RQ

P SLRYLQJ WAFKQLTXHV IRUVKH9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV H 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWA RI 94D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH

ILDP HZ RN IRUP RGHOGULYHQ HYDOXDVIRQ R
UHODELOW DQG LOWAJUW RI FRP SG{ W\ WP V
7KLY KDV EHHQ MWAU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SURMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

&XUHQWB RVIMIRQ

$WRFDW 3 WRIHWRULQ ( GIFWLF
" UYHV DWMKH ' HSDUR HOWRI ( GIFAF
(QHW\ DW1 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

([ SHUHQFH \ HDUV RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL
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®IRQDUGR P RQWAFFKL# QUDX QF

" WHPWFRQVDFW Z LW
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAILFDVARQ RI
FUMFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG (DLE D\
GRP DIQV

/ FRIDUER O RQMAFKL

e 0 RGH@Q RI A\ \WWP V DQG
VRIVE DUH DUFK VAR UHV

e P RGHOGUYHQ HQJLQHHUQJ
GRP DLQ VSHFL LF QJXDJH\

e YHULFDMRQ YDAGDVRQ
VHFK QLT XHV

e \DIHW VHFXUW UHEDELOW
HYDOXDARQ

$' 9$1&( $GGLHWIQJ 9HUILFDARQ DQG

9 DAGDVIRQ &KDABIQIHV 1Q ) XVKLH &\ EHU 3K\ IFDC
6\ WHP V + 0 6&$ 5-6( 7KLY
Z DV D WBI I H FKDQIH SLRMPNEHVE HHQ VDO
3RUXJDO +XQIDU 94D LO DQG &RARP EID Z KHU-
Z H VKDUHG NQRZ BIGJH DQG Z RUNHG RQ

P SLRYLQJ WAFKQLTXHV IRUVKH9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV H 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWA RI 94D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH

ILDP HZ RN IRUP RGHOGULYHQ HYDOXDVIRQ R
UHODELOW DQG LOWAJUW RI FRP SG{ W\ WP V
7KLY KDV EHHQ MWAU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SURMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

&XUHQWB RVIMIRQ

$WRFDW 3 WRIHWRULQ ( GIFWLF
" UYHV DWMKH ' HSDUR HOWRI ( GIFAF
(QHW\ DW1 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

([ SHUHQFH \ HDUV RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL
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+RWHQ) DUIKP DQG

KRWHLQ | DLDKP DQGH# QU@X QF

QGXWM HJ $1(2 SXEQF VHARU
6VIVQHW DQG LOVAURDVMRQDORLI DQU DMRQV
{$ 6*$1 FRP ELQHG Z LViK DPVYH
FRAERWDVMRQ Z MK 6-1 7() DQG SDUAFLSDVRG
Q)0 ( FHOWHV LOYROQJ P XIS

WINHK RAGBHUY

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VAFKQRERILHV Z [V D SDUAFX@U
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ
HOHW\ W\ WP V XQGHU X QFHUMLOW

([ SHUAWH 1Q $— GUYHQ GHFIMRQ P DNLQJ
DQG RSWP VDVRQ DSSQFDE®! VR

FRP SG GDVID UFK A\ \WMP V/ VXFK DV
DXVRQRP RXV P RELOW

QW\GLR ' HYHWRSP HQWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MW H VSDARWAP SRUDOGDVIVHW

+2125 ' HWQRI WDQV LHJIRQDO B LELOW P DUNHW LQWAT LDQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHY
DQG HBIFWLE YHKLFB VR VXSSRUNGDMMEXVIRQ JUGV DQG P DINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYLIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUBLF HBIPWLFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHVY / ( &V DQG VIKHLULQWAT LDURQ LQVR
GIMUEXVIRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOFK QRARI LHV | RUFRQVXP HU FHQWIF HOFWLFIW

P DUNHW DQG FLRW VHFVRU GL] VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLJ VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPWIFIW P DUINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA UDMRQ VKLRXJK QHZ WMFKQR®JLHV DQG
VWHP VROMRQV IRUVKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGI HQW( GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGDWUEXVIRQ VA WHP  RSHLDVURQ

Y0 (=(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVIHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ A WHIP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQQRYDVYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVMRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 4( 53: '  -QVAJLDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU QU H
VFD®! LQVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RWN [RU
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+RDMEVROWRYVIRUEES0  LOMIUDARQLQFUMEDD

\FHIDURY 8850 3DWHIKIS

SRQIPMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HHYDQMDONV

RXWLGH DFDGHP LD

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RAY 5R\ FH ( ®IPALFDO
1RW D\ $6 RQ DHURVSDFH
DSSAQFDVRQV

o ' HOD ( BIFWRQLFY
SUHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSAFDMRQ\

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDO QILGHHIQ)

([ SHIVAH

&XUHQWE RUMRQ

+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL718

5 HVHDUFK. LOWAUHWWY

+ ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSAQFDMRQV
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| (XURSHDD&8S0 NIRZ BGIHKXE DUGWRYIRMIH

DQG\FDDEGIG-SER P HQVEES0 3DMEHIKLS

SRQIPMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HHYDQMDONV

RXWLGH DFDGHP LD

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RAY 5R\ FH ( ®IPALFDO
1RW D\ $6 RQ DHURVSDFH
DSSAQFDVRQV

o ' HOD ( BIFWRQLFY
SUHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSAFDMRQ\

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDO QILGHHIQ)

([ SHIVAH

&XUHQWE RUMRQ

+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL718

5 HVHDUFK. LOWAUHWWY

+ ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSAQFDMRQV
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SDONDVBDQGH\ # QUDX QF

3DO\NDVBDOEH

&UMFDO-QI LDWAKX PV LH 6 HFXUW
DQG 5 HVLOHQFH

51N $QDOVY $WHWP HQW DQC
0 DQDIHP HQW

-QIRLP DWRQ 6HFXUW

&\ EHUBHFXUW
6VIDQGDUGY DQG ) LDP HZ RUWV
(VKLFDO  / HI DO VSHFW

" LI VOB RYHUHLI QW

3URMIFWO DQDIHU  5HVHDUFKHU (1)~ /"
( XURSHDQ / LIKVKRXVH VR 0 DQU HW
7UKWE RUK\ DQG* LHHQ$—* $ 1R

" LJIMDO( XURSH 3 URMIFW &<%( 58 1 7<

&RP P XQIW | RU-QWAJLDVQJ DQG 2 SHQLQJ

&\ EHU5 DQJ H -Q LDWUXPWUHV VIKDWY/AXLES DQ
-QWALRSHWDE®! & IRW ' RP DIQ DQG &RW
6HPVIRU&\ EHU5 DQIH ) HGHLDWRQ

(LDVP XV 3LRMIFW &<&/ (

&\ EHUHEXUW/ HDUQIQJ 0 DWHIUV GHI UHH 1Q
&\ EHUHFXUW

+ 3WRMIFW ' (/7$ ) XWXUH VDP SHU SLRRI
" HP DQG 5VSRQWH | LDP HZ RUIN KLRXJK VH |
FRQILIXWHG VHO RS7LP 1] HG DQG FREH ERUDYH
YIUAXDOGMMEXWAG HQHW\ QRGHV

+ 3LRMIFW /2 &$5'  / DZ | XOHYLGHQFH
FREYPAQI DQG FROUDXIW SMWRLP
GHYH@RSP HQW

5HVHDUFK &RXQFIORI 1 RZ D\ &36( & &\ EHU
3K\ VIFDOGHFXUW LQ ( QHW\ -QI LDWUKXFVXUH RI
6P DUABIVHV

+ 3LRMIFW * +2 67 6DIH * XDUGLQJ +RP F
-R7 ( QYLLRQP HQW Z M 3 HUWRQDIWHG 5HDO
WP H 5LVN &RQWRO

LUQD ROILQINRYDH QUOX QF

' LJVDODQG SK\ IFDOVE LQ V

FDSDELOW |RU$-WDLOLQJ  VWVWQJ

DQG VDI HW DWHWP HQW

&RRSHUDVRQ Z WK GRFDO 62 \
DQG 762

D2 BIQNRYD

3R HWIRQDOVRSLFV LQFOXGHV

VP DUM UG WDQWP DMRQ
GMAUEXVRQ VW WP RSHUDVIRQ
SURWIPMIRQ DQG FRQWROWXGLHV
FRYHUQJ ViKH P DViKHP DWFDO

P RGHOQJ WUDWAJ\ P DNLQJ DQC
FRP S®P HQDUW DSSLRDFK

$GYDQFHG VW WHP  SLRWPURQ VEKHP HV
$SSAOHG IQ KH 3RZ HUJUG  $6$3 -QQRYDVRQ
3 LRMIFW | RUVIKH -QGXWULDOB HFVRU LOWQGHG VR
EXLAB VIKH | RXQGDVRQ | RUVKH BRQJ WLP  JRDO
RI HODE@QJ | X@ DXVRP DWFD@ DPAYDWAG DQG
GHDPVYDVIG 6\ WHP 3 LRWAPRQ 6FKHP HV VR
SURYIGH WH KL KHWASRWIE®! LHIDELOW DQG
FDSDFIW XV DMRQ RI VH 1 RWZ HILDQ SRZ HU
JUG

2 QVKRUH HQHW\ LQI LDWUXFW(UH DQG K\ GLRIHC
LOWAI LDARQ VR VKH SRZ HUJUGV SURMIFW
=HR. \ WV 6\ QHU\ RI 5HVIQHQWDQG

LOWAT LDWAG ( QHU\ W\ WP V DSSOLQJ $—
BROVMVIRQV DQG -QWALGLVFLSAQDU. $ SSURDFKHV

| RU-QQRYDWYH ( QHUI\ 7WDQVIMRQ  5( 6$—
SURMIFW DGGUHW LOVIAI LDARQ Rl $—1Q FUMFDO
LQI LDWAXPWUH DQG HQHW\ W\ VWP V/

5HVHDUFK RQ' LI IVDOBXEWIMRQ 3 LRWPRQ
DQG &RQWRO SLURMIFWKDV [ RFXV RQ

A\ EHUWHEXUW P HDVXUHV | RUFUMFDOSRZ HU
JUG LQI LDWUXFWLH
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+25-21 & “CFUHDIQ) FRP SHARYHIHW/DQG UMOHFHR

P X@P R0 UHIKVWADQSRYNDQG GIMAEY | RUARP SHARYH\XSSD FKOIQ/

<IOX/ILX

" HSDU/P HQAR 0 HAKDQLFDODQG ~QGXVAAILDO( QILOHHUQY
) EPXOVR (QILGHHIQ)

&RQIPMQ RWP DARQ ([ SHUAMH 5 HHYDQASURMRWV

\ LOX @X# QVPX QF e 51VNP DQDIHP HQW e 51N DWHWP HQW RUWKH SRWQWDO
e 6DIHW EDUJHUDQG SWRFHW VDI HW QDVXH HYHQWWALJ JHUHG WAFKQLFDO
e $FFIGHQWSIHYHQURQ DFFLGHQW RI RIIVKRWH RO JDV
e 5HVIOHQFH DWHWP HQW LOGXWM 1Q JUHHQ WDQVIIRQ D

WHVHDUFKHU SLRMIFW XQGHG E\ ViKH
1 RW HIIDQ 5 HVHDUFK &RXQFLO

e 0 XOUGL/FLSQODU UWN P DQDIHP HQW
6SHAU LF H SHWM | RUVKLY FD@ IRUWRE®! VDIH DQG VXWILODE®

6\ WP LHVIOHQFH DWHWP HQADQG RIIVKRUH Z 1QG SRZ HUHG K\ GLRIHQ
[P SURYHP HQW DFFLGHQWSUHYHQURQ SWRGXFMRQ : 41’ +< DQ(8 0 DUH
HP HUHQR P DQDIHP HQW &XUH 6VIDI | ( [ FKDQJH SURMIFW

+ 68 6VDIQDELMW GHYH®RSP HOWDQG FRW
HGXPURQ RI K\ EUG WHQHZ DE®
HOHW LHV SRZ HUHG +\ GLRIHQ WIDMRQV
E\ UWN EDVHG P XGWGLVFLS@ODU
DSSWRDFKHV 68 6+\ IXQGHGE\ (=
&RQFHUALDSDQ

) DELR 6IDUERWD

' HSDU/P HOARI 0 HAKDQLFDODQG ~QGXWALDO( QILOHHUQJ
) DRXAVR (QILHHUIQ)

ERQIIPAMQ RUIP DURQ ([ SHIAH 5HHYDQASURMRWV
IDEIR VJDUERWD# QWX QF e /RIMIFV e (8 3LIRMIFW /HDQ  + */$66 0$-$
o 2 SHIDWRQV DQG 6XSS® &KDIQ "( +80$1 GNGB-ELOW ; +X/ RJ
0 DQDIHP HQW
-QGXWUDODQG 6\ WHP V ( QJLQHHUQJ e 1 DWRQDOSLRNHFW ' LIIP DW' L&Y
QGXWM  DQG 6P DUN-% ) XWUH/ 2 *  &LLFX@U
&LLFX@U( FRQRP \ 0 DQXIDRVXUQJ

0 DWAUDO+ DQGAQJ DQG : DUHKRXVIQJ
+XP DQ ) DFVRW DQG ( WRQRP LFV
+XP DQ &HQWIF 3LRGXPRQ DQG

| RIDMMEV A WHP V

e 0 DIQWAQDQRH 0 DQDIHP HQW
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®IRQDUGR P RQWAFFKL# QUDX QF

" WHPWFRQVDFW Z LW
FRP SDQLHV LQ VDIHW DQG
VHFXUW FHUAILFDVARQ RI
FUMFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG (DLE D\
GRP DIQV

/ FRIDUER O RQMAFKL

e 0 RGH@Q RI A\ \WWP V DQG
VRIVE DUH DUFK VAR UHV

e P RGHOGUYHQ HQJLQHHUQJ
GRP DLQ VSHFL LF QJXDJH\

e YHULFDMRQ YDAGDVRQ
VHFK QLT XHV

e \DIHW VHFXUW UHEDELOW
HYDOXDARQ

$' 9$1&( $GGLHWIQJ 9HUILFDARQ DQG

9 DAGDVIRQ &KDABIQIHV 1Q ) XVKLH &\ EHU 3K\ IFDC
6\ WHP V + 0 6&$ 5-6( 7KLY
Z DV D WBI I H FKDQIH SLRMPNEHVE HHQ VDO
3RUXJDO +XQIDU 94D LO DQG &RARP EID Z KHU-
Z H VKDUHG NQRZ BIGJH DQG Z RUNHG RQ

P SLRYIQJ WAFKQLTXHV IRUVKH9 9 RI R\ EHU

SK\ VIFDOW WHP V 2 QH RI VIKH SDUAHUY DQG XVH
FDVHV Z DV H 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWA RI 94D] 1O -1 3(

&218&(572 $57(0 -6

&+(66 $57(0 -6 -Q KHVH VEZ R
SURMIFW Z H GHYH®RSHG DQ LQGXWM  JUDGH

ILDP HZ RN IRUP RGHOGULYHQ HYDOXDVIRQ R
UHODELOW DQG LOWAJUW RI FRP SG{ W\ WP V
7KLY KDV EHHQ MWAU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI ViKH ( FOSVH 3RMUB\ V SURMIFW

VXEKDGLD WZ DU# QU@X QF

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RQY 5R\ FH ( BIPALFDO
1RW D\ $6 RQ DHLRVSDFH
DSSQFDRQV

e ' HOD ( GIFWRQLFY
SWHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSOFDMRQ\

&XUHQWB RVIMIRQ

$WRFDW 3 WRIHWRULQ ( GIFWLF
" UYHV DWMKH ' HSDUR HOWRI ( GIFAF
(QHW\ DW1 718

5 HVHDURK LOVALHWVY

" HWJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VIKHLU
DSSQFDVRQV

([ SHUHQFH \ HDUV RI LQGXWA

H[ SHUHQFH DV D 7HFKQLFDOG SHFLD@MA
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF

" WYHV | RUDHLRVSDFH DQG P DUQH
DSSQFDURQV

<DAD /2 DL


https://www.ntnu.edu/idi
https://www.ntnu.edu/ie
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/leonarmo
https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

+RWHQ) DUIKP DQG

KRWHLQ | DLDKP DQGH# QU@X QF

QGXWM HJ $1(2 SXEQF VHARU
6VIVQHW DQG LOVAURDVMRQDORLI DQU DMRQV
{$ 6*$1 FRP ELQHG Z LViK DPVYH
FRAERWDVMRQ Z MK 6-1 7() DQG SDUAFLSDVRG
Q)0 ( FHOWHV LOYROQJ P XIS

WINHK RAGBHUY

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HUWLQJ VAFKQRERILHV Z [V D SDUAFX@U
HP SKDWLV RQ GHYH@RSLQJ GHFIMIRQ VXSSRU
ILDP HZ RUNV IRUI B LE® (RZ FDLERQ
HOHW\ W\ WP V XQGHU X QFHUMLOW

([ SHUHQFH LQ VA WHP  BIYHORSWP LVDVIRC
DQG FRRUGLODVRQ  LHBIYDQW RUHQHUI\
HI | LFLHOWDQG UHVLOHQWER DMFV A WHP V

QW\GLR ' HYHWRSP HQWRI $—EDVHG VRRY | RURSWP DOVFKHGX@QJ DQG GLVSDWK RI
FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ @MW H VSDARWAP SRUDOGDVIVHW

+2125 ' HWQRI WDQV LHJIRQDO B LELOW P DUNHW LQWAT LDQJ FLRW VHRVRLDO
HOHW\ UHVRXUFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHY
DQG HBIFWLE YHKLFB VR VXSSRUNGDMMEXVIRQ JUGV DQG P DINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYLIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUBLF HBIPWLFIW P DUNHW

)1 (  $QDOWYV RI RFDOHQHW\ FRP P XQMHVY / ( &V DQG VIKHLULQWAT LDURQ LQVR
GIMUEXVIRQ W WHP RSHLDWRQ

"L(FR ([ SRUDMRQ RI GLI VDOFK QRARI LHV | RUFRQVXP HU FHQWIF HOFWLFIW

P DUNHW DQG FLRW VHFVRU GL] VDOWDQVI RLP DURQ

3RZHU LJ ' HYH®RSP HQWRI GLJ VD@ HG P DINHWGHVLI QV | RUVKRUMMLP  UHVRXUFH
D@RFDVIRQ LQ HBIPWIFIW P DUINHW

2FHDQ* UG ( QDEQQJ RIIVKRUH Z 1QG QWA UDMRQ VKLRXJK QHZ WMFKQR®JLHV DQG
VWHP VROMRQV IRUVKH 1 RWZ HIIDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGI HQW( GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| B LELOW UHVRXUFHV DQG VP DUAGDWUEXVIRQ VA WHP  RSHLDVURQ

Y0 (=(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIMIRQ 6WDVIHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDVKZ D\ VVRZ DUG BRZ FDLERQ A WHIP V
(8)3 7: (17«6 ' HYH®RSP HQWRI LQQRYDVYH VRRY | RUWDQVP DMMRQ W\ WP
RSHUDVMRQ Z WK KLIK UHQHZ DE®I SHQHWDMRQ

(8 4( 53: '  -QVAJLDWG LHVHDUFK RQ Z LQG HQHW\ W\ WP V DQG VIKHLU QU H
VFD®! LQVIAI LDURQ LQVR SRZ HUM WHP V

(8 )3 H+LIKZD /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RWN [RU


https://www.ntnu.edu/iel
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EXSSRW \XWRACTE®I DG\’ DVWKUEDQ P RAOV 1Q

(XURSH &9-7$6

SRQIPMQ RUP DARQ

VXEKDGLD WZ DU# QWX QF

5 HHYDQMDONV

RXWLGH DFDGHP LD

e : DUMMD1RWD $6 RQ
P DUQH DSSQFDMRQV

e 5RAY 5R\ FH ( ®IPALFDO
1RW D\ $6 RQ DHURVSDFH
DSSAQFDVRQV

o ' HOD ( BIFWRQLFY
SUHYIRXV ( G¥N [RU
SKRVRYRGDLF DSSAFDMRQ\

oXBEKDAD /12 DL

' HSDUR HOAR! ( GRWLF ( QHUI\
) DRXOV R "QRIP DARQ 7HKCRRI\ DG ( GRAIFDO QILGHHIQ)

([ SHIVAH

&XUHQWE RUMRQ

+  $WRFLDW 3LRIHWRULQ ( GIFWLF
* UYHV DWIKH ' HSDUR HOWRI ( GIPWAE
(QHW\ DWL718

5 HVHDUFK. LOWAUHWWY

+ ' HVLJQ DQG FRQWRORI SRZ HU
HOIPWRQLFY FRQYHUMUY DQG VKHLU
DSSAQFDMRQV

o ([ SHUHQFH \ HDW/ Rl LQGXWU
H[ SHUHQFH DV D 7HFKQLFDOS SHFLD@W
LQ 3RZ HU( BIFWRQLFV DQG ( GIFWLF
* WYHV | RUDHURVSDFH DQG P DUQH
DSSAQFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
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https://www.ntnu.edu/ie
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\ LOX @X# QUDX QF

<IOX/ILX

e 5LNP DQDIHP HQW

e 6DIHW EDULHUDQG SURFHW VDI HW
e $FFIGHQWSUHYHQURQ

e 5HVOHQFH DWHWP HQW

6\ WP UHVLAHQFH DWHWP HQWDQG
P SLRYHP HQW DFFLGHQWSUHYHQURQ
HP HWHQR P DQDIHP HQW

5 LVN DWHWP HOW RUVKH SRWIQWDO
QDWUH HYHQWAL) J HUHG WAFK QLFDO
DFFLGHQW RI RIIVKRWHRIO  JDV
LOGXWA 1Q JUHHQ WDQUMRQ D
UHVHDUFK HU SLRMIPW XQGHG E\ W(H
1 RWZ HJDQ 5 HVHDUFK &RXQFLO

0 XOLGLVFLS@DU UWN P DQDIHP HQW
IRUWDE®! VDIH DQG VXWBLODE®
RIIVKRUH Z LOG SRZ HUHG K\ GLRIHQ
SWIRGXPMRQ : 1' +< DQ(8 0 DUH
&XUH 6VDI| ([ FKDQIH SLRMIFW

68 6VILQDELOW GHYH®RSP HQWDQG FRWA
HGXPRQ RI K\ EUG UHQHZ DE®

HQHW LHV SRZ HUHG +\ GLRJI HQ WIMRQV
E\ UWN EDVHG P XGIGLVFLS@QDU
DSSLRDFKHV 686+\ IXQGHGE\ (=
&RQFHUADSDQ

BIRQDUGR P RQWFFKI# QDX QF

" LLHPAFRQUDFW Z VK

FRP SDQLHV LQ VDIHW DQG
VHFEXUW FHUAILFDARQ RI
FUWFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG WDL& D\
GRP DIQV

RILERO ROM

<L

e 0 RGH@Q RI \\ WHP V DQG e $'9%$1&( $GGLHWIQI 9HUILFDVRQ DQG

VRIVE DUH DUFK VPV UHY

e P RGHOGLLYHQ HQJLOHHUQJ
GRP DLQ VSHFL LF @QJIXDJIH\

e YHWLFDWRQ YDIGDMRQ
VAFK QLT XHV

e VDIHW VHFXUW WHODELOW
HYDOXDVRQ

9 DAGDVIRQ &KD@IQJHV LQ ) XWXUH &\ EHU 3K\ IFDC
6\ WHP V +
ZDVD W H FKDQIJH SIRMFNWEHVE HHQ VDO
3RUMJIDO+ XQIDU  %.D] LO DQG &R®P ELD Z KHU-
Z H VKDUHG NQRZ BIGIH DQG Z RUINHG RQ

[P SIRYIQJ WFKQLTXHV IRUWH9 9 RI R EHU

SK\ IFDOV\ WP V 2 QH RI VKH SDUHWY DQG XVH

0 6&%$ 5-6( 7KLY

FDVHV Z DV iiH 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWH RI %D 1O -1 3(
e &21&(572 $57(0-6

o &+(66 $57(0 -6

-QKHWH VZ R

SIRMIFW Z H GHYH®RSHG DQ LOGXWM  JLDGH
IWDP HZ RWIN IRUP RGHOGUYHQ HYDXXDVRQ RI
WHODELOW DQG LOVMIUW RI FRP SGIf VW WHP V
7KL KDV EHHQ @MU UHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI VKH ( FOSVH 3RMB\ V SIRMIFW
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ
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oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV
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\ LOX @X# QUDX QF

<IOX/ILX

e 5LNP DQDIHP HQW

e 6DIHW EDULHUDQG SURFHW VDI HW
e $FFIGHQWSUHYHQURQ

e 5HVOHQFH DWHWP HQW

6\ WP UHVLAHQFH DWHWP HQWDQG
P SLRYHP HQW DFFLGHQWSUHYHQURQ
HP HWHQR P DQDIHP HQW

5 LVN DWHWP HOW RUVKH SRWIQWDO
QDWUH HYHQWAL) J HUHG WAFK QLFDO
DFFLGHQW RI RIIVKRWHRIO  JDV
LOGXWA 1Q JUHHQ WDQUMRQ D
UHVHDUFK HU SLRMIPW XQGHG E\ W(H
1 RWZ HJDQ 5 HVHDUFK &RXQFLO

0 XOLGLVFLS@DU UWN P DQDIHP HQW
IRUWDE®! VDIH DQG VXWBLODE®
RIIVKRUH Z LOG SRZ HUHG K\ GLRIHQ
SWIRGXPMRQ : 1' +< DQ(8 0 DUH
&XUH 6VDI| ([ FKDQIH SLRMIFW

68 6VILQDELOW GHYH®RSP HQWDQG FRWA
HGXPRQ RI K\ EUG UHQHZ DE®

HQHW LHV SRZ HUHG +\ GLRJI HQ WIMRQV
E\ UWN EDVHG P XGIGLVFLS@QDU
DSSLRDFKHV 686+\ IXQGHGE\ (=
&RQFHUADSDQ

BIRQDUGR P RQWFFKI# QDX QF

" LLHPAFRQUDFW Z VK

FRP SDQLHV LQ VDIHW DQG
VHFEXUW FHUAILFDARQ RI
FUWFDOW WHP V' &DQ UHDFK
RXWWR FRP SDQLHV LQ VKH
DXVRP RVIYH DQG WDL& D\
GRP DIQV

RILERO ROM

<L

e 0 RGH@Q RI \\ WHP V DQG e $'9%$1&( $GGLHWIQI 9HUILFDVRQ DQG

VRIVE DUH DUFK VPV UHY

e P RGHOGLLYHQ HQJLOHHUQJ
GRP DLQ VSHFL LF @QJIXDJIH\

e YHWLFDWRQ YDIGDMRQ
VAFK QLT XHV

e VDIHW VHFXUW WHODELOW
HYDOXDVRQ

9 DAGDVIRQ &KD@IQJHV LQ ) XWXUH &\ EHU 3K\ IFDC
6\ WHP V +
ZDVD W H FKDQIJH SIRMFNWEHVE HHQ VDO
3RUMJIDO+ XQIDU  %.D] LO DQG &R®P ELD Z KHU-
Z H VKDUHG NQRZ BIGIH DQG Z RUINHG RQ

[P SIRYIQJ WFKQLTXHV IRUWH9 9 RI R EHU

SK\ IFDOV\ WP V 2 QH RI VKH SDUHWY DQG XVH

0 6&%$ 5-6( 7KLY

FDVHV Z DV iiH 1 DMRQDO6 SDFH 5 HVHDUFK
-QWIXWH RI %D 1O -1 3(
e &21&(572 $57(0-6

o &+(66 $57(0 -6

-QKHWH VZ R

SIRMIFW Z H GHYH®RSHG DQ LOGXWM  JLDGH
IWDP HZ RWIN IRUP RGHOGUYHQ HYDXXDVRQ RI
WHODELOW DQG LOVMIUW RI FRP SGIf VW WHP V
7KL KDV EHHQ @MU UHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI VKH ( FOSVH 3RMB\ V SIRMIFW
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oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
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\ LOX @X# QUDX QF

<IOX/ILX

e 5LNP DQDIHP HQW

e 6DIHW EDULHUDQG SURFHW VDI HW
e $FFIGHQWSUHYHQURQ

e 5HVOHQFH DWHWP HQW

6\ WP UHVLAHQFH DWHWP HQWDQG
P SLRYHP HQW DFFLGHQWSUHYHQURQ
HP HWHQR P DQDIHP HQW

e 5L/NDWHWP HOW RUVKH SRWIQWDO
QDWUH HYHQWAL) J HUHG WAFK QLFDO
DFFLGHQW RI RIIVKRWHRIO  JDV
LOGXWA 1Q JUHHQ WDQUMRQ D
UHVHDUFK HU SLRMIPW XQGHG E\ W(H
1 RWZ HJDQ 5 HVHDUFK &RXQFLO

e 0 XOLGL/FLS@DU UWN P DQDIHP HQW
IRUWDE®! VDIH DQG VXWBLODE®
RIIVKRUH Z LOG SRZ HUHG K\ GLRIHQ
SWIRGXPMRQ : 1' +< DQ(8 0 DUH
&XUH 6VDI| ([ FKDQIH SLRMIFW

+ 68 6VDIQDELIW GHYHARSP HQWDQG FRW\
HGXPRQ RI K\ EUG UHQHZ DE®
HQHW LHV SRZ HUHG +\ GLRJI HQ WIMRQV
E\ UWN EDVHG P XGIGLVFLS@QDU
DSSLRDFKHV 686+\ IXQGHGE\ (=
&RQFHUADSDQ

SDQNDVSDQGH\ # QUDX QF

3DCO\DVBDOEH

o &UWFDO-QI LDWUXPWKH BHFXUW
DQG 5 HVIOHQFH

e 5IWN$QDOVY $WHWP HQWDQC
0 DQDIHP HQW

e —QIRWP DURQ 6HFXUW

e &\ EHUBHFXUW

e BVDQGDUGY DQG ) LDP HZ RUNW

e (VKIFDO / HIDO$VSHFW

e ' LJIVDOBRYHUHLI QW

3URMIPW0 DQDJHU  5HVHDUFKHU (1)~ /"
( XURSHDQ / LIKVKRXVH VR 0 DQL HW
7UKWE RUK\ DQG* LHHQ$—* $ 1R

" LJIVDO( XLRSH 3LRMIFW &<%( 58 1 7<
&RP P XQIW | RU-QWAI LDVIQJ DQG 2 SHOLQJ

&\ EHU5 DQJ H -QI LDWUX WK UHV VIKDWY/AX LGS DQ
-QWALRSHLDE®! & RW ' RP DIQ DQG &RW
6HFVRU&\ EHU5 DQJH ) HGHLDVRQ

(LDVP XV 3 LRMIFW &<&/ (

&\ EHU/H&XUW/ HDUQLQJ 0 DWHUV GHI UHH LQ
&\ EHUHFXUW

+ 3LRMIFW ' (/7$ ) XWUH VDP SHU SLRRI
" HP DQG 5VSRQVH I LDP HZ RUN VKLRXJK VH |
FRQILJXWHG VHO RS7LP 1] HG DQG FR@ ERUDVIVH
YIUAXDOGIMAMLEXWAG HQHU\ QRGHV

+ 3LRMIFW /2 &$5' / DZ I XOHYLGHQFH
FR@IFIQJ DQG FROMXIW SOWRLP
GHYH®&SP HQW

5HVHDUFK &RXQFIORI 1 RWZ D\ &36( & &\ EHU
3K\ VIFDOBHFXUW LQ ( QHUW\ -QI LDWAKFXLH RI
6P DUA&IHV

+ 3LRMIFW * +2 67 6DIH * XDUGLQJ +RP F
R7 ( QYLLRQP HQW Z VK 3 HWWRQDOVHG 5 HDO
WP H 51N &RQWRO
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P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

oXE

<DAD /712 DL

VXEKDGLD WZ DU# QUDX QF &XUHQWB RIMIRQ
e $WRFIDW 3RIHWRULQ ( GIFWLF
" WYHV DWWKH ' HSDUR HOWRI ( GIPWULE
(QHW\ DWL718
5 HVHDUFK. LOWAUHVW

e : DUMM1RWD $6 RQ
P DUQH DSSQFDWRQV
e 5R@ 5R\ FH ( BIFMFDO

DSSOFDMRQV
e ' HOD ( BIFWRQLFV
SUHYIRXV ( OWN IRU

« ' HVJQ DQG FRQWRCRI SRZ HU
HOIPARQLEY FRQYHUMUY DQG VKHLU
DSSQFDMRQV

1RWZD\ $6 RQDHWRVSDFH ~ ° ([ SHUHQFH

H[ SHUHQFH DV D 7HFK QLFDOS SHELDAW
1Q 3RZ HU( BIFARQLFV DQG ( GIFALF

* UYHV | RUDHLRVSDFH DQG P DUQH

\ HDU/ Rl LOQGX\WA

SKRVRYRODLE DSSTEDARQ\ DSSAFDMRQY
KRWHLO | DLDKP DOGH OVDX OF e QW\GR ' HYHRSP HOWRI $—EDVHG VRROYY |RURSWP DOVEKHGX@QJ DQG GLVSDWK RI

QGXWM HJ $1(2 SXEQF VHAVRU

6VVQHW DQG LOVALQDWRQDORLI DQ DMRQV  ©
{$ 6*$1 FRP ELQHG Z LVK DFVYH
FRADERWDVMRQ Z WK 6-1 7() DQG SDUAFLSDMRC  *
Q)0 ( FHQWHV LQYROIQJ P XGIS®

WINHK RGBHUY .

(QHW\ P DUINHW RSWP [] DURQ DQG

HP HWLQJ VMFKQRGRILHV Z MK D SDUAFXDU  °
HP SKDWLV RQ GHYH@RSLQJ GHFIMRQ VXSSRU
ILDP HZ RUNV IRUI B LE®I (RZ FDLERQ .
HOHW\ W\ WP V XQGHU X QFHUMLOW

YUDFNI LRXQG LQ GLI VDOHQHWI\ A WHP V
DQG UHVIQHQFH P RGHAQJ  WDQWI HLDE® .
VR P XOWP RGDOWDQVSRUMA WHP V DQG
LQI LDWUXPUH S@QQLQJ

FDVFDGH K\ GLRSRZ HUM WHP V XVIQJ MW H VSDARWP SRUDOGDVIVHW

+2125 ' HVWIQ Rl WDQV UHILRQDOI Bf LELOW P DUNHW LOWIAI LDVMQJ FLRW VHRVRLDO
HQHW\ UHVRXLFHV DWFRP P XQIW BIYHO

+ 49%' (' HYH®RSP HQWRI |G LELOW P DQDIHP HQWA WHP V XVIQJ EDWHUHV
DQG HBIPWLF YHKLF®N VIR VXSSRUAGLULEXVRQ JUGY DQG P DUINHW

35-%$6 0 RGHOQJ DQG SUFIQJ RI EDMQFLQJ VHUYIFHV DQG UHVHUYH SLRGXFW LQ VIKH
1 RUGLF HBIPWLFLW P DUNHW

Y4 ( $QDOWVRI GRFDOHQHW\ FRP P XQMHV / (&Y DQG WHLULOWAI LDURQ LOVR
GDMEXWRQ W\ WP RSHLDVARQ

"LW(FR ([ SRUDMRQ RI GLI WVDOWAFKQRRILHV | RUFRQVXP HU FHQWLF HBIPWLFLW

P DUNHW DQG FLRW VHFVRU GL] VBOADOV RLP DARQ

3RZHU LJ ' HYHGRSP HOWRI GLJLVDA HG P DUNHWGHVLI QV | RUVKRUMMLP  LHVRXUFH
DARFDVRQ LQ HBFWLFIW P DUNHW

2FHDQ* UG ( QDE@QJ RIIVKRWH Z LOG LOVAI LDURQ WKILRXJIK QHZ VMFKQR@RJ LHV DQG
VWP VRONMIRQV [ RUVKH 1 RWZ HILDQ JUG

)0 (&4 (/' — &HQWH | RU-QWAGDI HQW GIPALFIW ' DMMEXVMRQ 5 HVHDUFK RQ

| LELOW UHVRXUFHV DQG VP DUAGMWULEXVIRQ VA WHP  RSHLDVRQ

Y0 ( =(1 =HWR (P IMRQ 1 HIKERXWKRRGY ' HYHWRSP HQWRI ] HLR HP DMMRQ
HOHW\ VROMRQV DWQHLI KERXLKRRG VFD®!

)0 (175$16 1 RW HILDQ &HQWH IRU( QHW\ 7DQVIVIRQ 6WDVIHILHV 5 HVHDUFK RQ
I XVKUH HQHW\ P DUNHW DQG WDQVIMRQ SDWKZ D\ VVRZ DUG BRZ FDLERQ VA WHIP V
(8)3 7: (1746 ' HYHIRSP HOWRI LQQRYDVIYH VRRY | RUWDQVP DAARQ W WP
RSHUDVRQ Z MK KLIK UHQHZ DE® SHQHWDMRQ

(8 H( 53: 4' -QWAJLDWG UHVHDUFK RQ Z LQG HQHW\ W\ WHP V DQG VIKHLU MW H
VFD® LOWAI LDWRQ LOVR SRZ HUM WHP V

(8 )3 H+LIKZD\ /RQJ VILP  S@QQLQJ RI ViKH 3DQ ( XLRSHDQ WDQVP MMRQ
QHVEZ RWN IRU


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:hossein.farahmand@ntnu.no
https://www.ntnu.edu/employees/hossein.farahmand

/ FRDUER O RQMAKL

BIRQDUGR P RQWAFFKLE QUQX QF e 0 RGH@QJ RI VA WWP V DQG e $'9%$1&( $GGUHWQI 9HUILFDURQ DQG
VRIVE DUH DUFKIVARLHY 9 DAGDMRQ &KDAQIHV 1Q ) XWXLH &\ EHU 3K\ VIFDC
¢ P RGHOGUYHQ HQILOHHUQ] 6\ WHP V + 0 6&$ 5-6( 7KLY
GRP DIQ VSHFLULF @QJIXDJIH\ Z DVD W H FKDQJH SIRMIPNEHVE HHQ VDO
* YHUWIFDMRQ  YDAGDVMRQ 3RUMJIDO +XQIDU  %.D] LO DQG &R@RP EID Z KHU-
" LLHPWFRQUDFW Z Vi WAFK QLT XHV Z H VKDUHG NQRZ BIGJH DQG Z RUINHG RQ
FRP SDQLHV 1O VDIHW DQG e VDIHW VHFXUW UHXDELOW P SLRYLQJ WAFKQITXHVIRUVKH 9 9 RI F\ EHU
VHFXUW FHUAILEDVRQ R HYDXDVRQ SK\ VIFDOW WHP V 2 QH RI ViIKH SDU/QHWY DQG XVH
FUVIEDOW WWHIP V' &DQ LHDFK FDVHV Z DV ViKH 1 DURQDO6 SDFH 5 HVHDUFK
RXWR FRP SDQLHV LQ VKH QWX VM Rl %4.D] LO -1 3(
DXVRP RVIlYH DQG LDLE D\ e &21&(572 $57(0 -6
GRP DIQV e &+ (66 $57(0 -6 -QVWHWH V¥ R

SURMIFW Z H GHYHBRSHG DQ LQGXWA J LDGH
ILDP HZ RUN IRUP RGHOGUYHQ HYDOXDVRQ R
UHODELOW DQG LOWAJUW RI FRP SG W\ WHP V
7KLV KDV EHHQ MWAU LHBIDVHG DV 3RMUB\ V

&+ (66 SDUARI VKH ( FOSVH 3RMWB\ V SLRMIFW

3DCO\DVBDOEH

SDQNDMSDQGH # QVDX QF «  &UFDO-QI LDWUKXFXLH 6HFXUW e 3LRMIPW0 DQDJHU SHVHDUFKHU (1)~/'

DQG 5 HVIOHQFH ( XURSHDQ / LIKVIKRXVH VR 0 DQU HW/

e S5IWN$QDOVY $WHWP HQWDQC 7UXWE RUK\ DQG* LHHQ$—* $ 1R
0 DQDIHP HQW

e —QIRWP DURQ 6HFXUW o ' LJIVDO({ XURSH 3LRMIFW &<9% 581 7<

e &\ EHUBHFXUW &RP P XQIW | RU-QWAI LDVIQJ DQG 2 SHOLQJ

«  6VDQGDUGV DQG ) LDP HZ RUNV &\ EHU5 DQJ H -QI LDWUX WK UHV VIKDWY/AX LGS DQ

e (VKIFDO / HIDO$VSHFW -QWALRSHLDE®! & RW ' RP DIQ DQG &RW

e ' LJIVDOBRYHUHLI QW 6HFVRU&\ EHU5 DQJH ) HGHLDVRQ

o (DVP XV3LRMIFW &<&/ (
&\ EHUVHEXUW/ HDUQLQJ 0 DWMUV GHI UHH LQ
&\ EHUVHFEXUW

o 4+ 3LRMIFW ' (/7$ ) XWUH VDP SHU SLRRI
" HP DQG 5VSRQVH I LDP HZ RUN VKLRXJK VH |
FRQILJXWHG VHO RS7LP 1] HG DQG FR@ ERUDVIVH
YIUAXDOGIMAMLEXWAG HQHU\ QRGHV

- 3LRMIFW /2 &$5' / DZ | XOHYLGHQFH
FRAOHIPIQJ DQG FROUQXIW SMWRLP
GHYH®RSP HQW

e SHVHDLFK &RXQFIORI 1 RZ D\ &36( & & EHU
3K\ VIFDOBHFXUW LQ ( QHUW\ -QI LDWAKFXLH RI
6P DUA&IVHV

. + 3LRMIFW * +2 67 6DIH * XDUGLQJ +RP F
R7 ( QYLLRQP HQW Z VK 3 HWWRQDOVHG 5 HDO
WP H 51N &RQWRO


https://www.ntnu.edu/iik
https://www.ntnu.edu/iik
https://www.ntnu.edu/ie
mailto:pankaj.pandey@ntnu.no
https://www.ntnu.edu/employees/pankajp
https://www.ntnu.edu/idi
https://www.ntnu.edu/ie
mailto:leonardo.montecchi@ntnu.no
https://www.ntnu.edu/employees/leonarmo

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ ( QHW\ 6\ WHP V (QHU\ ) ®f LELOW ( QHUW\ 6VRWDIH ( QHU\ %XLEBIQJ 6P DUV
EXI@BIQJ 6P DUA UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW( QHUI\ ( 11LFLHQR

" DMUEXWMG ( QHW\ 5HVRXUFHY ( QHW\ 7WDQVIMRQ ( QHW\ ' LI Vi@ DMRQ DQG 5 HVIAHQFH
5HQHZ DE®! ( QHUW\  5HQHZ DE®! ( QHUI\ -QWAJLDMRQ 6RMU3KRVRYRGIDIE ( QHU\ 6RMU
&H@ 3KRVRYRODIF 0 RGX®! &RP SRQHQWE\ WP  3KRVRYRAIDLE 3 RZ HU 3 MQW-QVAJ LDVHG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRRYRODLFV * HHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SWFV / XP LQHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DWAUDY 5D\

7WDFLQJ

6P DUAQI LDWAXPWUH DQG 5 HVIAHQFH ( QHUI\ -QI LDWAKPUH 5 HVIAHQFH $ WHWP HQW

5 HVIQHQWE P DUM-QI LDWAKFVXLH 5 HIDELDW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV


https://www.ntnu.edu/employees/fabio.sgarbossa
https://www.ntnu.edu/employees/subhadra.tiwari
https://www.ntnu.edu/iel
https://www.ntnu.edu/ie
mailto:subhadra.tiwari@ntnu.no
tel:+4745796028

P RKDP P DGUH]| D DIKDHL# QUQX QF

0 DQ\ -QGXWM SXEQF VHRVRU
1* 2 VIQVIKH [LHGE RI ( QHUI\
5HQHZ DE®V 3RZ HU
JHQHLDVMRQ 6RMU39
LQGXWUHY 6P DUMAXLABLQIV
$ GYDQFHG 7HFKQR®RILHV HWE

0 RKCP P DA D$IKDH

(QHW\ (QHW\ 6\ WP V ( QHW\ ) B LELAW ( QHW\ 6VRWDIH ( QHW\ %XIGELQJ 6P DUN
EXIGELQJ 6P DUN UG ' HP DQG 6XSS® 6LGH 0 DQDIHP HQW ( QHW\ ( 11LFLHQR

" DAMEXWAG ( QHW\ 5HVRXUFHV ( QHUW\ 7WDQVIMRQ ( QHW\ ' LI L@} DMRQ DQG 5 HVIAHQFH
5HQHZ DE® ( QHW\  5HQHZ DE® ( QHUI\ -QWiAJ LDURQ 6RMU3KRVRYRADLE ( QHW\ B6RMU
&H@Y 3KRVRYRODLF 0 RGX® &RP SRQHQWE\ WHP  3KRVRYRWDLF 3 RZ HU3 MQW-QUAI LDVIG
3KRRYRODIFV %439 9139 /6&39 ) RDMQJ 39 $JUYRGDIF 5HAIDELOW DQG' XWDELOW RI
3KRWRYRGDIFY * LHHQ +\ GLRIHQ DQG 0 DUQH ( QHW\

$XVRQRP RXV 6\ WHP VDQG ' LI VD@ DURQ 7HFKQRBRJILHV $XVRQRP RXV 0 RQWVRUQJ DQG
$QDOMVY $XVRQRP RXV $HUDOO RQWRUQJ $XVRQRP RXV ) DXAV' HWFMRQ $XVRQRP RXV
&RQWRODQG 0 RQWVRUQJ 6\ WHP V 3UHGIFIYH 2 0 VHUYLFHV DQG $XVRQRP RXV 5HP RWA
BHOVIQJ WIRXJK DGYDQFHG FKQR@RILHV LH 8 QP DQQHG $ HUDOOHKLF®! 8 $9

$ UM LFIDO-QWAI HQFH $— ' HHS 0 DFKLQH/ HDUQIQU ' LIMDO7ZIQ ' 7 %J ' DVD $QDOVY
% $ -QWALQHWRI 7KIQJ -R7 6DWAGMA' DVD

3KRVRQLFV DQG 2 SVIFV / XP LOHVFHQWE RMU &RQFHQWDVRU 2 SWFDOO DVMUDEY 5D\

7UDFLQJ

6P DUAMQI LDWAXPXUH DQG 5 HVIOHQFH ( QHUI\ QI LDWAKXFWUH 5 HVLDHQFH $ WHWP HQW

5 HLOHQWE P DUALQI LDWAKFWILH 5 HIDELIW

([ SHUHQFHV 1Q VHYHUDOQDVMRQDODQG ( 8 I XQGHG SLRMIFW

&2//(&7)  &RAHFWYH -QWAGI) HQFH | RU( QHW\ ) ®f LELOW 5R®! &RRUGLODVRU 3—

2SW & + 2 SVIP DORSHUDVRQ DQG GHFHQWD HG FRQWRORI RITVKRUH' & JUG Z VK
5(6 HOIFWR®] HUDQG K\ EUG HQHW\ WRWDIHW WHP 5R®I 3LRMIPAWP DQDIHU : 3 GIDGHU
-QWALODMRQDO( QHUI\ $JHQR «$ 7DW  SHAODELOW DQG 3HURWP DQFHRI 39 6\ WHP V
5R®! 0 HP EHURI «$ ILRP 1 RWZ D\

Q=(%6$ -QWQWLYH EGIQGHG FRXUVH LQ &@P DWA 1 HXWDOYXLABLQIV VR DGGUHW Q=( %
UHIX@WRQ DQG FRP S®f EHKDYIRURI EXLGBIQIV 5R®I 3LRMIFWP DQDIHU : 3 GIDGHU
3HURLWP DQFH DQG 5HIDELMW RI 3KRVRYRGDLF 6\ WHP V ( YDOXDURQV Rl / DUIH VFD®

0 RQMRUQJ ' DV 3($5/ 39 5RBI : * FKDIU &RWHJLRXS P HP EHU 0 HP EHURI

FRP P LWHH

$XVRQRP RXV DQG -QUWAI HOWO RQWRUQJ %DVHG RQ 8 $9 DQG -R7 3MWRLP |RU/ DUIH
6FD®I 39 3MQW $LP 39 5RO®I &RRUGLQDVRU 3—

7KH 5 HVHDLFK &HQWAU | RU 6 XWIDLODE ®1 6 RDU&H7 HFKQRARI\ 68 62 / 7( &+

(QHU\ 6\ \WHP V -QWiAJ LDURQ ( 6—

0\ &* 6 FRADERWWIH UHVHDLFK SLRMIFW P SLRYLQJ FRSSHULQGLXP JDEXP VXGKLGH
&* 6 VKIQ Il SLRGXFURQ


https://www.ntnu.edu/ihb
https://www.ntnu.edu/iv
mailto:mohammadreza.aghaei@ntnu.no
https://www.ntnu.edu/employees/mohammadreza.aghaei

oXEKDGED /12 D

VXEKDGLD WIZ DU# QU@X QF &XUHQMBRUVIRQ
«  $WRFLDW 3LRIHWRULQ ( GIFALF
" UYHV DWKH ' HSDUR HQWRI ( GIFVAE

(QHUW\ DWL 718
5 HVHDUFK LQWAUHWY
+ : DUMM1RWD $6 RQ ¢ ' HWJQ DQG FRQWRORI SRZ HU
P DUOH DSSQEDARQV HBPARQLFY FRQYHUMUY DQG VKHIU
DSSTFDRQV

+ 5R@ 5R\ FH ( BFWLFDO
1RZD $6 RODHWRVSDRH ~ ° ([SHUHQRH A HDU/RI LQGXWA

DSSTEDMRQV H[ SHUHQFH DV D 7 HFKQLFDOG SHFLDOW
e ' HOD ( GIFWRQLEV 1Q 3RZ HU( GIFWRQLFV DQG ( GIFLF
* WYHV | RUDHLRVSDFH DQG P DUQH

SUHYIRXV ( OWN IRU

SKRVRYRGDLF DSSQFDVIRQ\ DSSAUFDMRQV
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