Stat776 HWo1

1. 1.4.2 without (i)-(iv) p22
Let S(a) = 3" (%, — a)(x, — ). Show that S(a) =S+ (X — a)(X — a)’.

r=1
Hint: Write x, —a =%, —X+X — a.

S(a) = 1Y G —a)(—a) =LY (X +%—a)(x —X+X—a)

= S R )+ AT G~ X)X )
L (K= )0 —X) 4 D (R - ) (% — )

= SH0X—-a)+ X —-—a)0 +X—a)(X—a)

= S+E-—a)(x—a)

2. 1.4.2 (ii) p22 Show that tr(S) = min, tr[S(a)].
Hint: tr(A + B) = tr(A) 4+ tr(B) and tr(CD) = tr(DC).

By the result in 1.4.2 and formulas tr(A 4+ B) = tr(A) + tr(B) and tr(CD) = tr(DC)
tr[S(a)] = @[S+ (X—a)(X—a)]=1tr(S) +tr[(X— a)(X — a)]

= tr(S) + tr[(X — @)/ (X — )] = tr(S) + [|Xx — af]? > tr(S).
Thus tr(S) = min, tr[S(a)].

3. 1.5.1 p23

Data matrix X = | © | = (xq1),..,X(p)) € R"*P. Let M = (my;)pxp = X'X € RP*P.

/

Xn

(1) Show that m,; = x’(i)x(j) and m;; = x’(i)x(i).

()
M=XX= (X(1)s -1 X(p)). SO M5 = Xéi)x(j). With i = j, my; = x’(i)x(i).
X/
(p)

(2) Show that m;; = n(s;; + T; T;) and my; = n(s; +72).
Hint: Express nS via M and T and take elements (i, j).

’
1,1 n
n -

S=X'HX SonS=XHX. Bt H=1, —
SonS = X/X — XulX _ N pxx,
Take (7,7) elements of both sides. ns;; = m;; + nZ; T;.

Therefore mi; = n(s,J — T ?J) With i = ], m;; = TL(@,, — 7,2



