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acbedgfJdYhjilklmQnGf.dgo.dYpqnArYsMk0htnvuKwxkQmlsMy:y.d�m>dYz{fJdYh|nG}~klbed�f.dYhH��n.wvmQztsqi�d�i>iQdY}Akls�wvp,u�nGm�klbedgoJnGpM���xd
nvu�klbed�mQd�il��pMklsM}�yDkQnG}ed:�c��nGm[klb�sqi�w8kQnGk>wvp(wv}ez|�xn:iQklpMh#sM}G�Fd�rYklsMoJd�uR��}erYklsqnG}

f ∈ V → A
sqi��eiQd�z���4}�r�wGiQd�nvu[�~�;����klbed#iQdYk�nvu[oJdYpqnArYs2k;h�o:wvpM�ed�igsqi

V = {0, 1, . . . , 127}
wv}ez�klbed�mQd�il��pMk�iQdYk�nvu

oJnGp2�e�xd�wvklkQdY}A��wvklsqnG}tuOwGrYkQnGmQi[sqi
A ⊂ {a ∈ R | 0 ≤ a ≤ 1}

��acb�sqi�u���}erYklsqnG}tsqi�r�wvpMpqd�z��e���M�� �¡R¢�£¤[�@¥O¦��G§�¥��{¨(©Hª�«v�Y�{�4}�r�nG}AkQm>wGilk�kQntklbed�¬�wGilkg®bedYmQd#nG}ed�ilsM�8¬�pqd#wv}ez�r�nG}eilk>wv}Ak�uR��}erYklsqnG}�cwGi
�eiQd�z�¯°kQnAzew�h²±³i´ilhH}Aklbed�ilsMµ�dYmQi�wv}ez�i>wv�8¬�pqdYmQignv¶�dYmgw#o:wvmlsqdYk0h·nvuc¬�n:iQilsM��pqd8uR��}erYklsqnG}ei´kQn|��dDwv��pqdkQnD¬�mQn�oAsqz�d�wx�xnGmQd´mQd�wvpMsqilklsqr´u�d�dYpMsM}�y�®b�sMpqdg¬�p�w�hAsM}�y�wxilsM�g��p�wvkQd�z�¯¸}�wvkQ��m>wvp,sM}eilklml�e�xd�}Hk�wv}ez¹kQn
r�nG}eilklm>wvsM}tilhA}Aklb�d�kQsMr�iQnG��}�z�i®sM}|klbedYsMm[zjhA}�wv�8sqr�m>wv}�y.d:�
acbed®º�sMyJwGi@wv�8¬�pqdYm,u�nGml�Dwvk»nv¶²dYmQi,klb�mQd�d]u���}erYklsqnG}�k0hH¬�d�i(r�wvpMpqd�z�§¸�G§��¼¡R§��Q½GªY¯A�T¡¾§��Q½Gª�wv}ezx¥4¦��Q Y¡�½G�2�a,n#sM}erYmQd�wGiQd�klbed�¬�n:iQilsM��sMpMsMklsqd�i�u�nGm�w#iQnG��}ez{¬�mQnGy:m>wv�8�xdYm�¯°klbed�iQd�uR��}erYklsqnG}ei�KdYmQd�}enGk�mQd�wvpMsMµ�d�z
�Ah8klbed�º�sMyJwGi>wv�8¬�pqdYmcz�dYoJdYpqnG¬�dYmQi®wGi¿ilsM�8¬�pqd��xnG}�wGzjsqr[u���}erYklsqnG}eiK����kcwGi¿klb�mQd�d�Àey:��m>d�u���}erYklsqnG}ei
f ∈ (V, D, S) → A

¯�®bedYmQd
V = {0, 1, . . . , 127}

sqi�wGi�wvpMcw�hHi�kQbed�oJdYpqnArYsMk0h�nvu»klbed�f.dYhjilklmQnGfJd:¯
D = {0, 1, 2, 3, 4}

sqi]klbed�iQn´r�wvpMpqd�z#¤[�@¥O¦��G§e¥���Ág�0¦�¢RÂ�wv}ez
S = {0, 1, . . . , 127}

sqi]klbed�iQn´r�wvpMpqd�z¨(©Hª@«v�®Ã� >½G�T¡¾§HÄ:�(acbed¿ÀemQilk�wvmly:���xdY}AkEr�wv}8nvu�r�nG��mQiQdcnG}�pMh´��dKz�dYkQdYml�8sM}ed�zDwvk(ml��}HklsM�xd:¯:klbedcnGklbedYm
k0Kn�wvmly:���xdY}AkQiEwvmQdcwvpMmQd�wGzjh´r�nG}eilk>wv}HklpMh´z�d�Àe}ed�z��Ah�klbed]sM}eiQklml���xdY}Ak(¬�wvk>r>bgÀepqd:¯GklbA�ei,sqi»wvpMmQd�wGzjhy:sMo.dY}D�Ah�klbed�iQnG��}ezx¬�mQnGy:m>wv�8�xdYm��Eacbed�mQd�il��pMklsM}�y��e���M�� Y¡�¢�£�¤[�@¥4¦j�:§�¥���¨(©Hª@«v��¥�r�wv}�zjs2¶²dYm¿ÅJ��sMkQd
w¹pqnGk���dYk0Kd�dY}�oGwvmlsqnG�eixº�sMyJwGi>wv�8¬�pqdYm�sM}eilklml���xdY}AkQi���Æ[u�r�nG��mQiQd�klbedYmQd�sqi�}en~il¬�d�rYs2À�r�wvklsqnG}Çnvuº�sMyJwGi>wv�8¬�pqdYm�±³i|oJdYpMnArYsMk0hÈuR��}erYklsqnG}ei�¬�����pMsqrYpMhÉw�o:wvsMp�wv��pqd:¯�iQn�Kd~b¸wGzÊkQnËwv¬�¬�mQn�ÌjsM�DwvkQd·klbedY�|�
�(sMy:��mQdgÍ[iQben��i¿iQnG�xd[�xd�wGil��mQdY�xdY}AkQiK�DwGz�d��Ah8�{wvmlfxÎ�}ed�r>bAk�¯A®b�sqr>b�mQdY¬�mQd�iQdY}AkKiQ}�wv¬eilbenGkQi¿nvuklbed�nGmlsMy:sM}�wvpÏoJdYpqnArYsMk0h#rY��mloJd�i�nvu]º�sMyJwGi>wv�8¬�pqdYm��
��nGm�wv¬�¬�mQn�ÌHsM�DwvklsqnG}~�¿z�d�rYsqz�d�z|kQn8�eiQd�w�i>ÅJ��wvmQd�u���}erYklsqnG}¹nvu(u�nGml�|Ð

f(v, d, s) = c1v
2 + c2d

2 + c3s
2 + c4v + c5d + c6s + c7 Ñ Í�Ò

®b�sqr>bÓmQd�zj�er�d�iDklbed¹iQd�wvmQr>bÈnvu�wv}Êwv¬�¬�mQnG¬�mls�wvkQd|u���}erYklsqnG}ÓkQn�wÕÔ»¡R§��Q½GªDÔ,�Q½v¥Y¢�Ã�ÖY©�½GªQ��¥�×Kª@ªQ�GªØKªl�JÙY�M��Ú8¯e®b�sqr>b¹r�wv}|��d�iQnGpMo.d�z��Ah��eiQsM}�y8klbed�u�nGpMpqn�®sM}�y�wv¬�¬�mQn.wGr>bÏÐ
AT A~c = AT~b

Í



ÛÜ ÛÝÞ
Ûßà á

ÝÞ Ûßà á

â ãßäÞ à
Ý

å2æ�ç2èQé�êFç2æHëFæ�è;ì2í
→ î î î ï ï ï ð ð ð ðñ¾ò åTó4æAç ñ�ô�õ ö ê;÷
→ ð ø�î ù¾ï�ú ð ø�î ù¾ï�ú ð ï�ð ø�î ù¾ï�ú
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®bedYmQd
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®sMklb
y1, y2, . . . , yn

wGi]nGmQzjsM}�wvkQd�i�¯AklbA�eiEklbed®�xd�wGil��mQd�zDil}�wv¬eiQbenGkEoGwvpM�ed�i]nvu²klbed[nGmlsMy:sM}�wvp¸rY��mlo.d�i��
�4}¹nG��m�r�wGi>d:¯jklb�wvk�sqi�¯j®sMklb|kQbed�r>ben:i>dY}#u���}erYklsqnG} Ñ Í�Ò�¯�klbed�iQnG��y:bAk[r�nAd�þDrYsqdY}Ak�o.d�rYkQnGm�sqi
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acbed´�Dwvklmls2Ì
A
sqi�r�wvpqrY��p�wvkQd�zt�Ah�s2}�iQdYmlklsM}�y�klbedgwv�ei>rYsqiQi>wGd:¯ekQb�wvk[sqi[�Ah#sM}ei>dYmlsM}�yDkQbed�mQd�il¬�d�rYklsMoJduR��}�r�kQsMnG}�wvmly:���xdY}AkQi

v1, d1, s1, v2, d2, s2, . . . , vn, dn, sn

¯K�eiQd�zË�Ah�klbed|�xd�wGil�emQdY�xd�}Hk�nvu�klbed
il}�wv¬eilbenGkQi�¯jsM}AkQnxnG��m[r>ben:iQdY}�u���}erYklsqnG}�u�nGml� Ñ Í�Ò�Ð

A =











v1
2 d1

2 s1
2 v1 d1 s1 1

v2
2 d2

2 s2
2 v2 d2 s2 1��� ��� ��� ��� ��� ��� ���

vn
2 dn

2 sn
2 vn dn sn 1











acbed´�Dwvklmls2Ì
AT sqi[klbed´klm@wv}eil¬�n:iQd�z¹�DwvklmQsTÌtnvu A ��ÿÈsMklb AT A

KdgnG��k>wvsM}~klbedgiQÅA��wvmQd��Dwvklmls2Ì
A′
¯jsM}¹nG��m[r�wGiQd

A′ ∈ R
7×7
��ÿÈsMklb

AT~b
cd�nG��k>wvsM}¹klbed�oJd�rYkQnGm ~b′ ®sMklbti>wv�xd�zjsM�xdY}eilsqnG}¹klb�wv}

A′
b�wGiEmQn��iKwv}ezDr�nGp2�e�8}ei�¯JklbA�ei]sM}DnG��m¿r�wGiQd ~b′ ∈ R

7
����n�Ëklbed�pMsM}ed�wvm¿d�ÅA��wvklsqnG}�ilhjilkQdY� y:sMo.dY}�Ah

A′~c = ~b′
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ÝÞ Ûßà á
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å2æ�ç2èQé�ê;ç2æHëFæ¾è0ìMí
→ î î î ï ï ï ð ð ð ðñ�ò åTóOæHç ñ�ô�õ ö êF÷
→ ð ø�î ù¾ï�ú ð ø�î ù¾ï�ú ð ï�ð ø�î ù¾ï�ú

�(sMy:��mQd � Ð�wv¬�¬�mQn�ÌHsM�DwvkQd�z|û]dYpqnArYsMk0h#ü�d�il¬�nG}eiQd´ý¿��mloJd�i Ñ r�nG�8¬�wvmQd�®sMklb�À�ye�®Í�Ò
sqi¿}enGkcn�o.dYmQz�dYkQdYml�8sM}ed�z|wv}AhH�xnGmQd�wv}ez#wGi¿Kd�b�w�o.d�sM}eiQdYmlkQd�z#wv¬�¬�mQnG¬�mls�wvkQd��xd�wGiQ��mQdY�xdY}Akco:wvp2��dYi
nvu²r�nG��mQiQd:¯.klb�sqi»�xd�wv}eiEklb�wvk

A′
sqi�mQdYy:��p�wvm¿wv}ez�klbedcpMsM}ed�wvm]d�ÅJ��wvklsqnG}DilhjilkQdY��b�wGi�klbA�ei]wv}8��}�wv�����sMy:�enG�ei�¯Hy:m@wv}AkQd�z#iQnGpM��klsqnG}

~c
®b�sqr>b�r�wv}���d�r�wvpMrY��p�wvkQd�z�d:� ye���Ahx�eilsM}�y�klbed�º�wv�eiQi���pMsM�8sM}�wvklsqnG}

� p2y.nGmQs2kQb��|��acb�sqi¿r�wv}D��d[r�nG}Ao.dY}�sqdY}AklpMhDz�nG}ed[d:� ye�»�Ah��eilsM}�y´klbed[r�nG�8¬���kQdYm¿¬�mQnGy:m>wv�xiK�{w ÌHsM�DwnGm��{wv¬�pqd:� � }ez~b�d�m>dxwvmQd�klbedxr�wvpqrY��p�wvkQd�z�wv¬�¬emQn�ÌHsM�DwvkQd�z·uR�e}erYklsqnG}ei´wGi�nvuKkQnAzew�h Ñ ��n�oJdY�g��dYm�	� ¯ �	�	��
 Ò(s2}x�eiQdc�Ah��sM}A�jÌ��jwv�8¬�pqdYm�±³i���������������������� Ñ nGm��xnGmQd�il¬�d�rYs2À�r	�Ar�nG}Ak>wvsM}ed�zxsM} �!��"#���$�jÒ�Ð
acbed´wv¬�¬�mQn�ÌjsM�DwvkQd�z¹i>ÅJ��wvmQd�u���}erYklsqnG}�u�nGm�§¸�G§��¼¡R§��Q½Gªgsqi�Ð

fnlin(v, d, s) = 0.0005143775427v2 + 0.05318278732d2 − 0.0003560390502s2 +
0.04683631221v − 0.9484386143d + 0.08030068910s −
0.1666235937

acbed´wv¬�¬�mQn�ÌjsM�DwvkQd�z¹i>ÅJ��wvmQd�u���}erYklsqnG}�u�nGm�¥O¦e�Q Y¡�½G�(sqi�Ð
fspec(v, d, s) = 0.00005794551347v2 + 0.008361491099d2 − 0.000004303475615s2 +

0.002085522765v + 0.01313747345d + 0.003220916836s −
0.1630504921

��nGm]r�nG�8¬�wvmlsqiQnG}�®sMklbxklbed�nGmlsMy:sM}�wvp¸�xd�wGiQ��mQdY�xdY}AkQi]sM}8Àey:��mQd´Í®klbed[wv¬�¬�mQn�ÌjsM�DwvkQd�z8u���}erYklsqnG}eir�wv}~��d�iQd�dY}~sM}¹Àey:��mQd � �%��nGkQd´klb�wvk�klb�dD�T¡R§��Q½Gª8uR��}erYklsqnG}{sM}tklbedg�8sqz�zjpqd�mQn��z�nAd�il}Ï± k�mQd'&�d�r�kklbed�uR��}erYklsqnG}t�eiQd�z|rY��mlm>d�}HklpMh�sM}(��sM}A�jÌ��jwv�8¬�pqdYm�¯¸�xd�wv}ei[klbedx�T¡¾§²�l½Gª�u���}erYklsqnG}tilben�®}¹sM}|Àey:��mQd
� zjs2¶²dYmQi8ilpMsMy:bAklpMh�uRmQnG� klbed�nG}ed��eiQd�z�sM})���$"������·rY��mlmQdY}HklpMh.�*�HnGmlmlh.¯]��cwGi�kQnAn~p�wvµ�h�wvk�klbed�xnG�xdY}Ak[kQn�À�Ì#sMk��+� �;Ò
ý-,ý¿b�mlsqilkls�wv}
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