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miree:  Permutation Groups in NC

UTHOR: ,

ALEROR Laszlé Babai *
E6tvos University, Budapest,

AFFILIATION: and University of Chicago

Abstract

We show that the basic problems of permutation group '
manipulation admit efficient parallel solutions. Given a
permutation group G by a list of generators, we find a
set of NC-efficient strong generators in NC. Using this,
we show, that the following problems are in NC: mem-
bership in G; determining the order of G; finding the
center of G; finding a composition series of G along with
permutation representations of each composition factor.
Moreover, given G, we are able to find the pointwise sta-
bilizer of a set in NC. One consequence is that isomor-
phism of graphs with bounded multiplicity of eigenvalues
is in NC.

The analysis of the algorithms depends, in several
ways, on consequences of the classification of finite sim-
ple groups.

Co- L{Uﬁ’!gy‘_._;‘? -

Eugene M. Luks ! Akos Seress *
University of Oregon Mathematical Institute of the
Hungarian Academy of Sciences
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TITLE: P_ADIC FACTOR|2ATION ANVD FEivDivg MAXIMAL ORDERS

AUTHOR: H.W.LENSTRA, TR,
MATH.

AFFILIATION: UNIV. OF CACLIFORNIA
BERKELEY

THE FOLLOWING Two PROBLEMS ARE CoNVSiDERED.

1. (P-ADIC PACTORIZATION) LET A PRIME NUMBER p BE GIVEN, AND A
Monic PoLyneMiAL fe Z[X]. svepose THaT £= TTF, IS THE
FACTORIZATION OF F INTO IRREDUCIBLES IN ZP[X], where 2,
=LIM Z/rZ is THE RING OF p-ADiC INTEGERS. PROBLEM: DETERMINE

THE £, Mop p™ € (Z/th)ile_ FOR GIVEN /.

2. (FINDING MAXIMAL ORDERS) LET £ e LX) monic witH wor-eero Dis—
cRIMINANT A(¥) BE glven, write @ [ <] ForR e &-ALGegRA
QRLX]/FQLX], wiTd « = (X Mop f). To BE peTermined (a Z-
BASIS For) THE maxiMAL oRpER A In Q[«], consisting oF Acc

x e Q[4] For wHicH 4 (x) =0 FOR SoME MoN(C ge Z[X].

IF, IN PROBLEM 4, onvE HAS A(F)Z o0 Mop p, THEN FacToRING £ IN
ZP[X_] IS, BY HENSEL'S LEMMA, EQUIVALENT To FACTORING (F Mop p)
IN (Z‘/,.,'Z)D(J_ 5O PROBLEM 1 IS AT LEAST AS HARD AS FACTORING
iN (Z/p Z)[X). FOR THE LATTER PROBLEM NO DPETERM/NISTIC

POLYNEMIAL TIME ALGOR(THM IS KknvowN. BUT THIS is Tve oNLY OBSTRUCTION

AGAINST THE EXISTENCE OF A POLYNOMIAL TIME ALGORITHM FOR PROBLEM 1:

THEOREM 1 FACTORING IN ZP[XJ IS "DETERMINISTIC POLYNOMIAL TIME

EQUIVALENT” TO FACTORING IN (Zfp Z)LX]. (N.B: 4 SHOULD BE Ewncopep
IN UNARY — THE OUTPUT HAS LENGTH AT LEAST )

CONSIDERING PROBLEM 2 FOR QUADRATIC £ ONE FINDS THAT 1T IS AT LEAST

AS HARD AS FINDING LARGEST SQUARE DiVISORS OF INTE GERS. AQGAIN, THIS
IS THe ownly OBRSTRUCTION :

THEOREM 2. FINDING MAXIMNAL ORDERS IS "DETERMINISTIC POLYNOMIAL TIME
EQUIVALENT” To PINDING LARGEST SQUARE DIVISORS OF /NTEGERS.

THEOREM 2 Follow] FRoM WORK OF TATTENHAUS, THEOREM 1 IS PROVED
USING THE WELL KNOWN CONNECT (ON BETWEEN THE IRREDUCIBLE FACTORY
OF £ in Z,[X) A¥D THE PRIME POWER IDEAL FACTORS oF pA m A,




TITLE: THE PRIMALITY TEST OF APLEMAN AND HUANG

AUTHOR: H W LeESTRA, TR,
MATH

AFFILIATION: v oF caciForNiIA
BERKELEY

IN THIS LECTURE THE BASIC INGREDIENTS ARE DISCUISED THAT

UNDEKL% THE PRIMAL(TY TEST OF ADCEMAN AND HUANG. THEY CiAM
|

THAT THEIR TEST RecogNIiES PRIMES IN RANDOM PoLYNOMIAL TiME,

THE TEST OF ADLEMAN AND HUANG IS OBTAINED BY REPLACING

THE ELLIPTIC CURVES THAT APPEAR IN THE PRIMALITY TEST OF

GOLDWASSER AND KILIAN BY ABELIAN VARIETIES OF DIiMENS ION 2.
THESE ABELIAN VARIETIES ARE OBTAINED AS THE JTACOBIANS OF

HYPERELLIPTIC CURveES 92'=’é(”¢), WHERE 4 HAS DegRrRee 6.

THE ADVANTAGE OF THIS REPLACEMENT IS THAT THE RATHER STRONG

UNPROVED RESULT THAT LOLDWASTER ~KILIAN WOULD VEED (av THe

DISTRIBUTION OF PRIMES IN SHORT w‘re‘RvAL.S‘) IS REPLACED By A WEAKER
VERSION THAT HAS ACTUALLY BEEN PRavED (1wAmiec & TUTiLA, 18735)

THE DISADVANTAGE OF THE REPLACEMENT IS THAT THE RECURSION
GQOES THE WROVG WAY; THE PRIMALITY PROOF FOR M. IS REDUCED ToO
THE PRIMALITY PROOF OF A NUMBER M THAT (& 2 m%. WHAT HAS

IS MORE OR LEST RANMDOM
AT DEPTH THREE /N THE RECURSION THe NUMBER M ~ m% 7o Be
PROVED PRIME

I§ Jo RANDOM THAT IT IS REASONABLE To EXPECT THAT
Wiy
m

BEEN GAINED HOWEVER |§ RANDOMmEc s : M/

CAn BE PROVED PRIME BY THE ORIQINAL GOLDWASTER-KILIAN TEST
USING ELLIPTIC CURVES.

THE MosT DIFFIcULT PART OF THE PROOF OF ADLEMAN AND HUANG IS
TO SHow THAT, IF A |S THE JACOBIAW OF A RANDOM HYPERELLIPTIC
o

CURVE gt =A(x), peg £ =6, oveR H';J THEN #’4(’9:9) is, To A

CERTAIN Exrew) UNIFORMLY DISTRIGUTED

/2

IN AN INTERVAL OF (ENGTH
e p

G
AROUND  p”. (THE ANALOGOUS STATEMENT FOR ELLIPTIC CUR VE]

IS A STRAIGHTFORWARD CONSEQUENCE OF RESULTT OF DEURING (3¢2).)
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TITLE: Homotopic River Routing

AUTHOR: Kurt Mehlhorn

AFFILIATION: Saarbriicken

Abstract

Input: A set of non-intersecting curves in the Euclidian Plane

Output: A homotopic shift (the endpoints of the curves stay fixed and are considered as holes in the plane)

of the curves such that any two curves have distance at least one.

We show that a simple flow condition is necessary and sufficient for the existance of a solution and
give algorithms for testing the condition and constructing solutions.
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TITLE:  The Multiplicative Complexity of Pairs of Quadratic Boolean forms

Claus Peter Schnorr
AUTHOR:

AFFILIATION: Frankfurt

Abstract

For two quadratic boolean forms f, f2 we characterize strict computational independence, in the sense
that L(f; ® f2) = L(/f2), and weak computational independence, in the sense that L(f1, f2) = L(f1)+
L(f2) in terms of the dual domains of f3, f2. We give a polynomial time algorithm to compute L(fy, f2)
when the coefficients of fi, f2 are given.

(Joint work with R. Mirwald)
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The following probabilistic algorithm for the gecd D(x) of primitive integer

1 - polynomials A(x), B(x) of degree <n, with |A], |B] < 2" s analyzed.
(0) Try (1) - (4) with t=h+1, 2h, 4h, 8h, ... until success.
(1) choose r at random, 0 <r < R = n(n+1)h, set £-2'+r;
(2) compute d(§) = ged (A(£), B(£));
(3) find FoeZ[x] with coeff. |f;| < 2% such that Fo(€)=d(¢), and set F(x) = primitive
part of F,(x);
(4) if F(x)|A(x) and F(x)|B(x) then return D(x)=F(x).
Termination is guaranteed by the worst case bound in
3 U(x), V(x) € Z[x] : U(x)A(x) + V(x)B(x) = QD(x) with 1<Q<2"",
which implies d(€)=q(¢)D(¢) with q(£)|Q. The algorithm will succed in (3) and (4) iff

q(€)|D]e < 2%2, thus q(¢) should be small.
Prop: The arithmetic mean g of log q(£) over any sequence of n(n+1)h consecutive

integers is bounded by g < n log (nh)(In h + O(1)) .
: &9 is bounded by

a).

L —

This implies that the expected running time @ Gepointer=maetii
E(T) < O(nh log (nh) + ns-log’(nh) log h)e &J(m k) - ggj&g 61_
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TITLE: Finding Disjoint Paths on Expanders Graphs

AUTHOR: E]i Upfal

AFFILIATION: IBM San Jose

Abstract

In a typical parallel or distributed computation model processors are connected by
a sparse interconnection network. To establish open-line communication between pairs
of processors that wish to communicate interactively, a set of disjoint paths has to be
constructed on the network. Since communication needs vary in time, paths have to he
dynamically constructed and destroyed.

We study the complexity of constructing disjoint paths between given pairs of vertices
on expander interconnection graphs. These graphs have been shown before to possess
desirable properties for other communication tasks.

We present a sufficient condition for the existence of ' < n” edge-disjoint paths
connecting any set of I\ pairs of vertices on an expander graph. We then show that the
computational problem of constructing these paths lies in the classes Doterministic-P anc
Random-VC. '

Furthermore, we show that the set of paths can be constructed in probabilistic polylog
time in the parallel-distributed model of computation, in which the n participating proces-
sors resice in the nodes of the communication graph and all communication is done through
edges of the graph. Thus, the disjoint paths are constructed in the very computation model

that uses them.

Finally, we show how to apply variants of our parallel algorithms to find sets of vertex-
disjoint paths when certain conditions are satisfied.

8 Supported in part by a Weizmann fellowship and by contract ONR N00014-85-C-
0731 '
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Two applications are given of canplex mulfplication  on
elliphe cunes Ao the theay of primality Hesting.

In the first, ae replaces +he multiplicative graup (2/12/*
of classical teits by the graup of points on an elliptic curve
adwithing Complex M«ulh'yl,‘caﬁm. by the ring of integers of an
lmqginan/ quadhc number {:‘efd. Just & a sufficient fachrization
of n-1 leads to primaliy rruo{%%ﬁ) the classical case | here ome
wses the factwmizshon of utin the awmplex mulfiphcation ring
to shew +hat /U/E s & ratonal prme.

5f’fmdlg, ae Con Speed up Atlan's prmality tejt using CﬂMr{Q‘

multiplication, Instead of canputng (ratianal) inkegral  multiples of
pinds on the elliphc wives Bemployecd here , one wiay nuthply

by elements of the imaginany quaciahc complex waltiplicstion fng
(which are roughly half s large) — at least if the class humber of
the ring s me. T seoms Hhat with the proper vefomulahans thic

class umber condition cam be dropped .
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: ted mistake bounds for on-line learning algorithms
T Expec (extended abstract) -

avtHorR: M ANFRED  WARMUTH

AFFILIATION: O MIVERSITY 6 7 CALIFORMA | SAMTA CROUR-

Department of Computer and Information Sciences, University of California, Santa Cruz, California
95064.

Abstract. Valiant has introduced a model for leaming concepts from random examples in which a con-
cept class is polynomially learnable if there is a polynomial algorithm that creates a hypothesis that has
small error with high probability. We consider a related on-line learning model in which the learning
algorithm makes a prediction for each example before receiving its classification. Each such interaction is
called a trial. If the prediction is incorrect, we say that the algorithm makes a mistake. We show that
Valiant’s model of polynomial learnability is equivalent to

a) requiring that there exists a polynomial on-line learning algorithm for which the probability of making
a mistake at the i th trial has certain bounds or

b) requiring that there exists a polynomial on-line learning algorithm for which the expected total number
of mistakes on a sequence of m trials has certain bounds.

We also introduce a model of space efficient learnability in which the space used by the learning algo-
rithm must be polynomial in log (m), where m is the number of trials. It is an open problem whether
polynomial learnability implies space efficient polynomial learnability.

Jomedh  wock with  David Hrussler avd ek (HbsIene
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