
NOTE ON PRIMARY IDEAL DECOMPOSITIONS 

p. j . MCCARTHY 

Let R be a ring with a unity element. An ideal Q of R is called (right) 
primary if for ideals A and B of R, AB C Q and A (J_ Q imply that Bn C Q 
for some positive integer n. If i^ satisfies the ascending chain condition for 
ideals (ACC), then R is said to have a Noetherian ideal theory if every ideal 
of R is an intersection of a finite number of primary ideals. If R is a commuta­
tive ring that satisfies the ACC, then R has a Noetherian ideal theory. However, 
it is known that in general R may satisfy the ACC without having a Noetherian 
ideal theory (an example of such a ring is given in (2)). Thus there is some 
interest in conditions that imply that a ring R satisfying the ACC will have 
a Noetherian ideal theory. 

If A and B are ideals of R we set 

AB-1 = {c;c G RandcB CA\. 

Then AB'1 is an ideal of R such that (AB~l)B C A. If C is also an ideal of R, 
then (AB-^C-1 = ^ (C^)- 1 .We write AB~n in place of A (Bn)~\ Furthermore, 
if B C C, then AC~l C AB~l. In this note we shall prove the following: 

THEOREM. If R satisfies the ACC, then the following statements are equivalent: 
(1) R has a Noetherian ideal theory. 
(2) If A and B are ideals oj R, then for all large positive integers n we have 

A C\Bn CAB. 
(3) If A and B are ideals oj R, then for all large positive integers n we have 

A = (A +Bn) Pi (AB~n). 

The equivalence of (1) and (2) was noted by Dilworth (3) and again, 
recently, by Riley (5). We include (2) because we shall use it in showing that 
(1) implies (3). Barnes and Cunnea (1) proved that (3) holds in a Noetherian 
commutative ring. Their proof made direct use of the fact that in such a 
ring every ideal is finitely generated, and did not require prior knowledge of 
the fact that a Noetherian commutative ring has a Noetherian ideal theory. 
Then they used (3) to obtain the existence of a Noetherian ideal theory 
without introducing the intermediate notion of irreducible ideal. 

Suppose that (1) holds for R and let A and B be ideals of R. We have 
AB = Q\f~\ . . . C\ Qr where each Qt is primary. For each i, AB C Qi and 
so either A C Qi or Bki C Qi for some positive integer k{. If A C Qi we set 
nt = 1 ; otherwise we set w* = kt. Then 

A n Bn Ç Ci r\ . . . r\ QT = AB for all n > max nt. 
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This is the proof given by Dilworth in (3). We note that it does not make use 
of the fact that R satisfies the ACC. 

Now assume that (2) holds for R and let A and B be ideals of R. Since R 
satisfies the ACC, there is a positive integer k such that 

AB~* = AB-(k+v = 

Furthermore, by (2), there is a positive integer 5 such that 

(AB~k) H Bks C (AB~k)Bk C A. 

Hence, for all n > ks, (AB~k) H Bn C A. But AB~k = AB~n, so 

(AB~n) r\Bn CA. 

Then, by the modular law, we have for all large positive integers n, 

(A + Bn) r\ (AB~n) = A + ((AB~n) C\ Bn) C A. 

Since the reverse inclusion holds for all n, the equality of (3) holds for all large 
positive integers n. 

An ideal A or R is called irreducible if whenever A = B C\ C, where B and C 
are ideals of R, then either B = A or C — A. It is a consequence of the fact 
that R satisfies the ACC that every ideal of R is an intersection of a finite 
number of irreducible ideals. 

Assume that (3) holds for R. To prove that R has a Noetherian ideal theory, 
it is sufficient to show that every irreducible ideal of R is primary. Suppose 
that the ideal A of R is not primary. Then there are ideals B and C of R such 
that BC (Z A, B (£ A, and C1 Ç£ A for all positive integers n. For all large 
positive integers n we have A = (A + C1) Pi (AC~n). For all w, A yé A + Cn. 
Also, 

(A + B)Cn = ACn + BO1 C A, 

so that A + B ÇZAC~n. Since A j* A + B, we have A ^ AC~n for all n. 
Therefore, A is not irreducible, and all is proved. 

COROLLARY. If R satisfies the ACC and has a Noetherian ideal theory, and if 
A is an ideal of R, then for all large positive integers n, An C\ §A~n = 0. 

We can extend another result of Barnes and Cunnea (1, p. 180) to the 
non-commutative case with the following: 

THEOREM. Suppose that R satisfies the ACC and has a Noetherian ideal theory. 
Let A be an ideal of R and let P i , . . . , Pk be the minimal prime divisors of A. 
Then, for all large positive integers n, 

A = (A +Pin)n...n (A +pk
n). 

By a result of Murdoch (4, Theorem 10), there is an ordered listing of the 
minimal prime divisors of A, say Pi , P2 , . . . ,Pr, with repetitions allowed, 
such that Pr. . . P i C A. Here the numbering of the P's may not be the same 
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as in the statement of the theorem. Since (3) of the first theorem holds for R, 
there are positive integers wi, . . . , nr such that 

A = (A + PiWl) Pi APrni 

= (A + Piwi) n (APrni + p2
n2) n A (p2

n2Pini)-\ 

and so on, until we finally have 

A = (A + P f O r\ (APr111 + P212) n . . . 

n (A ( p r _ i n *- 1 . . . Pini)~l + pr
nr) r\ A (pT

nr... p^)-\ 

But Pr
nr. . . Pini C Pr • . . Pi Q A, so that the last term is equal to R and 

consequently may be dropped. Let n > max n{. For i = 1, . . . , r — 1, we 
have 

ACA+ Pi+l
n C A (P?i . . . P ^ ) " 1 + Pz+iWi+1 

and so, on forming the intersection of A and the various A + Pf+A we have 

^ = {A + pf) n . . . n (̂  + P/0 
for all large positive integers n. If we drop repetitions from this intersection 
we obtain the result of the theorem. 

REFERENCES 

1. W. E. Barnes and W. M. Cunnea, Ideal decompositions in Noetherian rings, Can. J. Math., 17 
(1965), 178-184. 

2. C. W. Curtis, On additive ideal theory in general rings, Amer. J. Math., 74 (1952), 687-700. 
3. R. P. Dilworth, Non-commutative residuated lattices, Trans. Amer. Math. Soc , 46 (1939), 

426-444. 
4. D. C. Murdoch, Contributions to noncommutative ideal theory, Can. J. Math., 4 (1952), 

43-57. 
5. J. A. Riley, Axiomatic primary and tertiary decomposition theory, Trans. Amer. Math. Soc , 

105 (1962), 177-201. 

University of Kansas 

https://doi.org/10.4153/CJM-1966-094-4 Published online by Cambridge University Press

https://doi.org/10.4153/CJM-1966-094-4

