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- statistical machine learning is more than fast statistics and it is more

than just machine learning .
- we choose methods based on data AND our goals .
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Y markets

n
-

- 200

'f tree is

an association

between sales

and adherertiny,
maybe we tell
our diet how
toadvertise to
therean sales
⇒ develop
an accurate

model to

predict sales
based on 3

budgets.

" predictors" , " features
"

,

"

independent variables
"

advertising budgets
X ,
- TV

Xz
- radio

X,
-

Newspaper

y
"

response
"

,

"

depend en dent variable"
sales
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observe quantitative van:ahh Y and p predictors X , , Xz , - . , Xp

assume there is Sonne relationship between predictors and Y.

\ ytixedb.tn?I?II.. ten ,
mean

o are independent of

T systematic information that X provides about Y.

f- can involve more than one input variable (e -g . TV
,
radio

, and newspaper)

goats for an analysis

prediction fory
→ f- (x)

remember errors e averages out to
o

T estimate of f

exact form not as important

reducible : I is not a perfect estimate for f
,
but he can reduce error by using a appropriate

statistical learning method to estimate it.

irreducible : Even If we estimated f perfectly Cwith I) we would still have some error became

if = FIX) but Y is a function of e ! We cannot reduce this no naiter how

well he estimate f .

Why? e contains unmeasured variables that would he un fl for prediction of 7
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(almost always unknown in practice)

i.e
.
how does Y change as a fuckin of X, , - ., Xp
⇒ I no longer a black box ! we need to know its form.

which predictors are associated with the response ?

often small fraction of predictors are substantially associated with Y ⇒ identify important predictors (ch. G).

what is the relationship between the response and each predictor ?
Some predictors may have positive for regather) relationship with Y

can the relationship bethlen Y and each predictor be adequately summarized by a
linear equation ,

or is the relationship more complicated ?

identical - which media contribute to sales ?

gustin
'

- which media generate the biggest boost in sales?{
- How much increase in sales is associated w/ a siren increase in TV advertising ?

prediction - what can I expect sales to be if he spend Kook on
TV ads and $0 on newspaper

and radio?question

e.g . Wear
models allow for simple and interpretable inference but may not yield

the

most accurate predictions.

highly nonlinear approaches can provide accurate predictions , but are much

less interpretable ( inference is very challenging or impossible)
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9Rw¶

training
data

"

po,

"

" sample
"

we have observed a different data & want to estimate ( train) f w/ I

stat

apply a
"

learning method to training data in border to estimate the unknown

function f .
yi approximatelyequal

"

0

Make an assumption about the shape off

age Sfx) --⑧+④X ,
t . . . +⑧Xp
T
parameters

Use the training data to fit or
" train " the model

log . estimate fo , pi , . ., Bp using least squares L one of many
choices)

This simplifies the problem of estimating f- because it is usually easier to estimate a

set of parameters than to fit an arbitrary function f .

Disadvantage :

what if the model he choose is very different from the shape off ?

Then the estimates (and potentially any predictions ) will he he poor,

we can try a more flexible model , but this means more parameters and can lead

to overfilling ⇒ filthy errors in training data too closely.
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shape
-

technical term

Advantage : disadvantages- -

- fit a wider range of possible
- they don't

reduce the problem !

shapes for f .
-

¥:S::::: ::%÷ ..li?:::.::I.::::.....e.....
cage splines ( ch. 7)
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e. g . linear regression vs . splines

- If we are interested in inference restrictive models are more interpretable.
-

- flexible models can lead to complicated estimates of f that are difficult to

understand how any individual predictor is associated tithethe sparse .

in some settings are only care about prediction ⇒ more flexible model may
be preferred .

T.sn gusset selection (ch. 6)
S

LASSO
ridge regression

regni:
' "h'
"

least sq

generalized
additive

models
(ch-
7)

trees uh
.8)

As
a§ bagging ,

boosting
Cch . 8)

±
I support vector
- E machines uhh)
±
IF NN, DNN

high

flexibility
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supervised
for each observation of predictors sci , in , .

. ,n here is an associated response yi

goat! fit model that relates response to predictors
maybe Ihor prediction or inference

methods : linear regression , logistic regression, 4AM, boosting , SVM ,
etc.

Unsupervised
for each observation i -- lo - -in we have a water of measurements sci but no responsey :

e.g . cancer expaarple from .
Ch 1.
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=
" cluster analysis "

goal : band on observations 24, - gun discern if fall into distinct groups .
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