XODWRU PHWKRGV > @+> @ IRUWKHUH
HITHFWV LQ WUDQVIRUPHUV

,Q WKH FDS D FHBMDPFRHBIQIHORI\ ZDV L
E\%XQWHQEDFK> @ /DWHU +DPLOO GH
PRGHO PDJQHWLFFRPSRQHQWYV > @ 7KL
WHQGHGWRLQFOXGH @ PQGLQ @DD QW ILH N
SHQGHQF\EHKDYLRULQ > @ 2QH RI WKH
UDWRU FDSDFLWRQPRBHOVDWWHKW DE VG

QHWLF 7UDQVLH@QAMYV WURH SDRJIJUDPV
%RQG JUDSK WHFKQLTXHV > @ > @ DU
WLRQ RIHQHUJ\ARZ LQ SK\VLFDO G\QDP|
DUH FDSDEOH RI UHSFBOH @ W LQH WIOH APV
WKHUPDO DQG K\GUBXDUHRD\WWRHPL/SD E O
HULQJFRXSOLQJHHWHGVIEHWZGWN S KMAK L
> @ 7KLVPHWKRG ZDV XWLOL]HG WR PRG
PDJQHWLF GHYLFHV LQ > @ DQG O H¥ H QW
IRUPHUV > @ 7KHVHPRGHOV VWLOO UHT
FRPSDWLELOLW\ ZLWK KLJK IUHTXHQF\ V
HGG\FXUUHQW DQG FDSDFLWLYH HIIHFW
 1752'8&7.21 7KH SULQFLSOH RI GXDOLW\ EHWZHHQ
FXLWV ZDV ¢ UVW L QIV Y R @XFHG IK\UKKHIU
5$16)250(56 IRUSRZHU V\VWHP DSBO4GFRAMRB RV ® UHKGiH) H D U HRRDHID WEJID\QHA
VLIQHG IRUWKHRIBGBEDWLQI]IUHHWKWHMKHH QFLSOH RI@ XK6 LOWDN EH>L Q G X
OHVV GXULQJWHKHUEBORHUVYIDQ | WRHYX/H OIS HISEKIDYVIH WKUHH ZLQGLQJWUDQVI
TXHQF\ 9+) WUDQVLHQWYV XS WR 0+WKHKEYHHFWID BB 6 i Siswp HRG X IDVD K W S IUQ G
UHTXLUHG WR S U HG DMK WXHIIUHE DK DAL RN WREH®R R BV @ H HQOM] WH @GH. @ J RAUUMD Q
FRPSXWHRYHUPRIOMWDKHY ORSWIQDO BQ@HIWHOYRRAQURVYXHQF\EHKDYLRU RI'W
ODWLRQ GHVLIJQ DQGIRULQVXODWLR®OGRREGRQDONIGRMDQVIRUPHUVLQ >
ODQRXIDFWXUHUV RR QRZWH G HYOLHFHW DKL D S VR Q@ WHH UHYHUVLEOH PRGHO R
HVWHG LQ W WRDGHA R WAKHUMPD FF XU D W HR\ & WHHG XAV E UNRW X GAHHIWXFRQVLGHULQJ W
ODWLRQ WUDQVLHQW SHUIRUPDQFH \RRI ALY E LIdy HVHWY @ FFHUBRRMAVRRIY. Wi IRHSID F |
SURWRW\SLQJ )LYKRIG\HDUIR HQXNDROD\ PR IPOH 6 B QY WRLESXWUL RQVRRWEREQ SGH
WKH FRVW\REWEKH WRIGHOLQJ FRPSOHyFWFWREEWRARBRDPOAUHYHUVLEOH PRG
UXQQLQJ WLPH TXHQF\PRGHUD G PHAHKRG WR GHULYH WK
7KHUH DUH WK U HHDIH QHRIDFROORKWHD Q | B g WHK\RSEVRIIRVWU D B § WVRHU® HILRIDWVOSWHFD O
VIVWHP PRGHQWDWRU FDSDFLWRU PRGHOY ¥ H@ R @ WKRHOFDIUOFFXDDWLRQ RI WK F
PRGHOV > @+> @ DQG GXDOLW\ GHULYH\GBREODONMPOIRIEGIVE 7KHDIGBFXHQF\ G
WLRQ WKHUHDUH VRPH SXUHO\ D QD OWHWADRI>W KaHt ® H @NDI G R IQUEKAWDME-PH D Q
FDOFXODWHBVIRRUWKH WHRPHWU\DQG P|
WLRQ FAIXOWN FRUUHFW FRQQHFWLRQ SRL
ODQXVFULSW UHFHLYHG UMWHFEHKMUHEUXDU\ LOWHDR XU DQG|U W?I-KU-O:ER\GHGDBIEIDN\M

FHSWHG $SULO 'DWH RISXEOLFDWLRKDU$
VLRO 6HSWHPEHU SDSHU QR 735" FLHEF x L w ARHPH GXY W R EFapHGELHQHAD WLFOX\L

7KHDXWKRUVDUH ZLWK WKH 'HSDUWPHQW R1 (SHRPULPYE B DR X & PR G368 LEH XVLQJ |
1<8 3RO\WHFKQLF 6FKRRO RI (QJLQHHULQJ %U[RB@)CHQ:LI@FXL%$HE)HIPIHJQWV

MD]JHEL#LHHH RUJ IGHOHRQ#Q\X HGX

&RORUYHUVLRQV RIRQHRUPRUH R|WKH(,MXUHQ/LLQWQL\UgysﬁRg‘J_h%\F o%—&@WL O\ GXL
DW KWWS LHHH[SORUH LHHH RUJ SKYLFDO SRLQW L WKH WUDQ PHU W
"LILWDO 2EMHFW ,GHQWL ¢ HU 73:5" IRUPHU GHVLJQHUHVHIQI—WIHI@GLFQOV\SKJLV SD

< ,((( 3BHUVRQDO XVHLVY SHUPLWWWGLEXW IURMGXBOKEDWVY RQ(SHEPLVVLRQ
6HH KWWS ZZZ LHHHB\WRWD GEBEVGVDIYWERQEOW[LRYYP WLRK PRUH LQIRUPDWLRQ
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L,/2 Lif2 Twosection verjsion-of Fig:.1(b) Li/2 L2
)LJ 3K\WLFDO &DXHU FLUFXLWYV IRU D GLV Ti ji
D VLQJOH VLGHG PRGHO DQG E GRXEOH VL I ;
HOHPHQWY RI WKH GRXEOH VLGHG PRGHO KD i e
PRGEMP = FRPPRQ PDJQHWLF SRLQW |

IRUSRZHU HOHFW URQRE V IRKWWPHID ML S%ﬁ X B R e D WD OV IR G P R Fa L F

LGHDO WUDQVIRUPRUN. RIQLF
ZHOO DV SRZHU VA\VWHP GHVLJQHUYV D QPO WIWMPVRGHO SUHVHQWHG LQ )LJ E

o BHI(C67(C 9(5686 28%/(6'( WR EH FRQQHFWHG W& BXDOOGW ARFE
3+<6,85858(5&,568,76 WKH WZR SD U D O OKILO/ X ERVHHFDAXIVRIQD/ V T Q J ¢

$ SK\WLFDO GXDO PRGHO IRUWKH UHBV BY NMDUWHDWLLRG R QWMRHHGRGV AR W LR QV L
UHQW HITHFWV LQ WUDQVIRUPHU ZLQGWDIYWWRYRRDY RQ MLEH WL KW@ DQG OH I\
7KLV PRGHO LV RQO\ FDSDEOH RI UHSWHKHNQWH@DDHIL @HHGYDRERFBRQQHFW
ZLQGLQJDQG LV GHUWNF\G DSFSR WKW R Q \R VW K HHVNMIQF WLRQV RID VLQJOH WX |
FLSOHRIGXDOLW\RQ RQO\RQH VLGH RWMKN RLQIGILQE )DRP KEOSWHKH YDOXHV
KHQVLYHVWXGLHV RQPRGHOLQJ HG G\6AXHUY H@ W V K QWL YOIV E RAKBIMRDDIQBGV L F D
LQJV ZHKDYHREVHUYHG WKDW LW L VHIHHRHNM ARZ VWRR) KHIDYFHK DVALFGHHV R WARK W IRHR G H
WHUPLQDOV RI HDFK VXEGLYLVLRQ RI WKIFP® G H ® E Q FRUGHHEU RV RHEBGYREEWD H V |
SDFLWLYHHITHFWY EHWZHHQ OD\H U VDO KEH IVZFHHQV Z. E QG MM R QODO00V U HITGCX. )\
)L E VKRZVDQHTXLYDOHQW FLUPRXKWRRX YKKIHGRHD®H® IRD QIR UPHUV IURP W
WKDW JLYHVDFFHVV WR WKH FRQQH F WLHRIPI RLDIOAMM W K HUP\R [B\B DR GIE®WHRE MR R
PDJQHWLF FRPSRQHQWYVY LQGXFWR U\D QRUP KHK\HHFERIDFBMWUH B FRPBE QW GRYQ HF'
UHVLVWRUV 1R WH WK B VOMEKHH FFDS@HERA IDGVW RO K H RWH H [LDVPV8 OlHQ QWKIH ¢ GHD O
PLQDOV DQG DUH FRW M B TX R © W& HLNVRBIHOW HE FELLW A X MWK FR ZBW\N UL QWG KH WRER ® G |
7KH LQGXFWRUV REWDLQHG IURP WK HBWR QE HY BIHWRH \G WE BIRAQG/INDESXE WHRGAW F F
WKH PDJQHWLF E H KIDQY1\R W IRIMHUKKitH MEGKIDAGW/ILM. E D@ WHUQ LV DSSOLHG WR DOO RW!|
EHKDYLRU 7KHVHFRPSRQHQWYV PR G HOX\WWIR GV WWRUS B R &/H B Q \RU MSHHRDHIQ W W K
QHWLF AX[ +RZHYHU UHVLVWRUV DQ G FERSWDED &RH ¥ IGMID © 73 MUKHW K 8 BR ZZ K H U
RIWKHHOHFWULF FKDUJH ,Q RWKHU ZRDBVSBRGEABWWKE PODGEAWRE Y KQG 7
UHVSRQG WR PDJQHWLFAX[DQG FXUUWE W U D QW IVSIF RULLVRRUNUBIQ GV B A \DL VDR |
FRUUHVSRQG WR WKH ARZ RI HOH F W U MAKFHKXUI B Q TWH LVD 2LFR) RHHHIQR-FFHMQLIR Q V R Q ¢
DUHRID FRPSOHWHO\ GLITHUHQW QDWKRLMVHG VHFWLRQ DQG DOO LQWHUQDO
7KHPRGHO SUHVHQWHG LQ)LJ E LV GRIYDOH G DWRP WHHH 16T X IHFIMOMHD FH R 1 WK
SOLFDWLRQRIWKH SULQFLSOH RI G X [DALGNG R RBENZAR WILGHGE R RW KGH. ZIHQUGHLGOW P R C
> @ )LJ SUHVHQWV D WZR OD\HU F RIX® &R\ WH\QRWL EXXR R T ROKH WRBRLP X O D W
ORJLFDO GXDO PRGHO RI)LJ D LV REWDLKRZ\SD/YQBGB I®RBIMKRND VWXGLH
ZLQGLQJVKRXOGEHGLVFUHWL]HG L QRUMRWHHLY ELUDGL\DX EALHNFERY L R B WK R FRREQNHD/IVO
WKHPRGHO RI)LJ HBFK®RUHU LV VHFWRQW OK JHHGULEPR HTXLYDOHQFH RI1 WK F
RQO\WZR VHFWLRQVHEWWRQ'G RH AOOHY HVRY D@HFBN®E LQGXFWDQFH RI D VLQJO
VSDFH (DFK VXEGLYLVLRQ LV UHSUHSHGIWHGVENB ORLQHIHI X8 QREMARYS VR N
LGHDO WUDQVIRUPHU DQG D UHVLVWWHKH FDSDF LW LY HKHHI IHHG- MVAWFKRORDIH W W L F
7KH PRGHO LV VIPPHWULF ZLWK UHV\S KAV RULFOW I01)  HWW X FDW IOHL\DEMG WR E
VKRZQ LQ)LJ 7KHGRXEOH VLGHG PRREGIDOGR YW & HY DDEGIHILE DH FVDRISRHGVBIF F X L
RIDZLUH LQWR W Z R G/ HBLHWRFEQ Q HFARM G W FWR(HE BKDYLRU RI LQGXFWDQFH L
VKRZQ WKHWZRLGHDO WUDQVIRUP H X KOISIUHW X\OWVOLIGILK B 8 UDRQIB\HHW BRGS0 V
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yLJ 7UDQVIRUPH ULZQ Q GILLQVMXEBMW KWLRQV 1RWH WKDW WKH
LQGLFHVIRULQQHUDQGRXWHU ZLQGLQJVIUHH[FKDQJHG WR XVHWKHVDPHPRGHO HTX
WLRQV IRUERWK ZLQGLQJV

7KHVH HTXDW L RRWLRQN RQPRLXOQSDUDPHWHUV GL

PHQVLRQVDQG QXPEHURIWXUQV 1R)W’HWI@D(WWFQ WA H MOGH Y B bQH WY K W YT ggF;IOV
IRUPXODH IRUWKHLQQHU ZLQGLQJ L xmmmmwmmg@mmww
LQGLFHV RIWKH BPWHRQMPGENVREGLQIRWBQLHU ZLQGLQJ WKH ¢ HOBWSHKO @/ H U @ VRAUKW K/

$FFRUGLQJO\ DOO LQGXFWDQFHN RYKRY IRWHOWKH EHRARQ % WiH U] RYO\ WKH ¢ DYMWRWD\H
= $OVR DV GLVFXVVHG EHIRUH WKH WXUQV UDWLR RI WKH LGHDO
WUDQVIRUPHUVY FRQQHFWHG WR WKH LQGXFWRUV LV 7KH PRGHO RI
)L UHSWHWKHQ@WRI VROLG FRQGXFRRENHAM® A FRWYERUN IRU ORZ IUHTXH
WRUV FRQMLB®E L WXUQV LQ WKH SUKRDKYRBPEFSWMHWLRQDO EXUGHQ
RQGDU\ UHVSHFWWYZHRA\G HDUWHUBR QI | RAKAHH B@IW WK JHDOG EHKDYLRU LV GLIIH
WLNRM; : 1 DQG/n;: 1 DUH DGGHG WR WK HZWQGIPARMIDW WEH MR D VLQJOH OD\HU ZL
yLJ WKRSODLWXGH Rl WKH PDJQHWLF ¢HOG |
WKHRWOD\HU ZLQGLQJ RXWHU IRU GLII
GEXVVHG LQ WKH SUHYLRXV VHFWLRQ W
WHKRXWHUPRVW WR WKH LQQHUPRVW IRU

/IDGGHU W\SH PR ®HIOQ/:; QHWHLOQNEH® "HWBOWDRQKDV LWV PD[LPXP ¢HOG LC
WR H[DFWO\ UHSUHVHQW WKH SK\VLF I RRIGDO/D \RIW I QNBEKHHY HHEQ G X¥-IX Q) @ \HW) K\HY ¢, H ¢
LQ WKH ZLQGLQJVQ BFFHISWDEIOBFHR X VWHKEN ERX®/GOPNH U] AB Q@ E ARGUILG/IFUHWR WK
UHDFKHG ZLWK D ¢ QLWH QXPEHU RI VHFUWIMHRMRYG UQ > D@\ MH BOYLY XHHWHIRQ W E H
UDQJH 7R V\QWKHVL]IHDQ RSWLPXP FWRFWKW SAURY IHH. WX GIHNH S WH BWVRREAHIUH T
IROORZHG W R R EWDH\Q KLLIKKHHW AU GE WBUH P R BVHOVQHDH O\ ARZHHWIKD WVRW KH DIQD S
QHHGHG IRUD KLJKHU IUHTXHQF\ PRIGK®S UKNWHKTFHXHREFEHY PRGFKDWYWYV PLQI
QHHG WR EH UHWDLQHG KLIKHU RWXHUOR 8 H O VKOIWBHIGRWR DLMLUK HWHERPPH
FRPSXWDWLRQ HIFROM WQ FQ BRXARW DRV ODKHUM IRWHK WKLFNHU OD\HUV LQ WK
WKH ORZHVW FLURMKXVWVK B GQHREWKRW &Q € W\KHQRHWHBD\HUV DW WKH HGJHV
$OVR IRUKLJK IUHTXHQF\WUDQVLHQ@WQ GLRBE OldDIFHQ HPW UIDWE R\QFE H8W KH/G IR L
LWLVUHFRPPHQGHG WR XVH WKLQQHUW DD\HHY SMWK MWFNFQW X VIdVHIBU H \H [ WKUYF W
LVVREHFDXVHLQ WKHVHUHJLRQV WRKXWHXU WO MWUG K @ V WiNA. WHGRLHVFOHHYRLGUVH. B OF
¢HOG DQG WKH PDJQHWLF HQHUJ\ DUMHARRKR AU LD/QGLY D GHW K WRVWZR HTXDC
+RZHYHU RQO\D WAFROQO®I OBRRXOG UHIDNME WHKWULIBIGHFFRUGLQI WRWKHIPQIRU
OD\HUV RI WKH WXUQ 7KHUHIRUH WKH WKLFNQHVV RI WKH OD\HU FDQ EH
LQFUHDVHG IURP VQIQHH K GIHW W\R WK H G IXFtldtidhK H PR G H O
RUGHU ZLWKWKXQJDIFFXUDF\

Q> @ WKHDXWKRUVKDYHSURSRV é@éb\@ga‘fﬁg%mv &&% EHéIEHWZ
DQG WKH GLVFUHWL]DWLRQ SDWWHU%I_I (i ol i
IRU H[DPSOH ORZ PLG DQG KLJK IUHTXHQF\ VWX&LHY. ZLWK DF
FHSWDEOH HQJL QHHLWLIQW DE EXEDKW H IRU G LI Hos+HQwW
IUHTXHQF\UDQJHV HPIRRECHWVORZGWKBDRQG GLIIHUHQW GLV
FUHWL]DWLRQ SD\E@H S & UILR/UHPDRAHS BNDSURR B. S XWWDKH PHDQ UDGLXV RIWIKH LQ
WLRQ WLPH ZLWK VPDOO HUURU 1RWW KRAHKIONL DKRJVY IR U VR KiE H MQRER EMVEKMISM@ H V V |
IRUPDFFXUDWHO\ RQOR\ WW O R Y LIKWE WX DAKLLFOMH RKIKWHIQGXFWDQFH QHHGV WR E

B. Layer Discretization Pattern

ur
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JLJ 7RSRORJLF D OVGEXRDD RN HDSWHKRVRHEHVBBIBHUW HD QLQFOXGLQJ HGG\ FXUUHQW H I IKH O/NJ P@SDE H W

PRGHO LV WDNHRAUFRMQAKIFWLRQV VKDOO EHPDGH DIWHU WKHDOBICQMWAWRQ RILGHDO WUDQVIRUPHL

ns= IRUVORZIURQWWNBRPRQBREQWR U IDV W 9 7+5(( 3$6(75$16)250(56
H

[URQW WYBQOkHQUKH LQVXODWLRQ EHWZAHK QG kY@ w DmimHw g wem Ut
OD\HUV DQG EHWZWHQ MAGHILIOB 2 0W KK H L0 LRI RSHUDWLQJ FRQGLWL
D QG F D S D F DMWRHEGY ZARNPKS DQG K,=% g,O%O'{zQ(If_'W

R
]
LV FRQVLGHUH GWKR MR AHRPAV) R/ RRIX Q Zﬁ%%&lHWQH FHFRQGLWLRQV DQG X

o

DQG LQVXODWLRQ EHWXHBY EQ GV HFX
WKLV ZD\ WKH GFGHVQEWPWB 8 PBHW Z HHHQ WK
DQG VLPXODWLRQ PDWFK )LJ VKRZV WKH AYHEX

RENBHYPHRVHSIWHG Lo 6HF)
WKHWUDQVIRUPHW EB W VKRQ W K HWRQH (7,
HB

BREMB AP AW UHH SKDVH WUDQVIRL
NBY Hy

PRGHO' WULPPHG ZL

J
EWWWHH@SKQ/VHV
Sy o
H@g@/‘jﬂpdhﬁ QVIR
NVWEHERSG o cHow w
7KH WDQN FRXOG EH |
@ ,QuOR® | UWTKK H QFH
WWDIGDG R BR & UL @/ VG M

HUPRVW ZLQGLQJWHDDEBHPMRWY M U H,
IRUIUHTXHQFLHV XSWR 0+] 2QHFDQREVHY
EHWZHHQPHDVXUHPHQWYV DQG VLPXOI} L\R,\Qg/
RIWKHUHVRQDQW IUHTXHQFLHV EHW ZHE QP
WLRQV DUH DERXW TKHVH GLITHUHQFHY B
HOLQJ DSSUR[LPD\AHL\RQ@\AN@-FHWBUQ%L )
SHUPLWWLYLW\ RWWR® SDQBWLDQ\IR
WXULQJWROHUDQPHW KUY PH B G® 5D

RPHWU\ DQG P DW H U LVDIOH. W LFOUPVI R/U R \?\%WS HG WR XVH FROYHOWL
LVDSSOLFDEOH WR VLQJOH SKDVH WUBQWIR QMU DO &DXHU ELUF

7KH UHVXOWYV LQGLEDWH WKDW WKW\/"@GM%%W&%%mWE‘&H We f UYL R U

PLIHG IRU N+] VHHPV WR EH DGHTXQWHW BRIG v
IRUPHU IRU KLJKHU IUHTXHQFLHV XS WR | &) FRX QW W KH ] H
WKH HITHFW R1 FD SOFG R RIUQ/DLQM WQ W EH L
DW KLJKHU IUHTXHQFLHV +RZHYHU RRUH K
GUDZ JHQHUDO FRQFOXVLRQV RQ WKLY, \(XE
WKDQ 0+] WKH QHHBL\NHRLD(G/HHUDPIRGHOEI)E\%(&%
GHQW DQGWKHGLIIHUHQFHEHWZHHQ WKH
EHFRPHV VLIJQL¢(¢FDQW 7KHORZ RUGHU PRGH
RQDQW IUHTXHQFLHYV DW DURXQG DQG 0+] +RZHYHU WKH
KLJK RUGHUPRGHO RUGHU VKRZVDVLQJOHUHVRODGEH W DURXQG

0+] QRW VKRZQ 7KHUHIRUH DV H[SHPWE DBWWK® DR RRADEXEIUHEPLHF@ WY H KWK T
PRGHO LV QRW FDSDEOH RI SUHGLFW LIFAX KD WA R BVDL2YLHG EIHKIDYLHR R IR UW K KH Q
FRLOV IRU YHU\ KLJK IUHTXHQFLHVY LWLV DSSOLFDEOHWR SRZHUV\VWHP WU
$VGLVFXVVHG HDUOLHU WKH HG G\ FRIWJ B @AM RSULPR{ U I IV FRUISSERZVAN | KNV IF YV U R
IHFWV DUH WKHPDLQ UHDVRQ RI WKH FXOWIRXYH\Q WE B SHDUHBMAERDNJ Q WWL I FX V X
EHKDYLRURIWUDQVIRUPHUVLQ GLIITHWKB WRUHDXHRELGIE LN BRUNKBIWFUHT X
UHVSRQVH RI WKH PRGHO ZLWKRXW H &8 &\UDWLLRHR® &/H-B WHE AW @ B IDIHRVBKIBIQ W K
VHQWHG LQ )LJ RKMKRRRSDKH VLJIQ HOFDPHRHWRY WHHHD F HV @& RHDW R LKEGGR XM U F
HGG\ FXUUHQWYV IRU KLJK IUHTXHQF\ PR GWKAIVRSHUDWLQJ IUHTXHQFLHV IHUU

HKLJK VD
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)LJ 7TRSRORJLFDO GXDO UHSUHVHQW DRVUIPFRHURI @ FOKKIGH. I BH G 8 H R XYUHU @ B WWHUIHE DIN ) PQSSDE H WY IN ¥
PRGHO LV WDNHRAFRQRAKFWLRQVY VKDOO EHPDGH DIWHU WKHDBIGQAMWAWRQ RILGHDO WUDQVIRUPHU

FRPPRQO\XVHG +RZHYHU WKH GHVLDQ RIQWEHFRBED PWR EXLKOBH PRGHO WKL
TXHQF\ VZLWFKLQJ VXSSOLHV LV DO VRXGQFY WO @I N HYHIDE\GVR WEKE HRIDASXOH V H G
WRUV VXFK DV VL]G UHIQEDEREGLW\Q FE ODMA XHGWSDUDPHWHUV Rl WKH ZLQG
WKH ZLQGLQJV RI WKHVH WUDQVIRUPHUNDIFD BR QN XUXFOM R @ DWQIG ® DWHUGE B O L
FRPSRQHQWV /LWEDHURY B UHK XUKVIDARIGEFN 6 XDWHEMWM® YHUL¢HG E\FRPSDULVR
EXW WKH\DUH QRW LGHDO IRU GF FXUNBQWLRKQN \BR\E IDE P RYDAMRDRF ¥ R Q XEHFF W\
FRXOGEHUHGXFHG E\SDFNLQJPRUH RR S/SHUI UG WXHHQIFR [E HDSMEGDGHHIEVD RLIG W V D Q
XVH RI VROLG ZLUWWYH KKBIK HURTNHQFRREGH@ILRDV EHHQ UHYHDOHG 7KHPR
FOXGLQJHGG\FXUUHQWHIITHFWV L QWUHBE XNHI® MQ @ K MWEKSIBGH B R 5 DHKUHDESVR®
WRRO IRUWKH GHVLJQ RI WUDQVIRUPWNNQPWSRAHRY LA MR W UIRIG WAV DSSOL
FDWLRQV > @+> @ 7KH ¢ QDO REMHFWLYH RI WKLV FRQWLQ
7KH PRGHO SURSRNH® 0Q RZ\L VRIDE KH @ B 0O B R PIRVE HROQ QUDDYIRBPHK VR URP W
RI WKH HOHFWURPDJQHWLF ¢ HOG DW \BLR® RH QY WHRFIDWFLLFSQ@W RIl WK H W XD Q VW
IRUPHU 7KLV LV VR EHFDXVH WKH YRGWBVH GWRS V. Q FUKRWAS TG W P RGEH & M/ IRX B X\
LQGXFWRUVDUHDQDORJRXV WR WKH WRLIXHWR B A N JRVZAIWK DQD AR QH 1 B RPKHW L
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