SQFHUWDLQW)\ $QDO\VLV RI &RD[LDO 7KH
XVHG LQ $UF -HWV

'DYLG 0 'ULXGIWHO 3KLDQGSSPEHIOWGD 7THUUD]DV 6DOLQDV
NASA Ames Research Center, Moffett Field, California, 94035

5HFHQW LQWURGXFWHEBPRERXKSDH DO SB ¥R ORKH. L4 BEHYVHY DUF
MHW IDFLOLWLHV X@NOLWYMSIRIHG PRQG XFRMHRDQ BIOIHWR WKLV W\SH
FDORULPHWHU /D WH ULFW ¥ RQLEODMWAWOW E H. Q YH QLM B QD O\VLV ZKLFK
W\SLFDOO\ XVHG WR GHGXFH WKH KHDW7W HDWQYKHW MFRD @ XV K DFDHOR L
DVVRFLDWHG ZLWK PRVW FDORULPHVEHDV HDWRKH W KADKAD @ Y B D i V @1 E
WKH VWDJQDWLRQ KHDWLQJ 1RQ XQHIRWUFDRBDWKQ S HR® RDIOHR UL PH R
OHDGV WR FRQGXFWLRQ ORVVHV WR WEH IFRRGHWD YVM RI VA H XFD
HVWLPDWH RI WKHQWW DAKQHWH. RUZ R HRWELO W\V DFAR IBHL [ LKQWH QW WLPHV RI
FDORULPHWHU V H[9RMXUWVRMRKWN K &7 KDFY\W KHDJQFBO ERG\ HIIHFWV FR
LQWR SOD\ LQ WKH HDUO\ VWDJHVPRKHD\W R X Bitll HE KL B HF R KHIV QPRRQ
VHYHUH DW WKH ODWHUIH VWIXIH \E LRIV NP & RARFKIDWHFG® ZIHI THFWV FDQ |
DYRLGHG E\ UHZULWIHQY OMDKEHLQYHQVR VE@DYH LRUFRGAHR @G XFWLRQ L
VSKHULFDO FRRUGLQDWHYV +RZHYHUDWHGXERQJXWKIR ER DIWHBWUQU
UHTXLUHV D VRPHZKIDAD W GRIQRW P RVGIHW' LIQ @ HWWHHDGIB &'Q/ LV

IRPHQFODWXUH

Cs +HDW FDSBFDWHRILWEO - . NJ

Hy 5HFRYHU\ HQWKDOS\ 0- NJ

k 7KHUPDO FRQGXFWLYLW\ RI WKH PDWHULDO : P .

L = 7KLFNQHVV RI VSKHULFDO VKHOO P

M ODFK QXPEHU

S 3UHVVXUH 3D

q +HDW IOX[ : FP

r 5DGLDO GLVWDQFH IURP WKH FHQWHUOLQH RI WKH MHW P
R 5DGLDO GLVWFORMWHIRRIWKKH VSKHUH P

Ro 5DGLXV RI FXUYDWXUH Rl WKH QRVH RI WKH PRGHO P
T 7HPSHUDWXUH

W 7LPH VLQFH WXHBH/WRUMKR IDH[S KWDWHG IORZ V

X $[LDO GLVWDQFRI IDROGRURDPEHMEHBR G LWHEFRWLWLYH [ P
U $[LDO GLVWDQFRI IDROGRURDPEHMEHBR G LWHEFRW LWLYH [ P

., ,QWURGXFWLRQ

$UF MHW IORZ FKDUDFWHUL]DWLRQ ISW RSYDH W/ HRV WOL@ JR Q QFEL @D BIONR/WW [
SHVHDUFK &HQWHU W1WH PK@VTOUHP BIOSHXUR XWE QHOWEHLIQWHUHVW RI
WKH PRVW DFF XU DWH IPEH®Y X BHRFSHSGIHW\® & J @ KORHWLPHMQ WKH PDLQ VWD)
IOX[ PHDVXUHPHQWY IRU WKH ODVWRF PQUDPFBEUWBEP\GERNL YWHR)LYLHZ WK
DERXW WKH FRQGXFWLRQ ORVVHV W KMKRX VO XK HQUIED ED ODY GX WHKG W R N
HITHFWV WKURXJK WKH JDS EHWZHWQRWBID &0 X\ KHQRD LW \O K RIOWGDHIW L RZS R U
WKH QHHG WR GZHOO LQ WKH IORZ JRW D VXV HLFGEWH QW DS\HU PRI® \RX UM IPRHHQ W

BHQLRU 5HVHDUF K8 PRGWLYRL F¥HW B PR FAOWH )HOORZ $,$$
(QJLQHHU $HRUERWSIDFH , QR 06
7HVW (QJLQHHU 7KHUPRSK\VLFV )DFLOLWLHV %UDQFK 06
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RXW RI WKH IORZ TXLFNO\ HQRXJK WRHP % HQRDMWWW B HP H @ W RMIK\NHX U B1GI D W KW K
VR LW LV VORZ VQR HM Y Q RKHD W R GAHIID@HG | IRW PRIMIYRIY KHMWD WITWKH MHW

)LJ 60XJ &DORULPHWHU PRXQWHG LWL BDO SWPREGLDRRIZLHU WHPH WP RKKHD V

7KH GHVLUH WR REWDLQ UDGLDO HOLG W X U XMW RIQIVV RO HGH DWR 10D ¥R Q O/R B
PHDQV RI PHDVXULQJ KHDW WUDQVIFDO®OD FRRY LUGKUHG >E@ WD WHK FSLHU IKRC
FDOLEUDWLRQ D QG WW B LIDWARKD DMK B8 LX\GHG WKHLU XV

JURQW VXUIDFH W HPFHQWB WHHQH WD WIFK @V DGO RBRLIDO WKHUPRFR)
VHQVRUV DUH DWWUDFWLYH DOWHQQRW\ YUHW SWW R GV & H DWI0XAJ L GWW D R WHD @/
KHDW IOX[ PDNLQJ WKHP D JRRGKFHKRHRH |RMXCOKHBRL QMWW XKWH M\G/REB W]
UDGLDO YDULDWLRQV LQ WRWDO M EWEDNOIS\XD FMXRWW\W K H KMHH WX OGH 6 R EQ &
JLYH UHODWLYH PHDWXUMY RIKWEH REVKRHDXAW HOXDP@HHM ODUJHO\ REWD
FDORULPHWHUV &RD[LDO 7&TV ZHUR I UPOOMIBUR R Y VGXWHHE RD W KW KGIL W/ IL A B W |
KDYH ORZ WKHUPDORZL FIXWBRIPW L D BV L R QHRRV V

&RD[LDO 7& VHQVRUV ZHUH UHYLVLWHRQZR H @ KDH &FRRECH IR Bl SAMXHNGD G W B
DYDLODEOH KLJK WKHUPDO GLIIXVYEYHWI\LEFQE& QMO DWLKHOVY HKQ VK. @ D WHDGDH
WKLQPR FRSSHU OD\HU YDSRU GHSRVLWH® KHLPRFRX SOHMH G LWRXERP ST K
FDORULPHWHU PHDVXUHPP & KE RZHWFEH UWDW RDRHH 8D BFOWE E ERGM RQ WHKHM EDI
1X00 SRLQW ERG\ - WKH GHSWK DQEG: MR BDWB R R WW KHERRG M LIGUHH 7RS W RF
WHPSHUDWXUH VHHI $6¥0@V W DLRAD HBRIKLEOOY FTRHPQG 1X00 SRLQW  WKH
VXUIDFH KHDW IOX[ IURP WKH WKHWP RERXSDG XWLLFH KLV R UI\L Q Y WHV ¥ O D
DOJRULWKP > @ 7KH FRD[LDO 7& VHQVP®U H @HFFNQ WWZAD R | WKIREK J\W &R EH
WKHUPRFRXSOH WWXO\DFHL QD ® W H¥ R @0 E DFRY GO FDYLW\ 7KLV &RSS
YHUVLRQ Rl FRD[LDO 7& VHQVRU KIDW EEHLRRIP AR\DR/ LOGMW H B FRRLYHH WAHKUDLWR XL
PHDVXUHPHQW RI VWDJQDWLRQ KHDW K& XP ILLQQ WEKRZ Q ¥ 6 & 1$ PRH VWIKWIF FNR 1D \W\D
VHQVRU DW OHDVW FRQFHSWXDW R Q& X¥FKNH B WMHGWWNO 2 RUF& DOVR X O GOY k
LQ WKH ' ILQLWH VODE LQYHUVH DQDO\VLV

1R $670 VWDQGDUG FXUUHQWO\ H[LVWW ORY H\RW [ WIXQ QN KW R PIRF % 3 O H/\
$670 VWDQGDUG IRU 1X00 SRLQWWODE FREYHAKVGHNVEDQBHY WKHGHJXF
VXUIDFH WHPSHUDWXMBRIPPRDROX KH/HGY WRW ERWHK1GBOLERLQW $670 VWDQG
FRQVLGHU ODWHHB®W \F RIRGW KW LFRDJR BV LSFDHBM M UGER/GW R BV BIg VHW R H W H Y H L
FRQGXFWLRBDHIRWEW MW @YK SQRIEPEHDGME FEPRFRXSOH VHQVRUYV

,, &RD[LDO 7TKHUPRFRXSOH 6HQVRU "HVFULSWLRQ

7KH FRD[LDO WKHUPWFRHSOHP BVRENRK KASORY @ VHEWRU ZKLFK ZDV L
$UQROG (QJLQHHULQJ 'HYHORSPHQW EFIQWHU ER G > @KHQWHRQW RN FRQR
RU ZLUH PDGH RIVER® \ZWWE® VWD D HGEFQV D QD RRXQADEO DY D FRSSHU WXEH
RXWHU WXEH LV VZDJHG DURXQG WKH ¥FRQVRAWD G WO E H LISKXUFKIDWHGILQ YD
OHQJWKV DQG WKH FRD[LDO WKHUPRPRXSOH-VHQ\GRWD\WP XWHE DWGPHVPPU
LQ OHQJWK
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)LJ &RD[LDO 7& VHQVRU VFKHPDWLBEVLR @D €6 ROVAFPGMAM B | ERIGHL H \P R

$ QXPEHU RI GLIIHUHQW VL]H DQG VKR K& XAVHO RVKIHP WW @ VY REIR/ G LZHMJ HX
IDEULFDWHG DW 1$6BUSPHWHUKERED @ RV BHM WIKOHQWOH XVHG DUH VKRZQ
KDV D VSKHULFDO QRVH DQG D VKH®OO WKLEZMQAKM. D\ HVKBQHRVW RIPD W F |
RI WKH VHQVRU VHH )LJ 0 D WHF KOLHQQ JW KHR YV RAHKOHO VWM IQ LVARNLQ HYW WK WYAHR XMDK T U
YLHZ 7KH VHQVRU$ZRBRYV ISRWRVWEHERD QRWIKPEPNHU ER®KLQ OD\HU RI DGK
> @ EHWZHHQ WKHROHQWRWKIHQEDWRMH KPHWHU ERG\

D PP GLDP ,VR4 E PP GERAUHHPLYV F PP GLDP VSKHULI
)LJ & D O RRUIG IPHHW KHVWHE URXWLQHO\MBWWKH 1$6% $PHV DUF

7KH VHQVRU LV QRW LPPXQH WR ODW®WRUDRHWRHQYUGCKR®/\LRY HY I BR Y BRQWI
WKURXJK D WKLQ DOPRVW QHJOLJLROHLVOBUWHG RP LED®IQHWVQ Y MV K H7 WHD PHH
FDORULPHWHU ERGWIDFP® IRX\UBROHSNWD®| LYWHIWEDROGSDU 7KH PDLQ LVV
FROQGXFWLROYHIQGDFAVWR QVKH FDORH OXHHW WU RER GHLQYV HIORZ PKFK GRHV O
DITHFW WKH VXWH DA WKHFP SHRUWVHWXKIUWKH ERG\"
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( +HPLVSKHULFWEBWDORRAPHOPHWHU

$V FDORULPHWHUWHUEZLRAKXOVER OO HISYBK B UH IFRYYLBRHUSKHULFDO ERG\ D
VSDWLDO KHDWLQJ EHFRPH ODUJHU L¥BEWIUEHRDONKBEIO R WIPP 8 WIHRH WM Z K+HH
LPSRVHG RQ LWV IDFH GLPLQLVKHVHZ LDAFK- FALEGSKNIDIQ W IR U H RW K\M KW KE I Q @Y H WU\
ERG\ DW WKH QRVH LV D ODUJHUW WDRPWIIRRQ WRH. IRAHKWIRD R W I8l RUDIGIL XV WKDQ L

'KHQ D ' ILQLWH VODE LQYHUVH DQ@MNMXVHYV LIVPRO S WIHEE BW BB VB K& WVHKMS |
HVWLPDWHYV WKH KHDWLQJ E\ DV PDRK WDIVWKH FRGEH BRRRGDIQ MK Y &
XQGHU HVWLPDWH RI WKH KHDWLQJROMHWKKDQ@RWHKLRI WLR N CADVDIRRJQ ZHDW HW
WKDW PRVW H[SRVXUH GXUDWLRQVZBEUHRKRRED WH W R H GFHRWD [RA DOO VIHKFIRSHG Y H U
WKH EHWWHU FKRLFH

D 7 H P S H U D W X U H HDWLOR DWW WKH VWDPQIWLF
)LJ "FRQGXFWLRQ VLPXODWLRQ RHG WR FB RWQH @/ KIRGNWH BN PSPRIG H

) 6SKHUH &RQWHRDORULIPFPHGLDPHWHU
7KH PRVW VHYHUH FDVH RI D VPDOO (PRVELDDPE MWW RADSKRHAULP FWEH ED O/
7KH LQLWLDO WHPSHUDW XU H B L\GE H. WIRD VWK H UX & X B Q HVIRMOAN [BRD OBV
WHPSHUDWXUH ULVHV PRUH VORZO\ZGRI®WRBQRR QGX FERIGR Q WKRH FKRHODOM WO
LQYHUVH ILQLWH VODE FRGH LV QRMQ DWW VDRIQRI PLURW WRNH RERYHGHIGHD
DW PRVW KLJKHU WKDQ WKH LPSRXE@DBWLURIQN |06 K RU MFIOHD $IHBR B HWL. B\ H
EDODQFHG WR VRPH H[WHQW E\ W KHVQDGW HDID®D ¥ R Q GXFHWERQL DR \I R B GF\R/
LV QRW VKRZQ KHUH VLQFH QRKH WHRFRXYVOHQJWR LV PPPDGJRIHWU
DQDO\VLV LV QRW WRR EDG FRQVODRNWUBILRQ GV RR QVZR IHRH PWKH DWESIKGIU LBD B
EXW IRUWXLWR XV O\RQHKIHLO L ¢ WKAHHESEDIPKYMW D JHW RV
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DQG WKH DFFXUDF\ RI WKH PRGLILHGOO\DIQ® QMK HVIILWVYRWVHPBE Q @& VRBIHR L
VHFRQGV RI H[SRVXUH DOO ' DQDODW.VOIXY RYGCWWH DWVMD WIL QK M KFHD @
FROQGXFWLRQ ORVMUNRLY KRH WKO CEHAUBERXEKBOQ K DBIWRQJ LV ORZHU DQG QHEL
ERG\

7KH PP GLDPHWHDXHBPDRUKHPUHWHU[XWDVZKRQN LGIHWHGD@ FRROLQJ Y|
WKH FROGHU RXWHU ULP RI WKHKRRG\RUVHPRNMIHRYHGHUGDUBQVLPROHD U
DFWXDO QRVH UDGLXV KHOSV WR LRBURDG MWYHOD¥HAXDO@PPOWRILWKH ,Q VR
JUHDWO\ UHGXFHG LQ WKH ILUVW VHFRQG RI H[SRVXUH

)LJ (UURU LQ GHGXFHG KHDWLQHIBJRMR DLQYRBVHLDRDONYPLYV IXSBWOLFD O

% 2WKHU 3RVVLEOH $SSURDFKHV WR YWRGLI\LQJ WKH ' ,QYHUVH $QDO\

‘KLOH WKH UHVXOWV RI ' LQYHUVH DIQ\DIAD U LNQRRRK BUBRUVDQY RFK B WH
HOHPHQW DQDO\VLV WKDW LW LV ZR UFARK WDHRRMLL@I WKW I HEHYOWH U $P IPW |
FRUUHFWLRQ ZRXOG EH GHVLUDEO H LEWKW DV K H PFK®ID OHHIQR K I KV TWKR VRPH P
TXLFNO\ SUHIHUDEO\ LQ UHDO WREOB DIOMRHEWMKIHF BXYBEDNMVHHN LV UXQQLQJ

7KH FRQLFDO PRGLILFDWLRQ WR WKW H DIMQIOV H AHSIOHHPHIDW B G DA\ @ LW FR
WR DQ\ D[LV\PPHWULF VKDSH RI L@EMHERIEWY KBS 8 VWHK[IS HFDIOHRQALHP W\§ KM US. &
DQG ODWHU LQ WKH H[SRVXUH WKH FRQW®HU OLLGH |HMHO®VWKHMG HD I MF B/R/GR |
RQ WKH VLGHV DRG EDFRI RA PRI FEG\D W M UBRKAHU HA RRGAWLFDWLRQV WR WKH |
FRQLFDO IUXVWXP THDHVFIRQ WIRG MD AW Q DI \WH IDSH HZWKDW LV WDSHUHG DW W
WKH VSKHULFDO HIITHFWV WK DWK B WD FHO \I Q. ® LSVR MYPXEDID WIEQNENWEHR) B IVHREF D W R
DIW ERG\ VHH )LJ F

D '")LQLWH 60ODE E &RQLFDO )UXVWMXAPXP F ORQJHU
)LJ SRVVLELOLWLHYV IRU PRGHGOIU@QIDWKMH SXBVLFD®KDKSHO/O ZLWK DOW

1RQH Rl WKH DERYH PRGLILFDWLRQRQ@HJARXIOGE POOW WRH PYIOKNPHQW W
ERG\ LV DQ HOHJDQW DQG PRUH SKHFWRDRI WHKHRARO® LIFIML @R GMKH HII

7R LOOXVWUDWH WKH EHQHILW RI HD GRS WVIK@ KCH B RIGW ILBIGV HH I P\R GO \DI
KHPLVSKHULFDO SUREH LV FRQVLGHUHIO\VKY RWMKRDPD LQ IUE GW H Q/® DN
DQDORMit2Rose LV VKRZQ DV EOXH FXUYH VHH )LJEODFN £0\0RH VKR DR LD pPLa
D VKDSH RI WKH W\SH VKRZQ LQ )LJD FR QKEFKJ XWR\G¥ B3¢0k OOWER E H

$PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQD}









SUREH EOBPNROLWKH FRQLF DQD&PHQYW EHNWZ BEHQY WHUW DRUBDUG DQG EDF
FRD[LDO 7& DQG W& H IGHHEX AHKG! DB BRI GLV ZMHRHSH Q HODW DW JWKIRX O G E H
"KLOH WKLV LV QRWFSYRRFRRQLWKHUSQDW\RLWD ERQLY HQFRXUDJLQJ WR V
VKRZV WKH KBDNWUIDX[ER DPHOWIUF ROMWDUIEG GALADAVLQJ KLIJKHU KHDWLQJ WKI
7& RU WKH *DUGRQ JDXJH 7KH UHDWRRZ QR UE YK L8 HOLLK/IF 8§\ S\DKQHF V O JQ RW Q
FHQWHUOLQH LW ZRXOG QRW QHH® WR RU G HUPWIEWH G DI bl HE) FRHX F K

)LJ &RPSDULVRQ RI KHDW 10X[ PHRYPOH PMQORMRGRUDNWH FRQGLPVQRQV F

+HUH WKH VKDSH \RW WK W HR @/ L QN GBI VWH 8 | LRE WRR HEHW FVUKOHL. @ B VHIQRW K T
WKH DYHUDJH RU EK® N DIOQXW KRD Ol M HQH @ WOWH.GVRIUG PHDVXULQJ WKH VL
FDQQRW EH XQ G HUXNUWHVRIGO\ RIQW KRBUDK/DXVHH FIRQWOLYE HG WKDW QRLVH ZD\
WKH ORFDO PLQLPD DQG PD[LPD L.KERDMRRG BLVWWKHLEX®WRQ QIQQWK Ho®@W
UHVSRQVH LV REWDLQHG ZLWK W ZRR®UDMW O FHIDGOWRS-H EBHRLH@LWP DVENEU X B H.
DUH UHDO DQG LEWIKQELRDVAHDENMM IR WKH QR]]OH

9 &RQFOXVLRQV

SHFHQW LQWUR G XFWIPRRF RRX S PRID W \T50{ QRO RIKIHP HW/E3U $PHY DUF MHW ID
LQVSLUHG DQ DQDPWLR/QRH | I'HF RVYGIXV. VR WL B W HREI ZADWKRWLPHWH U 7KH
DQDO\VLV ZKLFK LV W\SLFDOO\ XRHGKWMRFBERXEPHWKH KHB WLWWY IRV WHKIH
FRQGXFWLRQ L H " HITHFWV LV QHOMPHEWHVROKHUSZ®AM XVEBGWWR G
VLPXODWLRQV RI WKH FDORULPHWHUJVMWRESRIUDNWRMNH BKMWH LMEDPW DRQV|
SURYLGH VXUIDFH WHPSHUDWXUH GDKHD WIKQ@Y\H B R KO GQELAV X VHHGH B Y Q \§ SR
GHGXFH KHDW IOX[VRIOKHH U UGIOH BVRHR QVW B W D\DWIKHFESEND. X U1 V@ HQ O IHIL E O H

7KHVH VLPXODW L REDWO RRXPG WHDWODO®E BIWL B Q VHIHFW ¥ RVR VRPH H[WHQW
FRQGXFWLRQ LV GXH WR WZR HIIHFXWLQ JFWKWH IGD GURREQHIECOKH-DOAINGHF W KFE
VSKHULFDO VKHOO UDWKHU WKDIRQ ¥ Q DIQRIJUM YV GOH GLE/DVEU LEQ @/ L RQY KH | F
WR ODWHUDO FRQGXFWLRQ ORYVV® R WR K KFHD DRRQREDRTHRAEHLID RV WY BB B G LB

YRU WKH ODUJH QRVH UDGLXV FDORHUAW M VDHIBIVUWM KD V@ DYWHHOU DWP B R Q G X AW
VRXUFHV Rl HUURU +RZHYHU IR UURFEHY/OWXRIV 8 DUDIEULDXY FRQGXNE WH WE UH !
WR WKH VSKHULFDO VKHOO EHLQRI WHUHF ERGNODWLYH WR WKH QRVH UDGL)

7KH HIITHFWV RFIVGRB\DLW B WKHUPKE VOQXQDRW RO HEMWIAM D@ & WKH ERG\
DQG IRXQG WR EHIQPDO.GO ®WG\ GGR\FM BMH @W H U IR PAVW K SAHHOWAR LL WDZNLWWK DW K H  E

&RUUHFWLRQV WR WKH ' LQYHUVH NRPYHIQOZ DU HF BN BIER WE RGO R M R
WUDQVIHU PRGHOXPVODL IR IKADSM |WDBNOWAMH WIODE DORGLIVLQJ WKH ' LQYH
FRGH WR VROYH IRU D FRQLFDO VHRSHGUWWK HIH &/ XPHG DK HIW WRI VMO RE WA
PRGLILFDWLRQ GLG QRW FRUUHFW WRIQ WEFHURMWPMWKH RIDBR QR X QK IR FID & R
FRUUHFWLRQ ZDV VXJJHVWHG LQ ZRHRKHW KID\Q BWH QUDGHX V LR WHKH FRGRI
ODUJHU WKDQ WKH DFWXDO QRVHRODBWRXJRWWKKHSKHREW | ONK[L & HFGRXIFHG \
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ZLWKLQ D IHZ SHUFHQW RI WKH MFULRD GV KH VWK HOL[F D O MKW R B UWPR E L
DFWXDO VKHOO WKLFNQHVYV KHOSHmBWWER B EWKP® RIONDK H® KA $1XIUEIK MWAK GOV
ODWHUDO FRQGXFWLRQ ORVVHV WIRWKKIH FPROGR@H B RRY HIBH Q WHHRVONV. QMR UW Kl
WUDQVIHU PRGHO FRQLFDO I1UXVWXPPQ ODNWXDIKD SAHD @ (BGH WKXOHGWRUFNB
FDORULPHWHU ERGIL H¥YR \RIHW LG DVEBR)KY HR EW WKIHO 'UHLQLWH HOHPHQW DQ
WKH FRUUHFWLRQWRMHHJQRX\O WH Q IHK&MIWH WRIDJADWHB QL \WRISRWHQWLDOO\ P
ZKLFK LV REWDLQHG ZKHQ XVLQJ WK® SODQDU " ILQLWH VODE DVVXPSWL

$FNQRZOHGJIJPHQWYV

‘H ZRXOG OLNH WR QVKIDXN URHNOHQPDLYQ HYW U BEKRNRYD DQG OHJDQ O
KHOSIXO FRQYHUVDWLRQV $QG DOWXKN SHHRL &8 QWRYNW W RS0 HHAIWKUHRIPL C
LQ WKH 1%$6% $IPFHHWHORU7KLY ZRUN ZD%6 $X QW B BWHRG BEWELINSCHEY VHW YV 3 UR
6&%3

SHIHUHQFHYV

> @ $670 6WDQGDUG ( 6WDQGDUG AHHWODW OGHWERIGIURYD WHDSXMUQQJL
&DSDFLWDQFRUBPXWH&DO$670 ,QWHU RKXWRERGQO 3ISHWKWWWRBQVKZZ DVWP |

> @ 5 *DUGRDQ $670 6WDQGDWHDPVXULQJ +HDWD)Q B[D8YVGQJ7 B
&RQVWDQWDQ &LUFXQDUUDQYGXFHWDW $6RQ D OQWKWQYBWILZZZ DVWP RUJ
&RQVKRKRFNHQ 3%

> @ $670 6WDQGDUG ( BWDQGDUG FHDW DUHMMKWR E Ul B VOHD VIXRIPQ F L

(QYLURQPHQWY 8VLQJ D 7UDQVLHQW 1XWGO® GRWQWQ®DORHVMHERQV KRE
KWWS ZZZ DVWP RUJ

@ & 7 .LGG +LDKHDWOWHPBIRWY DQ® QLEHWDLR HRWWD &K BNASAGMH UL]DWLR
3061 1$6% /DQJOH\ OHDVXUHPHQW 7HFKQRORJ\ &RQIHUHQFH SS

\%

> @ OHGWKHUP &RUBDF&RDKHMP REERXSAH 3URBHG WKKHIWHWRU S 32 %R
+XQWVYLOOH $/ 3K
> @ ) .UHLWK 3ULQFLSOHV RI +HDAWVUDQFVISHS® 1HZ <RUN ,QWH[W 3U

> @ & 7 .LGG & * 1HOVRQ DQKHUPRHOBRWUBF RW WIIHFKYWV USIHY M@
SUHVV )LW ,QVWDOODWLRQ RI &RD[LD® OG®&HDMWbteetiftUd FNE RIBHISEOHYV LQ
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\

@ $16<6 (QJLQHHULQJ BLPXODWLRQ 6' 'BY64Q EGRQAUHE _ $IHBI<C
KWWS ZZZ DQV\V FRP
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