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MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFAC}L
Tagungsberichdt 49/1984

Effiziente Algorithmen
26.11. bis 30.11.1984

Die Tagung fand unter der Leitung von Herrn Mehlhorn (Saarbriicken),
Herrn Paul (San José) und Herrn Walter (Darmstadt) statt. Im Mittel-
punkt des Interesses standen Fragen aus dem Bereich der Algorithmischen
Geometrie, der Datenstrukturen, der Parallelen Algorithmen und der
VLSI-Theorie. Die iibrigen Vortrdge verteilten sich.auf die Gebiete der
allgemeinen Komplexitdtstheorie, der algebraischen Komplexitat, der
Graphentheorie, der Netzwerke-Synchronisation, der Semantik und der
Topologie.

Vortragsausziige

B. BECKER :

Layouts with Wires of Balanced Length

Layout systems for VLSI-circuits have to deal with two important sub-
problems: placement and routing; The predesigned pieces of the circuit
have to be placed on the bhip in such a way that the wires interconnecting
ports can be routed according to given electrical contraints and design
rules. F.e.: The designer has to afrange modules that fit together and
have interconnections as short as possible, since long wires result

in long signal delays.

This gives motivation for the following graph theoretical questions:
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Consider a graph G with fixed boundary. »

- Does there exist a layout L of G, such that the maximum distance of
any node to its neighbors is minimal?

- How can this layout be constructed?

We answer these questions in.the following way:

For any graph G (with fixed boundary) there exists a layout which balances

the length of the wires (corresponding to the graph edges) and thereby

minimizes the maximum distance of any node to its neighbors. We call this

layout (length-) balanced layout.

Furthermore the existence of a unique 'optimal' balanced layout L with

the following properties is proved: '

- L is the minimal element of an ordering defined on the set of layouts
of a given graph with fixed boundary.

- L may be constructed as the limit of the lp-optimal layouts of G.

- If G is a planar graph with fixed boundary, then the optimal balanced

" Jayout of G is ‘quasi-planar'. (joint work with H.G. Osthof)

N. BLUM:

On the Single-Operation Worst-Case Time Complexity of the D15301nt Set
Union Problem

Let 51’52"“'Sn be n pairwise disjoint sets, each of size 1. We consider
operations of the following type

FIND(x): determine the set containing the element x

UNION(A,B,C): combine the two disjoint sets A and B into a new set

named C _ .
A sequence of FIND- and UNION-operations which is performed on-line is
called the disjoint set union problem. ]
og n
We give an algorithm which has single-operation time complexity O(TEET%ERTTT)

Also we define a class B of algorithms, containing the class of algorithms
defined by Tarjan and prove. Every algorithm from the class B has single-

s . . log n .
operation time complexity Q(T3§_$6§_ﬁ) in the worst case.

DFG Deutsche
Forschungsgemeinschaft . ©




UFG

Deutsche

L. BUDACH:

Topological Methods in the Computation theory

There is a general agreement that problems which are highly complex in

any naive sense are also.difficult from the computational point of view.

It is therefore.of great interest to find invariants and invariant

structures which measure in some respect the complexity of a given problem.
The questions wich we are going to consider in the following paper are
classification problems, the 'computations' are described by questionnaires
or as they are called nowadays by 'branching programs'. The 'complexity’

of the problem is measured by classical topo]dgical invariants (Betti numbers,
Euler-Poincaré characteristic) of topological structures (simplicial complexes
topological spaces). It is shown that f.i. the Betti numbers ho(Pure(K)) and
hN_l(Mix(K)) are lower bounds for the size - i.e. the number of questions -

in an optimal decision tree for K. Following the philosophy presented above
there is a requirement to study topological properties of'computationa]
problems, especially of classification problems. These considerations may
eventually leed to a better understanding of intractable computations.

B. CHAZELLE:

The Complexity of Geometric Retrieval Problems

We report on new developments concerning the efficient retrieval of informa-
tion in a geometric data base. The class of problems under investigation
involves preproceséing a set S so that given a query object Q, the subset
of objects in S which satisfy a certain predicate with respect to Q can

be computed efficiently.

D. DOLEV:

On Clock Synchronisatioh

A single and efficient distributed algorithm for synchronizing clocks is
presented. The algorithm tolerates both link and node failures in an
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arbitrary network, but it requires the existence on an authentication
scheme. We will later prove that if we restrict clocks to running with-
in some linear function of "real-time", then clock synchronization is
impossible (when authentication is being used), when one-third of the
processors are faultly.

H. EDELSBRUNNER:

Optimal Solutions for a Class of Point Retrieval Problems '

Let P be a set of n points in the Euclidian plane and let C be a convex
figure. We study the problem of preprocessing P so that for any query

point q, the points of P in C+q can be enumerated efficiently. If constant
time suffices for deciding the inclusion of a point in C, we -then demonstrate
the existence of an optimal solution: the algorithm requires O(n) space

and O(k+log n) time for a query with output size k. If C is a disk, the
problem becomes the well-known fixed radius neighbor problem, to which

we thus proved the first known optimal solution. (joint work with B. Chazelle)

P. FLAJOLET

Singular Differential Systems + Cauchy = Multidimensional Search

Multidimensional tree structures have been proposed in the early 70's to
represent sets of points in k-dimensional space. We consider the problem

of the average case analysis of two such structures: the gquad-tree and the .
k-d-tree structure (Bentley et al.). The results we obtain are:

(1) the expected cost of an exact search in a quad-free is (in terms.
of node visits):
-2,
=g logn+ 0(1)

and if k = 2 this cost has an exact expression
1, . n+l 1 1
(1+'3?)'Hh"'65 (Hn=1‘+'2+“'+'ﬁ)°
(2) the expected cost of a partial match query with s out of k
specified attributes is of the form
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where g is a small function :6 (u) # 0, u € ]0;1[ .

The probfs proceed first by setting up recurrences that translate into

linear integro-differential systems over generating functions of average

costs. One:then applies the classical theory of linear differential .
" systems to obtain the asymptotic behaviour of generating functions

around their singularity and then conclude with a suitable use of

Cauchy's integral formule-for coefficients of analytic functions. (Based on
-[Flajolet, Puech; FOCS'83, JACH'85] and [Flzjolet, Gonnet, Puech, Robson; in prep.]

. M.L. FURST:

White Pebbles Help

Bob Wilber has recently constructed directed acyclic graphs that-can be
black-white pebbled with fewer pebbles than the best black pebbl1ng

strategy.

Thus, there are straight-line programs which can be evaluated nondeterministi-
cally with asymptotically less space than is required-by any determ1n1st1c
evaluation.

L.I. GUIBAS:

Fractional Cascading: A Data Structur1ng Technique with Geometric

Apg]1cat1on

We introduce a new data structuring technique for improving existing

. solutions to retrieval problems. Many such problems require for
their solution an efficient method for mutiple ook ups: repeatedly
Tooking up a key x in a subset {Lil, Liz,...,Lim} of n possible sorted
lists LysL,,...5L . If all the 1ists have the same length c, then this
can be done in time O(n log c), by independent binary searches. Using
fractioné] cascading we show how, under certain conditions, the multiple
look ups can be done in time O(n + log c), while keeping the stbrage
linear. These conditions are as follows: the set of possible lists'Ll.,,,Ln
must be put in a 1-1 correspondance with a graph of "bounded degree".
Multiple look ups are only aliowed on collections of 1ist cdrresponding to
connected subgraphs. Using fractional cascading we are able to improve the

sumning time of dozens of geometric algorithms by a log factor. (Joint work
with B. Chazelle)
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R. KEMP:

Additive Weights of Trees

We consider a general additive weight of trees which depends on the
structure of the subtrees and on a weight function defined on the number
of internal and external nodes and on the degrees of the nodes. Choosing
particular weight functions, the corresponding weights are identical to
well-known parameters appearing in the analysis of some algorithms.

For a simply generated family of rooted planar trees ¥ (e.g. all trees
defined by restrictions on the set of allowed node degrees), we shall
derive a general approach to the computation of the average weight of

a tree T € £ with n nodes and m leaves for an arbitrary weight function.
This general result implies exact and asymptotic formulas for the avefage
weight of a tree T € # with n nodes if the weight function is a polynomial
in the number of nodes and leaves with coefficients depending on the node
degrees.

Finally, we shall apply our results to three types of "free search cost
measures" for a tree T € ffrecently introduced in connection with the
representation of trees in major-minor loop configurations of bubble
memories. '

C. LAUTEMANN:

Cases where the Floor Function does not Help

For a number of problems, the floor function (,x,:= max{z € Z/ z € x})
has been used in algorithms with surprisingly low cost. When trying to
prove lower bounds on the height of computation trees, one discovers
that the known topological methods do not apply directly, if the floor
function is contained in the set of basic operations. In an attempt to
extend these techniques it is shown that, in certain situations, floor
steps can be replaced by comparisons or subtractions, leaving the
computation correct for a subset of inputs.

Application of this yields the desired extension of lower bounds for

a variety of problems. For sorting n integers, for instance, it is shown
that over {#+,-,*,.°,} and rational constants, Q(n Tog n) comparisons are
necessary. These bounds hold for computation trees as well as for RAM's,
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J. VAN LEEUMEN:

Simulation of Large Networks on Small{er) Networks

Parallel algorithms are normally designed for execution on networks of

N processors, with N depending on the problem size. In practice networks
have a fixed (and smaller) size. This has motivated the study of suitable,
structure-preserving mappings (emulations) of networks onto smaller net-
works. Load-balancing is enforced by requiring that every node of the
smaller network emulates an equal number of nodes of the larger network.
We present a detailed analysis and complete characterization of the
uniform emulations for common classes of interconnection networks such

as the shuffle-exéhange network and the hypercube. The presentation.
reports ongoing work jointly with H.L. Bodlaender.

T. LEIGHTON:

Random Matching Problems, with Applications to Wafer-Scale Integration,
Bin Packing and Dynamic Allocation :

We will define the up-right and grid matching problems on the plane and
show how they arise in a variety of applications, including wafer-scale
integration of systolic arrays, one and two dimensional bin packing and
dynamic allocation. Results will be cited from a number of recent papers
by Coffman, Karp, Leighton, Leiserson, Luby, Marchetti and Shor. Improved
bounds will be presented for some of the problems and several open
questions will be discussed.

T. LENGAUER:

Hierarchical Graph Algorithms

By using hierarchical definitions of graphs one can define very large graphs
with short descriptions. The blowup from the length of the description

to the size of Fhe graph can be as large as exponential. Thus even the most
efficient graph algorithms become hopelessly inefficient when their complexi-
ty is measured in terms of the length of the hierarchical description.
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the amount of paging that is necessary to process a graph that does not

fit in main memory because of its large size. We discuss how the structure
implicit in the hierarchical description of the graph can be exploited to
increase the efficiency of algorithms processing the graph. We classify
methods of hierarchical graph processing and solve particular graph problems,

such a connectivity properties, minimum spanning forests, planarity, path
problems and others.

B. MAHR: | "I'

Abstract Semantics of a "Single Assignment" Language for Nonsequential
Algorithms :

- Single assignment languages provide means to formulatevalgorithms without

imposing a total order of execution on their statements. Thus the order of
execution depends on "data availability" only. The single assignment rule
which is to be satisfied guarantees determinacy of the results no matter
in which order statements are executed. This situation gives rise to
parallel execution of statements.

The talk discusses the different motivations for designing single assign-
ment languages, outlines the features of the Language DONALD developed

by the author and studies semantics and determinacy of DONALD programs

in an abstract framework which models parallel execution of statements.

K. MEHLHORN:

Local Routing of Two-Terminal Nets is Easy

A local routing problem is given by a routing region (= a subgraph of the
planar grid) and a set of two-terminal nets. A net is a pair of vertices
(its terminals) together with a global routing for the net. A global routing
js -an equivalence class of paths where two paths are equivalent if the
cycle formed by them contains no non-trivial face. A solution to a local
routing problem is a set of paths, one for each net, which are compatible
with the global routing and are pairwise edge- disjoint. We present an
algorithm which solves local routing problems in time O(n(]ogn) ) where

n is the size of the routing region. (joint work with M. Kaufmann)
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F. MEYER AUF DER HEIDE:

Fast Algorithms for N-Dimensional Restrictions of Hard Problems

Let M be a parallel RAM with p processors (with direct and.indirect
storage access, arbitrary write conflict solution, and arithmetic
operations "+" and "-") recognizing L subset N**n in t steps. Then L can be
recognized by a Linear Search Algorithm (LSA) in O(n**4(log(n)+t+log(p)))
steps. Thus, many n-dimensional restrictions of NP-complete problems
(binary programming, traveling salesman problem, etc.) can be solved in
polynomial time.

The same is true for the unique optimal traveling salesman problem. This
problem is shown to be complete in the class of all languages which can

be recognized in polynomial time using oracles from NP. These results.
generalize the construction of a polynomial LSA for the n-dimensional
restriction of the knapsack problem previously Shown by'the author. It
destroys the hope of proving nonpolynomial lower time bounds in the
model of LSA's for any problem which can be solved.by a parallel- RAM as
above in poly(n) time using 2**poly(n) processors.

B. MONIEN:

The Complexity of Embedding Graphs 5nto Binary Trees

We consider the problem of embedding graphs into binary trees. As .the cost
of such an embedding we define the maximum distance in the binary tree’
between the images of nodeé which are adjacent in G. Three.results are’
presented: L . : B

(1) The problem of embedding graphs into binary trees is NP complete
even when the class of inputs is restricted to the class of trees of height
3. .

(2) Every outerplanar graph G can be embedded into a binary tree with
edge length flogza] + [logzlogza] + 5,.where d = 2max degree(G) - 2. .

(3) Preorder trees, Inorder trees and outerplanar graphs of maximal
degree 3 can be embedded into binary trees with edge length 3.
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J. VAV TFRURRGT

Finding the Next Smaller Element

We show that 2n-3 comparisons are necessary and sufficient in the worst
case to find the largest element smaller than a specified element in a
set of size n. n+min(k,n-k)+o(n) comparisons are shown to be necessary
and sufficient on average if the specified element turns out to be of
rank k .

(joint work with W. Cunto).

J. NIEVERGELT:

Software for Geometric Computation

We describe experimental implementations of geometric algorithms aimed
at identifying suitable components of a library of subroutines'for
geometric computation. We aim at simple techniques with a stable behavior
over a wide range of applications. The techniques investigated fall into
3 categories:

1. Processing configurations of geometric objects

2. Storing geometric objects on disk so as to support proximity queries
3. Describing and constructing objects subject to constraints.

1) Processing. A planar sweep skeleton has been implemented which can

be adapted with little work to solve problems such as scan conversion or

region identification and measurement. Across a wide range of problems

and data generation models, prosessing time on a 16-bit personal computer

has been 3 mséc(n+s)log n, where n is the number of points and s the number .
of intersections to be discovered. If objects are defined on an MxM grid

and computation is done in floating point, you need 6M+4 bits in the

mantissa to maintain consistent ordering w.r.t. the x and y axis.

2) Storing. The grid file is a dynamic multi-key access data structure
that answers any point query in 2 disk accesses, and uses disk accesses
spacing G when answering arbitrary region queries. Intersection queries
on spatial objects are reduced to cone-shaped region queries on points
in a higher-dimensional space. As compared to multi-dimensional trees,
the grid file invests in CPU time in order to save disk accesses.

3) Describing and constructing. A Prolog interpreter interfaced to Modula-2
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has been implemented and used to construct geometric objects defined by
constraints. For example, 10 Prolog rules suffice to automatically
construct a polygon given a sufficient number of coordinates of vertices,
lengths and slopes of lines, and angles between lines.

TH. OTTMANN:

Special Cases.of the Hidden Line Elimination Problem

Hidden line elimination is one of the very basic problems in computer
graphics. We study three special cases of increasing difficulty of this
problem: In the first problem A only rectilinear faces, all parallel to
the projection plane are allowed. In problem B the faces may be c-oriented
but still all parallel to the projection plane. Finally in problem C we
are given a set of c-oriented solids in 3-dim space. We describe plane
sweep solutions for all three problems. The obtained solutions are more
efficient than the ones available for the general hidden line elimination
problem. But they still depend on the number of intersections in the
projected scene. By a completely different approach called dynamic contour
maintenance we obtain solutions for problems A and B whose time and space
complexity depend only on the size of the input and the size of the out -
put, i.e. of the number of visible edges but not on the number of inter-
sections in thé projection. The results are obtained in collaboration with
H.R. Giting from the University of Dortmund.

MARK H. OVERMARS:

Geometri¢ Data Structures in Computer Graphics

The problem of WINDOWING in Computer Graphics asks for the part of a
picture that is visible in a window (an axis parallel rectangle). We show
that, when the picture consists of a set of non-intersecting line seg-
ments (possibly touching) such sets can be stored in a data structure

such that queries with different windows can be answered efficiently.

The data structures are very much related to structures used .for solving
problems in computational geometry. The best structure obtained is dynamic
and has a query time of O(]ogzn + k), an update time of 0(1ogzn) and uses
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0(n.log n) memory, where n is the number of Tine segments and
number of line segments in the window.

- o
'1
o
[

R.Y. PINTER:

Optimum Scan-Width Selection under Containment Constraints

We consider the following algorithmic problem, which arises in connec-
tion with optimally choosing beam widths and positions for electron
exposure of integrated circuit wafers. Let H > 0 be a fixed real number,
and let c be a fixed, positive-valued, nondecreasing cost function
defined on (0, H). An instance of the problem consists of a given range
= [a, b] and n given intervals I = [ai’bi]’ 1 <1 <n, each con-
tained in R and of length not exceeding H. A solution (or feasible

- solution) for such an instance is a collection of segments Sl;SZ,...,Sk,

each of length at most H and contained in R, such that each given inter-
vals is contained in at least one segment and the union of all the
segments is R. The goal is to find an optimal solution with respect to
¢, i.e., a solution for which the sum of the costs of the individual
segment lengths is as small as possible. Using dynamic programming
techniques, we give efficient algorithms and data structures for solv-
ing this problem for several natural classes of cost functions, the

‘most general of which is the class of all concave increasing functions,

solved by an algorithm that runs in time O(n ). If the cost function
for a segment is simply its length then the time complexity is linear
(which is optimal), and when the cost is linear in the length (incl. a
free term) the complexity is O(n log n). )

F. PREPARATA:

New Upper Bounds for Neighbor Searching

This paper looks at the circular retrieval problem and the k-nearest
neighbor problem. We present two similar data structures, each used for
solving both problems. One is built by a deterministic method and uses
space 0(n(log n loglog n)z), and the other is built by a probabilistic
method and uses space O(n 1ogzn). For both data structures and both prob-

lems we give algorithms for answering a query in time O(k+log n), where
k denotes the number of points in the answer.

(joint work with B. Chazelle, R. Cole and C. Yap)
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R.H. REIF:

Efficient Parallel Solution of Linear Systems

My talk describes parallel algorithms for solution of a nonsingular’
n x n linear system Ax = b over the rationals. Let M(n) be the number
of processors required to multiply two n x n rational matrices in -
time 0(log n). I describe a quadratically convergent iterative.method

tnat gives the inverse (w1£h1n accuracy 2" ) of a rat1ona1 matrix
with condition < no(l) in 0(log n) time using M(n) processors Th1s

is the optimum processor bound and a vh improvement oflknown proces-

sor bounds for polylog time inversion. It is the first known pdi}]og

time algorithm that is numerically stable.

Also, I give a direct parallel algorithm for exact solution of a
Qparse n x n symmetric (Hermitian) linear system Ax = b. If the graph
G(A) (which has n vertices and has an edge for each nonzero entry) is
s(n)-separable, then our algorithm requires O( log n(log s(n)) ) time
and |EI + M(s(n)) /s(n) processors. The algorithm computes a recur-
sive factorization of A so that to solve another linear system Ax =
with the same A requires only 0(log n log s(n)) time and |E| + s(n)
processors. : :

(This work was done collaboratelely with Victor Pan)

R. REISCHUK:

Lower Bounds.for very fast Parallel Computations

For the two models of parallel random access machines, the WRAM which
may perform simultaneous writes and the PRAM which may not, lower
bounds on the computation time are established due to information
theoretic reasons. For the PRAM the lower bound is log, c(f) whgre

a = (1+/5)2 and c(f) is the critical index of the function f to be

computed. This index is defined as
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xl?f§;€Dn I{i/a y;e 0, FXpeeoxgeneXp) # f(Xq. ¥4 -%))3 | where 0¥
denotes the domain of f: An n-ary function for which the critical index
takes the maximal value n is called critical. A simple function with
this property is the boolean “or". This 2(1og n) lower bound for the
PRAM contrasts to the WRAM model in which every boolean function can

be computed in 2 steps; this simultaneous writes may help a lot. It can
be shown that this phenomenon does not occur in general. There exist
simple arithmetic functions f: IN" > IN for which a 101og2 n lower time
bound holds, for example the sum of n numbers. The result follows from
a general lower bound for functions fulfilling the stronger condition
of being supercritical. It requires that for all XyseeesXy € IN" and

all Yi ¥ % f(xl,x 2 Xq ) # f(x ...yi...xn).

A. SCHONHAGE:

Efficient diophantine approximation

Given A1s...s € Rd with d < n and € > 0, how can we find a non-triv-
ial x = (xl,' < sXp ) € 7" of minimal norm v such that

lea1 cee X3 | < € holds? A weaker version of this class1ca1 task
has a rather fast solution: If e may be exceeded by a factor 2en , then

some X # 0 with lIxll < voZC n can be found in time

o(n (g 10g(e) 20 ().

The main tool is an improved basis reduction algorithm for integer
lattices.

A. SHAMIR:

Polymorphic Arrays: A novel VLSI Layout for Systolic Computers

This paper proposes a novel architecture for massively parallel sys-
tolic computers, which is based on results from lattice theory. In the
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proposed architecture, each processor is connected to four other proc-
essors via constant-length wires in a regular bordér]ess pattern. The
mapping of processes to processors is continuous, and the architecture
guarantees exceptional load uniformity for rectangular process arrays
of arbitrary sizes. In addition, no timesharing is ever required when
the ratio of processes to processors is smaller than 1/v5.

D. SLEATOR:

Karmarkar's Linear Programming A]gorithmA

Nirendra Karmarkar has discovered a new polynomial time algorithm‘for
linear programming, and has made extravagant claims about its perform-
ance. We describe projective transformations and the details of comput-
ing the step taken by the algorithm. The issue of whether the algorithm
will be useful in practice is unresolved.

A.0. SLISENKO:

On_Approximate String-Matching

Here are presented recent results by A.G. Ivanov published in Izvestiya
Acad. Sci. USSR, ser ., math., 1984, No 3, p. 520-568 (in Russian).

We consider string-matching with a fixed number of faults. Given an in-
put U #V, find all V1 s.t. U= U1V1J2 for some U1 and U2= and V1
differs from V only in a number of places not greater than the fixed
constant. This problem is real-time solvable by multi-tape Turing ma-
chine if U and V go to input simultaneously.

For 2-metric the problem of approximate string-matching is real time
equivalent to string-matching with don't-cares.
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R. STRONG:

Fault Tolerant Distributed Computing

The general problem considered is that of increasing common knowledge among

a number of processors participating in a point to point communication net-
work, in the presence of faults. We sthdy a family of algorithms for reach-

ing agreement in this context. With respect to termination time, the family

is provably optimal in a simple model of communication. Here we study the

effect on optimality of moving to a more realistic intermediate model on .
the way to an implementation.

A. TSAKALIDIS:

Dynamic Interpolation Search

We present a new data structure called Interpolation Search Tree (IST)
which supports interpolation search and insertions and deletions.
Insertions and Deletions have expected amortized cost O(loglog n) and
worst case amortized cost O(log n).

The worst case search time is 0((log n)“) and the expected search time is
0(loglog n). This is not only true for the uniform distribution but for

a wide class -of density functions, the so-called smooth density functions.
(joint work with K. Mehlhorn).

E. UPFAL: . . .

How to Share Memory in a Distributed System

We study the power of shared-memory models of parallel computation. We
describe a novel distributed data structure that eliminates the need for
shared memory without significantly increasing the run time of the parallel
computation. More specifically we show how a complete network of processors
can deterministicly simulate one PRAM step in 0(log n(loglog n)z) time,
when both models use n processors, and the size of the PRAM's shared
memory is polynomial in n. (The best previously known upper bound was
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the trivial 0(n)). We also establish that this upper bound'is“heafly i
optimal. We prove that an on-line simulation of ‘T PRAM sieps by a

complete network of processors requires ( TE%%gﬁﬂﬁ) time.

A simple consequence of the upper bound is that an Ultracomputer. (the -

only currently feasible general purpose parallel machine), can simulate
one step of a PRAM (the msot conven1ent pardliel model to program), in

0((logn log n) ) steps.

(Joint work with A. Widgerson)

R. VERBEEK:

N On the Power of Two-Way Random Generators: .

~

We consider space bounded machines with an additional two-way.(read-only)
random tape and show that these machines use precisely logarithmically:
less space than the machines with one-way random tape (i.e. probabilistic
machines in the usual sense). This answers the question of Borodin, Cook,
and Pippenger, whether their deterministic squared space simulation of
probabilistic machines works also for the case of two-way random tape.
Even Las Vegas (i.e. error-free) machines. without work-space can simulate
any deterministic linear bounded automaton; whith log n work-space they
accept exactly the sets in PSPACE. Also for time bounded machines the
space bound can be reduced logarithmically using a two-way random tape:
the polynomially time bounded probabilistic machines (defining the class
PP) are equivalent to simultaneously polynomial time and log n space

. bounded probabilistic machines with two-way random tape; e.g. there is
a probabilistic algorithm with two-way random tape that recognlzes -
PRIMES in polynomial time and log n space.
This material is a joint work with M. Karpinski, Dortmund.

U. VISHKIN

Optimal Parallel Pattern Matching in Strings

Given a text of length n and a pattern we present a parallel linear algo-
rithm for finding all occurrence of the pattern in the text. The algo-
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rithm runs in O(p) time using any number of p < Tog n- processors on a
concurrent-read concurrent-write parallel random access-machine.

1. WEGENER:

On the Complexity of Slice Functions

Until now we do not know any nonlinear lower bound on circuit complexity
of explicitly defined Boolean functions, even for functions with n out-
puts. For monotone circuits we have several nonlinear lower bounds for
n-output functions, the largest one is of size n2/logn.

We show that each f:{0,1}" - {0,1} has a representation by n monotone
functions (fl""’fn) of nearly the same complexity. For these functions
we prove that their circuit complexity over the monotone basis is not
much larger than the circuit complexity over complete bases. Furthermore
we present a geometric representation for (monotone) circuits for slice
functions, the functions of the monotone representation of f above.
Finally we discuss efficient algorithms for some slice functions.

Berichterstatter: A. Tsakalidis
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