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A. Introduction

The successful completion of an Information System for Natural Language Processing (NLP), or any other complex software project, requires overcoming numerous difficulties of various nature. Two of these difficulties, which quite noticeably hold back the performance of the final system, are discussed in this paper. These are:


1. the neutralization of distractive staff constraints, and 


2. the concept of a highly complex NLP system in which the final product is able to be improved and/or extended.


In order to address both above matters this paper is structured into 7 sections labelled A to G. Sections A to E present premises, objectives, design requirements, advantages, and disadvantages of the author's approach to this software project. Section F presents the concept of operation of the NLP system under preparation. The last section G summarizes the conclusions derived from the research completed to date.


Ideally the same team of experts should work on a given software project during the entire lifecycle of the project. But the reality does not follow this pattern. In practice, various constraints are in operation which cause the same piece of software to be developed, implemented, and maintained by an ever changing stream of people. These constraints tend to replace the continuous contact between a developmental team and a software project into discrete periods of contact. The most frequent factors which characterize the staff constraints in the software industry are as follows: 


#A1. A significant fluctuation of staff. 


#A2. The level of specialization of individual experts (this specialization requires that a number of different experts need to participate in the completion of each individual project). 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑


(1) Copies of this paper can be obtained directly from the author. Notice that there are also free copies of the experimental software package available (i.e. a system for computer‑assisted translations of linguistic texts from one natural language into another such language) as described in this paper. To obtain this package, three 51/4" floppy diskettes should be posted to the following address: Dr. Jan Pajak, Department of Quantitative and Computer Studies, University of Otago, P.O. Box 56, Dunedin, New Zealand.


#A3. A number of projects being completed simultaneously by the same team, so that the attention of staff must be divided between various projects.


#A4. A drift in priorities for completed projects (this drift means that some staff members need to be shifted from less important projects into more important projects).


The changes in personnel who work on a particular software project, in turn, break the continuity of ideas, introduce changes in initial concepts, and necessitate that subsequent developers learn the intentions and logical concepts of their predecessors, etc. As a result, final packages tend to be clumsy, inefficient, overpriced, and outdated from the beginning.


In order to improve the existing situation, many have tried to define software development methodologies that would eliminate the impact of the obstructive factors #A1 to #A4. The development of such methodologies is the main goal of the Software Engineering discipline. It is also a sub‑goal of researchers in Artificial Intelligence. 


Also the author of this paper is conducting research aimed at formulating an efficient methodology of software development, which would solve the most obstructive problems resulting from the discrete (non‑continuous) attachment of developmental staff to software projects. This methodology attempts to incorporate into one consistent body, all the valuable findings presently spread across the disciplines of Software Engineering and Artificial Intelligence.


A difficult aspect in this research is the formation of such an experimental team of programmers, that would closely simulate the conditions #A1 to #A4. Amongst many possible solutions for this difficulty, the most optimal seems to be the replacement of professional programmers by a stream of students. If a changing stream of students work on a software project over a period of years, their work conditions would be described by the following set of characteristics: 


#1. At maximum, a student is attached to a given project for an academic year. Because of present conditions of study, the total time which the same student could spend on a single project (non‑diploma), should not exceed 360 hours (in the most favourable cases). This short attachment is additionally reinforced by the lack of communication between students who continue the same project in subsequent years. Both the above form an almost ideal climate for the simulation of all the effects of the staff fluctuation in the software industry.


#2. A variety of interests and learning capabilities exist within each group of students. This variety allows the team of students to effectively simulate a team of programmers with different levels and areas of expertise.


#3. The variety of other commitments which each student has simultaneously with a given project and which distract his/her attention towards this project.


#4. The changeability of learning situations during a single year of study. This changeability forces students to continually re‑evaluate their priorities. 


The comparison of the characteristics #1 ‑ #4 to those #A1 ‑ #A4 indicates that for the purpose of the proposed research, a changeable stream of students is able to effectively simulate real‑life conditions of industrial software development.


The involvement of students in an experimental production team has other advantages also. These result from the present situation in the computer industry which seems to create a productive climate that encourages the use of the programming capabilities of students to produce educational software packages. This climate is characterized by the two following factors: 


(1) Computer hardware rapidly increases in quantity and speed, and decreases in price. Simultaneously the development of software packages remains expensive and time consuming, thus widening the gap between the accessibility of hardware and accessibility of suitable software. Therefore, the demand for educational packages that makes use of the teaching capabilities of the powerful modern computers must continue to increase.


(2) With the accessibility of computers at early stages in education, the programming skills of students gradually increases. Students are already capable of producing highly sophisticated software packages.


The productive climate is additionally reinforced by numerous advantages that educational software packages developed locally by students display over packages of a commercial origin. The most important of these advantages are as follows:


(a) Students produce such packages with almost no cost involved. Therefore educational institutions can afford the unrestricted use and distribution of these packages. This allows a decrease in the consumption of financial resources for the purchase of educational software.


(b) The authors of packages developed locally most probably will not restrict use within their own institution. Therefore these packages can be used in a manner best suiting local conditions. Also their adaptation to changes in conditions is not held back by the need to renew a copyright agreement or extend conditions of licensing.


(c) Packages developed "on the spot" have a high chance of matching exactly local needs. Therefore, when compared to purchased packages, such locally developed software does not need any configuring, adaptation, adjusting, etc.


(d)The availability of funds does not limit the level of perfection of the final package. Therefore the software developed by students can be perfected until it meets all the performance requirements.


(e) Students are the future consumers of educational packages. Therefore they "feel" which features of educational software will be most needed. Involving students in the production of the software they use, assures the usefulness of the final product.


(f) The successful production of useful software provides the educational institution with positive publicity. This in turn encourages more people to study in this institution.


Both the above groups of factors seem to suggest that a significant proportion of the software utilized in education should already be produced by students themselves. However, a review of existing packages leads to a contradictive finding, i.e. an insignificant percentage of educational packages are being prepared with contributions from students.


The fact that demand for educational software is not being met, while the potential for its production by students exists, reveals that there must be some factors neutralizing the productive climate defined above. After closer analysis, these factors can be identified as those already defined in items #1 to #4. This practically means that the possible development of a methodology, which would eliminate the impact of these factors, could assist in the effective production of software packages in both industry and educational institutions.


B. Objectives

The main objective of the research described in this paper is the formulation, and experimental verification, of a methodology for software development which would prove effective in the conditions of a high fluctuation in developmental staff.


To achieve this objective the author formed a developmental team according to the premises described previously. This team consisted of students from the final (fourth) year of an Honours degree in Information Systems. All the participants in the team change each year. It is planned that students in a number of subsequent years will develop the same package, so that the continuity of ideas and communication will be broken.


As an experimental package on which the implementation research is conducted, an information system for natural language processing has been chosen. The purpose of this natural language processing system is to translate, interactively, linguistic texts written in one natural language (e.g. French) into texts written in another natural language (e.g. English).


The reasons for which this particular type of information system was chosen for experiments, are as follows:


1. There is a great demand in education for information systems to process natural languages. Such computerized linguistic systems can be used in teaching (for familiarizing with languages taught, their vocabulary, grammar, structure, etc.), in lecture preparation (e.g. translating original texts, preparing dictionaries of terms used), in language laboratories, practical translation assignments and exercises for students, writing papers for international conferences, consulting experts from different countries, preparation of management reports, etc. 


2. The development of a natural language processing systems represents a scientific problem of high complexity. It requires solutions from a number of disciplines, such as Artificial Intelligence, Expert Systems, Information Engineering, Software Engineering, Linguistics, etc. Therefore the involvement of students in such a project must acquaint them with these related disciplines.


3. A natural language processing system is extremely difficult to complete and represents a high challenge for software designers. So‑far only a very limited number of successful systems have been completed.


In order to make the results of this research reliable, the information system chosen for development must achieve a commercially viable standard. This standard has been defined by a set of objectives prescribed for the final package. The objectives are as follows:


#B1. The system will be "User‑Tuned", i.e. each user on his/her own should be able to improve the quality of translations made by this system (e.g. by perfecting the principles of grammar and syntax transformations, building up his/her own vocabularies, etc.).


#B2. It will be Data Independent, i.e. it will be easily and quickly adapted to translate from any language (chosen by the user) into any other language (providing that both languages can be written with the use of a standard computer keyboard).


#B3. The use of the system itself, as well as its tuning, should not require any programming knowledge, thus being available to a wide range of linguists with a little or no training in data processing.


#B4. It will operate on most popular computers.


#B5. It will be implemented gradually in a number of stages, e.g. initially as an automatic dictionary, then as the limited translating system, etc.


#B6. It will be gradually improved, by a number of subsequent programmers working independently from each other. The improvements introduced to one part of the system will not affect the performance of other parts.


In order to achieve the above objectives, the design of the information system for natural language processing must meet a number of strict requirements and must display a number of unique features characteristic of modern software concepts. These introduce an intellectual challenge which is a good simulation of the real‑life situation prevailing in the software industry.


C. Design requirements

As the result of numerous experiments and extensive studies, the author established that the resolution of problems #A1 to #A4 restricts the design of software packages, so that this design must meet a set of strictly defined requirements. The most important of these design requirements are already identified. These are as follows:


#C1. The produced system must be built by the composition of short, self‑contained, simply structured, and clearly coded modules. The formulation of these modules must guarantee: (1) their nonprocedural functioning (i.e. operation/functionality of the modules must not depend on the order in which these modules are executed) and (2) their mutual non‑interference (i.e. running one module must not affect the processing within other modules). This in turn requires that each module must display: (a) single purpose functioning, (b) control/processing distinction (c) independence, and (d) readability. To achieve all the above, the modules must meet the following requirements:



(a) Only single purpose modules are used (i.e. two different functions of the system can not be performed in the same module).



(b) Modules carrying control functions are clearly distinct from those modules that carry processing functions (e.g. perhaps they should even be coded in different languages). This means that control modules, which select the type of processing to be completed, are only to call other modules. The actual work is performed by the processing modules that are called from these control ones. (I.e. the selection and control functions of the system are achieved by different modules from those which perform the processing functions).



(c) Each module is so designed that it can operate in complete independence from other modules of the system (i.e. a particular module, when operative, should not need the presence of other modules in memory, and also should not obstruct the operation of other modules). For this:




‑ Each module must have its own input files (no input files can be shared by two or more modules).




‑ Each module has an exclusiveness for the use of its output files and output devices (i.e. no output file or device can be shared by two or more modules). The difficulty may appear when the use of the screen is needed.




To resolve this problem of sharing the screen, each module should have a separate area of the screen assigned.




‑ After the completion of work, the module returns control to the calling module.



(d) Structure and operation of each module is sufficiently readable that it can easily be understood by programmers who have not participated in its design. For this:




‑ The length of each module should be limited to no more than 1 page of code.




‑ Only self explanatory (meaningful) names must be used.




‑ The logic of the module must be highlighted by the use of indentations, comments, and explanatory marking.


#C2. All data required for the operation of the system is separated from programs and stored within external files (i.e. no data is incorporated into the programs themselves). The external data files meet the following requirements:



(a) Each file stores only one type of data (i.e. single destination files). Also each module uses a separate file for a particular type of data. The following types of data are grouped into separate files:




1. Informative texts (headings) displayed on screen and printed as headings of documents produced by individual programs. The text used by each module is contained in a separate file.




2. Default data which controls the operation of subsequent modules. The following groups of default data are distinguished: names and addresses of peripheral devices for which the system was configured, names of the external programs that cooperate with a particular module, names of external files processed by a particular module, sizes and formats of printouts and displays. Each of these groups of default data is stored in a separate file.




3. Knowledge base. This includes dictionaries (permanent and temporary), grammar rules, semantic rules, etc. 




4.Processing data. These include texts (source, translated, and edited) related to the translation, etc.



(b) Organization of all files is sequential. This enables:



(c) Data is stored in a predefined order. In the case of text or default data, this order is determined by the order of input. Dictionaries are stored in alphabetical order. Modules cooperating with particular files utilize some facilities (e.g. sorting modules) which put data into the required order.


#C3. All processing principles are defined and expressed by data symbols, not by structures embedded into the processing programs. In this way the execution of these principles takes the form of symbol processing.


#C4. The designed system is provided with all known facilities that provide an effective assistance to the user. In particular, the system should include:



(a) A "help" facility, for the provision of effective assistance at any stage of processing.



(b) Userfriendliness, supporting the user during the normal processing routines.



(c) Various levels of guidance and instruction, achievable through default controls.


The design which meets the above requirements #C1 to #C4, in this paper is referred to as the "restricted design".


The general idea of the restricted design is that it leads to the development of a set of processing modules, each one of which behave as an individual statement in a nonprocedural language. Then, these independent processing modules are combined into one consistent system by flexible control modules. Because of the atomization principle applied to all components of the system, the final product is extremely flexible, easy to improve, understandable, etc. ‑ see the list of advantages that follows.


D. Advantages of the restricted design

Each requirement of the restricted design has some advantages. Let us review the most important advantages originating from each requirement.


#D1. The advantages resulting from composing the system as a set of short, simply structured and clearly coded modules:



(a) The single purpose modules display the following advantages:




‑ The fulfilment of this single purpose in a module can be gradually improved by introducing changes and alterations which are limited to this module only (i.e. no other modules need be altered).




‑ The improvement of a given module does not introduce any damage or change to the operation of other modules. 



(b) The clear distinction (separation) between the control and processing modules provides the following advantages:




‑ Modules carrying control functions can be adjusted without disorganizing the processing modules. In this way, the organization of the processing can be adjusted or improved, without any alteration of the processing modules.




‑ The system is open to gradual extension of its size and capabilities. To achieve this, new control structures can simply be added to those already in existence.




‑ The control principles of the system are easy to describe and understand. Therefore the users and future designers of this system have no difficulty in rapidly understanding the operation.




‑ There is a significant gain in the availability of memory. It is because only the modules which complete actual processing are required to remain in memory.



(c) When modules are independent of each other, every module can be developed, tested, implemented and run independently from other modules. This allows complete flexibility in the completion of all stages of the software life‑cycle (e.g. rapid re‑organization of the processing, continual improvement of single modules, re‑configuring the system, etc.).



(d) In readable modules, any programmer is able to understand quickly the structure of each module and the manner in which its purpose is fulfilled. Also, by moving through a hierarchy of control modules, understanding of the operation of the entire system can easily be achieved.


#D2. Advantages resulting from the separation of data from processing algorithms (programs):



(a) Storing only one type of data in each file (i.e. using single destination files) provides the following advantages:




1. Informative texts (headings) displayed on screen and printed as headings of documents produced by individual programs are flexible and can be easily altered by users. The introduction of any changes to these texts is not connected with changing anything within the processing programs. The heading texts can be altered for one module without altering the content of files used by other modules (this allows for extreme flexibility in alterations). This feature is especially useful when a user of the system wishes to re‑write the text of headings in another language. 




2. Default data which control the operation of subsequent modules can be changed when needed. The change of defaults does not require introduction of any changes into processing programs. Therefore it can be done by the user at any stage of the processing. Such a possibility saves the unnecessary defining of control data each time the system is run, and allows total flexibility in specifying the modules and devices used. It is especially useful in such areas as:





‑ Specifying the peripheral devices with which particular modules are to cooperate. For example, if the user wishes that dictionary requests are directed to disc drive "A:", it is sufficient to set once the default data for this drive, and all the subsequent runs of the system will respect this setting (until a new processing environment will require a change of defaults).





‑ Including or excluding specific modules which carry out a particular kind of processing. 





‑ Defining the names of input and output files to be processed by a particular module. For example when beginning a new translation, names of input and output files for this translation will be defined as default data. Thus, in all subsequent runs, the system will refer to the files having these names, until new names are set.





‑ Defining the size, formats and parameters of printouts or/and displays.




3. Knowledge base, which includes dictionaries, and grammar rules, can be changed whenever needed. The main advantage of this is the capability of a single system to be used for translations between any two languages. The change of languages for which this system operates does not require any change within the programs of this system (e.g. only files containing the dictionaries, grammar rules, etc.; need to be changed).




This allows the user to develop their own version of the system which satisfies his/her particular translation needs.




4. The format of processed data, which include texts subjected to the translation, is flexible. The advantage of this is that texts to be translated can be processed without any adoption, simply in the form they are stored in an input file. (Practically this means that a text file of any format (e.g. a letter, certificate, directory, etc.) can be subjected to translation into another language.)



(b) The sequential organization of all files introduces the following advantages: 




1. All the alterations introduced to these files to be completed with standard text editors.




2. Each sequential file can be accessed by modules written in various programming languages.



(c) The storing of data in a predefined order provides the following advantages: 




1. The search of the required data can be based on fast methodologies, e.g. that of binary search. This gives a high speed search, resulting in high performance of the system.




2. The accessing modules can be simplified. This decreases the size and complexity of the system programs, making them easier to understand & use.




3. The size of the external files does not need to be extended by any addressing system. This allows the effective use of memory space.


#D3. Advantages resulting from defining all the processing principles by data symbols, not by program structures: 



(a) The system is user‑tuned, i.e. user is able to develop and to improve the effectiveness of processing. 



(b) Programs of the system do not require continuous updating and maintenance to follow the improvements in processing principles. All the improvements are achieved through simple changes in data files.


#D4. Advantages resulting from the extensive user‑assistance facilities:



(a) Everyone is capable of using the system. 



(b) Using the system does not require the completion of extensive training. 


When the above list of advantages is compared with the list of objectives defined in items #B1 to #B6, it becomes obvious that the restricted design enables the achievement of all the objectives set for the system under consideration. On the other hand the comparison of the above advantages with the list of technical difficulties provided in items #A1 to #A4 reveals that the restricted design avoids all these difficulties. This leads to the conclusion that the restricted design is a perfect programming tool that enables us to meet the objectives #B1 to #B6 within the constraints described in items #A1 to #A4. 


E. Disadvantages of the restricted design

The necessity of fulfilling the requirements of the restricted design (defined in section C) also introduces some disadvantages. These disadvantages, which impact the development of the methodology for which this research is aimed, are listed below:


#E1. Restricted design reinforces the division between two stages of the system development, i.e. design and programming. In the design stage a logical concept of the system is developed. In the programming stage this concept is expressed in computer languages and then physically implemented into a chosen computer.


Because of the numerous requirements which the product of the design stage must fulfil, the programming stage can not be initiated before the design stage is satisfactorily completed.


#E2. It is extremely difficult to achieve a satisfactory product at the design stage, which meets all the requirements outlined in section C. In order to derive such a satisfactory product, more work is involved in the design stage than the work required for the completion of the programming stage.


#E3. The designing of software is still an art, not a craft. There are not yet any clear rules formulated which explain how to achieve a design that would meet all the requirements listed in section C. Therefore the job of designer remains a creative activity which seems to require a different approach for each individual piece of software.


#E4. In the present situation, the successful fulfilment of all the conditions of the restricted design, require a designer with high expertise and experience. Therefore, the completion of the design stage must be strictly directed (step by step) by an experienced supervisor. Because of the large amount of work involved in the design stage, this supervisor must be prepared to provide a significant contribution.


Notice that the successful development of a methodology, at which this research is aimed, could completely eliminate the disadvantages #E2 to #E4.


F. General concept of the translation system under preparation

The objectives #B1 to #B6 combined with the design requirements #C1 to #C4 not only describe the requirements that the information system under preparation should fulfil, but also quite clearly define the general concept of this system. Let us review the basic features of this concept.


1. The discussed system is intended to be developed in stages (see objective #B5). The first stage is aimed at producing a computer assisted dictionary. In the second stage this dictionary will be supplemented with grammar (syntax) rules. The third stage will incorporate some semantic rules into the knowledge base, etc. 


2. Dictionaries, grammar rules, and other elements of "knowledge base" required for the proper operation of the final system, are to be supplied by the user. (This is the reason why the system is called "User‑Tuned" ‑ see #B1). Practically, this is achieved through storing the components of the knowledge base within data files (contrasted to building them into program structures).


3. After encountering an unrecognized element (e.g. a word which is not yet in the dictionary) the system asks the user to provide the missing information on this element. Because the system's request for information appears as the task is being completed (contrary to the necessity of providing a knowledge base prior to processing), this request is easy to meet and does not require advanced computer knowledge on the part of a user (see #B3). After the request for information is met, the newly explained element is incorporated into the existing knowledge base. When it appears again it will be already known to the system. In this way subsequent use of the system gradually builds up its capabilities. 


4. In order to adopt the system for translations between two different (new) languages, it is enough to empty the existing knowledge base files. (Optionally, also to translate the informative texts from heading files into these new languages). Such an emptying can simply be achieved by the deletion of these files from a copy of the operational system, or through setting the accession defaults for the knowledge base files, into non‑existing names. When proceeding with the first new translation, such a newly initiated system will gradually build up (all by itself) its new knowledge base ‑ see objective #B2.


At the time of writing this paper a prototype of the computer assisted‑dictionary has been finished. This prototype does not yet fulfil all the design requirements (see section G), thus it does not meet objective #B6. But it can be used as an illustration of the concept outlined in this paper. Below are summarized the main characteristics of the author's concept for a computer‑assisted dictionary. 


The dictionary system is designed as a set of mutually cooperating parts, the most important of which are as follows (see Figure 1): 


A. THE SYSTEM SHELL, developed by the author's team. This include:



(1) Control modules, which bind the processing modules into a functional system. These control modules also adjust the course of processing to the configuration, environment, default data, etc.



(2) Processing modules, i.e. various programs which conduct all the processing necessary, such as: input source texts, translation, new word handling, dictionary merge, edition of the translated (final) texts, printing the translated texts, etc.


B. THE USER‑TUNED DATABASES, gradually built up by the users. These include:



(3) Informative texts, such as: menu items, screen messages, requests, etc.



(4) Default data, such as: file names, print formats, etc.



(5) The knowledge base, which takes the form of two data files (temporary and main) containing two dictionaries of words used in the translation, plus the file storing a list of non‑translatable terms.



(6) Linguistic texts (at which the translation is executed). These are stored in three different files (i.e. source, object, and translated), depending on the stage of processing they passed through.


The operation of the dictionary system includes various steps interactively controlled by the user. The most important of these steps are as follows (see Figure 2):


CONTROL: The user selects the mode of system's operation, sets selected default data, etc.


INPUT: The user enters (inputs) the source text to be translated (using either the input module or an independent text processing system).


TRANSLATE: The user runs the automatic translation. (There are two options for this translation, i.e. continuous or word‑by‑word). 


NEW WORD HANDLING: When the system meets a word which does not appear in its knowledge base (dictionaries), it asks the user to translate this word. If the user provides the required translation, the new word, together with its translation, is then placed within the "temporary dictionary" (during the translation, the content of the temporary dictionary is reviewed before the main one ‑ therefore the words from this dictionary override those stored permanently). If the user does not answer the query about a new word, each time this word appears in the source text, the system treats it as a non‑translatable term (e.g. a name) and repeats it in the object text (the list of "non‑translatable terms" encountered during the translation can be printed at the end of the translation session).


DICTIONARY MERGE: After the translation is completed the system asks the user for permission to merge the temporary dictionary with the main (permanent) one. In this way the knowledge base is gradually built up.


EDIT: The user edits the object text. This editing is necessary, because the automatic dictionary programs are putting the translated words in the order of appearance within the original (source) text, without respect to grammar rules. The editing shapes an object text into a readable form. In the edit mode, the dictionary program allows the changing of position (order) of words, adds new words, deletes some of them, changes their spelling, etc. While editing, the dictionary programs simultaneously display the same sentence in both texts, i.e. source and object. Also there are commands available, which allow scanning through the source text prior to, or following, the actual edited sentence.


PRINT: The user prints a final text (and/or reference data concerning this text ‑ e.g. list of non‑translatable terms (names) detected within the text being translated ‑ see NEW WORD HANDLING above). A file with final text, as well as a source file, can also be stored for further references.


The operation of the systems prepared in the first stage of development (i.e. computer‑assisted dictionaries), described above, illustrates also how the more advanced systems will operate. For example, in the second stage of implementation of these systems (see objective #B5), the step EDIT is planned to be completed automatically by a set of separate modules (i.e. parser, knowledge transformer and the object text generator). These modules will shape the object sentences according to the grammar rules stored within the additional files of the knowledge base. Whenever the user needs to adjust or to change the object text, a new grammar rule will automatically be generated.


In the third stage of development, translation systems capable of semantic analysis of the input texts are to be prepared. For this third stage, further development of the knowledge base will be necessary. The knowledge base will be extended by files which describe semantic rules. In general, these rules will relate the meaning of the words to the context in which they are used in texts being translated.


G. Conclusions

The first stage of the research described in this paper is already completed. As a result of this stage a translation package was developed which fulfils most of the objectives, except for #B5 and #B6. The reason for which these last two objectives were not met is already identified and will be neutralized in the next stage of research. This reason is an attempt to develop the entire system with the use of only one programming language. The writing of an entire system in a single programming language has the consequence that individual modules are unable to fulfil completely the design requirement #C1. There exists a solution for this, i.e. the control modules should be prepared in the Job Control Language, not in a programming language.


Although (as it has been assumed) the first stage of research has not yielded the final methodology searched for, it has revealed that the development of such a methodology is a feasible goal.


The experience gathered during this first stage of research allows some conclusions to be drawn concerning the proposed approach to software development. Let us review some of these conclusions:


1. The most difficult to achieve, and at the same time the most vital for the success of a project is fulfilling the requirement #C1 (i.e. the designed system must be composed from a number of modules that display: (a) single purpose functioning, (b) control/processing distinction (c) independence, and (d) readability).


2. The fulfilment of the requirement #C1 imposes the preparation of the system with the use of a minimum of two languages, so that the control modules are programmed in the Job Control Language, whereas the processing modules are prepared in a programming language (e.g. Cobol, Pascal, etc.).


3. In the completed stage of research, the amount of work needed to prepare a design that meets the requirements #C1 to #C4 seems to exceed the amount of work put into the physical development of this design. Because only extremely talented students are able to complete the restricted design on their own, in a typical case either the supervisor provides the required design output, or the project fails. Therefore, with present methodologies, it seems that the completion of a successful software project solely by a supervisor would require less work than the completion of the same project by a supervised team of students. This, perhaps, explains the reason why so few software packages completed by students are in use at present.


The conclusions derived after the first stage of this research, set the goals and objectives for the successful completion of the next stage.

Fig. 1. The concept of the anatomy of NLP system presented in this paper. This system contains two main parts, i.e. (1) the system shell ‑ developed by the author's team, and (2) the user‑tuned databases ‑ gradually built up by the users. The system shell incorporates two kinds of self‑contained modules, i.e. control and processing. The user‑tuned databases contains: informative texts (e.g. menu items, screen messages, requests), default data (e.g. file names, print formats), knowledge base (e.g. dictionaries; grammar, syntax and semantic rules), and texts subjected to the translation.

Fig. 2. The system flowchart for the automatic dictionary package described in this paper. The package begins its run from the CONTROL modules which display a set of menus to assist the user in choosing the mode of operation and in setting the "default data". Then the INPUT modules accept the "source text" being translated. The TRANSLATE modules translate this "source text" into another language, using the "dictionary" files. The raw text obtained from the translation is stored in "object text" file, to be edited later. The new terms are accepted by the NEW WORD HANDLING modules, and then stored in the "temporary dictionary" file. The same modules prepare also the list of "non‑translatable terms" appearing in the translated text. After finishing the translation, the DICTIONARY MERGE modules automatically merge the "temporary dictionary" with the "main dictionary". The EDIT modules edit the raw text contained in the "object text" file, thus producing the "translated text" file. The "translated text" file (and optionally also the list of "non‑translatable names") are printed by the PRINT modules.






