90.4.7. The Geometry of the Equivalence of OLS and GLS in the Linear
Model, proposed by Peter C.B. Phillips. Let

y=XB+u @

be the general linear model with fixed regressor matrix X (n X k) and error
vector ¥ whose mean is zero and whose covariance matrix is  (possibly sin-
gular). Let ®(-) denote the range space of the argument matrix. Through-
out, we assume that rank(Q) =r < n and R(X) C R(Q). We let @* denote
the Moore Penrose inverse of Q, set 9 = ® (X) and use M to signify that
part of the orthogonal complement of 9 in ®(Q).

Define

6=1{n€ RD)|n'A%e =0, Ve € M}

and call this the subspace of ®(Q) that is Q-conjugate to 9N, following the
related terminology in Malinvaud (2], p. 168).
Prove the following two results, using (i) to establish (ii).

(i) Lemma

(a) Mg = QIMY),

(b) [Q(IMA)]E = QVon,
(i1} Theorem (Kruskal [1})

OLS = GLS on (1)
iff
Qton =M
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iff
Qo = I,
Comment on these results.
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