Identities for Sums of Squares

1. SSXX= 3 (2 —%)? [definition]
i=1

=1

3. SSXX = Zx2 — nz?

1=1

4, SSXX = Y27 — 1 (o)
=1 =1

)

5. SSXX=1. % (z;—a)

1<j<k<n

6. SSXX= -2 (z; —Z)(zy — T)

i<k
! SSXX = Ldet(XTX) where X' = 11 ... 1
| " . CHD, G, ¢
8. SSXY =3 (zi = 7)(y; = ¥) [definition]

i=1

9. SSXY = > wiy; — Zx, > y;/n
i=1

=1 j=i

10.  SSXY = & > (xj — @) (y; — v

i<k

> (zj=e) (y;=ur)
11. SSXY _ Jj<k

SSXX ™ S (wj—wn) (wj—)

i<k

12, SSYY =3 (y,—7)? [definition]
i=1

13. SSYY =Y"(I-1J)Y whereY” =[Y; Y ...Y,], I isthe n x n identity
matrix, and J is the n x n matrix consisting of all ones.
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Proofof 2. SSXX = 3 (z; — T)?
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Proof of 3,4. SSXX = > (x; — 7)x;
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Proof 6.

— 22(371 — f)(.ﬂ?j — f) = 252(331 + .’Bj) — 22%%‘ — 2(2)52

— 2% (n — 1)%:@- C(C2)? = S — n(n — 1) 7

=27%n(n —1) —n’7* + > 22 —n(n — 1) 2

=72(2n(n —1) —n* —n(n —1)) + Y a?

i

= —nT?+ 1
= SSXX
Proofof 7. Zdet(X"Xx) =1
DT

= +(ny e} — (Cw)’
— SSXX

n

Proof of 9. SSXY = > (x; —7)(y; — Y)
=1

(i Ty [since§ So(z —7) = 0
1 i=1

|

7

n _ n
= Z%yz - Zyi
i=1 i=1

n 1 n n
= 21%% - ;Z%’ Z?JL
1=

=1 =1



Proof of 10.

% Z(% - ﬂfk)@j —Yp) = % Z(xjyj — TRpY; — Ty + TLYy)

i<k i<k

n k-1 n k-1
= L5 S (my; +my) — =2 D (my; + 2jy)
k=2 j=1 k=2 j=1

n n k-1
=215y — = 0 S (wy; + Ty
i=1 k=2 j=1

n k-1

=S xy — (X wiy + > O (Tey; + Ty)
=1 i=1 k=2 j=1
= inyi - % Z%Zi%‘
i=1 =1 j=1
= SSXY
ssxy 1 ng (zj—21) (Y~ Y1)
Proof of 11. = = from 5 and 10
SSXX 5 E— [ ]
j<

> (zj—m) (Y~ k)
_ J<k D
> (wj—zp)(Tj—))

J<k




