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Abstract

Traditional digital pen interfaces use menu buttons to change the pen mode, which results in
time and cognitive load spent on the round-trip and potential mode errors from tapping com-
monly small mode selection buttons. I present the Magic Pen, a technique that automatically
switches between digital pen modes (draw, highlight, and underline). The Magic Pen system is
driven by a Long Short-Term Memory (LSTM) model trained on pen data collected from two
studies and uses Transfer Learning (TL) to tune itself towards how a user specifically annotates
iteratively. To build a pen-mode classifier, I have created a dataset from 27 participants carry-
ing out various annotation tasks and collected various features of how a digital pen is held and
used on screen. My approach offers a unique alternative to standard mode-switching methods
by allowing users to mark up a document without explicitly changing the mode. This system
allowed them to stay focused while working. If the Magic Pen chooses the incorrect mode,
mitigation techniques incorporate a flick gesture or a tap on the screen to quickly correct or re-
move a stroke. A web-based annotation environment was developed for Magic Pen that allows
for rapid prototyping of annotation systems with support for user-supplied PDF documents. I
originally evaluated an earlier iteration of Magic Pen in a mixed-methods study with 18 partic-
ipants and further evaluated an improved approach with 5 participants. Magic Pen was found
to be equally preferred overall compared to a more conventional menu approach, and the use

of TL allowed for greater model predictability and stability.

00000000 digital pen interfaces; mode switching; machine learning; transfer learning; error

mitigation
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XBSETEFUFSNJOJOHJG EJHIJUBM TUZMVT JOUFSBDUJPO EJ FST (
EPOFCZ"OOPWFKFUTEEM FSFODF JO UIFJOUFSBDUJPO XBTFYQMPSF
BOOPUBUF B EPDVNFOU XJUIBOBOBMPHVFQFOBOEBEJHJUBM Q
EJSFDUMZ B FDUFEBVTFS TFYQFSJFODF XJUIBTUZMVT TVDI B
UFOEFE UPVDI 4FDPOEBSZ GBDUPST TVDIBT TUSPLF BFTUIFUJI
DVTTFE 8IJMFTJHOJ DBOUGPSVTJOHBOEBEPQUJOH EJHJUBM I
OPUB FDUUIFUSBEJUJPOBM QFO TINJMBSMZ 'VUVSF XPSLTDPC
EFUFSNJOF UIFCPVGEBSIJPTRRPBHFGBDMVEF UIBU GPS QFO JOUFS
F FDUJWFBOEJOUSPEVDFUIFMFBTUDPHOJUJWF MPBE UIFJNQE
SFEVDFE

SPEJTDPWFSJGUIFEJHIJUBMTUZMVT B PSEBOBDBDBOFDUFE JUT
EVDUFE WBSJPVT EJBSZ TUVEJFT FJS OEJOHT EFUFSNJOFE UII
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BOE QFSGPSN TINJMBS BDUJPOT BOOPUBUJOH EJHJUBM QFOT BSF C
WBSZJOHB PSEBODFTBOEBDUJWJUJFT FJSDPODMVTJPOBMTP PVUN
B PSEBODFT XIJDIJTWJUBMUPEFTIJHOJOHQFOJOUFSGBDFTBTUIFZB
UFSBDUJPOTTQFDJ DBMMZBSPVOEEJHJUBM QFODBQBCJIJMJUJFT *O B
UPJOOPWBUFBOE JIJNQSPWF PO JOUFSBDUJPO UFKxI®JRVFT XIJDIBTOV
WJUBM GPS UIFBEPQUJPO PG EJHJUBM QFOT JT MJTUPGB PSEBODFT
PUIFS XPSLT TVDIBT"DUJWPEBOIEGRDBPNBO LF O 483 NBRCHBICB/M

UIFEJHJUBM QFO UP TVQQPSU GFBUVSFT UIBU XFSF OFWFS UIPVHIU P(
FMEPGEJHIJUBMBOOPUBUJPOCZBMMPXJOHGPSHFTUVSFTUPJOUFSE
JOHBEBUBTFUHFPHSBQIJDBMMZCZDJSDMJOHJOEJWJEVBM TUBUFT U
BTVCTFUPGEBUB 4QBDF*OLJOUSPEVDFTTFWFSBMUFDIOJRVFT UP BN
EZOBNJDBMMZ SF PXJOH EPDVNFOUT #PUI XPSLT EFNPOTUSBUF IPX U
EJTDPWFSFEDPVMECFVTFEUPBMMPXGPSHSFBUFSJOUFSPQFSBUJP(

7KHORGH3UREOHPDQG2SWLPL]IDWLRQ (3RUWV IR
L, QWHUIDFHYV

*OTLFUDIJOHTP XBSF TQFDIJBMDPOTJEFSBUNPENYSPCMHNWFO UPXB
<> JTQSPCMFN NBJOMZ TUFNT GSPN UIF GBDU UIBU UIFSFJT BO FYDFT
DPNQBSFEUP XIBUBEJHIJUBM QFODBOTVQQPSUBUBOZHJIJWFONPNFO!
FYBNQMFPGBNPEFFSSPSJOQSBDUJDF XPVMECFBUUFNQUJOHUP ESE
NPEF JT BDUJWF VT NPTU TP XBSF SFMJFT PO TPNF EFMJCFSBUF BD
PWFSMPBEFE GVODUJPOT PG UIFQFO *O UIF QBEPVMVBIMKRPOT TVDI BT (
UBQQJOH KIBEBOEMYDMIDJIU TUSPLBWF CF¥OFMTFE UP TIHOJGZ UP UIF
DPNQVUFSUIBUBVTFS XJTIFTUPDIBOHFUIFQFO TPQFSBUJPO )PXFWF
JTUIBUBVTFS NVTUSFEFNFNCFS UP QFSGPSNUIFNCFGPSF TXJUDIJOH Q
UIFNTFMWFTJOBTJUVBUJPO XIFSFUIFZDSFBUF NFBOJOHMFTT TUSPLF
UIFZEJEXSPPHTICMZDBVTIJOHGSVTUSBUJPO 5P SFDPWFS GSPNUIJT
UIFJSBUUFOUJPO GSPNUIFJSUBTLUP SFNPWFBOZVOOFFEFETUSPLFT
UPSFQFBUUIFNJTUBLFOBDUJPO

"TBSFTVMUWPEG QSRCWMIFINVSSFOU QFO JOUFSGBDFT UIFSFIBWF CFFO
UJNJ[F UIF NPEF TXJUDIJOH CFIBWJPVS JO USBEJUJPOBM EFTLUPQ JO
FYUFSOBM BDUJPOTUP JOWPLF B QBSUJ DB VBRIBEEFOES FYBNQMF % &
POQFOCBSSFM CVUUPOTUIBUVTFSTNVTUQSFTTPSIPMEUP TXJUDI B
VTJOH UIFTF BQQSPBDIFT DBO CF QFSNBOFOU PS MBTU POMZ XIJMF UlI
NPEFTw )PXFWFS BT OPUFE GV UWBVEEQESPBDBANV FST GSPN UXP DSJUJ



#BDLHSPVOE

ESBXCBDLT 1I1ZTJDBMMZQSFTTJOHPSIPMEJOHBCVUUPO XIJMF
BMTP SFRVIJSFTUIFVTFSTUP SFNFNCFSUPQFSGPSNUIJTJOJUJB
XIJDINBZOPU SFEVDFDPHOJUJWF MPBEDPNQBSFE UP NFOVT

"OPUIFS BQQSPBDIUIBUIBTCFFO FYQFSINFOUFE XJUIJT UIF VT
QFOT TVDIBTQSFTTVSFPSUJMU UP-DOBWFH R QHBWFEWEIF © BO ¥ 5 HBI
QFOUJQQSFTTVSF UJMU BOEB[JNVUI 15" BTBNFBOTUP OEDP
NPEBMJUJFTUIBUDPVMECFVTFEUP TXJUDIQFONPEFTJIJNQMJIDJ
VTFPGQSFTTVSFIJTUIFNPTUMIJLFMZUPDBVTFJODPSSFDUNPEF
QSFTTVSF PGUPUBMQSFTTVSFTFOTJUJWJUZSBOHF VTFE XIF
UIFMFBTUMJLFMZEVFUPJUPOMZVTJIOH PGJUTGVMMSBOHF
DBOEJSFDUMZCFOF UBEBQUJWFNPEF TXJUDIJOH XIJDIJTUIF N

-JFUBMYUFOE UIFJEFBPG VTIJOH QSFTTVSFUP TXJUDINPEFT (
NBODF PG QSFTTVSF CBTFE NPEF TXJUDIJOH BMPOH XJUI GPVS |
NBODF FWBMVBUJPO UIFZOPUFEUIBUUIFQSFTTVSF UFDIOJRVF
BT XFMMBTUIFPUIFSUFDIOJRVFT QSBDUJDBMMZ )PXFWFS UIFZ
EJ FSFOUQSFTTVSFSFBEJOHT XIJMFVTJOHUIF NFUIPE % UIF NFL
OJ DBOUMZJIJNQSPWFEJGUIFZBDDPNNPEBUFEUIBUQFSTPOBMIJ]|

OOFBQQSPBDI XIJDIEJWFSHFT GSPNUIFUSBEJUJPOBM JEFB P
NPEFT VTFEUIFQIZTIJDBM DIBSBDUFSJTUJDT PG UIFTUZMVT JUT
< >JOWFTUJHBUFEVTJOHBTUZMVTJOUIFTIBQFPGBS$POUIDSBZP
BTIOHMFIBOE FJEFBXBTCBTFEPOUIFUSBEJUJPOBMVTF PG $
TVSGBDFTTVDIBT OF UJQESBXJOHBOE BUTIBEJOH DBOCFVTF
UIFIJSTZTUFN TFWFSBMEJ FSFOUQFONPEFTXFSFBUUBDIFEUP L
BMMPXFE NPEFT UP CF DIBOHFE RVJDLMZ 8IJMF F FDUJWF UIF
BNPVOUTPGEJ FSFOUTUZMVT NPEFTEVFUPUIFOVNCFSPGTVSC
DPOTJEFSBUJPONVTUCFUBLFO XIFOTFMFDUJOHTVSGBDFTGPS
CPUIPG XIJDIBSFMJIJNJUBUJPOTPGUIJTUFDIOJRVF

OUIFSBQQSPBDIFTUPPQUJINJ[FNPEF TXJUDIJOHJODMVEFEJTC

MJHIU VOEFSMJOF FUD B FSBEFUFDUFE QFO TUSPLF 3FDPSE
UIFQFO XJUI SFTQFDU UP<POSFDS8FEAMOFFMIANREGUFDUJIPO PG TQFD.
EFMINJUFST JGBQFOUFNSANVBDI BT 4D SJC PM3IBOYE) JOMDAR[MBEZ FU BN
BOE .JMMFFMZ PO TVDIHFTUVSFT FH ESBXJOHBQJHUBJM UPDI
UIBUUIFTF NFUIPET BSFBWJBCMFBMUFSOBUJWF UP UIF TUBOEB
CIHVPVT BOEFYQSFTTIJWF )PXFWFS UIFZSFRVJSFVTFST UP NF
XJUISFHVMBS BOOPUBUJPO
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*ODPOUSBTUUPUIFTFQSFWIPVTJOUFSBDUJPOUFDIOJRVFT TFWEFSI
NPEFT XI1JDI XPVME QSFTFSWF UIF VTFS GSPN NBOVBMMZ TXJUDIJOH N
QSPUPDPM EFWFMPQFE<CA/ABFVEBEEH-DE TBPOQ USFF UP EFUFSNJOF XI1JDI
UIFVTFSJOUFOET ESBXPSTFMFDU CBTFE PO TUSPLF TIBQF BOEDPC
BNFOVBTBGBMMCBDL "LFZESBXCBDLPGUIJT NFUIPEJT UIF EFUFDL
BOQPTURISJIBEQSFWFOUTUIFTZTUFN UP TXJUDIQFO NPEFT XIJMF TUSPL
TDSFFO $IBOHJOH NPEFT NPEJ FT UIFBQQFBSBODF PG TUSPLFT B FS
JOQPUFOUJBMMZ WITVBMMZ EJTSVQ WINWRFEYBIFESMF e GPTVOD MBUFS FV
QBSUJDIJQBOUTTUSVHHMFE UP NBLFNFOUBMNPEFMTPGUIFNPEF TXJ
JUTDBQBCIJMJUZBNPOHVTFST

*OUIJTUIFTIT UIFTFXPSLTPOJOGFSSFENPEFTBSFSFWJTJUFEBOE |
JOHGPSBMPXMBUFODZBQQSPBDIGPSNPEFJOGFSFODFCFUXFFOESB
UPOGPSBNCJHVPVT NPEFT HFTUVSF CBTFEGBMMCBDL NFUIPETBSF Q
CFUXFFO NPEFTPS SFNPWF UIFN FOUJSFMZ "OBMZTJT PG B TUSPLF T
TFDPOE XIJMFBTUSPLFJTCFJOHESBXO XIJDIBMMPXT GPS MPX MBUFC
VTFEUP VQEBUFUIFWJTVBM SFQSFTFOUBUJPOPGBTUSPLFTIPSUMZ B






'‘DWD &ROOHFWLRQ

FHPBM PG NZ .BHJD 1FO UFDIOJRVFJT MPX MBUFODZ BVUPNBUJD QFO
EPDVNFOU BOOPUBUJPO 5P HVJEF UIF SFTFBSDI *EFTIJHOFE BOE SBC
IPXQFPQMFIPMEBOEVTFEJHIJUBMTUZMVTFT XIJMFBOOPUBUJOH XJUI
DPMMFDUFE QFO EBUB GFBUVSFT TVDIBT QSFTTVSFBOE UJMU XJUI U
WBSJBODFTBDSPTT NPEFT

6WXG\'HVLJIQ

5P SFEVDF UIF BNPVOU PG WBSJBODF CFUXFFO TUSPLFT NBEF CFUXFF
UP SJHIU IBOEFE QBSUJDJQBOUT POMZ JT SFTUSJDUJPO XBT EPOF CF
GPVOEJOQIJMPUUFTUJOHUPNBLFTUSPLFTJOBEJ FSFOUNBOOFS UIB!
UFouJBMMZ B FDUJOH UIF MIJLFMJIPPEPG EJTDPWFSJOHDPOTJTUFOU
OJOFQBSUJDJQBOUT XFSFSFDSVJUFEGSPNUIFOOUBSJP 5FDIG6OJWFS
JOBOUT XFSFTDSFFOFEUPTFFJGUIFZIBEFYQFSJFODF XJUIEJHJUBM
PGUIFJSIBOEBOE XSJTU &BDITFTTJPOMBTUFE POFIPVS BOE QBSUJD
GPSUIFJS UJNF

FTUVEZ XBT DPOEVDUFE JO B QSJWBUF RVJFU MBCPSBUPSZ XJUI PC
".JDSPTP 4VSGBDF1SP BOEB4VSGBDF 1FO XFSFQSPWJEFEUPUIF QB
UBTLT &YUFSOBM WBSJBCMFT MIJLFEFWJDFPSJFOUBUJPO XFSFDPO
UBQJOHJUUPUIFUBCMF DNBXBZGSPNUIFQBSUJDJQBOU "MUIPVHIL
PGFYUFSOBMWBMJEJUZ BOEQBSUJDJQBOUTOPUFEUIBUUIFPSJFOUB
DPMMFDUDPOTJTUFOUQFO QSFTTVSFBOEPSJFOUBUJPOEBUBGPSBQ
DPVMECFHFOFSBMJ[FEUP WBSZJOHUBCMFUTFUVQTJGTIPXOUPCFQ

1BSUJDJQBOUT XFSFJOTUSVDUFEUPQFSGPSNBTFSIJFTPGUFYU BOC
DPMMFDUJPOJOUFSGBDF XIJDISFDPSEFEFBDIJOUFSBDUJPOUIFVTEFS
1BSUJDJQBOUT XFSFFOTVSFEUIBUUIFZXFSFOPUHPJOHUPCFBTTFTT
PSUIFMFHIJCIMJUZPGUIFJSIBOEXSJUJOH



%»BUB $PMMFDUJPO

'JHVSF &YBNQMFUBTLTDSFFOT GSPNUIF4USPLF3FDPSEFS 4ZTUF

%J FSFOUQFONPEFTXFSFVTFEUPDPOEVDU GPVSBOOPUBUJP
TBHFTPG o DIBSBDUFST &BDIPGUIFUBTLT XBT SFQFBUFE UXJ
UPUBM PG UBTLTY USJBMT UBTLJOTUBODFT

5 )JJHIMIHBFEOIBTTBHFT GSPN B EPDVNFOU

5 6OEFSMIPEQBTTBHFT GSPNBEPDVNFOUCZESBXJOHBMJOF B!

5 4USJLICHPQYBTTBHFT GSPNB EPDVNFOUCZESBXJOHB MJOF U]

ol

%SBXDOSBDMFT CSBDLFUT TUBST BTUFSJTLT B®RRIBOFHPXT OF
PVOMVFUFYUQBTTBHARTU'JHVSF

&BDIUBTL TDSFFO BMMPXFE UIF QBSUJDJQBOU UP TXJUDI CFU?
BMPOH XJUIBOVOEPCVUUPOBMTP QSPWJEFE FBOOPUBUJPO UE
UIFUZQJDBMBDUJPOTVOEFSUBLFOJOEPDVNFOUBOOPUBUJPOT
TUVEZJOH PSHSBEJOHQBQFST FESBXNPEF BMTPSFGFSSFEU
FSBUJPO BTUIFSFBSFBWBSJFUZPGEJ FSFOUNBSLTPOFDBO X¢
DPWFSUIFTFQPTTIJCIMJIJUJFT CZIBWJOHQBSUJDJQBOUTESBX W
UIFESBXJOHUBTLDPOTJTUFEPGTFWFSBM TVC UBTLT F H ESB>
BOEBSSPXT XIJDIXFSFQSFTFOUFEPOTFRVFOUJBMTDSFFOT

"FSUIFBOOPUBUJPOUBTLT XFSFDPNQMFUFE QBSUJDJQBOUT
UBTLTJO XIJDIUIFZDPVMEVTFBMMUIFQFOUPPMT JOBOZPSEF
FPOMZ SFTUSJDUJPO XBTUPVTF FBDIPGUIFQSPWJEFE QFO NP|
VTFEUPDPMMFDUEBUB PO BOOPUBUJPO CFIBWJIJPVSJOBNPSF O
MFBWJOHPGUIFEJ FSFOUQFONPEFTDPVMECFJOWFTUJHBUFE



4UVEZ 3FTVMUT

6WURNH 5HFRUGHU 6\VWHP

SPBMMPX GPS UIF DBQUVSJOH PG JOGPSNBUJPOBCPVU IPXQFPQMF IP
UIFZBOOPUBUF BTZTUFNUP MPHTUZMVTJOGPSNBUJPO XBT OFFEFE
FNQIBTJT XBTQMBDFEPOUISFFLFZGBDUPST

-PX -BUFO®DRS FOHBHFENFOU XJUIQFO JOUFSGBDFTJWMEJSFDUMZ UJFE Ul
QFSGPSNBODF

'"MFYJCAMQQPSUBWBSJFUZPGEJ FSFOUQFOUPPMTBOEIBSEXBSF QME
NFOU

%»BUB $PNQMFRMUMFDUIJOHBMMJOGPSNBUJPO SFHBSEJOHUIFQFOBOE
DMBTTJ DBUJPO

"FS BDPNQBSJTPO PG UIFTF SFRVISFNFOUT UP BWBIJMBCMF QMBUGH
CBTFEJOUFSGBDFCFDBVTFPGJUTFBTFPGVTFBOEBDDFTTJCIMJUZ
UIFMBCPOBTJOHMFEFWIJDFUZQF *FOWJTJPOFEUIJTUPPMBTUIFCBT
NPEF TXJUDIJOH VT BOBEEFECFOF UPGUIJT EFDJTJPO XBT UIBU UI
BOZQFO FOBCMFEEFWJIDF XIJDIGPMMPXFEUIF8 QFOTUBOEBSE

6TJOH UIF +BWBTDSJQ W PRUIGURS RMFFORD'ASEFS TZTUFN DPMMFDUFE
BCMFGFBUVSFT SFMBUJOHUP UIFEJHIJUBMDFMO@KQER IF TUBUVT PG Ul
2H2K2Mib mM/2  b4RNR"1* TVQQPSUFE GFBUVSFT XFSFESPQQFE CFDB
TUSPLFIJOWRDBB-QUQF2H iBM; PPVHOHU TVQQPSUFECZUIFIBSEXBSF CSP
DPNCJOBUJPOBBFEFFFGFBUVSFT XFSFDPMMFDUFEBUBOJSSFHVMBS ¢
FWFOU CBTFE OBUVSF XJUINPTUTBNQMFTCFJOHBSPVOE o0 NTBQB:

6WXG\5HVXOWYV

1SIPSUPTFMFDUJPO TUVEZ QBSUJDJQBOUT XFSFBTLFEBCPVU UIFJS
EFUFSNJOFJGFYQFSUJTFIBEBTIJHOJ DBOUF FDUPOQFSGPSNBODF 4
PSNPSFZFBSTPGFYQFSJFODF XJUIQFO CBTFEEFWJDFT SBOHJOH GSF
NPSFBEWBODFETZTUFNTTVDIBTUIF"QQMFJ1IBE 1SP FQBSUJDJQBOL
UPB FDUIPXUIFZJOUFSBDUFE XJUIUIFTVSGBDFEFWJDF PTFXJUIMF
MPOHFSUPHFUBEKVTUFEUPVTJOHBEJHIJUBMQFO XIFSFBTUIF NPSF
UIFNTFMWFTUPUIFTFUVQ RVJDLMZ

"FSDPMMFDUJOH EBUB GPS TUSPLFT VTJOH UIF TUSPLF SFDPSE
DIBSBDUFSJTUJDT XFSFUIFO FBDIJOEJWJEVBMMZ DPOTJEFSFE GPS J
TJ DBUJPO BQQSPBDIFT #FGPSF BOZJOGPSNBUJPO DPVME CF JOUFSC



%»BUB $PMMFDUJPO

'JHVSF FEJ FSFODFJO QSFTTVSFCFUXFFOUIFQFO NPEFT "MM NPE
UIFCFHJOOJOH XJUIWBSJBODFTUPXBSETUIFFOE

QSPDFTTUIFSBXEBUBJOUPDPMMFDUJPOTPGUFOTUSPLFTBNQNM
BOEQSFQBSFUIFEBUB JOEJWJEVBM TUSPLFT XFSFHSPVQFE UP
GFBUVSFTUSBOTGPSNFE JOUP EFMUBT TVDIBT9 BOE: QPTJUJF
NPEFM GSPNMFBSOJOHBCTPMVUFBTQFDUTPGUIFUBCMFU VTFE

$IBSUTWJITVBMJI[JOHUIFEJTUSJCVUJPOPG TUSPLFT XJUIJO FB
VTIOHUIF 1Z1MPU MXCSBFSZUGPERZXASF QMPUUFE XJUI FBDI MJC
HSBQIEFQJDUJOHBOJOEJWJEVBM TUSPLF BOEJUTDPMPVS SFQ
BTTPDJBUFE XJUlI 6QPO DSFBUJOH UIF QMPUT JU XBT EJTDPWEF
CFUXFFOQFONPEFT *OQBSUJDVMBS JUXBTTFFO UIBU GPS UIF
ESBXJOHNPEF UIFSFXFSFQBUUFSOTBTUPIPXBVTFS XPVME TU
TVSFBOEUJMU 4PNFPGUIF USFOEBDBNPEF TCHFHANOMBPXBEHBIWPHBS
USFOEJOUFSNTPGQSFTTVSF CVUUIFIJHIMIHIUNPEF GPS FYBI
DPOUJOVFE JTCFIBWJPVSIJTFYQMBJOBCMF TJODF UISPVHIPV
UIBUQBSUJDJQBOUTTFFNFEUP JOUFSBDU TINJMBSMZ CFUXFFO



4UVEZ 3FTVMUT

'JHVSF IFOQSFTTVSFGPSUIFESBXBOEIJHIMIJHIUNPEFT FQSFTTVSF QS
IBTBTFUGPSNUPJU XIJMFESBXJTNVDINPSFJODPOTJTUFOU

UJPOCFUXFFOUIFUXPNPEFTQSPWFEUPCFQSPCMFNBUJD BTJUCFDI
UXP QBUUFSOTCBTFEPOQFOEBUBBMPOF

*OBEEJUJPOUPCFJOHEJTUJODU BMMPGUIFTUSPLFT XFSFPCTFSWI
ESBX "OFYBNQMFPGUIJTEJ FSFOUJEUUR G PBBESEA TUHFFQR® QISFITINV SF
XIFSFUIFIJHIMIHIUQFO NPEFBQQFBSTUPCFDPOTJTUFOUBOE SFQFU
NPEFEPFTOPUTFFNUPFYIJCJUUIJTTUFBEZTUSVDUVSF

0SJHJOBMMZ * IZQPUIFTJ[FE UIBU UIF BOOPUBUJPO MFBEJOH VQ UP E
JO EFUFSNJOJOH B SFTVMUBOU QFO NPEF JT MFBE VQ XBT UIPVHIU U
UIFIZQPUIFTJTUIBUBVTFS XPVMEIPMEB EJHIJUBM QFO BCPWF UIF TDS
NPEF QSPWJEJOH FOPVHIJOGPSNBUJPO UPBMMPX GPS UIF QFO NPEF
QFOFWFOUPVDIFTUIFTDSFFO .ZIZQPUIFTIJTDBNFGSPNUIFPSJHJOBN
IPME BOEVTFBQFOJOEJ FSFOU XBZT EFQFOEJOH PO XIBU QFO NPEF L
QSBDUJDF IPXFWFS UIFIPWFSJOGPSNBUJPOTFFNFEUP JOUSPEVDFE
UPJUT SFNPWBM



%»BUB $PMMFDUJPO

J)LQDO )HDWXUH 6HW

*OBEEJUJPO UP DIBSUJOH UIF EBUB * SBO B TFSJFT PG FYQFSJN
-FBSOJOH .- TZTUFNTQFSGPSNBODFJIJNQSPWFE XJUIFBDIBUU ES
GFBUVSFTFMFDUJPO FFYQFSJIJNFOUTXFSFSVOCZCVJIJMEJOH VC
GFBUVSFTVOUJMJUXBTEFUFSNJOFEUIBUBGFBUVSFTFUUIBUQ
JOHUIFTFFYQFSIJNFOUT UIFDMBTTJ DBUJPO PG TUSJLF PVU WF.
4USJLF PVUXBT FWFOUVBMMZ ESPQQFE GSPNBMM GVSUIFS XPSL
*TFMFDUFEBTVCTFUPGUIFDPMMFDUFEBOEEFSJWFE GFBUVS]
NZBOBMZTJT BOEJOGPSNBUJWFUP NZ .-DMBTTJ FSJO FYQFSJN
OPUBMMGFBUVSFTTIPVMECFJODMVEFEBTUIFZJOUSPEVDFEB
JOUSPEVDF MBUFODZJO UIF SFBM UINFBQQMJDBUJPO PG .BHJD
TFMFDUFEBTJOQVUTUPUIF.-NPEFMEFTDSJCFEJOUIFOFYU TFI

.2Hi s- .2Hi WBOHFJOUIFQFO TQPTJUJPOPO TDSFFOTJODF UI
S2M S 2bbSRTTVSFBQQMIJFEUPUIFTDSFFOVTIJOHUIFQFO 7BM
.2Hi S2M S 2bHMBQHFJO QSFTTVSFBQQMJFEUPUIFTDSFFO TJOL

L2 "2bi P#D2#J®OBSZWBMVF FODPEJOH XIFUIFSUIFQFOJT EJSFDI
NPNFOU

*HQb2bi "QIiJKKUBODF UP UIFDMPTFTU CPUUPNPGBUFYUPCKEFD
BSFFODPEFEBTBQFSDFOUPGUIFPCKFDU TIFJHIU

F*HQDb2bi "QBQWKSIJCVUF XBTB GFBUVSFUIBU XBT DBMDVMBUFI
MFDUJPO FGFBUVSFXBTOFFEFEBTUIF.-NPEFMUFOEFEUP DME
EJTUBODFBCPWFUFYUBTVOEFSMJOF FBUUSJCVUF XBT DBMD\
CPUUPNPGUIFDMPTFTUUFYUPCKFDU TCPVOEJOHCPY BOE UIFC
PGUIFUFYUPCKFDUUPBDDPVOUGPSEJ FSFOUGPOUTIJ[FTJO UI

'SPN XIBU * MFBSOFE JOUIF OEJOHT BOE XJUIUIF EBUB DPMMF
USBOTGPSNTUIFSBXQFOJOGPSNBUJPOJOUPBTUSPLF NPEFTVEF
UFS JTTVHHFTUJPODBOUIFOCFVTFEUPDIBOHF QFO NPEFT BV



ORGHG6ZLWFKLQJORGHO

'JHVSF FOFUXPSLVTFEJOUIF.-UFDIOJRVFUPEFUFSNJOFQFO NP

"FSDPMMFDUJOHEBUBBOEEFUFSNJOJOH XIJDI GFBUVSFT XFSFNPT
UFDUJOHQFONPEFT BTUSPLFSFDPHOJUJPO NPEFM XBTDSFBUFE UP J
NBJO HPBM PG UIJT TZTUFN DBMMFE .BHJD 1FO XBT UP CF BCMF UP T)
NPEFTF FDUJWFMZ XIJMFBWPJEJOH JODPSSFDU QFO NPEF TXJUDIFT
NPEFTXJUDIJOHTZTUFN XBTJOTJTUFEVQPOCFDBVTFPGUIFUBSHFUL
UIWFMPBE SFRVJSFE XJUIJOBOOPUBUJPOJOUFSGBDFT *GUIF.BHJD 1
TVHHFTUJPO UIFDPHOJUJWF MPBE OFFEFEUP DPSSFDU JU XPVME MJL
TUBOEBSE UPPMCBS % EFGFBUJOHUIFTZTUFN TJOUFOEFE QVSQPTF

"OPUIFS PCKFDUJWF GPS .BHJD 1FO XBTUP QSPEVDFBTZTUFNUIBU DT
JOUFOEFEQFONPEFBUBOZQPJOUUISPVHIPVUBTUSPLF XJUINJOJNBI
XJUIUIFDPODFQU PG BVUPNBUJD QFO NPEF TXJUDIJOH XBTIPX UIF VTEF
NPEFDIBOHJOH QPUFOUJBMMZBTUIFZESBX BOEIPXJUDPVMEB FDU
DFSOXBTGPVOEEVSIOHBOPCTFSWBUJPOPGUIFQIJMPUSVOTPGUIFQ
QBSUJDJQBOUT XFSFGPVOE UPJNNFEJBUFMZ SFNPWF B TUSPLF JG JU
JGUIFNPEF XPVME FWFOUVBMMZ CFDPSSFDUFE *G .BHJD 1FOUFNQPS
NPEF XPVMEUIFVTFSJINNFEJBUFMZTUPQBOOPUBUJOH BOEIPXEPFT
DPHOJUJWF MPBE 5P BWPJEUIJT QPTTIJCIMJIJUZ BO FNQIBTJT XBT QMB
UIBUUIFi OBMwQFO NPEFDPVMECF MPDLFEJOBTFBSMZBTQPTTJCMF



.PEF 4XJUDIJOH .PEFM

ODFKLQH /HDUQLQJ $SSURDFK

*OPSEFSUPTXJUDICFUXFFOEJ FSFOUQFONPEFTXIJMFBMTP LF|
UJPOFEHPBMT BOFVSBMOFUXPSLXBTDIPTFO -POH4IPSU 5FSN
JOJUJBMMZ DIPTFO BT B QSPNJTJOH NPEFM GPS SFDPHOJUJPO "
JOVTF XBTUFNQPSBM BOE -45.TIBWFIBEFYUFOTIJWFVTFJOUIF
DBUJPOTTVDIBTTUSPLFBOE PQBEBIOSBORAHOSUNDRIOXBT DSFBUFE
VTJOHUIF5FOTPS PX 5" GSBNFXP&8: GEMNIRECGMSBBEIFUNPERNNSF D
CFTFFOJO 'JHVSF

*OHFOFSBM -45. MBZFSTDBO MFBSONPSFF FDUJWFMZ XJUIB1J
UIJTDPNFTBUUIFDPTU PG SFRVJSJOHBTJHOJ DBOUBNPVOU PG
DPOTJEFSBUJPO XBTUBLFO XJUIUIFOVNCFSPGIJEEFOVOJUTGP
UP MFBSODPNQMFY USFOET XIJMFOPUPWFS UUJOH "TFSJFTPG
EFUFSNJOF UIF PQUJNBM OVNCFS PG IJEEFO VOJUT BOE IZQFS Q
UIF NPEFM XJUI EJ FSFOUDPNCJOBUJPOT PG WBSZJOH WBMVFT
-45. MBZFS XJUI UFO IJEEFO VOJUT XBT UIF CFTUDPNQSPNJTF JC
PWFS UUJOH $MBTT XFJHIUT XFSFBMTP DBMDVMBUFE UP FWFO
UIBUUIF NPEFM EJE OPUPWFS UUPXBSET POFDMBTTJ DBUJPO T
UIFO GPMMPXFE #PUI #BUDI /PSNBMJ[BUJPO BOE (BVTTJBO /PJT
VTFE CFUXFFO UIF UXP %FOTF MBZFST UP BWPJE PWFS UUJOH B
JO QSFWJIPVY SBETFBISTHMF %SPQPVU MBZFS XBT BMTP VTFE GPMN
MBZFS GPS TINJMBS SFBTPOT 7BMVFTPG BOE XFSFGPVOE
QBSBNFUFSTGPS CPUIUIF(BVTTJBO /PJTFBOE %SPQPVU MBZFST

SFHBSEJOHUSBJOJOHUIF-45. CBTFENPEFM BCBUDITJ[FPG

BSFVTFE JTNBYIJNVNBMMPXFEUIFNPEFMUIFHSFBUFTUPQQPS
5SSBEJUJPOBMMZ XJUIBMBSHFOVNCFSPGFQPDIT JUJTDPNNPO
JT QIFOPNFOPOJT QBSUMZ EVF UP UIF NPEFM HBJOJOH HSFBUF
USBJOJOH EBUBTFU BHAWd] MTFBESMBIM MEBBILVTFE UP BWPJE UIJT PW
UUJOH XIJMF TUIJMM BMMPXJGIMaiQFT CBWWMEFMUUPBGIBEX NFBTVSJOH
NPEFM TQFSGPSNBODFPOJUTUSBJOJOH EBUB SFHBSEJOH UIF W
UIFWBMJEBUJPO EBUBTFU TUPQT JNIQ BBPPWIHRHBUBSB8BWISHTIB MET
"QBUJFODFWBMVFPG XBTGPVOEUPCFPQUJIJNBMJOUFTUJOH



3VMF CBTFE "QQSPBDI

'JHVSF FEFDJTJPOUSFFVTFEJOUIF3VMF CBTFEUFDIOJRVFUPEFUF

5XOH EDVHG $SSURDFK

OODFUIFJOJUIJBM BQQSPBDIUP TXJUDIQFO NPEFT XBTDSFBUFE JU CF
OBUJWF NFUIPE XIJDIEJEO USFMZ PO .- XBTGFBTJCMF FGFBUVSFTU
NPEFM XFSFPCTFSWFE BOE JU XBTGPVOEUIBUUIFQFO TQPTJUJPO P
PUIFSFMFNFOUT XBTTUSPOHMZ QSFEJDUJWFPGUIFQFONPEF 'PSFYB
UPCFDPNFIJHIMJHIU XIFOUIFQFOJT OFBS UIF<NINEHEBFFBPG B XPSE 4BV
TINJMBS EJTDPWFSZJODSFBUJOH UIFi*OGFSSFE .PEFWTZTUFN % TJH
NJHIUCFBTUSPOH FOPVHIGFBUVSFUPTXJUDINPEFT 8JUIUIJTPCTFS
BOBMUFSOBUJWF3VMF CBTFEBQQSPBDIBOEDPNQBSFEJUUPUIF.-NF!
UIFESBXCBDLPG OPUMFWFSBHJOH GFBUVSFT TVDIBT QSFTTVSF PS NI
TUSPLFUZQFTUIBUPDDVSPVUTIJEFUIFQSFTFODFPGUFYUFMFNFOUT

"NBOVBMMZDPOTUSVDUFEEFDJTJPOUSFFXBTDIPTFOUPJIJNQMENFOL
TZTUFN FEFDJTJPOUSFFSVMFT XFSFTFMFDUFECZ JOWFTUJHBUJOH
BOEPCTFSWJOH UIF SFMBUJWF MPDBUJPO PWFS UFYU GPS FBDI QFO N
QSINBSZSVMF XBTEFDJEFEUPCF XIFUIFSUIF QFOFXET PWFS UFYU PS (
DIJTIJPOTUFNT GSPNUIFGBDU UIBUUIFIJHIMJHIUBOE VOEFSMJOF NPE
BMMPGUIFUJNF 81JDI XIJMFP FOUIFDBTFJO SFBM BOOPUBUJPO XP
EBUBDPMMFDUJPO JO XIJDIIJHIMJHIU BOE VOEFSMJOF TUSPLFT XFSF
FMENFOUT

'PMMPXJOHUIFJOJUJBM SVMF UIFSFTUPGUIFDIFDLTTFFIPX GBS UIF
FEJTUBODFJT UBHRDBISIPNQEGEBBUVSF XIJDIJT B QFSDFOUBHF DBMDV M
EJWJEJOHUIF MFOHUI UP UIFCPUUPNPGUIFDMPTFTUUFYU PCKFDU T
NJEEMF PG UIF EYUypMdERNBEONXMBT DIPTFO UP USJHHFS UIF IJHIMJHIU NP
X1IJMF UIF UPY¢po€®4APY HjMpos>=75 XBTTFUUPBDUJWBUFUIFVOEFSMJOF N
FUPQBOE CPUUPN XFSFDIPTFOUPUSJHHFS UIFVOEFSMJOF NPEF BT .
JOBOUTUP NBLFVOEFSMJOF TUSPLFT XIJDIUFDIOJDBMMZ XFSF PO UPC
MJOF CFMPX



.PEF 4XJUDIJOH .PEFM

4INIJMBS UP IPX UIF .-BQQSPBDIVTFT TUSPLF XJOEPXT UP DMBT

BMTPVTFT XJOEPXTUPNBLFBDMBTTJ DBUJPO )PXFWFS UIFEJ I
UIBUUIF MBUUFS POMZVTFTUIFNPTUSFDFOUFOUSZJOUIF XJOE
BMMPGUIFFOUSJFT FVTFPGXJOEPXTGPSDMBTTJ DBUJPO XBT
UIFTBNFGPSCPUINFUIPET BMMPXJOHGPSDPNQBSJTPOT CFUXF
JOQVUEBUB

ORGH 6ZLWFKLQJ3LSHOLQH

'JHVSF "WIJTVBM SFQSFTFOUBUJPOPGUIFNPEFTFMFDUJPO UFDIOJI
UIFSFNVTUCF DMBTTJ DBUJPOT PG UIFTBNFNPEFJOB SPX

"TBOJOQVU UIFNPEFM S F DIRUS\PRT XIRBEEPBRNQ@QMPX BPOUBJOJOH
TBNQMFT NTBQBSU FNPEFMSFRVIJSFTUIFVTFPGBMM FOUS
TIGZBTUSPLFF FDUJWFMZ JT XJOEPXTJ[FFRVBUFTUPUIFNPE
TBNQMFT9 NT TBNQMF NT UPNBLFBEFUFDUJPO FXJOEPX
QJSJDBMMZ UPQSPWIJEFBHPPECBMBODFCFUXFFOBDDVSBDZB
NPEFBTJUJTESBXO *OBEEJUJPO MBSHFS XJOEPX TJ[FTDBO JC
DMBTTJ DBUJPO XIJDITIPVMECFBWPJEFE GPS QFSGPSNBODF S|
PO TUSPLFT XJOEPXT FRVBMMZ EJWJEFE BNPOHTU NP
MFDUFE BU SBOEPN

FQIQFMJOFUP SFDFIJIWFBDMBTTJ DBUJPO GSPNUIFNPEFMJT
EBUB GSPNUIF EJHJUBM QFO QFO TBNQMF UIFOUSBOTGPSN Ul
TBNQMF JOUP B TUSPLF FWFOU CZDBMDVMBUJOH TQFDJ D TUSPL
UBJOFE JUJTTUPSFEJOBCVDLFU TUSPLF XJOEPX VOUJMUIFSF
XJOEPXJTTFOUUPUIFNPEFMBOEJTTVCTFRVFOUMZDMBTTJ FE

SPUSBOTGPSNBTFSIJFTPGTUSPLFDMBTTJ DBUJPOTJOUPBTOQF
OJRVFJT SFRVJSFE 4QFDJBM DPOTJEFSBUJPO XBT HIWFO XIFO
BTJUOFFEFEUPDIBOHF QFO NPEFTPOMZ XIFOOFDFTTBSZ JTD
XBTIZQPUIFTJ[FEUIBU SBQJE TVEEFODIBOHFTUPBTUSPLF T NF
JOEVDFBIJHIFS DPHOJUJWF MPBE *O BEEJUJPO UIF UFDIOJRVF
NPEFTTPUIBUUIFTUSPLF TNPEF XBTOPUDIBOHFEJODPSSFDUM



IFSGPSNBODF

'JHVSF $POGVTIPO NBUSJDFTPG CPUIUFDIOJRVFT .-HFOFSBMMZ QFSGP
DPVOUFSQBSU BTTIPXOCZUIFIJHIFSWBMVFTBMPOHUIFEJBHPOBM

8JUIUIFTFDPOTUSBJOUTJONJOE BDMBTTJ DBUJPO SBOLJOHUFDIO

B OBMTUSPLF TNPEFCBTFEPOUIFNPTU SFDF@BWBMMBIUINDBUJPOT T
FOTVSFTUIBUUIFQBTU9DMBTTJ DBUJPOT NVTU IBWF UIF TBNFDMBTT
IBWFJUT NPEF DIBOHFE *G UIFSFBSFMFTTUIBO 9DMBTTJ DBUJPOT E
VTFE "WBMVFPG XBTDIPTFOGPS9JOUFTUJOHBTJUBMMPXFE GPS U|
GBIJSMZFBTIMZ XIJMFOPUBMMPXJOHJOTUBCJMJUZ

SHUIRUPDQFH

5P EFUFSNJOF XIFUIFS UIF NPEF DIBOHJOH NPEFM XBT F FDUJWF BU M
FOU TUSPLJOH CFIBWJPVST BOE XIJDIUFDIOJRVF XBT NPSF QFSGPSN|
BMSFBEZ DPMMFDUFE EBUB XBT DPOEVDUFE JT QFSGPSNBODF XBT B

$SPTT7BMJEBUJPO XJUI GPMET SFTVMUJOHJOBTFUPG TUSPLF
QBSUJDJQBOUT " FSUSBJOJOH PO TUSPLF XJOEPXT UIF.-OFUX
BDDVSBDZ PG XIIMF UIF 3VMF CBTFE BQQSPBDI BDIJFWFE B

FNBJOCFOF UUPVTJOH B OFVSBM OFUXPSL GPS UIF TUSPLF DMBTT
EFUFDUIJHIMJHIUBOE ESBX TUSPLFTDPOTIJTUFOUMZ EFTQJUF TPNF \
TIHOJ DBOUMZ GSPNUIFNPEF TIJOUFOEFEMPOQBROPEGEYPHBHBNQMF JC
TPNFTUSPLFTDBOCFTFFOBUUIFUPQPGUIFXPSET JOUIFDBTFPGIJH
UFYU FNPEFMJTTFFNJOHMZBCMFUPMFWFSBHFUIFBEEJUJPOBM GF!
CFBCMFUPDMBTTJGZUIFTF VOBNCIJHVPVT TUSPLFT *OUFSNTPGFSS
UIF NPTU FSSPST XJUIJO UIF VOEFSMJOF NPEF BT UIF OFUXPSL DPNNTF
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