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Multiphysics model of hypervelocity impact and impact induced plasma
formation

Shafquat T. Islam

(ABSTRACT)

Previous studies on hypervelocity impact (HVI) have primarily focused on the mechanical response
of solids, namely the projectile and the target. While several experiments have observed plasma
formation and associated electromagnetic (EM) emissions, key questions remain unresolved —
including the source of ionization (projectile, target, or ambient medium), the plasma composition,
and the spectral radiance of emitted EM waves. Addressing these questions requires expanding
current models to incorporate extreme thermodynamics, ionization, and chemical reactions.

Most research in HVI has focused on exoatmospheric applications, where the ambient environment
is typically assumed to be vacuum. For example, satellite-chondrite collisions often exceed impact
velocities of 7 km/s, justifying this assumption. However, such simplifications are no longer valid
for terrestrial or atmospheric applications of HVI. Developing a complete physical model requires
expanding the analysis to include the surrounding fluid and its interaction with the solid materials.
This dissertation presents a novel computational framework to simulate hypervelocity impacts and
the resulting plasma formation within the projectile, target, and ambient fluid. A fully coupled
fluid-solid simulation platform has been developed and applied to study metallic rods impacting
soda-lime glass (SLG) in a chemically inert environment at hypersonic velocities. The framework
addresses challenges such as interface tracking under large deformation and discontinuities in state
variables and material models. Each of the three material subdomains — metallic projectile, silicate
target, and gaseous environment — is modeled using a distinct equation of state (EOS) to accurately

capture their thermodynamic behavior.



In particular, SLG is modeled using an extended Noble-Abel stiffened gas EOS that supports a
nonlinear relationship between the Griineisen parameter and specific volume. Its parameters are
calibrated using shock compression experiments conducted in the Lindhurst Laboratory at Caltech
with a two-stage light-gas gun, which measured pressures up to 110 GPa and temperatures up to
5300 K. Plasma formation is modeled using the non-ideal Saha equation, solved under constraints
of conservation of charge and nuclei. This allows for quantification of plasma temperature, charge
density, Debye length, and elemental composition. An extended level-set method with dual signed-
distance functions is employed to track interfaces, accommodating large deformation, contact, and
separation between materials. The Euler equations are solved using a high-resolution finite volume
method. Interfacial fluxes are computed using the FInite Volume method with Exact multi-material
Riemann solvers (FIVER). All modular components of the framework have been independently
verified or validated against analytical solutions, published numerical results, or experimental data.
A series of parametric studies were performed to investigate the effect of impact velocity, projectile
radius, and material type on plasma characteristics and thermal response in the solid and fluid
domains. Across velocities ranging from 2 to 7 km/s, the results show that ionization in the ambient
gas becomes significant above 4 km/s. Under these conditions, plasma density in the fluid is found
to be two orders of magnitude greater than in the solids. These results confirm that at moderate
impact velocities, the ambient gas is the dominant source of impact-induced plasma. It was also
found that within the SLG target, ionization is primarily driven by metallic constituents such as
sodium, magnesium, and calcium, which contribute over 99% of free electrons despite comprising
less than 15% of the total mass.

This work assumes local thermodynamic equilibrium (LTE), a valid approximation in the early
stages of impact when hydrodynamic forces dominate. Electromagnetic forces and plasma self-
consistency are not resolved in the present model but can be incorporated by extending the solver to
include the Vlasov—Maxwell equations. This would enable modeling of electrodynamic forces and

the propagation of EM waves as the plasma expands and transitions into a non-collisional regime.



Multiphysics model of hypervelocity impact and impact induced plasma
formation

Shafquat T. Islam

(GENERAL AUDIENCE ABSTRACT)

Hypervelocity impacts occur when a projectile strikes a target at speeds exceeding 2 km/s—nearly
six times the speed of sound under standard atmospheric conditions. These high-speed collisions
involve rapid transfer and dissipation of energy through mechanical, thermal, chemical, and elec-
tromagnetic processes. They generate extremely high temperatures and pressures not only in the
solids (i.e., the projectile and target), but also in the surrounding gas. The extreme conditions arise
from strong pressure waves—known as shock waves—that travel through the materials during im-
pact. These waves compress and heat the solids and surrounding gas, often reaching temperatures
of thousands of Kelvins—similar to the surface of the Sun—and pressures tens of thousands of
times greater than atmospheric levels. Under such conditions, atoms can ionize—electrons sepa-
rate from nuclei—forming a dense, highly energetic state of matter called plasma. Although plasma
from impacts has been observed in laboratory experiments, its source, composition, and behavior
are still not fully understood.

This dissertation presents a computational approach to simulate hypervelocity impacts in a gas
environment and to predict when and where plasma forms, along with its key properties such as
temperature, density, and composition. The model focuses on a metallic projectile striking a soda-
lime glass (SLG) target surrounded by a chemically non-reactive gas.

Under the extreme pressures of impact, even solid materials behave more like highly compressed

fluids. To realistically model this behavior, each material in the simulation—the projectile, target,



and gas—must be modeled to reflect their unique physical behavior. Because no reliable data ex-
isted for how SLG behaves under such extreme conditions, a series of experiments were carried out.
These tests involved shooting high-speed projectiles at SLG and measuring the resulting pressures
and temperatures. The data were then used to guide how SLG is modeled in the simulation.

To predict plasma formation, a model was developed based on these materials’ ionization behavior
at high temperatures and pressures. This was integrated with the impact simulation to capture the
onset and distribution of plasma across all materials.

The model was used to study how changes in impact velocity, projectile size, and material affect
plasma formation. Results show that above 4 km/s, the gas surrounding the impact becomes the
main contributor to the plasma—contrary to many past studies that ignored its role. In the glass,
plasma is mostly generated by a few metallic elements like sodium, magnesium, and calcium, which
release over 99% of the free electrons despite making up less than 20% of the material.

While this work does not include electromagnetic forces, the simulation could be extended in the

future to study how electric and magnetic fields evolve and interact with the plasma over time.
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2.1

22

Hypervelocity impact: Problem setup. (a) Hypervelocity impact flash captured in a
laboratory experiment [7]. (b) The model problem investigated: A long copper rod
impacting on a soda lime glass target in neon gas. The impact velocity, +o, is varied
between 3 km s and 6 km s. (c) An overview of the computational multiphysics

model used in this study, which accounts for the dynamic interaction between the

solid and fluid (gas) materials and fluid ionization. . . . . . . . ... .. ... ...

Major components of the computational framework. (a) Simulation of the hyper-
sonic fluid flow surrounding the projectile before the collision through a steady-
state, body-fitted CFD analysis. (b) Initialization of the fluid-solid coupled impact
analysis. The fluid density, velocity, and pressure fields obtained from the CFD
analysis are mapped to a new mesh that does not resolve the boundaries of the pro-
jectile and the target. (c) Implicit tracking of the three material interfaces between
the projectile, the target, and the ambient gas by solving two level set equations that
share the same velocity field. (d) Solution of the Saha equations for neon (Ne) at
the atmospheric pressure and different temperatures between 0 and 6000 K. The

plotted result (U) is the molar fractions of neon atoms and ions with different charge

numbers (0 - 8 shownhere). . . .. .. ... ... .. .. ... .. ... ...,

Xil



2.3 Time evolution of state variables for a hypervelocity impact of copper projectile
hitting an SLG target at 5 km s. From left to right, the pressure, velocity magnitude,
temperature, and average charge fields are shown at times of 0 625 “B, 1 25 “B,
25 “B,and 25 “B (top to bottom). The temperature and average charge fields are
computed only in the subdomain occupied by neon, as the present study focuses on

the ionization of the ambient flwid. . . . . . . . . . . . . . . ... ... ... ...

2.4 Formation of a neon plasma pocket shortly after collision. (a) State variable fields at
( = 0625 “s, showing a pocket of neon compressed by the hypervelocity projectile
(+o = 5 0km s) and the target, resulting in high velocity, high temperature, and the
formation of a dense plasma. (b) A rudimentary analysis explaining the high fluid

velocity inthe pocket. . . . . . . . . . . ... e

2.5 Effects of the impact velocity (+¢) on the thermodynamics and ionization of neon.
(a) Location of three virtual sensors (A, B, and C) in neon. (b) Time history of
pressure at Sensor A. (¢) Peak temperature at each sensor (d) Peak average charge

at €ach SENSOT . . . . . . o o e e s

3.1 Problem setup. (A) A 3D depiction of the target, projectile, and ambient fluid in
the model problem. (B) A 2D cross-section with annotated geometry and probe

locations. . . . . . .. . e e e e

3.2 Velocity and pressure in ambient fluid for 3D steady state CFD analysis shown on
the left. Mapped data on 2D domain after changing frame of reference — initial

conditions for fluid-solid coupled impact analysis shown on the right . . . . . . ..

3.3 Contours of the level set functions for a representative impact simulation (A, =

5mm,+y=5km s). A)(=04 “s.B)(=125"“s.C)( =25 “s. D)( =5 “s.
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Hypervelocity impacts refer to collisions between objects at velocities that exceed the speed of
sound in the impacted materials, typically greater than 2 km/s for most solids. These collisions
involve the rapid dissipation of kinetic energy through mechanical, thermal, chemical, and electro-
magnetic processes. Hypervelocity impacts are highly relevant across a broad range of scientific
and engineering disciplines, including planetary science, aerospace engineering, defense applica-

tions, and impact physics [1, 2, 16, 20].

In near-Earth space, hypervelocity collisions with micrometeoroids and anthropogenic debris pose
serious threats to spacecraft integrity and functionality. The orbital environment is populated by
high-speed particles—ranging from tiny dust grains to spent rocket stages—that travel at velocities
of up to 70 km/s [31]. Despite their small size, such particles can impart substantial momentum and
energy, penetrating shielding and damaging critical components. Impacts have been linked to the
failure of subsystems, including electronics and communications [26]. To mitigate this risk, space-
craft are often protected by multilayer Whipple shields [33], designed to fragment and decelerate

incoming particles before they reach the main structure.

Hypervelocity impacts also play a central role in shaping planetary surfaces. The collision of

comets, asteroids, and meteoroids with planets and moons produces high-energy events capable

1
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PGHFOFSBUJOHJNQBDUDSBUFST ESIWJOHHFPMPHJIJDBM USBO
MVUJPO<5IF$IJDYVMVCJINQBDU XJEFMZBTTPDJBUFE XJUIUIF $
FWFOU JMMVTUSBUFTUIFDBUBTUSPQIJD QP U¥% OdQBRNSH G BAGESHF
UIFUIFSNPNFDIBOJDBM FOFDUT PG TVDIJNQBDUTJOGPSNTPVS |
QPSUT FOPSUT UP EFWFMPQ IB[BSE NJUJHBUJPO TUSBUFHJFT GF

SIFTFJIJNQBDUT BSFDIBSBDUFSJ[FECZ UIF HFOFSBUJPO PG JOUF
CPUI UIFUBSHFUBOEQSPKFDUJMF BOEUIFTVSSPVOEJOHQVJE
QSFTTVSFTPOUIFPSEFSPGUFOTPGHJIJHBQBTDBMTBOEUFNQFS
EFGPSNBUJPO QIBTFUSBOTJUJPOT WBQPSJ[BUJPO BOEJPOJ[E
UIFINOQOBDUFENBUFSJBM USBOTJUJPOTJOUPBQMBTNB TUBUF B
BOEJPOT 51JTJPOJ[BUJPO PDDVST XIFOUIFJOUFSOBM FOFSHZ
USPOT BMMPXJOHUIFNUPEJTTPDJBUF GSPNOVDMFJ *OTVDIE
UFSBDUFE CZ OFJHICPSJOHJPOT FOFDUJWFMZ SFEVDJOH UIF J
DPVQMFE OPO JEFBM QMBTNB

I1MBTNB HFOFSBUFE EVSJOH IZQFSWFMPDJUZ IJNQBDU IBT CFFO
UJPO XJUIQPUFOUJBMJINQMJIDBUJPOX GPIBGRD BN MBS U JBNGFENDE
QMBTNB NBZ JOUFSGFSF XJUI FMFDUSPOJD TZTUFNT WJB 3' FNJ
ESIWFO EBNBHF "EEJUJPOBMMZ UIFSFMFBTFPGIJHI WFMPDJU
UP QSPEVDF $IFSFOLPW SBEJBUJPO XIFOUSBWFSTJOH PQUJDBM

#FZPOE QSBDUJDBMJIJNQMJDBUJPOT UIFTUVEZPGJINQBDU JOEV
#Z BOBMZ[JOH UIF DPNQPTJUJPO FOFSHZTQFDUSVN BOE UFNQ
TFBSDIFSTDBOJOGFSJOGPSNBUJPOBCPVUUIFJIJNQBDUPS UIF L
FWFS TIJHOJPDBOU RVFTUJPOT SFENBJO VOSFTPMWFE 5IFTF JOL
XIFUIFSJUQSJIJNBSIJMZBSJTFT GSPNUIFQSPKFDUJMF UBSHFU |
XJUIIJNQBDU WFMPDJUZ BOE XIBUHPWFSOTJUOT FMFDUSPNBHOF



t t-"E"jeE£n|" 3"¥ "

8IJMF NBOZ TUVEJFT BTTVNF WBDVVN DPOEJUJPOT|BQQSPQSJB
TINQMJPDBUJPO NBZ PWFSMPPL JNQPSUBOU JOUFSBDUJPOT CF
NFOU *OUFSSFTUSJBM PS BUNPTQIFSJD DPOUFYUT B QSPKFDL
QSJPSUPJINQBDU HFOFSBUJOHBCPXTIPDLBOEDPNQSFTTJOH I
XBWFT QSPQBHBUF UISPVHIUIFHBT XIJDI EVFUPJUT MPXEFOT.
FMFWBUFE UFNQFSBUVSFTBOE QPUFOUJBMMZ JPOJ[F "DMPTEFN
TQIFSJD SF FOUSZ XIFSFIZQFSTPOJD WFIJDMFT HFOFSBUF B QN
BUNPTQIFSIJDHBTFT "MUIPVHISF FOUSZDPOEJUJPOTBSF GBS M
NFDIBOJTN PG QVJE ESIJWFO JPOJ[BUJPO JT TINJMBS 5IJT BOB
QMBZB OPO OFHMJHJCMF SPMF JO JNQBDU JOEVDFE QMBTNB GF
DBODFPGUIFTFFOFDUT SFNBJO MBSHFMZ ¥OFYQMPSFE JO UIF F

5P GVMMZ DIBSBDUFSJ[FUIFQIZTIJDTPGIZQFSWFMPDJUZ JNQBD
TPMJE JOUFSBDUJPOT CVUBMTP UIFDPNQMFY EZOBNJDT PG UIF
UJOVVN NFDIBOJDT TIPDLUIFSNPEZOBNJDT JPOJ[BUJPO LJOFI
SIJDINVMUJQIZTIDT QSPCMFEN|POF UIBU UIJT EJTTFSUBUJPO TFF
UIFDVSSFOUCPEZPG MJUFSBUVSF XJMM CF SFWJFXFE BOE LFZ
ZTIJT QSPWIJEFTUIFDPOUFYU GPS UIFDPOUSJCVUJPOT PG UIJTE
CSPBEFSJNQMJDBUJPOTPGJUT POEJOHT 5IFJOUFSQMBZ PG DI
JDT BOEJPOJ[BUJPO LJOFUJDTEFPOFTBSJDINVMUJQIZTIDT QS
BEESFTT

-JUFSBUVSF 3FWJFX

JZQFSWFMPDJUZJIJNQBDUT IBWF MPOHDBQUJWBUFE SFTFBSDIFS
DPOUFYUT SBOHJOHGSPNTQBDFDSBGU TIJFMEJOHUP QMBOFUB
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JOH 5SBEJUJPOBMMZ UIFTFFYUSFNFFWFOUTIBWFCFFOUSFBU
XIFSFUIFEPNJOBOUDPODFSOTJOWPMWF TIPDL XBWF QSPQBHBL
GSBHNFOUBUBPBDDVSBUFMZ DBQUVSF UIFTF SFTQPOTFT FYUF
UP EFWFMPQJOH UIFSNPEZOBNJD NPEFMT PG TIPDLFE NBUFSJB|
UJPOTBOENBDSPTDPQJD DP O IWRIOWRNEFIFP SBWFJ/OEFSQJOOFE L
VOEFSTUBOEJOH PG UJNQBDU NFDIBOJDT BOE JOGPSNFE UIF EFT
TUSBUFHJFTVTFEUP SFQMJDBUF TVDIFYUSFNFDPOEJUJPOT

OWFS UIFQBTU GFX EFDBEFT UIJT GPVOEBUJPOBM CPEZ PG XPS
JOUFSFTUJONVMUJIQIZTIDTQSPCMFNTJOWPMWJIOHIJHI FOFSH.
QBCJMJUJFTBOEEJBHOPTUJDUPPMTIBWFJINQSPWFE|FTQFDJBM
JOH BOEFMFDUSPNBHOFUJDTFOTJOH|UIFPFMEIBTCSPBEFOFE
NBUJPOBOEFMFDUSPNBHOFUJD FNJTTJPOTUSJHHFSFECZIZQF
FYQBOTIJPOIBTMFEUPUISFFEJTUJODUCVUPWFSMBQQJOHSFTF
UIFSNPEZOBNJDT BOEQMBTNB FMFDUSPNBHOFUJD QIZTJDT "M
EJWIJEVBM QSPHSFTT GVMMZ JOUFHSBUFE GSBNFXPSLT UIBU TJ
QMBTNBHFOFSBUJPO BOE SBEJBUJWF FOFDUT SFNBJO TDBSDF
WBDVVNBNCJFOUDPOEJUJPOT BTIJNQMJIJPDBUJPO UIBUJT PGUF
USJCVUIJPOTPGUIFTVSSPVOEJOHHBT QBSUJDVMBSMZ JO BUNF

"QJWPUBMFYQFSINFOUBMNIJMFTUPOFJOUIJTEPNBJO XBTUIF

&ENQMPZJOHBOFMFDUSPTUBUJD BDDFMFSBUPS UIFZMBVODIFE
MPDJUJNBTNQ B®E SFDPSEFEUIFFNJTTIJPOPG FMFDUSJDBMMZ D
NBSLFE POFPGUIFFBSMJFTUEFNPOTUSBUJPOT PG JIJNQBDU JOE
PCTFSWFEUIBUUIFDPMMFDUFEDIBSHF XBTOPUTJINQMZQSPQPS
FBSMZ XJUI CPUILIJOFUJD FOFSHZBOEBUPNJD XFJHIU 5IFZQSP
DIBSHF QSPEVDUJPO UP QSPKFDUJMF FOFSHZ BOE DPNQPTJUJP
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GPSNBUJPO NFDIBOJTNTTFOTJUJWF UP CPUINBUFSJBM BOE EZC

5|IFUIFPSFUJDBM VOEFSQJOOJOHPG TVDIJPOJ[BUJPO FWFOUT I
OVOH BOE ,JTTFM EFWFMPQFE B TIPDL DPNQSFTTJPO CBTFE GSI
NPEFM UP QSFEJDU WPM¥ NHB 33 B QRGP BOUUMORLFE UIF EFHSFF P
DPNQSFTTJPO IJTUPSZ PG UIF NBUFSJBM BOE IJHIMJHIUFE UIF
USPQF JO HPWFSOJOH JUT QPTU TIPDL JPOJ[BUJPO UISFTIPME
UJwWr ,SVFHFSJOUSPEVDFEUIFTVEEFOQFSUVSCBUJPOJPOGP
UIFSNPEZOBNSDT<NPEFM FNQIBTJ[FE UIBU  EVSJOHIZQFSWFMPD
PG QBSUJDMFBDDFMFSBUJPO BOEDPNQSFTTJPO NBZCF UPP TIF
*OTUFBE USBOTJFOUFMFDUSPOEZOBNJDTEPNJOBUF MFBEJOH
POUSBEJUJPOBM FRVIMJCSIJVNBTTVNQUJPOT

&YQFSINFOUBM JOWFTUJHBUJPOT IBWF TIPXO TIHOJPDBOU WB!
SFQFDUJOH EJOFSFODFT JO NFBTVSFNFOU UFDIOJRRWBNMBOE UIF
MJ[FEB 7BO EF (SBBOBDDFMFSBUPS UPPSFJSPOEVTUQBSUJDM
12 U LN T 'SPN NFBTVSFNFOUT PG JPO WFMPDJUJFT BOE JOGHF
SFQPSUFE QMBTNB UFNQFSWE V% I ESBOWBOMWEBEBROUSBTUFE TI
SFTVMUT PG 'BUBMPRAOHEIUIF 4BIB FRVBUJPO VOEFS BOBTTVNQ
SIVNUP FTUINBUF TIHOJPDBOUMZ MPRbEF TN QGFSBUV B S F ®BFBX
NFUIPET|EJSFDUFOFSHZCBMBODFWFSTVT TQFDUSPTDPQJD JO
PFME SFHBSEJOHUIFBQQSPQSJBUF NPEFMJOHBTTVNQUJPOT Gl

-BUFS TUVEJFT TPVHIUUP DMBSJGZ UIFTF EJTDSFQBODJFT CZ JI
EVDIJOHNPSFTPQIJTUJDBUFE EJBHE&ENTWBDIFERBS JOFMBO DB P-TFUE
BDDFMFSBUPS UP JOWFTUJHBUF IPX FMFDUSJDBMMZ CJBTFE TQ
JNQBDMYTXIFJS POEJOHT SFWFBMFE UIB U2\ BEDIRVBMEFCIRIFS BEYW F
WFMPDJUJEITBOBRUXNFHOBOE UIBU UBSHFU CJBT TIHOJPDBOUMZ JC
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FMFDUSJD QPUFOUJBM PG UIF UBSHFU FOIBODFE QMBTNB FYQB
UBODF PG FMFDUSPTUBUJD D PROEBINUIWEIT E 41 PNXIMBLIMES RM O B B
MFWFMT BOFDU QMB#X B EBIBWIMWMIXOH HBT QSFTTVSF BOE QBSU
EFNPOTUSBUFE UIBUBNCJFOU DPOEJUJPOT DPVME NPEVMBUF Q
UVEF ESBXJOHBUUFOUJPOUPUIFSPMFPG FOWJSPONFOUBM DF

"MPOHTJEFUIFSNPEZOBNJDBOE LJOFUJD TUVEJFT BUUFOUJPO
FNJTTJPOT QSPEVDFE EVSJOH JIJNQBDU FWFOUT SIFFABBMJFTU ¢
OPUFE BOPNBMPVT 3' TIHOBMT EV SJO0.B IFAQEEEWBNPFEUZIJN B D
JOWFTUJHBUJPO VTJOH SBIJIMHVO MBVODIFE QPMZDBSCPOBUF Q
WFMPDJUJFB@®# UXFI<O > 5IFZEFUFDUFEFNJTTJPOTJOUIF ()[N
BOE QSPQPTFE UIBUUIF TIHOBMT PSJHJOBUFE GSPN NJDSPDSB
UIFUBSHFU NBUFSJBM 5I1JT JOUFSQSFUBUJPO MJOLFE NFDIBOJ
POFSJOHBDPVQMJOH CFUXFFO TPMJE NFDIBOJDT BOE SBEJBUJI

&YQBOEJOH POFUIBDW QMWVDBFE B TVIJUF PG FYQFSIJNFOUT VTJOH N
BOE QBUDI BOUF®BM®HASVJEEUPIFIJS EBUB SFWFBMFE SFQFBUBC
ulBU WBSJFE XJUI UBSHFU NBUFSJBM BOE JNQBDWWBBMFPDJIUZ
USJCVUFEUIFTF FNJTTIJPOT UISPVHIBNCJQPMBS PFME HFOFSBL
UIFQMBTNB ESIWFT DPMMFDUJWF NPYIFPIG- BGE FWMDT $% B A BIOEU
DPNQPTJUJPO BOE FYQBOTJPO HFPNFUSZ EJSFDUMZ JOQVFODF
CPUIGVOEBNFOUBMBOEBQQMIJFEJIJNQPSUBODF

*OQBSBMMFM NPEFMJOHFOPSUTHB\ERNB KW B O)DIRIEN VIMABOWPFDOBTORG,
PO BMVNJOVNJNQBDUT JODPSQPSBUJOH UIF S5IPNBT 'FSNJJPO
TJUJFT BOEUFNQFSBUVSF PFME TVEAVERDIGBEBEWPABMINGBPWFE UIJT
XpPSLCZJOUFHSBUJOH OPO JEFBM 4BIB FRVBUJPOT UP BDDPVO
JOUFSBDUBRPBPISXTVCTFRVFOUVTFPGBQBSUJDMF JO DFMM 1*$
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VMBUJPOPG FMFDUSPNBHOFUJD XBWF QSPQBHBUIPOPOIRALUMIAIF
4QJPBBRMUSPEVDFEB TFNJ BOBMZUJD NPEFM DPNCJOJOH B TQIF
UIF OPO JEFBM 4BIB GSBNFXPSL BOE UIF'SBOL 5BNN GPSNVMB U
TIPDLFE EJFMFDUSJD NBUFSJBMT|B UIFPSFUJDBM NJMFTUPOF M
SBEJBUJPO T3HOBUVSFT<

%FTQJUFUIFTFBEWBODFT NBOZGVOEBNFOUBMRVFTUJPOT SFEN
QSPKFDUJMF UBSHFU PSTVSSPVOEJOHNFEJVN|JTUIFEPNJOB(
JNQBDU WFMPDJUZTIBQFUIFQMBTNBTJPOJ[BUJPO QSPPMF BOE
EPFTUIFBNCJFOUHBTQMBZJOUIFJIJNQBDU JOEVDFEQMBTNB GP
FNJTTJPOT "EESFTTJOH UIFTF RVFTUJPOT XJMM SFRVJSF B DP
JOUFHSBUFT UIFPSZ FYQFSIJNFOUBUJPO BOE TINVMBUJPO XIJI
EZOBNJDT SBEJBUJWF USBOTGFS BOE QVJE TUSVDUVSFJOUFS

.PUIJWBUJPO BOEOCKFDUJWEF

5IF CPEZ PG MJUFSBUVSF SFWJFXFE JO UIF QSFWJPVT TFDUJPO
IZQFSWFMPDJUZ JNQBDU SFTFBSDI FODPNQBTTJOH TPMJE NFD
QIZTIJDT BOE FMFDUSPNBHOFUJD QIFOPNFOB %FTQJUF FYUFO"
GPSUT PVS VOEFSTUBOEJOH PG UIFDPVQMJOH CFUXFFO UIFTF
WPMWJOH CPUI TPMJET BOE BNCJFOU HBTFT SFNBJOT QPPSMZ V
UIFS PO UIF NFDIBOJDBM SFTQPOTF PG JIJNQBDUFE NBUFSJBMT P
BTTVNJOHJEFBMJ[FE DPOEJUJPOT TVDI BT WBDVVN FOWJSPONF
SFEVDUJPOJTUBQQSPBDI XIIMFQSBDUJDBM MJNJUTPVSBCJM
HPWFSOJOH QMBTNB HFOFSBUJPO BOE FMFDUSPNBHOFUJD FNJT

"LFZHBQJODVSSFOU SFTFBSDIMJFTJOUIFUSFBUNFOU PG UIF
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QVUBUJPOBM GSBNFXPSLT BOE MBCPSBUPSZ FYQFSJIJNFOUT BTT
BTTVNQUJPO WBMJE GPS FYPBUNPTQIFSJD JNQBDUT CVU OPU GF
BOQQMIJDBUJPOT *ONBOZSFBM XPSMETDFOBSJPT BQSPKFDUJM
UBSHFU HFOFSBUJOHIZQFSTPOJD QPX PFMET BOE CPX TIPDLT U
BEEJUJPOBM TIPDL XBWFT QSPQBHBUF UISPVHIUIF QVJE QPUFC
5IJT FOFDUJT PGUFO PWFSMPPLFE ZFU JUNBZ TJHOJPDBOUMZ J
BOE FWPMVUJPO QSPPMFPG UIF SFTVMUJOH QMBTNB .PSFPWFS
CFUXFFOJPOJ[FENBUUFSBOEFMFDUSPNBHOFUJD PFMET UIFSF
BDUFSJTUJDT PG SBEJBUFE FNJTTJPOT

"OPUIFS DSJUJDBM HBQ DPODFSOT UIFPSJHJO BOE DPNQPTJUJF
XIFUIFS UIF EPNJOBOU DPOUSJCVUJPO DPNFT GSPN UIF QSPKFD
%FUFSNJOJOHUIFTPVSDFPGJPOJ[BUJPO BT XFMMBTJUT FMFEN
SBOHJOHGSPNTQBDFDSBGU EJBHOPTUJDT UP QMBOFUBSZ JNQE
PG QMBTNB HFOFSBUJPO PO JNQBDU WFMPDJUZ NBUFSJBM QSP
QSPWIJEFQSFEJDUJWFDBQBCIMJUZ UIBUJTDVSSFOUMZ MBDLJC

SIFDVSSFOUXPSLBIJNTUPEFWFMPQBSPCVTUDPNQVUBUJPOBM
EVSIJIOHBIZQFSWFMPDJUZJIJNQBDUBOEBDDVSBUFMZQSFEJDU U
FYUSFNF MPBEJOH DPOEJUJPOT 5IF NPEFM USFBUT FBDI NBUF
BOEBNCJFOUHBT|BTIBWIJOHJUTPXODPOTUJUVUJWF CFIBWJPS
TIPDLMPBEJOH "MMUISFFSFHIJIPOTBSFDPOTJEFSFEDBQBCMFPF
JPOJ[BUJPOEFUFSNJOFECZUIFJSSFTQFDUJWFUIFSNPEZOBNJD
CZUIFMPDBMFOFSHZEFOTJUZ JUTFMG EFUFSNJOFECZTIPDL DF
PG TUBUF

SIFHPBMT PG UIJT XPSLBSFBTGPMMPXT
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t5P EFWFMPQ BOE WBMJEBUF B OVNFSJDBM NFUIPE UIBU SFTP
WFMPDJUZJNQBDUT JODMVEJOHBNCJFOU FOFDUT

t5P QSFEJDU UIFSNPEZOBNJD TUBUFT BOE EFGPSNBUJPO JO L
VTIJOHBQQSPQSIJBUF FRVBUJPOT PG TUBUF

t5P RVBOUJGZ JPOJ[BUJPO UISFTIPMET BOE QMBTNB DPNQPTJ
BOEEFOTJUZEJTUSJCVUJPOT

t5P EFUFSNJOFUIFEPNJOBOU TPVSDF T BOEFMFNFOUBM DP(

t5P FWBMVBUF UIF TFOTJUJWJUZ PG QMBTNB GPSNBUJPO UP J
BNCJFOUDPOEJUJPOT

SISPVHI UIFTF PCKFDUJWFT UIJT XPSL BIJNT UP BEWBODF PVS G
JOEVDFE QMBTNB QIZTJDT BOE QSPWJEF B SPCVTU BOE BDDVSB
SFTFBSDIJOBFSPTQBDF QMBOFUBSZTDJFODF BOEIJHI FOFSH

"DDPNQMJTINFOUT BOEOVUMJIOF

SPBEESFTTUIFPCKFDUJWFTPVUMJOFEBCPWF UIJTEJTTFSUBU
JDBM DPOUSJCVUJPOT

t%FWFMPQFEBQVJE TUSVDUVSFDPVQMFE OVNFSJDBM TPMWFS
UIFEZOBNJDTPGCPUITPMJENBUFSJIJBMT QSPKFDUJMF BOE UB
GSBNFXPSLJT NPEVMBS BOEDPOTJTUTPGUIFGPMMPXJOHDPN

N*"DPOUJOVVN NFDIBOJDT TPMWFS UP DBQUVSF UIF HPWFSOJ
EPNBJOT
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N"NBUFSJBM JOUFSGBDF USBDLFS UP SFTPMWF UIF MPDBUJP
UXFFOEJOFSFOUNBUFSJBMT

N5IFSNPEZOBNJD NBUFSJBM NPEFMT UIBU EFTDSJCF UIF QSF
IBWJPS

N"OJPOJ[BUJPO NPEFM UPDPNQVUFQMBTNB TUBUFTCBTFE P

tT"PSNVMBUFE BOEJNQMFNFOUFE B NFUIPEUP DPNQVUF UIF BOB
NVMUJ NBUFSJBM TIPDL TIPDL 3JFNBOO QSPCMFN 5I1JT TFUVC
JOUFSBDUJPO EVSJOH IZQFSWFMPDJUZ JNQBDU JOBO BNCJFO
PGUIFOVNFSJDBM TPMWEFS

t1SPQPTFEB FYUFOTJPO UP UIF/PCMF "CFM 4UJOFOFE (BT FRVE
DBQUVSFUIFUFNQFSBUVSFSFTQPOTFPGTPEB MINFHMBTT VC

tT%FWFMPQFEBDBMJCSBUJPO QSPDFEVSFUPDPNQVUF UIF OVNF
PGUIFUBSHFUCZDBTUJOHUIFQSPCMFNBTBDPOTUSBJOFE PQL
TIPDLDPNQSFTTJPOEBUBPGTPEB MINFHMBTT

tT&YUFOEFE .JF{(S““OFJTFO FRVBUJPO PG TUBUF GPS NPEFMJOH I
TUBCIJMJUZ JO CPUIDPNQSFTTJPOBOEUFOTJPO SFHINFT CZ Q¢

t7BMJEBUFE UIF TPMWFST QFSGPSNBODF BOE UIF PEFMJUZ PG |
EJNFOTJPOBM USJ NBUFSJBM TIJNVMBUJPOT CZDPNQBSJOH UI
SJBMTBHBJOTUFYQFSIJNFOUBM EBUB

T*NQMFNFOUFEBOJPOJ[BUJPO NPEFM GPS OPO JEFBM NVMUJ L
BMJ[FE 4BIB FRVBUJPOT XJUI DPOTFSWBUJPO MBXT GPS DIBSH|
BHBJOTU CFODINBSL SFTVMUT GPS CPUIJEFBM BOE OPO JEFBM
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t*EFOUJPFE UIFJNQBDU WFMPDJUZ UISFTIPME GPS TJHOJPDBO
JOUIFBOBMZTJT 'PS WFMPDJUJFT FYDFFEJOH LN T UIF BNC
MFWFMT XIJMF UIF TPMJET DPOUSJCVUFE POMZ NBSHJOBMMZ
UFNQFSBUVSFTBOE IJHIFSEFOTJUJFT

tT%FUFSNJOFE UIBU DIFNJDBM DPNQPTJUJPO JT SFQFDUFE JO U
MINFHMBTTJT QSIJNBSIMZESIWFOCZJUTNFUBMMJID DPNQPOF
FMFDUSPOTEFTQJUF SFQSFTFOUJOHB TNBMM GSBDUJPO PG Ul

SIJTEJTTFSUBUJPOJT TUSVDUVSFE JO UIF NBOVTDSJQU NVMU.
DPSSFTQPOE UP KPVSOBM BSUJDMFT UIBRYU SBWIF GDODCBIQIDHE-BU
*OUFSOBUJPOBM +PVSOBMBGENRBOBUWCDBM+FBEIOEBBM PG 4P MJ
SFTQFDUJWFMZ 5IFDPSFDPOUFOUPGUIFTFDIBQUFSTBSF TVN

T$IBQURSPDVTFT PO QMBTNB GPSNBUJPO BOE UIFSNPEZOBNJL
EPNBJO *UQSFTFOUTUIFJOJUJBMEFWFMPQNFOUPGUIFDPN
JPOJ[BUJPOUISFTIPMET JO UIFHBT

t$IBQUFYQBOETVQPO UIF QSFWJPVT XPSLCZJODPSQPSBUJO
TPMJE EPNBJOT *U JOUSPEVDFT UEFNQFSBUVSF MBXT GPS T
WFSJPFTUIFJNQBDU TPMWFS BHBJOTU BOBMZUJD TPMVUJPC

T$IBQURSFTFOUTUIFNPTUSFDFOUBEWBODFNFOUT JODMVE]J
POTPEB MINFHMBTT FRVBUJPO PG TUBUFDBMJCSBUJPO B
NPEFMUP CPUIHBTBOE TPMJE QIBTFT 5I1JT DIBQUFS POFST
DPNQPTJUJPO BOE CFIBWIJPSBDSPTTBMMNBUFSJBM EPNBJC

'JOBMMZ $TRQUBSJ[FTUIFLFZPOEJOHTPGUIJT SFTFBSDIBOEP
UJPOT



H#*#-%0(3"1):
#IJCMJIPHSBQIZ

< 1BVM % "TIJNPX $IBOFZ-JO -VDB #JOEJ $1J.B OMJWFS 5TDI|

BOE 1BVM + 4UFJOIBSEU 4IPDL  TZOUIFTJT PG RVBTJDSZTUB

BTUFSPJE DPWMFFEPI®HT PG UIF /BUJPOBM "DBEFNZ PG 4DJF(
EPJ QOBT

< BPTIEZ (#BSTPVN 4IPDLXBWFDPNQSFTTJPO QIZTJDTPGDPO
NFUIPE XJUIBQQMIDBUJPO UP HMBTT VOEFS IZQFSWFMPDJU/

< 38 #JBODIJ ' $BQBDDJPOJ 1 $FSSPOJ . $PSBEJOJ & 'MBNJ
1 / 4NJUI 3BEJPGSFRVFODZFNJTTJPOT PCTFSWFE EVSJOH |
FYQFSJNEFOWIF { EPJ B

< *OESFX + #JSOCBVN +PIO$ 4UFVCFO "UIBOBTJPT1 *MJPQP
4IJNVMBUJOH IZQFSWFMPDJUZ JNQBOBPRBOEMBUF 8JBMNBV VNV
BOE*OGPSNBUJPOJO &OHJOFE®LJOH $POEFSBPODF

< *BJO % #PDERVJIMJICSJIJVN (BT %ZOBNJDT BOYENEEFEPNMBG AV K
TIJUZ 1SFTT

< 4JHSJE $MPTF *WBO -JOTDPUU /JDPMBT -FF 5IFSFTB +PIOT
"MFYBOEFS '"MFUDIFS %BWJE -BVCFO 3BMG4SBNB "OOB .PDL
OFUJD QVMTFT QSPEVDFE CZ IZQFSWFMP DIUZI N JDOPSP 1IQVBESTINIBED

< >FF %BWJTPO BOE 3PCFSU "MCFSU (SBIBN1KPDLTDFPANIPSSAUTT JF
{

< #FOKBNJO &TUBDJP (JM 4I1PIFU 4FBO "2 :PVOH *TBBD .BUUII
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$MPTF %VTU BOE BUNPTQIFSJD JOQVFODF PO QMBTNB QSPQ
QFSWFMPDJUZ JN QBDWFSYOBABIANFEM FPVSOBM PG *NQBDU &O|

< %1 'BISFOUIPME BOE #")PSCBO 5IFSNPEZOBNJDTPGDPOUJO
NPEFMT GPS IZQFSWEMPHOBYIRQBMKPVSOBM PG JIJNQBDU FO

< *MFY 'MFUDIFS 4JHSJE $MPTF BOE %POPWBO .BUIJBT 4JNVNM
QFSWFMPDJUIZINQRBPGTMBTNBT EPJ

< *MFY$ 'MFUDIFSBOE 4JHSJE $MPTF 1BSUJDMF JO DFMM TJN
BTTPDJBUFE XJUIIZQFSWFMREZDJODZ PNGQIBMBUQ@BBTNBTEPJ

< >>'"'SJJDIUFOJDIU /-3PZ BOE %(#FDLFS 51IFDPTNJDEVTUBOB
PGBOJNQBDUJPOJ{BDUFFORBEFOUIBMO'TUSPOPNWPBINBGJIPO $F
QBHFT { $BNCSJEHF 60JWFSTJUZ 1SFTT

< >»>PTFQI'SFE'SJJDIUFOJDIUBOE +PIO $IBSMFT4MBUUFSZ *PO
JNQBDU 5FDIOJDBM SFQPSU

< *TIJTI (PFM BOE 4JHSJE $MPTF &MFDUSJDBM BOPNBMJFT PO
QBDUT *"R&& BFSPTQBDFQPHORIFIFORE&

< 3)PSOVOHBOE + ,JTTFM OO TIPDL XBWF JNQBDWUSF®R NEZBICD
"TUSPQIZTJIDT *44/ WPM OP{ Q

< »BP +JBOH 7BMFSJF 4DPUU BOE #P -J .PEFMJOH BOE TJNVM
JNQBDUPG TNBMNUFSEFQBYUIPDODBMTH+PVSOBMPG *NQBDU &OHJO
EPJ K JKINQFOH
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>3,SVFHFS 5IFSNPEZOBNJDTPGJPO GPSNBUJPOCZGBTUEJT
;FIJUTDISIGU G%S /BUVSGRSTDIVOH ™"

*>OESFB -B4QJOB BOE +BDPC 'JTI 5JNF BOE GSFRVFODZ EPN
HBMFSLJO TPMWFST GPS UIFDBMDVHBNQF O PS5. BUA PEHR JEO'ICRY
.FDIBOJDTBOE &OHJOFFSJOH

>OESFB-B4QJOB "MFY$'MFUDIFS BOE+BDPC'JTI 4FNJ BOBWN
BOEDIFSFOLPW SBEJBUJPO FNJTTJPO GSPN |1ZQIA3 WHMPRDG U Z
IMBTNBT

3 + -BXSFODF 8 % 3FJOIBSU - $ $IIBCIJMEBT BOES5 ' 5IPSOI
IZQFSWFMPDJUZONRS8OBUWIBPWBM +PVSOBM PG *NQB{DU &0HJO
EPJ K JKINQFOH

¥JDPMBT-FF 4JHSJES$SMPTF "TIJTI(PFM %BWJE-BVCFO *WBO

4USBVTT 4FCBTUJBO #VHJFM "OOB .PDLFS 3BMG4SBNB BOE

BDUFSJ[JOHIZQFSWFMPDJUZJIJNQBDU QMBTANTBDF ® G IBMTB-TENTBC
EPJ

>JBORJBP -J 8FJEPOH 4POH BOE +JBOHVP /JOH 5IFPSFUJD
IZQFSWFMPDJUZ JNQBDUI HIFXDHSBO & M BTNBBIN B EPJ

>.BLJ 55BLBOP "'VKJXBSB BOE ":BNPSJ 3BEJP XBWF FNJT
JNQEQBDUTJO SFMBUJPO UP PQUJDBM'HFEONEG WHBUJEC @ @BEFBIHK

{

>.BLJ &4PNB 55BLBOP "'VKJXBSB BOE":BNPSJ %FQFOEFOI
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GSPNIZQFSWFMPDJUZ JNQBDBBY 8O0 RVMFPEEEME M NFBUG IZITBIND T

< >PBOOB7 .PSHBO 5JNPUIZ + #SBMPXFS +VMJB #SVHHFS BOE
JNQBDU BOE JUT FOWJSPONROUWESHF-MSBWORFKREBGDFT &OWJISPO

{

< ¥OESFX/VUUBMM BOE 4JHSJE $MPTF " UIFSNPEZOBNJD BOBI
NFUB®®UOFSOBUJPOBM +PVSOBM PG *NQBDU &OHJOFFSJOH

< XPSEPO30TJOTLJ 3JDIBSE "' (SJFWF +BDPC & #MFBDIFS $BU
BOE -JWJP -5PSOBCFOF *HOFPVT SPDLT GPSSPBNMAPIZ QFI8 W/E(
PHZBOE (FPUIFSNBM 3FETFBSDI

< 42BVM3 3BUDMJO .BSL+ #VSDIFMM .JLF+ $PMF 5PN8 .VSQ
QFSINFOUBM NFBTVSFNFOUTPGIZQFSWFM P DDUZASNOGBRID B QB
+PVSOBM PG *NQBDU &OHJOFFSJOH EPJ T Y

< B3JMMJIJBN 14DIPOCFSH )ZQFSWFMPDJUZ JNQBDU SFTQPOTF |
UVSFOOUFSOBUJPOBM +PVSOBM PG *NQBDU &OHJOFFSJOH

< BFJEPOH4POH +JBORJBP-J BOE+JBOHVP/JOH $IBSBDUFSJ"
WFMPDJUZIZNQBDPG 1MBTNBT EPJ

< >=2+4UBSLT %-$PPLF #, %JDIUFS -$$IIBCJMEBT 8% 3FJOIBSU
JOH SBEJP FNJTTJPOT GSPNIZQFSWFMPDJUZ NJDSPNFUFPSP
GSPNUIF HORFSBBUJPOBM KPVSOBM PG JNQBDU FOHJOFFSJ(

< BFTMFZ "OESO)BBRIWBEWMPDIUZ INQBDUTBOE UIF FWPMVUJPC
JOUFSIPSUIFTIJT .BTTBDIVTFUUT *OTUJUVUF PG 5FDIOPMPHZ
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"CTUSBDU

SIFHFOFSBUJPO PG QMBTNB GSPNIZQFSWFMPDJUZ JNQBDUTJT
uBOU TDJFODF BOE FOHJOFFSJOH SBNJPDBUJPOT JO WBSJPVT E
GPDVTFEPOUIFJPOJ[BUJPO PG UIFTPMJE NBUFSJBMT UIBU DPO
MFUUFS XFDPOTJEFSJNQBDUFWFOUTUIBUPDDVSJOBQVJE F |
DPNQVUBUJPOBM NPEFMJOH BQQSPBDI BOEBTTPDJBUFE BOBMZ
QVJE TPMJE JOUFSBDUJPO UIBU DBVTFT UIF TVSSPVOEJOH QVJ
GSBNFXPSLJTBQQMIJFEUPBTQFDJPD DBTFJOWPMWJIOHB TZTU
SPEQSPKFDUJMFJIJNQBDUJOH POUP B TPEB MINF HMBTT UBSHFU
MPDJUZ JT WBSIRH EBPENAFIO EJOFSFOU TINVMBUJPOT 5IF DPN
DPVOQMFTUIFDPNQSFTTIJCMFJOWJTDJE /BWJFS 4UPLFTFRVBUJF
UISFF NBUFSJBM JOUFSGBDFT GPSNFE BNPOH UIF QSPKFDUJMF
JNQMJIDIJUMZ CZTPMWJIOH UXP MFWFM TFU FRVBUJPOT UIBUTIBS
UVN BOE FOFSHZ QVYFT BDSPTT UIFJOUFSGBDFT BSF DPNQVUF
&YBDUUXP NBUFSJBM 3JFNBOO QSPCMFNT '*7&3 5IFTIJNVMBUJ
XJUI'TIJHIWFMPDJUZ UFNQFSBUVSF QSFTTVSF BOENBTTEFOTJ
NBJOMZ EVF UP UIFIZQFSTPOJD DPNQSFTTJPO PG UIF QVJE CFU.
JNQBDU WFMPDJWIRT IJROFIBUBRPO JT QSFEJDUFE JO UIJT SFHJP

*OUSPEVDUJPO

JZQFSWFMPDJUZJIJNQBDUEFTDSJCFTUIFDPMMJTIJPOPGBTPMJE
UIBUFYDFFET UIFTQFFEPG TPVOE JO UIF UBSHFUNFEJVN *U GI
UJPOPGLJOFUJD FOFSHZ UISPVHINFDIBOJDBM UIFSNBM DIFNJ
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JT SFMFWBOU UP NBOZBQQMJDBUJPOT JO HFPMPHJDBM BOE QMI
EFGFOTFFOHJOFFSJOHWKIF QBTU FYUFOTJWF SFTFBSDIIBT CFFO
BOE QSFEJDU UIF NFDIBOJDBM SFTQPOTF BOE GBIJMVSF PG UIF L
XBWFT EFGPSNBUJPO GSBDUVSF BOX GOBBINBRUBUOCFFO GPVOE
UFNQFSBUVSF CFIJOEBO JNQBDU JOEVDFE TIPDL XBWF NBZ FYD
NBUFSJBM UP JPOJ[F UIFSFCZ QSPEVDJOH B D NQMBY KXOMBITPNDB
TUVEJFT PO JNQBDU HFOFSBUFE QMBTNB DBO CF USBDFE CBDL I
JG OPU FBSMJFS 4JODF UIFO WBSJPVT BVUIPST IBWF QVCMJTII
BOEFOFSHZPG QMBTNBHFOFSBUFE VOEFS EJO*SRMFDNG@GBDB D
OFUJD XBWFTFNJUUFECZJIJNQBDU HFOFSBUFEQMBTNBIBWFBMT
'PSFYBNQMFFe B ODBOUVSFE FMFDUSPNBHOFUJD QVMTFT JO UIF
FYQFSINFOUT XJUITIBQFE DIBSHFT BDDFMFSBUFE UP

*OUIF MBTU EFDBEF UIFSF IBT CFFO B HSPXJOH JOUFSFTU JO E
UP QSFEJDU BOE DIBSBDUFSJ[FIJNQBDU HFOFSBUFE QMBTNB BC
MBSHFMZ BMJHOFE XJUIUIF SJTJOH DPODFSO PG DPMMJTJPOT C
ulJT bPOUFYU UIFFMFDUSPNBHOFUJD XBWFT FNJUUFE CZ BO JN
UP UIF GVODUJPO BOE TBGFUZ PG PO CPBSE BNOUDBIPNVID EFW.
MBUFE IZQFSWFMPDJUZ JNQBDU PG BMVNJOVN QSPKFBUJMFT B
BABLNT < > S5IFZEFWFMPQFE B TNPPUIFE QBSUJDMF IZESPEZO
MBUF UIFTPMJE EZOBNJDT BOE VTFE UIF5IPNBT "FSNJNPEFM U
'"MFUPWFBM >BMTP EFWFMPQFE BO 41) DPEF UP TINVMBUF IZQF.
UIFOPO JEFBM 4BIB FRVBUJPOTUP QSFEJDUJPOJ[BUJPO PG UIF
PG JNQBDU WFMPIIBJIETNIFFUMFEFDU BBMTP EFWFMPQFE B QBSUJ
DPEFUPJOWFTUJHBUF UIF NFDIBOJTNPG FMFDUSPNBHOFUJD FN
<> %FTQJUF UIFTF QSPHSFTTFT UIF HFOFSBUJPO PG QMBTNB |
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WFMPDJUZJIJNQBDUT SFNBJOTBO BDUJWF SFTFBSDIBSFB 5I1F EF
TPVSDF J F QSPKFDUJMF UBSHFU PSUIFTVSSPVOEJOHHBT B(
QMBTNBFOFSHZPOJNQBDU WEOHRDEBAFBG Z<BOETQFDUSVNPGU
FNJTTIPOSFNBJO PQFO RVFTUJPOTJO HFOFSBM

1SFWIJPVTTUVEJFTPOIZQFSWFMPDJUZJINQBDUIBWFMBSHFMZ G
CFIBWIJPSTPGUIFQSPKFDUJMFBOE UIFUBSHFU XIJMF UIF BNCJ
BWBDVVN < > 51 JTBTTVNQUIJPODBOCFWBMJE XIFOTUVEZJOH
FYPBUNPTQIFSIJDTQBDF FOWJSPONFOU )PXFWFS GPSUFSSFTU
UIFDPMMJTJPO PDDVST JO B QVJE NFEJVN UIF QSPKFDUJMF QS
QJHIU XIJDIDBO FBTIOMA3 IHFYIDFFM M JBDPO CFUXFFO UIFQSPKFDUJM
TVEEFODIBOHFJOUIFWFMPDJUZBOEUIFSNPEZOBNJD TUBUF PC
UP UIF FNJTTJPO PG TIPDL XBWFT UIBU QSPQBHBUF UISPVHI UIF
TIPDL XBWFTEJTSVQU UIFJOJUJBM QPX PFME %FQFOEJOH PO U
UIF QVJE NBUFSJBM UIF FOFSHZ DBSSJFE CZ UIF TIPDL XBWFT N
GPSNJOHB QMBTNB 60EFSTUBOEJOHUIFQVJEEZOBNJDT UIFS!
JTINQPSUBOU GPS EFWFMPQJOH B DPNQMFUF EFTDSJQUJPO PG
QVIJENFEJVN 5IFLOPXMFEHF PCUBJOFENBZBMTP MFBE UP UIF I
GPSIZQFSWFMPDJUZJIJNQBDU EFUFDUJPO BOE DIBSBDUFSJ[BUJF

*OUIJTMFUUFS XFQSFTFOUBDPNQVUBUJPOBM GSBNFXPSL GP S
KFDUJMF UIFUBSHFU BOE UIFBNCJFOU QVJE EVSJOHBIZQFSW
PGQMBTNBJOUIFQVJE 51IFJNQBDUWFMPD3URPBAENDI®@KFDUJ
EJOFSFOUUFTUT *OFBDIUFTUDBTF UIF TINVMBUJPO JT QFSGHF
DPNQVUBUJPOBM QVJE EZOBNJDT $'% BOBMZTJT UIBU HFOFSB
KFDUJMF GPMMPXFECZBQVJE TPMJEDPVQMFE BEBRSFITFPG® Ul
UIFHFPNFUSZ NPEFM FRVBUJPOT BOE OVNFSJDBM NFXHEPET JO\
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QSFTFOUBOEEJTDVTTUIFPCUBJOFE OVNFSJDBM SFTVMUT JOD
JUZ UFNQFSBUVSF BOE BWFSBHF DIBSHF OVNCFS 'JOBMMZ TEF
4FDUJPO

11ZzTIJDBM NPEFM BOE DPNQVUBUJPOBM N

"TBNPEFMQSPCMFN XFDPOTJEFSUIFDPMMJTIJPOPGBOPYZHFC(
SPEQSPKFDUJMF POUP B TPEB MIJNFHMBTT UBSHFU 4-( JO B OF
BOE 4-(UBSHFUT BSF GSFRVFOUMZ VTFE JO M BORESBIVAS B W¥ CHS
DIPTFOBTUIFSFTQFDUJWF NBUFSJBMT GPS UIJTDPNQVUBUJPO
PGUIFUBSHFUJT GVSUIFS NPUJWBUFECZJUT QPUFOWIBM VTF J
JTIJOFYQFOTIJWF USBOTQBSFOU BOEIBT SFMBUJWFMZ IJHINFD
BNCJFOUQVJECFDBVTFJUJT NPOPBUPNJD DIFNJDBMMZ JOFSU

SIFDPNQVUBUJPOBM NPEFM BEPQUFE JOUIJTTUVEZDPNCJOFT L
FRVBUJPOT XJUI UIF 4BIBJPOJ[BUJPO FRVBUJPOT 8F TPMWF UII
SJBO SFGFSFODF GSBNF VTJOH B IJHI SFTPMVUJPO POJUF WP M\
UISFF TVCEPNBJOT PDDVQJFE CZ UIF QSPKFDUJMF UIF UBSHFU
SIFCPVOEBSJFT PG UIF QSPKFDUJMF BOE UIF UB S WHFWM B3R PES X
TIHOFEEJTUBODF 6VIOPBPWPRAPO BOE EFGPSNBUJPO PG UIFTF CP
CZTPMWJOH UXP MFWFM TFU FRVBUJPOT UIBU TIBSF UIF TBNF W
LFFQUSBDLPGUISFFTIBSQ JOUFSDPOOFDUFE NBUFSJBM JOUF
QSPKFDUJMF UBSHFU UIBU VOEFSHP MBSHF DPNQMFY EFGPSN
HBT BOE UIF TPMJE NBUFSJBMT UIF EFQ000Z KVE Q IB BJA FFS/NDRFEE E
OBNJD SFMBUJPOT J F FRVBUJPOT PG TUBUF BMTP EJOFS TJHO
DIBMMFOHF UP UIFDPNQVUBUJPO PG QVYFTBDSPTT NBUFSJBM J
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UVN BOE FOFSHZ QVYFT BDSPTT NBUFSJBM JOUFSGBDFT BSF DF
CBTFEPO &YBDU UXP NBUFSJBM 3JFNBOO Q%6 PHZMHPN TUR\BDYJIOH
TPMWJOH BO FYBDU 3JFNBOO QSPCMFN BMPOH FBDI FEHF JO UIF
"*7&3 FYQMJDJUMZ BDDPVOUT GPS UIF DIBOHF PG FRVBUJPO PG
JUIBT CFFO WBMJEBUFE GPS TFWFSBM TIPDL EPNJOBUFE NVMU.
QSPCMFNTJOVOEFSXBUFSFYQMPTJPOBOEJNQMPTIPO QJQFM.
XBWF MJUIPUSJQTZ < > 8JUIJOUIFQVJETVCEPNBJO XFTPMW
UJPOTDPVQMFE XJUIUIFDPOEJUJPO PG FMFDUSPOFVUSBMJUZE
POTFUPGJPOJ[BUJPOBOEUIFEJTUSJCVUJPO PG JPOJ[BUJPO Q:
EZOBNJD FRVIJMJCSJVN XIJDIDBO CF KVTUJPFE GPS QSFEJDUJC
QMBTNB EVSIJOHIZQFSWFMPDJUZ JIJNQBDUT <

'JHVSF JZQFSWFMPDJUZ JNQBDU 1SPCMFN TFUVQ B )ZQFS
MBCPSBUPSZ PYQE SHIRMNPPEEM QSPCMFN JOWFTUJHBUFE "MPOH
TPEB MINFHMBTTUBSHFU JO OFROJHBNBSIF BNCNBBBMBMNMPDJUZ
D "OPWFSWIJFXPGUIFDPNQVUBUJPOBM NVMUJQIZTIJDT NPEFM
EZOBNJD JOUFSBDUJPO CFUXFFOUIFTPMJEBOE QVJE HBT NBU
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'JHVSFC QSFTFOUTUIFTFUVQPGUIFIZQFSWFMPDJUZJNQBDU Q-
QSPKFDUJMFJTBDZMIQOERSHREIN DPQOFB SPEPGEQIFSIJDBM MFBE.
JTBO 4-(DZMJOEFS >80 MINBBSEEB VA 2BHBIIN P&EIF BNCJFOU HBT JT BTT
UPCFOFPO XIJDIJTJOFSUFWFOBUIJHIQSFTTVSFTBOE UFNQF.
QSFTTVSF BOE UFNQ B8BULHST®BISIBP BEE BSF TQFDUJWFMZ 5IF WF
PG UIF QSRKEDWBMFHIFB CRUBFRHEONT JO EJOFSFOU TINVMBUJPOT
JOUPDPOUFYU UIFCVML TQFFE PG TPVQNJT® &K IBNOJEBWPSFRPHNS B S
UFNQFSBUVSFBOEBUNPTQIFSID QSFTTOMSENIIF TQFFEPG TPVOI

#FDBVTFPGUIFIJHIINQBDU WFMPDJUJFT UIFTPMJE NBUFSJBM
BOE4-( BSFNPEFMFEBTDPNQSFTTJCMF QVJBT N3N FW B BFINTQBRIZU
PGUIFFOFSHZUSBOTGFSSFE GSPNUIF QSPKFDUJMF UP UIF 4-(L
EFOTJUZ PG 4-( *O UIF RB BMPCBUZBEWIXIFO JNQBDUFE CZ TUFF
QSPKFDUJMHTLWT B&/RAWMI QHMBNBYJIJNVN QSFTTVSFS)QIBKFP 4-( FYDF
X1IJDIJTPOFPSEFSPGNBHOJUVEF IJHIFS UIBOJJ(FBNBRIBSIBM-T )

< >

SIFSFGPSF UIFEZOBNJDT PG UIFUBSHFU UIFQSPKFDUJMF BOE
CFHPWFSOFECZUIFUISFF EIJNFOTJPOBM % DPNQSFTTJCMF /B
OFHMFDU UIF FOFDUT PG WJTDPTJUZBOE IFBU EJOVTJPO XIJDI €

d d+)
m E
—2d+4.r + +, ?2%=0-
rd4c, 7°+)

BMTP LOPXO BT UIF &V M&F$ ERVBRAPOR EFFSIIUZ WFMPDJUZ UPU
NBTT BOEQSFTTVSBTSHFYHOSEBWBMEOTIPOBM % JEFOUJUZ NE

"UBOZUJNMBIFQIZTIJDBMEPNBIOT PG UISFFNBUFSIJBM TVCEPNB.
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DPQQFS BOE 4-( SFTQFDUJWFMZ "DSPTT NBUFSJBM JOUFSGBD|
WFMPDJUZ BSF DPOUJOVPVT XIFSFBT EFOTJUZ BOE UIF UBOHFO
EJTDPOUJOVPVT XRB/NBMWBEEOBIDBMMZ DMPTFE CZB UIFSNPEZOBI
GPS FBDINBUFSJBM 5IF NPOPBUPNJD DPOPHVSBUJPO BOE UIF B
OFPOBUPNTIBWFPOMZUSBOTMBUJPOBMEFHSFFTPG GSFFEPN
EFHSFFTPG GSFFEPN 5IFSFGPSF UIFTQFDJPD IFBY PGIDAPO JT
KVTUJPFT UIF VTF PG UIF DBMPSJDBMMZ QFSGFDU HBT &04 5IF
JFE (SY%OFJTFO &IOE <

do23 1
21d-g=_20 9 = 4—
d T B L 2 ol ,doo
XIFE8FB@EEFOPUFUIFEFOTJUZBOECVMLTQFFE PEITRVPDEMP QFF

PG UIF)VHPOJPUTDMEWF2OFITFOC-QB&HBINBUF&-( UBSHFU JT NPEFI
VTIJIOHUIF TUJOFOF+BHBT &04 <

?1d-4=1W 1°d4 W3-

XIFSMBOEBSFFNQJSJDBM NPEFM QBSBNFUFST 5IF4-(NBUFSJBM
(S2OFJTFO &04 CFDBVTFDFSUBJO SFHIJPOTJO UIF4-(UBSHFUF
IZQFSWFMPDJUZJNQBDU XIJMFUIF .JF (S“©OFJTFO &04IBTCFFO
DPNQSFTPIRPOYIFPUIFSIBOE UIFTUJOFOFEHBT &04 DBO CF DB
JVHPOJPU PCUBJOFE GSPN MBxX PASBRLPIFPD BWQRFS XNFABRINDG<LUO F & R

3BOLJOF )VHPOJPU KVNQ DPOEJUJPOT UIBG B UBB FNCWBUOFEIP L
GSPN MBCPSBUPSZ JNQBD:WBEEEGEFOINAFOWIF KIFBIEFETQFFE BOE UIF
QBSUJDMFWFMPDJUZ SFTQFDUJWFMZ 53K FPRODLNVBFfRGJIPU EBUE
JTBEPQUFE JO UIJT X339 XOEEZ12823 \MBT "MM UIF &04 QBSBNFUFST
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UIFTINVMBUJPOTBSFQSFTFOUFE JO 5BCMF

AVCTUBODF &04 1BSBNFUFST
1 1 o]
$POQFS .JF (swordTElY B do *LHN 0
303 < > 150 < > 8960 212 < >
’721
APEB MIJNF HMBTT 4-(
349 2662
1 1
/EPO 1FSGFDUHEYT 2t+, L#
14667 6183
5BCMF 1BSBNFUFSTPG UIF FRVBUJPOT PG TUBUF GPS I

&BDITIJNVMBUJPOJTQFSGPSNFEJOUXPTUFQT 'JSTU BTUFBEZ
BOBMZTJTJT QFSGPSNFEUPDBQUVSFUIFIZQFSTPOJD QVJE QPX
GFBUVSFTBDVSWFE CBPX TH/L BXHWWJE TPMJEDPVQMFE JNQBDU
UP QSFEJDU UIF EZOBNJD JOUFSBDUJPO CFUXFFO UIF QSPKFDU.
DMVEJOHUIF QPTTJCMF JPOJ[BUJPO PG UIFHBT 5IFJNQBDU BOB
UIF CPX TIPDL SFBDIFT UIF UBSHFU BOE UIF TUFBEZ TUBUF $'% !
XJUIJO UIF QVJE TVCEPNBIOCPIHI TUFQT UIF/BWJFS 4UPSFT FRV
TPMWFE VTJOHBPOJUFWPMVNFNFUIPE 5IF TUFBEZ TUBUF $'% E
'TPMWFB&BO VOTUSVDUVSFE CPEZ PUUFE NFTI *O UIF NPTU S
FMFNFOU TJ[FJT BIBQSIPYIJNBYBEZTPMJE DPVQMFE JNQBDU BOBN
JOHUIF. $TPMWMBOPO CPEZ PUUFE $BSUFTJBONFTI *OUIFNPT!
TI[PITNN

*O UIFJNQBDU BOBMZTJT UIF NBUFSJBM JOUFSGBDFT BSF USB|

< > 4QFDJPDBMMZ UXP MFWFM TFU FRVBUJPOT PG UIF GPSN
ma

—  + =0- B1>2
me: rde
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'JHVSF .BKPS DPNQPOFOUT PG UIFDPNQVUBUJPOBM GSBNFX|
QVIJE QPX TVSSPVOEJOH UIF QSPKFDUJMF CFGPSF UIF DPMMJTJI
BOBMzZTJT C *OJUJBMJ[BUJPO PG UIF QVJE TPMJE DPVQMFE JN
BOEQSFTTVSFPFMETPCUBJOFEGSPNUIF$' % BOBMZTJT BSF NBC
UIFCPVOEBSJFTPGUIFQSPKFDUJMFBOE UIFUBSHFU D *NQMJ
CFUXFFOUIF QSPKFDUJMF UIFUBSHFU BOEUIFBNCJFOUHBT Cz
UIFTBNFWFMPDJUZPFME E 4PMVUJPOPGUIF4BIBFRVBUJPOT
BOE EJOFSFOU UFN QFEB@GEOU S FaI E RWPRRAOB EJISFUNFMNP MBS GSBDUJ
OFPOBUPNTBOEJPOT XJUI EJDBIFRXODIIBSHF OVNCFST

BSFTPMWFE TZODISPOPVTMZ UP USBDL UIF CPVOEBSJFT PG UIF
TQFDUJWFMZ 5IF UXP WiFBNGEEM BEB GOV OLDIBMIQRFE UP CF UIF TIHOF
FBDI QPJOUJOUIFDPNQVUBUJPOBM EPNBJO UP UIFTVSGBDF PG
/IPUBCMZ UIF UXP MFWFM TFU FRVBUJPOT TIBSF UIF TBNF WFMP
TFQBSBUJPO CFUXFFO UIF QSPKFDUJMF BOE UIFUBSHFU BSF DB (
BWPJEFE DH 51FNBTT NPNFOUVN BOEFOFSHZQVYFTBDSPTT N
QVUFE VTJOH UIF NFUIPE PG '*7&3 '"*OJUF 7TPMVNF NFUIPE CBTF
TPMWFST XIJDIIBT CFFO WBMJEBUFE GPS TFWFSBM NVMUJQIB
KVNQT< > 'PMMPXJOHUIJTNFUIPE BPOF EJNFOTJPOBM CJINBL
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TUSVDUFE BMPOH FBDI FEHF JO UIF NFTI UIBU DSPTTFT B NBUFS.
3JFNBOO QSPCMFNJTVTFEUPDPNQVUFUIFMPDBM QVYFT

*OUIFJNQBDU BOBMZTJT UIFPOTFUBOE FYUFOU PG JPOJ[BUJP
TVNQUJPO PG OPO JOUFSBDUJOH FMFDUSPOTBOEJPOT JT QSFE
“A174 _ A1 20<4t ) 2 A
— *

> exp —— — A= O-d—eee—#—
=A A 1)

XIFSEIJT UIF OVNCFS ERQTDURB PHFUBREBTU B IFPOVNCFS EFOTJUZ PG |
BMTP SFGFSSFE UP BT)UJF QVBURNBEFOBIUYIMBODL DFRQWTBBOU
#PMU[NBOOOROTUBOUBUJPOBSZ NBTA P& B DIPNE DBISIFD BOESH -

OFRQOIT FRWBM UP

*OUIJT XPSL XFDPVQMF UIF 4BIB FRVBUJPOT XJUIUIF DPOEJUJ
UuJPO PG DIBSHF BOE UIF DPOTFSWBUJPO PG OVDMFJ XIJDI ZJF

FRVBUJMPO < "
~ 5 ~ ..
& > 06 A O

== - _~ g5 _
1 =, OA 1 =, OA
. MW oy T BW N )

l Bwl,

A=
XIFEEEFOPUFTUIFBWFSBHF DIBSHBE ORVONCNFGHPSGEGOPIQ UZAPES | FB W &

% JTHIJIWFO CZ

*<120<4I)% <
S e 5

X =2

*AJTUIFTUBUF EFQFOEFOU @BSWDIBIAE GYBWRUIPO HGWHO CZ

XIF8£-BOK-EFOPUF UIF EFHFOFSBDZ BOEAFYDIRU BB UWAHFBOSE8HAZ P
MFWFM *O UIJT XPSA A B@BRNVPESTOHFR O BSF PCUBJOFE GSPN Ul
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