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FEL/+N/11%/,1+/)(P1)+LOI%E+IPQ)Q1*!(2-,0P1)(,2!D12!Y ) 20F0+)+LI1/)E+11 T+O1A+!
1P,Q2)!,-1(2-,0P1)(,2!)E1)! 11/(2A*+! 1PF*()QL+!,0' FE1/+! 0+/F,2/+! FO, T(L+/! 1M,Q)!)E+!
N)(PQ*Q/O!62!'E1F)+0I"C1)E+!PQ)Q1*!(2-,0P1)(,2! 1FF0,1DE!(/P,L(-(+L!),! 04T +1* FE1/+
* DV+L1)+PF,01*! (2-,0P1)(,2C! (O+OC!),! DO+1)+! 1! PQ)(J2! (210 - E+%&@O!
=+0+CIMGIM(22(2AIM,)E!/F++DE 2 TH=F#RE*()QL+!12L10+/F, 2/+11PF*()QL+!12L!
DO+1)(2AILIM(2!E(/),AOLPC!)+PF,01*IPQ)Q1*!(2-,0P1)(,2!D12!IM+!+/)(P1)+LIMGI/E(-) (2A!
)E+D+/F,2/+! MG! L(--+0+2)! )(P+! *1A/O! @,**,S(2A! )E+! /LFO+|R)¢RE! )E+! PQ)Q1*!
(2-,0P1)(,2! ZQ12)()GC! 1)! 1! /[F+D(-(D! )(P+! *1Al 0+-+0+2D+!),! /)(PQ*Q/! ,2/+)C! D12! M+!
(2)+0F0+)+LI1/N)E+11P,Q2)!,-1(2-,0P1)(,2!D,2)1(2+L!(2!11/(2A*+10+/F,2/+CI1))E+*1)+2DGC!

1M,Q)!)E+!/F++DE!+2T+* F+Ol'E1F)+0! "1 Q/+/!/(P(*10! 1FFO, IDEQMEW) ! /)QL(+/!
J!



)E+I1P,Q2)!,-1(2-,0P1)(,2!D,2)1(2+L1(2!11/(2A*+10+/F, 2/+(AEURE LIM12LIWII!

=\Y!1M,Q)!/)(PQ*Q/!IS1T+-,0P!(2!))E+Y/1P+-0+ZQ+2DG!M12LC!12L)E+!+--4D)/!,-11A(2AQ!

2.5.2! /($(,3*#>8%:,$*&#109%*:, $*&#

<E(*+IPQ)Q1*|(2-,0P1)(,2!L,+/121)QOIFEBNG!),!D,2)(2Q,Q/1012L,PIT10(1M*+/C!
SE+2!Q/+L!(2!L1)1!121*G/(/C!(2!FO1D)(D+C!)E+!D,2)(2Q,Q/! T1*Q+/110+!M(22+LC!/,|E+0+!)E
N(PQ*Q/! 12L! 0+/F,2/+! 10+! ZQ12)(\+L! (2),! M+! L(/DO+)+! 012L,P! T10(1M*+/O! >Q)Q1*!
(2-,0P1)(,2! M+)S++21)S,! 012L,P! TLO(IMFHAZLA (/! L+-(2+L! MG! )E+! - ** S(2A!

+ZQ1)(,2C!

G*( G
N * —
1G N G8 gidib_cs (Case e

SE+0+IG3*( G(/")E+! X,(2)! FO,MIM(*()G! L(/)O(MQ)(,2! -Q2P)}21\-C! 12LB3G12L !
_ @ G10+!)E+!IP10A(21*IFO,M1M(*()GIL(/)0(MQ)(,2!-QRIZIA/ 1O /F+D)(T+*GOM1/+L!

21L+-(2()(,2!,-1+2)0,FGC!

e§G8 RO GBGal GG
N<b

PQ)Q1*!(2-,0P1)(,2!(/!+ZQ(T1*+R)1),

]gNG8 & GGR&G [ A
SE+04¢ G G(/! )E+! +2)0,FG! ,-! 0+/F 2A+ICé G f[ G(/! )E+! D2L()(,21*! +2)0,FG! ,-!
0+/F,2/+} IA(T+2!/)(PQ*Q/O! .+)1(*+L! D,PFQ)1)(,2! D121 0+-+0!),! P+)E, L/ /[+D)(,2/! ,-!

'E1F)+0/!b!12L1"NO!

J!



2.5.3! E$*:(3(9*#>&%:,$*&#!)&#$,*#0'1*#112,90!&>1$20!%0911&#90!

YE+ FEL/+!,-10+/F,2/8,2)1(2/12-,0P1)(,2! ,-1*(2AQ(/)(D! D,PF,2+2)/!/QDE! 1/!
/G**1M*+C!S,0L!12LIFO,MGA12!12L!; +FF+*IHIJTB)E+0!/)QL(+/'E1T+!/E,S2!)E1)!
FEL1/+{(/! (PF,0)12)! (2! /[F++DE! L(/DO(P(21)/2R,! 12L! ;,+FF+* HIItY2L! 1QL(),0G!
*+102(2AI2Q, +)!11*OHEBYE1F)+0!bC!)E+1A(2AIP(LMO1(2!L+P,2/)01)+/'/(A2(-(D12)*G!
* S+0IFEL/M,DV(2AIT1*QH12!G,Q2A+0C!H+/F+D (D E-@HAL®)1)+#0+/F, 2/H0+A(,2
WW,00+/F,22A),NE+D+/F,2/+!),NEHT,S+"CI/QAA+/)(2ANEL),- 10+*(1LM*+!10+/F,2/+!
FE1/+!(/'(PF,0)120211A(2ABE +0+-,062T'E1F)+0!bC!PQ)Q1*! (2-,0P1)(,B1+)S++2!
N(PQ*Q/! 121! =(*MHEERL/+)-! O+/F,2/+(/' +/)(P1)+L! - ** S(2Al P+)E,L/! 0+F,0)+L! MG!

SAL2112L L5 +FR+HIWHIIIY

2.5.41 D0:1&%,31:($(,31#>8%: $*&#b(#)$*&45D/"I8 |

OE+ }PF,01* PQ)Q1* (2-,0P1)(,2! -Q2D)(,2! W%>6@Y! (/! 1! PQ)Q1*! (2-,0P1)(,2!
121* Al -)E4%&@Y2A!12L1$(P,2CIHIJHYIMQ)!DE 101D)+0(\+/!) BHD{PHLIO+/F, 2/+!
MG! 1! 2,3(2+10! P+1/Q0+P@&B 0! *,SU0+ZQ+2DGENEY! 0+/F,2/+CHIGF(D1* %&@!
D,2)1(2IF+1V/11)*1)+2D(+/!,-11M,Q)! INRS 1Y L2L1JIIP/ IW>JIIYCISE(DBIAA+Y
)ELR6>6@!P1GI1*/,[ELT+HE(AE+O+T+*1 -10+/F, 2/+/11)11M,Q)! I'P/112L1JII'P/I\W'E1F)+0!
AYO®,0! E(AELPPLIW[UIII=\Y!0+/F, 2/+1 (2I'E1F)+0! Cl%>6@! L+P,2/)01)+/1 11/(2A*+!
F+1V!10,Q2L1 1'P/621)E(/IL(//+0)1)(,2CHE+!%>6@! ,-))E+!-(0/)![!.$$!D,PF,2+2)/! 10+!
D,PFQ)+LCIMQ)!,2*G)E+!%>6@!-,01)E+!-(0/)!.$$!D,PF,2+2)!(/IF0+/+2)+LOI%E+L+)1(*/!,-!

%>6@!+/)(P)(,2!D12!0+-+0!),'E1F)+0"O!!

Jc!



2.5.5! D/"I'*#19&(%)0!91,)0! !

>481/+2/,0 UF1D+!L1)1!D12! M+!FO,X+D)+L!(2),!2+Q01*/,Q0D+!/F1D+MG!/,QOD+!
* D1*(\1)(,2! Q/(2A! >74! WHOHODYC! 12L! %&@/! D12! M+! +/)(P1)+L! - 0! +1DE! 2+Q01*! /,QOD:
W#0,LM+DV!+)!1 1*OCBIEGINF ) +0P (2(2A1 E+%&@!-,0!)E+!/F++DE!+2T+* F+CI()|E1/IM++2!
JE,S21)EL))E+! 1AB+*1)+L! +R1AA+01)+L! 0+/F, 2F+}%,DE! ,0(A(21)40,P! 12H+10*G!
0+/F,2/+1(21E(AE+0!1QL(),0G!IVB}FOR_M+DV!+)! 1*OCBIGANEL F)+ Q) EH%>6 @ (/!

+/)(P1)+L!-,011*12+Q01*!/,Q0D+/C!12L10+/F,2/+/(A2(-(D12D+!(/)+/)+L!(2!1QL(),0G!D,0)+RO

2.5.6! C*>>0%0)28*)09!&>11%8&=,=*3*$41"*9$%*($*&#9
62'E1F)+0IbERY)(PQ*Q/N(/N)E+11PF*()QL+!1)1+1DE!)(P+BIY280,M1IM(*()G!

L()0(MQ)(:2 &!(/'Q2V2,S2CIMQ)!E+0+!1/QP+L!),IM+Q2(-,0P*GIL(/)0(MQ)+LI1DO0, /1) (P+!

F.(2)/!WE3G8 LICI11D,2/)12)C! SEGUA)E+ APF*+1/(\+!,-{ C!/,1+1DE!M(2!D,2)1(2/!

0,QAE*GI)E+/1P+12QPM+0!,-I/)(PQ*Q/I T1*Q+!(2/YA38:40¥1/,2/0! @ (AGE+2!)E+!

1D)Q1* /)(PQ*Q/! L(/)O(MQ)(,2! (/! Q2V2,S2C!E(/! L/IQPF)(,2! P(2(P(\+/! +/)(P1)(,2! M(1/!
W7+*V+2112LI'E+DE(V!HIEAD, 2L CISE(*+1)E+0+1(/12,)IG+)!1+T(L+2D+!-,0112G!F10)(DQ*10!
L(/)0(MQ)(,2!W+OB@I12,0! 21F*1D(12Y Cl)E+! 1/QPF)(R2H,0P!L(/)0(MQ) (/!

+PF*,G+L! -0 /)(PQ*Q/! 1IPF*()QU&! ', A12! 12L! ;, +FF*l WHIJIS()E! +2D,Q01A(2A!
0+/Q*)/0162'ELF)+0N12LI'E1F)+0!I'Cl(2!,0L+0!),+R1P(2+!)E+!)+PF,01*!(2-,081)(,2!)(P+

* DV+L1),1/)(PQ*Q/C!E+! /) (PQ*Q/! (/1 1*/,! M(22+L O %E+! /)(PQ*Q/! (/! 2,)! 1//QP+L!),1 M+!

Q2(-,0P!M+D1Q/+!)E+0S(/+HE+!+/)(P1)+L!$BAI+!1FFO,R(P1)+*GH2!) (P+O!

Jal!



2.5.70 /($(,3*#>8&%:,$*&#!J9K!3*#0,%!:0,9(%d09

621 )E! L(//+0)1)(,2C! PQ)Q1*! (2-,0P1)(,2! 121*G/(/! O+/Q*)/' ELT+! 0+T+1*+L! 2+S!
-(2L(2A/N)E1)!10+! )E+0S(/+!E(LL+2!MG!*(2+10! P+1/Q0+/OV'E1F)+0!b!/E,S/' 1!/(A2(-(D12)!
+--+D)!,-E+!(2-,0P1)(,21*IP1/V(2A!, 2*@!*L+01 1LQ*)/C! 110+/Q*)/1)E1)!S1/12,)!-,Q2L!
(211IFO+T(,Q/)E1)!IQ/+L)E+Y1P+IL1Y¥IGH/1DB)I1*OHIJ[B 2 E1F)+0NCl)E+12+Q01*!
0+/F,2/+CI0+FO0+/+2)+LIMB(2:2.0!P+1/Q0+!,-1%>6 @C!/E,S/!/(A2(-(D12)'+R1AA+01)(,2/!
(21+10*GIWg IIP/YCIP(LL*+!WgJII!P/Y!12L1*1)+IWgHII!P/Y10+/F, 2/+/!- 01 *L+0!*(/)+2+0/O!
=,S+T+0C! *(2+10! 0+FO0+/+2)1)(,2/! /E,S! #RGAA+01)(RME! 1! *1)+2DGg Il P/!
W#0,LM+DV!+)!11*O!HDI&A1Y)(,21*GEE 2 J(2+10!P+1/Q0+!/E,S/!/)0,2AIFO+L(D)(,2!
F,S+0!0+A10L(2MH+E1T1*! /D,0+/C! /QDE! 1/! @*12V+0! (2E(M(),0G! D,2)0,*! 12L! /F++DE!
(2)+*(AM(*()GC! SE(*+!)E+!*(2+10! 1FF0,1DE!/E,S+L!*(P()+L! FO+L(D)(,2! F,S+0!),! @*12V+O0!
(2E(M(),0G! D,2)0,*! W/(A2(-(D12)! ,2*G! SE+2! 1T+01A+! 1D0,//! 1**! D,2L()(,2/Y! 12L! 2,!
D,00+*1)(,2!),/F++DE!(2) (4 @/;0+/1DD,+)!1*O!HOIEYF)+0! |A+2+01*(\+/%>6 @!
), E(AEALPP1! -0+ZQ+2DG! M12LO! BHIMES! L+-(D()/! ,-! [+*+D)(T+! 1))+2)(,2! (2!
DE1*+2A(2A*(/)+2(2AID,2L()(,2/1(2!,*L+01*(/)+2+0/CI110+/Q*))E1)IE1/12,)!G+)IM++2!/++2IMG!
Q/(2A!1%)+021)(T+!1*A,0()EP/O

1l

JK



Chapter 3.!/($(,3! *#>&%:,$*&#! #,349*9! *#1 $20! ,(*$&%04!
*'=0p,*#1 #1$20!0>>0)$9!1& 4.1 |

7,)+3)E(/'DE1F)+0!S1/10+D+2)*G!FQM*(/E+L!1/3!B12C!;OC!"0!;:0+/1DD,C!$O
BO!$(P,2IWHIJKD)Q1*162-,0P1)(,2!"21*G/(/!,-17+QO1*I&+FO0+/+2)1)(,2/!,-1$F++1

7,(/+1(2)E+"A(2A!>(LMO1(2CIN!7+Q0, FEGJ|EGppL.(0,0ApJI0JJ HpX20IIHEI]

3.11"H$%& () $+ 8k
92L+0/)12L(2A! [F++DEN@+! FO+/+2D-+ M1DVAO,Q2L! 2,(/+! M+D,P+/! P,0+!

DE1*+2A(2A11/IEQP12/11A+OMA280/-)+210+F,0)IF0,M*+P/I(21%(/)+2(2Al),//F++DE!
(212, ([++T+21S()EID*(2(D1**G!2,0P 1*IEHBI(RE() GV#QOV+!12LI$E1-),IHllae!=+*-+0!
12L!@0+GP12!HI@N+E1T(,01*!/)QL(+/\EATH1*+LI 1B+*1)+L!)+PF,01*IF0,D+//(2A!
L+-(D()/!(2!1!2QPM+0! -1 1QL(),0G!)1/V/C!/QDE! 1/! F()DE! L (/DM@QW(\2M,2/! 12L !
8,0L,2 ($1*12))1 IKKMALR2, (/+! L+)+D)(,2AN@()\A(MM, 2/! 121! 8,A5;*12)! HIIJY
12L10+D82()(,2!,-//F++DIRI2, (/+!W@O0(/(21!12L!I@0(/(211IKK el D11,2) +)! 1*OHII[e!
=+! +)! 1*O! Hllae! $DE2+(L+0! 12L! =1P/)01\WKEKM! 0+/Q*)/! IQAA+/)! 1! )+PF,01*!
FO,D+/(2AIL+A01L1)(,2)E#!1QL(),0G! F1)ESRE/(/)+2)! S()E!,M/+OTHLAD+*1)+L!
DE12A+/!I@4/F,2/+¥1)+2DG!12L1/)0+2A)E! (2! P(LMO2(240/,2!+)! 1*O!HIJHe!#QO0V10L!
12LI$(P/!HIIHe!"™*(210L!12L!%0+PM*1G!HIZh¥D,0)(D1*!+T,V+LI0+/F, A4P(/)+01+)!
1*OC!HIJJe!;0+/1DD,!+)I1*OCIHII[1QHIJ[MY

I

%E+! 2+QO1*IFEL2(/P! Q2L+0*G(2AMA+L! )+PF,01* 1QL(),0G! FO,D+//!
L+-(DOEL/ 1%, M++Z2T+/)(AL)+(2! 12(P1*! /)QL (3! L+ DO+1/+L! 0+*# 1 (2E(M(),0G!

2+Q0,)012/P())+0/C! /QDE! 1/! AUFR2,MQ)GO(D! 1D(L! W8"#"YC! (2! L,0/1*! D,DE*+10!
HI!



2QDBIW'L/F10G!+)!1*O!HII el;10)E1/101)EG!12L 1#10)*+))!HIJJe!$DEL))+P12!+)!1*O!Hllae!
<12A!+)! 1*O'HIIER-+0(,0! D, BQAW6 YN 1/F10G! +)! 1* BT 2L! 1QL(),0G! D:®)
WNQIGH*(21/! +)! 1O HIJle! L+! d(BHRA2(! +)! 1O HIDPAT 4 M++2! - Q2L! (2! LA(2A!
P1PP1*/0! #+D1Q/+! )E+! /FHHBF,01* -(2+! )0QD)QO+! ,-! /F++DE! (/! +2D,L+L! MG
/G2DEO,2,Q/12+Q01*-(0(2Al(2!P(LM01(2C!12L!)E+!1DDQO1)+!F0,D+//(2Al,-101F(LI-*QD)Q1)(,2
L+F+20F10)*G!,2+QO0Y2E(M(),0G!P+DE12(/P/C)E+I0+F0+/+2)1)(, 2!, JE#G-DEY,!
P1GL+)+0(,01)3/! 110+/Q*)! -1 A0+1)+0! TLO(IM(*()G! ,-! 2+QOARA()(214)! 10! JKKae!
:12A1+)11*O1IKKEN, //1,-1 2+QOXZE(M()(,2V'1/F10G!+)!1*O!HII'C!HII[e!<1¥),2!+)!1*O!
JKKa®%E+! P(LM01(2! -0+ZQ42DE(2A! 0+/F 2/+! W@@&YC! SE(DE! )01DV/! F+0(,L(D!
D,PF,2+2)/ -|/F++DE!,01,)E3!/,Q2L/CIP1G!M+IL+)0(P+2) 1**G! 1--+D)+LIMG!)E+10+/Q*)(2A!
2+QO01*IX() BTA+01*(/)+2+0K()+BLG! M+!P,0+!FO+T1%+2)1)E12!(2!G,Q2A+0IE)+2+0/
1/10+-*+D)+LIMG!1!L+DO+1/4J0(2HO+/F, 2/+!D,2/(/)+2DERL+0/,21+)! 1*O! HIGHIC!
1/1 S+ EGF,)E+/(\E+0&! MG! (2D0+1/+L! +2)02EG +D0+1/+L! PQ)Q1*! (2-,0P1)(}2
L+-(2+LI(21)E+ID,2)+R)!,-1(2-,0P1)(,2)) EMOG+0!12LI%E, P1/1IKKJel$E122, 21 KiaY

I

>Q)Q1*!(2-,0P1)(,2C!(2!F10)(DQ*10C!D12!M+!(2)+0F0+)+L!1/!110+LQD)(,2!(2!1QL(),0C
0+/F,2/+IT10(IM(*()GILQ+!),NE+IFO+/+2)1)(,2!,-111/)(PQ*Q/'W7+*V+2!12L'E+DE(VC!HIIcYO!
6)! EL/! M++21 Q/+L1),! +/)(RIPLE2/P(//(,2! 01)H (21)E+¥,S UO+ZQ+2DG! -(M+OYE#!
1QL(PG! F+O(FE+0G! (2! MQ*W&HV+ +) 1*0! JKK¥2L! 1FF*(+L),!
P1A2+),+2D+FE1* AOLFEG!W2GRY),0G!0+/F,2/+/1D,2)(2Q,Q//F++DELA12!112L !
| +FE+IHIIYOQL(),0G(2-,0P1)(,21)012/P())+L!-0,P!IP(LM01(2!),!1QL(),0G! DEAR!
M++21 M/+0T+L!),!/E,S! AO+1)+0! 0+LQ2(21 2DED! *(/)+2+M,PF10+L!),! G,Q2A+0!

*(/)+2+0MWVH(L+*P12! +)! 150! HIIAS+T+0C! A(T+21)E1)! *L+0! *(/)+2+0/| E1T+! 1! S+1V+0!
HJ



P(LMO1(2!0+/F,2/+)E12!G,Q2A+0!*(/)A2+a/DD,!+)! 1*O!HIJ[1C!HITN)YO+P1(2/!12!
F+21ZQ+/)(,2! SE+)E+0!)E+! 1A(2A! P(LMO1(2! ()/+*-! FO,D+//+/'P,0+! (2-,0P1)(,2! 0! *+//!
(2-,0P1)(,2))E12!G,Q2A+0!*(/)+24+0/O

I

=+0+I(2)E(//)QLGCIPQ)Q1*!(2-,0P1)(,2!(/'D1*DQ*1)+LIM+)S++21/)(PQ*Q/!IS1T+-,0P!
12L! ) EHIPF*()QL+! 12L! FE1/+! -1 0+/F,2/+O! @,0! /)(PQ*Q/! dELVHAIAL)(PQ*Q/!
S1T+-,0P!(/'Q/+LC!12LNE+!L(/)O(MQ)(,2! (/' 1//QP+L!),!M+!Q2(-,0P! (2!)(P+!F,(2)/0!' @,0!
0+/F,2/+11PF*()QL+C!NE2A+L'0+/F,2/+!,-IHCHIN)O(1*/!(/'Q/+LCY)S,!D,2/+DQ)(T+"0O(1*/!
S(E!,FF,/()+F,*10()(+/!10+!1T+01A+L!),A+)E+00!%E+IFO,MIM(*()G!L(/)O(MQ)(,2!,-10+/F,2/+!
:CLW:YCI(/H)(PL)+LIMGIM(22(2A11**1PF*+/1-0,PICHINO(1*/,-10+/F, 2/+IS()EIL T+01A+L!
F,*10()(+/O!%E+!D,2L()(,21*IL(/)O(MQ)(,2!,-1;W:rqY! (/'+/)(P1)+L!MG!ICIIII/1PF*+/1-0,P!
A1) (P+HF,(2)HCH(OF@ YD

I

%E+!IDQ00+2)!/)QLG!(/'1IPQ)Q1*!(2-,0P1)(,21*1121*G/(/!,-11QL(),0G!P(LM01(2! @ @&O!
"I P,0+!)O1L()(,21* 121*G/(/! WHT,V+L! O+/F,2/+Y! -1 )E(/! L1)1/+)! E1/! 1*0+1LG! M++2!
FQM*(/EH«Presacco et al., 20462016b) The goals of this new analysis are: 1) to
describe these new and innovative methods in detail, 2) to demonstrate rich examples
of their use, and 3) to demonstrate that the results are quite often stronger in statistical
power than the more traditional theds. First it is shown that the new analysis
replicates the most basic earlier findings, thiat0!*(/)+2+0/]!P(LM01(2!@ @&!0+/F,2/+/!
D,2)1(2!*+//'1QL(),0G!/(A21*!(2-,0P1)(,2!1M,Q)!/F++DE!/)(PQ*(!)E12!G,Q2A+0!*(/)+2+0/jC!
1)1)E+! -Q2L1P+2)1*! -0+ZQ+@DNG!\E+! @ @8&BR! )E+P+)E,L! (/! A+2+01*(\+L1),

121*G/(1)!)E-E10P,2(D!-0+ZQ+2D(+/CY/E,S(2AIEL) (B+OBE)(,2!D,2) 1(2+)E+0+!
HH



(/V(P(*10*GIL+A01L+LIS()EVYARL -1+¥/1 --IP, 0+1ZQ(DV*G!(2!-0+ZQ+2DGYC!D, 2/(/)+2)!S()E!
+10%(+0! -(2L(2AM2L+0/,2! +)! 1*O! HIOH® (21y5€0+/Q*I#/,! /E,S!)E1)! SE+2!)E+!

JF++DE! /)(PQ*(! 10+! L+A01L+L! MG!)E+! 1LL()(,2! ,-! 1! D,REW}@3! )E+! /)(PQ*Q/!
(2-,0P1)(,2!D,2)1(2+L!(2))E+IP(LMO1(2!@ @&!(/!P,0+!/+2/()(T+1),!(2-,0P1)(,21*IP1/V(2A!
WD,PE+)(2Al [F++DE! (2! 1! -1P(*(10! T/O! Q2-1P(*(10! *12AQ1A+Y! (2! ,*L+0! *())+2+0/1 )E12! (2

G,Q2A+01*(/)+2+0/0

3.21/,$0%*,39! #'1:0$2&'9 !

3.2.1! E(=L0)$9

%E+!L1)1/+)! Q/+L! (2! YEQLEE /! FO+T(,Q/*G! M++2! L+/DOY0O#/1DD,! +)! 1*OC!
HIJ[ ICHII[M®+T+2)++3 Q2A+q)+2+WVhIP+2YIM+)S++21Jal1 2L IHC!IG+10/!, *LIWP+12!
h 1$.3' HHOHDIHOHCYLLZ-)++ 2L +O0F(/)+2-+QM | P+2Y I M+)S++21[J1 121 I ch! G+10/1, *L!
WP+1211$.3! [OI[! h IHObIYC! 0+DOQ()+L! -0,P! )E+! >10G*12LC! <1/E(2A),2! .0'O! 12L!
d(OA(2(L! 10+1/C! F10)(D(F1)+L! (2! )E+! +RF*6(FHZYOD)/! E1L! D*(2(RIGFG*!
E+10(2AIS()EMIPLQD)(,2!)EQ+E,*L/12,|A0+1)+0)E12!H ILH E+10(2AX+T+*I\W=2Y1-0,P!
JH1),IACHI =\ M(*1)+01*G! 1211 (2)+01Q01*! 1/GPP+)DEQ! )E+P! S+0+! 21)(T+!
A2 AX(/EN[F+1VAHQRL! S+0+!-0++1 ,-12+Q0,* A(D1*! ,0! PAELOH_(/,0L+QARL! 2,2+ -1
)E+P!/F,V+! ,0Q2L+0/), 1) E+IQ)DE! *12AQ1A+O! "+ F10)(D(F12)/! S+0+! F1(L! -,0! )E+(O!
F10)(D(F1)(,2C!12L!+1DE!,-)E+PIAJF2ER¢, 0P+L!D,2/+2)!M+-[JE++RF+0(P+2)O!
%E+! +RF+0(P+2)1* F0,),D,*! 12L! 1**1 FO,D+LQO+/! S+0+! 0+T(+S+L! 12L! 1IFFO, T+L! MG! )E+!

62/)()Q)(,21:1&+T(+SH#, 10L!,-)E+92(T+0/()G!,-1>10G*12LO

Hi



3.2.2! E$*:(3*,#'16671% 0)&%'*#)

%EF(PQ*Q/IS1/ILY(2AFH+DEG*1@4dc WP/IpL1W"2L+0/,21+)11*OHIGHY
IG2)E+/(\+LI1)! 1=\ 1PF*(2A101)+IS()EIL]_ ABJL/+LYG2)E+(\W0! *)lIKal YS()E!
11311 B\l @WHE+!/G**1M*+1S1/IDE,/+2!M+DDYPRQY+/M,)EN012/(+2)112L1)+1LLG
/)1)+! D,PE,2+2)/C! )E+! /),F! D,2/,212)Lp! {0(DE! (2! FE,2+)(D! (2-,0P1)(,2C! 12L! ()/!
F+0D+F)({2V+2/()(T+1),IM1DVAQ,Q2LI2W» (**+0112L17(D+*GJ@)NS 1 T+-,0PI12L!
/F+D)0QP!10+!/E,S2! (2! @O0 %E+!/F++DE!/G**1M*+! S1/IFO+/+PPAFHFIL) !
L#1$;2IS(EILI0+F+)()(,2101)+!,-=\OI$) (PQ*(IS+0+IFO+/+2)+LIS()E!1*)+021) (2AIF, *10() (+/!
), 1%* SID12D+**1)(,2! -IF,)+2) ({R Q*Q/! 10)(-1DBQPP (2A!) EH+/F,2/+/!),!+1DE!
F1(0W"(V+2!12L!;(D),2! HIla®VoE+!/)(PQ*Q/! S1/IFO+/+2)+L!1),/QMX+D)/!M,)E! (2! ZQ(+)!
12L1(212,(I+0!@B+2,(/ +D,2L()(,2/C!1!/),0G!121001)+LIMG!1!-+P1*+ID,PF+)(2Al/F+1V+0!
(21+()E4QI2A*(/ELO! .Q)DE! S1/! Q/+L! 14! P1/V+0! W1P{2Q)+! LQO1)(,2! /+AP+2)C!
D,2)(2Q,Q*G!*, F+OI%E+ 42A*(/E!/),0G! S1/112!+RD+0F)!-0,P!"I'EQ(/)P1/!'10,*! MG!
'E10%+/! .(DV+2/! WE))F3ppSSSO1QL(,M,,V)0+1/QUEED)PAD 10,81 GDE 104/
L(DV+240+4L.QL(IM,,VpYC! 12L!)E+!.Q)DE!/),0G! S1/I"X1/V11+2! L+ U2 DSHA!
MG!"2,2GP,QI&))F3ppSSSO*,G1*M, V/OD,PpM,, VPRI 21L 1UF, 0S+AYO!
@,01+1DE!,-)E+)BI/NV+OGF+/Cl-, QO!/(AJ 1R, (/+101)(,W$7&Y *+T+*/CISHETICL !
! L# | $7&C S+0+! DO+1)+L! MG! Q/(2A1 )E+! * ALI0(EP! -1 E+! 01)(,! M+)B+%210,))
[ZQLO+LITL*Q+/1,-1/G*IpLp! 19EH 1* 2A QO1)(,2!P1/V (2h++DEO!"**1/)(PQ*(IS+0+!
FO+/+2)+LIMG! (2/+0)! +10FE,2+/! W4&JC! 4)GP,)(D! &+/+10DEC! 4*V! 80, T+ d(** 1A+C! 6?Y! T(1
q,210! 4//+2D+! 52+ W"$9$C! %1(F+(C! %1(S12Y! Q/(2A! ;0+/+2)1)(,2! /,-)S10+!
W7+Q0,M+E1T(,01* $G/)+P/C! #+0V+*+GCRIYSH+@@D,0L+L! 1)! 1! /IPF*(2A!

-0+ZQ+2DG! -1 J[Cbar =\ Q/(2A1)E+! "D) (348 1DZQ(/()(,2! /G/)+P! Wi (,$+P( #0dOC!
HA



"P/)+0L1PC! 7+)E+0*12L/Y! S()E! 1! /)12L10L! T+0)(D1*! P,2)1A+! -1 -(T+! +*+D)0,L+/! W'\
1D)(T+C! -,0+E+1L! A0,Q2L! D,PP,2! P,L+! /+2/+pLO(T+2! O(AE)! *+AY@*-+DJ3, M+!
0+-+0+2D+/YC! 121! )E+! 0+D,0L+L! /(A21* S1/1-(*)+0+L! , 2*(2 $E MG () ML B() B!
DQ),--IM12L1,-1311I=\l), IbClII=\0!.QO(2AN E+HIB,Q0!0+D, 0L (2Al/+//(,2CYQMX+D)/1/1)1(2!
110+D*(2+0112L!S1)DE+L! 11/(*+2)!D1F)(,2+L!P, T(+!,-)E+(0! DB 1 0+*1R+L!
MQ)!S1V+-Q*1/)1)+O!@,0!+1DE! -NE+!12(2+!D,2L()(,2/'\MR ZAYEN 1 2AQ LA

$78&/YCIL)*+ 1) HHGO(LH/!,-10+/F, 2/+1W), 10+F+)()(,2/1,-/G**1M*+1pL1pY!S+0+10+D,0L+LO!

Stimulus Syllable /da/

A o2

> 0.1

2

S 0

2

C

= -0.1

-0.2
0 50 100 150

B Time (ms) C

N ~ —

< 1500 Z 1500 ——

2 > —_—

S 1000 S 1000 e

3 3 e
9 500 @ 500 ———

Lt L e

50 100 150 120 -100 -80 -60  -40
Time (ms) Power/Frequency (dB/Hz) I

@(AQMOIO!3! $)(PQ*Q/S1T+-,0PGH /F+D)0,A01PC! 1BUIF,S+0! /F+D)01*!
L+2/()G!,-Icl WP/! [G*1M*+pLoED!* D1)(,2/!,-)E+\, 2) 1*IF+1V/!(2!((2L(D1)+)E1)!
)E+YG**1M*+IE1/111-Q2L1P+2)1*-0+ZQ+2DGBHEELOP, 2(DIF+1V/11)1()/IPQ*)(F*+/!

W"2L+0/,2!+)!11*OIHIJHC!HIIbY



3.2.3! C,$,!, #,349*9
42D,L(2A10+/F 2/4PF*(DLH

%E+! 448! 0+D,0L(2&4+0+-(0/)! D,2T+0)+L! (2),! >"%7?"#! -, 0P1)! S()E! )E+!
-Q2D)(, 28#&FBA# 40,P! 44821MIW.+* 0P+ 1211 >1V+(A! HIIEGL2L! 1 0+P1(2(2A!
121*G/+/IF+0-,0P+L!(2!>"%?"#WT+0/(,2!HIJcMe!>1)ES,0V/C!71)(DV!>"Y O!%E+!448!
0+D,0L(2A/8+0+ M12WF1//! -(*)+0+L! -(24C!),! O+P, T+ *SU0+ZQ+2DG! 2+Q01*!
J/D(**1)(,2/C-0,PI cll =\I),| HII =\l SOE! 1 1*(2+1FEL/+! @68&! -(*)+0! S(EUES/!
)012/()(,2!M12L! -1 [tel! =\ 121! E(ARFL//1)012/()(,2! - HIll BHIII =\O! @ (*)+0! L+*1G/!
S+0+!D,PF+2/1)+MG! FO,D+//(2A)E+!L1)1! (2! M,)E! -, 0BA0M1DVS10L! L(0+m(,2
Q/(2AE+51)*1M!-Q2D)(2A<+BM=1)ES,0V/C! 71)(DV!>I%6E40+/F,2/+! -1 +1DE!)0(1*!
S1/1121*G\+L! (2!)E+!)(P+! S(2LIBE! P/1),1 Il P/l S()E!0+/F+D)1))(PQ*Q/!,2/+)O!
<(OE(2)E(/'S(2L,SCYE+0+/F,2/+!,-1+ 1 DESIAMN 1 2LF 1//1-(*)+0+LIS (YE2+ 16FE 1/+!
@6&!-(*)40Y,0L+O0!HII @ +/(A2+LIQ/(2A*I2Q10+1+00,0'P(2(P(\1)((2E-0+ZQ+2DG!
M12L/!D+2)+0+L!1)!E10P,2(D/!,-1JII=\C! (O+OC! JIICIHISIAD!), | (2T+/)(AL)+1)E+!
P(LMOL1(2!0+F0+/+2)1)(,2/!,-'E10P,2¢DOB! 2(D/!1)!,0!1M, T+IcIl!=\GE+1-(0/) -, 0P12)!
-DE+IN+1L@)1)+IF,0)(,2!,-) EH)(PQ*QL!S+0+!+RD*QL+L!-0,P!1213SH#BI! S()E!
1PF*()QL+/1*10A+0NERRS j 1S+04+RD*QL+LC! 1** S(2A! HIII! 10MeHBY /S++F/1),!
M+1Q/+LO!%, ! +*(P(21)+! 12G! F,//(M*+! +4+D}QJBEQ, QAE! 10)(- 1IDJICP/! )+PF,01*!
0+/F,2/+1 -Q2D)(,2! D+2)+0+L! 1)! I! P/t SOE! 0+-+0+2D+! ), )E+! /)(PQ*Q/! ,2/+)! )(P+! S1/!
+)(P1)+LIF+01)0(1*C!12L1()/!D,2)0(MQ)(,2!S1///QM)01D)+L!-0,P!) EN4OH/E,RIPL |
2++1HIJa®! "LL()(,21**GC!/(2B41,2/+DQ)(T+! /S++FFH0+1*S1G/E0+/+2)+L! S()E!
FEJO+F,*100)(+RE+(D+/F, 2/+/1S+0HLT+01A+L1(2),!, 2+!+--+D)(T+/SHFLL(2AL),

JINY/QDE!F1(QLT+01A+L!/S++F#0/QMX+D)! 12LIF+0!D, 2L () (SPEYE +20/+L!-,0!
H!



)JE+121*@G/e!)E+10+/Q*)/1-,0")E+!/1P+!/S++F/C!S()E!10)(-1D)/'0+P,T+LIMQ)!2,)!1T+01A+L!
WHII! F+0! D,2L()(,2Y! 10+! FO+/+2)+L! (2! )E+! "FE+@ R +1DE! -1 )E+!)S,! 121*G/(/!
0+A(,2/C))DH/F, 2/+B1T+-,0P/'S+0+R)01D)+Q, P!+ 1DEY/S+H#F0HT+0G!//QMX+D)C!-,0!
+1DE!,-)E+12(2+!D,2L()(,2/']2t0+ZQ+2DG!M12L/O

!

92L+0!+1DE!D,2L()(,2C!-,0!+1DE!//QMX+D)!12L!-0+ZQ+2DG!M12LC!1!0+/F,2/+!P1)0(R
S/t M)L(2+L! -1 /(\+! IO 1" L /IPF*+/! SE+0g (/! )E+! /1PF*+! *+2A)E! -!
,M/+0T1)(,2!S(2L,SO!62!1LL(),RE+!+2)(0+!10+/F,2/+!S(2L,3Icl'P/C)E+!0+/F,2/+/!
S+0+!1*F10)()(,2+L!(2),1)S,!0+A(,2/IM1/+L!,21)E+!1D,Q/)(D!FO,F+0)(+/1,-1) E+/G**1M*+!
pL1pCl(O+OCHE+)OMP) (Y 112L1)+1LG)1)4W[Icl!P/Y!-,01121*G/(/! -IP1/V+0!
)GF+!(2-*Q+2D+!, 2/EF1Q/+!11)1J11'=\0'=+0+1 h!IHa b/ LPF*+/1- 0 E+14+2)(0+10+/F, 2/+!
0+A(,2ChlalN/1PF*+/1-,0N)E+1)012/()(,2!0+A(,2CI1RIHINKY/1PF*+/1- 0 E+!/)+1LG
1)1)+10+A(,201%E +10+/F,2/+11PF*()QL+/11)1+1DEY/1PF*+1S+0+//QME(V(2HS (B!
)E+IM,Q2L10(+/1,-NE+IM(2/IDE,/+2Y,)E1)I1FFO,R(P1)+*G+ZQ1*12QPM+0/!,-/ 1PF*+/IS+0+!
1//(A2+L(2!1+1DE!M(2e!+1DE!/1PF*+IS1/1)E+2! IASDE MM (2! (2L R0, P11 £ YO!
%E+IM,Q2L10(+/!S+0+!DE,/+2! (2L(T(LQ1**G!M1/+L!,2!+1DE!/QMX+D)j/10+/F,2/+O!.(--+0+2)!
T1*Q+/'&® < K *mfno*pg*ol *nqmr!S+0+!+T1*Q1)+L!),! T+0O(-G!11*1DV!,-112G!(2)+01D)(,2!
SOE!1A+8A,, 8 Wb *_ 8 WINWXL2L5q 4,y 8 WA 8 WRyw!MG!"75d")+/)!
21 (2)+01D)(,2! ,-Z{| & &LMB~K}|* !-,0! 1PF*()QL+! 12L! FE1/+! (2-,0P1)(,2C!
0+/F+D)(T+GYQ21* DE,(D+! = G!bH! M(281/! /[+*+D)+L! 1/1 12! ,F)(P201L--!
M+)S++2PD0+1/4D+/,*Q)(,2! M+)S++2! M(2/! 124D0+1/+[1P F*+/! F+0! M(2! LQ+!),!

*(P()+LIY/LPF*+/'W):+SIM(2/1,01), 1-+SI/1IPF*+/IF+0IM(2!M,)El*+1L1), 1+/)(P1)(,2!M(1/YO!

Hd



%E+! DE,(D+HbH! M(2ALT#P,0+!)E12! bl! /IPF*+/pM(2C! ,2! 1TT+01A+C!),! +/)(P1)+! )E+!

D,2L()(,21*IF0,MIM(*()G'L(/)0(MQ)(,20

42D, L(2A0+/F,2/+FE1/+!

@P! +T+0G! /S++F! (2! +1DE! 0+A(,2C! )E+BELBE! -0+ZQ+2DG! M12L! S1/
D,PFQ)+L!MG!-(0/)! IFF*G(2A1)E+!=(*M+0)1)012/-,0P!), JFEAHILZA21* 1211 )E+2!
D,PFQ)(2ANE+IFE1/+!,-)E+10+/Q*)12)!D,PF*+RIW121*G)(DY!/(A21*C!{(O+OC

e k3@&G 8 §sg kRL&{M C Gg K3EGGH WOY

SE+08g |(/)E+ @,Q0(+0'%012/-,APYE+-0+ZQ+2DGIM1/(/!,-)E+!@,Q0(+0!%012/-,0PC!
{MG G(/')E+!1*A+MO1(D'/(AXGH 21dg I(/1)E+(2T+0/+!@,Q0(+0'%012/-, OPDI%E+2
fGG8 , BEG Lek3EGE WelY

%E+FELADV(2AIT 1R 2dY,-1) E+I0+/F, 2/+1(2AG/(2A*+IM12D12IMB, PFQ)-+L1y1!
n ° !
LG8 &% | 5%,
&) WoY

SE+04LGG(/1) E+IFEL/+!,«EN0(1HUIPF*+)(P+HCI12L ! [(/1)E+12QPM+0!,-1)0(1*/O!
!

OOE+!/+)! -IFEL/+0+/F, 2B64GB3,M)1(2+L!-,0!+1DE!-0+ZQ+2DG!M12LC! S+0+!1%/,!
JQML(T(L+L!(28hIbHIM(2/C!121* A,Q/*G!),1+2D,L(2A)E+11PF*()QL+!0+/F, 2/+e|E+0+!)E+!

FE1/+!/1PF*+/!S+O+!L(T(L+L!(2),!M(2/!,-!S(;I:)E!)f— with each sample encoded by

its bin indeXw-0,P!JN) Y !

Hd



>Q)Q1*!(2-,0P1)(,2!

92L+0!+1DE!D,2L()(,2C!-,0! +1DE!/QMX+D)! 12L G4 PIFGO4Z2L C! )E+! PQ)Q1*!
(2-,0P1)(,2IM+)S++2!/)(PQ*Q/112LI1 PF*()QL+C!12LIPQ)Q1*(2-,0P1)(,2IM+)S++2!/)(PQ*Q/!
12L! FE1/+! S+0+! +/)(P1)+L! M1/+L! ,21)E, /+! (AW2BL+L! 0+/F,2/+/O! %E+! 0+/F,2/+!
FO,MIM(*()G!L()HO(MQ)(,2! S1/1+/)(PL)+L! 1/! 1M, T+ WM(2! (2L+RI}EDHHT THEF*+/1
T+01JINO(L*YO! %E+! D,2L()(,21* L(/)O(MQ)(@!fIGS1/ L01S2! -0,P! 0+/F,2/+!
JLPF*+/1 1)1 )E+! /1P+!*1)+2DG! -0,P! JIII')0(1*/O! %E+! PQ)Q1*! (2-,0P1)(,2! D12!)E+2! M+!
+)(P1)+L! MG! )E+! +2)0,FG! ,-1 )E+! 0+/F,2/+C! SE+)E+0! 1PF*()QL+! ,0! FEE+C! P(2Q/!)
D,2L()(,21*1+2)0,FG!,-1)E+10+/F, 2/+IA(T+2!)E+IWQ2(-,0P*GIL(/)O(MQ)HLY!/)(PQ*Q/3

]J3NG8 eGGR&AG T G WOY

SE+01810+F0+/+2)/)E+!/)(PQEQ)O(MQ)(,2C! Y2 E+10+/F, 2/+IL(/)0(MQ)(,2C!SE+)E+0!

1PF*()QL+!,0IFELE-Q!G(/!)E+1+2)0,FG!,-)E+!0+/F,2/+C

eGG8 RO QG4 QO WOY!

C
SE+0HMA(/)E+!FO,M1IM(*()G!,-|, M/+OYE2B4/F, 2/+1 T1*Qk G f[ G/!)E+!+2)0,FG!

-DE+0+/F,2/+1D,2L()(,2+LIMGE+!/)(PGHO2L! (/A(T+2!NIG

eGf[G8 O @RGeGf[ 8 3G WOr!

N

SE+0+!

eGf[ 8 3GB&RO G 8 (f3G4{ _G 8 (3@ WOoY

c

HK



UE+!/)(PQ*Q/N(/ME+! 1PF*()QL®! FE1/+1)! +1DE!)(P+!F,Q)%HE0,M1M(*()G!
L(HO(MQ)(12 &!(/'Q2V2,S2C!MQ)!E+0+!1//QP+L!),! M+!Q2_(C:HBBvi2f!C! D,2/)12)C!

/,)+1DE!M(2!D,2)1(2/'0,QAE*G!)E+! /1P+! 2QPM+0! -1 ) (PQ*Q/! T1*Q4+@I) E2D+/Y
0+1/,2/0! @(0§E+2! )E+! 1D)Q1*! /)(PQ*Q/! L(/)O(MQ)(,2! (/! Q2V2,S2C! )E(/! 1//QPF)(,2!
PR(P(\+1+/)(PL)(,2'M(IMW7+*V+2!12LI'E+DE(VIHIRMD, 2L CISE(*+)E+0+!(/12,)1G+)!
+T(L+2D+!-,0!12G!F10)(DQ*10!L(/)0(MQ)(,2QN¢12ATRIR1D(12YC!)E+! 1//QPF)(,2!

-1 Q2(-,0PIL(/)O(MQ)(X1/!+PF*,G+L!-,0!/)(PQ*Q/' 1PF*()QU&!' A12! 12L!;,+FF*!

WHIJJIB()E42D,Q01A(2AI0+/QEF®2€ZQ1)(,2BBY !M+D, PH/
n’ !
eGf[G8 -O eGf[ 8 3,G
g $X) way
SE+08g!(/)E+11PF*()QLSIFEL/+!M(B)Y1PF*+£Q!
I
%,!(**Q/)01¢P,2/(L+0!12!121*G/(ME+!ZQ(+)!D,2L(),Z+Q)E+!/)+1L@1)+!
0+A(,2C! SE(DE!+2D,PFL1//+/")E+)(P+!S(2L,S!-0,P! [N P/1),1 JaK! P/! S()E! 0+/F+D)!),!
N(PQ*Q/,2/+)ED+BCIKI/1PF*+AGT (28 8 qwlx 112L! (B;G8 W)—,,.!-,O!+T+OG!T1*Q+!
-1 4D
I
The distribution ofthe response,.G G is estimatedor each subjecwith all
bin-indexencoded samples gach of thev'wwwirials. The conditional distribution of
\ given3s, ..0 f33G is estimated witm*wwwsamples from trials at time po#itThen

the conditional entropig given by

bl'!



eGf[ G

2

8 RO O _¢ 8 3;GCG 8 [ 8 33GaJ_G 8 U[ 8 3:G
$X) 4X)

2 -
n
8 R-O O _G 8 [ 8 3;GaJ_G 8 Uf[ 8 3;G
9 $X) 4X) (39

whereL< kn*g*, *0r is thebin number and0 is the numbeiof bins The mutual
informationis therefore,
1GNG

8RO G 8lGal G 8 IG
4X)

2

] ]
: —0 O _G 8 Iff 8 3;GaJ G 8 If[ 8 3,@&
$X) 4X) (3.10

$)1)(H(DY
%,! +R1P(2+! )E+! +--+D)/! ,-1 1A(2AC! -0+ZQ+2DGC! P1/V+0! )GF+! 12L! $7&! *+T+*C!
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D,2/)0QD)+L!P,L+* THEHRQ**I P, L+*I S()E!,2*E+{2)+0D+E)2L! ) E+!/(A2(-(D12D+! -!
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)E+2ID,2/)0QD)+L!I12LN+/)+LEH@HOC!&ze—|» £(_| : &™O!I%E+!P,L+*I()/+*-1(/!
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Amplitude Information at 100 Hz by Masker Type and Noise Level
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Amplitude Information at 100 Hz by Noise Level and Temporal Stage
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*(/)+2+0/O1%E (/'0+/Q*)(/ID,2/(/)+2)!S( EIFO+T(,Q/\ZADD, 1+)11*OIHIJ[1CHII[MY
SE+0+)E+I1PHQL+,-|@ @&!L+D0+1/+/IS()E!S,0/+2(2A12, (/+*+T+*0ld(1*(2+1010+A0+//(,2C!
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ON(/1L*/,Y++21)EL)IG,Q2A+0(/)+2+0/IELT+ILIP,0+!/)++F*GIL+D0+1/(2Al* F+W1/!11-Q2D)(,2!
12, (41 T+¥Y1EL21)E+! *L+0! *())+2+0/C! 1)! M,)E! )E+! -Q2L1P+2)1* -0+ZQ+2DG! 12L! ()/!
E10P,ZD/OI%E(/10+/Q*)IP1G!1%/,IM+ILQ+!), IL(/OQF)+L!/G2DEQ,2G!1)!11QL(),0G!2+0T+-(M+0/!
WS$DEP(+L)! +)! 1*O! IKM[NE +! /G21FMi$+0A+G+2V, 1 +) 1XOMHIIbN! -1 1QL(),0G!

2+0T+1-(M+0/1 (2! *L+0!*(/)+2+0/! P1G! *+1L!),! 1! 0+LQD+L! MO1(2/)+P! 0+/F,2/+C! D1Q/(2A! 1!
L+DO+1/+! (2! (2-,0P1)(,2! +T+2! (2! )E+! ZQ(+)! D,2L()(,2C! *+1L(2A!),! 1! /*,S+0! 01)+! ,-!

1LL()(,21*IL+DO+BHE!(2D0+1/(2A12,(/+!*+T+*O!

3.4.3! /,9-0% !$410!

62!)E(/!+RF+0(P+2)!M1DVA0,Q2L!P1/V+0!)GF+/! (2D*QL+L!42A*(/E!WP+12(2A-Q*!),!
1**1%(/)+2+0/Y! 12L! .Q)DE! WP+12(2A*+//!),! 1**1 *(/)+2+0/YO! %E+! 0+/Q*)/! IQAA+/)! )E1)! )E+
(2-,0P1)(,21*! D,2)+2)! ,-1)E+! 2,(/+! 1--+D)/! (2-,082)(2! ) E+! P(LM01(2! @ @&C! (2! M,)E!
1PF*()QL+!12LIFE1/+IW(2)E+1)012/()(,2!0+A(,2Y 3!, *L+01*(/)+ 20 kARSI E +!
P1/V+0IM+(2A!P+12(2A*+//1, T+0!P+12(2A-Q*0!6)! (/! Q2+RF+D)+UHE 1 1HE QB +!
/QDE!1/1*12AQ1A+!S,Q*L!1--+D)! P(LM01(2! 2FQBAEDE, QAEE(/'EL/! M++2! /++2!
M+-,0+!-,0!1G,Q2A+0*(/)+2¥04/1DD, 1+)!1 1 *OIHOFRY 4R 121)(,2!- 0 E+1*12AQAA+
L+F+2L+2)!0+/F,2/+! L(--+0+2D+! (21)E+! LA(2A! P(LMO1(2! D, @*BIVRI)B*1)(,2!
-0,P!D,0)(D1*! 10+1/O! .+/D+2L(2A! F1)ES1G/! -0,P! FO(P10G! 1QL(),0G! D,0)+R!),! (2-+0(,0!
D,*(DQ*Q/IW6E'Y!(2)E+!P(LMO1(2!E1T+!M++210+F,0)+L!), ¥2A¢2)-€DB10!1QL(),0G!
F*1/)(D)@V#1X,! +)! 1*O! HRIIY2L! 6'! 2+QO0,2/j! /[+2/()(T()G!),! /,Q2L! -0+ZQ+2DG! 12L!
(2)+2/()G!D12!M+!P,L(-(+L!MG! D,0)(D1* FO, ¥ Iip2A 2L | #1X,! HI(2D+! ,*L+0!

*(/)+2+0/IM+2+-()IM+E1T(,01**G!-0,P!D,PF+)(2A!/F++DEWA+LXEA2QM; (DE, 1



@Q**+0!Hllae!%Q2! +)! 1*@HEHND,0)(D1* FO,D+//(2A! Q2L+0*G(2ANE(/| L(--+0+2D+! P1G!
1*/,IF0,X+D)!M1DV!QF/)0+1P!),)E+!P(LIM01(20!

I

"2 )E+01+RF*121)(,2!- 0)E(/IL(--+0+2D+!(2!@ @&!LQ+!),IP1/V(2AI*12AQ1A+!(/)EL)!
)E+IL(--+0+2D+IP(AE)IM+IFQO0+*GID,0)(D1*0!(O+OCIFQ0+*G!D,0)(D1MWE@&OD!&+D+2) /) QL (1
+)11*OIHIJ[1CIHIENT +!/E,S21)E1)!)01L()(,21*1448+ 1/Q0+L! @ @&!P1G!2,)M+!FQO+*G!
/QMD,0)(D1*! 1)! 1**01 6)! S, Q*L! M+! /QM/)12)(1**G! *+//! /QOFO(/(ZBLAMF-+D(:EN
+--+D)/L,0(A(21)(2A!-0,P!D,0)+R1)E12!P(LMO1(2C!1*)E,QAEC!+T+2!/,C)E+/+!+--+D)/1-0,P) E+!
)012/()(,2! 0+A(,2! WP! P/Y! 10+! +10*(+0! )E12! P(AE)! M+! +RF+D)+L! -0,P! 11812AQ1A+

(2-*Q+2D+L!D,0)(D1*10+/F,2/+0

3.4.4! X*.21>%07?(0#)4!3*:*B

&+IQ¥)/IE,SNE1)!-,0M,)E! IPF*()QL+! 12L! FE1/+! (2-,0P1)(,2C! 0+/F,2/+/!-0,P!
FLAOV*(/)+2+DR2! [F++DERLZ, (/+! D,2L()(,2/! D,2)1(2! *+//! (2-,0P1)(,2! (2! )E+! E(AE+O!
-0+ZQ+2D(+/CI12LIE1T+!* S+0IE(AE!-0+ZQ+2DG(P()/C!)E12!G,Q2A+01(/)+2+0/O!$QDE!L +-(
P(AE)!M+!1%/,11//,D(1)+LISHB+0+L!)+PF,01*IF0+D(/(,2!10(/(2A!-0,P11 //1,-11QL(),0G!
2+0T+1-(M+0/1 12LIAL2A(, 2 IMSDIEP (+L)1+)! 1*O1 JKK[e!$+0A+G+2V, |+ I SE(BIED Y
1--+D)11**1-0+ZQ+2D(+/O1%E+!/1P+1121*G/(//D100(+L!,Q)!, 2!/(2A*+!/S++F/IW/++"FF+2L(RY!
IQAA+)/1)EL)!)E+ L+D0+1/+! (2! (2-,0P1)(,2! 1)! E(AE!-0+ZQ+2D(+/! P1G!2,)! M+ LQ+!),1 ) E+!

1T+01A+!,-)E+1)B,*10()(+/O!

3.4.5! HO3,$*&#1$&!)&%$*),319%601%0904#$, $*&#
AT+21)E,QAE!)E+!/)(PQ*Q/! 0-+FO0+/+ 21N+ *+T+*1 -1 1QL(JPEMOL(2! (/!

S+1V+0)0! *L+0!*(/)+2+0BE+)E+M1/+L!,21&>$C!D,00+* 1) 2PQ)Q1*!(2-,0P1)(,2!
c!

|

|
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P+1/Q0+/C!()RA01L,R(D1IBF*(-(+L1))E+1*+T+*1 -11QL()\D®)+RVA0,LM+DV!+)! 1+O!
HiJale!;0+/1DD,+)!11*O!HIJ[1CIHIEMALYT+11//,D(1)(,2!M+)S++2!//QMD,0)(D1* @ @&!
12L!D,0)(D1*10+/F,2/+/C!1/!P+1/Q0+LIS()E!PQ)Q1*!(2-,0P1)(,2CIEL/IM++2!/E,S2!(2!,*L+0!
*()+2+0/! (2! 11)1/V! -1 D1)+A,0(D1*! /G**1M*+! F+QDHEXR12! +)! 10! HIIDFE +!

121* A,Q/! D,00+*1)(,2! M+)S++2! D,0)(D1* /F++DE! 0+F0+/+2)1)(,2! 12L! P(LMOL(2! 0+/F,2/+!
1PF*()QL+! S1/1 2,)! [++2C! E,S4TH0! )+PF,01* /F++DE! FO,D+//(2A! W;0+/1DD,! +)! 1*C!
HIJMYO! #,)E! 1))+2)(,2! 12L! M+E1T(,01* @E(NX(R)0}10+! Q/+L!),! +2E12D+!
Q2L+0/)12L(2A! -l /[F++DE! (2! 2,(/+C! MQ)!)E+! +R)+2)!),! SE(DEUEFA#! B{QED1*!
FO,D+//+/110+!1%)+0+LIMG!1QL(),0G! F+GHEBANG!R, )| S+**1V2, SRV;0+/1DD, ! +)! 1*O!
HIJK'D!@QO)E+0P,0+C!()!(//Q2D*+10!SE+0+!12L!E,S!)E+2+Q01*10+F0+/+2)1)(,2!,-/F++DE!(:
FLA+OV*(/)+2+0/1/[E(-)/1-0,PIL+A01L+L! (2! P(LMO1(2!),1+R1AA+01)+L! (2) PQHREIMQ

(2-,0P1)(,21(/'LIFO,P(/(2A),,*1),! 1LLO+NE+/HI/Q+MWHE*PL21+)I1*OIHIEY

3.4.6! E(::,%4 !

%E! 1FFO0,1DE! +PF* G+L! E+0+C! Q/(2A! PQ)Q1*! (2-,0P1)(,2! ),! 121*G\+! )E+!
0+*1)(,2/E(FIM+)S++2! 1!/FYeE{/+!/)(PQ*Q/112L) E+! @ @&!0+/F,2/+CID12IM+!/++21(2!
1)1*+1/)NS, IL(--+0+2)*(AE)/O!")!, 2+1*+T+*1() D12 M+! T(+S+L! PUYPLYER+1/Q0+!
L+0(T+L!-0,P!(2-,0P1)(,2!))E+ 0@, T+0!12LI%E,P1/IIKKJIe!$E122, 21 KH6E(/IF* 1 D+/!
JE+IFO+/+2)1121*G/(/!,2!-(OP!P1)E+P1)(D1*!A0,Q2L/C!Q/(2A!D,2D+F)/!12L!P+1/Q0+/!-0,P!
1! S+ IM*(JE+L! -(+*L! ,-! P1)E+P1)(D1*! /(A21*! FO,D+//(2A0! ")! 12,)E+0! *+T+*C! )E+!
121*G/(/'D12!M+IT(+S+L!1/11211DV2,S*+LA+P+2))E1)!)E+10+*1)(,2/E(FEMDEI++2!/)(
12L10+/F,2/+!P1G!E1T+!/)0,2A*GH2+10!1/F+D)/CIS()E!IPQ)Q1*!(2-,0P1)(,2!M+(2AIXQ/)!
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Chapter 4.1/($(,3! *#>8%: $*&#! #,349*9 *# $20! ,(*$&%4!
)&%$0G! #1$2010>>0)$9!&>! 14!

4.11"#$%8& () $* 84
%E+ EQP12!MO1(2! (/! DIFIM*+! -1/+F101)(2A! 1))+2L+L! /F++DE!-0,P! M1DVAO,Q2L!

L(/)01D)(,2/0! =, S+THEUIDIFIM(*()G! L+ADS(E 1A(2AO! #+E1T(,01*! /)QL(+/! ELT+!
JE,S21LA4D+*1)+L1)+PF,01*IF0,D+//(2AIL+-(D()//(2\L(--+0+2)11QL(),0G!) 1/V/CYQDE!1/!F()DE!
L(/DO(P(2)(,2! W@()\AMM,2/! 12L! 8,08212))! JKK[Y ALRAZ,(/+! L+)+D)(,2!
W@()\A(MM,2/112L18,A52¥12)IHI1IY12L10+D,A2()(,2!,-/F++DE!(2!12 Y@0(/(21!12L!
@0(/(21! IKKce! 8,01 *12)! +)1 1*O HlI[e! =+!+)! 1*O'BIENQ0,FEG/(,* A(D1*!/)QL(+/!
/E,S!)E1)! 1*)E,QAE! )E+! 1QL(),0G! MO1(2! 0,MQ/)*G! /+A0+AL)+/! [F+(}DE!-0!P!
D,PF+)(2A![F+1VYB!(2A! 12L! $(P,2! HIJHM®Y! /F+D)01**G! P1)DE+L! A{/{2A! 121!
$(P,2!HIJDYC!)E+!)+PF,01* FO,D+//(2AIL+A0LL+/IMG!L+P,2/) 0 LpPANHAIDE 1 2A+/!
(210+/F,2/+1*1)+2DG!12L!/)0+2A)E! (2! P(MELED/, 21+)! 1*O!HIJHe #QOV10L! 12LI$(P/!
HIlHe!"(210L!12L1%0+PM*1G! HLAYD,0)(D1*!+T,V+LEQ2/4+/1 W2(/)+0!+)! 1Ol HIJ Je!
:0+/1DD,1+)!1*OIHIJ[1CIHIANEZ 12(P1*!/)QIGHT+00+F0+/+2)1)(,2!(2!D+2)01*11QL(),0G!
2+0T,Q/G/)+PIEL/IM++21/++21 (21 1A(2AI 1 2RDAE+/1+) 1 1*ONIBT! 1A(2AI01)/C1E+!
1%)+0+2H+QOL(2E(M()(,2C! -Q2D)(,21*! (PF1(0P+2)/! (2! )E+! D,0)+R! 10+! P,/)*G! LQ+!),! 1!
0+AQ*1)+L! F*1/)(D()G! DE12A+! 12L!P,/)! -1 )E+P! 10+! OWIHAIA*+B(L12(! +)! 1*O!
HIJIYO!=,S+T+0C!()!10+P1(2/1121Q2/,*T+LIZQ+/)(,2'E,S!IPQDE!F*1/)(D()G!DE12A+!(//(2))E+!
1A(2AIEQP12IMO1(2C! 12L1()/!1+--+D)/!, 21/F++DE!FQ,D+//(2A0!
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"l 0+D+2)! P1A2+),+2D+FE1* AOLIFEG! W>48Y! )QLG! /QAA+/)/! 12! +R1AA+01)+L!
O+/F,2/+1),l [F++DE! (2! 2,(/+! -,0! *L+0! *(/)+2¥30+/1DD,! +)! 1*O! HIJ[1C! HN[GIY
L+P,2/)01)(2A! 1! E(AE+0!/F++DE!+2T+* F+10+D,2/)0QD)(,2! 1D DQUAABJEL PO
)E+10+D,2/)0QD)(,2! (/! ML/+L! 2! 11%(2+10! L+D,L+0! SOE! S(2L,S! *+2A)E! -1 g1 P/C! ()!
0+P1(2/!Q2D*+10! SE@E!D'+!D,PF,2+2)!D,2)0(MQ)+!), ) ER1AA+01)8+HIF, 2/4C
+/F+D(1*)E!0+/F+D)!),1*1)+2DGCI(O+OC! IIP/I\W>"1Y!,01J1I!P/IW>JIIY O!$(2D+!FO+T(,Q/!
NQL(+/!, M/+0T+11))+2)(,2!P,LQ*1)GRE+>JIN0+/F, 2/+! W.(2AI12L!$(P,2! HIJHMC!
HIJbYC!12L! *L+0M(/)+2+0/1P1GIF1G!P,0+11))+2)(,21(2) E+*(/)+ 2@ AFLDDD, 1+)11*O!
HIJ[1YC)E+! )QLGEGF,)E+/(\W )EL)! *L+0! *(/)+2+0/! S(**| E1T+! 1! E(AE+0! PQ)Q1*!
(2-,0P1)(, 20+ T+*1)I0+/F,2/+/1,-JIIIP/I12L1)+00!@QO0)E+OP,0+CL;0+/1 DDIMYI*OWHI
1%/, J/E,S/1112+A1)(T+!D,00+*1)(,2IM+)S++2!)E+/F++DEH2T+* F+10+D,2/)0QD)(,2!1DDQO1DG!
12LIM+ELT(,0QPE(M(),0G!D, 20,0+ CIP+1/Q0+LIMG!LIT(/Q1*(2E(M(),0G!) L/VC!-,0! *L+0!
*(/)+2+0/0! 6)! IQAA+/)/1 )EL)! JE+0+! P(AE)! M+! 0+/F,2/+/C! 1)! >'IC! >JII! Q) @+0!
0+/F,2/+//(-'12G1)E1)!D,2)0(MQ)+!),)E+!D,00+*1)(,20!$(2 D) EHRQI(1)(,2!,-!
1QL(),0G!12LIT(/Q1*I0+/F,2/+/!, DDQO/*1)+0)E12!1QL (), 0@IB))-2()(E21 2L I<100+2!

HIIAYC! 1! D,00+*1) (/24 RE+D)#UH)S++21 >J11!, 01*1)+0! 0+/F, 2/+1 -,0 *L+0!*(/)+2+0/O!
=+0+!(2E(/V)QLGC! 1**1)E+0+/FFI:F+0)(+/C/QDE! 1/1*1)+2DG! 12L! 1 PB(EQU+C
+T1*Q1)-B(ED+/F+D)PQ)Q1*(2-,0P1)(,20!

I

410%(+0(2T+/)(AL)(,2/1)E+ID,0)(D1*ID,L(2A,-ID,2)(2Q,Q///F++DEIELT+!,-)+210+*(+L!
21%(2+10! P+)E,LAV.(2A! 12L! $(P,2! HIJHMe! ;0+/1DD, ! +)! 1*O! HIJ[LCOA LMY, 0G
D,0)+RC!E,S+T+0C! (/I S+**1\/2,S21),1+PF* B(2+20! FO,D+//(AN$1LE12(1 1211 ?(2L+2!

HIIbYC! 121! )E+0+-,0+! 112(2+10! 121*G/(/! -01P+S,0V! P(AE)! FO, T(L+! P,0+! (2/(AE)O!
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7,2%(2+10!1FFO,1DE+/!M1/+L! 21 $E122,2j/! (2-,0P1)(,2!  EWSEL22, 2! JIKNEN T+!
M++2! /QDD+//-Q**G! 1FF*(+L! ),! /F(V(2A! 2+Q0,2/! (2! )E+! 1QL(), BBH\G/p+PPL!
'E+DE(V!HIIAC!),448!/QMD,0)(D1*!0+D,0L &1 2! +)! 1*O!HIJKe!'E1FH#QY+T+2!
),1>4810+D,0L(2A/!-0,P!11QL(),0G!D,0WRA12112L!;,+FF+*IHIJIMSE+0+!()! SQ/+L!
), L+D,L+! FE1/+! (2-,0P1)(,2! (2! *|90+ZQ+2DG! 0+/F,2/+/!),! [F++DEO! #G! +/)(P1)(2A!
PQ)Q1*! (2-,0P1)(,2! M+)S++2! P(LMO1(2! 12L! D,0)(D1*! 0+/F,2/+/C! 0+D+2)! )QLG! /E,S/! 1!
0+LQ2L12)!(2-,0P1)(,21)012/()(,2!-,0!, *L+01*(/)+2+0/{(2)) E+!) 1/V!,-ID1)+A,0(D2IF+0D+F)(
,-I/[F++DE/G*1MW#(L+*P12!+)!1*O!HBINY

I

=+0+C!),! (2T+/)(AL)E+! (2-,0P1)(,2! +2D,L+L! (2! )E+! D,0)(D1*! O+/F,2/UFE1/+
* DV+L!),!D,2)(2Q,Q/! /[F++DEC! )E+! P+1/Q0+! -1 )+PF,01* PQ)Q1*! (2-,0P1)(,2! -Q2D)(,2!
Wo%>6@YL+T+*F+0! 6)! FO, T(L+/2123(2+1(P+1/Q0+! ,-! 1! A+2+01*! FBIDNV+L!
0+/F,2/+1),l/F++DEC!12L!(/!112(240!121* Al),!)E+!%&@C!,01)E+!+T,V+LI0+/F,2/+!),!1!
MO(+-!/,Q2LO!6)! 1%/, EL/1 O+/F,2/+! F+1V/1 1)1 /F+D(-(D!*1)+2D(+/C! 121* A,Q/'), E+! %&@j/!
> 0oe@12L! > 1066 dF+1V/C!,0NE+ STIT12L! SN 0+/F,2/+! F+1V/! -1 121 +T,V+L!
0+/F,2/+O1%E+IP1(2!PQ)Q1*!(2-,0P1)(, 2! F#)E#1%>6@!10+C!MG!121* AGC!21P+L!)E+!
>6'1C!>6J11112L!>6HIIC!12L!,DDQO!-,01+10*G!D,0)(D1**1)+2DG!Wg'I!P/Y C!P(LL*+!D,0)(D1*!
*1)+2DG!WgJIl!P/YC!12L!*1)+!D,0)(D1*1*1)+2DG!WgHII! P/YO!%E+!1D)Q1*1%>6@! F+1V!*+]
12L1*¥1)+2D(+/IL+F+2L!,21)E+!/F+D(-(DY/)(FEHOOTH0) (+/,-112G!IP1/V+0/CI)E+I1A+!,-!
)E+I/QMX+D)CI12L!,)E+0!0+*1)+eED)PL(2'EGF,)E+/+/11M,T+ID12!M+!(2T+/)(A1)+L!
MG!)+/)(2A!-,011//,D(1)(,2/!M+)S++21)E+!FO,F+0)(+/!,-112! (2L(T(LQ1*j/!>6HI11 12L!)E+(0!

M+E1T(,01*/D,0+/O
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4.2!/,$0%*,39! #1:.0$2&9 ! |

4.2.1' E(=L0)$9

%E+! L1)1/+)! 121*G\+L! E+0+! S1/! 1IMMIL(@+L! 121! 121*G\+D! FO+T(,Q/
NQL(+HW;0+/1DD,!+)! 1*O! HIJ[1C! HEBINIYQMX+D)/! F10)(D(F1)+L! (2 E+!+RF+0(P+2)3! Jc!
G,Q2A+011LQ*)/11A+/1Jal),/HCIWb!PL1*+Y! 12005 Q*)/| LA+/1[J!),Ich!W P 1#4Y O!
F10)(D(F12)/!S+0+!10+D0Q()+L!-0,P)E+IA0+1)+0!<1/E(2A),21.0'0110+1W>10G*12L C!d(0A(2(1
12LI<1/E(2A),2!.0'0YC! S()E! D*(2(D1**G! 2,0P1* E+10(2A0! $F+D(-(D1**GC! F10)(D(F12)/! E1
2,0P1*IE+10(2AN)EO+/E AL/MNE? IE+10(2AMAY1-0,PLIHI=\1), N11I=\CI2, IE(/), 0G!
-12+Q0,* A(D1*!,0! P(LL*+! +10! L(/,0L+0/! ,0! /QOA+0GC! 12L! 2,0P1*! (2)+**(A+2)! ZQ,)(+2)!
/D,0+/'\W md,2!)E+I<+DE/*+0"MMO+T(1)+LI$D1*+!,-162)+WBSEXDAPL IS10D(1IIBKKY
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*(N)+2+0/1 10+! /(A2(-(D12)*G! *10A+0! )E12! JE4HG;Q2A+0C! F)E8 RnIn¢_ 8
Wavpy!-,01>6°ICIE, 8 RgZg*_ 8 wavwx-,01>6J11112L! €, 8 RqZl *_ 8 wivpri-,0!
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TMIFs (Clean Speech)
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(2L(D1)+!)E+!/)12L10L1+00,0!,-IP4E2Q4 PF,01*1012A+/!, T+0!SEEIEN>6J11112L !

>6HII I-,0!+1DE!/QMX+D)DIZA01(2H10+ P10V+LIMG!E+)EO++ M*1DVI*(24t! 1M, T+R
1R(O! )+0(VIVE,SE+/(A2(-(D12D+!,-11PF*()QL+IL(--+0+2D+/IM+)S++21)E+1)S,1A0,QF/!

-0,P111, 2+ 1(*+L4)+/) WgzIOI' Cly R ]R6RYD

4.3.3! WO(%,3!H091&#90!$&!/*G0'IE100)2

62! P(R+L! /F++DE! D,2L()(,2/C! /+F101)+! %>6@/! -,0! M,)E! -,0+A0,Q2L! 12L!
M1DVAO,Q2L!/F++DE!10+!D,PFQ)+LC!/E,S2! (2GBIAQ®(AQWE! 0+/F+D)(T+*GO!
&+/F,2/+1F+1V/110+1+R)01D)+L! 12L!+--+D)/!-0,P!-1D),0/! ,-! 1A+C!1))+2)(,2! 12LI M+E1T(,0!
10+! +R1P(2+L! /G/)+P1)(D1**G! MG! *(2+10! P(R+L! +--+D)! BA+*&E&{ &
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>6'IlW *, .8 noXt *_ 8 wavwdyC! >6J1I! W . 8 xma&vm_ i wavwrY! 121! >6HII!
W*. 58 xnPnt_ i wavwry!D,PF10+L! SOE! 1! 2Q** P,L+* S()E! 2,! (2)+01D)(,2/C! (O+OC!
N —z{| : &EEIMEL'M §| £z2L% : "O™ : (hfe~}o]2€ G O! %,! +R1P(2+! )E+!
[(A2(-(D12D+!,-1(2)+01D)(,2/C! TLO( LM +A)*+4#112L B) @'CAHID+)E+2!/+F101)+*G!
0+*+1/+L! -0,P! )E+IBL1G! (2)+01D)(,20! %E,/+! 0+/Q%)/! /E,S! )E1){)E=
ZEE|MEL“MR)+01D)(,2!(/!/(A2(-(D12)! (2! FO+L(D)(2A1)E+ IPF*()QL+!,- I =@ I'W
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0+*+1/(2A1) el *, .8 nl Zq*_ 8 WAVWQIMG! O+*+1/(2A+)*+4#¥C! 121 )E-4BAG!
(2)+01D)(,2!(/'(A2(-(D12)!(2!FO+L(D)(2ANE+1PF*()QL+!,-) EF1>GBIBNEX_
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068 YADX'_ | WAVWHMG! O+*+1/(2A8)*+4#¥O! %E+0+-,0+C! T10(LNPHILAL!

' ++)*+4§2)+01D)! S(B@'CAHR! FO+L(D)(2A1)E+!*+T+* -IPQ)Q1*1(2-,0P1)(,2C! 12L!)E+!
FO+L(D)(,2! F,S+0! DE12A+/! - 0! L(--+0+2)! D,PM(21)£{2/\&! &E€|MEL“KB! /QDE! 1/!

G,Q2A+0! 12L! -,0+A0,Q2L! T/O! *L+0! 12L! -,0+A0,Q2LO! %,! +R1P(2+! )E+! FO+L(D)(,2!
L(-+0+2D+/CIERN*1-1 7] —}| +z2L% : “0™I(/ID,2/)0QD)+L/+F101)+*G!-,0lL(--+0+2)!
D,PM(21)(,2/1,-11) 1121 4+)*+44#DI%E+!, T+01**IP, L+*l/(A2(-(D12D+/110+/E,S21(21%1M*+!
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5! UOMH | IO[cc!| JOKa| 103" | I0MM | 10[T!

i @67!

I
%IM*40O0! > L+*1] —}| £z2L% : "0™/(A2(-(D12D+O! @83! -,0+A0,Q2Le! #83!
M1DVAO,Q2EML-1D+I +2)0(+#/ (2L(D1)+! )E+! D,00+/F,2L(2A! )+/)/! 10+! /)1)(/)(D1**G!
/(A2(-(D12)O
|

#+ELT(,0 ")+2)(;2!] "A+! >67] | >6JI1 | >6HII |
+ o + & + o
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#8 1 1 | JObl | 10JKK| UWOI't| 10K[d | JO'I'| 10JbK
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!
%1M*¥BIO4--+D)/|,-IM+E1T(,0/W@*12V+01BHERYINFO+L (D) (,2!,-IPQ)Q1*!
(2-,0P1)(,20,*L-1D+L +2)0(#/(2L(D1)+! JE+! D,00+/F,2L(2A! )+/)/! 10+! /)1)())(D1**G!

J(A2(-(D12)O

!
%,!(2T+/)(AL)+!SE+)E+OHBLAA+01)+LI0+/FI2IAD(1)+L! S()ELA(2ADDQO/!

-, 00 M,)E! JE+! -,0+A0,Q2L! 12L! )E+! M1DVBDQRSE(DE! F+1V! D,2)0(MQ)YE(),
+R1AA+01)@-10P1)(,2!(2! ,*L+0! F10)(D(FTBQ)Q1*! (2-,0P1)(,2! *+ THH 1%+ )EQ++
F+1VC!-,0!+1DE!/)(PQ*QAL+0! +1DE! $7&! D,2L()(,2! 10+!-,Q2L!-,0! +1DE! /QMX+D)! 12L!
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D,PF10+LIM+)S++21A0,QF/OI5*L+0(/)+2+0/VE, SH(A2(-(D1 AP CLGA2QDP 1) (,2!
“T+H2119E0++IF+1V/1),IM,)E!l-,0+A0, GRLBARqZVY* 8 wilvgl -,0!>6'ICI€,, 8
RpZnvi_ | wivwn -0 >6JII! 12L! €, 8 RgPy*_ 8 wavng !-,0! >6HII Y! 12L!
M1DVAO,QAJ/\8 RqZ *_ 8 wivnw-,0!>6'ICIE, 8 RqZy* 8 wavwyd-,0!>6JII!

12LE, 8 RQEW*_ 8 wavwpd-,05>6HI1 YOI%E+04@0IE!-,0+A0,Q2LI12LIM1DVAO,Q2L!
10++R1AA+01)+L!-,01 *L+01*(/)+2+0/CI12L1) EHRIGAHO1XLLIOP 1) (, 21/ E+IP,/)!
FO,P(2+2),0!-,0+A0,Q2LD!!
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+1DE!-(AQO+!(2L(D1)+/1)E+1012A+/1-0,PISE(DE!)EOQ++!F+1V/!110+!+R)01D)+LO!$E1L+LI10+1/
J1$4>0+ @>6!F+1VI*+TH2! *L+0NO0+LIM10/ Y@ ZD2A+O0P*(/)+2YOKI*Q-+IM HOIMRF*+|
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*(AE)IM*Q+112L1 *L+01(/)+2+0/1(21*( AEROHEOH+IM*1DV!E, Ot @M (2!+1DE!-(AQO+!
(2L(D1)+/!1)E+!012A+/!-0,P! SE(DE!)EO++! F+1V/! 10+! +R)01D)+LO! $E1L+L! 10+1/31{1 JI $4>0
@(AQBHD, PF10+/IF+1V!I1PF*()QL+/1(2!, *L+0'*(/)¥23- o MIBOE! G, Q2A+0!*(/) +2+0/!
WM*Q+IM$SYP(EL0! JE+0+/F,2/41), - 0+A0, Q2LY/F++DECHE+DI*(/)+2+0/jI0+/F, 2/+/!
E1T+/(A2(-(D12)*G!*10A+0!F+1V/)E12!G,Q2A+01*(/) ABHPES () BHIL(*+L0)+/)/!
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4.3.4! ["VPP1%03,$*&#921@*$2102,J*&%,3!10%>&%:,#)0

"l D12IM+!/+K2!@ (AQOMD!12LAOC!)E+IL+F+2L+2D+!, -$EHHI IF+1\VHTH*
21$7&ID,2L()(,2!-,**,S/IL(--+0+2)1)0+2L/1- 0!, *L+0112LIG,Q2A+0!* (/) ¥2HOAGC!-, 0!
G,Q2A+0'(/)+2+0/C!)E+1>6HI110+/F,2/+10+P1(2/\/)+1LG!1/!1$7&!L+DO0+1/+/!- 0!-,0+A0,Q2L!
JF++DE! SE(*+! ()! L+D0+1/+/! -,0! M1DVABQREO! =, S+T+0C! -,0! *L+0! *(/)+2+0/C! )E+!
0+/F,2/+!),!-,0+A0,Q2L!L+DO0+1/+/11/1$7&!L+D0+1/+/C!SE(*+!)E+!0+/F,2/+!),'M1DVAO0,Q2L!
(2DO+1/+/'1/'$7&! L+D0+1/+/O! >6HII! /1*(+2DG! D12! ) E+2! M+! L+-(2+L! 1/')E+! L(--+0+2D+!
M+)S++2!-,0+A0,Q2L! 12L!M1DVAO,Q2L! (2-, 0P AQDHMI@C! 121! 12G!)0+2L/!1 1/11!
-Q2D)(,2!,-1$7&!D12IM+1121*G\+LI T(1)E+!/*,F+!,-IL (--9AGRDRH*(2+10!0+A0+//(,2!
*(2+IW@ (AQBYO!'O(AR)L(*+LIALPF*+#)+/){(/IF+0-,0P+L! 2N E+!/* F+/!,-1G,Q2A+0!
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FL+O¥(/)+2+0ME, 8 qdHn*_ 8 wavnl YO! %94/) ) EH,/()(T()G! ,-1)E+! 01)(,! 1$7&!
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L+D0+1/+8W8 ning_ 8 wavlp YO!$(P(*101GE))1(*+L!IB1IPF*+¥)+/)!11A1(2/)\+0,
2%, F+/1,-1 ¥L+0(/)+2+0/E,SI112+A1)(T+)0+RIQ)!2,)/(A2(-(DAB) 8 RnZy *_8
WEVM Y V@ (AQOORYO62! /E,0F! 1A+! 1--HDE+0+/F,2/+IF1))+028B()E! (2D0+1/(2A*G!
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@(AQOED! >GHII*+T+*I L (--+0+2D+ M+)S++2!-,0+A0,Q2L! 12L MIDVNO,Q2L
-Q2D)(,2! + $7&! (2! G,Q2A+0! 12L! *L+0! *(/)+2+00D!,Q2A+0! *(/)+2+0/! WM*Q+Y!
L+P,2/)01)+!11/(A2(-(D12)!(2D0+1/(2A1)0+2LI S E! L+ BO&D(SE(* )+ *L+QVO+LY
L+P,2/)01)+!11+D0+1/(2AH0GRM>6HII 101)(,!1/*, F+1/111-Q2D)(,2!1$7& I-, 0)E+1)S,!
1A+ AD,QBEN ,Q2A+0! *(/)+2+0/! ELT+! 1! /(A2(A®EY)(T+! /* F+\W(2+10*G! -())+L!
0+A0+/(,21),)E+IL1)1l/E,S2!(2IF12+*I"Y CISE(*+! *L+OBE B! 1!S+1V*GI2+AL)(T+!

1% F+IW2,)1)1)())(D1**G/(A2(-(DITY+/* F+1L(--+0+2D+IM+)S++21A0,QF/!(///(A2(-(D12)O

W&]RERN-IM&]RERI-IMAEIRERRY

!
Y%E+! L(--+0+2)! >6HI11! /1*(+2DG!)0+2L! MG! 1A+! /QAA+/)! -Q2D)(,21* L(--+0+2D+/! (2!

2+QO01*/QFFO+//(,2!,-)E+MMIQ2L!12L p,0+2E12D+P+2)!,-1- 0+A0,Q2LI0+F0+/+2)1)(,2!

-, 0L L+0!*(/)+2+0/'1/'$7 &!*+T+*IL+DO0+1/+/O'%E+/+! IM(*() (+/'P1G! MAKEFT|;€111)!!

(2E(M(),0G! 12L! 1))+2)(,21*! D,2)0,*O! "I :+10/,2j/! )+/)! S1/' F+0-,0P+L! 2! D,00+*1)(,2/!

M+)S++2!-,0+A0,Q2L! >6HII! 12L! @*12V+0!/D,0+!-,0! +1DE! 1A+! A0,QF! Q2L+0! +T+0G! $7&!
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D,2L()(,2C!S()BPT 1*Q+/1D,00+D)+#NG00,2(F, *P!-,0PQ*)(F*+!)+/)/11DO0,/1$7&!
D,2L()(,2/!W=,*P! JKCKY! ), ! +R1P(2+! (-1 )E+!-,0+A0,Q2L! >6HI11 0+*1)+/1),| M+E1T(,01*!
(2E(M(),0G!D,2)06E+10+/Q*)!/E,S/N(A2(-(D12KQ(T+!D,00+*1)(,2/!1D0,//1 1**I1$7&!
D,2L()(,2! W8 RwZp*_8 wanl !1) sh! L#C* 8 RwZy* 8 wavwnl!1) I! L#Cle 8

RWING | WAvwnl)U!L#C12le 8 RWANX | WAVWWWELYIL# Y!-,0!,*L+0!*(/)+2+0/C!

1211 )E+! D,00+*1)(,2! D,+--(D(+2)! (2D0+1/+/! 1/! $7&! L+DO0+1/+/0f)62'DBE-0!
*(/)+2+0/VE,S12,1D,00+*1)(,2!IM+)S++2I>6HI112L1@*12V+GVD GENY 8 will 1)!

Q! LEYO! %E+!  T+O1**1 0+/Q*)/! IQAA+/)! JEL)! - 0+A0,Q2L! >6HII! 0+*1)+/1 ), M+E1T(,01*
(2E(M(),0G!D,2)02!, *L+01*(/)+2+0/0!',00+*1)(,2/110+!/E, S2! (2! @\@QIO0+!

Flanker vs. MI200 Level (Foreground)

A Flanker vs. MI200 at -6 dB B R-values by SNR
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@(AQOED!",00+*1)(,2! M+)S++2!-,0+A0,Q2L!>6HII' 12L! @*12V+0!)+/)!/D,0+! MG!
1A+ 12L1$7&OME+0+*1)(,2/E(F/,-1-,0+A0,Q2LI>6HII11 2L @*12V+0!)+/\)DLe-oN
)E+IP,/)IDE1**+2A(2AID, 2L (URH!$7&CE, 0!G, Q2ANMM* QY *L+B(/)+2+QVO+LY!

WE+T1*Q+!,-)BO+A0+//(,2!M+D,P+/E+I0(AE)P,/)IL1)1!F,(2)! (2!)E+!D,00+/F, 2L (2A!
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F*)!I(2IF12+*@¢ O!',00+*1)(,2!)+/)8+0+#F+0-,0P+L!0+T+0G!$7&*+T+*CIRPTR*Q+/!
D,00+D)+L! MG! #,2-+0%,2P! D,00+D)(,20; ,Q2A+0! *(/)+2+{H# S! 1! S+1V*G! W2J2
/(A2(-(D12)¥,/()(T+D,00+*1)(,2@Q)B+! *L+0! *(/)+2+®,S! 1! /(A2(-(D12)*B+AL)(T+!
D,00+*1)(QIS()E!)E+!D,00+*1)(,2!D,+--(D(+2)!A0,S(2A*10A+0!(2!)/!1IM/,*Q)+IT1*Q+!1/1$7&!
L+D0+1/+/O!

I

$(2D+!)E+! /F++#IDE2,(/+! M+E1T(,01*!/D,0+! (/' 2+A1)(T+*G! D,00+*1)+L! S(E! )E+!
@*12VABELT(,01{2E(M(),0@D,0+! (2! ,*L+0! *(/)+2+0/! W@RYGH)E+! -,0+A0,Q2L!
>6HII IP1G!1*/,D,00+*1)+!S()EJEXDV$67Y/D,0+0!"1;+10/,2j/'D,00+*1)(,21)+/)/E,S/!
1Y(A2(-(D12)!F,/()(T+!D,00+*1)(,2! M+)EE-+HQ(DV$67! 12L!-,0+A0, Q24BHI| 1*+T+*
W8 WOW 8 WAVNIY-,0!,*L+0!*(/)+2+0ON/)+FS(/+10+A0+//(,2C")+/)(2Al(-|@*12V+0!12L!
>6HII! M,)E! D,2)0(MQ)+!),!iQ(DV$67! F+0-,0P12D+C! /E,S/! )E1)! ,2*G! >6HII MQ)! 2,)!
@*12V+0! D,2)0(MQ)+/! ),! iQ(DV$67! F+0-,0P42DHBN Zy* 8 WavnmYO! 6E+/+!
0+/Q%)/! L+P,2/)0)+! )ELE(AE+@(AE+GBHII | *+T+D,00+/F,2L/! ),! S,0/+! E+10(2A!

F+0-,0P12D+!-,0! *L+0!*(/)+2%0/O!

QuickSIN vs. MI200 Level (Foreground, -6 dB SNR)
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@(AQOA®O! >6HII - )E+! - 0+A0,Q2ID,00+*1)(,2/SOE! /F++DE2, (/+!
M+E1T(,01*!/D,G4@(A2(-(D12)D,00+*1)(,21(/12,)1/++21(2!G,Q2KHB 2+ M*Q+PO!
%E+ID,00+*1)(,2!(/V(A2(-(D12)1(2!,*L+OM(/)+2+DIWESIND+A0+//(,2!/E, S/, 2*G!

)E+$6HII C!12R,)1)E+@*12VaD,2)0(M®)),iQ(DV$67!F+0-,0P12DHO!

4.41C*9)(99*&4
#G!L+T+* F(2A 11 2, T+* 1FF0,1DE! M1/+L! 2! (2-,0P1)(,2! )E+,0GLDNELM+

D,0)(D1* 0+/F,2H), 1 E+*,S UO+ZQ+2DG! /F++DE! +2TBEV+ P+10QL! SOE,Q)!
0+/,0)(2A1),1 *(2+WR*G! /)1)(/)(DD! Y%E+! %>6@! Q2T+(*/! L(--+0+2)! FO,D+/(2A! /)1A+/! (2!
D,0)(D1*0+/F,2/+1),//F++DEQE+PQ)Q1*(2-,0P1)(,2!F+67IC!>6J11112L! >6HII O!

"k EQ++, -1 E+/+F+1V/1(21PQ)Q1*(2-,0P1)(,2! 10+*10A+0!- 0!, *Lyel PLQ Y2 A+O!
1LQ*)/1(2!1%*1D,2L()(,2/0! %E+!>6HI11/)12L/!,Q)! L(--+0+2)*GC! E,S+T+0C!/(2D+! L(--+0+2D+!
M+)S++21-,0+A0,Q2L! 12LIM1DVAO,Q2LI*+T+*/IE1/1 11L(--+0+2)!F1))+02! -IL+F+2L+2D+/! 2!
$7&!1-,01)E+1)S,! 1A+ AD,QF/3ES+! )E+! 01)(,! (2! G,Q2A+0! *(/)+2+0/! (PLRPHEI+
S,0/+2(2AI$7&C! () L+DO+FIR *L+01*(/)+2+0/DQ/(M*G10+*1)+LCHE+>6HIIN0+/F,2/+!

), -,0+A0,Q2L! 2+A1)(T+*G! D,00+*1)+/! SOE! [@EELAY,ALELE(M(),0GD,0+/!

O+ALOL*+//1 -1 $7&! *+T+*C! 12L! () 1%/,! D,00+*1)+/!),1 ) E+! iQ(DV$67! /D,0+! (21 )E+! P,/)!
DE1*+2A(2A12,(/+!D,2L()(,20'<E+2!D,PF10+L1),1121*G/(/!'0+/Q*)/IM1/+L!, 2IFQO+*G!*(2+10!
P+)E,L/C! /QDE! 1/! /[F++DE! +2T+* F+! 0+D,2/)0QD)(,2! MyDOATDGE)! 1*0O! HO[LY
)E+/+IPQ)Q1*!(2-,0P1)(,2M1/+LIP+1/Q0+/CH+OAOC)E+>6JII12LI>6HIICI0+T+1*1LL()(,21*!

J(A2(-(D12)!-(2L(2A/CI+T+21- 0N E+/1P+IL1)Ll/+)ON!

aJ!



4.4.1! 6G,..0%,$0' *#>8&%: $*&#11&3'0%!)&%$0G Z!1&$0#$*, 3! ) DY

AR1AA+OL)AEA+DE!(2-,0P1) (120!, *L+O0M(/)+2+0/1(///++2!1)!IM,)EVE,0)!W>6 "I YC!
(2)+0P+L(1)+W>6JIIYCI12L* 2AM/>BHITY #1)+2D(+/112L1(2IM,)EID*+12/F++DEI1 2L 11 L T+0/+!
D,2L()(,2/0!52+!F,/[(M*+!D,2)0(MQ) QEJIPL1G!M+!* /11 -12+Q01* (2E(M()(, 2! MHIB
IG21F/+MW'1/F10G!+)! 1*O!Hllae! %1V+/(12!+)! 1GD{BHY/)QL(+/!/E,S! L+DO+1/+L!
0+*+H/1,-1(2E(M(),0G!2+Q0,)012/P())+0/C!/QDE! INER @RIQ)GO(D! 1D(LIW8"#"Y C(2!
1QL(),0G! D,0)¥RNQLGA¥(21/! +)! 1*O! HiJle! L+! d(&¥0A2(! +)! 1*O! HION$QDE! 1!
0+LQD)(,@!2+Q01*(2E(M()(,2!P(AE)!,DDQO!1/!F10)! -!1!D,PF+2/1),0G!A1(2!P+DE12(/P!
W'1/F10G! +)! 10! HIld&9412! +)! 1*O! HOHSE+! 1A(2A! P(LMO1(2! /E,S/! L+-(D()/! (2!
)+PF,01*IF0,D+//(2A11DQ()G! (2! 21ER10(2A!'#"IP(DW<1*),21+)1 1*OlIKBIA L E +!
D,0)+R! (/l LM*+1),1 0+/),0+! 1QL(),0G! FO,D+//(2A! +T+2! SOE! 1! D,DE*+10! L+2+0T1)(,2! 12L!
T(0)Q1**G!+*(P(21)+LIM01(2/)+P! 0NFRERM+0/1+)! 1*O! HRI(P(*10! +R1AA+01)+L!
O+/F, 2/+/LO+1*/,/++21(21D1/+/1,-1)(22()Q/112LIEGF+01DQ/(/CI1)IPQ¥) (F*+!*+T+*/11* 2 Al E+!
1QL(),0G!F1)ESWGEQ+OM1DE)! HIJOI%E++10*GI0+/F,2/+!,-1>6" | (/U +2)(T+!
12L! M1/+L! 2! 1D,Q/)(D/! 2,)! )E+! F+0D+F)(,20! %E(/! 0+/F,2/+! P(AE)! M+! 0+*1)+L!),1 )E+!
L+)+D)(,2!,-11QL(),0GY/D+2+0!%E ++2*10A+LI0+/F,2/+!1)/QMD,0)(D1**+T+*IP1G!1*/,/(2LQD+
12142*10A+L1+10*G10+/F, DEHD,0)(D1**+T+*O!

I

"2 )E+0!F,)+2)(1* D,2)0(MQ),0!),! +R1IAAH@LBPL)(,2! (2! )E+! 1A(2A! D,0)+R!
P(AE)!IM+ILQ+!),)E+IQ)(*(\1)(,2!,-!P,0+12+Q01*10+/,Q0D+/!(2!D,A2()(T+!F0,D+//(2AC!/QDE!
1/10+LQ2L12)!* D1*IFO, D+/MRAN**+1+)I 1*OHLANM+R1AA+01)+L!+--,0)! 12L11))+2)(,2!
W;0+/1DD,!+)! 1*OIHO[FAL+0!*(9+0/1 1%+ D1)+!P,0+12+Q01*10+/,Q0D+/!,Q)/(\+)E+!D,0+!

[+2)+2DdF0,D+//(2A! 2+)S,0V! 12L! L+P,2/)01)+! 0+LQD+L! D,E+0+2D+! M+)S++2! 1D)(T1)+L!
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O+A(2AN: ++++14) 1 T*OHDING) (D 1*I0+/F, 2/+/1S()ElgJINIP/1*1)+2DGIEL1T+M++21/E,S2!
),IM+14+2E12DMG!1))+2) (\B1(2AI12L1$(P, 2IHIJHMC!HDBXE +®HCI>6J1110+/F, 2/+!
“+T+*IP1GIM+IP,0+11--+D)+LIMG!1))+2)(,2))E12!1D,Q/)(D/C!12L!, *L+01*(/)+2+0/IP1G!1** D1)+!
P,0+12+Q01*!/,Q0D+/!,0!E(AE+0!F,S+0!-,011QL(),0G!1))+2)(,20!

!

>Q*)(F*+! D,0)(D1* 0+F0+/+2)1)(,2/! -1 D,2)+R)Q1*! (2-,0P1)(,2! (2! ,*L+0! *(/)+2+0/!
P(AE) 1*/,! D,2)0(MQ)+1)E(/! LAW+*1)4+RIAA+01)+L! (2-,0P1)(,20! 5*L+0! *(/)+2+0f]!
JF++DE! Q2L+0/)12L(2A! I M+2+-()/! -0,P! L(--+0+2)! *+T+*/! -1 /QFF,0)(T+! D,2)+R)C! /QDE! 1/!
[+2)+2)(1*C! *+R(D1*C! FE,2,* A(D1*! 1EE,ZQR(D! *+T+4V;(DE,@®Q**+0! HIRY
APM+LL+L! SOE(2!)E+! -0+ZQ+2DG! 0124k \HW' A12! 121! ;,+FF+* HIJDY /QDE!
D,2)+R)Q1*!(2-,0P1)(,21+2E12D+P+2)!-,0!, *L+01*(/)+2+0/12,)!,2*G!D,00+/F DAY,
1PF*()QLAW;0+/1DD,! +)! 1*O! HINKY)! 1*/,! (2LQD+/! P,0+! (2-,0P1)(,2! (2! D,0)(D1*!
0+/F,2/+1),1* SUOFZQ+2DG!/F++DE!+2T+* F+!1/1/E,S2IMG!)E+!FO+/+2)1/)\QLGO!>6HII!(/11!
*1)+10+/F,2/+1)E1)! P1G!0+*1)+1),))E+!D,2)+R)Q1* (2-,0P1)(,2! FO,D+//(2AC! 12L!/E,S/! 12!

TAD+*1)+LI+2*10A+EH2)

4.4.2! [&#.13,$0#)411%8&)099*#.\I"9$%,)$&%!9(11%099*&#! #'| FABYR*90!
*H$033*. 1344

YE+ISBHII(/N)E+1*1)+/)!,-1)E+)EOQ++IF+1V/CI12LY(/'/)0,2A+01(2!,*L+01*(/)+2+0/1)E12!
G,Q2A+0C!/,! ()! M+D,P+/! 1! T(IM*+! D12L(L1)+! -,0! E+! FO,D+//(2A! ,-! 0+LQ2L12)! /F++DE!
(2-,0P1)(,201%E+12+A1)(T+ID,00+*1)(,2IM+)S++2)E+>6HII'12L)E+I@*12V+0VD,0+/QAA+/)!
)EL))E(/! *1)+0! 2+Q01*! 1D)(T()G! P(AE)! M+! 0+*1)+L!),! )E+! /1LP+! 2+Q01*! /,Q0D+! S()E! )E+!
M+E1T(,01*! (2E(M(),0G! D,2)0,*! -,0! ,*L+0! *(/)+2+0/O! 6)! P1G! 1*/,! *+2L! /QFF,0)! ),! 1!
D,PF+2/1),0G!EGF,)E+M{/!1/F10G!+)!1*O!Hllae!;0+/1DD,!+)!11*O!HIJ[1CIHII[Me!%1V+/(12!
| abl



) 1*OIHIIHE)1121(2/Q--(D(+2)/F++DEIO-+HEQ L4 2) 1+ 10*(+01*1)+ 2D (+//(2LQD+/*10A+0!
0+/F,2/+/1 1)1*1)+0!*1)+2D(+/C! SE+0+!)E+! D,PF+2/1)+LI 0+/F,2/+!S,Q*LI ELT+ 11 2+A1)(T+!
D,00+*1)(,2! SOE! /F++DE! (2)+**(AM(*()GO! =+0+C! -,0! *L+0! *(/)+2+0/C! )E+! >6HII! /1*(+2D+!
L+DO0+1/+/' SOE!'S,0/+2(2A! $7&C! 1/!)E+! 045, R)E+! M1DVAO,Q2L! (/! /)0+2A)E+2+LC!
IQAA+/)(2A! )EL)! D,PF+2/1)(,2! D12! 2,1 * 2A+0! /QFFO+//! M1DVAO,Q2L! /F++DE! SE+2! ()!
0+1DE+/IE(AE+0Y/,Q2LI*+T+*/OI5*L+01¥(/)+2+0//E,SI11)0+2LCI1/1$7&IL+D0+1/+/C!-, 01>6HI!
/1%(+2DG!W-,0+A0,Q2L!, T+0! M1DVAO,Q2LY!E HRWSE(JE(/! T(+SO! %E+! >6HII!
[1%(+2DG! -,0! G,Q2A+0! *(/)+2+0/C! E,S+T+0C! - 0! SE,P! )E+/+! $7&/! D1Q/+! ,2*G! P,L+/)!
L(--(DQ*)GCYE,S!10+2L!(2!)E+!,FF,/()+IL(0%D)(,20!

I

%E+14481D,00+/F,2L+2D+!,-1>6 HIQ*LINMH W:HIIY,0l7HW7HIINW1/+L!, 2!
(O/10+/F,2/+1*1)+2D@gHII! P/®=,S+T+0C!>481/E,S/1*()*+D,2/(/)+2)! 1D)(T()G! 1) E+!
)(P+! -1 . DDQO0+2D+! - 7H! 121! W$(+L+2M+0A! +)! 1*ODIRKEF! DQO0+2)! /)QLG!
L+P,2/)01)+ID,2/(/)+2)!>6HII'1DO0,//I$7&*+ T+ 12L1) EQ/R)D+!*(V+*B100+/F, 2L /!
),:HIO+/F, 2/+1(2144801F0+T(,Q/!/)QLG!IS()E!/G**1M*+!/)(PQ*Q/!/QFF,0)/!+T(L+2D+!-,0!
;HWPY!0+/F,2/+1(21M,)E!448!12L1>48C!12LIM,)EI01L(1*112L!)12A+2)(1*12+Q01*!/,QOD+/!
D,2)0(MQ)+!) HB+/F, 2/AW$E1E(2!+)11+O!@HEY(, QIEGF, ) E+/+/E1T+M++21F0,F, /+L!
) I+RF*1(21)E+-Q2D)(,2/! -1 ;HOISELE(2! +)! 1*O!WHIICY! /QAA+))EL) :H! (/1 P,LQ*1)+LIMG!
[F+D)01*ID,PF*+R()G!,-!/,Q2L/O!$RH@RIE )01 (2(2A! ) QL(+/! ELT+/E EATJI UH!
D,PF*+RDE12A+/! 1-)+0! J024C! SE(DBE#-*+DP+2)01* 1(QOG! F*1/)(D()G! DE12A+!
W%0+PM*1G!+)! 1*GIMIQY)E+0!/)QLG!/QAA+)/;HI IPF*()QL+! DE12A+/11-)+0!)01(2(2A!
10+10+)1(21M*+R,DJE/C!12L110+!1))0(MQ)+L1),12+Q01* 1D)(T()G!DE12A+/11//,D(1)+LIS()E!

)E+! 1DZQ(/()(,2! FO,DMW%0+PM*1G! +)! T*OOBHEAN+! /YQL(+/! /QFF,0)! 1! F.,//(M*+!
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EGF,)E+/(/! ,-1L10+)1(21M*+! 2+Q01*! F*1/)(D()G! DEDB+L! S()E! >6HI11 T+0! )E+!

*(+)(P+! *(/)+2(2A! -,0! ,*L+01 *(/)+2+0/O! 5)E+0! /)QL(+/! IQFF,0)! EGF,)E{/(H)E1)! )E
0+/F,2/+1-1 gHINIP/I(21¥1)+2DGI1*41/,D(1)+/!!S()EILQL(),0G!S,0V(2AIP+PIQGIP1G!
E1T+IF,)+2)(1*1),//+0T+1/12+Q0,FEG/(,* A(D1*!P10V+0/!- 01 E+! 1//+//P+2)! -1S,0V(2A
P+P,0G! DIF1D(Y@P+-+MTO+! +)! 1*OQ@1*! /)QL(+/! /QAA+))! T(/Q1*PHG! M+!
1//,D(1)+LIS()E!F0,D+//(2AID,2)+R)Q1*!(2-,0P1)(,2!),IFO+F10+!-,0)E+T(/Q1*1121*G/(/! -!
QFD,P(2A!/)(PQW@+L+0P+(+0!12L! _Q)1/BWEY/+!/)QL(+//QAA+))EL)!:H!P(AE)!
M+!11DOWP,L1*()G! 0+/F,2/+)E1)!0+*1)+!),IFO,D+//(2A! -1 D,2)+R)Q1*! (2- QR2L)(,2!
S,0V(2AIP+P,0GBEDQ00+2)!/)QLG!+R)+2L/N)E+EGF,)E+/(/IMGIL+P,2/)01)(2A!11/)0,2A!
D,00+*1)(,2!M+)S++21)E41Q)),08+/F, 2/+112LT(/Q1M+E1T(,01*/(2E(M(),0G! B (*()G
IQAA+/)(2ACIF,/[(M*G!)E1)!1!/(P(*1012+Q01*!/,Q0D+!,0!P+DE12(/P!P1G!MAE(MQ)+!),!
JH!,0I>6HI1I 12L1E+/+! M+ELT(,01* IM(*()(+/!/QDE! 1/!S,0V(2A! P+P NIGELAI(101*!
(2E(M(),0G!D,2)0,*O!

!

62! D,2D*Q/(,2C! PQ)Q1*! (2- QB1)21*G/(/! FO, T(L+/! 1! 2\2(2+10! 1FFO0,1DE!
),S10L/! L+D,L(2A! )+PF,01* 0+/F,2/+! -Q2D)(,2! ),! D,2)(2Q,Q/! /[F++DEO! %E+! PQ)Q1*!
(2-,0P1)(,2! 0+F0+/+2)1)(,2! EL/! E(AE+0! FO+L(D)(T+! F,S+0! ,-! M+E1T(,01* P+1/Q0+/!
D,PF10+L!),1%(2+10!0+F0+/+2)1)(,2/0!#GNE(/! 2, T+ EEFEIIDQ00+2)! )QLG!/E,S/!
)E1)IS(E!I1A(2AC)E+ID,0)(D1*I0+/F,2/+1),//F++DE!(/12,)!,2*G1*10A+0! (2! 1PF*()QL+MQ)!1*/,!
0+LQ2L12)!(2!(2-,0P1)(,20!"2L1)E+*1)+10+/F,2/+!1)1*1)+2DGI1M,Q)!HIIP/\(/'12!(PF,0)12)!
0+/F,2/4D,PF,2+2)1-,0! *L+0!*(/)+2+0/C! FO+L (DJ(PRIM+E1T(,01* (2E(M(),0G! D,2)0, *!
12LY/F++DE!(2)+*(AM(*()GO
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Chapter 5./A8%$*),3*.2 B,;, | HO91&#90$& E100)2! *#!
WEH*OBH1$2016>>0)$918> 1< *# \I(9H.1/($(, 31" #>8%:, $*8#

5.11"#$%& () $* &
%E+11QL(),0G! MOL(2/)+P!0+/F,2/+W"#&Y! (BB ! 2+Q01* 0+/F,2/+1)E1)!

)ODV/IM,)ENE+!,2/+)1)012/(+2)!112L!112G!F+0(,L(D!D,PF,2+2)!,-1IWEY2+1 2! 01Q/!

HIJIYO!%E +!/Q/)1(2+LI0+/F,2/+1),))E+!*1))+0C!SE(DE!E1/IM++2! D1+t S@P#* F+
O+/F,2/+/W"(V+2!12L!;(D),2!HIY2L!11QL(),0G )+ 1E)+!10+/F,2/+M.(P()O(X+T(D!+)!
1*O'HING! (/! 2,S!V2,S2! 1/!-0+ZQ+2DG! - **,S(2A! 0+/F , 2/+ W@ @ &1 2L ! ;(D),2!
HllaMe!81*M01()E!+)!1*OlJKK e!80++2M+0AlJKale! 0(/E212!+)!1*O!HII*e!&Q//,1+)!11*OHIINY
SE+0+!)E+!,/D(t2!01)+! (/! 1)!)E+! 1D,Q/)(D!-Q2L1P+2)1* -0+ZQ+2DG! W@IYC!)E+! *,S+/)!
-0+ZQ+2DG! -1 1! F+0(,L(D! S1T+-,0PO! 7+Q01*!/,Q0D+/! -, 0 )E+! ,2/+)! 0+/F ,2/+/1 12! @ @&!
E1T+! M++2! EGF,)E+/(\+L! ,0(A(21)+! P1(2*G! -0,P! /QMD,0)(D1*! /)1A+/! -1 )E+! 1QL(),0G!
IG/)+PC!(2D*QL(2A!E+! BIDRQD*+Q/!W'7YC!A+2(DQ*1)+! 2QD*+Q/! W>8#Y! 12L! (2-+0(,0!
D,**(DQ*Q/MI&#¥1)01!+)!11*01JKa[e'E12L01/+V1012!12L! 01Q/HIJIe!$DE2QFF!+)11*O!HIJJe!
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A+2+01)H(AEBALIPP10+/F,2/+),!IM,)E!-,0+A0,Q2L!12LIM1DVAOQ,Q2L!/F++DEC!(2D*QL(2A!
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Mutual Information across Frequencies

A B %102 Example MIF

)
34
3
2
0 01 0.2 0.3 0.4 0.5
Time (ms)
C 3dB -6dB
-+ —F—Younger
—f-ouder —f—Older
= ——No
2
S ’_\004 ADOA
o %) %)
= = =
g =2 5,
(=} - _
w
0.01 0.01
0 )
65 10 21 40 50 70 80 90 100 107.5 65 10 21 40 50 70 80 90 100 107.5 65 10 21 40 50 70 80 90 100 107.5
Frequency (Hz) Frequency (Hz) Frequency (Hz)
D —F— Younger 008 —F— Younger
\der —¥— Older
=]
=
=}
g 0 )
g s s
Q
) = =
o
0.0 0.0:
0.0:
21 40 50 70 80 90 100 107.5 65 10 21 40 S50 70 80 90 100 107.5
Frequency (Hz) Frequency (Hz)

|
@(AQOAO!>Q)Q1*!(2-,0P1)(,2!1D0,//-0+ZQ+2DG!M12L/O!"OI%E+P1A2+)(D!-(+*L!
L(/)0(MQ)(,2!1//,D(1)+LIS()E!12!1QL(),0G!D,PF,2+2)!- 01 110+F0+/+2)1)(T+//QMX+D)O#O!"2!
+R1PF*+! PQ)Q1*! (2-,0P1)(,2!-Q2D)(,20!'0! >Q)Q1*! (2-,0P1)(,2!)0+2L! 1/1 11-Q2D)(,2! ,-!
-0+ZQ+2IBZQ(+)C! b! L#! 1GU# D, 2L ()(,2! -,0! -, 0+A0,Q2L! /F++DEO! 5*L+0!*(/)+2+0/!
E1T+!/)0,2A+0! 0+/F,2/+1 1211 11/)++F+0! L+D0+1/(2A! 01)+C!)E12! G,Q2A+0! *(/)+2+0/! (2! *,S!
-0+ZQ+2DG!M12WHa13\! 121! dJb!=\CIMQ)!D,PF101M*+0+/F,2/+/1(21-0+ZQ+2DG!M12L/!

1M, T+)E+!-,0P#8,0!.01>Q)Q1*!(2-,0P1)(,21)0+2L!-,0!M1DVAO,Q2LYF++DEO
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Cortical Foreground-Background Response Correlation
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WO+LY!*(/)+2+0/O O WARBEES! /* F+/!W+OAO! - E+10+A0+//(,2! (2L(D1)+L! (2!"Y!/E,S!

L+DO0+1/(2AN0+2L/11/'$7&!S,0/+2/!-,0IM,)E!1A+IA0,QF/O!5*L+0!*(/)+2+0/I11FF+10!),!/E,S!

JIH!



11 /)++F+0! L+DO+1/+1)E12! G,QQPHDIOIMIQ)! )E+! L(--+0+2D+! (/! 2,)! /(A2(-(D12)O! 'O
#1DVAO,Q2L!>6% | IPF*()QL+! 1)1 )E+!-Q2L1P+2)1*-0+ZQ+2DG! 1/! 1!-Q2D)(,2! -1 2, (/+!
*+T+*O1%E+IM1DVAO,Q2LYE, S+L112!(2D0+1/(2A1)0+2L11/1$7&!L+D0+1/+/C!,011/IM1DVAO,Q2I
/,Q2L*+T+*(2D0+1/+/0!.O1%BAGB&!/*, F+1S1/1/(A2(-(D12)*G/P1**+0)E121\+0, I-, 0!
FL+0%(/)+2+0/1(210+LCIMQ)!2,)1/(A2(-(D12)!-,0!1G,Q2A+0*(/)+2+0/0!$) 10//(2L(D1)+/) E+/* F+!

[(A2(-(D12D+11AL1(2/)\+REUPI Y O!

5.41C*9)(99*&#!
UOE+/+10+/Q*)/VE,S!1ID,0)E(AEALPP10+/F,2/4C!) (P, DV+L!),)E+10+*+T12)!

-+1)Q0+/! ,-1D,2)(2Q,Q/![F++DEC! §HRN!*1)+2DG! -110,Q2L! 1! P/112L!* D1*(\+L!),!
1QL(),0G!D,0)(D1*!110+1/O1%E+I0+/Q*)/11%/,1/)0,2A*G!/QAA+)) E1 # RABGKX,0)(B 11!
0+FO+/+2)1)(,2!/++2!-,0!,*L+0!*(/)+2+0/! (25 P L!*, O+ZQ+2DG!0+/F,2/+/110+!2,)!
FO+/+2)11)IE(AE+0!-0+ZQ+2D[+G)EA#+//C)E+1- 0+AQJPPDVAO, Q36! -g!/*,F+!
(M(A2(-(D12)*G!L+D0+1/+LIMG! 1A(2A0! Y% EQHFPABIHL--+D)+LIMG! 2, (/+!*+T+*3!
JF+D(-(D1**GC! )E+! -,0+AG@2LE | L+DO+1/+/! S()E! S,0/+2(2A! $7&! -,0! M,)E! 1A+!
A0,QF/0!62!D,2)01/)C!)E+M1DWAT,Q2M0,S/!IS()E!(2D0+1/(2A12,(/+1*+T+*IMQ)!,2*G!

01 *L+01*(/)+2+0/O!

5.4.1! A&%S$*),3! %01%000#S$,$*&#! )%&99! >%0?(0H)*CH 2R, |
%091&#D0

"DD,0L(2A! ),! FO+T(,Q/! HQL(+/C! *LAB2%0/! ELT+ +R1AA+01)+L! D,0)(D1*!
0+/F,2/+/1),! D,2)(2Q,Q/! /F++DRI;0+/1DD,! +)! 1*O! HIJ[1C! HN[MY! +R1P(2(2A!
-0+ZQ+2DG! M12L/! -0,P! )E+)1! ),! E(AE! ALERIQV+/Q)/IE,S! )EL)! )E(/!

T+00+F0+/+2)1)(,2!(/!,2*G!FO+/+@)E+!* §0+ZQ+2DGI0+/F,2/+1),/F++DE!+2T+* F+C!

Jib!



+OAQ@HI=\O! 5*L+0! *(/)+2+0/! ELT+! D,PF101M*+! 0+/F,2/+/1),! G,Q2A+0!*(/)+2+0/! (2! )E+!
M+)1112LIA1IPP1IM12L/O'%E(/!//QAA+/)/1)EL)! 1A(2AIL,+/12,)! 1--+D)!L(--+0+2)! FO,D+//(2A!
01)+/1(2!D,0)+R!(2))E+//1P+!IS1GOHEPREDIE12L C!110+D+2)/)QLGY/E,S+L!* S+0!IPQ)Q1*!
(2-,0P1)(,2!-,0'P(LMOL(RIL/+L! @ @&!-,0! ,*L+0!*(/) ¥RMB 2! +)! 1*O! HIJKe!'ELFR0! bY
=+0+C!/(2D+!2,!A0,QF!L(--+0+2D+!S1/l/++2!-,0!-0+ZQ+2DG!M12L/IM+)S++2!HI'12L1JII!=\C!
O!P1G!1%/,/QAA+/))EL))E+I0+LQD)(,2!-,0!,*L+0!*(/)+2+0/!(2)) E+!P(LMO1(2!0+F0+/+2)1)(,2!
L, +/12,)IL(0+D)*G!1--+D))E+!D,0)(D1*10+F0+/+2)1)(,2!1))E+!/1P+140+ZQ+2D(+/O

!

' 2T+2)(,21* 1QL(),0G! E(WELPP1! 0+/F,2/+/! 10+! L+-(2+L! 1/! +TB2)1)+L!
DE12A+/!(2!/F+D)01* F,S+0! (21)BHIEE\!-0+ZQ+2DG! 012A4+0T+2V1!+)!1 1*O! I JY
=,S+T+0C!1-)+0!+R1P(21)(,2!,-1-0+ZQ+2D(+/1012A+/1-0,P!J!),1JA!=\C!-, 0UN1PP'1
0+/F,2/+GAG!)E+!FO,F,/+L!1FFO,1THEG/(/10+/Q*)/IL+P,2/)01)AR(-(D12)!0+/F,2/+/!
2*GI(21)E+1-0+ZQ+2DBH L[l UIlI=\ W@ (AQO+OBEY0+-,0+C!(21)E+!/)QLGL! E(AE
ALPPLIO+/F,2/+1(/IL+-(2+L!(2))E+!-0+ZQ+2DG! 01 2HI=\[D! %E+1%>6@0+/Q*)/!
JE,S!1ID,2/(/)+2)10+/F,2/+!IF+1V!10,Q2L!" I!P/11D0,//11**1$7&*+ T+B)01)+LIMG!
+*+D)0,D,0)(D,A01FE(D! /YQURFA2)(,21*! 1QL(),0G! EGAEPP1! 0+/F,2/+/' W' I!
=\Y!,DDQO! 1FFO,R(P1)+*G! JII! /NN P/Y! 1-)+0! /) (PQ*Q/! FO+/+2)1)(,2! ,2/+)! (2!
O+/F,2/+1),IFE, 2+P+/W'0,2+!+)11*OHIOY, 2+AVALS 10L/!1+)!11*OHIZY ID*(DV!)01(2/!
WHOQAA+!+)I1*OlHIIKe!=,S10L!+)! 18BGHRLP(2(2A!D,0)(D1*!/,Q0D+/C!0+D+2)!>48!
NQL(+/E,S!D*+10!D,0)(D1*!D,2)0(MQ)(,2/!) (B@rR2/+!),!),2+/! SOE!1!*1)+2DG!,-!

AP/l W',-+GI+)11*O! IS E H(P+3, DV+LIO+F, 241D, 2) (2Q,Q/V/F++DVE, S2!
(2D)E(' )QLG! MG! %>6@®!2/)01)+! /(P(*10! 0+/F,2/+! *1)+2D%BB+! 2+Q01*! /,QOD+/!

* D1*(\+1),!=+/DE*j/! AGOQ/! 12L!/QFW8PE,01*! AGOQ/C! SE(DE! (/' D, 2/(/)+2)! S(E! ) E+!
JIN |



FO+T(,QN)QL(+\W' -+G!+)I 1*O!HIJ[1C!HIJce!$)+(2/DE2+(L+0!+)1 1*O1HIJJe!%01Q) 2+0!+)! 1+O!

HII[Y Q!

5.4.2! <*#.10>>0)$9!&2F.2B,:, 1%091&#B0

%E+! DQO0+2)! /){H2! -QO0)E+0! +R1P(2+L! )E+! 1A(2A! 2+-EH)EALPP
0+/F, 2401 %E+!1P,Q2)! -1 (2-,0P1)(,2! D,2)1(2+L! (2! -,0+ACG/EL 2/H L+DO0+1/+/1 1/!
S,0/+2(2A1$7&!-,0!M,)E!I1A+IA0,QF/O!=,S+T+0CIMGIL+P,2/)01)(2A!11/(A2(-(D12)!(2D0+1/+!
(2! M1DVAO,Q2L! (2-,0P1)(,2! 1/! $7&! L+DO+1/+L! ,2*G! -,0! *L+0! *(JE-LBO/QF)/!
IQAA+/)+L!)EBABALPP10+/F,2/4-,0!M1DVAO,Q2L!/F++DE!-,0! *L+0!*(/)+2+0/!(/!P,0+!
+1/(*G1 1--+D)+LIMG! 2,(/+1)E12! G,Q2A+0! *(/)+2+0/0! 7,)(D+1)E1)! ), DO+1)+! L(--+0+2)! $7&!
D,2L()(,2/C!/,Q2L1*+T+*1,-1- 0+A0,Q2L!(/!-(R+LC!12L!) E+!$7&!(/!L+DU2 DB+ IMEA!
)E+IM1DVAO,Q2L!/,Q2L!*+T+*O!%E+0+-,0+C!)E+!M1DVAO,Q2L!0+/F,2/+!(/'+RF+D)+L!),! A0,
1! S,0/+2(2A! $7&! Q2*+//! ()! (/! /IQDD+//-Q**G! /QFFO+//+LO! %E+! 0+/Q*)/C! SE(DE!
L+P,2/)01)+LIM1DVAO,Q2L!0+/F,2/+IA0,S)E!,2*G!-,0!,*L+0!*(/)+2+0/!MQ)!2,)!- 0!G,Q2A+0!
*()+2+0/CY/QAA+/)+LNEL)HE+!2,(/+!D,2L()(,2/'10+!P,0+!DE1**+2A(2A!-,0!,*L+0!*(/)+2+0/C!
12L1)E+! G,Q2A+0! *(/)+2+0/! 10+! M+))+0! 1)! 0+F0+/+2)(2A!1 )E+! 1D)Q1*! 1D,Q/)(D/! )E12! *L+
*(/)+2+0/O1 %E+10+/Q*)/1 -1-,0+AGQ2LL 1 1%/,! LA0++! S()E!E+ FO+T(,Q/!-(2L(2A/! (2
P(LM01(2!@@&C!SE+0+)E+!1PF*()QL+!L+D0+1/+/'S()E!S,0/+2 (A2 (4074 2A1+11
1*O!'HIJHe!;@BD,! +)! 1*OIHIJ[1C! HIJ[Me! B12! +)! 1*O! HIJKe! 'EE1EPHQNEY¥! ,*L+0!
*([)+2+0/'P1G!/F+2L!P,0+!+--,0)/!/QFFO+//(2A! E+!M1DWAME@2DD, ! +)! 1*O! HIJ[1C!
HIJ[MYD!DD,0L(2A!),! FO+T(,Q/! /)QL(+/C! B&(BEP 1! 0+/F,2/+/10+! 1//,D(1)+L! S()E!
PQ*)(F*+!-Q2D)(,2/',-'1QL(),0G!F0,D+//(2AC!(2D*QL(2AY,Q2L!L(/DO(P(21)¢R1*O!

HI1Je!4LS10L/!+)!1*O'HIl'e!@(/EP12!+)!1*CIHIE 2, * A(D1*IFO/HZAW'E12A!+)!1*O!

Jr!



HIJle!$)+(2/DE2+(L+0!+)! 1*O! BILIYL(),0G! /+*+D)(T+! 1)) MEKD0P122! 121! 2(AE)!
HIlJe! &1G!+)! 1*OHIBIYQL(),0G! T+OM1* PAR/BEO0P 122! +)! 1*O! Hlle! IH)HBO!
HIIbY! 1211 1QL(),0G! D,PFO+E+2Nyb,S*+1+)! 1*O! HIBAHE-+ 0+/Q*)/! - DQO0+2)! YQLG!
JQFF,0)! JE+! +T(L+2D+! ,-Il0A#1)+L! L+-(D()/! (2! /+*+D)(T+! 1))+2) E2AGN1PP1!
0+/F,2/+1), /1L T+O0/+!*(/)+2(2AID,2L()(,2/0

I

%E+DQOME2)FG/(/11*/,VE,S/11IL+DO+1/+L!- 0+A0,@PDVAO,Q2L!D,00+*1)(,2!
(2!D,0)(DE{ABALPPL0+/F,2/4-,0! *L+0!*(/)+2+0/C!D,PF10+L!S()E!G,Q2A+0!*(/)+2+0/O!
52+ F,//(M*+10+1/,2! S,Q*L! M+! )E1)! 2EQ01*! /D(**1)(,2/! (2! )E+! 1A(2A! D,0)+R! P1G!

D,2)1(2!P,0+12,(/+)E12!G,Q2AN¥(+/1DD,!+)!1*O!HA[1Y

5.4.3! W&90!30J03!0>>0)$9raB, 196091&#B0

62! )E+! 0+/Q*)/C! )E+! 1P,Q2)! ,-! (2-,0P1)(,2! (2! )E+! DEKEALPP1! -,0!
-, 0+A0,Q2L!L+DO+1/+/11/1S,0/+2(2AI$7&!-,01M,)E! G,Q2A+0! 12L! *L+0!*(/)+2+0/C! SE(DE!
10+1D,2/(/)+2)!S()E!FO+T(,Q/!-(2L(2A/!(2!P(LMOL(M@@ZD, 1+)!1*O'HIJ[C!HIJ[e!B12!
+)! 1*O! HIJKe! 'E1F)+@ME+! /(P(*10! F1))+02! 1A1(2/)! $7&! -,0! P(LMO1(2! 12L! D,0)+R!
IQAA+N11*(P()+L!D,0)(D1*IP,LQ*1)(,2!-,010+F0+/+2)1)(,2!,-)E+!1D,Q/)(D/O'=,S+T+0C)E+!
-(2L(2A1)EL))E+! *L+0!*(/)+2+0/11%/,1/E,S! 12! (QROHD+2L!- 0!M1DVAO,Q2L! 1/1$7&!
S,0/+2/1/QAA+)1EL))E+/QFFO+//(,2!,-IM1DVAO,Q2LIP1G!2,)!, 2*GIE1FF+2)R!)E+1*,S
-0+ZQ+2DG!0+/F,NH2A! 12L1$(P, 2! HIJHMC!HOBMQ)! P1G! 1*/,| ELFF+2!10,Q2L! )E+!
~Q2L1P+2)1*1-0+ZQ+2DGO!"2L)E+! *L+0!*(/)+2+0/! 10+!S,0/+! 1) M1DVAO,Q2L! /QFFO+//(,2!
(2IE(AEALPP 1 M12L)E12! GQ2A+0! *(/)+2+0/O! %E(/! 1%/, /QEAM#D)(T+! 1))+2)(,2!

/)10)(2AI1)!" IIP/IS()E!0+-+0+2D+!),)E+!/)(PQ*Q/!,2/+)CISE(DE!P1GIL+A01L+!1/11A(2AO!

Ji[ !



Chapter 6./E(::,%4! #'1>($(%0! @8&%-! !
6.11E(::,%4! #1'%0)(99*&#! |

6.1.1! "#>8%: $*&#1$208%4! #1=% 8% $*&AV&)099*H.!

%E(/! L(/+0)1)(,2! /)QL(+/! 1QL(),0G! FO,D+//(2A! 12L! )E+! +--+D)/! -l 1A(2A! MG!
(2-,0P1)(,21*! P+1/QO+IL,F)+l 12L! L+T+* F+L0,P! (2-,0P1)(,2! )E+,0GN$E12212
JKAQOELF)+0! b! 1FF*(+/! PQ)Q1*! (2-,0P1)(,2!),! )QLG! )E+! 1P,Q2)! ,-! (2-,0P1)(,2!
D,2)1(2+L! (2! /QMD,0)(D1* @ @&O! 'E1F)+0! Al P,L(-(+/! PQ)Q1*! (2-,0P1)(,2! +/)(P1)+/!),!
O+T+1*)E+1P,Q2)! - (2-,0P1)(,2! FO,D+//+L! 1D0,//')(P+! BEYA#+L!),! D,2)(2Q,Q/!

IF++DE2T* F+Ol'E1F)+0! I1FF*(+/1)E+/1P+IP+)E,L!),/)QLG!(2-,0P1)(,2!D,2)1(2+L!(2!
E(AE+0!-0+ZQ+2DG!M12L/C! S()E! 0+-+0-42BHARHZDG! 811 =\ 1/1 (2I'E1F)+0!1
12LISOE!+PFEL/(/!, 2! I =\I0+/F, 2/+ C112L11%/,1+R)+2L/NE+!P+)E,L! (2),!/,Q0D+!

IF1D+! 121*GM#H-E(2L! )E+/+! )QL(+/! (/! JE+! 121* Al -! (2-,0P1)(,2! FO,D+//(2A! -,0!
D,PPQ2(D1)(,2!/G/)+P!12L!)E+EQP12!MIIRM!(2A!),IN,E2!T, ZH+ QP 122WJIK &X
)E-+J012/P(//(,2!+00,0!01)40!1!D,PPQ2(D1)(,2! DE122+*| D1QHUGD+LIMG! (2D0+1/(2A!
)E+1)012/P(//(,2!0+LQ2L12DGC! 12LNE(/' P(AE)! 1*/,I M+! 11 M1/(/! - 01 E+1 0+*(LM(*()G! -1 E+!
MO1(2!(2-,0P1)(,2!F0,D+//(2RBHF0+/Q)/1-0,P))E+IL(//+0)1)(,2YQFF,0))E1)!-,0!G,Q2A+0!
*(/)+2+0/C! E(AE+0! 0+LQ2L12DGC! 1/! P+1/Q0+L! MG! PI)Q1P 1@ DR2)0(MQ)+!),!
L+DO0+1/+L!+00,0!01)+! (2! 1QL(),0G! D,0)(D1*! 0+F0+/+2)1)(,20! =,S+T+0C!-,0!  *L+0!*(/)+2+0/C
)E+! (2D0+1/+L! +00,0! 01)+! -,0! /QMD,0)(D1*! 0+F0+/+2)1)(,2! P1G! M+! D,PF+2/1)+L! MG! 12!

(2D0+1/+L10+LQ2L12DG!(2!D,0)(D1*10+F0+/+2)1)(,20!

Jic!



62I'E1F)+0ICIM1/+L! 21 E+!>61F+1VI*¥1)+2DGCI0+/F,2/+/11)!g IC!gJIII 12LIgHII!
P/IFE1/43,DV+L1),1)E+!/F++DE!+2T+1GH21P+L!>6'IC!>6J11'12L!>6HIC! SE(DE!
D,00+/F,2L!),! >'IC! >JIIl 12L! >HIIC! 0+/F+D)(T+*G! (2! %G&M@D,0L(2A! ),! FO+T(,Q/!
+*+D)0,FEG/(,*,A(D1*! /)QL(+/CI\W¥B Y! (/! FO+L))+2)(T+! 12L! P,0+! 0+/F,2/(T+! -,0!
1D,Q/)(D/C! 12L! >IN W>BJIIY! (/! P,0+! 1))+2)(,21* P,LQ*1)+L! )E12W.(RA! 12L!
$(P,2!HIJHME® QO)E+0P,0+C!/E,S2!MG!>48!/)QL(+/Cl/+*+D)(T+1*(/)+2(2A!),!1/,Q2L! (2! 1!
D,PF*+R! 1QL(),0G! /D+2+! P,LQ*1)+/! 4PA+ADG! WgHTII! P/Y! 0+/F,2/+/C! (O+OC!
>6JI1112L1>6H11/(2!11QL(),0G!D,0)+RIMQ)!2,)))E+VE,0)+01)+2DG!0+/F, YW1/
12LI$(P,2!HIJH1e!8Q)/DE1*V!+)!1 1*O!Hllae!5V1P,),1+)! 1*QIHIQD/! ) QL (+/1 1%/, !
/E,SNE1)::HCIS()ENE+!/1P+1*1)+2DG!1/1>6HIIC!(/!P,LQ*1)+LIMG!/F+D)01*D,PF*+R()G!,-!
1,Q2L/NWSELE(2!+)! 1*Ol@lEl,D(1)+/! S(E!)01 (2@ 1)+L! 2+Q01* F*1/)(D()G! DE12A+!
W%0+PM*1G!+)!1*O!HIIJCIHRING+*1)+/1),11QL(),0G!S,0V(2AIPAR DGHMTO+14)11*0!

HIlI'Y Q!

6.1.2! <.0 B603,$0'1)2,#.09!*#!9100)2! %01%090#%$,$*&#! *#! =&$2! )&% $*),3! #'!
9(=)&%%*),3!%091&#909

%E+!)EQ+HL(+/1-0,PI'E1F)+0!b!),'E1F)+0! IL+P,2/)0 1) AHD+*1)+LIL+-(D()/!
(2!/F++DE!F0,D+//(2Al(2!M,)E!//QMD,0)(D1*!12L!D,0)(D1*|0+FORLR ) R/D)S/!
)E1))E+!1A(2AIP(LMO1(2!FO,D+//+/1*+//1(2-,0P1)(,2!(2! @ @&!)E12!G,Q2A+0!*(/)+2+0/!12L!
(/'1--+D)+LIMBI0P1)(,21*IP1/V(2A0ELF)+0N/E, S/ 19+ 1)+ LI +2*10A+P+2)! (21)E+!
0+/F,2/+1),1* SU0+ZQ+2DG! [F++DE! +2T+* F+O!'ELFP,QN01)+(2/E(ABALPP1
M12LC!)E+WDA#1)+L1+2*10A+POZPI* S+01-0+ZQ+2D(+/! (/! LMBEE) ) E+!2, P(2+10!
P+1/Q0+!,-!PQ)Q1*(@P1)(,2C! 1AH+*1)+LIDE12A+/110+!0+T+1*+L!-,0!M,)E!/QMD,0)(D1*!
12L!D,0)(D1*10+/F,2/+/1)E1)!10+!,)E+0S(/+! E(LL+2! MG!*(2+1 @ PHEE) FOUT) E +!

Jia!
|



1A(2A! P(LMO1(2! M+2+-()/! -0,P! DE12A(2A! M1DVAO,Q2L! /F++DE! -0,P! 42A%(/E!),! .Q)DE!
SE(*+))E+IG,Q2A+0IL, +/'ZEX\(/12,)++2IMG!11&>$!P+1/QE:0+/1DD, +)!11*OIHOIMY
'E1F)+0L+P,2/)01)+/!IMG!%>6@!)E1)!)E+!1A(2AID,0)+RIF0,D+//+/1P,0+(2-,0P1)(,2!-,0!
1#410+/F,2/+1*1)+2D(+/C! (O+OC!>6"IC! >6JI11 12L! >6HIIO! =, S+T+0C! %&@! 121*G/(/! ,2!)E+!
J1P+IL1)1/+)1,2*GV/E,S/(A2(-(D12)! 18 1) +L1+2*10A+P+2)1(21>WEO, LM+ DVI*(!
HIJaM@E1F)+0! IL+P,2/)01)+AA+D+*1)+LIDE12A+A(REALPP U0+/F,2/+/)E1)!12,!
*(2+10!P+)E,L/IE1T+-,Q2L1(2!V2,S2IFQM*(/E+L!S,0V/O!

!

'E1F)+0!b! (2D*QL+/!.Q)DE!/F++DE!1/! (2-,0P1)(,21*! P1/V(2A! M+D1Q/+!.Q)DE! (/!
0+*1)(T+*G!D* /+1),142 @B +OP/I-| FE, 2,* A(D1*(2T+2),0G! 12L! F0,/,L(D! D,2),Q0/!
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Amplitude Information at 100 Hz by Noise Level and Temporal Stage
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Phase Information at 100 Hz by Noise Level and Temporal Stage
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DE12A+/!(2))E+IgHI!D,PF*+R11-)+0!/F++DE2L)01(2(2AQ'S)'( 'HH3!GKIC!
HIIJO

D%0:=3,4!_CH&IIEW&(0! ONA3##2#  (CA&330$T!6/)E+11QL(),0G!+T,V+L!
{HI0+/F, 2/+11IM(,PLOV-0!,-1*+ 1022+ E%, +!=)0(#,/4CIHIJ1O

D#!IF< Cif_#0!7 CP#.>*03''< O1.(/)01D)(,2!MG!D,PF+)(2A!/F++DE!(2!G,Q2Al12L!
FLA+O!LLQ*)1*(/)+ 240/ ZHD#<! X 1AKL3N B A[cC!HIIHD

*,96.20001[ GH2,%, @,LIX/ CE*HBA##4.2,1+7  OM4T(L+2D+11A1(2/)!
1))+2)(,21*/)1)+!P,LQ*1)(2A/DA+D,0L+L!1QL(),0G!MOL(2/)+P PIE+/F, 2/+/O!
[(4*11), WJ[H[31[}J[*CIHIT ©

'01"*3308E* #*16 GE3;.2&(3![ QU2&('h CE*; 19&#! [ QHHAE OD%;0#*)2!
/I 01&+D,T+0G!,-1-Q2D)(,21*!12L!/)0QD)@EHIEAIDE12A+/!(2!)E+!101)!FO(P10G!
1QL(),0G!D,0)+R!S()E!,F+012)) 01 AC<!X; 2! E;4J1c31I0KI1} JoKI'CIHIJIO

N 3$&HIF QRoe*9*#,|HCAfWO*331"60!" Atk +*1)+L!"*)+01)(,2!(2!;0,D+//(2A!,-!
%+PF,01*1$,Q2L!@+1)Q0+/!(21)E+!"QL(),0G!>(LMO1(2!,-)E+I'#"1:52)0@A,;4!
Ja3!Hc[} Hec[CIIKKRO

AHIX  CD(%HO%! T OF,%%*02![0X(.209![I CA,91,%4IC/ OM"AD+*1)+L!
DE12A+/!(2!A*GD(2+!0+D+F),0/QMQ2()(R2!REL !M(2L (2A!(2!L,0/1*/D,DE*+10!
2QD*+QAM(#,:4)*;) J[I3'HHG HbKC!HIIKO

Aflc Q2] Q&(] &IX OT*.IWO!L0(,0!_2,S*+LA+18Q(L+/!$F++DE!
$+A0+AL)(,2!(2!=QP12!"QL(),0G!",0)MROB!Y#(+)dHK3!J [} I cICIHIIKO

AO'IAl  OH&.0%9IAEIHEH.0# |  OF0033016!4--+D)/!,-I"A+C!"D,Q/)(D!
'E1**+2A+C112L1d+0M1*1<,0V(2AI>+P,0G!,21&+D1** -171001)(T+$EHOECL!
1), "H3IKCIJICIHII[D

NO*#$%, (=|EQT*-:0#IEE CX0,$&#!H_(CD(39-4!CE03,:&!FCGH,(0%!F] C!

A, %38&;; I WEE3&S-*#P+3*$; 1@, 33#09B<330#! ARGW<CHO,(:&#$!][ C!
J(#.,91C  ON&@*#9-*IAJH*)230%QT0&),: 1&1]< GH#0%9&#116Q1#34!]] C!
+896&9213X,J3*-IH CAGH@,4!_B'@,%'9!6 ARO#[ CI*#.1[» CQBAIA CH$$!
6 CT0%92&H#IHB!" A2()(,211//+//P+2)1Q/(2ANE+!76=1%, *M RD(#<#1%al3!$ U
[*CIHIJbD

A*33% 9&HIE] CI, (>4  OW(,PLA2+)(/P@IL*'1*1'+)( IHH3IIHKIIC!
JKaJD

A&Y'O#17 C1%92!]D O!@0+ZQAZDS(2AIWP(DO,FE, DV+Y!2+Q01*I0+/F, 2/+/!
+T,V+LIMGY,Q2EQ): +(#)*;) &@'<#1(IY <4*1=)0(#&@ Y B HCIIK[4O

Jbl!



ci#lh CL#L (E2,::E<  O"QL(),0G!0+F0+/+2)1)(,2/!,-11D,Q/)(D!/(A2*/0!
"(* 51" @)#(%!ba3laHrabK CIIKKHO

d,#IF OF9%00,))&!<CH#0%9&H EE*:&#]d O1>Q)Q1*162-,0P1)(,2!"21*G/(/!,-17+Q01*!
&+FO+/+2)1)(,2/!,-1$F++DE!(217,(/+1(21)E+"A(2A!>(LMAEKDEE.@ %, 121 JKO!
L,(3J10J3 HpX20IIHCIOHIJKO

d2(1] C7,%)*,16 O!%E+<+DE/*+0I"MMO+T(1)+LI$D1*+!,-162)+**(A+2BIAN<"$6YO!
J#(Hg!0,%:; @#<#14;' < N@(8KKKO

d2(1[ C#2,%, @,LIX Q1] CE2HBA(#H#H#.2,1+  OI"ID,PF10(/,2!,-/F+D)01*!
P1A2()QL+12LIFEWBV(2AITI*Q+1121*G/+/!,-))E+1-0+ 2+ ZRYBAIO+/F, 2/+1),!
D,PF*+R!),2+/@X;#0,+E#:1X$I0"3!ba}bK CIHIJBO

JbJ!



