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� Symboli� ML
� First order logi�, inverse dedu�tion
� �om Mit��ell, Steve Muggleton, �oss �uinl�n, �

� ��yesi�n ML
� St�tisti��l le�rning
� �ude� �e�rl, Mi���el �ord�n, ��vid �e��erm�nn, �

� �ognitive ML
� �n�logisms �rom �sy��ology, �ernel m���ines
� �l�dimir ���ni�, �eter ��rt, �ougl�s �o�st�edter, �

� �onne�tionist ML
� �euros�ien�e, �����ro��g�tion
� �eo��rey �inton, �os�u� �engio, ��nn Le�un, �

� �volution�ry ML
� ��ture�ins�ired �on�e�ts, geneti� �rogr�mming
� �o�n �oll�nd �����������, �o�n �o��, �od Li�son, �

�i�� Main�tr�a�� in Machin� L�arning
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� �emember� Medi�ine is �n �om�le� ���li��tion dom�in �
de�ling most o� t�e time �it� �r��a�l� in��r�ati�n�

� Some ���llenges in�lude�

� ��� de�ining �os�it�l system �r��ite�tures in terms o� 
generi� t�s�s su�� �s di�gnosis, t�er��y �l�nning �nd 
monitoring to be e�e�uted �or �b� medi��l re�soning in ����

� ��� ��tient in�orm�tion m�n�gement �it� �d� minimum 
un�ert�inty� 

� �t�er ���llenges in�lude� �e� �no�ledge ���uisition �nd 
en�oding, ��� �um�n��i inter���e �nd �i�inter��tion� �nd 
�g� system integr�tion into e�isting �lini��l leg��y �nd 
�ro�riet�ry environments, e�g� t�e enter�rise �os�it�l 
in�orm�tion system� to mention only � �e��

��� �hall�ng��
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0� �au�alit�
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� ��vid �ume ������������ ��us�tion is � m�tter 
o� �er�e�tion� observing �ire � result �eeling �e�t

� ��rl �e�rson ������������ Forget ��us�tion, you 
s�ould be �ble to ��l�ul�te �orrel�tion

� �ude� �e�rl ������ �� �e ��re�ul �it� �urely 
em�iri��l observ�tions, inste�d de�ine ��us�lity 
b�sed on �no�n ��us�l rel�tions�i�s, �nd 
be��re o� �ounter���tu�ls �

�au�ati�n � ���ar� �� c�unt�r�actual�

�ude� �e�rl ����� ��us�l in�eren�e in st�tisti�s� �n overvie�� St�tisti�s surveys, �, ������

�ude� �e�rl, M�delyn �lymour � �i��ol�s �� �e�ell ����� ��us�l in�eren�e in st�tisti�s� 
� �rimer, �o�n �iley � Sons�
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� �ume �g�in� �� i� t�e �irst ob�e�t ��d not been, 
t�e se�ond never ��d e�isted ��

� ��us�l in�eren�e �s � missing d�t� �roblem

� ��: = �������������� �������
� �nterventions ��n only t��e �l��e on t�e rig�t side

�hat i� a c�unt�r�actual� �an� ��� �li��� ������ 

L�on �ottou, �on�s �eters, �o��uin �ui�onero���ndel�, 
�enis � ���rles, � M�� ��i��ering, �lon �ortug�ly, �i��n��r 
��y, ��tri�e Sim�rd � �d Snelson ����� �ounter���tu�l 

re�soning �nd le�rning systems� ��e e��m�le o� 
�om�ut�tion�l �dvertising� ��e �ourn�l o� M���ine Le�rning 
�ese�r��, ��, ���, ����������
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�������r� ��rr�lati�n i� ��� �au�alit�

�obert M�tt�e�s ����� Stor�s deliver b�bies ��� ������� �e���ing St�tisti�s, ��, ���, ������
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� ��ns �ei��enb��� ������������ �����n �au�� �rinci�l�

� Lin�s ��us�lity �it� �rob�bility�
� �� � �nd � �re st�tisti��lly de�endent, t�ere is � � in�luen�ing bot�

� ��ere�s�

� �, �, � events

� �, �, � r�ndom v�ri�bles

� � � �rob�bility me�sure

� �� � �rob�bility distribution o� �

� � � �rob�bility density

� ���� �� �ensity o� ��

� ���� �rob�bility density o� �� ev�lu�ted �t t�e �oint �

��rr�lati�n ���� n�t t�ll an�thing a��ut cau�alit��

For det�ils �le�se re�er to t�e e��ellent boo� o�� �on�s �eters, �omini� ��n�ing � �ern��rd 
S���l�o�� ����� �lements o� ��us�l in�eren�e� �ound�tions �nd le�rning �lgorit�ms, 
��mbridge �M��� �tt�s���mit�ress�mit�edu�boo�s�elements���us�l�in�eren�e

�tt�s����l�to�st�n�ord�edu�entries���ysi�s������

��ns �ei��enb��� ����� ��e dire�tion o� time ��dited by M�ri� �ei��enb����, Mineol�, �e� �or�, �over�
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� ���� � ����� set o� observ�bles

� �r�� � dire�ted ��y�li� gr��� � �it� nodes ��� � � ���

�uncti�nal �au�al M���l

� ��rents � dire�t ��uses

� ��:= �� ����������� ������

�emember� �oise me�ns une��l�ined �e�ogenous� �nd denote it �s ��

�uestion� ��n �e re�over � �rom � �
�ns�er� under �ert�in �ssum�tions, �e ��n re�over �n e�uiv�len�e �l�ss 
�ont�ining t�e �orre�t � using �ondition�l inde�enden�e testing
�ut t�ere �re �roblems�

For det�ils �le�se re�er to t�e e��ellent boo� o�� �on�s �eters, �omini� ��n�ing � �ern��rd S���l�o�� ����� �lements o� ��us�l 
in�eren�e� �ound�tions �nd le�rning �lgorit�ms, ��mbridge �M��� �tt�s���mit�ress�mit�edu�boo�s�elements���us�l�in�eren�e
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� �au�a�ilit� �� a �r���rt� �� a ��r��n� �hil�

� ���laina�ilit� �� a �r���rt� �� a ���t��

�������r� th� �a��ing i� i���rtant
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�r��a�ili�tic ��� cau�al in��r�nc� �r��l���

�on�s �eters, �omini� ��n�ing � �ern��rd S���l�o�� ����� �lements o� ��us�l in�eren�e� �ound�tions �nd le�rning �lgorit�ms, ��mbridge �M��� 
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����ar� thi� �ith u�a�ilit�
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�till th� ���t �r���ing �u��ti�n r��ain� ���n �

��H�� �� hu�an� g�n�rali�� 
�r�� ��� ��a��l���� 
� Le�rning relev�nt re�resent�tions

� �isent�ngling t�e e��l�n�tory ���tors 

� Finding t�e s��red underlying e��l�n�tory 
���tors, in ��rti�ul�r bet�een ���� �nd 
������, �it� � ��us�l lin� bet�een �� � ��

�engio, ��, �ourville, �� � �in�ent, �� ����� �e�resent�tion le�rning� � revie� �nd ne� �ers�e�tives� ���� 
tr�ns��tions on ��ttern �n�lysis �nd m���ine intelligen�e, ��, ���, ���������, doi������������M����������

�enenb�um, �� ��, �em�, ��, �ri��it�s, �� L� � �oodm�n, �� �� ����� �o� to gro� � mind� St�tisti�s, 

stru�ture, �nd �bstr��tion� S�ien�e, ���, ������, ���������, doi���������s�ien�e���������
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��ci�� i� � �� �r � � u�ing �nl� ����r��� �ata

� �

��

� �

�oris M� Mooi�, �on�s 
�eters, �omini� 
��n�ing, ���ob 
�s��eis��ler � 
�ern��rd S���l�o�� 
����� �istinguis�ing 
��use �rom e��e�t 
using observ�tion�l 
d�t�� met�ods �nd 
ben��m�r�s� ��e 
�ourn�l o� M���ine 
Le�rning �ese�r��, 
��, ���, ����������
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� ���ucti�� ��a��ning � �y�ot�esis � �bserv�tions � Logi��l 
�on�lusions
� ������� �y�ot�esis must be �orre�t� �� de�ines ��et�er t�e trut� 

o� � �on�lusion ��n be determined �or t��t rule, b�sed on t�e trut� 
o� �remises� ���, ���, t�ere�ore ���

� �n�ucti�� r�a��ning � m��es bro�d gener�li��tions �rom 
s�e�i�i� observ�tions
� ������� �llo�s � �on�lusion to be ��lse i� t�e �remises �re true
� gener�te �y�ot�eses �nd use �� �or �ns�ering s�e�i�i� �uestions

� ���ucti�� r�a��ning � in�eren�e � to get t�e best e��l�n�tion 
�rom �n in�om�lete set o� �re�onditions� 
� �iven � true �on�lusion �nd � rule, it �ttem�ts to sele�t some 

�ossible �remises t��t, i� true �lso, m�y su��ort t�e �on�lusion, 
t�oug� not uni�uely� 

� ���m�le� ���en it r�ins, t�e gr�ss gets �et� ��e gr�ss is �et� 
��ere�ore, it mig�t ��ve r�ined�� ��is �ind o� re�soning ��n be used 
to develo� � �y�ot�esis, ��i�� in turn ��n be tested by �ddition�l 
re�soning or d�t�� 

�������r� ��a��ning � ���n���a�ing� 
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� �� in�orm�tion �rovided by dire�t observ�tion 
�em�iri��l eviden�e� in �ontr�st to in�orm�tion 
�rovided by in�eren�e
� �m�iri��l eviden�e � in�orm�tion ���uired by 

observ�tion or by e��eriment�tion in order to veri�y 
t�e trut� ��it to re�lity� or ��lsi�y �non��it to re�lity��

� �m�iri��l in�eren�e � dr��ing �on�lusions �rom 
em�iri��l d�t� �observ�tions, me�surements�

� ��us�l in�eren�e � dr��ing � �on�lusion �bout � 
��us�l �onne�tion b�sed on t�e �onditions o� t�e 
o��urren�e o� �n e��e�t� 
� ��us�l in�eren�e is �n e��m�le o� ��us�l re�soning� 

����rtant ���initi�n� �r�un� truth
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�ott�ried �� Leibni� �����������

�erm�nn �eyl �����������

�l�dimir ���ni� ������� 

�le�ey ��ervonen�is �����������

�regory ���itin �������

���irical �n��r�nc� ��a��l�
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� �ig� dimension�lity ��urse o� dim�, m�ny ���tors �ontribute�
� �om�le�ity �re�l��orld is non�line�r, non�st�tion�ry, non���� ��
� �eed o� l�rge to���u�lity d�t� sets
� Little �rior d�t� �no me���nisti� models o� t�e d�t��

� �� � �e��� � se�uen�e or �olle�tion o� r�ndom v�ri�bles is 
inde�endent �nd identi��lly distributed i� e��� r�ndom v�ri�ble ��s 
t�e s�me �rob�bility distribution �s t�e ot�ers �nd �ll �re mutu�lly 
inde�endent

�������r� har� in��r�nc� �r��l���

S�ren Sonnenburg, �unn�r ��ts��, ��ristin S���e�er � �ern��rd S���l�o�� ����� L�rge s��le multi�le �ernel le�rning� �ourn�l o� 
M���ine Le�rning �ese�r��, �, ���, ����������
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�hat �a��� it har� � �
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�������r�
M��ical �cti�n � 
��ci�i�n Ma�ing

��arch �a�� in �
�r��l��� �i�� �t�
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0� ���laina�ilit�
� �au�a�ilit�

�0 ����n�i�
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��vid Silver, ��� �u�ng, ��ris �� M�ddison, �rt�ur �ue�, L�urent Si�re, 
�eorge ��n �en �riess��e, �uli�n S��ritt�ieser, �o�nnis �ntonoglou, 
�ed� ��nneers�elv�m, M�r� L�n�tot, S�nder �ielem�n, �omini� 
�re�e, �o�n ���m, ��l ��l��brenner, �ly� Suts�ever, �imot�y Lilli�r��, 
M�deleine Le���, �or�y ��vu��uoglu, ��ore �r�e�el � �emis ��ss�bis 
����� M�stering t�e g�me o� �o �it� dee� neur�l net�or�s �nd tree 
se�r��� ��ture, ���, ������, �������, doi���������n�ture������
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�hat can �� l�arn �ut �� thi��

Seb�sti�n L��us���in, Ste���n ��ld��en, �le��nder �inder, �r�goire Mont�von, �o��ie�� S�me� � �l�us��obert 
M�ller ����� �nm�s�ing �lever ��ns �redi�tors �nd �ssessing ���t m���ines re�lly le�rn� ��ture 
�ommuni��tions, ��, ���, doi���������s������������������
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� �au�a�ilit� �� a �r���rt� �� a ��r��n �Hu�an�

� ���laina�ilit� �� a �r���rt� �� a ���t�� �����ut�r�

H�� can �� �a� th��� t� ����cti��l��

Hu�an int�llig�nc�
���gniti�� �ci�nc��

�rti�icial int�llig�nc�
�����ut�r �ci�nc��
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� ����i�l� ��luti�n

�� n��� ����cti�� t��l� ��r Hu�an��� �nt�racti�n

Wh� d�d �h� �������h� d� �h���

��� � ����� �h��� ��������

��� ��� � ������� �� ������

�n�ut d�t�

�

�h� d����� ������ ��� ��d������d �h� �

�h� d����� ������ ��� ����� ��d ������� ������ �

�h� d����� ������ ��� �������� �� d����d �

�n�ut d�t�

���l�in�ble 
Model

���l�n�tion 
�nter���e �
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��a��l� ��r an ���lanati�n �nt�r�ac�

�odd �ules��, M�rg�ret �urnett, �eng��een �ong � Simone Stum��� �rin�i�les o� e��l�n�tory debugging to �erson�li�e 
inter��tive m���ine le�rning�  �ro�eedings o� t�e ��t� �ntern�tion�l �on�eren�e on �ntelligent �ser �nter���es ���� 
�����, ���� �tl�nt�� ��M, �������, doi�������������������������

Machin� L�arning H�alth 07hu�an�c�nt�r���ai �H�l�ing�r �r�u�� ��

��a��l� ��r an ���lanati�n �nt�r�ac�

�erner Sturm, �ill S���e�er, �obi�s S��re��, �nde�s �ol�inger � �orsten �llri��� ��tending t�e S����old �unter �isu�li��tion 
�ool�it �it� �nter��tive �e�tm��s �n� �orgo, �it� � �ur��y, ��g�t�y, eds� �� �� �om�uter �r���i�s � �isu�l �om�uting 
���� ����, ���� �niversity �ollege London ���L�� �uro �r���i�s ����, �����, doi����������gv�����������

Machin� L�arning H�alth 07hu�an�c�nt�r���ai �H�l�ing�r �r�u�� ��

L�� La��r��i�� ��l��anc� �r��agati�n

Machin� L�arning H�alth 07hu�an�c�nt�r���ai �H�l�ing�r �r�u�� ��

�h� �i��l��t ����i�ilit� �
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H�� t� g�n�rat� a h�at�a� 
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��l��anc� �r��agati�n

Mont�von et �l� ������
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0� �� �thic�
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� �t�i�s � mor�l ��iloso��y

� �e�ommending �nd de�ending �on�e�ts o� rig�t �nd 
�rong �ondu�t�

� ��ree �re�s�

� �� Met��et�i�s, �on�erning t�e t�eoreti��l me�ning 
�nd re�eren�e o� mor�l �ro�ositions, �nd �o� t�eir 
trut� v�lues �i� �ny� ��n be determined

� �� �orm�tive et�i�s, �on�erning t�e �r��ti��l me�ns 
o� determining � mor�l �ourse o� ��tion

� �� ���lied et�i�s, �on�erning ���t � �erson is 
oblig�ted �or �ermitted� to do in � s�e�i�i� situ�tion 
or � ��rti�ul�r dom�in o� ��tion �� �� et�i�s

�hat i� �thic� �

�tt�s�������ie��utm�edu�et�i�s�
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� �t�i�s is � �ractical �i�ci�lin�

� �t is t�e good t�ings � �t is t�e rig�t t�ings

� �o� do �e de�ine ���t is good� 

�hat i� �thic� ��r u� a� �ngin��r��
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�i����ical �thic� i� ��ll���ta�li�h��

�tt����glob�l�ou���om�us��om��nion��ebsites���������������student�
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� �nde�endent revie� �nd ���rov�l by et�i�s bo�rd�

� �� �n�ormed �onsent

� �� �is���ene�it r�tio �nd minimi��tion o� ris�

� �� F�ir sele�tion o� study �o�ul�tion �in�lusion�, 
e��lusion��riteri��

� �� S�ienti�i� v�lidity � �s��ol�rly revie�� �

� �� So�i�l v�lue

� ���es�e�t �or ��rti�i��nts �nd study �ommunities

� �� �on�identi�lity �nd �riv��y, d�t� se�urity

� �� �o �on�li�t o� interest

�tan�ar�� ��r M��ical ����arch� th� �thic� c���itt��
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���� �h� �� �� n��� �� �thic�� �� �n�ur� �

�cc�unta�ilit� � �e ��ve to t��e res�onsibility �or our 
develo�ments, governments ��ve to t��e res�onsibility �or 
de�isions �nd l��s ���e�ting �ll �iti�ens
�ru�t � �on�iden�e in t�e reli�bility, trut�, �bility �� trustee �olds 
t�e �ro�erty �s its nomin�l o�ner �or t�e good o� bene�i�i�ries
�ran��ar�nc� � im�lies o�enness, �ommuni��tion, ���ount�bility, 
trust, �
�n��r�tan�a�ilit� � �ro�erty o� � system ���ording to t�e 
�rin�i�les o� us�bility, �e ��n s�y it is � �ind o� dom�in us�bility, 
�nd ��n be �er�eived �s t�e rel�tion �nd good �it bet�een t�e 
�l�ngu�ge o� t�e �um�n� �nd t�e �l�ngu�ge o� t�e m���ine�
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��aac ��i��� thr�� la�� �� r���tic� 
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� �s it mor�lly �usti�ied to �re�te su�er�intelligent 
systems�

� S�ould our �� ��ve �ny �ree �ill� �nd i� it is
�ossible� ��n �e �revent t�em �rom ��ving �ree 
�ill�

� �ill �� ��ve �ons�iousness� �Strong ��� 

� �� so, �ill it t�ey ���e�t to be �onstr�ined by 
�rti�i�i�l ���et�i�s �l��ed on t�em by �um�ns�

� �� �� develo� t�eir o�n et�i�s �nd mor�lity, �ill 
�e li�e ���t t�ey do �it� us�

������ �ran� �u��ti�n� �� �� �thic�

�tt�s��������ired��om�story��ill��i����ieve��ons�iousness��rong��uestion�
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�hat a��ut ��i�ting ���
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�tt��������rob��s�tu�bs�de�te���ing��ourses�semin�r�L�u�en�Mens���vs��oboter�

I� the ����t ����� ���e � h����� 
�� �e h��e ����e�e�t 
e��e�t�t�����

����� ��� ������ � ����t ����

����� ��� ������ � ����t ���e�t 
th�t ����� �e��t �� ���e��� 
����e� ��� e����e �� ������

����� ��� ������ � ����t ���e� 
th�t ����� �e��t �� �e����� ��� 
t� ���e h�� ���e�
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0� ��cial ���u�� �� ��
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� ��t�� t�e �b�m� �ntervie� on �o� �rti�i�i�l 
intelligen�e �ill ���e�t our �obs�

� �tt�s����um�n��entered��i������������ob�m��on��um�ns�in�t�e�loo�

��r ��cial i��u�� �� ��
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��r �ur� ���laina�ilit� 
an� �thical i��u�� 
��l�ng t�g�th�r �

�0 ����n�i�
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��aching ��aning�ul ���lanati�n�
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�l��a� �hat a��ut 
l�gal a���ct� �� �� �

�0 ����n�i�
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L�gal a���ct� �� ��

�tt���������em�itl����om�����ontent�u�lo�ds���������Leg�l��s�e�ts�o������em�����
L���v����Se��������d�
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��a��l�

�tt�s���er�im�ne�s�er�im�eu�en����s�e�i�l�et�i��l��nd�leg�l�im�li��tions�o���i�re�ruiting�
so�t��re
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��nclu�i�n�
Hu�an�in�c�ntr�l

��is im�ge is in t�e �ubli� �om�in
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� �ngineers �re�te � set o� logi��l rules to re�resent 
�no�ledge ��ule b�sed ���ert Systems�

� �dv�nt�ge� �or�s �ell in n�rro�ly de�ined �roblems 
o� �ell�de�ined dom�ins

� �is�dv�nt�ge� �o �d��tive le�rning be��viour �nd 
�oor ��ndling o� ����

�h� �i�t �a�� �� �� ��������7��� Han�cra�t�� �n��l��g�

�m�ge �redit to �o�n L�un��bury
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� �ngineers �re�te le�rning models �or s�e�i�i� t�s�s 
�nd tr�in t�em �it� �big d�t�� �e�g� �ee� Le�rning�

� �dv�nt�ge� �or�s �ell �or st�nd�rd �l�ssi�i��tion 
t�s�s �nd ��s �redi�tion ����bilities

� �is�dv�nt�ge� �o �onte�tu�l ����bilities �nd 
minim�l re�soning �bilities

�h� ��c�n� �a�� �� �� ���7� � �� �tati�tical L�arning

�m�ge �redit to �o�n L�un��bury
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� � �onte�tu�l model ��n �er�eive, le�rn �nd 
underst�nd �nd �bstr��t �nd re�son

� �dv�nt�ge� ��n use tr�ns�er le�rning �or 
�d��t�tion on un�no�n un�no�ns

� �is�dv�nt�ge� Su�erintelligen�e �

�h� thir� �a�� �� �� �� �� ��a�ti�� ��nt��t �n��r�tan�ing

�m�ge �redit to �o�n L�un��bury
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� Myt� ��� Su�erintelligen�e by ���� is inevit�ble�

� Myt� �b� Su�erintelligen�e by ���� is im�ossible�

� �act� �� �i��l� ��n�t �n�� it�

� Myt� �� �obots �re our m�in �on�ern 

�hr�� ���l�ct��� �ang�r� an� ��th� a��ut �� g�n�rall�

�act�  ����rthr�at� ar� th� �ain c�nc�rn� 
it n���� n� ���� � �nl� an �nt�rn�t c�nn�cti�n 

� Myt� ��  �� ��n never �ontrol us �um�ns
�act�  �nt�llig�nc� i� an �na�l�r ��r c�ntr�l� 
�� c�ntr�l tig�r� �� ��ing ��art�r � 

Machin� L�arning H�alth 07hu�an�c�nt�r���ai �H�l�ing�r �r�u�� �0

�h� �utur�� hu�an�in�c�ntr�l
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�nt�racti�� Machin� L�arning� �um�n is seen �s �n 
�gent involved in t�e ��tu�l le�rning ���se, ste��by�ste� 
in�luen�ing me�sures su�� �s dist�n�e, �ost �un�tions �

�� �n�ut
�� �re�ro�essing

�� iML

�� ��e��

Hu�an�in�c�ntr�l

�ol�inger, �� ����� �nter��tive M���ine Le�rning �or �e�lt� �n�orm�ti�s� ��en do �e 
need t�e �um�n�in�t�e�loo�� �r�in �n�orm�ti�s ������, �, ���, �������, 
doi���������s�����������������
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�han� ��u� 


