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10 THE LASSO FOR LINEAR MODELS

algorithms for finding its solutions. More details are given in Exercises (2.3)
and (2.4).

As an example of the lasso, let us consider the data given in Table 2.1, taken
from Thomas (1990). The outcome is the total overall reported crime rate per

Table 2.1 Crime data: Crime rate and five predictors, for N = 50 U.S. cities.

city | funding hs mnot-hs college college4 crime rate
1 40 74 11 31 20 478
2 32 72 11 43 18 494
3 57 70 18 16 16 643
4 31 71 11 25 19 341
5 67 72 9 29 24 773
50 66 67 26 18 16 940

one million residents in 50 U.S cities. There are five predictors: annual police
funding in dollars per resident, percent of people 25 years and older with four
years of high school, percent of 16- to 19-year olds not in high school and not
high school graduates, percent of 18- to 24-year olds in college, and percent
of people 25 years and older with at least four years of college. This small
example is for illustration only, but helps to demonstrate the nature of the
lasso solutions. Typically the lasso is most useful for much larger problems,
including “wide” data for which p >> N.

The left panel of Figure 2.1 shows the result of applying the lasso with
the bound ¢ varying from zero on the left, all the way to a large value on
the right, where it has no effect. The horizontal axis has been scaled so that
the maximal bound, corresponding to the least-squares estimates 3, is one.
We see that for much of the range of the bound, many of the estimates are
exactly zero and hence the corresponding predictor(s) would be excluded from
the model. Why does the lasso have this model selection property? It is due
to the geometry that underlies the /1 constraint ||8]|1 < ¢. To understand this
better, the right panel shows the estimates from ridge regression, a technique
that predates the lasso. It solves a criterion very similar to (2.3):

N P
o 1
minimize ¢ — Z(yz —Po— injﬁj)Q
Bo.B 2N —1
J (2.7)
P
subject to Zﬂ? <t

Jj=1

The ridge profiles in the right panel have roughly the same shape as the lasso
profiles, but are not equal to zero except at the left end. Figure 2.2 contrasts
the two constraints used in the lasso and ridge regression. The residual sum
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