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Motivation Decomposition Method Results
Feature selection is central to constructing fast, accurate, and interpretable models 't is a Column Generation proposed in [2] for solving large conic problems of the For the following, SOCP refers to directly solving problem (2) with MOSEK,
from large-scale data. Many techniques exist, but not all can handle large-scale form | CG— L, refers to the decomposition method relaxing constraint (2b), and LASSO
Instances at reasonable times without compromising solution quality. (P(X)) w(&) = I}}}yn flz,y) refers to problem (1) solved via Coordinate Descent.
We show the example of unconstrained LASSO, which solves a minimization prob- s.t. wed, | o | | | o | ,
lem of the form —g(a: y) cC Figure 2. Execution times of instances with Figure 3. Execution times of instances with
’ ’ m = 2000 and n = 10000. m = 5000 and n = 10000.
(LASSO) mﬁin ly — X B3 + AllB]h. (1) where X is a high-dimensional set and C is a cone. The issue with P(X) is the — R . ——
. | joint presence of the difficult constraints —g(z,y) € C and the magnitude of the |z 8k : o Of-la
within the context of a linear model y = X8 +¢, wherey € R*, X € R*™™ 3 ¢ R™, Jomnt pr 9(z,y) 5 _ 60 07 M5O 7 / el
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and A is a penalty parameter. E 50 E 200
The method decomposes the problem in 2 subproblems for each iteration k& > 0: £ 40 o £ 150
Figure 1. Aggregated execution time results for LASSO instances with n = 10000 observations and . £ 301 ’ S ol o /
a total number of features m € {1000, 2000, 3000, 4000, 5000} 1. Master problem P(S*): Problem (2), but on a subset S* C X of the feasible £ 504 g & "\f?" ————————— o --—---—- - °
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P 1A550 (Coordinate Descent) ° = |t returns the solution z* = (8", 2*, u*) and the dual solution A* associated with the conic 0| o8-8~ © 0| @GS -----0 °
250 constraint —g(gj7 y) c C. 0 200 400 600 800 0 500 1000 1500 2000

Number of selected features Number of selected features

2. Pricing problem L(X, \*): The Lagrangian relaxation of contraint —g(z,y) € C.

= |t returns the solution Z% = (Bk,z’“,ﬂ’f) to construct S**.
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The SOCP (2) solves the entire problem independent of the penalty, so its execu-
tion time Is almost constant. The coordinate descent method is the fastest when
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100 4 y brovides S5+ 5 z* at most /5 features are selected. The decomposition method is the fastest when
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The feasible set S* of the master problem can be constructed with the combina- = 150 = 150
1. Develop an exact second-order cone formulation for feature selection. tion A¥r of the initial and previous pricing solutions {A*}* =} = {(8", z*, @)} .. *§1oo _ éloo 0% . © . .
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3. Test the performance of the decomposed problem against its original problem ;;]13 . =l : 0 1000 IS0 2000 : 0 1000 1500 2000
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. S . Neither coordinate descent nor the decomposition method execution times appear
Problem Formulati (W _kzz’)ﬂ | to depend on the size of the instances, as they have a clear dependence on the
refeldis chilicteldieln ( kai Wk) € Ls, v=1....m, (4c) number of selected features only. Therefore, the method should solve the prob-
Similar to LASSQO, the proposed formulation minimizes the sum of squared errors k R 4 lem in competitive times independently of the size of the instance given specific
: : - : Utr e R, (4d) penalty parameters.
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