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' L[X \aiXefX \f WXabgXW Tf KNH < /2> 20 , )> TaW Ul T @L eXfh_g KNH \f W\tXeXag\TU_X)

0CWKGPGLK *!$+ HTQ QDWXUDO ORJDULWKP KNH n% [^ KM n% U_ `TQ UZbQ^_Q [R `TQ ^QMX Qd\[ZQZ`UMX
RaZO`U[Z FSO< ) , /2> 20 =

:NLMLOGPGLK *!$, ;[^ n A 2%

KNH & n >
3

n
=

:NLLD! 9f FSO /KNH n0 > n ba /2=20 g[Xa' Ul g[X V[T\a eh_X'

KNH & /n0 # FSO /KNH n0 > 3

TaW g[X eXfh_g Yb__bjf)

1T?JMIC *!%# HTQ UYMSQ [R FSO< % , % U_ %B ?2@ =

<LIQPGLK! OX ceXi\bhf_l f[bjXW 2 \f abg \a g[X \`TZX) LT^X p > h[5# 4> 2= OX aXXW gb naW
m > n 1 _o 3 % fhV[ g[Tg FSO /m0 > p= L[\f `XTaf [@[5A > h[5#= KXgg\aZ

n > KNH h TaW o > (>

Z\iXf baX fb_hg\ba gb FSO /m0 > p=

0CWKGPGLK *!%$ #6HQHUDO 4[SRQHQWV$ <UbQZ W A 2 MZP n 3 )% cQ PQgZQ

W@ > FSO /n KNH W0 =

B[`Q% cU`T `TU_ PQgZU`U[Z%
[@ > FSO n R[^ n 3 )=

:NLMLOGPGLK *!%% @Q` W> X A 2 MZP n 3 )' HTQZ

KNH /WX0 > KNH W 1 KNH X> KNH /W@0 > n KNH W=
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:NLLD! FbgX

FSO /KNH W 1 KNH X0 > FSO /KNH W0 FSO /KNH X0 > WX > FSO /KNH /WX00

TaW g[Xa gT^X g[X KNH bY Ubg[ f\WXf) 9_fb

KNH /W@0 > KNH /FSO /n KNH W00 > n KNH W=

:NLMLOGPGLK *!%& @Q` W A 2 MZP n> o 3 )' HTQZ

W@%A > W@WA> /W@0A > W#@A$=

:NLLD! FbgX

W@%A > FSO //n 1 o0 KNH W0

> FSO //n KNH W0 1 /o KNH W00

> FSO /n KNH W0 FSO /o KNH W0

> W@WA=

9_fb
KNH /W@0A > o KNH /W@0 > o /n KNH W0 > /no0 KNH W > KNH

!
W#@A$

"

TaW Tcc_l g[X XkcbXag\T_ gb Ubg[ f\WXf)

:NLMLOGPGLK *!%' ;[^ n A 2 MZP ^QMX W>

E

En
/n/0 > Wn/!'=

:NLLD! :l g[X V[T\a eh_X

E

En
/n/0 >

E

En
/FSO /W KNH n00 >

W

n
FSO /W KNH n0 > Wn!'n/ > Wn/!'=

0CWKGPGLK *!%( #AKH AULJRQRPHWULF DQG 7\SHUEROLF 5XQFWLRQV$

,) >be T__ p 3 % jX WXnaX O[_UZQ TaW _UZQ Ul

DNP p >
FSO /_p0 1 FSO /!_p0

4
> PJM p >

FSO /_p0 ! FSO /!_p0

4_
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-) L[Xa

DNP p >
'=

&

/!30:p(:

/4d0-
TaW PJM p >

'=

&

/!30:p(:%'

/4d 1 30-

j\g[ g[XfX fXe\Xf VbaiXeZ\aZ Ybe T__ p 3 %=

:NLLD!

FSO /_p0 1 FSO /!_p0

4
>

3

4

'=

&

/_: 1 /!_0:0

d-
p:

>
3

4

'=

70&

/!307 1 /!307

/4a0-
p(7 >

'=

&

/!307 p(7

/4a0-
=

FSO /_p0 ! FSO /!_p0

4_
>

3

4_

'=

&

/_: ! /!_0:0

d-
p:

>
3

4_

'=

70&

/!307 _ 1 /!307 _

/4a 1 30-
p(7%' >

'=

&

/!307 p(7%'

/4a 1 30-
=

.) DNP 2 > 3' PJM 2 > 2=

/)
FSO /_p0 > DNP p 1 _ PJM p=

:NLLD!

DNP p 1 _ PJM p >

+
FSO /_p0 1 FSO /!_p0

4

,

1 _

+
FSO /_p0 ! FSO /!_p0

4_

,

> FSO /_p0 =

0) DNP p > DNP/!p0 TaW PJM p > ! PJM/!p0=

:NLLD! L[X cbjXef fXe\Xf bY DNP %eXfc) PJM& \aib_iXf ba_l XiXa %eXfc) bWW& cbjXef)

1)
DNP&/p0 > ! PJM p TaW PJM&/p0 > DNP p=

:NLLD! Mf\aZ FSO& p > FSO p g[Xa

E

Ep
/DNP p0 >

E

Ep

+
FSO /_p0 1 FSO /!_p0

4

,

>
E

Ep

+
_ FSO /_p0 ! _ FSO /!_p0

4

,

> ! PJM p>

E

Ep
/PJM p0 >

E

Ep

+
FSO /_p0 ! FSO /!_p0

4_

,

>
E

Ep

+
FSO /_p0 1 FSO /!_p0

4

,

> DNP p=

be jX VTa ]hfg VT_Vh_TgX g[X WXe\iXW fXe\Xf bY DNP p TaW PJM p=
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2)

PJM/p 1 m0 > PJM p DNP m 1 DNP p PJM m>

DNP /p 1 m0 > DNP p DNP m ! PJM p PJM m=

:NLLD! :l WXna\g\ba PJM p DNP m 1 DNP p PJM m XdhT_f
+

FSO /_p0 ! FSO /!_p0

4_

, +
FSO /_m0 1 FSO /!_m0

4

,

1

+
FSO /_p0 1 FSO /!_p0

4

, +
FSO /_m0 ! FSO /!_m0

4_

,

j[\V[ eXTeeTaZXf gb

3

6_
A4 FSO /_p0 FSO /_m0 ! 4 FSO /!_p0 FSO /!_m0B

>
FSO /_p 1 _m0 ! FSO /!_p ! _m0

4_
> PJM /p 1 m0 =

L[X fXVbaW \WXag\gl VTa UX cebiXW \a T f\`\_Te `TaaXe be Ul W\tXeXag\Tg\aZ g[X nefg
\WXag\gl j\g[ eXfcXVg gb p=

3)
DNP( p 1 PJM( p > 3

:NLLD! KXg p > !m \a g[X ceXi\bhf \WXag\gl Ybe DNP/p 1 m0) 9_gXeaTg\iX_l' W\tXeXag\Tg\aZ
Z\iXf

E

Ep

!
DNP( p 1 PJM( p

"
> !4 DNP p PJM p 1 4 PJM p DNP p > 2=

Kb DNP( p 1 PJM( p \f VbafgTag Ul JX`Te^ 2),/ TaW gT^Xf iT_hX 3( 1 2( > 3 Tg p > 2= Ge jX
VTa TeZhX

DNP( p 1 PJM( p > /DNP p 1 _ PJM p0 /DNP p ! _ PJM p0 > FSO /_p0 FSO /!_p0 > FSO /_p ! _p0 > 3=

4) Ag \f XTfl gb abgX g[Tg DNP 2 > 3 TaW g[Tg

DNP 4 >
'=

&

/!30: 4(:

/4d0-

> 3 !
4(

4-
1

4*

6-
!

4,

8-
1

4.

:-
! " " "

> 3 ! 4 1
4

5F ED G
(&

!
4,

8-

+

3 !
4(

9 # :

,

F ED G
*&

!
4'&

32-

+

3 !
4(

33 # 34

,

F ED G
*&

! " " "

? 2=

Ag Yb__bjf Yeb` g[XbeX`f jX j\__ `XXg \a @\_Tel LXe` g[Tg g[XeX Xk\fgf T f`T__Xfg cbf\g\iX
ebbg gb g[X XdhTg\ba DNP n > 2) OX j\__ WXnaX /@4 Tf g[X f`T__Xfg ebbg bY Vbf\aX)
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,+) 9f DNP( p 1 PJM( p > 3 g[Xa PJM //@40 > %3 %\a YTVg \g XdhT_f 3 Tf jX ^abj& TaW

FSO //_@40 > DNP //@40 1 _ PJM //@40 > %_=

L[Xa

FSO /p 1 4/_0 > FSO p

+

FSO
/_

4

,*

> /FSO p0 /%_0* > FSO p=

@XaVX FSO [Tf cXe\bW 4/_ TaW Vbf\aX TaW f\aX [TiX cXe\bW 4/ r \)X)

DNP/p 1 4/0 > DNP/p0 TaW PJM/p 1 4/0 > PJM/p0=

,,) >be g[X bg[Xe ge\Zbab`Xge\V YhaVg\baf jX WXnaX

PFD n >
3

DNP n
> QCM n >

PJM n

DNP n
>

DPD n >
3

PJM n
> DNQ n >

DNP n

PJM n
=

,-) OX WXnaX Te\Q^N[XUO O[_UZQ TaW TaW Te\Q^N[XUO _UZQ Ul

DNPI p >
FSO /p0 1 FSO /!p0

4
>

'=

&

p(:

/4d0-
>

PJMI p >
FSO /p0 ! FSO /!p0

4
>

'=

&

p(:%'

/4d 1 30-
>

j[XeX g[XfX fXe\Xf VbaiXeZX Ybe T__ p 3 %) FbgX g[Tg

DNP _p > DNPI p> DNPI _p > DNP p>

PJM _p > _ PJMI p> PJMI _p > _ PJM p>

DNPI /!p0 > DNPI p> PJMI /!p0 > ! PJMI p>

DNPI& p > PJMI p> PJMI& p > DNPI p>

PJM /n 1 _o0 > PJM n DNPI o 1 _ DNP n PJMI o>

DNP /n 1 _o0 > DNP n DNPI o ! _ PJM n PJMI o>

DNPI( p ! PJMI( p > 3=

,.) %>ZbQ^_Q Te\Q^N[XUO RaZO`U[Z_& %T& DXg n 3 )= L[Xa

PJMI!' n > KNH
)

n 1
C

n( 1 3
*

=

%U& DXg n % 3

DNPI!' n > KNH
)

n 1
C

n( ! 3
*

%V& DXg !3 ? n ? 3) L[Xa

QCMI!' n >
3

4
KNH

+
3 1 n

3 ! n

,

=
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:NLLD! %T& OX aXXW gb fb_iX

[A ! [!A

4
> n /0 [(A ! 4n[A ! 3 > 2 /0 [A > n %

C
n( 1 3=

Ga_l baX bY g[X bcg\baf ba g[X J@K %g[X c_hf bcg\ba& \f cbf\g\iX' fb

o > PJMI!' n > KNH
)

n 1
C

n( 1 3
*

=

:bg[ %U& TaW %V& VTa UX fb_iXW f\`\_Te_l Ul VeXTg\aZ T dhTWeTg\V \a [A=

1T?JMIC *!%) #GQQ MX_[ GTQQ` 0% :dQ^OU_Q 2'$ ;UZP `TQ \[cQ^ _Q^UQ_ R[^ QCM p a\ `[ `TQ p+

`Q^Y'

<LIQPGLK! 9f QCM p \f bWW g[Xa jX ba_l [TiX gb VT_Vh_TgX VbXsV\Xagf Ybe p> p) TaW p+ %Hebcb(
f\g\ba 2),1&= GaX TccebTV[ jbh_W \aib_iX W\tXeXag\Tg\aZ eXcXTgXW_l' Uhg jX jbh_W g[Xa aXXW gb
VT_Vh_TgX g[X nYg[ WXe\iTg\iX bY QCM p= AafgXTW jX j\__ hfX g[X U\ab`\T_ g[XbeX`)

JXVT__ g[Tg

PJM p > p !
p)

8
1

p+

342
1 M/p-0> DNP p > 3 !

p(

4
1

p*

46
1 M/p,0>

fb g[Tg

QCM p >
p ! B%

,
1 B'

'(&
1 M/p-0

3 ! B$

(
1 B&

(*
1 M/p,0

=

:l g[X U\ab`\T_ g[XbeX`' /3 ! o0!' >
9'

& o: Ybe AoA ? 3' Ybe fh\gTU_l f`T__ p'

+

3 !

+
p(

4
!

p*

46
1 M/p,0

,,!'

> 3 1

+
p(

4
!

p*

46
1 M/p,0

,

1

+
p(

4
!

p*

46
1 M/p,0

,(

1 M/p,0

> 3 1

+
p(

4
!

p*

46

,

1

+
p*

6

,

1 M/p,0

> 3 1
p(

4
1

7p*

46
1 M/p,0=

Kb

QCM p >

+

p !
p)

8
1

p+

342
1 M/p-0

, +

3 1
p(

4
1

7p*

46
1 M/p,0

,

> p 1

+
3

4
!

3

8

,

p) 1

+
3

342
!

3

34
1

7

46

,

p+ 1 M/p-0

> p 1
3

5
p) 1

4

37
p+ 1 M/p-0=
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;CJ?NH *!%* B[`Q `TM` YMZe [R `TQ \^[\Q^`UQ_ [R O[Y\XQd _UZQ MZP O[_UZQ PUlQ^ _USZUgOMZ`Xe
R^[Y `TQU^ ^QMX O[aZ`Q^\M^`_' KTUX_`

DNP( p 1 PJM( p > 3

U_ `^aQ R[^ MXX p% `TU_ P[Q_ Z[` YQMZ `TM` ADNP pA $ 3 [^ APJM pA $ 3' >Z RMO`% DNP < % , % MZP
PJM < % , % M^Q [Z`[% MZP _[ UZ% \M^`UOaXM^% M^Q aZN[aZPQP'

<UbQZ m 3 % `TQZ

PJM p > m /0
FSO /_p0 ! FSO /!_p0

4_
> m

/0 FSO /_p0( ! 4_m FSO /_p0 ! 3 > 2

/0 FSO /_p0 > _ %
C

3 ! m(=

FQOMXX FSO `MWQ_ MXX bMXaQ_ QdOQ\` 2= G[ aZXQ__ m( > 3> `TQ F=G ^Q\^Q_QZ`_ `c[ PU_`UZO` O[Y\XQd
ZaYNQ^_% _[ `TQ^Q U_ M _[Xa`U[Z p `[ M` XQM_` [ZQ [R `TQ `c[ Q]aM`U[Z_' 6ZP UR m( > 3 M_ _ 4> 2
`TQZ FSO /_p0 > _ TM_ M _[Xa`U[Z' #GQQ MX_[ :dMY\XQ 0'+1'$

6X_[% cTUX_` FSO/_p0 > DNP p 1 _ PJM p U_ `^aQ R[^ MXX O[Y\XQd p% U`i_ Z[` SQZQ^MXXe `^aQ `TM`
DNP p > @F /FSO /_p00 =

1T?JMIC *!%+ ;UZP MXX `TQ _[Xa`U[Z_ `[ PJM p > 4=

<LIQPGLK! KXg p > n 1 _o fb g[Tg

PJM /n 1 _o0 > PJM n DNPI o 1 _ DNP n PJMI o > 4=

;b`cTe\aZ eXT_ TaW \`TZ\aTel cTegf' jX [TiX

PJM n DNPI o > 4> DNP n PJMI o > 2=

AY o > 2 g[Xa PJM n > 4 j[\V[ [Tf ab fb_hg\baf) @XaVX DNP n > 2 TaW n > /4d 1 30 $
(
= L[Xa

4 > PJM
)

/4d 1 30
/

4

*
DNPI o > /!30: DNPI o=

Kb d `hfg UX XiXa TaW jX [TiX o > % DNPI!' 4= Kb g[X fb_hg\baf gb PJM p > 4 TeX

p > /4d 1 30
/

4
% _ DNPI!' 4=

1T?JMIC *!%, GT[c `TM` DNP p > @F /FSO /_p00 T[XP_ UR MZP [ZXe UR p U_ ^QMX'

<LIQPGLK! OX ^abj g[\f \f gehX Ybe eXT_ p= Lb cebiX g[X VbaiXefX' fTl p > n 1 _o= L[Xa

DNP/n 1 _o0 > DNP n DNPI o ! _ PJM n PJMI o>

@F /FSO /_p00 > @F /FSO /!o 1 _n00 > [!A DNP n=
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;b`cTe\aZ eXT_ TaW \`TZ\aTel cTegf jX [TiX

[!A DNP n > DNP n DNPI o> PJM n PJMI o > 2=

AY o > 2 g[Xa Ubg[ XdhTg\baf TeX fTg\fnXW TaW p \f eXT_) AY o 4> 2 g[Xa PJM n > 2 TaW fb n > d/
Ybe fb`X \agXZXe d> fb g[Tg DNP n > /!30: 4> 2) >\aT__l

DNPI o > [!A /0
[A 1 [!A

4
> [!A /0 [(A > 3 /0 o > 2>

TaW [XaVX p \f eXT_)

1T?JMIC *!&# GT[c `TM` AFSO/_p0A > 3 UR MZP [ZXe UR p U_ ^QMX'

<LIQPGLK! DXg p > n 1 _o= FbgX

3 > AFSO/_p0A > AFSO /!o 1 _n0A > [!A

\Y TaW ba_l \Y o > 2 TaW fb p \f eXT_)

;CJ?NH *!&$ #2RPSOH[ 9RJDULWKP DQG =RZHUV$ #Cl&_eXXMNa_$ KQ _Mc `TM` FSO< % , %

TM_ UYMSQ %B ?2@ MZP TM_ \Q^U[P 4/_= G[ R[^ MZe p 4> 2 `TQ^Q U_ M _[Xa`U[Z m& `[ FSO /m&0 > p
MZP R[^ MZe UZ`QSQ^ d `TQZ

m > m& 1 4d/_

cUXX MX_[ NQ M _[Xa`U[Z j UZ RMO`% `TQ_Q cUXX NQ MXX `TQ _[Xa`U[Z_' HTU_ OMZ NQ M^SaQP M_ R[XX[c_3

3 > [@%5A > [@ /DNP o 1 _ PJM o0

/0 [@ > 3> DNP o > 3> PJM o > 2

/0 n > 2 MZP o > 4d/ R[^ _[YQ d 3 *%

_[ `TM` UR FSO m > FSO m& > p `TQZ

FSO /m ! m&0 > 3 >0 m ! m& > 4d/_=

HTQ_Q m M^Q `TQ \[__UNXQ bMXaQ_ [R KNH p= G[ O[Y\XQd X[SM^U`TY U_ MZ QdMY\XQ [R M PXOWL$
IXQFWLRQ' C`TQ^ QdMY\XQ_ [R YaX`URaZO`U[Z_ UZOXaPQ _]aM^Q ^[[` MZP `TQ UZbQ^_Q `^US[Z[YQ`&
^UO RaZO`U[Z_' KQ OMZ YMWQ M SQZaUZQ RaZO`U[Z R^[Y M YaX`URaZO`U[Z Ne _\QOUReUZS OQ^`MUZ
\^UZOU\MX bMXaQ_ [Z `TQ P[YMUZ% R[^ QdMY\XQ Ne `MWUZS `TQ \[_U`UbQ _]aM^Q ^[[` [^ UZ_U_`UZS
PJM!' < A!3=3B , A!/@4> /@4B =

<UbQZ p > h FSO /_(0 4> 2 `TQZ `TQ \[__UNXQ bMXaQ_ [R KNH p M^Q

KNH p > KNH h 1 _(=

( TQ^Q U_ M OT[UOQ [R M^SaYQZ` cTUOT ZQQP_ _\QOUReUZS `[ PQgZQ M _UZSXQ&bMXaQP RaZO`U[Z R[^ KNH'
;[^ p 3 %B/!2> 2B cQ OMZ aZU]aQXe c^U`Q p > h FSO /_(0 cTQ^Q !/ ? ( ? /= KQ cUXX PQZ[`Q
`TU_ \M^`UOaXM^ OT[UOQ [R KNH p M_ J/p0 cTUOT MS^QQ_ cU`T `TQ ^QMX X[SM^U`TY [Z `TQ \[_U`UbQ ^QMX
MdU_ #_QQ ;USa^Q /',$'
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>R cQ cQ^Q `[ `MWQ \[UZ`_ p% MZP p!% ^Q_\QO`UbQXe Va_` MN[bQ MZP NQX[c `TQ Oa` /!2> 2B> `TQZ
cQ c[aXP TMbQ

p% > h FSO /_(%0 cTQ^Q (% * /4 p! > h FSO /_(!0 cTQ^Q (! * !/=

G[
J/p%0 * KNH h 1 _/4 J/p!0 * KNH h ! _/=

G[ MO^[__ `TQ ZQSM`UbQ ^QMX MdU_ `TQ^Q U_ M VaY\ [R %4/_ PQ\QZPUZS [Z cTUOT cM_ `TQ MdU_ U_
O^[__QP' HTQ RaZO`U[Z J _M`U_gQ_ FSO /J/p00 > p R[^ MXX m 3 %B/!2> 2B MZP J U_ PUlQ^QZ`UMNXQ
cU`T J&/p0 > p!' [Z %B/!2> 2B=

;US' /', j M N^MZOT J [R KNH

KQ ^QRQ^ `[ %B/!2> 2B M_ M FXW$SODQH MZP `[ J M_ M EUDQFK [R KNH' >` OMZ NQ _T[cZ `TM`
`TQ^Q U_ Z[ PUlQ^QZ`UMNXQ N^MZOT [R KNH [Z %B?2@% _[ _[YQ Oa` `[ `TQ [^USUZ U_ ZQOQ__M^e' HTQ
[ZXe [`TQ^ PUlQ^QZ`UMNXQ N^MZOTQ_ [R KNH [Z `TU_ Oa`&\XMZQ M^Q

J/p0 1 4d/_

R[^ UZ`QSQ^_ d=
>Z `TQ _MYQ cMe cQ PQgZQP SQZQ^MX ^QMX Qd\[ZQZ`_% R[^ p 3 %B/!2> 2B MZP ! 3 %% cQ OMZ

PQgZQ
p! > FSO/!J/p00=

HTU_ PQgZQ_ M PUlQ^QZ`UMNXQ RaZO`U[Z [Z %B/!2> 2B cTUOT TM_ PQ^UbM`UbQ !p!!'' 8[Z_UPQ^UZS
`TQ [`TQ^ \[__UNXQ N^MZOTQ_ [R KNH> cQ Z[`Q `TM` p! `MWQ_ M aZU]aQ bMXaQ UR ! U_ MZ UZ`QSQ^% `TM`
p! `MWQ_ gZU`QXe YMZe bMXaQ_ UR ! U_ ^M`U[ZMX MZP [`TQ^cU_Q p! `MWQ_ UZgZU`QXe YMZe bMXaQ_'
KTQZ ! > '

(
`TQZ

/p%0')( *
C

h FSO/_/@40 > _
C

h4 /p!0')( *
C

h FSO/!_/@40 > !_
C

h=
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KQ _QQ `TU_ `UYQ `TM` `TQ^Q U_ M _USZ OTMZSQ M_ cQ O^[__ `TQ Oa`'
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