
Yon$Visell,$PhD$
Electrical)and)Computer)Engineering)Department)
Drexel)University)
Philadelphia,)PA)
yonvisell@gmail.com)
www.re?touch?lab.com)
(267))800)8960

Philadelphia,)8)November)2014)
To)the)Search)CommiNee,)

Please)find)enclosed)my)applicaPon)for)a)Faculty)PosiPon)in)Mechanical)Engineering.) )I)believe,)and)hope)that)the)
commiNee) agrees,) that) I) am) an) excellent) candidate) for) this) posiPon,) based) on) the) quality) of)my) research,)my)
professional) and) teaching) credenPals,) and) the) relevance) of) my) research) to) trends) in) roboPcs,) hapPcs,) cyber?
physical)systems,)sensors,)neuroscience,)and)medicine.)

My)research)interests)are)diverse,)and)are)moPvated)by)a)vision)of)future)engineering)systems)that)can)uPlize)the)
sense) of) touch,) through) sensing) and) feedback,) in) ways) that) are) as) diverse,) natural,) and) effecPve) as) biological)
systems) are) able) to) do.) ) I) find) that) this) is) a) focus) that) excites) interest) from) both) graduate) and) undergraduate)
students,)and)have)been)fortunate)to)be)able)to)involve)students)of)all)levels)in)my)research.)

The) laboratory) I)direct)at)Drexel)University) is) funded) through)awards) from)the)NaPonal)Science)FoundaPon)and)
Independence)Blue)Cross.))Through)it,)I)undertake)research)on)the)science)and)engineering)of)human)human)hapPc)
(touch))percepPon)and)interacPon,)on)new)electronic)technologies)for)capturing)and)reproducing)touch)sensaPons,)
and)on)applicaPons)of)the)resulPng)advancements)in)roboPcs,)virtual)reality,)and)medicine.)))

I) have)been)a) faculty)member)at)Drexel)University) since) the) start)of)2013.) ) I) completed)a)PhD) in)Electrical) and)
Computer) Engineering) at)McGill) University) in) 2011,) and) a) postdoctoral) fellowship) at) the) InsPtute) of) Intelligent)
Systems)and)RoboPcs)at)UPMC)Université)Paris)6)in)2012.))My)Bachelor)and)Master’s)degrees)are)in)Physics.))I)have)
published) more) than) 45) peer?reviewed) scienPfic) arPcles) or) chapters,) have) edited) two) recent) volumes) on)
interacPon) in) virtual) reality,) and) have) received) several) awards) for) my) research.) ) I) have) a) strong) record) of)
professional) leadership,) and) have) been) successful) at) fundraising) (including) more) than) $2M) in) past) research)
funding).) I) have) been) fortunate) to) teach) both) graduate) and) undergraduate) courses) in) engineering) at) several)
universiPes,)and)have)enjoyed)supervising)a)wide)range)of)interdisciplinary)student)projects)in)engineering.)))

Included)with)this)applicaPon)are)the)following)documents:)

)•)This)cover)leNer)
)•)Curriculum)vitae,)including)list)of)publicaPons)
)•)Statement)of)research)highlights)and)plans)
)•)Statement)of)teaching)philosophy)
)•)Contact)informaPon)for)references)

Please)feel)free)to)contact)me)for)any)further)informaPon.))Thank)you)for)your)consideraPon.)

Sincerely,)
Yon)Visell
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Yon$Visell!
Haptics,!Robotics,!Sensors,!Virtual!Reality!

Drexel!University,!Philadelphia!PA!
www.re?touch?lab.com!
yon.visell@gmail.com!
(267)!800!8960!

!
!
Education!
!

2011!

!
!
!
PhD$Electrical!and!Computer!Engineering!

!
!
!
McGill!University!

1999! MA$Physics! The!University!of!Texas,!Austin!
1995! BA$Physics! Wesleyan!University!

!

Experience!
! !

2013–Present!
2011–2012!
2006–2011!
1999–2004!

Assistant$Professor$of!Electrical!and!Computer!Engineering!
Postdoctoral$Researcher$
Research$Fellow!
Industrial$Research$and$Development!

Drexel!University!
Université!Pierre!et!Marie!Curie!
Zurich!University!of!the!Arts!
Ableton,!Loquendo,!ARL!Austin!

!

Research$Highlights!
!
Author$of!over!40!papers!or!chapters!in!science!and!engineering,!and!two!pending!technology!patents.!

Editor$of!two!books!on!virtual!reality,!including!Human&Walking&in&Virtual&Reality,!Springer!Series!in!Engineering,!2013.!

hBindex:$14!(Google!Scholar).!

Best$paper$award,$IEEE!Haptics!Symposium!2010.!Ranked!1st!from!more!than!100!submissions.!

Finalist$for$best$paper$award,!Eurohaptics!Symposium!2014.!Ranked!4th!from!more!than!200!submissions.!

Nominated$for!Eurohaptics!Society!best!PhD!thesis!award!2011.!

Designer$and$author$of!audio!DSP!algorithms!for!multiple!award!winning!music!software!Ableton&Live.!

Current$research$projects$on!wearable!haptics,!soft!tactile!sensors,!medical!sensing,!and!haptic!teleoperation!for!soft!robotics.!
!
Funding$Sources!

!
NSF$Cyber$Physical$Systems,!CPS:!Breakthrough:!From!Whole?Hand!Tactile!Imaging!to!Interactive!Simulation!(ID!1446752),!2015?!
2017.!$500,000.!Sole!PI.!

Independence$Blue$Cross,!Medical!Simulation!Grant.!“Wearable!Soft!Electronic!Sensing!for!Palpation!Simulation,!Assessment,!
and!Documentation”.!2015.!$50,000.!With!D.!Scott!Lind,!M.D.!

!

Awarded$more!than!$2M!in!research!funding!in!North!America!and!Europe!to!date.!Several!proposals!pending!or!in!preparation.!
!
Service$Highlights!

!
Lead$Guest$Editor$IEEE!Transactions!on!Haptics,!Special!Issue!on!Active!Touch!Sensing!(announced).!

Organizing$committee$&!local!arrangements!chair!for!IEEE!Haptics!Symposium!2016,!the!primary!haptics!conference!in!the!USA.!

Organizer$of!the!IEEE/RSJ!IROS!2014!Workshop!on!Active!Touch!Sensing!in!Robots!and!Animals,!and!the!ACM!CHI!2013!Course!
on!Walking!in!VR,!among!others.!

!
Teaching$and$Mentoring!

!
Advisor$to!five!current!PhD!students.!The!first!will!defend!in!2016.!Mentor!to!multiple!graduate!and!undergraduate!students.!

Exhibition$and$outreach$at$internationally$renowned$venues$including!Centre!Pompidou,!SIGGRAPH!Emerging!Technologies,!
Ars!Electronica,!La!Gaité!Lyrique,!the!Philadelphia!Science!Festival,!and!others.!

!

Responsible$for!the!core!graduate!sequence!on!linear!and!nonlinear!systems!in!the!ECE!Department!at!Drexel!University.!



Yon$Visell! Curriculum$Vitae!!
!
Publications!

!

Books!
B1.$ F.!Steinicke!and!Y.!Visell!and!J.!Campos!and!A.!Lecuyer,!Eds.!(Eds.),!

Human$walking$in$virtual$environments:$Perception,$technology,$and$applications.!
Springer&Verlag,&2013,&Series&in&Engineering!

B2.$ Federico!Fontana,!Yon!Visell*!(Eds.),!
Walking$with$the$Senses:$Perceptual$Techniques$for$Walking$in$Simulated$Environments.!
Logos&Verlag,&2012,&(*Equal&contrib.)!

!
Journal$Articles,$ In$Preparation!
J1.$ Hengjun!Cui,!Yon!Visell,!

Heirarchical!Synergies!and!Grasping!Statistics.!
J"Neurophysiology"(2014)!

J2.$Marco!Janko,!Richard!Primerano,!Yon!Visell,!
Instability!of!Frictional!Forces!During!Sliding!of!a!Finger!on!a!Textured!Surface.!
Journal"of"Biomechanics"(2014)!

J3.$ Bin!Li,!Adam!Fontecchio,!Yon!Visell,!
Direct!filament!casting!of!microfluidic!arrays!for!highly!elastic!capacitive!tactile!image!sensors.!
Advanced"Functional"Materials"(2014)!

J4.$ Yitian!Shao,!Vincent!Hayward,!Yon!Visell,!
Spatial!Patterns!of!Cutaneous!Vibration!During!Whole?Hand!Haptic!Interaction.!
Proc"Nat"Acad"Sci"(2014)!

J5.$ Yon!Visell,!Keerthi!Duraikkannan,!Vincent!Hayward,!
Augmenting!Haptic!Softness!via!Force?Rate!Contingent!Vibration!Feedback.!
IEEE"Trans"on"Haptics"(2014)!

!
Journal$Articles,$Submitted!
J1.$ Yon!Visell,!Guillaume!Millet,!

Fracture!in!Disordered!Heterogeneous!Materials!as!a!Stochastic!Process.!
Phys"Rev"E"(arXiv$preprint$arXiv:1408.5303)$(2014)!

!

!
Journal$Articles,$Published!
J1.$ Yon!Visell,!

Fast,!physically!accurate!rendering!of!multimodal!signatures!of!distributed!fracture!in!heterogeneous!materials.!
IEEE"Trans."on"Visualization"and"Computer"Graphics"(2014)$,&(To&Appear)!

J2.$ Bruno!L!Giordano,!Yon!Visell,!Hsin?Yun!Yao,!Vincent!Hayward,!Jeremy!R!Cooperstock,!Stephen!McAdams,!
Identification!of!walked?upon!materials!in!auditory,!kinesthetic,!haptic,!and!audio?haptic!conditions.!
J"Acoust"Soc"Am"131.5$(2012)$,&pp.&4002–14!

J3.$ Guillaume!Lemaitre,!Olivier!Houix,!Patrick!Susini,!Yon!Visell,!Karmen!Franinovic,!
Feelings!elicited!by!auditory!feedback!from!a!computationally!augmented!artifact.!
IEEE"Transactions"on"Affective"Computing"3.3$(2012)$,&IEEE,&pp.&335–348!

J4.$ Yon!Visell,!
Frictional!stick?slip!oscillation!as!a!first?passage!problem.!
EPL"(Europhysics"Letters)"95.6$(2011)$,&IOP&Publishing,&p.&68006!

J5.$ Yon!Visell,!Bruno!L!Giordano,!Guillaume!Millet,!Jeremy!R!Cooperstock,!
Vibration!influences!haptic!perception!of!surface!compliance!during!walking.!
PLoS"one"6.3$(2011)$,&Public&Library&of&Science,&e17697!

!
!

2!
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J6.$ Guillaume!Lemaitre,!Olivier!Houix,!Yon!Visell,!Karmen!Franinović,!Nicolas!Misdariis,!Patrick!Susini,!
Toward!the!design!and!evaluation!of!continuous!sound!in!tangible!interfaces.!
International"Journal"of"HumanKComputer"Studies"67.11$(2009)$,&Academic&Press,&pp.&976–993!

J7.$ Yon!Visell,!
Tactile!sensory!substitution:!Models!for!enaction!in!HCI.!
Interacting"with"Computers"21.1B2$(2009)$,&Oxford&University&Press,&pp.&38–53!

J8.$ Yon!Visell,!Federico!Fontana,!Bruno!L!Giordano,!Rolf!Nordahl,!Stefania!Serafin,!Roberto!Bresin,!
Sound!design!and!perception!in!walking!interactions.!
International"Journal"of"HumanKComputer"Studies"67.11$(2009)$,&Elsevier,&pp.&947–959!

J9.$ Yon!Visell,!Alvin!Law,!Jeremy!R!Cooperstock,!
Touch!is!everywhere:!Floor!surfaces!as!ambient!haptic!interfaces.!
IEEE"Transactions"on"Haptics"2.3$(2009)$,&IEEE,&pp.&148–159!

J10.$ Yon!Visell,!
Spontaneous!organisation,!pattern!models,!and!music.!
Organised"Sound"9.2$(2004)$,&Cambridge&University&Press,&pp.&151–165!

!

!
Conference$Proceedings,$Peer$Reviewed!
C1.$ Hengjun!Cui,!Yon!Visell,!

Linear!and!Nonlinear!Subspace!Analysis!of!Hand!Movements!During!Grasping!
Proc.&IEEE&Engineering&in&Medicine&and&Biology&Conference&(EMBC),!2014!

C2.$Marco!Janko,!Richard!Primerano,!Yon!Visell,!
Scale!dependence!of!force!patterns!during!the!scanning!of!a!surface!by!a!bare!finger!
Proc.&Eurohaptics,!2014!
Finalist$for$best$paper$(Top$4$out$of$over$200$submissions)!

C3.$ Hikaru!Nagano,!Yon!Visell,!Shogo!Okamoto,!
On!the!Effect!of!Vibration!on!Slip!Perception!During!Bare!Finger!Contact!
Proc.&of&Eurohaptics,!2014!

C4.$ Yon!Visell,!Keerthi!Adithya!Duraikkannan,!Vincent!Hayward,!
A!Device!and!Method!for!Multimodal!Haptic!Rendering!of!Volumetric!Stiffness!
Proc.&Eurohaptics,!2014!

C5.$ Jeffrey!Kahn,!David!Peretz,!James!Tangorra,!Yon!Visell,!
Touch!Sensing!in!a!Robotic!Fish!Fin!(demonstration)!
Living&Machines:&The&International&Conference&on&Biomimetic&and&Biohybrid&Systems,!2013!

C6.$ Yon!Visell,!Vincent!Hayward,!
An!asymmetry!in!force!perception!contingent!on!motion!reversal!
Proc.&IEEE&World&Haptics&Conference&(WHC),!2013!

C7.$ Amir!Berrezag,!Yon!Visell,!Vincent!Hayward,!
Compressibility!and!crushability!reproduction!through!an!amorphous!haptic!interface!(demonstration)!
Haptics:&Perception,&Devices,&Mobility,&and&Communication,!2012!

C8.$ Rishi!Rajalingham,!Yon!Visell,!Jeremy!Cooperstock,!
Probabilistic!Tracking!of!Pedestrian!Movements!from!In?floor!Force!Measurements!
Proc.&7th&Canadian&Conference&on&Computer&and&Robot&Vision&(CRV’10),!2010!

C9.$ Yon!Visell,!Jeremy!R!Cooperstock,!
Design!of!a!vibrotactile!display!via!a!rigid!surface!
Proc.&IEEE&Haptics&Symposium,!2010!
Awarded$Best$Paper$(From$over$100$submissions)!

C10.$ Yon!Visell,!Alvin!Law,!Jessica!Ip,!Severin!Smith,!Jeremy!R!Cooperstock,!
Interaction!capture!in!immersive!virtual!environments!via!an!intelligent!floor!surface.!
Proc.&IEEE&Virtual&Reality&(VR),!2010!
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C11.$ Yon!Visell,!Severin!Smith,!Alvin!Law,!Rishi!Rajalingham,!Jeremy!R!Cooperstock,!

Contact!sensing!and!interaction!techniques!for!a!distributed,!multimodal!floor!display!
Proc.&IEEE&3D&User&Interfaces&(3DUI),!2010!

C12.$ Alvin!W!Law,!Jessica!W!Ip,!Benjamin!V!Peck,!Yon!Visell,!Paul!G!Kry,!Jeremy!R!Cooperstock,!
Multimodal!floor!for!immersive!environments!
ACM&SIGGRAPH&Emerging&Technologies,!2009!

C13.$ Yon!Visell,!Alvin!Law,!Jeremy!R.!Cooperstock,!
Toward!Iconic!Vibrotactile!Information!Display!Using!Floor!Surfaces!
Proc.&IEEE&World&Haptics&Conference&(WHC),!2009!

C14.$ R.!Bresin,!S.!Della!Monache,!F.!Fontana,!S.!Pappetti,!P.!Polotti,!Y.!Visell,!
Auditory!Feedback!from!Crumpling!Sound!Synthesis!
Extended&Abstracts&on&Human&Factors&in&Computing&Systems&(ACM&CHI’08),!2008!

C15.$ Bruno!L!Giordano,!Stephen!McAdams,!Yon!Visell,!Jeremy!Cooperstock,!Hsin?Yun!Yao,!Vincent!Hayward,!
Non?visual!identification!of!walking!grounds!
Proc.&of&Acoustics&2008&(J&Acoust&Soc&Am&123.5),!2008!

C16.$ Thomas!Hermann,!John!Williamson,!Roderick!Murray?Smith,!Yon!Visell,!Eoin!Brazil,!
Sonification!for!sonic!interaction!design!
CHI’08&Extended&Abstracts&Conf.&Human&Factors&in&Computing&Systems,!2008!

C17.$$AW!Law,!BV!Peck,!Y!Visell,!PG!Kry,!JR!Cooperstock,!
A!multi?modal!floor?space!for!displaying!material!deformation!underfoot!in!virtual!reality!
Proc.&IEEE&International&Workshop&on&Haptic&Audio&Visual&Environments&(HAVE),!2008!

C18.$ D.!Rocchesso,!S.!Serafin,!F.!Behrendt,!N.!Bernardini,!R.!Bresin,!G.!Eckel,!K.!Franinovic,!T.!Hermann,!S.!Pauletto,!P.!Susini,!Y.!
Visell,!
Sonic!interaction!design:!sound,!information!and!experience!
Extended&Abstracts&on&Human&Factors&in&Computing&Systems&(ACM&CHI’08),!2008!

C19.$ Y!Visell,!J!R!Cooperstock,!B!L!Giordano,!K!Franinovic,!A!Law,!S!McAdams,!K!Jathal,!F!Fontana,!
A!vibrotactile!device!for!display!of!virtual!ground!materials!in!walking!
Proc.&Eurohaptics,!2008!

C20.$ K.!Adilogu,!R.!Annies,!Y.!Visell,!K.!Franinovic,!C.!Drioli,!
Adaptive!Bottle:!Active!Learning!of!User!Preferences!(demonstration)!
Proc.&Neural&Information&Processing&Systems&(NIPS’07),!2007!

C21.$ Karmen!Franinovic,!Daniel!Hug,!Yon!Visell,!
Sound!Embodied:!Explorations!of!sonic!interaction!design!for!everyday!objects!in!a!workshop!setting!
Proc.&Intl.&Conf.&on&Auditory&Display&(ICAD),!2007!

C22.$ Karmen!Franinovic,!Yon!Visell,!
New!musical!interfaces!in!context:!sonic!interaction!design!in!the!urban!setting!
Proc.&Intl.&Conf.&on&New&interfaces&for&musical&expression,!2007!

C23.$ Yon!Visell,!Jeremy!Cooperstock,!
Enabling!gestural!interaction!by!means!of!tracking!dynamical!systems!models!and!assistive!feedback!
Proc.&IEEE&Systems,&Man&and&Cybernetics,!2007!

C24.$ P.!Susini,!N.!Misdariis,!G.!Lemaitre,!O.!Houix,!D.!Rocchesso,!P.!Polotti,!K.!Franinovic,!Y.!Visell,!K.!Obermayer,!H.!Purwins,!
Closing!the!loop!of!sound!evaluation!and!design!
Proc.&Perceptual&Quality&of&Systems,!2006!

C25.$ Yon!Visell,!
Gesture!Learning!and!Sensorimotor!Interaction!Design!
Proc.&ACM&Intl.&Conf.&on&Multimodal&Interfaces&(ICMI),&Doctoral&Symposium,!2006!

C26.$ Karmen!Franinovic,!Yon!Visell,!
Recycled!Soundscapes!
Proc.&ACM&Designing&Interactive&Systems&(DIS’04),!2004!
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Book$Chapters!
Ch1.$ Yon!Visell,!Shogo!Okamoto,!

Vibrotactile!Sensation!and!Softness!Perception!
in!Multisensory&Softness,!M.!Di!Luca!(Ed.),!
Springer!Verlag,!2014!

Ch2.$Maud!Marchal,!Gabriel!Cirio,!Yon!Visell,!Federico!Fontana,!Stefania!Serafin,!Jeremy!Cooperstock,!Anatole!Lécuyer,!
Multimodal!Rendering!of!Walking!over!Virtual!Grounds!
in!Human&Walking&in&Virtual&Environments,!F.!Steinicke,!Y.!Visell,!J.!Campos,!A.!Lecuyer,!Eds.,!
Springer!New!York,!2013!

Ch3.$ Yon!Visell,!Roderick!Murray?Smith,!Stephen!Brewster,!John!Williamson,!
Continuous!auditory!and!tactile!interaction!design!
in!Sonic&interaction&design,!K.!Franinovic,!S.!Serafin!(Eds.),!
MIT!Press,!2013!

Ch4.$ Yon!Visell,!Severin!Smith,!Jeremy!R!Cooperstock,!
Interacting!with!Augmented!Floor!Surfaces!
in!Human&Walking&in&Virtual&Environments,!F.!Steinicke,!Y.!Visell,!J.!Campos,!A.!Lecuyer,!Eds.,!
Springer,!2013!

Ch5.$ Yon!Visell,!Frank!Steinicke,!Jennifer!Campos,!Anatole!Lécuyer,!
Introduction:!Human!Walking!in!Virtual!Environments!
in!Human&Walking&in&Virtual&Environments,!Visell,!Yon!and!Steinicke,!Frank!and!Campos,!Jennifer!and!Lécuyer,!Anatole,!
Springer!Verlag,!2013!

Ch6.$ Gabriel!Cirio,!Yon!Visell,!Maud!Marchal,!Anatole!Lécuyer,!
Multisensory!and!Haptic!Rendering!of!Complex!Virtual!Grounds!
in!Walking&with&the&Senses,!F.!Fontana,!Y.!Visell!(Eds.),!
Logos!Verlag,!2012!

Ch7.$ Vincent!Hayward,!Yon!Visell,!Stefania!Serafin,!Federico!Fontana,!Marco!Civolani,!
Novel!haptic!displays!for!walking!interactions!
in!Walking&with&the&Senses,!F.!Fontana,!Y.!Visell!(Eds.),!
Logos!Verlag,!2012!

Ch8.$ Yon!Visell,!Rishi!Rajalingham,!Jeremy!Cooperstock,!
A!review!of!nonvisual!signatures!of!human!walking!with!applications!to!person!tracking!in!augmented!environments!
in!Walking&with&the&Senses,!F.!Fontana,!Y.!Visell!(Eds.),!
Logos!Verlag,!2012!

Ch9.$ Yon!Visell,!Severin!Smith,!Jeremy!Cooperstock,!
Distributed!human?computer!interaction!with!augmented!floor!surfaces!
in!Walking&with&the&Senses,!F.!Fontana,!Y.!Visell!(Eds.),!
Logos!Verlag,!2012!

!

!
Theses!
T1.$ Yon!Visell,!

Walking!on!Virtual!Ground:!Physics,!Perception,!and!Interface!Design!
PhD&Thesis,&McGill&University,&2011!

T2.$ Yon!Visell,!
String!Theory!on!Quantum!Tori!
MA&Thesis,&The&University&of&Texas,&Austin,&1999!
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Patents!
P1.$ Yon!Visell,!Karmen!Franinovic,!Alvin!Law,!Jeremy!Cooperstock!(McGill!University),!

Floor?Based!Haptic!Communication!System!
USPTO&No.&20,100,308,982&(Pending)!

P2.$ Yon!Visell,!Bin!Li!(Drexel!University),!
Stretchable!Tactile!Sensing!Array!
USPTO&No.&62/045,273&(Provisional)!



Yon$Visell! Curriculum$Vitae!

7!

!

!

!
!

Funding!
!

Proposals$in$Preparation!
!
NSF$National$Robotics$Initiative!
NRI:!Small:!Underwater!Co?Robots:!Multimodal!Exploration!and!Fluid?Mediated!Interaction!
Drexel!University!
Budget:!$1,500,000!
Role:!Principal!Investigator,!with!J.!Tangorra,!M.!A.!Hsieh!

!

Proposals$Under$Review!
!
NSF$Information$&$Intelligent$Systems!
CRI:!II?NEW:!The!Ocean!in!a!Box!?!A!Novel!Marine!Robotic!Testing!Facility!
Drexel!University!
Budget:!$930,000!
Role:!Co?Principal!Investigator,!with!J.!Tangorra,!M.!A.!Hsieh!

NSF$Communications,$Circuits,$and$Sensing$Systems!
Reconfigurable!Microfluidic!Antennas!
Drexel!University!
Budget:!$390,000!
Role:!Co?Principal!Investigator,!with!T.!Kurzweg,!K.!Dandekar!

!

Current$Funding$Awards!
!
NSF$Cyber$Physical$Systems!
CPS:!Breakthrough:!From!Whole?Hand!Tactile!Imaging!to!Interactive!Simulation!(ID!1446752),!2015?2017!
Drexel!University!
Budget:!$500,000!
Role:!Principle!Investigator!(Sole!PI)!

Independence$Blue$Cross,$Medical$Simulation$Grant!
Wearable!Soft!Electronic!Sensing!for!Palpation!Simulation,!Assessment,!and!Documentation,!2015!
Drexel!University!
Budget:!$50,000!
Role:!Principal!Investigator,!with!D.!Scott!Lind,!M.D.!

!

Past$Funding$Awards!
!
EU$FP7$ICTBFET$Cognitive$Robotics$Initiative,$2012B!
WEARHAP:!Distributed!robotic!interfaces!for!wearable!haptic!interaction!
UPMC!Univ.!Paris!06,!U.!Sienna!(IT),!U.!Pisa!(IT),!TU!Munich,!6!others!
Budget:!7M!Euro!(Local!budget:!600K!Euro)!
Role:!Local!project!coordinator,!Coauthored!proposal!(PI:!D.!Pratichizzo,!U.!Siena)!

EU$FP7$ICTBFET$project$NIW:$Natural$Interactive$Walking$(no.$222107),$2008B2011!
Additional!funding!from!Quebec!Ministry!of!Economic!Development!(Separate!grant)!
Partners:!McGill!Univ.!(CA),!INRIA?IRISA!(FR),!UPMC!Paris!6!(FR),!Aalborg!Univ.!(DK),!Univ.!Verona!(IT)!
Budget:!1.8M!Euro!
Role:!Conceived!project,!Lead!author!of!proposal,!Coordinated!research!(McGill!Univ.)!

EU$FP6$NEST$Pathfinder$(no.$029085),$2006B2009!
CLOSED:!Closing!the!Loop!of!Sound!Evaluation!and!Design!
Partners:!Zurich!Univ.!of!the!Arts!(CH),!IRCAM!(FR),!TU!Berlin!(DE),!Univ.!Verona!(IT)!
Budget:!1.5M!Euro!
Role:!Conceived!project,!Lead!author!of!proposal,!Research,!coordination,!financial!admin.!(Zurich)!
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!
EU$ESF/COST$Action$(no.$IC0601),$2007B2011!
SID:!Sonic!Interaction!Design!
Budget:!1.6M!Euro!
Partners:!25!countries!represented!(approx.)!
Role:!Coauthored!proposal,!Management!committee!member,!National!delegate!(Canada)!

!
!
Professional$Experience!

!
2013–Present! Assistant$Professor$of!Electrical!and!Computer!Engineering! Drexel$University!

RE!Touch!Lab!Director!
2011–2012! Postdoctoral$Researcher! Université$Pierre$et$Marie$Curie!

Prof.!V.!Hayward,!PI!
2006–2011! Research$Fellow! Zurich$University$of$the$Arts!
2005?2010! Graduate$Researcher! McGill$University!

Center!for!Intelligent!Machines!&!CIRMMT!
Prof.!J.!Cooperstock,!PI!

2006! Faculty$Lecturer! McGill$University!
Dept.!of!Electrical!and!Computer!Engineering!

2006!–!2009! Visiting$Professor! Nuova$Accademia$di$Belli$Arti!
Department!of!Design!

2005!?!2006! Adjunct$Professor! Concordia$University,!Montreal!
Intermedia!and!Cyberarts!Program!
Department!of!Studio!Arts!

2004! Founder$and$CoBDirector! ZeroBTh$Association$(http://www.zero?th.org)!
Interaction!design!practice!

2004! Visiting$Researcher! Interaction$Design$Institute$Ivrea$(IDII),!Italy!
2001!–!2003! Principal$DSP$Engineer,$Audio! Ableton$$$ (http://www.ableton.com)!

Award?Winning!Music!Software!
Berlin,!Germany!

1999!–!2001! Research$Scientist,$Speech$recognition! Loquendo$Inc.!
Now:!Nuance$Inc.$(by!aquisition)!
Formerly:!Vocal$Point$Inc.$(by!aquisition)!
San!Francisco,!USA!

1999! Graduate$Researcher,$Sonar! Applied$Research$Laboratories$
Sonar!Development!Division!
Austin,!TX!

1997!–!1999! Graduate$Researcher! University$of$TexasBAustin$
Center!for!Particle!Physics!
Prof.!Yuval!Ne’eman,!PI!

Summer!1995! Summer$Research! University$of$TexasBAustin!
Center!for!Relativity!

Summer!1994! Engineering$technician,$Robotics! Hine$Design$(now!Lam$Research)!
Redwood!City,!CA!
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Awards!
!
Best!Paper,!IEEE!Haptics!Symposium!2010.!Ranked!1st!from!more!than!100!submissions.!

Finalist!for!Best!Paper,!Eurohaptics!Symposium!2014.!Ranked!4th!from!more!than!200!submissions.!

Nominated!for!Eurohaptics!Society!best!PhD!thesis!award!2011.!

Multiple! industry!awards!for!Ableton!Live!music!software,! including:! Keys!magazine,!Macworld,!Keyboard!magazine,!Future!
music,!MacAddict,!Mac!Life,!Remix,!Computer!Music,!Electronic!Musician,!DJ!Tech,!PC!World,!and!MusicTech.! The!software!is!
used!by!many!notable!artists,!including!several!Grammy!and!Oscar!award!winning!musicians,!composers,!and!producers.!

Intel!Corporation!Galileo!2!Development!Board!Grant!for!Education!($1200)!

NSERC!Industrial!graduate!fellowship,!Electronic!Arts!2009!(declined!for!administrative!reasons).!

Entrance!fellowship!(competitive)!Dept.!of!Electrical!and!Computer!Engineering,!McGill!University.!

Student!research!award!Center!for!Interdisciplinary!Research!in!Music,!Media,!and!Technology,!McGill!Univ.,!2006.!

Student!research!award!Center!for!Interdisciplinary!Research!in!Music,!Media,!and!Technology,!McGill!Univ.,!2007.!

Graduate!research!support!Department!of!Electrical!and!Computer!Engineering,!McGill!Univ.!(J.!Cooperstock).!

Graduate!research!support!Department!of!Psychology,!McGill!Univ.!(D.!Levitin).!

Graduate!fellowship!(3!years),!Department!of!Physics,!The!University!of!Texas!at!Austin.!

1st!Place,!Hughes!Corporation!High!School!Physics!Competition.!

American!High?School!Invitational!Mathematics!Examination!(AIME)!competition!regional!finalist.!

National!Merit!Scholarship!semifinalist.!

National!French!language!examination!1st!place!(Arizona)!4th!place!(southwest!region).!

Mathcounts,!junior!high!school!mathematics!contest,!state!championship!team.!
!

Professional$Service!
!
Lead$Guest$Editor$IEEE!Transactions!on!Haptics,!Special!Issue!on!Active!Touch!Sensing!(announced).!

Organizing$committee$&!local!arrangements!chair!for!IEEE!Haptics!Symposium!2016,!the!primary!haptics!conference!in!the!USA.!

Organizer$of!the!IEEE/RSJ!IROS!2014!Workshop!on!Active!Touch!Sensing!in!Robots!and!Animals!

Organizer$ACM!CHI!2013!Course!on!Walking!in!VR!

NSF$Reviewer,!Division!of!Information!&!Intelligent!Systems!
!

Journal$Reviewing!
!
PLoS!one!

Behavioral!Brain!Research!

IEEE!Transactions!on!Haptics!

IEEE!Transactions!on!Mechatronics!

IEEE!Transactions!on!Systems,!Man,!and!Cybernetics!

IEEE!Transactions!on!Human?Machine!Systems!

Journal!of!Experimental!Psychology!

Acta!Psychologica,!Elsevier!

Displays!

International!Journal!of!Human?Computer!Interaction!Studies,!Elsevier!

Assistive!Technology!(Journal),!Taylor!&!Francis!
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Conference$Committees!
!
Organizing!Committee,!IEEE!Haptics!Symposium,!2016!

Editorial!Committee,!IEEE!World!Haptics!Conference,!2015!

Awards!Committee,!Eurohaptics!Symposium,!2014!

Program!Committee,!IEEE!Virtual!Reality!Conference,!2014!(IEEE!VR)!

Program!Committee,!Sound!and!Music!Computing!Conference,!2011!(SMC)!

Program!Committee,!ACM!International!Conference!on!Multimodal!Interfaces,!2007!(ICMI)!
!
Conference$Reviewing!

!
ACM!Conference!on!Human!Factors!in!Computing!Systems!(ACM!CHI)!

IEEE/RSJ!International!Conference!on!Intelligent!Robots!and!Systems!(IROS)!

IEEE!Haptics!Symposium!

Eurohaptics!Symposium!

IEEE!World!Haptics!Conference!

IEEE!International!Symposium!on!Robots!and!Human!Interactive!Communication!(Ro?Man)!

ACM!Conference!on!Multimodal!User!Interfaces!(ACM!IMUI)!

IEEE!International!Symposium!on!3D!User!Interfaces!(3DUI)!

International!Symposium!on!Haptic!and!Audio!Interaction!Design!(HAID)!

International!Computer!Music!Conference!(ICMC)!

Laval!Virtual!?!International!Conference!on!Virtual!Reality!(VRIC)!

International!Conference!on!Auditory!Display!(ICAD)!

Sound!and!Music!Computing!Conference!(SMC)!
!

Courses$Taught!
• denotes!a!course!that!was!newly!designed!and!taught!

♦ denotes!significant!revisisions!to!material!of!a!course!that!was!taught!
Drexel!University,!Department!of!Electrical!and!Computer!Engineering!
ECE!490/690:!Haptic$Engineering$(Spring!2013!•,!Spring!2015)!
ECES!511:!Fundamentals$of$Systems$I$(Fall!2013!♦,!Fall!2014)!
ECES!512:!Fundamentals$of$Systems$II$(Winter!2013?4!♦,!Winter!2014?5)!
ECES!513:!Fundamentals$of$Systems$III$(Spring!2014!♦,!Spring!2015)!

McGill!University,!Electrical!and!Computer!Engineering!Department!
ECSE!526:!Artificial$Intelligence$(Spring!2006!♦)!

Nuova!Accademia!di!Belle!Arti!Milano,!Design!Department!

Interaction$Design$(Spring!2009!•)!
University!of!the!Arts!(ZHdK)!Zurich,!Interaction!Design!Program!
Interaction$Design$(Summer!2006)!

! Concordia!University,!Montreal,!Intermedia!and!Cyberarts!Program!
IMCA!221:!Interactive$Programming$for$Artists$(Fall!2005!♦)!

The!University!of!Texas?Austin,!Department!of!Physics!
PHY101L:!Laboratory$for$Mechanics$(Instructor)!
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Mentoring!
Advisor$to!five!PhD!students!in!the!Electrical!and!Computer!Engineering!Department!at!Drexel!University:!

Bin!Li!
Thesis!Title:!Soft!tactile!sensing!for!medical!palpation.!
Expected!graduation!in!2016!

Marco!Janko!
Thesis!Title:!Recovering!surface!microgeometry!through!active!touch.!
Expected!graduation!in!2017!

Phil!Hengjun!Cui!
Thesis!Title:!Haptic!perceptual!information!processing.!
Expected!graduation!in!2017!

Yitian!Shao!
Thesis!Title:!Mechanical!waves!accompanying!whole!hand!haptic!interaction.!
Expected!graduation!in!2018!

Xianda!Long!
Thesis!Title:!Soft!tissue!deformation!and!whole!hand!haptic!perception.!
Expected!graduation!in!2017!

!
Advisor$to!two!interdisciplinary!senior!engineering!design!teams!at!Drexel!University,!2014?2015.!

!
Advisor$to!one!visiting!PhD!student!in!the!ECE!Department!at!Drexel!University:!

Hikaru!Nagano!(Nagoya!Univ.)!
Project!Title:!Vibration!signatures!of!incipient!slip!in!bare!finger!contact,!2014!

!
Advisor$to!one!Master’s!degree!student!in!the!ECE!Department!at!Drexel!University:!

Abhilash!Iyer!
Thesis!Title:!Estimating!soft!tissue!deformations!accompaning!finger!movements!
Expected!graduation!in!2015!

!
Advisor$to!one!undergraduate!summer!research!coop!student!in!the!ECE!Department!at!Drexel!University:!

Bengisu!Ozbay!
Project!Title:!The!perceptual!space!of!hand!movements!
Summer!2014!

!
Current$supervisor$and$mentor$to!six!additional!graduate!and!undergraduate!student!researchers,!and!more!than!a!dozen!former!
graduate!and!undergraduate!students.!
!
Service$on$PhD$Committees!

!
Heather!Culbertson,!University!of!Pennsylvania,!Mechanical!Engineering!(Advised!by!Prof.!K.!Kuchenbecker)!

Jeff!Gregorio,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!Y.!Kim)!

Jeff!Scott,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!Y.!Kim)!

Michael!Caro,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!Y.!Kim)!

Matthew!Prockup,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!Y.!Kim)!

David!Grunwald,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!Y.!Kim)!

Jared!Coyle,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!A.!Fontecchio)!

Zhihuan!Wang,!Drexel!University,!Electrical!and!Computer!Engineering!(Advised!by!Prof.!B.!Nabet)!
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Other$University$Service!
!
Systems!Area!Committee,!ECE!Department,!Drexel!University!

Programming!Education!Subcommittee,!ECE!Department,!Drexel!University!

Nomination!and!Recognition!Subcommittee,!ECE!Department,!Drexel!University!

Weekend!Open!House,!ECE!Department,!Drexel!University!

Accepted!Students!Day,!ECE!Department,!Drexel!University!
!
Organization$of$Courses$and$Workshops!

!
2014!IEEE/RSJ!IROS!Workshop!on!Active!Touch!Sensing!in!Humans!and!Robots,!Chicago,!USA!

2013!ACM!CHI!Course!on!Interactive!Walking!in!VR,!Paris,!France!

2012!Hands?on!Haptics,!point!Atelier,!La!Gaité!Lyrique,!Paris!

2012!Workshop!on!haptics!and!movement,!Ecole!des!Beaux!Arts,!Strasbourg!

2010!Interactive!Sonification!Workshop,!Deutsch!Telekom!Labs,!Berlin!

2009!CIRMMT!Workshop!on!Multimodal!Interaction,!Montreal!

2008!ACM!CHI!Workshop!on!Sonic!Interaction!Design,!Firenze!

2008!Workshop!on!Tangible!Auditory!Interfaces,!Oboro!Centre,!Montreal!

2006!Tangible!and!auditory!interaction!design,!Advanced!Sound!(II)!Course,!Concordia!University!

2006!Tangible!human?computer!interaction!and!Ubiquitous!computing,!HCI!Course,!McGill!University!

2004!X?Med?K!Workshops!(experimental!media!art),!FoAM!vzw,!Brussels!
!

Exhibitions,$Performances,$and$Outreach!
!
2014!Philadelphia!Science!Festival!

2014!International!Noise!Conference!(with!Irene!Moon),!Miami!

2013!Silent!Barn!(with!Irene!Moon),!Brooklyn,!New!York!

2012!Noise!Festival!(with!Irene!Moon),!Red!Light!Room,!Brooklyn,!New!York!

2014!Best!of!Nerd!Night!(with!Irene!Moon),!New!York!

2012!Fondation!Claude!Verlan!–!Musée!de!la!Main,!Lausanne,!Switzerland!

2010!SIGGRAPH!Emerging!Technologies,!New!Orleans!

2010!IEEE!Haptics!Symposium,!Boston!

2009!International!Design!Biennale,!St!Etienne,!France!

2009!OBORO!Center!for!the!Arts,!Montreal,!Canada!

2005!Phaeno!Science!Center,!Wolfsburg,!Germany!

2004!Ircam/Centre!Pompidou,!Paris,!France!

2004!Happy!New!Ears!festival,!Kortrijk,!Belgium!

2004!Next!5!Minutes!festival,!Amsterdam,!Netherlands!

2003!FoAM,!Brussels,!Belgium!

2002!Hippodrome!Circus,!Great!Yarmouth,!UK!

2001!Ars!Electronica,!Linz,!Austria!
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!
2000!Deluxe!Music!Festival,!Tokyo,!Japan!
!
Discography!

!
1996!Public!Safety!LP,!with!Brett!Larner,!Public!Safety!Records!

2001!Live!at!the!Deluxe!Music!Festival,!Deluxe!Records!

2004!Hmmm,!in:!Organized!Sound!Annual,!CD!Compilation,!Cambridge!Univ.!Press!

2014!Three!Men!in!a!Tub,!as!Moth!Magnet!(with!Irene!Moon),!in:!The!Thirteenth!Letter,!WFMU!Records!
!
Consulting!

!
3M!Corporation!(Robotics)!

L?3!Communications!(Smart!Displays)!
!
Presentations,$Selected!

!
Engineering!Touch,!Inst!Res!Cognitive!Sciences,!University!of!Pennsylvania,!November,!2014.!

Engineering!Touch,!University!of!Florida,!October,!2014.!

Engineering!Touch,!Psychonomic!Society,!Tactile!Research!Group!Workshop,!2013.!

Reverse!Engineering!the!Sense!of!Touch,!School!of!Biomedical!Engineering,!Drexel!University,!2013!Hands?

on!Haptics.!Ecole!des!Beaux!Arts!de!Strasbourg,!April,!2012.!

Tactile!Interaction!with!Augmented!Floor!Surfaces.!NTT!Research!Laboratories,!Atsugi,!Japan,!Dec.,!2010.!

Walking!in!Virtual!Worlds.!Department!of!Computer!Science,!University!of!Verona,!April,!2009.!

Augmented!Reality!Floor!Surfaces,!Design!Symposium!Pecha!Kucha,!Montreal,!2008.!

Haptic!and!auditory!interaction!with!ground!surfaces.!CIRMMT!Workshop!on!Multimodal!Integration,!Montreal,!2008.!

Multimodal!Interaction!with!Virtual!Ground!Surfaces.!REPARTI!McGill!University,!2008.!

Multisensory!Display!of!Virtual!Ground!Materials.!CIRMMT!Workshop!on!Multimodal!Influences!on!Perceived!Self!Motion,!McGill!
University,!2008.!

!

Sonic!Interaction!Design!and!Public!Spaces.!Design!Symp.!Pecha!Kucha,!Montreal,!2007.!

Sensorimotor!Human!Computer!Interaction.!AI!Lab,!University!of!Zurich,!2007.!

Machine!Learning!Methods!for!Sensorimotor!Human!Computer!Interaction,!BIRG!Lab,!EPFL,!2007.!
!

Press,$Selected!
!
New!Scientist!?!Magnetic!bricks!beam!3D!objects!into!your!screen!?![31.03.2013]!

Technology!Review!(MIT)!–!The!Year!in!Enhancing!Reality![28.12.2010]!

New!Scientist!–!Nokia!touchscreen!creates!texture!illusion![28.10.2010]!

New!Scientist!–!Putting!the!touch!into!touchscreens![26.04.2010]!

New!Scientist!–!Touch!floors!could!be!next!step!in!computer!interfaces![13.04.2010]!

Technology!Review!(MIT)!–!Augmented?Reality!Floor!Tiling![28.04.2010]!

Fast!Company!–!Augmented!Reality!Floor!Simulates!Walking![29.04.2010]!

Boing!Boing!–!Augmented!reality!feedback!flooring![29.04.2010]!

Wired!Magazine!Online!–!Augmented!Reality:!Haptic!flooring![29.04.2010]!

Communications!of!the!ACM!–!Augmented?Reality!Floor!Tiling![29.04.2010]!
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!
Future!Digital!Life!–!10!Cool!Things!Going!On!Right!Now!in!Augmented!Reality![05.2010]!

Golem.de!–!Ein!Touchscreen!für!die!Füße![29.04.2010]!

Associated!Press![08.2009]!(NY!Times,!Minn.!Star!Trib,!San!Diego!Trib,!...)!

KTIRIO!(Architecture)![09.2010]!

ISPR!Presence!News![30.04.2010],!Corriere!della!Sera!(IT)![17.05.2010]!

Toronto!Sun![29.04.2010],!News!of!the!Weird![30.04.2010]!

FloorCrunch.com![30.04.2010],!Magyar!Nemzet!(Hungarian)![02.05.2010],!NeoTeo.es![03.05.2010],!Others!...!
!
Musical$Training!

!
Acoustic!Guitar!Performance!under!Stephanie!Khoury,!Montreal!Canada!

Electronic!and!Computer!Music!Composition!under!Alvin!Lucier!and!Ron!Kuivila,!Wesleyan!University!

Jazz!Performance!(Bass)!under!Roy!Wiseman!and!Anthony!Braxton,!Wesleyan!University!

Youth!Orchestra,!Tucscon!Junior!Strings!(Grade!7?12)!
!
Arts$Funding!

!
Support!from!the!Daniel!Langlois!Foundation!for!project!TGarden.!

Support!from!the!City!of!Wolfsburg!Germany!for!project!Lyta.!

Support!from!Culture!2000!framework!of!the!European!Commission!for!project!Txoom.!
!
Other$Synergistic$Activities!

!
Director!for!experimental!music!and!on?air!DJ!at!WESU!radio,!Middletown,!CT!

Programming!and!Software!Development:!C/C++,!Java,!Matlab,!Mathematica,!Maple,!Perl,!Max/MSP,!Supercollider,!MCU/DSP!

Electronic!music,!Computer!music,!Guitar,!Voice,!Digital!and!analog!sound!synthesis,!Video!processing,!Physical!computing!

Electronic!and!Computer!Engineering,!Mechatronics,!Digital!and!analog!electronics!and!control!design,!CAD,!Rapid!prototyping,!
Interaction!design!methods!

!
Personal$Detail!

!
Citizenship:!USA!

Language!Skills:!English!(native),!French!(fluent),!Serbo?Croatian!(intermediate),!German!(basic?intermediate),!Italian!(basic).!
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ĐŽŶƚĞŶƚ ƚŚƌŽƵŐŚ ƚŚĞ ƐĞŶƐĞ ŽĨ ƚŽƵĐŚ͘ / ĚƌĂǁ ŽŶŵĞƚŚŽĚƐ ĨƌŽŵ ĞŶŐŝŶĞĞƌŝŶŐ͕ ĐŽŵƉƵƚĞƌ ƐĐŝĞŶĐĞ͕ ĂŶĚ ŶĞƵƌŽƐĐŝĞŶĐĞ ƚŽ ŝŶǀĞƐƟŐĂƚĞ
ƚŚĞ ƚĞĐŚŶŽůŽŐŝĐĂů͕ ďŝŽůŽŐŝĐĂů ĂŶĚ ĐŽŵƉƵƚĂƟŽŶĂů ĨŽƵŶĚĂƟŽŶƐ ŽĨ ŚĂƉƟĐ ;ƚŽƵĐŚͿ ƐĞŶƐŝŶŐ͘ / ƵƐĞ ƚŚĞƐĞ ŝŶǀĞƐƟŐĂƟŽŶƐ ƚŽ ŐƵŝĚĞ
ƚŚĞ ĚĞƐŝŐŶ ŽĨ ŶĞǁ ŚĂƉƟĐ ŝŶƚĞƌĨĂĐĞƐ͕ ƚĂĐƟůĞ ƐĞŶƐŽƌƐ͕ ĂŶĚ ŚĂƉƟĐ ĚŝƐƉůĂǇ ŵĞƚŚŽĚƐ͕ ƚŚĂƚ ĞŶĂďůĞ ƵƐ ƚŽ ƉƌĞĐŝƐĞůǇ ƋƵĂŶƟĨǇ ĂŶĚ
ƐƟŵƵůĂƚĞ ƚŚĞ ƐĞŶƐĞ ŽĨ ƚŽƵĐŚ͕ ƉƌŽǀŝĚŝŶŐ ƵŶŝƋƵĞ ǁŝŶĚŽǁƐ ŽŶƚŽ ŚĂƉƟĐ ƉĞƌĐĞƉƟŽŶ͘ / ĂůƐŽ ƵƐĞ ƚŚĞŵ ƚŽ ĂĚǀĂŶĐĞ ĂƉƉůŝĐĂƟŽŶƐ ŝŶ
ƌŽďŽƟĐƐ͕ ŵĞĚŝĐŝŶĞ͕ ĂŶĚ ǀŝƌƚƵĂů ƌĞĂůŝƚǇ͕ ƚŽǁĂƌĚ ŝŵƉƌŽǀŝŶŐ ŚĂƉƟĐ ŝŶƚĞƌĂĐƟŽŶ ǁŝƚŚ ǀŝƌƚƵĂů ĞŶǀŝƌŽŶŵĞŶƚƐ͕ ŵĞĚŝĐĂů ĚŝĂŐŶŽƐŝƐ͕
ĂŶĚ ďŝůĂƚĞƌĂů ƚĞůĞŽƉĞƌĂƚĞĚ ĐŽŶƚƌŽů ŽĨ ĐŽŵƉůŝĂŶƚ ƌŽďŽƚƐ ŝŶ ĐŚĂůůĞŶŐŝŶŐ ĞŶǀŝƌŽŶŵĞŶƚƐ͘

&ŝŐƵƌĞ ϭ͗ KŶĞ ŚĂƉƟĐ ŝŶƚĞƌĨĂĐĞ
ĚĞǀĞůŽƉĞĚ ďǇ ƚŚĞ W/ ƚŽ ƐƚƵĚǇ
ŵƵůƟŵŽĚĂů ŚĂƉƟĐ ƉĞƌĐĞƉƟŽŶ͘

� ůŽŶŐƐƚĂŶĚŝŶŐ ŐŽĂů ŽĨ ĞŶŐŝŶĞĞƌŝŶŐ ƌĞƐĞĂƌĐŚ ŚĂƐ ďĞĞŶ ƚŽ ƌĞĂůŝǌĞ ŚĂƉƟĐ ĚŝƐƉůĂǇƐ ƚŚĂƚ ĂƌĞ ĂƐ ĞīĞĐƟǀĞ Ăƚ
ĐŽŶǀĞǇŝŶŐ ƚŽƵĐŚ ĂƐ ǀŝĚĞŽ ŵŽŶŝƚŽƌƐ ĂƌĞ Ăƚ ƉƌŽĚƵĐŝŶŐ ǀŝƐƵĂů ƐƟŵƵůŝ Žƌ ĂƵĚŝŽ ŚĞĂĚƉŚŽŶĞƐ Ăƚ ƌĞƉƌŽĚƵĐͲ
ŝŶŐ ƐŽƵŶĚ͕ ďƵƚ ƚŚŝƐ ŽďũĞĐƟǀĞ ƌĞŵĂŝŶƐ ĨĂƌ ĨƌŽŵ ƌĞĂůŝƚǇ͘ KŶĞ ƌĞĂƐŽŶ ŝƐ ƚŚĂƚ ŚĂƉƟĐ ƐƟŵƵůŝ ĂƌĞ ĚŝĸĐƵůƚ
ƚŽ ƐƉĞĐŝĨǇ ĂŶĚ ĞǀĞŶ ŚĂƌĚĞƌ ƚŽ ƌĞƉƌŽĚƵĐĞ͘ dŚŝƐ ŝƐ ĚƵĞ ƚŽ ƚŚĞŝƌ ŚŝŐŚͲĚŝŵĞŶƐŝŽŶĂůŝƚǇ ʹ ƚŚĞǇ ĐŽŶƐŝƐƚ ŽĨ
ŵŽǀĞŵĞŶƚͲĚĞƉĞŶĚĞŶƚ͕ ƟŵĞ ǀĂƌǇŝŶŐ ƐƚƌĂŝŶ ĚŝƐƚƌŝďƵƟŽŶƐ ŝŶ ƚŚĞ ƐŬŝŶ ʹ ĂŶĚ ƚŽ ƚŚĞŝƌ ƐƚƌŽŶŐ ĚĞƉĞŶĚĞŶĐĞƐ
ŽŶŵŽƚŽƌ ĂĐƟǀŝƚǇ ĂŶĚ ĐŽŶƚĂĐƚŵĞĐŚĂŶŝĐĂů ŝŶƚĞƌĂĐƟŽŶƐǁŝƚŚ ƚŚĞ ĞŶǀŝƌŽŶŵĞŶƚ͘ �ŽŶƐĞƋƵĞŶƚůǇ͕ Ă ŬĞǇ ŽďͲ
ũĞĐƟǀĞ ŽĨŵǇ ƌĞƐĞĂƌĐŚ ŝƐ ƚŽ ĚĞǀĞůŽƉ ŶĞǁ ƚĂĐƟůĞ ƐĞŶƐŝŶŐ ĂŶĚ ĂĐƚƵĂƟŽŶŵĞƚŚŽĚƐ ĨŽƌ ƉƌĞĐŝƐĞůǇ ĐĂƉƚƵƌŝŶŐ
ĂŶĚ ƌĞƉƌŽĚƵĐŝŶŐ ŵĞĐŚĂŶŝĐĂů ƐƟŵƵůŝ ƚŚĂƚ ĂƌĞ ĨĞůƚ ǁŚĞŶ ƌĞĂů ŽďũĞĐƚƐ ĂƌĞ ƚŽƵĐŚĞĚ͘ dŚĞƐĞ ĂĚǀĂŶĐĞƐ ŝŶ
ƐĞŶƐŝŶŐ ĂŶĚ ĂĐƚƵĂƟŽŶ ĂƌĞ ĂůƐŽ ĐĂƚĂůǇǌŝŶŐ ĞŵĞƌŐŝŶŐ ĂƉƉůŝĐĂƟŽŶƐ ŝŶŵĞĚŝĐĂů ƐĞŶƐŝŶŐ ĂŶĚ ƌŽďŽƟĐƐ͕ ĂƐ ĨƵƌƚŚĞƌ ĚĞƐĐƌŝďĞĚ ďĞůŽǁ͘

WƌŽũĞĐƚ ϭ͗ &ƌŽŵtŚŽůĞ ,ĂŶĚ ,ĂƉƟĐ ^ĞŶƐŝŶŐ ƚŽ tĞĂƌĂďůĞ ZŽďŽƟĐƐ
dŚŝƐ ƉƌŽũĞĐƚ ƐĞĞŬƐ ƚŽ ĞŶĂďůĞ ǁĞĂƌĂďůĞ ĐǇďĞƌ ƉŚǇƐŝĐĂů ƐǇƐƚĞŵƐ ƚŚĂƚ ĂůůŽǁ ƚŚĞŝƌ ƵƐĞƌƐ ƚŽ ƚŽƵĐŚ͕ ĨĞĞů͕ ĂŶĚ ŵĂŶŝƉƵůĂƚĞ ǀŝƌƚƵĂů
ŽďũĞĐƚƐ ǁŝƚŚ ƚŚĞ ǁŚŽůĞ ŚĂŶĚ ;&ŝŐ͘ ϮͿ͘ tŝƚŚ ŵǇ ƐƚƵĚĞŶƚƐ ĂŶĚ ĐŽůůĂďŽƌĂƚŽƌƐ͕ / Ăŵ ĚĞǀĞůŽƉŝŶŐ ƚĞĐŚŶŝƋƵĞƐ ĨŽƌ ĐĂƉƚƵƌŝŶŐ ĂŶĚ
ƌĞƉƌŽĚƵĐŝŶŐ ŚĂƉƟĐ ƐƟŵƵůŝ ƚŚĂƚ ĂƌĞ ĨĞůƚ ĚƵƌŝŶŐ ŽďũĞĐƚ ƉĂůƉĂƟŽŶ ĂŶĚ ŐƌĂƐƉŝŶŐ͘ tĞ ĐĂƉƚƵƌĞ ƚŚĞƐĞ ƐŝŐŶĂůƐ ǁŝƚŚ ĐŽŶƚĂĐƚ ĂŶĚ
ŶŽŶͲĐŽŶƚĂĐƚ ƐĞŶƐŝŶŐ͕ ƵƐŝŶŐ ĚĞĨŽƌŵĂďůĞ ŝŵĂŐĞ ƌĞŐŝƐƚƌĂƟŽŶ ŵĞƚŚŽĚƐ ĨŽƌ ƚƌĂĐŬŝŶŐ ƉŽƐĞͲĚĞƉĞŶĚĞŶƚ ĚĞĨŽƌŵĂƟŽŶƐ ŽĨ ƚŚĞ ƐŬŝŶ͕
ĂŶĚ ŝŶƉƵƚ ĨƌŽŵ ǁĞĂƌĂďůĞ D�D^ ĂĐĐĞůĞƌŽŵĞƚĞƌ ĂƌƌĂǇƐ ĂŶĚ ůĂƐĞƌ ĚŽƉƉůĞƌ ǀŝďƌŽŵĞƚƌǇ ƚŽ ƐĞŶƐĞ ĐŽŶƚĂĐƚͲŝŶĚƵĐĞĚ ƚƌĂŶƐŝĞŶƚ ŵĞͲ
ĐŚĂŶŝĐĂů ƐŝŐŶĂůƐ ƚŚĂƚ ƉƌŽƉĂŐĂƚĞ ǁŝĚĞůǇ ǁŝƚŚŝŶ ƚŚĞ ƐŬŝŶ ǁŚĞŶ ŽďũĞĐƚƐ ĂƌĞ ƚŽƵĐŚĞĚ͘ tĞ ƚŚĞŶ ƐĞĞŬ ƚŽ ĚĞǀĞůŽƉ ŵŽĚĞůƐ ĨŽƌ ƚŚĞ
ĚĞƉĞŶĚĞŶĐĞ ŽĨ ƚŚĞƐĞ ŚŝŐŚͲĚŝŵĞŶƐŝŽŶĂů ƐŝŐŶĂůƐ ŽŶ ŚĂŶĚ ŬŝŶĞŵĂƟĐƐ ĂŶĚ ŽďũĞĐƚ ĐŽŶƚĂĐƚƐ͘ &ŝŶĂůůǇ͕ ǁĞ ĂƌĞ ĚĞǀĞůŽƉŝŶŐ ĚŝƐƚƌŝďƵƚĞĚ͕
ƐŬŝŶͲĐŽŶĨŽƌŵŝŶŐ ĂĐƚƵĂƟŽŶ ŵĞƚŚŽĚƐ ƚŽ ƌĞƉƌŽĚƵĐĞ ƚŚĞŵ ǀŝĂ ǁĞĂƌĂďůĞ ŚĂƉƟĐ ŝŶƚĞƌĨĂĐĞƐ͘ dŚĞ ŵĂŝŶ ŽƵƚĐŽŵĞ ŽĨ ƚŚŝƐ ƉƌŽũĞĐƚ ǁŝůů
ďĞ ƚŽ ĞŶĂďůĞ ǀŝƌƚƵĂů ƚŽƵĐŚ ƐĞŶƐĂƟŽŶƐ ƚŽ ďĞ ĨĞůƚ ďǇ ƚŚĞ ŚĂŶĚ ĚƵƌŝŶŐ ŝŶƚĞƌĂĐƟŽŶ ǁŝƚŚ ƌĞĂů ĂŶĚ ĐŽŵƉƵƚĂƟŽŶĂů ŽďũĞĐƚƐ͕ ǇŝĞůĚŝŶŐ
ŶŽǀĞů ĞǆƉĞƌŝĞŶĐĞƐ ƚŚĂƚ ƐƉĂŶ ƚŚĞ ƉŚǇƐŝĐĂů ĂŶĚ ĐŽŵƉƵƚĂƟŽŶĂů ǁŽƌůĚƐ͕ ĨŽƌ ŵĞĚŝĐŝŶĞ͕ ƉĞƌƐŽŶĂů ƚĞĐŚŶŽůŽŐǇ͕ ĂŶĚ ƌŽďŽƟĐƐ͘

�ƵƌƌĞŶƚ &ƵŶĚŝŶŐ

dŚŝƐ ƉƌŽũĞĐƚ ŝƐ ĨƵŶĚĞĚ ďǇ ƚŚĞ E^& �ǇďĞƌ WŚǇƐŝĐĂů ^ǇƐƚĞŵƐ ƉƌŽŐƌĂŵ ǀŝĂ Ă ƐŝŶŐůĞͲŝŶǀĞƐƟŐĂƚŽƌ ĂǁĂƌĚ ͞�W^͗ �ƌĞĂŬƚŚƌŽƵŐŚ͗ �
tĞĂƌĂďůĞ �W^ ĨŽƌ ,ĂƉƟĐ /ŶƚĞƌĂĐƟŽŶ ŝŶ sZ͗ &ƌŽŵ tŚŽůĞͲ,ĂŶĚ dĂĐƟůĞ /ŵĂŐŝŶŐ ƚŽ /ŶƚĞƌĂĐƟǀĞ ^ŝŵƵůĂƟŽŶ͟ ĨŽƌ ΨϱϬϬ͕ϬϬϬ ĨƌŽŵ
:ĂŶƵĂƌǇ ϮϬϭϰ ƚŽ �ĞĐĞŵďĞƌ ϮϬϭϲ͘

WƵďůŝĐĂƟŽŶƐ

,͘ �Ƶŝ͕ z͘ sŝƐĞůů͕ >ŝŶĞĂƌ ĂŶĚ EŽŶůŝŶĞĂƌ ^ƵďƐƉĂĐĞ �ŶĂůǇƐŝƐ ŽĨ ,ĂŶĚ DŽǀĞŵĞŶƚƐ �ƵƌŝŶŐ 'ƌĂƐƉŝŶŐ͘ WƌŽĐ͘ ŽĨ �D�� ϮϬϭϰ͘
D͘ :ĂŶŬŽ͕ Z͘ WƌŝŵĞƌĂŶŽ͕ z͘ sŝƐĞůů͕ ^ĐĂůĞ ĚĞƉĞŶĚĞŶĐĞ ŽĨ ĨŽƌĐĞ ƉĂƩĞƌŶƐ ĚƵƌŝŶŐ ƚŚĞ ƐĐĂŶŶŝŶŐ ŽĨ Ă ƐƵƌĨĂĐĞ ďǇ Ă ďĂƌĞ ĮŶŐĞƌ͘ WƌŽĐ͘
�ƵƌŽŚĂƉƟĐƐ͕ ϮϬϭϰ͘ ;&ŝŶĂůŝƐƚ͕ �ĞƐƚ WĂƉĞƌ �ǁĂƌĚͿ
,͘ �Ƶŝ͕ z͘ sŝƐĞůů͕ ,ĞŝƌĂƌĐŚŝĐĂů ^ǇŶĞƌŐŝĞƐ ĂŶĚ 'ƌĂƐƉŝŶŐ ^ƚĂƟƐƟĐƐ͘ /Ŷ ƉƌĞƉĂƌĂƟŽŶ ĨŽƌ ƐƵďŵŝƐƐŝŽŶ ƚŽ͗ : EĞƵƌŽƉŚǇƐŝŽůŽŐǇ͘
z͘ ^ŚĂŽ͕ s͘ ,ĂǇǁĂƌĚ͕ z͘ sŝƐĞůů͕ ^ƉĂƟĂů WĂƩĞƌŶƐ ŽĨ �ƵƚĂŶĞŽƵƐ sŝďƌĂƚŽŶ �ƵƌŝŶŐ tŚŽůĞͲ,ĂŶĚ ,ĂƉƟĐ /ŶƚĞƌĂĐƟŽŶ͘ /Ŷ ƉƌĞƉĂƌĂƟŽŶ
ĨŽƌ ƐƵďŵŝƐƐŝŽŶ ƚŽ͗ WƌŽĐ EĂƚ �ĐĂĚ ^Đŝ͘

&ŝŐƵƌĞ Ϯ͗ EĞǁŵĞƚŚŽĚƐ ĨŽƌ ĐŽŶƚĂĐƚ ĂŶĚ ŶŽŶͲĐŽŶƚĂĐƚ ƐĞŶƐŝŶŐ ŽĨ ŵĞĐŚĂŶŝĐĂů ƐŝŐŶĂůƐ ĚƵƌŝŶŐ ǁŚŽůĞ ŚĂŶĚ ŝŶƚĞƌĂĐƟŽŶ ŐƵŝĚĞ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ǁĞĂƌĂďůĞ ĐǇďĞƌ ƉŚǇƐŝĐĂů ƚĞĐŚŶŽůŽŐŝĞƐ͘



zŽŶ sŝƐĞůů ^ƵŵŵĂƌǇ ŽĨ ZĞƐĞĂƌĐŚ

WƌŽũĞĐƚ Ϯ͗ ^ŽŌ dĂĐƟůĞ ^ĞŶƐŽƌƐ ĨŽƌ ,ĞĂůƚŚĐĂƌĞ ĂŶĚ ZŽďŽƟĐƐ
dŚŝƐ ƉƌŽũĞĐƚ ĂŝŵƐ ƚŽ ĂĚǀĂŶĐĞ ƚŚĞ ƐƚĂƚĞ ŽĨ ƚŚĞ Ăƌƚ ŝŶ ƚŚĞ ĚĞƐŝŐŶ ĂŶĚ ĨĂďƌŝĐĂƟŽŶ ŽĨ ƐŬŝŶͲůŝŬĞ ĞůĞĐƚƌŽŶŝĐ ƐĞŶƐŽƌƐ ŝŶ ŽƌĚĞƌ ƚŽ ŵĂŬĞ
ŝƚ ƉŽƐƐŝďůĞ ƚŽ ĂĐĐƵƌĂƚĞůǇ ĐĂƉƚƵƌĞ ĐŽŶƚĂĐƚ ŵĞĐŚĂŶŝĐĂů ŝŶƚĞƌĂĐƟŽŶƐ ǁŝƚŚ ƚŽƵĐŚĞĚ ŽďũĞĐƚƐ Žƌ ƟƐƐƵĞƐ͘ /Ŷ ŵǇ ůĂď͕ ǁĞ ĨĂďƌŝĐĂƚĞ ƚŚŝŶ͕
ĚĞĨŽƌŵĂďůĞ ŵƵůƟͲůĂǇĞƌ ĞůĞĐƚƌŽŶŝĐ ƐĞŶƐŝŶŐ ĚĞǀŝĐĞƐ ƵƐŝŶŐ ŵĞƚŚŽĚƐ ĨƌŽŵ ƐŽŌ ůŝƚŚŽŐƌĂƉŚǇ ĂŶĚ ŵŝĐƌŽŇƵŝĚŝĐƐ ǁŝƚŚ ůŽǁ ŵŽĚƵůƵƐ
ĞůĂƐƚŽŵĞƌƐ ;&ŝŐ͘ ϯͿ͘ DĞĐŚĂŶŝĐĂů ĐŽŶƚĂĐƚƐ ǁŝƚŚ ƚŚĞ ƌĞƐƵůƟŶŐ ƐĞŶƐŽƌƐ ĂƌĞ ĐĂƉƚƵƌĞĚ ƚŚƌŽƵŐŚ ĞůĞĐƚƌŽŶŝĐ ĐŚĂŶŐĞƐ ƚŚĞǇ ƉƌŽĚƵĐĞ ĂƐ
ƚŚĞǇ ƵŶĚĞƌŐŽĚĞĨŽƌŵĂƟŽŶ͘ dŚƌŽƵŐŚ ƚŚĞƐĞ ĚĞǀŝĐĞƐ͕ ǁĞ ĂƌĞ ƉƵƌƐƵŝŶŐ ŶĞǁĂƉƉůŝĐĂƟŽŶƐ ŝŶǁĞĂƌĂďůĞ ƚĂĐƟůĞ ƐĞŶƐŝŶŐ ĨŽƌŵĞĚŝĐŝŶĞ͕
ǁŚĞƌĞ ƉĂůƉĂƟŽŶ ;ƚŚĞ ĂƉƉůŝĐĂƟŽŶ ŽĨ ƚŽƵĐŚͿ ŝƐ ĂŵŽŶŐ ƚŚĞ ŵŽƐƚ ǁŝĚĞůǇ ĂƉƉůŝĞĚ͕ ďƵƚ ůĞĂƐƚ ĚŽĐƵŵĞŶƚĞĚ͕ ĚŝĂŐŶŽƐƟĐ ƚĞĐŚŶŝƋƵĞƐ͕
ĂŶĚ ŝŶ ƌŽďŽƟĐ ƐĞŶƐŝŶŐ͕ ƚŽ ĞŶĂďůĞ ƌŽďŽƚƐ ƚŽ ŵŽƌĞ ĞīĞĐƟǀĞůǇ ŝŶƚĞƌĂĐƚ ǁŝƚŚ ƚŚĞŝƌ ĞŶǀŝƌŽŶŵĞŶƚƐ ƚŚƌŽƵŐŚ ƚŽƵĐŚ͘

&ŝŐƵƌĞ ϯ͗ dŚĞ ƉƌŽũĞĐƚ ŝƐ ƉŝŽŶĞĞƌŝŶŐ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ƐŽŌ ƚĂĐƟůĞ ƐĞŶƐŽƌƐ ĨŽƌ ĂƉƉůŝĐĂƟŽŶƐ ;�Ϳ ŝŶĐůƵĚŝŶŐ ŵĞĚŝĐĂů ƐĞŶƐŝŶŐ ĨŽƌ ƉƌŽƐƚƌĂƚĞ ĞǆĂŵŝŶĂƟŽŶƐ͕ ƵƐŝŶŐ ŵĞƚŚŽĚƐ ;�Ϳ ĨƌŽŵ ƐŽŌ
ůŝƚŚŽŐƌĂƉŚǇ ĂŶĚ ŵŝĐƌŽŇƵŝĚŝĐƐ ƚŽ ĚĞƐŝŐŶ ĂŶĚ ĨĂďƌŝĐĂƚĞ ĨƵŶĐƟŽŶĂů ĚĞǀŝĐĞƐ ƚŚĂƚ ĂĐŚŝĞǀĞ ŚŝŐŚ ƐĞŶƐŝƟƚǇ͕ ƐƉĂƟĂů ƌĞƐŽůƵƟŽŶ͕ ĂŶĚ ŚŝŐŚ ĐŽŶĨŽƌŵĂďŝůŝƚǇ ;>ŝ ĂŶĚ sŝƐĞůů͕ ϮϬϭϰͿ͘

�ƵƌƌĞŶƚ &ƵŶĚŝŶŐ
dŚŝƐ ƉƌŽũĞĐƚ ŝƐ ĨƵŶĚĞĚ ďǇ ƚŚĞ /ŶĚĞƉĞŶĚĞŶĐĞ �ůƵĞ �ƌŽƐƐ DĞĚŝĐĂů ^ŝŵƵůĂƟŽŶ 'ƌĂŶƚ WƌŽŐƌĂŵ ǀŝĂ ĂŶ ĂǁĂƌĚ ĞŶƟƚůĞĚ ͞tĞĂƌĂďůĞ
^ŽŌ �ůĞĐƚƌŽŶŝĐ ^ĞŶƐŝŶŐ ĨŽƌ WĂůƉĂƟŽŶ ^ŝŵƵůĂƟŽŶ͕ �ƐƐĞƐƐŵĞŶƚ͕ ĂŶĚ �ŽĐƵŵĞŶƚĂƟŽŶ͕͟ ǁŝƚŚ ĐŽͲW/ �͘ ^ĐŽƩ >ŝŶĚ D͘�͕͘ �ƌĞǆĞů
hŶŝǀĞƌƐŝƚǇ �ŽůůĞŐĞ ŽĨ DĞĚŝĐŝŶĞ͘ dŚĞ ĂǁĂƌĚ ĨŽƌ ΨϱϬ͕ϬϬϬ ƌƵŶƐ ĨƌŽŵ KĐƚŽďĞƌ ϮϬϭϰ ƚŚƌŽƵŐŚ ^ĞƉƚĞŵďĞƌ ϮϬϭϱ͘

WƵďůŝĐĂƟŽŶƐ
�͘ >ŝ͕ z͘ 'ƵĂŶ͕ �͘ &ŽŶƚĞĐĐŚŝŽ͕ z͘ sŝƐĞůů͕ �ŝƌĞĐƚ ĮůĂŵĞŶƚ ĐĂƐƟŶŐ ŽĨ ŵŝĐƌŽŇƵŝĚŝĐ ĂƌƌĂǇƐ ĨŽƌ ŚŝŐŚůǇ ĞůĂƐƟĐ ĐĂƉĂĐŝƟǀĞ ƚĂĐƟůĞ ŝŵĂŐĞ
ƐĞŶƐŽƌƐ͘ /Ŷ ƉƌĞƉĂƌĂƟŽŶ ĨŽƌ ƐƵďŵŝƐƐŝŽŶ ƚŽ͗ �ĚǀĂŶĐĞĚ &ƵŶĐƟŽŶĂů DĂƚĞƌŝĂůƐ͘

�͘ >ŝ͕ z͘ sŝƐĞůů ;�ƌĞǆĞů hŶŝǀ͘ Ϳ͕ ^ŽŌ dĂĐƟůĞ DŝĐƌŽŇƵŝĚŝĐ ^ĞŶƐŽƌƐ͘ h^WdK WĂƚĞŶƚ �ƉƉůŝĐĂƟŽŶ EŽ͘ ϲϮͬϬϰϱ͕Ϯϳϯ ;WƌŽǀŝƐŝŽŶĂůͿ͕ ϮϬϭϰ͘

�ĚĚŝƟŽŶĂů ZĞƐĞĂƌĐŚ WƌŽũĞĐƚƐ

&ŝŐƵƌĞ ϰ͗ dŚĞ ƉƌŽũĞĐƚ ŝŶǀĞƐƟŐĂƚĞƐ ĐŽŵƉůŝĂŶƚ ƵŶĚĞƌǁĂƚĞƌ
ƌŽďŽƚƐ ƚŚĂƚ ƵƐĞ ŇƵŝĚ ŇŽǁ ƚŽ ŝŶƚĞƌĂĐƚ ŝŶ ĐŚĂůůĞŶŐŝŶŐ ĂƋƵĂƟĐ
ĞŶǀŝƌŽŶŵĞŶƚƐ͘

�ŽŵƉůŝĂŶƚ hŶĚĞƌǁĂƚĞƌ ZŽďŽƟĐƐ͗ dŚŝƐ ƌĞƐĞĂƌĐŚ ĂŝŵƐ ƚŽ ĞǆƚĞŶĚ ƚŚĞ ĐĂƉĂďŝůŝƟĞƐ
ŽĨ ƌŽďŽƚƐ ŝŶ ƵŶĚĞƌǁĂƚĞƌ ĞŶǀŝƌŽŶŵĞŶƚƐ ďǇ ĞŶĂďůŝŶŐ ƚŚĞŵ ƚŽ ĂĐƟǀĞůǇ ƐĞŶƐĞ ĂŶĚ
ŝŶƚĞƌĂĐƚ ǁŝƚŚ ƵŶĚĞƌǁĂƚĞƌ ŽďũĞĐƚƐ͕ ďŝŽůŽŐŝĐĂů ƐƉĞĐŝŵĞŶƐ͕ Žƌ ŽƚŚĞƌ ĨĞĂƚƵƌĞƐ͘ dŚĞ
ƉƌŽũĞĐƚ ĂŝŵƐ ƚŽ ĐŽŶƚƌŝďƵƚĞ ƚŽ ƚŚĞ ĮĞůĚ ŽĨ ĐŽŵƉůŝĂŶƚ ƌŽďŽƟĐƐ ďǇ ŝŶĨŽƌŵŝŶŐ ƚŚĞ ĚĞͲ
ƐŝŐŶ ĂŶĚ ĐŽŶƚƌŽů ŽĨ ďŝŽͲŝŶƐƉŝƌĞĚ ƵŶĚĞƌǁĂƚĞƌŵĂŶŝƉƵůĂƚŽƌƐ ƚŚĂƚ ĂƌĞ ƐƵďũĞĐƚ ƚŽ ůĂƌŐĞ
ŇƵŝĚŝĐ ĚŝƐƚƵƌďĂŶĐĞƐ͕ ĂŶĚ ďǇ ĞŵƉŽǁĞƌŝŶŐ ƌŽďŽƚƐ ƚŽ ĐŽŶƚƌŽů ĂŶĚ ĞǆƉůŽŝƚ ƵŶĚĞƌǁĂͲ
ƚĞƌ ŇŽǁƐ ĨŽƌ ŝŶĚŝƌĞĐƚ ŵĂŶŝƉƵůĂƟŽŶ͘ /ƚ ǁŝůů ĞǆƚĞŶĚŵĞĐŚĂŶŝĐĂů ƐĞŶƐŝŶŐ ŵĞƚŚŽĚƐ ŝŶ
ŽƌĚĞƌ ƚŽ ĐĂƉƚƵƌĞ ŇŽǁ ĚǇŶĂŵŝĐƐ͕ ŝŵƉƌŽǀŝŶŐ ĐŽŶƚƌŽů͕ ĂŶĚ ǁŝůů ĂĚĚƌĞƐƐ ƚŚĞ ŝŵƉĂĐƚ ŽĨ
ŇƵŝĚ ŽŶ ĂĐƟǀĞ ƚŽƵĐŚ ƐĞŶƐŝŶŐ͕ ĐƌĞĂƟŶŐ ŬŶŽǁůĞĚŐĞ ŽŶ ƚŚĞ ĞīĞĐƚƐ ŽĨ ŇƵŝĚŝĐ ůŽĂĚŝŶŐ
ŽŶ ƐĞŶƐŝŶŐ ƐƚƌƵĐƚƵƌĞƐ ĂŶĚ ŽŶ ƚŚĞ ŇƵŝĚͲŵĞĚŝĂƚĞĚ ƌĞƐƉŽŶƐĞƐ ŽĨ ƉĂůƉĂƚĞĚ ŽďũĞĐƚƐ͘
dŚŝƐ ǁŽƌŬ ŝƐ ƚŚĞ ƐƵďũĞĐƚ ŽĨ ƉĞŶĚŝŶŐ ƉƌŽƉŽƐĂůƐ ƚŽ ƚŚĞ E^& EĂƟŽŶĂů ZŽďŽƟĐƐ /ŶŝƟĂƟǀĞ ;Ψϭ͘ϱDͿ ĂŶĚ ƚŽ ƚŚĞ E^& �/^� ZĞƐĞĂƌĐŚ
/ŶĨƌĂƐƚƌƵĐƚƵƌĞ ƉƌŽŐƌĂŵ ;ΨϭDͿ͕ ǁŝƚŚ ĐŽͲŝŶǀĞƐƟŐĂƚŽƌƐ :͘ dĂŶŐŽƌƌĂ ĂŶĚ D͘�͘ ,ƐŝĞŚ ;�ƌĞǆĞů hŶŝǀ͘ Ϳ͘

&ŝŐƵƌĞ ϱ͗ dŚĞ ƉƌŽũĞĐƚ ŝŶǀĞƐƟŐĂƚĞƐ ƚŚĞ ƌŽůĞ ŽĨ ƚŽƵĐŚ ĨĞĞĚͲ
ďĂĐŬ ŝŶ ŬŝŶĞƐƚŚĞƐŝĂ͕ ƚŚĞ ďƌĂŝŶ Ɛ͛ ƐĞŶƐĞ ŽĨ ŵŽǀĞŵĞŶƚ͕ ĚƵƌŝŶŐ
ŽďũĞĐƚ ŵĂŶŝƉƵůĂƟŽŶ ĂŶĚ ŝŶ ǁĂůŬŝŶŐ ;ĂƐ ƐŚŽǁŶ͕ sŝƐĞůů ϮϬϭϬͲ
ϮϬϭϯͿ͘

,ĂƉƟĐ WĞƌĐĞƉƟŽŶ ĂŶĚ /ŶƚĞƌĂĐƟŽŶ ŝŶ sZ͗ dŚŝƐ ƌĞƐĞĂƌĐŚ ĂŝŵƐ ƚŽ ŝůůƵŵŝŶĂƚĞ ƚŚĞ
ďĂƐŝƐ ŽĨ ŚƵŵĂŶ ƐĞŶƐŽƌŝŵŽƚŽƌ ŝŶƚĞƌĂĐƟŽŶ ĂŶĚ ŵŽǀĞŵĞŶƚ ŝŶ ƌĞĂů ĂŶĚ ǀŝƌƚƵĂů ĞŶͲ
ǀŝƌŽŶŵĞŶƚƐ͕ ĂŶĚ ƚŽ ĞŶĂďůĞ ƌŝĐŚ ĞǆƉĞƌŝĞŶĐĞƐ ŽĨ ƚŽƵĐŚŝŶŐ ĂŶĚ ŝŶƚĞƌĂĐƟŶŐ ǁŝƚŚ ŽďͲ
ũĞĐƚƐ ŝŶ sZ͘ KŶĞ ŐŽĂů ŽĨ ƚŚŝƐ ǁŽƌŬ ŝƐ ƚŽ ĞǆƉůĂŝŶ ƚŚĞ ƌŽůĞ ŽĨ ƚŽƵĐŚ ĨĞĞĚďĂĐŬ ŝŶ ƚŚĞ
ďŽĚǇ͛Ɛ ƐĞŶƐĞ ŽĨ ŵŽǀĞŵĞŶƚ͕ ĚƵƌŝŶŐ ĚǇŶĂŵŝĐ ďĂůĂŶĐĞ͕ ůŽĐŽŵŽƟŽŶ͕ ĂŶĚ ŐƌĂƐƉŝŶŐ͘
�ůƚŚŽƵŐŚ ĐŽŶǀĞŶƟŽŶĂů ĂĐĐŽƵŶƚƐ ŽĨ ƐŽŵĂƚŽƐĞŶƐŽƌǇ ŝŶĨŽƌŵĂƟŽŶ ƉƌŽĐĞƐƐŝŶŐ ĚŝƐƟŶͲ
ŐƵŝƐŚ ďĞƚǁĞĞŶ ƚĂĐƟůĞ ƐĞŶƐĂƟŽŶƐ ŽĨ ƚŚĞ ƐŬŝŶ ĂŶĚ ŬŝŶĞƐƚŚĞƟĐ ƐĞŶƐĂƟŽŶƐ ŽĨ ŵŽǀĞͲ
ŵĞŶƚ ĂŶĚ ĨŽƌĐĞ ƚŚĂƚ ĂƌĞ ŵĞĚŝĂƚĞĚ ďǇ ŽƚŚĞƌ ŽƌŐĂŶƐ͕ ƌĞĐĞŶƚ ŝŶǀĞƐƟŐĂƟŽŶƐ ƌĞǀĞĂů
Ă ƐƵƌƉƌŝƐŝŶŐ ĞǆƚĞŶƚ ŽĨ ŝŶƚĞƌĂĐƟŽŶ ďĞƚǁĞĞŶ ƚŚĞƐĞ ƐĞŶƐŽƌǇ ŵŽĚĂůŝƟĞƐ͘ �Ǉ ƐƚƵĚǇŝŶŐ
ƚŚĞƐĞ ŝŶƚĞƌĂĐƟŽŶƐ͕ / Ăŝŵ ƚŽ ĞŶĂďůĞ ƚŚĞ ĚĞƐŝŐŶ ŽĨ ŶĞǁ͕ ĞĸĐŝĞŶƚ ƚĞĐŚŶŽůŽŐŝĞƐ ĨŽƌ
ƉƌŽǀŝĚŝŶŐ ĨŽƌĐĞ ĂŶĚ ƐŝŵƵůĂƚĞĚ ŵŽǀĞŵĞŶƚ ĨĞĞĚďĂĐŬ ŝŶ ƌĞĂů ĂŶĚ ǀŝƌƚƵĂů ĞŶǀŝƌŽŶŵĞŶƚƐ͘ / ŚĂǀĞ ďĞĞŶ ĂǁĂƌĚĞĚ ĨƵŶĚŝŶŐ ĨŽƌ ƚŚŝƐ
ǁŽƌŬ ƚŚƌŽƵŐŚ ƚŚƌĞĞ ŵƵůƟͲŝŶƐƟƚƵƟŽŶ �h ƉƌŽũĞĐƚƐ ĂŶĚ ƚŚƌŽƵŐŚ ƚŚĞ DŝŶŝƐƚƌǇ ŽĨ �ĐŽŶŽŵŝĐ �ĞǀĞůŽƉŵĞŶƚ ŽĨ YƵĞďĞĐ͕ �ĂŶĂĚĂ͘
dŚŝƐ ƌĞƐĞĂƌĐŚ ŚĂƐ ƌĞƐƵůƚĞĚ ŝŶ ƚǁŽ ĞĚŝƚĞĚ ďŽŽŬƐ͕ ĂŶĚ ŶƵŵĞƌŽƵƐ ŽƚŚĞƌ ƉƵďůŝĐĂƟŽŶƐ͖ ƐĞĞ �ƵƌƌŝĐƵůƵŵ sŝƚĂĞ͘



zŽŶ sŝƐĞůů dĞĂĐŚŝŶŐ ^ƚĂƚĞŵĞŶƚ

dĞĂĐŚŝŶŐ ^ƚĂƚĞŵĞŶƚ
/ ŚĂǀĞ ďĞĞŶ ĨŽƌƚƵŶĂƚĞ ƚŽ ďĞ ŝŶǀŽůǀĞĚ ŝŶ ŝŶƐƚƌƵĐƟŽŶ ĂŶĚ ĐƵƌƌŝĐƵůƵŵ ĚĞǀĞůŽƉŵĞŶƚ Ăƚ Ăůů ůĞǀĞůƐ ŽĨ ƵŶŝǀĞƌƐŝƚǇ ĞĚƵĐĂƟŽŶ͕ ĂŶĚ ŚĂǀĞ
ĐŽŶƚƌŝďƵƚĞĚ ƚŽ ŐƌĂĚƵĂƚĞ ĂŶĚ ƵŶĚĞƌŐƌĂĚƵĂƚĞ ƚĞĂĐŚŝŶŐ͕ ŵĞŶƚŽƌŝŶŐ͕ ĂŶĚ ƐƵƉĞƌǀŝƐŝŽŶ Ăƚ ƐĞǀĞƌĂů ƵŶŝǀĞƌƐŝƟĞƐ͘ / ŚĂǀĞ ĐŽŶƚƌŝďƵƚĞĚ
ŵŽƌĞ ďƌŽĂĚůǇ ƚŽ ƚŚĞ ƉƌŽĨĞƐƐŝŽŶ ĂŶĚ ƚŽ ƚŚĞ ƉƵďůŝĐ Ăƚ ůĂƌŐĞ͕ ƚŚƌŽƵŐŚ ĐŽƵƌƐĞƐ͕ ǁŽƌŬƐŚŽƉƐ͕ ƐĐŝĞŶĐĞ ĨĞƐƟǀĂůƐ͕ ƉƵďůŝĐ ůĞĐƚƵƌĞƐ͕
ƉĞƌĨŽƌŵĂŶĐĞƐ͕ ĂŶĚ ŽƚŚĞƌ ĨŽƌŵƐ ŽĨ ŽƵƚƌĞĂĐŚ͘ DǇ ĂƉƉƌŽĂĐŚ ƚŽ ƚŚĞƐĞ ĂĐƟǀŝƟĞƐ ŝƐ ŝŶƚĞŶĚĞĚ ƚŽ ďĞ ĞŶŐĂŐŝŶŐ ĂŶĚ ůĞĂƌŶĞƌͲĐĞŶƚĞƌĞĚ͘
/ Ăŝŵ ƚŽ ĞŵƉŽǁĞƌ ƐƚƵĚĞŶƚƐ ƚŽ ƚĂŬĞ ůĞĂĚŝŶŐ ƌŽůĞƐ ŝŶ ƚŚĞŝƌ ĞĚƵĐĂƟŽŶ ƚŚƌŽƵŐŚ ĂĐƟǀĞ ůĞĂƌŶŝŶŐ ŝŶ ǀĂƌŝŽƵƐ ĨŽƌŵƐ͘ / ŚŽƉĞ ƚŽ ĞŶĂďůĞ
ƚŚĞŵ ƚŽ ĂĐƋƵŝƌĞ ƚŚĞ ďƌŽĂĚĞƌ ƐĞƚƐ ŽĨ ŝŶƚĞůůĞĐƚƵĂů ĂŶĚ ƉƌŽďůĞŵ ƐŽůǀŝŶŐ ƚŽŽůƐ ƚŚĂƚ ƚŚĞǇ ŶĞĞĚ ŝŶ ŽƌĚĞƌ ƚŽ ŐƌŽǁ ĂŶĚ ĂƉƉůǇ ƚŚĞŝƌ
ŬŶŽǁůĞĚŐĞ͕ ƚŽ ƵůƟŵĂƚĞůǇ ƚŽ ĂĐŚŝĞǀĞ ƚŚĞŝƌ ŐŽĂůƐ ʹ ŵĞĞƟŶŐ ƚŚĞ ĚĞŵĂŶĚƐ ƚŚĂƚ ƚŚĞǇ ǁŝůů ĞŶĐŽƵŶƚĞƌ ŝŶ ŝŶĚƵƐƚƌǇ͕ Žƌ ĂĚĚƌĞƐƐŝŶŐ
ƚŚĞ ĐŚĂůůĞŶŐĞƐ ƚŚĂƚ ƚŚĞǇ ƚŚĞŵƐĞůǀĞƐ ǁŝůů ĚĞĐŝĚĞ ƚŽ ƚĂŬĞ ŽŶ ŝŶ ĂŶ ŝŶĐƌĞĂƐŝŶŐůǇ ĞŶƚƌĞƉƌĞŶĞƵƌŝĂů ǁŽƌůĚ͘

dĞĂĐŚŝŶŐ͗ dŽ ĚĂƚĞ͕ / ŚĂǀĞ ƚĂƵŐŚƚ ĨŽƵƌ ĚŝīĞƌĞŶƚ ĐŽƵƌƐĞƐ ŝŶ ƚŚĞ �ŽůůĞŐĞ ŽĨ �ŶŐŝŶĞĞƌŝŶŐ Ăƚ �ƌĞǆĞů hŶŝǀĞƌƐŝƚǇ͕ ŽŶĞ ĐŽƵƌƐĞ ŝŶ ƚŚĞ
&ĂĐƵůƚǇ ŽĨ �ŶŐŝŶĞĞƌŝŶŐ Ăƚ DĐ'ŝůů hŶŝǀĞƌƐŝƚǇ͕ ƚŚƌĞĞ ĐŽƵƌƐĞƐ ŝŶ ŝŶƚĞƌĂĐƟŽŶ ĚĞƐŝŐŶ ƉƌŽŐƌĂŵƐ ;ǁŚŝĐŚ ĐŽŵďŝŶĞ ĞŶŐŝŶĞĞƌŝŶŐ ǁŝƚŚ
Ăƌƚ ĂŶĚ ĚĞƐŝŐŶͿ͕ ĂŶĚ ŽŶĞ ĞǆƉĞƌƚ ĐŽƵƌƐĞ ŽŶ ǀŝƌƚƵĂů ƌĞĂůŝƚǇ ƚĂŝůŽƌĞĚ ƚŽ ƚŚĞ ŚƵŵĂŶͲĐŽŵƉƵƚĞƌ ŝŶƚĞƌĂĐƟŽŶ ƌĞƐĞĂƌĐŚ ĐŽŵŵƵŶŝƚǇ͘ �
ĐŽŵƉůĞƚĞ ůŝƐƚ ŝƐ ƉƌŽǀŝĚĞĚ ŝŶ ŵǇ �ƵƌƌŝĐƵůƵŵ sŝƚĂĞ͘ dŚĞ ĮǀĞ ĞŶŐŝŶĞĞƌŝŶŐ ĐŽƵƌƐĞƐ ƚŚĂƚ / ŚĂǀĞ ƚĂƵŐŚƚ ĂƌĞ͗

�ƌĞǆĞů hŶŝǀĞƌƐŝƚǇ͕ �ůĞĐƚƌŝĐĂů ĂŶĚ �ŽŵƉƵƚĞƌ �ŶŐŝŶĞĞƌŝŶŐ �ĞƉĂƌƚŵĞŶƚ

ͻ ���^ ϱϭϭ͗ &ƵŶĚĂŵĞŶƚĂůƐ ŽĨ ^ǇƐƚĞŵƐ / ;&Ăůů ϮϬϭϯ ͕ &Ăůů ϮϬϭϰͿ
dŽƉŝĐ͗ >ŝŶĞĂƌ ^ǇƐƚĞŵƐ dŚĞŽƌǇ ;'ƌĂĚƵĂƚĞͿ

ͻ ���^ ϱϭϮ͗ &ƵŶĚĂŵĞŶƚĂůƐ ŽĨ ^ǇƐƚĞŵƐ // ;tŝŶƚĞƌ ϮϬϭϯ ͕ tŝŶƚĞƌ ϮϬϭϰͿ
dŽƉŝĐƐ͗ >ŝŶĞĂƌ ^ǇƐƚĞŵƐ͕ �ŽŶƚƌŽů ĂŶĚ KďƐĞƌǀĂƟŽŶ ;'ƌĂĚƵĂƚĞͿ

ͻ ���^ ϱϭϯ͗ &ƵŶĚĂŵĞŶƚĂůƐ ŽĨ ^ǇƐƚĞŵƐ /// ;^ƉƌŝŶŐ ϮϬϭϰ ͕ ^ƉƌŝŶŐ ϮϬϭϱͿ
dŽƉŝĐƐ͗ EŽŶůŝŶĞĂƌ ^ǇƐƚĞŵƐ dŚĞŽƌǇ ĂŶĚ �ŽŶƚƌŽů ;'ƌĂĚƵĂƚĞͿ

ͻ ���^ ϰϵϬͬϲϵϬ͗ ,ĂƉƟĐ �ŶŐŝŶĞĞƌŝŶŐ ;^ƉƌŝŶŐ ϮϬϭϯ ͕ ^ƉƌŝŶŐ ϮϬϭϰͿ
dŽƉŝĐƐ͗ ,ƵŵĂŶ ,ĂƉƟĐƐ͕ ,ĂƉƟĐ �ĞǀŝĐĞ �ŶŐŝŶĞĞƌŝŶŐ͕ ,ĂƉƟĐ ZĞŶĚĞƌŝŶŐ ;'ƌĂĚƵĂƚĞ ĂŶĚ hŶĚĞƌŐƌĂĚƵĂƚĞͿ

DĐ'ŝůů hŶŝǀĞƌƐŝƚǇ͕ �ůĞĐƚƌŝĐĂů ĂŶĚ �ŽŵƉƵƚĞƌ �ŶŐŝŶĞĞƌŝŶŐ �ĞƉĂƌƚŵĞŶƚ

ͻ ��^� ϯϮϲͬϱϮϲ͗ �ƌƟĮĐŝĂů /ŶƚĞůůŝŐĞŶĐĞ ;^ƉƌŝŶŐ ϮϬϬϲ Ϳ
dŽƉŝĐƐ͗ �ƌƟĮĐŝĂů /ŶƚĞůůŝŐĞŶĐĞ ĂŶĚ DĂĐŚŝŶĞ >ĞĂƌŶŝŶŐ ;'ƌĂĚƵĂƚĞ ĂŶĚ hŶĚĞƌŐƌĂĚƵĂƚĞͿ

/ŶĚŝĐĂƚĞƐ ĂŶ ŽƌŝŐŝŶĂů ĐŽƵƌƐĞ ƚŚĂƚ ǁĂƐ ĚĞǀĞůŽƉĞĚ ĂŶĚ ƚĂƵŐŚƚ͘
/ŶĚŝĐĂƚĞƐ Ă ĐŽƵƌƐĞ ǁŝƚŚ ƐŝŐŶŝĮĐĂŶƚ ŽƌŝŐŝŶĂů ĐŽŶƚƌŝďƵƟŽŶƐ ƚŽ ƚŚĞ ĐƵƌƌŝĐƵůĂ͘

DǇ ĂĐĂĚĞŵŝĐ ƚƌĂŝŶŝŶŐ ŝƐ ƌĞůĂƟǀĞůǇ ďƌŽĂĚ͕ ĂŶĚ ŝŶĐůƵĚĞƐ ƉŚǇƐŝĐƐ͕ ĞůĞĐƚƌŝĐĂů ĂŶĚ ĐŽŵƉƵƚĞƌ ĞŶŐŝŶĞĞƌŝŶŐ͕ ĂŶĚ ƌŽďŽƟĐƐ͘ dŚŝƐ ĞŶͲ
ĂďůĞƐ ŵĞ ƚŽ ƚĞĂĐŚ Ă ǁŝĚĞ ƌĂŶŐĞ ŽĨ ĐŽƵƌƐĞƐ͖ &ƌŽŵ ƚŚĞ ĐŽƌĞ ĞŶŐŝŶĞĞƌŝŶŐ ĐƵƌƌŝĐƵůĂ͕ ƚŚĞǇ ŝŶĐůƵĚĞƐ͗ ƐǇƐƚĞŵƐ͕ ƌŽďŽƟĐƐ͕ ƐŝŐŶĂůƐ͕
ƚƌĂŶƐĨŽƌŵƐ͕ ĐŽŶƚƌŽů͕ ĂŶĚ ĚǇŶĂŵŝĐƐ͘ DǇ ŝŶĚƵƐƚƌŝĂů ĞǆƉĞƌŝĞŶĐĞ ŝŶ ƐƉĞĞĐŚ ƌĞĐŽŐŶŝƟŽŶ ƌĞƐĞĂƌĐŚ͕ ĂƵĚŝŽ �^W͕ ĂŶĚ ŝŶƚĞƌĂĐƟǀĞ ƚĞĐŚͲ
ŶŽůŽŐŝĞƐ ĂůůŽǁ ŵĞ ƚŽ ďƌŝŶŐ Ă ƵŶŝƋƵĞ ƉĞƌƐƉĞĐƟǀĞ ƚŽ ƌĞůĂƚĞĚ ƐƵďũĞĐƚƐ͕ ŝŶĐůƵĚŝŶŐ ŵĂĐŚŝŶĞ ůĞĂƌŶŝŶŐ͕ ĂŶĚ ĂƵĚŝŽ ĂŶĚ ŵƵƐŝĐ �^W͘ /
ĞƐƉĞĐŝĂůůǇ ĞŶũŽǇ ƚĞĂĐŚŝŶŐ ĐůĂƐƐĞƐ ƚŚĂƚ ĂƌĞ ŵŽƌĞ ŶŽǀĞů ŝŶ ƚŚĞ ĞŶŐŝŶĞĞƌŝŶŐ ĐƵƌƌŝĐƵůƵŵ͕ ĂŶĚ ƚŚĂƚ ůŝĞ ŶĞĂƌĞƌ ƚŽ ŵǇ ƌĞƐĞĂƌĐŚ ŝŶƚĞƌͲ
ĞƐƚƐ͕ ŝŶĐůƵĚŝŶŐ ŚĂƉƟĐ ĞŶŐŝŶĞĞƌŝŶŐ͕ ĞŵďĞĚĚĞĚ ĐǇďĞƌ ƉŚǇƐŝĐĂů ƐǇƐƚĞŵƐ͕ ƌŽďŽƟĐƐ͕ ĂŶĚ ǀŝƌƚƵĂů ƌĞĂůŝƚǇ͕ ĂŶĚ ǁŽƵůĚ ǁĞůĐŽŵĞ ƚŚĞ
ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ ƚĞĂĐŚ ŝŶ ƐƵĐŚ ĂƌĞĂƐ ŝŶ ƚŚĞ ĨƵƚƵƌĞ͘

DĞŶƚŽƌŝŶŐ͗ / ŚĂǀĞ ŵĞŶƚŽƌĞĚ ƐƚƵĚĞŶƚƐ ĨƌŽŵ ĞůĞĐƚƌŝĐĂů͕ ŵĞĐŚĂŶŝĐĂů͕ ĂŶĚ ďŝŽŵĞĚŝĐĂů ĞŶŐŝŶĞĞƌŝŶŐ Ăƚ ƚŚĞ ŐƌĂĚƵĂƚĞ ĂŶĚ ƵŶĚĞƌͲ
ŐƌĂĚƵĂƚĞ ůĞǀĞůƐ͕ ƚŚƌŽƵŐŚ ŝŶĚĞƉĞŶĚĞŶƚ ƌĞƐĞĂƌĐŚ ƉƌŽũĞĐƚƐ͕ ƐĞŶŝŽƌ ĚĞƐŝŐŶ ƉƌŽũĞĐƚƐ͕ ĂŶĚ ŐƌĂĚƵĂƚĞ ƌĞƐĞĂƌĐŚ ƐƵƉĞƌǀŝƐŝŽŶ͘ / ĐƵƌƌĞŶƚůǇ
ĂĚǀŝƐĞ ĮǀĞ WŚ� ƐƚƵĚĞŶƚƐ͕ ƚŚƌĞĞ ŵĂƐƚĞƌƐ ƐƚƵĚĞŶƚƐ͕ ĂŶĚ ƐĞǀĞƌĂů ŵŽƌĞ ƵŶĚĞƌŐƌĂĚƵĂƚĞ ƐƚƵĚĞŶƚƐ͕ ŝŶĐůƵĚŝŶŐ ƚǁŽ ŝŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ
ƐĞŶŝŽƌ ĞŶŐŝŶĞĞƌŝŶŐ ĚĞƐŝŐŶ ƚĞĂŵƐ͘ �ĞƚĂŝůƐ ĂƌĞ ƉƌŽǀŝĚĞĚ ŝŶ ŵǇ �ƵƌƌŝĐƵůƵŵ sŝƚĂĞ͘

/Ŷ ĞŶŐŝŶĞĞƌŝŶŐ ĞĚƵĐĂƟŽŶ͕ ǁĞ ĂƌĞ ĨŽƌƚƵŶĂƚĞ ƚŚĂƚ ƉƌŽũĞĐƚͲďĂƐĞĚ ǁŽƌŬ ĐŽŶƐƟƚƵƚĞƐ Ă ŬĞǇ ĂŶĚ ŝŶƚĞŐƌĂů ƉĂƌƚ ŽĨ ƚŚĞ ĐƵƌƌŝĐƵůƵŵ͘
^ƵƉĞƌǀŝƐŝŶŐ ƐƵĐŚǁŽƌŬ ƉŽƐĞƐ ƵŶŝƋƵĞ ĐŚĂůůĞŶŐĞƐ͕ ƐƵĐŚ ĂƐŵĂƚĐŚŝŶŐ ĂĐƟǀŝƟĞƐ ƚŽ ƐŬŝůůƐ͕ ĂƉƟƚƵĚĞƐ͕ ĂŶĚ ůĞĂƌŶŝŶŐ ŶĞĞĚƐ ŽĨ ƐƚƵĚĞŶƚƐ͕
ŐƵŝĚŝŶŐ ƐƚƵĚĞŶƚƐ ŝŶ ůĞĂƌŶŝŶŐ ĨƌŽŵ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ͕ ĂŶĚ ĂŝĚŝŶŐ ƚŚĞŵ ŝŶ ƉƌŽũĞĐƚ ŽƌŐĂŶŝǌĂƟŽŶ ĂŶĚ ƚĞĂŵ ďƵŝůĚŝŶŐ͘ �ůƚŚŽƵŐŚ ůĞĂƌŶŝŶŐ
ŽƵƚĐŽŵĞƐ ĂƌĞ ĂůƐŽ ŝŵƉŽƌƚĂŶƚ͕ ŝƚ ŝƐ ĂůƐŽ ƌĞǁĂƌĚŝŶŐ ǁŚĞŶ ƚŚĞ ƐǇƐƚĞŵƐ ƚŚĂƚ ĂƌĞ ĚĞƐŝŐŶĞĚ ĞǆĐĞĞĚ ĞǆƉĞĐƚĂƟŽŶƐ͘ /Ŷ ^ƉƌŝŶŐ ϮϬϭϰ͕ /
ǁĂƐ ĨŽƌƚƵŶĂƚĞ ƚŽ ĂĚǀŝƐĞ Ă ŐƌŽƵƉ ŽĨ ƚŚƌĞĞ ƐƚƵĚĞŶƚƐ ĨƌŽŵ ŽƵƌ ĮƌƐƚ ǇĞĂƌ ĞŶŐŝŶĞĞƌŝŶŐ ĚĞƐŝŐŶ ĐŽƵƌƐĞ͘ �ƌĂǁŝŶŐ ŽŶ ŝĚĞĂƐ ĨƌŽŵ ƚŚĞ
ŚĂƉƟĐƐ ƌĞƐĞĂƌĐŚ ůŝƚĞƌĂƚƵƌĞ͕ ƚŚŝƐ ƚĞĂŵ ĂƵŐŵĞŶƚĞĚ Ă ƐƚĂƚĞ ŽĨ ƚŚĞ Ăƌƚ ŚĂƉƟĐ ĨŽƌĐĞ ĨĞĞĚďĂĐŬ ĚĞǀŝĐĞ ǁŝƚŚ ĂŶ ĂĚĚŝƟŽŶĂů ƌŽƚĂƟŽŶĂů
ĚĞŐƌĞĞ ŽĨ ĨƌĞĞĚŽŵ͕ ĂŶĚ ƵƐĞĚ ŝƚ ƚŽ ƌĞŶĚĞƌ ϯ� ŽďũĞĐƚ ƐƵƌĨĂĐĞ ŽƌŝĞŶƚĂƟŽŶ ĂƐ Ă ŵĞĂŶƐ ŽĨ ĐŽŶǀĞǇŝŶŐ ƉĞƌĐĞƉƚƐ ŽĨ ŚĂƉƟĐ ƐŚĂƉĞ
ƚŚƌŽƵŐŚ ĂŶ ŝŶƚĞƌĂĐƟǀĞ ǀŝƐƵŽͲŚĂƉƟĐ ƐŝŵƵůĂƟŽŶ͕ Ă ƉƌŽũĞĐƚ ƚŚĂƚ / Ăŵ ƉƌŽƵĚ ƚŽ ĨĞĂƚƵƌĞ ŽŶ ŵǇ ůĂď Ɛ͛ ǁĞďƐŝƚĞ͘

KŶĞ ƉŽŝŶƚ ƚŚĂƚ / ĞŵƉŚĂƐŝǌĞ ƚŽ ƐƚƵĚĞŶƚƐ ŝƐ ƚŚĂƚ ĞǀĞƌǇ ƉƌŽũĞĐƚ ƉƌŽǀŝĚĞƐ ƵƐ ǁŝƚŚ Ă ǀĂůƵĂďůĞ ĂŶĚ ƚƌĂŶƐĨŽƌŵĂƟǀĞ ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ
ĐŚĂŶŐĞ ŽƵƌ ƉĞƌƐƉĞĐƟǀĞ ĨƌŽŵ ŽŶĞ ƚŚĂƚ ŝƐ ŝŶǁĂƌĚůǇ ĚŝƌĞĐƚĞĚ͕ ƚŽǁĂƌĚ ŝŶĐƌĞĂƐŝŶŐ ŽƵƌ ŽǁŶ ŬŶŽǁůĞĚŐĞ ĂŶĚ ĂďŝůŝƟĞƐ͕ ƚŽ ŽŶĞ ƚŚĂƚ
ĂŝŵƐ Ăƚ ŚĞůƉŝŶŐ ŽƚŚĞƌƐ͕ ďǇ ĞŶŐŝŶĞĞƌŝŶŐ ƵƐĞĨƵů ƐǇƐƚĞŵƐ͕ ĂŶĚ ďǇ ĐƌĞĂƟŶŐ ŬŶŽǁůĞĚŐĞ ƚŚĂƚ ĐĂŶ ďĞŶĞĮƚ ŽƚŚĞƌ ƉĞŽƉůĞ͘ / ďĞůŝĞǀĞ
ƚŚĂƚ ƚŚŝƐ ƚƌĂŶƐŝƟŽŶ ŝŶ ƉĞƌƐƉĞĐƟǀĞ ŝƐ Ă ŬĞǇ ƐƚĞƉ ŝŶ ƚŚĞ ƉĞƌƐŽŶĂů ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ĞǀĞƌǇ ĞŶŐŝŶĞĞƌ͘


