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Erwin Engeler was born in Schaffhausen on 13 February 1930 a citizen of Wagenhausen
(Thurgovia). He attended school in Diessenhofen (TG) and Schaffhausen and looks back
on his various schools warmly as having provided a conducive environment. His
schoolwork also left him time for other activities. For one, he pursued a career as a boy
scout which he crowned by attaining the position of Rover Commissary of all Thurgovia.
For another, he was an avid client of the municipal library of Schaffhausen. One book
which he found there was Hilbert-Bernays’ ‘Grundlagen der Mathematik’. One wonders
what Erwin would have said if a soothsayer had told him that the author’s own copy would
one day be passed on to him by the late Bernays’ family.

He graduated from school in 1950 and entered the ETH (The Federal Institute of
Technology) in Zurich to study mathematics. He was awarded a diploma in 1955 and a
doctor’s degree in 1958, both accomplished under the supervision of Bernays. While
preparing his doctoral thesis, he worked for an insurance company. In 1956 Erwin and
Margaret Knecht were married; both their lives from that point on cannot be conceived
without each other.

In 1958 they left Zurich for Minneapolis, where Erwin occupied at first an assistant
professorship from which he was in due time promoted. He remained in Minneapolis until
1972 with the exception of two years’ leave in 1962/1964, which he spent at the University
of California at Berkeley, at the IBM research laboratory in Riischlikon (Zurich) and at the
ETH. In 1972 he returned to work in Zurich, where he was offered a professorship for
Logic and Computer Science. As in Minnesota, Engeler’s activities at the ETH span a wide
range. He played an essential role in the Center for Interactive Computing and has been
for many years a member of the Swiss National Research Council.

The same diversity characterizes his scientific work. If we have to formulate a single
heading under which to put his work, the following seems to fit best: Structure and
Language. There seems to be a kind of complementary relation between these two poles,
a relation which is far from understood and can (at the moment) be elucidated only by
studying particular aspects. To give an idea of Engeler’s contribution to this fundamental
problem, a structured list of his papers is adjoined and six of these are reviewed in some
detail. A selection of papers will be published under the title ¢ Algorithmic Properties of
Structures’ by the World Scientific Publishing Corporation in May 1992.

The first of the papers to be reviewed here (1959) [2] is related to Cantor’s theorem
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according to which every denumerable ordered set satisfying the same sentences of first-
order logic as the rationals is isomorphic to the rationals (1959) [2]. Engeler
realized—presumably by analysing Cantor’s back-and-forth argument—that the ‘reason’
for this is the following: for every m, there is a system of finitely many m-tuples (x;, ..., x,,)
of rationals such that every m-tuple of rationals satisfies the same sentences of first-order
logic as some member of the system. (For m =2, (0,0), (0, 1), (1,0) constitute such
a system.) This result has come to be known as the theorem of Engeler-Ryll-
Nardzewski—Svenonius.

As is well known, first-order logic is inadequate to express important mathematical
properties. The axiom of Archimedes is an example of such a property.

However small a positive step s, any point p can be surpassed with sufficiently many
iterations of this step s.

This property can also be expressed by the following formula of infinite length:
P<sSVp<(+s)Vp<(s+s+s)V..Vp<Q2+ts+t..+s V...

If first-order logic is generalized to allow infinite disjunctions

(@, v,V ..)
the question then arises: under what condition is such a disjunction equivalent to a proper
first-order sentence ? Engeler’s answer is as follows: if = (®, v @, Vv ...) is equivalent to an
infinite disjunction

Y, v¥,v..)
of first-order formulae ¥, it is equivalent to a first-order formula (equivalence being defined
by validity in the models of a first-order theory) (1961) [4].

During the years 1964-1967, Engeler presented a very important generalization of first-

order logic in lectures given at the University of Minnesota and the ETH in Ziirich. His

ideas are contained in the book ‘Formal Languages’ (1967) [14].
Consider the following program II,:

If 0 < s then
do x:=s;

while x < p do x:= x+s od
od

Clearly this program terminates in an ordered group G for all values of s and p if and only
if G satisfies the Archimedean axiom. Defining S=1II as ‘ For all instances I1" of I the
program T1' terminates’, the following is a form of the axiom of Archimedes

GETI,

The relation = being defined, many notations of classical logic immediately generalize to
‘dynamic logic’, e.g.

two structures S, S’ are algorithmically equivalent if and only if for all programs II

SEIl< S =I1.
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The power of this approach is exemplified by showing how these new definitions allow the
theory of constructions to be treated in elementary geometry. Problem:

find a construction by ruler and compass of an angle of 1 degree.

As is well known, such a construction is impossible. In order to give a proof meeting
contemporary standards of rigour, constructions are defined in the natural way as
programs. IT, is a program which multiplies a given angle by 360 and terminates if and only
if the resulting angle is full. The problem of the existence of a construction of an angle of
1° then reduces to the question: does there exist a program IT, such that

EG=T1,;11,?

(EG is the structure of Euclidean geometry based on the real field.) The proof that there is
no construction of an angle of degree 1 then proceeds in the following two steps:

(1) A geometric structure AG is defined such that AG is algorithmically equivalent to EG.
(2) In AG there does not exist an angle of 1 degree.

In the paper ‘An Algorithmic Model of Strict Finitism’ (1978) [34] an attempt is made
to give a definition of strict finitism in the frame of classical mathematics. The fundamental
idea is to introduce a series of mathematicians, waxing in competence and in patience, and
to examine where they are in final agreement. Engeler has so far been followed by a PhD
student (E. Welti) who continued the original 12 page paper in a treatise of some 625
pages.

‘Generalized Galois Theory and its applications to Complexity’ (1981) [30] is perhaps
the paper most typical of Engeler’s scientific activity. Starting from one of the most central
themes of mathematics (roots of polynomials), a general theory for a central problem of
computer science is developed. We state both of these problems in their simplest form:

(1) Under what conditions can the roots of a polynomial — such as x* + x = 3 - be expressed
by radicals (i.e. functions v/, ¥/, ...)?
(2) Given a program I, and programs I, IT,, ..., can II be represented as

I1 =I'Iil;l'[i2;...;l'1in?

It is obvious how a positive answer will (in general) be given : by exhibiting the sequence l'Iij.
But how can we show that the answer is negative? Engeler shows how a generalization of
the group theoretic methods of Galois permits such proofs for a wide range of structures
and problems.

In the last paper under review (Representation of Varieties in Combinatory Algebras)
(1988) [46], a new type of structure is defined, appropriately called ‘Engeler Universes’.
These structures provide models for combinatorial logic and the A-calculus. Combinatorial
logic goes back to Moses Schonfinkel, a friend of Bernays’, in whose seminars it was a
recurrent topic. Its original object was to furnish a foundation for mathematics and the
question of models therefore did not arise. The situation changed when the importance of
A-calculus in the context of programming languages was realized. Models were then studied
by D. Scott and G. D. Plotkin. The extreme simplicity of the models introduced by Engeler
makes it possible to present his definition in detail.

Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 11 Jul 2017 at 14:53:47, subject to the Cambridge Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/50960129500001390


https:/www.cambridge.org/core
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0960129500001390

E. Specker 114

Given a set A4, let G(A4) be the smallest set containing A4 as a subset and closed under the
adjunction of (a->b), where a is a finite subset of G(4) and b an element of G(A4).

On the power set B of G(A4) a binary operation o is defined as follows.

For M, Ne B, Mo N is the set of elements b for which there exists o, « < N, such that
(a—>b)eM.

The resulting structure (B, o) turns out to be a combinatory algebra, i.e. for every term
@(x,, ..., x,) defined with the help of elements of B and variables x,, ..., x,,, there exists an
element f, fe B, such that for all a,,...,a, in B

®(ay,...,a,) = (...((foa)oay)...a,).

In short: every definable function in B is represented by an element of B—whatever can be
imagined is already achieved.

The author is aware that he has not succeeded in doing full justice to Engeler’s work.
However, he is convinced that he is more successful in his role as a soothsayer: some day
he will be followed by a reviewer more adept in competence and in patience.
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