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Abstract: The basic concept of the system consists in the simulation of a 
hypothetical special-purpose computer for the processing of natural 
languages. (SLC = Simulated Linguistic Computer). The "hardware" of 
this computer includes the general language data management opera- 
tions (input-output and dictionary look-up) and a set of instructions 
which have been defined for the specific needs of this kind of problems. 

The SLC system has been conceived by A.F.R. Brown (Georgetown 
University) for automatic language translation and has been made avail- 
able to Euratom by a research contract.  The Russian-English machine 
translation system operational on the 7090 uses the SLC. 

The Scientific Information Processing Center (CETIS) of EURATOM, 
actually, is developing a new version of the system for the IBM 360. 
It maintains the basic idea of the SLC, but introduces important 
changes in the structure of the programming language, to permit a 
greater flexibility by exploiting the facilities of the new computer, and 
by introducing new functions which take better into account the specific 
indexing operations.  Further, the strategy of the dictionary look-up 
procedure has been redesigned for a more efficient processing of very 
large dictionaries, using special list processing techniques. 

An example of automatic indexing is to illustrate the principal func- 
tions of the over-all system and the flexibility of the SLC programming 
language. 

1. INTRODUCTION 

In many fields of applications, the compiler programming lan- 
guages such as FORTRAN, COBOL, ALGOL, etc., do not meet 
completely the needs of the users, while the use of the basic com- 
puter assembler languages often requires too much time for coding 
and debugging. Therefore, it appears advantageous to create 
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special-purpose programming systems, if the problem is well de- 
fined and sufficiently large to justify the programming effort. 

Problems connected with the processing of natural languages, 
especially those which require some kind of dictionary or glossary 
look-up, as, for instance, machine translation or automatic in- 
dexing, or also basic research in syntax, resolution of structural 
and lexical ambiguities with statistical methods, and many more of 
them, have all a common procedural basis which can be defined as 
follows: 

(1) The machine-readable source text is read by the computer, 
and matched against the dictionary. As long as the fast direct ac- 
cess storage even of the large data processing systems is too 
small to contain a large dictionary, this part of the procedure im- 
plies rather involved indexing and sort processes to permit a 
rapid access to information recorded serially on magnetic tapes or 
discs. 

(2) The words (items) of some logical unit of text (a sentence, a 
chapter, an abstract, etc.) must be made accessible and proces- 
sed according to the rules previously defined. 

(3) The final results, and in experimental research also inter- 
mediate results must be output for further automatic processing or 
for other uses. 

Usually, only the second stage of this process is of real interest 
to the researcher, while the other stages have a purely instrumen- 
tal function of providing and controlling the necessary information. 
But to define the overall process these parts require the major 
programming effort and are essential for the processing efficiency. 

2. METHODS 

The basic idea of the SLC (Simulated Linguistic Computer) was 
to define in a possibly optimal way the overall procedure, in a way 
that the investigator was relieved of the data processing and 
housekeeping problems and could concentrate on his specific pro- 
blem. The system was conceived and developed in connection with 
the Georgetown University Machine Translation Project by A.F.R. 
Brown, and is now the basis of the Russian-English MT system 
used at EURATOM in Ispra. 
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2.1. Components of the SLC system 

The system has the following components: 
(1) The Symbolic Assembly Program which converts the sym- 

bolic coding into an absolute form; 
(2) The Dictionary Updating Program which merges the new 

dictionary entries with the old dictionary or creates a new one; 
(3) A kind of Linkage Editor Program which reads the assem- 

bler output of the problem programs and writes it as a file after 
the dictionary on the system tape; 

(4) The Translation Program properly, which carries out the 
dictionary look-up phase, loads the items of the text to be proces- 
sed by the problem program, and outputs the results. 

From the point of view of the linguist this translation program 
is to be considered as the "linguistic data processing system". 
His program is written in the SLC language, and processes as 
operands the dictionary information corresponding to each item of 
one sentence or any other logical text unit. The instructions of the 
language are conceived in a way to resemble operations carried 
out by a linguist on a sentence as scanning of the text for certain 
characteristics, examining single items, inserting and deleting 
items, changing the word order, establishing relations between 
items, etc. Just to meet better the needs of any particular applica- 
tion, the terminology of classification and instructions can be 
freely chosen and defined by the linguist himself. 

One of the facilities of the system is a rather elaborate auto- 
matic monitoring system which can dump the dictionary entries at 
any point of the problem program and trace the execution of each 
SLC instruction, which is most useful for the debugging of a pro- 
gram.  Further, there is a set of instructions which permits the 
printing of messages and intermediate results. 

2.2. Control of execution 

Control of the program execution is on 4 levels: 
(1) Ordinary branches inside one program; 
(2) Subroutine entries inside one program and return relative to 

the calling instruction; 
(3) Subroutine calls into other independent programs; 
(4) Request and execution of independent programs with priority 

scheduling, i.e. when the execution of some program terminates 
with the return to the processor, the request chain is scanned for 
the program with the highest priority, which then is executed. 
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2.3. Execution 

The execution of the SLC instructions is interpretative, i.e., the 
processor derives from the absolute instruction code, the function 
and the operands, executes a subroutine which accomplishes the ac- 
tion requested, and branches to the next SLC instruction addres- 
sed in the program. 

The dictionary entries are also coded in symbolic form. One of 
the facilities of the system consists in the possibility of coding 
procedures together with the dictionary entry (so called local 
operations) and to define the moment of their execution by the 
priority number. This permits to code, for instance, decision 
routines for the resolution of ambiguities and to execute them only 
if the word occurs really in the sentence.  For further detail about 
the SLC system and programming language see refs. [1,2]. 

The SLC system is actually operational with the IBM 7090 data 
processing system. Its only application, by now, has been the Rus- 
sian-English machine translation, which yields acceptable transla- 
tions of Russian scientific literature and is largely used by the 
researchers of the Joint Nuclear Research Center in Ispra. The 
7090 system works, with a dictionary of some 35000 entries, at a 
speed of some 60 000 Russian input words translated into English 
in one hour. This rate is strictly related to the length of the dic- 
tionary, since in the actual system, the dictionary look-up is car- 
ried out independently for every 2 000 current words of input text. 
Actually, the translation cost, including keypunching of the input 
text and computer time,  is some $ 7 per 1 000 Russian words. 

The recent installation of a more powerful computer (IBM 
360/65) has posed the problem of re-programming the system. It 
appeared unsatisfactory to replace just the 7090 coding by the 360 
coding, because it would not exploit optimally the resources of the 
new computer on the one hand; on the other hand, the actual dic- 
tionary look-up strategy is not satisfactory, if one increases the 
dictionary significantly, and CETIS has at its disposal a new dic- 
tionary of some 180000 entries, which is to be implemented in the 
system in order to improve the translation quality.  Further, the 
different structure of storage organization requires modifications 
of the absolute form of the SLC instructions and dictionary entries, 
and the use of SLC language over several years has shown that a 
new, hopefully improved version would be desirable. 
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3. EXPERIMENTS 

It has been felt that the new version of the SLC language should 
not only base on the experience in machine translation, but should 
also take into account other applications. The automatic indexing 
experiment which is presented here was primarily carried out to 
show the feasibility of the system for applications other than ma- 
chine translation and to obtain some experience about the specific 
needs of such an application which should be implemented in the 
new version of the language. I would emphasize here that the pre- 
sent experiment in no way claims for the solution of any of the spe- 
cific problems involved with automatic indexing. 

At CETIS actually, investigations are carried out by Fangmeyer, 
which are to determine to what extent major or minor severity of 
the conditions for the identification and the assignment of key- 
words, and different assignment strategies can influence the index- 
ing quality. The results of this research will certainly be useful to 
decide a definitive automatic keyword assignment procedure. 

It is evident that a short-range project for the creation of an 
operational system for the assignment of English keywords to Rus- 
sian documents, for instance on the basis of the EURATOM 
THESAURUS, certainly could not take into account all the seman- 
tic and associational relations used for manual indexing. But it is 
sure that eventual lacks of indexing quality would be compensated 
by the high timeliness of an automatic system, since the time lag 
between the publication of Russian periodicals and their reference 
by NSA or cover-to-cover translation, which normally are used as 
input for manual indexing, is at least 6 months. 

The following source material was used for the experimental 
system: We have chosen some 70 abstracts from two Russian re- 
views (Jurnal Tekhnicheskoj Fiziki, and Izvestiya Akademii Nauk - 
Seriya Fizicheskaya), which are quoted in the Nuclear Science Ab- 
stracts and analyzed manually by the EURATOM Documentation 
Centre CID. As basic glossary source we used the EURATOM 
THESAURUS [3]. 

The abstracts were first scanned for Russian terms which could 
have some pertinence to thesaurus terms. These words were clas- 
sified as "potential keywords".  For the identification of such a 
"potential keyword" the following conditions were posed: 

(1) all inflectional forms are accepted; 
(2) word deviations and prefixed words were accepted as long as 

they did not create a new thesaurus term (e.g. IONS and IONIZA- 
TION); 
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(3) if a single Russian word referred to some compound 
thesaurus entry the first component was classified as such and was 
given the reference to the "lexical number" of the subsequent com- 
ponents. The other components were just classified as "potential 
keywords". 

As output equivalent of a Russian dictionary entry, i.e. the 
term which was to be assigned to the document in which it occurred, 
the following criteria were applied: 

(1) no difference was made between "keywords" and "accepted 
non-keyword terms"; 

(2) terms referred to by USE were also coded as term to be as- 
signed; 

(3) SEE references to other terms and more complicate relation 
systems like the "graphic displays", correlational and association 
factors, etc., were just disregarded because their implementation 
in the present experimental system would be far beyond its scope. 

The collection used for the experiment contained some 500 Rus- 
sian words which had to be re-coded for indexing purposes. The 
coding was somewhat complicated by the fact that it should not af- 
fect the current Russian-English machine translation system. 

4. INDEXING 

The indexing procedure was organized as follows: 
The source-document, normally the abstract of a Russian ar- 
ticle, was first translated. The translation of the document is op- 
tional and can be eliminated by a switch setting, but it has been 
felt that in a bilingual indexing system, used for practical pur- 
poses as input for an information retrieval system or selective dis- 
semination of information, it would be useful to have also the trans- 
lation of the document. Anyway, in the present system, with a 
large dictionary, there is no significant time and cost saving if the 
document is only indexed. 

When the translation arrives at the end of a document which is 
identified by a conventional record, those words which previously 
were classified as "potential keywords" are loaded as if they were 
a sentence, and instead of the linguistic operations necessary for 
translation, the specific indexing operations are executed. In the 
present experimental system, the indexing operations are rather 
elementary, and certainly should be refined, if one would develop 
an operational system for practical purposes. The following rou- 
tines were programmed: 
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(1) The "normal" translation of the words is eliminated, and 
words which occur more than once are deleted. 

(2) The thesaurus terms coded together with a single dictionary 
entry are assigned to the words as "output equivalent". 

(3) For the identification of compound terms the simplest pos- 
sible procedure was applied: the mere presence of the components 
in the document, in any order, was considered a sufficient cri- 
terium. 

(4) Multiple assignments are deleted, and the assignments are 
displayed one per line for printing. 

This procedure gives the results which one can observe in the 
sample machine output (fig. 1). 

Though there was no intention of using the results of the experi- 
mental indexing system for a comparison with the manual keyword 
assignments of CID, this idea could appear quite suggestive (fig. 2). 
But is has proved that a direct comparison is not feasible, since 
most of the abstracts of Russian documents published in NSA are 
not just the translation of the Russian abstracts of the documents, 
but original abstracts which usually differ significantly from the 
Russian ones and are much more detailed. They are also longer, 
usually two or three times, than the original abstracts. Thus, no 
direct comparison and evaluation is possible. The NSA abstracts 
corresponding to the Russian sample and the keyword assignments 
made by CID are to illustrate these differences (figs. 3 and 4). 

The experiment of automatic assignment of English keywords 
to Russian documents has shown that the SLC system is highly effi- 
cient also for such applications. It is evident that the very indexing 
strategy used in the experiment would be inadequate for the crea- 
tion of an operational system on the basis of, for instance, the 
EURATOM THESAURUS. 

5.  CONCLUSIONS 

For the new version of the SLC system and programming lan- 
guage the following conclusions can be drawn from the experiment: 

(1) Actually, only those words which previously were classified 
as relevant for indexing are loaded and processed. If one wants to 
apply more severe conditions for the definition of compound terms, 
certain relations, etc., it is necessary that all words of a docu- 
ment be available to processing.  For this reason control over the 
loading of the items for linguistic processing should be given to the 
SLC programmer and not to the processor program. This, may be, 
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Fig. 1. Sample output of automatic indexing. The NSA abstract (21572) cor- 
responding to this document and the manual keyword assignments made by 
CID are reproduced on fig. 2. 

could also permit to abandon the concept of a predefined glossary 
and to develop some indexing procedure with a free vocabulary 
based on linguistic and statistical approaches. However, these pro- 
blems are outside the scope of the present experiment. 



 

AIR FREQUENCY 
CAPACITORS INTERACTIONS 
CIRCUITS IONIZATION 
CYLINDERS MEASUREMENT 
DENSITY PLASMA 
DISTRIBUTION PRESSURE 
ELECTRIC ARCS RECOMBINATION 
ELECTRIC DISCHARGES RESONANCE 
ELECTRONS TEMPERATURE 
ENERGY TIME 
EXCITATION VARIATIONS 

Fig. 2.  Reproduction of the NSA abstract 21572 corresponding to the docu- 
ment indexed automatically on fig. 1 and the corresponding manual assign- 

ments of keywords made by CID. 

(2) The use of the information looked up in the dictionary and 
added during the processing of the text as arguments for operations 
on other items of the sentence (such as comparisons) should be 
emphasized. 

(3) In the present system, arithmetic functions are practically 
missing. In purely linguistic analysis as it is used for machine 
translation they are not required. But if one introduces some kind 
of correlations for the decision whether certain terms are to be 
assigned or not, these factors must be evaluated numerically. 

(4) The actual procedure for the segmentation of compound 
words which primarily is defined by the sequential organization of 
the dictionary must be modified in a way that the segmentation is 
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Fig. 3.  Sample output of automatic indexing.  The NSA abstract (20913) and 
the manual keyword assignments made by CID corresponding to this docu- 

ment are reproduced on fig. 4. 

performed only with those words which are not completely matched 
with dictionary entries, and not, as it is done now, before the dic- 
tionary look-up a table of possible prefixes, which causes non-sen- 
se segmentation in too many cases. 



ATOMS ELECTRONS 
CATHODES FREQUENCY 
CONVERSION INTERACTIONS 
CURRENTS IONS 
DAMPING LOSSES 
DIFFERENTIAL EQUATIONS OSCILLATIONS 
DIODES PLASMA 
DISPERSIONS POISSON EQUATIONS 
DISTANCE PRESSURE 
DISTRIBUTION THERMOELECTRICITY 
ELECTRON BEAMS VELOCITY 
ELECTRON TUBES WAVE PROPAGATION 

Fig. 4. Reproduction of the NSA abstract 20913 corresponding to the docu- 
ment indexed automatically on fig.3 and the corresponding manual assign- 

ment of keywords made by CID. 

(5) As a linguistic feature at the dictionary look-up phase, it 
would be most useful not to limit the morphological analysis to the 
inflectional suffixes, as it is usually done for machine translation, 
but also to introduce the analysis of regular word derivations, as 
for instance ION, IONIC, IONIZE, IONIZATION, etc. This could 
sensibly reduce the size of the dictionary. 
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