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0RGHO�6HOHFWLRQ��7XQLQJ�+\SHUSDUDPHWHUV

5HPHPEHU�(50

+HUH�� �GHQRWHV�WKH�SDUDPHWHUV�RI�WKH�PRGHO��ZKLFK�DUH�OHDUQHG��$QG� �LV
D�K\SHU�SDUDPHWHU�WKDW�UHJXODWHV�ELDV�YDULDQFH��+\SHU�SDUDPHWHUV�DUH�QRW
OHDUQHG�DQG�QHHG�WR�EH��E\�KDQG���+RZ�GR�ZH�NQRZ�ZKDW�JRRG�YDOXHV�RI�
FRXOG�EH"�$�JHQHUDO�UXOH�LV�2FFDP
V�5D]RU��ZKLFK�JHQHUDOO\�VWDWHV�WKDW�WKH
VLPSOHVW�H[SODQDWLRQ�LV�WKH�EHVW��,�H��ZH�DUH�WU\LQJ�WR�ILQG�D�PRGHO�WR
H[SODLQ�RXU�WUDLQLQJ�GDWD�WKDW�LV��DV�VLPSOH�DV�SRVVLEOH��EXW�QRW�VLPSOHU��

2YHUILWWLQJ�DQG�8QGHUILWWLQJ

7KHUH�DUH�WZR�SUREOHPDWLF�FDVHV�ZKLFK�FDQ�DULVH�ZKHQ�OHDUQLQJ�D�FODVVLILHU
RQ�D�GDWD�VHW��XQGHUILWWLQJ�DQG�RYHUILWWLQJ��HDFK�RI�ZKLFK�UHODWH�WR�WKH
GHJUHH�WR�ZKLFK�WKH�GDWD�LQ�WKH�WUDLQLQJ�VHW�LV�H[WUDSRODWHG�WR�DSSO\�WR
XQNQRZQ�GDWD�

8QGHUILWWLQJ��7KH�FODVVLILHU�OHDUQHG�RQ�WKH�WUDLQLQJ�VHW�LV�QRW�H[SUHVVLYH
HQRXJK��L�H��WRR�VLPSOH��WR�HYHQ�DFFRXQW�IRU�WKH�GDWD�SURYLGHG��,Q�WKLV�FDVH�
ERWK�WKH�WUDLQLQJ�HUURU�DQG�WKH�WHVW�HUURU�ZLOO�EH�KLJK��DV�WKH�FODVVLILHU�GRHV
QRW�DFFRXQW�IRU�UHOHYDQW�LQIRUPDWLRQ�SUHVHQW�LQ�WKH�WUDLQLQJ�VHW�

2YHUILWWLQJ��7KH�FODVVLILHU�OHDUQHG�RQ�WKH�WUDLQLQJ�VHW�LV�WRR�VSHFLILF��DQG
FDQQRW�EH�XVHG�WR�DFFXUDWHO\�LQIHU�DQ\WKLQJ�DERXW�XQVHHQ�GDWD��$OWKRXJK
WUDLQLQJ�HUURU�FRQWLQXHV�WR�GHFUHDVH�RYHU�WLPH��WHVW�HUURU�ZLOO�EHJLQ�WR
LQFUHDVH�DJDLQ�DV�WKH�FODVVLILHU�EHJLQV�WR�PDNH�GHFLVLRQV�EDVHG�RQ�SDWWHUQV
ZKLFK�H[LVW�RQO\�LQ�WKH�WUDLQLQJ�VHW�DQG�QRW�LQ�WKH�EURDGHU�GLVWULEXWLRQ�

)LJXUH����RYHUILWWLQJ�DQG�XQGHUILWWLQJ

,GHQWLI\�WKH�6ZHHW�6SRW

'LYLGH�GDWD�LQWR�WUDLQLQJ�DQG�YDOLGDWLRQ�SRUWLRQV��7UDLQ�\RXU�DOJRULWKP�RQ�WKH
�WUDLQLQJ��VSOLW�DQG�HYDOXDWH�LW�RQ�WKH��YDOLGDWLRQ��VSOLW��IRU�YDULRXV�YDOXH�RI

��7\SLFDO�YDOXHV��������������������������������������������

N�IROG�FURVV�YDOLGDWLRQ

'LYLGH�\RXU�WUDLQLQJ�GDWD�LQWR� �SDUWLWLRQV��7UDLQ�RQ� �RI�WKHP�DQG�OHDYH
RQH�RXW�DV�YDOLGDWLRQ�VHW��'R�WKLV� �WLPHV��L�H��OHDYH�RXW�HYHU\�SDUWLWLRQ
H[DFWO\�RQFH��DQG�DYHUDJH�WKH�YDOLGDWLRQ�HUURU�DFURVV�UXQV��7KLV�JLYHV�\RX�D
JRRG�HVWLPDWH�RI�WKH�YDOLGDWLRQ�HUURU��HYHQ�ZLWK�VWDQGDUG�GHYLDWLRQ���,Q�WKH
H[WUHPH�FDVH��\RX�FDQ�KDYH� ��L�H��\RX�RQO\�OHDYH�D�VLQJOH�GDWD�SRLQW
RXW��WKLV�LV�RIWHQ�UHIHUUHG�WR�DV�/22&9��/HDYH�2QH�2XW�&URVV�9DOLGDWLRQ��

https://en.wikipedia.org/wiki/Occam%27s_razor
https://en.wikipedia.org/wiki/Cross-validation_(statistics)
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/22&9�LV�LPSRUWDQW�LI�\RXU�GDWD�VHW�LV�VPDOO�DQG�FDQQRW�DIIRUG�WR�OHDYH�RXW
PDQ\�GDWD�SRLQWV�IRU�HYDOXDWLRQ��

7HOHVFRSLF�VHDUFK

'R�WZR�VHDUFKHV���VW��ILQG�WKH�EHVW�RUGHU�RI�PDJQLWXGH�IRU� ���QG��GR�D
PRUH�ILQH�JUDLQHG�VHDUFK�DURXQG�WKH�EHVW� �IRXQG�VR�IDU��)RU�H[DPSOH��ILUVW
\RX�WU\� ��,W�WXUQV�RXW����LV�WKH�EHVW�SHUIRUPLQJ
YDOXH��7KHQ�\RX�WU\�RXW� �WR�WHVW�YDOXHV
�DURXQG�� �

*ULG�DQG�5DQGRP�VHDUFK

,I�\RX�KDYH�PXOWLSOH�SDUDPHWHUV��H�J�� �DQG�DOVR�WKH�NHUQHO�ZLGWK� �LQ�FDVH
\RX�DUH�XVLQJ�D�NHUQHO��D�VLPSOH�ZD\�WR�ILQG�WKH�EHVW�YDOXH�RI�ERWK�RI�WKHP
LV�WR�IL[�D�VHW�RI�YDOXHV�IRU�HDFK�K\SHU�SDUDPHWHU�DQG�WU\�RXW�HYHU\
FRPELQDWLRQ��2QH�GRZQVLGH�RI�WKLV�PHWKRG�LV�WKDW�WKH�QXPEHU�RI�VHWWLQJV
\RX�QHHG�WR�WU\�RXW�JURZV�H[SRQHQWLDOO\�ZLWK�WKH�QXPEHU�RI�K\SHU�
SDUDPHWHUV��$OVR��LI�\RXU�PRGHO�LV�LQVHQVLWLYH�WR�RQH�RI�WKH�SDUDPHWHUV��\RX
ZDVWH�D�ORW�RI�FRPSXWDWLRQ�E\�WU\LQJ�RXW�PDQ\�GLIIHUHQW�VHWWLQJV�IRU�LW��$Q
YDULDQW�RI�JULG�VHDUFK�LV�UDQGRP�VHDUFK��,QVWHDG�RI�VHOHFWLQJ�K\SHU�
SDUDPHWHUV�RQ�D�SUH�GHILQHG�JULG��ZH�VHOHFW�WKHP�UDQGRPO\�ZLWKLQ�SUH�
GHILQHG�LQWHUYDOV��6HH�)LJXUH�����2QH�DGYDQWDJH�LV�WKDW�LI�IRU�H[DPSOH�WKH
DOJRULWKP�LV�VRPHZKDW�LQVHQVLWLYH�WR�H[DFW�YDOXHV�RI� �DQG�VHQVLWLYH�WR� �
WKHQ�E\�SHUIRUPLQJ�H�J�� �JULG�VHDUFK�\RX�ZLOO�OHDUQ�OLWWOH�IURP�YDU\LQJ
�VL[�WLPHV�DQG�\RX�RQO\�H[SORUH�VL[�YDOXHV�RI� ��+RZHYHU��LI�\RX�GR�UDQGRP
VHDUFK��DJDLQ�WKH�FKDQJHV�LQ� �PD\�QRW�PDWWHU�WRR�PXFK��EXW�QRZ�\RX�DUH
H[SORULQJ��������GLIIHUHQW�YDOXHV�RI� �

)LJXUH����*ULG�6HDUFK�YV�5DQGRP�VHDUFK��UHG�LQGLFDWHV�ORZHU
ORVV��EOXH�LQGLFDWHV�KLJK�ORVV���2QH�DGYDQWDJH�RI�5DQGRP
6HDUFK�LV�WKDW�VLJQLILFDQWO\�PRUH�YDOXHV�RI�HDFK�LQGLYLGXDO
K\SHU�SDUDPHWHU�DUH�H[SORUHG�

(DUO\�6WRSSLQJ

6WRS�\RXU�RSWLPL]DWLRQ�DIWHU�0��! ����QXPEHU�RI�JUDGLHQW�VWHSV��HYHQ�LI
RSWLPL]DWLRQ�KDV�QRW�FRQYHUJHG�\HW�
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Cross-Validation Notes

How do we pick λ ? 

Q1. Pick λ that minimizes training error, is 
this a good strategy?  

Q2. What does the curve of trining error Vs λ 
look like?  



 
 
 
 
 
 
 
 
 
 

train on alldata ButD
evaluate on PrIEDs I t average validation error

Pick test

Eg
Data

Train on Di Du Dy Ds

Training Validation

Validation Set

If validation set is too small we dont get good estimate 1.
of error 
But if it is very big then training set size is small 2.

K- fold cross validation 

Partition data into K folds D1,…,DK 
For λ ∈ {0.01,0.02,…,1} 
     For k = 1 to K: 
          Wk , bk = Ridge regression( D-k , λ) 
          εk,λ =  
     ελ =     εk,λ 

λ*  = argmin ελ 


