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SUMMARY: Building Information Modelling (BIM) is changing how built assets are delivered and operated. A
built asset is represented as a set of objects, each with an identity, attributes, and relations. Thariehjedt

nature enables new approaches for eirggicompliance with a range of requirements: e.g. industry guidelines;
project and clienspecific requirements; and building codes and standards. Furthermore, bogtamesign
approaches are known to be more suitable for quality control and design eetestion. Based on an adapted
version of simulated annealing concept, this paper proposes an automated compliance checking classification and
identifies a set of desired characteristics these methods should fulfil. It then demonstrates aipaitject

centred approach for automated model checking and the corresponding plugin prototype. The approach and the
prototype enable four key processes and satisfy all desired characteristics of compliance checking methods
including content validation, model comyaeess, smart object, and design option checking. To demonstrate the
feasibility and accuracy of the approadio case stuis are processealsing existing BIM objestibraries one

of which iscreated by a major French manufacturer. All four steps waoeessfully completed, and the results

show savings of around 125 minutes per object between the automated approach and traditional manual methods
of working.

KEYWORDS Compliance Checking, Model Checking, Simulated Annealing Optimisation, Artificidigensle,
Automation, BIM, Case study
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&23<5,%+7 7KH DXWKRU V 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVW
&RPPRQV $WWULEXWLR® W S YQ WHIUHDDMWLYRIFRE P R @\K IRAK) SH.WRUQN VA VW G H
XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG \
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1. INTRODUCTION

,Q WKWLGQ FR QIO RBSWURQ/ LR Q VR IL E XLLAASAR [FNCE BEP WY IDWJGQHHGY DQG D\
WIGHHVIOMHG RI TXDOLW\ E\ FRPSO\LQJ ZLWK VHYHUDO UHTXLUHPHQWV E
JXLGHOLQHV DQG SURNSEW LIRHTDQ Y BFEFNM¥KHVH UHTXLUHPHQWYV LQ

ODERULRXV WLPH FBQRQFAHYIRD QG DHUHWUE O W HADQD YD QAR \DMAHYJ
HW DO RERUYBURMHFW IDLOXUHKDQG ORVV RI OLIH

%XLOGLQJ ,QIRUPDWLRQ ORGHOOLQJ %,0 LV SDUW RI D GLIJLWDO WUD
GHILQHG DV D VHW RI SURFHVVHV DQG WHFKQRORJLHV WKDW VXSSRI
FRQVWUXFW DQG RSWKUMWH L JD WLBMLIAMY YH. W RIZRH QX LOGLQJ ,QIRUPDWLF
LV DQ EPMHBWGDWD ULFK ' GLJLWDO PRGHO JHQHUDWHG E\ HDFK SU
SODWIRUP %,0 LV H[SHFWBGI WRRIEYRBEHEN DX WRPDWHG FKHFNLQJ R
OF*UDZ00 ,QGHHG ZLWK WKH GH YS-DO/RISP phQONDFSIS PR F 5 XAME B QW HUOLMR Z L
SDUDPHWULF GHVLJQV RI D FRQVWUXFW IGRE\ DUR MEH QMW W RIXWKV D LVEKWY
DXWRBIRPSOLDQFH $RKHANERUOGLQJ GHVLJIQV L¥KRHFRPLR JWIKDOW LEOH

FRQWULEXWLQJ VLIJQLILFDQWO\ WR WLPH DQG FRVW VDYLQJV

IXPHURXV UHVHDUFEFRKQ Y RVAWREDWAHLQJ FRPSOLDQFH FKHFNLQJ LQ WKH FI
PRGHO FKHFNLQJ PHWKRGRORJLHV SODWIRUPV DQG GRPDLQ DSSOLFD\
VDIHW\ HQHUJ\ XKEBBHPD PIMPI ®KKDYy BFDGHPLF UHVHDUFK OLWHUDWXUH D!
QRZ FRPPHUFLDOGRIFMDPOP@EEOCRQ D O ADUWF Kk HWHW WXRWXUHG SURFRIXYK D V
EDVH®XRRQ PDLQ VWHSY L UXOHQUORRGH U BWBSMLWRMWLIRIQ EXLDGUXOH F
FKHFN UHBSRWWRDQ HWS D/HW RI GHVLUHG BKURBWBHRYEMW XPOVLDQ@QG G E\ V
VI\VWHPV KDYH EBDNQZ HIDFPHWLILPABGHO WFWHKE B NHGLVWDBY FWVDHFWO XGLQJ FF
YDOLGDWLRQ PRGHO FR PESHKDAYHENBEHMYNPIDIYW & HMHFQVR SWRL R XD SSHRRUAN L (
DQG JXLGH WKH GHVLJQ SURFHVYV ZQ & K L WHNOSOGTHWG WA [EBINY MV SQBRYWLFM
HQFRGLQJ DFEBQURDEKXIMWREDWLF RULQGWRHFPQG®HEBF\ RI WKH %,0 PRGHO

FKHFNLQJ WRRO H[WHQVLELOLW\ RL®XH UXOHV VHW DQG XQFHUWDLQ

ORVW RH[MMKWISGURDFKHY) KRPEZYEHVKH UHJX®DWLRREHEXQRUPDWLYH V
SURMHFW UHTXLUHPHQWY HWF DQG KRYHEGKMD FOLQREHE B B/S WIDOWHHNH\G
WDNLQJ IXOO DGYDQWD JRUR H @\WOH B QGED MW HR ERIB FMA S U ARMHIQHME RY FRQ V V
RXU NQRZOHGJH QRQH RI WKHP HQV XU HRR QXVDODQRE M Bl 6 WG DX\DLARLQN \ PIR\GHXC
VPDUW REMHFW DQG GHMILE XROWISRIRRPHWMORIQEGIT X HQW O\ PXFK RI WKH
GHWDLOHG LQIRGPOGRMR @ RRQEHQIPHW I[URP D VXLWDEOH DQG UHOHYD(
LV LQ SDUW FRQVWERZQ HEQFWWRKGD®RGHFRPSRVLWLRQ VERNWGXVXDC
DSSURDFKHY DQG VWUXFWXULQJ RI W NH YGHRW WILQ HIND ERPHERIVGR/P | X Q F W L
GHVLJQ DSSURDFKHV DUH NQRZQ WR EH PRUH VXLW DE®QL WRHIG T&W DW\N \
&RQJUHVV +RXVH &RRPDWWHWLRQ IHZ RI WH®O G MMIKME. WHYWLRH W KDY H. C
DSSOLFDWLRQV

ORUHRYMIYHUDO VWDQGDHGIL3BWLR®)1IBLWLDWERYHYV,62 (16,2

.62 D(1 ,62 .62 E/(;L&21&RQVWUXFWLRQ ,QQRYDWLRQ +8%
3URGXFWV $VVRFIRIMWERQVWUXFW LR QHHEDR © & X FKADHYGI VER HDODORZ KDUPR(
DQG SHUIRUPDQFH LQIRUPDWLRQ H[FKDQJH EHWZHHQ FRQVWUXFWLR
GLJLWDOLVDWLRQ LQWHUQDWLRQDO WUDGH D QI FRS N VBIHR RQ B QHBY IR
FRQVWUXFWLRQ REMHFW FKDUDFWHULVWLF WKURXJK D VHW RI FRQVLV
WKH SHUIRUPDQFH DQG TXDOLW\ RI FRQVWUXFWLRQ REMHFWV V\VWHP
GHILRABG VWUXFWXUHG VR FDQ EH DXWRPDWLFDOO\ UHDG DQG SURFHV
VW UXFW X3UHR GTOMMD HBPSODWH WKDW FDQ EH XVHG WR SURYLGH GLJLWEL
%DVHG RQ WKHWHQHQLUWDPWERHMILWHYHORSHG WKWRXJK D \QKEZW \&DQTE D
SUHKIRZHGDWD WHPSODWHV VKR XO GLBK FRCHDI W R WHEK \VILYY WRBRZ S
DQG SURYLGH WKHUBQAVWO DQ D SRS 6 WA-DGREM BBWWHD QGDUGY ZLO
VWUHDPGH®H ONRRSHH QWG DWD TXDOLW\ DARDEKDDEH WQR ERWWUBDFHG DV
PDQDJHPURMHYYPINVK DQGRD WR HQVXUH KLJK %,0 GDWD TXDOLW\ E\ [
EDVHG RQ %,0 REMHFW=DBB®LNMN PIOHFNOLVWYV

,7TFRQ 9RO '"RXNEL



7KH LQWHJUDWLRQ RI EHVW UHVHDUFK SUDFWLFHV DQGIRWWWRIERORJLI
GHYHORSPHQW RI VHYHUDO O L*WH QW X %R RUBHYW H POIVBISH UFEDNRHEN
LO/QWGZDUW] VHHNV WR V\VO\GH IDWHODOVNO\ H[SORUH PXOWLSOH UHV
FOHDU IRUPXODWHG VWDWHPHQWY DQG SUREOHP\SEUDREBWREZVAE 05 WRF
$OWKRKKIKVH DSSURBDEKKWRIBRAWKVHDUFK TGHYWLREFDWLRQM DHEHDUF
MXVWLILWRMOQB®G KLIJK VNLOOV IRU LQIRUPODWUREWHDQFKWQMMD QG L
DGGLWLRQVLEFERIQVXP HOR PIE@M®R| F R QHWFHE K Bl DS R WXPEWIHRHDUFK ZRUNV
KDYHE WMRRQVGEHUWMRREDO DQ HFRPBRFHMIHWKH RWK BB KIDLAGSURSRVHYV
YDULHW\ RI PHWKRGV LQ RUGHWVVWRXER SOIANR PHWKEH X HDWWKFSRWH PL]DV
EHHQ GHYHORSHG EDV H G \RQ MRGIHE S\UR D AN R@EW HRDIDPDLPDO TV EHKDYLR
(EHUKDUW .HQOHGLMLQG FHOO7FEROEGD\ 6LOYHUEBIMXUDO SKHQRPH:

6DND 'RJDQ .DYHK 6LPXOPWHEDOLYNSDWULFN IHWRIMA RI WKH ILU
PHWDKHXULVWKP W HWKRBHHQ VXFFHVFDXXGMHID TROBMH.G)XAH P B Q\
.DOLYDV 5RPiRRPiQ 7RIXUHYV &KHEEL HW B\@QG\RSDGK\D\ BW® O
VWLOO XWLOLVHKHS YO@WL GHEYBRIITHOSMOE H'WDBOHW DJKLY PHWKRG LV LQVSLL
D SURFHVV RI QDWXUDO RSWLPLIDHNY RED OHKBIQ® IR Bl Q REM YREABEGNIL I WMAR 10 ¢
KHDWLQJ PDWHULDOV EHIRUH FU\VW DIDQ@® D WQ RIS 3 UW & U DAMHEIREROHD W
FRROLRHP WR FUHDWHLV VSER®HY R O RD@W RHBES W LIRLWDMRERID 8 BD O
VHDUFKHV LQ WKH VROXWLRQ VSDFH DQG FRQYHUJH WR JOREDO RSWL
<DQJ

7KLV SOBMIRDLIREMHFWLYHV 7KH ILUVWDIP\HX\RE BW R/SR\&W KD HEZHYHUD JH
WKH REDMH® UHSUHVHQWDWLRQ RI EXLOGLQJ LQIRUPDWLRQ PRGHOV
GHFRPSRVLWLRQ KLHUDUFKLFDO VWUSCRRIHUQWDRG DRG GB BTIDREMAL
WKH LQIRUPDWLRQ H[LVWLQJ LQ WKH FRQYZWWKRQYWRQ W QAXVVED\WD W Q
FRPSOHWHQHVV VPDUW REMH MW HD\WOL® SBIW DQH REWDL B B MAHKCREFRH@H W K R G
DGRSWHG DQG W KWL R&&DFOD BYDIOFDLY FRQGXFWHG DUH DOO EDVHG RQ
DQQHDOLQIWVRRQMFRMDG REMHFWLYH LV WR HQKD Q& BS WK FHX ¥ GIHYUW WHY ¢
E\ LPSOHPHQWL QMWLM E QAKX GLQJ

7KHUHP DL Q G HZD BIHMUWKW I X F W X U$ @ HDAL HR ORORZIWO DWH G \VBWM K @/ILIRCHLY SUH V
UHVHDUFK PHWKRGRORJ\ Rl WKLV SBRE8WR OLO/REWE IVE @ QWA H G SIHF \§ H F WQ R (
E\ WKH SUHVB\)LVWPXW®DRGI GEID YOG DFADLIMVLILFDWLRQ RI $&& DSSURDFKHYV
FKDUDFWHUQRWRHRER'S OO PH FKHFEQ LEHF WHW® R G W K PR [PWRGEKHRD \LIV
VWOHBA LQJ H[LVWLQL BB \R BMHPWY ® ENRRGUVHQFKFH HTXLSPBGWVRBIQ X I D
RWKHU LV WKH 1%6 1DW QR@DBWAGIQOAXMKDHY REWDLQHG EHIRUH FRQFO
6HFWLRQ

2. RELATED STUDIES

'XULQJ WKH ODVW IRXU GHFDGHV PRUH WKDQ UHVHDUFK ZRUNV KDY
WKH FRQVWUXAWFZRQLLQGQORWH\RI WKH PRV W (DWW P Bl Q AHH/G DMV X @ WHH/G

D JHUDO IXQFWLRQDO DUFKLWHFWXUH IRU UXOH FKHFNLQJ DQG UHSRU
IRXU PDLQ VWHSV 7KH DXWKRUV GLVFXVVHG WKH VKRUWFRPLQJV RI
UHYLHZHG ILYH H[LVWL\QWHPXO BFFRIUBNIQJIJWR WKLV VWUXFWXUH 7KHV
6LQJDSRUH WKH +,726 SURMHFW D 1RUZHJLDQ %,0 SURMHFW IRU 6WI
SURMHFW WKH ,QWHUQDWLRQDO &RGH &R X QI UDWRNRHF &/U FOMDHEF W K I R
LQSXW WKHVH YOBGWHW®RW\UMRX\QED WERQPHECOBEXVBGLQJ LQIRUPDWLRQ PRG
VDPH UXOH FKHFNWLIQH QAR R/G MMWGBIQWLILHG IRXU NH\ UHTXLUHPHQWYV W
EDVEK®WBPDWHG FRGH FKHFNLQJ 7R RYHUFRPH WKH ODFN RI UHOHYDC
FRPSOLDQFH FKHFNLQJ SURFHVV WKH DXWKRUV SURSRVHG L PDNLC
DFFHVVLEOH E\ 8. UHJXODWLRQXDXWKRW LQGH PHOGAQW RH WKH UXOF
GLIIHUHQW UXOH VHWV FDQ EH XVHG ZLWK WKH VDPH WRRO LLL FRI
XQGHUVWDQGLQJ DQG WDNLQJ LQWR DFFRXQW WKHWRBMO DXWKRULQJ
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ORUH UHFHQWO\ VHYHUDO PRGHO FKHFNLQJ V\V¥WH® VFHODKYYIGI LFQ W LR ¢
RQWRORJLFDO IUDPHZRUN EDVHG RQ WKH FRQFHSWV Rl PRGHO FKHFNI
LGHVLILHG IRXU GLIIHUHQW FDWHJRULHV L ®*YDOLGDWLRQ FKHFNLQJ’
UXOHV VHW UHJXODWLRQ VWDQGDUGY FRQWUDFW HWF LL *PRGH(
LQIRUPDWLRQ PRGHIONKY BRQIMHGV RIRVE SDUW EFPODW XREMHFW FKHFENL
REMHFWV ZLWK EHKDYLRXUDO UXOHV DQG LY 3*GHVLJQ RSWLRQ FKHF
UHVSHFW WR EHVW@EUDPWHFBY RYHUYLHZ Rl WHFKQLFDO VROXWLRQV )
FKHFNLQJ DQG SURSRVHG D FODVVLILFDWLRQ EDVHG RQ WRNWH DVHFK Q]
HW DO 7HUNDM ARMQBRGHO 9LHZ 'HILQLWIR@NHWIDEROLKLQ (DVWPDQ
BROLKLQ HW PRQFHSW GDBRVUHWWDOOHU 1DYLJOL 3RQ]JHWWR
TXHU\ OD GBDODZJHHYYV 7HUDDM UHDVYRMGIWEY 7DPNH

$&&PHWKRGV FDQ DOVR EH GLVWL@XMKGH 8 @ARGL Q H RS HFKAH VWK YA W K \
%,0 PRGHRODQJ *RODU\ +DNLP HW D®DQ HW D®RU QRMFLW 6XWHU
'LP\DGL HW DOKRQJ HW DOR SURYLGH D ELGLUHFWLRQDO OLQN DQG Ul
UHTXLUHPHQWYV D Q GDWH K DXRMXRIO M Wl BIGVDVGGHIYGJQWHG GDWD FRXOG EH
ZLWKLQ LQWHJUDWHG EXLOGLQJVLQIRUEFDIAICR Q@ HSRRG/H OAR IDQ GRLQR DP D O
UHTXLUHPHQWY FDQ EH PRGHOOHG XVLQJ WKHODDFK DERDMXI MAKMKIRG DV
HIWHQGLQJ WKH ,)& VSHFLILFDWLRQ IR®& PG DBFHQF'SUR B KIUWHRH/Q \& R FKX/F
LQ FRGHVY QRUPDWLYH WH[WV DQG FOQOEBBQINAXEUXMM G 6 HEGBVD\DWEH/S VL X
)XUWKHUPRUH IRU VRPH IUDPHZRUNV WK H HQFRGH & HV) BBR\QWEHF REGH K H |
FKHFNLQJXMRROHW DBHQJKL RU WUHDWHG LQABMIPQGH QOWIV RR X @/L
1DZDUL ZKLFK FRRO®W EHWR PDLQWDLQ B®&D QLIRKIXWDW WR FKDQJH

JURP D GHSOR\PHQW BRDLOQW RGEWQWZILHG WKUHH PRGHO FKHHREKLQJ V\VYV
DSSOLFDMWILRQWHGQIAL WKLQ D VSHFLILF DXWKRULQJ WRRO LL GHVNWR:
DXWKRULQJ WREOVBQGGSGALWIRHEY SURYLGLQJ GLVWDQMD DFEHVYV YLD W
DOWKHWHG PHWKRGY IRU DXWRPDWHG UXOHV FRPSOLDQFH DXGLWLQJ L
I UDPHZRUNW SGFRDLR DUHRG HRAEIKOHK: UHSUHMUWBD@QWDWLEBKKWHORSHG D

MIHQHUDGCGWHWGHDIGDPHZRUNY IRU EXLOGLQJ FRGH FRPSOLDQFH FKHFENLC
ILYH VWHSYVY L DQDO\WLV DQG FODVVLILFDWLRQ RI HILVWLQJ UHJXODW
XQDPELJXRXV GDWD H[WUBFWDRQWUNFFWORGgUWDDRJ IX]]\ ORJLF DQG IL(

7R GHYHORS D $&KRIDCGHREESMARDPFK HW PRQGXFWHG D GHWDLOHG LQYHQW
LOQGXVWULDO DQG DFDGHPLF GHYHORSPHQW\W UYWIKs MWL DLHEG RD Q@& ®XO\
WRROV FXUUHQWO\ DOORZLQJ PRGHO FRPSOLDQFH FKHENOQ¥GLDHQ H[LV
S5HTXLUH $XWRGHVN ORBGXIOO&GKMHFNI$B6 %WOLBGIHU%,0 ;LQDSVY 8S&RGHV
-RWQH ('fOPRGHOFKHFNHU DQG 6ROLEUL 6LWH RU (QWHUSULVH 9HUVLF
DSSOLFDWLRQ I(GRPDYDMDBHL OLADISHY IRU DOORZLQJ GLJLWLVDWLRQV FK
GbwbD IRUPDW 6HYHUDO RWKHU DFDGHPLF UHVHDUFK SODWIRUPV ZH
FRQGXFWLQJ D VXUYH\ ZLWK LQGXVWU\ SDWDWQHVW RV {VHKHB. SWEIRESWM. R G H
OHG WKHP WR SURSRVH D URDGPDS WKDW FRQVLGHUHG FRQFXUUHQWC
LQ WKH IXWXUH &&RYHBBBRHYWDRDWKRXJIK LQGXVWU\N SDUWQHUV ZHUH
$&& WKH\ LQVLVWHG RQ WKH QHFHVVLW\ IRU GHVLIJQDWLQJ D TXDOLIL!
LOQWHUYHQWLRQ ZDV DOVR NRBRVHGYFHGLIRQUZEHWIHR VMHYGIRHDO VLPXODWLF
XVXDOO\ UHAVIGIHBW DO

SHFHQWRRU 'LP\DGIFRQGXFWHK®URXJK OLWHUDWXUH UH YSL&8Z WRR) H [LV W
GLVFXVV WKH FKDOOHQJHV IDFHG LQ WKLV WRSLF DQG LGHQWLI\ IXWX]L
I[URPVBIPSRUDO SHUVSHFWLYH D Q GWKURHS-RIWHGQ BV FOMSH/QRAIRB WS B Q% QW R
DQG U$I&EDPBURDFKHY 'HVSLWHV WKH GHYHORSPHQWY DFKLHYHG VR |
WDFNOHG WR DOORZ ZLGWH DG ROWMLRIQWRIHE &MY XQUHVROYHG LVVXHV
%,0 PRGHO ,QGIHMIE SWRWLGHG LQ WKH %,0 PRGHO VKRXOG EH VXIILFLF
TXDOLW\ WR HQVXUH HIILFLHQW DQG DFFXUDWH H[HFXWLRQ RI $&& SUF
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3. METHODOLOGY

7R DFKLHYH WKH REMHFG/ SYRSG RVAVRDVSZRUNSSURDFK WKDW ZLOO HQDE!
DQG VDWLVI\ DOO GHVLUHG FRPSOLDQFH FKHFNLQJ PHWKRGWKKIDUDFW
IROORZLQJ PRHADKRIB\WRWERHDLVKHG

1. &RQGBEBRWH[WHQGHG OLWHUDWXUH UHYLHZ LQ RUGHW®®R XQGH!
V\VWHPYG SURSBRVWLEIFDMGERQ D ORFDO VHDUFK PHWDKHXULVW
QDWXUDO RSWLPL]DWIFKQLSKWRRPSHQRQFR® DQQHDOLQJ RI PDV
EULQJLQJ D VROLG WR D ORZ HQHUJ\ UHODWLYGXULQWDEOH \
DSSURSULDWH PRRYBWRIHVXOMWDEOH VWDWHY DQG UDQGRP El
$OJRULWKP 7KH $&& FODVVLILEDWHBIBQSW R SR WHGE LY EXVHKGD
XVHG WR GHYHORS WKH $&& IUDPHZRUN WKH GRRB®®QG VX
VWDQGDUGY FRPSDMWELOLW\ DQG XVDJH

2. ,GHQWIRP WKH DIOMHE B WHHIBE BRI HT XV WHBEVWR SHRIPE 0P DUXANV D E
FKHFEFMIWRIFHVVHY LQ WKH FRQQ/GV D R DU RKX W RDRGDXUWINAN MUK W L F V
HLVWLQJ $&& DSSURDFKHYV

3. 3URSRVH IXERWE WP SURDFK WK WREMMAWDDHSWHVHQWDWLRQ
LQIRUPDWLRQ PRGHOV DQG HQDEOHV IXO0 LQWHJUDWLRQ DQG

4. '"HPRQVWUDWH WK H5 UHRCS\R\ES @K B/ KRS OMPBIUWBEDY Bl VW X G\ XVLQJ I
HILVWLQJ W®LE PBEOWO\VH WKR WEHNEWIMY XQUHIHRIQPHG XWX XH V
LPSURYHPHQWY DQG SHUVSHFWLYHV WR EH LWHUDWLYHO\ LQW!|

). * 5HVHDUFK PHWKRGRORJ\
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$/*25,7+0 6LPXODWHG BBIMHHD BOQYVLILFDWLRQ PHWKRG

Input:
$&& SDSHUYV 626 journal and conference papers from Scopus */
SDSHUV GHDOLQJ ZLWK $&& DSSURDFKHYV FO DO¢MdsificaibriwbriRsQ *
Process:
For all X LQ -do:
ACG & ODVVLILFDWLOREsHication proposed in X;
If  ACG Classification does not integrate ACG &ODVVLILFDWHeRQ T
ACG Classification .expand( ACG &ODVVLILFDWLRQY
ACG Classification .managelnconsistency();
If  ACG DesiredCriteria( X) is notin ACG DesiredCriteria then :
ACG DesiredCriteria .expand(ACC - DesiredCriteria( X));
ACG DesiredCriteria .managelnconsistency();
End For
Repeat :
Initialise randomly x IURP % -
If ACG Classification does not include  ACG Framework( x) then :
ACG Classification . update (ACC- Framework( x));
If  ACG DesiredCriteria( X) is not in ACG DesiredCriteria then :
ACG DesiredCriteria . update ( ACG DesiredCriteria (x));
Until  ACG Classification and ACG DesiredCriteria are stabilised;
Output:
Return  ACG Classification and ACG DesiredCriteria

4. SIMULATED ANNEALING -BASED ACC APPROACHES CLASSIFICATION
AND ANALYSIS

7R XQGHUVWDQG WKH DSSOLFDWLRQ GRPDAIDDEB BK HBIQIEIBWPRHSARKRIGEIR
FODVVLILFDWLRQ DV WHWYH PR BRIl $/&K&8UH WHKD. WK\ \S B RIQGK ZWD H DWW \V L V
VXPPDULADHE® BEQY SHUIRUP HAGK BDIR AFYRLFQUIBBKEH RI VAIVWHP GHSOR\PHQYV
VROXWLRQ LW HW K BIRWVBRIJFREMG W R HDHFMIDEC R Z R U NWKIW DELQGW YV WRUL D O
DSSOLFDWLRQ EDVHG RQUWRB G® HWLKQ WKIKBWIHKHRMWWRKHSWHROXWLRQ LV ED\
UHSUHVHQWLIR 1Y, 0;GDWIF2:/« DQG RU W KIJH IDX@WFHKNOMBMW 5XOHO0/«

W LV ZRH@WLWR WKDW HYHQ WKRXJK WKH OLWHUDWXUH UHYLHZ GLG Q
VLQFH RQO\ SDSHUV $RERPRD MARVKIDY HRREHHQ FRQVLGHUHG ZKLOH EXLC
WKH VHW Rl GHVLUHG $&&KFKDD\DEQ HAKIL\FK LWKLEXWDYV EHHQ FRQGXFW|
RSWLPDOLW\ DQG JHQHULFLW\ RI WKH VROXWLRQ WR EH LQFOXVLYH R
SDSHUV GHDOLQJ ZLWK $&& FODVVLILFDWLRQ KBRYH FEODHWQ/ IHIRD Y WER QH
FODVVLILFDWLRQ WKDW HQDEOH JHQHUDOLVLQJ WKH H[LVWLQJ FODVYV
FODV VL ZLADRRDRD U HIGX@G VKA ODWWHU KDV EHHQ DGDSWHQIBQG DGM.
SURSRVLQJ GLIIHUHQW $&& DSSURDFKHV 7KLV SURFHVV LV UHSHDWHG
FODVVLILFDWLRQ DQG WKH VHW RI GHVLUHG $&& FKDUDFWHULVWLFV
LPSOHPHQWHG KH U H @ ROXEDES W &/ WHQWLMRQ RI WKH VLPXODWHG DQQHDC
FRPELQDWRULDOLRS\S DRMLWIIFML RAX LVOFRQFHSW LV LENVSH G HRBQ RGB! R UJHD \
SKHQRPHQRQ ZKLFK LV WKH SK\VLFBRUDGIYISRQGQH R DEHIRWHDUREHIKY D DK
FRQGXFW ORFDO VHDUFKHV LQ WKH VROXWLRQ VSDFH DQG FRQYHUJH W
LQFRQYHQLHQW FKDUDFWHULWD@®W O R FDKL G\RFDWOF KU HPHHDKEGY PHW KR G F
FODVVLILFDWLRQ DSSURDFK EDVHG RQ WKH VLPXODWHG DQQHDOLQJ Pt
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$V VKRZDEGHQG LQIRWRHGURIYWHKZH H[W D QFAYD DY WIHVBWMBRIGH[LVWLQ J
PHWKRGSURSRVHIG! RKHH H[SODLQHG LQ IXUWKHU GHWDLO

X Al techniquesrecompliance checking systems basedmplementing Al techniques, such as
machine learning, pattern recognition, generative design, etc., for either rule detection and
representation from regulation texts, or rule execution. They focus on the regulations and how it
can be transformed into rumsed machine readabitamat, but in some way, neglect the whole
compliance checking process. They also proposka&kd algorithms with high level precision
more than 90% in the casé(Salama & ElGohary, 2016put still not sufficient to besuitable for
industy application where nadegree okrror isacceptable

X Techniques based up@romainspecific Languagésuch as BERA language and SWRire
developed to allow representing rules in a machéaalable format, either for a specific domain
application (e.qg., interior desighy (Sydora & Stroulia, 202Q)or for a specific regulation type
(Ghannad et al., 201QVhile this category identifies practical compliance checking systems in
their specific application domain, they are still raxtensible (or partially: only within their
definition domain) to other application domains unless the language itself is extemidbds not
coherent with the definition of domasgpecific languages. Therefore, thaxy not represerat
holistic approactor all building codes and regulation domaswas tensure a complete
compliance checking processaBIM model

X Query languagehecker systemarebased on representing building knowledge, generally in the
form of ontologies, then executing the rules using queries written in a query language (e.qg.,
SPARQL). Generally, theehave complex interfaces and necessitate a certain lmagidym
writing and using queries that limits their accessibility and usability. Furthermore, the cases
FRQVLGHUHG DUH DOO IRFXVHG RiQenitaRnQdal dognhpletynBsd, Is@@tW LR Q F K
object (behavioural rules), or design option (besttias rules) checking

X Reasonesolutions uséogic, such as Deontic LogiSalama & ElGohary, 2011)Fuzzy Logic
(Nawari, 2019h)or Answer Set Programmir(gi et al., 2020)to represent and/or execute the
rules. Adifficulty with the compliance checking systemghin this category is their complexity,
andthustheir suitability forindustry application. Indeed, logic reasoning operators while dealing
with a largeamountof information(in our case building codgand infinite number of rules that
can be defined, are known to be intractgbleukari & Jeansoulin, 2012 this categorythe two
cases that succeededreachingoroof-of-conceptstage( (Zhang et al., 2011jZhang, 2019)
wereonly tested on émited number of rules

X Bespoke toolarecheckers that are developed by encoding the rules as a desktop oihasidb
application using a programming languagg.Java(Cheng & Das, 2014r Marionette
(Ghannad et al., 2019r as a plugin within an existing authoring platfoeny., Revit (Clayton,
2013) (Ciribini et al., 2015), or Tekla Structure$¢Zhang et al., 2013)While thesekinds of
systens can be very useful itheirimplementation domain, they are still costly to maintain,
difficult to changeand require high levelsf computer programing skills (Zhang & EtGohary,
2016)

X In theGeneral architectureategory conceptual models and functior{&lastman et al., 2009y
modular(Nawari, 2019chbstractionshatdevelop a theoretical background with a systemic view
for ACC systemaare listed As the name suggests, this category does not propose practical
solutions, but only general definitions and recommendations for developing desirable compliance
checking systms.

3DUDOWRHWRH SURSRVHG $& & HEDYS U DVMEMHRIGIYN. ZDV FRQGXFWHG LQ R
ZKDW DUH FRQVLGHUHG WR EH HVVHQKWLIDKF BRW HIHRWLLHY/GRS &&H WK D H B FRKH
ZHUH LGHOMAULOHGZIGWK PRGHO FKHFNLQJ FRPSOLDQFHDEKOHFRH QJ SURI
PRGHO FKHFNLQJ GHYV EDMGBFRQWLIYMWKHHANMIUFEDVLF TXDOLW\ DVVXUD
LQFOXGH FRQWHQW YDOLGDWLROWDEBKBREPBRRHWHGHFWL. QY PDQW REHWW
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LQWHJURMW IFRRP SOLDQFH F KHFRIALHORGHWONAD WQDPKHFNLQJ ZKHWKHU IXQG
FKHFNLQJ SURFHVVHVY DUH DGRSWHG LQFOXGLQJ UXOHV LQWHUSUHWD
DQWHSRUWLQGEH YILKBOGOA FULWHULD FRQFHUQ W& HK BZ R S/HIUWV L PI'S ORI P O MV |
UHJDUG WR WKH WoER P 8G HIDQ B B G- KRHUF WIKQH UNKRORIQY  H [ HL XMW RIQHPIRGE K DGIL W
KRZ WKEIQ¥FHUWDLQW K LW KBWHGIOMEHUSUHWHG DQG FRGHG WR EH WKHU

JXUWKHUPRWHQJ $&& |UDRHZRUN¥RUE® D IRBAHRVOLILHG LQ WHKHJHLUVW O
VXEMHFWHG WR VRVUKBWMQ\REP DG AR QWWXIQD YV DUMEVMHPPDULVHG LQ 7

$%/( $QDOWHYLRHZHG $&& DSSURDFKHYV

$&& GHVLUHG FKDJ$, 'RPDLQ 4XHU\ S5SHDVRQHU | %HVSRNH V| *HQHUD
DQG IXQFWLRQDOQJWHFKQI VSHFLILF|ODQJXD DUFKLW
ODQJXDJH
-~ | &RQWHQW YDO <HV <HV <HV <HV <HV <HV
o HIFHBWQJ
-
E &RQWHQW FRP| 1R 1R 1R 1R 1R 1R
T HIFHBRWP I HIFHBWQJ
v HW DO
LL
(@)
T 6PDUW REMHFW 1R 1R 1R 1R 1R 1R
O]
g '"HVLIJQ RSWLR( 1R 1R 1R 1R 1R 1R
H[FHSKWD Q| H[FHSKDQ H[FHY
DO DO =KDQJ
DO
-4 [BUHSDUDWLRQ 1R <HV <HV <HV <HV <HV
2 H[FH H[FHSY H[FHS| H[FHSKDQ| H[FHSWDQ
=KDQJ *KDQQDC( 'LP\DGI DO =KD HW DO
8 (O*RKD DO (O*RKDU &KHQJ
o +MHO
z +DNLP
w DO
T
N
LL
E ,QWHUSUHWDW <HV <HV <HV <HV <HV <HV
(o4
o [([HFXWLRQ 1R <HV <HV <HV <HV <HV
-
UO) 5HSRUWLQJ 1R <HV <HV <HV <HV <HV
o H[FHS| H[FHGMOD) H[FH&MULEHE
ad 'LP\DGIl (OC*RKDU\ DO
< DO =KDQJ
*RKDU\
+MHOVHW
JHQYHV
- (QFRGLQJ DSSsS\| 6HPL| ODQXDKP| 0ODQXDO 0ODQXDO ODQXDO 6HPL
2 I$XWRP DXWRPEL DXWRP DXWRPD DXWRPD| DXWRP
T [QGHSHQGHQF)\ 1R <HV <HV <HV <HV <HV
% PRGHO H[FHBMNQ H H[FH3WJ
S DO
L [ ,QGHSHQGHQF\ <HV <HV <HV 1R 1R
> | PRGHIOHFNLQJ H[FHS) H[FHSKWDQ H[FH
T *KDQQDG DO YHQY 1DZDJ
(@] F
E ([ WHQVLELOLW <HV 3DUWLIL <HV3DUW, <HV 3DU 1R 3DUW <HV
H[FHSHD Y 3DUWL
8QFHUWDLQW\ 1RQH YX]1\ ORJ YX]1\ OR
DSSURDEFK H[FH®WD DSSURJ[LH DSSUR]
HW DO UHDVRQLQ UHDVR
PHWKH
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5. PROPOSED APPROACH

7KH XOWLPDWH DLP RI D FRQVWUXFWLRQ SURPMDWLVKRKQG EWVHWR T QG
HQVXUH D OHYHO RI SHUIRUPDQFH LQ DFFRU@MJKHUHPHQ VY S ¥V IXFIXEDW
UHTXLUHPHQWY EXLOGLQJ FRGHV QRUPDWLYH VWDQGDUGV LQGXVW
FKHFNHG DQG VDWLVILHG DV VRRQ DV D GHVLJQ VROXWLRQ LV DYDLOD

%XLOGLQJ FRGHY UHSUHVHQWRIWHAW WRIKPILIQHLP ® W K X OBINH WR ISQYLURQP F
ZKLFK EXLOGLQJVHBSHUE FRP RQ\ WKH JRYHUQLQJ DXWKRULWKHFRXQWU\
W\SLFRYBW WKH ZKROH OLIH F\FOH RI D EXLBGLWR RIRPUG W\ RID DA R R
7KH\ LQFOXGH JHQHUDO UHTXLUHPHQWMMKWILELFON YW HRE V@MW K FRAKDSNWH U
SUHSDUDWLRQ DQG UHVLVWDQFH WR[LF VXEVWDQFHV VREQ®HQVXOD
HIILFLHQF\ GUDLQDJH KHDW DSSOLDQFHV DQG IXHO VI\VWHP IDOOLQJ
XVH HOHFWULFDO VDIHW\ VHFXULW\ FRPPXQLFDMWICR@ D®HWZEBGNYIVQG

%,0 KDV EHHQ FKDW®Y KDV OMK B VADHMWOF RQWWAHMAWERG DQG RSHUDWHG DQ
FHOQOWUH RI WKHVH FKDQJHV LV WKH EXLOGLQJ LQIRUPDWLRQ PRGHO ZK
REMHFW LV GOILCH@WLWKX DWWULEXWHY DQG UHODWLRQV

5.1 Object-oriented approach principles

2EMHFWYV DEZRUWIGHHQMDLOVLHY WKDW H[LVW DURXQG XV $Q REMHFW LV
UHSUHVHQWYV WKH VW IBW PIHRY VW R 8 VR EWVRHFDO MXFW LIRQ  ILUH UDWLQJ D
DV OLJKW RSHQ VHFXUH W K D V$ @® Q. $IX\O DPE MRDKME §\R 8 & DRYD GAK/H \G O
PRGHOOLQJ DQG SURJUDPPLQJ DS S URKH KRIXUDIRKD O RXLIDK CEULDLFFHS QN G

X Encapsulation: allows defining objects as entities with-glefined boundaries and identities that
encapsulates data and behaviours. This enables, for instance, compliance checking of
simple/elementargbjecs with related regulations and codes (Ex. a Fire Door with Fire Safety
requirements), sincaeyencapsulate all necessary data, without consideddgionaldata or
objects. In objeebriented programmingncapsulatio)D OVR HQDEOHYV KLGLQJ RI VA\VWH
implementation and making them private. To access data, accessor methods are defined and made
public.

X $SEVWUDFWLRQ HQDEOHV GHILQLQJ uDEVW UcDriemt§ndtaBdd HF WYV W KL
such as spaces. In objaniented programming, thesbjects are used to express the intent rather
than the actual implementation. They constitute the interface of inner objects without
communicating their content or details. Abstraction is also a relationship that relates two objects or
sets of objects repsenting the same concept but at different levels of abstraction or from different
perspectives. Abstraction relationships include different types such as derivation, realisation,
refinement, and trace relationships.

X Inheritance: is a mechanism by whichibéd VSHFLILF REMHFWY FDOOHG pPFKLOG
SURSHUWLHY DQG EHKDYLRXUV RI WKH PRUH JHQHUDO REMHFW
VXEVXPSWLER® DQGG RWFRPSRNMTWLRQD W IHR QKWONSY EHWZHHQ RE
examplea wall can be load bearing or rtwad bearing wall; internal or external, et huilding
is composed of a set of storeys, and each storey is made of walls, beams, columns, slabs, doors,
etc.

X 3RO\PRUSKLVP HQDEOHV GH hagou® usitglthé iddund yMbdR EeMddd=W TV EH
symbol many forms. Thus, it allows different objects to respond to the same process in a different
way according to their properties and definition. For instance, a compliance checking process can
be triggered for &uilding as a wholebject butFRQGXFWHG GLIIHUHQWO\ RYHU HDFk
(I GRRUV ZDOOV VSDFHV HWF ZLWK UHVSHFW WR WKLV ODV
with (Ex. fire safety requirement, uniformity and structural integetgess and circulation, etc.).
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), * 2EMRIBEMWHQWHG DSSURDFK SULQFLSOHYV

5.2 A novel bottomup ACC approach

$V VWDWHG E\ WKH LQYHVWLJDWLRQ FRPPLVWSR G HMLWEXH SXDRDAHQ LN
VXLWDEOH IRU TXDOLW\ FRQWUR®QD\WBGGEW DIH \H RIRRQUINY HMHW HE XAWLHR G
$VVHPEOLQUR BVEHFSERP ZLWK D JRRG XQGHUVWDQGLQJ RI WKHLU SUR
KLJK GHJUHH RI FRQILGHQFH DQG TXDOLW\ RI WKH ZKROH PRGHO $Q\ |
OLNHO\ EH WKH UHVXOW RI W KUHD MKW K UWD K IVQ RAQKR/H ERI EANZHHF-VD G FREZ KDIHI IE WH/O Y
DSSURDFK LV XVXDOO\ NQRZQ WR EH H[SHQVLYH ZLWK ODFN Rl NQRZ
LQWHUDFWLRZO/H\DWQI® B LHELOQW\ ZKHGS, I-IELIJ)NRJMBWIOQSB\FGMR[B{SS\U-RDFKHV DI
WR UHSURGXFH KXPDQ LQW H ORLIRIRYRHI K © W M 5 H QRIDHBIRE-0VE BRDERR
GHVFULSWLR®@S® OHP DQWREIQFH R &HUHBYRIBRMES R B DR BINY LQWQUHVWHG
GHYHORSDDN®LQFUHPHOWEPBOQWXQLEWDLQ FRPSRQHQWYV VXFK DV DL
WR HQVXUH DQ RFHIQ D ORR B RN HEQ] HW DQQ WKLV FRQWSE[W ERW
DSSURDFKHV D UHR PRUME QXLMDIBEOKHUWQJI DQ ® LLNHS U8 WIH@\E L QH6$E EXNXIP D Q
LQ RUGHU WR EEQ\DMG6WVRGIP Y,

7TKH PHWKRG SURSRVHG WDNHYVRUGLHDIQWAII B ORW XUWKHH DQFRSEREHMAI- WR 8 K HL C
D ERWWWRPSSURDFK IRHVHQBE GBl&EI PRGHO FKHEQREQIX GAKDIUBPR QYW HRQWWVY B
PRGHO FRPSOHWHQHVYV VPDUW REWHHW) LB®GEL & H K § DrEeVEHIABMRI® G K HF N L (
DSSURQWKIIJUHRPIBOY IDBOCFH FKHFNLQJ HVVHQWLDO SURFHVVHVY WKDW DUF
UXOHV H[HFXWLRQGHRI/HWHY HOWIMHSA H[SODLQHG ZLWK DGWKWLRQDO
OLPLWDW ISRIGIWV IFR XW ION RJUINQLGH KRG W KHVH KDYH EHHQ DGGUHVVHG

L SHTXLUHPHQW UXFRAOWLWHQSF BHWDWQRORUPDWLRQ RI EXLOGLQJ UHT
LQ QDWXUDO ODQJXDJH LQ WKH IRUP RI WH[WV BERBDWY WHFAMRHVY D
PDFKUGBGDEOH UXOHV WR DOORZ WKHLU DXWRPDWLF H[HFXWLRQ 8QIF
SURSRVH DQ HIILFLHQW DQG DXWRPDWLF DSSURDFK WR OUDRZXWHKHY WL
BURFHVVLQJ DOJRULWEKPAH & X VN EQDWEBEWREBMVWELEHFHBRDW H,GWHRKQGTARW FRL
KDQGOH DPELJXRXV XQFHUWDLQ DQG GRPDLQ VSHFLILF NQRZOHGJH

VXLWDEOH ZD\DRIOLEDOWVYWQV ZKHUH QR GHJUHH RI HUURU LV DFFHSW
LQWXLWLYH DQG ORJLFDO DSSURDFK FRQVLVWLQJ RI FRQYHUWLQJ DQG
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ZRUN PHHWLQJV ZLWK G RKHQIOOEHEW 0Q WBQIADIH ([WHQVLEOH 0DU
DOORZLQJ ERWKGKERLIDQ W\UBIQG PHIFXILWYH WUDQVSDUHQF\ DQG H[WHQVLE

requi

structures

: 2 Project
requirements

* Electrical 3

safety
« Falling

protection
* Access & use
» Energy
* Security

(ii) BIM Objects Data Preparation (i) Requirement Rules Interpretation

ifcBuilding

ifcBuildingStorey, ifcSpace...

IfcBulltElement: ifcBeam, (fcBearing, HeChimney, ifcColumn. ..
ifcDistributionElement: ifcBoiler, ifcBurner, ifcChiller, ifcColl...

(iii) Requirement Rules Execution

),* %,0 REMBDWW® $&& PHWKRG

$OWKRMWKHDRI ORJLFDO UXOHV HQFRGLQJ KDV D NOL@PEHW REB U SNUGIR/Z/Q M B IS
HVSHFLDOO\ XQFHUWDLQ*DQBGR®R GEXW NO\R Z ® HVEGARIEMD LEFQ H QRV WRB SRZH|
NRZOHGJH UHSUHVHQWDWLRQ IRUP,D@®RIPIUW K D WHKIMZHRE® 8 G DVWLIHRR L Q
SURYDIERRMBU RGHEHWZHHQ H[SUHVVDYEH GRE®H DQGRYQRQRO\WUDFWDELOLW
IRGHFLVLRQ SWRENDHAV HW ®ROODERUDWLYH ZRUN PHHWLQJV FDQ EH

XQGHUVWDQGLQJ DQG FODULIDWLWHKN WEKH GBVW RQWKKL VW ZRKWW

LL %,0 REMWBFSWHGRONVUWRIRQPBOLI\LQJ WKH %,0 PRGHO GDWD VR WKDW
ZLWKRXW DQ\ ORVV Rl UHOHYDQW LQIRUPDW LR @ HIXB KGR SFODLD\F H) & K H
WKH ILOH IRUPDW RI FKRSH DAF KMPDVHQHDEWURO OMIGDQG LQWHUFKDQJ!
DXWKRULQJ SODWIRUPV +RZHYHU GXH WR LWV KLJKO\ FRESOHY &DWD
SHUIRUPHG SRRUO\ ZKHQ IDFHG ZLWK WX® KW 5K W P¥E# B RR SUXLDHOF H QR
/HH HW DO7R RYHUFRPH WKLVESVREOEPLOGKH J)EQIRUPDWLRG®@ PAGHOW F
REMHFWV SUHS®MWDWBG EBIRUH EHLQJ SURFHVVHG )RR GIOHEN R QDW
HDVQRWLFHDEOH SK\VLFDO REMHMRREKING/H QGMIDLEMHHESEZR WHRW QW KDW UHOL
JHRPHWULF RU VSPWBEWO FRMBEGWW OVR WR FRQVWUXFW LPSOLFLW DQ
LIF%XLIOIG %XL O G LR QEFAGRSUERMVK DOO WKHLU UHTXLUHG UHODWHG LQIRUP
LQIRUPDWLRQ PRGHO 7KHVH REBNSIFWLVDDB W USKGIMAH B @EWDRIBOVX V X D O O\
VWUXFWXUH DQG RUJDQL]H D EXLOGLQJ SURMHFW 7KHEINVWIGR K ®IGO GR YU
LQIRUPDW L RRQGHRRI®H O&W URX®E HQVXUH WKH %,0 GRPWHD H{RF X &/H @ H QHK\HV |
VHW

LLL S5HTXLUHPHQW R@OQHRMWH[HFXWLR® HDFK UXOH IURP WKH UXOHV VH
RQ HDFK UHOHYDQW REMHFW SUHSDUHG LQ WKH VHFRQG VWXG®GH 7KH Ul
REMHFW! $Q RYHUDOO HYDOXDWLRQ RI WKH %,0 PRGHO FRPSOLDQFH L
HYDOXDWLRQV 7KH UXOHV VHW LV VWUXFWXUHG LQ PXOWLSOH UXOH
DFFHVVLELOLWD QW@ WRVWKMW®W\SHYV RI REMHFWV WR ZKLRKK M KN DXHLBR O
LV SURFHVVWHGDFFFRWRPQJ WR WKLV SURSRVHG UDWLRQDOH IRU UXOHV
H[SOLFLW REMHFWV H J FNORREHZDUHOP RWH FRORBDAKI QG LPSOLFLW R
VWDHWHRILQHG, IES WX$U J UMDIDMHL\WRQVKLS DQG PDQGDWRU\ UHTXLUHPHQ\
JXLGHOLQHADRGO VQRW UHTXLUHPHQWYV

LY S5HTXLUHPHQWUHYXIDW ¥ KHEF GLIGIHFSIRRMWVWEH XVHU DERXW WKH RXWFRI
FKHFNLQJ H[HFXWLRQ VWHS L H 3DVV RU )DLO UHVXOW DQG SURGXFI
UHVXOW ZLWK H[SODQD@RBRPS B L \VKAH WZHKIHVURIQD SIRWL FD E O H

7TDEOH VXPPDULVHV WKH FKDUDFWHBDLWYBG/ IRRQ WK HVEHVE U R SRIERG DX
DQG SHUIRUPDQFH
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6WDQGDUGLVDWLRQ LQLWLDWLYHV IRU FRQVWUNEM.RQ REMHFWV RU S
.62 (1,62 62 D (1 ,62 .62 EDQG /(;L&RIQVWUXFWLRQ ,QQRY
+8% &RQVWUXFWLRQ 3URGXMWP $WR/ KPUDPRIGRYH GDWD TXDOLW\ DQG
EHWZHHQ FR QWHMBERPOWHRY VM WKHVH IUDPHZRUNV FRQVWUXFWLRQ R
WKURXJK D VHW RI FRQVLVWHQW DWWULEXWHV WR DOORZ FDSWXULQ.
VIVWHPV DQG WKHLU FRPSRQHQWYV DWWH7HPCODIVH VRDUX FEMX ¥ W H G DR
GHVFULSWLRQ IRU DQ\ FRQVWUXFWLRQ REMHFW $&{QLILHG® GUDPBARUN
SUHFLVH KRZ GDWD WHPSODWHV VKR X OMXEH FW MRVGIG) LKLV \E K6 OUD S
WKHLU GDWD LQ D KRPRJHQLVHGEDY & @ YWDHIG PD'\G 7 KOHMGH HRIERMHFEW Z L O C
LPSOHPHQWDWLRQ Rl WKH SURSRVHG $&& DSSURDFK DQG WRRVEHR® OR
SURFHYMPNVK WKURXJK DXWRPDWHG WRROV EDVHG RQ IRU H[DPSOH ¢
RQHV SURSRGHI& lHQ DO

BHFWLRQ SUHARUDGY FDVHHD® XG\ LQFOXGLQJ DQ $& & WHKHI RO VR\Q T @l
DVVRFLDWLRQ RHUYYHBHKHTRRSP HQ \E DR/HEX FOF WKWHH WM RGVHUYLFH (TXL
'RFXPHQWY )RRGVHUYLFH &RQVXOWDQWY 6RFLHW\ ,QWHUQDWLRQDO
UHFRPPHQGDWLRQV IRU %,0 PRGHO FRQWHQW FUHDWLRQ

6. AUTOMATED C OMPLIANCE CHECKING APPLICATION

,Q WKLV WARWIDRMMH VWXGLHY DUH SUHVHQWHG DQG SURFHWH/GWUWMK GHF
DSSURDFK 7KH ILUWWHR®WRIS®RY K EWIIHARHDIY K FRXW XI@Bd, OREMHFWY OLEUDL
FUHDWH GUHW FK D G RRDMKUD FIWMXA AMKH VHFRQG RQH SUHVHQWY DQ DGGL
EXLOGLQXVER®HVRRE MWWIRW WKHU FRODRWHD\SBQ G FRIEWEB HVWRHEQMWBWG DSSURDF
WR RWKWRIP EBRIWOLL QW \B BKEH VDS O L FDWHDRFVWUDWHG WKHIR PHWWRE | RX
S5HTXLUHPHQW UXOHV LQWHUSUHWDWLRQ LL %,0 REMHFWV GDWD SUH
LY &RPSOLDQFH FKHFNLQJ UHVXOWY DQG UHSRUWLQJ

6.1 Case studyl: SYNEG compliance checking

7R HPRQVWUDWH WKH IHDVLELOLW\ DQG DFFXUDF\ RI WKH SURSRVHG L
HTXLSPHQW LQGXVWU\ XVLQJ DQ H[LVWLQJ REMHFW OLEUDU\ RI IRRGVF
PDMRU )UHQFK PDQXIDFWXUHU LV SURFHVVHG

a) SHXLUHPHQW UXOHV LQWHUSUHWDWLRQ

7KBHILQLWLRQ RILVHEXVHBPRIRGWHK ETYXULFSPHQW 6\RBRBMDRRGVHUY LFH
&RQVXOWDQWY 6RFLHWNKDWNUGRWLIRQD® D VHW RI JXLGH@®LOQHV DQG
PRGHO FRQWHQW FUHBWLRQVWH & DXV B R LU EBR-EDEPRRIFREIRPY HG RI WKUHH 1|
WKRRGVHRRGABOLQJ VWDQGDUG)\RR GV HEWKEBHQWH U)@ D WSLIRUICPAHW HU O LV
)&6, PDWHULD®V)RREWBUWYLFH PRGHRYEBUQYDWM BRRE MKEWPHY Rl %,0 PRGH
U H O D REINHW W \WKHRPVS/BHMWMWVW D QGLQJ REMHFW UHSUHVHQWDWLRQ DQG ¢
QHVWHG REVMREBNY LPSRUWHG JHRPHWU\ D Q GVCREMHHFANI D@V R B B8 K WD RW
FDWHJRULHV DQRBI W BFDRP-SRDHL@WRDWHUWL D OV  IFAER H FWRLAMW LV JLYH
7DEOH

7TKHVH JXLGHOLQHY DQG VWDQGDUGYV KOYWK BBHHQ* GWMKHORBMICRRQODC DYV
JUHQFK FDWHULQJ HTXLSPHQW PDQXIDFWXUHUVWIKR®KRLY&SQ HRRIGWHKH Y]
HTXLSPHQW ZWKQQDIXGBWRGHVN BRHYHWVDNGD QXMBEMHAWI SODWIRUP

7R FODUGHVWRIFED RI WHKONYHQ LQ WK HWHHY YWD Q GHHGW. Q J\K FEABWKRUJID QL
XQGHUVWRBEH GRFRB HQAYEIDHERQQHFWRHV MEOH@HBEBHG WR XQGHUV\
ZKLFK FRQRAWHRIDYEWRKDW LQSXW LQIRUPDVKHPBQUWRHX PR UM RWAKRELDVELGGHH U
IRRGVHUYLFH HTXLSPHQWKFARKSONILOWY DA}GY W& UHTXLUHG WR PRGHO \
SODWIRBPY RX®BYH EHHQ DOGDBWHEMHFW ILOH VL]H LV V&I $\ORVR0% LQV
SURYLVLRQ QHHGIR® WROEN FD®WVLILHG DRD QBDWGRIWR VR W& 0 Wi QK@
FDWHJRULHV DUH FKHFNH® EQ@DWRW URDGIXEGRHRVQQR VWY RIHVXOW LQ RYH
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7$%/( ([WUDRYP WKBIOHFN O DVL.\WWDWH 6 <4 (*

7TKHPHV

5X0OHV

& KHFNNV\GH

$XWKRULQJ W

2EMHFWV VKR XO GYRHVZIDRBWHAR INVDADHUH F X U U

OHWDGDWD

2EMHFW WHP

D2EMHFWYV VKRXOG E 5§ iJFHLDDADHAG K EXOLEHP JNROKVY
E ,WHFRPPHQGHGVWR XEHQUBBAG QRW KRVW,

&RQWHQW YDORBMN

GHVLJQ

RSWLRQ

2EMHFW UHS

&RDUVH DQG ILQH OHYHOV RI GHWDLO DUH X

ORGHO FRPSOHWHOQ

2EMHFW ILOH

2EMHFOH VL]H LV QR PRUH WKDQ 0%

OHWDGDWD

,PSRUWHG JH

W LV UHFRPPHQGHG WR QRW XVH LPSRUWHC(

&RQWHQW YDOLGD

ODQXIDFWXU

(ILVWHQFH RI D SEKRYPMWRU FRIAMIGRIO WK
$00 ORJRVMFRCHW EH D MY BJIRMNE EW R WHKIHR U

ORGHO FRPSOHWHQ
YDOLGDWLRQ VPDU

2EMHFW QDP

1DPLQJ REMHFWV)BRRMIOCGS B &S 7SHEANS (i (5 (14
2EMHFW RU FDWHJRU\ QDPH VKRXOG QRW

OHWDGDWD FRQWH

GHVLJQ

RSWLRQ

&DWHJIRULHV
VXEFDWHJRU

7KH IROORZLQJ VXEFDWHJRULH#H\BAMIRXOG
7KH IROORZLQJ VXEFDWHJRULHV VKRXOG
4)B&OHDUDQFHVB&RGH 'DVK
4)B&OHDUDQFHVB'RRUB'UDZHU 'DVK
4)B&OHDUDQFHVB6HUYLFH 'DVK
4)B'HWDLOVB&XWRXW 6ROLG
4)B'HWDLOVB2YHUFRXQWHU 'DVK 'RW
4)B'HWDLOVB6XUIDFH 6ROLG
4)B'HWDLOVB8QGHUFRXQWHU 'DVK
4)B/RJR 6ROLG

m o(m o|m O

ORGHO FRPSOHWHQ
YDOLGOGNMIRI@Q RSWI

SDUDPHWHUYV|

1RW DOO WKH ,)6( SDUDPHWHU OLVW VKRX(
LQGLFDWHG E\ ;7 LQ WKH PDQXIDFWXUHUTV

ORGHO FRPSOHWHQ
YDOLGDWLRQ

ODWHULDOV

2EMHFWV VKRXOG XVH BMKIHU)&6, ODWHULDO

&RQWHQW YDOLGD

&RQQHFWRU\

7\SH DQG LQVWDQFHV QXPEHU VKRXOG FRI
GHVFULSWLRQ ILOH

ORGHO FRPSOHWHQ
YDOLGDWLRQ

7\SH FDWDOR

$ FDWDORJXH RI W\SHV VKRXOG EH FUHDWHC

OHWDGDWD

7DEOH
YDOLGDWH

VKRZV D NLXODWOHWHRN MWRKH R

6<1(*
G ZLWK 6<1(*

BKFRR O HQ\® DMV IFROX\G DO/ D G D
7KHVH WX® ®VORUHFIDMVBIXIG W W M GOLIQ;W/ROLD Q J X

LV ERWKUK)OREDE OH DQIEDBDMKOM) M QDEOLQJ WUDQVSDUHQF\ DQG H[WHQ
)L LOOXVWUDWHY WKH ;0/ VWUXFWXUH DGRSWHG DQG DQ H[DPSOH RI I
D SDUDPHWGBKRE@DRHRB 32

g g g g g gy

Sructure of the
rules

Example of arule

),*

;0/ VWUXFWXUH IRU WKH )RRGVHUYLFH ORGHOOLQJ 6WDQGDUGYV 5X

7TKHXOHV VHW ZLOO EH WKHQ ORDGHG DQG FKHFNHG E\ WKH 5XOH ([HFX
DQ $XWRGHVN 5HYLW SOXJLQ XVLQJ WKH & SURJUDPPLQJ ODQJXDJH VI

b) %,0 REMHFWYVY GDWD SUHSDUDWLRQ

$FRPSOHWH %00 REDMEHFYHORSHG E\ WKH )UHQ¥FK ORIAGE BB UY H G RO/
D FDVH VWXG\ RI RKWO B SFSRDO RIEMHF W5 )I$V I DOHHY HWU)DWHQOWLQJ D GLIIH!
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IRRGVHUYNIFSPHQW DORQJ ZLWK DOO LR QAHTTOLH GG CL\QURIE RVEKY . RRD \GHH V
GDWD SUHSDUDWLRQ VWHS FRQVLVWY VLPSO\ LQ SXWWLQJ ERWK WKH %
GHVFULSWLRQLIQ ®@HWHEFROHSWRUWKH REMHFWYV DAHVRIQH W IGF IR [FQ& G WWKUHK
LPSOLFLW RU YLUWODMOKRQ BV HORYERYMQPGHQW IURP HDFK RWKHU DQC
FRPSOH[LW\ W KAHDVYWSIRFHKWNORDYEBREW SUHGHILQHG RUGHU

),* ([DPSOH RI ODQXIDFWXUHUYV OLEUDU\ GHVFULSWLRQ ILOH
) SHTXLUHPHQW UXOHV H[HFXWLRQ

7R D OSERIR W K4, OREMHFW VD6 £ EJDIO XIL®HYHORSHG XVLQJ & SURJUDPPLC
ZLWKLQXWRKGHYNWHQYLURQPHQW  $ VWK RZADQIMOMAEPOIHYV ([HEXWLRQ (QJL
HQDEOH VDQRHFXWLQJ WRRQWDIL@HQJ WKH )RRGVHUYLFH ORGHOOLQJ 6
L D *8, *UDSKLFDO 8VHU ,QWH R QFEH QRN KIHIRGHNXW ALV D WL

WKH )&6, 0D W H DIQIBORWAKLHEW D BIMIRK B B IPBIWID\GDMAOH SOXJLQ LQSXWV DUH
REMHFWVY OLEUDU\ WR E M X&H WV NHIGV D COR @ D?BA BRVEM KH TV REMHFWYV GH)

ILOH KRIXWS XWWK HU RBWHIBER &U H S RRQ W \R Y HRIDBD@ADOW KH % ,0 REMHBWSRDQW/ LQG
IRU HDFK REMHFW IDPLO\

),* 6<1(* SOXE&R®SRQHQW D Q%UPKQ PWHIERQMUMN

,7TFRQ 9RO '"RXNDUL HYV




7KH SURFHVV RI XVLQJ WKLV SOXJLQ FRQVLVWV Rl VWHSV )L
1. /DXQFKWRGHYINW D QGF FORW GWEIL (* SOXPELEDHQXQFWLRQDOLW)
2. IDXQF&ESURFHWMLFNLQJ RQ 6<WR HRWHRRY ORDGLQJ WKH 6<1(* UX
3. B6HOHFW WR®H, ® REEWVHFAKW MANRMEDD QGDWH \RXMWWH EWRENVRQ ZLQGR

),* 6<1(* SOXJLQ *UDSKLFDO 8VHU ,QWHUIDFH

$W WKH HOGRREHWWHWKH FRPSOLDQFH FKHFNLQJ UHVXOW LV JHQHUDWH
VKHHWYVY LV GLVSODW G/ DRX\ORP EWLGHR 65 VW K DUHDMHE QWRIHIMK HHQFRG L Q
VHSDUIDMRFRUGLQJ WR WKHLWZ DEGHOMNEDYQRIQ IKRRMLEGA VQHQFKPHQW RI
UXOHV EDVH

d) 5SHVXOWM IRUN L QJ

%\ HIHFXWLQJ WKHXF4QJF WEKJILOGR QXD KNEMHON W V O L E WU HB B BIW ZILOWKG
UHVSHRWRWE&VWUR G FHIOEMIIGIDW ®XWRPDWLFDOO\ JHQHUDWHG ,W FRQV
PXOWLISKOHWY DV RMKGREMEBBWY IDPLO\ ZLW KIKM WLKUHV 6 HYFKOHB-EWDXO\D W L |
6XPPOLWD (QIORBHKFDWHY WKH RYHUD O OGHRFHEDGA D@F R F KMHAN DY H UB VK ®W
FRPSOLDQPH JUMKRDWWKH DYHUDJH UHVXOWVY SHU UXOH DQG DQ RYHU
ZKHWKHU WKH FKHFNHG %)D LGDL\E U DQ \RYHDOODWUWD MAKGRHY QRW SDVV WKH
RYHUDOO UHVXOW LV @ ~

JXUWKHUPRUH WKH UHVXOW RI WKH FRPSOLDQFH FKHFNMQVYWKHDFK %,
FRPSOLDQFH FKHFNLQJ UHVXOW DQG H QDBE/QH I RFIDXEDHR KRG 'H RB/L RQH ®(
UXOHVOMOW. YWRPHGRYLGXDO UHSRUWYV
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),* &DVH VWHKRUHVXOWY DQG UHSRUWLQJ

6.2 Case study2: Fire safety compliance checking

%XLOGLQJ UHJX®DWDRDOH FOKBAWZWWRQY DQG DU RNOA® EXQ D RISGIMD W |
PXVW HQVXUH UHGXFLQJ WKH ULVN RI5HJIX0 P SRWD G HRRIELGRR. QVWSOD S [
NH\ URIDAKLHWKIRD O DQG HQVXUH RFFXS DKMV D@ FXO GSIHQW LMD CHOWD Q
GRPHVWLF BV RSH®ADM. GHQWLDO I0DWV DQ GNKRXW KB YRH W XOQW HSFOUH RE

7R FODULI\ DQG SURYH WKH DSSOLFDELOLW\ RI WKH SURSRVHG DSSURI
REMHFW H[DPSOH WDNHQ IURP WK H %l16% 6 DMDLVRIQRDQD @ , % OV FEBRBEUHY VHG
DFFRUGLOQRXWRHEBKMHHWKRG

a) SHTXLUHPHQW UXOHV LQWHUSUHWDWLRQ

'"HVLJQ VSHFLILFDWLRQV DQG UHTXLUHPHQWYV Rl )LUH 'RRUV VKRXOG ElI

SUHVHQWY DQ H[WUDFW RI WKHV H K\ DXUME FRY QUMUEOE DV EHHAAEDLW MG |
LWKHQ ORJIRFMD®REXQHWEKH PD LOOXVWKMHMMNGOWLKAIH LV LQGHSHQGHQW
$&& SOXJLQ ,OREZGOG BN H[WHUQDXMQUS MW HD GO AK { FIBKE MEKMH (QJILQF
SHTXLUHPHQW UXO 16 FHJH RQWIL RROKMMSHD W HUH 'RRU /HDIJV 5DWLQJ UXC
LQ 7DEOH UHSUHVHQARBD G ELGHEOV/L IRV WEIAQ 16 [ IY\DVD b)@ E-H SMIKBIDQD P HW H U
RI D p'RRU /HDIf HOHPHQW
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7DEOHWUDFYW UHR'FRIFRHINX L U AR HRNERLVWNG H U V

7KHPHV 5X0OHV &KHFNLQJ W\SH
D JLUH GRRIMWQBDINV PLQ &RQWHQW PRGH®DMRRIDHWHQH \
E )LUH GRRU IUDPHYV UDWLQJ !
F JLUH GRRU KLQJHTV UDWLQJ !
G )LUH GRRU IUDPHYV UDWLQJ )l
D PP *DS EHWZHHQ OHDI DQG |[&RQWHQW PRGH®DMRARSDHWHQH \
/JHDYHV E/HDYWKRXOG FRQWDLQ HLQWXPH
VHDOVY RQ WKH WRS DQG VLGHYV
*OD]LQJ $OVKRXOG EH ILUH UHVLVWDQW |&RQWHQW PBG H®DMRRID PV HR\

JLUH UDWL

+LQJIHV VHWV RI GRRU KLQJHV DUH UHFR&RQWHQW PBGH®DRMRMRIDHWHQH \
&ORVHU DXWRPDWLF GRRU FORVHU VKRX/&RQWHQW PRGH®DMRARSDHWHQH \
5HWDLQHU| GRRU UHWDLQHU LV UHFRPPHQG|&RQWHQW PRGH®DMRRSDHWHQH \
6LIQV ILUH GRRU VLJQV VKRXOG EH ILJ&RQWHQW PRGH®DMRRSDHWHQH \

b) %,0 REMHFWV GDWD SUHSDUDWLRQ

$)LURRU %,0 REMHFW ZDV GRZQORDGHG IURP WKH 1%6 1DWLRQDO %,0 /|
VWXL%6 1DWLRQDO %,07KEHEUD,O\REMHFW ZDV RULJL Q@D @&/E&\ $XUNMHPDGVHMEN EB\HY
DY 5)$ ILOH )DIW®GHK\VLFDO )LEXURRQOAIMND FWXUHG E\ '"RUWHN /WG

). * $ )LUH 'RRU %,0 REMHFW 1%6 1DWLRQDO %,0 /LEUDU\

6LQFH WKH %,0 REMHFW DOUHDG\ H[LVWV WKH %,0 GDWD SUHSDUDWLR
LQ SXWWLQJ WKH )LUH 'RRU %,0 REMHFW LQ WKH UHSRVLWRU\ ZKHUH LW

7R LGHQWLI\ %VKREMSPWEPHWHUY DQG VSHFLILF SURSHUWLHY LQ D X
REMHFWV DQG SDUDPHWHUV QDPLQJ DQG UHODWHG VHPDQWLFV VKRX
OLEUDU\ GHVFULSWLRQ ILOH DXL UBGWIKM RIUGHY FDR/ N SHFEX G\ REW M FHW V
SURSHUWLHV DQG FRQQHFW RU PDS WKHP WR WKHLU FRUUHVSRQGLQJ
GRRU OHDI RU IUDPH PXVW KDYH D XQLTXH QDPEMHF®/ Y HTHUWR &/X 5 VD
HQDEOH XQLI\LQJ WKH ZD\ WKH UXOHV DUH H[SUHVVHG LQ :0/ DQG VR
OLEUDULHV 2Q WKH RWKHU KDQG WKLV SURFHVV ZLOO FHUWDLQO\ LI
EHWZIOHE PNV GHVLIJQHUV SURGXFW PDQXIDFWXUHUV DQG VXSSOLHU\
SURGXFW LQIRUPDWLRQ 'DWD 7HPSODWH VWDQGDUGLVDWLRQ IUDPHZR
(1 ,62 .62 D (1 ,62 E,62(;:&21 &RQVWUXFWLRQ ,QQRYDWL
&RQVWUXFWLRQ 3URGXFWV $VVRFLDWLRQ DQG &(1 ZLOO SOTC
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), * &DVH VMpREG\UHVXOWY DQG UHSRUWLQJ
c) SHTXLUHPHQW UXOHV H[HFXWLRQ

7KH $&& SO XQMWHGHEY HR Q F HQDEOHV DXWRPDWLFDOOARERHFERILQJ Wi
WHE XOHV ([HFE X WQRDNKM 4Q 6l RG G HIHWERAY ; 0/ ARG B U MVKLKIUIR R U X O HY

WKLV EBWH S WV DH HFRROKRIE WHFEW H 'RRU UHT X L U H M QMOH F BIQEN O KWW / 6
ILOH WHPSODWH ZKHUH W KHK H HRRUWOWDSKW ¥ L EDOR E\MKGHH $RE) MY HERW Y6Y0 REMH F
LQ DQI/®NW LOOXYMIUDWHG LQ

d 5HVXOWY DQG UHSRUWLQJ

7KH $&& SIXWR® DW LFD O G HW R HWHGW HHE & WHEHRIISAD IRD QFKIH )LUH 'RRU %, C
REMH FW RHUM KRR X LUH B B Q WR/R X WBKRWMNKH FRPSOLDQFH FKHFNLQJ UHVX
ZKHWH 1 VWDQGYV IRU UXOH u3DVVHVY D QEGHHXYL.BN® K DRH B RN FUIXRIHWIK B |
'RRU %,0 REOMWHFMKRZOWKDWHQRDWLQJIJY GDWD I'RR WERPHK DRRU *O B PLYHV
HOHPHEMUMYWHIJUDWHG L\Q, O KOHG BLOWVRE®H¥RPH %,0 HOHP QWX PH\ERKHDW '
VWU LBYG p6PRNEVWHOQRWIEHHQ PRGHQWRH QG RRGHIUDWHG

7. DISCUSSION

7KH ERXSVRESURMBREURBRVHG LQ WKLV SDSHU WEBNWNGD QB VW B JRI FEIX W
LQIRUPDWLRIQ ®REHOWHY IXOO0 FRPSOLDQFH FKHFNLQJ SURFHVVLQJ

FRPSOHWHQHVV VPDUW REMH FAK URGREXGHVIN DXR BWR R Q W KUKKFONHAQ 1 Q W H U
REMHFWV GDWD SUHSDUDWLRQ UHTXLUHPHQW UXQGH/SR [HFXQWLR@ DQ
YHULILFDWLRQ RI D GHVLJQ VROXWLRQ ZLWK UHVSHFW WR D VHW RI FR

7R HQDEORH@QMWI XIDUIHY LQWHUSUHWDWLRQ WKLV DSSURDFK XVHV DQ
FRQYHUWLQJ WKH UMR N QUARPHKEFD®ILUAWEDQJIXDJIH LQ D IR UPHDING VKOM LV
DQG PDBKD@BHEOH WR HQ D E PMHW Y DBIVSIDW\H IR LIF R K7 816 OVGRHGUX Q 8 W KH F N
WKHUED MWKH 5X 0 HV @ PHBBWLKRXIK WKH OLP QN D QRR@LQ WSS DO D

WHUPV RI ODQJXD JHH [PSOBUGEMY R Y MEXGHWRR WU MHHQ@GIRUPDOLVPYV WKDW KD
L®, 'RXNDUL *UHHQZRR&HFLDOO\ LQ WKH FRQWH[W RI LQGXVWU\ DSSO
DFFHSWDEOHSUMVHQWLQJ VWIOHGES D B GE/B B@WIBKRBIVRGIHEHW ZHHQ H[SUHVV
SRZHWWUDFWDELOLW\ DQG GHFLGDERXONBA LI RHW GX¥® WKLHRUP BUIR E WRP Y G G U
SUREOHP RI GHDOLQJ ZLWK XQFHUWDLQ DQG DPELJXRXV EXL@GLQJ Ul
DSSOLFDWLR®IBRPPRAKQNU\ YDULRXV PHHWLQJV ZLWK GRPDLQ H[SHUW
DOORZ WKH EHVW SRVVLEOH LQWHUSURW®Q WAMRES K DIRWH QKH R/IWDHIKEDWD
H[WEQURW\SRLQW HD RIXRV HVW) DWKH UXOHV EDVH KDV EHHQ LQWHUSUH
LQGHSHQGHQWO\ IURP WKH $&& VRIWZDUH WAKRHG X0M XK {HBMWHELHRHI®D (Q J L

DGRSWHG DQG LPSWHXKHQDE@D FKLWHTXLUHPUIQSUWHE D VEHGBHSH QG HQV
U X OVHHW
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JRU WKH %,0 REMHFWV GDWD SUHSDUDWLRQ VWHS WKH FKRLFH RI XVL
RXU FDVH ZDV MXVWLILHG E\ WZR PDMIRQHIOWRIQN XMHYWR\<LW ZQG DVE
IRRGVHUYLFH PDQXIDFWXUHUYVY ZKR KDYH DOUHDG\ FKRVHQ WR ZRUN F
XVLQJ WKH VDPH VHW RI PRGHOOLQJ VWDQGDUGY 6HFRQGONDWRPGE RI \
WKHLU RZQ %,0 REMHFW OLEUDULHV LQ 5HYLW WKHUHIRUH FRQYHUW
XQQHFHVVDU\ ZRUN FDXVHG E\ LQIRUPDWLRQ ORVVHV ZKLOKUWFRQYHUW

7KH WZR ODVW VWHSV QDPHO\ DG XLE\@EBH\®RU WX Q Bl V KHD[YHF XBMIHRQ IR U |
FRQVLGHULQJ WKH XVHUVY QHHGV ,QGHHG IRRGVHUYLFH PDQXIDFWXL
WKHLU %,0 RBEWM HRVWKHE PRYMHHIILFLHQW VXLWDEOH DQG REYDRRV DS
DQG VXSSRUW WKHP LQ MWK MW R HFRIQ®X FRUUW FXWLRYI WKH VDPH DXWKRL
LQWHJUDW H G+ DX G PW MRQLIVQE AFHRWXIGOJ WKH FRPSOLDQFH FKHFNLQJ U
DQ\ FKDQJH RU FRUUHFWLRQ WR EH PDGH YLD DQ ([FHO ILOH LV DOVR [
REMHFW E\ REMHFW

,Q WHUPV RI SHUIRUPDQFH FRPSDUHG ZAWHKY MVMKXWVPO®NKDWHB XS WRDRK H
FRUUHVSRQ®&&LDIS B/RRWKK XVLQJ WKH 6<1(* SOXJLQ DQG WKH WUDGLWL
PDQXDOO\ $ ODSWRS ZLWK ,@¥#H® 5 &RUH 700+L 3URFHVVRU DQG *%
KDV EHHQ XVHG WR UXQ WKH SOXJLQ 7KH UHVXO%,VOVLERD BDOXGDQYWLF W
%,0 REMHBWYS URHHVVLQJ ZLWK WKH 6<1(*\SHOPKRH Q ALMTOWHKAE WLPH LV
SULQFLSDQOR B&XBQOWRRNY LRY VLOHVVHFRIQBVR WKH $XWRGHVN 5HYLW
DQG pXSIRIDHELMWLRQV RI %, HFHRWWAFEFGAH WKH\ ZHUH FUHDWHG LQ D SUH'
SHYLWYHUVLRQ

&RQFHUQLQJ WKRDPRQMWPHCF XWBERQ WLPHV KDYH EHHQ FDOFXODWHG E\
PRGHOOHAK R RSHAWWFKMHZKROH FRPSOLDQFBQRXHEONRYIOSURAPWUPHQWD U\
WKH WLPH WR FKHFN DQG UHSRUW RQH VYHEGE REGHFaN ZDPL QXWHNF D WHGE W
REMHFWYVY OLEUDU\ ZRXOG WDNH VHFRQGYV ZKLFK LV HTXLYDOHQW

7$%/( &RPSDULVRQ Rl $&& H[HFXWLRQ WLPHV LQ VIDEBQEBRDYFKVLQJ 6<1(

ODQXDO DSSURDH

$&& 6<1(* SOXJILQ

5X0OHV 2EMW 2EMHF 5XOH
5HSRU| 7RWL 5HSRU 7RWD(
H[HFXW ORDG| XSJUD( H[HFXV
%, FEMHH
%0Q@EUDU
FREMHFWYV

8. CONCLUSION AND PERSPECTIVES

7KV UHVHDUNWR BWNR ®RPH D QHZ |U KB HARRUNSIRUWRDREW WK WEOMMBUDJHV
UHSUHVHQWDWLRQ RI EXLOGLQJ LQIRUPVDKLRQ DARFEKHOD O 7WWVXEWRHE R
SURFHVVLQJ RI WKH $&& RSHUDWXRBRQ ZK LFO HWHK® DLEQDI RQY.P T W & QWH [DV W L C
LQGXVWU\ DW WKH GHWDLOHG OHYHO ZKHUH FRQWHQW YDOLGDWLRQ
FKHFNLQJ DUH VLPXOW ID@H/MRX WNDRU 8 W ERUPHH &/ K WV X © &8 ISR B DG @ B | W\
LW E\ LPSOHPHQW LMDRF D QISL\BW@RH® \ WU QW DSSOLFDWLRQ L@&MVIWFFEXW B F\W
RI WKH SURSRVHG D SZRURDG I XWH QVIWNX ®HDRCOH D %,0 REMHFWV OLEUDU\ F
PMXIDFWXUHU ZKHUHDV WKH VHFRQG DSSOLFDWLRQ GHPRQVWUDWHYV
GRPDLQV XVLQJ%DOREWHFRMRGRZQORDGHG IURP WKHL%% 610D DWRRQ D 0%, (
JLEUD U\

7TRDRLHWHKD® H[WHQVLYH OLWRUBDVWXKBIUWKIWERDOLIQYDZHWKUNY DQG

VI\VWHPV KDV EHE BDERQ@G XVDR/HEDHQ/W LU CRVD MRHY R Q MHR/S &&DHS[3 Y RV KIH V

$, WHFKQLTXHV ®DPRIJX® MBEHPLHIUR ODQJXDJH UHDVRQHU HHYGRNH WF
D VHW RI GHVLUHG $2@GF&B U CRRWPeHWDLAHY LFEVRPSOHWH VHDUFK PHWKRG
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EDVHG RQ IDQQ®WMEH RSWLPLVDWLRQVP R XNDKWM N G PBNXRKIQRIZE ZD V
IUDPHZRERWWR R EFVHHFWE &G S U R D FKE H H Q VGHU X6 W& U H @ WRHYSH 1S LDRIFBDY
FKDUDFIFARWGIGQJ WR WKHVH GHVLUHG7$E& IFUDLPAWENRIUEN D IV BB | & W P DG
FKDUDFWHULVWLFV DQG SHUIRUPDQFH LGSURSBRYHG DR QP WX @ LDAHU |
GHFRPSRVLWLRQ RI WKH UXOHV E\ VWUXFWXULQJ WKHP LQWR PXOWLSO
DFFHVVLELOLWQGVWFRHWXH W\SHV RI REMHFWV WR ZKLFK WKH\ DUH UHO
DFFRUGLQJ WR WKHLU W\SHV LPSOLFLW H[SOLFLW DQG FRPSOH[LW\ E
LV WKHQ SURFRIW WIRGWRNSIPZWW® EDVLF DQG H[SOLFLW REMHFWV WR PRL
7KLV VWUXFWXUDWLRQ RI %,0 REMHFWV DQG UXOHV DW@WDWER QY H)JRILFL
H[DPSIDHVHHQ LQ WIHFPDMROMRHKGWDU\ LQIRUPDWLRQ VXFK DV WKRVH U
DQG LWV WHWMEL.@INM\FRQVLGHUHG DQG FKHFNHG ZLWK JXHNMKHKEUW R UH[ L V
EHKDYLRXBREX®MYQJVIWHAGLQJ DQG Q PWBRRBNRAG \REWMRAKORBUW L Q J
QHVWHG REMHFW OHYHOV D @G ORE MBIFNRWPDIWL R Q G- RQWHEABWE BVRK H F N
IUDPHZRQ®OO\ D UHDO FDV H%/, BREM HFRAQRAUONIFWIR PUAEIQEF K P D GODID FW X U H|
EHHQ SUHVHQWHBE\ D06 OHPRAFRMSBVBIEINGISV ISWHREHVY DQG D QHZ SOXJLQ
IR$&&KDYV EHHQ GHYHORSHG DQG W,HVRVEHEEH WMIDMRE XD Q KBN\ED/QW X H P
WR FKHFN DQG FRUUHFW WKHLU %,0 REMHFW OLEUDULHYV DFFRUGLQJ WF

$V VWDWHG LQ WKH OHWKRGRORJ\ VHFWLRQ 6HFWLRQ MW EHRWISOGHPH
WR GERIQWHYPO®A E\ LQWHJUDWLQJ WHVWLQJ DQG DEXDOGH @IODWE RBQ | 1H U
VWD Q RDWGE\ R@H KICHYIL@J VDWLIKDVFVBRSH U HWHOMD WY WKH ILUVW LW
SUREHRWHWHUH WK HRG HI LUGIQMIURD@® D U F K L W B FRERHFWRU MK DERBRBRRRL R Q
WR HQDEOLQJ TXDOLW\ DVVXUDQFH LQFOXGLQJ FRQWHQW YDOLGDWLR
FKHFNLQJ ZHUH WKH ABRIMX RIE MR EW LIMGOIO/ EDH5 S0 W BVHRUDGHEYUHHO/R/SW BH J H
FRPSOLDQFH FKHFNLQJ IUDPHZRUN SUHVHQWHG LQ WKLVHSXSBDW RAKLV
GRPDLQV LL DGRSWLQJ D QHXWUDO DQG RSHQ VWPWGPU & K SIRDPDE
%,0 REMHFWV GDWD VWUXFWXUDWLRQ DOORSZ LUXIOW ¥ H [ ¥ B XOWLLPRS@® HZPLHAQKW
DQG H[SOLFLW REMHFWY SURFHVVHG ILUVWKHROUORIZHEG &EW BRBHOIGN D Q
WKDW ZLOO GHILQH KRPRJHQHRXVO\ DQG LQ DQ DJUHHG ZD\ SURGXFW
GHYHORSPHQW RI %,0 GDWD TXDOLW\ DVVXUDQFH DQG GDWERDER@WURO
XVLQJ %,0 REMHFW TXD®HWHRKBONOLVWYV

)XUWKHUPRWHORZ 6<1(* WR DSSURYH FUHDWHG %,0 OLEUDULHV DQG S
LW PD\ EH WRVN[VEGIG WKH 6<1(* SEDAVIHG WRSRHBFRMWMRIGQRGVHUYLFH HT
PDQXIDFWXUHUV ZRXOG EH DEOH WR VXEPLW WKHLU %,0 OLEUDULHV W
VHHJ

), * %,0 $SSURYHG E\ 6<1(* &HUWLILFDWLRQ VFHQDULR
ACKNOWLEDGEMENTS
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DATA AVAILABILITY
$00 GDWD PRGHOV DQG FRGH JHQHUDWHG RU XVHG GXULQJ WKH VWX

REFERENCES

$)125 33%:., 3 $)125 %RXWLTXHHBHWERQVSS

$PRU 5 'LP\DGL - 7KH SURPLVH RI DXWRPDWSBHPRPS Q QD WKH
(QYLURQPHQW ,661

$QGUp ' &KDUQRWQR|I 2EMHFW 2ULHQWHG $S'SUR/IFRKI\B R Q 8P HQ W

'RUNEHQFK IRU +LJKO\OMFBEPIQA FR 8 WRRDO\WVAMNY 6RQGV /WG SS
GRL FK

%DQG\RSDGK\D\ 5 %DVX $ &XHYDVDWULWDDNEDNY RBSWLPLVDWLRQ Z
$QQHDOLQJ DV D GHHS IHDWXUH VHOHFW&R/F PHSIOR 8 G ROR MF &HRIP S X QV.

%HDFK 7 + +LUSSRONWXL -< 7RZDUGV WKH DGRBUALRRPBO DXQMRPI
FKHFNLQJ LQ WKH BRXIVORWP BIWYRQRIQPERYVWUXFWLRQ

%HDFK 7 + B5H]JXL < /L + .EWMVHG? VHPD GWWXOMSSURDFK IRU DXW
FRPSOLDQFH LQ WKH (FRIQWW B X\FW/H R b S/SHFBVFRAW L R Q

BHQJIKL & $XWRPDWHG YHULILFDWLRQ IRU FR O OIDXERRIMDVLLYRIQZRQ |
&RQVWUXFWLRQ S

%UH\ 3 6iUDNHU + - 3KLORVRSK\ RI &RPSXWLQGERRG R RUKAD

3KLORVRSK\ RI 6FLHQFH 3KLORVRSK\ RI 7HIFKUN¥RDORD @R GV (QJILYSHUL

%XLOGLQJ 5HIXODWLRQ X OPDX\LICRIY QJ $YPDHODEOH
KWWSV ZZZ GHVLJQLQJEXLOGLQJV FR XN ZLNL %XLOGLQJBUHJXODW
%XV 1 OXKDPPDG ) OHRAVWQWLF WRSRORJLFDO TXHUWQJ IRW®REBRMSPAD

H%XVLQHVV LQ(QUERHWHEQXDI®G &RQVWUXFWLRQ 1R (XURSHDQ &RC
ORGHOOLQJ &5& 3UHVV SS

&(1 ( & 1 6 %XLOGLQJ LQIRUPIDWDRRVHPBGBHWEVQRU%ERQVWUXFW,

WKH OLIH F\FOH'RWBEXWBWSDWWHYVEDVHG RQ (XURSHDQ RWIDD&EDUGYV D
%XLOGLQJ ,QIRUPDWLRQ ORGHOOLQJ B D

KWWSV VWDQGDUGY FHQ HX G\Q ZZZ I"S )63B352-(&7 )63B/$1
(&) & % %$%( $&

&KHEEL $ %DUJDRXL = . $ELG 1 &XQKD 0 G & 2SWLPL]DWL
XVLQJ VSHFLILF IORZ NULJLQ-RRQGDO. RX®BRUBHRDQISSOLQJ

&KHQJ - & 3 'DV ©® EDVH®& %BHE VHUYLFH IUDPHZRUN IRU JUHHQ EXLC
FRGH FKHREXUQDO ,QIRUPDWLRQ 7HFKQROMJ+LQ &RQVWUXFWLRQ

&KRL - .LP $Q $SSURDFK WR 6KDUH $UFKLWHFWXDWQRQDZLQ.

IRU $XWRPDWHG &RGH7EKQFRXLD bBLHWHPRROXFKQRORJISS

&LULELQL $ / & %ROSDJQL 0 20LYHUL GXEOLBQHQGRVDRDWLED \DISG
FKHFNLQJ " 3URF JFREHCGLRORFELFV DQG )LQDQBH:

&OD\WRQ 0 $XWRPDWHG SODQ UHYLHZ IRU EXLOGLABQFRGHX FRRIOLDQ
,QWHUQDWLRQDO :RUNVKRS ,QWHOOIIJHQW&E&&RPSXWLQJ LQ (QJLQHHU]

&RQVWURBRYPWLRQ +8% &RQVWUXFWLRQ((AERG XFHWK RG\RROAR.DWERED'
SHOHYDQW $XWKRULWLHYV DQG 8.DFKLRIQYVQUXFMRLRHQVRQRYDWLF
KWWSV FRQVWUXFWLRQLQQRYDWLRQKXE RUJ XN
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'"HVLJQLQJ %XLOGLQJIJV%XLOGLQJ R QWJ X @ DOW L $YDLODEOH D
KWWSV ZZZ GHVLJQLQJEXLOGLQJV FR XN ZLNL %XLOGLQJBUHJXODWL

‘LP\DGL - JHUQDQGR 6 '‘DYLHYRPSX®RHRILVEQJ WKH 1HZ =HDODQG %
$XWRPDWHG &RP SKXIFDI@BH) G XAHW =HDODQG WK 1HZ =HDODQG %XL
6\PSRVLXP + SS

'LP\DGL - 3DXZHOV 3 OMBROOEQJ DQG DFFHVVIAJRHPRPBWIRBNHG R Z
FRPSOLDQFMHPXEAWLRQ 7THFKQROFRIOXRHE&RQVWEBXFWLRQ
'LP\DGL - 7KRPDV * $EROEO0LQJ DXWRPDWHG FRPSOLDQFH DXGLW

'HOOLQJWRQ 1HZ =HD @DWA RTKHO &RKQ|OWHYFH RQ $UFKLWHFWXUDO 6

'LQJ / 'URJHPXOOHU 5 5RVHQPD@®XWRPDWERDEWGH FKHFNLQJ IRU E
+'HVLIJQ&KNHFN &OLHQWYV 'ULYLQJ ,QQRYDWLRQ ORYLQJ ,GADM LQWR
&5& IRU &RQVWUXFWLRQ ,QQRYDWLRQ

'RXNDUL 2 *UHHQZRRG ' $XWRPDWLF JHQHUDWLRQ RI EXLOGLQ
$XWRPDWLRQ LQ &RQVWUXFWLRQ

'RXNDUL 2 -HDQVRBX®UEPY$HG ORGHWDRQWQEHGEXFWLRQ /HIDSJDDOHO S
*HUPDQ\ (QYLURQPHQWDO ORGHOOLQJ DQG 6RIWZDUH -X 0\

'RXNDUL 2 :XUEHO ( -HDQVRXKDVIG S HPD@WNKVDMEHE %HOLHI SHYLV
% +HLGHOR\WEROHEXDQB LWDWLYH $SSURDFKHV WR HHDLNMR QHHILIG HIONEK
6SULQJHU %YHUOLQ +HLGHOEHUJ SS

'XDQ 4 HW DO ,PSURYHG 6DOS 6ZDUP $OJRULWKP ZLWK 6LPXOL
2SWLPL]IDWLR® BRRWEOHPV

(DVWPDQ &P /HHRQW </HHN - $XWRPEDALHRGURRHFNLQJ RI EXLOGLQ
$XWRPDWLRQ LQ &RQS/SVUXFWLRQ

(EHUKDUW 5 L HQRHEHZ RSWLPLIHU XV0LQJ SDURNDFQB YXOHEP WKHRU\
BURFHHGLQJV RI WKH 6L[IWK ,QWHUQDWLRQDO 6\PSRVLXP RQ OLFUR OI

(JOHVH 5 6LPXODWHG DQQHDOLQXWRWRBQ {RXUWRBEHW BW 2 R QD DWULHR
SS

JHQYHV 6 -7TDEXODU GHFLVLRQ ORJRKURW @ VRU XMAWWXEFWX BHY LUYPLVLRQ

JLFDUHOOD ( /DPEHUWL / '"HIHUWHNLQ 6 &RPSDULVRQ RI WKU
VWUXFWXUDO RSWERIPI®MIW R QG WURE /KR V

JRRGVHUYLFH &RQVXOWDQWY 6RFLHW\ QWHUQDWLRQDO JRRGVHU)Y
KWWS ZzZzZ IFVL RUJ "SDJH 5(9,76 WDQGDUGV! >$FFHVVHG IRYHPE}

*DUVRQ - (ISUHVVLYH 3RZHU DQ\G. RQPRORBRHBBQ HRM V3 RL BR\REBRR
IRJLF S

*KDQJ / HW DO 4XHU\ 3HUIRUPDQFH RI WKI5H D WRRGDO6 HUNDIE
$SSURDFK DQG D 7UDGLWLRQDO 5RDODMDLR R D &R P DEIMWHIRD K PRDG K
SS

*KDQQDG 3 & /HHPXDGL - BROLKLQ : $XWRPDWHG %,0 GDWD Y
VWDQGDUG VFKHPD ZLWK YLVE®YDRERIU DPFLEHHODQJIX QIR SBDWLFV

I+

*RUWL 6 HW DO RULHO@'REMHHSBVWHVHQWDWLRQ BRRP SKWGKW QG G HV
SsS

*UDQW 0 - %RRWK $ $ W\SRORJ\ RI UHYLHZVY DQ DQDO\VLV
PHWKRGROPWKVQIRUPDWLRQ DQG /LBBSDULHV -RXUQDO
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*UHHQZRRG ' /RFNOH\ 6 ODOVDQ$XVWBRPDWW® KRPBOLDQFH FKHFNLQ.
LQIRUPDWLRIDXBRGAKWBQLYHUVLWp 3DULV $ *DQDK WLRQ5HQQLOHG (G
DQG 5HDO (VWDWH 5HVHDUFK &RQIHUHQFH RI WKH 5R\DO ,QVWLWXWL

+DNLP 6 &HFFRQL ) 5 'HMDFR 05X8&HVOPROMSHVHLW) FODVVLILFDWLF
FRPSOLDQFHVFEHFNIRWD O RIURKHHGWEIYXURSHDQ *URXS IRU ,QWHOC
(QILQHHULQJ ,QWHUQDWLRQDO :RUNVKRS RQ ,QWHOOLJHQW &RPSXWL

+DQ & 6 .XQ] - & IDzZ . + ODNLQJ DXWRPDWH®® EXHWOEBQQJI FF
-RXUGD@

+MHOVHWK([SHULHQFHV RQ FRQYHUWLQJ LQWHUS UH WDHW UXMW UHUKID@RQL
3URFHHGLQJV Rl WKH WK ,QWHUQDWLRQDO &RQ+HUHQFH RI &,% :

+MHOVHWK ( FDW ERO@RYWVHO PRGHO FKHRNRQP FRDRE SWFKQRORJ\ LQ &
6SHFLDO LVVXH &,% : 6SHFLDO WUDFN RQ &RPSOLDQFH &KHFN

)& 6WDQGDUG )& 6WDQGDUG $YDLODEOH DW
KWWSV VWDQGDUGWEKLOGLRJIJY®DYM /RUISPFHVVHG 1RYHPEHU

,62 ,62 '‘DWD VWUXFWXUHV IRU HOHFWURQLF SURBRBXYWW FDWD!
&RQFHSWY DUFKLWHFKRUHADDQ&LRPRGWW HH ,62 7& GI6XLWL2DWLRIQ DRV
LOQIRUPDWLRQ DERXW EXLOGLQJY DQG FLYLO HQJLQHHULQJ ZRUNV LC
S

,62 D ,62 %XLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DQG RWKHU GLJL
OHWKRGRORJ\ WR GHVFULEH DXWKRU DQG PDLQWDLQ@HFEKRIHDWLHYV
&RPPLWWHH ,62 7& 6& DQGUGDOUWRIWMIWODRQ RI LQIRUPDWLRQ DER
HQJLQHHULQJ ZRUNV LQFOXGLQJ EXLOGLRJ LQIRUPDWLRQ PRGHOOLC

,62 E ,62 %XLOGLQJ LQIRUPDWELRDDWRGOGMIODRDIQDWHW IRU FRQVWU
XVHGKHQOWIH F\FOH RI &ERXQPONS WYV VIHQVBHEKW DQFD®OKRPPLWWHH ,62 7&
2UJDQL]DWLRQ DQG GLJLWL]DWLRQ RI LQIRUPDWLRQ DERXW EXLOGLQ
LQIRUPDWLRQ PRGHOOLQJ %,0

-LDQJD®J 1 X - &RPELQLQJ %,0 DQG RQWRORJ\ WR IDFLOLWDW
-RXUQDO RI &RPSXWLQJ LQ &LYLO (QJLQHHULQJ
.DOLYDV - + 2SWLPL]DWLRQ XVLQJ YRKHBRRRWUV LR VINBLGPE O, QW H

/IDERUDWRU\ 6\VWHPV
.DVVHP 0 HWOBIOVXULQJ DQG ,PSURYLQJ WKH 3URGXFWLYLW\ RI &RQV)

LQWHJUDWHG ,R7 DQGFBVWOWWHP WK &, % : &RQIHUHQFH $GYDC
&RMVWUXFWLRQ ODQDJHPHQW LQ $UFKLWHFWXUH (QJLQHHULQJ &RQ
.DWRFK 6 &KDXKDQ 6 6 .XPDU 9 $ UHYLHZ RQ DKKQ@WWLPHGDDRU

7TRROV DQG $9ROKXPHWLR®V
.DYHK $ $SSOLFDWLRQV Rl OHWDKHXULVWLF 2SWLPL]HWELRBRG WOQJRULW

,QWHUQDWLRQDO 3XEOLVKLQJ 6ZLW]JHUODQG 6SULQJHU &KDP
.LUNSDWULFN 6 *HODWW & ' O9HFFKL OHG $QQHEFGHWQPH]DWLRQ E\ 6
SS

.ULMQHQ OHWKRGRORJLHV IRU UHTXLUHP HQMWOF K H ®NML QUWRQ @ B WA R IQ@IOF
RQ 'HVLJQ DQG 'HFLVLRQ 6XSSRUW 6\WWHPV LQ#$UFKLWHFWXUH DQG ¢

.ULMQHR 7TDPNH O $VVHVVLQJ ,PSOLFLW .QRZOHGJHR®H® MLORGHC
%HKDYLRXU 6SULQJHU ,Q%3HUQDWLRQDO 3XEOLVKLQJ

JHH * HW DO 4XHU\ SHUIRUPDQFH RI WWKHHO,D & PRRGM® © BIBIY RIDFXVD (
D WUDGLWLRQDO UH O DWDRQMIDO GO WRPHBWXAM DG5S URDEFSBELO (QJLQHHULQ
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/HH < & (DVWPDQ & O J/HH - .EDVHGS$KWHRPNDVOHGRIX@HKH YDOLGDW
DQG YLVLELOLW)\ RI D EXLORRIWIQQR UPDSLLYRQ PRBEHHHULQJ $PHL
(QJLQHHUV S5HVWRQ 9%

/L % 'LP\DGL - $PRU 5 46MWXOXOVMWDIWEYH DQG WUDFHDEOHGBRDROFXODW
3DXOR WK &,% : ,QIRUPDWLRQ 7THFKQRORJ\*IRU &RQVWUXFWLRQ &F

ODFLW 6 6XWHUW\EULG ORGHO IRU %XLOGLQJ &RGH/ I13¥ 8 0 HVH® WHRDLRWDL
ORGHOLQJ $SBORD&KHY &RQIHUHQFH SS

ODUFKDQW &DSWXULQJ DQG ,QWHJUDWLQJ WKH 'HVLIJQL®GKRYHQ %Xl G
1IHWKHUODQ@BEWREHU 3URFHHGLQJ RI WKH QG &,% : &RQIHUHQFH

ODUFKDQW 7KH GHVLJQ GE FRHIS O4RIXAMDIOP RQ WY RRUPDWLRQ 7HF
&RQVWUXPBSEHRQDO WUDFN RQ &RPSOLDQFH &KHFNLQJ SS

ODUWLQV - 3 ORQWHRESR$ $,0 EDVHG D XAKRIEDNWOSE FRIH FDWLRQ |
GLVWULEXWS$RWRPRWBRWVWUXFWLRQSS

OF*UDZLOO 7KH %XVLQHVV QD OXH*QRBDD ODUNHWYV 6PDUW ODUNHW
FROQVWUXFWLRQ ,QWHOOLSIRQ¥W UXFAIDRZQ

OHO]JQHU - =KDQJ 6 7HL]HU - $M®DMNWMX\G\+RQ DXWRPDWHG VDIHW

WR DVVLVW IDOO SURWHFWLRQ GHVLJQ DQ&EROUIWQUREYLRQ EXQO GH PK
(FRQRPLFV S %

OHVVDRXGL O 1DZDUL EIDVVHG 9LU%W, DO 3HUPLWWLQGLVDWVWHAR UN- PRY H
DQG UHEXLOGLQJ LQ YVORHHU W DWHRRID PO RRNIG@DO RI 'LVDVWIBU 5LVN 5
OLOOHU * $RUGL1BHBVWHI[LFDO GDWDBDWH ERPRFIOOQEVKVLRQV RI WKH $&0

1DYLJOL 5 SRQJHWoWEH®1BW 7KH DXWRPDWLF FRQVWUXFWLRQ HYDC
FRYHUDJH PXOWLOLQJ¥DW VIHP DQOV )R OHNYIRIBIQ & H

1bzZDbuL 1 2 D $ JHQHUDOL]J]HG DGDSWLYH IUDPHZRUN *$) IRU D
% XL O GARUY ROQINXP H
1DZDUL 1 2 E $ *HQHUDOL]HG $GISMIQH'HYDPE ZRHIN. HRE U3 8§ RWIRWV

3ULQFLSOHV ,QB$GYDIMHLY LBG QIRUPDWLFYV DQG &RPSXWLQJ LQ &LYLC
&KDP B6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ S

1DZDUL 1 2 F *HQHUDOL]H®@ PEPSWWHH UUMRHWRHUNEXROGLQJ GHYV
-RXUQDO RI $UFKLWHFWXUH (QJLQHHULQJ

1%6 1DWLRQDO %,0 /LEUDU\ +\JLHQLFOEQQFL® J68 XHEI'REBMUDPH
1%6 1IDWLRQDO % ,0 /ILEUDU\ $YDLODWDRQDORLP O LKBEUMES YV F RPZE
MHFWYV "LG FLG *%! $FFHHVQVHG -D@ XD U\

3DORV 6 .LYLQLHPL $ XXVLVWR - )XWXUH SHUVSHFWLYHV
LQIRUPDWLR@RBGWOREWILR®RQAORYBWLRQ

3DXZHOV 3 7HUNDM : (;35(66 WR 2:/ IRU FRQVWUXFWLRQ LQGX
XVDEOH LIF2:/$RQWRPORVILRQ LQ &RQVWUBBWLRQ

5DPHVK $ $ 3URFHGXUH )RU 30DGEVQUIEFHIEQGLMRQWURO )RU )DFLC
+DQGRHIRV\OYDQLD 86$% ODVWHU 7KHVLV 3HQQ 6WDWH 8QLYHUVLW

5RPiQRPIQ 3 RXULYHY $ VWRFKDVWLF PRGHO UMQ®M HGRER KWRXU YL
(VWLPDWLRQ E\ PHDQW GL QL MXQIED WHIGL D DQMH RIHIO KHE UKIRRIGH ¥ B /U F K

& R P S X W DRNODRRH SS
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5HIXODWRU\ 5HIRUP 7KH 5HIXODWRU\ 5HIRUP )LUH 6DIHW\ 2UGHU
$YDLODEBWW®Y ZZZ OHJLVODWLRQ JRYREBEKNWIHVVHG FROQXDQWYV

6DFNV 5 (DVWPDQ & /HH %% ,07HREKERRN3 $ *XLGH WR %XLOGLQJ ,QIl
IRU 2ZQHUV 'HVLJQHUV (QJLQHHUV &RQWUDFWRUMGD@REPNHQLW 0
-RK:QOH\ DQG 6RQV

6DND 0 'RIDQ ( SHFHQW 'HYHORSPHQWYV LQ SRIREXKHXW LR QDO
7HFKQRORJ\ GRIALHZV FWU SS
6DODPD ' ORKDW\ 1 6HPDQWLF WH[W FODVVLILFDWLRQ IRU VXSSR

LQ FROQVWRXFRDA R &RPSXWLQJ LQ &LYLO (QJLQHHULQJ

6DODPD ' BRKD®\ 1 06HPDQWLF PRGHOLQJ LROW BK WA BMWIHE) GRBEGD
8QLWHG 6WDWHV ,QWHUQDWLRQDO :RUNVKRS RQ &RPSXWLQJ LQ &
(QILQHHUY S

6DXQGHUV $ 0 7KLQJV <RX B6KRXO6DLlOAEZQEERD\W QIEGH ' R

KWWSV ZZZ VDIHOLQFV FRIXMHERRK V VDIQRZW UIBEFHVV HG -DQXDU\
@

6LQ] ) + HW(QDLQHHULQJ D /HVV $UMHXURIQDO SSWHOOLJHQFH

6ROLKLQ (DVWPDQ & UX®BIDVMLULBPXWRPOWHG %,0 UXOH FKHI
$XWRPDWLRQ LQ &RQVWUSBWLRQ

6ROLKLQ : (DVWPDQ & [/HH < & 7RZDUG UREXVW DQG TXDQWI
$GYDQFHG (QJLQHHURQMPQIRUP®DWLFV

6RPDQ 5 . GOROLQD O ‘K\WH - .'DWD EDYMNGGERNWQDLQWE& WR
VXSSRUMKBRBNSODQQLQJISXWRROWWR@AVOLRRQVWUXEWLRQ

6ZDUW] 0 . BKHWIBWEDP HQW D JXLGHOLQH IRD QD OWERG WOLW W H Y L

+HDOWK &DUH

6\GRUD & B6WURXOLBDVHG FRPEBXOHD QFH FKHFNLQJ DQG JHQHUDWLYH
XVLQJ $XWRPDWLRQ LQ &RQVWUXEWLRQ

7DQ ; +DPPDG $ )DJLR 3 $XWRPDWHG FRGH FRPSOLDQFH FKI
-RXUQDO RI &RPSXWLQJ QROXIPHLO (QEL®HHULQJ
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=KDQJ & BS5HTXLUHPHQW &KHFNLQJ LQ WKH %XLOGLQJ ,QGXVWU\ (QI
SHTXLUHPHQW &KHFNLQJ 6\WWHPV %DVHG QREX6E P DROPW.AEU:HRE 3KERAQR
'HSDUWPHQW RI WKH %XLOW (QYLURQPHQW

=KDQJ & %HHW] - OWRIGHDO ¥YLHZ FKHFNLQJ DXWRPDWHG YD ®LGDWLR(
H:RUN DQG H%XVLQHVV LQ $UFKLWHFWXUH (QJLQHHULQJ DQG &RQVW

=KDQJ -*RKODU\ 1 0 6HEDYWGFLYIRUPDWLRQ H[WUDFWLRQ IURP |
GRFXPHQWV IRU DXWRPDWHGX BRP®OR D @ R FISFHRMIFQIL QQ &LYLO (QJLQHH

=KDQJ -*RKDU\ 1 0 $XWRPBWRG WQIRQVIRUPDWLRQ IRU DXWRPDW
FKHFNLQJ LQ FRAVQYDGFRVIERRPSXWLQJ LQ &LYLO (QJLQHHULQJ

=KDQJ -*RKOU\ 1 0 (IWHQGLQJ EXLOGLQJ LQIRUPDWLRQ PRGHOV

QDWXUWDI @ BQRFHVVLORIXWAPIOQRTEZRPSXWLQJ EROKIPHLO (QJLQHHULQJ

=KDQJ 5 *RKOU\ 1 0% FOXVWHULQJ DSSURDFK IRU DQDO\]LQJ WKH FR
UHTXLUWPBIQWRQVWUXFWLRQ 5HVWHDUFK &RQJUHVV SS

=KDQJ 6 ,QWHJUDWLQJ VDIHW\ DQG %,0 DXWRPDWHG FRQVWUXFWLR
*HRUJLD 86% 3K' 7KHVLV *HRUJLD ,QVWLWXWH RI 7THFKQRORJ\

=KDQJ 6 HWQ@WHJIJUDWLQJ %,0 DQG 6D |tV HIE SSKKMARRRIRY HBEY BK\@H3 0D Q Q |
DQG 6LPXODWIBRIRFHHGLQJV RI &, %+ &RQIHUHQFH SS

=KDQJ 6 HW DO %XLOGLQJ ,QIRUPDWLRQ ORGHOLQJ %,0 DQG
&RQVWUXFWLRQ ORGS$)ONVRPO® BRRHGXQRYVWUSBWLRQ

=KRQJ % *DQ & /XR + LQEDVHG IUDPWMRRBN\IRU EXLOGLQJ HQYLU
DQG FRPSOLDQFH FKHFNLQJ %XQIGHAL @J 0( GORALRRROHP G B
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