
ô�Ç²DG:�x>��<Æ�r 2011�̧�ð�r>��<ÆÕüt�7Hë�Hµ1Ï³ð�ráÔ�Ðr�ç̀


Regression and Classification with Two Dimensional Image
Predictors using HORSES.

Donghyeon Yua, Johan Lima, and Woncheol Jangb

aDepartment of Statistics, Seoul National University
bDepartment of Epidemiology and Biostatistics, University of Georgia.

1. Introduction

Image predictor arises in many applications. Two examples which motivate this work are a task-based fMRI study

on schizophrenia patient and metabolomic study on herb medicines. In the fMRI study, we classify two groups,

schizophrenia patients and normal patients using the activation patterns of BOLD signals during the task (on/off). The

activation of a voxel is measured by t (or F) statistics computed from the BOLD signals of the voxel. It is known that a

brain region gets activated as a whole and introduces spatial dependence of t statistics of neighboring voxels (Woolrich

et al., 2005). The set of t (or F) statistics of a subject, denoted by a statistical parametric map (SPM), becomes an

image predictor to classify schizophrenia patients against normal patients. Our second motivating example is the

classification of herb origins (Korea versus China) from metabolites quantified by liquid or gas chromatographic mass

spectrometry (LC/GC-MS). The data measure intensities that are correlated with concentration of various metabolites

for a given retention time (x-axis) and mass-to-charge (m/z) value (y-axis). We find that measured intensities are often

zero or close to zero (sparsity) and also spatially correlated due to various unknown experimental noises (fusion).

The main goal of this work is to construct a (linear) classifier using a spatially correlated image predictor. We

look for a classifier, which is a function of a few spatial clusters of an image. By doing so, the classifier is practically

understandable and scientifically verifiable. For example, in the LC/GC-MS study, lab researchers further identify

metabolites to differentiate the origins of herb medicines, and clusters of retention times and m/z values would provide

a reliable candidate set of metabolites to investigate.

2. HORSES

In recent, Jang et al. (2011) propose a procedure for variable selection that effectively selects positively correlated

variables in high dimension, which is denoted by Hexagonal Operator for Regression with Shrinkage and Equality

Selection, or HORSES for short.

The HORSES is defined with a standard linear model for each of n subjects, for i = 1, 2, . . . , n, yi =
∑p

j=1
β jxi j + ϵi,

with E(ϵi) = 0 and Var(ϵi) = σ
2. We assume that predictors are standardized and the response variable is centered,∑n

i=1 yi = 0,
∑n

i=1 xi j = 0, and
∑n

i=1 x
2
i j
= 1 for j = 1, . . . , p. The HORSES yields estimates using

β̂ = argminβ
{
y −

p∑
j=1

β jx j
}2
, subject to α

p∑
j=1

|β j| + (1 − α)
∑
j<k

|β j − βk | ≤ t. (2.1)

The HORSES encourages grouping of positively correlated predictors with a sparsity solution unlike other similar

l1-norm regularization methods, Elastic Net (Zou and Hastie, 2008) or OSCAR (Bondell and Reich, 2008). Figure 1

in Jang et al. (2011) shows that the HORSES has hexagonal shape of constraint region of coefficients and encourages

equality of coefficients only in the direction of y = x.
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3. Classification with HORSES

We propose to construct the classifier for a spatially correlated image predictors using the HORSES. Suppose yk ∈
{0, 1} is a binary indicator variable for two groups and {xk

i j
, (i, j) ∈ Ω} is the corresponding image predictor for subject

k, where Ω is the domain of the image predictor. We construct the classifier by solving the logistic regression under

the HORSES regularization, denoted by logistic-HORSES:

maximize
∑n

k=1

[
yk

(
β0 +

∑
i j βi jx

k
i j

) − log {
1 + exp

(
β0 +

∑
i j βi jx

k
i j

)}]
subject to α

∑
(i, j) |βi j| + (1 − α)

∑
(i, j)∼(l,m) |βi j − βlm| ≤ t,

(3.1)

where (i, j) ∼ (l,m) implies they are neighborhood.

In this work, we plan to show some of results on the logistic-HORSES. First, as in the HORSES (see Theorem 1 in

Jang et al. (2011)), we show that the logistic-HORSES also has a grouping property that is, if any two neighborhood

covariates xi j and xl,m are positively correlated, for an appropriate choice of tuning parameters α and t, their estimates

become equal to each other. Second, we propose a pathwise coordinate algorithm by extending Friedman et al.

(2007). Finally, we illustrate the proposed procedure using two real examples stated in Introduction.
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