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f �UX�p�X�Hg¿`X�[�X�aW~/MJ_�QqHJK/IÄ~Y[mX¢«�p�_`[S[mX�M}L4jmHJ_`K�jm[]L�K/Rk^�_`[maÅ{/_`a�L�HJK���HgX�K/X�[�À)MgjmX�[mHgK/I/C EZf
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p�HgRmX�[�CÕGDX�p�jmHJ_`K·�DCgE�~Y[mX�RSX�K¨j]R"L4K·L�K)L�MFQqRmHJRd_�^1j]lYX�n����©~�X�[k^�_`[ma�L�K/p�X�_�^+j]l/X�RmX�j][mL�K/Rk^�_`[ma
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a�L�HJKÐÀ/Mgj]X�[�p�_qX�ÈWp�HJX�K¨jmR�CÑ\1lYXu[mX�RkQqK.jml/X�RSHJó�X�{oÉi_�[�À)MgjmX�[SX�{oÉU[mX�p�X�HF¿`X�{�{)L;jsL ¿`X�p�jm_`[�É"!� É�HgR
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L�K/{zRSjm_`~/Ü)L4K/{9L4jSj]X�Kq|/L4j]Hg_`KoÉ/j]lYXc_�~/~A_�[Sj]|YK/Hgj§Q�jm_�pslY_D_`RSXdMg_`K/I`X�[1Ü)L�RSHJR1¿`X�p�j]_�[mR�ÉAL�R�_�ãAX�[SX�{
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Ü)L�KY{ÔHJK¨j]X�[S^�X�[mX�KYp�XuL�KY{oÉ�L4j�jml/X�[SX�p�X�Hg¿�X�[�ÉUKY_`KD«�®�HgK/{/_�®:X�{ÎÜ/Mg_DpsrÛt2��f,�Ð�4f.v�L�KY{ÐM}L4~/~AX�{
t%�4fu�zE�B�¬Ú£�+Õv#j][]L4K/RS^�_`[Sa�R,a�L�~Wjml/XU[mX�p�X�HF¿`X�{�j]HJaWX�{/_`a�L�HJKÄ®+LZ¿`X�^�_�[ma HJK¨j]_cj]l/X�j][mL�K/Rk^�_`[ma
{/_`a�L�HgKoC

GDHJKYp�X�j]l/Xz~/[mX�RmX�K.j]L4j]Hg_`KÔ_�^P��HJX�K/X�["À)MgjmX�[SHJK/IÕ[mX�Rm|/MFj]RWÜ¨Q°jml/X�aWRmX�Mg¿�X�R�_4ãOX�[mRWMJHgjSj]MgX�HJKD«
RmHgI`l¨jiHgK.jm_�jml/XÇ[SX�p�X�Hg¿�X�[a`�RiHgK.jmX�[k^�X�[mX�K/p�XÇa�HFj]HJI`L4j]Hg_`K�L�Ü/HgMJHgj§Q�É/��HJX�K/X�[¯«§Ü)L�RSX�{u~�X�[k^�_`[ma�L�K/p�XdHgR
HJMgMJ|/Rkj][mL4j]X�{ÕL�MJ_`KYI`RmHg{/X�j]l)L;jd_�ÜYjsL�HgK/X�{u¿qH}L�jm[]L�K/Rk^�_`[maø{/_`a�L�HJKÕX¢�Dp�HJRmHg_`KoC"N�RcHJK6é�B��4ë%É#X¢�Dp�Hî«
RmHg_`KÕHJR	~�X�[k^�_`[maWX�{Õ|/RSHJK/I�L�ÀY�DX�{��¨«§Ü/HgKuX¢�Dp�HgRmHJ_�K'RSpsl/X�aWX�HgKu®�l/HJpslÕj]l/X"RS~AX�p�j][mL�Mõ®:X�HJI�l.jmR
p�_�[m[mX�Rm~�_`K/{/HgK/I�j]_@jml/X�Ü/HgK/Ri®�Hgjml9j]l/XÄMJL�[mI`X�RSjeLZ¿�X�[]L4I`XÄa�L4I`K/Hgjm|/{/XÇL�[mXÄRSX�j	j]_@ó�X�[S_���j]l/_`RSX
[mX�a�L4HJK/HgK/I�L�[mX"RSX�jdX�Â.|)L�M�j]_z|/K/HFj§Q`C�¥eHF¿`X�K�jml)L4jcX¢�Dp�HgRmHg_`K'~�X�[k^�_`[ma�L�K/p�XÄHJRe{/X�~AX�K/{/X�K¨jÇ_`K
j]lYX�K.|/a�Ü�X�[�_4^�j][]L4K/RS^�_`[Sað{/_`a�L�HJK�Ü/HJK/RPX¢�Dp�HgRmX�{oÉo~/[SX�MJHga�HgK)L�[kQ�L�K)L�MFQqRmX�RiL�K/{9RSHJa�|/MJL4j]Hg_`K/R
l)LZ¿`X	Ü�X�X�K@~AX�[S^�_`[Sa�X�{�j]_Ä{YX�j]X�[maWHJK/XUj]l/X�_`~Yj]Hga�L4M�K.|/aÇÜAX�[�_�^#Ü/HgK/R+j]_ÇX¢�Dp�HgRmX	HJK�XZL�psl�p�L�RmX4C
\1l/XPL�p�jm|)L�M/K.|/aÇÜAX�[,_4^oÜ/HgK/R�[mX�a�_�¿`X�{�HgKWX�L�pslièmL�a�aWHJKYIiRmp�X�K)L�[SHJ_eHJR�RSl/_�®�K�HJKÄ~/L�[mX�K.jml/X�RSX�R
HJK@jml/X	À)I`|/[SXcMgX�I`X�K/{/R�C

��HJI�|/[mX�R�¬,å°Ï Rml/_�®¸n����ð[mX�RS|/MgjmR�_`ÜDjsL�HgK/X�{Ô|YRmHJKYIïÜ/MJ_qpsrïj][mL�K/Rk^�_`[ma t%n:\Uv�{/_`a�L�HJK
X¢�Dp�HJRmHg_`KcL�K/{cL�K/{	��HgX�K/X�[o®+X�HJI`l¨j]R�HgKij]l/X�~/[SX�RSX�K/p�X:_�^qRSHJK/I`MgX¢«>j]_`K/X�èmL�a�aWX�[SRA®�HFj]l	^�[mX�Âq|YX�K/p¢Q
_�ãARmX¢j]R@^�[m_`a j]l/XÕpZL4[m[mHgX�[�ÉiÊZËUÉP_�^Ç�YCFE`E�ªDÉ��YCFE�B`ª·L�K/{Û�YC�B`w`BDÉP[mX�Rm~�X�p�jmHg¿�X�MgQ�Éi[mX�M}L4jmHg¿�X9j]_°L
K/_`[Sa�L4MJHJó�X�{upsl/Hg~Õ[]L4jmXW_4^+|/KYHgj§Q`C"��L�psl@èmL�aWa�X�[il)L�RcL@~A_�®:X�[cMJX¢¿`X�M,B4��{/nÞL�Ü�_�¿`XÄj]l/L4je_�^
j]lYXÇRmHgI`K)L�M%É/j]l.|/Rip�L�|/RSHJK/IWj]l/XÇn���� ~�X�[k^�_`[ma�L�K/p�Xcjm_�L�~/~Y[m_¨L�psl9�YCxw"®�l/X�K9KY_�Rm|/~Y~/[mX�RmRmHg_`K
j]X�psl/K/HgÂq|YX�R"L�[SX�|/RSX�{oC9GDHJK/p�X�É�L4R�HJKÔtkE��¨v¾Éõn+\ç{Y_`a�L4HJKÕ��HJX�KYX�[dÀ/Mgj]X�[mHgK/I�~�X�[k^�_`[ma�L�K/p�X�HgR
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AWGN only

Simulation: BT - Wiener
Analytic: BT - Wiener

Analytic: DCT - Excision (16)
Simulation: DFT - Excision (24)
Analytic: DFT - Excision (24)

Simulation: DCT - Excision (16)

��HJI`|Y[mXe¬Yô�n����í~�X�[k^�_`[ma�L�K/p�X	|/RmHgK/I"X¢�Dp�HgRmHJ_�K�L�KY{���HgX�K/X�[�p�_qX�ÈWp�HgX�K¨j]R�ÉAÊZË·Ì��YÍFE`E�ªDEZ¬¨ª`w

HJKY{/X�~�X�K/{YX�K¨j�_�^ej]l/X�|/K/{/X�[mMgQqHgK/Iïj][mL�K/RS^�_�[ma é�B`B�ë>ÉUÜ�_�j]lÎ�eò+\¸L�K/{��	��\+«§Ü)L�RSX�{Ô��HgX�K/X�[
À)MFj]X�[SHJK/IW[mX�Rm|/MFj]R�L�[mXd{/X�~/Hgp�jmX�{uÜ¨Q�L�RmHgK/I`MJXe~/Mg_�jPHJK�X�L�psl9À)I`|Y[mX�CP�)[m_`a£jml/X�RSXÇÀ)I`|Y[mX�R�ÉoHgjUHgR
p�MgXZL�[#j]l/L4j���HgX�K/X�[�À)MFj]X�[mHJKYI�HJR�MJX�RmR�RmX�KYRmHgjmHg¿�X:j]_�èmL�aWa�X�[#^�[SX�Â.|/X�K/p�Q�L�K/{�p�_`K/RmHgRSjmX�K¨j]MFQcQqHgX�MJ{YR
n����£~�X�[S^�_�[ma�L�K/p�X�®�HFj]l/HgK°�YCxB�wu{/n�_�^Uj]lYXzjml/X�_`[SX�jmHJpZL4M�~AX�[S^�_`[Sa�L4K/p�X�HJK�N#�Î¥e­ðL�MJ_�K/X�C
¦§KÛ~/[]L�p¢j]Hgp�X�ÉPl/_�®+X¢¿`X�[�É	Rm|YpslíL�KÛL�~/~Y[m_¨L�psl�j§Qq~/HJp�L�MJMFQÐKYX�p�X�RmRSHgjsL;j]X�R�j]lYX�|YRmXÕ_�^ÇL�{)L�~YjmHg¿�X
L�MgI`_`[mHFj]l/aWR:®�lYHJpslz[mX�Â.|/Hg[mXeaW_`[mXijmHJaWX�j]_"p�_�K.¿�X�[SI`X�C

¦§KÐp�_`K¨j][]L4RSj"j]_Õ��HJX�K/X�[ÄÀ)MFj]X�[SHJK/IYÉ,jm[]L�K/Rk^�_`[ma {/_`a�L�HJK·X¾�Yp�HJRSHJ_`K6L�MJI�_`[mHFj]l/aWRÇp�_`K¨¿`X�[SI`X
^2L�Rkj]X�[�ÉDjmlq|YR1a�L�r.HgK/Idjml/X�a©a�_`[SXiL�{YX�~Yj�L;j1Rm|/~Y~/[mX�RmRmHgK/I"[]L�~YHJ{/MFQÄj]HJaWX¢«>¿4L�[SQqHJKYIdHgK.jmX�[k^�X�[mX�[mR�É
L�K/{'L�[SX"j§Qq~/HgpZL�MgMgQ�XZL�RSHJX�[	jm_�Hga�~/MgX�aWX�K¨jZCÄNPRd{YX�aW_`K/RSjm[]L4jmX�{'HJK���HJI�|/[mX�Re¬ºåuÏYÉ#l/_�®+X¢¿`X�[�É
n����6~�X�[k^�_`[ma�L�K/p�X+HgR�{/Hgp�jsL;j]X�{ÇÜ.QÇl/_�®�®+X�MJM.j]l/X+jm[]L�KYRS^�_`[SaÞÜ)L4RmHJR�¿`X�p�j]_�[mR�a�L4j]psl�jml/X�HJK¨jmX�[k«
^�X�[SHJK/IdRmHgI`K)L�M�_�^#HJK¨jmX�[mX�RSj�C���_�[:Ü�X�Rkj1~AX�[S^�_`[Sa�L4K/p�X4ÉDX¾�Yp�HJRSHJ_`K�[SX�Â.|/Hg[mX�R:j]l)L4j:j]l/X�HJK¨j]X�[S^�X�[SX�K/p�X
X�KYX�[mI4Q�Ü�Xip�_`KDÀ)K/X�{@jm_ÄL�Rma�L�MJM�K.|/a�Ü�X�[+_�^#j][]L4K/RS^�_`[Sa {/_`a�L�HJK�Ü/HJK/R�L�R�HJR,j]l/X	p�L�RmXP^�_`[+j]lYX
�eò+\ HJKÕ��HgI`|/[mX�ÏYCÇNPMgj]lY_`|/I`luHgK9j]l/HgR	pZL�RSX�É�j]l/XÄRSHJaW~/MJXdX¢�Dp�HgRmX�[c~�X�[k^�_`[maWR	L�Ri®:X�MgM�L�R	j]lYX
��HJX�K/X�[1À)MFj]X�[�É���HgI`|/[mX�RU¬�L�KY{'E��"p�MgXZL�[SMgQ�Rml/_�®�{/HFãOX�[mX�K.jPRmp�X�K)L4[mHJ_�RUHgKz®�lYHJpsl�jml/XeX¢�Dp�HgRmHg_`K
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AWGN only

Simulation: DFT - Excision (2)

Simulation: DCT - Excision (3)
Analytic: DCT - Excision (3)

Analytic: DFT - Excision (2)

Simulation: BT - Wiener
Analytic: BT - Wiener

��HgI`|/[mX+ÏYô�n����Ð~AX�[S^�_`[Sa�L4K/p�X:|/RmHgK/I	X¢�Dp�HgRmHg_`K"L�K/{Ä��HJX�K/X�[�p�_qX�ÈWp�HgX�K¨j]R�ÉDÊZË·Ì��YÍ�B`wDE�Ï`w��YE�B`w

L�MgI`_`[mHFj]l/aÁa�LZQeQqHJX�Mg{ÇHgK/Rm|YÈWp�HJX�K¨j�n+�,��HJaW~/[S_�¿�X�aWX�K¨jZC�N�R�HJK�aW_`RSj�X�KYI`HJK/X�X�[SHJK/Ii~Y[m_`Ü/MgX�aWR�É
L�^�|/KY{)L�aWX�K¨jsL�M�j][mL�{/X¢«�_�ã'X¢�DHJRkj]RiÜ�X�j§®:X�X�K���HgX�K/X�[PÀ)MFj]X�[SHJK/I�L�K/{uX¾�Yp�HJRSHJ_`K&�OHgjPHJR�|Y~9j]_�j]lYX
|/RSX�[Pjm_�{/X�p�Hg{/Xd®�l/X¢j]l/X�[in����Æ~AX�[S^�_`[Sa�L4K/p�Xc_`[UL�MJI�_`[mHFj]l/aWHJpip�_`K¨¿`X�[mI`X�K/p�XÄ[mL4j]X�R�L�[SXÇaW_`[mX
p�[SHgjmHJpZL4M>C

��HJI�|/[mXeE`EU{/X�aW_`K/Rkj][mL4j]X�R,jml/XiL�I�[mX�X�a�X�K¨j:HgK�n+�,�ÎÜ�X�j§®:X�X�K�j]l/XPL�K)L�MFQ.j]HJp�L�M/X¾�Y~Y[mX�RSRmHg_`K/R
L�K/{�RSHJa�|/MJL4j]Hg_`K�[SX�Rm|YMgj]R1_�ÜYjsL�HgK/X�{�|/RSHJK/IÄMJL�~/~�X�{@j][mL�K/Rk^�_`[ma©{/_`a�L�HJK@X¾�Yp�HJRSHJ_`KzL�K/{@��HgX�K/X�[
À)MFj]X�[SHJK/IYCõGDHgK/p�XUy�VD\6L�K/{W��VD\Ð{Y_`a�L4HJKÇ��HgX�K/X�[õÀ)MgjmX�[õ~�X�[k^�_`[ma�L�K/p�X�R�L�[SX+¿qHJ[Sjm|)L�MgMgQcHJ{/X�K¨j]HF«
pZL4M>Éq_`K/MgQW_`KYXiRmX¢j1_�^#[mX�Rm|/MFj]R�ÉYM}L4ÜAX�MJX�{�VD\	ÉDL�[mXi{YX�~/Hgp�j]X�{oC��)[m_`açjml/HJR,À)I`|/[SX�É/HFj+HgR+p�MgXZL�[,j]l)L;j
j]lYXi{/HJRS~)L�[SHgj§Q"Ü�X�j§®:X�X�K@jml/XiX¢�Dp�HJRmHg_`K@L�KY{���HJX�K/X�[,À)MgjmX�[mHgK/IÇ[SX�RS|/MgjmR+HJR:a�|/psl@MgX�RmR,j]l)L4K�j]l)L;j
p�_�[m[mX�Rm~�_`K/{/HgK/I9j]_�j]l/X�ÜYMJ_qpsr�jm[]L�K/Rk^�_`[mañHJaW~/MgX�aWX�K¨jsL4jmHJ_`KOC9GD|Ypsl6L�[mX�RS|/Mgj�Rm|/I`I�X�RSjmR�j]l)L;j
K)L�[S[m_�®�«§Ü/L�K/{uHJK¨jmX�[S^�X�[mX�K/p�XÄRS|/~/~/[SX�RmRSHJ_`KÕ¿qH}L�MJL�~/~�X�{9jm[]L�K/Rk^�_`[maä{/_`a�L�HgK�X¢�Dp�HJRmHg_`Kua�L�Q�Ü�X
|/RSX�{ HgKuMJHgX�|u_�^,��HJX�K/X�[	À)MFj]X�[SHJK/I�L4~/~/[m_`L�psl/X�Rc|/RSHJK/I�X�HFj]l/X�[	Ü/MJ_qpsr�_�[	M}L�~/~�X�{ujm[]L�K/Rk^�_`[maWR�C
�iX�RS~/HgjmX	j]l/HgR1Rm|/I`I�X�RSjmHJ_`KOÉ)l/_�®+X¢¿`X�[�É���HgX�K/X�[1À)MgjmX�[mHgK/IÄRSjmHJMgMo{/HJRS~/M}LZQqR�L"K/_`KD«�K/X�I`MgHJI`HgÜ/MJXUMJX¢¿`X�M
_�^�L�{/{/HFj]HJ_�K)L�MõHga�~/[S_�¿`X�aWX�K¨jej]l/L4jÇHgReMJHJr4X�MFQ�j]_zÜ�X�aW_`[mX"[S_`Ü/|/Rkjd®�HFj]l�[mX�RS~AX�p�jdj]_"èmL4a�aWX�[
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Analytic: BT - Wiener
Simulation: BT - Wiener

Simulation: DCT - Excision (4)
Analytic: DCT - Excision (4)

AWGN only
Analytic: DFT - Excision (3)
Simulation: DFT - Excision (3)

��HJI`|Y[mXÄE��Yô�n+�,�í~�X�[k^�_`[ma�L�K/p�X	|/RmHgK/I"X¢�Dp�HgRmHg_`KzL�K/{���HJX�KYX�[�p�_qX�ÈWp�HgX�K¨j]R�É�Ê�Ë·Ì��YÍFE�B���Ï`¬�f

^�[mX�Â.|/X�K/p¢Q"L�K/{"Ü)L4K/{Y®�HJ{Dj]loC�NÔa�_�[mX+jml/_`[m_�|/I`lÄp�_�a�~)L4[mHJRS_`K�_�^)jml/X�RSX�X¢�Dp�HgRmHJ_�KÄ[mX�RS|/MgjmR�®�Hgjml
j]lY_`RmXeHJMgMJ|/Rkj][mL4j]X�{@HJKz��HJI�|/[mX�EZ�"HgR1~/[mX�RmX�K.jmX�{9HgK'é�B��;ë>Cb c �W� ÿZ¶ �9� þ�½ º ¶Zÿ ��� ½�¶ � » ¶ � �Q�9� � ½�þ �u
�¹`� ½,ý � � ý þ�¶ �

\�[]L�K/Rk^�_`[mañ{/_`a�L�HgK�À)MFj]X�[mHJKYI�|/RSHJK/I�[mXZL4MF«�jmHJaWXW��_�|/[mHgX�[	j][mL�K/RS^�_�[maWR�L�K/{ Rm|/[k^2L�p�X@L4p�_`|/Rkj]Hgp
®+L�¿�X·t%GDN���vÄ{/X¢¿DHgp�X�R�®+L�R�_�[mHJI�HJK)L�MgMgQ�~/[S_`~A_�RmX�{ÐL�RWL'aWXZL�KYR"jm_'RS|/~/~/[SX�RSR�K)L�[S[m_�®�«§Ü)L4K/{
HJK¨jmX�[S^�X�[mX�K/p�X:HJKcp�_`K¨j]HgK.|/_`|/R¯«�j]Hga�X�RS~/[mX�L�{�Rm~�X�p¢j][S|/aÞ[SX�p�X�Hg¿�X�[SR�é�B4¬;ë%C�¦§KÇ[SX�MJL4j]X�{d®:_`[mr.R1é �YÉ4B�ÏYÉ
�`Ï4ë%É�Hgj�®�L4RP^�|/[kj]l/X�[�{/X¢¿`X�Mg_`~�X�{ÕL�K/{�X¢�qj]X�K/{/X�{Õjm_�jm[]L�K/Rk^�_`[ma�{Y_`a�L4HJKzX¢�Dp�HgRmHJ_�K�j]X�psl/K/HgÂq|YX�R
Ü)L�RSX�{Ô_�KÐj]l/X��)_`|/[mHgX�[Äj][mL�K/Rk^�_`[mazCÎ��Hgj]lYHJK�j]l/X�~)L�RSj�^�X�®�Q�XZL�[SR�É�RmX¢¿`X�[mL�MiL4|Yj]l/_�[mR�l/L�¿�X
~/[S_`~A_�RmX�{cj]l/X:|/RmX:_�^Y®+LZ¿`X�MJX�j�j][mL�K/RS^�_�[maWR�L�KY{Ç[mX�M}L4jmX�{eÀ)MgjmX�[�Ü)L�K/r.R�L�R�L4K�L�MFj]X�[SK)L4jmHg¿`X�jm_Pj]lYX
^2L�Rkj��)_`|Y[mHJX�[Oj][mL�K/Rk^�_`[ma t2�õ��\Uv�éêE�BqÉ;B4fYÉ�B`ªDÉ��`�qÉ�f¨�YÉ�f/E¢ë>C�¦§KÇ_�K/X�_�^Djml/X�XZL�[SMJHgX�RSj�L4~/~/MJHgpZL4jmHJ_`KYR�É
j]lYX9X�ÈWp�HgX�K¨j@Hga�~/MgX�aWX�K¨jsL;j]HJ_�K·_�^e{/HJI�HgjsL4M�À)MgjmX�[�Ü/L�K/r.R�|/RSHJK/Iï~�_`MFQD~Yl)L�RmX�RSjm[m|/p¢j]|/[SX�R�®+L�R
|/RSX�{Ðjm_'{/X�a�_�K/RSjm[]L4jmXzjml/X�X¢ãOX�p�jmHg¿`X�K/X�RSR@_�^iaÇ|/MgjmHJ[]L;j]X�À)MFj]X�["Ü)L4K/r.R�HJK°X¢�Dp�HJRmHgK/I�K)L�[m[S_�®�«
Ü)L�KY{6HgK.jmX�[k^�X�[mX�K/p�X éêE�B;ë%C°¦�j"l/L�R�RSHJK/p�X�ÜAX�X�K°Rml/_�®�K6jml)L4j"j]lYXz{/L4jsLup�_�a�~/[SX�RSRmHJ_�KÐL�ÜYHJMJHFj§Q

B�¬
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Analytic: MLT - Excision (14)
Simulation: MLT - Excision (14)

Simulation: LT - Wiener
Analytic: LT - Wiener

Analytic: ELT - Excision (8)
Simulation: ELT - Excision (8)

AWGN only

��HgI`|/[mX�E`E`ô�n����Å~AX�[S^�_`[Sa�L4K/p�X�|YRmHJKYIuM}L�~/~�X�{ïjm[]L�KYRS^�_`[Saù{/_�a�L�HgKïX¢�Dp�HJRmHg_`K�L�K/{·��HgX�K/X�[
À)MFj]X�[SHJK/IYÉ)Ò¨GY�ÆÌÞB��Ä{)n�É�ÊZË�ÌÁ�DÍgE�B4�`Ï`¬�fÄ[mL�{�Ó4RSX�p�C

L�RSRm_qp�H}L;j]X�{6®�Hgj]l°®�LZ¿�X�MJX¢j�j][mL�K/Rk^�_`[maWR�p�L�KÔÜ�X�|/RSX�{Ôjm_ïp�_`aW~)L�p¢j]MFQ�[mX�~Y[mX�RSX�K¨j@RSHJK.|/Rm_�HJ{)L�M
HJK¨jmX�[S^�X�[mX�[mR�|/RmHgK/I"l/HJX�[]L�[Spsl/HJp�L�MoRS|/Ü/Ü)L�KY{�j][SX�X�R�é�B4fYÉ�B�ªDÉ)�`�YÉYf¨�4ë%C

y�_`Rkj�[SX�p�X�K¨j]MgQ�É`X¢�Dp�HJRmHg_`Kc|/RmHgK/IUÀ/Mgj]X�[#Ü)L�K/r.R1é�B`B�ëYL4K/{9åkRm~�X�p�jm[]L�MgMgQ¨«§p�_`K¨jsL�HgK/X�{c_`[kj]l/_`I�_`K)L�M
j][mL�K/Rk^�_`[maWRmæ�t%G/ò1hi\UvÄé f¨�qÉOf/E�ëõl)L�ReL4MJRm_�ÜAX�X�KÕRml/_�®�KÕj]_@Ü�XÇ¿`X�[SQuX¢ãOX�p�jmHg¿`X"L;j	a�HFj]HgI¨L4j]HgK/I
K)L�[S[m_�®�«§Ü/L�K/{�HJK¨j]X�[S^�X�[mX�KYp�X�C \1l/X�L�K/L�MgQqRmHgR�~/[SX�RmX�K¨j]X�{ÁHJK é�B`B;ëi^�_qp�|/RSX�R�_`KÎj]lYX�{YX�¿`X�MJ_`~q«
aWX�K¨j�L�K/{6L�K)L�MFQDRSHJR"_�^Uj][mL�K/RS^�_�[maì{/_`a�L�HgKïÀ)MgjmX�[mHgK/I�L�K/{°{)L4j]LÕ{YX�aW_D{/|YM}L4jmHJ_`K�Ó;{/X�jmX�p�jmHJ_`K
RmpslYX�aWX�R+|YRmHJKYId_`[kj]l/_�K/_`[ma�L�M/ÜYMJ_qpsrÄL�K/{�M}L�~/~�X�{"j][mL�K/Rk^�_`[maWRPt%VD\Uv�L�KY{�^�_`[Sa�Rõjml/XPÜ/L�RmHgR�^�_�[
j]lYHJR�®:_`[mr�Cd¦§KÕL�RmHJaWHJMJL�[�a�L4K/K/X�[�ÉOj]lYX�®+_`[Sr�~/[SX�RSX�K¨j]X�{ HJK·é f¨�;ëõX�RSRmX�K.jmH}L�MgMgQ�L�{/{/[SX�RSRmX�Rej]lYX
L�~/~YMJHJp�L4j]Hg_`K�_�^�K)L4[m[m_�®�«�Ü)L�K/{�X¢�Dp�HgRmHJ_�K�|/RSHJK/IWj]HJaWX¢«>®+X�HJI`l¨jmX�{z{/HJRSp�[mX¢j]XÇ��_�|/[mHgX�[1j][mL�K/RS^�_�[maWR
t%�	��\Uvej]_�{)L4j]L�{/X�aW_q{/|/M}L;j]HJ_�K L�KY{ïp�Mg_`RmX�MgQ�X¢�YL�aWHJK/X�RÇHFj]RÇp�_`[m[SX�RS~A_`KY{/HJK/I�Ü/HgjdX�[S[m_`[d[]L4jmX
t%n+�,�Pv�~�X�[k^�_`[ma�L�K/p�X�C�¦§K�p�_�K.jm[]L�RkjZÉ`jml/X+X¾�Yp�HJRSHJ_`KÇL�K)L�MFQDRSHJR�_�ãAX�[mX�{ÄHJK�é f/E¢ëD^�_qp�|YRmX�R�~/[mHga�L�[SHJMFQ
_`K�j]l/X�|/RmX�_�^�j]Hga�X¾«�®:X�HgI`l¨j]X�{'�	��\1RdL�K/{'p�_`RSHJK/X¾«§aW_D{/|YM}L4jmX�{ÕÀ)MgjmX�[eÜ)L�K/r.Rc^�_`[d[mL�{/Hg_`a�X¢jS«
[mHgpdRSHJI`K/L�M�{/X�jmX�p¢j]HJ_�KoC1��l/X�[SXZL�R�é f¨�;ë�L4K/{·é f/E�ë�HJKY{/X�~�X�K/{YX�K¨j]MFQ�L4{/{/[mX�RmR	n+�,��~�X�[k^�_`[ma�L�K/p�X

B�Ï



T
-1

T Correlator

cα

X X g
N

x x

��HgI`|/[SX�E�BDô��iHgRmp�[SX�jmX¢«�jmHJaWXi[mX�p�X�Hg¿`X�[PX�a�~YMJ_�QqHJK/I�jm[]L�K/Rk^�_`[maÅ{/_`a�L�HJK�À/Mgj]X�[mHgK/I/C

L�K/{"j]lYX�L�~Y~/MJHgpZL4jmHJ_`K�_4^#G/ò1hi\1R�Éq~)L�[kj]Hgp�|/MJL�[mMFQÇp�_`RmHgK/X¢«�a�_q{/|/MJL4j]X�{�À)MgjmX�[�Ü)L�K/r.R�Éqjm_dHgK.jmX�[k^�X�[k«
X�KYp�X	Rm|Y~/~/[mX�RmRSHJ_`KoÉDj]l/Xi~Y[mHJa�L�[kQ"I`_¨L�M�_�^ojml/HJR+®:_`[Sr�HgR:j]_Ç~/[mX�RmX�K¨jULdjml/_`[S_`|/I`l@L4K)L�MgQqRSHJR�L4K/{
X�¿4L�Mg|)L4jmHJ_`K�_4^�j]l/X	MJL�~/~�X�{�j][mL�K/Rk^�_`[ma�{/_`a�L�HJK�X¢�Dp�HgRmHJ_�K@~/[m_qp�X�RmR�L�R�L�aWXZL�KYR�_�^�a�HFj]HgI¨L4j]HgK/I
K)L�[S[m_�®�«§Ü/L�K/{zHJK¨j]X�[S^�X�[SX�K/p�X�C

\�[mL�K/Rk^�_`[maÆ{/_`a�L�HgKcX¾�Dp�HJRSHJ_`KcHJR#^�[mX�Â.|/X�K¨j]MFQc~AX�[S^�_`[Sa�X�{d|/RSHJK/I�LU[SX�p�X�Hg¿�X�[�Rm|/pslÄL4R�jml/X+_`KYX
RmlY_�®�KzHJK���HJI`|Y[mXÇE�BDC`úPX�[mX�ÉYÜ/MJ_qpsr.R 8 L�K/{ 8 ���,[mX�~Y[mX�RSX�K¨j�L�[mÜ/HFj][mL�[SQ"^�_`[k®�L�[S{�L�K/{�HJK¨¿�X�[mRSX)�«�~A_`HgK¨jij][mL�K/RS^�_�[maWR�É�[mX�Rm~�X�p¢j]Hg¿�X�MFQ`É#L�K/{ujml/X�j][mL�K/RS^�_�[maø{Y_`a�L4HJK�®:X�HgI`l¨j]HJKYI�¿`X�p¢j]_`[�Éä� ÉoHgR
L�RSRm|/aWX�{9jm_�p�_`K¨j]L�HJK9ÜYHJK)L�[kQzX�MJX�a�X�K¨j]R�ÉAH>C�X�C°���ä��í¸�;�p�ZE� ¼�6�H� ��� ) ��E� .C�\1l/X�HJKY{/HF«
¿qHJ{/|/L�Mop�_�a�~�_`K/X�K.jmR�_�^�jml/X	Ü/HgK)L�[SQ�®+X�HJI`l¨jmHJK/IÄ¿`X�p�jm_`[U¿4L�[kQ�HgKz[SX�RS~A_`KYRmX	j]_Äj]lYXcpsl/L�K/I`X�RPHgK
j]lYX1{/HJRkj][mHgÜ/|YjmHJ_`Kd_�^�HJK¨j]X�[S^�X�[SX�K/p�X�X�K/X�[mI�QÄ~Y[mX�RSX�K¨j,HJK�X�L�pslW[mX�p�X�HF¿`X�{W{)L4j]L�¿`X�p�j]_�[	% X¢�Dp�HgRmHg_`K
HJR+LÇRmHga�~YMJX�j]X�pslYK/HJÂ.|/Xijml)L4j1RS|/~/~/[SX�RmRSX�RUK)L�[S[m_�®�«§Ü)L4K/{�HJK¨jmX�[S^�X�[mX�K/p�X	Ü¨Q�RmX�jSj]HgK/IÄ~A_�[Sj]Hg_`K/R,_�^
j]lYX�j][]L4K/RS^�_`[Saäjml)L4jcL�[SX�~/[SHJa�L�[mHgMgQ@HgK.jmX�[k^�X�[mX�K/p�XÄjm_@ó�X�[S_/Cd�i|/X�j]_@HFj]RiÜ/HgK)L�[kQ�K)L;j]|/[SX�Éoj]lYX
X¢�Dp�HJRmHg_`K�~/[m_qp�X�RmR"j§Qq~/HJp�L�MJMFQ'QqHJX�MJ{/RÄ~�_q_`[mX�["n����£~AX�[S^�_`[Sa�L�KYp�X�j]l/L�K�a�_`[SX@Rm_`~Yl/HJRkj]HJp�L4j]X�{
j][mL�K/Rk^�_`[maä{/_`a�L�HJK���HJX�KYX�[�À)MFj]X�[mHJKYI�Rmpsl/X�a�X�R�é�B`B�ëõ|/KYMJX�RSReL�MJM�_�^�j]lYXÄHJK¨j]X�[S^�X�[SX�K/p�XÄX�K/X�[mI�Q
HJR�p�_`K¨jsL�HgK/X�{�HJK�Lc¿`X�[SQWRma�L�MgM)Kq|Ya�ÜAX�[:_4^oj][mL�K/RS^�_�[mab{/_�a�L�HgK�ÜYHJK/R�C�­PX¢¿`X�[kj]l/X�MJX�RmR�ÉYHJKWa�L�K¨Q
pZL4RmX�R�É�jml/X"RmHga�~/MgHJp�Hgj§Qz_�^+jml/X"[mX�p�X�HF¿`X�[cRkj][S|/p�jm|/[mX�L�K/{Õj]l/XWL�ÜYHJMJHFj§Q�_4^:jml/X"X¢�Dp�HgRmX�[	jm_�[SXZL�p¢j
[]L4~/HJ{/MFQ�jm_�psl)L�K/I`X�ReHJKuj]l/X"HgK.jmX�[k^�X�[mX�K/p�X"a�L�r�XÄHFjeL@~/[mHga�XÇpsl/_`HJp�X"HJKÕa�L4K.Q�K)L�[S[m_�®�«§Ü)L4K/{
HJK¨jmX�[S^�X�[mX�K/p�XcRm|/~Y~/[mX�RmRmHg_`K9L4~/~/MJHgpZL4jmHJ_`KYR	éêE`É�BqÉ�wDÉOE��YÉ�B��DÉ��`¬;ë%C

N�RU~/[mX¢¿qHJ_`|/RSMgQ@aWX�K¨jmHJ_`K/X�{oÉ/j]lYHJR1®+_�[mr�^�|/[kj]l/X�[U{YX�¿`X�MJ_`~YRUjml/XdX¾�Dp�HJRSHJ_`Kz~/[S_Dp�X�RmRUÜ¨Q�p�_`Kq«
RmHg{/X�[SHJK/Izj]l/X�L�~/~/MgHJp�L4j]Hg_`KÕ_�^1M}L4~/~AX�{'jm[]L�K/Rk^�_`[maWR�éîE�Ï;ë:HgK'jml/X�jm[]L�K/Rk^�_`[ma¤{/_�a�L�HgK'X¾�Dp�HJRSX�[�C
��HgjmlÕVD\1R�É#jml/XÄÜ)L�RSHJRi¿�X�p�jm_`[mRcL�[SXÄK/_�j	[SX�Rkj][mHgp�jmX�{ÕHJKuMgX�K/I�jml�L�Rij]l/X¢QuL�[SXÄHJKup�_`K¨¿`X�K¨jmHJ_`K)L4M
Ü/Mg_DpsrÇjm[]L�KYRS^�_`[Sa�R�MJHgr�X1j]lYXP�	��\ÔL�K/{W{/HgRmp�[SX�jmXPp�_`RmHgK/XUjm[]L�KYRS^�_`[Saðt%�eò+\Uv¾Cq¦§KY{/X�X�{oÉq®�lYX�[mX�L�R

�`�



j]lYX�MJX�K/I�j]lYRi_�^�j]lYX�Ü/MJ_qpsr�j][]L4K/RS^�_`[Sa¸Ü/L�RmHgRP¿`X�p�jm_`[mRcL�[SXÇMJHga�HFj]X�{zjm_�j]l/X�K.|/aÇÜAX�[i_�^�j][mL�K/R¯«
^�_`[Sa�{Y_`a�L4HJKWp�X�MgMJR�ÉD_`[:Ü/HJKYR�ÉDjml/XiVq\ÎÜ)L�RSHJR+¿�X�p�jm_`[mR+l)LZ¿`X	MJX�K/I�jmloÉL'1Éqj]l)L4j+HJR,X�Â.|)L�M�j]_�RS_`aWX
X�¿�X�K9HgK¨j]X�I�X�[�a�|/MFj]HJ~YMJXi_�^�j]l/XcK.|/a�Ü�X�[U_�^õÜYHJK/R�É�H%C�X4CU'�Ì�B�+�) É�®�l/X�[mXP) HJR1jml/XdK.|/aÇÜAX�[
_�^�Ü/HgK/RiL4K/{,+ìHJRUj]l/XH-�/�02123652787:9<;>=
?A5>B2CD-�1déîE�Ï;ë��Ojml/X�HgK/~/|YjmRPj]_�Rm|/p�p�X�RSRmHF¿`XÄj][mL�K/RS^�_�[maWRiL�[SX
~/[S_D{/|Yp�X�{�Ü¨Q"_�¿�X�[SM}L�~/~YHJK/IcRmX�I`a�X�K¨j]R+_4^Ajml/XP[SX�p�X�Hg¿�X�{�RSHJI`K/L�M>C�\1l.|/R�ÉDHJKWp�_`aW~)L�[SHJRm_�K"jm_cjm[]L;«
{/HFj]HJ_�K)L�M�MJX�KYI�j]lD«Ï) Ü)L�RSHJR+¿�X�p�jm_`[mR�É)j]l/X	Ü)L4RmHJR:¿`X�p¢j]_`[SRUL�RmRS_Dp�H}L4jmX�{�®�Hgjml�VD\1R1j§Qq~/HJp�L�MJMFQ"QDHgX�Mg{
HJaW~/[S_�¿�X�{�RSj]_�~/Ü)L�K/{�L4jmjmX�K.|)L4jmHJ_`KWHJK"j]lYXU^�[SX�Â.|/X�KYp�Q�{/_`a�L�HJKÄ^�_`[,LdI�Hg¿`X�KWÀ/Mgj]X�[:Ü/L�K/{Y®�Hg{Yj]loC
�)_`[Sjm|/K)L4jmX�MFQ`É�j]l/X�[mXWX¢�DHJRkjÇX¢ÈWp�HJX�K¨jÇÀ)MFj]X�[eÜ)L4K/ruRSjm[m|/p¢j]|/[SX�Rdjml)L4jÇL�MJMg_�®Þjml/X�RSX�Mg_`K/I`X�[cÜ/L�RmHgR
¿`X�p�jm_`[mR�jm_iÜ�X:|/RSX�{�®�l/HgMJX,_`K/MFQea�_q{/X�[mL4j]X�MgQeHgK/p�[SXZL�RSHJK/IUj]l/X:Kq|Ya�ÜAX�[�_�^/[mX�Â.|/Hg[mX�{ÄL�[mHFj]l/aWX�jmHJp
_`~�X�[mL4j]Hg_`K/RcéêE�Ï;ë%C"�TJV mjl�]`[^epo2q#lsr õgq\r³]`XZ[d$fegW�XZeLXZq\[÷]`[YX�õgk&ùLkhW�ù�XÏqÚ[
¦§K�jml/HJR,RmX�p�jmHJ_`KoÉ.j]lYXPÜ/HFj,X�[m[S_`[,[]L4jmXÇt2n�����v�~�X�[S^�_�[ma�L�K/p�XU_�^OM}L�~/~�X�{Wj][mL�K/RS^�_�[maç{/_`a�L�HgKWX¾�.«
p�HgRmX�[mR�HJKdj]l/X�~Y[mX�RSX�K/p�X�_�^�RmHgK/I`MJX¾«�jm_`K/X�L4K/{ÄK)L�[S[m_�®�«§Ü)L4K/{W¥cL4|/RmRSH}L�KÄHgK.jmX�[k^�X�[mX�K/p�X1HgR�{/X�[mHF¿`X�{OC
N�MFj]l/_�|/I`l�KY_�j+p�_`K/RSHJ{/X�[mX�{�l/X�[SX�ÉDjml/X�X¾�qj]X�KYRmHJ_�K�_�^ojml/Xin����ÛL�K)L�MFQqRmHJR�jm_Ça�|/MFj]Hg~/MJX¾«�j]_�K/X1HJKD«
j]X�[S^�X�[mX�KYp�X�HgR�RSjm[]L�HgI`l¨jm^�_`[k®�L�[S{�L4K/{�HgR�{/HJRSp�|/RSRmX�{�HJK"Rm_`aWX�{/X�j]L�HJM)HgK�é��YE�ë>CõNPK�X¾�D~/[mX�RmRmHg_`K�^�_�[
j]lYXÇn�����HJR1À)[SRSjP{/X�[SHg¿�X�{�|YRmHJKYI�j]lYX�y�Vq\�L�K/{zj]l/X�K�aW_D{YHgÀ)X�{�jm_WQqHgX�MJ{�L"RmHJaWHJMJL�[�X¾�Y~Y[mX�R¯«
RmHg_`K@^�_`[���VD\�{/_`a�L�HJK@X¾�Yp�HJRSHJ_`KoC�\1l/Xcn����í~�X�[k^�_`[ma�L�K/p�XeL�K)L�MFQDRSHJR�^�_`[�jm[]L�KYRS^�_`[Sa£{/_`a�L�HJK
X¢�Dp�HJRmHg_`K�|YRmHJKYI�_`[kj]l/_`KY_`[ma�L�M�Ü/Mg_Dpsr�jm[]L�K/Rk^�_`[maWRÇé�B4fYÉOB�B;ë�HJRUK/_�jP~/[mX�RmX�K¨jmX�{ul/X�[mX��Al/_�®+X¢¿`X�[�É
[mX�Rm|/MFj]Rõ^�_`[�Ü/MJ_qpsrdjm[]L�K/Rk^�_`[maWR�®�HgMJMqÜAX1|/RSX�{"^�_`[õp�_`a�~/L�[mHgRm_`KÄHgK�j]l/X1K/X¾�qj�RmX�p¢j]Hg_`KoCõ\1l/[S_`|/I`lq«
_`|Yjejml/HJR	RSX�p�jmHJ_`KOÉ�aW_q{/|/M}L;j]HJ_�K�Ó4{/X�a�_q{/|/MJL4j]Hg_`K�_`~AX�[]L4jmHJ_`KYR	ÜAX¢j§®+X�X�K jml/XÄj][]L4K/RmaWHgjSj]X�[eL4K/{
[mX�p�X�Hg¿`X�[	L�[SXÇL�RSRm|/aWX�{�j]_�Ü�Xdjm[]L�KYRm~)L�[SX�K¨jZC(úPX�K/p�X4ÉAjml/XÇ[SX�p�X�Hg¿�X�[�HgR�L4RmRm|Ya�X�{�j]_�l/L�¿�XÇ~�X�[¯«
^�X�p¢j�r.K/_�®�MgX�{/I`X�_�^ijml/X�p�L�[m[SHJX�["^�[SX�Â.|/X�K/p�QÐL�K/{6~/l)L�RSX9L�K/{°j]l/X�p�_`[S[mX�Rm~�_`K/{/HgK/I [SX�p�X�Hg¿�X�{
{)L4j]LÄRmHJI�K)L�MOHgR1[mX�L�M>C�NPK.jmHJ~�_D{/L�MORSHJI`K)L4MJHJKYIÇHJR1|YRmX�{�L�K/{zXZL4psl�{)L;jsLÄÜ/Hgj�HJR1Rm~Y[mXZL4{�|/RSHJK/I"_`KYX
^�|/MgM:MgX�K/I�jml·_�^�j]l/X�Rm~/[SXZL�{/HgK/IuRmX�Â.|/X�K/p�X�C·�)|/[kj]l/X�[maW_`[mX4Éõj]l/X@[SX�p�X�Hg¿�X�{�RmHgI`K)L�M:HJR�RmL�aW~/MJX�{
_`K/p�X�~�X�[ipsl/Hg~oÉAjml/X�MgX�K/I�jml�_�^�jml/X�RS~/[mX�L�{/HJKYI@RmX�Â.|/X�K/p�X"X�Âq|/L�MJRUj]l/X�K.|/aÇÜAX�[i_�^�j][mL�K/Rk^�_`[ma
Ü/HgK/R�É�)ÞÉ)L�K/{�jml/XiÜ�_`|/K/{/L�[mHgX�R�_�^�jml/X�jm[]L�K/Rk^�_`[ma�HJKY~/|Yj+¿�X�p¢j]_`[SRPL4[mXiL4MJHJI�K/X�{�®�HFj]l�jml/_`RSXi_�^

�YE



j]lYXc{/L4jsLÄÜ/HFjZC

\1l/X@[mX�p�X�Hg¿`X�{�RmHJI�K)L�M,HJR�L4RmRm|Ya�X�{ïj]_up�_�K/RmHgRSjÄ_�^1jml/X�RS|/a _�^1jml/X�jm[]L�K/RSa�HFjmjmX�{ RSHJI`K/L�M>É
L�{/{YHgj]HF¿`Xijml/X�[Sa�L�MOK/_`HJRSXeL�K/{zHJK¨j]X�[S^�X�[mX�KYp�X�É�H%C�X4Ci Ì!+ ®^- ® È ÍúPX�[mX4Éj+ [mX�~/[mX�RmX�K¨jmRPj]lYXcRS~/[mX�L�{z{)L4jsL"Ü/HFjZÉ+ Ì ý é�
Aë � �
®�l/X�[mX ý é$
�ë�HgRPjml/X�p�|Y[m[mX�K¨j	{)L4j]L�Ü/HgjU®�Hgjml ý é$
�ë`í¸�­®�E´�N�cE� "L�KY{�� HgRPj]lYXÇRm~Y[mXZL4{/HJK/I@p�_D{YX
®�Hgjmlípsl/Hg~í¿�L4MJ|/X�R�_�^k) �. Û ÉÇL4K/{l- HgR9L6¿�X�p¢j]_`[u_�^"ó�X�[S_4«§aWXZL�K�®�l/HgjmX�¥cL4|/RmRSH}L�KíKY_`HJRSX
t2N#�Ô¥c­�vÇR]L�aW~/MJX�RÇ®�Hgjmlïj§®+_;«§RmHg{/X�{�~�_�®+X�[ÄRm~�X�p�jm[]L�M1{YX�K/RSHgj§Q·ÙcÚ¢Ø`BDC'GYL�aW~/MgX�R�_�^�jml/X@HJKD«
j]X�[S^�X�[mX�KYp�XÕ¿`X�p¢j]_`[�É È ÉiL�[SX'L4RmRm|Ya�X�{Ûjm_6Ü�XuI`X�KYX�[]L;j]X�{Û^�[m_`a j]l/XÕRSHJK/I`MgX¢«>j]_`K/XuHgK¨j]X�[k^�X�[SX�[�É

È é$
�ëeÌm0 ½ p�_`R�é�ÊZË#
"®�Ý�ë>É�®�l/X�[mXf0 ½ HJR"LÕp�_�K/RSj]L�K¨j�{/X�K/_�jmHJK/I�L�aW~/MJHFj]|/{YX�É,Ê�ËÑHJR�jml/Xz_�ã�«
RmX¢j�^�[S_`a£j]l/XdpZL�[S[mHgX�[�^�[mX�Â.|/X�K/p�Q9L�K/{ Ý�HJRPL�[mL�K/{/_�aä~Yl)L�RmXd|/K/HF^�_`[maWMgQ@{YHJRSjm[mHgÜ/|Yj]X�{�HgK�j]lYX
HJK¨jmX�[S¿4L�M�é��L�sB ± v¢C
�&v2�sv2� �Æ�o����(2&D��-q�Î(2&/!�!�-q�Ð����&)��<�=����;$ï<
N�RSRm|/aWHJKYIcRkQqK/psl/[m_�K/HJó�L4j]Hg_`KoÉ`j]lYX1p�|/[S[mX�K¨j:{)L4j]LiÜ/MJ_qpsr�É¨{/X�K/_4j]X�{�L�R�� ½ HgKWGDX�p¢j]HJ_�K�BqCgE`C�BDÉ¨p�L�K
Ü�X�X�Âq|YHg¿4L�MJX�K¨j]MgQ9[mX�~Y[mX�RSX�K¨j]X�{·Ü¨Quj]l/XW[mX�p�X�HF¿`X�{ï{)L4j]Lz¿`X�p�jm_`[�É�H>C�X�Cj� ½ Ì i C�N�Rc{/X�À)KYX�{ïHgK
��Â.R�CD�ÇL�K/{�ªDÉ.j]l/X�y�VD\Î{Y_`a�L4HJK"p�_qX�ÈWp�HgX�K¨j]R:p�_`[S[mX�Rm~�_`K/{/HgK/Idjm_cjml/X�[SX�p�X�Hg¿�X�{�{)L;jsLc¿�X�p¢j]_`[�Éi É)L�[mX	jmlq|YRUI�Hg¿`X�K�L4R n ÊìÌ   i Ên ÊÏÊ Ì   i ÊZÊ Í
GDHgK/p�X�y�Vq\Ñ{/_`a�L�HgKu~/[m_qp�X�RmRmHgK/IzK/X�p�X�RmRSHgj]L4j]X�Rcjml/X"|/RmXW_�^,j§®+_zRmX¢j]Rc_�^:jm[]L�KYRS^�_`[Sa�{/_`a�L�HJK
À)MFj]X�[dp�_qX�ÈWp�HgX�K¨j]R�É�{/X�KY_�j]X�{6L4R�� Ê"L4K/{�� ÊÏÊ�É�jml/X�aW_D{YHgÀ)X�{ Rm~�X�p¢j][mL�M+p�_DX¢È�p�HJX�K.jmRÄa�LZQ�Ü�X
X¢�D~/[SX�RSRmX�{9L�R !n Ê�Ì�{/H}L4I�tª� Ê¢v n Ê L�KY{ !n ÊÏÊ1ÌÛ{YH}L�I�tI� ÊÏÊ¢v n ÊÏÊ�Í t>B�Ï¨v

�¨B



­P_4j]X�j]l)L4j�l/X�[mX:{/H}L�IPtÏ£êvo{/X�KY_�j]X�R�j]lYXU) �() a�L4jm[mHF��®�l/_`RSX+{/HJL�I`_`K)L4M`X�MgX�aWX�K¨j]R�p�_`[S[mX�Rm~�_`K/{
j]_	jml/X�p�_`aW~A_�K/X�K¨j]R�_�^AHgjmR`) ��EUL�[mI`|Ya�X�K.j�C�¥	Hg¿�X�K���Â�C.¬YÉ`jml/X()Î��E1À)MgjmX�[mX�{�{/L4jsLi¿`X�p�jm_`[
a�L�Q�ÜAX	®�[SHgjmjmX�K�L�R

!i Ì ó ë   �ô !
n
ë � ì*í��ðï:�Gï>ï� .Í t%�`�¨v

\1l/X�À)MFj]X�[mX�{ {)L4jsLz¿`X�p¢j]_`[ÇpZL�K·Ü�X�p�_`[m[SX�M}L;j]X�{'®�Hgj]l'j]l/X�[mX�^�X�[mX�K/p�X@RS~/[mX�L�{/HJKYI9p�_q{/X�jm_
QqHJX�MJ{@j]l/XeÜ/HFj1{/X�p�HJRSHJ_`K�¿4L�[mHJL�Ü/MgX�É o

� Ñ ÛYp � Ì � � !i Í
��Hgjml6jml/X9L�{Y{/HgjmHJ_`K)L4M1L�RmRS|/aW~Yj]Hg_`K6jml)L4jWj]l/X�_�¿�X�[mL�MJMURSQqRSjmX�a HJRWMJHgK/XZL�[�É

o
� Ñ ÛYp � a�LZQ�Ü�X

[mX¢®�[mHFjmj]X�K�HgK@j]X�[Sa�R1_4^�jml/XeHJK/{/HF¿qHJ{/|)L4MORmHgI`K)L�MOp�_`aW~A_�K/X�K¨j]R�|/RSHJK/IW��Â.R�CAB�Ï"L�K/{��`�"L�Rdé�B`B;ëo
� Ñ ÛYp � Ì ó ë � �ë {/H}L4I�tª� ë v n ë

Ì ó ë � �ë {/H}L4I�tª� ë v�érq ë ®6Ù ë ®;6 ë ë´�
®�l/X�[mXs� ë Ì�  ô � Ctq ë �]Ù ë L4K/{u6 ë p�_`[m[SX�RS~A_`KY{�j]_ij]lYX+j][mL�K/RS^�_�[ma {/_`a�L�HJKd[mX�~Y[mX�RSX�K¨jsL;j]HJ_�K/R
_�^	jml/Xu{/X�RSHJ[SX�{ÎRmHgI`K)L�M%É�L�{/{/HFj]HF¿`X�®�lYHgj]Xu¥cL�|YRmRmHJL�KÔK/_�HJRmX�L�K/{ÎHgK.jmX�[k^�X�[mX�K/p�Xup�_`aW~A_`KYX�K¨j]R�É
[mX�Rm~�X�p¢j]Hg¿�X�MFQ`C�\1l/HgR+X¢�D~/[SX�RSRmHJ_�K�Rml/_�®�R�lY_�®�{YX�j]X�p�jmHJ_`K�pZL�K�Ü�XU~AX�[S^�_`[Sa�X�{�HJK"j]lYXPj][mL�K/Rk^�_`[ma
{/_`a�L�HgKoÉYH%C�X4CwvQ9<Cyx�-��>C�~AX�[S^�_`[Sa�HgK/I"L�KzHJK¨¿`X�[mRmXej][mL�K/Rk^�_`[mazC���HJI�|/[mXÄE��ÄHgMJMJ|YRSj][mL4j]X�R1L"I`X�K/X�[mHgp
p�_�a�a�|YK/HJp�L4j]Hg_`K/R�[SX�p�X�Hg¿�X�[zX�aW~/MJ_�QqHJK/I6y�Vq\ø{/_�a�L�HgKÎX¢�Dp�HgRmHg_`KÁL4K/{�{YX�j]X�p�jmHJ_`KoC�¦§K�j]l/HgR
RSQqRkj]X�azÉYjml/X	Rm~�X�p¢j][]L4MOp�_qX�ÈWp�HJX�K¨jmR1_�^#j]l/Xi_�Ü/RmX�[S¿`X�{�{/L4jsLÇRSHJI`K/L�MOL4[mXi~�_`HJK¨jk«�®�HJRSX�a�|YMgj]Hg~/MJHgX�{
®�Hgjml9j]l/X�®:X�HgI`l¨j]HgK/I�¿`X�p�j]_�[cX�MJX�a�X�K.jmR�Cd\1l/X"p�_`[S[mX�RS~A_�K/{/HJKYI@_`|Yj]~Y|Yj]ReL�[SX�j]l/X�KÕp�_`[S[mX�MJL4j]X�{
®�HgjmlWjml/XUrqKY_�®�KWj][mL�K/RS^�_�[maç{/_`a�L�HgKÄ[mX�^�X�[mX�K/p�XU¿`X�p¢j]_`[SR�ÉD|/RmHgK/IÇLe{/_�j,~/[S_D{Y|/p�j�É.jm_cQqHgX�MJ{"j]lYX
{/X�p�HJRSHJ_`K@¿4L�[SH}L�Ü/MgX�C

¦§K'~Y[]L�p¢j]HJp�X

o
� Ñ ÛYp � HJR�j§Qq~/HgpZL�MgMgQ�~/|Yj	jml/[m_`|YI`lÕL�j]l/[SX�RmlY_`MJ{Õ{/X¢¿DHgp�XÄ®�Hgjml9j]l/XÄ{YX�p�HgRmHg_`K

Ü�_`|/K/{)L4[SQÕRmX¢jÇjm_�ó�X�[m_�j]_za�L�r4X�LzÜ/Hgjc{/X�p�HgRmHJ_�KoC@n:QÕ{/X¢j]X�[maWHJK/HgK/I@j]l/XWÀ)[mRkj�L�KY{ RmX�p�_`KY{D«
_`[S{/X�[õRkjsL4jmHJRkj]HJp�R�_4^

o
� Ñ ÛYp � É�j]lYX+p�_�K/{/HgjmHJ_`K/L�MqL�K/{Ä|/K/p�_`K/{/HFj]Hg_`K)L�M.Ü/HFjõX�[S[m_`[�[]L4jmX+X¾�Y~Y[mX�RSRmHg_`K/R

pZL4KuÜAXdX�¿4L�MJ|/L4j]X�{�^�_`[iL4[mÜ/HFj][]L4[SQ�HJKY~/|YjiRSHJI`K/L�MJR�ÉARS~AX�p�j][mL�M�®:X�HgI`l¨j]R	L4K/{uMJHgK/XZL�[1jm[]L�K/Rk^�_`[maWR�C

�`�
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��HJI�|/[mX�EZ�Yô��UX�p�X�Hg¿`X�[PX�a�~YMJ_�QqHJK/IWy�Vq\Á{/_�a�L�HgK@X¢�Dp�HgRmHg_`KzL�K/{z{/X�jmX�p�jmHJ_`KOC

GDHgK/p�XWj]l/X	èmL�a�aWX�[e~/l/L�RmX4ÉQÝDÉõHgRd|YK/r.K/_�®�KoÉõj]l/X�p�_`KY{/HgjmHJ_`K)L4M�a�X�L�KoÉ	<{z Ñ ÛYp � ? @ É�_4^ o � Ñ ÛYp �
a�|/Rkj�À)[SRSj1Ü�X	{/X�jmX�[Sa�HgK/X�{�^�_�[1LdÀY�DX�{@¿4L�Mg|/Xi_�^äÝqC�N�RmRS|/aWHJK/I�jml)L4j+jml/Xij][mL�K/Rk^�_`[ma�{/_`a�L�HJK
À)MFj]X�[�p�_qX�ÈWp�HgX�K¨j]R,L�K/{Äjm[]L�K/Rk^�_`[ma�L4jmHJ_`K�a�L4jm[mHF�ÇL�[SX�ÀY�DX�{�L�K/{�jml)L4j,L�®�E�{)L4jsLiÜYHgj�l)L4R�ÜAX�X�K
RmX�K¨jZÉ�H>C�X�C|+ Ìg� É/jml/Xep�_`KY{/HgjmHJ_`K)L4MOX¢�D~�X�p¢jsL4jmHJ_`K�_�^ o � Ñ ÛYp � a�LZQ@Ü�X	X¢�D~/[SX�RmRSX�{ÕL�R< z Ñ ÛYp � ? @ Ì Ö¸�

o
� Ñ ÛYp � D ý é�
AëAÌ¶®�E´��Ý¹ 

Ì ó ë � �ë {/H}L4I�tª� ë v � � ë ®�6 ë Ñ @ �E� t%�YE�v

®�l/X�[mX}6 ë Ñ @ HJR1{YX�À)K/X�{9L�R 6 ë Ñ @ ÌÁÖ��~6 ë D Ý� +Í t%�¨B`v

ò+MJX�L�[mMFQ`É;Hg^/jml/X:®:X�HgI`l¨j]HgK/IP¿�X�p�jm_`[õX�MJX�aWX�K¨jmRõL�[SX+RmX¢jõj]_P|/K/HFj§Q`É�jml/X+[SX�p�X�Hg¿�X�[õRSHJaW~/MgQ	p�_`[m[SX�MJL4j]X�R
j]lYXejm[]L�KYRS^�_`[Sa�R1_�^�j]lYXc[SX�p�X�Hg¿�X�{�RmHJI�K)L�MO®�HFj]l@j]l/_�RmXc_�^�jml/XeRm~/[SXZL�{YHJK/I"p�_q{/X4C

N�RSRm|/aWHJK/Icj]l)L;j,jml/XUó�X�[S_4«§aWXZL4K�K/_�HJRmX�j]X�[maWR,L�[mXUHJK/{YX�~�X�K/{/X�K¨j�_�^Aj]l/XURmHgI`K)L�M�L�KY{�HJK¨jmX�[k«
^�X�[SX�K/p�XPp�_`aW~A_`KYX�K¨j]R,L�K/{"j]l/L4j�XZL�pslWRmX¢j+_4^Ajm[]L�K/Rk^�_`[maÞ{/_`a�L�HJKÄp�_DX¢ÈWp�HJX�K¨j]R,HJR�HJKY{/X�~�X�K/{YX�K¨j
_�^�j]l/Xe_�jml/X�[SR�É/jml/Xep�_`K/{YHgj]Hg_`K)L�MARmX�p�_`K/{q«§_`[S{/X�[Ua�_�a�X�K.j�_4^

o
� Ñ ÛYp � a�L�Q�ÜAX	®�[SHgjmjmX�KzL�R

Ö � o ·� Ñ ÛYp � D ý é$
�ë���Ý � Ì < ·z Ñ ÛYp � ? @ ®¸ó ë � �ë {/HJL�I�tI� ë v � � ô � ô {YH}L�I�tI� ë v�� ë �
®�l/X�[mX � � ô � ô ÌÛÖ � Ù ë Ù �ë � Ì B ·� 
 Ì ÙdÚ

B 
 Í

��f



\1l.|/R�É)jml/X	¿�L4[mH}L4K/p�X	_�^

o
� Ñ ÛYp � HJR1I`HF¿`X�K�Ü¨QB ·z Ñ ÛYp � ? @ Ì Ö � o ·� Ñ ÛYp � D ý é�
Aëª��Ý � ��< ·z Ñ ÛYp � ? @

Ì ÙcÚ
B ó ë � �ë {/H}L�I)tª� ë vk{YH}L�I�tI� ë v�� ë Í t%�`�¨v

ò+MJX�L�[mMFQ`É/RSHJK/p�X	j]l/Xe{/X�~AX�K/{/X�KYp�XÇ_�K"ÝÄl)L4RUÜ�X�X�K�[SX�aW_�¿`X�{OÉ B ·z Ñ ÛYp � Ì B ·z Ñ ÛYp � ? @ C
TPRSHJK/Iijml/X1X¢�D~/[SX�RmRSHJ_`KYR�^�_�[�< z Ñ ÛYp � ? @ L�KY{ B ·z Ñ ÛYp � É.L�RõI`HF¿`X�KWÜ¨Q���Â.R�C.�YE1L�K/{W�`�DÉ`_`K/X1p�L�K

X�¿4L�Mg|)L4jmXõj]l/X�n����ï~�X�[k^�_`[ma�L�K/p�X�_�^.j]l/X�[mX�p�X�Hg¿`X�[#{/X�~/Hgp�jmX�{cHJKe��HgI`|/[mX1EZ�+^�_`[#L�KcL�[mÜYHgj][mL�[SQPRmX¢j
_�^�Ü)L4RmHJR�¿`X�p�j]_�[mR�L�K/{ÄRS~/[mX�L�{/HgK/Iip�_q{/X4CõN�RSRm|/aWHJK/I�X�Â.|/HJ~Y[m_`Ü)L4Ü/MJX:{)L4jsLPÜ/HgjmR�É4jml/X�~/[S_`Ü)L�ÜYHJMJHFj§Q
_�^�Ü/Hgj�X�[m[S_`[1HJR1I`HF¿`X�K�Ü¨Q'é�B`B�ëF 
 Ñ ÛYp � Ì E

B ± G ·�HÚ I J <{z Ñ ÛYp � ? @B z Ñ ÛYp � L ý Ý>�
®�l/X�[mXej]l/X I «�^�|/K/p¢j]Hg_`K�HJR1{/X¢À)K/X�{�L�RI tª�/v(ÿÌ EM B ± G N� O �QPSR ýUT Í
�&v2�svg� Ö
×o��-q����-q�Î*�&/!�!�-q��8+��&)��<�=����;$ï<
TPRSHJK/I"��Â�CoE`EeL4K/{�{/X�K/_4j]HJKYI�j]l/X�^�_�|/[1RmX¢j]R1_�^#j][mL�K/Rk^�_`[ma©{/_`a�L�HJKWÀ)MgjmX�[�p�_DX¢È�p�HJX�K.jmRUL�R�� Ê�É� ÊÏÊ És� ÊÏÊZÊ L�K/{ã� ÊJæ ÉYjml/Xc��VD\í{/_�a�L�HgK�À)MFj]X�[SX�{zHJK/~Y|Yj1¿`X�p�j]_�[PHgR�®�[mHgjSj]X�K�L4R

!i Ì ó ë   �ô !
n
ë � ì*í��ðï:�Gï>ïs��ï¼ï¼ïs��ïpñ� ¼� t%��f.v

®�l/X�[mXej]l/XeaW_D{/HFÀ)X�{���Vq\Á{/_`a�L�HgK@p�_qX�ÈWp�HgX�K¨j]RPL�[mX	I�Hg¿`X�K�Ü¨Q!n ë Ì {/HJL�I�tI� ë v
n
ë Í t%�¨w`v

¥	Hg¿`X�Kz��Â.R�CA�4f�L4K/{��`wDÉYj]lYXd��Vq\í{/_`a�L�HJK�{/X�p�HJRmHg_`K@¿4L�[mHJL�Ü/MJX�pZL�KzÜAXeX¾�Y~Y[mX�RSRmX�{uL�Ro
� Ñ � p � Ì � � !i

Ì ó ë � �ë {/H}L�I)tª� ë v�é�q ë ®6Ù ë ®;6 ë ë¨Í
�¨w
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��HJI`|Y[mXÄEZf/ô���X�p�X�HF¿`X�[�X�a�~/Mg_�QDHgK/I"��VD\í{Y_`a�L4HJK�X¾�Yp�HJRSHJ_`K�L�K/{�{/X¢j]X�p¢j]Hg_`KoC

�)[m_`a©j]l/HgRUX¾�D~/[mX�RmRmHg_`KoÉ�j]l/Xcp�_�K/{/HgjmHJ_`K/L�MoaWXZL�Kz_�^

o
� Ñ � p � ®�Hgjml�[SX�RS~AX�p�j�jm_ ý é�
AëOÌÓ®�EÇL4K/{ÝÄHJR1I`HF¿`X�KzÜ¨Q <{z Ñ � p � ? @ Ì ó ë � �ë {/H}L4I�tª� ë v � � ë ®�6 ë Ñ @ � � t%�`�¨v

®�l/X�[mXej]l/X�6 ë Ñ @ jmX�[Sa�R�^�_`MgMJ_�®Û{/HJ[SX�p¢j]MgQ�^�[m_`aÅ��Â�C��¨BqCú�LZ¿qHJK/IÕL4MJ[mX�L�{YQ'_`ÜYj]L�HJK/X�{ïj]l/X@aWXZL4KoÉõj]l/X@RSX�p�_`K/{D«�_`[m{/X�[Äa�_�a�X�K.j�_�^
o
� Ñ � p � pZL�K�Ü�X

_`ÜYj]L�HJKYX�{ÕÜ¨Q9^�_`MJMg_�®�HJK/I�jml/X"RSjmX�~/Re|/RSX�{ HgK9j]l/X�y�Vq\Ñ{/_�a�L�HgKÕL�K)L�MFQqRmHJR�C�N�RcL@[mX�Rm|/MFjZÉ�j]lYX
¿4L�[mHJL�K/p�X	_�^

o
� Ñ � p � a�L�Q�ÜAX	®�[SHgjmjmX�KzL�Rdé�B`B;ëB ·z Ñ � p � Ì ÙdÚ

B ó ë � �ë {/HJL�I�tª� ë v¯{/H}L4I�tª� ë v�� ë Í
\1l/HgRUX¾�D~/[mX�RmRmHg_`KoÉ)j]_�I`X�jml/X�[�®�HFj]l���Â�C��`�DÉYQqHJX�Mg{/R1j]l/Xe~/[S_`Ü)L�ÜYHJMJHFj§QW_�^�ÜYHgj�X�[S[m_`[�ÉF 
 Ñ � p � Ì E
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X�KYp�X�_�^�K)L�[S[m_�®�«§Ü/L�K/{�HJK¨j]X�[S^�X�[mX�KYp�X�C'¦§K�XZL�psl�_�^�j]lYX@HJK¨j]X�[S^�X�[SX�K/p�X@Rmp�X�K)L�[SHJ_`RÄp�_`K/RSHJ{/X�[mX�{OÉ

�`Ï



AWGN only
KLT (2)
ELT (8)
MLT (14)
DCT (4)
DFT (3)
No excision
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��HgI`|/[mXÄE�wDô,�õ�Dp�HJRmHg_`KzHJK@j]l/Xe~/[SX�RSX�K/p�XÇ_�^�RmHJKYI`MJX¾«�j]_�K/X	HJK¨j]X�[S^�X�[mX�KYp�X�ÉAÒ¨GY�ÆÌÑB��Ä{)nÁL�KY{�ÊZË
ÌÞ�DCgE�B4�`Ï`¬�fÄ[mL�{�Ó4RSX�p�C

Lu��f4«�psl/HJ~�L4|/I`aWX�K¨j]X�{°RS~/[mX�L�{/HgK/IÕp�_q{/X@HJR�|YRmX�{·jm_�aW_q{/|/M}L;j]X�jml/X@Ü/HgK)L�[SQ'{)L4j]LYC ò+_`K/RmX¾«
Â.|/X�K¨jmMgQ`Éojml/XÄ{/Hga�X�K/RmHg_`K)L�MgHgj§Q�_�^�j]lYX�j][]L4K/RS^�_`[Sa�L;j]HJ_�K�a�L4j][SHF��HJR	�4fº����f�^�_`[iÜ/Mg_Dpsr�j][mL�K/R¯«
^�_`[Sa�R�É#��fH�6E�B4¬@^�_�[ij]l/X�y�Vq\bL�K/{'��f��ïB`w���®�l/X�K�|/RSHJK/I�j]l/XW��VD\	C�\1lYX���VD\ÞMJ_�®�~)L�RSR
~/[S_�j]_�j§Qq~�XcÀ/Mgj]X�[PHgR�I`X�K/X�[]L4jmX�{9|YRmHJKYI@â�Ìí�YÍ�wDC�¦§K�XZL�psl9p�L�RmX4É�jml/XcKq|Ya�ÜAX�[�_�^�Ü/HJKYRPX¾�Yp�HJRSX�{
HJR1HgK/{/HgpZL4jmX�{�HJK�~)L�[SX�K¨j]lYX�RmX�R�HgK�j]l/X	À)I`|Y[mXeMJX�I`X�K/{OC

�&vg�¹v2� ���2��5�(�-U�s8+���#-�
��A��-.��=�-.��-D���`-
n�L�RSX�{ï_�K'j]lYX�L�K/L�MgQqRmHgRd_4^�GDX�p�j]Hg_`Kï�DCgE`É�[mX�p�X�HF¿`X�[Ç~�X�[S^�_�[ma�L�K/p�XW|/RSHJK/Izj][]L4K/RS^�_`[SaÃ{/_`a�L�HJK
X¢�Dp�HJRmHg_`KïL4K/{·Lz¿4L�[SHJX¢j§Q'_4^1_`[Sjml/_`K/_�[ma�L�M�Ü/MJ_qpsr9j][mL�K/Rk^�_`[maWRÇHgK�jml/X�~/[SX�RSX�K/p�X@_�^�L�RSHJK/I�MJX¢«
j]_�K/XeHJK¨j]X�[S^�X�[SX�[�®�Hgjml�ÊZË°ÌÞ�YCgE�B��`Ï`¬�f"[mL�{�Ó4RSX�pdL�K/{�Ò¨GY� ÌbB��Ä{)n�HgR1Rml/_�®�K9HgKz��HJI`|Y[mXÄE�wDC
N�R�HJKÆé�B`B;ë%É1j]l/X9ÜYMJ_qpsrÐL�KY{ÔRm|/ÜYÜ)L�K/{Îj][mL�K/Rk^�_`[maWR�jmX�RSjmX�{�HJKYp�MJ|Y{/X�jml/Xu�	��\	É+�eò+\¸L4K/{
j]lYX�'eL�[ml.|/K/X�KD«¯V�_��X¢¿`X	j][mL�K/Rk^�_`[maøt5'eVD\Uv4�Djml/XiK.|/a�Ü�X�[�_4^�jm[]L�KYRS^�_`[Sa©{/_�a�L�HgK�Ü/HgK/R�X¾�Yp�HJRSX�{
HJK·X�L�psl�pZL�RSX@HJR�RSl/_�®�K6~/L�[mX�K.jml/X�jmHJp�L�MJMFQ'HgK j]lYX�À)I`|/[SX@MJX�I�X�K/{oC�N�RÄX¾�D~AX�p�j]X�{oÉ�j]l/X 'eVD\	É
®�l/HgpslÔp�_`KDÀ)K/X�RWj]l/X�HJK¨j]X�[S^�X�[mHJKYI'RSHJK.|/Rm_�HJ{/R"j]_�j§®+_ïÜ/L�RmHgRW¿�X�p�jm_`[mR�É1QDHgX�Mg{/RÄj]l/X�ÜAX�RSj@n+�,�
~�X�[S^�_�[ma�L�K/p�X é�B`B;ë%CÛNPa�_�K/I�jml/X�ÀD�YX�{Ðj][mL�K/Rk^�_`[maìj]X�psl/K/HgÂq|YX�R�p�_`K/RmHg{/X�[SX�{oÉ1Ü�_�jmlÐM}L4~/~AX�{
j][mL�K/Rk^�_`[maWR�~/[S_D{Y|/p�X�[SX�RS|/MgjmRõp�_`aW~)L�[mL�Ü/MgX,jm_�j]l/X¡'cVq\�L�K/{ÄRSHJI`K/HFÀ)pZL4K.jmMgQeÜ�X�jSj]X�[�j]l)L�Kdj]l/_`RSX

f¨�
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AWGN only
KLT (2)
ELT (8)
MLT (14)
DCT (4)
DFT (3)

��HgI`|/[mXWE��YôU���Dp�HgRmHJ_�K9HJK�jml/X�~/[SX�RSX�K/p�XÄ_�^�RmHgK/I`MJX¾«�jm_`K/XÇHgK¨j]X�[k^�X�[SX�K/p�XÄL�R	L�^�|YK/p�jmHJ_`K9_4^:Ò¨GY�cÉ
Ö�×kØ�ÙdÚPÌÑwÄ{)n�L�K/{�ÊZË�Ì �YCgE�B��`Ï`¬�fÄ[mL�{�Ó4RSX�p4C

L�psl/HgX�¿�X�{ïÜ¨Q�a�_�RSjd_�^+jml/X�Ü/Mg_Dpsr�j][]L4K/RS^�_`[Sa¤HJaW~/MJX�a�X�K.j]L4j]Hg_`K/R�C�¦§K�^2L�p�j�É�®�HFj]l [SX�RS~AX�p�jÇjm_
j]lYXu'eVD\ç~�X�[k^�_`[ma�L�K/p�X�[mX�Rm|/MFj]R�É�j]l/X���VD\�L�K/{�y�VD\çÜ/HFjÇX�[m[m_�[Ç[]L;j]X�R�L�[mX"®�Hgjml/HJK �YCxBz{)n
L�K/{��YC�fÇ{)n�Éq[mX�RS~AX�p�jmHg¿`X�MgQ�ÉY®�l/X�[SXZL�R:j]l/X	�eò+\ÎI�X�K/X�[]L4jmX�R�j]lYX�MJ_�®:X�Rkj�n����Û_4^�L�MJM)j]lYX�Ü/Mg_Dpsr
j][mL�K/Rk^�_`[maWR1p�_`KYRmHJ{YX�[mX�{�Q�X�jUHJR1[S_`|/I`l/MFQ9E`C�B�{)nÎ®+_`[SRmX4C

N�RiRS|/I`I`X�RSjmX�{uHJKzj]l/XÇ{/X�RSHJI`K9_4^õj]l/XÇ��VD\ÆMJ_�®�~)L�RSR�~/[S_�j]_4j§QD~�XÇÀ)MFj]X�[mRUHJKÕGDX�p�jmHJ_`K9BDCgE�C��YÉ
j]lYX�[mXzHJR�L�MF®�LZQqR�Luj][mL�{/X¾«§_�ã�Ü�X�j§®:X�X�KÔj]l/XzÜ)L�K/{D®�HJ{YjmlÐ_�^Pj]l/Xza�L4HJK�MJ_`Ü�XzL�K/{�j]l/XzMJX¢¿`X�M
_�^:L4jSj]X�K.|)L;j]HJ_�K9HJK9jml/X�RmHg{/X�Mg_`Ü�X�R�Cc�i|/Xdj]_�®�HJKY{/_�®�HJK/I@X¢ãOX�p�j]ReL4K/{oÉoj]l.|/R�É�[mX�M}L4jmHg¿`X�MgQz~�_D_`[
L4jSj]X�K.|)L;j]HJ_�K�HJK�jml/X	RmHg{/X�Mg_`Ü�X�R�Éqj]l/X�~AX�[S^�_`[Sa�L�KYp�Xi_`ÜDjsL�HgK/X�{�|YRmHJKYI�j]l/X	�	��\ÎHJR�[mL4j]l/X�[�~�_D_`[
^�_`[ijml/XÄI`Hg¿�X�K�HJK¨j]X�[S^�X�[mX�KYp�X"X�K¨¿qHJ[S_`K/aWX�K¨jZC�¦§K�p�_�K.jm[]L�RkjZÉ�j]lYXWMg_�®+X�[en����bL�RmRS_Dp�H}L4jmX�{u®�Hgjml
M}L4~/~AX�{Çj][mL�K/Rk^�_`[maÆ{/_`a�L�HgKÇX¢�Dp�HJRmHg_`K�p�L�KÄÜAX�L4jmjm[mHJÜY|Yj]X�{dj]_ijml/X+[SX�MJL4j]HF¿`X�MFQcRma�L�MJM.Ü)L�KY{Y®�HJ{Yjml
L�K/{�l/HJI�lWRkj]_`~YÜ)L�K/{�L4jmjmX�K.|)L4jmHJ_`K�L�RmRS_Dp�H}L4jmX�{"®�HgjmlWjml/X�Vq\ÔRm|YÜ/Ü)L�K/{WÀ)MgjmX�[SR�ÉDLc{/Hg[mX�p�j,[mX�Rm|/MFj
_�^�j]l/XeMg_`K/I`X�[1Ü)L�RmHgR�¿`X�p�j]_�[mR�C

��HJI�|/[mX�RÇE��@L�KY{ïE�ª�HJMgMJ|/Rkj][mL4j]X	j]lYX�~AX�[S^�_`[Sa�L4K/p�X�_4^�j]l/X�X¾�Dp�HJRSHJ_`Kq«§Ü)L�RSX�{u[SX�p�X�Hg¿�X�[mReL4R	L
^�|/K/p¢j]Hg_`KÕ_�^:jml/X�Ò¨GY�bL�KY{ ÊZËUÉ�[mX�Rm~�X�p�jmHg¿�X�MgQ�CÄ¦§K ��HJI`|/[SX@E��YÉojml/X"Kq|Ya�ÜAX�[	_�^:Ü/HJK/ReX¾�Yp�HJRSX�{
HJRÄlYX�MJ{�ÀY�DX�{ÐL�RÄj]l/X�èmL�aWa�X�[�~�_�®:X�[WHJRWL�MgMJ_�®:X�{·j]_ÕHJKYp�[mX�L�RmX4CÐ¦§K�j]l/HgR�À)I`|/[SX�É+jml/Xf'eVD\
Ü)L�RSHJR�¿`X�p�j]_�[mR+l/L�¿�X�K/_4j+Ü�X�X�K�[mX�pZL�Mgp�|/MJL4j]X�{�^�_`[�X�L�psl�Ò¨GY�Ð¿4L�Mg|/XUjmX�Rkj]X�{OC�N�Mgjml/_`|/I�lWjml/XUj§®:_

f/E
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��HgI`|/[mXzE�ªDô��õ�Dp�HJRmHg_`K HgK'jml/X�~/[SX�RSX�K/p�X@_�^1RmHgK/I`MgX¢«�jm_`K/XWHJK¨j]X�[S^�X�[mX�KYp�X@L�RÇLz^�|/KYp�j]Hg_`K _4^�^�[mX¾«
Â.|/X�KYp�Q`ÉAÖ�×¯Ø�ÙdÚ�ÌÑw�{)nÛL�K/{�Ò¨GY��ÌÑB��Ä{)n�C'eVD\ÔÜ/L�RmHgR,¿�X�p�jm_`[mR:X¢�Dp�HgRmX�{@_`~Yj]Hga�L4MJMgQcpsl)L4[]L�p¢j]X�[SHJó�XPj]lYXPHgK.jmX�[k^�X�[mHgK/Iej]_`K/XÇé�B`B;ë%ÉDL4R:j]lYXiÒ¨GY�
HJKYp�[mX�L�RmX�R�j]lYXÇHJK¨jmX�[S^�X�[mX�K/p�X�X�K/X�[SI�Q�~/[mX�RmX�K¨j	HgK�jml/XÇ[SX�a�L�HJK/HgK/IWÜ)L�RmHgRP¿�X�p�jm_`[mR�HJK/p�[mXZL4RmX�RiL�MF«
aW_`RSj�|YK/Hg^�_`[Sa�MFQcHJK�X�L�psl�ÜYHJKoC�N�R�L	[mX�Rm|/MFjZÉ�jml/X�[mX�RSHJ{/|/L�MYHgK.jmX�[k^�X�[mX�K/p�XUL�p¢j]R�L�R�L�®�lYHgj]X1KY_`HJRSX
Rm_�|/[mp�XU®�HFj]l"HgjmR,~�_�®+X�[�p�_`aWa�X�K/Rm|Y[]L4jmX�MgQ�[mX�MJL4j]X�{Äj]_ej]l)L4j�_4^Oj]lYXURSHJK/I�MJX¢«>j]_`KYX�èmL�a�aWX�[�C��i|YX
j]_cj]l/XUl/HgI`l�MgX�¿�X�MJR,_�^�Rkj]_`~YÜ)L�K/{�L4jmjmX�K.|)L4jmHJ_`K�L�RmRS_Dp�H}L4jmX�{�®�HFj]l"j]l/XPM}L�~Y~AX�{Wjm[]L�K/Rk^�_`[maWR�É.j]lYX
y�Vq\�L4K/{���VD\ÛL�[mXPpZL�~/L�Ü/MJX�_�^�j]_`MgX�[mL4j]HgK/IdMJL�[mI�X�[,~A_�®:X�[1HJK¨jmX�[S^�X�[mX�[mR+®�HFj]l/_`|Dj�RmHgI`K/HFÀ)pZL�K¨jmMgQ
p�_�a�~/[S_`aWHJRmHgK/I�~�X�[k^�_`[ma�L�K/p�X�C�¦§K@^2L�p�j�É/^�_`[1Ü�_�j]l@j]lYXÇy�VD\íL4K/{z�,Vq\	É)[mX�M}L4jmHg¿`X�MgQ�MJ_�®ín+�,�
[mX�Rm|/MFj]R�ÉYH>C�X�C�MJX�RSR:jml)L�K@�YC��`�`Ï`wDÉqL�[mXUa�L4HJK¨jsL�HgK/X�{W|/~�jm_ÄL�Ò¨GD�Û_�^�L�~/~/[S_��DHga�L4jmX�MFQ"�`�d{/n�CDNPR
HJK�~/[mL�p�jmHJp�X�É)Hg^#jml/X+èmL�a�aWX�[+~A_�®:X�[UHJR1Rm|DÈ�p�HJX�K.jmMgQ@MJL�[mI�X�ÉYjml/XeX¢�Dp�HgRmHJ_�Kz~Y[m_qp�X�RSRPHgR1[mX�K/{/X�[SX�{
HJKYX�ãAX�p�jmHg¿�XÇL�KY{uL�MgjmX�[SK)L4j]HF¿`XeaWXZL�RS|/[mX�R�É�Rm|/psluL4R�p�_q{/HgK/I�_�[UMg_`K/I`X�[PRS~/[mX�L�{/HgK/I�p�_D{/X�R�É�a�|/Rkj
Ü�XcHga�~YMJX�aWX�K¨jmX�{oC

��HJI�|/[mX"E�ªÄHJMgMJ|/Rkj][]L;j]X�R�jml/Xdn����Æ_�ÜYjsL�HgK/X�{�L�RPL"^�|YK/p�jmHJ_`Kz_�^AèmL�aWaWX�[�^�[mX�Â.|/X�K/p¢Qz_�ãORSX�j�É
ÊZËUC�¦§K"j]l/X�RmX�À)I`|/[SX�R�É.j]lYXg'eVq\ÐHJR�KY_�j,p�_`K/RSHJ{/X�[mX�{�RSHJK/p�XPHFj�l)L�R�Ü�X�X�K�~/[mX¢¿qHJ_`|/RSMgQÄ_�~Yj]Hga�Hgó�X�{
_`K/MFQu^�_`[�ÊZËÞÌ��YÍFE�B��`Ï�¬�f�[mL�{�Ó4RSX�p4C�úPX�[mX4Éõj]l/X�[m_`Ü/|YRSj]KYX�RmRÄ_4^1M}L�~Y~AX�{ j][mL�K/RS^�_�[ma¤{/_`a�L�HJK
X¢�Dp�HJRmHg_`KÛ[mX�MJL4j]HF¿`X9jm_�jml/X�èmL�aWa�X�[�^�[mX�Âq|YX�K/p¢Q�HgR�{/X�aW_`K/Rkj][]L;j]X�{�L�R@j]lYX�~�X�[k^�_`[ma�L�K/p�Xu_�^
Ü�_�j]l�j]l/XÇy�Vq\ÆL�K/{�jml/Xd�,Vq\í{/_qX�RUK/_�jU{/X¢¿DHJL4j]XcRmHgI`K/HFÀ)pZL�K¨jmMgQ�^�[S_`aÅj]lYXcjml/X�_`[SX�jmHJpZL4M�n+�,�

f.B
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ELT (32)
MLT (16)
DCT (15)
DFT (10)
No excision
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��HgI`|/[mXÇE�¬Yô����Dp�HJRSHJ_`K@HgK@j]l/X	~/[SX�RSX�K/p�Xd_�^�K)L�[S[m_�®�«§Ü/L�K/{�¥cL4|/RmRSH}L�K@HgK.jmX�[k^�X�[mX�K/p�X4ÉAÒ¨GY��ÌçE��
{)n�É�ÊZËÎÌÞ�YCFE�B��`Ï�¬�fÄ[]L�{)Ó4RmX�pdL4K/{�Ý�ÌÞ�YCFE`C

~�X�[S^�_�[ma�L�K/p�XdHJK9N#�Ô¥c­Ñ_�¿�X�[eL�MgM#^�[SX�Â.|/X�K/p�HgX�R�Ce¦§Kup�_`K¨j][]L4RSjZÉAj]l/X�ÜYMJ_qpsrzjm[]L�K/Rk^�_`[maðHga�~/MgX¢«
aWX�K¨jsL4jmHJ_`KYR:L4[mXUl/HJI`lYMgQÄRSX�K/RSHgj]HF¿`XUj]_d^�[SX�Â.|/X�K/p�Q�C,\1lYHJR,RmX�KYRmHgjmHg¿qHgj§Q"HgR�_`K/p�X�L�I¨L�HgK�L	^�|/K/p¢j]Hg_`K
_�^�j]l/X	^�[SX�Â.|/X�KYp�Qz[mX�Rm~�_`K/RmX�RP_4^�jml/X	j][]L4K/RS^�_`[Sa£Ü)L�RSHJR1¿`X�p�jm_`[mR�C

�&vg�¹vg� ��&/�����£¢���w�&)������&)��<Z<Z��&)�Î
��A�Z-q��=�-.��-q���`-
¦§K�jml/HJRURmX�p�j]Hg_`KoÉ�j]l/XdX¢�Dp�HgRmHg_`KD«§Ü/L�RmX�{9[mX�p�X�HF¿`X�[mR	L�[SXdX¢¿4L�MJ|)L;j]X�{�HJKzj]l/Xd~/[mX�RmX�KYp�X�_�^õK)L�[m[S_�®�«
Ü)L�KY{Ð¥eL�|/RSRmHJL�K·HJK¨j]X�[S^�X�[mX�KYp�X�C N�RÄ{/HgRmp�|YRmRmX�{6HgK°GDX�p¢j]Hg_`K°�YCgE�C��YÉõjml/X@~)L�[mL�aWX�j]X�[mRÄpsl)L4[]L�p¾«
j]X�[mHgó�HJKYIzjml/HJRej§Qq~AX�_�^1HJK¨jmX�[S^�X�[mX�[�L�[SXWjml/X@Ò¨GY�eÉ�j]l/X�p�X�K.jmX�[Ç^�[SX�Â.|/X�K/p�Q�É�Ê�ËUÉ�L�K/{ jml/X�^�[mL�p¢«
j]Hg_`K)L�M�Ü/L�K/{Y®�Hg{Yj]loÉAÝ)C���X�I`L�[m{/HgK/I"j]l/Xc^�_`MJMg_�®�HgK/I"[mX�Rm|/MFj]R�ÉOÖU×§Ø�ÙdÚeÌçwW{)n�ÉAÒ¨GY�ÞÌ�EZ��{)n�É
ÊZË�ÌÛ�YÍgE�B��`Ï`¬�f"[mL�{�Ó4RSX�pcL�K/{zÝÄÌÛ�YÍgEe|/KYMJX�RSRP_4j]l/X�[S®�HJRSXeK/_�j]X�{oC

��HJI�|/[mXPE�¬�HJMgMJ|/Rkj][mL4j]X�R�[SX�p�X�Hg¿�X�[õ~�X�[k^�_`[ma�L�K/p�X1L�RõL�^�|YK/p�jmHJ_`K�_4^�ÖU×¯Ø�ÙdÚZC�N�RõHgKÇj]l/X+pZL�RSX�_�^
j]lYX,RSHJK/I�MJX¢«>j]_`KYX�HJK¨j]X�[S^�X�[SX�K/p�X:RSl/_�®�KÇHgKÇ��HgI`|/[SX�E�wDÉ�j]l/X�Ü�X�Rkj�~�X�[k^�_`[ma�L�K/p�X�HJR#_`ÜYj]L�HJK/X�{e|/RmHgK/I
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