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From [1].
Definition 4.1. Let A ∈ Mm×n(R) with a commutative ring R. For each

t ∈ {1, 2, ..., r}, r = min(m,n), It(A) denotes the ideal generated by all t × t

minors of A. Then

(0) = Ir+1(A) ⊆ Ir(A) ⊆ ... ⊆ I2(A) ⊆ I1(A) ⊆ R.

Accordingly

(0) = AnnR(R) ⊆ AnnR(I1(A) ⊆ Annr(I2(A)) ⊆ ... ⊆ AnnR(Ir(A)) ⊆ AnnR((0)) = R.

Therefore
Definition 4.10 The rank of A, denoted rk(A) is the following integer:

rk(A) = max{t : AnnR(It(A)) = (0)}.
It follows that
4.11 (d) rk(A) = 0 iff AnnR(I1(A)) 6= (0) [that is, 0 is the maximum integer

t above] iff there exists a nonzero r ∈ R such that raij = 0 for all i, j.

Example. A = 2I2 over Z4.
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