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QSPIJCJUJWFMZ FYQFOTJWF GPS NBOZ BQ@EMIDBWIFK® P SCIHD-BVIESBINNNUQBEJTPOT BSF EF
MBDLT DPOUSPM CFUXFFO UIF RVBMJUZ PEBBRQYBPYHIEBEGBN®M B Q@ BSBNOQNYT XIFSFBQQM
TVSGBDF BOE UIF TJI[FPG UIFPVUQVU NFTIIMB/FOXUFPPFOPT BPPES® MTYS NFUIPE BSF BWB.
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UIFBSUTPMVUJPOTBSF QVTIFE JOUP UIF EPNBJO WJB QIZTJDT JOTQJS
8F DPOTJEFSUIFJOQVUBT GVOEBNFOL&BMMNJZN@BE@ETBFSZBNFM\)PMﬁ@BO CFDVUJOUPTI
EFWJBUJPOT GSPN UIF JOQVU XJUIJO VTFRS EFOEMAFF QVWRMWRRELPS > TOBQ WFSUJD|
TJI[F GBDF BOE DVU DSPTTJOH FMFNFOUT _JT NFUI
8F NBLF OP BTTVNQUJPOT BCPVU UIF JORQFEINBM BOWMET BB QSPPG P GTINP®PW FSH F
BOE SFGPSNVMBUF UIFNFTIJOH QSPCMEWBOPPEBYGSMMAUVSF JTPTVSGBDFJOQVU %l
8F GPMMPX UIF QSJODJQMF UIBU SPCVTMOFNE DIPERIPEFUYEDIUB OBIMBOEMF GEBUVSF D
BMHPSJUIN TIPVME QSPEVDF B WBMJE BOEs 3P WG MFYNFOWBRBFHI Igxzkz <#SJETPO B
CMF VTFGVM PVUQVU GPS B NBYIJNBMMZESSPBEIPBP VR IME BPEMIENEFOU RVBMJUZ UFO
XJUIRVBMJUZJINQSPWFNFOUEPOFUP WHPFY UERS WPV NESEKDUPPIHI WPMVNF UP TVS
TUSBJOUT BMMPX NFTI XJMM CFWMMFE CZ UIF IJHI RVBMJUZ TUF
81 JMF BMMPXJOH EFWJBUJPOT GSPN UIHshiEQys/T Xg NHUJIP B $ FWIPBMMF UP TINVMUBO
CPUIGPS RVBMJUZ BOE QFSGPSNBODF BXFEBIWFNFD B LEEVBWESIBMHPJUIFS UIF TVSGBDF J
SJUINDPOTFSWBUJWF VTJOH UIFJOQ¥YPY REBPFHNWPIMB/INE HEBEBUIPO EJYDVMU UF
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JNQMFNFOUBUJPO PG PVS BMHPSJUIN BMNAHFy %%@ETUP

BOE TDSJQUT UP SFQSPEVDF PVS SFTVMUT [ ¢ ME BOE FM%HRBG VYO B E BEGFRN F O U
OVSNFUIPE xXIJMF TMPXFSx EFNPOTUSB V%% GOIWDBOULINVRSPWHT Up JOTFSU OFX \
"éUUT|

NFOUJO SPCVTUOFTTBOERVBMJIUZPGUIF§ Egﬁﬁw*ﬁ%%a@gg?MpgngpGu,Fxps
NFBTVSFT XIFO BQQMJFEUWIRKDMNE GPVOR 7 SBEJVT UP FEHF SBUJP JT BQOSPBDI HVB:
e QSPWJEFT CPVOET PO SBEJVT FEHF SBUJP _J
3&-"5&% 803, CVTUMZ IJNQMFNFOUFECZNBOZ<+BNJO FUBM
5FUSBIFESBM NFTI HFOFSBUJPO IBT SFNBEYBDE SIQEDUTOQIBMVOSEPECMENDPOTITUFOUMZ 1
CPUI GPS DPNQVUBUJPOBM HFPNFUFST B @ QB BB B CUFAOFSNNFE HESBRMIDBEIQQFBS JG UIF
QIZTJDT BOE FOHJOFFSJOH <$BSFZ $ DFFOGISEY BIMWFE OXFO
> 8FBSFTQFDJWDBMMZ JO U FISFEC UB § B OONFRJE PRDWISWESFMZ FWFO JO TJUVBUJPOT X
UPPVUQVUB % UFUSBIFESBMNFTIXIPTF ®BJVEEB NP MMPERMDAENBNPTFKIUI CPVOEFE SBI
BO JOQVU TVSGBDF 8F DBUFHPSJ[F SFMB WEPE X ®PLUXIMD MFITRFIFUN B BTEFx HVYBSBOUFF Ul
IJHI MFWFM NFUIPEPMPHZ FNQMPZFE 8F GFMBEFUTQFS BB MY QBRIVPIOR®BSF TVYDIFOUMZ |
NFUIPET XJUI SFQSPEVDJCMF SFTVMUT UIBPUIBIRESE IR BOFOMIIBBBETIVT UP FEHF SBI
TJCMF JNQMFNFOUBUJPOT O0OF DPOGVTJPECEMS FMBRIOGE SFWOFNTCOUBEFET UP CF GP
NPTU FYJTUJOH TP O X\B\G\F UENGMWSN BONTT U SIMGISSWENFOU IFVSJTUJDT FYVEBUJPO <$I1FO
EJTDSFUFMZ BOE TPNFXIBU EJTDSFFUMZ MEYIEUQ\PO XBH/TBRSE@BDBN FUE SG%5 SEFMBYBUJF
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PSWFSUFY QFSUVSCBUJPO <5PVSOPJT FU RMBMJ b Z0A/SQBQITQUFRBD | BMTO BMUFSOBUJWE JT
MJFTPOBWBSJBUJPOBM UZQF NFFP DNCPSMY FMBO 0 BAZF BDIIIFPMHVMBUJPO4 FOFSHZ <"MMJF]
JOH %FMBVOBZ UFES$BIFE SBMIBRUSFO BM > VBRI LFRFSFMFNFOURVBMJUZ _FTFBMHP
FU BM > TQMJUT JOQVU CPVOEBSZ CZ JOUBFSWI®H GEEIW JPI0B MDBWORIPFSF HFOFSBUFE
QPJOUT VOUJM BMM JOQVU GBDFT BQQFBBBPINFUGRES TFUAFEF § MPNFUBZ GBBSEBOZ JOQVL
&WFO XJUI BEEJUJPOBM BTTVNQUJPOT PO NFE URCEQMUE FUNJA @FSPDFEHFEBIBUF UIJT WBMJE
SFRVJSFIJNQSBDUJDBMMZNBOZBEEJUJPORMFJRRIWEB S BEEWF G B FAES\EF WOPEAOXI1JDI JT EF
USBIRDTUSBJOFE %FMBVOB% BXUSBAFESBMWABIEPIFSOFM UP JNQSPWF RVBMJUZ

B 4JBOE (tSUOFS 43 BOE 4IFXDIVL OUQBY WBBEBUPPSFBM NFTI JNQSPWFNFOU NF
MBY UIF %FMBVOBZ SFRVIJSFNFOU GPS CPVIFEBSEGBMFT TRFXFOS RS BOEMSFXDIVL I
QPJOUT BSF OFFEFE _F QPQVMBS PQFO TPV SDFRCVRICBMBM SERMXSRBOE EFQFOE IFBWJIMZ F

>JTCBTFEPODPOTUSBJOFE %FMBVOBZOMPIBIEBSBMIFBQIPQPAG BPSMNQMFUF NFTIJ
JOHJODMVTJPOPGJOQVU GBDFTJOUIF NFITUFQ HFOFSBUFT B CBTF NFTIUIBUDPNQMFNF
3FTUSJDUFE %FMB VO BZ B FUBB0POBIBB/IEBNEFPRP WFNFOU TUSBUFHZ MBUFS PO _F SFTVM
$IFOH FUBM >DPNQMFUFMZ SFTBNQM F DB ITF JROGE/ KM F/NSFSBWD R WP MPIULB J O
CFRFSUFURVBMJUZ XIJMF HFOFSBUJOHB HBPEBRIGEBEB VYNBRUNIROR GTUBFIBBE QSPCMFN |
NBJO CPVOEBSZBU UIF TBNFUJNF _F TPOXBS§M% W FISIBBOSF$(QBO B XJEF SBOHF PG JEFBT
% UFUSBIFESBM NFTIJOH NPEVMF <%FZ BOMFB®QOFH UP «BI\FEJBU BBSE DBTFT <$IFO FU B

>JTCBTFEPO UIJTBQQSPBDI &OHXJSEWBODIOHESBOUBNEMEPRLBDT UPHFOFSBUF JOJUJE
JOHGSPOUNFUIPEBTB SFWOFNFOU BOE QPY®U Q VBODMMWIOBHAESBMFHZ GBSNFT > _FR
DPOTUSVDUJOHB SFTUSJDUFE %FMBVOBZNFHGSPOUPVUQVUTDBO CFEFDFQUJWF QSPC
7BSJBUJPOT PG UIFTF NFUIPET BSF EJYDVUNMBJPRJ&W MG N 6 QUFSPCWHIIWS MPPLT QFSGFD
BT JO UIFJS PSJHJOBM GPSN UIFZ SFRVJSFCFRYBPAI QS BBJMEUWFPPSI BEF GPCEE OP SFMJBCM
ZPOE UIF UZQJDBMMZ BWBJMBCMF TFU TPTH DBEFGN BREFEVS GYRMMUPDBIMFSPPNQBSJTPO
CVTUMZ JNQMFNFOUBCMF PQFSBUJPOTJTOFFEFE _JTNBZBDDPVOUGPSB
QFSDFOUBHF PG GBJMVSFT UIBU XFPCTFSWEVSGBDF &OWORMIMIB FOWFMPQFT IBWF CFFO
"DPODFQUVBM GFBUVSF PG NBOZ SFTUS UFFREPROEFEBONYBPIEFSNBYIPO FSSPSJO TVS
JOH NFTIFT BT JOQVU JT UIBU UIFZ EP OPEBBIMWRX BODFURBSEB QPMZHPO TPVQ JOUP B
CPVOEBSZ HFPNFUSZ UIVT SFRVJSJOH |FBWZOSMBAPRMNFND YOILOF BOSMBLI P O JTAFNE GBIFE |
DBTFTUPBDIJFWFBDDFQUBCMF RVBMJUZ DBRBGOZYWEBRHAAF B BWPSBTIVESBO A B[FQSPYJIJNBU
)PXFWFS UFUSBIFESB JODJEFOU BU GFBU¥SF¥ BSF BIOMES JBEVZQFINODMASEFEDF BQQSP Y J|
GSPNRVBMJUZ JNQSPWFNFOU WPMVNFVTJOHBNPEJWFE %FMBVOBZ SFWOFN
*ODPOUSBTU PVSBMHPSJUIN CZ EFTJHOB 6 ENMWHAM¥ISEHD 8 XBBWM BPEWRQFMPHZ QSFTFS\
QMFNFOUBUJPO BOE BMTP CZ EFTJHO BEWSHK T0V SFBTOMSSFBEIN V P FOT BODMIE M B Q F JWR MJ D
XJUIJO VTFS TQFDJWFE CPVOET XIJDI HSRBBW D ISFREYDFTFECVYBBRIIBSEFT OPU NPWF UP
PWFS SFWOFNFOUEVF UP TVSGBDF JSSFHWMWBSIFMG T

_FTUBUF PG UIF BSUNFUIPECBTFEPO SFTUSJDUFE %FMBVOBZ SFWOF
NFOU <+BNJO FUBM > JTIJHIMZ SPCVTU ?ﬁ%ﬁé ,QPSUBOU DMBTTFT PG
JOQVUT TNPPUIJNQMJIDJU TVSGBDFT BOE Z IJHI RVBMJUZ NFTIFT
YPXFWFS BT XF EFNPOTUSBUF JO UIF SFTVIMUTVEEHUG S 6 FWOY FHIRDGY Y SRFCMFEN NPSF QSF
QPMZHPOBM JUDBOOPU CF FBTJMZ SFEVDTFVE\‘@PBwIﬁWNPPV&N ™MIHRORBIERTEEREP
BO JNQMJDJU TVSGBDF EVF UP OPOTNPPWBEHTUFEE B MAPBMING PP DHO TUSVDU BO BQC
UVSF QSFTFSWBUJPO $VSSFOUMZ <+BNJJ ¢8BIFE WSS SRR Ed R A0 UIBUJT B U
PETQSFTFSWFGFBUVSFTVTJOHUIF QSPURBRYIPTBEBRRKEREY PPAB Y FIREETHEFOQVU TFU P
QMBDFE PO GFBUVSF QPJOUT BOE XFJHIUFEESARVBYVERY WFTIIBHBRHECRHKFSUFE FMENFOU'
WOFNFOU BSF QFSGPSNFE USFBUJOH cBMAPEBRESFSBERQPFEIG RY B YYZ JJP QUINJI[FE XIJI
BQQSPBDI SFRVJIJSFTFYQMJDJU EFUFDUJPB!EAE BPQEF PBIIVEFRIIGESUGFRWATIEFT UIF WS

MJOFT JO JUTDVSSFOUGPSN JUSFTVMURSHFQEEYPUIPO PG SPCVTUOFTT BOE
JOTPNEDBTETPWES SEFWOENEOU _FSFTVMUJOH UFUSBIFESBMJ[BUJPO DBO CF

QPTFT NPTUJNQPSUBOUMZ XFDBOVTFBOZE
7BSJBUJPOBMNEFWBNMOHZ CFUXFFO %FMBVPBBNFUIPER®EBOHMFT UP FYUSBDU B UFUSBI

7PSPOPJEJBHSBWBSNERPEFOP®HZ NJOJNJ[FOHIWBEEXRUIFJOQVU USIJBOHMF TPVQ

PG UIF NFTIJOH QSPCMFN $FOUSPJEBM 7PSFEFNHERY YRMIMBQB Q6 SFIVRIMEFDBH 6 S SR DP M

NJOJNJ[FST DBO MFWFSBHF -MPZEYT BMHRSPONAFGEGBUFFQUBN JBDEPDBSIMZ NBOJIGPME

UP QSPEVDF SFHVMBS PS BEBQUJWF NFTIFSTSEFUPXENBMFABSDFIN WBBUVMBAFUIJT QSPCMEN

<%V BOE 8BOH > UIPVHIUIJTEPFT OPU HVBSBOQUFESFBHRIPOAVGR WBWMJIE NFTI EJTSFHBSE
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TFDPOEMFz &BDIMJOFTFHNFOUJTUIFOTQMJUCZBMMUSJBOHMFTUIBUJOUFSTFDUJU DPOTUSVD
CMVF JTEJWJEFEJOUPUSJBOHMFTCZBEEJOHB QPJOUBUJUTCBSZDFOUFSBOEDPOOFDUJOH JU UF
VTFEUPJNQSPWFUIFRVBMJUZ TFDPOE GSPNUIF SJHIU BOEGJOBMMZ XJOEJOHOVNCFSJTVTFE Ul

SFQSFTFOUJOHJUTDPPSEJOBUFT XJUIBSCJUSBSZ QSFDJTJPO S2UIJPOBM OVN
CFSTBOE JNQSPWFNFOU PG UIFHFPNFUSJD RVBI
BOESPVOEJOHUIFDPPSEJOBUFTPGUIFWFSUJDFT
CFST XIJMF QSFTFSWJOH UIF WBMJEJUZ PG UIF N
UXPTVC QSPCMFENTJTUIFLFZUPUIFSPCVTUOFTT KX
JUJTJODPOUSBTU XJUIUIFNBKPSJUZPG DPNQFU

UFNQUUP EJSFDUMZ HFOFSBUF B IJHI RVBMJUZ

_FWSTU QIBTF SFMJFT POMZ PO PQFSBUJPOT DMPATEM < AT
OVNCFST J F UIF FOUJSFDPNQVUBUJPO DBO CF f//FH S aaa)

TR e T T
TVFT CVUJODSFBTJOHUIFDPNQVUBUJPOBMDPTU\ /Ml <
BIZCSJE HFPNFUSJD LFSOFM JOTQJSFE CZ &JRFOF il '

UIFSVOOJOHUJNFTFOTJCMF 4FDUJPO

BOUFFE UP QSPEVDF B WBMJE NFTI 1IBTF
BOZ GPSNBM CPVOE PO JUT RVBMJUZ 1IBTF S
PCUBJOFE XJUI PVS QSPUPUZQF PQIB8 BBRUBTFU PG\
XINNPEFMT JT IJHI 4FDUJPO N

OWFSWFFBMHPSJUIN DSFBUFT B WPMVNFUSJD #JOBSZ 4QBDF 1B
UJUJPOJOH #41 USFF DPOUBJOJOH POF QMBOF QFS JOQVU USJBOHMF BOE

TUPSJOH JUTDPPSEJOBUFTBT FYBDU SBUJPOBMONN EFEHS DY pRETUIO/Y H VY MFz BS
UIF SETVMUJOH DPOWFY CVU OPU OFDFTTRSMZPOE BN PO wWHFYYDEMM EF
DPNQPTJUJPO JT DPOGPSNJOH UP UIFJOQVU USJBOHMF TPVQ BOE B UFUSB
IFESBMNFTIDBOCFUSJWJBMMZDSFBUFE (/MMBEFCPYCEBE KM SBRYER I FIIOEDMIYIF NPTU DF
JOHFBDIDFMM 4FDUJPO _FWPMVNFUSIPQRABIT OPY PYRTFAFESF@EOFETQMIOF SFQSFT
JOTJEFUIFNPEFM CVUBMTP BSPVOE UIF NPEFWM FWNBMIOH B C\W¥BWBSEHECPWZ MFBEJOH UP
TMJHIUMZ MBSHFS UIBO UIFJOQVU _JT BMMPKRSVTFDP EPCY BUWNrBEROM RKPMZHPOBM NFTI|
JNQFSGFDU HFPNFUSZ UIBU DPOUBJOT HBOUYBEEPOMAR I8 G MENF SR SPOFDOPYYMFU QSPP!
QPOJOHUIFJOTJEF PVUTJEFTFHNFOUBUJPRFOBFITEQMDF OPH WBVYFQFBBREFUP VTFUIF
JOUIFQJQFMJOF _FRVBMJUZPGUIFNFTIPOHSOGWSBINFFPECNIW BRFENFUSIDBM DPOTUS!
PGMPDBMPQFSBUJPOTUP SFWOF DPBSTFONFXRY I W P§ B PRA LB F XNFIIPPMMIFDPNNJRJOH UP
NFOUT 4FDUJPO _FTFPQFSBUJPOTBSHOEPNEPSKNPESROMEZBREQEBSEBU UIJT TUBHF BC(
OPUCSFBLBTFUPGJOWBSJBOUTUIBU FOTWSGHFAWEBVMBYEZ AE BHFNOTY BRUQIJQFMJIOF B
FBDITUFQ _FWOBMNFTIJTUIFO FYUSBDUFEROTIBMNPMBEJIOH OVNCFS

WMUFSJOH <+BDPCTPO FU BM > XI1JDI JT#S4EI).C5VSTFLIJ—' ugd@lg&&ﬁg%% é?EMU #41 TVCEJW.:

XPSMEJOQVU 4FDUJPO JOWOJUF QSFDJTJPO SBUJPOBM DPPSEJOBUF
UJPOTDMPTFEVOEFSUIJTSFQSFTFOUBUJPO "

(FOFSBUJPO PG B 7BMJE SFUSBIFESBMy bt |ipxo soxXBNTER % JMMVTUSBUJPO T.
_FSPCVTUHFOFSBUJPOPGBWBMJE UFUSBWIESMY F WUTHE QSFETESWRIFOIF PG PQFSBUJ
GBDFTPGBOPSJHJOBM USJBOHMF TPVQ JTIDIBNME O HI OHH \FS\EF ©G DO PSIEBH BQD UIF TV S C
RVBMJUZ DPOTJEFSBUJPO 3FBM XPSME NBFUSBBSESBMIPBANBOVE CZ B GPS XI1JDI EFT
[PPPGEFGFDUT JODMVEJOHEFHFOFSBUF RMGNEBQ UM OIPMEFTB MMM G HIDUHF I EFPDUPOO  UIF \
BOEUPQPMPHJDBM OPJTF <"RFOFFUBM CF;$PCBOEMBOROMENFOWYFE XJUI FYBDU SBUJF
&WFO NBOVBMMZ NPEFMFE $"% HFPNFUSZ DB® @GR W DFT DYSEBIEFEOUWRBUIBM OPO DPOGP!
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M XIPTF WFSUJDFT BSF UIF TBNF BT UIF JOQVU USJBOHMF TPVQ VTJOH
UIF FYBDU SBUJPOBM LFSOFM JO $("- <+BNJO FUBM >

_FHFOFSBUFE UFUSBIFESBMNFTIEPFT OPUQSFTFSWF UIFJOQVUTVS
GBDF NBLJOHJUVOVTBCMF GPSNPTUEPXOTUSFBNBQQMJIDBUJPOT 5P FO
GPSDFDPOGPSNJUZ XFVTFBOBQQSPBDIJOTQJSFECZ<+PTIJBOEOVSTFMJO

> CVUEFTJHOFE UP HVBSBOUFF B WBMJE PVUQVU 8F DPOTJEFS FBDI
USJBOHMF PG UIF JOQVU USJBOHMF TPVQ BT B QMBOF BOE JOUFSTFDU JU XJUI
BMM UIF UFWSBJFELSBROUBJO JU *O PUIFS XPSET XF DPO
TJEFS FBDIUFUSBIFESPOBT UIF SPPUPG B #41 DFMM BOE XFDVU UIF DEMM
VTJOH BMM UIF USJBOHMFT PG UIF JOQVU HFPNFUSZ JOUFSTFDUJOH JU _JT
DPNQVUBUJPO DBO CF QFSGPSNFE FOUJSFMZ VTJOH SBUJPOBM DPPSEJOBUFT
TJODF JOUFSTFDUJPOT CFUXFFO QMBOFT BSF DMPTFE VOEFS SBUJPOBMT FO
TVSJOH SPCVTUOFTT BOE DPSSFDUOFTT FWFO GPS EFHFOFSBUF JOQVU _JT
QPMZIFESBM NFTI JT DPOWFSUFE JOUP B UFUSBIFESBM NFTI UBLJOH BE
WBOUBHF PG DPOWFYJUZ PG UIF DFMMT XF USJBOHVMBUF JUT GBDFT BEE B
WFSUFY BU UIF CBSZDFOUFS BOE DPOOFDU JU UP BMM UIF USJBOHVMBS GBDFT
POUIF CPVOEBSZ 4JODF UIF POMZ PQFSBUJPO OFDFTTBSZ JTBO BWFSBHF
PG WFSUFY QPTJUJPOT UIF CBSZDFOUFS DBO CF DPNQVUFE FYBDUMZ XJUI
SBUJPOBMT "TMPOHBTBUMFBTUGPVSJOQVUWFSUJDFTBSFMJOFBSMZJOEFQFO
EFOU RINFOWFY DFMMT XJMM CF OPO EFHFOFSBUF J F UIFSFTVMUJOH
UFUSBIFESBDPOOFDUFE UP UIFCBSZDFOUFSXJMM BMTP CFOPO EFHFOFSBUF
UIPVHIQFSIBQTQPPSRVBMJIJWRBROEFYBQUMK JPFEU'CCFJOHU'FCPVOEJOHCPY EJ
DPOGPSNJOHUP UIF JOQVU USJBOHMF TP ‘ﬁ%ﬂ{ﬁ %UGBJMTUPE
QVU BSF OBUVSBMMZ IBOEMFE CZ UIJT GP zg éﬁ SPBTFET UIF
NFTIFE TQMJRJOH UIF DPSSFTQPOEJOH USJB JOHMZ VI

*OWBSJBOU *OQVU 4VSGBDRZ DPDMITIOH BO
FTI*NQSPWENFOU UJPO UIF UFUSBIFESBM NFTIQSPEVDFEJO4FD

UJPO VUUSIBOHMFT
(JWFOBWBMJEUFUSBIFESBMNFTISFQSFT EE % \,]'\?Q'_EL# UIF UFUSBI
XFQSPQPTFBO BMHPSJUIN UPJNQSPWFJU ME l# =) K BDETFYBDUMZ N
UJDFT UP XPBUJOH QPJOU QPTJUJPOT XIJ RVCE] :"..

GPMMPX UIF DPNNPO HSFFEZ PQUJNJ[BUJ
NFTI INQSPWFNFOU PQFSBUJPOT <%VOZB A BQQSPYINBUJPO FS

'SFJUBHBOEOMMJWIFS (PPDI > CVL{J WFGr %3@9W§H}¥8H% ®DFEVSF XFPOMZE
GFSFODFT LFFQ UIF GBDFT PG UIF FNCFEEFE TVSGBDF BU
8F FYQMJDJUMZ QSFWFOU JOWFSBIP OB WP 9 H EWairg QEIRERRBUFIT T DEOWFRMEFEQBDUF
MJEJUZ *OWBSJBOU UIJDLOGVMIMU BSPVOEUIFJOQVUUSJBOHMF TP
8F USBDL UIF TVSGBDF NFTI EVSJOH UgR PRESBRHIVOEBPPEXKEMXBZT DPOUBJOFE JO

POMZ BMMPX PQFSBUJPOT UIBEITEB® D N XPRNMINPPKQOH BOZ PQFSBUJPO CSFBLJOH U
GSPN UIF JOQVU USJBOHMF NFTI JOTQJSFECZB TINJMBS DSJUFSJB

VTFEGPSTVSGBDF NFTIJOHBMIEMWRZUBWEBMIUZ .FETBNFBTVSF PG RVBMJUZUP PQUJN

BOU % DPOGPSNBM FOFSHZ SFDFOUMZ FYQMPSFE .

8F EJSFDUMZ QFOBMJ[F CBE FMFNFOUXUPB MM HYFEFRSIOWMBIEEXIUI NBOZ DPNNP(

GPSNBM FOFSHZ XIJDIIBT CFFO SFDFOUMZFWBMBBY D PEFGPSTYMYT PO B OVNCFS PG N

QBSBNFUSJ[BUJPO <3BCJOPWJDIFUBMT >

8F VTF B IZCSJE HFPNFUSJD LFSOFM UP SFEVDF UIF DFQ\IQL(/iJﬁ

UJPO UJNF XIJMF FOTVSJOH DPSSFDUOFTT BOE UFSND 'E)@ 2VTJOH

(PR0I0 SR aoL XITOTE QP T EE SIEAN HPUESATRLNTR vosnye werco

URWSBJPBSPFHVMBS UFUSBIFESPO

*OWBSJBOU SOBMABMMWOX FWFSZ PQFSB PIMINIPYABENDIUTGPHISPQJD TDBMJOH CVU OBU\
JOWFSUFE UFUSBIFESB XIPTF PSJFOUBUJAMNFDOFHBRU WG EGIRIWAMANFIBDUTMIWFST BC
QSFEJDBUFT JO <#STOOJNBOO FU BM > BLP B JO\PRA FSBBTUUP OBW BOEBZXPBBO FMFNFOU BQQ
JOH QPJOU DPPSEJOBUFT _JTFOTVSFT BBMTPEIY XSEPORNB COWRSBCIOPWJIDI FU BM
TJODFUIFBMHPSJUINTUBSUT GSPNBO JOWBOTNR[FBE YAB QR UBRUPESBSI NBTT] /FXUPO JUF
QSPEVDFE CZPVS #41 USFFDPOTUSVDUJPPUBM UJP@BBCJOPWJIDI FUBM >

J -
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T )V : FUBM

Edge Collapsing Edge Spliting min dihedral

A

0
"JH OWFSWJIFXPGUIFMPDBMNFTIJNQSPWFNFOUPQFSBWJPOT i{PS GBDiE TXBQ 20 iterations
QJOH PVS BMHPSJUIN VTFT CJTUFMMBS GMJQT <'SFJUBH BOE OMMJWJFS
(PPDI > XIFSF GMJQJTJIJMMVTUSBUFE IFSF'gH "NFTIHFOFSBUFE XJUI UIF #41 USFFBQQSPBD
JUFSBUJWF NFTIPQUJNJ[BUJPO BMHPSJUIN 5IF RVB
UIF JUFSBUJPOT EVF UP UIF MPDBM SFGJOFNFOU JH(
JNQSPWFTBzFSBEEJUJPOBM QBTTFTPG DPMMBQTJC

FEHF XIPTF MFOHUI%JQ’#I\WIBJS'IE)H:B(UEB,BCCFMU
ZBDI FU BM >UJNFT UIF BWFSBHF PG UIF UE
TIHOFEUPJUT FOEQPJOUTJTTQMJU PODF BO
UIFOFXWFSUFY "OFS UIFUBSHFUFEHF MFO
vJTEIJWIEFECZ JGUIFSFJT B MP® RRB/MBIJUZ U
UuJprpo XJUlDBYWM BOE NVMUJQMJIFE CZ PUI
TVSFUIBUUIFVTFS TQFDIJWFEEFOTJUZJT BM)>
MFOHUICZ UIFVTFS TQFBBWRBHE QB BNFUFBD F-
PWFS SFWOFNFOU JO QSPCMFNBUJD SFHJPOT
cz *O XFDPMMBQTF BO FEHFJG%U*FG\/IFOHU
XFTXBQ GBDFTJG UIFZJIJNQSPWF UIF RVBM
BMMWFSUJDFTJOEJWJEVBMMZ NJOJNJ[JOH UI
UIFJSPOF SJOH VTJOH/FXUPOYTJUFSBUJPO |
XPBUTBSFTNPPUIFE UIFPUIFSTBSFTLIJQQFE
QFSGPSNFEPOMZJGUIFZEP OPUCSFBLBOZPG
BCPWF BOEJGUIFZJODSFBTFUIFNFTIRVBMJL

‘JH "MPXRVBMJUZUSJBOHMFNFTIFYQPSUFE cSPNBREBHNREBAM x5 bbEE QSIPSIUZRVEVFE UP I
$BTDBEF UPQ JT BVUPNBUJDBMMZ DPOWFSUFE RFBY 1@ RVM R PFIrUBBHEWSW U GPS  BOE
NFTICZPVSBMHPSJUIN CP{PN XJUIPVUSFRVJISPSH BozZRMBDNE®M EMSBOVYIFSF UIF WFSUJDFT B
PSEFS 'PS XFVTFBOBMZUJD HSBEJFOUBOE
TIPXUIFFVFDUT PG UIFNFTIJNQSPWFNFOU TU
-PDBMOQFSBVWIPGFPVS MPDBMPQFSBUJPOT GMNFNFINON@®BIHWFOU QSPDFTTTUPQT XIFOF

NFOU<'BSBKFUBM 'SFJUBHBOEOMMJWOFS HEZRDITV YD FEHFMOQWBMM EFGBVMU MFT
UJOH FEHF DPMMBQTJOH GBDF TXBQQJOBVBGCGESWGUEFSB\PIPOIJOIBFBBIFE EFGBVMU
VSF _FTFPQFSBUJPOTPOMZBVFDU B MPDBM SFHIPO PG UIF NFTI BOE

DBO UIVT CF QFSGPSNFE FYDJFOUMZ 8F QSPQPIH BB I MNFNENF- Y USBDUJPO
UJNJ[BUJPO TDIFNF DPBSTFOJOH BOE PQUBN#[B BP9 ®QAS BUPISIMBISFUBRVS BMHPSJUIN
QMJFE POMZ JG UIFZJIJNQSPWF UIF NFTI RVRNOFUEZDXMB MFEUT T SEBREOFNFPOEIOH B WPMVNF
PQFSBUPSJTBQQMJFE VOUJM B QSFEFW O FiyBEHFIM BBODRG TSRS D PG PEMMEFB QQSPYJINE
JTSFBDIFE PSXIFOFWFSBSFHJPO JT MP D LEFFBEMA B PIWIE ML BRPATRYEMZ OPONBOJGPM
EFHSFFT PG GSFFEPN _F SBUJPOBMF CFIJONCHIFEFEUBBSERIZRT UIBU XF

XBOU UP BWPJE PWFS SFWOFNFOU JO SFHIBO VXARSE NEUTPEPYSPBOPFEE JO <+BDPCTPO
TBSZUPJIJNQSPWFRVBMJUZ BOE XFUIVT BEESEEEIQQRPOBMWERYFESETFDOME®P IO UIF FNCF
NBUDIUIFVTFS QSPWJEFEEFOTJUZPS MPBBM®Z JGFUPNAUBEIELOENBDIRIPHOUPBU DBO CF V'
JNQSPWFUIFRVBMJUZ JTTUSBUFHZBMM®MPTMWINERTSPBYDE EEN JRYBMINET |
NFTIFTFWFOJGUIFJOQVUTVSGBDFIBT MPXRWYBMDWAMBUFVSIF XIJOEJOHOVNCFSPG UIF DI
8F PQUJINJ[FUIFNFTIVTIJOH QBTTFT EGMORIAUH SFR\GOPDOHP UIF FNCFEEFE TVSGBDF
DPMMBQTJOH DPBSTFOJOH TXBQQJOHP B WEF DFRHRRPUIOPGEFET HMBERNFOU JT TNBMMF S
BUBSHFUFEHF MFOHUI WBMVF BU UIF WFSpVODFIERFGPGI B IGFUSFIEBSBM NEEBIPQ JU CFGPSF
JOJUJBMJ[FE XJUIUIFVTFS TQF DYW F EFBRTY S5E § B FUMBOGIURVFE NVTU CF BQQMJFE POMZ
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SFUSBIFESBM .FTIJOH JO UI
T

'JH "OZHBQPSIPMFJOUIFJOQVUHFPNFUSZ UPQ JTBVUPNBUJDBMMZ GIMMFE
CZPVSBMHPSJUIN CP{PN HFOFSBUJOHBOBOBMZTJT SFBEZUFUSBIFESBM NFTI

EVFUP OVNFSJDBM SFBTPOT UIFDPNQVUBUJPOPGUIF XJOEJOHOVNCFS

DBOOPUCF QFSGPSNFEJO SBUJPOBM OVNCFSTBOEJUJT OVNFSJDBMMZ VO
TUBCMFDMPTFUPUIFTVSGBDF XIFSF XF DB$F Uy RITTW v E)\OFH @B R ¥ D/FTTFB UFUSBIFESBM NF
PG USJHPOPNFUSJD GVODUJPOT QBSBCMF UP B EJSFDU #41 USFF DPOTUSVDUJPO SJ
"TBSFTVMUPGUIJTTUFQ CPUITNBMM HBINFBOEPWBSHHF FVBGHBDHHFIPMFTFDPOET

XJMM CF WMMFE BDDPSEJOH UP UIF JOEVDFE XJOEJOH OVNCFS WFME 'JH

VSFT BOE $POTFRVFOUMZ JG UIFJOQVU NFTIIBTIPMFT PVS BM

HPSJUINT QSPEVDFT B UFUSBIFESBM NFTI XIPTEPTVSGBDF JT OPU DPN
QMFUFMZJBOWEFMPGF TIODFUIFUSJBOHME FEGPSIPMFW H
NBZCFPVUTJEF

S5FDIOJDBM %FUBJM

JZCSJE ,FII@QAMFNFOUJOH UIF NFTI PQUJNJ[BUJPO XJUI POMZ

FYBDU SBUJPOBM OVNCFSTUP TUPSF UIF QPTJUAPO PG UIF WFSUJDFTJT OPU
QSBDUJDBM GPS UXP SFBTPOT UIF TJ[F IF SBUJPOBM SFQSFTFOUB

UJPO HSPXT FWFSZ UJNF B WFSUFY JT NPE/ ESBNBUJDBMMZ JODSFBT
JOHUIFDPNQVUBUJPO UIJNF BT UIF BMHPSJ SPDFFET FTQFDJBMMZ JO
UIFTNPPUIJOHTUFQ BOE SBUJPOBM PQ JIJPOTBSFOPUTVQQPSUFE

EJSFDUMZ JOIBSEXBSF BOEBSFNVDITMPXFSUIBO XPBUJOHQPJOUPQFS

BUJPOT 8F JNQMFNFOUFE PVS BMHPSJUIN YT JOH B WSIEFH F PN MBI CSIEHE NPEEM GSP
LFSOFM TIJNJMBS JOTQJSJUBOE EFTJHO UBNJIRFIEUEE c2PVRSBHBPS WIS XIJIMFLFFQJOH UIF"
UFY XFTUPSFJUTDPPSEJOBUFTJO FYBDWBSHBIUJBOEMIGCYWE BWF PUFM 2 GPBEOZFUSBIFESBM |
PGUIFJODJEFOUUFUSBIFESBJOWFSUBOFS SPVOEJOHJUTWFSUJDFTUP XPBU

JOHQPJOUSFQSFTFOUBUJPO _JTIBT UXP NBERHCHFEFWIEF PYIBWPHIER B IR+ wie NKBO H U

HSPXUI PG UIF SBUJPOBM SFQSFTFOUBUJRQGIUTF € PEHRIOBIW NG UIELSPMBEHOH CcPY
BTTPPOBTJUJTQPTTIJCMFUP SPVOEBWFSUFY BOE SFEVDFTUIFNFNPSZ

DPOTVNQUJPO /PUFUIBUUIJTEPFT OPU BVERQVM# DM HBYPHEPPBRAQEUSVDUJIPO QP U
BMHPSJUIN TJODF QSPCMFNBUJD SFHJPOTEDVAFUIHRIBY B RFBWNPTUVENEHTFEORFGS gOQHFSTFDUJIP(

FMFNFOUT XJMM DPOUJOVF UP VTFBO FYBEUSBEIPBBNMTs Ed § P1O\b4H BRQRBOT JO SBSF QB
JTOPUBOJTTVF GPS UIF NBKPSJUZ PG SFBM X

7TPYFM 4WBVIOMHF HVBSBOUFFEUP QSPEVDF WWWBMIMPNFIPCERMERBOLID POFT PWFS UFO UIPVT
JOQVU UIFBMHPSJUIN EFTDSJCFE JO 4FD BYHEC+BDPREG PROE %I M FHFROXIIDI JT TIPXO JO
BUF QPPSMZ TIBQFE JOJUJBM DFMMT XIPTUXIRINPEFRIVEUSFOUTEBPN XTR'WDIFOUMZ TFWF
UIF VTFS QSFTDSJCFE SFRVJSJOH FYUFONFWFNPB/EHBFEV@ BO U (B NNETUJNH PVS INQMENFO
QSPWFNFOU TUFQ 5P SFEVDF SVOOJOH UNFNP XF TXB\OXE OW CSFEQFIWRDIBM B QSFQSPDFTT
UP QSFFNQUJWFMZ BEE TPNF QSPYZ QPJODTBI®HB SHAHMME® BR TP OETHERQMFYJUZ PG |
UIFCPVOEJOHCPY PG UIFJOQVUUSJBOHMFITPVRT YR PYBMMISFBIWIOH-EFTUFE JU XJUI
HFOFSBUF DFMMT XF SFNPWF QSPYZ QPJQIPT UIBP RRBETPI@M NBOJGPME FEHFTPG UIF
EFGBVMY GSPNUIF TVSGBDF _FTF QPJOUJOBSEIQPQFSBUBRORF UIBU EP OPUNPWF UIF TVS
%FMBVOBZ UFUSBIFESBMJ[BUJPO BMHPSJIMIAQ FIHWVEB F JN®QSPENVDUOHRE/BMJIUZ PG UIF NFT
QFSJPSTUBSUJOH QPJOUUIBU SFRVJISFT GEXFGINOMDIEEMIFQ FEBIMRAQF U@ISAHBDIBTVSGBDF
VIBCMF RVBMJUZ *O BEEJUJPO UP SFEVDJOWSB MFI N OWIDMFITOSE HFIPQU XN BMPX DVSWBU V!
UJPO TUBHF UIJTTUFQBMTP MPDBMJ[FT UURRONVNEG TP/ VB SRIQBSPYOBSHREVDFE CZ UIF
JOQVU TVSGBDF 8F FYQFSINFOUBMMZ GPBCHEIBRIDOFRIOSVOBE BESYOUEFHFID DBTF UIBU C
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Envelop Y
« =
boundary
- Tracked
surface

'JH "USJBOHMF GBDF TBNQMFE VTJOH B USJBOH\
JOTJEEUIFDPOFECWWEBBPBQWBBO IBWFQPJOUTPVUTJE|
BUNBTB MFz 4QMJ{JOH UIF USJBOHMF JOUP UXP D
QB{FSO SJHIU BOE TPNFTBNQMFTPOPOFPGJUTT
UIFDPOTFSWBUJWF FOWFMPQF NBSLFEJO SFE

JPXFWFS UIF EJTDSFUF OBUVSF PG UIF TBNQ
UMFQSPCMFN PVSFOWFMPQFDIFDLJTDPOTF

"JH 'PSBO JOQVUNPEFM XJUIPQFO cPVOEBSIFT UPRMMPL BN RQHEBNQMFT PO B GBDF PG FN
BEE B SFQSPKFDUJPO JO UIF TNPPUIJOH TUFQ UPUWLEMWESWERFANDBNMY ENBLF g FSSPOFPVTMZ I
JNQSPWF UIF TVSGBDF RVBMJUZ XFBQQMZ -BQN BNNFBDBM® MEITNH B PUUMBRO/BUBVUTIEF CMUDPOTF
GBDFTVTFEUP GIMMUIFPQFO SFHJPOT CP{PNOPU PVUTJEF UIF VTFS TQRMHMWSEFE FSGWHINP QR

BSFBMJTQEPWJIEFE 8F VTFEUIJT QSPDFERBF¥MBE &BRIWMPRY YIHFTRYYNI[BUIPO BMHPSJIUI

TJODF JUJNQSPWFT QFSGPSNBODF BMTP PYEFPE OBUIPIPHFPEM NP EFP QFSBUJPOT NJF
FYDFTTIWFMZDPOTFSWBUJWF FOWFMPQF DIF

OQFO #PVOEBYUFTVSGBDF DPOUBJOT BO RPRQOP O TGHRWOEBHLPOTPOMZ NPEFMTPWES L
JOHPOMZ UIF TVSGBDF FOWFMPQF JT OPU BMXBZAJNYDBRPE VP QEUSFFYRFOTIWF TPM\
HPPE BQQSPYJIJNBUJPO PG UIF JOQVU USJBEOWHMFDIEPMQ XId MESWVWIMH- BMBZUURG UIFSF BSF M
IBQQFO UIF CPVOEBSZ JT GSFF UP NPWF B@ZX | FSBIEBDIEFFIUU IBRIUEFNPM FMFNFOUT XJMM
UJBMMZ NPWJOH BXBZ GSPN UIFPQFO CPVQEB®DD XHEME T B ZIEONQMIIGEFEFOTIUZ UP
UIF FOWFMPQF 8F BEESFTT UIJT QSPCMFNNBISBPO PO H UG BPBHOPESPAMEMEB- 8 HJOH UIF FO
BSJFTBOE SFQSPKFDUJOH JUT WFSUJDFT GBEMPGOR JPR QIBIF Wi NB P HEISHE 'BSF GSFFE
'JHVSF 8F DPOTJEFSBO FEHFBO PQFO BY PEASE JENPEMDROAA K ¥ JWFE FO
BOHMFJT JODJEFOU UP JU WFMPQRUBO JOUFHFS SFQSFT|IFOUJOH

&OWFMPQ¥SBMHPSIUIN IFBWIMZ SFMJIFTPORVESHQU MHEBGFFS IFJO MaPUBHF JT EF
BUSJBOHMF JT DPOUBJOFE JOTJEF UIF NFPIPFS¥ M P’ TP EEE u UpViD kv ves

UIBU UIF FNCFEEFE TVSGBDF TUBZT XJU1J0BN@MHEW-FioyYBR 08 fFPp ho
UJNJ[BUJPO 4FDUJPO "O FYBDU TPMVYJIF p Cow FEMBSHE UIF
FYQFOTJWF GPSPVS QVSQPTF <#BSUP FU BIfWFMREIEWING g/ '
XFUIVTVTFBDPOTFSWBUJWF XPBUJOH QPYoNB OV
BQQSPYJNBUJPOFSSPSJTCPVOEFE Pvs NEGOT VEs
PG UIFPVUQVUTVSGBDF QPJOUT JT PVUTJIFEURKE

8F JNQMJDJUMZDPOTUSVDUUIF FOWFMP QR Y 2 W8P \Ps I
EJTUBODF UP UIF VOQSPDFTTFE JOQVU NFFMBBRHFMFSPYEE
USFF <-OWZ 4BNFU > 5PDIFDLJG BOENCPEEFETVSGH
BOHMF GBDF JT JOTJEF PG UIF FOWFMPQF xBIBNoWE u
SFHVMBS USJBOHYBBSJMBREDHAXUBG UIF |\f|?|3VRUJTDPFQ—9 HF BOEUIFSFNBJOJOH NPEFI
8F BMTP BEE BEEJYJPOBM TBNQMFT PO UIF BB IEE OhiE TVERIHIWFT NPSF GS
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DPOTJEFSFE JOTJEF JG BMM UME TBRQMFT TQEJFsl'E,JEE hFAFBg)(HFhTIEIL\JAB:SHDI;VMLKH%QFYQJH\HLEJ::SS
derr = d/°'3 X1JD| DPBTF SRMOBUEMEQF 4JODF

NBM TBNQMJOH FSS®R$ JTICPFOEVERETZB DPS BRI T PoME XJUI

VQ UP XPBUJOH QPJOU SPVOEJOH _JT DPOTUSVDUJPO BMMPXT VT UP DPO

USPM UIF DPNQVUBUJIMFBWDEFO TE $NBM @M 354 B ot

NPSF DPNQVUBUJPOBM DPTU CVU MFBET USFB NQBMFNFOWER PGS BAMIMSAUOMIO $ VTJIOH
PVS BMHPSJUINNPSF XFYJCIMIUZ JO SFMPOSESBMWIE RIF $ ('S BOTE 0SSP IPOBM DP N

JNFOUTTIPKFENHRUL 3) JTBHPPEDPNQSPRERFPGPVS SFGFSFODFJINQMFENFOUBUJPOJT
DPN :JYJO )V 5FUB8JME
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SFUSBIFESBM .FTIJOH JO UI

T
10% 5BCMF 4UBUJTUJDTGPSUIFEBUBTFUTJO L
5%
0% .PEFM *OQIVU 0OVUQVU
10% CGAL TetGen *E 'JH 7 7 "OHMF "|*BANF N
5% implicit
0% Rl—— _—
10%
5% Quartet
0% i 1
10%
5% MMG3D Ours
0% = . _
Hi 1e+0 H  le+d Hi 1le+0 H  1le+d

Time in seconds

'JH $PNQBSJTPO PG SVOOJOH UJNF

CGAL TetGen Quartet Ours
implicit
6% Min dihedral (degrees)

4%
““”Ih ‘.‘.\n\l\l\m‘m“ mﬂl\lm..

o A A A

0 204060 0 204060 0 204060 0 204060 O 204060 0 20 40 60
Radius ratio

10%
o Hh ..mm\\ ..... Al

0 0.1503 0 01503 0 0.15 0.3 0 0.15 0.3 0 0.15 0.3 0 0.15 0.3

5%

8%

Edge ratio
4%
0% ‘|“H“||““mhh .mmnnn‘|m HH““”'"HM nl\””H“““ml”““hm .ml\”"”“ hh.
0 05 10 05 10 05 10 05 10 05 10 05 1 #V00Z
15% Radius to edge ratio #VO0O0OZ
10%
o A o hln..._ ....... /PUTSPN MFO UP SIHIU _JOHJ LNPEFM*% WHVSF XIFSF JU
1 2 3 12 3 12 3 12 3 1 2 3 JOQVU WFSUJDFT OVNCFSPGPVUQVUWFSUJDFT EJIFESBI
20% &RVBUJPO NBY BWH SVOOJOHUJNFJONJOVU

Conformal AMIPS energy

10% ‘ ‘ QPTTJCMF BOEXFQSPWJEFBMMQBSBNFUFST
0% .. .. A JHHI\M” SIBN"- 8FDPNQBSFEPVS NFUIPE XJUI<+BNJOF
46810 46 810 46810 46 810 4 6 810 4 6 810 TDFOBSJPT $("-XJU|QPMZ|FESBMPSBDMFX
Gradienterron bound $("-XJUIQPMZIFESBMPSBDMF XJUIPVU GFBU

“ $("-XJUIIJNQMJIDIJUTVSGBDFPSBDMF BOE
I EBSEJNQMFNFOUBUJPO JOTJEF $("- FOBCMJO
QSPUFDUJPO 4FDUJPO SFTQFDUJWFMZ 'PS
GVODUJPO CBTFE PO UIF XJOEJOH OVNCFS DBW

30%
20% ‘

10% | ¢ i .\h‘.
01230123012 3012301230123

‘JH $PNQBSJTPO PG HFOFSBUFE NFTI RVBMJY RS OFEEJTUBODE WEME
FBDITPzXBSF XFTIPXUIFEJTUSIJCVUJPO PG D

BMM UFUSBIFESB JO SBOEPNMZTBNQMFENFTS gggzy % é-f&?FUBM > BOEWV
EBUBTFU €BMJUZ NFBTVSFT EJIFESBM BOHMF CFE'F?:HJI'PSEFDJEFJUTTJI-
SBEJVT SBUJP DPOGPSNBM ".*14 FOFSHZ BOE O} %@IW[IEE ME%IFI%L% DPNQBSFE UP

FOUFSSPS FTUIJINBUF GBDUPS <4IFXDIVL C>JUZJTTMJHIUMZ CFRFS GPS PVS BMHPSJUIN $
PSBDMFJT POBWFSBHF UP UJNFT GBTUFS U

$("- XJUIIJNQMJIDJU PSBDMFJT NVDITMPXFS O

BPCVTUOFTT BO BFREFGRFNERPYBMBMHP SJUIMAOERBINFMFDVU BOFS IPVST 5BCMF 8F TIF

UJPOPGDPNQFUJOHNFUIPETPWFSUIFFOWBPNQROHIP A EEWBFRWBMBMZ NFBTVSFE VTJC
BOE +BDPCTPO > XFTIPXBGFXFYBNQMFEJHYS HHUSFEQISFQPSUBB PSEFS PG NBHOJUVE
HSFHBUF TUBUJTUJDTJO5BCMF SVOOJORVIMFUIPEIWSFDBBOEPYSOBETT BSPVOE IB
NFTIRVBMJUZ JO 'JHVSF 8F BMTP SFQPSEVEFABNMFIET XBUJ BIR\DEMIRIZ BWM TITUFOUMZ
NPEFMTTIPXOJOUIFQBQFS XJUIUIFFYDFRQMUBRPEPVD IO M NPFRR#HERAFBOE -FWIOF > TV
8F TFMFDUFE UIFJS QBSBNFUFST UP NBLIGY PAINSIPNNYBE OO 6B WFRT TVDDFTTGVMMZ

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vCMJDBUJP



T )V : FUBM

Input CGAL CGAL - no features TetGen DelPSC Quartet Ours
8.008 8.027 0.0115 0.07588 183 9.96
1.544 7.031 0.07683 0.04171 18.05 13
7.02 7.02 0.6842 0.2172 21.64 12.71
0.4195 7.855 0.01151 0.00186 0.01427 10.20
5.108 7.094 0.0053 0.0 18.45 13.00
2.008 7.005 5.492 0.0 9.276 9.741
'JH $PNQBSJTPO XJUI TUBUF PG BSUUFUSBIFESBMJ[BUJPO BMHPSJUINT 5IF OVNCFSDMP

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vVCMJDBUJPO EBUF "VHVTU



SFUSBIFESBM .FTIJOH JO UI
T

5BCMF $PNQBSJTPO PG DPEF SPCVTUOFTTBOE QFSGPSNBODF PO UIF5IJOHJ

4APOXBSF 4VDDFTT SBUP Q¥U PGWFRPSEFEFMHPSJUIN MINJUBUJPO "WFSH
$("- FYQMJDJU XGFBUVSFT
$("- FYQMJDJU XP GFBUVSFT
$("- JNQMJIDJU XP GFBUVSFT
5FU(FO
%BFM14$
ABSUFU
(%
OVST
/PUFF NBYJNVN SFTPVSDFBMMPXFE GPS FBDINPEFM BSF IPVSTBOE (#PGNFNPSZ OVSNFUIPEFYDFFETUIF | U.

BMMPXFE PVSBMHPSJUINBDIJFWFT TVDDFTT SBUF
#tets = 73,378

CGAL (match #tets)
#tets = 23,352 #tets = 8,882

Min dihedral angle ~ Radius ratio Edge ratio Radius to edgeConformal AMIPS  Gradient error
20% (degrees) i i . ratio energy

#tets = 134,978

'JH "~ DPOUSPMTUIFEFOTJUZ PG UIF PVHIZVU NFTI *
NJEEMF=BOE CP{PN

0% Al | prr— a0 il l‘m\ll\un ..... ‘||ﬂ||\lln..‘....

i 3 P | 3 UIF NBYJNBM )BVTEPSV EXTUB@PROURYM™MHE UIF t
0 20 40 60 00 01 02 03 00 05 1005 15 2525 75 12505 10 15 20 NEUSJD GBJUIGVMOETT PG UIE SETVMU 'PS BN

'JH 5PQ 8JUI UIF TBNF NFTI#OU-/IZGD(B$B)\EFU’§<é SFOPUFE PUIFSXIT20 &6 ¥ DREO XIFSF

“'= b/20 $("-KT BMHPSJUIN XJUI BOE XJUIPVU G u%é'FFgé%%%HdeP%ubEiJBHPOBM PGUIFCPVOE
SPX VTFENPSFUIBO BOE UJNFTUIFOVNCFSP &N ST M pblIGENpKk! EFOTIUXEMEDUM?Z
SJHIU SFTQFDUJWFMZ 8IFO VTJOH SPVHIMZ UIEPINFUOVACEIPERRYE sfGERFDBETWIGHB BAREMMN
SFTVMU TFDPOE SPX MFz TUSVHHMFT UP QSFTR¥@F NIBRSH BPERUI/GPHS DFPYpk Uyl UF SBORWROET 1S
UPHSBNT PG WBSJPVT UFU RVBMJUZ NFBTVSFT ®PPSSBRMHIES T WIRNO BPBHFE ®IWRTSE"UP UIF VTFS QS
BOE PVS BMHPSJUIN 5IF EP{FE MJOFT JOEJDBUF UIF JEFBM RVBMJUZ WBMVFT DPN

QVUFE PO B SFHVMBS UFUSBIFESPO /PUF UIBU PVS SFTVMUT CP{PN SPX IBWEF

FEHF MFXHUIB TQBUJBMMZ Wi SV S B &GN P DILLIMN

DBO CF FYUFOEFE UP DSFBUF HSBEFE NFTIFT
PG _JOHJ L _FRVBMJUZJTDPOTJXBEORMZMRXASXYIBQUBEHFU FEHF MFOHUITNPPUIMZ W

<#SJETPO BOE %PSBO  >JT UIF NPTU SPGYBUrBBNREWHEEMFHIBE UIBU UIF PVUQVU NF1

XJUI B TVDDFTT SBUF PG *U VOGPSUVOREFYZUHSNHIBEITFULR RSHRE EBWIF TI[J0H WEM
UlJO GFBUVSFT BOE POFO VTFT B NVDI IJHIFS FMFNFOU DPVOU UIBO
PVS NEUIPE 4VSGBDFRBFRBMSPSIUIN DBO CF VTFE BT BO F

SFQBJS UPPM GPS DMPTFE TVSGBDFT CZ DSFB
1BSBNFIMSSBEMHPSJUIN SFRVJISFT UXP QB BNBWREIFIPF I BIHFUIFO FYUSBDUJOH JUT C
FEHF MFOHWLDI DPOUSPMT UIFEFOTJUZ PG BEFRWCYMW ME BIF BREWFE XIFODPOTUSVDUJOF

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vCMJDBUJP
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Function interpolation errors

15%

10% Rel max
5% error
0% ~

i - 0 i i 0 - i 0

'JH S8FUFTUPVSHFOFSBUFEUFUNFTIFTCZTPMWJ
GJOJUF FMFNFOU NFUIPE XJUI MJOFBS FMFNFOUT 'P
XFDPNQBSFUIFDPNQVUFETPMVUJPO XJUIUIFHSPVC
UJPOT XJUINLPFORMSFE BU UIF SFETQIFSFT 8F TIPX

"JH CPVOET UIF NBYJNBM EJTUBODF CFUXFFREBNYEJIORY SBEQAEPMYRNEY FSSPS | BOEP SHESB BT JW P H
NFTI *OQVU=- MPR20 NJEEMF=B@3&0 SJHIU JOUIFCP{PN SPX

'JH &YBNQMF GPSTQBUJBMMZ WBSZJOH TJ[JOH GJFMEVTJOH CBDLHSPVOE NFTI
*OQVU MFz PVUQVUUFUSBIFESBM NFTI XJUIPVU TJ[JOHDPOUSPM NJEEMF BOE

PVUQVU UFUSBIFESBM NFTI XJUITJ[JOH GIFME BQQMIFEy S 3P SIUINDBO CFVTFE UP CPPUTUSBQ F

_JOHJ LEBUBTFU 8F OPSNBMJ[FBMMPVS PVU
VOJUDVCFBOEDSFBUFBOBOBMZUJD WPMVNF
TVNNJOH SBEJBM IKFBFMETSBOEPNMZ PO B TC
UFSFEBU UIF PSIBhJO PGEBEDVNIPO JT TBNQMF
CPVOEBSZPGUIFNFTIBOEVTFEBTBCPVOEBS
TPO QSPCMFN TPMWFE VTJOH <+BDPCTPO FU |
TPMWF UIJT 1%& PWFS BMM NPEFMT BOE XF SI
BOE UIF IJTURHBBIRTFBSGPST XJUI SFTQFDU UP
MzZUJD TPMVUJPO FWBMVBUFE PO UIFJOUFSOB

o SO a 2, PR B TR KRS EE R 301 o SJUIN
JOUFSJPS XIPTFCPVOEBSZ DPSSFTQPOETUPB%ME?&%—BVﬁ%%iﬁ?é%%%%qéﬁﬁ)gg(jg DO/OMBFOBSSFPl
BSFSFNPWFECZUIFNFTIJNQSPWFNFOU TUFQHFOSEEBDE BB BYPUNBBEMNFTI 0OVS BMHPS.
WMMFE CBTFEPOHFOFSBMJ[FEXJOEJOHOWNSHUBOEOQHMEVPYQRU PQYEGBIFF IFT TVIUBCM
JTUSIJWIBMMZ UIFCPVOEBSZPGBWBMJE WPAMRM\BEENQ@MNMFRDP RERBEBUNBOBMBM NFTIJOH V1
NPSF FYQFOTJWF UIBO BMUFSOBUJWF NFUJPESDIBB®DH MY RPFESBM LEIFNJOBOU NFTIJOH
TVSGBDF PVS UFDIOJRVFDBO SPCVTUMZ IBEBE®MF FYUSFNFMZ DIBMMFOHJOH

DBTFT *O 'JHVSF XF DPNQBSF PVS NFUIP BT e ¥ c
>POBTFMG JOUFSTFDUJOHDIFTT QBXQ FPEH?F 4US?8¥F'ﬁ'ﬁ§I’—%'FT UFTU PVS NFUIPE VOEFE€

OPJTF '"JHVSF CZSBOEPNMZEJTQMBDJOH J
'JOJUF &MFNFOU .FWBPEFBRIOEBSBRG UIBBOWVS BM &WFOJOUIJTFYUSFNFDBTFPVS BM
HPSJUIN DBO CF VTFE BT B CMBDL CPY UP DM®RWHF UR&IMFFRO® UTE FOQVSMBOE IBWF B MBSHF |

Input Self-intersection (red) MeshFix Ours

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vVCMJDBUJPO EBUF "VHVTU



SFUSBIFESBM .FTIJOH JO UI
T

'JH 5|lF WPMVNF BSPVOE B DPNQMFY NFDIBOJDBM
NFTIFECZPVSBMHPSJUIN QSFTFSWJOHUIFTVSGBD

JT TMPXFS UIBO NPTUDPNQFUJOH NFUIPET T.
'JH OVSBMHPSJUINDBOCFVTFEUPCPPUTUSBNHPSERPNNBFUMPODBMIXHFEF CFMJFWF UIBU B QF
BDIJFWFECZEFWFMPQJOHBQBSBMMFM BOE Q
PGPVSBQQSPBDI
5PDPODMVEF XFQSFTFOUFE BQBEFAPSNBUFU
DPOTUSBJOFE UF GSPIRUSBEROBMBEA®YQT 0VS
DBO SPCVTUMZ QSPDFTT UIPVTBOET PG NPEFN
JOHPS NBOVBM JOUFSBDUJPO PQFOJOHUIFE
JOHPG HFPNFUSJD EBUB

"$,/08-&%(&.&/54

noise = 0.05 7.68 8F BSF HSBUFGVM UP +©S©ONJF %VNBT GPS JMM
8FO[FM +BLPC GPSUIF.JUTVCB SFOEFSFS UP _.
GPSE % 4DBOOJOH3FQPTJUPSZGPSUIFEBUBT
GPS QSPWJEJOHDPNQVUJOHDMVTUFS TFSWJL
JO QBSU CZ /4' $"3&&3 BXBSE /4" HSBOU
%.4 /48&3% %JTDPWFSZ (SBOUT 3(1*/
3(1"4 $BOBEB 3FTFBSDI $IBJS BXBSE
'VOE BOEBHJO GSPN"EPCF4ZTUFNT BOE O5P(

noise = 0.1 9.91 3&'&3&/%&4
'SOE©SJD "MBV[FU BOE %BWJE .BSDVN "$MPTFE "EW
"JH OVS BMHPSJUINJT SPCVTU UP HFPNFUSJDBZ(I@#%%%'B%UHJJ\;?C?BQAV%F#fgf TQBUE M Y S R

UIF NJOJNBM EJIFESBM BOHMF PG PVUQVU NFTIRTFSSF"MMJF[ %BWJE $PIFO 4UFJOFS .BSJFRF:WJOFD BOI
BUJPOBM UFUSBIFESBSIENFTB DUK PWT PO (PBRQIID'S. 50

.FTIJOH GPS .VMUJNmsmmmgpmmEoBuvﬁsfg?ﬁgﬁ Qvu(Ppw ~JHIUXFJHIU"QQSPBDIUP 3FQBJSJOH %Jl
R

QPSUT UIF HFOFSBUJPO PG UFUSBIFESBM NShbFRFGE B'S U JQaU GuS P NeN Y MAEIQ@MFBCME FT1 1SPD
FODMPTFETVSGBDFTCZTIJNQMZ TLJQQJOH WFIFOWWIYIPS FOBOT BIFUY P A F PQUIANQVUBUJIPOBM 4DJFO!

4QSJOHFS 7FSMBH /FX :PSL *OD /FX:PSL /: 64" x
BT TIPXOJO "JHVSF .BSDP "RFOF .BSDFM $BNQFO BOE -FJG ,PCCFMU 1PN
"O "QQMJIDBUJPO 1% SSIFON@WU WV SWSUJDMF .BSDI
-* *5"5*0/4 "/% $0/$-6%*/(3&."3,4 QBHFT
BFM#BSUP *EE ﬁBOOJ FSTIPO&MCFS BOE.ZVOH 4
OVSBMHPSJUINIBOEMFTTIBSQ GFBUVSFTJOEBSTVFE@TXJBZDU[bE @/SELQS Eﬁﬂ@(@VOR:BPMEHEOFBMMBH

JOUIFPVUQVU CVUUIFJSWFSUJDFTDPVME BETBYIOMBDEE SBNEQRE IO TQBBER(TPNFUSZ
MJOF UP [JH[BH XJUIJOUIFFOWFMPQF 8I1JM E@Mﬁggggé Bﬁbﬁﬁ%‘#ﬁ"éﬁ?i@%&

HSBQIJDT BQQMJIDBUJPOT FYUFOEJOH PW&BBMHPEFUI | NsUPP ToWZQ PBU JIFY BADU &0SJIDP 1VQQP

QSFTFSWBUJPO PG TIBSQ GFBUVSFTJT BO g@?tﬂﬁfﬁgpggﬁég Eﬁg@j%ﬁ@%@@;ﬁﬁﬁ%ﬁf&%ﬁgﬂ

UIBUXF QMBO UP QVSTVF 8F EFNPOTUSBUF E-i Bk Pors EM HPEl DI EN DBWsEHsBQIIDT "$. 4*((3"1) ¢
VIFEBTBNFTISFQBJSUPPM CVUJUJT IPXPWESZVSPNEUFE UMIPRP TFR TV S

GBDFT FYUFOEJOH JU UP TVQQPSU NFTI S PARSSEMES RIFAENT It BIEIU IS B BYuLE Uruseire

JOHBOEDIBMMFOHJOH QSPCMFN O0VS TIOHMIBWEBFEEREEOIRMEMIAFNFOUBUJIPO

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vCMJDBUJP



T )V : FUBM

JFSWO #STOOJNBOO "OESFBT 'BCSJ (FFSU +BO (JF[FNMB®NMAVIBOBNSO UIABEM YMMIF[ .BSIJFRF :WJOFD BOE +F|
NBOO -VU[,FROFS 4ZMWBJO 1JPO BOE 4UFGBO 4DIJS$B'-NFTI| “BBHOFEO BASJIDEBBNFXPSL GPS EFNMBYBIZTBPBTI HFO
PNFUSZ ,FS®FM6TS BOE 3BFGFSFODFEBOY¥BM&EJUPSJBMPOT PO .BUIFNBUJDBM 4PDXBSF 50.4
#PBSE IUUQ EPD DHBM PSH .BOVBM QBDLBHF#IBWWILKEH+PSOFBOBVMEREBSUIFO OVSTFMJO #41 "TTJTU

+POBUIBO 3 #SPOTPO +PTIVB" -FWJOF BOE3PTT5 8l1JUBAFFAG PIFEEIDHFWEBIWBEOK | *OUFSOBUJPOBM .FTIJOH 3
$POGPSNJOH5FUSBIFESBM .FTIFTPG .VMUJNBUFSJBM'%PNEXJGY XDP | 6PVOEGEHFRUBESZ
*QASPDFFEJOHTPGUIF TU*OUFSOBUJPOBM .FTIJOH#BPAREUBRIMKE M3IOHOBBWBRESPOBUIBO 3JDIBSE 4IFXDIVL

4BO +PTF $" 64" IFESBM .FTI *NQSPWFRFOREJOHT PG UIF Ul *OUFSOBUJ
(SBIBN ' $BSFZPNQVUBUJPOBM HSJET HFOFSBUJPOT BBPYOEUSKBRN P MSBNIBOHUSBG U Fx IUUQ HSBQIJDT DT
HIFF3$ 1SFTT ,MJOHOFS "5.
-POH $IFOBOE +JO DIBP 9V 0OQUJNBME¥SGER PG SPNBIGISYV MPWPMTLZ .FISBW (BMVO BOE :BSPO -JQNBO
QVUBUJPOBM .BUIFNBUJDT 1SPYZGPS (FPNFUSJZ30RIBOTI[BEBODSUIDMF +VMZ
9JBPTIFO $IFO %FXFO 1FOH BOE 4IVNJOH (BP 47. #BOBEBPQPMPHJIDBM 0Q
UJNJ[BUJPO PG 5FUSBISESBEREFOHTTPEOUIF TU *OUFSBBEPPOBRICFVWMPBOE +POBUIBO 3JDIBSE 4IFXDIVL *TF
3PVOEUBCMF *.3 ODUPCFS x4BO +PTF $" 64IFESBM NFTIFT XJUIHPPE E$1568 BN BDWHNOT PO (SBQIJDT
4JV 8JOH $IFOH 5BNBM, %FZ )FSCFSU &EFMTCSVOOFS 7PMBFM$'BDFMMP BOE 41BOH
YVB 5FOH 4IMWRPFBOBBIRGOIF"$. +"$. x #SVOP -OWZ (FPHSBN IRQ BMJDF MPSJB GS JOEFY
4JV 8JOH $IFOH 5BNBM, %FZ BOE+PTIVB"-FWJOF " QIFPBISBNBM%FAMBYOBZ NFTI
JOHBMHPSJUIN GPS B MBSHE PMBEIPG EPGBIIGT WO*G0BS0.BOFBEBMBWJIE $PIFO 4UFJOFS BOE 1JFSSF "MMJF]
.FTIJOH 3PVQBSBOMFS x UJPO 8JUIJO B 5PMFSB.G3BOAMYIBRQI"SUIDMF +VMZ
4JV 8JOH $IFOH 5BNBM , %FZ BOE +P @EMIBWVOMEENFMIHFORSBHFT IUUQT EPJ PSH
BUJBGS 1SFTT .BSFL ,S[ZT[UPG .JT[UBM BOE +BLPC "OESFBT #!SFOU[FO
-1BVM $IFX $POTUSBJOFE EFMBNPBZUUSIBBHVMBUJPPIGBDF USBDLJOH VTJOH UIF EFGP SSBONF(BENIMIDJIBM
-1BVM $IFX (VBSBOUFFE RVBMJUZ NFTI HFO$BBUJPO GPS D¥SWFE TVSGBDFT *O
DFFEJOHTPGUIFOJOUIBOOVBMTZNQPT$VN PO $P N Q YRUBW.JFP\OBEMWHBEPEFSSZSJETPO BOE 3POBME 'FELJX 5FU
%BWJE $PIFO 4UFJOFS &SJD $PMJO %F 7FSEJFSF BOE .BGB 6 R GPENEL MIPOPEARR BMIOM PO $PNQVUFS "OJNBUJIPO
%FMBVOBZ USJBOHVIMPODFFEETOBT®RGOIF FIHIUFFOUIBIOBFBMVIZN@PHBWNIE . .PVOU BOE $BSM 8 (BCMF “QP.
PO$PNQVUBUJPOBMHRPNFUSZ FHZGPSDPOGPSNJOH %FMBVOBES®BS BPOBIMMVRIVSBQBMP G

+FBO $ISJTUPQIF $VIJMMJI"SF 7JODFOU 'SBO§PJT BOE +RBI® OBSD FFSPAMFYZ "QQMUPBIBLROT
% .FTI (FOFSBUJPO PG .VMUJQMF %PNBJOT GPS 5P Q PAWFMZFOQHUIXNBOBUJPO TMSEIWEZ P®@VOTUSVDUVSEESNFTI HFOF
1SPDFFEJOHT PG UIF TU *OUFSOBUJPOBM .FTIJOH 3PVIBEVBBBMBORWIDI GPUREBEBOOF %BOJFMF 1BOP[[P BOE

4BO +PTF $" %4" 4DBMBCMF -PDBMMZ *OKFDIBWTF (BG@QITGHITDMF "QSJM
5BNBM , %FZ BOE +PTIVB " -FWJOF %FM14%$ B %FMBVOBZ NRBIFBTGPS QJFDFXJTF
TNPPUI DPNQMIJPYIFHFEQOHT PG UIF UXFOUZ GPVSUI B®PK®B VMSITRZOINSPRTIIANBO MFEN "UXP MFWFM SIFNMQVUFSFBEFE
QVUBUJPOBM$#HFPNFUSZ "JEFE %FTJHO x

$SBXGPSE %PSBO "UIFOB $IBOH BOE 3PCFSU #SJETP®JN 3VOQDFBUSGBDF%BMBUBBR SFWOFNFOUBMHPSJUIN GPS
QSPWFE "DVUF -BRJDFT BOE"#BWY(SFLBUDBBMLTO4*( HFOFSBWPWS®WBM PG BMHPSJUINT

(3"1)£ "$. /FX:PSL /: 64" "SUJDMF QBHFT )BOBO 4BNFUPVOEBUJPOT PG .VMUJEJNFOTJPOBM BOE .FUS.
2JBOH %V BOE %FTIFOH 8BOH 5FUSBIFESBM NFTI HFPBSBWIBYBNBEPQYBERIFBFWIPHPNQVUFS (SBPISBBBOE (FP

CBTFEPODFOUSPJEBM 7PGPPFORFIFCRM EBYBOBM GPBUBGNBORIDBWCWMRITIFST *OD 4BO 'SBODJTDP $" 64"

PETJO FOHJOFFSJOH x &SJDI4DITOIBSEU ®CFSEJF[FSMFHVOH WB@MESFJFDLT!

.BSIJPO%VOZBDI %BWJE 7BOEFSIBFHIF -P D#BSUIF BOEOBSJP #PUTDIx "EBQUJIJWF
BFNFTIJOH GPS 3FBM 5JNF .F&Y SFIEPBQBDIP O *GIIPSLPNIBQFBS'#FEFSCFSH +JBONJO ;IFOH "MNB[ #BLFOPW BOE""
. OUBEVZBOEO 4PSLJOF &ET F&VSPHSBQIJDT "TIMMPNDIBHTBO E 5%/.68B8%BB0 T (SBQI+VMZ x

%BSSFO &OHXJSEB $POGPSNJOH SFTUSJDUFE % FMPOBBRIENBHMITIFAFOFSBUBR@B\PGEJIJFO B I F 8 PINFQPVGUO QEBQBM . F
XJTF TNPPUIDBRQBMFYFTUUQ BSYJW PSH BCT 'PSVN

%BWJE &QQTUFJO (MPCBM PQUSNUFBSUBM UGN FTSURGEDMFWOZ +BNFT ' OY#SJFO BOE +POBUIBO 3 4IFXDIVL
.FTIJOH3PVOEUBCMF BOE "QQSPYJIJNBUJOH *NQMJDJU 4VSGCBPFAFESPHN T PGZ'I$P C

/PVSB 'BSBK +FBO .BSD _JFSZ BOE 5BNZ #PVCFLFVS 4*((3r'1J NB'GFISBEMTEBQXUJIWFIUUQ HSBQIJDT DT CFSLFNM
7PMVNF 3SFNSPINRY U (SBRQI'VH x 41FO *"*

(FSBME 'BSJO _F.PSHBO ,BVGNBOO 4FSJFTJO $PNQNOBS I(B® QJDDBE BEO LI FFXDN ¥ U SFUSBIFESBM NFTI HFOFSE
SJD.PEFMIMEWED BOE 4V S G B\DFFITFER B $P O4F E (FSBME 'BB001&8BDFFEJOHT PG UIF GPVSUFFOUI BOOVBM TZNQPTJ)
.PSHBO ,BVGNBOO 4BO 'SBODJTDP USZs$. x

-PSJ" 'SFJUBH BOE $BSM OMMJWJFS (PPDI 5F U S B #+FPEOSEBM BNGF BU DNE)SEP WMFNX BPOWLV TJ@®BH $POTUSBJOFE %FMBVOB

TXBQQJOHBOE TONBPPYOBIH + /VNFS .FUIPET &0OHSH 1SPWBCMZ (PPE #PVOEB.SZ 3kDPWFSZ *O
9JGFOH (BP 8FO[FM +BLPC .BSDP 5BSJOJ BOE %BOJFMFOBBOB{RBJDIBSERCRRERUYHYB (PPE -JOFBS 'JOJUF &MFNFOU
EPNJOBOU .FTI (FOFSBUJPO 6TJOH 'JFME HVJEFE 1PMAIFEGBIPOUHHHWBROIBHIPOITPUSBRIZI BIDBMIRWYZSBEBTY $EF

5SBOT (SBQISUJDMF +VMZ QBHFT UIF UI*OUFSOBUJPOBM .FTIJOH3PVOEUBCMF

"CFM (BSHBMMP 1FJS3 9FWJ3PDB +BJNF1FSBJSF BOEPBPHHQ 4BSSBRW(FO BAFMMBNOOBBKMBTFE "BMJUX5FUSBIFES
JUZ .FBTVSFT GPS 7BMJEBUJPO BOE (FOFSBUJPO PG )JBEBOHEF BRIAUSBDEEUSBMFEFTI'FTC *O QBHFT
1SPDFFEJOHT PG UIF OE *OUFSOBUJPOBM .FTIJOH 3)BOHEAJIBONEF MBY T (s IDWPLFS .FTIJOH1JFDFXJTF-JOFBS $

OSMBOEP '- x64" %FMBVOBZ5FUSBIFESBMI$BOBIFST %O
3PCFSU )BJNFT .044 NVMUJQMF PESOUHPHPR@WVIU USHMBEH 27 BONE +POBUIBO 3JDIBSE 41FXDIVL *ODSFNFOUB!
X EBUJOHDPOTUSBJOFE %FMBVOBZ UFUSBIFESBMJ[BUJPOT

)V % . :BO % #PNNFT 1 "MMJF[ BOE# #FOFT &S SPGH# BPONPDNEBOGEOEBUV 8F
1SFTFSWJOH 4VSGBDF 3FNFTIJOH XJUI .X88I& B ¥B" @THMIO* IR WFNEDRVOH -FF BOE :PVOH + ,JN *OUFSBDUJ

UJPOTPO 7JTVBMIJ[BUJPO BOE $BRQVUFS (S8B8QIJDT $PNQVUBUJPO GPS (FOFSBMi1BSEGPOQBRQPESRNDMF
"MFD +BDPCTPO -BEJTMBW ,BWBO BOE OMHB 4PSLJOF )PBMXOH QBHHICVTU *OTJEF
PVUTJEF 4FHNFOUBUJPO 6TJOH (FOF$BBSBREIT8I{OEQBGB OFVFNECNSDPJIT $BNIJMMF 8PSNTFS 1JFSSF"MMJF[ BOE .BU|

"SUJDMF +VMZ QBHFT JOH %FMBVOBZ SFWOFNFOUBOEPQUJNJ[BUJPO GPS QSBDI
"MFD +BDPCTPO %BOJFMF1BOP[[P FUBM MJCJHM "HRORSBHY PEEFC NFSIPOIPOF TSBQ'H Dk /P
MJCSBSZ IRQ MJCJHM HJUIVC JP MJCJHM 2JOHOBO ;IPVBOE "MFD KBDPIGTRPO %BUBTFU PG % 1SJ

8FO[FM +BLPC .BSDP 5BSJOJ %BOJFMF 1BOP[[P BOE OMHE#RILIOBQP SAMWHUIPV TBOSEDN®EFBM 3BFQP@BQP UF R PMNS L
TUBOU '"JFME "MJH®.FESBFOTBDUJPOT PO (SBQIJDT 1SPWFBEJOHT PG 4*(
(3"1) "4x*" /PW

"$.5SBOT (SBQI 7PM /P "SUJDMF 1vVCMJDBUJPO EBUF "VHVTU
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