





speculates a bit). So. it looks like one must gather more information about what is going
on, and that will take the form of commutativity theorems here. Indeed. as is often the
case, we will be able to say something about a wider class of rings.

A basic commutativity theorem due to Kaplansky states that a division ring in which
some positive power of each element lies in the center is commutative. This has been
generalized and extended in several directions, and here we tackle two of these. further
extending both along a similar theme.

Following Herstein [7]. we will evaluate integer polynomials on rings. We do not assume
that rings have | (except. of course, division rings): for rings without 1. these integer co-
efficients should be read as living in the centroid. For a nonzero polvnomial f € I[z], we
denote its degree by df and its order (least degree of a monomial with nonzero coeflicient )
by wf; [ is monic (co-monic) provided its leading (trailing) coefficient is 1. In that paper,
Herstein proved that a division ring for which everv element is sent into the center by a non-
constant. co-monic. integer polynomial must be a field. On positive characteristic. one has
as a corollary that Herstein’s result remains true if co-monic is replaced by monic: Richoux
[16] completed the proof “on the other side”. that is. monic polynomials in characteristic
0. We unify all this with a more general statement in which the center is substituted. so to
speak. by the extended centroid. and the ring is what is usually called redwced:

Theorem & Lt R be a ving with no nonzero nilpotent clements, Suppose that for eacha in
R there arc two co-monie polynomials f, g € Z[z]. of different orders. such that Sla)xgla) =
gla)x fla) for evcry r € R. Then R is commutative,

There is another direction in which this special case of this theorem for division rings.
extends - but here commutativity is lost:

Theorem G For o primitive ving R. the following three conditions are cquivalent:

i) For cvery dement a there are two integcr co-monic polynomials f.g € Z[r). of
different orders, sueh that f( argla) = g(a)rfla) for every r € R.

i) For cvery clement a there are tiwo monie wleger polynomials {. g € Z[r). of different
degrecs. such that fla)rg(a) = gla)r f(a) for crery x € R.

i) Eithcr R is commutative, hence a field. or its multiplicative semigroup is torsioun.-

Further, in the noncommutative case. the commuting ring of R is an absolutcly algebraic
field. and cvery commutative subring of R is locally finite.

A semigroup is torsion if each of its cyclic subsemigroups is finite. We are goiug to call
a ring or algebra torsion. in case its multiplicative semigroup is so.
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Notice that condition (iii) implies that the former two hold in a quite trivial wayv. For
division rings. the theorem states that (i) or (ii) are commutativity conditions. Actually,
in this case, it is an easy exercise 1o show that the “distinct degrees” and “distinct orders”™
conditions are equivalent (derive the polynomials of one type for an element from the
polynomials of the other type for its inverse), so one gets Herstein's and Richoux’s theorems
as specializations of either of the above. On the other hand. we do not see such a simple
equivalence between (i) and (ii) for primitive rings. Indeed, primitivity and torsion are
unrelated as far as other local conditions go, even in the presence of a unit element:

Theorem 1 Any torsion algebra over an absolutely algebraic field can b embedded into «
unital primitiwe lorsion algebra.

The combination of “co-monic™ and “different orders™ {or “monic”™ and “different de-
grees”) appearing above are not just a restriction of the proof technigue. Indeed. in an
algebraic algebra over the rationals. one can always find for each element « distinet integer
polynomials f,¢ such that f(a) = g(a). by trivial manipulations of an integer polynomial
having a as zero: it is also easy to get them both co-monic or having them with different
orders.

Another extension of Kaplanski's theorem is in the work of Faith [3]. [1] about radical
extensions of rings. In particular, he showed that if a division ring 1) contains a proper
subring which includes some power of each element. then D is a field. We show:

Theorem 11 Lct R be a proper subring of the division ring D). and supposc that for each
a € D there are monic polynomiuls f, g € 2[z] such that df > dg and fla)/gla) ER. Then
D is commutative.

2 Division Rings and domains
Ilere we set up the basis for proving Theorem 5 and Theorem 6.

Lemma 2 Let A be a noncommutative K -algebra without nilpotent clements. K a field of
characteristic p > 0. Then .\ is not purely inseparable over K.

Proof. Suppose that A is purely inseparable over K. Then. for cach « € 1. the K7
linear map T,(x) = [a.7} ou +f is nilpotent. Thus. starting with a noncentral element
d. we cau find a.b € A such that Ty(a) = b # 0. and Tab) = 0. Since b i~ purely
inseparable over I and not nilpotent. we have a = P" € K. Set w = —dbr™"='a; then
Tu(d) = —db?"~[a,d] = db*" = da. Since « € K=, T\, cannot be nilpoteut. a contradiction.
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The next theorem is a basic tool for what follows. and is a minor medification of a
theorem due to Nagata. Nakayama and Tuzuku(15].

Theorem 3 Let R be an integral domain (possibly without 1) whose field of fractions K
is not absolutely algebraic. Let L be a finite separable extension of K. Then there ezists a
pair of distinct crponential valuations 11, and 1, on L. and an element r € R such that

v, = 1,

and
vi(r)=1n(r)>0

Now we prove 5 for the special case of division rings. but in an alternate form which
we will user later. Just notice that in this case., the hypotliesis imply that f(a)/g(a) lies in
the center of the ring. Let us denote the center of a ring R by ¢ R.

Lemma 4 Lct D be a diwvision ring and let A be a subring of D. If for each a € A there arc
two co-monic polynomials f.g € Z|X]. of different orders. and two elements 21,21 € (..
not both zero. such that

fta)zy = gla)z,.

then A s commutative.

Proof. Denote by I the field of fractions of (1. 7 its prime field and p its characteristic.
By hypothesis. 1 is algebraic over K. I i is absolutely alechraic. then every element of .1
would be algehraic over I’. hence a root of 1 if nonzero: by a well known result of Jacobson.
it follows that .1 is commutative. Thus. if the theorem fails to hold. K is not absolutely
algebraic. and. from Lemma 2. there is a noncentral a € - separable over K. We show that
this leads to a contradiction.

Indeed. ju this case Theorem 3 vields distinct valuations ¥y. 172 on K{«) coinciding on
K and r € ¢4 on which they are both positive. Let » € A{a) be such that mla) #
m(z). Getting yid of denominators. il necessary. we can assume that helongs to ¢ Ala).
Substituting » by r” . where i is big enough. we can suppose that 14(7) > vy(x) > 0. So,
if

MX)=ap X" + g X™ b by, XY £ X0 € Z[X).

it follows that for 1 = 1.2 and for s« + 1 < J < m.since vita,) > 0.

1 (rt) = si(r) < "l(""l—J'T]) = "'(“m-_l )+ gl



Hence
v ih(r)) = sv(z).

Now. there exist f,g € Z|X] of orders m # n, and z;,2; € (A such that f(x)z = g(x)z.
So, computing as above:

my(z)+ )= v (f(a)+vlz) = v (f(z)n) = v (gle)z) = nv(r) + v(a)

Since both 1y and 1, both coincide on z; and 22, and m # a. it follows that 1(z) = wy(r).
a contradiction. a]

We are ready now to prove Theorem 5.

Theorem 5 Lel R be a ring with no nonzero nilpotent clements. Supposc that for eacha n
R there arc two co-monic polynomials . g € Z[z], of differcnut orders, such that f(a)rg(a) =
gla)z fla) for every r € B. Thou R 1s commutativc.

Proof. By the main theorem of [2]. R is a subdirect product of domains. Since the
hypothesis is preserved under homomorphic images. it is enough to consider the case where
R is a dowmain.

Suppose we can show that

¢l # {0} and R s algebraic over (AR. (+)

Then. if K is the field of fractions of (R and D = {r="'|r € K.z € (R"} is the ceutral
localization of R. it follows that D is a division ring. Without loss one can assume that
always g(a) # 0. hence the hiypothesis can be read as f(a)/g(a) € (D = K. and we fall
back on the conditions of 1. wlich vields commutativity of R.

We proceed then to prove (). Consider first the possibility that for every « € It there
is a co-monic integer polynomial f of positive order (thus nonzero) such that f(a) € ¢(R.
This implies that (R # {0}: if for some a # 0, f(a) = 0. then. since I is a domain one can
assume «f = 1 and write f{X) = X(.X) = X. where ~ is an integer polynomial of order
al least 1. hence up(a) = a. and @{a) = 1 € R. Thus. in this case (=) holds.

Refore completing the proof. we note that by Posner’s Theorem {10. 1.1.3]. every 'l
prime ring satisfies (+). hence. every Pl subring of R is commutative, The remaining
possibility is that for some a € R. h{«) is not central in I for any co-mounic integer polyv-
nomial /. Now. if f and g are the polynomials the livpothesis asserts exist for a. then
fla)X gla)— gla)X fla) is a generalized polynomial identity for k. Since R is prime (a do-
main). it follow from a theorem of Smith [18] that either R is Pl. or R coutains Pl subrings
of arbitrarily large PI degree. But we Lave just observed that a Pl subring of R must be
commutative. therefore the second alternative cannot hold. and we have finished the proof.
O
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3 Primitive Rings
Having settled the division ring case, we can prove now:
Theorem G For a primitive ring R, the following three conditions are equivalent:

i) For every clement u there arc two integer co-monic polynomials f.q € I[z|. of
different orders, such that f(a)rg(a) = gla)r f(a} for every z € R.

ii) For crery clament a there are two monic integer polynomials f, g € 2[z]. of differen
degrecs. such thal f{a)zgla) = gla)z f(a) for every x € R.

i) Either B as commutative. hence a field. or its multiplicative semigroup is torsion.

Further. in the noncommulative case. the commuting ring of R is an absolutcly algebraic

Sield.

Proof. We will prove that cither of conditions (i) or (ii } implies (iii): both proofs go together.
separating for just a little while.

We nust consider now the case where R is a dense ring of linear transformatious of a
vector space of dimension > 2 over a division ring D. Therefore. both D and Mj(D) are
homomorphic images of subrings of 2. hence thev inherit properties (i) or (ii). whichever
we are assuming. The last section has already provided us the proof that D is a field. We
show now that if My( D) satisfies (i) or (i), then D is absolutely algebraic.

If not. we can find on 1) a nontrivial nonarchimedean valuation 1. At this point we
separate slightly onr argument: we choose an element d € I) whose value is positive in

the “orders™ casc. negative in the “degrees” case. Lel a = ( ﬁ :, > and let f.g be the

appropriate polynomials such that f{a)rg(e) = gla)rf(a) for everv 2 € R. Applving

this condition to r = ( (" |]) we conclude that f(d)g(d?) = f(d?)g(d). Noticing that »

is nonegative on the coefficients of the polynomials, and actually zero if D is of positive
characteristic. we see that v f(d)) = wf-v(d) if u(d) > 0. = df -v(d) if vid) < 0. In either
casc. the equality v( f1d)) + v(g(d?*)) = v( f(d?)) + v(g(d)) gives us a contradiction.

Also. from he primitivity of 2 and from Lemma § below. we conclude that for every.
a € It there are integer polynomials f, ¢ (of distinct orders or degrees), and a € D such that
f(a) = agla): thus a is a zero of the nonzero polynomial S — ag over . In combination
with the former paragraph. the result follows from the next Lemma. o

Proposition 7 An algrbraic algebra over an absolute ficld is torsion.
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Froof. This seems 10 be well known; we repeat the argument in [17]. Let a be an element
of the algebra. F be the field. and f € F[X] be a nonzero polynomial such that Sfla)y = 0.
The splitting field of f over the prime field of F is finite. with ¢ elements. Thus. if m is
larger than the multiplicitv of any root of f. it follows that f divides (X% — X )™, hence. if
m is a large enough power of the characteristic, a®™ = a™. 0O

We still depend on the following Lemma, due to Amitsur [1. Lemma Ga] and proved
here with a slight modification.

Lemma 8 Let R be a dense set of endomorphisms of a (left) vector spacc V' over a division
ring D. If f, g are nonzero cndomorphisms of V' such that for cvery r € R.frg = grf. then
f = ag for some a in the center of D.

Proof. Choose r € V" such that g # 0. If fv and go are linearly independent. then. by
density. there exists an r € R such that rgv = v = rfe. hence fr = frgr = grfr = gv. a
contradiction. Thus. there is an o € D such that fr = age. Now.if w € V", there is an
r € R such that rgr = w. hence fu = frgv = grfv = gragr = agrgr = agw. therefore
f =ag. Finally. if d € D. dagr = dfv = fdr = agdr = adgr. hence o is central in . O

We have passed by the last remark in the statement of Theorem 6. that is. under the hy-
pothesis of the theorem. if R is noncommutative. then cvery commutative subring is locally
finite. This follows from two facts. both easily verified: a finitely generated. commutative,
torsion semigroup is finite — and a finite multiplicative semigronp of an algebra of positive
characteristic generates a finite subring (and a finite-dimensional subalgebra). Its presence
in the theorem is mostly to draw attention to the fact that there is no other local property
implied by either of conditions (i) or (ii) specifically for primitive rings. For instance. a
primitive torsion algebra may contain a copy of a Golod-Shafarevitch [5] uil algebra. so it
is not necessarilly locally finite. This assertion follows from Theorem 1: this one. in turn.
in view of Proposition 7. follows from the more gencral:

Theorem 9 Any algebra:c algcbra over a field may be embedded into o primative, unilal,
algebraic algebra.

Proof. Let R be an algebraic algebra over the field . We may suppose that R is already
etbdded into the endomorphism ring of a vector space V' over F. Let F be the set of
endomorphisms of 1 of finite rank. If f € F. then. as its image f1 is finite dimmensional.
there is a nonzero polynomial p € F| ] such that p( f)- 17 = 0. which shows that p( f)f = 0.
hence f is algebraic. It is clear that F is an ideal of End(1'). hence theset S = {f 4 r|f €
F.r € R} is a subring of End(17). which is dense for containing F. Let us show that S is
algebraic. If s € 5, there is an r € R such that s = r {(mod F): as r is torsion, there exist



0 < n < m such that r™ — v = 0, hence «™ — 2" € F. As F is algebraic, it follows that
s, hence S. is algebraic too. To get a ring with a unit. we consider all sums of a member
of § and one of F, viewed as a scalar multiplication in End(1"); this is clearly an algebraic
subalgebra of End(1"). 8]

4 Rings rational over subrings

Let us extend the notion of order from polynomials to rational functions: if f, g are polyno-
mials. let w(f/g) = wf —wg. Also we will say that a rational function is co-monic provided
it can be expressed as the quotient of two co-mouic polynomials with integer coeflicients.
Notice that if ¢, v are rational functions. and we > 0. then. w(wa) = w-wr. and if both
are co-monic. so is the composition. In particular. co-monic rational functions of positive
order are closed under composition (nol surprising. if one thinks of power series).

Small subrings. as required below. are. for instance. proper subfields. The proof is
vaguely reminiscent of that of [9].

Proposition 10 Lct R be a subring of the division ring 1. such that the subring R™'R
generated by the elements of R and ils inverses is not D. Then, if for every element x € D
there is a co-monic rational function of positive order ¢ such that ¢(x) € R. then D s
conmmutative.

Proof. For this proof, we shorten “co-monic rational function of positive order™ simply to
Junction. Let us show first that, given any clements z,y € D. there exists a function ¢
such that ¢(y) commutes with r.

For a given y. consider first the case € D\R™'R. Let v be a function such that a =
v(y) € R. Choose a function vy such that vj(zaz~') = s € R.and let 3 = vy(a) = r~'sz.
Choose also a function 1+ such that vo((1 + z)3(1 + 2)7') = r € k. Writing ¢2 = f/g.
where f.g are integer polynomials. we now observe that since

(14 x)y(B)=r(1 4+ 7)
it follows that
(1+x)f(3) = (1 + x)g()

and, as rd = sr,

S(B) = rg(B) = =(f(s) = rg{s))r.

Now. this equation says that + € R~'R. unless f(s) — rg(s) = 0. This implies that
tg(3) = r. whence it commutes with r. It follows that vgetet*(y) commutes with r.



Now, given € R R, choose w € D\R-!R. Then, there is a function ¥ such that
a = ¥(y) commutes with . and, since z + w § R~'R. there is a function ¥, such that
¥1{a) commutes with = + w. Since this clearly commutes with w, it also commutes with
7. Therefore, ¥,4/(y) commutes with z.

We can finish the proof now. Given z,y € D, let A be the subring of D they generate.
Then. for every a € A, there exist a function ¢ such that ¢(a) commutes with z, and a
function ¥ such that ¥(y(a)) commutes with y. Since it clearly commutes with z also,
tup(a)(A. It follows from Lemma 4 that A is commutative. That is. z and y commute. O

Theorem 11 Let R be a proper subring of the division ring D. and suppose that for every
a € D there ezist monic polynomials f,g € Z[X] such that 8f > 8g and f(a)/gla) € R.
Then D is commutative and R is a subfield.

Proof. Pick a nonzero a € D. and let f,g be as stated for a=!. Let n = 8f, m = dg, and
define f(X) = X"fIX""),g(X) = X™g(.X~"). Note that j and g are both co-monic of
order 0. and it follows that )
= [CLEW
“m—Ny(a)
H a € R. this shows, as m > n. that a=! € R. whence R is a (proper) division subring.
But then. it also follows that for a general a € D. a™~"g(a)/f(a) € R hence the hypothesis
of the last proposition are fulfilled (the possibility that f(e) = 0 does not hinder this
conclusion). So. the result follows. a}

ACKNOWLEDGEMENTS
We are grateful to A. 1. Lichtman and A. Giambruno for many useful ideas. which led to the final
form and proof of Theorem 5.

References

[1] S. A. AMITSUR. Generalized polynomial identities and pivolal monomials, Trans.
Amer. Math. Soc. 114 (1965). 210-226. -

[2] V. A. ANDRUNAKIEVIC and J. M. RIABUKIN. Rings without nilpotent elements and
completely prime ideals. Soviet Math. Doklady 9 (1968). 565-568.

[3] C. FarTH. Algebraic division ring extensions, Proc. Amer. Math. Soc. 11 (1960), 43-
45.



[4) C. FaiTh. Radical extensions of rings, Proc. Amer. Math. Soc. 12 {1961), 274-283.

[5) E. S. Govop and 1. R. SHAFAREVITCH, On lowers of class fields, 1zv. Akad. Nauk.
SSSR.. Ser Math. 28 (1964), 261-272.

[6] J. Z. GONGALVES and A. MANDEL, Are there free groups in division rings?, lsrael ).
of Math. 53 (1986), 69-80.

[7) 1. N. HErsTEIN, The structure of certain classes of rings, Amer. J. of Math. 75 (1953),
866-871.

[8] 1. N. HersTEIN, Twe remarks on commulativily of rings, Canad. J. of Math. 7 (1955),
411-412.

[9] I. N. HERSTEIN. On a result of Faith. Canad. Math. Bull. 18 (1975). 609.
[10] 1. N. HERSTEIN. Rings with invelution, Univ. of Chicago Press. Clicago. 1976.
[11] 1. KaPLANSKY. A theorem on division rings, Canad. J. of Math. 3 (1951). 290 292.

[12] A. I. LicHTMAN. Free subgroups of normal subgroups of the multiplicative group of
skew fields, Proc. Amer. Math. Soc. 71 (1978), 174-178.

[13] A. I. LicuTMAN, On normal subgroups of the multiplicative group of skew fields gen-
erated by a polycyclic-by-finite group, J. of Algebra T8(1982). 548-577.

[14]) L. MakaRr-LiMaNOV. On Free Subobjects of Skeu Fields. in: Methods in Ring Theory,
Proceedings NATO ASI. Antwerp 1983 (F. van Oystaeven ed.). NATO ASI series (C)
vol. 129, pp. 281-286.

[15) M., NaGaTa, T. NaKkavaMa and T. Tuzuku. 4n czistence lemma in valuation the-
ory, Nagoya Math. J. (1953), 59-61.

|16} A. Ricnoux. A commutatinty theorem for division rings, Canad. Math. Bull. 23
(1980). 241-243.

[17) A. RoseNBERG and D. ZELINSKY, On Nakayama's extension of the x™*) theorems.
Proc. Amer. Math. Soc. 5 (1954). 484-486. E

[18) M. SMiTh. Rings with an integral element whose centralizer satisfies a polynomial
identity, Duke Math. J. 42 (1975, 137-149.

10



Jairo Z. Gongalves Arnaldo Mandel
Dept. of Mathematics Dept. of Computer Science
Univ. of Sao Paulo
C.P. 20570 - Ag. lguatemi
01498 - Sio Paulo - SP
Brazil
jzgoncal@brusp.bitnet am®@ime.usp.br

11



RELATORIOS TECNICOS

DEPARTAMENTO DE CIENCIA DA COMPUTACAO
Instituto de Matemtica e Estatistica da USP

Valdemar W. Setzer
A NOTE ON A RECURSIVE TOP-DOWN ANALIZER OF N. WIRTH
RT-MAP-7702, Dezembro 1977

Valdemar W. Setzer, M.M. Sanches |
A LINGUAGEM °LEAL* PARA ENSINO BASICO DE COMPUTAGAO
RT-MAP-7704, Dezembro 1977

Shvio Ursic, Cyro Patarra
EXACT SOLUTION OF SYSTEMS OF LINEAR EQUATIONS WITH ITERACTIVE METHODS
AT-MAP-7802, Fevereiro 1978

Martin Grotschel, Yoshiko Wakabayashi
HYPOHAMILTONIAN DIGRAPHS
RT-MAC-7803, Margo 1978

Martin Grotschet, Yoshiko Wakabayashi
HYPOTRACEABLE DIGRAPHS
RT-MAP-7804, Maio 1978

W. Hesse, Valdemar W. Setzer
THE LINE-JUSTIFIER: AN EXAMPLE OF PROGRAM DEVELOPMENT BY TRANSFORMATIONS
RT-MAP-7805, Junho 1978

Valdemar W. Setzer
PROGRAM DEVELOPMENT BY TRANSFORMATIONS APPLIED TO RELATIONAL DATA-BASE QUERIES
RT-MAP-7809, Novembro 1978

D.T. Fernandes, C. Patarra
SISTEMAS LINEARES ESPARSOS, UM METODO EXATO DE SOLUGAO
RT-MAP-7811, Novembro 1978

Valdemar W. Setzer, G. Bressan

DESENVOLVIMENTO DE PROGRAMAS POR TRANSFORMAGOES: UMA COMPARAGAO ENTRE DOIS
METODOS

RT-MAP-7812, Novembro 1978



RT-MAC IME-USP

Martin Grotschel, Yoshiko Wakabayashi

ON THE COMPLEXITY OF THE MONOTONE ASYMETRIC TRAVELLING SALESMAN POLYTOPE.
I: HYPOHAMILTONIAN FACETS

RT-MAP-7814, Dezembra 1978

Martin Grotschel, Yoshiko Wakabayashi

ON THE COMPLEXITY OF THE MONOTONE ASYMETRIC TRAVELLING SALESMAN POLYTOPE.
II: HYPOTRACEABLE FACETS

RT-MAP-7901, Fevereiro 1979

M.M. Sanches, Valdemar W. Setzer
A PORTABILIDADE DO COMPILADOR PARA A LINGUAGEM LEAL
RT-MAP-7902, Junho 1979

Martin Grotschel, Carsten Thomassen, Yoshiko Wakabayashi
HYPOTRACEABLE DIGRAPHS
RT-MAP-7903, Jutho 1979

Routo Terada

FAST ALGORITMS FOR NP-HARD PROBLEMS WHICH ARE OPTIMAL OR NEAR-OPTIMAL WITH
PROBABILITY ONE

RT-MAP-8003, Setembro 1980

Valdemar W. Setzer, René Lapyda
UMA METODOLOGIA DE PROJETO DE BANCOS DE DADOS PARA O SISTEMA ADABAS
RT-MAP-8004, Setembro 1880

Imre Simon N
ON BRZOZOWSKI'S PROBLEM: (1UA)™ = A
RT-MAP-8005, Outubro 1980

Luzia Kazuko Yoshida, Gabriel Richard Bitran
UM ALGORITMO PARA PROBLEMAS DE PROGRAMAGAO COM VARIAVEIS ZERO-UM
RT-MAP-8101, Fevereiro 1981

Valdemar W, Setzer, René Lapyda

DESIGN OF DATA MODELS FOR THE ADABAS SYSTEM USING THE ENTITY-RELATIONSHIP APPROACH
RT-MAP-8103, Abril 1981

U.S.R. Murty ’
PROJECTIVE GEOMETRIES AND THEIR TRUNCATIONS
RT-MAP-8105, Maio 1981

Valdemar W. Setzer, René Lapyda

PROJETO DE BANCOS DE DADOS, USANDO MODELOS CONCEITUAIS

RT-MAP-8106, Junho 1981

{Este Relatério Téenico complementa o RT-MAP-8103. Ambos substituermn o AT-MAP-8004 ampilando os conceitos all expostos.)

Maria Angela Gurgel, Yoshiko Wakabayashi
EMBEDDING OF TREES
RT-MAP-8107, Agosto 1981



Siang Wun Song
ON A HIGH-PERFORMANCE VLSI SOLUTION TO DATABASE PROBLEMS
RT-MAP-8201, Janeiro 1982

Maria Angela Gurgel, Yoshiko Wakabayashi
A RESULT ON HAMILTON-CONNECTED GRAPHS
RT-MAP-8202, Junho 1582

Amaldo Mandel
TOPOLOGY OF ORIENTED MATROIDS
RT-MAP-8205, Junho 1982

Erich J. Neuhold
DATABASE MANAGEMENT SYSTEMS: A GENERAL INTRODUCTION
RT-MAP-8206, Novembro 1982

Béla Bollobas
THE EVOLUTION OF RANDOM GRAPHS
RT-MAP-8207, Novembro 1982

Valdemar W. Setzer
UM GRAFO SINTATICO PARA A LINGUAGEM PL/M-80
RT-MAP-8208, Novembro 1982

Jayme Luiz Szwarcfiter
A SUFFICIENT CONDITION FOR HAMILTON CYCLES
RT-MAP-8209, Novembro 1982

Bela Bollobas, Istvan Simon
REPEATED RANDOM INSERTION INTO A PRIORITY QUEUE
RT-MAP-8302, Fevereiro 1983

Valdemar W. Setzer, P.C.D. Freitas, B.C.A. Cunha
UM BANCO DE DADOS DE MEDICAMENTOS
RT-MAP-8303, Julho 1983

Amaldo Mandel
THE 1-SKELETON OF POLYTOPES, ORIENTED MATROIDS AND SOME OTHER LATTICES
RT-MAP-8305, Juiho 1983

Amaldo Mandel
ALGUNS PROBLEMAS DE ENUMERAGAQ EM GEOMETRIA
RT-MAP-8306, Agosto 1983

Siang Wun Song
COMPLEXIDADE DE E/S E PROJETOS OPTIMAIS DE DISPOSITIVOS PARA ORDENAQAO
RT-MAP-8307, Agosto 1983

Valdemar W. Setzer
MANIFESTO CONTRA O USO DE COMPUTADORES NO ENSINO DE 12 GRAU
RT-MAP-8402, Abril 1984



AT MAC JME-LIEP

Imre Simon
A FACTORIZATION OF INFINITE WORDS
RT-MAP-8404, Setembro 1984, 7 pgs

Imre Simon
THE SUBWORD STRUCTURE OF A FREE MONOQID
RT-MAP-8405, Setembro 1984, 6 pgs

Jairo Z. Gongalves, Amaldo Mandel
ARE THERE FREE GROUPS IN DIVISION RINGS?
RT-MAP-8406, Seterbro 1984, 25 pgs

Paulo Feofiloff. D.H. Younger
VERTEX-CONSTRAINED TRANSVERSALS IN A BIPARTITE GRAPH
RT-MAP-8407, Novembro 1984, 18 pgs

Paulo Feofiloft
DISJOINT TRANSVERSALS OF DIRECTED COBOUNDARIES
RT-MAP-8408, Novembro 1984, 126 pgs

Paulo Feofiloff, D.H. Younger
DIRECTED CUT TRANSVERSAL PACKING FOR SOURCE-SINK CONNECTED GRAPHS
RT-MAP-8409, Novembro 1984, 16 pgs

Siang Wun Song
DISPOSIGOES COMPACTAS DE ARVORES NO PLANO
RT-MAP-8501, Maio 1985, 11 pgs

Paulo Feofiloff
TRANSVERSAIS DE CORTES ORIENTADOS EM GRAFOS BIPARTIDOS
RT-MAP-8502, Julho 1985, 11 pgs

Christian Choffrut
FREE PARTIALLY COMMUTATIVE MONOIDS
RT-MAP-8504, Setembro 1985, 110 pgs

Valdemar W. Setzer
MANIFESTO AGAINST THE USE OF COMPUTERS IN ELEMENTARY EDUCATION
RT-MAP-8505, Outubro 1985, 40 pgs

Julio Michael Stern
FATORAGAO L-U E APLICAGOES
RT-MAP-8606, Agosto 1986, 105 pgs

Afonso Galvdo Ferreira
O PROBLEMA DO DOBRAMENTO OPTIMAL DE PLAs
RT-MAP-8607, Agosto 1986, 73 pgs

Imre Stmon
THE NONDETERMINISTIC COMPLEXITY OF A FINITE AUTOMATON

RT-MAP-8703, Fevereiro 1987, 20 pgs

A



ETMACMEyS

Imre Simon
INFINITE WORDS AND A THEOREM OF HINDMAN
RT-MAP-8704, Abril 1987, 8 pgs

Imre Simon
FACTORIZATION FORESTS OF FINITE HEIGHT
RT-MAP-8707, Agosto 1987, 36 pgs

Routo Terada }
UM CODIGO CRIPTOGRAFICO PARA SEGURANGA EM TRANSMISSAO E BASE DE DADOS
RT-MAP-8709, Margo 1967, 31 pgs

Martin Grétschel, Yoshiko Wakabayashi
FACETS OF THE CLIQUE PARTITIONING POLYTOPE
RT-MAC-8801, Janeiro 1988, 21 pgs

Martin Grotschel, Yoshiko Wakabayashi
A CUTTING PLANE ALGORITHM FOR A CLUSTERING PROBLEM
RT-MAC-8802, Fevereiro 1988, 52 pgs

Martin Grétschel, Yoshiko Wakabayashi
COMFOSITION OF FACETS OF THE CLIQUE PARTITIONING POLYTOPE
RT-MAC-8803, Marco 1988, 14 pgs

Imre Slmon
SEQUENCE COMPARISON: SOME THEORY AND SOME PRACTICE
RT-MAC-8804, Abril 1988, 14 pgs

Imre Simon
RECOGNIZABLE SETS WITH MULTIPLICITIES IN THE TROPICAL SEMIRING
RT-MAC-8805, Maio 1988, 14 pgs

Valdemar W. Setzer, Ervino Marussi
LDT: UM GERADOR UNIVERSAL DE APLICAGOES PARA PROCESSAMENTO DE DADOS
RT-MAC-8806, Junho 1988, 40 pgs

Routo Terada
PROBABILISTIC ANALYSIS OF OPTIMAL ALGORITHMS FOR THREE NP-HARD PROBLEMS
RT-MAC-8807, Agosto 1988, 16 pgs

Valdemar W. Setzer
UM SISTEMA SIMPLES PARA DOCUMENTAGAQ SEMI-AUTOMATICA DE PROGRAMAS
RT-MAC-8808, Setembro 1988, 18 pgs

Valdemar W. Setzer, R. Hirata Jr.
HIPO-PC: UM "SOFTWARE" EDUCACIONAL PARA INTRODUGAO AO COMPUTADOR
RT-MAC-8809, Novembro 1988, 20 pgs

Amaldo Mandel
O EDITOR DE TEXTO EPSILON
RT-MAC-8901, Abril 1989, 97 pgs



RT-MAC-IME.-USP

Valdemar W. Setzer, R. Hirata Jr.
DIA DA COMPUTAGAO
RT-MAC-8902, Abril 1989, 11 pgs

Valdemar W. Setzer, N. A. Zaguir
UM BANCO DE DADOS PARA CRIAGAQ E SELEGAO ZEBUINA
RT-MAC-8903, Margo 1989, 16 pgs

Imre Simon
PROPERTIES OF FACTORIZATION FORESTS
RT-MAC-8904, Junho 1389, 8 pgs

Valdemar W. Setzer, Roberto C. Mayer
GRAFOS SINTATICOS SIMPLES E UM GRAFO PARA A LINGUAGEM C ANS!
RT-MAC-8905, Agosto 1989, 24 pgs

Routo Terada
UMA IDENTIFICAQAO CRIPTOGRAFICA COMPACTA DO TIPO ‘ZERO-KNOWLEDGE'
RT-MAC-8906, Setembro 1989, 6 pgs

Imre Simon
ON SEMIGROUPS OF MATRICES OVER THE TROPICAL SEMIRING
RT-MAC-8907, Setembro 1989, 19 pgs

Marco Dimas Gubitoso, Claudio Santos Pinhanez
MAQUINA WORM - SIMULADOR DE MAQUINAS PARALELAS
RT-MAC-8908, Novembro 1989, 28 pgs

Carlos Humes Jr.
SOME POMU COMMENTS ON LAGRANGIAN DUALITY, OPTIMALITY CONDITIONS AND CONVEXITY
RT-MAC-8909, Novembro 1989, 15 pgs

Carlos Humes Jr.
METODO DE DESIGNACAO DE FLUXOS E CAPACIDADES: VERSAO FINITA
RT-MAC-8910, Dezembro 1989, 31 pgs

Carlos Humes Jr.

A PROJECTION-FEASIBLE DIRECTION METHOD FOR THE CONTINUOUS CAPACITY AND FLOW
ASSIGNMENT

RT-MAC-8911, Dezembro de 1989, 21 pgs

Carlos Humes Jr.
SOME RESULTS ON OUTER LINEARIZATION IN THE PRESENCE OF CONCAVITY
RT-MAC-9001, Janeiro 1990, 16 pgs

Claudio Santos Pinhanez
PARALLELIZATION OF ALPHA-BETA ALGORITHMS FOR GAME TREE SEARCH
RT-MAC-9002, Janeiro 1990, 17 pgs

0. Menzilcioglu, H.T. Kung, S.W. Song
COMPREHENSIVE EVALUATION OF A TWO-DIMENSIONAL CONFIGURABLE ARRAY
RT-MAC-9003, Janeiro 1990, 10 pgs








