ALGEBRAIC ANALYSIS AND RELATED TOPICS
BANACH CENTER PUBLICATIONS, VOLUME 53
INSTITUTE OF MATHEMATICS
POLISH ACADEMY OF SCIENCES
WARSZAWA 2000

TWO CENTURIES OF THE TERM
“ALGEBRAIC ANALYSIS”

DANUTA PRZEWORSKA-ROLEWICZ
Institute of Mathematics, Polish Academy of Sciences
Sniadeckich 8, 00-950 Warszawa, Poland
e-mail: rolewicz@impan.gov.pl

Abstract. The term “Algebraic Analysis” in the last two decades is used in two completely
different senses. It seems that at least one is far away from its historical roots. Thus, in order to
explain this misunderstanding, the history of this term from its origins is recalled.

The term “Analyse Algébrique” (“Algebraic Analysis”) in the last two decades is used
in two completely different senses. It seems that at least one is far away from its historical
roots. Thus, in order to explain this misunderstanding, I would like to recall the history
of this term from its origins.

The term “Algebraic Analysis” was initially used by Lagrange two hundred years ago
in the title of his book (cf. References, [1797-1813]) in order to point out that most of
results have been obtained by algebraic operations on analytic quantities. As we shall
see later, in that general and common sense this name was used in the 19th and 20th
century.

To begin with, we should explain what is meant by Algebraic Analysis at present (cf.
Encyclopaedia of Mathematics, [1997)).

The main idea of Algebraic Analysis in its present, more strict, sense derives from the
fact that the differential operator D = % is right invertible in several function spaces.

Foundations of Algebraic Analysis are the following: Let L(X) be the set of all linear
operators with domains and ranges in a linear space X (in general, without any topology)
over a field F of scalars with characteristic zero and let Lo(X) = {A € L(X) : dom A =
X}. Let R(X) be the set of all right invertible operators in L(X). Let D € R(X). Let
Rp C Lo(X) be the set of all right inverses for D, i.e. DR = I (identity operator) if
R € Rp (ie. the Leibniz-Newton formula holds: < fat f(s)ds = f(t) for all functions f
from the space under consideration). Moreover, dom D = RX @ ker D. For all R, R’ €
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Rp,z € X, Rxr— R'z € ker D, i.e. the difference of two primitives of x is a constant. Let
Fp={F € Ly(X):F?=F;FX =ker D and Irer,, FR=0}.

Any F € Fp is said to be an initial operator for D (corresponding to an R). One can
prove that any projection F’ onto ker D is an initial operator for D corresponding to a
right inverse R’ = R — F’ R independent of the choice of an R € Rp. If two right inverses
(resp. initial operators) commute with each other, then they are equal. Thus this theory
is essentially noncommutative. An operator F' is initial for D if and only if there is
an R € Rp such that F = I — RD on dom D. The last formula yields (by a two-lines
induction) the Taylor Formula:

n
I= Z R"FD" + R"D"™ on dom D" (n € N).
k=0
With these facts one can obtain Calculus and solutions to linear equations (under ap-
propriate assumptions on resolving equations). If the field F is algebraically closed then
solutions of linear equations with scalar coefficients can be calculated by a decomposi-
tion of a rational function into vulgar fractions (as in Operational Calculus). If X is a
commutative algebra with unit e, F = C and D satisfies the Leibniz Condition:

D(zy) = 2Dy +yDzx for z,y € dom D,

then the Trigonometric Identity holds. Some results can be proved also for left invertible
operators, even for operators having either finite nullity or finite deficiency. There is a
rich theory of shifts and periodic problems. Recently, logarithms and antilogarithms have
been introduced and studied (even in noncommutative algebras; cf. Przeworska-Rolewicz
[1998]). It means that Algebraic Analysis is no more purely linear.

Main advantages of Algebraic Analysis are:

e simplifications of proofs due to an algebraic description of problems under con-
sideration;

e algorithms for solving “similar” problems, although these similarities could be
rather far from each other and very formal;

e several new results even in the classical case of the operator % (which was, indeed,
unexpected).

There are several applications to ordinary and partial differential equations with scalar
and variable coefficients, functional-differential equations and for discrete analogues of
these equations, for instance, for difference equations. There are also some results for
nonlinear equations.

It should be pointed out that in Algebraic Analysis a notion of convolution is not
necessary. Also there is no need to have a structure of a field, like the Mikusiriski field.
This, together with the noncommutativity of right inverses and initial operators, shows
the essential distinction of Algebraic Analysis from Operational Calculus.

As we have mentioned at the beginning, the term “Algebraic Analysis” was first
used in the title of a book by Joseph Louis de Lagrange in 1797: Théorie des Fonctions
Analytiques contenant Les Principes du Calcul Différentiel, dégagés de toute considération
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d’infiniment petits, d’évanouissans, de limites et de fluzions, et réduit o 'analyse algé-
brique de quantités finies, 2nd revised and enlarged ed., M™¢ V¢ Courcier, Imprimeur-
Libraire pour les Mathématiques, Paris, 1813 (1st ed. - 1797) (cf. References, [1797-1813];
see also the paper by J. Synowiec in this volume, in particular, concerning contributions
of the Polish mathematicians J. Sniadecki and J. M. Hoene-Wronski).

Nevertheless, it seems that this term had been used much earlier, for instance, by
Euler and d’Alembert. In the time of Lagrange this term was in use also by Lacroix,
Pfaff and others (cf. Jahnke [1993], Dhombre [1992]). A source for an algebraic treatment
of analytic quantities was, no doubt, the Leibniz symbolic calculus. Some traces led
back to algebraic investigations of Viete, hence a long time before the birth of analysis
(cf. Bigaglia and Nastasi [1986]), some to Pascal, Fermat and Huygens (cf. Fenaroli and
Penco [1979]).

The title could be explained by the fact that at that time the notions of limit, con-
vergence, and so on, were not made precise. However, the main reason was to point out
that most of the results were obtained by algebraic operations on analytic quantities.

The next book with the term “algebraic analysis” in its title was written in German by
F. B. A. Lembert [1815], according to the library catalogue of the former Jacobson Schule
in Seesen (Harz) (private communication of Professor Hans Lausch, Monash University,
Clayton (Melbourne), December 1992).

The same term as a subtitle was used by Augustin Louis Cauchy [1821]. In his intro-
duction he wrote that, as to methods, he had sought “to make them as rigorous as those
of geometry, so as never to have recourse to justifications drawn from the generality of
algebra”.

This may provoke the idea that the name “algebraic analysis” emphasized that the
analyses under consideration were more or less “different” from other concepts of analysis
at that time. And, indeed, it was so.

Unfortunately, Cauchy was forced by the authorities of L’Ecole Polytechnique to
change his way of teaching mathematical analysis so that, finally, Analyse algébrique
completely disappeared after the academic year 1924/25 as an autonomous part of the
course (cf. Gilain [1989]).

However, outside L’Ecole Polytechnique, Lagrange’s book was used as a handbook
for several years without regard to these dramatic changes.

Hans Lausch wrote (again a private communication; April, 1989):

... On the theme “The occurrence of the term ‘algebraic analysis’ in history”: I ran
across a biographical account by the historian Alfred Stern (1846-1936). Stern tells of his
father Moritz Abraham Stern (1807-1894), who together with Riemann succeeded Dirichlet
1859 in Gottingen and was the first German Jew to hold a chair. His lectures covered a

“

wide area, as his son reports: “...popular astronomy, algebraic analysis and elements of

analytic geometry, ...”

Note that M. A. Stern was obliged to deliver lectures in algebraic analysis, since this
was an essential part of the mathematical syllabus of the Prussian educational system
according to the reforms of Wilhelm von Humboldt in 1809-10. This system was obliga-
tory until the end of the 19th century (cf. Jahnke [1992], [1993]). Probably, the textbook



50 D. PRZEWORSKA-ROLEWICZ

of Lembert was also prepared for that reason. C. G. Jacobi during his studies was under
strong influence of that trend (cf. Knobloch, Pieper and Pulte [1995]).
Next the title “algebraic analysis” was used in the following books:

e Oskar Schlomilch [1845]; 5th ed. 1873;

e J. Dienger [1851];

e W. Gallenkamp [1860];

e M. A. Stern [1860];

e G. Novi [1863];

e Johann Lieblein (Professor of Technical University in Prag), [1867], a collection of
exercises for the book of O. Schlémilch;

e Karl Hattendorf [1877];

e A. Capelli and G. Garbieri [1886];

e Salvatore Pincherle [1893];

e A. Capelli [1894], whose book concerned algebraic curves,

e Ernesto Cesaro [1894], who wrote in his Prefazione:

... Forse un giorno mi decidero a publicare un libro di “istituzioni analitiche” fonda
tre cattedre diverse sotto i nomi di Algebra, Geometria analitica e Calcolo. Per ora, pure
stando a disagio in un programma necessariamente eterogeneo e pieno di addentellamenti
fittizii con altre materie, 10 mi propongo di guidare il lettore, con mosse rapide a sicura,
aa far larga messe di fatti analitici, ponendo a base (non a fine) un’esposizione rigoros
dei principi dell’Analisi algebrica.

In his book second book (in German, [1904]) Cesaro wrote (p. 683):

... 80 kann man sagen, dass die Integration die inverse Operation der Differentiation
15t.

This means that Cesaro not only made an attempt at a common treatment of Algebra,
Linear Algebra, Calculus and Differential Equations, but also followed the ideas of Leibniz
and Lagrange.

e Heinrich Burkhardt [1903];

e E. Cesaro [1904], a German translation;

e Salvatore Pincherle [1906];

e D. O. Grave (Iumutp Anercannposuu ['pase, 1863-1939, in Russian 1911 and in
Russian and Ukrainian 1938-1939); Grave devoted his books to an analysis of algebraic
problems which appeared in connection with systems of differential equations describing
movements of three bodies.

We should mentioned here a large survey of Algebraic Analysis itself by Alfred Pring-
sheim and Georg Faber given in Encyclopddie der Mathematischen Wissenchaften [1909-
1921].

D. Laugwitz in his book [1996], in Section 0.4.2 entitled Algebraische Analysis, gives
an overview of Riemann’s contributions in this direction.

In the academic years 1973/74 and 1974/75 I was delivering lectures for the first and
second year students at the Cybernetics Faculty of the Military Engineering Academy
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in Warsaw based on the idea of Algebraic Analysis. For that new programme, prepared
by mathematicians and engineers from this school working in Operations Research De-
partment, I wrote some textbooks. One of them had a title: Algebraic Analysis and
Differential Equations (in Polish; Warszawa, 1st ed. 1973, 2nd ed. 1974). Then, after an
essential elaboration, my Polish book reappeared in 1979.

At the International Conference on Generalized Functions and Operational Calculi
held in Varna, September 29-October 6, 1975, I had a talk, in which I described the
differences between Operational Calculi and the newly born “modern” Algebraic Analysis
in the following way:

By Operational Calculus in a common sense is meant: 1. a method of integration
which uses algebraic properties of the derivation operator; 2. applications of this method
for solving differential equations, mainly ordinary differential equations with scalar coef-
ficients.

The first algebraic connection between the derivation and the integration is as old as
the Calculus itself. Namely, G. W. Leibniz observed in a non-published paper in 1675
that the symbol used by him as a symbol of derivation can be treated as an “inverse” of
the symbol of integration. He applied many times this fact and he wrote about it in his
“Historia et origo calculi differentialis”.

The further history of Operational Calculus, in particular, in the last fifty years, is
well known.

Algebraic Analysis appears when (... ) for a right invertible operator acting in a linear
space one s interested not only in one right inverse, but simultaneously, in the family of all
right inverses and the family of initial operators, which are, in general, non-commutative.
We point out that nothing like a convolution is used in Algebraic Analysis. (cf. Przeworska-

Rolewicz [1979])

This distinction between Operational Calculi and Algebraic Analysis was immediately
adopted by the mathematical community working in this field and related topics.

Note that my first my papers concerning the theory of right invertible operators and
induced families of initial operators and right inverses appeared in 1972 (cf. Przeworska-
Rolewicz, Studia Math. 48 (1973), 129-144).

The next use of the term “Algebraic Analysis” in a book was (not counting several col-
lections concerning microlocal analysis; cf. References) in the book of Masaki Kashiwara,
Takahiro Kawai, Tatsuo Kimura [1986], also concerned with microlocal analysis.

The reviewer of this last book, J. L. Brylinsky (Bulletin AMS, 18 (1988), 104-105)
began his review with the following statement:

“Algebraic analysis” is a term coined by Mikio Sato . ..

A few months before, on the turn of 1987 and 1988 there was published a monograph
of the present author [1988]. In its review (Zbl 696.47002) M. Z. Nashed writes:

What is “Algebraic Analysis”? The name “Algebraic Analysis” was used by Lagrange
in a subtitle to the second revised and enlarged edition of his “Théorie des fonctions ana-
lytiques” (1813). The same subtitle was used by Cauchy in 1821 in his “Cours d’analyse
de I’Ecole Royale Polytechnique, 1re partie, Analyse algébrique”. In his introduction he
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wrote “As to methods, I have sought to make them as rigorous as those of geometry, so
as never to have recourse to justifications drawn from the generality of algebra”.

The term “algebraic analysis” appears in the title of over a dozen books without a clear
delineation of what it describes; often it is used in contexts where the common thread is
tenuous or doesn’t exist. Of the older books we mention “Istituzioni di Analysi Algebrica”
by A. Capelli (Napoli, 1894); “Corso di Analysi Algebrica con Introduzione al Calcolo
Infinitesimale” by E. Cesaro (Torino, 1894); “Elementares Lehrbuch der Algebraischen
Analysis und der Infinitesimal Rechnung”, also by E. Cesaro (Leipzig, 1904), “Course
of Algebraic Analysis” (in Russian, Kiev, 1911) and “Treatise on Algebraic Analysis” (in
Russian and Ukrainian, Kiev, 1938-1939; Zbl. 20, 197) by D. O. Grave. Capelli’s book
concerns algebraic curves, the two books by Grave are devoted to algebraic problems, while
Cesaro’s book is an attempt at a common treatment of Algebra, Linear Algebra, Calculus
and Differential Equations, close to what is often called nowadays “linear analysis”.

In 1988 two volumes entitled “Algebraic Analysis” (Vol I: Zbl. 665.00008) were pub-
lished. Edited by M. Kashiwara and T. Kawai, the two volumes consist of papers dedicated
to Professor Mikio Sato, “the initiator of algebraic analysis in the twentieth century”,
whose research seems to aim at the renaissance of “Algebraic Analysis” of Euler, and
deals with the theory of hyperfunctions (which Sato invented in 1957) and with other top-
ics not related to the classical books mentioned earlier. Finally, we mention “Foundations
of Algebraic Analysis”, Princeton (1986; Zbl. 605.35001) by M. Kashiwara, T. Kawai
and T. Kimura which is concerned with microlocal analysis.

The author of the book under review has her own very interesting explanation of what
led to the type of “Algebraic Analysis” considered in her book. But it is clear from above
that “Algebraic Analysis” means markedly different things to different authors; one has
to examine the meaning from the context in which it is used. For the present book, this
is best highlighted by quoting titles of the main chapters and key phrases: Calculus of
right invertible operators, general solution of equations with right invertible operators,
initial and boundary value problems, well-posed and ill-posed boundary value problems,
periodic operators and elements, shift operators and shift invariant subspaces, D-algebras,
perturbations and nonlinear problems, metric properties in algebraic analysis.

The common thread and concepts throughout the book (9 chapters) are the proper def-
inition of initial operators for right invertible operators and their fundamental properties,
and “Calculus in Algebraic Analysis” by which the author means the theory of right in-
vertible operators in linear spaces (without any topology, in general) - think of indefinite
integrals!

The first edition of the preprint Short story of term “Algebraic Analysis” was prepared
by the present author (cf. Przeworska-Rolewicz [1996]) in the following way.

Items until 1940 were found more or less at random. Items from 1940 on were found in
Mathematical Reviews by means of MathSciNet asking for the term “algebraic analysis”.
Until 1994 there were 318 items. Not all of them are of the same “kind”. I made a selection
in the following way. First, I cancelled a few which did not contain this term in any form.
Next, there are chosen collections which contain this term in their titles. All individual
papers in these collections are also cancelled. The remaining papers and books contain
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the term “algebraic analysis” either in an explicit form in their titles or in their review
(which is denoted by “aa in review”) or in the author’s summaries (denoted by “aa in
summary”) or, in a few cases, in the cited introductions (again denoted similarly). This
means that, by assumption, this is not a full bibliography, excerpts only. However, these
excerpts (since 1940) can be easily completed by means of MathSciNet.

The present paper is a revised and extended version of Short Story, since it contains,
like foundations of Algebraic Analysis and items from Zentralblatt fiir Mathematik und
ihre Grenzgebiete since 1943 (collected in the same manner, by CompactMATH) due
to the kind help of Professor Bernd Wegner from Technische Universitat Berlin. This
paper is also essentially enriched thanks to Professor Ernst Albrecht from Universitét
des Saarlandes in Saarbriicken, who kindly sent me a xerox copy of the survey article
Algebraische Analysis by Alfred Pringsheim and Georg Faber from Encyclopddie der
Mathematischen Wissenchaften [1909-1921].

There are also added items from MathSciNet up to date and a few others found again
at random.

Note that one book (in Spanish) had in 1960 the fifth edition (!). Another one (in
Serbo-Kroatian) had in 1970 the third edition (cf. References). I am not able to find
earlier references, because these books have not been reviewed in Zentralblatt.

A conclusion follows if you look through References. The term “algebraic analysis”
was used through centuries and is still used whenever authors wish to point out their
algebraic approach to analytic problems (or, possibly, to their far generalizations). For
that reason, one can find in References papers in Theoretical Physics, Logics, Graph
Theory, System Theory, and so on.
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MARcU E. T., On an operator that is related to Sestier’s operator in contextual algebraic analysis.
Stud. Cerc. Mat., 21 (1969), 499-508.

1970

BLANUSA D., Visa matematika. I dio. Pruvi svezak (in Serbo-Croatian) [Higher mathematics.
Vol. 1. Part One]. Algebra i algebarska analiza. [Algebra and algebraic analysis|. Third ed.;
Manualia Universitatis Studiorum Zagrebiensis. Tehnicka Knjiga, Zagreb, 1970.

1972
MEYER R. K., ROUTLEY R., Algebraic analysis of entailment. I. Logique et Analyse (N.S.) 15
(1972), 407-428.

1973
GRIGOLIJA R. S., Algebraic analysis of n-valued Lukasiewicz—Tarski logical systems. Thilis.
Univ. Srom. A 6-7 (1973), (149-150) 121-132.

1974

NaAITo S., Algebraic analysis for asynchronous sequential circuits. Systems Computers Controls,
2, 5 (1974), 9-16.

1975

KITCHER P., Bolzano’s ideal of algebraic analysis. Studies in Hist. and Philos. Sci., 3, 6 (1975),
229-269.

1976
EsTABROOK G. F.; JouNsON C. S. JrR., MCMOoRRIS F. R., An algebraic analysis of cladistic
characters. Discrete Math., 2, 16 (1976), 141-147.

1977

GRIGOLIJA R. S., Algebraic analysis of Lukasiewicz—Tarski’s n-valued logical systems. In: Se-
lected papers on Lukasiewicz sentential calculi. Zaklad Narod. im. Ossolin. Wydawn. Polsk.
Akad. Nauk, Wroctaw, 1977, 81-92.

1978
PSEVORSKA-ROLEVIC D. [Przeworska-Rolewicz D.], Introduction to algebraic analysis (in Bul-
garian). Fiz. Mat. Spis. Bulgar. Akad. Nauk., 2, 21 (54) (1978), 121-136.

1979

BURMASTER D. E., The continuous culture of phytoplankton: mathematical equivalence among
three steady-state models. Amer. Natur., 1, 113 (1979), 123-134. (aa in summary)

DuUBIEN J. L., WARDE W. D., A mathematical comparison of the members of an infinite family
of agglomerative clustering algorithms. Canad. J. Statist., 1, 7 (1979), 29-38. (aa in review)

FENAROLI G., PENCO M. A., On some letters of Christiaan Huygens in relation to his De
ratiociniis in ludo aleae. Physis. Riv. Internaz. Storia Sci., 1-4, 21 (1979), 351-356. (aa in
review)

Kozima K., The Hopf algebra structure of K«(QSp(n)). J. Math. Kyoto Univ., 2, 19 (1979),
315-326. (aa in review)

MORAGA C., Algebraic analysis of asynchronous sequential circuits. In: Mathematical theory of
networks and systems. Int. Symp., Delft 1979, Vol. 3, 1979, 310-315.

PRZEWORSKA-ROLEWICZ D., Wstep do analizy algebraicznej i jej zastosowarn (in Polish). [Intro-
duction to algebraic analysis and its applications]. WNT-Publishers in Science and Technol-
ogy, Warszawa, 1979.
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PRZEWORSKA-ROLEWICZ D., Operational calculus and algebraic analysis. In: Generalized func-
tions and operational calculi. Proc. Conf. Varna, 1975. Publish. House Bulgar. Acad. Sci.,
Sofia, 1979, 178-181.

THATCHER J. W., WAGNER E. G., WRIGHT J. B., Notes on algebraic fundamentals for the-
oretical computer science. In: Foundations of computer science, III. Third Adv. Course,
Amsterdam, 1978, Part 2. Math. Centre Tracts, 109. Math. Centrum, Amsterdam, 1979,
83-164. (aa in review)

1980

ESCHENBURG J. H., A note on symmetric and harmonic spaces. J. London Math. Soc. (2), 3,
21 (1980), 541-543. (aa in review)

MEBKHOUT Z., Dualité de Poincaré. In: Seminar on Singularities. Paris, 1976/1977. Publ.
Math. Univ. Paris VII, 7. Paris, 1980, 139-182. (aa in introduction)

PRZEWORSKA-ROLEWICZ D., Shifts and periodicity for right invertible operators. Research Notes
in Math., 43. Pitman Adv. Publish. Program. Boston-London, 1980 (aa in review)

PRZEWORSKA-ROLEWICZ D., Some remarks on shifts for right invertible operators. In: Func-
tional differential systems and related topics. First Intern. Conf., Blazejewko, 1979. Higher
College of Engineering, Zielona Géra, 1980, 274-279. (aa in review)

SRIMANI P. K., Algebraic analysis of multiple faults in combinational networks. Intern. J.
Systems Sci., 8, 11 (1980), 921-936.

TEROUANNE E., On a class of “impossible” figures: a new language for a new analysis. J. Math.
Psych., 1, 22 (1980), 24-47. (aa in review)

1981

SCHWARTZ D., Algebraic analysis of the term logic with choice operator. Z. Math. Logik Grund-
lag. Math., 4, 27 (1981), 345-352.

OcHiAl H., YANAGIHARA N., Mazimal ideals in the algebra of holomorphic functions. J. Fac.
Sci. Univ. Tokyo Sect. IA Math., 2, 28 (1981), 241-252. (aa in review)

TuckER R. W., Affine transformations and the geometry of superspace. J. Math. Phys., 2, 22
(1981), 422-429.

ZELEZNIK F. J., Thermodynamics. 1I. The extended thermodynamic system. J. Math. Phys., 1,
22 (1981), 161-178. (aa in summary)

1982

BERNHARD P., On singular implicit linear dynamical systems. SIAM J. Control Optim., 5, 20
(1982), 612—633. (aa in review)

BETTERIDGE T., An algebraic analysis of storage fragmentation (Rev. of thesis 1979). Computer
Science: Systems Programming, No.15. Ann Arbor, Michigan; UMI Research Press. Epping,
Essex. Bowker Publish. Comp. (Suppliers). XX, 1982.

Dimovskr 1. H., Convolutional Calculus. With a Russian summary. Bulgarian Math. Mono-
graphs, 2. Publish. House Bulgar. Acad. Sci., Sofia, 1982. (aa in review)

GEORGESCU G., Algebraic analysis of the topological logic L(I). Z. Math. Logik Grundlag.
Math., 5, 28 (1982), 447-454.

GUITART R., Getting started towards algebraic analysis. Diagrammes, 7 (1982), G1-G3.

KUESSNER M., Carl Wolfgang Benjamin Goldschmidt und Moritz Abraham Stern, zwei Gauss-
schueler juedischer Herkunft (Carl Wolfgang Benjamin Goldschmidt and Moritz Abraham
Stern, two students of Gauss of Jewish origin). Mitt., Gauss-Ges. Goett. 19 (1982), 37-62.
(aa in review)
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LioL R., PiLz G., Angewandte abstrakte Algebra. II. Bibliographisches Institut, Mannheim,
1982. (aa in review)

WiIckeNs T. D., Models for behavior. Stochastic processes in psychology. Series of Books in
Psychology. W. H. Freeman, San Francisco, California, 1982. (aa in review)

1983

AsvLaNov S. K., Hydrodynamic excitation of waves by the surface of a burning viscous liquid.
Fluid Mech., Sov. Res. 12, 5 (1983), 111-122. (aa in review)

GORESKY, R. M., MACPHERSON R., Morse theory and intersection homology theory. In: Anal-
ysis and topology on singular spaces, I, ITII. Luminy, 1981. Astérisque, 101-102. Soc. Math.
France, Paris, 1983, 135-192. (aa in review)

GUTMAN L., On the definition of parity of Kekule structures of benzenoid hydrocarbons. Match,
14 (1983), 139-153. (aa in review, from the text)

INDERMARK K., Complezity of infinite trees. In: Automata, languages and programming. Bar-
celona, 1983. Lecture Notes in Comput. Sci., 154. Springer-Verlag, Berlin-New York, 1983,
347-360. (aa in summary)

KASHIWARA M., Systems of microdifferential equations. Based on lecture notes by Teresa
Monteiro Fernandes translated from the French. With an introduction by J. L. Brylinski.
Progress in Math., 34. Birkhauser Boston, Inc., Boston, MA, 1983. (aa in review)

KAsHIWARA, M., Kawal, T., Microlocal analysis. Publ. Res. Inst. Math. Sci. 19 (1983),
1003-1032. (aa in review)

MALGRANGE B., Rapport sur les théorémes d’indice de Boutet de Monwvel et Kashiwara. In:
Analysis and topology on singular spaces, II, III. Luminy, 1981. Astérisque, 101-102. Soc.
Math. France, Paris, 1983, 230-242. (aa in review)

ObpA T., Introduction to algebraic analysis on complex manifolds. In: Algebraic varieties and
analytic varieties. Tokyo, 1981. Adv. Stud. Pure Math., North-Holland, Amsterdam-New
York, 1983, 29-48.

PRZEWORSKA-ROLEWICZ D., Conjugate problems for linear systems with right invertible opera-
tor. Math. Nachr., 114 (1983), 237-254. (aa in review)

1984

ARAKI H., Recent 20 years of mathematical analysis (in Japanese). Sugaku, 36 (1984), 51-69.
(aa in review)

BENIAMINOV E. M., The role of symmetry in relational models of data bases and logical struc-
tures. Autom. Doc. Math. Linguist. 3, 18 (1984), 32-47; translation from Nauchno-Tekh.
Inf., Ser. 2, 5 (1984), 17-25. (aa in review)

CORNALBA M., The new face of the theory of algebraic curves. Boll. Un. Mat. Ital., A (6), 3, 3
(1984), 335-351. (aa in review)

FLEISCHER 1., “Kripke semantics” = algebra + poetry. Logique et Anal., Nouv. Sér., 107, 27
(1984), 283-295. (aa in review)

GEORGESCU G., Algebraic analysis of the logic with the quantifier “there exist uncountably
many”. Algebra Universalis, 1, 19 (1984), 99-105. (aa in review)

DaAbic Z., Some methodological aspects of Getaldic’s mathematical works. Historia Math., 2, 11
(1984), 207-214. (aa in review)

HurMmE B. L., SHIVER A. W., SLATER P. J., A Boolean algebraic analysis of fire protection.
In: Proc. workshop on algebraic structures in operations research. Eds. R. E. Burkard,
R. A. Cuninghame-Green and U. Zimmermann. Annals of Discrete Math., 19. North-
Holland, Amsterdam-New York, 1984, 215-227.
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SAVEL'EV M. V. (Saveliev M. V.), Integrable graded manifolds and nonlinear equations. Com-
mun. Math. Phys., 95 (1984), 199-216. (aa in review)

1985

BANK R. E., DoucLas C. C., Sharp estimates for multigrid rates of convergence with general
smoothing and acceleration. SIAM J. Numer. Anal. 4, 22 (1985), 617-633. (aa in summary)

BERGSTRA J. A., Krop J. W., TUCKER J. V., Process algebra with asynchronous communi-
cation mechanisms. In: Seminar on concurrency. Pittsburgh, Pa., 1984. Lecture Notes in
Comput. Sci. 197. Springer-Verlag, Berlin-New York, 1985, 76-95. (aa in introduction)

EDER E., Properties of substitutions and unifications. J. Symbolic Comput., 1, 1 (1985), 31-46.
(aa in review)

GUNAYDIN M., VAN NIEUWENHUIZEN P., WARNER N. P., General construction of the unitary
representations of anti-de Sitter superalgebras and the spectrum of the S4 compactification
of 11-dimensional supergravity. Nuclear Phys. B, 1, 255 (1985), 63-92. (aa in review)

UpbiLov V. V., Fursov A. K., Investigation of the uncontrollability of linear stationary dy-
namical systems with parameters on the basis of canonical decompositions (in Russian). Av-
tomatika, 6, 97 (1985), 43-48; Transl. Soviet J. Automat. Inform. Sci., 6, 18 (1985), 33-38.
(aa in review)

1986

BRIGAGLIA A., NASTASI P., Apollonian reconstructions in Viete and Ghetaldi. Boll. Storia Sci.
Mat., 1, 6 (1986), 83-133. (aa in review)

BurtuM A. Differential function fields and moduli of algebraic varieties. Lecture Notes in Math.,
1226. Springer-Verlag, Berlin-New York, 1986. (aa in review)

GUITART R. Introduction a l’analyse algébriqgue. Math. Sci. Humaines, 96 (1986), 49-63.

KAsHIWARA M., Kawal T., KIMURA T. Foundations of algebraic analysis. Translated from the
Japanese by Goro Kato. Princeton Math. Ser., 37. Princeton Univ. Press, Princeton, N.J.,
1986.

Kawar T. Systems of microdifferential equations of infinite order. In: Hyperbolic equations and
related topics. Katata/Kyoto, 1984. Academic Press, Boston, MA, 1986, 143-154. (aa in
review)

KUPERSHMIDT B. A., Mathematical aspects of quantum fluids. III. Interior Clebsch representa-
tions and transformations of symplectic two-cocycles for 4He. J. Math. Phys., 12, 27 (1986),
3064-3073. (aa in review)

1987

BEHNCKE H., ELLIOTT G. A., Lezicographic direct sums of elementary C*-algebras. Can. J.
Math. 39 (1987), 257-296. (aa in review)

CATTANEO G., NisTicO G., Algebraic properties of complex fuzzy events in classical and in
quantum information systems. J. Math. Anal. Appl., 1, 22 (1987), 265-299. (aa in review)

FrAseRr, C. G., Joseph Louis Lagrange’s Algebraic Vision of the Calculus. Historia Math., 14
(1987), 38-53. (aa in summary)

GUITART R., Introduction a l’analyse algébrique. II. Algébres figuratives et esquisses. Math. Sci.
Humaines 97 (1987), 19-45.

KHRENNIKOV A. YU., Superanalysis: theory of generalized functions and pseudodifferential op-
erators (in Russian). Teoret. Mat. Fiz., 3, 73 (1987), 420-429. English transl.: Theoret.
and Math. Phys., 3, 73 (1987), 1313-1320. (aa in review)

MIELOSZYK E., Operational calculus in algebras. Publ. Math. Debrecen, 1-2, 34 (1987), 137—
143. (aa in review)
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OpA T., K. Saito’s period map for holomorphic functions with isolated critical points. In: Alge-
braic geometry, Sendai. Adv., 1985. Stud. Pure Math., 10. North-Holland, Amsterdam-New
York, 1987, 591-648 (aa in review)

PARk P. Algebraic analysis of physical and spurious states in Dyson boson mapping. Phys. Rev.
C (3), 2, 35 (1987), 807-811.

1988

BEN-ARTZI A., RON A. Translates of exponential box splines and their related spaces. Trans.
Amer. Math. Soc., 2, 309 (1988), 683-710. (aa in review)

DHOMBRES J., PENSIVY M., E"sprit de rigueur et présentation mathématique au X VIIIeme siecle:
le cas d’une démonstration d’Aepinus. Historia Math., 1, 15 (1988), 9-31. (aa in review)
Dynamical groups and spectrum generating algebras. Volumes 1 and 2. Eds. A. Bohm, Y.

Ne’eman, A. O. Barut. World Scientific, Singapore, 1988. (aa in review)

ExoONG S. D., Sur l'analyse algébriqgue. Part I. Publ. Dep. Math. Nouv. Sér. A, Vol. 6.
Univ. Claude-Bernard, Lyon, 1985, 19-42; Part II. Publ. Dep. Math. Nouv. Sér. B. Univ.
Claude-Bernard, Lyon, 1988, 78-98.

KASHIWARA M., Research on mathematical physics through algebraic analysis—the work of Mi-
chio Jimbo and Tetsuji Miwa (in Japanese) Sugaku, 1, 40 (1988), 63—-68.

LauscH H., PRZEWORSKA-ROLEWICZ D., Pseudocategories, paraalgebras and linear operators.
Math. Nachr., 138 (1988), 67-82. (aa in review)

PRZEWORSKA-ROLEWICZ D., Algebraic analysis. PWN-Polish Scientific Publishers and D. Reidel
Publishing Co., Warszawa-Dordrecht, 1988.

Publications du Département de Mathématiques. Nouvelle Série. B. Including papers from the
conference on commutative algebra held at the Université Claude Bernard-Lyon I, Lyon,
May 26-27, 1988. (aa in summary)

RoGuLsk1 J. S., Contributions to the theory of paraanalytic functions. Demonstratio Math., 4,
21 (1988), 1003-1022. (aa in review)

Rustamov K. A., RustaMov N. A., A non-Lie algebra that is connected with the Luttinger
model. Akad. Nauk Azerbaidzhan. SSR -Dokl., 6, 44 (1988), 24-27. (aa in summary)

SCHWAENZL R., VOGT R. M., Ex-spaces and injective I'-spaces. Manuscr. Math., 2, 61 (1988),
203-214. (aa in review)

1989

BERENSTEIN K., STRUPPA D., Complex analysis an convolution equations.In: Current problems
in mathematics. Fundamental directions, Vol. 54 (Russian). Itogi Nauki i Tekhniki. Akad.
Nauk SSSR, Vsesoyuz. Inst. Nauchn. i Tekhn. Inform., Moscow, 1989, 5-111 (aa in review)

CaucHY A. L., Analyse algébriqgue. Reprint of the 1821 edition. Cours d’Analyse de I’Ecole
Royale Polytechnique. Editions Jacques Gabay, Sceaux, 1989.

FrASER C. G., The calculus as algebraic analysis: some observations on mathematical analysis
in the 18" century. Arch. Hist. Exact Sci., 39 (1989), 317-335.

GILAIN Ch., Cauchy et le cours d’analyse de UEcole polytechnique. With an ed. preface by E.
Grison. Bull. Soc. Amis Bibl. Ecole Polytech. 5 (1989).

JODAR L., Boundary value problems and Green’s operator functions. Glas. Mat., III. Ser. 24
(44) (1989), 511-522. (aa in review)

KASHIWARA M., A summary of Masaki Kashiwara’s (physics Ph.D.) prize-winning investigation
of “The study of algebraic analysis”. Trans. Japan Acad., 3, 43 (1989), 64—68.

LANNES A., Backprojection mechanisms in phase-closure imaging. Bispectral analysis of the
phase-restoration process. Experiment. Astronom., 1 (1989), 47-76. (aa in summary)
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MIKHELOVICH SH. KH., On methodological and pedagogical views of Evariste Galois (in Russian;
English summary) Istor. Metodol. Estestv. Nauk, 36 (1989), 93-95. (aa in review)

MimacH! K., Connection problem in holonomic g-difference system associated with a Jackson
integral of Jordan-Pochhammer type. Nagoya Math. J., 116 (1989), 149-161. (aa in review)

Rustamov K. A.) Algebraic analysis of the electromagnetic wave interaction with the two-level
system with two-fold degenerated states. Modern Phys. Lett., B, 6, 3 (1989), 479-483.

STRUPPA D. C., Geometric aspects in algebraic analysis. Rend. Sem. Mat. Fis. Milano, 57
(1987), 571-595 (1989).

1990

BINDERMAN Z., Complex R-shifts for right invertible operators. Demonstratio Math., 4, 23
(1990), 1043-1053. (aa in review)

CHOMA J. Jr., Signal flow analysis of feedback networks. JIEEE Trans. Circuits and Systems,
4, 37 (1990), 455-463. (aa in review)

DUBOIS-VIOLETTE M., On the theory of quantum groups. Lett. Math. Phys., 2, 19 (1990),
121-126. (aa in review)

DUDEK Z., On multiplicative operators in commutative algebras. Demonstratio Math., 4, 23
(1990), 921-928. (aa in summary)

HANCKOWIAK J., An algebraic analysis of coupled equations for N-point functions. Fortschr.
Phys., 6, 38 (1990), 393-411.

JAHNKE H. N., Algebraische Analysis in Deutschland, 1780-1860. In: Rechnen mit dem Un-
endlichen. Beitrage zur Entwicklung eines kontroversen Gegenstandes. Ed. Detlef D. Spalt.
Birkh&user Verlag, Basel, 1990, 103-121.

JAHNKE H. N., Mathematik und Bildung in der Humboldtschen Reform. In: Studien zur Wis-
senschafts, Sozial- und Bildungsgeschichte der Mathematik, 8. Vandenhoeck & Ruprecht,
Gottingen, 1990.

JAHNKE H. N., Die algebraische Analysis in Mathematikunterricht des 19. Jahrhunderts. Der
Mathematikunterricht, 36 (3) (1990), 61-74.

KALFAT A.] Remarks on Volterra right inverses for weighted difference operator of high degree.
Demonstratio Math., 4, 23 (1990), 1055-1064. (aa in review)

LAuscH H., PRZEWORSKA-ROLEWICZ D., Some functional equations appearing in algebraic anal-
ysis. Zesz. Nauk. Akad. Gérn.-Hutn. Stanistawa Staszica 1335, Opuscula Math., 6 (1990),
111-122.

Livu L., System isomorphism representation and function analysis. Adv. Modelling Simulation,
4,19 (1990), 17-24. (aa in key words)

MIELOSZYK, E., Boundary value problems for an abstract differential equation. Stud. Sci. Math.
Hung., 3, 25 (1990), 215-222. (aa in review)

MIELOSZYK E., Existence and uniqueness of solutions of boundary value problems for an abstract
differential equation. Acta Math. Hung., 1/2, 55 (1990), 33-39. (aa in key words)

MORITA Y., On vanishing of cohomologies of rigid analytic spaces. p-adic analysis. Proc. Int.
Conf., Trento/Italy 1989, Lect. Notes Math. 1454, 1990, 314-318. (aa in review)

NGUYEN VAN MAu, Characterization of Volterra right inverses. Zesz. Nauk. Akad. Gérn.-Hutn.
Stanistawa Staszica 1335, Opuscula Math., 6 (1990), 193-209. (aa in review)

NGUYEN VAN MAU, On ill-determined equations in right invertible operator of order one in
noncommutative case. Math. Nachr., 147 (1990), 95-105. (aa in review)

PAGLIANI P., Remarks on special lattices and related constructive logics with strong negation.
Notre Dame J. Formal Logic, 4, 31 (1990), 515-528. (aa in review)
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PRrREVIATO E., The Calogero-Moser-Krichever system and elliptic Boussinesq solitons. In: Ha-
miltonian systems, transformation groups and spectral transform methods. Proc. CRM
Workshop, Montreal/Can. 1989. Montreal, 1990, 57-67. (aa in review)

PRZEWORSKA-ROLEWICZ D., Spaces of D-paraanalytic elements. Dissertationes Math. 302,
Warszawa, 1990. (aa in review)

SERRA M., Algebraic analysis and algorithms for linear cellular automata over GF(2) and the
applications to digital circuit testing. In: Proc. the Nineteenth Manitoba Conf. Numerical
Mathematics and Computing, Winnipeg, MB, 1989. Congr. Numer. 75 (1990), 127-139.

STrRUPPA D. C., Invitation to algebraic analysis. In: Proc. Conf. Analytic Geometry and
Complex Analysis, Rocca di Papa, February 18-20, 1988. Eds. G. Patrizio and C. Rea.
Editoria Elettronica, Rende, 1990.

TaKASAKI K., Differential algebras and D-modules in super Toda lattice hierarchy. Lett. Math.
Phys., 3, 19 (1990), 229-236. (aa in review)

UMEMURA H., Birational automorphism groups and differential equations. Nagoya Math. J.,
119 (1990), 1-80. (aa in review)

1991

BARABANOV A. T., The complete solution of the general Routh problem in systems theory. II
(in Russian) Izv. Akad. Nauk SSSR Tekhn. Kibernet., 2, 1991, 39-47. Transl.: Soviet J.
Comput. Systems Sci., 30 (1992), no. 2, 62-70 (aa in review)

BINDERMAN Z., Initial operators for generalized invertible operators. Comment. Math. Prace
Matem., 31 (1991), 25-37. (aa in review)

BOUTET DE MONVEL L. Revue sur la théorie des D-modules et modeéles d’opérateurs pseudod-
ifférentiels. In: Recent developments in quantum mechanics. Poiana Brasov, 1989. Math.
Phys. Stud., 12, Kluwer Acad. Publ., Dordrecht, 1991, 1-31. (aa in review)

CHAI C.-L. Moduli of abelian varieties. In: Number theory. Proc. Semin., New York, 1989-1990.
New York, 1991, 1-11. (aa in review)

DAvViES B. Onsager’s algebra and the Dolan-Grady condition in the non-self-dual case. J. Math.
Phys., 11, 32 (1991), 2945-2950. (aa in summary)

Fuiisaka, H., SATo C. An algebraic analysis for bifurcation problems. Electron. Comm. Japan,
Part III: Fund. Electron. Sci., 9, 74 (1991), 22-32 (1992).

HAJEK P., VALDES J. J., A generalized algebraic approach to uncertainty processing in rule-based
expert systems (Dempsteroids). Comput. Artificial Intelligence, 1, 10 (1991), 29-42. (aa in
review)

JIAN-MING GAO AND NAKAMURA A., Algebraic analysis of fuzzy indiscernibility. In: Uncer-
tainty in knowledge bases. Proc. Third Intern. Conf. on Information Processing and Man-
agement of Uncertainty in Knowledge-based Systems (IPMU ’90), Paris, July 2-6, 1990.
Eds. B. Bouchon-Meunier, R. R. Yager and L. A. Zadeh. Lecture Notes in Comput. Sci.,
521. Springer-Verlag, Berlin, 1991, 143-153.

Microlocal analysis and its applications (in Japanese, English). Proc. Symposium Res. Inst.
Math. Sci., Kyoto Univ., Kyoto, July 16-19, 1990. RIMS Kokyuroku. 750. Kyoto Univ.,
Res. Inst. Math. Sci., Kyoto, 1991. (aa in summary)

OKABE Y., NAKANO Y., The theory of K M2O-Langevin equations and its applications to data
analysis. I: Stationary analysis. Hokkaido Math. J., 1, 20 (1991), 45-90. (aa in review)
OsHIMA T., SABURI Y., WAKAYAMA M., Paley- Wiener theorems on a symmetric space and their

application. Differ. Geom. Appl., 3, 1 (1991), 247-278. (aa in review)
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OTTE M., Gegenstand und Methode in der Geschichte der Mathematik. Philos. Natur., 1, 29
(1992), 31-68. (aa in review)

PRZEWORSKA-ROLEWICZ D., Commutators with right invertible operators. J. Math. Anal.
Appl., 2, 158 (1991), 414-426. (aa in review)

SCHAPIRA P., Sheaf theory for partial differential equations. Proc. Intern. Congress of Math-
ematicians, Vol. I, II, Kyoto, 1990. Math. Soc. Japan, Tokyo, 1991, 1187-1196. (aa in
review)

VARDULAKIS A. I. G., Linear multivariable control. Algebraic analysis and synthesis methods.
John Wiley & Sons Ltd., Chichester, 1991.

1992

BLAHA K. D., An algebraic view of the Moebius graph. In: Proc. Twenty third Southeastern
Intern. Conf. Combinatorics, Graph Theory, and Computing. Boca Raton, FL, 1992.
Congr. Numer. 88 (1992), 145-160. (aa in review)

WESSON S., PONCE DE LEON J., Kaluza—Klein equations, Einstein’s equations, and an effective
energy-momentum tensor. J. Math. Phys., 11, 33 (1992), 3883-3887. (aa in review)

KECKEMETYOVA M., Continuous solutions of nonlinear boundary value problems for ODEs on
unbounded intervals. Math. Slovaca, 3, 42 (1992), 279-297. (aa in review)

Icusa J., Local zeta functions of certain prehomogeneous vector spaces. Amer. J. Math., 2, 114
(1992), 251-296. (aa in review)

Caucny A. L., Cours d’analyse de UEcole Royale Polytechnique. Premiére partie. Analyse
algébrique. Reprint of the 1821 edition; Edited and with an introduction by Umberto Bot-
tazzini. Instrumenta Rationis. Sources for the History of Logic in the Modern Age, VII.
Cooperativa Libraria Universitaria Editrice Bologna, Bologna, 1992.

DHOMBRES J., Le réle des équations fonctionnelles dans I’Analyse algébrique de Cauchy. Rev.
Histoire Sci., 1, 45 (1992), 25-49.

FarTiNnGgs G., Crystalline cohomology of semistable curves, and p-adic Galois representations.
Correction. J. Algebr. Geom., 1, 1, 61-81; Correction: 3, 427 (1992). (aa in review)

GERASIMOV O. 1., YUNGER I. B., Frequency algebraic analysis of the absolute stability of non-
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