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ACB@DFEHGJI4KMLMNMO�ACBQP�B�RSKUT�KMLWV�N>XYG@Z[R@BQP�B@\CLWEH]H]^EHG*_S`
acbYdfe*gihij<k=l�mfnodfpqgqrtsidfucvWwxsiy y n^hin{z}| y y~v�bYd�e*gihij<���������c�=�{v��J�4�~dfnoy gi������Yn^��r���sq���Mjcu�mf| �^m}gi����bYmQrtd�si��sie=u�vW�Wsi��| mf| gi��g*��rtgqrtn{�}��| pcn^d�m�| r~ucv4��gqrtsi�<��si��hiniv��Wb��q�i�i�i 
�^¡�dt¢Sgid�e�� gi�i� ��£4v4�^m¥¤�¢Sgid�e�� gi�c� ��£�v���d�| y y | ��hc¢Sd�si��hini� ��jcu�m^� y mf�¦� n^���
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Automated Classification
�¬rtn^y y gid�m���n^�^rtdfg0d�no×���| d�n�r�j�n
nHØ¬�Wn^d�| no���^n@gi���0¤f����hinoe*n^�crsq�@gÏrtd�gi| ��no��nHØ¬�Wn^dfr0| ��sid���n^d1rtsÏl�n/�^y gimfm�| Ù�n^�¦�Úz}s^¡�Ûn^pcn^dov}�o��dfd�no�cr1gi���»�¥�¬rt��d�n0��| hi| rtgiySm�£cu»m���dfpcnHu»��d�s�¤fno�Hrtmovy | £in{rtj�n����S���WvWgiy si��h1¡}| rtj9mf��gi�onHÛ~l�gim�n^�Àe*| mfm�| si��m^vUm����tjgimY�SbS�~b�vc¡�| y y��^siy y no�HrYj���hinSgie*si����r�m}sq�Mm���n^�^rtdfgJÜ�×¬��gi��Ûrt| r�| n^mJj���e*gi�/nHØ¬�Wn^dfrtmJ¡}| y y�lWn*����gil�y n*rts0�^si��n*¡}| r�j¦�
�~�y | hij�r�sq��r�j�| mov�| �cpcn^mfrt| higqr�| si�)| ��r�s/gi��rtsie*gqr�no���oy gim�m�| Ù��^gqÛrt| si�@m��tj�noe*n^m�gimxm�������y noe*n^�crtgidfu{rts�siy mx| m�l�no�^sie*| ��h�e*sid�n��d�hin^��r�y u1��no�^nomfm�gidfu0| �M¡xn�gid�nJrts�mfrtg^u0gij�n^gi�0sq��rtj�n���gqrtg¡�gopcni�Ý siy y s^¡}| ��h���gimQr{nHØ�gie*��y nom*Þ~�S��y gqr�|Un^rJgiy~�@�^�i�iß�v�pcsi�z}| ����n^yUnHr{giy~�
�^�i�iß�v���gi| y n^dfÛQàisi��n^m��^�i�i�cá^v�¡xn�gi| eÚrts1n^mfÛrtgil�y | m�j1¡�j�n^r�j�nod=gi�<gidfrt| Ù��o| giyM��no��d�giyM��nHrQ¡�sid�£ÀÞËbS�Y�YáY| m�ogi��gil�y nJsq�x��d�sop¬| ��| ��h*gihid�n^nogil�y n{�^y gim�mf| Ù��^gqrt| si��mS�¥sidYg�m�nHrsq��mf��l���¡�gidf�Um���n^�^r�d�g{��d�nHp¬| si��m�y u*�^y gim�m�| Ù�no�
l�u��Yd�| y y | ��hSnHrgiy~�xÞ~âq�i�câiá^��bY����| rt| si��giy y u�vo¡�n�l�d�| n^ã4uJ| �cpcn^mfrt| higqr�n�j�s^¡Ïrtj�nm�| ä^n�gi���*�osi�crtn^��r�sq�4r�j�n�bS�Y�Jå m¦rtd�gi| ��| ��hY��gqrtg{ÞËgi��giy gihisi��mrts�m���no�Hrtd�giyU�^y gimfm�| Ù��^gqrt| si�Âmfrtgi����gid���mtáYgqæ¦no�HrtmS| roå mYgil�| y | r~urts@��d�s^p�| ��n�gihid�n^n^gil�y nJ�oy gim�m�| Ù��^gqrt| si��mo�

Data Pre-Processing
k=��d}m�gie*��y nomSsq��m���l���¡�gidf��m���n^�^r�d�g�¡�n^d�n{rtgi£in^�0�¥d�sie�rtj�n�osiy y n^�^r�| si���osie*��| y n^�@l�u
�Yd�| y y | ��hSn^rxgiy~�}ÞËâq�i�câiáx�¥d�sie"��gqrtg��d�s^p�| ��no�/eJu/ç�s¬n^j�y nod*nHr*giy~�/Þ��^�i�i�ig�vJ�^�i�i�il�á^vx�Yd�no| äoy nodn^r�giy~�"Þf�^�i�i�cá^v=gi���»��j�n^| m�mfno��nHr1giyË�"Þ��^�i�i cá^�Å�¥r1�^sie{Û��d�| m�nomSg�e*sid�nHÛQsidQÛQy nomfmJd�n^��d�n^m�n^��r�gqrt| pcn*m�gie*��y n{sq�Y�o�qß0���m���l���¡�gidf�¥m�gi���@l�y ��n}j�sid�| äosi�crtgiy�l�d�gi���tj
mfr�gid�mov���y ��m�g=�¥n^¡sqrtj�n^dYmfrtgid�mY��sqrS| ���^y ����no�
| ��rtj�n{�����^gqrtgiy sih���xj�n��Sdf| y y | ��h��^y gim�m�| Ù��ogqr�| si�/mQu�mfr�noeè��mfnomJg1m���no�Hrtd�giyrQu¬��n0d�������| ��h0�¥d�sie%m��4k{�1rts/m���bèÞ��1Ü�âq�cáHvYgi��giy gihisi��mrtsÂç1é3mf�Wn^�Hrtd�giy}�^y gim�mfnomo�Ï�Ër@| ��r�d�s¬�����on^m*gÂj�noy | ��eè�^y gimfmÞË�{Ü
ßi�cáSl�gim�no�0si�<zJv4z}n���gi���0z}no���xy | ��n=mfrtdfno��hqr�j�mov�gi�����m�n^m@y ��e*| ��sim�| r~uÀ�^y gimfm�nom��Ëê-Ü/ê=������vM¡}j�n^d�n1e*simQr�m���lW�¬Û¡�gidf�¥m0j�g^pcn9y ��e*| ��simf| r~u��oy gim�m<ë=ê=�����x��j�nÂe*gi����| ��h/l�nHÛrQ¡�n^no���Yd�| y y | ��h0�oy gim�m�n^m
gi����r�j�sim�n0��m�n^��noy m�nH¡}j�n^d�niv}ni� h��rtj�n0����mf��dfpcnHu�Þ~�=dfnon^��n^r�giy~���^�i�i�cáHvY| m@| y y ��mfrtd�gqrtn^�Ï| �Ù�hi��d�n@�i�

Figure 1. Comparison of Drilling spectral and helium
classes with the PG classes (from Drilling et al. 2002)
k=��d}��gqrtg�j�gimYl�non^�0l�non^�1�^sigid�m�n^y u0�^y gimfm�| Ù�n^�0si�0rtj�nj�n^y | ��e3m��^giy n@��nHÙ���n^�9lcuÂ�Yd�| y y | ��h@n^r�giy~��ÞËâq�i�câiá^vU¡�| rtjÂghid�gi| ��m�| ä^n�sq��ß@j�n^y | ��e"�oy gim�m�n^mo���n^�¥sidfn}gi����y u�| ��h�rtj�n�bS�Y�Jv���gqrtgSe���mQrMl�nx| �{gYj�sie*sqÛhino��nosi��m=�¥sid�e��{��| e*��y n�| ��pcn^mfrt| higqrt| si��m�d�nHpcnogiy no�9��| mfm�| e*| Ûy gid�| rt| n^mY| �0¡�gopcn^y n^��hqrtjÂd�gi��hiniv¦gi���<l�| �0mf| ä^nc�Sb��^sie*e*si�¡�gopcn^y n^��hqrtj>d�gi��hin9sq�
ßi i�i�ÏÜ�ßi�cìq�}íb+¡�gim<n^mfrtgil�y | m�j�n^�¦vgiy si��h9¡}| r�j»g/�osie*e*si��l�| ��m�| äon<sq�{��� �}íb��xbY��u�m���n^�^r�d�g

�����osi��� sid�e*gil�y n1r�sÂrtj�nom�n1¡�n^d�n0d�n^e*sopcn^���¥dfsieîrtj�n0��gqrtgm�nHr�� wxd�����noy u>d�n^�^rt| � u¬| ��h»y gid�hinÏ�^sim�e*| �Ïm���| £in^mov@gi����| ��Ûmfr�d���e*n^��rtgiyWn^����Û~n^æ¦n^�^rtm^v�m���n^�^r�d�g{¡�nod�nSrtj�n^�@pcnoy s¬�^| r~u��^sidfÛd�n^�Hrtno�>lcu)¡�gou�sq�
g��^d�sim�mfÛ~�^sid�d�n^y gqrt| si��� �����Hrt| si�¦� Ý ��dfÛrtj�nod=noy | e*| ��gqrt| si�0sq��rtj�simfn*m���no�Hrtd�g�¡}| r�jÂ��s
�^sid�d�n^m���si����Û| ��h@m���no�Hrtd�giyU�^y gimfm�| Ù��^gqrt| si�<d�n^m���y rtn^�1| �1g@Ù���giy¦�osiy y n^�^rt| si�sq�W i�i�=m���no�Hrtd�g��U��j�n^m�n�¡�n^d�n�rtj�n^�{d�n^m�gie*��y no�*si�crts=gS�osie{Ûe*si�*¡�gopcn^y n^��hqrtj
d�gi��hinYsq�¦ßcâq�i�=Ü*ßi�i�i�}íb�v�¡�| rtj*gJl�| �*m�| äonsq����� �}íb�v�u�| noy ��| ��h
�i�^�c�
��gqr�g���si| ��rtmY��n^d}m���n^�^rtdf��e��

Figure 2. Jittered scatter plots showing the distribution
of our final 380 spectra across the three classification
dimensions. Note the concentration of spectra at Lu-
minosity Class VII.

The Neural Network
bY��bS�Y�»| mxgJmfrtgqrt| mfrt| �ogiyW��gqr�rtn^d���d�n^�osihi��| rt| si��giy hisidf| rtj�e�vgil�y n�r�s0�Wn^df�¥sidfeïg0��si��Û~y | ��n^gidovU��gid�gie*n^r�nod�| m�n^�Àe*gi����| ��hl�nHrQ¡�n^no�{r~¡�s=��sie*gi| ��mo�UkSd�| hi| ��giy y uS| ��m���| d�n^�Jlcu=rtj�n�mfrtd����^Ûrt��d�nSsq�U��n^��d�si��giyW�^noy y m�| �@rtj�nSl�d�gi| �¦v¬g�rQu¬��| �ogiy�bS�Y���^si��Ûm�| mfrtm
sq�{gi�)| ��r�nod�y | ��£in^�¦v�j�| n^d�gid��tj�| �^giy=mQrtd����Hrt��d�n0sq����d�sqÛ�^nomfm�| ��h9��s���nom^�Ï��j�n1| �crtn^d�nomQrtno��d�n^gi��n^d@m�j�si��y �Ïd�n^� nod@rts��| m�j�si�/Þ��^�i�cìiáS� sidYe*sid�n���nHrtgi| y n^�1| ��mQrtd����Hrt| si�W���j�nÀ�¥n^n^��ÛË�¥sidf¡�gid��"l�gi�t£���d�si��gihigqrt| si�C��n^��d�giy@��nHr�Û¡�sid�£ð�^s¬��n3ñQòHóoòiôcõoò�v>lcuö�Ydo�÷w�sidfu��[��gi| y nodfÛQàisi��n^mÞ jcr�rt�Wø ùiù�¡�¡x¡J� e*��| gqÛ~j��¦� e*��h�� ��n�ùqj�sie*n^mtùq�^giy ¤�ùmfr�gqrt��nHr�� jcrte*y áHv�¡�gimS��m�n^�0| ��rtj�| m}mfr�����uc�kS��dYe*gi| �1sil¬¤fn^�^r�| pcn*| m}r�s�mfj�so¡>¡}j�n^rtj�nodYbS�Y�}m}gidfngil�y nxrts=��nodQ�¥sid�e�rtj�n�rtgim�£{sq�Wm���n^�^rtdfgiy��oy gim�m�| Ù��ogi| si�¦v�j�n^���onrtj�n�bS�Y�>gid��tj�| rtn^�^rt��d�n*¡xgim�£ino��r�d�n^gim�si��gil�y u9mf| e*��y nc�Jb�^sie*| r�r�non0sq�Jì9��n^r~¡�sid�£¬m�¡�gim
��mfno�¦v�¡�| rtj�n^gi�tj���nHr~¡xsidf£�^si��m�| mfrt| ��h/sq�*�0| ������r*y goucn^d�¡�| rtj��i�^�c�/| ������r@��s¬��n^movS�j�| ����n^�1y g^ucnodYsq�xì*��s���n^mov4gi���/�Jsi��r�����rY��s���ni��¦s*rtnomQr�rtj�n=nHæ�n^�^r�sq�Urtd�gi| ��| ��h{m�nHrYm�| ä^nSsi�1bS�Y����n^dfÛ�¥sidfe*gi���onivUr~¡�s�rtd�gi| ��| ��h�m�nHrtmJ¡�n^d�n@�odfnogqrtn^�9� sid�n^gi�tj/��gqÛd�gie*nHrtn^dJmf��gi�on{¡�n{¡�gi�crtno�<rts��oy gim�m�| � u<| �¦�}kS��n�m�nHrJ�osie{Û��df| m�n^�
�^�i�=m���no�Hrtd�gY�¥sidUrtdfgi| ��| ��h�vq¡�| rtj�r�j�nxdfnom���y rt| ��hYbS�Y�l�n^| ��h@rtn^mfrtn^�9si�<rtj�n*d�n^e*gi| ��| ��h�âq�i�1m���n^�^r�d�g�����| e*| y gid�y u�vrtj�n}m�n^�osi���{r�d�gi| ��| ��hSm�nHrx�^si�crtgi| ��n^��âq�i�Jmf�Wn^�Hrtd�g�vc¡}| rtj{rtj�nd�n^e*gi| ��| ��h<�^�i�0m���no�Hrtd�g1��m�no�<rts�r�nomfrJrtj�n*bS�Y�J�¦�Ë�9n^gi�tj�^gim�niv}rtd�gi| ��| ��hÂmfn^r
m�gie*��y nom*¡�nodfn0�tj�sim�n^��mfr�s¬�tj�gimQrt| �^giy y u�¥dfsie�r�j�nSe*gi| �1��gqr�g*m�n^rSmf���tj�rtj�gqr�rtj�n=��gid�gie*nHrtnod�m���gi�^n¡�gim�dfno��dfnom�n^�crtno�@nHpcno��y uc�MbY�@����nHpcno�*dfno��dfnom�n^�crtgqrt| si��y | e{Û| rtmxrtj�n=bS�Y�Jå mxgil�| y | rQu*r�s{hino��nod�giy | m�niv�gi���
¡�si��y �
rtj���m�dfn^Û�����onJ�Wn^df�¥sidfe*gi���oni�

Results
ú bS�Y�î�^y gim�mf| Ù��^gqrt| si��¡xgim/y | e*| rtn^��rts�m���n^�^rtdfgiy@r~u¬�Wngi���Âj�n^y | ��e3�^y gimfm�si��y u��{ëJ�ißcûÚsq�}si��d=m���no�Hrtd�g�d�nomf| ��n*| �y ��e*| ��simf| r~u/�^y gim�m*ê=����vUr�j�nodfnolcuÀe*gi£�| ��h0rtj�| m{�^y gim�m@s^pcnodfÛd�n^��d�n^m�n^��r�no�¦v�dfnomfr�d�| �Hrt| ��hSr�j�n�gil�| y | rQuJsq�4rtj�nxbS�Y�/rtsSe*gi£ingi�^�o��d�gqrtnS�oy gim�m�| Ù��ogqrt| si��m�| �*sqrtj�n^d�gid�nogim�sq�Wrtj�n}��gidfgie*n^rtn^dm���gi�oni�

��gil�y n��iøx�¬��e*e*gidfu
sq��d�nomf��y rtm^������ z}now�^�i� âq�i� �^�i� âq�i��}ç1� â¬� �i� �i� �i� ß�� �q� ß�� ìiìd ��� �i� ��� �i� ��� �câ ��� �iß
ú ��n^hi| ����| ��h0¡}| rtjÏm���n^�^rtdfgiy}rQu¬��ncv�rtj�n�rtd�gi| ��| ��h0mfn^r
sq��^�i�*m���n^�^r�d�g�giy y so¡�n^�
rtj�nYbS�Y��rtsJ��d�s^p�| ��nY�oy gim�m�| Ù��ogqrt| si��mrts�¡}| rtj�| �<â¬� �i��m���l�rQu¬��nom^v4¡}| rtj<g��^sid�d�n^y gqrt| si�Â�^s�n^ü��o| no�crsq�J��� �i���»�¦d�gi| ��| ��h<¡}| r�j»g9m�nHr�sq��âq�i�/m���n^�^r�d�g�v}�^y gimfm�| Ù4Û�^gqrt| si��m=¡�n^d�n*gi�o�^��d�gqr�n{rts
¡�| rtj�| �/�i� �i��m���l�r~u¬�Wn^mov�¡�| rtj<g�^sid�d�n^y gqrt| si�<�os�n^ü��o| no�crYsq����� �i���
ú �~�*rtn^d�e*m�sq�Wj�noy | ��e>�^y gim�m^v�gSrtd�gi| ��| ��h=mfn^rxsq�M�^�i��m���n^�^Ûrtdfg{no��gil�y n^��r�j�nSbS�Y��rts��oy gim�m�| � u
rtsJ¡}| r�j�| �@ß�� �q���oy gim�m�n^mov

¡�| rtj0g@�^sid�d�n^y gqrt| si�<�os�n^ü��o| no�crSsq����� �câ¬�}�}m�| ��h{rtj�nJr�d�gi| ��Û| ��h@m�nHrJsq�xâq�i��m���no�Hrtd�g�v4�oy gim�m�| Ù��^gqrt| si��m=¡�n^d�n�¡�| rtj�| �1ß�� ìiì�^y gimfm�nom^v@¡}| r�jÅg��osid�dfnoy gqrt| si�Å�os�n^ü��o| no�cr9sq����� �iß��ð��j�ndfgqrtj�n^d=y gid�hin�n^d�d�sidfm=| �0j�n^y | ��e"�oy gim�m�| Ù��ogqrt| si��mSgid�n{����n=rtsr�j�n��^sigid�m�n{hidfgi| �0sq�Mrtj�nJsid�| hi| ��giy��^y gimfm�| Ù��^gqrt| si�<m��^giy ni�
ú �~��n^gi�tj��^gim�niv}¡�n0m�n^n1rtj�gqr�rtj�n1bS�Y�"rtdfgi| ��n^��si�»gy gid�hin^dMm�gie*��y n�sq�Wâq�i�Sm���n^�^rtdfg}u�| noy ��m�gS�^y gim�m�| Ù��ogqr�| si�{n^d�d�sid��sqr{m�| hi��| Ù��^gi��r�y uÂm�e*giy y nod=rtj�gi�Ârtj�n@bS�Y�Årtd�gi| ��n^�9��mf| ��hr�j�n{m�e*giy y n^d=mfgie*��y n{sq�Y�^�i��v�m���hihin^mfrt| ��h�g�y gid�hin{r�d�gi| ��| ��hmfn^rS| mY��sqrS��n^�on^m�m�gid�| y u�d�no×���| d�no�
�¥sidYhis¬s��0��nodQ�¥sid�e*gi���^nc�

Figure 2. The scatter plots show true classifications
against network classifications. Also plotted for each
case is a least–squares best fit line.

Conclusions
ú%ý n»j�gopcn)n^mfrtgil�y | mfj�no�>rtj�gqrÀbS�Y�}m9gid�n»�^gi��gil�y n�sq���d�sop¬| ��| ��h@m���no�Hrtd�giyM�^y gimfm�| Ù��^gqrt| si��mJgihid�n^n^gil�y n{¡�| rtj1rtj�sim�ne*gi��n�gi�^�osid���| ��h*rts@rtj�n=�oy gim�m�| Ù��ogqrt| si�<mfrtgi����gidf��mo�
ú �~�<gi����| rt| si�¦vWg�y gid�hin{rtd�gi| ��| ��h�m�nHr�| mJ��sqrJ��no�^nomfm�gid�| y udfno×���| dfno��� sidSr�j�nJbS�Y�)r�s@u¬| n^y ��his¬s��0d�n^m���y r�mo�
ú Ý ��rt��d�n�¡�sid�£=¡}| y y�giy y s^¡Ï��m�r�s=��n^rtn^d�e*| ��n�| �4bS�Y�}mU�^gi�u¬| n^y �
n^pcn^�0l�n^rfrtnod��Wn^df�¥sidfe*gi���oni� ý nJ��y gi��rts@| ��pcn^mfrt| higqrtng@����e�l�n^d}sq����sim�m�| l�| y | rt| n^moø
ú b�r�rtn^e*��rt| ��h�rts0y s¬�^gqrtn�gi�/si��rt| e*giy�rtd�gi| ��| ��h1m�nHr�vgi���@¡�j�nHrtj�n^dMm����tj@gJmfn^r�m�j�si��y �*�^si��rtgi| �*rtj�n}�^y gimfÛmf| Ù��^gqrt| si�0mfr�gi����gid��0m���n^�^r�d�g�þ
ú �xnomfr�d�| �Hrt| ��h/rtj�n0bS�Y�Jå m
gqr�r�no�crt| si�»rts/rtj�n0m�gie*nmf�Wn^�Hrtd�giyWy | ��nomxgim}��m�n^��| �
��nHÙ���| ��h�rtj�nS�^y gim�mf| Ù��^gqÛr�| si�0mfrtgi����gid���moþ
ú �}nHr~¡xsidf£�mQrtd����Hrt��d�nÏ| m9gi�>| e*�WsidQrtgi��rÂ�¥gi�Hrtsid/| �bS�Y�"��n^df�¥sid�e*gi���oni�9�Ë�Y¡�n�pqgidfuÀbS�Y�Cgidf�tj�| rtn^�HÛr���d�nivWl�u�gi����| ��h
g�m�n^�osi���<j�| ����n^�1y g^ucnod^v�gi�q¤f��mfr�Û| ��h�rtj�n=����eJlWn^d�sq�U��d�s��on^m�m�| ��h*��s���nom^v�nHrt�i� v¬¡}j�gqr| m}rtj�n=�osidfd�nomf�Wsi����| ��h@nHæ�n^�HrSsi�0�Wn^df�¥sidfe*gi���onoÿ
ú �Ë�)e*gi�cu��ogim�n^mov=si��d
��gqrtgÏm�nHr0�^si��r�gi| ��m1mfn^pcn^d�giymf�Wn^�Hrtd�g{�¥d�sieÅrtj�nSm�gie*n=mfrtgido�x�Ëm�rtj�nSbS�Y�»hi| p¬| ��hn^gi�tj<m���no�Hrtd���e"rtj�n�mfgie*n��^y gim�m�| Ù��ogqr�| si�4ÿ
ú �Md�nHÛ~��d�s��on^m�m�| ��h�mf�Wn^�Hrtd�g
¡�| rtjÂ�Md�| ���o| ��giyMw�sie*�WsqÛ��no�crtm<bY��giy u¬m�| m�rts»d�noe*s^pcnÏ��si| mQu)�¥n^gqrt��d�n^m<gi����^sie*��d�n^m�mYrtj�n=����e�l�n^dYsq��bS�Y��| �����¬rtmoþ
ú �Ë���^d�n^gim�| ��h<rtj�n
m�| ä^n�sq�Srtj�n���gqrtgÂm�nHr*rtsÂ��d�sop¬| ��ng�d�| �tj�n^d�dfno��dfnom�n^�crtgqrt| si��sq��rtj�nS��gidfgie*n^rtn^d�mf��gi�onivgiy y s^¡}| ��h@� ��dfrtj�n^dYmfrt����| n^m}| �crts@j�sqrSm���lW�¬¡xgidQ�¥mo�
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