


Le arn in g
�� Learning is  ess ential f or unk nown envir onm ents ,

�– i . e . ,  wh e n  d e s i g n e r l a c k s  o m n i s c i e nc e

�� Learning is  usef ul as  a s ys tem  c ons truc tion m ethod,
�– i . e . ,  d e s i g n e r m i g h t  n o t  k n o w h o w t o  s o l ve  t h e  p ro b l e m

�� Learning m odif ies  the agent's  dec is ion m ec hanis m s  to im prove 
per f orm anc e over tim e
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Indu cti ve Le arni ng
�� W hen the output y is  one of  a f inite s et of  values , the learning 

problem  is  c alled c las s if ic ation
�� �:�K�H�Q���\���L�V���D���Q�X�P�E�H�U�����V�X�F�K���D�V���H�D�U�Q�L�Q�J�V���R�U���W�R�P�R�U�U�R�Z�¶�V���W�H�P�S�H�U�D�W�X�U�H������

then the lear ning problem  is  c alled r egr ess ion
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Lea rni ng d ec is ion  trees
Prob l e m : d e c i d e  wh e th e r to  wa i t fo r a  ta b l e  a t a  re s ta u ra n t,  b a s e d  o n  th e  

fo l l o wi n g  a tt ri b u te s :
1. A lt ernat e:  is  t here an alt ernat ive res t aurant  nearby?
2. B ar:  is  t here a c om f ort able bar area t o wait  in?
3. Fri/ S at :  is  t oday Friday or S at urday?
4. Hungry:  are we hungry?
5. P at rons :  num ber of  people in t he res t aurant  (None,  S om e,  Full )
6. P ric e:  pric e range ($,  $$,  $$$)
7. Raining:  is  it  raining out s ide?
8. Res ervat ion:  have we m ade a res ervat ion?
9. Type:  k ind of  res t aurant  (Frenc h,  I t ali an,  Thai,  B urger)
10. W ait Es tim ate:  es t im at ed wait ing t im e (0 - 10,  10 - 30,  30 - 60,  >60)
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Attrib ute - bas ed re pres enta tio ns
�� Exa m p l e s  d e s c ri b e d  b y a tt ri b u te  va l u e s  (Boo l e a n , d i s c re te , c o n ti n u o u s)
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Ev al uati ng Induc ti v e Hypothes es

�� Ac c urac y of  hypotheses  on training data is  obvious l y biased s ince 
the hypothes is  was  c ons tr uc ted to f it this  data.

�� Ac c urac y m us t be evaluated on a s eparate tes t s et.
�� Average over m ultiple train/tes t splits  to get ac c urate m eas ure of  

ac c urac y.
�� K - f old c r os s  validation aver ages  over  K trials  us ing eac h ex am ple 

exac tly onc e as a test c ase.
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K - Fold  Cross  Va l i dati on

Random ly par tition data D into k  dis j oint equal - s ized 
s ubs ets  P 1 �«�3 k

For  i f r om  1 to k  do:
Us e P i f or  the tes t s et and r em aining data f or  
training

Average r es ults  over all K f olds .   
A c c urac y:   %  c orrec t
For c las s  C:
�3�U�H�F�L�V�L�R�Q���������7�U�X�H���&���	���6�\�V�W�H�P�¶�V���D�Q�V�Z�H�U�����L�V���&�����6�\�V�W�H�P�¶�V���D�Q�V�Z�H�U���L�V���&��
�5�H�F�D�O�O�������7�U�X�H���&���	���6�\�V�W�H�P�¶�V���D�Q�V�Z�H�U���L�V���&�����������7�U�X�H���&
F 1 - m eas ure:    2 * (prec i s i on * rec al l  /  (prec i s i on + rec al l ))
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K - Fold  Cross  Va l i dati on Comm ents
�� Every exam ple gets  us ed as a test ex am ple onc e and as a training 

ex am ple k�–1 tim es .
�� All tes t sets  are independent; however, training s ets  overlap 

s ignif ic antly. .
�� Standard m ethod is  10 - f old.
�� If  k is  low, not s uf f ic ient num ber  of  train/tes t trials ; if  k is  high, tes t s et 

is  s m all and tes t varianc e is  high and r un tim e is  incr eas ed.
�� If  k =|D|, m ethod is  c alled leave-one-out c r os s  validation.



Overfi ttin g
�� O verf itting c an oc c ur with any type of  lear ner
�� T he m odel desc r ibes  random  er r or or nois e r ather  than the 

under lyi ng patter n
�� �)�R�U���G�H�F�L�V�L�R�Q���W�U�H�H���L�Q�G�X�F�W�L�R�Q�����‡�S�U�X�Q�L�Q�J�·���L�V���X�V�H���W�R���F�R�P�E�D�W���R�Y�H�U�I�L�W�W�L�Q�J��
�� Star ting with nodes  with only exam ples as c hildren, elim inate 

�D�W�W�U�L�E�X�W�H�V���W�K�D�W���I�D�L�O���D���V�L�J�Q�L�I�L�F�D�Q�F�H���W�H�V�W�����>�7�K�D�W�¶�V���D�O�O���\�R�X���Q�H�H�G���W�R���N�Q�R�Z�@
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Summary
�� Learning needed f or unk nown envir onm ents , lazy des igners
�� Learning agent = per f orm anc e elem ent + lear ning elem ent
�� F or s upervis ed lear ning, the aim  is  to f ind a s im ple hypothes is  

approx im ately c ons is tent with training exam ples
�� Dec is ion tr ee lear ning us ing inf orm ation gain 
�� Learning per f orm anc e = pr edic tion acc urac y m eas ured on tes t set
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