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Unter Leitung von Professor C.P.Schnorr (Frankfurt) und Professor
A.Schonhage (Tibingen) fand in diesem Jahr erstmals eine Tagung Ubex
Algorithmen und Komplexitdtstheorie im Mathematischen Forschungs-
institut Oberwolfach statt. Es war gelungen, einen internationalen
Kreis von Teilnehmern zu dieser Tagung zu gewinnen. Die sich hieraus
ergebende Gelegenheit zu einem eingehenden und fruchtbaren Cedanken-~
austausch auf diesem Gebiet wurde lebhaft begriift.

Die Vortrdge beschidftigten sich u.a. mit schnellen Algorithmen,

unteren Schranken filir die Rechenzeit von Algorithmen (inshesondere

von Entscheidungsverfahren in der Logik) , abstrakter Komplexitdts-

theorie rekursiver Funktionen, Programm-Komplexitdt und Zufallig-

keit von Folgen, sowie Programm-Schemata.
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Vortragsauszige

Alton, D.A.(Iowa City: Embeddability and Diversity of
Speed-ups in Computational Complexity

Let & be an arbitrary measure of computational complexity.

Let P(®) be the collection of all oomploxity classes of 9,
partially ordered under set inclusion. E.McCreight and A.R.
Meyer have proven that every countable partial order can be
embedded in P(®). I generalize this result in two ways, first
by showing that the run-times which form the bounds on the
complexity class can be separated by a total effective oper-
ator (Theorem 1) and second by showing that r-speed-upable
functions can be responsible for thévembedding (Theorem 2).

T +hen show (Theorem 3) that any recursive ordinal can be
embedded in P(®) in such a way that any épeed~upable function
in the largest complexity olass_in.the>embedding is also in
the smallest. Theorem i was proved independently by R. Moll.
A result of Prof. Dr. Sohnorr shows that Theorem 3 is “beét
possible" in the sense that ény descending seqoence’of.run~
times (corresponding to an effort to embed w¥, tho feversal of

w, into P(®)) is the complexity sequence of a function.

Ausiello, Giorgio®” IAC - CNR, Rom: Considerations on the
approximation of functions via resource bounded

computations

’V_Betwoen differentkapproaohes to theoprobleﬁ_of peiating the
complexity and the semantios ofla progrém(soch‘as struct- -

. ured complexity or the complexityvpropebties of‘translatiOns)
a particular attention is deserved by the study of chains

of functions defined by bounds on computations..-



The concept of semantics of programs defined in the Dana
Scott lattice theoretics approach is formulated on an ex-
tensional envirdnmént where the basic objecfs are functions
and not programs. The way programs are dealt with is
through sequerices of funétions: we associate to any program.
a recursive operator P and then, via Kleene's theorem, we
characterize the function being coﬁputed as the least fixed
point bf p and we characterize the program through the se-
guence of functions{w‘é[L]} where L is the everywhere unde~
fined function.

Starting from the notions of computational complexity, given
any function f, given any program mj-for f , given any
measure of complexity ¢ and given one r.e. sequence of total

resource bounds {gn} we can define the sequence'{fg}»where

fg(x) ] | f(x) if @j(x) < gn(x)

"error" otherwise
The semantically based sequence and the complexity based
Sequencé can be embedded in Scott's lattice of function
and an interesting research field is to find velation bet-

ween them.

4 v RV’ : : N
865Var, Jiri, Prag: Programs and Complexity measures

The prépefty of é-function f(xay) to be an acéeptablé Gédel*
numbering of all partial recursive (p.f.) functions is not
invariant Qith respect to the change of arguments.This fact,
though not yet fully understood, haé>a‘conneétion to two

(dual) conecepts of reducibility between numberings of p.r.



functions. Results concerning the structure of the cor-
résponding quasi-orderings are presented, especially the
theorem (M. Chytil): mutual feducibility between numberings
of arbitrary sets of p.r. functions implies their iso-
morphism. One of the two types of reducibility can be in-
terpreted as a change of the engoding of arguments. The
effecf of this change in connection with various measures
of computational complexity is discussed and a new axiom

for composition due to M. Chytil is presented.

Blum, Manuel, Berkeley: Inductive inference

An inductive inference machine is a Turing machine that is
designed to accept the graph of a recursive function, bit
byvbit, and to conjecture algorithms fbr computing that
function. While beingifed by the graph of a function f, such
a machine may change its mind an infinite number of times,
in which case it doec not infer f. However, if for each
‘enumeration of the'graph.of‘f there is a point in time at
which the machineiconjecturesfa correét algorithm for f

‘and never again changes its mind, then we say that the ma-
chine cén identify‘f.' |

Our goal has been to characterize the classes of recursive
functions that can be identifiedAby inducfive inférence
machines.“Our characferization is in. terms of .the complex-
ity of the identifiable functions:‘we have designed a
machine M that can identify the class of compressed functions,
i.e. all those functions having optimal or near—optimal

algorithms. The compressed functions include all real-time



computable functions, all (more-or-less) quickly computable
functions (such as the primitive recursive functions), and

some arbitrarily difficult to compute 0-1 valued functions.

van Emde Boas, P., Amsterdam: Abstract Resource bound Classes

Comparing the properties of complexity and honesty élasses
yields two differences. Firstly, the hierarchy of honesty
classes has at its base not the bad recursive properties
shown by the complexity classes; secondly, there exists no
honesty procedure to rename honesty classes by a measured
set. An abstract framework to explain these differences is
developed. Givena measured set of "generalized runtimes"
one defines abstract resource bound classes in two ways,
called strong and weak classes, depending on the acceptance
or rejection of an "infinite runtime". A formalization
eliminating this "infinite runtime" is given by the concept
an acceptance relation.

By selection of a suitable acceptance relation one can re-
present complexityvclasses,honesty classes (typical examples
of strong c.q. weak classes) complexity classes modulo seté
of exceptional points, and several types of summed complex-
ity classes. The part of complexity theory independent of
the first Blum axiom (gap; union, and naming theorem) is de-
veloped in this framework; moreover these theorems are
generalized in several directions, yielding new applications

for complexity classes as well.



Buchberger, Bruno, Innsbruck: Programménderung zur Exekutions-

zelt

Wir gebén eine rekursionstheoretische Formulierung des Kon-
zepts eines "programmierten Automaten, der zur Exekutionszeilt
seine Programme dndert" und eines Automaten mit "festen Pro-
grammen" . Wir zeigen, Qie die’Zusténde eines beliebigen
universellen Automaten so "dekomponiert" werden koénnen, dabk

eine Komponente als ein zur Exekutionszeit unverdndertes

Programm aufgefalt werden kann.

Cremers, A.B., Karlsruhe: Komplexitdt formaler Ausdriicke

Mit Hilfe der fir formale Sprachen erklédrten Symboliteration
werden contextfreie Ausdriicke eingefﬂhft und eine Erweiterung
der Theorie formaler Ausdriicke angegeben.

Es werden mehrere Kriterien der "Konstruktionskomplexitdt"
definiert, darunter ein der "star-height” entsprechendes
Kriterium fir context—freie Ausdriicke. Diese Kriterien messen
zundchst die Komplexitdt formaler Ausdricke. Durch K(L): =
min {K(E) | L = <E>} definiert man dann die Komplexitdt einer
fofmalen Sprache L bezliglich eines Kriteriums K.

Ein Kriterium K heift zusammenhdngend {iber einem Alphabet T,
falls zu jeder nichtnegativen ganzen Zahl n eine Sprache L
existiert mit K(L) = n.

Alle eingefiihrten Kriterien werden als zusammenhédngend her-
ausgestellt: man erhdlt jewells unendliche Hierarchien von
Komplexitdtsklassen. |

Tm Anschluf daran werden Entscheidbarkeitsprobleme’ zur Komp~
lexitidtstheorie formaler Ausdriicke erdrtert und die Anwendung

dep Theorie zur Klassifikation von Ligtenstrukturen erliutert.



Daley, Robert, Chicago: Program Size and Computation Time:

A Combined Analysis

The minimal-program complexity of binary sequences with

a priori computation time restrictions and the resulting
hierarchy is_discussedn In contrast to the Blum complexity
hierarchy, one can construct sequences of any desired
effectively specified "time bounded" minimal-program comp-
lexity. Some rather surprising variations of this construct-
ion are mentioned. Examples of nonrecursive sequences

with both extremely slow growing program size requirements
and computation time requirements are presented. Trade-

offs between program size and computation time for reéursive

sequences are also discussed.

Fischer, Michael J., Cambridge: On-line pattern-matching
Algorithms '

Pattern;matching in strings can be regarded as arkind of
"multiplicatién", allowing a general technique for convert-
ihg off-line ﬁultiplication algorithms to on—iine dperation
to be appliéd.‘ For thevproblem of exact pattern match, we
- obtain a_time n log n on-line multifape Turing machine by
showing how to implement the Pratt-Knuth method on a Turing
machine without time loss and then converting it to on-line
operation. We show the more general prleem in which the
strings are allowed to contain single-symbol ”aon't care"
markers is time—eQuivalent to "and-or" multiplication, and
the latter problem can be reduced to ordinary integer product,
vyielding a time n(log n)g(log log n) on-line Turing machine

method.



[

" Fuchs, Peter, Frankfurt:'Some new results on the complexity

approach to random sequences

1,

g

Vz ex®: Tim(n-K, g(z(n),g(n))-f(n))
T )

Martin~-Ldf proved: Vfer [Zif(n) = o]y L?geJRi:
. B _ o .

o]. Here IR% denotes

the class of recursive funcfions A: N> N and KAernotes:the
‘ , \

effective‘program—complexity as introduced by Schnorr.

A\

We are going to characterize both Martin-LO6f and Schnorr
randomness in terms of effective program-complexity.
Let z be an infinite binary sequence (i.e.: z € X*).

7 is not Martin-L&f random iff

Tg,felRy: 27T o 4 TTH(n-K, ,(2(n),h(R))-£(n)) > o
n n 9 Vi
7z is not Schnorr random iff
ﬂg,félRif Zan(H) conv. constr. A 1im(n-K (z(n),g(n))-f(n)J)>o
1" 5 n AL 0L

(22—f(n)converges constructively iff there is a regulator of
n

convergence PG[R% such that: Vi: Zan(n)s 2
_ ner(i)
This work is co-authored by C.P. Schnorr.

Iy

Meyer, Albert R., Cambridge: Inherently difficult decidable

Problems in logic and automata theory

Just as one proves that many familiar mathematical problems
are recursively undecidable, it ié possible to‘prove that many
decidable problems are inherently hard to decide. The method
is a reducibility argument inVWhich one efficiently codes
Turing machines which run for largevambunts of time, but we do
eventually halt, iﬁto a problem of interest.

Let A be a set of words and t: [N +~ [N be a function.

Def. Time (A) =< t almost everywhere <=> There exists a Turing

machine which accepts the set A and which halts in =t(length(x))



steps for all but finitely many input words x.

Theorem Let A = any of the sets numbered below; then

.2'
(3C>o}[Time (A) = An.[22°. }Cqﬁyalmost everywhere ],
but it is false that |
oh
"(V6'>o}[Tiﬁe (A) Skn{[QQ'. ‘Ké,logzn alhost everywhere],‘
The set A may be chosen fo be | |
the valid sentences of the first order theory of
(1) linear ordef, (2) a single monadic function,
 (3) discrete order with a single monadic predicate,
(4) dense order with a single monadic predicate,
’ fhe true sentences of the
(5) weak monadic second-order theory of the structure
<YN,succeséor), |
(8) Presburger arithmetic‘with the additional predicate
Xi.yt[x.is a power  of twé and x divides y],
(7) +the first order theory of finite binary words with
the tWo_succéssor functions S,(x) = x0,3(x) = =
‘and the predicate ix.yl[x is a préfix of vl
(8) theory of pufe finite typesb
and finally |
(9) the set of star-free expressiohs (familiarvin

automata theory) which define the empty lahguage,
One can also obtain similar results, but with different time
bounds for many other decidable problems.
Results (2) and (8) were discovered jointly with M.J. Fischer§

results (9) is due to L. Stockmeyer.



Monien, B., Hamburg: Beziehungen zwischen zeitbeschridnkten

Turingmaschinen und Kellerautomaten

S.A. Cook bewies, daB aie Klasse der Sprachen, die von de-
terministischen Turingmaschinen in Polynomzeit erkennbar
sind, und dle Klasse der Sprachen, die von MehrkopF Zweiweg-
Kellerautomaten erkennbar sind, uberelnstlmmen

Es wird der folgende Satz bewiesen:

Jede deterministische Turingmaschine, die mit der Zeitbe-
schrankung T(u) = C n¥ arbeifet, kann von einem determini-
stischen p-Kopf Zweiweg Kellerautomaten, der einen zusdtz-

I .
lichen Z&hler der Lédnge (1og2n)” besitzt, simuliert werden.

Miiller. Horst, Erlangen: A recursive program scheme tO which
> b N .
there exists no equivalent non-
.recursive program scheme

Scott's notion of (simple) program schemes is extended to
recursive program scheﬁeé which allow instructions of typ L:
do P go to L';(where L,L' are Lébels,'P is a prbcedure;name).
The semantics of such program schemes 1s giVen'by a machine
which can interpret them. The récursive progPam scheme T
P: LO: if‘B'then goto Li else,gqto L2;

L,: do-Fo goto L3; 
L,: do P goto Lu,

L do'F1 goto LZ’

I
Lz: halt;
computes on the machinejWZwith storageset‘{o,l,Z,..,},

which interpretes B by ”Test on 0" ("true for x#0"),
FO by?ﬁF -(x + x+1) Fi by mZ— = <h . 2x+1)

the functlonfnt (x > 2 ~1)



There exist no simple program scheme equivalent tom,
because all functions%ﬁ%for simple program schemesT  are

bounded by a linear function{x - k(x+1) ) (for some k).

Nivat, Maurice, Paris: Some problems in the theory of

program schemes

Some results established by various aufhors concerning the
translatability of certain classes of recursive monadic
schemes into flowcharts have been given intuitive rather
than formal proofs. The aim of this talk is to give a
formalism in which such proofs can be written easily and,
one hopes, some new results obtained.

N.B. This work is coauthored by Melle I.Guersarian,kCNRS

)
Paris.

Paterson, M.S., Coventry Complexity of On-line Multipli-
cation of Integers and Reals

A function on strings is computed "on-line" in time comp-
‘ b :

lexity T if, for all n,at time T(n) the nth

output symbol
has been given but the (n+1)sJE input symbol has not yet
been read. Integers (or p-adic integers) may be multiplied
on-line if the digits are §resented from right to left.

The priﬁcipalvresults,presented are lower bounds on the
time complexity of on-line multiplication.' For the two
classes of machines, "uniform" and "polynomially-bounded',
defined by Cook and Anderaa the lower bound has been im-
proved to O(n log n/log log n), while for multi-tape Turing
machines and for "oblivious" algorithms on a very general

class of machines the bound is O (n log n). (Oblivious



algorithms are such that the sequence of storage locations
accessed 1is independent of the digits of the inputs].
The "oblivious" bound is shown to be optimal for the

class.

Schnorr, C.P., Frankfurt: Analysis of Turing machine

computations

We use the Kolmogorov concept of program complexity
(information content) of finite binary sequences and the
idea of crossing sequences to derive lower bounds on fhe
product of space-time requirements for certain decision
problems on Multitape Turingmachines. Hereby we count the
total space requirements of the working tapes only, ;.e.
we do not count the space requirements of the input tape.
Using the concept of program complexity we generalise and
trivialise some applicationé of the idea of crossing
sequences which are due to Cobham. The product of space-
time requirements deciding a cerfain relation R(u,v) on
subwords u,v is bounded from below by the square of mi;k
(Com(u,w) |[R(u,w) holds) and a constant factor which gi—
pends on the machine only.

Hereby Com(u,w) is the "common information content" of the

words u and w which is defined by

Com(u,w) = K(u) + K(w) - K(uw) where X is the Kolmogorov

program complexity.



Schérnhage, A., Tibingen: Unitdre Transformationen grober

Matrizen

Néch V. Strassen kostet die Multiplikation von (N,N)-Ma-
trizen hdchstens O(NB) viele Grundoperationen, wobeil

B - 7, also ® < 3. Hier werden entsprechend unitdre Trans-
formationen komplexer Matrizen behandelt und folgende Er-
gebnisse erzielt:

Wenn die Multiplikation beliebiger (K,X)-Matrizen in 0(x*)
Schritten mdglich ist (2 < o < 3), dann kostet auch die
QR-Zerlegung (Orthogonalisierung) beliebiger (N,N)-Matrizen
héchstens O(Nu)y die unitire Tridiagomalisierung hermitescher
Matrizen hochstens o(N®) und die unitdre Transformation auf
obere Hessenbergform hdchsten o(n” 1gN) Schritte.

~

Schwichtenberg, Helmut, Minster: Eine Klassifikation der cO—

rekursiven Funktionen

Eine Funktion heift eo—rekursiv, wenn sie aus den Ausgangs-
funktionen O,S,Ii mit Einsetzen und (geschachtelten) o~
Rekursionen (o <eg beliebig) definierbar ist. Jedem Faden im
Definitiongbaum eines eo~rekursiven Funktion wird als Re-
kursionszahl ui+...+an zugeordnet, falls die auf dem Faden
liegenden Rekursionen nacheinander die Ordnungstypen @@1,,.,5
wol besitzen. Die Rekursionszahl einer Definition einer €,
rekursiven Funktion sei das Maximum der Rekursionszahlen
aller Faden im Definitionsbaum. Sel %h::{f]fldefinierbar mit
Rekursionszahl = d};Es werden mehrere Charakterisierungen
derfﬁu angegebén, mit dem Ziel, die enge Beziehung zwischen

. . . By . .
den Funktionen in M und der Ordinalzahl o zu verdeutlichen;

Q

c.7citschr.math. Logik Grundl.Math. Bd.17 (1971) ,pp.61=Tk .~



Eine’dort nicht angegebene Charakterisierung: Unéndiiche
Terme endlichen Typs seien definiert wie in Tait, "Infinitely
long terms of transfinite type" (in: Tormal systems and re-
cursive functions, Amsterdam 1965, pp. 176 - 185).

Man kann endliche Bezeichnungen fiir unendliche Terme ein-
fithren, indem man zur Bezeichnung einer Folge (u.a.) ver-
wendet (1) einen prn rek Index einer die Folgenglieder auf-
zdhlenden Funktion und (2) eine Standard-Bezeichnung einer
Ordinalzahl <€O als Tiefenschranke. Ein Term t heiBe préa-
dikativ, wenn kein Teilterm eine hohere Tiefenstufe besitzt
als t selbst. Sei %&: = {f|f def.bar durch eine prddikative
Termbezeichnung mit Tiefenschranke <w(a+1)}.Dann giltZﬁm = P

o4

flir w = a <€o.

Schwichtenberg, Helmut, Miinster: Bemerkungen iiber elementare

und subelementare Funktionen

1. Es gibt eine subelementare Funktion U (d.h. Ue €2 nach
Grzegorczyk), so daB jede rekursive Funktion f sich dar-
stellen 14Bt in der Form f(x) = U(p,x,y) fir alley =
Q(x,sf(x)) mit einem Polynom Q; sg ist eine Schrittzahl-
funktion von f bzgl. Registermaschinen (s. R&dding: "Klassen

rekursiver Funktionen" in: Lecture Notes in Math. Bd.70)

o, Eg werden verschiedene naheliegende Definitionen von sub-
elementaren Funktionen iiber bindren Baumen angegeben und die
entstehenden Funktiénenklassen miteinénder verglichen. Die
Verhiltnisse sind komplizierter als beil den natiirlichen Zahlen.

(s. E. Cohors-Fresenborg, Dissertation Minster 1971)



L A2 . o . . .
3.¢407 sel die Klasse der primitiv rekursiven Funktionen, die

mit =n {bereinanderliegenden primitiven Rekursionen definier-

- / . .
bar sind. E/n gel die n-te Grzegorczyk-Klasse. Das bekannte
Y} %2 T . . .
Resultat A0 -l fir n 2 3 (s. Archiv math. Logik Grundl.

Bd. 12 (1969), pp. 85 - 97) 14Rt sich auf n = 2 verschdrfen

(Helmut Miller).

Stok, H.-J., Konstanz: Der Mindestaufwand beim Permutieren

von Daten

Problem 1: Given a tape with n entries

¥ Nk xiialazag‘.,...an R

and given a permutation Te X'
Question: Which is the minimum number L(II) of steps which are

needed to rearrange this data to
KK % ot
VRS A (1) () ey X XX

under the assumption that there are k (22) heads on the tape
and that in one step you can permute the data under the heads
and shift all heads at most one square?

Problem 2: Let a storage be given which contains its information
partitioned into blocks of atmost r elements.

‘Question: Which is the minimum number L(E,F) of steps which
are needed to rearrange a given set E of blocks to a new set
F of blocks, if in one step you can rearrange the data con-
tained in k(22)blocks, only?

We introduce the conéeption of compléxity measure and show
that each compl. meas. ¥ is a lower bound for L. Sqlving
problem 2 we define a concrete Y from the entropy of prob-

ability measures induced by the numbers (e N f)(e€E,f&F).
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Solving problem 2 we divide the strings a @,8,...a and

aH(l)aH(Q)"'aH(n) into blocks. Now we can apply arguments

similar to these used solving problem 2.

Stumpf, Gerd, Frankfurt: A characterization of complexity

sequences

be a Gddel numbering of the partial recursive
functions and (@i)iEN a time measure for.(wi)iéN (with re-
spect to Turing machines). A complexity sequence for a
partial recursive function f is a sequence of functions
(Pi)iEN such that
Vi D(p.) = D(f)

Vi. (wi = £):47: 9, = Ps (almost everywhere)

Vi 3]{(mk = f): Pj»k o, (almost everywhere)

Let mu be a partial recursive function (< > N#N+N'recursive3
1-1, onto) such that

(a) Vn: Vx: ¢u<n,x> Elilog(x+1ﬂ

(b) dec: Vn: Vx: ®u<n5x> < Cwu<n,x>

(e) Vn: D(mu<n, >)v= D(mu<o,»>)

(d)

then (mu<n,*>)nﬁN is a complexity sequence for a 0O-1
valued partial recursive function.

This work is co-authored by C.F. Schnorr.

P. Fuchs (Frankfurt)



