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Topic:

Development of bridge model variations for sensitivity analysis using a parametric
building information modelling approach

in German:

Erstellung von Briickenmodell-Variationen fir Sensitivitdtsanalysen unter Verwendung
eines parametrischen Modellierungsverfahrens

Objective:

Correct identification of structural system behavior is an important part of the bridge
monitoring and retrofitting process. Sensitivity analysis is thereby often used to
identify the parameters that have strongest influence on the bridge behavior. For that
purpose, a method to create variations of bridge models that differ only by a small
number of parameters needs to be provided. A promising solution approach here is
the use of parametric modeling through which different models can be almost fully
automatically generated by varying specific attribute values. However, in order to use
thnse models in specialized analysis and simulation software tools, they should be
provided as standardized model data using the Industry Foundation Classes, IFC
specification (ISO 16739).

The objective of this project work is to develop parametric bridge models for
selected bridge construction types, which can be exchanged in |IFC and are capable
to support the required parameter change functionality.
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Tasks:
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5.
6.

Investigation of the state-of-the-art in parametric modelling and the advantages of
this method for building information modelling (BIM) based analysis and design
Selection of two different construction types for bridges taking into account
curved ahgnments, charactenization of their specific features regarding model
parameterization and parameter variations and conceptualization of the respective
parametric models

Development of the parametric bridge models using appropriate CAD and
parametric modelling software tools (recommended: Dynamo’, Revit? & Excel):
The instantiated parametric bridge models must be exported from CAD as
standard IFC files

Evaluation of the flexibility of the developed solution for parameter changes on
selected examples

Documentation of the achieved results in a written report (appendix is allowed)
Preparation and public presentation of the results

The work can build upon a previous project work on parametric bridge modelling using
Dynamo and Revit, which has been performed at the Institute of Construction
Informatics in 2016. The bridge alignment project of buildingSMART should thereby also
be taken into account®.
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FUHRQGRIWDLOHG EULGJH PRGHO XXDL\DW.FPEW @6 OQBPRW VRIWZ
VRIWZDUH DQG $XWR&$' &LYLO ' VRIWZDUH DV D GDWD VRX
DGYDQWDJH RI WKLV PHWKRG LV LWV FRPSDWLELOLW\ RI VRI
UHJLRQV DV '$&+ '$&+ UHJLRULD *HAZRDWQHU ®RQW EHFDXVH H|
HIWHQVLRQV IRU 5MNUQG FIRWARX\L PHEIRKIMOW WY D QHHG WR DVV
DSSOLFDELOLW\ RI 5HYLW IRU EULGJH GHV LN DQKWH GV P G+
JDLQ NQRZOHGJWVDERGMNWKW BWGRQV FRQFHUQLQJ D FKDQJH
SURFHVV

SDUDPHWULFDRREGEDURQPHWULF GHVLIJQ DSSURDFK WR EU

3DUDPHWULF PR GIWOLIEOLW KHGHPIWW KRGRORJ\ LQ WKH ILHOG
W DONDMRIZ¥UHDWLRQ RI IOH[LEOH JHRPHWULF PRGHOV XVLQJ
LW SRVVLEOH WR GHILQH QXPHULF UHODWLRQVKLSY EHWZHH
IRUPXODV DQG GHMIRGR JRRAHDVURRQVWUDLQNWY EKKV DHN ® QW f
LV D IOH[LEOH JHRPHWULF PRGHO ZKLFK FDQ EH VWHHUHG \
SDUDPHWHUV ,Q FRQWUDVW WR H[SOLFLW JHRPHWULF PRGHZC
FDQ FDSWXUH WKH GHVLJQ LQVOH@WHD & HJ X% H HRV HSDW DEAR-PVD U ¢
WHFKQLTXHV LV SDUWLFXODUO\ EHQHILFLDO IRU GHVLJQLQ.
JHRPHWULF GHVLJQ RI EULGJHV LV PDLQO\ GHWHUPLQHG E\



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

VL]H DQG WKH ODRRMNWORL ERNEGWMWKKH XQGHUFURVVLQJ FDUU|
HITRUW UHTXLUHG IRU UHZRUNLQJ ZKHQ FKDQJHV DUH PDGH
GHJUHH RI UHXVDELOLW\ IRU WKH PRGHO LQ RWKHU VLPLODL
HILFLHQF\ LQ WKH EULG@H GHVLJQ SURFHVV >

$V LQ FDVH Rl %,0 DSSURDFKHV WKHUH LV D GUDPDWLF GL!
SDUDPHWULF FREPHSIG @B SBIVHLGOQMRDWKHU WKDQ EULGJHV

LQ WKH ILHOG RV IVWIFK IDYJUGBBYVLGU L GDIHY B QP S/OXH\Q 1D O YA

ZHOO NQRZQ DQG GHYHORSHG DOWKRXJK EULGJH VNHWFKH\
YXVDO SURJUDPPIHJIWR IWZDUH

)L % ULGJH IURP VNHWFK LQ '"\QDPR

ORUH DSSUR[LPDWH WR UHDER F DMHGIHNI CHD H PIHEB/D HSXE O L V K H (
XPDWQ )LJ VKRZV DQ H \DREBWUIHPR DFRRLFWIHG ER[ *LUGHU IDPL!
LQVWDQFH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)LJ ([(DPSOH RI SDUDPHWULFDOO\ GULYHQ ER[ JLUGHU LQVWDQFH

$GYDQWDJHV RUL%G OHLHVLJIQ

'XH WR WKRHIHDNAR®R¥HLGIJH GHVLIQ SURFHVV LV QRW ZHOO (
%,0 DQG WUDGLWLRQDO PHWKRGW DV H NBMRO®DEBR IMRI HGY H
%,0WRROVY ODFNLQJ DELOLBW L& RHVHVDL QQE FRIPFSSILEDMEH G QG ¥
JUHDWHU H[WHQW FDQ EH XVHG DV D UHVRXUFH LQ EULGJH G
WRGD\ DQG FRPSDULQJ LW WR D PRUH %,0 GRPLQDWHG SURF
SRVVLELOLWLEV PRGFOIURWVDODWLRKDQJH LQ WKH EDVGEH GHVL
DSSURDFK LQFUHDVHYV HIILFLHQF\ ZLWKLQ WKH IROORZLQJ E|

&DSWXUH UHDOLW\

6RPH SURMHEQYNOXGWHDKYLDO LPDJHUN DQG GLJLWDO HOHYD\
HILVWLQJ LQIUDVWUXFWXUH DFFXUDWHO\ FDSWXULQJ UHDOI



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

UYHSDUDWLRQV :LWK %,0 GHVLIJQHUV EHQHILW DURP DOO RI
PRGHQ D zD\ WKDW SDSHU BV@QRW DEOH WR FDSWXUH

&ROODERUDWLRQ

6KDULQJ DQG FROODERUDWLQJ DGW R ZR-RG HIVAHWWIAD B M RMK R U\M KE
IXQFWLRQV WKDW DUH SRVVLEOH RQO\ WKURXJK D GLJLWD
PDQDJHPHQW IXQFWLRQDOLW)\ LV QRZ EHLQJ GHOLYHUHG LQ
VROXWLRQV +HUH WKHUH DUH WRWG®WLUR U RBRSIGIKHYWR B HFR
DQG WR FRRUGLQDWH LQWHJUDWLRQ ZLWK WKHLU SHHUV 5H
KDV KDG LQSXW RQ WKH B8 OXMOLR QVRHWBEHHGBIOOIJQHD G\ W
FRQFHSW LV ILQDOL]HGFRQG WBXBIW LIRQYZDUG LQ

0DLQWRIEQNURO

7KH GLIPR®EIVHG ZRUNIORZGNVQNROXMARVDYH DQG FRQQHFWLR
VR WKDW XVHUV FBRQHVERFD SWHXWBGQVWWKHYU WLPH VSHQW ZRUNI
FRQQHFWLRQ WR WKH YHUVLRQ KLVWRU\ RI WKH PRGHOYV
GLVDSSHDUDOWHR ®R R IFROWX WX EWRLODQQRD NPISEQB®R SURG XFV

$OUHDG\ DGYDQFHG WHFKQRORJLHVY DUH DYDLODEOH DFUR
GHRMOGHQWSIURP WKH RSSRUW X QKWL B § CERW BF\WR P SOUH YULIGHW
DQG SUREOHPV WR DYRLG ZDVWLQJ WLPH DQG PRQH\ WR WK
SURFHVVHV WKDW FDQ VWUHWFK LQIUDVWUXF®/ XODJHG LQYHV
HQJLQHHULQJ DQG FRQVWUXFWLRQ SKDVHV DORQJ ZLWK LC
DSSURDFKHV WR SURORQJ WKH LQIUDVWUXFWXUH OLIH RQFH
%,0 LV DOUHDG\ SURYLQJ LWV ZRUWK DORWQOD ZNW B 3BV VHW KRL
%ULWLVK 6WDQGDUGY ,QVWLWXWH %6, SXEOLFDOO\ DYD
PDQDJHPHQW RI SK\VLV¥FHEG DY \PHWYDIXKHE KWIRDW KH®, 6 2 VWD



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

,QGXVWU\ )RXQGDWLRQ &ODVVHV ILOH IRUPDW
,QWURGXFWLRQ LQWR ,)&

7KH ,QGXVWU\ )RXQGDWLRQ &0ODVVHV )& ILOH IRUPDW ZDV
SURYLGHY DQ LQWHURSHUDELOLW\ VROXWLRKHEBERWREZBIWQ GLII
HVWDEOLVKHYVY LQWHUQDWLRQDO VWDQGDUGY WR LPSRUW DC

)& LPSURYHV FRPPXQLFDWLRQ SURGXFWLYXW\W&HOLYHU\ W
OIFWOH RI D EXLOGLQJ ,W UHGXEFHYJWKHDQRPY VRILR@ RUR P \R
DSSOLFDWLRQ WR DQRWKHU ZLWK INMHFVEOLY KHCH VBAXRQ G DQ &
LQGXV\@U\ >

7KH VSHFLILFDWLRQRILYKOX,EHWWDODWLREDFK PDMRU DQG PLQR!

x WKH ,)& 6SHFLILFDWLRQ KWPO GRFXPHQWDWLRQ LQFOXC
OLEUDULHYV

x WKH 85/ IRU WKH ,)& (;35(66 ORQJ IRUP VFKHPD

x WKH 85/ IRU WKH LIF;0/ ;6" VFEKHPD

7KH ,)& VSHFLILFDWLRQ LV ZULWWHQ XVLQJ WKH (;35(66 GD
62 > @ E\,\WXH& 6BRPPLWWHH ,W LV WKH VDPH GDWD
DV XVHG HJ LQ 67(3 RU &,6 ,W KDV WKH DGYDQWDJH RI EH|
GDWD YDOLGDWAIRKE GXOBVWBHFKLFDWLRQ 7KH ,)& H[FKDQJH
RI WKH ,)& GDWD ILOH ZLWWRKRNWE& 67(3 SK\VLFDO ILOH IRUP
62 > @ E\ WKH VDPH ,62 7& 6& FRPPLWWHH ,W LV DQ
H[FKDQJH ,)& EHWZHHQ GLIIHUHQW DSSOLFDWLRQV

,Q DGGLWLRQ; YoR6WKRIPHRLODGOWLRQVSHFLILFDWLRQ LV SXEO
VLQFH WKH ,)& [ UHOHDVH 7KH LIF, VEKSHPB DV SHRYQKEE & \D \
: & 7KH LIF;0/ HI[FKDQJH ILOH VWUXFWXDHILO®HKH MYEWD{IIR[
LIF;0/ LV WKH ;0/ GRFXPHQW VWUXFWXUH 7KH ;0/ VFKHPD



http://en.wikipedia.org/wiki/ISO_10303-11
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'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

WKH ()85 (66 VRXUFH XVLQJ WKH ;0/ UHSUHVHQWDWLRQ RI (;:
GHILQHG DV ,6RG 7KLV HQVXUH85WaeD B/QEIRYWK K BQGOH WKH
VDPH GDWD FRQVLVWHQWO\ DQG WKDW WKH LIF DQG LIF
GLUHFWLRQDOO\

)& DOLJQPHQW SURMHFW

W LV LPSRUWDQW @ R | FKHHFLNWWWKGS ®SR VW V> WKH GHVLUHG ,)& F(
%\ WKH WLPH WKHUH LV QR DOLJQPHQW FODVV VXSSRUWH
EXLOGLQJ60$57 KD Y&GRIYHOR 8 WEH{ MM RQWH R QVSWRMHFW ,) &
$OLJQPHQW SURMHFW ,W ZLOO DFW DV D%WMHIL QB AR P&IX L
5RDG DQG SURYLGHV WKH GDWD PRGHO ZLWWKK#SDWGDO DOL
ORFDRVLRQUDVWUXFWXUH DVVHWYV

7KH PDLQ VFRSHSRLIDKPHQW BHRMWHQWMQ RI WKH ,)& VFKH
VHPDQWLFDOO\ ULFK DOLJQPHQW LQIRUPDWLRQ 7KH DOLJC
LQIUDVWUXFWXUH H[WHQVLRQV IRU ,)& VXFK DV ,)& IRU 5RD
E\RBPDLQ VSHFLILF GHILQLWLRQV VXFK DV FXW ILOO URDG

ODLQ DFKLHYHPHQWYV Rl WKH ,)& $OLJQPHQW DUH

x $ELOLW\ WR H[FKDQJH DOLJQPHQW LQIRUPDWLRQ IURP S
DQG ILQDOO\ WR DVMWHW PDQDJHPHQW SKDV

x $ELOLW\ WR OLQN DOLJQPHQW LQIRUPDWLRQ WR RWKHU
VHFWLRQV DQG IXO0 ' JHRPHWU\ RI FRQVWUXFWLRQ HOF
%ULGJH BEBGG)&URMHFWYV

x $ELOLW\ WR TXHU\ DOLJQPHQW LQRUADVULEBIBURDEGQQ.
SRVLWLRQLQJ

x $ELOLW\ WR DOORZ RSHQ GDWD DFRAMIN\WRHWOLJQPHQW L
PDQDJHPHQW GDWDEDVHYV



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

x $ELOLW\ WR PDS ,)& DOLJQPHQW PRGHOV WR ,QIUD*0/ Gl
/IDQG:0/ ODWHVW ,QIUD%,0 YHUVLRQDMY@P EXLOGLQJ60$5

7K ,)& $OLJQPHQW GMKHYUSWREYL GHOD FRPPRQ GHILQLWLRQ
LQIUDVWUXFWXUH H[WHQVLRQ VFKHIRIGVRQKH DOLIJQPHQW GH

x D ZHBHOLQHG PDSSLQJ EHWZHHQ WKH JHRVSDWLDO FRRU
DOLJQPHQW FRRUGLQDWHY DUH GHILQHG (DVWLQJ 1RU\
VIVWHP ORFDO FRRUGMODY¥FMAM RIQQSAKRMKFARWQ DUH GHILQ

Xx D VODWILHIHUHQB HO VY QHDHPFIRGFEWYXFWLRQ SURM

Xx D GHILQLWLRQ RI OLQHDU UHIHUHQFQQW RVW K/Is DWR BBW U
FRRUGLQDWHYV

x D WHUUDLQ PRGHO RI WKH H[LVWLQJ WHUUDLQ DV D ILU\
DOLJQPHQWYV



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L &ODVV 'LRODNVFHYV 3URMH@®W (OHPHQWYV

)DFLOLWLHY DUH GHILQHG E\ IWHW JF R GRWILKW KMV QB DFRR PDSIGQ M
FRPSRQHQWY 3K\VLFDO FRPSRQHQWY DUH IRU H[DPSOH EXLC
HOHPHQWY 9LUWXDO FRPSRQHQWYV DUH RSWRVEDWIOREQIQIY HRL
DOLJQPHQWYVY IRU OLQHDU LQIUDVWUXFWXUH ZRUNV

)& SURSHUW\ VHWYV

, Q EXLOGLQJISRE®OIVKIEG UM SBWW RI WKH RIILFLDO EXLOGL
UHOHDVHYV

SURSHUW UVHWBWFLDO FDSDELOLW\ LQ WKH ,)& ORGHO DOORZ
FKDQJLQJ WKH PRGHO DQG SURYLGLQJ D IUDPHZRUN IRU XVH
IROORZLQJ U HIMREHW WR 6XKWHV



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

x &DSDEROMMRXVDQGY GLIRPBEDEYWW\XWW®ILBREXLOGLQJ F
WR EH FRQYHQLHQWO\ JURXSHG LQWR FODVVHV

x $ FODVV KDV FRPPRQ VWUXFWXUH DQG SXUSRVH

x 1RW DOO WKH HOHPHQW W\SHVY FRXOG EH WUDQVODWHG

JLJ ,)& DQG WKH $(& )LRQIRRPO® \WFKHPD >
$ SURSHUW\ GBODPHVRRQ KBEYHQ W\SHV DV IROORZV

X D VLQJOH YDOXH ZLWK RU ZLWKRXW XQLWYV

X D ERXQG YDOXH ZLWK RU ZLWKRXW XQLWYV

Xx DOLVW YDOXH ZLWK RU ZLWKRXW XQLWYV

X DQ HQXPHUDWLRQ YDOXH ZLWK RU ZLWKRXW XQLWYV
Xx D UDQJH RI YDOXHV ZLWK RU ZLWKRXW XQLWYV

x DQ REMHFW UHIHUHQFH

X D FRPSOH[ SURSHUW\



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L SURSHUW\ 6HWORGHO >
$ SURSHUW\ WKDW \ALDGQD@®EHUH RQO\

X ,W KDV HLWKHU
™D QDPH DQG D YDOXH
™ DQDPH D YDOXH DQG D XQLW
x 3URYLVLRQ RI D XQLW LV RSWLRQDO
x 7KH YDOXH PXVW KDYH GDWD W\SH
™ 7KH GDWD W\SH LV GHILQHG LQ WKH ,IF9DOXH 6(/(&7 7\
X 7KH XQLW PXVW KDYH XQLW W\SH
™ 7KH XQLW W\SH LV GHILQHG LQ WKH ,IF8QLW 6(/(&7 7\S

$ SURSHUWW DR DWW HKWD V



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

x DQ XSSHU OLPLW WKH 8SSHU%WRXQG9DOXH DWWULEXWH
x D ORZHU OLPLW WKHDWY¥HUERXK GIDOXH
x 'DWD W\SH DQG XQLW W\SH PXVW EH GHILQHG DV IRU ,IF=:

$ SURSHUW\ WRODOQWWHEBMXK N YIHY D OLVW

Xx 7TKH RUGHU LQ ZKLFK WKH YDOXHYVY DUH JLYHQ LV VLJQLIL
X %XW WKH VHPDQWLFV RI WKH YDOXHV LV QRW VSHFLILHG
X 6HOHFWLRO@OQRHWKWYW MURP D SUHGHILQHG OLVW

$ SURSHUW\ WKDW DOORZV UHIHUHQFH WR REMHFWYV ZKRVF}
(;35(66 IRUP ,)& 2EMHEOAN REEGMHHEWY DW WKH UHVRXUFH OD\
ORGHO PD\ EH UHIHUHQFHG

)L VKRZV WKH EDVLF 3URSHUW\ 6HW LQ 8VH

3URSHUW\ VHWV FDQ EH FUHDWHG ZLRAKQHM I WRS DXOWSLLEHIHG § U
VHWV DV LQGLYLERWO I ZRUBNMVMKBAWYRQ WR DXWRPDWLFDOO\ J
RQ FRPSOBWSD®® JHQHUDWHG XVLQJ D VW\OH VKHHW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L %DVLF BURSHUWR 6HW 8VH >



'HY

HORSPHQW RI EULGJH PRGHO YDULDWLRQV

EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

7KH

OHWKRGRORJ\ RI EULGJH PRGHOOLQJ

2YHUYRHBHYHORSHG PRGHOV

ILUVW EULGJH PRGHO &DVH ZDV PRGHOOHG LQ WKH IR

$OLIQPHIHWE&RUULGRU 5HSRUW UHSUHVHQWHG LQ ([FHO
"\QDPR VFULSW DQG WKHQ LPSRUWHG LQ 5HYLW IDPLO\ W

6XSHUVWUBXBEWXYXVWWUXFWXUH HOHPHQWY ZHUH FUHDWHG DV SU
%DVKWGWKH FUHDWHG VSOLQH HOHPHQWYW&H 3G ZDV J
S5 HSHDXWQFWLRQV GHFN SURDOBRY WHWHF& UNGW B DRKHY EKE L (
D)RURQH VROLG VXSHUVWUXFWXUH ZDV VKDSHG

6 XEVWUXFNESRHW HOHPHQWYV ZLWXHL IS FWEHPDANHGL B Q 8 RZRX
"\QDPRRGH VLPSOLILHG WKHLU GLVWULEXWLRQ DQG UR\
KHLIKWV WR WKH SLHUV LV JLYHQ E\ DQRWKHU "\QDPR VF
E\DVLPSOMUILHQPRGHO ZLWK DQ RSSRUWXQLW\ WR DGDSW

7KH VHFREOI®G PRDVH PRGHOLQJ ZRUNIORZ

6XSHUVW UXNEKIVBMOHHG EULGJH FUHDWHG LQ WKLV SURM
WUDMHFWRU\ 7KH URDG[\D X VARRIOOK ® BRWKHELOLW\ WR
LWV OHQJWK 7KH PRILQY EHBRPVE®SSHURVE KROORZ ERJ
7RZHUKH WRZHU VHUYHV DV D FRPSUHVVLRQ HOHPHQW LC
FUHDWHG ILUVW:&IMMHUEDEFRNVRQIJVROLG DQG YRLG HOH
H[WUXGHG WKLFNQHVV LV DOVR PLJKW EH FKDQJHG PDQ:
WKH SURMHFW

&DECRHDEOH HOHPHQW PRGHOHG DV D F\OLQGHU ZLWK DGI
DQG DW WKH HQG VR HWNQUEBGRIMWDQPFE EBWZHHQ WKRVH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

SRLQWYV 7R GLVWULEXW Hz MWK DFIFEHO i Y WZZ\NIHBQPIRVAKHHUPVWID K. 19
VFUZBYWLWWHOQ

5DLOLAKH/ UDLOLQJYV DUH EDVHG RQ DGDSWLYH FRPSRQHQ
WKH KHOHS RDOFWWRA®\ FDQ EH FRSLHG GHSHQGLQJ RQ WK

&DVH %ULGJH E\ WKH DOLJQPHQW

5RDGZD\V DQG EULGJHV PXVW DGDSW WR WKH H[LVWLQJ DQC
WKH\ SDVV ZKLOH EDODQFLQJ WKH QHHGVHRXOWD | WD G DB\ \F K
QRW DOZD\V |0OBRWKHMQ® VMWWDRURWHUWLFDO DQG KRUL]JRQWD
WR FLUFXPYHQW RU EH FRPSDWLEOH ZLWK H[LVWLQJ FRQVWL

6SHFLDO IHDWXUHV RI PRGHOLQJ EULGJH E\ WKH DOLJQI

$ EDODURMNGZD\ GHVLJQ LV VKDSHG E\ IR QAPRQ WP UHIX LYHUPM
DOLJQPHQWYV

x ([LVWLQJ HQYLURQPHQWDO DQG RWKHU FRQVWUDLQWYV \
PDSSLQJ WR DVVLVW WKH GHVLJQHU LQ PLQLPL]LQJ LPSI
DKPHRORJLFDO IHDWXUHV SULYDWH DQG SURWHFWHG S

X )RU LPSURYHPHQWY WR H[LVWLQJ URDGZD\V JHRPHWU\ "
SDUDOOHO WR WKH H[LVWLQJ URDGZD\ OD\RXW VR WKDMW
DUH PLHQG PL]

x +RULJRQWDO DOLJQPHQW VKRXOG EH DV VPRRWK DQG D\
WR WKH WRSRJUDSK\ YODWWHU FXUYDWXUH ZLWK VKRU\
VKDUS FXUYHV FRQQHFWHG E\ ORQJ WDQJHQWYV $QJOH ¢

X &XUYHWKZLPDOO GHIOHFWLRQ DQJOHVY GHJUHHV RU OH'
DYRLG WKH DSSHDUDQFH RI D NLQN &XUYHV VKRXOG EH

GHJUHHV DQG LQFUHDVHG IHHW IRU HDFK GHJUHH G|

X $EUXSW UHYHQWPBQW LIQBOVKDUS FXUYDWXUH RQ ORQJ |

DYRLGHG



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

X +RULIRQWDO FXUYHV VKRXOG EH DYRLGHG RQ EULGJHV .
GHVLIQ FRQVWUXFWLRQ DQG RSHUDWLRQDO SUREOHPYV
EULGJH D VLPSOH RXUGHRWKWXBCEEBELGIJH DQG DQ\ FXUYD
VXSHUHOHYDW LIRRFH & RO WKW LRQSUBR@®FKLQJ URDGZD\ >

'XH W RJ WIKWHRBH WD DW VL J Q WK HMD RGOSURMHFWY LQ $(& ILHOG
SRVVLELOLW\ WR REWDLQ D EULGJH DOLJQPBOWAP¥UYH LV W
WHPSODRWHX DWHR Q R W KRALBKMH/ FSIRAGKUEYOH VEKUR XJK WKH SRLQ
WKLV SRY®WY DUH FXUYH FRRUGLQDWHY DQG GXH WR WKH ¢
SHYLW LV SRV\KLHR B IWR FAWOD RIQDVQIE H W K H

)LJ LOOXVWUDWHV WKI®ESHGE H QW B \WRKED SRYEH )ER VWY  ZH |
FUHDWHG RIIVHWYV IURP 2; DQG 2< D[LV ZHUH JLYHQ PDQXDO
JHQHUDWHG E\ WUD QMWHW F@B GMQH | LKV RRRE BRQQW V'
DSSOLHG WKHQ WKH UHIHUHQFH OV DR®Y MHERILRERIDG VWR JHW V
WKDW LW L X SSRG WVEIH WHROHPHQW L QWMSRR D IQW ISRIGR R H FW H B K ISH
. < RIIVHWYV DU ¢WDQFMHG SOU MRHWIKMHY L FRHWMKRP RQH SURM
DQRWHKHBHQGLQJ RQ UHTXLUHG OHQJWK DQG FXUYDWXUH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L &UHDWLRQ RI VSOLQH FOISDIOYH KR E QR QHKHV V

7KH QH[W VWHS LV WR GLVWULEXWW RW KHAKGRF W KSHJ RIQ © HAR C
FRPSRQRQWKLV SXUSRVH D "\QDPR &RGH ZDV FUNDKKHHG LW
QXPEHU RI SRLQWYVY GLVWULEXWHYV WKI$ CODURNVLYHVE& ZKI R & HO

)DPLBOOHPHQWY ZLWK D SRVVLEURDW Y DV RI@E R DK R | WMSHON QU R
FUHDWHVY RQH VROLG HOHPHQW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

J)LJ 'HFN SURILOHV DWGLY LB FAIBQID &K

+RZHYHU XVHG '\QDPR QRGHV DUH QRW DEOH WR FUHDWH D
UHVXOW KDV VRPH JIPSHUMHBPW GRYVLRQHHFUHDWHG HOHPHQW L
RI S HYLW FRPSRQHQWY DQG UHSUHVHQWHG OLNH 3,PSRUW 6\

QRU SRVW GHYHORSHG IRU HIDPSOH LQWURGXFH WKH UHLQ
GDWD



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L /RIWHG VROLG HOHPHQW

$QRWKHU RSWLRQ LV WR FRQQHFWRIWYIDW H ID/GIS G XFDRA&LSR
XVHG E\ FLYLO HQJLQHHUV DQG RWKHU SURIHVVLRQDOV
HQJLQHHUL QL BIURMHRWXVHG GUP HFQUWDRQDWKUHARGHOV R
ODQG ZDWHU RU WUDQVSRUWDWLRQ IHDWXUHV ZKLOH F
VRXUFH GDWD VXFK DV JUDGLQJ REMHFWYVY EUHDNOLQHYV

)LJ $OLJQPHQW HOHPHQA LQ &LYLO



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

&LYLO 'LQFOXGHV D IXQFWLRQ VXFK DV DRQQHESRUWGQRN &F
SURMHEW WBY VI XRBWHHROFPUHDGN H D Q B OH JIQHPGIR R | ZLQ/IKP R
SHY$W D UHVXOW WKH REWDLQHG URDG VSOLQH LV PRUH

ORGHOLQJ SURFHGXUH

JPSRUWDWLRQ IURP &DY¥IRDQH RDWRKRMH® WR VHW WKH DC
WUDMHFWRU\ LQ W WIKE PSV R WWXH \FAIW K BQHDUWHD MCH
([FHO IRUPDW ZLWK DOO WKH ;: < = FRRWGBK®DWHYV RI D F
KRULJRQWDO FXUWHRGEKQUBWQRIG WKHUH LV QR FRQQHFWLR(
' ([FHO WR U HDBG QDKW HRR B Q G 5GAHLY XY ML KM RCHEUXRUNY HF W
QRU LQ )DPLOQDWRKHVFBE VVDUWRRPMEDMWEKLY FKDOOHQJH

7TKHUVW VWHS LV WR UHDG WKH G RRURBWU ZXKWHKUMERUMW D
DOUHDG\ FUHDWHG LQ '"\QDPR

)L 5HD®J GDWD IURP ([FHO ILOH ZLWK "\QDPR



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

$IWHUZDLWBKKH OS R1 QRGHV FUHDW LEQJWK-H HBIRHD@MHY R B H PRHHQON \
ILOWKH FXUYH ZLOOSHMLRDWRHUD WRIBSSBQHQW W\SH

)L &UHDWLQJ D &XUYH E\ 5HIHUHQFH 3RLQWYV

+DYLQJ WKLV FXUYH JLYHV DQ RSSRUWXQLW\ WR XVH 'LYL

GLVWULEXWH WKH SUR KHHMRLOR QUG IV KW LFIHQ ARHPS\RRYGIIEND\H
'LVWULEXWHGEBHDRILOHURAWM G LQ DNV WR/GIMEK & OHIPW & W RALRV K
IXQFWLRQ

7KHUHDIWHU WKHDEDOL\GR B H®MANG SITDW D PHIRH IU/RVWERHW KD QJH D\
ZLGWW KBHPIQD QG RWKHU JHR FHRW 8 R \BHPHBO\DL\R 19 V



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L 'HFN SURILOH DQG LWV SDUDPHWHUYV

7KH VDPH WHFKQLTXHOWLRVHRIIBYX[WKIHD BD EQPGQ RWQ RQWS\D OD W
LOOXVWUDWHBERQ ,Q WKEDFDEMHOLWLHYV RI 5HYLW DUH HQFR
HOHPHQWYV WR WKH FXUYDWXUH

)L 'LVWULEXWHG GHFN SURILOHY DORQJ WKH DOLJQPHQW

)L &UHDWLQJ SDUDSHWYV



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

$FFRUGLQJ WR WKLV PHVQKRIIR R 1 G JBIQR RABLRLYH DWW IVE O MO K\
WKH DOLJQPHQW JHZGBUNV SDFHOHQRPRGNPBGGDE D QHZ IDPLC
DQG FRQWDLQ QHFHVVDU\ SDUDPHWHUV

)L 9LHZ IURP DERYH DW WKH ORIWHG GHFN

7KRVH HOHPHQW YV DHNHH S\RWIINVE DW HV IFR BIECLLE W D QUK D SURMH FV
RQRU FUHDWH RI) HDPRLW\ FRQWDLQLQJ DOO WKH DX[LOLDU\ HC

TKHHQW VWKS EVWHDIYEVMRMURFWXUH HOHPHQWY UHSUHVHQWHG
EDVHOQ@GE&DSWLYH IDPLOWWHDRDE@BIWH LELWIRPHWU\



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L +DPPHUKHDG 3LHU )DPLO\ LQVWDQFH E\ DGDSWLYH FRPSRQHQWYV IDP

JRU WKH FDVHORIQB EWUGLEIWWH DM HAMWERRISUREOHP ZLWK GLVV
RWKHU HOHPHQWY DORQJ WKBFXRYB GNVSIBWDR H@ HIQ & HR F RIQ W KG

HOHPHQW DQG WKHQ URNFRQVRB LIQV MOXONGIGER! DB WG \W HHW K H
'\QDPR FRGH ZDV ZW.NRODOR ZV DI\LININ V

Xx QXPEHU RI SLHUV UHTXLUHG

x DOLJQLQJ RI HDFK LQVWDQFH WR WKH SODQH SHUSHQG
X FRQVLGHUDWLRQ RI DEXWPHQW ZDOOV SODFHPHQW

TKXWIGHVWULEXWLRQ RI HOHPHQWDT OLa-RQD QMK R SAXIUPYLH HVEX 8 I
%HIRUH UXQQL®YWJKW K HWRRBMHFKCHANCHA. QVWDQFH LV DOUHDG\ ¢
LOWR WKH SURMHFW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

7KHREBVWUXFWLRQ RI ORQJ VS MK EUWVGU K FW PSS UIRMHUDRV K S VD K
E\DQQFRQVWDQW JUR XQ & HOLHXMOR MKHIIR B WH Q/8 KRHDWHP H Q W V
VWXG\ LOOXVWKBWRQJMKKBRIR G JRMQH RI WKH ORQJHVW VSDQV
FHQWUDO VHFWLRQ DORQH FRYHUV VRPH)LJ PHWHUV DW WKH
7R LPSOHPHQW SLHUV ZLW BK I GRDNDW RHE PHHG/ILR B® PD QXD C
$V D VR QMXBIARW KHU '\QIDRRHFROGRSHG ZKLFK UHDGV WKH GD'
JHRORURILOH UHSRUW Rl WKH WHUUDLQ DQG DVVLJQV WKH K
yLI X

JLJ 7KH /RQBMKXGJH ORGDRI[L 5L BHRD[@WVR Bklhggbd kkued®g_ gZc”™_ g



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L '\QDPR FRGH IUDJPHQSMHRYV FUHDWLQJ

)L '\QDPR FRGH HOHPHQW WR UHDG ([FHO UHSRUW DQG DVVLJQ GLIIHUH

$V D UHVXOW ZH KDYH RXDBUXB8R WW LHFOHPRHRHWWUI ¥ LIVGXD SW L Q
DQG DOLJRPHQW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L )LQDO YLHZ DIWHU WKH SODFHPHQW RI WKH VXSSRUW HOHPHQWYV DC



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

&DVH &DNEMHG EULGJIH

$V D VHFR Q5 FOREWHEOH G EU L G J Bb \B BIVL DK RELERRQ@M DD H G
EULEGDN RQH WBZARBWORQV |IURPEAKAFSRUW WKH EULGJH GHF
"LVWLQFWYYUBIHI BMMKMXRIHE OHV ZKLFK UXQ GLUHFWO\ IURP WKH
IRUPLQJORNBAMBD® RU D VHULHV R SDVWD\GGHEU OG QHH \L V 7R SIWALLP
VSDQV ORBDBW MDY Q GE V K& UMWH VLW R DEY ®@E VISW Q

ORGHOOLQJ SURFHGXUH

7KH HDRRGWIMHG EULGJHY KDYH DQ RUWKRWURSLF GHFN P
EULGJHV ZHUH XVXDOO\ EXLOW E\ VWHHO FRPSDQLHV ,W ZD\
VODEV IRU VSDQV XS WR DERXW P 'HDH@RIKHPWM DG FRQF
VWUHQJWKY WR EH XVHG 7KLV GHYHORSPHQW FRPELQHG ZL
ORQJHU FRPSRVLWH GHFN VSDQV EHLQJ XVHG HFRQRPLFDOO
SODWHV DUH MRLQHG E\ D FRPPRQ 10D Q FiD PWH & RAMIO @/ B K LW R
IRUPHG KDV D PXFK JUHDWHU WRUVLRQDO VWLIIQHVV DQG V\
IHDWXUH WKH XVXDO UHDVRQ IRU FKRRVLQJ D ER[ JLUGHU FF
QRZ EHLQJ EXLOMRAV UG W BV K RERSIRMIUGHUW ®RQVWUXFWLRQ

JRU WKLV EULGJH PR GHOWWH FE R[LVI FRIQOW YNW\BWYRR) ZHUH FKI
%\ BZQORDGLRU BRWH W\SH VWKIHGIHLFRIN KIFRM R M/U DWW H DL I 1TH U H
WABRI VW U XIEW X USHR Q V L G H UNHQDI P\M @IVW DWEEHAH BSRQ I L O H

ZLWK SDUDPHWULFDGQ\IGUHOQNQ BHREPHWYDULDWLRQV PLIKW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L %R[ JLUGHU SURILOH

)L ([WUXGHG ER[ JLUGHU

7R FUHDWH D ER[ JLUG HU RNYVWH PVK HR D OP X &G EEQB U HD W H C
WK&UHDWH BRBPDQG WKHZZIOROMHGXGENG +HUH ZH FDQ DOVR F
OHQJWK REWNNLGBERDUDPHWHU DQG 5HYLW SUHVHQWY DQ R
GLPHR@M GHSR@DFHIQMRWAWR ZHYHU W KRB HUWMWIRIRQHWY PRUH
FRPSOLFDWHG LI WKH BDUG WER K\DRE PURIDISH-D M/ESEER FRIWF/

$V D VKRUVOE®R FXVWBRPUGIR@MIFK VHWY GHSHQGHQF\ EHWZF
YRLG RSRMUWLYMHWRE KMIHR OLG V R LWV H\K DY@UBIBGH/ D P H
SDUDPHW KR HEW FAK@QWJHY DXWRPDVWREDLGOD QG YRLG SDUWV F
JLUGHU IDPL)QY LQVWDQFH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

IRWVBHKXVWRP 1RGHVY DUH FRQVWUXFWHG E\ QHVWLQJ RWKHU
'"\QDPR &XVWRP 1RGHADQZKMKIKQKEHRI FRQFHSWXDOO\ DV D FR
FRQWDLQHU QRGH LV HIHFXWHG LQ \RXU JUDSK HYHU\WKLQ
WR UHXVH DQG VKDUH D XVH@XO FRPELQDWLRQ RI QRGHYV

)L &HOO ER[ JLUGHU ZLWK LQFOLQHG VWUXWYV

7KH JHRPHWU\ SDUDPHWHWOWRR SHRIMHDEFHOIRWWHEH 7KDW PD
SRVVLEOH WRGHFENPUO® W/ DAHPXOWLSOH SURMHFWYV

)LJ 6ROLG DQG YRLG SDUWV RI WKH JLUGHU IDPLO\ LQVWDQFH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

7KXV WKH SURFHDWVRRD\VVFWHODWHQIRQWDLQLQYILY QRW RI YRLG
RSWLPL]HG EN@BPRVRIWRP QRGH QZKVHKZKLOH PRGHOLQJ H(
VXFK DV IUDPHV SLSHV VODEV DQBKHVSYH IDBDXO\WHWBDQ BW
FKDOOWHRQUHSURGXFH LQ 5HYLW

)L &RS\ 3SBDUDPHWHU 9RLG &XVWRP 1RGH LQ XVH

7R PR®HQV VDPSOH RI FRRSRPERWH@BMBUBPFEINUIH QHHGHG
DQG WRKARENVQSHYLW 7KHDRLROUNMKEM®G EH FUHDWHG

JROORZLQJ S$BERNVHFGMWDHMYLQJ D EULGIJH WRZHU ZKLFK EHLQJ D

EHUHDWMHBQHULF )DPLOL W HEPSCEIW H RN UJ B REEHNDUIP\H W H U V
WRR QW UR O



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L %ULGJH 7RZAMWU IHR® HWU\ SDUDPHWHUV WR FRQWURO

7KH EHVW FKRLFH WR UHSUHVHQW PDEOHR QN XW DQF MRZRH B GE
WKH WR ZHWKRMRSHD QRSQ H D W W DSA MHHG) \8 R HADK IPQGIBE G H
FDOFXODWQRBQN RVKMKH ILUVW FDEOHQURWZ NQRFHO W LRHOW FD
GLDPBWEWLVWDQFH EHWZHHQ WKH FDEOHV

$W ILUVWVBBELVQWHLEXW LR Q FEIHIFQOFRER/R B B/GNDPRL Y RWDVN HVSHF
LI GXULQJ WKH GHVLJQ SURFHVY¥IRHRPEW WRSDX\DNUMD IF K \F B K[
FDOFXODWH QHZ RIIVHWV GXH WR WXH Q) 5B Y R\W DRRGDS\R 6 B BOH
WKHUH DUH QMR SHRRDTM DN BBGLW RI WKHP



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L &DEOH HOHPHQW FUHDWHG XVLQJ WZR DGDSWLYH SRLQWYV

20 WKLY GRWMEKWPR VFULSW WXUQHG RXW WR EK YHU\ KHOSIX
FDSDFLW\ WR R SHKHE\N B QJH{ IR BAF ULSW UHTXLUHV WR VHOH
PRGHO GHILQH WKH H[DFW SRLQW RI DQFKRULQJ FHQWHU DV
WKH FDEOHV DQG WK HVE& ZWW DADFE RV KUHR . WY MO E R P &/H. RIQR D @ LH
WKH IUR QDWW ZBIO®BDFEYGDSWLYH HOHPHQW WR WKH SURMHFW D
SURFHGXUH IFROBVHK\H EDF N



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L )LQDO YLHZAHRI EULGJ

7KH QH[W VKRUW "\QDPR VFULSW ZDV ZULWWHQ WR H[SRUW C
WR JLYH D WDHONKLUHMWKHOHPHQWVY] CDWG URGWKEPBSOEO HWK
IRU IXUWKHU FDOFXOIRW VXK@ SW)WBKH PBWHULDO

)L 'DWD H[SRUWDWLRQ VFULSW LQ '\QDPR DQG ([FHO 7DEOH ZLWK DQ HJ

(ISRUW WR ,)&

6RPH %,0 VRIWZDUH SURGHBWYVW RFSAKLGRH WWKHSDEBW RI WKH SLU
DUH DYDLODEOH DV VHSDUDWH PRGXOHYV

5HYLW SDIKOBHMHUWLILHG ,)& LPSRUWDWLRQ DQG H[SRUWDV
)& GDWD H[FKDQ4HL\GWB Q@RGDIHG VL@ WKLY ZRIRRXMUH H[SF
WR ,)& ILOKMWHRALWKFBQW)&LHG DSSOLFDWLRPWYKDRUBRMN QF

([SRUW RI WKH PRGHO

7KH EUUBDMWHG IRU WKH FDVH VWXG\ ¢« ZDV VXFFHNMVIXOO\ H
VDYHG ILOH ZDV FKHWENHABDOMWBGCDLY L RQ



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L %ULGJH IRU WKH FDVH VWXG\ ¢« LQ ,)& 9LHZHU

+RZHYHU WKH VDPH W\SBRWKERNULCHNVKRISDWEZ KELFK WKH GHF
GLUHFWO\ LQ '\QDPR DQG WKHQ H[SRUWHG LQWR WKH 5HYLW
)& 9LHZHWIVHHK) WKLVYVWEWBWFN LV PLVVLQJ

)L %ULGJIJH IRU WKH FDVH ¢« JHQHUDWHG LQ '\QDPR DQG H[SRUWHG LQ 5



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)LJ %ULGJH IRU WKH FDVH ¢« JHQHUDWHG LQ '\QDPR DQG RSHQHG LQ ,)&
$VW FRQFOXVLRQ LW LV QRW UHFR RKHHQRHEU YRRV PR WL IRHD
GXH WR WKH ODFN Rl GDWD LQ LWV ,)& UHSUHVHQWDWLRQ

([SRUW RI WKH PRGHO

([SRUWDWLRQ RI WkKBWHIFFRHGWREBHDBM B RSHG PRGHO LQKHUL
QHRVDULGDWDGDWD IRUPDW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L %ULGJH IRU WKH FDVH « JHQHUDWHG LQ '\QDPR DQG H[SRUWHG LQ 5



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

&RQFOXVLRQV

,Q WISWURMHFW ZRUN BIXWHIB[ PHWLKRIGH% , D QG QHFFHMV/E\ VR W Z
RSDUDPHWULF EWIUGH B PIRGEGK HLU FDSDFLWAR \G ZIHKBH®W F X
EULGJH PRGHOV ZHUH GHYHORSHG 'XH VWRKAHK/H IV S XR WHEVAD
RI WKHP KDV VSHFPDOWANVHWU\ZWRPKP LSQURFHVYV RU LPSRVVL
WR F{WH XVLQJ RQO\:EWWIKHMH OB IRWZFUWXDO SURJMWBRPHQJ OD
SUREOHPV ZHIUWL WRVHYH 8 F U MSRV ' ROIGLLH\ S RV W IKEHRMWW R LD B/S O W R
RI EULGJHV 6LQMRZEHYFBM) @R XVHG IRU DOO WKH FRQFHSV
PDQDJHPHOMW SKHDWKH EULGJRWRRQVWUIXHWDRE®EVXROWXD U H
LPSOHPH QWK DPREGILYHY DQ RSSRUWXELEGD WR LHP[SWRHQG LQW
WKURXJK UHDGLQJ WKH ([FHO ILOHV

+RZHYHU VRDKIGFKRZWYH FUHDWHG BQID\QRW @IPHQDERH WR
FKDQJHV DQG QRW YLVKHOH LEMSHYLIWUBE®HW WR XVH YLVXDO ¢
DV DQ DX[L@/IRDUPSWRR'M DOUHDG\ H[LVWLQJ PRGHOOLQJ WR
VXUIDFHV DQG VKDSHV OR WHIHGV WX GRXVE HQD PRKFRHQ W

7KH PHWKRG GHWHDRISN GV RQF WHDMWHO W KM FXRNYGW OLQH [
WKHQ XW LHDY BW IWKH VXSHUVWUXFWXUH FUHDWLRQ VR WKHU
RU DUF OHQJWK FRQVLGHWHEEH G EADNGI R | R O EDIEQHE\ VW UL
LV SRVVLEOH WR DGMX\DD @ IGH FONH /L RN QE Q¥ ZWGOMX\ PRPHQ

TKHKWXUH ZRUN LV R QMDMHDLGAH PRADQWOLIQPHQW JHQHUDWLRC
FDSDELOLWLHYVY WR GHYHORS UHLQWHKH HQ W RR QV RBI LHERIUW I& JGID W
HOHPHQWY IRU WKH IXUWKHU XVH LQ ,)& IRUPDW



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

SHIHUHQFHYV

%ULGJLQJ WEBH]H&D GIRBFN KWW/IS ZZZ WKHE P FRP

&KLQD (DUWKTXDNH 5HFRQQDLVVDQFH 5HSRUW 3HUIRUPDC
'XULQJ WKH 0D\ 0 'H Q FA2ZXZD K £ D UG\RKWT XIRN' H
&DEOH 6WD\HG '"HFNV KWWS Z7ZZZ EULGJHGHVLJQ RUJ XN S

&DEVWD\HG EWWEM HQ ZLNLSH@BWD WWGBEUNG D EOH

86%$ '"HSDUWPHQW RI 7UDQVSRUWDWLRQ %ULGJH ,QIRUPDW
SDUDPHWW.Y¥ 2EMH

ODWWKLDV 6WDUN 5HY LWKDAVBL Q D % D X ®ERIGCHNGNHIFFROFD U X H V
RGHPDQGFPWDWRJI IRBRIQWMWW XFWLRQ FL FKDSWHU

"\QDPR &XVWRPNOWRGHB\QDPRSULPHUIRRGHMQ B&XVWRP
B.,OWURGXFWLRQ KWPO

%XLOGLQJ ,QIRUPDWLRQ ORGHOLQJ IRU WKH :LQ 7RS  %H
KWWSV UHGVKLIW D X QVIFR&HPPRWER QLEOSH DEGHRIEN B

S5HYLW GDWIHEHDNBWRIOW EORJ MWEZRUGDBWIREPDVH  UHYLW
LOQOWHJUDWLRQ KWPO

$ 3ROLF\ RQ *HRPHWULF '"HVLJQ RI +LJKZRQORQB 6WUHHWYV
KWWSV 7ZZZ PDVVGRW VWDWH PD XV 3RUWDOV GRFV GHYV

$ IDWLRQ@RQQNW[30DQ WR 5HJDLQ $PHULFD#Ys5,&@1UDVWUXF
62&,(7< 2)&9,/ (1*,1((56 $6& 5(3257 &$5' +773 :::
,1)5$6758&785(5(32%5' 25*

$ERXW ,)& KWWBW NQRZOHGJH DXWSRGRE XF MRS OHISEBEDW WU HY LW

(;:35(66 GDWD PRGHOOLQJ ODQJXDJH

KWWSVY HQ ZLNLSHGLD RUJ ZLNL (;35(66B GDWDBPRGHOLQ
.62 KWWSV HQ ZLNLSHGLD RUJ ZLNL ,62B

5RDG 'HSAMLUQJ $XWR&S' RQULQH"

KWWS ZZZ LGHDWHLQF FRP ZKLWHSDSHUV FLYLO
6XSSRUWHG ,)&KFOWSVHWOQRYWHGJH DXWSRGRIEXFRRP OHKBS®
H[SORUH FDDV &ORXG+HOS FORXGKHOS

)& DOLJQPHQW E\ EXWONCS. Q FFF$EKLOGLQIVPDUW

HFK RUJ LQIUDVWUXFWXUH SURMHFWY DOLJQPHQW



http://dynamoprimer.com/en/09_Custom-Nodes/9-1_Introduction.html
http://blog.jtbworld.com/2009/01/revit-database-integration.html
https://www.massdot.state.ma.us/Portals/8/docs/designGuide
https://en.wikipedia.org/wiki/EXPRESS_(data_modeling_language)
https://en.wikipedia.org/wiki/ISO_10303-21
http://www.ideateinc.com/whitepapers/civil/
https://knowledge.autodesk.com/support/revit-products/learn-explore/caas/CloudHelp/cloudhelp/2016
http://www.buildingsmart-ech.org/infrastructure/projects/alignment

'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

7D\ORU :RRGURZ “8VHU 'HIRQGEBWRSHUW\ 6HWV’
SURMHFWYV EXLOGLQJVPDUWDOOLDQFH RUJ

-{UXQG -RKDQVH® LQ %ULGJH 'HVLJQ 1RUZHJILDQ ,QVWLW.
7HFKQRORJ\

<DQJ -L $QPNQ MHRQE ODWKLDV 2EHUJULH% HU

7RZDUGV WKH ([FKDQJH RI 3DUDPHWULF %ULGJH ORGHOV X

78 0XQLFK
%ULGJH ,QIRUPDWLRQ ORGHOLQJ 6WDQGDUGL]DWLRQ RQOL

KWWSV 777 IKZD GRW JRY EULGJH SXEV KLI



https://www.fhwa.dot.gov/bridge/pubs/hif16011/

'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

$SSHQGL]

‘"\QDPR FRGHYV

)L 6FULSW WR GLVWULEXWH WKH SLHUV &DVH

)L 6FULSW FKDQJLQJ WKH 3LHUYV KHLJKW &DVH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L &RGH IRU WKH &XVWR\PPRRGEHD WRMRIPE®UMKDSHY &DVH

)L 3DUW RI WKH FRGH WR SODFH WKH FDEOHV &DVH



'"HYHORSPHQW RI EULGJH PRGHO YDULDWLRQV
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ DSSURDEFK

)L 3DUW RI WKH FRGH WR SODFH WKH FDEOHV &DVH

)L 3DUW RI WKH FRGH WR SODFH WKH FDEOHV &DVH
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