The joy of data

Plusbonus tature:fun with diferentiation




_'Administrivia

¥ HW1 due naw
¥ Late dgs ae ticking...
¥OﬂDce hours oiWed (tomomrow) cancelled

¥ Send mail ifqu would like to arange a diéfrent
meeting time




) Where we amre

¥ Last time:
¥ Bias
¥ Entropy
¥ The full DT alg
¥ Today:
¥ Some mathematicaéminders

¥ Measuring pedrmance




5 mirutes of math

¥Finding the maxiom of a function (of 1 variable):
¥ Old rule from calculus:
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5 mirutes of math

¥ Ok, so what©the nultivariate equivalent?

Y Ex:

f(X) =1 2X7+ 2X1X2 ! 2X5+ 2XoX3 ! 2X5

¥ What®the derivatie of this with lespect tox?




5 mirutes of math

¥ Rule isfor a scalar function of aector argument

¥ 1(x)

¥ First derivatie w.r.t.x is thevectoof brst patials:

f(x)=12x5+ 2X1Xo | 2X5+ 2XoXx3 ! 2X5
| | 4x, + 2X>
—f(x) =" 2! 4o+ 23 $
- X 2X> | 4X4
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5 mirutes of math

¥ Second derivatr

¥ Hessian matrix

¥ Matrix of all possible second &l combinations
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5 mirutes of math

¥ Second derivatr
¥ Hessian matrix

¥ Matrix of all possible second &l combinations

f(x)=12x5+ 2X1Xo | 2X5+ 2XoXx3 ! 2X5
= 14 2 0
~ _fx)=" 2 14 2%




_ 5 mirutes of math

¥ Equivalent of the second derivaitest:
¥ Hessian matrix is negagivdebnite
¥ l.e,all eigemalues oH are negatie
¥ Use this to shav
¥ An extremum is a maximm

¥ System is conea




Exercise

¥ Given the function:
f(X)=2x5! 2X1Xo + X1 ! 3Xo + 3X5

¥ Find the critical point

¥ Is the crit point eally a maxmin,or neither?




Back to perbrmance..




| .
- |Measuring accuracy

¥ So nav you havea DT -- what nav?

¥Usualj/, want to use it to classifmew data
(previousy unseen)

¥ Want to know how well you should expect it to
perform

¥ How do you estimate such a thing?




Measuring accuracy

¥ So nav you havea DT -- what nav?

¥ Usual, want to use it to classifpew data
(previousy unseen)

¥ Want to know how well you should expect it to
perform

¥ How do you estimate such a thing?

¥ Theoretically -- prove that you hae theOrightO &e
¥ \ery,vel hard in practice

¥ Measue it




Testing with training date

¥ So yu hae a data set:X = [X1|X2| 888X ]

¥ and coresponding labelsy = [y1,V¥2,..., YN
¥ You build yur decision tee:

¥ tree=buildDecisionTree(X,y)
¥ What hagpens if pu just do this:

double acc=0.0;

for (int i=1;i<=N;++1) {

acc+=(tree.classify(X[i]))==yIi]);
}

acc/=N;

]T

return acc;




| Testing with training date

¥ Answer:you tend to oveestimateeal accuracy
(possily drastical)
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| Separation of train & tes

¥ Funda mental pr inciple (1st amendment of
ML):
¥DonOweluate accaey
(perbrmance) of youlassiber
(learning system) on the same
data used todn It!




' Holdout data

¥Usual toOhold outO a separate set of data f
testingnot used to train classiber

¥ Ak.a.test setholdout setgevaluation setetc.




Holdout data

¥ Usual toOhold outO a separate set of data f
testingnot used to train classiber

¥ Ak.a.test setholdout setgevaluation setetc.

¥Eg., X = [x1|x,|888xN’

Y 4N 4

| Xirain = [x1]x2| 888|x;]]
Xtest = [Xi+1]|Xi+ 2| 888|xN ]




Holdout data

¥ Usual toOhold outO a separate set of data f
testingnot used to train classiber

¥ Ak.a.test setholdout setgevaluation setetc.

¥Eg, X = [X1]xz]888xnN .

I Y 4N 4

Xirain = [x1]x2| 888|x;]]
Xtest = [Xi+1]|Xi+ 2| 888|xN ]

¥ acc(X train) is trainingset (or empiica) accuracy

¥ acc(X test ) is test set (orgenealizatioh accuracy




