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X\f}{�Y]e>c@��n8XD��l[cxnUX\TWf�h>f>f>jmY]T^`wcd{/�}cdVZu�c@`xTWXmaoaW��ste>cxf~evTozpe>cxly{LTon8c@fvVZTWjmf}X\a|{>X Y"X,X\l[c
X\f}X\aW���@c@{/�®Pbe>cxl[cwikjpl]cp�;VZY[X Y[TWVZY]T^`xXma�Y]c@`"evf>TWg�h>cdV�Y]evX\Y,X\l[c�Xm�>aocÐY]j�`xjmu�c�stToY]e®jml�Y[j
{LcxY]c@`wY�jphLY]aW��Tofvz�jp�vVZc@l]� X\Y]TWjmfvV'evXD�mc,��cxc@f®{>cx�mc@aojpu}cd{/��×�f>c1jmiRY]evcxnØT^V'Y[e>c�aocdXmVZY
Y]l[TWn�n8cd{�V[g�hvX\l[c@V�cdV_Y[TonUX Y[jmld�

Least squares regression with outliers
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{LcdVZTWzmf>cd{1V]j'Y[evX Y�Y]evcyl[c@V]h>aoY]TWf>z�l]c@zml[c@V[VZTWjmfUcdV_Y[TonUX Y[c@VbX\l[c4fvj\Ytc@XpVZTWao�8TWfLàvh>c@fv`wcd{1���
`wjpf�Y[X\n8TWfvX Y[Tojpf�����cwikjml[c�s�c�Xp`+Y]h}X\aWao�1{>TWV[`whvV[V�Y]evcxn��vcdVZu�c@`xTWXmaoaW�UY]evc�aWX\YZY]c@ltjmf>cdVx�LaWcwY
hvVbcx��c@n8u>aoToik�UY[e>c�VZc@fvV]T�Y[To��ToY_�Uj\iÛY[e>c�aWc@XmVZYtV]g�hvXml]cdV�cdV_Y[TonUX\Y]jml�Y[j�jphLY]aW��Tofvz�jp�vVZc@l]� X\�
Y]TWjmf}Vx�
Pbe>c1{vX Y[X�V]cwY'°�Ü ±m³v§vª\¢L� V]cxl[�mc@V�s�cxaWa�Y[e>TWV'u>h>l[u}j�VZcp��Pbevc,{>X Y"X~VZcxY@�Kste>T^`"e�`xjmn8c@V
ikl[jmnâY]e>cy��c@aozpTWXmf,Q�Y[X\Y]T^V_Y[TW`@X\a�QLh>l]�pcx�8X\fv{8sbXmV;X\fvXmao���xcd{8�����tjphvV[VZc@cxh�s®Xmfv{UN�c@l]j �
M Õdãmä�å S+� {LcdV]`xl]TW��c@VÂY]e>cbf�h>n��}c@lKjmi}TWf�Y]cxl[fvX\Y]TWjmfvXmapu>evjmf>ct`xXmaoa^VÛikl]jpnÔ��cxaWzmTWh>næTof��mcdX\l"V
Õ@ã�ç\è é�Õ@ã�å ê ��Pbe>c�l]cdVZh>aoY�jmi�Y]e>c�aocdXmVZY�V[gph}X\l[c@VRl[cxzpl]cdV]V]TWjmf�TWVy{LcxuvTW`wY]c@{~jmf$ÙKTWzmh>l[c Õ �
�RuvuvX\l[cxf�Y]aW�m�pY]evcxl[c4T^V�X'e>c@XD���8`wjmf�Y"X\n8Tof}X Y]TWjmf,`@X\hvV]c@{8���UX�{LToÖ¨cxl[cxf�Y�n8cdXmV]h>l]c@n8cxf�Y
V]��VZY]c@nØTof��mcdX\l"V Õ@ãpë\ì\é�Õ@ãpëmã X\fv{�uvX\l]Y[V�j\i��mc@Xml Õdãmëmê X\fv{ Õ@ã�å\èDí Tof}V_Y[c@Xm{�jmitY]e>c
f�h>n'��cxl�j\i/u>e>jpf>cR`xXmaoa^V@�mY[e>ctY]jmY[Xmavf�h>n'��cxl;j\i/n8Tof�hLY[c@V�jmi¨Y]e>cdVZc4`@X\aWaWV�s�XpV�l]c@u}jplZY[c@{/�
î�jpl]c@j �mcxld�vjpf>c8`xX\f�Ton8n8c@{>TWX\Y]cxaW�~V]cxc�Y[e>c8cwÖ¨c@`wYyjmi�Y]e>T^V�`wjpf�Y[X\n8TWfvX Y[Tojpf Ú Y[e>c�cdV_Y[T��
nUX Y[c@{�l]c@zml[c@V[VZTWjmf�aWTofvc�ikjpaoaWj sAf>c@T�Y[e>cxl�Xyn8TWaW{�h>u�s�Xml[{�Y]l[cxfv{�TWf'Y[e>cbl]cdV_Y|j\i}Y]e>ct{>X\Y[X>�
f>jpl�X\f���j\Y[e>cxl�uvX\YZY[cxl[f'Y[evX Y;`@X\f��}cbl[c@`wjpzmf>TW�xcd{�TWf�Y]e>cR{>X\Y[Xv�|×�f>ct`wjph>a^{�Xml]zph>c;Y[evX Y
Y]evc1`wjpfpY"X\n8TWfvX Y[Tojpf�sbXmV'gphvT�Y[c1e>TWzmeAXmfv{�cx��T^{Lcxf�Y�X\iÓY]cxl�X��>l[TocxibTWfvV]u}cd`+Y[Tojpf�j\ibY]e>c
{>X\Y[X>�,ï4j s�c@�mc@l@��V]hv`"e�X\f�cwÖ¨c@`wY�n�TWzme�Y���c,`xXmhvVZcd{�cx�mc@f����$X�V]TWf>zmaWc8jm�vV]cxl[� X Y]TWjmfÛ�
X\f}{�TWf�Xm{>{LToY]TWjmf®Y[j�Y[evX Yd��Y]e>c�jphLY]aW��Tof>z�jp�vVZc@l]� X\Y]TWjmfvV8{Lj�f>jmY,evXD�mcÐY]j���c�c@XpVZTWao�
l[c@`wjpzmf>TW�@Xm�>aWc�ToibXmfvX\aW���xcd{�{>X\Y[X�X\l[c8n'h>aoY]To�ð{LTon8c@fvVZTWjmf}X\añ�,PÛj�zpTo�pc8Xmf�cx�>X\n8u>aWcm�ÂXmf
X\l]Y]To�}`xTWXma�{>X\Y[X�VZcxYb`xjmfvV]TWVZY]TWf>z�jmi Õ@è jm�vV]cxl[� X Y[TojpfvV;Xmfv{Ujmfvc4jmh>Y]aWToc@l�T^V�hvVZcd{/�|ò�c�`xXmf
V]cxcRY[e>c�cwÖ¨c@`wY�jmiÂX'V]TofvzmaWc�jphLY]aWToc@l�jpfÐÙKTWzmh>l[c áDí ste>TWaWcRY]evcy�vaoh>cyaWTof>cyl[cxu>l[c@V]cxf�Y[V�Y]e>c
h>fv{>cxl[ao��TWf>zÐn8jL{Lc@aF�/Y[e>c8l]cd{�Y[e>TW`"r�aWTWf>cUVZe>j sRV4Y]evc�aWc@XpV_Y�V[gph}X\l[c@V�c@VZY]TWn8X\Y]cp��î�jpl]cx�
j �mc@l@�>Y]e>c�V]Xmn�c'�vzmhvl]c�V]e>j sRVtY[evX Y�Y]e>c�l]cdVZT^{LhvXmaWVRu>aojmYy{Lj�cdVRf>jmY�evXD�pc�Y]j,e}XD�mc'Xmf��
jmh>Y]aWToc@lZ�ð{LcwY[c@`wY]TWjmf�u�j s�c@l�MÓY[e>c��>aohvc�Y]evTof�aoTWf>c@V�l[cxu>l[c@V]cxf�Y4TWf�Y]cxl[� X\a�M_óRô¨õ]ô�S�X\f}{�Y]e>c
�>aWh>c�Y]evTW`"r,aWTWf>c@VR`xjml[l]cdVZu�jmf}{UY]j1ö ê ô�S+�
�4V;n8jpVZY;V_Y"X Y]T^VZY]T^`wT^X\fvV�Xml]cRXDsbX\l[c�j\i¨Y]e>c�{Lc@V[`wl[To��c@{�Y[e>l]cdX Y"V�`xXmhvVZcd{������mc@l]��TofLà}h>cxfL�
Y]T^X\aÂjm�vV]cxl[� X Y[TojpfvV�ikjml4XUaWjmfvz�Y[Ton8cp�vY[e>cx��evXD�mc���cxc@f�Y]l[��TWf>z8Y[j,{Lcx�pcxaWjmu�u>l[j�`xc@{Lhvl]cdV
Y]e}X Yts�jph>a^{,e>c@aouÐY]j8T^{Lcxf�Y]Toik�UY[e>c@V]c�TofLà}h>cxf�Y]T^X\a/jp�vV]cxl[�DX\Y]TWjmfvV�X\f}{,u>l[j ��TW{Lc��ZjphLY]aWTWcxl]�
l[c@V]TWVZY[XmfpY"��c@VZY]TWn8X\Y]cdVx�KPbe>cxl[c;X\l[c�Xm`wY]hvXmaoaW�RY_s�jtsbXD��V�e>j s$Y[e>T^V�zmj�X\am`@X\f���c�Xm`"evToc@�mc@{��
ÙKTol"VZYRjmf>c�l[cxaWTocdVtjmf�V]jmn8c�r�Tof}{ÐjmiKl[cxzpl]cdV]V]TWjmfÐ{>TWXmzmf>j�V_Y[TW`@V�Y]j,T^{Lcxf�Y[T�ik�Ðe>Tozpe>aW�ÐTWfLàvhL�
cxf�Y[TWXma�{>X\Y[X�u�jmTWfpY"Vx��ï�XD��TWf>z�T^{Lcxf�Y[T��vcd{AV]hvVZuvTW`xTojphvV�{>X\Y[X�u�jmTWf�Y[V@�Âjpf>c1`xXmf�l]c@n�j �pc
Y]evcxn��;X\f}{�V]h>�vV]c@g�h>cxf�Y[ao�p��X\u>u>aW��`wa^XmV[VZT^`xXma;l[cxzpl]cdV]V]Tojpf�n�cxY]e>jL{>V@��Pbe>c@V]c1n8cxY]e>jL{>V
X\l[c�f>j\YRTWf�Y]e>c�ikj�`xhvVtjmiÂY[e>TWV4`"evX\uLY[cxld���Rf>jmY]e>c@l4VZY]l"X Y]c@zm�p�Lste>TW`"e�stTWaoaÛ�}c�{LT^V[`whvV[VZcd{
e>c@l]cp�KT^V�Y[j~hLY[ToaWTo�@c1cdV_Y[TonUX Y[Tojpf�Y]cd`"e>f>T^gphvc@V��vXmV]c@{�jpf�Y]e>c�VZjm�÷`@X\aWaocd{�l[jm�vhvV_Y'VZY[X\Y]T^V_�
Y]T^`xV@��Pbe>c@V]cyl]jp�>hvVZY�c@VZY]TWnUX Y[Tojpf,n8cwY]evj�{vV�Xml]c�{Lc@V]Tozpf>c@{ÐVZj'Y]evX\Y�Y[e>cx�UXml]c�f>j\Ybc@XpVZTWao�
cxf}{>X\f>zpcxl[c@{����~`xjmf�Y[Xmn�TWfvX\Y]TWjmf~jmi�{>X Y"X>��Ùvh>lZY[e>cxl[n8jml[cm�/X�VZh>�}VZcdgphvcxf�Y�XmfvX\aW�LVZT^V�j\i
l[cxzml[c@V[V]TojpfÐl[c@V]TW{>hvX\a^VR`wjpn8Tof>z8ikl[jmn¾V]hv`"e~X8l]jp�>hvVZY4l[cxzml[c@V[V]Tojpf1�>Yy`xX\f�Y[e>cxf$e>Tof�Y4jpf
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Least squares regression with an outlier
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Least squares residual plot
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OLS and LTS regressions with outliers
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LS residual plot - stackloss data
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LTS residual plot - stackloss data
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