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GENERAL LOCAL COHOMOLOGY MODULES
AND COMPLEXES OF MODULES
OF GENERALIZED FRACTIONS

SANG-CHO CHUNG

0. Introduction

Throughout this paper, R will be a commutative ring (with non-zero
identity) and M will denote an R-module.

The modules of generalized fractions were introduced by Sharp and
Zakeri [16] and in {17, 3.5] they gave a relationship between modules
of generalized fractions and local cohomology modules, that is,

Ug1)7"7'M = HE (M),

where (K, m) is a Noetherian local ring of dimension d, U4[1] is the
expansion (sce [16, 3.2]) of {(a,,...,aq,1) € R** : ay,... a, forms
a system of parameters for R} and HE(M) is the local cohomology
module of M.

In [5, 2.4], under the same ring as above, when Ug[1] is the expan-
sion of {(a),...,a¢,1) € R* ' ay,... ag forms a system of parame-
ters for M} where M is a finitely generated R-module of d’' = dim M,
we had a similar result

Up[1]7 "M = HE (M).

In [3], Bijan-Zadeh studied a generalization of results of Sharp and
Zakeri. He proved that, for a fixed sequence of elements z,,...,x, of
aring R,

U(x)[1] "~'M = H} (M),
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where a = (ry,..., zn)R and U(z)[l: = {(«]",...,28",1) € R**+! .

a; € N}. Moreover, in [3, Theorem], for a given triangular subset U,

of R™, he obtained

a€P(Ux)

where ®(U,) = {(a1,....a,)R : (a1.....a,) € U, and Hg(Un) is
the n-th right derived functor of the general local cohomology functor
Le(u,) (see Definition 1.4 and Example 1.5(2)).

In [19, 5.2.3 and 15, 3.3], Sharp and Yassi established a relationship
between the modules of generalized fractions and the generalized ideal
transforms (see Definition 1.4), i.e.,

U "M = lim Homg(a,Im ™)
—
ace(U,)
where e : C";_'?T M- U, "M is the R-homomorphism for which
™m m
e"“l(( > = - form € M and (ay,...,ap-))
ay, .

.,,(ln_]) (al,...,an_l,l)
€ Un-l; and

UM = lim Hompg(a,Up-1[1]7"M)
..__)
a€d(Us)

where R is Noetherian and U,_1[1] = {(ay,...,an_;,1) € R™ : there
is an, € R such that (a5,...,a,) € Uy}.

Under an arbitrary ring, consider the complex C(i. M) (see Defini-
tion 1.3). In our main results (Theorem 2.2 and 2.4}, we investigate
the relationship between the modules of generalized fractions (U7 "M,
Up1[1]7"M, Im "', Ker ¢™ and Ker e"~!/Im €"~?) and the general
local cohomology modules of such modules.

That is, we have

Ker ¢! /Im ¢" % = U Anng, _ m-»mlar,.. ., a0)R
(ay,...,an)eU,

and
Un1)7" M = Hyy y(Im ™),
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In particular, under a Noetherian ring, we have for n > 1
Un[J™"""M = Hy (U [1)7"M) = H} (Im ™),
U "M = l_1g1 Homg(a, U, "M) = h_rJ'n Homp(a, Ker ™)
acd(U,) acd(U,)
~ ' mn—l ~ : g 7 —-n .
= lim Hompg(a,Im "'} > lim  Hompg(a,Un_q[1]7"M);
acd(Uy,) ae®(ly,)
and

Hiw (UT"M) = Hyy (Unoy[1]7"M) Hy, ) (Im e
o Hé(U (Ker ¢") for all ¢ > 2.

n
The notation and terminology about the modules of generalized frac-
tions follow [16].

1. Preliminaries

We use T to denote matrix transpose and D,,(R) to denote the set of
all nx n lower triangular matrices over R. For H € D.(R), |H| denotes
the determinant of H. Let N denote the set of positive integers.

DEFINITION 1.1. [16, 2.1]. Let n be a positive integer. A non-
empty subset U7, of R™ is said to be triangular if

(1) whenever (ay,...,a,) € U,, then (al",...,a%") € U, for all
choices of positive integers a;,. .. , G, and
(ii) whenever (ay,...,a,) and (bi,...,b,) € Uy, then there exist

(ci....,en) €U, and H, K € Dn(R) such that H[ay ... a,]”
= [Cl CH}T:K[bJ bn]T.

LEMMA 1.2. Let R be a ring and M an R-module. Let U, be

a triangular subset of R™. Suppose (ar,...,cn) and (by,...,b,) are
elements of U, such that Hla, ... an)T = [b; ... ba]T for some
H € D,(R). Then we have
m |H|m .

1) |16, 2.8 - == mU-"M.

(1) [16, ](a],...,an) (by....,by) " .

(2) [16,3.3(ii) and 15,2.2) If m € (ay, ..., a,_,)M then ( )

ar,.-.,Qp

=01 U7"M. In particular, if each element of U, is a poor
M -sequence, then the converse holds.
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DEFINITION 1.3. [13. p. 52). Let R be a ring and M an R-module.
A family U = (U,);> is called a chain of triangular subsets on R if the
following conditions are satisfied:
(1) U, is a triangular subset of R for all € N,
(i) (1) e Uy

(iii) whenever (a;,...,a;) € U; with 7 € N. then (a;....,a;,1) €
Uiyq; and

(iv) whenever (aj,....a;) € U, with 1 < i € N, then (ay,....ai-1)
elU, .

Each U, leads to a module of generalized fractions UM and we
can obtain a complex by Lemma 1.2(2);

e ! ¢? e L
0 — M —— UM — Uy "M — -

e' .
— U "M — L’l;']“' M o— -

m

for which ¢%(m) = (—1—) for all m € M and

; b B r

‘ (ays....a;)) (a1.....a;1)
foralli e N.z e M and (ay.....a;) = U,.

Let C(U. M) denote the above complex and H}, (M) the i-th coho-
mology module of this complex. Thar is H H(M) = Ker et /Im ¢~ L.

For a given triangular subset U, of R™, let

Up1] = {(ay, ... an.1) € R™ (ay,. .. a,) € 7.} and

Up_i[1] = {{a1,... an_1,1) € " @ therc is a; € R such that
(a.....ap) € Uy}
Then clearly Up[1] and U, ([1] are triangular subsets of R™*! and R™
respectively. We interpret Ug{1]7'M = M and UM =M.

DEFINITION 1.4. [1, 2.1 and 15, 1.2]. A non-empty set ® of ideals
of R is called a system of ideals of R if whenever a. b € @ there is

¢ € ® such that ¢ C ab.
Given such a system of ideals @, for every R-module M, we define

Lo(M)={me M:ma=0 for someac d} = U (0:ar a)
ncd
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and
Gq;(ﬂf.’[) == h_I_)n HOInR(Cl, ]\,l').
acd

Then Lg and G are additive, left exact functors from the category
of all R-modules and R-homomorphisms to itself. The functor Ly is
called the general local cohomology functor with respect to ® and G¢
the generalized ideal transform determined by @, or, more briefly, the
d-transform.

For any R-module M, the modules Hi(M i are called general local
cohomology modules of M, where H} is the i-th right derived functor
of Lg. That is, by [1, 2.3 and 2, 2.1] we have

Hy() = lim Exty(R/a, ) = lim Hy( ).
aCP acd
We say that an R-module M is a ®-torsion module if Lo(M) = M (14,
1.4(1)].
EXAMPLE 1.5. (1) ® = {a': a is an idea’ of R and i € N}is a
system of ideals of R.
(2) [3, Theorem] ®(U,) = {(ay,...,an)R : (a1,...,an) € U,}isa
system of ideals of R, where U, is a triangular subset of R".
LEMMA 1.6. Let R be Noetherian and M an R-module. Then we
have the following.
(1) [19, 3.1.6 and 14, 1.4] If M is a ®-torsion module, then
H&;(M) =0 for all 7 > 0.
(2) [1,2.7] If dim M = d, then H{(M) = 0 for all i > d.
PROPOSITION 1.7. Let R be Noetherian and M an R-module. Then
we have the following.

(1) Supp(Hé,(]VI)) C Uaeq) V(a). »
(2) If Supp(M) C Uaecb V(a), then HL(M) =0 for all + > 0.

Proof. (1) By [12, p.85 3.13] and [9, 35.5] we have
Supp(Hy(M)) = Supp(lim Hi(M)) € | Supp(H(M)) € | V(a).
acd acd oncd

(2) Since M is ®-torsion module, this follows from Lemma 1.6(1).
O
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LEMMA 1.8. Let R be a ring and M an R-module. Then, in the
complex C(U, M), for n > 0 we have the following.
(1) [6,2.4] Supp(U, 1y ' M) C Supp(Un[1] ™" "' M) C {p € Supp(M) :
htyp > n}.
(2) (6, 2.8) Ass(U,; "7 ' M) = Ass{Im e") = Ass(Ker e"t!).

) [6, 2.7] For each T ke = +Im e™ ! € HX(M), there are
Iy eeytn

(by,..., n+1) € Upy1 and H = D, (R) such that Hla, ... an]t =

(b1 ba)T and

(bi,-- - bns1)R C (Ime”"‘ ; ..._’"_-)
(a1, an)

PROPOSITION 1.9. Let R be Noetherian and M an R-module. Let
® be a system of ideals of R and d = dim M. Ther, in the complex
C(U, M), for n > 0 we have the following.

(1) Hy(Ker e®/Im " ') =0 foralli>d—n.
(2) Hy(U, 7' M) = Hy(Un[l] "~ 'M) = Hy(Ker e"™1)
=Hi(lme")=0 foralli>d—-n.

Proof. By Lemma 1.8 we have Supp(Im e") = Supp(Ker e"*') =
Supp(U [T M) C Supp(Un[1]7"7'M) C {p € Supp(M) : htyp >
n} and Supp(Ker e™/Im e"~1) C Supp(Un[l]"" M) by [6, 2.8(5)].
Therefore the results follow from Lemma 1.6(2).

REMARK. Let R be Noetherian and M a finitely generated R-module.
In the complex C(U, M), assume that U = ((Us)i)iz1. ((Un)i)iv1.
((Ur)i)i»1 or ((Uy)i)i»1 where R is local in the case ((U Fli)i>1 (see
(6. Example 1.3]). Then we have

Hy(Ker e®/Ime* ')=0 foralli>d-n.

For, from Lemma 1.8(3) we have easily dim(Ker e”/lm e"~!) < d —n.

PROPOSITION 1.10. Let R be a ring and M an R-module. For a
fixed positive integer n, assume U, is a triangular subsets of R™. Let
Assf(U‘"M = {q € Supp(M) : q is a weakly associated prime ideal
of U7"M in the sense of [4, p.289 Exercise 17]} and ¢ € Ass (U, " M),
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that is, p is a minimal prime over (0 : ) for some 0 # z € U-"M.
Then we have, for all (ay,...,a,) € U,

(ar, ..,an)R ¢ p.
In particular, for all 0 # y € U7™M, we have a1,...,an,)R ¢ (0 : Y).

Proof. By assumption there is z U "M such that

m
(b1,....bp)

) m m

Suppose that (a;,...,a,)R C p for some (ay,...,a,) € U,. Then by
the definition of the triangular subsets, there s (cq, ..., ¢n) € U, and
H, K € Dp(R)suchthat Hlay ... an]” =[c; ... cp]T = Kby ... b,)7.
Hence we obtain (¢i,...,c,)R C p. By Lemma 1.2(1) we have

. m ~ ' |K|m B
\/<O'Rb (blt"wbn)) B \/(0'RD (.Clﬂ "7Cn)) —pRp’

m K|m ) o .
where = K] is regarded as the canonical image in

(blv-“vbn) (Clv--'vcn)
the Rp-module. Since ¢, € p, there are r € R\ p and t € N such that

cn'r|K|m

(c1y.. ., 0n)

r|K|jm

Cly. - 3Cp)

Then by (17, 2.1] we get = 0. That is, we have the following

contradiction.

(o Y (o)
€<0‘(c1,...,cn)/_ O i) R

From now on, let &y = (®(U;)),>1 be the family of systems of ideals
of R induced by a chain ¥ = (Uy)i>1 of triangular subsets on R as in
Example 1.5(2).
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REMARK. In [6, 2.8], using Proposition 1.10, we have the same
results with Ass;(U, "' M) instead of Ass(U 0 1M)

LEMMA 1.11. Let R be a ring and M an R-module. Let &y =
(®(U;))i>1 be as above. Then, in the complex C(U, M), we have the
following.

(1) For 1 £ n <1, we have
Hg(U‘_)(U;"M) Hg(U )(Ker e") = H<I>(U (Ime™™ 1) =0.
(2) For 1 <t < n, we have U7"M,Im e~ !, Ker e™ U,_;[1]7"M
and H{}“z(lﬂ) are ®(U,;)-torsion modules.

Proof. (1) Since Im e™™! C Ker ¢ C U, "M, the results follow
immediately from Proposition 1.10.

(2) Since by Lemma 1.2(2) for all —————— € U7"M

(ay,...,an)

(ag,....a;)R- itk =)

(@1yv s Qiyenny )

where the ideal (a;,...,a;)R € ®(U,) is induced from (a;,...,a,) €
Up, we get UM, Im "~ ! and Ker e™ are ®(U;)-torsion modules.

Next, using the same method, we have U,_1[1]7"M is a ®(U;)-
torsion module.

For H{?_Z(M), by Lemma 1.8(3) for all z € Hg'Z(M) we have
(aj,...,an_1)RC(0:x)

for some (a;,...,a,_1)R € ®U,_;). Hence H('}_2(M) is a ®(U;)-

torsion module for : < n. O

COROLLARY 1.12. Let R be Noetherian and M an R-module. Let
&, = (®(U,))i>1 be as above. Then, in the complex C(U, M), we have
the following.

(1) If M is a ®(U,)-torsion module, then Gy, (M) = 0.

(2) For 1 < i < n, we have Go,)(U;"M) = Gou, )(I\er e") =
Gow,)(Im ") = Gow)(Un-1[1]7"M) = Gow,)(H; ( )
= 0.
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Proof. (1) By [19, 3.1.10] we have the following exact sequence;
0— JM/LQ(M)(AI) — Gq, U.)(M) i H,;,(U’)(M) — ().

Hence the assertion follows from Lemma 1. 6(2).
(2) These immediately follow from (1) and Lemma 1.11(2). O

2. Main results

LEMMA 2.1. Let R be a ring and M an R-module. Let &, =
(®(U;))i>1 be the family of systems of ideals of R induced by a chain
U = (Ui)i»1 of triangular subsets on R. Then, in the complex C(U, M),

for n > 1 we have the following.
(1) [3, Theorem] U,[1]™ "M = Hgw, (M)
(2) [7,33) U, 1] M 2 U, "M/Im e" 1
3) [19, 338] U,l‘"M &~ Gq;(Un)(Im En_li)
THEOREM 2.2. Let R be a ring and M an R-module. Let &, =
(@(( i))i>1 be the family of systems of ideals of R induced by a chain

= (Ui)i»1 of triangular subsets on R. Then, in the complex C(U, M),
for n 2 1 we have the following.

(1) H7 Y (M) = U _____ amic, Anng _q-np(ar, ... an)R.
(2) Up[1]7"'M = H1 (. (Ime™ 1),

Proof. (1) Consider the following exact sequence

0 — Ker ¢® ' /Im "% —U TPHM /I e
— U " M [Ker e" ™! —s 0.
Since Ker e" ™! /Im e"~? = Hi" (M), U7 " M /Im e 2 2 U, _[1]-"M

by Lemma 2.1(2) and U,:_"H]U/I\er e" 1 = Im e™ !, we have the fol-
lowing long exact sequence

()
O‘HHg(U")(Hg 1(M q>(U (Un 1[1]—"M)
— Hy ) (Un-1[1]7"M) — HQ(Un)(Im e — ...
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Since H ™' (M) is a ®(Un)-torsion module and Hg . ,(Im e"1) =0
by Lemma 1.11, we easily have the conclusion.
(2) From [19, 3.1.10}, we have the following exact sequence

0 — III} enml/Hg(U")(Inl 6n-—. l) — G¢((}n)(1[n en._])

> Hy(y,(Im ™) —= 0.

Since Hg((‘,")(lm e" 1) = 0 by Lemma 1.11(1) and Ge(y,(Im ety =
U,."M by Lemma 2.1(3), we have

Hyu(Im e )= U "M/Im e" Tl = UL M.

by Lemma 2.1(2). I

The next Exactness theorem was proved by Sharp and Zakeri {18,
3.3] under the condition of a Noetherian ring and O’carroll {11, 3.1]
gave a simple proof for an arbitrary ring. We had shown a refinement
of the result of O’carroll [6, 2.13]. We describe another proof of this
Exactness theorem using Theorem 2.2(1).

COROLLARY 2.3. Let R be a ring and M an R-module. Let U =
(U.)i»1 be a chain of triangular subsects on R. Then C(U., M) 1s exact

if and only if for all 1 > 1 cach element of U; is a poor M-sequence.

Proof. (=) We prove by induction on 7. In case -~ = 1, by the hy-
pothesis and Theorem 2.2(1), we have Hp,(M) = U(a1 Vel Anny -1y
(ay) = U(m)elh Anny(ay) = 0. Hence cach elemen: of Uy 1s a poor
M -sequence.

Suppose that each element of U, ., is a poor M-sequence and hence
each element of U/;_;[1] is a poor M -sequence. Notc that by Lemma
12(2) for all (bl, N bi._]) S Lrj_._l

0 U, [1)7'M <= m & (by.....hi_)M.

Let (aj,....a;) € U;. Then we may assume that {ay,....a,_1}
is an M-sequence. Therefore it is sufficient to show that if m ¢
(ai....,a;— )M, then a;m & (ay,.... ai_1)M.
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Assume that m ¢ (ay,

a;—1)M. Hence by the above note we
have

Oml/,_ ~iM.
(al,...,a,-_l,l)?é m i1

On the other hand, by the hypothesis and Theorem 2.2(1) we have

H'(M)= | Aoy, ppomlbr,... bR = 0.
(b1.....bi)el;
Hence we have (a;....,a;)R - : - # 0 for all non-zero ele-
‘ (bry....bi_1. 1)
ment m
(by,....bi1,1)

of U;_; 1)7*M. In particular, we have
a;m m L
: ; 0 for e Ui_1[1]7'M,
(a17'~-7ai—111)?/: (alv"'vaz—l'l) 1{
m
a1 )R- = 0 by Lemma 1.2(2)
’ (al,...,aiﬁl,l)
we obtain a;m ¢ (ay,

., a;-1)M by the above note.
(¢«=) By Theorem 2.2(1), it is enough to show that

U Anng, - ular.. ..,

since (ay,.

. Hence

ai}R=0 foralli>1.

Assume that, for some 0 # S LA— Ui [1]7'M and
(bla"'vbi~lw1)
(al,...,ai) € Dvia

. =0 inU,_,[1]7°M.
(bla"‘sbi---l‘,l) . 1[ ]
Then from Lemma 1.2(2) we have, in UM

m

0 111)7&0 and (ay,...

On the other hand, by the definition of triangular subset there
are (cl,...,ci) e U; and H, E\ € D;(R) such that H[ay ... a,]
[er oo e]t =K[by ... bi_; 17, since (by,....b;_1.1) € U,. Hence we
have (¢q,...,¢;)R C (ay,..., )R and then

T _

m
{(¢1,...,¢;)R- =0 iU M.
o by, i, 1)
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In particular,

cm c;|Kim

(bla"'vbi-lal) B (C]v"'nci—~laci)

=0 UM

by Lemma 1.2(1). Therefore we get ¢;|Kjm € (ci,...,cich)M by
Lemma 1.2(2). Hence we obtain |K|m € (¢y,...,¢;-1)M, since {c),.. .,
ci} is a poor M-sequence. This leads to the following contradiction;

m = [Kfm =0in U7'M
(bla--'abi—hl) (Cl‘,"wci—lﬂci)

by Lemma 1.2(2). [J

THEOREM 2.4. Let R be Noetherian and M an R-module. Let
&y = (®(U;))i>1 be the family of systems of ideals of R induced by
a chain U = (U;)i>y of triangular subsets on R. Then, in the complex
C(U, M), for n > 1 we have the following.

(1) Un[1]7" 7'M 2= Hy g (Unoa 17" M) = Hy g y(Im e 7).

(2) H;,(U“)(U;"M) = 0.

(3) Im e™ Hé(U")('Ker e™).

(4) U;"M = Gq,(Un)(U;nJM) = G@(Un)(KeI‘ em)

' = Go,)(Im ") & Go(u,)(Un-1[1]7"M),

(5) H&,(Un)(Un_l[l]_"M) o H}N”n)(Im = Hy (Ug"M)
> H"I,(Un)(Ker e"), for all 1 > 2.

(6) 0 — Hg(]\/[) - H;’(UHH)MH1 en—l‘) - H(})(UHH)(KCI‘ e")
—+ 0 is a short exact sequernce.

(7) Hé(wa)(Im en 1) Hé(Un“)(Ker em), for all i > 2.

Proof. ((1) and the first isomorphism of (5)) For (1), by Theorem
2.2(2), it is enough to show that
Hé([}[ﬂ)(lrn_l[l]_nM’) = H‘},(Un)(lm Cn‘-]‘).

But this and the first isomorphism of (5) follow fromn the above long
exact sequence (#) and Lemma 1.6(1), since H{}_lx‘]\/.f) 1Is a ®(U,)
torsion module.
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((2) and the second isomorphism of (5)) Consider the following short
exact sequence

0 — Ime™! — U;"M — U7"M/Im e™! —— 0

H

U 117" 1M

where the isomorphism follows from Lemma 2.1(2) again. Then, since
Un[1]7" 1M is a ®(U,)-torsion module and Hg(Un)(Un""M) = 0 by
Lemma 1.11, using the long exact sequence induced from the above
short exact sequence, we have the second isomorphism of (5) and the
following short exact sequence

0 — Un[l]" 7'M — Hyy,,(Im e"™1) — Hy, \(UT"M) — 0.

Then, from (1) and the above short exact sequence, we have
Hé(un)(Un—”‘M) = 0.

((3) and the third isomorphism of (5)) From (2) and the following
short exact sequence

0—Kere" — U "M — Ime" — 0,

we have the results by means of the long exact sequence induced by this
short exact sequence, since Im e™ is a ®(U,)-torsion module (Lemma
1.11(2)) and Hg ; (U;"M) = 0 (Lemma 1.11(1)).

(4) By [15, p. 176] , we have the following exact sequence

(*x) 0 — Lo \U;"M) — U"M
— Gq,(Un)(Un—"]\/f) — Hé(Un)(Un_"M) — 0.

From the above sequence, we have
U;nJM = G(}(Un)(Un—nM),

since Ly, (U7 "M) = Hé(Un)(Un‘"M) = 0 by (2) and Lemma 1.11(1).
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Next, since Lg(y,)(Ker ¢™) = 0 and Hé(un)(Ker e”) = Im e" by

(3). from the above sequence (#*) with U, "M replaced by Ker ¢ we
have the following exact sequence
0 — Ker € == Gy (Kot ™) —= Im e — 0.
Hence we get
Go,(Ker e")/Ker ¢ = Im " = U "M/Ker ¢".
That 1s U7 "M = G, (Ker ™).
The third isomorphisim is Lemma 2.1(3).

For the last isomorphism, using [19, 3.1.10] again. we have the fol-
lowing exact sequence

0 s Unoi[Y "M/ Lo (Ui [1]7"M) = Goqu, y(Un—1[1] 7" M)
- Hyu,(Un— [1] "M ) —= 0.
On the other hand, we have
Up 1 [117"M/ Lo,y (Upn_1{1] " M) = Im ™!
by Lemma 2.1(2) and Theorem 2.2(1). We also get
Heo (U 1]7"AM) = UL "M 2 UM /Im ™!
by (1) and Lemma 2.1(2). Hence by the five lemna we have
UM = Goy(Unen[1]7M).
((6) and (7)) From the following short exact sequence
0 —Ime”™' — Ker¢" — H{(M)-— 0

we have the results, since H{(M) iv a @(Upq,)-torsion module and

Ifg(l},nﬁ)(K(tr ¢") =0 by Lemma 1.11. [

REMARK. The last proof of Theorem 2.4(4) is another simple proof
of (19, 5.2.3] and [15, 3.3].

COROLLARY 2.5. Let R and M be as above. Then for n > 1 we
have the following.
HY(M)=0¢ Hé(l‘,nﬁ)(lru "y e H<;>(L7,,+] (Kor e™)

1 -1 e 1 Ty
& H(b(U,,.H)(Im ey = H<P(Un+1)(h('l e™)

Proof. These immediately follow from Theorem 2.4(6). O



10.
it.

12.

14.

15.

16.

17.

18.

19.

General local cohomology modules and coniplexes of modules 761

References

- M. H. Bijan-Zadeh, Torsion theories and local cchomology over commutative
Noetherian rings, J. London Math. Soc. (2) 19 (1979), 402-410.

- M. H. Bijan-Zadeh, A common generalization of local cohomology theories,
Glasgow Math. J. 21 (1980), 173 - 181.

- M. H. Bijan-Zadeh, Modules of generalized fractions and general local cohomol-
ogy modules, Arch. Math., 48 (1987), 58-62.

- N. Bourbaki, Commutative algebra, Addison-Wesley publishing company, 1972.

- 8. C. Chung, Associated prime 1deals and isomorshisms of modules of gener-
alized fractions, Math. J. Toyama Univ., 17 (1994), 175-205.

. S. C. Chung, Complezes of Cousin type and modules of generalized fractions,
Nagoya Math. J., 136 (1994), 17-34.

- G. J. Gibson and L. O’carroll, Direct limit systen.s, generalized fractions and
complezes of Cousin type, J. Pure Appl. Algebra, 54 (1988), 249-259.

- M. A. Hamieh and R. Y. Sharp, Krull dimension and generalized fractions,
Proc. Edinburgh Math. Soc., 28 (1985), 349-353.

- M. Herrmann, 8. lkeda and U. Orbanz, Equimultiplicity and blowing up, Spri-

nger, 1988,

H. Matsumura, Commutative ming theory, Cambridge University Press, 1986.

L. O’carroll, On the generalized fractions of Sharp and Zakeri, J. London Math.

Soc. (2) 28 (1983), 417-427.

A. M. Riley, Cousin complezes of modules of generalized fractions, Ph. D.

Thesis, University of Sheffield (i983).

- A. M. Riley, R. Y. Sharp and H. Zakeri, Cousin complezes and generalized

fractions, Glasgow Math. J., 26 (1985), 51-67.

R. Y. Sharp and P. Schenzel, Cousin complexes and generalized Hughes comn-
plezes, Proc. London Math. Soc. (3), 68 (1994), 449-517.

R. Y. Sharp and M. Yassi, Generalized fractions and Hughes’ grade-theoretic
analogue of the Cousin complex. Glasgow Math. J | 32 (1990), 173-188.

R. Y. Sharp and H. Zakeri, Modules of generalized fractions, Mathematika, 29
(1982), 32-41.

R. Y. Sharp and H. Zakeri, Local cohomology and modules of generahzed frac-
tions, Mathematika, 29 (1982), 296-306.

R. Y. Sharp and H. Zakeri, Modules of generalized fractions and balanced
big Cohen-Macaulay modules, Commutative Algebra: Durham 1981, London
Math. Soc. Lecture Note Ser., 72 (Cambridge University Press, 1982), 61-82.
M. Yassi, The generalized Hughes complex and modules of generalized fractions,
Ph. D. Thesis, University of Sheflield (1989).

Department of Mathematics
Chungnam National University

Taejon 305-764, Korea



