
MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFACH

Tag u n g 5 b e r ich t

Effiziente Algorithmen

26.11. bis 30.11.1984

Die Tagung fand unter der Leitung von Herrn Mehlhorn (Saarbrücken),
Herrn Paul (San Jose) und Herrn Walter (Darmsta.dt) statt.' Im Mittel-'
punkt des Interesses standen Fragen aus dem Bereich der Algorithmiscnen.
Geometrie, der Datenstrukturen, der Parallelen Algorithmen ,und der
VLSI-Theorie. Die übrigen Vorträge verteilten sich.auf die Gebiete .~er

allgemeinen Komplexitätstheorie, der algebraischen Komplexität, der
Graphentheorie, der Netzwerke-Synchronisation, der Semantik und der
Topologie.

Vortragsauszüge

B. BECKER

Layouts with Wires of Ba1anced Length

Layout systems for VLSI-circuits hav~ to deal with two, i~portant sub~

problems: placement ~nd routing. The predesigned piece~ of th~ tircu~t

have to be placed on the chip in such a way that the wires 'interconnecting
ports can be routed according to given electrica1 contraints and design
ru1es. F.e.: The designer has to arrange modules that fit together and
have interconnections as short as possib1e, since 10ng wires resu1t
in 10ng signal delays.
This gives motivation for the following graph theoretical questions:

                                   
                                                                                                       ©



- 2 -

Consider a graph Gwith 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 fol1owing 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 layo~t L with ~

the fol1owing 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 asthe limit of the lp-optimal layouts of' G.
- If G is a planar graph with fixed boundary, then the optimal balanced

layout of G is 'quasi-planarl. (joint work with H.G. Osthof)

N. BLUM:

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

Let Sl,S2, .•. ,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.
We give an algorithm whichhas single-operation tilne complexity O(l~~ofo~ ~).

Also we define a class B of algorithms, containing the class of algorithms
defined by Tarjan a"nd prove. Ivery algorithm from the class B has single­
operation time complexity Q(10~o~o~ n) in the worst case.

&,;'
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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
structur~s which measure in some respeet the eomplexity of a given problem.
The questions wich we are going to eonsider in the following paper are
classification problems, the 'computations' are .described by questionnaires
or as they are ealled nowadays by 'branching programs'. The 'complexity'
of the problem is measured by classical topological invariants (Betti "umbers,
Euler-Poincare charaeteristic) o~ topological structures (simplicial eomplexes,
topological spaces). It ;5 shown that f.i. the Betti numbers ho(Pure(K» and
hN_1(Mix(K» are lower bounds for the s;ze - i.e. the number of questions -
in an opti~al decision tree for K. Following the philosophy presented aQove
there is a requirement to.study topological properties ofcomputational
problems, especially of elassification problems. These considerations may
eventually leed to a better understanding of intractable computations.

B. CHAZELLE:

The Complexity of Geometrie Retrieval Problems

We report on new developments concerning the efficient retrieval of informa­
tion in a geometrie data base. The elass of problems under investigati:on
involves preproeessing 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 effieiently.

D. DOLEV:

On Cloek Synchronisation

A single and effieient 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 restriet 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 fault1y.

H. EDELSBRUNNER:

Optimal Solutions for a Class of Point Retrieval Problems •

1 H n+1
(1 +3ri)" il- on

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 we11-known fixed radius neighboI problem, to which
we thus proved the first known optimal solution. (joint work with B. Chazelle)

P. FLAJOlET

Singular Differential Systems + Cauchy = Multidime~sional Search

Mu1tidirnensional 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 quad-tree and ~he •
k-d-tree structure (Bentley et !l.). The"results we obtain are:

(1) the expected cost of an exact search in a quad-tree is (in terms.
of node vi s i ts ) :

=t log n + 0(1}

and if k = 2 this cost has an exact expression
. 1 1

(Hn = 1·' + "2 + •.• + n)·

(2) tne expected cost of a partial match query with ! out of ~
specified attributes is of the form
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~ y n l-s/k+8(s/k)

where eis a sma 11 f une ti 0 n : e (u) * 0, u E ] 0 ; 1[ .

The proofs proceed first by setti~g ~p recurrences that translate into
linear integro-differential systems over generating"functlons of average
costs. One~then applies the ~lassical theory of linear differential"

. systems to obtain the asymptotic behaviour of generating funttions
around their singularity and then conclude with a suitable use of
Cauchy's integral formule·for coefficients cf analytic functions. (Based on
,[F1ajolet, Puech; FOCS ' 83, JACM ' 85] and [Fl~jolet, Gonnet, Puech, 'Robson; in prep.J

M.L. FURST:

White Pebb1es He1p

Bob Wi1berhas recently constructed directed acyclie graphs that~can be
b1ack-white pebb1ed with fewer pebbles than the best· black pebb1ing
strategy .
Thus, there are straight-line programs whieh can be eva1uated nondeterministi­
ca11y with asymptotica1ly 1ess space than ;·s required' by any deterministic
evaluation.

L.I. GUIBAS:

Fractiona1 Cascading: A Data Strueturing Technique with Geometrie
App1ications

We introduce a new data structuring technique for improving existing
solutions to retrieva1 problems. Many such proble~s require for
their solution an efficient method for.mutiple look ups: repe~ted1y

looklng up a key x in a subset {Li 1, Li 2, ... ,Lim} of n possib1e sor~ed

lists ll,L2, •.• ,Ln. If all the lists have the same leng~h c, then th~s

can be done in time O(n log cl, by independent binary searches. Us;ng
fractional cascading we show how, under certain conditions, the m~lt1ple

look ups can be done in time O(n. + log cl, whi1e keeping the storage
linear. These conditions are as fo1lows: the set of possible lists L1"",Ln
must be put in a 1-1 correspo~danee wi th a graph of "b.ounded degree ".
Multiple look ups are only a1lowed on eolleetions of list corresponding to
connected subgraphs. ~sing fractional cascading we are. able to improve the
sunming time of dozens of geometrie a1gorithms by a l2.g factor. (joi:lt ~·:0rk

with B. Chazelle)
                                   

                                                                                                       ©



- 6 -

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 ta
well-known parameters appearing in the analysis of some algorithms.
For a simply generated family of rooted planar trees F (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 E ~with n nodes and m leaves for an arbitrary weight function.
This general result implies exact and asymptotic formulas for the average
weight of a tree T E ~with n nodes if the weight function is a polynomial
in the number of nades and leaves with coefficients' depending on the node
degrees.
Finally, we shall apply our results to three types af "free search cost
measures" for a tree TE;: recently i ntroduced .in connection wi th 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, thefloor function (LXJ:= max{z € ?LI z € x}) •

has been used in algorithms with surprisingly low cost. When trying to
prove lower bounds on tne height of computation trees, one discovers
that the known topological methods do not apply directly, if the floar
function is contained in the set of basic operations. In an attempt to
extend" these techniques it is shown tha~, in certain situations, floor
steps can be replaced by comparisons or subtractions, leaving the
camputation 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 {.+'-'*:IL e J} and r'ational constants, .st(n log.n) comparisons are
necessary. These bounds hold for computation trees as well as for RAMls.
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J. VAN LEEUWEN:

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 camman classes of interconnection networks such
as the shuffle-exchange network and the hypercube. The presentatian.
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
shaw how they arise in a variety of applications, including wafer-scale
integration of systalic arrays, one and two dimensional bin packing and
dynamic alloca.tion. 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 ~he graph can be as large as exponential. Thu~ even the most
efficient graph algorithms become"hopelessly inefficient when their complexi­
ty is measured in tenms of the length cf the hierarchical description.
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the amount of paging that iso necessary to process a graph that daes 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 pnocessing the graph. We classify
methods of hierarchical graph processing and salve particular graph problems,
such a connectivity properties, minimum spanning forests, planarity, path
problems and others.

B. MAHR:

Abstract Semantics of alISingle Assignment" Language for Nonsequential
Algorithms

Single assignment languages provide means to formulate algorithrns 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:

Lecal Reuting ef Two-Terminal Nets is Easy

A lecal 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
is ·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
a1gorithm which solves local routing problems ;n time 0(n(10gn)2) where
n i5 the size of the routing region. (joint work with M. Kaufmann)
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F. MEYER AUF DER HEIDE:

Fast Algorithms for N-DimensionalRestrictions of Hard Problems

Let Mbe a parallel RAM with p processors (with direct and tndirect
storage access, arbitrary write conflict solution, and arithmetic
operations 11+11 and 11_11) 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 fram 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 af 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 into 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 nodes which are adjacent in G. -Three· results are'
presented:

(I) The problem of embedding graphs inta 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 in~o a binary tree with

edge 1ength r1092dl + rl0921092dl + 5, .where d = 2max degre~(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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Finding the Next Smaller Element

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

rank k •
(joint work with W. Cunte).

J. NIEVERGELT:

Software for Geometrie Computation

We deseribe experimental implementations of geometrie algorithms aimed
at identifying suitable components of a library of subroutines for
geometrie eomputation. We aim at simple teehniques with a stable behavior
over a wide range of applications. The teehniques investigated fall into
3 categories:
1. Processing eonfigurations of geometrie objects
2. Storing geometrie objeets on disk so as to support proximity queries
3. Deseribing and eonstrueting objects subjeet to eonstraints.

1) Processing. A planar sweep skeleton has been implemented which ean
be adapted with little work to solve problems sueh as sean conversion or
region identification and measurement. Across a wide range af problems
and data generation models, prosessing time on a 16-bit personal computer
has been 3 msec(n+s)log n, where n is the number of points and s the number ~
of interseetions to be diseovered. If objects are defined on an MxM grid
and camputation is done in floating point, you need 6M+4 bits in the
mantissa to maintain eonsistent ordering w.r.t. the x and y axis.

2} Storing. The grid file is a dynamic multi-key aceess data structure
that answers any poi'nt query in 2 disk accesses, and uses di sk accesses
spaeing G when answering arbitrary region queries. Intersection queries
on spatial objeets are redueed to cone-s~aped 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) Deseribing and constructing. A Prolog interpreter interfaced to Modula-2
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has been implemented and used to construct geometri~ 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 eli.mi~ation is one of the very basic problems in computer.
graphics. We study three special cases of increasing difficulty of this
problem: In the fir~t problem A on1y 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 projectioD 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. B"ut 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 th.e number of visible ~dges but not on the number of inter­
sections in the projection. The results are obtained in collaboration with
H.R. Güting from the University of Dortmund.

• MARK H. OVERMARS:

Geometrie Data Structures in Computer Graphics

The problem of WINDOWING in Computer Graphics asks for the part of a
picture that iso 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 0(10g2n + k), an update time of O(log2n) and uses
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0(n.10g n) memory, where n is the number of line segmen'ts' ana~~K ·ts -(ne

number of 1ine segments in ~he window.

R.Y. PINTER:

Optimum Scan-Width Se1ection under Containment Constraints

We consider the fo11owing algorithmic problem, which arises in connec­
tion with optimal1y 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-va1ued, nondecreasing cost function
defined on (0, H]. An instance of the problem consists of a given range
R = [a~ b] and n given intervals I; = [ai,bi ], 1 s i s n, each con­
tained in Rand of length not exceeding H. A solution (or feasib1e
solution) for such an instance is a collection of segments Sl,S2, ... ,Sk'
each of 1ength at most Hand contained in R, such that each given inter­
vals is contained inat least one segment and the union of all the
segments is R. The goal is to find an optimal solution with respect to
c, i.e., a solution for which the s~m 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 severa1 natural classes of cost functions, the

'most general of which is the c1ass of all concave increasing functions,
solved by an algorithm that runs in time 0(n2). If the cost function
for a segment is simp1y its length then the time complexity is linear
(which is optimal), and when the cost is linear in the length (inc1.. a
free term) the comp1exity is O(n log n).

F. PREPARATA:

New Upper Sounds for Neighbor Searching

This paper looks at the circular retrieva1 problem and the k-nearest
neighbor problem. We present two simi1ar data structures, each used for
solving both problems. One is bui1t by a deterministic method and uses
space O(n(log n 10glog n)2), and the other is bui1t by a probabi1istic
method and uses space O(n 10g2n). For both data structures and both prob­
lems we give a1gorithms for answering a query in time O(k+log n), where
k denotes the number of points in the answer.
(joint work with B. Chaze11e, R. eale 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 nonsingula"r'
n x n linear system Ax = b over the :ratiana1s. Let M{n) be the number
of processars required" to mul tiply two n x n rational matrices in .
time O(log n). I describe a quadratically convergent iterative·method

"" _ O( 1)
that gives the inverse (within accuracy 2 n ) of a rational matrix
with condition s nO(I) in 0(109 n)2 time using M(n) prb.cesso~s .. Thi~
is the optimum processor bound and a In impravement of known proces­

sor bounds for polylog time inversion. It is the firs~ known pol;log
time a1gorithm that is numerical1y stable.

Also, I give a direct parallel algorithm for exact solution of a
sparse n x n symmetrie (Hermitian) linear system Ax = b. If the graph
G(A) (which has n verti ces and has an edge for each nonzera ~ntr.Y:):,i s
s{n)-separable, then aur algorithm requires O( log ~(log s(n»2) time
and lEI + M(s(n» 1S(n) processars. Thealgorithm computes a recur~

sive factorization of A sothat to salve another linear system Ax =b l

with the same A requires an1y O(log n log sen»~ time and -lEI +5(n)2
processors.

(This work was done col1aboratele1y with Victor Pan)

R. REISCHUK:

Lower Sounds.for very fast Parallel Computations

Far the two models of parallel random access machines, the WRAM which
may perform simultaneous writes and the PRAM which may not, lower
baunds on the camputation time are established due to information
theoretic reasons. For the PRAM the lower bound ;s loga c(f) wh~re

a = (~)2 and c(f) is the eritical index of the function f to be
computed. This index is defined as
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max n l{i/3 Yi E 0, f(x1... xi · •. xn) 4: f(x1 •..Yi .•. ~n)} I where On·
x1··xnED
denotes the domain of f. An n-ary funetion for whieh the critical index
takes the maximal value n is ealled critical. A simple function with
this property is the boolean 1I0r ll. This Q(log n) lower bound for the
PRAM contrasts to the WRAM model in which every boo1ean function can
be computed in 2 steps; this simu1taneous writes may he1p a lot. It can
be shown that· this phenomenon does not occur in general. rher~ exist
simple arithmetic functions.f: INn ~ IN for which a 1+1092 n lower time
bound holds, for examp1e the SUfi of n numbers. The result fol10ws from
a general lower bound. for functions fulfil1ing the stronger eondition ~
of being supercritical. ~t requires th~t for all x1, •.• ,xn E INn and

all Yt * xi,f(xl'~i,xn) * f(x1···yi ···xn)· .

A. SCHöNHAGE:

Effieient diophantine approximation

Given a1, ..• ,a
n

E Rd with d < n and E > 0, .how can we find a ~on-triv­

ial x = (x1' ..• ,xn) E7Ln qf minimal norm v such that
.Ix1a1 + ..• + xnanl < E holds? A weaker version of this elassi.cal task
has a rather fast solution: If E may be exeeeded by a faetor Zen, then
some x * 0 with IIxll < 'V.2

eln
ean be found in time

The main taol is an· improved basis reduction algorithm for integer
lattiees.

A. SHAMIR:

Polymorphic Arrays:·A nove1 VLSI Layout for Systolic Computers

This paper proposes a navel architeeture for massively parallel sys­
tolie computers, which is based on results from lattiee 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 borderless 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 1/15.

D. SLEATOR:

Karmarkarls Linear Programming Algorithm

Nirendra Karmarkar has discovered a new polynomial time algori"thm 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 ~y the algorithm. The issue of whether the algorithm
will be useful in practice is unresolved.

A.O. SLISENKO:

On Approximate String-Matching

Here are presented recent results by A.G. Ivanov published in Izvestiya
Acad. Sei. 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 VI s.t. U = UIVIU~ for some UI and U2, and VI
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 90 to input,simultaneously.
For ~~-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 comrnunication net­
work, in the presence of faults. We study a fami1y of algorithms for reach­
ing agreement in this context. With respect to termination time, the fami1y
is provably optimal in a simple model of communication. Here we study the
effect on' optimal ity of movi n9 to a more real istic intermediate model on e
the way to an implementation.

A. TSAKALIDIS:

Dynamic Interpolation Search

We present a new data structure ca11ed Interpolation Search Tree (IST)
which s~pport~ interpolation search and insertions and de1etions.
Insertions and Deletions have expected amortized cast 0(10g10g n) and
warst case amortized cast 0(109 n).
The warst case search time is 0«109 n)2) and the expected search time' is
0(109109 n). This is not on1y true for the uniform distribution but for
a wide class 'of .density functions, the so-ca11ed smooth density functions.
(joint work wi th K. Mehl horn).

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 e1iminates the need for
shared memory without significant1y 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 O(10g n(iog10g n)2) time,
when both models use n processors, and the size of the PRAMI S shared.
memory is polynomia1 in n. (The best previously known upper bound was

e·

------------------------------------------~
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the trivial O(n». We also establish that this upper bound'is"neaY'ly
optimal. We prove that an on-line simulation cf 'T PRAM steps by a

complete network of processors requires Q(T-'o~l~gnn) time.

A s impl e consequence of the upper bound is that an Ul tracomputer.. (the '
only currently feasible general purpose parallel machine), can simulate
one step of a PRAM (the msot convenient parällel model to. program), in
O((log n log n)2) steps.
(joint work with A. Widgerson)

R. VERBEEK:

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

We conside~.space bounded machines wi.th an add.itional two-way. (read-only)
random tape and show that these machines use preci sely 1ogari thmica.lly:·
less s.pace thanthe machi nes wi th one-way random tape (i oie;· probabi'lis ti c
machi nes in the usua 1. sense). Th i s answers the question of Borod.in, 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.witho~twork~$pace can simul~te

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 neduced logarithmica1ly us;ng a two-way random tape:
the polynomially time bounded probabilistic machines (defining the c1ass
PP) are ~quivalent to simultaneously polynomia1 time and log n space
bounded probabilistic machines with two-way random tape; e.g. there is
a probabi1istic algorithm with two-way random ta~e that recognizes ~

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 a1go­
rithm for finding all occurrence of the pattern in the text. The algo-
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rithm runs in O(~) time using any number of p < ,~g n. processors on a
concurrent-read concurrent-write parallel random access-machine.

I. WEGENER:

On the Compl extty of 51 iee 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 cireuits we have severa1 nonlinear lower bounds for
n-output functions, the largest one is of size n2/109n.
We show that eaeh f:{O,l}" ~ {Q,1} has a representation by n monotone
functions (f1, ... ,fn) of nearly the same complexity. For these functions
we prove that their cireuit complexity over the monotone basis is not
much 1arger than the ci reui t compl exi.ty over compl ete bases. Furthermore
we present a geometrie representation for (monotone) circuits for slice
functions', the functions of the monotone representation of f above.
Finally we diseuss 'efficient algorithms for some slice functions.

Berichterstatter: A. Tsakalidis
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