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^xe��WXWadrH^M]|¥/adfS[S�,Ð�° i$Z@Z>e
mWV�ebV�r1ebadZCf�XW`bZ@r�VHmS[W`bVC�Wv�VH^>uF[W`bVHm2ZCf�^�uPe�^Mf\m\^>`�m�mW[\^M]ls�r�ZM`bVC�\¼Sñ �
Ü
¬
c(��f@ebV�]Ev2^>r�UWadf\VC�6�¡V(rH^>f}uFV1V�ebU&^Qe6mWV�ebV�r1ebadZCfzZQj;V1`bU\V�^Cm�adu
j;V1`F��]dZQyI® yIV1]_]�[Wf&mWV�`(º�²C²2v�a_]d]daduFV�r�ZMf&mWu
a_fYv�ZMuPe
rH^>uFV�u��w�3]_uFZS�
ebU\V)mWV1ebV�r�eba_ZMf¡ebadv�V)adu(fWVH^>`b]l�zr�ZMf\uPe�^Mf@eH��`bV�t;^Q`�mW]dV�uFu�Z>hIebU\V�uFV�s
­@[\V�fWr�V�]dV�fWtMebU��
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3. EXPERIMENTSªEal`buPeb]l�@��y7V�ebV�uPebVHmYebU\V)i$Z@Z>e(mWV1ebV�r�eba_ZMf,^>]_tMZM`balebU\vÌZMf¡iW]_Z@r�~
uFV�­�[WV�f\r1V�uwt;^>ebUWV1`bVHmYh�`bZCv ^�¥�adf�[W�«���W¥�¹7�@s�º�²;�#v2^>r�UWadf\VC�2��v)s
v�V�mWa_^>ebV�]l��^Qh�ebV1`2i$Z@Z>ebadf\tW��ebU\V�Ð6°�`�^>f ZMf\V�ZMh#ebU\V�h�ZC]d]dZHy�a_fWt
y7ZM`b~�]dZ;^MmWu�Ê
����YZ����ü"[�=�L	\ �åX$ZMX\[W]�^Q`��FµM�Äi$V�f\r�U\v2^Q`b~��
ÿ����)U]��û��^�B[�=	_	\ �Èv�a_r�`bZMs�i$V�f\r�U\v2^Q`b~)ZCf�ebU\V6v�V�v�uFV�eIrH^>]_]��
!*`a&��&ý�ü"[�=�=#\ �ÄnIp�¦Äa_f@ebV�fWuFadj;V�i$V�fWr�UWv2^>`b~$�
��!�ü��Qþ9[�=	b	\ �kfWV1e�y7ZM`b~(i$V�f\r�U\v2^Q`b~w`b[Wf�^MtC^Madf\uPe7ebU\V�U@�WX$V�`bjSaduFZ>`

^Mu|ebUWV
`bV�v�ZMebV
f\Z�mWVM�
C"ü���ÿ�����$ ��]_Z@r�^M]IyIV1i�r�]da_V1f�e(`�^MXWa�mS]l�,^>r�r�V�uFuFadf\t}^�r�ZC]d]dV�r1ebadZMf

ZMh�uPe�^>ebadr
X\^MtMV�u���ebU\V#�#X\^Mr�U\V#mWZ@r�[Wv�V�f@e�^>ebadZCf�uFV�e���uPebZM`bVHm
ZCfx^(]dZ@rH^M]��#X\^Mr�U\V�uFV1`bjCV1`H�

� i$Z@ZMe�mWV1ebV1r1ebZM`�y|^>u�eF`�^>adf\VHm)^>f&mwebV�uPebVHm�ZMf)uFVH­@[\V�fWr�V�u�h�`bZMv
^>]d]SebUWVImWal¤�V1`bV1f�e�]dZ;^CmSu��;uFU�[�c)VHm�`�^Mf&mSZCv�]l�@��ª\ZM`�r�^M]dadiW`�^>ebadZMf��Cy7V
ub^>v�X\]dVHm�ebUWV��W�S¬ÎX$Z>`Fe
ZMfYebUWVwÐ6°ÌZCf\r1V�^�uFV�r�ZMf&m��
TIUWV"�W`buPe
X$ZMadf�e�adf�ebadv�V�^>e�y�U\adr�U�ebU\V�X$ZM`Fe�yI^MuI^>r�r�V�XSebadf\t6r�ZMf\f\V1r1ebadZCf\u�adu
ebUWV�ZCfWV�yIV�eF`bVH^Qe3^Mu|ebU\V
tM`bZC[Wf&m2eF`b[WebU2h�ZM`#i$Z@ZMe�uFV�­�[WV�f\r1V
ebV1`Fs
v�adf\^>ebadZCf/���
f\V�v2^��)^Q`btC[WV�ebU\^>e�ebU\adu�a_u7^6jSa_^>i\]dV3^M]lebV1`bf&^Qebadj;V3ebZ
ZM[W`3^>X\XW`bZC^Mr�U���¬#ZQy7V�j;V1`H�Wale|`bVH­@[\al`bV�u|~�f\ZHy�]dVHmStCV
ebU\^>ew�¸^;�|�W�S¬
aduwadf\uPe�^>]_]dVHm}ZCf}ebUWadu"Ð�°Md���i$�6�\��¬�adu"^�v�VH^>f\adf\t>h�[W]�a_f\mWadrH^QebZM`
Z>h�ebUWV#Ð�°}� uIZCX$V1`�^QebadZCf���¹�alebU\V1`7ZMh/ebU\V�uFV3iW`bV�^M~�u�ebUWV#iW]�^>r�~@s�i$ZH�
^>uFuF[\v�XSeba_ZMf��
��V�r�ZMf&mW]l�@��yIV�`bV�X$VH^QebVHm,ebU\V2ebV�uPebu)ZCf«^z¥�adf�[W��s�i&^>uFVHm¡�,V�iSs
��X\UWV1`bV(���z�
�\��j�ad`Feb[\^M]$^>X\XW]_a_^>f\r�V3[\f\mWV1`R.6Ð6°}�@¬#V1`bVC�@ebU\V�uP�SuPs
ebV1v¨U&^MmxebUW`bV�V�mWaduF~�u�^>eFe�^>r�UWVHm���h�ZM`�uP�WuPebV1vx�/m\^>e�^���^Mf&mY^>X\X\]dals
r�^>ebadZCfWu����3�¡VwX$V1`Fh�Z>`bv�VHm�ebV�uPebu3ZCfYm\^Qe�^)h�`bZCv� P[WuPe#ebUWVwuP�WuPebV1v
mSaduF~��W^>u�y7V�]d]/h�`bZCv×^>]_]�ebUW`bV1V6mWaduF~�u����ÈebUWad`�m2uFV1e�Z>hEebV�uPebu3^CmWmWVHm
i\^Mr�~�tM`bZC[Wf&m2f\ZMa_uFVM�Wadf2ebU\V3h�ZM`bv�ZMh�^>f\Z>ebU\V1`�tM[\V�uPe|ZMf�ebUWV
ub^>v�V
XWU@�WuFadrH^>]�UWZCuPeH�S`b[\fWf\adf\t�°�adr1`bZCuFZ>h�e
�ka_f\mWZHy�ue,�pE�
TIUWal`�mW]l�@�IyIVY^>]duFZ¡ebV�uPebVHmk^¡°�adr1`bZCuFZ>h�e��ka_f\mWZHy�u�,�pqtC[WV�uPe
[Wf&mSV1`O.6Ð6°}�WTIU\V�y7ZM`b~�]dZ;^MmWu3a_fWr�]d[&mSVHm
Ë �PmS]dVC�
Ë �{nIp�¦#s�adf@ebV�f\uFadj;V
i$V�f\r�U\v2^Q`b~x¶ ±Q·¸�

Ë �{mWaduF~@s�uFrH^MfYmS[W`badf\t�ebUWV6i$Z@ZMe#uFVH­@[\V�fWr�V6h�ZM]_]dZHyIV�mYi@��ebU\VnIp�¦{i$V1f\r�U\v2^>`b~$�
Ë �#f�a_mW]dV
v2^>r�UWadf\VC���Ie�ebU\V3ub^Mv�V3eba_v�VM�@ZCf�ebU\V3ub^Mv�V3U\ZMuPeH�^#mSad¤�V�`bV�f@e�Ð�°qy|^>u�`b[\fWf\adf\t3¥�adf�[W�#y�U\adr�UwyI^Mu�r�ZMv�X\ad]dadf\t
^�~;V1`bfWV�]�uFZC[W`br1V�eF`bV�VC�

ª\Z>`�ebUWadu�tM[\V�uPeH��t>`bZC[\f\mSs¸eF`b[WebU«rH^>]_adiS`�^>ebadZCfgy|^>u�mSZCfWV�i�� ^
v2^Mf�[\^M]d]l�Ss�adf\uPe�^>]d]_V�mzuPe�^Q`Feb[\XzuFr1`badXWe6ebU&^Qe6h�V1ebr�U\V�m¡^}���\r1ebalebadZC[\u��
yIV1ixX&^>tCV�h�`bZMv�ebU\V�v�ZMf\alebZM`badfWt�U\ZMuPeH�
�
[W`"^>]dtCZM`balebUWv0uF[Wr�r�V�uFuPh�[\]d]l��mSV1ebV�r1ebVHmzi$Z@ZMe"ebV1`bv�adf&^Qeba_ZMf¡adf
^M]d]�uFVH­@[\V1f\r�V�u��w�SV�V�ªEa_tM[W`bV�u�¼2ebUS`bZC[\tMUz¼2h�ZM`"mWV�e�^Mad]dVHmY`bV1uF[\]lebu��
^Mf\m�ªEadtC[W`bV(¢)h�Z>`w^�uF[\v�v2^>`F�@�ITIU\V"v2^>�Sadv�[Wv�V1`F`bZM`�a_u#[\f\mWV1`
ºQ§�uFV�r�ZMf&mWu��Qy�alebUwebU\V7jM^MuPe�v2^Q �ZM`bale��wZ>h\ebUWV7¥/a_f�[S�Ss�i\^MuFVHm
`bV�uF[W]lebu
v�VH^>uF[W`badf\tw[\f\mWV1`|§wuFV1r�ZCf\mWuIZ>hEV1`F`bZ>`H� ªWZM`3°�adr1`bZMuFZMh�e��gadf\mWZHy�u��
ebU\V�V�`F`bZM`(a_u"]_^>`btMV1`(® v�ZCuPewub^Mv�XW]dV�u�^Q`bV)y�alebU\adfkºH²xuFV�r1ZCf&mSu��
�,V#^>eFeF`badiW[WebV3v�[\r�U)Z>h�ebU\^>e7ebZ6ebUWV#adf\UWV1`bV�f@e�a_f\^Mr�r1[W`�^Mr���ZMh/ebU\V
tM`bZM[\f\mSs¸eF`b[WebU«uFadtCf&^>]
ZMf»ebU\adu2X\]_^>eFh�ZM`bvx�åÉ#V1rH^M]d]�ebU&^>e�adf»ebUWa_u
rH^>uFV�yIV�`bV1]d�«ZMf»^z[\uFV1`�^>X\X\]dadrH^Qeba_ZMfÄ�¸^�yIV�i iW`bZHy�uFV1`���uPe�^Q`FeFs
adf\t6[WX2^Mf&m(X$V1`Fh�Z>`bv�a_fWt6[\fWr�ZCf@eF`bZC]d]dVHm)ZMX$V1`�^>ebadZCfWu7uF[Wr�U�^>u7o�ø��
]dZ@ZC~�[\XWu3^Mf&m�uFV�r�[S`bade���s�[WX�m\^QebV
r�U\V�r�~�u|i$V1h�Z>`bV6uFV�f&mSa_fWt�ebU\V
r�ZCfSs
eF`bZC]/uFadtCf\^M]��
�gUWV�f�yIV�m�`bad]_]/mSZQy�f2adf@ebZ"ebUWV
mW^>e�^6yIV
�\f&m�ebU\^>e7ebUWV
UWZCv�ZMs
tCV1f\V�ale��xZMh�ebU\VweF`�^Madf\adf\t�mW^>e�^�rH^MfYt>`bVH^>eb]l�YuF~;V1yåebU\V(mWV1ebV1r1ebadZCf
V�j;V1f�e�ebadv�adf\tS�E��f(VH^Q`b]l��V1�SX$V1`badv�V�f@ebu��QyIV|[WuFVHm�mW^>e�^#h�`bZCv�^
uFadfSs
tC]dV�yIZ>`b~�]_ZC^Cm���`bV�X$VH^QebVHm¡ZQj;V1`wv([\]lebadX\]dV)Ð�°�`bV1uPe�^>`Febu���ebZ�i$ZMebU
eF`�^MadfzebU\V(mWV1ebV�r�ebZM`"^Mf\mYebUWV�fYi$V�[WuFVHm}^>u6]da_jCV)uFVH­@[\V�fWr�V�u���ª\ZM`
V1�W^Mv�XW]dVC�@adf)ebU\V#¥�adf�[W�(uFV1eb[\X/�@h�Z>`7ebU\V#Æ�adZCc1ZCf\V1Ç7^>f&m�Æ�]dadi$°�adr1`bZMÇ
yIZ>`b~�]_ZC^CmSu��SebUWV�uFa_tMf&^>]_adfWt(Z>h/ebUWV|ebV1`bv�adf&^>ebadZMf�V�j;V�f@e�rH^Mf2i$V3mWV�s
]_^��@VHm,r�ZMf\uFa_mWV1`�^>i\]l�,i@�¡[\X¡ebZYÏ;£�uFV�r1ZCf&mSu��¸TIUWV�fWZM`bv2^>]�i$Z@Z>e
uFVH­@[\V1f\r�V(ZCf}ebUWadu�v2^Mr�U\adf\V"e�^M~;V1uw^Mi$ZC[Se"±C±2uFV�r�ZMf&mWu�� ���Ie�ebU\V
ub^Mv�V#eba_v�VM�@ebU\V
uFadtMf&^M]dadf\t�a_u|fWZMe3^Qe|`�^Mf&mSZCvqeba_v�V1u��WiW[WeI`�^QebU\V1`
U\adtMU\]l�«r�ZCfWr�V�f@eF`�^>ebVHm�y�alebU\adfk^Y`�^MfWtCVxZ>hw^Mi$ZM[We)�\j;V�uFV�r1ZCf&mSu��
�SadfWr�V�ebU\V�i\]dZ@r�~«uFV�­�[WV�f\r1V�u)adf ebUWV�uFVxV1�SX$V1`badv�V�f@ebu(y7V1`bV�j;V1`F�
uFadv�ad]�^Q`"V�j;V�f�^Qh�ebV1`webUWV�uPe�^>`Feb[\X}uFr1`badXWebuw�&fWa_uFUWVHm�`b[\f\fWadf\tW��ebU\V
^M]dtMZM`balebU\v+mSV1ebV�r1ebV�m�^wj;V1`F�2]dZCfWt(uFV�­�[WV�f\r1V�^Mu|X\^>`Fe|Z>h�ebUWV#i$Z@Z>e
XW`bZ@r1VHmW[S`bVC��TIU\V�ub^>v�V
V1¤�V1r1e|`bV�X$VH^QebVHm�adf�ebUWV#�¡V�i$��X\U\V�`bV
^>f&m
°�adr1`bZCuFZ>h�e#�gadf&mWZHy�u|V1�SX$V1`badv�V�f@ebu��
TIU\adu�i$V�U&^Hj�adZM`�a_u�r�ZCfWuFaduPebV�f@e�y�alebU2ZC[S`ImSV1�&fWadebadZMf)ZMh/ebU\V|i$Z@Z>e
V�j;V1f�e�^>uEÆ�uFZMv�V�uFVH­@[\V�fWr�V�ebU&^>e/`bV�]da_^MiW]d�#h�ZM]_]dZHy�u�^|uP�SuPebV�v!uPe�^>`Feb[WX
V�j;V1f�ebÇ�����e3v2^���i$V"^>`btM[\VHmxebU\^>e3ebU\adu
mSV1�&fWaleba_ZMf�mWadj;V�`btCV�u3h�`bZCv
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ebUWV2X$ZCadf@e)adf,ebadv�V�adf,y�UWa_r�U,ebU\V��6�}�\f\aduFU\VHm,uFV�eFeba_fWtY[\X¡ebUWV
uPe�^>tCVw^>f&m2uFadebu�i\^Mr�~)y�U\ad]dV�ebU\V�^>X\XW]_adrH^QebadZCf\u|e�^>~;V�ZQj;V1`H�E�kU\adr�U
mSV1�&fWaleba_ZMf adu�i$V�uPe)a_u2^>f»ZMX$V�f»­@[WV�uPebadZCf��«��f uFZMv�V�uFr�V�f\^>`badZCu��
uF[Wr�U�^Mu|h�^MuPeFs�i$Z@ZMe3^>f&m�h�^Mad]d[W`bV�`bV1r�ZQj;V1`F�@�@yIV#h�V�V�]/ZC[S`3mWV1�\f\alebadZCf
y7ZM`b~�u3i$V�uPeH�I��fx^CmWmWalebadZCf/�\yIVwV1�SX$V�r�e|ebU&^>e3adfY^(`bVH^>]ls�]dalh�V"uFV1eb[WX��
ebUWV1`bV(y�ad]d]�i$V�V�fWZC[WtCUzU\V1ebV1`bZMtCV�fWV�ale��Yadf�ebU\V(ub^Mv�X\]dV�u#ebZ�^Hj;ZMa�m
ebUWaduEX\UWV�f\ZMv�V�f&^���ªWZM`�V1�W^>v�X\]dVC�QuFV�j;V�`�^M]@r�]dZCfWVHmwÐ6°�u�y�ad]d]�XW`bZCiSs
^>i\]l�(i$VI[\uFVHmwebZ
eF`�^Madf�^
uFadf\tC]dV|r�]_^>uFuFad�\V1`H��^>f&m"ebUWVIX\]d[S`�^M]dale��"y�a_]d]
tMV�f\V�`�^>ebV�ebU\V6fWV�VHmSVHm�jM^>`ba_^>i\ad]dade��@�

4. RELATED WORK�3r�r�V�uFuYX\^>eFebV1`bfWu�ebZki\]dZ@r�~!uPebZM`�^MtMV�U&^Hj;V,i$V1V�fåuPeb[\mWadVHmÈa_f
ebUWV¡X\^MuPexebZ a_v�XS`bZQj;V�ebU\V¡X$V�`Fh�ZM`bv2^>f\r�VM��`bV�]da_^Mi\ad]dale��@�w^>f&m!uFV1s
r1[W`bale��»ZMh"uPebZM`�^>tCVzuP�WuPebV1v�u}¶ §��
³>·¸��TIU\adu�U&^Mu2e��SXWa_r�^M]d]l�ki$V�V�f
r1ZCf\uFa_mSV1`bVHm�^Qe|ebU\V�uPebZ>`�^MtMV6uF[\i\uP�SuPebV�v�]dV�j;V�]�^Mf\m�rH^>f�ebUWV1`bV1h�Z>`bV
i$V�r�ZCfWuFa�mSV1`bVHm}^Mu"^Mf}ZC[WeFs�Z>h�s�i&^>f&mY^MXWXW`bZ;^>r�U/�EuFadv�ad]_^>`6ebZ�ZM[W`bu��
�¡ZM`b~#ZCfwuFV�v2^Mf@ebadrH^>]_]l��s�uFv2^>`Fe�mWaduF~#uP�WuPebV1v�u�XS`bZ>j�a_mWV1u�^>f6ZC[WeFs�Z>h�s
i\^Mf\m"t>`�^H�wi$ZH�"^>X\XW`bZC^Mr�U"y�UWV1`bV7ebUWV7mSa_uF~6uF[Wi\uP�SuPebV�vå[\uFV�u�XS`ba_Z>`
~�fWZQy�]dVHmStCV�ZMh3�&]dV2uP�SuPebV�vó^>f&m�mW^>e�^Mi\^MuFV�mWV�uFadtMf\u�adf�ZM`�mSV1`�ebZ
`bV�^Mr�U�r�ZCfWr�]d[\uFadZCfWu#^>i$ZC[Se#iW]dZ@r�~�]dV�j;V�]�^Mr�r�V1uFuFV�u�¶lº�ÏS��º�¼>·¸�|TIUWV1`bV
^Q`bV(e�yIZ�mS`�^�y�i&^>r�~�u
ebZ2ebU\adu�^>X\XS`bZ;^Mr�U��6ªEad`buPeb]l�@��yIZ>`b~�a_fWt�uFZM]d[Ws
ebadZMf\u3^>`bV6mSalé�r�[\]le|ebZ(v2^Madf@e�^Madf�[Wf&mWV�`I�&]dV�uP�SuPebV�v�Z>`3m\^Qe�^Mi&^>uFV
h�ZM`bv2^Qe�r�U&^>f\tMV�u��;y�U\adr�U)rH^>f)U&^>X\X$V�f"`bV�]_^>ebadj;V�]l�"h�`bVH­@[\V1f�eb]l��¶lºH¼Q·��
��V�r�ZMf&mW]l�@�;ebUWV
^>X\XS`bZ;^Mr�U�a_u��&]dV
^>f&m�ZCX$V�`�^>ebadf\t"uP�SuPebV�v�uFX$V1r�al�&rC�
ªWZM`wV1�W^Mv�XW]dVC��ebU\V(y7ZM`b~YZCf}uFV�v2^Mf@ebadrH^>]_]l��s�uFv2^>`Fe�mWaduF~YuP�WuPebV1v�u
^>uFuF[\v�V�u�^Mfkª�ª���s�]da_~CVx�&]dV�uP�SuPebV�v´]_^H�;ZC[We}¶lº�Ï>·��{��f»r1ZCf@eF`�^MuPeH�
ZM[W`3^>X\XW`bZC^Mr�U�eF`bV�^>ebuIebU\V3yIZ>`b~S]dZC^Cm/�WV�fWrH^MXWuF[\]_^>ebVHm�adf�^"jSal`Feb[\^M]
v2^>r�UWadf\VC�C^Mu�^#iW]_^Mr�~"i$ZH�(^Mf\m([WuFV�u�v2^Mr�U\adf\V�]dVH^>`bfWa_fWt
ebZ
[Wf&mSV1`Fs
uPe�^>f&m�^�X\^>`Febadr�[\]_^Q`7uFV�v2^>f@eba_r|i$V1U&^Hj�a_Z>`�ZMh�ebU\V|j�al`Feb[&^>]\v2^Mr�U\adfWVC�
�¡VwuFU\ZHyIVHmxUWZHyåebUWa_u#^MXWXW`bZC^Mr�U�tCV�fWV1`�^M]dadc�V�u
ebZ�ZMX$V1`�^>ebadfWt2^Mf&m
�\]dV)uP�SuPebV�v�u
y�alebU}[WfW`bV�]_^QebVHm}mSV�uFadtCfWu���uFX$V�r�al�&rH^>]d]d�@��¥�adf�[W��^Mf&m
�ka_f\mWZHy�u����
�3f�ZC[SeFs�Z>h�s�i&^>f&mxiW]�^>r�~�i$ZQ�x^MXWXW`bZ;^>r�U�ebZ2v�adf\adf\t�iW]dZ@r�~xr1ZM`Fs
`bV1]�^QebadZCf\u3adu3h�ZC[Wf&m�adfYn�s�°�adf\V�`(¶ ³Q·��7TIU\V1uFV6r�ZM`F`bV�]_^Qeba_ZMf\u3rH^Mf�i$V
[WuFVHm¡ebZ�adv�XW`bZQj;V)uPebZ>`�^MtMV�uF[Wi\uP�SuPebV�v X$V1`Fh�Z>`bv2^MfWr�VC�EebUWV1`bV1h�Z>`bV
ebUWV(XW[W`bX$ZMuFV"adu6mSal¤�V1`bV�f@e#h�`bZCvÑZC[W`bu��6�Sadf\r1VwebUWV(v2^>adfY^MX\XW]da_r�^>s
ebadZMf�adu�XW`bV1s¸h�V1ebr�UWadf\tW�>V1`F`bZ>`bu�a_f"XW`bV�mWadr1ebadZCfwy�ad]_]W^>e�v�ZMuPe�`bV�uF[W]le�a_f
X$V�`Fh�ZM`bv2^>f\r�V
mWV�t>`�^CmW^>ebadZCf/����f2r�ZCf@eF`�^>uPeH��ZC[W`|mWV1ebV�r�eba_ZMf2a_u�h�ZM`3^
uFX$V1r�al�&r
V1j;V�f@eI^>f&m�V1`F`bZ>`bu7y�ad]_]$ebUWV1`bV1h�Z>`bV#`bV�uF[W]le|adf�i\^CmS]d��s¸ebadv�VHm

r�U\V�r�~�X$ZCadf@ebu��¡TIUWadu�adv�X\]dadV�uwebU&^>e(ebU\V2XW`bV�mWadr1ebadZCf,`b[W]_V1u�adf�ZC[W`
^MXWX\]dadrH^>ebadZMfxf\V�V�m�ebZ)i$V
h�^>`#v�ZM`bV�uPeF`badr1e3adf�r1ZCv�X&^Q`baduFZCf��
�SZMv�V6r�ZCf@ebadf�[\ZM[\u3m\^Qe�^)XW`bZMebV1r1ebadZCf�XW`bZ�mS[\r1ebu3^>]_]dZHy�^>X\X\]dadrH^Qs
ebadZCfWu�ebZ#v2^Q`b~
ebadv�V�X$ZMadf�ebu�uF[\ale�^MiW]_V�h�Z>`�`bV�r�ZQj;V1`F�@��TIU\aduEuF[WX\X$ZM`Fe
adu#e��WXWadrH^M]d]l��ebadVHmxebZ�uFX$V�r�al�\r�^>X\X\]dadrH^Qeba_ZMf���VC� tW�d�/^�v2^Mad]�uFV1`bjCV1`����
��e�UWadf\tCV1u3ZMfx^>f��
p���ebUS`bZC[\tMU�y�UWadr�U�­@[Wa_V1uFr�V�f\r1V�adu�`bV�­�[WV�uPebVHm��
uFadtCf\^M]dVHm/�&^Mf\m�ebU\V�f�`bV�]dadf&­@[\aduFU\V�m/���#ebU\V�`|yIZM`b~�U&^>u3^>eFebV�v�XSebVHm
Z�c)a_fWV|^M]dtMZM`balebU\v�uEh�ZM`�r�UWZ@ZCuFadf\t3ebU\V�i$V�uPe�ebadv�V7X$ZCadf@eEh�ZM`�`bV�j;V�`FeFs
adf\t�ebUWV�uPebZM`�^>tCVwuPe�^>ebV�¶lº����/ºH¢>·¸�
n7UW`bZMf�[\u�¶lºH¢>·\adu7^#ebZ@ZM]Wh�ZM`7^M[WebZMv2^>ebadf\t#ebU\V�mWa_^>tCf\ZMuFadu�Z>h�r�ZCfSs
�&tM[W`�^Qeba_ZMf�V1`F`bZM`bu�rH^M[WuFVHm)i@�)^6uPe�^QebV3r�U&^>f\tMVC���#XWX\]dadrH^>ebadZMf\u�`b[\f
ZCf�Ð�°�u)^>f&m,X$V1`badZ�mWadr�uFf&^>X\uFU\Z>ebu�^Q`bV�e�^>~;V�f�Z>h3ebUWV�al`�uPebZ>`�^MtMV
uPe�^>ebVM�«�kU\V�f ^Mf«V1`F`bZM`)a_u�V1f\r�ZM[\f@ebV1`bVHm��In7US`bZCf�[\u)^M[WebZMv2^>ebV�u
ebU\VzuFVH^Q`br�U!h�Z>`xebU\VYebadv�VzalexyI^Muxadf@eF`bZ�mW[Wr�VHm�����e�[\uFV�u�^«iWals
f&^Q`F�,uFVH^Q`br�U�^>v�ZCfWtxuPebZM`�^>tCV�uFf\^MXWuFU\ZMebu���y�UWad]_V�`bV�i$Z@Z>ebadf\t�ebU\V
Ð6°0^Mf\m�`bV�uPe�^>`Febadf\t�ebUWV�^>X\X\]dadrH^Qeba_ZMfYZCfYVH^Mr�U�ZCfWVC�
¹�^>r�UYuF[\r�U
`bV�uPe�^Q`Fe�`bVH­@[Wad`bV1u2�\]dVzuP�SuPebV�v ^>f&mk^>X\XW]_adrH^QebadZCfk`bV�r�ZQj;V�`F�@�|VC� tW�d�
`b[\fWf\adf\t#À�Õ�Ôts>���gU\ad]dV
ebUWV1�2uF[\tMtCV�uPe|ebU\^>e3^3 �ZC[S`bf&^M]d]dadf\t��\]dV�uP�SuPs
ebV�v y�ad]_]|adv�XS`bZ>jCV�X$V�`Fh�ZM`bv2^>f\r�VM��ade)mWZ@V�u(f\Z>e�^Hj;ZCa_m,ebU\V2fWV�VHm
h�Z>`�`bV�r�ZQj;V1`F��^M]lebZCtMV1ebU\V�`H�
�#uFuF[Wv�adf\tIv2^>f���`bV�r1Z>jCV1`F��X$ZMa_f@ebu�^>`bV�^HjC^>ad]�^>i\]dVC�C��y7V�V�X$V1`�¶lº7�H·
mWV�ebV1`bv�adf\V�u6^2`bV�r�ZQj;V1`F�zX$ZMa_f@e�ebU\^>e6y�ad]d]�XS`bZQjSa_mSV�^�r�]dVH^>f¡r�ZMX@�
ZMh�^>X\X\]dadrH^Qeba_ZMfzm\^>e�^����PmSVH^M]d]l�@��^�`bV�]_^>ebadj;V1]d�xr�]dVH^Mf�r�ZMX@��`bVHmS[\r�V�u
ZM`
V�]dadv�a_f\^>ebV�u3ebU\V6ebadv�VwuFX$V�f@e�ZCfx�\]dV(uP�SuPebV�vÑ^Mf\m�^MX\XW]da_r�^>ebadZCf
`bV�r�ZQj;V�`F�@�å��f»r�ZMf@eF`�^MuPeH��i@��e�^M~�adf\t�^»ö�¿�ö�ÁMÂtuxr�U\V�r�~�X$ZCadf@e2ZMh
ebU\V"Ð6°Ì`b[\fWf\adf\t�ebU\V(^MXWX\]dadrH^>ebadZMf���yIV�^QjCZCa_mxebU\V"f\V�VHmxh�ZM`6�&]dV
uP�SuPebV�vq^Mf\m)^MXWX\]dadrH^>ebadZCf�`bV�r1Z>jCV1`F�@�;ZMX$V1`�^>ebadf\t6uP�SuPebV�v�i$Z@Z>eI^>f&m
^MXWX\]dadrH^>ebadZMfY`bV1uPe�^>`FeH��¦
uFadfWt2^Mf�ZCfW]da_fWV"^M]dtCZ>`badebUWvx�&yIVwr�ZMf\uFa_mWV�`
y�U&^QeIadu7ebUWV#v�ZMuPe7v�VH^>f\adf\t>h�[W]\ebadv�V3ebZ6e�^M~CV3ebUWV3r�U\V1r�~�X$ZCadf@e�[\X
h�`bZMf@eH�
ª\Z>`}r1ZCv�X\[SebV1`YuP�SuPebV�v�u��"v2^Mr�U\adf\V¡]_V�^>`bf\adfWtgU&^MuYi$V�V1fÎ^MXSs
X\]dadVHmxXS`ba_v2^Q`bad]d��adf�ebU\V"mSZCv2^MadfWu3Z>h�uFV�r�[S`bade���^>f&m�X$V1`Fh�ZM`bv2^>f\r�V
v2^Mf\^MtMV�v�V�f@eH��i$ZMebUgZM[WebuFa_mWV�ebU\VYuFr�ZMX$V}Z>hwebU\adu�X\^MX$V1`H��°x^Qs
r�U\adf\Vz]dVH^>`bfWa_fWt«yI^Mu�^>]duFZ a_mWV1f�ebal�\VHm!^Mux^�~;V1�»r�ZCv�X$ZMf\V�f@e�ZMh
^M[SebZCfWZCv�adrYr�ZCv�XW[Webadf\t ¶ �H·¸����[We�v2^Mr�U\adf\V�]dVH^Q`bf\adf\t�`bVH­@[\al`bV�u
^YuPebVH^Cm���uPeF`bVH^Mv0ZMh#`bVH^M]ls�]dalh�VxmW^>e�^���T�ZzZCiWe�^>adf«aleH��ZCfWV�fWV�VHmWu
ebZ�V�alebU\V�`(UWZ@ZC~zadf�ebZ�V��WaduPebadf\t�a_v�XW]dV�v�V�f@e�^>ebadZCfWu���y�UWa_r�U,adu"f\ZMe
tCV1f\V1`�^>]_adcH^>i\]dVC��ZM`6]dZ@ZC~z^Qe6U\aduPebZM`badrH^>]�]_ZMtCu��/y�U\adr�U}]_^Mr�~�u
ebadv�V�]dals
f\V1uFu��|TIU\adu3adu3y�UWV1`bV6j�ad`Feb[\^M]dadcH^>ebadZMf�rH^Mf�r�ZMv�X\]dV�v�V�f@e|v2^>r�UWadf\V

£



1400 1600 1800 2000 2200 2400 2600 2800
10−3

10−2

10−1

100

sequence length

ru
n 

tim
e 

in
 s

ec
on

ds

 

 

After training
During training

( ���$ú��QüMv+>�n2úB�/����
zü����\ýj�¡þ�úB��û#�������w�&þ6��&�ü,ý�ü	�/ú�ü	�EûCüYÿ�ü	������&xGq�5�k��ÿ��/û^o�ý^I7W1yV����üg��&�ügz{�� +��ý
��ýp���|� ÿ��������^����&)

��û ýHû#�\ÿ�ü�W � &B��ýi��ýi$����;�»þ'�7��
}��&�ü ý;��
}ü º�²C² ý�ü	�/ú�ü	�EûCüSý�úEý�ü	$~�;�k�&ü	��ü��7����ü
( ���$ú��Qügm"W

−4 −3.5 −3 −2.5 −2
0

10

20

30

40

50

60

70

80

( ���$ú��QüV_">6�p��ý;�;�����^��
��&þ�$�ü���üSû#�������}ü	�7�7���>ý#�+�5��ý�üSû#���B$�ý#�$þ����hP��5��ú+ �W-��������
M�&ÿB�*�����wý�ü	�/ú�ü	�EûCü
C�����&��&ú��j�:�H`���$�üSÿ���D�ý��;��o&üSýh���*�$ú�� ±M± ý�üSû#���B$Eý#W

�



−15 −10 −5 0 5 10 15
0

5

10

15

20

25

30

35

40

( ���$ú��Qü]b�>]�p��ý;�;�����7��
��&þ:$�ü���üSû#�������+ü��7�7���>ý#�j�5�×ý�üSû#���B$Eý#��þ����%?A�5�B$��	C�ý#W��}������
M�\ÿj�*�����
ý�ü��/ú�ü	�EûCü:C�����&��&ú����:�i`a��$�üSÿ���D�ý��;��o&üSýh���*�$ú�� ¼C§ ý�üSû#���B$�ý

−8 −6 −4 −2 0 2 4 6 8
0

5

10

15

20

25

( ���$ú��Qüg��>@�p��ý;�;�����^��
��\þO$�ü���üSû#�������«ü��^�7���>ý#�B�5� ý�üSû#���B$Eý#��þ�����?~��ù*W���������
M�\ÿ��*�����)ý�ü	�/ú�ü	�EûCü
C�����&��&ú��j�:�H`���$�üSÿ���D�ý��;��o&üSýh���*�$ú�� £M² ý�üSû#���B$Eý

¢



Linux Windows XP WAS
−15

−10

−5

0

5

10

Ti
m

e 
di

ffe
re

nc
e

( ���$ú��Qü<�">�ù/ú)
Q
M���^Dl�&þJ$�ü���üSû#�������~�\û;û;ú��7�\û#Dgþ����pF����^���$úEý1Ca���^o/ÿ�����$Eý#W � &�üg�*�� kü	$��\üWý�ý�&��	C
��&�üi�)�>ý;�����B$l��&B���^$w��ú+���7����ÿ�ü��*���B$/��&�üM

�5$�$Eÿ�üzÿ5�5��ü}ý�&��	C�ýh��&�ü

zü�$������]G�þ����VPR����ú� *�������\ÿ5�����Eý
C�����&T��&�üV�;��!E������$�ü	�#I7W � &�ü��ZCN&B��ý�o&ü��>ý���ý�&��	C���&�ü:�7�����&üp�&þR��&�üi$����;�+Wwù"��
g!�ÿ�üxý���Y;üSý����>üM=	_�b
þ����1P��5��ú+ ���=Zv�b}þ'���j?����B$��	C�ýN�1���)���B$�=�L�v¡þ����j?~��ù*W

]dVH^Q`bf\adf\tS�;i@�"v2^M~�adf\t#^HjC^>a_]_^>i\]dVIv�[W]leba_XW]dVIm\^Qe�^
uPeF`bVH^>v�uEebUW`bZC[WtCU
jM^>`badZM[\u7U@�SX$V1`bj�aduFZM`7�
p���u���T�V1r�UWf\a_­@[\V�u�h�`bZMv�v2^>r�UWa_fWV�]_V�^>`bf\adfWt
r�^Mf}ebUWV�fzi$V�[\uFV�mYebZ�^Mf&^>]l�Wc1V�ebU\V�m\^>e�^��)TIUWadu6a_u�ebUWV�XS`bV�v�aduFV
Z>hEebU\V
Ð
adtCad]_^Mf@ew¶lºQ±H·�XS`bZ> �V�r1eH�W[\f&mSV1`Iy�UWa_r�U�ebUWaduIyIZM`b~�yI^Mu�X$V1`Fs
h�ZM`bv�VHm��

5. CONCLUSION�¡V6XW`bV�uFV1f�ebV�mx^Mf�V1¤�V1r1ebadj;V"^Mf&m�tCV�fWV1`badr"v�V�ebU\Z�m�h�ZM`#ZC[WeFs�Z>h�s
i\^Mf\mzmSV1ebV�r1ebadZMfzZ>h7i$Z@Z>e6uFVH­@[\V1f\r�VwebV1`bv�adf&^Qeba_ZMf��6�
[W`#v�V1ebU\Z�m
y7ZM`b~�u6i@�Yadf\uFX$V�r1ebadfWt�ebU\V�m\^Qe�^�uPeF`bVH^>vÛi$V1e�y7V�V�f}^}��j�al`Feb[&^>]�ZM`
XWU@�WuFadrH^>]���v2^Mr�U\adf\V#^Mf\m�alebu���j�al`Feb[&^>]$ZM`�fWV1e�y7ZM`b~;VHm\��uPebZ>`�^MtCVM����e
mSV1ebV�r1ebu�ebUWV�X$ZMa_f@ewadfYeba_v�V�^>e6y�UWa_r�U,^�v2^Mr�U\adf\V"�&fWa_uFUWVHm�X$V1`Fs
h�ZM`bv�adf\t�ebUWV2`bZM[Webadf\V2uPe�^Q`FeFs�[WX,e�^MuF~�u���^Mf\m,uFadtCf&^>]du�ebU\adu�V1j;V�f@eH�
�#m\mSadebadZMf&^M]d]l�@��y7V�rH^>fwmWV1ebV1r1eEmSadj;V1`btCV1f\r�VEh�`bZCv!ebU\V�`bV�tC[W]_^>`EuPe�^Q`FeFs
[WX»uFVH­@[WV�f\r�VM�IV�alebU\V�`�adf»^Cm\mSaleba_ZMf»Z>`�adf X\]_^Mr�V�ZMh�ebUWVxf\Z>`bv2^M]
^>r1ebadj�ade��@�
TIUWV6^MuFuF[Wv�XWebadZCf�y7V�v2^M~;V3ZCf2ebU\V#uP�SuPebV�v+^>`bV#yIVH^>~�V�f\ZM[\tCU
ebZ�V�f&^>i\]dV)mSV�X\]dZH�Sv�V�f@e
adf}^2y�a_mSV)jC^Q`badV1e��YZ>hIadf\uPe�^>]_]_^Qeba_ZMf\u���adfWs
r1]_[\mWadf\t2j�al`Feb[&^>]�v2^Mr�U\adfWV�u��$mSa_uF~�]dV�uFu#r�]da_V1f�ebu���n7o�pkr�]da_V1f�ebu��$^Mf&m
v�Z>`bVC����f¡VH^>r�U}ZMhIebUWV�uFV)uFr�V�f\^>`badZCu���ebU\V�mSV1ebV�r1ebadZCfzh�[Wf\r1ebadZCf\^M]ls
ale��Ya_u�`bV�eF`bZM�\eFebV�mYy�alebU\ZM[Wew^Q¤�V�r1ebadf\t�ZM`wfWZMebalh��Sadf\t�ebU\V�V��WaduPebadf\t
�6�$��TIU\adu6U&^>u6a_v�X$Z>`Fe�^Mf@e�ZMX$V1`�^>ebadZMf&^M]�^Mf\m}V�r1ZCf\ZMv�adrH^M]�adv�X\]dals
r�^>ebadZCfWu��
�
fWr�V"^�uP�WuPebV1vÑadu�mSV1ebV�r1ebV�m�^Mu#h�^Mad]dadf\t2ebZ�i$Z@Z>eH��X$ZCuFuFadi\]dVw`bV1s
v�V�mWa_^>ebadZCf»^Mr1ebadZMf\u�v2^H��adfWr�]d[&mWVx`bV1uPe�^>`Febu���j�al`b[\uPs�uFrH^MfWf\adf\t ��alh
^,uFadtMf\al�&rH^>f@e�r�U&^>f\tMV�a_f �&]dVY^Mr�r1V�uFu�adu�mWV�ebV�r1ebVHm\���|ZM`�v2^Mf�[&^>]
adfWuFX$V�r1ebadZCf/�{n7ZMf�j;V1`buFV�]l�@��^¡r1ZM`F`bV�r1eb]l��s�i$Z@ZMebVHm uP�WuPebV1v�rH^Mf»i$V
r�U\V1r�~�X$ZCadf@ebVHm��|¥�^QebV1`H�&y�UWV�fxebU\V6j�al`Feb[&^>]�v2^Mr�U\adfWV�f\V�V�mWu�ebZ�i$V
`bV1uPe�^>`FebVHm)h�Z>`7y�U\^>ebV�j;V�`�`bVH^>uFZCf/�@ebU\V�Ð6°+rH^Mf2i$V|`bV�uF[Wv�VHm(h�`bZMv
ebUWV�r�U\V1r�~�X$ZCadf@e�^>f&m�adv�v�VHmWa_^QebV�]l�,X\[Se(ebZYyIZ>`b~$��`�^QebU\V1`)ebU\^Mf
i$Z@Z>ebVHm�r�ZM]_m/�
�
[S`�v�V1ebUWZ�m�U\^Mu�i$V�V1f adv�X\]dV�v�V1f�ebV�m�^Mf&m�ebV�uPebVHm�ZCf«i$ZMebU
�ka_f\mWZHy�u(^Mf&m¡¥�adf�[W�zj�ad`Feb[\^M]�v2^Mr�U\adf\V�u�`b[Wf\fWa_fWt�^�jM^>`badV1e��¡Z>h
y7ZM`b~�]dZ;^MmWu��W^Mf\m)uFU\ZHy�f�ebZ"i$V#­@[\alebV3^Mr�r1[W`�^>ebVM����f�v�ZCuPe�rH^>uFV�uIale
mSV1ebV�r1ebV�m�ebUWV�i$Z@ZMeFs¸ebV1`bv�adf&^Qeba_ZMf�V�j;V�f@e�y�adebUWadf�§�uFV�r1ZCf&mSu7Z>h�ebUWV

V�j;V1f�eH� u|Z@r�r1[W`F`bV�fWr�VC�
�,V�i$V�]dadV�j;V�ebU&^>e)v�ZCf\alebZ>`ba_fWt�ebU\V�mWaduF~�^Mr�r1V�uFu�uPeF`bVH^MvÚZC[SeFs
ZMh�s�i&^Mf\mxU&^>u�X$ZMebV�f@eba_^M]�v�[\r�UxiWa_tMtCV1`#ebU&^>f) P[\uPe
i$Z@ZMeFs�uFVH­@[\V1f\r�V
mWV�ebV�r1ebadZCf/���SZMv�V|ZMh�ZC[S`7XW]_^Mf\fWVHm(h�[Web[W`bVIy7ZM`b~(a_fWr�]d[&mSV�u�v�adfWa_fWt
m\^Qe�^�h�`bZMvÑuP�SuPebV�v�u�X$ZCuPeFs�i$Z@Z>e#ebZ�ZMiWe�^Madf�jM^>`badZC[Wu#~�adf&mSu�ZMh�ZCXSs
V1`�^Qeba_ZMf&^>]I^CmSjC^>f@e�^MtCV1u����3u6ebU\aduwrH^MX\^Mi\ad]dale��}adu"i$V1r�ZCv�adf\t�v�ZM`bV
r�ZMv�v�ZCf��MebU\V�X$ZMebV1f�eba_^>]\i$V�fWV1�\ebu�i$V�r�ZMv�V�ebZ@Zw]_^>`btMV3ebZwadtCfWZM`bVC�

6. REFERENCES
¶lº�·"TIU\V6�3v2^Mc�ZMfx¹�]�^>uPebadr�n7ZMv�X\[SebV6n7]dZC[\m¡�¸�#v2^>c�ZCf�¹7n|±M�
yIV�i�uFadebVM�����Z� =��q�Z�;:7����DP:�<\:���K>9�DPJCK�<��CN@J#� �

¶ ±H·"���6T|¹�v2^>`b~$�����Z� =*�q�Z�^�Z�#��D�G�  � N�DFJCK�<��>G><&:�¡^¢��>G@L�K;J�D ��� < �
¶ ¼Q·"ªEa_]dV�u£,"���Z�Z� =��q�#�^�Z�Z��D'¤SACBCN��7¥�DFJCK�<�� �
¶ Ï>·(°x��T|¥��
�#�����Z� =��q�Z�^�#�Z��D�<&: �#� �SK�¡^¢���DFJCK1<�� �
¶ §H·"�"�\n#�&��`bX&^>r�als�o
[\uFuFVH^>[��SÉ"�W¬(�W��`bX&^Mr1ads�o�[WuFuFVH^M[/�W¥��Wø(�
�I^Mal`�^HjC^>uF[\f\m\^>`�^>vx�WT
�&¹|�\o
V�f\V�U@�@�Sª7�W���\pEZCX$ZQj�adr�a��
Ð(�Wp�`�^>i\U\^M~M^>`�^Mf/�&^>f&m�°}�$��a_jM^>ebU\^Mf�[��
�SV�v2^>f�ebadrH^>]d]d��s�uFv2^>`FeImWaduF~�uP�WuPebV1v�u�Ê�X&^>uPeH�\XS`bV�uFV�f@eH�W^Mf&m
h�[Web[S`bVC��¦	§^¨�©VªJ«+¬O§^­)¦V®3¿�Â�À�Á>Â�ö)çMÓ$Ô�¿-ª�¯>ç#° ±WçMÖ�Ø¸Á>Ó
¬3¿9¯HØ�¿�ê��\¼C¼S��Ï@��Ê ±M³Hô�¼;§@�/±M²M²C£��

¶ £Q·"p��W�I^Q`bU&^>vx�&�#�Wo
`�^>tCZQj�a_rM��.)�\ªW`�^MuFV�`H�$�$�\¬
^Mf&m��
T
�\¬
^>`F`badu��&�w�\¬#ZW�SÉw�\ø#V�[\tMV�i&^>[\V1`H�S���\p�`�^>eFeH�\^Mf&m
�"����^Q`F�&V�]_m/�	,#V�fx^>f&m�ebUWV6^>`Fe3Z>h�jSal`Feb[\^M]dadcH^>ebadZCf/�\��f
¦�²�¦�®�³ ´�µ�¶�Ö�æ\¿wÓWØ�Ó�¿�Ö�¿b¿�Ó\Ö�æV·�­�©ÚÕtu>ö-¸SÁ>Õ�Ø�±SöÑÁMÓ
²B¸W¿�ÂFçMÖ�Ø�Ó�è2Õ¹u>ÕbÖ�¿�ö�Õe¸&Â�Ø�Ó$Ô1Ø ¸�°_¿�Õb�\X\^MtCV1uwº�£MÏQô&º7������ø#V1y
�7Z>`b~��Sø����S¦6�S�"�W±M²M²C¼��$�3n|°Ìp�`bV�uFu��

¶ �H·�ºW�$�(��.6V�XWU&^>`FeH�SÉ3V�uFVH^Q`br�U�r�U\^M]d]dV�f\tMV�u#Z>h�^M[SebZCfWZCv�adr
r�ZCv�XW[Webadf\tS����fH§^­)¦�ª�³ ´#»Z¶�Ö�æ\¿�¼	½QÖ�æxØ�Ó\Ö�¿�Â�Ó$çMÖ�Ø¸Á>Ó$ç#°
Ô�Á>ÓHÀH¿�ÂF¿�Ó$Ô�¿�ÁMÓYÕ�ÁPÀ�Ö�ê�çMÂF¿�¿�Ó�èMØ�Ó�¿b¿�Â�Ø�Ó�èM�&X\^MtMV�u6ºQ§Hô�±C±@�$ø
V1y
�7Z>`b~��Sø����S¦6�S�"�W±M²M²;§@�$�3n|°Ìp�`bV�uFu��

¶ ¢Q·"�"�	.6adjSale��@�	�(�	.w^Mv2^��@��o��\¥�^MZ>`H�\¦"�&¥/[\iW]_adf/�\^>f&m
�"�W¥�adtC[WZM`ba���.6Ð�°}Ê�ebU\V�]dadf�[W��j�ad`Feb[\^M]�v2^Mr�U\adfWV�v�ZCfWadebZ>`H�
��fT²�¾*¦w³ ´Z½#¶J²IÖ�Ö�ç>ê7ç�¾�Ø�Ó�±#¿N¦�u>ö-¸SÁMÕbØ5±�ö��WX&^>tCV�u3±M±C§�ôS±M¼M²S�
ºC[\]l��±M²M²Z���

³



¶ ³Q·�ÀE�&¥/a¸��ÀE�$n7UWV�f��\���&°}�&��`badf\adjM^Mub^Mf/�W^Mf&mj����À�UWZC[/�
n�s�v�adf\V1`HÊ�°�adfWa_fWt�iW]_Z@r�~�r�Z>`F`bV�]_^>ebadZCfWu3adf�uPebZM`�^MtMV�uP�SuPebV�v�u��
��fpÁ�·-¦B«Â³ ´ÄÃ�¶a«�æ\¿3µCÂFÙTÅ+¦�ªRÆ�§qÇx¦�uMö6¸SÁMÕbØ5±�ö¨Á>ÓpÁ�Ø5°_¿
çMÓ&Ùj¦WÖ�ÁMÂFçHè@¿1«�¿FÔ�æ�Ó$Á#°dÁbèMØ¸¿�Õ��\X&^>tCV�u6º7�>¼Qô\ºH¢C£��/±M²M²MÏS�

¶lº�²>·6�{�Wø
Z>`br�[WeFeH�WTIU\V
a_ZMc�ZCfWV6�&]dV�uP�SuPebV�v�i$V�fWr�UWv2^>`b~$�
���Z� =��q�Z�^�#�Z��DFACK^��K>9�N�D�K�¡;O�� �

¶lºMº1·wo��Wp�^MuFVM�$TIU\V6X&n7U&^>uFV6i$V�f\r�U\v2^Q`b~)X&^>tCVC�
���Z� =��q�Z�^�#�Z��D�=WJ � :��MN�D�K�¡;O�� �

¶lºH±Q·wo��WpEV�]d]dV�tW��°}�&�7V1fWs8�7V1US[\m\^���É"�S¬�^Q`bX$V1`H�\¥��\�SX\^Madf\UWZQy7V1`H�
^Mf\m�T
�\�
mSV�uFU\al��^>f��SÐ
adtCad]_^Mf@eHÊ�ZC[SeFs�ZMh�s�i\^Mf&m�mWV�ebV�r1ebadZCf�ZMh
h�^>ad]_[S`bV�u�adf�j�al`Feb[&^M]�v2^>r�UWa_fWV�u���¦	§^¨@²*®e¦<²B¸W¿�Â;È�¦�u>ÕbÖ�È�¬�¿9¯�È_�
Ï@±��PºQ��Ê ±M£Hô�¼�ºC�/±>²C²C¢��

¶lº�¼>·(°}�&�SadjC^QebU&^>fS[/�S¥��Wø(�W�I^>ad`�^HjM^MuF[Wf&m\^Q`�^Mvx�\�"�\n#�
�3`bX\^Mr�als�o�[WuFuFVH^M[/�\^>f&m�É"�S¬(�\�3`bX\^Mr�als�o�[WuFuFVH^M[/�
o6^Qe�^Mi&^>uFV1s�^�y|^>`bVwuFV�v2^>f@eba_r�^M]d]l�Ss�uFv2^Q`Fe|uPebZM`�^>tCVC�\��f
Á�·@¦�«3³ ´#»�¶3Ö�æW¿6ÃWÖ�æ�ÔbÁMÓHÀH¿�ÂF¿�Ó$Ô�¿�ÁMÓwÅ"¦�ª�Æ6§qÇ�­�ÁMÓHÀH¿�ÂF¿�Ó$Ô�¿
ÁMÓ:Á�Ø�°_¿6çMÓ&Ùj¦WÖ�ÁMÂFçHè@¿1«�¿FÔ�æ�Ó$Á#°dÁbèMØ¸¿�Õ��&X&^MtMV)ºH¢��&�7V�`b~;V�]dV1�@�
nI�"�W¦6�S�"�W±>²C²;§@�

¶lº1ÏM·(°}�&�SadjC^QebU&^>fS[/��Ð(�\p�`�^>i\U\^M~M^>`�^Mf/�Wª7�\���\pEZMX$ZQjSadr�a��&T
�&¹|�
o�V�fWV�U@�@�S�"�\n#�$��`bX&^>r�als�o
[\uFuFVH^>[��W^Mf\m�Éw�W¬"�

�3`bX&^>r�als�o�[\uFuFVH^>[��\�SV1v2^Mf@ebadrH^M]d]l��s�uFv2^Q`Fe|mSa_uF~�uP�SuPebV�v�u��S��f
Á�·-¦B«Â³ ´�µ�¶�Ö�æ\¿J¼;Ó&ÙTÅ"¦�ª�Æ�§qÇA­�ÁMÓHÀ�¿�Âb¿�Ó$Ô�¿"ÁMÓ:Á�Ø�°_¿"ç>Ó$Ù
¦\Ö�ÁMÂPçHè@¿V«�¿FÔ�æ�Ó&Á#°dÁbèMØ�¿�Õb�&X\^MtCV1u-�>¼Qô@¢C¢S�$�7V1`b~;V�]dV1�@�\nI�w�
¦6�W�w�W±M²M²C¼S�

¶lºQ§H·"�#�$��v2^C^>]�mSV1`bu�^Mf\m�pE�W¬�^>`bv2^>f���]dadi$°�adr1`bZS�����Z� =��
�Z�^�Z�Z��DPK>=�NM9	�CK;B;:�¡�AZ��DPK�¡CO��;K��#�Q=�¡�KZÉCN@J � �;B@AHG><$A;J^¡@KZ� �

¶lºH£Q·"�"�WTIal`b[\v2^M]_^)^>f&mVºW�&ªWV1`btC[WuFZCf��W��X$V�`Fh��
���Z� =��Ê�Z�ML�:�� � D�9SB;:Q9�¡�D�9�N � �^Ë�¡�K#ÉCN�J � ����ÌQ=�N#¡#¤�� �

¶lº7�H·"�"�SÐ�V�`bv2^S�	.)�SÐ�Z>`b[\t;^>f@eba¸�SÉw�\É3ZC[SeF`�^��@�S^Mf&m�É"��º;^>a_f/�
��yIV1V�X$V1`HÊ�^Mf�V1é�r�adV�f@e3mWadub^>uPebV1`�`bV�r�ZQj;V1`F��X$ZCadf@e
a�mSV�f@ebal�&rH^Qeba_ZMf�v�V�r�U&^>f\aduFvx����fpÁ�·-¦B«3³ ´�Í�¶�Ö�æW¿NÎ>Ö�æ
Å+¦�ªRÆ�§qÇA­�ÁMÓ�ÀH¿�Âb¿�Ó&Ô�¿"ÁMÓ:Á�Ø�°_¿wçMÓ$Ù�¦\Ö�ÁMÂPçHè@¿
«�¿FÔ�æ�Ó$Á#°dÁbèMØ¸¿�Õ��\X&^>tCV�u6º�ô\ºH£��$�7V1`b~CV�]dV1�@�$nI�w�S¦6�W�w�\±M²C²M¢S�

¶lºH¢Q·"�"���gU\ale�^>~;V1`H�SÉ"�&���\n7ZH���&^>f&m����Wo��\Ü#`ba_iWi\]dVC�
n7ZCfW�\tC[S`�^>ebadZCf�mSV�i\[WtCtMa_fWt)^>u3uFV�^>`br�U�Ê��&f\mWadf\twebU\V�fWV�VHmS]_V
a_f�ebU\V�U\^��WuPe�^>r�~$�S��fE²�¦	Ï6§�³ ´ÄÃ�¶|Ö�æ\¿hÎQÖ�æYÔbÁMÓ�ÀH¿�Âb¿�Ó&Ô�¿)Á>Ó
¦�u>ö-¸SÁMÕbØ5±�ö½ÁMÓT²B¸W¿FçMÂ�Ö�Ø�Ó�è�¦�u>ÕbÖ�¿�ö�Õ-Ï(¿�ÕbØ_èMÓQÐ
§�ö-¸�°_¿�ö�¿�Ó\Ö�çMÖ�Ø¸Á>Ó\�\�7V1`b~;V�]dV1�@�\nI�w�\¦��W�"�W±>²C²>ÏW�

ºH²


