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SYNTAX ORIENTED DATA PROCESSING
BY

LUCA DAN SERBANATI VALENTIN CRISTEA, ADRIAN POREMBSCHI.
MIHAELA SABIN. DANIEL SABIN, ADRIAN PRIVACHE

Introduction. Developing a program, the programmer aims for it
to accomplish a certain computation. By writing code, he assembles various
computer operations. In other words, while being preoccupied by svntax,
the programmer must constantly think in terms of semantics. By being
fully aware of the differcnce between a symbol and its meaning, between
an operator and an operation, between a program and a processor which
executes it, or in general terms, between syntax and semantics, the pro-
grammer has in mind, explicitly or not, the relations between the syntac-
tical structures of a program and the semantical oncs.

As far back as 1961, It ons suggested in [1] the existence of such a
relation in the compilation process. Today. a widely accepted 1dea is that
access to semantics is accomplished exclusively by way of syntax. This
being the case we can use it in the design and implementation of many
data processings.

This paper sets out to classify the most frequently encountered syntax
oriented data processings, to introduce models for thesc processings, as
well as solutions for their implementation.

1. Syntax and semantics. We shall consider, in the following, that
thie main formal opcerational model in the study ol the programming lan-
guages svntax continues to be the context-free grammar {(CFG). In what
concerns semantics, no such formal model, similar to the one mentioned above,
exists, at least not in terms of suggestivencss, conciseness or casc in handling,
although several such proposals for models have been made (121, [3]. [4].
ete.).

Irrespective of the formal snodel chosen for the semantics, one can
casily ascertain that the syntax of a context-free language (CFL) is allwavs
richer in information than any semantics of the language and any such
associated semantics actually makes the language “poorer” in terms of
diversity of expression. For example, modilymg the elfect of a program
{in other words its mcaning) can be obtained exclusively by modifying the
program text, thus its syvntactical structures. In contrast, different syntac-
tical programs (i.c. with nonidentical texts) can have identical cffects.
In formal terms, if L is a language (i.e. a subset of the set of symbols over
an alphabet) and D the domain of sentence evaluation, a language semantics
is an application : L—D.
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One notes a direet passing, in a single step, from the working form, which
is the syntactical structure, to the accomplished computation, it being the
sematttical evaluation of the structure. The transition towards text, with
the aim of exccution, becomes optional when we have at our disposal an
evaluator of syntactical siructures in the respective semantical domain,
in the same way that, by way of language processors, we have at our dispo-
sal — in the first scenario — text evaluators. If the evaluator is missing,
the transition towards text takes place once, at the end of the program
conception process. The transition can also take place automatically. the
programmer taking advantage al the same time, both of the structure and
of the text, if he has at his disposal a parser {from the abstract syntax to the
concrete one. At last, work on the syntactical structure is much essened
by the use of a syntax oriented editor.

In the following, all references to the term svntax will relate to abstract
syntax. As in the casc of concrete syntax, the most natural representation
of the structures of abstract syntax is the tree-like one.

3. From schema to model, The homomorphism /55— is a simple
schema representing the relation syntax-semantics. But any schema pro-
ves its usefullness only when it can be extended into a sufficiently elaborate
modcl, in order to allow the implementation to be systematized.

In order to achicve a model acceptable to the implementation, one
should know about the fashion in which syntax is cmbedded into the se-
mantical domain, in other words, how to build the algebra A starting from
S. This construction usually takes place in two sieps:

a) The so-called ,carriers” are cstablished, in other words the sets
of values for each sort. In the case of languages, the sets associated to cach
nonterminal are established.

b) A function associated to each operator from the initial algebra S
is created. The function is defined over a domain encompassing carricrs
of a certain sort taking as their model the manner in which the operator

is defined in the § algebra. In the case of the initial algebra & (a CFG} of a
language, to cach production :

1 XN — X, N, X,
onc associates a funclion :
P M(X)) x M(X,) x... % M (X )— M (Xa).

in which M(X) is the carrier for the nonterminal X

The nature of the carriers can represent a classifying criterton for
the models uscd in syntax directed processings. Without exhausting all the
possible cases, we shall present three of the most commonly cncountered
ones. In real cases, they appear most often in a combined manner. [he three
cases have, as one can casily ascertain, different degrees of generality,

A) The most simple casc is that of carriers formed of sets of symbol
strings (characters, in particular) : to each nonterminal we associate such a
set, and the semantics will describe an cvaluation of syntactical structures
into svmbol strigns. In particular, an important case is that of the isomor-
phic algebra with G, the algebra of preorder lincarized syntactical trees.
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B) The carriers associated to nonterminals can differ from onc non-
terminal to another, or in general, the carriers can have nonhemogencous
structures (cariesian sets of different kinds).

C) The carricrs are sets of actions. In view of defining them, we shall
mtroduce the following terms : the tformational context {(a data structure)
and the sct of action primatives (procedurcs, functions etc., working on the
context). These last ones have a double role, both that of context proces-
sings (initialization, inspection, modification) as well as that of primitives
¢nchaining  {(with sequence, decision, selection and cvcle operations). In
this case, the semantic ficld can be that of cont.xt processing programs, i.c.
programs which are represented by primitive scquences (in the compilative
variant), or when we force the primitive execution, it can be composced of
the set of context values (in the interpretive variant), being sets of such
scquences, the semantics will actually describe their composition. An ¢xam-
ple of the usefullness of such semantics is the possibility of expressing even-
tual context dependencies of the language,

One can look upon the three cases as being translations of the syntac-
tical structurcs into values of the semantic ficld,

The models for the three cases are formal sysiems which arc based on a
.FG. ¥Enriching the formalism provided by the BNF (Backus Naur
Form) with new metasymbols having interpretations specific to the desired
cffect : that of achieving syntax oriented processing we obtain, in cffect,
description languages for the syntax-semantics relation. uc to their
suggestiveness, the respective languages can imply solutions for the auto-
mation of the semantical cvaluation,

4. Case A, Infigure la)is presented the abstract svntax of a language,
whose concrete representation is shown in figure 1b) as being an evaluation

process in the set {(, )}*. (The notation A* is used to describe the operation
“star” upon the set A),

Example 7

L8> = <85> <§> 1. <«S§> - = {(} <S><S>
2, =85> = 2. <85> =
a) b)
Figure 1

The metasymbols {, } delimit strings of characters from the semantics ficld.
A derivation in the formal system presented in 1b) appears as follows :

<-9>={(}<S>{)}<S>=>{(}{(}<S:.:~{)}<S_;~{)}<.S‘>-_—..
SHO=S>0 M <S>= {((} <S> () H{(<S>]) }<S>=
=L (3<S>{(3<S>={(()) O}<S>={(()))}.

The possibility of concatenating strings delimitated by {, } becomes
apparent when the groups are adjacent. The evaluation present in ghe
derivation is that of the syntactical structure in Figure 2, in the string

& (o) ).

-
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Y
N
5 &
aw

Ny O5s S
Figure 2

Generally speaking, syntactical structures evaluations tlL‘Hl:'l'-ll)'.‘l(: ].’..\‘ 1(1)1:;

grammar in Figure [a) lead to correctly balanced strings of p(ua:ﬁ resis. o

the other hand, the grammar shown in figure 3 can be lmkull to tl_gyu)}](_rl(jl)c.

syntax of a language whose abstract synlax 1s presented in lagure L

. =85> = ( =52} <S=
2. =85> 1 =
Fig‘n:l_‘ 3

As a result, the case A has an immediate apphication : tl.lt-: tl::lllSltL(;]ll

to concrete syntax. This takes place if work is done cxclusively on the
‘ntax. _

abStrE'll?]tmsf}orr:al system describing the semantical evaluation uscs exclusively
the string concatenation as evaluation opcra’aou.. ‘ o

5. Case B. We shall use the syntax from figure la} in order t(_) px:mf
plify the multiple ¢valuations of nonterminals, hence the case of carriers o
the cartezian product tyvpe.

Example 2

e8> 1=<8><S> <85> i=(<SI'>) <S> 1 <82 > <52 >
2, <S8 = 2. <S> =2
a) b)
Figure 4

} d " ste - describing the evalvation of the
Example 2 presents a formal system for describing el ‘the
nontcgminall.JS' into two scmantic domains {(, )}* and {}, 2}*. The L}daluz;tl(t)ﬂa:
ate pairs of symbol strings. We shall separate them with the aid o e
metasymbol /. A description in this formal system is:

’ i e 1 L7 s‘l >/12<‘S‘2>
=[<82> =(<SI'>) <S> <825 <82 > =() <
<S5k ==.(()(<Sl'>) <S> 121 <82 > <82 >
=()()<S1>[1212<82>
=(} ()/12122

The first string represents a sentence in”thc concrete syntax sth_(.)\\'u “11:
figure 3. and the second string is first’s “left” analysis (i.e. the s 1.1ng dgr
productions whose application produces left derivation of the sen;clegc? ur; o
considcration). The language used in Figure 4b) uses digits 1 an or sp
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cification of both evaluation scts of the nonterminal S : 1 for the sct
S, and 2 for set {1, 2}*.

Examplc 3

[ €S> 1= <S><8> | <S> i=(<S1 =)< =24 =52 =
82 >

2, <85> 1= 2, <§> ::=/0
Figure 5

Example 3 uses as semantics ficlds {(, (}* and N (the set of natural numbers).
The evaluations consist of the string generated in the concrete svntax of
Figure 3 and its length. The cvaluating functions arc concatenation, for
the first cvaluation, and addition for the second evaluation.

6. Case C. Example .

. <S> =<S><8> | <S> =[WLI[MR|<S> MLIWR =S5>
2. <85> = 2, &S =
a) 1)
char Screen [L] [C];
struct {int /, ¢} Pos;
int Margin ;
¢)
WL | ) JUR( )
"- {
if ((Pos.T<L) && (Pos.c<C)) Pos. ¢ 4 =2
Sercen[ Pos.7 - +1[Pos.cI="("; :
WR () ML( )
. r
: 1
if ({Pos.T<<L) & & {(Pos.c<C)) Posc— =2
Screen [ Pos.]++ +][Posc]=")"; }

d)
Figure 6

In Figure 6b) is presented a context processing as a semantical evaluation
for the syntactical components of the grammar shown in figure a). The
context is a data siructure described in € language in Figure 6¢). It compri-
scs : an array Screen having L oxC characters, a cursor Pos characterized
by 2 integers and a left alignment limit Margin. The context may represent
a screen in which we write. The inscribed text contains only the characters
(,) and blanks, and represents the indentation structurc of a correctly
balanced string of paranthesis. For the string { (} ) () the screen will appear
as in Figure 7:

L—r‘ - -
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5 ;
!
(
)
)
i
Figure 7

In the evaluation description language used in Figure 6b), the metasym-
bols [, ] were used to enclose the action primitive names. Primitive descrip-
tion in € langunage is in Tigure 6d).

The derivation of the printing “program” for the screen in Figure 7
is as follows :
<S>= [WL] [MR]<S= [ML] [WR] =8>
= [WL] [MR][WL! [MR]|<S> [ML] [WR![ML][WR] <S>
= ..=[WL)[MR] [WL] MR] ML) [WR] [ML][WR][WL]
{MR][ML][WR].

In our cxample a certain previous context initialization has been assumed.
This initialization may be explicitly introduced in the description (Figure 8)

0. <Z=::==85> 0. GZ>:: = [IN]<S>
[, <S> i=<S><S> 1. <S> =[WLI[MR <S>[ML][WR] =8>
2, <S> = 2. <S> =
a) b)
IN‘ {)
{int ¢, 7;
for (i=0;1<L; i+4)
for (j=0; j<C j-|—-|—)
Screen [i] [7]—-
Pos.1 = Pos.cma ‘/Iarom =0;
}
c)
Figure 8

7. The semantical machine. There are some relationships between
our formal systems and other known ones, Thus, case A can be integrated
into the string translation grammar class [6] and case B into the syntax
directed translation schemata class [7]. The formal syvstem introduced in
case C represents a particular case of ATN [8].
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The nonformal manner of introducing formal systems in the four
cxamples presented, as well as the languages used in their deseription,
suggest the existence of a basic CFG upon which are grafted utilitivs corres
ponding to the three cases. In regard to implementation, it becomes necessary
to resort to a formal model different from €177, but cquivalent to it in respect
to the specificd language: the “push — down” automata (PD.1) One
can presume that in each of the above mentioned examples it extsts a basic
P, to which we would have to add facilities in order to model as exactly
as possible the desired processings. The usual syntax directed processings
consist of combinations of the three cases. So. it would be interesting to
create an integrating model for the three different types of processings.
The basic model automaton will have the role of directing the model evo-
lution. It will command the scmantical operators cxecution in moments
precisely determined by the syntactical components. The P04 and the
model can be compared in a simulative approach : by selecting from the
model evolutions onlv the applications of operations, any cvolution of the
basic PIDA must have at least onc correspondent in the model evolutions
and, vice-versa, in cach model evolution we must find a corresponding
evolution of the basic PDA.

The proposed model structure is presented in Figure 9. The model is
composed of two subsyvstems : the central unit and the memory.

The central unit has the structure of a DA, The functioning of a
PD . is usually directed through tables. Here, the tables are composed of
patferns. A pattern is a svmbol string. It results from a production right
part enriched with symbols having semantical use. Ilach pattern is associated
to the production nontcrminal.

The stack contains pattern symbols. They determine the futurc
cvolution of the processing @ the symbol at the stack top will determine the
subscquent action to be undertaken by the processor. If the top symbol is
a nonterminal, it causes a syntactical guidance action : the svmbol will
be replaced with a selected pattern. The pattern is one associated with the
replaced nonterminal and sclected on the mput basis. If the top symbol is a
semantical symbol, a semantical action occurs which will modify one of
the memorics.

In order to climinate the nondetermination (useless in - the majority of
problems and, morcover, difficult to express and achieve in the case of an
implementation in a nonconcurrent programming language) the selection
is obtained through inputs, which are production numbers of the basic gram
mar productions. For a correct automata evolution the input production
number has to be exactly associated to the nonterminal present at the
top of the stack. Thus, the pattern corresponding to the input production
will be the one selected.

One observes that the placement of semantical svmbols in the stack
can be avoided because they do not imply recursion as nonterminals.

As is known, the stack is necessary becauseit allows the maintaining
of the evolution “track”, represented by the string of productions used in
the nonterminal expansion and partially solved. Each such preduction is
marked with the place where it was suspended,
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/
0«@0& // 7
/ Stock
Memory

Cenlrol fFocessor Unid

Figure 9

This is why symbols from the stack can be replaced with pairs -(pro-
duction, place in production)” (as in the case of the analysis of L K — gram-
mal based languages). Of course, the processor thal manages such a stack
will have at its disposal the full pattern collection, including the possibility
of referring any pattern syvmbol. We <hall return to this model variant
when we present its implementation [9].

In accordance with the access mode, the memory is structured into :
ouiputs, evaluated tree and context memories,

The outputs memory contains output symbol sequences placed by
the processor ; the respective memory can be implemented as a file.

The evaluated tree memory is an arborescent structure isomorphic
with the forest of completely cvaluated syntax trees, those who have direc-
ted, up to now, the processing (in other words, the syntactical components
climinated from the 22124 stack). In the structure nodes, in the place of the
nonterminals from syntax trees, there are tuples belonging to the sortls
assoctated with the respective nonterminals, by way of the operation of
embedding of the syntax in the semantic field.

The context has a usually nonhomogenous structure, with direct
access to 1 2 components,

The actions upon the memory are launched when the top of the stack
contains a svmbol with semantical use. By specializing the symbols according
1o the type of memory, affected by action, we shall obtain a better syste-
matization, but we will eliminate what in practice is acceptable and frequently
cncountered @ the possibility ol o combined action upon two or threc
types of memory.

The moments for action lauching are dictated by the positions occu-
pied in patterns by the symbols with semantical use. Therefore these mo-
ments depend upon the mode in which the right parts of the productions
are »scattered” with svmbols of semantical uvse,
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Extremely important in paitern design is the choice of the place that
the symbols that start the cvaluation of nonterminals by sorts, occuppy.
A Drief discussion is of order,

The proposed model simulates PDA-s having advance and expansion
actions, in other words with a top-down strategy for passing the syntax
tree [9 . Thus, if we also add the condition that the tree be evaluated in a
single passing, naturally in an ascending manner, the need for L-attribu-
tation results, thus the evaluation of any nonterminal sort from the left
side of the production only after all the nonterminals from the right side
of the production whose values are dependent on it have been evaluated. It
follows that the cvaluation function symbols of the different nonterminal
sorts from the left side of the production, must be placed, as part of the
pattern, at the right of the nonterminals that take part, by way of different
evaluations to the computation described by the function. As a rule, a solu-
tion that is allways valid, is that of placing thesc symbols at the end of
the pattern. On launching the actions that accomplish the evaluation
functions, in the evaluation tree will certainly exist all the trees correspon-
ding to the nonterminals from the right of the production whose processing
is ending. As a result of the cvaluation, a new tree in the tree memory is
created with the root corresponding to the evaluated nonterminal and as
descendents the trec with the roots corresponding to the right part nonter-
minals. It is observed that these roots will be definitely masked as of now
by the new one. That is why, in a more cfficient implementation and one
in which evaluated trecs are no longer neccssarv, but only the starting
nonterminals values, the nodes that are not further trece roots can be even
climinated from the memory.

8. The formal model. Without insisting too much upon the formali-
zation of the proposed model, we shall introduce its main elements.

— the state set, Q={q1, ¢, ¢a} where g, is the working state,
g. is the error state,
g5 1s the acceptance state
— the input set, Z={1, 2, ..., n}, where # is the number of productions
— the nontcrminals set, NV ; there is a function :
assoc : 2—N, that associates a nonterminal to cach production,
— the output symbol set, A,
— the nonterminal evaluation symbol set, E,
— the context primitives symbol set, C,
— the transition functions, 8§,

§:Q X(Zu{a} xI's0 xI™* XA XF =G,
where
NUuAUEUC, is the pattern symbol set,
{(M(A,) % ... X M{(Ay)—M(4);
(A1, ..., Ay; A)yeN* XN, 0= =} = mCard (N)}
the nonterminal evaluation function set
G= (Cont—Cont), the context primitive set.

The following notations have been used: _ )
{X—Y), the set of partially defined functions over X,with values in Y,

I

r
Jg
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M)}, the carrier of the nonterminal .,

Cont, the set of context values,

7., the empty string.

The definttion of 3 should point out the different working conditions :
ihe cxpansion by way of patterns, output generations, nonterminal eva-
luations and context processings. For example, expansion by way of the
pattern o € N*, corresponding to production !, associated with nonterminal
A, can be definied as:

Sy, 1, Ay =(q,, 2. 7, Op, 1),

where O is the null function from /I,

I¢ is the identical function over the context.

Onc could also define : the configurations and the relations beetween
configurations, the initial and final configurations and the model’s evolution.

9. The model implementation. In order to implement the proposed
model, as a suport for syntax directed processings we choose a € language
solution. The model implementation is presented in Appendix. The imple-
mentalion followed in 2 steps:

i} First, we cstablished the necessary data structures for the different
components implementation. In Appendix we used the following imple-
mentation variant for these structures :

The Pattern Memorv. Array of records. It shall be initialized with
patterns groupcd by associated nonterminals.

The Stack. Array of pairs (number of production, position) or, as in the
variant presented in (7', only an array of positions in the pattern memory.

Outputs. Text type flile.

Evaliwation Tree. The list of trees in whose nodes are present records,
containing nonterminal values and information regarding linkage between
nodes etc.

The Context. A certain given structure (probably dynamic), specially
designed for cach application.

Certain structures, such as the cvaluation tree and the context me-
morics and, eventually, the processor stack, require working primitives
depending upon the chosen data structures. This is the case of the functions
present in I" and G. For the rest of the structurces, the facilities made availa-
ble by the language through indexation, sclection, derefferencing ectc.
arc sufficient,

11) Sccondly, the processor was implemented. In principal, this meant
the implementation of the transition function. Schematically, the structurc
of the processor is a cycle exited when the state becomes either q, or q,.
Inside the cycle, according to the symbol present at the top of the stack,
the different cases of its definition will be selected and a model imposed
processing will be achieved, For example, in the case of a nonterminal
present at the top of the stack, the input will be taken over (from a file
buffer or from the console), the input will be verified whether it has asso-
ciated the respective nonterminal, the pattern will be indentified according
to these informations, and afterwards the pattern is copied into the stack.
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An efficient implementation variant presumes the cxistence, in the
s<tack of only the positions in the temporarily abandoned patterns and
{hus direct work upon the pattern memory. In this case, the processor
memorizes 1he current posilion in the paltern memory and the selection
decision is taken according to the symbol found at that position. If it is
a nonterminal, the subsequent position in the pattern memory is memorized
in the stack (for return, at the reusal of the pattern), and the current posi-
tion is moved to the first pattern svmbol indicated by the input (if its
association with the nonterminal verifies).

10. Final considerations. Thc paper presents a possible approach to
syntax directed processing. Accepting as a starting premisc the fact that
such processings are cvaluations in a wide varicty of semantics fields of
CIFL syntactical structures, an automata for such language oriented pro-
cessing has been introduced. This model performs three distinct categories
of syntax directed processings, most commonly encountered in practice.

The model is centered on a PDA that works with tables. Its syntac-
tical actions are extended by semantical ones that work with more or less
particularly structured memories containting values from different semantics
ticlds, having more or less particular structures.

The model, which has been extensively presented from the physical
point of view and briefly from a formal point of view can be easily imple-
mented starting from its structure and functioning. The completc model
implementation is also presented.

The proposcd model crystallized during authors’ work occasioned by the
claboration of a program development system [10]. Based on the model
some processors were implemented : syntactical editors and analysers,
pretty-printers, converters from one representation form to another. From
the beginning, the possibility become apparent for grouping the processings,
directed by syntactical structures belonging to the same language, irrespec-
tive of aim of value domain of the processing. Afterwards, it was observed
that all the descriptions of thesc processings could be “mixed” into a unique
representation based on patterns, having as their common points these
syntactical structures. By changing only the scmantical evaluation pro-
cedures one could comute from one tvpe of processing to another. The
program structure was composed of 1} a kernel, whose main purpeses was
that of pattern crossing and maintaining the “trace” of the program execu-
tion, and 2) program segments containing semantical procedures that were
loaded when the type of semantical processing accomplished by these
procedures was to be started.

The restriction to have as inputs only production numbers, correctly
ordered in a left analysis of a language scntence can be partially eliminated
Ly introducing a suplimentary layer of the model, which is meant to gencrate
correct input strings, starting from some morc general commands, expressed
in a more powerful language. Also, such a layer can accept queries about
what productions could be uscd, according to a given nonterminal present
at the stack top. Once such a production is chosen, it can be transmitted
to the model input. Or, there can be commands that generate a sequence
of inputs until a certain condition of a syntactical nature is achieved (for
example ; the occurence at the top of the stack of a certain nonterminal).
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Finally, the present approach facilitates the claboration of generators
for language oriented processing programs. The one elaborated by the
authors of this paper accepts as input the abstract syntax enriched with
semantical symbols, The gencrator carries out the pattern collection, a stan-
dard procedure for the processor simmulation and a collection of files contai-
ning sort descriptions, context structures, action primitives, evaluation
functions, all of them organized as a program. Most of this information is
oblained interactively in a user-friendly oriented manner,

The authors stake no claim of having exhausted the varicd multi-
tude of aspects and facilitics brought about by the syntax directed proces-
sings. They hope to attract attention, once again, to this important class
of processing.

Appendix
/*******s:******M«**************************************:ﬂz*********:&*
* £
+ PROCESSOR.C *
* *

e st o ok ot ok ok sk o oot ok ok ok a3 st b ok e ok e st o ok oK 3k ok o oK o ok o8 ok ok ok O o o ok st she ok sk ok o sk Rk R sk Rk alokok ko

$#include <stdioh>
ddefinc EOL 0
#define NET 1
#define TRM 2
d#define ACT 3
s define OUT 4
$#definc _M_ 100
chat + B[] = {
“Bad terminalv,
«Stack overflow*,
“Bad production number”
T -
3o
struct Patt_mem {int op, arg; };
struct Net_limit {int low, high; }
extern struct Patt-mem Memory [ 1; {* pattern mcmory =/
extern struct Netlimit Netlim [ ]; |* neterminals—
productions map #/
{* action symbols */
/* attribute type declarationss/
{» output symbols *f

[+ pattern memory type =/

extern char = (YAct [ ]} ()
extern char = (*Atr [ 1) ()
extern char = Out_tab [ ];
extern int Prod_map [ ];
int process ( ) '

/= returns 1 for success or 0 for failure */

{int ip, [* instruction pointer #/
sl, {* stack index *
s[_M_], [* stack xf
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B

= Sy

q. a, [+ actual opcode and arguments/

c, [* error code )
X [+ input code =/
ip =0; [+ xfr address =/
si=—1; [* stack is empty initially =/
for {; ;)

( == Mcemory [ip]. op;
a = Memory [ip++].o0p;
switch (q) {
case TRM : if (usrinp ()
casc NET:

[+
I
=

!= a) { ; goto _err; }break ;
if (+4si >= M) { e= 1; goto _err_;
s [si] = ip;:
X = usrinp ( ) ;
if (x < Net _lim [a].low
{e = 2; goto _err_; }
ip = Prod_map [x] break ;
case OUT : usrout (Out_tab {al);break ;
case ACT : (*Act [a]) ( ); break;
case EOL: («Atr [a]) () if (si < 0) return (1);
ip =s [si--]; break:

——

t Net lim [a), high> x)

——

_err :
fprintf (stderr, “+PROCESSOR«*™ 007 %s~n”, E_ [¢]);
return (0) ;
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Al doilen volum (din cele trei, cuprinzind studiile complele, ale unuia din
cei mai remarcabili matlematicieni ai secolului XX, I. M. Gelfand), contine stu-
diile st articolele referitoare la teoria reprezentdrilor unor clase foarie generale
de structurt algebrice, Aceastd problematicdi a constituit una din eele mai im-
portante din toatd activilatea de peste 40 de ani de cercelare a renumitului
savant.

Rezultalele obtinute in  aceastd directie sint judicios comparlimentate In
noud scctiuni, fiecare cdintre acestea cuprinzind directii, eseniial noi, In strinsa
legiturd cu alte ramuri ale matematicii sau fizicii. Cele mai mulie din luerarile
prezentate sint rodul colabordrii cu reputatii matematicieni D. A. Rajkov, M. A,
Naimark, M. I. Graev, D. A. Kazhdan, I. N. Bernstein si A, V. Zelevinskij, care
s-au format la scoala din cadrul seminarului inaugurat si condus pesie 40 de ani
de prestigiosul matematician Gelfand.

Contribulii fundamentate in acest domenin au adus matematicicni de repu-
tutie mondiald, dinlre care remarcadm pe E, Cartan, H. Weyl, Harish-Chandra.
AL Sclberg, A. Weil, R. Langlands si P, Deligne.

Dar, contributiile lui I. M. Gelfand, atit ca profunzime in abordarea pro-
blemelor, cit si ca frumusete a rezultatelor, sint cu mult superioare.

Cele noud parti ale volumului: Probleme generale ale tcoriet reprezentérii ;
Reprezentdri infinit dimensionale ale grupurilor Lie semisimple ; Geometria spa-
tiilor omogene; Modele de reprezentdri: reprezentiri de grupuri peste diverse
cimpuri ; Verma-module : rezolutii ale reprezentdrilor finil-dimensionale; Alge-
bre infasurdtoare si corpurile lor de fractii; TReprezenldri finit-dimensionale,
Reprezentari nedecompozabile ale grupurilor Lie semisimple si ale algebrelor
finit-dimensionale : probleme de algebrd liniard si Reprezentdri ale grupurilor
infinit-dimensionale, pun in evidentd, cu pregnantd, atit aria vastd a probleme-
lor abordate si a tehnicilor si metodelor utilizate ¢it si profunzimea rezultatelor
obiinute,

Dintre ideile originale (de mare generalitate si finele) referitoare la aceastd
problematicd, se remarcd: reprezentirile unitare infinit-dimensionale ale gru-
purilor clasice admit descriere asemenea reprezentdrilor finit-dimensionale :
fundamentul cel mai natural al analizei armonice pe un grup semisimplu este
un inel comutativ si importanta geometriei integrale in teoria reprezentarii.

Remarcam ¢l ,baza Gelfand-Tsetlin® pentru reprezentdrile {init-dimensio-
nale ale grupurilor clasice a gdsit un deosebit ccou in lumea matematicienilor,
alit prin importanta ei {eoreticd, cit si prin  aplicabilitatea largd in Jiziea
teoreticd.

Volumul, care se incheic cu Apendix si Continut al volumelor 1—II1, se
adreseazd matematicienilor si cercetatorilor din domeniile fizieii teoretice, ofe-
rindu-le un bogat si fundamental material instructiv,

N, Luca



